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A b s t r a c t .  Previous work from our  lahoratorv has shown 
ihal iodolhvronines have a direct inhibitorv action on thc 
thvroid. In thc present studies thc uptakc, mctabolisni 
and  subcellular  distribution o f  tabcllcd thvroxinc vvere 
analvzed. T h e  entrv of this hormone reaches a platean 
after  15 — 2 0  min incubation and is temperature-depend- 
cnt. T h e  I M valúes for T 4 were nnich Iower than those 
o í labcllcd I 3 and tlie* curve was different froni that 
obta ined  with [125I]. I he influente ot a series oí com- 
p o u n d s  on the I M valúes for thvroxinc was studied. KI, 
13. IOP. P T C  and MMI were without effect. Absence o f  

C a ^ -*" in the buffer,  01 addition o f  KCIO4 or ouabain 
causcd  a slight decrease, while T S H  produced a stiniula- 
tion in the T M  ratio. Calí thvroid slices dehalogenated 
thvroxine, p roduc in g  both T 3 and r l 3. T S H  increased 
the generation  oí these two compounds .  Neither P T C  
ñor IO P  altered the production o f  T 3 and r ’I 3 signifi- 
cantlv. The lack o f  effect  o f  IOP 011 T 3 and r T 3 genera­
tion was coníirm ed  in calí thvroid homogenates.  llow- 
cvcr. and in agreem ent with previous reports. IOP sig­
nifican tlv decreased  production o f  both triiodothvro- 
nines in rat liver slices and  in rat liver homogenates.
VVhen thc subcellu lar distribution o f  labcllcd thvroxine 
was exaniined  most o f  the radioactivitv ap peared  in the
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soluble  fraction and Iess than 19} was present in purified 
n udei .  1  he addition of unlabelled thvroxine to the slices 
onlv causcd  a signif’icant displacement in the radioactivitv 
oí purif ied  nuclei. T h e  presence oí labcllcd thvroxine in 
the nuclei was coníirm cd bv p aper  chromatography.

Iocline has been used for manv vears in the treat- 
ment o f  goitre and to relieve svmptoms o í 'G raves ’ 
disease. Many studies have been performed in 
o rd er  to clarify its mee hanism o f  action (see reviews 
W olff  1976; Pisarcv Se Kleinian de Pisarev 1980). 
Results from diííerent laboratories have shown 
that iodine inhibits a runnber o f  thvroid para- 
meters, snch as adenvlate cvclase and cyclic AMP 
form ation ( \ ran Sande Se Dumont 1973; Rapoport 
et al. 1975;), protein svnthesis (Sherwin Se T o n g  
1975; Pisarev Se Aiello 1976). thvroid growth 
(Pisarcv Se Itoiz 1972) and R \ A  labelling {Pisarev 
et al. 1976).

T h ese  actions o f  KI are inhibited bv perchlorate, 
propvlthiouracil and methvlmercaptoimidazole*, 
indicating that thev are mediated bv an organified 
iodine intracellular com pound (see Wolff 1976). 
Previous data  from  our lahoratorv as well as from 
others (Pisarev Se Aiello 1976; Pisarev et al. 1976; 
Kriedman et al. 1978) showed that iodothyronines 
have a direct in vitro inhibitorv effect on thvroid 
R \ A  labelling and on O DC activity, and these

*  Abbreviations:  M M I: methvlmercaptoimidazole ; 
P T U :  propvlthiouracil;  T / M :  thyroid/medium ratio; 
IO P :  iopanoic acid; I ) T T :  dith iothreitol;
(3-M F : be ta-m ercaptoethanol ;
T C A :  trichloroacetic acid.



results led to the hvpothesis that tlicv mav be thc 
intermedíales o f  iocline action.

Since the inhibitorv effect oí” iodothvronines on 
the thvroid was not altered bv addition of P IT ’ or 
MMI, and labelled I 3 was not significantlv dehalo- 
genated under the saíne experimental conditions 
(Juvenal et al. 1981), ir is snggested that I 3 has a 
direct inhibitorv action on the thvroid, which is 
probablv related to íhe autoregulatorv mechanism. 
Labelled I 3 is concentrated in the thvroid cell bv a 
tem peratnre-dependent process and is specificallv 
localized in the nuclei (Pisarev et al. 1981). We have 
analyzed the nptake, metabolism and subcellular 
Iocalization of' labelled thvroxine under the sanie 
experim ental conditions as those in which it inhi- 
bits protein and RX A  svnthesis. 'I'fie action o f  
different com pounds on tfiese parameters was also 
exam ined .

M aterials and Methods

C a l f  thvroid slices obtained f'rom rhe same gland vverc 
p r e p a r e d  with a Stadie-Riggs hand microtome from 
g lan d s  recently obtained at a local slaughtcrhouse. T h e  
slices were kept in cold isotonic saline.

Uptakc o f [ I25I]T4 by thyroid slices
C a l f  slices were pre-incubated for arouníl  15 min in
saline.  at 37°C. Afterwards thev were incubated in qua-
druplica te  in 4 mi of Krebs-Ringer-Bicarbonate  buffer,
p l í  7.4 u n d er  959? 0 2 and 59? C 0 2 at 37°C. After 30 min
a  t r a c e r  d o s e  of [ 1251] I 4 ( a r o u n d  1.9 ^xCi: specif ic  activity

135 |xCi/[Ag, New Kngland Nuc lear, I  SA) vvas added, and
the incubations were continued for  different periods of
time. 4 he slices were extensivelv washed with cold saline.
blotted on filter p ap er  and vveighed. T h e  radioactivity o f
each slice and  of an alicjuot of the incubation médium was
m easu red .  I fie T  M ratio vvas calculated as follows:

c i ’M/e tissue
-p/M = ------- 2------- -----

CPM'ml médium

Metabolism oj [125I] I 4
a) Studies with slices. T h vro id  slices were pre-incubated in 
(juadruplicate  in 4 mi K R B  containing the different 
co m p o n n d s .  A tracer dose  (usuallv 1.9 |i('i) of labelled T 4 

was a d d c d  and  the incubation was continued for another 
60  min. At the end  o f  this period the slices were exten­
sivelv washed with cold saline and each slice was homo- 
gen ized  in I mi o f  1 triM P I'l' with an all-glass Potter- 
Klvehjem tissue hom ogenator .  Alicjuots o f  each homo- 
gen ate  were analvsed bv p aper  •chromatographv utilizing 
two d ifferent solvent svstems:  I: 11-butanol: ethanol: 1 \

: M 2

a m m o n iu m  hvdroxvde (5 :1 :2 ;  v v), ascending for 
20 — 22 h; II : hexane: tertiarv amvl alcohol: 2 \  am m o ­
nium hvdroxvde ( l :5 : ( i :  v v). descending for 2 0 - 2 2  h. 
S ta n d a rd s  of iodine and oí iodoaminoacids were run 
s imullatieouslv  to help in identif'ication of ihci spots. Kach 
strip was cut and. after  counting in an automatic gam m a 
s j)ectrometer. the distribution of radioactivilv was calcu­
lated. V’ery good  agreem ent was found betwec‘ 11 both 
chrom atograp li ic  sv stems.

Similar studies were p er fo rm ed  with rat liver slices.
I he animals  were sacriflced bv a blow 011 the neck and 

the liver vvas thoroughlv  washed with cold saline. Slices 
were obtained as described. and incubations were per- 
fbrm e d  un der  the same conditions as those applied to 
t hvroid slic es.

b) Studies in homogenates. Labelled 4 4 metal)oIism in 
tissue hom ogenate s  was studied following the method 
described  bv Kaplan et al. (1079). Tw o g  of cali thvroid 
o r  rat liver were homogenized at 4°C' in 0 mi 50 niM 
I ris-HCl pH  7.0, with a Potter-KIvehjem type tissue 
ho m o gen ato r  teflon pestle. T he homogenates was 111- 
tered through several lavéis of cheesecioth and centri- 
fiiged for  15 min at 2000 x  g  at 4°(!. Incubations were 
p e r fo rm e d  in glass tubes containing 0.9 mi ol the 
200 0  x  g  supernatant.  with 10 m\í  p-MK. After pre-in- 
cub at ing  for  30 min. at 37°C a tracer dose (around 
2.5 X I0 6 CPM) o f  labellc-d I 4 was added. Sixtv min later, 
alicjuots of the incubation mixture were rapidlv spotted 
on W hatman No. I p aper  and analvsed bv ascending and 
d esc en d in g  c h rom atographv as alreadv described.

I'he influence of iopanoic acicl on [ 125I] I 4 metabolism 
was also analvst'd. Ihis cotnpound was dissolved in 
ethvleneglycol to }>re|)are a stock solution and tmal 
dilu tions were m ade  in the appropr ia te  buffers.

.Vu bcellu lar distribution  <7/ [ 125I j ’ I 4

A ro u n d  1 g  of thvroid slices was pre-incubated in cjua- 
druplicate ,  in 10 mi of K R B-b uffer  as described above. 
with and  without T 3 or  I 4 at 10 -5 M . After 30 min. a 
tracer  do se  o f  2.2 [iCi o f  labelled T 4 (I0fi4 [x('i ^g. New 
Kngland Nuclear. l ' S A )  was a d d ed  and the incubation 
continued  for  another  60 min. I he slices were exten­
sivelv washed with cold saline and  homogenized in 5 mi 
0 .32  M sucrose . 20 mNt I'ris-IlCl pH 7.7, 1 m\t \ l g C l 2 

and  1 m.M I) I’ f  with a Potter-KIvehjem tissue hom ogena­
tor with a teflon pestle. at 4°C. After filtrating through 
cheesecioth  the hom ogenate  was centiifuged at 800 x g  
for  15 min. T he supernatant was submitted to 20 000 x  g  
for  30 min. Kach 800 X g  pellet vvas resuspetided in 2.1 ní 
suc rose . 20 ium I'ris-H(4 pH 7.7, 1 m\t M^(!l2, 1 mM 
I) I” T and  centrifugc'd at 50 000 x g  for  1 h. I'he resul- 
ting pellet vvas washed once with 0.25 \t sucrose. 20 i u m  

T r is-H C l  p l í  7.7. 1 m\i  \ I g C l2. 2 m\i  IVIT, 0 . 5 ^  Tritón 
X-100  and  once with the same bu f íer  without Tritón. 
I'he radioactivitv present in eac h fraction was detemined 

an d  the p e r  cent distribution calculated.



Xuclear iocaiization o f f 125í ]'í 4
A ro u n d  1— 2 g  of thvroid slices was pre-inc'ubated in 
quariruplicate ¡11 KR B-buffer.  as described abovc, con­
tam in a  I niM KCI()4 and 1 iiim P I l ’ . After 30 mili a 
tracer  rióse (30 jxCi) oí [ 125I]T 4 (135 ¡ACi'¡ig) was ariried 
and  tlu 1 incubation continueri fbr anotherOO min. Xuclei 
were punfieri  as described above. Between 85 — 909? o f  
the nuclear rariioactivitv was extracteri with absolute 
e tbanol  and  the samples were examineri bv paper  chro- 
m atograp hv  as alreariv riescriberi.

Io d in e organ ification

Trip l ícate  calí thvroid slices were incubated at 37°C, in 
K R B -b u f fe r  in the presence or  in the absence oí the 
d i f ie ren !  test substances. After 30 min a tracer dose 
(a rou n d  2 x  1 0 6 c p m ) o f  [12511 was added  and the incuba- 
tions were continueri fbr another  60 min. After extensive 
w ashing  with coid saline eacíi slice was homogenized in
O.:") mi I 111M P T C .  0.5 mi o f  209? T C A  was aridecí and 
the precipítate  obtaineri after 2500 r.p.ni. cluring 15 min 
was washed twice with 109? T C A .  Total  and T C A  pre- 
cipitable rariioactivitv were nieasurecl and the percenta je  
prescnt in the latter was calculated.

All chemicals utilizeri were reagent grade. Labelled 
co n ip o u n d s  were purc hased from \ e w  Lngland Xuclear,  
I SA. Bovine I S U  (B9) was a gift from the National 
Pituitarv Agency (l/SA). Iopanoic ac id was kindlv riona- 
tecl bv 1 A R M A SA , SA (Argentina). Protein was rieter- 
mineri accorriing to Lowrv et al. (105 1). Statistical analvsis 
was bv Sturient’s /-test.

Results
f1251 ]' 1 4 uptake

Fig. 1 shows the uptake oí [125I]T4 bv calf thvroid 
slices. The T /M  ratio increased to a valúe o f  around 
3 at 15 min, and stood at a platean fbr up to 
(50 mili. I he curve of [1251 ] I 3 uptake under the 
sam e conditions is also shown. For the latter, the
1 M ratio reached a valué o f  around 1 2 -  15 after 

(50 min. On the other hand, the T M  ratio fbr 125I 
(per fo rm ed without blockade bv PT U  or MMI) 
showed a linear rise up to 60 min. As shown in 
Fig. 2, the entrv o f  labelled T 4 into the thvroid is a 
tem perature dependent process, being higher at 
.‘i 7 ° ( : than at 4°C.

T h e  influence o f  different compounds on the 
entrv o f  labelled I 4 is shown in Table 1. In these 
studies a short period o f  incubation (5 min) was 
chosen in order  to avoid the contribution ol 
\spurious' counts due to [125I]T4 dehalogenation. 
H owever it should be mentioned that essentially 
the sam e results were obtained with longer periods 
o f  pulse labelling. A series o f  compounds were 
devoid o f  action on the T  M valúes, namely, KI, T 3, 
IOP, P T U  and MMI. Addition of k C I ( ) 4 caused a 
2 5 7< decrease, wliile ouabaine inhibited onlv by
2 1 (Z . Omission o f  C'a++ in the KRB-buffer redu- 
ced the entrv o f  T 4 bv .129?. Similar studies were

Fig. 1.
1 ime-course ol entrance oí [ 125I] I 3 : A------ ▲ :  125I: o------ o and [125I]T4 : • ------ • .  Each valué is the average o f  four

slices ±  sn. T h e  T 'M  ratio was determined as described in Materials and Methods.
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h l f e c t  o l  t h e  t e m p e r a t u r e  o f  i n c u b a t i o n  i m  i h e  e n t r a m e  

o f  [ 12SI ] I 4 . C ' a l f  t h v r o i d  s l i ees  u n e  i n e u b a t e d  at  3 7 ° C :

• ------ •  o r  al 0 -  1 °C :  O------ o. Kacli valúe is the average
of  l o u r  s l i ees  ±  si).

conducted with labelled I 3. Th e  absence o f  C a^ *  
decreased  the I M  valúe o í  I 3 about 259?. while 
ouabain  did not altor this valué significantlv. Pre- 
incubation oí the sliees with in< reasing concentra- 
tions of unlabelled I 4 ( 10~8 to 1 0 “5) eaused a Pro­
gressive rise in the T  M valúes o f  labelled I 4.

[125I] I 4 metabolism

I'he results o f 'the studies 011 [125I ] I 4 metabolism 
are  shown in Table  2. Thvroid sliees dehalogenated 
labelled thyroxine, generating around 2% o f  T 3, 
3% reverse I 3 and 10% iodide. Incubation with 
20 mL'/ml of bovine T S H  eaused an inerease in I 4 

dehalogenation, with a signifícant inerease in both 
T 3 (P  <  0 .0005) and reverse T 3 (P <  0.0005). T S H  
also eaused a signifícant inerease in the radio- 
aetivitv of the origin in the chromatograni. When 
ealf sliees wrere ineubated with 12SI the radioaetivitv 
preeipitable by T C A  was 8 1 .."?(> ±  2.09% (n =  3), 
while P T l ’ treated sliees liad 6.75 ±  0.15% radio- 
aetivity in the TC.A preeipitate (P <  0.0005; 93% 
o f  inhibition). However PTIJ  at I niM failed to alter 
the generation of T 3 and r 13 in thvroid sliees, as 
shown in T ab le  3.

In the sanie experinients thvroid sliees ineubated 
with 0.1 niM IOP produeed 2.56 ±  0.60% o f  i l 3 

and  2.79 ±  0.61% of l 3. The aetion o f  IOP 011 I 4 

metabolism in liver sliees was also examined. IOP- 
treated sliees showed 48% inhibition in T 3 produc-

Table I.
In lluence of various eonipoimcls 011 [ 1251] I 4 and [1251 ] l 3 

uptakc In cali thvroid sliees.

1 .a bel 1 reatment Clone entration
r/f 1 lon m m c 

uptake

[ > » I ] T 4 Control KM)
KI Id ' 5 M 90

I 3 I0 ‘ 5 M 8(1

I 4 1()-5 M 374
lO"6 M 20(>
II)-7 M 1 l(i

IOP lO’ 4 M I 10
P T l lO'3 M 93
MMI lo--1 \l 99
KCI( ) 4 lO-'1 \l 7 "1
( )uabain 1 O-4 M 79
T S H 20 m f  mi 130
a C a ‘ * (¡8

[ 125I] I.i ('.ontrnl 100
Oubain 10 4 M 92
a  C:a * * 7(>

C,)uadruplieate ealf thvroid sliees were ineubated ¡11 KRB 
contain ing  different e om pou n ds  for  3(1 min. T h e  uptakc 
o f  the labelled hornioiie was m easured after 5 min o f  
incubation. T h e  T  M ratio was caleulated as described 
u n d e r  Materials and Methods.  Results are expressed as 
p e r c e n ta je  o f  eontrols (1009?). T h e  T  M valúes after 
5 mili of incubation were 1.71 ±  0.43 for f 4 and 
.‘i. 14 ±  0.42 for  I 3 . Similar results were obtained in 4 — 5 
additional experiments.

tion and 51% inhibition in r l 3 produetion. The 
difference between liver and thvroid vis a vis their 
sensitivitv to IOP was further assessed in tissue 
homogenat.es.

When the 2000 X g  supernatant froni liver was 
ineubated with 0.1 111M IOP a 48% deerease in I 3 

generation from labelled thvroxine was again ob- 
served, while no ehange oeeurred in ealf thvroid 
hom ogenate  (Table 4).

When the subeellular distribution o f  [125I] I 4 was 
exam ined , most of the radioaetivitv was found in 
the 2 0  0 0 0  x  g  supernatant. I.ess than 1 % was 
loeali/ed in purilled nuclei (Fig. 3). When the 
pattern o f  subeellular distribution was eonipated in 
control and 1 0 ' 5 M I 4 — treated sliees, a signifícant 
deerease in nuclear radioaetivitv was found in the 
latter, while no signifícant changes oeeurred in the



Table 2.
[ 125I] I 4 metabolism in calí'thyroid slices.

T re a tm e n t Origin M IT 1 ) 1 1 Iodide r T 3 I 4 I 3

Controls 1.97 ±  0.52 0.68 ±  0.38 0.68 ±  0.34 10.43 ±  1.94 2.55 ±  0.28 76.62 ±  3.89 1.86 ±  0.76

I SH
20  m i ' /m i

3.65 ±  0 .7 1 3 0.60 ±  0.16 1.45 ±  0.69 14.53 ±  2 .124 3.47 ±  0 .5 4 1 58.85 ±  7 .052 4.20 ±  0 .3 0 1

S ta n d a rd  
[ 125I] I 4 0.13 0 .22 0.19 1.35 1.61 94.49 0.93

T h y ro id  slices were pre-incubated vvith different compounds. A tracer dose o f  labelled T 4 was added  and the 
iru ubations continued for  16 min. After homogenization vvith 1 iiim PTU, the percent distribution o f  radioactivitv was 
exan iined  by p ap er  chrom atography  (the results with the B E A  system are shown here, similar results were obtained 
wit h h e x a n e : tertiary arnvl a lcohol: aramonium). Kach valué is the average o f  four slices ±  1 sd.
>/J <  0 .0 0 0 5 :  2P <  0 .002 ;  3P <  0 .005;  4P  <  0.005.

other fractions. T h e  ef’fect o f  unlahelled thvroxine 
and  triiodothvronine 011 the nuclear localization o f  
labelled thyroxine was exaniined further in three 
additional experiments. As shown in Table 5, T 4 at 
10"5 M caused a 25% displacernent in nuclear 
radioactivitv (P <  0.002), while T 3 at the same 
concentraron  consistently increased this parameter 
by 34%  (P <  0.0005). T h e  same results were ob­
tained in three dif ferent experiments.

l ’he possibility that the counts found in the 
purified nuclei after incubating the slices vvith 
[ 125I ]T 4 could be due to contamination from the 
supernatant  was explored in a series o f  experi-

inents. T h e  800 X g  pellet obtained from non- 
radioactive slices was mixed with the 800 x  g  
supernatant  from slices incubated with labelled 
horm one. It was determined that 93% o f  the 
radioactivitv present in the nuclei purified by cen- 
trifugation in 2.1 M sucrose was due to true locali­
zation o f  the labelled hormone during the incuba- 
tion with thvroid slices (results not. shown).

T h e  nature o f  the nuclear radioactivity observed 
a fter  1 h incubation o f  thvroid slices with [125I]T4 

was analysed. A round 50% o f  total nuclear radio­
activity is due to labelled T 4, while T 3 accounted for 
a ro u n d  7.5% (Table 6 ).

Table 3.
Action o f  IO P 011 [125I]'Í 4 metabolism in thyroid 

and liver slices.

T is su e Treatm ent 9? T 3 % r I 3

T h v ro id Control 2.66 ±  0.33 3.23 ±  0.58
P T U  1 mM 2.43 ± 0 . 1 2 3.19 ±  0.86
IOP 0.1 mM 2.79 ±  0.61 2.56 ±  0.60

I.iver Control 5.83 ±  0.58 8.33 ±  0.95
IOP 0.1 mM 3.05 ±  0 .1 2 1 4.14 ±  0 .1 2 2

Slices were incubated for 60 min w'ith [125I ]T4. Each 
valué is the average o f  quadruplicates  ±  SD.
1P  <  0 .0 0 0 5 ;  2P  <  0 .005 when com pared  to the Controls.

Table 4.
E ífect o í  IOP on [125I]’I 3 generation from [, 2SI]T4 in 

liver and thvroid homogenates.

T is su e Addition % t 3 P  <

I.iver None 4.67 ±  0.55 -

IOPO.I mM 2.44 ±  0.54 0.0005

T h v ro id None 1.71 ±  0.33 -

IOPO.I niM 2.08 ±  0.56 N.S.

T h e  200 0  X g  supernatant obtained from a 2 g  homo- 
gen ate  f rom  rat liver or  from calí thyroid were incubated 
with labelled T 4. The per  cent conversión into T 3 was 
o bta ined  by p a p e r  chrom atographv. Each valué is the 
a v erag e  o f  quadruplicates  ±  SD. Protein content was 7.06 
a n d  8.66  m g/m l for  liver and thvroid respectively.
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Fig. 3.
Subcellu lar  distribution o f  [ 125I] I 4. ( ;ilt thvroid slices were incubated and homogenized as described in Materials and 
M ethods.  Each co lumn represcnts the '/< radioactivitv o f  the fraction referrcd to total radioactivity and is the average o f

four  d i f fe ren tgro up s  ±  SI).

Discussion

Previous studies from our  laboratorv, and others, 
have shown that iodinc and iodothvronines exert 
an inhibitorv action on different thvroid para- 
m eters (Pisarev & Itoiz 1972; Van Sande & Duinont

Table 5.
F.fTett oí  I 4 and  I 3 on the nuclear  localization o f  [125I]1 ' 4 

in thvroid slices.

T re a tm e n t
Nuclear 

radioactivity 
9? from  control

P  <

( ’ontrols 1 0 0  ± 8 . 0 -

l 4 Í O - 5 M 76.6 ±  5. 4 0 . 0 0 2

r 3 10-5 M 1 3 4 . 0  ± 5 . 0 0 . 0 0 0 5

Q u adru p l ica te  calf  thvroid slices were incubated with 
coid I 3 o r  T 4, and  af'ter 30 inin, a tracer  dose o f  [125I]T4 
was ad d e d .  N uclear  localization o f  the radioactivity was 
dete rm in e d  as described in Materials  and Methods. The 
valúes from  control slices were takcn as 1 0 0 % and the 
av e rag e  co rre spon din g  to three different experiments  
(12 flasks per  grou p)  ±  SI) was calculated.

:v i ( i

I97.‘?; Slierwin & T o n g  1975; Rapoport et al. 1975; 
Y 11 et al. 1976; T ak asu  et al. 1974; Shishiba et al. 
1975; Pisarev et al. 1976; Kleinian de Pisarev et al. 
1978; Friedman et al. 1978; Kielczynski & Nauman 
1978). As far as I 3 is concerned vve have recently 
presented evidente indicating that this hornione 
has a direct effect on the gland, vvhich ma\ prob- 
ablv be related to the autoregulatory mechanisrn 
(Juvenal et al. 1981).

O n r  present resnlts show that rI'4 enters calí' 
thvroid slices and is progressively concentrated, 
with valúes greater than 1 after 5 min o f  incnba- 
tion, reaching a platean oí around 3 —4 at 2 0  — 30 
min. Ih is  process, similar to the entry o f  I 3 

(Jtivenal et al. 1981), is temperature-dependent. 
The 4 /M valnes for thyroxine are lower than those 

fou nd  with labelled triiodotlivronine, which at- 
tained levels o f  about 12—15 under similar condi- 
tions (Juvenal et al. 1981 and present results). 
Previous work by Haibach (197 1) and Oreen (1978) 
has also demonstrated that exogenous labelled thy­
roxine enters the rat thvroid. I he latter also re- 
ported  that the T /M  vahte oí' I 3 is greater than that 
o f  I 4 in the rat. Additonal differences apart from 
those o f  the T /M  valúes were observed in the



Table 6.
Distribution o f  radioactivitv in purified thvroid nuclei obtained from calf slices incubated with [125I]T 4.

Origin n r r M IT Iodide I 4 t 3 SF

Nuclei 4.50 ±  2.28 .‘i .05 ±  0.93 3.34 ±  1.94 9.03 ±  1.80 50.56 ±  3.90 7.54 ±  1.49 5.55 ±  0.97

Incubat ing
m éd iu m

().(¡.‘i ± 0 . 1 7 0.13 ±  0.03 0.25 ±  0.07 3.01 ±  1.22 92.91 ±  0.86 0.96 ± 0 . 1 8 0.67 ±  0.22

Q u adru p l ica te  ralf thvroid slices were incubated as described in Materials and Methods. Nuclei were purified, 
extrae ted with ethanol and submittcd to p aper  chromatographv. Aliquots o f  the incubating médium were equallv 
studied.  Karh valué is the average o f  fonr samples ±  SD, SF :  solvent front. Kesults are expressed as <% o f  total 
radioactivitv.

present studies, between I 3 and I 4. In a previons 
p ap er  it was shown that incubation with unlabelled 
T 4 failed to alter the entrance o f  labelled T 3 into 
the thvroid (Juvenal et al. 1981), while our present 
data  indícate that coid T 3 does not alter the nptake 
oí labelled I'4. Th ere fore  it is reasonable to assume 
that there are independent mechanisms fot' the 
entrv o f  both thvroxine atid triiodothyronine.

T h e  influente o f  different compounds 011 the 
entrv o f  labelled thvroxine into the thvroid was also 
analvsed. KI. IOP, PT U  and MMI were without 
effect. l ’his lack o f  effect o f  PTU 011 T 4 nptake was 
also observed by Oreen (1978) in the rat. Both 
KCIO 4 and ouabain caused sonte decrease in the 
T  M ratio, which can partiallv be explained bv a 
selective impairment in the uptake o f  the conta- 
minating iodide. T h e  entrance o f  labelled triiodo- 
thvronine into calf thyroid slices was also unaffec- 
ted bv these agents (Juvenal et al. 1981). A simila- 
ritv betweeti the entrance o f  I 4 and T 3 was obser­
ved when the influence o f  0 a ++ was studied. The 
absence o f  0 a + + in the KRB-buffer caused a srnall 
decrease  in the entrv o f  both labelled iodothvro- 
nines. Since this decrease was due to a diminution 
in tissue radioactivitv, with 110 change in médium 
radioactivitv, we mav conclude that these results 
a re  du e  to a net decrease in entry, and not to an 
increase in the efflux, as described bv Maavan et al. 
(1981) in the mouse thvroid under different ex­
perimental conditions. Pre-incubation o f  the calf 
slices with unlabelled T 4 caused a dose-dependent 
increase in the entrv o f  labelled thyroxine. Similar 
results were obtained when labelled and unlabelled 
T 4 were ad d ed  simultaneously and when the slices 
were incubated in siliconized flasks. These results 
a re  in sharp  contrast with those obtained with 
labelled triiodothvronine, in which pre-incubation

with increasing concentrations o f  T 3 caused a pro- 
gressive decrease in rate o f  entrv (Juvenal et al. 
1981). Studies are being perform ed in our labora- 
torv in o rder  to dar ifv  this point.

C a l f  thyroid slices dehalogenate labelled thyro­
xine after  1 h o f  incubation, in contrast with our 
previons results with labelled triiodothvronine, 
whose dehalogenation was almost negligible under 
the sam e experimental conditions (Juvenal et al. 
1981). Both triiodothvronine and reverse T 3 origi- 
nated from thvroxine, in a fashion similar to that in 
rat (Haibach 1971; Oreen 1978; F.rickson et al. 
1981), d o g  (I .aurberg 1980) and human thvroid 
(Bidey et al. 1976; Ishii et al. 1980), as well as in 
manv peripheral tissues (C’-hopra 1981). However, 
som e differences between the thvroid and the 
other orgatis became evident when the influence o f  
several agents 011  labelled thyroxine metabolism 
was examined. I'he addition o f  T S H  to the slices 
significantlv increased the generation o f  rI'3 and 
r 'r3. T h e  generation o f  I 3 and t T3 was not signifi­
cantlv altered by P T U  and IOP. PT U  is active 
u n d er  ou r  experimental conditions, since it com- 
pletely blocked 125I organiflcation. Moreover IOP 
also failed to modifv the generation o f  T 3 and rT 3 

in thyroid slices, a finding in striking contrast with 
the metabolism o f  T 4 in peripheral tissues (Btirgi et 
al. 1976; Kaplan & Utiger 1978; Kaplan et al. 
1979; O bregon et al. 1980; Ohopra 1981). U nder 
the sam e experimental conditions, IOP caused a 
significant decrease in T 3 generation in rat liver 
slices, as reported by others (Kaplan 8c Utiger 
1978; Ohopra 1981). One possible explanation 
would be that the entrance o f  IOP is different in 
liver and in thvroid slices. However, when tissue 
hom ogenates were used as a source o f  the dehalo- 
genating  system the sam e difference in the re-



sponse to IOP between liver and thvroid was 
found. T w o possible explanations may be offered 
concerning this difference in sensitivity to IOP:
a) IOP niav be handled in a dissimilar fashion;
b) the dehalogenating system may be different in 
rat liver and in calf thyroid (isoenzymes?).

I'he pattern o f  subcellular distribution o f  [125I]T4 
is very similar to that o f  labelled T 3 (Juvenal et 
al. 1981). Although most o f  the radioactivity was 
found in the soluble fraction, the addition o f  un- 
labelled thyroxine to the slices onlv caused a signifi- 
cant displacement in the purified nuclei fraction. 
Similar observadons were m ade when the influence 
o f  unlabelled T 3 on labelled T 3 distribution was 
studied (Juvenal et al. 1981). We have previously 
found  that ‘co id ’ T 4 displaced labelled l 3 from its 
b inding to purified nuclei, although less potently 
than coid T 3 (Pisarev et al. 1981). In the present 
studies, the addition o f  unlabelled T 3 to the incu- 
bating slices caused a significant increase in the 
localization o f  labelled thyroxine in the purified 
nuclei, an observation that deserves further studv.

When the nuclear radioactivity was analysed by 
p ap er  chrom atographv after incubation o f  slices 
with labelled thvroxine, radioactive thvroxine com- 
prised 50 — 55%  and triiodothvronine was around 
8% of the total. Th ese  data  again support the view 
that both iodothvronines can localize in thyroid

nuclei. T h e  labelled T 3 could originate from the 
dehalogenation o f  T 4 in the cvtoplasm since under 
ou r  conditions labelled T 3 comprised around
2 — 3% in the total homogenate (Table 2) and 
a ro u n d  7 — 9% in purified nuclei (Table 6), it is 
likely that a specific mechanism for the selective 
concentration o f  T 3 exists in the thvroid nucleus.

In a previous report we showed that when calf 
thyroid slices are incubated with 125I, both labelled 
T 4 and T 3 are found in purified nuclei (Pisarev et 
al. 1981 and submitted for publication). Therefore, 
and  taking into account our present results, we 
mav conclude that nuclear iodothvronines may 
arise from  two different sources: 1) hormone 
which retnained in the gland; 2) hormone that 
enters the thvroid after having been circulating in 
the blood. Since the T /M  ratio was rather low, we 
might conclude that the form er is a more impor­
tan! pathway. On the other hand T 3 may come 
from  extrathvroidal sources (including the hor­
m one originated from I 4 at the peripheral tissue) 
and from intrathvroidal formation, both from 
iodine organification and from T 4 dehalogenation 
(Fig. 4). We have previously shown that I 3 has a 
direct inhibitorv effect on the thyroid (Juvenal et 
al. 1981). T h e  present dem onstraron  that T 4 is 
converted into I 3 in the thyroid suggests that, as in 
other tissues T 3 would be the active hormone.

Possible or igin of the iodothvronines for the control o f  thyroid cell function in the autoregulatory mechanism.
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