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In r a t s  exposed to hype r t he rm i a ,  bes ides  inhibition of the iod ine-concent ra t ing  mechan i sm 
in the thyroid  gland, the in t ra thyro id  hormona l  f rac t ions  a r e  mobi l ized  and the i r  in ternal  de-  
iodination takes  place  intensively,  nonhormonal  iodine is ac t ive ly  d i scharged  f r o m  the gland, 
and the e l iminat ion of ex t ra thyro id  iodine is s t imulated.  Exposure  of man to h y p e r t h e r m i a  
gives a qual i ta t ively s i m i l a r  effect .  T rans i en t  h y p e r t h e r m i a  a f t e r  the accumula t ion  of r ad io -  
iodine by the thyroid  gland r educes  the abso rbed  dose for  the thyroid  gland and the body as 
a whole apprec iab ly  and it can be r e g a r d e d  as a p romis ing  const i tuent  of the combined t r e a t -  
ment  of radioiodine  poisoning. 
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Methods of p ro tec t ion  of the thyroid  gland when the re  is a t h r e a t  of acute  poisoning with r ad ioac t ive  
iodine h a v e b e e n d e s c r i b e d  in fa i r  detail  [1, 8]. However ,  a f te r  the accumula t ion  of radio iodine  by the gland 
these  methods  a r e  inact ive,  for  they only block the intake of iodide f rom the blood s t r e a m  but do not s t i m -  
ula te  the e l iminat ion of in t ra thyro id  iodine. The known method of s t imula t ing  this p r o c e s s ,  by a d m i n i s t r a -  
t ion of thyro t rop in  [11, 12], is a lso  ineffect ive because  of the inc reased  reu t i l i za t ion  of radioiodine  by the 
thyro id  gland. Meanwhile data have been obtained to show the inhibi tory act ion of a r a i s e d  ambien t  t e m p e r -  
a tu re  on the iod ine-accumula t ing  function of the thyroid  gland [7, 9]. The m e c h a n i s m  of this effect  r e m a i n s  
unexplained.  

The object  of this  invest igat ion was to study the behavior  of radioiodine  in the thyroid  gland and in the 
body of r a t s  and man during exposure  to b r i e f  hyper the rmiao  

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

Expe r imen t s  we re  c a r r i e d  out on 48 ma le  Wis ta r  r a t s  with a mean  weight of 240 g. A solution of 
NaI lal without c a r r i e r  was injected in t raper i tonea l ly  into the an imals  in a dose of 10 Ci/100 g body weight. 
The r a t s  w e r e  decapi ta ted 0.25, 0.5, 1, 3, 6, 11, and 24 h af ter  injection of the isotope.  The group of ex-  
pe r imen ta l  r a t s  was exposed to h y p e r t h e r m i a  6 h a f t e r  inject ion of I i31 by placing them in an incubator ,  
vent i la ted with a i r ,  at  37~ for  2 h; the an ima l s  were  ki l led 3 h a f te r  r e m o v a l  f rom the incubator .  During 
the invest igat ion of the an imals ,  in t ravi ta l  whole-body r a d i o m e t r y  was c a r r i e d  out by means  of a spec ia l  
appara tus  [3]. After  s ac r i f i ce ,  r a d i o m e t r y  was p e r f o r m e d  on the thyroid  glands,  the whole blood, and the 
ho rmona l  f rac t ion  of s e r u m  isola ted on an ion-exchange res in .  A morphologica l  ana lys i s  a lso  was under -  
taken of the thyroid  gland and the thyroid  t i s sue  homogenates  we re  t e s t ed  for incropora t ion  of the label  into 
thyronine  r ad ioch roma tog raph i ca l l y  [5]. 
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TABLE 1. Values of P a r a m e t e r s  of 
Curves  Showing Change in Radioact iv i ty  
on the Thyroid  Gland, in the Whole Body, 
and Whole Blood of In tac t  Ra t s  

Thyroid gland 
Whole body 
Whole blood 

Tbiol ,~biol 
( inh) i(inh) 
I 66 3,8 

2,0 47 
1,3 12 

ks k 2 

0,20 --0,20 
0,32 0,68 
0,7"4 0,26 

In expe r imen t s  on six euthyroid volunteers  (men aged 
28-35 yea r s )  a f t e r  en te ra l  admin i s t r a t ion  of an aqueous solu-  
tion of NaI i31 without c a r r i e r  in a dose of 1 Ci the I i3i content 
was m e a s u r e d  (in pe rcen tages  of the dose adminis te red)  in the  
body as  a whole and in the thyroid  gland in a low-background 
chamber  with a T - s p e c t r o m e t r i c  counter  [4]. The  t e s t s  we re  
c a r r i e d  out a f t e r  2, 7, 12, 25, and 36 h and 4, 13, and 35 days.  
Subjects of the exper imenta l  group were  exposed to a t e m p e r -  
a tu re  of 30-45~ 8 h a f te r  r ece iv ing  the radioiodine (four ex-  
posu res ,  each las t ing 10 min,  at  45~ at  30~ in the in tervals)  
and with a r e l a t i ve  humidity of about 100% for  2.5 h. 

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

Analys is  of the cu rves  of the change in rad ioac t iv i ty  in the thyroid  gland, in the whole body, and in the 
whole blood obtained in the expe r imen t s  on r a t s  (Fig. l a ,  b) showed that  they app rox ima te  sufficiently ac-  
cu ra t e ly  to an equation of the fo rm:  

_ o,693 o,693 ) 
Ot = OO" kie Tbiol"t ~ t + k~e rbi~ ' 

where  Q0 is the quantity of I/8i admin i s t e r ed ,  t is the t i m e  a f t e r  admin is t ra t ion  (in h), and the cor responding  
values  of k l, k2, Tbiol ,  and Tbiol  a r e  given in Table  1. 

The cu rves  in Fig.  1 show that  the accumula t ion  of the label  in the thyroid  gland of the intact  r a t s  
r e a c h e d  a m a x i m u m  11 h a f t e r  the injection, when it was 17.6 -~ 8% of the injected dose.  By the t ime  of 
r each ing  the m a x i m u m  the 1131 concent ra t ion  in the ho rmona l  f rac t ion  of the thyroid  t i s sue  homogenate  was 
75%. After  exposure  to h y p e r t h e r m i a  the I TM content in the thyroid  gland was signif icantly lower (P < 0.01), 
and by 11 h it was 10.2 + 0.8% of the  admin i s t e r ed  dose or 57% of the n o r m a l  level  of accumulat ion.  The 
1131 content  in the hormona l  f rac t ion  was reduced  by m o r e  than th ree  t imes ,  whereas  in the nonhormonal  
f rac t ions  (MI, DIT, MIT) it was  inc reased  by 1.5 t i m e s .  
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Fig.  1. Effect  of b r i e f  h y p e r t h e r m i a  on the kinet ics  of 1131 in r a t s  (continu- 
ous l ines - control ,  b roken  lines - exper iment ) :  A) 1131 content  in whole 
body, thyroid  gland, and i ts  iodine-containing f rac t ions ;  TI) total  content  of 
113t in the thyroid  gland; T) content of label  in thyronines ;  MI + MIT + DIT) 
to ta l  content of label  in the fo rm of iodide and in t y ros ines ;  B) content of 
1131 in 1 ml  whole blood (TIB) and in hormona l ,  prote in-bound iodine-con-  
ta ining f rac t ion  (HPBI) in 1 ml  s e rum.  A r r o w s  m a r k  beginning and end of 
exposure  to h y p e r t h e r m i a .  
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TABLE 2. Values of P a r a m e t e r s  of Curves  of Radioiodine E l imi -  
nation f r o m  the Human Body and Thyroid  Gland under N o r m a l  Con- 
ditions and a f t e r  Exposure  to H y p e r t h e r m i a  

Thyroid 
gland 

Whole 
body 

T'bio 1 /T"biol T'biol 
Group k ,  k., ~* (perdiem~perdiem)(perdiem) 

:on~ol 
St~a~rimen" 

Zon~ol 
~xterimen- 
tal 

0,2240,02 
O, I8_~0,02 
0,2<P<0,3 

),387 + 0,014 
0,34 ~0,04 

P=0,3 

--0,140-+0,007 
-- 0,090 • 0,020 

0,1<P<0,2 

0 ,40•  
0,45• 
0 ,5<P<0,6  

--0,077--+0,017 
-- 0,087~0,016 
0,6<P<0,7 

0 , 2 2 ~ 0 , 0 5  
0,21--+0,02 

P~0,9  

94• [ 0,32• 
35-+9 [ 0,37 • 

9,05<P<0, l]O,6<P~O, 7- 
I -- 0.45_+0,06 

-- 0,28~0.0~2 
-- O,05<P< 

<0,1 

0.13 ~0,012 
0,16• 
0,3<P<0,4 

0,16 ~0,02 
0,19~0,02 
0,3<P<0,4 
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Fig.  2. Curves  of change in rad ioac t iv i ty  
in the whole body and thyro id  gland of 
n o r m a l  subjects  (control) and a f t e r  b r i e f  
exposure  to h y p e r t h e r m i a  (exper iment) .  
P e r i o d  of h y p e r t h e r m i a  indicated by a r -  
rows .  

Under  no rma l  conditions 5 h a f t e r  injection of I i~i its 
e l iminat ion f rom the body took place  with a biological  hal f -  
l lfe of 47 h; by 11 h the 113t concentra t ion  in the body of the 
r a t s  was 59.1 �9 2.2% of the injected dose.  Af ter  exposure  to 
h y p e r t h e r m i a  the r e s idua l  rad ioac t iv i ty  in the body was 39.7 
1.8% (P < 0.001). The ha l f -e l imina t ion  per iod was reduced  
to 8 .4h .  

By 11 h the 1131 content in the whole blood of the intact  
r a t s  had r eached  0.118 �9 0.011% of th e injected d o s e / m l .  As 
a r e s u l t  of exposure  to h y p e r t h e r m i a  this index fell  (P < 0.05) 
and r eached  0.086 �9 0.009%/mi~ During the per iod of o b s e r -  
vation (0-25 h) a continuous inc rease  in the quantity of label  
in the s e r u m  hormona l  f rac t ion  was obse rved  in the blood of 
intact  an imals .  By 11 h the level  of hormona l  1131 was 7.3 
1.4 • 10-3%/m1 s e r u m .  In the expe r imen ta l  group the s a m e  
index fel l  to 4.5 :~ 0.4 x 10-3%/mI. 

The cu rves  of e l iminat ion of radioiodine  f r o m  the body 
and f rom the thyroid  gland of the contro l  and expe r imen ta l  
groups  of human subjects  (Fig. 2) we re  desc r ibed  r easonab ly  
accu ra t e ly  by an equation of the type: 

O. 693 O. 093 0 693 ' 

( f '  b l o L  " t --~ ~ - - , ,  - . .  ~ , , . t )  ~ , .  
Qt = Qo , lr - k,,e. rblO[- k:~e Tmot"  $ 

in which the co r respond ing  p a r a m e t e r s  have the values showed in Tab le  2. 

As a r e s u l t  of exposure  to h y p e r t h e r m i a  the e l iminat ion of radioiodine a lso  was a c c e l e r a t e d  in man,  
but it was l ess  m a r k e d  than in the exper imen ta l  an imals .  The ha l f -e l imlna t ion  per iod of 1131 f rom the thy-  

I 
ro id  gland (Tbiol) , for  instance,  was sho r t e r  in the expe r imen ta l  group than in the contro l ,  whe reas  during 
the 24-30 h a f t e r  the end of exposure  to h y p e r t h e r m i a ,  m o r e  rap id  el iminat ion of I i3! f r o m  the body a lso  
was obse rved .  In addition, a m o r e  rap id  r e l a t i ve  i nc rea se  in rad ioac t iv i ty  in the thyroid  gland f rom 6 to 
12 h a f te r  injection of the label  was obse rved  in the contro l  (23 �9 8%) than in the exper imen ta l  s e r i e s  (8.2 :e 
2.2%). 

Hype r the rm i a ,  as the r e s u l t s  show, led to the m o r e  rap id  el iminat ion of I i31 f rom the thyroid  gland 
and body of the r a t s .  This is c l ea r  f r o m  the fac t  that  the 1131 concentra t ion in the thyroid  glands of 

t h e  e x p e r i m e n t a l  r a t s  was lower  not only than in the intact  r a t s ,  but also than at  the beginning of ex-  
posu re  to h y p e r t h e r m i a .  The d e c r e a s e  in the radioiodine concentra t ion  in the gland was due to a 
s h a r p  d e c r e a s e  in the s ize  of the labeled hormona l  f rac t ion .  As the r e su l t s  of neu t ron-ac t iva t ion  chromaDo- 
g raphy  of thyroid  gland homogenates  show, under s i m i l a r  expe r imen ta l  conditions [5] the content of native 
iodine in the hormona l  f rac t ion  is also reduced.  As a consequence,  an i n c r e a s e  in the hormona l  f rac t ion  in 
the blood might  be expected.  However ,  not only was it not i nc reased  but, on the con t ra ry ,  it was  reduced  
by 40%. This  finding does not conflict  with the postulated r o l e  of thyroid  ho rmones  in t e m p e r a t u r e  adapta-  
tion [10, 13]. Since it is difficult to accept  i nc reased  ut i l izat ion or excre t ion  of the thyroid  ho rmones  in an 
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unchanged form in this situation, it can only be postulated that the process of utilization of the hormonal f rac-  
tion takes place at the thyrocyte level. The wr i te rs  showed ear l ier  that under similar conditions I lsi passes 
rapidly and intensively from the colloid into the cells of the follicle [6]. Meanwhile the I TM content in the 
nonhormonal fraction increases significantly. It is reasonable to suggest that as a resul t  of hyperthermia 
the intrathyroid deiodination processes  are  greatly activated, and their products are  excreted from the 
thyroid gland. This explanation does not conflict with the possibility of maximal internal deiodination of 
thyroid hormones expressed previously [2]. 

The absence of an increase in the concentration of nonhormonal Ii3i in the blood was evidently the r e -  
sult of intensification of the elimination of extrathyroid iodide. This is confirmed by the fact that the dif- 
ference between the I l~l content in the control and experimental ser ies  11 h after injection was 7.4~ 2.0% in 
the thyroid gland and 19.4:~ 2.8% of the injected dose in the whole body. The morphological changes in the 
thyroid parenchyma (hypoplasia of the thyrocytes,  an increase in volume of the follicles) indicate inhibition 
of the hormone-producing and iodine-concentrating functions of the thyroid gland. 

Exposure to hyperthermia must thus be regarded not only as inhibitory with respect  to thyroid func- 
tion [7]. Besides inhibition of the iodine-concentrating mechanism, the intrathyroid hormonal fractions are 
mobilized and undergo intensive internal deiodination, with the active removal of nonhormonal iodine from 
the gland, and the pathways of elimination of extrathyroid iodine are stimulated. 

Exposure of man to relat ively weak hyperthermic action gave a qualitatively similar effect to that ob- 
se rved  in animals. The elimination of radioiodine from the gland and from the body as a whole was ac- 
celerated. For instance, the averaged period of biological half-elimination of radioiodine from the gland 
was 35 ~- 9 days in the experimental ser ies  and 94 �9 20 days in the control, and from the body the cor re -  
sponding figures were 0.28 �9 0.012 and 0.45 �9 0.06 days. The absorbed dose for the thyroid gland under 
these circumstances was reduced on the average by 2270 (observations for 35 days) and for the body as a 
whole by 13% (for 5 days). 

Hyperthermia can thus be regarded as a promising constituent of the combined treatment of radio-  
iodine poisoning. 
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