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PLASMA SAMPLE CLEANUP FOR 
CATECHOLAMINES ANALYSIS USING 

WEAK CATION EXCHANGE SOLID 
PHASE EXTRACTION 

Ritchard C. Parry, Daryl J .  Gisch, 
and George D. Wachob 

SUPELCO, Inc. 
Supelco Park 

Bellefonte, Pennsylvania 16823 

ABSTRACT 

Norepinephrine and epinephrine were i s o l a t e d  from human 
plasma a t  picogram l e v e l s  by s o l i d  phase e x t r a c t i o n  (SPE) ,  on a 
p r o p r i e t a r y  weak c a t i o n  exchange s i l i ca  based packing. Plasma 
samples were spiked wi th  catecholamines a t  two concen t r a t ions  
t o  s imula t e  body response t o  varying l e v e l s  of stress. 
Recoveries of norepinephrine and epinephrine a t  both 
concen t r a t ions  exceeded 95%. 

An a n a l y s i s  of catecholamines by i o n  p a i r  high-performance 
l i q u i d  chromatography with amperometric d e t e c t i o n  i s  descr ibed.  

INTRODUCTION 

I n t e r e s t  i n  catecholamines has  increased s i n c e  t h e  

discovery of a l i n k  between body l e v e l s  of t h e s e  compounds and 
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2430 P A R R Y ,  GISCH, AND WACHOB 

adrena l  and neuronal tumors a s soc ia t ed  with endocrinological  

and neuro log ica l  d i s o r d e r s  (1). 

l e v e l s  have been shown t o  be e x c e l l e n t  i n d i c a t o r s  of t h e  

presence of t h e s e  tumors. Urinary catecholamine l e v e l s ,  

however, r ep resen t  an i n t e g r a t e d  response over a long period of 

t i m e .  This can make it d i f f i c u l t  t o  draw conclusions on t h e  

e f f e c t s  of va r ious  body s t i m u l i  on catecholamine production. 

Plasma catecholamine l e v e l s ,  on t h e  o the r  hand, respond more 

r a p i d l y  t o  s t i m u l i ,  and thus a r e  a more accurate  i n d i c a t o r  of 

t h e  r e l a t i o n s h i p  between catecholamine production and body 

s t imulus (2). 

Elevated u r ine  and plasma 

Seve ra l  a n a l y t i c a l  methods have been developed f o r  

es t imat ing catecholamine l e v e l s  i n  plasma, including 

radioenzymatic assay ( 3 ) ,  gas chromatography ( 4 ) ,  gas 

chromatography-mass spectrometry (51, and high-performance 

l i q u i d  chromatography (HPLC) with u l t r a v i o l e t  (6), f luorescence 

(7) o r  e lectrochemical  (‘8) de tec t ion .  For r o u t i n e  plasma 

ana lyses ,  ex t ens ive  sample cleanup i s  necessary with each of 

t hese  a n a l y t i c a l  methods. The most common sample cleanup 

procedure invo lves  a batch e x t r a c t i o n  of t he  catecholamines m 

alumina (9-11). This nethod i s  hampered by r e l a t i v e l y  poor 

recovery (approximately 70%) of t h e  catecholamines from t h e  

alumina. Other cleanup methods, involving ion-exchange columns 

used i n  conjunct ion with an alumina e x t r a c t i o n  (121, s u f f e r  

from t h e  same recovery problems observed when using alumina 

alone. 

We have developed a s i m p l e ,  r ap id ,  plasma cleanup 

technique u t i l i z i n g  weak c a t i o n  exchange s o l i d  phase e x t r a c t i o n  

(SPE).  Catecholamine recovery from t h e  p l a s m  e x t r a c t i o n  is 

g r e a t e r  than 9091. Thus, catecholamines analyses  by i o n  p a i r  

HPLC with electrochemical  d e t e c t i o n  can be performed on 500 ~1 

plasma samples. 
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MATERIALS AND METHODS 
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Standards and Reagents 

Norepinephrine and epinephrine s t anda rds  , and t h e  i n t e r n a l  

s t anda rd  3,4-dihydroxybenzylamineY were obtained from Sigma 

Chemical C o .  ( S t .  Louis,  MO). Reagent grade anmonium 

hydroxide,  hydrochlor ic  a c i d ,  a c e t i c  a c i d ,  phosphoric a c i d  and 

p e r c h l o r i c  a c i d ,  and c e r t i f i e d  A . C . S .  grade c i t r i c  a c i d  

(anhydrous) , sodium phosphate ( d i b a s i c )  and disodium 

ethylenediamine t e t r a a c e t a t e ,  were obtained from F i s h e r  

S c i e n t i f i c  ( P i t t s b u r g h ,  P A ) .  The ion  p a i r i n g  r eagen t ,  IIPLC 

grade 1-octanesulfonic  a c i d  (sodium s a l t ) ,  was  obtained from 

Eastman Kodak C o .  (Rochester,  N Y ) .  

A l l  aqueous s o l u t i o n s  were prepared from water obtained 

from a Milli-(i  water  p u r i f i c a t i o n  system (Mi l l ipo re  Co.  , 
Bedf ord,  MA). 

A l l  volumetr ic  f l a s k s  used i n  t h e  p repa ra t ion  of s t anda rds  

were s i l a n i z e d  with SYLON-CT (SUPELCO, Inc . ,  Be l l e fon te ,  P A )  

p r i o r  t o  use,  t o  prevent  absorpt ion of t h e  catecholamines on 

t h e  b o r o s i l i c a t e  g l a s s .  

A s t o c k  catecholamine s t anda rd ,  con ta in ing  20.5 mg of 

norepinephrine (NE) and 10.3 mg of epinephrine (E) i n  100 m l  of 

a 1% (v/v)  acetic a c i d  i n  water s o l u t i o n ,  was  prepared i n  a 

volumetr ic  f l a s k .  

A s t o c k  i n t e r n a l  s tandard s o l u t i o n ,  containing 20.0 mg of 

3,4-dihydroxybenzylamine (DHBA) i n  50 m l  of a 1% (v/v)  acetic 

a c i d  i n  water s o l u t i o n ,  was  prepared i n  a volumetric f l a s k .  

A d i l u t e  catecholamine s t anda rd  s o l u t i o n  was prepared by 

d i l u t i n g  1 0  111 of t h e  s tock  catecholamine s tandard s o l u t i o n  t o  

100 ml with w a t e r  i n  a volumetric f l a s k .  

A d i l u t e  i n t e r n a l  standard s o l u t i o n  w a s  prepared by 

d i l u t i n g  1 0  r . l l  of t h e  s tock  i n t e r n a l  s tandard s o l u t i o n  t o  

100 m l  wi th  water i n  a volumetr ic  f l a s k .  
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2432 PARRY, GISCH, A N D  WACHOB 

Working ca techolamine  s t a n d a r d s  were prepared  by d i l u t i n g  

an  a p p r o p r i a t e  amount of t h e  d i l u t e  ca t echo lan ine  s t anda rd  t o  

500 ~1 wi th  wa te r .  

I n i t i a l  P la sma  P r e p a r a t i o n  

Plasma w a s  p repared  from f r e s h  blood drawn d a i l y  from 

h e a l t h y  v o l u n t e e r s .  The blood w a s  drawn i n t o  hepa r in i zed  tubes  

and c e n t r i f u g e d  f o r  1 0  minutes a t  2500 g a t  4°C. 
was then removed from t h e  c e n t r i f u g e  tube  and s t o r e d  a t  4°C f o r  

up t o  one day. 

The plasma 

Plasma Cleanup 

A 1 m l  s i z e  Supelc lean  LC-WCX SPE tube  (SUPELCO Inc . ,  

B e l l e f o n t e ,  PA) was cond i t ioned  wi th  500 p l  of 0.5 M 
hydroch lo r i c  a c i d  i n  water, followed by 1 m l  of water t o  remove 

t h e  excess  a c i d  from t h e  packing. The sample, c o n s i s t i n g  of a 

1:l d i l u t i o n  of a 500 ~1 plasma sample wi th  water, w a s  passed 

through t h e  e x t r a c t i o n  tube  a t  a s low dropwise rate. 

of t h e  plasma wi th  water allowed plasma components t o  p a s s  

through t h e  ion-exchange packing, wi thout  i n t e r f e r i n g  wi th  t h e  

e x t r a c t i o n  of ca techolamines .  

D i l u t i o n  

A t h r e e  s t e p  wash procedure was used t o  remove t h e  more 

s t r o n g l y  r e t a i n e d  i n t e r f e r r i n g  plasma components from t h e  

e x t r a c t i o n  tube .  The tube  was f i r s t  washed wi th  1 m l  of 

water. This  removed both  r e s i d u a l  plasma l e f t  on t h e  tube  and 

many of t h e  p o l a r  i m p u r i t i e s  t h a t  o therwise  appeared i n  t h e  

s o l v e n t  f r o n t  d u r i n g  HPLC a n a l y s i s .  

w i th  250 111 of 1 .0  M ammonium hydroxide  i n  water, t o  remove 

i m p u r i t i e s  o the rwise  seen  as shou lde r s  on t h e  ca techolamine  

The tube  was t h e n  washed 
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PLASMA SAMPLE CLEANUP 2433 

peaks during a n a l y s i s .  

t o  remove both t h e  r e s i d u a l  ammonium hydroxide so lu t ion  and t h e  

rest of t h e  p o l a r  impuri t ies .  

A second 1 m l  w a t e r  wash was then used 

A 30 p 1  a l i q u o t  of t he  d i l u t e  i n t e r n a l  standard s o l u t i o n  

was added t o  t h e  tube and washed onto t h e  ion-exchange packing 

with 250 ul of water  a t  a slow dropwise r a t e .  

s tandard w a s  added a t  t h i s  po in t ,  t o  ensure t h a t  abso lu t e  

recovery of t h e  i n t e r n a l  s tandard exceeded 90%. When t h e  

i n t e r n a l  s tandard w a s  added earlier,  approximately 40% w a s  l o s t  

when t h e  tube  packing was washed. 

The i n t e r n a l  

The catecholamines and i n t e r n a l  s tandard were e l u t e d  from 

t h e  tube  with 250 p 1  of 0.2 M pe rch lo r i c  ac id  i n  water. 

e l u a t e  w a s  c o l l e c t e d  i n  a small g l a s s  v i a l ,  s i l a n i z e d  with 

SYLON-CT (SUPELCO) t o  prevent adsorpt ion of t h e  catecholamines 

on t h e  b o r o s i l i c a t e  g l a s s .  

The 

Recoveries of t h e  two catecholamines,  norepinephrine and 

epinephrine,  from t h e  Supelclean LC-UCX tubes,  were determined 

by s tandard add i t ion .  A l l  e x t r a c t i o n s  were done i n  

t r i p l i c a t e .  The human plasma w a s  spiked a t  two d i f f e r e n t  

catecholamine l e v e l s  t o  s t imu la t e  body response t o  varying 

degrees  of stress. 

Chromatography 

A Varian Instrument Group (Palo Al to ,  CA) 5000 S e r i e s  

l i q u i d  chromatograph, equipped with an LCI4B amperometric 

d e t e c t o r  ( B i o a n a l y t i c a l  Systems, West La faye t t e ,  IN),  was used 

t o  analyze t h e  plasma e x t r a c t s .  

separated on a SUPELCOSIL@ LC-18-DB HPLC column (15 c m  x 4.6 

mm, 5 u m  p a r t i c l e s )  (SUPELCO). A Supelguard LC-18-DB guard 

column ( 2  c m  x 4.6 mm, 5 urn p a r t i c l e s )  (SUPELCO) w a s  employed 

t o  prolong t h e  l i f e  of t h e  a n a l y t i c a l  column. 

(13) cons i s t ed  of 0.025 M c i t r i c  ac id ,  0.025 disodium 

The catecholamines were 

The mobile phase 
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2434 PARRY, GISCH, AND WACHOB 

phosphate,  0.05 mM disodium EDTA and 34 mg/L of t h e  

1-octanesulfonic  a c i d  ion  p a i r i n g  reagent  (pH ad jus t ed  t o  3 . 4  

with 85% phosphoric a c i d ) .  

passed through a 0.2 urn f i l t e r  and degassed f o r  20 minutes 

under vacuum before use.  

t h e  column a t  a f low rate of 1.5 ml/min. a t  ambient 

temperature.  The amperometric d e t e c t o r  w a s  used i n  t h e  

ox ida t ive  mode with an  app l i ed  p o t e n t i a l  of t650 m V ,  a range of 

1 . 0  nA and a f i l t e r  s e t t i n g  of 0 .1  Hz. 

It w a s  prepared f r e s h  d a i l y  and 

The mobile phase w a s  passed through 

RESULTS 

Figure l a  shows an  e x t r a c t  from human plasma spiked with 

205 pg of norepinephrine and 103 pg of epinephrine.  

shows t h e  working s tandard prepared a t  t h e  same catecholamine 

concen t r a t ions .  

spiked and t h e  s tandard plasma samples r ep resen t  catecholamines 

o r i g i n a l l y  p re sen t  i n  t h e  plasma sample, as seen i n  Figure lc .  

Figure l b  

The d i f f e r e n c e s  i n  peak h e i g h t s  between the  

Catecholamine recovery w a s  determined from peak h e i g h t  

r e l a t i v e  t o  t h e  i n t e r n a l  s tandard,  DHBA, using Equation 1. 

EQUATION 1 

Percent  R e l a t i v e  Recovery = x 100% 

(E) ws 

(H)x = he igh t  of catecholamine peak 

(H)std = he igh t  of i n t e r n a l  s tandard peak 

S = spiked plasma sample 

B = blank plasma sample 

WS = working s tandard 
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DHBA 

Figure 1: ( a )  Human plasma spiked with 205 pg NE, 103  pg E and 
1200 pg DHBA. ( b )  Catecholamine working s tandard 
con ta in ing  205 pg NE, 103 pg E and 1200 pg DHBA. (c) 
Normal catecholamine l e v e l s  found i n  human plasma 
spiked with 1200 pg DHBA. NE - norepinephrine E - 
epinephrine DHBA - 3,4-dihydroxybenzylamine 
( i n t e r n a l  s tandard)  
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TABLE 1 

Catecholamine Recovery from Human Plasma 

s p i k e  r e l a t i v e  recovery 

Catecholamine (pg) 1 2 3 __ Mean 5 S.D. 

95.9 96.9 + 4.7 NE 205 92.8 102 

97.8 + 9.4 E 103 95.8 89.5 108 

NE 615 110 100 109 106 5 5.5 

96.9 + 5.7 E 309 98.1 90.7 102 

- 
- 

- 

Recovery d a t a  i s  summarized i n  Table 1. Absolute recovery 

of norepinephrine and epinephrine,  a t  t h e  concentrat ions shown 

i n  Figure 1, was 91.1 - + 4.4% and 91.9 5 9.2% r e spec t ive ly .  

These va lues  a r e  s l i g h t l y  lower than the  r e l a t i v e  recovery 

reported i n  Table 1. 

epinephrine from plasma spiked with 615 pg and 309 pg, 

r e spec t ive ly ,  w a s  102 5 6.5% and 93.1 57.3%. 

Absolute recovery of norepinephrine and 

DISCUSSION 

Plasma catecholamine a n a l y s i s  has  taken on g r e a t e r  

importance, as t h e  r o l e  of catecholamines a s  i n d i c a t o r s  of 

stress r e l a t e d  i l l n e s s e s ,  ad rena l  tumors and neuronal tumors 

has  become more defined. 

degree of s e n s i t i v i t y  provided by high-performance l i q u i d  

chromatography, when coupled with amperometric de t ec t ion ,  i s  

r a p i d l y  making t h i s  technique t h e  method of choice i n  many 

l a b o r a t o r i e s  ( 1 4 ) .  

The r ap id  a n a l y s i s  t i m e  and high 
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The choice among sample cleanup methods i s  not  a s  w e l l  

C h a r a c t e r i s t i c  concen t r a t ions  i n  t h e  picogram p e r  def ined.  

mi l l i l i t e r  range r e q u i r e  a cleanup method t h a t  i s  f a s t  and 

reproducible ,  and w i l l  provide maximum sample recovery. 

Published r e s u l t s  from t h e  alumina batch e x t r a c t i o n  method 

columonly used f o r  catecholamine a n a l y s i s  show recovery va lues  

ranging from 45% (15) t o  74% (16) .  The method i s  a l s o  r a t h e r  

t i m e  consuming, r equ i r ing  approximately 45 minutes per  sample. 

Other methods, involving a batch e x t r a c t i o n  of t h e  

catecholamines on a bo r i c  ac id  g e l  (161, provide good recovery 

of t h e  catecholamines ( i n  excess of 91%). But t hese  methods 

have sample p repa ra t ion  times of a t  l e a s t  15  minutes, with an 

a d d i t i o n a l  1 5  minute turnaround t i m e  between each a n a l y s i s  t o  

r e a c t i v a t e  t h e  g e l .  

Ex t r ac t ion  of plasma catecholamines on a s i n g l e ,  

disposable  Supelclean LC-WCX SPE tube al lows complete plasma 

cleanup i n  less  than 1 0  minutes, with no turnaround time 

between analyses .  

catecholamine recovery values  g r e a t e r  than 95%. 

recovery w a s  9 1 . 1 5  4.4% and 102 2 6.5%, r e spec t ive ly ,  f o r  

plasma samples spiked with 205 pg and 615 pg of 

norepinephrine.  

9.2% f o r  103  pg and 9 3 . 1 +  - 7.3% f o r  309 pg. 

of t h e  i n t e r n a l  s tandard,  DHBA, was 95.0 2 1.8%. 

The method a l s o  provides r e l a t i v e  

Absolute 

Absolute recovery of epinephrine was 91.9 - + 
Absolute recovery 
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