
action on the sodium current can be explained (by analogy with the action of catecholamines and their deriva- 
tives) by their nonspeeific binding with membrane lipids [8]. 
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IONIC DEPENDENCE OF GABA-POTENTIATING EFFECTS 

OF BENZODIAZEPINE TRANQUILIZERS AND HARMAN 

I. I. Abramets and I. V. Komissarov UDC 615.214.22 : 547.891.2].015.2 �9 
615.31 : 547.466.3 

KEY WORDS: spinal cord, GABA, benzodiazepines,  harman,  te t raethylammonium,  4-aminopyridine,  
manganese ions. 

Postsynaptic responses of central neurons evoked by gamma-aminobutyric acid (GABA) are potentiated by 
benzodiazepine tranquilizers [I, 8, 12] and by harman, an endogenous ligand of benzodiazepine receptors [5]. 
The GABA-potentiating action of chlordiazepoxide and harman is similarly dependent on chloride concentration 
in the medium [i, 5], but the GABA-pctentiating action of chlordiazepoxide is ex_hibitedoverthe concentration 
range 10-7-10 -5 M. With a further increase in the harman concentration the GABA-potentiating effect weakens 
as the depolarizing action characteristic of harman, which is connected with blockade of the electrically ex- 
citable K + channels [5], develops. 

Considering that the slow outward potassium and inward calcium electrically excitable currents in spinal 
ganglionic neurons of young rats have a similar time course [6] and the work pattern of receptor-linked ionic 
channels of chemically excitable membranes, besides other factors, depends essentially on the intracellular 
Ca ++ ion concentration [3], it was decided to investigate whether a causal connection exists between the ability 
of harman to block electrically excitable K+-channels and its GABA-pctentiating activity. With this aim, the 
dependence of the GABA-potentiating effects of harman and chlordiazepoxide on the external Ca ++ ion concen- 
tration and their changes under the influence of blockers of electrically excitable K +- and Ca++-ionic channels 
were compared.  
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Fig.  1. Effect of change in ionic medium and of blockers  of e lect r ical ly  excitable channels on GABA 
effects in experiments  on isolated rat spinal cord. Electronic  dorsal  (top t r a c e s  in each pair) or  
ventral  (bottom t races )  root potentials evoked by GABA (1 �9 10 -4 M) during superfusion of spinal cord 
with solution of standard ionic composit ion (1 and 3b) and with var ious  Ca ++ concentrations in super -  
fusing solution (2a 0.5 mM, 3a 10 mM) in the presence  of 2 mM Mn ++ ions (2b, e2, f2) o r  Co ++ ions 
(b4), 4-aminopyridine (2c 0.01 mM, 3c 0.1 raM, 4c 5 raM), TEA (2d 0.5 mM, 3d 10 raM), 0.1 mM 
4-aminopyridine and 2 mM Mn ++ ions (3c) o r  0.5 mM TEA and 2 mM Mn ++ ions (3f). Ar rows  in- 
dicate beginning and end of superfusion of spinal cord with solution containing GABA. Upward devia- 
tion of curve cor responds  to negativity beneath proximal  electrode.  

Fig. 2. Changes in GABA-potentiating action of harman (a) and chlordiazepoxide (b) with different Ca ++ 
concentrat ions in medium and against the background of blockers  of e lectr ical ly  excitable Ca++- (2 
mM Mn ++ ions) and K+-channels (10 mM TEA and 5 mM AP). Top columns show responses  of p r i -  
mary  afferents,  bottom columns - responses  of motoneurons to GABA. Left column of each pair  de- 
notes initial response,  right column shows effect of harman or chlordiazepoxide in a concentration of 
i �9 i 0  - 5  M. 

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

Exper iments  were car r ied  out on the isolated spinal cord of young rats  aged 8-15 days. Electrotonic 
dorsal  and ventra l  root potentials evoked by application of GABA (1 ~ 10 -4 M) to the spinal cord were recorded 
by the method descr ibed previously [2]. 

In the experiments  of ser ies  I e lectronic ventral  and dorsal  root potentials evoked by GABA were studied 
during var ia t ions  in the external  Ca ++ concentration (0.5, 2.5, and 10 mM), and during the action of blockers  of 
e lect r ical ly  excitable calc ium (Mn ++ and Co ++ ions, 2 mM) or potassium channels [ te traethylammonium (TEA), 
0.5 and 10 mM; 4-aminopyridine,  0~ 0.1, and 5 raM]. Superfusion of the spinal cord with solutions containing 
a modified concentrat ion of Ca ++ ions and with addition of blockers  of e lec t r ica l ly  excitable ioric channels con-  
tinued for 20 rain. 

In the experiments  of se r ies  II the GABA-potentiating action of the benzodiazepine t ranqui l izer  chlordi-  
azepoxide (1 - 10 -5 M) was recorded  with different concentrat ions of Ca ++ ions in the solution surrounding the 
spinal cord, and during blockade of e lect r ical ly  excitable K +- or Ca++-channels of the spinal neuron membranes  
by TEA-(10 mM), 4-aminopyridine (5 mM), or  Mn ++ ions (2 raM) respect ively .  

In the experiments  of se r i e s  III the GABA-potentiating action of harman (1 �9 10 -5 M with different Ca ++ con- 
centrat ions in the medium and in the absence and presence  of Mn ++ (2 mM) was investigated. 

The experimental  resul ts  were subjected to stat ist ical  analysis by the usual method. 

EXPERIMENTAL RESULTS 

P r i m a r y  afferent depolarization and hyperpolar izat ion of motoneurons of the isolated rat spinal cord, due 
to GABA, depend on the Ca ++ concentration in the medium. An increase  in the Ca ++ concentration in the solu- 
tion f rom 2.5 to 10 mM reduces responses  of the neurons to GABA and potentiates GABA-induced desensi t iza-  
tion of the neurons (Fig. 1). Conversely,  when the Ca++ concentration in the medium fell to 0.5 mM, the effects 
of GABA increased but the degree of desensit izat ion decreased  (Fig. 1). Blockers  of e lec t r ica l ly  excitable 
Ca++-channels (Mn ++ and Co ++ ions), which potentiate GABA-induced responses  of neurons and reduce thei r  de- 
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sensitization, had a similar action. It can be tentatively suggested that GABA-potentiating effects of low con- 

centrations of Ca ++ ions in the medium, and also of Mn ++ and Co ++ ions, are connected with afall in the intra- 
cellular Ca ++ ion concentration and a change in the work pattern of chloride channels coupled with GABA recep- 
tors (an increase in the mean duration of their open state). Enhancement of chloride-dependent responses of 

acetylcholine when Mn ++ and La +++ ions were present in the external solution, or with a fall in the intracellular 

Ca ++ concentration, has been observed on dialyzed neurons of Limnea stagnalis [4]. Experiments on frog neuro- 
muscular synapses showed a decrease by half in the mean duration of the open state of the ionic channels cou- 
pled with acetylcholine receptors, when the nerve-muscle preparationwas kept in isotonic calcium chloride 
solution [3]. 

Classical  b lockers  of e lec t r ica l lyexci tab le  K+-channels,  namely TEA (0.5 raM) and 4-aminopyridine 
(0.01 and 0.1 raM), also potentiated responses  of p r i m a r y  afferents and motoneurons to GABA (Fig. 1), me-  
diated through a calcium-dependent  mechanism.  An increase  in the TEA and 4-aminopyridine (AP) concent ra-  
tion to 10 and 5 mM respect ive ly  depressed  responses  of p r i m a r y  afferents and motoneurons to GABA (Fig. 
1). Weakening of the effects of GABA and potentiation of desensi t izat ion by high concentrat ions of b lockers  of 
e lec t r ica l ly  excitable K+-channels were probably due to an increase  in the intraneuronal  Ca ++ concentration. 
The GABA-potentiating effects of chloridizepoxide and harman were also found to be dependent on the functional 
state of the e lec t r ica l ly  excitable Ca ++- and K+-ehannels.  

During the action of a solution containing 10 mM Ca ++ ions on the spinal cord the GABA-potentiating action 
of chlordiazepoxide was depressed by a g rea te r  degree than responses  of the neurons to GABA (Fig. 2). A 
s imi lar  resul t  was observed during the action of blockers  of e lectr ical ly  excited K+-channels:  TEA (10 mM) 
and AP (5 raM). On the other  hand, GABA-potentiating action of chlordiazepide was enhanced in medium de- 
ficient in Ca ++ (0.5 mM) and in the presence  of Mn ++ ions (Fig. 2). These facts are  evidence that one of the 
probable mechanisms of the GABA-pctentiating action of chlordiazepoxide may be a fall in the int racel lular  
Ca ++ concentration,  leading to an increase  in the mean duration of the open state of the chloride channels cou- 
pled with GABA receptors .  The ability of benzodiazepines to increase  the duration of the open state of these 
channels has been demonstrated by fluctuation analysis [10, 11]. If benzodiazepines do in fact lower the int ra-  
cellular  Ca ++ concentrat ion in neurons,  they do so in a different way f rom the analogous effect of b lockers  of 
Ca++-channets (Mn ++ or Co++), for  unlike the la t ter  benzodiazepines do not disturb synaptic t r ansmiss ion  in 
the spinal cord [1]. 

The GABA-potentiating action of harman in medium deficient in Ca ++ ions or in the presence  of Mn ++ 
ions, on the other hand, is reduced and enhanced in solution with excess  of Ca ++ ions {Fig. 2). In other words,  
the GABA-potentiating effect of harman is also calcium-dependent,  but this dependence differs f rom the Ca ++- 
dependence of the GABA-potentiating effect of chlordiazepoxide. On the other hand, the charac te r  of dependence 
of the GABA-potentiating action of harman and the GABA-potentiating effect of c lass ical  b lockers  of K+-chan - 
nels (TEA or AP) on the Ca ++ concentrat ion in the medium correspond completely.  The s imi lar i ty  between 
the action of harman and of blockers  of e lectr ical ly  excitable K*-channels is also confirmed by the fact that, 
like TEA and AP, harman in concentrat ions above 10-2 M weakens responses  of neurons to GABA. These facts 
suggest the existence of a causal connection between the GABA-potentiating action of harman and its ability to 
block potential-dependent K+-channels of nerve cells. 

Judging f rom the d i rec t ly  opposite influences of different concentrat ions of Ca ++ ions in the medium and 
blockers  of e lec t r ica l ly  excitable calcium channels on GABA-potentiating effects of chlordiazepoxide and harman, 
the GABA-potentiating action of these substances i s  not based on identical mechanisms,  although these sub- 
stances interact  with high affinity with "benzodiazepine receptors"  [9]. 
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A N A L Y S I S  O F  T H E  M E M B R A N E  E F F E C T S  

S.  A.  M i r z o y a n , *  l}. S.  S e k o y a n ,  
a n d  O.  P .  S o t s k i i  

ON G A N G L I O S I D E S  

UDC 612.822.1 : 547.9 

KEY WORDS: gangl iosides ,  biological  m e m b r a n e s ,  f luorescent  p robes .  

One piece of evidence conf i rming the val idi ty of the concept of neurochemica l  control  over  the ce r eb ra l  
c i rcula t ion [5] was the d i scovery  that gangl ios ides  pos se s s  c e r e b r a l  vasoac t iv i ty  [61. It has been shown that an 
essen t ia l  role  in the effects  of gangl ios ides  on the c e r e b r a l  v e s s e l s  is played by the i r  in teract ion with memb ran e  
s t r u c t u r e s  [7]. 

The a im of this  invest igat ion was to study the effect of gangl iosides  on s t ruc tu ra l  labil i ty of the m e m -  
b r anes .  

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

F luo rescence  s pec t r a  were  recorded  on the MPF-2A spee t ro f l uo rome te r  (Hitachi, Japan) and absorpt ion 
spec t r a  on the VSU2-P spec t ropho tomete r .  If the optical  density of the samples  was over  0.1, the internal  f i l t e r  
effect [9] was taken into account.  The quantum yield of f luorescence  was measu red  by a re la t ive  method [14] 
and shifts of the m a x i m u m  of f luorescence  by a two-wave method [10]. The concentrat ion of the f r ee  and bound 
probe was found by calculat ion [4]. The NO~ ion was used as quencher  of f luorescence .  Access ib i l i ty  of t r y p t o -  
phanyl res idues  for  quenching was calculated by the method in [2], and the eff iciency of energy  migrat ion by the 
method in [1]. H i l l ' s  coefficient was de te rmined  as the tangent of the angle of slope between Atkinson 's  co-  
ord ina tes .  The total  ganglioside f rac t ion  was isolated f r o m  bra in  t i s sue  by the method in [12]. Pur i ty  of the 
gangl ios ides  was ver i f ied  by t h in - l aye r  chromatography .  Human s e r u m  albumin (HSA) f r o m  Reanal (Hungary), 
l iposomes  obtained f r o m  egg leci thin [11], and e ry th rocy te  m e m b r a n e s  isolated f r o m  f r e sh  donor ' s  blood [13], 
were  used.  

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

Gangl iosides  in the initial  per iod of in terac t ion  were  shown to cause some degree  of quenching of f l u o r e s -  
cence of 1-ani l inonaphthalene-8-sul fonate  (ANS), bound with HSA. La te r  invers ion  of the effect was observed,  
to r each  a m a x i m u m  at the 30th minute of contact (Fig. la) .  Quenching of f luorescence  of t ryptophan res idues  
of HSA by gangl ios ides  depended on the incubation t i m e  and the ganglioside concentrat ion (Fig. lb).  A graph  of 
this  re la t ionship,  plotted between Stern - V o l m e r  coordinates ,  was concave in form,  evidence of coopera t iveness  

*Corresponding  m e m b e r  of the Academy of Sciences  of the Armenian  SSR. 

TABLE 1. Changes in Eff iciency of Energy  
Migrat ion under the Influence of Gangl iosides  
(M • m) 

I Gangliosides . 
Donor Acceptor Control ~ 2. I0-' mM 4.10-4 mM 

Tryptophanl ANS / 0,31_+0,02 ] 0,39• 0,37*-0,03 
Tyrosine ~ryptoph~q 0,21• 0.26*_o,03 0,26*_o,02 
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