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T h e  R e l a t i v e  M e t a b o l i c  R a t e s  
of N o r e p i n e p h r i n e - 7 - H  3 and E p i n e p h r i n e - l - C  14 

The  a v a i l a b i l i t y  of DL-norep inephr ine -7 -H a a n d  DL- 
e p i n e p h r i n e - l - O  4 m a k e s  i t  poss ible  to  s t u d y  s i m u l t a n e -  
ously t h e  m e t a b o l i c  p a t h w a y s  of these  h o r m o n e s  in vivo. 
The e x t e n t  to  w h i c h  e p i n e p h r i n e  a n d  n o r e p i n e p h r l n e  are  
deamina t ed ,  O - m e t h y l a t e d ,  N - m e t h y l a t e d  or N - d e m e t h y l -  
a ted  a f t e r  s i m u l t a n e o u s  i n j ec t i on  h a s  been  e v a l u a t e d  in 
the  p r e s e n t  s tudy .  

A g roup  of r a t s  was  in j ec t ed  w i t h  0.5 ml  of 1.9 × 10 -4 M 
n o r e p i n e p h r i n e - 7 - H  a a n d  e p i n e p h r i n e - l - C  14 w i t h  a respec- 
t ive a c t i v i t y  r a t i o  of 5 : 1. The  u r ine  was col lected ove r  a 
per iod of 24 h,  a n d  h y d r o l y z e d  a t  p H  2 b y  re f iux ing  a t  
100°C for  20 rain.  T h e  h y d r o l y z e d  u r ine  e x t r a c t  was  cooled 
to r o o m  t e m p e r a t u r e  a n d  e x t r a c t e d  4 t i m e s  w i t h  e t h y l  
ace ta te .  T h e  e t h y l  a c e t a t e  f r ac t i on  c o n t a i n e d  t he  acidic  
and  n e u t r a l  me t abo l i t e s .  T h e  w a t e r  l aye r  was  pas sed  
t h r o u g h  a n  a l u m i n a  c o l u m n  a t  p H  8 a n d  t he  a b s o r b e d  
ca techol  a m i n e s  were e lu t ed  w i t h  0.2 N acet ic  acid.  T h e  
ef f luent  of t he  a l u m i n a  c o l u m n  c o n t a i n e d  t he  m e t h o x y -  
ca techol  amines ,  a n d  t h e  e lua te  of t he  a l u m i n a  c o l u m n  
con t a ined  t h e  ca techo l  amines .  The  ca techo l  a m i n e  a n d  
the  m e t h o x y e a t e c h o l  a m i n e  f rac t ions  were a c e t y l a t e d  as  
descr ibed p rev ious ly  1. A l iquo t s  of all  f r ac t ions  were c o u n t -  
ed s e p a r a t e l y  in  a P a c k a r d  T r i -Ca rb  sc in t i l l a t ion  c o u n t e r  
by  t h e  d i s c r i m i n a t o r  r a t i o  m e t h o d .  I n  each  e x p e r i m e n t ,  
dup l ica te  s amples  were  c o u n t e d  a n d  ave raged ,  a n d  t h e  
ra t io  of H 3 : C  14 was  ca l cu l a t ed  (Table  I). These  resu l t s  
show a n  inc rease  i t  r a t i o  of H a: C ~4 in  t he  ca t echo l  a m i n e  
fract ion,  a decrease  of H~:C ** in t h e  m e t h o x y c a t e c h o l  
amine  f r ac t i on  a n d  in  t h e  e t h y l  a c e t a t e  f rac t ion,  as com-  
pared  to  t h e  r a t io  in  t h e  i n j ec t ed  solut ion.  The  n a t u r e  of 
these changes  in r a t ios  was  f u r t h e r  s tud ied .  B y  c h r o m a t o -  
g r a p h y  in t h e  B u s h  'C '  so lven t  s y s t e m  2, two r ad ioac t i ve  
peaks  w i t h  t h e  same  m o b i l i t y a s  a c e t y l a t e d  n o r e p i n e p h r i n e  
and  ep ineph r ine  were  o b t a i n e d  f rom the  ca t echo l  a m i n e  
fract ion,  a n d  two  r a d i o a c t i v e  peaks  w i t h  t he  s ame  m o b i l i t y  
as a c e t y l a t e d  3 - m e t h o x y n o r e p i n e p h r i n e  a n d  3 - m e t h o x y -  
ep inephr ine  were  o b t a i n e d  f rom the  m e t h o x y c a t e c h o l  
amine  f rac t ion .  

T h e  e t h y l  a c e t a t e  f r ac t ion  was  c h r o m a t o g r a p h e d  in 
ch lo ro fo rm ace t ic  a c i d - w a t e r  (2: i : I),  a n d  in  i sopropyt  al-  
cohol -aqueous  a m m o n i a - w a t e r  (8:1 : i )  s o l v e n t  sys t em.  
Two r a d i o a c t i v e  p e a k s  were  o b t a i n e d .  The  p e a k  w i t h  the  
slower m o b i l i t y  was  iden t i ca l  w i t h  3 - m e t h o x y - 4 - h y d r o x y -  
mande l i c  acid a n d  t h e  second p e a k  r e p r e s e n t s  a n  u n k n o w n  
me tabo l i t e .  Th i s  m e t a b o l i t e  was  d e m o n s t r a t e d  to be  neu-  
t ra l  s ince i t  was e x t r a c t a b l e  in to  e t h y l  a c e t a t e  b u t  n o t  
in to  sod ium b i c a r b o n a t e .  I t  is r ead i ly  a c e t y l a t e d  a n d  f rom 
its m o b i l i t y  in the  Bust l  'C '  so lven t  sys tem,  i t  appea r s  to  
be a n  alcohol .  As T a b l e  I I  shows t he  H a : c  14 ra t io  was  
found to  be  t h e  s a m e  /or  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 a n d  t h e  alcohol .  Th i s  shows  t h a t  t he  a lcohol  is fo rmed  
from n o r e p i n e p h r i n e  a n d  e p i n e p h r i n e  in t he  s a m e  pro-  
por t ion  as  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.  

The  presence  of t r i t i u m  in t h e  e p i n e p h r i n e  a n d  3- 
m e t h o x y n o r e p i n e p h r i n e  zones  (Tab le  I I ) ,  i nd ica tes  t h a t  
no rep ineph r ine  is c o n v e r t e d  in to  e p i n e p h r i n e  in vivo. The  
absence  of C j4 in  t he  n o r e p i n e p h r i n e  a n d  3 - m e t h o x y -  
n o r e p i n e p h r i n e  zones  shows t h a t  e p i n e p h r i n e  is n o t  de-  
m e t h y l a t e d  to n o r e p i n e p h r i n e ,  a n d  t h a t  N - m e t h y l a t i o n  
of n o r e p i n e p h r i n e  to e p i n e p h r i n e  is a n  i r revers ib le  process  
in vivo. 

I t  is e v i d e n t  f r o m  t h e  H3 :C  ~4 r a t i o  in  t h e  e p i n e p h r i n e  
and  3 - m e t h o x y e p i n e p h r i n e  zones  (Table  I I ) ,  t h a t  ep ine-  
ph r ine -H  a w h i c h  was  fo rmed  f rom n o r e p i n e p h r i n e - H  a is 
no t  O - m e t h y l a t e d  to  t h e  s ame  e x t e n t  as  o r ig ina l ly  in-  
jec ted  ep ineph r ine -C  1.. T h e  fa i lure  of e p i n e p h r i n e - H  a 

w h i c h  was  fo rmed  in vivo to  u n d e r g o  as ex t ens ive  O- 
m e t h y l a t i o n  as  i n j ec t ed  ep ineph r ine -C  l~ m a y  r e su l t  f r om 
t h e  f ac t  t h a t  c o m p e t i t i o n  for  t h e  m e t h y I  d o n o r  a t  t h e  
m e t a b o l i c  s i te  exis ts .  Th i s  f i nd ing  m a y  also r e s u l t  f r om 
t h e  f ac t  t h a t  n o r e p i n e p h r i n e - H  a a n d  ep ineph r ine -C  ~4 were  
i n j ec t ed  s i m u l t a n e o u s l y  a n d  the re fo re  e p i n e p h r i n e - H  a h a d  
to  be m e t a b o l i c a l l y  fo rmed  in o rde r  to  c o m p e t e  w i t h  t h e  
O - m e t h y l a t i o n  of t h e  in jec ted  ep ineph r ine -C  1.. 

Table I: Tritium and C la ratios in catechol amine, methoxyca 
techol amine, and ethyl acetate fractions a 

Experiment 
No. 

1 
2 
3 b 

Catechol 
Anfine 
HaJc 1¢ 

7.21t 
6.511 
7.o/i 

Methoxycate- 
chol Amine 

HalO4 

4.5tl  
4.011 
4.6/1 

Ethyl Acetate Fraction 
(Acidic and Neutral 
Metabolites) Ha/C x4 

3]1 (4.0]1) e 
3,5/1 (4.1/1) 
3/1 (4.0tl) 

a Activity ratio of injected norepinephrine-7-H a to epi- 
nephrine-C l* was 5[1. 

b The radio ehemieal puritywas also established byextrac- 
tion of the methoxycatechol amine fraction with ethylene 
dichloride prior to acetylation 3. 

c The ratios, in parentheses, were obtained after enzymatic 
hydrolysis of the urine. 

Table I I :  Tritium and C ~4 total activity of epinephrine, norepine- 
phrine, and their metabolites isolated from rats urine after separa- 

tion by paper chromatography 

Total activity Ratio of 
c. p. m. x 10 4 I-I~/C l~ 

norepinephrine 
3-methoxynorepinephrine 
epinephrine 
3-methoxyepinephrine 
3-methoxy-4-hydroxy- 

mandetie acid 
neutral  metaboli te  ~ 

H a C 14 

37.70 0 
97-60 0 
16.40 8.40 
18-00 29.20 

8-10 2.00 
5.1 1.2 

1.9/1 
o.61fl 

4-011 
4.211 

A reccnt publication by AXELROD et aL *, describes a similar 
compound identified as 3-methoxy-4-hydroxyphenylglycol 
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Zusammen/assung 

R a t t e n  w u r d e n  gle ichzei t ig  m i t  N o r a d r e n M i n - H  a und 
A d r e n a l i n - C  14 b e l a s t e t  u n d  die A u s s c h e i d u n g  im H a r n  
ver fo lg t .  Die  Ana lyse  d e r  M e t a b o l i t e  h a t  u n t e r  a n d e r e m  
ergeben ,  dass  N o r a d r e n a l i n - H  a zu A d r e n a l i n - H  a v e r w a n -  
de l t  wird,  u n d  dass  diese R e a k t i o n  i r revers ibe l  ist. D a s  
in vivo s y n t h e t i s i e r t e  A d r e n a l i n - H  a wird  in  ge r inge rem 
Masse i n a k t i v i e r t  als das  in j iz ie r te  A d ren a l i n -C  1.. E i n  
n e u t r a l e s  S t o f f w e c h s e l p r o d u k t  (wahrsche in l i ch  ein A lkoh-  
hol) wurde  aus  d e m  H a m  isoliert .  
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