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Changes in t e m p e r a t u r e  regula t ion  were  compa red  with morphologica l  changes in var ious  
p a r t s  of the CNS of unanesthet ized albino r a t s  cooled by different  methods.  The ro le  of 
a f ferent  impulses  f r o m  the cooled t i s sues  and of t h e r m o r e g u l a t o r y  exci tat ion of nervous  
s t r u c t u r e s  in the genes is  of morphological  changes in neurons  of the r e t i c u l a r  format ion ,  
m a m m i l l a r y  bodies ,  and spinal cord  was es tabl ished.  Morphological  changes in cor t ica l  
neurons  a re  evidently due to the d i rec t  action of cold on the brain .  
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Data on morphologica l  changes in the CNS of unanesthet ized animals  during hypothermia  a re  l imi ted  
[1, 2]. There  is no informat ion on b ra in  pa thomorphology assoc ia ted  with different  methods of cooling. L i t -  
t le l ikewise  is known of the mechan i sms  of the morphological  d i so rde r s  at different  leve ls  of the CNS. 

The object  of this invest igat ion was to compare  t h e r m o r e g u l a t o r y  changes in the body with morpho-  
logical  changes in var ious  pa r t s  of the CNS in unanesthet tzed albino r a t s  cooled by different methods.  

Fig, 1. Neurons of mesencepha l ic  r e t i cu l a r  fo rmat ion  of un- 
anes the t ized  albino r a t s  (stained by N i s s l ' s  method): a) control  
r a t ,  230 x; b) genera l  cooling to 30~ h y p e r c h r o m i a  of nucleus,  
pu lver iza t ion  and lys i s  of t igroid ,  600 x; c) cooling of body com-  
bined with w a r m i n g  of head: shrinking of neurons;  f r a g m e n t a -  
tion and par t ia l  l iquefact ion of t igrotd;  deformat ion  of nuclei;  
s taining and swelling of p r o c e s s e s ,  900 x. 
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E X P E R I M E N T A L  M E T H O D  

Unanesthet ized albino r a t s  (180-250 g) fixed in wi re  
cages  were  exposed to cooling of the whole body (24 rats},  
isolated cooling of the head (16), cooling of the head with 
wa rming  of the t runk (12}, or  cooling of the whole body 
and warming  of the head i l l ) .  The t runk or head of the 
r a t s  (corresponding to the method of cooling} was covered  
with polyethylene bags containing a mix tu re  of ice and sal t  
(4-7~ or with hot wa te r  bott les  (38-40~ With all 
methods of cooling (except cooling the head and warming  
the trunk} the r ec t a l  t e m p e r a t u r e  felI to 30~ The dura -  
tion of cooling was 120 • 3 rain. The skin t e m p e r a t u r e  (in 
the region of the outer  th i rd  of the thigh) and bra in  t e m -  
pe r a tu r e  (in the cor tex  and in the mesencephal ic  r e t i cu l a r  
format ion;  in the l a t t e r  case  cor responding  to s t e reo tax ic  
coordinates  AP =5,  H=7.5 ,  L =1.5 [8]} were  measu red  be -  
fore and a f te r  cooling by means of e lec t r i ca l  r e s i s t a n c e  
t h e r m o m e t e r s .  The oxygen demand was de te rmined  in a 
c losed chamber  [7]. E lec t r ica l  act ivi ty  of the musc les  
(EAND also was r e c o r d e d  as the f requency  of muscu la r  
osci l la t ions and the i r  a r ea  in in tegra tor  units [3]. 

After  cooling, the an imals  we re  killed for his tolog-  
ical examinat ion of neurons  (celloidin sect ions  s ta ined 
by Ni s s l ' s  method, p r e l i m i n a r y  fixation in Carnoy ' s  fluid) 
of the c e r e b r a l  cor tex  (CC), the preopt ic  region of the 
an te r io r  hypothalamus (AH}, the m a m m i l l a r y  bodies of 
the p o s t e r i o r  hypothalamus (PH), the mesencephal ic  r e t i c -  
ular  format ion  (RF), and the ce rv ica l  port ion of the spinal 
cord  (SC}. In frontal  b ra in  sect ions  the number  of sl ightly 
and cons iderably  changed neurons  was counted in eve ry  
hundred neurons .  The following p a r a m e t e r s  were  used-- 
the volume of the les ion (VL) - the total  number  of a l t e red  
neurons pe r  100 in a pa r t i cu l a r  pa r t  of the bra in ,  and the 
s eve r i t y  of the les ion (SL) - the number  of s e v e r e l y  
changed neurons in 100 examined.  

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  

During whole-body cooling, as well  as during cooling 
of the body combined with wa rming  of the head, cons ide r -  
able morphological  changes (chromatolys is  to a var ied  
degree ,  hypochromia  and hype reh romia  of the neurons or 
thei r  pa r t s ,  inc reased  basophi l ic  staining of the nucleus,  
an eccen t r i c  posit ion of the nuclei and nucleol[,  etc.) we re  
obse rved  in the neurons  of RF,  PH,  and SC (Fig. 1). In 
the CC and AH neurons  the morphological  changes were  
r e l a t ive ly  slight.  

Af ter  isolated cooling of the head or cooling of the 
head combined with heating of the t runk,  cons iderable  
morphologica l  changes occu r r ed  in the CC and AH neu- 
rons ,  whereas  morphological  changes  in the RF,  PH, and 
SC neurons  were  r e l a t ive ly  sl ight (Table 1}. 

The mos t  s eve re  morphological  changes in CC and 
AH neurons  occu r r ed  in the exper imen t s  in which the 
bra in  t e m p e r a t u r e  fell cons iderably ,  and changes in RF,  



PH, and SC neurons  o c c u r r e d  af ter  cooling of the body, i .e . ,  when methods of cooling were  used in which an 
inc reased  flow of a f ferent  impulses  could have r eached  the nervous  cen te rs  [5, 6, 9] and induced the i r  t h e r -  
m o r e g u l a t o r y  excitat ion [4]. This is shown by an inc rease  in the intensi ty of the t h e r m o r e g u l a t o r y  r e -  
sponses ,  mani fes ted  as an inc rease  in the oxygen demand and the e lec t r ica l  act iv i ty  of the nuscles ,  Af ter  
genera l  cooling of the an imals  the bra in  t e m p e r a t u r e  a lso  fell ,  but this fac tor  evidently did not p lay  an e s -  
sent ia l  role ,  for when the head was w a r m e d  and the b ra in  t e m p e r a t u r e  was maintained at a r e l a t ive ly  high 
level ,  the s eve r i t y  of the morphological  changes in the RF,  PH, and SC neurons  was the s ame  as a f te r  cool-  
ing of the whole body. The t e m p e r a t u r e  gradient  between the c e r e b r a l  cor tex  and brain  s t e m  was only 1.1 ~ 
a f te r  cooling of the whole body, but 1.8 ~ af ter  isolated cooling of the head. The t e m p e r a t u r e  di f ferences  be -  
tween the super f ic ia l  and deeper  pa r t s  of the bra in  thus could not have p layed an essent ia l  ro le  in the p r o -  
duction of the morphologica l  changes.  

The facts  descr ibed  above indicate the impor tance  of the bra in  s t e m  and spinal  cord  in the regulat ion 
of heat m e t a b o l i s m  during exposure  to low t e m p e r a t u r e s .  Neurons of the c e r e b r a l  cor tex  evidently a re  the 
mos t  sens i t ive  to the d i rec t  action of cold on the CNS. 
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