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Chlorpromaz ine  noneompet t t ively  inhibits the uptake of GABA-3H by both gila[ ce l l s  and syn-  
ap tosomes ,  synaptosomal  uptake being more  sensi t ive  to ce r ta in  inhibitors,  f l-Alanine c o m -  
pet i t ive ly  inhibits only the low-affini ty GABA uptake s y s t e m  in the glia[ cei ls .  Cor re la t ion  is 
observed  between inhibition of GABA uptake by psychotropic  drugs  in glial ce l l s  and synapto-  
somes ,  tt is postulated that two different  s y s t e m s  of GABA uptake with high and low affinity 
function in ne rve  endlngs and glial cel ls .  
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3/-Aminobutyric acid (GABA) is act ively  taken up by neurons and by glial cel ls ,  the ra t io  between the 
neuronal  and glial  uptakes being 30:1 [ 10]. It  is suggested that inactivation of GABA, as the med ia to r  of in- 
hibition, takes place main ly  by uptake of the amino acid by nerve endings [4].  The neuronal  uptake of GABA 
takes place on account of a high-aff ini ty enzyme sys tem,  bes ides  which a sy s t em of low-affini ty GABA uptake 
also functions in bra in  t i ssue [5, 8]. 

It was decided to study the kinet ics  of the two s y s t e m s  of GABA uptake and also to compare  their  s ens i -  
tivity to psychotropic  drugs  with an inhibi tory action on synaptosomal  uptake of GABA [ 1, 2, 6]. 

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

Expe r imen t s  were  c a r r i e d  out on ma le  albino r a t s  weighing 180-250 g. The f ract ion of glial ce l ls  was 
isolated f rom the r a t  c e r e b r a l  co r t ex  by Rose '  s method [9] with ce r ta in  modificat ions.  After  r e m o v a l  of the 
blood ve s se l s  the bra in  t i ssue was washed two or three  t imes  with physiological  sal ine and was cut into smal l  
pieces .  The minced  t i ssue  was suspended in 10% Ficol t  containing 100 mM NaCI and 0.1 M sodium phosphate 
buffer ,  pH 7.4. The suspension was rubbed success ive ly  through nylon s i eves  with a mesh size of 1000, 500, 
100, 75, and 50/~ at 0-4~ The resul t ing  fine suspension was centr i fuged in a densi ty  gradient  (40% sucrose--  
30% Ftcol l  suspension) for  90 rain at  53,000g. The solutions of suc rose  and Ficol l  contained 100 mM NaCI and 
0.1 M sodium phosphate buffer.  After  centr i fugat ion s amp le s  of the glial cell  f rac t ion  were  taken f rom the 
upper  boundary of the 30% Ficol l  layer ,  diluted in 0.32 M sucrose ,  and sedimented at 1500g (30 min).  The 
yield of glta as protein was 10% and  the pur i ty  of the f rac t ion  as shown by examinat ion under the p h a s e - c o n t r a s t  
m i c r o s c o p e  was 85%. The glial ce l l s  were  a s t rocy t e s  and ol igodendrocytes.  The combined f rac t ion  of syn-  
ap tosomes  was obtained by Whit taker '  s method in the modif icat ion of Shevtsov et  al. [ 3]. The uptake of 
GABA-3H was de te rmined  by incubating the synap tosomes  or glial ce l ls  (0.25 mg prote in  in 1 ml) in medium 
containing 100 mM NaC1, 6 mM KC1, 10 mM glucose,  100 mM sucrose ,  and 30 mM T r i s ' p h o s p h a t e  buffer ,  
pH 7.4, with continuous agitat ion (20 min,  37~ A mix tu re  of GABA-3H f rom New England Nuclear  (USA) with 
specif ic  radioac t iv i ty  of 10 C i / m m o l e  with nonradioact ive GABA in the m o l a r  ra t io  of 1:1000 was used. The 
reac t ion  was stopped by cooling the sample  to 0-4~ After  centr i fugat ion (20,000g, 15 min,  0-4~ the res idues  
were  washed twice with cold incubation med ium (without the isotope) and dissolved in 1 ml Tr i ton  X-100. A 
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Fig. 1. Effect of ch lorpromazine  and fl-alanine on uptake of GABA by glial cells  (Lineweaver-  
Burke plot, resul ts  of 5-6 experiments) :  1) control;  2) 500 #M fl-alanine; 3) 100/~M ch lo rp roma-  
zine. 

Fig. 2. Effect of chlorpromazine on GABA uptake by synaptosomes (Lineweaver-Burke plot, r e -  
sults of 5-6 experiments) :  1) control;  2) 100 ~M chlorpromazine.  

0.2-ml sample was taken from the result ing solution and added to 10 ml of scintil lation fluid containing 3 ml 
ethanol and 7 ml toluene with 0.5% 2,5-diphenyloxazole and 0.01% 1,4-bis- [2-(5-phenyl)oxazole]-benzene.  The 
radioactivi ty was measured  with a Mark I Nuclear Chicago (USA) scintillation counter. Protein was determined 
by Lowry ' s  method. 

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

Kinetic analysis  of the GABA uptake by the glial cells,  the resul ts  of which a r e  shown in Fig. 1, revealed 
that there are two sys tems  of uptake: one with high (Kml = 31 =~ 7 ~M) and one with low (Kmt* = 123 -~ 10 #M) 
affinity. As Fig. 1 shows, fl-alanine did not change the maximal rate of GABA uptake with low affinity, i.e., it 
behaved as a competit ive inhibitor of that system. The apparent value of the Michaelis constant (Km) in the 
presence of fl-alanine was 210 ~M, i.e., it differed appreciably from the value of Km2. The constant of inhibi- 
tion (Ki) calculated on the basis of these data for fl-alanine was 441 J= 38 ~M. fl-Alanine had no significant 
effect on the GABA uptake system with high affinity. Meanwhile chlorpromazine (Fig. 1, curve 3) noncom- 
petitively inhibited both the high-affinity (K i = 80 ~ 10 #M) and the low-affinity (K i = 81 �9 12 ~ M) sys tems .  
Uptake of fi-alanine itself by glial cells is known to be competi t ively inhibited by GABA [10]. It could be 
postulated that the low-affinity system of uptake is a feature of glial cells, whereas the high-affinity sys tem is 
found on account of contamination with synaptosomes.  Two sys tems of GABA uptake with different  affinities 
are known to exist in the synaptosomes also [8]. 

It was therefore considered important  to compare the kinetic charac te r i s t i c s  of GABA uptake by the syn-  
aptosomes,  on the one hand, and by glial cells on the other. As Fig. 2 shows, the kinetic charac te r i s t i c s  of the 
synaptosomal uptake of GABA point to the existence of two sys tems with high (Kml = t 2  ~: 5 ~M) and low 
(Kin2 = 115 ~ 15 #M) affinity, and that both sys tems are inhibited noncompetit ively by ch lorpromazine ;  K i for 
the system of synaptosomal uptake with high affinity was lower than for the sys tem with low affinity (Table 1). 

As Table 1 shows, K i of chlorpromazine for both uptake sys tems  in the glial cells also had a higher 
value. Chlorpromazine,  according to these observations,  thus behaved as a noncompetitive inhibitor of both 
uptake sys tems  both in glial cells and in synaptosomes.  The synaptosomal uptake, moreover ,  was more  sens i -  
tive to the inhibitory influence of chlorpromazine than the glial, and the high-affinity uptake system was more 
sensitive than the low-affinity sys tem.  This is in agreement  with the wr i te rs '  ea r l i e r  findings of the high 
sensitivity of synaptosomat uptake to phenothiazine neuroleptics  [ 1, 2]. Unlike chlorpromazine,  fl-alanine, a 
competitive inhibitor of the low-affinity GABA uptake sys tem in glial cells, in a concentrat ion of 500 ~M, had 
no appreciable effect on either GABA uptake sys tem in the s3maptosomes. 

For  the purpose of comparison,  other psychotropic drugs belonging to the groups of neuroleptics,  anti-  
depressants ,  t ranqui l izers ,  and stimulants were studied. Data on the effect of these drugs on the uptake of 

�9 As in Russian original;  probably Kin2 - Consultants Bureau.  
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TABLE 1, Some Kinetic Characteristics of 
GABA Uptake Systems in Glial Cells and 
Synaptosomes of Rat Cerebral Cortex 
(M ~: m) 

Synapto- 
Kinetic c~nstants Glial cells ]somes 

Km of high affinity 
m of low affinity 

-K i of chlorpromazine for 
high-affinity system 

K. of chlo.rpromazine for 
1 low-affinity system 

Ki of B -alanine for hig h- 
"'affinity system 

K i of B-atanine for low- 
affinity system 

31"+'7 ~M 
t23 -+- 10/zM 

80 .+. 10# M 

81--12/~M 

No inhi- 
bition 

t41-----38 pM 

! 12-~-5 pM 
t 15--':-5 pM 

28--4 pM 

49-~--7 ~I'r 

The same 

TABLE 2. E f f e c t  of P s y e h o t r o p i c  D r u g s  on 
Uptake of  GABA-3H by Gl i a l  C e i l s  and 

S y n a p t o s o m e s  of R a t  C e r e b r a l  C o r t e x  in 
E x p e r i m e n t s  in v i t r o  (M ~: m) 

Drug 

Control * 
Fluphenazine 

Trifiuperidol 

A zabuperon 

Carbidine 

tmipramine 

Fluacizine 

Diazepam 

Cocaine 

Amphetamine 

tion, ffM 

50 
50O 
5O 

5OO 
50 

5O0 
50 

5OO 
50 

5OO 
50 

500 
50 

500 
5O 

500 
50 

500 

GABA unptake, % 
of control 

synapto- 
glial cells somesl" 

I00 100 
52-----6 30-----5 
24"+'4 13--2 
92--'- i0 72"-9 
32---'-4 t5"-3 
98-'-10 94--12 
92-----I1 102--14 

104-----t2 104-----13 
94-- 11 98-- 15 
84--12 88~ l0 
31--5 15--5 
89--tl 90-~10 
29-~=4 30~--3 
95--12 93~12 
57-4-6 68-- 12 

104-- 11 
106-- 11 99--11 
103-- 10 10t-- I0 
98-- 11 98~ 12 

*GABA in e x p e r i m e n t s  wi th  s y a a p t o s o m e s  
was  added  in c o n c e n t r a t i o n  of 10 ~M, in 
e x p e r i m e n t s  wi th  g l i a l  c e l l s  200/~M. 
t D a t a  taken  f r o m  Mai sov  e t  al .  [1] .  

l a b e l e d  GABA by g l i a l  c e l l s  a r e  g iven  in T a b l e  2 w h e r e ,  for  c o m p a r i s o n ,  r e s u l t s  o b t a i n e d  p r e v i o u s l y  in e x -  
p e r i m e n t s  on s y n a p t o s o m e s  a r e  a l s o  g iven  [1] .  As  T a b l e  2 shows ,  on the whole  t h e r e  was  de f in i t e  c o r r e l a t i o n  
be tween  the inh ib i t ion  of up take  by g l i a l  c e l l s  and s y n a p t o s o m e s ,  a l though the s y s t e m  of n e u r o n a l  up take  was  
m o r e  s e n s i t i v e  to the ac t ion  of n e u r o l e p t i c s .  D r u g s  not  inh ib i t ing  s y n a p t o s o m a l  uptake  of GABA w e r e  a l so  in -  
e f f ec t ive  a g a i n s t  g l i a l  up take  ( azabupe ron ,  c a r b i d i n e ,  c o c a i n e ,  a m p h e t a m i n e ) .  

T h e s e  r e s u l t s  a r e  in a g r e e m e n t  wi th  the view tha t  two d i f f e r e n t  s y s t e m s  of GABA uptake  funct ion  in n e r v e  

end ings  and g l i a l  c e l l s  [7 ] .  
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