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Abstract
An electrochemical sensor for simultaneous quantification of Levodopa (L-dopa) and Carbidopa (C-dopa) using a
b-cyclodextrin/poly(N-acetylaniline) (b-CD/PNAANI) modified carbon paste electrode has been developed. Pre-
concentrating effect of b-CD as well as its different inclusion complex stability with L-dopa and C-dopa was used to
construct an electrochemical sensor for quantification of these important analytes. The overlapping anodic peaks of
L-dopa and C-dopa at 810 mV on bare carbon paste electrode resolved in two well-defined voltammetric peaks at
450 and 880 mV vs. Ag/AgCl, respectively, with a drastic enhancement of the anodic peak currents. Under opti-
mized conditions, linear calibration curves were obtained in the ranges of 0.5–117 mM and 1.6–210 mM with detec-
tion limits down to 0.2 and 0.8 mM for L-dopa and C-dopa, respectively. The proposed electrode was successfully ap-
plied for the determination of L-dopa /C-dopa in pharmaceutical formulations and the results were in close agree-
ment with the labeled values.
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1 Introduction

The Parkinson�s disease is related to a significant deple-
tion of the dopamine neurotransmitter in the brain. It af-
fects the mobility and control of the skeletal muscular
system and is characterized by tremor, rigidity, bradykine-
sia and postural instability [1]. L-dopa, [3-(3,4-dihydroxy-
phenyl)-l-alanine], a precursor of this neurotransmitter,
is the principal drug used in the treatment of patients
with Parkinson�s disease. This catecholamine drug, in con-
trast to dopamine, is able to cross the blood-brain barrier
and is metabolized into the central nervous system by
dopadecarboxylase enzyme to dopamine. However, the
enzymatic metabolization of L-dopa does also occur in
the peripheral system, producing different side effects as-
sociated to the increase of systemic dopamine. For this
reason, L-dopa is administered in pharmaceuticals in as-
sociation with a peripheral dopadecarboxylase inhibitor,
such as C-dopa, [(S)-3-(3,4-dihydroxyphenyl)-2-hydrazi-
no-2-methylpropionic acid], or benserazide. The adminis-
tration of these pharmaceuticals improves the efficiency
of the treatment, because it makes possible a better con-
trol of dopamine levels, allowing decreasing the dose and,
the side effects [2]. Therefore developing a simple, rapid,
and accurate method for simultaneous determination of
L-dopa and C-dopa is very essential because of their co-
existence in pharmaceutical formulations and in order to
achieve a better curative effect and a lower toxicity.

Several methods have been reported in the literature
for the assay of L-dopa and C-dopa. Liquid chromatogra-
phy (LC) [3], and high-performance liquid chromatogra-
phy (HPLC) techniques [4–8] are traditional methods for
simultaneous determination of L-dopa and C-dopa. How-
ever, due to some disadvantages of chromatographic
methods such as requiring expensive and toxic extra pure
organic solvents, some other methods are proposed.
NMR spectroscopy [9], fluorescence [10], synchronous
fluorescence [11], chemiluminescence [12] and UV-vis
spectrophotometry [13–17] are among the other methods
that are utilized to measure levels of C-dopa and L-dopa.
Kinetic-based determination using different chemometric
methods have also been reported. Parallel factor analysis
(PARAFAC) [18,19], multivariate curve resolution-alter-
nating least squares (MCR-ALS) [20,21], partial least
squares (PLS) [22,23], three way partial least squares (N-
PLS) [24,25], artificial neural networks (ANN) [26,27]
and H-point standard addition method (HPSAM) [28,29]
have been widely explored for the determination of L-
dopa or C-dopa. Electrochemical techniques are in gener-
al simple, sensitive, accurate and inexpensive analytical
tools which have been widely applied to the analysis of
pharmaceutical samples [30,31]. Due to serious overlap-
ping of L-dopa and C-dopa signals, only few voltammetric
studies utilizing special procedures have been reported
for simultaneous determination of these pharmaceuticals
[32,33]. Catecholamines can be oxidized on classical elec-
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trodes such as C, Pt and Au. However, phenols and/or
cathecolamines can cause anode inactivation by oligomer
deposition on such electrode surfaces. Modification of the
electrodes could pave the way to an appropriate outcome.
Quintino et al. [32] proposed a procedure based on differ-
ential pulse voltammetric (DPV) determination of L-
dopa and C-dopa using a glassy carbon electrode (GCE).
In their work, L-dopa was determined using the cathodic
peak at about 520 mV (vs Ag/AgCl) at sufficiently low
scan rates, at which, the oxidation product of C-dopa
does not undergo reduction. On the other hand, C-dopa
was determined between 850 mV and 1100 mV in the
presence of L-dopa, by coating the electrode with a
Nafion film. Melo et al. [33] used a carbon paste elec-
trode modified with lead dioxide immobilized in a polyes-
ter resin for simultaneous DPV determination of L-dopa
and C-dopa in pharmaceutical formulations. They sug-
gested that the first anodic peak (at 677 mV vs. Ag/AgCl)
can be used for the determination of both compounds (L-
dopa and C-dopa) and the second one at a potential of
1050 mV for the determination of C-dopa.

Cyclodextrins (CDs) are oligosaccharides consisting of
six, seven, or eight glucose units (named a, b, or g-CD,
respectively) which present a toroidal form with a hydro-
phobic inner cavity and a hydrophilic outer side [34].
Natural and chemically modified CDs can be viewed as
molecular receptors. They can accommodate a wide varie-
ty of organic, inorganic, as well as biological guest mole-

cules to form stable host–guest inclusion complexes or
nanostructure supramolecular assemblies in their hydro-
phobic cavity, showing high molecular selectivity and
enantioselectivity [35–37]. Aslanoglu et al have proposed
a b-cyclodextrin doped poly(2,5-diaminobenzenesulfonic
acid) modified glassy carbon electrode for detection of L-
dopa and ascorbic acid, at which the oxidation of polymer
film itself overlaps with L-dopa oxidation signal [38]. Wu
and Lin et al. have reported the preparation and charac-
terization of a novel b-CD modified poly(N-acetylanili-
ne)(CD/PNAANI) film [39–41]. They have characterized
b-CD/PNAANI film by X-ray photoelectron spectroscopy
and 1H NMR and the mechanism for b-CD incorporation
into the polymer film has also been proposed. Many re-
search groups have used this electrode for the determina-
tion of different species with some modifications [42]. We
have also used the CD/PNAANI film on a carbon paste
electrode for the catalytic oxidation of purine nucleobases
at considerably lower overpotentials [43] and CD/
PNAANI/CNT composite modified screen-printed elec-
trode for simultaneous quantification of serotonin and
dopamine [44].

In the present study we report a b-CD/PNAANI modi-
fied carbon paste electrode (b-CD/PNAANI/CPE) for si-
multaneous determination of L-dopa and C-dopa
(Scheme 1). Such a modified electrode resolved overlap-
ping voltammetric responses of L-dopa and C-dopa at
bare electrodes into two well-defined voltammetric peaks.

Scheme 1. Schematic representation of L-dopa and C-dopa inclusion onto CD cavity.

Electroanalysis 2011, 23, No. 12, 2878 – 2887 � 2011 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.electroanalysis.wiley-vch.de 2879

Levodopa and Carbidopa in Pharmaceutical Products

http://www.electroanalysis.wiley-vch.de


Hydrogen bonding between carbonyl oxygens of these
catecholamines and hydroxyl groups of b-CD cause their
oxidation and reduction take place in lower overpoten-
tials. Hydrogen bonding causes electron withdrawing
from catechol ring to electrode takes place easier.

2 Experimental

2.1 Apparatus

Voltammetric studies were accomplished using a Met-
rohm electroanalyzer model 757 VA Computrace. The
three electrode system consists of the bare or electro-
chemically modified carbon paste electrodes as the work-
ing electrode, Ag jAgCl j3 M KCl as a reference elec-
trode, and a Pt wire as a counter electrode. The body of
the working electrode was a Teflon cylinder (2.0 mm i.d.)
that was tightly packed with carbon paste. A stainless
steel rod inserted into the carbon paste established the
electrical contact. All voltammetric experiments were
performed at room temperature (25�0.5 8C). A 780 Met-
rohm pH meter was used for pH measurements. 1H NMR
was measured on Bruker advanced DPX FT 250 and
62.9 MHz spectrometry with TMS as an internal stan-
dard.

2.2 Materials

N-Acetylaniline (Merck) was used after recrystallization
from ethanol. Lithum perchlorate, L-dopa, C-dopa,
carbon powder and b-CD were obtained from Fluka.
Phosphate buffer solutions at pHs ranging from 5 to 10
were prepared by mixing an appropriate amount of 0.1 M
phosphoric acid (Merck) and sodium hydroxide. Stock
solutions of L-dopa and C-dopa (25 mM) were prepared
daily by dissolving appropriate amounts of analytes in
sufficient amount of diluted (1 M) HCLO4 solution fol-
lowed by dilution with water to mark and were stored in

the dark. Other chemicals were of analytical reagent
grade and were used without further purification. Milli-
pore deionized ultra pure water was used for preparing
the solutions.

2.3 Fabrication of b-CD/PNAANI Modified Carbon
Paste Electrode (b-CD/PNAANI /CPE)

b-CD/PNAANI/CPE was prepared based on our recent
published protocol [43]. Briefly, the required amount of
mineral oil was mixed using a pestle with the needed
amount of graphite. A portion of the resulting paste was
packed firmly into the cavity (2.0 mm diameter) of a
Teflon tube. The PNAANI film electrode was prepared
by electrodeposition of PNAANI in a 0.1 M N-acetylani-
line, 1 M HClO4 solution. The electrode potential at first
was held at a constant voltage of 1.0 V versus Ag/AgCl
for one minute, and then swept from �0.20 V to 1.0 V for
20 cycles at a scan rate of 100 mV s�1. On successive
scans, the peak currents increase gradually with each scan
(Figure 1). This behavior indicates that a conductive poly-
meric film is coated to the electrode surface. In the pro-
cess of electrolysis, an excellent cohesive brown film was
formed on the electrode surface. The CDs modified elec-
trodes were fabricated by 1H NMR studies of b-CD/
PNAANI film in DMSO-d6 is shown in Figure 2. As this
figure show proton signals of b -CD belonging to its H
atoms attached to O2, O3, and O6 are disappeared. This
exhibit that hydroxyl groups of b-CD attack the polymer
chain of PNAANI, and then the H atoms of their hydrox-
yl groups to become lost. The b-CD/PNAANI molar ratio
calculated using 1H NMR spectra in this film was 2.44.
Phosphate buffer (PBS) (0.05 M, pH 7.0, 10 mL) was
added into the electrochemical cell and the b-CD/
PNAANI/CPE was activated by means of cyclic voltam-
metric sweeping from 0 to 1.0 V until the voltammograms
were stable (about 10 cycles). After that, the desired
volume of standard L-dopa/C-dopa solution was added

Fig. 1. Consecutive cyclic voltammograms of the growth of PNAANI film at CPE in a solution containing 0.1 M N-acetylaniline and
1 M HClO4. Scan rate: 100 mV s�1.
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into the cell by micropipette. For the cyclic voltammetric
determination, the preconcentration of the analyte at the
b-CD/PNAANI/CPE was performed for a given period of
time (30-s) at 0.1 V. Cyclic voltammograms (CVs) were
recorded in the same solutions using a scan rate of
100 mV s�1. For the repetitive measurements, the b-CD/
PNAANI/CPE undergoes successive cyclic sweeping be-
tween 0 V to 1.0 V in the blank PBS (pH 7.0) to give a
fresh electrode surface. An electrode surface prepared ac-
cording to the mentioned procedure could be used at
least for five independent analyses without need of
PNAANI film regeneration. The best parameters for dif-
ferential pulse voltammetry (DPV) on the b-CD/

PNAANI/CPE were: accumulation time 30 s; pulse am-
plitude 0.05 V, scan rate 0.015 Vs�1 and pulse time 0.04 s.

3 Results and Discussion

3.1 Electrochemical Behavior of the PNAANI Film

The CVs obtained during the electrodeposition of N-ace-
tylaniline from a solution containing 0.10 M N-acetylani-
line and 1.0 M HClO4 on CPE are shown in Figure 1. On
successive scans, the peak currents increase slightly with
each scan which is indicative of a conductive polymeric
film formation on the electrode surface. Three redox cou-

Fig. 2. 1H NMR spectra of b-CD (A) and b-CD/PNAANI film (B) in DMSO-d6.
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ples with E8’ of 180, 520, and 760 mV are observed. The
characteristics of PNAANI film were the same as those
deposited on GCE and discussed elsewhere [45–47]. In
addition, degradation studies on PNAANI film have
shown that, it is unstable and quickly degradable under
an applied potential of 1.2 V in acidic solution as well as
chloride medium [48].

3.2 Electrochemical Characterization of L-dopa and C-
dopa at b-CD/PNAANI/CPE

Figure 3 illustrates the cyclic voltammograms obtained at
a bare, PNAANI/CPE and b-CD/PNAANI/CPE in 0.1 M
phosphate buffer solutions (pH 7.0). Figures 3A and 3B
show the cyclic voltammograms of 1.0 mM L-dopa and
1.0 mM C-dopa respectively and Figure 3C illustrates the
CVs of the mixture of L-dopa and C-dopa each of
1.0 mM. In the blank supporting electrolyte solution
(0.1 M PBS, pH 7.0), no peak was observed in the poten-
tial range of 0 to 1 V (Figure 3A, Curve c) L-dopa and C-
dopa exhibit no signal on the PNAANI modified elec-
trode (PNAANI/CPE) in the absence of b-CD (Figure
3C, Curve d). The voltammogram of L-dopa at a bare
carbon paste electrode (Figure 3A, Curve b) shows
anodic and cathodic peak potentials at 570 mV and
50 mV, respectively, while the similar peaks at a b-CD/
PNAANI/CPE were obtained at 350 mV and 190 mV
(Figure 3A, Curve a). In neutral and basic solutions
(pH�7), L-dopa exhibits an irreversible electrochemical
process at both the bare and b-CD/PNAANI/CPE elec-
trode. The process is complicated by a well established
cyclization reaction, leading to the formation of cyclodo-
pa as an intermediate product which finally leads to the
formation of dopachrome as a final product in the oxida-
tion process [32,49]. Reduction of dopachrome to cyclo-
dopa occurs at reverse scan. In acidic solution voltammo-
gram of L-dopa shows a profile that corresponds to a re-
versible process, because in such an acidic condition, the
open-chained dopaquinone is protonated, and therefore
the cyclization reaction does not occur significantly. This
cyclization reaction occurs at pH�6.0 in which sufficient
unprotonated quinones are available [32]. DEp (the differ-
ence between the anodic (Epa) and the cathodic peak po-
tential (Epc)) for L-dopa at a bare CPE was 520 mV.
However, well-defined redox peaks of L-dopa were ob-
served at the b-CD/PNAANI/CPE with DEp of 160 mV,
at which the reversibility of L-dopa was significantly im-
proved. The voltammetric profile obtained for C-dopa at
a bare carbon paste electrode reveals just a small hump
peak with maximum peak current at 690 mV. No cathodic
peaks were observed on the reverse scan within the inves-
tigated potential range (Figure 3B). At b-CD/PNAANI/
CPE, C-dopa exhibits two oxidation peaks with maximum
peak potentials at 380 and 720 mV and a reduction peak
at 200 mV. The reduction peak was observed at all scan
rates (5–500 mV s�1) without alteration. The first peak at
380 mV is similar to the oxidation peak of L-dopa that
could be attributed to the electrochemical oxidation of

the double hydroxyls of C-dopa. The peak occurred at
720 mV (Figure 3B) corresponds to the electrochemical
oxidation of the imine group of C-dopa [50]. Figure 3C
presents the cyclic voltammogram obtained in the pres-
ence of each of 1 mML-dopa and C-dopa in 0.1 M PBS
(pH 7.0). As is obvious from this figure, the first oxida-
tion peak of C-dopa overlaps with the oxidation peak of
L-dopa and also the reduction peaks of them overlap at
200 mV. In addition, in the presence of both L-dopa and
C-dopa the reduction and oxidation peak potentials are
shifted toward more positive values.

Compared to the electrochemical response on a bare
electrode, at a b-CD/PNAANI/CPE, the peak currents of
L-dopa and C-dopa enhanced significantly. This result in-
dicates that the surface concentration of L-dopa or C-
dopa at b-CD/PNAANI/CPE is higher than their bulk
concentration, which could be attributed to the b-CD en-
capsulation effect. Anodic peak current (Ipa) was directly
proportional the square root of the scan rate in the range
of 5–500 mV s�1, with correlation coefficients of 0.993 and
0.990 for L-dopa and C-dopa respectively. The electro-ox-
idation process of L-dopa and C-dopa at the b-CD/
PNAANI /CPE was controlled not only by the diffusion,
but also by the adsorption on the electrode surface. Addi-
tional insights into the contribution of surface accumulat-
ed and/or diffusing analytes to total current were ob-
tained in medium-exchange experiments. In medium ex-
change voltammetry, L-dopa was first adsorbed at the CD
modified electrode, then the electrode was removed from
the sample solution, rinsed thoroughly with water, and
transferred (with the adsorbed layer) in the medium not
containing L-dopa, and voltammograms were recorded in
this medium (i.e. supporting electrolyte). The exchange of
solutions between the preconcentration and measurement
steps offers the advantage of measuring the surface-accu-
mulated species without interference from diffusing ana-
lytes. Cyclic voltammograms of L-dopa, recorded in
sample solution (Curve a) and after medium exchange ex-
periment (Curve b) are illustrated in Figure 4 (in which,
the accumulation time for both electrodes was 30 s). With
making a proper comparison between CVs (a) and (b),
the net effect is a decrease in the height of the anodic
peak current after exchanging the medium (i.e. in the ab-
sence of diffusing analytes) which indicates that both ad-
sorbed and diffusing analytes contribute to the current.

In addition, the effect of the pH value of the PBS
buffer solution on peak potentials of L-dopa and C-dopa
at b-CD/ PNAANI/CPE was also investigated in the pH
range of 6 to 10. The anodic peak potentials of both ana-
lytes shifted in the negative direction with increasing pH.

The oxidation peak potentials (Ep) varied with pH ac-
cording to equations: Ep =8.46–0.055pH (r=0.968) and
Ep =6.538–0.052 pH (r=0.953) for L-dopa and C-dopa,
respectively. The slopes of each fitted lines are close to
the theoretical value, �0.0591 V per pH unit, which indi-
cates that the electrode reactions proceed by a mecha-
nism involving an equal number of electrons and protons.
It was found that the L-dopa oxidation involves a two-
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electron process (Scheme 2). C-dopa should obey a simi-
lar electrochemical oxidation mechanism, since its molec-
ular structure resembles that of L-dopa and others cate-
cholamines.

The oxidation peak currents of C-dopa and L-dopa
after 180 s of accumulation at different potentials were

measured. The best results were obtained at accumulation
potential of 0.1 V. The influence of accumulation time on
the oxidation peak currents at the b-CD/PNAANI/CPE
was also investigated. The oxidation peak currents were
increased remarkably within first 30 s, and then continued
with moderate slope. Considering sensitivity, speed and

Fig. 3. Cyclic voltammograms of (A) 1.0 mM L-dopa, (B) 1.0 mM C-dopa and (C) 1.0 mM L-dopa and C-dopa in 0.1 M PBS ob-
tained using b-CD/PNAANI/CPE (a), bare carbon paste electrode (b), blank supporting electrolyte (c) and PNAANI/CPE (d) at
25 8C. Scan rate: 100 mVs�1.
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an extended dynamic range, an accumulation time of 30 s
was employed.

Figure 5A shows a differential pulse voltammogram of
100 mM L-dopa with 30s accumulation at b-CD/PNAANI
/CPE before (dotted line) and after (solid line) addition
of 100 mM C-dopa (these results also recurred for other
concentrations of L-dopa and C-dopa). Figure 5B shows
differential pulse voltammograms of 96 mM L-dopa in the
presence of different concentrations of C-dopa. The re-
sults indicate that C-dopa shows no cross-reactivity in the
determination of L-dopa, even in concentrations more
than its doses in pharmaceuticals. With further increasing
accumulation time (>30 s), the addition of C-dopa to a
solution containing L-dopa leads to the decrease in the
oxidation peak current of L-dopa.

On the other hand, the second oxidation peak of C-
dopa at 650 mV will not be affected by the presence of L-
dopa, indicating that the C-dopa could be easily deter-
mined without any cross-reactivity of L-dopa in the po-
tential range of 0.5 to 0.9 V (Figure 6).

Figures 3A and 3B clearly show that when we have L-
dopa or C-dopa alone, b-CD/PNAANI/CPE respond to
both of them, but when we have L-dopa and C-dopa to-
gether, current of the first peak is equal to current of L-
dopa alone (Figure 3C and Figure5) which shows that L-

Fig. 4. CVs of L-dopa in 0.1 M phosphate buffer pH 7.0 record-
ed following its preconcentration onto a b-CD/PNAANI/CPE by
adsorptive accumulation in a solution of 0.5 mM L-dopa in
sample solution (a) and after transferring the electrode to the
supporting electrolyte in the absence of L-dopa (b).

Scheme 2. The proposed L-dopa oxidation mechanism at b-CD/PNAANI/CPE.

Fig. 5. Differential-pulse voltammograms (DPV) obtained at b-
CD/PNAANI/CPE in: A) 100 mM L-dopa before (dotted line)
and after (solid line) addition of 100 mM C-dopa; B) 96 mM L-
dopa in different concentrations of C-dopa (24, 49, 72.8 and
96 mM, from bottom to top) in 0.1 M PBS at pH 7.0.
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dopa is bind to b-CD with higher affinities than C-dopa.
Cyclic voltammograms recorded for increasing concentra-
tion of L-dopa or C-dopa as guests and using a surface-
confined CD as a host allows us to calculate the binding
constants to the surface-immobilized cyclodextrin. The as-
sociation constant of the guest with surface-confined CD
is usually determined by fitting the experimental data to
the Equation 1:

C=G ¼ C=Gmax þ 1=bGmax ð1Þ

where G is the surface coverage in mol cm�2, Gmax is the
saturation surface coverage and b (Kass) is the apparent
association constant for the guest-CD complexation
(M�1). The surface coverage (G) of L-dopa and C-dopa
adsorbed onto the CD/PNAANI/CPE can be estimated
from the coulometric charge obtained by integrating the
anodic peak area in the cyclic voltammograms [51] and
can be calculated out according to Equation 2:

G ¼ Q=nFA ð2Þ

Where Q is the amount of coulometric charge (C), n is
the number of electrons transferred, F is Faraday�s con-
stant (96485 C mol�1) and A is the area of the electrode,
0.0412 cm2. The values found for Kass and Gmax are given
in Table 1. Calculated Kass values for L-dopa and C-dopa
indicate that Kass for L-dopa is slightly higher than that of
C-dopa which to some extent confirms their behavior at a
CD modified electrode. Higher association constant of b-
CD with L-dopa leads to its preferential complexation in
a mixture. Hence, C-dopa has less chance to be included
onto CD cavity, so its oxidation potential shifts to more
positive values.

3.3 Determination of L-dopa and C-dopa

The quantification of L-dopa and C-dopa in pharmaceuti-
cal products was carried out employing DPV technique.
DPV responses of L-dopa and C-dopa in a mixture with

different concentrations and after 30 s accumulation at
the b-CD/PNAANI/CPE are shown in Figure 7. The first
anodic peak at 260 mV corresponds to the oxidation of L-
dopa and the second one at 650 mV corresponds to the
oxidation of C-dopa which were used for the determina-
tion of the studied catecholamines. The oxidation peak
currents (ip) were proportional to the concentrations of
L-dopa and C-dopa over the range of about 0.5 to
117 mM with a detection limit of 0.2 mM (3s) and from
1.65 to 210 mM with a detection limit of 0.86 mM (3s) for
L-dopa and C-dopa respectively. The relevant regression
equations are as follows:

ip ðmAÞ ¼ 0:03 C ðmMÞ þ 0:056 R2 ¼ 0:988 ðL-dopaÞ ð3Þ

ip ðmAÞ ¼ 0:014 C ðmMÞ þ 0:224 R2 ¼ 0:992 ðC-dopaÞ ð4Þ

where C as concentration. These results clearly indicate
that the proposed electrode can be utilized for individual
determination of these catecholamines in a wide concen-
tration range.

The reproducibility and working stability of the modi-
fied electrode was tested by repetitive recording of cyclic
voltammograms after each renewal. The relative standard
deviation (RSD) for five replicate measurements of
96 mM L-dopa was about 3.8 % and that of 96 mM C-dopa
was about 4.5 %, revealing that this method possesses
good reproducibility for the determination of studied ana-
lytes.

3.4 Analysis of Real Samples

To further validate the proposed biosensor for the meas-
urements of L/C-dopa in the real samples, the b-CD/
PNAANI/CPE electrode was applied for the simultane-
ous determination of L-dopa and C-dopa in a commer-
cially available tablet (SINEMET PLUS RETARD) con-
taining 100 mg of L-dopa and 25 mg of C-dopa. The con-
tents of 5 tablets were ground to a fine powder using a
mortar and pestle. An accurately weighted amount of the
powder was transferred into a 25 mL volumetric flask and
diluted to the mark with PBS (pH 7) and sonicated for
10 min. subsequently, the solution was filtered and an ap-
propriate volume of this solution was analyzed by the
proposed method.

Fig. 6. Differential-pulse voltammograms (DPV) obtained for
96 mM C-dopa before (a) and after (b) addition of 96mM L-dopa
at b-CD/PNAANI/CPE.

Table 1. Maximum surface coverages (Gmax) and the apparent as-
sociation constants (Kass) for the complexation of L-dopa and C-
dopa with b-CD at an ambient temperature.

L-dopa C-dopa

Kass

(M�1)
Gmax �109

(molcm�2)
Kass

(M�1)
Gmax � 109

(mol cm�2)

b-CD 1960 2.46 1558 1.93
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The results are summarized in Table 2 which revealing
that the proposed electrode was selective for the determi-
nation of L-dopa and C-dopa, and the results are in good
agreement with those specified by the manufacturer. The
interference of possible interfering species such as prege-
latinized corn starch, microcrystalline cellulose, magnesi-
um stearate, indigo carmine, corn starch, yellow iron
oxide, hydroxypropylcellulose copolymer polyvinyl ace-
tate and crotonic acid which are present in the pharma-
ceuticals was studied and no significant interference was
observed under the present condition.

We also studied the interference of other possible inter-
fering species. The results revealed that glucose (100-
fold), fructose (400-fold), lactose (400-fold), sucrose (150-
fold), tartaric acid (150-fold), urea (200-fold), ascorbic
acid (7-fold) and citric acid (5-fold) do not interfere with
the measurement of L/C-dopa.

4 Conclusions

In this study, a procedure was introduced for simultane-
ous determination of L-dopa and C-dopa, based on their

Fig. 7. DPVs for the L-dopa and C-dopa at b-CD/PNAANI/CPE in 0.1 M phosphate buffer at pH 7.0 and different concentrations of
analytes: 0.7, 1.6, 2.3, 4.4, 9.05, 12.3, 16.9, 22.6, 54.3 and 116.8 mM from bottom to top. Accumulation time 30 s; pulse amplitude
0.05 V; voltage step 0.006 V; sweep rate 0.015 Vs�1. Inset: Calibration curve of L-dopa and C-dopa.

Table 2. Determination of L-dopa and C-dopa in pharmaceutical formulations using DPV technique.

No. Nominal Signal�SD [a] Recovery (%)

L-dopa (mg mL�1)
1 8.60 9.24�3.98 110.4
2 12.2 13.4�4.03 109.8
3 15.8 15.26�3.8 96.6
4 17.0 17.73�4.1 104.3
Mean recovery 105.27

C-dopa (mg mL�1)
1 11.3 10.45�4.68 92.5
2 17.6 17.04�4.92 96.8
3 24.3 23.64�4.35 97.3
4 31.0 28.08�5.01 90.6
Mean recovery 94.3

[a] Differential-pulse voltammetric signal of L-dopa and C-dopa� standard deviation for four replicate analysis.
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unique interactions with the immobilized CD, which se-
lectively capture L-dopa and C-dopa molecules through
host-guest recognition approach. The b-CD modified
PNAANI film-coated CPE exhibits remarkable enhance-
ment effects on the oxidation peak currents of L-dopa
and C-dopa. These modified electrodes not only signifi-
cantly improve the oxidation currents of L-dopa and C-
dopa, but also negatively shift their oxidation potentials.
Its high selectivity, long-term stability and simplicity in
addition to large peak separations between L-dopa and
C-dopa allows the simultaneous determination of these
catecholamines in presence of other interfering substan-
ces. The sensor can measure micromolar levels of L-dopa
and C-dopa in linear ranges of about 0.5 to 117 mM and
1.65 to 210 mM respectively, with detection limits down to
sub-mM level and RSD of less than 4.5%. The electrode
utilized in this work is potentially applicable for use in
quality control laboratories.
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