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Diazepam is highly effective in the prevention of convulsions induced by thiosemicarbazide 
(TSC), i .e. ,  due to y-aminobutyric acid (GABA) deficiency. Electrophysiological experiments 
to record the recovery  cycle of the interzonal response of the cat motor cortex showed that 
diazepam reduces the amplitude of the test response, indicating the strengthening of inhibition. 
This test revealed antagonism of diazepam to bicuculline, specifically blocking GABA-ergic r e -  
ceptors,  and to TSC. Diazepam was shown to be capable of increasing the GABA concentration 
in the brain by inhibiting the activity of GABA transaminase in the mitochondrial fraction of 
brain tissue. 
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Tranquilizers of the benzdiazepin series ,  including diazepam, have recently become widely used as 
anticonvulsants. However, the mechanism of their anticonvulsant action has so far received little investiga- 
tion. Considering data showing the important role of disturbances of -y-aminobutyric acid (GABA) metabo- 
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Fig. 1. Effect of diazepam (1 mg/kg) on recovery cycle of interzonal 
response of cat motor cortex. Graph: abscissa, intervals between con- 
ditioning and testing stimuli (in msec,  logarithmic scale); ordinate, r a -  
tio between amplitudes of testing and conditioning responses (in %). Os- 
cillographic records  for intertrial  intervals up to 100 msec also shown. 
Calibration: amplitude 600 ~V, time 30 msec for intervals up to 30 msec, 
and 100 msec for the res t .  
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[ i sm  in the genes i s  of ep i lepsy  [7], i t  was decided to inves t igate  the effect  of d iazepam on GABA-erg ic  p ro -  
c e s s e s .  

An investigation was therefore carried out to study the character of the antieonvulsant effect of diaze- 

pam against seizures evoked by thiosemicarbazide (TSC), a substance that lowers the brain GABA concen- 

tration by inhibiting glutamate deearboxylase activity. Since the writers had shown previously that substan- 
ces involved in GABA metabolism have a marked effect on the recovery cycle of the interzonal response of 

the cat motor cortex [4], it seemed advantageous to use the same method in order to study the effect of 
diazepam. A further object of the investigation was to study the effect of diazepam on the GABA concentra- 
tion in the brain and on the activity of the chief enzyme determining the rate of its conversion, namely o~- 
ketoglutarate-GABA transaminase (GABA-T). 

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

Exper imen t s  were ca r r i ed  out on male  albino mice  weighing 18-22 g. TSC was injected subcutaneous-  
ly in a dose of 12 mg/kg  and d iazepam (Seduxen) in t raper i tonea l ly  in doses  of 0.1-2 m g / k g  15 min af ter  the 
TSC. The latent  per iod  and f requency of the s e i zu re s  and the deaths  were  r ecorded .  EDs0 for d iazepam was 
calculated by the method of Litchfield and Wilcoxon. E lec t rophys io log ica l  expe r imen t s  were ca r r i ed  out on 
unanesthet ized,  cu ra r i zed  cats  weighing 2.5-3.5 kg. The r e c o v e r y  cycles  were  invest igated by paired s t i m -  
ulation. The a r r a n g e m e n t  of the e lec t rodes  to obtain in terzonal  r e s p o n s e s  of the moto r  co r t ex  to s t imu la -  
tion of a r e a  SI and the p rocedure  used to r e c o r d  their  r e c o v e r y  cycle were desc r ibed  p rev ious ly  [3-5]. In 
mos t  expe r imen t s  the data were  ave raged  with the " N e i r o n - l "  s ta t i s t i ca l  ana lyzer ;  to continue the analys is  
the ra t io  between the ampl i tudes  of the ave raged  test ing and conditioning r e s p o n s e s  was calculated for each 
in t e r t r i a l  in terva l .  

The b iochemica l  e x p e r i m e n t s  were  c a r r i e d  out on mice and r a t s  into which d i azepam was injected in 
a dose of 5 mg/kg 1 h before  decapitat ion.  The GABA concentra t ion in the brain  t i ssue was de te rmined  by 
paper  ch roma tog raphy  [1]. GABA-T act ivi ty  was measu red  on the Opton (Austria) s p e c t r o f l u o r o m e t e r  on 
the bas i s  of f luorescence  of the condensat ion produc t  of succinic acid semialdehyde with 3 ,5-diaminobenzoic  
acid [9], which was de te rmined  in the unpurified mi tochondr ia l  f rac t ion  (UMF) and in subcel lu lar  f rac t ions  
i so la ted  by centr i fugat ion in a suc rose  densi ty  grad ien t  [6]. 

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  

Invest igat ion of the effect  of d iazepam on s e i zu re s  induced by TSC gave the following r e su l t s .  In a 
dose  of 12 mg/kg,  TSC evoked c lonico- tonic  s e i zu re s  in 95-98~c of the an imals .  F r o m  50 to 60~c of the ani-  
ma l s  died in the tonic extension phase .  Start ing with a dose of 0.1 mg/kg ,  d iazepam signif icant ly  reduced 
the mor ta l i ty ,  and s t a r t ing  with a dose of 0.5 mg/kg,  it comple te ly  prevented the s e i zu re s  in some an imals .  
The effect  rose  in a s t r a igh t  line with an i nc rea se  in dose (EDs0 by this tes t  was 0.88 mg /kg ) .  

In smal l  doses  d iazepam thus exhibited a ma rked  pro tec t ive  action agains t  s e i zu re s  evoked by TSC. 
Compar i son  with i ts  e f fec t iveness  against  s e i zu re s  evoked by e l ec t r i c  shock (ED50=3.5 mg/kg) and by 
s t rychnine  (EDs0 = 44 mg/kg) [2] sugges ts  that the effect  of d iazepam re la t ive  to TSC is to some extent  s e l e c -  
t ive.  Exper imen t s  on cats  showed that d i azepam (1-3 mg/kg) p reven t s  the development  of p a r o x y s m a l  EEG 
act ivi ty  evoked by TSC (i0 mg/kg,  intravenously)  and abol ishes  es tabl i shed p a r o x y s m a l  act ivi ty .  

E lec t rophys io logica l  analys is  ot  the effect  of d iazepam by record ing  r e c o v e r y  cyc les  of the in terzonal  
r e sponse  of the motor  co r t ex  suggested that it s ignif icant ly  r educes  the exci tabi l i ty  of the bra in  neuronal  s y s -  
tem. In the control  group the r e c o v e r y  cycle of the in terzonal  r e sponse  (Fig. 1) had a phase of e a r l y  d e p r e s -  
sion of the test ing r e sponse ,  followed by a phase of its i nc rea se  or  faci l i tat ion in in terva ls  of 20-100 msec .  
This faci l i ta t ion wa~ max ima l  in in te rva l s  of 30-50 m s e c ,  and i ts  degree  var ied  in di f ferent  an imals  f r o m  
10 to 100%. Next followed phases  of late dep res s ion  of the tes t  r e s p o n s e  and of late faci l i tat ion,  which were 
weaker  than the e a r l y  phases .  R ecove ry  of the tes t  r e s p o n s e  took place a f te r  600-800 m s e c  and the cycle  
in each animal  was c h a r a c t e r i z e d  by s tabi l i ty .  Diazepam had a marked  depr iming effect  on the faci l i tat ion 
phase  in the in te rva l  of 20-100 m s e c  (Fig. 1). The degree  of the effect  var ied depending on individual sen -  
s i t ivi ty  of the animal  and the dose of the drug. In smal l  doses  (0.1-1 mg/kg) ,  for ins tance,  d iazepam usually 
only d e p r e s s e d  the t es t  r e s pons e  to some  extent ,  although in the mos t  sens i t ive  an imals  in the s ame  doses  
it  total ly s u p p r e s s e d  it. In la rge  doses  (2-10 mg/kg) it caused complete  suppress ion  of the tes t  r e spo n se  
and s o m e t i m e s  reduced the ampli tude of the conditioning r e sponse .  The effect  of the drug began to appear  
af ter  3-5 rain and it r eached  i t s  m a x i m u m  af te r  10-15 min.  The durat ion of the effect  of threshold doses  
of 0.1-.0.3 mg/kg was 1-1.5 h, and for a dose of 5-10 mg/kg it exceeded 6 h. The action of d iazepam on the 
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TABLE 1. Effect of Diazepam on GABA-T Activity of Subcellular  
Bra in  F rac t ions  (M + m)* 

Conditiom UMF A (myelin 
fragments) 

Subcellular fractions 
B [ C .  I D 

synaptosom al fractions 

133• 86_+ 13 78• I 59_+ 10 475• 308• Control 
! 

110• 75• 68_+8 I 56• 292_+73 
i 

Diazepam 217• 

% inhibition 29,4 17,3 13 39,5 13,2 I 5,7 

E ("pure" 
mitochon- 
dria) 

*In pg/g of succinic acid semialdehyde fo rmed .  
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Fig. 2. In teract ion between effects  of d iazepam 
5 mg/kg and caffeine 40 mg/kg (I) and between di-  
azepam 1 mg/kg and bicuculline 0.15 mg/kg (II): 
1) control ;  2) d iazepam;  3) caffeine (or bicuculline) 
with d iazepam.  Numbers  on left  of r e c o r d s  show 
in te r t r i a l  in te rva l s .  Time ca l ibra t ion  in Fig.  2, 
I is 20 msec  for in terva l  of 40 msec ,  and 80 m s e c  
for the r e s t ;  in Fig. 2, II it is 60 msec .  Amplitude 
cal ibra t ion 500 ~V in I and II. 

r e c o v e r y  cycle was abolished by bicucull ine,  a specif ic  blocking agent  of GABA-erg ic  s t ruc tu re s .  In smal l  
doses  (0.1-0.15 mg/kg) it r e s t o r e d  the amplitude of the t e s t  r e sponse  in the in te rva l  20-100 m s e c  to its ini-  
tial value,  and in cases  in which the conditioning r e sponse  was d e p r e s s e d  bicuculline r e s t o r e d  its ampl i -  
tude a lso  (Fig. 2). Diazepam (0.5-1 rng/kg) abolished the faci l i tat ion of the t es t  r e sponse  evoked by TSC 
(5-7 mg/kg). Since bicuculline and TSC behave as antagonists  to d iazepam in p r e p a r o x y s m a l  doses ,  inten-  
sifying EEG act ivi ty,  the action of another  activating substance (caffeine), not in ter fer ing  with GABA-ergic  
p r o c e s s e s ,  was studied on the r e c o v e r y  cycle when modified by d iazepam.  The r e su l t s  showed that caf -  
feine (20-40 mg/kg) does not abolish the d e p r e s s i o n o f  the tes t  r e sponse ,  whereas  the conditioning r e sponse  
r ema ined  unchanged or was inc reased  (Fig. 2). As r e g a r d s  the se lec t ive  dep res s ion  of the tes t  r e sponse  
and its antagonism to bicuculline and TSC the effect  of d iazepam was analogous to the effect ,  descr ibed  by 
the wr i t e r s  prev ious ly  [4] of depakin,* an antiepi!eptic  drug,  which i nc rea se s  the endogenous GABA con- 

*Sodium n-d ipropylace ta te  ( t r ans l a to r ' s  note). 
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centra t ion by inhibiting GABA-T activity.  

Investigation of the endogenous GABA content in the brain showed that its level was significantly in- 
c r ea sed  f rom 208 i7  to 280 • #g/g wet weight of t issue by diazepam in a dose of 5 mg/kg, the inc rease  
being significant.  Whereas  TSC reduced the brain GABA concentra t ion f rom 208 ~: 7 to 140 • 13 pg/g, a 
combination of d iazepam with TSC produced a smal le r  d ec r ea se ,  to 180 :L 13Yg/g only. 

It wilt be c l ea r  f rom Table 1 that diazepam inhibited GABA-T activity and that this effect  was most  
marked  in the subcel lular  f ract ion of "pure 't mitochondria .  In agreement  with data in the l i t e ra tu re  [8], in 
these exper iments  it was this subfract ion that showed the highest initial GABA-T activity (57.2~); the r e -  
maining 42.8~c of the total act ivi ty was dis t r ibuted among subfract ions A, B, C, and D. 

P re sumab ly  inhibition of GABA-T activity and the consequent  accumulation of GABA are  among the 
causes  of the reduct ion in the excitabi l i ty of the brain s t ruc tu res  produced by diazepam and ref lec ted  in 
the increased inhibition revealed in e lect rophysiological  exper iments  ann in the pro tec t ive  effect  against  
se izures  evoked by TSC and bicucuiline.  The p resence  of inhibitory effects  of small  doses  of diaz,~pam, 
not changing GABA concentra t ion in the brain t issue,  may perhaps  be explained on the grounds that in these 
doses the drug modifies in t race l lu la r  t r anspor t  and binding of GABA. This hypothesis that GABA-e rg i ep ro -  
cesses  par t ic ipate  in the mechanism of the effects  of d iazepam is in harmony with data showing that the 
drug can potentiate presynapt ic  inhibition in the spinal cord [11], for these p ro ce s se s  also are  known to be 
mediated by GABA. 
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