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Features  of passive defensive behavior developing in mice kept for a long time in isolation 
and appearing on contact with unaggressive groups of mice can be prevented by sodium hy- 
droxybutyrate.  In a dose of 50 mg/kg,  administrat ion of which does not disturb normal  motor  
activity, the compound suppressed  aler t ing response,  reduced the frequency of defensive 
postures and running away from the par tner ,  and strengthened manifestat ions of "contact" 
behavior (approaching the par tner ,  sniffing it). This suggests  that sodium hydroxybutyrate~ 
in small  doses has a specific tranquilizing action s imi lar  in charac te r  to the effect of dia- 
zepam and other benzodiazepine derivatives.  The s imilar i ty  between the other neurophar-  
macological  charac te r i s t i c s  of sodium hydroxybutyrate and of the benzodiazepines and the 
possibil i ty of common mechanisms of their tranquilizing activity are  discussed.  

Sodium hydroxybutyrate has found increasingly wide application in recen t  yea r s  in anesthesiology. So 
far  as its use in psychoneurology is concerned, although the f i rs t  repor t s  on this mat te r  appeared in 1962 
[6], the compound has not subsequently been used on any considerable scale.  One reason  for this was that 
if given to patients with psychopathological syndromes it did not have a specific antipsychotic action. How- 
ever ,  the ability of sodium hydroxybutyrate  to increase communicat iveness  [2] and to reduce affective s t r e ss  
[12], observable even in these patients, suggests that it could be used in neurotic and neuros is- l ike  states.  
One way in which a neurotic state can be simulated experimental ly  is by keeping animals in prolonged iso- 
lation. The changes in behavior and hormonal  activity developing under such conditions are  so marked that 
they can be descr ibed as "isolation s t r e s s "  [8, 17]. 

The object of this investigation was to study the effects of sodium hydroxybutyrate  on behavioral  r e -  
sponses ar is ing in mice kept in isolation when put on contact  with other mice kept in a group. 

EXPERIMENTAL METHOD 

Male albino mice weighing 22-24 g were used. The animals were kept in isolation in cages measur ing  
3 x 16 x 13 em with opaque glass windows but with free access  to food and water.  The isolation continued 
for 23 days; during that time no contact was allowed even with the attendants. A second batch of mice was 
kept in ordinary  cages,  20 animals in each. On the 24th day each mouse kept in isolation was placed in a 
chamber  measur ing  20 • 30 x 20 cm with t ransparent  walls, and after the lapse of the 30 min required for 
adaptation, another mouse previously kept in a group was placed in the same cage with it. Starting from 
that moment ,observat ions  were made by two exper imenters  on the behavior of each mouse of the pair.  At 
the end of contact  for 200 sec, during which each exper imenter  recorded  the postures  and movements  of 
one of the two mice, the animals were re turned to their original conditions. Experiments  were repeated 
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Fig. 1. Chief behavioral responses of mice kept in isolation when put in 
contact with unaggressive mice previously kept in a group (results of obser- 
vations on mice observed to give a passive-defensive reaction): AP) ap- 
proaching partner; SN) sniffing partner; L) leaving partner alone; DP) de- 
fensive postures; RA) running away; AI) alertness; ST) shaking tail; W) 
walking around the cage; SU) standing up; SD) sitting down. 

Fig. 2. Effect of sodium hydroxybutyrate in doses of 50 mg/kg (A) and 200 
mg/kg (B) on manifestation of passive-defensive response after isolation. 
Broken line at 100~0 level corresponds to control. Legend as in Fig. 1. 

with each pair  of mice af ter  intervals  of seven days. Sodium hydroxybutyrate (sodium salt of ~/-hydroxy- 
butyric acid, synthesized at the Institute of Pharmacology ,  Academy of Medical Sciences of the USSR [1]) 
was given internally in doses of 50 and 200 mg /kg  before the beginning of adaptation. To rule out any effect 
of habituation on the experimental  resul ts ,  the o rde r  of adminis t ra t ion of the compound and water was al- 
ternated in each subgroup. Mice kept in a group were given only water .  The volume of liquid adminis tered  
was 0.1 ml /10 g body weight. The most  c lear ly  defined postures  and movements  were chosen for recording;  
pre l iminary  exper iments  showed a sufficiently high level of cor re la t ion  (r = 0.75-0.95) between the observa-  
tions made by the two exper imenters .  The effect of the compound was a s ses sed  by the use of a nonparame-  
tr ic  tes t  [16] and the same animals ,  receiving water,  were used as the control. 

EXPERIMENTAL RESULTS AND DISCUSSION 

The response of one mouse to another differs sharply, depending on whether it has previously been 

kept in isolation or in a group. Whereas the behavior of a mouse kept previously in a group, when placed in 

contact  with a "par tner ,"  is unchanged (gait, standing on its hind l imbs, sitting, licking its fur), the mouse 
previously kept in isolation and put in contact  with another mouse shows a response  charac te r i zed  by definite 
changes in behavior.  The cha rac te r  of this response  differs from one isolated mouse to another.  Workers  
who have studied this problem in the past  have paid par t icular  attention to the appearance of aggress ive  
behavior in these animals [18]. However, as a detailed study [11] has shown, aggress iveness  appears  in ap- 
proximately  25-30% of isolated mice,  a smal l  proport ion of mice (about 15-20%) do not respond at all to the 
par tner  mouse, and, finally, the major i ty  (50-60%) of isolated mice respond to the introduction of a partner ,  
previously kept in a group, by an a ler t ing response,  by running away from the par tner ,  or by a defensive 
posture (Fig. 1). The study of the effect  of sodium hydroxybutyrate on this form of pass ive-defensive  be- 
havior,  which many workers  descr ibe by the term "timidity," was given special  attention in the present  in- 
vestigation. 

In a dose of 50 mg/kg,  sodium hydroxybutyrate  caused a s tat is t ical ly significant (P < 0.02) decrease  
in the frequency of appearance of the c lea res t  features of passive-defensive behavior,  such as running away 
from the par tner ,  a ler tness ,  and shaking the tail (Fig. 2). The frequency of appearance of defensive pos- 
tures  also was reduced.  It is important  to emphasize  that, in this dose, the compound did not reduce the 
frequency of walking around the cage or standing on the hind limbs, compared  with the control,  but on the 
con t ra ry  it actually increased  the communicat iveness  of the isolated relat ive to its pa r tner :  the number of 
approaching movements  and sniffings was increased  (Fig. 2). 

In a la rger  dose (200 mg/kg) sodium hydroxybutyrate  also reduced the visible manifestat ions of pas-  
s ive-defensive behavior (aler tness,  running away from the par tner ,  shaking the tail), but this effect was not 
so selective as when the smal le r  dose was given: it was also exhibited with r e spec t  to such features  as 
walking around the cage, approaching the par tner  and leaving it alone, but to a l e s se r  degree with r e spec t  
to standing on the hind paws. 
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Behavior  of the mice  kept  in a group was identical  r e g a r d l e s s  of whether  their  pa r tne r s  were  mice  
rece iv ing  sodium hydroxybutyra te  or mice  rece iv ing  water .  Consequently,  the changes in behavior  of the 
isola ted mice  were  in fact  due to the compound i t se l f  and not to changes in the p a r t n e r ' s  behavior .  

These  r e su l t s  show that  sodium hydroxybutyra te  definitely reduces  the degree  of mani fes ta t ion  of 
ce r t a in  behaviora l  r eac t ions  developing in mice  during prolonged isolation. After  admin i s t r a t ion  of a smal l  
dose of the compound its e f fec t  shows cons iderable  se lect ivi ty .  This  is shown by p r e s e r v a t i o n  not only of 
moto r  act ivi ty,  but also of the normal  ra t io  between the slow and paradoxica l  phases  of s leep as  de te rmined  
at  the Insti tute of Pha rmaco logy ,  Czechoslovak Academy of Sciences,  by Kadlecova.  These facts  suggest  
that sodium hydroxybutyra te ,  in smal l  doses,  can inhibit the manifes t iga t ion  of a l a r m  and anxiety and that 
this p roper ty  is not the r e s u l t  of the genera l  sedat ive act ion of the compound, but of a m o r e  se lec t ive  t r an-  
quilizing effect .  Severa l  other  depr iming subs tances  also modify the behavior  of i sola ted mice  [11]. How- 
ever ,  the effect  of these drugs and of sodium hydroxybutyra te  is different .  Chlorpromazine ,  for  instance,  
although reducing mani fes ta t ions  of t imidity,  never the less  gave this ef fec t  s ta r t ing  with doses of 7.5 mg/kg ,  
which inhibited genera l  mo to r  act ivi ty.  Some manifes ta t ions  of t imidi ty  were  abol ished by smal l  doses of 
barb i ta l  (20 mg/kg) ,  but under these c i r c u m s t a n c e s  the mice  developed signs of agg re s s ion  which had p r e -  
viously been absent .  The g r e a t e s t  s imi l a r i t y  with sodium hydroxybutyra te  is shown by chlordiazepoxide,  
which not only s u p p r e s s e s  var ious  pass ive -de fens ive  r e sponses ,  but also i n c r e a s e s  the mani fes ta t ions  of 
communica t iveness .  

Mention mus t  a l so  be made of other evidence of the s imi lar i ty ,  between sodium hydroxybutyra te  and 
the benzodiazepine der iva t ives .  Of the many  neurot ropic  drugs ,only  these compounds do not inhibit the 
phase  of paradoxica l  s leep,  whereas  the ba rb i tu ra t e s ,  neurolept ics ,  and m e p r o b a m a t e  reduce  its intensi ty 
[9]. Cer ta in  common bra in  s t ruc tu r e s  a r e  evidently impl ica ted  in the mechan i sm of the effects  of the ben-  
zodiazepine der iva t ives  and of sodium hydroxybutyra te .  For  instance,  they have been shown to inhibit the 
conduction of impulses  along interzonal ,  in te rhemispher ic ,  and other  c o r t i c o - c o r t i e a l  connections but to 
have a less  m a r k e d  effect  on ascending re t i eu lo -cor t i ca l  project ions .  Benzodiazepine der iva t ives  and so-  
dium hydroxybutyra te  differ  in this r e s p e c t  also f rom the ba rb i tu ra t e s ,  the ef fec t  of which on the cor tex  is 
l ess  se lec t ive ,  and f rom the phenothiazine neurolept ics ,  for  which no d i rec t  cor t i ca l  e f fec t  has been  de- 
mons t r a t ed  [3, 5]. 

The poss ib i l i ty  of ce r t a in  common b iochemica l  m e c h a n i s m s  in the act ion of sodium hydroxybutyra te  
and the benzodiazepine der iva t ives  cannot be ru led  out. ~/-Aminobutyric acid is known to be metabol ica l ly  
c lose ly  connected with T-hydroxybutyr ic  acid [7, 14]. On the other  hand, the work of Saad [15] has  shown 
that d iazepam r a i s e s  the b ra in  T-aminobu tyr ic  acid level.  In te r fe rence  with T-aminobu ty r i c  acid m e t a -  
bo l i sm is poss ib ly  one of the common links in the chain of metabol ic  changes that  a r i s e  a f t e r  admin is t ra t ion  
of sodium hydroxybutyra te  and d iazepam.  The poss ib i l i ty  cannot be ru led  out that they have a s im i l a r  ac-  
tion a lso  on ce r t a in  s tages  of ca rbohydra te  me tabo l i sm.  Both benzodiazepines  and sodium hydroxybutyra te  
lower the lactate  concentra t ion in the bra in  [4, 19]. Since injection of lactate  in man  gives r i s e  to a sense  
of anxiety and s t r e s s  [10, 13], it may  be that the abil i ty of these subs tances  to lower the lactate  level  is one 
cause of thei r  t ranqulizing action. 

In conclusion it mus t  be emphas ized  that the expe r imen ta l  model  suggested above may  prove  con- 
venient for the d i scovery  of drugs  reducing the sense  of anxiety.  It  can be used to study the physiological  
and b iochemica l  m e c h a n i s m s  of the anx ie ty - re l i ev ing  effect.  
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