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T h e  I m m e d i a t e  R e s p o n s e  of  T h y r o i d e c t o m i z e d  
Rats  to S m a l l  D o s e s  of T h y r o x i n e  

Accord ing  to  t h e  genera l ly  a ccep t ed  view,  t h y r o x i n e  
increases  O2-consnmpt ion  in t h e  i n t ac t  an imal  only  wi th  
cons iderab le  delay.  Usua l ly  no rise in t he  ra te  of 
m e t a b o l i s m  is o b s e r v e d  before  24 hours  h a v e  e lapsed.  
Sporadic  o b s e r v a t i o n s  ~ r eco rd ing  ear l ier  effects  are 
e i ther  i n c o n s i s t a n t  and  confl ic t ing,  or were  o b t a i n e d  
unde r  h igh ly  unphys io log ica l  condi t ions ,  and  were 
ach ieved  in c o m m o n  wi th  m o s t  inves t iga t ions ,  on ly  
t h r o u g h  e m p l o y m e n t  of v e r y  large doses. The  i m m e d i a t e  
ac t ion  of t h y r o x i n e  in j ec t ed  in to  t he  l a te ra l  ven t r i c le  of 
the  bra in  was  s h o w n  to  be due  to  t h e  so lven t  a n d  to  be 
abo l i shed  by  cu ra r i za t ion  ~. Sds ~ found  t h a t  t h y r o x i n e  
is fo l lowed in r a b b i t s  b y  i m m e d i a t e  cen t r a l  exc i t a t ion ,  
y e t  a rise of basa l  m e t a b o l i s m  could  be obse rved  only  
a f t e r  24 hours .  This  d e l ayed  ac t ion  of t h y r o x i n e  was  no t  
easy  to  u n d e r s t a n d ,  for  on t h e  O2-consumpt ion  of 
i so la ted  t i s sue  v e r y  h igh  d i lu t ions  of t h y r o x i n e  (10 -1~ to  
10 - ~ )  h a v e  an i m m e d i a t e  effect*. An e x p l a n a t i o n  of t he  
de layed  effect  of t h y r o x i n e  in t h e  i n t a c t  an ima l  was  
fu rn i shed  by  MANSFELD ~, whose  e x p e r i m e n t s  sugges t ed  
t h a t  t h y r o x i n e  was t a k e n  up  by  the  cen t ra l  ne rvous  
s y s t e m  and  c o n d u c t e d  t h r o u g h  the  ne rves  to  t he  
p e r i p h e r y  ~. 

In  an ear l ier  c o m m u n i c a t i o n  ' i t  could  be d e m o n s t r a t e d  
t h a t  t h y r o i d e c t o m i z e d  an imal s  are  m u c h  more  sens i t ive  
to  t h y r o x i n e ,  and  especia l ly  to  single doses  of t hy rox ine ,  
t h a n  n o r m a l  rats .  A single dose of 2 m i c r o g r a m s  was  
fo l lowed wi th in  24 hours  by  a rise of O~-consumpt ion  of 
a p p r o x i m a t e l y  20 per  cent .  The  fac t  t h a t  a f rac t ion  of 
the  doses  h i t h e r t o  e m p l o y e d  was  ef fec t ive  w i th in  24 
hours  in t h e  t h y r o i d e c t o m i z e d  an ima l  se rved  as s t imu lus  
to  i nves t i ga t e  more  closely t h e  r e sponse  to  such  smal l  
and  even  smal le r  doses  of t h y r o x i n e .  

Methods .  A d u l t  male  ra ts ,  well a c c u s t o m e d  to  es t im-  
a t ion  of O : c o n s u m p t i o n  in a s o m e w h a t  modi f i ed  BelAk- 
Ill6nyi a p p a r a t u s  s, and  d e p r i v e d  of food for 12 hours  
were  used,  t h y r o i d e c t o m y  h a v i n g  been  p e r f o r m e d  a t  
leas t  one week,  a n d  in some cases as long as a few 
m o n t h s ,  earl ier .  O : c o n s u m p t i o n  was d e t e r m i n e d  a t  least  
in two,  in m a n y  cases in four  or more  20-min. per iods  
pr ior  to  t i le a d m i n i s t r a t i o n  of t h y r o x i n e  a n d  was  
fol lowed up severa l  hours  a f t e rwards ,  usual ly  two  20- 
min.  e s t i m a t i o n s  be ing  p e r f o r m e d  per  hour .  In  a n u m b e r  
of cases O : c o n s u m p t i o n  was  o b s e r v e d  in a s imi la r  
m a n n e r  t he  d a y  before  and  the  day  a f t e r  t he  t h y r o x i n e  
e x p e r i m e n t ,  t h e  per iod  of food d e p r i v a t i o n  be ing  
necessar i ly  r e d u c e d  in these  tes t s .  A c t i v i t y  of t h e  
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a n i ma l s  was  closely obse rved ,  and  e s t i m a t i o n s  in t h e  
course  of w h i c h  the  an imal s  were  res t less  were  d i scarded .  
The  o b s e r v a t i o n s  were  m a d e  b e t w e e n  t h e  midd le  of 
S e p t e m b e r  and  t h e  end  of Apri l .  The  curves  r e p r e s e n t  
t h e  dev ia t ions  f rom the  n o r ma l  ra te  of m e t a b o l i s m ,  i .e.  
800 calories per  squa re  m e t e r  b o d y  surface,  wh ich  was  
a s s u m e d  to  be  10. k g ] .  

Resu l t s  and  d iscuss ion .  Figures  1 a n d  2 serve  as t y p i c a l  
e x a m p l e s  for a fa i r  n u m b e r  of obse rva t i ons .  I t  can  be 
s e e n ,  t h a t  as l i t t le  as 0.1 m i c r o g r a m  of t h y r o x i n e  is 

Z.1 O I I I I t 
12 l~ IG 18 20 o'c/oeh 

Ot5 ~ Th~pox/ne 

0,1¢c.R. -20- ~ , ~  
-30 

FIg. 1. - 1 th Oct., 1948. At 13"00 0'l ee. Ringers solution, at 16.10 
0.5 ~, thyroxine. Rat No. 1. 260 g. 

fo l lowed by  a m a r k e d  rise of O , - c o n s u m p t i o n .  The  doses  
e m p l o y e d  r anged  f rom 0.1 to  10 m i c r o g r a m s  a n d  were  
in m o s t  cases b e t w e e n  0.1 a n d  1.0 mic rog ram.  One of 
t h e  fac tors  d e t e r m i n i n g  the  i m m e d i a t e  r e sponse  to  
t h y r o x i n e  seems to  be t h e  ini t ia l  r a te  of m e t a b o l i s m .  
Ou t  of 18 e x p e r i m e n t s  w i t h  a basa l  r a te  b e l o w - 2 0 %  
only  one failed to r e s p o n d  wi th  a rise of O2-consumpt ion  , 
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Fig .  2. 
o o 17 th J a n . ,  19,19, receives no  thyroxine. 

• 18th J a n . ,  1949, 0-1 g a m m a  of t h y r o x i n e .  
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< 19th Jan., 1949. receives no thyroxine. Rat No. XI. '200 g. 

ou t  of 9 e x p e r i m e n t s  w i th  an  ini t ia l  r a te  b e t w e e n  - 1 0  
t o  -20  % a r e sponse  was  missed  also on ly  in one ins tance ,  
t h e  dose  be ing  0.1 m i c r o g r a m  in b o t h  cases,  whi le  on t h e  
o t h e r  h a n d  ou t  of 7 o b s e r v a t i o n s  w i th  an ini t ia l  r a t e  of 
m e t a b o l i s m  h igher  t h a n  - 1 0  % no response  was  o b t a i n e d  
in 4 (0.1 to  5,0 micrograms) .  I t  seems  the re fo re  t h a t  t h e  
in i t ia l  r a te  of m e t a b o l i s m  m a y  be one  of t h e  fac to rs  
p l a y i n g  a role in t he  d e t e r m i n a t i o n  of t h e  i m m e d i a t e  
r e sponse  to  t hy rox ine .  

The  absence  of de lay  in t he  r e sponse  of t he  ra te  of 
m e t a b o l i s m  of t h e  i n t a c t  an ima l  fol lowing t h e  admin i s -  
t r a t i o n  of t h y r o x i n e  is c o n t r a r y  to  t he  p r e s e n t  c o n c e p t i o n  
of t he  ac t ion  of t h y r o x i n e  a n d  t he r e fo re  g rea t  care  has  
to  be t a k e n  in i ts  i n t e r p r e t a t i o n ,  t h e  more  so as S6s (1. c.) 
has  s h o w n  t h a t  t he  usual  large doses  of t h y r o x i n e  
(1-2 mg) increase  t he  m u s c u l a r  a c t i v i t y  of r a b b i t s  for 
t h e  f i rs t  f ive hours  fol lowing i ts  a d m i n i s t r a t i o n ,  whi le  
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no  r ise in  t h e  r a t e  of m e t a b o l i s m  cou ld  be f o u n d  before  
24 h o u r s  e lapsed .  T h e  a p p a r a t u s  used  b y  us for e s t i m a t i o n  
of O ~ - c o n s u m p t i o n  p e r m i t s  o b s e r v a t i o n  of t h e  a n i m a l ,  
b u t  does  n o t  exc lude  r e s t r i c t e d  m o v e m e n t s .  As res t less-  
ness  cou ld  serve  as a s imple  e x p l a n a t i o n  for  i nc r ea sed  
O2-consumpt ion ,  t h e  a n i m a l s  were  o b s e r v e d  careful ly .  
I n  m a n y  cases  t h e y  s l ep t  cu r l ed  u p  d u r i n g  t h e  whole  
2 0 - m i n u t e s  pe r iod  d u r i n g  w h i c h  O ~- cons um pt i on  was  
m e a s u r e d .  I n c r e a s e d  m u s c u l a r  a c t i v i t y  as  a poss ib le  
cause  of  t h e  o b s e r v e d  r ise  of O 2 - c o n s u m p t i o n  m a y  
t h e r e f o r e  be  exc luded .  

A n o t h e r  poss ib i l i t y  w h i c h  h a d  to  be  c o n s i d e r e d  was  
t h a t  t h e  o b s e r v e d  r ise in  t h e  r a t e  ot  m e t a b o l i s m  was 
f o u n d e d  on  an  i n d i r e c t  ef fec t  e x e r t e d  b y  t h y r o x i n e  on  
t h e  p i t u i t a r y  in a c c o r d a n c e  w i t h  e x p e r i m e n t s  w h i c h  led 
MANSFELD 1 to  t h e  p o s t u l a t i o n  of a h y p o p h y s e a l  " h e a t i n g  
h o r m o n e " .  
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Fig. 3. - Hypophyseetomized ra t  No. 6. '200 g. 1-0 7 of thyroxine at  
14"15. 

Fig.  3 shows  t h a t  t h i s  is n o t  t h e  case.  T h e  s a m e  sma l l  
doses  of t h y r o x i n e  w h i c h  h a v e  b e e n  s h o w n  to  be  
e f f ec t ive  in t h e  t h y r o i d e c t o m i z e d  r a t  a re  fol lowed b y  a 
s i m i l a r  r e sponse  in  t h e  h y p o p h y s e c t o m i z e d  a n i m a l .  T h e  
c o m p l e t e  r e m o v a l  of t h e  p i t u i t a r y  was  ver i f i ed  b y  
a u t o p s y .  I t  m a y  be t h e r e f o r e  c o n c l u d e d  t h a t  in  t he  
r e p o r t e d  e x p e r i m e n t s  t h e  i m m e d i a t e  r e sponse  to  t h y r o -  
x ine  is n o t  b a s e d  on  a m e c h a n i s m  s i m i l a r  to  t h e  one  
d e m o n s t r a t e d  b y  MANSFELD, I m m e d i a t e  r e sponse  to  
s im i l a r  doses of t h y r o x i n e  were  o b t a i n e d  also in n o r m a l  
ra ts ,  ye t  these  are  less r e g u l a r  a n d  u n i f o r m  a n d  show 
seasona l  changes ,  a n d  will  t h e r e f o r e  h a v e  to  be  d e a l t  
w i t h  in  a s e p a r a t e  c o m m u n i c a t i o n .  

T h e  s ign i f icance  of r e sponses  o b t a i n e d  b y  s u c h  sma l l  
doses  of t h y r o x i n e  is e v i d e n t ,  for  t h e s e  a re  well  w i t h i n  
t h e  r a n g e  of t hose  s t o r e d  b y  t h e  n o r m a l  t h y r o i d ,  w h i c h  
t h e r e f o r e  m a y  be a s s u m e d  to  p o u r  o u t  t h y r o x i n e  in t h e  
s a m e  o rde r  of m a g n i t u d e  u p o n  v a r i o u s  s t i m u l i  w i t h o u t  
de lay .  

A de t a i l ed  a c c o u n t  will  be  p u b i i s h e d  e lsewhere .  

SZ. ]~)ONHOFFER, L. BALOGH, a n d  GY. MESTY2{N 

I n s t i t u t e  of P a t h o p h y s i o l o g y ,  U n i v e r s i t y  of Pdcs,  
H u n g a r y ,  M a y  30, 1949. 

Zusammen[assung 
I n  Ver suchen ,  die M i t t e  S e p t e m b e r  bis  E n d e  Apr i l  

a u s g e f t i h r t  wurden ,  k o n n t e  n a c h g e w i e s e n  werden ,  d a b  
k l e in s t e  T h y r o x i n g a b e n  (0 ,1-1 ,0  ~,) a n  de r  s ch i ldd r t i s en -  
losen R a t t e  m i t  n i e d r i g e m  S to f fwechse l  b i n n e n  zweier  
S t u n d e n  eine of t  m e h r e r e  S t u n d e n  a n h a l t e n d e  S t e i g e r u n g  
des  0 2 - V e r b r a u c h s  u m  20 % v e r u r s a c h e n .  Diese r  B e f u n d  
s t e h t  i m  G e g e n s a t z  zu de r  i ib l i chen  A uf f a s s ung ,  d a b  

T h y r o x i n  a m  i n t a k t e n  Tiere  n u r  n a c h  e iner  L a t e n z  von  
e t w a  24 S t u n d e n  wi rke .  E r h 6 h t e  A k t i v i t l i t  de r  Tiere  
k a n n  zur  D e u t u n g  ausgesch los sen  werden .  1,0 7 T h y r o x i n  
b e w i r k t  an  de r  h y p o p h y s e k t o m i e r t e n  R a t t e  e ine  / ihn-  
l iche S t o f f w e c h s e l s t e i g e r u n g  wie a n  s ch i ldd r i i s en losen  
Tie ren .  H i e r a u s  rout3 ge fo lger t  we rden ,  d a b  die  be-  
o b a c h t e t e  r a s c h e  V¢i rkung  des  T h y r o x i n s  n i c h t  au f  
e i n e m  h y p o p h y s / i r e n  H e i z h o r m o n  ( n a c h  MANSFELD) 
b e r u h t .  Die  B e d e u t u n g  de r  V e r s u c h e  l i eg t  da r in ,  d a b  die 
a n g e w a n d t e n  T h y r o x i n d o s e n  d e n  y o n  d e r  n o r m a l e n  
Sch i lddr f i se  g e s p e i c h e r t e n  VVirks to f fmengen  e n t s p r e -  
chen .  E s  d a r t  d a h e r  s a n g e n o m m e n  werden ,  d a b  T h y r o x i n  
in g l e i chen  Q u a n t i t ~ t e n  a u c h  v o n d e r  n o r m a l e n  Dri ise 
a u f  v e r s c h i e d e n e  Reize  o h n e  V e r z 6 g e r u n g  a u s g e s c h f i t t e t  
w e r d e n  k a n n .  

A t m u n ~ , s h e m m u n g  durch  niedri~,en B l u t d r u c k  

I m  J a h r e  1945/46 h a t  BUCHER 1 gezeigt ,  d a b  die 
• £ t i gke i t  des  A t m u n g s z e n t r u m s  d e u t l i c h  g e h e m m t  ist, 
w e n n  de r  a r t e r i e l l e  D r u c k  im Z e n t r a l n e r v e n s y s t e m  
(ZNS) n u r  n o c h  e t w a  35 m m  H g  betrS.gt, u n d  d a b  bei  
e i n e m  D r u c k  v o n  n u t  e t w a  10 m m  H g  das  A t m u n g s -  
z e n t r u m  f i b e r h a u p t  ke ine  i n s p i r a t o r i s c h e n  I m p u l s e  m e h r  
a u s g i b t .  DaI3 de r  d a r a u s  r e s u l t i e r e n d e  A t m u n g s s t i l l -  
s t a n d  ta ts /£chl ich  , d r u c k b e d i n g t ~  ist ,  u n d  n i c h t  e t w a  
n u r  Fo lge  de r  b e g l e i t e n d e n  HypoxS.mie  des Z e n t r u m s  
ist .  k o n n t e  d a b e i  w e i t g e h e n d  ges i che r t  we rden .  

\Vi r  h a b e n  u n s  die A u f g a b e  ges te l l t ,  zu pr t i fen ,  o b  
e v e n t u e l l  da s  b e s c h r i e b e n e  P h ~ i n o m e n  u n t e r  b e s t i m m t e n  
U m s t ~ n d e n  s u c h  s c h o n  in w e s e n t l i c h  h 6 h e r e n  D r u c k -  
b e r e i e h e n  a u f t r e t e n  k 6 n n t e  u n d  d e m z u f o l g e  g e g e b e n e n -  
fal ls  p r a k t i s c h - k l i n i s c h  b e r t i c k s i c h t i g t  w e r d e n  miiI l te .  
D a z u  h a b e n  wir  a n  K a n i n e h e n  u n t e r s u c h t ,  bei  w e l c h e m  
a r t e r i e l l en  D r u c k  die s p o n t a n e  A t m u n g s t / i t i g k e i t  au f -  
hDrt, w e n n  a) da s  A t m u n g s z e n t r u m  u n t e r  de r  E in -  
w i r k u n g  e ines  a n  s ich  s c h o n  d e p r e s s i v  w i r k e n d e n  P h a r -  
m a k o n s ,  wie be isp ie lsweise  des  M o r p h i n s ,  s t e h t ,  u n d  b) 
u m g e k e h r t  das  A t m u n g s z e n t r u m  u n t e r  d e r  E i n w i r k u n g  
e ines  z e n t r a l  a t m u n g s a n r e g e n d e n  P h a r m a k o n s ,  wie bei-  
sp ie lsweise  des  Coramins ,  s t eh t .  

Methode. Die Kaninchen werden in Urethannarkose pr~ipariert 
wie in Lit. 1 beschrieben, d.h. - kurz zusammengefaBt - nachdem 
die beiden Aa. vertebrales okkludiert worden sind, wird der ganze 
Hals etwa in der Mitre vollkommen lest umschniirt mit Ausnahnle 
der vorher frei pr/iparierten linken A. carotis, der beiden Vv. jugtt- 
lares, der beiden Vagi und der Trachea, Damit ist das ZNS nur noeh 
dutch die linke Carotis mit Blut versorgt, was indes zu einer an- 
seheinend normalen Atmungst/itigkeit geniigt. Die Atmung wird als 
Pneutnogramni, der Druck inl ZNS nfittels einer in den kopfwiirts 
gelegenen Stumpf der rechten Carotls eingebundenen endst/indigen 
Kaniile registriert. Infolge der zwJsehen der rechten und linken 
Carotis bestehenden interarteriellen Verbindungen ist dadurch eine 
zumindest relative Aussage fiber alas Verhalten des Druekes im ZNS 
m6glich. 

Der eigentliche Versuchsgang gestaltet sieh folgendermaBen: Die 
linke Carotis wird abgeklemmt (0 in Tabelle). Dadurch sinkt der 
Druck im ZNS stark ab und yon einer gewissen Druckh~She an steht 
aueh die Atmung still. Naeh ca. 20 Sekunden wird dureh Entfernen 
der Klemme das ZNS wieder an den allgemeinen Kreislauf ange- 
sehaltet. Um mOgliehst genaue Werte ermitteln zu kOnnen, wird der 
Versueh in der Regel in je 2-3minutigen Intervallen B-3mol wieder- 
holt. AnsehlieBend wird entweder 3 mg/kg Morphin oder 60 mg/kg 
Coramin i.v. injizmrt und 5 Minuten sp/iter wieder verfahren wie 
oben besehrieben. 

Die  R e s u l t a t e  s ind  in de r  b e i g e g e b e n e n  Tabe l l e  zu- 
s a m m e n g e s t e l l t .  Das  p r a k t i s c h  wohl  w i c h t i g s t e  E r g e b n i s  

1 G. MANSFELD, Die Hormone der Schilddrflse und ihre Wir- x K.BUCHER, Heiv. physiol, et pharmacol, aeta 3, 469 (1945); 
kungen, p. 151 (Benno Schwabe, Basel 1943). 4, 77 (1946). 
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