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The potentiating effect of digitoxin and quinidine on dinitrophenol 
uncoupling of oxidative phosphorylation* 

Concent ra t ions  of d ig i tox in  which pe r  se have  l i t t le  ac t ion upon resp i ra t ion  or P : O  ra t ios  
measured  in mi tochondr i a l  p r epa ra t i ons  of gu inea  pig l iver  or r abb i t  hea r t  m a r k e d l y  p o t e n t i a t e  
the  uncoup l ing  effect of DNP**  upon ox ida t i ve  phosphory la t ion .  This p o t e n t i a t i n g  effect is 
shown in Table  I, which shows also a s imi lar  effect by  quinidine.  Of special  in te res t  is the  m a r k e d  
inh ib i to ry  effect of qu in id ine  upon  resp i ra t ion  as shown in Table  I, since a t  a concen t ra t ion  of 
i - lo  3 M i t  comple te ly  abol ishes  resp i ra t ion  of hea r t  mi tochondr ia l  p repa ra t ions  under  s imi lar  
condi t ions.  The resp i ra t ion  of l iver  mi tochondr ia ,  a l though  affected by  qu in id ine  appears  to be 
less sens i t ive  (l - m -3 : lI  will inh ib i t  4 ° o~,) (unpubl ished expe r imen t s  of the author) .  

T A B L E  I 

THE EFFECT OF DIGITOXIN AND QUINIDINE UPON D N P  UNCOUPLING OF 
OXIDATIVE PHOSPHORYLATION 

Each  vessel  con ta ined  the following expressed  in micromoles  per  2 ml:  po ta s s ium p h o s p h a t e  
lmffer pH  7.45, 3o; tris-HC1 buffer pH  7.5, IOO; po t a s s ium a - k e t o g l u t a r a t e  3o; sod ium ATP 4; 
MgSO a I5;  glucose IOO, r abb i t  hea r t  mi tochondr i a  o. 7 mg ni t rogen per  vessel added  in o. 5 ml  
of o.25 M sucrose. Enough  hexokinase  to t ransfer  15o micronloles  of high energy phospha t e  per  
ten minu tes  a t  38°. Hexok inase  and D N P  t ipped  af ter  equ i l ib ra t ion  (ten minutes)  16 minu te s  

incuba t ion  a t  38°. Air,  NaOH in center  well. 

Exp. Conditions 0 uptake P : 0 

I Control  6.2 2.60 
J k D N P  1.25 • Io 5 ~[ 5. 6 2.36 
1 + D N P  5" Io-5 ~'ir 0.2 1.89 
1 + Dig i tox in  3-3" IO-S M 6.6 2.4o 

+ Dig i tox in  3-3' lo 5 M ~ D N P  1.25 • lO 5 31 6. 3 r.91 
~ Dig i tox in  3.3" lO 5 3/I !- D N P  5" zo s 31 0.8 0.76 

I -~ Dig i tox in  6.6- lO -5 M 6.2 2.4o 
J 4- Dig i tox in  6.6. IO 5 31 + D N P  1.25 • lo 5,14 5-5 1.64 
I 4- Dig i tox in  6 .6 - Io  531 ? D N P  5 . i o  s ,~1 7.4 0.72 
2 Control  0.9 2.60 
2 4- D N P  1.25' IO 5 M 6.8 2.40 
2 ~ D N P  5" IO 5 3I 7.3 1-46 
2 +- Quin id ine  5 '~o  431 3.9 2.80 
" ~- Quin id ine  5 .1o  4 ~ I - ,  DNP. I . 2 5 ' t o  a31  3.t~ 2.15 
2 ~- Quin id ine  5 . i o  4.~I + D N P  5 .1o 531 4. i o.8I 

Other  expe r imen t s  some of which are shown in Table  II ,  indica te  t h a t  the p o t e n t i a t i n g  
effect is dependen t  on the compos i t ion  of the  med ium pa r t i cu l a r l y  of sod ium and po tass ium,  
as is the  ox ida t ive  phosphory l a t i on  mi tochondr ia l  sy s t em of gu inea  pig liver. Comple te  replace- 
men t  of po t a s s ium by  sod ium showed a drop in resp i ra t ion  of a p p r o x i m a t e l y  5o o}, wi th  a drop 
in P : O ra t ios  of 6o % as shown in Table  II .  

The obse rva t ion  of the d ig i tox in  p o t e n t i a t i n g  effect appears  to be the  first d e m o n s t r a t i o n  
of a b iochemical  effect of d ig i tox in  a t  a subcel lu lar  level ;  fu r the r  i t  is s t rong ly  remin iscen t  of 
the act ion of digi ta l is  and re la ted  compounds  in the whole an ima l  or in the  isola ted organ. Similar  
effects can be d e m o n s t r a t e d  wi th  t r i i odo thyron ine  rep lac ing  DNP***.  Al though  the  mechan i sm 
of ac t ion of D N P  is ye t  u n k n o w n  it  is a t t r a c t i v e  to in te rp re t  the p o t e n t i a t i n g  effect of d ig i tox in  
and  qu in id ine  upon  uncoupl ing  of ox ida t i ve  phosphory la t ion  by  D N P  as an ind ica t ion  of the 
effect of these compounds  upon  mi tochondr ia l  pe rmeabi l i ty .  

We are mos t  gra tefu l  to Dr. K. K. CHEN and The IAlly Research  Labora to r i e s  for the 
d ig i tox in  used in th i s  s t u d y ;  o ther  compounds  used in this  work  were ob ta ined  from the  following 

* Suppor ted  by  g ran t s  :fl:67---The Helen H a y  W h i t n e y  Founda t ion ,  :~H- I925  Na t iona l  H e a r t  
Ins t i tu t e ,  Na t iona l  I n s t i t u t e s  of Hea l t h  and  The Kansas  Hea r t  Associat ion.  

** The fol lowing abb rev i a t i ons  are used t h r o u g h o u t  th is  pape r :  DNP,  2 ,4-din i t rophenol ;  ATP. 
adenosine  t r i p h o s p h a t e ;  P :O ,  micromoles  of inorganic  p h o s p h a t e  u p t a k e  per  mic roa tom of oxygen 
u p t a k e ;  tris, ( h y d r o x y m e t h y l )  aminomethane .  
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s o u r c e s :  D N I ' ,  f r o m  M a t h e s { m ,  C<>leman a n d  Bel l ;  A T I ' ,  f r o m  P a b s t  L a b o r a t o r i e s :  q u i n i d i n e .  
f r m n  M e r c k  l ~ a h o r a t o r i e s .  H e x o k i n a s e  w a s  p u r i f i e d  t o  s t a g e  3A e s s e n t i a l l y  b y  t h e  m e t h o d  of 
BERGER 1 el al. ; c y t o c h r o m e  c w a s  p r e p a r e d  b y  t h e  m e t h o d  of  KEILIN AND HARTREE ~, i n o r g a n i c  
p h o s p h a t e  w a s  m e a s u r e d  b y  t h e  m e t h o d  of  GOMORI a, n i t r o g e n  b y  a s t a n d a r d  m i c r o - K j e l d a h L  

H e a r t  a n d  l i v e r  m i t o c h o n d r i a  w e r e  p r e p a r e d  b y  a n  a b r i d g e d  m o d i f i c a t i o n  of  t h e  m e t h o d  
of  S C H ~ E m E R 4 ;  l i ve r  ce l ls  w e r e  h o m o g e n i z e d  w i t h  a P o t t e r - E l v e h j e m  h o m o g e n i z e r  t o  m a k e  a 
1 o %  h o m o g e n a t e ;  h e a r t  ce l ls  w e r e  h o m o g e n i z e d  b y  b l e n d e r \ z i n g  a f ine  s c i s so r s  m i n c e  of  t h e  
v e n t r i c u l a r  p o r t i o n  of  t w o  r a b b i t  h e a r t s  fo r  75 s e c o n d s  in  a s m a l l  W a r i n g  b l e n d e r  ( m o d e l  w i t h  
c o n s t r i c t e d  b a s e  of a b o u t  5o m l  c a p a c i t y ,  t o t a l  c a p a c i t y  250  n l l )  w i t h  4 ° m l  of  i c e - c o l d  0 .25  .11 
s u c r o s e .  A n  a d d i t i o n a l  2o ml  of  s u c r o s e  w e r e  a d d e d  a n d  t h e  h o m o g e n a t e  w a s  f i l t e r ed  t h r o u g h  
f o u r  l a y e r s  of  g a u z e .  T h e  h o m o g e n a t e s  w e r e  c e n t r i f u g e d  a t  {me >~. g f o r  t e n  m i n u t e s ,  t h e  s e d i m e n t  
r e h o m o g e n i z e d  f o r  25 s e c o n d s  w i t h  5 ° m l  of  o .25  ~ I  s u c r o s e  a n d  r e c e n t r i f u g e d  a t  6oo  ~: g f o r  
t e n  m i n u t e s .  T h e  c o m b i n e d  s u p e r n a t a n t  f l u id s  w e r e  c e n t r i f u g e d  a t  6 o o o  "< g f o r  2o m i n u t e s  a n d  
t a k e n  u p  in  o .25  m l  s u c r o s e .  N o  r e h o m o g e n i z a t i o n  of  t h e  l i v e r  w a s  c a r r i e d  o u t  a n d  t h e  h i g h e r  

s p e e d  c e n t r i f u g a t i o n  w a s  85oo  × g. 
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