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Exper imen t s  on r a t s  r ece iv ing  a 5% solution of ethanol containing equivalent  quanti t ies of LiC1 
(experiment)  or NaCI (control) as the sole source  of fluid for 7 weeks showed that LiC1, p r o -  
ducing a Li + concentrat ion in the blood p l a s m a  of about 0.6 m e q / l i t e r ,  has  a prevent ive  action 
on the development  of alcohol dependence. The study of the n e u r o s e c r e t o r y  nuclei  of the hypo- 
thalamus,  pi tui tary,  and adrenal  cor tex  in the same an imals  showed definite co r re la t ion  between 
the morpholog ica l  and functional s tate of these fo rmat ions ,  the degree  of development  of p r e f e r -  
ence for alcohol, and the cha rac t e r  of the action of LiCI on this p r o c e s s .  

KEY WORDS: p re fe rence  for  ethanol; lithium; prevent ive  effect.  

The main  fac tor  hinder ing the successfu l  t r ea tmen t  of a lcohol ism is r e c u r r e n c e  [7] .  I t  is this fac tor  
which is r espons ib le  for  the urgent  need to find therapeut ic  subs tances  which can prevent  the development  of 
r e l a p s e s .  Consider ing that emotional  affect ive d i s o r d e r s  play an impor tan t  ro le  in the pathogenesis  of chronic  
alcoholic poisoning [9] and that l i thium sa l t s  a re  widely and successfu l ly  used for  the prevent ive  therapy of 
these d i s o r d e r s  of va r i ed  genes is  [1],  in the wr i t e r s '  opinion there  a re  good grounds for  cons ider ing  that 
lithium sa l t s  would be able to prevent  the development  of narco t ic  dependence in a lcohol ism.  The investigation 
descr ibed  below was c a r r i e d  out to tes t  this hypothes is  exper imenta l ly .  

EXPERIMENTAL METHOD 

Exper imen t s  were  c a r r i e d  out on noninbred ma le  albino r a t s  weighing init ial ly 140-160 g, which r ece ived  
a 5% solution of ethanol as the sole source  of fluid for 10 weeks.  For  7 weeks,  together  with the ethanol so lu-  
tion the expe r imen ta l  an imals  r ece ived  LiC1 (7.5 meq / l i t e r ) ,  whereas  the control  an imals  r ece ived  NaC1 with 
the equivalent  quantity of cation. To conf i rm the specif ic i ty  of the effect  obtained, the expe r imen ta l  conditions 
were  r e v e r s e d  for the next 3 weeks,  i .e. ,  while continuing to r ece ive  ethanol the r a t s  of the expe r imen ta l  group 
were  given NaCI instead of LiC1 and the r a t s  of the control  group r ece ived  LiC1 instead of NaCI. Once a week 
the r a t s  were  placed in specia l ly  equipped expe r imen ta l  cages  where they were  given f r eedom of choice be -  
tween a 5% solution of ethanol and water ,  af ter  being depr ived  of fluid for the 12 h before the beginning of the 
m e a s u r e m e n t s .  The index of the degree  of development  of p re fe rence  for  ethanol was the coeff icient  of de -  
pendence, r e f l ec t ing  the r a t i o  between absolute quanti t ies of 5% ethanol solution and water  (K = e thanol /water)  
consumed by each animal  in the course  of 3 h. During the per iod of m a x i m a l  manifes ta t ion  of the ef fec t  of LiCI 
(the 7th week of the exper iment)  the Li + concentrat ion was de te rmined  in the blood p l a s m a  of the expe r imen ta l  
r a t s  by f lame photomet ry  [8] .  To study the possible  m e c h a n i s m  of action of lithium sa l t s  on the development  
of narcot ic  dependence in the ra t s ,  pa ra l l e l  with their  p re fe rence  for  ethanol the dynamics  of the s tate  of the 
hypothalamus-pi tu i ta ry- -adrenal  cor tex  sys tem,  which plays a leading ro le  in adaptive r eac t ions  of the an imal  
[6],  was studied. For  this purpose the exper imenta l ,  control ,  and intact  an imals  were  decapi ta ted at the s tages  
of the expe r imen t s  (3rd, 7th, and 10th weeks) cha r ac t e r i z ed  by the g r e a t e s t  changes in p re fe rence  for  ethanol.  
The brain  and adrena l s  were  fixed in Bouin' s fluid and embedded in paraff in  wax. Sections through the hypo-  
tha lamus  were  stained with toluidine blue by N i s s l ' s  method and with para ldehyde- fuchs in  by the Gomori---Gabe 
method,  with counters ta ining by Halmi '  s mixture ,  whereas  the adrena ls  were  stained with hematoxyl in -eos in .  
The morphologica l  and functional s tate  of components  of the hypo tha l amic -p i tu i t a ry -ad rena l  cor tex  sy s t em was 
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Fig. 1. Effec t  of LiC1 (7.5 m e q / l i t e r )  on development  of p r e f e r ence  of r a t s  
for  ethanol (mean of 10-12 observa t ions ) .  Ordinate,  coeff icient  of depen-  
denee; a b s c i s s a , t i m e s  of observa t ion  (in weeks);  1, 2) contro l  and e x p e r i -  
men t  r e spec t ive ly ;  x) d i f fe rences  between control  and e x p e r i m e n t  not s ig -  
nif icant  (P > 0.05); a r r o w  m a r k s  t ime of exchange of cat ions;  n u m b e r s  by 
cu rves  denote number  of r a t s  with r e v e r s a l  of mot ivat ion at that t ime of 
observa t ion .  

a s s e s s e d  for  the supraopt ic  (SON) and p a r a v e n t r i c u l a r  (PVN) nuclei  by counting the re la t ive  number s  of the 
d i f ferent  types of n e u r o s e c r e t o r y  neurons  [5] and by m e a s u r i n g  the nuclei  of these ce l l s  with the MOV-1 
s c r ew-ad ju s t ed  ocular  m i c r o m e t e r  with calcula t ion of thei r  volume by the equation for an e l l ipsoid  of ro ta t ion  
[2],  and for  the p i tu i tary  and adrena ls  on the bas i s  of the dynamics  of their  weight and the volume of the cel l  
nuclei  in the di f ferent  zones of the adrenal  cor tex .  

EXPERIMENTAL RESULTS 

Development of a preference for ethanol was shown to develop irregularly in rats and LiCI had a marked 
effect on its formation. As Fig. 1 shows, after the first week of the experiment all the rats preferred the 
ethanol solution to water, but the degree of preference was much less in the animals receiving LiCI. In the 
3rd week these differences were not statistically significant, mainly on account of a decrease in the ethanol 
consumption by the rats of the control group. Later the preference of these animals for ethanol began to in- 
crease again progressively, to reach a maximum by the 7th week. Consumption of the narcotic by rats of the 
experimental group, on the other hand, continued to decrease so that by the 7th week the previously developed 
motivation was reversed in 50% of the animals and they showed preference for water (K < 1). This effect of 
Li + was evidently specific, for replacement of the Li cation by Na (8th-10th week) resulted in the appropriate 

change in the attitude of the animals toward ethanol. 

Under these experimental conditions significant changes also took place in the morphological and func- 

tional state of the hypothalamic-pituitary-adrenocortex system. As Table I shows, the states of SON and PVN 
showed marked chauges in the course of the exPeriment, the character of which was determined both by the 

duration and by the conditions of the experiments. A marked increase in the number of highly active type la 
neurons in SON and PVN of both the experimental and control rats in the 3rd week of the experiment is evi- 
dence that activation of the neurosecretory process at that period did not correlate significantly with the action 

of LiCI. However, its effect was clearly manifested at the next period of observation (7th week). Whereas the 
high activity of the neuroseeretory process recorded previously in the experimental rats still persisted at this 
period, the sharp increase in the number of relatively inactive (types lc and 2) and pycnomorphic (type 3) 
neurons in SON and PVN of the control rats indicates that ethanol, if administered for a long time, causes 
marked inhibition of this function of the hypothalamus. These differences in the effect of ethanol and LiCI on 
the activity of SON and PVN likewise were evidently not accidental, for when Li cations were replaced by Na 
(8th-10th week) corresponding changes took place in their morphological and functional state. Comparison of 
some parameters of the morphology and function of the neuroseeretory nuclei of the hypothalamus, the pituitary, 
and the adrenal cortex reveals the systemic character of the changes taking place in them, which was deter- 
rained by the experimental conditions (Fig. 2). The only exception to the general rule was the varied response 
of cells of the zona glomerulosa of the adrenal cortex to these factors. 
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TABLE 1. Effect  of Lithium Chloride (7.5 meq/ l i te r )  on Numbers  of Different Types of 
Neurons in Neurosec re to ry  Nuclei of Hypothalamus in Rats during Prolonged Consump- 
tion of Ethanol (mean of 5-6 observat ions,  in %), M + m 

Control animals I Experimental animals 
Type of Intact time of investigation, weeks 
neuron animals 

3. l I ,~ l 3 I , lo. 

]a 
Ib 
Ic 
2 
3 

la  
Ib 
lc 
2 
3 

524-3,0 
27+2,6  
13.4-1,5 
34-0,8 
5.-I-1,7 

28-1-2,8 
45.+3,2 
17-t-2,8 
6__.1,3 
44-0,8 

814-4-3,0 
84-4-I ,7 
24-0,4 
1 + 0 , 2 .  
6y0,sT 

644--I-3,2 
214--t-2,8 
84-+-1,9 
2+0,6~ 
5.-T-1,3 T 

Supraoptic nucleus 
17+2,6 76-I-3,6 71-4-3,2" 
37-4-3,0 11-4-2,4 19+ 1,5" 
26-[-2,6 l +0,2 2-'1"-0,6 
6.-I--0,8 1 +0,2 1 +0,2 

14___0,6 ll~--l,7 7-T1,31" 

Paraventricular nucleus 
7-4-1,7 584-2,8 59--t-2,1 

22--I-3,4 21++_.2,8 22-t-2,6 
41--I-2,5 104-1,3 1 I-H, 1 
19+1.3 2+0,6 2+0,41. 
~1+_-1;9 9_~,3 6-7-i,1 

74-.t-4,1 * 
17+2,4" 

1 + 0 , 2 "  
1-4-0,2* 
7--I--1,5" 

47+3,0* 
34-+-2,8* 
8-.4-1,3" 
3.-t.-0,4" 
8--I-1,5 

18-4-3,0" 
41-4-2,4" 
24___1,9" 
7___1,3* 

10-4-2,8 

18+2,1" 
39-..t-3,0" 
31+2,8" 
2--{--0,4 

1@+1,9 

*Differences compared  with control  significant (P ~ 0.05). 
tAll indices except  those indicated differ significantly compared with intact animals 
(P -< 0.05). 
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Fig. 2. Effect  of LiCl on morphological  and functional state of hypotha lamic-p i tu i ta ry-  
adrenal cor tex sys tem during prolonged consumption of ethanol (mean of five or six 
observations).  Ordinate, values of test  pa r ame te r s  re lat ive to cor responding  values 
in intact animals,  taken as 100%; abscissa ,  t imes of observat ion (in weeks); A) ex-  
periment ,  B) control;  top pair of graphs:  1, 2) volume of cell  nuclei in supraoptic and 
paravent r icu lar  hypothalamic nuclei respec t ive ly  (in g3), 3) weight of pituitary (in 
rag/100 g body weight); bottom pair of graphs:  1, 2, 3) volume of cell  nuclei (in/z 3) of 
zona fasciculata ,  zona re t icu la r i s ,  and zona g lomeru losa  of adrenal cor tex  respect ive ly ,  
4) weight of adrenals  (in rag/100 g body weight). 

Analysis  of the resu l t s  suggests  definite corre la t ion  between the morphological  and functional state of 
the hypothalamic--pi tu i tary-adrenocor t ica l  system,  the degree of development of p re fe rence  for ethanol, and the 
cha rac te r  of the effect  of LiC| on this p rocess .  The increase  in the pa rame te r s  ref lec t ing  the morphological  
and functional state of the above-mentioned system,  ref lect ing activation of its function, was accompanied by a 
dec rease  in dependence on ethanol and, conversely ,  a reduct ion in these pa rame te r s  was accompanied by an in- 
c r ease  in preference  for  ethanol. The spontaneous dec rease  in preference  for  ethanol among r a t s  of file con- 
fro! group in the 3rd week of the exper iments  is par t icu lar ly  interest ing.  The mechanism of this phenomenon 
can be imagined to be as follows. The preference  for ethanol observed in the ra t s  during the f i r s t  days of the 
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exper iment  was not yet  connected with the development  of the neurochemica l  d is turbances  cha rac te r i s t i c  of 
this ~ype of drug dependence,  but was an express ion  of physiological  motivation, de te rmined  by the high energy 
value of ethanol. The development  of na rcomania  during prolonged ethanol consumption leads to threshold d is-  
turbances  of metabol i sm at the mo lecu la r - ce l lu l a r  level  of regulat ion,  and at tempts  at their  compensat ion at 
the level of the whole organism were evidently observed in the 3rd week of the exper iment ,  in the form of ac-  
tivation of the function of the principal  component of the nonspecific adaptation mechanism:  the hypothalamic-- 
p i tu i t a ry -ad renocor t i ca l  sys tem.  Later ,  inhibition of the hypothalamic n e u r o s e c r e t o r y  cen te r s  by ethanol and 
the dis turbance of the compensa tory  mechan i sms  operat ing with their  part ic ipat ion were  accompanied by a 
rapid  increase  in alcohol dependence.  

Since the lithium concentra t ion in the p lasma of the exper imenta l  r a t s  (0.6 • 0.08 meq / l i t e r )  co r responds  
to the concentra t ion usually used for  the prevent ion of endogenous affective dis turbances ,  this suggests that the 
prevent ive  ef fec t  of LiC1 under the conditions of cl inical  p rac t ice  and in the p resen t  exper iments  has a s imi la r  
mechanism.  The psychotropic  action of lithium sal ts  is known to be associa ted  with their  depr iming effect  on 
energy  metabol i sm [8].  This  p roper ty  of LiCI can evidently de te rmine  the re la t ive ly  low level of ethanol con-  
sumption during the initial stage of their  combined adminis t ra t ion.  Meanwhile, the subsequent dec rease  in 
ethanol consumption was possibly due to antagonism between ethanol and lithium as r e g a r d s  the activity of the 
hypothalamic cen te r s  of neuroendocr ine  regulat ion,  mobil izat ion of protect ive  and adaptive potential of which 
delays the development  of narco t ic  dependence.  Dif ferences  in the response  of the cel ls  in different  zones of 
the adrenal  co r t ex  during prolonged adminis t ra t ion of ethanol agree  with the r e su l t s  of cl inical  observat ions  
[4] and can evident ly be explained by the autonomy of the cen t ra l  regulat ion of these s t ruc tu re s  [3] .  This  las t  
fact ,  in turn, may  point to the complex cha rac t e r  of in teract ion between ethanol and lithium at the level  of the 
r egu la to ry  sys t ems  of the brain.  

It can accordingly be concluded f rom the r e su l t s  of these exper iments  that LiCl, in doses  close to those 
used in cl inical  p rac t ice ,  has  a prevent ive action on the development  of p re fe rence  for  ethanol in r a t s .  In the 
mechanism of this ef fect  changes in the activity of the hypothalamic mechanisms  of neuroendocr ine  regulat ion 
may play an impor tant  ro le .  
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