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Cases  of  polynarcomania  - the taking of a combination of drugs causing euphoria,  and, if need be, the 
rep lacement  of one such drug by another  [8], known in cl inical  p rac t ice  suggest  that the effects  of these  drugs 
a r e  rea l i zed  by common, including neurochemical ,  b ra in  mechan isms .  This is confirmed,  in par t icu lar ,  by 
data in the l i t e ra tu re  [1, 5, 9, 12] showing that  changes in the neuromedia tor  sys tems of the brain ar is ing under 
the influence of the different  drugs causing narcomania  a re  qualitatively s imi la r  in direct ion.  Besides eu-  
phoria,  an indispensable e lement  in the chain of  format ion  of narcomanic  dependence is the development in 
the course  of this effect  of  to le rance  to the narcot ic  used.  The wr i t e r s  showed previously  [2-4] that substances 
giving r i s e  to toxicomania lead to activation of  the posit ive r e in fo rcemen t  sys tem in ra t s ,  whereas  substances 
unable to induce toxicomania a re  without this effect .  

The object  of the present  investigation was to study the development of  to le rance ,  and also of c r o s s e d  
to le rance  to the activating effect  of morphine ,  amphetamine,  and alcohol on the posit ive r e in fo rcemen t  sys tem 
in rats. 

EXPERIMENTAL M E T H O D S  

Exper imen t s  were  c a r r i e d  out on 11 male  ra t s  weighing 250-350 g, into which e lec t rodes  were  implanted 
in accordance with coordinates  f rom De Groot ' s  bra in  atlas [10], into the medial  fo rebra in  bundle at the level  
of the la te ra l  hypothalamus: A =4.4 ram, L =1.5 nun,  H = 8.5 ram. The operat ion was pe r fo rmed  under pento- 
barbital  anesthesia  (40-50 m g / k g ,  intraperi toneal ly) .  Seven days a f t e r  the operat ion the ra t s  were  t ra ined  in 
se l f - s t imula t ion  until the threshold  of the response  and number  of se l f -s t imula t ions  in a per iod of  10 rain, 
using cur ren t s  of different  s t rengths,  were  stable.  The brain was s t imulated by sinusoidal pulses with a dura-  
t ion of 0.02 sec and a f requency of 50 Hz. Af te r  t raining of the animals to a stable level  of se l f -s t imulat ion 
skill, the initial degree  of activation o9the  response  was de te rmined  by measur ing  the lowering of the threshold  
and the increase  in the number  of se l f -s t imula t ions  under the influence of equivalent doses of amphetamine 
(0,5 mg /kg ) ,  morphine  (3 mg/kg) ,  and ethanol (0.5 g / k g  of  the 15% solution), which were  injected in t r ape r i -  
toneally,  30 rain before  the  exper iment  began. Animals in which a fac i l i ta tory  effect  on se l f -s t imulat ion was 
obse rved  as ea r ly  as a f te r  the f i r s t  injections of the drugs were  used in the exper iments .  The above-mentioned 
doses  of the drugs, as was shown previously  [2, 4], a r e  the minimal  equivalent doses in which these  drugs 
exhibit a distinct,  quantitatively pract ica l ly  equal, activating effect  on se l f -s t imula t ion  in the same animal.  
Immediate ly  a f te r  subsequent single tes t ing injections of each drug, one of them was injected once daily in the 
same dose until the development of  to le rance  to it, i .e . ,  until i t  ceased  to have any facili tating effect  on se l f -  
s t imulation.  Against  the background of to le rance  to the main drug, subsequent test ing was c a r r i e d  out with 
two o ther  drugs in the initial doses,  and also with the main  drug in twice the initial dose.  F i s h e r ' s  method 
[7] was used for  the s tat is t ical  analysis  of the resu l t s .  

E XPE RINIE N TA L RESULTS 

The original  values for  the threshold  of the se l f -s t imulat ion response  in different  animals var ied  f rom 
20 to 140 #A.  The intensity of se l f -s t imulat ion was inverse ly  proport ional  to the or iginal  values of the r e -  
sponse th reshold  and amounted to 220-560 p r e s s e s  on the pedal in 10 rain. Amphetamine in a dose of  0.5 
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Fig.  1 .  Development  of  to l e rance  to the ac -  
t ivat ing action of amphe tamine  (I), alcohol 
(II), and morph ine  (I]/) on the s t ruc tu re  of  
pos i t ive  r e in fo rcement .  Absc i s sa ,  day of 
injection of pr inc ipa l  (a) o r  tes t ing (b) 
drugs;  ordinate ,  numbe r  of  se l f - s t imula t ions  
in 10 rain. Am) Amphetamine;  A) alcohol; 
M) morphine .  Ave raged  values given for  
num ber  of se l f - s t imula t ions  obtained aga ins t  
the background of  each drug in all  an imals  
used  in the exper iments .  

m g / k g ,  morph ine  in a dose of 3 m g / k g ,  and ethanol in a dose of 0.5 g / k g  lowered  the th resho ld  of se l f -s t ixnu-  
lat ion by 5-40 #A (P < 0.05) and i n c r e a s e d  the n u m b e r  of  s e l f - s t imu la t ions  in r e s p o n s e  to a cu r r en t  of th resho ld  
s t rength  by 120-310 (P < 0.05) c o m p a r e d  with the initial  va lues .  Under these  c i r c u m s t a n c e s ,  a m o r e  mark ed  
lowering of the r e s p o n s e  threshold ,  de te rmined  f rom absolute  values  of in tensi ty  of  the s~Xmulating cur ren t ,  
was obse rved  in an imals  with com pa ra t i ve l y  h igher  initial  values of the se l f - s t imula t ion  threshold .  The du ra -  
t ion of  the per iod  of development  was individual in c h a r a c t e r  in different  an imals ,  and amounted on av e rag e  
to 3 days  fo r  amphe tamine ,  3.2 days fo r  ethanol, and 7.3 days for  morph ine  (Fig. 1). Admin is t ra t ion  of the 
o the r  two subs tances  in the initial doses ,  when to le rance  had developed to the  p r i m a r y  drug, did not lead  to 
ac t ivat ion of  se l f - s t imula t ion ,  but in m o s t  c a s e s  the tendency toward  weakening of se l f - s t imula t ion  which was 
o b s e r v e d  p e r s i s t e d  a f t e r  injection of the t e s t  subs tances .  If the dose of the pr incipal  drug was doubled, as 
a ru le , fac i l i ta t ion  of se l f - s t imula t ion  was observed ,  once only in the case  of amphe tamine  (1 m g / k g )  and 
ethanol (1 g / k g ) ,  o r  for  longer  (2-4 days in different  an imals  a f t e r  injection of morphine  in a dose of 6 m g / k g ) ,  
and this was followed by weakening of  s e l f - s  "timulation to the level  which exis ted  agains t  the background of 
to le rance .  The durat ion of faci l i ta t ion of se l f - s t imula t ion  a f t e r  adminis t ra t ion  of twice  the dose of the drug 
c o r r e l a t e d  d i rec t ly  with the duration of  the per iod  of development  of t o l e rance  to it. In one c a s e ,  a f te r  ad-  
min i s t r a t ion  of amphetamine ,  and in two cases  a f t e r  adminis t ra t ion  of ethanol, doubling the dose led to a m o r e  
fo rced  weakening of se l f - s t imula t ion .  

It  can be concluded f rom these  r e s u l t s  that  r epea ted  adminis t ra t ion  of amphetamine ,  ethanol, and m o r -  
phine in min imal  doses  effect ive fo r  the faci l i ta t ion of se l f - s t imula t ion  leads  to initial act ivat ion of the posi t ive  
r e i n fo r cemen t  sys t em,  followed by weakening of the reac t iv i ty  of  th is  s y s t e m  to admin is t ra t ion  of the drugs,  and 
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ultimately to the development of tolerance to thmn. The fact that against the background of tolerance develop- 
tug to the principal drug, testing drugs in equivalent doses have no activating effect on the positive reinforce- 
ment system, i.e., that crossed tolerance is found, may be accepted as evidence that the effect of these drugs 
are  realized through common neurophysiological and neurochernical mechanisms. 

The role of activating component in the positive reinforcement systems of the hypothalamus is known to 
be played mainly by adrenergic structures [6, 14]. It has been shown that alcohol, amphetamine, and morphine 
act in a similar direction on adrenergic structures, increasing the release of adrenergic mediators, causing 
changes in reassimilation processes, and leading to a reduction and exhaustion of their reserves [1, 11-13]. 
Hence, it canbe concluded that the effects of these drugs on the positive reinforcement system are realized 
at the hypothalamic level with the aid of adrenergic mechanisms. This fact, in our view, also explains the 
development of crossed tolerance to alcohol, amphetamine, and morphine which was obtained in the present 
experiments. The unequal periods of development of tolerance to these drugs may be explained by their action 
on different stages of adrenergic mediation processes, 
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