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ABSTRACT 

Capi l la ry  zone electrophoresis w i th  untreated fused-s i l i ca  c a p i l l a r i e s  and 
acetate bu f fe r  was evaluated f o r  the separation and analysis o f  catechol amine 
metabolites. Homovanillic acid and vani l ly lmandel ic acid, which are excreted i n  
abnormally elevated l eve l s  i n  the ur ine o f  pa t ien ts  w i th  neuroblastoma, were 
separated from other possible catecholamine metabolit ies, using a 200 mM acetate 
bu f fe r  a t  pH = 4.10. The high bu f fe r  concentration was necessary t o  minimize the 
peak t a i l i n g  resu l t i ng  from ana ly te -cap i l la ry  wal l  interact ions.  The concentra- 
t i o n  detect ion l i m i t s  o f  the  in jec ted  sample a t  214 nm were 36 mg/L f o r  
vani l ly lmandel ic acid and 64 mg/L f o r  homovanil l ic acid. 

INTRODUCTION 

Homovani 11 i c (4-hydroxy-3-methoxyphenyl acet i  c) acid (HVA) and vani 11 y l  man - 
del i c  (4-hydroxy-3-methoxyandel i c )  acid (VMA) are ca tabo l ic  products o f  

catecholamines tha t  are excreted i n  abnormally elevated amounts i n  the ur ine  o f  

pat ients w i th  neuroblastoma (1,2), pheochromocytoma (3), psychosis (4) and 

hepatic encephalopathy (5) .  I n  the case o f  neuroblastoma, detect ion o f  these 

metabolites i s  c r i t i c a l .  In fan ts  diagnosed a t  an ear ly  stage have a much higher 
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3194 ISSAQ ET AL. 

surv iva l  r a t e  than ch i l d ren  above the  age o f  1 year i n  whom neuroblastoma i s  

diagnosed a t  an advanced stage (6 ) .  

The simultaneous q u a n t i f i c a t i o n  o f  VMA and HVA has become a r o u t i n e  mass 

scresning t e s t  f o r  d iagnosis and fol low-up o f  ch i l d ren  w i t h  neuroblastoma (6.7- 

10) .  Numerous methods have been advanced f o r  the  ex t rac t ion ,  separat ion and 

quan t i f i ca t i on  o f  these acids (6 -12) .  The h igh  pressure l i q u i d  chromatography 

(HPL:) method introduced by Takeda and co-workers (12) i s  the  most w ide ly  used 

f o r  l a s s  screening purposes. 

The recent development o f  c a p i l l a r y  zone e lec t rophores is  (CZE) has no t  on ly  

presented researchers w i t h  the  po ten t i a l  f o r  achieving r a p i d  h igh - reso lu t i on  o f  

macromolecules, bu t  i t  has a lso  opened the  way f o r  the  app l i ca t i on  o f  e lectropho- 

r e s i s  t o  the  separat ion o f  small molecules such as inorgan ic  and organic ions  and 

ion i zab le  molecules (13-16) .  Although CZE i s  o f t e n  compared t o  h igh  pressure 

l i q u i d  chromatography (HPLC), y e t  as a separat ion technique i t  has i t s  own 

s p e c i f i c  features.  With CZE, separat ion i s  achieved by d i f f e r e n t i a l  m igra t ion  

o f  charged so lu tes  i n  a semi-conducting b u f f e r  under the  i n f l uence  o f  an e l e c t r i c  

f i e l d  g rad ien t  (13-17) .  Thus, CZE provides a valuable technique t h a t  i s  

orthogonal t o  HPLC and t h a t  may be used as a l te rna te  o r  complementary technique 

f o r  f u r t h e r  cha rac te r i za t i on  o f  analytes (17). 

The ob jec t i ve  o f  t h i s  work i s  t o  i nves t i ga te  the  p o t e n t i a l  o f  CZE f o r  t he  

separat ion o f  catecholamine metabol i tes and f o r  t he  ana lys is  o f  VMA and HVA i n  

i n f a n t  u r  i ne s amp1 es . 
EXPERIMENTAL 

A Beckman CZE system (Model P/ACE) equipped w i t h  a UV de tec tor ,  an 

autcmatic i n j e c t o r ,  a column ca r t r i dge  (50 cm x 75 w i .d .  surrounded by 

coolant) ,  and a System Gold data s t a t i o n  was used i n  t h i s  study. VMA, HVA and 

the  o ther  catecholamine metabol i tes were purchased from A l d r i c h  Chemical Company, 

Milwaukee, W I .  A l l  runs were c a r r i e d  ou t  a t  25'C. I n j e c t i o n s  were made using 

the  pressure mode f o r  2 seconds a t  0.5 ps i .  Bu f fe r  so lu t i ons  were degassed and 

f i l l e r e d  through 0.2 pm Nylon 66 f i l t e r s  p r i o r  t o  use. 
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A 10 mL sample o f  u r i n e  was a c i d i f i e d  t o  a pH o f  (1 w i t h  5 M HC1, 1.5 g o f  

NaCl was added and t h e  s o l u t i o n  was f i r s t  ex t rac ted  wi th 6 mL o f  e t h y l  ace ta te  

then wi th 6 mL o f  d i e t h y l  e the r .  The combined o rgan ic  l a y e r  was evaporated under 

n i t r o g e n  u n t i l  i t  d r i e d  and red i sso l ved  i n  100 pL o f  water, p r i o r  t o  CZE 

ana lys i s .  

RESULTS AND DISCUSSION 

The separat ion o f  VMA and HVA was f i r s t  i nves t i ga ted  us ing  a phosphate 

b u f f e r  a t  n e u t r a l  and bas i c  pH. A t  pH = 7, t h e  two ac ids  a re  i o n i z e d  and 

n e g a t i v e l y  charged, however, it appears t h a t  t h e  d i f f e r e n c e  i n  t h e i r  cha rge - to -  

s i z e  r a t i o  i s  n o t  s i g n i f i c a n t  enough t o  a f f e c t  t h e i r  separa t i on  i n  f ree-zone 

c a p i l l a r y  e lec t rophores i s .  Using a 50 mM phosphate b u f f e r  a t  an a p p l i e d  vo l tage  

o f  15 kV, t h e  two so lu tes  co -e lu ted  as a r a t h e r  broad peak w i t h  a m i g r a t i o n  t ime 

of 18 minutes (data n o t  shown). As t h e  pH o f  t h e  phosphate b u f f e r  was increased 

t o  8.5, t h e  m i g r a t i o n  t ime increased and t h e  peak shape d e t e r i o r a t e d  w i t h o u t  any 

apprec iab le improvement i n  separat ion.  This  l e d  t o  t h e  conc lus ion  t h a t  n e u t r a l  

and bas i c  b u f f e r s  a r e  i napprop r ia te  f o r  t h e  separat ion o f  these two a c i d i c  

compounds. I n  an e f f o r t  t o  improve t h e  CZE separat ion o f  catecholamines and 

t h e i r  metabol i tes,  Kaneta e t  a l .  chose t o  c o n t r o l  t h e  e l e c t r o p h o r e t i c  m o b i l i t y  

by complex format ion w i t h  bo ra te  ion, and t o  reverse t h e  e lec t roosmot i c  f l o w  by 

mod i f y ing  t h e  b u f f e r  w i t h  a c a t i o n i c  su r fac tan t  hav ing a l o n g  a l k y l  cha in  (18). 

Under these c o n d i t i o n s  t h e  m ig ra t i on  t ime  o f  VMA (Ref. 18, F ig .  4) exceeded 50 

minutes, which renders t h i s  approach inapprop r ia te  f o r  mass screening programs 

where s h o r t  ana lys i s  t ime  i s  an impor tant  a t t r i b u t e .  To avo id  t h e  need f o r  

e labo ra te  procedures t h a t  r e q u i r e  b u f f e r  m o d i f i c a t i o n s  w i t h  cornplexing agents, 

su r fac tan ts  o r  both, i t  was decided t o  see i f  t h e  use o f  l ow  pH bu f fe rs ,  near t h e  

d i s s o c i a t i o n  constants  o f  t h e  so lu tes  o f  i n t e r e s t  would accomplish t h e  separat ion 

on t h e  bas i s  o f  s u b t l e  d i f f e r e n c e s  i n  charge- to-s ize r a t i o s .  As t h e  pH i s  

decreased t h e  i o n i z a t i o n  o f  bo th  acids, VMA and HVA, i s  suppressed, however, 

s ince  VMA i s  a weaker a c i d  (because o f  t h e  presence o f  t h e  e l e c t r o n - r e l e a s i n g  OH- 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
0
0
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



3196 ISSAQ ET AL. 

grouli on the  LI carbon loca ted  next t o  the  carboxylate ion) ,  i t s  negat ive charge 

i s  diminished t o  a l a r g e r  ex ten t  i n  comparison t o  HVA. Hence, VMA migrates more 

r a p i l l y  and moves c lose r  t o  the  neut ra l  marker wh i le  HVA migrates r e l a t i v e l y  

slower because o f  i t s  l a r g e r  negat ive charge. 

F i r s t ,  a 50 mM phosphate b u f f e r  i n  the  pH range 2 .5 -4 .5  was used f o r  

separation and analysis.  VMA and HVA were widely separated i n  t h i s  bu f fe r ,  

however, the  ana lys is  t ime was long  and the  slower migra t ing  HVA peak was broad. 

Attempts a t  improving peak shape by varying the  pH and i o n i c  s t rength  o f  the 

b u f f e r  were no t  successful i n  e l im ina t i ng  so lu te -cap i l l a ry  wa l l  i n te rac t i ons  

which are the  main cause o f  peak broadening and t a i l i n g .  Inc reas ing  t h e  i o n i c  

s t rength  o f  t he  b u f f e r  by increasing the  b u f f e r  concentrat ion and/or add i t i on  o f  

i o n i c  s a l t s  can, i n  some cases, minimize s o l u t e - c a p i l l a r y  wa l l  in te rac t ions ,  

how€ ver, phosphate bu f fe rs  generate excessively high cur ren ts  under such extreme 

conr i t ions .  

Acetate, on the  o ther  hand, i s  a much "coo le r "  b u f f e r  (19),  thus, t he  use 

o f  l i g h  acetate b u f f e r  concentrat ion i s  feas ib le .  For example, Figure 1 shows 

the separat ion o f  VMA and HVA using a 200 mM acetate b u f f e r  a t  pH = 3.75. The 

cu r ien t  was l i m i t e d  t o  52.5 jul a t  an appl ied vol tage o f  25 kV. Under these 

conctitions, VMA and HVA were w ide ly  separated and the  VMA peak was symmetrical 

and sharp. It i s  t o  be noted t h a t  t h e  cu r ren t  generated by a 200 mM acetate 

buft 'er a t  25 kV increases exponent ia l l y  w i t h  inc reas ing  pH i n  the  pH range 

studied, as shown i n  Table I ,  which a lso  l i s t s  the  m ig ra t i on  times o f  VMA, HVA 

and the  neut ra l  marker mes i ty l  oxide. Electroosmotic f l ow  genera l l y  increases 

w i t h  inc reas ing  pH. However, t h e  data presented i n  Table I i nd i ca tes  t h a t ,  f o r  

t h i  p a r t i c u l a r  system, the  electroosmotic f l ow  (as measured by the  m ig ra t i on  

t i m i !  o f  mes i ty l  oxide),  decreases w i t h  inc reas ing  pH. Th is  i s  a t t r i b u t e d  mainly 

t o  .he accelerated i o n i z a t i o n  o f  ace t i c  ac id  as the  pH approaches i t s  pK value. 

The r e s u l t i n g  increase i n  the  i o n i c  s t rength  o f  the  b u f f e r  decreases the  zeta 

p o t m t i a l  and consequently slows down the  electroosmotic f low. 
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a 

1 I I 1 

2.0 3.0 4.0 5.0 

Time (min) 

FIGURE 1. Electropherogram o f  the separation o f  VMA and HVA. Instrument: 
Beckman Model P/ACE System 2000; Column: 50 cm x 75 ja~ fused s i l i c a ;  
In jec t ion :  pressure mode f o r  2 sec. a t  0.5 ps i ;  Buffer:  200 mM 
acetate; pH = 3.75; Applied Voltage: 25 kV; Current: 52.5 f i :  
Detection: UV 214 nm. 

Table I:  Migrat ion times and measured current a t  d i f f e r e n t  
pH values using 200 mM acetate bu f fe r  a t  an 

operating voltage o f  25 kV 
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Time (min) 

FIGURE 2. Electropherogram of a standard mixture of catecholamine metabolites. 
Buffer: 200 mM acetate; pH = 4.10; Applied Voltage: 25 kV; Current: 
115 PA; Other Experimental Parameters: As in Figure 1. Solutes: 
MO = Mesityl oxide; 4H = 4-hydroxy-3-methoxyphenyl-glycol; 5 Mi = 5- 
methoxyindole-3-acetic acid; 5 Hi = 5-hydroxyindole-3-acetic acid; 
VA = 4-hydroxy-3-methoxy benzoic acid; VMA = vanillylmandelic acid; 
HGA = homogentisic acid; and HVA = homovanillic acid. 

As shown in Table I and Figure 1, VMA and HVA are easily separated in less 

thari 5 minutes, however, under these conditions both peaks will overlap with 

o t h w  metabolites present in a complex sample such as urine. Improved separation 

froln other possible catecholamine metabolites is accomplished at pH 4.10 as shown 

in 1:igure 2. Increasing the pH beyond 4.10 results in improved separation at the 

e x p m s e  of increased analysis time and excessive Joule heating. 

Figure 3A shows an electropherogram of an untreated infant urine sample and 

Figure 3B shows an electropherogram of the same sample spiked with 0.5 mg/mL each 

of VMA and HVA. The separation and quantification of VMA and HVA are feasible 

under these conditions, since several infant urine samples were tested and there 

were no major peaks that interfered with the analysis. 
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A 

I I I 
2.0 5.0 10.0 

Time (min) 

FIGURE 3. Electropherograms o f  normal i n f a n t  ur ine:  (A)  Untreated normal 
i n f a n t  ur ine,  (6) Normal in fant  ur ine  spiked wi th  vani l ly lmandel ic  
acid and homovanillic acid.  Experimental Conditions: As i n  
Figure 2 .  
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A semi -qua l i t a t i ve  comparison o f  VMA and HVA molar concentrat ions t o  peak 

heiqhts was conducted and i t  was determined t h a t  t he  lower concentrat ion 

de tec t ion  l i m i t  a t  214 nm was 36 mg/L f o r  VMA and 64 mg/L f o r  HVA. Since the 

concentrat ion o f  VMA and HVA i n  the  u r i n e  o f  normal i n f a n t s  i s  l e s s  than 5 mg/L 

( l l ) ,  a concentrat ion step was necessary before samples could be analyzed by CZE 

using UV de tec t i on  a t  214 nm. Several e x t r a c t i o n  procedures were repor ted  i n  the  

l i t e r a t u r e  (6-12). I n  t h i s  work, a 5 mg/L sample o f  both VMA and HVA was e a s i l y  

detected a f t e r  concentrat ion using the  procedure repor ted  by Tuchman e t  a l .  (9) 

as described i n  the  Experimental. 

In conclusion, t he  CZE procedure descr ibed here i s  simple, rap id  and h igh l y  

su i tab le  f o r  mass screening o f  both HVA and VMA. 
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