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Abstract 

An HPLC system for the simultaneous determination of acidic catecholamine metabolites, related compounds 
and 5-hydroxyindoleacetic acid (5-HIAA) in human urine was developed. A mixed-mode (Cls/anion-exchange) 
column with isocratic elution using citrate buffer and an eight-channel electrochemical detector were used. 
Vanilmandelic acid (VMA), 3,4-dihydroxyphenylacetic acid (DOPAC), 4-hydroxy-3-methoxyphenyllactic acid 
(vanillactic acid, VLA), homovanillic acid (HVA), vanillic acid (VA) and 5-HIAA in urine were determined 
simultaneously. Detection limits and inter (n = 5) and intra-assay (n = 5) coefficients of variation were satisfactory. 
The mean of analytical recoveries (n = 3, ±C.V. (%)) were between 97---3.2 (VMA) and 105---4.8 (VA). 
Correlations between the analytical results for VMA, HVA and 5-HIAA obtained by an established method and 
the present method were satisfactory. The mean ±2 S.D. of the excretion rates of VMA, DOPAC, VLA, HVA, 
5-HIAA and VA in urine from healthy adult volunteers were 0.61-4.36, 0.13-1.02, 0-0.35, 0.67-6.55, 0.50-5.14 
and 0-0.55 mg/g creatinine, respectively. 

I. Introduction 

The  concent ra t ions  o f  ca techolamines ,  
sero tonin ,  and their  precursors  and metabol i tes  
in b o d y  fluids are essential for  diagnosis of  
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neurological disorders. Analytical methods for 
these compounds have remarkably improved 
with the application of high-performance liquid 
chromatography (HPLC) [1] and are now widely 
used in combination with electrochemical detec- 
tion (ED) [2-6]. However, simultaneous deter- 
mination of these compounds in body fluids by 

reserved 
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HPLC is difficult using single or dual ED without 
extraction procedures. 

Matson et al. [7] have developed a gradient 
elution HPLC system with multichannel-ED and 
a three-dimensional display device for the 
simultaneous determination of these compounds. 
We have developed a new porous carbon 
coulometric electrode and an ED with four joint 
electrodes (multi-ED) in collaboration with Mit- 
subishi Petrochemical Co. (Kanagawa-ken, 
Japan) [8]. Using this multi-ED, we have elabo- 
rated a method for the simultaneous determi- 
nation of neurotransmitters in cerebrospinal fluid 
[9]. This method was successfully applied to the 
determination of most metabolites of the cat- 
echolamines and serotonin in human urine. 
However VMA, could not be determined 
because it was oxidized irreversibly. With the 
reversed-phase column VMA and 3,4-dihydroxy- 
mandelic acid (DOMA) were not separated from 
interfering peaks in some urine samples. 

In this report, we describe an HPLC method 
for the simultaneous determination of mono- 
amine metabolites in urine. Oxidation currents 
were measured using an eight-channel ED by 
combining two multi-EDs. A mixed-mode C18/ 
anion-exchange) column was used. With this 
column, acidic metabolites were eluted slower 
compared with the conventional silica-ODS col- 
umns. 

guard filter (Sumipax Filter PG-ODS, Sumika 
Analytical Center, Ohsaka, Japan), mixed-mode 
(Cls/anion-exchange) column (150x4.6 mm 
I.D., Alltech, Deerfield, IL, USA), a column 
oven (CTO-6A, Shimadzu), two multi-EDs (Mit- 
subishi Petrochemical, Kanagawaken, Japan) 
and a personal computer (NEC personal com- 
puter PC9801-DS, Nihon Denki, Tokyo, Japan). 
The electrodes of the coulometric multi-ED 
consisted of a working electrode made of porous 
carbon (3.0 mm diameter x 3.0 mm thickness), 
an Ag/AgC1 reference electrode and a counter 
electrode [8]. 

2.2. Reagents 

3,4-Dihydroxyphenylalanine (DOPA), dopa- 
mine (DA), epinephrine (E), norepinephrine 
(NE), DOPAC, 3-methoxytyramine (3-MT), 
HVA, VMA, VA, VLA, 4-hydroxy-3-methoxy- 
phenylethyleneglycol (MHPG), 5-hydroxy- 
tryptophan (5-HTP) and 5-hydroxytryptamine 
(5-HT) were obtained from Sigma (St. Louis, 
MO, USA). DOMA, 3,4-dihydroxyphenyl- 
ethyleneglycol (DOPEG), 5-HIAA, metaneph- 
rine (MN), normetanephrine (NMN) and 3,4- 
dihydroxyhydrocinnamic acid were obtained 
from Aldrich (Milwaukee, WI, USA). Other 
reagents were of HPLC grade and obtained from 
Wako Pure Chemical (Osaka, Japan). 

2. Experimental 

2.1. Apparatus 

The HPLC system (Fig. 1) consisted of a 
pump (LC-6A pump, Shimadzu, Kyoto, Japan), 

2.3. Standards 

Stock standard solutions were prepared at 1 
g/l of DOMA, VMA, DOPAC, VLA, HVA, 
5-HIAA, VA and 3,4-dihydroxyhydrocinnamic 
acid (internal standard, I.S.) in 0.1 mol/l per- 
chloric acid, and were stored at -80°C. The 

injector 

Fig. 1. Scheme of the HPLC system. GF: guard filter; 1-8: channel number of ED. 
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stock solutions were thawed immediately prior to 
use, mixed and diluted with mobile phase to 0.1 
mg/l. These mixtures were used as working 
standard solutions and 100-/zl aliquots were 
injected onto the HPLC system. 

2.4. Mobile phase 

The mobile phase was a mixture of 850 ml of 
50 mmol/l citric acid in trisodium citrate buffer 
(pH 4.5) and 150 ml of methanol. 

2.5. Samples 

Urine samples were collected from healthy 
volunteers and patients and were immediately 
stored at -80°C until analysis. Before assay the 
samples were thawed and centrifuged at 1600 g 
at room temperature for 10 min. Fifty microliters 
of the supernatant, 50 /~l of 3,4-dihydroxy- 
hydrocinnamic acid (2 mg/1) and 900/xl of the 
mobile phase were mixed and a 100-/zl volume 
was injected onto the HPLC system. 

2.6. H P L C  conditions 

For the analysis of standard solutions and 
urine samples, the system illustrated in Fig. 1 
was used. A 100-/xl volume of sample was 
injected onto the HPLC. The flow-rate was 0.7 
ml/min, and the temperature of the column was 
maintained at 35°C. The electroactive com- 
pounds were analyzed by the 8-channel ED 
(applied voltages: 200, 300, 350, 400, 450, 500, 
550 and 600 mV in this order). The concen- 
trations of the compounds were obtained from 
the ratio of their peak heights against that of the 
internal standard using a personal computing 
system [10]. The compounds and channel num- 
bers used for their determination are; DOMA 
(1), VMA (4), DOPAC (1), VLA (5), HVA (5), 
5-HIAA (2), VA (7) and I.S. (1). 

2.7. Other methods 

The concentration of creatinine in urine was 
determined by the Jaff6-reaction (rate-assay) 
using a Hitachi 736 auto-analyzer [11]. For a 
correlation test, VMA and HVA were also de- 

terrnined by HLC-726 VMA [12] (Tosoh, Tokyo, 
Japan), and 5-HIAA was also determined by 
HPLC-ED [13]. 

3. Results and discussion 

3.1. Chromatography 

The retention times of the compounds as a 
function of the pH of the citrate buffer (50 
mmol/l) are shown in Fig. 2. Cptimum sepa- 
ration was obtained at pH 4.5. To shorten the 
analysis time, 150 ml of methanol was added to 
850 ml of the 50 mmol/l citrate buffer (pH 4.5). 
Voltammograms of the compounds are shown in 
Fig. 3. The voltages applied to the 8 channel 
electrodes were 200, 300, 350, 400, 450, 500, 550 
and 600 mV, respectively. 

Chromatograms of a standard solution are 
shown in Fig. 4. All analytes were well separated 
within 35 min. They were determined from the 
corresponding shaded peaks. Catecholamines, 
DOPA, NMN, MN, DOPEG, MHPG, 5-HT, 
5-HTP and 3-MT were eluted within 5 min and 
were not separated from each other or interfer- 
ing peaks. Chromatograms of a sample of human 
urine are shown in Fig. 5. The peak of DOMA 
at channel 1 was too small to allow exact estima- 
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Fig. 2. Effect of pH of citrate buffer on retention times. 
HPLC conditions: flow-rate, 0.7 ml/min; column tempera- 
ture, 35°C; mobile phase, 50 mmol/l citrate buffer containing 
5% methanol. 
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Fig. 3. Voltammograms of the multi-ED. 
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Fig. 5. Chromatograms of a human urine sample. The 
concentrations of DOMA, VMA, DOPAC, VLA, HVA, 5- 
HIAA and VA in this sample were 0.18, 5.26, 0.30, 0.26, 
2.25, 3.35 and 0.82 mg/1, respectively. 

tion. Large interfering peaks for DOMA ap- 
peared at channel 3 to 5 possibly at channel 2. 
Consequently, DOMA was not determined in 
the following experiments. 

3.2. Analytical variables 

The detection limits for the analytes at a 
signal-to-noise ratio of 3 were determined using 
standard solutions and urine samples. The lower 
limits (pg/100 /xl) for standard solutions were 
240 for VMA, 100 for DOPAC, 350 for VLA, 
170 for HVA, 250 for 5-HIAA and 90 for VA. 
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Fig. 4. Chromatograms of the standard solution. The shaded 
peaks were used for determination. The amount of each 
compound injected was 10 ng. 

The corresponding values (mg/l) for the urine 
samples were 0.05 for VMA, 0.02 for DOPAC, 
0.07 for VLA, 0.03 for HVA, 0.05 for 5-HIAA 
and 0.02 for VA. 

The calibration curves for all compounds were 
linear within the range of 0.25 to 50 ng (Fig. 6). 

Intra-assay precision was established from 5 
assays of a patient urine and inter-assay precision 
on 5 consecutive days of the control urine which 
was prepared by adding 2 mg/1 of standard 
solution to pooled urine. The mean values and 
coefficients of variation (C.V.) are shown in 
Table 1. 

Five mg/l each of VMA and HVA, 1.0 mg/l 
each of DOPAC and 5-HIAA, and 0.5 mg/l 
VLA and VA were added to a patient urine. 
Analytical recoveries (mean---C.V., n = 3) for 
VMA, HVA, DOPAC, 5-HIAA, VLA and VA 
were 97 --- 3.2, 100 --- 3.8, 105 --- 2.2, 104 +-- 1.0, 
100 __- 12.9 and 105 +- 4.8, respectively. 

VMA and HVA in 66 urine samples were 
determined by HLC-726 VMA [12] (x) and the 
present method (y), and 5-HIAA in 37 urine 
samples by HPLC-ED [13] (x) and by the pres- 
ent method (y). Inter-assay C.V.s (mean, n = 10) 
of VMA, HVA and 5-HIAA by the reference 
methods were 2.6% (3.51 mg/1), 2.5% (3.50 
mg/l) and 4.8% (2.20 mg/l), respectively. The 
correlation coefficient (r) and the equation of the 
regression lines for VMA, HVA and 5-HIAA 
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were r = 0.983, y = 1.01x + 0.27, r = 0.979, y = 
0.92x + 0.20 and r = 0.993, y = 0.96x - 0.10, re- 
spectively. Comparison of these results by the 
method of Eksborg [14] is shown in Fig. 7 
(VMA, top; HVA, center; 5-HIAA, bottom). 
Good correlations were observed between the 
results at middle and high levels of VMA, HVA 
and 5-HIAA but not at lower levels. 

sample with 0.83 g/1 of creatinine. The mean --- 2 
S.D. of the excretion of VMA, DOPAC, VLA, 
HVA, 5-HIAA and VA in urine from the vol- 
unteers were 0.61-4.36, 0.13-1.02, 0-0.35, 
0.67-6.55, 0.50-5.14 and 0-0.55 mg/g 
creatinine, respectively. 

4. Conclusion 

3.3. Reference values 

Urine samples were collected early in the 
morning from 20 healthy adult volunteers (10 
males, 10 females, mean - S.D. of age: 33.2 - 
11.8 years) who did not consume bananas, coffee 
and foods containing vanilla, such as ice cream, 
after 1 p.m. of the previous day. The amounts of 
compound excreted were expressed in mg of the 
compound per g of creatinine. Inter-assay C.V. 
(n = 20) for creatinine was 1.3% using a urine 

Diagnosis of neurological disorders is greatly 
aided when the levels of catecholamine metabo- 
lites and 5-HIAA in urine are known. These 
compounds can be simultaneously determined by 
HPLC-ED using a mixed-mode column which 
permitted the separation of VMA from interfer- 
ing peaks. 

The present method employs isocratic elution, 
which is superior to gradient elution in terms of 
simplicity, speed, reproducibility and reliability. 
Using the present method, we are studying the 

Table 1 
Precision 

Compound Inter-assay (n = 5) Intra-assay (n = 5 )  

mean (mg/l) C.V. (%) mean (mg/1) C.V. (%) 

VMA 5.65 
DOPAC 3.13 
VLA 2.61 
HVA 6.71 
5-HIAA 4.95 
VA 2.28 

4.7 5 . ~  1.8 
3.7 0.29 3.4 
1.8 0.21 8.5 
2.0 3.23 0.7 
4.2 4.31 0.9 
5.2 0.87 3.9 
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Fig. 7. Comparison between the values obtained by the 
present and the reference methods plotted according to ref. 
14. 

physiological variation of the metabolites of 
catecholamines and 5-HIAA in urine and refer- 
ence values for people of different ages. The 
results will be reported shortly. 
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