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Reversible depression of the function of the sodium pump of cell membranes by application of cold (from 
0 to 5~C ) is accompanied by accumulation of Na ions within the cell and by the outflow of K ions from the cell 
[4]. This redistribution of ions is one of the most  important factors activating membrane Na, K-ATPase at 
optimal temperatures  [9]. 

There  is abundant experimental evidence that active ion t ransport  through the membrane is accompanied 
as a rule by the development of a potential difference on it, i .e.,  it res ts  on an eleetrogenic basis [11, 12]. 

The mechanisms of maintenance of the cell membrane potential (NIP) undergo definite changes during 
aging [6]. 

It was shown previously in experiments on adrenocortical cells (ADC) [3] that af ter  prel iminary cold 
preincubation, the rate  of membrane repolarization of cells of the zona fasciculata of the adrenal cortex 
changes in different ways within the temperature  range from 7 to 17~C. The temperature coefficient Q10 for  
this process ,  calculated from the rate  of membrane repolarization at 7 and 1TC was found to be almost twice 
as high in old as in mature  animals. 

Analysis of this phenomenon would seem to be best car r ied  out by studying the possible role of f ree -  
radical reactions (FRR) in the phenomena described above. This conclusion was based on data in the l i terature  
indicating that during aging the concentration of f ree  radicals (FR), capable of reacting with different cell 
components, in the body t issues increases [7, 8, 10]. 

The object of this investigation was to study the possible contribution of FRR to membrane repolariza-  
tion of ACC during activation of mechanisms of t ransmembrane transport .  

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

Experiments were car r ied  out on the isolated adrenals of 80 young (5 months) and old (28-29 months) 
albino rats .  The animals were decapitated. The conditions of incubation of the adrenals and the method of 
determination of MP of cells of the zona fascieulata of the cortex were described previously [3]. Restoration 
of MP of cells depolarized beforehand by "loading" with sodium ions, by keeping the adrenals at 0%] in K r e b s -  
Henseleit solution for 1 h, was studied. The value of Q10 for  repolarization (RP Q10) and the activation energy 
(E act) of the reactions maintaining it were determined from the gradients of r i se  of MP during 20 rain of sub- 
sequent incubation in solutions at temperatures  of 7 and 17~C. The synthetic FRR inhibitor ionol (4-methyl- 
2,6-di-tert-butylphenol), dissolved in a 25% aqueous solutien of the solubilizer Tween-80, was injected intra-  
peritoneally in a dose of 100 mg/kg  body weight 3 o r  24 h before decapitation of the animal. These times 
were chosen on the basis of data in the l i tera ture  [1] showing that the antioxidant activity of the t issues reaches 
a maximum 3-6 h after  injection of ionoI, whereas its fall to the initial level or  below, on account of a sharp 
decrease in the content of natural oxidants, and also of parallel excretion of the synthetic FRR inhibitor, takes 
place toward the end of the f i r s t  day after  injection. An artificial increase in the tissue FR level in young 
animals was produced by whole-body x-ray irradiation in a dose of 700 R on the RUM-17 apparatus (tube 
voltage 180 kV, current  15 mA, focus-skin distance 0.4 m, dose rate  100 R/ra in ,  duration of irradiation 7 rain, 
f i l ter  0.5 mm eopper+ l .0  mm aluminum). 
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T A B L E  1. E f l e e t  of  Ionol  (100 r a g / k g  i n t r a p e r i t o n e a l l y )  on T e m p e r a t u r e  D e p e n d e n c e  o f  M e m -  
b r a n e  R e p o l a r i z a t i o n  of  ACC of  Zona  F a s c i e u l a t a  in R a t s  of  D i f f e r e n t  A g e s  
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T A B L E  2. E f f e c t  of  T o t a l  X - R a y  I r r a d i a t i o n  (700 R) on T e m p e r a t u r e  D e p e n d e n c e  of  M e m b r a n e  
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E X P E R I M E N T A L  R E S U L T S  A N D  D I S C U S S I O N  

T h e  r e s u l t s  o f  i n v e s t i g a t i o n  o f  the  t e m p e r a t u r e  d e p e n d e n c e  of  r e p o l a r i z a t i o n  of  ACC m e m b r a n e s  a f t e r  
a d m i n i s t r a t i o n  o f  ionol  show t h a t  3 h a f t e r  i n j ec t i on ,  R P  Qi0 and E a e t  o f  t he  r e a c t i o n s  d e t e r m i n i n g  t h i s  p r o c e s s  
w e r e  s i g n i f i c a n t l y  r e d u c e d .  A s the  r e s u l t s  in  T a b l e  1 show,  a g a i n s t  t he  b a c k g r o u n d  o f  iono l  the  d y n a m i c s  of  
m e m b r a n e  r e p o l a r i z a t i o n  of  ACC of  t h e  o ld  a n i m a l s  c l o s e l y  r e s e m b l e d  t ha t  in i n t a c t  young a n i m a l s :  t he  r i s e  

in  M P  d u r i n g  i n c u b a t i o n  f o r  20 r a in  a t  7~C was  i n c r e a s e d ,  but  a t  17~C i t  was  r e d u c e d .  T h e  c a l c u l a t e d  v a l u e  o f  
R P  Ql0 fo r  the  c e l l  m e m b r a n e s  was  r e d u c e d ,  wi th  a c o r r e s p o n d i n g  f a l l  in E a c  t o f  t he  r e a c t i o n s  d e t e r m i n i n g  
t h i s  p r o c e s s .  In t he  c o n t r o l  e x p e r i m e n t s  on  young a n i m a l s  t he  d y n a m i c s  of  m e m b r a n e  r e p o l a r i z a f i o n  of  ACC 
w a s  u n c h a n g e d  by  ionol  (Tab le  1). 

T h e  h i g h e r  t he  v a l u e  o f  E a c t  of  a r e a c t i o n ,  t he  f a s t e r  t h e  i n c r e a s e  in t h e  v e l o c i t y  of  t ha t  r e a c t i o n  with  
a r i s e  o f  t e m p e r a t u r e  [5]. If ,  t h e r e f o r e ,  t he  p r o c e s s  t a k e s  p l a c e  by c o m p e t i n g  r e a c t i o n s ,  t h e  v e l o c i t i e s  o f  
which  depend  d i f f e r e n t l y  on t e m p e r a t u r e ,  a t  low t e m p e r a t u r e s  r e a c t i o n s  wi th  a low E ac t  wi l l  d o m i n a t e ,  and  
when  the  t e m p e r a t u r e  i s  r a i s e d ,  t h e  r o l e  of  r e a c t i o n  wi th  a h i g h e r  E a e t  wi l l  i n c r e a s e .  A c c o r d i n g l y ,  t he  d e -  
c r e a s e  in the  v a l u e  of R P  Q10 o f  ACC m e m b r a n e s  of  o ld  a n i m a l s  was  r e d u c e d  by  ionol  and  tha t  E a c t  of  t he  
r e a c t i o n s  d e t e r m i n i n g  i t  a l s o  w a s  r e d u c e d  can  be r e g a r d e d  a s  e v i d e n c e  of  t he  e x i s t e n c e  of  a de f in i t e  c o n t r i b u -  
t i on  of  F R R  in o ld  a n i m a l s  to t h e  g e n e r a l  b a l a n c e  of  p r o c e s s e s  d e t e r m i n i n g  the  m e c h a n i s m s  of  a c t i v e  e l e c t r o -  
g e n i e  t r a n s m e m b r a n e  ion t r a n s p o r t .  

T h i s  h y p o t h e s i s  was  c o n f i r m e d  in e x p e r i m e n t s  on o ld  a n i m a l s  in which  the  t e m p e r a t u r e  d e p e n d e n c e  of  
m e m b r a n e  r e p o l a r i z a t i o n  of  ACC was  i n v e s t i g a t e d  24 h a f t e r  i n j e c t i o n  of  ionol .  T h e  r e s u l t s  showed  tha t  
R P  Q10 and E a c t  of  the  r e a c t i o n s  d e t e r m i n i n g  i t  r o s e  s h a r p l y  24 h a f t e r  i n j e c t i o n  of  ionol  in t he  o ld  r a t s :  Q10 
f r o m  2.732 • 0.191 (n= 9) to  4 .059 • 0.885 (n = 7), and E a c t  f r o m  16.040 • 0.985 to  20.537 • 3.385 k c a l / m o l e .  
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Further  analysis of the hypothesis that FRR make a contribution to membrane repolarization of ACC in 
old animals was undertaken by artificially raising the FR level in the body tissues of young animals by whole- 
body x-ray irradiation, which is known to lead to an increase in the cDntent of FR in the tissues in the early 
stages after irradiation (the first  few hours), and to a decrease in their  content with effect from the second 
day after irradiation [2]. 

The results showed that during the first  few hours (2-8 h) after x-ray irradiation the dynamics of mem- 
brane repolarization of ACC in the young rats  was similar to that in intact old rats (Table 2): The increase in 
MP during incubation for 20 rain at 7~ was reduced, whereas its increase at 17~C was increased. The values 
of RP Q10 and Eact of the reactions determining it were increased up to the characteristic values for intact 
old animals. RP Qi0 and Eac t were significantly reduced (P < 0.001) 24 h after irradiation, but after 48 h 
their  values corresponded to those characteristic of young intact animals. 

The various factors capable of changing the FR content in the t issues can thus significantly affect the 
temperature coefficient of membrane repolarization and E act of the reactions determining it. This suggests 
that the mechanism of electrogenic active transport, under certain conditions, can be coupled with reactions 
of free-radioal character.  During aging, just as in the early stages after x-ray irradiation in young animals, 
the phenomena taking place are evidently of a general biological character, the essence of which is an increase 
in the role of FRR in the general balance of reactions determining active transmembrane transport which, in 
young animals, takes place entirely (or predominantly) on account of energy of ATP hydrolysis. 
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