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Exposure of ra ts  to a high external  tempera ture  (45~ for 20-60 min led to an increase  in 
the level of total and protein-bound cor t icos terone in the per iphera l  blood plasma.  The con- 
centration of free cor t icos terone  was increased 20 rain af ter  the beginning of exposure to 
heat and fell to its initial level during the subsequent t imes of observation. The development 
of heat shock was accompanied by an increase  in the ability of the blood p lasma to bind gly-  
cocort icoids.  

The endocrine component (especially the state of the p i t u i t a r y - a d r e n o c o r t i c a l  system) plays an im-  
portant  role in the response of the organism to heat. However, the data in the l i tera ture  on this question 
are  contradic tory and in some cases  have been obtained by indirect methods of determination of the state of 
adrenal function [1, 4, 6, 8, 12, 16, 20]. Meanwhile, having regard  to the importance of these glands in the 
maintenance of homeostas is ,  it is essent ial  to study the dynamic of the i r  function during exposure to heat 
as p rec i se ly  as possible.  

In the investigation descr ibed below the concentration of adrenocor t ica l  hormones  (corticosterone) 
in the per iphera l  blood of ra t s  was studied at var ious  t imes after  exposure to a high external  temperature  
(45~ 

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

Altogether 85 noninbred albino ra ts  of both sexes weighing 180-220 g were  used. The animals were 
heated in a special  incubator at 45~ and at a relative humidity of 30%. Under these conditions, after  40-70 
rain the ra ts  developed the typical p ic ture  of heat shock: a passive,  flaccid position of the body with no 
response to a change in pos ture  or  to nociceptive stimulation; the corneal  reflex was c lear ly  marked. The 
rectal  t empera ture  rose on the average f rom the normal  level of 36.7~ to 43.1~ 

Blood for investigation was taken f rom the experimental  animals 20 min after  the beginning of expo- 
sure to heat (the stage of res t l ess  movements),  during heat shock, and 20 min thereafter .  It should be em-  
phasized that af ter  the onset of heat shock the animals were  quickly removed f rom the incubator. As a rule 
the ra ts  developing heat shock died during the next 30-60 min. 

The concentrat ions of protein-bound, free,  and total cor t icos terone were  determined in the per iphera l  
blood p lasma by a f luoromet r ic  method (the method of de Moor [19] in the modification of Pavlikhina et al. 
[5]. The ability of the p lasma to bind cor t icos te ro ids  also was determined by the addition of a known quan- 
tity of cor t icos terone  in vitro. The total p lasma protein concentrat ion was studied by Lowry ' s  method [17]. 

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 total cor t icos terone  concentrat ion in the blood p lasma was increased by about 37% 20 min after  
the beginning of hyper thermia,  and at the moment of development of heat shock it was increased  by 65% 
(Table 1). A high level of cor t icos terone  remained in the blood 20 min after  heat shock. 
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Fig. 1. Effect of ACTH and ether  anesthesia  on the cor t icosterone level in the 
blood plasma:  1) total cor t icosterone,  2) protein-bound, 3) free cor t icosterone.  

Fig. 2. Changes in ability of blood p lasma proteins  to bind cor t icos terone  dur -  
ing exposure to heat. 

Fig. 3. Effect of a high tempera tu re  on total protein concentration in blood 
plasma.  

TABLE 1. Cort icosterone Concentration in Per iphera l  Blood 
P lasma  of Rats during Exposure to Heat (in /.tg%) 

Type  of  cort icosteronr 

Total 

Pr0tein-bound 

Free 

Control 
rats 

30,0 -+. 1,2 
n=15 

24,0-'-2,2 
n=15 

5 ,1~0 ,5  
n = 1 5  

20 rnin after be d Moment of ~inning of ex- 
)osure t9 hca~ heat shock 

41,0-~2,5 
n=7 

P<O,O01 
34,5-----3,1 

n = 1 2  
P <  0,001 
6,8-----0,41 

n=12 
P<0,05 

20 rain after 
heat shock 

49,1--2,7 43,3~3,6 
n=15 n=5 

P<0,001 P<0,001 
44,1 ~2,6 39,0~4,0 

n=15 n=5 
P<0,001 P<0,02 
5,5~0,44 4,9-4-0,53 

n=15 n=5 
P>0,5 P>0,5 

The concentration of protein-bound cor t icos terone also rose during exposure to heat, and the higher 
the degree of hyper thermia  the higher the level  of protein-bound cor t icos terone in the blood plasma. Mean- 
while the concentration of free cor t icos terone in the per ipheral  blood p lasma was significantly increased  
only 20 rain after  the beginning of exposure to heat and it was pract ica l ly  indistinguishable f rom the control 
levels at subsequent per iods  of the investigation. 

It can be concluded f rom the resul ts  of determination of the total cor t icos terone concentration in the 
p lasma that during exposure to a high external tempera ture  the activity of the adrenal cor tex is stimulated. 
However, it is very  interest ing to note that after  its increase  20 min after  the beginning of exposure to heat, 
the concentration of free cor t icos terone thereaf ter  fell to its initial level. This fact  must be par t icular ly  
emphasized since it is the free form of corticos~erone, as it is now generally recognized, which plays the 
decisive role in the mechanism of action of glucocortieoid hormones [3, 9, ii, 21]. 

Stimulation of adrenocortical function is usually accompanied by an increase in the blood concentra- 
tion of the free form of glueoeortieoids. Special control experiments showed that procedures such as ether 
anesthesia or intraperitoneal injection of 5 units ACTH in fact give rise to a marked increase in the blood 
concentrations of both protein-bound and free corticosterone (Fig. i). 

Corticosterone, like hydrocortisone, is bound in the plasma mainly with transcortin, a protein be- 
longing to the o-globulin fraction [2, 9, 13, 14]. It has also been shown that the binding power of this pro- 
tein may vary in different states of the organism [7, 15, 18]. 

Since, as was shown above, heat shock was accompanied by a marked increase in the total cortico- 
sterone concentration in the plasma without any increase in the level of the protein-bound form of the hor- 
mone at that time, it was postulated that at this period the binding power of transeortin is sharply increased. 
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To tes t  this hypothesis ,  the abili ty of the p l a s m a  of control  an ima l s  and of an imals  heated to a stage 
of heat shock to bind adrenocor t i ca l  hormone  was  de te rmined  in specia l  exper iments .  F o r  this purpose ,  
before  f ract ionat ion of the cor t i cos te rone  by means  of Sephadex G-50 into prote in-bound and f ree  fo rms ,  
100 tzg co r t i cos te rone  was  added to the blood p lasma .  The r e su l t s  given in Fig. 2 show that at the t ime of 
onset of heat shock the binding power  of the blood p l a s m a  pro te ins  was  cons iderably  increased.  This in-  
c r e a s e  evidently explains the absence  of any marked  inc rea se  in  the f r ee  fo rm of co r t i cos te rone  at these 
per iods  of invest igation.  

In view of r e p o r t s  in the l i t e r a tu re  that adrenocor t i ca l  hormones  can be bound (although l e s s  stably) 
not only by the specif ic  pro te in  t ranscor t in ,  but also by other  p ro te ins  and, in pa r t i cu la r ,  by a lbumins  [2, 
11, 13, 22], the concentra t ion of the total  blood p l a s m a  p ro te ins  was  de te rmined  in the control  and heated 
ra t s  (Fig. 3). The r e su l t s  showed that the re  was  a marked  inc rea se  in the total p l a s m a  pro te in  concen t ra -  
tion in the exper imenta l  an imals  at the moment  of onset  of heat shock f rom the no rma l  level  of 5.9 up to 
6.8 g% (P < 0.01). 

However ,  compar i son  of the f igures  ref lect ing the i n c r e a s e  in the binding power  of the p l a s m a  and the 
total  concentra t ion of p l a s m a  pro te ins  shows that s imple  hype rp ro t e inemia  cannot explain the obse rved  in-  
c r e a s e  in the binding power  of the p l a sma .  The poss ib i l i ty  cannot be ruled out that in this case,  s u p e r -  
posed on the inc reased  total  p ro te in  concentra t ion in the blood, the synthes is  of t r ansco r t i n  was  increased  
o r  a change occu r r ed  in i ts  conformation,  giving the pro te in  g r e a t e r  affinity for  cor t icos te rone .  
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