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The m e c h a n i s m  of act ion of the benzodiazepines  has not yet  been fully explained. At the s ame  t ime it  can 
be taken as es tab l i shed  that the action of drugs  of this s e r i e s  is media ted  through in terac t ion  with benzod iaze-  
pine r e c e p t o r s  [4, 10]. Since the p r e s e n c e  of specif ic  binding s i tes  for d iazepam has been demons t r a t ed  [5,8,  
12] both with the gl ial  f rac t ion  i so la ted  f rom the an imal  bra in  and also with glial  ce l ls  in t i ssue cul ture ,  it can 
be postula ted that the glia plays  a definite ro le  in the rea l iza t ion  of the pha rmaco log ica l  effect  of these  drugs .  
However,  the r e su l t s  of the invest igat ions cited above a re  con t rad ic to ry .  F o r  example ,  r e c e p t o r s  for  d iazepam 
have not been  found in a cul ture of bovine as t rog l i a l  ce l l s  [3].  Yet worke r s  who have found r e c e p t o r s  for  this 
ligand in glial  cell  cu l tures  have demons t r a t ed  that t he i r  p r o p e r t i e s  di f fer  s ignif icantly f rom those of r e c e p t o r s  
in a f rac t ion  i so la ted  f r o m  animal  b ra in  [8, 12]. This  p rob l em thus r equ i r e s  fu r the r  study. 

It was accordingly  decided to a t t empt  to d i s cove r  benzodiazepine r e c e p t o r s  and to study their  p r o p e r t i e s  
in neuronal  and glial  f rac t ions  f rom the human c e r e b r a l  cor tex .  

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

To sepa ra t e  neurons  and glia,  b ra ins  were  taken f rom pe r sons  dying f rom chronic  i s chemic  hea r t  d i -  
s ease  or  acute card iac  fa i lure  between the ages  of 45 and 70 y e a r s .  The t ime between death and taking of the 
m a t e r i a l  did not exceed  24 h. T i ssue  s am p l e s  were  f rozen a f t e r  isolat ion and kept  at  - 7 0 ~  for  not more  than 
3 months .  The f rontal  cor tex  was chosen for  the work. The ol igodendrogl ia  was i so la ted  by the method sug-  
ges ted  by Pole taev  et  al. [ I ] ,  which was modif ied for  the study of p o s t m o r t e m  ma te r i a l .  T i s sue  f rom the 
frontal  cor tex  (I0 g) was added to a smal l  volume of or ig inal  medium (1000 ml  water ,  150 g glucose,  10 g 
Ficoll ,  8.5 g NaC1, 1.5 g KH2POr 0.2 g NaOH, and 1 g human s e r u m  albumin, pH 7.0) and ground with a s t i f f  
b rush  in a m o r t a r ,  a f t e r  which the volume of the cell  suspens ion was made up to 100 ml  with or ig inal  buffer .  
The cell  suspens ion was centr i fuged twice at  127g for 5 min each t ime,  a f t e r  which the supernatant ,  contain-  
ing cap i l l a r i e s  and cell  f r agment s ,  was d i sca rded  and the res idue  diluted with or iginal  buffer .  The resul t ing  
suspens ion was f i l te red  through s tee l  s i eves  with diffei 'ent pore  d i ame te r s  : 1000 tt once, 140 t~ twice, and 70 tL 
twice. 

Sucrose  solut ions used as densi ty  g rad ien t s  were  made up in the or ig inal  medium,  and repea ted  cen t r i fu -  
gation was c a r r i e d  out 11]. The cell  f i l t ra te  was l aye red  on grad ien t s  a, b, and c and centr i fuged fo r  20 rain at 
2300g (4000 r p m ) .  This  and subsequent  centr i fugat ions  were  c a r r i e d  out on a Beckman L5-75 centr i fuge 
(Aus t r ia ) ,  using an SW-27 bucket  ro to r .  The top layer ,  containing an unpurif ied f rac t ion  of glia,  was then 
l aye red  on gradients  d and e and centr i fuged at 2300g (4000 rpm)  for  30 rain. The f rac t ion  located in the in t e r -  
phase  of grad ien ts  d and e cons is ted  of o l igodendrogl iocytes .  The pur i ty  of the f rac t ion  was e s t ima ted  both in 
p h a s e - c o n t r a s t  and in light m i c r o s c o p e s  a f t e r  s taining of the ce l l s  with 1~0 methylene blue solution made up in 
physiological  sal ine.  The degree  of contaminat ion of the gl ial  f rac t ion  with neuronal  components  did not exceed 
10%. 

To isola te  neurons ,  the bot tom l a y e r  in the in te rphase  of grad ien ts  b and e, containing unpurif ied neu-  
rons ,  was l aye red  on g rad ien t  e and centr i fuged at 2870g (5000 rpm)  for  25 rain. Cells falling into the res idue  
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Fig. 1. Dependence of specif ic  binding of [3H]diazepam 
with glial (1) and neuronal  (2) f rac t ions  of human c e r e -  
bra l  cor tex  on concentra t ion of ligand. Abscissa ,  con- 
cent ra t ion  of f ree  [3H]diazepam (in riM) ; ordinate ,  spe-  
cific binding (in f emtomoles /mg  pro te in) .  Here and in 
Figs.  2 and 3 each point is mean value of three  inde- 
pendent measurement s ;  each curve shows resu l t  of de- 
te rminat ion  of binding with f ract ion isola ted f rom bra in  
t issue f rom a single person.  Inset: same resu l t s  ex-  
p r e s sed  as a Scatchard plot. Abscissa ,  specif ic  binding 
of [3H]diazepam (in f emtomoles /mg  prote in) ;  ordinate,  
rat io of specif ic  binding (in f emtomoles /mg  protein)  to 
concentra t ion of f ree  [3HI diazepam (in nM). 

were pyramidal neurons, mainly surrounded by fragments of neuropil. The degree of contamination of this 
fraction with glial components was about 20%. 

Binding of [3H]diazepam was determined by incubating the suspension of neurons and glia (protein content 
in the sample 0.5 rag) with [3H]diazepam (87 Ci/mmole, from Amersham Corporation, England) in a volume of 
0.5 ml at 0~ for 60 rain. After incubation the samples were quickly filtered in vacuo through GF/B filters 
(from Whatman, England), after which the filters were washed 3 times with cold Tris-HCl buffer, pH 7.4 (5 ml 
each time), poured into flasks containing Bray's scintillator, and radioactivity determined in a scintillation 
counter. Nonspecific binding was determined by adding a 1000-fold excess of unlabeled diazepam to the sam- 
ple. Specific binding was de te rmined  as the di f ference between binding of samples  not containing and containing 
an excess  of unlabeled ligand [ 11 ]. 

E X P E R I M E N T A L  RESULTS 

Determination of specific binding of [3H]diazepam with the isolated fractions of human brain tissue 
showed (Fig. 1) that both fractions, glial and neuronal, have quite a considerable number of specific binding 
sites for this ligand. As Fig. I shows, in both cases the process continues until saturation, indicating that the 
number of binding sites is limited. In both fractions saturation was virtually reached in the region of concen- 
tration of 20 nM. 

Analysis of a Scatehard plot (Fig. 1, inset) revealed the presence of binding sites of only one type with 
dissociation constants (Kdiss) of 5.2 and 4.5 nM and with a maximal number of binding sites (BSmax) of 305 
and 310 femtomoles/mg protein for glia and neurons respectively. During determination of Kdiss for diazepam 
in five different cases, with the aim of detecting differences between individuals, the relative constancy of this 
parameter was revealed: 4.6 • 0.6 and 4.6 J: 0.5 respectively for the glial and neuronal fractions. These values 
agree with those for Kdiss given in the literature: 4 nM for human brain homogenate, 2 nM for rat brain [4], 
and also 5 nM for the astroglial function obtained from bovine brain [7]. Values of BSma x were 264 • 31 and 
287 + 42 femtomoles/rng protein for neurons and glia respectively. These figures are close to values obtained 
for astroglia of the squirrel's cerebral cortex, namely 142 femtomoles/mg protein [6]. 

A study of the kinetics of diazepam binding with neuronal and glial fractions showed (Fig. 2) that the pro- 
cess reaches saturation in both cases after 15 rain at 0~ The half-saturation period in these cases was 2 rain. 
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Fig. 2. Kinetics of specific binding of [ 3HI dia- 
zepam (2 riM) with glial (I) and neuronal (2) 
fractions of human brain. Abscissa, time (in 
rain); ordinate, specific binding, in cpm • 
I000. Incubation temperature 0~ 

Fig. 3. Kinetics of dissociation of receptor- 
ligand complex (concentration of [ 3H ] diaze- 
pare 2 nM) from glial (I) and neuronal (2) 
fractions after addition of excess of nonradio- 
active diazepam (I ~M). Legend as to Fig. 2. 

The kinetics of dissociation of the receptor-ligand complex was studied after addition of a 1000-fold ex- 
cess of unlabeled ligand (I ~M diazepam) to the medium, i.e., by displacement of the radioactive ligand (Fig. 
3). The value of BSma x as early as 15 rain after the beginning of the displacement procedure was only 2% of 
its initial level. The half-dissociation time of the complex was 2 rain. Dissociation of the complex indicates 
reversibility of the specific binding of diazepam. 

Analysis of kinetic curves for the purpose of evaluating Kdiss [9] showed its value to be about 3 nM, i.e., 
close to that found by means of a Scatchard plot. 

The study of the human frontal cortex thus demonstrated the presence of specific binding sites in the 
fraction of oligodendroglia, comparable in order of magnitude with binding in the neuronal fraction. 

Comparison of the properties of benzodiazepine receptors (equilibrium Kdiss, kinetics and reversibility 
of binding) of the glial and neuronal fractions demonstrates the identity of the receptors revealed by this ligand. 

Discovery of benzodiazepine receptors on glial cells isolated from the human brain makes the further 
study of the role of glia in the mechanism of action of benzodiazepines an urgent task. 
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