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Abstract—This review describes the application of nanomaterials for the individual and simultaneous detec-
tion of dopamine (DA), uric acid (UA), and ascorbic acid (AA). Scientists have worked over the past years to
modify electrode surfaces by using different nanomaterials to improve the selectivity, limits of detection, and
sensitivity of sensors. In this review, the authors have briefly discussed the nanomaterials that were extensively
applied in the construction and modification of working electrode surfaces for the detection of DA, UA, and
AA. The electrochemical detection of DA, UA, and AA were categorized into three main sections including
the detection in the presence of interferents, individual detection and the simultaneous detection of these
molecules. For the individual detection of DA, UA, and AA the lowest detection limit was achieved by a
Au/PDDA—rGO sensor in the detection of UA in urine samples. A detection limit of 0.0008 uM with a wide
linear range of 0.25 to 150 uM was recorded. In the simultaneous detection of DA, UA, and AA in serum and
urine samples, a Fe;04—SnO,—Gr sensor gives the lowest detection limits (0.0071 uM for DA, 0.005 uM for
UA, 0.0062 uM for AA) with good linear range (0.02 to 2.8 uM for DA, 0.015 to 2.40 uM for UA, 0.1 to 23 uM
for AA). In the case of the simultaneous detection of DA and UA in serum and urine samples, the lowest
detection limits were obtained by Au—Pt sensor. The detection limits (0.006 uM for DA, 0.038 uM for UA)

with good linear range (0.1 to 400 uM for DA, 1 to 1000 uM for UA).
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INTRODUCTION

The human body is a very complex environment,
there are several small biological molecules that have
significant effects on the physiological cycle, and
human health is affected by the changes in their com-
ponent concentrations [1]. Dopamine (DA), uric acid
(UA), and ascorbic acid (AA) are electrochemically
active biomolecules, co-exist in physical fluids and
play a very important role in human metabolic pro-
cesses [2—5]. The detection of UA, AA, and DA might
provide important information regarding certain dis-
eases and genetic diagnoses. So the construction of
simple, suitable and fast procedures for the individual
or simultaneous detection of these molecules is
important.

In the field of applied sciences, a wide variety of
analytical techniques has been established for the
detection of DA, UA, and AA. The majority of these
techniques are based on analytical instrumentation
methods. The most popular techniques in the detec-
tion of DA, UA, and AA are titrimetric [6], colorimet-
ric assay [7], chromatographic [8], fluorimetry [9] and
fluorescence sensing [10]. These methods can deter-
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mine DA, UA, and AA with very high sensitivity,
selectivity and has control over the interference
effects, but imply prior pre-concentration or matrix
separation steps to assess concentrations at the
required ultra-low levels. On the other hand, modern
electrochemistry provides powerful analytical tech-
niques and is greatly applied in the determination of
UA, AA, and DA due to their high sensitivity and
selectivity, low cost, simple operation, portability and
short analytical time. Voltammetric techniques such
as differential pulse voltammetry [11], linear sweep
voltammetry [12], square wave voltammetry [13] and
cyclic voltammetry [14] have been widely applied in
biomolecules analysis. In the detection of DA, UA,
and AA various electrochemical techniques have been
constructed, with many kinds of working electrodes
such as carbon paste electrodes [15], bimetallic
nanoparticles [16], polymers [12] and graphene com-
posite film modified electrode [17], etc.

However, AA, DA, and UA normally coexist in the
human biological systems. Unmodified solid elec-
trodes such as the bare GCE resulting in overlapping
of oxidation peaks with fouling effects at the surfaces



342 CHARLTON VAN DER HORST, VERNON SOMERSET

of these electrodes making it difficult to simultane-
ously detect AA, DA, and UA. So the simultanoues
detection of these biomolecules resulting in poor sen-
sitivity and selectivity. Furthermore, the practical
application of these unmodified electrodes have some
drawbacks limiting the simultaneous detection of AA,
DA, and UA in the presence of interferents present in
biological systems. In literature the anodic oxidation
peak potentials of AA, and UA are close to the oxida-
tion potential of DA at almost all unmodified solid
electrodes. This observation result in the lack of good
resolution between AA, UA, and DA anodic peak
potentials. Hence, in order to improve the resolution
of the anodic peaks and sensing performances, the
studying of electrodes modified with nanomaterials is
highly desirable.

In the modern society, nanomaterials have been
applied progressively important roles in different
applications such as medical care, environmental pro-
tection, new energy resources, domestic appliances,
engineering industry, and textile industry due to their
specific properties. They have been employed as sen-
sors, biomedicine, nanocatalysts, fine chemicals,
nanotubes, nano-semiconductors, etc. [18, 19]. The
modification of nanomaterials with metal oxides
[20, 21], noble metals [22—26], carbon-based nano-
materials [27—30] and polymers [31, 32] have been
applied to increase the sensitivity and selectivity of the
UA, AA, and DA. For example, in recent years, Sajid
et al. (2016) constructed an assessment of electrodes
that were chemically modified for electrochemical
detection of DA in the presence of UA and AA [33].
Recently, Tukimin et al. (2018a) presented a review on
the application and performances of modified elec-
trodes using various materials such as carbon-based,
graphene-based, metal-based, fiber-based and con-
ducting polymer-based for simultaneous and individ-
ual detection of DA, UA, and AA [17].

On the other hand, DA, and AA can be harmfull
when overdose or abused and can also influence vari-
ous organs as well as disruption in central nervous sys-
tem, respiratory rate and low blood pressure. In addi-
tion, DA, and AA analysis in pharmaceuatical samples
such as tablets has been applied both in forensic cases
and pharmokinetic studies. All these facts points
towards the need for developing a selective, sensitive
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and convenient electrochemical method for the strict
and accurate monitoring of AA, and DA in many
pharmaceutical and biological samples.

Our study focuses on the recently published devel-
opments on the application of nanomaterials in the
electrochemical detection of DA, UA, and AA in dif-
ferent real samples. In this review, the performance of
working electrodes modified with various nanomate-
rials such as metallic and bimetallic nanoparticles,
magnetic nanoparticles and metal oxide nanoparticles
impregnated into carbon-based materials, electroac-
tive polymers and other materials for individual and
simultaneous detection of UA, DA, and AA will be
discussed. The performance parameters compared
and evaluated include detection limits, linear ranges,
detection methods, repeatability, reproducibility and
detection sensitivities. These parameters are very
important in finding the best suitable sensor for the
detection of simultaneous and individual detection of
DA, UA, and AA.

BIOLOGICAL MOLECULES

In the determination of UA, many electrochemical
sensors have been developed by using nanomaterials
modified with other electroactive materials such as car-
bon quantum dot modified with Fe;O, hybrid compos-
ites [34], polyoxometalates-doped Au nanoparticles and
reduced graphene oxide [35] and Cu,ZnSnS, (CZTS)
nanoparticles [36]. Uric acid or 2,6,8-trihydroxypu-
rine is biologically important and is the basic end-
product of nitrogenous base-like purine in human
metabolism [37]. Diseases such as gout, obesity, high
blood pressure, hyperuricemia, high cholesterol,
Lesch-Nyan disease, diabetes, kidney and heart dis-
eases are reported to be associated with deviations in
UA levels [38]. So the accurate monitoring of biologi-
cal analytes such as UA in body fluids is of high impor-
tance and might enable scientist to the early diagnosis
of these diseases. Electrochemical procedures com-
bined with nanoparticles are favourable for the on-site
determination of these important biological molecules
[34]. Scheme 1 is an illustration of the solution depen-
dence on the electrooxidation of UA on modified
electrodes. In this mechanism the electrons and pro-
tons equally play their part in the UA oxidation.
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Scheme 1. Schematic illustration of the electrochemical oxidation of UA on the modified electrodes.
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2-(1,2-dihydroxyethyl)-4,5-dihydroxyfuran-3-one
or ascorbic acid (AA) also known as Vitamin C are an
essential compound that plays an essential anti-oxi-
dant role in biological systems and food products [39].
Vitamin C plays a critical role in human metabolism
and had been extensively applied for preventing and
treating mental illness, common cold, cancer, AIDS,
and infertility [31]. So the construction of a sensitive,
quick and reliable procedure for precise detection of
AA is of great importance. In the dtermination of AA
using modified electrodes, two electrons (n = 2.26)
have been calculated by Harraz et al. 2019 [40]. They
concluded that the oxidation of AA at the
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TiO,/reduced graphene oxide nanocomposite sensor
proceeds via a duffusion-controlled electrode kinetics.
The process involved a two-electron, two-proton elec-
tro-oxidation process result in the formation of dehy-
droascorbic acid and are illustrated in the scheme
below. The sensors consisting of nanomaterials modi-
fied with other electroactive materials, including
TiO,/reduced graphene oxide nanocomposite [40],
multi-walled carbon nanotubes (MWCNTs) [41], car-
bon-supported NiCoO, nanoparticles [42] were used
to detect AA in various type of samples.
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Scheme 2. Schematic illustration of the electrochemical oxidation of AA on the modified electrodes.

Dopamine (DA) or 3,4-dihydroxyphenylalanine is
a very important catecholamine neurotransmitter in
the mammal central nervous system [43]. It also plays
an important part in the continuation of functional
activities of cardiovascular, renal and hormonal sys-
tems [33, 44]. Dopamine transfers signals in the cen-
tral nervous system and abnormal levels of DA in body
fluids will lead to several serious illnesses, such as Par-
kinson’s disease [45], Alzheimer’s [46] and mental
disorder such as schizophrenia [47]. For these reasons,
countless efforts were created to construct electro-
chemical sensors with high selectivity and sensitivity
for the detection of DA. So it is important to improve
a reliable and simple procedure for accurate and rapid
detection of DA. The mechanism used for the sensing
of dopamine on the surface of modified electrodes are
showcase in scheme 2 below. In this scheme we
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observed two-electron transfer in the oxidation of DA
as well as two-protons. Electrochemical oxidation of
DA will take place at the electrode surface with the
release of two electrons and two protons to form dopa-
mine-o-quinone. At the electrode surface, the gener-
ated electrons produce a faradic current which is
dependant on the concentration of dopamine. The
reversible process ensures that in the cathodic scan,
dopamine-o-quinone is reduced to form DA again.
Scientists have studied working electrodes modified
with nanomaterials to improve the sensing perfor-
mance of these working electrodes [48—50]. In these
studies, a large number of nanoparticles and nano-
composites were used for the modification of bare
electrodes for DA detection, which improves sensor
performances.

+ +2H" +2e”

Scheme 3. Schematic illustration of the electrochemical oxidation of DA on the modified electrodes.

Ascorbic acid, DA, and UA usually co-exists with
its common interferents such as glycine, diclofenac
(DF), citric acid (CA), glucose (GLU), urea, salicylic
acid (SA), sucrose and they undergo similar two elec-
trons and two protons reaction at most of the elec-
trodes. Therefore, a sensitive and selective method
which is capable of detecting AA, UA, and DA in pres-
ence of its interferences is more advantageous. Elec-
troanalytical methods serve as excellent methods to
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meet this critical need and are more suitable for the
detection of these electroactive biomolecules.

NANOMATERIALS
FOR ELECTROCHEMICAL SENSORS

Nanotechnology has developed as an important
technology interdisciplinary with medicine, chemis-
try, material science, physics and biology in recent
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Table 1. An illustration to compare the different nanomaterials applied for the individual detection of UA, AA, and DA

Nanomaterials Analyte Sample ]r)ne;te}ilg: Detect;ol\r/} limits, Linear range, uM | References
Au/PDDA—-rGO UA Urine DPV 0.0008 0.25—150 [35]
Cu,ZnSnS, UA Zobell DPV 0.066 0-700 [36]
a-Fe,03/Pan NTs UA Urine DPV 0.038 0.01-5 [72]
Bi—Ag AA Fruit & tablets DPV 0.16 0.4—1.2 [75]
Pd—Ag UA Urine DPV 0.005543 0.00469—0.273 [79]
CdONPs AA Fruit juice DPV 0.0535 5—150 [80]
CNCo UA Serum DPV 0.83 2.0—110 [82]
AgNPs—PSi AA Tablet AMP 0.83 20—600 [83]
Branch-truck Ag HN AA Orange & urine AMP 0.06 0.17—1925 [84]
TOAB/YD/MWCNT AA Tablets AMP 0.18 18.7—1850 [85]
PT/Au/CNT-4.5 DA |Aqueous DPV 0.69 1.0—-10 [86]
Ag@C/Au DA | Aqueous DPV 0.21 0.5—4278 [87]
PMoyV;—Pd@Pt/CNTs DA Serum DPV 12.5 0.025—178 [88]
MoO, DA Pharmaceutical SWV 0.043 0.01-650 [89]
Ag@MoS, DA | Aqueous DPV 0.2 1-500 [90]

years. The nanomaterials used in the electrochemical
sensor application for AA, UA, and DA detection are
mainly metallic and bimetallic nanoparticles, mag-
netic nanoparticles, metal oxide nanoparticles incor-
porated into carbon-based nanomaterials and electro-
active polymers [17].

Metallic and Bimetallic Nanoparticles

Nanoparticles (NPs) have many outstanding
chemical, physical, and electronic properties com-
pared with bulk materials [51—69]. The properties of
NPs can be determined by the nature of the material
employed in the synthesis of NPs. Many stabilizers
have been applied in the preparation of NPs using
chemical reduction of metal salts. Metallic NPs such
as silver (Ag) [70], palladium (Pd) [71], gold (Au) [35]
and magnetite (Fe;0,) [72] have attracted significant
attention in recent years in the analysis of biomole-
cules using modified electrodes. Compared with bare
electrodes, these metallic NPs used to modify elec-
trodes show high sensitivity and selectivity towards the
detection of biomolecules.

Both from a scientific and technological viewpoint,
it has been showcased that bimetallic NPs have drawn
increased attention compared to monometallic NPs,
due to the two different metals involved [73, 74]. The
properties of bimetallic nanoparticles are determined
by constituting metals and their nanometric size. Var-
ious bimetallic NPs have been synthesized and applied
for AA, UA and DA detection such as bismuth—silver
(Bi—Ag) [75, 76], silver—gold (Ag—Au) [77], nickel—
copper (Ni—Cu) [1], platinum—nickel (Pt—Ni) [78],
nickel—cobalt (Ni—Co) [42] and palladium silver
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(Pd—Ag) [79], etc. The nanomaterials applied in the
individual detection of DA, UA and AA are summa-
rized in Table 1.

A screen-printed carbon electrode (SPCE) was
modified with cadmium oxide (CdO) nanoparticles
and reported by Gopalakrishnan et al. (2018) for non-
enzymatic detection of ascorbic acid (AA) in commer-
cial fruit juice that was very stable with a detection
limit in the nanomolar range. This disposable SPCE
was used to evaluate the electrocatalytic activity of
CdO by cyclic voltammetry and differential pulse vol-
tammetry (DPV) methods using AA as a model solu-
tion. At the surface of the CdO—SPCE, hydroxyl and
oxygen functional groups help the AA molecules get
absorbed onto the CdO—SPCE surface with e shifts
between CdO—SPCE and AA. A two electron oxida-
tion occur for AA to produce dehydroascorbic acid
and during the oxidation of AA, 2e~ with 2H" ions
were released wich result in an increase in current as
AA concentration increases. The newly developed
electrode shows under optimal DPV conditions that
AA can be detected in a wide range of concentrations
from 5 to 150 UM with detection level at the ultra-low
level (53.5 nM). The repeatability, reliability and sta-
bility investigations were performed with one elec-
trode and a relative standard deviation of 3.7% was
achieved for the detection of AA. Furthermore, in the
presence of interfering electroactive compounds (UA,
citric acid, urea, glucose, sucrose and Na'), the dis-
posable SPCE exhibited excellent selectivity and was
highly stable towards the detection of AA [80].

In recent years, a GCE/Bi-AgNPs sensor was
developed by a group of scientists [81] using bismuth-

No.5 2022



NANOPARTICLES APPLICATION IN THE DETERMINATION OF URIC ACID 345
—1.2e-5 ¢ (@) —Se—6 LA ®)
S
4 AA
—1.0e—5 F de 6l
—8.0e—6 2
—3e—6 -1 y=2.751x+ 1.01B e
< _6.0e—6 < ol v d 4
™~ ~ 0 0.20.40.60.81.01.21.4 .
—4.0e—6 - —2e—6 Concentration, ng L™ b
-  a
—2.0e—6 | —le—6r
0 1 1 1 1 1 1 1 1 J 0 1 1 1 1 1 1 1 1 1 1 J
.2 1.0 0.8 0.6 04 02 0 —-0.2-0.4-0.6 1.0 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 0 —0.1

E, Vvs. Ag/AgCl

E, Vvs. Ag/AgCl

Fig. 1. In A the DPV curves of the clean bare disk GCE (a) and the GCE/Bi—AgNPs (b) containing 0.4 mM AA. The DPV curves
of 0 to 1.2 uM of AA in solution of 0.1 M phosphate buffer solution (pH 5.0) in B [75].

silver bimetallic nanoparticles (Bi—AgNPs) that was
chemically synthesized to detect platinum group met-
als in real environmental samples. These Bi—AgNPs
were also used in pharmaceuticals and fruit juice sam-
ples for sensitive detection of AA (Fig. 1). For this
application, the detection limit was in the micromolar
range (0.16 uM) with linear ranges between 0.4 to
1.2 uM [75, 76]. The same GCE/Bi—AgNPs sensor
was repeatedly used for 10 times to determined the
repeatability and a relative standard deviation of
5.84% was achieved indicating excellent repeatability.
Also the selectivity of this sensor was studies by adding
potential interfering ions such as K*, Na*, Mg?*, CI,

SOi_, NO;, and H,PO, with AA. In a slight acidic
buffer solution no interfence was observed with AA by
these interfering ions.

Magnetic Nanoparticles

Recently, magnetic nanoparticles have been used
as carriers and support in electrochemical sensors for
the detection of biomolecules such as AA, UA, and
DA. In addition to the good biocompatibility and large
surface area, the outstanding advantage of magnetic
nanoparticles is that the location and transport can be
controlled by a magnetic field [91]. Carbon nanotubes
(CNTs), graphite, 2D-graphene sheets or reduced
graphene oxide (RGO) are called carbon skeleton
materials and are used to modify the surface of mag-
netic nanoparticles of the electrode for cycling stabil-
ity, electronic conductivity improvement and electro-
chemical performance towards the battery and sensor
application [92—103].

A sensitive, selective, low cost, superior perfor-
mance, and portable electrochemical sensor were
constructed by Thamilselvan et al. (2019) in the detec-
tion of DA at a nanomolar level. A magnetic
(Au@Fe;0,) composite film (Au@Fe;0,/GCE) was
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applied to modify a bare glassy carbon disk electrode
(GCE) and to fabricate this sensing platform [104].
With the scan rate studies, a linear increase in the
reduction and oxidation peak currents with the square
root of the scan rates illustrates that the electrochemi-
cal kinetics of the Au@Fe;0,/GCE sensor was a diffu-
sion controlled process. The Randles-Sevick equation
was applied to calculate the diffusion coefficients of
DA for the Au@Fe;0,/GCE sensor and a value of

7.04 x 107> cm? s~! was obtained. The diffusion coef-
ficient value can be ascribed to the electroactive sur-
face area of the Au@Fe;0,/GCE sensor. The
Au@Fe;0,/GCE sensor limit of detection was found
to be 2.7 nM with a linear range of 0 to 0.8 uM for DA.
In the investigation of the reprocucibility and repeat-
ability of the Au@Fe;0,/GCE sensor, ten electrodes
were constructed and immersed into a soltion with a
fixed DA concentration. The sensor showcase good
reproducibility and repeatability with relative standard
deviation of 2.8 and 2.5%, respectively. For the selec-
tivity test, the sensor was investigated by the addition
of inorganic ions and organic compounds to a 0.1 M
DA solution and showed no significant interference
signals between DA and the interferering ions and
compounds. The developed analytical procedure was
successfully employed for DA detection in three
human urine samples and the actual values found was
0.056 to 0.020 uM, respectively. The concentration of
DA in the real samples are very low (0.020 uM) but is
detectable due to the very low detection limit
(2.7 nM). The recoveries found range from 97.2 to
103.4%, indicating that the proposed electrode can be
successfully applied to detect DA in human urine sam-
ples [105].
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Fig. 2. DPV curves for the Pd—Ag/CPE sensing of 4.69 to 273 nM UA in 0.1 M phosphate buffer solution (pH 7.0) and (b) A
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Nanomaterials Modified
with Carbon-Based Materials

In the field of nanotechnology, scientists have
extensively developed nanomaterials simple properties
by modifying their synthesis procedures [106]. Car-
bon-based nanostructures such as graphene and its
derivatives and carbon nanotubes have gained great
attention regarding electrochemical sensors modifica-
tion because the sensor’s electrochemical perfor-
mances have been effectively improved [107, 108].
Nanomaterials are used in the modification of work-
ing electrodes surfaces. In the development of electro-
chemical sensors nanomaterials have been employed
as catalysts to catalyze the redox process arising at the
electrode surfaces [109]. Due to their outstanding
physical, chemical and electrical properties, carbon-
based nanomaterials have been considered as potential
alternatives for the improvement of electrochemical
sensors [110—112].

Carbon-Materials

Liu et al. (2019) have used a bimetallic metal-
organic framework-derived porous carbon to develop
a novel electrochemical sensor based on the detection
of uric acid in human serum samples. A direct carbon-
ization method was used to prepare the porous carbon
material. The facile electrochemical sensor illustrates for
UA detection enhanced electrochemical catalytic activ-
ity. The bimetallic metal-organic framework-derived
porous carbon/glassy carbon electrode (CNCo/GCE)
had a broad range of linearity between 2.0 to 110 uM with
a good limit of detection of 0.83 uM toward the detec-
tion of UA [82]. The CNCo/GCE sensor anti-inter-
fering ability was assessed by the addition of potential
interfering substances that are contained in real sam-

ples. Substances like ascorbic acid, glucose, SOi_,
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vs. concentration for the detection of UA [79].

Na™, NOj, and K* did not interfere with UA, indicat-
ing good anti-interference ability of the CNCo/GCE
sensor. In the case of the reproducibility, seven elec-
trodes were prepared under the same condition and
submersed into a PBS (pH 7.0) containing 50 uM UA
and produced a RSD of 3.07%. For the repeatability
investigation, seven measurements were recorded with
the same electrode and revealed a RSD of 3.26% for
the CNCo/GCE sensor which display satisfactory
repeatability and good reproducibility.

In another study, Mallikarjuna et al. (2018) synthe-
sized palladium silver bimetallic nanoparticles (Pd—
Ag NPs) by using a fungal extracted aqueous method.
This bimetallic nanoparticle synthesized procedure was
simple, cost-effective and environmentally friendly. Uric
acid electrooxidation on the Pd—Ag/CPE sensor illus-
trates equal amount of electrons and protons. This
modified electrode consisting of Pd-Ag displayed the
highest electrocatalytic activity for UA detection
(Fig. 2). The Pd—Ag/CPE sensor had a very good
LOD of 5.543 nM and LOQ of 16.64 nM towards UA
detection with linear ranges between 4.69 to 273 uM.
The practical application of the Pd—Ag/CPE sensor
was done by determine UA in human serum and urine
samples. Adequate recoveries such as 93—103% were
obtained by the Pd—Ag/CPE sensor showing extraor-
dinary sensitivity for UA in human urine [79].

In another study, Yang et al. (2019) used a platinum
nanoparticle (Pt NPs) modified nanoporous gold tin
(Au—Sn) alloy on carbon fiber paper (CFP) for the
simultaneous detection of DA, UA, and AA in urine
samples. The newly developed platinum nanoparticles
modified nanoporous gold—tin alloy on carbon fiber
paper (Pt@NP—AuSn/Ni/CFP) sensor have a very
high specific surface area, hierarchical pore structure
and displayed excellent catalytic activity. This sensor
illustrates high detection sensitivity for UA, AA, and DA,
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Fig. 3. DPV curves of the CNTs/CFE in a 0.1 M phosphate buffer solution (pH 7.0) containing (a) 25.6—2000.3 uM AA, (b) 5.0—
120.6 uM DA, (c) 20.0—800.0 uM UA and (d) Selective detection of DA in the presence of AA and/or UA, with scan rate of

50 mV/s [114].

with sensitivities of 0.14, 15.23, 0.28 pHA uM~! cm™
under the of linear range of 200 to 2000 uM, 1 to
10 uM, and 25 to 800 uM for UA, AA, and DA,
respectively. The limit of detection for the sensor were
0.7,0.31, and 13.4 uM (S/N = 3) for UA, DA and AA,
respectively. In practical detection the anti-interfer-
ence ability was also investigated using common inter-
ferents. Citric acid, glycine, glucose, NaCl, NH,CI,
and KCI were the chosen as the interferents for the
detection of UA, DA, and AA. From the results
obtained, there was no significant change for oxida-
tion current AA, DA and UA detection with these
interferents. For the real sample application, the
Pt@NP—AuSn/Ni/CFP sensor shown recoveries of
95 to 105% and these recoveries confirmed a great
potential to detect DA, UA, and AA simultaneously in
urine samples [113].

Zhao et al. (2018) developed an electrochemical
sensor using a carbon fiber electrode (CFE) modified
with carbon nanotubes (CNTs) via chemical vapour
deposition to simultaneously detect UA, AA, DA
using the DPV method (Fig. 3). The experimental
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results illustrate that the chemical vapour deposition
step, under optimized conditions, increased the sensi-
tivity and decreased the limit of detection of dopa-
mine. For the electrooxidation peak current of AA,
DA, and UA was found to be linear to their concentra-
tions in the ranges of 25.6—2000.3 uM AA, 5.0—
120.6 uM, and 20.0—800.0 uM. The limits of detec-
tion for DA, UA, and AA using the CNTs/CFE sensor
were 0.03 uM, 0.6 uM, and 10.0 uM (S/N = 3),
respectively. The interaction of the electron transfer
velocity and the surface area was effectively increased
by carbon nanotubes between neurotransmitters and
electrode on the surface of the carbon fiber electrode
[114]. The authors indicated the large electroactive
surface area by using the Randles—Sevcik equation
(I, = 2.69 x 10° AD"*n*?y'/2C) with an average value
of (9.15 £ 0.21) X 1072 c¢m? (n = 6) for the CNTs/CFE
sensor.

Reddy et al. (2018) developed a carbon paste electrode
(CPE) for selective detection of UA through the combina-
tion of dipicolinic acid (DPA) with a nanocomposite of
SiO,@Fe;0,. This poly(DPA)SiO,@Fe,0,/CPE sen-
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sor showed excellent electrochemical activity towards
the detection of UA in the presence of AA, and DA in
human blood and wurine samples. At the
poly(DPA)SiO,@Fe;0,/CPE sensor surface the
Nernstian equation indicates for the oxidation of UA a
process of two electrons or two protons. The
poly(DPA)SiO,@Fe;0,/CPE sensor consist of oxy-
gen atoms which interact with the biomolecules
through hydrogen bonding, activating the NH, and
OH groups and result in faster electronic charge trans-
fer kinetics of target biomolecules on the modified
sensor. The poly(DPA)SiO,@Fe;0,/CPE sensor has
high electroactive surface area suitable for rapid mass
transfer of UA, DA, and AA in the supporting electro-
Iyte. Under the optimized experimental conditions, it
showcased good quantification limit (LOQ) and detec-
tion limit (LOD) of 1.2 and 0.4 uM, respectively, with a
linear response for the sensing of uric acid in the range of
1.2 to 1.8 uM. Significant sensitivity and selectivity were
shown by the poly(DPA)SiO,@Fe;0,/CPE sensor
towards the sensing of UA in the presence of DA and
AA without any interference. The lowest concentra-
tion found for UA in human blood serum and urine
samples was 0.108 mM and 0.095 mM indicating that
this sensor can be used for real sample analysis [115].

Graphene-Materials

Graphene is a single layer of carbon atoms which is
atwo-dimensional nanomaterial structure invented by
Geim and Novoselov, (2007). Graphene and its deriv-
atives (e.g., reduced graphene oxide and graphene
oxide) have gained considerable technological and
scientific attention due to their outstanding physico-
chemical properties, such as electrical conductivity
and high tensile strength [107]. Different types of elec-
trodes that are modified by the chemical method have
been constructed by introducing different nanomate-
rials onto graphene to enhance the determination of
DA, UA, and AA [116]. The following section provides
a summary of the applications of nanomaterials
impregnated into graphene to developed electrochem-
ical sensors for biological applications.

Edris et al. (2018) report on gold nanoparticles
modified with reduced graphene oxide (ERGO)-
poly(eriochrome black T) (pEBT) that were prepared
electrochemically for the simultaneous detection of
UA, AA, and DA in a phosphate buffer solution
(pH 6.0). The effective electrical conductivity of the
ERGO—pEBT/AulNPs sensor was described by the
highest peak current observed in a solution containing
5.0 mM K;[Fe (CN)4] and 0.1 M KCl at a scan rate of
100 mV s~!. The Randles—Sevcik equation (1,=2.69 x
10°AD'?n??y12C) was employed to determine
ERGO—pEBT/AuNPs/GCE active surface area and
was larger compared with the bare GCE. High electro-
chemical catalytic activity was showcased by this mod-
ified glassy carbon electrode (GCE) which possessed
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high sensitivity and selectivity in oxidizing UA-DA
and DA-AA solutions compared with the bare GCE.
The limits of detection for DA, UA, and AA were
0.009, 0.046, and 0.53 uM (S/N = 3) with linear
response ranges of 10 to 900 uM, 0.5 to 20 uM and 2
to 70 uM, respectively. The sensitivities of the modi-
fied sensor were recorded as 0.164, 0.034, and
0.003 uA/uM for DA, UA, and AA, respectively. Five
different ERGO—pEBT/AuNPs electrodes were used
for the reproducible study. For DA, UA, and AA the
relative standard deviation was 2.8, 3.5, and 4.8%,
respectively, indicating that the ERGO-pEBT/AuNPs
sensor has high reproducibility for practical applica-
tion. In the interferent investigation, interfering spe-
cies such as Ca?*, Fe?*, L-cystine, Na*, K*, glucose,
glycine, and Cu?" does not affect the peak currents of
DA, UA, and AA. The constructed electrochemical
nanosensor was employed for the detection of UA, AA,
and DA in a urine sample and vitamin C tablets with
actual values of 1.2 and 11.36 uM, respectively, showing
good recovery for the ERGO—pEBT/AuNPs/GCE
sensor [117].

In another study, bimetallic Pd-Au-reduced
graphene oxide nanocomposites were reported by Zou
et al. (2017) for the electrochemical sensing of DA,
UA, and AA in mouse urine and serum samples. Good
linear responses such as 1.25 to 73.75 uM, 2.5 to
66.25 UM and 12.5 to 700 uM were observed for DA,
UA, and AA, with limits of detection of 2.5, 0.75, and
12.5 uM, respectively [118]. Cyclic voltammetric
responses were obtained for six different Pd—
Au/RGO/GCE electrodes containing UA, DA, and
AAin 0.1 M PBS (pH 7.0) recording relative standard
deviations of 2.5, 2.3, and 4.1% for UA, DA, and AA,
respectively, showing excellent reproducibility.

In 2015, Pruneanu et al. (2015) prepared an elec-
trochemical sensor using gold working electrodes dec-
orated with a composite of graphene—Au (Au/Gr—
Au) for the detection of dopamine (DA). At the elec-
trode surface, high-frequency electron transfer hap-
pens with fast electrochemical processes. With low fre-
quency, ion diffusion is associated with slow electro-
chemical processes. In acidic solution, dopamine is
present as a cationic form (aminoethyl group and
hydroxyl group). The electrochemical oxidation for
DA occurs as two electrons/two protons process,
forming o-dopaminoquinone. In basic and natural
solutions, when the amine group of o-dopaminoqui-
none is deprotonated, a cyclization reaction occurs,
which vyield leucodopaminochrome. The electro-
chemical sensor exhibited a linear response within
concentrations of 3 X 1077 to 3 x 10~* M and the detec-
tion limit was found to be 2.05 X 107 M (S/N = 3) for
DA detection. In contrast, a narrower linear range of
103 to 10~* M and a higher detection limit of 3.03 X
10~> M was observed for the electrochemical sensor. In
this investigation, the interfering effect of UA and AA
were studied, since they are the most problematic spe-
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cies since the oxidation potential of dopamine is close
to their oxidation potentials. The presence of uric acid
and ascorbic acid in the solution led to an increase in
the peak current with no peak potential shift for dopa-
mine (+0.24 V) instead [119]. The working electrodes
that are modified with graphene and other nanocom-
posites such as Pd—Ag bimetallic nanoparticles [120],
Ag nanoparticles (AgNPs) and poly(L-arginine)
(P(Arg)) [121], gold nanoparticles (AuNPs) [122],
bimetallic Pd—Au nanoparticles [123] were used to
detect AA, UA and DA.

Carbon Nanotubes (CNTs)

A tube-like structure consisting of a nanometre-
scale is called a nanotube. Carbon nanotubes (CNTs)
are known as practical nanomaterials for electrode
modification in the field of electrochemistry due to
their extraordinary characteristics. CNTs have gained
enormous attention in numerous scientific and engi-
neering fields for different applications since their
invention in 1991 and are found in two classifications
such as single-walled carbon nanotube (SWCNTs)
and multi-walled carbon nanotubes (MWCNTs).
Over the past decade, many scientists [124] have stud-
ied the extraordinary properties of CNTs, such as high
electron-transfer rate, low electrode fouling, high
electro-catalytic activity, and large effective detection
surface because these extraordinary properties make
them suitable as substrates for biomolecules detection
in pharmaceuticals [125—127].

In electrochemistry, one type of CNT that exhibits
exceptional properties such as significant mechanical
strength, large electrode surface area, high electron-
transfer rate, and good chemical stability are multi-
walled carbon nanotubes (MWCNTs) [128]. In the
field of material science, MWCNTs have attracted
considerable attention as an electrode component, for
electrode modification and to increase the anti-inter-
ference properties and sensitivity of these working
electrodes. In the following section, the authors sum-
marized the application of CNTs modified with differ-
ent nanoparticles in the fabrication of electrochemical
nanosensors for AA, UA and DA detection.

A polythiophene gold nanoparticle carbon nano-
tube (PT/Au/CNTs)-composite was synthesized by
Inagaki et al. (2019) and successfully employed to
determine DA in the model standard solution. A sim-
ple and versatile route was used to synthesize these
nanocomposite thin films and the morphology was
done by transmission electron microscope (TEM),
scanning electron microscope (SEM), profilometry
and electron dispersed spectroscopy (EDS). Whereas
the elementary composition was done by Fourier-
transformed infrared (FT-1IR), Raman spectroscopy,
thermogravimetric analysis (TGA), ultraviolet-visible
spectroscopy (UV-Vis) and X-ray spectroscopy
(DRX). For this PT/Au/CNT sensor, the best results
were found after 4.5 h of reaction, with a limit of
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detection of 0.69 uM L. For the repeatability, a rela-
tive standard deviation of 3.6% for fifteen followed mea-
surements of DA for one electrode of PT/Au/CNT sen-
sor was recorded. The reproducibility study involved five
replicates of each film, demonstrating a standard devia-
tion of 6.9%, for PT/Au/CNT. The influence of co-
existence interfering species such as glucose, UA, and
AA in the detection of DA with no significative inter-
ference was observed using this PT/Au/CNT sensor
was recorded [86].

Silver—gold bimetallic nanoparticles (Ag—Au NPs)
were used by Arvinte et al. (2018) to modify CNTs
based electrodes for DA detection using differential
pulse voltammetry. A limit of detection for the Ag—
AuNP/CNT/SPE sensor was determined to be 52 nM
in the linear range of 1 to 173 nM under optimized
conditions. The Ag—AuNP/CNT/SPE sensor repro-
ducibility was evaluated by using five different con-
structed electrodes and a relative standard deviation of
2.3% was achieved. Ascorbic acid was the interferent
in this investigation and shown no significant interfer-
ing effect towards the detection of DA. The detection
of DA in real samples by this sensor was limited due to
the co-existence of high concentration AA and oxi-
dized close to the potentials of DA. In the extracellular
fluid of the nervous system, the concentration of AA
ranges from 100 to 500 uM and compared to 0.01 to
1 uM [77].

In another study, a novel PMoyV;-Pd@Pt/CNTs/ITO
nanosensor was constructed by Jiao et al. (2018) for
the electrochemical determination of DA in human
serum samples. Palladium—platinum alloy nanoparti-
cles (Pd@Pt) decorated polyoxometalate (PMoyVs)
were plated on indium-tin-oxide (ITO) electrodes
surfaces which were pre-modified by multiwalled
CNTs. This fabricated sensor revealed a low detection
limit of 1.25 X 10~8 M (S/N = 3) with wide linearity of
2.50 x 10~% to 1.78 x 10~* M. The selectivity study for
the PMoyV;—Pd@Pt/CNTs/ITO nanosensor were
performed by adding six common interferents (glu-
cose, UA, AA, L-cysteine, L-glutamate, and L-tryp-
tophan) to a solution containing DA with no interfer-
ences. A relative standard deviation of 5.09% was
found for the determination of DA wusing the
PMoyV;—Pd@Pt/CNTs/ITO nanosensor. For real
samples analysis, a standard addition method was used
with no actual values found in human serum samples.
Satisfied recoveries from 95.1 to 105.6% was obtained
showing good accuracy of DA detection [88].

In the case of MWCNTs, Chang et al. (2019) have
proposed a nanosensor for the electrochemical deter-
mination of DA via electropolymerization of poly
beta-cyclodextrin. This polymer was combined with
oxidized (—OH) multi-walled carbon nanotubes
B-CD(f-MWCNTs) onto anion-doped polyaniline
(PANTI) drop cast onto a disk glassy carbon electrode
(GCE) surface. Scanning electron microscopy
(SEM), transmission electron microscopy (TEM),
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Fig. 4. (a) An illustration of DPV curves of monodisperse ZnNiNPs@f-MWCNT composite sensor for UA, AA, and DA deter-
mination in 0.1 M phosphate buffer solution. Corresponding calibration plots of monodisperse ZnNi NPs@f-MWCNT compos-
ite sensor for AA (b), DA (c) and UA (d) at increasing concentrations of 0.2 to 1.4 mM [130].

Fourier-transform infrared (FT-IR), and electro-
chemical impedance spectroscopy (EIS) were applied
for the characterization of the developed poly-3-
CD(f-MWCNTSs)/PANI composite. Based on the CV
results obtained, a combined kinetic process for the
electrochemical process was observed and are scan
rate dependable. Van der Waals force and hydrogen
bonding result that DA molecules are adsorbed on to
the poly-B-CD(f-MWCNTs)/PANI at low scan rates.
At high scan rates, the DA molecules adsorption pro-
cess is limited due to inadequate time and this forced
the DA molecules by diffusion through the electrolyte
solution to the surface of the sensor surface. The elec-
trochemical transfer kinetic parameters of DA on
modified electrode such as the number of electrons
transfer (n), electron transfer coefficient (o), and the
standard electron transfer rate constant (K,) was calcu-
lated by the following Laviron’s equations:

2.303RT
. =a+-=""""logv, 1
> (I—o)nF M
E, —b-230RT ., 2
on
log K, = olog(l—a)+(1—a)loga
FAE €
—logﬂ—oc(l—oc)n = )
nFv RT
2 2
F ATy
[, =122V 4
" 4RT @

From these equations, the number of electrons (»)
involved in this electrochemical process and electron
transfer coefficient (o) was estimated to be 2 and 0.54,
respectively. The average value of K, was estimated to

be 2.01 s~! which proved that the poly-B-CD(f-
MWCNTs)/PANI sensor has the excellent catalytic
capacity to enhance electron transfer kinetic of DA.
Furthermore, the surface concentration of the electro-
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active species DA (I') was calculated to be 8.1887 X
107® mol cm2 according to equation (4).
1

cat _

- (anatcot)l/z ) (5)

L
= nFADein 7. (6)

Therefore, at 0.5 mM DA concentration, the value
of K_,, was to be 23.8 M~! s7! and was determined by
equation (5). Cotrell’s law was employed to deter-
mined the diffusion coefficient (D) and was estimated
tobe 2.14 x 10~*cm?s~!. The concentration of DA was
determined by differential pulse voltammetric (DPV)
technique, and under optimum conditions, a low
detection limit (LOD) was achieved (0.0164 wmol L™
(S/N = 3)) with a linear response that ranges from
2umol L7! to 24 umol L' and high sensitivity of
26.79 HA uM~! cm~2. For the repeatability, five mea-
surements were collected with the same poly-B-CD(f-
MWCNTs)/PANI electrode and a relative standard
deviation was found to be 1.10% illustrates good
repeatability. Five different electrodes were prepared
for reproducibility and yield a relative standard devia-
tion of 3.15% showing excellent reproducibility for the
poly-B-CD(f-MWCNTs)/PANI sensor. The devel-
oped sensor was applied to human urine samples to
showcase acceptable practicality for the determination
of DA [129].

Savk et al. (2019) developed a novel, highly precise
and stable nanosensor that was modified using a
hybrid nanocomposite, consisting of ZnNi bimetallic
nanoalloy and one-dimensional MWCNTs (Fig. 4).
The so-called ZnNiNPs@f-MWCNT electrochemi-
cal sensor has been employed for the simultaneous
detection of DA, UA and AA in human serum samples
using differential pulse voltammetry (DPV) measure-
ments with limits of detection of 0.0655 UM for DA,
0.0882 uM for UA, and 0.5110 uM for AA, respec-
tively. The constructed electrochemical sensor show-
cased wide linear responses of 0.3 to 1.1 mM for AA,

1

cat
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Table 2. Nanomaterials for the simultaneous detection of UA, DA and AA
Limits of detection, uM Linear range, uM
Nanomaterial Sample References
AA UA DA AA UA DA
Fe;0,—Sn0O,—Gr Serum & urine | 0.062 | 0.005 | 0.0071 0.1-23 0.015-2.40 | 0.02-2.8 [11]
HNP-PtTi Serum 24.2 53 3.2 200—1000 | 100—1000 4-500 [16]
Pt@NP— Urine 5.51 0.67 0.13 200—-2000 25—-800 1-10 [113]
AuSn/Ni/CFP
CNTs/CFE Urine 10.0 0.6 0.03 ]25.6—2000.3|20.0—800.0 | 5.0—120.6 [114]
ERGO—pEBT/AuNPs | Urine & tablets| 0.53 0.009 | 0.046 10—-900 2-70 0.5-20 [117]
PdAu/RGO Urine & serum| 12.5 2.5 0.75 12.5-700 | 2.5-66.25 |1.25-73.75 [118]
AgNPs/P(Arg)—GO Urine 0.984 | 0.142 | 0.01 4.0—2400 0.5—150 0.5-50 [121]
ZnNi NPa@f- Serum 0.5110| 0.0882| 0.0655| 300—1100 | 200—1100 | 200—1200 [130]
MWCNT
Au/PDDA/GNS 80.0 2.0 1.0 600—4200 6—156 2.0—28.0 [131]
3DGH-Fc/GCE Serum 0.183 | 0.067 | 0.042 20—450 8—400 10—180 [132]

0.2to 1.2 mM for DA and 0.2 to 1.1 mM for UA. Fig-
ure 4 illustrates the DPV curves of monodisperse
ZnNiNPs@f-MWCNT composite for the simultane-
ous detection of UA, AA, and DA in 0.1M phosphate
buffer solution with their correspondent calibration
plots [130]. An essential chemical sensor parameter
such as anti-interference measurements for the deter-
mination of UA, AA, and DA was also observed. Glu-
cose, glucosamine, NaCl, CuCl,, KCIl, AICl;, and
CaCl, are present in body fluids and human blood and
are used for the interferents study. No interference was
observed at the ZnNiNPs@f-MWCNT using these
interfering species.

Table 2 summarize the comparison of the linear
range and limits of detection results obtained for the
simultaneous detection of DA, UA, and AA.

Nanomaterials Modified with Polymers

Different organic polymers such as conducting and
chelating polymers have been employed in the simul-
taneous detection of DA, UA, and AA. These poly-
mers were added either by the co-polymerization of
monomers and after the modification of electrodes by
polymerized products. The most commonly used
electroactive/conductive polymers for the modifica-
tion of electrodes to determine AA, UA, and DA
include PANI [72], polypyrrole (PPy) [133], poly(3,4-
ethylene dioxythiophene (PEDOT) [134], poly(erico-
chrome black T) (PEBT) [117] and poly(4-vinyl pyri-
dine) (PVP) [135]. The use of nanomaterials impreg-
nated into polymers has been encouraged by a huge
number of scientists [116]. Scientists had explored the
active states of polymer nanocomposites which
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encourage the ability of polymer nanocomposites to
produce high electrical conductivity, and their large
surface area increases the ability to transfer electrons
in electrochemical reactions. These properties have
improved sensitivity and selectivity and lower the lim-
its of detection [106].

The work done by Mahmoudian et al. (2019)
demonstrates the synthesis of an o-Fe,0;/polyaniline
nanotube (PAnNTs) composite as an electroactive
material to construct an electrochemical nanosensor
for uric acid (UA) detection. The o-Fe,0;/PAnNTs
had a working linear response for UA concentrations
between 0.01 uM and 5 uM and detection limit of
0.038 uM, respectively. The electrochemical nanosen-
sor had a sensitivity of 0.433 uA uM~! and the reliabil-
ity of the sensor towards UA detection was investigated
in solutions consisting of ascorbic acid (AA), citric
acid (CA), and succinic acid (SA). The results have
shown no significant interference between UA and the
interferents (AA, CA, and SA) using the o-
Fe,0;/PanNTs/GCE sensor. A relative standard devi-
ation of 5.49% was observed after 10 days from five-
time determination and illustrates good repeatability.
For the real urine sample, the actual result was mea-
sured at 2.53 uM [72]. The nanomaterials employed
for the simultaneous detection of DA and UA are sum-
marized in Table 3.

Ali et al. (2017) have constructed a sensor for the
simultaneous detection of DA and UA in neutral
phosphate buffer solutions. In this study, ethylene dioxy-
thiophene (EDOT) and chloroauric acid (HAuCl,) ratio
range from 2 : 1 to 1 : 2 were synthesized by a method
of in-situ polymerization to produce hollow nano-
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Table 3. Nanomaterials for the simultaneous detection of DA and UA

Detection limits, uM Linear range, uM
Nanoparticles Sample Method References
UA DA UA DA
PtNi@MoS, Urine DPV 0.1 0.1 0.5—600 0.5—150 [78]
PEDOT/AuNPs Aqueous DPV 0.08 0.07 1.5—150 0.15—-330 [136]
Au-Pt Urine & serum DPV 0.038 0.006 1—-1000 0.1—400 [137]
HNP—-AuAg Aqueous DPV 1.0 0.2 5—425 5-335 [138]
Au-SiO, Serum DPV 2.58 1.98 10—-500 10—100 [139]
200—500
CuO nano-rice Urine & serum DPV 1.2 0.42 1.0—160 1.0—150 [140]
GNP/FTO Serum DPV 0.28 0.22 1—-100 1—-100 [141]

spheres of poly(3,4-ethylene dioxythiophene)/Gold
(PEDOT/Au) composition. The PEDOT/Au (1 : 1)
modified electrode revealed excellent electrocatalytic
activity with faster electron charge transfer kinetics
that was showcased by the electrochemical experi-
ments. The DPYV results revealed an excellent linear
response with 0.15 to 330 uM and 1.5 to 150 uM for the
PEDOT/Au (1: 1) electrode in UA and DA detection,
respectively. Low detection limits (S/N = 3) were
obtained for DA and UA detection (0.08 and 0.07 uM).
Excellent stability (0.6%) and repeatability (2.9%)
with good reproducibility (3.1%) was showcased by
this PEDOT/Au (1 : 1) electrode [136].

Nanomaterials Modified with Other Materials

Recently, porous silicon decorated silver nanopar-
ticles (AgNPs—PSi) was synthesized by Harraz et al.
(2019) via stain etching of Si, followed by a simple
immersion plating of Ag and applied for the successful
determination of AA. The newly constructed AgNPs-
PSi sensor detect AA with remarkable sensing perfor-
mances with fast response time (<5 s), high sensitivity
of 1.279 uA uM cm?, a low detection limit of 0.83 uM,
wide linear range between 20 to 600 uM and excellent
anti-interference using AA, DA, citric acid and glu-
cose. The repeatability behaviour was performed for
ten successive measurements and led to a relative stan-
dard deviation of 3.5%. This AgNPs—PSi sensor was
also applied to the analysis of a vitamin C supplement
that was commercially available with satisfactory
detection results [83].

In another study done by Zhang et al. (2018), a
hydrothermal process was employed to construct a
novel branch-trunk Ag hierarchical nanostructures
and then fabricated on Tellurium (Te) nanowires via
the reaction of galvanic replacement using a micro-
wave-assisted synthesis method. The investigation of
newly synthesized hierarchical nanostructures in the
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development of electrochemical sensors for the detec-
tion of AA in orange juice and human urine samples
produced satisfactory results. The branch-trunk Ag
hierarchical nanostructures sensor showed a detection
limit of 0.06 uM (S/N = 3) with linearity that ranges
from 0.17 uM to 1.80 mM (R = 0.999) in AA determi-
nation [84]. The actual results obtained for AA in
orange juice and human urine samples was 11.3 and
18.5 uM, respectively. Interfering species such as glu-
cose, CA, H,0,, and DA were exploited in the deter-
mination of AA with no effects on the selective deter-
mination of AA.

Recently, Liu et al. (2019) have constructed a sim-
ple electrochemical sensor for the detection of DA
using the Au nanocomposites with the Ag@C core-
shell structure (Ag@C/Au) and illustrated in Fig. 5.
The Ag@C/Au composite was synthesized by a one-
pot hydrothermal method for Ag@C core—shell
nanoparticles followed by the in-situ reduction pro-
cess of Au nanoparticles. This sensor shown under the
optimum experimental conditions, with a detection
limit of 0.21 uM (S/N = 3) with linearity that ranges
from 0.5 to 27.5 uM, 27.5 to 0.2775 mM and 0.2775 to
4.278 mM for DA. For reproducibility, five different
electrodes were prepared under the same practical con-
ditions. A relative standard deviation of 4.5% was calcu-
lated for the five measurements. Also for this study, the
anti-interference ability for the Ag@C/Au/GCE sensor
was carefully studied. Anti-interference species such as
citric acid, glycine, lysine, glucose, H,0,, UA, and AA
were added to a 0.1 mol L~ PBS containing DA. From
the scans, no interference was observed after adding these
common interference species. The Ag@C/Au/GCE
sensor exhibited good selectivity and anti-interference
ability towards the detection of DA. A comparison of
the linear range and limit of detection results are sum-
marized in Table 1, which illustrates various working
electrodes that were modified with different nano-
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Fig. 5. DPV curves of Ag@C/Au/GCE sensor in 0.1 M phosphate buffer solution (pH 7.0) with increasing concentrations of
0.50 to 4.28 mM DA in (a). Corresponding calibration curves of the peak currents versus the increasing concentrations of DA in

(b) [87].

materials for the individual detection of DA, UA, and
AA [87].

CONCLUSIONS

The detection of DA, UA, and AA in samples such
as pharmaceuticals and human serum is very problem-
atic for the analytical scientist. Over the past years,
nanomaterials modified with different materials have
been expanding the need for economic, simple and
rapid sensors and have become part of electrochemis-
try and analytical chemistry. In this study, we have
summarized the different roles that metallic and bime-
tallic nanoparticles play in UA, AA, and DA detection
in clinical, pharmaceutical and food samples. Fur-
thermore, we observed that the application of iron and
platinum-based nanoparticles are not frequently used
in the detection of DA, UA, and AA in pharmaceuti-
cals. The lowest detection limit for both individual and
simultaneous detection of DA, UA, and AA in real
samples was achieved by Au/PDDA—-rGO sensor.
Finally, this investigation showcased the challenges on
the construction of nanocomposite sensors which has
no practical difficulty in producing reliable and repro-
ducible results for the detection of DA, UA, and AA in
pharmaceuticals.
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