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Abstract
The electrochemical oxidation of pantoprazole, a selective proton pump inhibitor, was studied in aqueous as well 
as aqueous/surfactant media at a disposable pencil graphite electrode using cyclic and adsorptive stripping voltam-
metric techniques. The sensitivity of the stripping voltammetric measurements was significantly improved when the 
cationic surfactant, cetyltrimethylammonium bromide (CTAB) was present in the neutral electrolyte solution. For 
analytical purposes, well resolved voltammetric peaks at +1.05 V (versus Ag/AgCl) were obtained in Britton-Rob-
inson buffer at pH 7.0 containing 3 × 10–4 M CTAB using square-wave stripping mode (after 30 s accumulation at 
open-circuit condition). The process could be used to determine pantoprazole concentrations in the range of 2.4 × 
10–8–7.1 × 10–7 M (9.2–272 μg L–1) with a detection limit of 7.0 × 10–9 M (2.7 μg L–1). The proposed method was 
applied to the determination of pantoprazole in pharmaceutical formulation and in the spiked human urine samples 
with acceptable recoveries.
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1. Introduction
Pantoprazole (PAN) (Fig. 1) is a substituted benzim-

idazole derivative which belongs to proton pump inhibi-
tors (PPI). PAN inhibits the acid secretion in the stomach 
via the specific effect on proton pumps of parietal cells. It 
was developed for the treatment of acid-related gastroin-
testinal disorders. PAN is a weak base that is converted to 
its active form by gastric acid before affecting on the pro-
ton pump. The stability of the compound in aqueous solu-
tion is pH-dependent. Its degradation rate increases with 
decreasing pH. At ambient temperature, the degradation 
half-life is approximately 220 h at pH 7.8 while it is ap-
proximately 2.8 h at pH 5.0. PAN is extensively metabo-
lized in the liver. The main serum metabolite is formed by 
demethylation at the 4-position of the pyridine ring, fol-
lowed by conjugation with sulphate.1–4 

Several techniques have been developed to estimate 
PAN in its bulk form, pharmaceutical and biological ma-
trices, including liquid chromatography with different de-
tectors,5–12 UV-spectrophotometry,13–15 and capillary 
electrophoresis.16,17

Electrochemical assays such as voltammetric meth-
ods have been widely used for drug analysis due to their 
sensitivity, simplicity, cheapness and rapidity. In some 
studies, hanging mercury drop electrode was applied to 
the determination of PAN based on its electrochemical re-
duction.18–20 The literature survey states that various bare 
solid electrodes such as carbon paste electrode,21 glassy 

Figure 1. Structure of pantoprazole
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carbon electrode,22,23 edge-plane pyrolytic graphite elec-
trode,24 and pencil graphite electrode25,26 have been ex-
ploited for determination of PAN using its oxidative be-
haviors. On the other hand, some other papers published 
recently involve the use of modified electrodes for its vol-
tammetric quantification.27–29 The analytical performance 
of the reported electrodes will be discussed later in detail.

In recent years, pencil graphite electrodes (PGEs) 
have been successfully applied to the electroanalysis of 
various types of inorganic and organic compounds from 
very different matrices. In this manner, commercially 
available graphite pencil leads have been used as electrode 
materials which present high electrochemical reactivity, 
good mechanical stability, disposability, low cost, low tech-
nology, and ease of modification.30–32 The pencil leads are 
produced by dispersion of natural graphite (major compo-
nent) into a mixture of clay and polymeric wax followed by 
heat treatment. Their hardness is commercially modified 
by varying the graphite and clay ratios. The selection of the 
correct pencil hardness is also important in the analysis 
carried out by using PGE.33 

On the other hand, the adsorption features of surfac-
tants can modify and control the properties of electrode 
surface, and consequently enhance the sensitivity and se-
lectivity of electrochemical response. Additionally, the 
medium containing surfactant can prevent electrode from 
fouling.34,35

Keeping the above knowledge in mind, the goal of 
the current work is to throw more light upon the oxidation 
behavior of PAN on a PGE. The analytical performance of 
proposed method will also be demonstrated in the pres-
ence of cationic surfactant (cetyltrimethylammonium bro-
mide, CTAB), and applied on quantification of PAN in 
pharmaceutical and urine samples. Although, in a very 
recent paper, the voltammetric determination of PAN has 
been studied on PGE in weakly acid/anionic surfactant 
solution,26 this approach reports the electrochemical in-
vestigation of PAN on the same electrode in the case of 
neutral solution containing cationic surfactant to enhance 
the stability of the compound.

2. Experimental
2. 1. Chemicals and Apparatus

PAN (as sodium sesquihydrate salt) standard was 
purchased from Sigma. Tablet dosage form containing the 
active compound was procured from local pharmacy. 
Standard stock solutions of PAN (2.4 × 10–3 M) were pre-
pared daily in methanol/water (1:1, v/v) mixture, and kept 
refrigerated when not in use. All other chemicals used in 
this study were of reagent grade, and their solutions were 
prepared in distilled water except uric acid (prepared in 
0.1 M sodium hydroxide). Britton-Robinson (BR) buffer 
solutions (equal volumes of acetic acid, phosphoric acid 
and boric acid (each 0.04 M) were mixed, and adjusted to 

the desired pH between 3.0–10.0 with 3 M NaOH) were 
used for preparing more diluted solutions of PAN. The 
surfactants tested were anionic type, sodium dodecylsul-
fate (SDS), and cationic type, cetyltrimethylammonium 
bromide (CTAB). They were prepared by dissolving the 
necessary quantity of reagent in water. Ultra pure water, 
purified by a Milli-Q system from Millipore, was used to 
prepare the solutions. All experiments were carried out at 
the room temperature of the laboratory.

All the voltammetric measurements of cyclic voltam-
metry (CV) and square-wave adsorptive stripping voltam-
metry (SW-AdSV) were operated using an Autolab electro-
chemical analyzer (Metrohm, The Netherlands) controlled 
with the NOVA 2.1.3 version. A three-electrode-system in 
a 10-mL one-compartment voltammetric cell was em-
ployed consisting of a PGE as working electrode, an Ag/
AgCl (3 M NaCl, MF 2012, BASi) as reference electrode, 
and a Pt wire (MW 1032, BASi) as auxiliary electrode. 

For the preparation of PGE,36 a mechanical pencil 
Model T 0.5 (Rotring, Germany) used as a holder, and 
pencil leads (Tombo, Japan) with a total length of 60 mm 
and a diameter of 0.5 mm were purchased from a local 
bookstore. The electrical contact of the lead was carried 
out by wrapping a metal wire around the metallic part of 
the pencil. A total of 7 mm of lead was immersed in solu-
tion per measurement. The surface of PGE was pretreated 
by applying a potential of +1.40 V for 30 s in supporting 
electrolyte without stirring in order to increase effective 
surface area of the electrode and typical characteristic of 
electron transfer. Each measurement was performed using 
a new pencil surface.

2. 2. Sample Preparation
Protonex® enteric-coated tablets containing 45.10 mg 

of PAN sodium sesquihydrate (equivalent to 40 mg PAN), 
were used in analytical application for this study. Ten tab-
lets were weighed and the average mass per tablet was cal-
culated. The tablets were thoroughly crushed in a porcelain 
mortar. An adequate amount of the resulting powder was 
transferred into a 25-mL calibrated dark flask, filled to the 
mark with a mixed solution of methanol and water (1:1, 
v/v), and sonicated for about 30 min to achieve the com-
plete dissolution. An aliquot of the supernatant liquid was 
transferred to the voltammetric cell containing 10 mL of 
BR buffer, pH 7.0 in the presence of 3 × 10–4 M CTAB.

Drug-free human urine samples were collected from 
healthy donor (male, age 25 years) before the day of the 
experiment. 4.90 mL of acetonitrile and 0.1 mL of PAN 
stock solution (2.4 × 10–3 M) were mixed and completed to 
10 mL with the urine sample. The tube was vortexed for 
about 3 min and then centrifuged at 4500 rpm for 5 min. 
Appropriate volume of the final mixture was transferred 
into the voltammetric cell containing 10 mL of same sup-
porting electrolyte mentioned above. All experiments 
were examined in triplicate, and quantification of PAN 
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was used by the standard addition method to decrease ma-
trix effects from the urine components.

3. Results and Discussion
At first, CV technique was used at different scan rates 

to test commercially available pencil leads as tools for the 
working electrodes. Fig. 2 shows the CV responses of PGE 
in 0.5 M KCl in the presence of 10 mM K3Fe(CN)6 as a 
redox probe. The electroactive surface area of PGE was 
evaluated by using Randles-Sevcik formula (1).37 

ip = (2.69 × 105) n3/2 A D0
1/2v1/2C0		   (1)

where ip refers to the anodic peak current, n is the number 
of electrons transferred, A is the dynamic surface area of 
electrode, D0 is the diffusion coefficient, v is the scan rate, 
and C0 is the concentration of K3Fe(CN)6. From the slope 
of the plot of ip vs. v1/2 (Fig. 2), the dynamic surface area of 
electrode was calculated to be 0.078 cm2 for PGE.

From the figure, it is seen that the current intensity of oxida-
tion peak showed a decrease during the successive scans, 
which may be due to the adsorption of PAN and/or its oxi-
dation products that occurs on the electrode surface.

To examine the influence of scan rate between 25 
and 600 mV s–1 on anodic oxidation peak current and po-
tential of PAN, CVs of 2.4 × 10–5 M PAN were recorded in 
BR buffer at pH 7.0 (Fig.4). By increasing the scan rate, 
there was a slight shift of the oxidation peak potentials to-
wards more positive values, confirming that this behavior 
is characteristic for irreversible processes.38 As seen in Fig. 
4, the response of secondary oxidation step IIa was in-
creased at scan rate of 400 mV s–1. 

Since the primary oxidation step Ia was sharper and 
easily measurable, the parameters of this step were deter-
mined for further studies. 

There was a linear relationship between the oxida-
tion peak current (ip) and scan rate (ν), which reveals that 
the electrode process is surface-controlled. The equation is 
noted below: 

ip (μA) =0.015 v (mV s−1) + 0.75 (n = 6; r = 0.998) 	  (2)

In order to better understand the PAN oxidation 
onto PGE, plots were constructed between the logarithm 
of peak current (log ip) and logarithm of scan rate (log ν). 
In this case, it was also obtained a linear relationship ac-
cording to the following equation:

log ip (µA)= 0.710 log v (mV s–1) ‒ 1.017 
(n = 6; r =0.995) 				     (3)

As can be seen from the equation, the value of the 
slope is between the theoretical value of 0.5 for diffusion- 
and 1.0 for adsorption-controlled process.37 These facts 
indicate that PAN oxidation process is controlled by ad-
sorption at PGE.

Figure 2. Electroactive surface area of PGE evaluated using cyclic 
voltammetry. Scan rate; 10–300 mV s–1.

In order to investigate the electrochemical response of 
PAN at PGE, the experiments were initially executed by 
means of CV at a scan rate of 100 mV s–1 in BR buffer at pH 
7.0 (most suitable medium for analytical purposes, as 
shown later). As can be seen in Fig. 3, the three consecutive 
CVs were recorded for 2.4 × 10–5 M PAN within the poten-
tial window from +0.5 V to +1.4 V. A cyclic voltammogram 
without PAN was also plotted in the graphs for comparison. 
PAN was oxidized in the medium yielding one main oxida-
tion peak (presented as I) at +1.04 V. The presence of barely 
detectable secondary process (presented as II) was also ob-
served at about +1.2 V (observed more clearly on the origi-
nal curves). Although such a kind of behavior was described 
for the oxidation of PAN at pH > 6 on carbon paste elec-
trode,21 however, the second oxidation step has not been 
reported in earlier studies performed by using the bare and 
modified PGEs. The absence of any peak in the cathodic 
direction indicates that the oxidation process is irreversible. 

Figure 3. The repetitive cyclic voltammograms of 2.4 × 10–5 M 
pantoprazole in BR buffer, pH 7.0 at scan rate of 100 mV s–1. Elec-
trode, PGE. Dashed lines represent background current.
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In the light of above outcomes, AdSV studies were 
performed with an accumulation step to investigate the 
PAN oxidation process at different pHs. In Fig. 5, this pa-
rameter was established in the range from pH 3.0–10.0 of 
BR buffer by carrying out stripping measurement on 2.4 × 
10–6 M PAN, with an open-circuit accumulation at 30 s. It 
should be noted that at pH values lower than 3.0, well-de-
fined peak shapes were not observed which could be due 
to the instability of PAN and its decomposition to other 
degradation products. The plot of the Ep versus pH (Fig. 5, 
inset) showed a straight line between pH 3.0 and 7.0, 
which can be expressed by the following equation: 

Ep (V) = –0.062pH + 1.50 (n = 5; r = 0.993) 	  (4)

The slope of this equation was found to be –62 mV/
pH units, which is close to the theoretical value of –59 
mV. This finding shows that the numbers of electrons 
and protons participating in the electrode reaction are 
equal. As can be seen from the figure, the pH did not 
indicate a significant change in the peak potential be-
tween pH 7.0 and 8.0. After that, the peak potential 
shifted slightly to less positive potential value with in-
creasing pH up to 9.0, and then did not change again 
remarkably. The intersection point of the curves (~pH 
7.0 and 8.0) is close to the pKa3 (will be given later), and 
it can be explained by changes in protonation of the ac-
id-base functional groups in the benzimidazole moiety. 
On the other hand, the clear change in the peak intensity 
was also observed at about pH 7.0. From the above re-
sults, and considering the report dealing with the elec-
trochemical oxidation of a structurally related com-
pound omeprazole at glassy carbon electrode,39 we may 
assume that the primary oxidation step Ia represents 
one-electron and one-proton process of PAN to the for-
mation of hydroxylated species.

Since the highest response (11.33 µA) was obtained 
at pH 7.0 with the peak potential of +1.06 V, this condition 

was selected for further experiments and development of 
the methodology. 

Taking into account the noticeable adsorptive fea-
tures of PAN at the surface of PGE, the attention was then 
turned to the effect of pre-concentration/stripping condi-
tions to enhance the sensitivity of analytical methodology. 
The influence of the accumulation time (tacc) upon the ox-
idation peak signal was examined in the range 0 – 240 s at 
open-circuit condition for 2.4 × 10–6 M PAN in BR buffer 
pH 7.0 (data not shown). The intensity of oxidation peak 
current increased gradually with tacc until 30 s beyond 
which the peak current remained nearly constant. This re-
sult shows that the electrode surface is saturated with PAN 
molecules. Next, the dependence of the stripping peak 
current on Eacc was evaluated at open-circuit conditions 
and over the potential range +0.1 to +0.6 V with tacc of 30 
s. The maximum peak current was achieved at the poten-
tial of the open-circuit condition. Therefore, tacc and Eacc of 
30 s and open-circuit condition were applied in succeed-
ing analytical investigations. 

In the following step, to optimize the experimental 
set-up for PAN determination, the dependence of strip-
ping responses on other parameters such as frequency (f = 
15–125 Hz), scan increment (ΔEs = 4–12 mV) and pulse 
amplitude (ΔEsw = 10–60 mV) were analyzed. Taking into 
account the repeatability, baseline stability, accuracy, and 
magnitude of the analytical signal at the PGE for PAN de-
termination, optimal values of f, 50 Hz; ΔEs, 8 mV; and 
ΔEsw, 50 mV were obtained. 

Finally, the effects of cationic (positively charged) 
surfactant, CTAB, and anionic (negatively charged) one, 
SDS were also evaluated on the ease of the oxidation of 
PAN. Keeping the PAN concentration constant at 2.4 × 
10–7 M, surfactants were added to BR buffer, pH 7.0 having 
different concentrations in the range from 1 × 10–5 M to 5 

Figure 4. The cyclic voltammograms of 2.4 × 10–5 M pantoprazole in 
BR buffer, pH 7.0 at different scan rates (1–6: 25, 50, 100, 200, 400, 
600 mV s–1). Electrode, PGE. Inset depicts the plot of log ip vs. log v. Figure 5. The stripping voltammograms of 2.4 × 10–6 M pantopra-

zole in BR buffer, pH 3–10. Electrode, PGE. AdSV conditions: accu-
mulation time 30 s at open-circuit condition. SWV parameters: 
frequency, 50 Hz; step potential, 8 mV; pulse amplitude, 30 mV. In-
set depicts the plot of Ep vs. pH.
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× 10–4 M. When the solution contained cationic-CTAB, 
PAN stripping peak current increased with CTAB concen-
tration up to 3 × 10–4 M, after this concentration value a 
decrease in oxidation peak current was remarked (data not 
shown). Whereas the electrolyte solution containing an-
ionic-SDS, the peak current was found to decrease with a 
shift slightly towards more positive values. Fig. 6 shows 
comparison of stripping voltammograms in the presence 
of CTAB and SDS having concentrations of 3.0 × 10−4 M 
and 4.0 × 10−4 M, respectively, at which maximum peak 
intensities were obtained. To sum up, the concentration of 
CTAB at 3 × 10–4 M was chosen for the rest of present an-
alytical investigation. In this case, PAN signals were almost 
2.5 times higher than those obtained in surfactant-free 
solution. 

ally, the electrostatic interaction between negatively 
charged PAN molecules (~25%) and oppositely charged 
head groups of the CTAB may also occur. Thus, these 
strong interactions result in a maximum increase in ana-
lytical signal. In the case of anionic-SDS, the electrostatic 
force works in the opposite direction, thus causes the de-
crease of peak intensity.

It is also important to underline that in a previous 
study published very recently,26 the voltammetric determi-
nation of PAN have been carried out using PGE in sup-
porting electrolyte solutions at pH 6.0 containing anionic 
surfactant, SDS. In that study, the nature of the interaction 
between PAN and SDS molecules was ascribed to the ef-
fect of electrostatic PAN-SDS. However, at pH 6.0 neutral 
form of PAN predominates in the supporting electrolyte. 
In this case, the hydrophobic interactions between PAN 
and SDS are more pronounced comparing to the electro-
static attractive interaction. The authors reported that in 
the presence of cationic and non-ionic surfactants, the in-
crease with different degrees in the peak currents was also 
observed as compared with the value obtained in their ab-
sence. These results provide further evidence that the hy-
drophobicity of PAN induce interaction with all kinds of 
surfactants that possess a long-chain hydrophobic group.

After optimization of chemical conditions and in-
strumental parameters, PGE combined with SW-AdSV 
could allow for analyzing PAN in BR buffer, pH 7.0 con-
taining 3 × 10–4 M CTAB. The stripping responses given in 
Fig. 7 displayed that the dependence of oxidation peak 
currents on the PAN concentration was linear, in the range 
of 2.4 × 10–8 – 7.1 × 10–7 M (9.2–272 μg L–1). The oxidation 
peak current at a potential of +1.05 V increased continual-
ly with its concentration (Fig. 7, inset) to yield a highly 
linear calibration plot; ip (µA) = 27.477 C (µM) + 0.223 (r 
= 0.999, n = 7), where ip is the stripping peak current, C the 

Figure 6. The stripping voltammograms of 2.4 × 10–7 M pantopra-
zole in BR buffer, pH 7.0 in the absence and presence of surfactants. 
Electrode, PGE. AdSV conditions: accumulation time 30 s at 
open-circuit condition. SWV parameters: frequency, 50  Hz; step 
potential, 8 mV; pulse amplitude, 50 mV. 

The estimated pKa values of PAN have been reported 
to be pKa1 ≈ 0.11 (for the protonation of the benzimidazole 
N3), pKa2 ≈ 3.9 (for the protonation of the N-pyridine), 
pKa3 ≈ 8.2 (for the deprotonation of the benzimidaz-
ole-NH).40,41 Thus the compound can exist in four differ-
ent ionic forms in aqueous electrolytes such as dicationic, 
cationic, neutral, and anionic species. The previously pub-
lished papers reported that dicationic form of structurally 
related PPIs is very unstable.42 In studied condition (at pH 
7.0), PAN molecule exists as a mixture of uncharged 
(~75%) and partly negatively charged (~25%) forms. Con-
sidering the critical micelle concentration of CTAB, 
CMCCTAB = 8.7 × 10–4 M,43 at relatively higher concentra-
tion of surfactant (in our case 3 × 10–4 M) added to the 
solution, the surface micelles are formed on the electrode 
surface. Therefore, it is expected that adsorption on the 
electrode surface is mainly maintained by hydrophobic in-
teraction between neutral PAN molecules (~75%) and 
long hydrophobic tails of CTAB which dominates the co-
adsorption of PAN with CTAB on PGE surface. Addition-

Figure 7. The stripping voltammograms for pantoprazole levels of 
(1) 0.024, (2) 0.06, (3) 0.12, (4) 0.19, (5) 0.24, (6) 0.48 and (7) 0.71 
µM in BR buffer, pH 7.0 in the presence of 3 × 10–4 M CTAB. 
Dashed lines represent background current. Inset depicts a corre-
sponding calibration plot for the quantitation of pantoprazole. Oth-
er operating conditions as indicated in Fig. 6.
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PAN concentration, r the correlation coefficient, and n the 
number of experiments. 

From this plot obtained by the analytical curves, the 
limit of detection (LOD) and quantification (LOQ) were 
calculated using the formulae 3.3 s/m and 10 s/m, respec-
tively, where s is the standard deviation of the response of 
the lowest concentration of the linearity range (three repli-
cate measurements), and m the slope of the related calibra-
tion equation. By using these formulae, the LOD and LOQ 
were found to be 7.0 × 10–9 M (2.7 μg L–1) and 2.1 × 10–8 M 
(8.1 μg L–1), respectively.

Table 1 compares the analytical performance of the 
PGE with some electrodes (mercury, carbon-based mod-
ified and unmodified ones) in previously published pa-
pers.

From these data, it can be seen that some elec-
trodes19,20–23,27,28 reported in literature declare lower sen-
sitivity than the PGE (used in this study). However, PGE 
showed a less sensitive voltammetric response than some 
mercury18 and carbon-based24,25,29 electrodes. Despite 
the higher sensitivity of HMDE, because of its toxicity 
mercury electrodes are not environmentally friendly. On 
the other hand, modified carbonaceous electrodes have a 
long-time preparation, poor reproducibility, and high 
costs. Slightly lower LOD value was found for the PGE in 
acidic/anionic-SDS media (previous study)26 than in the 
presence of cationic-CTAB (this work). However, the 
measurement in neutral solutions reduces the risk of de-
composition of PAN.

The precision of the developed method was calcu-
lated by intra-day repeatability (six experiments within 
the same day) and inter-day repeatability (three assays for 
five days from different solutions) by successive measure-
ments of 6.0 × 10–8 M PAN. The relative standard devia-
tion (RSD) values were 2.56% (peak current) and 1.09% 
(peak potential) for intra-day repeatability, and 3.57% 
(peak current) and 1.65% (peak potential) for inter-day 
repeatability.

Table 1. Comparison of the analytical performance of PGE for the determination of pantoprazole with literature electrodes. 

Electrode	 Supporting 	 Technique	 LOD	 Sample 	 Ref.
	 electrolyte	  	 (M)	

HMDE	 BR, pH 7.0	 SW-AdCSV	 5.0 × 10–10	 Pharmaceuticals	 18
HMDE	 BR, pH 5.0	 SWV	 1.3 × 10–7	 Pharmaceuticals, human plasma	 19
SbF/GCE	 BR, pH 5.0	 SWV	 9.1 × 10–7	 Pharmaceuticals	 20
CPE	 BR, pH 4.0	 DP-AdSV	 2.0 × 10–8	 Pharmaceuticals	 21
GCE	 BR, pH 5.0	 DPV	 4.0 × 10–7	 Pharmaceuticals, human plasma	 22
GCE	 BR, pH 8.0	 DPV	 3.7 × 10–7	 Pharmaceuticals, human urine	 23
		  SWV	 1.8 × 10–7	 Anodized EPPG	
	 BR, pH 5.0	 DPV	 4.1 × 10–9	 Pharmaceuticals, human urine	 24
PGE 	 BR, pH 7.0	 Complexation 	 4.0 × 10–11	 Rabbit plasma	 25
		  based SW-AdSV	
PGE	 BR, pH 6.0 + SDS	 SW-AdSV	 2.0 × 10–9	 Rabbit plasma	 26
EBT/PGE	 BR, pH 7.0	 SW-AdSV	 1.2 × 10–8	 Human serum	 27
BCG/PGE	 BR, pH 7.0	 SW-AdSV	 2.2 × 10–8	 Pharmaceuticals, rabbit plasma	 28
SWCNTs/CPE	 PBS, pH 7.0	 SWV	 4.9 × 10–10	 Pharmaceuticals, human serum 	 29
				    and urine	
PGE	 BR, pH 7.0 + CTAB	 SW-AdSV	 7.0 × 10–9	 Pharmaceuticals, human urine	 This work

Electrode: HMDE, hanging mercury drop electrode; CPE, Carbon paste electrode; GCE, glassy carbon electrode; EPPG, Edge-plane pyrolytic 
graphite; PGE, pencil-graphite electrode; SbF/GCE, antimony film glassy carbon electrode; EBT/PGE, poly(eriochrome black T) modified pencil 
graphite electrode; BCG/PGE, poly(bromocresol green) modified pencil-graphite electrode; SWCNTs/CPE, single-walled carbon nanotube modi-
fied carbon paste electrode Supporting electrolyte: BR, Britton-Robinson buffer; PBS, phosphate buffer solution; SDS, sodium dodecylsulfate; 
CTAB, cetyltrimethylammonium bromide Technique: SW-AdCSV, square-wave adsorptive cathodic stripping voltammetry; SWV, square-wave 
voltammetry; DP-AdSV, differential pulse adsorptive stripping voltammetry; DPV, differential pulse voltammetry; SW-AdSW, Square-wave adsorp-
tive stripping voltammetry

Figure 8. The stripping voltammograms of 1.2 × 10–7 M pantopra-
zole (a) in the presence of 6.0 × 10–7 M uric acid (b) and 5.3 × 10–7 
M dopamine (c). Red line represents the mixture solutions of uric 
acid at the same concentrations. Supporting electrolyte, BR buffer, 
pH 7.0 in the presence of 3 × 10–4 M CTAB. Other operating condi-
tions as indicated in Fig. 6.
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Taking into account that PAN is fairly unstable at low 
pHs, working solutions prepared in acidic medium were 
run and analyzed during a maximum period of 1 h.

The possible interferences of some compounds com-
monly found in pharmaceutical samples were evaluated 
via the electrochemical oxidation of 1.2 × 10–7 M PAN in 
BR buffer solution, pH 7.0. A 10-fold excess of inorganic 
ions such as K+, Na+, Ca2+, Cl–, and I–, and sugars such as 
glucose and fructose did not significantly influence the 
current response of PAN (data not shown). 

The interferences of commonly identified biomole-
cules in urine, such as uric acid (6.0 × 10–7 M) and dopa-
mine (5.3 × 10–7 M) were tested for 1.2 × 10–7 M PAN, and 
the corresponding stripping curves are depicted in Fig. 8. 
The oxidation peaks of dopamine and uric acid appeared at 
about +0.23 and +0.63 V, respectively, thus insignificantly 
affecting the oxidation signal of PAN at +1.05 V. Taking the 
results together, the developed method for PAN determi-
nation could also be applied to analyze urine samples.

In the light of above findings, proposed methodolo-
gy was applied to analyze the content of PAN in commer-
cially available tablet form by using calibration method. 
Samples were prepared as described in the experimental 
section, without extraction, evaporation or filtration, and 
adequately diluted. For this formulation, the assay results 
were in good agreement with the declared content (Table 
2). In order to detect the interaction between the excipi-
ents and PAN, recovery studies were carried out adding 
standard PAN solutions to the sample solution in voltam-
metric cell and followed by analysis using the proposed 
method. Recovery of PAN was calculated by comparing 
the concentration obtained from the spiked mixtures with 
those of the pure compound. As seen in Table 2, the results 
indicate the absence of matrix interference effect in tablet 
dosage forms. 

The satisfactory analytical sensitivity of the proposed 
method was also tested in urine sample that is a more 
complex matrix in comparison with pharmaceutical for-
mulations. To eliminate the effect of interfering substances 
such as proteins, the urine samples were first treated with 
acetonitrile, and centrifuged. The determination of PAN in 
the spiked urine sample was performed by means of the 
standard addition method (data not shown). An oxidation 
peak appeared at about +1.07 V which could be due to the 
oxidation of PAN since its peak current increased after 
each standard addition of this compound. In the absence 
of PAN, there were no detectable oxidation peaks in the 
working potential range where the analytical peak was ob-
served. On the other hand, an unknown oxidation peak at 
about +0.65 V was observed in blank urine samples due to 
the oxidation of uric acid. As can be seen in Table 3, the 
acquired result is consistent with the added amount of 
PAN, and satisfactory recovery and RSD are the evidence 
of the accuracy of the method. 

4. Conclusion
In the present study, a new electrochemical method-

ology using modification-free PGE in aqueous and aque-
ous/surfactant solutions was established, which was rapid, 
simple, precise, accurate, and having lover risk of decom-
position errors. The proposed method was applicable di-
rectly to the routine quality control of pharmaceutical for-
mulation after dissolution of the samples, eliminating any 
use of organic reagents or expensive apparatus. The pre-
sented study was also intended to show the possibility of 
monitoring PAN in human urine samples.
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Povzetek
Preučevali smo elektrokemijsko oksidacijo pantoprazola, selektivnega zaviralca protonske črpalke, v vodnem mediju in 
v mediju voda/surfaktant na elektrodi iz grafitnega svinčnika (PGE) za enkratno uporabo. Uporabili smo ciklično volta-
metrijo in adsorptivno inverzno (stripping) voltametrijo. Občutljivost inverznih voltametrijskih meritev se je znatno 
izboljšala, če je bil v nevtralni raztopini elektrolita prisoten kationski surfaktant cetiltrimetilamonijev bromid (CTAB). 
Za analizne namene smo uporabili dobro ločene voltametrijske vrhove pri +1,05 V (vs. Ag/AgCl), ki smo jih dobili v Brit-
ton-Robinsonovem pufru pri pH 7,0 in s koncentracijo 3 × 10–4 M CTAB ob uporabi inverzne voltametrije s pravokot-
nimi pulzi (po 30 s akumulacije v kratko sklenjenem tokokrogu). Proces lahko uporabimo za določitev koncentracije 
pantoprazola v območju 2,4 × 10–8 –7,1 × 10–7 M (9,2–272 μg L–1) z mejo zaznave 7,0 × 10–9 M (2,7 μg L–1). Predlagano 
metodo smo s sprejemljivimi izkoristki uporabili za določitev pantoprazola v farmacevtskem pripravku in v vzorcih 
človeškega urina z dodanim analitom. 
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