
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 24 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Liquid Chromatography & Related Technologies
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597273

Cation Exchange Liquid Chromatography with Amperometric Detection
as a Method for the Analysis of Endogenous Catecholamine
Concentrations in Plasma or Serum
S. Allenmarka; L. Hedmana

a Clinical Research Centre and Department of Surgery Linköping, University Hospital, Linköping,
Sweden

To cite this Article Allenmark, S. and Hedman, L.(1979) 'Cation Exchange Liquid Chromatography with Amperometric
Detection as a Method for the Analysis of Endogenous Catecholamine Concentrations in Plasma or Serum', Journal of
Liquid Chromatography & Related Technologies, 2: 2, 277 — 286
To link to this Article: DOI: 10.1080/01483917908060062
URL: http://dx.doi.org/10.1080/01483917908060062

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/01483917908060062
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURNAL OF LIQUID CHROMATOGRAPHY, 2 ( 2 ) ,  277-286 (1979) 

CATION EXCHANGE L I Q U I D  CHROMATOGRAPHY WITH AMPEROMETRIC 
DETECTION AS A METHOD FOR THE ANALYSIS OF ENDOGENOUS 

CATECHOLAMINE CONCENTRATIONS I N  PLASMA O R  SERUM 

S.  A l l e n m a r k  and L .  Hedman 
C l i n i c a l  R e s e a r c h  C e n t r e  and D e p a r t m e n t  o f  S u r g e r y  

L i n k t i p i n g  U n i v e r s i t y  H o s p i t a l  
S - 5 8 1  8 5  L i n k t i p i n g ,  Sweden 

ABSTRACT 

A c h r o m a t o g r a p h i c  s y s t e m  w h i c h  p e r m i t s  d e t e r m i n a -  
t i o n  o f  c a t e c h o l a m i n e s ,  i s o l a t e d  f r o m  a f e w  rnl  o f  p l a s m a  
o r  serum, i s  d e s c r i b e d  i n  d e t a i l .  Some f a c t o r s  o f  i m p o r -  
t a n c e  f o r  t h e  i m p r o v e m e n t  o f  t h e  s i g n a l - t o - n o i s e  r a t i o  
a t  s u b p i c o m o l e  d e t e c t i o n  l e v e l s  have  been c a r e f u l l y  i n -  
v e s t i g a t e d .  

INTRODUCTION 

D e t e r m i n a t i o n  o f  c a t e c h o l a m i n e s  i n  n o r m a l  human 
p l a s m a  o r  se rum s t i l l  r e p r e s e n t s  a n  advanced  p r o b l e m  
f r o m  t h e  a n a l y t i c a l  p o i n t  o f  v i e w .  A p r e r e q u i s i t e  f o r  
a l l  n o n - e n z y m a t i c  me thods  i n  u s e  i s  t h e  p e r f o r m a n c e  o f  
t h e  i s o l a t i o n  p r o c e d u r e  by  a d s o r p t i o n  o n  a l u m i n a  a s  
d e s c r i b e d  by  A n t o n  and S a y r e  ( 1 ) .  O f  t h e  d i f f e r e n t  
a s s a y  me thods  t h a t  may b e  used,  t h e  f l u o r i m e t r i c  ( 1 - 3 1  
and r a d i o - e n z y m a t i c  (4) ones  a r e  t h e  commonest.  None 
o f  t h e s e  makes u s e  o f  s e p a r a t i o n  b y  h i g h  p e r f o r m a n c e  
l i q u i d  c h r o m a t o g r a p h y  [HPLC),  e x c e p t  f o r  a r e c e n t l y  
p u b l i s h e d  m o d i f i c a t i o n  o f  t h e  r a d i o - e n z y m a t i c  p r o c e d u r e  
( 5 1 .  

I n  t h e  l a s t  f e w  y e a r s ,  however ,  a t t e n t i o n  has  been 
d rawn  t o  t h e  u s e  o f  e l e c t r o c h e m i c a l  d e t e c t i o n  (EC) i n  
HPLC (LCEC) f o r  t h e  t r a c e  a n a l y s i s  o f  e l e c t r o - o x i d i z a b l e  
compounds a t  a g r a p h i t e  p a s t e  anode ( 6 ) .  I n  p a r t i c u l a r ,  
i t s  u s e  f o r  c a t e c h o l a m i n e  d e t e r m i n a t i o n  i n  b r a i n  t i s s u e  
( 7 )  and u r i n e  ( 8 1  has  been i n v e s t i g a t e d ,  and o t h e r  
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278 ALLENMARK AND HFDMAN 

s t u d i e s  on  t h e  u s e  o f  LCEC f o r  t h e  d e t e r m i n a t i o n  of  
c a t e c h o l a m i n e s  (9) and C y s t e i n y l - D D P A  compounds [ 1 0 , 1 1 )  
a r e  now i n  p r o g r e s s .  

Because o f  t h e  h i g h  s e n s i t i v i t y  o f  t h e  E C - d e t e c t o r  
(121 ,  a c o m b i n a t i o n  o f  l o w  b a c k g r o u n d  c u r r e n t  and n o i s e  
w i t h  h i g h l y  e f f i c i e n t  HPLC co lumns  w o u l d  y i e l d  s i g n a l -  
t o - n o i s e  r a t i o s  h i g h  enough t o  g e n e r a t e  a c c e p t a b l e  
ch romatog rams  o f  even  s u b - p i c o m o l e  amoun ts .  I n  t h i s  
p a p e r  some r e s u l t s  o f  e f f o r t s  t o  p e r f e c t  t h e  t e c h n i q u e  
t o  a l l o w  t h e  s i m u l t a n e o u s  d e t e r m i n a t i o n  o f  n o r e p i n e p h r i -  
ne “ E l ,  e p i n e p h r i n e  ( E )  and dopamine (OAl  i n  n o r m a l  
human p lasma o r  serum a r e  p r e s e n t e d .  

EXPERIMENTAL 

I n s t r u m e n t a t i o n  
The l i q u i d  c h r o m a t o g r a p h  was c o n s t r u c t e d  f r o m  a n  

A l t e x  mod. 100 c o n s t a n t  f l o w  s o l v e n t  pump, a Rheodyne 
mod. 7120 sample  i n j e c t i o n  v a l v e  p r o v i d e d  w i t h  a 20 o r  
50 p 1  l o o p ,  a 4 . 6  x 170 mm A l t e x  s t a i n l e s s  s t e e l  c o l u m n  
( a l l  a v a i l a b l e  f r o m  A l t e x  S c i e n t i f i c  Co. ,  B e r k e l e y ,  Ca.1, 
s l u r r y  packed  w i t h  N u c l e o s i l  SA 1 0  p (Machery  and N a g e l  
Co. ,  D i i ren ,  G . F . R . ) ,  and  a n  e l e c t r o c h e m i c a l  d e t e c t o r  
( E i o a n a l y t i c a l  Sys tems I n c . ,  West L a f a y e t t e ,  I n . ) .  The 
d e t e c t o r  c o n s i s t e d  o f  a p l e x i g l a s s  c e l l ,  h o u s i n g  t h e  
g r a p h i t e  p a s t e  anode and mounted w i t h  a 5 0  u t e f l o n  
s p a c e r ,  a R E - I  r e f e r e n c e  e l e c t r o d e  compar tmen t  e q u i p p e d  
w i t h  an Ag/AgCl  e l e c t r o d e ,  and an  LC-2A e l e c t r o c h e m i c a l  
c o n t r o l  u n i t  ( p o t e n t i o s t a t  and o p e r a t i o n a l  a m p l i f i e r ) .  
A s i l i c o n e  oil based  c a r b o n  p a s t e  (CPSI was u s e d  a s  
anode m a t e r i a l .  The d e t e c t o r  o u t p u t  was c o n n e c t e d  t o  a 
L i n e a r  mod. 2 6 4  p o t e n t i o m e t r i c  r e c o r d e r .  The m a i n s  v o l -  
t a g e  s u p p l y  t o  t h e  LC-2A u n i t  was s t a b i l i z e d  v i a  a 
P h i l i p s  mod. PE 1401 /12  v o l t a g e  t r a n s i e n t  s u p r e s s o r .  A t  
a l l  o p e r a t i o n s  a t  h i g h  s e n s i t i v i t y  a 5 m l o n g  1/16’ ’  1 .0 .  
t e f l o n  c o i l ,  i n s e r t e d  b e t w e e n  t h e  pump and i n j e c t o r ,  
was used  a s  a p u l s e  dampen ing  and e l e c t r i c a l  n o i s e  
s c r e e n i n g  d e v i c e .  The s e p a r a t i o n  c o l u m n  was p r o t e c t e d  
b y  means o f  a Rheodyne 2 1 ~ .  e x c h a n g e a b l e  f i l t e r  e l e m e n t  
be tween  t h e  i n j e c t o r  v a l v e  and t h e  co lumn.  The i n j e c t o r ,  
co lumn,  and d e t e c t o r  p a r t s  were  a l l  monted  w i t h i n  a 
F a r a d a y  cage .  

Column P a c k i n g  P r o c e d u r e  
The c o l u m n  was p a c k e d  w i t h  t h e  b a l a n c e d  d e n s i t y  

s l u r r y  p a c k i n g  t e c h n i q u e ,  a c c o r d i n g  t o  M a j o r s  ( 1 3 1  . - T h e  
u s e  o f  t h e  u p w a r d - s l u r r y  p a c k i n g  me thod  d e s c r i b e d  b y  
B r i s t o w  ( 1 4 1  d i d  n o t  i m p r o v e  t h e  c o l u m n  e f f e c i e n c y  
s i g n i f i c a n t l y .  
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C h e m i c a l s  a n d  S o l v e n t s  
D i s t i l l e d  w a t e r  w a s  r e d i s t i l l e d  f r o m  a l k a l i n e  o e r -  

m a n g a n a t e  b e f o r e  i t s  use f o r  b u f f e r  p r e p a r a t i o n .  T h e  mo- 
b i l e  p h a s e ,  pH 5 . 2 ,  was p r e p a r e d  f r o m  c i t r i c  a c i d  ( 2 3 . 0  
g l ,  a n h y d r o u s  s o d i u m  a c e t a t e  ( 1 6 . 6  g ) ,  a c e t i c  a c i d  4 . 2 0  
m 1 3  ( a l l  f r o m  E .  M e r c k ,  D a r m s t a d t ,  G F R ) ,  a n d  s o d i u m  h y -  
d r o x i d e  ( 9 . 6  g l  d i l u t e d  w i t h  t h e  u l t r a p u r e  w a t e r  t o  4 1. 
S t a n d a r d  s o l u t i o n s  ( 1 - 0 . 0 1  pM) o f  N E ,  E, a n d  D A  ( S i g m a  
C h e m .  C o . ,  S t  L o u i s ,  Mo.1 w e r e  p r e p a r e d  i n  0 . 1  M p e r -  
c h l o r i c  a c i d  (PCA) a n d  u s e d  f o r  t h e  d e t e r m i n a t i o n  o f  r e -  
t e n t i o n  a n d  d e t e c t o r  r e s p o n s e  d a t a  o f  t h e  c h r o m a t o g r a p h i c  
s y s t e m .  A c i d  w a s h e d  a l u m i n a  p r e p a r e d  by t h e  m e t h o d  o f  
A n t o n  a n d  S a y r e  ( 1 )  a s  well a s  a c o m m e r c i a l l y  a v a i l a b l e  
g r a d e  ( B i o a n a l y t i c a l  S y s t e m s  I n c . ,  West  L a f a y e t t e ,  I n . )  
w a s  u s e d .  

C h r o m a t o g r a p h i c  C o n d i t i o n s  
D e e a s s i n e  o f  t h e  b u f f e r  was c o n t i n u o u s l v  e f f e c t e d  

by m a i n t a i n i n g  i t  a t  a t e m p e r a t u r e  o f  5OoC. i t  a c o n -  
s t a n t  s o l v e n t  f l o w  r a t e  ( 0 . 4 0  o r  0 . 6 0  m l / m i n )  t h r o u g h  
t h e  s y s t e m  t h e  b a c k g r o u n d  c u r r e n t  o u t p u t  f r o m  t h e  d e -  
t e c t o r  w a s  a l l o w e d  t o  s t a b i l i z e  f o r  a t  l e a s t  3 h .  B a c k -  
g r o u n d  c o m p e n s a t i o n  w a s  g e n e r a l l y  o f  t h e  o r d e r  1 . 0 - 1 . 5  
n A .  A t  v e r y  h i g h  s e n s i t i v i t y  s e t t i n g s  ( 1  n A  f u l l  s c a l e  
o r  l e s s )  b a s e l i n e  i n s t a b i l i t y  c a u s e d  by many d i f f e r e n t  
f a c t o r s  c o n s t i t u t e s  a v e r y  i m p o r t a n t  a n d  d i f f i c u l t  p r o b -  
l e m .  E l e c t r o n i c  n o i s e  f r o m  t h e  pump m o t o r ,  h o w e v e r ,  
c o u l d  be r e d u c e d  e f f e c t i v e l y  by c o n n e c t i n g  t h e  o u t l e t  
s t e e l  c a p i l l a r y  t u b e  t o  g r o u n d .  O n l y  s l i g h t  f u r t h e r  i m -  
p r o v e m e n t  w a s  o b t a i n e d  by t h e  t e f l o n  c o i l ,  w h i c h  s u g g e s t s  
t h a t  f l o w  r a t e  v a r i a t i o n s  f r o m  t h e  pump a r e  less i m p o r t a n t  
t h a n  e l e c t r o n i c  f a c t o r s .  F u r t h e r ,  s e c u r e  f i x a t i o n  of  t h e  
c o r d  c o n t a i n i n g  t h e  c a b l e s  t o  w h i c h  t h e  d e t e c t o r  c e l l  i s  
c o n n e c t e d  i s  a v i t a l  f a c t o r .  

P r e p a r a t i o n  o f  S a m p l e s  
Two m o d i f i c a t i o n s  o f  A n t o n  a n d  S a y r e ’ s  o r i g i n a l  

m e t h o d  were u s e d .  I n  t h e  f i r s t ,  2 . 0  m l - o f  f r e s h l y  p r e -  
p a r e d  p l a s m a  w a s  a d j u s t e d  t o  pH 8 . 6  a n d  s h a k e n  w i t h  
30  mg o f  a l u m i n a  f o r  1 5  m i n .  A f t e r  t w o  w a s h i n g s  w i t h  
w a t e r  t h e  a l u m i n a  w a s  d r i e d  by s u c t i o n  a n d  t h e  c a t e -  
c h o l a m i n e s  l i b e r a t e d  by t h e  a d d i t i o n  o f  50 1.11 o f  0 . 1  
M PCA. Af t e r  c e n t r i f u g a t i o n  20  ~1 o f  t h e  s u p e r n a t a n t  
w a s  i n j e c t e d  i n t o  t h e  c h r o m a t o g r a p h .  I n  t h e  s e c o n d  
m o d i f i c a t i o n  6 . 0  m l  o f  s e r u m  was f i r s t  c o m p l e t e l y  d e -  
p r o t e i n i z e d  by t h e  a d d i t i o n  o f  6 0 0  p 1  o f  4 M PCA, a f t e r  
w h i c h  4 0 0  mg o f  a l u m i n a  w a s  a d d e d  t o  t h e  s u p e r n a t a n t  
o b t a i n e d  on  c e n t r i f u g a t i o n  a f t e r  i t s  d i l u t i o n  w i t h  
2 0  m l  o f  0 . 4  M PCA a n d  a d j u s t m e n t  t o  pH 8 . 6 .  T h e  s u b -  
s e q u e n t  p r o c e d u r e  w a s  a n a l o g o u s  t o  t h a t  i n  t h e  f i r s t  
m o d i f i c a t i o n .  1 . 5  m l  o f  1 M PCA was u s e d  f o r  d e s o r p t i o n ,  
h o w e v e r ,  a n d  t h e  w h o l e  i s o l a t i o n  p r o c e d u r e  was r e a d i l y  
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c a r r i e d  o u t  i n  a t e f l o n - s t o p p e r e d  1 0 0  x 10  rnm 1 . 0 .  
g l a s s f i l t e r  f u n n e l .  5 0  p 1  o f  t h e  PCA f i l t r a t e  was i n -  
j e c t e d .  I n  b o t h  p r o c e d u r e s  s o d i u m  b i s u l p h i t e  a s  a n t i -  
o x i d a n t  a n d  EOTA a r e  p r e s e n t  i n  t h e  s o l u t i o n s  d u r i n g  
t h e  a d s o r p t i o n  p r o c e s s  (I). 

RESULTS AND DISCUSSION 

The  d e t e c t o r  r e s p o n s e  c u r v e s  shown i n  F i g .  1 w e r e  
o b t a i n e d  f r o m  s t u d i e s  of i n j e c t e d  s t a n d a r d  s o l u t i o n s .  
The  l i n e a r  r a n g e  e x t e n d s  t o  c a .  5 0 0  p m o l e s  i n j e c t e d  
m a t e r i a l  f o r  a l l  t h r e e  c a t e c h o l a m i n e s .  An i n c r e a s e  i n  
t h e  a p p l i e d  p o t e n t i a l  a b o v e  0 . 5 5  V c a u s e d  a c e r t a i n  
i n c r e a s e  i n  p e a k  h e i g h t  b u t  a l s o  i n  b a c k g r o u n d  c u r r e n t ,  
e s p e c i a l l y  a h o v e  0 . 7 0  V .  The  r e s u l t s  p e r t a i n i n g  t o  t h e  
d e t e c t o r  r e s p o n s e  a n d  r e t e n t i o n  c h a r a c t e r i s t i c s  a r e  
shown i n  T a b l e  1 .  

t e r i a l  a r e  i m p o r t a n t  b e c a u s e  NE h a s  t o  b e  c o m p l e t e l y  
s e p a r a t e d  f r o m  t h e  s o l v e n t  f r o n t  c o n t a i n i n g  l e s s - r e t a i n -  
e d  compounds ,  a n d  b e c a u s e  b u f f e r  d i l u t i o n  ( t o  i n c r e a s e  
V 1 w i l l  s o o n  c a u s e  n o i s e  p r o b l e m s .  U n f o r t u n a t e l y ,  
l a r g e  v a r i a t i o n s  may o c c u r  b e t w e e n  d i f f e r e n t  b a t c h e s  o f  
t h e  same m a t e r i a l .  Of t h e  N u c l e o s i l  SA i o n  e x c h a n g e r s  
w i t h  mean p a r t i c l e  d i a m e t e r s  o f  5 um a n d  1 0  urn, r e -  
s p e c t i v e l y ,  o n l y  o n e  b a t c h  o f  t h e  l a t t e r  m a t e r i a l  was 
f o u n d  t o  g i v e  a c a p a c i t y  f a c t o r  f o r  NE h i g h  e n o u g h  t o  
h e  s a t i s f a c t o r y .  

The  r e t e n t i o n  p r o p e r t i e s  o f  t h e  i o n - e x c h a n g e  ma- 

R 

TABLE 1 

R e t e n t i o n  a n d  D e t e c t o r  R e s p o n s e  D a t a  

Compound VR ml k'-'R-'O P e a k  h e i g h t  rnm P e a k  a r e a  
Vg p e r  pmol a t  mm2 p e r  

0 . 5 5  V a n d  0 . 5  p m o l  a t  
nA/V f u l l  0 . 5 5  V a n d  
s c a l e  0 . 5  nA/V 

f u l l  s c a l e  

NE 4.6 1 . 5 5  7 1  

E 7 . 7  3 . 3  32  

D A  1 0 . 4  4 . 0  20 

1 0 7  

9 7  

1 4 3  
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O f  t h e  many d i f f i c u l t i e s  a s s o c i a t e d  w i t h  t h e  
d e t e r m i n a t i o n  o f  c a t e c h o l a m i n e s  i n  p l a s m a  or se rum 
by H P L C ,  t h e  f o l l o w i n g  p r o b l e m s  a r e  o f  p a r t i c u l a r  
i m p o r t a n c e .  T h e  a l u m i n u m  o x i d e  e x t r a c t i o n  p r o c e s s  
y i e l d s ,  e x c e p t  f o r  t h e  t h r e e  c a t e c h o l a m i n e s  o f  i n -  
terest h e r e ,  a n u m b e r  o f  o t h e r  e l e c t r o a c t i v e  com- 
p o u n d s  (3. L-DOPA a n d  d e r i v a t i v e s )  w h i c h  a p p e a r  
c l o s e  t o  t h e  s o l v e n t  f r o n t  a n d  w h i c h  may p a r t i a l l y  
o v e r l a p  t h e  c a t e c h o l a m i n e  p e a k s ,  e s p e c i a l l y  N E .  Be- 
c a u s e  t h e  e x t e n t  t o  w h i c h  t h i s  o c c u r s  v a r i e s  w i t h  
f a c t o r s  s u c h  a s  t h e  a l u m i n i u m  o x i d e  u s e d ,  t h e  s a m p l e  
t o  b e  e x t r a c t e d  a n d  t h e  f i n a l  w a s h i n g  p r o c e d u r e ,  we 
u s e d  s l i g h t  m o d i f i c a t i o n s  o f  A n t o n  a n d  S a y r e ' s  o r i -  
g i n a l  m e t h o d  t o  s t u d y  t h e  e f f e c t  o f  d e p r o t e i n i z a t i o n  
o f  t h e  s a m p l e  i n  t h i s  r e s p e c t  a n d  o n  c a t e c h o l a m i n e  
r e c o v e r y  a s  w e l l .  T h e  r e c o v e r i e s  o b t a i n e d  by  t h e  t w o  
p r o c e d u r e s  were s t u d i e d  by a c c u r a t e  r a d i o l a b e l l i n g  e x -  
p e r i m e n t s  a n d  t h e  r e s u l t s  a r e  shown i n  T a b l e  2 .  

' 160 
Injected amount, picomoh 

F i g .  1 .  G r a p h  s h o w i n g  t h e  d e t e c t o r  r e s p o n s e  a s  a 
f u n c t i o n  of  t h e  a m o u n t  i n j e c t e d .  T h e  c o l u m n  u s e d  
was  n o t  t h e  s a m e  a s  t h e  o n e  u s e d  f o r  t h e  d a t a  p r e -  
s e n t e d  i n  T a b l e  1 .  
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T A B L E  2 

ALLENMARK AND HEDMAN 

R e c o v e r i e s  O b t a i n e d  i n  t h e  E x t r a c t i o n  P r o c e d u r e s  
D e s c r i b e d  i n  t h e  E x p e r i m e n t a l  P e r t .  Method A d e n o t e s  
t h e  p r o c e d u r e  w i t h o u t  d e p r o t e i n i z a t i o n  o f  t h e  s a m p l e ,  
B t h e  o t h e r  p r o c e d u r e .  

Compound Method A d s o r p t i o n  T o t a l  r e c o v e r y ,  
y i e l d ,  % % 

A 7 6  7 4  
B 8 6  66 
A 79 6 0  

B 8 9  6 9  

A 0 2  67 
B 91 68 

NE 

E 

D A  

C o m p l e t e  b a s e - l i n e  s e p a r a t i o n  o f  t h e  c a t e c h o l -  
a m i n e s  f r o m  t h e  l e s s - r e t a i n e d  m a t e r i a l  r e q u i r e s  a h i g h  
c o l u m n  e f f i c i e n c y  a n d  a s t a t i o n a r y  p h a s e  w h i c h  c a n  
y i e l d  s u f f i c i e n t l y  h i g h  c a p a c i t y  f a c t o r s .  T h i s  c a n  
o n l y  be  a c h i e v e d  by t h e  use  o f  a m e t a l l i c  c o l u m n  a n d  
a p a c k i n g  m a t e r i a l  o f  s m a l l  d i a m e t e r .  O f  t h e  m a t e r i a l s  
s u i t a b l e  f o r  e l e c t r o c h e m i c a l  d e t e c t i o n ,  r e v e r s e d  p h a s e  
a n d  i o n - e x c h a n g e  m i c r o p a r t i c l e s ,  t h e  l a t t e r  h a s  t h e  
a d v a n t a g e  o f  s e p a r a t i n g  i n  o r d e r  o f  b a s i c i t y ,  a pre-  
r e q u i s i t e  t o  a v o i d  i n t e r f e r e n c e  w i t h  t h e  l e s s  b a s i c  
a m i n o  a c i d s  ( 1 0 ,  111 .  
F i g s .  2 a n d  3 i l l u s t r a t e  some t y p i c a l  r e s u l t s .  I n  F i g .  
2 c h r o m a t o g r a m s  o f  t h e  t h r e e  c a t e c h o l a m i n e s  i s o l a t e d  
f r o m  2 m l  o f  n o n - d e p r o t e i n i z e d  p l a s m a  a n d  f r o m  a s o -  
l u t i o n  o f  s t a n d a r d s  a r e  c o m p a r e d .  A c c o r d i n g  t o  t h e  p r e -  
v i o u s l y  d e t e r m i n e d  d e t e c t o r  r e s p o n s e  f a c t o r s ,  t h e  E/NE 
a n d  O A / N E  r a t i o s  w o u l d  b e  0 . 1 9  a n d  0 . 2 0 .  T h e  a b s o l u t e  
c o n c e n t r a t i o n s  i n  n m o l / l  o f  NE, E a n d  D A  w h i c h  may b e  
c a l c u l a t e d  f r o m  a 7 0  % r e c o v e r y  a r e  6 . 9 ,  1 . 4  a n d  1.3, 
r e s p e c t i v e l y .  F i g .  3 s h o w s  a s i m i l a r  r e s u l t  f r o m  t h e  
a n a l y s i s  o f  a n o t h e r  s a m p l e  i n  w h i c h  6 m l  o f  P C A - d e p r o -  
t e i n i z e d  s e r u m  w a s  u s e d  f o r  a d s o r p t i o n  on  a l u m i n a .  Here 
t h e  E a n d  O A  c o n c e n t r a t i o n s  a r e  t o o  l o w  t o  b e  e v a l u a t e d  
f ro,m t h e  c h r o m a t o g r a m .  The  NE p e a k ,  h o w e v e r ,  c o r r e s p o n d s  
t o  a s e r u m  c o n c e n t r a t i o n  o f  - 2 0  n m o l / l .  

We h a v e  a l s o  shown by s e p a r a t e  e x p e r i m e n t s  t h a t  
i n t e r n a l  s t a n d a r d i z a t i o n  by t h e  a d d i t i o n  o f  3 , 4 - d i h y -  
d r o x y b e n z y l a m i n e  ( D H B A I  t o  t h e  s a m p l e  f o r  a c c u r a t e  r e -  
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I- 
0 

F I G U R E  2 

NE 
I 

' $0 ' 2'0 min 

R e p r e s e n t a t i v e  c h r o m a t o g r a m s  o f  t h e  d e s o r b e d  m a t e r i a l  
f r o m  a l u m i n a  e x t r a c t i o n  o f  a )  a 2 m l  n o n - d e p r o t e i n i z e d  
p l a s m a  s a m p l e  ( l e f t )  a n d  b l  c a t e c h o l a m i n e  s t a n d a r d s  
( r i g h t ) .  T h e  c h r o m a t o g r a p h i c  r e c o r d i n g s  were p e r f o r m e d  
u n d e r  i d e n t i c a l  c o n d i t i o n s  - flow r a t e  0 . 6 0  m l / m i n  
c o r r e s p o n d i n g  t o  a p r e s s u r e  o f  6 8 0  p s i ,  c h a r t  s p e e d  
20 c m / h r ,  s e n s i t i v i t y  1 nA/V a t  1 V r e c o r d e r  i n p u t ,  
b a c k g r o u n d  o f f s e t  1 . 2  n A .  
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E 

t 
0 ' lb ' do ' min 

FIGURE 3 

Chromatogram o f  t h e  d e s o r b e d  m a t e r i a l  f r o m  a l u m i n a  
e x t r a c t i o n  o f  6 m l  o f  d e p r o t e i n i z e d  s e r u m  r e c o r d e d  a t  
a f l o w  r a t e  o f  0 . 4 0  m l / m i n .  O t h e r  c o n d i t i o n s  a s  s t a t e d  
u n d e r  F i g .  1 .  
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c o v e r y  d e t e r m i n a t i o n s  i s  p o s s i b l e  b e c a u s e  t h e  D H B A  p e a k  
i s  o b t a i n e d  w e l l  e n o u g h  r e s o l v e d  f r o m  i t s  n e i g h b o u r s  
N E  a n d  E .  

r e c o r d i n g s  p r e s e n t e d  i n  F i g .  2 ,  a s i g n a l - t o - n o i s e  ( S / N )  
r a t i o  o f  1 0  c o r r e s p o n d s  t o  i n j e c t e d  a m o u n t s  o f  0 . 4  pmol  
o f  N E ,  0 . 9  pmol  o f  E a n d  1 . 0  pmol  o f  D A .  T h e  l i m i t s  o f  
d e t e c t i o n  ( S / N = 2 )  w e r e  8 0 ,  1 8 0  a n d  2 0 0  f m o l ,  r e s p e c t i v e l y .  

l u a t e d  f u r t h e r  w i t h  r e s p e c t  t o  a c c u r a c y  a n d  p r e c i s i o n ,  
t h e  r e s u l t s  s h o w  t h a t  t h e  t h r e e  c a t e c h o l a m i n e s  s t u d i e d  
c a n  b e  c o m p l e t e l y  r e s o l v e d  f r o m  e a c h  o t h e r  a n d  f r o m  t h e  
o t h e r  e x t r a c t e d  c o m p o u n d s  i n  t h e  l e a d i n g  p e a k s  a n d  q u a n -  
t i t a t e d  by s t a n d a r d i z a t i o n  t e c h n i q u e s .  We a r e  c o n v i n c e d  
t h a t  w i t h  t h e  use  o f  e v e n  m o r e  e f f i c i e n t  c o l u m n s  a n d  
w i t h  f u r t h e r  i m p r o v e m e n t  i n  b a s e l i n e  s t a b i l i t y  by m e a n s  
o f  m e t i c u l o u s  d e t e c t o r  i s o l a t i o n ,  t h i s  m e t h o d  w i l l  b e  
' s e n s i t i v e  e n o u g h  t o  p e r m i t  p l a s m a  c a t e c h o l a m i n e  s t u d i e s  
i f  s a m p l e  v o l u m e s  a r e  o f  t h e  o r d e r  2 - 1 0  m l .  

U n d e r  t h e  c o n d i t i o n s  u s e d  f o r  t h e  c h r o m a t o g r a p h i c  

I n  o u r  o p i n i o n ,  a l t h o u g h  t h e  m e t h o d  h a s  t o  b e  eva-  
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