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P y r i d o i n d o l e  s t o b a d i n e  is a p o t e n t  s c a v e n g e r  o f  h y d r o x y l  r a d i c a l s  
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S tobadine  is a potent  scavenger  o f  OH" radicals  genera ted  chemical ly  in a free so lu t ion  with k 2 higher  t h a n  10 t°- M t . s - t  as  de t e rmined  by  two 
independent  me thods ,  namely  des t ruc t ion  o f  deoxyr ibose  and  ox ida t ion  o f  2 -ke to -4-mcth io lbu ty r ic  acid ( K M B A L  The  h igh  efficacy o f  s tobad ine  
to prevent e thylene produc t ion  f rom K . ~ B A  ~a~ observed also in enzyma t i c  ( x a n t h i n e - x a n t h i n e  ox idase-dr iven  Fen ton )  a nd  m e m b r a n e - b o u n d  

( N A O P H - d e p e n d e n t  mie rosoma!  e lect ron t r a n s f e r ) s o u r c e s  o f  OH" radicals.  

Pyridoindole:  Stobadine:  Hydroxyl  radical scavenger ;  Deoxyr ihose  assay;  K M B A  assay  

I.  I N T R O D U C T I O N  

S t o b a d i n e ,  a n o v e l  d r u g  w i t h  t h e  p y r i d o i n d o l e  s t r u c -  
t u r e  ( ) - c i s - 2 , 8 - d i m e t h y l - 2 , 3 , 4 , 4 a , 5 , 9 b - h e x a h y d r o - I  H -  
p y r i d o - [ 4 , 3 - b ] i n d o l e ,  w a s  f o u n d  t o  e x h i b i t  a n t i a r -  
r h y t h m i c  p r o p e r t i e s  a n d  p r o v e d  e f f i c i e n t  i n  t r e a t i n g  
a c u t e  i s c h e m i a  f o l l o w i n g  m y o c a r d i a l  i n f a r c t i o n  [1].  T h e  
a n t i o x i d a n t  p r o p e r t i e s  o f  s t o b a d i n e ,  d e m o n s t r a t e d  b y  
i t s  a b i l i t y  t o  p r e v e n t  l i p i d  p e r o x i d a t i o n  i n  i s c h e m i c - r e -  
p e r f u s e d  b r a i n  t i s s u e  [2], m i c r o s o m a l  m e m b r a n e  o f  l i v e r  
[3] ,  a n d  m o d e l  p h o s p h a t i d y l c h o l i n e  l i p o s o m e s  [4] ,  w e r e  
s u g g e s t e d  t o  a c c o u n t  f o r  t h e  m e c h a n i s m  o f  t h e  c a r d i o -  
p r o t e c t i v e  a c t i o n  o f  t h e  d r u g  [5].  

S i n c e  O n d r i a s  e t  a l .  [4] s h o w e d  the" a b i l i t y  o f  s t o -  
b a d i n e  t o  c o m p e t e  w i t h  D M P O  i n  t r a p p i n g  O H "  r a d i c a l s  
i n  t h e  E S R  s y s t e m ,  ~, ~" c o n s i d e r e d  i t  w o r t h w h i l e  t o  s t u d  " 
t h e  i n t e r a c t i o n  o f  t h i s  d r u g  w i t h  O H "  i n  m o r e  d e t a i l .  
I n  t h e  p r e s e n t  w o r k  w e  u s e d  t w o  c h e m i c a l  m e t h o d s  
f o r  d e t e c t i n g  O H "  r a d i c a l s ,  n a m e l y  d e o x y r i b o s e  
o x i d a t i o n  t o  t h i o b a r b i t u r i c  ( T B A ) - r e a c t i v e  p r o d u c t s ,  
a n d  e t h y l e n e  p r o d u c t i o n  f r o m  2 - k e t o - 4 - m e t h i o l b u t y r i c  
a c i d  ( K M B A ) .  

2. M A T E R I A L S  A N D  M E T H O D S  

2.1. Reagents 
Stobadine  d ihydrochlor ide  was  synthes ized  at  the  Ins t i tu te  o f  Or-  

ganic Chemis t ry  an d  Biochemist ry ,  Czechos lovak  A c a d e m y  o f  
Sciences. Prague.  Deoxyr ibose ,  K M B A ,  xan th ine ,  x a n t h m e  oxidase .  
N A D P ' .  glucose  6 -phospha te ,  g lucose 6 - p h o s p h a t e  dehyd rogc na se  
were f rom Sigma~ T B A  was f rom Fluka.  O the r  chemica ls  were ob-  
ta ined f rom local commercia l  sources  a n d  were o f  analyt ical  grade 
quality.  

Correspondence address: M. Stcfek, I nsti t  ute o f  Exper imenta l  Pha rm a- 
cotogy,  Slovak A c a d e m y  of  Sciences, D u b r a v s k a  c., 842 16 Brat is lava,  
Czechoslovakia .  

2.2. l~eoxyriboxe assa.t' 
[Degradation o f  deoxyr ibose  by OH" was m e a s u r e d  as  in [6]. Hy-  

droxyl  radicals  were genera ted  chemical ly  by a mix tu re  o f  F e ( l i l L  
E D T A ,  ascorbic  acid a nd  H 20>  The  react ion mix tu r e s  con ta ined  the  
fol lowing reagents  at  the final concen t ra t ions :  20 m M  p h o s p h a t e  
buffer ,  p H  7.4, 100 MM E D T A ,  20 a M  F¢4:71~, 2.8 m M  deoxyr ibose ,  
I m M  H202 a n d  0.1 m M  ascorbic  acid. T u b e  c o n t e n t s  (1.0 ml)  were 
incuba ted  at  37°C fo* t h, then  TBA-reac t ive  p roduc t s  were de- 
t e rmined  as  in [7]. 

2.3. K M B A  assay 
T h e  p roduc t i on  o f  e thy lene  f rom K M B A  was  a s sayed  by the  head-  

space gas  c h r o m a t o g r a p h y  p rocedure  as in [8]. T h e  chemica l  mode l  
sys tem used to genera te  OH" cons is ted  o f  0.2 m M  E D T A ,  0.1 m M  
Fe(NH4)2(SO)4)~ a nd  1.7 m M  ascorb ie  acid in 20 m M  p h o s p h a t e  
buffer ,  p H  7.4. T w o  e nz yma t i c  mode l  sys t ems  were used to genera te  
OH" radicals:  one  was the x a n t h i n e - x a n t h i n e  ox idase-dr iven  F e n t o n  
react ion.  T h e  react ion mix tu r e  con ta ined  20 m M  p h o s p h a t e  buffer .  
pH 7.4, 20 MM E D T A ,  5 MM Fe(NH4).,(SO)2, 0.5 m M  xanth in¢ ,  0.025 
O o f  xan th ine  oxidase  a nd  50 MM H.-t-)2 in a final v o l u m e  o f  I.~ ml;  
the second was the  m e m b r a n e - b o u n d  N A O P H - d e p e n d e n t  m i c r o m m a l  
electron t ransfer  s~stem.  Hepa t ic  m i c r o s o m e s  f rom male  Wis t a r  ra ts  
were p repared  as descr ibed elsewhere [3]. The  react ion sys tem con-  
sisted o f  40 m M  p h o s p h a : c  hul ler ,  pH 7.4, 6 m M  Mr,el2, 6 m M  
glucose  6-pho,~phate. 0.6 m M  N A D P " ,  I U /ml  g lucose  6 - p h o s p h a t e  
de hyd roge na se ,  i m i  s o d i u m  azide,  25 a M  Fc(NH4)2(SO4),., 50MM 
E D T A  a n d  a b o u t  1.5 mg/ml  m i c r o s o m a l  protein.  T h e  react ion mix- 
tures  were incuba ted  at 27°C in the  t--re,enee o f  va r ious  a m o u n t s  o f  
s tobad ine  and  I m M  K M B A  ~0r 60 rain. 

3.  R E S U L T S  

3 . 1 .  D e o x y r i b o s e  a s s a y  
D e o x y r i b o s e  d e g r a d a t i o n  w a s  e f f i c i e n t l y  d i m i n i s h e d  

b y  s t o b a d i n e .  F i g .  ! s h o w s  t h a t  i n  t h e  c o n c e n t r a t i o n  
~ a n g e  0 . 1 - 2  m M  t h e  i n h i b i t i o n  b y  s t o b a d i n e  e x h i b i t s  
s i m p l e  c o m p e t i t i o n  k i n e t i c s  ( l i n e a r  c o r r e l a t i o n  > 0 . 9 8  f o r  
e a c h  e x p e r i m e n t ) .  F r o m  t h e  s l o p e s  o f  t h e  e x p e r i m e n t a l  
l i n e s  a p p r o x i m a t e  v a l u e s  o f  t h e  s o c o n d - o r d e r  r a t e  c o n -  
s t a n t  f o r  t h e  r e a c t i o n  b e t w e e n  s t c b a d i n ¢  a n d  O H "  w e r e  
c a l c u l a t e d .  I n  a s e r i e s  o f  6 e x p e r i m e n t s  t h e  a v e r a g e  v a l u e  
o b t a i n e d  w a s  ( + / -  S E M )  1 . 5 9  + / -  0 . 1 1  × 1 0 t ° . M - ~ . s  - t .  
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Fig. i.  Inh ib i t ion  o f  O H ' - d e p e n d e n t  deoxyr ibose  deg r ada t i on  (O) a n d  
K M B A  oxida t ion  (O) by s t obad ine  in p a r e  chemical  systems p roduc -  
ing hydroxyl  radicals.  F o r  exper imen ta l  cond i t ions  see Mater ia ls  a n d  
Me thods .  The  ra te  c o n s t a n t  k s was  de t e rmined  [9] f rom the slope o f  
the  lines F / I - F  = ks/ko-[D] x [$1, where F is the  percentage  inhib i t ion  
va lue  at a pa r t i cu la r  concen t r a t i on  o f  the scavenger  [SI a n d  a t  the  fixed 
c o n c e n t r a t i o n  o f  the  detedt ion molecule  [O]. T h e  ra te  cons tan t s ,  tco. 
used in the  ca lcu la t ions  (expr~-~ssed as - M  t - s - t )  were 1 9  x 10 t° for  
dcoxyr ibos¢  [10] a n d  7.8 x 10 t° for  K M B A  [9]. T he  kinet ic  plots  a re  

restllts f rom two represen ta t ive  exper iments•  

3 . 2 .  K M B , 4  a s s a y  
I n  o r d e r  t o  c o n f i r m  t h e  O H ' - s c a v e n g i n g  a b i l i t y  o f  

s t o b a d i n e ,  a c o m p l e t e l y  d i f f e r e n t  d e t e c t i o n  m e t h o d  
b a s e d  o n  t h e  o x i d a t i o n  o f  K M B A  [8]  w a s  u s e d .  S t o -  
b a d i n e  e f f e c t i v e l y  p r e v e n t e d  o x i d a t i o n  o f  K M B A ,  w i t h  
t h e  I C s a  v a l u e  s h o w n  i n  T a b l e  I .  I n  t h e  c o n c e n t r a t i o n  
r a n g e  0 . 2 5 - 2  m M  s i m p l e  c o m p e t i t i o n  p l o t s  w e r e  o b -  
t a i n e d  ( F i g .  l ) ,  w i t h  g o o d  l i n e a r  c o r r e l a t i o n  ( > 0 . 9 8 )  f o r  
e a c h  e x p e r i m e n t ,  w h i c h  g a v e  t h e  a v e r a g e  ( + / - S E M )  
v a l u e  o f  1 .41  + / -  0 . 1 7 × 1 0 1 ° . M ~ l - s  i ( n = 6 )  f o r  t h e  s e c -  
o n d - o r d e r  r a t e  c o n s t a n t  o f  s t o b a d i n e .  

T h e  i n h i b i t i o n  e f f e c t  o f  s t o b a d i n e  o n  K M B A  o x i d a -  
t i o n  wa,,; s t u d i e d  i n  t w o  o t h e r  O H ' - g e n e r a t i n g  s y s t e m s :  
a n  e n z y m a t i c  s y s t e m ,  i . e .  t h e  x a n t h i n e - x a n t h i n e  o x i d a s e -  
d r i v e n  F e n t o n  r e a c t i o n ,  a n d  a m e m b r a n e - b o u n d  e n -  
z y m a t i c  s y s t e m ,  i .e .  N A D P H - d e p e n d e n t  m i c r o s o m a i  
e l e c t r o n  t r a n s f e r .  I n  b o t h  s y s t e m s  s t o b a d i n e  s u p p r e s s e d  

Table  I 

S tobad ine  inhib i t ion  o f  e thylene p roduc t ion  f rom K M B A  in different  
OH ' -gene r a t i ng  systems 

System studied* IC~0 value ( m M )  

A s c o r b a t c - F e - E D T A  0.81 + / -  0.10 (6) 
X a n t h i n e - X a n t h i n e  o x i d a s e - F e - E D T A  0.93 + / -  0.14 (5) 
M i c r o s o m e s - N A D P H - F e - E D T A * *  0.74 + / -  0.21 (5) 

* F o r  comple te  exper imenta l  cond i t ions  see Mate r ia l s  and  Methods .  
Resul ts  a re  m e a n  values + / -  S E M  with the  n u m b e r  o f  exper iments  in 
parentheses .  
**In  the  absence  o f  N A D P H - g e n e r a t i n g  system n o  measu rab le  
a m o u n t  o f  e thylene was p roduced .  

Table  | I  

S u m m a r y  o f  exper imenta l  values o f  the  second-order  ra te  cons tan t s  
for the  reac t ion  of  s tobad ine  with OH" radicals  

M e t h o d  Source o f  OH" ks × 10 I° 
I M - ' - s  'i 

K M B A  assay Ascorbate-Fe- l~l ' )TA 1.41 + / -  O.i 7 ( , )  
Deoxyr ibose  assay Asco rba t e -Fe -EDTA-H:O2  !.59 + / -  0.11 (6) 
D M P O  spin t r app ing  F e - A D P - H 2 0  z ! .7" 

*Calcula ted f rom the exper imenta l  da t a  o f  Ondr i a s  et  al. [4] 

e t h y l e n e  f o r m a t i o n  w i t h  a n  e f f i c a c y  c o m p a r a b l e  t o  t h a t  
o b s e r v e d  i n  t h e  p u r e  c h e m i c a l  s y s t e m  ( T a b l e  ! ) .  

4 .  D I S C U S S I O N  

S t o b a d i n e  w a s  f o u n d  t o  b e  a p o w e r f u l  s c a v e n g e r  o f  
O H "  r a d i c a l s .  I t s  O H ' - s c a v e n g i n g  a b i l i t y  i s  c h a r a c t e r i z e d  
b y  a s e c o n d - o r d e r  r a t e  c o n s t a n t  h i g h e r  t h a n  l × 10  t°- M - 1  

• s t i n  b o t h  d e o x y r i b o s e  a n d  K M b A  a s s a y s  ( s e e  
T a b l e  I I ) .  

U s i n g  E S R  s p e c t r o s c o p y ,  O n d r i a s  e t  a l .  [4] f o u n d  t h a t  
s t o b a d i n e  e f f i c i e n t l y  c o m p e t e d  w i t h  D M P O  i n  t r a p p i n g  
O H "  r a d i c a l s  g e n e r a t e d  i n  a F e n t o n - t y p e  r e a c t i o n .  F r o m  
t h e  c o n c e n t r a t i o n  d e p e n d e n c e  s t u d y  p r e s e n t e d  b y  t h e s e  
a u t h o r s  a n  e s t i m a t e  o f  t h e  s e c o n d - o r d e r  r a t e  c o n s t a n t  
f o r  t h e  r e a c t i o n  o f  s t o b a d i n e  w i t h  O H "  w a s  r n a d e ,  g i v i n g  
t h e  v a l u e  o f  1 .7  × 1 0 m - M  kt . s  ~, w h i c h  i s  i n  g o o d  a g r e e -  
m e n t  w i t h  o u r  r e s u l t s  ( T a b l e  ] I ) .  

T h e  p o t e n c y  o f  s t o b a d i n e  t o  p r e v e n t  e t h y l e n e  p r o d u c -  
t i o n  f r o m  K M B A ,  c h a r a c t e r i z e d  b y  I C s 0  v a l u e ,  w a s  
c o m p a r e d  f o r  3 d i f f e r e n t  O H ' - g e n e r a t i n g  s y s t e m s :  a 
c h e m i c a l  s y s t e m ,  a n  e n z y m a t i c  s y s t e m ,  a n d  a 
m e m b r a n e - b o u n d  e n z y m a t i c  s y s t e m .  A s  s h o w n  i n  T a b l e  
I c l o s e l y  r e l a t e d  I C s o  v a l u e s  w e r e  o b t a i n e d  f o r  a l l  t h r e e  
s y s t e m s  s t u d i e d ,  s u g g e s t i n g  t h a t  s t o b a d i n e  is  a n  e f f i c i e n t  
s c a v e n g e r  o f  O H "  r a d i c a l s  p r o d u c e d  n o t  o n l y  ~n a f r e e  
s o l u t i o n  b u t  a l s o  i n  a m e m b r a n e .  H o w e v e r ,  t h i s  h y -  
p o t h e s i s  n e e d s  f u r t h e r  c o r r o b o r a t i o n  s i n c e  K M B A  i s  
n o t  a s t r i c t l y  s p e c i f i c  s c a v e n g e r  o f  O H "  r a d i = a l s  [1 !] .  

I t i  c o n c l u s i o n ,  t h e s e  s t u d i e s  d e m o n s t r a t e  t h a t  s t o -  
b a d i n e  is  a p o t e n t  O H "  r a d i c a l  s c a v e n g e r .  Th~  ~. a b i l i t y  o f  
s t o b a d i n e  t o  s c a v e n g e  f r e e  r a d i c a l s  m a y  c o n t r i t ~ o t e  t o  i t s  
c a r d i o p r o t e c t i v e  p r o p e r t i e s .  
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