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Experiments  on rats  showed that sodium hydroxybutyrate  in small  doses  inhibits the avoid- 
ance react ion to st imulation of the par tner  and motivated aggress ion in much smal le r  doses 
than it Inhibits the conditioned defensive reflex and unmotivated aggress ion,  it prevents  the 
disturbance of attention and of a positive attitude toward the situation after responses  ~of fear  
and rage,  and it r e s t o r e s  normal  conditioned reflexes in ra ts  with neuroses;  these p roper t i e s  
are evidence of its marked tranquilizing action. 
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One way in which new pharmacological  agents a re  created is by modifying the s t ruc ture  of biogenic 
substances~ This  line of attack has been pursued vigorously in the Institute of Pharmacology,  Academy of 
Medical Sciences of the USSR, and as a resul t  several  neurot ropic  substances have been produced,  among 
them sodium hydroxybutyrate  [3]. F rom a clinical study of this compound, Ranshchikov and Berezin  [1] con- 
cluded that the spec t rum of pharmacologica l  activity of sodium hydroxybutyrate includes tranquilizing prop-  
er t ies .  However,  no extensive clinical psychopharmacological  study of sodium hydroxybutyrate has yet  
been undertaken and its comparat ive  tranquilizing effect and its position relat ive to other  t ranqui l izers  in 
cur rent  use await investigation. 

The wr i te rs  showed previously that the experimental  action of t ranqui l izers  is charac ter ized  by de- 
p ress ion  of the avoidance r eac t ion  to stimulation of a pa r tne r  and inhibition of the motivated struggle for 
t e r r i t o ry  by ra ts  after  administrat ion of these substances in doses much smal le r  than those required to 
inhibit the conditioned defensive ref lex and unmotivated aggress iveness  [5, 6]; t ranqui l izers  have also been 
shown to prevent  the dis turbance of attention and of a positive attitude toward the situation in cats af ter  
responses  of fear  and rage [4]. 

The object of this investigation was to study sodium hydroxybutyrate  by the use of the above-mentioned 
tests  in order  to determine its tranquilizing action. 

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

An emotional response of avoiding a darkened room, which was convenient for  them and which they 
were used to, but in which staying evoked painful e lectr ical  stimulation of another rat ,  was produced in 36 
female albino ra ts  [10]. The response  was taken as positive if the rat went into the less at tractive,  l ighter 
compar tment  for more  than 3 rain during a total exposure of 5 min [6]~ 

A conditioned defensive reflex of jumping onto a bar  and staying on it during the action of the condi- 
tioned st imulus (the ringing of a bell for 10 sec) accompanied by unconditioned e lec t r ica l  re inforcement ,  
was produced in 10 ra ts  until not less  than 80% of cor rec t  responses  was obtained. 

The avoidance reaction to stimulation of the par tner ,  if repeated for  a long per iod,  induced the develop- 

Laboratory  of Pharmacotherapy  of Extremal  States, Institute of Pharmacology,  Academy of Medical 
Sciences of the USSR, Moscow. (Presented by Academician of the Academy of Medical Sciences of the 
USSR V~ V. Zakusov). Trans la ted  f rom Byulleten'  ~ksper imental 'noi  Biologii i Meditsiny, Vol. 81, No. 2, 
pp. 186-188, Februa ry ,  1976o Original ar t ic le  submitted June 13, 1975. 

�9 76 Plenum Publishing Corporation, 22 7 West 17th Street, New York, N. Y. 10011. No part o f  this publication may be reproduced, 
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, 
recording or otherwise, without written permission o f  the publisher. A copy o f  this article is available from the publisher for $15.00. 

194 



TABLE 1. Effect  of P s y c h o t r o p i c  D r ugs  on Condi t ioned  Ref lexes ,  A g g r e s s i v e n e s s ,  and A f t e r -  

e f fec ts  of F e a r  and Rage R e s p o n s e s  

Drug 

Sodium hy- 
droxybutyrate 

Benactyzine 

Diazepam 

Chlordiazep- 
oxide 

Inhibition 
of avoid- 
ance re- 
sponse to 
stimulation 
of partner, 
EDs0 (in 
mg/ kg) 

33,0 

0,64 

l, 35 

3,6 

Inhibition 
of condi- 
tioned de- 
fensive 
reflex, EDs0 
(in mg/kg) 

N o effect up 
100 mg/kg 

75,0 
Gatti Bo- 
vet [12] 
No. effect uP 
to 5 mg/kg 
Delini--, 
Stula [11] 

52 
Vikhlyaev 
KlyguI [7] 

Inhibition 
of moti- : 
vated, ag- 
gression 
(fighting for 
territory), 
EDs0 (in 
mg/kg) 

3,7 

0,23 

0,16 

1,3 

Inhibition 
of unmoti- 
vated ag- 
gression 
(fighting in 
response to 
unavoidable 
stimulation]~ 
EDs0 (in mg/ 
kg) 

90,0 

3,6 

5,6 

17,5 

Attention 
in cats af- 
ter re- 
sponses of 
fear and 
rage(in % 
of total 
time of ob- 
servation 

4,1 

48,6:1" 
0o). 
42,31 

(0,5). 
50,1 J 

(o,5L 
43,51 

(5) 

positive at- 
titude of- 
cats toward 
situation af- 
ter response~ 
of fear and 
rage (in % 
of total time 
of observa- 
tion) 

0,6 

7,81" 

(o,5). 
9,4 / 

(0,53 
6,71 

(5) 

Mean num- 
ber of con- 
ditioned 
reflex j u m t 
onto bar by 
rats witt/ 
neurosis (in 
% of total 
no. of pre- 
sentations) 

20,6 

49,51" , 
(30). 
51,2 1 

(o,5) 
39,9* 

(1) 
39,7* 

(3) 

Mean num- 
ber of fail- 
ures to press 
]on the pedal 
m response 
to differen- 
tim stimulus 
(in % of total 
number of 
presenta- 
tions) 

3o 

lOO1" 
00),.  

lOO / 

1(~ 

(2,5) 

* P <  0.05 
t P  < 0.01 
Note~ N u m b e r s  in  p a r e n t h e s e s  show d o s e s  of  d r u g s  (in mg/kg)  evoking the c o r r e s -  
ponding effect .  

m e n t  of n e u r o s e s  in the r a t s ,  and this  made  it d i f f icul t  to p r o d u c e  a de fens ive  r e f l ex .  T h e  r e f l e x  of j ump ing  
onto the b a r  was p roduced  in  50 r a t s  with n e u r o s i s  and 10 con t ro l  r a t s  in the c o u r s e  of 10 days with da i ly  
p r e s e n t a t i o n  of 10 s t i m u l i .  The  n u m b e r  of c o r r e c t  r e s p o n s e s  in the c o u r s e  of the e x p e r i m e n t  was counted .  
The  s u b s t a n c e s  w e r e  i n j ec t ed  dai ly  d u r i n g  these  e x p e r i m e n t s .  

Fo r  the e x p e r i m e n t s  with mot iva ted  a g g r e s s i o n ,  42 m a l e  a lb ino  r a t s  we re  t r a i n e d  ind iv idua l ly  to run 
into a box  m e a s u r i n g  8 x 8 x 6 cm in r e s p o n s e  to pa infu l  e l e c t r i c a l  s t i m u l a t i o n  of the paw; a f te r  t r a i n i n g  
they were  kept in p a i r s  in a r o o m  and the p r e s e n c e  o r  a b s e n c e  of f ight ing for  con t ro l  of the box  was r e c o r d -  
ed.  The n u m b e r  of cyc les  of f ight ing by 42 r a t s  was r eco rded  d u r i n g  unavo idab le  pa in fu l  e l e c t r i c a l  s t i m u l a -  

t ion [5]. 

E l e c t r i c a l  s t i m u l a t i o n  of the b r a i n  to induce a r e s p o n s e  of f e a r  o r  r a g e  was g iven to s ix  ca t s  with e l e c -  
t r odes  i m p l a n t e d  into the a n t e r i o r  hypo tha l amus  in  a c c o r d a n c e  with the c o o r d i n a t e s  of a s t e r e o t a x i e  a t l a s  
[14]o The  p a r a m e t e r s  of s t i m u l a t i o n  and m a n i f e s t a t i o n  of the emot iona l  r e s p o n s e s  a r i s i n g  to th re sho ld  s t i m -  
u l a t i on  were  d e s c r i b e d  p r e v i o u s l y  [4]. The  level  of a t ten t ion  of the a n i m a l s  and the i r  pos i t ive  a t t i tude  toward 
the s i tua t ion  (pu r r ing ,  walk ing  about ,  l i f t ing the ta i l ,  rubb ing  by the ca ts  1 m i n  a f t e r  r e s p o n s e s  of f e a r  and 
r age ,  as d e s c r i b e d  p r e v i o u s l y  [14]) we re  d e t e r m i n e d  by a method of r e c o r d i n g  ind iv idua l  m o t o r  ac t s  [13]. 
A de fens ive  r e f l ex  of p r e s s i n g  on a peda l  in r e s p o n s e  to the r i ng ing  of a b e l l ,  fol lowed a f t e r  15 s e e b y  e l e c -  
t r i c a l  r e i n f o r c e m e n t ,  and with d i f f e r e n t i a t i o n  to a pu re  tone of 100 Hz, was  p roduced  in th ree  of these  ca t s .  
D i f f e r en t i a t i on  was  d i s t u rbed  in  70% of c a s e s  a f t e r  r e s p o n s e s  of f e a r  and rage  (P < 0.001). 

The  p h a r m a c o l o g i c a l  agents  were  in jec ted  i n t r a p e r i t o n e a l l y  into the r a t s  30 rain b e f o r e ,  and into the 
ca ts  1 h b e f o r e  the e x p e r i m e n t .  EDs0 was  ca l cu la t ed  by the method of Li tchf ie ld  and Wilcoxin  [2]. F o r  s t a -  
t i s t i c a l  a n a l y s i s ,  the s i g n i f i c a n c e  of the d i f f e r e n c e  of s a m p l e  me a ns  was d e t e r m i n e d  by F i s h e r ' s  c r i t e r i o n  
and the s ign i f i cance  of d i f f e r e n c e s  be tween  f r a c t i ons  by the "phi" method [9]. 

EXPERIMENTAL RESULTS 

Sodium hydroxybu ty ra t e  (GHBA) inh ib i ted  the avo idance  r e a c t i o n  to s t i m u l a t i o n  of the p a r t n e r  and 
f ighting for t e r r i t o r y  in  the r a t s  (EDs0 was  33.0 and 3.7 m g / k g , r e s p e c t i v e l y ) .  The  condi t ioned de fens ive  
r e f l ex  of j ump ing  onto the b a r  was unchanged  even a f t e r  a d m i n i s t r a t i o n  of GHBA in a dose  of 100 m g / k g  and 
the n u m b e r  of bouts  of f ighting in r e s p o n s e  to unavo idab le  s t i m u l a t i o n  was  r educed  by hal f  only a f t e r  a dose  
of 90 m g / k g  (Table  1). 
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After emotional  r e sponses  of f ea r  and rage there  was no dep res s ion  of attention o r  of the pos i t ive  a t t i -  
tude to the situation in cats  rece iv ing  sodium hydroxybutyra te  in doses  of 10 and 20 mg/kg ,and  the threshold 
fo r  appearance  of the f ea r  and r age  r e s p o n s e s  was inc reased  on the ave rage  by 0.8 • 0.4 u (P < 0.01). 
With the same doses ,  d i f ferent ia t ion  of the conditioned defensive r e f l ex  was r e s to r ed  to no rma l  a f t e r  r e -  
sponses  of f ea r  and rage .  

In r a t s  with n e u r o s e s  a r i s ing  a f t e r  prolonged repet i t ion of avoidance during s t imulat ion of the p a r t n e r ,  
chronic  adminis t ra t ion  of  GHBA in a dose  of 30 m g / k g  r e s to r ed  the n o r m a l  conditioned re f lex  of jumping 
onto the ba r ,  which Occurred in 49.5% of p re sen ta t i ons .  In r a t s  with n e u r o s e s  it occu r r ed  in r e sponse  to 
20.6% of p re sen ta t i ons ,  and in the control  an imals  to 36.2% (P < 0~ 

As Tab le  1 shows,  the r e s to ra t ion  of n o rma l  condi t ioned- re f lex  activity under  the influence of GHEA 
took p lace  in doses  comparab le  with those of  the other  t r anqu i l i ze r s  studied,  namely  benactyzine ,  d iazepam,  
and chlordiazepoxide,  which were  close to EDs0 as  de t e rmined  by  tes t s  revea l ing  the t ranqui l iz ing effect  
(motivated aggress ion ,  avoidance dur ing s t imulat ion of the pa r tne r ) .  

GHBA thus inhibits the avoidance reac t ion  to s t imulat ion of the p a r t n e r  and motivated aggress ion  in 
much s m a l l e r  doses  than it inhibits  the conditioned defensive  re f lex  and unmotivated aggress ion ,  a c h a r a c -  
t e r i s t i c  fea ture  of  t r anqu i l i ze r s  [5, 6 ] .  P reven t ion  of the dep re s s ion  of at tention and of the pos i t ive  att i tude 
toward the situation a r i s ing  a f t e r  r e s p o n s e s  of f ea r  and rage ,  which was observed  following adminis t ra t ion  
of GHBA, is  a lso  a cha r ac t e r i s t i c  effect  of t r anqu i l i ze r s  [4]. 

The  depr iming  action of GHBA on negat ive emotions is also mani fes ted  as  i ts  abili ty to r e s t o r e  no r -  
mal  conditioned re f lexes  in an ima l s  with neu roses  and a f t e r  powerful  emotional  r e sponses .  

It can be  concluded that sodium hydroxybutyra te ,  in smal l  doses ,  has a marked  t ranqui l iz ing action 
and p r even t s  the effect  of negat ive emotions on the an ima l s '  behavior .  

The  fact  that sodium hydroxybutyra te  r a i s e s  the threshold for  the appearance  of emotional  r e sponses  
of fea r  and rage  to e l ec t r i ca l  s t imulat ion of the hypothalamus is evidence that the compound acts  on the 
hypothalamic t r i gge r  m e c h a n i s m s  of negat ive emot ions ,  another  c h a r a c t e r i s t i c  fea ture  of t r anqu i l i ze r s  
[3, 4l. 
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