
skele ta l  musc les  (Fig. 3). Unlike atenolol,  p ropranolo l  caused a c l ea r  dec r ea se  in the blood supply to the hea r t .  
The change in the blood flow due to propran01ol  in the o ther  va scu l a r  regions  (including the kidneys and brain) 
was not s ta t i s t i ca l ly  s ignif icant .  

These  data on the effect  of propranolo l  on the regional  hemodynamics  in no rmotens ive  r a t s  d i f fer  s o m e -  
what f r o m  r e su l t s  obtained in acute expe r imen t s  on waking monkeys [4], but coincide a lmos t  comple te ly  with the 
r e su l t s  of expe r imen t s  conducted on anes the t ized  no rmotens ive  and hyper tens ive  r a t s  during chronic  a d m i n i s t r a -  
t ion of p ropranolo l  [5]. It  was  shown in the f i r s t  invest igat ion ci ted above that  infusion of p ropranolo l  fo r  60 rain 
leads  to a dec rea se  in the blood flow in the hear t ,  kidneys,  gas t ro in tes t ina l  t r a c t ,  spleen,  l iver ,  and ske le ta l  
musc les  p ropor t iona l  to the  dec r ea s e  in the ca rd iac  output, but not in the brain .  The second of the inves t iga -  
tions cited, l ike the p r e s e n t  expe r imen t s ,  showed tha t  p ropranolo l  causes  a g r e a t e r  d e c r e a s e  in the co rona ry  
and m u s c u l a r  blood flow than in the blood flow in o ther  v a s c u l a r  regions .  These  d i f fe rences  in the ef fec ts  of 
p ropranolo l  on the regional  hemodynamics  could be connected with d i f fe rences  in the exper imenta l  conditions 
(species  of an imals ,  ef fect  of genera l  anes thes ia ,  etc.) .  

The r e su l t s  now obtained, showing a d e c r e a s e  in the coronary  blood flow a f te r  admin is t ra t ion  o f p r o p r a n o -  
lol andin the rena l  blood flow in r e sponse  to atenolol ,  accompanied  by a negligible change in the corresponding 
f rac t ions  of the card iac  output a re  evidence that these  effects  of atenolol and propranolo l  a re  due to the i r  in-  
f luence on the ve s se l s  of the hea r t  and kidneys.  So fa r  as the negligible effect  of atenolol and propranolo l ,  in 
the dose t e s t ed  (0.5 m g / k g ) ,  on the blood supply to other  v a s c u l a r  regions  is concerned,  this may be the r e su l t  
of a different  functional role  of f l - ad r eno recep to r s  in different  v a s c u l a r  regions .  
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Lithium sa l t s  play an active role  in cent ra l  sero tonin  me tabo l i sm [17]. A dec rea se  in the sero tonin  con-  
centra t ion has been demons t ra t ed  in the ra t  bra in  s t em,  midbra in ,  s t r i a tum,  and hypothalamus during a course  
of l i thium chloride [12] and carbonate  [9]. Li thium preven t s  a r i se  in serotonin  level caused by p r e c u r s o r s  of 
its synthes is ,  L- t ryp tophan  and 5-hydroxytryptophan (5-HTP) [3], and i nc rea se s  the content of deaminated  
metabol ic  products  of se ro tonin  in the bra in  both of intact  an imals  [15] and a f t e r  e l ec t r i ca l  s t imulat ion of the 
medial  nucleus raphe in the midbra in  [10]. 

The new original  psychot ropic  agent  l i thium hydroxybutyra te  [1] p reven ts  amphetamine  exci ta t ion [8] and 
5 - H T P -  and nicot ine- induced hyper ldnes ia  [5], reduces  e lec t r i ca l  exci tabi l i ty  of var ious  subcor t ica l  s t r u c t u r e s  
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T A B L E  1. E f f ec t  of L i t h i u m  H y d r o x y b u t y r a t e  on S e r o t o n i n  C o n c e n t r a t i o n  ( p g / g  wet  we igh t  of 
t i s s u e )  in B r a i n  of In tac t  Rabb i t s  and  du r ing  H y p e r a c t i v i t y  of C e n t r a l  S e r o t o n i n e r g i c  S y s t e m s  

(M �9 m) 

Reticular Caudate Dorsal hip- Hypothal- Thalamus formation Experimental conditions Cortex nucleus pocampus Amgydala amus 

1. Control 0,14+0,086 0,60/=0,043 [ 0,22• 0,51• 0,77• 0132/=0,018 0,47+0,026 
t 

(7) (7) [ (7) (7) (7) (7) (7) 

2 Animals undergoing 
mock operauon 

3. Lithium hydrox~(butyrate 
(10 mg/kg dally for 
7 days) 

4. 5-ItTP(50 mgfkg) 

5. Stimulation of dorsal nu-[ 
cleus raphe (10-20 Hz, [ 
1 h) F 

6. Lithium hydroxybutyrate 
+ 5-HTP 

7. Lithium hydroxybuturate 
+ stimulation or nu- 
cleus raphe 

0,13::k0,07 
(6) 

0,17• 
(7) 

0,28/=0,021 
(8) 

P1-4<0,001 
0,28/=0,018 

(6) 
P,2-5< 0,001 
0,20+0,009 

(6) 
P,_8<0,05 
P4-o<0,005 
0,16• 

(7) 
P5_7<0,005 

0,62+0,046 
(6) 

0,41• 
(7) 

Pl-a<0,001 
1,65• 

(8) 
Pl_a<O,O01 
0,98/=0,094 

(6) 
P2-~<O ,05 
0,75/=O,067 

(6) 
P~_~<O,05 
P~_8<0,005 
0,39+0,017 

(7) 
P~_~<O,O01 
P5-7<0,005 

0,21• 
(6) 

O,28• 
{7) 

0,424-0,017 
(8) 

Pj_r 
0,37• 

(6) 
P~_~<O,05 
0,24-4-0,028 

(6) 
P4-s<O,05 

0,19• 
(7) 

P5_:<0,005 

0,52• 
(6) 

0,52/=0,046 
(7) 

0,98/=0,076 
(8) 

P,_,<0,00I 
0,64::k0,065 

(6) 

0,49/=0,121 
(6) 

PI-6 < 0,05 
P4-6<0,005 
0,36• 

(7) 
P2_:<0,001 
Pa_7<O,O05 

0,75• 
(6) 

0,78• 
(7) 

1,34• 
(8) 

P1-4<0,001 
0,76/=0,065 

(6) 

0,97• 
(6) 

PI-6 < 0,05 
P4_~<0,005 
0,55• 

(7) 
P~-7<0,001 
P5-7<0,005 

0,32• 
(6) 

0,37• 
if) 

0,65• 
(8) 

Pa_a<0,001 
0,50• 

(6) 
P~_5<O,O01 
0,37• 

(6) 
PI_6<0,005 

0,31• 
(7) 

Ps_7<O,O05 

Legend .  N u m b e r  of e x p e r i m e n t s  shown in p a r e n t h e s e s .  

0,49• 
(6) 

0,42• 
(7) 

0,79• 
(8) 

P1_4<0,001 
0,52• 

(6) 

0,46• 
(6) 

P~_~ < 0,005 

0.42• 
(7) 

P5-7<0,005 

of the r a b b i t  b r a i n  [6], does  no t  a f fec t  the  b r a i n  n o r a d r e n a l i n  conten t ,  but c o n s i d e r a b l y  i n c r e a s e s  the d o p a m i n e  
c o n c e n t r a t i o n  in the  cauda te  nuc l eus  [7]. 

A r i s i n g  f r o m  m o d e r n  v iews  on the p o s s i b l e  r o l e  of s e r o t o n i n  in the  p a t h o g e n e s i s  of m e n t a l  d i s o r d e r s  and  
a l s o  in  the  m e c h a n i s m s  of the  p s y c h o t r o p i c  a c t i v i t y  of l i t h i u m  s a l t s ,  i t  was  d e c i d e d  to  s tudy  the e f f ec t  of l i t h i u m  
h y d r o x y b u t y r a t e  on the s e r o t o n i n  c o n c e n t r a t i o n  in  the b r a i n  of i n t ac t  r a b b i t s  and  du r ing  h y p e r a c t i v a t i o n  of c e n -  
t r a l  s e r o t o n i n e r g i c  s y s t e m s .  Th i s  l a t t e r  condi t ion  was  a c h i e v e d  e i t h e r  by i n j e c t i n g  the  s e r o t o n i n  p r e c u r s o r  5-  
H T P  o r  by s t i m u l a t i n g  the d o r s a l  n u c l e u s  r a p h e  in  the  m i d b r a i n .  

EXPERIMENTAL METHOD 

Experiments were carried out on 64 rabbits of both sexes weighing 2-2.5 kg. Lithium hydroxybutyrate 
was injected subcutaneously in a dose of I0 mg/kg [6] daily for 1 week. On the 8th day, i h after injection of 
the drug, the animals were decapitated. Distilled water was injected in control experiments. 

Electrical stimulation of the dorsal nucleus raphe or intraperitoneal injection of 5-HTP (50 mg/kg) was 
carried out 30 rain before decapitation. Stimulation was given through chronically implanted electrodes [14] by 
s q u a r e  p u l s e s  wi th  a f r e q u e n c y  of 10-20  Hz fo r  1 h [13], B e h a v i o r a l  c o r r e l a t e s  of e l e c t r i c a l  s t i m u l a t i o n  w e r e  
r e c o r d e d  in  the  a n i m a l s .  A n i m a l s  unde rgo ing  m o c k  o p e r a t i o n s  s e r v e d  as  the  c o n t r o l  f o r  t h i s  s e r i e s  of e x -  

p e r i m e n t s .  

W e i g h e d  s a m p l e s  of the  b r a i n  w e r e  qu ick ly  f r o z e n .  S e r o t o n i n  was  d e t e r m i n e d  by the n i n h y d r i n  m e t h o d  [16] 
on a s p e c t r o f l u o r o m e t e r  wi th  s e n s i t i v i t y  of 1 • 10 -8 g / m l .  In e a c h  s e r i e s  s i x  to  e i g h t  r a b b i t s  w e r e  u sed .  

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

The s e r o t o n i n  c o n c e n t r a t i o n  in the  b r a i n  of the  i n t ac t  r a b b i t s  v a r i e d  f r o m  0 . 1 4 p g / g  in the  c o r t e x  to  0.77 
p g / g  in t he  h y p o t h a l a m u s  (Table  1), in a g r e e m e n t  wi th  da t a  in the l i t e r a t u r e  [4]. C h r o n i c  a d m i n i s t r a t i o n  of 
l i t h i u m  h y d r o x y b u t y r a t e  f o r  7 days  d id  no t  change  the s e r o t o n i n  c o n c e n t r a t i o n  in the  a m y g d a l a ,  d o r s a l  h i p p o -  
c a m p u s ,  p o s t e r i o r  h y p o t h a l a m u s ,  c o r t e x ,  o r  r e t i c u l a r  f o r m a t i o n .  H o w e v e r ,  the  c o m p o u n d  s e l e c t i v e l y  d e p r e s s e d  
the s e r o t o n i n  l e v e l  in the  cauda t e  nuc l eus  (by 32.7%; P < 0.001). 

C o n s i d e r i n g  tha t  the s t r o n g e s t  e f f ec t  of l i t h i u m  on the  s e r o t o n i n e r g i c  s y s t e m s  of the  b r a i n  i s  o b s e r v e d  
du r ing  h y p e r a c t i v i t y  of t h e s e  s y s t e m s  [10], the  e f f ec t  of l i t h i u m  h y d r o x y b u t y r a t e  on the  s e r o t o n i n  c o n c e n t r a t i o n  
was  i n v e s t i g a t e d  du r ing  5 - H T P  load ing  and s t i m u l a t i o n  of the d o r s a l  n u c l e u s  r a p h e .  
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In t raper i toneal  injection of 5 -HTP  was accompanied  by accumulat ion of sero tonin  in the brain,  due to in- 
c r e a s e d  synthes is  of the med ia to r .  The g r e a t e s t  i nc rease  in its concentrat ion under  these  conditions was found 
in the caudate nucleus (by 175%; P < 0.001), the l eas t  in the r e t i cu l a r  fo rmat ion  (by 68%; P < 0.O01). 

Lithium hydroxybutyra te  p reven ted  the i nc rea se  in the serotonin  level induced by injection of its p r e -  
c u r s o r .  The r e su l t s  a re  in good ag reemen t  with data in the l i t e ra tu re  on the effect  of o ther  l i thium sa l t s  on 
elevat ion of the serotonin  level  [3]. 

Consider ing the imper fec t  na ture  of the technique of crea t ing  hyperac t iv i ty  of se ro ton ine rg ic  s y s t e m s  of 
the brain  through injecting 5 - H T P  [4], it was decided to use e lec t r ica l  s t imulat ion of the dorsa l  nucleus raphe 
in the midbra in  [13]. Depending on the p a r a m e t e r s  of s t imulat ion applied, this technique enables  the sero tonin  
tu rnove r  to be cons iderably  quickened, with an i nc rea se  or  a dec rease  in its concentrat ion,  but always with a 
fall  in the 5-hydroxyindoleacet ie  acid level  in the fo reb ra in  [11]. 

E lec t r i ca l  s t imula t ion  caused no spec ia l  abnormal i t i e s  in the an imals '  behavior .  However,  genera l  in-  
hibition of mo to r  act ivi ty predominated ,  as re f lec ted  in inhibition of invest igat ive behavior ,  pos tu ra l  " f reez ing ,"  
and i nc rea sed  tension.  The sero tonin  concentra t ion was r a i s ed  in the cor tex ,  caudate nucleus,  and tha lamus and 
to a l e s s e r  degree  in the h ippocampus ,  a r e su l t  which co r responds  to project ions  of the dorsa l  nuclei  raphe to 
the fo reb ra in  [11]. 

Lithium hydroxybutyra te  not only p reven ted  accumulat ion of the media tor  due to e l ec t r i ca l  s t imula t ion  of 
the nucleus raphe,  but a lso  d e p r e s s e d  its level  re la t ive  to the control  values (by 10-30%; P < 0.05); in the 
caudate nucleus its level  was a l m os t  halved (P < 0.001). 

Lithium hydroxybutyra te  thus reduces  the sero tonin  concentra t ion only in the caudate nucleus,  inhibits 
an inc rease  in its concentrat ion in all deep brain  format ions  of rabbi ts  during 5 -HTP loading, and r e v e r s e s  the 
se ro ton in -pos i t ive  action of e l ec t r i ca l  s t imulat ion of the dorsa l  nucleus raphe.  

The fall  in the sero tonin  level  obse rved  in the caudate nucleus during chronic  adminis t ra t ion  of l i thium 
hydroxybutyra te  and its p revent ive  effect  against  accumulat ion of sero tonin  in s e v e r a l  bra in  s t r u c t u r e s  can 
evidently be a t t r ibuted to the m o r e  rapid  breakdown of the med ia to r  e i ther  through act ivat ion by l i thium or  
monoamine  oxidase [2] o r  through intensif icat ion of its reuptake [10]. However ,  the probable  inhibition of s e r o -  
tonin synthes is  by l i thium hydroxybutyra te  l ikewise cannot be ignored [9]. Evidently chronic  admin is t ra t ion  of 
l i thium affec ts  smal l  s tages  of sero tonin  tu rnover ,  not only individual s tages  of this p r o c e s s .  

The se lec t ive  reduct ion in the serotonin  content in the caudate nucleus revea led  by these expe r imen t s  is 
noteworthy.  The s t r i a t um  is one of the mos t  sens i t ive  s t r u c t u r e s  to the action of l i thium [6]. It is in the caudate 
nucleus that sero tonin  i nc rea se s  the dopamine concentra t ion  [7] without any significant  effect  on its concen t r a -  
tion e l sewhere  in the brain.  Dopamine and sero tonin  behave in the s t r i a t u m  as functional antagonis ts .  It may be 
that  the spec i f ic  cytot ropic  action of l i thium hydroxybutyra te  is due to some  extent to its in te r fe rence  in the 
complex re la t ionships  between these  s y s t e m s  at the level  of the caudate nucleus.  
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