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Abstract

A modification of the Bio-Ra#l 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 i
the test kit with an endogenous compound in urine demands for an alternative analytical procedure. Therefore, we introduced 3-mercaptopropion
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.
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1. Introduction F) derivatization. However, for urinary analysis the kit can not be
applied due to an unknown endogenous compound interferring

The aim of our study was to evaluate pharmacokinetic data ofvith the internal standard (IS) provided with the kit. Therefore,

homocysteine (tHcy) in different matrices such as whole bloodywe had to modify the existing method by replacing the IS with

plasma and urine after homocysteine thiolactone hydrochlo3-mercaptopropionic acid.

ride loading using one and the same analytical system for all

matrices to avoid intermethod variations. Several varieties 0%, Experimental

analytical methods for the determination of total homocysteine

have been published in recent yefirs21], but there are only - > 7 Reggents and chemicals

few papers published reporting quantification of tHcy in urine

sampleg22—26] For routine tHcy monitoring these methods | _Homocystine, 3-mercaptopropionic acid antilomocyst-

are not appropriate, because highly specialized and expensige thiolactone hydrochloride were purchased from Sigma—

equipment s necessary. . _Aldrich Chemie (Taufkirchen, Germany). Chemicals used for
Bio-Rad®” Laboratories provide a ready-to-use HPLC kit for gerivatization and mobile phase were taken from a commercially

determination of tHcy in plasma, serum and capillary wholegyajlaple test kit (Homocysteine by HPLC Cat. No. 195-4075,
blood with fluorometric detection after trialkylphosphine reduc-gjo.Rad® Laboratories, Munich, Germany).

tion of disulfides, mixed disulfides, and protein-bound thiols

and 4-(aminosulfonyl)-7-fluoro-2,1,3-benzooxadiazole (ABD- }
2.2. Instrumentation

* Corresponding author. Tel.: +49 7071 2985211; fax: +49 7071 29 5166. HPLC analyses were performed with a Sykam Chromatogra-
E-mail address: barbara.proksch@uni-tuebingen.de (B. Proksch). phy System (Gilching, Germany) equipped with an autosampler
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S 5200, a column thermo controller S 4011, a solvent deliver®.6. Chromatographic conditions
system S 1121 and a fluorescence detector S 3305. For instru-
ment control, data acquisition and data analysis, a Peak Simple The analysis was performed according to the manufacturer's
Chromatography Data System Model 203 (SRI Instrumentsinstruction.
Torrance CA, USA) including the Peak Simple NT software
was used. 2.7. Assay validation
Reduction and derivatization of the samples were carried out
in a programmable Multicycler PTC 200 (Biozym, Oldendorf, 2.7.1. Linearity

Germany). Homocystine concentrations (O—p@ol/l) in urine and dilu-
tion linearity were assessed. Urine samples containing high
2.3. Samples tHcy concentrations were diluted serially with Bio-Fa#issay

reconstitution buffer up to eight-fold.
Informed consent was obtained from 14 male volunteers prior
to study. They received a single oral doserdfiomocysteine 2.7.2. Accuracy, precision and reproducibility
thiolactone hydrochloride (10 mg/kg equivalent to 6arfiol/kg Accuracy and precision of this assay were evaluated by cal-
body weight). Urine specimens were collected before and at Gulating the intra- and inter-day coefficient of variance. To mea-
0.5,1, 2, 3, 4,6, 8, and 12 h post-dosing. The total volume ofure the intra-day variance, 10 replicates of control samples
urine was determined and aliquots were immediately frozen andith two different concentrations were derivatized and mea-

stored at-20°C. sured within 1 day. The inter-day variance was evaluated at
two different concentrations on 10 different non-consecutive
2.4. Standard solutions and quality control samples days.

Since homocyst(e)ine is an endogenous compound excreted’.3. Recovery
in urine, calibration samples in distilled water were used for Total recovery of defined amounts of homocystine added to
quantitation. Fifty milligrams powdered-homocystine were three different samples with known concentrations was deter-
dissolvedin 1 ml1 N HCland diluted with water to obtain a stockmined. Water, a predose and a 3 h-urine sample were spiked
solution of 20Qumol/l. Standard working solutions of homocys- with 20 .mol homocystine and analyzed as described. Recov-
tine (0-50umol/l) were prepared prior to use by appropriate ery was calculated as the sum of basal concentration and spiked
dilution with water. Quality control samples of homocystine amount of homocystine.
were prepared as calibration samples but with different con-
centrations. 2.7.4. Stability

As an IS 3-mercaptopropionic acid was used. A stock solution  Stability was tested in urine samples-a20°C (1 week, 1,
was prepared with 10.64] in 10 ml water. A further dilution 2 and 3 months). For thaw-freeze stability testing, the concen-
of 1:100 with assay reconstitution buffer yielded the workingtration of a 3 h-urine sample was tested in eight freeze—thaw
concentration of 20Q.mol/I. cycles. In addition, series of derivatized samples were stored in

All stock solutions could be stored in aliquots&20°C until  autosampler vials at20°C until analysis.
analysis.

Calibration was performed with a S0mol/l calibrator 2.7.5. Sensitivity
according to the manufacturer’s manual, whereas the peak area The lower limit of quantification was determined for homo-
ratios of homocystine over internal standard were plotted againstystine based on the criteria that the analyte can be determined
the known concentration. Correlation coefficients were calcuwith sufficientaccuracy and precision. The limit of detection was
lated by least-squares linear regression analysis. determined as the lowest concentration, which gives a signal-to-

noise ratio of 3 for homocystine.
2.5. Derivatization procedure
3. Results and discussion

Ten microliters of each calibrator, controls or samples were
transferred to a 0.5ml polypropylene microcentrifuge vial.3.1. Chromatography
Reduction reagent (30), IS (20wl) and derivatization reagent
(20pl) were added and vortex-mixed. After reduction and The chromatographic separation of the thiol-containing com-
derivatization in a thermo cycler at 5C for 5min following  pounds was performed isocratically within 8 min, resolution of
4°C for 5 min, 20wl of precipitation reagent were added to eachtHcy and IS resulted in retention times of 2.86 and 5.28 min,
vial and thoroughly mixed on a vortex mixer. Precipitated pro-respectively. No interferences of the IS were observed with
teins were removed by centrifugation at 10,609 for 5min.  endogenous components present in urine sampigs1). The
Fifty microliters of the supernatant were mixed with the equalanalytes were identified on the basis of their retention times
amount of mobile phase and transferred to an autosampler visdompared to standard solutions. Homocysteine showed the same
Twenty microliters of the resulting fluorescent compounds weregetention time in urine as described for plasma and whole blood
injected into the chromatograph. in the Bio-Ra® instruction manual.
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Fig. 2. Cumulative tHcy urinary excretion of 14 volunteers after a single oral
intake of 65.Jumol/kg body weight.-homocysteine thiolactone hydrochloride.

As can be seen, all parameters such as linearity, precision,
accuracy, recovery and stability satisfy the requirements for bio-

Retention time . . ) A
analytical method validation. The successful application of the

method was demonstrated in a clinical study with 14 volun-
teers. Cumulative urinary excretion could be determined and
accounted for 2.26%#0.67) of the administered dosEig. 2)

[27].

Due to the fact that we found about 50 different publications
for homocysteine analysis with many proposals for improve-
ments and technical innovations, none of the published methods
Fig. 1. HPLC chromatogramms of homocysteine in human urine. (A) predos§€€M to provide an absolute satisfactory analytical procedure
urine sample without internal standard; (B) predose urine sample with internalegarding accuracy, practicability, sample throughput, expense
standard; and (C) urine sample collected 3h after an oral dose ofiffollkg  factor and suitability for different matrices. Based on our own
body weight.-homocysteine thiolactone hydrochroride. experience, the Bio-R&JHPLC kit offers a ready—to-use Kit,
which can be easily established. The basic analytical proce-
dure remains unaffected by introducing 3-mercaptopropionic as
an IS. Although the IS elutes later than homocysteine with a

Since 2 mol of homocysteine are generated by reduction dietention time of 5.28 min, the chromatographic separation of
1 mol homocystine, all results are expressed in equivalents ¢il compounds could be completed within 8 min. None of the
homocysteine. chromatograms of the derivatized urine specimens showed over-

A six point standard curve showed linear response up t¢PPiNg peaks of late eluting compounds. Another advantage
100pmol/l with a coefficient of correlation? =0.9977. Serial concerning the expense factor is the reduction of the proposed
dilution of homocysteine concentrations >40@ol/l resulted ~ Volumes of the reaction mixture to one fifths, which showed no
in a linear relationship between measured and calculated valugélverse effect to reduction and derivatization of the samples.
(r=0.9995; regression line=0.9975 — 0.5342).

The intra-day coefficientn(=10) of variation was 2.93%
(£1.15) for 40umol/l, 1.71% 1.72) for 10Qumol/l homo-
cysteine and 5.05%H2.02) for internal standard areas, respec-
tively. The inter-day coefficient(= 10) was 2.88%+0.18) for

5,280

k; Homocystein 2,86 [3

Pinternal Standarc

0 1 2 3 4 5 6 7 g min
Retention time

3.2. Validation

4. Conclusion

In conclusion, we have adapted an existing method with the
Y o ¢ U h X benefit of a ready-to-use method to enable quantification of tHcy
6.25umol/l and 2.5% £2.53) for 10Qumol/l homocysteine, i, ,ine samples. Having one and the same method at hand that is

res_lpﬁcnvely. h d tical ies for h ._applicable to different matrices such as plasma, whole blood and
1e system showed analytical recoveries for OmQCySte'_nﬁrine, it is possible to compensate inherent analytical variations
ranging from 96.5 to 99.3%, when samples were spiked witl etween methods

known amounts of the analyte to give final concentrations o
40pmol/l in water, 49.9Qumol/l in a predose urine sample and
99.3umol/l in a 3-h urine sample. Acknowledgments
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