
Central European Journal of Chemistry 

Design of an amperometric xanthine biosensor 
based on a graphite transducer patterned with 
noble metal microparticles 

* E-mail: ninadd@uni-plovdiv.bg 

Received 20 March 2009; Accepted 18 June 2009

Abstract: A mesoporous graphite material micro-structured with palladium-platinum deposits (mixed in the ratio of 70:30% Pd:Pt) has been 
used as a cost-effective electrode material for designing an amperometric biosensor for xanthine. The here reported biosensor 
shows significantly improved operational parameters as compared to previously published results. At a constant applied potential 
of -0.05 V (vs. Ag/AgCl) it is distinguished with enhanced selectivity of the determination: at the working potential the current from 
the electrochemical transformation of various electrochemically active substances usually attending biological fluids (incl. uric acid, 
L-ascorbic acid, glutathione and paracetamol) has been eliminated. The effect of both the temperature and buffer composition on 
the analytical performance of the sensor has been investigated. Under optimal operational conditions (25°C, -0.05 V vs. Ag/AgCl, 
phosphate buffer, pH 8.4), the following have been defined for the biosensor: sensitivity 0.39 µA µM-1, strict linearity of the response 
up to xanthine concentration 70 µM, detection limit of 1.5 µM (S/N=3) and a response time of at most 60 s. 
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1. Introduction 

In clinical diagnostics, the elevated levels of xanthine 
(the precursor of uric acid) in blood and urine samples, 
indicate pathological conditions such as xanthineuria, 
gout, or renal failure [1].  Biochemical assay of xanthine 
is routinely performed by means of high-performance 
liquid chromatography (HPLC) [1-5], chemiluminescence 
(CL) [6], capillary electrophoresis (CE) [7,8] or 
spectrophotometry [9]. A common drawback of these 
methods, however, is the painstaking procedure for 
sample preparation, requiring special reagents and 
costly equipment. Amperometric biosensors, in turn, 
would afford a fast and cost-effective way of xanthine 
detection, which together with the simplicity of operating 
with electrochemical signals makes them promising 
alternative of the traditional analytical techniques.  

 The simplest method of the amperometric biosensing 
of xanthine is based on the electrooxidation of either of 
the products - uric acid or hydrogen peroxide [10,11], 
generated upon enzymatic oxidation of xanthine: 
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As reported by Doblhof-Dier and Rechnitz [12], in 
oxygen enriched medium, some small amounts of 
the highly unstable superoxide radical 2(~ 20%of O−  
together with 80% of H2O2) are formed, which they 
further reduce electrochemically at potentials about 0 V 
(vs. SCE). Working at this potential ensures practically 
interference-free detection of xanthine, however the 
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use of two working electrodes  – an unmodified glassy 
carbon and an enzyme-modified carbon paste electrode, 
vastly complicates the  biosensor construction 
 Xanthine/hypoxanthine assay via the electrochemical 
oxidation of the products of their enzymatic oxidation 
which typically takes place at potentials 0.4 and  
0.6 V (vs. Ag/AgCl), for uric acid and H2O2, respectively, 
often suffers from overestimated analyte levels due to 
the co-oxidation of various interferents present in the 
real samples. To restrict the access of the latter to the 
electrode surface, protective membranes were applied 
or multi-layered sensor architecture was developed 
[13], which rather complicates the design of the 
electrochemical system as a whole. 
 The selectivity of xanthine detection can be 
considerably improved by using mediators – low-
molecular weight redox substances, facilitating the 
electron exchange between the enzyme active site and 
the electrode surface. For xanthine oxidase the following 
have been proven to successfully mediate the electron 
transfer process: colloidal gold [14], cobaltphthalocyanine 
and ferricyanide [15] and ferrocene [16]. Prussian blue 
was also suggested to be a mediator [14] in designing 
xanthine oxidase biosensors, however, it is questionable 
whether it mediates the transport of electrons between 
the enzyme active site and the electrode or simply 
catalyses the electrochemical reduction of enzymatically 
generated H2O2. Recently, the immobilization of xanthine 
oxidase in conductive organic polymers [16-18] has 
been exploited as a strategy for designing biosensors 
for xanthine monitoring. 
 Since xanthine itself is a redox active compound 
and could be electrochemicaly oxidised on enzyme-
free carbonaceous electrodes (at potentials even below  
0.5 V vs. Ag/AgCl), reports about its voltammetric 
detection [19,20] or co-oxidation together with uric 
acid [21] appeared recently.  However the problem 
with eliminating the interference of species attending 
biological samples still remains unsolved. 
 A selective assay of xanthine could be achieved 
through the development of electrochemical systems 
based on electroreduction of enzymatically produced 
hydrogen peroxide at working potentials of about 0 V (vs. 
Ag/AgCl). At these potentials, most of the components 
of the real samples are electrochemically inert. 
 In this connection, the present research reports on 
the further improvement and optimization of a simple, 
sensitive xanthine oxidase enzyme electrode based 
on the electroreduction of enzymatically generated 
hydrogen peroxide. Here, the enhanced electrocatalytic 
properties of the  basic transducer used for designing 
the xanthine biosensor allow for the improved 
selectivity, higher sensitivity, lower detection limits of the 

determination and wider linearity range of the calibration 
plot as compared to previously published results from 
this group [22]. 

2. Experimental procedure  
2.1. Materials
Xanthine oxidase (XOx) (Е.С. 1.1.3.2) from buttermilk 
(Fluka) with a homogeneous activity of 8 U mg-1 (1 U 
corresponds to the amount of enzyme which oxidizes 
1 µM xanthine per minute at pH =7.5 and 25°C); 
xanthine, H2O2, uric acid, L-ascorbic acid, glutathione, 
paracetamol and the chemicals used for buffer solutions: 
Na2HPO4×12H2O, Tris (hydroxymethyl)-aminomethane, 
KOH, H3PO4, KCl were of analytical grade (Fluka) 
and used without further purification. Gelatine – 
analytical grade (Chimtek, Bulgaria) was utilized as 
a 5% suspension in phosphate buffer (pH=8.4) for 
the formation of electrode coating. All solutions were 
prepared with doubly distilled water. 

2.2. Preparation of the electrode
Inert pads of graphite (type GMZ with geometric surface 
area S=1.6 – 1.8 cm2; 0.7×0.7×0.3 cm) were used. The 
structural characteristics of this graphite are as follows: 
specific surface 0.8 cm2 g-1, density 1.56 – 1.7 g cm-

3, porosity 20 – 25%. The graphite pads were kindly 
provided by Prof. Bogdanovskiy from the State University 
of Moscow, Russia. The platinum - palladium clusters 
were deposited on graphite as previously reported [22]. 
The catalytically active components were deposited at 
a potentiostatic regime (Erdeposit= + 0.05 V vs. reversible 
hydrogen electrode) via a brief electrolysis (tdeposit=10 s) 
from the following electrolyte: 0.1 M HCl, containing  
2% solution of PtCl6×6H2O and 2% solution of PdCl2 
mixed in the ratio of Pd to Pt  (v/v) 70%:30% [22]. The 
initially estimated surface coverage with microparticles 
was 1.8×10-5 g cm-2. The prepared electrodes were 
allowed to age for 3-5 weeks until the stabilization of 
the surface occurs. By the end of ageing period the 
chronoamperometric data showed a  decrease of the 
active electrode surface with ca. 15%.

2.3. Enzyme immobilization
The enzyme immobilization on the electrode surface 
was carried out following a previously reported protocol 
[22]. The electrochemical treatment, preceding the 
immobilisation, consisted of: i) cathode-anode cycling 
over the potential range from -0.60 to +0.35 V (vs. 
Ag/AgCl) in 0.1 M phosphate buffer for 30 min; and 
ii) electrode polarization for 2 min at E = 1.5 V in the 
same buffer just before the enzyme attachment. 
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The adsorption of XOx was carried out under static 
conditions by immersing the graphite electrode in the 
enzyme solution with a 10-5 M concentration, (dissolved 
in 0.1 M phosphate buffer, pH=8.4) for 24 h at 4°C. 
After adsorption the electrode was dried in the air, at 
room temperature for about 45 min. Then the working 
surface of the prepared electrode was coated by means 
of a capillary glass tube with a thin layer of 5% gelatine 
suspension containing 5 mg mL-1 XOx. After applying 
the layer, the electrode surface was dried with argon.
 Upon completing the measurements the enzyme 
electrode was carefully washed with bi-distilled water, 
dried in the air at room temperature for about 30 min and 
then stored in a refrigerator at 4°C.  When necessary, 
the immobilized enzyme could be removed from the 
electrode surface by treating the electrode for ~20 min 
in hot bi-distilled water (50–60°C) thus regenerating 
the bare modified graphite electrode. The processed 
electrode material can be stored for more than one 
year in bi-distilled water (at room temperature) and 
used repeatedly.
 The effect of the ionic strength on the enzyme 
electrode response was tested in the following buffer 
solutions: 0.1 M phosphate buffer, pH=8.4; 0.1 M Tris 
buffer, pH=8.4 (prepared from 0.1 M aqueous solution 
of tris-(hydroxymethyl)-aminomethane and HCl) and  
0.1 M Tris buffer, pH=8.4,  containing 0.15 M KCl.

2.4. Apparatus and measurements 
All constant potential amperometry experiments were 
performed in a three-electrode cell with separated 
compartments (working volume 11-15 mL). An Ag/AgCl  
(1 M KCl) electrode was used as a reference, 
and platinum wire as a counter electrode. The 
electrochemical setup also involved a potentiostat, 
type BiPAD (TACUSSEL, Villeurbanne, France); a 
generator, type EG-20 (Elpan, Lubawa, Poland); 
a digital voltmeter, type 1AB105 (ZPU, Pravets, 
Bulgaria). The solutions were softly bubbled with argon 
prior to and during the measurements, so that to lower 
the background current, but not to completely de-
aerate the solutions. In order to facilitate the access 
of air to the buffers, the cell was kept open during the 
experiments.
 The amperometric data were obtained by 
successive addition of aliquots of 8.6×10-4 M xanthine 
solution to 0.1 M phosphate buffer (pH=8.4) in the 
cell with a simultaneous registration of the current at 
a constant potential. The time to reach a steady-state 
value of the current did not exceed 1 min. All of the 
results reported here were obtained as an average of 
at least three independent measurements, with relative 
standard deviations (RSDs)  between 7 and 11%.

 Cyclic and differential pulse voltammetry were 
performed in a three-electrode setup, connected to an 
electrochemical workstation Palm Sens, (PalmSens, 
The Nederland). The DPVs were recorded at a sweep 
rate of 10 mV s-1 with a pulse amplitude Epulse = 25 mV, 
tpulse = 0.06 s, with a preliminary electrode conditioning 
at 0 V for 5 s.
 For maintaining constant temperature a thermostat 
UH (VEB MLW Prüfgeräte - Werk, Medingen, Germany) 
was used. The pH of the buffer solutions was adjusted 
with a pH-meter OP - 208 (Radelkis, Budapest, 
Hungary). 

3. Results and Discussion
3.1. Electrocatalytic activity of the modified 

graphite at hydrogen peroxide 
electroreduction 

One of the methods for enhancing the specific catalytic 
effect of platinum group metals is their deposition as 
clusters onto high surface area solid supports. A series 
of modified graphites, based on the commercially 
available graphite (type GMZ) whose surface was 
patterned with micro- and nano-deposits of catalytically 
active components (consisting of Pd and Pt mixed in 
ratios varied from 90%:10% to 50%:50%) was tested as 
electrode materials at the electrochemical reduction of 
hydrogen peroxide. Among these electrode materials, 
as shown by the cyclic voltammograms only two types 
of modified graphite showed ability to electrochemically 
reduce hydrogen peroxide at negative applied potentials: 
(70%Pd:30%Pt)/C and (90%Pd:10%Pt)/C (Figs. 1a,b). 
Concerning the operational parameters examined at 
an applied constant potential of -0.05 V (vs. Ag/AgCl), 
the graphite modified with Рd:Рt (70%:30%) showed 
both the lowest background current and the highest 
sensitivity (dI/dC=0.82 µA µM-1) together with the widest 
range of a strict linear dependence of the electrode 
response on hydrogen peroxide concentration (up to 
600 µМ). For comparison, under identical experimental 
conditions the electrode (90%Pd:10%Pt)/C showed 
three times lower sensitivity (dI/dC=0.27 µA µM-1). 
This improved catalytic activity toward electroreduction 
of hydrogen peroxide of the former modified graphite 
as compared with the activity of graphite patterned 
with the mixture (90%Pd:10%Pt)/C, is probably due 
to the different structure of the deposited catalytically 
active phase. As the electron-microscopy studies [24] 
revealed significant differences in the size and shape 
of the microcrystals formed by the two modifying 
mixtures, the improved electrocatalytic activity of 
the (70%Pd:30% Pt)/C being assigned to the finely 
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grained structure of the metal phase formed on the 
carbonaceous surface with the dimensions of the Pt-
Pd clusters between 1.2 and 1.5 µm, while on the 
(90%Pd:10% Pt)/C the dimensions of the clusters are 
between 2 and 16 µm. 

3.2. Characterisation of the principle for 
Xanthine detection 

The opportunity to detect xanthine through the current 
of the electrochemical reduction of enzymaticaly 
generated hydrogen peroxide at low working potentials 
is the main prerequisite to designing a xanthine 
biosensor with exceptional selectivity, because none 
of the compounds normally attending biological fluids 
is expected to be electrochemically active under such 
conditions. Both the differential pulse voltammograms 
(recorded over the range from -0.3 V to 0.3 V) and 
constant potential amperometry at the working potential 
of -0.05 V vs. Ag/AgCl showed no electrochemical 
response of the graphite modified with 70% Рd:30% 
Рt to uric acid, L-ascorbic acid, xanthine or glutathione 
(as potentially interfering substances), present in the 
concentrations up to 7×10-4 М, which far exceed the 
possible physiological levels (Figs. 2a,b). Because of 
both its indifference to the above substances and the 
highest activity at hydrogen peroxide electroreduction, 
the graphite modified with microquantities of Pd:Pt 
(70%:30%) was selected among other modified 
graphites as the basic transducer in developing the 
enzyme electrode. Moreover, at the low working 
potential there was no need for a dual working electrode 
system to enhance the sensitivity, as reported in [12], 
which considerably simplifies the biosensing process.

 The advantages of the here discussed biosensing 
principle – detecting xanthine through the current of 
electrochemical reduction of the enzymaticaly generated 
H2O2, become obvious  when comparing the response-
generating electrochemical reactions employed in the 
xanthine biosensors developed so far (Table 1): 
i) costly electrode materials (either Pt disks or glassy 
carbons) were used as basic transducers for designing 
xanthine biosensors reported in the literature, while the 
transducer employed in the present work is made of a 
cheap carbonaceous material, which is modified using 
very small amounts of precious metals;
ii) response-generating electrode reaction takes place 
at relatively high working potentials at which besides 
uric acid, Н2О2, or the selected mediators (ferrocenes, 
ferricyanide), the analyte (xanthine/hypoxanthine) itself 
as well as a variety of species, normally attending 
biological fluids could be oxidised, this way contributing 
to the biosensor response. Alternatively, detecting 
xanthine through the current of hydrogen peroxide 
reduction at the low working potential provides practically 
interference-free biosensor response. 
 It has to be mentioned, on the other hand, that 
because the enzyme xanthine oxidase is one of the most 
fragile and hence short-living enzymes, the operational 
lifetime of the herein discussed biosensor is about a 
week.  However, it is likely that in most of the published 
works the operational stability observed for the enzyme 
electrodes working at potentials over 500 mV (vs. SCE) 
is overestimated. At these working potentials xanthine 
is capable of non-enzymatic electrochemical oxidation, 
contributing with over 1/3 of the amperometric response, 
as dependent on the type of the electrode material. 
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Figure 1. Cyclic voltammograms of (70%Pd:30%Pt)/C (a) and (90%Pd:10%Pt)/C (b) in phosphate-citrate buffer (dotted lines) and in 100 µM 
hydrogen peroxide (solid lines), sweep rate 10 mV s-1; reference electrode Ag/AgCl, 1 M KCl, ambient temperature.
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In most existing studies this finding has not been 
taken into account, so that the current from the purely 
electrochemical oxidation of xanthine has been falsely 
accepted as the extended biosensor lifetime. 

3.3. Temperature effect on the biosensor 
response 

The concentration dependence of the enzyme electrode 
response (calibration graph n=3) on the temperature at 
an applied potential of -0.05 V (vs. Ag/AgCl) in 0.1 M 
phosphate buffer (рН = 8.4) is presented in Fig.3a. It is 
evident that the electrode response increases linearly 
as a function of the substrate concentration, which 
proves that over the temperature range investigated the 
immobilized enzyme is catalytically active. The electrode 
sensitivity (dI/dC), determined from the linear portion 
of the calibration graph and the range of strict linear 
dependence of the signal depend on the temperature of 
the working medium (Таble 2). The data of the electrode 
sensitivity at temperatures of 15оС and 20оС of the 
electrode under study are identical with the sensitivity of 

the enzyme electrode based on graphite modified with 
microquantities of Рd:Рt (90%:10%) [22]. A possible 
explanation could be the low rate of the enzyme reaction 
due to the more difficult transport of xanthine and/or 
oxygen (second substrate in the enzyme-catalyzed 
process) through the gelatine layer which is rigid at these 
temperatures. For the electrode reported here, however, 
the ranges of strict linear concentration dependence 
of the signal are significantly extended – up to 80 μM 
and up to 70 μM, at 15оС and at 20оС respectively 
(as compared with the previously reported 25 μM and  
30 μM  [22]). 
 The xanthine oxidase enzyme electrode under 
study operates with a higher sensitivity at temperatures 
of 25оС and 30оС. At 25оС it exhibits 1.3 times higher 
sensitivity and a linear range of the calibration graph 
which is more than twice as long as those operational 
parameters of the enzyme electrode described in [22]. 
Plotting the experimental data from Fig.1a at 25оС  in 
Eadie-Hofstee coordinates (dI/dC vs. I, not shown) 
provides  information about the operational mode of 
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Figure 2. (a) Differential pulse voltammograms of the electrode (70%Pd:30%Pt)/C in absence (background electrolyte) and presence of 700 µM 
of interfering substances (ascorbic acid, glutathione, xanthine, uric acid); and (b) electrochemical response (cathodic) of the same 
electrode (70%Pd:30%Pt)/C to the interfering substances (open symbols) and to H2O2 (closed circles) at -0.05 V vs. AgAgCl.

Table 1. Comparison of the main characteristics of the xanthine biosensors.

Basic 
electrode

Detection 
principle

Working  
potential 

Linearity
range, M

Response 
time

Background 
electrolyte/pH Reference

Pt

Mediator (ferrocene)  
oxidation 

0.7 V 
(vs. SCE) 1×10-5 ÷ 4×10-4 4 min 0.025 M phosphate buffer 

+ 0.1 M LiClO4; pH=7.4 [16]

H2O2 oxidation 0.5 V
(vs. SCE) 1×10-5  ÷ 1×10-3 20 s 0.05 M phosphate buffer; 

pH=8.0 [17]

H2O2 oxidation 0.6 V 
(vs. Ag/AgCl) 3×10-6  ÷ 3×10-4 - 0.1 M phosphate buffer; 

pH=6.8 [13]

carbon paste ferricyanide 
oxidation

0.35 V 
(vs. Ag/AgCl) 1×10-3 ÷ 15×10-3 30 s pH=8-9 [15]

Carbon paste / 
glassy carbon

superoxide 
reduction

0 V
 (vs. SCE) 1×10-6  ÷ 1×10-4 25 s Tris buffer; pH=8.0,  

4×10-4 M EDTA [12]

graphite H2O2 reduction -0.05 V
(vs. Ag/AgCl)

1.5×10-6  ÷ 
0.7×10-4 60 s 0.1 M  phosphate buffer; 

pH=8.4 present work
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the electrode. Three separate areas – vertical, sloped 
and horizontal - can be distinguished on such a plot 
and they correspond to the diffusion-limited, kinetic-
limited process and saturation of the immobilized 
enzyme with substrate, respectively. From the sloped 
region (concentration range from 68 to 80 μM), which 
indicates the electrochemical process is controlled by 
the enzyme-kinetics, the apparent Michaelis constant 
was determined by regression analysis: КM

app=58.6 μМ 
(r2=0.995). A virtually identical value of КM

app was 
resolved by the linearisation of the experimental data 
according to the Lineweaver-Burk’s method (Fig. 1b) –   
КM

app =58.4 μМ (r2=0.996). The value of КM
app (Table 2) at 

25оС, as compared to the value of КM
app for the enzyme 

electrode in [22] at the same temperature, is twice as 
high. This finding is consistent with  the extended linear 
concentration range being twice as long  (up to 70 μМ 
of the presently studied electrode, see Table 2), as 
compared to ~40 μM  for the xanthine oxidase electrode 
based on graphite modified with microquantities of Рd:Рt 
(90%:10%) [22]. At xanthine concentrations exceeding 

80 μМ a horizontal region is observed on Eadie-Hofstee 
plot, which can be assigned to a substrate saturation of 
the immobilized enzyme. 
 The analysis of the data from Table 2 shows that 
the effect of the working temperature on the electrode 
sensitivity within the investigated interval 15 – 30°C is 
non-uniform. An increase of the temperature by 5оC from 
15 to 20оС does not significantly alter the sensitivity, while 
in the interval from 20 to 25оС the same temperature 
change, causes a 1.8 times increase in electrode 
sensitivity and 1.4 times within the interval from 25 to 
30оС. 
 The minor variation of the electrode sensitivity with 
increasing the temperature from 15 to 20оС may be due 
to considerable restrictions due to the more rigid gelatine 
structure at the lowest temperature applied. This, in turn, 
slows down the transport of either the analyte through 
the layer or the reverse diffusion away from the electrode 
surface of the reaction products. The considerably 
enhanced electrode sensitivity with rising temperature 
up to 30оС  is in support of the above hypothesis. 

Table 2. Operational parameters of  xanthine oxidase enzyme electrode over the temperature range 15-30°C; applied potential -0.05 V (vs. Ag/
AgCl); background electrolyte 0.1 M phosphate buffer, pH=8.4.

Temperature, 
°C

Sensitivity*, 
µA µM-1 r2 Linearity**, µM KM

app,
µM

imax, μA

15 0.19 0.997 80 103.3
15

20 0.21 0.966 70 98.3
16

25 0.39 0.983 70 58.5
27

30 0.54 0.978 60 40
33

* The electrode sensitivity was determined as the slope of the linear portion of the calibration graph;
** The linear portion of the calibration graph (in µM).
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Figure 3. (a) Steady-state response of the enzyme electrode as a function of xanthine concentration at an applied potential -0.05 V (vs. Ag/AgCl); 
background electrolyte 0.1 M phosphate buffer, pH =8.4; (b)  Lineweaver-Burk  plot  based on the data of Fig. 3a; temperature 25°C; 
regression equation: Y= 0.0015X + 0.027, R2 = 0.996.
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 The effect of temperature on the operational 
parameters of xanthine oxidase biosensor is summarized 
in Table 2. The rate of the electrochemical reduction of 
H2O2 was found to obey the Arrhenius equation over the 
range 15-30°C - both the sensitivity and the maximum 
registered current increased as the temperature raised. 
Plotting the electrode responses registered at different 
xanthine concentrations in Arrhenius coordinates (ln(I-I0) 
vs. 1000/T) yields a series of typical linear dependences 
from which the activation energy values were estimated 
to be as follows: 39.7±1.3 kJ mol-1 at saturation, i.e., 
substrate concentrations exceeding 80 µM; 48.3± 
1.3 kJ mol-1 at xanthine concentrations about KM value 
(55 µM) and 57.6±1.3 kJ mol-1 at analyte concentrations 
up to 30 µM. The dependence of the activation energy 
on xanthine concentration strongly suggests that the 
rate-limiting step of the reaction changes with varying 
xanthine concentration. Indeed, such a kinetic pattern is 
typical for the enzyme-catalysed reactions, which obey 
the mechanism of Michaelis – Menten: 
 - at low substrate concentrations the rate is limited 
by the diffusion of enzyme substrate;
 - at concentrations of the latter from approx. KM 
value to 2KM, the reaction rate is controlled by the very 
enzyme kinetics;
 - upon reaching substrate concentration 2KM the 
reaction rate achieves its maximum (Vmax) and remains 
constant upon further concentration increase.

In the case of xanthine oxidase, Michaelis – Menten 
kinetics is complicated by the contribution of a second 
enzyme substrate – oxygen and the reaction rate shall 
be determined according to a modified Michaelis – 
Menten equation [25]:

[ ] [ ]2

O
M

xanth
M

max

O
K

xanth
K1

Vv
2

++
=    (1)

Keeping in mind that the oxygen solubility decreases 
with ca. 25% upon increasing temperature from  
15 to 30°C, the diminished values of KM

app at elevated 

temperatures and hence – shortened linearity portions 
of the calibration plots (Table 2) most probably result 
from the decreased oxygen levels in the buffer.
 Due to the improved sensitivity of the here presented 
bio-electrode, the detection limit towards the analyte 
was considerably lowered. At a signal-to-noise ratio 
of 3:1, the detection limit for xanthine was found to be  
1.5 µМ (as compared with 4.5 µМ for the enzyme 
electrode described in [22]) and the response time did 
not exceed 60 s. 

3.4. Influence of the buffer composition on the 
biosensor response

The effect of the buffer composition on the response 
of the xanthine oxidase electrode was tested in 0.1 M 
phosphate buffer (pH=8.4), 0.1 М Tris-buffer (pH=8.4) 
and 0.1 M Tris-buffer containing 0.15 M KCl. Fig. 4a 
presents the electrode response to xanthine in 0.1 М 
Tris-buffer (pH=8.4) fitted in Lineweaver-Burk plot. 
The values of the Michaelis constant calculated on the 
basis of this graph, as well as the other operational 
parameters are given in Table 2. A comparison with the 
values of the operational parameters from Table 1 at the 
same temperature shows that the electrode sensitivity 
and the linear portion of the calibration plot in 0.1 М 
Тris-buffer (рН=8.4) is twice as low as those determined 
in phosphate buffer. Most probably these parameters 
are affected by the ionic strength of the buffer, which 
was calculated to be ca. 0.12 M in 0.1 M Tris-buffer and 
twice as high in the phosphate buffer with the same 
concentration (ca. 0.21 M), since there is an obvious 
direct proportionality between the sensitivity and the 
ionic strength.
 When KCl (0.15 М) was added to the Тris-buffer 
(рН=8.4) the electrode sensitivity increased to  
0.26 µA µM-1. Its value, however, is 1.5 times as low 
as that in phosphate buffer. Not only the electrode 
sensitivity decreases under these conditions, but also 
the linearity range of the calibration graph shortens – up 
to 30 µM xanthine (Table 3). These effects can be due 
to at least three possible reasons: 
i)  as the concentration of salts in the supporting electrolyte 
rises, the ionic strength also increases (which leads to 
the slightly improved electrode sensitivity), but causes 
also a considerable decrease in the concentration of the 
dissolved oxygen in the buffer, which in turn leads to 
a reduced KM

app value and hence, a shortened linearity 
range; 
ii) it is probable that the ions absorb in the gelatine 
layer this way making the film more rigid, with restricted 
permeability for xanthine, which could explain the 
saturated current at concentrations over 30 µM;
iii) rather less probable hypothesis is that the enzyme 

Table 3. Operational parameters of  xanthine oxidase enzyme 
electrode; background electrolyte 0.1 M Tris-buffer,  
pH = 8.4;  temperature 25°C; working potential -0.05 V 
(vs. Ag/AgCl).

Background 
electrolyte

Sensitivity, 
µA µM-1 r2 Linearity,

 µM
KM

app,
µM

Tris 0.18 0.935 40 70

Tris (0.15 M KCl) 0.26 0.952 30 32
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activity and its affinity toward the substrate are affected 
by the ionic composition of the working medium, although 
the high concentration of salts can cause a partial 
denaturation of the enzyme and therefore,  loss of activity 
and fast inhibition by the substrate. 

4. Conclusions
By using  graphite modified with 70% Pd: 30% Pt as the 
basic transducer and XOx with an enhanced homogeneous 
activity, an amperometric biosensor for xanthine was 
designed and characterised over the temperature range 
from 15 to 30°С at a working potential of -0.05 V (vs. Ag/
AgCl equal to 0 V vs. SCE). The electrochemical reduction 
of hydrogen peroxide – the electroactive product from the 
enzymatic oxidation of xanthine, at this working potential 
provides two main benefits for the analytical performance 
of the xanthine biosensor: i) interference - free response, 
since none of the species normally present in biological 
fluids would transform electrochemically at the working 
potential; and ii) enhanced sensitivity of hydrogen 
peroxide electroreduction, due to better electrocatalytic 
performance of the basic transducer. The following were 
defined:
Detection limit of 1.5 µМ xanthine;
The response time at most 1 min;  
The linear ranges from 1.5 to 70 µМ at 25°С and from 1.5 
to 60 µМ at 30°С;
Sensitivity of 0.39 µA µM-1 at 25°С  and 0.54 µA µM-1 at 
30°С;
Improved selectivity, since no response was 
observed in the presence of uric acid, ascorbic acid, 
glutathione and paracetamol at concentrations of up to  
7×10-4 М.

 Herein achieved improvements in xanthine 
biosensors design become apparent upon comparing the 
analytical characteristics of the present amperometric 
biosensor with previously reported one [22] (a xanthine 
biosensor based on electrochemical reduction of H2O2 
at a graphite modified with 90% Pd:10% Pt and the 
enzyme used was XOx with  a homogeneous activity of  
0.4 U mg-1): a higher sensitivity in a wider concentration 
range, lower detection limits, faster response and 
improved selectivity (in the presence of uric acid, 
L-ascorbic acid, glutathione and paracetamol in 
concentrations far exceeding the possible physiological 
levels, no response was noticed). This better analytical 
performance results from the synergetic action of several 
factors: i) the high electrochemical activity of the basic 
catalytic electrode; ii) the detection principle: effective 
electroreduction of H2O2 at working potentials close to 
zero, which ensures high selectivity of the determination; 
iii) higher homogeneous activity of the immobilized XOx; 
and iv) optimised working conditions as related to buffer 
composition, ionic strength, pH and temperature.
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Figure 4. Lineweaver-Burk plot at an applied potential of -0.05 V (vs. Ag/AgCl); temperature 25°C; (a) background electrolyte 0.1 М Tris-buffer,  
pH =8.4 regression equation: Y= 0.0039X + 0.0556, R2=0.993; (b) background electrolyte 0.1 M Tris-buffer  (0.15 M KCl), pH=8.4;  
Y = 0.0022X+0.0697, R2=0.996.
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