
E F F E C T  O F  T - A M I N O B U T Y R I C  A C I D  ON 

P R O P E R T I E S  O F  A R T E R I A L  B L O O D  

~ .  A. A m r o y a n  a n d  S. A.  M i r z o y a n  

S O M E  PHYSICOCHEMICAL 

UDC 615.3 t:547.406.3].015.45:612, t2 

7 -Aminobutyr ic  acid (GABA) causes  a s ta t i s t i ca l ly  significant i nc r ea se  in pCO2, the total  CO 2 
concentra t ion  and the concentra t ion of b i ca rbona tes  in a r t e r i a l  blood, while lowering the pH 
and negat ive base  excess  of whole p l a s m a  and blood. The remain ing  indices showed no s t a t i s -  
t ica l ly  s ignif icant  changes.  GABA evidently has  the p rope r ty  of action on the r e s p i r a t o r y  c o m -  
ponent  of the ac id -base  ba lance  of a r t e r i a l  blood. This must  be taken into account  when mech -  
an i sms  of i t s  effect  on the c e r e b r a l  hemodynamics  a re  explained. 

It has recent ly  becom e  c l ea r  that  the c e r e b r a l  blood v e s s e l s  a re  e x t r e m e l y  sens i t ive  to changes in the 
phys icochemiea l  p r o p e r t i e s  of the blood and that these  play an impor tan t  ro le  in regulat ion of the c e r e b r a l  
hemodynamics .  The mos t  impor tan t  f ac to r s  concerned are  the CO 2 and oxygen p r e s s u r e s  in the a r t e r i a l  
blood and the hydrogen ion concentra t ion of the ce r eb rosp ina l  fluid [5-7, 10, 11, 14]. 

Another  fact  which d e s e r v e s  at tention is  that  T-aminobutyr ic  acid (GABA), which is  p r e sen t  in high 
concentra t ions  in the b r a in  t i s sues  [4, 8, 15] and ve s se l s  [3] in m a m m a l s ,  has  the p r o p e r t y  of increas ing  
the c e r e b r a l  blood supply [1, 2]. 

The object  of the p r e s e n t  invest igat ion was to study the effect  of GABA on some phys icochemica l  
p r o p e r t i e s  of a r t e r i a l  blood in cats .  

EXPERIMENTAL METHOD 

Exper imen t s  were  c a r r i e d  out on 14 cats  anesthet ized with ure thane (0.5 g /kg  body weight) and chlo- 
r a lo se  (50 m g / k g ) .  GABA was injected via  the f emora l  vein in a dose of 1 mg/kg .  The phys icochemica l  
p a r a m e t e r s  were  studied in a control  s ample  of a r t e r i a l  blood taken beforehand and in s amples  taken 2 and 
10 min a f t e r  the injection. Samples  of a r t e r i a l  blood were  taken with a thin polyethylene ca the te r  introduced 
into the carot id  a r t e ry ,  under  anaerobic  conditions produced by  fil l ing the dead space  of the syr inge  with 
hepar in  solution. 

The pH of the a r t e r i a l  blood was de te rmined  by g lass  (type G-202-C) and ca lomel  (type K-401) e l ec -  
t rodes .  The e m f  produced between them was m e a s u r e d  by a p H - m e t e r  (Radiometer ,  Denmark).  

The pO 2 was m e a s u r e d  by means  of an oxygen e lec t rode  of C l a rk ' s  type,  consis t ing of a p la t inum 
cathode 20g in d i a m e t e r  and an Ag-AgC1 anode. The act ive sur face  of the e lec t rode  was separa ted  f rom 
the blood sample  to be  tes ted  by a polypropylene  membrane .  

The CO 2 p r e s s u r e  was m eas u red  by a Severinghaus e lec t rode,  consis t ing of a modified p i t - e l ec t rode  
which can be used to de te rmine  the pH of an e lec t ro ly te  between a sens i t ive  g lass  sur face  and a thin Teflon 
membrane ,  p e r m e a b l e  to CO 2. Equi l ib r ium of CO 2 was reached a f te r  1 min, and the output signal of the 
e lec t rode ,  ca l ib ra ted  re la t ive  to gases  of known par t i a l  p r e s s u r e ,  indicated the pCO 2 on the blood sample .  
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TABLE 1. Effect of GABAon P h y s i c o c h e m i c a l P r o p e r t i e s  
of Ar t e r i a lB lood  

Index Control 

pO 2, mm Hg 75,25• 1,23 
pCO~ mm Hg 28,78+- 1,49 
pH 7,30• 0,02 
O~ saturation, % 92,79• 0,91 
ABE, meq/liter --12,25___0,60 
Plasma BE, meq/liter --12,31+-0,79 
Actual HCOz, rneq/liter t 3,09• 0,69 
Standard HCOs, ] 
meq/liter 15,29• 0,75 

Tota 1 CO 2 (in mmoles/ 
liter) of plasma ~ 14,12__. 0,73 

Buffer bases, 
meq/liter 33,42• 1,00 

After injecfionof GABA, 1 mg/kg 
2 rain 

73,75• 3,27 
39,50• 4,221 
7,25• 

91,02• 1,29 
- -  11,43• 0,26 
--11,02+- 0,44 

15,08• 0,631 

15,67+__ 0,27 

t6,90• 1,28 

34,63+- 0,37 

*Statistically significant changes (P < 0.05) 

10 rain 

73,25----- 2,95 
35,57___ 2,87" 
7,22+- 0,02* 

93,70----- 0,88 
--10,58----. 0,43* 
--I0,13--0,41" 

16,28• 0,95* 

16,81___0,64 

18,06_ 1,081 

36,17+-- 0,93 

The oxygen saturat ion was calculated from a Severinghaus nomogram cor rec ted  for  t empera ture  and 
pH. The base excess of whole blood (ABE-ac tua l  base excess) and of the p lasma (plasma BE), and also the 
concentrat ion of b icarbonates  in the blood (actual HCO3) and p lasma (standard HCO3) and the total CO 2 were 
determined by means of the compensating nomogram of Siggaard-Andersen [13]. Buffer bases  were calcu-  
lated by the formula :  buffer bases  = 41.7 + 0.42 �9 Hb + BE (completely oxygenated). The base excess  of 
completely oxygenated blood was calculated f rom the formula:  Be (completely oxygenated blood) = 

ABE - 0 .3Hb.  (100 - oxygen saturation) The hemoglobin concentrat ion was determined by Sahli 's method. 

100 

All the values obtained were co r rec ted  for body temperature .  

R E S U L T S  

A stat is t ical ly significant increase  in pCO 2 of the a r te r ia l  blood, by 37.2%, was found 2 rain af ter  
intravenous in ject ion of GABA. The effect was slightly diminished 10 rain af ter  injection, but pCO 2 con- 
tinued high compared with the control  value of 23.5%. 

Under the influence of GABA the pH of the ar ter ia l  blood was lowered. For  example, 2 min af ter  in- 
jection its pH was lowered by 0.7% compared with the control,  which is not s tat is t ical ly significant, but 
af ter  10 min the decrease  in pH was stat is t ical ly significant (by 1.1%). 

A tendency was found for the actual base excess and the p lasma base excess to decrease  af ter  injec-  
tion of GABA. These changes were not s tat is t ical ly significant 2 min after  injection (6.7 and 10.5%, r e spec -  
tively, compared with the control),  but were significant af ter  10 rain (13.7 and 17.8%). 

GABA increased  the blood bicarbonate concentrat ion by 15.2% 2 rain af ter  injection, increas ing to 
24.3% compared with the control af ter  10 min. 

Under the influence of GABA the total CO 2 concentrat ion was increased:  by 19.7% over  the control 
level af ter  2 min (not s tat is t ical ly significant) and by 27.9% after  10 min (statistically significant). 

The value of pO 2 was reduced by 1.9% 2 min af ter  injection of GABA, and by 2.6% 10 min after  injec-  
tion (not s tat is t ical ly significant). 

The,oxygen saturation also showed a tendency to decrease  2 rain after  injection of GABA, namely by 
1.9% compared with the control (not s tat is t ical ly significant). However, 10 min after  injection it had com-  
pletely recovered  and was actually h igher  than initially. 

GABA increased the p lasma bicarbonate concentrat ion by 2.5% 2 min after  injection and by 9.9% 10 
min after  injection (neither is stat ist ically significant). 

The increase  in buffer bases  (by 3.6% after  2 min and by 8.2% after  10 min) likewise was not s ta t is t i -  
cally significant. 
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Analysis  of the exper imen ta l  data  shows that GABA exer ted  a marked  effect  on the level  of one of the 
chief  components  of the ac id -base  ba lance  concerned in the mechan i sm of regulat ion of the c e r e b r a l  blood 
f l o w - o n  pCO 2. 

The i nc r ea s e  in pCO 2 was accompanied  by a s ta t i s t i ca l ly  significant d e c r e a s e  in pH (acidification of 
the a r t e r i a l  blood) and by an i n c r e a s e  in the total  CO 2. 

The sma l l  d e c r e a s e  in negat ive b a s e  excess  of  the blood and p l a s m a  obse rved  10 min a f t e r  inject ion 
of GABA was s ta t i s t i ca l ly  significant.  This,  toge ther  with the s ta t i s t ica l ly  significant i nc r ea se  in blood 
b ica rbona te  concentrat ion,  is  evidence of compensa to ry  changes a imed at maintaining the decreas ing  pH. 
This  also indicates  the abil i ty of GABA to influence the metabol ic  component  of the ac id -base  balance  to 
some degree  [9]. 

As Table 1 shows, GABA had no marked  effect  on the p l a s m a  level  of buffer  ba se s  and b icarbonate ,  
the chief  p a r a m e t e r s  of the metabol ic  component  of the ac id -base  balance  [12]. 

The r e su l t s  of this inves t igat ion can be s u m m a r i z e d  in the conclusion that  a s s e s s m e n t  of the mech -  
an i sms  whereby  GABA exer t s  i t s  influence on the c e r e b r a l  hemodynamics  must  take into account i ts  abil i ty 
to effect  the r e s p i r a t o r y  component  of the ac id -base  ba lance  of a r t e r i a l  blood. 
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