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An analytical methodology based on differential pulse voltammetry (DPV) on a glassy carbon electrode
and the partial least-squares (PLS-1) algorithm for the simultaneous determination of levodopa, car-
bidopa and benserazide in pharmaceutical formulations was developed and validated. Some sources of
bi-linearity deviation for electrochemical data are discussed and analyzed. The multivariate model was
developed as a ternary calibration model and it was built and validated with an independent set of drug
mixtures in presence of excipients, according with manufacturer specifications. The proposed method

Ifgg‘:ﬁgj was applied to both the assay and the uniformity content of two commercial formulations containing
Carbidopa mixtures of levodopa-carbidopa (10:1) and levodopa-benserazide (4:1). The results were satisfactory

and statistically comparable to those obtained by applying the reference Pharmacopoeia method based
on high performance liquid chromatography. In conclusion, the methodology proposed based on DPV
data processed with the PLS-1 algorithm was able to quantify simultaneously levodopa, carbidopa and
benserazide in its pharmaceuticals formulations using a ternary calibration model for these drugs in
presence of excipients. Furthermore, the model appears to be successful even in the presence of slight
potential shifts in the processed data, which have been taken into account by the flexible chemometric

Benserazide
Voltammetry
Multivariate calibration

PLS-1 approach.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

The Parkinson’s disease is related to a significant depletion
of the dopamine neurotransmitter in the brain. Levodopa, a pre-
cursor of this neurotransmitter, is the principal drug used in
the treatment of patients with Parkinson’s disease. This cate-
cholamine drug, in contrast 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 levodopa does also occur in the
peripheral system, producing different side effects associated to
the increase of systemic dopamine. For this reason, levodopa is
administered in pharmaceuticals in association with a peripheral
dopadecarboxylase inhibitor, such as carbidopa or benserazide. The
administration of these pharmaceuticals improves the efficiency
of the treatment, because it makes possible a better control of
dopamine levels, allowing to decrease the dose and the side effects
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[1]. The chemical structures of these compounds are shown in
Fig. 1.

Different analytical methods have been employed for the deter-
mination of levodopa, carbidopa and benserazide in raw material,
pharmaceutical formulations and biological fluids, mainly by high
performance liquid chromatography [2-6], spectrophotometry
[7-11], and capillary electrophoresis [12-15]. As with other cate-
cholics and pyrogallics derivates, these drugs contain electroactive
groups and can be electrochemically oxidized on carbon, plat-
inum or gold electrodes. This has enabled the electrochemical
characterization and determination of levodopa [16-21], carbidopa
[22] and benserazide [23]. However, few electrochemical method-
ologies have been developed for simultaneous determination of
these drugs, probably due to their similar structural patterns and
electrochemical responses showing dramatic overlapping when
using conventional electrodes. Recently, voltammetric methods
have been reported for the simultaneous determination of these
drugs using modified electrodes [24,25], but the treatment involved
is time consuming and the associated cost is high. It is thus
important to develop new methodologies for the simultaneous
determinations of these drugs. An attractive possibility is the use
of chemometric and multivariate calibration methods.
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Fig. 1. Chemical structures of the drugs used in the treatment for Parkinson’s dis-
ease.

In the recent years, multivariate calibration methods applied
to absorptive spectral and electrochemical data are being increas-
ingly used for the analysis of complex mixtures [26,27]. Several
tools have been reported in the literature for processing these data
[28], although the most popular are principal component regres-
sion (PCR) [29] and partial least-squares regression (PLS) [30]. All
these techniques have the advantage of using the full spectral infor-
mation and not only a characteristic peak value. Moreover, they
allow a rapid determination of mixture components, often with
no prior separation, and the calibration can be performed ignor-
ing the concentrations of all components except the analyte of
interest in complex samples. Recently, some spectrophotometric
methods, assisted by multivariate calibration, have been described
for the simultaneous determination of levodopa and carbidopa or
levodopa and benserazide in pharmaceutical formulations [10,11].
Nevertheless, to the best of our knowledge, no reports exist in the
literature about chemometric models applied to electrochemical
data to resolve mixtures of these drugs.

In this work, we present the development of an electroanalyti-
cal methodology based on differential pulse voltammetry (DPV) on
a glassy carbon electrode and the PLS-1 algorithm for the simulta-
neous determination of levodopa, carbidopa and benserazide.

2. Experimental
2.1. Reagents and standard solutions

Chile Laboratories (Santiago, Chile) supplied levodopa (99.3%)
and carbidopa monohydrate (98.9%). Benserazide hydrochloride
(98.5%) was supplied by Tecnofarma Laboratories (Santiago, Chile).
Commercial tablets of Grifoparkin® (declared amount per tablet:
250 mg levodopa and 25mg carbidopa, Chile Laboratories, San-
tiago, Chile) and Prolopa® (declared amount per tablet: 200 mg
levodopa and 50 mg benserazide, Roche Laboratories, Santiago,
Chile) were obtained commercially. All other reagents were of
analytical grade unless indicated otherwise. Sodium hydrogen
phosphate, phosphoric acid and acetonitrile HPLC grade were
obtained from Merck. All solutions were prepared with ultrapure
water (=18 M) from Millipore-Milli-Q system.

Stock standard solutions of the drugs were prepared daily at
a concentration of 1 x 1072 molL~! in 0.1 mol L~ perchloric acid
solution and stored in amber glass material. Working solutions
were prepared by diluting each stock standard solution before
the measurements, using 0.1 molL-! Britton-Robinson buffer,
0.1molL-! perchloric acid solution or 0.1 molL~! hydrochloric
acid.

2.2. Apparatus

Differential pulse voltammetry measurements were performed
with a BAS CV-50W electroanalyzer equipped with a 10-mL BAS
cell. The components utilized in the three-electrode cell system
were a glassy carbon (GC) (@ =3 mm, CHI) as working electrode, a
platinum wire as auxiliary electrode and an Ag/AgCl (sat) as refer-
ence electrode.

High performance liquid chromatography (HPLC) measure-
ments were carried out on a Waters assembly equipped with
a model 600 Controller pump and a model 996 Photodiode
Array Detector. The acquisition and treatment of data were made
with the Millenium version 2.1 software. A Phenomenex C-8
column of 4.6mm x 150mm was used, and a C18 Bondapak
(30mm x 4.6 mm) was employed as column guard. The injector
was a 20-pL Rheodyne valve. The column was kept at con-
stant temperature using a Waters column heater cartridge model
600.

2.3. Calibration set for the PLS-1 model

For training the PLS-1 model, a calibration set of fourteen
ternary mixtures was prepared using a central composite design
with five concentration levels of each analyte: levodopa in the
range 1.1 x 1074 to 1.3 x10-3molL-!, carbidopa in the range
3.1 x1075t04.7 x 10~* mol L~! and benserazide 3.1 x 10-> mol L~
to 6.2 x 10~ mol L~1. A duplicated “center point” (level “0”) solu-
tion was included in the calibration set, obtaining sixteen solutions
for this set. The component ratios were selected considering the
linear calibration ranges (previously established from univariate
experiments for each drug) and the usual levodopa: carbidopa
or levodopa: benserazide ratios present in commercial pharma-
ceutical formulations (4:1 to 10:1 for levodopa:carbidopa and
4:1 for levodopa:benserazide). All calibration samples were pre-
pared by mixing appropriate volumes of levodopa, carbidopa and
benserazide stock standard solutions and containing excipients
according with manufacturer specifications. The excipients used for
drug mixtures were cornstarch, microcrystalline cellulose, manni-
tol, polividone, ethylcellulose, titanium dioxide, talc, magnesium
stearate and FD&C blue No. 2. Finally, the solutions were measured
by triplicate and in random order.

2.4. Test samples for the PLS-1 model

An independent set of nine ternary mixtures was prepared by
mixing appropriate volumes of each drug in the same concentration
range used for calibration. The solutions were prepared containing
the same excipients considered for calibration set. Each sample was
measured by triplicate and in random order.

2.5. Electrochemical procedure

All DPV experiments were carried out at room temperature at
the following operating conditions for the three drugs: sensitivity,
100 wAV-1; potential range, —200 to 1400 mV at 4mV intervals;
sweep rate, 20 mV s~ !, Before each measurement, the working elec-
trode surface was mechanically polished with 0.3 and 0.05 pm
alumina slurries [31]. Working and sample solutions were analyzed
in 0.1 mol L~ perchloric acid.

2.6. Analysis of pharmaceutical forms

Assay and uniformity content of commercial samples were eval-
uated by both the DPV proposed method and HPLC official methods
[32,33].



964 C. Zapata-Urziia et al. / Talanta 82 (2010) 962-968

2.6.1. DPV method

2.6.1.1. Assay. A quantity of powder taken from 20 ground
tablets, containing the equivalent of 50mg levodopa (for
levodopa:carbidopa mixtures) or 100mg levodopa (for lev-
odopa:benserazide mixtures) was dissolved with 10mL of
0.1 mol L' phosphoric acid and completed to 100 mL with Milli-Q
water. Appropriate dilutions of this solution in 0.1 mol L~ perchlo-
ric acid were used for the measurements.

2.6.1.2. Uniformity content test. Ten commercial tablets were inde-
pendently weighed, suspended and diluted as previously described
for the Assay. Appropriate volumes of this solution were taken and
diluted for measurements.

Each sample solution was measured by triplicate and the
amount of drug was calculated using the adequate chemometric
model.

2.7. Theory and software

2.7.1. PLS Calibration and prediction

PLSis a well-known first-order multivariate calibration method-
ology. It has been widely applied for different kind of instrumental
data (i.e. spectroscopic, electrochemical or chromatographic) with
satisfactory results [28,34]. This method involves a two-step pro-
cedure: (1) calibration, where the relation between instrumental
signal (i.e. voltammograms or UV-vis spectra) and reference com-
ponent concentrations is established from a set of standard samples
or a reference method, and (2) prediction, in which the calibration
results are employed to estimate the component concentrations in
unknown samples from its instrumental profile [28,30].

In the PLS-1 version, all model parameters are optimized for the
determination of one analyte at a time. During the model-training
step, the calibration data are decomposed by an iterative algorithm,
which correlates the data with the calibration concentrations using
a so-called ‘inverse’ model [29,34]. This provides a set of loadings
(P, size | x A, where J is the number of sensor and A the number of
latent PLS variables), weight-loadings (W, size ] x A) and regression
coefficients to be applied to a new sample (v, size A x 1). Given the
profile of an unknown sample X, (size J x 1), the latter is projected
onto the space of the loadings and weight-loadings to provide the
test sample scores (ty):

ty = (PTW) ' PTx, )

The sample scores are then multiplied by the regression coeffi-
cients to estimate the analyte concentration y:

y=vty (2)

Before calibration, it is usual to assess the optimum number of
latent variables in order to avoid overfitting, by applying the well-
known cross-validation method described by Haaland and Thomas
[34].

The PLS-1 algorithm was applied using the Toolbox MVC1 [35]
written for MATLAB [36], because these routines allow one to eval-
uate the figures of merit based on Net Analyte Signal (NAS) theory
[37]. Furthermore, MVC1 provides a convenient sensor selection
procedure, where a moving-window strategy is implemented, and
a comprehensive search of the optimum cross-validation variance
is performed as a function of first sensor and window width.

Besides the problem arising from the presence of severely
overlapping analyte profiles, in the presently studied case two addi-
tional complications may occur: (1) interactions among analytes
and the background excipients, which may cause signal changes in
comparison with pure analyte profiles, and (2) sample-to-sample
potential shifts in the analyte profiles, which are common in
voltammetric studies.
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Fig. 2. Differential pulse voltammograms in 0.1 mol L~ Britton Robinson buffer of
levodopa (A), carbidopa (B) and benserazide (C) at 1 x 10~4 mol L~ at different pHs.
Inset: Dependence of peak current with pH (® main signal, O second signal).

For tackling the first of these problems, it was necessary to
include the pharmaceutical excipients in the calibration set of sam-
ples, in order to allow PLS-1 to model the analyte-background
interactions before prediction on new samples.

Concerning the second of the above commented problems, some
preprocessing alternatives were independently applied on the elec-
trochemical responses (entire voltammogram) before PLS-1 model
building and validation.

(a) Background correction. This approach was applied using an
in-house MATLAB based on linear interpolation between user-
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Fig. 3. Representative differential pulse voltammograms of levodopa (A), carbidopa (B) and benserazide (C) at different concentrations (2.5 x 10~° to 2.5 x 103 molL~') in
0.1mol L~ perchloric acid solution. Inset: Dependence of peak potential and peak current with concentration (® main signal, O second signal).

selected regions where the only present feature is the baseline. mogram was selected as target “signal”. After alignment, the
Two zones were considered for background correction: before worst Pearson’s coefficient improved from 0.9178 to 0.9478
maximum signals (Ep=520mV) and after the secondary sig- with respect to the target signal, which was considered sat-
nals (E, =968 mV). The quality of background correction was isfactory.

evaluated visually.
(b) Alignment of electrochemical signals. A correlation optimized

warping (COW) routine written in MATLAB was used [38]. First, Finally, the PLS model was built using mean centering within an
the section length (N) and slack (t) were optimized based on “optimal” potential region, the latter leading to a minimal cross-
the Simplicity concept, using a simplex-like optimization rou- validation variance. Both options are available in the MVC1 Toolbox.

tine. Different authors have described a detailed description of A more detailed description of the algorithm can be found in refer-
the algorithm and its optimization [39,40]. The mean voltam- ence [35].
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3. Results and discussion
3.1. Electrochemical studies

As has been previously reported, the three drugs produce elec-
trochemical responses which are due to the oxidation of their
catecholic moieties in different supporting electrolytes, such as
acetate buffer [17,18,20,21], sulfuric acid solution [16], perchloric
acid solution [22,24,25], Mcllvaine buffer [16] and phosphate buffer
[13,14,19,23].

In this work, we have studied the oxidation of these drugs in
different aqueous media: hydrochloric acid, perchloric acid and
Britton-Robinson buffer (pH 2-8) by DPV and cyclic voltammetry
(CV) on a glassy carbon electrode.

As expected, the three drugs exhibit a similar behavior in the
three different evaluated media, with a main oxidation peak and
two or three minor signals, being irreversible (data not shown)
and pH-dependent in all cases. Fig. 2 shows the evolution of dif-
ferential pulse voltammograms with pH in a Britton-Robinson
buffer. Peak current for the main signal was both high and sta-
ble at acid pHs up to pH 6 and then decreased in all cases,
but in the case of carbidopa the second signal increased at acid
pHs (see inset in Fig. 2). Taking into account that for analyt-
ical purposes both maximal and stable currents are necessary,
hydrochloric acid and perchloric acid were evaluated as sol-
vents. Under these conditions, the signals of the three compounds
were maximal and similar in both solvents assayed, but the
perchloric acid solution showed some advantages, with a lower
solvent discharge and a better voltammetric profile (data not
shown). For this reason, and considering that in all media studied
the drugs showed electrochemical signals in the same potential
region, perchloric acid solution was chosen for the next experi-
ments.

The effect of concentration on both current and peak poten-
tials was also evaluated. Typical DPV at different concentrations
and the evolution of peak potentials and currents for each drug are
shownin Fig. 3. All drugs showed linear dependences between peak
current and concentration at different concentrations intervals.
Surprisingly, benserazide showed a loss of dependence between
peak current and concentration to the highest concentrations
tested (up to 7.5 x 10~4molL-1), exhibiting both widening and
unfold of the main signal. This result could be attributed to
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Fig.4. Differential pulse voltammograms of each drug solution (1 x 10~4 molL~")in
0.1 mol L-! perchloric acid. Inset: Representative differential pulse voltammograms
of calibration set mixtures.

adsorption on the glassy carbon electrode observed for simi-
lar compounds (i.e., phenolic, catecholics and gallate derivatives)
and was detected mainly for benserazide [41,42]. Furthermore,
the peak potential values (E,) of carbidopa and benserazide
are strongly influenced by their concentrations in the range of
2.5x 107> to 2.5 x 10~3 mol L. The relationship between E, and
carbidopa concentration (C) can be described by the following
linear regression: Ep=17279 x C+452, allowing to confirm this
hypothesis.

Finally, in all conditions evaluated, a strong signal overlapping
was observed for the simultaneous analysis of levodopa, carbidopa
and benserazide (see Fig. 4). Thus, the quantification of any of these
drugs will be biased if univariate calibration is used as analytical
method.

3.2. Simultaneous determination of levodopa, carbidopa and
benserazide by PLS-1

When the drugs mixtures were analyzed in presence of all
excipients, the electrochemical profile revealed additional changes

Table 1
Error estimation for different calibration approaches for the simultaneous determination of levodopa, carbidopa and benserazide.
Calibration approach Analyte Optimal region (mV) PLS-components RMSE, C? (molL-1) RMSE, P* (molL~1) REP, P (%)
Levodopa 484-1200 6 6.19x 1076 1.51 x 107> 22
Mean voltammograms Carbidopa 564-1160 6 1.21x10°6 1.72x 1076 1.7
Benserazide 444-520 4 6.48 x 10~ 6.02 x 10-6 34
Mean-aligned Levodopa (—=116) to 920 4 1.74 x 1073 1.72x 1073 25
s‘;l taamilg ams Carbidopa 464-1180 6 1.36 x 10 1.87 x 10 18
s Benserazide (~16) to 520 6 4.41x10°6 6.18 x 106 34
Triplicates calibration Levodopa 484-1000 6 7.49 x 1076 1.80x 105 2.6
V%ltammo rams Carbidopa 524-1280 5 2.39x 106 2.07 x 10-6 2.0
s Benserazide 324-500 6 539 x 106 481 x10°6 2.8
Mean-backeround corrected Levodopa 484-1000 5 1.07 x 103 1.71x 10 2.4
voltammi ams Carbidopa 644-1000 6 1.85x 107 2.60 x 106 2.6
s Benserazide 444-500 4 5.92 % 1076 6.68 x 106 3.8

n 1/2
4 RMSE = % E (Chom — Cpred )2
1

n 1/2

b REP = 100 | 1 § (Cnom — Cprea)’

with n=16 and 48 for mean and triplicate voltammograms for calibration, respectively, and n=27 for validation. Cnom and Cpeq

1
correspond to nominal and predicted concentrations, respectively. C, calibration; P, prediction.
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to those observed in previous experiments. The main changes
observed were minor alterations in the base line and displacement
of peak potential, probably due to modification in viscosity of the
solution and consequently the diffusion coefficient of analytes. This
effect produce alterations in the chemometrics responses and for
this reason, the calibration set was prepared by including the excip-
ients in all samples, in order to provide PLS-1 enough information
concerning the signals of the analytes when they are embedded
into the real background. The addition of these excipients followed
the relative proportions between analytes and excipients that are
found in the real pharmaceutical formulations, as provided by the
commercial manufacturers.

For chemometric model building, several strategies have been
proposed to align shifted signals such as chromatograms, electro-
pherograms or NIR spectra. One of the most popular ones is COW
[39,40]. However, this situation has been scarcely described for
electrochemical signals. Very recently, a study about shift correc-
tion for electrochemical data has been published [43]. According to
the literature, the shift in electrochemical responses can be orig-
inated from adsorptive phenomena on the electrode surface, pH
variations in the cell or fluctuations in the composition of cell solu-
tion, among others [44].

A basic assumption for application of multivariate calibration
model is the data bi-linearity, which may be compromised by the
above commented potential shifts. However, the use of flexible
latent variables in PLS-1 may allow to take into account slight devi-
ations of the bi-linearity, when sufficient information is provided in
the calibration phase of the algorithm. Different approaches were
therefore considered in order to circumvent the problem posed by
the presence of potential shifts. One of them involved correction of
the shifted signals by calibration with: (a) mean voltammograms,
(b) COW aligned-mean voltammograms and (¢) mean-background
corrected voltammograms, where “mean” corresponds to the aver-
age of triplicate voltammograms, which were evaluated for each
calibration solution. Fig. 5 presents the mean calibration voltam-
mograms obtained for each of the latter three approaches. As can
be seen, the baseline is satisfactorily corrected (see Fig. 5B). After
alignment, the relative standard deviation based on Ep (~520 mV)
improved from 8.2% to 2.6% (see Fig. 5C). The alternative consisted
in providing more information to the model, in the form of triplicate
calibration voltammograms.

In order to evaluate the performance of the above-mentioned
approaches, each model was validated for prediction of the val-
idation set, evaluating absolute and relative root-mean square
errors (RMSE and REP, respectively). The results obtained for
each of the above approaches are presented in Table 1. Notice
that the optimum number of PLS-1 latent variables in all cases
is larger than the theoretically expected value of three (which
may arise from the presence of three overlapping signals), prob-
ably because of the need of modeling additional phenomena
such as the above commented potential shifts in the studied sig-
nals.

According to the obtained RMSE, for levodopa and carbidopa
the best models were obtained when the mean voltammogram
calibration approach was used. In contrast, the best models for
benserazide were obtained when triplicate and mean voltammo-
gram approaches were used. The figures of merit obtained for these
models are presented in Table 2. As can be seen, the application of
the mean voltammogram for trainings the PLS-1 model shows an
adequate predictive ability for the simultaneous quantification of
levodopa and carbidopa contained in pharmaceuticals. For benser-
azide, this approach allows to obtain better figures of merit in
comparison to the triplicate voltammogram approach. For this rea-
son and considering the low level expected for this drug in the
pharmaceuticals, the mean voltammogram was selected for anal-
ysis of new samples.
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Fig. 5. Differential pulse voltammograms corresponding to the calibration set. (A)
Raw data, and after preprocessing with (B) background correction and (C) alignment
with correlation optimized warping.

3.3. Analysis of pharmaceuticals: assay and uniformity content
(U.C.)

As can be seen in Table 3, the results obtained from the assay
for the chemometric model are statistically comparable with the
official method (p<0.1). On the other hand, for uniformity con-
tent, the proposed method allows to obtain comparable results to
the reference method based on HPLC. Furthermore, all percentages
found are in accordance with the Pharmacopeia requirements for
the assay (90.0-110.0% of the labeled amount). Also, the content
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Table 2
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Figures of merit for the simultaneous determination of levodopa, carbidopa and benserazide by PLS-1 algorithm.

Approach? Sensitivity (L mol-1) Analytical sensitivity (L mol-1) Limit of detection (mol L) Limit of quantification (mol L")
Levodopa MV 4.105 x 10* 5.865 x 10° 5.12x10°6 1.53x10°°
Carbidopa MV 9.718 x 10* 1.388 x 108 2.16x 1076 6.48 x 1076
Benserazide MV 7.574 x 10* 1.082 x 108 2.77 x 1076 8.32x 1076
TV 1.870 x 10* 2.672 x 10° 1.12x10°° 3.37x 107
2 Calibration approach (MV: mean voltammogram; TV: triplicated voltamogram).
Table 3
Analysis of pharmaceuticals: assay and uniformity content (U.C.)3.
Pharmaceutical Drug DPV HPLC
Assay u.C Assay u.C.
Grifoparkin® Levodopa 101.5 + 1.0 100.8 +1.2 (98.1-102.0) 101.7 £ 0.5 99.2+1.7 (95.2-102.4)
Carbidopa 102.8 £ 2.5 103.8+2.9(99.2-106.0) 100.2 £ 1.2 98.1+1.6(97.0-101.67)
Prolopa® Levodopa 103.2 £ 1.1 102.1+1.0(100.8-103.3) 1014 £ 0.6 100.7 £ 1.0 (99.8-102.9)
Benserazide 96.1 + 0.7 100.7 £2.5 (99.5-102.1) 97.6 £ 0.3 98.6 +2.4 (96.0-102.1)

Grifoparkin® (levodopa 250 mg, carbidopa 25 mg). Prolopa® (levodopa 200 mg, benserazide 50 mg).
2 U.C. are expressed as percentage founded + SD and the ranges for 10 tablets assayed.

for all assayed tablets fulfill the Pharmacopoeia requirement, i.e.,
for uniformity content of tablets the content must be in the range
85.0-115.0% of the label claim and none of the individual values
must be out of the range 75.0-125.0% of the label claim.

4. Concluding remarks

The three studied drugs (levodopa, carbidopa and benserazide),
analyzed by DPV on glassy carbon, exhibited a similar anodic behav-
ior, with a main oxidation peak and two or three minor signals, all
of irreversible character and pH-dependent. Due to structural sim-
ilarities, a strong voltammetric overlapping was produced for the
simultaneous analysis of these compounds. The overlapping was
successfully resolved using the PLS-1 algorithm, which did also take
into account slight potential shifts in the voltammograms affecting
the strict data bi-linearity.

The methodology proposed based on DPV data processed with
the PLS-1 algorithm allowed the simultaneous determinations of
levodopa, carbidopa and benserazide in any of its pharmaceutical
formulations using a ternary calibration model for these drugs in
the presence of excipients. The excipients produce little changes
in the voltammograms profiles, for this reason the calibration set
was prepared by including the excipients in all samples, in order
to provide PLS-1 enough information concerning the signals of the
analytes. Finally, the application of the developed method to both
the assay and the uniformity content allowed to obtain satisfac-
tory results which were in accordance with the HPLC reference
method. This study allows one to propose the present method as a
promissory, cheap and accessible alternative for routine control of
common pharmaceutical formulations.
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