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The neurochemical  mechanisms of action of substances belonging to different groups of ant idepressants  
have been studied by no means equally. Besides substances which are  basical ly  monoamine oxidase inhibitors, 
it is the t r icycl ie  ant idepressants  which have been studied most  fully. For  instance, specific high-affinity bind- 
ing sites for these compounds (especially,  for [3H limipramine) have been found in the brain and platelets of 
animals - so-ca l led  imipramine recep tors  [21. Evidence has been obtained in support  of the identity of recep-  
tors  for t r icycl ic  ant idepressants  and sites of reass imi ia t ion  of serotonin and noradrenal in I3, 4]. A neuro-  
chemical  co r re la te  of the chronic adminis t ra t ion of these ant idepressants  also has been found, expressed as a 
sharp decrease  in the number  of imipramine recep tors  in ra t  brain  membranes  [71. All this suggests  that ac-  
tivity directed toward imipramine recep to r s  is in fact re lated to the clinical effects of t r icyl ic  ant idepressants .  
So far  as the heterogeneous group of what are  called atypical ant idepressants  is concerned, the neurochemical  
mechanisms  of their action have received little study. 

The aim of this investigation was to compare  the affinity of several  typical and atypical ant idepressants  
for the imipramine recep to r  and to use this model to study two new potential ant idepressants .  

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

Tetrahybr id  male CBWA mice weighing 20-22 g were used. After  decapitation of the animals the brain 
was quickly removed and placed in cold isolation medium (0.32 M sucrose ,  10 -3 M EDTA in 50 mM Tris-HC1 
buffer,  pH 7.4); a 10% homogenate of the washed t issue was prepared  manually by means of a glass  homogeni-  
ze r  with Teflon pestle.  Subsequent p rocedures  were ca r r i ed  out in the cold. The supernatant af ter  sedimenta-  
tion of the 1) 1 f ract ion (2000g, 1 0 rain) was recentr i fuged at 15,000g for 30 min. To produce lysis  of the syn-  
aptosomes the residue of fract ion P2 was suspended in 50 mM Tris-HC1 buffer, pH 7.4, and frozen overnight  
at - 2 0 ~  The suspension was then thawed at 10~ centrifuged (10,000g, 10 rain), and the residue was again 
suspended in the same buffer (2 ml to 1 g of orginal t i ssue) ,  and frozen. This procedure  of washing the synap- 
tic membranes  was repeated four times; the residue (vas then suspended in incubation medium (120 mM NaCI, 
5 mM KC1 in 50 mM Tris-HC1 buffer, pH 7.4), f rozen in small  portions,  and kept for two weeks. The medium 
for  studying binding consis ted of: 0.25 ml [3H[imipramine (from Amersham Corporation,  England) in 0.05% 
sodium azide solution; the concentrat ion of [3H]imipramine (23 Ci /mmole)  in this solution was 8.6 nM; 0.1 ml 
H20 or aqueous solution of the test  substance; 0.65 ml of a suspension of washed membranes  in incubation 
medium with a protein content of 1.5-2.5 rag. The react ion was s tar ted by the addition of the membrane  sus -  
pension. After  incubation for 30 min at 0 ~ C, 4.0 ml of cold incubation medium was added to each sample and 
the suspension was quickly fi l tered in vacuo through a glass  wool fil ter (OF/B) ,  f rom Whatman, England). 
Fi l t rat ion and the next two washings with 4.0 ml of incubation medium took no more  than 15 sec. The rad ioac-  
tivity of the dried fi l ters in Bray ' s  scint i l la tor  were determined by means of a counter  f rom Intertechnique, 
France.  The protein concentrat ion was determined by a modified Lowry ' s  method [6]. Commerc ia l  p r e p a r a -  
tions of chlor imipramine  and demethyl imipramine,  pyrazidol  (synthesized at the S. Ordzhonikidze All-Union 
Pharmaceu t ica l  Chemical Research  Institute),  befuraline, maclobamide,  and new derivat ives  - morpholine 
(M1) and benzofuran (B1), synthesized at the Institute of Pharmacology,  Academy of Medical Sciences of the 
USSR (V. A. Zagorevski i ) ,  were used in the investigation. 
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Fig. 1. Competition between various prepara t ions  and 
[3H]imipramine for  binding with mouse brain synaptic 
membrane .  Abscissa ,  negative logar i thm of concent ra -  
tion of tes t  prepara t ions ;  ordinate ,  total binding of [3H]- 
imipramine (in pe rcen t ) ,  a) Chlor imipramine;  b) de- 
methy l imipramine ;  c) pyrazidol ;  d) the new benzo-  
furan der ivat ive  B1; e) the new morpholine der ivat ive  
M1. Data for  known benzofuran and morpholine der iv -  
at ives befural ine and maclobamide respec t ive ly  agree  
complete ly  with data for  B1 and M1 and are  not given 
in Fig. 1. Mean resu l t s  of two measu remen t s  shown. 
E r r o r  of measuremen t s  nowhere exceeded 5%. 

TABLE I. Comparison of Affinity of Different 
Antidepressants for Imipramine Receptors of 
Mouse Brain Membranes 

Concentration giving 50% 
Compound inhibition (C50), nM 

Chlorimipramine 
Demcthylimipramine 
Pyrazidol* 
Befuraline 
B-1 
Maciobamide 
M-I 

II  
60 
I l 000 
100 000 
I 10  000 
1 000 0,00 

~> 1 000 000 

Legend. Concentrat ions of ant idepressants  
given at which specif ic  binding (difference 
between total and nonspecific binding of 
[ 3H 1 imipramine)  was inhibited by 50%. 
As te r i sk  indicates that values obtained with 
10 -3 M pyrazidol  were used to obtain the 
nonspecific binding. 

EXPERIMENTAL RESULTS 

Binding of 3H-imipramine under the experimental conditions used was just as rapid and reversible as has 
been described for rat brain membranes [7]. Equilibrium was established after 10 rain. The addition of 10 -6 M 
chlorimipramine after this period led in the course of the next 10 rain to a decrease in radioactivity down to the 
nonspecific binding level. Nonspecific binding of [3H]imipramine, measured in the presence of 10 -6 M chlorimi- 
pramine or demethylimipramine, amounted to about 40%, in good agreement with data obtained for rat brain 
membranes [5]. It was found that not less than half of the radioactivity remaining on the filters under nonspecif- 
ic binding conditions was due to adsorption of the label on the material of the filters. 

It follows from the data given in Fig. ] and Table I that chlorimipramine and demethylimipramine were 
the most active competitors of [3H]imipramine for binding with mouse brain synaptic membranes. Pyrazidol 
also was a very active competitor. It will be noted that this antidepressant, in high concentrations (0.1-1.0 raM), 
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was able to d isp lace  an addit ional amount  of [3H]imipramine,  an effect  a t t r ibutable  to i ts  in te rac t ion  with low- 
affinity (or nonspecif ic)  binding s i tes .  

The benzofuran  and morphol ine  de r iva t ives  befura l ine  and maclobamide ,  like the new de r iva t ives  of 
these  compounds B1 and M1, according  to the r e su l t s  of these  expe r imen t s ,  v i r tua l ly  do not compete  with [3H]- 
i m i p r a m i n e  for  i ts  r e c e p t o r s .  

Compar i son  of the r e su l t s  obtained with data in the l i t e r a tu r e  on the ac t iv i ty  of compounds studied as 
monoamine  oxidase inhibi tors  [ 1, 8 ] leads  to the conclusion that re la t ions  between the p a r a m e t e r s  of these sub-  
s tances  as r evea led  by the two tes t s  used were  r ec ip roca l .  Fo r  instance,  these compounds occupy the following 
o r d e r  of descending abil i ty to inhibit  monoamine oxidases :  morphol ine  de r iva t ives  > pyraz idol  > t r i eye l ic  an t i -  
dep re s san t s .  Pyraz idol ,  incidentally,  had comparab le  values  of concentra t ions  giving inhibition by 50% (ICs0), 
namely  about 10 -5 M. 

On the whole it  can be concluded f rom these r e su l t s  that, unlike t r i cyc l i c  compounds,  the atypical  ant ide-  
p r e s s a n t s  have ve ry  weak affini ty fo r  i m i p r a m i n e  r e c e p t o r s  of mouse  bra in  synapt ic  m e m b r a n e s .  The t h e r a -  
peutic effect  of the a typical  an t idepressan t s  is evidently linked with the i r  action on o ther  r e c e p t o r  or  enzyme 
s y s t e m s  of the brain .  
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The benzodiazepines  (BD) a r e  a group of compounds widely used in medica l  p r ac t i ce  as t r anqu i l i ze r s  and 
ant iconvulsants .  In r ecen t  y e a r s  g r ea t  at tention has been paid to in te rac t ion  between the BD and the GABA s y s -  
tem.  It has been shown, for  instance,  that BD potentiate the action of GABA, both l ibe ra ted  synapt ica l ly  and 
ex t r ins ica l ly  applied, on m a m m a l i a n  neuronal  p r epa ra t i ons  [3, 6, 9]. 

The l imbic  s y s t e m  is evidently one of the pr incipal  s t r uc tu r e s  of the CNS respons ib le  for  the cl inical  
mani fes ta t ion  of the action of BD. We know that  the re  is a high densi ty  of benzodiazepine r e c e p t o r s  in the l i m -  
bic s y s t e m  [ 11] and that GABA is the inhibi tory med ia to r  in this region of the b ra in  [5]. Invest igat ions con-  
ducted on format ions  of the m a m m a l i a n  l imbic  s y s t e m  have shown that BD inhibit  both spontaneous and evoked 
unit act ivi ty [1, 4, 7]. Potent iat ion of GABA-inhibit ion is the p r e s u m e d  m e c h a n i s m  of the inhibi tory effect  of 

BD. 
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