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Many workers in recent years have stated that benzodiazepine tranquilizers potentiate the inhibitory 
effects of gamma-aminobutyric acid (GABA) ir~the cerebral cortex [5], cerebellum [8], and corpus striatum 
[10]. This property of the benzodiazepine tranquilizers has been analyzed at the neuronal [13] and receptor 
[9] levels. However, the role of the GABA-ergic mechanism in the realization of the inhibitory effects of 
the tranquilizers in the whole organism has so far received little study. Accordingly it was decided to study 
the effect of phenazepam [1], a tranquilizer of the benzodiazeine class, in conjunction with GABA-ergie agents 
with different types of action on one of the principal manifestations of nervous activity, namely impulse sum- 
mation in the CNS. The phenomenon of impulse (excitation, nervous stimulus) summation in the CNS, which 
was discovered by Sechenov in 1863, lies atthe basis of manifestations of brain activity such as memory, 
learning, behavior, and emotions. That this parameter is adequate for the study of the functional state of 
the CNS has been demonstrated in investigations of drugs of different classes [14]. 

Because of the lack of data on the effect of GABA-ergic agents on impulse summation, in the investiga- 
tion described below a series of GABA-ergic analyzers and a representative of the benzodiazepine class 
(phenazepam) were studied from this aspect. 

EXPERIMENTAL ME THOD 

Experiments were carried out on 25 male rabbits weighing 2.8-3.0 kg. The principle of the method 
elaborated by the wrilers is determination of the number of consecutive electrical stimuli of an assigned 
amplitude (in volts) and with a duration of I0 msec, applied at an interval of 0.5 see to the skin of the rabbit's 
hind limb, to which a motor response in the form of flexion of the corresponding limb arises. During the 
experiment the animal is kept in a special hammock with four holes for the limbs. 

As the writer showed previously phenazepam, injected intravenously in doses of 0.I mg/kg and upward, 
has a depriming effect on impulse summation in the CNS, although in smaller doses (0.01-0.001 mg/kg) R 
potentiates impulse summation, reflecting its stimulant effect. 

In the present investigation phenazepam was used in doses of 0.1 mg/kg or more, in which it potentiates 
GABA-ergic inhibition. The drug was injected intravenously as a solution made up in a mixture of polyethylene 
glycol and ethyl alcohol (4:1). 

As drugs weakening the effect of GABA, i.e., GABA-negative drugs according to the classification sug- 
gested previously [7], we used thiosemicarbazide (TSC), a compound which prevents GABA formation by de- 
pressing glutamate decarboxylase activity, and bicuculline, which blocks postsynaptic GABA receptors. TSC 
was injected subcutaneously in a dose of 2-3 mg/kg or intravenously in a dose of 1 mg/kg, bicuculline in a 
dose of 0.2 mg/kg subcutaneously or 0.05 mg/q~g intravenously, i.e., in the minimal doses in which they did 
not cause con~xttsions but, judging from the results of electrophysiological experiments [4, 5], they weaken 
the intensi ty,  f GABA-ergic inhibition. Considering the latent period of action of TSC (mean 70-90 rain), it 
was injected 30 rain before phenazepam. Bicueulline was injected when the effect of phenazepam had begun. 
Considering the data given above, showing that benzodiazepine tranquilizers potentiate GABA-ergic inhibition, 
i.e., that they have a GABA-positive effect according to the classification [7], another GABA-positive compound 
was studied, namely depakine (n-dipropyl acetate, valproate), which causes GABA to accumulate in brain tissue 
as a result of inhibition of the activity of a-ketoglutarate-GABA transaminase, which catalyzes inactivation of 
GABA [12]. Depakine was injected intraperitoneally with Tween-80 in doses of 100-200 and 300 mg/kg. 
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Fig .  I .  Effect  o f  phenazepam and bieucul l ine on impulse  summat ion  in rabbit CNS, 
A b s c i s s a ,  t ime  (in rain); ordinate,  number of  s t imul i  evoking f l exor  r e s p o n s e  of 
hind l imb.  Arrow indicates inject ion of  drugs.  

Fig ,  2. Ef fect  o f  TSC on ef fect  of  phenazepam as  shown by impulse  summat ion  tes~~ 
Legend as to Fig. I. 
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Fig. S. Effect of depakine on effect of phen- 
azepam as shown by impulse summation 

test. Legend as to Fig. I. 
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E X P E R I M E N T A L  R E S U L T S  

Phenazepam in a dose of 0.1-0.3 mg/kg raised the threshold of the motor response; in some animals 
only the threshold of the response to stimuli of minimal amplitude was raised, and in some rabbits, when the 
effect of phenazepam was stronger,  impulse stunmation was completely suppressed whatever the amplitude 
of the stimuli used. With an increase in the dose of phenazepam to 0.5-1.0 mg/kg, summation of subthreshold 
stimuli was inhibited in all animals. Bicuculline weakened the depriming effect of phenazepam relative to 
impulse summation (Fig. 1); usually the response to stronger stimuli was res tored to begin with, followed by 
that to minimal stimuli. In the doses mentioned above TSC prevented the development of the effect of phen- 
azepam on impulse sununation (Fig. 2). TSC and bicucultine had a s imilar  antagonistic effect on impulse 
summation when weakened by diazepam. Depakine, in a dose of 300 mg/kg, completely suppressed impulse 
summation and usually it did not recover  before the end of the experiment (the duration of which was limited 
to 2 h in order  to avoid fatiguing the rabbit). Prel iminary injection of TSC completely prevented this effect 
ofdepakine. Bicuculline quickly abolished the effect of depakine on impulse summation. Depakine in a dose 
of 150-200 mg/kg caused shor t - term (15-20 rain) weakening of impulse summation, but in a dose of 100 mg/kg 
it caused no change whatever in impulse summation. Phenazepam in a subthreshold dose (0.25 mg/kg), com- 
bined with an ineffective dose of depaldne (100 mg/kg) caused marked weakening of impulse summation, which 
showed no tendency to recover  even at the end of 2 h {Fig. 3). 

The results show that pheuazepam and diazepam, like depakine, in the doses stipulated weaken impulse 
summation in the CNS, and that this effect is abolished by GABA-negative drugs; meanwhile depakine potenti- 
ates the depriming effect of phenazepam on impulse summation. To test  the specificity of the phenomena 
described above diphenylhydantoin, an anticonvulsant with no GABA-positive properties [13], was used. Unlike 
benzodtazepine and depakine, diphenylhydantoin did not weaken impulse summation. Evidence that the changes 
in impulse summation described above are connected with GABA-ergic inhibitory mechanisms and not with a 
nonspeeff[c change in the level of excitability of the brain is given by the fact that bicuculline, in the present 
experiment, did not abolish the weakening of summation caused by chlorpromazine (0.1 mg/l~g) and that caffeine 
(1 mg/kg) did not abolish the effect of phenazepam. 

The data described above can be interpreted from the standpoint of "postactivation potentiation," defined 
as a "prolonged increase in the transmitting power of the synapses" [11]. After-hyperpolarization is a factor 
which prevents this facilitation. Considering that GABA can hyperpolarize the postsynaptic membrane, and 
also that benzodfazepines increase the sensitivity of the postsynaptic membrane to GABA [3] and delay its in- 
activation [2, 5], it can be tentatively suggested that these effects a re  the cause of the ability of GABA-positive 
drugs to weaken impulse summation as was found in the present  experiments.  The fact that phenazepam has 
a selective effect on impulse summation, the similarity between phenazepam and diazepam, on the one hand, 
and depakine on the other, the antagonism of the drugs mentioned above with bicuculline and TSC, and the syn- 
ergism between depakine and phenazepam are evidence that the effects of the benzodiazepines described above 
are  connected with potentiation of GABA-ergic inhibitory processes .  

In addition to data obtained previously by the analysis of the effect of benzodiazepines on a model of 
conflict behavior [6] and of isolation s t ress ,  the present investigation of a fundamental manifestation of nervous 
activity such as impulse summation thus yielded fresh evidence of the participation of a GABA -ergic com- 
ponent in the mechanism of the effects of benzodiazepines. 
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Recent  invest igat ions have r evea led  a high density of opiate r e c e p t o r s  and a high concentrat ion of enkeph-  
al ins  in bra in  s t ruc tu r e s  concerned with the cen t ra l  regula t ion of the hemodynamics  [6, 16]. The ro le  of  
endogenous opioid r egu la to r s  in the control  of the ca rd iovascu l a r  s y s t e m  has v i r tual ly  not been invest igated.  
Iso la ted  obse rva t ions  [7, 13] have been made  on anes the t ized  an imals ,  although anes the t ics  a re  known to 
modify  the p r o c e s s e s  of  cen t ra l  regulat ion of the hemodynamics  cons iderab ly  [3], and pa r t  of the anesthet ic  
effect  is  med ia ted  through an opiate  mechan i sm and is abolished by naloxone [4]. 

The aim of the present investigation was to aualyze the hemodynamie effects of leu- and met-enkephalins 
in unanesthetized animals. The structure of baroreceptor reflexes and responses of the cardiovascular system 
to stimulation of hypothalamic emotiogenie zones was assessed. 

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

E xpe rhnen t s  were  c a r r i e d  out on eight unanesthet ized ca ts  under  f r ee  behavior  condit ions.  Aor t i c  and 
venous ca the te r s  were  introduced into the an imals  3-5 days before  the beginning of the expe r imen t s ,  and a 
cannula was introduced into the fourth ven t r ic le  with coordinates  P =11, L = 0, H =--5. Monopolar  n ichrome 
e lec t rodes  150 ~ in d i ame te r  were  introduced with coordina tes  A = 11-14, L = 1-1.5, and H b e t w e e n -  5 and 
+ 3. In the cou r se  of  the expe r imen t  the a r t e r i a l  blood p r e s s u r e  (BP) was m e a s u r e d  on an E M T - 3 4  e l e c t r o -  
m a n o m e t e r  (from E l e m a ,  Sweden), the signal  f rom which was led to an integrat ing RC c i rcu i t  with t ime  con-  
s tant  of 2 sec ,  and f rom it  to an Shchl413 digital vo l tme te r .  Momen ta ry  values of the hear t  r a t e  (HR) were  
de te rmined  by a digital pu l so tachomete r ,  t r i g g e r e d  by the pulse wave of  BP.  To r e c o r d  m o t o r  act ivi ty  the 
an imal  was p laced on the p la t fo rm of a s t r a in  gauge with four  semiconduc tor  Yu-12A t ensome t r i c  r e s i s t o r s .  
The b a r o r e c e p t o r  r e f l ex  was tes ted  by intravenous injection of phenylephrine at the r a t e  of 40 ~ g / k g / m i n .  
The sens i t iv i ty  of the r e f l ex  was de te rmined  as  the ra t io  of the i nc r ea se  in the in te r sys to l ic  in terval  in m i l l i -  
seconds to the i nc rea se  in the sys to l ic  BP in m m  Hg. The p a r a m e t e r s  of  hypothalamic s t imulat ion were  100 
Hz, 2 m s e c ,  2-6 V, for  10 sec.  All p a r a m e t e r s  obtained in analog fo rm were  r eco rded  on the Mingograph-81 
and in digital fo rm on a type 3512 {East Germany)  digital p r in te r .  

Met -  and leu-enkephal ins  synthesized in the l a b o r a t o r y  of peptide synthes is ,  All-Union Cardiologic  Sc i -  
entific Cen te r ,  Academ y  of Medical  Sc iences  of  the USSR, were  d issolved in s t e r i l e  physiological  sal ine in a 
concentra t ion of 100-200 #g  (volume of  fluid injected 100-200 #1) by means  of a m i e r o s y r i n g e .  Opiate r e -  
cep to rs  were  blocked with naloxone (from E ndo Labora to r i e s )  injected in t r ac i s t e rna l ly  in doses  of  50 to 100 
#g .  

EXPERIMENTAL R E S U L T S  

Inject ion of m e t -  and leu-enkephal ins  in a dose of 100 # g  into the fourth vent r ic le  caused  t r ans i en t  h y p e r -  
tension and t achyca rd ia  a f t e r  10-15 sec .  BP re tu rned  to no rma l  a f t e r  1-2 rain but HR fell  (Fig. 1, 2). BP 15- 
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ences  of the USSR. L a b o r a t o r y  of Pept ide  Synthes is ,  Al l -Union Cardiologic  Scientific Cen te r ,  Academy of  
Medical Sciences  of  the USSR, Moscow. Trans la ted  f rom Byul le ten '  ]~ksperLmental 'noi Biologii  i Meditsiny,  
Vol. 91, No. 5, pp. 574-576, May, 1981. Original  a r t i c l e  submit ted  July  18, 1980. 
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