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A RAPID PREPARATIVE PROCEDURE FOR 
THE TREATMENT OF FREE URINARY 

CATECHOLAM IN ES 

J. Dutrieu and Y .  A. Delmotte 
Hopital de Warquignies 

Laboratoire de Chromatographie 
2 7, rue des Chau fors 

B-7360 Boussu, Belgium 

ABSTRACT 

We r e p o r t  a p r e p a r a t i v e  a n d  l i q u i d  c h r o m a t o g r a p h i c  m e -  
t hod  f o r  t h e  d e t e r m i n a t i o n  of f r e e  u r i n a r y  c a t e c h o l a m i -  
n e s  i n  u r i n e .  An e x t r a c t i o n  co lumn d e v i c e  ( I )  was u s e d  
t o  i s o l a t e  n o r e p i n e p h r i n e ,  e p i n e p h r i n e  on a weak c a t i o n  
e x c h a n g e  r e s i n  (Bio-Rex 7 0 )  u s i n g  a t a b l e  c e n t r i f u g e  
f o r c i n g  t h e  s a m p l e  t h r o u g h  t h e  r e s i n  m a t e r i a l .  
The p r e p a r a t i o n  t i m e  f o r  a 8 s a m p l e  s i z e  was 50  m i n u t e s .  
T h e  e x t r a c t i o n  r e c o v e r y  w a s  8 0 . 3 3  4 and 8 0 . 8 9  % f o r  
n o r e p i n e p h r i n e  ( N E )  a n d  e p i n e p h r i n e  ( E ) .  The  c u r v e  w a s  
l i n e a r  up  t o  4 0 0  u g / 2 4  H. 
The w i t h i n - r u n  C V  was 3.84 Z and  4 . 2 2  % f o r  NE and E ;  
t h e  b e t w e e n - r u n  C V  w a s  5 .58  X and  6 . 2 7  X r e s p e c t i v e l y  
f o r  NE and  E .  The m o b i l e  p h a s e  c o n s i s t e d  of a 9 0  X 
p h o s p h a t e  b u f f e r  (0.05M NAZHP04) and  10 X m e t h a n o l  
a d j u s t e d  t o  pH.3 .8 .  
C h r o m a t o g r a p h i c a l l y  w e l l  s e p a r a t e d  on a C-8 r e v e r s e  
p h a s e  co lumn,  t h e  e l u e n t  w a s  m o n i t o r e d  w i t h  a coulome-  
t r i c  e l e c t r o c h e m i c a l  d e t e c t o r  s e t  up a t  0 . 4 0  V. 
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716 DUTRIEU AND DELMOTTE 

I N T R O D U C T I O N  

The a n a l y s i s  of s p e c i f i c  compounds i n  complex  m e d i a  s u c h  

a s  body f l u i d s ,  e x t r a c t  f r o m  b i o l o g i c a l  t i s s u e s ,  f o o d -  

s t u f f s ,  wa te r  i m p l i e s  t h e i r  r e m o v a l  f rom t h e  s y s t e m ,  

t h e i r  p u r i f i c a t i o n  and  t h e i r  c o n c e n t r a t i o n .  The  e x t r a c -  

t i o n  of  t h e  compounds of i n t e r e s t  i s  commonly p e r f o r m e d  

w i t h  t h e  t r a d i t i o n a l  p r e - f i l l e d  e x t r a c t i o n  co lumns  

i n t r o d u c e d  by  BIO-RAD L a b o r a t o r i e s ( 2 ) .  The r e s i n  mate-  

r i a l s  a r e  now h i g h l y  p u r i f i e d ,  n a r r o w l y  s i z e d  a n d  l o o -  

s e ,  a n d  a r e  a v a i l a b l e  i n  a v e r y  w i d e  v a r i e t y  o f  t y p e s  

d e d i c a t e d  f o r  s e n s i t i v e  l a b o r a t o r y  a p p l i c a t i o n s .  W e  

d e d i c a t e d  for t h e  p u r i f i c a t i o n  and  t h e  e x t r a c t i o n  of 

f r e e  u r i n a r y  c a t e c h o l a m i n e s ,  a s p e c i a l  co lumn d e v i c e  

f i l l e d  up w i t h  w e a k l y  a c i d i c  i o n  e x c h a n g e  r e s i n ( B I 0 -  

REX 70), i n  c o m b i n a t i o n  w i t h  a t a b l e  c e n t r i f u g e  e l e c t r o  

n i c a l l y  m o d i f i e d  t o  i n s u r e  a s t a b l e  p r e s e t  r o t a t i o n  

s p e e d .  

The need  f o r  r a p i d  a n a l y s i s  of c a t e c h o l a m i n e s  and  

t h e i r  d e r i v a t i v e s  a r i s e s  f rom t h e i r  b i o l o g i c a l  impor-  

t a n c e  ( 3 , 4 ) .  The c l i n i c a l  s i g n i f i c a n c e  of t h e s e  sub -  

s t a n c e s  i s  w e l l  r e c o g n i z e d .  A s u i t a b l e  p r e p a r a t i v e  

and c h r o m a t o g r a p h i c  t e c h n i q u e  ( 5 . 6 )  a s  w e l l  a s  a s p e -  

c i f i c :  d e t e c t i o n  ( 7 , 8 , 9 , 1 0 , 1 1 , 1 2 )  a r e  p o w e r f u l  t o o l s  

f o r  t h e i r  c l i n i c a l  a n a l y s i s  i n  v i e w  of t h e  d i a g n o s t i c  

p u r p o s e .  

The co lumn u s e d  a s  p r e p a r a t i v e  t o o l  ( 1 )  was 

worked  i n  a p o l y c a r b o n a t e  b a r  ( F i g u r e  I ) .  I t  i s  c o n s -  

t i t u e d  of two p a r t s  : t h e  u p p e r  p a r t  - a 3.5 mL r e s e r -  

v o i r  s i t u a t e d  a b o v e  a 2 mL r e s i n  f u n n e l  f i l l e d  up w i t h  

a s e l e c t e d  c h r o m a t o g r a p h i c  med ia  (BIO-REX 7 0 ) ,  and 

l i m i t e d  t o  i t s  b a s e  by  a p o u r o u s  p o l y e t h y l e n e  s u p p o r t  

d i s c ,  and  t h e  lower  p a r t  - t h e  c o l l e c t i o n  r e s e r v o i r  of 
t h e  ! d i f f e r e n t  e l u t i o n  s o l v e n t s .  The two p a r t s  f i t  

t o g e t h e r  t o  f o r m  a c y l i n d e r  t u b e ,  c o m p a r a b l e  i n  s i z e  

w i t h  t h e  r e d  t o p  b l o o d  t y b e  f r o m  BECTON-DICKINSON and  
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FIGURE 1 .  

E x t r a c t i o n  column d e v i c e  d e d i c a t e d  f o r  b u f f e r e d  
sorbent  a s  Bio-Rex 7 0 .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
2
5
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



71 8 DUTRIEU AND DELMOTTE 

TERUMO c o m p a n i e s  and  c o m p a t i b l e  w i t h  a l l  t h e  e x i s t i n g  

t y p e  of b e n c h  c e n t r i f u g e s .  We work  w i t h  a p i c o l o  

c e n t r i f u g e  mode l  w h i c h  h a s  b e e n  e l e c t r o n i c a l l y  s t a b i -  

l i z e d  ( 1 )  by i n t e g r a t i o n  of  t h e  t e n s i o n  b e t w e e n  two 

m a g n e t i c  c a p t o r s  f i x e d  on t h e  r o t o r  and  t h e  s t a t o r ,  i n  

c o m p a r i s o n  w i t h  a s e t t l e d  r e f e r e n c e  t e n s i o n .  

The c e n t r i f u g e  m o t o r  was t r a n s f o r m e d  i n t o  a s e r v o m o t o r  

by  m o u n t i n g  a t r i a c  w h i c h  i s  commanded by t h e  e r r o r  

s i g n a l .  The r e f e r e n c e  t e n s i o n  was s t a t e d  i n  o r d e r  t o  

o b t a i n  a w i d e  s p e e d  r a n g e  c o m p r i s e d  b e t w e e n  200 and  

1000 RPMS. 

MATERIALS 

We u s e d  a 8 5 0  Du P o n t  L i q u i d  C h r o m a t o g r a p h  e q u i p p e d  

w i t h  a 6 p o r t  i n j e c t i o n  v a l v e  Model 7 1 2 5  (Rheodyne ,  

U .  S.A. . )  p l a c e d  i n  a t e m p e r a t u r e  c o n t r o l l e d  co lumn 

compar tmen t .  A r e v e r s e  p h a s e  co lumn was u s e d ,  p a c k e d  

w i t h  Z o r b a x  C - 8  Go lden  s e r i e  7 mrn i . d  and  100 mm 
l e n g t h .  The e l e c t r o c h e m i c a l  d e t e c t o r  u s e d ,  w a s  c o n s -  

t i t u e d  o f  a low f l o w - t h r o u g h  c e l l  c o n t a i n i n g  t h e  r e f e -  

r e n c a  e l e c t r o d e  ( P d ) ,  a c o u n t e r  and  two p o r o u s  g r a p h i -  

t e  e l e c t r o d e s  as  w o r k i n g  e l e c t r o d e s  : t h e  f i r s t  one  

was t h e  "dummy" and  t h e  s e c o n d  s e t  up a t  0 . 4 0  V. 

The t o t a l  c e l l  vo lume was l e s s  t h a n  5 uL. The g u a r d  

c e l l  c o n s i s t e d  of a p o r o u s  g r a p h i t e  e l e c t r o d e ,  f i x e d  

a t  0 . 7 0  V which  was c o n n e c t e d  b e t w e e n  t h e  pump a n d  

t h e  i n j e c t i o n  v a l v e .  

The m o b i l e  p h a s e  u s e d  f o r  t h e  s e p a r a t i o n  was 1 0  Z 
m e t h a n o l  and 90 Z p h o s p h a t e  b u f f e r  (0.05M NA2HP04 and  

2.4 10-3M sod ium o c t y l s u l f o n a t e ) .  The pH was a d j u s -  

t e d  t o  3.8 w i t h  d i l u t e d  p h o s p h o r i c  a c i d .  The s o l u t i o n  

wxs f i l t e r e d  t h r o u g h  a 0 . 2 2  uM membrane f i l t e r  ( M i l l i -  

pore . ,  U.S.A.). E p i n e p h r i n e  ( E ) ,  N o r e p i n e p h r i n e  (NE), 
3 , 4 - , d i h y d r o x y b e n z y l a m i n e  hydrobromide(DHBA) w e r e  ob- 
t a i n e d  f rom JANSSENS C H I M I C A ,  Beerse, B E L G I U M .  
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FREE URINARY CATECHOLAMINES 719 

The s t o c k  c a t e c h o l a m i n e s  s t a n d a r d  s o l u t i o n s  (10 mg/L) 

w e r e  p r e p a r e d  i n  0.05M HCL and s t o r e d  a t  4 'C.  Working 

s o l u t i o n s  ( 1  ug/mL) were p r e p a r e d  j u s t  b e f o r e  u s e  by 

d i l u t i n g  10  mL of t h e  s t o c k  s t a n d a r d  s o l u t i o n  t o  100 mL 

w i t h  water.  

The c a t i o n  exchange  r e s i n ,  B I O - R E X  70 50-100 mesh was 

p r o v i d e d  f rom BIO-RAD L a b o r a t o r i e s  (Richmond, CA). 

The l y o p h i l i z e d  u r i n e  c o n t r o l  u s e d  ( L e v e l  I1 : L o t  

No 11200) ,  was f r o m  E . C . S .  (Anahe in ,  CA). 

The  o c t a n e  s u l f o n i c  a c i d  ( sod ium form) w a s  o b t a i n e d  

f rom Eastman Kodak ( R o c h e s t e r ,  N.Y.). 

METHOD 

To 1 mL o f  a c i d i f i e d  u r i n e ,  w e  added  250 UL of t h e  

i n t e r n a l  s t a n d a r d  s o l u t i o n  ( I  ug/mL D B B A ) ,  4 mL of 

0.05M p h o s p h a t e  b u f f e r  pH 6 . 5 .  The pH was a d j u s t e d  

t o  6 . 5  + / -  0.05 by a d d i t i o n  of d i l u t e d  NAOH.  

The co lumns  were a r r a n g e d  on a r a c k  and packed 

w i t h  t h e  a n a l y t i c a l  g r a d e  r e s i n  p r e p a r e d  i n  t h e  phos-  

p h a t e  b u f f e r  on wh ich  t h e  s a m p l e  w i l l  b e  a p p l i e d .  

The volume of t h e  s l u r r y  s h o u l d  b e  a p p r o x i m a t e l y  t w i c e  

of t h i r d  t h e  f i n a l  volume o f  t h e  packed r e s i n  b e d ,  i n  

o r d e r  t o  remove a n y  t r a p p e d  a i r  b u b b l e  d u r i n g  t h e  

column p a c k i n g .  The co lumns  w e r e  c e n t r i f u g e d  a t  2 0 0  

rpms f o r  30 t o  50 8 .  R e s i n  w a s  added  u n t i l  t h e  bed 

volume was a b o u t  2 mL. The co lumns  packed i n  t h e  same 

c o n d i t i o n s  were r e a d y  t o  b e  u s e d .  

The co lumns  were r i n s e d  w i t h  3.5 mL of 0.05M 

p h o s p h a t e  b u f f e r  t o  i n s u r e  c o m p l e t e  r e - e q u i l i b r a t i o n  

of t h e  r e s i n .  Samples  were  poured  o n t o  t h e  co lumns  

and  c e n t r i f u g e d  f o r  a b o u t  6 0  s a t  200  rpms/min. R i n s e  

t h e  co lumns  w i t h  2 mL water.  Wastes  were removed 

(They c o u l d  b e  c o l l e c t e d  i f  t h e  m e t a b o l i t e s  a n a l y s i s  

a r e  r e q u e s t e d ) .  The r e s e r v o i r  was f i l l e d  up w i t h  

2 X 2 . 5  mL B o r i c  a c i d  4 2 and c e n t r i f u g e d  a t  200  rpms 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
2
5
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



720 DUTRIEU AND DELMOTTE 

f o r  4 5  s .  The e l u e n t s  were c o l l e c t e d  a n d  mixed i n  

10 mL g l a s s  t u b e s .  We added  t o  t h e  e l u a t e s  50 mg of  

a l u m i n a  a n d  a d j u s t e d  t h e  pH t o  8 . 5  ( 1 3 )  w i t h  3M T r i s  

b u f f e r  s o l u t i o n .  The t u b e s  were mixed  and  p l a c e d  on  

a m e c h a n i c a l  s h a k e r  f o r  10 m i n u t e s .  The s u p e r n a t a n t  

was  removed by  vacuum a s p i r a t i o n .  The  a l u m i n a  was 

v a s h e d  w i t h  3 mL water  and a l l o w e d  t o  s e d i m e n t .  The  

u p p e r  phase was a o p i r a t e d  t o  d r y n e s s .  The c o t e c h o l a -  

m i n e s  were e l u t e d  f r o m  t h e  a l u m i n a  w i t h  3 0 0  U L  of  1M 
a c e t i c  a c i d  and  mixed  a g a i n  € o r  10 m i n u t e s  t o  i n s u r e  

t h e  c o m p l e t e  e l u t i o n  of t h e  c a t e c h o l s .  The  s u p e r n a -  

t a n t  was f i l t e r e d  t h r o u g h  d i s p o s a b l e  A c r o f i l t e r  LC 1 3  

(0.45 um) f rom Gelman and  were r e a d y  f o r  t h e  i n j e c t i o n  

i n t o  t h e  HPLC s y s t e m .  

RE SULT S 

The c a  t e c h o l a m i n e s  w e r e  q u a n t i t a t e d  u s i n g  t h e  i n t e r n a l  

s t a n d a . r d  c a l c u l a t i o n  b a s e d  on peak  h e i g h t .  The  p e a k  

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

DHBA p e a k .  Sample c o n c e n t r a t i o n s  were q u a n t i t a t e d  by  

c o m p a r i n g  t h e  p e a k  h e i g h t  r a t i o  o b t a i n e d  f o r  t h e  sam- 
p l e  t o  t h e  r a t i o  o b t a i n e d  f o r  t h e  e x t r a c t e d  c a l i b r a -  

t i o n  n t a n d a r d  (E, NE, DHBA : 1 ug/mL e a c h ) .  

The w i t h i n - r u n  a n d  t h e  be tween- run  p r e c i s i o n  r e s u l t s  

a r e  p r e s e n t e d  i n  t h e  t a b l e s  1 and 2 .  
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TABLE 2 

Between-Bun P r e c i s i o n .  .--------------------- 

72 I 

n 10 l o  
X 149.44 28.80 

S.D 8 . 3 3  1.80 
c .v  5.58 6.27 ............................. 

Lyphocheck l e v e l  I1 ( L o t  No 11200)  mean v a l u e s  w i t h  

t h e  B I O - R A D  e x t r a c t i o n  co lumns  and  t h e  HPLC t e s t  were  

r e s p e c t i v e l y  1 7 5  ug/L (151-199) and 3 1  ug/L (25-37)  

f o r  NE and E .  

The a n a l y t i c a l  r e c o v e r y  on t h e  co lumns  f o r  n o r e p i n e -  

p h r i n e  and e p i n e p h r i n e  were d e t e r m i n e d  by c o m p a r i n g  

t h e  peak  h e i g h t  r a t i o s  of t h e  e x t r a c t e d  compounds v s  

D H B A  added a f t e r  t h e  e l u t i o n  w i t h  t h e  u n e x t r a c t e d  

s t a n d a r d s .  

The r e s u l t s  f o r  NE and E w e r e  8 0 . 3 3  4 and  80.89 % 

a f t e r  e x t r a c t i o n  o n  weak c a t i o n  exchange  (WCE) column 

and r e s p e c t i v e l y  61 X and  60 4 w i t h  t h e  e x t r a c t i o n  on 

WCE and a l u m i n a  a d s o r p t i o n .  The method was l i n e a r  up 

t o  400 u g / 2 4  h. 

The d e g r e e  of i n t e r f e r e n c e  v a r i e s  f rom s a m p l e  t o  s a m -  

p l e .  To d e t e r m i n e  t h e  s p e c i f i c i t y  of t h e  WCE-alumina 

me thod ,  w e  added p o t e n t i a l  i n t e r f e r i n g  s u b s t a n c e s  t o  

a no rma l  u r i n e  a s  : n o r m e t a n e p h r i n e ,  m e t a n e p h r i n e ,  

VMA, HVA,  5-HIAA, MHPG, 3.4 d i h y d r o x y p h e n y l  g l y c o l ,  

3.4 d i h y d r o x y m a n d e l i c  a c i d ,  3.4 d i h y d r o x y p h e n y l a c e t i c  

a c i d ,  p -hydroxybenzo ic  a c i d .  

A n t i h y p e r t e n s i v e  d r u g s  a s  a l p h a - m e t h y l d o p a  wh ich  was 

m e t a b o l i s e d  w i t h  s i m i l a r  b i o g e n i c  a m i n e  fo rm c o u l d  b e  
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122 DUTRIEU AND DELMOTTE 

i s o g r a p h i c  w i t h  t h e  dopamine  p e a k .  D i l u t i o n  of t h e  

u r i n a r y  s a m p l e  w i t h  0.05M HCL b e f o r e  t r e a t m e n t  s o l v e  

t h i s  p r o b l e m .  No p r o b l e m  h a s  b e e n  o b s e r v e d  w i t h  

L -d o p a ,, 

DISCUSSION 

The method d e v e l o p p e d  by  R i g g i n  and  K i s s i n g e r  ( 7 , 8 , 9 )  

b a s e d  o n  t h e  c o m b i n a t i o n  of t h e  i o n  e x c h a n g e  r e s i n  and  

t h e  a l u m i n a  a d s o r p t i o n  c o n s t i t u e s  a t  t h i s  t i m e  t h e  

h i g h e r  a n a l y t i c a l  p e r f o r m a n c e  f o r  t h e  p r 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  i n  u r i n e .  C o u p l i n g  weak c a t i o n  

e x c h a n g e  r e s i n  ( W C E )  and  a l u m i n a  p r o v i d e s  t h e  m o s t  

s e n s i t i v e  a n d  s p e c i f i c  c h r o m a t o g r a m s  ( F i g u r e s  2,3) i n  

c o m p a r i s o n  w i t h  f a s t e r  t r e a t m e n t s  a s  WCE o r  a l u m i n a  

o n l y .  

C h e m i c a l l y  bonded m a t e r i a l s  a s  Bond-Elu t  f r o m  A n a l y t i -  

chem, r e c e n t l y  i n t r o d u c e d  o n  t h e  m a r k e t  f o r  t h e  a n a l y -  

s i s  of c a t e c h o l a m i n e s  seems t o  b e  a compromise  b e t w e e n  

t h e  h i g h  a n a l y t i c a l  p e r f o r m a n c e  of WEC-alumina and  t h e  

r a p i d i t y  of t h e  WCE and  a l u m i n a  p r o c e d u r e s  ( 1 1 , 1 4 , 1 5 ) .  

1310-REX 70  i s  a w e a k l y  a c i d i c  c a t i o n  e x c h a n g e r .  

The  r e s i n  was  r e g e n e r a t e d  by  a b a t c h  me thod ,  c o n v e r t e d  

t o  i t s  a p p r o p r i a t e  sod ium f o r m  and  e q u i l i b r a t e d  i n  

0.1M p h o s p h a t e  b u f f e r  a t  pH 6 , s .  

The f u n c t i o n a l  g r o u p  i s  c a r b o x y l i c  a c i d .  I t  i s  a non  

s p h e r i c a l  c o p o l y m e r  of m e t h a c r y l i c  a c i d  and  d i v i n y l -  

b e n z e n e  w i t h  m a c r o p o r e s  w h i c h  a v e r a g e  a d i a m e t e r  of 

200  a n g s t r o m s  ( f i g u r e  4). When h y d r a t e d ,  t h e  i o n  

e x c h a n g e  r e s i n  i s  m o s t  f u l l y  s w o l l e n .  The  s w e l l i n g  

d e c r e a s e s  when t h e  i o n i c  s t r e n g t h  o f  t h e  s o l v e n t  i s  

i n c r e a s e d  a s  w e l l  a s  non  p o l a r  s o l v e n t  a r e  a d d e d .  

R e s i n  s i z e  was a l s o  m o d i f i e d  i n  t h e  r a n g e  of 100 Z 
w i t h  t h e  c o n v e r s i o n  f rom t h e  h y d r o g e n  t o  t h e  sod ium 

fo rm.  
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i3 
I n 

w 

1 J- 
I 

0 

FIGURE 2 .  
L e f t  : chromatogram o f  a n  aqueous s o l u t i o n  c o n t a i -  
n i n g  5 ng o f  n o r e p i n e p h r i n e ,  e p i n e p h r i n e  and DHBA 
a f t e r  p u r i f i c a t i o n  by WCE-alumina. 
B i g h t  : chromatogram o f  a n  u r i n e  sample c o n t a i n i n g  
8 4  ug/24H o f  n o r e p i n e p h r i n e  and 2 5 . 1 6  ug/24H o f  
e p i n e p h r i n e .  Common c o n d i t i o n s  : d e t e c t o r  0.40V, 
s e n s i t i v i t y  g a i n  10 x 2 0 ,  f l o w - r a t e  0 . 6 0  ml /min.  

- 
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min. 

F I G U R E  3.  

W 
2 

mln . 

d 
I 
0 

m 

I 
16 
1 
12 

-r 
0 

Y z 

7 - 1  

4 0  

L e f t  : chromatogram o f  lyphocheck  u r i n e  c o n t r o l  
-;el 11) c o n t a i n i n g  1 5 1  13 ug/L o f  N E  and - 
2 6 . 7 1  ug/L o f  E .  
R i  h t  : chromatogram of  B + A 0 ,  2 6 0 )  c o n t a i n i n g  9 3 . 7 8  
o f  13.. Same c o n d i t i o n s  f o r  
tee t o r  0.40V. sen13 i t i v i  t y  
0 . 6 0  ml lmin .  

o t r o l  u r i n e  c o n t r o l  ( l o t  
ug/L of NE and 3 4 . 9  ug/L 
b o t h  chromatograms : d e -  
g a i n  10 x 4 0 ,  f l o v - r a t e  
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F I G U R E  4. 
Scanning e l e c t r o n  micrograph ( 1 5 0  x )  showing t h e  
amorphous a s p e c t  o f  t h e  Bio-Rex 7 0  50-100 mesh. 
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F I G U R E  5. 

E l e c t r o n  micrograph ( 1 1  2 5 0  x)  of  t h e  Bio-Rex 70 
micropores  which vary in size w i t h  pH and i o n i c  
s t . rength .  
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Because  i t  i s  non  s p h e r i c a l ,  BIO-REX 7 0  t e n d e d  t o  pack  

i r r e g u l a r l y .  Moreove r ,  d u r i n g  r e - e q u i l i b r a t i o n  t h e  

p a r t i c u l e s  s w e l l ,  r e s u l t i n g  i n  a more  c l o s e  p a c k i n g  

i n c r e a s i n g  t h e  r e s i s t a n c e  t o  t h e  f l o w  ( F i g u r e  5 ) .  

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

s i n g  some d e c r e a s e  i n  t h e  m a c r o p o r e  s i z e  and  v a r i a b i -  

l i t y  i n  t h e  s e p a r a t i o n  c h a r a c t e r i s t i c s .  I t  was v e r y  

i m p o r t a n t  t o  s a f e l y  c o n t r o l  t h e  r o t a t i o n  s p e e d  i n  

o r d e r  t o  p r e v e n t  e x c e s s i v e  c l o g g i n g  of t h e  ch romato -  

g r a p h i c  m e d i a ,  k e e p i n g  i t  w e t  enough  to c o n d u c t  t h e  

a n a l y s i s  i n  good a n a l y t i c a l  c o n d i t i o n s .  I n c o r r e c t  

e q u i l i b r a t i o n  o r l a n d  p o o r  h y d r a t a t i o n  u n d e r y i e l d  u n r e -  

p r o d i i c t i b l e  r e s u l t s .  

The a p p r o x i m a t e  t i m e  r e q u i r e d  f o r  t h e  "c l ean -up"  

of  8 s a m p l e s  w a s  140 m i n u t e s  f o r  t h e  B I O - R A D  method 

and  :less t h a n  50  m i n u t e s  f o r  t h e  method d e s c r i b e d .  

This a l l o w s  a s i g n i f i c a n t  i n c r e a s e  of  t h e  HPLC t i m e  

f o r  o t h e r  a n a l y s i s  s u c h  a s  : d r u g s  m o n i t o r i n g . . .  

R e p r o d u c i b l e  and  t i m e  s a v i n g ,  t h i s  i n e x p e n s i v e  p r o c e -  

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

b a c k  e x t r a c t i o n ,  e m u l s i o n ,  e v a p o r a t i o n ,  l a r g e  s o l v e n t  

vo lume a n d  g l a s s  c o n s u m p t i o n .  

E f f e c t i v e  and  d e d i c a t e d  f o r  c l i n i c a l  c h e m i s t r y  deve -  

l o p m e n t s ,  i t s  a p p l i c a t i o n s ' f i e l d  c a n  b e  e n l a r g e d  to : 

t o x i c o l o g y ,  f o o d  and  p h a r m a c e u t i c a l  q u a l i t y  a n a l y s i s .  
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