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EVALUATING THE FEASIBILITY OF
DETERMINING TOTAL PLASMA
HOMOCYSTEINE AS HOMOCYSTEIC
ACID USING ION-EXCHANGE
CHROMATOGRAPHY

Jinmo Huang,* Mark E. Arcaro, and Michael Lowry

Chemistry Department, The College of New Jersey,
Ewing, NJ 08628, USA

ABSTRACT

Total homocysteine content in plasma has been linked to
the risk of occlusive vascular disease. Plasma homocysteine is
present in multiple forms. Current methods for total plasma
homocysteine analysis use reducing agents to convert other
homocysteine-related compounds to homocysteine before analy-
sis. Due to the incompleteness of reduction and the possibility
of re-oxidation for homocysteine, accurate determination of total
plasma homocysteine is not always achievable. In this research,
performic acid is used to oxidize homocysteine-related com-
pounds to homocysteic acid. The oxidized samples are
separated and analyzed for homocysteic acid by ion-exchange
chromatography with post-column ninhydrin derivatization and

*Corresponding author. E-mail: huangji@tcnj.edu

759

Copyright © 2002 by Marcel Dekker, Inc. www.dekker.com



09: 08 24 January 2011

Downl oaded At:

760 HUANG, ARCARO, AND LOWRY

spectrometric detection. The evaluation of performic acid oxida-
tion on several homocysteine-related compounds and the feasi-
bility of determining plasma homocysteine as homocysteic acid
are studied.

INTRODUCTION

The elevation of homocysteine level in plasma is an independent risk factor
for arteriosclerosis.(1-6) Homocysteine is present in plasma as nonprotein-bound
and protein-bound forms. Nonprotein-bound homocysteines exist in multiple
forms including homocysteine (monomer), homocysteine thiolactone (ring),
homocystine (disulfide dimer), and cysteine-homocysteine mixed disulfide.
Protein-bound homocysteine is present through a disulfide bond between
homocysteine and other thiols of plasma proteins. It has been reported that
about 85% of homocysteine is protein-bound.(6) In order to obtain total
homocysteine, the disulfide bonds of homocysteine and proteins have to be
cleaved and homocysteine has to be released before analysis.

The current methods for determining total plasma homocysteine use
reducing agents to convert all homocysteine-related compounds to homo-
cysteine. The determination of total plasma homocysteine is then carried out
by several approaches including radioenzymatic assay (7), gas chromatography/
mass spectrometry (8,9), high performance liquid chromatography (HPLC)
coupled with electrochemical detection (10), HPLC with precolumn derivatiza-
tion and fluorescence detection (11), and HPLC with postcolumn derivatiza-
tion and spectrometric detection.(12,13) Due to the incompleteness of
reduction and the possibility of re-oxidation for homocysteine, irregular
results have been experienced in the determination of total plasma
homocysteine.

The authors have used ion-exchange chromatography to determine
total plasma homocysteine in reduced plasma samples.(14) In addition to
experienced irregularities caused by incomplete reduction, the required time of
about 40 minutes to complete a chromatographic analysis is a drawback. In order
to enhance the reliability and productivity in the plasma homocysteine
analysis, the oxidation of homocysteine-related compounds is studied in
this research. Performic acid, a powerful oxidizing agent (15,16), is used to
oxidize several homocysteine-related compounds and plasma samples. The
oxidized samples are separated and analyzed for homocysteic acid by ion-
exchange chromatography with post-column ninhydrin derivatization and
spectrometric detection.
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EXPERIMENTAL
Chemicals and Reagents

The chemicals, including pr-homocysteine, pr-homocystine, pp-homo-
cysteine thiolactone, hydrogen peroxide (30%), and formic acid (88%), were
obtained from Aldrich-Sigma (St. Louis, MO). The 1000 pM amino acid test
solutions, including homocystine, homocysteine, and homocysteine thiolactone,
were made by dissolving a specific amount of the respective amino acid in
20 mL 3 M hydrochloric acid, and then diluting with distilled water to 100 mL.

The eluents for ion-exchange chromatography were lithium citrate buffers
including Li280, Li750, and RGO03 regenerant. These were purchased
from Pickering Laboratories (Mountain View, CA). The postcolumn derivatizing
reagent (ninhydrin), precipitating reagent (Seraprep), and Li Diluent were also
prepared by Pickering Laboratories.

The performic acid was prepared by vortex-mixing 1 mL 30% hydrogen
peroxide and 9 mL 88% formic acid. The mixture was allowed to react at room
temperature for 1 hour, then cooled and stored at 0°C before use.

Oxidation Preparation

A portion of 0.100 mL 1000 uM amino acid test solution was vortex-mixed
with 0.100 mL performic acid in a microcentrifuge for 1 minute. The reacting
mixture was allowed to react for 20 minutes before 0.200 mL Li Diluent was
added to adjust the pH of mixture to about 1.5. The reacting mixture was then
injected for HPLC analysis. In order to compare the effectiveness of oxidation,
two different reacting conditions, 25°C and 0°C, were used. The results were
compared to those of the unoxidized amino acids.

The oxidation of plasma was prepared by vortex-mixing 0.200 mL plasma
and 0.200 mL performic acid in a microcentrifuge for 1 minute. The mixture was
allowed to react for 20 minutes. A portion of 0.200 mL Seraprep was then added
to the microcentrifuge and mixed well to precipitate plasma proteins. The mixture
was allowed to sit for 5 minutes, and thereafter, was centrifuged at 13,000 rpm for
5 minutes. After filtering through a 0.5 pm syringe filter, the supernatant was
injected for HPLC analysis. Two oxidation conditions, 25.0°C and 0.0°C, were
also used to compare the efficiency of plasma oxidation.

Chromatographic System

The system for analyzing plasma samples was a unit, which combined a HP
1050 liquid chromatograph (Hewlett-Packard Corporation, Palo Alto, CA) and a
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Pickering PCX3100 postcolumn derivatization unit (Pickering Laboratories). The
detector was a HP 1050 diode array detector. The samples were injected into
HPLC through a Rheodyne 7125 injector with a sample loop of 25 L. The
system was controlled and run by HP Chemstation (3.1 Version). The
chromatographic parameters were as follows: A portion of 30 uL. sample was
manually injected into the chromatograph. The sample was carried through an
ion-exchange column (Pickering Laboratories), which was isothermally con-
trolled at 40°C, by a 0.3 mL/min eluent flow. The gradient program is shown in
Table 1. The samples were separated in the column and directed to a 130°C
reactor in which a 0.3 mL/min of ninhydrin flow was pumped through to react
with the separated analytes. The formed Ruhemann’s purple was spectro-
metrically detected at 570 nm.

RESULTS AND DISCUSSION
Performic Acid Oxidation of Homocystine

The comparison of chromatograms for homocysteine, including the un-
oxidized (A), oxidized at 25°C (B), and oxidized at 0°C (C) by performic acid, is
illustrated in Figure 1. The only significant peak in the chromatogram A at a
retention time of 20.7 minutes is homocystine. Several peaks have emerged in the
chromatogram B due to the oxidation of homocystine. The most intense peak at a
retention time of 2.4 minutes is identified as homocysteic acid. Two shoulder
peaks adjacent to the peak of homocysteic acid at retention times of 2.7 and 2.9
minutes are caused by performic acid present in the sample. Two broad peaks at
retention times of 10.8 and 12.9 minutes are believed to be homolanthionine
sulfoxide and homolanthionine sulfone, respectively. Due to the unavailability of

Table 1. HPLC Gradient Program

% Eluent A % Eluent B % Eluent C

Time (min) (Li280) (Li750) (RG003)
0.00 100.00 0.00 0.00
5.00 100.00 0.00 0.00
6.00 80.00 20.00 0.00

25.00 0.00 100.00 0.00

26.00 0.00 100.00 0.00

30.00 0.00 97.00 3.00

45.00 0.00 97.00 3.00

46.00 100.00 0.00 0.00
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Figure 1. Comparison of chromatograms for homocystine. A: Unoxidized; B: Oxidized

at 25°C; C: Oxidized at 0°C.
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these two compounds, the actual identification of these two peaks cannot be
performed in our lab. However, they have been identified as the oxidation
products of homocystine using hydrogen peroxide, which is a less powerful
oxidizing agent than performic acid, in the Cleopath and McCulley’s study (17).
The humps around retention times between 32.0 and 42.0 minutes come from the
scale augmentation of baseline.

The complete oxidation of homocystine to homocysteic acid is observed
in the chromatogram C. The peak intensity of homocysteic acid increases
significantly, and the peaks of homolanthionine sulfoxide and homothiolanthio-
nine sulfone disappear entirely. The shoulder peak at a retention time of 2.8
minutes is due to performic acid left in the sample. The two shoulder peaks of
performic acid observed in the chromatogram B may be due to the partial
decomposition of performic acid. The incomplete conversion of homocystine to
homocysteic acid may also be explained by the decomposition of performic acid
at 25°C.

Performic Acid Oxidation of Homocysteine

The comparison of chromatograms for homocysteine, including the un-
oxidized, oxidized at 25°C, and oxidized at 0°C by performic acid, is shown in
Figure 2. The peak in the chromatogram A at a retention time of 17.8 minutes is
apparently homocysteine. This peak is found as the most intense peak in the
chromatogram B, because little quantity of homocysteine is oxidized by
performic acid at 25°C. The emergence of peaks for homocysteic acid (2.4
minutes), homolanthionine sulfoxide (10.8 minutes), and homolanthionine
sulfone (12.9 minutes) demonstrates the coexistence of the oxidation product
and its intermediates. A small peak at retention time of 20.7 minutes is believed
to be homocystine. This is due to the oxidation of homocyteine to the disulfide
dimer, homocystine. The several humps around retention times of 32.0 and 42.0
minutes are again due to the scale expansion of baseline.

The complete oxidation of homocysteine to homocysteic acid is observed
in the chromatogram C. This proves that a complete oxidation of homocysteine to
homocysteic acid is achievable through controlling oxidation temperature at 0°C.

Performic Acid Oxidation of Homocysteine Thiolactone

The comparison of chromatograms for homocysteine thiolactone, including
the unoxidized, oxidized at 25°C, and oxidized at 0°C by performic acid, is shown
in Figure 3. The major peak at a retention time of 39.0 minutes in the
chromatogram A clearly belongs to homocysteine thiolactone. A minor peak at a
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Figure 2. Comparison of chromatograms for homocysteine. A: Unoxidized; B:

Oxidized at 25°C; C: Oxidized at 0°C.
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Figure 3. Comparison of chromatograms for homocysteine thiolactone. A: Unoxidized;
B: Oxidized at 25°C; C: Oxidized at 0°C.
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retention time of 17.8 minutes illustrates a small amount of homocysteine present
in homocysteine thiolactone reagent. This homocysteine peak disappears in the
chromatogram B due to oxidation. The weak emergence of homocysteic acid at a
retention time of 2.4 minutes in the chromatogram B demonstrates an incomplete
oxidation at 25°C. However, the complete conversion of homocysteine
thiolactone to homocysteic acid is observed in the chromatogram C, when the
oxidation is controlled at 0°C.

Performic Acid Oxidation of Plasma

The comparison of chromatograms for plasma samples, including the
unoxidized, oxidized at 25°C, and oxidized at 0°C by performic acid is
illustrated in Figure 4. The peak of homocysteic acid at a retention time of 2.4
minutes is not observed in the unoxidized plasma sample (chromatogram A).
Several peaks in the chromatogram A represent other amino acids in the
sample. The emergence of a chromatographic peak at a retention time of 2.4
minutes in the chromatograms B and C illustrates the presence of homocysteic
acid in the oxidized plasma samples. The very intense peak of homocysteic acid
in the chromatogram C illustrates a more complete oxidation of analytes at a
reaction temperature of 0°C.

CONCLUSION

Performic acid is proved to be a very powerful oxidizing agent
for homocysteine-related compounds. Due to the unavailability of cysteine-
homocysteine mixed disulfide and protein-bound homocysteine, only three
homocysteine-related compounds are used in this study. Based on the results
observed, the disulfide dimer (homocystine) is the easiest compound among these
three to be completely oxidized by performic acid. It is sufficient to say that other
disulfides, cysteine-homocysteine mixed disulfide and protein-bound homocys-
teine, will be completely oxidized by performic acid under a reaction temperature
at 0°C. Thus, it is feasible to determine total plasma homocysteine as
homocysteic acid. However, cysteic acid produced from the oxidation of
cysteine-related compounds in plasma samples will interfere with the quantifica-
tion of homocysteic acid. A study on the separation of homocysteic acid and
cysteic acid using ion-exchange chromatography should be performed. When a
successful separation technique for homocysteic acid and cysteic acid is
developed, the chromatographic determination of total plasma homocysteine
can be done in 5 minutes. As a result, the reliability and productivity of total
plasma homocysteine analysis will be greatly enhanced.
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