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MEASUREMENT OF CONJUGATED 
CATECHOLAMINES IN HUMAN PLASMA. 

A LOW COST HPLC-ECD METHOD 

N. R. MUSSO, C. WRGASSOLA, 
A. PENDE, AND G. LOTH 

Department of Internal Medicine 
Cattedra di Patologia Speciale Medica R 

University of G e m  
Vmle Benedetto xl.: 6 - 16132 Genoa, Italy 

ABSTRACT 

We p r e s e n t  an HPLC assay w i t h  e l e c t r o c h e m i c a l  d e t e c t i o n  
o f  c o n j u g a t e d  c a t e c h o l a m i n e  l e v e l s  i n  human p lasma.  
T h i s  method a l l o w s  t h e  d i r e c t  assessment o f  t h e  
c o n j u g a t e d  c a t e c h o l a m i n e  v a l u e s  w i t h o u t  t h e  s u b t r a c t i o n  
o f  t h e  f r e e  c a t e c h o l a m i n e  amounts:  t h e  assay i s  
p e r f o r m e d  i n  t h e  r e s i d u a l  s u p e r n a t a n t  a f t e r  t h e  
e x t r a c t i o n  (and  t h e  a s s a y )  o f  f r e e  c a t e c h o l a m i n e s .  
The r e s u l t s  a r e  comparab le  w i t h  t h e  c l a s s i c  e n z y m a t i c  
and a c i d - h e a t  h y d r o l y s i s  me thods  ( w h i c h  y i e l d  t h e  sum 
o f  f r e e  and c o n j u g a t e d  c a t e c h o l a m i n e  c o n c e n t r a t i o n s ) .  
T h i s  t e c h n i q u e  shows good 
and be tween- run  CVs < 0 %  
and s e n s i t i v i t y  ( < 20 
c a t e c h o l a m i n e  p e r  e x t r a c t )  
low c o s t  d e t e r m i n a t i o n s  0 
c a t e c h o l a m i n e s  t o  be done 

r e p r o d u c i b i l i t y  ( w i t h i n - r u n  
n t h e  p h y s i o l o g i c a l  r a n g e ) ,  

p g  p e r  each d e c o n j u g a t e d  
T h i s  me thod  a l l o w s  a b o u t  3 0  
p lasma f r e e  and c o n J u g a t e d  

n a w o r k i n g  day .  

INTRODUCTION 

C o n j u g a t e d  c a t e c h o l a m i n e s  (CA) a r e  an i m p o r t a n t  

f r a c t i o n  o f  t o t a l  CA i n  human Plasma ( 1 ,  2 ) .  I t  has  
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3696 MUSS0 ET AL. 

been w i d e l y  a c c e p t e d  t h a t  s u l f o c o n j u g a t i o n  i s  an 

i m p o r t a n t  m e t a b o l i c  pathway f o r  t h e  i n a c t i v a t i o n  o f  

some c a t e c h o l s .  F u r t h e r ,  c o n j u g a t e d  CA were c o n s i d e r e d  

as m e t a b o l i c  e n d - p r o d u c t s  d e v o i d  o f  any e f f e c t .  

C o n j u g a t i o n  o f  CA i s  h e t e r o g e n e o u s ,  CA b e i n g  c o n j u g a t e d  

w i t h  e i t h e r  s u l f a t e  o r  g l u c u r o n i d e  g r o u p s  ( 2 ) .  I t  has  

been shown t h a t  dopamine ( D A )  s u l f a t e  may s e r v e  as a 

s u b s t r a t e  f o r  t h e  s y n t h e s i s  o f  b o t h  n o r e p i n e p h r i n e  (NE) 

and e p i n e p h r i n e  ( E p i )  (3). F i n a l l y ,  c o n j u g a t e d  CA 

( c h i e f l y  s u l f a t e d )  r e p r e s e n t  e x c r e t i o n  p r o d u c t s ,  b u t  

t h e y  may also c o n s t i t u t e  a f o r m  o f  CA s t o r a g e  f o r  

f u r t h e r  r e t r a n s f o r m a t i o n  i n t o  t h e  f r e e  f o r m ,  t h r o u g h  an 

a r y l s u l f a t a s e  s y s t e m  ( 4 ) .  Thus,  i n  o r d e r  t o  s t u d y  t h e  

p h y s i o l o g y  and t h e  p a t h o p h y s i o l o g y  o f  CA c o n J u g a t i o n  i t  

i s  n e c e s s a r y  t o  d e t e r m i n e  c o n j u g a t e d  CA l e v e l s  o f  

endogenous C A .  S e v e r a l  methods have  been d e v e l o p e d  f o r  

t h e  assay o f  b o t h  s u l f o -  and g l u c u r o - c o n j u g a t e d  C A .  

Most i n c l u d e d  a s e p a r a t e  assay o f  f r e e  and f r e e  p l u s  

c o n j u g a t e d  CA ( 1 ,  5 - 7 ) .  O t h e r s  d i d  n o t  ( e ) . I n  t h i s  

s t u d y  we p r e s e n t  an HPLC method i n  w h i c h  c o n j u g a t e d  CA 

were d e t e r m i n e d  by a c i d  h y d r o l y s i s  o f  t h e  r e s i d u a l  

s u p e r n a t a n t  a f t e r  t h e  a d s o r p t i o n  o f  f r e e  CA o n t o  

a l u m i n a .  T h i s  me thod  a l l o w s  t h e  d i r e c t  d e t e r m i n a t i o n  o f  

b o t h  f r e e  and c o n j u g a t e d  CA i n  t h e  same sample w i t h o u t  

c a l c u l a t i o n s .  Compar isons were made among t h e  p r e s e n t  

method and o t h e r s  i n v o l v i n g  e n z y m a t i c  h y d r o l y s i s  o f  
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CONJUGATED CATECHOLAMINES IN HUMAN PLASMA 3697 

b o t h  s u l f o -  and y l u c u r o - c o n ~ u g a t e d  CA. I n  p a r t i c u l a r ,  

s u l f a t a s e  method ( w h i c h  y i e l d 5  t h e  sum o f  f r e e  and 

s u l f a t e d  C A ) ,  B e t a  g l u c u r o i l i d a s e  method ( f r e e  p l u s  

g l u c u r o n a t e d  C A ) ,  and a c i d  h e a t  h y d r o l y s i s  me thod  ( f r e e  

p l u s  s u l f a t e d  p l u s  g l u c u r o n a t e d  CA) ,  were i n v e s t i g a t e d .  

HATER I A L S  

C h e m i c a l s .  A l l  c h e m i c a l s  were o f  a n a l y t i c a l  o r  t*HPLC*t 

g r a d e .  NE, E p i ,  d i h y d r o x y b e n z y l a m i n e  (DHBA, i n t e r n a l  

s t a n d a r d ) ,  DA,  a l u m i n a  t y p e  W A - 4 ,  s u l f a t a s e  t y p e  V I ,  

b e t a  g l u c u r o n i d a s e  t y p e  I X ,  sod ium m e t a b i s u l f i t e ,  

sod ium p h o s p h a t e ,  s o d  i um a c e t a t e ,  sod  I um 

d o d e c y l s u l f a t e ,  and T r i s  b u f f e r  were a l l  f r o m  Sigma 

Chemical  C o . ,  S t . L o u i s ,  MO. A c e t o n i t r i l e  L i C h r o s o l v ,  

p h o s p h o r i c ,  h y d r o c h l o r i c  and p e r c h l o r i c  a c i d s ,  and EDTA 

were a l l  f r o m  Merck ,  D a r m s t a d t ,  FRG. Water was p u r i f i e d  

i n  a M i  1 1 1 - Q  a p p a r a t u s  (15 -18  Mohm, M i  1 I i p o r e  C o r p . ,  

B e d f o r d ,  M A ) .  A l l  s o l u t i o n s  were f i l t e r e d  by a s o l v e n t  

c l a r i f i c a t i o n  k i t  ( 0 . 2 2  pm, M i l l i p o r e  C o r p . ) .  pH was 

measured a t  room t e m p e r a t u r e .  

I n s t r u m e n t a t i o n .  F o r  HPLC we used  a 

Model 5 1 0  pump ( W a t e r s ,  M i  I f o r d ,  MA 

p r e s s u r e  i n j e c t i o n  v a l v e  f i t t e d  w 

l o o p  (Rheodyne, C o t a t i ,  CA) and 

e l e c t r o c h e m i c a l  d e t e c t o r  (ESA, B e d f o r d  

o f  a s e r i e s  o f  t h r e e  e l e c t r o d e s  (Model 

c e l l s ) ,  w o r k i n g  i n  t h e  o x i d a t i o n - r e d u c t  

s y s t e m  c o m p r i s i n g  a 

, a Model 7125 h i g h  

t h  a 50 p~ sample 

a Model 5 1 0 0 A  

MA) cons  i s t  i n g  

5011 and 5021 

on mode. 
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The a n a l y t i c a l  C O  

S u p e l c o s i l  LC-18-DB 

MUSS0 ET AL. 

The e l u t i o n  p r o f i  

( M i l t o n - R o y ,  R i v  

SeKon ics  p l o t t c r .  

M o b i l e  phase.  The 

umn used  was a 

7,5 cm x 4 . 6  mm 

s t a i n l e s s  s t e e l  

i . d . 1 ,  p r e p a c k e d  

w i t h  3 @m ODS ( S u p e l c o  I n c . ,  B e l l e f o n t e ,  P A ) ,  p r o t e c t e d  

by a p reco lumn S u p e l g u a r d  LC-18-DBI 2 cm x 4 . 6  mm 

( i . d . ) ,  a l s o  f r o m  S u p e l c o .  

e s  were i n t e g r a t e d  by an LCD C I - 1 0  B 

e r a  Beach, F L ) ,  and d i s p l a y e d  by a 

m i x t u r e  

a c e t a t e  

o f  sod 

I i t e r .  

e l u e n t  c o n s i s t e d  o f  an 8 4 : 1 6  ( b y  v o l )  

o f  50 mmol/L sod ium p h o s p h a t e ,  50 mmol/L sod lum 

and a c e t o n i t r i l e  and a l s o  c o n t a i n e d  0 . 6  mmol 

um d o d e c y l s u l f a t e  and 0 . 6  mmol o f  EDTA p e r  

The f i n a l  pH was a d j u s t e d  t o  3 .10  w i t h  concen-  

t r a t e d  (850 g / L )  o r t o p h o s p h o r i c  a c i d .  The f l o w  r a t e  was 

1 . 1  mL/min. The p r e s s u r e  on t h e  co lumn was 1750 p s i .  

The s o l u t i o n  was degassed by s o n i c a t i o n  (Model 250 

Branson  S o n i c  Power Co . ,  Danbury ,  C T ) .  The co lumn was 

e q u i l i b r a t e d  w i t h  t h e  m o b i l e  phase a t  l e a s t  6 h b e f o r e  

use .  T 

t r o d e )  , 

was mon 

e p o t e n t i a l s  a p p l i e d  w e r e :  +0.30 V ( f i r s t  e l e c -  

+0.06 V ( s e c o n d ) ,  and -0 .30  V ( t h i r d ) .  O u t p u t  

t o r e d  f r o m  t h e  t h i r d  e l e c t r o d e .  

METHODS 

B i o c h e m i c a l  p r o c e d u r e s .  From p o o l e d  p lasma 72  a l i q u o t s  

( 2  mL each)  were assayed  f o r  f r e e  CA as p r e v i o u s l y  

d e s c r i b e d  o n t o  a l u m i n a  b a t c h  ( 9 ) .  The 72  s u p e r n a t a n t s  
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CONJUGATED CATECHOLAMINES IN HUMAN PLASMA 3699 

( f i n a l  volume 2 mL r e s i d u a l  p l a s m a  p l u s  1 mL T r ~ s  

b u f f e r  1 . 5  mol/L, a f t e r  a l u m i n a  a d s o r p t i o n  o f  f r e e  C A )  

were p r o c e s s e d  as f o l l o w s :  8 were assayed  a g a i n  f o r  

f r e e  CA i n  o r d e r  t o  d e t e r m i n e  i f  t h e  e x t r a c t i o n  

p r o c e d u r e  was a b l e  t o  c l e a r  e n t i r e l y  f r e e  CA and  DHBA; 

32 underwen t  t h e  e n z y m a t i c  h y d r o l y s i s  by s u l f a t a s e  

(each  was added w i t h  100 pL o f  5 m o l / L  p e r c h l o r i c  a c i d  

t o  a d j u s t  t h e  f i n a l  pH t o  8 .00 ,  w i t h  500 pg o f  DHBA, 

and w i t h  1 U o f  t y p e  V I  s u l f a t a s e ;  a l l  we re  t h e n  

i n c u b a t e d  f o r  1 h a t  37 .C) ;  32 underwen t  t h e  a c i d - h e a t  

h y d r o l y s i s  ( e a c h  was added w i t h  1 mL o f  5 m o l / L  p e r -  

c h l o r i c  a c i d ,  and w i t h  500 Pg o f  DHBA, v o r t e x e d ,  and 

c e n t r i f u g e d  a t  2500 x g f o r  10 m i n ;  t h e  s u p e r n a t a n t  was 

t h e n  t r a n s f e r r e d  i n  a n o t h e r  t u b e  and i n c u b a t e d  f o r  10 

m i n  a t  9 5 . C ) .  

32 a l i q u o t s  ( 2  mL e a c h ) ,  a l s o  f r o m  t h e  same p o o l e d  

p lasma,  d i r e c t l y  underwen t  t h e  s u l f a t a s e  h y d r o l y s i s  ( a s  

above b u t  w i t h o u t  t h e  a d d i t i o n  o f  p e r c h l o r i c  a c i d ) ;  32 

a l i q u o t s  underwen t  t h e  B e t a  g l u c u r o n i d a s e  h y d r o l y s i s  ( 2  

mL o f  p o o l e d  p lasma p l u s  1000 U B e t a  g l u c u r o n i d a s e  t y p e  

I X ,  p l u s  500 p g  o f  DHBA, i n c u b a t e d  f o r  1 h a t  37.C);  

and 32 underwen t  t h e  a c i d - h e a t  h y d r o l y s i s  by t h e  

a d d i t i o n  o f  1 mL o f  5 mOl/L p e r c h l o r i c  a c i d  ( t h e s e  l a s t  

32 a l i q u o t s  were added w i t h  500 p g  o f  DHBA and p r o c e s -  

sed  w i t h  t h e  a f o r e m e n t i o n e d  a c i d - h e a t  h y d r o l y s i s ) .  

A f t e r  t h e  a c i d - h e a t  h y d r o l y s i s  p r o c e d u r e ,  t h e  a l i q u o t s  

were added w i t h  2 mL o f  T r i s - H C I  b u f f e r  ( 5  m o l / L ,  pH 
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3700 MUSS0 ET AL. 

8.60) t o  a d j u s t  t h e  f i n a l  pH t o  8.20 - 8 .00 .  Each 

a l i q u o t  f r o m  v a r i o u s  p r o c e d u r e s  was assayed  f o r  t h e  

d e c o n j u g a t e d  CA as p r e v i o u s l y  d e s c r i b e d  ( 9 ) .  

F i n a l l y ,  20 a l i q u o t s  (50 p L )  o f  t h e  p lasma p o o l  

underwen t  a r a d i o e n z y m a t i c  assay o f  s u l f a t e d  CA ( 6 ) .  

RESULTS 

The e l e c t r o c h e m i c a l  r e s p o n s e  was l i n e a r  f r o m  t h e  

d e t e c t i o n  l i m i t s  up t o  20 ng/mL ( r > 0 . 9 9 6  f o r  NE, E p i ,  

DHBA, and D A ) .  The d e t e c t i o n  l i m i t s  ( s i g n a l / n o i s e  r a t i o  

= 3 )  were: 10 pg p e r  50 CL.L o f  e x t r a c t s  f o r  NE and 16 pg 

f o r  E p i  and DA (deCOnJUgated e i t h e r  b y  e n z y m a t i c  o r  by 

a c i d - h e a t  p r o c e d u r e ) .  The w i t h i n - r u n  CV was < 5 %  o v e r  

500 pg/mL and < 7 %  o v e r  100 pg/mL o f  deconduga ted  CA.  

The be tween- run  CV was < 7 . 5 % ,  c a l c u l a t e d  r e s p e c t  t o  

t h e  peak h e i g h t  f o r  t h e  i n t e r n a l  s t a n d a r d  d u r i n g  f i v e  

c o n s e c u t i v e  weeks ( t o t a l  n = 100).  The c h r o m a t o g r a p h i c  

s e p a r a t i o n s  were c o m p l e t e d  i n  12 m i n  ( l o w e r  s e p a r a t i o n  

t imes were hampered by unknown p e a k s )  . Ana I y t  I c a  I r e c o -  

v e r y  was s t u d i e d  f o r  e v e r y  p r o c e d u r e  o f  h y d r o l y s i s  by 

a d d i t i o n  o f  known amounts o f  CA s t a n d a r d s  i n  p lasma 

a1 i q u o t s  and t h e  compar i son  w i t h  t h e  peak h e i g h t  

y i e l d e d  by t h e  d i r e c t  co lumn i n J e c t i o n  o f  t h e  same 

amount: [ ( p e a k  h e i g h t  f o r  p lasma + s t a n d a r d )  - (peak 

h e i g h t  f o r  p l a s m a ) l / ( p e a k  h e i g h t  f o r  s t a n d a r d  d i r e c t l y  

i n j e c t e d ) .  The mean (SD) r a t i o s  were:  NE 0 . 6 0  ( 0 . 1 0 ) ,  
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CONJUGATED CATECHOLAMINES IN HUMAN PLASMA 3701 

T a b l e  1 .  Mean and SEM v a l u e s  (Pg/mL) o f  f r e e  and 
c o n j u g a t e d  CA l e v e l s  y i e l d e d  by d i f f e r e n t  d e c o n j u g a t i o n  
p r o c e d u r e s .  

Group/n NE 

A/72 367 .23  

8 / 3 2  417 .92  

C/32 1031 .78  

D/32 8 9 2 . 4 5  

E /32  1176 .35  

F / 3 2  3 6 1 . 5 0  

G/20 8 3 5 . 5 2  

(SEMI 

( 5 .  15) 

( 1  1 .59 )  

( 2 3 .  15) 

( 7 . 3 3 )  

( 1 5 . 6 0 )  

( 1 0 . 4 1 )  

( 1  3 . 5 3 )  

Ep i 

6 6 . 2 5  

3 8 7 . 3 6  

1381 .48  

31 18 .63  

3 9 6 0 . 8 0  

1764.  18 

248 

H/O8 B e l o w  S e n s  

Groups.  A :  f r e e  C A .  B: su 
s u p e r n a t a n t s ) .  C: f r e e  p 

69 

i t  

(SEMI 

( 2 . 0 7 )  

( 1 1 . 7 2 )  

( 2 1 . 7 6 )  

( 4 1 . 5 9 )  

( 4 8 . 4 4 )  

( 2 9 . 3 6 )  

( 7 . 4 8 )  

DA (SEM) 

1 7 3 . 4 0  ( 3 . 3 1 )  

9 7 4 . 0 4  ( 1 8 . 8 7 )  

2 3 1 1 . 3 4  ( 1 9 . 9 7 )  

2 0 1 0 . 3 2  ( 2 5 . 3 5 )  

2197 .89  ( 2 1 . 6 6 )  

3 4 8 . 2 0  ( 1 6 . 6 7 )  

2976 .73  ( 5 4 .  11) 

i v i t y  L i m i t s  

f a t e d  CA ( s u l f a t a s e - t r e a t e d  
u s  s u l f a t e d  CA ( s u l f a t a s e -  

t r e a t e d  p l a s m a ) .  D:  c o n j u g a t e d  CA ( a c i d - h e a t - t r e a t e d  
s u p e r n a t a n t s ) .  E: f r e e  p l u s  c o n j u g a t e d  CA ( a c t d - h e a t -  
t r e a t e d  p lasma,  1 mL p e r c h l o r i c  a c i d ) .  F :  f r e e  p l u s  
g l u c u r o c o n ~ u g a t e d  CA ( B e t a  g l u c u r o n i d a s e - t r e a t e d  
p l a s m a ) .  G: s u l f a t e d  CA ( s u l f a t a s e - t r e a t e d  p lasma,  by 
r a d t o e n z y m a t i c  a s s a y ) .  H :  s u p e r n a t a n t s  assayed  a g a i n  
f o r  f r e e  CA and DHBA (DHBA u n d e t e c t a b l e ) .  

E p l  0 . 6 8  ( 0 . 0 6 ) ,  DA 0 . 5 1  (0.08), DHBA 0 . 4 8  ( 0 . 0 9 )  f o r  

e n z y m a t i c  s u l f a t a s e  p r o c e d u r e ;  NE 0 . 5 2  ( 0 . 0 9 ) ,  E p i  0 . 5 8  

( O . l l ) ,  DA 0 . 4 2  ( 0 . 1 2 ) ,  DHBA 0 . 3 3  ( 0 . 1 0 )  f o r  e n z y m a t i c  

g l u c u r o n t d a s e  p r o c e d u r e ;  NE 0 . 6 4  (0.08), E p l  0 . 7 6  

(0.08), DA 0 . 5 6  ( 0 . 0 6 ) ,  DHBA 0 . 5 2  ( 0 . 0 5 )  f o r  a c i d - h e a t  

p r o c e d u r e s .  T a b l e  1 shows t h e  r e s u l t s  o f  t h e  a n a l y s t s  

o f  p o o l e d  p lasma.  
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3702 MUSS0 ET AL. 

c 

F i g u r e  1 .  A) e l u t i o n  p r o f i l e  o f  a m i x t u r e  o f  s t a n d a r d s  
(1000 p g  e a c h ) .  B)  p r o f i l e  o f  f r e e  CA (NE 3 0 8  pg/mL, 
E p i  74 pg/mL, DA 169 pg/mL).  C )  p r o f i l e  o f  
s u l f o c o n j u g a t e d  CA ( s u p e r n a t a n t  i n c u b a t e d  w i t h  
s u l f a t a s e  a f t e r  f r e e  CA e x t r a c t i o n :  NE 4 1 1  pg/mL, Ep i  
4 0 1  pg/mL, DA 9 8 9  pg/mL).  DHBA amount i s  500 pg i n  each 
r u n .  

F i g u r e s  1 and 2 show e l u t i o n  p r o f i l e s  o f  s t a n d a r d s ,  

f r e e ,  and c o n j u g a t e d  CA. 

DISCUSSION 

P r e v i o u s  m e t h o d o l o g i c a l  r e p o r t s  about  t h e  assay o f  

p lasma l e v e l s  of c o n j u g a t e d  CA e n a b l e d  t h e  

d e t e r m i n a t i o n  o f  t h e  sum o f  c o n j u g a t e d  ( s u l f a t e d  and/or  
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' I  

F i g u r e  2 .  A) e l u t i o n  p r o f i l e  o f  c o n j u g a t e d  p l u s  f r e e  CA 
(p lasma t r e a t e d  by a c i d - h e a t  h y d r o l y s i s :  NE 1124 pg/mL, 
€ p i  3176 pg/mL, DA 2178 pg/mL) . E )  p r o f  i l e  of  
c o n j u g a t e d  CA ( s u p e r n a t a n t  t r e a t e d  w i t h  t h e  a c i d - h e a t  
h y d r o l y s i s  a f t e r  f r e e  CA e x t r a c t i o n :  NE 815 pg/mL, E p i  
3492 pg/mL, DA 2190 pg/mL).  C )  p r o f i l e  o f  g l u c u r o n a t e d  
p l u s  f r e e  CA (p lasma i n c u b a t e d  w i t h  B e t a  g l u c u r o n i d a s e :  
NE 4 0 0  pg/mL, E p i  1656 pg/mL, DA 397 pg/mL).  DHEA 
amount i s  500  p g  i n  each r u n .  

g l u c u r o n a t e d )  and f r e e  CA. S u b t r a c t i o n  o f  f r e e  CA con- 

c e n t r a t i o n s  f r o m  t h e  sum o f f e r e d  t h e  v a l u e  o f  

c o n j u g a t e s  ( 1 , 2 , 5 - 7 ) .  I n  t h e  p r e s e n t  s t u d y  t h e  

p o s s i b i l i t y  o f  a d i r e c t  assay o f  c o n j u g a t e d  CA a f t e r  

t h e  d e t e r m i n a t i o n  o f  t h e  f r e e  l e v e l s  i n  t h e  same sam- 
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p l e ,  i s  s t u d i e d  

t e c h n i q u e s  d e s c r  

Su I f a t a s e  h y d r o  

We 

bed  

y s  i s 

i n s u f f i c i e n t ,  o w i n g  

s u l f a t e d  CA l e v e l s .  

i n c u b a t i o n  medium, pH 

d e c o n j u g a t i o n  o f  b o t h  

i n  p lasma y i e l d e d  va 

d e c o n j u g a t  i o n  ( w h i c h  

MUSS0 ET AL. 

a n a l y z e d  d i f f e r e n t  h y d r o l y s i s  

n p r e v  i o u s  I i t e r a t u r e  ( 1  , 5 , 6 ) .  

i n  r e s i d u a l  

t o  t h e  u n d e r e s t  

T h i s  may be due 

p lasma seems 

m a t i o n  o f  a l l  

t o  s u b o p t  ima I 

i o n s .  E n z y m a t i c  o r  i o n  c o n c e n t r a  

s u l f o -  and g l u c u r o -  c o n j u g a t e d  CA 

ues  comparab le  w i t h  t h e  a c i d - h e a t  

e n a b l e s  t h e  d e t e r m i n a t i o n  o f  t h e  

sum o f  s u l f o -  and g l u c u r o - c o n j u g a t e d  C A )  i n  p lasma,  

t o o ,  B e t a  g l u c u r o n i d a s e  me thod  y i e l d s  low r e c o v e r y  v s  

o t h e r  methods.  

The r e s u l t s  o b t a i n e d  In  r e s i d u a l  s u p e r n a t a n t ,  a f t e r  

f r e e  CA e x t r a c t i o n ,  w i t h  t h e  a c i d - h e a t  p r o c e d u r e  were 

comparab le  t o  t h o s e  o b t a i n e d  i n  u n t r e a t e d  p lasma (NE 

8 9 2 ,  E p i  4119 ,  DA 2010  v e r s u s  NE 8 0 9 ,  E p i  3895 ,  DA 2025 

- v a l u e s  i n  pg/mL) w i t h  t h e  same p r o c e d u r e  ( a f t e r  t h e  

va I u e s  o b t  a i ned 

comparab le  w i t h  

s u b t r a c t i o n  o f  t h e  f r e e  v a l u e s ) .  The 

f o l l o w i n g  t h e  HPLC t e c h n i q u e  were n o t  

t h o s e  o b t a i n e d  by r a d  

p r o b a b l y  ow ing  t o  an 

s t e p  i n  t h e  l a t t e r  ( 

E p i  and s u l f a t e d  DA 

( 3 4 5 3  v s  3226 pg/mL).  

o e n z y m a t i c  assay  f o r  s u l f a t e d  C A ,  

n s u f f i c i e n t  r e s o  u t i o n  o f  t h e  TLC 

0 ) .  I n  f a c t  t h e  sum o f  s u l f a t e d  

i s  comparab le  i n  t h e  two assay 

F i n a l l y ,  t h e  assay  o f  c o n j u g a t e d  

CA i n  r e s ~ d u a l  s u p e r n a t a n t s  a f t e r  f r e e  CA d e t e r m i n a t i o n  

a l l o w s  t o  m i n i m i z e  t h e  amount o f  b l o o d  samples ( 5  mL 
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d e t e r m i n a t i o n  o f  f r e e  and f r e e  

me thod  shows s u f f i c i e n t  v a l i d  

amount o f  samples a n a l y z e d  p e r  

i n c l u d i n g  t h e  e x t r a c t i o n  S t e p s .  
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r e s p e c t  t o  10) w i t h  r e s p e c t  t o  t h e  needs  o f  a d o u b l e  

p l u s  c o n j u g a t e d  CA.  T h i s  

a b i  I I t y ;  t h e  

as h i g h  as 30 

p e r  sample i s  

a b o u t  9 US$ ( d e t e r m i n a t i o n  o f  b o t h  f r e e  and c o n j u g a t e d  

CA).  I t  may be u s e f u l  b o t h  i n  r e s e a r c h  and i n  r o u t i n e  

a n a l y s i s ,  

NOTE: 
f r e e  CA 

f r e e  CA 

CA a f t e r  

t h a t  CA 

t y  and r e 1  

day may be 

The c o s t  

n s p i t e  o f  a r e c o v e r y  r a t e  b e l o w  100 Z f o r  

assay ( 9 ) ,  we o b t a i n e d  u n d e t e c t a b l e  l e v e l s  o f  

when s u p e r n a t a n t s  were assayed  a g a i n  f o r  f r e e  

a l u m i n a  a d s o r p t i o n .  A p o s s i b l e  answer may be 

a r e  l o s t  i n  p a r t  d u r i n g  t h e  v a r i o u s  s t e p s  

f o l l o w i n g  a l u m i n a  c h a l l e n g e ,  b e i n g  t h e  f i r s t  

s u p e r n a t a n t  f r e e  o f  CA c o n t e n t .  
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