Talanta 87 (2011) 189-196

journal homepage: www.elsevier.com/locate/talanta

Contents lists available at SciVerse ScienceDirect

Talanta

Amperometric biosensors based on deposition of gold and platinum
nanoparticles on polyvinylferrocene modified electrode for xanthine detection

Salih Zeki Bas®*, Handan GiilceP, Salih Yildiz?, Ahmet Giilce®

a Department of Chemistry, Selcuk University, Konya, Turkey
b Department of Chemical Engineering, Selcuk University, Konya, Turkey

ARTICLE INFO

Article history:

Received 8 July 2011

Received in revised form

20 September 2011

Accepted 27 September 2011
Available online 1 October 2011

Keywords:
Amperometric biosensor
Xanthine oxidase
Xanthine detection

Gold deposition
Platinum deposition

ABSTRACT

In this study, new xanthine biosensors, XO/Au/PVF/Pt and XO/Pt/PVF/Pt, based on electroless deposition
of gold(Au) and platinum(Pt) nanoparticles on polyvinylferrocene(PVF) coated Pt electrode for detection
of xanthine were presented. The amperometric responses of the enzyme electrodes were measured at the
constant potential, which was due to the electrooxidation of enzymatically produced H,0,. Compared
with XO/PVF/Pt electrode, XO/Au/PVF/Pt and XO/Pt/PVF/Pt exhibited excellent electrocatalytic activity
towards the oxidation of the analyte. Effect of Au and Pt nanoparticles was investigated by monitoring the
response currents at the different deposition times and the different concentrations of KAuCl, and PtBr;.
Under the optimal conditions, the calibration curves of XO/Au/PVF/Pt and XO/Pt/PVF/Pt were obtained
over the range of 2.5 x 103 to 0.56 mM and 2.0 x 103 to 0.66 mM, respectively. The detection limits
were 7.5 x 104 mM for XO/Au/PVF/Pt and 6.0 x 10~4 mM for XO/Pt/PVF/Pt. The effects of interferents, the
operational and the storage stabilities of the biosensors and the applicabilities of the proposed biosensors
to the drug samples analysis were also evaluated.

Polyvinylferrocene

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Xanthine oxidase catalyzes the oxidation of hypoxanthine to
xanthine and of xanthine to uric acid. Thus, XO plays an impor-
tant role in the catabolism of purines in human and mammalian life
[1,2]. The determination of xanthine level is required in food indus-
tries for the quality control of fish products and in blood and tissue
samples for the diagnosis and the treatment of various diseases
like gout, xanthinuria and hyperuricaemia [3]. In the literature,
several analytical methods such as enzymic colorimetric [4], elec-
trophoresis [5,6], capillary column gas chromatography [7], HPLC
[8,9] have been reported for the determination of xanthine. How-
ever, these methods are time-consuming, difficult, expensive and
requires sample preparation. XO-based electrochemical biosen-
sors have been frequently used for the determination of xanthine
[10-13]. Generally, the electrochemical detection of xanthine is
based on the electrochemical oxidation of the enzymatically gener-
ated H, 05, or the electrochemical reaction of the introduced redox
mediators [14]. Compared with other analytical methods, enzyme-
based electrochemical sensors possess simplicity of operation, high
sensitivity and selectivity. In addition to these features, the sen-
sors have advantages such as its ease of use in turbid samples,
portability, low cost and fast [15,16].
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Metal particles used as electrode modified materials have
attracted much attention in the electrochemical applications,
recently [17-20]. The previous studies indicated that gold and plat-
inum nanoparticles could increase the surface area and conducive
to electron transfer with strong catalytic properties [21-23]. For
example, Zou et al. [24] reported a novel glucose biosensor based
on electrodeposition of platinum nanoparticles onto multi-walled
carbon nanotube, and the prepared biosensor exhibited excellent
electrocatalytic activity towards H,0, electrooxidation and high
stability. Du et al. [25] fabricated a new glucose biosensor based on
the film of chitosan-gold nanoparticles, and observed a remarkable
increase in the oxidation current. Chu et al. [26] developed a new
amperometric biosensor based on adsorption of glucose oxidase
at the gold and platinum nanoparticles modified carbon nanotube
electrode, and the enzyme electrode exhibited good catalytic activ-
ity to the electrooxidation of H,O,.

Polyvinylferrocene (PVF) is an example of a redox polymer that
contains localized sites which may be oxidized and reduced [27].
PVF is widely used as a excellent electron transfer mediator in the
electrochemical systems because of the advantages of simple elec-
trochemistry (a reversible one-electron process), high stability and
the ease of coating of thin films using a variety of methods [28]. It
was observed that PVF has attracted interest with regard to the
applications as electrocatalysis for the electroreduction and the
electrooxidation of anthracene and some of its derivatives [29,30]
and the electrooxidation of hydrogen peroxide [31]. In addition, the
previous studies indicated that the metal nanoparticles could be
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deposited chemically on the PVF coated electrode surface without
the application of any potential [32]. The performance of the mod-
ified PVF film for the biosensing applications was demonstrated.
For example, Giilce et al. [33] developed a new glucose biosensor
based on the electroless deposition of gold nanoparticles on the
PVF film, and the prepared biosensor exhibited excellent electro-
catalytic activity to the electrooxidation of H, O,. During immersion
of the electrode into the gold solution in the deposition process, the
chemical reduction occurred according to the following reaction,

3PVF + AuX4~ — 3PVF" +Au + 4X~

As a result of this alternative possibility to deposit gold on
the PVF coated electrode, we investigated the electroless deposi-
tion of platinum on the PVF film without the application of any
potential, and observed that metallic platinum could be easily
deposited on the PVF coated electrode by means of the chemical
reduction of platinum ion by PVF. Thus, new xanthine biosen-
sors based on the electroless deposition of gold and platinum
nanoparticles on PVF coated Pt electrodes were constructed. The
experimental conditions related to the preparation and the char-
acterization of the biosensors were studied in detail. The changes
in the responses of the enzyme electrodes with various parame-
ters such as applied potential, polymeric film thickness, deposition
time of Au and Pt nanoparticles, KAuCl, concentration, PtBr, con-
centration, substrate and enzyme concentrations and temperature
were established. The performances of the biosensors, i.e. linear
range, sensitivity, response time and stability were also described.
In addition, the proposed biosensors were applied to the analysis
of the drug samples containing xanthine derivatives.

2. Experimental
2.1. Reagents

PVF was prepared using a method of chemical polymerization
[34] of vinylferrocene (Alfa Aesar, Ward Hill, MA, USA). The purifi-
cation of methylene chloride (Merck, Darmstadt, Germany) was
accomplished according to the method proposed in literature [35].
Xanthine oxidase (EC 1.17.3.2, Fluka-86106) and xanthine (Fluka-
X0626) were purchased from Sigma (St. Louis, MO, USA). Phosphate
buffer solution (PBS) was prepared using NaH,PO4 (Merck, Darm-
stadt, Germany) and NaOH (Merck, Darmstadt, Germany). The
enzyme solution was prepared by dissolving of XO in 0.01 M PBS of
pH 7.4, and stored at 4 °C. Xanthine solution was prepared in 0.1 M
PBS of pH 7.4. KAuCly solution was prepared by dissolving KAuCl,
(St. Louis, MO, USA) in 0.01 M KCI (Merck, Darmstadt, Germany)
solution. PtBr, solution was prepared by dissolving PtBr; (St. Louis,
MO, USA) in 0.01 M HBr (Merck, Darmstadt, Germany) solution. All
aqueous solutions were prepared in deionized water.

2.2. Apparatus and instrumentations

All the electrochemical measurements were performed with a
CHI-660C electrochemical workstation (Shanghai CH Instruments
Co., China). A conventional three electrode system was used with
platinum electrode (area: 0.0314cm?2) as working electrode, a
platinum wire as auxiliary electrode, and an Ag/AgCl (3M KCl)
electrode as reference electrode. Prior to each experiment, Pt elec-
trode was polished with 1.0, 0.3 and 0.05 pm alumina powder, then
ultrasonicated in methylene chloride and twice-deionized water,
respectively. Scanning electron microscopy (SEM) and atomic force
microscopy (AFM) images were obtained by using EVO-LS 10 (Carl
Zeiss, Germany) and NTEGRA (NT-MDT, Russia).

2.3. Preparation of the enzyme electrodes

The Pt electrode was immersed in a solution of PVF
(5.0mgmL-!) in methylene chloride and the solvent was then
evaporated for the preparation of the PVF coated Pt electrode
(PVE/Pt). The average thickness of the dry film was estimated from
the charge consumed during complete electrooxidation of the film
by stepping the potential from 0.0 to 0.7 V versus SCEin 0.1 M PBS as
described by Bard [36]. The PVF coated Pt electrode was immersed
in KAuCly solution (the optimal concentration: 2.0 mM) for some
time (the optimal deposition time: 2 min) without the application
of any potential for the preparation of gold deposited PVF coated Pt
electrode (Au/PVEF/Pt). Pt/PVF/Pt electrode was prepared by depo-
sition of platinum on the PVF coated Pt electrode in PtBr; solution
(the optimal concentration: 1.5 mM, the optimal deposition time:
10 min) using the same procedures above. Au/PVF/Pt and Pt/PVF/Pt
electrodes were kept in the enzyme solution without stirring for
20 min during the immobilization of XO. The enzyme electrodes
(XO/Au/PVF/Pt and XO/Pt/PVF/Pt) were rinsed with buffer solu-
tion to remove the enzyme not immobilized, and then stored at
4°C in 0.01 M PBS prior to use. The procedure for preparing the
enzyme electrodes are schematically shown in Scheme 1. For com-
parison, XO/PVF/Pt electrode without Au and Pt nanoparticles was
fabricated using the procedure as described above.

3. Results and discussion

3.1. SEM images, AFM images and cyclic voltammograms of the
enzyme electrodes

The determination of xanthine based on the electrochemical
oxidation of enzymatically generated H,0, has been successfully
applied to the process of the immobilized electrodes [37-40]. In
consideration of the electrodes prepared with XO enzymes, the bio-
catalytical process for the oxidation of xanthine in the presence of
XO can be summarized as following process.

The immobilized enzyme produces electroactive H,O, as a
result of following reaction with xanthine,

. X . .
xanthine 4 O, + H20—0>ur1c acid + H,0,

H,0; could be electrooxidized at the applied potential according
to

H;0, — O, +2H" +2e~

Fig. 1 shows the typical cyclic voltammograms of XO/PVF/Pt
(a), XO/Au/PVF/Pt (b), XO/Pt/PVF/Pt (c) electrodes in the absence
and the presence of xanthine in 0.1 M PBS (pH 7.4) at scan rate of
50mVs~!. When xanthine (0.20 mM for XO/PVE/Pt, 0.40 mM for
XO/Au/PVF/Pt and XO/Pt/PVF/Pt) was added into PBS, the cyclic
voltammograms of the enzyme electrodes display the oxidation
peaks between +0.7V and +0.4V due to the electrooxidation of
enzymatically produced H,0,. The peak current values obtained
with XO/Au/PVF/Pt (Fig. 1b, curve 2) and XO/Pt/PVF/Pt (Fig. 1c,
curve 2) electrodes were substantially higher than that obtained
with XO/PVF/Pt electrode (Fig. 1a, curve 2), indicating that Au and
Pt nanoparticles play an important role in increasing the electroac-
tive surface area of the electrodes. Furthermore, the oxidation peak
potentials of XO/Au/PVF/Pt and XO/Pt/PVF/Pt electrodes shifted to
less positive potential due to the high catalytic activity of Au and Pt
nanoparticles. These results were in agreement with that reported
for metal particles-based electrodes [33,41,42].

Fig. 2 shows the SEM images of the enzyme electrodes,
XO/PVF/Pt (a), XO/Au/PVF/Pt (b), XO/Pt/PVF/Pt (c), and the mod-
ified electrodes, PVF/Pt (inset a), Au/PVF/Pt (inset b), Pt/PVF/Pt
(inset c). As shown in Fig. 2(inset a), the polymer film has suitable
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Scheme 1. Schematic representation of constructions of XO/Pt/PVF/Pt and XO/Au/PVF/Pt.

surface area which provides an ideal matrix for the metal depo-
sition and the immobilization of enzyme. As XO was immobilized
on the PVF film, the SEM image of the XO/PVF/Pt (Fig. 2a) showed
a heterogeneous morphology and formed a covered surface. From
Fig. 2(insets b and c), it can be seen Au and Pt nanoparticles are
dispersed well on the polymer surface. Pt particles, with a diam-
eter ranging from 50 nm to 150 nm, are distributed more densely
and larger size than that in Fig. 2(inset b). The size of Au parti-
cles is about 40-100 nm. The SEM images of XO/Au/PVF/Pt (Fig. 2b)
and XO/Pt/PVF/Pt (Fig. 2c) showed a significant difference when
compared to that of XO/PVF/Pt with no deposited metal particles
(Fig. 2a), revealing the high enzyme loading of these two electrodes.

3.0 " " | " " L "

The enzyme was attached to the entire surfaces of Au/PVF/Pt and
Pt/PVF/Pt, indicating the successful immobilization of XO.

The topographical analysis of PVF film, Au deposited PVF film
and Pt deposited PVF film was also performed using AFM and the
surface images were shown three-dimensionally in Fig. 3. Fig. 3a is
a typical AFM image of the PVF film surface. It shows a smooth
fractal behavior. Root mean square (RMS) roughness of the PVF
film is 56 nm for a 5 wm x 5 wm area. Fig. 3b shows the AFM image
of electrolessly deposited Au nanoparticles on the PVF film. The
Au nanoparticles have a size of about 90 nm, and are randomly
distributed on the polymer surface. After the deposition of Au
nanoparticles, the RMS value of the modified film increased to
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Fig. 1. Cyclic voltammograms of XO/PVF/Pt (a), XO/Au/PVF/Pt (b) and XO/Pt/PVF/Pt (c) in the absence (1) and presence (2) of xanthine (0.20 mM for XO/PVF/Pt, 0.40 mM for

XOJAu/PVF/Pt and XO/Pt/PVF/Pt) in 0.1 M PBS (pH 7.4).
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Fig. 2. SEM images of the enzyme electrodes, XO/PVF/Pt (a), XO/Au/PVF/Pt (b),
XO/Pt/PVF/Pt (c), and the modified electrodes, PVF/Pt (inset a), Au/PVF/Pt (inset b),
Pt/PVF/Pt (inset c).

79 nm, which confirmed gold ion was effectively reduced to metal-
lic gold. Fig. 3c exhibits the AFM image of the PVF film modified
with Pt nanoparticles. The size of Pt nanoparticles is about 120 nm,
and the RMS value is 97 nm, which is larger than that of Fig. 1a. As
can be seen in the figure, Pt nanoparticles are obviously formed on
the PVF film, which manifested that platinum ion can be reduced
to metallic platinum without the application of any potential.

3.2. Effect of polymeric film thickness

The effect of the thickness of PVF film on the Pt electrode
surface was investigated in the thicknesses of PVF film ranging

between 1.1 x 10~7 mol cm~2 of PVF (dry thickness ~0.24 wm) and
5.5 x 107 mol cm~2 of PVF (dry thickness ~1.20 wm). The response
current increased with the polymer thickness up to a value corre-
sponding to 3.8 x 107 mol cm~2 of PVF (dry thickness ~0.82 .m)
and then, the response current decreased slowly with increasing
film thickness. The thickness of PVF film was kept constant at this
value for all measurements.

3.3. Effects of XO concentration

The enzyme amount in the polymer matrix depends on the
concentration of XO in solution used during immobilization pro-
cess. The effect of the enzyme amount on the response current
was investigated in the enzyme concentrations varying between
0.5 and 8.0mgmL-! to decide on the optimal amount. When the
concentration of XO was higher than 2.0mgmL-!, the response
current did not change appreciably. The enzyme concentration of
2.0 mg mL~1 was used for constructing the enzyme electrodes in all
of measurements.

3.4. Effect of applied potential

The effect of applied potential on the response currents of
the enzyme electrodes was examined amperometrically at dif-
ferent potentials between 0.2 and 0.8 V. The maximum response
currents of XO/PVF/Pt, XO/Au/PVF/Pt and XO/Pt/PVF/Pt electrodes
were obtained at potentials of 0.65V, 0.4V and 0.4V versus SCE,
respectively. These results obtained are consistent with the results
of the cyclic voltammograms, indicating that the response current
of the enzyme electrodes is based on the electrochemical oxidation
of enzymatically formed H,05.

3.5. Effect of deposition time and concentration of KAuCly and
PtBTZ

The amounts of Au and Pt nanoparticles on the polymer film
depend on the concentrations of KAuCly and PtBr, used dur-
ing deposition process. The effects of the different concentrations
of KAuCly and PtBr, on the response current were investigated
and the corresponding results were shown in Fig. 4a and b. The
maximum current values were obtained from XO/Au/PVF/Pt and
XO/Pt/PVF/Ptelectrodes prepared using 2.0 mM KAuCl4 and 1.5 mM
PtBr,, respectively. Furthermore, the effect of the deposition time
Au and Pt nanoparticles on the response current of the enzyme
electrodes was investigated. From Fig. 4c and d, it can be observed
that the response currents of XO/Au/PVF/Pt and XO/Pt/PVF/Pt elec-
trodes are affected obviously by the loading mass of Au and Pt
nanoparticles. The optimal deposition time of XO/Au/PVF/Pt and
XO/Pt/PVF/Pt was found to be 2 min and 10 min, respectively. All
these results may be attributed that the increase of the deposition
time and the metal concentration decreased the electrochemi-
cal active surface area of the electrode because of the large-sized
nanoparticles and affected negatively to electrocatalytic activity
[19,33,43].

3.6. Effect of temperature

The effect of temperature on the response currents of
XO/Au/PVF/Pt and XO/Pt/PVF/Pt electrodes was investigated at the
different temperatures ranging from 20 to 55 °C. For both enzyme
electrodes, the response current, which correspond the activity of
the immobilized XO, increased with increasing temperature from
20to40°C, and then decreased after this temperature. The decrease
in the response currents of the enzyme electrodes at a higher
temperature may have two reasons: one is the decreasing concen-
tration of molecular oxygen in the solution, another is the thermal
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Fig. 3. AFM images of the modified electrodes, PVF/Pt (a), Au/PVF/Pt (b), and Pt/PVF/Pt (c).

deactivation of the enzyme at higher temperatures [44]. In addition,
the response current of XO/PVF/Pt (without Au and Pt nanoparti-
cles) were tested at different temperatures between 20 and 55°C,
and reached a maximum at 35 °C. This result showed that stability
of theimmobilized enzyme was increased slightly by the deposition
of Au and Pt.
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Fig. 5. (a) Amperometric response of XO/PVF/Pt (1), XO/Au/PVF/Pt (2) and XO/Pt/PVF/Pt (3) with successive addition of 2.0 x 102 M xanthine in 0.1 M PBS (pH 7.4) at the
applied potential of 0.65V (1), 0.40V (2 and 3). (b) The mechanism of amperometric xanthine detection.

where ij is a collection of currents, i is the steady-state current,
E, is the activation energy, R is the universal gas constant and T
is the absolute temperature in K. The E, values for the oxidation of
xanthine on XO/Au/PVF/Pt and XO/Pt/PVF/Pt electrodes were found
to be 18.28 kfmol~! and 20.36 k] mol~! from the slope of the plot
of (Ini— 1/T) in the appropriate region of temperature.

3.7. Amperometric responses of the enzyme electrodes

Fig. 5a shows the current-time curves for XO/PVF/Pt (1),
XO/Au/PVF/Pt (2) and XO/Pt/PVF/Pt (3) upon the successive addi-
tion of the different concentrations of xanthine in a stirred buffer
solution under the optimal conditions. Inset of Fig. 5a displays a
part of the typical amperometric response of XO/PVF/Pt electrodes.
Apparently, low amperometric responses observed at XO/PVF/Pt
electrode compared with the remarkable current staircases at
XO/Au/PVF/Pt and XO/Pt/PVF/Pt electrodes after each addition of
xanthine, indicating the effective electron-transfer ability of Auand
Pt nanoparticles towards oxidation of the enzymatically formed
H, 0, (Fig. 5b). Both xanthine biosensors reached 90% of the steady-
state current within 15-20 s. But, the amperometric response signal
of XO/Pt/PVF/Pt electrode is a bit larger than that of XO/Au/PVF/Pt.
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Fig. 6a and b shows the changes in the response currents
of XO/Au/PVF/Pt and XO/Pt/PVF/Pt electrodes as a function of
xanthine concentration. The response current of XO/Au/PVF/Pt
electrode is linear in the range from 2.5x 1073 to 0.56mM
with a correlation coefficient of 0.9949 (Fig. 6c). Compared
with XO/Au/PVF/Pt electrode, XO/Pt/PVEF/Pt electrode exhibits
a wider linear range from 2.0x1073 to 0.66mM with a
correlation coefficient of 0.9966 (Fig. 6d). These results are
better than those of previous biosensors based on polypyrrole-
ferrocenium coated platinum electrode (1.0 x 102 to 0.4mM)
[46] and nano-CaCO; modified electrode (2.0 x 103 to 0.25 mM)
[15] but lower than that of [-cyclodextrin-branched car-
boxymethylcellulose modified gold electrode (0.3-10.4mM)
[11]. The detection limits of XO/Au/PVF/Pt and XO/Pt/PVF/Pt
were 7.5x104mM and 6.0 x 10~4mM at the signal-to-noise
ratio of 3 (S/N=3), respectively, which are lower than that
of ZnO-NPs-polypyrrole composite film (8.0 x 10~4mM) [13],
nano-CaCO3 modified electrode (2.0 x 10-3 mM)[15], polypyrrole-
ferrocenium coated platinum electrode (1.0 x 10-3mM) [46],
but higher than multi-wall carbon nanotubes modified glassy
carbon electrode (1.0 x 10~ mM) [12], laponite thin film mod-
ified electrode (1.0 x 10~>mM) [14]. The current sensitivities
are 28.95pAmM~! cm—2 and 53.08 pAmM~'cm~2 to xanthine
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Table 1

Results of the xanthine assay in the drug samples using XO/Au/PVF/Pt (A) and XO/Pt/PVE/Pt (B).

Biosensor Drug sample Given by prospectus (mM) Xanthine added (mM) Determined by the biosensor? (mM) Recovery (%)
1 0.114 0 0.112 + 0.010 -
A 0.200 0.303 + 0.019 95.5
3 0.083 0 0.082 + 0.012 -
0.200 0.271 £ 0.019 94.5
1 0.114 0 0.120 + 0.014 -
B 0.200 0.310 + 0.017 95.0
3 0.083 0 0.076 + 0.012 -
0.200 0.265 + 0.017 94.5

2 Average of three determinations + standard deviation.

for XO/Au/PVE/Pt and XO/Pt/PVF/Pt electrodes, respectively. The
apparent Michaelis-Menten constant (Km,,,) can be calculated
from the electrochemical version of the Linweaver-Burk equation
(2) [47]:

1 1 Km,pp 1

iS B imax + < imax ) (C) (2)
where i is the steady-state current, imax is the maximum current,
Km,,, the apparent Michaelis-Menten constant, Cis the concentra-
tion of xanthine. The Kp,,, values were found to be 0.393 mM and
0.286 mM for XO/Au/PVF/Pt and XO/Pt/PVF/Pt, respectively. The
Kmapp values of the biosensors are smaller than those of reported
in the literature [11,46]. The smaller Kp,,, values meant that XO
immobilized on the modified PVF film exhibited high enzymatic
activity and affinity to xanthine.

3.8. Reproducibility and stability

The reproducibility of both enzyme electrodes, XO/Au/PVF/Pt
and XO/Pt/PVF/Pt, was estimated from the response to 0.30 mM
xanthine for five enzyme electrodes prepared under the optimal
conditions and the relative standard deviation (R.S.D.) is 3.41% for
XO/Au/PVF/Pt and 4.70% for XO/Pt/PVF/Pt. The storage stability of
XO/Au/PVF/Pt and XO/Pt/PVF/Pt electrodes was also studied. The
storage stability of the enzyme electrodes was determined by mea-
suring steady-state response current of 0.30 mM xanthine during
30 days. When not in use, the enzyme electrodes were kept in
0.01M PBS (pH 7.4) at 4°C. The XO/Au/PVF/Pt electrode exhib-
ited good stability during 10 days. The response current remained
about 90% of its initial response and then, an activity loss of 40%
was observed on the 18th day. The lifetime of XO/Pt/PVF/Pt elec-
trode was slightly longer than the XO/Au/PVF/Pt electrode and the
response current of XO/Pt/PVF/Pt on the 14th days was 90% of the
initial value. After 23 days, the response current lost 40% of its initial
response.

3.9. Interference study

The effect of possible interfering substances on XO/Au/PVF/Pt
and XO/Pt/PVF/Pt electrodes was investigated by using ascorbic
acid and uric acid at 0.4V (versus SCE) in 0.1M PBS (pH 7.4).
The response currents obtained in the presence of the interfering
species (0.1 mM ascorbic acid, 0.2 mM uric acid) were compared
with the xanthine response obtained for 0.4 mM xanthine solu-
tion. No appreciable signals were observed for the addition of
the uric acid solution into the electrolyte solution. It was found
that the presence of ascorbic acid have the current value of 17.2%
for XO/Au/PVF/Pt and 20.5% for XO/Pt/PVF/Pt when the xanthine
response is taken as 100%. Typically, Nafion, a perfluorosulfonate
cation-exchange polymer, is used to remove the interfering sig-
nal from the electroactive species such as ascorbic acid, uric acid.
At the pH of 7.4, ascorbic acid (pK; =4.17) and uric acid (pK, =5.27)

existin anionic form. Thus, a Nafion-coated surface repulses anionic
ascorbic acid and uric acid, and allows the movement of the tar-
get cationic species. We applied this method to our electrodes by
using 5 L 0.5% Nafion solution to prevent interference. The results
obtained indicated that the effect of ascorbic acid to the xanthine
response current of the enzyme electrodes was completely elimi-
nated by the Nafion-coating.

3.10. Real sample analysis

The antiasthmatic drugs containing xanthine derivatives such as
teophylline and aminophylline are used in the treatment of patients
with respiratory distress syndrome. In the analysis of real samples,
the two different drugs (1 and 2) were assayed to demonstrate
the practical use of XO/Au/PVF/Pt and XO/Pt/PVF/Pt electrodes. The
values measured for the xanthine determination and the recov-
ery of the drug samples using both electrodes were summarized in
Table 1. As can be seen, the values measured are satisfactory and
agree closely with results given by the prospectuses of the drugs.

4. Conclusion

The development of new amperometric biosensors for moni-
toring xanthine was described in this paper. In our amperometric
measurements, we observed that Au and Pt nanoparticles
deposited on the PVF film have excellent catalytic activities towards
the oxidation of H,0,. The xanthine biosensors, XO/Au/PVF/Pt and
XO/Pt/PVF/Pt, exhibited also good analytical characteristics such
as rapid response, high sensitivity, lower detection limit and good
stability under the optimal conditions. Furthermore, the xanthine
biosensors have satisfied performances in real sample measure-
ments. These results may be attributed to the catalytic effect of Au
and Pt nanoparticles and the compatibility of PVF film as a support-
ing material for the design of biosensors.
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