
124 Specialia Exr, r:~:~Txx 24J2 

E f f e c t  o f  Metopirone and 3 - ( 1 , 2 , 3 , 4 - t e t r a h y d r o - l - o x o - 2 - n a p h t h y l ) - P y r i d i n e  o n  t h e  M e t a b o l i s m  of  

Corticosteroids and DMBA in R e l a t i o n  t o  A d r e n a l  Necrosis 

I n  t h e  a d u l t  ra t ,  7 , 1 2 - d i m e t h y l b e n z ( a ) a n t h r a c e n e  
(DMBA)  causes  mas s ive  a n d  se lec t ive  necrosis  of t h e  
i n n e r  zones  of t h e  a d r e n a l  c o r t e x  x whi le  t h e  zona  g lomeru-  
losa a n d  a d r e n a l  m e d u l l a  a re  s p a r e d  f rom damage .  T h e  
suscep t ib i l i t y  of  t h e  ad rena l s  cou ld  be co r r e l a t ed  w i t h  
t h e i r  c o n t e n t  of  co r t i cos t e rone  * a n d  i t  was  in fe r red  s t h a t  
t h i s  ef fec t  was  d e p e n d e n t  on  t h e  f u n c t i o n a l  a c t i v i t y  of t h e  
a d r e n a l  cor tex .  

S u p p o r t i n g  ev idence  for  t h i s  t h e o r y  w as  p r o v i d e d  b y  
CURRIE, HELFENSTEIN a n d  YOUNG ~, w h o  f o u n d  t h a t  
a d r e n a l  d a m a g e  b y  D M B A  could  be  p r e v e n t e d  b y  t h e  
c o n c u r r e n t  a d m i n i s t r a t i o n  of 2 - m e t h y l - l , 2 - b i s - ( 3 - p y r i -  
d y l ) - l - p r o p a n o n e  (n le topi rone ,  Ciba  Su-4885) w h i c h  in- 
h i b i t s  1 1 ~ - h y d r o x y l a t i o n  a n d  t h e  syn thes i s  of cort ico-  
sterone~,% Howeve r ,  3-(1, 2, 3, 4 - t e t r a h y d r o - l - o x o - 2 - n a p h -  
t h y l ) - p y r i d i n e  (Ciba Su-9055),  w h i c h  is a 17,c-steroid 
h y d r o x y l a s e  i n h i b i t o r L  also p r o t e c t s  a g a i n s t  a d r e n a l  
necrosis  s in  sp i te  of t h e  fac t  t h a t  t h e  r a t  a d r e n a l  n o r m a l l y  
does n o t  syn thes i ze  1 7 e - h y d r o x y l a t e d  cor t icos tero ids ,  
w h i c h  sugges ts  t h a t  t he se  i n h i b i t o r s  m a y  be  p r e v e n t i n g  
t h e  D M B A - i n d u c e d  a d r e n a l  necros is  b y  some o t h e r  
m e c h a n i s m .  

I t  was  the re fo re  cons ide red  of i n t e r e s t  to  i n v e s t i g a t e  
t he  ef fec t  of m e t o p i r o n e  a n d  Su-9055 a d m i n i s t e r e d  in 
v ivo  on  t h e  f o r m a t i o n  of co r t i cos t e rone  f rom ~C-pro-  
ges te rone  a n d  d e o x y c o r t i c o s t e r o n e  b y  r a t  a d r e n a l  h o m o -  
gena t e s  a n d  also on  t h e  m e t a b o l i s m  of ~ C - D M B A  b y  
th i s  t issue.  T h e  e x p e r i m e n t s  were  con t ro l l ed  b y  a d d i n g  
m e t o p i r o n e  or  Su-9055 in  v i t r o  a n d  b y  c h e c k i n g  t h e i r  
p r o t e c t i v e  a c t i o n  a g a i n s t  D M B A  u n d e r  t h e  c o n d i t i o n s  
used  to  s t u d y  m e t a b o l i s m ,  a n d  were  r e p e a t e d  twice.  

Methods.  Y o u n g  (55 d a y s  old) f ema le  h o o d e d  r a t s  were  
used  a n d  t h e  D M B A  (30 m g  in  1.5 m l  s e same  oil) was  ad-  
m i n i s t e r e d  b y  s t o m a c h  tube .  M e t o p i r o n e  or  Su-9055 (15 
m g  in  0.3 ml  oil) was  i n j ec t ed  i.p. a t  09.00 a n d  12.00 a n d  
t h e  a n i m a l s  ki l led 1 h l a t e r  or  o n  t h e  fo l lowing m o r n i n g  
(day  2). I n  b o t h  cases t h e  ad rena l s  were  r e m o v e d  a n d  
i n c u b a t e d  w i t h  x~C-progesterone or deoxycor t i cos t e rone .  
A n o t h e r  g roup  of r a t s  t r e a t e d  w i t h  t h e  h y d r o x y l a s e  in-  
h ib i to r s  was  g iven  D M B A  a t  13.00, k i l led  3 d a y s  l a t e r  
a n d  t h e  ad rena l s  e x a m i n e d  for  gross h a e m o r r h a g e .  Oil  
a lone  was  in j ec t ed  i n to  t h e  2 g roups  of a n i m a l s  se rv ing  as 
con t ro l  for  t h e  a d r e n a l  i n c u b a t i o n s  a n d  t h e  t e s t  for  
a d r e n a l  necrosis .  

Progesterone-4-~*C (0.18 pc in 1 /~g), deoxycor t i co -  
sterone-4-14C (0.11 #c  in 1 pg) or  7 , 1 2 - d i m e t h y l b e n z -  
anthracene-12-xgC (0.11 pc  in  3/~g) was  a d d e d  to  a h o m o -  
g e n a t e  of t h e  ad rena l s  (5 mg) in 4 m l  0 . 1 M  p o t a s s i u m  

p h o s p h a t e ,  p i t  7.4, a n d  i n c u b a t e d  a t  38 °C for  1 h u n d e r  O2 
t o g e t h e r  w i t h  N A D P  (0.3 r aM)  a n d  g lucose -6 -phospha t e  
(3 m M ) .  F o r  t h e  in  v i t ro  expe r imen t s ,  i n h i b i t o r  was  
a d d e d  a t  a c o n c e n t r a t i o n  of 6.25 gg /ml .  T h e  e x t r a c t i o n  
p r o c e d u r e  ( w i t h o u t  ac id i f ica t ion)  a n d  r a d i o a s s a y  were  as  
descr ibed  p r e v i o u s l y L  T h e  s t e ro id  m e t a b o l i t e s  were  
e x a m i n e d  b y  p a p e r  c h r o m a t o g r a p h y  in  t h e  fo l lowing 
s y s t e m s :  t o tuene  s a t u r a t e d  w i t h  p r o p y l e n e  glycol  ~°, 
b e n z e n e - m e t h a n o l - w a t e r  (2:1 : 1) 1~ t o l u e n e - m e t h a n o l -  
w a t e r  ( 4 : 3 : 1 )  12. T h e  D M B A  m e t a b o l i t e s  were  ex-  
a m i n e d  b y  t h i n - l a y e r  c h r o m a t o g r a p h y  o n  si l ica gel in  
b e n z e n e - e t h a n o l  (19:1)*~. R a d i o a c t i v e  p r o d u c t s  were  
loca ted  b y  a u t o r a d i o g r a p h y  a n d  t he  cor t i cos te ro id  s t a n d -  
a rds  b y  t h e i r  U V - a b s o r p t i o n  or  b y  s p r a y i n g  w i t h  1}/o 
t e t r a z o l i u m  b lue  in  4 %  m e t h a n o l i c  N a O H .  Q u a n t i t a t i v e  
d a t a  were  o b t a i n e d  b y  e i t h e r  c u t t i n g  ou t  a reas  on  t h e  
p a p e r  c o r r e s p o n d i n g  to  d a r k e n e d  a reas  on  t h e  f i lm or  b y  
sc rap ing  t h e  a d s o r b e n t  f r o m  such  a reas  on  t h e  t h i n - l a y e r  
shee ts  in to  v ia l s  a n d  c o u n t i n g  d i r ec t ly  in  sc in t i l l a t ion  
fluid. A n  a l i q u o t  c o n t a i n i n g  30,000 c o u n t s / m i n  was  used  
for  c h r o m a t o g r a p h y .  

Results  and disvussion.  T h e  resu l t s  i nd i ca t e  t h a t  p ro tec -  
t i on  f rom D M B A - i n d u c e d  a d r e n a l  necros is  c a n  b e  o b t a i n e d  
w i t h  m e t o p i r o n e  a n d  Su-9055 u n d e r  cond i t i ons  in  w h i c h  
t h e r e  is no  a p p a r e n t  c h a n g e  in co r t i cos t e rone  syn thes i s .  
No  i n h i b i t i o n  in l l f l -  or  2 1 - h y d r o x y l a t i o n  of p r o g e s t e r o n e  
or  d e o x y c o r t i c o s t e r o n e  cou ld  be  d e m o n s t r a t e d  in  t h e  r a t  
a f t e r  s h o r t - t e r m  in v ivo  t r e a t m e n t  w i t h  e i t h e r  agen t ,  
a l t h o u g h  m e t o p i r o n e  a c t e d  as  a p o t e n t  i n h i b i t o r  in  v i t ro .  
I n  add i t ion ,  no  ef fec t  o n  D M B A  m e t a b o l i s m  was  ob-  
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Effect of metopirone and SU-9055 on the formation of corticosterone and on the metabolism of DMBA by rat  adrenal homogenates 

Group No. of rats with Corticosterone formed (counts/rain × 10 a) Metabolites of laC-DMBA 
adrenal necrosis (countslmin × 10 s) 
after treatment 
with DMBA~ 

x4C-progesterone 14C-deoxycor ticosterone 
as substrate as substrate A{Rf : 0.54) B(Rf : 0.36) 

I Oil control 4]5 11.8 (11.7) b 10.7 (12.6) 1.8 0.52 
II Su-4885 in vivo 0/5 10.5 (13.1) 10.3 (13.3) 1.8 0.45 
III  Su-4885 in vitro - 2.2 2.1 - - 
IV Su-9055 in vivo 0[3 12.4 (13.2) 11.7 (12.1) 1.9 0.50 
V Su-9055 in vitro - 11.2 12.3 - - 

The adrenals from this group were examined for gross hacmorrhage but were not incubated with the llC-steroids or DMBA. b Values in 
brackets are from day 2 of the experiment (see text). 
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se rved  in a n i m a l s  p r e t r e a t e d  w i t h  e i t h e r  m e t o p i r o n e  or  
Su-9055. 

These  , f indings t he r e fo re  s u p p o r t  t h e  sugges t ion  of 
WONG a n d  V~AR~ER s t h a t  i n t e r r u p t i o n  of t h e  s y n t h e t i c  
p a t h w a y  of  a d r e n a l  cor t i co ids  is n o t  t h e  o n l y  w a y  b y  
w h i c h  D M B A - i n d u c e d  necros is  c a n  b e  p r e v e n t e d  a n d  t h a t  
c o m p e t i t i o n  b e t w e e n  Su-9055 a n d  D M B A  a t  t h e  t i s sue  
s i tes  is a n  i m p o r t a n t  fac tor .  However ,  we s h o u l d  l ike t o  
mod i fy  t h i s  hypo thes i s ,  a n d  propose  t h a t  c o m p e t i t i o n  for  
specific r e c e p t o r  s i tes  in  t h e  ad rena l s  occurs  b e t w e e n  t he  
m e t a b o l i t e s  of D M B A ,  m e t o p i r o n e  a n d  Su-9055 r a t h e r  
t h a n  t he  or ig ina l  c o m p o u n d s .  Thus ,  t h e r e  is n o w  s t r o n g  
ev idence  14,1b t h a t  t h e  p r o x i m a l  necro t ic  a g e n t  is t he  
7 - h y d r o x y m e t h y l  d e r i v a t i v e  of DMBA,  a n d  i t  is also 
k n o w n  I~ t h a t  m e t o p i r o n e  is c o n v e r t e d  to  a s e c o n d a r y  
a lcohol  b y  r a t  adrena ls .  I n  th i s  respect ,  i t  is of i n t e r e s t  
t h a t  Su-9055 also c o n t a i n s  a ke to  g roup  w h i c h  m i g h t  
t he r e fo re  be  r educed  in  r a t  t i s sues lL  

Rdsumd. N o u s  a v o n s  p ro teg6  des r a t s  con t r e  Fac t ion  
d e s t r u c t i v e  du  D M B A  sur  les adr~na les  avec  des doses de 
Su-4885 ou de Su-9055 qu i  n ' a v a i e n t  pa s  d ' e f fe t  sur  le 

m 6 t a b o l i s m e  d u  p roges t6 rone  e t  d u  d6oxycor t i cos t6 rone .  
U n  m 6 c a n i s m e  e x p l i q u a n t  Fac t ion  de  ces s u b s t a n c e s  
i nh ib i t r i c e s  es t  sugg~r6. 
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A s c o r b i c  A c i d  O x i d i z e s  T h t o l  Groups of P l a s m a  

A l t h o u g h  ascorb ic  acid usua l ly  func t i ons  as a r educ ing  
agen t ,  i t  c an  oxidize  th io l s  such  as g l u t a t h i o n e  i O x i d a t i o n  
of p r o t e i n  th io l  g roups  b y  ascorbic  ac id  h a s  n o t  b e e n  
repor ted .  I h a v e  o b s e r v e d  o x i d a t i o n  of t h e  th io l  g roups  of 
h u m a n  p l a s m a  p ro t e in s  b y  ascorb ic  ac id  in v i t r o  a t  
phys io log ica l  p H .  

O u t d a t e d  h u m a n  b lood  was  o b t a i n e d  f rom t h e  b lood  
b a n k ,  a n d  t h e  p l a s m a  w as  s e p a r a t e d  b y  cen t r i f uga t i on .  
T h e  p l a s m a  c o n t a i n e d  ac id  c i t r a t e  d e x t r o s e  (ACD) a n t i -  
coagu lan t .  

x -Aseorb ic  ac id  was  d isso lved  to  m a k e  a 0 . 2 M  so lu t ion  
in  p h o s p h a t e  buffer ,  a n d  t h e  p H  was a d j u s t e d  to  7.0 w i t h  
s o d i u m  h y d r o x i d e  so lu t ion .  A n  a p p r o p r i a t e  v o l u m e  of t h e  
ascorb ic  ac id  so lu t ion  was  a d d e d  t o  9 m l  of p l a sma ,  bu f f e r  
was  a d d e d  to  b r i n g  t h e  f ina l  v o l u m e  to  10 ml ,  a n d  t h e  
m i x t u r e  was i n c u b a t e d  a t  20 °C. Severa l  i n c u b a t i o n s  were  
done  a t  cact i  c o n c e n t r a t i o n  of ascorb ic  acid,  w i t h  good 
r ep roduc ib i l i t y .  T h e  s a m e  resu l t s  were  o b t a i n e d  w h e n  
D-araboascorb ic  ac id  w as  used  i n s t e a d  of L-ascorbic  acid.  

Th io l  c o n c e n t r a t i o n s  were  m e a s u r e d  w i t h  5, 5"-di thio-  
b i s (2-n i t robenzoic)  ac id  acco rd ing  t o  t h e  m e t h o d  of 
EI.LMAN 2. Th i s  r e a g e n t  r e a c t s  w i t h  b o t h  r eac t i ve  a n d  
' u n r e a c t i v e '  t h io l  groups .  

I o b s e r v e d  a r ap id  decrease  in t h e  th io t  c o n c e n t r a t i o n  
as  soon  as  t h e  ascorb ic  ac id  was  added .  T h e  t h i o l  con-  
c e n t r a t i o n  c o n t i n u e d  to  decrease  more  s lowly for  a t  l eas t  
24 h a f t e rwards ,  as s h o w n  in t h e  Figure .  Th i s  decrease  in  
t h e  t h i o l  c o n c e n t r a t i o n  is t he  r e su l t  of o x i d a t i o n  of t h io l  
g roups  to  d isul f ide  b o n d s  3. T he  r a t e  of ox ida t i on  was  
g r ea t e r  w h e n  t h e  c o n c e n t r a t i o n  of ascorbic  acid was  in-  
creased.  

T h e  r a p i d  in i t ia l  o x i d a t i o n  p r o b a b l y  i nvo lved  t he  re- 
ac t ive  th io l  groups ,  a n d  t h e  s lower o x i d a t i o n  t h a t  fol lowed 
p r o b a b l y  i n v o l v e d  ' u n r e a c t i v e '  t h io l  groups  t h a t  b e c a m e  
accessible  to  t h e  ascorb ic  acid as t he  p ro t e in  g r adua l l y  
b e c a m e  d e n a t u r e d  3. A slow o x i d a t i o n  of th io l  groups  was 
obse rved  even  in t h e  absence  of ascorbic  acid, as s h o w n  
b y  t h e  t o p  c u r v e  in  t h e  Figure .  Because  t he  c o n c e n t r a t i o n  

Proteins 

of g l u t a t h i o n e  in t h e  p l a s m a  is negligible,  t h e  m a j o r  effect  
of ascorbic  acid m u s t  be  on  t h e  p r o t e i n  f r ac t ion  of t h e  
p l a sma .  
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Decrease in total  thiol concentration of human blood plasma upon 
incubation wi th ascorbic acid. The curve labels show the concentra- 
tions of aseorbic acid. 
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