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Neurolept ics  (haloperidol, clozapine, pimozide,  chlorpromazine)  caused a d e c r e a s e  in the 
level  of the f r e e  (functionally active) fo rm of acetylchol ine (ACh) and also,  to some extent, 
of the bound fo rm of ACh, inconsis tent  changes in the content of loosely bound (vesicular) 
fo rm of ACh, and a weak effect  on choline ace ty l t r ans fe ra se  act ivi ty in the basal  ganglia 
of ra ts  5-30 rain a f te r  injection. By con t ras t  with the i r  inhibitory action on acetylchol in-  
e s t e r a s e  (ACHE) activity,  in exper iments  in v i t ro  most  neuroleptics  (except clozapine) in-  
c r e a se d  ACh activi ty in vivo. These  resu l t s  show that neurolept ics  act ivate ACh metab-  
o l ism and evidently s t imulate  chol inergic  s t ruc tu re s  in the basal  ganglia; AChE activity 
can be used as a c r i t e r ion  of this s t imulat ing action of the neurolept ics .  
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The cha rac t e r i s t i c  effect  of dopaminergic  drugs on acetylcholine (ACh) metabol ism inthe basal ganglia 
(BG) has recent ly  been demonst ra ted  and, on this bas is, the existence of c lose  functional connections has been 
postulated between the dopaminergic  and chol inergic  sys t ems  in the corpus s t r ia tum,  with a predominantly 
inhibitory c h a r a c t e r  of the influence of dopaminergic  s t ruc tu re s  on cholinergic  [1, 3, 5, 9, 14]. The action of 
neurolept ics  widely used in cl inical  p rac t ice  [2] is cha rac t e r i zed  by a d ec r ea se  in motor  activity in animals ,  
usual ly  linked with blocking of dopamine r ecep to r s  in the brain,  above all in BG, and it is accompanied by ac -  
t ivat ion of dopamine metabol ism in these  s t ruc tu res  [4] and also by act ivat ion of cholinergic s t ruc tu res  [3, 9, 
14]. However,  no combined neurochemica l  investigations of ACh metabol ism in BG during the action of neuro-  

leptics have so f a r  been undertaken. 

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

Exper iments  were  c a r r i e d  out on male albino ra t s  weighing 150-220 g. BG (caudate nucleus, corpus  
s t r ia tum,  putamen, globus pallidus) were  isolated b y  the method of Glowinski and Iversen  [8]. The level  of 
f r e e ,  loosely bound, and f i rmly  bound ACh was de te rmined  [11]; choline ace ty l t r ans fe rase  (ChA) was isolated 
and purif ied by S t ree t ' s  method [12]. Activity of the enzyme was es t imated f rom the quantity of ACh (in mi -  
c rog r a ms )  synthes ized pe r  g ram wet weight of t i s sue  per  hour.  Acety lchol ines te rase  (ACHE) activity was de-  
t e rmined  by El lman 's  method [7] and expressed  in mic romoles  thiocholine per  g ram t i ssue  pe r  minute. The  
ACh concentra t ion was de te rmined  by a biological  method on the ven t r i c le  of the f rog ' s  hea r t  isolated by 
Stranb 's  method [6, 13]. The drugs other  than pimozide were  injected in t raper i toneal ty  in doses  giving a 
marked  effect  on the dopamine sy s t em and producing a behavioral  effect: Haloperidol 2 mg/kg,  clozapine 10 
mg/kg, ch lo rp romaz ine  10 mg/kg;  pimozide was injected into the la tera l  ven t r ic les  in a dose of 10 #g per  rat .  

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

Haloperidol,  a powerful neurolept ic ,  s t imulated the l iberat ion of ACh in BG during the ear ly  stages a f te r  
its injection, with a d e c r e a s e  in the level of the f r e e  and bound forms  of the media to r  (Fig. 1), and also with 
act ivat ion of AChE (Table 1). Meanwhile in exper iments  in vitro,  haloperidol  inhibited AChE activity some-  

what (Table 2). 

Clozapine, 5 min a f t e r  injection, also act ivated l iberat ion of ACh (Fig. 1). Unlike the o ther  neurolept ics ,  
in the exper iments  in vivo elozapine inhibited AChE activity (Table 1), probably on account of its d i rec t  effect 
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Fig. 1. Changes in ACh concentra t ion (in #g/g  
wet weight of t issue) by f rac t ions  in BG of r a t s  
under  influence of neurolept ics:  1) haloperidol ,  
a f te r  5 (a) and 30 (b) min; 2) clozapine, a f t e r  5 
(a) and 30 (b) min; 3) pimozide,  a f te r  5 (a) and 
30 (b) rain; 4) ch lorpromazine ,  a f te r  5 (a) and 
90 (b) min. Shaded columns r ep re sen t  control ,  
unshaded columns exper iments .  

TABLE 1. AChE Activity (in #moles  th iochol ine/g  t i ssue /min)  in BG of Rats After  Ad- 
minis t ra t ion  of Neurolept ics  

Drug Dose Time, min Control (n-5) Experiment (n-5) P 

Haloperidol 

Clozapine. 

Pimozide 

Chlorpromazine 

2 mg/kg 

10 mg/kg 

10 ~g per rat 

10 mg/kg 

5 
30 
5 

30 
30 

5 
90 

700,0+10,9 
: 816,0+11,7 

826,0+_23,9 
804,0+27.3 
708,0.+5,8 

730,0+5,5 
730,0!-5,5 

740.0--I.-6,3 
1392.0.+32,3 
448.0.+36,2 
770,0+33;8 

1280.0.+18,7 

840.0.+28.9 
488,0.+5,8 

<0,05 
<0,001 
<0,001 
>0,1 
>0,001 

< 0,05 
<0,001 

TABLE 2. AChE Activity (in pmoles  thiochol ine/g t issue/rain)  in Homogenates of BG 
of Rats After  Injection of Neurolept ics  (M • m) 

Drug 

Haloperidol, M 
Clozapine g/ml 
Pimozide g/ml 
Chloropromazine, M 

Control (n-5) 

809,0-4-12,7 
818,0.4-15,9 
818,0-H5,9 
720,0--+_8,3 

Experiment (n-6) 
concentration of drugs 

1.10 -4 

816,0+__4,0 
250,0+6,9" 
580,0+32,7" 
598,0_____36,2* 

i.i0 ~ 

672.0-4-1 t ,6* 
248,0--'~---8,0" 
502,0__~__5,8" 
614,0.+28,9" 

1.10 -6 

768,0_26,3" 
622,0.4,-25.0* 
698,0_10,2" 
680,0----I--21,7 

*P  < 0.05. 
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on the enzyme (Table 2). By the 90th minute of action of the drug a phase of ACh accumulation was observed,  
on account of an inc rease  in the level  of both t h e f r e e  and bound fo rms  (Fig. 1). 

Pimozide,  which blocks predominant ly  postsynaptic dopaminergic s t ruc tures ,  led to a dec rease  in the 
leve ls  of both the f r e e  and the loosely bound ACh 30 min af te r  its injection (Fig. 1). ACh activity in this case  
fell  f rom 696.0 + 10.3 to 598 �9 10.8 units, but AChE activi ty increased  (Table 1), despi te  some degree  of in- 
h ib i tory  action of the drug on act ivi ty of the enzyme in vi t ro  (Table 2). 

Chlorpromazine ,  in the ea r ly  per iods  a f t e r  its injection, lowered the level of loosely bound and f i rmly  
bound ACh (Fig. 1) and increased  AChE activity.  Af ter  90 min of action of ch lorpromazine  a phase of accu-  
mulation of media to r  in the f r e e  form began and was accompanied by depress ion  of AChE activity (Table 1). 

All the neurolept ics  investigated,  in the ear ly  stages a f te r  injection, thus led to st imulation of l iberat ion 
of ACh in BG of the ra t s ,  and this was accompanied by a fall  in the level of the f ree ,  physiologically act ive,  
fo rm of the media tor  and, evidently, induction of increased  AChE activity.  An inc rease  in AChE activity in 
BG of ra t s  in the ea r ly  stages of the i r  action is cha rac t e r i s t i c  of mos t  neurolept ics .  The unique action of 
ehlozapine on AChE activi ty in BG can be explained by the d i rec t  and powerful inhibitory effect  of the drug on 
the act ivi ty of the enzyme.  Meanwhile, all the neurolept ics  investigated were  able to inactivate AChE by a 
g r e a t e r  o r  l e s s e r  degree  in vi t ro ,  in agreement  with ea r l i e r  resul t s  [10]. 

Besides  the dec r ea se  in the level  of f ree  ACh, a d ec r ea se  in the level  of the bound fo rm of the media tor  
was usual ly observed under  the influence of the neurolept ics  also, whereas  var ia t ions in the content of loosely 
bound (vesicular)  ACh were  inconsistent.  Neurolept ics  (other than pimozide) had no significant effect  on ChA 
activi ty in BG. As investigations in which haloperidol  was given a f t e r  act inomycin D (15 ~g per  ra t  injected into 
the la tera l  ven t r ic le  30 min before  the neuroleptic) showed, activation of AChE by haloperidol  is evidently 
mixed in charac te r :  Both an inc rease  in prote in  synthesis  de novo and a l lo s t e r i cac t iva t ionof  the enzyme are  
possible .  

It can be concluded f rom these  resu l t s  that measu remen t  of AChE activity is a re la t ively  s imple and ad- 
equate method of assess ing  the activity of cholinergic s t ruc tu res  in BG during the act ion of neurolept ics .  The 
combined a s s e s s m e n t  of changes in the content of individual ACh fract ions  and activity of the enzymes of syn-  
thes is  and hydrolys is  of the media to r  gives evidence of the activating influence of the neurolept ics  on ACh 
metabol i sm and also,  evidently, on the functional activity of cholinergic s t ruc tu re s  in BG. The resul ts  indi-  
cate  that neurolept ics ,  even while they di f fer  ve ry  considerably in the i r  chemical  s t ruc ture ,  a re  effect ive r eg -  
u la tors  (act ivators  in the ea r ly  s tages  a f t e r  administrat ion)  of ACh metabol ism in BG. This action of the 
neurolept ics  is evidently due to  t he i r  p r i m a r y  blocking effect  on cent ra l  dopaminergic s t ruc tures .  
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