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Investigation of the concentrat ions of free ammonia,  glutamine, and some free amino acids in the 
brain  t issue of normal  animals and of hypoxic animals receiving or  not receiving succinic semi-  
aldehyde revealed  a marked increased  in the free ammonia and a-a lanine concentrat ions in hy- 
poxia compared  with normal ,  a small  increase  in the 7 -aminobu ty r i c  acid, no change in the glu- 
tamic and aspar t ic  acid concentrat ions,  and a decrease  in glutamine. If succinic semialdehyde 
was given before exposure to hypoxia the concentrat ions of f ree  ammonia,  glutamine, and a -  
alanine were close to normal  in this state. One possible mechanism of the antihypoxic effect of 
succinic semialdehyde is the convers ion of this compound with the result ing synthesis of glutamic 
acid and glutamine, which leads to detoxication of the free ammonia  that accumulates in the brain 
t issue during hypoxia. 
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Previous  investigations have shown that succinic semialdehyde not only increases  the res is tance  of ani- 
mals  to hypoxia but helps to r e s to re  normal  oxidative metabol ism and to abolish the accumulation of f ree  am-  
monia in the brain  t issue charac te r i s t i c  of the state of hypoxia [5, 6]. 

To continue the investigation of the mechanism lying at the basis  of the antihypoxic effect of succinic 
semialdehyde the effect of this compound on cer tain aspects  of nitrogen metabol ism of the brain t issue was 
studied during hypoxia. 

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

Albino mice weighing 20-24 g were used. Hypoxic conditions were created by placing the animals in 
closed chambers  initially containing 8 vol. % of oxygen; the duration of exposure to hypoxia was 20-25 min [4, 
6]. Succinic semialdehyde was injected intraperi toneal ly  into the mice in a dose of 500 m g / k g  15 min before 
the animals were placed in the chamber;  physiological  saline was injected into the control animals.  The con- 
centrations of f ree  ammonia,  glutamine, and of some free amino acids (alanine, aspar t ic ,  glutamic,  and y -  
aminobutyric - GABA - acids) in the brain  t issue were determined. The animals were decapitated and the head 
quickly f rozen in liquid nitrogen. To determine the concentrations of free ammonia and glutamine the frozen 
brain was homogenized in 5 vol. of 5% TCA. The free ammonia and amide nitrogen of glutamine (as the 
f ree  ammonia  af ter  hydrolysis  for 10 rain in 2 N H2SO 4 [2]) in the supernatant was determined by isothermic  
distillation by Conway's method. To determine the concentrations of the f ree  amino acids the frozen brain was 
t reated by Wood's method [10]. The amino acids were fract ionated by high-voltage e lec t rophores is  at 5000 V in 
the VI~F-5-0.36 apparatus.  To determine the a-a lanine  concentrat ion e lec t rophores is  was ca r r i ed  out in a 
buffer solution, pH 1.9 (formic and acetic acids and water in the rat io of 1 : 4 : 45). To determine the concentra-  
tions of aspar t ic  and glutamie acids and GABA elec t rophores is  was ca r r i ed  out in buffer solution, pH 4.5 (py- 
ridine,  acetic acid, and water  in the ratio of 1 : 2 : 2 4 7 ) .  Whatman No. 3 MM fil ter paper  was used. Development 
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T A B L E  1. E f fec t  of Succ in ic  S e m i a l d e h y d e  d u r i n g  Hypox ia  on C o n c e n t r a t i o n s  ( / ~ m o l e s / g  
we t  we igh t  of  t i s s u e )  of F r e e  A m m o n i a ,  G l u t a m i n e ,  and  of Some F r e e  A m i n o  A c i d s  in  
B r a i n  T i s s u e  (M • m) 

Free Aspartic Glutamic a -  
Experimental conditions ammonia Ghtamine acid acid GABA alanine 

Normal 
Hypoxia 

Hypoxia + succinic semialdehyde 

0,6+_ 0,06 
1,5-+0,12 

0,8-+0,09 

5,3- + 0,35 
4,5-+0,11 

5,0-+0,31 

3,3-+0,18 
3,1-+0,11 

3,4-+ 0,14 

10,8-+0,52 
10,8+__0,65 

10,8-+ 0,59 

3,1-+0,1 
3,5--0,15 

3,0----.0,16 

1,1+--0,12 
2,8- + 0,28 

1,4• 

a f t e r  e l e c t r o p h 0 r e s i s  was  with 0.5% n i n h y d r i n  so lu t ion  in a c e t o n e .  The s t a i n e d  s p o t s  of  the  a m i n o  a c i d s  w e r e  
e x t r a c t e d  with  0~ so lu t ion  of  CuSO 4 in 75% e thano l  and  d e t e r m i n e d  q u a n t i t a t i v e l y  on the  s p e c t r o p h o t o m e t e r  
a t  512 nm [1]. 

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  

As  the r e s u l t s  in T a b l e  1 show,  the  c o n c e n t r a t i o n s  of f r e e  a m m o n i a  and ~ - a l a n i n e  w e r e  c o n s i d e r a b l y  
h i g h e r  in hypox i a  than  n o r m a l l y ,  the  GABA c o n c e n t r a t i o n  was  a l i t t l e  h i g h e r ,  and the  g l u t a m i n e  c o n c e n t r a t i o n  
was l o w e r .  No a p p r e c i a b l e  changes  w e r e  found in the  c o n c e n t r a t i o n  of g l u t a m i c  and a s p a r t i c  a c i d s .  

A c c u m u l a t i o n  of f r e e  a m m o n i a  and the d e c r e a s e  in the  g l u t a m i n e  c o n c e n t r a t i o n  in  hypox i a  could  be  the  
r e s u l t  both  of  a d e c r e a s e  in g l u t a m i n e  s y n t h e t a s e  a c t i v i t y  [3] and  of an i n c r e a s e  in g l u t a m i n e  b r e a k d o w n  [8] ~ 
The  change  in the  g l u t a m i n e  c o n c e n t r a t i o n  o b s e r v e d  in h y p o x i a  was not  a c c o m p a n i e d  by  any change  in the  con-  
c e n t r a t i o n  of  g l u t a m i c  a c i d ,  w h e r e a s  the  ~ - a l a n i n e  c o n c e n t r a t i o n  was c o n s i d e r a b l y  i n c r e a s e d .  The g l u t a m i c  
a c i d  which  a c c u m u l a t e s  d u r i n g  h y p o x i a  i s  p r o b a b l y  c o n v e r t e d  m a i n l y  into a l a n i n e .  Th i s  i s  f a c i l i t a t e d  by  the 
ac t i on  of a l a n i n e  a m i n o t r a n s f e r a s e  in the  d i r e c t i o n  of a l a n i n e  f o r m a t i o n  [7] and the i n c r e a s e d  c o n c e n t r a t i o n  of 
p y r u v i c  a c i d  [9], which  c a u s e s  the  r e v e r s i b l e  r e a c t i o n  

g l u t a m i c  a c i d  + o v r u v i c  a c i d  ~ ~ - a l a n i n e  + k e t o g l u t a r i c  a c i d  (1) 
to shift to the riffht. 

If the animals received succinic semialdehyde before exposure to hypo~a the concentrations of free am- 
monia, glutamine, and alanine approached normal. Under conditions of normal respiration, the compound did 
not change these indices. 

As was shown earlier [6] and confirmed by the present experiments, under the influence of succinic semi- 
aldehyde the binding of free ammonia during hypoxia was increased, and this was accompanied by a simultane- 
ous increase in the glutamine concentration. Normalization of oxidative metabolic processes, modified in hy- 
poxia [5], leading to preservation of high-energy phosphorus compounds, is the condition under which the in- 
crease in glutamine synthetase activity and the decrease in glutamine breakdown following injection of succinic 
semialdehyde are possible. As a result of these events in animals during hypoxia the glutamine concentration 
rises in the brain tissue and the concentration of free ammonia falls under the influence of succinic semialde- 
hyde. 

The detoxication of ammonia in the brain takes place chiefly through amination of glutamic acid (its con- 
version into glutamine) and by reductive amination of ~-ketoglutaric acid by its conversion into glutamic acid 
[8]. Since amination of glutamic acid requires ATP, during hypoxia the reductive amination of ~-ketoglutaric 
acid, a process not requiring the expenditure of energy, will predominate, more especially because free am- 
monia and NADH accumulate in the tissues [8]. What can be the role of succinic semialdehyde in the reductive 
amination of ~-ketoglutaric acid, the reserves of which are exhausted in hypoxia [8] ? After administration of 
succinic semialdehyde the concentration of ~-ketoglutaric acid may be increased as a result of a transamina- 
tion reaction: 

s u c c i n i c  s e m i a l d e h y d e  + g l u t a m i c  a c i d  ~- ~ - k e t o g l u t a r i c  a c i d  + GABA (2) 

The  ~ - k e t o g l u t a r i c  a c i d  f o r m e d  i s  c o n v e r t e d  into  g l u t a m i c  a c i d  by a r e d u c t i v e  a m i n a t i o n  r e a c t i o n ,  wi th  
the  r e m o v a l  of f r e e  a m m o n i a .  U n d e r  t h e s e  cond i t ions  s u c c i n i c  s e m i a l d e h y d e  a s s u m e s  the  r o l e  in the  d e t o x i c a -  
t ion of f r e e  a m m o n i a  a c c u m u l a t i n g  in the  b r a i n  t i s s u e s  d u r i n g  hypoxia~ The  i n c r e a s e  in  the  c e -ke tog lu t a r i c  a c i d  
c o n c e n t r a t i o n  p o s s i b l y  a l s o  p r e v e n t s  e x c e s s i v e  a c c u m u l a t i o n  of a l a n ine  as  a r e s u l t  of a sh i f t  of r e a c t i o n  (1) to 
the  lef t .  

A n a l y s i s  of d a t a  o b t a i n e d  p r e v i o u s l y  [6] and  of t h o s e  d e s c r i b e d  in t h i s  p a p e r  l e a d s  to the  c o n c l u s i o n  tha t  
the  an t ihypox ic  ac t i on  of s u c c i n i c  s e m i a l d e h y d e  i s  b a s e d  on c o n v e r s i o n s  of t h i s  compound  as  the  r e s u l t  of which  
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NAD, deficient during hypoxia,  is f o r m e d  and the excess  of f r ee  ammonia  is  r emoved  through the synthes is  of 
g lutamic acid and glutamine.  
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E F F E C T  O F  E X T R E M A L  S T I M U L A T I O N  ON B R A I N  

L E V E L  O F  C Y C L I C  A M P  
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The content of cycl ic  adenos ine -3 ' , 5 ' -monophospha te  (cAMP) in the b ra in  was inves t iga ted  a f t e r  
e l ec t r i ca l  s t imulat ion of immobi l i zed  r a t s ,  leading to the development  of degenera t ive  les ions in 
the in terna l  organs .  A m a r k e d  dec r ea se  was found in the cAMP content in the r a t s '  b ra in ,  which 
appeared  15 min a f te r  the beginning of ex t r ema l  s t imulat ion and r ema ined  at the s a m e  level dur-  
ing s t imulat ion for  3 h. The lowering of the cAMP level  was evidently connected with a def ic ien-  
cy of noradrena l in  and, pe rhaps ,  of o ther  biological ly act ive amines  also in the bra in  during 
e l ec t r i ca l  s t imulat ion.  

KEY WORDS: r a t  brain;  cyclic  AMP; e l ec t r i ca l  s t imulat ion;  degenerat ion of organs .  

The appearance  of neurogenic  degenera t ive  changes in the in ternal  organs  has been shown to be a s s o c i -  
ated with d is turbance  of r egu la to ry  influences of the CNS and, in pa r t i cu l a r ,  of the hypothalamic region [1]. By 
means  of b iochemica l  ana lys is  in addition to pharmaco log ica l ,  the p r o c e s s e s  taking place  in the b ra in  on the 
a r r i v a l  of e x t r e m a l  impul ses ,  leading to a d is turbance of cen t ra l  t rophic  inf luences,  were  inves t iga ted  m o r e  
fully. In p a r t i c u l a r ,  during e x t r e m a l  s t imulat ion a dec r ea se  in the level  of biogenic amines  and, in pa r t i cu l a r ,  
of noradrena l in  (NA) has been es tab l i shed  [3]. Cyclic adenos ine -3 ' , 5 ' -monophospha te  (cAMP) is  known to be an 
i n t e r m e d i a r y  in the action of mos t  biological ly act ive subs tances  and in the m e c h a n i s m  of the i r  metabol ic  effects.  

The object  of this invest igat ion was to study the concentrat ion of cAMP in the bra in  during the develop- 
ment  of neurogenic  degenera t ive  les ions  a r i s ing  as a resu l t  of ex t r ema l  s t imulat ion.  
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