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The effect  of d iazepam and n i t r azepam in doses  of 0.5, 1, 2.5, and 5 m g / k g  on G A B A - t r a n s -  
aminase  act ivi ty  in the c e r e b e l l a r  co r t ex  and hippocampus of r a t s  was studied by a quanti tat ive 
h i s tochemica l  method.  Inhibition of GABA- t r ansaminase  was found under  the influence of both 
subs t ances .  The d e c r e a s e  in act ivi ty  was pa r t i cu l a r ly  ma rked  in the hippocampns a f t e r  admin -  
i s t r a t ion  of d i a z e p a m .  It is suggested that  the changes o b s e r v e d  a r e  the r e su l t  of inhibition of 
the enzyme  and a l so  of a d e c r e a s e  in the r a t e  of GABA t u r n o v e r .  
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Evidence has r ecen t ly  been  obtained that  the ant iconvulsant ,  m u s c l e - r e l a x a n t  and a lso ,  poss ib ly ,  the 
psychot ropic  ef fec t  of the benzodiazepine  t r anqu i l i ze r s  is linked with the i r  e f fec t  on the ~/-aminobutyric  acid 
(GABA) s y s t e m  [3-7, 9,14] ~ One way by which the GABA-posi t ive  effect  m a y  be achieved is through inhibition 
of GABA- t r ansaminase  (GABA-T), an enzyme spli t t ing GABA [3,4]. It is cons idered  that  only high doses  of 
d i azepam (5 m g / k g  or  m o r e )  have this effect .  However ,  the effects  of lower doses  of the drug cannot a lways 
be  demons t ra t ed  by b iochemica l  invest igat ion of large a r e a s  of the b ra in .  His tochemica l  methods a re  often 
m o r e  in fo rmat ive .  Despi te  this fact ,  the method of h i s tochemica l  detect ion of GABA-T developed by Van 
Geider  [13] is v i r tua l ly  neve r  used in pha rmaco logy .  The f i r s t  a t t empts  to use th is  r eac t ion  to study the act ion 
of neuro t rop ic  drugs  were  based on v isua l  a s s e s s m e n t  of act iv i ty  of the enzyme  [8]. 

The objects  of the p re sen t  invest igat ion was a quanti tat ive h i s tochemica l  s tudy of the ef fec t  of benzodi -  
azepine t r anqu i l i ze r s  on GABA-T ac t iv i ty ,  the method being based on the cy tospec t ropho tomet r i c  invest igat ion 
of the kinet ics  of this reac t ion  under taken prev ious ly  [2]. 

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

Expe r imen t s  were  c a r r i e d  out on 40 male  albino r a t s  weighing 150-200 g.  The c e r e b e l i a r  co r t ex  and 
h ippocampus ,  s t r u c t u r e s  with re la t ive ly  high GABA-T act ivi ty  [12], were  inves t igated.  Diazepam and n i t r a z e -  
pam were  injected in t raper i tonea l ly  in doses  of 0.5, 1, 2.5, and 5 m g / k g ,  made up in s t a r c h  muci lage ;  in jec-  
t ion of 0.5 ml  s t a r c h  muci lage  alone se rved  as the cont ro l .  The an imals  were  decapi ta ted 40 min  a f t e r  the 
injection.  Por t ions  of the c e r e b e l l u m  and hippoeampus were  isolated f r o m  the b r a in  and f rozen  in i so -oc tane ,  
cooled with liquid n i t rogen.  GABA-T was detected by Van Ge lde r ' s  [13] and R i t t e r ' s  [10] method in the w r i t e r ' s  
own modif icat ion [2] on f rozen  sec t ions ,  10 ~ thick,  through the ce rebe l lum and h ippocampus .  The sect ions  
were  incubated for  40 rain at 43~ in medium of the following composition~ GABA 2.9 • 10 M, ~ - k e t o g [ u t a r a t e -  
Na 2 5 .2 .10  -3 M, NAD 3 . 1 0  -3 M, t e t ran i t rob lue  t e t r azo l ium 2 . 4 . 1 0  -4 M, phenazine metasu i fa te  3 . 1 0  -5 M, 
NaCN 1 . 1 0  -3 M, malonic  acid 9 .6 .10  -~ M, dex t ran  60 m g / m l ;  the med ium was made up in Van Ge lde r ' s  
buffer  [13] and the final volume was 20 ml~ To allow for  nonspecif ic  reduct ion  of t e t r azo l i um,  para l le l  t e s t s  
were  c a r r i e d  out in the p re sence  of 1 . 1 . 10  -8 M aminoace t ie  acid,  a GABA-T inhibi tor .  The sec t ions  were  
mounted in g lyce ro l -ge l a t i n  gel and subjected to photometry  by the plug method at 546 nm,  with a probe  1 
in d i a m e t e r .  Activi ty of GABA-T was es t imated  f r o m  the i nc rea se  in optical  densi ty  compared  with sec t ions  
incubated in the p r e s ence  of inhibi tor ,  and e x p r e s s e d  in optical  densi ty  uni ts .  With each  dose of the compound, 
at  l eas t  300 m e a s u r e m e n t s  were  made .  The s ignif icance of d i f fe rences  and co r r e l a t i on  between dose and 
effect  were  de te rmined  by s ta t i s t i ca l  methods  [1]. 
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TABLE 1. Effect  of Benzodiazepines  on GABA-  
T Activi ty  (M • m) 

Drug 

Control 
Diazepam 

w 

Control 
Nitrazepam 

R 

i ,  

Dose, 

2,5 
5 

GABA-T activi~, optical 
demityuni~ 

cerebellum 

0,242+0,005 
0,240+-0,005 
0,224+-0,004* 
0,178+0,004" 
0,150+0,004' 
0,230+-0,006 
0,205+-0,004* 
0,193+-0,004" 
0,185+0,003" 
0,148+-0,003" 

hippocarapus 

0,096+0,004 
0,058 0,003" 
0,053+0,003" 
0,047+0,003* 
0,008+__0,003* 
0,092+--0,003 
0,079+-0,003* 
0,075+-0,003" 
0,065+-0,003* 
0,047+-0,002* 
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Fig.  1. D e c r e a s e  in GABA-T act ivi ty  under influence of 
benzodiazepines~ A b s c i s s a ,  dose of drug (in mg/kg) ;  o r -  
dinate,  degree  of inhibition of GABA-T act ivi ty (in %); 
s t ra igh t  lines r e p r e s e n t  theore t ica l  r e g r e s s i o n  l ines;  1 
and 2) effect  of d iazepam and n i t r a z e p a m  re spec t i ve ly  on 
hippocampM neurons ;  3 and 4 ) the  s a m e ,  on c e r e b e i l a r  
cor t i ca l  neurons  ~ 

EXPERIMENTAL RESULTS 

Visual assessment of the intensity of the histoehemiea[ reaction showed high GABA-T activity in the 
Purkinje cells of the eerebellar cortex and moderate activity in the pyramidal neurons of the hippoeampus, in 
agreement with data in the literature [11], These structures were selected for quantitative histoehemieal 
analysis, and the pyramidal neurons of the dorsal and ventral hippoeampus were exposed separately to photom- 
etry. No significant differences were found between the GABA-T activity of the dorsal and ventra[ areas of 
the hippocampus. 

Administration of diazepam and nitrazepam caused inhibition of GABA-T activity in both structures 
(Table 1). 

As Fig.  1 shows,  the degree  of d e p r e s s i o n  of enzyme act ivi ty  caused by d iazepam in a dose of 5 m g / k g  
in the c e r e b e l l a r  co r t ex  co r responded  to the values  obtained by Os t rovskaya  et  a l .  [5]. The dynamics  of 
changes in GABA-T act ivi ty  under  the influence of n i t r a z e p a m  in the c e r e b e l l a r  co r t ex  and hippocampus and 
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TABLE 2. Correlation between Dose of Drug 
and GABA-T Activity 

CeTbellum Hippoeampus] 
Drug 

r t P r t P 

Diaz~parn[--0,78 3,62 ] <0,001 --0,57 2,05 <0,05 
itta- l 

zepam I--0,82 4,01 ~0,01 --0,63 2,46 <0,05 
Note. r) Cc~fficient of correlation; t) coefficient of 
significance. 

under the influence of diazepam in the cerebellar cortex was s imilar .  Changes induced by diazepam in the 
hippocampus were distinguished by much greater intensity. 

The relationship between GABA-T activity in the structures studied and the dose of the drugs was in- 
versely proportional in character .  The numerical values of the coefficfents of correlation indicate that corre-  
lation between them was sufficiently close (Table 2). 

The most likely cause of the decrease in GABA-T activity induced by benzodiazepine tranquilizers is 
inhibition of the enzyme. Evidence in support of this conclusion is given by the accumulation of GABA in the 
brain after administration of high doses of diazepam [7,12]. However, the differences in the dynamics of 
inhibition of GABA-T in the cerebellum and hippocampus under the influence of diazepam suggest that inhibi- 
tion of GABA-T is not the only factor reducing its activity. Diazepam, in a dose of 1 mg/kg or higher, reduces 
the rate of GABA turnover in the brain [9]. A decrease in the rate of secretion of the mediator which is the 
substrate of GABA-T may be an additional cause of the reduction in its activity. 

The effect of the benzodiazepines on GABA-T is thus manifested even in small doses, evidence of the 
selectivity of their influence on structures possessing high activity of GABA-ergic processes.  
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