
[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 .  
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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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T A B L E  1. E f f e c t  of S o d i u m  S u c c i n a t e  on S o m e  I n d i c e s  of C a r b o h y d r a t e  M e t a b o l i s m  of 
I s c h e m i c  M y o c a r d i u m  (in % of i n i t i a l  l e v e l ;  M :e m) 

Parameters 
Initial data, ab- 
sohKe rallies 

Time after ligatton of coronary artery, rain 
Series of experiments 

5 I 30 60 

LA V 1,98~0,16 --127,7-'-27.5" @238,0~36,3" ,261,5-+" 40,4 * 
A 2,20--'-0,12 ~2,2+--2,2 @25,0"-6,6* @43,1+6,4 * 

PA V 0,104"'0,006 @20.7• ,25,3."-9,0* --28,2."- 10.9" 
A 0 ,139 - - -0 ,006  @6,7=5,6 , ' - -12,6-- -6 ,3  @12.3• 

G V 81,8-+ 1,9 --7,0."-2,9* --16,7• --21,0-'-2,2" 
Control A 85,1~2,1 @3,6~3,0 .3,3."-4.3 @0,8---3,l 

Pe 3,8• 1,1 13,9"" 1,4" 21,9----- 1,5" 24,4----- 1,5" 

LA V 2,07~0,58 @118,2+46,3 * ~-89,4= 29,0"= --87,7=28,5": 
A 3,12~0,78 --6,9."-9,2 --I4,8"" 10 ,7 :  --22,7= 8,8": 

I -  sodium succinate, PA V 0 , 0 9 1 ~ - 0 , 0 0 7  --0,3."-2,4 --3.2=3,5: --3,6+---3,6 
Na 2 mg/kg, by in- A 0,107+0,005 @3,3-+3,3 --8.9+5,2 --1,7=4.6 
tracoronary injection 

G V 83,14~ 5,1 --9,2."- 4, I* --2,7----- 11,8 --8,9-+ 15.5 
A 84,5~5,1 @6,8• @20,7-----8,5* @25,4= 13,6 

Pe 1,8~1,5 @15,1~-4,8 * @ 17,4-~- 4,7 * %-15,8"'4,4* 

LA V 1,86~0,39 @94,3=17,8" @89,6-I-28,8 *~ @50,1=20,0" 
A 2,72~0,68 --2,1"'8.0 --7,1-- 14,2: --4,9----- 12,5- 

I I -  sodium succinate, PA V 0,098=0,002 @7,4."-3,2 *= @13,8+9,9 @14,4--12.3 
Na 10 mg/kg, by in- A 0,105-----0,002 @2,2-+4,3 ~-7,4---9,1 @7,4-----1016 
tracoronary injection 

G V 84,89~ 4,90 --8,0."- 3,1 --0,3."- 10,4 @0,5-+ 11,6 
A 84,82• @7,7-----3,7 -- 15,5"+'5,9 @17,4~-8,5 

Pe --0,7-- + 10,14 @ 1 2 , 6 - + 3 , 0  @ 1 5 , 5 - + 4 , 7  @17,2=3,8 

LA V 2,0t• @89,4"+'22,0 * @90,8-+39,7*: @65,0=26,8": 
A 2,25~0,37 ,'--13,2 -~- 1 5 , 4  --6,6."-9,0 --6,9-----9,1: 

I I I -  sodium succinate, PA V 0,116=0.009 --7,5=3,5: @4,2~6,7 --3,8~-7,5 ~ 
100 mg/kg, in- A 0,1 I8---0.005 --2,0--2.99 %-5,4~3,2 --0,8-+4,5 
travenousty 

G V 71,3~ 13,3 --6,9."- 1 , 9 "  @7,4• @30,5."-9,1 *-~ 
A 79,3."-8,3 @6,1• @26,9-+8,4 *~ @37,0=9,2": 

Pe --0,3-----4,4 @ 11.2---3,4" @15,0--+3,3 * 3,0-+ 8,7 

Legend. LA) Lactic acid (in mIM); PA) pyruvic acid (in raM); G) glucose (in rag%); Pe) percentage exception of 
glucose; V) blood samples from cardiac vein; A) blood samples from aorta; * and ~ statistically significant changes 
in parameters within series and compared with control (P < 0.05). 

In the  i n i t i a l  p e r i o d  of  h y p o x i a ,  a c t i v i t y  of the  f l a v o p r o t e i n  f r a g m e n t  of the  e l e c t r o n  t r a n s p o r t  c h a i n  m a y  s t i l l  

r e m a i n  i n t a c t .  F r o m  th i s  p o i n t  of v i e w  the  p a r t i a l  f u n c t i o n i n g  of the  K r e b s '  c y c l e  w i t h  the  u t i l i z a t i o n  of s u c -  

c i n a t e  c a n  be  r e g a r d e d  a s  a c o m p e n s a t o r y  m e c h a n i s m  f o r  the  m a i n t e n a n c e  of e n e r g y  f o r m a t i o n .  

B e c a u s e  of the  a b s e n c e  of i n f o r m a t i o n  on the  e f f e c t  of s u c c i n i e  ac id  on the  m y o c a r d i a l  e n e r g y  m e t a b o l i s m  

in the  z o n e  of i s c h e m i a ,  i t  w a s  d e c i d e d  to i n v e s t i g a t e  t h i s  a s p e c t  of i t s  p h a r m a c o l o g i c a l  a c t i v i t y .  

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 30 adu l t  m o n g r e l  dogs  a n e s t h e t i z e d  wi th  p e n t o b a r b i t a l  (40 m g / k g ,  i n t r a -  
p e r i t o n e a l l y ) .  T h e  a n i m a l s  w e r e  a r t i f i c i a l l y  v e n t i l a t e d ,  t h o r a c o t o m y  was  p e r f o r m e d ,  and b r a n c h e s  of the  

l a t e r a l  v e i n  of the  h e a r t  w e r e  c a n n u l a t e d  [ 3] .  In th i s  w a y  i t  w a s  p o s s i b l e  to o b t a i n  s a m p l e s  of b lood  f l o w i n g  
d i r e c t l y  f r o m  the  z o n e  of  i s c h e m i a .  A f t e r  c o l l e c t i o n  of  b lood  f r o m  the  a o r t a  and the  l a t e r a l  v e i n  of the  h e a r t  

in the  i n i t i a l  s t a t e ,  t he  d e s c e n d i n g  b r a n c h  of the l e f t  c o r o n a r y  a r t e r y  w a s  l i g a t e d .  S o d i u m  s u c c i n a t e  w a s  i n j e c -  
ted by the  i n t r a c o r o n a r y  r o u t e  5 -7  ra in  a f t e r  l i g a t i o n  o v e r  a p e r i o d  of 15 ra in  in d o s e s  of 2 m g / k g  ( s e r i e s  I, 
10 e x p e r i m e n t s )  and 10 m g / k g  ( s e r i e s  II, 10 e x p e r i m e n t s )  and a l s o  i n t r a v e n o u s l y  in a d o s e  of 100 m g / k g  ( s e r -  

i e s  III, 10 e x p e r i m e n t s ) .  B lood  w a s  t e s t e d  10, 15, 30, and 60 ra in  a f t e r  l i g a t i o n  of the  c o r o n a r y  a r t e r y .  T h e  

c o n c e n t r a t i o n s  of l a c t i c  and p y r u v i c  a c i d s  and a l s o  of  g l u c o s e  (by the  o r t h o t o l u i d i n e  m e t h o d )  w e r e  d e t e r m i n e d  

in the  b lood .  T h e  r e s u l t s  of t h e s e  o b s e r v a t i o n s  w e r e  c o m p a r e d  w i t h  t h o s e  of a c o n t r o l  s e r i e s  of 24 e x p e r i -  
m e n t s  on d o g s  [ 1 ] .  
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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  

The dynamics  of the indices  of energy  m e t a bo l i s m  dur ing acute i s c h e m i a  of the m y o c a r d i u m  and changes 
in the indices  produced by sodium succina te  a r e  shown in Table 1. 

The mos t  s igni f icant  fact  in the act ion of sodium suecina te  when in jec ted  by the i n t r a c o r o n a r y  and in-  
t ravenous  rou tes  was a s t a t i s t i c a l l y  s igni f icant  d e c r e a s e  in the lac t ic  acid concent ra t ion  in the blood flowing 
f rom the zone of i sehemia .  It is i n t e r e s t i ng  to note that this  effect  was independent of the dose of succ ina te ,  
indicat ing that the capac i ty  for  oxidation of this subs t r a t e  in the m y o c a r d i u m  has a l imi t ing  effect.  A tendency 
toward a d e c r e a s e  in the lac ta te  concent ra t ion  a lso  was observed  in blood s a m p l e s  f rom the aor ta .  Changes in 
the pyruva te  level  under  the influence of sodium succina te  were  s l ight  both in venous and in a r t e r i a l  blood, and 
they did not d i f fer  s igni f icant ly  f rom the control .  The effect  of sodium succina te  on the glucose concent ra t ion  
in blood dra in ing  f rom the i s ehemic  zone showed no change exceeding the l imi t s  of va r i a t ion  of this p a r a m e t e r  
under  acute i schemic  condi t ions ,  although a f te r  i n t r a c o r o n a r y  inject ion of the l a rge  dose (10 mg/kg) a tendency 
was observed  for  the glucose concent ra t ion  to be higher  than in the cont ro l  s e r i e s .  

It must ,  however ,  be pointed out that in e x p e r i m e n t s  with i n t r a c o r o n a r y  inject ion of sodium suceina te  
the glucose concent ra t ion  in the a r t e r i a l  blood was only a l i t t le  h i g h e r  than in the cont ro l ,  whereas  a f t e r  i n t r a -  
venous inject ion these  d i f fe rences  were  s t a t i s t i c a l l y  s ignif icant .  

Under these condit ions the index of glucose ex t rac t ion  af te r  i n t r a c o r o n a r y  inject ion was c lose  to i ts 
values  in the cont ro l  s e r i e s ,  and only af te r  in t ravenous  inject ion of succinate  in a dose of 100 m g / k g  was some 
tendency observed  for  it to d e c r e a s e .  The d e c r e a s e  in the glucose ex t rac t ion  index in this  l a s t  case ,  a c c o m -  
panied by favorable  changes in the functional indices  and by lower ing of the l a c t a c i d e m i a  is ind i rec t  evidence 
of the benef ic ia l  effect  of succ ina te  on the energy  m e t a bo l i s m  of the i s chemic  myoca rd ium.  

The d i s tu rbance  of e l ec t ron  t r a n s p o r t  to the final s tages  of the r e s p i r a t o r y  chain in m y o c a r d i a l  i s chemia  
[4] and the accumulat ion of reduced pyr id ine  nucleot ides  in the cy top lasm [5] a re  the in i t ia l  s tage of d i s -  
o rgan iza t ion  of the m y o c a r d i a l  b ioene rge t i c s .  Inhibition of the u t i l iza t ion  of pyruvic  acid in the K r e b s '  cyc le  
observed  under  these  c i r c u m s t a n c e s  leads  to the accumulat ion  of l ac ta te  [6] ,  a concen t ra t ion  of which s e r v e s  

as a quant i ta t ive ind ica to r  of the degree  of m y o c a r d i a l  hypoxia [8] .  

The lower ing  of the lac t ic  acid concent ra t ion  in blood flowing f rom the i s chemic  zone under  the influence 
of sodium succina te  and the posi t ive  dynamics  of functional indices  such as the volume veloci ty  of the c o l l a t e r a l  
c o r o n a r y  blood flow and the l e f t - v e n t r i c u l a r  p r e s s u r e  a r e  ev idence  that in this per iod  there  is a definite oxi-  
dat ive potent ia l  of FAD and the poss ib i l i t y  of fo rmat ion  of h igh -ene rgy  bonds. 
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