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The ability of the adrenals  to synthesize catecholamines in the presence  of var ious substra tes  
was investigated in vitro. Experiments  were ca r r i ed  out on rats  under normal  conditions and 
after  swimming for  8 h. In the physically fatigued animals the convers ion of noradrenalin,  
DOPA, and tyrosine,  added in vitro, into catecholamines was inhibited, on the basis  of which 
depress ion of the activity of phenyle thanolamine-N-methyl - t ransferase ,  dopa decarboxylase  
and, possibly, tyrosine hydroxylase  was postulated. After  the end of swimming, and in the 
p resence  of L- ty ros ine  as substrate,  noradrenal in synthesis was activated f i rs t  (on the sec -  
ond day), and this was followed by gradual res tora t ion (on the 7th day) of normal  adrenalin 
synthesis.  In ra ts  trained for  two months, in response to swimming for  8 h the degree  of de-  
press ion  of catecholamine synthesis in the adrenals  was much smal le r  than in untrained rats .  
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During severe  muscu la r  fatigue the catecholamine content in the adrenals  falls, the ability to form 
catecholamines af ter  addition of their  p r e c u r s o r s  in vitro is disturbed, and the synthetic ability of the ad re -  
nals in vitro in the p resence  of L- ty ros ine  is reduced [2-5]. 

In the investigation descr ibed below some mechanisms causing inhibition of catecholamine synthesis 
were  studied. The duration of the disturbances and changes observed in trained rats ,  in which no decrease  
in the catecholamine concentrat ion is found in the adrenals  during prolonged physical  exertion [1, 9], also 
were  determined.  

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

Noninbred male albino rats  weighing 250-350 g were  used. In the experiments  of ser ies  I the rats  
swam at a tempera ture  of 32 ~ C for  7-8 h, a f ter  which intact and swimming rats  were  decapitated, both 
adrenals  were  removed and cut into small  p ieces ,  and one of the adrenals  was incubated for  1 h in K r e b s -  
Ringer bicarbonate solution in the presence  of the following subst ra tes :  nonadrenalin (3.2 pg per  sample), 
dopamine (5 #g pe r  sample), dopa (5/~g pe r  sample), and tyrosine (10.00 #g pe r  sample). The second a d r e - ,  
hal, incubation of which in the p resence  of the same subst ra tes  was immediately stopped by the addition of 
perchlor ic  acid, was used as the control.  T h e  adrenalin and noradrenalin content was determined in the 
control  and experimental samples,  and synthesis  of the catecholamines was est imated from the increase  in 
their concentrat ion in the experimental sample.  In the experiments of se r ies  II the ra ts  were  decapitated 
1, 2, o r  7 days af ter  the end of swimming. Intact ra ts  were  used as the control .  The experiments  of se r ies  
III were  ca r r i ed  out on ra ts  trained for  2 months. The animals were  trained by increasing the duration of 
swimming at a t empera ture  of 32 ~ C gradually each day, s tar t ing f rom 30 min. The last  two weeks the ra t s  
swam for 2 h daily. On the day after  the end of training some of the rats  were  decapitated without any fu r -  
ther swimming, whereas  the other  ra ts  were  compelled to swim for  8 h and were  then decapitated. The 
content of cateeholamines in the adrenals  was determined f luorometr ical ly  [7]. 
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T A B L E  1. C a t e c h o l a m i n e  S y n t h e s i s  in the  P r e s e n c e  of D i f f e r e n t  
S u b s t r a t e s  in A d r e n a l s  of In tac t  Ra t s  and  Ra t s  S w i m m i n g  f o r  8 h 
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S y n t h e s i s  of c a t e c h o l a m i n e s  (in n m o l e s / g / h )  in a d r e n a l s  
of r a t s  a t  v a r i o u s  t i m e s  a f t e r  s w i m m i n g .  Unshaded  c o l u m n s  show 
i n c r e a s e  in a d r e n a l i n  con ten t  in the  p r e s e n c e  of L - t y r o s i n e ;  s h a d e d  
c o l u m n s  g i v e  i n c r e a s e  in n o r a d r e n a l i n  con ten t  u n d e r  s a m e  c o n d i -  
t i ons .  1) i n t ac t  r a t s  (n=12) ;  2) s w i m m i n g  f o r  8 h (n=15) ;  3, 4, 5) 1, 
2, and 7 d a y s ,  r e s p e c t i v e l y ,  a f t e r  s w i m m i n g  (n = 19, 11, and  10). 

F i g .  2. A d r e n a l i n  s y n t h e s i s  in a d r e n a l s  of t r a i n e d  r a t s  a f t e r  s w i m -  
m i n g  f o r  8 h. O r d i n a t e ,  n u m b e r  of r a t s  in which  a d r e n a l i n  s y n t h e -  
s i s  w a s  found in p r e s e n c e  of L - t y r o s i n e  (in % of t o t a l  n u m b e r ) .  1) 
In tac t  r a t s  (n=12) ;  2) u n t r a i n e d  r a t s  s w i m m i n g  f o r  8 h (n=12) ;  3) 
t r a i n e d  r a t s  (n = 9); 4) t r a i n e d  r a t s  s w i m m i n g  f o r  8 h (n = 12). 

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  

In the  p r e s e n c e  of n o r a d r e n a l i n ,  i n t e n s i v e  a d r e n a l i n  f o r m a t i o n  and a d e c r e a s e  in the  quant i ty  of s u b -  
s t r a t e  w e r e  o b s e r v e d  in t he  a d r e n a l s  of the  i n t ac t  r a t s  {Table 1). No i n c r e a s e  in a d r e n a l i n  o r  d e c r e a s e  in 
n o r a d r e n a l i n  w a s  found in the  s w i m m i n g  r a t s .  T h e s e  r e s u l t s  i n d i c a t e  tha t  d u r i n g  p r o l o n g e d  s w i m m i n g  the  
a c t i v i t y  of p h e n y l e t h a n o l a m i n e - N - m e t h y l t r a n s f e r a s e ,  which  c o n v e r t s  n o r a d r e n a l i n  into a d r e n a l i n ,  i s  i n -  
h ib i t ed .  

In the  p r e s e n c e  of d o p a m i n e ,  i n c r e a s e d  a d r e n a l i n  f o r m a t i o n  w a s  found in the  a d r e n a l s  of the  i n t ac t  
r a t s .  N o r a d r e n a l i n  s y n t h e s i s  w a s  i n c r e a s e d  only v e r y  s l i g h t l y  (P > 0.05). In the  s w i m m i n g  r a t s  n o r a d r e n -  
a l i n  f o r m a t i o n  was  o b s e r v e d  wi thout  any i n c r e a s e  in a d r e n a l i n .  T h e  d a t a  g iven  above ,  on inh ib i t ion  of p h e -  
n y l e t h a n o l a m i n e - N - m e t h y l t r a n s f e r a s e  a c t i v i t y  in the  r a t s  d u r i n g  s w i m m i n g ,  exp la in  the  a c c u m u l a t i o n  of 
n o r a d r e n a l i n  in the  p r e s e n c e  of d o p a m i n e  m th i s  c a s e .  The  a c t i v i t y  of d o p a m i n e - f l - o x i d a s e ,  which  c o n v e r t s  
d o p a m i n e  into n o r a d r e n a l i n ,  is  ev iden t ly  unchanged  in r a t s  by fa t igue .  

In the  p r e s e n c e  of dopa,  a m a r k e d  i n c r e a s e  in the  a d r e n a l i n  con ten t  was  o b s e r v e d  in the  a d r e n a l s  of 
the  i n t a c t  r a t s ,  w h e r e a s  n o r a d r e n a l i n  f o r m a t i o n  was  not  s t a t i s t i c a l l y  s i g n i f i c a n t  (P > 0.05). N e i t h e r  s y n t h e -  
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s is  of adrenal in  nor  of noradrenal in  could be  obse rved  in the swimming ra t s .  These  r e su l t s  indicate that 
the enzyme sys t em decarboxylat ing dopa with the format ion  of dopamine is inhibited in r a t s  during p r o -  
longed swimming.  S imi la r  inhibition w a s  found in the p r e s e n c e  of L - ty ros ine ,  in ag reemen t  with data ob-  
tained in r a t s  fatigued by running on a t r eadmi l l  [6]. 

De te rmina t ion  of dopa in the adrena ls  in some  of the exper iments  in the p r e s e n c e  of L - t y r o s i n e  r e -  
vealed no inhibition of i ts  fo rmat ion  (13.2 ~4.0  n m o l e s / g / h  in the control ,  13.4 ~-4.5 n m o l e s / g / h  in the ex-  
per iment) .  Both in the intact and the swimming r a t s  the accumulat ion of dopa in the adrena l s  was e x t r e m e l y  
low and within the l imi ts  of exper imenta l  e r r o r .  

The absence  of changes in the dopa content in the p r e s e n c e  of L - t y r o s i n e  cannot s e r v e  as  evidence of 
normal  ~yrosine hydroxylase  act ivi ty in the swimming  r a t s ,  for  a combinat ion of inhibition of ty ros ine  
hydroxylase  with the reduced  act ivi ty o f d o p a  decarboxylase  that.was also found could produc e s i m i l a r  
r e su l t s .  

The data conf i rmed  the d e c r e a s e  in the adrenal in  content in the adrena ls  of swimming  ra t s  c o m p a r e d  
with intact an imals  descr ibed  in the l i t e r a t u r e  [1, 3, 8]. 

In a g r e e m e n t  with the data descr ibed  above, immedia te ly  a f t e r  the end of an 8-h per iod of swimming,  
the synthes is  of adrenal in  and noradrenal in  in the p r e s e n c e  of L - t y r o s i n e  was sharp ly  inhibited (Fig. 1). 
Adrenal in  synthes is  a lso  was absent  24 h a f t e r  the end of swimming,  whe reas  smal l  quantit ies of n o r a d r e n a -  
lin w e r e  formed.  Af te r  2 days the re  was a marked  inc rease  in noradrenal in  syn thes i s ,  which was above 
the contro l  level .  Some r e s to r a t i on  of adrenal in  synthes is  was o b s e r v e d  7 days  a f t e r  swimming,  and n o r -  
adrenal in  synthesis  was a lmos t  back to normal ,  although normal  synthes is  in genera l  was not r e s t o r ed  in 
the adrenals  during this per iod.  It is  impor tan t  to emphas ize  that normal iza t ion  of adrenal in  was p receded  
by inc reased  synthesis  of the p r e c u r s o r  - n o r a d r e n a l i n .  

In the exper iments  of s e r i e s  III (Fig. 2), under the influence of swimming for  8 h the inhibition of c a t e -  
cholamine biosynthes is  in t ra ined ra t s  was much l e s s  marked  than in untrained ra t s ;  this l a rge ly  explains 
the absence  of a d e c r e a s e  in the-catecholamine content  in the adrena l s  of t ra ined r a t s  during swimming [1, 
9]. 
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