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m i x t n r e s  were  i n c u b a t e d  a t  37 ~C a n d  p o r t i o n s  of 1 m l  
each  were  t a k e n  a t  va r ious  t i m e  i n t e r v a l s  for  p h o t o -  
me t r i c  e s t i m a t i o n  of  haemolys i s .  

As seen  f rom t h e  F igure ,  v i s co tox in  B h a s  a w e a k  
d i rec t  h a e m o l y t i c  ef fec t  w h e n  a c t i n g  in  c o n c e n t r a t i o n s  
of 10 -4 or  5 × 10 -4 g /ml  for  p ro longed  t imes .  P h o s p h o l i p a s e  
A a t  t h e  f ina l  c o n c e n t r a t i o n  of 10 -~ g /ml  is p r ac t i c a l l y  
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Effect of phospholipase A (final concentration 10 -6 g/ml) and varying 
concentrations of viscotoxin B on washed guinea-pig erythrocytes. 
Ordinate: % haemolysis. 1. Phospholipase A + 5 × 10 -4 g/ml Disco- 
toxin. 2. Phospholipase A + 10 - i  g/ml viscotoxin. 3. 5 × I0 -4 g/ml 
viscotoxin alone. 4. 10 -4 g/ml viscotoxin alone. 5. Phospholipase A 
alone. 6. Control without haemolysins. 

n o n - h a e m o l y t i c .  W h e n  b o t h  s u b s t a n c e s  are  p r e s e n t  
s imu l t aneous ly ,  c o m p l e t e  haemolys i s  occurs  in 80-160 min .  
T h u s  a p r o n o u n c e d  p o t e n t i a t i o n  is a p p a r e n t ,  s imi l a r  to  
t h e  syne rg i s t i c  effect  of  p h o s p h o l i p a s e  A a n d  D L F .  

B y  d e m o n s t r a t i n g  t h a t  v i s co tox in  B ha s  t h e  a n t i c i p a t e d  
e n h a n c i n g  ac t ion ,  o u r  r e su l t s  s u p p o r t  t h e  v i ew  s t h a t  t h e  
p h o s p h o l i p i d s  in  t h e  r ed  cell m e m b r a n e ,  n o r m a l l y  pro-  
t ec ted  f rom a t t a c k  b y  p h o s p h o l i p a s e  A, c an  be  exposed  
b y  s t r u c t u r a l  changes  i nduced  t h r o u g h  r eac t i on  of S - S -  
g roups  w i t h  m e m b r a n e  cons t i t uen t s .  The  ca t ion ic  charge ,  
wh ich  has  been  found  ear l ie r  also to be essent ia l  1, 3, m a y  
serve to  a t t r a c t  t h e  pep t i de s  to  t h e  p r o p e r  m e m b r a n e  
s i tes  where  t h e y  can  react .  

Zusammen/assung. V i s c o t o x i n  B, e in  bas i sches  P e p t i d  
m i t  D i su l f idg ruppen ,  zeigt  in  de r  Hi imolyse  den  gle ichen 
synerg i s t i schen  E f f e k t  m i t  P h o s p h o l i p a s e  A wie de r  
d i r e k t  ly t i sche  F a k t o r  des Kobrag i f t es .  Dieses E r g e b n i s  
s t t i t z t  die H y p o t h e s e ,  dass  Z e l l m e m b r a n e n  d u r c h  1Re- 
a k t i o n e n  ih re r  P r o t e i n - S H - G r u p p e n  so v e r ~ n d e r t  werden  
k6nnen ,  dass  P h o s p h o l i p a s e  A sons t  unzug/ ing l iche  Mem- 
b r a n p h o s p h o l i p i d e  angre i f t .  
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Oxidation o f  V a n i l l i n  b y  C r e a m  Xanthine Oxidase and its Inhibition by A l l o p u r i n o l  

l~ecen t  r e sea rch  h a s  d i r ec t ed  a t t e n t i o n  of b i o c h e m i s t  
a n d  p h a r m a c o l o g i s t s  t o  a ldehydes ,  w h i c h  r a t h e r  t h a n  
i n a c t i v e  t r a n s i t o r y  i n t e r m e d i a t e s  of o x i d a t i o n  of alcohol ,  
a n d  of amines ,  h a v e  come  i n t o  p r o m i n e n c e  of  t h e i r  own, 
a n d  a re  n o w  cons idered  i m p o r t a n t  m e t abo l i t e s ,  endow ed  
w i t h  s ign i f i can t  b i o c h e m i c a l  a c t i v i t y  x-5. Severa l  e n z y m e s  
(alcohol  dehyd rogenase ,  a l d e h y d e  oxydas e  a n d  d e h y d r o -  
genase,  a n d  x a n t h i n e  oxidase)  can  m e t a b o l i z e  a l d e h y d e s  
to  t h e  c o r r e s p o n d i n g  ac ids ;  o t h e r  p a t h w a y s  are  a lso 
a v a i l a b l e  for  m e t a b o l i z i n g  a l d e h y d e s  s. 

I n  c o n n e c t i o n  w i t h  a n  i n v e s t i g a t i o n  dea l ing  w i t h  t h e  
m e t a b o l i s m  of ' s e r o t o n - a l d e h y d e '  a n d  o t h e r  m e t a b o l i t e s  
of b iogenic  a m i n e s  7, t h e  o x i d a t i o n  of a l d e h y d e s  b y  
pur i f i ed  c r e a m  x a n t h i n e  ox idase  (E.C. 1.2.3.2; W o r t h i n g -  
ton)  was  s tud ied .  T h e  se lec ted  s u b s t r a t e  was  van i l l i n  
( 3 - m e t h o x y - 4 - h y d r o x y - b e n z a l d e h y d e )  w h i c h  is of specia l  
i n t e r e s t  due  to  i t s  s imi l a r i t y  to  c a t e c h o l a m i n e s  (Figure  2). 
Th i s  c o m p o u n d  ha s  been  s h o w n  to  be  a s u b s t r a t e  for 
x a n t h i n e  ox idase  b y  severa l  i n v e s t i g a t o r s  s-~°, b u t  i t s  
b e h a v i o r  in  t h e  t e t r a z o l i u m  r e d u c t i o n  as say  for  x a n t h i n e  
d e h y d r o g e n a s e  n ,  ~2, n o r  t h e  ef fec t  of t h e  specif ic  com-  
p e t i t i v e  i n h i b i t o r  of x a n t h i n e  oxidase ,  a l lopur ino l  x3, h a s  
n o t  b e e n  i n v e s t i g a t e d ,  

Van i l l i n  p r e s e n t s  a b r o a d  a b s o r p t i o n  p e a k  a t  345 nm,  
w h i c h  is a b s e n t  in  van i l l i c  acid (Figure  1) ; t h e  d i sappear -  
ance  of t h i s  p e a k  can  be  ut i l ized for  s p e c t r o p h o t o m e t r i c  

a s say  of x a n t h i n e  ox idase  a c t i v i t y  w i t h  van i l l in  as sub-  
s t r a f e  (F igure  2). 

Al lopur ino l  (4 -hydroxypyrazo lo - [3 ,  4-d~pyr imidine)  is a 
s t r u c t u r a l  ana log  of h y p o x a n t h i n e ,  wh ich  exp la ins  i t s  
i n h i b i t i n g  a c t i v i t y  w i t h  t h a t  s u b s t r a t e .  I t  is well known,  
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t h a t  x a n t h i n e  ox idase  shows  h igh  speci f ic i ty  w i t h  pu r i ne s  
as s u b s t r a t e ,  b u t  ha s  no  speci f ic i ty  a t  atI  for  a l d e h y d e s  za. 

I t  was  the re fo re  of in te res t ,  t o  tes t ,  w h e t h e r  a l lopur ino l  
c a n  also b lock  o x i d a t i o n  of van i l l i n  a n d  o t h e r  a l d e h y d e s  
b y  x a n t h i n e  oxidase ,  a l t h o u g h  these  s u b s t r a t e s  a re  sub-  
s t a n t i a l l y  d i f f e ren t  f rom t h e  pur ines .  

I n  o rde r  to  d e t e r m i n e  poss ible  n o n - e n z y m a t i c  in te r -  
ac t ion  b e t w e e n  these  t w o  reagen t s ,  van i t l i n  a lone  or  
0.375 fxmoles of van i l l i n  + 0.1 tzmoles of a l lopur ino l  were 
d isso lved  in  3.0 ml  of 0 . 1 M  sod ium p h o s p h a t e ,  p H  7.8, 
a n d  i n c u b a t e d  for  30 ra in  a t  37 °C. ]No c h a n g e  in a b s o r b a n c e  
a t  345 n m  was obse rved .  Th i s  i nd ica t e s  no  loss of van i l l i n  
b y  o x i d a t i o n  to  vani l l ic  acid. 

I n  p resence  of x a n t h i n e  oxidase ,  van i l l i n  is oxidized,  
as s h o w n  b y  decrease  in  Az~z; w h e n  a l Iopur ino l  is a d d e d  
to  t h i s  r e a c t i o n  sy s t em,  t he  r a t e  of decrease  is lowered  
(F igure  3). I t  is abo l i shed  c o m p l e t e l y  b y  h i g h e r  concen-  
t r a t i o n s  of a l lopur inot .  Thus ,  a l lopur ino l  also i n h i b i t s  
o x i d a t i o n  of a l d e h y d e s  b y  x a n t h i n e  oxidase,  a l t h o u g h  
s ign i f i can t ly  less e f f ic ient ly  t h a n  x a n t h i n e  ox ida t ion .  
Th i s  m a y  be  due  to  t h e  h i g h  level  of e n z y m e  r equ i r ed  
for  o x i d a t i o n  of van i l l in .  F r e q u e n t l y ,  a r ise a t  Ae~ is 
obse rved  d u r i n g  t h e  f i rs t  3-rain  in te rva l ,  especia l ly  w h e n  
a l lopur ino l  is also p r e s e n t ;  t h e  e x p e r i m e n t  j u s t  desc r ibed  
a b o v e  indica tes ,  t h a t  th i s  m u s t  be  e n z y m a t i c  effect,  t h e  
m e c h a n i s m  of w h i c h  is no t  known.  
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Wavel~nglh Fig. 1. Absorption spectrum of vanillin and vanillic acid. 
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F i g .  2. O x i d a t i o n  o f  v a n i l l i n  b y  c r e a m  x a n t h i n e  o x i d a s e .  ,~ ~ 345 n m .  
1 c m  l i g h t p a t h ,  v o l .  3 .0  ml°  R e a c t i o n  s t a r t e d  b y  a d d i t i o n  of  s u b s t r a t e .  
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Fig. 3. Inhibit ion of oxidation of vanil l in by allopurinol (Figures 
represent cumulative decrease at 345 nm). Volume = 5.0 ml. 

Van i l l i n  causes  s u b s t r a t e  i n h i b i t i o n  a t  h i g h  levels, 
wh ich  is also s h o w n  b y  x a n t h i n e .  Due  to  t h i s  effect,  a 
g raph ic  ana lys i s  of i n h i b i t i o n  b y  a l lopur ino l  b y  m e a n s  
of t h e  L i n e w e a v e r - B u r k e  m e t h o d  is inconclus ive ,  a n d  
c a n n o t  b e  i n t e r p r e t e d  b y  s imple  kinet ics .  

O x i d a t i o n  of van i l l in  b y  c r e a m  x a n t h i n e  ox idase  was 
also a s sayed  b y  r e d u c t i o n  of N i t r o - B l u e  t e t r a z o l i u m  zz, z~ 
No color  was  p r o d u c e d  w h e n  van i l l i n  (5 -10  tzmoles) was  
i n c u b a t e d  for  30 ra in  a t  37°C w i t h  2.0 ml  of t e t r a z o l i u m  
as say  so lu t ion ,  c o n t a i n i n g  also p h e n a z i n e  m e t h o s u t f a t e  
a n d  gela t in ,  b u t  w i t h o u t  x a n t h i n e  oxidase .  

W h e n  c r e a m  x a n t h i n e  ox idase  was  a d d e d  to  t h e  so lu t ion  
of van i l l i n  a n d  c h r o m o g e n  mix tu re ,  r ap id  color  f o r m a t i o n  
was  obse rved .  M u c h  h i g h e r  c o n c e n t r a t i o n s  of a l d e h y d e  
are  r equ i r ed  for  t e t r a z o l i u m  r e d u c t i o n  t h a n  a re  necessa ry  
for  x a n t h i n e  or  a l lopur ino l  o x i d a t i o n :  

xanthine, 0.4 l~rnoles 1.13 A640110 min at 25 °C 
allopurinol, 0.4 0.43 
vanillin, 1.5 0.06 

5 -10  h i g h e r  c o n c e n t r a t i o n  of e n z y m e  are  r e c o m m e n d e d  
for van i l l in  o x i d a t i o n  t h a n  for  x a n t h i n e  ox ida t ion ,  to  
o b t a i n  r ea sonab le  r e a c t i o n  r a t e s  in  b o t h  t y p e s  of assays .  

A t t e m p t s  were  m a d e  to  s t u d y  t h e  in i t i a l  r a t e s  of 
van i l l i n  o x i d a t i o n  in p resence  of a l lopur ino l  a n d  t e t r a -  
zol ium.  However ,  t hese  e x p e r i m e n t s ,  r e p e a t e d  f r equen t ly ,  
gave  a v e r y  er ra t ic  p a t t e r n ,  showing  f l u c u a t i n g  inc rease  
a n d  decrease  in A540 for  t h e  f i rs t  5 ra in  a t  25 °C, w h i c h  
could n o t  be  i n t e rp r e t ed .  The  i n t e r a c t i o n  was ana lyzed ,  
b y  i n c u b a t i o n  for  10 ra in  a t  37°C a n d  d e t e r m i n a t i o n  of 
t he  f o r m a z a n  p r o d u c e d  (Figure  4). 

Al lopur ino l  was  r ap id ly  ox id ized  b y  x a n t h i n e  ox idase  
in t h e  t e t r a z o l i u m  r e d u c t i o n  assay,  wh ich  also c o n t a i n e d  
ca t a ly t i c  a m o u n t s  of p h e n a z i n e  m e t h o s u l f a t e  as aux i l i a ry  
e lec t ron  carr ier .  JOHNS x5 h a d  p rev ious ly  shown,  t h a t  
p h e n a z i n e  m e t h o s u l f a t e  i tself  could  serve as e l ec t ron  
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a c c e p t o r  in  th i s  r eac t ion ,  a l lopur ino l  be ing  ox id ized  about 
50 t i m e s  more  r a p i d l y  t h a n  w i t h  o x y g e n  as e l ec t ron  
accep tor .  

An e x a m i n a t i o n  of F igu re  4 shows  t h a t  a l lopur ino l  
a n d  van i l l i n  in te r fe re  w i t h  each  o t h e r  in  t h e  e n z y m a t i c  
r educ t i on  of t e t r a z o t i u m ;  t h e  h i g h e r  t h e  c o n c e n t r a t i o n  
of t h e  2 reagen t s ,  t h e  g r e a t e r  is t h e  p r o p o r t i o n a l  i n h i b i t i o n  
of t e t r a z o l i u m  reduc t ion .  A consequence  of t h i s  is, t h a t  
i n h i b i t i o n  of e n z y m a t i c  o x i d a t i o n  of van i l l i n  requi res  
h i g h  levels  of a l lopur ino l ;  p r o p e r  a l lowance  m u s t  be  
m a d e  for  t h e  e n z y m a t i c  o x i d a t i o n  of a t lopur inol .  T h e  
d a t a  cou ld  be i n t e r p r e t e d  as i n d i c a t i n g  t h a t  van i l l in  is 
a n  i n h i b i t o r  of a l lopur ino l  o x i d a t i o n  b y  x a n t h i n e  oxidase.  

The  m u t u a l  i n t e r f e rence  of van i l l i n  a n d  a l lopur inol ,  
wh ich  is p r o b a b l y  a c o m p e t i t i o n  for  t he  ac t ive  si te  of 
x a n t h i n e  oxidase,  is s imi la r  to  t h e  m u t u a l  i n t e r f e rence  
of a l lopur ino l  a n d  x a n t h i n e  in t h e  t e t r a z o l i u m  r e d u c t i o n  
a s say  ~s w i t h  pur i f ied  c r e a m  x a n t h i n e  ox idase :  x a n t h i n e  
(0 .0001M) = 0 . 6 8 ;  a l lopur ino l  (0 .0001M) 0.09; com- 
b i n e d  = 0.01 A~,0/10 ra in  a t  25 °C. D ue  to  ve ry  d i f fe ren t  
r a t e s  of ox ida t ion ,  i n t e r f e rence  b e t w e e n  x a n t h i n e  a n d  
van i l l i n  in  t h i s  r eac t ion  could  n o t  be  t e s t e d ;  o t h e r  exper i -  
m e n t a l  cond i t ions  will  be  r equ i red  for  t h i s  s tudy .  

X a n t h i n e  ox idase  is cons idered  to be  h igh ly  specif ic  
for  p u r i n e  or  p t e r i d i n e  s t r u c t u r e s  as subs t r a t e s ,  a n d  to 
show no  speci f ic i ty  a t  all  for a l d e h y d e s ;  these  s u b s t r a t e s  
r a n g e  f rom a c e t a l d e h y d e  to  a r o m a t i c  a l d e h y d e s  such  as 
van i l l i n  s, ~.  W i t h  one  e x c e p t i o n  in t he  l i t e r a t u r e  l~ these  
2 t ypes  of a c t i v i t y  a re  cons idered  p rope r t i e s  of t h e  s ame  
enzyme,  w h i c h  c a n n o t  b e  s epa ra t ed .  T h e  i n h i b i t i o n  of 
b o t h  s u b s t r a t e s  b y  a l lopur ino l  i nd ica t e s  t h a t  e i t he r  t h e  
regions  of s u b s t r a t e s  b o u n d  to  t h e  e n z y m e  are s imilar ,  
or t h a t  a l lopur ino l  (in a d d i t i o n  to  be ing  a c o m p e t i t i v e  
i n h i b i t o r  due  to b e i n g  a s t r u c t u r a l  ana log  of h y p o x a n -  
th ine)  also ac t s  as a l los ter ic  i nh ib i to r ,  c aus ing  a con- 
f o r m a t i o n a l  c h a n g e  in t he  enzyme.  Van i l l i n  c an  be  assayed  
e n z y m a t i c a l l y ,  e i t h e r  b y  c h a n g e  in a b s o r p t i o n  in t h e  
U V  region,  or  b y  co lo r ime t r i c  t e t r a z o l i u m  assay.  

T h e  in i t i a l  i n t e r a c t i o n  b e t w e e n  a l lopur inol ,  van i l l in  
a n d  t e t r a z o l i u m  m a y  be  r e l a t ed  to t h e  lag p h a s e  obse rved  
in  o t h e r  e n z y m a t i c  r e d u c t i o n s  of t e t r a z o l i u m  sal ts  ix, ~s, ~0 
W h e n  t h i s  m e t h o d  is used  for  m e t a b o l i c  s tudies ,  dea l ing  
w i t h  a l d e h y d e s  or  b iogenic  amines ,  i t  shou ld  be  k e p t  in  

m i n d  t h a t  i ndo ly l -3 - ace t a ldehyde  a n d  5 -hyd roxy indo ly l -  
3 -ace ta ldehyde ,  as well  as n o r e p i n e p h r i n e  a n d  ce r t a in  
pheno l s  r e d u c e  t e t r a z o l i u m  n o n - e n z y m a t i c a l l y  ~ - ~ z  Acet -  
a l d e h y d e  a n d  a r o m a t i c  a l d e h y d e s  0-~, as  wel l  as van i l l in  
do  no t  r educe  t e t r a z o l i u m  in absence  of enzymes .  

I n  an  i m p o r t a n t  p u b l i c a t i o n  ( received a f t e r  t h e  p r e s e n t  
p a p e r  h a d  b e e n  s u b m i t t e d )  MASSEV et  al. ~ h a v e  shown,  
t h a t  a l lopur ino l  i n a c t i v a t e s  x a n t h i n e  ox idase  b y  com-  
b i n i n g  w i t h  t h e  M o l y b d e n u m .  Th i s  p o r t i o n  of t h e  e n z y m e  
m u s t  the re fo re  be  also c o n c e r n e d  w i t h  t h e  o x i d a t i o n  of  
a l d e h y d e  s u b s t r a t e s  as  well  as  w i t h  t h e  e l ec t ron  t r a n s p o r t  
to  p h e n a z i n e  m e t h o s u l f a t e  a n d  t e t r a z o l i u m  as e l ec t ron  
acceptors .  T h e  i n a c t i v a t i o n  of t he  e n z y m e  b y  a l lopur ino l  
m a y  expla in ,  w h y  th i s  c o m p o u n d ,  a s t r u c t u r a l  ana log  of 
h y p o x a n t h i n e ,  is also a n  i n h i b i t o r  in  t he  a ldehyde -  
oxidiz ing p a t h w a y  of x a n t h i n e  oxidase.  

Vani l l in ,  wh ich  was  used in t h e  p r e sen t  s t u d y  as a 
model  for e n z y m a t i c  r eac t i on  m e c h a n i s m s  w i t h  pur i f i ed  
c ream x a n t h i n e  oxidase ,  is i tse l f  ox id ized  b y  t h e  r a t  
a n d  r a b b i t  a f t e r  ora l  or  p a r e n t e r a l  a d m i n i s t r a t i o n ,  a n d  
is excre ted  in u r ine  m a i n l y  as free or  c o n j u g a t e d  vani l l ic  
acid 'S,  ~*. No s t u d y  ha s  a ye t  been  ca r r ied  ou t  w i t h  
pur i f ied  e n z y m e  sys tems ,  b u t  o x i d a t i o n  of van i l l i n  was  
suppressed  b y  t r e a t m e n t  of t h e  e x p e r i m e n t a l  a n i m a l s  
w i t h  disulfiram~*, a n d  i n h i b i t o r  of N A D - l i n k e d  a l d e h y d e  
dehydrogenase .  Th i s  c o m p o u n d  also i nh ib i t s  x a n t h i n e  
oxidaseX~, ~ a n d  o t h e r  e n z y m e s  ~ , ~ ,  so t h a t  a c lear  
decis ion of w h i c h  e n z y m e  or  e n z y m e s  a re  b locked  c a n n o t  
ye t  be  made .  I n  t he  p r e s e n t  r e p o r t  van i l l i n  o x i d a t i o n  
was shown  to  be  i n h i b i t e d  b y  t he  specific x a n t h i n e  
oxidase  i n h i b i t o r  a l lopur ino l ;  t h u s  t h i s  e n z y m e  p r o b a b l y  
pa r t i c i pa t e s  in  t h e  over -a l l  m e t a b o l i s m  of van i l l i n  b y  
t he  r a t  a n d  r a b b i t .  I t  is of i n t e r e s t  to  note ,  t h a t  van i l l i c  
acid i tself  ha s  been  iden t i f i ed  as a m i n o r  m e t a b o l i t e  of 
c a t e c h o l a m i n e s  (see **). 

Zusammenlassung. E s  wird  gezeigt,  dass  Vani l l in  d u r c h  
X a n t h i n o x y d a s e  o x y d i e r t  u n d  dass  diese R e a k t i o n  d u t c h  
Al lopur ino l  g e h e m m t  wird.  
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Fig. 4. Oxidation of allopurinol and vanillin by cream xanthine 
oxidase. Tetrazolium (1.2 rag/tube) reduction in pre~ence of catalytic 
amounts of phenazine methosulfate (20 [zg/tube). Reaction started 
by addition of vanillin, or allopurinol, where indicated. A, addition 
of 0.2 ~tmoles (left column) and 0.4 [zmoles (right) of allopurinol, 
Dotted line indicates theoretical value (sum of absorbance of allo- 
purinol + vanillin, tested singly). 10 rain at 37 °C, volume = 5.0 ml. 
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