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Cur ren t  hypotheses  put fo rward  to explain in terac t ion  between alcohol and opiates in the body accept  both 
the poss ib i l i ty  that  subs tances  with opiate act ivi ty  may be f o r m e d  in r e sponse  to admin is t ra t ion  of ethanol and 
the d i rec t  action of alcohol on functional act ivi ty of the enkephal inergic  s y s t e m  [5]. To invest igate  the p r e s -  
ence of common mechan i sms  of act ion of ethanol and opiates it is n e c e s s a r y  to study the effect  of ethanol on the 
concentra t ions  of m e t -  and leu-enkephal in  during chronic alcohol intake.  The a i m  of the p r e sen t  invest igat ion 
was t he re fo re  to m e a s u r e  concentra t ions  of enkephalins at d i f ferent  s tages  of development  of chronic e x p e r i -  
mental  a lcohol i sm and in ra t s  with different  alcohol motivat ion.  

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

Exper imen t s  were  c a r r i e d  out on noninbred male  albino ra t s  weighing init ially 200 '250 g. The duration of 
alcohol na rcos i s  was de te rmined  by the t ime  in the side pos i t ion  a f t e r  in t raper i tonea l  injection of 25% ethanol 
solution in a dose of 4.5 g / k g .  The peptide concentra t ions  were  m e a s u r e d  15 days a f t e r  de te rmina t ion  of the 
duration of ethanol n a r c o s i s .  Chronic alcoholizat ion of the an imals  was c a r r i e d  out by allowing them f ree  choice 
between wa te r  and 15% ethanol solution. During the per iod  of daily de te rmina t ion  of alcohol intake the an imals  
were  kept in individual cages .  Rats  alcoholized fo r  10 days and 3 and 10 months w e r e  used  in the expe r imen t s .  
A s ta te  of abst inence was s imula ted  by depriving ra t s  of ethanol fo r  24 h a f t e r  10 months of aleoholizat ion.  At 
each  s tage of chronic  exper imen ta l  a lcohol ism two groups of an imals  w e r e  se lected:  one group cons is ted  of 
r a t s  consuming ethanol in a volume of not more  than 10% of the total  fluid intake (light d r inkers ) ,  the o ther  of 
an imals  consuming not less  than 70% of ethanol solution (heavy dr inkers ) .  The an imals  were  decapi ta ted and the 
bra in  divided into pa r t s  by the method in [8]. Bra in  t i s sue  was quickly f rozen  in liquid ni t rogen,  weighed, and 
p laced  in 0.1 M acet ic  acid, p rev ious ly  wa rm ed ,  t r e a t ed  on a wa t e r  bath fo r  5-7 rain, cooled on ice,  and h o m o g -  
enized in a homogenize r  with Teflon pes t le .  The s amp le s  were  then centr i fuged at 10,000g and the res idue ,  
was again homogenized in acet ic  acid and centr i fuged.  The two superna tan ts  were  pooled and lyophil ized.  The 
res idue was d isso lved  in 50 mM Tris-HC1 buffer ,  pH 8.0, containing 0.05% bovine s e r u m  albumin and 0.05% 
sodium azide (RIA buffer).  The samples  we re  centr i fuged fo r  5 rain at  8000g, divided into al iquots,  and f rozen .  
Concentrat ions of enkephalins were  de te rmined  rad io immunologica l ly .  Antibodies and iodinated pept ides  were  
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Fig.  1. Concentrat ions of leu-enkephal in  (in f m o l e / m g  t i s -  
sue) in r a t s  differing in p red ispos  itien to ethanol consumption.  
Unshaded columns - s h o r t - s l e e p i n g  r a t s ,  shaded columns - 
long s l e e p e r s .  D Cortex;  II) s t r i a tum;  I ~  tha lamus ;  IV) m e -  
dulla + pons.  

Fig. 2. Concentra t ions  of met -enkepha l in  (in f m o l e / m g  t i s -  
sue) in r a t s  differing in p red ispos i t ion  to ethanol consumption.  
Legend as to Fig.  1. 

generous ly  supplied by A. D. Dmi t r i ev  (Institute of Psych ia t ry ,  Academy of Medical  Sciences of the USSR). 
F o r  rad io immunologic  analysis  (RIA) a n t i s e r u m  agains t  met -enkepha l in  was taken in a final dilution of 1:2000, 
and a n t i s e r u m  agains t  leu-enkephal in  in a final dilution of 1:5000. To each sample  were  added 10 pl of a s t an-  
dard  so lu t ionof  peptides or  the unknown sample ,  100 gl of iodinated peptide (10,000 cpm),  and 100 pl an t i s e rum 
and the volume was made up to 0.5 ml with RIA buffer .  Incubation p roceeded  f o r  24 h, a f t e r  which the a n t i g e n -  
antibody complex  was p rec ip i t a t ed  with am m on ium sulfa te  and centr i fuged fo r  30 rain at 3000g. The r a d i o a c -  
t ivi ty of the p rec ip i t a t e s  was de te rmined .  The concentra t ions  of peptides in the unknown sample  were  d e t e r -  
mined by means  of an inhibition curve .  The sens i t iv i ty  of the method for  leu-enkephal in  was 15-20 fmole  pe r  
s ample  and for  me t -enkepha l in  100-120 fmole  pe r  sample .  C ros sed  immanoreac t iv i t y  between m e t -  and leu-  
enkephalins did not exceed  1.5%. The exper imen ta l  r e su l t s  were  subjected to s ta t i s t i ca l  analysis  by Student 's  
method.  

EXPERIMENTAL RESULTS 

The duration of ethanol narcosis, reflected in the time in the side position, is a convenient indicator for 
distinguishing between animals differing in their attitude toward ethanol consumption [2]. For instance, rats 
with a short duration of ethanol sleep (short-sleepers - 81 • 14 rain in our experiments) are characterized by 
high alcohol motivation, whereas animals with a long duration of alcohol sleep (long sleepers, 195 • 24 rain) 
are characterized by a low tendency toward alcohol consumption. Determination of the enkephalin concentra- 
tions in long- and short-sleepers showed that the leu-enkephalin concentration in the cerebral cortex of the 
sho r t - s l eep ing  ra t s  was more  than twice as high as in l ong - s l eepe r s  (Fig. 1); in the remain ing  regions of the 
brain  s tudied no dif ference could be found in the peptide concentra t ions  between the two groups  of an imals .  The 
met -enkepha l in  concentra t ion,  on the other  hand, did not d i f fe r  in the c e r e b r a l  cor tex  of long- and s h o r t - s l e e p e r s  
but was signif icantly reduced  in the s t r i a tum,  tha lamus ,  and medul la  of the s h o r t - s l e e p e r s  (Fig. 2). Such s p e -  
cific d i f fe rences  in peptide concentra t ions  between the two groups  of an imals ,  in our opinion, may be a t t r ibutable  
to d i f fe rences  in functions of the enkephalins in di f ferent  pa r t s  of the brain .  In the c e r e b r a l  cortex,  for  instance,  
where  opiate r e c e p t o r s  of de l ta - type  are  mos t  f requent ly  found, exogenous enkephalins may  induce myoclonic  
convulsions and ep i lep t i fo rm and enhanced m o t o r  act ivi ty  [6, 7], whereas  in the tha lamus  and s t r i a t u m  they give 
r i se  to the development  of analges ia ,  ca ta lepsy ,  and hypo the rmia .  The low met -enkepha l in  concentra t ions  which 
we found in these  pa r t s  of the brain  of sho r t - s l eep ing  ra t s  re f lec t  a deficiency of these  functional s y s t e m s  in 
these  an imals ,  whe rea s  the inc reased  leu-enkephal in  concentra t ion  in the ce r eb ra l  cor tex  of the sho r t - s l eep ing  
ra t s  can explain the g r e a t e r  p red i spos i t ion  to s t r e s s  found in the animals  of this group.  In addition, these  di f -  
f e rences  may be of s ignif icance in the pathogenesis  of alcohol intoxication. 

To t e s t  this  hypothesis  we inves t igated the enkephalin concentra t ions  at dif ferent  s tages  of expe r imen ta l  
a lcohol ism,  dist inguished by the use  of a model developed in the w r i t e r s '  l abo ra to ry  [1]. In s tage I, when an in-  
clination fo r  ethanol consumption is being f o r m e d  no d i f fe rences  were  found in leu-enkephal in  concentra t ions  
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TABLE 1. E f f e c t  of Ch ron i c  A l c o h o l i z a t i o n  on Enkep l l a l in  C o n c e n t r a t i o n s  (in f m o l e s / m g  
t i s sue )  in R a t s '  B r a i n  (M :~ m) 

Peptide 

Leu-enkeph- 
alin 

Met-en- 
kephagn 

Duration 
of con- 
tact with 
ethanol 

10 days 

3 months 

I0 months 

10 days 

3 months 

I0 months 

Group of rats 

Heavy drinkers 

Light drinkers 

Heavy drinkers 

Light drinkers 

Heavy, drinkers 

Light drinkers 

Heavy drinkers after 
withholding ethano! 
for 24 h 

Heavy drinkers 

Light drinkers 

Heavy drinkers 

Light drinkers 

Heavy drinkers 

Light drinkers 

Heavy, drinkers after 
wltSholding ethanol 
for 24 h 

Cortex 

37,34-6,3 
(4) 

35,04-6,5 
(4) 

35,12=1,2"* 
(3) 

58,5/=3,2 
(3) 

50,54-2,1"* 
(6) 

29,52=3,1 
(6) 

41,62=6,2 
(3) 

4504-23 
(4) 

4444-13 
(4) 

3702= 16 
(3) 

310:h20 
(3) 

450 2= 30 
(6) 

3902=38 
(5) 

4754-27 
(3) 

Striatum 

296• 
(4) 

222,0• 
(4) 

105,52= 11,8 
(3) 

150,02=19,8 
(3) 

1024-13,4"* 
(6) 

1922= 11,3 
(6) 

173,04-12,1"** 
(4) 

25402= 126" 
(4) 

32004-180 
(4) 

7504-4O 
(3) 

6104-76 
(a) 

6302= 14' * 
(6) 

12502= 155 
(7) 

9502=80 
(3) 

Thalamus 

99,2=t=5,6 
r 

131,84-22.7 
(4) 

55,0=t= 12.1 
(3) 

63,0+ 10,4 
(3) 

82,54-5,2** 
(6) 

123,22=4,9 
(6) 

866,5/= 10,4" 
(4) 

9302=23 
(4) 

1210:k 125 
(4) 

470• 
(3) 

495-+- 11 
(3) 

4002= 35* * 
(7) 

850:L56 
(6) 

530• 
(3) 

Medulla and 
pons 

90,52= t5,7 
(4) 

1342=22 
(4) 

81,5• 
(3) 

93,54- I0,7 
O) 

87,5-I-3,7"* 

I I 1 , 5 •  I 
(6) 

94,0+1,3"* 
(3) 

940• 
(4) 

1130=I=98 
(4) 

5402=32 
(3) 

6004-55 
(3) 

4854-28** 
(7) 

8104-48 
(6) 

640=t=72 
(3) 

Legend .  N u m b e r  of a n i m a l s  shown 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  wi th  
l igh t  d r i n k e r s ,  * * * P < 0.05 c o m p a r e d  wi th  h e a v y  d r i n k e r s .  

be t ween  l igh t  and  h e a v y  d r i n k i n g  a n i m a l s  in a l l  p a r t s  of the  b r a i n  s t u d i e d ,  w h e r e a s  the  m e t - e n k e p h a l i n  c o n c e n -  
t r a t i o n  was  l o w e r e d  in  the  s t r i a t u m  of the  h e a v y  d r i n k e r s .  Meanwhi l e  a c o n s i d e r a b l e  i n c r e a s e  in  the  c o n -  
c e n t r a t i o n s  of both p e p t i d e s  was  found in a n i m a l s  a f t e r  10 days  of a l c o h o l i z a t i o n  c o m p a r e d  wi th  t h e i r  l e v e l  in 
r a t s  w i th  an i n i t i a l l y  d i f f e r e n t  p r e d i s p o s i t i o n  t o w a r d  e thano l  c o n s u m p t i o n ,  wh ich  m a y  have  been  due to  s t r e s s  
p r o d u c e d  in the  a n i m a l s  by p l a c i n g  t h e m  in i n d i v i d u a l  c a g e s .  A f t e r  3 months  of  a l c o h o l i z a t i o n ,  in s t a g e  II  of e x -  
p e r i m e n t a l  a l c o h o l i s m ,  a d e c r e a s e  in the  l e u - e n k e p h a l i n  c o n c e n t r a t i o n  was  o b s e r v e d  in  the  c e r e b r a l  c o r t e x  of 
the  h e a v y - d r i n k i n g  r a t s  (Table  1). The  m o s t  m a r k e d  changes  in c o n c e n t r a t i o n s  of the  p e p t i d e s  w e r e  found a f t e r  
10 mon ths  of a l c o h o l i z a t i o n ,  when p h y s i c a l  d e p e n d e n c e  on e thano l  was  f o r m e d  [1, 3]. The c o n c e n t r a t i o n s  of l e u -  
and  m e t - e n k e p h a l i n s  in the  s t r i a t i u m ,  t h a l a m u s ,  and m e d u l l a  of the  l igh t  d r i n k e r s  w e r e  r e d u c e d  in t h i s  c a s e  

(Table  1). 

In  o u r  v iew the  f a l l  in  c o n c e n t r a t i o n s  of the  n e u r o p e p t i d e s  a f t e r  l o n g - t e r m  a l c o h o l i z a t i o a  m a y  be  i n s t r u -  
m e n t a l  in  one of  the  m e c h a n i s m s  of f o r m a t i o n  of e thanol  d e p e n d e n c e .  In  a s t a t e  of a b s t i n e n c e ,  a f t e r  w i t h d r a w a l  
of  e thano l  f o r  24 h, the  l e u - e n k e p h a l i n  c o n c e n t r a t i o n  r i s e s  i n  the  s t r i a t u m  w h e r e a s  in the  t h a l a m u s  and  m e d u l l a  
the  c o n c e n t r a t i o n  of t h i s  p e p t i d e  r e m a i n s  m u c h  l o w e r  in a n i m a l s  in a s t a t e  of a b s t i n e n c e  than  in the  l i g h t - d r i n k i n g  
r a t s  (Table  1). The f a l l  in the  c o n c e n t r a t i o n s  of m e t -  and l e u - e n k e p h a l i n s  in t he  s t r i a t u m ,  t h a l a m u s ,  and  m e d u l -  
la  m a y  be due to  e x h a u s t i o n  of the  c o m p e n s a t o r y  p o w e r s  of the  e n k e p h a l i n e r g i c  s y s t e m  in t h e s e  r e g i o n s  of the  
b r a i n ,  which  i s  a c t i v a t e d  by e thano l .  A s i m i l a r  d e c r e a s e  in c o n c e n t r a t i o n  du r ing  p r o l o n g e d  a l c o h o l i z a t i o n  a l s o  
was  found f o r  c a t e c h o l a m i n e s  [4], and e n k e p h a l i n s  a r e  known to  be  m o d u l a t o r s  of a c t i v i t y  of n o r a d r e n e r g i c  and 
d o p a m i n e r g i c  n e u r e n s  [10]. I t  can  be t e n t a t i v e l y  s u g g e s t e d  tha t  e x h a u s t i o n  of t he  c a t e c h o l a m i n e  r e s e r v e s  in the  
b r a i n  i s  due to d e p r e s s i o n  of func t iona l  a c t i v i t y  of the  e n k e p h a l i n e r g i c  s y s t e m .  Meanwhi l e  the  i n c r e a s e  in l e u -  
e n k e p h a l i n  c o n c e n t r a t i o n  which  we found in the  c e r e b r a l  c o r t e x  in  s t a g e  HI of e x p e r i m e n t a l  a l c o h o l i s m  and the 
i n c r e a s e d  c o n c e n t r a t i o n  of th i s  pep t i de  in r a t s  p r e d i s p o s e d  to  e thano l  c o n s u m p t i o n  i n d i c a t e  the  p o s s i b i l i t y  of 
d i f f e r e n t i a l  changes  in a c t i v i t y  of the  e n k e p h a l i n e r g i c  s y s t e m  in d i f f e r e n t  p a r t s  of the b r a i n .  T h e r e  i s  r e a s o n  
to s u p p o s e  tha t  t h e s e  d i f f e r e n c e s  a r e  l i n k e d  with  the  e x i s t e n c e  of two e n k e p h a l i n e r g i c  s y s t e m s  with  d i f f e r e n t  
func t ions  in the  b r a i n .  It ha s  been  shown tha t  l e u - e n k e p h a l i n  i n t e r a c t s  m a i n l y  wi th  6 - r e c e p t o r s ,  w h o s e  c o n c e n -  
t r a t i o n  i s  h i g h e s t  in  the  c e r e b r a l  c o r t e x  [9]; w h e r e a s  in the s t r i a t u m  and  t h a l a m u s  the h i g h e s t  c o n c e n t r a t i o n  of 

- o p i a t e  r e c e p t o r s  has  been  found; the  p o s s i b l e  endogenous  l i g a n d  f o r  # - r e c e p t o r s  i s  m e t - e n k e p h a l i n  [4, 9]. 
The  r e s u l t s  now ob ta ined  thus  s u g g e s t  an i n c r e a s e  in  a c t i v i t y  of the 5 - e n k e p h a l i n e r g i c  s y s t e m  and  a d e c r e a s e  
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in act ivi ty  Qf the # -enkepha l ine rg i c  s y s t e m  in the course  of chronic alcoholization,  and these  changes may play 
an impor tan t  role  in the development  of dependence on ethanol. 
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M O T O R  A C T I V I T Y  A N D  N E U R O A C T I V E  

C O N C E N T R A T I O N S  IN B R A I N  T I S S U E S  

V .  P .  A k o p y a n  a n d  L .  S.  B a l y a n  

A M I N O  A C I D  

UDC 612.822.1:547.466]-06:612.766 
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The d i scove ry  of g a m m a - a m i n o b u t y r i c  acids (GABA) and enzymes  of i ts  me tabo l i sm in the walls  of the 
c e r e b r a l  blood v e s s e l s  [4-6] and the d i scovery  of changes in neuroac t ive  amino-ac id  levels  in c e r e b r o v a s c u l a r  
insuff iciency [1, 7] led to the es tab l i shment  of a l ink between elevat ion of the GABA concentra t ion in the brain  
and i ts  v e s s e l s  and manifes ta t ions  of compensa t ion  of d i s turbances  of the c e r e b r a l  hemodynamics .  Another 
bas i s  fo r  this  conclusion was the r e su l t s  of expe r imen t s  [2, 5] which demons t ra ted  the dynamics  of changes in 
concent ra t ions  of neuroac t ive  amino acids in brain  t i s sue s  and ve s se l s  with age and a lso  under  the influence 
of vasoac t ive  drugs .  

The object  of the p re sen t  invest igat ion was to study the effect  of forced  mo to r  act ivi ty  on quanti tat ive 
changes in neuroac t ive  amino-ac id  levels  in the bra in  t i s sue s  of normal  r a t s  and ra t s  with exper imen ta l  d i s -  
tu rbances  of the ce r eb ra l  blood flow. F o r  compar i son ,  changes in neuroac t ive  amino-ac id  levels  a lso  were  in-  
ves t iga ted  in the ce r eb rosp ina l  fluid (CSF) of ca ts .  

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

Exper imen t s  we re  c a r r i e d  out on sexual ly  ma tu re  r a t s  of both sexes  (120 animals)  weighing 180-240 g, 
under  e the r  anes thes ia ,  and on 18 cats  weighing 3-4 kg, under pentobarbi ta l  anes thes ia  (50 m g / k g ,  i n t r a -  
per i toneal ly) .  
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