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ARTICLE INFO ABSTRACT

Keywords: The current study presents the creation of a straightforward and sensitive sensor based on ZnO/
Levodopa Co304 nanocomposite modified screen-printed electrode (ZnO/Co3O4NC/SPE) for levodopa
Zinc oxide

determination. At ZnO/Co304NC/SPE, an oxidative peak for levodopa solution in pH 6.0 phos-
phate buffer solution (PBS) were seen that were both more resolved and more enhanced. Levo-
dopa was measured using differential pulse voltammetry (DPV), which showed an excellent linear
range (0.001-800.0 pM) and detection limit (0.81 nM). The presence of interference did not affect
the electrochemical response of levodopa at ZnO/Co304NC/SPE, demonstrating high selectivity.
Levodopa in a real samples have been successfully detected using the manufactured sensor.

Cobalt oxide
Nanocomposite
Screen-printed electrode

1. Introduction

Since the 1960s, levodopa (1-3,4-dihydroxyphenylalanine), a direct precursor of dopamine, has been the most effective symp-
tomatic medicine for the treatment of Parkinson’s disease (PD) [1,2]. Lack of dopamine, which cannot be carried directly into the brain
because of the blood-brain barrier, is a crucial factor in Parkinson’s disease [3]. Levodopa, which may be converted into dopamine in
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the brain under the influence of dopamine decarboxylase, is frequently required as an alternate therapy for sufferers [4].

Levodopa can successfully treat a variety of Parkinson’s disease symptoms, but the dose issue continues to perplex medical pro-
fessionals [5]. The condition cannot be successfully stopped by underdosing, while overdose might have a variety of negative side
effects, such as dyspraxia, myospasm, mental disorders, etc. Additionally, the challenges of therapeutic dosage regulation are exac-
erbated by individual variations in drug impact and drug metabolism [6-8]. Levodopa in human serum must thus be found throughout
PD therapy to regulate medication safety along with patient health. Levodopa monitoring techniques are gas chromatography (GC),
capillary electrophoresis, high performance liquid chromatography (HPLC), flow injection analysis and photokinetic methods, among
others [9-13]. However, each method has drawbacks, including selectivity, price, lengthier analytical times and the use of organic
solvents, as well as sample preparation [14-17]. Indeed, several studies on the electroanalytical determination of analytes by vol-
tammetric techniques have been published with great operating conditions, such as simplicity, speed, sensitivity, precision, and
affordability [18-22]. As a result, it appears that there is a need for point-of-care and on-site analysis, as well as a switch from popular
old procedures to new, potent methods [23-26]. The analyte oxidation at the surface of frequently used bare electrodes, in contrast, is
hampered by a large overpotential, thus it is a good idea to change the surface of electrodes with the proper materials [27-30].

ZnO is a (n)-type semiconductor with unique properties that make it useful in many different kinds of devices, such as chemical gas
sensors, laser diodes, biosensors, ultraviolet photodetectors, and transparent conductive oxide [31-37]. Nanomaterials may be
employed as the best sensing materials since they have a very high surface to volume ratio along with a very big surface area [38-41].

But despite all the advantages, there are still certain issues that need to be resolved. The need for sensors with cutting-edge ca-
pabilities in low concentration analytes has grown in recent years [42,43]. Other extra strategies must be included in order to increase
the sensing capabilities due to the fact that it is challenging to manufacture sensors with more enhanced selectivity and response using
just bare ZnO nanoparticles. Techniques including ion implantation, core/shell structure construction, decorating with noble metal or
metal oxide nanoparticles, and structural modification have improved the sensing capabilities [44-49]. In order to enhance the sensing
capabilities, in this work, ZnO nanoparticles were coated with Co304 nanoparticles, (p)-type semiconductors. Synergistic interactions
between these two nanomaterials may improve the analyte sensing characteristics since Co304 is a very sensitive material [50].
Additionally, the ranges of possible energy barriers among (n)-ZnO and (p)-Co304 are expected to change, increasing the resistance of
the sensors to analyte exposure and enhancing responsiveness [51].

In this work, for the first time a spherical morphology of nanocomposite consisting of ZnO/Co304 nanocomposite (ZnO/Co304 NC)
was synthesized by an ultrasound assisted method. The result illustrates that the particles’ shape is amorphous when ultrasonic
irradiation is absent and the particle size has been bigger than the nanoscale size. According to the above points, we used this
important kind of composite for the modification of the screen-printed electrode (SPE). Meanwhile, the surface detection properties
have been analyzed by evaluating their cyclic voltammetry (CV). Then, voltammetry techniques were used to investigate the elec-
trochemical properties of levodopa oxidation at the modified electrode. Levodopa’s anodic peak current may be dramatically raised
and its oxidation can be much improved due to the attractive properties of ZnO/Co304 NC/SPE. Additionally, research has been done
on the modified electrode’s repeatability and stability for levodopa detection. Ultimately, the suggested technique was applied to
ascertain the levodopa content of actual samples.

2. Experimental
2.1. Materials

Polyvinylpyrrolidone (PVP), sodium hydroxide, zinc nitrate hexahydrate (Zn(NOs3),-6H20), cobalt nitrate hexahydrate (Co
(NO3)2-6H50), and levodopa were among the substances purchased from Merck for this investigation. These reagents were used
without any further purification in their original forms. To guarantee high cleanliness, water that had undergone double distillation
was used to produce solutions.

2.2. Instrument of the study

The microstructures and morphologies of the nanocomposite created in this work were examined using a range of methods. Using
an energy dispersive X-ray spectroscopy (EDS)-equipped scanning electron microscope (SEM, Hitachi SU8010) working at 15 kV, the
characteristics of the nanoparticles were investigated. Glancing angled X-ray diffraction (XRD, Philips X’pert MRD pro) using Cu Ka
radiation (A = 1.5418 A) across a 20 range of 2°-80° was used to analyze the crystal structures. The Metrohm 710 pH meter was used to
measure the pH. The Shimadzu Prominence ultrafast liquid chromatography system was used in conjunction with an AB Sciex 4000
Turbo Ion Spray tandem mass spectrometric system for liquid chromatography.

2.3. Electrochemical method

The CHI1030C Electrochemical Workstation was utilized to perform electrochemical cyclic voltammetry (CV), differential pulse
voltammetry (DPV), and chronoamperometry (CHA) in the electroanalytical investigations. The usual three-electrode cell was used for
these studies, and the temperature was kept constant at 25 + 1 °C. The ZnO/Co304 NC/SPE was the working electrode, platinum wire
served as the auxiliary electrode, and a saturated calomel electrode (SCE) served as the reference electrode. These three electrodes
were utilized. Utilizing the CV approach, the electrochemical characteristics of the electrode were described in a potential range of
—0.01 to 0.6 V in a 0.5 mM [Fe(CN)e]>/# solution with 0.1 M KCl serving as the supporting electrolyte. DPV was used to evaluate
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levodopa’s electrochemical behavior and quantitative analysis throughout a voltage range of 0.02-0.75 V. After five repetitions, the
results were reported in order to guarantee precision and repeatability.

2.4. Preparing ZnO/Co304 nanocomposite

Sonochemical preparation was used to create the ZnO/Co304 nanocomposite. In a conventional experiment, 1.5 M of NaOH has
been dissolved in distilled water while being stirred. Drop by drop, the solution was added to a 20 mL aqueous solution containing zinc
nitrate, PVP and cobalt nitrate in a 1:1:2 M ratio while being exposed to ultrasonic waves with varying irradiation powers (0, 200 and
400 W). The solution’s pH was adjusted at 10. Also, the precipitate underwent a thorough deionized water wash before being baked at
100 °C. A 5-h calcination process at 650 °C has been used to create the powder.

2.5. Modification of electrode

By applying potentials between 0.4 V and 1.4 V for 15 cycles at a scan rate of 100 mV s, the SPE was pre-treated with 0.1 M NaOH
in the CV technique. The goal of this pre-treatment was to increase the electrode surface’s hydrophilicity for ensuing studies. After that,
a drop-coating method was used to deposit a ZnO/Co304 nanocomposite onto the SPE sensor. The nanocomposite solution was made
by dissolving 1.0 mg of the nanocomposite in 1 mL of double-distilled water and ultrasonically dispersing the mixture for 60 min. Next,
a carefully pipetted 5.0 pL of the composite solution was applied to the SPE surface that had been prepared. The ZnO/Co304
nanocomposite-modified SPE sensor was prepared for the electrochemical evaluation of levodopa after it had dried.

2.6. Real sample

The urine samples that have been taken and placed in the refrigerator. The specimen was centrifuged in a subsequent step using a
0.45 pM filter and 10 mL of it for 15 min at 2000 rpm. As a result, A specific quantity of the solution has been diluted with PBS to a pH
of 6.0 and put into a 25 mL volumetric flask. Then, different doses of levodopa have been added to these diluted urine samples.

At the hospital at King Khalid University, blood samples were taken from healthy individuals. After that, 0.15 mL of perchloric acid
has been mixed with 1 mL of blood that was then mixed for 1 min in a vortex before being centrifuged for 15 min at 2500 rpm. After
that, 10 mL of the supernatant was dissolved in PBS (pH = 6.0).

Levodopa tablets, which contain 25.0 mg of the active ingredient each, were analyzed by dissolving the necessary amount in 25 mL
of PBS to get an appropriate concentration. To guarantee total disintegration, this combination was subsequently exposed to ultrasonic
sonication for 30 min. The solution was filtered after sonication, and the liquid phase was collected in a 100 mL volumetric flask. The
resultant samples were diluted with PBS to get the proper concentrations after this filtering procedure was carried out five times. DPV,
a voltammetric method, was used for the measurements. An external calibration approach was used for quantification. A SCE was used
as the potential range for the DPV measurements, which were performed at a scan rate of 0.05 V/s.
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Fig. 1. XRD patterns of ZnO/Co304 nanocomposite at (a) 0, (b) 200 and (c) 400 W irradiation power.
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3. Result and discussion
3.1. ZnO/Co304 nanocomposite surface characterization

3.1.1. X-ray diffraction

Fig. 1 depicts how the ultrasonic irradiation powers of 0, 200, and 400 W affect the rate of crystallization and the production of
particle constituents. At 0, 200, and 400 W of irradiation power, each diffraction peak is flawlessly indexed to the cubic Co304
structure (PDF#43-1003) and wurtzite ZnO structure (PDF#36-1451) [52]. Fig. 1 (curve a) lack of a peak in the X-ray diffractograms
of the sample produced when the ultrasonic irradiation power was absent indicates that either the product’s crystallinity has become
too low to be detectable or the powder is amorphous. Here, the peak intensities’ comparison for ZnO/Co304 nanocomposite diffraction
peaks demonstrates that increasing the sonication output’s irradiation power improves the nanocomposite’s purity (Fig. 1 (curve b)).
This process occurs as a result of the destruction of by-products during the obliteration of ZnO/Co304 nanocomposite materials using
greater ultrasonic irradiation (Fig. 1 (curve c)). This graph shows the impact of varying ultrasonic irradiation strength on the peak
Zn0/Co304 nanocomposite intensity. The specimen with the greatest radiation power hence exhibits higher relative ZnO/Co304
nanocomposite trait diffraction peak intensities. According to Fig. 1, increasing sonication power results in the formation of smaller
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Fig. 2. FESEM images of ZnO/Co30,4 nanocomposite at (a) 0, (b) 200, (c) and (d) 400 W irradiation power.
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Zn0/Co304 crystals.

3.1.2. Morphology

Using FESEM evaluation, particles’ shape and their dispersion, as well as their size have been evaluated. Fig. 2 shows how the
ultrasonic power affects the morphology of the particles. Fig. 2a illustrates that the particles’ shape is amorphous when ultrasonic
irradiation is absent. Additionally, the particle size has been bigger than the nanoscale size at 200 W of ultrasonic irradiation power
(Fig. 2b). However, the ZnO/Co304 nanocomposite sample exhibits spherical particles at 400 W ultrasonic irradiation power (Fig. 2c).
The particle size distribution ranges from 30 nm to 40 nm at 400 W ultrasonic irradiation power, as shown in Fig. 2d (high resolution
FESEM image).

By causing bubbles to develop and collapse, ultrasonic irradiation raises the pressure and temperature in the solution. A shift in
bubble deterioration symmetry results from the cavitation that happens when solid particles are present in such an event at the particle
proximity. Additionally, when cavitation occurs distant from the particles, the bubble collapses, creating a very turbulent flow inside
the solution. Consequently, cavitation causes such distinct nanoparticle morphologies to emerge under varied circumstances during
ultrasonic irradiation. According to the SEM picture, the amount of particles that accumulate inside the specimen is lessened when
ultrasonic irradiation is present. An incidence like this is a sign that nanoparticle dispersion inside this specimen is common and is
caused by the formation and collapse of micro-bubbles [53]. Clearly, the length of the ultrasonic irradiation strength correlated with a
reduction in particle size (Fig. 2). The rate of particle size reduction after treating specimens with higher ultrasonic power was a higher
than it was after treating specimens with lower ultrasonic power.

As shown in Fig. 3, the elemental composition of the ZnO/Co304 nanocomposite was detected using EDX to assess the material
purity. The EDX spectrum of the ZnO/Co304 nanocomposite clearly shows the presence of oxygen, zinc and cobalt without any
contaminants. Fig. 3 displays EDX mapping pictures of ZnO/Co304 nanocomposite that demonstrate that the generated product is a
combination of oxygen, zinc and cobalt.

3.2. Characterization of modified electrode

The ZnO/Co304 NC/SPE’s CV curve in a 0.5 M [Fe(CN)6]3~/#~ solution is shown in Fig. 4, with 0.1 M KCl acting as the supporting
electrolyte. Fig. 4A illustrates how the effective surface area of the modified and bare electrodes was measured at different scan speeds
using the CV technique and a 0.5 mM [Fe(CN)6]3~/#~ probe. After that, a reversible process was analyzed using the Randles-Sevcik
equation (Eq. 1) in the following way [54]:

Ipa = + (2.69 x 10°) n*2 A D2 ¢ v'/? @

Here,n=1and D = 7.6 x 107° cm? s~ for 0.5 mM [Fe(CN)6]3'/ 4 in the 0.1 M KCI electrolyte, respectively, denote the number of
transferred electrons, A for the electrode surface area, D for the diffusion coefficient, C for the [Fe(CN)g] 3-/4 concentration (mol cm’3),
and v for the scan rate. For bare SPE and ZnO/Co304 NC/SPE (Fig. 4B), the true surface area was calculated based on the slope from the
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Fig. 3. EDX spectra and elemental mapping of ZnO/Co30,4 nanocomposite at 200 W irradiation power.
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Fig. 4. (A) CVs of ZnO/Co304 NC/SPE in the presence of 0.5 mM [Fe(CN)6]3' solution in aqueous 0.1 M KCl at various scan rates (from inner to
outer curve): 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500, 600, 700 and 800 mV s~ '. (B) The plot of peak currents vs. v'/2.

Ipa-vl/ 2 plot [33,34], which was 0.11 cm? and 0.24 cm?, respectively. Consequently, the ZnO/Co304 NC/SPE’s surface area was 2.18
times larger than the naked SPE’s, in that order. The surface area and electrocatalytic activity of the ZnO/Co304 nanocomposite on the
oxidation process of levodopa at pH 6.0 may be the cause of the higher peak current of analyte oxidation on the ZnO/Co304 NC/SPE
surface.

3.3. Electrochemical behavior of levodopa

At a scan rate of 50 mV s ! in PBS (0.1 M, pH 6.0), CVs were acquired for 95.0 pM levodopa using three distinct electrode setups:
bare SPE (curve b), ZnO/Co304 NC/SPE (curve c), and ZnO/Co304 NC/SPE without levodopa (curve a) (Fig. 5). Levodopa showed an
irreversible, single anodic peak with a peak potential of 510 mV and a peak current of 2.67 pA on the naked SPE surface (curve b).
Conversely, the ZnO/Co304 NC/SPE (curve c) showed the largest anodic peak for levodopa, with a peak current of 14.23 pA and a
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Fig. 5. CVsof a) ZnO/Co304 NC/SPE in 0.1 M PBS (pH = 6.0), b) bare SPE and ¢) ZnO/Co304 NC/SPE in the presence of levodopa (60.0 pM) in PBS
at a pH 6.0, respectively. In all cases, the scan rate was 50 mV s,
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voltage of 425 mV. The ZnO/Co304 nanocomposite’s improved characteristics are responsible for the notable rise in peak current on
the ZnO/Co304 NC/SPE. Levodopa oxidation on the electrode surface is facilitated by the nanocomposite’s porous structure, which
also boosts electrical conductivity and effective surface area.

3.4. Scan rate and pH

Fig. 6A illustrates the effect of scan rate on the catalytic current of levodopa. Catalytic current (I;) rose in tandem with the scan
rate, which went from 10 to 700 mV s'. Significantly, the I,a showed a proportionate connection with the scan rate’s square root,
suggesting an irreversible, diffusion-controlled levodopa oxidation process at the ZnO/Co304 NC/SPE (Fig. 6A).

The effect of pH on the catalytic current of 100.0 pM levodopa in a phosphate buffer solution was investigated using DPV (Fig. 7).
Levodopa’s catalytic current increases gradually up to pH 6.0, after which it begins to decline (Fig. 7A). This implies that, in these
circumstances, levodopa measurement is best done at a pH of 6.0. Furthermore, Fig. 7B shows that shifting the solution’s pH between
3.0 and 7.0 causes the peak potential to move towards less positive values, suggesting that proton transfer plays a role in the elec-
trochemical process. Peak potential (Ep) and solution pH were linearly correlated, and the resulting slope, Ep = —0.0497 pH +
0.47229, is quite similar to the Nernstian value [54]. This result implies that, as shown in Scheme 1, an equal amount of protons and
electrons are transported throughout this electrochemical process.

3.5. Chronoamperometry study

Levodopa specimen chronoamperometry was compared to SCE at 475 mV using ZnO/Co304 NC/SPE. The chronoamperometric
results for various specimen concentrations of levodopa in pH 6.0 PBS are displayed in Fig. 8. For the chronoamperometric evaluation
of electro-active moieties at transfer restricted state, the Cottrell equation (Eq. 2) is utilized [54]:

I = nFADY2Cyn 12172 @

D and Cy, represent the diffusion coefficient (em? s~ 1) and bulk concentration (mol cm’s), respectively. Using the best fits for various
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Fig. 6. (A) CVs of ZnO/Co304 NC/SPE in pH 6.0 in the presence of levodopa (60.0 pM) at various scan rates (from inner to outer curve): 10, 20, 30,
40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500, 600 and 700 mV s~'. (B) The plots of peak currents vs. v'/2,
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Scheme 1. Probable oxidation mechanism for levodopa [55].
levodopa concentrations, an I vs. t~1/2 plot was made based on the empirical data displayed in Fig. 8A. The resulting straight-line
slopes were then plotted versus levodopa concentrations in Fig. 8B. The average D value, as derived by the Cottrell equation and
the final Fig. 8C plot slope, is 9.76 x 10™> cm?/s.

3.6. Detection of levodopa

We have measured the levodopa concentration in ZnO/Co304 NC/SPE using DPV. As the levodopa concentration is changed,
Fig. 9A shows the differential pulse voltammetric response at the ZnO/Co304 NC/SPE. Levodopa calibration plots (Fig. 9B) demon-
strate a linear connection in the 0.001-800.0 pM range with a correlation value of 0.9997. Additionally, the detection limit (S/N = 3)
was 0.81 nM.

The analytical efficacy of alternative electrochemical methods and the as-fabricated electrode for levodopa was examined
(Table 1). Table 1 illustrates how our proposed electrochemical electrode for levodopa sensing fared in comparison to earlier elec-
trochemical methods [55-62], with an improved detection limit and sensitivity. Consequently, the sensor as-fabricated might be able
to detect the tiny amounts of the medicine being studied in a range of media. Additionally, a SPE electrode was used in the creation of
the sensor since it has several advantages over other electrodes, including as lower background current, greater accessibility, simplicity
of customization, and cost.

3.7. Interferences study

The impact of different components on the measurement of levodopa was examined using the mixed solutions approach. When the



T. Wang et al. Heliyon 10 (2024) e34689

A 80 1
60
g
S0 281
. oy
= g12 4
°
w
6 1 y =258.55x + 1.68
R?=0.9994
\ 0 T T T "
20 4 0 0.02 0.04 0.06 0.08
Concentration/ mM
0 T T T ]
0 6 12 18 24
t/s

Fig. 8. (A) Chronoamperograms obtained at ZnO/Co304 NC/SPE in 0.1 M PBS (pH 6.0) for different concentrations of levodopa (from inner to outer
curve): 0.01, 0.03, 0.04, 0.05 and 0.07 mM. (B) Plots of I vs. t*/% obtained from chronoamperograms 1-5. (C) Plot of the slope of the straight lines
against levodopa concentration.

recommended procedure was applied for the measurement of 50.0 pM levodopa under ideal circumstances (with relative standard
deviations of 5 %), no interference was seen when 100-fold cysteine, glutamic acid, aspirin, glucose, tyrosine, K*, Fe?*, cu®t, Fet,
Pb%*, Na™, Cl, and F~ were added.

3.8. Stability and reproducibility

The ZnO/Co304 NC/SPE stability test was conducted on the sensor for a period of 30 days. The sensor had attained stability, as
evidenced by the findings, which revealed that the peak current was maintained at 99.2 % of its initial value (Fig. 10).

Six independently generated ZnO/Co304 NC/SPE duplicates were used to evaluate the repeatability of the sensor and the
dependability of the production process. In 0.1 M PBS (pH 6.0) containing 60.0 pM levodopa, ZnO/Co304 NC/SPE DPVs were
observed; the average currents were 14.25 pA with an RSD of 3.12 %. At the same ZnO/Co304 NC/SPE surface, repeated studies with
60.0 uM levodopa (n = 15) produced average currents of 14.25 pA with an RSD of 2.98 %. The enhanced level of consistency shown by
the altered electrode was demonstrated.

3.9. Detection of levodopa in real samples

To evaluate the viability of the ZnO/Co304 NC/SPE in the real sample, levodopa was assessed in real samples (levodopa pills, urine
samples). Levodopa was not detected in the urine specimens. Levodopa was thus added in a predetermined quantity to the sample
solutions. The conventional addition method was used to determine the levodopa dosage. The recoveries for this modified electrode
range from 98.0 to 102 %, as Table 2 illustrates. These results imply that levodopa may be detected in real samples using the proposed
modified electrode. To evaluate the accuracy and precision of the DPV technique, the high-performance liquid chromatography
(HPLC) method [10] was used (Table 2). Statistical analysis show that there is no significant difference in the outputs generated by the
two procedures.

4. Conclusion

This study’s ZnO/Co304 nanocomposite was effectively made with the use of ultrasonic technology. Examined was the impact of
ultrasonic irradiation power on nanoparticle production and associated properties. By using a ZnO/Co304 nanocomposite as a modifier
in a screen-printed electrode (ZnO/Co304 NC/SPE), a new sensor was created to measure levodopa. The oxidation peak current of
levodopa was significantly increased because of the catalytic activity of ZnO/Co304 NC due to its elevation of electron transfer rate.
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Fig. 9. (A) DPVs of the levodopa at the ZnO/Co304 NC/SPE in PBS (pH 6.0) at the scan rate of 50 mV s’l, Concentrations from inner to outer of
curves: levodopa (0.001, 0.01, 0.1, 1.0, 5.0, 10.0, 20.0, 30.0, 40.0, 50.0, 60.0, 70.0, 80.0, 90.0, 100.0, 200.0, 300.0, 400, 500, 600, 700 and 800.0
(pM). (B) Plots of I vs. Concentrations.

Table 1
Performance comparison of ZnO/Co304 NC/SPE for the determination of levodopa with other electroanalytical methods.
Method Modifier Linear range Detection Ref.
limit
Voltammetry  Gold nanoparticles supported in activated charcoal with an epichlorohydrin-reticulated 50.0 nM-10.0 8.2nM [55]
chitosan film uM
Voltammetry  Hollow-structure porphyrin zirconium-based MOF 0.1-130.0 pM 3.0 .M [56]
Voltammetry  Carbon nanotube 0.16-2.08 mM 13.87 yM [571
Voltammetry = Graphene nanoplatelets and graphitized multi-walled carbon nanotubes with cationic 0.5-40.0 pM 850.0 nM [58]
exchange functionalized polymer
Voltammetry =~ Multi-walled carbon nanotubes 0.9-85.0 yM 0.38 yM [59]1
Voltammetry  NiO nanoparticle/ionic liquid 0.7-900.0 mM 0.4 pM [60]
Voltammetry  Nickel hydroxide nanoparticles/multi-walled carbon nanotubes 0.1-300.0 pM 0.075 pM [61]
Voltammetry ~ Multiwalled carbon nanotube/chitosan composite 2.0-220.0 pM 0.6 pM [62]
Voltammetry NiO/Co304 nanocomposite 0.001-800.0 pM 0.81 nM This
work

The results demonstrated that levodopa oxidation is catalyzed at pH = 6.0 and that the peak potential of levodopa is lowered by 425
mV to a less positive potential at the modified electrode surface. Notably, our recommended sensor material showed excellent stability,
robust anti-interfering activity, and outstanding repeatability. The modified electrode with voltammetric measurement was suc-
cessfully used to determine levodopa in genuine samples. The electrode is easy to use, but making it demands sophisticated skills.
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Fig. 10. CVs of modified electrode (a) (containing 60.0 pM of levodopa) and (b) after 30 days.

Table 2
Determination of levodopa in tablet and urine samples using ZnO/Co304 NC/SPE (n = 5).
Sample Detected Added Founded by proposed biosensor Founded by published method [10] ~ Recovery Recovery
(M) (M) (W)™ (W)™ (%)" (%)
Human blood ND¢ 10.0 9.8 +£0.28 9.9 +£0.24 98.0 99.0
serum 15.0 14.9 £0.19 15.1 £0.25 99.3 100.6
Urine ND! 20.0 20.1 £0.29 20.2 +£0.33 100.5 101.0
25.0 25.2 £ 0.22 24.8 +£0.27 100.8 99.2
Levodopa tablet 5.0 10.0 15.3 £0.17 15.2 £ 0.21 102.0 101.3
15.0 19.8 £ 0.16 19.7 £0.19 99.0 98.5

@ Mean =+ standard deviation for n = 5.
b proposed method.

¢ Published method [10].

4 Not detect.
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