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O-Methylation, the principal pathway for the met~l~olism 
of epinephrine and norepinephrine in the rat 

Prev ious  s tud ies  h a v e  s h o w n  t h a t  ep inephr ine  a n d  norep inephr ine  are m e t h y l a t e d  on t he  3 - h y d r o x y  
pos i t ion  in vitro and  in vivo 1. E s t i m a t i o n  of t he  e x t e n t  to  wh ich  O - m e t h y l a t i o n  occurs  in t he  i n t ac t  
an ima l  was  m a d e  possible by  t h e  d e v e l o p m e n t  of a m e t h o d  for t h e  de t e rmina t i on  of rneta-O-  
m e t h y l e p i n e p h r i n e  (metanephr ine)  and  m e t a - O - m e t h y l - n o r e p i n e p h r i n e  (normetanephr ine )  in 
ur ine.  

Me tanephr ine  or n o r m e t a n e p h r i n e  was  isola ted f rom the  u r ine  a t  p H  IO by  gen t ly  shak ing  
for 20 rain wi th  2o v o l u m e s  e thy lene  dichloride* con ta in ing  2 % i soamyl  alcohol*.  Af ter  t he  
s epa ra t i on  of t he  2 phase s  by  cen t r i fuga t i0n ,  t he  a q u e o u s  layer  was  r emoved  by  asp i ra t ion  and  
a n  a l iquo t  of t he  organic  phase  was  s h a k e n  wi th  l / iO vo l ume  o.i  N HC1. The  lower layer  was  
r e m o v e d  by  asp i ra t ion  and  t h e  acid ex t r ac t  was  washed  twice  wi th  io  vo lumes  i soamyl  alcohol 
to  r emove  in ter fer ing  subs t ances .  T he  acid ex t r ac t  was  t r ans fe r r ed  to a qua r t z  cuve t t e  and  m e t a n e -  
ph r ine  or n o r m e t a n e p h r i n e  was  de t e rmi ned  by  m e a s u r i n g  t he  f luorescence in an  A m i n c o - B o w m a n  
f luo rospec t ropho tomete r  a t  335 mt* af ter  ac t iva t ion  a t  283 m/z. 

I n  order  to correct  for t he  pa r t i t i on  of t he  m e t h y l a t e d  me tabo l i t e s  of t he  ca techol  amines  in 
t h e  two-phase  s y s t e m  descr ibed above  and  t h e  q u e n c h i n g  of f luorescence t h a t  occurs  occasional ly,  
a k n o w n  a m o u n t  of syn the t i c  m e t a n e p h r i n e  or n o r m e t a n e p h r i n e  was  added  to t he  ur ine  to  be  
a s sayed  a n d  carr ied  t h r o u g h  t he  procedure .  

Glucuron ides  of m e t a n e p h r i n e  and  n o r m e t a n e p h r i n e  were hyd ro lyzed  by  incuba t ion  of I ml  of  
ur ine  wi th  2,000 un i t s  of bacter ia l  f l -glucuronidase for 3 h a t  37 °. 

Af te r  t he  a d m i n i s t r a t i o n  of L-epinephr ine  or L-norepinephr ine  to  ra ts ,  t h e  m e t h y l a t e d  
metabo l i t e s  isolated f rom t he  u r ine  b y  t he  p rocedure  descr ibed above  h a d  t h e  same  RF values ,  
pa r t i t i on  coefficients, and  f luorescent  spec t ra  as a u t h e n t i c  samples  of m e t a n e p h r i n e  or n o r m e t a n e -  
ph r ine  ~. 

T A B L E  I 

O - M E T H Y L A T I O N  OF E P I N E P H R I N t ~  IN T H E  RAT 

E a c h  r a t  received i o / zg / g  d i b e n a m i n e  hydroch lor ide  in t raper i tonea l ly .  Af ter  3 ° m i n  each r a t  
was  g iven  a to ta l  of 5 /zmoles of ep inephr ine  or m e t a n e p h r i n e  in t raper i tonea l ly .  The  c o m p o u n d s  
were admin i s t e r ed  in 5 d iv ided doses  eve ry  hou r  for 5 h. Ip ron iaz ide  (2oo/ ,g /g)  was  g iven  in t r a -  

per i tonea l ly  2 h before t he  in jec t ion  of t h e  amines .  Six r a t s  were used  in each  expe r imen t .  

MetanepArine M~n~hfine 
Compounds administered excreted glucuremide Total excreted 

excreted 
I~moles i~moles °o 

L-Epinephr ine  (5 / ,moles )  
D, L-Metanephr ine  (5 #*moles) 
L-Epinephr ine  (5 #,moles) and  iproniaz ide  
D, L-Metanephr ine  (5/*moles)  and  iproniazide 
D-Epinephr ine  (5/~moles) 
L-Epinephr ine  (3 #moles)  § 

o.14 1.08 25 
0.42 1.31 35 
o.18 2.55 55 
0.50 3.00 7 ° 
0.06 0.86 18 
o.o5 0.47 18 

§ Th i s  g roup  of r a t s  did no t  receive d ibenamine .  

* All so lvents ,  r eagen t  grade,  were washed  success ive ly  wi th  i/5 v o l u m e  i N N a O H ,  i N HCI 
a n d  twice wi th  dist i l led water .  
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L-Epinephr ine  b i t a r t r a t e  was  admin i s t e r ed  in t r ape r i tonea l ly  to  ra t s ,  a n d  t he  ur ine  was  
col lected for 24 h.  Pr ior  to  t h e  in jec t ion  of t he  ca techol  amine ,  each ra t  received io  m g / k g  of 
d ibenamine  hydroch lo r ide  to reduce  t he  toxic  ac t ion  of L-epinephrine.  Ur ine  was  a s sayed  for m e t a -  
nephr ine  before a n d  af te r  t r e a t m e n t  wi th  f l -glucuronidase.  To correct  for f luorescing mater ia l ,  
n o r m a l l y  p re sen t  in urine,  " b l a n k "  ur ine  was  collected for 24 h pr ior  to t he  in ject ion of epine- 
phr ine  and  a s sayed  as descr ibed above.  F r o m  t h e  resu l t s  shown  in Table  I, a b o u t  2i  % of t he  
admin i s t e red  L-epinephr ine  was  excre ted  as m e t a n e p h r i n e  g lucuronide  and  a b o u t  4 ~o as t he  free 
m e t h o x y  metabol i te .  Essen t ia l ly  s imilar  resu l t s  were ob ta ined  af te r  t he  a d m i n i s t r a t i o n  of D-epine- 
phr ine  b i t a r t ra te .  D i b e n a m i n e  did no t  apprec iab ly  affect t he  p a t t e r n  of excre t ion  of the  m e t h y ] a t e d  
der iva t ives .  

F u r t h e r  to de l ineate  t he  m e t a b o l i s m  of ep inephr ine ,  t he  excre t ion  of m e t a n e p h r i n e  was  
e x a m i n e d  af te r  t h e  a d m i n i s t r a t i o n  of t he  la t t e r  c o m p o u n d  (Table I). A b o u t  one- th i rd  (35 %) of t he  
admin i s t e r ed  m e t a n e p h r i n e  was  excre ted  bo t h  in t he  u n c h a n g e d  form as well as a g lucuronic  acid 
con juga te .  Af te r  t he  a d m i n i s t r a t i o n  of ep inephr ine  a to ta l  Of 25 % m e t a n e p h r i n e  (free and  con- 
juga ted)  was  found  in t h e  urine.  Th i s  va lue  represen t s  abou t  one- th i rd  of t he  ep inephr ine  t h a t  
u n d e r w e n t  O-me thy l a t i on .  Accordingly,  i t  m a y  be inferred t h a t  t he  to ta l  a m o u n t  of m e t a n e p h r i n e  
fo rmed  af te r  t he  a d m i n i s t r a t i o n  of ep inephr ine  was  abou t  7 ° %. 

W h e n  ra t s  were p re t r ea t ed  wi th  iproniazid,  a m o n o a m i n e  oxidase  inhibi tor ,  t he  excre t ion  of 
m e t a n e p h r i n e  was  increased twofold (Table I). This  obse rva t ion  sugges t s  t h a t  m o n o a m i n e  oxidase  
d e a m i n a t e s  considerable  a m o u n t s  of m e t a n e p h l i n e ,  p r e s u m a b l y  to 3 - m e t h o x y - 4 - h y d r o x y m a n d e l i c  
acid. This  possibi l i ty  seems  likely in view of t h e  obse rva t ion  of ARMSTRONG AND MCMILLAN t h a t  a 
m a j o r  metabol ic  p roduc t  of ep inephr ine  is 3 - m e t h o x y - 4 - h y d r o x y m a n d e l i c  acid s. 

Af te r  the  a d m i n i s t r a t i o n  of L-norepinephr ine  to ra ts ,  a s imilar  metabol ic  p a t t e r n  was found 
(Table I I )  

T A B L E  I I  

O-METHYLATION OF NOREPINEPHRINE IN THE RAT 

R a t s  were t r ea t ed  in t he  s a m e  m a n n e r  as descr ibed in Table  I. 

Compound administered 
Normetanephrine Norrnetanephrine 

excreted glucuronide Total excreted 
excreted 

#moles l~moles ° o 

L-Norep inephr ine  (5/*moles)  
D, L - N o r m e t a n e p h r i n e  (5 #moles)  
L-Norepinephr ine  (5 /*moles) and  iproniazid  
D, L -Norme taneph r ine  (5 /*moles) and  iproniazid  

o.15 0.70 17 
0.30 0.95 25 
o.15 1.35 3 ° 
0.52 i .87 48 

These  resu l t s  sugges t  t he  following s cheme  for t he  m e t a b o l i s m  of ep inephr ine  and  norep inephr ine  
in t he  r a t :  

m e t a n e p h r i n e  Ep ineph r ine  O-methylation~ 70% + m e t a n e p h r i n e  - - ~  2o% ~ g lucuronide  

3 - M e t h o x y - 4 - h y d r o x y m a n d e l i c  acid 

T n o r m e t a n e p h r i n e  
Norep inephr ine  ~ 7o% ~ n o r m e t a n e p h r i n e  

~5 % glucuronide  
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