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ABSTRACT
A novel electrode modification strategy was developed. It involved electropolymerization of melamine and
electrodeposition of gold nanoparticles (AuNPs) onto a carbon paste electrode (CPE), forming a polymelamine
(PM)/AuNPs-modified electrode. The fabricated AuNPs/PM/CPE electrode was designed for the simultaneous
determination of uric acid (UA) and dopamine (DA). Field Emission Scanning Electron Microscopy-Energy
Dispersive X-ray analysis (FESEM-EDX) revealed that the AuNPs/PM/CPE electrode exhibited a surface
morphology with a large effective area, facilitating enhanced electrochemical activity for the simultaneous detection
of both compounds in human urine samples. Optimisation studies determined that a scan rate of 100 mV/s was
optimal. A 0.1 M phosphate-buffered saline (PBS, pH 3.0) solution was selected as the supporting electrolyte for
simultaneous determination. The LoD values for DA and UA were 0.6052 μM and 0.6462 μM, respectively, with
high correlation coefficients (R² = 0.9981 for DA and 0.9979 for UA). The sensor showed strong analytical
performance, with recoveries of 89.6–109.2% for DA and 83.4–105.1% for UA. Precision values ranged from 0.02–
0.70% for DA and 0.06–0.63% for UA. The standard-addition (spiking) method applied to human urine yielded
recoveries of 98.99% for DA and 98.96% for UA at a concentration of 1 μM. The developed sensor provides a rapid,
cost-effective, and minimally invasive approach for monitoring DA and UA in urine, offering considerable potential
for early diagnosis and clinical screening of neurological and metabolic disorders. Its superior analytical
performance is attributed to the uniform dispersion of AuNPs, which enhances electron transfer efficiency and
catalytic responsiveness.
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INTRODUCTION
Uric acid (UA) and dopamine (DA) are key components of human metabolism and physiological
regulation. Both also serve as important biomarkers for various health conditions. UA represents the final
product of purine metabolism. Its serum levels usually range from 0.13 to 0.46 mM.1 Accurate monitoring
is important because elevated UA levels indicate hyperuricemia, which is a major diagnostic marker for
kidney and metabolic disorders. DA is a neurotransmitter produced in the brain. It helps regulate motor
function, mood, and other neurological processes. DA levels are also linked to cardiac function, blood
pressure, and blood flow.2 In healthy people, 24-hour urinary DA excretion ranges from 65 to 400 μg.3
Low DA levels can widen blood vessels in the kidneys and heart, thereby increasing blood flow. High DA
levels may result in elevated blood pressure. Abnormal DA levels are associated with neurological
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disorders, including Parkinson's disease, Alzheimer's disease, and depression.4 Because of these links,
research on DA and UA detection tools for early diagnosis has increased. Biosensors, in particular, have
become effective for continuous, non-invasive biomarker monitoring, thereby facilitating early disease
detection in healthcare. However, many studies on the detection of DA or UA in urine are challenged by
environmental factors and varying analyte concentrations. These issues reduce the reliability of
measurements under practical conditions.5 Electrochemical studies on the simultaneous detection of UA
and DA are still scarce. Existing sensors often cannot provide both a wide linear detection range and high
sensitivity.6 In addition, only a limited number of these sensors have been tested using real human
samples. These limitations highlight the need for electrochemical sensors capable of simultaneously
detecting both biomarkers with high analytical performance for clinical applications. This study aims to
develop an electrochemical sensor with high sensitivity, selectivity, and reliability for the simultaneous
detection of both compounds in human urine. This need is driven by current technological limitations, as
only a few platforms combine high sensitivity, a wide linear detection range, and stable, reproducible
performance in real human samples. Furthermore, additional clinical validation is required. To address
these challenges, polymelamine (PM) and gold nanoparticles (AuNPs) were combined to improve the
electrode's performance through their synergistic effects, thereby enhancing analytical efficiency and
practical applicability. We report the fabrication and evaluation of an AuNPs/PM/CPE-modified carbon
paste electrode for the sensitive and selective simultaneous detection of DA and UA. The combined
effects of PM and AuNPs enhance the electrochemical performance, selectivity, and sensitivity of carbon
paste electrodes (CPE). We used FESEM-EDX to examine the electrode's surface morphology and
material distribution. Both DPV and CV were used to investigate the electrochemical behaviour of UA
and DA. These methods were employed to establish the optimal experimental conditions and evaluate key
analytical parameters, including linearity, sensitivity, detection limit, and selectivity. Previous work
reported a sensor for DA and AA.7 The current study extends this research. The practical applicability of
the modified electrode was validated using urine samples, confirming its potential for clinical and
diagnostic sensing. The development of this electrode aligns with Sustainable Development Goal (SDG)
3: Good Health and Well-Being, as it provides a promising platform for the early detection of diseases
associated with abnormal DA and UA levels, thereby supporting improved healthcare outcomes.

EXPERIMENTAL
Apparatus and Reagents
Disodium hydrogen phosphate anhydrous (Na2HPO4), dopamine (C8H11NO2), trisodium phosphate
(Na3PO4), and sodium dihydrogen phosphate monohydrate (NaH2PO4·H2O) were obtained from Sigma-
Aldrich (USA). Ascorbic acid (C6H8O6), phosphoric acid (H3PO4), hydrochloric acid (HCl), uric acid
(C5H4N4O3), and urea (CH4N2O) were sourced from PT Smart Lab Indonesia. Ultra-high-purity water was
provided by PT Brataco, Indonesia. An Autolab PGSTAT 128N potentiostat/galvanostat electrochemical
workstation was used for all electrochemical studies, including differential pulse voltammetry (DPV) and
cyclic voltammetry (CV). An Ag/AgCl (3M KCl) reference electrode, a Pt counter electrode, and a
modified working electrode were used for the measurements. Surface morphology characterization was
performed using a Hitachi SU 8220 field emission scanning electron microscope equipped with energy-
dispersive X-ray spectroscopy (FESEM-EDX) at the Chemistry Laboratory, Institut Teknologi Sepuluh
Nopember (ITS), Surabaya, Indonesia.

Fabr ication of AuNPs/PM/CPE
The synthesis of the proposed AuNPs/PM/CPE electrode followed the fabrication procedure reported in
our previous study8 as shown in Fig.-1(a)First, we prepared the CPE by homogeneously mixing carbon
powder and paraffin oil in a 7:3 (w/w) ratio. The resulting paste was packed into an electrode holder, and
the surface was gently polished to achieve a uniform finish. The CPE surface was activated using cyclic
voltammetry (CV) in 0.5 M H2SO4 at a scan rate of 100 mV/s for 30 cycles over a potential range of 0.0
to +1.0 V, followed by rinsing with UHP water. Next, electropolymerization of melamine was performed
on the activated CPE in 0.1 M NaOH containing 1 mM melamine at a scan rate of 100 mV/s for 20 cycles
over a potential window of –0.1 to +1.6 V. AuNPs were electrodeposited onto the PM-modified CPE by
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cyclic voltammetry in a mixed solution of 0.01M Na2SO4 and 0.01 M H₂SO₄ containing 1 mM
HAuCl4 at a scan rate of 50 mV/s for 12 cycles over a potential range of –0.4 to +1.5 V. The modified
electrodes were rinsed with UHP water and stored under dry conditions until use.

Electrochemical Measurements
Electrochemical measurements were performed in 0.1 M phosphate-buffered saline (PBS, pH 3.0) as the
supporting electrolyte. The potential range applied in this study was +0.1 to +0.7 V to observe the
electrochemical response of a mixed solution containing 100 µM UA and 100 µM DA. The scan
rate was optimised using cyclic voltammetry (CV).

Fig.-1: (a) Schematic Fabrication Process of AuNPs/PM/CPE. (b) FESEM-EDX of AuNPs/PM/CPE

The scan rate variations investigated in this study were 20, 45, 60, 80, 100, 150, and 200 mV s-1. The limit
of detection (LoD) was determined from the calibration curves of UA and DA. The concentrations of UA
and DA were varied over the range of 0.1–11 μM, while the concentration of the other analyte was kept
constant. The LoD was calculated using the equation LoD = (3 × SD)/m.
Potential interference during the simultaneous detection of UA and DA in urine was evaluated by
investigating the effects of relevant coexisting species, including ascorbic acid (AA), UA, and DA.
Furthermore, reproducibility and repeatability tests were conducted to ensure the consistency and
reliability of the analytical results obtained under different experimental conditions. These tests also
evaluated the effects of sample matrix variation and the stability of the electrochemical response during
repeated measurements.

Real Sample Analysis
The analytical performance, validity, and practical application of the modified AuNPs/PM/CPE electrode
were assessed using newborn urine samples spiked with known concentrations of UA and DA. Newborn
urine, with its simpler matrix and minimal interference, provides an optimal medium for method
validation9. This matrix also provides a physiological baseline for studies involving DA and UA
biomarkers, making it a safe, ethical, and efficient option for evaluating the selectivity of electrochemical
sensors. To minimize matrix effects, urine samples were diluted 50-fold with 0.1 M PBS (pH 3.0) and
centrifuged at 7000 rpm for 5 min. UA and DA at predetermined concentrations were then added to the
samples, which were subsequently analyzed electrochemically using the modified working electrode.

RESULTS AND DISCUSSION
Material Characterization
The morphological characteristics of the AuNPs/PM/CPE electrode were comprehensively analyzed using
FESEM-EDX. The resulting micrographs showed a relatively homogeneous distribution of gold particles
on the electrode surface and provided elemental composition information, confirming the successful,
significant, and consistent material modification. The electrode was composed of Au, C, O, N, and Si
(Fig.-1(b)). Nitrogen detected in the EDX spectrum confirmed the successful electropolymerization of
PM on the CPE surface. The PM coating prevented Au nanoparticles from aggregating into bulk gold.10,11
The average size of the gold nanoparticles, determined using ImageJ, was 46.8 nm. FESEM revealed a
homogeneous distribution of AuNPs with no visible aggregation. EDX showed that N was present at a
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lower percentage than Au because the PM layer was covered by AuNPs. These findings demonstrate that
PM serves as an effective substrate for AuNP immobilization, improving the surface properties of the
modified electrode for the simultaneous detection of DA and UA. Furthermore, the hydrophilic nature of
PM enhances the compatibility between AuNPs and the carbon-based electrode matrix.12 The uniform
distribution of AuNPs also increases the active surface area and the number of catalytic sites13–15, thereby
enhancing the electrochemical performance of the modified electrode for the simultaneous detection of
DA and UA.

Electroanalytical Studies of AuNPs/PM/CPE
The electrochemical performance of UA and DA was evaluated using four types of working electrodes:
AuNPs/PM/CPE, PM/CPE, AuNPs/CPE, and CPE, as shown in Fig.-2(a). This evaluation was conducted
systematically to determine the optimal working electrode for the simultaneous detection of both analytes.
Simultaneous measurements of UA and DA were performed using cyclic voltammetry (CV) over a
potential range of −0.4 to +0.8 V at a scan rate of 100 mV/s. The voltammograms indicated that the bare
CPE exhibited the lowest peak current (Ip), reflecting slow electron transfer at its surface. The PM/CPE
demonstrated a higher Ip than the bare CPE, which was attributed to the amine functional groups and
aromatic rings in polymelamine, facilitating molecular interactions and accelerating electron transfer. The
AuNPs/CPE displayed pronounced anodic and cathodic currents, indicating enhanced electrochemical
reversibility and improved electron-transfer kinetics, consistent with the high conductivity of gold
nanoparticles. The developed AuNPs/PM/CPE electrode exhibited superior electrochemical
characteristics, with clearly separated and well-defined oxidation peaks for UA and DA, enabling more
selective and accurate simultaneous analysis. This enhanced resolution demonstrated the synergistic
electrocatalytic effect of polymelamine and gold nanoparticles, resulting in improved sensor sensitivity
and selectivity. In contrast, the AuNPs/CPE electrode alone did not achieve complete peak separation.
These results demonstrated significant catalytic enhancement and a reduction in oxidation potential
achieved through the dual-modification strategy, making the developed working electrode a promising
platform for the simultaneous electrochemical detection of UA and DA. The nitrogen-rich structure and
aromatic rings of polymelamine facilitate efficient electron transfer16–18, supporting rapid and stable
electron flow. Gold nanoparticles also accelerate reaction kinetic19,20, enabling the amine groups of
polymelamine to interact with both AuNPs and the target analytes, thereby increasing their accumulation
on the AuNPs/PM/CPE surface. Polymelamine also stabilises the dispersion of AuNPs and minimises
their oxidation and agglomeration. The results of this study demonstrate that the dual modification
strategy using polymelamine and gold nanoparticles significantly enhances the sensor's sensitivity,
selectivity, and catalytic activity for the simultaneous detection of UA and DA.

Fig.-2. (a) Electrochemical responses of different working electrodes toward the simultaneous detection of DA and
UA; (b) Effect of pH; (c) Effect of scan rate; (d) DPV responses for DA at different concentrations; (e) DPV

responses for UA at different concentrations; (f) Selectivity study in the presence of AA, DA, and UA.
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The Effect of Supporting Electrolyte Measurement
The pH was optimized for electrochemical analysis to obtain maximum current responses with well-
separated oxidation peaks. A 0.1 M phosphate-buffered saline (PBS) solution with pH values ranging
from 3.0 to 9.0 was used to evaluate the effect of pH on the electrochemical behaviour of DA and UA.
DPV measurements were conducted at a scan rate of 100 mV/s over an applied potential range of −0.18 to
+0.8 V. The concentrations of DA and UA were maintained at 1 µM and 3 µM, respectively, throughout
the optimization process to ensure that the observed current changes were solely attributed to variations in
the pH of the supporting electrolyte.
Voltammograms recorded at pH 4.0, 5.0, 6.0, 6.5, 7.0, 8.0, and 9.0 (Fig.-2(b)) did not show satisfactory
results due to the overlapping oxidation potentials of DA and UA under neutral and alkaline conditions.
In contrast, clear separation of the UA and DA oxidation peaks was observed at pH 3.0 and 5.5, with the
most distinct separation obtained at pH 3.0. At lower pH values, DA and UA are predominantly
protonated, thereby minimizing intermolecular interactions and reducing peak broadening. Additionally,
electron-transfer kinetics are enhanced under acidic conditions, resulting in sharper oxidation peaks and
higher current responses. UA undergoes electrochemical oxidation through a proton-coupled electron-
transfer process, forming urate-4,5-diol under appropriate electrochemical conditions21,22. Therefore, pH
3.0 was selected as the optimum supporting electrolyte condition for the simultaneous electrochemical
detection of DA and UA.

The Effect of Scan Rate
Scan rate optimisation was performed to characterise electron-transfer kinetics, determine the most
sensitive and stable measurement conditions, and clarify the reaction mechanism at the electrode
surface1,23.
This approach also enabled the evaluation of the redox behaviour of DA and UA, which was influenced
by diffusion- or adsorption-controlled processes. Electrochemical measurements were performed by
varying the scan rate from 20 to 450 mV s-1 to evaluate the kinetics and reaction mechanisms at the
electrode surface. This variation allowed a comprehensive evaluation of the resulting current responses.
The influence of scan rate was examined using cyclic voltammetry (CV). As illustrated in Fig.-2(c),
increasing the scan rate resulted in higher anodic peak currents (Ipa) and a shift of the oxidation peak
potential toward more positive values. These findings indicate that the electrochemical response is highly
dependent on the scan rate. The relationship between log Ipa and log v¹ᐟ² was linear, as demonstrated by
the calibration plot (Ipa = 0.456x + 0.5224, R² = 0.9784). The oxidation process of UA and DA on the
AuNPs/PM/CPE electrode followed a diffusion-controlled mechanism. The resulting peak current was
strongly influenced by the mass-transfer rate of both analytes to the AuNPs/PM/CPE electrode surface.
These results indicate that the electrochemical oxidation of UA and DA was governed predominantly by
diffusion in solution rather than by the electron-transfer kinetics at the electrode surface, demonstrating
that the overall process was diffusion-controlled.

Simultaneous Electrochemical Detection of UA and DA at AuNPs/PM/CPE
The performance and reliability of a sensor in detecting analytes at very low concentrations depend on the
sensitivity of the working electrode. Sensitivity is a critical parameter for advancing modern biosensors
and precision diagnostic systems24. The oxidation of both UA and DA on the AuNPs/PM/CPE electrode
follows a diffusion-controlled mechanism, which is characteristic of homogeneous electrochemical
systems. This behaviour indicates that the electrochemical reaction is predominantly governed by the
diffusion of analytes from the bulk solution to the electrode surface, as supported by the linear
relationship between the peak current and the square root of the scan rate, consistent with the Randles–
Ševčík equation25,26. The generated current mainly depends on the rate of analyte mass transfer to the
AuNPs/PM/CPE electrode surface. Accordingly, the electrochemical response is governed primarily by
the availability of UA and DA at the electrode surface rather than by the kinetics of electron transfer.
Consequently, increases in analyte concentration or the diffusion gradient lead directly to higher oxidation
currents, confirming that the electrochemical process is predominantly diffusion-controlled. When the
concentration of UA was fixed at 1 μM, the concentration of DA was gradually increased, resulting in a
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proportional increase in the DA peak current. This result indicates a selective and sensitive electrode
response to changes in DA concentration. In contrast, the UA peak current did not change significantly,
indicating that increasing the DA concentration did not significantly interfere with the UA signal. This
confirms the method's ability to perform accurate simultaneous detection with minimal mutual
interference between the analytes. Conversely, the UA signal increased linearly with its concentration
while the DA concentration was held constant at 1 μM, further confirming the sensor's high selectivity.
The sensor demonstrated a linear dynamic range of 0.7–14 μM (Fig.-2(d,e)) for both DA and UA, with
detection limits of 0.6052 μM and 0.6462 μM, respectively. The linear regression equations for DA and
UA demonstrated excellent linear relationships between current and concentration: I (μA) = 5.8156 cDA
(μM) + 5.869 (R² = 0.9981) and I (μA) = 5.6964 cUA (μM) + 6.3795 (R² = 0.9979). Comparative
evaluation with various electrochemical sensors, as reported in Table-1, indicates that the
AuNPs/PM/CPE sensor exhibits superior analytical performance, as evidenced by its broader linear range
and lower detection limits for the simultaneous analysis of DA and UA. These findings demonstrate that
modification of the CPE surface with PM and AuNPs significantly enhances sensitivity and electron-
transfer efficiency. The AuNPs/PM/CPE sensor therefore holds promise for highly accurate analysis of
biological samples.

Table-1: Comparison of the Proposed AuNPs/PM/CPE Sensor with Previously Reported Electrochemical Sensors
for the Simultaneous Determination of DA and UA

Sensor Detection limit (mM) Ref.
DA UA

MOF-235/GCE 3.34 3.46 27
PEDOT-GO/GCE 2.0 10.0 28

Activated graphene-modified electrodes 1.96 1.97 16
PEDOT-GO 2.00 1.00 29

PdNPs/rGO/GCE 1.00 16.67 30
AuNPs/PM/CPE 0.60 0.64 This work

Reproducibility and Stability
The reproducibility and stability of the AuNPs/PM/CPE electrode were systematically evaluated by
differential pulse voltammetry (DPV) for the simultaneous analysis of UA and DA. Measurements were
performed in 0.1 M PBS (pH 3.0) with DA and UA concentrations of 20 µM and 70 µM, respectively.
Reproducibility tests were carried out using five independently prepared modified electrodes. Each
electrode was used to measure the peak current response of both analytes, and the results were compared
to assess the consistency and analytical reliability of the developed electrode system. The relative
standard deviation (RSD) values were 1.18% for DA and 3.73% for UA, indicating excellent
reproducibility. For repeatability evaluation, 25 consecutive measurements were performed using a single
modified electrode under identical experimental conditions. The resulting anodic peak currents gave RSD
values of 0.81% for DA and 1.31% for UA, confirming the high repeatability and operational stability of
the proposed sensor.
To further assess the practical applicability of the sensor, its selectivity was evaluated in the presence of
potential interfering compounds. The voltammetric response was investigated using a mixed solution
containing 1 μM each of DA, UA, and AA in 0.1 M PBS (pH 6.5) by DPV. The resulting voltammograms
exhibited three well-defined oxidation peaks corresponding to DA, UA, and AA (Fig.-2(f)). The clear
peak separation demonstrates that the AuNPs/PM/CPE electrode possesses excellent selectivity, enabling
the simultaneous determination of all three analytes with minimal mutual interference.
The excellent reproducibility, repeatability, and selectivity obtained in this study demonstrate the
effectiveness of the dual modification strategy using polymelamine and gold nanoparticles. The
synergistic combination of these materials enhances electron-transfer efficiency, increases the
electroactive surface area, and improves catalytic activity, resulting in reliable electrochemical
performance for the simultaneous determination of UA and DA. Furthermore, the use of inexpensive
materials and a straightforward fabrication procedure makes the proposed sensor attractive for practical
biomedical applications. These characteristics support the development of accessible electrochemical
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diagnostic technologies and are consistent with Sustainable Development Goal (SDG) 3 (Good Health
and Well-Being), which promotes improved healthcare through innovative diagnostic tools.

Real Biological Sample Analysis
Simultaneous determination of UA and DA in urine samples was performed using the standard addition
method to improve analytical accuracy and minimize matrix interference in complex biological systems.
The urine samples were first diluted 50-fold with 0.1 M PBS (pH 3.0) as the supporting electrolyte.
Subsequently, UA and DA standard solutions were added to achieve final concentrations of 1 μM each.
Measurements were performed using the DPV technique, and the analytical results are presented in
Table-2. The recovery values obtained were 98.99% for DA and 98.96% for UA, demonstrating the
excellent accuracy and reliability of the proposed sensor for the analysis of real biological samples.

Table-2: Recovery Study of DA and UA in Human Urine Samples
Sample Analyte Added Concentration (M) Found Concentration (M) Recovery (%)
Urine DA 0 ND -

1 0.9899 98.99
UA 0 ND -

1 0.9896 98.96

CONCLUSION
A simple and effective AuNPs/PM/CPE working electrode was successfully developed for the
simultaneous analysis of UA and DA. The electrode modification resulted in enhanced electrocatalytic
activity, improved current response, and well-defined oxidation peaks for both UA and DA. The
developed electrode also demonstrated high stability, reproducibility, and excellent selectivity in the
presence of AA. The sensor was successfully applied to the simultaneous determination of DA and UA in
human urine samples, achieving recoveries of 98.99% for DA and 98.96% for UA. This research also
contributes to Sustainable Development Goal (SDG) 3 (Good Health and Well-Being), as the developed
sensor shows considerable potential for the early detection of abnormal UA and DA levels.
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