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Abstract

In this paper, multi-wall carbon nanotubes (MWNTSs)/Pt microparticles nanocomposite was prepared by electrodepositing Pt microparticles
onto the MWNTSs matrix. The surface of glassy carbon electrode was modified with this kind of nanocomposite for measurement of thiols,
such ag.-cysteine (-Cys) and glutathione (GSH). Compared with the MWNTSs or Pt microparticles modified electrode, the nanocomposite
modified electrode exhibited high sensitivity and good stability for detection of thiols. According to the results of experiments, the peak
currents of.-Cys and GSH are linear with their concentrations and the detection limits (S/N = 3) ardl@8 mol/L and 4.5x 10-8 mol/L,
respectively. Coupled with microdialysis, the method has been successfully applied to the determination of these two thiols in rat striatal
microdialysates.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction chromatography (LC), gas chromatography (GC), capillary
electrophoresis (CE) and enzyme-based assays. With LC sys-
L-Cysteine (-Cys) plays an important role in the com- tem, there are numerous detection methods, such as fluores-
munication among immune system cdll§, and it is also cence detectiofR,3], UV detection4], mass spectral detec-
critical to the metabolism of a number of essential biochem- tion [5,6], and electrochemical detectiff8]. Each method
icals, such as coenzyme A, heparin, biotin, lipoid acid and has its advantages and limitations and may serve a particular
glutathione. Glutathione (GSH) is body’s key antioxidantand need in analysis. For example, fluorescent detection with the
protectant to remove free radicals inside the body that will need for derivatization may lack stability or the accuracy of
damage or destroy key cell components. Owing to the impor- measurement may be hampered by the presence of excess
tant physiological roles of Cys and GSH, it is necessary to reagent and products from the process of derivatization; UV
develop sensitive and selective methods for measurement ofdetection suffers from the difficulties with insufficient selec-
these substances. tivity; mass spectral detection may be difficult to quantify
Various chemical and instrumental techniques for the all the thiols in a single chromatogram. In contrast, electro-
determination of thiols have been reported, such as liquid chemical detection (ECD) has attracted significant attention
as an alternative method for the detection of electroactive
* Corresponding author. species because of its inherent advantages of simplicity, ease
E-mail addressltjin@chem.ecnu.edu.cn (L. Jin). of miniaturization, high sensitivity and relatively low cost.
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One initial challenge to the development of electrochem- ticles modified electrode. It is known that one of the limita-
ical detection for thiols was that direct oxidation of thiols at tions of EC detection is the insufficient stability of detector.
solid electrodes was often hampered by slow electron trans-The carbon nanotubes provide a large specific surface and
fer and usually required a potential of at least +1.0V to compact matrix for Pt microparticles to incorporate, which
initiate [9,10]. This problem was overcome by taking ad- leads to the improvement of the stability of Pt microparticles
vantage of indirect detections at mercury or gold—mercury modified electrode. In brief, the combination of the highly
amalgam electrodd 1] to form stable mercury thiolate com-  efficient catalytic ability of Pt microparticles with the supe-
plexes. Moreover, much work has been done to developrior electrical conductivity and stability of MWNTSs offers
chemically modified electrodes for measurement of thiols an attractive approach for sensitive and stable thiols detec-
and eliminate the toxicity caused by mercury-based elec- tion.
trode. A series of modified electrodes base on inorganic
compounds were designed to reduce the overpotential of
thiols [12,13] Organic compoundgl4], enzyme[15] and 2. Experimental
metallo-phthalocyaninefl6] were also used for the cat-
alytic oxidation of thiols. Nevertheless, the poor long-term 2.1. Chemicals and reagents
stability and sensitivity still circumscribe the application of
these modified electrodes to biological analysis. Therefore, MWNTs with the diameter of 10-30 nm and the length of
it is of considerable interest to develop novel electrochem- 1-10um were obtained from Sun Nanotech Co. Ltd. (China);
ical methodology for monitoring thiols in biological sys- K>PtClk was obtained from Shanghai Chemical Reagent Re-
tem. search Laboratory (China); GSH (reduced) an@ys were

Nanocomposites, where nanoscale inclusions are em-obtained from Sigma Co. Ltd. (USA); ascorbic acid (AA),
bedded within a matrix material, have attracted increasing uric acid (UA) were purchased from Shanghai Chemical
research attention in recent yedd¥—23] The discovery Reagents (China). All chemicals were at least analytical-
of nanotubes with uniqgue mechanical, electrical, thermal reagent grade and all solutions were prepared with double-
properties has led to their uses in the development of thedistilled deionized water.
next generation of nanocomposite materi@4—29] Car-
bon nanotubes had been used as modifier to fabricate mod2.2. Apparatus
ified electrode in HPLC-ECD system for the determina-
tion of some small moleculg80-32] On the other hand, Electrochemical experiments were carried out on a CHI-
carbon nanotubes could act as support matrix to be filled 830 Electrochemical station (CH Instruments, USA) with
with different materials, leading to 1D crystallization of a three-electrode system, GC electrode (diameter, 2 mm;
salts with the confining nanotube wall83,34] In addi- BAS Co., Japan) or GC/MWNTSs/Pt microparticles modi-
tion, metal microparticles have attracted extensive interestfied electrode as the working electrode, a saturated calomel
because of their unique electronic, optical, and catalytic prop- electrode (SCE) (Jiangsu Electroanalytical Instruments Fac-
erties [35-40] It is known that metal microparticles dis- tory, China) as the reference electrode and a platinum elec-
persed on porous supports are the common form of solidtrode as the auxiliary electrode. The experiments were car-
catalyst, offering the advantages of high surface area perried out in 0.1 mol/L potassium phosphate buffer solution
unit volume of the catalyst and a large fraction of the cat- at pH 3.0. All the electrochemical experiments performed
alytically active material at surfaces, where it is accessible in this paper were carried out at the room temperature
to reactantd41-44] Owing to the particular characteris- (25°C).
tics of the metal microparticles and nanotubes, the novel Separations were performed on a liquid chromatography
nanocomposites may be developed by depositing the metalsystem that was equipped with a Waters 510 HPLC pump
microparticles on nanotubes matrix. In this paper, we pro- (Waters, USA) and a HP ODS Hypersil column (4.6 mm
posed to design nanocomposite by electrodepositing Pt mi-i.d. x 200 mm, 5um particle, HP, USA). The working elec-
croparticles on the surface of multi-wall carbon nanotubes trode was the GC disk electrode (diameter, 5mm), the
(MWNTSs), and then to develop a nanostructured electro- MWNTs modified electrode, the Pt microparticles modified
chemical sensor for thiols by modifying the glassy carbon electrode or the MWNTSs/Pt microparticles modified elec-
electrode with this nanocomposite. From the results of ex- trode. An Ag/AgCl (saturated KCI) electrode was used as
periments, we find that the nanocomposite modified elec- reference electrode and the stainless steel as counter elec-
trode shows some new characteristics: First, it exhibits lower trode. A 0.1 mol/L phosphate buffer solution (PBS) was used
overpotential and higher sensitivity towards thiols relative as the mobile phase and the separations were performed un-
to MWNTs modified electrod@t5], Pt microparticles mod-  der the room temperature.
ified electrode and some other existed modified electrode. Microdialysis was accomplished usinga CMA/101 micro-
Improved catalytic activity is observed when Pt microparti- dialysis pump (CMA Microdialysis AB, Stockholm, Swe-
cles are incorporated into MWNTs matrix. Second, the sta- den) and a PES 12 microdialysis probe with a membrane
bility of this modified electrode is greater than Pt micropar- diameter of 0.24 mm and a length of 4.0 mm (BAS Co.).
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Fig. 1. SEM image of multi-walled carbon nanotubes on GC electrode (A), Pt microparticles on GC electrode (B), and Pt microparticles combined with
MWNTSs on GC electrode (C).

2.3. Preparation of GC/MWNTSs/Pt microparticles were cubic with average diameter of about 250 nm; however,
modified electrode Pt microparticles deposited on GC/MWNTs modified elec-
trode Fig. 1C) were spherical with average diameter of about
The GC electrodes were first mechanically polished with 100 nm.
alumina paste (0.pm) and rinsed with double-distilled
deionized water, and then further cleaned ultrasonically with
HNO3(VH,0 : Vino; = 1: 1), 1 mol/L NaOH and double-
distilled deionized water, respectively. MWNTs-DMF solu- 121
tion (4ulL, 0.1 mg/mL) was dropped on a cleanly polished 1.0
GC electrode surface to form a homogeneous fitig. 1A
is the SEM of MWNTSs on the surface of GC electrode.
The Pt microparticles were prepared by electrodeposi-
tion. The MWNTs modified GC electrode was cycled in

Current/1e-4 A
o
i

0.5 mol/L sulfuric acid containing 2.0 mmol/L #RtCk in

a potential that ranged from0.25V to +0.4V at a sweep 01

rate of 100 mV/s for 15 cycles:ig. 2is the cyclic voltam- -0.2 james

mogram for the deposition of Pt microparticles. As shown 041 S : , s
from the SEM inFig. 1C, a high and homogeneous disper- 040 030 020 010 0 -0.10 -0.20 -0.30
sion of spherical Pt metal particles was formed on MWNTs Potential / V vs SCE

matrix. After modification, the electrode was rinsed with

T . . . Fig. 2. Consecutive cyclic voltammograms of MWNTs modified electrode
dOUble'd|§t|||ed V‘_/ater- Accor_dlng tbig. 1, we C01_1|d find in 0.5mol/L H;SOy solution containing 2.0 mmol/L ¥PtCls with a scan
that Pt microparticles deposited on GC electroilig.(1B) rate of 100 mV/s.
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2.4. In vivo microdialysis 3. Results and discussion

Before microdialysis experiment was carried out, in 3.1. Electrochemical catalytic oxidation farCys and
rat striatum, the relative recovery of the microdialysis GSH
probe was studied and determined. And then, five male
Sprague—Dawley (S.D.) white rats weighing 270-290g were  The electrodeposition condition of Pt microparticles was
anaesthetized with 25% urethane (1.5 g/kg) until the animal studied by cycling the potential betweei®.25V and +0.4V
no longer exhibited limb reflex. After surgery, the ratwas kept for 10 cycles, 15 cycles and 20 cycles, respectively. In our
unconscious with subcutaneous administration of urethaneexperiment, 15 cycles was chosen as the optimal number of
as needed. Once the rat was fixed at a trestle, the microdial-deposited turns.
ysis probe was implanted into the rat striatum (stereotaxic  Fig. 3 shows the electrochemical behaviorieCys for

coordination: Bregma=+3.0,y=+0.6,z=—7.0 mm)[46] different types of electrodes with cycle voltammetry. Dur-
and perfused with Ringer’s solution (140.0 mmol/L NaCl, ing scanning from—0.2V to +1.0V at a bare GC elec-
2.4mmol/L KCI, 1.0mmol/L MgC}, 1.0 mmol/L CaCl, trode, there was only a much smaller current response for

5.0 mmol/L NaHCQ) at a flow rate of 1.@hL/min. Sampling 1x 10~3mol/L L-Cys (Fig. 3A). An increase of the cur-
started after equilibration with the perfusate for 90 min. All rent response was observed when a GC/MWNTs modified

the operations were carried out at the condition of317°C. electrode [Fig. 3B) or a GC/Pt microparticles modified elec-
Five samples with the volumes of A% were collected and  trode ig. 3C) was used. A much larger increase could
injected into the HPLC column successively. be observed on the GC/MWNTSs/Pt microparticles modified
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Fig. 3. Cyclic voltammograms af-Cys on bare GC electrode (A), MWNTs modified electrode (B), Pt particles modified electrode (C), and MWNTSs/Pt
microparticles chemically modified electrode (D). Scan rate: 100 mV/s (a) in 0.1 mol/L PBS solution (pH 3.0); (a) in 0.1 mol/L PBS solution (pHi3.0); (b)
0.1 mol/L PBS solution (pH 3.0) containing 10102 mol/L L-Cys.
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electrode Fig. 3D). In addition, there is no oxidized cur- 12.0

rent peak for-Cys on the GC electrode, GC/MWNTs mod- a

ified electrode and GC/Pt microparticles modified electrode 10.0 /‘_\t\\

over the potential range from0.2 V to +1.0 V. However, an

obvious oxidation peak with a potential at +0.57 V was ob- 8.0

served on the GC/MWNTSs/Pt microparticles modified elec- X

trode ig. 3D). Both the enhancement of current response T 60 —4=L-Cys
and the decrease of oxidation potential were clear evidence ] —8- GSH
of the improved catalytic effect of MWNTSs/Pt micropar- 5 0] b

ticles nanocomposite towardsCys oxidization than that

of MWNTSs or Pt microparticles. The similar phenomenon 20

could be observed for GSH. It was suggested that MWNTs/Pt J

microparticles accelerated the electron transfer during the 0.0

process of electrochemical oxidation pfCys and GSH. 400 600 800 1000

The possible explain might be that the partially unsatu- Potential/mV vs AgCl/Ag

rated surface d-orbitals of noble metal actorms could ab- _ . 5

. . . . . Fig. 4. Hydrodynamic voltammograms of 5«01.0—° mol/L L-Cys (a) and
5_0rb and thereby Stablllz_e free rad_lcal Intermed'f’j‘te O_dea' GSH (b). (Working electrode: the GC/MWNTSs/Pt microparticles modified
tion products. The catalytic mechanism was explained in de- gjectrode.)
tail in the papers of Johnson and coworkgt®,47], who
developed the pulsed ameperometric detection to achieveln our experiment, the PBS with pH 3.0 was chosen as the
much more reproducible and sensitive detection of the thi- best.
ols[48-51]

Onthe other hand, with the large surface area and integrate3.2.1.3. Effect of flow rate of mobile phade.addition, the
surface structure, MWNTSs provided a well-defined matrix results of experiments showed that varying the flow rate of
to allow more densely distributed, more homogeneous andmobile phase from 0.5mL/min to 1.0 mL/min had little in-
smaller Pt microparticles to deposit on. Therefore, the ac- fluence on the separation of the analytes. To save the time
tive surface area of the electrode was increased and the staof separation, the flow rate of 1.0 mL/min was used in our
bility of Pt microparticles was improved. It is known that experiment.
carbon nanotubes offer a good medium for electron trans-  In conclusion, 0.1 mol/L PBS (pH 3.0) with flow rate of
fer and Pt microparticles possess excellent catalysis ability. 1.0 mL/min was used as mobile phase in order to realize the
Hence, the best electrochemical responses@fs and GSH complete separation of analytes.
were obtained after the GC electrode was modified with the

nanocomposite of MWNTSs and Pt micropatrticles. 3.2.2. Optimization of working potential
The hydrodynamic voltammetry (HDV) of each com-
3.2. Optimization of liquid chromatographic conditions pound was performed in order to select the optimized po-
for the determination of-Cys and GSH tential value for their detections. For this purpose, a potential
scanintherange from +0.4 Vto +1.0V was applied to a solu-
3.2.1. Optimization of mobile phase tion containing 5.0< 10~° mol/L of each of the compounds.

3.2.1.1. Effect of organic modifiem our experiments, a  Fig. 4is the HDV ofL-Cys (a) and GSH (b). It shows that the
0.1 mol/L phosphate buffer solution (PBS) was used as the peak current of-Cys increases gradually when the potential
mobile phase. The present of the additives, such as methanotanges from +0.4 V to +0.7 V and then decreases slightly af-
or acetonitrile, led to the decrease of the retention time of ter +0.7 V. The peak current of GSH increases continuously
L-Cys and AA. Therefore, these two compounds could not when the potential ranges from +0.4V to +1.0 V. In our ex-
be completely separated. Taking into account the fact thatperiments, +0.8 V was selected as the working potential for
the separation time was less than 12 min, we did not add anythe optimal signal-to-noise ratio.
modifier to the mobile phase in order to obtain a good peak
resolution. 3.2.3. Optimization of working electrode

According to the static CV responses ofCys on
3.2.1.2. Effect of pH value of mobile phag&series of PBS different electrodesHig. 3), the GC/MWNTSs/Pt micropar-
with different pH values were tested. The appropriate pH ticles nanocomposite modified electrode exhibited the high-
range of ODS column was between pH 2.0 and pH 8.0. Ac- est activity toward catalytic oxidation far-Cys and GSH
cording to our experiments, when the pH value of the mobile among the four electrodes. However, we did not know which
phase ranged from 2.0 to 8.0, the variations of the peak cur-one was the best during the separation process. There-
rents were less than 8%. Moreover, with the increase of thefore, a control experiment was conducted. In our experi-
pH value, the retention time ofCys and AA reduced, which  ment, a mixed standard solution of 5Q.0~° mol/L L-Cys
resulted in the incomplete separation betwedlys and AA. (@), GSH (c) and 1.6 10°mol/L AA (b), UA (d) was
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that the bare GC electrode showed poor response- to
Cys and GSH Kig. 5A), while there were obviously in-
creased responses on MWNTs modified electrédig. GB)
b d and Pt microparticles modified electrodéd. 5C), respec-
. tively. The highest peak currents @fCys and GSH in
10.0 14.0 20 60 10.0 140 Fig. 5D indicated that the sensitivity was improved remark-
(A) Time / min (B) Time / min ably by nanocomposite. Except for the best electrochemical
responses of-Cys and GSH, the MWNTs/Pt microparti-
cles nanocomposite modified GC electrode exhibited the best
[ stability in HPLC-ECD system. In our experiments, when
GC/Pt microparticles modified electrode served as work-
ing electrode in HPLC-EC system for 8 h, only 65% and
60% peak currents were kept forCys and GSH, respec-
tively. However, the peak currents were very stable when
GC/MWNTs/Pt microparticles electrode was used in the
c same flowing system for continuous 24 h experiments. Dur-
a ing the experimental process, the mixed standard solution of
5.0x 10~°>mol/L L-Cys and GSH was injected every 30 min.
[ About 4.2% and 5.3% peak currents foiCys and GSH
c were reduced, respectively. Due to the sensitivity and sta-
bility of the different electrodes, the GC/MWNTs/Pt mi-
b d LL d croparticles modified electrode was selected as working elec-
A trode.
20 60 100 140 20 60 100 140 Moreover, the comparisons of response-@ys and GSH
©)  Time/min (D) Time / min on the four different working electrodes in the HPLC-ECD
Fig. 5. Chromatograms of mixed standard solution of-5610~° mol/L - were also made' The reSUIts-Were summarizedable 1
Cys (a), GSH (c) and 1.9 10-% mol/L AA (b), UA (d) on bare GC electrode C(_)mparet_:zl with the .O.ther working electrodes, the MWNTS/Pt
(A), MWNTSs modified GC electrode (B), Pt microparticles modified ¢ Microparticles modified electrode has the largest slope of the

electrode (C), and MWNTSs/Pt microparticles modified GC electrode (D). regression equation, which is related to the significantly in-
(Working potentials: (A) +1.2V; (B) +1.0V; (C) +0.9V; (D) +0.8V vs. creased sensitivity_

AgCI/Ag; flow rate: 1.0 mL/min; flow phase: 0.1 mol/L PBS with pH 3.0;

injection volume: 25uL.)

[ a 330", 523", 646’, and 1130’, respectively. We found

L)
6.0

Vuool

3.2.4. Linearity and detection limits, reproducibility
separated and measured with bare GC electrode, MWNTs In HPLC—ECD system, a series of standard samples from
modified electrode, Pt microparticles modified electrode and 1.0 x 10~ mol/L to 2.0x 10~3 mol/L of theL-Cys and GSH
MWNTs/Pt microparticles modified electrode, respectively. were tested. The working electrode (MWNTs/Pt microparti-
The retention time of the-Cys, GSH, AA and UA was  cles modified electrode) was maintained at +0.8 V against an

Table 1

Regression data afCys and GSH on four different electrodes in HPLC-EGRstem

Electrodes Regression equatiofaX+hb®)  Correlation coefficients})  Linear range (mol/L) Detection linfit(mol/L)

(I) The data ofi.-Cys in HPLC-ECD system
GC electrode Y=0.0004+3x 10710 0.9990 3.0¢106-2.0x10°% 1.1x10°
MWNTs CME Y=0.0044&+5x 1010 0.9987 3.0c 10 7-1.0x 102  1.2x 1077
Pt microparticles ME Y=0.009%+ 1 x 1010 0.9982 25¢107-1.0x 104 1.0x 1077
MWNT/Pt microparticles ME  Y=0.019X+5 x 10~10 0.9995 1.0<10°7-1.0x 104 2.9x10°8

(II) The data of GSH in HPLC-ECD system
GC electrode Y=0.000X+2 x 1010 0.9967 3.0< 106-2.0x10°% 1.6x10°©
MWNTs CME Y=0.002%+3 x 10710 0.9990 3.0¢10°7-1.0x 108 2.2x 1077
Pt microparticles ME Y=0.0060K+ 1 x 10710 0.9995 4.0¢107-1.0x10* 1.8x 1077
MWNT/Pt microparticles ME ~ Y=0.009+7 x 10~10 0.9994 2.0x 10 7-1.0x 104  4.5x10°8

a8 HPLC-ECD conditions: working electrode: bare GC electrode, +1.2 V vs. Ag/AgCI; or the GC/MWNTs modified electrode, +1.0V vs. Ag/AgClI; or the
GC/Pt microparticles modified electrode, +0.9V vs. Ag/AgCl; or the GC/MWNTSs/Pt microparticles modified electrode, +0.8 V vs. Ag/AgCl; mobile phase:
0.1 mol/L PBS with pH 3.0; injection volume: 28_; flow rate: 1.0 mL/min.

b WhereY andX represent the peak current (A) and the concentration of the analyte (mol/L), respectively.

¢ The detection limits of MWNTs/Pt microparticles modified electrodetf@ys and GSH were calculated according to S/N = 3; the average of the noise
values were determined from the blank injectiorr(1).
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Ag/AgCl and the mobile phase was PBS with pH 3.0. The tigated. In order to detect the thiols rapidly and accurately,
results showed that the peak currents of the analytes were alll.0L/min was chosen as the optimum flow rate. During the
well linear with concentration. The linear ranges for the experimental process, the microdialysis probe was implanted
Cys and GSH were from 1010’ to 1.0x 10~*mol/L and into the Ringer's solution containing 2:010-% mol/L L-
from 2.0x 107 to 1.0x 10~*mol/L, respectively. The lin-  Cys and GSH (with the similar concentration to that of in
ear ranges of the two analytes were found to be over three or-rat striatum). The medium solution (the mixed solution of
ders of magnitude and the correlation coefficients were larger2.0x 10~ mol/L L-Cys and GSH) and the collected micro-
than 0.999Fig. 5D was the Chromatogram of mixed stan- dialysates were injected into the HPLC-ECD system, re-
dard solution of 5.0« 10~°mol/L L-Cys (a), GSH (c) and  spectively. The relative recovery of the probe was calculated
1.0x 10~>mol/L AA (b), UA (d). FromFig. 5D, a conclu- by the formula according to the resulting chromatographic
sion can be drawn that the two analytes and the two interfer- peaks. In this experiment, the relative recoveries.-@ys
ential compounds can be separated completely under thesand GSH were 34.8 0.6% and 35.& 0.8%, respectively
conditions. In other words, AA and UA did not interfere the (n=5).

determination of -Cys and GSH.

The detection limit was calculated according to SIN=3,
and the average of the noise values was determined from
the blank injection if=11). It was found that the detec-
tion limits of L-Cys and GSH on MWNTs/Pt microparti-
cles modified electrode were about 240-8mol/L and
4.5x 10~8mol/L, respectively. The detection limits were
lower than that of other electrodes in HPLC—ECD system,
such as Prussian blue modified screen-printed elecfs@je
palladium field-decoupler modified electrof], and car-
bon disc electrodgb4].

The repeatability of the MWNTSs/Pt microparticles mod-
ified electrode was evaluated by repetitive injectine (L0)
of 5.0x 10~° mol/L L-Cys and GSH under the same condi-
tions as inFig. 5D. The relative standard deviation (R.S.D.)
of the peak currents of-Cys and GSH was found to
be 1.8% and 2.0%, respectively. On the other hand, the
same modified electrode was used as working electrode
and the mixed standard solution of 5A0~°mol/L L-

Cys and GSH was injected into the same flowing sys-
tem several timesn=10) on the 1st day, 2nd day, 5th
day, 10th day, 18th day, and 30th day. The results sug-
gested that only 7.8 0.5% decrease of theCys signal and
8.0+ 0.5% decrease of the GSH signal were observed after
a month. b

3.2.6. Determination of-Cys and GSH in rat striatum

Fig. 6 is the chromatogram of-Cys and GSH in
rat striatum microdialysates (a-Cys; b: AA; c: GSH).
Basal level of L.-Cys and GSH measured in this sys-
tem were 2.5-0.1umol/lL and 2.740.2umol/L (n=5).
These values and their precisions are in good agree-
ment with previous estimates of 2.0-3.&0l/L -Cys and
1.9-3.2umol/L GSH in the extracellular space of rat cor-
tex [55,56] The data were also in agreement with the
results obtained in rat caudate nucleus using microdial-
ysis on-line with capillary zone electrophoresis-laser in-
duced fluorescence detectifi’] (2.04+0.1pmol/L for -
Cys and 2.3 0.2pmol/L for GSH). Compared to capil-
lary zone electrophoresis-laser induced fluorescence detec-
tion, the HPLC-ECD method was easy-to-operate with-
out derivation and had less interference coming from the
derivation reagent and derivation production. Meanwhile,
this method gave quantitative results similar to those obtained
previously using other modified electrodes in our groups
(2.2-2.6umol/L for L-Cys and 2.0-2.8mol/L for GSH)
[13,58]

Yuoc
| —

3.2.5. Relative recovery of microdialysis

The principle of microdialysis is based on passive dif-
fusion into the probe due to a concentration gradient with-
out alteration of the analyzed system. In the process of
microdialysis, recovery is related to the quantities of sam-
ple that passed through the dialyzing membrane of micro-

dialysis probe. The relative recovery of the microdialysis a
probe was defined as the ratio of the analyte’s concen- c
tration in microdialysate Goyt) to its concentration in the

medium surrounding around the proli&(, which can be

expressed by a formulg=Cy,/Cin. The relative recovery (‘) 4'0 8'0 12'0

of microdialysis was mainly influenced by the perfusion t/min

rate. The lower the microdialysis rate was, the higher rel-

ative recovery was. However, lower microdialysis rate might ) : )

lead to the longer collection time. In this paper, the rela- & -CYS: (B) AA; (c) GSH. (Working electrode: MWNTS/Pt micropart-
9 : paper, cles modified GC electrode; working potential: +0.8V vs. AgCI/Ag; flow

tive recoveries of-Cys and GSH at the rate of 5.@/min, rate: 1.0 mL/min; flow phase: 0.1 mol/L PBS with pH 3.0; injection volume:
4.0pL/min, 3.0pL/min, 2.0pL/min, 1.0pL/minwere inves- 25uL.)

Fig. 6. Chromatograms af-Cys and GSH in rat striatal microdialysates:
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4. Conclusion
the GC/MWNTs/Pt

In this paper, microparticles

nanocomposite electrode was prepared and its catalytic

oxidation forL-Cys and GSH was also studied. According to
the experiment, the sensitivity and stability of the electrode

were improved after the nanocomposite modified electrode
was used. Coupled with microdialysis, the nanocompos-

ite modified electrode was applied successfully to the
HPLC-ECD system for the determination ofCys and

GSH in rat striatum. Compared to many other modified
electrodes, MWNTs/Pt microparticles modified electrode

was more sensitive, stable and easier to prepare. The metho
has been proved to be simple, convenient, and sensitive.

Therefore, it has the potential value in the fields of biology
and medicine.
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