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A single i n t r a m u s c u l a r  injection or o ra l  admin is t ra t ion  of pol iomyel i t i s  vaccine of i m m u -  
nological  type II (Sabin strain) into albino mice  (12-14 g) and cottontail  r a t s  (60-80 g) is fol- 
lowed by a t r ans i en t  but sha rp  inc rease  in the 7 - aminobu ty r i c  acid (GABA) concentra t ion  in 
the a n i m a l s '  b ra ins .  A n i n c r e a s e  in g lutamate  decarboxylase  act ivi ty  was also obse rved  in 
the bra in  t i s sue  of the cottontail  r a t s  a f te r  ora l  immunizat ion.  These  changes  in GABA p r e -  
cede the accumula t ion  of specif ic  antibodies in the s e rum.  

It  is  now taken as proven  that  7 - aminobu ty r i c  acid (GABA) me tabo l i sm is en t i re ly  connected with the 
act ivi ty  of the b ra in  cel ls  and, in pa r t i cu la r ,  with the i r  inhibition [4, 7]. Pha rmaco log ica l ,  hormonal ,  and 
o ther  agents  have been shown not to cause  any signif icant  deviat ions in the dis t r ibut ion of f ree  amino acids 
(inclusing GABA) in the bra in  of an imals  [8, 9]. The absence  of any sharp  change in the GABA level  in the 
bra in  even in p a r o x y s m a l  s ta tes  is evidence that cons tancy of the GABA level  is v e r y  impor tan t  for the ac -  
t iviW of the nervous  sys tem.  

For  these r e a s o n s  it was decided to study GABA me tabo l i sm  in the b ra in  in r e sponse  to i n t r amu scu l a r  
or  o ra l  admin is t ra t ion  of at tenuated pol iomyel i t i s  v i rus .  The s ta r t ing  point for  the invest igat ion was  r e -  
sults  showing that  vaccinat ion with living pol iomyel i t i s  vaccine is followed by changes  in b iochemica l  p r o c -  
e s s e s  in the bra in  [2]. 

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

The expe r imen ta l  an imals  were  albino mice  (12-14 g) and cottontail  r a t s (60-80  g) which r ece ived  a 
single m a s s i v e  dose (0.5 ml) of living pol iomyel i t i s  vaccine of immunologica l  type II (Sabin s t rain) ,  with a 
t i te r  for  monkey kidney ce l l s  of 10 -~ TCDs0/ml i n t r amuscu l a r l y  or by mouth. The control  an imals  r e ce iv ed  
a placebo containing all  the ingredients  of the vaccine except  the v i rus .  In the course  of the expe r imen t  the 
immunized  and control  an imals  were  decapi ta ted on the 3rd and 5th days f rom the beginning of vaccinat ion,  
the b ra in  was quickly r emoved ,  and the t i s sue  homogenized.  

Activi ty of L - g l u t a m a t e - l - c a r b o x y l a s e  (4.11.15) was de te rmined  as desc r ibed  by Yakovlev [5]. Ac- 
t ivity of the enzyme was judged f rom the inc rease  in GABA concent ra t ion  in the expe r imen ta l  sample  [1]. 
The incubation mix ture  (2.1 ml) consis ted  of 1 ml  homogenate  (200 mg f r e sh  t issue)  in 0.1 M sod ium-p o t a s -  
s ium-phosphate  buffer ,  pH 7.0, 1 ml  of 0.02~0 pyr idoxal  phosphate solution, and 0.1 ml  0.5 M glutamic  acid.  
The samples  were  incubated for  1 h at  37~ in an a tmosphe re  of ni trogen.  The reac t ion  was stopped by the 
addition of 8 m l  96%ethanol. The t e s t  solution was applied in a volume of 10 t~l to Whatman No. 3 c h r o m a t -  
ographic  pape r .  Frac t iona t ion  continued for  24 h. 
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TABLE 1. GABA Concentrat ion and Glutamate  Decarboxylase 
Activi ty in Brain  Tissue  of Animals on 5th Day af te r  Immunizat ion 
with Pol iomyel i t i s  Vaccine of Immunological Type II (Sabin Strain) 

Statistical index 

Albino mice 
intr.a .museu" .[ ora I adminis- 

[ lar injection t tration of 
Iof vaccine [vaccine 
[ GAB,~ conc. (in mg %) 
[ con-I Icon- 
]expt. ]trol expt. ] t ro l  

,14 

#2 
P 

39,50 [ 25,30 y5 
<0,001 

34,50 [ 26,20 
2,03 [ 0,93 
l0  I 10 

<O,Ol 

Cottontail rats 

GABA concentra- Decarboxylase ac- 
tion (in mg @) tivity~in #moles ." 

G~BA/gti~sue/h 
at 37~ - 

experi- [ control experi- ment ment control 
! 

33,70 I 25,70 13,00 10,80 
1,56 [ 0,97 0,36 0,50 
t2 / II 8 8 

<0,001 <0,01 

Activity of 4-aminobutyra te :  2 -hydroxyglu ta ra te -amino t rans fe rase  (2.6.1.19) was de termined by the 
w r i t e r s '  modif icat ion of Rober t s '  method [6]. The act ivi ty of this enzyme was judged f rom the increase  in 
the glutamic acid concentra t ion [3]. The incubation mixture  (1.2 ml) consis ted of 1 ml  homogenate (400mg 
f resh  tissue) in T r i s - a c e t a t e  buffer,  pH 8.2, 0.1 ml  0.2% pyridoxal phosphate solution, 0.05 ml (40/~moles) 
GABA, and 0.05 ml (40/zmoles) c~-ketoglutaric acid. The samples were  incubated for  1 h at 37~ After 
incubation the prote ins  were  precipi ta ted with TCA in a final concentrat ion of 3-4%. The supernatant  was 
washed with th ree  port ions of e ther  to remove  the TCA. The e ther -washed  supernatant  was applied in 
volumes of 10/zl to the chromatogram.  

EXPERIMENTAL RESULTS 

In the experiments of series I, the concentration of GABA in the brain tissue of the vaccinated and 
control animals was investigated on the third day after vaccination and no difference was found between the 
experiment and the control. It follows from Table 1 that on the 5th day (experiments of series If) after in- 
jection of the vaccine there was a marked increase in the GABA concentration in the brain of the experi- 
mental animals. It is interesting to note that the increase in GABA concentration in the brain tissue of 
animals immunized with poliomyelitis vaccine always preceded the period of the highest blood level of spe- 
cific antibodies. For instance, the serum antibody titer on the 15th day after vaccination was only 1:16, on 
the 20th day, 1:16, on the 30th day 1:16, and on the 45th and 60th days 1:64. The GABA concentration 
reached the control level on the 10th day. The GABA concentration in the control animals immunized with 
the placebo showed no significant deviations from normal. These results suggest the change in the GABA 
concentration on the 5th day is an early response of the brain to administration of the virus vaccine. 

The GABA level in nerve tissue is determined by the relationship between two basic processes: de- 
carboxylation of glutamic acid with the formation of GABA and transamination of GABA with ~-ketoglutaric 
acid. The next task was therefore to determine the activity of the enzyme catalyzing the reaction of GABA 

formation in the brain tissue of the animals immunizedwith poliomyelitis vaccine of immunological type If. 
Tests were carried out on cottontail rats, for these animals are more sensitive to poliomyelitis virus. 

It will be clear from Table 1 that a statistically significant increase in decarboxylase activity was 
found in the cottontail rats, and this corresponded to the increase in GABA concentration under the same 

experimental conditions. 

Activity of the enzyme GABA-a-ketoglutarate transaminase in the brain tissue of the immunized 
cottontail rats, on the other hand, was indistinguishable from that in the brain tissue of the controlanimals. 

These results indicate that the system of GABA metabolism in the brain and connected with its func- 
tion undergoes definite changes during immunization with poliomyeli t is  vaccine,  and these changes occur  
considerably  e a r l i e r  than the appearance of specific antibodies in the blood in response  to adminis t ra t ion 
of the vaccine.  
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