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Experiments  on rabbits showed that immunization with typhoid Vi-antigen is accompanied 
by a decrease  in the serotonin concentrat ion in the s t ruc tures  of the hypothalamus and 
also, in most  animals,  of the hippocampus. The possible mechanism of the participation 
of serotoninergic  s t ruc tures  in the regulation of immunogenesis  is discussed.  

The cor t ica l  and subcort ical  par ts  of the limbic sys tem of the brain part icipate in the regulation of 
immunological react ions .  This has been shown with respect  to the hippocampus and amygdaloid complex 
[6, 10] and the hypethalamus [3, 4, 11, 15] and has been confirmed by clinical studies [5]. Not only the 
functional and s t ruc tura l  integrity of the various limbic reg ions ,  but also preserva t ion  of their  connections 
with each other  [6] are essent ia l  for the adequate control  of immunological p rocesses .  Hence it is c lear  
that the react ions of immunity are regulated not by single s t ruc tures  of the CNS, as was hitherto considered, 
but by a complex sys tem of interconnected zones. 

The limbic sys tem is r iches t  in serotoninergic  and serotonin-react ive  s t ruc tures  [14]. Antigenic 
stimulation is evidently ref lected in the state of these s t ruc tures ,  for the serotonin concentrat ion in the 
brain t i ssues  changes in response to injection of an antigen [9]. It has been postulated that the reaction 
to an antigen may be mediated through the serotoninergic  s t ruc tures  of the hypothalamus [1]. 

Changes in the serotonin concentrat ion in the hypothalamus and hippocampus were studied during 
immunization with typhoid Vi-antigen. A change in the concentrat ion of this amine in a cer ta in  part  of the 
limbie sys tem is evidence of the involvement of its serotoninergic  s t ruc tures  in the complex chain of r e -  
actions to the antigenic st imulus.  

EXPERIMENTAL METHODS 

The serotonin concentrat ion was determined in the hypothalamus and the dorsa l  portion of the hip- 
pocampus in rabbits weighing 2.9-3.2 kg on the 1st and 6th days af ter  intravenous injection of 140 #g of 
standard typhoid Vi-antigen. The blood antibody t i te r  was es t imated by the agglutination test  with e r y t h r o -  
cytic Vi diagnostic se rum in a mic ro t i t r a to r  of the Takachi sys tem.  As a f i rs t  step the immunologic r e -  
activity of the animals was determined by specific (Vi-agglutinins) and nonspecific (complement and 
lysozyme activity of the blood) tes ts .  The animals were decapitated and the parts  of the brain for  testing, 
weighing 150-500 rag,were kept for 24 h in liquid nitrogen. Serotonin was determined by a spec t rof luor i -  
met r ic  method [12] and expressed  in p g / m g  wet weight of t issue.  Physiological  saline in the equivalent 
volume was injected into a vein of the ea r  of the control  animals.  

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

In most  animals the serotonin concentration in the hypothalamus and hippocampus was al tered dur -  
ing the f i rs t  day after  injection of the antigen, i.e., long before the appearance of specific antibodies in the 
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T A B L E  1. Changes  in Se ro ton in  C o n c e n t r a t i o n  (in ~g/g  wet  weight  
of  t i s s u e )  in g y p o t h a l a m u s  a f t e r  I m m u n i z a t i o n  with Typho id  V i -  
An t igen  

Range of serotonin concentrations 
Serotonin I 0,400- 0,530- 0,s00-- 6roup of animals concentration ~, 290- 
(},/[ .l. m )  ,320 0,520 0,770 0,900 

No. of animals 

Unimmunized 
(control) 

Immunized: 
1 day after 

immunization 
P 
6 days after 

immunization 
P 

0,660• 

o, 526• 
<0,05 

0,519• 
<0,05 

- -  1 

2 3 

i 4 

12 3 

6 

v 

T A B L E  2. Changes  in Se ro ton tn  C o n c e n t r a t i o n  (in t t g /g  wet weight  
of t i s s u e )  in H i p p o c a m p u s  a f t e r  I m m u n i z a t i o n  with  Typho id  V i -  
An t igen  

Group of animals 
Serotonin 
concentra- 
tion : 

(M * m) 

Unimmunized 0, 
(control) 155• 

Immunized: 
1 day after 

immunization 0 149-t-0,026 
P O, l<P>O,05  
6 days after 

)0 120+0 018 ! immunization 
P 105<F>~,05 

Range of serotonin concentrations 

0,052-- 0,090--  0,120--  0. |54--1 
0,085 0,t,2 0, 50 O,tgO I 

lqo. of animals 
I 

- -  - -  7 8 I 

' i 3 3 1 - -  

1 2 1 I 5 
I 

0 . 2 4 0 - -  
0 ,280 

3 

b lood.  The s e r o t o n i n  l e v e l  in the  h y p o t h a l a m u s  of  the  i m m u n i z e d  a n i m a l s  was  c o n s i d e r a b l y  l o w e r e d ,  and 
a l though it s t i l l  r e m a i n e d  wi th in  n o r m a l  l i m i t s ,  i t  was  n e a r e r  the  l o w e r  l i m i t  (Table  1). 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  h i p p o c a m p u s  r e m a i n e d  wi th in  n o r m a l  l i m i t s  in only  one of the  10 r a b b i t s .  In s ix  
a n i m a l s  it  was  s i g n i f i c a n t l y  below n o r m a l ,  whi le  in t h r e e  r a b b i t s  it  was  s l i g h t l y  above  the u p p e r  l i m i t  of  
n o r m a l  (Table  2). C o m p a r i s o n  of  the  change s  in 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 h y p o t h a l a m u s  and h i p -  
p o c a m p u s  of  i nd iv idua l  r a b b i t s  showed  tha t  in fou r  a n i m a l s  it  was  l o w e r e d  in both p a r t s  of  the  b r a i n  and 
in two r a b b i t s  it was  l o w e r e d  in the  h i p p o c a m p u s  on ly ,  r e m a i n i n g  at  the  l o w e r  l i m i t  of  n o r m a l  in the  
h y p o t h a l a m u s .  In  t h r e e  a n i m a l s  the  s e r o t o n i n  c o n c e n t r a t i o n  was  s i g n i f i c a n t l y  r a i s e d  in the  h i p p o c a m p u s  
and a l m o s t  unchanged  in the  h y p o t h a l a m u s .  On s t a t i s t i c a l  a n a l y s i s  of  the  da t a  by the me thod  of  m e a n  v a l u e s  
a s i g n i f i c a n t  d e c r e a s e  in the  s e r o t o n i n  l e v e l  in the  h y p o t h a l a m u s  and a t e n d e n c y  t o w a r d  a d e c r e a s e ,  a l -  
though  not  s i gn i f i c an t ,  in the  h i p p o c a m p u s  w e r e  d i s c o v e r e d .  

In the  p r o d u c t i v e  phase  of i m m u n o g e n e s i 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 h y p o t h a l a m u s  was  l ow-  
e r e d  by 20%. 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 h i p p o c a m p u s  was  s i g n i f i c a n t l y  below n o r m a l  in s ix  of 10 
r a b b i t s ,  wi th in  n o r m a l  l i m i t s  in t h r e e ,  and s i g n i f i c a n t l y  h i g h e r  than  n o r m a l  in one.  

The r e s u l t s  show tha t  s e r o t o n i n e r g i c  s t r u c t u r e s  of  t h o s e  p a r t s  of  the  l i m b i c  s y s t e m  tha t  a r e  c o n c e r n e d  
wi th  the r e g u l a t i o n  of  i m m u n o g e n e s i s  t ake  p a r t  in the  r e s p o n s e  of  the  body to an  a n t i g e n i c  s t i m u l u s :  
P r e s u m a b l y  a change  in the  c o n c e n t r a t i o n  of  a n e u r o t r o p i c  a m i n e  with  such  h igh  b i o l o g i c a l  a c t i v i t y  a s  
s e r o t o n i n  i s  bound to be r e f l e c t e d  in the  s t a t e  of  the  s e r o t o n i n e r g i c  s t r u c t u r e s  and of  the  s y s t e m s  u n d e r  
t h e i r  c o n t r o l .  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  l i m b i c  s t r u c t u r e s  is  known to d e t e r m i n e  the func t iona l  
s t a t e  of  the p i t u i t a r y - a d r e n a l  s y s t e m .  An e x p e r i m e n t a l  i n c r e a s e  in the  s e r o t o n i n  l e v e l  in the d o r s a l  
p o r t i o n  of the h i p p o c a m p u s  o r  in the h y p o t h a l a m u s  l e a d s  to a c o r r e s p o n d i n g  d e c r e a s e  o r  i n c r e a s e  in the  
s e c r e t i o n  of c o r t i c o s t e r o i d s  [7]. The h t p p o c a m p u s  has  a d e l a y i n g  e f f ec t  on the  s e c r e t o r y  a c t i v i t y  of t he  
h y p o t h a l a m i c - p t t u i t a r y - a d r e n a l  s y s t e m ,  w h e r e a s  the  h y p o t h a l a m u s  s t i m u l a t e s  the  s e c r e t o r y  funct ion of 
the  s u b o r d i n a t e  s y s t e m  [131. The  d e c r e a s e  in the s e r o t o n i n  l e v e l  in the  h t p p o c a m p u s  o b s e r v e d  in the  
e a r l y  p h a s e s  of  i m m u n o g e n e s i s  c o n c e i v a b l y  l e a d s  to weaken ing  of  the  o r d i n a r y  d e l a y i n g  e f f e c t s  of t h i s  
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par t  of the l imbie s y s t e m  on the hypothalamus and the hormonal  sy s t em under  its control .  This  evidently 
br ings about the cha r ac t e r i s t i c  hypothalamic s t imulat ion of the s y s t e m  under  its control ,  and this could 
lead to an inc rease  in the sec re t ion  of ad renocor t i ca l  ho rmones  concerned with the regulat ion of the state 
of the immunocompeten t  organs  [2]. Inc reased  secre t ion  of co r t i cos t e ro ids  up to a ce r ta in  level  is evidently 
a fac tor  control l ing the immunological  p roce s s  in its e a r l y  s tages ,  for  a f t e r  injection of an antigen the i r  
blood concentrat ion r i s e s  rapidly [8]. Lowering of the serotonin concentra t ion in the hippocampus was 
cha r ac t e r i s t i c  of mos t  of the immunized  an imals .  In the inductive phase of immunogenes is ,  however,  the 
serotonin concentra t ion in the h ippoeampal  s t r uc tu r e s  of one- th i rd  of the an imals  was significantly above 
the upper  l imit  of no rmal .  In this  connection it is in teres t ing  to note that in about one- th i rd  of the i m -  
munized an imals  low immunologic reac t iv i ty  was found. The highest  t i t e r  of antibodies recorded  on the 
6th-Sth day a f t e r  immunizat ion in one- th i rd  of the an imals  did not exceed  1 : 5-1 : 20, whereas  in mos t  of 
the expe r imen ta l  an imals  it reached 1 : 80-1 : 320. 
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