
or  imipramine to potentiate the analgesic action of narcot ic  analgesics  will evidently components  for  d is turb-  
ances  of sys temic  regulation ar is ing during the development of pain or  of anesthesia.  Third, the operat ion of 
hypophysectomy, and also adminis t ra t ion of the t r i cyc l ic  ant idepressant  amitr iptyl ine or  the neuroleptic drop-  
eridol ,  which are  r ep re sen ta t ives  of different  chemical  and pharmacological  groups, cause hyperalgesia ,  proof  
of the aeurochemica l  and morphological  potymorphism of this phenomenon and of its predominant ly  supra-  
hypophyseal etiology. 
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I S O L A T I O N  F R O M  B O V I N E  B R A I N  O F  S U B S T A N C E S  I N H I B I T I N G  

S P E C I F I C  B I N D I N G  O F  I M I P R A M I N E  AND S E R O T O N I N  U P T A K E  

A. G. M u k h i n ,  A. V. K l a d n i t s k i i ,  
E .  S. K o v a l e v a ,  a n d  T.  B .  K u d r y a k o v a  
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imipramine recep tor ;  endogenous ligands; bovine brain;  serotonin uptake. 

The d i scovery  of specific binding si tes  for  var ious  psychotropic  drugs, including benzodiazepines,  neu- 
rolept ics ,  and t r i cyc l l c  ant idepressants ,  in mammal ian  brain t i ssue has  ra i sed  the question of the possible 
exis tence  of endogenous ligands for  these binding sites. Research  in this field has been conducted ve ry  in- 
tens ive ly  [3, 4, 6, 8], due in pa r t i cu la r  to the ro le  which the i r  detection could play in the task of synthesizing 
new drugs and in the development  of our  ideas on brain function under normal and pathological conditions. 

The investigation desc r ibed  below is one step in the sea rch  for  endogenous ligands of the " imipramine  
r ecep to r "  in brain t issue.  Since the endogenous Iigand in te rac ts  in vivo with the same binding si tes  as the 
drug, and since one of the important  p rope r t i e s  of imipramine,  on which its pharmacological  action is based, 
is i ts ability to inhibit serotonin reuptake by nerve  endings, in the p resen t  investigation an at tempt was made 
to isolate  substances  f rom bovine bra in  t issue capable  of inhibiting specific binding of 3H-imipramine and re -  
uptake of 3H-serotonin simultaneously.  

Labora to ry  of Biochemis t ry ,  All-Union Mental Health Resea rch  Center ,  Moscow. (Presented  by Aca- 
demician of the Academy of Medical Sciences of the USSR A. V. Snezhnevskii.) Transla ted by ByuHeten'  
t~ksperimental 'noi  Biologii i Medits[ny, Vol. 100, No. 8, pp. 197-199, August, 1985. Original a r t ic le  submitted 
June 15, 1984. 
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Fig. 1. Typical chromatography of acid ex t rac t s  
of bovine brain t issue on Sephadex G-10. Abscis-  
sa, volume of eluate (in l i ters);  ordinate, percent -  
age inhibition of specific binding of 3H-imipramine 
in presence  of corresponding fract ion (continuous 
line) and percentage of absorption at 254 nm (bro- 
ken line). 
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Fig. 2. Prof i les  of inhibition of specific binding of 
3H-imipramine (continuous line) and reuptake of 3H- 
serotonin (broken line) in presence  of f rac t ions  of 
brain extract .  Abscissa,  volume of eluate (in l i ters)i  
ordinate, inhibition (in per  cent). 

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

Fresh  bovine cerebra[  cor tex was homogenized in 0.01 M HCI (1: 5, w:  v) at 80~ for t rain in an "Ult ra-  
Tur rex"  homogenizer  (1KA, West Germany) at 10,000 rpm. Extraction was ca r r i ed  out at the same tempera-  
ture for 45 rain with constant mixing of the homogenate. The cooled homogenate was then centrifuged for 30 
rain at 6000 g; the supernatant was centrifuged in an I C F - I  continuous-flow ro tor  (Beckman, USA) at 19,000 
rpm, with a flow rate of 60 ml /min.  The supernatant was subjected to uitrafi i trat ion,  f reeze-dry ing ,  and 
chromatography on a column with Sephadex G.-10 as descr ibed previously  [1], the only difference being that 
deionized water  was used as eluent and the rate  of elution was 50 ml/h.  

Binding of 3H-imipramine with the fract ion of unpurified bovine brain synaptic membranes  was ca r r i ed  
out by the method of Raisman et al. [11]. The incubation mixture contained: 0.1 ml of 3H-imipramine (21 
mCi /mmole ,  f rom Amersham Corporation,  England), final concentrat ion 2 raM; 0.2 m[ of the suspension of 
synaptic membranes ,  and 0.3 ml of the sample for testing. The bound ligand was separated by vacuum fi l t ra-  
tion through GF/A fi l ters .  Nonspecific binding was est imated in the presence  of 10 /xM imipramine.  The pe r -  
centage of inhibition (I) was determined by the equation: 

I SB~ \ = %, 

where SB 1 denotes specific binding in the presence  of the experimental  sample and SB 0 binding in the control 
(deionized water). 
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Uptake of 3H-serotonin by synap tosomes  of r a t  c e r e b r a l  cor tex  was es t imated  by the method fully de- 
scr ibed p rev ious ly  [2]. Synaptosomes  were  incubated at 37~ for  10 mln in medium containing 0.45 ml  of the 
t es t  f ract ion,  0.05 ml  of ten t imes  concentra ted  K r e b s - R i n g e r  solution, and 0.5 ml of the suspension of syn- 
ap tosomes  (final prote in  concentra t ion 1 mg /ml ) .  3H-Serotonin (specific radioact iv i ty  13.2 m C i / m m o l e ,  f rom 
A m e r s h a m  Corporat ion,  England was added in a volume of 25 #l to a final concentrat ion of 20 mM. 

EXPERIMENTAL RESULTS 

Several  f r ac t ions  containing subs tances  inhibiting specif ic  binding of 3H- imipramine  with bovine (rat) 
c e r e b r a l  cor t ica l  m e m b r a n e s  in vi t ro were  isolated by ge l - ch roma tog raphy  on Sephadex G-10 f rom an acid 
ex t rac t  of bovine bra in  t issue.  As Fig. 1 shows, mos t  of the subs tances  inhibiting specif ic binding of 3H-imi-  
p r amine  were  contained in the initial f rac t ions  of the eluate,  co r responding  to the f ract ionat ion volume under  
the conditions of ch romatography  used ( f rom 350 to 900 ml).  

Consider ing the conditions of u l t raf i i t ra t ion  of the acid ex t rac t  of the t i s sue  before  chromatography,  it 
can be concluded that  all subs tances  applied to the column had a mo lecu la r  weight of under 5 kilodaltons.  It 
was  imposs ib le  to e s t ima te  the m o l e c u l a r  weight of the eluted subs tances  (except the f i r s t  peak) m o r e  ac-  
cura te ly ,  because  under  the conditions of ch roma tog raphy  used cons iderable  adsorpt ion of ma te r i a l  on the m a -  
t r ix  of the gel was  observed,  as shown by the p r e sence  of many  peaks  of absorpt ion at 254 am in the eluate 
a f t e r  the end of the f ract ionat ion volume (Fig. 1). Since the f i r s t  peak of subs tances  inhibiting specif ic binding 
of 3H- imipramine  came  out on the boundary between the dead volume and the f ract ionat ion volume, it can be 
tenta t ive ly  suggested that  the m a t e r i a l  of this  peak could not en te r  the gel ma t r ix  and, consequently,  i ts  mol -  
ecu la r  weight (because of the c h a r a c t e r i s t i c s  of the gel) exceeded 700 daltons, and it thus lay between 700 
and 5000 daltons. 

The opinion is held [6, 10, 12] that in teract ion of imip ramine  with its own binding site is an essen t ia l  
stage in the action of imip ramine  on serotonin r e u p t a k e -  one of the impor tan t  p r o p e r t i e s  which evidently l ies  
at the bas i s  of the pharmaco log ica l  action of this drug [5, 9]. 

Invest igat ion of f r ac t ions  of bovine bra in  ex t rac t  with r e s p e c t  to the i r  effect  on reuptake of 3H-serotonin 
by synap tosomes  of r a t  c e r e b r a l  cor tex  showed that  subs tances  inhibiting reuptake also a re  contained in the 
initial f r a g m e n t s  of the eluate (Fig. 2). F u r t h e r m o r e ,  as is c l ea r  f rom Fig. 2, p ro f i l e s  of inhibition of specific 
binding of 3H- imipramine  and of reuptake  of 3H-serotonln show sufficiently specif ic binding of 3H- imipramine  
and of reuptake of 3H-serotonin show sufficiently close agreement .  This sugges ts  that these  f rac t ions  contain 
subs tances  capable  of inhibiting both imip ramine  binding and serotonin reuptake by nerve  endings. These 
p r o p e r t i e s  a re  c h a r a c t e r i s t i c  of the hypothet ical  endogenous l igands of the " imip ramine  r e c e p t o r , "  which is 
mani fes ted  at the b iochemical  level as an imip ramine  agonist.  

The r e su l t s  do not give a final answer  to the question of the exis tence  of an endogenous ligand of the 
" imip ramine  r e c e p t o r , "  but they can se rve  as the bas i s  for  fu r the r  r e s e a r c h ,  a imed at purifying the act ive 
f r ac t ions  a l ready  obtained and identifying the compounds contained in them. 
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