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Changes produced by diazepam in the effects of T-aminobutyr ic  acid (GABA), applied mic ro -  
iontophoretically to neurons of the rabbit  sensomotor  cortex, were investigated. Diazepam 
was shown to strengthen the inhibitory action of GABA on spontaneous unit activity and to 
prolong the effect of GABA on the duration of the inhibitory pause in unit responses  to 
afferent stimulation and to di rect  cor t ica l  stimulation. Diazepam did not change unit 
responses  to microiontophoret ical ly  applied glycine, glutamate, or acetylcholine. It is 
suggested that diazepam increases  the sensit ivity of the receptors  of the postsynaptic m e m -  
brane of neurons to GABA. 
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The study of r ecovery  cycles  of interzonal responses  of the cat motor  cor tex has shown that diazepam 
strengthens inhibition in the cor tex [2, 12]. This phenomenon may lie at the basis of the anticonvulsant and 
tranquilizing action of the preparat ion.  Muscle relaxation and ataxia produced by diazepam are evidently due 
to the strengthening of different types of inhibition in the spinal cord [ 5, 11], cerebel lum [ 3], and s t r iopal l i -  
dary sys tem [5].  

In the modern view, presynaptic  inhibition in the spinal cord and postsynaptic inhibition in supraspinal  
regions of the CNS are mediated by T-aminobutyr ic  acid (GABA) [7] .  

The object of this investigation was to study the effect of diazepam on inhibitory effects of GABA applied 
microiontophoret ical ly  d i rec t ly  to single neurons in the rabbit sensomotor  cortex.  

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

Exper iments  were ca r r i ed  out on 15 adult rabbi ts  (2.5-3 kg) under conditions of s tereotaxic  immobi l iza-  
tion and relaxation (diplacin*, 5 mg/Zkg, intravenously) and art if icial  respirat ion.  Action potentials of senso-  
motor  cor t ical  neurons were recorded  ext racel lu lar ly  in the focus of maximal  activity, located previously by 
single st imulation of the cont ra la te ra l  sciatic nerve (square pulses,  0.1 msec ,  0.5-1.5 V). The cor t ical  surface 
was stimulated direct ly  through a bipolar nichrome electrode placed 2 mm caudally to the record ing  point 
(diameter of e lectrode 0.1 ram, in tere lec t rode distance 0.2 mm; square pulses 0.1 msec ,  5-20 V). The f re -  
quency of the stimulating pulses for afferent  and cor t ical  stimulation was 0.5 Hz. 

Seven-barre led  glass micropipets  were used; the central  bar re l ,  filled with 3 M NaC1, served to record  
unit activity. The side ba r r e l s  were filled with the following agents: GABA (1 M, pH 3.0), glycine (1 M, pH 
3.5), acetylcholine-HCl (1 M, pH 4.0), and sodium L-glutamate  (1 M, pH 7.0). Glutamate was removed f rom 
the micropipet  by a cur ren t  of negative polari ty,  a l l  the other agents by a cur ren t  of positive polarity.  The 
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holding c u r r e n t  was 16 nA. One of the s ide b a r r e l s  was f i l led with 3 M NaC1 and was used to apply a voltage 
of opposi te  sign to the ce l l  m e m b r a n e  in o r d e r  to prevent  the po la r i za t ion  effect of the c u r r e n t  removing  the 
agent. 

Spontaneous (60 sec) unit ac t iv i ty  and act iv i ty  evoked (60 sec) by s t imula t ion  of the sc ia t i c  nerve or  c o r -  
t ica l  su r face  were  r e c o r d e d  f i r s t .  Changes in the two types of ac t iv i ty  were  then studied during mic ro ion to -  
phore t ic  appl ica t ion  of GABA or  the o the r  agents  (duration of appl icat ion 60 sec).  Diazepam (Seduxen, Gedeon 
Richter)  was then injected in t ravenous ly  in a dose of 1 m g / k g  over  a per iod  of 1 rain.  Spontaneous and evoked 
unit ac t iv i t i e s  were  then r e c o r d e d  again,  as  wel l  as  the changes in both types of ac t iv i ty  under the in-  
f luence of GABA. Action poten t ia l s  of neurons and synchronized  s t imula t ion  'pu lses  were  r e c o r d e d  on 
two t r a c k s  of magnet ic  tape.  To analyze  the data  each act ion potent ia l  was t r a n s f o r m e d  into a s tandard  
quantum of voltage;  each subsequent  quantum was added to i ts  p r e d e c e s s o r  (code to analog convers ion) .  
Synchronous summat ion  of 30 cuts of unit  act ivi ty ,  640 or  1280 msec  long (At  = 2.5 or 5 msec)  were  synchro-  
nously summed by the Ne i ron - I  spec ia l i zed  compute r  (with the Biocode-I) .  As a r e su l t ,  the unit ac t iv i ty  de -  
l ive red  to the KSP-4  po ten t iomete r  cons i s ted  of a continuous line, the slope of which r e l a t ive  to the t ime axis  
was d i r ec t l y  p ropor t iona l  to the d i scha rge  f requency of the neuron. 

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 typical  effect of GABA on spontaneous sensomoto r  co r t i ca l  unit ac t iv i ty  is i l l u s t r a t ed  in Fig .  1A. 
The reduct ion  in the grad ien t  of the curve  indica tes  an inhibi tory  act ion of GABA. Depres s ion  of spontaneous 
act ivi ty ,  ca lcu la ted  f rom the d e c r e a s e  in the ord ina te  of the las t  point of the curve ,  was 36% (spontaneous ac -  
t ivi ty  before  GAPA appl icat ion was taken as 100%). The s t rength  of the applying c u r r e n t  was chosen to be 
adequate for  mani fes ta t ion  of the min ima l  inhib i tory  effect  of GABA. After  in t ravenous  inject ion of d iazepam 
(1 mg/kg)  some d e c r e a s e  in the spontaneous d i scha rge  f requency was obse rved ,  but GABA applied to the cel t  
by a cu r r en t  of the p rev ious  s t reng th  caused a s t ronge r  inhibi tory  action (82%) than before  admin i s t r a t ion  of 
d iazepam (Fig. 1C). 

The unit r e sponse  to e l e c t r i c a l  s t imula t ion  of the sc ia t i c  nerve  (Fig. 1B) cons is ted  of an i n c r e a s e  in the 
d i scha rge  f requency of the cel l ,  aga ins t  the background of which a shor t  (30 msec)  inhibi tory  pause could be 
seen (the por t ion of the curve  p a r a l l e l  to the absc i s sa ) .  The durat ion of the inhibi tory  pause was inc reased  a 
l i t t le  by GABA appl icat ion (to 50 msec) .  

Af ter  admin i s t r a t ion  of d iazepam the r e sponse  to af ferent  s t imula t ion  was reduced and the durat ion of 
the inh ib i tory  pause inc reased .  Appl icat ion o f  GABA agains t  the background of d iazepam led to a marked  ad-  
di t ional  i n c r e a s e  in the dura t ion of the inhibi tory  pause  (up to 150 msec) ,  to  the r e m ova l  of al l  neuronal  d i s -  
cha rges  f rom it, and to d e p r e s s i o n  of the phase  of pos t inh ib i to ry  exci ta t ion (Fig. 1D). 

The r e s u l t s  of a s i m i l a r  invest igat ion of the effect  of GABA on inhibit ion of another  neuron evoked by 
d i r e c t  s t imula t ion  of the co r t i ca l  su r face  a re  shown in Fig .  2. In r e sponse  to c o r t i c a l  s t imula t ion  an inhibi tory 
pause 50 msec  in durat ion appeared  in the unit ac t iv i ty  (Fig. 2B). GABA, appl ied with a c u r r e n t  of 10 nA, did 
not change the r e sponse  of the neuron to c o r t i c a l  s t imula t ion .  After  in t ravenous  inject ion of d iazepam the in -  
h ib i tory  pause was lengthened to 200 msec (Fig. 2D). Microiontophoretic injection of GABA 9 min after injec- 
tion of Seduxen caused a further increase in the duration of the inhibitory pause to 740 msec. A marked in- 

crease in the duration of the inhibitory pause in response to GABA application still remained41 rain after the 

injection of diazepam, when its potentiating action on the inhibitory pause had ended (Fig. 2F). Just as in the 

experiments whose results are shown in Fig. i, strengthening of the inhibitory effect of GABA on spontaneous 
unit activity was observed after injection of diazepam (Fig. 2A, C, E). 

It is a noteworthy fact that in most experiments GABA had a long aftereffect after the injection of diaze- 

pare. This was expressed as a slow return (over several minutes) of the spontaneous and evoked unit activity 

to its original (before application) level after removal of the applying current (Fig. 2, C-F). Usually (without 

diazepam) unit activity returned to its initial level within a few seconds after discontinuing the current re- 
moving GABA. 

These results are evidence of the synergic inhibition of spontaneous unit activity in the sensomotor cor- 

tex by diazepam and GABA. Diazepam also can potentiate the inhibitory action of GABA on spontaneous ac- 
tivity. On the other hand, diazepam increased the duration of the inhibitory pause in unit responses to afferent 

and d i r ec t  co r t i ca l  s t imula t ion  and a lso  potent iated the prolonging action of GABA, applied m i c r o i on t op ho re t i -  
cal ly,  on the durat ion of the inhibi tory  pause.  The inhibi tory  pause a r i s e s  as a r e s u l t  of ac t ive  pos tsynapt ic  
inhibit ion [ 8]. This  inhibit ion has been shown to be media ted  by GABA [4, 9, 10]. Diazepam thus evident ly  
f ac i l i t a t e s  the phys io log ica l  act ion of endogenous GABA sec re t ed  in the c o r t i c a l  inhibi tory  synapses .  
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Fig. 1 Fig. 2 

Fig. 1. Effect of microiontophoret ic  application of GABA on spontaneous activity of a senso-  
motor  cor t ical  neuron and on activity evoked by afferent stimulation, before and after  admin- 
is t rat ion of diazepam: A) effect of GABA (25 nA) on spontaneous unit activity before diazepam; 
C) the same,  27 min after  intravenous injection of diazepam (1 mg/kg).  B) Effect of GABA 
(25 nA) on unit activity evoked by sciatic nerve stimulation (0.5 V) before diazepam; D) the 
same,  28 min after diazepam. Ordinate, number of action potentials of neuron; abscissa ,  
t ime (in msec).  Synchronous summation for 30 applications. 1) Unit activity before, 2) dur-  
ing, and 3) after  GABA application. Arrow pointing upward marks  beginning of inhibitory 
pause, ar row downward marks  end of inhibitory pause. Remainder  of explanation in text. 

Fig. 2. Effect of microiontophoret ic  application of GABA on spontaneous unit activity and 
activity evoked by e lec t r ica l  st imulation of cor t ica l  surface before and after  diazepam. 
A) Effect of GABA (10 nA) on spontaneous unit activity before injection of diazepam; 
C) the same 8 min after  intravenous injection of diazepam (1 mg/kg);  E) the same 41 rain 
after diazepam. B) Effect of GABA on unit response  evoked by e lec t r ica l  stimulation of 
cor t ical  surface (5 V) before diazepam; D) the same 9 min after  injection of diazepam; 
F) the same 42 rain af ter  diazepam. Remainder  the same as in Fig. 1. 

To explain the specificity of the intervention of diazepam in GABA-ergic  inhibitory p roces se s  the sens i -  
tivity of cor t ical  neurons to cer tain other media tors  was investigated. Neither the inhibitory action of glycine 
nor the exci tatory action of glutamate and acetylcholine on spontaneous cor t ical  unit activity was found to be 
significantly changed after the injection of diazepam. These findings conflict with the connection between the 
pharmacological  effects of diazepam and potentiation of the inhibitory action of glycine postulated by Young 
et al. [ 13]. They suggest  that the inhibitory effect of diazepam on cor t ical  unit activity is not due to blocking 
of the exci tatory effect of acetylcholine and glutamate. Diazepam itself is evidently a hyperpolar iz ing agent 
capable of substantially modifying the ionic permeabi l i ty  of the neuron membrane .  

Inhibition of spontaneous activity may thus be connected with the potentiating effect of diazepam on back- 
ground inhibitory GABA-ergic influences which, in conjunction with background exci ta tory influences, de te r -  
mine the level of spontaneous unit activity at each concre te  moment of time. 

The prolonged aftereffect  of GABA during the action of diazepam mentioned above is evidence that d iaze-  
paln slows the removal  of GABA from the si tes of its action. However, diazepam has been shown to have no 
marked effect on the reass imi la t ion  Of GABA by synaptosomes [ 1, 6]. The other mechanism of GABA inacti-  
vation, namely enzymatic  t ransaminat ionbyo!-ke toglu tara te -GABA-t ransaminase ,  is blocked only by very large 
doses of diazepam, unsuitable for use both in the present  experiments  and in clinical pract ice  [2].  

The most  logical suggestion f rom the wr i t e r s '  point of view is that diazepam sensi t izes  cor t ica l  neurons 
to natural ly secre ted  GABA by increas ing the sensit ivity of the GABA recep to r s  of the postsynaptic m e m -  
brane and, possibly, by its effect on the molecular  mechanisms determining the duration of interaction between 
GABA and receptor .  
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ROLE OF SURFACE PHENOMENA IN THE MECHANISM 

OF ACTION OF ANTIARRHYTHMIC DRUGS 

N. T. Pryanishnikova, V. M. Samvelyan, 

and Zh. A. Dyadyura 
UDC 615.22.015 

Surface act ivi ty  of an t ia r rhy thmic  drugs and their  effect  on l ipid-containing in te rphases  were  
studied. Compound No. 7351 (diethylaminopropyl  e s t e r  of d iphenyl isopropylacet ic  acid), 
Fubromegaa ,  methyldiazine,  propranolo l ,  quinidine, novocainamide,  xylocaine,  and t r imeca ine  
were  shown to be sur face  active.  The cu rves  of sur face  act ivi ty and, in pa r t i cu la r ,  of in te r -  
phase act ivi ty and those of ant iarrhYthmic action follow para l l e l  courses .  The mos t  active 
an t ia r rhy thmic  compound (No. 7351) increased  the e lec t r i ca l  conductivity of a lecithin bi-  
l aye r  m e m b r a n e  much m o r e  s t rongly  than novocainamide.  

KEY WORDS: phys icochemica l  p roper t i e s ;  sur face  activity; ar t i f ic ia l  b i layer  lipid 
membrane ;  an t i a r rhy thmic  drugs.  

The phys icochemica l  and co l lo id -chemica l  p rope r t i e s  of neurot ropic  drugs (local anes thet ics ,  na rco t i c  
ana lges ics ,  etc.) a re  known to play an impor tan t  role in the mechan i sm of their  action [2 -9] .  At the same  
t ime it has been suggested that in teract ion with the m e m b r a n e  is of grea t  impor tance  in the m e c h a n i s m  of ac -  
tion of an t ia r rhy thmic  drugs [ 1, 14, 15]. 

It was accordingly decided to study the role  of sur face  phenomena in the action of an t i a r rhy thmic  drugs. 
The connection between the pharmaco log ica l  action of an t ia r rhythmic  drugs and their  su r face  act ivi ty and their  
effect  on l ipid-containing in te rphases  (a lecithin bi layer)  was investigated.  
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