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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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T h e  o x i d a t i v e  ab i l i t y  of ascorbic  ac id  m a y  b e  i m p o r t a n t  
in  v ivo ;  for  example ,  in  r e g u l a t i n g  b io logica l ly  ac t ive  
p r o t e i n s  such  as a n t i b o d i e s  a n d  enzymes .  A d d i t i o n a l  
e x p e r i m e n t s  will  b e  clone in t h i s  field. 

Zusammenfassung. Ascorb insAure  o x y d i e r t  die Thio l -  
g r u p p e n  de r  P r o t e i n e  im P l a s m a  m e n s c h l i c h e n  B l u t e s  

schnel l .  Diese F i ih igke i t  de r  AscorbinsRure  m a g  fiir b io-  
logische S y s t e m e  gr6ssere B e d e u t u n g  b a b e  n. 
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D i s t r i b u t i o n  of I n u l i n - c a r b o x y l - C  a4 in Hear t  and S k e l e t a l  M u s c l e  w i t h  R e s p e c t  to in v ivo  and in v i tro  
E x t r a c e l l u l a r  S p a c e  D e t e r m i n a t i o n s  

M e t h o d s  for  t h e  d e t e r m i n a t i o n  of ex t r ace l lu l a r  space  
a re  based  on  t h e  s ame  pr inciple ,  n a m e l y  t h e  u n i f o r m  
d i s t r i b u t i o n  of a n  i n d i c a t o r  t h r o u g h o u t  t h e  en t i r e  e x t r a -  
ce l lu lar  space  b y  t he  b lood  s t r e a m  in v ivo  a n d  f rom a n  
i n c u b a t i o n  f luid in  v i t r o  ~. I n u l i n  is wide ly  used as such  
a n  i n d i c a t o r  s ince i t  is n o t  m e t a b o l i z e d  a n d  does n o t  
p e n e t r a t e  cells as s h o w n  b y  a u t o r a d i o g r a p h y  ~ a n d  b y  a n  
osmot ic  g r a d i e n t  m e t h o d  3 I n  v ivo  e x p e r i m e n t s  are  gener-  
a l ly  done  w i t h  n e p h r e c t o m i z e d  a n i m a l s ;  equ i l i b r i um  be- 
t w e e n  t h e  s e r u m  a n d  t he  ex t r ace l lu l a r  space  is be l ieved to  
occur  w h e n  t he  s e r u m  i n d i c a t o r  c o n c e n t r a t i o n  a f t e r  i .v.  
i n j ec t ion  falls to  a c o n s t a n t  level.  A f t e r  t h e  ex t r ace l l u l a r  
space  va lues  o b t a i n e d  r e a c h  a p l a t eau ,  w h e n  p l o t t e d  
a g a i n s t  t ime ,  i t  is a s s u m e d  t h a t  a n  e q u i l i b r i u m  in  v i t r o  
b e t w e e n  i n c u b a t i o n  m e d i u m  a n d  ex t r ace l l u l a r  space  is 
ach ieved .  Th i s  l a t t e r  e q u i l i b r a t i o n  d e p e n d s  on  t h e  size 
a n d  t y p e  of t i ssue  as well  as  t h e  n a t u r e  of t h e  i n d i c a t o r  
m a t e r i a l  a n d  t h e  i n c u b a t i o n  t e m p e r a t u r e  4-~. 

However ,  i t  is n o t  k n o w n  w h e t h e r  or  n o t  these  a p p a r e n t  
equ i l ib r i a  i n d e e d  r e p r e s e n t  a t r u l y  un i f o r m  d i s t r i b u t i o n  
of t h e  i n d i c a t o r  m a t e r i a l  t h r o u g h o u t  t h e  ex t r ace l lu l a r  
c o m p a r t m e n t .  E x p e r i m e n t s  were  des igned  to  ve r i fy  these  
a s s u m p t i o n s  b y  m e a s u r i n g  t h e  d i s t r i b u t i o n  of inul in .  
Tissues  exposed  to  inu l in  in  v ivo  a n d  in  v i t ro  were sec- 
t ioned  i n to  p e r i p h e r a l  a n d  cen t r a l  p a r t s  a n d  t h e i r  concen-  
t r a t i o n  of r a d i o a c t i v i t y  was  c o m p a r e d  w i t h  each  o ther .  
W i t h  th i s  m e t h o d  a d i r ec t  e s t i m a t i o n  of t he  i n d i c a t o r  
d i s t r i b u t i o n  could  be  made .  

F e m a l e  go lden  h a m s t e r s  of t h e  L o n d o n  School  of 
H y g i e n e  s t r a i n  i n b r e d  a t  th i s  I n s t i t u t e  t h r o u g h  ove r  20 
genera t ions ,  we igh ing  b e t w e e n  100 a n d  150 g, were  used. 
F o r  t h e  in  v ivo  e x p e r i m e n t s  8 a n i m a l s  were  b i l a t e r a l l y  
n e p h r e c t o m i z e d  u n d e r  e t h e r  a n e s t h e s i a  a n d  in j ec t ed  in  
t h e  j u g u l a r  ve in  w i t h  0.2 m l  (0.68 #c) of 100 r a g %  so lu t ion  
of i nu l in -ca rboxy l -C  14 (New E n g l a n d  N uc l ea r  Corpora t ion ,  
Bos ton )  in  p h o s p h a t e  buf fe r  ( pH  7.4). T ime-cour se  s tud ie s  
d e m o n s t r a t e d  t h a t  t h e  s e r u m  inu l in  level  b e c a m e  c o n s t a n t  
w i t h i n  60 rain.  Af t e r  a n  a d d i t i o n a l  pe r iod  of 20 rain,  a 
p iece  of t h e  lef t  v e n t r i c l e  ( a p p r o x i m a t e l y  100 mg)  a n d  t h e  
soleus musc l e  were  excised.  T h e s e  t i ssues  were  w a s h e d  
free  of a n y  super f ic ia l  r a d i o a c t i v e  c o n t a m i n a t i o n  b y  6 
b r i e f  i m m e r s i o n s  in f resh  R i n g e r ' s  so lu t ion ,  t h e n  g e n t l y  
b l o t t e d  a n d  f rozen  o n  d r y  ice. T h e  f rozen  t i ssues  were  
sec t ioned  w i t h  a r azo r  b l a d e  a n d  d iv ided  i n t o  2 groups ,  a 
cube- l ike  cen t r a l  p a r t  (15-32  rag) a n d  a t o t a l  of 6 per i -  
p h e r a l  p a r t s  (one for e ach  face of t he  cube),  a n d  t he  
r a d i o a c t i v i t y  c o n t e n t  d e t e r m i n e d  s e p a r a t e l y  in  t h e  follow- 
ing w a y :  Af te r  we igh ing  in t a r e d  sc in t i l l a t ion  v ia ls  t he se  
t i s sue  pieces were  d iges ted  w i t h  0.5 ml  of a to luene-  
soluble  q u a r t e r n a r y  a m m o n i u m  base  (NCS, N uc l ea r  
Chicago Corpora t ion ,  Chicago) a t  50 °C for  20 h.  F i f t e e n  
ml  of sc in t i l l a t ion  f luid (4% Liqu i f luor  in  to luene ,  P i l o t  
Chemicals ,  W a t e r t o w n ,  Mass.) were  t h e n  a d d e d  to  each  

vial .  The  r a d i o a c t i v i t y  was  m e a s u r e d  in  a r e f r ige ra t ed  
sc in t i l l a t ion  c o u n t e r  (Nuc lear  Chicago, Model  720), a n d  
co r rec ted  for  b a c k g r o u n d  a n d  quench ing .  I n  v i t r o  s tud ies  
were  ca r r ied  o u t  on  pieces of lef t  ven t r i c l e  a n d  i n t a c t  
soleus musc les  (cut  a t  t h e  t e n d o n  a n d  lef t  a t t a c h e d  to  t h e  
bone) .  Groups  of 6 t i ssues  were i n c u b a t e d  for  1, 2, 3 or  5 h 
a t  25 °C in K r e b s - R i n g e r - p h o s p h a t e  buffer ,  p H  7.1, w h i c h  
c o n t a i n e d  25 r a g %  inu l in - ca rboxy l -C  1~ (85/~c in 100 ml), 
whi le  be ing  gassed  w i t h  a m i x t u r e  of 95% O~ a n d  5~/o 
CO 2. The  d i s t r i b u t i o n  of t h e  r a d i o a c t i v i t y  in  t h e  c e n t e r  
a n d  t h e  sur face  p a r t s  was  d e t e r m i n e d  as desc r ibed  above .  

T h e  in  v ivo  e x p e r i m e n t s  r evea led  a n e a r l y  u n i f o r m  
d i s t r i b u t i o n  of l abe l  in  t h e  soleus a n d  m y o e a r d i u m .  I n s i d e  
sec t ions  of m y o c a r d i u m  c o n t a i n e d  a n  ave rage  of 3 %  less, 
t h o s e  of t h e  solcus musc le  a n  a v e r a g e  of  6 %  m o r e  rad io-  
a c t i v i t y  t h a n  t h e  s u r r o u n d i n g  t issue.  However ,  i n  t h e  in  
v i t r o  e x p e r i m e n t s  no  such  u n i f o r m i t y  was  ev iden t .  T h e  
F i g u r e  c lear ly  d e m o n s t r a t e s  t h a t  t h e  c e n t r a l  p o r t i o n  of 
t h e s e  t i s sues  c o n t a i n e d  m a r k e d l y  less r ad ioac t i v i t y .  

S ince  t h e  p a t t e r n  of t h e  l abe l  d i s t r i b u t i o n  is t h e  s a m e  
in  t h e  u n d a m a g e d  soleus as in t he  m y o c a r d i a l  t i s sue  w h i c h  
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Distribution of inulin-carboxyl-C 14 in tissues incubated in Krebs- 
Ringer-phosphate buffer (pH 7.1) containing 25 nag% inulin aud 
gassed with a mixture of 95% O 2 and 5% CO~. Each bar represents 
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