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The effect  of phenothiazine neurolept ics  (ch lorpromazine ,  t r i f luoperaz ine ,  perphenaz ine ,  
f iuophenazine and an t idepressan ts  ( imipramine  and fluacizine} on the uptake of GABA-H 3 
by synapt0somes  of the r a t  c e r e b r a l  cor tex  was studied. All the neurolept ics  p roved  to be 
act ive inhibi tors  of the accumulat ion of neuromedia to r  by the synaptosomes .  The a n t i d e p r e s -  
sants  we re  less  act ive .  The m o s t  act ive inhibi tor  of GABA uptake was ch lo rp romaz ine  and 
the l eas t  act ive was the new Soviet phenothiazine an t idepressan t  f luacizine.  I t  is suggested 
that  the i r  effect  on GABA uptake may  play a role  in the mechan i sm of the synaptic  action of 
neuro lep t ics .  
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The use  of Synaptosomes (the f ract ion of isolated nerve  endings [14]} makes  it poss ib le  to study the 
effect  of neurot ropic  drugs on synaptic p r o c e s s e s .  Synaptosomes a r e  known to be  able to accumulate  T - a m -  
in ,bu tyr ic  acid (GABA) with the aid of a specif ic p roces  s of act ive t r anspo r t  [7, 10l which, it is a ssumed,  
pa r t i c ipa tes  in the regulat ion of the inhibitory med ia to r  function of GABA [6, 13]. 

Since GABA uptake by presynapt ic  endings may be one point of applicat ion of depr iming  agents [8] it 
was decided to study the effect  of s e v e r a l  neurolept ics  and an t idepressan ts  on this p r o c e s s .  

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 ts  weighing 180-250 go Synaptosomes were  obtained 
f r o m  the c e r e b r a l  cor tex  by centr i fugat ion of the unpurified mi tochondr ia l  f rac t ion  in a s tepwise sucrose  
dens i ty  gradient  (0o8-1.2 M) at 132,000 g for  40 min on the MSE-65 u l t racent r i fuge  [2, 14]. The f ract ion of 
synaptosomes  was col lec ted  at the boundary between the 1o0-1.1-1.2 M suc rose  levels ,  diluted with 0.32 M 
sucrose  at 0=2~ and centrifuged at 20,000 g for  20 mino The resul t ing res idue  was suspended in 1.5 ml 
0.32 M sucrose  p e r  g r a m  of the or iginal  weight of bra in .  

An incubation medium [11] containing 100 mM NaC1, 6 mM KC1, 10 mM glucose,  100 mM sucrose ,  and 
30 mM Tr i s -phospha te  buffer ,  pH 7.4, was used. Incubation (20 min, 37~ was c a r r i e d  out with continuous 
shaking by the following scheme:  s imultaneous addition of 10 ~M GABA-H 3 and the pharmaco log ica l  agent 
in the tes t  concentrat ion,  followed by 50 ~1 of suspension of synaptosomes ,  equivalent on the average  to 0.25 
mg pro te in /ml~  Pro te in  was de te rmined  by Lowry ' s  method [9]. Binding of GABA by the synaptosomes  was 
stopped by cooling to 0-4~ Isola t ion of the synaptosomes  f rom the incubation medium and recording of the 
act ivi ty of bound GABA-H 3 were  ca r r i ed  out by a modified method of Synder and Coyle [121o For  this pur -  
pose  the incubation medium containing synap tosomes  was centr ifuged at 20,000 g for  15 min at 0-4~ The 
resul t ing res idues  were  twice washed with ice-cold incubation medium and dissolved in 1 ml 5% Tr i ton  X- 
100. Samples  of 0.2 ml  were  taken f rom the resul t ing solution and added to 10 ml  of scint i l lat ion fluid con- 
taining 3 ml  ethanol,  7 ml  toluene, 0.4% 2,5-diphenyloxazole (PPO), and 0o01% 1,4-di[2-(5-phenyl)-oxazolyl]  
benzene (POPOP). Activity of the GABA-H 3 was measu red  with the Mark  I Nuclear  Chicago (USA) scint i l -  
lation counter .  GABA-H ~ (New England Nuclear)  with a specif ic  act ivi ty of 10 m C i / m m o l e  was used and was 
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Fig. 1. Binding of 
GABA-H 3 by syna- 
ptosomes as a func- 
tion of GABA con- 
centrat ion (results 
of 3-6 experiments) .  
Abscissa ,  GABA 
concentrat ion (in 
~M); ordinate,  up- 
take of GABA (in 
~ m o l e s / m g  protein 
during incubation 
for  20 rain at 37~176 

TABLE 1o Effect of Neuroleptics and An- 
t idepressants  on Uptake of GABA-H 3 by 
Isolated Synaptosomes of Rat Cerebra l  
Cortex (M • m) 

Substance 

GABA-H a 

IConcen- 
tration* 
in gM) 

Uptake of 
GABA-H 3 (in 
% of control) 

l0 100-+9 

- ~ 50 29-----3 
Chlorpromazine + GABA-H 100 9-+2 

500 3 -+- 1 

50 27-+ 3 
Trifluoperazine + GABA-H 3 100 17+2 

500 I0-+ 1 

50 39-+4 
Pcrphcnazine + GABA-H s I00 27+3 

500 16-+2 

50 30-+5 
Fluophenazine + GABA-H s 100 23-+3 

500 13-+2 

50 88----- I0 
3 Imipramine + GABA-H 100 47-+5 

500 9-+2 

Fluacizine + GABA-H 3 
50 

100 
500 

*In all exper iments  GABA-H 3 was 
in concentrat ion of 10 ~M, 

90--- 10 
65~ 7 
30--3 

added 

added to nonradioactive GABA in the molar  ratio of 1:100. A 
sample containing 0.2 ml of a 1 gM solution of this GABA mix- 
ture gave on the average 10,000 counts/min~ The counting ef- 
ficiency was checked by the external  standard method. 

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

Binding of GABA by synaptosomes is an enzymic p ro -  
cess  of active t ranspor t  that obeys the Michae l i s -Menten  
kinetic equation (Fig. 1), in agreement  with other observat ions 
[6, 10, 11]. The Michaelis constant (Km) i.e., the GABA con- 
centrat ion at which the rate of its uptake by synaptosomes is 
half of the maximal value (Vmax) , was 7.0 �9 1.2 #M in the 
presen t  experiments .  According to Martin [10], K m for GABA 
uptake by synptosomes is 4~ ~= 1.0 ~M, in sa t i s fac tory  agree-  
ment with the results  now obtained by the use of brain  sl ices 
or  homogenates instead of synaptosomes [8]. On the basis  of 
these data the effect of the neurotropic drugs on GABA uptake 
by synaptosomes was studied in the region close to the K m 
value with a standard GABA concentrat ion of 10/~M. 

The neuroleptics (chlorpromazine,  t r if luoperazine,  
perphenazine,  and fluophenazine inhibited the GABA uptake by 
synaptosomes in concentrat ions of 50-500 ~M (Table 1). The 
most  active inhibitor of GABA uptake was chlorpromazine ,  
followed short ly in a concentrat ion of 100 #M by t r i f luopera-  
zine, fluophenazine, and perphenazine,  the la t ter  being less ac-  
tive in all concentrat ion tested. 

The ant idepressants  ( imipramine and fluacizine) had 
a weaker  inhibitory effect on GABA uptake than the neuro-  
leptics,  and this was par t icu lar ly  marked in low concent ra-  
tions. The resul ts  obtained for  chloropromazine  and imi- 
pramine are in agreement  with those obtained by other work-  
ers  [8] who, unlike the presen t  wr i te rs ,  used bra in  s l ices .  

It is interest ing to compare  the results  of the presen t  
investigation with those showing that ant idepressants  se lec-  
tively inhibit the uptake of noradrenal in (NA) by brafn sl ices,  
but  without any effect on dopamine uptake [4]. Unlike the an- 
t idepressants ,  chlorpromazine  in experiments  in vivo does 
not inhibit the reass imi la t ion of NA [5], but exhibits this ac-  
tion only in experiments  in vi t ro  [3]~ 

These observations are  in agreement  with the fact, 
observed in the present  experiments ,  that the new ant idepres-  
sant with phenothiazine s t ruc ture ,  fluacizine, which, as was 
shown previously,  can inhibit the uptake of exogenous NA by 
per iphera l  adrenergic  neurons [1], is weake r than that of the 
neurolept ics .  It can accordingly be suggested that ability to 
inhibit GABA uptake by the presynapt ic  nerve endings of the 
bra in  is a charac te r i s t i c  p roper ty  of neuroleptics that may 
play an important  role in the real izat ion of the synaptic effect 
of these substances.  
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