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y-Aminobutyric acid inhibits phosphorylation coupled with oxidation of a-ketoglutarate, pyruvate, 
and glutamate in structures of the spinal cord (white matter) and stimulates oxidation only of a-ketoglu- 
tarate and glutamate. As a result of this, dissociation of oxidative phosphorylation is observed in the gray 
matter of the anterior and lateral horns, in the gray matter of the posterior horns, and in the white matter 
of the spinal cord. 

Among the biologically active substances playing an important role in the fine regulation and control 
of nerve cell metabolism an important place is occupied by T-aminobutyric acid (GABA), which plays an 
active part in the regulation of the energy metabolism of the brain. Data on this question in the literature 
are contradictory and have been obtained mainly in studies of brain preparations [1-3, 5, 8-11, 13-15, 17-19]. 

The object of the investigation described below was to study the effect of GABA on energy metabo- 
lism in morphologically and functionally different parts of the lumbar division of the spinal cord, i.e., in 
the motor zone where motoneurons are located (the gray matter of the anterior and lateral horns); the 
sensory zone, where interneurons are concentrated (gray matter of the posterior horns); and the white 
matter, consisting of nerve fibers surrounded by glia. 

EXPERIMENTAL METHOD AND RESULTS 

Oxidative phosphorylation was determined in minced tissue of the spinal cord by methods described 
previously [4]. Glycolysis was inhibited by the addition of sodium fluoride to the incubation medium. 

Oxidation substrates were used in a final concentration of 0.017 mole. GABA was added to the in- 
cubation mediumin a dose of 0.017 mole per sample. 

The experimental results given in Table 1 show that the intensity of phosphorylation (Ap) coupled 
with oxidation (AO) of pyruvate, ~-ketoglutarate, and glutamate in the investigated spinal cord tissues dif- 
fered and depended to a large extent on the nature of the oxidation substrate. Pyruvate and glutamate were 
metabolized most intensively, ~-ketoglutarate less intensively, and GABA least. Compared with the con- 

trol, GABA activated oxygen utilization only very slightly, and only by the tissue of the gray matter of the 
anterior and lateral horns and the gray matter of the posterior horns. The low level of oxidation and phos- 
phorylation when endogenous substrates were used was determined by their low concentration in the cells. 
This hypothesis was confirmed by the fact that substrates of the tricarboxylic acid cycle do not accumu- 
late in large quantities in nerve cells [16]. However, large quantities of glutamate, aspartate, and glutam- 
ine [12] always are present in nerve tissue [12]. Endogenous respiration of the brain and spinal cord is 
associated principally with oxidation of glutamate [21]. It can be concluded from a comparison of the in- 
tensity of oxidation and of phosphorylation and the degree of their coupling in the motor, sensory, and con- 
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ducting regions of the lumbar division of the spinal cord that 
these processes follow different courses when the same oxida- 
tion substrates are used. They take place most intensively in 
the gray matter of the anterior and lateral horns, less inten- 
sively in the gray matter of the posterior horns, and least in- 
tensity in the white matter. 

d GABA added to the incubation medium also differed in its 
effect on phosphorylation coupled with the oxidation of pyruvate, 
a - k e t o g l u t a r a t e ,  and g l u t a m a t e  in d i f f e r e n t  s t r u c t u r e s  of the  
sp ina l  c o r d  (Table  1). 

o 
..~ GABA stimulated oxygen consumption by the gray matter 

of the anterior and lateral horns and the gray matter of the 
O p o s t e r i o r  h o r n s  when ~ - k e t o g l u t a r a t e  and g l u t a m a t e  w e r e  used  
=~ a s  ox ida t i on  s u b s t r a t e s .  The whi te  m a t t e r  u t i l i z e d  oxygen m o r e  
�9 ~ a c t i v e l y  only d u r i n g  coup led  ox ida t i on  of GABA and a - k e t o g l u -  

t a r a t e .  When p y r u v a t e  w a s  u t i l i z ed ,  no i n c r e a s e  in the  oxygen  
consumption was observed. GABA significantly inhibited ester- 7 
ification of inorganic phosphorus when ~-ketoglutarate and py- 
ruvate were utilized in all regions of the spinal cord investi- ~9 

~- gated, but when glutamate was oxidized, it did so only in the 
white matter. 

In connection with these changes in oxygen consumption 
o and in esterification of mineral phosphate, marked dissociation 

of oxidation and phosphorylation was observed in the motor, 
o s e n s o r y ,  and  conduc t ing  zones  of the  sp ina l  c o r d  when a l l  s u b -  
.2 s t r a t e s  w e r e  u t i l i z e d .  

This was evidently associated with the fact that GABA 
o c o n s i d e r a b l y  modifies m e m b r a n e  p e r m e a b i l i t y ,  a f f e c t s  s w e l l -  

�9 ~ ing of the  m i t o c h o n d r i a ,  and  inh ib i t s  ox ida t ion  of exogenous  
o NAD �9 H 2 (i.e.,reduces its ability to penetrate into the mito- 

chondria) and activates ATPase [3, 6, 7, 20]. There are indi- 
cations that GABA dissociates phosphorylation coupled with ox- 

.~ idation of suecinate [i]. The res~flts obtained thus show that 
GABA e x e r t s  a c o n s i d e r a b l e  e f f ec t  on e n e r g y  m e t a b o l i s m  in the  
s t r u c t u r e s  of the  sp ina l  c o r d ,  a l though  by i t s e l f  i t  i s  not  an a c -  

~9 
r ive  ox ida t ion  s u b s t r a t e  for  n e r v e  t i s s u e .  
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