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Abstract

A new capillary electrophoresis (CE) method with laser-induced fluorescence (LIF) detection was developed for the rapid separation anc
sensitive detection of glutathione (GSH) and glutathione disulfide (GSSH) after derivatization by 4-chloro-7-nitrobenzo-2-oxa-1,3-diazol
(NBD-CI). The derivatization and separation conditions were investigated in detail and the optimums were obtained. Under the optimum
experiment conditions, linear relationships between the peak height and concentrations of the analytes in normal and second-derivativ
electrophoregrams were obtained (0.22-4%.00). The detection limits for glutathione and glutathione disulfide in normal and second-
derivative electrophoregrams were 0.046 and 00#2and 0.046 and 0.014M, respectively. The method was applied to the analysis of
glutathione and glutathione disulfide in human plasma and tobacco leaves with satisfactory results.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction of GSH and GSSG are used for ascertaining the redox status

in biological systems and the conversion of GSH to GSSG is

Glutathione (y-Glu-Cys-Gly, GSH) is one of the most widely recognized as areliable index of oxidative st{@€3.

abundant low-molecular weight thiol-containing species in  Analysis of GSH and GSSG is of continuous interest
mammalian tissuefL,2]. It is often involved in protective  because of their biological and clinical significance. High-
and detoxifying functions of the cell, such as maintaining performance liquid chromatography (HPLC) is used mainly
the proper thiol-disulfide status of proteins and quenching for the analysis of GSH and/or GSS&L]. However, HPLC
reactive free-radical species. GSH also participates in othermethods are limited by long separation time and tedious sam-
important biochemical reactions including DN3J, protein ple pretreatment steps. Owing to the high separation power,
synthesis and amino acid uptalg?2]. Also, GSH protects  short analysis time and lower operating cost, capillary elec-
against excitotoxin-induced brain damagé and may be trophoresis (CE) has also been used to analyze GSH and/or
involved in HIV expression§5]; pro-GSH drugs have been  GSSG invarious samples, butthe use of CE with UV and elec-
proposed for anti-HIV therapyp,7]. Some cases of drug and trochemistry detector only offered sensitivity jiivl range.
radiation resistance in cancer therapy have been attributecHe et al.[12] reported a CE-MS method for the assay of
to abnormally high concentration of GSH in tumor c¢8% GSH in urine samples, but the limit of detection is still high
On the other hand, glutathione disulfide (GSSG) is known to (0.08 mgmt1). Recently, CE methods with laser-induced
be formed in biological systems because of the function of fluorescence (LIF) detection have been applied to the assay of
GSH as antioxidar®]. Nowadays, the concentration levels GSH with high sensitivityf11,13-17], but GSSG is scarcely

concerned. Also, these methods have a long separation time

* Corresponding author. Tel.: +86 931 8912540; fax: +86 931 8912582. (> 8 min generally) or are limited by derivatization selectivity
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[14]. Furthermore, none of the existing CE-LIF methods has were adjusted to the desired pH with 1.0 M HCI or 0.5M
aimed at the analysis of GSH and GSSG in plants. NaOH.
In this paper, we presented the development of a rapid
and sensitive CE-LIF method for the simultaneous deter- 2.4. Sample preparation
mination of GSH and GSSG in human plasma and plants.
In this work, 4-chloro-7-nitrobenzo-2-oxa-1,3-diazol (NBD- 2.4.1. Human plasma sample
Cl) [18—-21]was chosen for the derivatization of the two com- 0.2 ml human plasma of the patient was vortex-mixed with
pounds due to (1) its good matching with our commercial LIF 0.4 ml acetonitrile for 3 min and made to stand for 15 min.
instrument (excitation 488 nm/emission 520 nm), (2) short Then the resulting solution was centrifuged at 4000 rpm for
derivatization time and (3) the stability of amine-derivatives 5min to separate the precipitated proteins. The supernatant
atroom temperature. The derivatization and separation condi-was derivatized for determination.
tions were investigated to obtain the optimums and the estab-
lished method was validated with analyzing GSH and GSSG 2.4.2. Dry tobacco leaf sample
in human plasma and tobacco leaves. The dry tobacco leaves were pieced and ground. Then,
0.20000 g powder was weighed accurately and extracted with
5.0 ml distilled water in an ultrasonic bath for 1.5 h. After it
2. Experimental was filtered with filter paper and 0.48n membrane filter,
the resulting solutions were derivatized directly.
2.1. Apparatus
2.5. Derivatization procedure
All separations were performed on a P/ACE 5510 sys-
tem (Beckman Coulter Instrument, Fullerton, CA, USA) In 1.5 ml-plastic tubes, 2fl standard solutions of GSH
equipped with an LIF detector. The excitation light from an and GSSG were mixed with 2@0 NBD-CI solution and
argon ion laser (3 mW) was focused on the capillary window the derivatization buffer. For samples, J0ichuman plasma
by means of a fiber-optic connection. The excitation was per- sample solution and 3Qf tobacco leaf sample solution were
formed at 488 nm and a 520 nm band-pass filter was used formixed with 200u.I NBD-Cl solution and derivatization buffer,
emission. The system was controlled by P/A®EStation respectively. Blank solutions were prepared by mixing 200
software. The separation was carried out on a 47 cm (40 cmNBD-Cl solution and derivatization buffer. All mixtures were
to the detectorx 75umi.d. fused-silica capillary (Yongnian  diluted to 1.0 ml with distilled water and kept in a hot water
Photoconductive Fiber Factory, Hebei, China). The capillary bath to react. Prior to analysis, the derivatization solutions
was treated prior to its first use by flushing with 1.0M HCI| were diluted with distilled water to the desired concentra-
for 20 min, 0.5M NaOH for 20 min and distilled water for tions.
10 min. Between two runs, a rinse-cycle—0.5 M NaOH for
1 min, distilled water for 1 min and run buffer for 2 min—was
used. The capillary was maintained at’Z5 Sample was in- 3. Results and discussions
jected by applying a pressure of 0.5 psi for 5s.
3.1. Derivatization and separation of the analytes
2.2. Materials
Derivatization of GSH and GSSG with NBD-Clwas inves-
Standard GSH and GSSG were obtained from the Chem-tigated to achieve higher sensitivity. The effects of predom-
ical Reagent Service Station of Shanghai. NBD-Cl was the inant parameters, such as reaction time, reaction tempera-
product of Tokyo Kasei Kogyo Co., Ltd (Japan). Plasma sam- ture, buffer pH, buffer concentration and organic solvents, on
ple of a kidney-replant patient was obtained from the Chief the fluorescence intensity were investigated. The results indi-
Hospital of Army (Gansu, China). The dry tobacco leaves cated that addition of organic solvents (methanol and ethanol)
were obtained from a local farm. All other reagents were of hardly affect the fluorescent intensity of the analytes. Finally,
analytical reagent grade. Stock solutions of GSH and GSSGthe derivatization conditions were selected as 20 minG0
at 0.9 mM were prepared in distilled water and a 16.2mM pH 8.75 and 20 mM borate buffer.

stock solution of NBD-Cl was prepared in acetonitrile. All The parameters that affect the separation were also tested
the stock solutions were stored &t@. in detail. The experiment results showed that the analytes

can be separated better under conditions of pH, 9.25; 20 mM
2.3. Preparation of the electrolytes borate buffer; separation temperature; 25separation volt-

age, 15kV and 4 mMB-CD. Furthermore, the relationships
The derivatization buffers were prepared from 100 mM between migration timesg{) of the analytes with separation
borate solution and organic solvent (methanol, ethanol andtemperature (J) or voltage (V) were also investigated. The
acetonitrile). The run buffers were prepared by mixing equations and regression results describing the dependence
100 mM borate and 20 mM-CD solutions. All the buffers  of migration time on separation temperature and voltage are
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Table 1
Regression data (A 3) of In (ty) versusTs and In (t,) versus In (1/\A
Compound In (tm) versusTg In (tm) versus In (1/V)

Equation R Equation R
GSH In (tm) = 2.096—0.020Ts 0.9971 In (tm) =4.993 + 1.137 In (1/V) 0.9997
NBD-CI In (tm) = 2.153—0.01945 0.9965 In (tm) =5.111 + 1.151 In (1/V) 0.9996
GSSG In (tm) =2.121-0.0170s 0.9963 In (tm) =5.080 + 1.133 In (1/V) 0.9997

@ The units ofty, Ts andV are min,°C and kV, respectively.

listed inTable 1, which indicated that In{) was linear de- 3.3.2. Analysis of tobacco leaf sample
pendent on In (J) and In (1/V). For tobacco leaf sample, because GSH and GSSG were
interfered by co-existing components, their contents and re-
coveries were determined by second-derivative electrophore-
3.2. Linearity, sensitivity and reproducibility of the grams.Fig. 2(b) shows the second-derivative electrophore-
method grams of tobacco leaf sample after two-fold dilution.
The peaks of GSH and GSSG were identified with adding

For evaluation of the quantitative applicability of the standards to the samples. The determination results and the
method, six standard solutions of GSH and GSSG in the recoveries are all listed ifiable 3.

concentration range of 0.22-45.0M were analyzed un-
der the optimum experimental conditions. The linear regres-
sion equations between the peak height (Y, RFU) and the
concentration (XuM) were obtained (Table 2). However, 500
when the sample of tobacco leaves was considered, the peak:
of GSH and GSSG were interfered by co-existing compo-
nents, so the content of GSH and GSSG in tobacco leaf
sample were determined by second-derivative electrophore-
gram[22]; the linear relationships between the concentra-
tions and corresponding peak heights obtained in second-
derivative electrophoregram are listed Table 2. The de-
tection limits (signal-to-noise ratio = 3) of GSH and GSSG
obtained in normal and second-derivative electrophoregrams
were also given. For GSH and GSSG under optimum con- roor
ditions, the relative standard deviation (R.S.D= 5) of the WMMJIU
migration time in normal and second-derivative electrophore- 0 ; . : - ; L
grams were consistent (0.55% for GSH and 0.7% for GSSG), N .

. . . . . (a) Migration time (min)
because the migration times of the analytes in both kinds
of electrophoregrams are same. The R.S.D. values of peak
heights were 2.64 and 0.64% in normal electrophoregrams
and 2.95 and 2.58% in second-derivative electrophoregrams, _
respectively. The results indicated that the method could be
applied to the sensitive analysis of GSH and GSSG with
good reproducibility.Fig. 1 shows the normal and corre-
sponding second-derivative electrophoregrams of the stan-
dards.
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3.3.1. Analysis of human plasma sample

The method was applied to the analysis of GSH and GSSG 7 3 ‘ 4 ' 5
in human plasma sample. The content of GSSG in the plasma () Migration time (min)
sample was very low, but the content of GSH was very high,
so the contents of GSSG and GSH were determined by nor-Fig. 1. Normal (a) and second-derivative (b) electrophoregrams of the stan-
mal electrophoregrams with derivative solutions before and dards. Derivatization conditions: 20 mM borate (pH 8.75), reaction a€50

o . for 20 min; separation conditions: 20 mM borate at pH 9.25, 20kV,@25

after 10-fold dilution, respectively. The electrophoregram of

. AN . 4 mMB-CD, capillary length 47 cm (effective length 40 cm), sample injected
plasma sample without dilution is illustratedFig. 2(a). for 55 with a pressure of 0.5 psi.
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Table 2
Regression data between peak heidhtRFU) and corresponding concentratigin{M) and the detection limits in normal and second-derivative electrophore-
grams (n= 3)

Compound Normal electrophoregram Second-derivative electrophoregram
Equation Detection Equation Detection
fimit (1.M) limit (M)
GSH Y =0.0073X +0.0103 0.046 Y =0.00051X + 0.00075 0.046
(R=0.9981) (R=0.9975)
GSSG Y =0.0553X +0.0173 0.012 Y =0.0031X + 0.00055 0.014
(R=0.9989) (R=0.9996)
Table 3
Determination results of GSH and GSSG in samptes 8)
Compound GSH GSSG
Content Recovery (%) Content Recovery (%)
Human plasma sample 6.5pumol ml—1 98.4 8.1nmolmf? 103.5
Tobacco leaf sample 0.58n0lg™t 106.7 0.070umol gt 96.2
2000 plied to the analysis of GSH and GSSG in human plasma and
= tobacco leaves with high sensitivity and good reproducibility.
_ o In addition, the results indicate that the analytes are some-
; 15001 times partially interfered by co-existing components, but
g second-derivative electrophoregrams can resolve this prob-
z lem without sacrificing the sensitivity.
é 1000 -
g
3
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