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The Action of Anticholinergic Drugs on the Oxidation of Indole Activated by Acetylcholine Chloride 

I n  a p r ev ious  p a p e r  i t  was  s h o w n  t h a t  ace ty l cho l ine  
ch lor ide  (Ach) a c t i v a t e s  t h e  o x i d a t i o n  of indole  to  indigo L 
I t  ha s  been  a s s u m e d  t h a t  A ch  ac t s  in  a s imi la r  w ay  as 
does  peroxidase ,  n a m e l y  t h a t  i t  t r ans fe r s  t h e  oxygen  
f rom the  o x y g e n - d o n o r  ( sodium pe rbo ra t e )  to  t h e  sub-  
s t r a t e  (indole).  Th i s  is n o t  a t r u e  c a t a l y t i c  ac t ion ,  as 
Ach  h y d r o l y s e s  d u r i n g  t h e  reac t ion .  Never the les s ,  w h e n  
smal l  c o n c e n t r a t i o n s  of A ch  are used,  t h e  laws of e n z y m e  
k ine t i c s  m a y  be  app l i ed  to  t h i s  r eac t ion .  Some  o t h e r  
c h o l i n o m i m e t i c  a g e n t s  possess a s imi l a r  a c t i v a t i n g  
a c t i v i t y  ~. 

T h e  pu rpose  of t h i s  work  is to  e s t a b l i s h  w h e t h e r  an t i -  
chol inergic  drugs,  w h i c h  b lock  t h e  p h a r m a c o l o g i c a l  ac t ion  
of  Ach,  are  c a p a b l e  of i n h i b i t i n g  also t h e  a c t i v a t i n g  a c t i o n  
of Ach.  

The  course  of t h e  r e a c t i o n  of t h e  o x i d a t i o n  of indole  
m a y  be  fol lowed b y  f luorescence  m e a s u r e m e n t s ,  as  t h e  
i n t e r m e d i a t e  c o m p o u n d s  indoxyI  a n d  ind igo  w h i t e  show 
a n  i n t ense  b lue -g reen  f luorescence,  w h e n  i r r a d i a t e d  b y  
U V - r a d i a t i o n  of 3000M000 /~s .  F luorescence  m e a s u r e -  
m e n t s  were  ca r r i ed  o u t  b y  a f l u o r o m e t e r  desc r ibed  ear-  
l ier  4. A selen p h o t o e l e m e n t  s e rved  as  t h e  r ecep to r  of 
r ad i a t i on ,  a n d  t h e  p h o t o c u r r e n t  was  m e a s u r e d  b y  a 
m i r r o r  g a l v a n o m e t e r  ( sens i t iv i ty  1 × 10 -9 A m p / r a m ) .  

T h e  t o t a l  v o l u m e  of t h e  r eac t i on  m i x t u r e  was a l w a y s  
50 ml.  I t  c o n t a i n e d  0 . 2 o  of s o d i u m  p e r b o r a t e ,  0 .02% of 
indole  d i sso lved  in i sopropyl  a lcohol ,  20% of a c e t o n e  
a n d  t he  an t i cho l ine rg i c  drug.  Af te r  d e t e r m i n i n g  t h e  
f luorescence i n t e n s i t y  of t h i s  b l ank ,  A ch  was a d d e d  
(2.2 × 1 0 - 4 M  in t h e  r eac t i on  mix tu re ) .  T h e  so lu t ion  was  
well  m ixed  a n d  m e a s u r e m e n t s  of t h e  f luorescence  i n t e n s i t y  

Concentration of the anticholinergic drugs required to reduce by 
half the maximum reaction velocity of the oxidation of indole, 
activated by 2.2 × 10 4M of acetylcholine chloride 

Antieholinergic drug Cl/~ 

Atropine sulfate 
Aminopentanfide hydrogen sulfate 
Proeyclidine HC1 
Dieyclomitle HC1 
Adiphenine He1 
Piperidolate HC1 
Tricyclamol C1 
Hexoeyelium methylsulfate 
Diphemanil methylsulfate 

3.6 x 10-4M 
3.3 x 10-aM 
4.5 x 10-4M 
7.5 × 10-aM 
1.14 x 10-3M 
1.30 x 10 -3 M 
1.48 x 10 "2 M 
1.74 x 10 -~ M 

> 3.00 x 10"2M 
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Maximum reaction velocity as a function of aminopentamide 
hydrogen sulfate concentration. Activator: acetylcholine chloride, 
2.2 × 10 -4 M. 

s t a r t e d  30 sec later .  R e a d i n g s  were  t a k e n  e v e r y  m i n u t e  
for severa l  m i n u t e s  a n d  t he  resu l t s  r eco rded  as f luores-  
cence i n t e n s i t y  vs.  t i m e  plots .  M a x i m u m  reac t i on  ve loc i ty  
was  o b t a i n e d  b y  d r a w i n g  a t a n g e n t  a t  t h e  s t eepes t  p a r t  
of t h e  cu rves  t h u s  o b t a i n e d  a n d  b y  d e t e r m i n i n g  t he  
o r d i n a t e  of t h i s  t a n g e n t  for t h e  r eac t ion  t i m e  of 2 min .  

The  ac t ion  of t he  fol lowing an t i cho l ine rg i c  d rugs  was  
i n v e s t i g a t e d :  a t r o p i n e  su l fa te  (Medika) ,  a m i n o p e n t a m i d e  
h y d r o g e n  su l fa te  ( 'Cen t r i ne ' ,  Br i s to l  Labora to r i e s ) ,  pro-  
cyc l id ine  HC1 ( ' K e m a d r i n ' ,  B u r r o u g h s  Wel lcome) ,  ad iphe -  
n ine  HC1 ( 'T r a sen t i ne ' ,  Ciba) ,  p ipe r ido l a t e  HC1 ( 'Dact i l ' ,  
Lakes ide  Labora to r i e s ) ,  d i cyc lomine  HC1 ("Wyovin ' ,  
W y e t h  In t e rn . ) ,  t r i cyc l amo l  C1 ( 'Lerg ine ' ,  B u r r o u g h s  
XWellcome), h e x o c y c l i u m  m e t h y l s u l f a t e  ( 'Tra l ' ,  A b b o t t  
Labora to r i e s )  a n d  d i p h e m a n y l  m e t h y l s u l f a t e  ( ' P r a n t a l ' ,  
Sche r ing  Corp.).  All  t he se  d rugs  were  d i sso lved  in wa te r ,  
e x c e p t  d i cyc lomine  HC1, w h i c h  was  d i s so lved  in  d i lu te  
e t h y l  alcohol .  

A d d i t i o n  of t h e  an t i cho l i ne rg i c  d rugs  to  t h e  r e a c t i o n  
m i x t u r e  (before a d d i n g  Ach) caused  a decrease  in  r e a c t i o n  
ve loc i ty .  B y  inc reas ing  t h e  c o n c e n t r a t i o n  of t he se  d rugs  
m a x i m u m  reac t i on  ve loc i ty  decreases  in a c c o r d a n c e  w i t h  
t h e  STERN-VOLMER h y p e r b o l i c  law of i n h i b i t i o n  n. T h e  
va lues  of m a x i m u m  r e a c t i o n  ve loc i ty  in  p resence  of t h e  
i n h i b i t o r  a re  g iven  as p e r c e n t a g e  of t h e  m a x i m u m  reac-  
t i o n  ve loc i ty  w i t h o u t  i n h i b i t o r  (v = 100). P l o t t i n g  these  
va lues  vs. i n h i b i t o r  c o n c e n t r a t i o n  t he  cu rves  of i n h i b i t i o n  
are  o b t a i n e d .  For  example ,  t h e  c u r v e  of i n h i b i t i o n  for 
a m i n o p e n t a m i d e  h y d r o g e n  su l fa t e  is p r e s e n t e d  in t he  
F igure .  T h e  c o n c e n t r a t i o n  Clt 2 of t h e  i n h i b i t o r  r equ i r ed  
to  r educe  t he  m a x i m u m  r e a c t i o n  ve loc i ty  of t h e  un-  
i n h i b i t e d  r eac t i on  b y  ha l f  is used as a n  i ndex  of i n h i b i t o r y  
po tency .  T h e  e x p e r i m e n t a l l y  o b t a i n e d  resu l t s  for Cx/~ 
are g iven  in t he  Table .  

F r o m  t h e  p r e sen t  e x p e r i m e n t s  i t  is e v i d e n t  t h a t  an t i -  
chol inerg ic  d rugs  i n h i b i t  t he  o x y d a t i o n  of indole.  I n  t he  
absence  of a c t i v a t o r ,  t h i s  r eac t i on  is e x t r e m e l y  slow. 
The re fo re  one  m a y  conc lude  t h a t  in  f ac t  t h e  an t i cho l in -  
ergic d rugs  i n h i b i t  t h e  a c t i v a t i n g  ac t ion  of Ach.  Our  
resu l t s  i n d i c a t e  t h a t  t he re  is a c e r t a i n  pa ra l l e l i sm b e t w e e n  
t he  p h a r m a c o l o g i c a l  a n d  t h e  phys i co -chemica l  p rope r t i e s  
of t he  an t i cho l ine rg i c  d rugs  i n v e s t i g a t e d  heren.  

Zusammen]assung. M i t t e l s  F l u o r e s z e n z m e s s u n g  wurde  
die d u r c h  Ace ty l cho l in  a k t i v i e r t e  I n d o l o x y d a t i o n  ver-  
folgt .  Es  w u r d e  fes tgestel l t ,  dass  a l le  im Ver such  ve rwen-  
d e t e n  a n t i c h o l i n e r g i s c h e n  S u b s t a n z e n  diese R e a k t i o n  
k o n z e n t r a t i o n s a b h ~ n g i g  abschw/ ichen .  I s t  ke in  A k t i v a t o r  
v o r h a n d e n ,  ver l i iuf t  die I n d o l o x y d a t i o n  i iussers t  l angsam.  
Es  wi rd  a n g e n o m m e n ,  dass  die a n t i e h o l i n e r g i s c h e n  Sub-  
s t a n z e n  die a k t i v i e r e n d e  W i r k u n g  des  Ace ty l cho l in s  auf-  
h e b e n .  
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