
ROLE OF CERTAIN HYPOTHALAMIC STRUCTURES 

IN REGULATION OF IMMUNOBIOLOGICAL PROCESSES 

DURING IMMUNIZATION WITH BCG VACCINE 

G. R. Broun, S. S. Mogutov, UDC 615.371:576.852.211].015.46:612.826.4 
and G. S. Kan 

Destruction of the posterior hypothalamic nucleus in rabbits immunized with BCG vaccine lowered 
their sensitivity to tuberculosis. After immunization with a large dose of BCG vaccine, the number of neu- 
rons with spontaneous activity in the posterior hypothalamic nucleus was increased, but in the region of the 
mamillary bodies it was reduced. 

*** 

Recent investigations have demonstrated the important role of the posterior hypothalamus in the reg- 
ulation of immunogenesis [3, 6-8]. A factor of definite importance for this regulation is hypophyseal ACTH, 
the production of which, according to some observations [11-16], is regulated by basal structures of the 
posterior hypothalamus (in the region of the mamillary bodies). 

In the present investigation the effect of stereotaxic injury to the posterior hypothalamic nucleus on 
some immunobiological processes was studied in rabbits immunized with BCG vaccine (reactivity of the 
peripheral nervous structures to tuberculin, dynamics of the primary vaccinal focus, Mantoux test). The 
functional state of the posterior hypothalamic structures was also investigated in rabbits immunized with 
a large dose of BCG vaccine. 

EXPERIMENTAL METHOD 

The experiments o[ the first stage of the investigation were carried out on 23 rabbits weighing 2.5-3 
kg. Destruction of the posterior hypothalamic nucleus was carried out on ten animals by means of a stere- 
otaxic apparatus, and in two rabbits the brain damage was localized to the region of the thalamus. Seven 
days after the operation the experimental animals, and also six control rabbits, were immunized with Img 
BCG vaccine, injected into the skin of the hind limb. Five rabbits remained intact and acted as an addi- 
tional control. The vaccinated animals were used in the experiment between 15 and 40 days after injection 
of the vaccine. 

In an acute experiment under urethane anesthesia (0.9 gag intramuscularly) afferent activity was re- 
corded from the genicular branches of the saphenous nerve in both hind limbs. The potentials were ampli- 
fied by means of a type UBPl-02 ac amplifier and recorded on a type MPO-2 loop oscillograph. 

After the background afferent activity in an area of skin supplied by the genicular branch of the sa- 
phenous nerve had been recorded [or 30 sec, 0.2 ml of a solution of purified whole tuberculin was injected 
intradermally. Impulses evoked by injection of tuberculin were recorded during the first i0 sec and 30 sec 
and I, 2, 3, 5, and i0 rain after injection of tuberculin. 

The results were read by visual counting of the number of spikes, and statistical analysis was carried 
out by" StudentTs method. Altogether 59 injections of tuberculin were studied. 
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Fig.  1. F ron ta l  plane AP 3 (from Fificova and 
Marsa la ,  s a t l a s  of the r abb i t  t s brain) .  E l e c -  
t rode  t r ack  (indicated by ar row)  and i ts  sub -  
d ivis ion into zones of 600 p i l l u s t r a t ed  toge -  
the r  with functional s ta te  of each zone in one 
of the control  groups and at va r ious  t imes  
a f te r  immuniza t ion  with BCG. a) 7-10th day; 
b) 25-30th day; c) 60-70th day. 

The expe r imen t s  of the second stage of the inves t i -  
gation w e r e  c a r r i e d  out under acute  condit ions on 2 2  an-  
anes the t i zed  r abb i t s  weighing 2.5-3 kg, immobi l i zed  with 
l is thenon,  7-10, 25-30, and 60-70 days  a f t e r  i n t r a d e r m a l  
inject ion of 10 mg BCG vaccine.  At  each of these  t imes  
four r a bb i t s  took p a r t  in the exper iment .  Control  t e s t s  
were  c a r r i e d  out on intact  an ima l s  (two groups,  five r a b -  
bi ts  in each).  

Using s t e reo tax ic  coord ina tes ,  a tungsten m i c r o -  
e l ec t rode  (tip d i a m e t e r  4-10 #) was in se r t ed  into the r e -  
gion of the p o s t e r i o r  hypothalamic nucleus.  Next, in s teps 
of 60 #, the e l ec t rode  was moved by means  of a m i c r o -  
manipu la to r  f rom above downward along a t r ack  3000 # in 
length in the p o s t e r i o r  hypothalamus.  At  each step the 
p r e s e n c e  or  absence  of unit ac t iv i ty  was de t e rmined  in 
r e c o r d i ngs  made by means  of an e l ec t rophys io log ica l  ap -  
pa ra tus  manufac tured  at the expe r imen ta l  workshops  of 
the Inst i tute  of Expe r imen ta l  Medicine,  Academy of Medi-  
cal  Sciences  of the USSR. The t r ack  studied (3000 p) was 
divided convent ional ly  into five zones,  each 600 p long 
(Fig. 1). The index of the functional s ta te  of each zone 
was the ratio (in %) between the number of points at which 

spike activity was detected and the total number of points 

tested in that zone in all animals of the group. The ex- 
perimental and control results were compared and the 
statistical significance of the observed differences deter- 

mined. Altogether 2083 points were tested in the posterior 

hypothalamus. 

At the end of the experiments the location of the brain damage and the correctness of positioning of 

the electrode track in the hypothalamus were verified histologically (Fig. 2). 

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

The r e su l t s  of the e x p e r i m e n t s  of the f i r s t  s tage of the inves t iga t ion  showed (Fig. 3) that  inject ion of 
tuberc  ulin into intact  an ima l s  had v i r tua l ly  no effect on the frequency of a f fe ren t  impulses  r e c o r d e d  f rom 
the nerve .  Injection of tubercul in  into vaccinated  rabb i t s  caused  a definite,  s t a t i s t i c a l l y  s igni f icant  i n c r e a s e  
in the flow of a f ferent  impulses  which p e r s i s t e d  up to 3 rain of obse rva t ion  inclus ive .  The same r e s u l t s  
were  obtained a f t e r  in ject ion of tubercul in  into r a b b i t s  with b ra in  damage outside the p o s t e r i o r  hypothat -  
amic nucleus,  the reac t ion  to tubercul in  in this  case  being indis t inguishable  f rom the r eac t i ons  of intact,  
vaccinated an imals .  In r abb i t s  with des t ruc t ion  of the p o s t e r i o r  hypothalamic  nucleus there  was a s t a t i s -  
t ica l ly  s ignif icant  weakening of the r eac t ion  to tubercul in  c o m p a r e d  with the r eac t ion  of intact  vaccinated 
r abb i t s  and of an ima l s  with b ra in  damage located outside the p o s t e r i o r  hypothalamic nucleus .  This d i f f e r -  
ence in the intensi ty  of e l e c t r i c a l  ac t iv i ty  was observed  for  3 rain, a f te r  which it d i s appea red .  

Macroscopic  inves t iga t ion  of the p r i m a r y  vaccinaI  focus r evea led  some d i f fe rences  between its 
cour se  in rabb i t s  with a des t royed  p o s t e r i o r  hypothalamic nucleus compared  with immunized  an ima l s  of 
the other  groups .  The focus was  l a r g e r  in size,  and a r e a s  of n e c r o s i s  appeared  in it sooner .  The intensi ty  
of the Mantoux reac t ion  (1 : 10) in the an imals  with des t ruc t ion  of the p o s t e r i o r  hypothalamic nucleus was 
bas i ca l ly  the same as  in the intact  rabb i t s ,  but in the f o r m e r  a pos i t ive  r eac t ion  appeared  on the ave rage  
7 days l a t e r .  

During the expe r imen t s  to study the functional s ta te  of p o s t e r i o r  hypothalamic  s t r u c t u r e s  in immun-  
ized an imals ,  the basic  a ssumpt ion  was that  in the case  of exci ta t ion  of these  s t r u c t u r e s  the number  of a c -  
t ive points on the e lec t rode  t r a c k  would be inc reased ,  and during inhibition it would be reduced [5]. The 
exper imen ta l  r e su l t s  showed (Fig. 1) that  a s t a t i s t i ca l l y  s ignif icant  i n c r e a s e  in the number  of spontaneously 
active neuron~ took place in the vaccinated rabbits compared with the intact animals. The difference was 
most marked on the 25th-30th day after immunization, and by the 60th-70th day it was no longer statis- 
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Fig. 2. Frontal  sect ions through b ra in  at  level  
of p o s t e r i o r  hypothalamus:  a) Brain  damage  in 
region of p o s t e r i o r  hypothalamic nucleus; b) 
t r ack  of mic roe l ec t rode  through pos t e r io r  hy-  
pothalamic nucleus, s u p r a m a m i l l a r y  region,  
and region of m a m i l l a r y  bodies.  
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Fig. 3. Effect  of tubercul in  on af ferent  i m -  
pulse flow in regional  nerve .  Absc issa ,  t ime 
a f te r  injection of tubercul in;  ordinate,  in-  
c r e a s e  in a f fe ren t  act ivi ty (in sp ikes / s ec ) .  
Unshaded columns r e p r e s e n t  intact  rabbi ts ;  
obliquely shaded columns vaccinated rabbi ts ;  
c ro s s -ha t ched  columns vaccinated rabbi ts  
with des t ruc t ion  of p o s t e r i o r  hypothalamic 
nucleus; horizontal ly shaded columns vac -  
cinated rabbi t s  with des t ruc t ion  of other  
brain  regions .  

tically significant. In zones 2 and 3 (supermamillary re- 
gion) more significant differences were observed be- 
tween the activity of the vaccinated and intact rabbits. 
In the mamillary region (zones 4 and 5) a definite and 
statistically significant decrease in the number of active 

points was found in the vaccinated rabbits compared with the corresponding control values. The decrease 
in activity of these zones appeared on the 7th-10th day and was most marked on the 25th-30th day after in- 
jection of the vaccine. By the 60th-70th day after immunization the differences were no longer statisti- 
cally significant except in zone 5, where, although much reduced, they still remained statistically significant. 

The results of these experiments showed that during immunization by BCG vaccine the sensitivity of 
peripheral nervous structures to tuberculin is increased, in agreement with many observation by Soviet 
investigators [I, 3, 4]. 

The diminished reaction of peripheral nervous structures to tuberculin, the change in the dynamics 
of the primary vaccinal focus, and some decrease in the intensity of the Mantoux reaction observed in rab- 
bits with destruction of the posterior hypothalamic nucleus, and also the increase in activity of this nucleus 
in rabbits immunized with BCG vaccine suggest that the posterior hypothalamic nucleus plays a role in the 
development of immunity in response to BCG vaccination. This conclusion is in agreement with results 
obtained by Korneva and Khai [6-8], who demonstrated the importance of the posterior hypothalamic nucleus 
in the regulation of immunogenesis. 

When discussing the results of investigation of the functional state of the mamillary region, the re- 
lationship of this structure to stress mechanisms and to the regulation of ACTH secretion must be 
remembered. 
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There  can be no doubt that the p rocedures  to which the an imals  were  subjected in the course  of the 
exper iment  (operation, fixation in the s te reotaxic  appara tus ,  musc le  re laxants ,  and so on) produced a 
marked  s tate  of s t r e s s .  This evidently mus t  account for the high activi ty of the m a m i l l a r y  region in the 
intact an imals .  This is in a g r e e m e n t  with the observa t ions  of P o r t e r  [15], who found an i nc rea se  in the 
e lec t r ica l  act ivi ty of the m a m i l l a r y  region during p rocedures  causing s t r e s s .  

The dec rea se  in number  of spontaneously act ive neurons in the m a m i l l a r y  region of an imals  immun-  
ized with a la rge  dose of BCG vaccine is evidence of lowered reac t iv i ty  of this s t ruc ture  re la t ive  to s t r e s s -  
producing p rocedures  and suppor ts  the view that  hypothalamic mechan i sms  of s t imulat ion of ACTH s e c r e -  
tion a r e  inhibited during immunogenes is  evoked by BCG vaccination.  

The validity of this conclusion is conf i rmed by exper imenta l  and clinical  data indicating depress ion  
of the function of the pi tui tary  - adrenal  co r t ex  sy s t em in tuberculos is  and in ce r t a in  other  infectious and 
a l lergic  d i seases  [2, 9, 10, 17]. 
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