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MCSHAN AND MEYER 1, working with liver homogenates, and REILLY 2, using slices 
and homogenates of cat heart, showed that  diethylstilbestrol inhibits succinoxidase 
and that  this action was effected through the cytochrome-cytochrome oxidase 
system since brilliant cresyl blue (0.5 %), acting as a hydrogen acceptor in place of 
cytochrome c, eliminated the inhibition. CASE AND DICKEYS 3, however, have found 
that  steroids act upon succinoxidase also. Other investigators have shown that  
steroids act upon enzyme systems such as malicoxidase which requires DPN, fumarate, 
and oxalacetate (REILLY 2, ERWAY et al.4), the aerobic oxidation of a-glycerophosphate 
(GORDAN et al.5), and the aerobic oxidation of sodium lactate in a yeast-brain system 
(HoCHSTER AND QUASTEL~). GORDAN e ta l .  ~ found that  methylene blue reversed 
diethylstilbestrol inhibition of succinoxidase in cat brain, but not inhibition of 
glucose oxidation. Thus there is uncertainty as to the mode of action of diethyl- 
stilbestrol on the succinoxidase system of various mammalian tissues. 

MCSHAN et al. v studied the mechanism of hormone action by  examining the bio- 
chemical properties of subcellular fractions of anterior pituitary gland from normal 
and castrate adult female rats. No greatly significant differences were found in the 
case of succinoxidase. 

Data  are here presented concerning the mode of action of diethylstilbestrol 
inhibition of the succinoxidase system at cellular and subcellular levels in various 
mammalian tissues and reversal by progesterone and testosterone. 

METHODS 

Conventional  Warbu rg  techniques were employed.  The respirat ion is reported as Qo,. The gas 
phase was air and the center well of each W a r b u r g  vessel contained filter paper  and o.2o ml 25% 
sodium hydroxide.  The vessels were filled to contain  o.so ml mitochondrial  suspension,  o.Io ml 
o.2 M sodium suecinate (Merck reagent) or paraphenylenediamine  (Eas tman  Kodak),  o . Io  ml 
lO -4 M cytoehrome c (Viobin), o.2o ml o.5 ° M phospha te  buffer (Baker's) or diethylstilbestrol,  
progesterone, or tes tosterone and o. i o m l  saline (o.85 % sodium chloride) or sucrose. The hormones  
(Sehering) were dissolved in o.5 o ml wate r  plus o.o 4 ml 2 3 / / sodium hydroxide  which was neutral-  
ized wi th  2 M hydrochloric acid (Baker's). 

The tissues, liver, brain, and hear t  of mice (Webster  s t ra in  N.I .H.) ,  the Harding-Passey  
and S-9I melanomas  (from c and dba strains of mice respectively) and the CsHBA adenocarc inoma 
(from Call mice) were employed.  The mice were sacrificed by  dislocating the neck; the tissues, 
removed immediately,  weighed, and placed in var ious fluids at o ° C. 
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T h e  h o m o g e n a t e s  w e r e  p r e p a r e d  b y  g r i n d i n g  t h e  t i s s u e s  w i t h  a m o r t a r  a n d  p e s t l e  f o r  a b o u t  
f i f t e e n  m i n u t e s  a n d  f i l t e r i n g  t h r o u g h  g l a s s  w o o l .  T h e  r a t i o s  o f  t i s s u e  t o  s u s p e n s i o n  m e d i u m  w e r e  
a s  f o l l o w s :  l ive r ,  h e a r t ,  a n d  b r a i n ,  i :3 in  3 0 %  s u c r o s e ;  C 3 H B A  a d e n o c a r c i n o m a ,  i :3 in  8 . 5 %  
s u c r o s e ;  S-9  I ,  i :3 in  s a l i n e ;  a n d  t h e  H a r d i n g - P a s s e y  m e l a n o m a ,  i :4,  in  sa l ine .  

T h e  m i t o c h o n d r i a  w e r e  o b t a i n e d  f r o m  t h e  f i l t r a t e s  b y  c e n t r i f u g a l  f r a c t i o n a t i o n  f i r s t  s e p a r a t i n g  
t h e  n u c l e i .  T h e  c e n t r i f u g a t i o n s  w e r e  p e r f o r m e d  w i t h  t h e  S e r v a l l  s u p e r s p e e d  a n g l e  c e n t r i f u g e  t y p e  
S S - I  a n d  a l l  p r e p a r a t i o n s  w e r e  e x a m i n e d  m i c r o s c o p i c a l l y  t o  d e t e r m i n e  t h e i r  h o m o g e n e i t y .  T h e  
f o l l o w i n g  c e n t r i f u g a l  s p e e d s  w e r e  u s e d  f o r  t h e  v a r i o u s  t i s s u e s :  C 3 H B A ,  4 0 0  r . p . m ,  f o r  t e n  m i n u t e s  
f o l l o w e d  b y  t w o  s u c c e s s i v e  r u n s  a t  9 , 0 0 0  g f o r  s o m e  s e c o n d s  t o  r e m o v e  t h e  n u c l e i ,  12 ,ooo  g f o r  
20 m i n u t e s  t o  o b t a i n  m i t o c h o n d r i a .  F o r  t h e  H a r d i n g - P a s s e y  m e l a n o m a ,  t h e  n u c l e i  w e r e  s e p a r a t e d  
b y  c e n t r i f u g a t i o n  a t  400  r . p . m ,  fo r  t e n  m i n u t e s  f o l l o w e d  b y  9 , 0 0 0  g fo r  s o m e  s e c o n d s  a n d  t h e  
m i t o c h o n d r i a ,  b y  c e n t r i f u g a t i o n  o f  t h e  s u p e r n a t a n t  f o r  3 ° m i n u t e s  a t  9 , 0 o 0  g. I n  t h e  c a s e  of  t h e  
S -9 I  m e l a n o m a ,  t h e  n u c l e i  w e r e  r e m o v e d  f r o m  t h e  h o m o g e n a t e  b y  c e n t r i f u g a t i o n  a t  400  r . p . m .  
f o r  t e n  m i n u t e s  a n d  t h e  m i t o c h o n d r i a  f o r  o n e  h a l f  h o u r  a t  19 ,000  g. T h e  n u c l e i  o f  l i v e r  w e r e  r e m o v e d  
b y  c e n t r i f u g i n g  t h e  h o m o g e n a t e  a t  12 ,ooo  r . p . m ,  f o r  t e n  m i n u t e s  f o l l o w e d  b y  9 , 0 o 0  g t w i c e  e a c h  
f o r  o n e  m i n u t e .  F o r  b r a i n ,  t h e  h o m o g e n a t e  w a s  c e n t r i f u g e d  t w i c e  a t  9 , 0 0 0  g f o r  t w o  m i n u t e s  a n d  
o n c e  f o r  o n e  m i n u t e  a n d  f o r  h e a r t ,  9 , o o o  g f o r  o n e  m i n u t e .  T h e  m i t o c h o n d r i a  o f  l i v e r  a n d  b r a i n  
w e r e  o b t a i n e d  b y  c e n t r i f u g i n g  t h e  s u p e r n a t a n t  fo r  t w e n t y  m i n u t e s  a t  19 ,ooo  g a n d  of  h e a r t  f o r  
o n e  h a l f  h o u r  a t  19 ,ooo  g. All  m i t o c h o n d r i a l  p r e p a r a t i o n s  w e r e  w a s h e d  o n c e  a n d  t h e  v o l u m e s  
w e r e  a b o u t  o n e - t h i r d  t h o s e  of  t h e  h o m o g e n a t e s .  

R E S U L T S  A N D  D I S C U S S I O N  

At concentrations of o.o2 M succinate and IO -5 M cytochrome c, diethylstilbestrol 
(o.38 mi l l imole - i . o  millimole/ml) significantly decreased the Qo, of tumor mito- 
chondria 5 o - I o o %  for three tumors: Harding-Passey, S-9I, and C3HBA with pH 
changes of not greater than 0.20 pH unit. The succinoxidase system of liver, brain, 
and heart mitochondria also was inhibited by diethylstilbestrol from 30 to 9 ° % at 
concentrations of lO -4 M - - 3 "  IO -~ M. See Table I. 

T A B L E  I 

EFFECT OF DIETHYLSTILBESTROL ON SUCCINATE AND PARAPHENYLENEDIA,'vlINE OXIDATION 
BY TUMOR AND NORMAL TISSUE MITOCHONDRIA OF MICE 

S ubstmtes : succinate (0.o2 3I) ; 
cytochrome c (zo- 5 M) 

Tissue Hormone concentrations, millimoles 

~.o 0.50 0.38 0.25 o.i25 o.Io o.o6 0.03 None 

H a r d i n g - P a s s e y  1. 5 1. 5 2.1 5 .6  - -  - -  5.4 6 . i  5.7 
S-91 o . i  o . i  5.5 - -  8 .0  - -  8.0 i i . i  i i .  5 
C ~ H B A  o .o  0. 7 ~ .4 i .4 - -  - -  2 .o  - - -  2.8 
L i v e r  0 .8  3.8 - -  6 .5  9 .0  . . . .  8 .9  
B r a i n  . . . . . . .  o. 2 - -  o .9  2.2 
H e a r t  . . . . .  0 .2 - -  1.2 4.3 

Substrates." PPDA (0.o2 3I); 
cytochrome c (zo -~ M) 

B r a i n  . . . . .  t .6 2.3 4 .4  
H e a r t  . . . . . .  0. 7 - -  3.5 3.8 

With paraphenylenediamine PPDA (o.o2M) and cytochrome c (io-531), oxygen 
consumption was inhibited 50 to 80 % for mouse brain and heart mitochondria 
respectively (Table I). Action of stilbestrol on cytochrome oxidase is suggested. 

R e / e r e n c e s  p .  142.  
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T A B L E  I I  

INFLUENCE OF TIME OF ADDITION OF SUBSTRATE AND DIETHYLSTILBESTROL UPON OXYGEN 

CONSUMPTION OF MOUSE LIVER MITOCHONDRIA 

Substrates: succinate (o.o2 M) ; cytochrome (zo -6 M 

Time zo" 35" r h r h 2o' 

Diethylstilbestrol 
Conditions t~ l oxygen consumed'rag tissue concentrations 

D i e t h y l s t i l b e s t r o l  
added i n i t i a l l y  w i t h  s u b s t r a t e s  

D i e t h y l s t i l b e s t r o l  
added i n i t i a l l y ;  s u b s t r a t e s  a d d e d  a t  3 5 '  

D i e t h y l s t i l b e s t r o l  
added a t  3 5 ' ;  s u b s t r a t e s  a d d e d  i n i t i a l l y  

S u b s t r a t e s  o n l y  

1.5 2 .9  4 .9  6 .3  1. 5 • lO -4  M 
1.8 2.8 3.4 3 .8 lO _3 M 

1.4 0.2 1.2 2 .6  1.5" l ° - 4  M 
0 .08  0.2 0. 4 0 .8  10 -3  M 

2"7 5"9 7"9 8"3 1. 5" IO -~ M 
I.O 2.2 4.1 5"7 lO -3  M 

2.8 5 .6  8 .0  9"7 

The effect of time of addition of the substrates, succinate and cytochrome c, 
and diethylstilbestrol on the Qo, of liver mitochondria is reported in Table II. For a 
given time interval the hormone was more inhibitory to succinoxidase when added 
before the substrate than when added afterwards. REILLY 2 has obtained similar 
results. HOCHSTER AND QOASTEL 6 have presented evidence to show that diethyl- 
stilbestrol may  compete with cytochrome c as a carrier and that this competition 
was dependent upon the particular dehydrogenase under consideration. 

T A B L E  I I I  

REVERSAL OF DIETHYLSTILBESTROL INHIBITION OF SUCCINOXIDASE BY PROGESTERONE 

AND TESTOSTERONE FOR TUMOR IVIITOCHONDRIA 

Substrates: succinate(o.o2 M); cytochrome (o.oooo~ M) 

Tumor : Harding-Passey 

Concentrations, millimoles 

Hormone 2.o 0.5 0.38 0.25 0.20 o.i25 o.Io 0.06 o.o 3 ,~one 

Qo, (based on xst 60") 

D i e t h y l s t i l b e s t r o l  1. 5 1. 5 2.1 5 .6  - -  - -  - -  5-5 6.1 5.7 
P r o g e s t e r o n e  . . . .  7 .5 - -  5 .4  - -  5 .2 
D i e t h y l s t i l b e s t r o l  

+ p r o g e s t e r o n e  1.3 2.3 6 .9  - -  - -  6.2 - -  6. I - -  
(o. i o  m i l l i m o l e )  

Tumor: S-9x 

D i e t h y l s t i l b e s t r o l *  
E x p t .  i o . i  o . i  5 .5  i i . i  lO .9  - -  lO .9  - -  11.5 
E x p t .  2 2 .0  3 .0  5 .0  5 .0  - -  6 .0  9 . 0  8 .0  I I . O  

D i e t h y l s t i l b e s t r o l  * 
+ t e s t o s t e r o n e  
(0 .2o  m i l l i m o l e )  
E x p t .  I 0 .9  5 .3  5 .1 7.5 - -  11-5 - -  1 ° ' 9  - -  
E x p t .  2 7 .0  IO.O i i . o  - -  - -  12 .o  - -  i o . o  9 . 0  

" Q o  s v a l u e s  w i t h  o . i  m i l l i m o l e s  o f  t e s t o s t e r o n e  a l o n e  w e r e  12.o a n d  i o . o  i n  e x p t s ,  i a n d  2 

r e s p e c t i v e l y .  
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The effect of testosterone and progesterone on the inhibition by stilbestrol of 
the succinoxidase system of mitochondria of the Harding-Passey and S-9I melanomas 
was studied. Reversal of the stilbestrol inhibition by at least 3o % is reported in 
Table I I I  at 2 . I o - 4 M  testosterone, Io -4 M progesterone, 5 . I o - a M  stilbestrol, 
0.02 M succinate, and Io -5 M cytochrome c. The quantities, 2" IO 4 M and Io 4 M of 
testosterone and progesterone respectively were used because larger amounts some- 
times inhibited succinoxidase while smaller quantities were not usually sufficient 
to produce reversal. 

These experimental results were correlated with the growth studies of HERTZ s 
who found that progesterone inhibited the growth of a chick oviduct which was 
stimulated by stilbestrol. Because progesterone has been shown to reverse stilbestrol 
inhibition of succinoxidase of tissue mitochondria and inhibit chick oviduct growth 
stimulation by stilbestrol, the common mechanism of action may be the action of 
these hormones on the terminal oxidase system of the subcellular mitochondria of 
the tissue cells involved. 

SUMMARY 

i .  In  the  presence of 0,02 31 succ ina te  and  io  -5 M c y t o c h r o m e  c, d i e t hy l s t i l be s t ro l  (lO a :11 .... 
3 '  IO-SM) inh ib i t ed  by  3o-95 % the  oxygen  consumpt ion  of the  mi tochondr i a  of C3HBA adeno- 
carc inoma,  S-9I and  H a r d i n g - P a s s e y  me lanomas ,  l iver ,  brain,  and  hea r t  of mice ;  and  wi th  
p a r a p h e n y l e n e d i a m i n e  in s t ead  of succinate ,  the  m i t o c h o n d r i a  of mouse  h e a r t  and  brain.  

2. The i nh ib i t i on  of the  succ inox idase  of l iver  m i t o c h o n d r i a  was  more  effective if the  d ie thyl -  
s t i lbes t ro l  was  added  to  the  t i s sue  before the  subs t ra tes .  

3. The inh ib i t i on  by  d i e thy l s t i l be s t ro l  (5" lO-4 M) of succ inox idase  of the  S-9I and  Hard ing -  
Pas sey  m e l a n o m a s  was reversed  by  t e s tos t e rone  (2. IO -~ ~af) and  proges te rone  (IO 4 3I). This  can 
be cor re la ted  w i t h  the  p roges te rone  inh ib i t i on  of s t i lbes t ro l  s t i m u l a t i o n  of g rowth  of chick ov iduc t s  
as r epor t ed  by  HERTZ s. 
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