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The mos t  impor tan t  pha rmaco log ica l  effects  of benzodiazepine t r anqu i l i ze r s  a re  due to thei r  influence on 
GABA-erg ie  synapses  of the b ra in  [6, 14, 15]. Diazepam has been shown to potent iate  p resynapt ic  inhibition of 
p r i m a r y  a f fe ren ts  in the spinal  cord  [7] and in the cuneate  nucleus of 12 ca ts ,  whereas  the depolar iz ing  [4, 10] 
and hyperpola r iz ing  [ 10, 14] ef fec ts  due to the d i r ec t  action of GABA a r e  potentiated by benzodiazepine t ranqui-  
l i z e r s .  

A model  according  to which benzodiazepines  i nc rea se  the affinity of r e c e p t o r s  for  GABA a l los te r ica l ly  
[9],  probably  by inhibition of a prote in  modula tor  which inhibits binding of GABA with r e c e p t o r s  [8] o r  by d i s -  
placing it f r om the r e c e p t o r  complex and faci l i ta t ing coupling of GABA r e c e p t o r s  with chloride ionophores [2], 
is r ega rded  as the m o l e c u l a r  m e c h a n i s m  lying at the bas i s  of the potentiat ing influence of benzodiazepine on 
the effects  of GABA. However,  these views a re  cont radic ted  by data showing that benzodiazepines  have no ef-  
fect  on the coopera t iveness  of in teract ion between GABA and the GABA r e c e p t o r s  of nerve  cell  m e m b r a n e s  in 
t i s sue  cul ture  [5].  

The resu l t s  desc r ibed  in this paper  a re  evidence that benzodiazepines  can d i rec t ly  influence the function 
of chlor ide ionophores  in ne rve  cell  m e m b r a n e s .  

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 the i so la ted  per fused  spinal  cord  of r a t s  aged 9-15 days .  Detai ls  of the 
method were  desc r ibed  p rev ious ly  [1].  

The c h a r a c t e r i s t i c  action of chlordiazepoxide (10-5-10 -14 M) and its effect  (exposure  15 min) on p r i m a r y  
a f fe ren t  depolar iza t ion  or  hyperpo la r i za t ion  of motoneurons  into GABA (10 -~- 10 -3 M) were  invest igated.  Synap- 
tic t r a n s m i s s i o n  in the spinal  cord  was blocked by perfus ton with a solution def ic ient  (0.2 raM) in Ca ++ ions and 
containing an excess  (10 raM) of Mg +* ions. The effect  of ehlordiazepoxide on the evoked monosynapt lc  vent ra l  
roo t  potential  and the do r sa l  root  potential  evoked by s t imula t ion  of the dorsa l  roo t  of the neighboring segment  
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Fig. 1. Effect  of chlordiazepoxide on evoked potent ia ls  of ven t ra l  
and do r sa l  roots  of i so la ted  r a t  spinal  cord.  Potent ia ls  in ven t ra l  
root  L3 (A) and dorsa l  root  L4 (B), evoked by e l ec t r i ca l  s t imu-  
lation of dor sa l  root  L3 before  (1) and a f te r  (2) per fus ion  of 
spinal  cord for  15 rain with solution containing chlordiazepoxide 
(10 -4 M), and also 15 rain a f t e r  r ins ing (3). E lec t ro tonic  poten-  
tials a r i s ing  in dorsa l  (C) and ven t ra l  (D) roots  during pe r fu -  
sion of spinal  cord  with GABA (10 -4 M) solution before  (1) and 
a f t e r  (2) p r e l i m i n a r y  t r e a t m e n t  with chlordiazepoxide  (10 -4 M). 
Change in po la r iza t ion  of dorsa l  (E) and ven t ra l  (F) roots  under  
the influence of chlordiazepoxide  during per fus ion  of spinal  cord  
with o rd ina ry  sa l t  solution (1) and with solution containing excess  
of Mg ++ ions and def ic iency of Ca ++ ions (2). Cal ibrat ion:  ve r t i ca l ,  
1 raV; hor izonta l  100 rasec  (A, B) and 1 rain (C-F) .  

(DR-DRP) also was invest igated.  All the evoked potent ia ls  were  exci ted by s t imula t ion  of dor sa l  root  L3 by 
square  pulses  of cu r r en t  (0.3 rasec,  0.1 Hz, 2-8 thresholds)  and r eco rded  in ven t ra l  root  L3 (raonosynaptically) 
o r  in dor sa l  root  L4 (DR-DRP) .  

In the next s e r i e s  of expe r imen t s  dependence of the GABA-potent iat ing action of chlordiazepoxide  (10 -4 
M) on the Cl- ion concent ra t ion  in the solution with which the spinal  cord  was pe r fused  was studied. The initial 
chlor ide concentra t ion  (124 raM) was i nc rea sed  to 165 ram by addition of 41 ram choline chlor ide to the solu-  
tion or  reduced to 83 and 42 ram by replac ing  the sodiura chlor ide  by an equivalent  amount of sodium sulfate.  
The pH of the solution was kept at  7.4-7.6.  The ef fec t  of chlordiazepoxide (10 -a M) on GABA-induced p r i m a r y  
a f fe ren t  depolar iza t ion  also was studied in di f ferent  concentra t ions  of K § ions (0.2, 2, and 10 raM) in o rde r  to 
judge the re la t ionship  between the potentiating" effect  of chlordiazepoxide and the m e m b r a n e  potential .  

Each ve r s ion  of the expe r imen t s  was c a r r i e d  out on 4-6 spinal  cord p repa ra t i ons .  The r e su l t s  were  sub-  
jec ted  to s ta t i s t i ca l  ana lys i s  in the usual  way. 

EXPERIMENTAL RESULTS 

As a result of perfusion of the isolated spinal cord with solution containing chlordiazepoxide (10 -4 M) the 
amplitude and duration of the raonosynaptie ventral root potential was significantly reduced, but the amplitude 
and duration of the DR-DRP, on the contrary, were increased (Fig. 1). According to data in the literature [7, 
10) these effects are the result of potentiation of GABA-ergic postsynaptic inhibition of the raotoneurons and 
presynaptic inhibition of primary afferents, under the influence of chlordiazepoxide, respectively. Preliminary 
perfusion of the spinal cord for 15 rain with a solution containing 10 TM M chlordiazepoxide in fact potentiated 
the depolarizing effect of GABA (10 .4 M) on primary afferents and intensified its hyperpolarizing effect on 
raotoneurons (Fig. I). Chlordiazepoxide itself (10 -4 M) did not change the level of primary afferent polariza- 
tion but induced weak depolarization and intensified spontaneous activity of raotoneurons. The effect of chlordi- 
azepoxide on raotoneurons was not direct, for it was not exhibited when synaptic transmission in the spinal cord 
was blocked (Fig. I). 

The GABA-potentiating effect of chlordiazepoxide depends on its concentration (Fig. 2). Since Hill's in- 
dex was I, interaction of chlordiazepoxide with the benzodiazepine receptors in membranes of the primary af- 
ferents and raotoneurons followed the course of a raonoraolecular reaction, in agreement with data obtained by 
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Fig. 2. Dependence of GABA-potent iat ing effect  of chlordiazepoxide 
on i ts  concentra t ion.  A) Dependence of e lec t ro tonic  potent ia ls  of  
ven t ra l  ( c i rc les )  and dorsa l  ( t r iangles)  roo ts ,  evoked by action of 
a constant  concentra t ion  of GABA (10 -4 M), on concentra t ion  of 
chlordiazepoxide.  Absc i s sa ,  concentra t ion  of chlordiazepoxide (in 
M); ordinate ,  e f fec t  (in pe rcen t  of m a x i m a l ) .  B) I ~ g a r i t h m  of con-  
cent ra t ion  v e r s u s  effect  of GABA curves  plotted f r o m  values  of 
depolar iza t ion  of dor sa l  roots  induced by GABA in the absence  
(1) and p r e s ence  of chlordiazepoxid e in concentra t ions  of 10 -5 M 
(2), 10 -4 M (3), and 10 -~ M (4). Absc i s sa ,  GABA concentra t ion 
(in M); ordinate ,  ef fect  (in mV).  
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Fig. 3. Effect  of changes in ionic medium on GABA-potent iat ing 
ef fec ts  of chlordiazepoxide.  Responses  of p r i m a r y  a f fe ren ts  (A) 
and motoneurons  (B) due to action of GABA (10 -4) in absence  
(unshaded columns)  and in p r e sence  (shaded columns) of ch lord i -  
azepoxide (10 -4 M) with d i f ferent  Ca++ion concent ra t ions .  P r i -  
m a r y  a f fe ren t  depolar iza t ion  due to action of GABA (10 -4 M) in 
absence  and in p r e s ence  of picrotoxin in concentra t ion of 10 -6 M 
(C) and with di f ferent  C1- ion concentra t ions;  in absence  and in 
p r e s ence  of chlordiazepoxide (D) with d i f ferent  K + ion concen-  
t ra t ions  in medium.  Absc i s sa ,  concentra t ion of ions in medium 
(in mM);  ordinate ,  A, C, D, B - magnitude of depolar iza t ion  (in 
mV).  

the radiol igand method [3]. Converse ly ,  in terac t ion  of GABA with GABA r e c e p t o r s  in p r i m a r y  af ferent  m e m -  
b ranes  took place coopera t ive ly  (Hil l ' s  index n H =  1.7). The logar i thm of concentra t ion  v e r s u s  effect  of GABA 
curves  were  shifted to the lef t  pa ra l l e l  to the or iginal  curve  in the p r e s e n c e  of chlordiazepoxide (Fig. 2B) and, 
consequently,  coopera t iveness  of in te rac t ion  between GABA and GABA r e c e p t o r s  was not changed by ch lord i -  
azepoxide.  This  ru les  out the poss ib i l i ty  of in te rac t ion  between chlordiazepoxide and the aUos te r i e  region of 
the GABA r e c e p t o r s .  The fact  that the m a x i m u m  of the GABA effect  r ema ins  constant  in the p r e s e n c e  of d i f f e r -  
ent concentra t ions  of chlordiazepoxide (Fig. 2B) cont radic ts  the view [2, 8] that benzodiazepines  have an in-  
hibi tory effect  on GABA-modulin function. 

Meanwhile the GABA-potent iat ing effect  of ehlordiazepoxide depended essen t i a l ly  on the C1- ion eoncen-  
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t ra t ion in the solution surrounding the spinal  cord (Fig. 3). The GABA-potent iat ing ef fec t  of chlordiazepoxide,  
detectable  in the p r e s e n c e  of a no rma l  concent ra t ion  of C1- ions (124 raM), i nc rea sed  with a r i s e  (165 raM) and 
d e e r e a s e d  with a fall (83-42 raM) in the eoneentra t ion  of these ions (Fig. 3A, B). Pierotoxin,  antagonism of 
which with GABA is due to blockade of chlor ide ionophores  coupled with GABA r e c e p t o r s  [13], a lso depends on 
the chlor ide  concent ra t ion  in the medium,  but i ts  blocldng effeet  is intensif ied with a fall in the C1- ion concen-  
t ra t ion (Fig. 3C). This  sugges ts  that the GABA-potent ia t ing effect  of chlordiazepoxide  is due to its d i r ec t  in- 
fluence on ehlor ide  ionophores  coupled with GABA r e c e p t o r s .  

A d e c r e a s e  in the K § ion eoneentra t ion to 0.2 mM or  an i nc rea se  in the i r  concentra t ion  to 10 mM in-  
e r ea sed  o r  d e c r e a s e d  (by 507 ) r e spec t i ve ly  the depolar iz ing  effect  of GABA on p r i m a r y  a f fe ren t s  (Fig. 3D), 
but did not change the GABA-potent iat ing effect  of ehlordiazepoxide,  which at all K § concentra t ions  amounted 
to 45-5ff~ of the value of depolar iza t ion .  Consider ing that  the GABA-potent iat ing effect  of  chtordiazepoxide,  by 
con t ra s t  with the ef fee ts  of GABA, is independent of the initial m e m b r a n e  potential  level  ( a f fe ren t s ) ,  it can be 
tentat ively sugges ted  that chlordiazepoxide,  acting on chlor ide ionophores,  changes not so much the conduc-  
tanee of the single ehlor ide  channel as the durat ion of its open s tate ,  for the l a t t e r  depends to a fa r  l e s s e r  de-  
g r e e  than conductance of the ehannel on the cell  m e m b r a n e  potential  level  [ 11]. 

Chloride ionophores,  coupled in the nerve  cell  m e m b r a n e  with GABA r e c e p t o r s ,  a re  thus the t a rge t s  for  
the p r i n m r y  action of benzodiazepine t ranqui l i ze r s .  The l a t t e r  evidently i nc rea sed  the durat ion of the open 
s ta te  of chlor ide channels  which depends on the action of GABA on GABA r e c e p t o r s .  
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