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E n z y m e  a c t i v i t y  increases  b y  100% in mic rosomes  3 h 
a f te r  a d m i n i s t r a t i o n  of cor t i sone  a n d  appea r s  in t he  
cytosol .  5 h i n c u b a t i o n  leads to  a 10% increase  of 
e n z y m e  in m i t o c h o n d r i a  also. P ro longed  a d m i n i s t r a t i o n  
of cor t i sone  for 5 days  m a i n t a i n s  a 100% increased  level  
of e n z y m e  in t h e  mic rosomes  a n d  in cy toso l ;  i ts  level  in 
m i t o c h o n d r i a  r e t u r n s  to  normal .  Cor t icos te rone  induces  
e n z y m e  a c t i v i t y  in t he  cytosol ;  a f te r  a 5 d a y  p ro longed  
admin i s t r a t i on ,  t h e r e  is a 60% decrease  of e n z y m e  a c t i v i t y  
in m i t o c h o n d r i a  a n d  a 100% increase  in microsomes.  
H y d r o c o r t i s o n e - a c e t a t e  (cortisol) induces  a r ap id  70% 
decrease  of e n z y m e  level  in m i t o c h o n d r i a  a f t e r  5 h, 
causes  i ts  a p p e a r a n c e  in t he  cytosol  and,  a f t e r  a 5 d a y  
p ro longed  a d m i n i s t r a t i o n ,  t he  e n z y m e  level  in micro-  
somes increases  b y  a b o u t  100 %. I n  t he  cytosol  t he  e n z y m e  
is m a i n t a i n e d  a t  a v e r y  h i g h  level. A C T H  a t  f i rs t  increases  
t he  e n z y m e  level  in m i t o c h o n d r i a  (by a b o u t  10%) and  
causes  i ts a p p e a r a n c e  in t h e  cytosol .  P ro longed  admin i s -  
t r a t i o n  of t he  h o r m o n e  m a i n t a i n s  a h i g h  level  of e n z y m e  
in t i le  mic rosomes  ( abou t  100%) a n d  in m i t o c h o n d r i a  
( abou t  20%).  c -AMP causes  a r ap id  10-fold increase  of 
e n z y m e  a c t i v i t y  in  t he  microsomes,  a p p e a r a n c e  of t h e  
e n z y m e  in t h e  cytosol  w i t h  a 20% c o n c o m i t a n t  decrease  
in m i t o c h o n d r i a .  I n su l i n  a d m i n i s t e r e d  for 3 days  decreases  
t h e  e n z y m e  level  in  m i t o c h o n d r i a  b y  a b o u t  90% and  in 
t h e  mie rosomes  b y  a b o u t  7 0 % ;  i t  p roduces  a s l ight  ap-  
pea rance  of t he  e n z y m e  in t he  cytosol  (if any) .  

Discussion. I n  fo rmer  s tudies ,  s u m m a r i z e d  in Tab le  I, 
G D H  a c t i v i t y  was m e a s u r e d  in c rude  l iver  h o m o g e n a t e s  
in w a t e r  a f t e r  c e n t r i f u g a t i o n  a t  900 •  I t  can  be  seen 
t h a t  G D H  level  is con t ro l led  b y  glucocort icoids,  t h e  h y p o -  
physis ,  D-aldosterone,  a n d  t he  ad r ena l  g lands .  Re l a t i ve  
to t he  effect  of diet ,  s t a r v a t i o n  a n d  d iabe tes ,  con t ro -  
vers ia l  resu l t s  were repor ted .  All r epo r t ed  changes  in 

e n z y m e  a c t i v i t y  were w i t h i n  t h e  r ange  of 15-20~ . I n  our  
expe r imen t s ,  t he  e n z y m e  level  is r e l a t ive ly  s t ab le  in  
m i t o c h o n d r i a .  I t  increases  on ly  a f t e r  a p ro longed  admin i s -  
t r a t i o n  of ACTH,  a n d  decreases  a f t e r  t h e  a d m i n i s t r a t i o n  
of insul in,  cort isol  a n d  cor t icos terone .  These  effects seem 
to  be  s e c o n d a r y  a n d  assoc ia ted  w i t h  the  t r a n s p o r t  of t he  
e n z y m e  f rom microsomes  and  w i t h  changes  in pe rme-  
ab i l i ty  of t he  m i t o c h o n d r i a l  m e m b r a n e .  The  mos t  d r a m a t i c  
and  rap id  increases  in  e n z y m e  level  are obse rved  for 
mic rosomes  a f t e r  a d m i n i s t r a t i o n  of cor t isone,  a n d  c -AMP 
w i t h  a c o n c o m i t a n t  a p p e a r a n c e  of t he  e n z y m e  in t he  
cytosol .  I n  l ong - t e rm  expe r imen t s ,  cor t icos terone ,  cor t i -  
sone, A C T H  a n d  cort isol  m a i n t a i n  a h igh  level  of e n z y m e  
in mic rosomes  and  cytosol.  Espec ia l ly  i n t e r e s t i ng  is t he  
h igh  level  of e n z y m e  in t he  cytosol  fol lowing t h e  p ro longed  
a d m i n i s t r a t i o n  of cortisol.  I t  was r epo r t ed  t h a t  t he  half -  
life of specific p ro te ins  in r ibosomes,  nuclei ,  cytosol  a n d  
m i t o c h o n d r i a  ( including G D H  as a r e p r e s e n t a t i v e  e n z y m e  
of t h e  soluble  m i t o c h o n d r i a l  f ract ion)  is a b o u t  5 days  20, ~. 
T h u s  i t  seems un l ike ly  t h a t  the  obse rved  changes  in 
e n z y m e  a c t i v i t y  in long t e r m  e x p e r i m e n t s  are due also to  
t h e  differences  in the  t u r n o v e r  of t he  e n z y m e  in va r ious  
subce l lu la r  f ract ions .  The  resu l t s  p r e sen t ed  sugges t  t h a t  
t h e  con t ro l  of e n z y m e  b iosyn thes i s  is loca ted  b e t w e e n  t he  
nuc leus  a n d  t he  microsomes.  Cortisol,  cor t icos terone ,  
insu l in  a n d  A C T H  (or o the r  h o r m o n e s  increased  b y  ACTH)  
m a y  h a v e  add i t i ona l  effects on t h e  t r a n s p o r t  of t he  en- 
zyme  a n d  on  the  p e r m e a b i l i t y  of t h e  m i t o c h o n d r i a l  
m e m b r a n e .  
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Summary. Basa l  and  s t i m u l a t e d  T S H  decreased progress ively .  Basa l  T S H  was suppressed  below t h e  de t ec t ion  l im i t  
of 0.4 b U / m l  a f t e r  74 h in 2 of t he  T 3 a n d  all of t he  T 4 t r e a t e d  individuals .  A t  th i s  t ime,  in  b o t h  g roups  3 i nd iv idua l s  
could be  s ign i f i can t ly  s t i m u l a t e d  b y  T R H  (abou t  5% of t he  p r e t r e a t m e n t  s t imula t ion) .  The re  was no  s ign i f ican t  dif- 
ference in t he  t i m e  course of suppress ion  o b t a i n e d  b y  T3 or T 4, t h o u g h  p l a s m a  T a levels in t he  T 4 t r e a t e d  group  were 
cons ide rab ly  lower. 

Suppress ion  of ba sa l  a n d  T R H - s t i m u l a t e d  T S H  secre- 
t ion  in t hy ro tox icos i s  or b y  ar t i f ic ia l  e l eva t ion  of p l a s m a  
t h y r o i d  h o r m o n e  levels is we l l -documented .  The  re l a t ive  
c o n t r i b u t i o n  of t r i o d o t h y r o n i n e  (T3) a n d  t h y r o x i n  (Ta) to  
th i s  process  is no t  ye t  es tab l i shed .  The re  are also dis- 
c repancies  wh ich  conce rn  t he  t i m e  course of suppress ion  
of t h e  t h y r o t r o p e .  SNYDER a n d  UTIGXR 3 found  a n  a Imos t  
comple t e  a b o l i s h m e n t  of t h e  T R H - s t i m u l a t e d  T S H  
secre t ion  b y  a 4-week t r e a t m e n t  w i t h  30 ~g T 3 a n d  120 ~xg 
T 4 dai ly.  S~ENKMAN et  al. ~ saw a comple t e  lack of 
respons iveness  of t h e  t h y r o t r o p e  to  T R H  s t i m u l a t i o n  1 h 
a f t e r  i nges t i on  of 50 ~g T 3. Azizi  e t  al. 5, however ,  r epo r t ed  
r ecen t l y  t h a t  t he  T S H  response  a f t e r  T R H  in j ec t i on  
Under  these  cond i t ions  is on ly  m i n i m a l l y  depressed  com- 
pa red  to  basa l  condi t ions .  

There fo re  we h a v e  i n v e s t i g a t e d  t he  t ime  course of t he  
basa l  and  T R H - s t i m u l a t e d  T S H  secre t ion  in n o r m a l  
sub jec t s  a f t e r  inges t ion  of 50 ~g T a eve ry  12 h and  a f te r  
a d m i n i s t r a t i o n  of a single dose of 3.0 m g  T 4 respect ive ly .  

100 ~g T J d  is used d u r i n g  t he  c o n v e n t i o n a l  suppress ion  
t e s t  whereas  3.0 m g  T 4 as a single dose ha s  been  sug- 
ges ted  more  r ecen t l y  6 for  t he  same  purpose .  

W e  w a n t e d  to s t u d y  t he  fol lowing ques t ions :  1. H o w  
long does i t  t ake  u n d e r  these  cond i t ions  to  o b t a i n  a 
comple te  a b o l i s h m e n t  of t h e  T S H  response  a f t e r  T R H  ? 
2. Is  t h e r e  a n y  di f ference in t h e  t i m e  course  of p i t u i t a r y  
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suppless ion  by  T 3 and T 4 respect ive ly  ? 3. Does the  sup- 
pressive effect  correlates  more  wi th  T 3 t h a n  wi th  T 4 
p lasma  concent ra t ions  ? 

Mater ials  and methods. T37 and T46 was measured  by  
rad io immunoassay ,  the  no rma l  range being 0.85-1.72 ng/  
ml  and 3.8-12.0 ~g/100 ml, respect ively.  Thyro t rop in  
(TSH) was de t e rmined  by  r ad io immunoassay  using the  
usual  double  an t i body  m e t h o d  ~ A n t i - h T S H  was pur-  
chased f rom Calbiochem. 125I-TSH, spec. act.  100 mCi/ 
mg, was ob t a ined  f rom Hoechs t  Inc.,  F rankfur t .  h T S H  
s t anda rd  38/68 was a g i f t  of t he  Br i t i sh  Medical  Research  
Council. Goat  an t i - r abb i t  globulin 'came f rom Bering-  
werke  AG, Marburg.  The sequent ia l  s a tu ra t ion  t echn ique  
was used, adding  the  t r ace r  af ter  3 days  of p re incubat ion .  
Thyro tox ic  pa t i en t s  served as source of TSH-f ree  serum. 
The normal  range was 0-6.0 ~zU/ml. The sens i t iv i ty  of 
the  assay was 0.4 ~xU/ml. All T S H  de te rmina t ions  in th is  
s t u d y  were pe r fo rmed  in one assay to exclude in te rassay  
variabi l i ty .  The in t raassay  var ia t ion  was  4- 3.0% cor- 
responding  to  4- 0.2 tzU/ml in the  concen t ra t ion  range of 
0.4-1.0 ~U per  ml  of plasma.  

125 I-T 3 (spec. act.  500 mc/mg)  a n d  125 I-T 4 (spec. act,  
100 mCi/mg) f rom Hoechs t  Inc . ;  D A S P  an t i  r abb i t  
globulin f rom Organon,  Mtinchen. TIRI-I was  a gif t  of 
Hoechs t  Inc., F r a n k f u r t ;  L-T 4 1.0 mg tab le t s  were gener-  
ously suppl ied  by  Henn ing  Inc.,  Berlin. 

Clinical studies. One group of 4 hea l t hy  volunteers  
(4 females) was t r ea t ed  wi th  50 ~g T 3 every  12 h for 

3 days ;  ano the r  group of 4 persons  (3 females,  1 man)  got  
1 single dose of 3.0 mg T 4. A T R H  tes t  1~ (200 /~g T R H  
i.v.) was per formed before admin i s t r a t ion  of t hy ro id  
hormones  and  af ter  10, 26, 50 and  74h. The second sample  
(after T R H  injection) was t aken  a f te r  30 rain. This T R H  
dose represents  a max i ma l  s t imulus  and  can no t  be con- 
sidered as physiological.  

Results.  Figure 1 summar izes  the  resul t  of Ta, T 4 and  
T S H  measu remen t s  in the  4 subjec ts  t r e a t e d w i t h  50 t~g 
T 6 every  12 h. As expec ted  T a p lasma  levels are increased 
cons iderably  wi th in  a range of 3.2-10.7 ng/ml .  T 3 was 
admin is te red  at  0.5, 12, 24, 36 h, etc. Therefore  T 3 con- 
cen t ra t ion  is less increased a t  10 h t h a n  a t  la ter  per iods  
because it misses the  peak  level. T a p lasma concen t ra t ions  
show only  minor  var ia t ions .  

In  the  lower p a r t  of the  figure, the  resul t  of the  T S H  
measu remen t s  is summar ized .  Some basal  T S H  is de- 
t ec tab le  in all 4 subjec ts  af ter  26 h and ill 2 even af ter  
7 4 h  (D.K. = (r.85 ~U/ml ;  A.J .  = 0.80 ~U/ml).  However ,  
person D.K.  could no t  be s t imula ted  b y  T R H .  In  3 
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subjects. The basal and TRH stimulated TSH zoncentration for 
each TRH test is demonstrated. 

,ug% 20d 

15,0 

10,0 

5.0 

T 3 
n g / m l  

2.5 

2.O 

tS 
tO 
O.5 

T S H  
, uU /m l  

16.0 

12.0 

8.0 

/..0 

t I I I J I I : 

�9 E.E _ ~ _ ~  o D. Sc h. 

x D . K .  

A R.K+ 

t i i i i I i i 

0 10 20 30 40 50 60 70 

, > 

60  ( h )  
t i m e  

Fig. 2. Measurements of plasma T4, T 3 and TSH in the T 4 treated 
group. T4, T3, basal and TRH stimulated TSH concentration are 
indicated individually. The dotted lines indicate the upper normal 
ranges. 



15.5. 1976 Specialia 657 

ind iv idua l s  T S H  could be s ign i f i can t ly  s t i m u l a t e d  a f t e r  
74 h. The  m e a n  s t i m u l a t e d  T S H  level  was  1.2 ~zU/ml a n d  
t he  T S H  increase  was a b o u t  5% c o m p a r e d  to  zero t ime.  

In F igure  2 t he  resul t s  o b t a i n e d  d u r i n g  T4 suppress ion  
are l isted. Ta p l a s m a  levels  increased  t o  a b o u t  300% of 
the  basa l  level  and  t hen  s lowly decreased  accord ing  to 
t he  slow decay  r a t e  of T 4. P l a s m a  T 3 concen t r a t i ons  be- 
came  on ly  m o d e r a t e l y  b u t  c o n s t a n t l y  e l eva ted  t h r o u g h -  
o u t  t he  t ime  of inves t iga t ion ,  excep t  for pe r son  E .F .  The  
t i m e  course  of basa l  and  T R H - s t i m u l a t e d  T S H  was no t  
s ign i f i can t ly  d i f fe ren t  f rom t h a t  obse rved  d u r i n g  T 3 
suppress ion.  A t  74 h basa l  T S H  was below t he  de tec t ion  
l imi t  ( <  0.4 ~xU/ml) in al l  cases, however ,  in 3 of these  
ind iv idua l s  a sma l l  increase  of the  p l a s m a  T S H  con-  
c e n t r a t i o n  a f t e r  T R H  could be  ob ta ined .  The  m e a n  
s t i m u l a t e d  T S H  level  was 1.47 ~zU/ml. 

Discussion. Our  resul t s  c lear ly  show t h a t  t he  suppres -  
s ion of T S H  secre t ion  b y  h igh  doses of t h y r o i d  h o r m o n e s  
is a slow a n d  g r a d u a l  process  wh ich  t akes  severa l  days  to 
ach ieve  a m a x i m a l  effect. This  is in  a g r e e m e n t  w i t h  a 
r ecen t  r e p o r t  of AZlzl e t  al. 5 who  found  on ly  a s l ight  
i n h i b i t i o n  of T R H - s t i m u l a t e d  T S H  secre t ion  1 h a f te r  
inges t ion  of 50 ~zg T a and  does n o t  con f i rm  ear l ier  resu l t s  
Of SHENKMAN et al. 4. WILBER et al. 11 found a complete 
inhibition 48 h after administration of a single dose of 
150 {zg T~ plus 37.5 ~g T 3. Finally, WENZEL et al. 12 ob- 
tained 0nly about 30% of the maximal TSH response 
24 h after suppression with 50 ~xg T~ which corresponds 
closely to the values reported here. However, they could 
not detect any inhibition of TSH release within the first 
24 h after administration of 1.0 mg T~. The authors draw 
the conclusion that there was a qualitative difference be- 
tween the action of T 3 and T 4 at the pituitary. 

We could not detect such a difference; in fact the time 
course of TSH suppression was almost identical for both 
hormones in the doses used here. This does not exclude a 
conversion of T 4 to Ts in the pituitary cells before ini- 
tiating t h e  processes  connec t ed  w i t h  t he  feed-back  

m e c h a n i s m ;  however ,  t he  s imi la r i ty  of the  t ime  course of 
basa l  a n d  s t i m u l a t e d  T S H  despi te  t he  g rea t  dif ferences  
of p l a s m a  T8 and  T 4 c o n c e n t r a t i o n s  is r emarkab le .  One 
e x p l a n a t i o n  of t he  dif ference f rom WENZEL'S work  is 
t h a t  t he  dose of 1.0 m g  T~ is too  smal l  to  increase  T 3 
p l a s m a  levels enough  to suppress  p i t u i t a r y  T S H  secret ion.  

SNYDER and  UTIGER a i nves t i ga t ed  n o r m a l  sub jec t s  
who  h a d  been  t a k i n g  30 ~g Ta a n d  120 [zg T 4 da i ly  for 
3-4  weeks. Af te r  th i s  t ime  of t r e a t m e n t ,  t h e y  obse rved  a 
n e a r l y  comple te  suppress ion  of TIRH-s t imula ted  T S H  
secret ion,  t h o u g h  t he  dose of t h y r o i d  h o r m o n e s  used was 
cons ide rab ly  lower t h a n  in th i s  s tudy .  This  agrees  v e r y  
well  w i t h  our  exper i ence  t h a t  i t  ' takes  severa l  days  to 
p roduce  a m a x i m a l  effect  a t  t h e  p i t u i t a r y  b y  a ce r t a in  
dose of t h y r o i d  hormones .  This  occurs  desp i te  t he  fac t  
t h a t  t he  p l a s m a  concen t r a t i ons  of Ta and  T 4 a l r e ady  in-  
c reased above  t he  n o r m a l  level  a f t e r  2 - 3  h. Obvious ly ,  
besides  t he  dose of h o r m o n e  appl ied ,  t h e  l eng th  of t i m e  
of a d m i n i s t r a t i o n  de t e rmines  t he  response  of the  p i tu -  
i ta ry .  

The  slow response  of t he  t h y r o t r o p e  to  large e l eva t ions  
of pe r iphe ra l  h o r m o n e  concen t r a t i ons  m a k e  i t  v e r y  un-  
l ikely t h a t  the  s h o r t - t e r m  regu la t ion  of t he  p i t u i t a r y -  
t h y r o i d  axis  is be ing  effected b y  pe r iphe ra l  t h y r o i d  
h o r m o n e  concen t ra t ions .  

F ina l ly ,  we d id  n o t  de t ec t  a n y  m a j o r  di f ference in be-  
h a v i o u r  be tween  basa l  a n d  T R H - s t i m u l a t e d  T S H  secre- 
t ion.  Therefore  we assume  t h a t  some basa l  T S H  secre t ion  
is p r e sen t  as long as a pos i t ive  response  a f t e r  T R H  in-  
j ec t ion  is ob ta ined .  I n  o the r  words,  we conc lude  f rom 
our  obse rva t i ons  t h a t  suppress ion  of T S H  release is a 
q u a n t i t a t i v e  r a t h e r  t h a n  a q u a l i t a t i v e  process.  

11 j .  WILBER, A. JAFFER, L. JACOBS, R. UTIGER and N. FREINKEL, 
Horm. Metab. Res. 4, 508 (1972). 
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Summary. e-MSH,  ~5-MSH a n d  A C T H  b a v e  been  localized in t he  cells of h y p o p h y s e a l  i n t e r m e d i a t e  lobe b y  f luorescence 
h i s to immuno log ica l  technics .  E l a b o r a t i o n  a n d  exc re t ion  of these  po lypep t ides  are e n h a n c e d  a f t e r  d e h y d r a t i o n  or ad rena l -  
ec tomy.  The  m o s t  ev i den t  v a r i a t i o n s  are seen w i t h  e -MSH a n d  A C T H  a f t e r  dehyd ra t i on ,  w i t h  f l -MSH a f t e r  ad rena l -  
ec tomy.  

The  func t iona l  s ignif icance of t he  pars  i n t e r m e d i a  of 
t h e  m a m m a l i a n  p i t u i t a r y  is n o t  well  k n o w n  to  da te .  I n  
p rev ious  s tud ies  ~, 3 we h a v e  looked for  f u n c t i o n a l  rela-  
t i onsh ips  b e t w e e n  t he  i n t e r m e d i a t e  lobe a n d  t he  h y p o -  
t h a l a m o - n e u r o h y p o p h y s e a l  complex .  I n  p a r t i c u l a r  we 
were able  to  show a r e l a t ion  be t w een  t he  d e v e l o p m e n t  of 
t he  pars  i n t e r m e d i a  and  e n d u r a n c e  to t h i r s t  in d i f fe ren t  
species of r o d e n t s :  all  species r e s i s t a n t  to  t h i r s t i n g  a n d  
h a v i n g  a su s t a ined  h y p o t h a l a m o - n e u r o s e c r e t o r y  ac t iv i ty ,  
show a v o l u m i n o u s  pars  i n t e r m e d i a ;  in  t he  same  species, 
t he  mouse,  a pe r iod  of neu r os ec r e t o r y  h y p e r a c t i v i t y  
d u r i n g  d e h y d r a t i o n ,  co r responds  to  an  i n v o l u t i o n  of t h e  
i n t e r m e d i a t e  lobe w i t h  signs of g rea t e r  sec re to ry  and  
exc re to ry  ac t iv i ty .  

I m m u n o f i u o r e s c e n c e  t echn ics  were used for  f u r t h e r  
precis ion of t h e  local iza t ion  and  t he  v a r i a t i o n s  of t h e  
sec re to ry  p r o d u c t i o n  ra te .  Consider ing  t h e  chemica l  
r e la t ionsh ips  b e t w e e n  m e l a n o t r o p h i c  and  co r t i co t roph ic  
hormones ,  a c o m p a r a t i v e  s t u d y  of t he  local iza t ion  of a n t i  
M S H  and  a n t i  A C T H  an t ibod ie s  was m a d e  in normal ,  
d e h y d r a t e d  a n d  a d r e n a l e c t o m i z e d  mice. 

Material and methods. 48 male  mice of Swiss s t ra in ,  
we igh ing  25 g, were u t i l ized;  10 of t h e m  served  as controls ,  
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