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The plasma membranes of target  cells play an important role in the mechanism of the biological signal 
of the steroid hormones, for they are the pr imary systems for "recognition," binding, and incorporation of 
the molecules of these compounds. 

Interaction between members  of three groups of steroid hormones (corticosterone, estradiol, and testos-  
terone) with r a t  liver cells and their  plasma membranes was investigated. The choice of hormones (estradiol 
and testosterone,  with no affinity for the liver, cort icosterone with affinity for  the liver) and of test  objects 
was determined by the need to undertake a comparative (correlative) analysis of the response of the mem- 
branous structures of the liver to these steroids, for it is in these s tructures  that the "preference systems" 
are  found, at least for cort icosteroids [3]. 

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

Plasma membranes (PM) were isolated from the l iver of female albino rats by the method of Dorling 
and Le Page [6] with modifications. The yield of PM was 1-1.2 mg protein/g tissue. The degree of purifica- 
tion of PM was verified electron-microscopical ly and on the basis of the increase in specific activity of PM 
marker  enzymes compared with the homogenate (Table 1). 

Isolated hepatocytes were obtained by the method of Kanaeva et al. [2] with modifications. The yield 
of cells from 5-6 g l iver  was 30% of the total number of cells,  vtz. 300-500 million. The protein content was 
0.6-0.8 rag/million cells.  The viability of the hepatocytes was estimated by staining with trypan blue (the 
number of viable cells was 90-95%) and by polarographic monitoring of their  resp i ra tory  activity. Lipids for 
lysosome formation were isolated by Folch's method from egg yolk. A suspension of lipids for liposome 
formation was sonicated on an MSE {Sweden) ultrasonic disperser .  Liposomes contained cholesterol and 
phosphatidylcholine in the ratio of 1 : 1 by weight. 

Isolated hepatocytes, PM, and liposomes were incubated with labeled steroid hormones (eorticosterone, 
estradiol, or  testosterone,  from the Radiochemical Centre, Amersham, England) in concentrations of the lat ter  
of between 0.5 and 50 nM for 30 sec or  3, 10, or  30 rain. The incubation temperature was 37~ for cells and 
20~ for PM and liposomes. Incubation of the cells was interrupted by filtration of the suspension through a 
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Fig.  1. Binding of co r t i co s t e rone  (C), e s t r ad [o l  (E), and t e s to s t e rone  (T) by cel ls  (I), PM (IlL 
and l iposomes  (III) depending on incubation t ime.  Absc i s sa ,  incubation t ime  (in rain); ordinate ,  
concent ra t ion  of bound hormones  (• 10 -12 M) .  

Fig.  2. Quantity of co r t i cos t e rone  (C), es t rad io l  (E), and t e s to s t e rone  (T) bound by ce l l s  (I), PM 
(II), and l iposomes  (III) depending on concent ra t ion  of f ree  hormones  in med ium.  Absc i s sa ,  con-  
cen t ra t ion  of f r ee  hormones  (• 10-gM); ordinate ,  the s ame  as in Fig.  1. 

No. 89 f i l te r  ( f rom Fi l t rak) .  Incubation of PM and l iposomes  during the s tudy of the dependence of hormone  
binding on t ime  was stopped by f i l ter ing the suspens ion of m e m b r a n e s  through a G F / f  f i l t e r  ( from Whatman),  
and for  the invest igat ion of dependence on concentra t ion ,  it was stopped by centr i fugat ion at 40,000g for 10 
rnia in s i l iconized tubes .  The f i l t e r s  a l r eady  used were  t r a n s f e r r e d  to cuvet tes  with scint i l la t ion fluid for  
subsequent  rad ioac t iv i ty  counting. A para l l e l  control  of adsorpt ion  of the s t e ro id  hormones  by the f i l t e r s  or  
tubes t h e m s e l v e s  was se t  up. The r e su l t s  were  subjected to s t a t i s t i ca l  ana lys is  by Student ' s  t - t e s t  (at the 
P = 0.05 level) .  

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

The r e su l t s  of the study of dependence of s te ro id  hormone binding by ce l l s ,  PM, and l iposomes  on incu-  
bation t i m e  a r e  given in Fig.  1. C lea r ly  (Fig. la) the m a x i m a l  r a t e  of incorpora t ion  of the t e s t  s t e ro ids  into 
hepatocytes  was obse rved  before  30 sec ,  and by the 3rd minute  the quantity of  accumula ted  hormone was 
constant .  It is impor tan t  to note that  the quantity of co r t t cos t e rone  accumula ted  by the hepatocytes  was s igni f i -  
cant ly  g r e a t e r  than that  of  e s t r ad io l  and t e s to s t e rone .  A s i m i l a r  (although less  marked)  dependence was ob-  
s e rved  in the case  of s t e ro id  hormone  binding with PM. In the case  of l tposomes  (Fig. 1, I I I ) two facts  mus t  be 
noted: the s lower  accumula t ion  of s t e ro ids  than with ce l l s  and PM (the equi l ibr ium s ta te  was r eached  a f t e r  
incubation for  10 rain) and the p re fe ren t i a l  accumulat ion of e s t r ad io l  and not of co r t i cos t e rone ,  as in the f i r s t  
two ca se s .  

Examina t ion  of the r e s u l t s  o f  the study of dependence of binding on concentra t ion (Fig. 2) also r ev ea l s  
two signif icant  d i f fe rences  between the cel ls  and PM, on the one hand, and l iposomes  on the o ther .  The c h a r -  
a c t e r  of hormone binding in ce l l s  and PM was nonl inear  and in l iposomes  it was l inea r  for  all s t e ro ids  studied. 
F u r t h e r m o r e ,  g r e a t e r  accumulat ion of e s t r ad io l  was obse rved  in l iposomes .  The nonlinear dependence of 
binding of ho rmones  on the i r  concentra t ion  indicates that  the m e c h a n i s m  of s te ro id  accumulat ion by hepatoeytes  
and the i r  PM m a y  be capable  of sa tura t ion .  The  r e su l t s  of expe r imen t s  to t e s t  this  hypothesis  a r e  shown in 
Fig. 3. Analysis of accumulation of the hormones by cells in Edie-Hofstie coordinates and of binding by PM 
in Scatchard plots shows that two systems participate in the binding and accumulation of steroid hormones by 
these objects: one becomes saturated in the region of concentrations tested, whereas the other does not. 
Corresponding calculations enable the parameters of function of the saturable system of steroid accumulation 
in the cells and binding in PM to be estimated quantitatively. The numerical values of the parameters are 
given in Table 2. 
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TABLE 2 

Hormone 
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Fig.  3. Hormone  binding in E d i e - H o f s t i e  co-  
ord ina tes  for  hepatocytes  (I) and Sca tchard  
plots for  PM (II) and l iposomes  (III). A b s c i s s a ,  
concentra t ion  of bound hormone  (• 10-12M); 
ordinate ,  ra t io  of concentra t ion of bound h o r -  
mone to that  of f ree  hormone.  

I t  will be c l e a r  f rom Table  2 that  the max ima l  r a t e  of absorp t ion  of co r t i cos t e rone  by the cel ls  is an 
o r d e r  of magnitude g r e a t e r  than in the case  of es t rad io l  and t e s to s t e rone .  It  can be tenta t ively  suggested 
that  the difference in the r a t e  of s te ro id  absorpt ion  is due to the different  number  of binding s i tes  for  them 
in the hepatocyte PM. In fact,  judging f rom the r e su l t s  of de te rmina t ion  of the number  of binding s i tes  for  
hormones  in isolated PM, the number  of such s i tes  for  co r t i cos t e rone  is significantly g r e a t e r  than for  the 
o ther  two s te ro ids .  As r ega rds  the unsa turab le  component  of  s te ro id  absorpt ion  by ce l l s  and the unsa turable  
s y s t e m  of hormone binding in PM and l iposomes ,  attention is drawn (Fig. 3) to the identical  c h a r a c t e r  of  
the s t ra igh t  l ines ref lec t ing the act ivi ty  of  these  components:  the p r e sence  of co r r e l a t i on  between the quantity 
of hormone absorbed  by the unsa turab le  component  and its l ipid-solubi l i ty ,  and the l inear  re la t ionship  between 
the quantity of bound hormone  and its concentra t ion in the med ium (the s t r a igh t  lines in Fig. 3 , I I  para l le l  to 
the absc i s sa ) .  The cons iderable  s i m i l a r i t y  in opera t ion  of the unsa turab le  components  of the p l a sma  m e m -  
brane  and l iposomes  indicates that  these  components  a r e  lipid in nature .  Meanwhile the nature  of the sa tu rab le  
component  is much  m o r e  complex,  and it is probable  that  prote in  and o ther  s t r u c t u r e s  a r e  concerned in its 
fimction. 

A s y s t e m  thus ex is t s  in hepatocytes  fo r  incorporat ing s te ro id  hormones .  It  is r ep re sen t ed  by a "uni- 
v e r s a l "  unsaturable  component  for incorpora t ing  co r t i cos t e rone ,  e s t rad io l ,  and t e s tos te rone ,  and a specif ic  
component ,  dist inguished by high affinity for  the t rophic  hormone  co r t i co s t e rone  only.  Compar i son  of the 
data on incorpora t ion  of hormones  into the cei ls  and the i r  binding by the PM of these  cei ls  leads to the con-  
clusion that  the sy s t em  under examinat ion  (and its components)  is a s t r u c t u r e  local ized in the hepatocyte PM. 
The essen t i a l  fea ture  is that  the unsa turab le  component  "works"  in the p r e s e n c e  of s te ro id  concentra t ions  of 
ove r  10-YM. Hence it  follows that  under  physiological  conditions a sudden shif t  in the ro l e s  of two components  
of  PM in s t e ro id  hormone binding m u s t  take place ,  namely:  the vi r tual  d i sappearance  of the ro le  of the un-  
sa tu rab le  component  (because of  the low blood levels  of the hormones  and the p r e s e n c e  of p l a sma  prote in  
c a r r i e r s  in the blood which p reven t  f r ee  diffusion of s te ro ids  into the m e m b r a n e ) ,  and on the o ther  hand, the 
dominant influence of the sa tu rab le  component  on binding of the "essen t i a l "  hormones  and the i r  absorpt ion  
by the ce l l s .  In o ther  words ,  it is sugges ted  that  the "p re fe rence  s y s t e m "  for  co r t i cos t e ro ids  [1, 3], and 
es t rogens  [4, 5] in the cor responding  t a rge t  organs  de te rmine  the actual  ex is tence  of the t a r g e t  organs:  M e m -  
b rane  s t ruc tu r e s  specif ical ly  se lec t ing t rophic  hormones ,  because  of t he i r  phys icoehemica l  c h a r a c t e r i s t i c s ,  
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possess incomparably grea ter  affinity under physiological conditions for steroid hormones that are trophic for  
the particular organ; under these circumstances the "unconcern" of the cells for  other steroids is determined 
by superposit~on of ~insensttivtty ~ of the saturable component to them and ~blocking" of the unsaturable com- 
ponent of PM, for reasons pointed out above. 
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The specific activator of the thyroid gland is the thyrotrophic hormone of the pituitary, but it is also de- 
pendent on direct nervous impulses travelling along efferent nerve fibers. Sympathetic impulses have an 
excitatory action on the thyroid gland; they stimulate the uptake of iodine by the gland, intrathyroid hormone 
production, and secretion of thyroid hormone [1-4]. Besidesthe follicular and interfollicular epithelium, the 
thyroid parenchyma also contains parafoll icular or  C cells,  of neural origin, which produce the iodine-free 
protein hormone calcitonin. The fact that the C cells belong to the neuroendocrine (the "AFUD") system is 
confirmed by the presence of monoamines (especially serotonin) in them, and also by the ability of C cells to 
assimilate and decarboxylate monoamine precursors  [7, 9-11]. The C cells are not dependent on the pituitary, 
removal of which is not reflected in their  state.  Accordingly the question ar ises  whether sympathetic impulses 
take part  in the regulation of functional activity of these cel ls ,  and the investigation described below was 
carr ied  out to study this problem. 

EXPERIMENTAL METHOD 

E xperiments were carr ied out on male rabbits weighing 1.5-1.8 kg, divided into three groups with seven 
or  eight animals in each group. Group 1 (control) consisted of intact rabbits.  In the experimental rabbits of 
group 2 the superior cervical  sympathetic ganglia (the main source of the sympathetic innervation of the thy- 
roid gland) was subjected to prolonged stimulation by application of a thin si lver wire loop to the ganglion. 
Animals of group 3 underwent bilateral extirpation of these ganglia (cervical sympathectomy). The exper i -  
ment lasted 10 days. At the end of that time the animals were autopsied and the thyroid glands removed and 
stained by Sawicki's method [12]. In parallel tests the serotonin concentration in thyroid gland homogenates 
was determined by Kulinskii and Kostyukovskaya's method [5]. Since an increase in the secre tory  activity of 
the glandular cells is accompanied by swelling of their cytoplasm and nucleus, on examination of thyroid gland 
sections stained by the above method outlines of the C cells were projected by means of a drawing apparatus 
on paper, so that their  area of cross  section could be measured with a planimeter and expressed in square 
microns. 
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