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In doses of 0.4 and 4 m g / k g ,  nicotine reduced the noradrenal in  (NA) content in the ra t  
brain  for 2 h. The g rea tes t  decrease  in NA was observed in the period of hyperkines ia  
evoked by nicotine in a dose of 4 m g / k g .  A fur ther  injection of the same dose of nicotine 
30 rain la te r  did not give r ise  to hyperkines ia  and did not induce any fur ther  decrease  in 
NA. In a dose of 4 m g / k g  given 4 and 20 h after  reserp ine  (5 mg/kg)  nicotine reduced 
the NA level and caused the appearance of hyperkinesia .  Injection of nicotine (4 mg/kg)  
25 min after  amphetamine (5 mg/kg)  did not significantly lower the NA level.  L ibe ra -  
tion of NA in the brain  t issues  is evidently an important  cent ra l  effect of nicotine and it 
shares  a common mechanism with the effect  of amphetamine.  
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The known effects of nicotine in the cent ra l  nervous sys tem (chiefly nicotine hyperkinesia) are ex-  
plained predominant ly  by its cent ra l  nicotinic (N) cholinomimetic action [1, 8, 11, 18]. Meanwhile the 
abolition of nicotine hyperkinesia  is widely used as a tes t  for  the evaluation and screening of the cent ra l  
N-cholinolytics [5-7]. meanwhile, evidence continues to accumulate that nicotine is implicated in the 
metabol ism,  s torage,  and l iberation of catecholamines in the per iphera l  t i ssues  [19] and in the CNS [9]. 

The effect  of nicotine, injected in different doses,  including doses producing hyperkinesia ,  on the 
noradrenal in  (NA) content in the albino ra t  brain  was studied. The pharmacological  analysis  of the effects 
of nicotine was ca r r i ed  out with the aid of reserp ine  and amphetamine.  

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 ra ts  weighing 170-200 g. The drugs were injected in t ra-  
per i toneal ly .  The development of hyperkinesia  was recorded  as the appearance or absence of t r e m o r  and 
clonic- tenic  convulsions in the ra t s .  For  the determination of NA the brain was taken f rom the ra ts  with- 
out the cerebel lum and homogenized in 10 ml 5% TCA. NA was determined spec t rof luoromet r iea l ly  by the 
method of Eu le r  et  al. [12, 13]. 

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

Soon after injection of nicotine in a dose of 4 m g / k g  all the rats  developed hyperkinesia,  which 
lasted for severa l  minutes,  after which the animals developed dyspnea and adynamia; af ter  2 h their  condi- 
tion was s imi la r  to what it had been previously.  Nicotine in doses of 0.04 and 0.4 m g / k g  did not produce 
external ly  visible changes in the ra t s '  behavior .  In half of the animals in each group of experiments  the 
NA content in the brain was determined at different t imes af ter  the injection of nicotine. 

Biochemical  analysis showed that nicotine, in a dose of 0.04 m g / k g ,  did not change the NA content 
in the brain in the course  of 2 h after  its administrat ion.  When nicotine was injected in a dose of 0.4 m g /  
kg the NA content fell after  30 min and re turned  to normal  af ter  2 h. In ra ts  receiving nicotine in a dose of 
4 m g / k g  a sharp  decrease  in the NA content was observed after  5 rain and the NA level was significantly 
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lowered for more than 30 min, i.e., actually during the 
period of hyperkinesia,  after which it re turned gradual ly to 
normal  (Table 1). 

Hyperkinesia induced by nicotine does not develop for 
1-2 h after  administrat ion of a second dose [2]. This 
phenomenon was confirmed.  It was shown that af ter  hyper -  
kinesia produced by the f i r s t  injection of nicotine (4 r ag /  
kg) a fur ther  injection of the same dose of nicotine did not 
cause hyperkinesia.  In the rats  of this group, no fur ther  
decreases  in the NA content was observed after a second 
injection of nicotine (Table 2). 

In the experiments  with reserp ine  (5 mg/kg)  a con-  
siderable decrease  in the NA level in the ra t s '  bra in  was 
observed 4 h after  its injection (0.12 • 0.03 Izg/g, or  28.6~c 
of the control) .  The decrease  in the NA level (0.22 * 0.1 
# g / g ,  or  52.4% of the control) continued 20 h after the in- 
jection of reserp ine .  Nicotine injected in a dose of 4 rag /  
kg 4 h after the reserpine  induced hyperkinesia  and lowered 
the NA r e s e r v e s  even more (0.06 �9 0.01 ~ g / g ,  14.3qc of the 
control) .  In experiments  in which nicotine was injected 
20 h after reserp ine  hyperkinesia  also was observed  , and 
in this case the NA level also was lowered (0.12 * 0.01 
# g / g ,  28.60/0 of the control) .  The differences in the NA con-  
tent between groups of animals receiving reserpine  alone 
and reserpine  with nicotine were significant (P < 0.02 after 
4 h; P < 0.001 after  20 h). 

Amphetamine in a dose of 5 m g / k g  lowered the NA 
content in the brain after  30 rain by 41% (0.26 • 0.01 ~ g / g ) .  
Nicotine, injected in a dose of 4 m g / k g  after amphetamine, 
caused a fur ther  decrease  (0.20 * 0.03 ~g /g ,  45.5~ of the 
control) in the NA level, but the differences in the NA con-  
tent in ra ts  receiving amphetamine alone and rats  r ece iv -  
ing amphetamine and nicotine were not significant (P > 
0.05). In the experiments  in which nicotine was injected 
af ter  amphetamine in a dose of 5 m g / k g ,  although hyper -  
kinesia was observed its intensity was lower and its du ra -  
tion shor te r .  Accordingly,  experiments  were ca r r i ed  out 
on 16 rats  which rece ived  amphetamine in a dose of I0  rag /  
kg, followed after 25 rain by nicotine in a dose of 4 m g / k g .  
In 12 animals of this group nicotine hyperkinesia  failed to 
develop completely and in 4 ra ts  it was slight in degree.  
The brain NA level was not determined in this ser ies  of 
exper iments .  

The decrease  in the NA content in the brain  under 
the influence of nicotine was probably due to l iberation of 
the mediator  f rom the t issue depots. For  example, the 
liberation of NA in the ra t  brain  under the influence of 
nicotine was demonst ra ted  by Bhagat et  al. [10]. Similar  
resul ts  were obtained in experiments  with perfusion of the 
guinea pig hea r t  [20]. Hall and Turner  [16] obse'rved in- 
c reased  l iberation of NA-H 3 f rom isolated sec t ions  of the 
hypothalamus when incubated with nicotine. The resul ts  of 
the present  investigation (see also [3]) fully confirmed this 
view and showed that any attempt to explain the mechanism 
of action of nicotine must  take into account its ability to 
induce the emiss ion of the mediator  f rom adrenergic  n e r v e  



TABLE 2. Ef fec t  of Repeated  Injection of Nicotine on NA Content  in Rat  
Bra in  

Treatment 

Control ] 5 

Nicotine, 4 mg/kg 
Nicotine 4 mg/kg ] 5 

+ nicotine 4 rag/ 
kg (30 min later) [ 

Number of animals with 
signs of hyl~rkineda 

,ft  f,.t injec af.  eoond 
_ ~ . /injection or 
tion oI nicotmelnicot~n e 

not injected 

55 [not injectedo 

NA concentration (pg/g tissue) 

M •  

0,43~0,03 

0,24~0,01 
0,23-+-0,03 

<0,001 
<0,002 

  ofcon ol 

100 

55,8 
53,5 

Note. In expe r imen t s  in which a single inject ion of nicotine was given 
the NA content was de te rmined  5 rain a f te r  the injection; in expe r imen t s  
with two inject ions,  it was de te rmined  5 min a f te r  the second injection of 
nicot ine .  

endings both in pe r iphe ra l  organs  and in the CNS, In this connection attention is drawn to the sharp  de -  
c r e a s e  in the NA content  a r i s ing  in the b ra in  actually during the per iod of nicotine hy-perkinesia and to the 
absence of any fu r the r  change in the NA level  a f te r  a second injection of nicot ine.  These r e su l t s ,  and a lso  
those of expe r imen t s  in which nicotine was injected into r a t s  a f ter  r e s e r p i n e ,  demons t ra t e  that  an e s sen t i a l  
fac tor ,  pe rhaps  the m o s t  impor tan t ,  in the m e c h a n i s m  of nicotine hyperk ines ia ,  widely used  as a t e s t  of ex -  
c i ta t ion of cen t ra l  N-chol inergic  r e c e p t o r s ,  is the intensive l iberat ion of ca techolamines  in a physiological ly  
active s ta te .  This hypothesis  is conf i rmed  by observa t ions  showing that  nicotine convulsions in mice  and 
r a t s  a re  p reven ted  by  sympatholy t ies  [17], and also by the comple te  prevent ion of nicotine hyperk ines ia  by 
the se lec t ive  adrenoblocking agent  py r roxan  [4]. 

Invest igat ions by the p r e s en t  w r i t e r s  on r e se rp in i zed  ra t s  showed that, when the NA r e s e r v e s  were  
sha rp ly  depleted in the e a r l y  s tages  af ter  adminis t ra t ion  of r e s e r p i n e ,  nicotine caused a fu r the r  dec rea se  
in the level  of the med ia to r .  Meanwhile nicotine hyperk ines i a  also was obse rved .  Hence it  follows that 
nicotine causes  the l ibera t ion  of NA f r o m  r e s e r v e s  that  have not been exhaus ted  by the action of r e s e r p i n e .  
The p r e s e n c e  of such a r e s e r v e  has been demons t r a t ed  by the study of the accumulat ion of biogenic amines  
in the C NS [14]. Meanwhile the expe r imen t s  with consecut ive  injection of amphetamine  and nicotine show 
that the action of these  drugs  in l ibera t ing NA evident ly  p o s s e s s e s  a common mechan i sm.  In  both cases  NA 
is l ibe ra ted  f rom nerve  endings in a physiological ly  act ive s tate  [15]. 
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