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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  
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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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TABLE t .  Changes in Structure  of Sleep under  the Influence of GABA Der iva t ives  

Preparation 

Sodium hydroxybutyrate 
Se~ional do~ 
Weekly dose 

Fenibutr 
Sessional dose 

Weekly dose 

Duration 
of sleep, 
min 

-}-26 
-}-42 

-}-27 

-}-39 

Time of  . Stages of sleep, min Number of 
going to spontaneous I 
sleep, min I RS awakenings 

I 
--3,7 
--12,6 

--3,4 

--9,7 

--5,6 
+1,1 

--1,2 

--2,1 

II  I I I + I V  

.}.13,3 -}-8,9 

.}.16,1 -}- 14,_____.~1 

-}-3,7 -}-8,7 

,},18,2 .}.12,5 

-}-9,7 
.}.11,4 

+6,3 

.}.13,3 

--0,89 
--1.12 

--0,8 

--0,9 

AIM, % 

--6,2 
--i3.2 

Nat tested 

--8,1 

Legend. Underlining of numbers  denotes significant  i nc rease  (+) or  d e c r e a s e  ( - )  in 
indices.  

The object  of  this invest igat ion was to study the effect  of sodium hydroxybutyrate  and fenibut on the s t r u c -  
ture  of s leep  in pat ients  with s leep  d is turbances  assoc ia ted  with neuroses .  

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

Elec t ropolygraphic  invest igat ions,  including continuous record ing  of the EEG (centra l  and f ron to -cen t ra l  
leads) ,  the e l ec t roocu logram,  the e l e c t r o m y o g r a m  of the submental  musc les ,  and the EKG, were  c a r r i e d  out 
ove r  a per iod  of s e v e r a l  nights (before and a f t e r  each dose of  the drugs  and the weekly course) .  The e l e c t r o -  
polygraphic  data were  analyzed in accordance  with the international  c lass i f ica t ion  [4]. To prolong the ana lys i s  
of the pr inc ipa l  s tages  of s leep  the total  number  of s leep spindles and of rapid  eye movements  pe r  unit t ime  
(1 min) was counted and the index of A act ivi ty  was analyzed.  

The data were  analyzed on the Minsk-32 computer .  Al together  34 pat ients  with var ious  fo rms  of neuroses ,  
one of the manifes ta t ions  of which was dis turbance of s leep,  were  studied. Of the 34 pat ients  13 took 1.5 g 
sodium hydroxybutyra te  before  s leep and 21 took 1 g fenibut. Control t e s t s  were  c a r r i e d  out on 8 healthy 
pe r sons .  

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

According to the r e su l t s  of the e lec t ropolygraphie  invest igat ions,  a reduction iu the durat ion of nocturnal  
s leep,  an inc rease  in the per iod  of going to s leep,  an inc rease  in the number  of spontaneous awakenings and in 
the duration of wakefulness  in the course  of the night, a dec r ea se  in the r ep resen ta t ion  of deep A sleep,  and a 
dec r ea se  in the to ta l  number  and re la t ive  number  pe r  unit t ime  (1 min) of s leep  spindles in the phase  of slow 
s leep and of rapid  e y e  movemen t s  in the phase  of RS were  found in the pat ients  before  t r ea tmen t .  The ac t iva -  
tion index of movemen t s  (AIM), ref lec t ing  the ra t io  between the number  of movements  with act ivat ion on the 
EEG and the total  number  of movements  of the body during sleep,  was cons iderab ly  inc reased  compared  with 
its value in healthy subjects .  

It can be concluded f rom the ana lys t s  of the data that  the s leep d is turbances  in neuroses  a r e  based  on a 
change in the re la t ions  between synchroniz ing (somogenic) and desynchroniz ing (activating) b ra i~  s y s t e m s ,  with 
a definite inc rease  in the act ivi ty  of the so -ca l l ed  a rousa l  or  act ivat ing sys tem,  as  is shown by the inc rease  in 
AIM, the inc rease  in the number  of spontaneous awakenings and the durat ion of wakefulness  in the cour se  of the 
night, and the inc rease  in the hear t  ra te  during the var ious  phases  and Stages of s leep.  

The longer  per iod  of going to s leep  in the pat ients  tes ted  at the beginning of the night and during awaken-  
ing in the var ious  s tages  of s leep,  the dec r ea s e  in the re la t ive  occur rence  of deep slow s leep (A sleep),  and 
read iness  for  awakening a lso  re f lec t  the inc reased  ac t iv i ty  of this sys tem.  Close co r r e l a t i on  exis ts  between the 
act ivat ion changes obse rved  and the emot ional  d i s turbances  cha r ac t e r i s t i c  of neuroses .  

Under the influence of the va r ious  subs tances  tes ted  an inc rease  was obse rved  in the duration of nocturnal  
s leep  on account of an inc rease  in its p r inc ipa l  s tages :  the stage of " s leep  spindles"  (II), A sleep (IN+IV, s t a t i s -  
t i ca l ly  significant a f t e r  taking sodium hydroxybutyrate)  and RS (Table 1). 

The inc rease  in the duration of nocturnal  s leep was pa r t i cu l a r ly  marked  in the pat ients  with an init ial ly 
low occu r r ence  of the s tages  of slow and rapid  sleep,  p robably  on account of  the r egu la to ry  influence of the 
GABA der iva t ive  on both phases  of s leep.  The r e su l t s  of a detai led ana lys i s  of ce r t a in  e l ec t rograph ic  indices 
within the s tages  of s leep  a r e  a lso  evidence of the benef ic ia l  effect  of GABA der iva t ives  on the phases  of slow 
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TABLE 2. Dynamics of Occur rence  of Sleep Spindles 

Preparation 

Before treatment 
Sodium hydrom]butyrate 
Before treatment 
Fenibm 

15 ~V 

21,6 
21,4 
31,7 
19,7 

Number of sleep spindles with undermentioned amplitude_ 
15--40 ,LlV 

150,1 
158,4 
I 19,6 
197,0 

40-60 ~V 

183,8 
227,1 
252,3 
301,0 

60--80 I.IV 

82,2 
92,5 

122,4 
87,0 

so ~v 

11,9 
14,0 
3,5 

total 

449,8 
5[3,5 
529,8 
604,7 

2er  minute 

3,06 
3,09 
3,07 
3,04 

and rapid sleep.  For  instance,  an init ial ly reduced number  of s leep  spindles had a tendency to inc rease  under 
the influence of  these subs tances  (Table 2). The inc rease  (not s ta t i s t i ca l ly  significant) took place mainly  on 
account of spindles with an amplitude of 16-60 ~V. 

The study of the principal index of stages III and IV (the A index) revealed a small increase in its value 
under the influence of sodium hydroxybntyrate and fenibut, mainly on account of an increase in the proportion 
of low-amplitude A waves. 

In the RS phase the number of rapid eye movements increased under the influence of the drugs, although 
their frequency per unit time showed no significant change. 

Under the influence of sodium hydroxybutyrate (P < 0.01) and fenibut (P < 0.001) a decrease in the number 
of spontaneotls awakenings and in the duration of wakefulness in the course of the night was observed. AIM 
fell significantly under the influence of sodium hydroxybutyrate (P < 0.005) and of fenibut (P < 0.01). 

Mathematical analysis with the aid of the computer of the results of electropolygraphic investigation re- 
vealed a decrease in the dispersions of most indices studied. An increase in dispersions affected only the num- 
ber of rapid eye movements under the influence of both compounds tested, whereas after taking sodiumhydroxy- 
butyrate there was an increase in the individual disDersion of A sleep. Correlation analysis showed similar 
and different correlations between certain eleotropolygraphic indices of sleep in both groups of patients tested. 
Both preparations strengthened correlation between the duration of sleep and A sleep {more in case of sodium 
hydroxybutyrate). Besides their general action, the preparations also showed some specific features in their 
action: Sodium hydroxybutyrate weakened correlation between the duration of RS and the number of rapid eye 
movements, whereas fenibut strengthened correlation between these indices. 

Under the influence of GABA derivatives, in patients with neuroses accompanied by sleep disturbances a 
reduction in activation shifts was thus accompanied by improvement of the objective indices (shortening of the 
time taken in going to sleep, a reduction in the number of spontaneous awakenings and in the duration of wake- 
fulness in the course of the night, an increase in the duration of A sleep, slowing of the heart rate), which cor- 
relates with improvemen t  of s leep as shown by the pa t ien t s '  subject ive r epo r t s  a f t e r  final awakening in the 
morning.  The p repa ra t ions  used in the invest igat ion in the doses specif ied give r i s e  on the whole to s im i l a r  
changes in the s t ruc tu re  of nocturnal  s leep in its var ious  d is turbances ,  and the act ion of sodium hydroxybuty-  
ra te  is r e l a t ive ly  s t ronger .  

2. 
3. 
4. 

5 .  
6. 
7. 

L I T E R A T U R E  C I T E D  

M. Matsuzaki,  H. Takagi,  and T. Tokizane,  Science, 146, 1328 (1964). 
M. Matsuzaki and H. Takagi,  Bra in  Res . ,  4, 206 (1967). 
M. Matsuzaki and H. Takagi ,  Brain  Res . ,  4, 223 (1967). 
A. Recbtschaffen and A. Kales  (eds.), A Manual of Standardized Terminology,  Techniques and Scoring 
Sys tem for Sleep Stages of Human Subjects,  Bethesda (1968). 
F. Rinaldi,  F. M. Puca ,  F. Mas t ros imone ,  et al. ,  Acta NeuroL (Naples), ~ 65 {1967). 
B. Vern and J. Hubbord,  Elec t roenceph.  Clin. Neurophysiol . ,  31, 573 (1971). 
Y. Yamada,  I. Yamamoto ,  A. Fujuki, et al. ,  E lec t roencephalogr .  Clin. Neurophysiol . ,  22, 558 (1967). 

171 


