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The effect  of d iazepam,  depakine th iosemica rbaz ide  (TSC), and bicucull ine on unit act ivi ty  
of the s e n s o m o t o r  c o r t e x  a r i s ing  spontaneously  and evoked by scia t ic  ne rve  s t imulat ion was 
studied in unanesthet ized,  immobi l ized  albino ra t s .  Diazepam was shown to s t rengthen the 
inhibi tory ef fec ts ,  i .e . ,  to reduce  the f requency of spontaneous d i scharges  and to prolong 
pos tac t iva t ion  dep res s ion  of unit act ivi ty (the inhibi tory pause).  Depakine which i n c r e a s e s  
the b r a in  GABA concentrat ion,  had a s i m i l a r  action. Bicuculline,  which blocks  GABA- 
erg ic  r e c e p t o r s ,  and TSC, which r educes  i ts  concentrat ion,  had the opposite action and 
weakened inhibition. A two-way antagonism also was found between d iazepam and bicucul-  
l ine as r e g a r d s  t he i r  effect  on unit activity.  The r e su l t s  conf i rm the e a r l i e r  hypothesis  that  
d iazepam can potent ia te  the effect  of GABA on cor t i ca l  neurons.  
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It  has been  shown by  record ing  r e c o v e r y  cyc les  of evoked potent ia ls  that  d iazepam se lec t ive ly  d e p r e s s e s  
the t e s t  response ;  this effect  of d iazepam is abolished by subs tances  w~th GABA-negat ive action, such as b i -  
cuculline and th iosemica rbaz ide  (TSC) [5, 17]. Since changes in the amplitude of the tes t ing potential  re la t ive  
to the conditioning a r e  r ega rded  as se rv ing  as a c r i t e r ion  of the re la t ionship  between exci tat ion and inhibi-  
tion [8] and in view of obse rva t ions  indicating a poss ib le  ro le  of GABA as the inhibi tory med ia to r  [9], the 
w r i t e r s  have postula ted [6, 17] that  d iazepam can  potent iate  inhibi tory p r o c e s s e s  and that  some of its effects  
a re  media ted  through the GABA sys tem.  One way of tes t ing this hypothesis  is by studying the effect  of d ia-  
zepam on unit act ivi ty.  

Since the d i rec t  action of d iazepam on the c e r e b r a l  co r t ex  was demons t ra ted  p rev ious ly  [2] the object 
of the p r e s e n t  invest igat ion was to study the effects  of d iazepam and of subs tances  modifying the s ta te  of the 
GABA s y s t e m  (depakine, bicucull ine,  and TSC) on cor t i ca l  unit activity.  

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

Acute expe r imen t s  were  c a r r i e d  out on male  albino r a t s  weighing 200-300 g. Under e the r  anes thes ia  
c ran io tomy was p e r f o r m e d ,  a cannula was inser ted  into the jugular  vein, t r acheo tomy was then pe r fo rmed ,  
and the sc ia t ic  ne rve  exposed,  a f te r  which the anesthet ic  was discontinued, the animal  was immobi l i zed  with 
succinylcholine (3-5 mg/kg ,  intravenously) ,  and ar t i f ic ia l  r e sp i ra t ion  applied. The sciat ic  ne rve  was s t imu -  
lated by  square  pulses  (300 psec ,  1-2 V) applied through a h igh-f requency unit f r o m  the output of a Phys iova r  
(Alvar, France)  s t imula tor .  Unit d i scharges  were  der ived by g lass  m ic roe l ec t rodes  with a tip 1-4 ~ in d i a m -  
e t e r  f r o m  the focus of m ax i m a l  act ivi ty  of the p r i m a r y  r e sponse  to sciat ic  nerve  st imulat ion.  The potent ials  
were  led through a cathode fol lower to a UBP 1-02 ampl i f i e r  and then displayed on the s c r een  of a type S1- 
19B osci l loscope.  The data were  p r o c e s s e d  in the cour se  of the exper imen t s  on the Nokia LP-4840 (Finland) 
ana lyze r  by plotting pos t s t imulus  h i s t o g r a m s  fo r  25-50 presen ta t ions  of the s t imulus  (t ime quanta fo r  the h i s -  
t o g r a m s  were  2-10 msec ;  depending on the durat ion of the quantum, the epoch of analysis  was 400-2000 msec) .  
The h i s t o g r a m s  were  p re sen ted  by an automat ic  XY-wr i t e r  and a digital p r in te r .  
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Fig. 1. Effect of diazepam on unit responses  to sciat ic nerve  st imulat ion in 
ra t  sensomotor  cor tex:  D control;  ID 40 rain af ter  intravenous injection of 
diazepam (0.75 mg/kg); lid 90 min a f te r  injection of drug. Time of s t imula-  
tion indicated by arrow.  Abscissa ,  t ime, in msec;  ordinate,  frequency,  sp ikes /  
see.  

Fig. 2. Effect  of th iosemicarbaz ide  on evoked unit activity of the rat  cor tex:  
I) control;  II) 80 rain, III) 180 rain af ter  intravenous injection of TSC-HC1 (12 
mg/kg).  Legend as in Fig. 1. 

During subsequent analysis the duration of the inhibitory pause and the degree  of its filling, i .e . ,  the 
number  of spikes in it, were  determined.  Fo r  this purpose,  the mean frequency of spontaneous activity was 
calculated in the pres t imulus  pa r t  of the his togram; the region of the h is togram in which the spike f requency 
was below average was taken as the inhibitory pause.  The number  of spikes in the pause was then counted and 
the significance of its changes under  the influence of the drugs was a s ses sed  by the nonparametr ie  c r i t e r ion  
of signs [1]. 

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  

The response  of neurons to sciat ic  ne rve  st imulation had severa l  phases  [11, 14, 16]: a phase of t r an s -  
ient inc rease  in the d ischarge  f requency 10-15 msee  af te r  st imulation, a phase of inhibition of unit activity 
lasting 100-250 msec (inhibitory pause), and the phase of a late inc rease  in d ischarge  f requency (postinhibi- 
to ry  rebound), a f te r  which the original  d ischarge  f requency was r e s to r ed  (Fig. 1, D. Starting with doses of 
0.25-0.5 mg/kg,  diazepam potentiated the inhibitory component of the unit response ,  lengthened the inhibi tory 
pause,  and reduced the degree  of its filling (Fig. 1, II, P = 0.01). The action of the drug was accompanied by 
a dec rease  in the post-inhibitory rebound and, in some exper iments ,  by a d ec r ea se  in the spontaneous f ir ing 
ra te .  These effects  occu r r ed  af te r  2-5 min and reached the i r  maximum 20-40 min af te r  injection of the drug. 
Recovery  of the original  pa t te rn  took place 90-120 min af ter  injection of the drug .  Depakine (150-250 mg/kg,  
intraperi toneal ly) ,  which inc reases  the GABA concentrat ion in the brain,  also inc reased  the durat ion of the in- 
hibi tory pause and reduced the degree  of i ts filling and the spontaneous f ir ing ra te  of the cells ,  but unlike dia-  
zepam, it had no effect  on post inhibi tory rebound. The effect  of the drug reached  a maximum 30-40 rain, and 
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Fig. 3. Antagonism between b icucul -  
line and d iazepam in the i r  action on 
cor t i ca l  evoked unit activity:  D control ;  
]1) 10 min a f t e r  intravenous injection of 
bicucull ine (0.05 mg/kg}; HI) 10 min af -  
t e r  in t ravenous injection of d iazepam 
(0.5 mg/kg)  and 20 min a f t e r  injection 
of bieucull ine.  Legend as in Fig. 1. 

r e c o v e r y  was obse rved  60-120 rain a f t e r  injection, in ag reemen t  with data in the l i t e ra tu re  fo r  the dynamics  
of GABA accumulat ion under  the influence of depakine [15]. Aminohydroxyacet ic  acid, another  inhibi tor  of ~ -  
ke toglu tara te -GABA t r ansaminase ,  has a s i m i l a r  action on evoked unit act ivi ty of the cat  cor tex  [10]. 

TSC (7-12 mg/kg ,  intravenously) ,  which lowers  the GABA concentra t ion in the bra in ,  had the opposite 
action for  it shor tened the inhibi tory pause  and inc reased  the degree  of its filling (Fig. 2, P = 0.01). The a c -  
tion of TSC reached  a m a x i m u m  80-100 min, and r e c o v e r y  was obse rved  150-180 min  a f t e r  inject ion of the 
drug, which co r responded  to the dynamics  of its behaviora l  effects  [5]. Bicuculline,  which blocks  GABA-ergic  
r e c e p t o r s ,  had a s i m i l a r  effect  on these  p a r a m e t e r s .  It  i nc reased  the spontaneous f i r ing r a t e  of the neurons ,  
shor tened the inhibi tory pause,  and inc reased  the degree  of i ts  filling (Fig. 3, II; P = 0.05). The effect  of the 
drug developed immedia te ly  a f te r  i ts  injection and r ecove ry  took place  30 rain af ter  injection. I t  follows f r o m  
these  r e su l t s  that  the effect  of d iazepam on the inhibi tory pause  was s i m i l a r  to the action of depakine and op-  
posi te  to the effect  of TSC and bicucull ine.  F u r t h e r m o r e ,  two-way antagonism was obse rved  between diazepam 
and bicucull ine in the i r  effect  on the inhibi tory pause  (Fig. 3, II, HI). 

�9 The inhibi tory pause  of t h e  neuronal  r e sponse  re f lec ted  IPSPs recorded  in t race l lu la r ly  [13] and se rved  
as an indicator  of the act ivi ty of the r e c u r r e n t  inhibition sy s t em [14]. Since the media to r  of r e c u r r e n t  inhibi-  
tion in the co r t ex  is GABA [9], the r e su l t s  regard ing  the ability of d iazepam and depakine to i nc rea se  the d u r a -  
tion and reduce  the fil l ing of the inhibi tory pause  and the opposite effect  of the GABA-negat ive  subs tances  b i -  
euculline and TSC on this p a r a m e t e r ,  and regard ing  the antagonism between d iazepam and bicucull ine in the i r  
action on the inhibi tory pause sugges ts  that d iazepam,  by potentiating the effects  of endogenous GABA, also 
potent ia tes  inhibi tory influences exer ted  by  inhibi tory in te rneurons  on cor t i ca l  ce l l s .  

Since the changes obse rved  in evoked act ivi ty were  accompanied  by changes  in the spontaneous d i s -  
charge  f requency  of the cel ls ,  it might  be supposed that  i t  is  this  f requency which de t e rmines  the effect  of the 
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drugs tested [3]. However, their effects occurred whether the spontaneous firing rate was raised, lowered, 
or unchanged. Finally, evidence has been obtained of the effect of the reticular formation and, in particular, 
the reticular nucleus of the tegmentum, on cortical inhibitory interneurons [4, 7]. It has, however, been shown 
that diazepam, even in very high doses (5-20 mg/kg), does not change the spontaneous unit activity of this 
nucleus [12] although, as was shown above, it inhibits cortical unit activity in doses as low as 0.25-0.5 mg/kg. 
These effects of diazepam on the cells of the cerebral cortex cannot thus be attributed to its effect on the ret i-  
cular formation. 

The results are further evidence of the cortical effect of diazepam and they confirm the earl ier  hypothe- 
sis [6, 17] that some of its effects are mediated by the GABA system. 
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