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In this work, an electrochemical sensor for uric acid determination is shown with a preliminary study for its
validation in real samples (milk and urine). Uric acid can be electrochemically oxidized in aqueous solutions
and thus it is possible to obtain electrochemical sensors for this chemical by means of this electrooxidation
reaction. Indium tin oxide coated on flexible polyethylene terephthalate substrate, modified with reduced
graphene oxide and gold nanoparticles by co-electrodeposition, was used. Electrodeposition was performed at
-0.8V vs SCE for 200 s. All samples were characterized by electron scan microscopy and electron diffraction
spectroscopy. A careful investigation on the effect of pH was performed to understand its influence on uric
acid oxidation. The detection of uric acid was using the linear sweep voltammetry. Results show that the peak
current increases linearly with uric acid concentration from 10 to 1000 uM with a limit of detection of about 7.1
UM. The sensor shows high selectivity towards different interferents that can be found in the milk and urine
matrix, such as chloride, calcium, sodium and ammonium ions. To prove the applicability of the proposed
sensor, uric acid was quantified in real milk and urine samples with excellent results comparable to those of
conventional techniques.

1. Introduction

In the last decades, the use of electrochemical sensors has rapidly increased in various research fields, such
as environmental, health and food-safety. The use of sensors allows quantifying the presence of specific
analytes in a simple, fast, reliable and economical way. Uric acid (UA) is a heterocyclic compound and is a
natural waste product of the metabolic breakdown of purines, molecules that are found in DNA and RNA.
Purine content in the human body can be both endogenous and exogenous. It can be produced by the body or
they can lead from diet. Many food and drinks that are part of a normal diet contain purines and in some of
these, the concentration is high, such as meats, seafood especially sardines, dried beans, beer (Xia et al.,
2018). Purines are metabolized into uric acid and excreted by urine. In human blood and urine, normal levels
of UA are 0.14 + 0.4 mM (INSERM, 2020) and 1.5 + 4.5mM (Yazdani et al., 2015) respectively, but many
factors can affect these values such as age and gender (Nasri, 2016). Altered UA concentrations in the human
body have been linked to many diseases. In particular, high levels in blood plasma causes hyperuricemia, that
leads gout disease, a type of arthritis resulting from precipitation of small needle-like crystals in the joints
(Hidayat et al., n.d.). Hyperuricemia Increases the risk for cardiovascular disease (Kuwabara, 2016), and
causes the Lesch—Nyhan syndrome (Nyhan, 2007), and type 2 diabetes (Dehghan et al., 2008). On the other
hand, low levels of UA can be related to multiple sclerosis, Parkinson’s and Alzheimer’s diseases (Alonso and
Sovell, 2010; Jin Jun Luo, 2013).
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For all these reasons, it is important to evaluate UA concentration in food, beverage and body fluids. For UA
detection different methods have been employed including complexometric and titrimetric methods, liquid
chromatography and spectrophotometric (Okiei et al., 2009). UA can be easily electrochemically oxidized in
aqueous solutions, for this reason electrochemical techniques such as cyclic voltammetry, differential pulse
voltammetry and amperometry have been also used. Due to their fast and sensitive responses,
electrochemical techniques seem to be a valid, simple and reliable method. In particular it was showed that
graphene-based sensors are very versatile and efficient. In fact, graphene is a suitable material for
electrochemical sensors because of its excellent electrical, thermal and optical properties. It has a high
surface to volume ratio, abundant defects and fast electron transfer rates (Lee et al., 2019). An approach to
detection of UA has been developed by fabrication of graphene-modified carbon fibre electrode (GE/CFE). Du
et al. (Du et al., 2013) showed that the combined effect of GE and CFE ensures a large electrode specific
surface area and high electrical conductivity. To improve the electrochemical performance of graphene,
Rezaei et al (Rezaei et al., 2018) developed an electrochemical sensor based on zinc oxide and graphene
oxide (ZnO/GR) modifying graphite screen-printed electrode (SPE). Graphene was also coupled with other
nanoparticles (NPs) that have unique structural properties. In particular, NPs accelerate electron transfer and
reduce overvoltage of electrochemical process. NPs of noble metal possess several unique catalytic and
electronic properties, and have been tested for a lot of application, particularly for sensing. For example, a
glassy carbon electrode was modified with electrodeposited gold nanoparticles (Au/GCE) and used to
electrochemical detection of UA under visible light illumination (xenon lamp).With this system, Shi et al. (Shi et
al., 2017) observed not only an increase in peak current detection but also a major stability respect to tests
carried out without illumination. Xue et al. (Xue et al., 2011) synthesized and characterized three types of gold
nanoparticles/graphene nanosheets (AuNPs/GNs) hybrid nanocomposites obtained by one-pot synthesis
(AuNPs/GNs-P), in situ reduction (AuNPs/GNs-R) and absorption method (AuNPs/GNs-A). The
electrocatalytic activity of these electrodes towards the oxidation of UA has been studied by CV analysis. With
respect to the bare electrode, all three types of sensor show a higher peak current. In particular, AUNPs/GNs-
A leads a considerable increase in anodic peak current of about 41.7 times than the bare electrode.

The main issue in the development of an electrochemical sensor for uric acid concerns its selectivity.
Particularly, ascorbic acid (AA) and dopamine (DA) are considered the main interferents (Wu et al., 2020)
(Temmer et al., 2013) due to their similar peak potentials. To overcome this problem, Tukimin et al. (2017)
developed an electrochemical sensor based on poly(3,4-ethylene dioxythiophene)/reduced graphene oxide
electrode for UA detection in presence of AA. This sensor shows good selectivity. In fact, the UA and AA
peaks appear separated and well-defined located at 0.38 and 0.19 mV respectively, instead, they are not
distinguished in the bare GCE electrode.

In this work, a flexible electrochemical sensor was developed by simple co-electrodeposition of reduced
graphene oxide (rGO) and gold nanoparticles (AuNPs) on ITO-PET substrate. Chemical composition and
morphology were determined by EDS and SEM analyses. Because the redox reaction of UA highly depends
on pH, a study to investigate the effect of pH solution on UA detection was carried out. The calibration curve
was obtained by employing a nitrate buffer solution (NaNO3) at pH 8. To understand the applicability of the as-
produced electrode to real samples, interference tests were performed toward the most common species.
Finally, sensors were validated with real samples (milk and urine) obtaining good and reliable results.

2. Experimental
2.1 Electrode Fabrication

ITO-PET sheets were employed as a substrate and modified by simple electrochemical co-deposition of rGO
and AuNPs. The production procedure for co-electrodeposition is detailed in (Mazzara et al., 2020.; Patella et
al., 2019). The composition of deposition solution is reported in Table 1. The ITO-PET substrate was sonically
washed with pure iso-propanol and distilled water for five minutes, respectively. The deposition solution was
prepared using acetate buffer and the process was performed at room temperature. The electrodeposition
was carried out for 200 seconds at a constant potential of -0.8 V vs SCE. Electrodeposition and
electrochemical characterization were performed in 1 ml holder developed employing a Zortrax 3D printer. The
deposition area is about 0.79 cm?. All chemicals were purchased from Sigma-Aldrich and used without further
purification except when mentioned specifically. Electrochemical measurements were performed with
PARSTAT electrochemical workstation. Morphology was investigated using a FEG-ESEM microscope (model:
QUANTA 200 by FEI), equipped with Energy Dispersive Spectroscopy (EDS) probe. All tests reported in this
work was repeated three times using a new electrode and fresh solution for each.
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Table 1: Main conditions for the co-electrodeposition of rGO-AuNPs.

Parameter Value
KAuCl, 0.25 mM

GO 0.5 mg/ml
Deposition time 200 s
Deposition potential -0.8 Vvs SCE
pH 5

2.2 Electrochemical detection

The electrochemical oxidation of UA strictly depends on the pH of the detection solution. Thus, in order to
found the best sensing condition, UA detection was optimized in the pH range from 7 to 9. UA detection was
performed by Linear Sweep Voltammetry (LSV). All experiments were conducted in a three-electrode cell
employing standard calomel electrode (SCE) as reference, Pt wire as counter and ITO-rGO-AuNPs as
working electrode. The calibration curve was obtained by employing the subtract baseline method. With the
aim to prove the applicability of the as-produced electrode to real samples, the interference test was also
performed. Particularly, interference of the most common body fluids and foodstuff ions (chloride, calcium,
sodium and ammonium ions) was studied. Finally, sensors were validated with real samples (milk and urine)
to compare our results with those obtained with conventional techniques. All measurements were performed in
triplicate and the main value of these has been plotted to calculate the main properties of the sensor.

3. Results and Discussion
3.1 Characterization of ITO-rGO-AuNPs electrode

Figure 1a shows the current density (pA/cmz) vs time curve reordered during the co-deposition of graphene
oxide and gold-nanoparticles at a potential of 0.8 V vs SCE. As it is possible to observe, after an initial
transient (after just 100 seconds), the curve reaches a plateau of about -50 YA cm™. For each obtained
electrode, the growth curve is almost the same suggesting a good reproducibility of obtained samples. These
deposition conditions were selected after a previously optimization of the different parameters of
electrodeposition process, described in detail in our previous work (Patella et al., 2019). In particular these
conditions allowed to obtain an electrode with specific surface morphology characterized by a high
electrochemical active surface area. The co-deposition of rGO and Au was confirmed by EDS analysis,
reported in Figure 1b. In particular, the presence of characteristic Au peak proves the deposition of gold. The
carbon peak comes from both rGO and ITO substrate. Indium and tin peaks, instead, arise from the ITO
substrate.
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Figure 1: a) Current-time co-electrodeposition of rGO and AuNPs; b) EDS analysis of ITO-rGO-AuNPs
electrode.

Figure 2 shows the typical SEM images of the sample surface. These images exhibit the presence of rGO
sheets on which is clear the deposition of AuUNPs with a main diameter of about 20 nm. The gold NPs are
found on the entire surface of the electrode even if a greater densification can be noticed in the edges of the
graphite sheets.



Figure 2: SEM image of ITO-rGO-AuNPs.

3.2 Electrochemical characterization

In Figure 3 the electrochemical oxidation of 100 uM UA dissolved in NaNOs3 solution at different pH from 7 to 9
was reported. The studies carried out on pH effect allowed to understand the relationship among peak
potential and pH values. Although peak current intensity at pH 7 appears slightly more intense, the best result
in terms of reproducibility were obtained at pH 8. As shown in the inset of figure as the pH increases from 7 to
9, peak potential decreases. The slope of linear regression is close to theoretical Nernst value of -59 mV/pH
unit.
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Figure 3: Effect of pH of NaNO3 on UA detection on ITO-rGO-AuNPs electrode

LSV technique has been used to investigate UA concentration in a range from 10 to 1500 yM. A typical LSV
curve for the oxidation of UA on ITO-rGO-AuNPs surface is shown in Figure 4. The UA peak can be easily
identified at about 0.4 V vs SCE. It starts to appear for 10 uM concentration and linearly increased up to 500
UM with a sensitivity of 0.17 A pM'1cm'2 and R?of 0.994.
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Limit of detection (LOD) and limit of quantification (LOQ) were calculated by using the following equations.
LOD =33 SD S71

LOQ =10 SD S~

in which SD is the standard deviation of the blank and S is the sensitivity of the electrode. Using these
equations, a LOD and LOQ of 3.6 and 10.95 pM respectively was measured.
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Figure 4: LSV for the oxidation of 100 uM UA on ITO-rGO-AuNPs surface and calibration line

Interference tests were performed toward different species present in real sample, to understand the
applicability of the here obtained electrodes. A solution of 100 yM UA was used containing also the most
common interfering species present in body fluids and foodstuff such as chloride, sodium and ammonium ions
and ascorbic acid in a concentration of at least one to ten times higher than UA. The results obtained showed
a negligible interference effect on the detection of UA. In fact, the peak potential of UA oxidation remains
stable at 0.4 V vs SCE. Finally, real milk and urine sample has been tested and preliminary results appear in
good agreement with literature data.

4. Conclusions

In this work, ITO-rGO-AuNPs electrodes were fabricated by co-electrodeposition technique for UA detection.

The method employed for the electrode fabrication, which is in general simple and cheap, also proved
effective for the deposition of rGO sheets and AuNPs on ITO-PET substrate. After the fabrication, the
electrode was chemically and morphologically characterized with EDS and SEM analyses. Because the redox
reaction of UA highly depends on pH, a study to investigate the effect of pH solution on UA detection was
carried out. Calibration curve was obtained by employing nitrate solution (NaNO3) at pH 8. A linear range from
10 to 500 yM was obtained with R? of 0.994 and sensitivity of 0.17 pA pM'1cm'2. LOD and LOQ were
calculated founding about 3.6 and 10.95 uM respectively. The interference tests showed an excellent
selectivity of the proposed sensor even at 1:10 ratio of UA/interferant. Finally, preliminary tests were carried
out to detect the UA in real samples of milk and urine with appreciable results. Further work is in progress
aimed to fabricate and test ITO-rGO-AuNPs electrode able to detect UA and AA concentration simultaneously.
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