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Abstract

Oxybutynin chloride is an antispasmodic, anticholinergic agent indicated for the treatment of overactive bladder with symptoms of urge urinary
incontinence, urgency, and frequency. Its electrochemical behavior in phosphate buffers of pH range 2–10 at a hanging mercury drop electrode has
been investigated using cyclic voltammetry, differential pulse cathodic adsorptive stripping voltammetry (DPCAdSV), and squarewave cathodic
adsorptive stripping voltammetry (SWCAdSV). Voltammograms of the drug in phosphate buffer of pH 2–10 exhibited a single two-electron
wave and it may be attributed to the reduction of the –C≡C– center. Based on the high adsorptive character of oxybutynin chloride onto the
mercury electrode, a validated direct squarewave cathodic adsorptive stripping voltammetric and differential pulse cathodic adsorptive stripping
voltammetric procedure has been developed for the determination of drug in bulk form and pharmaceutical formulation. The proposed SWCAdS
and DPCAdS voltammetric methods allow quantitation over the range 1–18 and 1–17.6 µg mL−1 with detection limits of 0.1 and 0.23 µg mL−1,
respectively. Precision and accuracy were also checked and were within the limits.
© 2007 Elsevier Inc. All rights reserved.
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1. Introduction

Urinary incontinence is one of the most common chronic
medical conditions seen in primary care practice. It is more
prevalent than diabetes, Alzheimer’s diseases, and many other
conditions that receive considerably more attention. Inconti-
nence is an expensive problem, generating more costs each year
than coronary artery bypass surgery and renal dialysis com-
bined [1].

Urinary incontinence is often encountered by many peo-
ple and the condition is particularly common in the elderly.
A large postal survey in the UK has shown the incidence of
urinary incontinence in the over 65 age group to be more than
15% for men and 25% for women [2]. Oxybutynin chloride
(α-cyclohexyl-α-hydroxybenzenacetic acid-4-(diethylamino)-
2-butynyl esters) (Scheme 1) an anticholinergic agents is a
tertiary amine that mainly acts as a direct smooth muscle relax-
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ant and displays weak antimuscarinic activity [3,4]. It has been
shown to improve the symptoms of frequency and urgency in
urinary incontinence in patients with detrusor instability asso-
ciated with an increase in functional bladder capacity [5].

Oxybutynin chloride is the subject of a monograph in the
US Pharmacopoeia USP [6]. The USP [6], on the other hand,
described chromatographic methods for both the drug and its
formulations. A survey of the literature revealed that few meth-
ods have been reported for its determination in biological flu-
ids and pharmaceutical formulations using LC-ESI/MS/MS [7],
GC-MS [8–12], HPLC [13,14], ion pair liquid chromatography

Scheme 1.
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[15], and radio receptor assay [16], but there was no electro-
chemical study on hanging mercury drop or solid electrodes
published yet. Furthermore, the methods developed for oxybu-
tynin chloride demand expensive equipment and could not be
available in many laboratories.

In the last decades modern electrochemical techniques
[17,18] such as differential pulse polarography (DPP) [19–21],
adsorptive stripping voltammetry (AdSV) [22–28], and dif-
ferential pulse voltammetry (DPV) [29,30] have been widely
applied for the determination of pharmaceuticals. Furthermore,
determination of oxybutynin chloride using an electrochemical
method, especially stripping analysis, is yet to be reported.

This work aimed to study the voltammetric behavior and re-
duction mechanism of oxybutynin chloride, owing to the high
sensitivity and simplicity of the voltammetric techniques and
lack of literature data on the electrochemical behavior of oxybu-
tynin chloride in pharmaceuticals employing differential pulse
cathodic adsorptive stripping voltammetry and squarewave ca-
thodic adsorptive stripping voltammetry at a hanging mercury
drop electrode. The procedures did not require sample pretreat-
ment or any time-consuming extraction step prior to drug assay.

2. Experimental

2.1. Reagents and materials

Oxybutynin chloride (99% pure) was a gift from Sunpharma
Pharmaceuticals, Mumbai (India). Tablets containing oxybu-
tynin chloride (Tropan) labeled 5 mg were obtained from com-
mercial sources. A stock solution of oxybutynin 1 mg mL−1

was prepared by direct dissolution in dimethylformamide
(DMF). The solution for recording voltammograms was pre-
pared by mixing appropriate volumes of stock solution and
buffer of varying pH. Phosphate buffers in the pH range 2–12.0
were prepared in ultrapure deionized water by adding suitable
amounts of 85% H3PO4, KH2PO4, Na2HPO4, and Na3PO4 to
obtain buffers in the pH range 2.0–12.0. The final volume of all
buffer solutions was 200 mL, and the ionic strength was 0.2 [31]
and was used as supporting electrolyte. The ionic strength was
maintained by 1 M KCl. All chemicals used were of analytical
reagent grade quality (Merck and Sigma) and were employed
without further purification. High-purity water was obtained
from Millipore (Milford, MA) Milli-Q Plus system.

2.2. Instrumentation

Electrochemical measurements were performed using a
µAutolab type III (Eco-Chemie B.V., Utrecht, The Netherlands)
potentiostat-galvanostat with 757VA Computrace software.
The utilized electrodes were hanging mercury drop electrode
(HMDE) as working electrode, Ag/AgCl (3 M KCl) as refer-
ence electrode, and a graphite rod as auxiliary electrode. The
electrochemical cell was a Metrohm 663 VA stand. Controlled
potential coulometric experiments were carried out using an
Autolab Potentiostat/Galvanostat PGSTAT Metrohm 663 VA
stand as electrochemical cell, fitted with a PC provided with the
appropriate GPES 4.2 (General Purpose Electrochemical Soft-
ware) software. Coulometric experiments were performed in
the potentiostatic mode using Pt foil with large surface area as
working electrode and a Pt wire, counterelectrode. All the solu-
tions examined by the electrochemical technique were purged
for 10 min with purified nitrogen gas after which a continu-
ous stream of nitrogen was passed over the solutions during the
measurements. Ready made precoated TLC silica gel-coated
plates from E Merck, Germany, were used for TLC separation
and the solvent system was DMF:water (15:1). The IR spec-
trum of solid complex was recorded using KBr pellets on a
Shimadzu, Japan, and Prestige IR 20 Model IR spectropho-
tometer.

2.3. Procedure

Oxybutynin chloride determination was performed on com-
mercially available tablet dosage form Tropan. The amount of
oxybutynin chloride present in each tablet was 5 mg. Excipi-
ents such as cellulose acetate, hypromellose, lactose, magne-
sium stearate, polyethylene glycol, polyethylene oxide, tita-
nium dioxide, polysorbate 80, sodium chloride, and butylated
hydroxytoluene were added to the dosage form. Twenty tablets
were weighted accurately and crushed to a fine powder. A suf-
ficient amount of powder for preparing a stock solution of
1.0 mg mL−1 was weighed and transferred into 25 mL volu-
metric flask and completed to volume with dimethylformamide.
The content of the flask was sonicated for 30 min to provide
complete dissolution and then completed to volume with the
same solvent and centrifuged. An aliquot of the supernatant
liquid was then transferred into a calibrated flask and a series
of dilutions (1 to 18 µg mL−1) were prepared with phosphate
buffers at pH 2–10 and mixed with 1 mL KCl as supporting
electrolyte having 50% DMF and then transferred to a volu-
metric cell and the desire waveform was recorded in the range
−0.05 to −1.0 V. The drug content per tablet was determined
referring to the related regression equations.

3. Results and discussion

3.1. Electrochemical behavior of oxybutynin chloride at
HMDE

In order to understand the electrochemical process occur-
ring on HMDE cyclic voltammetry, differential pulse adsorp-
tive cathodic stripping voltammetry and squarewave adsorptive
cathodic stripping voltammetry were carried out. In all electro-
chemical methods oxybutynin chloride gave one well-defined
reduction peak in the mix aqueous solution which is attributed
to the reduction of unsaturated –C≡C– bonds.

3.1.1. Cyclic voltammetric behavior
The reversibility of the reduction process was investigated

by using cyclic voltammetry. The cyclic voltammogram of oxy-
butynin chloride 6.0 µg mL−1 in phosphate buffers (pH 2–10)
containing 50% DMF at the hanging mercury drop electrode
(HMDE) exhibits a single well-defined peak in the potential



574 R. Jain et al. / Journal of Colloid and Interface Science 314 (2007) 572–577
range −0.45 to −0.55 V, at all concentrations due to the re-
duction of the –C≡C– groups. The peak potential shifted to a
more negative value on the increase of the scan rate, confirming
the irreversible nature of the reduction process. For a totally ir-
reversible electrode reaction, the relationship between the peak
potential (Ep) and the scan rate (υ) is expressed as [32]

Ep = (2.303RT αnaF) log(RT Kf/αnaF)

− (2.303RT αnaF) logυ.

A straight line observed when Ep is plotted against log υ at a
particular concentration in pH 4 can be expressed by

y(Ep) = −0.042(logυ) − 0.44 × 10−6, r2 = 0.995.

From the slope of the straight line (�E/� logυ), the αna
value is calculated by using the expression �E/� logυ =
−30/αna. The αna value is found to be 1.6 and is taken for fur-
ther calculation for the number of electrons transferred. Frac-
tional α values confirm the irreversible reduction of oxybutynin
chloride. Moreover, the αna value and the number of protons
corresponding to the rate-determining step were calculated at
different pH values. In the pH range 2–7, αna was found to be
1.96 ± 0.37 which is close to the value obtained above. Using
the following expression �E1/2/�pH 0.059/αna,p was found
to be 1.81 ± 0.23.

For finding the adsorptive character of the drug at HMDE
a cyclic voltammogram (Fig. 1, curve 1) was recorded after
60 s preconcentration at −0.1 V and its second cycle at the
same mercury drop (Fig. 1, curve 2), dotted cyclic voltammet-
ric curve, shows zero preconcentration. A maximum developed
peak current (ip) was achieved after preconcentration of the
drug on to the electrode surface for 800 s (Fig. 2).

This behavior confirmed the adsorptive character of the drug
at the mercury surface. The adsorption effect was also iden-
tified by a plot of log ip vs logυ giving a straight line which
can be expressed by the equation: log ip(µA) = −76.070 +
0.904 logυ (V s−1). A slope close to 1.0 shows that the com-
pound was adsorbed on the electrode surface.

3.1.2. Effect of pH
The shape and characteristics of all voltammograms were

strongly dependent on various electrolyte and pH of the
medium. Britton–Robinson, acetate, borate, citrate, and phos-
phate buffer were used in the study and the best results with
respect to sensitivity accompanied with sharper response were
obtained with phosphate buffer (0.2 M). Stripping peak po-
tential shifted toward more negative potential with increase
in pH, indicating involvement of hydrogen ions in the elec-
trode process. Variation of stripping peak potential of oxybu-
tynin chloride as a function of pH (2.0–10) employing different
voltammetric modes can be expressed by the following equa-
tions: cyclic voltammetry, Ep = −161−59 pH vs Ag/AgCl, r =
0.991 (n = 7); differential pulse adsorptive stripping voltam-
metry, Ep = −156−54 pH vs Ag/AgCl, r = 0.99 (n = 7);
squarewave adsorptive stripping voltammetry, Ep = −169−58
pH vs Ag/AgCl, r = 0.992 (n = 7). Studies for the dependence
of stripping peak on pH for CV, DPCAdSV, and SWCAdSV
Fig. 1. Cyclic voltammograms for concentration 6.0 µg mL−1 oxybutynin
chloride in phosphate buffer (pH 4) containing 50% DMF at a scan rate of
100 mV s−1, equilibrium time = 10 s. (1) After 60 s preconcentration at −0.1 V
and (2) its second cycle at the same mercury drop; dotted curve shows 0 s pre-
concentration.

Fig. 2. Effect of the accumulation time (tacc) on the squarewave peak current
(ip) for 1.0 µg mL−1 oxybutynin chloride in phosphate buffer (pH 4) containing
50% DMF; Eacc = −0.1 V; equilibrium time = 10 s; frequency f = 50 Hz;
�s = 10; and pulse amplitude �Esw = 50 mV.

(Fig. 3) were carried out to determine whether the electro-active
species participate in equilibria involving protons directly and
to obtain the pH range for maximum signal. Sharp response and
better peak shape with maximum current were observed at pH
4 so this pH value was chosen as the working pH for further
studies.

3.1.3. Controlled potential coulometric behavior
By using controlled potential coulometry, the number of

electrons transferred, n values were calculated from the charge
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Fig. 3. The dependence of the squarewave adsorptive cathodic stripping voltam-
metric, differential pulse adsorptive cathodic stripping voltammetric, and cyclic
voltammetric current (ip) on phosphate buffer pH (2–10).

consumed by 6 µg mL−1 concentration of oxybutynin chlo-
ride. The charge consumed was determined in acidic medium.
For this purpose 2 mL of 6 µg mL−1 solution of the electro-
active species was placed in the cell and electrolysis was carried
out at a potential −0.5 to −0.7 V against Ag/AgCl reference
electrode. During the electrolysis, solutions were continuously
stirred and purged with nitrogen. Number of electrons n was
calculated using the equation Q = nFN , where Q is charge in
coulombs, F is Faraday’s constant, and N is number of moles
of the substrate. The value is found to be two for the cathodic
peak of the compound oxybutynin chloride in acidic medium.

Cyclic voltammograms of oxybutynin chloride just before
and after electrolysis were taken and compared. The appearance
of a small cathodic peak at −1.0 ± 0.2 V confirms the pres-
ence of –C=C– and this cathodic wave has been assigned to the
reduction of the olefinic bond [33]. Before and after the elec-
trolysis the products were also analyzed by IR spectrometry.
The presence of peak in the range of 1649.14–1670.35 cm−1 in
the product confirmed the reduction of the –C≡C– to –C=C–
group. Voltammetric studies in conjunction with coulometry
and TLC results confirm the formation of only one product. In
the electrolyzed product only one product having Rf different
from oxybutynin chloride was observed, indicating the forma-
tion of only one new product.

3.1.4. Optimization of operational parameters
Variation of the stripping voltammetric peak current of oxy-

butynin in phosphate buffer of pH 4 at HMDE was inves-
tigated using squarewave and differential pulse modes. Both
techniques gave comparable results but squarewave cathodic
adsorptive stripping voltammetry has been chosen as it is more
sensitive than the other one but both techniques require some
parameter adjustment. The important instrumental variables
such as accumulation time (tacc), accumulation potential (Eacc),
pulse amplitude (�Esw), scan increment (�s), and frequency
(f ) were examined using the selected waveform.

The squarewave cathodic adsorptive stripping peak height
for 1.0 µg mL−1 oxybutynin chloride depends strongly on the
accumulation time, suggesting an effective adsorption of oxy-
butynin chloride on the HMDE. The peak current increased
linearly with the increase of accumulation time up to 800 s and
then the peak current leveled off (Fig. 2). This behavior may be
attributed to the complete coverage of the mercury electrode
surface with the drug species. Thus considerable increase in
sensitivity can be achieved by application of adsorptive strip-
ping voltammetric determination of oxybutynin chloride. But
an accumulation time of 60 s was selected as an optimum in
order to shorten analysis time as different concentrations of
oxybutynin chloride lower than 18.0 µg mL−1 can be deter-
mined using this selected accumulation time. Furthermore, the
longer the accumulation time the higher the efficiency of accu-
mulation. When the accumulation time is longer than 60 s the
peak current changes very slowly. Obviously the choice of pre-
concentration period required compromise between sensitivity
and speed that is why in our work an accumulation time of 60 s
was choosen.

The influence of accumulation potential (Eacc) on the ca-
thodic peak current (ip) of oxybutynin chloride was also exam-
ined over the potential range −0.05 to −0.9 V. Maximum de-
velopment of the peak current was achieved at −0.1 V. Hence,
an accumulation potential of −0.1 V was used throughout the
present study. At more cathodic values a decrease in peak cur-
rent was observed, indicating that the drug is no longer strongly
adsorbed at potentials where the mercury is negatively charged
with respect to the point of zero charge potential. The other
dependencies were therefore measured at a potential of accu-
mulation of −0.1 V.

Frequency was varied from 5 to 100 Hz using a scan incre-
ment of 10 mV, pulse amplitude of 50 mV, and 60 s accumula-
tion time. A linear relationship was obtained between the peak
current and the frequency of the signal up to 50 Hz. It was cho-
sen to improve the sensitivity without any distortion of the peak
or the baseline.

Study of the effect of scan increment on adsorptive cathodic
peak current of the drug in phosphate pH 4 revealed that the
peak current enhanced on the increase of scan increment (2–
10 mV). A scan increment of 10 mV was preferable in the
present study. At pulse amplitude 50 mV, the peak current was
found to be much more sharp and defined.

The influence of the surface area of the working mercury
electrode on the peak was also studied. As expected, an increase
of the electrode surface area generated a higher peak current
so a mercury drop of a large area (0.026 cm2) was considered
in the present study. The influence of the rest time was also
considered and a time period of 10 s was chosen. Accordingly,
the optimized operational conditions of the proposed stripping
procedure were phosphate buffer at pH 4, Eacc = −0.1 V, tacc =
60 s, f = 50 Hz, �s = 10 mV, �Esw = 50 mV, stirring rate =
2000 rpm, rest time = 10 s, and surface area of mercury drop
= 0.026 cm2.

3.2. Validation of the proposed method

The method was tested for linearity, specificity, precision
and reproducibility. By using the above voltammetric modes,
linear regression equations were obtained. Statistical evalua-
tion of the regression lines regarding the standard deviation of
residuals (Sy/x ), standard deviation of the intercept (Sa) and
standard deviation of the slope (Sb) is given in Table 1. The



576 R. Jain et al. / Journal of Colloid and Interface Science 314 (2007) 572–577
Table 1
Analytical parameters for voltammetric determination of oxybutynin chloride
using SWCAdSV and DPCAdSV modes

Parameter SWCAdSV DPCAdSV

Concentration range (µg mL−1) 1–18 1–17.6
LOD (µg mL−1) 0.1 0.23
LOQ (µg mL−1) 0.34 0.76
Mean found (%) 99.6 99.35
Correlation coefficient (r2) 0.999 0.998
Slope (µA µg−1 mL−1) 8.62 × 10−6 6.5 × 10−6

Intercept (µA) 1.42 × 10−6 1.12 × 10−6

Sy/x
a 5.2 × 10−5 7.0 × 10−5

Sa
b 4 × 10−3 5 × 10−3

Sb
c 3 × 10−5 5 × 10−5

%Errord 0.7 0.79
Applications Tablets Tablets

a Sy/x , is the standard deviation of the residuals.
b Sa, standard deviation of the intercept of regression line.
c Sb, standard deviation of the slope of regression line.
d % Error, %R·SD/

√
n.

Table 2
Stripping voltammetric determination of oxybutynin chloride in Tropan tablets
using SWCAdSV mode

Sample Added amount
(µg)

Amount found
(µg)

Percentage
recovery

Intraday precision 1.0 0.98 98.0
1.0 0.986 98.6
1.0 0.985 98.5
1.0 0.992 99.2

Mean ± SD 98.57 ± 0.426

Interday precision 1.0 1.02 102
1.0 0.981 98.1
1.0 0.985 98.5
1.0 0.993 99.3

Mean ± SD 99.475 ± 1.54

small figures point out the scattering and good linearity of
the calibration graph. The intraday and interday precision on
four successive days was evaluated through replicate analysis
of Tropan tablets with 1 µg with percentage recoveries based
on the average of four separate determinations, abridged in Ta-
ble 2.

3.3. Robustness

The robustness was examined by evaluating the influence
of small variation of some of the most important procedure
variables including pH, preconcentration potential (Eacc), and
preconcentration time (tacc). The obtained result provided an
indication of the reliability of the proposed procedure for the
assay of oxybutynin chloride and hence it can be considered ro-
bust. The obtained mean percentage recoveries (Table 3) based
on the average of five replicate measurements were not signif-
icantly affected within the studied range of variations of some
operational parameters, and consequently the proposed proce-
dure can be considered robust.
Table 3
Influence of variation of some of the operational parameters of the proposed
procedure on the mean percentage recovery of 1.0 µg mL−1 bulk oxybutynin
chloride; frequency, f = 50 Hz, and scan increment, �s = 10 mV

Variables Condition (%)R ± SD (n = 3)

(i) pH
3.8 tacc = 60 s 99.3 ± 0.5
4.0 Eacc = −0.1 V 99.2 ± 0.24
4.2 98.4 ± 0.7

(ii) Eacc (V)
−0.08 pH 4.0 99.4 ± 0.36
−0.10 tacc = 60 s 99.7 ± 0.23
−0.12 98.6 ± 0.45

(iii) tacc (s)
58 pH 4.0 99.3 ± 0.6
60 Eacc = −0.1 V 98.0 ± 0.25
62 99.4 ± 0.35

Table 4
Quantification of oxybutynin chloride in Tropan tablets by the proposed
SWCAdS voltammetric procedure

Concentration addeda (µg) Concentration founda (µg) %R %R·SD

1.0 0.99 99.0 1.2
3.0 2.96 98.6 0.9
5.0 5.10 100.2 0.9
8.0 7.97 99.6 0.7

11.0 11.05 100.4 1.1

a Average of five replicate measurements.

3.4. Ruggedness

The ruggedness test of the analytical assay method is de-
fined as degree of reproducibility of assay results obtained by
the successful applications of the assay over time and multi-
ple laboratories and analysts. Two analysts analyzed the same
standard with SWCAdSV and DPCAdSV methods using the
same instrument. The methods were found to be rugged with
the results of variation coefficients 0.83 and 0.73% for SW-
CAdSV, and 0.95 and 1.2% for DPCAdSV methods for first
and second analysts, respectively. The results show no statisti-
cal differences between different analysts.

3.5. Applications

The proposed procedure was applied to the analysis of
Tropan tablets. The precision was estimated for 1.0–11.0 µg of
the drug using the calibration graph and standard addition
method. Representative voltammograms are shown in Fig. 4.
The obtained mean percentage recoveries (%R) and the rela-
tive standard deviations (%R·SD) based on the average of five
replicate measurements were found to be 98.6–100.2 and 0.9–
1.2, respectively (Table 4). The procedure did not require any
time-consuming extraction steps prior to the assay of the drug.

4. Conclusion

The electrode reaction pathway at the hanging mercury drop
electrode in phosphate buffers 2.0–10.0 has been elucidated.
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Fig. 4. The dependence of the SWCAdS voltammetric current for oxybu-
tynin chloride at different concentrations; phosphate buffer, pH 4 (0.2 M),
Eacc = −0.1 V, tacc = 60 s, frequency f = 50 Hz, pulse amplitude �Esw =
50 mV, and scan increment �s = 10 mV. (a) 1.0 µg, (b) 3.0 µg, (c) 5.0 µg,
(d) 8.0 µg, and (e) 11.0 µg.

The electrochemical reduction of oxybutynin chloride under the
conditions described in this work is an irreversible process con-
trolled by adsorption. The validated SWCAdS and DPCAdS
voltammetric procedure could be used successfully to deter-
mine oxybutynin chloride in bulk form and pharmaceutical
formulation. In these methods, a high percentage of recov-
ery shows that the compounds are almost completely extracted
from tablet formulations and the results indicate that the de-
veloped method can be used to quantify oxybutynin chloride
without interference from other ingredients. Furthermore, in an
earlier HPLC method [18] of determination of oxybutynin chlo-
ride in dosage form a lower limit of detection was found to
be 0.5 µg mL−1 but in the present developed method it could
be estimated up to a level of 0.1 µg mL−1 (SWCAdSV) and
0.23 µg mL−1 (DPCAdSV) using a 60 s preconcentration time.
By applying a higher preconcentration time onto the mercury
electrode we can quantify up to nanogram levels. The proposed
methods have distinct advantages over other existing methods
regarding sensitivity, time savings, and minimum detectability.
In addition no sophisticated instrumentation is required. Con-
sequently, the proposed methods have the potential of a good
analytical alternative for determining oxybutynin chloride in
pharmaceutical formulations.

References

[1] T.H. Wagner, T.W. Hu, Urology 51 (1998) 355.
[2] T.M. Thomas, K.R. Plymat, J. Blannin, T.W. Meade, Br. Med. J. 281

(1980) 1243.
[3] P.M. Lish, J.A. Labudde, E.L. Peters, S.I. Robbins, Arch. Int. Pharm.

Ther. 156 (1965) 467.
[4] G.F. Anderson, D.J. Krelen, Invest. Urol. 12 (1975) 317.
[5] A.C. Diokno, J. Lapides, J. Urol. 108 (1972) 307.
[6] The US Pharmacopoeia, The National Formularly, USP 24, NF 19, USP

Convention Inc., vol. 12601, Twinbrook Parkway, Rockville, MD, 2005,
p. 1603.

[7] H. Kim, S.B. Han, J. Pharm. Biomed. Anal. 31 (2003) 341.
[8] E. Lukkari, K. Aranko, P.J. Neuvonen, Eur. J. Clin. Pharmacol. 52 (1997)

403.
[9] E. Lukkari, K. Aranko, A. Juhakoski, T. Hakonen, P.J. Neuvonen, Phar-

macol. Toxicol. 81 (1997) 31.
[10] K.S. Patrick, J.S. Markowitz, E.J. Jarvi, A.B. Straughn, M.C. Meyer,

J. Chromatogr. 487 (1989) 91.
[11] B. Lindeke, G. Hallstrom, C. Johansson, O. Ericsson, L.I. Olsson, S.

Stromberg, Biomed. Mass Spectrom. 8 (1981) 506.
[12] B. Lindeke, H. Brotell, B. Karlen, G. Rietz, A. Victorisz, Acta Pharm.

Suec. 18 (1981) 25.
[13] R. Massoud, G. Federici, S. Casciani, S.M.B. Stasi, G. Fucci, A. Giannan-

ioni, C. Cortese, J. Chromatogr. B 734 (1999) 163.
[14] M.V.S. Varma, A.M. Kaushal, S. Garg, J. Pharm. Biomed. Anal. 36 (2004)

669.
[15] J.A. De Schutter, P. De Moerioose, J. Chromatogr. 450 (1988) 337.
[16] L. Aaltonen, H. Allonen, E. Iisalo, A. Juhakoski, T. Kleimola, R. Sellman,

Acta Pharmacol. Toxicol. 55 (1984) 100.
[17] A.J. Bard, H. Lund, in: Encyclopedia of Electrochemistry of the Elements,

vol. XII, Decker, New York, 1978, p. 453.
[18] A.J. Bard, L.R. Faulker, Electrochemical Methods: Fundamentals and Ap-

plications, Wiley, New York, 2002, p. 213.
[19] R. Jain, N. Jadon, K. Radhapyari, Talanta 70 (2006) 383.
[20] F. Ibrahim, N. El-Enany, J. Pharm. Biomed. Anal. 32 (2003) 353.
[21] H. Abdine, F. Belal, Talanta 56 (2002) 97.
[22] R. Jain, N. Jadon, K. Radhapyari, J. Colloid Interface Sci. May 10 (2007),

in press.
[23] A.M. Beltagi, J. Pharm. Biomed. Anal. 31 (2003) 1079.
[24] U. Tamer, N.P. Ozeicek, O. Atay, A. Yildiz, J. Pharm. Biomed. Anal. 29

(2002) 43.
[25] M.M. Ghoneim, A.M. Beltagi, Talanta 60 (2003) 911.
[26] M.M. Ghoneim, K.Y. El-Baradie, A. Tawfik, J. Pharm. Biomed. Anal. 33

(2003) 673.
[27] M.M. Ghoneim, M.M. Mabrouk, A.M. Hassanein, A. Tawfik, J. Pharm.

Biomed. Anal. 25 (2001) 933.
[28] M.M. Ghoneim, M.M. Mabrouk, A. Tawfik, J. Pharm. Biomed. Anal. 30

(2002) 1311.
[29] O.A. Razak, J. Pharm. Biomed. Anal. 34 (2004) 433.
[30] R.F. Torres, M.C. Mochon, J.C. Jimenez Sanchez, M.A. Bello Lopez, A.G.

Perez, Talanta 53 (2001) 1179.
[31] G.D. Christan, W.C. Purdy, J. Electroanal. Chem. 3 (1962) 363.
[32] J.G. Osteryoung, R.A. Osteryoung, Anal. Chem. 101 (1985) 7.
[33] R.F. Torres, M.C. Mochon, J.C. Jimenez Sanchez, M.A. Bello Lopez, A.G.

Perez, J. Pharm. Biomed. Anal. 30 (2002) 1215.


	Adsorptive stripping voltammetric behavior and determination  of anticholinergic agent oxybutynin chloride on a mercury electrode
	Introduction
	Experimental
	Reagents and materials
	Instrumentation
	Procedure

	Results and discussion
	Electrochemical behavior of oxybutynin chloride at HMDE
	Cyclic voltammetric behavior
	Effect of pH
	Controlled potential coulometric behavior
	Optimization of operational parameters

	Validation of the proposed method
	Robustness
	Ruggedness
	 Applications

	Conclusion
	References


