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Invest igat ion of thyroid function in ra t s  in deep hypothermia  revea led  a dec r ea se  in activity 
of dehydrogenases ,  phosphatases ,  and ey tochrome oxidase,  a dec r ea se  in the a sco rb ic  acid 
concentrat ion,  and a d e c r e a s e  in the abili ty of the gland to accumulate  radioact ive  iodine (I131). 
In exper imenta l  hypothyroidism,  genera l  hypothermia  causes  more  marked  depress ion  of 
thyroid  function, while in hype r thy ro id i sm the depress ion  is intensified. 

The effect  of hypo the rmia  on thyroid function has rece ived  li t t le study. Some worke r s  [2, 7, 8, 13, 15] 
cons ider  that the development  of hypothermic  s ta tes  is accompanied by depress ion  of the h o r m o n e - f o r m i n g  
act ivi ty of the thyroid t issue,  but r e su l t s  obtained by different  worke r s  a re  conflicting. 

An invest igat ion was the re fo re  under taken to study the s tate  of thyroid function during the develop-  
ment  of deep hypo the rmia  and also during cooling of animals  in which the ba lance  of thyroid hormones  was 
disturbed.  

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

Exper iments  were  ca r r i ed  out on albino r a t s  weighing 110-120 g. Art i f ic ia l  hypo the rmia  was p r o -  
duced by cooling the an imals  in air t ight  cold chamber s  [14] down to a r ec ta l  t e m p e r a t u r e  of 18-19 ~ Exper i -  
mental  hypothyro id ism was produced by subcutaneous injection of a suspension of 6 -methyl th iourac i l  twice 
daily (total daily dose 20 mg), and hyper thyro id i sm by daily adminis t ra t ion  of 0.1 g dry  thyroidinto  the r a t s  
along with the food [3]. The p repa ra t ions  were  admin is te red  for  8-10 days,  resul t ing in the development  of 
marked  hypo-  and hype r thy ro id i sm in the exper imenta l  ra ts .  

The dehydrogenase,  cy tochrome oxidase,  and phosphatase  act ivi ty of the thyroid t i s sue  was studied in 
all the exper imenta l  groups of r a t s  (at leas t  16 ra t s  in each group), and the ascorb ic  acid content in the 

TABLE 1. Changes in Thyroid Function in Albino Rats  during Hypothermia  (M �9 m) 

Index 

Dehydrogenase act ivi ty [extinction/weight  of t i s sue  (in g)] . 
Cytochrome oxidase (in mg indophenol/g t issue)  . . . . . . .  
Phosphatase  (in mg indophenol/100 mg t issue) 

alkaline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
acid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Ascorb ic  acid (in rag%) 
Height of thyroid epithel ium (in g) . . . . . . . . . . . . . . . . .  
D i ame t e r  of fol l icles (in/~) 
Radiomet r ic  index (in %) 

Control  

2.12 • 

4.91 :~ 0.17 

71.41 •  
126.17 =~6.3 

31.16 :L1.4  
8.1 :~ 0.10 

42.35 �9 1.90 
15.5 ~0.74 

Deep hypo-  
t h e r m i a  

i 

1.32 • 
3.44 • 

32.69 •  
82.59 •  
16.48 • 1.5 
4.5 • 

70.3 • 
9.45 =~ 0.50 
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TABLE 2. 
T i s sue  in Exper imenta l  Rats  (M ~-m) 

D2:ydrogen, Cytochrome 
Group of animals activity oxidase 

Controt . . . . .  2,12• 4,91-q-0,17 
Hypothyroidism... 1,44-+0,10 3,91-+0,32 
H~poth)rroidism + 

nypothermia.. 1,03-+-0,07 3,16-+0,18 
Hyperthyroidism 2,48-+0,13 5,36-+-0,15 
Hyperthyroidism + I 

hypotl/ermia . . . [ 1,64-+0,14 4,07• 
I 

Enzyme Activity and Vitamin C Saturation of Thyroid 

Phosphatase 

alkaline acid 

71,41-~3,0 126,17-+6,3 
56,79-~4,9 92,77-+7,4 

23,94-+2,0 74,42-+4,9 
84,21-+4,0 148,2756,2 

41,94_+2,2 88,91-*-4,7 

Ascorbic acid 

3 1 , 1 6 ~  ! ,4 
20,08-r 1,7 

1 3 , ~ I , 0  
18,1~1,4 

14,07• 

Fig. 1. Cytochrome oxidase activity in cells of thyroid 
epi thel ium in intact  albino ra t s  (NADI reagent,  400 • 

gland was determined.  Dehydrogenase  act ivi ty was studied with the use of 2 ,3 ,5 - t r iphenyl te t razo l ium chlo- 
r ide [11, 12], cy tochrome oxidase act ivi ty co lo r ime t r i ca l ly  with NADI reagent  [17, 18], and phosphatase  
act ivi ty by a modified Bodansky ' s  method [4, 10]. The ascorb ic  acid concentrat ion in the thyroid was d e t e r -  
mined by the dichlorophenolindophenol method [1]. 

At the height of development  of hypothermia ,  a h i s toehemica l  study also was made of the c h a r a c t e r  
and dis tr ibut ion in the thyroid gland of cy tochrome oxidase (NADI reagent),  alkaline phosphatase  (by G o m o r i ' s  
method), and succinate dehydrogenase  (by Nach las ' s  method using neotetrazol ium).  Morphological  indices 
(height of the thyroid epi thel ium and d i ame te r  of the follicles) also were  determined,  and intravi ta l  rad io-  
m e t r y  (using 113~) and invest igat ion of f l -ac t iv i ty  of thyroid homogenates  were  ca r r i ed  out [5, 6, 11, 16]. 

All the exper imenta l  resu l t s  were  subjected to s ta t i s t ica l  analysis .  Differences  were  taken as s igni-  
f icant when P < 0.05. 

EXPERIMENTAL RESULTS 

Resul ts  of b iochemica l  invest igat ion of thyroid function of the exper imenta l  ra t s  a re  given in Table 1. 
They show that deep hypothermia  reduces  the dehydrogenase,  cy tochrome oxidase,  and phosphatase  act ivi ty 
of the thyroid t issue.  The dec rea se  in enzyme act ivi ty  was accompanied by lowering of the v i tamin  C con- 
centra t ion in the thyroid.  

The data showing inhibition of enzyme act ivi ty in the thyroid t i s sue  during deep hypothermia  were con- 
f i rmed  by h i s tochemica l  invest igation,  which showed that  cy tochrome oxidase (Figs. 1 and 2), succinate de-  
hydrogenase ,  and alkaline phosphatase  act ivi ty a re  lower  during hypothermia  than in the gland in intact  
animals .  

Histological  examinat ion of the thyroid revealed  congestion of blood vesse l s ,  dilatation of the lumen 
of the cap i l l a r ies ,  and smal l  focal hemor rhages .  Retention of colloid and changes in i ts  staining p rope r t i e s  
were  observed  in the medium and l a rge  foll icles.  Meanwhile the height of the thyroid epi thel ium was 
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Fig. 2. Inhibition of cy toehrome oxidase activity in thyroid 
epi thel ium of hypothermie  animals  (NADI reagent ,  400 • 

reduced,  the d i ame te r  of the fol l icles was increased ,  and the rad iomet r i c  index fell (Table 1). In t ravi ta l  
r ad iomet ry ,  as well  as additional de terminat ion  of the f l -ac t iv i ty  of thyroid homogenates  showed that the 
ability of the gland to accumulate  radioact ive  iodine is dep re s sed  in exper imenta l  hypothermia .  

The resu l t s  of invest igat ion of the b iochemica l  and morpho-funct ional  indices of the state of the thy-  
roid t i s sue  of the exper imenta l  ra t s  thus indicate that deep hypothermia  inhibits functional act ivi ty of thy-  
roid t issue.  

Changes in the b iochemica l  indices of thyroid reac t iv i ty  in hypothermic  animals  depending on the 
sa tura t ion  with thyroid hormones  are  given in Table 2. Exper imenta l  hypothyroid ism d e p r e s s e s  enzyme 
act ivi ty and lowers  the ascorb ic  acid level  in the thyroid.  Cooling of animals  in a s ta te  of hypothyroid ism 
leads to a much more  marked  dec r ea se  in these  indices.  

When the o rgan i sm is sa tura ted  with thyroid hormone,  a marked  inc rea se  in the act ivi ty of the inves t i -  
gated enzymes  takes  place  in the thyroid.  Meanwhile the level  of the v i tamin  C sa tura t ion  is cons iderably  
reduced. During hypo thermia  developing against  a background of hyper thyro id ism,  enzyme activity is  r e -  
duced and the ascorb ic  acid content in the thyroid gland falls.  

Compar i son  of data showing changes in the b iochemica l  indices of me tabo l i sm in the thyroid t i s sue  
of the hypothermic  animals  against  the background of hypo- and hype r thy ro id i sm shows that  lowering the 
body t e m p e r a t u r e  at a t ime  of i nc reased  sa tura t ion  with thyroid hormone  causes  l ess  marked  b iochemica l  
d i s turbances  than against  the background of action of 6-methyl th iouraci l .  

The resu l t s  of these invest igat ions thus showed that  at the height of development  of deep hypothermia ,  
functional act ivi ty of the thyroid t i s sue  is depressed ,  and b iochemica l  d is turbances  developing in the gland 
during cooling against  the background of hypothyroid ism are  much more  s eve re .  

These resu l t s  demons t ra te  the impor tance  of a dis turbed hormonal  ba lance  in the development  of 
metabol ic  d i s turbances  in the thyroid during s ta tes  of hypothermia  and ref lec t  the role  of thyroid hormones  
in changes of b iochemica l  reac t iv i ty  of thyroid t i s sue  ar i s ing  during exposure  to cold. 
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