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Abstract

A voltammetric method was described for the determination of pantoprazole by differential-pulse adsorptive stripping

voltammetry at a carbon paste electrode. Accumulation of pantoprazole was found to be optimized in Britton�/Robinson buffer

(0.04 M, pH 4.0) solution following 5 min accumulation time at open circuit condition. Under optimized conditions, the current

showed a linear dependence with concentration in the range 1.0�/10�7�/1.0�/10�5 M. The detection limit was 2.0�/10�8 M. The

method was applied successfully for the analysis of pantoprazole in tablet dosage form. The results of accuracy and precision were

comparable to those obtained by spectrophotometry.
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1. Introduction

Pantoprazole (I), 5-(difluoromethoxy)-2-{[(3,4-di-

methoxy-2-pyridyl)methyl]sulfinyl}-1H -benzimidazole,

is a highly gastric potent proton pump inhibitor (PPI)

being introduced for the treatment of disorders of

gastric acid hypersecretion, ulcer disease and relief of

symptoms and healing of lesions in gastrooesophageal

reflux disease (GERD) [1].

Pantoprazole is a substituted benzimidazole prodrug

that requires an acid-induced activation. It is a weak

base that is converted to the active form by gastric acid

before acting on the proton pump [2]. Pantoprazole, as

do all PPI, inhibits the final stage in gastric acid

secretion through covalent binding and inhibition of

the H�/K�/ATPase pump of the gastric parietal cell

[3,4].

There have been relatively few reports for the

determination of the drug in formulations or in biolo-

gical media including spectrophotometry [5,6], high

performance liquid chromatography [7�/9] and capillary

electrophoresis [10�/13].

The electroanalytical techniques are well known as

excellent procedures for the determination of drug

dosage forms and drugs in biological fluids [14]. In

recent years, the increasing use of carbon paste electro-

des (CPEs) for electroanalytical measurement of a

variety of organic species of biological and pharmaceu-

tical importance has been reported [15�/18]. The major

advantages of carbon paste electrode are low back-

ground current; the ease of renewal of the whole

electrode providing a fresh surface unaffected by

electrode history and this electrode has a wide range

of cathodic and anodic applicability [19].

The aim of the present study was to investigate the

electrochemical oxidation of pantoprazole at carbon

paste electrode and to develop a new differential-pulse

adsorptive stripping voltammetric method for the de-

termination of pantoprazole in pharmaceutical prepara-

tions. The developed method was applied to the analysis
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of two tablet dosage forms. The results were compared

with those from spectrophotometric method [5].

2. Experimental

2.1. Reagents

Pantoprazole sodium sesquihydrate and Controloc†

tablets were kindly supplied by Byk Golden (Kanstanz,

Germany) batch no. 401971 and Pantoloc† tablets by

MUP (Ismailia, Egypt) batch no. 020623. A stock

solution of 1.0�/10�3 M pantoprazole was prepared
in methanol and more dilute solutions were prepared

daily with methanol just before use. Britton�/Robinson

buffers (0.04 M, pH 2.0�/11.0) were used as supporting

electrolytes. Carbon paste was prepared containing 5 g

of graphite powder (Aldrich, Milwaukee, WI) 1�/2 mm

and 1.8 ml of Nujol (Sigma) d�/0.84 g/ml. All chemicals

used were of analytical-reagent grade. Ultra-pure water

was used throughout.

2.2. Apparatus

Measurements were carried out using a computer

driven AEW2 Analytical Electrochemical Workstation

with ECprog3 Electrochemistry software, (both Sycopel,

England) in combination with C-2 stand with a three-

electrode configuration: a carbon paste working elec-
trode (BAS model mf-2010, 3 mm diameter), an

Ag j AgCl j 3 M KCl reference electrode (BAS model

MF-2063) and a platinum wire counter electrode (BAS

model MW-1032). Microcal Origin (ver. 4.10) software

was used for the transformation of the initial signal. A

CG 808 (Schott Geräte, Germany) digital pH-meter

with glass combination electrode served to carry out the

pH measurements.
A Shimadzu UV-160 double beam UV�/Vis spectro-

photometer was used for spectrophotometric analysis.

2.3. Procedures

Voltammetric analyses were carried out in 10 ml of BR

buffers. The accumulation potential (usually open circuit

condition) was applied for a selected time while the
solution was stirred at 1600 rpm. The stirrer was then

stopped, and after 5 s rest period, the drug was removed

by stripping anodically using differential-pulse voltam-

metry (pulse height: 25 mV and scan rate 10 mV/s).

After background voltammograms had been recorded,

aliquots of the drug standard were introduced and the

adsorptive stripping cycle was repeated using a new

electrode surface. The peak current was evaluated as the
difference between each voltammogram and the back-

ground electrolyte voltammogram. All data were ob-

tained at ambient temperature.

2.3.1. Determination of pantoprazole in tablets

The average tablet weight was calculated from con-

tents of ten tablets, the tablets were finely powdered and

portion of this powder equivalent to 40 mg of panto-
prazole was accurately weighed. The sample was shaken

with 25 ml of methanol. Appropriate aliquot of the clear

supernatant liquor was then transferred into a voltam-

metric cell containing 10 ml of BR buffer (0.04M, pH

4.0) to yield a final concentration of 5.0�/10�6 M

pantoprazole. The stripping differential-pulse voltam-

mogram was subsequently recorded following 5 min

accumulation time at open circuit condition. The con-
tent of the drug in tablet was determined referring to the

calibration graph or regression equation.

3. Results and discussion

3.1. Differential-pulse voltammetry

Fig. 1 shows some of the differential-pulse voltammo-

grams obtained for 1.5�/10�6 M pantoprazole in

Britton-Robinson buffers at carbon paste electrode
(CPE) following accumulation time of 5 min at open

circuit potential. In highly acidic medium, no signal

appeared. When the pH increased to a value around pH

4.0, a single and well-defined signal could be seen. At

pH�/6.0, two anodic waves appeared. The increase in

pH produced a shift in the voltammogram to less

positive potential, implying the involvement of protons

in the current-limiting electrode process. As the best
definition and maximum peak current were obtained for

the voltammetric peak at pH 4.0, this pH was chosen for

optimization of other variables and for the analytical

determination.

Fig. 1. Differential-pulse voltammograms for 1.5�/10�6 M panto-

prazole at different pH values. Pulse height: 25 mV, scan rate: 10 mV/s

and tacc: 5 min.
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3.2. Linear sweep and cyclic voltammetry

Repetitive cyclic voltammograms for 5.0�/10�5 M

pantoprazole solution in Britton�/Robinson buffer pH
4.0 are presented in Fig. 2. The cyclic voltammogram

exhibits a single anodic peak, with no peak on the

reverse scan, indicating that the drug is irreversibly

oxidized at the carbon paste electrode. Continued

scanning resulted in a positive shift of the oxidation

potential and a decrease in the peak current. This

behavior may be attributed to the formation of an

adsorbed species on the electrode surface. After each
scan, a thin sheet of carbon paste was discarded and the

electrode surface was renewed by wiping on a filter

paper.

Linear sweep voltammograms were obtained at dif-

ferent scan rates (25�/500 mV/s). It was found that

anodic peak potential Ep shifted from 1.080 V at 25 mV/s

to 1.175 V at 250 mV/s, a further evidence for the

irreversible nature of the electrode reaction [20]. The
peak current (ip) changed linearly with scan rate (n) as

expected for adsorption�/controlled reactions.

3.3. Effect of accumulation parameters

The effect of accumulation potential was investigated

at a potential range from �/0.3 to �/0.3 V or at open
circuit potential. The adsorptive behavior at carbon

paste electrode was essentially independent of the

accumulation potential. This may be due to the non-

electrochemical nature of the adsorptive process. The

dependence of the stripping peak current on the

accumulation time was tested at two concentration

levels: 1.0�/10�5 and 5.0�/10�5 M using linear sweep

voltammetry. The resultant curves are shown in Fig. 3.
For 1.0�/10�5 M pantoprazole solution, the peak

current increased linearly with the accumulation time

in the whole range of the accumulation times tested,

while for 5.0�/10�5 M solution, a rectilinear relation up

to accumulation time of 10 min was obtained. Above

this time, saturation of the electrode surface was
observed. Hence, the choice of the accumulation time

depends on the range of the analyte concentration being

determined. An accumulation time of 5 min was chosen

as a compromise between sensitivity and speed.

3.4. Analytical characteristics

3.4.1. Calibration curve

The influence of pantoprazole concentration on peak

current in Britton�/Robinson buffer at pH 4.0 using

differential pulse voltammetry (pulse height: 25 mV and

scan rate: 10 mV/s) following 5 min at open circuit

condition is shown in Fig. 4. A linear range was

observed for concentration between 1.0�/10�7 and

1.0�/10�5 M; then the plot leveled off at higher
concentration, as expected for a process that is limited

by adsorption of analyte. The regression equation was ip
(nA)�/182�/200c (mM) with r�/0.998. The detection

limit, calculated following the expression a�/3Syx [21],

where a�/intercept and Syx �/error standard deviation,

was 2.0�/10�8 M.

Fig. 2. Repetitive cyclic voltammograms of 5.0�/10�5 M panto-

prazole in Britton�/Robinson buffer (0.04 M, pH 4.0). Scan rate:

100 mV/s.

Fig. 3. Stripping peak current-accumulation time plots for (a) 1.0�/

10�5 M and (b) 5.0�/10�5 M pantoprazole in BR buffer (0.04 M, pH

4.0). Scan rate: 100 mV/s.

Fig. 4. Differential-pulse voltammograms for different pantoprazole

concentrations in BR buffer (0.04 M, pH 4.0), (1) 5.0�/10�7 M (2)

1.0�/10�6 M (3) 1.5�/10�6 M (4) 2.0�/10�5 M and (5) 2.5�/10�6

M. (b) The blank response.
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3.4.2. Accuracy and precision

In order to determine the accuracy and precision of

the method, solutions containing five different concen-

trations of pantoprazole were prepared and analysed in

quintuplicate. The measured standard deviations (s),
relative standard deviation (sr), the confidence limit

(CL) and the percentage relative error (Table 1) can be

considered satisfactory, at levels of concentrations

examined.

3.4.3. Interference

The voltammograms obtained with the synthetic

samples of pantoprazole are in fact the same as those

obtained with pure pantoprazole. The presence of tablet
excipients causes no interference with the pantoprazole.

3.4.4. Application to pharmaceuticals

The differential-pulse voltammetric technique (DPV)

has been applied to determine pantoprazole in two

tablet dosage forms containing 40 mg of drug per tablet,

Pantoloc (MUP, Egypt) and Controloc (Byk Gulden,

Konstanz, Germany). The results of the proposed

technique have been evaluated statistically as compared

to results of spectrophotometeric method (Table 2). The
spectrophotometric method is based on the absorption

of pantoprazole in methanol at 290 nm [5]. There was no

significant difference between the mean values and

precision of the two methods at 95% confidence level.

4. Conclusion

It can be concluded that pantoprazole is irreversibly

oxidized in a pH-dependent reaction on the carbon

paste electrode with adsorption characteristics. The
adsorptive differential-pulse voltammetric method des-

cribed here, is sensitive, rapid, reliable and simple to

perform, and thus suitable for analysis of pharmaceu-

tical preparations. Preparation of the samples is easy

and no extraction procedure is required.
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