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Neurot ropic  drugs  belonging to va r ious  groups  (fluphenazine, nonachlazine,  t r i f luper ido l  
f luacizine,  imip ramine ,  d iazepam,  apomorphine ,  fentanyl,  diphenylhydantoin) in expe r imen t s  
in v i t ro  showed an inhibi tory effect  on act ive  t r anspo r t  of y - a m i n o b u t y r i e  acid (GABA) by 
synap tosomes  of the ra t  c e r e b r a l  co r tex .  In mos t  c a se s  a pa ra l l e l  d e c r e a s e  in the act ivi ty 
of synaptosomal  N a , K - A T P a s e  was obse rved .  Substances not changing GABA uptake as a 
rule  had no effect  on the act ivi ty  of  the enzyme (carbidine and morphine) .  Some subs tances  
inhibiting N a , K - A T P a s e  were  ineffect ive with r e spec t  to GABA uptake (azabuperon,  t e t r a -  
benazine) .  It is suggested that the drugs  tes ted have at leas t  two poss ib le  points  of app l ica -  
t iom Na ,K-ATPase  and the hypothet ical  t r a n s m e m b r a n e  c a r r i e r  of GABA. 
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Chlorpromazine  and imip ramine  have been shown to inhibit the uptake of 7 - a m i n o b u t y r i c  acid !GABA) 
by isolated ne rve  endings [7, 11]. The  mechan i sm of act ive t r a n s p o r t  of  med ia to r s  including GABA) with 
high c a r r i e r  affinity functions in low concent ra t ions  Of the med ia to r  in the incubation medium [7, 13], it is 
sensi t ive  to metabol ic  inhibi tors  [9], and it  leads  mainly  to accumulat ion of the med ia to r s  by synaptic  v e s i -  
c les .  Active uptake takes  p lace  in medium with a high Na + (50-150 mM) and low K + (1-10 mM) concen t ra -  
tions and is  inact ivated in medium with a high K + concentrat ion (20-50 mM).  This  mechan i sm,  it has  been 
suggested,  i s  linked with the function of N a , K - A T P a s e  and is  inhibited by the specif ic  inhibi tor ,  ouabain [9]: 

With these fac t s  in mind,  it was decided to compare  the e f fec ts  of psychot rop ic  d rugs  of different  
c l a s s e s  on the active uptake of H~-GABA by synap tosomes ,  on the one hand, and on N a , K - A T P a s e  activi ty 
of the synaptosomes  on the other  hand. 

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

Exper iments  were  ca r r i ed  out on male  albino ra t s  weighing 180-250 g: After  decapitat ion the c e r e b r a l  
cor tex  was r emoved  and the subce l lu la r  f rac t ions  were  obtained by f ract ionat ion of the total synaptosomal  
f ract ion in a suc rose  densi ty gradient  [8]. The  res idue  of synap tosomes  was suspended in 0.32 M sucrose .  
Active uptake of H3-GABA by synap tosomes  was studied by the method desc r ibed  p rev ious ly  [7]. The  compo-  
sit ion of the incubation medium was as follows (in raM): NaC1 100, KC1 6, suc rose  100, g lucose 10, t r i s -  
phosphate buf fer  (pH 7.4) 30, d rug  0.5, together  with 0.2 #M GABA Ca mix tu re  of H~-GABA, New England 
Nuclear ,  USA, with specif ic  radioact iv i ty  10 m C i / m m o l e ,  and nonradioacti~ie GABA in a m o l a r  ra t io  of  
1 : 100). The pa r t i cu l a r  sample ,  without p ro te in ,  had an emis s ion  ra te  of 104 counts /min .  The  counting 
efficiency was ver i f ied  by the external  s tandard method.  The  reac t ion  was s ta ted by  the addition of 50 #l 
of synaptosomal  suspension (200-250 #g protein)  to 1 ml of medium.  After  incubation (20 rain, 37~ the 
reac t ion  was stopped by cooling the s amples  to 0-4~ Af te r  centr i fugat ion (20,000 g, 15 min,  0-4~ the 
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TAB LE 1. Ef fec t  o f  P s y c h o t r o p i c  D r u g s  
Of D i f f e r e n t  T y p e s  on  Uptake  of  H3-GABA 
by S y n a p t s o s o m e s  and on A c t i v i t y  of Synap-  
t o s o m a l  N a , K - A T P a s e  ( M ' m )  

Ha-GABA Na, K- 
Substance, uptake (in A TPase ac- 
0.5 mM % of con- tlvity (in ~ 

trol) of control) 

Ouabain 
Dirnethyl- 

sulfoxide 
(DMSO). 

Flnphenazine 
Nonachlazine 
Tetrabenazine 
Azabuperon 
Carbidine 

ll-----4 

100+8 
3-+ 1 

10"4-2 
17-----3 
15-----3 

102----- 14 

100-+9 
67----- 7 
16-+4 
25-+ 5 
72----- 11 
41-----6 

Mg-ATPase 
ac:ivity (in 
% of con- 
trol) 

100-+ 10 

100-+8 
65----- 8 
14-+4 
38----- 6 
73----- 7 
46= 6 

Tetrabenazine 
Diazepam* 
Imipramtne 

�9 Fluacizine 
Amphetamine 

98----- 15 
89 ~- 10 
60= 10 
15-+5 
30----- 3 

106-+ 10 
52-+ 8 
75--- + 14 
82-+8 
41-+7 

107"-1I 
95~ 9 
88 ~- 4 
81-+8 
73-+ 7 

Apomorphine 98-- + 12 73• 7 106----- 9 
Dipheny~ 39 -+ 8 17----- 4 87• 6 
Diphenyl - 

h)[danto/u* 72-+10 88-+7 84=7 
Carbamazepine = 63-+ 8 96----- 8 108----- 7 
Morphine I02-~ I0 97-+9 96--+9 
Fentanyl 40 + 8 45-+ 6 70----- 6 

L e g e n d .  D r u g s  d i s s o l v e d  in DMSO, the  
f ina l  c o n c e n t r a t i o n  of which  in the  s a m p l e s  
w a s  0.5%, a r e  m a r k e d  by an a s t e r i s k .  R e -  
s u l t s  of 4 to 5 e x p e r i m e n t s  a r e  g iven .  N a , -  
K -  and M g - A T P a s e  a c t i v i t i e s  w e r e  15 and 
18 # m o l e s  P i / m g  p r o t e i n / h  r e s p e c t i v e l y .  
Va lues  fo r  A T P a s e  a c t i v i t y  and d e g r e e  o f  
H3-GABA up take  taken  as  100% fo r  s a m p l e s  
no t  con ta in ing  d r u g s .  

r e s i d u e s  w e r e  w a s h e d  t w i c e  wi th  cold  incuba t ion  m e d i u m  (without i so tope)  and d i s s o l v e d  in  1 m l  10% T r i t o n  
X-100 .  Of the  r e s u l t i n g  s o l u t i o n  a s a m p l e  of  0.2 m l  was  taken  and t r e a t e d  with  10 m l  s c i n t i l l a t i o n  f lu id  
con ta in ing  3 ml  e thano l  and 7 ml  to luene  wi th  0.5% 2 , 5 - d i p h e n y l o x a z o l e  (PPO) and 0.01% d i p h e n y l o x a z o l y l -  
b e n z e n e  (POPOP) .  R a d i o a c t i v i t y  was  m e a s u r e d  by  the M a r k  1 (Nuc lea r  Chicago)  s c i n t i l l a t i o n  c o u n t e r .  P r o -  
te in  was  d e t e r m i n e d  by L o w r y ' s  m e t h o d .  A c t i v i t y  of  N a , K - A T P a s e  was d e t e r m i n e d  by  m e a s u r i n g  the d e g r e e  
of  a c c u m u l a t i o n  of  i n o r g a n i c  p h o s p h a t e  in the c o u r s e  of  the  r e a c t i o n  (20 ra in ,  37~ T h e  c o m p o s i t i o n  of the 
i ncuba t ion  m e d i u m  was  as  fo l lows  (in raM): NaC1 100, s u c r o s e  100, g l u c o s e  10, KC1 6, MgC12 5, ATP-Na2  3, 
t r i s - H C 1  (pH 7.4) 30, wi th  o r  wi thout  ouaba in  0.5.  T h e  r e a c t i o n  was  s t a r t e d  by  the add i t ion  of 50 #1 of  
s y n a p t o s o m a l  s u s p e n s i o n  (200-250/~g p r o t e i n / m l )  and s topped  with  10% T C A  (1 : 1). P h o s p h a t e  was d e t e r -  
m i n e d  by  the me thod  of  L o w r y  and L o p e z  [12]. 

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

To ob ta in  a b r o a d e r  v i e w  of  the  ac t ion  of  the d r u g s  of each  g r o u p ,  no t  only  n e u r o l e p t i c s  ( c h l o r p r o m a -  
z ine ,  f l uphenaz ine ,  t r i f l u p e r i d o l ,  a z a b u p e r o n ) ,  bu t  a l so  r e p r e s e n t a t i v e s  of o t h e r  c l a s s e s  of compounds  w e r e  
u sed :  a n t i d e p r e s s a n t s  ( i m i p r a m i n e ,  f l u a e i z i n e ) ,  e a r b i d i n e *  which c o m b i n e  the  f e a t u r e s  of n e u r o l e p t i c s  and 
a n t i d e p r e s s a n t s  [2], the  t r a n q u i l i z e r  d i a z e p a m ,  the a n t i e p i l e p t i c  d r u g s  d iphe ny lhyda n to in  and c a r b a m a z e p i n ,  
the n a r c o t i c  a n a l g e s i c s  m o r p h i n e  and f en t any l ,  the  r e s e r p i n e - l i k e  p r e p a r a t i o n  t e t r a b e n a z i n e ,  and s t i m u l a n t s  
( a m p h e t a m i n e  and a p o m o r p h i n e ) .  F o r  c o m p a r i s o n ,  the  new an t i ang ina l  p r e p a r a t i o n  n o n a c h l a z i n e  [4], a p h e n o -  
t h i a z i n e  d e r i v a t i v e ,  was  u s e d .  

The  e x p e r i m e n t a l  r e s u l t s  a r e  s u m m a r i z e d  in  T a b l e  1, which  shows  s a t i s f a c t o r y  c o r r e l a t i o n  fo r  m o s t  
of  the  d r u g s  u sed  be tween  t h e i r  e f fec t  on H3-GABA up take  and the a c t i v i t y  of  s y n a p t o s o m a l  t r a n s p o r t  Na, K- 
A T P a s e  o f  r a t  b r a i n .  F o r  i n s t a n c e ,  s u b s t a n c e s  b lock ing  GABA up take  b y  s y n a p t o s o m e s  ( f luphenaz ine ,  

*3 '6 -  d i m e t h y l - l , 2 , 3 , 4 , 4 a , 9 a - h e x a h y d r o - T - c a r b o l i n e  d i h y d r o c h l o r i d e  - C o n s u l t a n t s  B u r e a u .  
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nonachlazine,  f luacizine,  fentanyl) inhibited Na ,K-ATPase  by about the same degree .  Ouabain, in these 
exper iments ,  completely blocked Na,K-ATPase  and inhibited the uptake of labeled GABA by 89%~ F o r  
some substances (chlorpromazine,  t r i f luper idol ,  diazepam, imipramine ,  diphenylhydantoin) the block of 
GABA uptake by synaptosomes was more  marked than the degree  of inhibition of Na,K-ATPase .  Substances 
not affecting GABA uptake (morphine, carbidine) had no effect  on Na,K-ATPase  activity.  The s t rongest  
blocking action on active GABA t ranspor t  through the presynapt ic  membranes  was shown by chlorpromazine ,  
imipramine ,  nonachlazine,  and tr i f luperidol;  the s t rongest  inhibitory effect on t ranspor t  ATPase  was shown 
by fluphenazine, nonachlazine,  and apomorphine~ It is also in teres t ing to note that some drugs  ( tetrabenazine,  
apomorphine and, to some extent,  amphetamine) acted specif ical ly on Na,K-ATPase .  In a concentra t ion of 
0.5 mM the blocking action of these drugs was not accompanied by any change in the activity of Mg++-ATPase. 
No cor re la t ion  was  found for  four  substances between the degree  of inhibition of uptake and the change in 
Na ,K-ATPase  act ivi ty.  For  instance,  te t rabenazine and azabuperon inhibited Na ,K-ATPase  act ivi ty by 27, 
48, and 58% respect ive ly  but did not affect H~-GABA uptake by the synaptosomes.  On the other  hand, ca rba-  
mazepine moderate ly  inhibited uptake but had no appreciable  effect  on Na,K-ATPase  act ivi ty.  

These  fac tors  indicate the p resence  of a complex relat ionship between the sys tems for active media tor  
t ranspor t  and for the t ranspor t  of Na + and K +. At least  two possible points of application of the drugs affect-  
ing active GABA uptake must evidently be distinguished: Na ,K-ATPase  d i rec t ly  and the hypothetical GABA 
c a r r i e r  "m the presynapt ic  membrane ,  the function of which is coupled with that of the Na, K-pump. An 
inhibitory effect  on Na,K-ATPase  has been demonst ra ted  for  ch lorpromazine  [5, 6], imipramine ,  ampheta-  
mine [6], and diphenylhydantoin [5, 10], in agreement  with the p r e sen t  r e su l t s .  The s imi la r i ty  between the 
drugs of the different  c lasses  in the general  direct ion of thei r  action (neuroleptics,  ant idepressants ,  t r an -  
qui i izers ,  anticonvulsants,  narcot ic  analgesics) suggests that the effects observed  do not de te rmine  the 
specific cha rac t e r  of action of the substances of each group. 
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