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T j  and T 4  at  10~® M caused a significant inhib it ion  on  f 3 H ¡urid ine  in co rp o ra t io n  in to  RNA 
ln calf-t l iyroid sliccs. T his  e t fec t  was n o t  a l tcred by  add i t ion  o f  10 ~ 3  M PTU or MML T h e  
m etabo l ism  o f  l 2 s I-T 3  was s tudicd  t inder tlie same condit ions.  T here  was a very slight deha lo-  
gena t ion  a f te r  60  m in  (less than  5 f;«j) which was inhibited by l’TU.

T h e  t im e  course ot' the  up take  o f  labeled  T 3  show ed a te m p e ra tu rc  d en e n d e n c e ,  and this 
u p ta k e  was n o t  al tercd by 1 0 ~ 6  M KI,  I -T 4 , D IT  or  M iT , tl ius iiul icating spccificity. The  e i r ly  
phasc  o f  labeled T 3  en trance  in to  th e  ce!! was inh ib ited  by the  add i t io n  o f  coid T 3  in a dose-  
d e p e n d e n t  m anner  f rom 10 ' 9  to  10 ' 5  M. Slices previously s t im ula ted  by  cAMP o :  cGMP 
show ed a signif icant increase in the u p ta k e  o f  labeled  T j .  ATPase activity  or  ATP, p ro te in  or 
RNA synthesis does  n o t  seem to play a role in this process .

T h e  reía t ionship be tw ecn  subst i tu t tons in th e  th y ro n in e  m olecule  and  its biological ac t ion  
o n  R N A  synthesis  was also s tud ied ,  and some p re l im inary  conclus ions were d rawn.

T hese  studies d e m ó n s tra te  tha t  T 3  has a d irec t  ac t ion  o n  the  thyro id .

K ey w ords: th y ro id ,  t r i io d o th y ro n in e ,  R N A  syn thesis ,  au to reg u la t io n .

I o d i n e  af f ee ts  d i f f e r e n t  t h y r o i d  p a r a m e t e r s  b o t h  in h u m a n s  a n d  in ani ma l s ,  b u t  
i t s  e x a c t  m e c h a n i s m  o f  ac t i o n  is n o t  c o m p l e t e l y  u n d e r s t o o d  (Wolf f ,  1976 ) ,  Because  
t h e  i n h i b i t o r y  a c t i o n  ot  i od ine  is rel ieved b y  p c r c h l o r a t e ,  n i e t h y l m e r c a p t o i i n i d a z o l e  
a n d  P T U  ( B u r k c ,  1 9 7 0 ;  V a n  S a n d e  a n d  D u m o n t ,  1 9 7 3 ;  Pisarev a n d  Aiel lo ,  1 9 7 6 ;
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R a p o p o r t  e t  a l . ,  1 9 7 6 ;  S h e rw in  a n d  T o n g ,  1 9 7 6 )  it h a s  b e e n  p r o p o s e d  t h a t  an  intra* 
ce l lu la r  an d  o rg an ic  i o d o  c o m p o u n d  is th c  in te r m e d ía t e  o f  its a c t io n .  P rev ious  
s tu d ic s  s h o w e d  th a t  T 3 a n d  T 4 h ave  a d i r c c t  i n h ib i t o r y  a c t io n  o n  th y r o id  slices 
(P isarcv  e t  al . ,  1 9 7 6 ;  K le im a n  d e  P isarcv  et al . ,  1 9 7 8 ) .  M o rco v e r ,  io d o th y r o n in e s  a re  
m o r e  p o t e n t  in h ib i to r s ,  o n  an e q m m o la r  bas is ,  th a n  K I.  T hese  f ind ings  led  u s  to  
p r o p o s e  th a t  i o d o th y r o n in e s  m a y  p la y  a ro le  in t h y r o id  a u to re g u la t io n  ( t h c  s h o r t -  
l o o p  fe e d b a c k  m e c h a n is m ) .

T h e  p r e s e n t  s tu d ie s  w e re  p e r f o m ie d  to  a n s w e r  th c  fo l lo w in g  q u e s t io n s .  (a )  D ocs  
T 3 e n t e r  in to  th c  th y r o id  ccll? (b )  Is T 3 d e h a lo g e n a te d  to  a s ign if ican t  e x t c n t . u n d e r  
th e  e x p e r im e n ta l  c o n d i t i o n s  w h e r c  it in h ib i t s  p r o t e i n  a n d  R N A  sy n th e s is?  ( c )  D o  
T 3 a n d  T 4 have  a b io log ica l  c f f e c t  in th c  p re se n c c  o f M M I  a n d  P T U ? T h e  in f lu e n te  
o f  c e r ta in  s u b s t i t u t i o n s  in th c  i o d o t h y r o n i n e  m o le c u l e  on  th c  in h ib i to r y  a c t io n  w as  
al so a n a ly z e d .

M A T E R I A L S  A N D  M E T H O D S

B ovine  th y r o id  w as  o b t a in e d  a t  a local s la u g h te rh o u s e  an d  t r a n s p o r te d  to  th e  
l a b o r a to r y  in iced  sa l inc .  SÜces w e re  m a d e  o n  a S t a d i e - R i g g s  m ic r o to m e .  T h e y  
w ere  r in sed  d u r in g  15 m in  in  th e  in c u b a t i o n  m é d iu m  to  r em o v e  th e  co l lo id  re leased  
b y  th e  slicir.g p r o c e d u r e .

(*H]Uriditie incorporation into RNA
T h e  sliccs w e re  in c u b a te d  in q u a d r ip l i c a te ,  in 5 m i o f  K r e b s - R in g e r - b i c a r b o n a t e  

(K R B )  b u f fe r  (p H  7 .4 )  c o n ta in in g  8 m M  g lu c o sc ,  u n d e r  9 5 %  0 2 an d  5% C 0 2 a t  
37°C .  E ach  e x p e r in i e n t  w as  re p e a te d  3 - 5  t im es  o n  d i f f e r e n t  days .  T lic  va r io u s  te s t  
su b s tan ce s  w e re  p r e s e n t  d u r in g  b o t h  th c  in c u b a t i o n  a n d  th e  labe l ing  p r o c e d u re .  
Aí'ter 3 0 - 4 0  m in  i n c u b a t i o n ,  : he  slices w ere  lab e le d  w i th  [5-3H ] u r id in e  (spec .  a c t .  
3 0  C i /m M , N e w  E n g la n d  N u c le a r ,  U .S .A .) ,  a t  2 / jC i /h i l  d u r in g  6 0  m in .  T h e  slices 
w e r e  th e n  e x te n s iv e ly  w a sh e d  in co id  sa l ine ,  b lo t t e d  on  f i l te r  p a p e r  a n d  h o m o g e -  
n iz ed  in 1 mi o f  d is t i l led  w a te r  in an  all-glass P o t t e r - E l v e h j e m  t y p c  t is sue  h o m o g e -  
n ize r .  R N A  w as  e x t r a c t e d  a c c o rd in g  to  th e  m e t h o d  o f  M u n r o  an d  F le c k  ( 1 9 6 6 ) ,  a n d  
i ts  specif ic  a c t iv i ty  w as  c a lc u la te d  a f te r  th e  r a d io a c t iv i ty  h a d  bee n  c o u n t e d  in  B r a y ’i  
sc in t i l la t io n  s o lu t i o n .

Uptakc o f  l7SI-T3 by thyroid slices
B e e f - th y ro id  slices ( 1 0 —4 0  m g  w e t  w c ig h t ) ,  free f ro m  fat  a n d  c o n n c c t iv e  t is sue ,  

w e re  i n c u b a te d  a t  3 7 ° C  d u r in g  3 0  m in  in K R B  c o n ta in in g  th e  d i f f e r e n t  te s t  s u b ­
s tances .  A t r ac e r  d o se  ( a r o u n d  8 0 0  0 0 0  c p m )  o f  n 5 l -T 3 ( spec .  a c t .  144  p C i /p g ,  
N ew  E ng land  N u c le a r )  w a s  th e n  a d d e d  an d  t h e  i n c u b a t i o n s  w e r e  c o n t in u c d  fo r  d i f ­
f e re n t  t im es  u p  to  6 0  m in .  T h e  slices w e re  th e n  th o r o u g h ly  w ash e d  w i th  c o id  sa line ,  
b l o t t e d  o n  f i l te r  p a p e r  a n d  w e ig h e d ,  a n d  th e i r  r ad io a c t iv i ty  w as  c o u n t e d  in a 
P a c k a rd  a u to -g a m m a  s p e c t r o m e te r .  T h e  r a d io a c t iv i ty  o f  th e  in c u b a t i o n  m e d ia  was



also  c o u n t e d .  T h e  T / M  r a t i o  fur  T 3 w as  c a l c u l a t c d  a c c o r d i n g  t o  t h e  e q u a t i o n

t h y r o i d  rad io , wt i v i t v  ( c p m / m g  w e t  w e i g h t )
T/M = ----- —------------------ '----------- ------------------

m é d i u m  r a d io a c t i v i t y  ( c p m / m l )

Metabolism o f  labeled T}
T o  s t u d y  t he  m e t a b o l i s m  o f  T 3 ins ide  t h e  t h y r o i d  cel l ,  s l ices w c r e  i n c u b a t e d  in 

5 ni! o f  K R B  d u r i n g  6 0  m i n  w i t h  125I -T3 ( a b o u t  1.5 X 1 0 6 c p m ) .  T h e  p u r i t y  o f  e a ch  
p r e p a r a t i o n  o f  l abeled  h o r m o n e  w as  c h e c k e d  b y  p a p e r  c h r o m a t o g r a p h y  b e f o r e  e a ch  
e x p e r i m e n t .  A t  the  en d  o f  t h e  i n c u b a t i o n  t he  sl ices w e r e  t h c r o u g h l y  w a s h e d ,  b lo t -  
t e d  o n  f i lter  p a p e r  a n d  h o m o g e n i z e d  in 0 .5  m i  o f  1 m M  P TU .  A l i q u o t s  o f  t h e  
h o m o g e n a t e  an d  o f  t h e  i n c u b a t i o n  m é d i u m  w e r e  t h e n  s u b j e c t e d  t o  p a p e r  c h r o m a -  
t o g r a p h y  to g e t h e r  w i t h  s t a n d a r d s  o f  i o d o t h y r o n i n e s ,  i o d i d e  a n d  i o d o t v r o s i n e s  to  
h e l p  in  t h e  i de n t i f i c a t i o n  o f  t h e  l abeled  c o m p o u n d s .  3 so lv e n t  s y s t e m s  wer e  u se d :  
( a ) ,  a s co nd ing  p a p e r  c h r o m a t o g r a p h y  in / / - b u t a n o l  : e t h a n o l  : 0 .5  N a m m o n i u m  
h y d r o x i d e  ( 5 : 1 :  2 ; v /v) ;  ( b )  a s c e n d i n g  p a p e r  c h r o m a t o g r a p h y  in / / - b u t a no l  : ac e t ic  
ac id  : w a t e r  ( 1 3 8  : 5 : 6 ; v /v) ;  a n d  (c)  d e s c e n d i n g  p a p e r  c h r o m a t o g r a p h y  in hex -  
a n e  : t e r t i a r y  a m y l  a l coho l  : 2 N a m m o n i u m  h y d r o x i d e  ( 1 : 5 :  6 ; v /v )  a c c o r d i n g  t o  
Be l l abar ba  e t  al.  ( 1 9 6 8 ) ,  all w i t h  W h a t m a n  N o .  1 p ap e r .  T h e  r u n n i n g  t i m e  was  
a r o u n d  2 0  h  in all cases.  I od ide  s p o t s  wer o  i de n t i f i e d  w i t h  0 . 5 %  p a l l a d i u m  c h ' o r i d e ,  
a n d  i o d o a m i n o a c i d s  w c r e  l oc a t e d  w i t h  0 . 5 %  n i n h y d r i n  in  a c t l o n e .  T h e  p a p e r  w a s  
c u t  i n t o  s t r ips a n d  the  r a d io a c t i v i t y  was  c o u n t e d .  T h e  d i s t r i b m i o n  o f  r ad ioa c t i v i t y  
w as  ca l c u l a t ed  as p e r c e n t a g e  o f  t h e  t o t a l  c o u n t s  in ea ch  s t r ip.  Beca use  t he  separa -  
t i o n  o f  t h e  s p o t s  o f  T 3 a n d  T* w a s  p o o r  in t h e  BE  A a n d  BAW s y s t ems ,  t h e i r  r ad io -  
ac t iv i t ies  w e r e  e s t i m a t e d  t o g e t h e r .  In t h e  s y s t e m  w i t h  h e x a n e  : te r t i a r y  a m y l  a l c o ­
h o l  : a m m o n i u m  h y d r o x i d e ,  M l T  a n d  D I T  c o u l d  n o t  be  a d e q u a t e l y  s e p a r a t e d  a n d  
t h e r e f o r e  t he i r  r adi oact i v i t i es  w e r e  e s t i m a t e d  t o g e t h e r .  Tl ie  p r o t e i n  c o n t e n t  in  t h e  
saín pies was  d e t e r m i n e d  a c c o r d i n g  t o  L o w r y  e t  al .  ( 1 9 5 1 ) .

T h e  var i ous  i o d o  c o m p o u n d s  used in t h e  p r e s e n t  s t ud i e s  w e r e  k i n d l y  d o n a t e d  
b y :  G l a x o  L a b o r a t o r i o s  ( A r g e n t i n a ) ;  S m i t h - K l i n e  L a b o r a t o r i e s  ( U .S . A . ) ;  Dr .  Vi v í an  
C o d y ,  Medica!  F o u n d a t i o n  o f  Buf fa l o  ( U . S . A . ) ;  a n d  Dr.  Ce r a l d  Nr. B u r r o w ,  T o r o n t o  
G en e ra l  H o s p i U l  ( Ca n a d á ) .  A c t i n o m y c i n  D was  g e n e r o u s l y  p r o v i d e d  b y  Me rc k ,  
S h a r p  a n d  D o h m e  L i b o r a t o r i e s ,  NJ  ( U. S . A . ) .  T 3 and  T 4 w e r e  p u r c h a s e d  f r o m  Si gma 
C h e mic a l  Co. ,  MO  ( U.S . A . ) ,  svhile all t h e  o t h e r  d i u g s  we r e  r ea gen t - gr ade .  n - B u t a n o l  
was  dis t i l led in o u r  l a b o r a t o r y .  S ta t i s t ic a l  analy.sis was  p e r f o r m e d  a c c o r d i n g  to  
S t u d e n t ’s t tes t .

R E S U L T S

A s  s h o w n  in T a b l e  1, t h y r o x i n e  a t  1 0 ~5 M ca u s e d  a s i gni f icant  d e c r eas e  in [ 3I I ] - 
u r i d i ne  i n c o r p o r a t i o n  i n t o  MN'A, a n d  this a c t i o n  was  n o t  a l te r ed  b y  t h e  a d d i t i o n  o f  
M M l  a t  1 0 ''1 M t o  t h e  i n c u b a t i o n  m i x t u r e  ( E x p t .  A) .  Mo r e o v e r ,  t he  i n h i b i t o r y



T ab lc  1
In h ib i lo ry  ac t io n  o f  T 3  and T 4  on  RNA synthesis  in th c  prcscnce o f  MMI o r  PTU

E x p t . T re a tm e n t R N A
( c p m /p g )

In lúb .
(%)

P

A C o n tro l 90 .6  > 28 .6 __

MMI 1 0 ~ 5  M 73 .0  t  7,2 — n.s.
T 4  10 ' 5  M 30.4 i  13.8 67 0 . 0 1

T 4  plus MMI 23 .6  t  4 i 74 0 .005

B C o n t ro l ,  PTU solv. 96 .8  ± 13.3 _

C o n t ro l ,  ¡o d o th y ro n .  solv. 96 .7  i  17.8 - —

PTU 1 0 ' 3  M 97 .9  * 18.7 — _

T 3  1 0 - 6  M 26.3  t  1.7 73 0.001
T 4  1 0 “* M 53 .9  t  14.4 45 0.005
T 3  p lus PTU 34.1 ± 9.1 65 0 .0005
T 4  p lus PTU 48 .9  ± 2.2 50 0 .0005

Each valué is the  avcrage f rom  4 slices t  1 S.D.

a c t io n  o f  10"® M T 3 o r  T 4 o n  R N A  la b e l in g  w as  n o t  a f f e c te d  b y  1CT3 M P T U  ( E x p t .  
B ) .

T h e  po ss ib le  m e ta b o l i z a t i o n  o f  lab e le d  T 3 w as  s tu d ied  u n d e r  th e  sam e  expe r i-  
m e n ta l  c o n d i t i o n s  in  w h ic h  T 3 in h ib i t s  t h e  i n c o r p o r a t i o n  o f  [ 3l l ] u r i d i n e  i n to  R N A . 
As ca n  be scen  in T a b le  2 ,  a f i e r  6 0  m in  o f  in c u b a t i o n  o n ly  a small p r o p o r t i o n  o f  th e  
h o r m o n e  l iad  b e e n  d e h a lo g e n a te d  a n d  th is  p ro c c s s  w as  in l i ib i ted  b y  th e  a d d i t io n  o f  
J O '3 M P T U .

W ith  th e  k n o w le d g e  t h a t  la b e le d  T 3 r e m a in s  u n a l t c r e d  d u r in g  in c u b a t i o n s  o f  u p  
t o  6 0  m in ,  i t s  e n t r a n c c  i n t o  th e  th y r o iü  cell w as  th e n  s tu d ie d .  Fig. 1 sh o w s  th e  
t im e -c o u r se  cu rv e  o f  th e  u p t a k e  o f  125i -T 3 in to  th y r o id  slices. W hcn  the  in c u b a t io n s  
w e r e  p e r f o r m c d  a t  3 7 ° C  w h e r e  w as  a rap id  riso in th c  T /M  ra t io ,  w h ich  rea c h e d  a 
p la te a u  a f te r  2 0  m in ,  th e  valúes  r e m a in in g  s te a d y  for  u p  t o  6 0 - 1 2 0  m in  o f  i n c u b a ­
t io n .  W hen th e  slices w e r e  in c u b a t e d  a t  0 ° C  th e  u p t a k e  cu rve  was s im ilar  in  sh a p e ,  
b u t  th c  T /M  r a t i o  s h o w e d  va lúes  t h a t  w e re  2 5 —307c o f  th o se  o b se rv e d  a t  3 7 ° C .  A d d i ­
t io n  o f  co id  T 3 t o  th c  in c u b a t i o n  m i x t u r e  ca u se d  a dcc rease  in lab e led  T 3 u p ta k e .  
F ig. 2  sh o w s  t h a t  T 3 in c o n c e n t r a t i o n s  f ro m  1 0 ' 9 to  1 0 " 5 M cau sed  a progrcssive  
dcc rease  in  th e  T /M  r a t i o  m e a s u r e d  a f te r  a 1-min pu lse .  S im ilar  a m o u n t s  o f  1-T« 
failed  t o  a l te r  th e  ra te  o f  T 3 e n t r a n c e  i n to  th e  ccll .  As can  be  scen in T a b le  3 ,  
n e i th e r  K I ,  1-T4 , M !T  ñ o r  D IT  a t  1 0 " 6 M c a u se d  a s ign if ican t  a l t e r a t io n  in th c  T /M  
ra t io .  O u a b a in  s h o w e d  o n ly  a m a rg in a l  an d  n o n - s ig n i í i c a n t  e f f e c t ,  s im ilar  t o  t h a t  o f  
p u r o m y c i n  a n d  d i n i t r o p h e n o l  ( D N P ) .  C y c lo h e x im id e  an d  a c t in o m y c in  D ca u se d  an 
u n c x p c c t e d  in c rease  in t h e  T /M  ra t i o .  T h esc  r c su l t s  w e ie  o b se rv ed  in 6  d i f f e r e n t  
e x p e r im e n t s  an d  w i th  c o n c e n t r a t i o n s  o f  a c t i n o m y c in  D o f  10 a n d  2 jug/ml. W hen  
th e  a c t io n  o f  c y c ü c  n u c l e o t i d e s  w as  a n a ly z c d ,  b o t h  c y c ü c  A M P  a n d  cyc l ic  C M P  a t



T a b le  2
M etabolism  ó f  1 J S I -T j  b y  calf  th y ro id

% D is í r ibu t ion  o f  p ro d u c ís  b y  p aper  c h ro m a to g ra p h y

BEA BAW H e x a n e  : te r t . -am y l  a lc o h o l  : a m m o n iu m

Tissue M éd ium  T 3 Tissue M é d ium  T j Tissue t 3*

C o n tro l PTU C o n tro l PTU C o n tro l PTU

MIT 2 . 1  t  0 . 6 1.0 ± 0 .3 1 . 1 0 .4 0.9  ± 0 .0 1 . 0  i  0 . 1 1 . 6 0 .9 2.1 ± 0 .3 2 .4  t  1 3 0 . 2

D IT 1.7 ± 0 5 0 .3  ± 0 .1 0 .4 0 .3 3.5 t  0 .4 2 .9  ± 0 .3 2 . 2 3.0

t 3 9 0 .2  ± 1.1 91 .8  t  1.9 95.1
90.1 t  1.3 95-5 ± 1.0 95.1 9 5 .7 91 .9  ± 1.1 9 4 .0  ± 0 .4 94 .3 94 .2

t 4 3.7 t  1.1 2 .7  ± 0 .2 3.5

Iodide 4.6  i  1.0 2 . 2  ± 0 ^ 3.0 2.9 2.7 ± 0 .7 1 S  ± 0 . 2 1.7 1 . 6 4 .0  ± 0 .3 3 .0  ± 0 .3 1 . 2

P ro d u c id 2.5 ± 0 .4 1.0 t  0 .3 0 .4 0 . 6 1 . 1  ± 0 J 0 .7  t  0 .3 0 .3 0 .3 - -

Tn e ach  E x p t ,  4 slices w ere  in c u b a tc d  in K R B ,  w i th  a n  w i th o u t  PTU  1 0 _ í  M. A l iq u o ts  o f  th e  tissue h o m o g e n a te s ,  th e  in c u b a t io n  m é d iu m  and  th e  
labeled T 3 CT3 ) used w ere  analyzed  b y  p a p e r  c h ro m a to g ra p h y  w i th  3 d i f fe ren t  solvent l y s t e m j .  Each  valué is t h e  average f ro m  4 sam ples  t  1 S .D .
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Fig. 1. T im e  course o f  the u p ta k e  o f  1251-Tj by thy ro id  slices. Each valué is the  average f ro m  4 
slices *1 S.D. T h e  slices werc in cuba ted  dur ing  the  imlicatcd  t imes a t  37 an d  a t  0°C.
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Fig. 2. Action  o f  un labeled  T j  on  1 J s l -T j  u p ta k e  by  th y ro id  slices. T he  slices were incubated  
w ith  the  eold h o rm o n e  at  the c o n c e n t ra t io n s  indica ted fo t  30 m in ,  and then  pulse labeled fot
1 niin. The valúes are the average f rom  4 slices and  are expressed as percentage o f  the control!, -  
which were taken as lüü'.o.



Table  3
lnfli icnce o f  Var ious C o m p o u n d s  o n  1 J 5 I -T j  U p ta k e  b y  th e  T h y ro id  Cell

T re a tm e n t  C o n c e n t ra t io n  T J  U ptake
(%)

C o n tro l 1 0 0

K1 1 0 ^  M 92
1-T< 1 0 ** M 1 1 2

MIT 1 0 - 6  M 91

DIT 1 0 ” 6  M 84
O uabain 10 ' 3  M 85
A ctin o m y c in  D 1 0  jU g /m l 160

2  j ig/ml 167
D in i t ropheno l 1 0 ’ 3  M 97
C yc lohex im idc • 1 0 0  / jg /m i 138
P urom yc in 1 0 0  /Jg/rnl 8 8

Cyclic  AMP 10 ~ 3  M 158
C y c l icG M P

£1O

133

Becf-thyroid slices wcre incuba tcd  in quadr ip lica te  in K R B  conta in ing  the various substances .  
A ftcr  30 min a traccr dosc o f  labeled T 3  was addcd  and the  up tak e  m easm ed  af ter  1 min. The 
T/áI  ra t io  was ralculn ted  as di'.scribed under  Materials and  M ethuds .  Kesults are expressed by  
taking the  Controls as 100% and are representat ivo o f  4 - 6  d if feren t  Expts .

Table 4
Action  o f  T h y ro id  H o rm o n e  Analogs o n  T h y ro id  R N A  synthesis

C o m p o u n d  % In h ib it ion  o f  RNA
(cpm/yjg)

1 -3 ,3 ' ,5 -T t i iodo thy ion ine 59
1-Thyroxinc 44
1 -T e t rach lo ro thy rom nc 54

1-3,3‘^ -T r ic h lo ro th y ro n in e 37
1-3,3’^ -T r i to d o th y ro a c e t ic  acid 6 0
1 -Tetra lodo thyroacc  tic acid 47

1-3,3‘, 5 - T M o d o th y ro fo rn ic  acid 0

1-Tctra iodothy  ro tor  mié acid 23
1-Tetraiodvithyropropioii ic  acid 65

l -3 ,3 '-U i iodo thy ron ¡ne 0

l - 3 ’- lsopropyl-} . ‘> d i io i to ihy ron ine 0

l - 3 ‘- lsopio | 'y l-3 ,5  ' , 5 - tr t iodo thy ron ine 50

l-3 ,5 '-D im clhy l-3 '- isopropyl  th v ron ine 61
1-3,5 '•Dintelhy!-.V-.sec-bu:yl th y ron ine 13

T he  p e rcen ta je  inh ib i t ion  o f  R N A  synthesis was calculatcd  from  the  averace inhib it ion  ob- 
K rvcJ  In 8  d if ie ren!  1 xpts. In eacli l ixpt .  4 sliccs wcre incubated  w ith  the van o u s  co m p o u n d s  

. »t •  final c o m e n t i a t i o n  o l  10 ' 5 M.



1 0 ' 3 M ca u s e d  a s ign i f i cant  i nc reas e  in (he e n t r a n c c  o f  l abcl cd  T 3. Si mi l a r  r c su l t i  
w e r e  o b t a i n c d  w h e n  llie T / M  r a t i o  was  i nc a s u r c d  a f t e r  a 10- min  pulse .

Tl ie a c t i o n  o n  R N A  sy n t h e s i s  o f  so ine  t h y r o i d - h o r m o n e  ana log s  w a s  s t u d i c d .  As  
s h o w n  in T a b l e 4 ,  bes ides  T 3 and T 4, t c t r a c h l o r o t h y r o n m e ,  t r i c h l o r o t l i y r o n i n e ,  
T r i ac ,  T e t r a o ,  t i i i o d o t h y r o p r o p i o n i c  ac id ,  t e t r a i o d o t h y r o p r o p i o n i c  ac id ,  i s op r op y l -  
T 3 a n d  D1MIT ca use d  a s ig n i f i can t  a n d  equ i v a l c n t  i n h i b i t i o n  o f  R N A  label ing.  O n  
tlie o t h e r  h a n d .  D1 SB T l iad  a sl ight b u t  non- s ign i f i c an t  a c t i o n ,  s imi la r  t o  t h a t  o f  
t r i i o d o t h y r o f o r m i c  ac id ,  t e t r a i o d o l h y r o f o r i n i c  ac i d ,  d i i o d o t h y r o n i n e  a n d  i sopr opy l-  
d i i o d o t h y r o n i n e .

D I S C U S S I O N

T h e  p r e s e n t  s t u d i e s  i n d í c a t e  t h a t  T 3 c n t e r s  i n t o  t h e  t h y r o i d  cell  a n d  t h a t  i t  is 
c o n e e n t r a t e d  in a progres s ive  m a n n e r .  T h i s  p r o ce s s  is t e m p e r a t u r e - d e p e n d e n t .  T h e  
T / M  r a t i o  fo r  T 3 r ose  f r o m  valúes  o f  a r o u n d  1 . 8 —2 . 0  a t  1 m i n  t o  13 .6  a f t e r  4 0 - 6 0  
m i n  o f  i n c u b a t i o n .  G r e e n  ( 1 9 7 8 )  h a s  also s h o w n  t h a t  T 3 an d  T 4 c a n  b e  c o n c e n -  
t r a t e d  b y  t h e  ra t  t h y r o i d .  T h e  ki n e t i c s  o f  t h e  e n t r a n c c  o f  l abe l l ed  T 3 i n t o  t h e  cell 
ha s  a r ap id  p h a s e  o f  a b o u t  1 0 - 2 0  m i n ,  f o l l o w e d  b y  a p l a t ea u .  T h e  e n t r a n c e  o f  
la bel ed  T 3 c a n  be  p r og re s s ive ly  dec r e a s e d  b y  t h e a d d i t i o n  o f  i nc rc as i ng  a m o u n t s  o f  
co i d  T 3 , a t  c o n c e n t r a t i o n s  as l o w  as 1 0 "9 M. T h e  m e c h a n i s m  invol ved in  t h e  
e n t r a n c e  o f  t h e  h o r m o n e  i n t o  t h e  t h y r o i d  s e e m s  t o  b e  h i g h l y  speci f i c  b e c a u s e  t he  
T / M  r a t i o  w as  n o t  a l t e r ed  b y  i n c u b a t i o n  w i t h  K l ,  t h y r o x i n e ,  D1T or  MI T .  Th is  
p r o c e s s  d o es  n o t  s e e m  t o  be d e p e n d e n t  o n  A T P  g e n e r a t i o n ,  or  o n  s y n th e s i s  o f  pro-  
te in  o r  R N A .  M o r c o v e r ,  a n  ou ab a in - sen s i t i v e  A T P a s e  d o e s  n o t  s e e m  t o  b e  invol ved 
e i t h e r .

T h e  resul ts  o b t a i n e d  w i t h  a c t i n o m y c i n  D a n d  c y c l o h e x i m i d e  are  r a t h e r  u n e x -  
p e c t e d .  T h e  “ s t i m u l a t o r y ” a c t i o n  o f  a c t i n o m y c i n  D w a s o b s e r v e d  c o n s i s t e n t l y  w i t h  
2 d i l f e r e n t  c o n c e n t r a t i o n s  o f  th i s  c o m p o u n d  a n d  in  6 s e p a r a t e  e x p e r i m e n t s .  T h e  
m o s t  l i ke ly  e x p l a n a t i o n  w'ould  b e  t h a t  t he se  resul t s  are  d u c  t o  s o m e  no n- spec i f ic  
e f f ec t .  H o w e v e r ,  t h e  poss i b i l i t y  t h a t  t h e se  2 c o m p o u n d s  i m p a i r  t he  sy n t h e s i s  o f  
soi ne  p r o t e i n  w h i c h  e x e r t s  a nega t i ve  a c t i o n  o n  T 3 e n t r a n c c  c a n n o t  b e  d is in issed,  
an d  f u r t h e r  s t udi os  wi ll  b e  n ec es sa r y  t o  c l ar i f y  th i s  p o i n t .

P r io r  s t i m u l a t i o n  o f  t h e  t h y r o i d  cel ls w i t h  c A M P  o r  c G M P  ca u s e d  a s i gni f icant  
i nc r e as e  in t h e  u p t a k e  o f  l a b e l e d  T 3. T h e s e  r esu l t s  c o n f l r m  o n c e  m o r e  t h a n  t he se  2 
cyc l i c  n u c l e o t i d e s  m a y  ha ve  para l le l  a n d  s t i m u l a t o r y  e f f ee t s  o n  t h e  t h y r o i d  (Pisarev 
a n d  K l e i m a n  de  Pisarev,  1 9 7 7 ) .

T h e  m e t a b o ü s m  o f  l a b c l c d  T 3 w a s  a n a l y z e d  w i t h  3 d i f f e r e n t  so lv e n t  sy s t cm s .  
Beca use  t h e  or ig inal  12S!-T3 us ed  w as  a b o u t  9 5 - 9 6 7 c  p u r é ,  d e h a l o g e n a t i o n  o f  t he  
h o r m o n e  u n d e r  o u r  i n c u b a t i o n  c o n d i t i o n s  w as  a l mo s t  negl ig ible .  H o w e v e r ,  a smal l  
a m o u n t  o f  i o d i d e  w a s  p r o d u c e d ,  a n d  th i s  p r o ce s s  w a s  s i gni f i can t ly  i n h i b i t e d  b y  
i n c u b a t i o n  w i t h  P T U  a t  1 0 ' 3 M.  T h c r e f o r e  w e  m a y  c o n c l u d e  t h a t  t h e  ca l f  t h y r o i d  
has  a r a t h e r  i nact i ve  i o d o t h y r o n i n e ( T 3) -dc ha! ogcna t i ¡ ig  s y s t e m ,  s imi la r  t o  t lie i odo-



t h y r o n i n e  m c t a b o l i c  p a t l n v a y  f o u n d  in sh c cp  an d  d o g  t h y r o i d  ( R o c h e  c t  al . ,  1 9 5 2 ;  
T o n g  c t  al . ,  1 9 6 2 ) .  O n  th c  c o n t r a r v ,  a v e r y  ac t ive  i o d o t h y r o n i n c - i l e h a l o g c n a t i n g  sys-  
t c m  was  f o u n d  in t h e  r a t  t h y r o i d  b y  l l a i b a c h  ( 1 9 7 1 )  and  C r e e n  ( 1 9 7 8 ) .  T h e r c f o r e ,  
a l t h o u g h  a smal l  p r o p o r t i o n  o f l a b e l e d  7 '3 was  d c h a l o g e n a t o d ,  t he  a m o u n t  o f  i od id e  
p r o d u c e d  is u n l i k e l y  t o  ha ve  a ro le in t he  i n h i b i t o r y  a c t i o n  o f  T 3 o n  p r o t e i n  an d  
R N A  sy n th e s i s ,  b ec aus e  i o d id e  is n o  l on gc r  i n h i b i t o r y  a t  1 0 " 7 M,  whi le  T 3 an d  T« 
w e r e  used  a t  c o n c c n t r a t i o r . s  o f  1 0 ' 6 M (Pisarcv c t  al . ,  1 9 7 6 ;  K l e i n u n  d e  Pisarev e t  
al . ,  1 9 7 8 ;  an d  t h c  p r e s e n t  da t a ) .

T h e  i n h i b i t o r y  a c t i o n  o f  i o d i n e  o n  t h c  t h y r o i d  a Ffccts o t h e r  p a r a m e t e r s  bes ides  
sy n the s i s  o f  p r o t e i n  an d  R N A  ( Sh e r w i n  an d  T o n g ,  1 9 7 5 ;  Pisarev c t  al . ,  1 97 6) .  
Cycl ic  A M P  f o r n i a t i o n  is also dcc r cas ed  b y  i o d i n e  ( V a n  S a n d c  a n d  D u m o n t ,  1 9 7 3 ;  
R a p o p o r t  c t  al . ,  1 9 7 5 ;  Y u  e t  al . ,  1 9 7 6 ;  S h e r w i n ,  1 97 8 ) ,  an d  the  e f f ec t  o f  i o d i n e  o n  
t h e  t h y r o i d  is m e d i a t e d  b y  an  i n t r accl lu la r  a n d  or gan i c  i o d o  c o m p o u n d  ( Bu r k c ,  
1 9 7 0 ;  V a n  S a n d e  and  D u m o n t ,  1 9 7 3 ;  Pisarcv a n d  Aiel lo ,  1 9 7 6 ;  Pisarev et  a!. ,  1 9 7 6 ;  
R a p o p o r t  et  al . ,  1 9 7 6 ;  S h e i w i n  an d  T o n g ,  1 976) .  Mo r eo vc r ,  T 3 an d  T 4 have a d i r ec t  
in l i i b i t o r y  a c t i o n  011 t h e  t h y r o i d  (Pisarcv c t  al . ,  1 9 7 6 ;  F r i e d m a n  c t  al . ,  1 9 77 ) .  H o w -  
ever ,  bec a u s e  i o d o t l i y r o n i n e  d c h a l o ge n ase  is i m p o r t a n !  in t he  r a t  t h y r o i d  ( H a i b a c h ,  
1 9 7 1 ;  C r e e n ,  1 9 7 8 )  a co nv e r s i ó n  o f  t h c  i o d i d e  p r o d u c e d  f r o m  thi s  p r o cc s s  i n t o  
s o m e  o t h e r  i o d o  c o m p o u n d  c o u l d  n o t  b e  e x e l u d e d .  T h e  p r e s e n t  s t u d i e s  p r o v i d e  t h e  
first  s t r o n g  ev i de nc e  t o  s u p p o r t  t h e  n o t i o n  t h a t ,  u n d e r  c o n d i t i o n s  w h e r e  R N A  a n d  
p r o t e i n  s yn th e s i s  are  i n h i b i t e d  b y  T 3 a n d  T 4 , n o  s’gn i f i can t  d e h a l o g c n a t i o n  occ u r s .  
Mo r eo vc r ,  t h e  d e m o n s t r a t i o n  t h a t  thes e  c o m p o u n d s  c a n  still s t r o ng l y  i n h ib i t  R N A  
sy n the s i s  in t he  p r e s e n c e  o f  10 ~3 M P T U  o r  MM1 s u p p o r t s  this view.

T h e  r e l a t i on sh i p  b c t w e e n  s t r u c t u r e  an d  biological  a c t i o n  o f  var iou s  c o m p o u n d s  
was  a n a l y z c d .  A l t h o u g h  t h e  n u m b e r  o f  c o m p o u n d s  is l i m i t c d ,  s o m e  c o n c l u s i o n s  c a n  
be  d r a w n .  I od i ne  ca n  be  r ep la ce d b y  c l d o r i n e  in t l i e - t h y r o n i n e  m o l e c u l c  w i t h o u t  
chango  in i ts i n l ú b i t o r y  p o t c n c y .  S imi la r  resul t s  are o b t a i n e d  w h e n  t h e  a - a m i n o  
g r o u p  is r ep l a ce d  b y  a n  ac ct ic  or  p r o p i o n i c  ch a in .  H o w c v c r ,  w h e n  a f o r m i c  cha i n  is 
p l ace d  in t h a t  p o s i t i o n  t h e r c  is a sh a r p  d e c r eas e  in i t s i n h i b i t o r y  a c t i o n .  It i s l i k e l y  
t h a t ,  a m o n g  o t h e r  f ac to r s ,  t h c  l e ng th  o f  t h e  cha in  bea r s  a ¡ e l a t i on  t o i t s  b io logical  
ac t i v i ty .  H i e r e  was  a c ióse para l lc l i sm b e t w e e n  o u r  resul t s  w i t h  a s y s t em “ in v i t r o ” , 
a n d  t h o s e  o b t a i n e d  b y  M o n e y  c t  al.  ( 1 9 5 9 )  w h e n  t h c  i n h i b i t o r y  a c t i o n  o n  1311 
u p t a k e  w a s  s t u d i ed  in t h e - r a t  in vivo.  D i i o d o t h y r o n i n c  an d  its i s o p r o py l  der ivat ive  
w e r e  d ev o i d  o f  a c t i o n ,  wh i l e  a d d i t i o n  o f  an  i s o p r o p y l  cha in  to  T 3 fai led t o  a l te r  i t s  
i n h i b i t o r y  ef f ec t .  In a g r e e m e n t  w i t h  t h e  r esu l t s  in v ivo r e p o r t e d  by  C o m i t é  e t  al.  
( 1 9 7 8 )  w i t h  t h e  g o i t e r - p r e v e n t i ng  assay in t h e  r a t ,  w c  also f o u n d  t h a t  D I M I T  is a 
ve r y  p o t c n t  i n i i i b i t o r  o f  R N A  syn the s i s ,  w h e r e a s  t h c  e f f ec t  o f  D I S B T  w a s  r a t h e r  
negl igible .

In s u i n m a r y ,  w e  have c o n f i r m e d  o u r  p r e v i o u s  r esul ts  s h o w i n g  t h a t  T 3 a n d  T 4 , 
ha ve  a d i r ec t  c f f cc t  o n  t h c  t h y r o i d  in v i t r o ,  i n d e p e n d e n t  o f  p i t u i t a r y  TS1I ,  a n d  t h a t  
T 3 cn t e r s  i n t o  t h e  t h y r o i d  cell a n d  is n o t  s igni f i cant ly  m e t a b o l i z e d  u n d e r  c o n d i t i o n s  
w h e r e  it  i nh ib i t s  p r o t e i n  an d  R N A  sy nt he s i s .  M o r eo vc r ,  t h e  ac t i o n  o f  T 3 an d  T 4 
o c c u r r c d  eve n w h e n  i o d ide  o r g an i f i c a t i o n  was  b l o c k e d .  A l t h o u g h  these  f indings



s t r o ng l y  s u p p o r t  t h e  h y p o t h e s i s  t h a t  i o d o t h y r o n i n e s  m a y  p l ay  a ro le in t h y r o i d  
a u t o r e g u l a t i o n ,  fur t l ie r  s t u d i e s  will  be  n c c e s s a r y  b c f o r e  w e  can rcach a  c o n c l u s i ó n  
o n  th i s  i m p o r t a n t  top i c .
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