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Antidepressants  of various types are known to exhibit their  clinical therapeut ic  effect only during chronic 
administrat ion,  and not before 2-3 weeks.  To explain the mechanism of this action it is evidently neces sa ry  to 
study neurochemical  changes induced by prolonged administrat ion of ant idepressants .  The t r icycl ic  ant idepres-  
sants have shown to be capable of inducing changes in ~-  and f l -adrenoreceptors  [2], and also in histamine H 2- 
receptors  and imipramine receptors  [3, 6]. Meanwhile in animals undergoing chronic ant idepressant  therapy 
activity in an open field tes t  is reduced; this can be in terpre ted  as a sedative effect induced by the ant idepres-  
sants .  Investigations have shown definite interconnection between monoaminergic  sys tems  and the GABA- 
benzodiazepine sys tem [7]. 

The object of this investigation was to study the effect of chronic administrat ion of ant idepressants  of 
various groups on the state of the benzodiazepine receptors  of the brain. 

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

Male CBWA mice weighing 20-23 g were kept in the animal house in cages holding 40-50 animals,  and r e -  
ceived food and water  ad lib. Chronic administrat ion of aqueous solutions of drugs (or of water  in the control) 
was ca r r i ed  out perora l ly  for  2 weeks twice a day using an a t raumat ic  tube, in a volume of 0.3 ml. The animals 
were decapitated 24 h af ter  the las t  dose of the drugs and the brain was quickly removed,  washed in physiological 
saline,  and homogenized in a glass  homogenizer  with Teflon pestle (300 rpm, 40 grindings).  All operations were 
ca r r i ed  out in the cold. Isolation medium contained 0.32 M sucrose ,  0.05 M Tris-HC1 buffer, pH 7.4 (at 25~ 
and 1 mM EDTA. The homogenate (10~ was centrifuged for 10 rain at 2500g and the residue was washed in 
half the original volume of isolation medium and centrifuged again. The pooled supernatants were  centrifuged 
for 20 min at I5,000g and the residue of the unpurified fract ion of synaptosomes (P2) was suspended in 0.05 M 
Tris-HC1 buffer,  pH 7.4. Fur the r  p rocess ing  of the mater ia t  was ca r r i ed  out differently in the two se r i e s  of 
experiments .  In se r ies  I (July 1982) the suspension was f rozen overnight at -20~ then thawed, and washed 
fives t imes in 0.05 M Tris-HC1 buffer, pH 7.4 (5 ml to 1 g of original t issue),  poured into polyethylene flasks 
in a volume of 10 ml each, and kept at -20~ up to 1 month. In the experiments  of se r ies  II (November 1982) 
the membranes  were washed five t imes on the day of isolation (the conditions of washing were the same) and 
kept at the tempera ture  of liquid ni trogen.  In both se r ies  membranes  of all four groups of animals were used in 
each experiment .  Binding of [3H]flunitrazepam with washed synaptic membranes  was ca r r i ed  out by the method 
in [9] with modificat ions.  The incubation mixture (0.5 ml) contained 40 mM Tris-HC1 buffer, pH 7.4 (at 25~ 
[3H]flunitrazepam (Amersham Corporat ion,  England) in concentrat ions of 11.6, 9.4, 7.2, 5.1, 2.6, and 0.65 nM, 
displacing agents,  and 0.3-0.4 nag protein of synaptic membranes .  Incubation was ca r r i ed  out at 0.5~ for  30 
rain, the react ion was stopped by the addition of 4 ml of cold buffer to the samples ,  and the mater ia l  was then 
quickly f i l tered under a vacuum through GFB glass  f iber  f i l ters  (Whatman, England). The f i l ters  were washed 
twice with 4 ml of the same buffer (filtration and washing took not more  than 15 sec).  The dried f i l ters  were 
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TABLE 1. Effect of Antidepressants  on Bind- 
ing of [3H]Flunitrazepam with Synaptic Mem- 
branes of Mouse Brain 

Drug K i, nM 

Diazepam 
B-I 
B~razidol 
ufuralin 

Chlorimipramine 
Zimelidine 
Maclobamide 
M-1 

I0 
2 000 

>2 O00 
~>20 000 
>20 000 

>200 000 
500 000 
500 000 

Legend. Mean values for  data f rom 2-3 ex-  
per iments  given. Kg for  inhibitor (K i) ca l -  
culated by equation Ki = Its0(1 + C/Kg) ,  where 
IC~0 is the concentration of inhibitor required  
to give 50% inhibition of binding; C the con- 
centration of [3H]flunitrazepam (5.8 mM); Kg 
the associat ion constant of [3H]flunitrazepam 
(1.45 riM). 

TABLE 2. Effect of Chronic Administrat ion of Antidepressants  on Binding Sites of [3H]Fluni- 
t r azepam with Synaptic Membranes of Mouse Brain (M • m) 

Series of ex- 
periments 

I (two experiments) 

II (three experiments) 

Mean relative 
values, % (five 
experiments) 

Measured value 

K , nlvi 
B~ax, fmoles/mg 

protein 
Kg, nM 
Bronx, fmoles/mg 
4ro  

i 

Bronx, fmotes/mg 
protein 

HzO 

1,78-4-0,29 
482• 

2,40• 
1080• 

I00 
(60--95) 

100 

Substance administered 
chlorimi pr a mine 

1,35• 
662• 188 

2,06• 
1318• 

81" 
(60--95) 

135* 
(120--167) 

M-l 

1,34=fi0,07 
780• 

1,55• 
1224• 58 

72* 
(66--89) 

152" 
(113--232) 

zimelidine 

1,52• 
752• 

1,67• 
1378• 109 

80 
(63--122) 

161" 
(120--214) 

Legend. * P _< 0.05 by Wilcoxon's T test;  l imits of variat ions shown in parentheses .  

placed in flasks containing 5 ml of Bray ' s  scint i l lator ,  vigorously shaken, and after  incubation for  12 h at room 
tempera ture  the i r  radioactivi ty was counted on an SL-4000 (Contron, France) counter.  Nonspecific binding 
was determined in samples  containing 5 x 10 -~ M diazepam. In the present  experiments  it was equal to binding 
on the f i l ters  and did not exceed 5% with 9.4 nM [3H]flunitrazepam. Adsorption i so therms  were analyzed by 
Sca tchard ' s  method. The protein concentrat ion in the samples  was determined by Pe te r son ' s  method [5]. Be-  
havioral  tests  were set  up by the methods descr ibed in [1], with six animals in each group.  Doses of the drugs 
in the acute experiments  were the same as in chronic experiments .  Metrazol  was injected subcutaneously in a 
dose of 180 m g / k g .  

EXPERIMENTAL RESULTS 

The antidepressants of the different groups themselves had no significant affinity for benzodiazepine re- 
ceptors of the mouse brain (Table I). The only exception was compound B-I, synthesized in the Institute of 
Pharmacology, Academy of Medical Sciences of the USSR, a benzfuran derivative, but its affinity also was two 
orders of magnitude lower than that of diazepam. It can be concluded from these data, like the results obtained 
by other workers, that these antidepressants, at least in therapeutic doses, do not interact with benzodiazepine 

receptors [4]. 

To study the effect of chronic antidepressant administration on brain benzodiazepine receptors chlori- 
mipramine was chosen as a representative 0s the typical tricyclic antidepressants, as well as zimelidine and the 
morpholine derivative M-I, synthesized in the Institute of Pharmacology, Academy of Medical Sciences of the 
USSR, as representatives of atypical antidepressants. 
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Fig.  1. Effect  of an t idepressan t s  on behaviora l  r e -  
sponses  of mice .  a) Latent  pe r iod  of onset of tonic 
convulsions in mice  a f t e r  injection of m e t r a z o l .  Ab-  
s c i s s a ,  in terva l  (in h) a f t e r  l as t  injection of drug; 
ordinate,  t ime  (in rain); b) evoked a g g r e s s i v e n e s s  in 
mice .  Absc i s sa ,  in te rva l  (in h) a f t e r  l a s t  injection of 
drug; ordinate ,  n u m b e r  of fights during e l ec t r i ca l  s t i m -  
ulat ion by a cur ren t  of 0.45 mA for  2 min.  1) Single 
injection; 2) chronic  adminis t ra t ion .  F i r s t  c o l u m n s -  
control ,  second - ch lo r imip ramine ,  th i rd  and fourth - 
M-1 and z imel id ine .  * P _  0.05, * * P  _ 0.01. 

It  will be c l e a r  f r o m  Table  2 that  r a t h e r  different  values  were  obtained in the two s e r i e s  of expe r imen t s  
f o r  the concentra t ion of binding s i tes  (Bmax) fo r  m e m b r a n e s  i so la ted  f r o m  control  an imals .  These  d i f ferences  
were  evidently due to the additional cycle  of f reez ing  and thawing and the lower  keeping t e m p e r a t u r e  of the 
m e m b r a n e s  in the expe r imen t s  of s e r i e s  L Despi te  these  d i f ferences  the tendency for  the values  of Bmax in 
all  five expe r imen t s  of the two s e r i e s  r ema ined  constant:  m e m b r a n e s  i so la ted  f r o m  an imals  rece iv ing  ant i -  
d e p r e s s a n t s  had ah ighe r  concentra t ion of benzodiazepine r e c e p t o r s  than m e m b r a n e s  of the control  an imals .  
The affinity of binding s t a t e s  fo r  [3H]flunltrazepam in an ima l s  rece iv ing  z imel id ine  was unchanged under  these  
c i r c u m s t a n c e s .  A sl ight  but s ignif icant  reduct ion in the dissocia t ion constant  (Kg) was obse rved  only for  an i -  
m a l s  rece iv ing  M-1 and ch lo r imip ramine .  

To ve r i fy  the functional impor tance  of the changes d i scovered  a p r e l i m i n a r y  study was made of the be-  
havior  of different  groups  of an imals  in the evoked aggres s ion  test ,  and the latent  per iod  of onset of tonic con-  
vuls ions and of death a f t e r  injection of m e t r a z o l  a lso  were  invest igated.  In mice  rece iv ing  an t idepressan t s ,  
24 h a f t e r  withholding them a tendency was obse rved  fo r  a g g r e s s i v e n e s s  to diminish compa red  with the control  
(Fig. 1). When the s a m e  animals  were  tes ted  another  24 h la ter ,  t he  d i f fe rences  between the control  and ex-  
pe r imen ta l  groups  became signif icant  (Fig. l a ,  1). Chronic admin is t ra t ion  of the an t idepressan ts  significantly 
i nc rea sed  the la tent  per iod  of onset  of tonic convulsions and of death a f t e r  admin is t ra t ion  of me t razo l ;  this e f -  
fect  was st i l l  p r e sen t  even 48 h a f t e r  withholding of the drugs .  In behaviora l  t e s t s  in an imals  rece iv ing  an t i -  
dep re s san t s ,  a "benzodiazepLae-l ike"  r e su l t  of chronic  admin is t ra t ion  of these  drugs  was found. This r e su l t  
was  not due evidently to r e s idua l  drug remain ing  in the body or  i t s  act ive metabo l i t e s ,  fo r  a single dose of these 
an t idepressan t s  did not cause  s i m i l a r  changes in behavior  of the mice  (Fig. lb ,  1). A common p rope r ty  of ant i -  
dep re s san t s  is t he i r  abil i ty to affect  monoamine  m e t a b o l i s m  or  t r a n s p o r t  d i rec t ly ,  potentiat ing or  faci l i ta t ing 
se ro ton ine rg ic  and (or) no rad rene rg i c  t r a n s m i s s i o n  in the brain .  However ,  the long la tency of manifes ta t ion  
of the therapeu t ic  action of an t idepressan t s  is convincing evidence that  in p rac t i ce  it is not the d i rec t  but the in- 
d i rec t  e f fec ts  of these  drugs that  a re  more  impor tan t .  It has been shown, for  ins tance ,  that  bes ides  changes in 
a d r e n o r e c e p t o r s  and in h i s t amine  and i m i p r a m i n e  r e c e p t o r s ,  for  each of which the an t idepressan t s  s tudied have 
apprec iab le  affinity, during chronic  admin is t ra t ion  of these  drugs [8] opiate r e c e p t o r s ,  with which the ant i -  
dep re s san t s  do not in te rac t ,  a lso a r e  changed. The functionally impor tan t  change in the number  of benzodiaze-  
pine r e c e p t o r s  which we found supplements  the p ic ture  of s table  neurochemica l  changes induced by these  drugs.  

The authors  a re  gra tefu l  to Dr .  Med. Sci. T. A. Voronina for  advice and help with the behaviora l  t e s t s  on 
the an imals .  
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EFFECT OF ETHANOL ON BRAIN ENKEPHALIN CONCENTRATION 

IN RATS WITH DIFFERENT LEVELS OF ALCOHOL MOTIVATION 
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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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