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b BIO-RAD Laboratories GmbH, Heidemannstraße 164, 80939 München, Germany

Received 9 September 2005; accepted 12 September 2005
Available online 3 October 2005

Abstract

A modification of the Bio-Rad® total homocysteine HPLC-test is presented in order to enable not only plasma homocysteine measurements but
also the quantification of homocysteine in urine samples using the same principle of measurement. Coelution of the internal standard provided in
the test kit with an endogenous compound in urine demands for an alternative analytical procedure. Therefore, we introduced 3-mercaptopropionic
acid as a substitute for the internal standard. The analytical method validation was performed for the matrix of urine specimens. The applicability
of this method was demonstrated in a clinical study with volunteers after homocysteine thiolactone hydrochloride loading.
© 2005 Elsevier B.V. All rights reserved.

Keywords: Homocysteine; Urine; HPLC

1. Introduction

The aim of our study was to evaluate pharmacokinetic data of
homocysteine (tHcy) in different matrices such as whole blood,
plasma and urine after homocysteine thiolactone hydrochlo-
ride loading using one and the same analytical system for all
matrices to avoid intermethod variations. Several varieties of
analytical methods for the determination of total homocysteine
have been published in recent years[1–21], but there are only
few papers published reporting quantification of tHcy in urine
samples[22–26]. For routine tHcy monitoring these methods
are not appropriate, because highly specialized and expensive
equipment is necessary.

Bio-Rad® Laboratories provide a ready-to-use HPLC kit for
determination of tHcy in plasma, serum and capillary whole
blood with fluorometric detection after trialkylphosphine reduc-
tion of disulfides, mixed disulfides, and protein-bound thiols
and 4-(aminosulfonyl)-7-fluoro-2,1,3-benzooxadiazole (ABD-
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F) derivatization. However, for urinary analysis the kit can not be
applied due to an unknown endogenous compound interferring
with the internal standard (IS) provided with the kit. Therefore,
we had to modify the existing method by replacing the IS with
3-mercaptopropionic acid.

2. Experimental

2.1. Reagents and chemicals

l-Homocystine, 3-mercaptopropionic acid andl-homocyst-
eine thiolactone hydrochloride were purchased from Sigma–
Aldrich Chemie (Taufkirchen, Germany). Chemicals used for
derivatization and mobile phase were taken from a commercially
available test kit (Homocysteine by HPLC Cat. No. 195-4075,
Bio-Rad® Laboratories, Munich, Germany).

2.2. Instrumentation

HPLC analyses were performed with a Sykam Chromatogra-
phy System (Gilching, Germany) equipped with an autosampler
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S 5200, a column thermo controller S 4011, a solvent delivery
system S 1121 and a fluorescence detector S 3305. For instru-
ment control, data acquisition and data analysis, a Peak Simple
Chromatography Data System Model 203 (SRI Instruments,
Torrance CA, USA) including the Peak Simple NT software
was used.

Reduction and derivatization of the samples were carried out
in a programmable Multicycler PTC 200 (Biozym, Oldendorf,
Germany).

2.3. Samples

Informed consent was obtained from 14 male volunteers prior
to study. They received a single oral dose ofl-homocysteine
thiolactone hydrochloride (10 mg/kg equivalent to 65.1�mol/kg
body weight). Urine specimens were collected before and at 0,
0.5, 1, 2, 3, 4, 6, 8, and 12 h post-dosing. The total volume of
urine was determined and aliquots were immediately frozen and
stored at−20◦C.

2.4. Standard solutions and quality control samples

Since homocyst(e)ine is an endogenous compound excreted
in urine, calibration samples in distilled water were used for
quantitation. Fifty milligrams powderedl-homocystine were
dissolved in 1 ml 1 N HCl and diluted with water to obtain a stock
solution of 200�mol/l. Standard working solutions of homocys-
tine (0–50�mol/l) were prepared prior to use by appropriate
dilution with water. Quality control samples of homocystine
were prepared as calibration samples but with different con-
centrations.

As an IS 3-mercaptopropionic acid was used. A stock solution
was prepared with 10.61�l in 10 ml water. A further dilution
of 1:100 with assay reconstitution buffer yielded the working
concentration of 100�mol/l.

All stock solutions could be stored in aliquots at−20◦C until
analysis.

Calibration was performed with a 50�mol/l calibrator
according to the manufacturer’s manual, whereas the peak area
ratios of homocystine over internal standard were plotted against
the known concentration. Correlation coefficients were calcu-
lated by least-squares linear regression analysis.

2.5. Derivatization procedure

Ten microliters of each calibrator, controls or samples were
transferred to a 0.5 ml polypropylene microcentrifuge vial.
Reduction reagent (10�l), IS (20�l) and derivatization reagent
(20�l) were added and vortex-mixed. After reduction and
derivatization in a thermo cycler at 50◦C for 5 min following
4◦C for 5 min, 20�l of precipitation reagent were added to each
vial and thoroughly mixed on a vortex mixer. Precipitated pro-
teins were removed by centrifugation at 10,000× g for 5 min.
Fifty microliters of the supernatant were mixed with the equal
amount of mobile phase and transferred to an autosampler vial.
Twenty microliters of the resulting fluorescent compounds were
injected into the chromatograph.

2.6. Chromatographic conditions

The analysis was performed according to the manufacturer‘s
instruction.

2.7. Assay validation

2.7.1. Linearity
Homocystine concentrations (0–50�mol/l) in urine and dilu-

tion linearity were assessed. Urine samples containing high
tHcy concentrations were diluted serially with Bio-Rad® Assay
reconstitution buffer up to eight-fold.

2.7.2. Accuracy, precision and reproducibility
Accuracy and precision of this assay were evaluated by cal-

culating the intra- and inter-day coefficient of variance. To mea-
sure the intra-day variance, 10 replicates of control samples
with two different concentrations were derivatized and mea-
sured within 1 day. The inter-day variance was evaluated at
two different concentrations on 10 different non-consecutive
days.

2.7.3. Recovery
Total recovery of defined amounts of homocystine added to

three different samples with known concentrations was deter-
mined. Water, a predose and a 3 h-urine sample were spiked
with 20�mol homocystine and analyzed as described. Recov-
ery was calculated as the sum of basal concentration and spiked
amount of homocystine.

2.7.4. Stability
Stability was tested in urine samples at−20◦C (1 week, 1,

2 and 3 months). For thaw-freeze stability testing, the concen-
tration of a 3 h-urine sample was tested in eight freeze–thaw
cycles. In addition, series of derivatized samples were stored in
autosampler vials at−20◦C until analysis.

2.7.5. Sensitivity
The lower limit of quantification was determined for homo-

cystine based on the criteria that the analyte can be determined
with sufficient accuracy and precision. The limit of detection was
determined as the lowest concentration, which gives a signal-to-
noise ratio of 3 for homocystine.

3. Results and discussion

3.1. Chromatography

The chromatographic separation of the thiol-containing com-
pounds was performed isocratically within 8 min, resolution of
tHcy and IS resulted in retention times of 2.86 and 5.28 min,
respectively. No interferences of the IS were observed with
endogenous components present in urine samples (Fig. 1). The
analytes were identified on the basis of their retention times
compared to standard solutions. Homocysteine showed the same
retention time in urine as described for plasma and whole blood
in the Bio-Rad® instruction manual.
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