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Abstract

A biosensor was developed using glutathione peroxidase
(GSH-Px) as the enzyme. Firstly, platinum (Pt) nanoparticles
were deposited onto a glassy carbon paste electrode (GCPE),
and then GSH-Px was immobilized by means of gelatin that was
then crosslinked with glutaraldehyde. The measurement was
based on the electrochemical oxidation of GSH to its disulfide
form in the presence of hydrogen peroxide. The linear range
was found to be between 10 and 250 pM, with a correlation
coefficient of R2=0.9968. The RS.D value for 25 pM GSH
(n = 6) was calculated as 2.92%. Finally, the proposed biosensor
was used to analyze GSH in a synthetically prepared plasma
sample, and a promising recovery value was obtained.

Keywords: biosensor, glassy carbon paste electrode, glutathione,
glutathione peroxidase, Pt nanoparticles

Introduction

The altered levels of the thiols (reduced forms) and their
disulfides (oxidized forms) in physiologic liquids have
been linked to specific pathologic conditions and are
closely associated with several human diseases, especially
premature arteriosclerosis, occlusive vascular and neuro-
degenerative disorders, leukemia, diabetes, and acquired
immunodeficiency syndrome (AIDS) (Liu et al. 2010,
Cubukgu et al. 2012).

As a kind of abundant low-molecular mass thiol found
in mammals, reduced GSH is the major non-protein thiol
in living cells, with cellular concentrations ranging from
0.5 to 10 mmol L™, that detoxifies reactive oxygen and
drug metabolites (Cubukgu et al., Chen et al. 2006, Hou
et al. 2009). GSH-Px and glutathione reductase (GR) are
the main enzymes that participate in the GSH metabo-
lism. They have substantial functions. For example,
GSH-Px plays an essential role in the removal of hydrogen
peroxide (H,O,) and lipid peroxides from the cells,
while the GR regulates the ratio of reduced and oxidized

glutathione in erythrocytes (Rover et al. 2001). GSH-Px
belongs to the family of selenoproteins (Lehman et al.
2001, Scheller et al. 2002) containing selenocysteine in the
catalytic center (Rover et al. 2001, Scheller et al. 2002), and
is the most extensively studied selenoprotein (Lehman
etal. 2001, 9).

According to Lehmann et al., (Lehmann et al. 1998)
the catalytic reaction involves the reduced enzyme, which
reacts chemically as a selenolate (Ez-Se™) with the H,0,,
leading to an activated enzyme (Eq. (1)). Since the oxidized
enzyme needs to be reduced to maintain its activity, it may
be performed by an electron donor species like GSH, as
shown in the scheme:

(EzZ—Se ) +H,0, - (EZ—Se™), +H,0 (1)
(Ez—Se), + GSH — (Ez—Se), + GSJ 2

(Ez—Se), +GSH — (Ez—Se ™ ),, + GSU+H,0 (3)

Where (Ez-Se), and (Ez-Se); are the enzyme-oxidized
intermediates, GSH is a reducing substrate, and GSe is a
free radical (Rover et al. 2001). All GSH-Px take part in the
hydroperoxide metabolism and oxidative defense system,
which reduce hydroperoxides like H,O,, organic hydroper-
oxides, and fatty acid hydroperoxides with the consumption
of GSH, following the equation below (Lehman et al. 2001,
Scheller et al. 2002):

2GSH+ROOH — GSSG +H,0+ROH (4)

Several methods, including Ellman’s method (Ellman
1959), high-performance liquid chromatography (Shi
et al. 1999), spectrofluorimetry (Chen et al. 1999), spec-
trophotometry (Raggi et al. 1991), and potentiometry
(Compagnone et al. 1991) have been reported in the
literature for GSH analysis.
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Enzymatic methods based on GSH-Px (Rover et al.
2001, Lehman et al. 1998) immobilized onto an elec-
trode surface (Carsol et al. 1998) or in-column reactors
(Compagnone et al. 1994) have also been utilized for the
determination of GSH. The enzyme catalyzes the oxida-
tion of GSH to the disulfide form (GSSG), in the presence
of hydroperoxides (H,0, or ROOH), as shown below
(Rover et al. 2001):

2GSH+H,0, — GSSG+2H,0 (5)

Because of its high sensitivity, voltammetric methods
(Kinoshita et al. 1999) have been applied extensively for GSH
detection in recent years. However, there are some disadvan-
tages that need to be overcome for the direct electrochemi-
cal oxidation of GSH at unmodified traditional electrodes.
These can be described as the slow electron transfer reac-
tion of GSH, which requires high working potential, and the
strong adsorption of GSH at the surface of the metallic elec-
trode, which makes GSH detection harder. These problems
have been solved using modified electrodes which were
prepared by suitable modifiers, including nanoparticles
(NPs) (Liu et al. 2010, Cubukgu et al. 2012).

Xian et al. (Xian et al. 2005) proposed a nanocomposite
which was prepared by the electrodeposition of Pt micropar-
ticles onto the MWCNTs matrix. They modified the surface
of the glassy carbon electrode (GCE) with this kind of nano-
composite, and obtained Pt-modified GCE, which was used
for measurement of thiols such as L-cysteine and GSH. As
a result, they discovered that the nanocomposite-modified
electrode exhibited high sensitivity and good stability for the
detection of thiols.

Inrecentyears, carbon electrodes have been widely used
in electrochemistry, because of low background current,
wide potential, chemical inertness, low cost, and suitability
for several sensing and biosensing applications, together
with the fact that they provide fast response and can easily
be fabricated in different configurations and sizes. There
have been so many uses of carbon electrode forms in
electroanalytical applications, such as GCE, carbon paste
electrode (CPE), the rigid carbon-polymer composite-
based electrode, graphite epoxy composite electrode, and
a composite electrode material based on mixing glassy
carbon (GC) micro particles with an oil binder, the glassy
carbon paste electrode (GCPE) (Anik Kirgoz et al. 2005,
Anik and Cubukcu 2008, Anik and Cevik 2009, Anik et al.
2010a). GCPEs have high electrochemical reactivity, a wide
potential window with a low background current, and they
are inexpensive, easily prepared, modified, and renewed
(Anik et al. 2010a, Anik and Cevik 2009, Anik et al. 2010b).
Besides, it was observed that this electrode has better elec-
trochemical reactivity towards the oxidation of hydrogen
peroxide (H,0,) compared to conventional CPE (Cubukcu
et al. 2007).

In the present work, the electrochemical behavior of GSH
was investigated using Pt-nanoparticle (Pt-NP)-modified
GCPE. Firstly Pt-NP was electrodeposited on the surface of
bare GCPE, and then the GSH-Px enzyme was immobilized
onto the electrode surface by means of a gelatin membrane,

which was then cross-linked by glutaraldehyde, as shown in
Figure 1.

The biosensor response obtained to GSH was monitored
by following the oxidation of GSH in the presence of H,0,.
After the optimization of experimental parameters, ana-
lytical characteristics were investigated, and then the sys-
tem developed was applied for GSH detection in synthetic
plasma solution.

Experimental

Instruments

Differential pulse voltammetric measurements were car-
ried out with the FRA 2 n-AUTOLAB Type III electrochemi-
cal measurement system from ECO CHEMIE Instruments
BV. (the Netherlands, www. ecochemie.nl), driven by
GPES software. The experiments were conducted in a 10
mL voltammetric cell, at room temperature (25°C), using a
three-electrode configuration. A Pt electrode served as an
auxiliary electrode, while an Ag/AgCl electrode served as
a reference electrode, and Pt-NP-modified GCPE immobi-
lized with GSH-Px was used as the working electrode. The
auxiliary and reference electrodes were inserted into the
cell through the Delrin cover from the top, while the
working electrode was placed at the bottom of the cell.

Reagents

Carbon glassy spherical powder 2-12 micron, 99.95%
metal basis, and mineral oil were purchased form Aldrich.
Chloroplatinic acid hexahydrate was obtained from
Sigma-Aldrich. KCI solution (max. 0.0001% Al, puriss,
from Riedel-de Haén) was used as a background solu-
tion for electrochemical deposition of Pt-NPs. GSH-Px
(Glutathione-Peroxidase, fetal bovine erythrocyte lyo-
philized powder, white, ~100 units.mg~!) from Sigma
was used for biosensor application. Stock solutions of
0.01 M GSH and H,0, were freshly prepared by dissolving
the appropriate amount of GSH (y-Glutathione reduced,
L-y-Glutamyl-glycine GSH, cell culture-tested, Sigma)
and H,0, (35%, from Merck). Phosphate buffer solution
(KH,PO,, Merck/purity 99-99.5%, 0.05 M, pH 7.5) served
as a supporting electrolyte.

Synthetic plasma samples were prepared by incorpo-
rating the reagents into the TRIS-HCI, including 140 mM
NaCl (99.0-100.1%, supplied from Pancreac), 4.5 mM
KCl, 2.5 mM CaCl, (Calcium chloride dehydrate, ACS
reagent, =99%, from Sigma), 0.8 mM MgCl, (magne-
sium chloride hexahydrate, GR for analysis 99.0-101.0%,
obtained from Merck), 2.5 mM urea (99.5% pure, used
from Horasan Chemistry), and 4.7 mM glucose (D(+)
glucose monohydrate for microbiology, from Merck). We
used 10 mM TRIS-HCI buffer (Tris(hydroxymethyl)-amin-
omethane, TRIS, 99.0-100.1%, supplied from Merck) as
the background for the synthetic plasma solution. For the
interference study, ascorbic acid (L-ascorbic acid, reagent
grade) and L-cysteine (=98.5% (RT)) were used, supplied
from Sigma. All solutions were prepared using double-
distilled water, and the other chemicals were of analytical
grade.
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Figure 1. Schematic representation of the fabrication of a GSH biosensor.

Electrode preparation

First of all, bare GCPE was prepared with a ratio of 80/20
(w/w %) glassy carbon spherical powder/mineral oil, by
hand mixing, using a spatula. A portion of the resulting
paste was then packed firmly into the electrode cavity
(3.0 mm diameter and 5.0 mm depth) of a Delrin tube,
where electrical contact was established via a copper wire.
The surface of the resulting paste electrode was smoothed
and rinsed carefully with double-distilled water. Pt-NPs
were accumulated onto the GCPE by means of an elec-
trochemical process. For this purpose, cyclic voltammetry
was applied between — 0.70 V and + 0.80 V at 50 mVes ™!
for 50 cycles, where 0.1 M KCI containing 1.0 mM H,PtCl,
solution was used as the deposition solution (Liu et al.
2010). Finally, a well-dispersed yellow-colored layer,

indicating Pt-NP, was observed on the surface of the
electrode (Figure 1).

The GSH-Px immobilization procedure was then applied
according to the following process: 0.2 mg of GSH-Px was
diluted in 1 mL of phosphate buffer solution (pH 7.0). Then,
5 U of GSH-Px and gelatin (3 mg) were mixed at 38°C in
potassium phosphate buffer (pH 7.0, 50 uL). Next, 50 uL
of the mixed solution was spread over the Pt-NP-modified
GCPE surface, and allowed to dry at 4°C for 1 h. Finally, it
was immersed in 2.5% glutaraldehyde in phosphate buffer
(50 mM, pH 7.0), for 5 min, for cross-linkage (Figure 1).

Procedure
Prior to its use, the modified composite electrode was
stirred in a phosphate buffer solution (pH 7.5) for a while,
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to remove excess glutaraldehyde solution from the elec-
trode surface. Firstly, the right amount of GSH and H,0,
were put into the working cell, and the mixture was deaer-
ated for a further 5 min by passing N, gas through the
solution. The cell was placed in the voltammetric stand,
and the reference and counter electrodes were immersed
into the solution. Differential pulse voltammograms
were recorded in the range between 0 V and + 0.7 V in
50.0 mM phosphate buffer (pH 7.5) medium. The elec-
trode was stirred for 15 min. before the beginning of each
measurement.

Sample application

The biosensor obtained was used for the GSH analysis in a
synthetically prepared plasma sample, to show the applica-
bility of the method for clinical analysis. These samples were
analyzed using the standard addition method. The synthetic
plasma sample was prepared according to the procedure
reported earlier (Coldur et al. 2010). Synthetic plasma
solution comprised of 140 mM NacCl, 4.5 mM KCl, 2.5 mM
CaCl,, 0.8 mM MgCl,, 2.5 mM urea, and 4.7 mM glucose, and
10 mM TRIS-HCI buffer was used as the background for
the synthetic plasma solution. The final pH of the solution
was adjusted to 7.3, with the addition of the right amount
of 1 M HCI. The standard solutions were prepared by using
the synthetic plasma electrolyte as a background solution,
and then the phosphate buffer solution was spiked with the
proper amount of analytes (pH 7.5).

Results and discussion

Electrodeposition of Pt-NPs by cyclic voltammetry

Pt-NPs were electrodeposited onto the bare GCPE using
cyclic voltammetry, between 0.70 V and +0.80 V at
50 mVes™ 1, in a solution of 0.1 M KCI containing 1.0 mM
H,PtCl,. Figure 2 demonstrates the cyclic voltammogram
obtained for the deposition of Pt-NPs after 50 successive
scans. It was observed that the current increases with an
increase in the scanning number, indicating electropo-
lymerization. The two additional redox steps obtained
at—0.356 V and —0.424 V corresponded to PtCl 2"/
PtCl,2>~ (I) and PtCl,2~/Pt° (II), respectively. (Wand and
Lin 2005)

75.0
50.0 I
25.0

0

I/ HA

-25.0

-50.0
]

—-75.0 : - - - : :
-0.75 -0.50 -0.25 0 025 050 0.75 1.00

E/V

Figure 2. Electrodeposition of Pt-NPs onto bare GCPE with cyclic
voltammetry in 0.1 M KCl, at a potential ranging between —0.70 V
and +0.80 V at 50 mV.s~ ! for 50 cycles.
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Figure 3. Differential pulse voltammograms of (a) background
for GSH-Px(immob)/GCPE, (b) 100 uM GSH/50 uM H,O0, GSH-
Px(immob)/GCPE, (c) 100 uM GSH/50 uM H,0, for Pt-NP-modified
GSH-Px(immob)/GCPE. Conditions: 50 mM, pH 7.0 phosphate buffer
solution, T = 25°C.

The effect of the presence of Pt-NPs on

electrode structure

Figure 3 shows the differential pulse voltammograms for
the electrochemical oxidation of GSH, in the presence of
H,0, in phosphate buffer solution (pH 7.0), with GSH-
Px(immob)/GCPE (Figure 3b) and Pt-NP-modified GSH-
Px(immob)/GCPE (Figure 3c). As can clearly be seen from
the figure, no anodic peak was observed for GSH at GSH-
Px(immob)/GCPE (Figure 3b), while a well-defined anodic
peak appeared when the Pt-NP was incorporated onto the
electrode surface (Figure 3c). This result demonstrates the
electrocatalytic effect of Pt-NP on current response.

The EIS characterization of the GSH biosensor

The Nyquist plot (Z, vs Z ) is one of the typical electrochemi-
cal impedance spectra (EIS) which include a semicircular
region lying on the Z  axis, observed at higher frequencies
related with the electron-transfer-limited process, and then
followed by a linear part at lower frequencies, representing the
diffusion-limited electron transfer process. The semicircle’s
diameter equals the electron-transfer resistance, R, which is
controlled by the surface modification of the electrode (Yang
et al. 2008). Accordingly, Figure 4 shows the EIS of (a) bare
GCPE, (b) GSH-Px-immobilized GCPE, (c) GSH-Px(immob)/
Pt-np/GCPE for 1 mM [Fe(CN),]*~/*~ redox couple.
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|
'
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Figure 4. Nyquist plots of the response of the biosensing electrode at
different stages in the electrode assembly process: bare GCPE (X);
GSH-Px(immob)/GCPE (M) and GSH-Px(immob)/Pt-NP/GCPE (A).
All spectra were recorded in the presence of 1 mM [Fe(CN) J*/4" in
0.05 M PBS (pH 7.5), as a redox-active indicator. Frequency range: 10*
to 0.01 Hz, 0.05 V amplitude.
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Figure 5. Differential pulse voltammetric responses of 100 uM GSH/50 uM H,0, on the biosensor response at various amounts of enzyme: (a)
1.0U, (b) 2.0 U, (c) 5.0 U, (d) 10.0 U, and (e) 15.0 U. Conditions: phosphate buffer solution system (50 mM, pH 7.0), potential range of 0 V and
+0.7 V. Inset: the curve showing the effect of optimum enzyme amount of GSH-Px(immob)/Pt-NP/GCPE.

From the spectra obtained, it can be said that bare GCPE
shows a response corresponding to the electron-transfer-lim-
ited process, while GSH-Px(immob)/GCPE exhibits a tendency
towards an increase of the semicircle related with the electron-
transfer-limited process. This finding indicates the immobi-
lization of GSH-Px via gelatin onto the electrode surface, the
degradation of the interfacial electron transfer between the
electrode and redox indicator in solution, and the isolation of
conductive support. The electron transfer via redox couple is
hindered by the presence of enzymes on the electrode surface.
The increased R, value of GSH-Px(immob)/GCPE is due to
the immobilization of enzymes onto the GSH-Px(immob)/
GCPE surface. Most biological molecules, together with
enzymes, depending on the enhancement of R, are poor
electrical conductors at low frequencies (at least <10 kHz),
and obstruct the electron transfer (Chaujan et al. 2012).

When the Pt-NP was incorporated onto the GSH-
Px(immob)/GCPE, a decrease was observed in R . Thus,
there was a conducting Pt-NP on the electrode surface, and
this shows us that the system tends towards a diffusion-
limited electron transfer process from an electron-transfer-
limited process, relatively.

Optimization of experimental parameters

Effect of enzyme amount

In order to investigate the optimal amount of enzyme, differ-
ential pulse voltammetric responses of GSH were recorded
with various amounts of GSH-Px (Figure 5). The effect of
enzyme amount (1, 2, 5, 10 and 15 units) on current values

obtained was investigated for 100 uM GSH/50 uM H,0,,
and shown in Figure 4. As can be seen from the figure, cur-
rent values increased depending on the amount of enzyme,
for up to 5 units, and then a sharp decrease was observed
for higher amounts of enzyme, which can be attributed to
a problem in diffusion (Anik et al. 2010a). Here, the excess
amount of protein mightlimit the efficient substrate-enzyme
interaction that is required for this reaction. Since the best
results were obtained at 5 units, further experiments were
conducted with this amount.

Effect of GSH/H 0, ratio

According to the enzymatic mechanism proposed for the
enzyme GSH-Px, an enzyme pre-activation with peroxide
wasneeded.Itis alsoreported thatin the absence of peroxide,
no amperometric response was obtained based on the GSH
electrooxidation (Rover et al. 2001, Satto et al. 1999). On the
other hand, the peroxide concentration must be maintained
at consistent levels, since at high peroxide concentrations,
an enzymatic inactivation can occur during the regeneration
of oxidized enzyme with GSH (Rover et al. 2001, Satto et al.
1999). As a result, it is important to obtain the optimum per-
oxide amount for this reaction. For this purpose, the effect
of the amount of H,O, on the assay response was evaluated
by differential pulse voltammetry, by varying the propor-
tion between GSH and peroxide, as 0.1/1, 0.5/1, 1/1, 2/1,
5/1 and 10/1. At proportions higher than 2/1, a stabilization
of the signal was observed; while for ratios lower than 1/1,
the response obtained was considerably lower (Figure 6). As

0.4 T

0 0.10 0.20

E/IV

0.30 040 050 0.60 0.70 0 5 10 15

[GSH] / [H,0,]

Figure 6. Differential pulse voltammetric responses of different GSH/H,0, ratios on the biosensor response; (a) 0.1/1 GSH/H,0,, (b) 0.5/1 GSH/

H,0,, (c) 1/1 GSH/H,0,, (d) 2/1 GSH/H,0,, (¢) 5/1 GSH/H,0

2

and (f) 10/1 GSH/H,0,. Conditions: phosphate buffer solution system (50 mM, pH

7.0), [GSH] = 50.0 uM; potential range of 0 V and + 0.7 V, T = 25°C. Inset: Effect of the GSH/H,,0, ratio in the performance of the GSH biosensor.
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Table I. A comparison of the analytical characteristics of differently modified electrochemical biosensors for the detection of GSH.

Linear
Biosensor Analyte range (uM)  RSD (%) R? Operational stability References
GSH-Px immobilized EDAC?/PGEP GSH 19-140 7.0 0.9993 No significant decrease  Rover et al., 2001
after 2 months

Os-gel®-HRPY/GSH-SOx® bilayer-modifed GCE GSH 1-200 1.1 — — Mao and

GSSG Yamomoto
GR'-SOx/Chit8/SGR" bienzymatic GSH 200-1000 1.9 0.9862 11% decrease after3h  Timur et al., 2008

GSSG
GSH-Px/Pt-NP/GCPE GSH 10-250 2.92 0.9968 2% decrease after 1 week This work

2EDAC: 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride
YPGE: Pyrolytic graphite electrode

€Os-gel: Osmium-Polyvinylpyridine Gel Polymer

dHRP: Horseradish peroxidase

€SOx: Sulfhydryl oxidase

fGR: Glutathione reductase

8Chit: Chitosan

hSGR: Spectrographic graphite rods

a result, the proportion of 2/1 was chosen as the optimum
value and used for further studies.

Effect of pH

The electrochemical behavior of GSH was studied in
50 mM phosphate buffer solution with various values of pH
ranging from 5.0-8.0. The results obtained show that for pH
values <7.5, the response decreases. This may be due to
the lower activity of the enzyme in this media (Rover et al.
2001). However, for pH values higher than 8.0, there is no
significant amplification in the signal, presumably due to
the reduced GSH being unstable in alkaline solution, as
it is easily oxidized. In addition, there is a probability that
protein denaturation might occur in alkaline media (Rover
et al. 2001). Therefore, the pH of 7.5 was selected for further
applications (data not shown).

Analytical characteristics

After optimization of the experimental parameters, the
analytical characteristics were examined. The linear range
between 10-250 uM was obtained for the biosensor devel-
oped, with the equationy = 0.0015x + 1.0618 and the correla-
tion coefficient of R? = 0.9968, respectively (data not shown).
The relative standard deviation (R.S.D) value was calculated
for 25 uM GSH (n = 6), and found to be 2.92%. On the other
hand, the storage stability of the sensor is a very important
parameter for long-term applications. When the developed
sensor was kept at 4°C in a dry atmosphere for one week, it
was observed that 98% of the activity was recovered. More-
over, during this period, 50 measurements were carried out,
and no decrease was observed in the signal responses.

On the other hand, the performance of the biosensor
developed was compared with that of other electrochemi-
cal biosensors devoted for the determination of GSH, in
terms of analytical characteristics. The results have been
demonstrated in Table I. As clearly seen from the table, the
overall performance of the GSH-Px(immob)/Pt-NP/GCPE
biosensor is within acceptable limits. Some parameters of
the system developed are even better than those of the other
biosensors that have been developed.

Interference study
In this work, the interferences were considered to be the
compounds that are structurally related to GSH and present

in biological samples, since this electrode was developed
to analyze GSH in synthetically prepared plasma samples.
The two potential interfering substances with similar struc-
ture, namely ascorbic acid (AA) and cysteine, were used to
evaluate the selectivity of GSH-Px(immob)/Pt-NP/GCPE.
For this, 25 umolL~! GSH solution, and interfering sub-
stances in the amount of1, 5, 10, 50 and 100-fold more, were
added to the working medium. With addition of upto 5-fold
and 10-fold, it was found that the developed system was
affected to the extent of 7.9% and 5.3% for cysteine and AA,
respectively. These values are within acceptable limits, and
it can be concluded that this system works in the presence
of a ten-fold volume of AA and cysteine. The interference of
cysteine arises due to the structural similarity between this
compound and the GSH molecule (Rover et al. 2001). The
feature of the high reactivity of AA may cause interference
in determination of GSH. This interference from AA can
be minimized by using ascorbate oxidase enzyme, which
exhibits high selectivity for the AA oxidation (Rover et al.
2001, Raoof et al. 2009).

Sample application

The synthetic plasma solution was prepared as described
in the section on sample preparation. Then, the standard
addition method was applied. Each analysis was performed
thrice, and the recovery of the analytical signal for the
diluted samples was calculated as 104.6% =+ 0.125. Thus, it
can be concluded that the biosensor developed is reliable
and sensitive enough for the usage of GSH in matrices like
biological fluids.

Conclusions

The GSH-Px(immob)/Pt-NP/GCPE was used as an elec-
trochemical biosensor for the determination of GSH.
According to our data, it can be concluded that a sensitive,
reproducible, stable, and robust biosensor was obtained.
The developed system was also applied for GSH detection
in synthetically prepared plasma solution, without applying
any sample preparation procedure. The promising recovery
value obtained demonstrates that the GSH-Px(immob)/
Pt-NP/GCPE biosensor can easily be adapted for GSH detec-
tion in real samples. Further studies for developing effective
GSH electrochemical.
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