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In recent  t imes  r e s e a r c h  w o r k e r s  have paid the c loses t  attention to mechan i sms  of the action of ethanol 
on bra in  opiate s y s t e m s .  Adminis t ra t ion  of alcohol to an imals  is known to lead to changes in the enkephalin 
concentrat ion in different  p a r t s  of the b ra in  and to d is turb  the binding c h a r a c t e r i s t i c s  of opiate r e c e p t o r s  [5, 14]. 
The w r i t e r s  showed prev ious ly  that  in acute and chronic ethanol consumption by animals  the re  is a significant 
i nc rea se  in enkaphal inase A activi ty in the s t r i a tum,  hypothalamus,  and mesencephalon.  It has been suggested 
that d i s tu rbances  of enkephalin degradat ion play the key role  in rea l iza t ion  of the action of ethanol on the enke-  
phal inergic  s y s t e m  of the b ra in  [1, 2]. 

It can be tenta t ive ly  suggested that ethanol ac t iva tes  enkephal inase A e i ther  di rect ly ,  by its effect on the 
enzyme molecule  or  the m e m b r a n e  mic roenv i ronment ,  or  indirect ly  through its  metabol ic  products ,  including 
those  act ive against  opiate r e c e p t o r s .  The a im  of th is  invest igat ion was to study this  p rob lem.  

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

Noninbred male  r a t s  weighing 150-200 g were  used.  The animals  rece ived  ethanol with the i r  diet for  six 
weeks;  exper imenta l  (7 ra ts )  and control  (8 ra ts )  g roups  rece ived  a diet of equal calor i f ic  value [8]. 

The ra t s  were  decapitated.  The mesencephalon  (including the hypothalamus) was isolated by the method 
in [12] and f rozen  at -70~  

The membra ne  f rac t ion  was obtained by the method in [61 and kept at -70~  

Enkephal inase A act ivi ty was measured  by quanti tat ive determinat ion of 3H-Tyr -Gly-Gly ,  using th in - l aye r  
ch romatography  [1] to sepa ra t e  products  of enzymic  hydro lys i s  of 3H-Leu-enkephal in.  The exper imenta l  s a m -  
ples (final volume 50 ~1) contained 600 nM of 3H-Leu-enkephal in,  0.5 m g / m l  of prote in  of membrane  suspension,  
10 -8 M puromycin ,  in 10 mM T r i s  HC1 buffer ,  pH 7.7. To de te rmine  the contribution of angiotens in-conver t ing  
enzyme to r eco rded  act ivi ty  in the control  samples ,  10 -4 M Gly -Gly -Phe -Met ,  an inhibitor of enkephalinase A 
[11], a lso  was added. Samples  were  incubated at 30~ The react ion  was stopped by the addition of 5 ~1 of 0.2 M 
HC1. Thin l aye r  ch romatography  of the reac t ion  products  was ca r r i ed  out on s i l i ca -ge l  60 pla tes  with a l ayer  
0.2 m m  thick (Merck, West Germany ,  No. 5748) in a s y s t e m  of ethyl ace t a t e : i sop ropanohace t i c  acid:water  
(40 : 40 : 1 : 19). M a r k e r s  were  chromatographed  concurren t ly  and developed with f luorexamine  [7]. After  chro-  
matography,  zones  cor responding  to the m a r k e r s  were  cut out and the i r  rad ioac t iv i ty  m e a s u r e d i n t o l u e n e  sc in t i l -  
la tor .  Values of radioact iv i ty  of 3H-Tyr -Gly -Gly  were  conver ted  to its quantity in the samples  and expres sed  in 
moles .  Activi ty was de te rmined  as the di f ference between the quantity of t r ipept ide  in the exper imenta l  and 
control  s ample s .  The unit of act ivi ty of enkephal inase A was taken to be that amount of it which, under the con- 
ditions descr ibed  above, f o r m s  10 -12 mole of 3H-Tyr -Gly -Gly  pe r  minute.  

The effect of different  subs tances  on enkephal inase A act ivi ty was studied by adding t hem to the react ion  
mix ture  15 min before  addition of the m e m b r a n e  p repara t ion .  

Pro te in  was de te rmined  by the method in [10]. 
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Fig. i. Effect of ethanol on enkephalinase A activ- 

ity in rat mesencephalon and hypothalamus invitro. 

i) Enzyme preparation isolated from brain of con- 

trol group of animals; 2) experimental group. Ab- 
scissa, ethanol concentration in vitro (in M); or- 

dinate, enkephalinase A activity, in percent of ac- 

tivity of enzyme preparation of control animals in 

absence of ethanol in incubation mixture; 100% 

equals 1.055 • 0.093 activity unit/rag protein. 

Results of 6 experiments are shown. * P < 0.05, 

�9 * P < 0o01~ compared with activity of correspond- 
ing enzyme preparation in absence of ethanol in 

incubation mixture. 

The following reagents were used: 3H-Leu-enkephalin (39 Ci/mmole) was from Amersham Corporation, 
England; Tyr-Gly,  Tyr-Gly-Gly, Gly-Gly-Phe-Met, and Leu-enkephalin were from Serva, West Germany; fluor- 
examine, Tris-buffer ,  and puromycin were from Sigma, USA. The remaining reagents were of Soviet manufac- 
ture,  of the highest available degree of purity. 

The results were subjected to statistical analysis by Student's t test .  

EXPERIMENTAL RESULTS 

Data showing the effect of ethanol in vitro on enkephalinase A activity in the rat hypothalamus and mesen- 

cephalon are shown in Fig. i. During incubation of membrane fractions from the brain of animals not receiving 

alcohol with ethanol, dose-dependent activation of the enzyme clearly took place. The maximal effect was ob- 
served with ethanol in a concentration of 10 -8 M in the incubation mixture. It can be concluded from data in the 

literature that this same ethanol concentration is attained in vivo in parts of the brain of rats receiving alcohol 

[41. 

Washing membrane fractions of the rat mesencephalon and hypothalamus, preincubated with ethanol (i0 -3 M, 

30 min, 30~ 5 times in i0 mM Tris HCI buffer, pH 7.7, did not lead to any significant reduction in the activat- 

ing action of ethanol. 

It is interesting to note that incubation of brain membrane fractions of rats chronically consuming ethanol 
with increasing concentrations of alcohol caused no further increase in enzyme activity (Fig. i). The absence 

of effect in this case was perhaps due to the development of adaptive changes in cell membranes observed during 
prolonged administration of alcohol [9]. On the other hand, the results can be explained by the presence of ethanol 

in brain preparations from chronically alcoholized animals in sufficient concentration to realize an activating 

action on enkephalinase A, so that the addition of ethanol in vitro did not lead to further activation of the enzyme. 

Addition of acetaldehyde, the principal product of enzymic oxidation of ethanol in the body, to the reaction 
mixture in concentrations of between 10 -8 and 10 -2 M did not lead to any increase in enkephalinase A activity of 

the hypothalamus and mesencephalon. Natural condensation products of acetaldehyde with biogenic amines (l- 

mcthyl-6-hydroxy-l,2,3,4-tetrahydro-fl-carboline, 1 methyl-6-methoxy-l,2,3,4-tetrahydro-fl-carboline, and 

salsolinol), formedin brain tissues after administration of alcohol to animals [13], which have affinity for opiate 

receptors [3], caused no significant changes in a concentration of 10 -4 M in enzyme activity. It is interesting to 
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note that morphine and its antagonist  nal trexone,  in a concentrat ion of 10-4 M in the react ion mixture ,  l ikewise 
inactivated enkephal inase A in par t s  of the ra t  b ra in  studied. 

The r e su l t s  of this  invest igat ion thus suggest  that the act ivat ing effect of ethanol on enkephal inase A in 
the ra t  mesencephalon  and hypothalamus is the resul t  of the di rect  effect of alcohol on the enzyme molecule or 
on its membrane  mic roenv i ronment ,  and not to any indirect  effect of metabol ic  products  of ethanol or the s tate  
of the enkephalin r e c e p t o r s .  These  findings a re  in good agreement  with the w r i t e r s '  previot~s r e su l t s  showing 
no cor re la t ion  between specif ic  binding of Leu-enkephal in  and enkephal inase A act ivi ty in the hypothalamus and 
mesencephalon of control  r a t s  and of an imals  rece iv ing  alcohol for  a long t ime .  

The re  a r e  grounds for  supposing at the presen t  t ime  t h a t  some of the pharmaco log ica l  effects  of alcohol 
a r e  assoc ia ted  with i ts  m e m b r a n o t r o p i c  action [9]. However,  it is not yet c l ea r  whether  th is  d is turbance of 
enkephalin me tabo l i sm  in the b ra in  in a lcohol i sm is observed  as the resul t  of the d i rec t  or  indirect  effect of 
ethanol on the CNS. The r e su l t s  suggest  that  one cause  of these  d i s tu rbances  is the  d i rec t  action of ethanol on 
enkephal inase A. 
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