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An oriented search  for drugs capable of acting on immunological  react iv i ty  is an urgent  task in modern 
immunopharmacology.  The role of cholinergic and adrenerg ic  sys tems  in mechanisms  of regulation of immune 
responses  has recent ly  been establ ished [4]. There  is information in the l i te ra ture  on the effect of serotonin-  
ergic  and dopaminergic p rocesses  on immunogenesis  [ 1, 3]. The presence  of adrenorecep tors  and acetylcho-  
line recep tors  in lymphoid t issue has also been demonst ra ted  [2]. These data, as well as the fact that GABA is 
one of several  neuromedia tors  [11], provided a basis for  the suggestion that a connection may exist  between 
the functional state of the GABA-ergic  sys tem and immune responses .  

This paper  gives the resul ts  of a comparat ive  study of the effect of severa l  GABA-ergic  substances on 
formation of the humoral  immune response.  

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

Experiments  were ca r r i ed  out on 144 CBA albino mice weighing 18-20 g. One of the following p repa ra -  
tions was injected int raper i toneal ly  into the animals:  GABA (from Reanal, Hungary) in a dose of 100 mg/kg,  
the cetyl es te r  of GABA (CE GABA) in a dose of 20 mg/kg,  sodium hydroxybutyrate  (HOBA) - 300 mg/kg,  and 
sodium valproate - 250 mg/kg.  To block GABA recep tors ,  bicuculline (from Sigma, USA) was injected sub- 
cutaneously in a dose of 2 mg/kg.  In the control ser ies ,  instead of the test  substance, physiological saline was 
injected into the mice. The animals received one of the above GABA-ergic  substances simultaneously with in- 
jection of the tes t  antigen and during 2 days af ter  immunization. A suspension of sheep ' s  red  blood cells in a 
dose of 1.5 x 108/10 g body weight served as the test antigen. The number of antibody-forming cells (AFC) in 
the spleen was determined on the 5th, 7th, and 9th days after antigenic loading by the method in [ 10] (Table 1). 
To determine the direct effect of the preparations on lymphoid cells a suspension of mouse splenoeytes was 
incubated for I h at 37 ~ in Hanks' medium, after which the number of viable cells was determined by the try- 

pan blue test. 

E X P E R I M E N T A L  R E S U L T S  

Injection of substances potentiating GABA-ergic  inhibition was accompanied by marked depress ion of the 
AFC population in the spleen. There  were only slight dif ferences  in the degree of immunodepress ion induced by 
the various substances.  For  instance, af ter  injection of GABA the most  marked decrease  in the number  of im-  
munoglobulin-producing class  M cells was observed in the spleen, which at the height of the immune response  
amounted to only 43.6 % of the control  level. CE GABA inhibited the p r i m a r y  immune response less  strongly,  
as shown by a mean reduction of not more  than 40.1~ in the number  of AFC. 

An inhibitory effect on immunogenesis  also was observed in the experiments  with HOBA, in which the 
AFC population on the 5th day after injection of the test  antigen into the animals was reduced by 67.3% com-  
pared with the control.  

Reduction of the immune response also occur red  in the experiments  with sodium valproate,  which, in the 
dose used, can increase  the functionally significant GABA mediator  r e s e r v e s  [ 13]. Injection of this substance 
was followed by a reduction in the number of AFC in the spleen by 58.3% of the control  value. 
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TABLE 1. Number of AFC of Mice Receiving 
GABA-ergic  Substances (M i m) 

Preparation 

Time after immunization, days 

5 7 9 

Control 32 288,9_+31,3 93,2_+7,4 25,9-+6,4 

24 
20 
25 
20 

22 

GABA 
CE GABA 
HOBA 
Sodium 

valproate 
Bicuculline + 
GABA 

12~,l_+_ 18,3t 
1 I5,84-27,25" 
8:3,6-+ 17,7t 

123,5-+ 12,7t 

I08,6-+11,2# 

39,0• ~ 18,04-4,5 
31,I+4,7# 2I,i-4-5,1 
26,62r 5,4t I 16,t~-3,4 
34,5~ 3,5 j" } 18,2-+4,3 

46,6_+8,3* 121,74-2,7 

*P < 0.01. 
f P  < 0.001. 

Allowing for data in the l i tera ture  on the temporal  cha rac te r i s t i c s  of the immune response to adminis t ra -  
tion of drugs [51, it was considered important  to study the effect of the various test  substances on the kinetics 
of the p r i m a r y  immune response.  These experiments  showed that the maximal  immunodepressant  effect of the 
drugs was recorded  on the 5th day, i.e., at the peak of the immune response,  and it was much weaker on the 
7th day of immunogenesis .  

Comparison of these resul ts  with data in the l i te ra ture  on the neurotropic  activity of the drugs in the 
doses now used indicates the important  role of per ipheral  mechanisms in the development of the changes tak- 
ing place. Fi rs t ,  this is confirmed by the absence of significant differences in the intensity of the immunosup- 
press ive  effect of drugs which penetrate poorly (GABA) or  relat ively bet ter  (HOBA, CE GABA) through the 
b l o o d - b r a i n  ba r r i e r .  Second, the hypothesis of the important  role of per ipheral  mechanisms of inhibition of the 
immune response by the test  substances is confirmed by compar ison  of their immunotropic and neurotropie 
activity. For  instance,  CE of GABA and HOBA, unlike GABA (100 mg/kg) ,  in the doses tested caused a marked 
central  depressan t  effect [6]. Meanwhile GABA, according to the data cited above, is indistinguishable in the 
degree of its immunodepressant  activity from CE GABA and HOBA. 

The concre te  mechanisms  of the inhibitory action of GABA-ergic  drugs on antibody format ion are  not yet  
completely c lear .  It has been shown that a fall in the number of AFC in the spleen is not due to the d i rec t  cyto-  
toxic action of the drugs on lymphoid cells.  Incubation of a suspension of splenocytes withthe addition of even high 
concentrat ions of the test drugs (1 • 10 -2 to 3 • 10 -2 M) to the medium did not change values obtained in the 
test with trypan blue. 

In recent  years  much attention has been paid to interaction between drugs and the surface s t ruc tures  of 
immunocompetent  cells [71. A special  se r ies  of experiments  was car r ied  out to analyze the immunotropic ef-  
fect of GABA after  blockade of the GABA recep tors  by bicuculline. The dis turbances of immunogenesis  were 
found to be in the same direct ion as those found after  administrat ion of GABA alone. The only difference was 
the ra ther  weaker inhibition of the immune response  when the substances were given simultaneously.  The pos-  
sibility cannot be ruled out that the absence of any more  marked differences in the experiments  with GABA 
alone and with a combination of GABA and bieuculline is due to the transient  nature of the effect of the lat ter  
agent. In this connection attention in drawn to r e s e a r c h  which showed that bicuculline, because of the short  
duration of its action, does not completely abolish the central  depressant  effect if adminis tered simultaneously 
with cer tain GABA-ergic  substances [81. An al ternative explanation may be the view that GABA exerts  its im-  
munodepress ive  effect  indirect ly through recep tors  insensitive to bicuculline. Data in the l i tera ture  on the 
heterogenei ty of GABA recep tors  [ 121 allow a s imi la r  interpretat ion of the resul ts  of the ser ies  of exper i -  
ments in which GA BA was used in combination with bicuculline. 

The emphasis  on the important  role of per ipheral  mechanisms in the manifestat ion of the immunotropic 
action of GABA-ergic  substances in no way rules out the possibil i ty of mediation of the effect of these drugs 
through central  neurohumoral  stages in the regulation of immune homeostas is  [9I. 

The resul ts  descr ibed  above are  evidencethat  immunogenesis  is definitely dependent on the state of the 
GABA-ergie  sys tem and the immunodepress ive  effect of substances potentiating GABA-ergic  inhibition. 
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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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