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The development  of heat  s t roke  in r a t s  during exposure  to a high ambient  t e m p e r a t u r e  (45* C) 
is accompanied  by reduced  accumulat ion of I TM in the thyroid gland, a reduced  content of 
P B I - I  TM and thyroxine ia the pe r iphe ra l  blood p la sma ,  and a reduced  ra t e  of d i s a p p e a r -  
ance of intravenously injected NaI TM f rom the blood s t r e a m .  The re la t ive  content of m e n , -  
and, in pa r t i cu la r ,  d i iodotyros ines  and also, to a l e s s e r  extent, of iodothyronines is reduced 
in t ryps in  d iges ts  of the thyroid gland. 
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Depress ion  of thyroid function during prolonged exposure  to a modera te ly  inc reased  (27-34 ~ C) a m b i -  
ent t e m p e r a t u r e  can now be r ega rded  as f i rmly  es tabl i shed [2, 9, 11, 12, 14]. However,  data on the action of 
a higher (40-45 ~ C) t e m p e r a t u r e ,  leading to the rapid development  of heat  s t roke ,  a re  highly cont rad ic tory  
[t, 5, 6-8, 10, 13]. 

Consider ing the impor tance  of the study of thyroid function in o rder  to elucidate the mechan i sm of 
development  of heat  s t roke ,  the invest igat ion desc r ibed  below was c a r r i e d  out. 

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

Exper imen t s  were  c a r r i e d  out on 97 noninbred ma le  albino r a t s  weighing 180-220 g. The animals  
were  exposed to a high ambient  t e m p e r a t u r e  (45~ re la t ive  humidity 30%) in a spec ia l  hot chamber  until 
they developed heat  s t r oke .  The onset  of heat  s t roke  was judged f rom the sp read -ou t  posi t ion of the body, 
the absence  of re f lexes  to changes in pos tu re  and to nocicept ive s t imula t ion ,  although the corneal  re f lex  
r ema ined  c lea r ly  marked .  

It was shown by means  of NaI TM (Table 1) that the development  of heat s t roke  is accompanied by a 
sha rp  fall in I TM incorpora t ion  into the thyroid gland t i ssue .  The percen tage  accumulat ion of I TM by the thy-  
roid  gland in vivo also was signif icantly reduced in heat  s t roke  (P < 0.01). 

The proteinqbound iodine (PBI-I  TM level) in the pe r iphe ra l  blood p l a s m a  of the hyper thermic  an imals  
was lower than in the control  (P < 0.05); this, it is genera l ly  considered,  is evidence of a dec rea se  in the con-  
cent ra t ion  of thyroid hormones  in the blood s t r e am.  Direc t  de terminat ion  of the thyroxine concentrat ion in 
the pe r iphe ra l  blood p l a s m a  by the compet i t ive  binding method [15] in fact  showed a c l ea r  dec rea se  in this 
p a r a m e t e r  in the exper imenta l  animals  (P < 0.001). 

The r e su l t s  of these exper iments  thus show that thyroid function in r a t s  is sharp ly  inhibited during 
the development  of heat s t roke.  

To obtain a m o r e  detai led es t ima te  of the p rocess  of hormone format ion  in the gland a r a d i o c h r o m a -  
tographic analys is  was made of t ryps in  d iges ts  of the thyroid gland in a b u t a n o l - e t h a n o l - a m m o n i a  (5 : 1 : 2) 
s y s t e m  [3]. The r e s u l t s  a re  given in Table 2. They indicate  a re la t ive  dec rease  in the concentrat ion of d i -  
iodotyrosine and a tendency for the iodothyronine to be reduced in the thyroid gland of r a t s  during the de -  
ve lopment  of heat s t roke.  The re la t ive  content of f ree  I TM in the thyroid gland of the exper imenta l  animals  
was higher  than in the control .  After  de terminat ion  of the re la t ive  percentages  of iodine-containing f r e e -  
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TABLE I. 

(M •  

Experimental 
conditions 

Control 
(n= 12) 

Heat stroke 
(n= 12) 

Indices of Thyroid Gland Activity in Rats  with Heat Stroke 

Radtoac- IRadioacti- I Percent 
tivity of ]vity of t accumula- 
plasma ]thyroid | tion ofI TM 

(cou~ts/ I~land (count~ b~ thyroid 
min/O'lml ~nin/mg) [ glana 

% PBI-I tsl 

in blood in thyroid 
plasma gland 

407• 18 

485,9+21 * 

7439• ] 14,4• 

4716• 10,5• 
I 

9,3• 84,8• 

7,1• 81,3~6,2 

Legend in Tables  1 and 2. Control  and exper imenta l  r a t s  
sacr i f iced  at equal t ime in tervals  a f ter  injection of NaI TM. 
*Here  and in Table 2, P < 0.05 compared  with the contro l .  

Thyrox.ine 
(in #g/lO0 
ml blood 
plasma) 

6.48• o, 53 

3,58+__0,4 * 

were  

TABLE 2. Percen tage  Content of F rac t ions  in Digest  of Thyroid  
Gland (M ~ m) 

Parameter studied 

Fl~e [lSl 
Monoiodotyrosine 
Diiodotyrosine 
Triiodotyrosine + thyroxine 

Control (n = 13) 
co~-~at Vn 7o of 
percent injected 

{:lOSe 

11,2• 1,59 
44,7~ 1,8 6,35 
33,5• 1,4 5,04 
8,6+0,7 1,22 

Heat stroke (n= 15) 
content in ] % of injected 
percent [ dose 

15,3• ] 1,61 
47,4+2,3 4,98 
30,0• 1,0" 3,15 
7,3+0,5 0,77 

~20 
o,]a 
a,18 

o,12 
o,1o 

oo8 
o.o8 

o.o2 

Fig. I .  Dynamics  of d i s a p p e a r -  
ance of intravenously injected 
NaI TM (2/~Ci) f rom the blood 
s t r e a m .  Absc i ssa ,  t ime af ter  in-  
jection (in min); ordinate,  pe rcen t  
of injected dose of NaI TM in 1 ml 
blood. 1) Control,  2) heat  s t roke .  

t ions and the total  accumulat ion of I TM in the thyroid gland, 
the i r  r e la t ive  content was de te rmined  depending on the injected 
dose of NaI TM, thus providing a m o r e  accura te  e s t ima te  of h o r -  
mone production in the gland. The r e su l t s  indicate a dec rea se  
in the fo rmat ion  of mono-  and, in par t i cu la r ,  of di iodotyrosine,  
as  well  as a dec r ea se  in the content of thyroxine + t r i iodo thyro-  
nine in the gland during heat  s t roke .  The development  of  heat  
s t roke  can be  cons idered  to be  accompanied  by a d is turbance  
of the act ivi ty of the enzyme s y s t e m s  for synthesis  of thyroid h o r -  
mones .  Meanwhile,  the p roces s  of accumulat ion of f ree  I 1M by the 
thyroid gland was not significantly affected under these  c i r c u m -  
s tances .  Consequently,  the dec r ea se  in the incorporat ion of I TM into 
the thyroid gland in heat s t roke  (Table 1) was probably  connected 
with damage to the enzyme s y s t e m s  respons ib le  for  the synthes is  
of thyroid hormones ,  in par t icu la r ,  for its f i r s t  two s tages  - iodoty- 
ros ine  synthes is  - and not with a d is turbance of the mechan i sm of 
se lec t ive  uptake of I TM. 

Considering data in the l i t e ra tu re  on the mechan i sms  of con-  
t ro l  ove r  thyroid gland function [11-14l, it can be postulated that the 
action of heat s t roke  is an indirect  one through the higher hypothala-  

mac cen te rs  of regulat ion of the p i t u i t a r y - t h y r o i d  sys t em.  Since the mos t  sens i t ive  link in the chain of 
thyroid hormone synthes is  in heat s t roke  is the enzyme s y s t e m s  connected with the iodination of ty ros ine ,  
the poss ib i l i ty  cannot be ruled out that  in addition to p ro teo lys i s  of:thyi'oglobulin, an impor tan t  point of a p -  
plication of the action of p i tu i tary  thyro t ropin  may  also be the f i r s t  s tages of  thyroid hormone b iosynthes is .  

It is impor tant  to note that  bes ides  the marked  dec r ea se  inthe p l a s m a - P B I - I l a l e v e l  in heat  s t roke ,  
the total radioact iv i ty  of the p l a s m a  in the exper imenta l  r a t s  exceeded the control  f igures  (Table 1). This 
fact  could be explained by acce le ra t ion  of the absorpt ton of in t raper i toneal ly  injected 1131. However,  the 
r a t e  of uti l ization of in t ravenously  injected I TM (Fig. 1) proved  to be lower  in the exper imenta l  an imals  than 
in the control .  Fo r  instance,  whereas  in the control  an imals  the radioact iv i ty  of the blood fell by 50 % 9 min 
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af te r  injection of the p repara t ion ,  in r a t s  in a s tate  of heat s t roke  it did so a f t e r  12.5 min. The total de -  
c r e a s e  in rad ioac t iv i ty  of the blood 1 h a f te r  injection of NaI TM also was signif icantly g r e a t e r  in the control  
an imals  than in the e x p e r i m e n t a l  animals .  It can be concluded f rom these r e su l t s  that the higher levels  of 
rad ioac t iv i ty  of the pe r iphe ra l  blood p l a s m a  at the momen t  of development  of heat s t roke  were  a t t r ibutable  
main ly  to a slowing of the r a t e  of 1131 uti l ization,  as a r e su l t  of dep res s ion  of thyroid function. The h e m o -  
concentra t ion usually obse rved  in exper imenta l  an imals  at  this per iod of the invest igat ion [4], with a r e s u l t -  
ing s m a l l e r  volume of dis t r ibut ion of the injected NaI TM, may also have an impor tan t  ro le  to play. 
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