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ABS TRACT 

THYROID RESPCNSE TO TOTAL BODY X-IRRADIATION 

OBJECT 

28 September 1951 

- 
To eva lua te  thyroid response i n  r a t s  following a p o t e n t i a l l y  l e t h a l  

dose of t o t a l  body x- i r rad ia t ion ,  by determining thyroid content of,  and 
t h e  conversion of i n j e c t e d  rad ioac t ive  iodine (1131) and the t o t a l  anc‘ 
protein-bound 1131 i n  t h e  blood serum. 

RESULTS AND CONCLUSIONS 

The changes i n  thyroid and serum 1131 content ( inorganic  and organic) 
of r a t s ,  a f t e r  t o t a l  body x - i r r ad ia t ion  a t  1000 r, i n d i c a t e  a s t imula t ion  
of thyroid a c t i v i t y  by 2 hours a f t e r  i r r a d i a t i o n .  This increased  a c t i v i t y  
is apparent u n t i l  one day a f t e r  i r r a d i a t i o n ,  from which time u n t i l  the  s i x t h  
day the re  is a progressive decrease i n  a c t i v i t y .  
a c t i v i t y  of the thyroid a re  probably due t o  systemic damage caused by the  
r a d i a t i o n  and a re  mediated through the bpophys i s .  The i n i t i a l  increased 
thyro t ropin  r e l ease  from the  hypophysis i s  followed by a shift of p i t u i t a r y  
func t ion  towards increased adrenocort icotropin e labora t ion  a t  the expense of 
thyro t ropin  production. 

These changes i n  func t iona l  

RF COA&U3TlDATIONS 

Response of the thyroid t o  t o t a l  body x - i r r ad ia t ion  of dosage lower 
than  1000 r should be s tudied.  E f fec t  of p i t r e s s i n  adminis t ra t ion,  given 
p r i o r  t o  i r r a d i a t i o n ,  on t h e  thyroid response t o  t o t a l  body x - i r r ad ia t ion  
should a l s o  be invez t iga ted .  
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THYROID RESPONSE TO TOTAL BODY X-IRRADIATION 

I. INTRODUCTION 

During the p a s t  s eve ra l  years  t h e r e  have been many inves t iga t ions  i n t o  
the e f f e c t s  of x - i r r ad ia t ion  on var ious mammalian organs. 
t h e  thyro id  gland, however, p r a c t i c a l l y  a l l  of t h e  s t u d i e s  undertaken have 
d e a l t  v i t h  d i r e c t  i r r a d i a t i o n  of t h e  gland (1, 2) by use of l o c a l  x- 
i r r a d i a t i o n  o r  massive doses of rad ioac t ive  iodine.  
shown t h a t  i n  t h e  r a t  l o c a l  r ad ia t ion  of the thyroid produces e s s e n t i a l l y  
no change in morphology o r  funct ion of t h a t  gland u n t i l  t h e  dosage reaches 
3OOO-6OOO r, a dose which i s  s e v e r a l  t imes t h e  magnitude of a l e t h a l  dose 
of t o  tal-body x- i r radiat ion.  

of 1131 by t h e  thyroid a s  we l l  as "increased a c t i v i t y "  i n  t h e  blood of 
r a t s  t h r e e  days a f t e r  500-lOOO r t o t a l  body x- i r radiat ion.  
reported data  a r e  r a t h e r  incomplete and do hot  allow any d e f i n i t e  conclu- 
s ions  a s  t o  t h e  s t a t e  of func t iona l  a c t i v i t y  of t h e  thyroid a f t e r  t o t a l  
body x- i r rad ia t ion .  

I n  t h e  case of 

These studies have 

I n  a b r i e f  a b s t r a c t ,  Evans & &. (3) , reported an increased uptake 

However, t h e  

It was the purpose of t h e  present  i nves t iga t ion  t o  determine t h e  content 
of r ad ioac t ive  iodine (Il3l) , both t h e  t o t a l  and organic, i n  t h e  thyroid 
gland a s  w e l l  a s  the t o t a l  and protein-bound 1131 content of blood of r a t s  
a t  va r ious  time i n t e r v a l s  a f t e r  a p o t e n t i a l l y  l e t h a l  dose (1000 r) of 
x-radiat ion.  It was f e l t  t h a t  such data  might i n d i c a t e  poss ib le  changes in 
thyro id  a c t i v i t y  during t h e  post-radiat ion per iod and thus present  a poss ib le  
a i d  i n  t h e  i n t e r p r e t a t i o n  of the physiological  aberrat ions following l e t h a l  
r a d i a t i o n .  

11. EXPERDENTAL 

A. Methods 

Male r a t s  of the Sprague-Dawleg s t r a i n  (weighing 190-250 grams) 
They were maintained on Purina labora tory  chow and t a p  water were used. 

u n t i l  24 hours before s a c r i f i c e ,  a t  which time they were deprived of food 
but  allowed water ad l i b .  
p e r i t o n e a l l y  with 1.0 m l  of a s tandardized rad ioac t ive  iodine so lu t ion  
contaQing approximately 5 microcuries of car r ie r - f ree  rad ioac t ive  iodine 
(1131) 

At t h i s  time each r a t  was in j ec t ed  i n t r a -  

made up t o  volume with Krebs-Henseleit bu f fe r  of pH 7.4 ( 4 ) .  

The r a t s  were i r r a d i a t e d ,  2 a t  a time, i n  a wel l -vent i la ted l u c i t e  
"he r a d i a t i o n  was performed with a 250 Kv Kelly-Koett x-ray uni t ,  chamber. 

t h e  f a c t o r s  being: 200 Kv, 6 ma., 9 mm copper and 1 mm aluminum f i l t e r s ,  

* 
by t h e  Oak Ridge Nat ional  Laborator ies  on a l l o c a t i o n  from the Isotopes 
Division, U. S. Atomic Energy Commission. 

The r ad ioac t ive  iodine (1'3') used i n  t h i s  inves t iga t ion  was supplied 
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t a r g e t  d i s tance  29 cm. This  set-up gave a dosage of 40 roentgens per  
minute a s  measured i n  a i r  with a Victoreen thimble chamber." Each r a t  
received 1CGO r (25 .0  min.) which was found t o  be d p p r o x b t e l y  an LD/100 
(8 days),  w i t h  the maximal mor ta l i ty  occurring betdeen the t h i r d  and f i f t h  
day. 

The animals were sac r i f i ced  by emanguinat ion v i a  card iac  puncture a t  
"zero", 2 hours, 1 day, 2 days, 3 days, 4 days and 6 days a f t e r  i r r a d i a t i o n .  
Very l i g h t  nembutal o r  e t h e r  anesthesia  was used, 
r a p i d l y  removed, weighed, and placed i n  hot 24 NaOH f o r  hydrolysis.  
t a r y  and adrena l  glands were removed and weighed a t  t h e  same the. 

The thyroid gland was 
P i t u i -  

The thyroid glands were processed and analyzed f o r  t h e i r  t o t a l  and 
organic bound radioiodine and t h e  blood serum analyzed f o r  i t s  t o t a l  and 
protein-bound (PBI) radioiodine contents  according t o  t h e  procedure 
described elsewhere ( 5 ) .  
rad ia ted  animals. 
time period. 

Control gyoups were run with each set of ir- 
Groups of 8-24 experimental animals were used f o r  each 

All values  f o r  radioiodine content, were ca lcu la ted  as per  cent of 
the in j ec t ed  dose,  
percentage devia t ion  from cont ro l  values.  
Table 1 and Figure 1 with the number o f  r a t s  used i n  each group. 

The values f o r  experinental  animais are  expressed as 
These r e s u l t s  a r e  given i n  

TPBLE 1 

TIIYROID GLAND AND BLOOD SZRUM CONTE?!T OF IIJ1 IN % OF INJECTED 
WSE - GIVEN AS % VARIATION FROM l~lORMAL CONTROL VALUES 

_I--_-- .. 
Time a f t e r  
i r r a d i a t i o n  

"Zero" 

2 hours 

1 day 

2 days 

3 days 

4 days 

6 days 

I -. 

I!o. of 
- a t s  used 

1% 

12 

12 

24 

24 

17 

8 

Thyroid Gland 
Total  

0 

-6 

0 

-21 

-29 

-6C 

- 54 

.- - - . __ 
Blood Serum 

Total  

-7 

-13 

163 

-57 

-32 

-25 

47 1 

PBI 

-4 

+3 2 

+42 

-67 

-68 

-73 

-92 

* The authors  wish t o  express t h e i r  appreciat ion t o  the Radiobiology 
Branch of t h i s  l abora tory  f o r  a s s i s t ance  i n  the i r r a d i a t i o n  procedure. 
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E. R ? s u l ? s  

Thp  d a t a  i n  Table 1 a r e  presented g raph ica l ly  i n  Figure 1. It 
can be semi t n s t  as e a r l y  a s  2 hours a f t e r  i r r a d i a t i o n ,  t h e r e  i s  a drop 
i n  total .  gland 1131 content but a r i s e  i n  t h e  organic component ( w i t h  a 
r e s u l t i n g  r i r e  i n  t.he o rgan ic / to t a i  r a t i o ) ,  accompanied by a s i m i l a r  p i c t u r e  
i n  t h e  serum t o t a l  and PBI f r ac t ions .  By 24 hours t h e  gland content i s  
hack t o  normal while t h e r e  i s  a r i s e  of 40-60$ i n  both t h e  serum t o t a l  and 
PB;131n Between t h e  f i r s t  and fou r th  day a f t e r  i r r a d i a t i o n  t h e  gland con- 
t e n t ,  showing a remarkably constant  organic / to ta l  r a t i c ,  drops s t e a d i l y  t o  
68% below control  va lues ,  
t h e  giand content, i s  &ill about 50% below normal. 
bo th  t o t a l  and PBI, drops from 50% above t o  60% below con t ro l  values between 
t h e  first and second day a f t e r  i r r a d i a t i o n .  
post-- t r radiat . ion day, t h e  t.ot.al serum 1131 content rises s t e a d i l y  t o  71% 
above c o n t r o l  values  while t he  serum FBI131 f a l l s  progressively t o  92% 
below normal, 

111. DISCUSSION 

By t h e  s i x t h  day t h e r e  i s  a s l i g h t  r ise ,  but  
The serum 1131 content,  

From t h e  second t o  the  s i x t h  

Since it has been shown (1, 2) t h a t  l o c a l  r a d i a t i o n  of t h e  thy ro id  
produces no no t i ceab le  change i n  morphology or func t ion  of t h a t  endocrine 
organ until t h e  dosage reaches 3000-6000 r ,  t h e  response of t h e  thyro id  
gland t o  1000 r t o t a l  body x - i r r ad ia t ion  is, probably, brought about bjr 
some systemic dis turbance,  wnich may be mediated through t h e  hypophysis, 

The inc rease  i.n serum PBI131 and decrease i n  t o t a l  1131 glanO content  
as e a r l y  as 2 hours and a s  la te  as one day after i r r a d i a t i o n ,  probsbly, 
i n d i c a t e s  s t imu la t i cn  of t h e  thyroid.  
t h e  t i m e  of response i s  q u i t e  s imi l a r  t o  t h a t  foilowing a s i n g l e  i n j e c t i o n  
of t hy ro t rop ic  hormone (5)a This thyro id  response agrees  w e l l  with t h e  
f i n d i n g  of Kirschner go (6)  t h a t  t h e r e  i s  an e leva t ion  of  oxygen 
consimptior of 355 occurr ing i n  rats wi th in  24 hours a f t e r  t o t a l  body 
i r r a d i a t i o n  d eo?-972 r o  

The s lope of t h e  curve as well a s  

From t h e  second unt. i l  t he  s i x t h  pos t - i r r ad ia t ion  day, both t h e  gland. 
and serum 1x31~ c r i t e r i a  responses a r e  i n d i c a t i v e  of decreased thyro id  ac t iv -  
i t y .  yiving a pict ,ure simil.ar t o  t h a t  observed i n  hypophysectomized a n i m l s  
( 7 ,  8 ) .  

I n  an inves t iga t ion  of t h e  adrenal response t o  t o t a l  body x - i r r ad ia t ion  
( 9 )  of comparabl~e magnitude t.o t h a t  used i n  t h e  present  s tud ie s ,  P z t t  & &. 

found t h a t  t h e r e  i s  a n  i n i t i a l  s t imula t ion  of t h e  adrena l  (3 t o  6 hours 
a f t e r  i r r a d i a t i o n ) ,  followed by an apparent  r e t u r n  t o  normal u n t i l  a f t e r  t h e  
second pos t - i r r ad ia t ion  day. 
a s t eady  inc rease  of ad-renal s i z e  and function. These au thors  point  out t h e  
similarity of t h e  e a r l y  adrenal. response t o  t h a t  observed following an 
i n j e c t i o n  of the  adrenocor t ico t ropic  hormone. 
present  s t u d i e s  (Table 2)  a r e  q u i t e  s i m i l a r  t o  those repor ted  by Pat t .  

Thenceforth u n t i l  death t h e r e  appears t o  be  

Adrenal weights taken i n  t h e  
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TABLE 2 

ADRENAL '#EIQITS OF RATS SLJWECTED TC 1000 r TOTAL BODY X-IRRADIATION 

Days of S ta rva t ion  1 2 

I -6 Thyroid Gland i 
Serum PBI I -2 * o  

I - I 

-3 I I 

Sof fe r  and a s s o c i a t e s  (10) have reported t h a t  adminis t ra t ion of adreno- 
co r t i co t rop in  r e s u l t s  i n  a decreased content of i n j e c t e d  1131 in  t h e  thyroid,  
suggest ing t h a t  adrenocrot icotropin i n h i b i t s  t h e  p i t u i t a r y  sec re t ion  of 
thyro t ropin .  

A comparison of t h e  r e s u l t s  presented, w i t h  those of the adrenal  
s t u d i e s  descr ibed above, i s  i l l u s t r a t e d  i n  Figure 2 
i n t e r p r e t e d  a s  follows: Systemic disturbance, due t o  t o t a l  body x- 
i r r a d i a t i o n ,  causes an  i n i t i a l  increased e labora t ion  of thyro t ropic  and 
adrenocort icotropic  p r inc ip l e s  from t h e  a n t e r i o r  p i t u i t a r y ,  followed by a 
continuous increased demand f o r  adrenal c o r t i c a l  hormones which can only  be 
met by increased p i t u i t a r y  r e l e a s e  of ACTH a t  the expense of thyro t ropin  
production. 

These f indings may be 

It i s  known t h a t  the food in t ake  of i r r a d i a t e d  animals i s  l e s s  than 
normal and it has been reported t h a t  i nan i t ion  will cause a shift of p i tu i -  
t a r y  func t ion  towards increased ACTH e labora t ion  a t  t h e  expense of thyro- 
t rop in  production (ll> 12). 
on s ta rved  n o r m 1  r a t s  (Table 3) show a serum p i c t u r e  similar in slope t o  t h a t  
of Figure 1, bu t  much smaller i n  magnitude and n o t  apparent until t h e  t h i r d  
day a f t e r  t h e  beginning of complete s ta rva t ion .  
thyroid I13I content by t h e  fou r th  day. 
r a d i a t i o n  would seem, then, t o  account f o r  only p a r t  of t h e  observed changes. 

However, thyroid s t u d i e s  done i n  this laboratory 

There is no a l t e r a t i o n  in 
The p a r t i a l  i nan i t ion  caused by 

3 1 4  b 

-- 

-3 8 

-10 

-20 1 -22 

N. CONCLUSIONS 

The changes i n  thyroid and serum 113' content  ( inorganic  and organic) 
of r a t s ,  a f t e r  t o t a l  body x- i r rad ia t ion  at. 1000 r ,  i n d i c a t e  a s t imula t ion  of 
thyro id  a c t i v i t y  wi th in  2 hours a f t e r  i r r a d i a t i o n .  
is apparent f o r  74 h o k s  a f t e r  i r r a d i a t i o n ,  a f t e r  which time, u n t i l  t h e  s i x t h  

?his increased a c t i v i t y  
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day, t h e r e  i n  a progressive decrease i n  a c t i v i t y .  
f m c t i o n a l  a c t i v i t y  of t he  thyro id  m y  be due t o  systemic changes caused by 
t h e  radiat.ion and a r e  probably mediated through t h e  hypophysis, t h e  i n i t i a l  
i w r e a s e d  thy ro t rop in  r e l e a s e  from t h e  hypophysis being followed by a s h i f t  
of p i t u i t a r y  funct ion towards increased adrenocort icotropin e labora t ion  a t  
t h e  expense of t hy ro t rop in  production, 

These a l t e r a t i o n s  i n  

Vo ,EBCOMMENDATIONS 

Response of t he  thyro id  t o  t o t a l  body x - i r r ad ia t ion  of dosage lower than 
lo00 r should be s tudied ,  
on t h e  thy ro id  response t o  t o t a l  body x - i r r ad ia t ion  should also be inves- 
t iga t ed ,  
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DAYS AFTER X-IRRADIATION 

FIGURE 2 
THYROID AND ADRENAL ACTIVITIES AT INTERVALS AFTER TOTAL 
BODY X-IRRADIATION (looor) 
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x: Adrenal activity \\ 
(As analyzed from data 
Of Patt ,  E t  AI ( 9 )  ) 
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