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A C T I V A T I O N  OF M E T A B O L I S M  OF  THE GABA S Y S T E M  IN THE 

C E R E B R A L  H E M I S P H E R E S  BY S T R E S S  F A C T O R S  

F .  Z .  M e e r s o n ,  V. I .  P a v l o v a ,  UDC 612.822.1:547.466.3]-06:613.863 
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KEY WORDS: GABA-ergic system; metabolism; s t ress  syndrome; 7-hydroxybutyric acid; 
glutamate decarboxylase; GABA-transaminase. 

Emotional and pain-induced s t ress  (EPIB) is known to regularly cause activation of metabolism of the 
brain GABA s ys t em,  which is expressed as a two-threefold increase in glutamate decarboxylase (GDC) and 
GABA transaminase (GABA-T) activity, and also as increased incorporation of labeled precursors  into 
glutamate and GABA [3]. 

The study of the biological significance of this activation revealed that administration of T-hydroxy- 
butyric acid (GHBA), an end product  of GABA, before Elal~ largely prevents activation of the hypophyseo- 
adrenal system [6], the development of gastric ulcers [3-5], and disturbance of myocardial metabolism [4], 
which usually develop after severe E P ~ .  

On the basis of these observations it can be postulated that activation of brain GABA metabolism is a 
nonspecific mechanism which is real ized during the action of various extremal stimuli on the body, and which 
by limiting the s t ress  syndrome, prevents stress-induced injuries. To test  this hypothesis, the basic indices 
of GABA metabolism were compared in this investigation in four groups (series) of animals. 

The experiments of ser ies  I were conducted on Wistar rats  weighing 180-200 g. EPIS was produced by 
the method of Desiderato et al. [4, 10], described previously, in the form of an anxiety neurosis, with a duration 
of 6 h. In the experiments of ser ies  II, conducted on similar rats,  2% formalin solution in a dose of 1 ml was 
injected subcutaneously into the region of the spine at intervals of 24 h for 2 days. Rats not subjected to any 
procedure served as the control to these two ser ies .  The experiments of ser ies  III were carr ied out on rabbits 
in which the descending branch of the left coronary ar tery  was ligated by the usual method [1, 7]. The develop- 
ment of necrosis  was confirmed by the ECG and the results of morphological investigations. The experiments 
of ser ies  IV were conducted on rabbits in which experimental aortic stenosis was created by the method de- 
scribed previously [2], resulting in a reduction of two-thirds in the area of cross  section of the aortic orifice 
and leading to the development of compensatory hyperflmction of the heart.  Animals on which thoraeotomywas 
performed without ligation of the coronary ar tery  and aorta served as the control for ser ies  l/I and IV. 

Institute of General Pathology and Pathological Physiology, Academy of Medical Sciences of the USSR, 
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TABLE 1. Ac t iv i t y  of  G A B A - e r g i e  S y s t e m  in C e r e b r a l  H e m i s p h e r e s  of  A n i m a l s  Two Days  
a f t e r  E x p o s u r e  to Var ious  Kinds o f  S t r e s s  

Glutamate, 
mg % 

. . . . .  Control (n = 6) 62,5• 

I I I -  ischemic necrosis of myocardium (n = 6 t 25,5__+ l 7"~ 
IIV - creation of aortic stenosis (n =6) i 26,5__+ 1 ]9T 

GABA, 
rag% Animals Series of experiments 

Control (n- 10) 104,8• 14,3• 13,08--+0,8 13,0-+0,7 

Rats 
I - emotional and pain-induced stress (n =10) 68,1• 10,6• 31,6_+1,2I" 35,4-+1,0J" 
II - injection of formalin (n -~ 10) 70,0• I1,14+0,4" 20,0_+0,8 J" 47,7• I 

15,25-+ I ,2 9,5• 9,25+0,3 

Rabbits 

GDC, pmoles i GABA-T, ~moles 
GABA I GABA hydro- 
formed/b/g I lyzed/h/g 

* P < 0.05. 
~P  < 0.01. 
$ P < 0.001. 

I4,75~I ,1* 
i4,0~2,0 

18,0+2,0"~ 
20,0_TS,2* 

45,0+2,4 :]: 
33,7~-+2,3' 

The  an ima l s  o f  al l  four  s e r i e s  w e r e  ki l led 2 days  a f te r  the  beginning of  e x p o s u r e  to s t r e s s .  To a s s e s s  
the  s ta te  of  the  GABA s y s t e m  in the  c e r e b r a l  h e m i s p h e r e s  the  c o n c e n t r a t i o n  of  g lu t ama te ,  f r o m  which GABA 
is f o r m e d ,  and of  GABA i t s e l f  was  d e t e r m i n e d  by c h r o m a t o g r a p h y  on p a p e r  as  d e s c r i b e d  by Shatunova  and 
Syt insk i i  [9]. At  the  s a m e  t ime ,  ac t iv i ty  of  GDC, an e n z y m e  involved  in the  f o r m a t i o n  of  GABA f r o m  g lu tama te ,  
and of  GABA-T,  which d e s t r o y s  GABA, was  d e t e r m i n e d  by the  me thod  d e s c r i b e d  by Syt inski i  and Shang 
K ' o - t s i n  [8]. Ac t iv i ty  o f  the e n z y m e  was  e x p r e s s e d  in m i c r o m o l e s  of s u b s t r a t e  h y d r o l y z e d  p e r  hour  in 1 g o f  
t i s sue .  

It  will  be c l e a r  f r o m  Tab le  1 tha t  a f t e r  e x p o s u r e  to all  kinds o f  s t r e s s  used,  GDC ac t iv i ty  i n c r e a s e d  ap-  
p r o x i m a t e l y  twofold,  and the g l u t a m a t e  concen t r a t i on  in the b ra in  t i s s u e s  fell  c o r r e s p o n d i n g l y  by 30-60%, 
GABA-T  ac t iv i ty  r o s e  a f t e r  e x p o s u r e  to all kinds of  s t r e s s  u sed  by a s o m e w h a t  g r e a t e r  d e g r e e  - n a m e l y  t h r e e -  
fourfold ,  and t h e r e  was  a c o r r e s p o n d i n g  tendency  fo r  the  GABA c o n c e n t r a t i o n  to fal l ,  

On the  whole  t h e s e  fac t s  show unequivoca l ly  tha t  the G A B A - e r g i c  s y s t e m  of the b ra in  is ac t iva ted  as  a 
r e s u l t  of  e x p o s u r e  to d i f fe ren t  kinds o f  s t r e s s  and they  m u s t  be eva lua ted  in conjunct ion  with data  a l r e a d y  
men t ioned ,  showing tha t  GABA, an end p r o d u c t  of  GABA m e t a b o l i s m ,  p r e v e n t s  e x c e s s i v e  s t imula t ion  of  the  
funct ion of  the h y p o p h y s e o - a d r e n a l  s y s t e m  and the i n c r e a s e  in d a m a g e  to the in te rna l  o r g a n s  dur ing  s t r e s s .  
Th i s  sugges t s  tha t  the  G A B A - e r g i c  s y s t e m  m a y  in fac t  p lay  the  r o l e  of  a nonspec i f i c  m e c h a n i s m  l imi t ing  the 
s t r e s s  s y n d r o m e  and p reven t ing  d a m a g e  dur ing e x p o s u r e  o f  the  o r g a n i s m  to va r i ous  kinds o f  s t r e s s .  
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