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~/-Hydroxybutyric acid and fi-phenyl-~/-aminobutyric acid, derivatives of 7-aminobutyric acid, in- 
crease the resistance of mice and rats to acute anoxia caused by a fall of atmospheric pressure. Neither 
7-amin~ acid itself nor its derivative fl-hydroxy-~/-aminobutyric acid possess this effect. 

When the organism is exposed to certain harmful agents (hypoxia [1], irradiation and overloading [8]), 
the concentration of 7-aminobutyric acid (GABA) in the brain of laboratory animals is increased. 7-Hydro- 
xybutyric acid (GHBA), possessing tranquilizing activity [7, 9, 12, 14, 15], closely related in its chemical 
structure to GABA, is used in surgery and obstetrics for premedication and narcosis [4, 14, 16, 17]. It has 
been observed that GHBA does not lower the oxygen demand during narcosis, a feature distinguishing it ad- 
vantageously from other narcotics [14]. 

Since under the conditions listed above, both clinical and experimental, anoxia may be one of the most 
injurious factors encountered, in the present investigation the effect of several different derivatives of 
GABA on the resistance of animals to anoxia caused by a fall of atmospheric pressure was compared. Be- 
sides GABA, the action of its hydroxy-derivative fl-hydroxy-GABA (BHGABA) was investigated. This later 
compound, like GABA, is a natural product, of brain metabolism, although more active than GABA [13]. The 
synthetic derivatives GHBA and fl-phenyl-GABA (BPGABA) were also studied. The latter compound was 
synthesized at the Department of Organic Chemistry, A. I. Gertsen Pedagogic Institute. Pharmacological 
investigation of BPGABA [5, I0, 11] has shown that it belongs to the group of minor tranquilizers. The ac- 
tion of these substances was compared with the influence of other substances with depressant properties 
on resistance to anoxia: chlorpromazine, Nembutal, chloral hydrate, and hemithiamine-a thiamine deriva- 
tive possessing a sedative action [2]. 

EXPERIMENTAL METHOD 

Experiments were carried out on adult mice of both sexes, weighing 20-25 g, and on rats of both 
sexes, weighing 110-120 g. The substances for testing were injected intraperitoneally in aqueous solutions 
at various times before the animals were placed under a bell jar connected to a vacuum pump. Rarefaction 
continued until 200 mm (10,000 m above sea level) in the experiments on mice and to 130-150 mm (12,000- 
13,000 m above sea level) in the experiments on rats, over a period of 40 sec; the duration of exposure was 
10 min. 

The efficacy of the action on resistance to anoxia was assessed by: I) the time of onset of convulsions, 
2) the number of animals developing convulsions, 3) the period of survival under the bell jar, and 4) the 
number of animals dying in the course of I0 rain in the chamber. 

Before the animals were placed under the jar their motor activity was recorded. The effect of most 
of the tested compounds on body temperature was studied in parallel experiments on intact animals. The 
data were analyzed by statistical methods. 

EXPERIMENTAL RESULTS 

According to all indices, neither GABA nor BHGABA in a dose of I000 mg/kg increased the resistance 
of the mice to anoxia (Table I). 
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TABLE 1. Ef fec t  of GABA, BHGABA, BPGABA, and  GHBA 
on R e s i s t a n c e  on Mice to Anoxia  Caused  by  Lower ing  
A t m o s p h e r i c  P r e s s u r e  (Compounds In jec ted  30 ra in  be fore  
Beg inn ing  of R a r e f a c t i o n )  

Compound 
tested 

Control 
GABA 
BHGABA 
BPGABA 

GHBA 

)) 

Dose_ Effect 

Length of 
survival 
(in min) 

No. of mice 
dying 

abs. [ 

I 
10-0O 
1000 
100 11 
200 25 
300 33 
50 1,3 

100 2,6 
250 6,6 
500 13 

Time of No, of mice 
onset of Kith convul- 
convulsions stuns 
(in min) abs. [ u 

2,5+_0,43 86,4 
1,8_+0,47 91,6 
2,4 66,6 
5,7_+0,94 90 
4,7-----0,9 58 
6,2+-0,11 41,6 
2,1 
2,0--0,03 60 
3,4 41,6 
1 , 2 5  

3,6--0,42 
2,8 
3,6 
5,9+0,32 
7,7+0,54 

3,7 
3,4 

% 

1; 

8 
2 

1 

77,3 
75 
66,6 
80 
66,6 
16,7 
100 
90 
8,__33 

16,7 

Note.  S t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e rences  (P _< 0.05) a r e  unde r l i ne d .  

TABLE 2. C o m p a r i s o n  of Effect  of C h l o r p r o m a z i n e  and N a r c o t i c s  
with that  of GHBA and  BPGABA on R e s i s t a n c e  of Mice to Anoxia  
Caused  by  Lower ing  of A t m o s p h e r i c  P r e s s u r e  and  on o ther  Ind ices  

da,~ I 
Dose .~ ~. animalsN~ of Motor activity Body tempera- 

"~ I _ _ _ _ L  [ turL 

Compound ,z . o ~ I before placing mice in 

{ ? 5 a amUe  

Control 

GHBA 
GHBA 
BPGABA 
BPGABA 
Chlorpromazine 
Chlorpromazine 
Nembutal 
Nembutal 
Chloralhydrate 
Hemithiamine 
Hemithiamine 

1O0 2,6 
250 6,6 
100 11 
300 33 

5 39 
10 77 
30 25 
5O 42 

200 33,3 
50 13 

100 26 

60 
60 
60 
60 
60 
60 
30 
15 
15 
15 
15 

14 14 

10 9 
12 1 
l0 -g 
12 2 

10 
10 2 
10 -~ 

10 __  

Normal 

Normal 
Limited 
Normal 
Limited 
Limited 
Limited 
Normal 
Limited 
Limited 
Normal 
Limited 

Normal 

5owered bY 2~ 
~owered by 5.5* 
.Lowered by 3 ~ 
Lowered by 6.6 ~ 
Lowered by 5 ~ 
Lowered by 8" 
Lowered by 2" 
Lowered by 5 ~ 
Lowered by L5 ~ 
Lowered by 2,5 ~ 
Lowered by 6" 

Note.  S t a t i s t i c a l l y  s ign i f i can t  d i f f e rences  (P __ 0.05) a r e  unde r l i ne d .  

In a dose of 100 m g / k g  (Table 1), BPGABA i n c r e a s e d  r e s i s t a n c e  to anoxia ,  p ro long ing  the l a ten t  p e -  
r i od  of onse t  of convu l s ions  and i n c r e a s i n g  the s u r v i v a l  pe r iod ,  while in  a dose of 300 m g / k g  i t  s i gn i f i c an t l y  
r educed  the n u m b e r  of a n i m a l s  which deve loped  convu l s ions  and  the n u m b e r  which died.  

Compound  GHBA, in  doses  of 50 and 100 m g / k g ,  had no p ro t ec t i ve  effect  on r e s i s t a n c e  to anox ia ,  but  
in  doses  of 250 and 500 m g / k g  i ts  effect  was pos i t ive  a c c o r d i n g  to a l l  the ind ices .  

A c l e a r  i n c r e a s e  in  r e s i s t a n c e  to anoxia  (shown by  the n u m b e r  of dying mice )  due to GHBA and 
BPGABA was o b s e r v e d  with doses  c a u s i n g  defini te  l i m i t a t i o n  of m o t o r  ac t iv i ty .  

I n c r e a s e d  r e s i s t a n c e  to anoxia  u n d e r  the in f luence  of BPGABA (200 m g / k g }  and  GHBA (250 mg/kg)  
was a l so  o b s e r v e d  in  the e x p e r i m e n t s  on r a t s .  W h e r e a s  a l l  t en  of the con t ro l  r a t s  died,  only  1 of the 10 
a n i m a l s  r e c e i v i n g  BPGABA (or GHBA) dled.  

Hence  GHBA, l ike BPGABA, has  a def ini te  p ro t ec t i ve  ac t ion  d u r i n g  anoxia .  
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Fig. I. Comparison of protective (in anoxia) action 
of BI)GABA and GHBA with their hypothermic effect. 
Vertical axes: rectal temperature of mice (A) and 
mortality among mice in % (B) during anoxia caused 
by lowering atmospheric pressure. Horizontal axes: 
time after injection of compound (in min). I) Body 
temperature of control mice; 2) body temperature 
after injection of 210 mg/kg BPGABA (A) and 250 
mg/kg GHBA (B). The columns denote mortality 
among mice (in %) during anoxia: unshaded-control 
shaded: A) BPGABA (200 mg/kg); B) GHBA (250 
mg/kg). Statistically significant differences are in- 
dicated by black circles. 

To investigate the duration of the protect ive 
action of GHBA and BPGABA, the animals were 
placed in the chamber  15, 30, 60, 120, 180, and 
240 rain af ter  injection of the compounds. These 
experiments  (see Fig. 1) showed that the p ro t ec -  
tive action of BPGABA (200 m g / k g )  began 30 rain 
af ter  adminis t rat ion and continued for  3 h. The 
protect ive effect of GHBA (250 m g / k g )  also began 
after  30 min, became s t ronger  a f te r  1 h, but could 
no longer be detected af ter  2 h. The data for the 
protect ive action of BPGABA and GHBA during 
anoxia coincided with their  hypothermic action 
and with thei r  depress ion of the motor  activity 
of the mice.  

As Table 2 shows, the coincidence between 
the protect ive action (preventing death of the mice) 
during anoxia and the hypothermic and sedative 
effects was also observed in exper iments  with 
ehloropromazine ,  Nembutal,  chloral  hydrate,  and 
hemithiamine.  

Hence, of the four GABA derivat ives ,  only 
two(GHBA and BPGABA) exhibited a protect ive  
action in acute anoxia caused by lowering the a t -  
mospher ic  p re s su re .  This may  be because GHBA 
and BPGABA penetrate  more  readi ly  than GABA 
and BHGABA into the brain t issue.  

In our experiments  increased res i s tance  to 
anoxia coincided with two other effects c h a r a c t e r -  

istic of GHBA and BPGABA: limitation of the animals' mobility and hypothermia. Lowering of the body 
temperature in anoxias of different origin is regarded as a protective reaction [3, 6]. However, if our re- 
sults obtained in experiments with chloral hydrate, Nembutal (30 mg/kg), and hemithiamine (50 mg/kg), 
causing the same degree of hypothermia (Table 2), are compared it will be seen that only chloral hydrate 
had a protective action during anoxia. This may be because it limits the animals' mobility. It may there- 
fore be postulated that in our experiments the increased resistance of the animals to anoxia was dependent 
both on hypothermia and on limitation of motor activity under the influence of the tested substances. Un- 
doubtedly other factors may also be concerned in their protective effect. In particular, the antianoxic 
effect of chlorpromazine is known to be connected with its ability to inhibit oxidative processes in the tissues. 

The protective effect of BPGABA lasts about twice as long as that of GHBA. Nevertheless, compari- 
son of the protective action of GI-IBA and BPGABA with their toxicity (the most effective doses expressed 
in % of LDs0 for GHBA are about one-fifth of those for BPGABA; see Table 2) shows that GHBA is to be pre- 
ferred for clinical use in anoxic states. 
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