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Short communication

Simultaneous determination of several amino acids, including
homocysteine, cysteine and glutamic acid, in human plasma by

isocratic reversed-phase high-performance liquid chromatography
with fluorimetric detection

*Y.V. Tcherkas , A.D. Denisenko
Institute of Experimental Medicine, Russian Academy of Medical Sciences, 12 Acad. Pavlov Street, St. Petersburg 197376, Russia

Abstract

A method for the simultaneous measurement of two biologically important thiol compounds cysteine and homocysteine
and five amino acids including neurotransmitters aspartate and glutamate is reported. This method utilized derivatization of
compounds with o-phthalaldehyde in the presence of 2-mercaptoethanol following alkylation of the free sulfydryl group with
iodoacetic acid followed by separation using reversed-phase high-performance liquid chromatography. These o-phthalal-
dehyde–2-mercaptoethanol-labeled compounds were separated within 30 min on a Spherisorb ODS-2 column with isocratic
elution using 17% methanol, 0.04 M sodium phosphate buffer (pH 7.0), 0.002 M Na EDTA and detected fluorimetrically2

(excitation 340 nm, emission 450 nm). Using this method, the concentrations of homocysteine, cysteine, glutamic acid,
aspartic acid, asparagine, serine and glutamine in human plasma were determined.  2001 Elsevier Science B.V. All rights
reserved.
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1. Introduction disease and thrombosis [2]. It has been suggested
that high plasma cysteine (Cys) content might also

Determination of thiol-containing compounds in contribute to atherosclerosis development in hyper-
biological fluids is important in biochemistry and lipidemic patients [3]. High plasma levels of
clinical chemistry. Thus, knowledge of homocysteine glutamic acid (Glu) have been demonstrated in
(Hcy) concentration in plasma is necessary in the plasma of patients with acute ischemic stroke [4–6].
diagnosis and monitoring of treatment of There is no universal technique for the determi-
homocystinuria and cystathionuria [1]. Besides, a nation of the mentioned amino acids. The most
recent study has shown that an elevated plasma level widely used methods are: (1) direct electrochemical
of Hcy is a potent independent risk factor for the detection after high-performance liquid chromatog-
development of cardiovascular disease (CVD), cere- raphy (HPLC) separation, (2) pre- or post-column
brovascular disease, peripheral arterial occlusive derivatization with monobrombimane (MB) [7],

halogenosulfonylbenzofurazans [8,9], o-phthalal-
dehyde (OPA) [10] followed by HPLC. The most*Corresponding author. Tel.: 17-812-2344-907; fax: 17-812-
widely used of these reagents in the isocratic elution2349-489.
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faster derivatization, the lack of need to adjust the Asn, Ser, Gln (200 nmol /ml), Cys (200 nmol /ml)
pH, isocratic separation. Besides, OPA allows one to and Hcy (100 nmol /ml) were prepared daily.
carry out evaluation of thiol-containing amino acids OPA–2-ME reagent was prepared according to the
as well as other amino acids. previously published method [11] with minor modi-

The aim of this investigation was to develop a fications. Briefly, 20 ml of 0.4 M OPA stock solution
method for the simultaneous determination of Glu, (stored at 2208C) was mixed with 40 ml of 2-ME
total Hcy and Cys levels in human plasma. and 140 ml of 0.1 M sodium borate buffer (pH 11.5).

The mobile phase filtered through a 0.45-mm mem-
brane Millipore (Bedford, MA, USA) was 0.04 M

2. Experimental sodium phosphate buffer (pH 7.0) containing 17%
(v/v) methanol and 0.002 M Na EDTA. Elution was2

2.1. Chemicals and reagents carried out with at 268C at a flow-rate of 0.7 ml /min.

2-Mercaptoethanol (2-ME), iodoacetic acid, DL- 2.4. Sample preparation and derivatization
Hcy, DL-Cys, DL-Glu, DL-aspartic acid (Asp), DL-
asparagine (Asn), DL-serine (Ser) and L-glutamine After overnight fasting, blood samples were col-
(Gln) were obtained from Sigma (St. Louis, MO, lected in sterile tubes, containing Na EDTA (1 mg/2

USA). OPA was obtained from Fluka (Buchs, Swit- ml), and gently mixed. Plasma was separated imme-
zerland). Methanol was HPLC grade (PO AZOT, diately by centrifugation at 3000 g for 20 min and
Novgorod, Russia). All other reagents were of ana- stored at 2708C before use. For the reduction
lytical or HPLC grade purchased from Riedel-de disulfide bonds 20 ml of 2-ME were added to 100 ml
Haen (Seelze, Germany). of plasma sample. The sample was mixed and after

incubation for 30 s at room temperature plasma
2.2. Equipment proteins were removed by precipitation with 380 ml

of methanol followed by centrifugation at 6000 g for
HPLC was performed using a Gilson HPLC 5 min. Then, 20 ml of supernatant or amino acid

system (Gilson, Villiers le Bel, France) equipped standard mixture was mixed with 40 ml of iodoacetic
with a Gilson 305 pump, a Gilson 805 manometric acid solution (0.8 M in 0.1 M sodium borate buffer,
module, a column heater LC101 (Ecom, Prague, pH 10.5) and 120 ml of 0.1 M sodium borate buffer
Czech Republic), a Rheodyne 7125 injection valve (pH 11.5). After incubation for 30 s at room
(Rheodyne, Cotati, CA, USA) fitted with a 10-ml temperature 20 ml of OPA–2-ME reagent was added
sample-loading loop and with a 2-ml loading loop and after 3 min 10 ml of the reaction mixture was
and a fluorimetric detector from Gilson, Model 121. injected onto the HPLC system.
A stainless steel Spherisorb ODS-2 column (250.03

4.0 mm I.D., 5 mm) Pharmacia (Uppsala, Sweden)
protected by a Supelcosil LC-18-DB guard column 3. Results and discussion
(2032.1 mm I.D., 5 mm) Supelco (Bellefonte, PA,
USA) was used. Derivatives were measured at Homocysteine and cysteine are sulfhydryl amino
excitation and emission wavelengths of 340 nm and acids and may react with OPA in the same way as
450 nm, respectively. the thiol-containing component of the OPA–2-ME

reagent. It is known that cysteine yields weakly
2.3. Standards and reagent fluorescent OPA–2-ME derivatives; it may be de-

pend on the presence of sulfhydryl groups on the
Stock solutions of Asp, Glu, Asn, Ser, Gln (20 cysteine molecule [12]. Therefore it was necessary to

mmol /ml) were prepared in double distilled water. protect the sulfydryl groups of Hcy and Cys before
Cys (400 nmol /ml) and Hcy (200 nmol /ml) were reaction with OPA. For this purpose we have utilized
solved in filtered 0.05 M perchloric acid and stored a reaction with iodoacetic acid, which was added to
at 2708C. Aqueous working solutions for Asp, Glu, the standard mixture of amino acids or to the
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supernatant of plasma after deproteinization but centration of phosphate buffer, but the retention time
before the addition of OPA–2-ME [12,13]: of the Hcy adduct increased much more than other

amino acid’s retention times. Having defined the
optimal concentration of methanol in the eluent, the
concentrations of phosphate buffer were varied and
the optimal phase for separation of Ser and Hcy
derivatives was found (data not shown).Then OPA–2-ME was added:

The best separation of derivatives was obtained
using the following mobile phase: 17% methanol,
0.03 M Na HPO , 0.01 M NaH PO , 0.002 M2 4 2 4

Na EDTA, pH 7.0. The data obtained demonstrate2

the method of simultaneous measuring of Hcy, Cys
and Glu concentrations in blood plasma as OPA–2-
ME derivatives in the isocratic elution mode. It took
30 min to separate the OPA–2-ME adducts of Hcy,
Asp, Glu, Cys, Asn, Ser, Gln under these conditions.
The rest of blood plasma components were washed

Hcy exists in human plasma in various forms; only off by 2 ml of methanol using a second injector. The
trace amounts (1%) are in the reduced (sulfydryl) complete analysis time is 40 min. The chromatogram
form, the remaining part is oxidized and exists as of the amino acid standard mixture is shown in Fig.
various disulfides [14]. About 70% Hcy is bound to 1A. The detection limits (signal-to-noise ratio52)
albumin (via a disulfide bond), whereas the remain- were for Asp, Glu, Asn, 0.5 pmol, for Ser, Gln 1
ing 30% exists as free disulfides, mostly as Hcy–Cys pmol, for Hcy 0.8 pmol, for Cys 0.5 pmol. The
mixed disulfide. Therefore it is necessary to use the response of the detector is linear in a range from 3
reducing agent to release Hcy and Cys. For this up to 250 pmol for all amino acids with correlation
purpose 2-ME was added to a plasma sample before coefficients between peak squares and amino acid
protein precipitation. But 2-ME possesses an SH amounts varying from 0.986 to 0.998 for different
group that can react with iodoacetic acid. Therefore amino acids, P,0.0001.
at the further additions of reagents it is necessary to Qualitative analyses of amino acids in samples
take into account the concentration 2-ME in the were carried out on their corrected retention times in
assay. In this research the quantity of iodoacetic acid standard solutions, quantitative analyses by the meth-
added was four-times more than the quantity of od of absolute graduation. The chromatograms of
2-ME in the sample. human plasma samples are shown in Fig. 1B and C.

Systems that consist of changing methanol con- Precision of analyses was estimated by a series of
centration (16–19%, v/v), Na HPO (0.01–0.03 M), replicating inputs of a standard mixture of amino2 4

NaH PO (0.01–0.02 M) and Na EDTA (0.002 M) acids (n515) and sample (n55) on different days.2 4 2

were used for optimization of conditions for sepa- The areas of Hcy peaks had RSDs 4.3–8.6% for
ration of the received derivative. The greatest dif- different amounts of amino acid with an average
ficulties were connected with the separation of value 6.1% for a standard mixture and 6.7% for
derivatives of Asn, Ser and Hcy. The retention time human plasma. The standard deviation from the
of the Hcy derivative was changed under the change mean value for human plasma Hcy was 1.5 nmol /ml.
of solvent composition to a greater degree, than the We have applied the developed method to quan-
retention times of the nearest derivatives – Asn and titative definition of Hcy, Asp, Glu, Cys, Asn, Ser
Ser (data not shown). The methanol concentration in and Gln in blood plasma of healthy donors and CVD
the mobile phase influenced the retention parameters patients. The results are shown in the Table 1.
more strongly than concentration of phosphate buffer It was found that the Hcy concentration in CVD
(data not shown). The retention times of all amino patients was higher by 41% than that of healthy
acid derivatives increased with increase of the con- persons, which is in a good agreement with the data
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Fig. 1. Elution profiles of an amino acid standard (A), human plasma of healthy donors (B) and CVD patients (C) after derivatization with
OPA–2-ME. Chromatographic conditions: column, Spherisorb ODS II (5 mm) (25034.0 mm I.D.); eluent, 17% methanol in 0.03 M
NaH PO , 0.01 M Na HPO , 0.002 M EDTA (pH 7.0); flow-rate, 0.7 ml /min; temperature, 268C; fluorimetric detection excitation2 4 2 4

wavelength 340 nm, emission wavelength 450 nm; injection volume, 10 ml.

obtained by other investigators [15,16]. CVD pa- Gln in human plasma by isocratic HPLC with
tients also have elevated concentration of Glu, fluorimetric detection. It allows determining in one
whereas the concentrations of Asp, Cys, Asn, Ser run two important aminothiols (homocysteine and
and Gln in CVD patients and healthy persons were cysteine) and such neurotransmitters as aspartate and
similar. glutamate. It would provide useful information about

role of homocysteine, cysteine, glutamate and aspar-
tate in development of both cardiovascular diseases

4. Conclusions and brain ischemic diseases. The developed method
of quantitation of amino acids in blood plasma

In summary, we have developed a simple and allows one to carry out the analysis in the isocratic
reliable method for the simultaneous quantitative elution mode, which considerably raises the repro-
measurement of Hcy, Cys, Glu, Asp, Asn, Ser and ducibility of parameters and enlarges the reliability

Table 1
Free amino acid concentrations in plasma (nmol /ml) of healthy subjects and patients with CVD (mean6SD)

Amino acid Healthy subjects (n519) Patients with CVD (n534)

Asp 8.360.8 9.661.3
Glu 3263.8 41.962.5*
Cys 260611 255612
Asn 5262.8 5162
Ser 8864.5 8265
Hcy 8.360.5 11.761.1*
Gln 649638 638621

* Significantly different from control group, P,0.01.
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