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Unit act ivi ty in the media l  preopt ic  and septa l  regions of  the brain  was studied in rabbi ts  in 
response  to changes in the local t e m p e r a t u r e  and to sy s t emic  injection of leukocytic and bac -  
t e r i a l  pyrogens .  A dec rease  in the discharge frequency of warmth  r ecep to r s  and activation 
of cold r ecep to r s  were  found Under the influence of the pyrogens .  Leukocytic  pyrogen in-  
duced a f a s t e r  dec rease  than bac ter ia l  pyrogens  in the act ivi ty of warmth  r ecep to r s .  T e m -  
p e r a t u r e - n e u t r a l  neurons did not r e spond  significantly to pyrogens  of e i ther  type.  
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Bac te r i a l  pyrogens  (BP} have been shown to depress  act ivi ty  of wa rmth  neurons of the an t e r io r  hypo- 
tha lamus  [5, 6, 9]. No such invest igat ions have been c a r r i e d  out with leukocytic pyrogen (LP}. 

Accordingly,  in the investigation descr ibed  below, the effect  of sys temic  injection of L P  on e l ec t r i ca l  
act ivi ty of t he rmosens i t i ve  neurons in the an te r io r  hypothalamus was studied. 

EXPERIMENTAL METHOD 

Single unit ac t iv i ty  in the septa l  and media l  preopt ic  regions of the bra in  was invest igated in acute ex-  
pe r imen t s  on rabbi ts  under  u r e t h a n e - c h l o r a l o s e  anes thes ia  and with ar t i f ic ia l  venti lat ion.  

T o  produce local changes in the t e m p e r a t u r e  of the an t e r io r  hypothalamus (AH) and to moni tor  its 
t e m p e r a t u r e  g l a s s - w a t e r  t he rmodes  (external  d i ame te r  0.8-0.9 mm) inser ted  in accordance  with angular  
coordinates  with t ips  at the posi t ion A4H12.sL2.0, and a thermocouple  located at A4H12.sL 0 were  used [10]. 

To de termine  the p rec i se  location of the t r a c k  f rom the mic roe l ec t rode ,  a needle 0.5 m m  in d i ame te r  
was inser ted  into the bur r -ho le  by the rep lacement  method and the site of injury was identified in brain 
sect ions .  

Neurons were  identified by calculat ing the mean  f i r ing ra te  and by continuously record ing  the function 
of the mean  instantaneous f requency a f t e r  integrat ion of the spike t r a in  on the MN-7M analog compute r .  
Neurons were  regarded  as t e m p e r a t u r e - s e n s i t i v e  if the mean  f requency was increased  by more  than 24% 
p e r  degree  {Ql0 > 2.4). 

Pyrogenal  (5 #g/kg)  and L P  obtained f rom 10.5-107 per i tonea l  exudate cel ls  (from the Pyrogens  Group, 
Depar tment  of Genera l  Pathology, Insti tute of Exper imenta l  Medicine} were  used. The m a t e r i a l  for  in jec-  
t ion was s te r i l i zed  by dry  heat at 180~ for  3 h; solutions were  made up in bidistiUed water .  

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 the contro l  s e r i e s  of expe r imen t s  (rectal  t e m p e r a t u r e  38~176 intravenous injection of 3 ml  
L P  caused the t e m p e r a t u r e  to r i se  on the average  f rom the 10th minute with a max ima l  inc rease  (0.8~ 
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TABLE 1. Firing Pattern of Anterior Hypothalami~ Neurons 
(spikes/see) Following Injection of LP and BP (mean data) 
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F i g .  1. C h a n g e s  in f i r i n g  p a t t e r n  o f  a n t e r i o r  h y p o t h a l a m i c  

n e u r o n s  u n d e r  t h e  i n f l u e n c e  of  l o c a l  t e m p e r a t u r e  c h a n g e  and 

of  s y s t e m i c  p y r o g e n  (LP) .  F i g u r e s  on  l e f t  show m e a n  f i r i n g  

r a t e  ( s p i k e s / s e e ) ,  on  r i g h t  c h a n g e s  in l o c a l  t e m p e r a t u r e .  A r -  
r o w  i n d i c a t e s  t i m e  of  i n j e c t i o n  o f  L P  and  i s  f o l l o w e d  by r e c -  
o r d  o f  d y n a m i c s  o f  d i s c h a r g e  a t  m i n u t e s  s p e c i f i e d .  T w o  l a s t  
r e c o r d s  s h o w  a c t i v i t y  o f  a t h e r m o n e u t r a l  n e u r o n  l o c a t e d  in 

t h e  i m m e d i a t e  v i c i n i t y  o f  a t h e r m o s e n s i t i v e  n e u r o n  i m m e d i -  
a t e l y  a f t e r  a c t i v i t y  o f  t h e  l a t t e r  w a s  b l o c k e d .  
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Fig. 2. Mean f i r ing rate  of t he rmosens i t i ve  neuron dur -  
ing init ial  per iod (I) and in f i r s t  15 min  a f t e r  injection of 
L P  (II, III).  Fi r ing ra te  (in s p i k e s / s e e )  shown on left; a r -  
row indicates t ime  of injection of LP .  

a f t e r  30-40 min.  Injection of 15 ~g pyrogenal  in 3 m l  physiological  sal ine ra i sed  the r ec ta l  t e m p e r a t u r e  
a f t e r  15 mln,  with a m ax i m a l  inc rease  (1.6"C) 1.5 h a f t e r  injection. 

In the main  s e r i e s  of expe r imen t s  the response  of 10 neurons to BP and of 20 neurons to L P  was in- 
ves t iga ted .  As a f i r s t  s tep,  the c h a r a c t e r  of sens i t iv i ty  of these  neurons to a local  t e m p e r a t u r e  s t imulus 
was es tab l i shed  [6]. 

In r e sponse  to injection of L P  activi ty of the warmth  r e c e p t o r s  dec rea sed  sharp ly  or  d i sappeared  
a l toge ther  (Table 1). The durat ion of the block to the different  neurons va r i ed  f rom 5 to 9 min.  The r e -  
sponse las ted 25-45 min, a f t e r  which the act ivi ty  of  th ree  neurons  was gradual ly  r e s t o r e d t o  its initial level .  
A r eco rd  of the response  of a warmth  r ecep to r  to intravenous injection of 3 ml  LP  is shown in Fig. 1. 

The f ir ing ra te  of  four cold r e c e p t o r s  rose  sharp ly  during the f i r s t  5 min a f t e r  injection of LP,  r e -  
mained high f rom the 6th to the l l t h  minute,  and then re turned to its initial  level  (Table 1). Despite the 
opposite nature of changes in act ivi ty in the neurons of the f i r s t  and th i rd  groups,  a feature  common toboth  
was that  the beginning of the response  Coincided and took place on the average  8 min a f t e r  injection of LP .  
The dynamics  of  the response  of the wa rm t h  r ecep to r  is shown in Fig. 2. 

Two other  groups - t he rmoneu t r a l  (group 2) and in terneurons  (group 4) - showed no substant ia l  change 
in the i r  f i r ing pa t te rn  a f t e r  injection of L P  (Table 1). 

All warmth  r e c e p t o r s  invest igated responded to injection of BP by a sha rp  dec rease  in act ivi ty f rom 
the 16th minute a f t e r  injection. The i r  r e sponse  was thus of the same type as that to injection of LP,  but 
the latent per iod was longer  (almost  twice).  The f i r ing pa t te rn  of the t h e r m o n e u t r a l  neurons was unchanged 
under  these  conditions (Table 1). 

As a resu l t  of these  expe r imen t s  two r egu l a r  fea tures  were  d i scovered  in the response  of the var ious  
groups of an t e r io r  hypothalamic neurons  to sys temic  injection of bac te r i a l  l ipopolysacehar ide  (BP) and of 
the product  of act ivated granulocytes  (LP). 

Only the t e m p e r a t u r e  r e c e p t o r s  were  found to change the i r  level  of act ivi ty in r e sponse  to injection 
of both types  of pyrogens .  There  was a significant difference in the t imes  of onset of the response  to L P  
and BP, which di rec t ly  conf i rms  the view that the effect  of  BP on the t h e r m o r e g u l a t o r y  sys tem is media ted  
through the l iberat ion of endogenous leukocytic products  [3, 4, 8]. 

The high pe rmeab i l i ty  of  the hypothalamus to subs tances  of different  types  and the re la t ive ly  rapid 
response  of neurons in this par t  of the b ra in  to injection of L P  apparent ly  conf i rm the penetra t ion of L P  
d i rec t ly  to the t he rmosens i t i ve  cel ls  of the a n t e r i o r  hypothalamus.  
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It is of course  difficult to extrapolate  the resul ts  of an acute exper iment  to the level  of the intact o r -  
ganism under  natural  conditions. Never the less ,  the surpr i s ing  coincidence in the t imes  of onset  of the r e -  
sponse to injection of the pyrogens in acute and chronic exper iments  and at the m a c r o -  and microphys io log-  
ical  levels  [1, 2] makes  it possible to r ega rd  the resu l t s  f rom the same standpoint. The change in the ad- 
justing point for  the control  of body t empera tu re  during fever  is thus brought about by a change in activity 
of the warmth and cold de tec tor  cel ls  in opposite di rect ions .  Depending on the quantity of c i rcula t ing pyro-  
gen, presumably  both the degree of activity of these neurons and the number  of neurons rec ru i t ed  into the 
response  can be var ied.  

As regards  the in terneurons ,  although they do not change the i r  level  of activity in response  to the 
action of BP, they do ra ise  the threshold  of exci tabi l i ty to local  t empera tu re  st imulation [6]. 

The difference in the t imes  of onset  of the response  to injection of L P  and BP discovered  in these ex-  
pe r iments  is d i rect  confirmation of the view that the effect  of BP  on t empera tu re  regulation is exer ted  in- 
d i rec t ly  through the l iberat ion of endogenous leukocytic products  and the i r  interact ion with the t h e r m o r e g -  
u la tory  s t ruc tu re  s of the ante r i o t  hypothalamus.  

LITERATURE CITED 

1. E . M .  Belyavskii ,  Pat.  Fiziol . ,  No. 2, 30 (1965). 
2. E . M .  Belyavskii ,  "Effect  of pyrogens on t empera tu re  sensi t ivi ty of the an te r io r  hypothalamus," 

Author 's  Abst rac t  of Candidate 's  Disser ta t ion,  Leningrad (1966). 
3. E . M .  Belyavskii  and I. S. Repin, Pat. Fiziol. ,  No. 4, 46 (1969). 
4. M . D .  Khudaiberdiev, E. M. Belyavskii ,  and I. S. Repin, Pat.  Fiziol. ,  No. 5, 69 (1969). 
5. M. Cabanc, J .  A. J .  Stolwijk, and J.  D. Hardy, J .  Appl. Physiol . ,  2__4, 645 (1968). 
6. J . S .  Eisenman,  Am. J .  Physiol . ,  216,330 (1969). 
7. H . T .  Hammel,  Ann. Rev. Physiol . ,  3__0, 641 (1968). 
8. M . K .  King and W. B. Wood, J .  Exp. Med., 10__7, 291 (1958). 
9. A. Wit and S. C. Wang, Am. J .  Physiol . ,  21__55, 1160 (1968). 

10. C . H .  Sawyer, J .  W. Evere t t ,  and J. D. Green,  J .  Comp. Neurol. ,  101, 801 (1954). 

1287 


