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Abstract This work describes the first report about the simulta-
neous determination of levodopa (L-DOPA) with folic acid (FA)
and uric acid (UA) based on electrocatalytic oxidation of L-
DOPA with peroxidase properties of hemoglobin (Hb) in the
presence of H2O2 as Hb activator. Bovine Hb was electrostati-
cally immobilized on WO3 nanoparticles (WO3NPs) in pH be-
tween Hb and WO3NP isoelectric points, and subsequently, a
carbon paste electrode (CPE) was modified with the obtained
WO3NPs-Hb and multiwalled carbon nanotubes (MWCNTs).
The resulting biosensor supplied a sensitive and suitably stable
biosensor for the simultaneous determination of L-DOPA, UA,
and FA. The obtained linear range and detection limit for L-
DOPA, UA, and FAwere completely acceptable, and the biosen-
sor response time for these molecules was relatively short so that
it reaches about 95 % of its maximum response in less than 10 s.
The applicability of the current biosensor was confirmedwith the
determination of L-DOPA in the presence of fixed amounts of FA
and UA in some real samples by the standard addition method.

Keywords Biosensor . Hemoglobin . Simultaneous
determination . Levodopa . Folic acid . Uric acid

Introduction

L-DOPA [(3,4-dihydroxyphenylalanine) propionic acid], a
catecholamine drug, is mostly used in the treatment of

Parkinson’s disease. People who have Parkinson’s disease
are suffering from deficiency of dopamine (themost important
neurotransmitter in the nervous system) in the brain. L-DOPA
is used to increase dopamine in the brain, which reduces the
symptoms of Parkinson’s disease and provides symptomatic
relief at the initial stages of the disease. Considering the seri-
ous side effects due to chronic administration of this drug in
Parkinson’s patients and also achieving its better curative ef-
fects, the determination of L-DOPA has attracted many atten-
tion in recent years [1–3]. A significant number of reports on
L-DOPA determination have been provided by applying gas
chromatography (GC) [4], high-performance liquid chroma-
tography (HPLC) [5], circular dichroism [6], chemilumines-
cence [7], UV-Vis spectrophotometry [8], potentiometry [9],
spectrofluorimetry [10], flow injection analysis (FIA) [11],
capillary electrophoresis [12], 1H NMR [13], fluorescence
[14], catalytic anodic stripping voltammetry [15], and amper-
ometric method [16]. Among all developed methods, those
which are based on electrochemical methods have several
advantages such as sensitivity, reproducibility, cost effective-
ness, and ease of use [1, 17–21].

Uric acid (UA), the main final product of purine oxidation,
exists in biological fluids such as blood or urine and is largely
excreted by the kidneys. A high concentration level of UA in
the human body may cause diseases such as hyperuricemia,
gouty arthritis, and the Lesch-Nyan disease. Also, it may be
associated with several diseases such as hypertension, pneu-
monia, type 2 diabetes, cardiovascular disease, and kidney
damage [22–25]. The abovementioned points can be regarded
as reasons for the high importance of UA determination in
biological samples.

Folic acid (FA) is another important biomolecule that was
measured with L-DOPA in this work. FA, also a water-soluble
vitamin B, is essential during the period of cell growth and
division. FA paucity in human body fluids could result in
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some diseases such as neurosis, mentality devolution,
leucopoenia, megaloblastic anemia, cardiovascular disease,
growth weakness, and colorectal cancer [26–30]. Thus, the
measurement of this compound in biological fluids is also so
important. The co-existence of UA and FA in different real
samples was verified, and many works have been concerned
with the simultaneous determination of these two compounds
[31–33], but as far as we know, there is only one report on the
simultaneous determination of L-DOPA, UA, and FA [1]. The
current work provides the first report on the simultaneous
determination of L-DOPA, UA, and FA based on electrocata-
lytic oxidation of L-DOPA with bovine Hb immobilized on
tungsten oxide nanoparticles (WO3NPs).

Enzymatic biosensors for catecholamines like L-DOPA and
other phenolic compounds are mainly fabricated by applying
peroxidase enzymes such as tyrosinase [34, 35] and laccase
[36, 37]. These enzymatic biosensors have some advantages
such as high sensitivity and selectivity but also have some
disadvantages like high price and low stability. Hb with per-
oxidase properties nominates itself as low price and an abun-
dant alternative for peroxidase enzymes. However, there are
only few reports on the determination of phenolics or cate-
cholamines using Hb-modified biosensors [38, 39].

WO3 is an N-type semiconductor with a band gap of 2.5 eV
with some interesting optical and electrical properties which
enable its application in many fields as photocatalysts [40],
electrochromic devices [41], solar energy devices [42], gas sen-
sors [43], and field-emission devices [44]. Specially, its appli-
cation in developing sensing materials has attracted many at-
tention based on a reversible change of conductivity [45].
Several constructions of sensors using WO3 have been report-
ed, for example, sensors for NO, NO2, acetone, and H2S
[46–49]. However, to the best of our knowledge, there is only
one paper on sensor development by applying Hb with WO3

support that was reported using Hb immobilized onWO3 nano-
wires in a nitrite sensor fabrication [50], and up to now, nowork

has been reported about applying WO3 in the development of a
biosensor for the determination of a catecholamine like L-
DOPA or FA and UA. Interestingly, the electrocatalytical prop-
erties ofWO3 have been used to develop several sensors as well
as to facilitate the electron transport of enzymes [51], and we
introduced this metal oxide as a novel and proper support for
enzymes applied in various enzymatic biosensors.

In this work, bovine Hb was electrostatically immobilized
onWO3NPs, and the preparedWO3NPs-Hb with multiwalled
carbon nanotube were applied to modify the carbon paste
electrode (CPE). The fabricated biosensor showed excellent
electrocatalytical properties in the simultaneous determination
of L-DOPA, FA, and UA. The developed biosensor also
showed high sensitivity and stability, low detection limit, vast
linear range, and short time response. Also, the applicability of
the biosensor was confirmed with L-DOPA determination in
the presence of FA and UA in real samples.

Experimental

Chemicals

WO3NPs with an average diameter of 50 nm and multiwalled
carbon nanotubes (MWCNTs) were purchased from Neutrino
Co. (Iran). Bovine Hb was purchased from Sigma-Aldrich Co.
L-DOPAwas purchased fromDarou Pakhsh Co. (Iran). All the
other reagents were of analytical grade and used without fur-
ther purification. All electrochemical measurements were per-
formed at 50 mM in phosphate buffer (PB) of pH 7 that con-
tains an optimized amount of H2O2 (200 μM) for the initial
activation of Hb. All experiments were carried out at room
temperature (25 ± 0.1 °C). Electrochemical measurements
were performed at a potential scan rate of 100 mV s−1 unless
otherwise stated.

Fig. 1 FT-IR spectrums of a Hb,
b WO3, and c WO3NPs-Hb
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Apparatus

Voltammetric experiments were carried out with a computer-
controlled μ-Autolab modular electrochemical system
(PGSTAT101, purchased from Metrohm Co.), driven with
NOVA software (upgrade 1.10). A three-electrode system
was used with the CPE electrode modified with WO3NPs-
Hb and MWCNTs, called CPE/WO3NPs-Hb/MWCNTs, as
the working electrode; an Ag/AgCl (saturated potassium chlo-
ride) as the reference electrode; and a platinum foil as the
counter electrode. The counter and reference electrodes were
from Azar Electrode Co. (Iran). Spectrometry measurements
were performed with a UV-Vis spectrophotometer (Analytik
Jena AG, from Analytik Jena Co.). All solutions were deoxy-
genated with pure nitrogen for at least 2 min. All electrochem-
ical measurements were performed in a PB buffer of pH 7.

Preparation of the CPE/WO3NPs-Hb/MWCNTelectrode

Firstly, bovine Hb was treated with WO3NPs to electrostati-
cally immobilize WO3NPs, and WO3NPs-Hb was obtained.

To achieve this aim, WO3NPs were incubated with Hb in
phosphate buffer at pH 5. Isoelectric points of Hb and
WO3NPs are about 7 and 1.5, respectively [38, 52]; so, in
the previously mentioned pH, positively charged Hb can im-
mobilize onto the negatively charged WO3NPs. Optimized
experimental parameters including pH, incubation time, and
Hb concentration for maximum Hb immobilization were
found and applied for the next preparation of WO3NPs-Hb.
The amount of immobilized Hb on WO3NPs was evaluated
from the difference in UV-Vis absorbance of Hb solution in
about 405 nm before and after treating with WO3NPs. UV-Vis
absorbance of Hbwas related to Hb concentration by applying
a standard calibration curve for Hb (obtained asmilligrams per
milliliter of Hb vs. UV-Vis absorbance at ∼405 nm). Modified
CPE was initially prepared by homogenization of 65 mg of
graphite powder, 15 mg of MWCNTs, and 10 mg of just
prepared WO3NPs-Hb in a small glass oven. Then, 25 mg of
mineral oil was subsequently added to this mixture in the oven
and mixed for several minutes to produce the final paste. The
modified carbon paste was packed into the tip of a 1-ml insulin
plastic syringe, and a copper wire was inserted to obtain the

Fig. 2 SEM-EDX analysis for
WO3NPs-Hb
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Fig. 3 a DPVs of a buffer
solution containing 1 mM of L-
DOPA, UA, and FA by 1 CPE/
WO3NPs-Hb/MWCNT, 2 CPE/
Hb/MWCNT, 3 CPE/WO3NPs/
MWCNT, and 4 CPE/MWCNT
electrodes as work electrode. b
CVs of buffer containing 40 mM
FA, 10 mM UA, and 3 mM L-
DOPA by 1 CPE/WO3NPs-Hb/
MWCNT, 2 CPE/Hb/MWCNT, 3
CPE/WO3NPs/MWCNT, and 4
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external electric contact. Finally, the electrode surface was
polished with a piece of soft paper to prepare the electrode
for the next electrochemical experiments.

Results and discussion

Hb immobilization on WO3NPs

Bovine Hb immobilization on WO3NPs was investigated by
SEM-EDX and FT-IR techniques. Figure 1 shows the FT-IR
spectra of (a) Hb, (b)WO3NPs, and (c)WO3NPs-Hb. Peaks of
about 818 and 770 cm−1 in spectrums b and c are assigned to
the W-O units and the bridging oxygen stretching vibrations
of O-W-O, respectively [53]. Characteristic Hb peaks at 1655,
1535, and 1405 cm−1 in spectrum a are assigned to the amide
I, amide II, and C-N stretching modes, respectively [38]. The

presence of Hb characteristic peaks in WO3NPs-Hb FT-IR
spectrum c strongly verifies the attachment of Hb molecules
onto WO3NPs.

Furthermore, Hb immobilization on WO3NPs was verified
with SEM-EDX analysis. The resulting spectrum is shown in
Fig. 2. Characteristic peaks for tungsten can be seen at about
1800, 7500, 8500, and 9700 keV. Also, Au peaks in the spec-
trum refer to gold coating of the WO3MNPs-Hb sample prior
to SEM-EDX analysis. The carbon peak at about 250 keV,
which is marked with an arrow, is corresponding to the carbon
content of Hb immobilized onto WO3NPs.

Important experimental parameters including pH, incuba-
tion time, and Hb concentration that affect Hb immobilization
on WO3NPs were investigated, and the optimized parameters
were determined. As expected, the optimized pH obtainedwas
about 5 which is approximately between that of WO3 and Hb
isoelectric points. The optimized incubation time and Hb
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concentration for maximum immobilization were determined
to be about 25 min and 1 mg/ml of Hb, respectively. These
optimized amounts were applied to the next WO3NPs-Hb
preparation.

Prior to electrochemical investigations, another critical pa-
rameter affecting biosensor performance, the amount of H2O2

added, was optimized. It is verified that low amounts of H2O2

can result in the low sensitivity of the biosensor, and its high
amount can inactivate the Hb applied in the biosensor. The
response of the biosensor to a fixed amount of L-DOPA was
evaluated in the presence of different amounts of H2O2, and
the H2O2 amount corresponding to the highest response
(highest L-DOPA anodic peak current) was regarded as the
optimized amount for H2O2 concentration. This amount was

found to be about 200 μM. It is also verified that this opti-
mized amount is nearly independent from the analyte concen-
tration and most probably depends only on the amount of Hb
applied in biosensor fabrication.

Electrochemical investigations

All electrochemical experiments in this section were carried
out by differential pulse voltammetry (DPV) and cyclic
voltammetry (CV). The electrochemical response of the
fabricated biosensor to L-DOPA, UA, and FAwas compared
to CPE/MWCNT, CPE/WO3NPs/MWCNT, and CPE/Hb/
MWCNT electrodes with CV and DPV voltammograms.
Results are shown in Fig. 3. Figure 3a shows the DPV
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voltammograms of a phosphate buffer containing 1 mM of
L-DOPA, UA, and FA obtained by (1) CPE/WO3NPs-Hb/
MWCNTs, (2) CPE/Hb/MWCNTs, (3) CPE/WO3NPs/
MWCNTs, and (4) CPE/MWCNTs as work electrodes. As
shown in Fig. 3a, there are three well-defined anodic peaks
corresponding to L-DOPA, UA, and FA (anodic peaks
corresponded to L-DOPA, UA, and FA from low to high
potential, respectively) only in Hb containing electrodes
including CPE/WO3NPs-Hb/MWCNTs and CPE/Hb/
MWCNTs. This clearly shows the role of Hb in the possi-
bility of simultaneous determination of analytes. Moreover,
CPE/WO3NPs-Hb/MWCNTs show significantly higher
sensitivity to analytes especially to L-DOPA in comparison
to CPE/Hb/MWCNTs. This shows the synergic effect of
WO3NPs and Hb in L-DOPA oxidation at the electrode sur-
face. DPVs obtained by CPE/WO3NPs/MWCNTs and CPE/
MWCNTs are shown in voltammograms (3) and (4), respec-
tively, which show only two anodic peaks. Anodic peaks in
lower potential in these two DPVs are mainly due to L-

DOPA oxidation. As clearly seen, L-DOPA anodic peaks
in these current DPVs appeared in higher potential than
Hb containing electrodes. This confirms the electrocatalytic
role of Hb in electrocatalytic oxidation of L-DOPA. The
mechanism of electrocatalytic oxidation of a catecholamine
(L-DOPA) with Hb in the presence of H2O2 was explained in
our previously published work about dopamine determina-
tion [38] as follows: at first, the heme group of immobilized
Hb onWO3 nanoparticle was oxidized by H2O2 added to the
analyte solution; then, the oxidized heme easily oxidized
the L-DOPA and then the reduced Hb is oxidized on the
electrode surface and the resulting anodic peak current can
directly relate to L-DOPA concentration. Also, greater oxi-
dation peak currents corresponding to UA and FA show the
good performance of the electrode modified with WO3NPs-
Hb in oxidation of these twomolecules. Scheme 1 shows the
equation for the oxidation of L-DOPA (a), UA (b), and FA
(c) at the surface electrode. The response of the modified
electrode was also compared with the three electrodes of
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Fig. 6 a DPVs of buffer with
successive addition of FA, UA,
and L-DOPA. Calibration curves
for L-DOPA (b), UA (c), and FA
(d)

Table 1 Linear range, detection
limits, and regression linear
equation obtained for L-DOPA,
UA, and FA

Compound L-DOPA UA FA

Linear range (μM) 60–1070 60–1290 60–1280

Detection limit (μM) 0.25 0.11 0.07

Regression equation/correlation
coefficient

Ian = 6579.4C+ 0.1508

R2 = 0.9981

Ian = 2917.3C− 0.0039
R2 = 0.9975

Ian = 0.0013C+ 0.065

R2 = 0.9971
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CPE/Hb/MWCNTs, CPE/WO3NPs/MWCNTs, and CPE/
MWCNTs with CV voltammograms. The results are shown
in Fig. 3b. As can be seen, there are three well-defined ox-
idation peaks in CV obtained by the developed biosensor
(CPE/WO3NPs-Hb/MWCNTs as the work electrode), while
only two oxidation peaks are seen in CV corresponding to

CPE/Hb/MWCNTs, CPE/WO3NPs/MWCNTs, and CPE/
MWCNTs that are possibly related to the oxidation of UA
and FA. For more investigation of the simultaneous deter-
mination of these compounds by the developed biosensor,
buffers containing FA, FA+UA, and FA+UA+ L-DOPA
were investigated by DPV and CV voltammograms.
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Results are shown in Fig. 4. As shown in the CV and DPV
voltammograms, the oxidation peak currents of these three
compounds have only a slight effect on each other so L-
DOPA can be simultaneously measured with UA and FA
by applying the developed biosensor as work electrode
without any significant interference from FA or UA.

Another electrochemical investigation was the calculation
of the active surface area of the developed biosensor and its
comparison with two electrodes namely CPE and CPE/
MWCNTs. The active surface area of the electrodes was cal-
culated according to the slope of the Ipa vs. ν

1/2 plot for a
known concentration of K4Fe(CN)6, based on the Randles-
Sevcik equation:

Ipa ¼ 2:69� 105n3=2AD1=2
R v1=2C0

where Ipa refers to the anodic peak current, n the electron
transfer number, A the surface area of the electrode, DR the
diffusion coefficient, C0 the concentration of K4Fe(CN)6, and
ν the potential scan rate. For 1.0 mM of K4Fe(CN)6 in 0.10 M
of KCl electrolyte with n=1 and DR=7.6×10

−6 cm s−1, the
microscopic areas of the electrodes were calculated by the
slope of the Ipa–ν

1/2 curve. They were 0.135, 0.027, and
0.067 mm2 for (a) CPE, (b) CPE/MWCNT, and (c) CPE/
WO3NPs-Hb/MWCNTelectrodes, respectively. These results
show the larger active surface area for the developed biosensor

than the two other mentioned electrodes and, consequently,
show more capability of the developed biosensor in the oxi-
dation of the mentioned analytes on its surface. Comparison of
the obtained values for the electrode active surface area re-
veals the crucial role of WO3NPs-Hb in increasing the active
sites for analyte oxidation at the electrode surface. The results
of this section are shown in Fig. 5.

Figure 5 shows the CV voltammograms for 1-mm
K3Fe(CN)6 and 0.1-M KCl, obtained by (a) CPE, (c) CPE/
MWCNT, and (e) CPE/WO3NPs-Hb/MWCNT electrodes as
work electrodes in the potential scan rates of 10–4400mV s−1,
and their respective anodic peak current vs. square root of
potential scan rate plots are shown for CPE (b), CPE/
MWCNT (d), and CPE/WO3NPs-Hb/MWCNT (f) electrodes.

The most satisfactory result of this work is the standard
calibration curves obtained for the simultaneous measure-
ment of the mentioned analytes. For the preparation of the
standard calibration curve, a stock solution with distinct
amounts of UA, FA, and L-DOPA was prepared and suc-
cessively added to phosphate buffer, and DPVs were mea-
sured. The respective DPV voltammograms (a) and the
obtained standard calibration curves for L-DOPA (b),
UA (c), and FA (d) are shown in Fig. 6. Linear range,
sensitivity, and detection limit for these measured com-
pounds are shown in Table 1. All of these analytical
amounts for FA, UA, and L-DOPA tha t a re in

Table 2 L-DOPA determination
in real samples in the presence of
fixed amounts of UA and FA
(200 μM)

Sample Added (μM) Expected (μM) Found (μM)—the mean
of three measured values

Recovery (%)

Serum 100.0 100.0 104.7 104.7

150.0 150.0 146.7 97.8

200.0 200.0 210.5 105.3

Urine 100.0 100.0 96.2 96.2

150.0 150.0 144.0 96.0

200.0 200.0 204.8 102.4

Table 3 Comparison of the performance of our electrode in the simultaneous L-DOPA detection with other recently reported works

Basic electrode Technique Modifier Linear range Detection
limit

Other analyte Reference

GCE DPV/CV Graphene 1–16 μM 0.8 μM Carbidopa [54]

CPE DPV/CV Poly(methyl orange) film 20–100 μM and 100–800 μM 3.7 μM Uric acid and
ascorbic acid

[55]

GCE DPV/CV Quercetin-functionalized
MWCNTs

0.90–85.0 μM 0.381 μM Uric acid and
tyramine

[19]

CPE DPV/CV CNT/ferrocene 2–500 μM 1.2 μM – [56]

CPE DPV/CV Lead dioxide immobilized in a
polyester resin

260 μM–1.2 mM 25 μM Carbidopa [57]

GCE SWV/ads SWV Nafion carbon nanotubes 0.25–10 μM/1–10 μM 0.52 nM Ropinirole [17]

GCE DPV/SWV – 0.5–2 μM/1–20 μM 0.11 μM Ropinirole [58]

CPE DPV/CV WO3NPs-Hb 60–1070 μM 0.25 μM Uric acid and folic
acid

Our work
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simultaneous measurement are completely acceptable
compared to other reported works.

The effect of potential scan rate on the oxidation peak cur-
rents of FA, UA, and L-DOPA was also investigated by CV
voltammograms in the potential scan rate of 10 to 700 mV s−1.
The corresponding CV voltammograms are shown in Fig. 7a.
Anodic peak current vs. square root of the potential scan rate
was plotted for L-DOPA, UA, and FA in panels b, c, and d,
respectively, in Fig. 7. The results showed that the anodic peak
currents for all three compounds increased linearly with the
increase in the square root of scan rate. These linear depen-
dences between anodic peak currents and the root of potential
scan rate show that the electrode process is mainly controlled
under the diffusion step for the oxidation of all three com-
pounds on the modified electrode surface.

The effect of pH in the electrocatalytical oxidation of FA,
UA, and L-DOPA at the electrode surface was also investigat-
ed with DPV measurements in different pH values, but to
avoid sloppy voltammograms, only anodic peak currents for
L-DOPA are shown in Fig. 8a. As can be seen in this figure,
the oxidation peak current for L-DOPAwas negatively shifted
by increasing pH that was completely expected with regard to
the oxidation chemical equation of L-DOPA. Oxidation poten-
tial is linearly related to pH in the range of 6–9 by the equation
Eox=−0.02 pH+0.3498 and excellent correlation coefficient
of 1, where Eox refers to the oxidation potential of L-DOPA.
The plot for Eox vs. pH is shown in Fig. 8b.

The applicability of the developed electrode was verified
with L-DOPA determination in real samples including urine
and serum containing 200 μM of FA and UA by standard
addition method. The results are summarized in Table 2, and
as shown in this table, recovery is between 96.0 and 105.3,
which is very satisfactory for accurate drug determination in
real samples. The stability of the developed biosensor was also
investigated, and results showed that it was suitably stable for
16 days if stored at 4 °C. Moreover, other studies showed the
biosensor to have a short response time to the mentioned
analytes so that it reached about 95 % of its maximum re-
sponse at 5, 9, and 7 s to L-DOPA, UA, and FA, respectively.

Finally, the performance of the developed biosensor was
compared to other recently reported work on electrochemical
simultaneous determination of L-DOPAwith compounds like
as UA, FA, and so on. As shown in Table 3, our biosensor
linear range and the detection limit for L-DOPA determination
in the presence of two other analytes are very acceptable.

Conclusion

The current work reports the first application of WO3 nano-
particles in the development of a biosensor for catecholamine.
The described work provided a novel biosensor for the suc-
cessful simultaneous determination of L-DOPA, UA, and FA

based on electrocatalytic oxidation with hemoglobin
immobilized onto WO3 nanoparticles. Sensitivity, response
time, stability, linear ranges, and detection limits achieved
by this biosensor were completely acceptable. Also, the suc-
cessful detection of L-DOPA in the presence of UA and FA in
urine and serum verifies the good applicability of the devel-
oped biosensor in real samples. This work also introduces
WO3 nanoparticles as a suitable support for hemoglobin or
other redox enzymes applied in enzymatic biosensor
purposes.
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