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for its Determination in Serum
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ABSTRACT

he electrochemical effects of uric acid (UA) were determined by cyclic voltammetry (CV), and square wave voltammetry
T(SWV) at a carbon paste electrode modified with aluminum oxide nanoparticles (Al,O,NP/CPE) in 0.05 M phosphate
buffer (pH 5.0). The adsorption properties of the molecule on Al,O,NP/CPE were studied, and the electrons assigned in the
electrode reaction were calculated. A new procedure for the quantification of UA in human serum has also been proposed.
The linear operating range, and limit of detection (LOD) of the method were calculated as 0.1uM-230 uM, and 0.1uM, res-
pectively. The developed method for UA in serum showed high reliability, repeatability, accuracy, and precision.
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0z

. rik asidin (UA) elektrokimyasal ézellikleri, 0.05 M fosfat tampon ¢ézeltisinde pH 5,0’de aliminyum oksit nanopartikilli
karbon pasta elektrotta (Al,O,NP/KPE) dongusel voltametri (DV) ve kare dalga voltametrisi (KDV) ile incelenmistir Mole-
kiltin AlL,O,NP/KPE'de adsorpsiyon ozellikleri arastiriimis ve elektrot reaksiyonunda aktarilan elektron sayisi hesaplanmistir.
Ayrica insan serumunda UA tayini icin yeni bir voltammetrik ydntem &nerilmistir. Yéntemin dogrusal calisma araligi ve goz-
lenebilme siniri sirasiyla 0,1uM-230 uM ve 0,1uM olarak belirlenmistir. Serumda UA tayini igin gelistirilen yéntem yiksek
glvenilirlik, tekrarlanabilirlik, dogruluk ve kesinlik gostermistir.
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INTRODUCTION

UA is the final product in purine metabolism. High le-
vels of UA in biological fluids can cause gout/arthritis,
renal diseases, hyperuricemia, lesch-nyhan syndrome,
leukemia, pneumonia, and renal failure [1]. Studies
have shown that the likelihood of cardiovascular dise-
ases increases with increasing levels of UA in serum. In
contrast, low UA levels are also correlated with neuro-
logical diseases such as multiple sclerosis, Parkinson’s,
and Alzheimer’s [2]. Determination of UA in biological
fluids is therefore very important. In the literature, the-
re are different methods for UA determination such as
chemiluminescence [3], chromatography [4], spectrof-
luorimetric [5], enzymatic system [6]. However, these
methods are laborious, expensive, and time consuming.
In addition, the application of these methods is compli-
cated. [1]. On the other hand, electrochemical methods
provide fast response, high sensitivity, and low cost [7].
However, the lack of good selectivity of unmodified
electrodes is a disadvantage of electrochemical met-
hods.

Carbon is widely used as a working electrode in elect-
rochemical practices. The carbon paste electrode (CPE)
is of special importance among carbon-based electro-
des. CPEs have advantages over other carbon electro-
des due to the ease of preparation, and obtaining new
reproducible surfaces, low residual current, porous sur-
face, and low cost. Therefore, CPE can be a suitable ma-
terial for the fabrication of modified electrodes [8]. Ho-
wever, these electrodes have several drawbacks such
as low sensitivity, slow electron transfer, the need for
higher overpotential for the electrocatalytic process.
Incorporation of metal oxide nanoparticles into the car-
bon paste mixture is a promising approach to overcome
these limitations [9-12].

Metal oxide nanoparticles are widely used in electroc-
hemistry applications such as electrochemical sensors
[13], lithium-ion batteries [14], and electrochemical ca-
pacitors [15]. Metal oxide nanoparticles used in the mo-
dification of many electrochemical sensing platforms
are very popular due to their high surface area, simple
fabrication methods, small size [16], chemical stability,
low toxicity, good electrical conductivity, catalytic acti-
vity, and good biocompatibility [15].

UA, and ascorbic acid (AA) are two antioxidants often
found together in food, and biological samples [2]. The
main problem in the determination of the two molecu-
les at unmodified electrodes is that both species are
oxidized at the same potentials. For this reason, the se-
paration of UA, and AA oxidation potential values has
been an important goal for researchers working in the
field of electroanalytical chemistry. In literature, studi-
es on the quantification of UA in the existence of AA
by electrochemical methods have been reported [2, 17-
19]. No voltammetric technique for the determination
of UA in biological fluids using ALLO,NP/CPEs has been
reported in the literature. In this study, the electroche-
mical properties of UA were studied on ALLO,NP/CPE by
CV, and SWV methods, and a new method for the quan-
titation of UA in serum was proposed.

MATERIAL and METHODS

Chemicals and Samples

AA, graphite powder (powder > 20pm), ALLO,NP (par-
ticle size <50 nm), glucose, paraffin oil, UA, lithium car-
bonate (Li,CO,), human serum, xanthine, ethanol, acetic
acid, sodium phosphate, sodium dihydrogen phosphate,
hydrochloric acid, and sodium hydroxide were from Sig-
ma-Aldrich. Phosphate buffer solution (PBS) was made
by mixing appropriate amounts of sodium phosphate,
and sodium dihydrogen phosphate and diluting with
distilled water. The stock solution of UA (10.0 mM) was
prepared by dissolving a mixture of UA, and Li,CO, in
distilled water. Stock AA solution (10.0 mM) was pre-
pared by dissolving appropriate amounts of AA in dis-
tilled water. For CV and SWV experiments, solutions
diluted with PBS were used. Methanol was used at a 1:1
ratio to precipitate proteins in serum. The precipitated
proteins were centrifuged at 2000 rpm for 5 minutes.
1.0 mL of the protein precipitated serum was taken and
diluted to 10.0 mL with pH 5.0 PBS.

Apparatus

The studies were performed on BAS C3 cell stand with
Dropsens ustat 400 (Spain) electrochemical system. A
three-electrode system consisting of a CPE working
electrode with an electrode body of 15.0 mg internal
volume, Pt wire (BAS MW-1034), and Ag/AgCl reference
electrode (BAS MF-2052) was used for voltammetric
measurements. The reference electrode was kept in
3.0 M KCI after the measurements. pH studies were
performed with a HANNA Instruments HI 2211 pH me-
ter. Solution preparation, and stirring were performed



on a WISD Laboratory Instrument MHS-20 D Wise Stir
magnetic stirrer. High purity (99.99%) nitrogen gas of
HABAS brand was used for electrochemical measure-
ments. Purified water for the preparation of solutions
was obtained from PURELAB Option Q DV 25. OHAUS
Pioneer brand precision balance was used for weighing.
AXYGEN micropipettes were used in the experiments.
All experiments were recorded at room temperature.
Before voltammetric measurements, the UA solution
prepared at pH 5.0 PBS was treated with nitrogen gas
for one minute to provide an oxygen-free environment.
Cyclic voltammograms were recorded by varying the
potential range and the appropriate operating poten-
tial range (0.0 V-1.0 V) was determined. The optimum
device parameters (amplitude 10 mVs-1, step potential
0.01 V) were selected based on the current value and
peak shape of the recorded peaks. Calibration curves
were constructed with peak current values obtained
from square wave voltammograms of UA at different
concentrations.

Fabrication of CPE and Al,O,NP/CPE

CPEs were formed by crushing graphite powder (15.0
mg) with paraffin oil (10 pL) until a homogeneous mix-
ture was obtained. The resulting paste-like mixture was
filled into the electrode body with an internal volume
of 15 mg. The electrode surface was then smoothed on
a plain paper.

ALLO,NP/CPEs were obtained by homogeneously mix-
ing ALO, nanoparticles (3.0 mg), graphite powder (12.0
mg) and paraffin oil (10 pL). The homogeneous paste
mixture was filled into the electrode body and the elec-
trode surface was smoothed.

RESULTS and DISCUSSION
In the first part of this study, the electrochemical beha-

vior of UA (Figure 1) on AIZO3NP/CPE surface in 0.05 M
PBS (pH=5.0) was evaluated. By evaluating the findings

Figure 1. Molecular structure of UA
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obtained from voltammetric experiments, the adsorp-
tion properties of UA were determined, and a possible
oxidation reaction was proposed. A possible oxidation
reaction was proposed by considering the groups pre-
sent in the structural form of UA. In the second part
of the study, a new and easy voltammetric method for
the quantification of UA in serum was presented. The
results obtained are given below.

Electrochemical properties of UA

Cyclic voltammetry (CV) studies

The electrochemical effects of UA at ALLO,N P/CPE were
examined by CV, and SWV methods in 0.05 M PBS (pH
5.0) containing 1.0 mM UA. In the cyclic voltammog-
rams recorded in the determined potential range, a
sharp oxidation peak was obtained at +0.57 V and +0.58
Vin simple CPE and Al,O,NP/CPE, respectively (Figure
2). When the voltammograms obtained were compa-
red, it was observed that the peak intensity obtained
in ALLO,NP/CPE was significantly higher than the peak
intensity obtained in unmodified CPE. This significant
increase in the peak current of UA in A|203NP/CPE can
be explained by the larger effective surface area and
higher electron transfer rate of the modified electrode.

The reversibility of the electrochemical oxidation reacti-
on of UA on AIZO3NP/CPE was investigated by CV. Figure
2 shows that no cathodic peak was detected in the re-
corded reverse scan, indicating that the electrode reac-
tion may be irreversible. Cyclic voltammograms of UA
recorded at different scan rates were used to support
this idea. Cyclic voltammograms of 1.0 mM UA solution
in 0.05 M pH 5.0 PBS at AIZO3NP/CPE were recorded at
scan rates (v) ranging from 0.01 to 1.0 Vs* (Figure 3A).
When the voltammograms were analyzed, it was shown
that as the scan rate increased, the peak current inten-
sity increases, and the peak potentials shift to positive
values. The change in peak current and peak potential
with increasing scan rate indicated that the oxidation
reaction of UA on Al,O,NP/CPE is irreversible. [20]. Furt-
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Figure 2. Cyclic voltammograms of 1.0 mM UA at (A) simple CPE and (B) AL,O,NP/CPE (0.05 M pH=5.0 PBS).

hermore, the reversibility of the oxidation reaction of
UA on Al,O,NP/CPE was investigated by utilizing the va-
riation plot of the current function (ipa/v*?) with scan
rate (v) (Figure 3B). The change of ipa/v*?with v is anot-
her indication that the electrode reaction is not rever-
sible [21, 22]. The findings showed that the oxidation of
UA on AI203NP/CPE isirreversible.

Adsorption properties of UA

Determination of the adsorption properties of molecu-
les is important for elucidating electrode reactions and
calculating some electrochemical quantities. CV is the
most important voltammetric technique used for this.
CV experiments at different scan rates were utilized to
determine the adsorption properties of UA on Al,O,NP/
CPE. For this purpose, the logarithm of peak current (log
ipa) versus logarithm of scan rate (log v) graph was plot-
ted (Figure 3C). According to the Randless-Sevcik equa-
tion, a line equation with slope 0.5 is obtained from the
logip,a-logv plot [22]. The slope of the log ip,a-logv plot
is approximately 0.5, indicating that the oxidation of UA
on AIZO3NP/CPE is diffusion controlled.

Effect of pH on the electrode reaction

pH is the most critical parameter affecting the position
(Ep) and intensity (ip) of the electrochemical signal. For
this purpose, SW voltammograms of 1.0 mM UA solu-
tion in 0.05 M PBS were recorded between pH 3.0-8.0
(Figure 4A). In Figure 4, it was observed that the peak
potentials shifted to more negative values and the peak

intensity decreased with increasing pH values. After pH
6.0, the peak shapes were observed to be distorted. The
change in peak potential with pH indicates that electron
transfer is accompanied by proton transfer [23-25].

(1)

In Equation 1, 9 is the protons number, and n are the
electrons number. Using the values of the known qu-
antities in the equation, and the slope of the plot of pH
versus peak potential, the ratio d/n was determined to
be 0.81 (Figure 4B). This result was close to one, indica-
ting that each electron in the oxidation reaction of UA
was accompanied by an equal number of protons. The
number of electrons in the electrode reaction of UA
was calculated from Equation 2 [26].

(2)

In Equation 2, n: the number of electrons, mol elec-
trons/mol molecule; B: the anodic charge transfer co-
efficient. The variation of the peak potential of UA in
AIZO3NP/CPE with the logarithm of the scan rate was in-
vestigated (Figure 3D). When the slope of the obtained
curve was substituted in Equation 2, the value of nx8
was determined as 1.06. The fact that 8 can take values
ranging from 0 to 1 [27], and this value is 0.50 for most
electrodes indicates that the oxidation of UA on the
AIZO3NP/CPE surface occurs with two electron transfer.
According to these results, the possible electrode reac-
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Figure 3. Cyclic voltammograms of 1.0 mM UA in AIZO3NP/CPE in pH 5 PBS (A) at different scan rates (0.01; 0.025; 0.05; 0.075; 0.1;
0.125; 0.150; 0.176; 0.2; 0.25; 0.3; 0.4; 0.5; 0.5; 0.6; 0.7; 0.7; 0.8; 0.8; 0.9; 1.0 Vs-1 (B) plot of the current function ip,a/v"/?) versus scan

rate (v) (C) logip,a-logv graph (D) log v — Ep,a graph.

tion mechanism of UA is given in Figure 5 [28, 29].

Analytical parameters of the SWV method

In the second part of the study, a new voltammetric
approach was designed on AlLLO,NP/CPE for the quantifi-
cation of UA in the presence of AA, the main interferant
in serum. For this purpose, cyclic voltammograms of 1.0
mM AA and 1.0 mM UA solutions at pH 5.0 PBS were
recorded on simple CPE, and ALLO,NP/CPE (Figure 6). A
difference of 110 mV and 140 mV was observed bet-
ween the oxidation potentials of AA, and UA on simple
CPE, and A|203NP/CPE, respectively. Moreover, the oxi-
dation peak intensity of UA was significantly increased
on ALO,NP/CPE.

Determining the Analytical Parameters of the SWV
Method

Voltammetric measurements of the solutions of UA
prepared at different concentrations in AL O,NP/CPE
at 0.05 M pH 5.0 PBS were recorded by SWV method
at optimum device, and method parameters (Figure
7A). The peak current values obtained from the voltam-
mograms were plotted against changing concentrati-
on values, and a calibration curve was derived (Figure
7B). The linear range for UA determination by SWV on
AIZO3NP/CPE was determined as 0.1 uM - 230 uM. LOD,
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Figure 4. SW voltammograms of 0.1 mM UA on AI203NP/CPE (A) recorded at different pH values (B) variation of peak potential with pH
The ratio of the number of protons to the number of electrons in the oxidation reaction of UA in AI203NP/CPE was calculated from

Equation 1 using the slope of the graph given in Figure 4B [26].

and the limit of quantification (LOQ) for the suggested
SWV method were calculated with the relations 3s/m,
and 10s/m, respectively [30]. In these equations, s is the
standard deviation of the starting point, and m is the
slope of the calibration plot. According to the equations,
the LOD, and the LOQ of the SWV method were calcula-
ted as 0.1uM, and 0.4 uM, respectively.

Interference studies

In electrochemical studies, it is important to determine
the contribution of species present in real samples, and
electroactive at potentials close to the reduction / oxi-
dation signal of the species to the measurement results.
Therefore, the response of the modified CPE to 2.5x10*
M UA solution was investigated in the existence of in-
terferences such as AA, glucose, glutamic acid, xanthine,
urea, oxalic acid. For this purpose, first uric acid, and
then other interferences were added successively to
0.05 M PBS (pH=5.0). From the voltammograms obtai-
ned, the contribution of the current readings to the UA

Figure 5. Oxidation mechanism of UA

current was calculated (Tables 1, 2). When Table 1 was
analyzed, it was seen that the contribution of AA, the
largest interferences of UA in serum, to the voltammet-
ric response ranged between 6.8%-11.9% in simple CPE,
and between 0.9%-2.6% in AIZO3NP/CPE. Table 2 shows
the effect of other interferences on the UA reply. The
contribution of interfering species to the UA response
was less than 5%. Since AA is the main interferent for
the determination of UA in serum, interference studies
were performed separately at both electrodes. Accor-
ding to the results given in Table 1, the use of AIZO3NP/
CPE instead of simple CPE significantly reduced the in-
terference effect in the quantification of UA in serum
by SWV.

Sample analysis

The recovery studies of the proposed SWV method
were performed by direct calibration. Voltammetric
measurements were recorded by adding varying volu-
mes of the stock solution of UA to the serum samples
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Figure 6. Cyclic voltammograms of 1.0 mM UA, and 1.0 mM AA solutions (A) in simple CPE (B) in Al,O,NP/CPE (v: 0.1V s-1, 0.05 M pH

5.0 PBS).

(Table 3). Table 3 shows that the recovery values obtai-
ned range from 101% to 104%. The SWV method deve-
loped for the quantification of UA in serum was found
to be comparable to other methods in the literature.

DISCUSSION

In this study, the electrochemical response of UA was
explored for the first time in AIZO3NP/CPE. The irre-
versible, and diffusion-controlled oxidation of UA by
2e7/2H* on Al,O,NP/CPE was determined. A new method
for the quantification of UA in the existence of AA was

developed, and applied to serum samples. The working
range, and LOD of the suggested method were determi-
ned, and recovery values in serum were calculated. The
significant advantage of the modified CPE with AlLO, na-
noparticles added to the electrode composition in this
study is that it does not respond to species present in
serum, which are thought to make significant contribu-
tions to the electrode response in UA determination. It
was concluded that the proposed modified CPE for the
quantification of UA showed superior properties that
can compete with other reported voltammetric elect-
rodes, and the results obtained can make important
contributions to the literature.

Figure 7. (A) SW voltammograms of different concentrations UA at ALLO,NP/CPE (B) Current-concentration graph (in pH:5.0 PBS (a)
0.1 uM, (b) 0.3 uM (c) 0.6 uM (d) 0.8 uM (e) 1.0 uM (f) 2.9 uM (g) 5.7x UM (h) 7.4 uM, (i) 17 uM (j) 35 uM (k) 63 uM (1) 125 puM, (m) 230

uM).
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In this study, the analytical parameters of the proposed =~ ACKNOWLEDGEMENT
method for UA detection were compared with previous
studies in the literature. Table 4 shows that the propo-
sed method exhibits lower LOD values, and wider linear
range than most of the previously reported studies.
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Table 1. Effect of AA on the response of ALLO,NP/CPE and simple CPE.
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AA concentration Interference, %
CPE AlLO,NP/CPE
3.5x10° 6.8 0.9
5.0 x10° 9.7 0.9
7.0 x10°° 11.0 1.7
8.0 x10° 11.9 2.6

Table 2. Effect of Interference species on the response of Al,O,NP/CPE electrode.

Interference, %

conI:etiE:E’Eii:j, M Xanthine Urea Glucose Glutamic acid
1.0 x10° 2.1 0.6 3.3 0.1
2.5x.0° 3.8 3.2 4.2 0.5
5.0 x10° 4.1 3.4 4.4 2.4

Table 3. Results for quantification of UA in serum samples.

spiked amount, Found amount, Recovery value*, RSD,
mg/L mg/L % %
41.6 40.6; 43.4;40.9 101+3.77 3.72
16.8 17.1;17.5; 17.8 104+1.92 1.85

*Results of recovery values are given as mean + ts/VN (at 95% confidence level).

Table 4. Characteristics of various voltametric uric acid sensors.

Method Working Linear range, LOD, Recovery Recovery
electrode uM UM serum % urine %
SWV ZnO-graphene/ 5.0-80 5.0 - 99.3-100.8
ITO
DPV ERGO-ITO 0.3-100 0.3 - 101.3-101.5
DPASV ZIF11 modifie 20-540 05 - 94.5-104.5
GCE
SWV GCE 0.04-2.0 0.009 - 95.0-106.5
SWV MBI-Au 1.0-300 1.0 92.6 -
DPV P-PPD/GCE 50-1600 2.5 104.5-105.5
DPV HNP- 100 — 1000 57 >105
PtTi
SWV AIZOBN P/CPE 0.1-230 0.1 101.0-104.0 -

Oxalic acid

1.1
2.0
34

texp

0.56
3.54

Ref

(17]

(18]

(31]

(32]

133]

(34]

(35]

This study

DPASV: Differential pulse anodic stripping voltammetry, ZIF: Zeolite Imidazolate Framework, CV: Cyclic voltammetry, CA: Chronoamperometry, OMC: Ordered mesoporous carbon, GCE: Glassy

carbon electrode, DPV: differential pulse voltammetry, ERGO: electrochemically reduced graphene oxide, ITO: Indium tin oxide, NGr: Nitrogen dopped graphen, CPE: carbon paste electrode,

SWV: Square wave voltammetry, Al,O,NP/CPE: Aliminium oxide nanoparticles carbon paste electrode, P-PPD: para-phenylenediamine, MBI-Au: Mercaptobenzimidazole-gold, HNP: hierarchical

nanoporous
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