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Endogenous ligands of opiate receptors  may perhaps part icipate in the pathogenesis of alcoholism [3]. 
A mutual effect of opiates on the development of ethanol dependence and an effect of ethanol on the format ion of 
morphine dependence have been found [7]. One of the mechanisms through which alcohol acts in the body may 
be its effect on the concentrat ion of endogenous opiates, as has been shown in the case of neuro t ransmi t te r s  [9]. 

The object of this investigation was to determine the fl-endorphin concentration af ter  a single injection of 
ethanol into rats  differing in their  alcohol motivation and in the same animals during chronic voluntary alcohol- 
ization. 

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

Experiments  were ca r r i ed  out on noninbred male albino ra ts  weighing initially 200-250 g. The animals 
were k~pt on a s tandard pellet diet and under natural  daylight conditions. The duration of alcohol narcos is  was 
determined by the time in the side position af ter  intraperi toneal  injection of ethanol in a dose of 4.5 g / k g .  The 
fi-endorphin concentrat ion was determined 15 days after  determination of the duration of ethanol narcos i s .  The 
effect of chronic alcoholization was studied on a model of chronic alcoholism in which animals consumed ethanol 
solution under conditions of f ree  choice between water  and 15% ethanol solution [1]. The alcoholized animals 
were kept in single cages and the level of consumption of the solution of water  and ethanol was recorded  daily 
at 9-10 a.m. Two groups of ra ts  were chosen for  the experiments:  Group 1 consis ted of animals consuming 
ethanol solution in a volume of not less than 70% of the total volume of fluid drank (heavy drinkers) ,  group 2 
consis ted of animals consuming ethanol solution in a volume of not more  than 10% under the same experimental  
conditions ( l ightdrinkers) .  The animals were killed 60 min after  a single intraperi toneal  injection of ethanol 
solution in physiological saline. Control animals received an injection of physiological saline only. The rats  
were decapitated and the brain divided into par t s  by the method in [8]. Brain t issue was quickly f rozen in liquid 
nitrogen,  then weighed and placed in 0.2 M acetic acid, warmed  beforehand on a waterbath.  After heating on a 
waterbath for  5-7 min the samples were cooled on ice and homogenized. After centrifugation at 10,000g the 
supernatant was poured off and the residue rehomogenized in acetic acid and recentr i fuged.  The two supe r -  
natants were pooled and lyophilized. After lyophilization the residue was dissolved in 0.05 M Tris-HC1 buffer, 
pH 8.0, at 4~ containing 1% albumin and 0.05% sodium azide (RIA buffer). The samples  were then centrifuged 
for  6 rain at 8000g, f rozen,  and kept before use at -70~ Before radioimmunologic analysis of the fl-endorphin 
level the samples were thawed and again centrifuged for  5 min at 8000g. Antibodies and iodinated fl-endorphin 
were generously provided by A. D. Dmitr iev (Research Institute of Psychia t ry ,  Academy of Medical Sciences of 
the USSR). Full details of the antibodies and method of iodination were descr ibed previously [5]. Crossed  im-  
munoreactivi ty of the se rum with fi-lipotropin was under 5%, and with met -  and leu-enkephalins,  under 0.01%. 
For  radioimmunologic analysis 50 pl of the unknown sample or  of a s tandard concentration of fi-endorphin, 
antibodies against fi-endorphin in a final dilution of 1:4000 and in a volume of 50 #1, and 250 pl of RIA buffer 
were added to si l iconized tes t  tubes. After incubation for  24 h, 9 • 103-10 x 103 cpm of [12~i]-fl-endorphin in a 
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TABLE 1. Ef fec t  of Chron ic  Alcohol iza t ion  on f i -Endorph in  Concen t ra t ion  in Rat  Bra in  (in 
fmoles/mg/mg t i s sue ,  M 4- m) 

Diiiati0n of] 
contact I 
with eth- Group of rats 
anol, 
months 

3 Heavy drinkers 

Light drinkers 

10 Heavy drinker~ 

Light drinkers 

Heavy drinkers 24 h after dep- 
rivation of ethanol 

Cortex 

6,6-4-0,75 
(4) 

5,7• 
(4) 

2,2+-0,22"* 
(6) 

4,6--4-_0,6 
(5) 

1,2• 
(3) 

Striatum 

8,2• 
(3) 

6,9___0,73 
(4) 

1,9+0,2" 
(5) 

3,0J:0,4 
(5) 

1,2• 
(3) 

Thatamus 

17,5• 
(4) 

15,34-3,2 
(4) 

4,7+-0,65** 
(5) 

12,2.+1,6 
(5) 

5,9=!:0,8" 
(3) 

Medulla § 

7,1• 
(3) 

8,2• 
(4) 

12,9+ 1,48"* 
(5) 

8,5• 
(5) 

17,0• 
(3) 

Legend.  N u m b e r  of an ima l s  in p a r e n t h e s e s .  * P < 0.05, ** P < 0.01 c o m p a r e d  with l ight -  
dr inking  r a t s ;  * * * P < 0.05 c o m p a r e d  with heavy  d r i n k e r s .  
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Fig.  1. Ef fec t  of a s ingle  in jec t ion of e thanol  on fl- 
endorphin  concen t r a t i on  in an ima l s  d i f fer ing in p r e -  
d i spos i t ion  to a lcohol  consumpt ion .  Unshaded  c o l -  
umns  - s h o r t - s l e e p i n g  r a t s ,  shaded  co lumns  - long 
s l e e p e r s .  D Phys io log ica l  sa l ine ,  ID ethanol  in a 
dose of 2.5 g / k g .  a) Cor tex ,  b) s t r i a t u m ,  c) t ha l a -  
mus ,  d) medul la  + p o n s .  * P  < 0.05, * * P  < 0.01. 

volume of 50 ~1 was  added to the s a m p l e s  and incubat ion  cont inued fo r  a f u r t h e r  24 h at  4~ a f t e r  which an t i -  
bodies  aga ins t  r abb i t  y - g l o b u l i n  ( f rom the N. F .  G a m a l e y a  Inst i tute  of Ep idemio logy  and Microb io logy ,  Ac a d e my  
of Medical  Sc iences  of the USSR) were  added in a di lut ion of 1:5, t oge the r  with 100 pl of rabbi t  y -g lobu l i n s  in a 
concen t r a t i on  of 0.1 m g / m l  and 200 pl of a10% solut ion of po lye thy l ene -g lyco l  6000. Af te r  incubat ion f o r  24 h 
the s a m p l e s  w e r e  cen t r i fuged  fo r  20 min  at 3000g and the r ad ioac t iv i ty  of the r e s idue  de t e rmined .  The t3- 
endorphin  c o n c e n t r a t i o n  in the unknown sample  was  d e t e r m i n e d  f r o m  the curve  of inhibit ion of binding of labeled  
f l - endorph in  with ant ibodies  of s t a n d a r d  c onc e n t r a t i ons  of unlabeled pept ide .  The sens i t iv i ty  of the method  was  
20-25 f m o l e s  p e r  s a m p l e .  The f l - endorph in  concen t r a t i on  in the blood p l a s m a  was  d e t e r m i n e d  by m e a n s  of a 
s t a n d a r d  kit  of r eagen t s  f r o m  A m e r s h a m  Corpo ra t i on  (England).  The expe r imen t a l  r e su l t s  were  sub jec ted  to 
s t a t i s t i ca l  ana ly s i s  by S tudent ' s  me thod .  

E X P E R I M E N T A L  R E S U L T S  

Af t e r  de t e rmina t i on  of the dura t ion  of e thanol  n a r c o s i s  two g roups  of an ima l s  w e r e  s e l ec t ed :  s h o r t  s l e e p -  
e r s ,  with 85 4- 9 rain in the s ide pos i t ion ,  and long s l e e p e r s ,  with 192 4- 15 rain in the s ide pos i t ion .  It was  shown 
p r e v i o u s l y  that  an ima l s  with a s h o r t  dura t ion  of ethanol  n a r c o s i s  have a h ighe r  leve l  of e thanol  consumpt ion  than 
l o n g - s l e e p e r s  [2] and tha t  they  d i f fer  f r o m  the l a t t e r  in s e v e r a l  b iochemica l  p a r a m e t e r s  [6] and behav io ra l  f e a -  
t u r e s  [10]. The e x p e r i m e n t s  showed  that  c onc e n t r a t i ons  of f i - endorph in  w e r e  s t a t i s t i ca l l y  s ign i f ican t ly  h ighe r  
in the c e r e b r a l  c o r t e x  of the s h o r t - s l e e p i n g  ra t s  and did not  d i f fe r  in the s t r i a t u m ,  t ha l amus ,  and medul la  of 
s h o r t -  and l ong - s l eep ing  an ima l s  (Fig.  1). To  d e t e r m i n e  the s ign i f i cance  of these  d i f f e rences  in r e a l i z a t i o n  of 
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the action of ethanol, the fl-endorphin concentration was determined in animals of both groups after  a single 
injection of ethanol in a dose of 2.5 g / k g .  It was found that ethanol increases  the fl-endorphin concentration 
in the cerebra l  cortex of long-sleeping animals but does not affect the peptide concentrat ion in this region of 
the brain in shor t -s leeping ra t s .  There was also a marked  increase  in the fl-endorphin concentration in the 
s t r ia tum of the sho r t - s l eepe r s .  The level of the peptide in the thalamus fell very  considerably in both sho r t -  
and long-sleeping animals;  under these c i rcumstances  the ra t io  of the p-endorphin concentrat ions in different 
par ts  of the brain also changed af ter  injection of ethanol in the sho r t -  and long-sleeping ra ts .  Fo r  instance, the 
peptide concentration was more  than doubled in the thalamus of the shor t -s leeping  rats  but did not differ in the 
cortex, s t r ia tum,  and medulla (Fig. 1). Considering that an increase  in the fi-endorphin concentrat ion in the 
brain is charac ter i s t ic  of the response of the body to s t r e s s ,  it can be tentatively suggested that the observed 
increase  in peptide concentrat ion in the cerebra l  cortex of shor t -s leeping rats  may reflect  their  g r ea t e r  sen-  
sit ivity to s t r e s s .  This also is confirmed by analysis of the concentrat ion of the peptide in the blood plasma.  
In the present  experiments  the fl-endorphin concentration in the plasma of shor t -s leeping  rats  was 207 • 26 
f m o l e s / m l ,  compared with 82 • 16 f m o l e s / m l  in long-s leepers .  After 10 days of contact with ethanol, inci-  
dentally, the concentrat ion of the peptide in the p lasma of heavy-  and l ight-drinking rats  did not differ but was 
209 • 27 and 226 • 59 f m o l e s / m l  plasma respect ively .  Determination of the peptide concentrat ion in the brain 
in chronic alcoholization likewise revealed no difference between heavy-  and l ight-drinking animals at stage II 
of experimental  alcoholism (Table 1), i.e.,  af ter  contact with ethanol fo r  3 months. However, af ter  contact with 
alcohol for  10 months a s tat is t ical ly significant decrease  was found in the peptide level in the cerebra l  cortex,  
s t r ia tum,  and medulla and an increase  in the fi-endorphin concentrat ion was observed in the thalamus of the 
heavy-drinking rats .  Under these c i rcumstances ,  24 h after  deprivation of ethanol, when abstinence symptoms 
were most  marked [4], a decrease  was observed in the fi-endorphin in the cerebra l  cor tex and medulla, where -  
as a small  increase  in the concentration of the peptide was recorded  in the thalamus (Table 1). The effects of 
fi-endorphin are  known to differ in specificity in different regions of the brain. For  instance,  af ter  injection into 
the periaqueductal  g ray  mat te r  and s t r ia tum fi-endorphin gives r i se  to sedation and muscu la r  rigidity, whereas  
af ter  injection into the third ventricle it s t imulates locomotor  activity [11]. 

The fall in fi-endorphin concentrat ion in the s t r ia tum after  10 months of contact with ethanol may thus de-  
termine the development of tolerance to the sedative effect of ethanol, whereas an increase  in concentration of 
the peptide in the thalamus may play an important  role in the pathogenetic mechanisms of the abstinence syn-  
drome.  Considering the divergent effects of ethanol when injected in a single dose, on the concentrat ion of the 
neuropeptide in the thalamus and s t r ia tum of shor t -s leeping  rats ,  we can postulate a differential action of ethanol 
on the state of the endorphinergic sys tem in different par t s  of the brain in ra ts  predisposed to ethanol consump- 
tion. The decrease  in activity of this sys t em in the s t r ia tum,  medulla, and ce rebra l  cortex is responsible for  
the development of tolerance to ethanol, whereas  an increase  in its activity in the thalamus may be connected 
with the format ion of physical  dependence on ethanol. 
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