
S T A T E  O F  C A T E C H O L A M I N E  S Y N T H E S I S  

D U R I N G  T H E  D E V E L O P M E N T  O F  M U S C L E  

V.  A.  M a l y s h e v a  a n d  ~.. S h .  M a t l i n a  

FATIGUE 

UDC 612.452.018-06:612.766.1 

The ra t e  of fo rmat ion  of ca techolamines  f r o m  ty ros ine  in the r a t  adrenal  gland and its  r e -  
la t ionship to the durat ion of running in a t r e a d m i l l  w e r e  studied in e x p e r i m e n t s  in v i t ro .  By 
adding together  the i n c r e a s e s  in adrenal in ,  noradrena l in ,  dopamine,  and DOPA in the t i s sues  
and incubation medium,  a value ref lec t ing  ty ros ine  hydroxylase  was  obtained. The inc rease  
in DOPA and ca techo lamines  in the adrena l  and in the incubation med ium af te r  addition of ty-  
ros ine  a f te r  running for  2.5 h was the same  as in the control .  After  running for  6 h the syn- 
t hes i s  of ca techo lamines  and DOPA was  sharp ly  reduced.  These  r e su l t s  show that  with an 
inc rease  in the duration of muscu la r  exer t ion  the ability of the adrenals  in r a t s  to synthesize 
ea techo lamines  d e c r e a s e s .  The dec r ea se  in the fo rmat ion  of ca techo lamines  and DOPA is 
evidently linked with dep res s ion  of ty ros ine  hydroxy lase  act ivi ty.  

The t i s sue  ca techolamine  content is known to change during muscu l a r  exer t ion  and to fall  sharply  
during s eve re  musc le  fatigue [1, 2, 7]. The poss ib le  m e c h a n i s m s  of changes  in the s y s t e m  of ca techol-  
amine synthes is  during exposure  to var ious  f ac to r s  have been d iscussed  in the l i t e ra tu re  [3, 6, 8, 10, 12]. 

The object  of this invest igat ion was to study ca techolamine  synthes is  in the adrenal  t i s sues  of r a t s  
undergoing musc u l a r  exer t ion .  The subs t ra te  used  was  L - t y r o s i n e ,  because  i ts  hydroxyla t ion is the veloc-  
i ty - l imi t ing  s tage of the p r o c e s s  [11]. 

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

Male r a t s  weighing 180-200 g were  subjected to muscu la r  exer t ion  in a t r eadmi l l  as descr ibed  p re -  
viously [2]. The expe r imen ta l  an imals  we re  decapi ta ted 2.5 and 6 h a f t e r  s t a r t ing  to run. Control  an imals  
w e r e  decapi ta ted at the same  t ime.  The adrenals  were  quickly r emoved ,  placed on ice,  and f reed  f r o m  fat 
and connect ive t i s sue .  To cancel  out individual var ia t ions  each sample  was  so composed  that it contained 
eight ha l f - ad rena l s  obtained f r o m  four different  r a t s ,  e i ther  control  or  exper imenta l .  Two control  and two 
expe r imen ta l  s a m p l e s  w e r e  used in each exper iment .  The t i s sue  for  each sample  was weighed and t r a n s -  
f e r r e d  into smal l  v e s s e l s  containing K r e b s - R i n g e r  b ica rbona te  so lu t ion  (pH 7.4) containing glucose.  Ty-  
ros ine  (1000 #g) in 0.4 ml 0.01N HC1 solution was  added to one of the control  and exper imen ta l  samples ,  
while the co r respond ing  volume of solvent was  added to the other  two v e s s e l s .  The final volume of incu- 
bat ion med ium was  2 ml .  All the s am p l e s  were  pre incubated  in 2 ml  K r e b s - R i n g e r  solution for  30 rain at 
37.5~ in an a t m o s p h e r e  of 95% 02 § 5% CO 2 in a Warburg  appara tus .  The incubation medium was  then r e -  
p laced by a f r e sh  ba tch  of buffer ,  ty ros ine  was  added to the co r respond ing  samples ,  and incubation was  
c a r r i e d  out for  2 h under  the same conditions as preincubat ion.  

After  incubation the t i s sue  and incubation medium were  separa ted ,  and the concent ra t ions  of adrena-  
lin, noradrena l in ,  DOPA, and dopamine in them were  de te rmined  spec t ro f luo r ime t r i c a l l y  [4, 5]. 
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Tr ia l  de te rmina t ions  showed that during incubation of the t i s sue  without ty ros ine  only t r a c e s  of 
ea techo lamines  w e r e  fo rmed .  The absolute i nc rea se  in ca t echo lamines  and DOPA obtained by compar ing  
samples  to which ty ros ine  had or  had not been  added was  accordingly  taken to re f lec t  the intensity of syn- 
thes i s .  By adding toge ther  the i n c r e a s e s  in all the compounds studied in the t i s sue  and incubation medium,  
a value was obtained which c h a r a c t e r i z e s  ty ros ine  hydroxy lase  act ivi ty to a ce r ta in  degree;  this  act ivi ty 
was  e x p r e s s e d  in n m o l e s / g  pe r  hour.  The ty ros ine  concen t ra t ionwas  d e t e r m i n e d i n t h e  a d r e n a l t i s s u e s  [14]. 

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  

The r e s u l t s  a re  given in Tables  1 and 2. A c o m p a r i s o n  of the r e su l t s  of the expe r imen t s  of groups  
1 and 3 shows that  m us cu l a r  exer t ion  lowered the concent ra t ions  of ca techolamines  and DOPA in the adren-  
al; this  is in ag reemen t  with the r e s u l t s  of the previous  inves t igat ions  [2]. The fact  that on incubation of 
the intact  ad rena l s  with the addition of ty ros ine  an inc rease  in the concent ra t ion  of these  compounds was  
obse rved  is evidence that the enzyme s y s t e m s  of synthes is  a r e  p r e s e r v e d  under the chosen conditions of 
incubation. 

During incubation of the adrena ls  of the intact  and expe r imen ta l  r a t s  in the p re sence  of ty ros ine ,  the 
changes  in the syn thes i s  and sec re t ion  of ca techo lamines  into the med ium were  genera l ly  in the s ame  di-  
r ec t ion  although m arked  to a different  degree .  

Tyros ine  led to different  changes in the ea techolamine  and DOPA leve l s  in the adrena ls  of the ex-  
pe r imen ta l  an imals  a f te r  running for  different  durat ions.  For  instance,  during incubation of the adrena ls  
of r a t s  which had run for  2.5 h some slight acce le ra t ion  of ca techolamine  synthes is  was observed .  The 
i n c r e a s e i n  ad rena l inwas  9,in noradrena l in  10, and in dopamine 0.4 #~/g compa red  with the control .  The 
i nc rea se  in DOPA was  l e s s  than in the control  (1.4 in the control ,  1 ~g /g in the  exper iment ) .  When tyros ine  
hydroxy lase  act ivi ty was  de te rmined  by the method desc r ibed  above,  a tendency toward an inc rease  was  
found: 2.5 h a f t e r  the beginning of exposure  i ts  act ivi ty in the control  was  520~23, but in the exper imenta l  
s e r i e s  it was  603=~37 nmoles /g  pe r  hour (0.1 > P > 0.05). On incubation of the adrenals  of r a t s  which had 
run  on the t r eadmi l l  for  6 h (Table 2), on the other  hand, the inc rease  in concentra t ion  of these  compounds 
was  l e s s  than in the control  (no adrenal in  and noradrena l in  in genera l  we re  formed) ; ty ros ine  hydroxylase  
act ivi ty  was  sharp ly  reduced (control  590=~70 nmoles /g  per  hour ,  expe r imen t  31"10 n m o l e s / g  pe r  hour; 
P < 0.001). 

Special expe r imen t s  (the resu l t s  of which will be desc r ibed  in another  communicat ion) showed that  
t y ros ine ,  injected in t raper i tonea l ly ,  did not change the ca techolamine  concentra t ion  in the adrenal  of the 
intact  an imals  but r a i s ed  the i r  lowered level  in the adrenal  of r a t s  which had run for  2.5 h on the t readmi l l .  
An inc rease  in the ra te  of ca techolamine synthes is  in the re la t ive ly  ea r ly  s tages  of exposure  to var ious  
f ac to r s  or during adaptation to them has  been obse rved  by s e v e r a l  inves t iga tors  [6, 8, 9]; this  inc rease  in 
r a t s  has  been  shown to be assoc ia ted  with inc reased  act ivi ty of the enzymes  of ca techolamine  synthes is  
[9, 13]. However ,  during more  prolonged exposure  to unfavorable  f ac to r s  (in pa r t i cu la r ,  during prolonged 
running) the opposite changes can evidently occur .  Bear ing  in mind the fact  that the t y r o s i n e  concent ra t ion  
in the adrenal  was unchanged af ter  running for  6 h (control  72~4.7 p~g/g, expe r imen t  67-~6.5 #g/g it can be 
postula ted that  the cause  for  the sharp  decline in the level  of ca techo lamines  and DOPA in the gland under 
these  c i r c u m s t a n c e s  was  a genera l  lowering of the synthetic  abili ty of the t i ssue ,  pr inc ipal ly  on account of 
a d e c r e a s e  in ty ros ine  hydroxylase  act ivi ty.  

In the d i scuss ion  of the m e c h a n i s m  of this dec rea sed  activi ty it may  be a s sumed  that the synthes is  
of the enzyme i tself  is d is turbed during the development  of musc le  fat igue.  Another  m o r e  l ikely cause of 
the obse rved  d e c r e a s e  may  be the appearance  of products  fo rmed  during increased  muscu l a r  act ivi ty and 
inhibiting the enzyme.  A d e c r e a s e  in the level  of coenzymes  of ca techolamine  synthes is  may also take 
place dur ing prolonged physica l  exer t ion .  

The d e c r e a s e  in the intensi ty of ca techolamine  synthes is  d i scovered  in these expe r imen t s  (probably 
assoc ia ted  with inhibition of ty ros ine  hydroxylase)  is evidently c h a r a c t e r i s t i c  of the adrenal  alone, for  in 
none of the other  organs  tes ted  was  so m ark ed  a dec r ea se  in the level  of the var ious  compounds discov-  
e r e d  [2, 7]. 

927 



LITERATURE CITED 

1. A.L. Gorokhov, Fiziol. Zh. SSSR, 55, 1411 (1969). 
2. V.A. Malysheva and E. Sh. Matlina, Probl. ]~ndokrinol., No. 6, 84 (1971). 
3. ]~. Sh. Matlina, G. N. Kassil', and E. A. Shirinyan, Dokl. Akad. Nauk SSSR, 194, 1458 (1970). 
4. ]~. Sh. Matlina and T. B. Rak_hmanova, in: Methods of Investigation of Some Systems of Humoral 

Regulation [in Russian], Moscow (1967), p. 136. 
5. l~. Sh. Matlina, R. N. Shchedrina, and ]~. ~A. Shirinyan, in: New Methods of Investigation of Hormones 

and Other Biologically Active Substances [in Russian], Moscow (1969), p. 98. 
6. A. Alousi and N. Weiner, Proc. Nat. Acad. Sei. (Washington), 5__.66, 1491 (1966). 
7. M. Beauvallet, J. Bernard, and M. Solier, Th6rapie, 2._!, 821 (1969). 
8. K. Gordon, S. Specter, A. Sjoerdsma, et al., J. Pharmacol. Exp. Ther., 153, 440 (1966). 
9. R. Kvetnansky, V. Weise, and I. Kopin, Endocrinology, 8_77, 744 (1970). 

10. N. Laborit and C. Baron, Agressology, 1._0.0, 217 (1969) o 
11. M. Levitt, S. Specter, A. Sjoerdama, et al., J. Pharmacol. Exp. Ther., 148, 1 (1965). 
12. A. Olivario and L. Stjarne, Life Sei., 4, 2339 (1965). 
13. H. Thoenen, R. Kettler, W. Burkard, et al., Arch. Pharmak. Exp. Path., 270, 146 (1971). 
14. S. Udenfriend and J. R. Cooper, J. Biol. Chem., 196, 227 (1952). 

928 


