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A novel modification of a paste carbon electrode by Bentonite
(Bent) and l-Cysteine (l-Cyst) was carried out for uric acid (UA)
and ascorbic acid (AA) detection and quantification. Morpho-
logical and compositional characterization of the electrode
surface were carried out using electrochemical impedance
spectroscopy (EIS), scanning electron microscopy (SEM) and
energy dispersive X-ray spectroscopic analysis (EDS). Cyclic
voltammetry (CV) and square wave voltammetry (SWV) techni-
ques were used to analyze UA and AA. The obtained sensor

shows a good stability, sensibility, selectivity, and regeneration
ability. Accordingly, the limit of detection (LOD) is found to be
0.031 μm and 9.6 μm for UA and AA, respectively. A good
linearity in the range of 0.1 to 100 μm for UA and 10 to
1000 μm for AA was obtained. The peak-to-peak separation of
UA-AA (ΔEUA-AA) was determined to be 330 mV. In addition, the
sensor is applied successfully to monitor UA and AA in serum
samples.

Introduction

Uric acid (UA) and ascorbic acid (AA) are electroactive
biomolecules of high medical interest, and plays a central role
in the metabolism of human body.[1] AA, commonly known as
vitamin C, is a water-soluble vitamin present in high amounts in
the body and in various products including those of animal and
vegetable origin.[2] In apparently healthy subjects, the physio-
logical concentration of AA in blood serum is in the range of
34–113 μm.[3] AA plays several roles in the human body thanks
to its antioxidant and hydroxylating properties.[2] It is an
antioxidant molecule used for the repair and growth of bodily
tissues and commonly used as supplement to maintain an
adequate intake of vitamins.[2,4] It intervenes in the synthesis of
collagen, tyrosine, carnitine, cholesterol, and bile acids.[2] AA

reacts directly with the species reactive oxygen and nitrogen
and reduces the superoxide anion under acidic or basic
conditions.[2] It is also involved in iron metabolism and plays a
role in removing carcinogens and carcinogenic nitrosamines.[2,5]

AA can also inhibit lipid peroxidation reacting with peroxyl
radicals and oxo-ferry complex.[6] It is also involved in several
enzymatic reactions and in the organism‘s defense mechanisms
against several pathologies.[7]

UA is produced by the decomposition of purines in the
organism.[8] An excessive synthesis of UA or urinary excretion
defect can lead to an excessive accumulation of UA in the
blood, which is related to the apparition of various diseases like
gout, hyperuricemia, diabetes and hypertension.[9] UA has been
suggested to provide a high radical scavenging activity.[10] The
concentration of UA in a healthy human is in the range of 140–
400 μm in blood, 240–520 μm in serum, and 1500–4500 μm in
urine.[11] In the lacrimal fluid, UA is considered as the first barrier
protecting the cornea against oxidative damage by photo-
dynamic reactions and toxic chemicals.[12] UA is found in higher
concentrations than AA in the body, bringing about two thirds
of the antioxidant capacity of plasma.[13] In the presence of AA,
they can both contribute to more than 80% of antioxidant
activity of the plasma.[13] Both UA and AA are often co-present
in human biological fluids, especially blood and urine.[14]

Various analytical approaches are employed to monitor UA
and AA, such as electrochemiluminescence, fluorescence meth-
ods, high performance liquid chromatography capillary electro-
phoresis, isotope dilution mass spectrometry, and others.[15]

However, most of these techniques have several limitations
namely for the analysis of complex biological fluids.[16] These
shortcomings include complexity, high cost, low sensitivity, and
non-selectivity.[15b] Therefore, to overcome all these limitations,
electrochemical techniques can provide a very attractive
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alternative.[15b,16] However, the simultaneous detection of AA
and UA by several conventional electrodes poses a problem of
overlapping oxidation signals as both acids have very close
oxidation potentials.[17] Modified carbon paste electrode (CPE)
are a category of electrodes that have several advantages such
as simplicity, selectivity, high stability, and good
biocompatibility.[18] Owing to these advantages, modified CPEs
have widely been used for the determination of several
chemical and biochemical molecules such as UA, AA, dopamine
(DA), glucose, heavy metal ions, and so on.[15b,19]

Bentonite (Bent) is a clay composed principally of
montmorillonite.[20] This material has very attractive properties
for electrochemical analysis such as a high cation exchange
capacity, high specific surface area, chemical and physical
stability, and tendency to react with various organic and
inorganic compounds.[21] l-Cyst (HSCH2CH(NH2)COOH) is a
peptide molecule that can be used for improving the electron
transfer reaction in free-mediated biosensors.[22] In addition, the
modification of electrode by l-Cyst leads to development of
analytical performance such as the overpotential and the
increase of the sensitivity towards UA, AA, epinephrine, and
chlorpromazine.[23]

In this context, we have taken advantages of the simulta-
neous properties of carbon, Bent, and l-Cyst to develop a
carbon paste electrode (CPE) modified with Bent and l-Cyst to
efficiently apply in the analysis of AA and UA. In this work, we
have adopted an easy, inexpensive, very simple, and few-step
method to design a very reliable and efficient electrochemical
sensor system. The separation of the oxidation peak potentials
for AA and UA are large enough to determine these molecules
individually and simultaneously with remarkable sensitivity. The
l-Cyst/Bent/CPE electrode provides very acceptable values of
repeatability, reproducibility, and excellent stability. Further,
this sensor can be efficiently applied in the simultaneous
detection of AA and UA in complex mixtures such as chemical
and biological samples.

Experimental Section

Reagents

AA was obtained from Aldrich (Milwaukee, USA), UA was obtained
from Sigma (Spain), l-Cyst was obtained from Fluka Chemical
Company (Switzerland), H2SO4, and HCl were bought from Panreac
(Spain). NaOH, KH2PO4, and K2HPO4 were purchased from Fluka
(Spain) for preparation of phosphate buffer solution (PBS). Paraffin
oil was obtained from Fluka, Plastic (PVC) capillary tubes (i. d. 2 mm)
were used as composite’s bodies. Serum with serum group (A)
rhesus negative was provided by blood transfusion center, Tetouan,
Morocco. Graphite powder (spectroscopic grade RBW) was ob-
tained from SGL Carbon (Ringsdorff, Germany). Bentonite was
bought from Segangane, Nador, Morocco. All experiments were
carried out at room temperature and all reagents were of higher
analytical degree.

Apparatus

A potentiostat/galvanostat type Voltalab PGZ301 (DYNAMIC – EIS
VOLTAMMETRY – France) controlled by a computer was used for
voltammetric measurements. The chemical data was transformed
into electrical signals by means of voltamaster software. The three-
electrode single-compartment cell contained a reference electrode
Ag/AgCl (in saturated KCl solution), a platinum wire as the counter
electrode and the modified electrode (l-Cyst/Bent/CPE) as a work-
ing electrode. Cyclic voltammetry (CV), square wave voltammetry
(SWV), and electrochemical impedance spectroscopy (EIS) were
used as analytical techniques. Scanning electron microscopy (SEM)
and energy dispersive X-ray spectroscopy (EDS) analysis was
performed in an SH 4000 M (BRUKER Company, HIROX, Oregon,
JAPON) and used to characterize the electrodes before and after
modification.

Preparation of bare and modified carbon paste electrodes

l-Cyst/Bent/CPE was prepared by thoroughly hand mixing 4 g of
graphite powder, 0.4 g of Bent, and 0.3 g of l-Cyst with an
appropriate amount of mineral oil in an agate mortar by using a
pestle to have a homogeneous mixture. The latter was inserted in a
plastic cylindrical tube with a thickness of one centimeter. To
establish electrical contact with the external circuit, a copper wire
was inserted and fixed in the paste. Unmodified and modified CPE
by Bent (Bent/CPE) were prepared in a similar way with the
exception of omitting Bent and l-Cyst for the (CPE) and l-Cyst for
(Bent/CPE). The electrode surface was rinsed with ethanol and
distilled water. Finally, the electrodes surface was cleaned electro-
chemically by the application of a number of cyclic voltammo-
grams.

Results and Discussion

Effect of Bent and l-Cyst percentages on the response of the
l-Cyst/Bent/CPE

One of the first parameters to take into account when preparing
a modified CPE is the percentages of Bent and l-Cyst in the final
composition of the mixture. Different percentages of Bent
(2.5%, 5%, 7.5%, 10%, 15%, and 20% (w/w)) were added to
the paste carbon composition so as to investigate their effect
on the electrode response (Figure 1A). Furthermore, different
amounts (5%, 7%, 10% (w/w)) of l-Cyst were added to the
mixture at the optimal Bent/carbon mixture composition (10%
(w/w)) (Figure 1B). The SWV responses of the modified and
unmodified electrode were compared.

Figure 1A shows that the response is remarkably influenced
by the Bent content. The signal increases with increasing Bent
percentage until reaching its maximum value at 10%. The
electrochemical response obtained at 10% Bent/CPE is three
times better than CPE. This improved response is related to the
high number of active sites and the high electron transfer
across the 10%Bent/CPE/electrolyte interface. Therefore, the
conductivity of the electrode decreases at higher Bent percen-
tages which is ascribed to the lower carbon content. Figure 1B,
illustrates the effect of the l-Cyst content ranging from 0% to
10% upon 100 μm UA. The peak current obtained at 7%l-Cyst/
10%Bent/CPE was found to be 27 and 85 times higher than the
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ones obtained at 10%Bent/CPE and at CPE, respectively.
However, a significant lowering of the voltammetric response
was noted when the concentration of l-Cyst was greater than
7% due to the saturation of active sites occupied by the
molecules of l-Cyst and the creation of a barrier to electron
transfer. These results show that the presence of Bent (10%)
and l-Cyst (7%) in the mixture lead to a remarkable improve-
ment in the voltammetric response. Consequently, the 7%l-
Cyst/10%Bent/CPE (l-Cyst/Bent/CPE) was selected as optimum
for further experimentations.

EDS and SEM analysis of CPE, Bent/CPE and l-Cyst/Bent/CPE

SEM and EDS techniques were used to confirm the modification
of carbon paste, and to explore the eventual differences
between the morphological features of the bare carbon paste
surface and the modified electrode by Bent and l-Cyst/Bent.
Figure 2 shows SEM micrographs and EDS spectra for the
unmodified (CPE) (A and D) and modified electrodes with Bent
(Bent/CPE) (B and E) and with Bent and l-Cyst (l-Cyst/Bent/CPE)
(C and F). The SEM images showcase the morphological
differences of the three electrode surfaces (Figure 2 A, B, C).
This modification is also proved by the appearance of five new

Figure 1. SW voltammograms of 100 μm UA in a solution of phosphate buffer (pH 7) at electrodes: (A) Bent/CPE at percentages of clay. (B) 10% Bent/CPE
modified by different percentages of l-Cyst.

Figure 2. SEM micrograph and EDS spectrum of (A and D) CPE (B and E) Bent/CPE (C and F) l-Cyst/Bent/CPE.
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peaks corresponding to Si, Mg, Na, Al, and Ca belonging to the
Bent composition in the EDS spectrum (Figure 2E). The
modification of the electrode by l-Cyst was also proved by the
existence of sulfur and nitrogen in the mixture of the modified
electrode (Figure 2F). All these results reveal that the modifica-
tion of the electrodes was successful.

Electrochemical impedance study

EIS (Electrochemical impedance spectroscopy) is used to aid the
electrochemical characterization of the sensor surface. Figure 3
shows the Nyquist plots of EIS for (a) bare CPE, (b) Bent/CPE
and (c) l-Cyst/Bent/ CPE in a solution of 5 mm [Fe(CN)6]

3� /4� .
The three impedance spectra obtained corresponding to the
three electrodes are characterized by two parts: the first part is
a semi-circle in the high frequency region, associated with a
charge transfer at the electrode surface/solution interface and
characterized by a charge transfer resistance. The second is the
straight line recorded at low frequency which indicates a
diffusion-controlled process at the electrode surface.

The electron transfer resistance (Rct) is estimated to be
1300Ωcm� 2 for the bare CPE. This value dropped to
700 Ωcm� 2 for Bent/CPE and to 578 Ωcm� 2 for l-Cyst/Bent/CPE.
These results show that the value of the charge transfer
resistance Rct is lowered for each modification step, which
demonstrates that the presence of Bent and l-Cyst facilitate
charge transfer at the interface. It can also indicate the
successful modification of the l-Cyst/Bent/CPE mixture.

Variables Optimization

pH effect on UA and AA oxidation

The influence of solution pH on current peak and potential
during UA and AA (50 μm) oxidation was studied using 50 mm

PBS at different pH values (Figure 4). The potential peaks for UA
and AA were shifted to a lower value with increasing pH values,
that is, the peak potentials were moved from 390 mV to
� 10 mV for UA (Figure 4A and a) and from 230 mV to <M-<
115 mV for AA (Figure 4B and b), indicating that protons were
directly involved in the overall oxidation reactions. The linear
regression equations for UA and AA are EUA/mV)= � 59.553 pH
+518.85 (R=0.993) and EAA/mV)= � 53.571 pH+310.71 (R=

0.998), respectively (Figure 4a, 4b). The calculated slopes of
59 mV/pH for UA and 54 mV/pH for AA are equal (for UA) and
close (for AA) to the theoretical value of 59 mV/pH. According
to the Nernst equation, these results reveal that the number of
electrons and protons is equal to each other in the oxidation
mechanism of UA an AA.[24]

Figure 4 also shows that the variation in pH values has a
remarkable effect on the current peak intensity. concerning UA
the maximum value of the intensity is attained at pH 2, then
lessened slightly as the pH increases from 2 to 5 and has risen
again at pH from 5 to 7. It then decreases slowly with rise in pH
from 7 to 8.5 (Figure 4a). The maximum current peak intensity
of AA appears at pH 4 and decreases slightly at pH values
higher than 4 (Figure 4b). The peak current intensity variation at
different pH values can be explained by the presence of
electrostatic interactions between the analytes present in the
solution and the ionic surface groups.[25] These interactions
depend on the equilibrium between the ionic and molecular
form of the electrolytes and surface compounds, this equili-
brium depends on the pH values of the solution and the pKa
values of the chemical species. Considering the physiological
pH (pH 7.4) and results obtained, pH 7 PBS was chosen for the
following experiments.

The scan rate effect on current intensity and potential peaks

The influence of the scan rate on the peak current intensity was
investigated using CV in order to study the kinetics of electrode
reaction. The Figure 4 shows CV curves obtained on l-Cyst/
Bent/CPE in PBS 50 mm (pH 7) with UA (500 μm) (Figure 5A)
and AA (1000 μm) (Figure 5B) in a scan rate range from 25 to
300 mVs� 1. The peak current intensity was proportional to the
scan rate for UA (Figure 5a), and to the square root of the scan
rate for AA (Figure 5b). These findings show that the oxidation
reactions of AA on the electrode surface are controlled by
diffusion phenomenon while the oxidation reactions of UA are
controlled by adsorption.

Figure 3. Nyquist plots of 5 mm [Fe(CN)6]3 � /4 � at bare CPE (a), Bent/CPE (b)
and l-Cyst/Bent/CPE (c). Frequency range: 100 kHz–5 mHz. AC potential
�5 mV. Inset: The Rundles equivalence circuit model used to fit the
experimental data.
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The impact of accumulation time on SWV peaks of UA and AA

The accumulation time has been studied to obtain a much
more sensitive peak current. The electrochemical sensor was
dipped in a PBS solution (pH 7) containing UA (500 μm) or AA
(50 μm). The results obtained in Figure 6 illustrate how the
current peak intensity varies with the accumulation time at
open-circuit potential with stirring. This result demonstrates
that the process of incorporation of UA (a) is rapid. During the
first minutes, the intensity of the oxidation peak current
increased rapidly and stabilized after 5 to 6 min of incubation.
This time was maintained during the rest of the assays for UA
to ensure the reproducibility of the results. Concerning the AA
(b), the process of incorporation is found to be very rapid since
the peak current intensity remains invariable with the accumu-
lation time variation.

Electrochemical oxidations of UA and AA at l-Cyst/Bent/CPE

To determine the electrode sensitivity, limit of detection (LOD)
and linear range, the effect of the concentration of UA
(Figure 7A) and AA (Figure 7B) on peak current intensity was
investigated. It is found that the peak current intensity varies
linearly with the variation of the two acids’ respective
concentrations (Figures 7a and 7b). The linearity range of the
concentration is 0.1 to 100 μm for UA and 10 to 1000 μm for
AA. This linearity follows the equation: ip/μA=10.419+

1.8026CUA/μm (R2= 0.9904) for UA and ip/μA=4.8281+

0.0724CAA/μm (R2=0.9943) for AA. The LOD value is found to
be 0.031 μm for UA and 9.6 μm for AA, and limit of
quantification (LOQ) value is found to be 0.1 μm for UA and
32 μm for AA. The formula used to calculate the LOD and LOQ
values is LOD=3*(SD/a) and LOQ=10*(SD/a) in which SD is the
standard deviation (SD=0.12 for UA and SD=0.34 for AA), and
a is the slope of the calibration curve. Consequently, this lower
LOD can be achieved using the proposed modified electro-
chemical sensor.

Figure 4. SW voltammograms obtained at the l-Cyst/Bent/CPE in the range of pH 2!8.5 (UA) and 2!8 (AA) in 50 mm PBS including 50 μm of UA (A) and AA
(B) at a scan rate of 50 mVs� 1. inset: Effect of pH on Ep (&) and ip (*).
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These limits allow detecting physiological changes of both
targets, since literature has reported that physiological serum

concentration for a healthy human is between 34 and 113 μm

for AA[3] and between 240 and 520 μm for UA.[11] l-Cyst/Bent/
CPE seems to have a good performance concerning its linear
range, LOD, and electrocatalytic activity at the modified
electrode surface for the UA and AA oxidation. Therefore, the
proposed sensor is appropriate for UA and AA determination in
clinical research.

Repeatability, reproducibility, stability, and selectivity of the
sensor

To investigate the repeatability of the l-Cyst/Bent/CPE sensor,
the measurements of the SWV response were further performed
for six selected electrodes toward UA (1 μm) and AA (100 μm).
The calculated relative standard deviations (RSD) were 4.1%
and 4.8% for UA and AA, respectively. These results indicate a
good repeatability of the sensor response. The reproducibility
was also tested through a series of five electrodes prepared
under the same conditions and then applied for the detection
of UA and AA. The RSD to the peak current intensity of the SWV

Figure 5. CV curves at different scan rate values: (A) 500 μm UA, ((a) anodic and cathodic peak current, ipa and ipc, vs. v) and (B) 1000 μm AA ((b) anodic peak
current, ipa vs. v

1/2) on l-Cyst/bent/CPE electrode at different scan rates in 50 mm PBS (pH 7).

Figure 6. Optimization of open circuit accumulation time on the response of
l-Cyst/Bent/CPE modified electrode for (a) UA (500 μm) and (b) AA (50 μm)
using SWV technique in 50 mm PBS (pH 7) and 50 mVs� 1 scan rate.
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measurements for the five electrodes were 5% for UA and 6.2%
for AA. These results indicate that the l-Cyst/Bent/CPE is highly
reproducible for UA and AA sensing. The storage stability of l-
Cyst/Bent/CPE was also examined by the SWV response for
1 μm UA and 100 μm AA in 50 mm PBS (pH 7). The sensor was
rinsed with PBS then stored at room temperature (20 °C to
25 °C) after every dosage. A lowered voltametric response of
the l-Cyst/Bent/CPE of 5% to 8% was noted after three weeks
for UA and AA, respectively. According to these results, the
modified electrode showed a remarkable repeatability, reprodu-
cibility and stability. The selectivity of the modified electrode is
more critical for its usefulness in practical applications. Thus, in
order to be used further in real samples, the sensor has been
tested in the presence of the main common co-existing
substance (DA) which could interfere with the detection of AA
and UA in biological fluids. The electrochemical responses of
modified and unmodified electrodes toward ternary mixture of
UA, DA and AA, the SWV measurements of bare CPE and l-Cyst/
Bent/CPE were performed at the presence of 25 μm of UA,
50 μm of DA and 500 μm of AA in a PBS 50 mm (pH 7)
(Figure 8). Practically no peak was observed for the unmodified

CPE. However, on l-Cyst/Bent/CPE, three strong and well-
separated oxidation peaks were observed at � 135, 60 and

Figure 7. SW voltammograms obtained for different concentrations of (A) UA (0.1 to 100 μm) and (B) AA (10 to 1000 μm) on l-Cyst/Bent/CPE in 50 mm PBS
(pH 7). (a and b) linear variation of the peak current intensity with the UA and AA concentrations, respectively.

Figure 8. SW voltammograms obtained for 25 μm of UA, 50 μm of DA and
500 μm of AA at l-Cyst/Bent/CPE in a PBS 50 mm (pH 7).
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205mV, respectively, corresponding to the electrooxidation of
AA, DA and UA. The results show that the l-Cyst/Bent/CPE
allows the identification of AA, UA, and DA with good
selectivity.

Interference study

Determination of UA and AA simultaneously at the l-
Cyst/Bent/CPE

UA and AA coexist in both the blood serum and extracellular
fluid of the central nervous system,[26] and the oxidation
potential values of these two species are very close to each
other. Therefore, the selective detection of these acids is a
challenging task.

To complete the performance validation of our sensors, it
seems interesting to explore its behavior against a binary
mixture AA-UA solution. Figures 9A and B illustrate the
evolution of the voltammograms of 50 μm UA at the l-Cyst/
Bent/CPE in the presence of 1000 μm of AA. At the bare
electrode (CPE), no evident corresponding re-oxidation peak is
observed. In contrast, at the modified electrode (l-Cyst/Bent/
CPE), two sharp peaks at � 165 mV and 215 mV were observed,
corresponding to AA and UA oxidation, respectively. A clear

separation is observed between the two current peaks with
voltage peak separation of 375 mV. From an analytical point of
view, this result is sufficient to confirm that the modified
electrode allows a simultaneous detection of the target
analytes.

SWV was used to measure the different concentrations of
the two substances at the l-Cyst/Bent/CPE to examine the
interference of UA and AA. In this analysis, the concentration of
one of the two substances was modified, whereas the
concentration of the other remained unchanged.

Figure 9A depicts the variation of the peak current intensity
with the concentration of UA in the range of 0.1 μm to 100 μm.
The concentration of AA was fixed at 500 μm. A linear relation-
ship between the peak current and the concentrations of UA is
observed (Figure 10a). The LOD is calculated as 0.031 μm (S/N=

3) for UA. Figure 10B shows the SWV response of AA oxidation
in the concentration range from 10 μm to 1000 μm in the
presence of 50 μm UA. As we can observe from the curves, the
redox peak current intensity of UA varies linearly with the
concentration (Figure 10b). The LOD was calculated as 9.6 μm

(S/N=3) for AA. The peak current intensity of the UA oxidation
remained constant. In addition, the values of LOD and the linear
range are competitive in comparison with those published in
several works (Table 1).

Figure 9. A) SW voltammograms and B) CV curves (v=0.1 Vs� 1) obtained for 50 μm of UA and 1000 μm of AA at l-Cyst/Bent/CPE in a PBS 50 mm (pH 7).

Table 1. l-Cyst/ Bent/CPE performances in detection of UA and AA compared to other modified electrodes.

Modified electrode Peak potential E [mV] Linear range [μm] Detection limit [μm] Ref.
UA AA UA AA UA AA

sonogel–carbon 10 140 10–100 50–1000 10 50 [23a]
Mn-SnO2/GCE 250 110 0.5–900 1–860 0.36 0.058 [27]
μAu-PEDOT 308 � 94 2–600 5–300 1.5 2.5 [28]
H-GO/GCE 380 50 0.5–50 1–100 0.17 0.3 [29]
HNCMS/GCE 290 � 50 5–30 100–1000 0.04 0.91 [30]
Pd-CNFs/CPE – – 2–200 50–4000 0.7 15 [31]
ZnO/CPE 420 190 0.7–1000 0.9–100 0.028 0.013 [32]
ACBK/GCE 380 110 1–20 50–1000 0.5 10 [33]
l-Cyst/Bent/CPE 215 � 165 0.1–100 10–1000 0.031 9.6 This work
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Compared to the results in terms of sensor sensitivity
obtained during individual dosing for these two targets, we
observe that the AA signal remains almost unchanged while it
increases for UA. This increase in peak current intensity values is
due to an “EC” mechanism resulting from a chemical reaction in
solution coupled to the electrochemical step.[34] To clearly show
this proposition, we dosed the AA-UA mixture again, we fixed
the concentration of AA, we varied the concentration of the UA,
and we kept the same solution all along the dosages to follow
the intensities of the peaks. Figure 11A illustrates the curves of
the peak current intensity of the two molecules as a function of
UA concentration. Regarding AA, the peak current intensity
varies inversely with the concentration of UA. The decrease in
peak current intensity of AA presented in Figure 10 again
confirms the existence of an electrochemical-chemical mecha-
nism (EC) leading to UA regeneration. This mechanism consists
of an electron transfer step allowing the production of the
oxidized form of UA at the electrode surface, hence AA reduces
the oxidized UA in a coupled chemical reaction ©, the reduced
UA is regenerated near the electrode area. This explains the
decrease in concentration of AA, which is not caused by

interference phenomenon. This finding proves a very good
selectivity of this electrode towards AA and UA.

Other experiments have been carried out to demonstrate
this mechanism, since we evaluated the sensitivity of the
proposed sensor to UA detection in the presence and the
absence of an excess of AA. The calibration curves in the two
cases were compared. Figure 12 shows the plot of calibration
curves of the increasing concentrations of UA in the presence
and absence of AA in the pH 7 PBS. In the presence of AA, the
current intensity of the UA oxidation peak increases substan-
tially. Therefore, the peak current intensity relative to UA
oxidation in the presence of AA (b) is superior to its oxidation in
absence of AA (a). This result confirms that the increase in the
peak intensity of UA oxidation in presence of AA resulted from
a chemical regeneration of UA and is not caused by an
interference process between the two substances response,
which confirms the existence of the EC mechanism.

Figure 10. SW voltammograms obtained at l-Cyst/Bent/CPE in a PBS 50 mm (pH 7) (A) for 500 μm of AA and 0.1 to 100 μm of UA, (B) for 50 μm of UA and 10
to 1000 μm of AA, (a and b) linear variation of the peak current intensity with the UA and AA concentrations, respectively.
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Real sample analysis

The sensor was tested for conducting UA and AA analysis in
serum samples to confirm the use of the l-Cyst/Bent/CPE sensor
in real samples. The results of this analysis are reported in
Table 2. The recovery values of the enriched samples for AA and
UA are in the range of 97.14–102% and 97.34–104%,

respectively. Clearly, the prepared sensor can successfully be
used for the detection of AA and UA in biological samples.

Conclusions

In this present study, a new CPE modified by Bent and l-Cyst
was elaborated for UA and AA analysis. The obtained sensor
was developed using a very fast, simple, and inexpensive
method. This system showed a high electrocatalytic effect, very
high sensitivity, and excellent selectivity for individual and
simultaneous detection of AA and UA. This sensor also provides
a good affinity, fast response, very low value of the LOD, wide
linear range, good storage stability, and very remarkable
reproducibility. The l-Cyst/Bent/CPE can be effectively used for
the detection of UA and AA in real samples (human blood
serum). Furthermore, the proposed sensor has all the character-
istics required to be exploited commercially for the electro-
chemical detection of AA and UA and other substances in real
samples such as lakes, wastewater, milk, blood, urine, and
drinking water.
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Figure 11. (A) SW voltammograms obtained at l-Cyst/Bent/CPE in a PBS 50 mm (pH 7) for 500 μm of AA and 1 to 6 μm of UA, (a) linear variation of the peak
current intensity with the UA concentrations.

Figure 12. Linear fits of calibration of UA on l-Cyst/Bent/CPE in SWV in
absence (a) and in presence (b) of AA at 500 μm.

Table 2. Results of the determination of UA and AA in a sample of human
serum at l-Cyst/Bent/CPE.

Human serum Added [μm] Found [μm] Recovery [%]
UA AA UA AA UA AA

– – – nd[a] – –
0.05 20 0.0512 20.8 102.4 104
0.07 50 0.068 48.67 97.14 97.34
0.1 80 0.102 78.65 102 99.31

[a] nd: not detected.
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