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COHPARTHENT MODELLING 5TUDY OF ,JT,\�8 E ICDiHE [';,~OPHYL,~XIJ IN .~,! L,$1Z(N i'O 

THE DAILY IODINE SUPPLY 

I o TURAI and B o I<ANY~~R 

" F r › 2 3 3  3 o l i o t - C u r i o "  N a t i o n a l  Reaearch  Z n s t i t u t e  f o r  ~ , ' a d i o b i o l o g y  and 

R a d i o h y g i e n e ,  1775 B u d a p e s t ,  Hungary  

The aim o f  ou r  compar tment  m o d e l l i n g  s t u d i e s  i s  the  p r o g n o s t i c a t i o n  
o f  the  p r o t e c t i v e  e f f e c t i v e n e s s  o f  t he  s t a b l e  i o d i n e  in ta l<en t o  d e c r e a s e  
the  r a d i a t i o n  damage o f  the  t h y r o i d  r e s u l t i n g  f rom a c c i d e n t a l  r a d i o i o d i n e  
i n r  The p r o t e c t i v o  c a p a c i t y  o f  s t a b l e  i o d i n e  p r o ~ h y l a x i s  i s  
i n v e s t i g a t e d  i n  r e l a t i o n  to  t he  d a i l y  i o d i n e  s u p p l y .  

C a l c u l a t i o n s  havs been dona a c c o r d i n g  t o  Dohnson ' s  m o d i f i e d  v e r s i o n  
o f  R igga  i o d i n e  k i n e t i c s  model w i t h  p a r a m e t o r s  t aken  from ti lem and ICRP'£ 
R e f e r e n c o  Han. In  t h i s  f o u r - c o m p a r t m e n t  model k i n e t i c s  o f  t he  r a d i o a c -  
t iMe  and o f  a t a b l e  i o d i n e  i $  d e s c r i b e d  by lO d i f f e r e n t i a l  e q u a t i o n s .  
A r  to  ou r  m o d e l - a n a l y s i a  s o l u t i o n s  o f  5 e q u a t i o n s  can be g i v e n  
i n  a n a l y t i c a l  f o rma ,  thus  o n l y  a 5 - d i m e n s i o n a l  sys tem s h o u l d  be i n t e -  
g r a t e d  n u m e r i c a l l y .  Nethod o f  R u n g e - I < u t t a - F e h l b e r g  was used f o r  t h i s  
p u r p o s e .  The r a d i a t i o n  burden  i s  c h a r a c t e r i z e d  by the  r e s i d e n c e  t imes  
/ r  a c t i v i t i e s /  o f  1 3 1 - /  i n  t h y r o i d  g l a n d  t r e a t e d  w i t h  a r a b l e  
l o d i n e  r e l a t e d  to  c o n t r o l  s u b J e c t s .  

A c c o r d i n g  t o  ou r  r e s u l t s  a t  i o d i n e  s u p p l y  o f  a q u a r t e r  o f  the  n o r -  
mal d i e t a r y  i o d i n e  i n t a k e  (75 / u g / d a y )  t he  r e s i d e n c e  t imes  o f  1 3 1 - I  i n  
t he  t h y r o i d  g l a n d  a r a  d o u b l e d  • the  p r o t e c t i v e  e f f e c t  o f  a r a b l e  l a -  
d i n a  g i v e n  i n  t he  same l a r g e  doees ~nd a t  the  same t i m e - i n t e r v a l s  a re  
d e c r e a a e d  by 30-50 ~ i n  compar i son  w i t h  t h a t  a t  no rma l  i o d i n e  s u p p l y .  
Aa a n o t h e r  example  the  e l e v a t i o n  o f  s t a n d a r d  i o d i n e  s u p p l y  by 50 ~�91 l e a d s  
to  a 30 ~ r e d u c t i o n  o f  r e s i d e n c e  t imes  w i t h  a 20 ~£ enhancement  o f  p r o -  
t a c t i v e  e f f e c t i v e n e a s  o f  s t a b l e  i o d i n e  p r o p h y l a x i s .  

I n t r o d u c t i o n  

I t  i s  w e l l  known t h a t  s t a b l e  i o d i n e  compounds p r o v i d e  s i g n i f i c a n t  

b l o c k i n g  o r  p r o t e c t i v e  e f f e c t  on the  t h y r o i d a l  u p t a k e  o f  r a d i o i o d i n e  

a c r  o r  p u r p o s e l y  i n t a k e n  [ l ~ 2 J .  A c c o r d i n g  t o  e x p e r i m e n t a l  d a t a  

o f  o t h e r  a u t h o r s  ~ - 7 J  as w e l l  as to  our  p r e v i o u s  e x p e r i m e n t a l  r e s u l t a  

[ 8 - 1 ~  the  p r o t e c t i v e  o a p a c i t y  of s t a b l e  i o d i n e  g i v e n  i n  l a r g e  doses 

- i . e .  i n  doses a few hundred  t i m e s  e x c e e d i n g  the  d a i l y  need o f  the  

o rgan iam i n  i o d i n e  - s t r o n g l y  depends on the  l e n g t h  o f  the  t i m ~ i n t e r v a l  

be tween the  i n t a k e  o f  r a d i o a c t i v e  and s t a b l e  i o d i n e ,  on the  a v e r a g e  d a i l y  

i o d i n e  s u p p l y  and dependa i n  a s m a l l e r  r a t a  on the  amount o f  a r a b l e  i o d i n e  

uaed f o r  t h y r o i d  b l o r  

The aim o f  ou r  compar tment  m o d e l l i n g  i s  to  c l e a r  w h e t h e r  our  p rogram 

l a  s u i t a b l e  f o r  t h e  m o d e l l i n g  o f  t he  e x p e r i m e n t a l  o b s e r v a t i o n s  as w e l l  as 

f o r  the  p r o g n o s t i c a t i o n  o f  t he  p r o t e c t i v e  e f f e c t i v e n e s s  o f  l a r g a  / s o  c a l l e d  

p r o t e c t l v e  o r  t h e r a p e u t l c /  dosea o f  s t a b l e  i o d i n e  in ta l<en  i n  case o f  r a -  

d i a t i o n  emergency by the  n u c l e a r  w o r k e r s  and the  p o p u l a t i o n  a :  d i f f e r e n t  

l e v e l s  o f  t he  d a i l y  i o d i n e  s u p p l y .  
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K e t h o d G  

[ u r  ca].culatiob~s hsve beon don(.' accord ing  to Johnson's mod i f i ed  ve r -  
s ion  of ,z• •  k i n o t i c s  modol [12 ~ 13] g iven i n  F i g . l .  The a p p l i e d  

pei"ar~eters ta',<en from thet,,1 and IC:2P's ; :e ference Han [14] - Tab le  I .  

S2r z 

~3 

A�91 ~ A 6 

1 

F i g . 1 .  ~ lock diagram of  the k i n e t i c s  o f  i o d i n e  

Tab le  I 

I < i ne t i c  parameters o f  i o d i n e  i n  man 

~ 1 :  192 d -1 ~4  = 0.053 d -1  

M 
~z: ~~ /'~ A c 1.92 ~-1 

r 2 :  s2Y2( r ) /Y2(S}  ~ 6 : 0 . 0 0 5  d "1  

~ 3  = s 2  H r  ~ ' 7 : 9 . 1  d "Z 

R e f .  man: 

MS~ 70 kg body weight  

MT= 12 mg i o d i n e  i n  the 
t h y r o i d  

Is  = 200 q  d a i l y  i o d i n e  
/ i n t a k e  

Note:  s - s t a b l e  i o d i n e ,  r - r a d i o a c t i v e  i o d i n e  

Besides the normal d a i l y  i o d i n e  i n t a k e  of  re fe rence  man we have a lso  
model led a decreased and an e l eva ted  l e v e l  o f  i o d i n e  supply  / 7 5  and 300 
q 1 6 1  r e s p e c t i v e l y / .  P r o t e c t i v e  doses o f  s t a b l e  i o d i n e  / 3 0 ,  100 or  200 mg/ 
were admin i s te red  w i t h i n  3 hour$ f o l l o w i n g  the 1 3 l i  i n e o r p o r a t i o n .  
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Solutions o f  5 from the 10 differential equations describing the kine- 

tlcs of the radioactive and of stable iodine in this model can be oiven in 

analytical forms accordlng to our model-analysis, To integrate the remained 

5 equatlons the method of Runge-Kutta-Fehlberg was used ~5]. 

The reductlon in the radiation burden (fractional dose reduction, FDR) 

at dlfferent schemes of stable iodine prophylaxis andat different levels 

of stable iodine supply is characterized by the ratio of the residence 

times (i.e. cumulative activitles,~) of 1311 in the thyroid gland trea- 
i 

red w i t h  a r a b l e  i o d i n e  ( % )  and o f  c o n t r o l  (~c)  s u b j e c t s  as f o l l o w s :  

I.o~ I~; -,oo~j~ I 
R e s u l t s  

Due to  a n a l y t i c a l  s o l u t i o n  o f  one h a l f  o f  t he  d i f f e r e n t i a l  e q u a t i o n s  

o f  t he  a p p l i e d  model  the  r u n n i n g  t ime  o f  the  program c o u l d  be c o n s i d e r a b l y  

decreased. 

At the same daily iodine supply the reduction of the radiation burden 

of the thyroid gland i8 more dependent on the time-interval between the 

intake of radloactive and stable iodine, than on the amount of stable 

iodlne administered at the same time - Table II. The maxlmal reduction of 

thyroid dose is calculated for the simultaneous intake of the radioactive 

and stable iodines /as is shown in Table II/. 

T a b l e  II 

Modelled decrease of thyroid dose by stable iodine given in 
dlfferent dose8 and time-points at standard iodine supply of 
200 q  as compared to  the  c o n t r o l  [ i n  ~~,] 

Amount o f  D o s e - r a t i o s  ~ n  %] depend ing  on the  t ime  o f  admin-  
i o d i n a ,  i s t r a t i o n  o f  ~ t a b l e  i o d i n e  ve rsus  the  t i m e - p o i n t  
[mg] of 13l-I incorporation,[h] 

-2 0 i 2 3 

30 2 . 4  2 .0  7 . 3  17 .3  25 .1  

lO0 0 . 8  0 . 7  6 .1  16 .2  25 .2  

200 0 . 5  0 . 4  5 .8  15 .9  24 .9  

At dec reased  l e v e l  o f  d i e t a r y  i o d i n e  i n t a k e  the  r e s i d e n c e  t ime o f  

131I  i n  the  t h y r o i d  g l a n d  i n c r e a s e s  by a f a c t o r  o f  2 than  a t  normal  i o d i n e  

supp t y  - T a b l a  t I I .  Thus,  the  p r o t e c t i v e  c a p a c i t y  o f  l a r g e  amounts o f  i o -  

d i ne  g i v e n  a t  the  same t i m e - i n t e r v a l s  i s  reduced by 30-50 ~�91 On the  con-  

t r a r y ,  e l e v a t i o n  o f  t he  d a i i y  i o d i n e  s u p p l y  l eads  to  a 30 ~j dec rease  o f  

r e s i d e n t e  t ime  o f  131 I  i n  the  c r i t i c a l  o rgan w i t h  a modera te  enhancement 

/ u p  to  20 ~~/ i n  t he  p r o t e c t i v e  e f f i c a c y  o f  the i o d i n e  p r o l J h y l a x i s  as i s  

damone t ra ted  i n  T a b l e  I I I .  
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Table III 

E f f e c t  o f  d a i l y  i o d i n e  s u p p l y  on the  r e s i d e n c e  t i m e  o f  131I  
i n  the  t h y r o i d  g l a n d  and on the  e f f e c t i v e n e s s  o f  s t a b l e  i o -  
d i n e  p r o p h y l a x i s  as compared t o  t he  c o n t r o l  [ i n  ~£ 

T i m o  o f  •  [hi Res idence  t i m e s  [h i  land d o s e - r a t i o s  [ i n  ~ ] /  
o f  200 mg i o d i n e  
following the 131-1 depending on the daily iodine supply [q 
i n c o r p o r a t i o n  75 200 300 

/control/ 71.6 36.4 26.1 

1 5.7 /7.9/ 2.1 /5.8/ 1.4 /5.,5/ 

2 15.6 /21.7/ 5.8 /15,9/ 3.9 /14.9/ 

3 24 .0  / 3 3 . 5 /  9 . 1  / 2 4 . 9 /  6 . 1  / 2 3 . 3 /  

C o n c l u s i o n  

The r e s u l t s  o f  ou r  compar tment  m o d e l l i n g  s t u d i e s  have p r o v e d  the  d a t a  

and t e n d e n c i e s  o b t a •  i n  & n v e s t i g a t i o n s  on v o l u n t e e r s  [ 1 - ~  . A modera te  

i n c r e a s e  o f  t he  d a i l y  i o d i n e  s u p p l y  have enhanced the  p r o t e c t i v e  c a p a c i t y  

o f  the  s t a b l e  i od •  p r o p h y l a •  i n  ou r  numerous l a b o r a t o r y  e x p e r i m e n t s  

as w e t l  as i n  the  p r e s e n t  compute r  m o d e l l i n g  [ 8 - 1 ~  . Thus,  ou r  program i s  

s u i t a b l e  f o r  the  p r o g n o s t i C a t i o n  o f  t he  e f f e c t i v e n e s s  o f  s t a b l e  i o d i n e  

p r o p h y l a x i s  bo th  i n  man and e x p e r i m e n t a l  a n i m a l s .  
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