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In vitro Synthesis of Metabolites of ~4C-Pyridostigmine 

The  m a i n  m e t a b o l i t e  of pyr ido~t igmine ,  in b o t h  exper-  
i m e n t a l  an ima l s  a n d  in man ,  has  been  ident i f ied  as 3- 
h y d r o x y - N - m e t h y l - p y r i d i n i u m ~ - S .  Hydro lys i s  of t h e  
q u a t e r n a r y  a m i n e  p r e d o m i n a n t l y  occurs  in  t he  soluble  
f r ac t ion  of t h e  l iver  cell, and  is i n d e p e n d e n t  of t he  co- 
fac to r  N A D P H  4. Never theIess ,  cl inical  ev idence  suggests  
t h a t  3 - h y d r o x y - N - m e t h y l p y r i d ~ n i u m  m a y  no t  be t he  
on ly  b r e a k d o w n  p r o d u c t  of py r idos t igmine ,  since smal l  
a m o u n t s  of o the r  m e t a b o l i t e s  h a v e  been  de tec ted  in t he  
u r ine  of m y a s t h e n i c  sub jec t s  2,a. In  t he  p re sen t  experi-  
men t s ,  an  a t t e m p t  was m a d e  to isola te  o the r  m e t a b o l i t e s  
b y  i n c u b a t i o n  of 14C-pyridostigmine w i t h  r a t  l iver  
h o m o g e n a t e s  in  in  v i t ro  condi t ions .  

21~raterials and methods. Male W i s t a r  r a t s  (150-300 g 
b o d y  wt.)  were housed  a t  a t e m p e r a t u r e  of 24~ Expe r i -  
m e n t a l  an ima l s  were ki l led b y  decap i t a t i on ,  and  r a t  l iver  
h o m o g e n a t e s  and  subce l lu la r  f r ac t ions  were p r e p a r e d  as 
descr ibed  e lsewhere  4. P r o t e i n  in  l iver  f rac t ions  was 
d e t e r m i n e d  b y  s t a n d a r d  m e t h o d s  5. H o m o g e n a t e s  and  
subce l lu la r  f rac t ions  were t h e n  i n c u b a t e d  a t  38~ w i t h  
~C-py r idos t i gmine  iodide or 3-hydroxy-N-methyl -14C - 
p y r i d i n i u m  iodide;  in  some expe r imen t s ,  spec imens  were 
h e a t e d  (100 ~ for 1 min)  p r io r  to  i ncuba t ion .  

Samples  of t he  i n c u b a t e  were ana lyzed  for poss ible  
me t abo l i t e s  b y  e lec t rophores i s  3 and  b y  p a p e r  c h r o m a t o g -  
r aphy .  The  r a d i o c h r o m a t o g r a m s  were resolved b y  t h e  
descend ing  t e c h n i q u e  in so lven t  s y s t e m  1 ( isopropyl  
a lcohol  s a t u r a t e d  w i t h  0.1 M bora t e  buffer,  p H  9.2) and  
so lven t  s y s t e m  2 (e thyl  a c e t a t e : p y r i d i n e : w a t e r ,  5 : 3 : 2 
b y  vol.). Labe l led  me t abo l i t e s  on e l ec t r opho r e t og r ams  or 
c h r o m a t o g r a m s  were iden t i f i ed  and  coun t ed  b y  a Tracer -  
lab  r a d i o c h r o m a t o g r a m  scanner .  

I n  o the r  s tudies ,  t he  labe l led  m e t a b o l i t e s  were e lu ted  
f rom p a p e r  c h r o m a t o g r a m s  w i t h  w a r m  wa~er. E lua t e s  
(0.25 ml) were i n c u b a t e d  (24 h a t  38 ~ wi th /3 -g lucuron-  
idase (1,250 F i s h m a n  uni ts /0 .25  ml  ace t a t e  buffer) ,  
s u l p h a t a s e  (10 uni t s /0 .25  ml  ace t a t e  buffer) ,  or ace t a t e  
buf fe r  a lone  (0.25 ml ;  0.2 2VI, p H  5.0). The  r eac t ion  was 
t e r m i n a t e d  b y  t he  a d d i t i o n  of e thanol ,  a n y  p rec ip i t a t e  was  
r e m o v e d  b y  cen t r i fuga t ion ,  and  the  s u p e r n a t a n t  was  
resolved  b y  c h r o m a t o g r a p h y  in so lven t  sys tems  1 and  2. 

Results. A p p r o x i m a t e l y  25% of e n z y m e  p r e p a r a t i o n s  
ca ta lyzed  t he  f o r m a t i o n  of a r ad ioac t ive  m e t a b o l i t e  t h a t  
could be d i s t ingu i shed  f rom 3-hydroxy-N-14C-methyl -  
py r id in ium.  B e t w e e n  1% a n d  10% of t he  t o t a l  radio-  
a c t i v i t y  in  i n c u b a t e s  was  p r e s e n t  as t h i s  a d d i t i o n a l  
m e t a b o l i t e  of pyr idos t igmine .  A l t h o u g h  i ts  e lec t rophore t i c  
m o b i l i t y  was s imi la r  to  3 - h y d r o x y - N - m e t h y l p y r i d i n i u m ,  
e lua tes  c o n t a i n i n g  t h e  a d d i t i o n a l  m e t a b o l i t e  could be 
d i s t ingu i shed  b y  t h e i r  cha rac t e r i s t i c  Rf  va lues  in  t h e  two 
so lven t  sys t ems  used. T he  m e t a b o l i t e  was n o t  p roduced  
b y  h e a t e d  h o m o g e n a t e s  a n d  i ts  f o r m a t i o n  was l inea r  w i t h  
t i m e  for  a l imi ted  per iod  ( a p p r o x i m a t e l y  4 h) ; f r a c t i o n a -  

t ion  e x p e r i m e n t s  sugges ted  t h a t  ca t a ly t i c  a c t i v i t y  was 
p r e d o m i n a n t l y  p r e sen t  in t he  soluble  f r ac t ion  of t he  l iver  
cell (Table).  

The  a d d i t i o n a l  m e t a b o l i t e  p r o b a b l y  con ta ins  a ca rba -  
m a t e  group,  since i t  was  no t  syn thes i zed  w h e n  3-hydroxy-  
N-14C-methy lpyr id in ium was used as a subs t ra t e .  I t s  
e lec t rophore t i c  mob i l i t y  and  Rf  va lues  in  so lvents  1 a n d  2 
were unaf fec ted  b y  pr io r  i n c u b a t i o n  w i t h  f l -glucuronidase 
or su lpha tase .  

Discussion. Tile p re sen t  resu l t s  conf i rmed  t h a t  3- 
h y d r o x y - N - m e t h y l p y r i d i n i u m  was no t  t he  on ly  m e t a b o l i t e  
of pyr idos t igmine .  An  a d d i t i o n a l  me tabo l i t e ,  wh ich  
could be d i s t ingu i shed  f rom 3-hydroxy-N-a4C-methyl -  
p y r i d i n i u m  b y  i ts  c h r o m a t o g r a p h i c  behav iour ,  was  
ident i f ied  b y  i n c u b a t i o n  of 14C-pyridostigmine w i t h  r a t  
l iver  f ract ions.  On ly  25% of e n z y m e  p r e p a r a t i o n s  ca ta lyz-  
ed t he  f o r m a t i o n  of t he  new ine t abo l i t e ;  in t he  r e m a i n i n g  
75% of cases, on ly  3 -hydroxy-N-14C-methy lpyr id in ium 
was formed.  I t  is possible  t h a t  these  differences  are  
r e l a t ed  to he t e rogen ic i ty  be tween  e x p e r i m e n t a l  animals ,  
a l t h o u g h  o t h e r  exp l ana t i ons  c a n n o t  be en t i r e ly  excluded.  
The  syn thes i s  of the  new m e t a b o l i t e  was  c lear ly  d e p e n d e n t  
on  an  enzymic  reac t ion ,  since i t  was  no t  p roduced  b y  
h e a t e d  homogena te s ,  and  i ts  f o r m a t i o n  was l inea r  w i t h  
t i m e  for on ly  a l imi ted  period.  The  a d d i t i o n a l  m e t a b o l i t e  
of p y r i d o s t i g m i n e  m a y  be re la ted  to  one of the  b r e a k d o w n  
p r o d u c t s  of the  q u a t e r n a r y  amine  p rev ious ly  ident i f ied  in 
m y a s t h e n i c  u r ine  2, a. 

A n u m b e r  of unsuccessful  a t t e m p t s  h a v e  been  m a d e  to 
d e t e r m i n e  t he  s t r u c t u r e  of t he  new metabo l i t e .  A l t h o u g h  
i ts  UV-  and  I R - s p e c t r a  differ  f rom p y r i d o s t i g m i n e  a nd  
3 - h y d r o x y - N - m e t h y l p y r i d i n i u m ,  insuf f ic ien t  was  syn the -  
sized in v i t ro  for N M R -  and  mass  s p e c t r u m  d e t e r m i n a -  
t ions.  I n  fu tu re  expe r imen t s ,  i t  is hoped  to conf i rm the  
i d e n t i t y  of t he  m e t a b o l i t e  and  to e luc ida te  i ts  possible  
cl inical  s ignif icance.  

Zusammen/assung. Der  3/Ietabolismus yon  14C-Pyri- 
d o s t i g m i n  wurde  in L e b e r h o m o g e n a t e n  der  R a t t e  un te r -  
sucht .  I n  v i t ro  k o n n t e  die Syn these  yon  zwei Pyr ido-  
s t i g m i n m e t a b o l i t e n  fes tges te l l t  werden ,  
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Synthesis of the additional metabolite of pyridostigmine by different 
liver fractions 

Liver fraction Enzyme activity 
(nmol metabolite/mg protein/120 rain) 

Homogenate 6.8 =E: 1.2 
Supernatant (105,000 g) 20.0 ~= 4.1 
Microsomes 0 

Values represent the mean ~= S.E. of 5 experiments. 
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