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The role  of gamma-aminobutyr ic  acid (GABA) in the metabol ism of mammal ian  nerve  t i ssue has been 
demons t ra ted  by many investigations [5, 10-12]. 

GABA is nowadays r ega rded  as the med ia to r  of inhibition, because it sa t is f ies  all the c r i t e r i a  r equ i red  
fo r  med ia to r s  of the CNS [12]. 

Besides  the exis tence  of cent ra l  mechan i sms  of the action of GABA, per iphera l  effects  of this substance 
were  d iscovered  a l i t t le  la ter :  on the ca rd iovascu la r  sys tem,  resp i ra t ion ,  and organs  of the gas t rointes t inal  
t r a c t  [1, 3]. 

In exper iments  on the isolated i leum [13, 14], the inhibitory effect  of GABA is accepted to be dominant. 

The re  is,  however,  an impor tant  gap in the  study of the action of GABA on the smooth musc le  of isolated 
vesse l s .  This is a subject  of  pa r t i cu la r  importance because GABA has been shown to have a d ep re s so r  effect  
on the sys temic  blood p r e s s u r e  and on tone of the ce reb ra l  vesse ls  [7, 8]. 

In the investigation descr ibed  below,the action of GABA and its agonists (phenibut, phenylpyrrol idone,  
LGPI-29) on the contrac t i le  activity o f  smooth musc le  cel ls  of the isolated r a t  portal  vein was studied. 

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

Exper imen t s  were  c a r r i e d  out on isolated segments  of the albino r a t  portal  vein. Contract i le  activity of 
a segment of the vesse l  was r e c o r d e d  on a h igh-speed automatic wr i t e r  by means  of a mechanical  to e lec t r i ca l  
t r ansduce r  of the 6MN-1B mechanot ron  [2]. The original  Krebs- -Hense le i t  solution had the following compo-  
sition (in m i l l i m o l e s / l i t e r  dist i l led water):  NaC1 118, KC1 4.7, MgSO t 1.2, CaC12 2.5, KH2PO 4 1.2, NaI-ICO 3 
25, glucose i i .  

Both initial and t es t  solutions were  ae ra ted  with a gas mix tu re  consist ing of 95% O 2 and 5% CO 2. The 
t em pe r a tu r e  of the solution during the exper imen t  was 34-35~ All drugs (GABA and its analogs) were  of 

Deparixnent of Normal Physiology, San.-Gig. Medical Institute, Leningrad. Department of Pharmacology, 
Volgograd Medical Institute. (Presented by Academician of the Academy of Medical Sciences of the USSR V. V. 
Zaknsov.) Translated from Byulleten' ]~ksperirnental~noi Biologii i Meditsiny, Vol. 89, No. 6, pp. 648-650, 
June, 1980. Original article submitted November 13, 1979. 

0007-4888/80/8906-0721 $07.50 �9 1980 Plenum Publishing Corporat ion 721 



KC1 

Fig.  1. Ef fec t  of  GABA in dose of 1O nfiVI (a), 
phenibut in doses  of 10 nuM (b) and 20 nnM 
(c), phenylpyrrol idone in a dose of 10 mM (d), 
and LGPI -29  in a dose of 10 ram (e) on con-  
t r ac t i l e  act ivi ty of  smooth m u s c l e s  of por ta l  
vein, and also effect  of  GABA in dose of 10 
mM agains t  the background of  depolar iza t ion 
induced by 50 mM KC1 (f). A r r o w  indicates  
t ime  of addition of t e s t  subs tance  to solution. 

Soviet  manufac tu re  and were  added to the K r e b s - H e n s e l e i t  solution immedia t e ly  before  use,  In the course  of  
the  invest igation,  act ive  concentra t ions  of  these  drugs  were  de te rmined .  

EXPERIMENTAL RESULTS 

Experiments on isolated segments of the albino rat portal vein (series I) showed that GABA and its 
agonists inhibit the function of smooth muscle cells of veins. The effect observed was made up of the nega- 
tive inotropic, chronotropic, and tonotropic action of GABA and its analogs on contractile activity of the portal 
vein (Fig. 1). The negative tonotropic effect was more clearly defined in the case of GABA and less so for 
phenibut; phenylpyrrolidone and LGPI-29 caused virtually no decrease in vascular tone. Phenibut, in a con- 
centration of 10 raM, did not completely arrest the spontaneous phasic contractile activity, but merely slowed 
the rhythm and reduced the amplitude of the contraction. It was completely blocked by the drug in a concen- 
tration of 20 raM. The active concentration of the drugs in these experiments was thus 19-20 mlVI. Injection 
of the drugs in these doses inhibited spontaneous contractile activity of the vein during the first few minutes, 
as shown by a rapid fall in amplitude of the phasic contractions, slowing of their rhythm and, in some cases, 
a fall in tone. At all tlmes,rinsing out the test solution containing the GABA preparations with Krebs-Hensel- 
eit solution led to restoration of regular phasic contractile activity of the portal vein and restoration of the 
original level of tone. 

According to investigations by Godovalova [i], GABA in a dose of 0.01M in experiments in vitro inhibits 
spontaneous contractions of isolated segments of small intestine recorded by a strain-gauge method. However, 
according to observations of Morozov [9], GABA, phenibut, and phenylpyrrolidone (in a dilution of i: 19 -3) did 
not change the tone of isolated segments of the cat femoral artery [4]. 

The ability of GABA to inhibit phasic and tonic contractions of vascular smooth muscle, studied during 
this investigation, is in harmony with the well-known clinical observations on the improvement (by means of 
GABA) and compensation of the cerebral blood flow on account of an increase in the number of functioning 
capillaries [8]. This fact is evidence of only one thing: the effect of GABA described is evidently mediated 
through its effect on the smooth muscle components of the precapillary part of the vascular system. Indirect 
evidence that this is so, although with certain reservations, is given by the present results showing relaxation 
of the spontaneously functioning vessel, the type of vessel to which the precapillary vessels of the microcircu- 
lation indeed belong. 

Having found the inhibitory effect of GABA and its agonists on smooth muscle cells of the portal vein, in 
the experiments of series II we attempted to study the site of application of their action on vascular smooth 
muscles. It is stated in the literature that GABA has no direct myotropic effect on isolated vessels [91. In 
the unanhnous view of investigators of GABA, its inhibitory effects on cells are based on the "membrane 
phenomenon n [61. 
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The addition of K ions (50 mM KC1) to the solution led to the development of potassium contracture of 
the smooth muscle cells of the rat portal vein, which was reflected in an increase in tone of the vessel. The 
study of the action of GABA and its analogs against this background of depolarization of the smooth muscle 
cell membrane showed that GABA caused disappearance of the potassium contracture after 1-3 rain - the phasic 
contractile activity was restored and the vascular tone gradually returned to its previous level (Fig. 1). In 
all the experixnents of this series,  the response of the smooth muscle cells to GABA solution in a concentration 
of 10-20 mM led to the identical response against the background of blocking of the electrogenic properties of 
the membrane by means of KC1. 

Depolarization of the cell membrane does not prevent the inhibitory effect of GABA and its agonists on 
contractile activity of the smooth muscle cells of the portal vein. 

The results of these investigations thus show that during direct recording of the mechanical properties 
of the vessels a distinct inhibitory effect of solutions of GABA and its agonists in concentrations of 10-20 raM 
is observed on the phasic and tonic components of contractile activity of the smooth muscle cells of the rat  
portal vein. Depolarization of the smooth muscle cells does not prevent GABA from penetrating through their 
membrane and exhibiting its inhibitory effect. The possibility calmot be ruled out, as Laborit [6] suggests, that 
GABA is an activator of the universal inhibitory mechanism of cells, by acting on the processes of their energy 
metabolism. 
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