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T h e  F o r m a t i o n  of H y d r o g e n  P e r o x i d e  D u r i n g  
the  A u t o x i d a t i o n  of A s c o r b i c  Ac id  

Ascorbic  acid  (Vi tamin  C) is usua l ly  descr ibed as a 
reduc ing  agent ,  b u t  s eve ra l  ins tances  are  k n o w n  where  
i t  appea r s  to  ac t  as an  ox id iz ing  agent .  I t  has  been  
shown t h a t  n a p h t h a l e n e  is ox id ized  in aqueous  ace tone  
solu t ions  of the  v i t a m i n  1, whi ls t  under  s imi lar  condi t ions ,  
an th racene ,  p h e n a n t h r e n e  and  3 : 4 - b e n z p y r e n e  are  con-  
v e r t e d  to  t he  cor respond ing  qu inones  ~. T h e  m e c h a n i s m  
of these  ox ida t ions  appears  to  be  u n k n o w n  b u t  i t  has  
been  sugges ted  t h a t  h y d r o g e n  pe rox ide  f o r m e d  d u r i n g  
a u t o x i d a t i o n  of t he  ascorbic  ac id  is i nvo Ived  in t h e  
process. Since i t  has  now been shown t h a t  3 :4 -benz-  
py rene  can  be d i rec t ly  ox id ized  w i t h  h y d r o g e n  pe rox ide  
to  p roduc t s  wh ich  inc lude  8-0 H b e n z p y r e n e  and  t h e  
5 : 8 -quinone  ~ the  above  e x p l a n a t i o n  wou ld  appea r  m o r e  
feasible.  As there  appears  to be no record  in t he  l i t e r a tu re  
of t he  proof  of pe rox ide  f o r m a t i o n  in t he  course  of reac-  
t ions  i n v o l v i n g  ascorbic  acid  fu r the r  ev idence  on this  
po in t  has  been sought .  

T w o  tes t s  for h y d r o g e n  pe rox ide  h a v e  been  u s e d : - - t h e  
f o r m a t i o n  of ye l low pe r t i t an i c  acid  f rom t i t a n y l  su lphate ,  
and  the  f o r m a t i o n  of blue colour  in t he  presence  of 
e ther ,  p o t a s s i u m  d i ch roma te  and  su lphur ic  acid. B o t h  
tes t s  gave  s t rong ly  pos i t ive  resul ts  a few minu te s  a f t e r  
shak ing  ascorbic  acid  crys ta ls  w i t h  glass dis t i l led  water .  
Cont ro l  tes t s  of t he  w a t e r  were  nega t ive .  The  poss ib i l i ty  
t h a t  t h e  h y d r o g e n  pe rox ide  found  in t h e  above  exper i -  
men t s  was, in a n y  way,  re la ted  to  the  add i t ion  of t he  
t es t  agen ts  was e l im ina t ed  by  a fu r the r  expe r imen t .  
Ascorbic  acid c rys ta l s  were  s t i r red  in to  dis t i l led wa te r  
and  a f t e r  t en  minu te s  the  so lu t ion  was shaken  wi th  
e ther ;  this  be ing  a r e agen t  in which  h y d r o g e n  peroxide ,  
b u t  no t  ascorbic  acid, is soluble.  A f t e r  s epa ra t i on  of the  
t w o  layers  some of t h e  e the r  was  w i t h d r a w n  w i t h  a 
p ipe t t e  and  shaken  wi th  t i t a n y l  su lpha te  solut ion.  The  
d e v e l o p m e n t  of a ye l low eolour  showed  the  presence  of 
h y d r o g e n  peroxide .  T h e  e the r  used in th i s  e x p e r i m e n t  
had  p r ev ious ly  been  tes ted  and found free of c o n t a m -  
i nan t  peroxide .  

I t  is e v i d e n t  f rom the  a b o v e  t h a t  ascorbic  acid  in 
so lu t ion  will  r ead i ly  give rise to  h y d r o g e n  peroxide .  
W h e t h e r  a c a t a ly s t  is essent ia l  for t he  r eac t ion  is un-  
cer ta in .  The  e x p e r i m e n t s  descr ibed were car r ied  o u t  in  
sc rupu lous ly  c lean g lassware  wi th  r eagen t s  of t he  h ighes t  
possible pur i ty ,  b u t  t he  poss ib i l i ty  of c o n t a m i n a t i o n  
w i t h  t races  of m e t a l  or  o the r  agen t  c a n n o t  be  c o m p l e t e l y  
exc luded .  

These  f indings offer  an.  e x p l a n a t i o n  of t he  ab i l i ty  of 
ascorbic  acid  to  ac t  as an  ox id iz ing  agen t  unde r  ce r t a in  
condi t ions  and  add i t i ona l l y  m a y  exp la in  t h e  a n o m a l o u s  
resul ts  wh ich  h a v e  been  ob t a ined  in e lec t rode  p o t e n t i a l  
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Z u s a m m e n f a s s u n g  

Es  konn te  gezeig t  werden,  dab  iI~ L6sungen  yon  
Ascorb ins~ure  freies W a s s e r s t o f f s u p e r o x y d  en t s t eh t .  
H i e r m i t  l~iBt sich woh l  erkl~ren,  dab  derar t ige  L6sun- 
gen u n t e r  b e s t i m m t e n  B e d i n g u n g e n  o x y d i e r e n d  wi rken  
kSnnen.  

P h o t o r e a c t i v a t i o n  in the near  U l t r a - v i o l e t  of  
D -  G l y c e r a l d e h y d e - 3 -  P h o s p h a t e  D e h y d r o g e n a s e  

Pa r t i a l  r e a c t i v a t i o n  of a c rys ta l l ine  p r e p a r a t i o n  of 
t r io sephospha te  dehydrogenase  b y  i r r ad i a t i on  in t he  
near  u l t r a -v io l e t  was obse rved  dur ing  t h e  course  of an 
inves t iga t ion  of t he  i n a c t i v a t i o n  of  th is  e n z y m e  by  u l t ra -  
v io le t  l igh t  and  a m e a s u r e m e n t  of t he  q u a n t u m  yie ld  for 
i n a c t i v a t i o n  a t  2537 A.U.  

The  e n z y m e  was p r epa red  accord ing  to t he  m e t h o d  of 
CORI e¢ al. x and  rec rys ta l l i zed  th ree  t imes.  I n  th is  form 
t h e  e n z y m e  has  been shown to  be  f i rmly  combined  w i t h  
a def in i te  q u a n t i t y  of  coenzyme  (DPN) in  t he  ra t io  of 
1 mole  D P N  to 50,000 g t r i o sephospha t e  dehydrogenase  
(TPD) ;  ne i the r  r ec rys ta l l i za t ion  nor  dialysis  aga ins t  
dis t i l led wa te r  r e m o v e  the  D P N  ~. CORI et al. ~ h a v e  
r ecen t ly  shown t h a t  t he  D P N  remains  b o u n d  to  t he  
e n z y m e  even  a f te r  i t  has  been  reduced  e n z y m a t i c a l l y  in 
the  presence  of a r sena te  and  g lyce ra ldehyde  p h o s p h a t e ;  
the m e t h o d  e m p l o y e d  cons is ted  of p r ec ip i t a t i on  of the  
e n z y m e  w i t h  a m m o n i u m  su lpha te  fo l lowing r educ t ion  
of the  D P N .  D u r i n g  an i n d e p e n d e n t  s t u d y  c o n d u c t e d  a t  
t he  s a m e  t i m e  i t  was  found  t h a t  r educed  D P N  ( D P N H )  
could  be read i ly  d ia lyzed  a w a y  aga ins t  dis t i l led water .  
The  fol lowing tes t ,  i n v o l v i n g  no chemica l  a l t e r a t i on  of 
t he  m e d i u m  was the re fore  car r ied  o u t :  Af t e r  r educ t ion  
of t he  D P N  in a 3 m g / c m  a sample  of t he  e n z y m e  in pyro-  
p h o s p h a t e  buf fe r  a t  PH 8.5, 0'7 cm a was cen t r i fuged  for 
2 hours  a t  60,000 r p m  in a Spineo u l t r acen t r i fuge  using 
the  ana ly t i c a l  cell  d iv ided  in to  two  equM c o m p a r t m e n t s  
by  means  of a d i a p h r a g m  pe rpend icu l a r  to  t he  radia l  
axis  of t h e  cell, t h e  purpose  of wh ich  is to  p r e v e n t  mix ing  
a t  t h e  end  of t he  run,  The  two  f rac t ions  were  t h e n  re- 
m o v e d  and  the i r  D P N H  con ten t s  measu red  spec t ro-  
p h o t o m e t r i c a l l y  by  means  of t i le  sy s t em p y r u v a t e - l a c t i c  
dehydrogenase .  The  op t i ca l  densi t ies  a t  3400 A.U.  of 
5- t imes d i lu ted  samples  of t he  inner  and ou t e r  f rac t ions  
and  of a non-cen t r i fuged  sample  were,  respec t ive ly ,  
0-022, 0-050, 0,060. The  fac t  t h a t  n o t  all  t he  D P N H  is 
accoun ted  for  in t h e  two  f rac t ions  was due  to  depos i t ion  
of  some of t he  e n z y m e  a t  t he  b o t t o m  of t he  cell. H o w -  
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