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A pro tec t ive  effect  of the semia ldehyde  of succinic acid and of sodium 7-hydroxybu ty ra te  
against  convulsions induced by th iosemica rbaz ide  (TSC) and aminohydroxyacet ic  acid (AHA) 
was demons t ra ted  in exper imen t s  on mice.  In addition, in TSC convulsions the lipophilic 
der iva t ive  of GABA (its cetyl  e s t e r )  also proved  effective.  It is postulated that  despite  dif- 
f e rences  in the p r i m a r y  local izat ion of action of TSC and AHA with r e spec t  to enzymes  of 
the "GABA shunt" both these  compounds can induce s i m i l a r  secondary  changes:  deficient  
fo rmat ion  of the semia ldehyde  of succinic acid and sodium 7-hydroxybutyra te .  It is e m -  
phas ized  that for  the no rm a l  exci tabi l i ty  of the b r a in  to be p r e s e r v e d  the n o r m a l  level  not 
only of GABA, but also of the two next metabol i tes  of the shunt, mus t  be  maintained.  

Th iosemica rbaz ide  (TSC) is known to inhibit the decarboxylase  of glutamic acid [9]. The deficiency 
of 7 - aminobu ty r i c  acid (GABA) format ion  [6] and the d is turbance of its compar tmen ta l i za t ion  [13] thus a r i s -  
ing lead to inc reased  read iness  of the b ra in  to produce convulsions;  this fact  can be fully explained f rom the 
standpoint of the par t ic ipa t ion  of GABA in inhibition. It is paradoxica l ,  however ,  that aminohydroxy acetic  
acid (AHA), a subs tance  inducing the accumulat ion of GABA in the b ra in  [15], and consequently,  increas ing  
the threshold  of the e lec t roconvuls ive  fit  [10], i tself  induces convulsions [3, 14]. The question thus a r i s e s  
whether  other  m e c h a n i s m s  not d i rec t ly  connected with GABA format ion  may  be involved in the development  
of the convulsant  effects  of TSC and AHA: in pa r t i cu l a r ,  a d is turbance of the reac t ions  of the "Rober t s '  cy-  
c le ,"  leading to the fo rmat ion  of the semia ldehyde  of succinic acid [12] and sodium 7 -hydroxybu ty ra t e  [7]. 

To shed light on the val idi ty of this hypothes is ,  the effect  of succinic acid semia ldehyde  and sodium 
7 -hydroxybu ty ra t e  on the convulsant  effects  of TSC and AHA was studied. 

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

Exper imen t s  were  c a r r i e d  out on ma le  albino mice  weighing 18-22 g. TSC and AHA* were  injected in 
doses  of 15 and 150 m g / kg ,  r e spec t ive ly ,  inducing convulsions in 95% of mice ,  while succinic acid s e m i a l -  
dehyde and 7 -hydroxybu ty ra te$  were  injected in a dose of 500 mg/kg .  TSC was injected subcutaneously 
and the other  compounds in t raper i toneal ly .  

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  

When equieffect ive (95% of the convulsant) doses of TSC and AHA were  used, the latent  per iod  of the 

* Upjohn Company,  USA. 
Both subs tances  were  synthes ized in the Depar tment  of Organic Synthesis ,  Insti tute of Pharmacology ,  

Academy of Medical Sciences of the USSR [1, 5]. 
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clonico-tonic  convulsions in the f i r s t  case  was 88-100 rain and in the second 10.8-12.2 rain. Even in a 
100% lethal  dose (25 mg/kg)  CSC induced convulsions with a la~ent per iod of not less  than 50min;  a d e c r e a s e  
in the dose of AHA led to a d e c r e a s e  in the f requency of onset  of the convulsions,  but in an imals  in which 
convulsions were  obse rved  the i r  latent per iod  did not exceed 20 rain. Convulsions induced by TSC occur red  
against  the background of no rm a l  or  even slightly inc reased  motor  act ivi ty,  while convulsions induced by 
AHA appeared  against  a background of dep res sed  motor  act ivi ty and cata lepsy.  This depress ion ,  c h a r a c -  
t e r i s t i c  of the action of smal l  doses of AHA (15-30 mg/kg) ,  p e r s i s t e d  af ter  adminis t ra t ion  of la rge  doses 
(125-150 mg/kg) ;  the di f ference was that in the la t te r  case  clonic convulsions developed against  the back-  
ground of depress ion.  

Succinic semialdehyde lengthened the latent  per iod of convulsions induced by TSC f r o m  88-100 to 173- 
199 min. If injected before  AHA it comple te ly  prevented  the development  of convulsions in 85% of mice ,  
while in the r e s t  it inc reased  the latent  per iod to 36-44 rain. Sodium 7-hydroxybu ty ra t e  also lengthened 
the latent  per iod of convulsions induced by TSC (to 173-245 rain). If injected before  AHA, 7 -hydroxybu ty ra te  
comple te ly  prevented  convulsions in 70% of mice ,  while in 30% it lengthened the latent  per iod to 35 rain. 

In a dose of 500 m g / kg ,  GABA preven ted  none of the types of convulsions studied, evidently because  
of its poor  power of penet ra t ion  into the brain.  A lipophilic der iva t ive  of GABA, its cetyl  e s t e r ,  with dis-  
t inct  neuro t ropic  act ivi ty when admin is te red  by e x t r a c e r e b r a l  routes  [4], had a p ro tec t ive  action against  
convulsions induced by TSC: no convulsions occured in 50% of mice ,  while in the r e s t  the latent  per iod was 
lengthened to 105-153 rain. However ,  the cetyl  e s t e r  of GABA was absolutely ineffective against  convulsions 
induced by AHA. 

The effect  of der iva t ives  of the GABA shunt descr ibed  above was evidently not due to the i r  m u s c l e -  
re laxant  action; m us cu l a r  hypotonia of the s ame  degree  produced by ch lo rphromaz ine  (4 mg/kg)  did not 
p reven t  the development  of these  convulsions.  

Both TSC and AHA are  known to depress  different  s tages  of the GABA shunt: the f o r m e r  d e p r e s s e s  
the reac t ion  leading to GABA format ion  while the second d e p r e s s e s  the reac t ion  respons ib le  for  its subse -  
quent convers ions .  As a resul t ,  TSC leads to a deficiency while AHA leads to the accumulat ion of GABA. 
This  fact  evidently explains the pro tec t ive  action of the cetyl  e s t e r  of GABA against  convulsions induced by 
TSC, analogous to the action of GABA when injected into the brain.  This s a m e  effect  against  convulsions 
induced by TSC was also cha r ac t e r i s t i c  of AHA when injected in sma l l  doses ,  under the influence of which 
GABA begins to accumulate .  Poss ib ly ,  however ,  with an inc rease  in the dose of AHA, the r e su l t s  of b lock-  
ing of the t ransamina t ion  of c~-ketoglutarate with GABA were  added to this effect;  the deficient  fo rmat ion  of 
glutamic acid and of the semia ldehyde  of succinic acid. 

Glutamic acid deficiency could hardly be the cause of the convulsions,  for  glutamic acid exci tes  unit 
act ivi ty [8]. In the p resen t  expe r imen t s ,  glutamic acid injected p a r e n t e r a l l y  did not reduce  the convulsant  
effect  of l a rge  doses  of AHA. However ,  succinic acid semialdehyde proved  highly effect ive in prevent ing 
these  convulsions.  Since mutual  convers ion  of succinic  semia ldehyde  and 7 -hydroxybu ty ra t e  takes  place in 
the b ra in  [7], if the format ion  of the semia ldehyde  of succinic acid was blocked by AHA, the fo rmat ion  of 
7 -hydroxybu ty ra te  would be disturbed.  This evidently explained the abil i ty of 7 -hydroxybu ty ra te  to diminish 
the convulsant  effect  of AHA. When injected e x t r a c e r e b r a l l y ,  suecinic acid semia ldehyde  and ~/-hydroxybu- 
t y r a t e  showed a c l ea r ly  defined neurot ropic  action [2, 11 ], suggest ing that they pene t ra te  f r ee ly  into the 
brain .  P r e sumab ly  the i r  p ro tec t ive  action against  convulsions induced by AHA is based  on compensa t ion  of 
the deficiency of endogenous fo rmat ion  of these  bra in  metabol i tes  by the cor responding  exogenous substance.  
The p r e s e n c e  of the p ro tec t ive  effect  of succinic acid semialdehyde and ~/-hydroxybutyrate  against  TSC con-  
vulsions suggest  that the deficiency of the metabol i tes  may  also a r i s e  under  the influence of TSC. In fact ,  
by blocking GABA format ion ,  TSC may thereby  reduce the quantity of products  of the fu r the r  convers ion  of 
this compound, namely  succinic acid semialdehyde and 7-hydroxybutyra te .  

The p ro tec t ive  effect  of these  subs tances  against  TSC and convulsions was evidently not due to the ac -  
cumulat ion of GABA through a shift  in  the r e v e r s i b l e  t r ansamina t ion  reac t ion  toward GABA format ion ,  for  
in b iochemica l  exper imen t s  no accumulat ion of GABA was found a f t e r  adminis t ra t ion  of these  products .  
Meanwhile,  a f t e r  adminis t ra t ion  of, for  example ,  7 -hydroxybu ty ra te  endogenous metabol i tes  of GABA ac-  
cumulate  [7].  

These  r e su l t s  a re  evidence that the p r e s e r v a t i o n  of a ce r ta in  level  of GABA in the b ra in  is not suff i -  
cient to ensure  maintenance of its no rm a l  excitabil i ty;  the subsequent  products  of the shunt - succinic acid 
semia ldehyde  and 7 -hydroxybu tyra te  - mus t  also be fo rmed  in adequate amounts.  
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