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i’ossi b u . Roi.r or ' i u i n d i n c  t u  c y t o p l a s m i c  k r a c t i o n  o f

1’1'iriTAKV CFl.l.S ON II!! CO.VIROI. OF  TRH RFSl’ONS F  TO T RH IN

! 11!' KAT

'hchri o
K..I. B o a d o * ,  .l.A. IV rn.n>d»*7.-¡'o 1 ** , V. P e e o r i n i *  a n d  

’A . A . V.;\n i n o v  i r h *

^ C oiU i t  oi N u r l f . n  M c d  i c i iH', H o s p i t a l  d e  ( M i n i c a s »  

U n i v o r s i t v  ol B u e n o s  A i r e s ,  B u e n o s  A i r e s ,  A r g e n t i n a  

**Ni u’ 1 c ar  M e d i c i n e  l.ah., V . A .  M e d i c a l  C e n l e r  a n d  D e p a r t ­

m e nt  ot M e d i c i n e ,  U n i v e r s i i v  o f S t . L o u i s ,  Si. L o u i s ,  

M i s s o u r i , 1'. S.A.

A B S T R A C T

lL has previously been shown ihat ihyroxine (T4) can inhibit Lhe thyrotropin (TSH) 
responso lo TSH-releasing hormone (TRH) before a significani intrapituitary 

conversión of T4 lo iriiodothyronine (T3) had occurred in euLhyroid rats. The 
presenl siudy has invesiigaied Lhe in vivo binding of T4 and T3 Lo cytoplasm and 

nucleus of pituiiary cells of hypothyroid rais. The results indicaLe that 
125 i _T 4 vas specifically bound Lo cytoplasms and non-specificallv-bound to nuclei. 

On the other h a n d , nuclear binding of 1-T3 was specific whereas cytoplasmic 
binding was n o n-specific. The daLn suggest that Lhe inhibition of TRH stimulation 
of TSH by TA previously r e p o n e d  may involve tile binding of TA Lo extranuclear 
cell components, perhaps those locaLed in the cytoplasmic fractions.

K EY W O R D S

Pituitary binding of thyroid hormones; control of TSH responso to TRH. 

INTRODUCTION

Previous studies (Larsen and co-workers, 1979) have demonstrated that the binding 
of T3 to pituitary cells nuclei was a necessarv step Lo decrease Lhe basal plasma 
TSH in hypoLhyroid rats. However, work from our laboratories have shown that TA 
could inhibit the TSH response to TRH within 30 minutes of its i.v. administration 
and before a significant intrapituitary conversión to T3 had occurred (Boado,
Ulloa and Zaninovich, 1982). We have no investigated the ¿n vivo binding of 
125I-TA and 125l-T3 to pituitary cells of hypothyroid rats.

MATERIAL AND HETHODS

Intrapituitary conversión of TA to T3

Male Wistar rats weighing approximately 200 g made hypothyroid by the intra- 
peritoneal injection of -^1 . Animáis were used when plasma levels of TA and T3 
were undetectable. Groups of rats were treated with iopanoic acid (IOP) to 
inhibit the conversión of TA to T3, in a dose of 5 mg/lOOg BW i.p., 2 A , 12 and 
1.5 hours preceding the study. Contro} rats were injected with the vehicle



alone. 1 nt rapi luí t ary c o n v e r s i ó n  of T4 to T3 was mcasurcil as d e s cr i be d  by Se;’all- 

Hlank, C o n n o ] l y  and Tn hb ar (1982). Hats w cic  exsang u i nal ed and Lhe h vp o ph y se s  

removed  i m m e d i a l e l v  and i n d i v id u a ll y  hom og en i ze d  in 300 ni p h o s p ha t e bu f fe r  0.075 

M pll 7.4 (Boado, l'lloa and Za n i n o v  i oh , 1983). 'I wo hundred m i r ro 1 i t ers of each 

ho m o g e n a t e  w e re  incubated w i t h  a irarer dose of (s.a. 1500 uCi/yig)

e o nt a i n i n g  20 mM of d i t h ic'Lhrei to] d u r i n g  3 liours at 37 C . I m u b a t i o n  was  stopp ed  

bv a d d i l i o n  <>t 300 ul oj me l liano 1 : Nll̂ Ol-i 2N (99:1). Hnmog* na t **s we r e  ch ro mat o-  

y:r;iphi d in IN: t e r t i a r v  amyl ac oh o 1 : h»*xane svst»*m ( :  r»: 1 > .

12 5 I ? 5 
IM tu i t a_r v Bindin^, oí ^ n d ___1 - T_3

,, 125
Control and iOl’-t r e a t e d  rats we r e  injerí ed wi th  150 uC i ot 3 , ’> - 1-T4 (25 ng,

6 00 0 jiCi/pg). A n o t h e r  g r ou p  received, in additi on , a loading do*se of 25 ug of

n o n - r a d i o a c t i  ve T4 i.v.. Parallel st u d i e s  w e r e  car ried out in rats injected with

50 uCi of (conLrols) or the isotope plus a loading amount of 1/ pg oí non-

radioaet i ve T3. T b i r t v  m i n u t e s  later a ni m a l s  were exsangui nated and killed by

c ervical d i s 1 o c a t i o n . H v p o p h y s e s  w e r e  remov ed and h o mo g o ni z ed  in di vid ua ll y in

200 |il of a s o l u t i o n  e o n t a i n i n g  0.3 M su er oso  and 20 mM MgC 1 • Nuclei were

pu ri f i e d  as d e s c r i b e d  e l s e w h e r e  (Cheron, Ka p l an  and Larsen, 1979). Cytop la sms ,

r.uclei, a l i q u o t s  of pl a s m a  and s t a n d a r d s  w e r e  ex tr ac te d  in 200 ;il ethanol :N H 4CI
(99:1) e o n t a i n i n g  100 ug of e ach  T4, T3 and Kl/ml, and c hr o m a t o g r a p h e d  as

17 5
de s c r i b e d  above. D o u b l e - l a b e l l e d  1 Z J I-T4 wa s prepar ed  as d e s cr i bi d  p r ev i o us l y 

(Boado, U ^ o a  and  Z a n i n ov ic h ,  1982). Th e p uri ty  of ^ ^ 1 - T 4  w as  at least 98.37 and 

Lhat of ^  I-T3 w a s  99.7%. S t at i sL i c al  ana ly s e s we r e  m a de  by t lie a n a l ys i s  of 

v a r i a n c e  and the S t u d e n t’s t-test.

R E SU L T S

1 25
T a b l e  1 sh o ws  the p e r c e n t a g e  of I-T3 p ro duc ed  in p i t u it a ry  h om o ge n at e s  

in c ub a t ed  w i t h  ^ ^ I - T 4  vi  t r o . In control rats, Lhe fraction

T A B L E  1 P i t u i t a r y  C o n v e r s i ó n  of T4 to T3 in TOP -Treated 

____________ H y p o t h y r o i d  Rat s__________________________________________

1 2 5 I 125I-T4 125I-T3

(% of total radioactivity)

C o n t r o l  (5 ) 1 10.5 i 7 . 3 2 77.3 ± 12.5 11.2 í 5.8

IOP (6) 2.7 ± 2.0 94.6 ± 2.0 1 . 2 i 0. 6

P V a l u é -í 0.05 <  0. 01 ¿ 0 . 0 0 5

1 2 
Number of experiments; Mean ± S.D.

125 125
of I-T3 generated by I-T4 conversión during 3 hours was 11.2 ± 5.8% of the
total radioactivity. The administration of IOP markediy reduced the production of 

I-T3 (P < 0.005) and  ̂ I (P<0.05) while increasing the intact I-T4 in Lhe 
homogenate (P<0.01). In experiments where I-T3 was added to pituitary homo­
genates, no significant deiodination of this hormone was observed.

The ¿n vivo binding of labelled T4 is shown in Table 2. In control animals the 
total radioactivity in cytoplasmic fractions was 0.013 ± 0.001% of the injected 
125j-t 4, and it was mostly due to T4 (76 ± 6%) whereas 17 ± 3% was due to label­
led T3 which derived from T4.vconversiofi. The administration of IOP induced a 
significant increase in total radioactivity (P<0.05) and in (p<r o.01)



a c c o m p a n i e d  by a p r o n o u n c e d  r e d u c t i o n  in l a be ll e d T 3  ^P ^ 0 . 0 1 ) .  Wlien A T4 load 

wns a d m i n i s t o r e d , total rad ioac L i vi Ly ( P ' 0 . 0 5 )  and *‘",1-T3 (P' 0.05) w c r e  botb 

reduccd as c o m p a r c d  lo control anim al s.

TAIiI.1. 2 P i t u i t a r y  R a d i o a c t i v i t y  30 M in u t o s  At'icr I.V.

injection oí 1 50 uC i of "1' 5' - ' ’ 1 -T4 to llvpo- 

ihvroid Rats

1 2 C 12 5
Total Rad i oac t i v i t y ' 1- T4 I-T3

(Z injeríod d o s e ) C" of total)

C\ topl a.sm

Con t r o 1 (6) 0. 013 * 0.001 76 * 17 t 3

IOP (6) 0. 019 + 0.002 94 i 3‘ 1 1 0. 7:

T4 load (6) 0. 008 * 0 . 0 0 0 6 1 76 ■t 4 S - 1

Nuc 1 cll s

Cont rol 0. 0042 + 0 .0 036 51 í 4 28 í 6

IOP 0. 00 23  i 0 .0 008 65 ± 8 15 ± 6

T4 load 0. 00 40  ± 0. 0004 60 i 6 16 i 3

S igni f i c an ce v s . control g r o up : 1 0. 05; 2 0.01

ToLal nuclear radioactivitv and the proportion of both labelled T4 and T3 found in 
control rats were not significantly alLered by IOP or by the non-radioactive T4 
load, thus suggesting a non-specific binding of T4 to nuclei.

TABLE 3 Pituitary Radioactivity 30 Minutes After I.V.
Injection of 50 uCi of ^^I - T 3  to Hypothyroid 

__________ Rats______________________________________________________

125
Total Radioactivity I-T3

(% injected dose) (% of total)

Cytoplasm

Control (5) 0.053 ± 0.011 96 ± 8
17 ug T3 (5) 0.051 ± 0.011 98 ± 6

Nucleus

Control 0.0075 ± 0.0035 96 ± 8
17 ug T3 0.0010 í 0.0001 98 ± 2

0.01 vs. control group

125
Table 3 describes the pituitary radioactivity in rats injected with 50 ̂ uCi of I 
T3 i.v. In the cytoplasmic fraction of control rats, total radioactivity was 

0.053% of the injected dose, 96% of it being labelled T3 and the rest was ^5j_
A non-radioactive T3 load failed to displace radioactive T3 from cytoplasm, while 
signif icantly reducing ^^ I - T 3  in nuclei (P 0.01). These findings tnay be taken 
to indicate that binding of T3 to nuclear sites was specific, whereas cytoplasmic 
binding was non-^ecific, effects which appear to be opposite to those observed 
in the case of I-T4. No other latfelled compounds other than radioactive T3



(98 t 2%) and r a d i o a c t i v o  io d in e  w e r c d e t e n e d  in nuclei of an i m al s  LreaLed with 

17 pg of n o n - r a d i o a c t i v o  T3. Th e samo a p p l i e s  Lo ot ho r g ro u p s de pi c t ed  in Ta bl o 

3.

o i s c u s s i o n

The data of l.arsen and c o - w o r k e r s  (1979) indicated thnt T4 had to be do i od i na t od 

Lo T3 in the p i m i l a r y  nuclei in o r do r  Lo r eg ú l a l o  Llio scrrcl ion of TSM in hypo- 

Lhyroid rais. T h e  c o n t e n L i o n  found s up por t in thoir ob s or v n t i o n  that I<)1\ w hic h  

in hibited ihe inLrapi lui Larv c o n v e r s i ó n  of T4 Lo T3, su ppr ess od  t he» T4 effeci on 

TSH secret ion in Lhe same animals , alboil no data on lho re sp o ns o  lo T RU was 

reported. N c ve r i h e l o s s ,  our o ited s t ud i o s  (Boado, Ulloa and Za ni novich, 1982) 

have cl e a r J y  sh ow n that T4 is c a p a b l o  of b l o c k i n g  Lho si imulatoj’y offect ol TRU 

On T S H  s e c r e t i o n  w i l h o u L  p rio r c o n v e r s i ó n  Lo T3. In Lho present study, labelled 

T4 w as  d is p l a c e d  I rom c y i o p l a s m  by a T4 load, w hi e h  might rofloct sp ec ifi c b i ndi ng  

of ihis h o r m o n o  l o  c y t o p l a s m i c  r oc op lo rs,  as p r ev i o u s l y  r e p o n e d  by G a ll ó n (1977). 

Moreover, lho sp e ci f i c b i n d i n g  ol T3 lo n uc l e a r  siLes and its ap pa ro nL lack of 

b i nd i n g  Lo c y t o p l a s m  ma v bo a r e f l e o t i o n  LhaL nu cl ea r T3 would conLrol Lhc basal 

s e c r e i i o n  of T S H  w h o r e a s  Lhe sLimulaLory effecL of T RH  w ou ld be mediated by 

pi t u i t a r y  c y t o p l a s m i c  b i n d i n g  of T4.
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