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The uptake of L-[14C]tryptophan by glial cells and synaptosomes of the rabbit cerebra l  cortex 
was investigated. The assimilation system of the glial cells exhibits high affinity for tryptophan 
(K m =0.8 ~ M). Tryptophan uptake by the synaptosomes has lower affinity (K m--50 ~ M). The 
psychotropic drugs chlorpromazine and imipramine inhibit glial uptake. The leading role of the 
glial cells in the nutrition of the neurons and the normal course of neurodynamic processes is 
confirmed. 
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In recent years many facts indicating that glial cells, through the uptake and inactivation of neurotrans- 
mitters [8, 13] and amino acids [9, 11], play a direct part  in the mechanisms of metabolic feedback in the neu- 
ron-neurogl ia  system, have accumulated in the l i terature [1]. 

It was accordingly decided to study the uptake of tryptophan, a metabolic precursor  of serotonin, by glial 
cells and synaptosomes of the rabbit cerebral  cortex. 

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

Fractions rich in glial cells were obtained from the rabbit cerebral  cortex by Rose's method [12] in the 
modification of Aleksidze et al. [2]. 

The cerebral  hemispheres were minced and suspended in 10% Ficoll, containing 100 mM NaCI and 0.1 M 
Na-phosphate buffer, pH 7.4. The suspension was filtered with gentle suction through a plastic syringe with 
pores 1500 ~ in diameter,  and then passed successively through nylon gauze with a mesh of 1000, 500, 100, 75, 
and 50 ~ ~ The resulting suspensions were centrifuged in a density gradient (40% sucrose-30% Fico l l -  suspen- 
sion) for 90 min at 53,000g on the MSE-65 centrifuge (England). After centrifugation the fraction of glial cells 
was collected from the upper boundary of the 30% Ficoll layer, diluted with 0.32 M sucrose, and sedimented 
at 1500g (30 min). The yield of glia, calculated as protein, was 10% and the purity of the fraction, according 
to phase-contrast  microscopy, was 85%. 

The uptake of L-[uC]tryptophan by the glial cells or synaptosomes (0.25 mg protein/ml)  was determined 
in an incubation medium containing (in mM): NaC1 100, KC1 6, CaC12 2, MgC12 3, glucose 10, sucrose 100, Tr i s -  
phosphate buffer 30, pH 7.4, continuous shaking for 20 min at 37~ A mixture of L-[14C]tryptophan {Amersham, 
USA) with a specific radioactivity of 52 mCi/mmole and nonradioactive L-tryptophan (Sigma) in the molar ratio 
of 1:1000. The reaction was stopped by cooling the samples at 0-4~ After centrifugation (20,000g, 15 min, 
0-4~ the residues were twice washed with cold incubation medium (without the isotope) and dissolved in 1 ml 
of 10% Triton X-100. A 0.2-ml sample was taken from the resulting solutions and added to 10 ml of scintilla- 
tion fluid, containing 3 ml ethanol and 7 ml toluene, 0.5% 2,5-diphenyloxazole (PPO), and 0.01% 1,4-bis[2-(5- 
phenyl)oxazolyl]benzene (POPOP). Radioactivity was measured by the Mark-1 Nuclear Chicago (USA) scintil- 
lation counter. Protein was determined by /_~wry's method [10]. 

In a parallel  ser ies  of control experiments performed both with synaptosomes and with glial cells the ab- 
sorption of tryptophaa in 0.32 M sucrose was studied at 0~ without incubation. 
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Fig. 1. Uptake of L- t ryp tophan  by glial  ce l ls  as  
a function of incubation t ime.  Absc issa ,  incuba- 
tion t ime  (in min); ordinate,  quantity of t ryptophan 
bound (in c p m / m g  protein;  350 cpm is equivalent 
to 0.25 nmole t ryptophan bound with 1 mg protein) .  
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Fig. 2. Kinetic analys is  of uptake of L - t r y p t o -  
phan by synap tosomes  of rabbit  c e r e b r a l  c o r -  
tex ( L i n e w e a v e r -  Burk plot). 

E X P E R I M E N T A L  R E S U L T S  

As Fig. 1 shows, on addition of 2 ~M L-[14C]tryptophan its uptake by the glial cel ls  r i s e s  rapidly  to 
reach  a max imum of 0.25 n m o l e / m g  prote in  afLer 10-15 min. The glial  and syaap tosomal  uptake of t ryptophan 
was studied in a concentra t ion  of added t ryptophan of between 0.2 and 500 #M. 

By means  of the double r ec ip roca l  coordinates  method and the construct ion of I A n e w e a v e r - B u r k  plots it 
was found that a s y s t e m  of t ryptophan uptake with a value of Km =50 pM and a max ima l  veloci ty  (Vmax) of 10 
n m o l e s / m g  prote in /20 min functions in the synap tosomes  ( Fig. 2). A t ryptophan uptake sys t em with higher 
affinity, with a value of Km =0.8 ~M and Vmax=0.42  n m o l e / m g  p ro te in /20  min was found in the glial ce l ls  
(Fig. 3). 

Tryptophan uptake by the gliaI ce l l s  took place between concentra t ions  of  0.4 and 5 ~ M; a f~r ther  inc rease  
in subs t ra te  concentra t ion to 10 ~M was unaccompanied by any increase  in the t ryptophan uptake. The inc rease  
in radioact iv i ty  in samples  containing 10 ~M tryptophan was due to an inc rease  of absorpt ion.  

The t ryptophan uptake s y s t e m  found in the synap tosomes  of the rabbi t  c e r e b r a l  co r t ex  exhibits higher 
affinity than those descr ibed  in the l i t e ra tu re  for  synap tosomes  [7] and s l ices  [14] of ra t  c e r e b r a l  cor tex .  

Special  expe r imen t s  in vi t ro  were  c a r r i e d  out to study the effects  of m e m b e r s  of different  c l a s s e s  of 
psychot ropic  drugs  ~neuroleptics,  an t idepressan ts ,  s t imulants)  on t ryptophan uptake by glial ce l ls  and syaapto-  
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Fig. 3. Kinetics of uptake of L-tryptophan by 
glial cells of rabbit  ce reb ra l  cor tex (Line- 
w e a v e r -  Burk plot). 

TABLE 1. Effect of Psychotropic  Drugs on 
Uptake of L-[14C]Tryptophan by Glial Cells 
and Synaptosomes of Rabbit Cerebral  Cortex 

Subsance 

Con- Uptake of L-[14C]tryp - 
centra- tophan % of control * 

tion, glial cells synaptosomes 
gM 

Control T 100-+ 12 IO0-+ 12 

Chlorpromazine 

Trifluperidol 

Imipramine 

Cocaine 

50 
500 
50 

500 
50 

500 
50 

500 

59-+ 10 
15-+5 
72-- + 12 
62-+8 
50-+ 7 
23-+4 
87-+11 

114-+12 

83- + I0 
35-+6 

115-+14 
80---9 
7l~8 

39_+4 
88--+ 11 
77-- + 14 

* Concentration of added labeled tryptophan 
was 50/~M in experiments  with synaptosomes 
and 1 #M in experiments  with glial cells 

100% is equivalent to 5 nmoles bound t ryp-  
tophan/mg protein/20 min for synaptosomes 
and 0.25 nmole for glial cells.  

somes of the rabbit  ce reb ra l  cor tex  (Table 1). As this table shows, on the whole there was definite corre la t ion  
between inhibition of uptake by the glial cells and synaptosomes,  although the sys tem of glial uptake was more  
sensit ive to the action of neuroleptics and of imipramine.  Cocaine had no effect on either neuronal o r  glial 
uptake, whereas t r i f luperidol  was ineffective against synaptosomal uptake. 

The exper iments  thus showed that the sys tem responsible for tryptophan uptake by the glial cells has 
higber affinity and g rea te r  sensit ivity to the inhibitory action of chlorpromazine  and imipramine than the c o r -  
responding sys tem of the syaaptosomes of the rabbit  ce rebra l  cortex. This conclusion agrees  with previous 
observat ions showing the high sensit ivity of synaptosomal uptake of GABA to the phenothlazine neuroleptics and 
ant idepressants  [4, 5]. The mechanism of the inhibitory effect of the psychotropic drugs on tryptophan uptake 
by synaptosomes and glial cells is not yet clear .  P r o c e s s e s  of active t ranspor t ,  which include tryptophan uptake 
are  known to be c lose ly  linked with the functioning of t ranspor t  Na,K-ATPase [6]. This suggests  that inhibition 
by psychotropic  drugs of the synaptosomal and glial uptake Of tryptophan may be based on a decrease  in the act iv-  
ity of the t ranspor t  ATPase ,  which is known to be sensitive to the action of neuroleptics and ant idepressants  [3]. 
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E F F E C T  O F  D E R I V A T I V E S  OF G A M M A - A M I N O B U T Y R I C  

A C I D  ON S L E E P  D I S T U R B A N C E S  I N  N E U R O S E S  

N. A. Vlasov UDC 616.85 +616.891]-06:616.8-  
009.836-085.31:547.466.3 

Elec t ropolygraphic  invest igat ions revea led  a tendency in pat ients  with s leep d is turbances  a s s o -  
c iated with var ious  fo rms  of neuroses  for  the total  durat ion of s leep to inc rease  under  the influ- 
ence of de r iva t ives  of T - a m i n o b u t y r i c  acid (GABA), on account of an inc rease  in the pr inc ipa l  
s tages  of s leep (second stage,  A sleep,  and fast  sleep) and a s ta t i s t ica l ly  significant d e c r e a s e  
in the number  of spontaneous awakenings,  in the total durat ion of wakefulness at night, and in the 
ac t ivat ion index of movements .  Analys is  of some of the e lec t rograph ic  indices within the s tages  
of s leep revea led  a tendency for  the number  of s leep spindles to inc rease  in the second s tage,  an 
inc rease  in the A index in the third and fourth s tages  of s leep,  and an inc rease  in the mean nu- 
m e r i c a l  indices of rapid eye movemen t s  in the absence  of significant  changes in the i r  spec i f ic  
o c c u r r e n c e  pe r  unit t ime.  GABA der iva t ives  in the doses  used cause  on the whole s im i l a r  changes 
in the s t ruc tu re  of s leep in its var ious  d i s tu rbances ,  with sodium hydroxybutyrate  having a r e l a -  
t ive ly  s t ronge r  action. 

KEY WORDS: s leep d is turbance;  s tages  of s leep;  sodium hydroxybutyrate;  fenibut. 

T h e w i d e - s p r e a d  o c c u r r e n c e  of s leep d i so rde r s  in neuroses  and the lack of any sufficiently effective drugs  
with a sopori f ic  act ion necess i t a te  the sea rch  for new ways and means  of co r r ec t ing  such dis turbances .  The 
at tention of r e s e a r c h  worke r s  has been drawn to biological ly act ive  substances  and, in pa r t i cu la r ,  to 7 - a m i n o -  
butyr ic  acid (GABA) which, accord ing  to exper imen ta l  data, plays an act ive role  in the regulat ion of sleep.  

Because of the difficulty with which GABA pas se s  through the b l o o d - b r a i n  b a r r i e r ,  its analogs sodium 
hydroxybutyrate  and fenibut ( be t a -pheny l -gamma-aminobu ty r i c  acid) a re  used. According  to the informat ion 
published,  in expe r imen t s  on an imals  sodium hydroxybutyrate  p romo te s  the appearance  of phases  of slow [5-7] 
and rapid  s leep - RS [1, 3]. The phase  of s leep which develops has been shown to depend on the dose of the 
drug [21. 
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