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ABSTRACT 

We have developed a novel analyser for the determination of vanillylmandelic acid, homovanillic acid 
and creatinine in urine by high-performance liquid chromatography using three different types of column, 
cation-exchange, anion-exchange and reversed-phase and the column-switching technique. In this proce- 
dure, 10 pl of intact urine were directly injected into the cation-exchange column, and the pass-through 
fraction, containing vanillylmandelic acid and homovanillic acid was transferred to the anion-exchange 
column by column switching. The fraction partially purified from endogenous urinary impurities on the 
anion-exchange column was transferred to the reversed-phase column. Vanillylmandelic acid and homova- 
nillic acid, separated by the solvent-switching technique, were detected fluorimetrically (excitation at 280 
nm, emission at 320 nm). Then, creatinine eluted from the cation-exchange column is spectrophoto- 
metrically detected (254 nm). Therefore the successive simultaneous analysis of the three could be perform- 
ed in a l 5-min cycle; the within-assay coefficients of variation for normal and patients' urines were < 1.9%, 
< 3.3% and < 3.0% for vanillylmandelic acid, homovanillic acid and creatinine, respectively; the recov- 
eries averaged 100, 103 and 100%, respectively, for supplemented urines. 

INTRODUCTION 

The determination in urine of vanillylmandelic acid (VMA) and homovanillic 
acid (HVA), the main metabolic end-products of catecholamines, is indispensable 
for the diagnosis of neuroblastoma (NB), pheochromocytoma, Parkinson's dis- 
ease, etc. [1]. In particular, NB can be reliably found by analysing only the two 
metabolites, VMA and HVA, in urine. If it is detected in the early stages, the 
disease may be perfectly cured. The mass screening of six-month-old infants com- 
menced administratively from 1985 in Japan [2]. Therefore, many screening tech- 
niques have been investigated for the detection of NB. However, some involve 
semiquantitative and troublesome procedures [3,4]. On the other hand, liquid 
chromatographic determination is suitable for a reliable mass screening, owing to 
its high sensitivity and selectivity. Many high-performance liquid chromato- 
graphic (HPLC) techniques have been presented for the analysis of urinary VMA 
and HVA by spectrophotometry [5], fluorimetry [6,7] and amperometry [8-11], 
but they required laborious sample preparation. 
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Furthermore, urine samples collected at all times are commonly used for mass 
screening. Therefore it is necessary to calculate the concentration ratio of VMA 
or HVA to creatinine (CRN). However, urinary CRN was usually not measured 
by HPLC but by the Folin-Wu method, utilizing Jaffe's reaction [12]. Conse- 
quently, these techniques are not suitable for clinical needs in emergencies. 

Recently, column- and solvent-switching methods have been widely used for 
the automatic pretreatment of the samples, where one column provides a crude 
separation of the sample, and a fraction containing the analytes is transferred to 
another column for the analytical separation. This technique can successfully be 
used for the separation of catecholamines and their metabolites in biological 
materials [13,14]. This paper describes a fully automated analyser that uses a new 
separation technique involving on-line pretreatment of urine samples for the si- 
multaneous determination of VMA, HVA and CRN. 

E X P E R I M E N T A L  

Instrumentation 
A fully automatic liquid chromatographic analyser (HLC-726VMA), newly 

developed by Tosoh (Kanagawa, Japan) was used (Fig. 1). We used three differ- 
ent types of column, TSKgel VMA-Cation (5 /~m, 150 mm × 4.6 mm I.D.), 
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Fig. l. Schemat ic  d i ag ram of  the H L C - 7 2 6 V M A  equipment .  SV = solvent -swi tching valve; P - pump;  

A/S - au tosample r ;  MV = motor ized  s ix-way valve; CX = TSKgel  V M A - C a t i o n  co lumn;  AX = TSKgel  

V M A - A n i o n  co lumn;  RP  - TSKgel  V M A - R P  co lumn;  D E T  - detector;  FS = fluorescence detector;  UV 

= u l t rav io le t  absorbance  detector .  C o l u m n  tempera ture ,  25°C. The pos i t ions  MV O F F  and  MV O N  are 

indica ted  by the solid and  the dashed  lines, respectively. The f low-rate  was 1.0 ml /min  for bo th  P-1 and  P-2. 
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TSKgel VMA-Anion (5 #m, 120 mm x 4.6 mm I.D) and TSKgel VMA-RP (5 
#m, 150 mm x 4.6 mm I.D.) especially developed for the analyser by Tosoh. 

Materials 
Pure VMA, HVA and CRN were obtained from Sigma (St. Louis, MO, 

U.S.A.). Creatinine deiminase (E.C. 3.5.4.21) were from Toyobo (Osaka, Japan). 
Other reagents of special grade were purchased from Wako (Osaka, Japan). 

Mobile phases 
Four solvents were used for chromatography and sample clean-up: (A) 50 mM 

citrate buffer containing 0.02% (w/v) sodium azide (pH 4.8); (B) 300 mM sodium 
sulphate in solvent A (pH 4.6); (C) 10% (w/w) acetonitrile in solvent A (pH 5.0); 
(D) 40% (w/w) acetonitrile in solvent A (pH 5.5). Solvent A serves to elute CRN 
on the cation-exchange (CX) column and for initially equilibrating the three 
columns before sample injection. Solvent C completes the rapid and fine sep- 
aration for HVA on the RP column. Solvent B serves to wash the CX and anion- 
exchange (AX) columns, and solvent D for washing the reversed-phase (RP) 
column. 

Standards 
A stock solution (500 #g/ml each of VMA and HVA) was prepared by diluting 

50 mg each of VMA and HVA to 100 ml with eluent A. A working standard 
containing VMA(5 ~g/ml), HVA (5 #g/ml) and CRN (0.5 mg/ml) was prepared 
by diluting 1.0 ml of stock VMA, HVA standard solution and 50 mg of CRN to 
100 ml with eluent A. The working standard was stable for ca. three weeks, and 
the stock standard for at least four weeks at 4°C. 

Urine samples 

Intact urine samples were directly injected into the liquid chromatograph. The 
supernatant was also used after centrifugation (2000 g, 5 min) in case the urine 
sample contained insoluble impurities. VMA, HVA and CRN were stable for at 
least four weeks at - 20°C if the urine sample was acidified with 6 M hydrochloric 
acid to a pH of ca. 4. 

Principle of  separation 
The following six analytical steps are time-controlled (Table I) by the sequenc- 

er (Fig. 1): 
(1) Pretreatment step on the CX column. Inject 10 #1 of intact urine with an 

automatic loop injector (A/S) into the pretreatment line, which includes the CX 
and AX columns connected in series through MV1 (OFF) and MV2 (OFF); most 
of cationic compounds, including CRN, are adsorbed on the CX column, the 
pass-through fraction containing anionic VMA and HVA is transferred to the 
AX column. 
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TABLE I 

SCHEME OF C O L U M N  A N D  SOLVENT S W I T C H I N G  

S. K A W A G U C H I  et  al. 

Valve ON (min) OF F  (min) 

MV1 3.5 4.0 
MV2 4.0 10.0 

SV1 9.0 10.0 
SV2 6.0 14.0 
SV3 13.0 14.0 

(2) Pretreatment step on the AX column. Switch the CX column into the drain 
(MV1 ON) and stop delivering the solvent A to it (CRN remains in the CX 
column); the fraction containing VMA and HVA is partially purified on the AX 
column from other anionic impurities. 

(3) Analytical step for CRN. Switch the AX column into line with the RP 
column; the partially purified fraction is similarly transferred to the RP column. 
Then, switch the CX column into analytical line (MV1 OFF); deliver the solvent 
A to it again; the CRN adsorbed on the CX column is eluted and detected at 254 
nm (UV). 

(4) Washing and initializing step for the CX and AX columns. Switch the AX 
column again into line with the CX column (MV2 OFF), flush these two columns 
with solvent B for 1 min (SV1 ON) and return to solvent A (SV1 OFF). 

(5) Analytical step for VMA and HVA. VMA and HVA in the fraction partial- 
ly purified on the AX column are separated by stepwise elution with solvent C 
(SV2 ON and SV3 OFF) and fluorimetrically detected at an excitation wave- 
length of 280 nm and an emission wavelength of 320 nm (FS). 

(6) Washing and initializing step for the RP column. Prepare the AX and CX 
columns for the next analysis while the RP column is equilibrated with solvent A 
(SV2 OFF and SV3 OFF) after flushing with solvent D for 1 rain (SV2 ON and 
SV3 ON). 

The CRN, VMA and HVA peaks are eluted in this order, and the ratio of 
micrograms of VMA or HVA to milligrams of C R N is immediately calculated. 
The time between analysis of one sample and the next is 15 min, which includes 
the on-line pretreatment, chromatography and calculation of the ratio of VMA 
or HVA to CRN. 

Calculation of  results 
The HLC-726VMA analyser used peak-area measurements with a single ex- 

ternal standardization to calculate the concentration of VMA, HVA and CRN in 
urine samples. The ratios of VMA or HVA to C R N were also calculated from 
their concentration values. 
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RESULTS 

Fig. 2 shows two typical chromatograms obtained by direct-injection analysis 
of 10 #1 of intact urine from a normal infant (left) and an NB patient (right). 
Good separation and baselines with low background are observed in both cases. 
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Fig. 2. Chromatograms  obtained from urine samples from a normal  infant (left) and an NB patient (right). 
(Left) The concentrations were 0.22 mg/ml,  1.73 yg/ml and 4.29/~g/ml for CRN,  VMA and HVA, respec- 
tively; ~g VMA/mg  C R N  = 7.9,/~g HVA/mg C R N  - 19.5. (Right) The concentrations were 0.13 mg/ml, 
20.21 yg/ml and 21.92 #g/m1 for CRN,  VMA and HVA, respectively; yg VMA/mg CRN = 155.5, /~g 
HVA/mg C R N  = 168.6. 

Peak identity and purity 
In this procedure the validity of the assay depends on the complete resolution 

of  the CRN, VMA and HVA from interfering fluorescent or UV-absorbing 
peaks. The peaks measured were found to contain only pure compounds of in- 
terest. Table II summarizes the peak identity and purity test for VMA and HVA. 

TABLE II 

P E A K - P U R I T Y  TEST F OR  VMA A N D  HVA 

Excitation 
wavelengths 

(nm) 

Calculated fluorescence ratio 

Standard Urine 

VM A HVA VMA HVA 

280 and 240 1.82 3.28 1.78 3.24 
280 and 260 3.29 3.68 3.29 3.60 
260 and 240 0.56 0.89 0.54 0.91 
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A good indication of  peak purity can be obtained by comparison of  the fluo- 
rescence ratios of  the peak areas corresponding to VMA and HVA at two or 
more specific excitation wavelengths and constant emission wavelength. This sug- 
gests that the two peaks detected at the elution positions of  VMA and HVA were 
pure. The identity and purity of  the CRN peak were assessed in comparison with 
the chromatogram from an intact urine and that from the same pretreated with 
creatinine deiminase. It is well known that CRN is converted into 1-methyl- 
hydantoin by catalysis of  creatinine deiminase. Therefore urinary CRN was con- 
verted into 1-methylhydantoin by addition of  creatinine deiminase, and the reac- 
tion mixture was injected into the column. The peak corresponding to CRN was 
completely eliminated. Moreover, no overlapping peaks were found at this posi- 
tion in the chromatogram. 

Precision 
Table III summarizes the precision data for the direct-injection analysis. The 

reproducibility was evaluated by the within- and between-assay precision of  three 
and two samples of infant urine, respectively. Good coefficient of  variation 
(C.V.), less than 3.3% for within-assay and less than 2.9% for between-assay, 
were obtained. 

TABLE l l I  

REPRODUCIBILITY OF THE PRESENT ASSAY 

Compound Concentration C.V. 

(mean 4- S.D.) (%) 

Within-assay (n = 10) 

CRN (mg/ml) 

VMA (/~g/ml) 

HVA (#g/ml) 

Between-assay  (n - 7) 

CRN (mg/ml) 

VMA (/~g/ml) 

HVA (/~g/ml) 

0.I0 4- 0.000 0.00 

0.23 + 0.007 3.04 

0.51 4- 0.012 2.35 

1.14 4- 0.022 1.93 

6.33 4- 0.086 1.36 

13.17 4- 0.200 1.45 

1.89 4- 0.049 2.59 

5.07 4- 0.170 3.35 

17.50 4- 0.290 1.66 

0.24 4- 0.007 2.92 

0.44 4- 0.013 2.95 

2.36 ± 0.041 1.74 

4.23 4- 0.078 1.84 

4.65 4- 0.070 1.51 

7.77 4- 0.085 1.09 
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Linearity and detection limits 
The standard curves were linear up to 350/~g/ml, 300/~g/ml and 8 mg/ml for 

VMA, HVA and CRN, respectively. The detection limits for VMA, HVA and 
CRN were 300 pg, 300 pg and 30 ng, respectively, at a signal-to-noise ratio of 3. 

Recovery 
Recovery was assessed from replicate analyses of  urine samples supplemented 

with VMA, HVA and CRN from three normal subjects (endogenous VMA, 
HVA and CRN levels were 2.04-5.03 #g/ml, 4.06-10.91 /~g/ml and 0.20-0.46 
mg/ml, respectively). The mean recoveries of VMA (5/~g/ml), HVA (5/~g/ml) and 
C RN (0.5 mg/ml) were 100, 103 and 100%, respectively. 

Correlation with a comparison method 
Values (y) obtained with this method were compared with those (x) from 

solvent extraction with ethyl acetate for 38 samples [9]. For VMA and HVA the 
correlation coefficient (r) exceeded 0.95, and the equations for the regression lines 
werey = 0.75x - 0.05 (n = 38, r = 0.968)for VMA andy  = 0 . 8 7 x -  0.13 (n = 
38, r = 0.955) for HVA. The concentrations of  VMA and HVA in the urine 
samples ranged from 0.3 to 7.5 #g/ml. The extraction of VMA and HVA was 
poorer from a standard solution of  dilute hydrochloric acid than from acidified 
urine. Therefore the VMA and HVA values measured after the ethyl acetate 
extraction were consistently higher (VMA 25%, HVA 13%) than those obtained 
by the present method. 

CRN values (y) obtained by the present method were also compared with 
those (x) from the Folin-Wu method. The correlation coefficient (r) was 0.991 
and the equation for the regression curve was y = 0.98x - 0.56 (n = 100). The 
concentration of CRN in these urine samples ranged from 0.04 to 0.6 mg/ml. The 
correlation was exceedingly good. 

DISCUSSION 

The main advantage of this method is the simultaneous determination of CRN 
with VMA and HVA following a single injection; thus the exact concentration 
ratio of  VMA or HVA to CRN can be immediately obtained. Another is the high 
efficiency of the sample clean-up with two different types of column (CX and 
AX), facilitating the very clean fluorimetric detection of VMA and HVA. In 
particular, complete separation of VMA from neighbouring peaks could be 
achieved, in contrast to the manual extraction method. 

Conventional LC methods used for analysing biological samples required ma- 
nipulative extraction steps. Ethyl acetate extraction, commonly used for the assay 
of  urinary catecholamine metabolites, is very selective. However, the VMA value 
thus measured is not sufficiently precise because of  the low extractability of  VMA 
from aqueous solution into ethyl acetate. This problem can be solved with direct 
on-column injection and on-line purification of urine samples. 



18 S. KAWAGUCHI et al. 

The CRN molecule has an absorbance maximum at 234 nm. However, when 
we detected it at this wavelength with a detector cell of 10-mm path length, we 
could not obtain a linear calibration curve up to 1 mg/ml. This was due to 
exceeding the upper detection limit of the UV detector. A linear calibration curve 
up to 3 mg/ml CRN is absolutely required for urine analysis. Hence, we set the 
detector wavelength at 254 nm and used a cell with a l-ram path length for the 
purpose of lowering the sensitivity, so as to obtain a satisfactory linearity and 
detection limit. 

The lifetime of HPLC columns is influenced by the choice of eluent compo- 
nents, the method of sample pretreatment, the extent of mechanical damage 
caused by high back-pressure, etc. We tested and evaluated the performance of 
the columns during 2000 repetitive direct injections of an adult intact urine. The 
result was that c a .  1200 injections could be made without significant loss of 
resolution. Thereafter, a broadening peak with a small shoulder was observed for 
VMA after 1300 injections, and a slightly splitting peak was also found for HVA 
after 1600 injections. The reduction of the VMA and HVA peak heights reflects a 
decrease in the number of theoretical plates (N) but a change in N does not 
influence the peak area. However, from the chromatogram after 1600 injections it 
is difficult to measure the areas of the VMA and HVA peaks accurately because 
the separation of the two from neighbouring peaks gradually deteriorates. 

CONCLUSION 

The HLC-726VMA analyser offers a new technique for the analysis of urinary 
VMA and HVA, including a simultaneous assay for CRN, by direct on-column 
injection. It is suitable for the mass screening of NB in routine laboratories be- 
cause of  its high selectivity and full automation. 
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