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Excitation of adrenergic  sys tems (by amphetamine) in the brain leads to utilization of the 
acetylcholine r e s e r v e s  whereas excitation of cholinergic sys tems  (by arecoline) causes util i-  
zation of the noradrenalin rese rves .  Meanwhile amphetamine does not l iberate acetylcholine 
f rom isolated nerve endings and arecoline has no effect in vi tro on the p rocesses  of noradren-  
alin s torage.  

Functional relations between ch01inergic and adrenergic  mediator sys tems in the brain during se lec-  
tive excitation of one of them with the aid of mimetics  has not yet been unanimously explained. The reason 
for this difference of opinion is the inadequate study of the biochemical  mechanism of action of  cholino- 
mimetics  and adrenomimetics  on the brain. For  example, the sympathomimetie  action of amphetamine on 
the CNS is due to the liberation of noradrenal in (NA) f rom the presynapt ic  depots [5, 6]. At the same time, 
the wr i t e r s  have shown [2] that by the action of amphetamine on the rat  brain, l iberation of NA is followed 
by a c lear  decrease  in the acetylcholine (AC) concentration. These Observations show that during sudden 
excitation of the adrenergic  sys tems  of the brain marked activation of cholinergic p rocesses  takes place. 
The question thus a r i ses  of the state of the adrenergic  p rocesses  of the brain during sudden excitation of 
cholinergic sys tems by means of cholinomimetics as well as the mechanism of these effects of adrenomi-  
metics and cholinomimetics.  

In the investigation described below the effects of amphetamine and arecoline on the A,C and NA con- 
centrations in the rat  brain were compared,  and the effect of these drugs on the s torage of AC and NA in 
isolated nerve endings (synaptosomes) was studied. 

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

Male albino rats  weighing about 200 g were  used. Aqueous solutions of arecol ine (10 mg/ml) and 
amphetamine (5 mg/ml) were injected intraperi toneally in a dose of 0.1 ml /100 g body weight. The control 
animals received water.  The cr i ter ion of the arecol ine effect was a brief  (lasting a few seconds) attack of 
t r e m o r  in the animals immediately after injection of the drug. The cr i ter ion of  the amphetamine effect was 
motor  excitation of the animals,  s tar t ing 5-10 rain after  the injection. The brain (without the cerebellum) 
was removed,  freed as far  as~possible f rom blood, weighed, and the NA and AC were extracted and est imated 
quantitatively as descr ibed previously [1, 2]. 

The methods used to isolate the synaptosomes and to study the effects of the pharmacological ly  active 
substances on the s torage of NA and AC in them were descr ibed previously [1]. 

E X P E R I M E  

After  administration of arecol ine 
(Table 1), while after administrat ion of 

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 the animals the AC concentration in the brain increased slightly 
amphetamine, on the other hand, it fell significantly. 
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TABLE 1. Concentration (in/~g/g) of AC and NA in the Rat Brain 
Following Administrat ion of Arecoline and A mphetamine 

AC NA 

Parame" control a/e- [ control amphet- control I a{e-- I control amphet" ter coline: 1, amine coline amine 

M-I- m 
Per cent of 
control 
n 

P 

,6=t=0,4 3,1 5=0,5 2,1 5=0,15 1,5::k 0 ,15 0,42::h 0,02 0,31 5=0,01 0,47::h 0,01 0,29 ::t= 0 ,02  

- > o , o  - ? u - <o,os <o,oo~ 3 <oJool ~e 

TABLE 2. Content (in/~g per  sample) of AC and NA in Isolated 
Nerve Endings after Incubation with Amphetamine (5/zg/ml) and 
Arecoline (10/~g/ml) 

Parameter 

M~m 
Per cent of control 
n ........... 

P., ......... 

AC 
control ~mph~t-:-- 

amine 

0,59+0,03 0,63~0,04 
- -  107 
3 3 

> 0,05 

NA 

control [ iamDhet- 
amine 

0,85+0,06 0.54• 
- -  63 
3 3 

<0,005 

arecoline 

0.88+0,04 
104 
4 

>0,05 

The NA concentration was substantially reduced by the action o f  both the adrenomimet ic  and the cho- 
l inomimetic;  the exhaustion of the NA rese rves  was grea te r  in the case of amphetamine. 

To determine whether the action of these drugs on the liberation of NA and AC f rom their  presynapt ic  
depots is direct  or indirect,  investigations were ca r r i ed  out on isolated synaptosomes.  This method has 
been used previously to prove the direct  part icipation of muscar inic  and nicotinic cholinolytics in the s to r -  
age of AC and NA in presynapt ic  s t ruc tures  [1, 3]. 

These experiments showed that amphetamine (5/~g/ml) does not induce liberation of AC f rom isolated 
synaptosomes (Table 2), whereas  it substantially exhausts the NA re se rves  (by about 40%). In these exper i -  
ments the amphetamine concentration was chosen to be 5 / z g / m l  because amphetamine is distributed uni- 
formly  in the body and, consequently, this concentration corresponds to a dose of 5 mg/kg.  

The effect of arecoline on the storage of NA was studied under s imi lar  conditions. The arecol ine con-  
centrat ion in the medium was 10/zg/ml and was chosen for the same reason as that of amphetamine. No 
significant effect of arecol ine was found on the liberation of NA f rom the synaptosomes (Table 2). In addi- 
tion, some tendency toward the "occlusion" of NA in the synaptosomes was seen. 

Excitation of adrenergic  sys tems in the CNS by the action of amphetamine (consisting essential ly of 
the l iberation of NA f rom presynapt ic  reservoi rs )  thus led to the utilization of the AC rese rves .  Excitation 
of the cholinergic sys tems by arecol ine (as a result  of its direct  reaction with cholinergic receptors)  caused 
utilization of the NA rese rves .  The resul ts  of the experiments with synaptosomes show that amphetamine 
has no direct  effect on the s torage of AC, and in exactly the same way arecoline does not l iberate NA f rom 
synaptosomes.  Meanwhile, amphetamine under identical conditions libei:ates NA f rom synaptosomes in 
vi t ro  just as it does in vivo. Consequently, the decrease  in the AC concentration in the brain after  adminis-  
t ra t ion of amphetamine and the decrease  in NA af ter  administrat ion of arecoline are the resul ts  of secondary 
liberation of the mediators .  

It is not yet possible to explain the mechanism of this phenomenon beyond all possible doubt. Bearing 
in mind the probabili ty of al ternation of cholinergic and adrenergic  neurons in the neuronal chains of the 
brain [7], the consecutive involvement of the two types of neurons in excitation, with the corresponding uti l i-  
zation of the mediator r e se rves ,  can be assumed. On the other hand, considering the polyreact ivi ty  of the 
brain neurons, caused by the existence of synapses with different chemical proper t ies  [4], it can be postu-  
lated that the secondary involvement of the adrenergic  component during excitation of cholinergic receptors  
(or vice versa)  takes place by the feedback principle and evidently acts as a regulator  in excitation p r o -  
cesses .  
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