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The direct  cor t ica l  response in the supresylvian gyrus during hyper thermia  and after  res tora t ion 
of t empera ture  homeostasis  was investigated in acute experiments on anesthetized cats kept in 
a hot chamber  in which the air  t empera ture  was 45~ As soon as the body tempera tu re  reached 
40~ hype~:thermia began to cause initial inhibition, followed by total disappearance,  of the slow 
negative potential, and only when the tempera ture  exceeded 43~ was gradual depress ion of the 
dendrit ic potential found. Restorat ion of normothermia  after preceding hyper thermia  was ac-  
companied by a slight tendency for the pa ramete r s  of the slow negative potential to r e tu rn  to 
normal.  Analysis of changes in the dendritic potential to paired stimuli showed that a high 
tempera ture  affects chiefly the presynaptic  components of axodendritic cor t ica l  synapses.  On 
the basis of the differential action of heat on the various components of the direct  cor t ical  
response  it is concluded that functionally different cor t ica l  cells differ in their  sensit ivity to 
hyperther mia. 
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Electrophysiological  analysis of the action of a high tempera ture  direct ly on the excitability of single 
units in the projection cortex to stimulation of receptors  or  of peripheral  nerves  is difficult because hyper -  
thermia  may have a marked effect on the mechanisms of impulse conduction in the nuclei of the corresponding 
sensory  pathways [1-3, 8]. To charac te r i ze  the cor t ica l  mechanisms proper ,  when the heat balance is disturbed, 
it is therefore  necessa ry  to study those bioelectr ical  responses  whose mechanism is confined to the cor t ica l  
level. An adequate method for such investigations is to use the direct  cor t ica l  response (DCR) to stimulation 
of the cor t ical  surface,  which ref lects  activity not only of apicaI dendri tes,  but also of glial cells [5, 6, 10, 13, 
14]. The effect of hyper thermia  on p re -  or  postsynaptic t r ansmiss ion  of excitation in cor t ica l  axodendritic 
synapses can be assessed  by studying the relationship between dendritic potentials to paired stimuli [7]. 

The object of this investigation was to study the various components of the DCR and the charac te r  of 
interaction of the dendritic potentials during hyperthermia.  

EXPERIMENTAL METHOD 

In acute experiments on 12 cats the cerebral cortex was exposed under deep pentobarbital (60-70 mg/kg) 

anesthesia. The cortical surface was stimulated by square pulses (0.05-0.1 msec, 5-30 V, 0.2 Hz) through sil- 

ver bipolar electrodes (interpolar distance 0.5 ram) from an ]~SU-I stimulator. In most experiments the inten- 

sity of stimulation was 3-10 V for evoking paired dendritic potentials with an interval of 50 msec and 20-30 V 

for reproducing the slow negative potential. The DCR was recorded by a monopolar technique using silver 

electrodes (diameter of tip 0.3 ram), located 1-2 mm away from the stimulating electrode. The steel needle 

reference electrode was inserted into bone above the frontal sinus. After amplification of the potentials by 

means of an ac amplifier with time constants of 0.7 sec the DCR was recorded from the screen of a CI-18 

cathode-ray oscilloscope. 

Hypertherrnia was induced by placing the animal in a hot chamber in which the air temperature was auto- 

matically maintained at 45~ The degree of hyperthermia was recorded by an electrothermometer inserted 

into the rectum for a distance of 5 cm. The DCR was investigated as the temperature was raised degree by 

degree, and in the terminal phase of hyperthermia when the body temperature was 44-45~ The results were 

subjected to statistical analysis by the "Odra ~ computer. 
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T A B L E  1. Changes  in A m p l i t u d e  P a r a m -  
e t e r s  of  D i r e c t  C o r t i c a l  R e s p o n s e  d u r i n g  
H y p e r t h e r m i a  (in % of  i n i t i a l  level )  ; 
M=~m 

Re ct alct am pera - 
ture, DP SNP 

38 
39 
40 
4! 
42 
43 
44 
45 

94,54-3,5 
88,54-5,5 
96,44-9,9 
99,74-10,9 

107,34-9,4 
89,0-4-7,7 
72,2-t-2,9" 
61,24-8,t* 

96,1 +3,7 
86,5+4,8 
78,94-6,6* 
77,54-10,4" 
65,54-9,0* 
67,84-8,9* 
32,04-2,9" 
8,8+3,2" 

*Values  d i f f e r i ng  s t a t i s t i c a l l y  s i g n i f i -  
c a n t l y  f r o m  i n i t i a l  v a l u e s .  

F ig .  1. Changes  in DCR d u r i n g  h y p e r t h e r m i a :  I) 37~ II) 38~ III) 39~ IV) 40~ 
V) 41~ VI) 42~ VII) 43~ VIII) 44~ C a l i b r a t i o n :  a m p l i t u d e  500 pV, t i m e  20 
m s e c .  

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  

The  DCR in the  s u p r a s y l v i a n  g y r u s  in r e s p o n s e  to s t i m u l a t i o n  of  about  t h r e s h o l d  s t r e n g t h  c o n s i s t e d  of a 
t r u e  d e n d r i t i c  p o t e n t i a l  (DP),  f o r m e d  by a n e g a t i v e  wave  with a l a t en t  p e r i o d  of 0 .5 -1 .5  m s e c  and an a m p l i t u d e  
of 715.4 :~ 137.5 pV and a d u r a t i o n  of not m o r e  than  20 m s e c .  With an i n c r e a s e  in the  s t r e n g t h  of s t i m u l a t i o n ,  
the  i n i t i a l  n e g a t i v e  wave  and a f t e r - p o s i t i v i t y  w e r e  fo l towed by a s low n e g a t i v e  p o t e n t i a l  (SNP), with an a m p l i -  
tude  of 594.9 • 102.2 pV and a d u r a t i o n  of  not m o r e  than  200 m s e c .  

E x p o s u r e  to a high t e m p e r a t u r e  was a c c o m p a n i e d  by r e g u l a r  changes  in the  c o r t i c a l  p o t e n t i a l s  (Tab le  1). 

E l e v a t i o n  of the  body t e m p e r a t u r e  f r o m  37 to 39~ c a u s e d  v a r i o u s  changes  in DP and SNP,  which  weakened  
o r  i n c r e a s e d  in  i n t e n s i t y  in d i f f e r e n t  e x p e r i m e n t s  on the  a v e r a g e  by 15-25% (Fig .  1). S o m e t i m e s  a de f in i t e  d i s -  
s o c i a t i o n  of the  v a r i o u s  c o m p o n e n t s  of  DCR was o b s e r v e d ,  as  r e f l e c t e d  in an i n c r e a s e  in v o l t a g e  of DP with 
s i m u l t a n e o u s  d e p r e s s i o n  of the  a m p l i t u d e  of  SNP. H o w e v e r ,  changes  in the  a m p l i t u d e  and t e m p o r a l  p a r a m e t e r s  
of  the  e l e c t r o c o r t i c a l  r e s p o n s e s  wi th in  the  t e m p e r a t u r e  r a n g e  w e r e  not s t a t i s t i c a l l y  s i g n i f i c a n t .  R a i s i n g  the 
t e m p e r a t u r e  f r o m  40 to 43~ c a u s e d  a m a r k e d  d e c r e a s e  in the  d u r a t i o n  and i n t e n s i t y  of SNP on the  a v e r a g e  by 
24-35% and an i n c r e a s e  in a m p l i t u d e  of the  p o s i t i v e  p o t e n t i a l  by 20-40%, w h e r e a s  the  magn i tude  of DP was not 
a p p r e c i a b l y  changed .  A f u r t h e r  i n c r e a s e  in h y p o t h e r m i a  as  a r u l e  was  a c c o m p a n i e d  by p r o g r e s s i v e  d e p r e s s i o n  
of  SNP,  the  s u c c e s s i v e  d e g r e e s  of which w e r e  r e a c h e d  c o n s i d e r a b l y  in advance  of  t h o s e  of  DP. The  d i f f e r e n t i a l  
e f fec t  of  h y p e r t h e r m i a  on the  c o m p o n e n t s  of  DCR was  p a r t i c u l a r l y  c l e a r l y  m a n i f e s t e d  wi th in  the  t e m p e r a t u r e  
r a n g e  of  43-44~ when s l i gh t  d e p r e s s i o n  of the  i n i t i a l  DP could  s o m e t i m e s  be c o m b i n e d  with a c o m p l e t e  b lock  
of  SNP. 

C o m p a r i s o n  of  the  r a t e s  of ex t i nc t i on  of  DP and SNP in the f ina l  s t a g e s  of  the  p r o c e s s  showed tha t  the  
f o r m e r  was much m o r e  r e s i s t a n t  to the  a c t i o n  of h y p e r t h e r m i a .  The  l a t e  p o s i t i v e  wave  of the  r e s p o n s e ,  con -  
nec t ed  with s e c o n d a r y  e x c i t a t i o n  of the deep  l a y e r s  of the  c o r t e x ,  a l so  was d e p r e s s e d  s o o n e r  than  DP. 

The  h i g h e r  s e n s i t i v i t y  of SNP than  of the  o t h e r  c o m p o n e n t s  of DCR was c o n f i r m e d  by the change  in t h e i r  
a m p l i t u d e s  du r ing  spon t aneous  r e s t o r a t i o n  of  n o r m a l  body t e m p e r a t u r e  a f t e r  h y p e r t h e r m i a  to 42~ A f t e r  the  
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Fig. 2. Changes in a f te r -d i scharges  during hyperthermia.  
I) 37~ II) 39~ III) 41~ IV) 42~ V) 43~ VI) 44~ 
Calibration: amplification 500 #V, t ime 250 msec.  

Fig. 3. Changes in dendritic potentials to paired stimuli during hyperthermia.  Inter-  
val between stimuli  60 msec.  1) 37~ II) 39~ III) 40~ IV) 41~ V) 42~ Cal i -  
bration: amplification 500 pV, t i m e  20 msec.  

initial t empera tu re  had been reached the charac te r i s t i cs  of DP differed only a little f rom their  initial values,  
whereas SNP was only 70-80% of its initial value, indicating slow recovery  of the functional activity of the 
cor t ica l  cells responsible  for the mechanisms of generation of the long e lec t r ica l  potentials.  

In some cases single stimulation of the cor t ica l  surface caused an a f t e r -d i scharge  consist ing of a se r ies  
of negative waves (Fig. 2}. With a high degree of hyper thermia  a decrease  in the amplitude and duration of the 
a f te r -d i scharges  was observed,  or they disappeared completely in the terminal  stage of the process .  Changes 
in the a f t e r -d i scharge  discovered in the final stages of hyper thermia  were probably due to a disturbance of the 
reverbera t ion  of excitation under these conditions between the cor tex  and the nonspecific thatamic nuclei [5]. 

When changes in DP to paired stimuli  were studied the weakening of the second response in t~e interval  
up to 60 msec was evidently due to exhaustion of the mediator  at the t ime of a r r iva l  of the second st imulus {7]. 
When the body tempera ture  was raised to 40~ the amplitude of the f i rs t  DP remained stable as the potential 
increased in response  to the second st imulus,  so that the difference in magnitude of the two responses  d i s -  
appeared (Fig. 3). With a fur ther  increase  in hyper thermia  this tendency continued. Considering that the p re -  
synaptic impulse causes the synchronous development not only of an increase  in l iberation of the mediator ,  but 
also its mobilization, the charac te r  of interaction of DP to paired stimuli observed in these experiments  may be 
evidence that hyper thermia  influences mainly the presynaptic  components of the cor t ical  axodendritic synapses.  

During analysis  of these results  the f i rs t  point to note is the high res i s tance  of the cor t ical  neurons when 
tempera ture  homeostasis  is disturbed. On the basis of Roitbak's  hypothesis [6, 7] on the glial origin of long 
e lec t r ica l  potentials it can tentatively be suggested that the initial depress ion and even the complete block of 
SNP recorded in the present  experiments  are  evidence of a direct  inhibitory effect of hyper thermia  on cor t ica l  
glial  cells. The development of hyper thermia  evidently p r imar i ly  depresses  the mechanisms of glial depolar i-  
zation without any significant initial effect on postsynaptic activity of the apical dendrites of pyramidal  neurons.  

The data of Svaetichin et al. [15] are  evidence of the higher sensit ivity of the glia than of the neurons to 
changes in t empera tu re  homeostasis .  In this connection it can be suggested that even within the cortex itself 
there  are  marked differences in the sensit ivity of functionally different types of cells to hyperthermia.  The 
dissociation in the charac te r  of response  of elements of the neuroglial  complex, responsible  for the in ter -  
dependent influences of neurons and glial cells [4, 6, 9, 11, 12] could be one of the mechanisms leading to a dis-  
turbance of cor t ical  integrative activity in the hyper thermic  organism.  
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L I B E R A T I O N  O F  H I S T A M I N E  A N D  S E R O T O N I N  AND V A S C U L A R  

P E R M E A B I L I T Y  IN AN A C U T E  A S E P T I C  I N F L A M M A T O R Y  F O C U S  

R.  U. L i p s h i t s  a n d  N. A.  K l i m e n k o  UDC 616-002:616-003.727+616.13<16 

Degranulation of mast  cells of a peri toneal  suspension and of the mesentery  of the small  
intestine and liberation of his tamine and serotonin in albino rats  with acute aseptic pe r i -  
tonitis were shown to begin during the f i rs t  minute after injury and to reach a maximum 
at the fifth minute. By the 15th minute the concentrat ions of the free amines had fallen 
sharply and did not differ significantly f rom the initial levels.  The dynamics of the 
immediate phase of increased vascular  permeabil i ty  corresponded to the dynamics of the 
free amines.  The most marked increase  in vascular  permeabi l i ty  was observed at the 
10th-15th minutes. By the 20th minute it was appreciably lower. P re l iminary  exhaustion 
of histamine and serotonin r e se rves  reduced the degree of disturbance of vascular  pe rme-  
ability only duringthe first  15 min after  application of the inf lammatory agent. It is con- 
cluded that histamine and serotonin cause disturbance of vascular  permeabi l i ty  in acute 
aseptic peritonitis chiefly during the f i rs t  15 min after injury. 

KEY WORDS: acute aseptic inflammation; mast cel ls ;  histamine; serotonin; vascular  
permeabil i ty  

The principal  mediators of the microe i rcu la to ry  changes that charac te r ize  the initial phase of inf lamma- 
tion are  histamine and serotonin. However, the duration of the period within which the action of these amines 
is the determining factor in the increased vascular  permeabil i ty  in a focus of acute inflammation has not yet 
been established. 

Most of the data on the role of histamine and serotonin in the immediate phase of increased vascular  
permeabi l i ty  are based on their  pharmaeodynamic action. The dynamics of the mediators  in the focus of 
inflammation direct ly after  application of the inf lammatory agent has not been studied. 
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