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The independent determination of two [3-blocker agents, namely propranolol (PROP) and atenolol (ATN),
in pharmaceutical formulations using square-wave voltammetry and a cathodically pretreated boron-
doped diamond electrode is described. These electroanalytical determinations of propranolol or atenolol
were carried out in 0.1 mol L~! H,SO4 or 0.5mol L' NaNO3 (pH 1.0, adjusted with concentrated HNO3),
respectively. Excellent linear calibration curves, ranging from 0.20 to 9.0 umol L~ for PROP and from 2.0
to 41 pmol L1 for ATN, with detection limits of 0.18 and 0.93 pmol L1, respectively, were obtained. The
obtained recoveries range from 93.9% to 105.0%, for PROP, and from 92.5% to 106.0%, for ATN. The proposed
method was successfully applied in the determination of both -blockers in several pharmaceutical
formulations (tablets), with results in close agreement at a 95% confidence level with those obtained
using official spectrophotometric methods.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Propranolol (PROP) (1-isopropylamino-3-(1-naphthyloxy)-2-
propranolol - Fig. 1A) and atenolol (ATN) (4-(2-hydroxy-3-
isopropylaminopropoxy) phenylacetamide - Fig. 1B) are cardios-
elective B-adrenergic receptor blocking agents. These 3-blocker
agents are most frequently prescribed for the management of
various cardiovascular disorders, such as hypertension, angina pec-
toris, cardiac arrhythmias, and myocardial infarction [1]. Thus, the
therapeutical and pharmacological relevance of these compounds
justifies an interest in developing accurate analytical procedures
to assess the quality of pharmaceutical formulations that contain
them.

Several methods for the analytical determination of PROP in
pharmaceutical formulations have been reported in the literature,
by colorimetry [2], spectrophotometry [3-8], atomic absorption
spectrometry [8], spectrofluorometry [9-12], diffuse reflectance
spectroscopy [13], chromatography [14,15], titrimetry [16], and
chemiluminescence combined with flow injection analysis (FIA)
[17,18]. However, these methods suffer from some disadvantages,
such as high cost, long analysis time and requirement for sample
pretreatment; on the other hand, some methods present low sen-
sitivity and selectivity, which make them unsuitable for routine
analysis. Electroanalytical methods, using conductometric titra-
tion [19], potentiometry [20], and voltammetry [21,22], were also
developed.
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There are few studies available on the voltammetric behavior
of PROP in pharmaceutical formulations. El-Ries et al. [21] deter-
mined PROP after its transformation into nitropropranolol, because
PROP is not electroreducible at a mercury electrode. Nitropropra-
nolol gave rise to a well-resolved differential pulse polarographic
peak at —0.275V versus Ag/AgCl (saturated KCl), in a pH 2.0
Britton-Robinson buffer. The corresponding analytical curve was
linear in the PROP concentration range 0.50-10 wmolL~!, with
a detection limit of 0.10 wmolL-!. Radi et al. [22] reported on
the voltammetric behavior of PROP using anodic adsorptive strip-
ping differential pulse voltammetry (DPASV) with a carbon paste
electrode. The obtained analytical curve was linear in the PROP
concentration range 0.60-50 wmolL~!, with a detection limit of
0.20 wmolL-! and an accumulation time of 5min, in a pH 2.0
Britton-Robinson buffer.

Several analytical methods were also developed for the deter-
mination of ATN in pharmaceutical formulations, using colorimetry
[23], spectrophotometry [6,24,25], chromatography [14,26], and
electroanalytical techniques [20,27,28].

Nikolelis et al. [29] developed an amperometric minisensor
based on stabilized bilayer lipid membranes made from egg phos-
phatidylcholine. This sensor showed a linear response to ATN in the
concentration range 2.0 x 107>-2.0 x 10~4 molL~!, with a detec-
tion limit of 1.8 umol L' and a lifetime exceeding 48 h.

Goyal et al. [30,31] reported that ATN was not elec-
trooxidizable at a bare glassy-carbon electrode within its
accessible potential window in aqueous media, but a well-
defined oxidation wave was observed with a Cgg-modified
electrode using differential pulse voltammetry (DPV). Calibra-
tions curves were obtained in the ATN concentration ranges
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Fig. 1. Chemical structures of (A) propranolol and (B) atenolol hydrochloride.

2.5x1074-1.5 x 10-3 mol L1, for the Cgg-modified glassy-carbon
electrode, and 0.5x10°6-1.0x10-3molL-!, for a nanogold-
modified indium tin oxide electrode, with respective detection lim-
its 0of 0.16 mmol L~ and 0.13 wmol L~! ina pH 7.2 phosphate buffer.
However, recently Hegde et al. [32] reported on the electrooxida-
tion of ATN at a glassy-carbon electrode in tetramethylammonium
chloride in methanolic media by cyclic voltammetry (CV). Addition-
ally, Griese et al. [33] presented evidences that the electrochemical
oxidation of ATN is achievable on a bare glassy-carbon electrode
(pH 7.2 phosphate buffer solution), which is in direct contrast to
what was previously reported by Goyal et al. [30,31].

Cervini et al. [34] used a bare graphite-polyurethane composite
electrode in the determination of ATN in pharmaceutical formu-
lations. The analytical curve was linear in the ATN concentration
range 4.0 x 1076-1.0 x 10~*mol L~ in a pH 10.0 Britton-Robinson
buffer, with a detection limit of 3.16 wmolL~'. Later on, this
electrode was evaluated as an amperometric detector in a FIA
system [35], when a linear analytical curve in the ATN concen-
tration range 2.0 x 10~4-3.0 x 10~3 molL~! was obtained, with a
detection limit of 18.1 wmolL~! and an analytical frequency of
90 determinations/h.

Voltammetry is considered an important electrochemical tech-
nique for electroanalytical chemistry because it provides low cost,
sensitivity, and precision, as well as accuracy, simplicity, and
rapidity. On the other hand, boron-doped diamond (BDD) elec-
trodes have been receiving increasing attention for application in
the electroanalytical determination of pharmaceutical compounds
[36-40], especially by our group [41-45]. BDD has very attrac-
tive properties when compared with other conventional electrodes
(e.g. glassy-carbon or platinum electrodes): a very low and sta-
ble background current, an extreme electrochemical stability in
both alkaline and acidic media, a high response sensitivity, and a
very wide working potential window [46-48]. However, it is clear
that the analytical performance of BDD electrodes greatly depends
on their surface termination (e.g. hydrogen or oxygen terminated)
[49,50].

In this paper, the determination of PROP and ATN in pharma-
ceutical formulations by square-wave voltammetry (SWV) using a
cathodically pretreated BDD electrode was evaluated. The obtained
results are compared with those from official spectrophotometric
methods [3,24].

2. Experimental
2.1. Apparatus

The electrochemical experiments were conducted in a three-
electrode single-compartment glass cell. A Pt wire was used as
counter electrode. An Ag/AgCl (3.0 mol L~ KCl) electrode was used
as reference; all potentials hereinafter are referred to this refer-
ence electrode. The working electrode (0.33-cm? exposed area)

was a BDD film (8000 ppm boron) on a silicon wafer from the
Centre Suisse de Electronique et de Microtechnique SA (CSEM),
Neuchatél, Switzerland. Detailed information on this BDD electrode
was reported elsewhere [50], while Gandini et al. [51] reported
details on the preparation of these diamond films. Prior to the
experiments for the analysis of PROP and ATN, the BDD electrode
was cathodically pretreated in a 0.5molL~! H,S0,4 solution by
applying —1.0Acm~2 for 120s; thus, the BDD surface was made
predominantly hydrogen-terminated [49,50]. The voltammetric
measurements were carried out using an EG&G-PARC potentio-
stat/galvanostat (model 273A, USA). The pH was measured at
25+ 1°Cusing an Orion pH-meter, Expandable Ion Analyser (model
EA-940, USA), employing a combined glass electrode with an
Ag/AgCl (3.0molL-! KCl) external reference electrode. The Orig-
inPro 6.0 software was used for data treatment.

The PROP and ATN determinations by the spectrophotometric
reference methods were carried out using a Hewlett Packard UV-
visible spectrophotometer (model 8452A, Germany), coupled to a
microcomputer.

2.2. Reagents and solutions

All chemicals were of analytical grade and were used as received
without any further purification: propranolol and atenolol (Sigma,
Germany) and H,SO4 and NaNO3 (Merck, Germany). The commer-
cial pharmaceutical samples (tablets) were purchased from a local
drugstore. All solutions were prepared using ultra-purified water
supplied by a Milli-Q system (Millipore®, USA) with resistivity
higher than 18 M2 cm.

After due investigation, as reported further below, the follow-
ing supporting electrolyte solutions were chosen for the PROP and
ATN independent determinations: aqueous 0.1 molL~! H,SO4 and
0.5 mol L-! NaNO; (pH 1.0, adjusted with concentrated HNO3 ) solu-
tions, respectively. Hereinafter these are used as the respective
supporting electrolyte solutions if not mentioned otherwise. Stan-
dard solutions of 10mmolL~! PROP and 10 mmolL-! ATN were
prepared in the respective supporting electrolyte solutions.

2.3. Analytical procedures

After optimizing the experimental parameters for the proposed
methods, the analytical curves were obtained by adding small vol-
umes of the concentrated standard solutions of the two analytes.
Square-wave (SW) and differential pulse (DP) voltammograms
were obtained after each aliquot addition. Thus, the analytical
parameters were compared and the best results were used to quan-
tify PROP and ANT in the commercial samples. The limit of detection
(LOD) was estimated as 3Sg/b, where Sg is the standard deviation
of the blank solution (n=10) and b is the slope of the analytical
curve.

For the recovery studies, aliquots of the standard solutions of
both analytes were added to real samples prepared from tablets
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Fig. 2. Cyclic voltammograms obtained using a cathodically pretreated boron-doped diamond electrode as working electrode for: (A) (a) 0.1 molL-! H,SO4 and (b)
0.10mmol L-! PROP in 0.1 mol L~ H,S04, at 200mVs~! and (B) (a) 0.5 molL~! NaNOs; and (b) 0.10 mmol L' ATN in 0.5 mol L-! NaNOs, at 50mVs~'.

of commercial pharmaceutical products. Sets of triplicate enrich-
ments were carried out with increasing concentration of the
[B-blocker agents.

To prepare the solutions of the PROP and ATN commercial sam-
ples, a representative number of tablets (10) of each different
pharmaceutical dosage was reduced to a homogeneous fine pow-
der in a mortar with a pistil. An adequate amount of the resulting
powders was weighed and transferred to a 25-mL calibrated flask,
which was completed to volume with the respective supporting
electrolyte solution. An aliquot of each sample solution was directly
transferred to the electrochemical cell containing the respective
supporting electrolyte, after which the SW voltammograms were
obtained. The PROP and ATN concentration in each sample solu-
tion was determined directly by interpolation using the previously
obtained analytical curves.

2.4. Reference methods

In order to compare the results obtained with the proposed
SWV method, the spectrophotometric methods of the Brazilian and
British Pharmacopoeias [3,24] for PROP and ATN, respectively, were
employed. An accurate representative amount of powder from each
PROP and/or ATN commercial sample in the different dosages was
dissolved in methanol. Appropriate dilutions were made from this
solution and then the absorbance was measured at 290 and 275 nm,
respectively, in a quartz cell.
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3. Results and discussion
3.1. Investigation of the electrochemical behavior

Initially, CV studies (not shown) of the electrochemical oxida-
tion of 1.0mmolL~! PROP and 1.0 mmolL~! ATN solutions at the
cathodically pretreated BDD electrode were performed employing
different supporting electrolytes, such as acetate, phosphate, and
Britton-Robinson buffers, or sulfuric acid, potassium chloride, and
sodium nitrate solutions. The voltammetric response for PROP in
the sulfuric acid solution and that for ATN in the sodium nitrate
solution were characterized by well-defined oxidation peaks and
higher current values; thus, these solutions were selected as suit-
able supporting electrolytes for further experiments. The obtained
voltammograms for PROPin 0.1 mol L-! H,SO4 present one electro-
chemically irreversible anodic peak (Fig. 2A) at E;p=1.29V. On the
other hand, the obtained voltammograms for ATN in 0.5molL~!
NaNOs3 present three electrochemically irreversible anodic peaks
(Fig. 2B); in this case, only peak 3, at E;p =1.80V, will be used for
further studies, because the intensity and resolution of its peak cur-
rent were higher than those of peaks 1 and 2, which occur at less
positive potentials.

The effect of the pH of the supporting electrolyte solution on
the voltammetric response of PROP was firstly investigated (Fig. 3).
Thus, H,S0, concentrations from 0.10 mol L~! to 0.50 mol L-! were
evaluated for 1.0mmolL~! PROP, at the 200-mVs~! scan rate
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Fig. 3. Cyclic voltammograms obtained using a cathodically pretreated boron-doped diamond electrode as working electrode for: (A) for 1.0mmol L-' PROP in different
concentrations 0of HyS04: (a) 1.0 x 10~ molL-1,(b) 1.0 x 103 molL~',(c) 1.0 x 102 mol L-1,(d) 1.0 x 10~ molL-!,and (e)5 x 10~ mol L-',at200mVs~! and (B) 1.0 mmol L-!

ATN in 0.5 mol L-! NaNOs at different pHs: (a) 1.0, (b) 4.9, and (c) 10.0, at 50 mV's~'.
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Fig.4. Cyclic voltammograms obtained at different scan rates (v) using a cathodically pretreated boron-doped diamond electrode as working electrode for: (A) 0.10 mmol L1
PROP in a 0.1 molL~! H,SO04 solution and (B) 0.10 mmolL-! ATN in a 0.5molL~! NaNO; (pH 1.0) solution. v=(a) 5mVs~1, (b) 15mVs~1, (c) 25mVs~', (d) 50mVs-1, (e)
75mVs-1, (f) 100mVs-!, (g) 150mVs-!, and (h) 200mV s~!. Insert: linear dependence of the peak current with v'/2,

(Fig. 3A). The peak potential shifted to less positive potentials as the
H,S04 concentration was increased; higher analytical signals were
obtained for the 0.10 and 0.50 mol L~! H,S04 solutions (Fig. 3A(d)
and (e), respectively). Hence, taking into account the reproducibil-
ity of the obtained results and the stability of the PROP solutions,
0.1 molL-! H,SO4 was selected as the supporting electrolyte for
the PROP determinations.

Secondly, the effect of the concentration of the NaNOs3 solu-
tion (from 0.010 to 0.70mol L-1) on the voltammetric response of
1.0mmol L-! ATN was investigated (not shown). The highest value
of the peak current was obtained for 0.50 molL~! NaNO3, which
was consequently selected for further studies. Then, the effect of
pH (from 1 to 10, adjusted with concentrated HNO3 or 2.0 mol L~!
NaOH) on the voltammetric response of ATN in this solution was
also investigated. Fig. 3B shows the voltammograms obtained for
pHs 1.0, 4.9, and 10. The oxidation potential associated to peak 3 for
the 1.0 mmol L-1 ATN solution remained almost constant in this pH
interval, but the best defined anodic peak was obtained in the pH
1.0 solution. Therefore, the 0.50 molL~! NaNOs solution (pH 1.0,
adjusted with concentrated HNO3) was selected as the supporting
electrolyte for the ATN determinations.

As far as we know, there are no studies that reported an elec-
trochemical mechanism for PROP oxidation. Possibly, the anodic
peak here observed corresponds to the oxidation of the secondary
alcoholic group in the PROP molecule, similarly to what was sug-
gested by Goyal et al. [30,31] for the electrooxidation of ATN, based
on results reported by Hiremath and co-workers [52,53] on the
oxidation of ATN by permanganate in alkaline medium.

It should be called to attention that the cathodic pretreat-
ment of the BDD electrode was most important for the herein
reported independent determinations of PROP and ATN, as it has
happened previously for some other analytes [42,43,45,54-56]. The
voltammograms obtained for PROP and ATN with the cathodically

Table 1

pretreated BDD electrode presented a better peak definition and
a higher current magnitude, indicating that the cathodic pretreat-
ment of the electrode led to an enhanced electrochemical activity
for the oxidation of both 3-blocker agents.

The stability of the 0.10 mmolL~! standard solutions of PROP
and ATN was studied during an 8-h period at 25 °C by monitoring
the PROP and ATN concentration by CV. The obtained results pre-
sented no significant differences in the peak currents and potentials
among the measurements, with relative standard deviations of 1.0%
and 1.2%, respectively, indicating that the degradation of PROP and
ATN was negligible.

3.2. Effect of scan rate

Cyclic voltammograms were obtained at different scan rates
from 5 to 200mVs~1, as shown in Fig. 4. The oxidation peak for
both PROP in 0.1 mol L~! H,SO,4 and ATN in 0.5 mol L-1 NaNOs (pH
1.0 adjusted with concentrated HNO3) shifted slightly toward more
positive potentials as the scan rate increased, a behavior typical of
irreversible electrochemical reactions [57]. Plots of the logarithm of
the peak current versus the logarithm of the scan rate for PROP and
ATN (peak 3) are linear, with slopes of 0.52 and 0.60, respectively,
which are close to the theoretical value of 0.50 expected for an
ideal reaction of species in solution. In addition, plots of the peak
current versus the square root of the scan rate (inserts in Fig. 4A
and B) are also linear, indicating that both electrooxidations are
diffusion-controlled processes [57].

3.3. Optimization of SWV and DPV parameters

The optimization of the SWV and DPV parameters was carried
out in a 0.10 mmol L~! solution of PROP or ATN.

Analytical parameters for the voltammetric determination of propranolol (PROP) and atenolol (ATN) by square-wave voltammetry (SWV) and differential pulse voltammetry
(DPV) in respective supporting electrolytes, using a cathodically pretreated BDD electrode.

PROP (in 0.1 mol L' H,S04)

ATN (0.5 mol L-! NaNOs, pH 1.0)

SWV DPV SWV DPV
Peak potential (V) 1.20 1.15 1.67 1.60
Linear range (pmol L) 0.20-9.0 0.20-11 2.0-41 2.0-41
Correlation coefficient 0.9994 0.9980 0.9997 0.9993
Slope (A mol~'L) 7.1x10° 2.5x10° 8.0x10° 4.9 % 10°
Intercept (LA) 0.25 0.19 1.3 0.73
Detection limit (wmol L-1) 0.18 0.19 0.93 1.3
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Fig. 5. Square-wave voltammetric response (direct current) obtained using a cathodically pretreated boron-doped diamond electrode as working electrode for: (A) (1) 0;
(2) 0.20 wmol L='; (3) 1.0 wmol L~'; (4) 3.0 wmol L~'; (5) 5.0 wmol L~'; (6) 7.0 wmol L~'; and (7) 9.0 wmol L~! PROP in 0.1 molL~! H,S04 and (B) (1) 0; (2) 2.0 wmolL~'; (3)
5.0 wmolL~'; (4) 7.0 pmol L~'; (5) 9.0 pmol L~1; (6) 11 wmol L-; (7) 21 wmol L~'; (8) 31 pmol L~'; and (9) 41 wmol L-' ATN in 0.5 mol L~! NaNOj3 (pH 1.0). Inserts: Analytical

curves for the PROP (A) and ATN (B) oxidation process.

The experimental parameters that affect the SWV response
and their corresponding investigated ranges are: square-wave fre-
quency (10Hz < f<200Hz), pulse amplitude (10 mV <a < 100 mV),
and scan increment (1mV < AEs<7mV). The obtained opti-
mum values for these parameters were: f=130Hz, a=50mV, and
AEs=6mV,for PROP; f=100Hz,a=40 mV,and AEs =4 mV, for ATN.

The influence of the experimental DPV parameters on the value
of the peak oxidation current was also investigated: pulse ampli-
tude (25mV <o <150mV), scan rate (5mVs~!<v<20mVs1),
and modulation time (5 ms < t < 20 ms). The obtained optimum val-
ues for these parameters were=75mV, v=10mVs~!,and t=7 ms,
for both PROP and ATN.

3.4. Analytical curves and validation parameters of the methods
proposed for PROP and ATN determination

The previously optimized SWV and DPV experimental param-
eters were employed to record the analytical curves for PROP and
ATN using the cathodically pretreated BDD electrode. The analyti-
cal parameters thus obtained for both the SWV and DPV proposed
methods are summarized in Table 1 for PROP and ATN. Clearly, the
best values for analytical parameters such as sensitivity and pre-
cision were obtained by SWV, which was thus the chosen method
for the determination of both PROP and ATN.

SW voltammograms obtained after successive additions of
the respective standard solution of each (-blocker using the
cathodically pretreated BDD electrode are shown in Fig. 5 for
the following concentration ranges: 0.20-9.0 wmol L1, for PROP

Table 2

Determination of propranolol (PROP) in pharmaceutical formulations by the pro-
posed square-wave voltammetric (SWV) method, using a cathodically pretreated
BDD electrode, and by the spectrophotometric reference method [3].

Samples PROP (mg/tablet) Relative error® (%)
Label value Reference SWV method®
method®
A 10 9.93 £+ 0.04 9.97 £+ 0.02 0.4
B 40 37.0 £ 0.8 37.6 £ 0.6 1.6
C 40 39.8 £ 06 40.8 + 0.5 2.5
D 40 40.3 +£ 0.7 38.6 = 0.6 -4.2
E¢ 40 43.7 + 0.6 41.7 £ 04 -4.6
F 80 77.0 £ 0.9 78.8 £ 0.9 2.3

2 [100 x (SWV value — reference method)]/reference method.
b Average of three measurements.
¢ Containing 25 mg of hydrochlorothiazide.

(Fig. 5A), and 2.0-41umolL~!, for ATN (Fig. 5B). The inserts
in these figures depict the respective analytical curves obtained
for PROP (r=0.9994) and ATN (r=0.9997), whose corresponding
regression equations are Iyp (WA)=0.25+0.71[c (mol L-1)]and Iap
(A)=1.3+0.80[c (mol L-1)], respectively, where I, is the anodic
peak current and c the analyte concentration. The calculated LOD
values are 0.18 wmol L1, for PROP, and 0.93 pmol L-1, for ATN.

The intra-day repeatabilities of the peak current were deter-
mined by successive measurements (n=10) of 5.0 wmolL~! PROP
and 11 wmol L-1 ATN solutions, when relative standard deviations
of 0.33% and 0.78%, respectively, were obtained. The inter-day
repeatabilities of the peak current were evaluated by measuring
the peak current for similar fresh solutions over a period of 5 days.
When these values were compared with the original peak current
values, RSDs of 3.5% and 4.5% were obtained for PROP and ATN,
respectively.

3.5. Interference studies

The effect of some possible interferents was investigated by
addition of these compounds to standard solutions containing
3.0 wmol L~ PROP or 11 wmol L~! ATN. Hydrochlorothiazide (asso-
ciated with PROP), chlortalidone, and nifedipine (associated with
ATN), manithol, lactose, starch, povidone, magnesium stearate, and
magnesium carbonate, present in the analyzed pharmaceutical
samples, were tested at the concentration ratios (standard solu-
tion:interferent) 1:1, 1:10, and 10:1. The corresponding current

Table 3

Determination of atenolol (ATN) in pharmaceutical formulations by the proposed
square-wave voltammetric (SWV) method, using a cathodically pretreated BDD
electrode, and by the spectrophotometric reference method [24].

Samples  ATN (mg/tablet) Relative error? (%)
Label value  Reference SWV method®
method®
A 25 242 + 09 23.6 +£ 0.6 -25
B 25 25.1 +£05 258 +0.8 2.8
@S 25 25.7 £ 0.8 26.3 + 0.7 23
Dd 25 25.8 + 0.9 263 +£ 0.5 1.9
E 50 494 + 0.8 47.7 + 0.5 -34
F 100 98.7 £ 0.9 99.9 + 0.7 1.2

2 100 x (SWV value-reference method)/reference method.
b Average of three measurements.

¢ Containing 12.5 mg of chlortalidone.

d Containing 10 mg of nifedipine.
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Table 4
Comparison of the analytical parameters obtained using different electrodes and/or techniques for the determination of propranolol (PROP) and atenolol (ATN).
Analyte Technique Electrode Concentration range (molL-1) LOD (molL-1) Reference
PROP DPV Static mercury drop 5.0x1077-1.0x 10> 1.0x 1077 [21]
DPASV Carbon paste 6.0x1077-5.0 x 10> 2.0x 1077 [22]
SWV Boron-doped diamond (BDD) 2.0x10-7-9.0 x 106 1.8x 1077 This work
ATN DSC Surface stabilized bilayer lipid membranes 2.0x107°-2.0x 104 1.8x10°¢ [29]
DPV Ceo-modified glassy carbon 2.5%x1074-1.5x 103 1.6x104 [30]
DPV Nanogold-modified indium tin oxide 5.0x10-7-1.0x 103 1.3x 1077 [31]
DPV Graphite-polyurethane composite 40%x106-1.0x10~* 3.16 x 10°6 [32]
Amperometry/FIA system Graphite-polyurethane composite 2.0x1074-3.0x 103 1.81x 107> [33]
SWV Boron-doped diamond (BDD) 2.0x10°6-4.1x 10 93 x 1077 This work

signals were compared with those obtained in the absence of each
interferent. In the case of povidone, the concentration ratio 1:10
led to an error of —7.4% for PROP. On the other hand, in the case
of lactose and magnesium carbonate, the concentration ratio 1:10
led to errors of 11.9% and 11.2%, respectively, for ATN. However, in
the analyzed samples the contents of these interferents are much
lower than those here investigated, thus not significantly interfer-
ing with the proposed method; consequently, PROP and ATN in
the concomitant presence of those compounds can be accurately
determined using the proposed method.

3.6. Application of the proposed methods in the determination of
PROP and ATN in pharmaceutical products

Commercial pharmaceutical samples (tablets) containing PROP
and/or ATN were analyzed to determine these substances in order
to evaluate the validity of the herein proposed methods. Addi-
tion and recovery studies were carried out by addition of known
volumes of PROP and ATN standard solutions to a given sample
followed by analysis using the SWV technique. Good recoveries
were obtained for the investigated commercial tablets, ranging
from 93.9% to 105.0%, for PROP, and from 92.5% to 106.0%, for ATN,
indicating that the matrix effect does not present any significant
interference.

The results obtained employing the proposed methods as well
as the standard spectrophotometric methods of the Brazilian Phar-
macopoeia [3], for PROP, and the British Pharmacopoeia [24], for
ATN, in several commercial tablets are presented in Tables 2 and 3,
respectively. Three determinations were carried out for each sam-
ple, and the standard deviations were calculated. The amount of
PROP and ATN in each sample solution was determined by interpo-
lation in the respective analytical curve previously obtained. As it
can be seenin these tables, no significant differences were observed
between the values found for the amounts of PROP and ATN in the
tablets using the SWV proposed methods and the spectrophoto-
metric reference methods [3,24]. Besides, the paired t-test [58] was
applied to the results obtained for PROP and ATN using both meth-
ods; since the calculated t value (1.170 for PROP and 0.2700 for ATN)
is smaller than the critical value (2.571, @ =0.05), one may conclude
that the results obtained with the proposed procedures are not sta-
tistically different from those from the comparative methods, at a
95% confidence level.

Finally, it should be mentioned once again that there are not
many articles reporting on electroanalytical methods for the deter-
mination of PROP and ATN. Thus, the analytical characteristics
resulting from the studies herein reported and those obtained with
other electrodes and/or techniques are summarized in Table 4.
From these data, it can be seen that the LOD value for PROP obtained
in this work is quite similar to that obtained by El-Ries et al.
[21] using a static mercury drop electrode and by Radi et al. [22]
using a carbon paste electrode. On the other hand, the LOD value
obtained for ATN using the herein proposed method is lower than
those obtained by voltammetric methods [29,30,32,33], but higher

than those obtained by Goyal et al. [31] using a nanogold-modified
indium tin oxide electrode.

4. Conclusions

A cathodically pretreated BDD electrode was successfully used
for the independent SW voltammetric determination of PROP and
ATN in real pharmaceutical samples of different dosages using
adequate supporting electrolyte solutions: 0.1 molL-1 H,SO,, for
PROP determination, and 0.5 mol L-1 NaNOs (pH 1.0, adjusted with
concentrated HNO3). Under these conditions, detection limits of
0.18 wmol L~! for PROP and 0.93 pmol L~ for ATN are attained. Fur-
thermore, the obtained recoveries range from 93.9% to 105.0%, for
PROP, and from 92.5% to 106.0%, for ATN. The proposed methods
are simple, rapid, sensitive, precise, and accurate, being applicable
directly to the analysis of the commercial pharmaceuticals simply
after dissolution of their samples, dispensing any use of organic
reagents or expensive apparatus.
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