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Selective consumption of ethanol was produced in rats  in the course  of 2 months by giving a 5% 
solution of ethanol as the sole source  of fluid. Lithium chloride,  given by intraperi toneal  injec- 
tion in a dose of 35 mg/kg  twice a day for 14 days, depressed the preference  for ethanol by pro-  
ducing r e v e r s a l  of motivations, the mechanism of which is connected with changes in the activity 
of the hypothalamic centers  of neuroendocrine regulation. The possible use of lithium salts in the 
t rea tment  of chronic alcoholism is discussed.  
KEY WORDS: lithium; ethanol consumption; hypothalamic neurosecret ion.  

Among the remedies  provided by modern psychopharmacology lithium salts have gained general  accep-  
tance for the prevention and t rea tment  of endogenous affective psychoses  [1]. The f irs t  at tempts have been 
made to use lithium salts for the t rea tment  of var ious types of drug addiction [7, 10]. Emotional d isorders  
are  known to be the most charac te r i s t ic  cl inical  manifestations of chronic alcoholism [5]. These facts justify 
the experimental  study of the effect of lithium salts on the course  of alcohol addiction. The mechanism of 
action of alcohol and the pathogenesis of chronic alcoholism are linked with disturbances of the activity of the 
motivation and adaptation centers  of the hypothalamus [6]. The hypothalamo-hypophyseal  neu rosec re to ry  sys -  
tem (HHNS) is an extremely important s t ruc tura l  and functional divison of the hypothalamus, through which a 
wide range of regula tory  influences of the CNS on numerous functions of the body are exerted [3]. 

The study of the state of the HHNS during the t rea tment  of experimental  chronic alcoholism is thus an 
important  step in the elucidation of the possible mechanism of the psychotropic action of lithium salts and the 
establ ishment  of the pathogenesis of this disease.  

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

Noninbred male albino rats  weighing initially 120-150 g, in which preference  for ethanol had been formed 
in the course  of 2 months by providing a 5% solution of ethanol as the sole source of fluid, were used as  the 
model of chronic alcoholism. At the end of this period the ra ts  were given free access  to fluid (5% ethanol 
solution or water) only in the experimental  cages  during the 3 h of the experiment.  Lithium chloride, in close 
to the therapeutic dose (35 mg/kg) was injected as a 5% solution intraperi toneally twice a day for 14 days: 30 
rain before the animals were placed in the experimental  cages and 8 h after the f i rs t  injection. Control animals 
received the same volume of distilled water under the same conditions. At the end of the experiment the 
experimental  and intact animals were decapitated and the hypothalamus and pituitary were fixed in BouinTs or 
Carnoy ' s  fluid. Serial  paraffin sections of these s t ruc tures  were stained as follows : with paraldehydefuchsin 
by the G o m o r i - G a b e  method with counterstaining by Halmi 's  mixture to demonstrate  neurosecre t ion ,  and by 
gallocyanin by E inarson ' s  method to demonstra te  nucleic acid (RNA). The morphological  and functional state 
of the supraoptic (SON) and paravent r icu lar  (PVN) nuclei of the hypothalamus was assessed  on the basis of the 
relat ive numbers  of the different types of neu rosec re to ry  neurons [3] and their  RNA content, followed by ca lcu-  
lations of the mean his tochemical  coefficient [4] .  The content of neurosecre t ion  in the median eminence (ME) 
and the principal pos te r io r  lobe (PPL) of the neurehypophysis was est imated by a five-point sys tem [3]. 
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Fig. 1. Effect of course  of lithium chloride injections (35 mg/kg,  twice a day fc 14 
days) on consumption of water and 5% ethanol solution in ra ts  with preestabl ished 
select ive p re fe rence  for ethanol. Control:  1) ethanol consumption; 2) water consump- 
tion; experiment:  3) ethanol consumption; 4) water consumption. Abscissa ,  days of 
injection of compound; ordinate,  quantity of fluid per animal (in ml). 

Fig. 2. Number of r a t s  with r e v e r s a l  of motivation (in %) during course  of injections 
of lithium chloride (explanation in text). 

EXPERIMENTAL RESULTS 

The model of chronic alcoholism chosen is sufficiently adequate, for at the end of 2 months of the experi- 

ment, under conditions of f ree  choice,  all the rats  p re fe r red  the ethanol solution to w a t e r  Lithium chloride 
had a marked effect on the cha rac te r  of the relat ionship formed (Fig. 1). Starting from the sixth day of admin- 
is t rat ion of the compound an increase  in the water consumption was observed,  whereas there  was no change in 
the ethanol consumption during this period of observation and the significant decrease  in ethanol consumption 
occur red  only after  administrat ion of lithium salt for  10 days. At the end of the 14-day course  of lithium 
chloride a marked increase  in the water  consumption and a decrease  in the ethanol consumption were observed 
(P= 0.001). In the animals of the control  group no significant changes were found in the water and ethanol con- 
sumption throughout the period of observation.  Under the influence of lithium chloride r eve r sa l  of motivation, 
i.e., res tora t ion  of preference  for water in the total volume of liquid consumed, developed in all the animals by 
the 14th day (Fig. 2). 

Considerable changes also were found in a study of the morphological  and functional state of the HHNS of 
the experimental  animals.  In ra t s  with preference  for ethanol c lear  signs of inhibition of the HHNS were 
recorded.  In the neu rosec re to ry  nuclei of the hypothalamus the number of actively functioning type l a  neurons 
was sharply reduced and the number  of neurons with low activity (types l c a n d  2) and of pycnomorphic cells  
(type 3) was increased (Table 1). Inhibition of the synthesis  of neurohormones  in SON and PVN also is con- 
f i rmed by the significant (P = 0.001) decrease  in the RNA content in their neurons to 1.61 == 0.07 conventional 
units (2.32 -~ 0.04 conventional units in the intact animal) and 1.68 + 0.09 conventional units (2.33 �9 0.05 conventional 
units in the intact animal). Besides inhibition of synthesis of the neurosecre t ion,  its t ranspor t  along the hypo- 
thalamo-hypophyseal  t r ac t  also was considerably inhibited, as shown by the appearance of numerous fragments 
of neu rosec re to ry  f ibers ,  the large and giant expansions of which were packed with homogeneous masses  of 
neurosecre t ion.  The ME and P P L  of these animals were indistinguishable in their  content of neurosecre t ion  
from ME and P P L  of the intact r a t s ,  but the considerable number  of Her r ing ' s  bodies and the reduction of the 
capi l lary network of these formations are  evidence of a decrease  in the secre t ion of neurohormones  into the 
b loods t ream.  
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T A B L E  1. E f fec t  of C o u r s e  of  I n t r a p e r i t o n e a l  In j ec t ions  of L i t h ium C h l o r i d e  (35 m g / k g  

t w i c e  a day  for  14 days)  on N u m b e r  (in %) of D i f f e r e n t  T y p e s  o f H y p o t h a l a m i e  N e u r o s e e r e -  
t o r y  N e u r o n s  in Ra t s  wi th  P r e e s t a b l i s h e d  S e l e c t i v e  P r e f e r e n c e  fo r  E tha no l  (mean  of f ive  
o b s e r v a t i o n s ,  M + m) 

Type o f  

n e u r o n  

Intact 
animals before in- 

jection of 
LiCI (2) 

Experimental animals 

linj ectionof' 'bef~ I I 
P1--9 water I e e ~ jection of Pl--4 ---4 3--4 

- (control; 3) [ I -- 3 2-- 3 / LiC1 (2) ' p ~ V 

] a  

ib 
lc 
2 
3 

t a  
ib 
lc 
,3 

3 

64+--=5,5 
27--- + 5,1 
5----- 1,0 
1-+0,6 
3-+ 0,2 

34~ 1.7 
47-- + 2,1 
11-----2,5 
4-+ 0,8 
4--0,2 

18-----2,1 
47----- 1,2 
20-+ 1,9 
4-+ 1,2 

11-+ 1,0 

9----- 1,9 
28-+ 4,0 
40--- + 4,0 
16-+2,1 
7----- 0,2 

0,001 
0,01 
0,001 
0,05 
0,001 

0,001 0,01 0,002 0,001 O,Ol 

Supraoptic nucleus 

25-+3,0 0,001 0,i 
41-+2,7 0,05 0,l-0:2 2l----- 1,9 0.001 0,5 
5-+ 1,5 0105 0 5 
8----- 1,5 0,01 
Paraventricular nucleus 

15+---3,2 0,001 0,1 
32 +- 5,7 0,05 0,5 
36+-3,6 0,002 0,5 
12----- 1,7 0,001 0,1 
5+0,8 0,5 0,I 

80m 3,2 0,1 
5--__1,5 0,001 

15--+3,2 0,001 

39+-3,6 0.2 
45-----4,5 015 
9-+ 1,7 0,5 
2-+0,6 0:11 
5 + -- 1,0 

0,001 
0,001 

0,5 

0,001 
0,02 
0,001 
0,001 
0,2 

0,001 
0,001 

0,I 

0,0! 
0,5 
0,001 
0,001 
0,5 

A f t e r  i n j ec t i on  of w a t e r  into a n i m a l s  with p r e f e r e n c e  for  e t ha no l  ( con t ro l  group) the  c h a r a c t e r  of the  
r e s p o n s e  of the  HHNS showed no s i g n i f i c a n t  change .  H o w e v e r ,  the  i n c r e a s e  in the  RNA conten t  in the  SON and 
PVN n e u r o n s  (by 6 -8%) ,  a s w e l l  as  the  d e c r e a s e  in the  quan t i ty  of n e u r o s e c r e t i o n  d e p o s i t e d  a long  the  c o u r s e  of 
the  n e u r o s e c r e t o r y  f i b e r s  and in t h e i r  end ings ,  coup led  with the  m o d e r a t e  d i l a t a t i o n  of the  v a s c u l a r  n e t w o r k  of 
the  n e u r o h y p o p h y s i s ,  s u g g e s t s  s o m e  a c t i v a t i o n  of the  n e u r o s e c r e t i o n  p r o c e s s .  

L i t h ium c h l o r i d e  s i g n i f i c a n t l y  changed  the m o r p h o l o g i c a l  and func t iona l  s t a t e  of the  HHNS in r a t s  with 
p r e f e r e n c e  fo r  e thano l  c o n s u m p t i o n .  In the  a n i m a l s  of t h i s  s e r i e s  the  p r e d o m i n a n t  e l e m e n t s  i n t h e m o r p h o l o g i c a l  
p i c t u r e  of SON w e r e  l a r g e  ce i l s ,  wi th  i n d i s t i n c t  b o u n d a r i e s  of t h e i r  b o d i e s  and n u c l e i ,  and with d i f fu se ly  v a c u o -  
l a t ed  c y t o p l a s m ,  con t a in ing  no  n e u r o s e c r e t i o n  and l i t t l e  RNA (1.89 • 0.04 c o n v e n t i o n a l  un i t s ;  P = 0.001). N e u r o -  
s e c r e t o r y  f i b e r s  con t a in ing  g r a n u l e s  of n e u r o s e c r e t i o n  w e r e  not  found on the t e r r i t o r y  of SON o r  a long  the  
c o u r s e  of t he  h y p o t h a l a m o - h y p o p h y s e a l  t r a c t .  The  quan t i ty  of n e u r o s e c r e t i o n  in P P L  was s h a r p l y  r e d u c e d  (by 
70%) and the  c a p i l l a r y  n e t w o r k  of th i s  f o r m a t i o n  was d i l a t e d  and c o n g e s t e d  with b lood.  The  r e S u l t s  d e s c r i b e d  
above  a r e  e v i d e n c e  of c o n s i d e r a b l e  a c t i v a t i o n  of the  n e u r o s e c r e t o r y  p r o c e s s  in the  S O N - P P L  s y s t e m .  The  
m o r p h o l o g i c a l  and func t iona l  C h a r a c t e r i s t i c s  of PVN and ME u n d e r t h e s e  cond i t i ons  w e r e  c l o s e  to t h o s e  of 
i n t ac t  a n i m a l s .  

It fo l lows  f r o m  the  f ac t s  d e s c r i b e d  above  tha t ,  by the  c h a r a c t e r  of t h e i r  ac t ion  on the  HHNS, e thano l  and 
l i th ium c h l o r i d e  a r e  a n t a g o n i s t s ,  for  a c o u r s e  of i n j ec t i ons  of the  l a t t e r  compound l e a d s  to a c t i v a t i o n  of the  
p r o c e s s e s  of  s y n t h e s i s ,  t r a n s p o r t ,  and s e c r e t i o n  of n e u r o h o r m o n e s  p r e v i o u s l y  inh ib i ted  by  e thanol .  It can  be  
p o s t u l a t e d  tha t  the  changes  found in the  c o n s u m p t i o n  of w a t e r  a r e  due  to d i s t u r b a n c e s  of t h e a c t i v i t y  of the  
S O N -  P P L -  a n t i d i u r e t i c  h o r m o n e  s y s t e m .  

L i t h i u m  c h l o r i d e  thus  has  the  p r o p e r t y  of d e p r e s s i n g  p r e f e r e n c e  for  e thano l  in r a t s ,  by c a u s i n g  r e v e r s a l  
of m o t i v a t i o n s ,  the  m e c h a n i s m  of which  is p r o b a b l y  connec t ed  with  c ha nge s  in the  a c t i v i t y  of the  h y p o t h a l a m i c  
c e n t e r s  of n e u r o e n d o c r i n e  r e g u l a t i o n .  In  the  c h a r a c t e r  of the  above  e f fec t  l i t h ium c h l o r i d e  d i f f e r s  s i g n i f i c a n t l y  
f r o m  the o t h e r  p s y c h o t r o p i c  agen t s  whose  in f luence  on e thano l  c o n s u m p t i o n  has  been  s t ud i e d  p r e v i o u s l y  [2]. 
C o n s i d e r i n g  tha t  l i t h ium s a l t s  have the  a b i l i t y  to p r e v e n t  a t t a c ks  of e m o t i o n a l  d i s o r d e r s  [9] and tha t  t h e i r  
p r o l o n g e d  a d m i n i s t r a t i o n  does  not  c a u s e  hab i tua t ion  [8], t h e i r  use  fo r  the  t r e a t m e n t  of pa t i en t s  with c h r o n i c  
a i c o h o l i s m  would a p p e a r  to be p r o m i s i n g  
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E F F E C T  OF  P S Y C H O T R O P I C  D R U G S  ON D E F E N S I V E  

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

Yu .  P .  B u r o v  a n d  N. P .  S p e r a n s k a y a  UDC 616.85-092.9-085.214-07: 612.833.81 

Rats exposed to the prolonged action of an emotionally adverse  factor  (the response  of a neighboring 
ra t  to nociceptive stimulation) develop neuros is  as a resul t  of which the course  of defensive motor 
conditioning is disturbed. Benactyzine,  diazepam, chlordiazepoxide, and sodium hydroxybutyrate 
improve the formation of defensive conditioned ref lexes in neuros is  of this type. Trioxazine,  t r i -  
f luoperazine,  and amphetamine have no such action. The suggested model of experimental  neurosis  
can be used for the study of antineurotic activity of psychotropic drugs. 
KEY WORDS: neuros is ;  conditioned reflex;  psychotropic drugs. 

Tranqui l izers  are  widely used to re l ieve emotional s t ress  and to t reat  neurotic states.  However, despite 
their  broad common spectrum of psyehotropic activity, not all t ranqui l izers  have proved equally effective in 
the treatm.ent of neuroses  [1]. It is therefore  important  to be able to evaluate t ranqui l izers  experimentally in 
order  to discover  and predict  their  therapeutic effect in neurotic states.  

The object of this investigation was to study the effect of psychotropie drugs with tranquilizing propert ies  
on one form of experimental  neuros is  in ra t s .  

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

Experiments  were ca r r i ed  out on 160 male albino ra t s  weighing 250-350 g. The methods of the avoidance 
response  to st imulation of the par tner  [5, 9] and formation of a motor  defensive conditioned reflex [10] were 
used. The defensive conditioned reflex served as an indicator of the functional state of the CNS. Animals with 
a stable avoidance response  to stimulation of the par tner ,  observed not less than 10 t imes in succession,  were 
chosen for the experiments .  By this t ime the ra t s  showed changes in behavior when put inside the chamber :  a 
posture of a ler tness ,  somet imes  accompanied by a squeak, res i s tance  to being placed in the chamber ,  and 
jumping out of it. At the same t ime, autonomic somatic d isorders  appeared (baldness, keratitis).  These 
phenomena form part  of the picture of an experimental  neurosis  [7]. Experiments  were car r ied  out by the fol- 
lowing scheme:  The ra t  was placed for 5 rain in the chamber  for the avoidance response  to stimulation of the 
par tner ,  and then immediately t r a n s f e r r e d  to the defensive conditioned reflex chamber.  The conditioning 
stimulus was the r inging of a bell. It acted alone for 5 see, af ter  which an electr ic  cur ren t  was applied to the 
floor of a chamber  (also for 5 sec) while the bell continued to ring. The rat  was taught to jump onto a ver t ica l  
rod and to support itself on it until the stimulus ceased to act. The intervals  between stimuli were  1 rain. 
Training continued for 10 days with daily presentat ion of 10 combinations. Rats not taught the avoidance 
response during stimulation of the par tner  served as the control. 

Benactyzine, diazepam, chlordiazepoxide,  t r ioxazine,  sodium hydroxybutyrate,  and t r i f luoperazine were  
used. Each substance was injected intraperi toneally into 10 ra ts  with a neurosis  and 10 control  ra ts  30rain 
before the beginning of each training session,  in daily doses, each of which causes inhibition of the avoidance 
response to stimulation of the par tner  (tranquilizing effect). Isotonic sodium chloride solution was injected into 
10 ra t s  with neuros is  and 10 control  ra t s .  The number  of jumps on to the rod in response  to the conditioning 
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