
Labilization of particles following injection of suramin, it must be noted, is connected with the forma- 
tion of autophagosomes, which have greater  ' f ragi l i ty" [10]. Autophagy is observed after injection of Triton 
WR 1339, suramin, and some other LTAs and may be a manifestation of a nonspecific cellular reaction to 
injection of these substances. 
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A C T I O N  OF P R E D N t S O L O N E  ON 3 H - C A T E C H O L A M I N E  S Y N T H E S I S  

IN RAT A D R E N A L S  D U R I N G  P H Y S I C A L  F A T I G U E  

E .  V. V o l i n a ,  ]~. Sh .  M a t l i n a ,  UDC 612.014.32-08:612.452.014.46:615.357.453 
a n d  G. D. K u r b a n o v a  
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It was shown previously that during severe physical fatigue noradrenalin and adrenalin synthesis in the 
adrenals from tyrosine and dopa is inhibited in rats  [3]. Glucocorticoids both in vivo and in vitro normalize 
catecholamine synthesis in such animals but do not affect the synthesis of these amines in intact rats.  It has 
been found that the stimulating effect of glucorticoids on depressed catecholamine synthesis is manifested 
only if tyrosine is used as the precursor [5]. Under the influence of hydrocortisone, synthesis of ~I-norad- 
renalin and ait-dopamine from att-tyrosine also is activated in the rat  CNS [6]. These facts suggest that gluco- 
corticoids are evidently universal regulators of the intensity of catecholamine synthesis both in the central 
and in the peripheral regions of the sympathico-adrenal system. 

In the present investigation, which was aimed at studying the effect of the glucorticoid prednisolone on 
the ability of the adrenals to synthesize catecholamines during physical fatigue in animals, a radioisotopic 
method was used. By so doing, by contrast with previous studies [1, 2], it was possible to use the principal 
precursor  of these amines, namely tyrosine, in low physical concentrations and also to investigate dopamine 
synthesis under these conditions. Animals in a state of severe physical fatigue after swimming for 8 h served 
as the experimental model. 
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TABLE 1. Synthesis  of  3H-Catecholamines  (in c p m / g  t issue)  in Adrena l s  of Rats  during 
Phys ica l  Fat igue  and a f te r  A dminis t ra t ion  of Predn iso loue  (M �9 m,  n = 12) 

Group of adrenals 

1 (control) 
2 (swimming) 
3 (prednisolone) 
4 (swimming+ prednisolone) 

t ,  , - -  

* C o m p a r e d  with group 1. 
r  with group 2. 

3H-adrenalin + ~H- 
noradrenalin 

<0,02 
>0,05 
<0,05* 
<0,01 "~ 

84 103+-7 738 
63 451+-2 286 
84 036+-3 442 

109 252+-7 835 

3H-dopamine 

133 607+--7 850 
124 883+-7 986 
159 757+- 10 222 
195 147+-15 405 

>0,05 
>0,05 
<0,01" 
<o,oi t 

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

E x p e r i m e n t s  w e r e  c a r r i e d  out on noninbred ma le  r a t s  weighing 200-250 g in two groups:  controls ,  and 
a f t e r  swimming  for  8 h at 30-32~C. Synthesis  of 3H-eatecholamines  was invest igated in four  groups of adrenals :  
1) adrena ls  of control  r a t s ,  2) ad rena l s  of  control  r a t s  incubated in the p r e s e n c e  of prednisolone,  3) adrenals  
of  swimming r a t s ,  4) ad rena l s  of  swimming  r a t s  incubated in the p r e s e n c e  of  prednisolone.  

The  an ima l s  were  e lec t rocu ted  and decapi ta ted.  The adrena l s  we re  incubated in T y r o d e ' s  solution in 
5 -ml  c h a m b e r s  at  37~C, sa tu ra ted  with oxygen. The adrena ls  of  all g roups  were  pre incubated  in T y r o d e ' s  
solution for  30 min .  Af te r  the change of solution, prednisolone was added to the adrena l s  of groups  1 and 3 
in a final concentra t ion  of 2 0 / ~ g / m l ,  a f t e r  which incubation was r e s u m e d  for  30 min .  Next,  3H-tyrosine 
(specific act ivi ty  124.1 m C i / m m o l e ,  concent ra t ion  in incubation med ium 20 g C i / m l )  was added to all  the 
s amp le s .  The adrena l s  we re  incubated with the  labeled  p r e c u r s o r  for  30 min.  At the end of incubation, the 
p r e p a r a t i o n s  in all the t e s t s  we re  washed five t imes  with T y r o d e ' s  solution. Af te r  washing, the adrena l s  were  
homogenized  in 5 m l  of 0.2 M HC10 4 with 0.5% EDTA and centr i fuged a f t e r  30 rain at  2000g. The supernatant  
was neu t ra l i zed  to pH 6.5. Chroma tog raph ic  separa t ion  of the ca techo lamines  was c a r r i e d  out on columns with 
the  ion-exchange r e s in  Dowex-50 (from Serva ,  West Germany)  in the sodium fo rm.  The mix tu re  of 3I t -nor-  
adrenal in  and ~ft-adrenaIin was eluted f r o m  the columns with 5 ml  1 M HC1, a f t e r  which the ~ft-dopamine was 
eluted with 5 ml  of 2 M HC1 [1]. Radioact ivi ty  was m e a s u r e d  on an Inter technique SL-30 (France) liquid 
sc int i l la t ion counter with external standard. 

EXPERIMENTAL RESULTS 

The  development  of physical  fat igue in the r a t s  as a r e su l t  of  swimming  for  8 h was accompanied  by a 
s ignif icant  i n c r e a s e  in weight of  the ad rena l s .  F o r  ins tance,  whereas  in r a t s  of  the control  groups  they weighed 
100 4- 6 mg ,  in the r a t s  a f t e r  swimming this  was i n c r e a s e d  to 130 • 4 mg,  evidence of the development  of  con-  
s ide rab le  changes due to s t r e s s  in the animal .  

The  r e s u l t s  of  invest igat ion of  ~ I - c a t e c h o l a m i n e  syn thes i s  in the r a t s '  ad rena l s  showed (Table 1) that  
a f t e r  swimming fo r  8 h the in tensi ty  of  synthes is  of  ~It-adrenalin and 3H-noradrenal in  in the adrena l s  was 
s ignif icant ly  reduced  by 25%. Synthesis  of 3H-dopamine also was reduced,  but not s ta t i s t ica l iy  s ignif icantly.  
These  r e su l t s  ag ree  with data in the l i t e r a t u r e  [3, 4], indicating depress ion  of the synthetic capaci ty  of the 
adrenal  medul la  during prolonged physical  exer t ion ,  probably  due to inhibition of functional act ivi ty of the 
enzymes  of ca techolamine  synthes is  [2]. 

Af t e r  the addition of predniso lone  to the med iumwi th  adrena l s  of the control  r a t s ,  no significant changes 
w e r e  found in the r a t e  of ~ I - ca t echo l amine  syn thes i s .  Meanwhile,  some  s t imulat ion of ~rI-dopamine synthes is  
was obse rved  under  these  condit ions.  The  absence  of any m a r k e d  effect  of  prednlsolone  on ca techolamine  
synthes is  in the adrena ls  of  intact  r a t s ,  incidentally,  c o r r e s p o n d s  with data in the l i t e r a tu r e  showing that  the 
action of g lucocor t ico ids  on this  p r o c e s s  in the adrena l s  is man i fes t ed  only a f t e r  exposure  of the an imals  to 
p r o c e d u r e s  such as hypophysectomy,  deuervat ion,  o r  s t r e s s  [5, 7-10]. However ,  it m a y  be that  the absence  
of  a c l e a r  effect  of  g lucocor t ico ids  in the intact  ad rena l s  is connected with the fact  that  g lucocor t ieoids  ac -  
c e l e r a t e  ca tabo l i sm of ca techo lamines  at  the s a m e  t ime  as they ac t iva te  the i r  synthes is .  This  is  shown by 
the r e s u l t s  of e x p e r i m e n t s  in which the act ivat ing action of hydroeor t i sone  on synthes is  of ~ I -no rad rena l in  
and 3It-dopamine f r o m  3t t- tyrosine was man i fe s t ed  only when iproniazid,  a monoamine  oxidase  inhibitor,  is 
added at  the  s a m e  t i m e  to the m ed i um  [6]. The combinat ion of these  two p r o c e s s e s ,  p roceeding  in opposi te  
d i rec t ions ,  m a y  probably  u l t imate ly  lead to an i nc r ea se  in the r a t e  of  t u rnove r  of  ca techo lamines  although 
t he i r  level  in the o rgan  r e m a i n s  constant .  
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Under the influence of prednisolone on the adrenals of the experimental rats marked activation of synthe- 
sis of labeled catecholamines was observed. The formation of 3H-noradrenalin and ~I-adrenalin was increased 
under these circumstances by 75% relative to their  level observed in the swimming rats ,  whereas 3H-dopamine 
synthesis was increased by 56%. Stimulation of catecholamine synthesis by prednisolone against the back- 
ground of physical fatigue was so considerable that the rate of ~H-catecholamine synthesis in this case not 
only reached the control level, but actually exceeded it. For instance, under the influence of prednisolone the 
rate of synthesis of ~-noradrenal in  and 3It-adrenalin in the adrenals of the experimental rats  was 30% higher 
than in the control, and the rate of synthesis of 3H-dopamine was 46% higher. 

Consequently, the decrease in catecholamine synthesis in the adrenals of rats  during fatigue due to pro- 
longed physical exertion is completely compensated by the action of the glucocorticoid prednisolone. The 
results confirm the previous hypothesis that glucocort[coids restore catecholamine synthesis, depressed as 
a result  of physical exertion, through their action on tyrosine hydroxylase. This conclusion is also supported 
by data showing that the stimulating effect of glucocorticoids on depressed cateeholamine synthesis is mani- 
fested only when tyrosine, and not dopa, is used as the substrate for synthesis [5]. 

These results demonstrate once again the close connection between hormones of the adrenal cortex and- 
medulla, which is manifested particularly clearly during the action of extremal factors on the organism. Glu- 
cocorticoids may evidently change the intensity of catecholamine synthesis in the adrenals by influencing the 
activity of the enzyme tyrosine hydroxylase, which is the factor limiting the velocity of synthesis of these 
amines. 

The results of these experiments, in conjunction with data in the literature, show that one of the main 
causes of the decrease in intensity of catecholamine synthesis following severe physical exertion is exhaustion 
of the synthetic capacity of the adrenal cortex, leading to depression of the glucocorticoid level in the body 
which, in turn, reduces the activity of tyrosine hydroxylase, the key enzyme of catecholamine synthesis. Under 
these conditions, administration of exogenous glueocorticoids completely restores  the level of catecholamine 
synthesis in the adrenals when depressed as a result  of physical fatigue. 
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