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E x p e r i m e n t s  on male  Wis t a r  r a t s  r evea led  inhibit ion of incorpora t ion  of labeled amino acids  
into t i s sue  pro te ins  during swimming.  If prolonged swimming was accompanied by inc reased  
ad renoco r t i c a l  act iv i ty ,  the blocking of prote in  syn thes i s  in the l ive r  d i sappea red .  A d r e n a l e c -  
tomy prevented act ivat ion of alanine a m i n o t r a n s f e r a s e  and the fal l  in the f ree  amino acid level  
in the l ive r  during phys ica l  exer t ion ,  whereas  inject ion of co r t i cos t e rone  into ad rena lec tomized  
an imals  r e s t o r e d  these changes.  

KEY WORDS: pro te in  synthes i s ;  m u s c u l a r  work; co r t i cos t e rone ;  alanine a m i no t r a ns f e r a s e ;  
ad rena lec tomy.  

The role of glueoeortieoids in the induction of synthesis of enzyme proteins and in the supplying of amino 
acids for this process [3, 4, 7] highlights a channel in their action on protein metabolism through which eor- 

ticosteroids control adaptive processes. 

In this investigation the role of glucocorticoids was studied in the regulation of protein metabolism dur- 

ing muscular work. 

EXPERIMENTAL METHOD 

Male Wistar rats weighing 170-210gwere used. The animals were made to undergo physical exertion, in 

the form of swimming in water at a temperature of 33~ for 1.5 h without a load, for 1.5 h with a load (6% of 

body weight), and for 6 h or 12 h without a load. The rats in the experiments involving swimming for 3 h were 

adrenalectomized. The concentrations of free amino acids in the liver, myocardium, skeletal muscle, and 

blood plasma were determined with the Hitachi KLA33B analyzer. Activity of alanine aminotransferase in the 

liver [I0] and the intensity of incorporation of l~C-amino acids into proteins of the liver, heart, and skeletal 

muscle were determined. Labeled protein digests with a radioactivity of 50 pCi was injected intraperitoneally 

1.5 h before the end of physical exertion. The radioactivity of the tissue preparations was determined with the 

"Protok" apparatus in counts/100 sec/g protein. Protein was determined by Lowry's method [8]. The cor- 
ticosterone concentration in the blood plasma, determined fluorometrically after thin-layer chromatography, 
was used as the index of adrenocortical activity. 

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  

During swimming for 1.5 h without a load, the incorpora t ion  of amino acids  into l i ve r  p ro te ins  d e c r e a s e d ,  
but into myoca rd i a l  p ro te ins  it i nc r ea sed  (Table 1). During swimming while loaded, incorpora t ion  of amino 
acids  into p ro te ins  of all  t i s sues  studied dec r e a s e d .  At the end of swimming  for  12 h unloaded, incorpora t ion  
of amino acids  into p ro te ins  of ske le ta l  and hear t  m us c l e s  was reduced,  whereas  into l i ve r  p ro te ins  it was the 
same as in the control .  It is impor tan t  to note that these changes occu r red  agains t  the background of a r a i sed  
blood c o r t i c o s t e r o n e  level .  During exer t ion  under  other  condit ions no s ignif icant  changes in the blood c o r t i c o -  
s t e rone  concent ra t ion  were  found (Table 2). 

The antianabolic changes arising in the tissues during physical exertion [ 1, 11] can thus be manifested 
when the blood glucocorticoid concentration is substantially unchanged. However, an increase in adrenocortical 
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T A B L E  1. E f f e c t  of P h y s i c a l  E x e r t i o n  on 
I n c o r p o r a t i o n  of Amino  A c i d s  into T i s s u e  
P r o t e i n s  ( changes  in % of c o n t r o l ,  M • m) 

Test 
object: 

Ltver 1 
Myoear-] 

muscle 1 

Legend. 
nifican t 
Number 

Swimming for 
1.5h un- 
loaded 

Swimming for 
1.5 h loaded 

Swimming for 
12 h unloaded 

t 
--32,2= 1,3 (6)*} --29,2+2,9 (6)* 

~-lO,l~ 1,7 (6)* --31,3~3,2 (6)* 

--1,1~8,7 (6) --41,1-----5,1 (6)* 

Here and in Tables 2 and 3, statistically sig- 
(P < 0.05) changes are marked by an asterisk. 
0f experimental animals given in parentheses. 

--10,7-----5,6 (I0) 

--27,3-----5,0 (8)* 

--44,4~ 2,6 (8)* 

+30 
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- lO 

- 2 0  

- 3 0  

-5~ 

- 5 ~  

Swimming for Swimming for Swimming for 
1.5 h unloaded 6 h loaded 12 h unloaded 

1 3 1 2 3 

1. 

T A B L E  2. Blood P l a s m a  C o r t i c o s t e r o n e  
C o n c e n t r a t i o n  (in ~g %) a f t e r  S w i m m i n g  f o r  
1.5 and 12 h 

Test Control Swimming for Swimming for 
object group 1.5 h loaded 12 h unloaded 

I 
II 

Ill 

7,6+---0,77 (8) 
15,44-0,52 (6) 
20,6 + 1,59 (6) 

% 
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7,9~0,65 (9) 
17,0• (6) 

14,2~ 1,75 (9)* 

38,7m 3,62 (8)* 
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Fig .  1 F ig .  2 

F i g .  1. Conten t  of f r e e  a m i n o  a c i d s  (in % of con t ro l )  in l i v e r  (1), m y o c a r d i u m  (2), and 
s k e l e t a l  m u s c l e  (3) of r a t s  a f t e r  s w i m m i n g  wi th  d i f f e r e n t  l oads .  

F i g .  2. Conten t  (in % of con t ro l )  of c o r t i c o s t e r o n e  in b lood p l a s m a  (1) and of f r e e  a m i n o  a c i d s  
in l i v e r  (2), m y o c a r d i u m  (3), s k e l e t a l  m u s c l e  (4), and blood p l a s m a  (5) d u r i n g  s w i m m i n g  fo r  
3 h by r a t s  u n d e r g o i n g  m o c k  a d r e n a l e c t o m y  (A), a d r e n a l e c t o m i z e d  r a t s  (B), and a d r e n a l e c t o -  
m i z e d  r a t s  r e c e i v i n g  c o r t i c o s t e r o n e  (C). 

a c t i v i t y  m a y  be an i m p o r t a n t  cond i t ion  for  r e s t o r a t i o n  of p r o t e i n  s y n t h e s i s  in the l i v e r  d u r i n g  p r o l o n g e d  e x -  
p e n d i t u r e  of e n e r g y .  

The  c o n c e n t r a t i o n  of f r e e  a m i n o  a c i d s  f e l l  d u r i n g  s w i m m i n g  fo r  1.5 h l oaded  in a l l  t i s s u e s ,  d u r i n g  s w i m -  
m i n g  for  6 h i t  f e l l  only  in the l i v e r ,  and d u r i n g  s w i m m i n g  for  12 h i t  f e l l  both  in the  l i v e r  and in s k e l e t a l  m u s -  
c le  (F ig .  1). The  m a i n  c o n t r i b u t i o n  to the f r e e  a m i n o  a c i d s  in the l i v e r  was  m a d e  by  a s p a r a g i n e ,  t h r e o n i n e ,  
s e r i n e ,  g l u t a m i n e ,  g lyc ine ,  and a l a n i n e ;  in the m y o c a r d i u m  by a s p a r a g i n e ,  t h r e o n i n e ,  and  g l u t a m i n e ;  in 
s k e l e t a l  m u s c l e  by l y s i n e ,  h i s t i d i n e ,  t h r e o n i n e ,  s e r i n e ,  g l u t a m i n e ,  g lyc ine ,  and a lan ine .  Unde r  the in f luence  
of e x e r t i o n  the c o n c e n t r a t i o n s  of t h e s e  a m i n o  a c i d s  v a r i e d  in the s a m e  d i r e c t i o n  as  t h e i r  to t a l  conten t .  

The experiments on adrenalectomized rats showed that the decrease in concentration of amino acids in 

the liver was connected with the action of glucocorticoids. For instance, in rats undergoing the mock operation 
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TABLE 3. Blood P l a s m a  C o r t i c o s t e r o n e  C o n c e n t r a t i o n  and L i v e r  Alan ine  A m i n o t r a n s -  
f e r a s e  Act iv i ty  of A d r e n a l e c t o m i z e d  Rats  and of Rats  Undergo ing  Mock Opera t ion  

Adrenalec- Corticosterone, pg % Adrenalectomized tomized + corti- 
Index studied costerone 

control after exertion control after exertion after exertion 

Corticosterone, gg % 
Alanine aminotransferase 

activity, conventional 
units/fng protein 

18,1• (7) 

2,17• (6) 

29,0~4,56 (6)* 

2,50~0,13 (5)* 

9,3• (6) 

1,83+0,12 (7) 

7,8• (4) 22,6, 25,6 

1,65-----0,15 (6) 2,26, 2,41 

G lucocorticoids 

Antianabolic ac- 
tion in muscle 
tissue 

\ / 

I1 
�89 

Breakdown of ] 
proteins in 
lymphoid tissue 

Increased forma- 
tion of free 
amino acids 

amination of . genesis 
amino acids 

Adaptive synthesis 
~ ~  of enzyme pro- 

teins 

Fig.  3. Scheme r e p r e s e n t i n g  effect  of g lueocor t i co ids  on p ro t e in  
m e t a b o l i s m .  

and made  to swim for 3 h, the blood p l a s m a  c o r t i c o s t e r o n e  c o n c e n t r a t i o n  rose  but the content  of f r ee  amino  
ac ids  in the l i ve r  fel l  (Fig. 2). In ske l e t a l  and hea r t  m u s c l e s  and blood p l a s m a  it  was s u b s t a n t i a l l y  unchanged .  

Of the a d r e n a l e c t o m i z e d  ra t s  kept  on a diet  with sa l t ,  those which were  in a good condi t ion  7-8 days  a f t e r  the 
ope ra t ion  were  used in the e x p e r i m e n t s ;  the r e a s o n  why they were  in this good condi t ion  was ev iden t ly  the de -  
ve lopmen t  of a c c e s s o r y  a d r e n o c o r t i c a l  t i s sue .  Ev idence  of this  was given by the i r  v e r y  high blood c o r t i c o -  
s t e r o n e  c o n c e n t r a t i o n  (9.3 • 0.87 #g%), which fell  a f te r  s w i m m i n g  for 3 h. Swimming  caused  no Signi f icant  
d e c r e a s e  in the l i ve r  amino  acid level  of these  a n i m a l s .  However ,  in two a d r e n a l e c t o m i z e d  r a t s  which r e -  
ceived 125 # g  c o r t i c o s t e r o n e  by i n t r a m u s c u l a r  i n j ec t i on  before  sw i mmi ng ,  the e x e r c i s e  led to a d e c r e a s e  in 
the l i ve r  amino  acid content .  

The d e c r e a s e  in content  of f r ee  amino  ac ids  in the l i v e r  unde r  the in f luence  of g lucoco r t i co ids  was ev i -  
dent ly  connec ted  with induct ion of the s y n t h e s i s  of e n z y m e  p ro t e in s .  Th i s  was shown by the p a r a l l e l  i n c r e a s e  
in the blood c o r t i c o s t e r o n e  c o n c e n t r a t i o n  and a l an ine  a m i n o t r a n s f e r a s e  ac t iv i ty  in the l i v e r  (Table  3). The 
o r i g i n a l  ac t iv i ty  of the enzyme  in the a d r e n a l e e t o m i z e d  a n i m a l s  was s ign i f i can t ly  lower  than in a n i m a l s  u n d e r -  
going the mock  opera t ion .  Dur ing  e x e r t i o n  a t endency  was obse rved  for  the enzyme  ac t iv i ty  to d i m i n i s h  f u r -  
ther .  If, however ,  c o r t i c o s t e r o n e  was in jec ted  into the a d r e n a l e c t o m i z e d  r a t s  before  s w i m m i n g ,  the i r  enzyme  
ac t iv i ty  a f te r  s w i m m i n g  was the s a m e  as in a n i m a l s  unde rgo ing  the mock opera t ion .  

A s c h e m e  r e f l e c t i n g  m o d e r n  views on the in f luence  of g lucoco r t i co ids  on p ro t e in  m e t a b o l i s m  is  g iven in 
Fig .  3. The an t i anabo l i c  act ion of g lucoco r t i co id s ,  e s p e c i a l l y  in m u s c l e  t i s sue ,  and the i n c r e a s e d  breakdown of 
p ro t e in s  unde r  t he i r  in f luence  in lymphoid t i s s u e  [2] lead to i n c r e a s e d  f o r m a t i o n  of f ree  amino  ac ids  [5] ,  i .e . ;  
to the c r e a t i o n  of r e s e r v e s  of " b u i l d i n g  m a t e r i a l s "  for  p ro t e in  s y n t h e s i s .  Under  the in f luence  of g l u c o c o r t i -  
colds ,  t r a n s a m i n a t i o n  r e a c t i o n s  a re  a lso  in t ens i f i ed  [2, 9],  i .e . ,  t he re  is a move  toward the p r e p a r a t i o n  of 
amino  ac ids  for  p ro t e in  syn the s i s  and deamina t i on ,  accompan ied  by i n c r e a s e d  p roduc t ion  of p ro t e in  m e t a b o l i t e s  
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[6] and increased glycogen synthesis in the l iver  at the expense of nonnitrogenous residues of amino acids [9]. 
The intensification of t ranscr ipt ion and translat ion p rocesses  through the influence of glucocort icoids com-  
pletes the chain of changes in adaptive synthesis  of enzyme proteins [3, 4].  

The resul ts  described above indicate that during prolonged physical  exertion glucocort icoids play an im-  
portant  role in the regulation of enzyme synthesis and in the provision of amino acids prepared ( t ransamina-  
ted) special ly for this process .  

L I T E R A T U R E  C I T E D  

1. A .S .  Bazul 'ko and V. A. Rogozkin, " W o r k s  on physical  cu l ture , "  Uchen. Zapiski Tartu. Univ., 5, No. 
311, 43 (1973). 

2. R . M .  Pakhomovich, in: Textbook of Endocrinology [in Russian],  Moscow (1973), p. 231. 
3. N .A.  Yudaev and T. N. Protasova,  Usp. Sovrem. BioL, 7__~2, No. 1, 118 (1971). 
4. D. Feldman, J. W. Funder,  and J. S. Edelman, Am. J. Med., 5__33, 545 (1972). 
5. H.D.  Hoberman, Yale J. Biol. Med., 2_22,341 (1950). 
6. D . J .  Ingle, Ann. N.Y. Acad. Sci., 5_.0_0, 576 (1949). 
7. P. Karlson, Perspect .  Biol. Med., 6, 203 (1963). 
8. O.H.  Lowry, N. J. Rosebrough, A. L. F a r r ,  et al., J. Biol. Chem., 193, 265 (1951). 
9. D. Matzett, A. Oriol-Bosch,  and K. D. Voigt, Biochem. Z., 335, 485 (1962). 

10. S. Reitman and R. Frankel ,  Am. J. Clin. Pathol. ,  2_~8, 56 {1957). 
11. H.G.  Z i m m e r  and E. Gerlaeh, in: Limiting Fac to r s  of Physical  Pe r fo rmance  (International Symposium) 

(edited by J. Keul), Stuttgart (1973), p. 102. 

EFFECT OF SODIUM SUCCINATE ON SOME 

INDICES OF CARBOHYDRATE METABOLISM 

OF THE ISCHEMIC MYOCARDIUM 

K h .  D. B a i r a m k u l o v  a n d  V. V. G a t s u r a  UDC 616.127-005.4-092.9-085.31: 
547.461.4] -07:616.127-008.9-074 

The effect of sodium succinate on the concentrat ions of lactic and pyruvic acids and of glucose 
in blood draining f rom the ischemic zone was investigated in experiments  on dogs in which the 
coronary  a r t e ry  was ligated. After in t racoronary  injection of the compound in doses of 2 and 
10 mg/kg  the lactic acid concentrat ion was lowered in blood flowing f rom the ischemic zone: 
I n a  dose of 19 m g / k g  sodium succinate reduced the assimilat ion of glucose by the ischemic 
a rea  of myocard ium a little. After intravenous injection of sodium succinate in a dose of 
100 m g / k g  the lactic acid concentrat ion also fell significantly and the utilization of glucose 
by the ischemic myocard ium was inhibited and its concentrat ion in the a r te r ia l  blood rose 
considerably.  The reduction in the blood lactic acid concentrat ion may have been due to ac-  
tivation of the Krebs '  cycle and increased utilization of oxygen in the ischemic region of the 
myoc ardium. 

KEY WORDS: myocard ia l  ischemia;  succinate; carbohydrate  metabolism. 

During regional  hypoxia of the myocard ium succinic acid has many advantages as a source  of energy be- 
cause of the g r ea t e r  rapidity of its oxidation and because of the flavin nature of succinate dehydrogenase [2] .  
Accumulation of reduced fo rms  of NAD is the factor  limiting energy formation in the ischemic myocardium.  
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