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Abstract
In this paper, the possibility of analyzing levodopa and carbidopa by differential pulse voltammetry (DPV) utilizing a
glassy carbon electrode in 0.1 mol L�1 HClO4 is reported. Cyclic voltammograms of levodopa show a redox couple
with anodic and cathodic peak potentials at 0.58 V and 0.52 V (vs. Ag/AgCl), respectively. For carbidopa, there are
two oxidation waves with maximum currents at 0.53 V and 1.02 V, without any cathodic counterpart at slow enough
scan rate. Since in such conditions, the oxidation product of carbidopa does not undergo reduction, it is possible to
analyze levodopa without interference. On the other hand, carbidopa can be determined between 0.85 V and 1.1 V in
the presence of levodopa, coating the electrode with a Nafion film, which is selective for carbidopa. The developed
methodology was applied to two different commercial samples of pharmaceutical products. The obtained data were
compared with the results of the analysis by high performance liquid chromatography (HPLC) with UV detection,
showing good correlation (relative errors changing between 0.4% and 3.5%) and absence of interference of the other
components that accompanied the pharmaceuticals.
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1. Introduction

ParkinsonBs disease victims show a significant depletion of
dopamine in the brain. Since this neurotransmitter cannot
across the blood-brain barrier into the central nervous
systemand it cannot be employed to restore its normal level,
levodopa (a precursor of dopamine) has been successfully
used and is themost widely prescribed drug in the treatment
of the patients [1]. After its administration, levodopa ([(�)-
3-(3,4-dihydroxylphenyl)-l-alanine]) is converted into dop-
amine via enzymatic reaction catalyzed by dopa-decarbox-
ylase. However, since the metabolism of levodopa is also
extracerebral, several side effects of systemic dopamine can
arise if levodopa is administered in high dosages. In order to
achieve better therapeutic effect and lower toxicity, carbi-
dopa ([(�)-l-2-(3,4-dihydroxybenzyl)-2-hydrazinopropion-
ic acid]) is administered in association with levodopa in
pharmaceutical preparations containing 10 – 25% of carbi-
dopa. This catecholamine acts as an inhibitor for the
decarboxylase activity [1]. Hence, the combination of
levodopa with carbidopa leads to the control of the
dopamine concentration at suitable levels, reducing those
side effects and improving the efficiency of the therapy.
Accordingly, the development of an analytical method is
very important to control the content of these catechol-
amines in pharmaceuticals.

Different techniques have been employed for the deter-
mination of levodopa in pharmaceutical formulations like
electrochemistry [2 – 5], spectrofluorimetry [6], gas chro-
matography [7], capillary electrophoresis [8] spectropho-
tometry [9 – 12] and high performance liquid chromatog-
raphy (HPLC) [13 – 18]. On the other hand, the simulta-
neous analysis of levodopa and carbidopa has prevalently
been described by use of spectrophotometry [19 – 22] and
HPLC [23 – 25]. Long analysis time, the use of organic
solvents and high cost are some of the drawbacks associated
with these techniques. More recently, the utilization of
capillary electrophoresis was also described for this simul-
taneous determination [26].
Voltammetry is considered an important electrochemical

technique utilized in electroanalytical chemistry because it
provides low cost, sensitivity, precision and accuracy,
simplicity and rapidity [27, 28]. In spite of this, there are
no studies about the determination of levodopa and
carbidopa utilizing this method, probably due to problems
associated with interference, since both analytes suffer
oxidation in the same potential region. In the present paper,
we report the possibility of analyzing levodopa and carbi-
dopa in 0.1 mol L�1 HClO4 by differential-pulse voltamme-
try utilizing a glassy carbon electrode. To attain this purpose,
it was necessary to study the voltammetric behavior of these
compounds. The oxidation process of levodopa has been
well studied from the electrochemical viewpoint [29 – 31].
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On the other hand, the reactionmechanismof carbidopa has
received little attention [32] whereas the electrochemical
behavior of the mixture (levodopa and carbidopa) is not
documented.

2. Experimental

2.1. Instruments and Apparatus

Electrochemical experiments were performed by employ-
ing an EG&G Princeton Applied Research potentiostat/
galvanostat (Model 263A) interfaced to a microcomputer.
The components utilized in a conventional three-electrodes
cell system were a glassy carbon working electrode (Model
TL-5, Bioanalytical System) with a geometrical area of
0.071-cm2, a platinumauxiliary electrode and aminiaturized
Ag/AgClsat as reference.
Comparative measurements were performed in a Shi-

madzu (Model LC-10A) liquid chromatography system
equipped with a piston pump and an UV-Vis absorbance
detector. A Shim-pack G-ODS (4) RP18 (10� 4 mm i.d.,
5 mm) precolumn and a Shim-packG-ODS (4)RP18 (250�
4.6 mm i.d., 5 mm) analytical column were employed. The
compounds were analyzed using phosphoric acid in 15%
methanol (pH 2.4), at a flow rate of 1.6 mL min�1, with UV
absorption at 282 nm.

2.2. Reagents and Solutions

All chemicals were of the highest purity available, pur-
chased from Sigma, Aldrich or Merck and were utilized as
received. All solutions were prepared with Millipore Milli-
Q ultra pure water (Resistivity not lower than 18 MW cm).
Stock standard solutions of levodopa and carbidopa em-
ployed in the experiments were prepared daily with
deionized water or 0.1 mol L�1 perchloric acid solution
and stored in the dark. The preparation in perchloric acid
was necessary to achieve higher concentrations of the
analytes, since carbidopa has a low solubility in water. In
addition, the use of acidmediumhelped to prevent the rapid
chemical oxidation of the compounds.More dilute solutions
were obtained from the stock solutions just before the
measurements. Pharmaceutical products were acquired in a
local drugstore. The tablets were individually dispersed in
0.1 mol L�1 perchloric acid and resultant solution was
separated of the insoluble excipient by filtration. Following,
appropriate dilution with 0.1 mol L�1 perchloric acid was
performed for determination of the drugs.

2.3. Procedure

Before the electrochemical experiments, the glassy carbon
electrode surface was mechanically polished with 0.02 mm
alumina slurry on a felt cloth, rinsed with deionized water
and then dried at room temperature. In analysis of levodopa

and carbidopa, the electrode was pretreated in some way
before measurements to be performed. For levodopa,
mechanical polishing was sufficient, with a good reprodu-
cibility of the results. Loss of activity of the electrode was
observed during the carbidopa determination. For this
reason, the electrode was coated with a Nafion (Aldrich)
film utilizing 10 mL of a 0.1% solution prepared with
acetone/cyclohexanone mixture followed by drop-casting
and spin-coating procedures. In addition, a pretreatment
procedure consisting of cyclic voltammetry scanning be-
tween �0.65 and 1.3 V (in 0.1 mol L�1 perchloric acid
medium) for 5 minutes at a scan rate of 100 mV s�1 was
necessary to give rise to the optimum response for carbido-
pa.
The samples were analyzed in 0.1 mol L�1 perchloric acid

by employing differential-pulse voltammetry and the ex-
perimental conditions were as follows: initial potential,
0.85 V (for levodopa and carbidopa); final potential, 0.2 V
(for levodopa) and 1.1 V (for carbidopa). Before potential
scanning, a time of 5 s (for levodopa) or 10 s (for carbidopa)
was applied at the required initial potential. The other
parameters utilized such as pulse height, 25 mV;pulsewidth,
250 ms; and scan rate, 2 mV s�1 were the same for the
quantification of both analytes. Cyclic voltammetry was
employed in order to study the voltammetric behavior and
the electrochemical reaction mechanism of these catechol-
amines. In such experiments, different conditions and
parameters (scan rate, potential range, pH, etc) were
utilized according to necessity and will be described later.

3. Results and Discussion

3.1. Initial Considerations

Figure 1 illustrates the cyclic voltammograms obtained at
15 mVs�1 for a glassy carbon electrode in 0.1 molL�1HClO4

containing 1.0 mmol L�1 levodopa (curve A) or 1.0 mmol
L�1 carbidopa (curve B). The voltammogram of levodopa
shows a profile that corresponds to a reversible process with
anodic and cathodic peak potentials at 0.58 V and 0.52 V,
respectively. The voltammetric profile obtained for carbi-
dopa (curve B) reveals two irreversible oxidation waves
with maximum currents at 0.53 V (A1) and 1.02 V (A2).
Even reversing the potential scan after peak A1 in cathodic
direction, no peak was observed (not shown).
However, with increasing the sweep rate a cathodic wave

appears and grows progressively. This is an indicative of the
presence of coupled chemical reactions and it will be
discussed later. So, at low enough potential scan rates there
is no cathodic counterpart because the time scale of the
experiment and the rate of the chemical reaction are
comparable. Since in such conditions the oxidation product
of carbidopa does not undergo reduction, it is possible to
perform the indirect analysis of levodopa in the presence of
carbidopa without interference. Hence, levodopa can be
determined by reduction of the product of its electro-
oxidation reaction. In Figure 2A is shown a differential-
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pulse voltammogram obtained at 2 mV s�1 using a glassy
carbon electrode in the presence of 5.2� 10�5 mol L�1

levodopa (dotted line). The other voltammogram in this
figure (solid line) corresponds to a result obtained after
addition of carbidopa with final concentration of 4.0�
10�5 mol L�1. It can be observed that does not occur
significant change in the shape of the voltammograms,
even if carbidopa is present in higher proportions than that
ones labeled in the pharmaceutical.
On the other hand, carbidopa could be analyzed in the

presence of levodopa in the potential range between 0.85 V

and 1.1 V (see peak A2 in Figure 1B). However, it was
verified that levodopa shows some interference, as can be
seen in the inset of the Figure 2B. Such a problemwas solved
after to coat the electrode with a Nafion film, which was
selective to carbidopa. Figure 2(B) illustrates differential-
pulse voltammograms obtained for the electrode (at 2 mV
s�1) in the presence of 8.0� 10�6 mol L�1 carbidopa before
(dotted line) and after (solid line) addition of 3.2� 10�5 mol
L�1 levodopa. The presence of levodopa, even with concen-
tration four times higher, practically has no effect on the
voltammetric profile of carbidopa, indicating absence of
interference.
The quantification of levodopa and carbidopa in pharma-

ceutical products was carried out employing differential-
pulse voltammetry and it will be described in the following
sections. Themost suitable parameterswere those described
in Section 2.3. Solution of 0.1 mol L�1 perchloric acid was
chosen as supporting electrolyte because well-defined
waves were obtained in such acid medium. For levodopa
determination, the bare glassy carbon electrode was utiliz-
ed, whereas the same electrode was modified with a Nafion
film and employed for analysis of carbidopa. In the film
preparation, the best conditions were those reported in
Section 2.3.

3.2. Calibration Plots and Measurements of Repeatability

After establishing the most suitable experimental condi-
tions, a series of experiments was carried out in order to find
the analytical characteristics for each system. The calibra-
tion plot obtained for carbidopa was linear between 5.0�
10�7 mol L�1 and 5.4� 10�6 mol L�1 (correlation coef-

Fig. 1. Cyclic voltammograms obtained for a glassy carbon
electrode in 0.1 mol L�1 HClO4 containing 1.0� 10�3 mol L�1 of
levodopa (A) or carbidopa (B). Scan rate: 15 mV s�1; electrode
area: 0.071 cm2.

Fig. 2. Differential-pulse voltammograms (DPV) obtained for a bare (A) and Nafion modified (B) glassy carbon electrode in: A) 5.2�
10�5 mol L�1 levodopa before (dotted line) and after (solid line) addition of 4.0� 10�5 mol L�1 carbidopa; B) 8.0� 10�6 mol L�1

carbidopa before (dotted line) and after (solid line) addition of 3.2� 10�5 mol L�1 levodopa. Inset: DPV of the bare glassy carbon
electrode in 5.1� 10�6 mol L�1 carbidopa before (dotted line) and after (solid line) addition of 2.0� 10�5 mol L�1 levodopa. Supporting
electrolyte: 0.1 mol L�1 HClO4; scan rate: 2 mV s�1; electrode area: 0.071 cm2.
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ficient¼ 0.998). For higher concentrations, the slope dimin-
ished considerably. For this interval, limits of detection and
quantification were calculated as 3.8� 10�7 mol L�1 and
1.3� 10�6 mol L�1 (three and ten times the standard
deviation of the blank [33], respectively). In order to
appraise the repeatability of the system, a series of
successive measurements was performed. Typically, for a
set of 10 differential-pulse voltammograms registered for
the sample number 2 with a nominal concentration of 2.0�
10�6 mol L�1, the relative standard deviation was 3.4%.
Since the experiments were carried out at slow scan rates,
the time needed to obtain each voltammogram was about
two minutes, leading to a sampling frequency of 30
determinations per hour.
For levodopa, the calibration curves utilizing standard

solutions presentedmuch larger response region in compar-
ison with that one obtained for carbidopa. The linear
regression for concentrations ranging from 2.0� 10�7 mol
L�1 to 7.5� 10�4 mol L�1 led a correlation coefficient of
0.9992. The limit of detection was calculated as 4.2�
10�8 mol L�1, while the limit of quantification was of 1.4�
10�7 mol L�1, by considering the concentration range
between 2.0� 10�7 mol L�1 and 9.1� 10�7 mol L�1. Studies
of repeatability revealed a relative standard deviation of
2.9% for a series of ten measurements performed with a
standard solution of 9.1� 10�6 mol L�1 levodopa. The
sampling frequency for such experiments was of 11 deter-
minations h�1. This frequency could be improved for about

20 determinations h�1 by restraining the potential sweep
between 0.85 V and 0.48 V. The analytical values obtained
for both compounds are summarized in Table 1.

3.3. Quantification of Levodopa and Carbidopa

Two different medication samples were subjected to anal-
ysis by using the proposed method described above. Typical
signals recorded for standard solutions of carbidopa or
levodopa and of samples obtained by diluting the commer-
cial products with electrolyte are shown in Figures 3 and 4.
The proportionality between the current and the concen-
tration of the standard solutions was confirmed using the
calibration plots illustrated in the insets of the Figures 3A
(for carbidopa) and 4A (for levodopa). The results com-
paredwell with those ones obtained using high performance
liquid chromatography with UV detection (Tables 2 and 3),
indicating that the other compounds such as pregelatinized
corn starch, microcrystalline cellulose, magnesium stearate,
indigo carmine, corn starch, yellow iron oxide, hydroxypro-
pylcellulose copolymer polyvinyl acetate, crotonic acid
present in the pharmaceuticals did not show significant
influenceover the analytical response. In addition, levodopa
and carbidopa also did not interfere one each other in the
analysis.
Comparing the results displayed in Tables 1, 2 and 3, the

standard deviation appears to be contradictory. The reason

Table 1. Analytical values obtained for levodopa and carbidopa. LD: limit of detection; LQ: limit of quantification; RSD: relative
standard deviation

Analyte Linear working range (mol L�1) LD (mol L�1) LQ (mol L�1) Repeatability RSD Sampling frequency

Carbidopa 5.0� 10�7 to 5.4� 10�6 3.8� 10�7 1.3� 10�6 3.4% (n¼ 10) 30 determinations h�1

Levodopa 2.0� 10�7 to 7.5� 10�4 4.2� 10�8 1.4� 10�7 2.9% (n¼ 10) 11 determinations h�1

Fig. 3. Results obtained for quantification of carbidopa utilizing a glassy carbon electrode in 0.1 mol L�1 HClO4. Differential-pulse
voltammograms registered in supporting electrolyte containing: A) carbidopa standard solutions with final concentrations of a) 0.99, b)
1.94, c) 2.85, d) 3.73, and e) 4.58� 10�6 mol L�1; diluted solutions of B) sample 1 and C) sample 2. The inset shows the correspondent
calibration plot. Scan rate: 2 mV s�1; electrode area: 0.071 cm2. Before each electrochemical experiment, the electrode was pretreated
(see Section 2.3).
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for the larger standard deviation in Table 1 was the fact that
these measurements were done in sequence, without
pretreatment of the electrode between experiments. In
cases of measurements involving real samples, a pretreat-
ment of the electrode was done before each experiment
(procedure described in Section 2.3). Successive experi-
ments for larger concentrations of levodopa lead even to
larger deviations.

3.4. Electrochemical Behavior of Levodopa and
Carbidopa

The electrochemical properties of levodopa and carbidopa
were investigated by using cyclic voltammetry in aqueous

solutions. The influence of scan rate on the oxidation of each
catecholamine was examined in the supporting electrolyte
(0.1 molL�1HClO4) employed in this study. The logarithmof
the oxidation peak currents of levodopa and carbidopa (peak
A1–Fig. 1B) increased linearlywith the logof scan rate in the
range from 0.005 to 5 V s�1, with slopes of 0.60 (correlation
coefficient¼0.998) and 0.48 (correlation coefficient¼0.999),
respectively. These observations suggest that the operating
mechanism is mainly a diffusion-controlled for both systems.
The peak potentials were closely related to the solution

pH. The peak potential shifted to less positive region with
increasing solution pH. Linear regressions provided slopes
of �58.5 mV/pH (levodopa) and �57.7 mV/pH (carbi-
dopa), indicating that electron transfer was accompanied by
an equal number of protons.

Fig. 4. Results obtained for quantification of levodopa utilizing a glassy carbon electrode in 0.1 mol L�1 HClO4. Differential-pulse
voltammograms registered in supporting electrolyte containing: A) levodopa standard solutions with final concentrations of a) 1.98, b)
3.94, c) 5.89, d) 7.82, and e) 9.73� 10�5 mol L�1; diluted solutions of B) sample 1 and C) sample 2. The inset shows the correspondent
calibration plot. Scan rate: 2 mV s�1; electrode area: 0.071 cm2. The glassy carbon electrode was polished before each experiment.

Table 2. Results obtained after analysis of carbidopa in pharmaceutical products. Sample 1: Cronomet (from Merck, Sharp & Dohme).
Sample 2: Carbidopa/Levodopa (from Biosintética). DPV: differential-pulse voltammetry; HPLC: high performance liquid
chromatography; ER1: relative error between nominal value and DPV; ER2: relative error between nominal value and HPLC; ER3:
relative error between DPV and HPLC.

Sample Nominal value (mg) DPV� SD [a] (mg) HPLC� SD [a] (mg) ER1 (%) ER2 (%) ER3 (%)

1 50 47.5� 0.6 47.7� 0.3 (�) 5.0 (�) 4.6 (�) 0.4
2 27 25.5� 0.2 26.4� 0.3 (�) 5.6 (�) 2.2 (�) 3.5

[a] Average� standard deviation for three determinations.

Table 3. Results obtained after analysis of levodopa in pharmaceutical products. Sample 1: Cronomet (from Merck, Sharp & Dohme).
Sample 2: Carbidopa/Levodopa (from Biosintética). DPV: differential-pulse voltammetry; HPLC: high performance liquid
chromatography; ER1: relative error between nominal value and DPV; ER2: relative error between nominal value and HPLC; ER3:
relative error between DPV and HPLC.

Sample Nominal value (mg) DPV� SD [a] (mg) HPLC� SD [a] (mg) ER1 (%) ER2 (%) ER3 (%)

1 200 202.4� 2.9 204.7� 1.2 (þ) 1.2 (þ) 2.4 (�) 1.1
2 250 262.6� 3.4 258.5� 3.5 (þ) 5.0 (þ) 3.4 (þ) 1.6

[a] Average� standard deviation for three determinations.
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It was found in the literature that the levodopa oxidation
involves a two-electron process [29, 30]. Carbidopa should
obey a similar electrochemical oxidation mechanism, since
its molecular structure resembles that one of levodopa and
others catecholamines. For levodopa in acidic medium, the
cyclic voltammogram shows an anodic peak that corre-
sponds to oxidation of levodopa to open-chained dopaqui-
none (Fig. 1A). On reversal scan of potential, the cathodic
wave illustrates the reduction of this quinone to levodopa. In
such an acidic condition, the open-chained dopaquinone is
protonated, avoiding its further cyclization. This cyclization
reaction occurs to a great extent at pH� 6.0 because
sufficient unprotonated quinone is available. The shape of
the voltammogram changes (Fig. 5) and it seemswith that of
carbidopa in acidic medium (compare with Fig. 1B). The
voltammetric profiles demonstrate that the oxidationmech-
anism of levodopa in neutral solutions and of carbidopa in
acidic medium is an irreversible electrochemical process
followed by a slow chemical reaction of the electrooxidation
products of the analytes. For the levodopa system in pH 6.0-
solution (Fig. 5), on negative scan the cathodic wave
corresponding to the dopaquinone reduction disappears
(compare with Fig. 1A). This occurs probably because the
produced cyclodopa is also chemically oxidized by dopa-
quinone, and this reaction can even be faster than that
occurringonto the electrode surface.On subsequent sweeps,
new cathodic (C2) and anodic (A2) peaks appear (Fig 5).
The C2 and A2 waves are owing to reduction of cyclodopa
(deriving from dopaquinone cyclization reaction) to dop-
achrome and to oxidation of dopachrome to cyclodopa,
respectively.
In the case of carbidopa, the cathodic peak due the

dopaquinone reduction is practically not observed even in
acidic solutions (see Fig. 1B). Only increasing the scan rate,
the reduction wave arises and grows gradually (not shown).
Possibly, the cyclization reaction of o-quinone ismuch faster
for this system as a result of the electron donating effect of
carboxylate ion andmethyl groups and improving the amine

group nucleophilicity. When the glassy carbon electrode is
subjected to a potential sweep in the presence of a levodopa
and carbidopa mixture in 0.1 mol L�1 HClO4, one can see
that the cathodic wave due to reduction of dopaquinone,
initially observed for the voltammetric curve of levodopa,
diminishes progressively after additions of carbidopa with
increasing final concentrations (Fig. 6). This is probably due
to consumption of dopaquinone (generated in the levodopa
oxidation) in the chemical oxidation of cyclodopa, which is
resultant of the cyclization of the oxidation product of
carbidopa.

4. Conclusions

The results of this investigation show that it is possible to
perform electrochemical analysis of levodopa and carbido-
pa without interference. Differential-pulse voltammetry
was utilized for this application, revealing its usefulness for
quantification of these catecholamines in pharmaceutical
products with high sensitivity and good repeatability. In the
proposed method, the samples are only subjected to
filtration and dilution, without necessity of time-consuming
reactions, avoid the use of toxic and expensive solvents or
the requirement of costly instrumentation. Cyclic voltam-
metry was employed to study the electrochemical behavior
of the analytes. The voltammetric profiles demonstrate that
the oxidation mechanism of levodopa in neutral solutions
and of carbidopa in acidic medium is an irreversible
electrochemical process followed by a slow chemical
reaction of the electro- oxidation products of the analytes.
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