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Fabrication of amperometric cholesterol biosensor based on SnQO,
nanoparticles and Nafion-modified carbon paste electrode
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This study reports the fabrication of an amperometric cholesterol biosensor based on cholesterol
oxidase (ChOx), SnO2NPs and Nafion-modified carbon paste enzyme electrodes (CPE/SnO2NPs-
ChOx/Naf). The electrochemical characterisations of BCPE and CPE/SnO2NPs were performed
using CV and EIS. The determination of cholesterol was carried out by electrochemical oxidation
of HoO2 at 0.6 V vs. Ag/AgCl. The CPE/SnO2NPs-ChOx/Naf presented a linear range from
0.20 umol L™ to 4.95 umol L' with a low limit of detection (0.04 pmol L™'). In addition,
the optimal values for pH and temperature were found to be 7.5 and 35°C, respectively. The
CPE/SnO2NPs-ChOx/Naf was used for the determination of cholesterol in serum samples and

good results were obtained.
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Introduction

Cholesterol is one of the main metabolites found
in mammalian cell membranes and is also a precur-
sor of various biologically important components such
as steroid hormones, vitamin D and bile acids (Arya
et al., 2008; Zeybek et al., 2012). The clinical analy-
sis of human serum cholesterol is important because
the concentration of cholesterol is one of the major
indicators for the diagnosis of a number of disor-
ders such as coronary heart disease, cerebral thrombo-
sis, anaemia, nephrosis, atherosclerosis, hypertension
and myocardial infarction (Soylemez et al., 2013). Ac-
cordingly, various methods have been developed for
the accurate and rapid determination of cholesterol
concentration, such as spectrophotometry (Krug et
al., 1994), high-performance liquid chromatography
(HPLC) (Albuquerque et al., 2016), electrochemilu-
minescence (Ballesta-Claver et al., 2012) and flow in-
jection analysis (Gupta et al., 2013). Enzyme-based
amperometric biosensors have been preferred due to
their high selectivity, sensitivity, cost-effectiveness and

reproducible results. To date, many studies related
to cholesterol oxidase-based (or cholesterol oxidase-
and cholesterol esterase-based) amperometric biosen-
sors have been published (Manjunatha et al., 2012;
Rahman et al., 2014; Tan et al., 2005).

In the presence of molecular oxygen, cholesterol is
oxidised to cholest-4-en-3-one and hydrogen peroxide
(H202) by cholesterol oxidase (ChOx) which contains
the flavin-adenine-dinucleotide cofactor and catalyses
the oxidation of cholesterol by the following reaction:

cholesterol + Os _ChOx . holest-4-en-3-on + H50o

1)
Since the amount of cholesterol is proportional to that
of the HyO5 produced, the determination of choles-
terol can be calculated by using the oxidation current
of hydrogen peroxide at applied potential (Arya et al.,
2008; Tirkarslan et al., 2009).

In recent years, a number of biocompatible nano-
materials have been used as suitable matrices for en-
zyme immobilisations (Aravind et al., 2011; Batra et
al., 2015; Li et al., 2005; Safavi & Farjami, 2011;
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Umar et al., 2009a, 2009b). Tin(IV) oxide is an n-type
semiconductor with a wide band gap and it plays an
important role in various applications such as solar
cells (Tennakone et al., 2001), transparent conductive
glasses (Shen et al., 2009), gas sensing (Choi et al.,
2008; Leite et al., 2000), lithium ion batteries (Yin et
al., 2010; Zhang et al., 2009) and biosensors (Myung et
al., 2009; Zhang et al., 2005). Tin(IV) oxide nanopar-
ticles (SnO2NPs) have attracted a great deal of atten-
tion due to their biocompatibility, high electron trans-
fer kinetics, conductivity (Liu et al., 2010).

In the present work, a new kind of cholesterol
biosensor based on SnO;NPs and Nafion film-modified
carbon paste electrode was prepared. The SnO;NPs-
modified carbon paste electrode (CPE/SnO,NPs) ex-
hibited higher sensitivity to HoOs than bare CPE.
It was assumed that the composite system thus de-
veloped would possess a high surface area to en-
hance enzyme-loading and a biocompatible micro-
environment to retain enzyme stability and its bioac-
tivity. After optimisation of the parameters affecting
the sensitivity of the enzyme electrode, the biosensor
was applied to total cholesterol determination in hu-
man serum samples. The performance of the biosensor
was also compared with the other cholesterol biosen-
sors. In comparison with the other immobilisation
techniques (electrochemical deposition, physical en-
trapment) (Brahim et al., 2001; Tiirkarslan et al.,
2009), the present method provides a readier access
from the substrate to the immobilised enzyme and
facilitates macromolecular interaction, by which the
enzymatic activity was confirmed as obtaining an ex-
cellent reproducibility and stability. In addition, this
biosensor exhibits a very low limit of detection of
0.04 pmol L~ of cholesterol.

Experimental

Electrochemical assays were carried out using the
AUTOLAB PGSTAT 302N electrochemical measure-
ment system. The experiments were conducted in a
voltammetric cell stand (Bioanalytical Systems, USA)
using the three-electrode configuration. A platinum
wire (BAS MF 1034, USA) served as the auxiliary
electrode and Ag/AgCl (BAS MF 2052) as the ref-
erence electrode. Bare and modified carbon paste en-
zyme electrodes were used as the working electrodes.
The pH values of the buffer solutions were measured
using an ORION Model 1906 D. 720A pH/ion me-
ter (Thermo Scientific, USA). Temperature was con-
trolled using a Grant LTD GG thermostat (Grant In-
struments, UK).

Cholesterol oxidase (ChOx) from Pseudomonas sp.
(24 U mg~!; EC 1.1.3.6) and cholesterol esterase
from porcine pancreas (44.4 U mg~!; EC 3.1.1.13),
tin(IV) oxide < 100 nm, Nafion® solution, water-
soluble cholesterol, ascorbic acid, urea and uric acid
were all purchased from Sigma (USA). Graphite pow-

der and paraffin oil were obtained from Fluka (USA).
Hydrogen peroxide, di-sodium monohydrogen phos-
phate heptahydrate and sodium dihydrogen phos-
phate dihydrate were purchased from Riedel de Haén
(Germany). Ultrapure water from the Purelab Elga
(UK) system was used for preparing all solutions.

The bare carbon paste electrode (BCPE) was pre-
pared by hand-mixing 70 : 30 (mass ratio) graphite
powder /paraffin oil. The SnO;NPs modified CPEs
were composed of SnO3NPs and graphite powder in at
with various mass ratios of SnO,NPs/graphite powder
and paraffin oil.

The ChOx-based CPE/SnO3NPs electrodes
(CPE/SnO,NPs-ChOx/Naf) were prepared by hand-
mixing an enzyme solution (containing 2-10 units of
ChOx, 10 pL of glutaraldehyde (1.25 vol. %) and
1.5 mg bovine serum albumin (BSA) and graphite
powder-SnOsNPs mixture. A portion of the resulting
paste was then tightly pressed into the end-cavity of a
polyetheretherketone (PEEK) electrode body (an in-
ternal diameter of 3 mm) where electrical contact was
established via a brass wire and the electrode surfaces
were gently smoothed onto a weighing paper. Next,
the electrode surface was covered with a Nafion® so-
lution to prevent leakage of the enzyme into the so-
lution. The electrodes so obtained were stored in the
refrigerator at 4°C when not in use.

The electrochemical characterisations of BCPE,
CPE/SnOsNPs and CPE/SnO3NPs-ChOx/Naf were
carried out using the cyclic voltammetry (CV) and
electrochemical impedance spectroscopy (EIS) tech-
niques. These experiments were conducted with the
0.1 mol L~! KCI solution including 5.0 mmol L~!
Fe(CN)gf/ *~. The cyclic voltammograms were ob-
tained by scanning in the potential window from
—0.2 V t0 0.6 V at a scan-rate of 50 mV s~!. The EIS
measurements were performed at the frequency range
between 100 kHz and 0.01 Hz with 5 mV amplitude
at open-circuit potential (EOCP).

The amperometric measurements were carried out
in a phosphate buffer (0.05 mol L=%, pH 7.5, 5 mL) un-
der stirring. The response current was obtained with
the difference between the steady-state current and
background current. All measurements were carried
out at ambient temperature (23 + 2)°C. The amper-
ometric determination of cholesterol was performed
by the oxidation of enzymatically produced hydrogen
peroxide at 0.6 V vs. Ag/AgCl. First, the modified en-
zyme electrode was equilibrated in a phosphate buffer
solution at 0.6 V until a constant current was attained.
Next, appropriate amounts of cholesterol solution were
added to the electrochemical cell and the current re-
sponses were recorded.

The voltammetric behaviour of hydrogen peroxide
at BCPE and CPE/SnO3;NPs was also investigated
using the CV technique in the absence of H,O5 and the
presence of HoOs in the potential range from —0.3 V
to 1.0 V vs. Ag/AgCl at a scan-rate of 50 mV s—1.
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Results and discussion

Electrochemical characterisations of BCPFE
and CPE/Sn0O NPs

CV was performed to assess the effect of SnOs
nanoparticles on the electrical conductivity of the
electrode so developed. The cyclic voltammograms
for BCPE and CPE/SnO5NPs in the 0.1 mol L~*
KCI solution including 5.0 mmol L1 Fe(CN)gf/zlf
at 50 mV s~! (Fig. 1A). As shown in Fig. 1A, the
CPE/SnO2NPs electrode exhibited two well-defined
anodic and cathodic peaks at 0.26 V and 0.15 V,
respectively. In comparison with the CV of BCPE,
which exhibited low peak currents and high peak-to-
peak separation (AEp), the CV of the CPE/SnO>NPs
electrode exhibited high peak current and low AFEp,
indicating the influence of SnO;NPs on the electro-
chemical reaction. SnOsNPs can provide a high elec-
tron transfer between the redox probe solution and
the electrode surface (Sun et al., 2012).

Fig. 1B (inset) shows the CVs of the CPE/
SnO2NPs (4 : 1) at different scan-rates over the po-
tential of —0.3 to 0.6 V vs. Ag/AgCl in a redox probe
solution. The anodic and cathodic peak currents in-
creased with increasing the scan-rate in the range of
5-100 mV s~ !, indicating a reversible reaction of the
Fe?t /Fe?* redox couple on the CPE/SnO2NPs elec-
trode. Fig. 1B shows that both the anodic and ca-
thodic peak currents were directly proportional to the
square root of the scan-rate. These results indicate a
diffusion-controlled electrochemical process (Bard &
Faulkner, 2000).

The effective surface area of the CPE/SnO,;NPs
was calculated as 0.101 cm? at a scan-rate of 25
mV s~! using the Randles—Sevcik equation (Eq. 2).
This value was much higher than that of BCPE
(0.034 cm?). The results obtained demonstrated that
SnO3NPs improved the electron transfer process be-
tween the redox probe solution and the surface of the
modified electrode due to the high mobility of the
conduction electrons and the electric conductivity of
SnO>NPs (Lavanya et al., 2013; Lim et al., 2012; Ma-
hadeva & Kim, 2011; Sun et al., 2012; Wen et al.,
2007):

ip = (2.69 x 10°)n/2AC D"/ ?y1/? (2)

where n is the number of electrons involved in the re-
dox reaction, A is the electrode surface area (cm?),
C' is the concentration of the redox species in solu-
tion (mol cm~3), D is the diffusion coefficient of the
molecule in solution (6.67 x 107¢ ¢cm? s~! for ferri-
cyanide) (Bard & Faulkner, 2000) and v is the scan-
rate (V s71).

EIS is a powerful technique for explaining the
interface properties of modified electrodes. An EIS
spectrum, a Nyquist plot, commonly involves a semi-
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Fig. 1. CVs of 5 mmol L~1 Fe(CN)27/47 on BCPE (a)

CPE/SnO2NPs (b) (A); scan-rate: 50 mV s~!; rela-
tionship between currents and square root of scan-rates
(inset: CVs of CPE/SnO2NPs (4 : 1) at different scan-
rates (5-100 mV s~1)) (B).

circular portion at high frequencies, corresponding
to the electron transfer limited process, and a lin-
ear portion at low frequencies, corresponding to the
diffusion- controlled process. The linear part depicts
the diffusion-limited process. The semicircular diam-
eter of the spectrum is equal to the charge-transfer
resistance (R¢) value that typically reflects conduc-
tivity (Wang, 2006). The R; values changed after the
bare electrodes were modified using different materials
(Anees et al., 2008; Ansari et al., 2009; Cai et al., 2013;
Dezfuli et al., 2015; Gopalan et al., 2009; Khan et al.,
2008; Moradi et al., 2013). Fig. 2 exhibits the EIS
spectra, Nyquist plots of BCPE and CPE/SnOsNPs
electrodes in the presence of [Fe(CN)g]3~/4~. The R
values for the BCPE and CPE/SnO;NPs electrodes
are approximately 10434 © and 4709 €, respectively.
This reveals that the SnOsNPs develops the electron-
transfer kinetics at the solution/electrode interface.
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Fig. 2. Nyquist curves for BCPE (a) and CPE/SnO2NPs
(b) (4 : 1) in 0.1 mol L~! KCI solution containing
5 mmol L1 Fe(CN)2 /4~
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Fig. 3. Effect of SnO2NPs amount on amperometric response
of CPE/SnO2NPs in PBS (0.05 mol L1, pH 7.5) con-
taining 1.0 mmol L~ HyO02 (n = 3).

Effect of SnO amount on electrochemical re-
sponse of CPE/SnO NPs

To determine the role of the SnOs amount, the
chronoamperometric responses of HyO2 at the differ-
ent CPE/SnOsNPs electrodes were compared in 0.05
mol L~! PBS (pH 7.5). Fig. 3 shows that the oxi-
dation current of HoO4 increased with the increasing
amount of SnO,. With further increases in the SnOs
ratio, the modified electrode became rigid and, con-
sequently, hard to polish. The maximum current was
attained at 20 mass % SnOs ratio. In addition, an ex-
cessive amount of SnOs nanoparticles incorporated in
the carbon paste could lead to undesirable mechanical
properties for CPE and increase the resistance of the
electrode (Aydogdu et al., 2013).

Effect of applied potential

SnO2NPs has been used as a modifier to catalyse
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Fig. 4. Effect of working potential on response of CPE/
SnO2NPs electrode to 1.0 mmol L~! H>O2 in phos-
phate buffer (pH 7.5) (n = 3).

the electrochemical reaction and enhance the direct
electron transfer between substances and electrode
surface (Ansari et al., 2009; Jia et al., 2005). In or-
der to investigate this effect on the HsOs response,
the working potential was sought. Fig. 4 shows that
the response of CPE/SnO3NPs to HoOy was tested
between 0.2 V and 0.7 V for 1.0 mmol L= Hy05 in
0.05 mol L=! PBS solution (pH 7.5). The response
current increased with increasing voltage then exhib-
ited saturation behaviour when the potential reached
0.7 V. From these results, the applied potential was
selected as 0.6 V in the subsequent experiments.

Voltammetric behaviour of H O

The voltammetric behaviour of H,O9 was inves-
tigated at CPE/SnO;NPs and BCPE in the ab-
sence and in the presence of 1.0 mmol L~! and
10.0 mmol L~=* H505 in a phosphate buffer (Fig. 5).
Fig. 5 shows that adding hydrogen peroxide to the
phosphate buffer caused an increase in the oxidation
current on both the bare and modified electrodes. In
the absence of HyOs, the BCPE showed no obvious
peak in the potential range from —0.3 V to 1.0 V
vs. Ag/AgCl. In the presence of HyO2, BCPE started
to exhibit the current response at a potential around
0.6 V vs. Ag/AgCl. The onset potential of the HyOo
electro-oxidation for CPE/SnO;NPs was also around
0.6 V vs. Ag/AgClL The current differences (A%) of two
electrodes at 0.6 V are compared in Table 1. When the
current responses were investigated, it was noted that
the CPE/SnOsNPs represented a higher current re-
sponse than the BCPE towards HoO4 oxidation. The
increased current response may be due to the effect
of the greater electroactive surface area and electri-
cal conductivity. Hence, the proposed sensor could be
used for the determination of HoOs generated enzy-
matically.
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Table 1. Comparison of electrochemical oxidation currents us-
ing BCPE and CPE/SnO2NPs electrodes in phos-
phate buffer (pH 7.5) containing 1.0 mmol L~! and
10 mmol L1 H2O3 solution (scan-rate = 50 mV s~ 1)

Ai/uA

Amount of HyO2/

(mmol Lfl) BCPE CPE/SnO2NPs

1.0 0.015 0.294
10.0 0.032 0.495
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Fig. 5. Cyclic voltammetric behaviour of HoO2 using bare and
CPE/SnO2NPs electrode in the absence and in the
presence of 1.0 mmol L~! and 10.0 mmol L~ H205 in
phosphate buffer (pH 7.5), scan-rate 50 mV s~ 1.
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Fig. 6. Effect of enzyme activity on response of CPE/SnO2
NPs-ChOx/Naf (0.05 mol L~! pH 7.5 PBS) (n = 3).

Effect of enzyme amount

To investigate the effect of the enzyme unit on
the proposed biosensor response, different enzyme
amounts were used in the enzyme electrode construc-
tion. For this purpose, five different enzyme elec-
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Fig. 7. Effect of pH on response of CPE/SnO2NPs-ChOx/Naf
electrode using 2.5 umol L~ cholesterol at 0.6 V op-
erating potential (n = 3).

trodes containing 2 U, 4 U, 6 U, 8 U, 10 U of ChOx
were prepared. The amperometric responses of the en-
zyme electrodes with different enzyme activities were
measured in 0.05 mol L~! pH 7.5 PBS containing
2.5 umol L~ cholesterol. The current difference in-
creased gradually from 2 U to 6 U then subsequently
became flat (Fig. 6). As the maximum current differ-
ence was achieved for 6 U, this enzyme activity was
used in further experiments.

pH and temperature effects

The influence of the pH of the buffer solution over
the range between pH 5.0 and 8.5 on the amperometric
response of the CPE/SnOyNPs-ChOx/Naf to choles-
terol of a constant concentration of 2.5 pmol L' was
investigated. Fig. 7 shows that the current increased
with an increase in pH range of 5.0-7.5 and the high-
est response was attained at pH = 7.5. This is similar
to that for the soluble enzyme (Karube et al., 1982)
as well as that reported for immobilised ChOx in var-
ious matrices (Brahim et al., 2001; Charpentier & El
Murr, 1995). For this reason, the pH was set as 7.5 in
the subsequent experiments.

The determination of the optimal temperature was
largely concerned with the thermal stability of the
proposed biosensor. The temperature dependence of
the CPE/SnO>NPs-ChOx/Naf was investigated using
a constant cholesterol concentration of 2.5 umol L~!
at the desired temperatures (20-50°C). Fig. 8 shows
that the current difference of the biosensor increased
with increases in temperature up to 35°C. Beyond
40°C, the current difference decreased; this shows that
the ChOx enzyme lost its activity substantially be-
cause the three-dimensional conformation of the en-
zyme could be changed and denaturised. This effect of
temperature may be due to the effect on the enzyme-
substrate affinity and the effect on the stability of
the enzymes. However, for convenience, all further
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Fig. 8. Effect of temperature on response of CPE/SnO2NPs-
ChOx/Naf electrode using 2.5 pumol L1 cholesterol in
0.05 mol L~! phosphate buffer solution (pH 7.5) at
0.6 V operating potential (n = 3).

experiments were conducted at ambient temperature
(23 £ 2)°C.

Analytical characteristics

The amperometry under stirred conditions had
a much higher current sensitivity than the cyclic
voltammetry, hence the amperometric experiments
were performed under continuous stirring. Accord-
ingly, the biosensing of CPE/SnO2NPs-ChOx/Naf to-
wards cholesterol was investigated using chronoamper-
ometry in a stirred 0.05 mol L' PBS solution. First,
the steady-state background current was measured at
an applied potential of 0.6 V using a phosphate buffer
solution. Next, certain volumes of different cholesterol
solutions were added and the response of the currents
for each added amount of substrate was recorded.
With successive increase in the cholesterol concentra-
tion, the current increased and a 95 % steady-state re-
sponse was achieved in less than 5 s; this confirms the
good electro-catalytic and fast electron-exchange be-
haviour of the electrode thus developed. Fig. 9 shows
the relation between the response of the current to
the cholesterol concentration for the CPE/SnOsNPs-
ChOx/Naf electrode which clearly indicates that the
response of the current increased as the concentration
of cholesterol increased and was saturated at a high
concentration of cholesterol, which suggested the sat-
uration of active sites of the enzymes at those choles-
terol levels. The resulting cholesterol response curve
was found to be linear over the concentration range
of 0.20-4.95 pmol L~! with a correlation coefficient
of 0.996. Moreover, the limit of detection (LOD) was
calculated as 0.04 umol L~! for cholesterol using 3s/m
where s is the standard deviation of the current (three
measurements) for the lowest concentration of the lin-
earity range and m is the slope of the related cali-
bration curve (Ensafi et al., 2012). For repeatability

0.8

¥ =0.10x +0.15
R = 09962
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0 1 2 3 4 3
Cholesterol concentration / (umol L D)

Fig. 9. Effect of cholesterol concentration on response of
CPE/SnO2NPs-ChOx/Naf electrode (at 0.05 mol L, ~1
pH 7.5 phosphate buffer, 25°C, 0.6 V operating poten-
tial) (n = 3).

of the cholesterol biosensor response, ten successive
measurements were conducted on the same day with
2.5 pmol L' cholesterol solution. The standard devi-
ation (SD) and the relative standard deviation (RSD)
were calculated as £0.094 and 4.4 %, respectively.
The life time of the modified electrode was deter-
mined by measuring the amperometric response over
32 days. The optimised biosensor retained approxi-
mately 75 % of its response after 32 days. The immo-
bilisation of ChOx into the CPE/SnO; electrode pro-
vides a biocompatible microenvironment around the
enzyme, maintaining its biological activity. Table 2
shows a comparison of the limit of detection, linear
range and analytical application of the biosensor with
other nanomaterial-based cholesterol biosensors. The
biosensor presented here has a favourable analytical
performance.

Interference studies

The interference effect from the most common in-
terfering species was also investigated. The signal for
a constant concentration of cholesterol was compared
with the current value obtained in the presence of
L-ascorbic acid (4.34 %), uric acid (7.94 %), dopamine
(6.48 %), and NaCl (3.24 %) (Table 3). No notice-
able changes in the response of the current were de-
tected for the concentration of 0.5 mmol L1 uric acid,
0.1 mmol L' L-ascorbic acid, 0.1 mmol L' dopamine
and 0.1 mmol L~! NaCl in 2.5 pmol L~ cholesterol
solution. The percentages of interfering species were
determined in terms of the difference in percentage of
the response between the buffer solution containing
cholesterol and the buffer solution containing inter-
fering substances and cholesterol. Although uric acid
can cause a slight increment in the current, this effect
can be disregarded in the determination of cholesterol
in serum samples, given that the maximum concentra-
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Table 2. Comparison of analytical performances of proposed biosensor for cholesterol determination with those of other biosensors

based on different matrices

Sensor Linear range/ Limit of detection/ Interference studies Application References
(mmol L—1) (mmol L~1)
ChOx/NS- 0.26-10.36 (10-400)“ nr Value of current decreases by about nr Ansari et al.
CeO2 /ITO 5-14 % upon addition of glucose (2008)
(5 mmol L), urea (1 mmol L™1),
uric acid (0.1 mmol L~!) and ascorbic
acid (0.05 mmol L—1).
CS-Sn0O2/ITO 0.26-10.36 0.13 No significant effects of glu- nr Ansari et al.
cose (5 mmol L™1), ascorbic (2009)
acid (0.05 mmol L~1), uric acid
(0.1 mmol L™1), urea (5 mmol L~1)
and lactic acid (5 mmol L~1)
(PAH- 0.18-11 0.02 No significant effects of urea Blood serum Cai et al.
MCNTs— (0.8 mM), glycine (25 uM), L-cysteine  Recoveries: (2013)
GNPs/HRP)4/ (15 uM), glucose (4 mM), ascorbic 92.2-98.5 %
(PAH- acid (2 pM)
MCNTs—
GNPs/ChOx)4
MWNT(SH)- 0.5-5 nr No significant effects of uric acid Blood serum Gopalan et al.
Au/Chi- (0.5 mmol L~1), ascorbic acid RSD: (2009)
IL/ChOx (0.5 mmol L~1), acetaminophen 1.0-4.7 %
(0.5 mmol L~1) Recoveries:
97.2-104.4 %
ChOx/CH- 0.26-10.36 (10-400)“ 0.13 (5)* Response remains almost same (for nr Malhotra
NanoCeO2/ITO glucose, uric acid, urea and lactic and Kaushik
acid) except for ascorbic acid; decrease (2009)
of about 2 %
CoOx 0.0042-0.05 4.2b Dopamine ascorbic acid and uric acid nr Salimi et al.
NP/ChOx/GCE are serious interfering compounds for (2009)
cholesterol detection at concentration
more than 100 mmol L—1!
ChOx/Zn0O/Au 0.65-10.34 (25-400)“ nr nr nr Singh et al.
(2007)
ChOx/nano- 26-10.36 (10-400)“ 1.12 (43.4)* nr Blood serum Singh et al.
NiO- (2011)
CHIT/ITO
ChOx/Zn0O/Au 0.001-0.5° 0.00037° - nr Umar et al.
(2009b)
Nafion/ChOx/ 0.01-5.00 4.3° Current changes: Blood serum Zhu et al.
GNPs-MWCNTSs/ uric acid (0.1 mmol L™1) 2.49 %, Recoveries:  (2013)
GCE ascorbic acid (0.1 mmol L=1) 7.72 %,  96.3-105 %
glucose (1.0 mmol L—1) 2.94 %
ChOx/NanoZnO— 5-300 5% No significant effects of glu- Blood serum Khan et al.
CHIT/ITO cose (5 mmol L~1), uric acid RSD: (2008)
(0.1 mmol L~1), ascorbic acid 1.59-3.05 %

(0.5 mmol L~1), lactic acid,
(0.5 mmol L~1), urea (0.1 mmol L~1)
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Table 2. (continued)

Sensor Linear range/ Limit of detection/ Interference studies Application  References
(mmol L~1) (mmol L™1)
Nafion/ChOx/ 0.5-15° - Response remains almost same (for nr Ahmad et al.
PtZnOS/GCE glucose and L-cysteine) except for (2010)
ascorbic acid (increment of about 5 %)
and uric acid (decrease of about 3 %)
ChOx/GNS- up to 0.035 0.2° No significant effects of uric acid nr Dey and Raj
nPt electrode (10 umol L) and ascorbic acid (2010)
(10 umol L—1)
CPE/SnO2NPs-  0.2-4.95° 0.04% No significant effects of ascor- Blood serum  This work
ChOx/Naf bic acid (0.1 mmol L~1), uric Recoveries:
acid (0.05 mmol L~1), dopamine 104.24—
(0.1 mmol L~1) and NaCl 106.45 %

(0.1 mmol L™1)

a) ITn mg cm~3; b) in umol L—1; cholesterol oxidase (ChOx), nano-structured cerium oxide (NS-CeO2), indium-tin-oxide (ITO),
poly(allylaminehydrochloride) (PAH), multi-walled carbon nanotubes (MCNTs), gold nanoparticles (GNPs), horseradish peroxi-
dase (HRP), chitosan (Chi) (CHIT) (CH) (CS), multi-walled carbon nanotubes (MWNTSs), ionic liquid (IL), zinc oxide nanopar-
ticles (NanoZnO), cerium oxide (NanoCeO2), cobalt oxide nanoparticles (CoOxNP), glass carbon electrode (GCE), gold (Au),
NiO nanoparticles (nan-NiO), gold nanoparticles-decorated multi-walled carbon nanotubes (GNPs-MWCNTs), cholesterol esterase
(ChEt), screen-printed carbon electrode (SPCE), PtZnOS (Pt incorporated ZnO structure), not reported (nr).

Table 3. Effect of interfering compounds in cholesterol mea-

surement
Interfering compounds ~ Concentration®/  Interference’/
(mmol L—1) %
L-Ascorbic acid 0.1 4.34
Uric acid 0.5 7.94
Dopamine 0.1 6.48
NaCl 0.1 3.24

a) Electrochemical cell concentration of interfering species;
b) % interference = (Ix — Ip)/Io x 100 %; Ip — ampero-
metric response of buffer solution containing cholesterol solu-
tion, Ix —amperometric response of buffer solution containing
2.5 umol L1 cholesterol and interfering species with above con-
centration.

tion of uric acid in human serum varies within a range
of 0.24-0.52 mmol L~! (Retna Raj & Ohsaka, 2003).
It was observed that the interference of the tested
substances in the analysis of cholesterol was negligi-
ble. The fabricated biosensor has quite a good anti-
interference ability for biologically important species
in the human serum. The result demonstrated that
the biosensor has a high selectivity in the proposed
cholesterol determination in blood serum, which was
attributed to the anti-interference ability of the Nafion
film. This indicates that the modified biosensor can
generate a reliable current signal even in the presence
of high concentrations of major interfering species.

Sample application

The determination of total cholesterol in human

serum samples is a crucial factor for many disor-
ders. The use of both cholesterol esterase (ChEt) and
cholesterol oxidase enzymes for the determination of
total cholesterol is necessary because two-thirds of
the amount of cholesterol in blood is esterified with
fatty acids. Cholesterol esterase catalyses the hydrol-
ysis of the esters to free cholesterol (Sumner & Somers,
1953). For this reason, the human serum samples
which were obtained from the Gazi University, Faculty
of Medicine, Clinic Biochemistry Laboratory were in-
cubated with a cholesterol esterase enzyme at 37°C
for 10 min to ensure that all the esterified cholesterol
was hydrolysed. Next, serum samples of 10 puL were
successively added to 5 mL of phosphate buffer (0.05
mol L=, pH 7.5), and the response of the developed
biosensor was obtained at 0.6 V. The concentrations
of total cholesterol in three serum samples were deter-
mined with the fabricated biosensor using the stan-
dard addition method and the results were compared
with those obtained using the hospital routine method
which were first analysed with a Beckmann Coulter
Olympus AU2700 analyser (USA). The accuracy of
the biosensor proposed in this study was validated by
t-test. The ¢ value was found to be 0.408 at a 95 %
confidence level, with t..it;c = 4.30. Table 4 shows that
a good agreement between the results from the two
methods makes it possible to ascertain the practical
utility of the biosensor at a confidence level of 95 %.

Conclusions

A new ChOx-based amperometric biosensor was
reported for the determination cholesterol in human
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Table 4. Determination of cholesterol levels in human serum samples

Cholesterol concentration x 10~7 / (mol L—1)

Serum samples

Determined by proposed biosensor® Provided by hospital Recovery /%
1 1.72 £ 0.6 1.65 104.24
2 8.75 + 0.2 8.22 106.45
3 17.22 + 0.5 16.5 104.36

a) Results given as average of three measurements.

serum. The biosensor thus developed could signifi-
cantly increase the immobilised amount of ChOx on
the SnO nanoparticles-modified electrode surface and
enhance the amperometric signal of cholesterol. This
modified electrode exhibited good electrocatalytic be-
haviour toward cholesterol oxidation and showed ex-
cellent analytical characteristics such as lower limit
of detection, reproducibility and stability. The re-
sults indicate that the SnOsNps-modified ChOx-based
biosensor can afford a suitable microenvironment for
the immobilisation of ChOx, making this system a
good candidate for the sensitive determination of
cholesterol.
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