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NOTICE 
This report was prepared as an account of work 
sponsored by the United States Government. Neither 
the United Statea nor the United States Atomic Energy 
Commiwion, nor any of their employees, nor m y  of 
their contractors, subcontractors, or their employees, 
makes any warranty, express or implied, or assum- any 
legal liability or responsibility lor the accuracy com- 
pleteness or usefulness of any information, appkatus, 
product or process disclosed, or represents that its use 
would not infringe privately owned rights. 

There have been a number o f  epidemiologic studies which suggest 

t h a t  the t hy ro i d  glands o f  ch i ld ren  are more suscept ib le t o  the car- 
- *$$it 

cinogenic ac t ion  o f  r ad ia t i on  than are the thyro ids  o f  adults. There 

have been a number of studies t o  evaluate the carc inogenic i ty  of 

rad io iod ine i n  various animal species but  the quan t i t a t i ve  r e l a t i o n -  

ships between age and t hy ro i d  tumor development has no t  been defined. 

The present study was undertaken t o  es tab l i sh  these re la t ionsh ips  - i n  

the r a t .  

The experiment was performed i n  f i v e  increments, separated by 

about 4-6 weeks. For each subset, adu l t  r a t s  o f  the CD s t r a i n  were 

purchased from the Charles River Breeding Laboratories. As shown on 

the FIRST SLIDE some o f  these were re ta ined f o r  use as adul ts,  wh i le  

others were mated t o  provide r a t s  f o r  the younger age groups. 

A so lu t i on  of ca r r i e r - f r ee  131T, i n  NaOH, was d i l u t e d  t o  

appropriate concentrations, w i t h  r e s u l t i n g  pH values of 8 - t o  9, and 

used f o r  exposure o f  the experimental animals. SLIDE 2 - The adul ts  

and weanlings were exposed by stomach tube, rece iv ing 5 d a i l y  doses 

MASTER 

(Table 1 ) . The mothers of the r a t s  i n  the newborn and prenatal groups 

were exposed t o  the same doses as the experimental adults, so t h a t  the 

experimental animals received the 131 I through the m i l k  o r  through a 
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combinat ion o f  c ross-p lacen ta l  t r a n s f e r  and m i l k .  

  he h i g h e s t  dose used i n  t h e  a d u l t s  was expec ted  t o  produce a  
. . 1 

.mode,rate degree o f  morphol o g i c  and p h y s i o l o g i c  change i,n t h e  t h y r o i d  

glands, wh i l e . t he .med ium dose was se lec ted  t o  be belo'w t h e  t h r e s h o l d  

f o r  subacu te ly  demons t rab le .over t  change. .Th is  dose was f u r t h e r  r e -  

duced by a  f a c t o r  o f  15 t o  o b t a i n  t h e  low dose. T,he weanl ing an imals  

r ece i ved  approx imate ly  t h e  same doses, on ,a pC i /g  body. we igh t  bas is .  

I t  was a n t i c i p a t e d  t h a t  t h e  youngest an imals  would be. more s u s c e p t i b l e  
, .. , 
. . .  , . ' t o  . the ca rc i nogen i c  . a c t i o n  o f  r a d i a t i o n ,  so a  lower  range 'of doses t o  

t h e  t h y r o i d  -g land  was used. For convenience, a t  each 'age these doses 
. . 

were des ignated as. " low'1, "medium", o r  "h igh" .  

There were approx imate ly .50  r a t s  o f  each sex i n  each age-dose 

->:' . group. We planned on a  c o n t r o l  group o f  appro,ximately '  t w i c e  t h i s .  s i ze ,  
. . 

i e . ,  100 males and 100 females,  d i s t r i b u t e d  over  t h e  four  age groups. 

I n  a l l  cases, t h e  c o n t r o l  an imals .  o r  t h e i r  mothers rece i ved  a  comparable 
s. . 

s o l u t i o n  n o t  c o n t a i n i n g  t h e  r a d i o i o d i n e .  , . 

These r a t s  were f o l l o w e d  u n t i l  death o r  unt i .1  t h i r t y  months of age, 
. . 

a t  which t ime  they  were s a c r i f i c e d .  Sk ip  s e r i a l  sec t i ons  of t h e  t h y r o i d  
. . . , .  

. . .  and p i t u i t a r y  g lands .were prepared by ' r o u t i n e  techniques and examined 
' . .  

I ~ i s t o l o g i c a l  ly. The  animals which' webe s a c r i f i c e d  a t  30 months of 
I .. 

age rece i ved  a  t r a c e r  dose o f  .iodine-,125 twen ty - f ou r  hours p r i o r  t o  

s a c r i f i c e ,  and t h e  i n c o r p o r a t i o n  i n  t h e  t h y r o i d  g l and  was determitied 

. . ' ,  a t  s a c r i f i c e .  ' A t  t h e  comp'letion of t h e  exposure of t h e  exper imenta l  

an imals  i n ,  t h e  c a r c i n 0 g e n e s . i ~  s tudy,  a d d i t i o n a l  groups o f  an imals  o f  

each age were exposed t o  t h e  same doses and s a c r i f i c e d  a t  i n t e r v a l s .  

The t h y r o i d  g lands were removed, weighed, and t h e  a c t i v i t y  o f  1 3 1 1  
8 . .  . . 

determined by gamma-counti ng ; The r a d i a t i o n  doses t o  t h e  t h y r o i d s  were 

ca l cu la ted ,  c o r r e c t i n g  f o r  non-absorbed be ta  p a r t i c l e s .  



SLIDE 3  shows the  c a l c u l a t e d  r a d i a t i o n  a t  t h e  medium dose l e v e l .  

The rad ' i a t i on  doses' were no t  complete ly  p r o p o r t i o n a l  t o  t he  ad- 
\ 

m in i s te red  doses, .and f e l l  b.ff a t  h igh  r a d i a t i o n  doses. A t  each ad- 

m in i s te red  dose 1  eve1 , t h e  adul t s  recei;ed somewhat more than tw i ce  

.as g r e a t  a  r a d i a t i o n  dose t o  t he  t h y r o i d  as d i d  weanlings. The pre-  

n a t a l l y  exposed animals, which a1 so received,  f u r t h e r  1'311 i n  t he  m i l k ,  

rece ived a s l i g h t l y  lower dose than d i d ' t h e  weanlings, and those ex- 

.' posed neona ta l l y  rece ived an even smal le r  dose. 
. . 

.The e f f e c t  o f  t h e  adminis tered dose o f  1311 on t h e  1251 uptake 

of t h e  t h y r o i d s  o f  t h e  r a t s  which surv ived  t o  30 months o f  age i s  

' .  shown i n  SLIDE 4. I n  the  adu l t s ,  t he  medium dose, which gave 2000 

rad, decreased uptake s l i g h t l y ,  .wh i l e  t h e  h igh  dose o r  about 16.6 

rad  decreased uptake t o  28% o f  . c o n t r o l  'uptake. . I n  t h e  weanl ings, 

thyr0 i .d  fun.c t ion was unaf fec ted  by any dose o t h e r  than t h e . h i g h e s t ,  

about 5400 rads, which decreased uptake t o  about 44% of c o n t r o l  

l e v e l s .  I n  those exposed p r e n a t a l l y ,  3400 r a d  - the  h igh  dose - r e -  

duced uptake t o  about 70%. I n  t h e  newborn animals, t h e  medium,dose 

decreased func t i on  s l i g h t l y ,  b u t  t h e  h igh  dose, which gave o n l y  2200 

rad, reduced .uptake t o -  o n l y  57% o f  c o n t r o l  values. 

There was no sex d i f f e r e n c e  i n  t he  .development of t h y r o i d  tumors 

and t h e  sexes were combined t o  c a l c u l a t e  t h e  inc idences shown on t h e  

NEXT SLIDE ( 5 ) .  I n  t h e  a d u l t s  t h e  1,ow dose, which gave accumulat ive 

r a d i a t i o n  dose' o f  .about 175 r a d  t o  t h e  thy ro id ,  produced 22% tumor 

incidence. and the re  was a  f a l l  o f f  i n  inc idence among t h e  r a t s  o f  t h e  

medium and h igh  dose grou'ps which rece ived about 2,000 and 17,000 rad, 

respec t i ve l y .  I n  . the .  weanl ings,  50 rad, which corresponds t o  t h e  low 

dose, s l i g h t l y  i nc reased  tumor incidence, 100 rad  produced a marked 



i n c rease  t o  40% w h i l e  t h e  h i g h  dose, which gave about  5500 rad,  r e -  

s u l t e d  i n  a l e s s e r  inc ' idence. ' .  A l though n o t  s t r i c t l y  comparable, t h i s  
& . . < 

would suggest t h a t  t he  weanl ing was more s e n s i t i v e  t h a n  was t h e  a d u l t .  

Both t h e  low dose and c o n t r o l s  had a ' s i m i l a r  inc idence  i n  $he new- 

born  gro'up w i t h  a sharp r i s e  t o  33% a t  t h e  medium dose o r . 2 8 0  rads. 

w i t h  a , d r o p  t o  c o n t r o l  l e v e l s  a t  2200 rads. ~ v e h  t h e  low dose, which 

d e l i v e r e d  40 rads, markedly inc reased  i nc i dence  i n  t h e  p rena ta ldy  ex- 

j . .  
. posed animhls  w i t h  no drop i n  i nc i dence  a t  h i g h e r  doses. 

. A number o f  p i t u i t a r y  tumors were n o t e d ' i n  bo th  t h e  c o n t r o l  and' 

the. exper imenta l  animals,  SLIDE 6. A1 though a1 1 types o f  p i t u i t a r y  

tumors were combined f o r  t h i s  . t abu la t i on , :  about 213 o f  t h e  tumors have 

been diagnosed as chromophobe adenomas.. I n  a d d i t i o n ,  ,a l a r g e  number of  

animals,  c .on t ro ls  inc luded,  showed c y s t i c  enlargement of t h e  p i t u i t a r y  

w i t h  marked hemorrhage. 
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I .Adu l t s  
b iviothers o f .  . 14. '.. Exposure,, 

Level  Prenata l  s & Neviborns '\,dean1 i n p s  

Low 

Medi'um 

.t l i  gh . 

L 

vCi/day 

.0.2 

3 

30.  

pCi/day 

0.. 05 

0.75 

7 ..5 

To ta l  pCi 

1 

15. 

150 

To ta l  pC i  

0.25 

3.75 

37.5, 
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