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Inhibition of Cortisol Metabolism in vitro by 2-Methylnaphthoquinone (Menadione): A Possible 
Interpretation of the Potentiation of Cortisol Activity in vivo 

R e c e n t l y  FEKETE a n d  co-workers  d e m o n s t r a t e d  in t h e  
r a t  t h a t  c o a d m i n i s t r a t i o n  of m e n a d i o n e  a n d  cort icoids,  
s u c h  as  p redn i so lone  or  cortisol ,  y ie lded  a n  increase  in t h e  
an t iph log i s t i c ,  g lycogenic ,  a n d  t h y m o l y t i c  ac t iv i t i e s  of 
t h e s e  cor t ico ids  x-3. 

T h e  in v ivo  t r a n s f o r m a t i o n  of cor t isol  i n to  phys io -  
logical ly i n a c t i v e  d e r i v a t i v e s  is t h o u g h t  to  i nvo lve  r ing  A 
r e d u c t i o n  as t h e  r a t e  l imi t ing  s t ep  4,5. T h e  r a t e  of th i s  re-  
ac t ion  in  v i t ro  w i t h  r a t  l iver  m i c r o s o m e s  d e p e n d s  on  t h e  
c o n c e n t r a t i o n  of t h e  cofac to r  N A D P H ,  a n d  on  t h e  con-  
c e n t r a t i o n  of t h e  m i c r o s o m a l  e n z y m e s  ~,8. T h e  in  v i t ro  
o b s e r v a t i o n s  t h a t  m e n a d i o n e  s t i m u l a t e s  N A D P H  ox ida-  
t ion  b y  m i c r o s o m a l  s y s t e m s  ~-9 a n d  t h a t  N A D P H  depen-  
d e n t  m e t a b o l i s m  of a n t i p y r i n e  is i nh ib i t ed  b y  m e n a d i o n e  9 
s u g g e s t e d  to  us  t h a t  t h e  p o t e n t i a t i o n  of cor t isol  ac t ion  b y  
m e n a d i o n e  m i g h t  i n v o l v e  a decrease  in  cor t isol  m e t a b o l i s m  
due  to  t h e  dep le t ion  of t h e  e n d o g e n o u s  s to res  of  N A D P H .  
T h e  p r e s e n t  s t u d y  was  des igned  to  e x a m i n e  t h i s  poss i -  
b i l i ty  10. 

Mater ia ls  and  methods. Albino  f ema le  r a t s  ( S h e r m a n  
s t ra in)  w e i g h i n g  200-250 g were  o b t a i n e d  f r o m  W y c k o f f  
B r e e d i n g  Colony,  N e w  Jersey .  L ive r  m i c r o s o m e s  were  
p r e p a r e d  e s sen t i a l ly  b y  t h e  m e t h o d  of M c G m R E  a n d  
TOMKINS xl w i t h  s o m e  m o d i f i c a t i o n s  12. P r io r  to  use,  
m i c r o s o m e s  were  t h a w e d  a n d  were  s u s p e n d e d  in 0 . 2 5 M  
sucrose  (1 m l  of  suc rose /g  of or ig ina l  liver). Cort isol  
m e t a b o l i s m :  0.6 m l  of  cor t isol  so lu t ion  (160 / tg /ml  of 
a b s o l u t e  m e t h a n o l  c o n t a i n i n g  4 %  v / v  p r o p y l e n e  glycol) 
were  p laced  in  25 m l  E r l e n m e y e r  f lasks.  0.2 m l  of t h e  
so lu t ion  c o n t a i n i n g  m e n a d i o n e  (dissolved in  m e t h a n o l  
c o n t a i n i n g  1% v / v  p r o p y l e n e  glycol) or  a n  e q u i v a l e n t  
v o l u m e  of t h e  s o l v e n t  were  a d d e d  a n d  t h e  r e s u l t i n g  solu-  
t i ons  were  e v a p o r a t e d  to  d r y n e s s  u n d e r  N2 (40-50°C).  
T h e  f lasks  were  chil led in  a n  ice b a t h  a n d  t h e  fol lowing 
were  a d d e d :  0.2 m l  of t h e  m i c r o s o m M  suspens ion ,  20 
# m o l e s  Tris  (pH 7.4), 0.49 / tmoles  N A D P H  in a to t a l  
v o l u m e  of 2 m l  of  de ionized water .  A l i q u o t s  (0.9 ml) were  
t a k e n  a t  ze ro - t ime  a n d  a f te r  i n c u b a t i o n  w i t h  s h a k i n g  in 
a i r  a t  37 °C for 20 rain.  E a c h  a l i q u o t  was  e x t r a c t e d  w i t h  

Table I. The effect of menadione on ring A reduction of cortisol by 
female rat liver microsomes 

Experiment Menadione Ring A Inhibition of 
No. (M) reduction (%) reduction (%) 

1 - 69.0 - 
10 -4 34.4 51 

2 - 5 8 . 5  - 

1 0  . 6  30.3 48 

3 - 49.5 - 
1 0  - 4  15.0 70 
10 -4 29.3 • 41 ~ 

Each incubation mixture contained: 96/~g cortisol and 2 ml micro- 
somal preparation [0.2 ml of mierosomal suspension, 20/tmoles Tris 
buffer (pH 7.4), 0.49/~moles NADPH and menadione at indicated 
concentrations and brought to final volume with deionized water]. 
0.9 ml aliquots were taken at zero-time and after incubation at 37 °C 
for 20 rain. Each aliquot was extracted with 5 ml methylene chloride 
and the organic phase was read at 240 nm in Beckman DU speetro- 
photometer. Preparation of mierosomal suspension and experimental 
conditions are described in materials and methods. • Concentrations 
of NADPH was 9.6 × 10-4M. 

5 m l  r e a g e n t  g rade  m e t h y l e n e  chloride,  c en t r i fuged  to  
s e p a r a t e  t h e  p h a s e s  a n d  t h e  a b s o r b a n c e  in t h e  lower  
(organic)  p h a s e  was  m e a s u r e d  a t  240 n m  in  a B e c k m a n  
D U  s p e c t r o p h o t o m e t e r .  L o s s  of  a b s o r b a n c e  a t  240 n m  
w a s  t a k e n  to  i nd ica t e  r e d u c t i o n  of r ing  A to  yie ld  5~- 
p roduc t sU, lL  H e x o b a r b i t a l  m e t a b o l i s m :  p r e p a r a t i o n  of 
9000 g l iver  s u p e r n a t a n t  f r o m ma l e  r a t s  a n d  i n c u b a t i o n  
p r o c e d u r e s  were  t h e  s a m e  as p r e v i o u s l y  desc r ibed  13. T h e  
a s s a y  of res idua l  u n m e t a b o l i z e d  h e x o b a r b i t a l  was  car r ied  
o u t  as  descr ibed  b y  COOPER a n d  BRODIE 14. 

Resul ts  and  discussion.  T h e  r e d u c t i o n  of r ing  A of 
cor t i sol  b y  f ema le  l iver  m i c r o s o m e s  was  i nh ib i t ed  b y  
m e n a d i o n e  (Table  I). T h e  m a g n i t u d e  of i nh ib i t i on  was  
lower  a t  h i g h e r  c o n c e n t r a t i o n s  of N A D P H ,  s u g g e s t i n g  
t h a t  t h e  i nh ib i t i on  of cor t isol  r e d u c t i o n  is re la ted  to  in ter -  
ference  w i t h  t h e  ava i l ab i l i t y  of N A D P H .  To  e x a m i n e  t h i s  
fu r the r ,  t h e  t i m e  course  of r e d u c t i o n  of cor t isol  in t h e  
p resence  of e i the r  e s t rad io l  or  m e n a d i o n e  w a s  inves t i -  
ga ted .  T h e  inh ib i t i on  of cor t isol  r e d u c t i o n  b y  m e n a d i o n e  
could  be pa r t i a l l y  a l l ev ia ted  b y  t h e  a d d i t i o n  of N A D P H ;  
however ,  as  e x p e c t e d  f r o m p r e v i o u s  o b s e r v a t i o n s  ~2,x5, t h e  
i n h i b i t o r y  ac t ion  of es t radiol-17fl  w a s  n o t  d i m i n i s h e d  b y  
N A D P H  (Figure) .  T h e  a d d i t i o n  of N A D P H  did  n o t  
s t i m u l a t e  s ign i f i can t ly  t h e  r a t e  of r e d u c t i o n  of cor t isol  in 
t h e  a b s e n c e  of m e n a d i o n e  i n d i c a t i n g  t h a t  t h e  c o n c e n t r a -  
t i on  of N A D P H  was  n o t  l i m i t i n g  in t h e  absence  of th i s  
i n h i b i t o r  16. 

T h e s e  f ind ings  d e m o n s t r a t e d  t h a t  m e n a d i o n e  i n h i b i t i o n  
of r ing  A r e d u c t i o n  i n v o l v e d  a n  in t e r f e rence  a t  t h e  co- 
f ac to r  level. S u c h  a n  a c t i o n  b y  m e n a d i o n e  cou ld  h a v e  
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absorbanee of menadione at 240 nm. There was no decrease in this 
absorbanee when menadione was incubated under similar condi- 
tions in the absence of eortisol for 11 rain. Moreover, the further 
addition of 1.2/xmoles of NADPH at 51/n min of incubation did 
not yield a decrease in absorbance at 240 nm. These results 
demonstrated that the decrease in absorbanee at 240 nm following 
NADPH addition to incubations containing both cortisol and 
menadione was due to an increase in reduction of ring A of 
cortisol and not due to changes in the absorbance of menadione. 
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r e s u l t e d  f r o m  a n  i n t e r f e r e n c e  w i t h  N A D P H  u t i l i z a t i o n ,  
s u c h  a s  c o m p e t i t i o n  w i t h  N A D P H  fo r  t h e  e n z y m e ,  a n d / o r  
f r o m  N A D P H  d e p l e t i o n  p r e s u m a b l y  b y  o x i d a t i o n  v i a  t h e  
m i c r o s o m a l  d i a p h o r a s e  s y s t e m  7,s  E v i d e n c e  f o r  t h e  l a t t e r  
is  p r o v i d e d  b y  t h e  o b s e r v a t i o n  t h a t  m e n a d i o n e  s t i m u l a t e s  
t h e  r a t e  o f  d i s a p p e a r a n c e  o f  N A D P H  b y  l i v e r  m i c r o s o m e s  
in  t h e  a b s e n c e  o f  c o r t i s o l  ( T a b l e  I I ) .  D i c o u m a r o l  (bis-  
h y d r o x y c o u m a r i n )  d i d  n o t  i n h i b i t  t h e  m e n a d i o n e  m e d i -  
a t e d  s t i m u l a t i o n  o f  N A D P H  o x i d a t i o n  b y  m i c r o s o m e s  
i n d i c a t i n g  t h a t  o u r  m i c r o s o m a l  p r e p a r a t i o n s  w e r e  f r ee  of  
m i t o c h o n d r i a l  c o n t a m i n a t i o n  s,xTnS. T o  o b t a i n  i n d i r e c t  
e v i d e n c e  for  m e n a d i o n e  a c t i o n  i n  v i v o  w e  r e s o r t e d  t o  
h e p a t i c  m i c r o s o m a l  h e x o b a r b i t a I  o x i d a s e  a s  a m o d e l  f o r  
a n  N A D P H  r e q u i r i n g  s y s t e m .  T h e  o b s e r v e d  i n h i b i t i o n  o f  
t h e  r a t e  o f  h e x o b a r b i t a l  m e t a b o l i s m  i n  v i t r o  b y  m e n a d i o n e  
( T a b l e  I I I )  is i n  a c c o r d a n c e  w i t h  t h e  c o n c e p t  o f  N A D P H  
d e p l e t i o n .  T h e  d u r a t i o n  o f  h e x o b a r b i t a l  i n d u c e d  s l eep -  
t i m e  is t h o u g h t  t o  b e  i n v e r s e l y  r e l a t e d  t o  t h e  r a t e  o f  
m e t a b o l i s m  of  t h i s  b a r b i t u r a t e .  T h u s ,  t o  d e n l o n s t r a t e  in  
v i v o  N A D P H  d e p l e t i o n  b y  m e n a d i o n e ,  t h e  e f f e c t  o f  
m e n a d i o n e  (25 o r  50 m g / k g ,  g i v e n  i .p.)  o n  h e x o b a r b i t a l  
i n d u c e d  s l eep  t i m e  in  a d u l t  m a l e  r a t s  w a s  s t u d i e d .  T h e r e  
w a s  n o  p r o l o n g a t i o n  o f  s l e e p  t i m e  b y  m e n a d i o n e ;  u n d e r  
s i m i l a r  c o n d i t i o n s  t h e  a d m i n i s t r a t i o n  o f  f l - d i e t h y l a m i n o -  
e t h y l d i p h e n y l p r o p y l  a c e t a t e  ( S K F  525A)  r e s u l t e d  in  a 
p r o l o n g e d  s l eep ,  t h e r e  w a s  n o  e f f e c t  b y  m e n a d i o n e  o n  t h e  
d u r a t i o n  o f  z o x a z o l a m i n e  s l e e p  ( u n p u b l i s h e d  r e s u l t s ) .  

I n  c o n c l u s i o n ,  o u r  r e s u l t s  d e m o n s t r a t e  t h a t  2 N A D P H  
r e q u i r i n g  m i c r o s o m a t  l i v e r  e n z y m e  s y s t e m s ,  c o r t i s o I - 5 e -  
A 4 - r e d u c t a s e  f r o m  t h e  f e m a l e  r a t  a n d  h e x o b a r b i t a l  o x i d a s e  
f r o m  t h e  m a l e  r a t  a r e  i n h i b i t e d  b y  m e n a d i o n e .  T h e  i n h i b i -  
t i o n  s e e m s  t o  r e s u l t  f r o m  N A D P H  d e p l e t i o n  b y  m e n a d i o n e .  

T h e  l a c k  o f  m e n a d i o n e  e f f e c t  o n  s l e e p  m i g h t  s u g g e s t  
t h a t  in  o u r  s t u d i e s  m e n a d i o n e  d o e s  n o t  d e p l e t e  N A D P H  
in  v i v o .  H o w e v e r ,  t h e s e  r e s u l t s  l e n t  t h e m s e l v e s  t o  o t h e r  

Table I1. Rate of depletion of NADPH by menadione in the presence 
of female ra t  liver mierosomes 

Concentration (M) AO.D./min at 340 mn 
Menadione Dieoumarol Exper iment  No. 

1 2 3 4 

- - 0.005 0.004 0.0025 0.0035 
1 × 10 -G - 0.011 0.009 
1 x 10 -5 1 x 10 -a 0.010 
5 × 10 -s  - 0.029 0.031 
1 × 10 -4 - 0.029 0.033 
1 X 10 -4 1 x 10-4 0.025 

Each sample contained 3.1 ml solution composed of 15/ ,moles Tris 
buffer (pH 7.4), 0.I5 inl of microsolnal suspension, 0.36/*moles of 
NADPH and menadione and dicoumarol at  the  indicated concentra- 
tions. Ahsorbances were read at  340 nm every 2 inin in a Beckman 
D U spectrophotometer.  

Table III. Effect of menadione on hexobarbital  metabolism by a malc 
rat  liver supernatant~ 

Additions Hexobarbital metabolized 
/*gig liver]15 mill 

- 427.8 
Menadione (10-~ M) 172.5 

Each incubation mixture contained: 1 ml of a 9000 g liver super- 
natant ,  2/2moles NADP, 40/ ,moles glucose-6-phosphate, 75/,moles 
MgC12, 50/ ,moles nieotinamide, 1 ml 1.15% KC1, 200/*moles phos- 
phate  buffer (pH 7.4), and 50 #g  of sodium hexobarbital in a 5 ml 
vol. 2 nfl aliquots were taken at zero-tinm and after incubation at 
37 °C for 15 rain. Preparations, conditions of incubation and assay 
were as described in materials and methods.  ~ Sherman strain male 
rats weighing about 200 g were obtained from Rockland Farms. 
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The effect of NADPH on inhibition of corfisol reduction by menar 
dione and estradiol-17fl. Incubation mixture  contained: 0.63/*moles 
cortisol, 0.6/*moles menadione or estradiol-17fl (when so specified), 
0.6 ml  microsomal suspension (obtained from 0.6 g wet weight of 
liver), 2 .9/ ,moles  NADPH,  60/ ,moles  phosphate  buffer (pH 7.4) in 
a total vol. of 6 ml. 51[2 rain after the s tar t  of incubation, 0.1 ml H20 
or 0.1 ml NADPH solution (1.2/,moles) were added. 9110 ml aliquots 
were taken at 0, 2, 4, 7, 9 and 11 rain, extracted with methylene 
chloride and their absorbance was read at 240 n m  in a Beckman DU 
spectrophotometer. Preparations and incubation conditions are 
described in materials and methods. 

i n t e r p r e t a t i o n s  a s  wel l .  F u r t h e r  i n v e s t i g a t i o n  is  n e c e s s a r y  
t o  e s t a b l i s h  w h e t h e r  o u r  i n  v i t r o  o b s e r v a t i o n s  o n  i n h i b i -  
t i o n  o f  c o r t i s o l  m e t a b o l i s m  b y  m e n a d i o n e  a r e  a t r u e  
r e p r e s e n t a t i o n  o f  t h e  in  r i v e  p o t e n t i a t i o n  o f  t h e  p h a r m a -  
co log i ca l  a c t i v i t y  o f  cortiso119. 

.Rdsumd. L e  deg r6  de  r 6 d u c t i o n  d u  n o y e a u  A d u  co r t i so l e  
p a r  les  m i c r o s o m e s  d u  £oie d u  r a t  e t  p a r  le  N A D P H  e s t  
i n h i b 6  d u  5 0 %  p a r  le m 6 t h y l e - 2 - n a p h t o q u i n o n e  ( m 6 n a -  
d i o n e ) .  L ' i n h i b i t i o n  e s t  p a x t i e l l e m e n t  a l l6g6e  p a r  l ' a d d i -  
t i o n  d e  N A D P H  ce q u i  i n d i q u e  q u e  l a  m 6 n a d i o n e  g ~ n e  Ia  
d i sponib i l i t@ d u  N A D P H .  E n  e f f e t ,  il s ' e s t  t r o n v 6  q u e  l a  
m 6 n a d i o n e  a c t i v e  l a  d i m i n u t i o n  d e  N A D P H  p a r  les  
m i c r o s o m e s  d u  role. I1 e s t  p o s s i b l e  q u e  l ' a u g m e n t a t i o n  
p r 6 c 4 d e m m e n t  s i g n a l 4 e  d e  l ' a c t i v i t 4  p h a r m a c o l o g i q u e  d u  
c o r t i s o l e  p a r  l a  m 6 n a d i o n e  e s t  a p p a r e n t 6 e  h l ' i n h i b i t i o n  
d u  m 6 t a b o l i s m e  d u  co r t i so l e .  
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