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Numerous papers have been published [1, 4, and orb'ors], dealing .,ith the effects of overheating of an 
organism on the permeability of various of iu  membtane~ and structures, including the capillary walls; data 
have also been published on the effect of h),'pert~hermia on the permeability of the hemato-encephalic barrier 
[ 2 . 7 ,  and others]. Insufficient attention has, however, been paid to the significance of the permeability factor 
as an adaptive function to the action of h i ~  temperatures, and virtually no data are available relating to the 
adaptati6n of permeai~ilit), functior, s to repeated exposure to Mgh temperature. The present paper deals with 
a Study of this problem. 

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

We applied the method of luminescence anal)~is, as elaborated by V. A, Iusin [5], to the stud)' of capillary 
permeabili ty.  As the indicator :r used a 1% solution of Akrlkhm h)'drochlortde (Mepacrine), which was in- 
jected subcutaneously at a rate of 50 rag pet kg body weight. Permeability was derived from the rate of re- 
sorption of A~ikhin from the site of injection, and from its concentration in various Organs after tile lapse of 
variot~ periods of t ime, Akri~:hin ccncentration was determined in the brain, hints, liver, kidneys, spleen, 
heart muscle, gastric and intestinal ,q'alls, and blood, The experimental animals were white rats, aged 8-12 
months~ mostly females, weigMng 150-200 g. The rats were heated in special tlfermal chambers (dimensions 
0.8 x 0.8 x 1.5 m)o at 45 ~ Vie  used 89 rats. on which we performed 801 experiments, in addition to the appro- 
priate control experiment~. 

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

Our preliminary experiments [6] sho:r that a single exposure to heat,  involving a rise in body tempera- 
ture to 42-43~ was associated with a considerable rise in capillary permeabilhy in the brain and othcr organs. 
No such rise in capillary permeabili ty was seen when narcotized rats (sodium amytal)  were similarly exposed, 
notwithstanding a rapid rise in rectal temperature to 42-4a ' .  

! t may  be supposed that the inhibitory effect of the drug on the central nervous system of hyperthermic 
animals is exer,.ed in tile given case on the import.ant adaptive mechanism of increase in capillary permeability. 
According to N. N. Konstantinova's findings [3], h)~erthermia develops more rapidly in rats under barbiturate 
narcosis, and runs a more severe course; the survival rate of the drugged rats is much lower than is that of rats 
which are awake at the t ime of exposure. 

Our further experiments were directed towards finding out hart soon after exposure to heat did the per-  
meabil[ty of  the capillaries rise in various organs, and particularly in the lungs, since it Is chiefly t|gough 
these that thermoregulatiou is of footed in rats, and whether the heightened capillary permeability remained 
at the same level fl~roughout thewhole of the period of exposure to heat.  The rats wcre placed in the dmrmal 
chamber at 45" and the permeabili ty of the capillarie: to Akrildfin was examined separately ovcr two 15-mhmte 
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pcrlod~, l)aiing the first pcfloc! the indicator was injected before cxpm. t e  to heat ,  with a normal body tempera-  
lure. aml peruicabi l i ty  was assessed aftc~ 1.5 minutes exposure to heat .  

As is slzowzz in the Table0the A|'rikhin content of the organs, par t icular ly  of the lungs, was re la t ive ly  high, 
despite the short t ime elap~fllg after its injectiorl .  The rectal  temperature of the rats had risen by l - l . b  ~ dzirtng 
the 15 minutes in lhe chamber.  It remahted uncertain whether capi l lary  pe tmeab i l i ty  had riseu in response to 
the rise in body temperature,  or wliether it had risen reflexly before the rise in temperature had taken p lace .  
Our experiments showed that under m:r exper imeata l  crnlditions rise in body temperatt ,re began at  the l l - 13 th  
minute of heat ing.  In our further experiments we examined capi l la ry  pe rmeab i l i t y  "/-8 minutc~ after exposure 
ro heat ,  i . e . ,  at  norntal body temperature .  Ira these ex'periments our attention was directed chief ly to the pul-  
monary capi l la r ies .  By tHs t ime ,  the ears of the rats were hypermie ,  indicat ing tire beginning of the adaptive 
thermoregulatory reaction to high enviroamenta l  temperature.  

It follows from our experiments {see Table)  that the permeabi l i ty  of the It!ug capi l lar ies  also rises under 
these eonditiotts, although that of  other viscera remains unchanged. These experiments appear to provide evi -  
dence that the changes in pe rmeab i l i ty  of capi l la r ies ,  par t icular ly  of those of the ltmg~, are amoug the first 
adapt ive mechanisms to coiTle into ac t ion ia  response to high e,~vironmental temperatures.  

In the second series.of experiments  Akrikhin was injected when the rats were a l ready hyper thermic,  15 
minutes after being placed in the chamber .  They were kept in ~he chamber for a further 15 n~iuutes, and were 
then k i l l ed .  

The results of iumine.~cence anal)~is (see Table)  also showed a raiscd A~rikhin content of the organs. 
Comparison: ~r the results of the first series of experiments shows that wlien Akrikhin was given to rats with 
a raised body temperature =.'~ cov.centratioa rose much more within the organs in question. This applied not 

~ , r l , , ,uu  found in tissues from which i t  had been a;z:ent in the only to the lungs, but also to o&er  organs; "" "'" " was 
animals of the first series. This st,ggesu that the rise in capi l la ry  pe rmeabi l i ty  observed during the first phase 
of hear ing,  in part icular  in d:e lungs, is of  d:e nature of a protect ive-compensatory  mcchanisin,  faci l i ta t ing 
adaptat ion of  the organism, t la;gever,  with f'.zrt;zer proloilgatio~l of the action of heat ,  as an extraordinary 
s t imulant ,  a breakdown, or an overstrainhig of the~e pro tec t ive-adapt ive  meehaulsms takes p lace ,  and the 
organism begins to react  in a pathoIobScal manner ,  in die given case in the form of an excessive (%neconomi-  
c a l ' )  heightenie.g of  pe rmeab i l i ty  of t'.:e capi l la r ies  of the lmlgs and of many other organs. 

A "permeabi l i ty  breakdow:l"  of t2:is sort may  faci l i ta te  leakage of plasma proteins into the tisxues, with 
plugging of capi l lar ies ,  enhanced viscoziq," of fl~e blood,  and weakep.ing of cardiac  ac t iv i ty ,  as well as p.tssage 
of.blood cel ls  r2~ro~..'gh the eapHtary waIIs inta  the substance of tile brain and other organs. 

It is of inzerest that w!ten Ak.qkhi:: is in jec ted  into air a l ready hypertlrermie animal  its concentration in 
vat!pus organs 15 min,.~tes la ter  exceeds Oat  found after 2~-30 minutes of exposure, to heat  when the injectioia 
was made into auima!s having a L:ormal bo~)" temperature .  This effect  ma~/be explained as being due to the 
increased rate of  resorption o f  A!<rikhin wi:ea i t  is injected into an animal  with modified reac t iv i ty ,  due to the 
preceding period of  "s t imulat ion,"  as a re~ult, Akrikhin readi ly  enters the blood stream, out of which it rapidly 
diffuses into the tissues. 

We performed 2 series of experiments  on 30 rats, with the object  of investigating permeabi l i ty  adap{a- 
lion to repeated exposttres to high environmental  temperatures.  In the first series, the rats were placed dai ly  
for 20 minute periods in a chamber  at  45-. In the second series the temperature of the chamber was raised 
gradual ly ,  at a rate of 2 '  da i ly ,  from a n  ip.itial tempcratnre of 20" to a final o~le of 45 ~ Akrikhin was injected 
before the last exposure at  45", and the rats :~ere ki l led 27 minutes la ter .  

The results of lum[nesceqce ar:al)'~is (see Table)  showed that,  although the capi l la ry  pe rmeabi l i ty  o f  
these rats was heightened,  i t  was much sinai!or tl.~an after a single expm~re.  This effect may to a certain ex-  
tent be taken as evidence that gradual adaptat ion of the organism takes p lace  with repeated exposr~re t ~ high 
temperature.  Such adapted animals  are able  to mai~tain normal body temperature for a longer t ime than un- 
adapted ones, makir~.g them bet ter  able to withstand hig!t environn~ental tentperatures. 

It should be noted t~,at the results ~f the two ~eries of experiments were ident ica l ,  l lenee it follmcs that 
whether the animals  are hab!tgated by e>:pos:~'r to high enviroumental  temperature from the first day of con- 
dit~oning, or who&or b 7 exposure to "gradt:a!Iy r;siitg terrlpcrattwc% tim same final eon<.lilionhrg effect i~ achieved,  
manifc; ted b 7 :,.da?tariop, of pe rmeabi l i ty  processes. 
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Thus the effect ofl,igh temperature on white rats is to cause a considerable heightening of capillary per- 
meability, In which reflex processes play azt hnportant part. tleightenlug of pcrmeabillty of lung capillaries 
takes place very early, together with other compensatory mechanisms (such as hyperemla of the ears. for ex- 
ample), which may be at, indication of the adaptive role of this factor. 

Overheating of the organism came, a marked rise in permeability of the caplllarles of the brain and other 
viscera to A~lkhin .  

The rise in capillary permeability following exposure to heat tal~es place, particularly In the lungs, before 
there is any rise in body temperature; dfis may be evidence of the part played by puhnonary capillary permea- 
bility in the process of adaptation of animals to high environmental temperatures. 

The rise tn capillary premeability observed following multiple exposures to high environmental tempera- 
ture is smaller than after a single exposure. 

S U M M A R Y  

Experiments were performed o n  white rats. It was demonstrated that overheating is connected with signi- 
ficant Increase of permeability of blood capillaries in internal organs and in the brain to Akrikhin. Reflex pro- 
eesses play an impo.~tant role here and the change of permeability depends on the functional condition of tile 
organism, 

Increase of permeability of lung capillaries, as ;,roll as other compensatory mechanisms takes place prior 
to increase of the body temperature. This, evidently, points to file adaptive role of this factor. After repeated 
overheating fl~e increase of the vascular permeability is less than when it i~ done only once. This shows that 
the factor of permeability adapted itself to overheating. 
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