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Changes in the s y s t e m  of convers ion  of y - a m i n o b u t y r i c  acid (GABA) in i s chemia  and dur ing 
speci f ic  inhibition of OABA- t ransaminase  under conditions of quanti tat ive m e a s u r e m e n t  of the 
blood flow by the hydrogen c lea rance  method r evea l ed  definite co r re l a t ion  between e levat ion of 
the GABA level  in the bra in  and t i s sues  of the c e r e b r a l  a r t e r i a l  walls and the onset  of compen-  
sation of the d is turbed c e r e b r a l  hemodynamics .  Consequently,  one of the pr inc ipa l  manifesta . -  
t ions of the i nc rea sed  quantity of endogenous GABA during insuff ic iency of the c e r e b r a l  blood 
supply is  i ts  abil i ty to improve  the c e r e b r a l  hemodynamics .  

KEY WORDS: GABA sys tem;  c e r e b r a l  c i rcula t ion .  

T-Aminobu ty r i c  acid (GABA), the med ia to r  of inhibition in the CNS [1, 10, 13], can i nc rea se  the blood 
supply to the brain  [3, 4] .  The p re sence  of GABA and of enzymes  par t ic ipa t ing  in i ts  me tabo l i sm  in the t i s -  
sues  of the c e r e b r a l  a r t e r i a l  walls  [5, 6] and the exis tence  of GABA r e c e p t o r s  in them [11] s e rved  as the 
bas i s  for  a study of the content of GABA and the enzymes  of i ts  me tabo l i sm  in the t i s sues  of the bra in  and its 
a r t e r i e s  dur ing d i s o r d e r s  of the c e r e b r a l  c i rcula t ion  and the compar i son  of these indices with the onset  and de-  
ve lopment  of compensa t ion  of the d is turbed c e r e b r a l  hemodynamics .  

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

E x p e r i m e n t s  were  c a r r i e d  out on 60 adult albino r a t s  anesthet ized with e ther ,  36 ca ts  anes the t ized  with 
urethane and ch lora lose ,  and 20 dogs anes thet ized in t raper i tonea l ly  with pentobarb i ta l  sodium.  To  study 
changes  in the s y s t e m  of GABA convers ions  in the t i s sues  of the brain  and walls  of its a r t e r i e s  the common 
caro t id  (in ra t s )  or the v e r t e b r a l  and caro t id  a r t e r i e s  s imul taneous ly  (in cats  and dogs) were  l igated un i l a t e r -  
ally. 

The GABA content and the act ivi ty  of g lutamate  deca rboxy lase  (GD) and GABA- t r ansaminase  (GABA-T) 
were  de te rmined  by the method of R obe r t s  et  al. [12, 141 5, 10, 20, and 30 min  af ter  l igation of the a r t e r i e s .  
Weighed s amp le s  of t i s sues  f r o m  the con t r a l a t e r a l  region se rved  as the control .  The volume veloci ty  of the 
local blood flow in the c e r e b r a l  cor tex  of the cats  was r e c o r d e d  quant i ta t ively by the hydrogen c lea rance  
method [9] .  

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

The r e s u l t s  obtained in albino r a t s  a f ter  l igation of the common caro t id  a r t e r y  showed a m a r k e d  inc rea se  
in the GABA concentra t ion (Table 1). 

Slight changes in the GABA concentra t ion  and GD act ivi ty  were  obse rved  as e a r l y  as 3 and 5 min  af ter  
l igat ion.  The GABA-T act ivi ty  was d e p r e s s e d  but the changes compa red  with the control  were  not s ta t i s t i ca l ly  
significant.  Consequently,  changes in the GABA level  were  due main ly  to an inc rease  in GD act ivi ty.  

After  10 rain the GABA level  in the co r t ex  had r i s e n  f r o m  11.2 ~- 0.36 to 15.4 -~ 0.42 mg%,  i .e . ,  by 37.5%, 
whereas  in the hypothalamus it had r i s e n  f r o m  15.8 • 0.52 to 18.7 ~- 0.29 mg%,  i .e . ,  by 18.3%. The GABA con-  
tent in the cor tex  20 rain af ter  l igation was i nc rea sed  by 67.8% and in the hypotha lamus  by 56.3%. 

The quantitat ive changes  in GABA are  i n sepa ra t e ly  bound up with changes  in the act ivi ty  of the en zy mes  
�9 respons ib le  for  its b iosynthes is  and breakdown. Table  1 shows that 10 min af ter  l igation of the common caro t id  
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TABLE 1. Effect  of Unilateral  Ligation of Common Carotid Ar t e ry  in Rats on Content 
of GABA and Activity of Enzymes  of I ts  Metabolism in the Brain (M • m) 

Experimental condi- 
tions and times of 
taking samples 

Fixed control 

Incubated control 

l0 min after ligation 

20 min after ligation 

Number of 
experiments 

10 

10 

15 

12 

GA BA 

10,84-0,25 

I 1,24-0,36 

15,44-0,42" 

18,84-0,69* 

Cortex 

I oD GABA-T 

11834-17,4 

13374-19,4 

12804-16,8 

12544-17,9 

GA BA 

14,94-0,47 

15,84-0,52 

18,74-0,29" 

24,74-1,2" t 

Hypothalamus 

I oD 

1684-12,6 

2044-14,6 

2904-13,7" 

3164-14,4" 

186• 

218+-10,6 

267+-11,8" 

2974-10,4" 

GABA-T 

t2134-14,6 

1344+-19,7 

13185=16,8 

12804-17,4 

Legend. Here and inTab les  2 and 3: GABA content expressed  in mg%; GD activity 
in /~g GABA formed per gram brain tissue during incubation for 60 min; GABA-T 
activity in /~g glutamic acid formed per gram tissue in 60 mill. Fixed c o n t r o l -  t i s -  
sues boiled without incubation; incubated c o n t r o l -  t issues incubated for 60 min with 
addition of essent ia l  components in accordance  with method descr ibed.  Statist ically 
significant change compared  with incubated control  marked  by as ter isk .  

TABLE 2. Effect  of Unilateral  Ligation of Common Carotid and Ver tebra l  Ar t e r i e s  
in Dogs on Content of GABA and Activity of Enzymes  of Its Metabolism in the Brain 

a n d  T issues  of the Walls of I ts  A r t e r i e s  (M e: m) 

Experimental ~ 
conditions and 
times of taking 
samples [ ~  

Fixed 
control 8 

Incubated 
control 8 

I0 min after 
ligation 6 

30 min after 
ligation 6 

Cortex 

GA BA GD 

17,8+0,21 263+-18 

18,0+0,23 337+31 

22,64-0,3* ]3785=34 

29,4+-0,43"14805=39 ~ 

GABA-T 

11564-48 

1408+38 

1280+36 

1090+44' 

GABA 
HypothalamusGD GAB& - T 

26,44-0,27 

28,74-0,25 

32,1 4-0,43* 

42,24-0,53* 

3324-29 

528+43 

558+39 

:68+44* 

Cerebral vessels 

GABA 

1250+-46 [2,5+0,1 

1558+52 2,6+0,12 

i315+58" 3,2+0,13" 

l 195+46'15,1 ++_0,27* 

GD 

26,5 2,7 

~8,2+2,7 

B0,5+2,8 

30s 

GABA-T 

914• 

102+-25 

03c+-23 

848+-24* 

a r t e ry  in r a t s  GD activity was significantly increased  in the cortex and hypothalamus,  and it was increased 
still  more  after 20 rain. 

To determine GABA and the enzymes  of its synthesis  not only in brain t issues,  but also in the walls of 
the ce reb ra l  vessels ,  exper iments  were ca r r i ed  out on dogs since the n e c e s s a r y  quantity of t issues of the ves -  
sel walls requi red  by the method used could be obtained only f rom large animals (Table 2). 

The GABA content in the cortex 10 min after ligation of the carot id and ver tebra l  a r t e r i e s  was increased  
significantly by 25.5% and in the hypothalamus by 11.8%. This increase  was more  marked  still after 30 min. 
GD activity in the cor tex and hypothalamus 30 rain after ligation of the main vesse l s  reached exceptionally high 
values, whereas  GABA-T activity was depressed.  It will be noted that as a r e su l t  of ligation the content of 
GABA and the enzymes  of its metabol ism ha the t issues of the ce reb ra l  a r t e r ia l  walls a lso was appreciably 
changed. After 10 min of interruption of the blood flow the OABA level was significantly increased by 23%, 
GD activity was increased  by 25.5%, and GABA-T activity reduced by 6.5%. The considerable  r i se  in GD act iv-  
ity evidently depended d i rec t ly  on the accumulat ion of acid intermediate  products  of metabol ism, caused by the 
hypoxia, in the t i ssues  of the brain [2, 8] and of its a r t e r i e s ,  leading to a marked  increase  in the GABA con- 
centrat ion in those t issues .  These essent ia l ly  opposite changes in GABA biosynthesis  and metabol ism in the 
animals  with d is turbances  of the c i rculat ion in the brain never the less  gave a s imi la r  resu l t :  a marked  in- 
c r ea se  in the level of endogenous GABA in the brain and in the t issues  of the walls of its a r t e r i e s .  It seemed 
reasonable  to suppose that GABA par t ic ipates  in the stimulation of the col la tera l  c i rculat ion and so faci l i tates  
compensat ion of the disturbed ce rebra l  hemodynamics .  This hypothesis  is a lso supported by the resu l t s  of ex-  
periraents  [7] in which GABA was found to increase  the number  of functioning capi l lar ies  after  Iigation of the 
main vesse ls .  
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TABLE 3. Quantitative Measurements  of Local Cerebra l  Blood Flow in Cats af ter  
Unilateral  Ligation of Common Carotid and Ver tebra l  Ar te r i e s  and after  P re l imina ry  
Injection of 5 m g / k g  Aminohydroxyacet ic  Acid (M • m) 

Experimental 
conditions 

Control 
Ligation 
Control 
A H A A  + ligation 

Mean blood pres- 
sure, mm Hg 

110+-9,8 
115-4-I t,5 
112+_8,6 

116-4-7,9 

1st minute 

34,24-4,1 
13,3+2,7 
37,5 4,6 

2,21 +_5,7 

Cerebral blood flow 
5th minute 

34,2-4-3,7 
14,6+-5,2 
37,2+-3,6 

22,75,4 

ml/100 g/rain 
10rh minute 

34,2+-4,2 
16,3+-4,9 
37,5+_5,8 

23,4-t-6,2 

29th minute 

34,2+_3,9 
18,2+_5,4 
37,5+-6,4 

23,7+_5,3 

3 0  4"0. 

2 5  

3 0 ,  ,. ~ 1 

15 20" . ~ o  . . . .  --~ 2 

I0 .  
5 

~ -  0 ~ i J 4 r l J i t i I ~ i i [ i i i i i 

5 1 0  1 5  2 0  

Time after ligation (in min) 

Fig. 1. Quantitative local blood flow and GABA content in ce reb ra l  cor tex 
of cats  on side of ligation: 1) GABA content (in mg%); 2) velocity of local 
blood flow (in ml /100 g/rain). 

Immediate ly  after ligation of the a r t e ry  the blood supply to the brain was reduced by 61.2%, and by the 
5th minute the decrease  was 57.3% (Table 3). Later ,  the deficiency of the blood supply was appreciably r e -  
duced. The volume velocity of the cor t ica l  blood flow 10 min after ligation of the a r t e ry  was reduced by 52.4%, 
and 20 min after ligation by 46.8%. This means  that the appearance of a deficiency of the ce reb ra l  blood sup- 
ply was accompanied by an increase  in the GABA contentration in the brain, ,and the increase  in the GABA level 
led to an improvement  of the circulat ion in the brain (Fig. 1). The increase  in the content of endogenous GABA 
during hypoxia evidently facil i tated the activation of a r te r ia l  anas tomoses  which were not previously function- 
ing, and in this way the col la tera l  inflow of blood into the ischemic region of the brain was stimulated.  The 
mechanism examined above may be an example of a se l f - regula t ing system,  operat ing by the feedback principle 
and ensur ing adaptation of the ce reb ra l  hemodynamics  to constantly changing conditions. 

Par t ic ipat ion of the GABA system in the mechanisms  of the onset and development of compensation of 
the dis turbed ce reb ra l  hemodynamics  was confirmed by d i rec t  exper iments  in which the endogenous GABA 
level in the brain was initially r a i sed  by means  of aminohydroxyacet ic  acid (AHAA, Table 3). After injection 
of AHAA (5 mg/kg) the blood supply of the ce reb ra l  cor tex 1 min after ligation of the a r t e r i e s  was reduced by 
41.1%, whereas  in cats  not receiving the GABA-T inhibitor, as stated above, it was reduced by 61.2%. The fact  
will be obvious that AHAA was par t icu lar ly  effective 1 rain after ligation of the a r t e r i e s .  It mus t  be r e m e m -  
bered that the inhibitor was injected into the animals 1.5 h before ligation of the a r t e r i e s  (i.e., at the time most  
favorable for endogenous accumulation of GABA in the brain and for the manifestat ion of its action on the 
ce reb ra l  vessels)  and that the animal was more  prepared  to withstand the marked  deficiency of the blood sup- 
ply to the brain caused by ligation of the main vesse ls .  

To sum up the resu l t s  of these exper iments  it can thus be concluded that the GABA sys tem is one of the 
specific chemical  components of the mechan i sm for compensat ion of the disturbed ce reb ra l  hemodynamics  by 
stimulation of the col la tera l  circulat ion.  
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EFFECT OF CHOLINOLYTIC AND ADRENOBLOCKING 

AGENTS ON RESISTANCE OF RAT ERYTHROCYTES 

T O  H Y P O O S M O T I C  H E M O L Y S I S  

A.  N.  P e t r o v  UDC 612.111.32:612.118.221.3] 
.014.46:615.217.24 

The effect  of cen t ra l  cholinolytics and adrenoblockers  on hemolys is  of r a t  e ry th rocy te s  in hypo- 
osmotic  buffer was studied in vitro.  At pH 7.4 and in a concentrat ion of 10 -4 M, hemolys is  was 
prevented to the g rea tes t  degree  by the cent ra l  nicotinic (n) cholinolytics ethyldiphacil,  dipha- 
ci l  1), pediphen 2), t ropacin 3), and the f l -adrenoblocker  propranolol .  E ry th rocy tes  were protected 
against hemolys is  to a l e s se r  degree  by the cen t ra l  muscar in ic  (m) cholinolytics amizi l  4) and 
glypin 5) and the a - ad renob locke r s  pyr roxan  ~), sympatholytin 7), and phentolamine. The anti-  
hemolyt ic  effect  of the drugs reached  a maximum in the course  of 30 min and continued for  
severa l  hours .  A lower level  of ionization of the drugs containing a t e r t i a ry  nitrogen atom i n  
their  molecule  was shown to cor respond to g rea te r  protect ion of the e ry th rocy te s  against hemo-  
lysis .  The prevention ofhypoosmot ic  hemolysis  is evidence of stabil ization of the e ry th rocy te  
membrane  by the substances studied. The possibil i ty of stabil ization of membrane  format ions  
not containing synaptic contacts  must  be taken into account when consider ing the mechanism of 
action of cent ra l  n-chol inolyt ies  and f l -adrenoblockers .  

KEY WORDS: cent ra l  cholinolytics;  adrenoblockers ;  e ry th rocy tes ;  membranes ;  stabilization. 

Evidence has now been obtained to show that not all ef fects  of cholinolytics and adrenoblockers  can be 
explained en t i re ly  by blockage of the postsynaptic r e c e p t o r s  of the corresponding media tor  sys tem [1, 3, 6]. 
It is accordingly in teres t ing  to study interact ion between such compounds and biological membranes  not con- 
raining synaptic contacts.  E ry th rocy t e s  are a widely used model for  the study of the action of various com-  
pounds on me m br a nes  [5].  

l)Adiphenine; 2 ~ 1,1-diphenyl- 5-diethylaminopentane;  3) 2, 3-dihydr o- 3-hydr oxy- 8-me thylnor tr opidine 
diphenylacetate hydrochlor ide;  4)Benactyzine; 5)Unidentified; 6)Central a - ad renob locke r  of USSR origin; 
7)Dibenamine. 

(Presen ted  by Academician of the Academy of Medical Sciences of the USSR S. N. Golikov.) Trans la ted  
f rom Byulleten' t~ksperimental 'noi  Biologii i Meditsiny, Vol. 85, No. 1, pp. 48-51, January,  1978. Original 
ar t ic le  submitted Apri l  27, 1977. 
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