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Abstract

An analytical methodology using square wave voltammetry (SWV) at a hanging mercury drop electrode (HMDE) was developed for the
quantitative determination of dipyridamole (DIP), a drug used for the treatment of several cardiovascular diseases, in pharmaceutical tablets
and injections of Persantin® in phosphate buffer (pH 3.0; 0.1 M). After optimization of the parameters for SWV, analytical curves were
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btained for application in the range of 1.28× 10−6 M to 7.02× 10−6 M. It was found a detection limit (DL) of 1.88× 10−8 M (9.50 ng/ml).
he repeatability and the reproducibility of the method were determinated by successive measurements of DIP solutions on the r
nalytical curve with a coefficient variation of 0.97% (n= 5) and 1.15%, respectively. The apparent recoveries were obtained by the
ecommended procedure using the second reduction peak. Recoveries obtained by SWV were compared with the UV–vis spectro
ethod. It was found that the determination of DIP in Persantin® tablets gave a mean value of 75.6± 0.4 mg (100.8%) and 68.9± 0.3 mg

91.8%) for SWV and UV–vis spectrophotometry, respectively. In the case of injections, it was found 10.4± 0.1 mg (103.4%) and 9.9± 0.2 mg
99.9%) for SWV and UV–vis spectrophotometry. Both apparent recoveries for the two types of formulations are in good accord
he declared value of 75 mg (tablets) and 10 mg (injections).

2004 Elsevier B.V. All rights reserved.
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. Introduction

Dipyridamole (DIP), 2,6-bis(diethanolamino)-4,8-dipip-
ridinopyrimido-[5,4-d]pyrimidine, is used for the treatment
f several cardiovascular diseases because of its vasodilating
nd antiplatelet properties[1].

Recent studies have reported that DIP exhibits a potent bi-
logical antioxidant activity behaving as an inhibitor of lipid
eroxidation initiated by iron(II) ions or by thermolabile azo
ompounds[2,3]. In this way, the electrochemical oxidation
f DIP has been extensively studied in our laboratory in or-
er to bring better understanding about its electrochemical
eactions[4–7].

∗ Corresponding author. Tel.: +55 1633739922; fax: +55 1633739952.
E-mail address:lhmazo@iqsc.usp.br (L.H. Mazo).

The detection of DIP, in biological and tablets/injecti
samples, has been performed using various analytical m
ods including spectrophotometry[8], fluorescence spectrom
etry [9], high performance liquid chromatography[10–12],
phosphorimetry[13] and polarography[14]. Other electroan
alytical methodologies, including stripping techniques, h
been employed for the determination of DIP in human se
when long accumulation times are used to improve sensi
[15–17]. However, for some analytical applications incl
ing pharmaceutical preparations, which is the objective o
present paper, the determination can be carried out wi
the application of accumulation times precluding the in
ference of the excipients.

Considering these facts, the present work reports a
simple and rapid voltammetric procedure for routine quan
cation of DIP in pharmaceutical preparations such as ta
and injections, at a hanging mercury drop electrode (HMD
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using square wave voltammetry (SWV). Recoveries were per-
formed to assess the accuracy of the results and these were
compared to those provided by UV–vis spectrophotometry.

2. Experimental

2.1. Reagents

All reagents used in this work were of analytical grade
from Aldrich (dipyridamole, USP (58-32-2)), Merck (di-
sodiumhydrogen phosphate dihydrate), and Sigma (phospho-
ric acid). Water treated in a Milli-Q system (Millipore) was
used to prepare the solutions. All chemicals were used with-
out previous purification.

Phosphate buffered solution (pH 3.0; 0.10 M) was pre-
pared by adding 0.1 M di-sodiumhydrogen phosphate dehy-
drate solution in a 0.10 M phosphoric acid solution until pH
3.0. Solutions of DIP ranging from 10−3 M to 10−4 M were
prepared by dissolving appropriate amounts of the compound
in 0.10 M phosphate buffer and purged with purified nitrogen,
from White Martins (SS grade), for 5 min prior to the mea-
surements to remove oxygen. Then, a continuous stream of
nitrogen was passed over the solutions during the measure-
ments.
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Fig. 1. SWV curves for DIP 8.85�M in 0.10 M phosphate buffer solution
(pH 3), using a HMDE (A= 0.012 cm2). Currents: (a) total; (b) direct and (c)
reverse;f= 100 s−1; �Ea = 50 mV and�Ei = 2 mV.

method and the apparent recoveries were obtained according
the procedure recorded by IUPAC[18].

3. Results and discussion

The electrochemical reduction of DIP over the HMDE,
obtained by SWV, is showed inFig. 1. The reduction is
characterized by two successive peaks around−0.78 V and
−1.10 V versus Ag/AgCl, presenting a typical behavior of an
irreversible process.

3.1. Effect of pH

The influence of pH on the reduction peaks of DIP was
investigated in the pH range of 1.5–7 where the compound is
only slight soluble[19]. It can be observed inFig. 2 that the
peak potentials shifted linearly to less positive values with an
increase of pH, indicating that the mechanism of the electrode
reaction is dependent on pH. The highest peak current was
observed at pH 3, which was chosen for the present analytical
applications.

The pKa of the compound (5.9), obtained by the intercep-
tion of theEp versus pH graph (insert ofFig. 2), was very
close to the value reported in the literature (5.8)[20].
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.2. Instrumentation

The electrochemical measurements were carried ou
ng a potentiostat from Voltalab model PGZ402 with
anging mercury drop electrode model MDE150. A c
entional three-electrode cell containing a platinum w
ounter electrode and a Ag/AgCl(s) (3.0 M KCl) refere
lectrode were employed for the voltammetric applica
ith HMDE. Experimental parameters that affect SW

esponse, like frequency (f), pulse amplitude (�Ea) and
can increment (�Ei ), were optimized for electroanalytic
urposes.

Optical absorption spectra were registered using a Hi
-2000 spectrophotometer coupled to a PC with the S

racalc software from Galactic using 10.0 mm optical p
uartz cuvettes.

.3. Dipyridamole assay in formulations

Dipyridamole determination was performed in comm
ial tablets and injections of Persantin® by using voltammet
ic and spectrophotometric techniques. Two tablets o
rug were grounded thoroughly until a fine powder is

ained. The samples to be analyzed were prepared b
olving the powder with phosphate buffer solution (pH
.10 M) and stirred in an ultrasonic bath. No other s
le preparation for injections was used except dilution
uffer solution. All concentrations used for voltammetry
pectrophotometry were adjusted to the calibration inte
he determination was performed by the standard add
ig. 2. SWV curves for DIP 5.50�M in 0.10 M phosphate buffer solutio
f different pHs, using a HMDE (A= 0.012 cm2). pH: (—) 3.0; (- - -) 5.0 an
. . .) 7.0;f= 100 s−1, �Ea = 50 mV and�Ei = 2 mV. Insert:Ep vs. pH curve
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Fig. 3. SWV curves for DIP 0.10 mM in 0.10 M phosphate buffer solution
(pH 3), using a HMDE (A= 0.012 cm2); f: (a) 25 s−1; (b) 35 s−1; (c) 60 s−1;
(d) 80 s−1 and (e) 100 s−1. �Ea = 50 mV and�Ei = 2 mV. Insert:Ip vs. f
curve: (�) first peak (R= 0.9984) and (�) second peak (R= 0.9981).

3.2. Effect of square wave frequency

The frequency (f), in SWV experiments, is an important
parameter since it allows to obtain important information
about the reversibility degree, the number of electrons for
a reversible process and to estimated thenα value for an irre-
versible process. Moreover, the frequency is a parameter that
determines the signal intensity and thus the sensibility of the
analytical methodology.Fig. 3shows square wave voltammo-
grams obtained for different frequency values in the range of
10 s−1 to 100 s−1. Frequencies values over 100 s−1 resulted
in distortion of the voltammograms. The linearity between
peak current (Ip) versusf, showed in the insert ofFig. 3,
confirms the irreversibility of the reduction process. Another
criterion that describes the irreversibility of the system in
SWV is the relationship existed between the potential peak
and the logarithm of the frequency, as described by Eq.(1)
[21].

�Ep

�logf
= 2.3RT

nαF
(1)

whereα is the transfer coefficient,n the number of electrons
involved in the reaction and the other terms have their usual
meaning.

From the slopes of the graphsEp versus log(f), the values
o ere
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Fig. 4. SWV curves for DIP 0.10 mM in 0.10 M phosphate buffer solution
(pH 3), using a HMDE (A= 0.012 cm2).�Ea: (a) 5 mV; (b) 10 mV; (c) 20 mV;
(d) 30 mV; (e) 40 mV and (f) 50 mV;f= 100 s−1 and�Ei = 2 mV. Insert:Ip
vs.�Ea curve (R= 0.9984).

to Eq.(2) [23].

∂Ip

∂�Ea
= 500Aαn2Ff�EiΓ (2)

where∂Ip/∂�Ea is the slope of the graphIp versus�Ea, A
(0.012 cm2) is the electrode area and the other terms have
their usual meaning.

From Eq.(2), the quantity of DIP adsorbed on the electrode
surface was estimated to be 3.08× 10−10 mol cm−2.

3.4. Effect of scan increment

The last parameter investigated was the scan increment
(�Ei ), which was varied from 1 mV to 7 mV.Fig. 5shows the
square wave voltammograms for both peaks, suggesting that
an increase in the scan increment is responsible for a better
sensibility in the analysis. However, it can be seen that as the
scan increment increases, the peaks turn to be wider and this
fact implies loss of selectivity. In this way, a scan increment
of 2 mV was chosen for the analytical applications.

3.5. Analytical determination of DIP in commercial
formulations

After the optimization of pH and SWV parameters, analyt-
i

F tion
(
a

f nα for the first (1.11) and the second (1.09) peaks w
alculated according to Eq.(1). As the number of electron
ransferred in each step is known (n= 2) [22], the transfe
oefficient for both stages could be estimated as being
o 0.56 and 0.55.

.3. Effect of pulse amplitude

Another important parameter involved in SWV is the pu
mplitude (�Ea). Fig. 4 shows the square wave voltamm
rams for both peaks obtained by applying pulse ampli
alues in the range of 10–50 mV. For analytical applicati
value of 50 mV was chosen for�Ea. The peak curren

egistered for different values of�Ea allow to calculate th
urface coverage (Γ ) by adsorbed DIP molecules accord
cal curves were obtained in the range of 1.28�M–7.02�M

ig. 5. SWV curves for DIP 0.10 mM in 0.10 M phosphate buffer solu
pH 3), using a HMDE (A= 0.012 cm2). �Ei : (a) 2 mV; (b) 4 mV; (c) 6 mV
nd (d) 7 mV;f= 100 s−1 and�Ea = 50 mV. Insert:Ip vs.�Ei curves.
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Table 1
Mean values for the determination of DIP (n= 5) in tablets and injections of Persantin® using SWV and UV–vis spectrophotometry

Technique Tablets Injections

DIP added (mg) DIP found (mg) Apparent recovery (%) DIP added (mg) DIP found (mg) Apparent recovery (%)

SWV 75.0 75.6± 0.4 100.8± 0.5 10.0 10.4± 0.1 103.4± 0.7
UV–vis 75.0 68.9± 0.3 91.8± 0.4 10.0 9.9± 0.1 99.9± 0.7

by the standard addition method.Fig. 6 showed the square
wave voltammograms for the second peak and in the insert
the analytical curve (n= 3). The detection limit (DL) was
calculated by the relation DL = 3σ/θ, whereσ is the stan-
dard mean deviation for ten voltammograms registered for
the blank andθ, the slope of the analytical curve. It was
found a DL of 1.88× 10−8 M (9.50 ng/ml) for the optimized
conditions. The repeatability and the reproducibility of the
method were determinated by successive measurements of
DIP solutions with concentration in the range of the analyt-
ical curve with a variation coefficient of 0.97% (n= 5) and
1.15%, respectively.

3.6. Apparent recovery studies

The apparent recoveries were performed as recommended
by IUPAC[18] using the currents for the second peak.Table 1
shows the mean obtained recovery percentages for tablets and
injections of Persantin®.

In order to validate the methodology and confirm its poten-
tial in routine monitoring of DIP, given the simplicity as well
as the time and cost-saving of the present proposed method of
analysis, the same samples were subjected to a procedure us-
ing UV–vis spectrophotometry, and the apparent recoveries
were performed at 280 nm.
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for SWV and UV–vis spectrophotometry. Both apparent re-
coveries obtained for the proposed method for the two types
of formulations are in good accordance with the declared
value of 75 mg (tablets) and 10 mg (injections).

4. Conclusions

In this work, we have described the quantitative determi-
nation of Dipyridamole (DIP) using SWV and UV–vis spec-
trophotometry in phosphate buffer solution (pH 3.0; 0.1 M).
The SWV methodology is rapid and simple for the determi-
nation proposed in pharmaceutical formulations in relation to
other conventional methods, such as UV–vis spectrophotom-
etry. The sample preparation procedure is very simple since
there is no need to eliminate the excipients, thus it results
an increase in sensitivity and accuracy. The satisfactory re-
sults, small coefficients of variation and good recuperation
obtained allow to recommend the procedure for the quality
control of DIP in pharmaceutical preparations.
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For both techniques, five aliquots of the solution were
yzed by the standard addition method. The determinatio
IP in Persantin® tablets gave a mean value of 75.6± 0.4 mg

100.8%) and 68.9± 0.3 mg (91.8%) for SWV and UV–v
pectrophotometry, respectively. In the case of injectio
as found 10.4± 0.1 mg (103.4%) and 9.9± 0.2 mg (99.9%

ig. 6. SWV curves for DIP stock solution 4.40× 10−5 M in 0.10 M phos
hate buffer solution (pH 3.0), using a HMDE (A= 0.012 cm2). Concentra

ions: (a) 0.43�M; (b) 1.28�M; (c) 2.09�M; (d) 2.87�M; (e) 3.63�M;
f) 4.36�M; (g) 5.06�M; (h) 5.73�M; (i) 6.39�M; (j) 7.02�M and (k)
.33�M, second peak;f= 100 s−1. �Ea = 50 mV and�Ei = 2 mV. Insert
nalytical curve (R= 0.9991).
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