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Recent investigations have demonstrated the great  importance of functional changes in the hypothalamie 
positive re inforcement  sys tem in the pathogenesis of alcoholic intoxication [3, 5, 7, 15]. However, the im- 
portance of sex differences inthis  mat te r  has been neglected. Meanwhile the development of the metabolic con- 
cept of the genesis of alcoholism [2, 6] has led to widening of our ideas on the role of endogenous ethanol in the 
etiology of alcohol dependence in animals of both sexes.  

The aim of this investigation was to study sensit ivity of the positive re inforcement  sys tem in the la teral  
hypothalamus of rats  of both sexes and the effect of prolonged self-s t imulat ion of this sys tem on the endogenous 
ethanol level in these animals.  

EXPERIMENTAL METHOD 

Experiments  were car r ied  out on noninbred albino ra ts  (11 females  and 11 males).  To obtain the self-  
stimulation react ion e lec t rodes  were implanted in accordance with coordinates f rom the atlas [11] at the level 
of the la teral  hypothalamus. The animals were anesthetized with hexobarbital (150 mg/kg,  intraperitoneally) 
for  the operation. The ra ts  were taught a sel f -s t imulat ion react ion 5-7 days after  the operation in a chamber  
with a pedal until a stable threshold and a stable frequency of se l f -s t imulat ion had been reached for a period of 
6 min, using cur ren ts  of different strengths.  P res s ing  the pedal was accompanied by stimulation of the brain 
with square pulses (Alvar st imulator,  duration 0.1 msec,  frequency 100 Hz, duration of volley 0.25 sec). The 
strength of the pulsed current  was monitored on the scale of an $1-10 osci l loscope and with a M-195 mic roam-  
meter .  The sessions of self-s t imulat ion lasted 30 min daily. Every  week mean values of the threshold current  
were calculated for animals of each sex. Self-st imulation was studied in six females  in two stages of the es -  

TABLE 1. SeK-Stimulation P a r a m e t e r s  in 
Females  Depending on Stage of Es t rous  Cycle 

Stage of 
cycle 

Dies~us 

Estrus 

Threshold 
2urrent 
~trength, pA 

205 
072--236) 

191 
(158--224) 

?requency of self-stimulations 

threshold 
current 

176 
(148--204) 

277 
(254--300) 

maximal 
C u r r e n t  

(350-400 pA) 

406 
(377--439) 

426 
(388--464) 
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Fig. i. Location of tips of stimulating electrodes in rat brain corresponding to coordinates from 
atlas [II]. On left - coordinates of transverse brain sections in millimeters relative to the bregma. 
LHA) lateral hypothalamus, PH) posterior hypothalamic nucleus, MFB) medial forebrain bundle, 

VD-VE) ventrodorsal thalamic nuclei, LM) medial lemniscus, ZI) zona incerta. Circles denote 
females, triangles - males. 

Fig. 2. Dependence of threshold current strength (a) and body weight of rats (b) on sex of animals 
during prolonged self-stimulation, i) Females, 2) males. Abscissa, time (in weeks); ordinate: in 

a) current (in/~A), in b) body weight (in g). 

t r o u s  cye le :  e s t r u s  and d i e s t r u s ,  d i a g n o s e d  wi th  the  a id  of v a g i n a l  s m e a r s .  The  mean  n u m b e r  of s e l f - s t i m u l a -  
t i o n s  at t h r e s h o l d  and m a x i m a l  c u r r e n t  s t r e n g t h s  was  t hen  c a l c u l a t e d .  Al l  r a t s  w e r e  we ighed  week ly .  

The  l o c a t i o n  of t h e  e l e c t r o d e  t i p s  at t he  end of t h e  e x p e r i m e n t s  was  v e r i f i e d  h i s t o l o g i c a l l y .  The  a n i m a l s  
were killed with ehlorM hydrate and the brain immersed in 10% formalin solution for 10-14 days. Serial brain 
sections 50 ~ thick were cut on the PMS-2 mierotome with TOS-II freezing stage. Sections containing areas of 
injured tissue in the region of the electrode tip were selected. By means of a photographic enlarger these sec- 
tions were projected on high-contrast photographic paper to obtain photographs. The position of the electrodes 
in the rat brain was then determined, using coordinates from the stereotaxic atlas [Ii]. 

To measure the endogenous ethanol level 0.i ml of blood was taken with a capillary tube after amputation 
of the tip of the tail. Samples were taken 5 min after a routine self-stimulation session once or twice a week 
for 2-14 weeks depending on the time of fixation of the electrodes in the animals' brain. Ethanol in the blood 
was determined quantitatively by gas chromatography. 

The experimental data were subjected to statistical analysis by the Student and Wilcoxon-Mann-Whitney 
tests. 

EXPERIMENTAL RESULTS 

Data showing the position of the electrodes in the brain of individual animals are given in Fig. I. They 
show that most self-stimulation points were either actually in the lateral hypothalamus (six females and six 

males) or in adjacent structures (four females and four males). Consequently, there was no appreciable dif- 
ference in the position of the stimulating electrodes in animals of the two sexes. However the thresholds of 
hypothalamic seK-stimulation depended on the animals' sex. It will be clear from Fig. 2 that during 8 weeks of 
self-stimulation the magnitude of the threshold current in females was 1.5-2 times higher than in males (P < 
0.05). It can be tentatively suggested that the higher threshold of self-stimulation in females is due to the fact 
tha t  the  p o s i t i v e  r e i n f o r c e m e n t  s y s t e m  of t h e i r  b r a i n  is  m o r e  r e s i s t a n t  to  e x t e r n a l  i n f l u e n c e s  of d i f f e r e n t  k inds .  
K a c t i v a t i o n  of t he  p o s i t i v e  r e i n f o r c e m e n t  s y s t e m  of t h e  b r a i n  by  c e r t a i n  s u b s t a n c e s  (e thanol  in p a r t i c u l a r )  i s  
r e g a r d e d  a s  one of t he  m a i n  c a u s e s  of m e n t a l  d e p e n d e n c e  on t h e m  [4, 14], it  c an  be  p o s t u l a t e d  tha t  such  a c t i v a -  
t ion  i s  m o r e  d i f f i cu l t  to  induce  in f e m a l e s  t han  in  m a l e s .  The  s l o w e r  f o r m a t i o n  of p r e f e r e n c e  f o r  e thanol  to  
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Fig. 3. Endogenous ethanol ievel in individual ra ts  of 
both sexes during prolonged self-s t imulat ion.  Mean en- 
dogenous ethanol levels obtained in previous experi-  
ments shown for  comparison:  1) intact females;  2) al-  
coholized females;  3) intact males;  4) alcoholized males;  
5 and 6) alcoholized males and females  respect ively  
during ethanol withdrawal. Legend: differences in t imes  
of experiments for individual animals due to different 
t imes  of fixation of stimulating electrodes  in animals '  
brain (for females  2-11 weeks, for males  1-5 weeks). 
Abscissa ,  t ime (in weeks); ordinate, blood ethanol concen- 
t rat ion (in %, logar i thmic scale). Circ les  indicate fe-  
males,  t r iangles  - males.  

water  and the associated ability to consume large doses of ethanol [1, 12] are  probably due not only to a slower 
rate of metabol ism in females  [2], but also to the g rea te r  res is tance  of the i r  CNS to the action of general  anes-  
thet ics .  

Results of the investigation of se l f -s t imulat ion in females  in two stages of the estrous cycle are given 
below. It will be c lear  f rom Table i that the intensity of the reaction in females  in the es t rus  stage when cur -  
rents  of threshold strength were used was 57% g rea t e r  than in the stage of diestrus  (P< 0.05). The threshold 
strength of the current  and the number of self-s t imulat ions at maximal current  strength showed no significant 
change. This observat ion suggests  increased sensi t ivi ty of the positive re inforcement  sys tem of the brain in 
females  to the action of general  anesthetics in es t rus .  

The endogenous ethanol level in individual animals (11 females  and 11 males) during prolonged se l f - s t imu-  
lation is i l lustrated in Fig. 3. Incidentally the endogenous ethanol level was higher on the whole in females  
(0.002-0.0005%) than inma le s  (0.0008-0.00005%). These differences were stat ist ically significant in the second 
{females and males 0.0033 and 0.00005% respect ively;  P=  0.01) and third weeks of self-s t imulat ion (females and 
males 0.0012 and 0.0004% respect ively;  P=0.05) .  Compared with the data on the endogenous ethanol level ob- 
tained previously [2], it is c lear  that during self -s t imulat ion the endogenous ethanol concentration was lower in 
both females  and males than in intact animals (females 0.0025%, males 0.0009%). Moreover,  its values moved 
c loser  to the endogenous ethanol levels obtained in animals with long-last ing preference for  ethanol to water 
(females 0.001%, males 0.0005%). In a high proport ion of males with self-s t imulat ion the endogenous ethanol 
level reached values charac te r i s t i c  of alcoholized animals in the period of ethanol withdrawal (females 0.00015%), 
males 0.00016%). 
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As Fig. 2b shows, during daily self-stimulation for 7 weeks, no increase in body weight was observed in 

the females whereas the males increased in weight by 33% (P < 0.05). 

The study of the endogenous ethanol level and body weight of the animals during prolonged self-stimula- 

tion provides a parallel with the analogous values obtained in rats of different sexes with long preference for 
ethanol to water. In both cases lower values wereobtainedthan in intact animals. However, differences in the 
concentrations of endogenous ethanol depending on sex still remained: They were higher infemales than in 
males. In addition, an increase in body weight was observed only in males. This latter circumstance, just as 
during chronic alcoholization, suggests that the action of prolonged self-stimulation is more injurious to fe- 
males. On the basis of the eatecholamine hypothesis of brain self-stimulation [8, 9, 13], the argument runs as 
follows. One possible way of formation of endogenous ethanol in the body is by reduction of acetaldehyde. 
During activation of the catecholaminergic system and increased catecholamine release, acetaldehyde may 
react with catecholamines [I0]. As a result, probably, the quantity of acetaldehyde usually converted intoetha- 
nol is reduced, and this may lead to the observed fall in the endogenous ethanol level. 
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