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The  action of thyroxine  on mi tochondr ia  and oxidat ive phosphorylat ion 

I t  has been demonst ra ted  in several laboratories tha t  i n  vitro addition of thyroxine or related 
thyroid-act ive compounds  to isolated mitochondria  causes uncoupling of phosphoryla t ion from 
electron t r anspor t  under  certain experimental  conditions, an action also shown by a variety of 
s t ructura l ly  similar nitro- and halophenols l-s. Such exper iments  have suggested tha t  unc~mpling 
of oxidative phosphorylat ion,  with consequent  compensa tory  changes in respiratory rate, repre- 
sents  the physiological mode of action of the thyroid hormone.  

Work  of MARTIUS AND HESS has shown tha t  thyroxine uncouples oxidative phosphoryla t ion  
in ral liver mitochondria  only if the hormone is preincubated with the mitochondria 1. Some 
difficulty in reproducing these exper iments  with ra t  liver mitochondria  led HOCH AND LIPMANN 
to s tudy  such uncoupling effects with mitochondria  isolated from hamste r  liver 2, which are 
p resumably  more permeable to thyroxine.  We have found tha t  uncoupling of oxidative phos- 
phoryla t ion in rat liver mitochondria  by  thyroxine and tr i iodothyronine may  be regularly and 
reproducibly observed if the mitochondria  are first suspended briefly in hypotonic  sucrose, 
a t r ea tmen t  already known to cause al terat ions in the permeabil i ty and in the enzymic organi- 
zation of mitochondria  a. In  Table I it is seen tha t  the in  vitro addition of thyroxine does not 
uncouple phosphoryla t ion  in rat  liver mitochondria  held in isotonic media. However,  following 
a shor t  pre incubat ion under  hypotonic  conditions the addition of thyroxine causes immediate 
and considerable uncoupling, which in many  experiments  is complete. In confirmation of B.at.~ ~, 
magnes ium was found to reverse the thyroxine-induced uncoupling, bu t  does not  affect tha t  
produced by  2,4-dinitrophenol (DNP). 
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Rat  liver mitochondria  were suspended 0.3 
for io minutes  prior to phosphoryla t ion  test  
in varying sucrose concentrat ions  at o ° C. The 
phosphory la t ion  test  medium consisted of [ 
o.oi M BOH, 1. 5. io -5 M cytochrome c, o.ooi 
.~I DPN,  o.oi ~1// KF, o.oo 5 M ADP, o.oi2 5 M 0.2 
phospha te  buffer p H  7.4, and thyroxine as 
shown. Incubated  8 rain at 3 °o C. 

0.1 The association of the uncoupling effects 
of thyroxine with alterations in mitochondrial  
s t ructure  as described above and the report  by  
AEBI AND ABELIN tha t  the mitochondria  of 
hyper thyroid  tissues are "swollen ''~ have sug- 
gested the possibili ty tha t  thyroxine might  
primari ly affect some aspect  of mitochondrial  
s tructure.  By following the changes in light- 
scattering of mitochondrial  suspensions 7, we 
have found tha t  thyroxine  and tr i iodothyronine 
in very low concentrat ions caused rapid swelling 
of mitochondria  in an isotonic medium s. In 
striking contrast ,  DNP, to which thyroxine has 
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Fig. I. Effect of thyroxine and D N P  on swelliug. 
Mitochondria were suspended in o. 3 M sucrose 
and 0.02 3 I  tris p H  7.4 (total volume 4.5 nal) at 
23-25 ° C; additions were made as shown below. 
The first reading was taken io seconds after  
addition of mitochondria  to medium. Curve 
A, control;  curve B, io 4 M DNP;  curve C, 
3.1o 52~i L-thyroxine; curve D, to 4 M  D N P  

plus 3" [°-5,14 L-thyroxine. 

often been compared in its action in  vitro, caused no swelling whatsoever,  bu t  was in fact a 
po ten t  stabilizing agent (Fig. I). The swelling ettects of thyroxine  were exerted by concentrat ions 
one-tenth those required to cause uncoupling of phosphoryla t ion ( i . e . I .  lO -8 M). The swelling 
action of thyroxine could be prevented by  addition of Mg ++, DNP, or ATI'.  These findings thus  
suggest  tha t  D N P  and thyroxine  differ radically in their mode of action on mitochond, ria, aL- 
though both uncouple oxidative phosphorylat ion.  
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T h e s e  f i n d i n g s ,  w h i c h  will be  d e s c r i b e ( |  m o r e  fu l ly  e l s e w h e r e ,  t h e r e l o r v  i n d i c a t e  t h a t  un- 
c o u p l i n g  of  p h o s p h o r y l a t i o n  i n d u c e d  b y  t h y r o x i n e  in m i t o c h o n d r i a  d o e s  n o t  o c c u r  b y  d i r e c t  i n t e r -  
a c t i o n  of  t h e  h o r m o n e  w i t h  t h e  e n z y m e s  of o x i d a t i v e  p h o s p h o r y l a t i o n .  R a t h e r  t h e y  s u g g e s t  t h a t  
t h e  i*z v i t ro  a c t i o n  of  t h y r o x i n e  is  c o n c e r n e d  w i t h  c o n t r o l  o f  s o m e  s t r u c t u r a l  p r o p e r t y  of  the. 
n l i t o c h o n d r i o n ,  o r  s o m e  o t h e r  e n z y m i c  f u n c t i o n .  : \ l t h o u g h  i t  is n o t  y e t  p r o x e d  t h a t  a n y  of t h e  
iiz vitro e f f e c t s  o f  t h y r o x i n e  o n  m i t o c h o n d r i a  y e t  d e s c r i b e d  is r e l a t e d  to  t h e  p h y s i o l o g i c a l  m o d e  
o f  a c t i o n  o f  t h e  t h y r o i d  h o r l n o n e ,  o t h e r  e x p e r i m e n t s  to  b e  r e p o r t e d  h a v e  r e v e a l e d  t h a t  m i t o -  
c h o n d r i a  i s o l a t e d  f r o m  h y p e r t h y r o i d  r a t s  swel l  m o r e  r e a d i l y  a n d  t h o s e  f r o m  h y t ) o t h y r o i d  r a t s  
s w e l l  less  r e a d i l y  t h a n  t h o s e  f r o m  n o r m a l  a n i m a l s .  
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