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Abstract
Adsorptive Stripping Voltammetric method for Nimesulide (NIM) determination was developed. As a working electrode, 
glassy carbon electrode (GCE) modified with carbon black and Nafion (CB-Nafion GCE) was used. All measurements were 
carried out in 0.1 M acetate buffer (pH 4.6). Conducted experiments allowed to optimize differential pulse voltammetry 
(DPV) instrumental parameters: sampling and waiting time  ts =  tw = 10 ms, step potential  Es = 4 mV, and pulse amplitude 
ΔE = 50 mV. The best results were obtained for preconcentration potential and time equal to 400 mV and 20 s, respectively. 
Limit of detection was calculated and was equal to 0.14 µM for 20-s preconcentration time and 0.06 µM for 40-s precon-
centration time. In order to prove the applicability of the developed method, concentration of nimesulide in pharmaceuti-
cal products was determined. Calculated recoveries were in the range 94–99%, which indicates that the method might be 
assumed as accurate. Coefficient of variation was equal to 5.0% (n = 7, NIM concentration 1 µM) Obtained results of NIM 
determination were in good agreement with the content declared by producers.
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Introduction

Non-steroidal anti-inflammatory drugs (NSAIDs) are a 
group of substances which are inhibitors of cyclooxygenase 
(COX). NSAIDs are chemically unrelated and might be 
divided into a few groups: salicylates, phenylacetic acids, 
indoles, oxicams, pyrazoles, propionic acid derivatives, and 
sulfonanilides. Despite differences in a structure, all NSAIDs 
exhibit similar therapeutic effects such as anti-inflammatory, 
analgesic (dental pain, menstrual pain, migraine), and anti-
pyretic. One of the non-steroidal anti-inflammatory drugs 
commonly prescribed for painful conditions is nimesulide. 
It belongs to the group of sulfonanilides [1–3]. In the litera-
ture, a few methods for nimesulide determination might be 
found. The most common are high-performance liquid chro-
matography (HPLC) [4, 5], liquid chromatography with UV 
detection (LC-UV) [6], liquid chromatography coupled with 
mass spectrometry (LC–MS) [7, 8], and spectrophotometry 

[9–11]. Those methods are often complicated, require 
expensive equipment, and generate toxic chemical wastes. 
Therefore, a good alternative is voltammetry, which belongs 
to the electrochemical group of methods. In the literature, 
examples of nimesulide determination using voltammetry 
might be found [12–15]. Mentioned method is relatively 
inexpensive, generates little waste, and the process of sam-
ple preparation is easy and fast. In addition, voltammetry 
might be characterized by low detection limits, good accu-
racy, and low interferences. The most important part of each 
voltammetric system is the working electrode (WE). In the 
literature, a description of different construction solutions 
used for organic [16] and inorganic [17] substances deter-
mination might be found. The first type of electrodes are 
mercury-based electrodes [18, 19]. It is the oldest group 
that has evolved over the years and was very popular for 
a long time. Nowadays, due to mercury toxicity, are less 
used. The next type of working electrode are film electrodes 
which might be, for example, based on bismuth, mercury, 
and antimony [20, 21]. Glassy carbon electrode (GCE) and 
carbon paste electrodes (CPE) are the next group of WE. 
Their main advantage is the possibility of their modification 
with a wide group of materials. It allows to significantly 
improve their sensitivity and lower a limit of detection. In 
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recent years, different groups of material have been used as 
modifiers of GCE and CPE; among them were, for example, 
carbon nanomaterials (carbon black [22], carbon nanotubes 
[23], graphene [24]), metals (Au [25], Ni [26]), metal oxides 
 (CeO2 [27],  Fe2O3 [28]), or conductive polymers (PEDOT 
[29], polyaniline [30]). Hybrid materials consisted of 2 or 
more different substances have become also popular. Such 
approach allows to combine properties of all used materials 
(e.g., high surface area, good electrical conductivity, elec-
trocatalytic properties) which might lead to improvement of 
analytical performance of the sensor.

The aim of this work was to develop highly sensitive vol-
tammetric method for nimesulide determination. As a work-
ing electrode, GCE modified with carbon black and Nafion 
was used. GCE might be characterized by good chemical 
and mechanical properties; therefore, it is a useful tool in 
chemical analysis. Carbon black and Nafion were used to 
improve sensitivity of GCE. The developed procedure was 
optimized, and interference study was carried out. The use-
fulness of the voltammetric method was tested by analysis of 
commercially available pharmaceutical products containing 
nimesulide.

Experimental

Apparatus

All voltammetric measurements were carried out using 
multipurpose electrochemical analyzer M161 and electrode 
stand M164 (mtm – anko, Poland). Typical three-electrode 
system was used: a working electrode (glassy carbon elec-
trode modified with carbon black and Nafion CB-Nafion-
GC), reference electrode (Ag/AgCl/3 M KCl), and auxiliary 
electrode (platinum wire). The next part of the measuring 
system was a quartz cell (total volume 20 mL), where solu-
tion was stirred using a magnetic bar (~ 500 rpm).

Chemical and Glassware

All chemicals used in voltammetric measurements were 
of analytical grade. Acetate buffer solution (pH 4.6) was 
made from glacial acetic acid (Suprapur, Merck) and anhy-
drous sodium acetate (Sigma-Aldrich) mixed in an appro-
priate proportion. Nimesulide stock solution was prepared 
by dissolving of nimesulide reference material (Sigma-
Aldrich) in 96% ethanol (POCH, Poland). The remaining 
chemicals were purchased as follow: carbon black—3D 
nano, Poland; Nafion 5 wt. % solution in a mixture of 
lower aliphatic alcohols and water—Sigma-Aldrich; and 
aluminum oxide 0.3 µm—Buehler Micropolish II. Dur-
ing voltammetric measurements and for preparation of all 
chemicals, double-distilled water was used. Borosilicate 

glassware used in the experiments was cleaned with 5% 
 HNO3 solution and rinsed with double-distilled water 
prior to use.

Sample Preparation

Samples used for nimesulide determination were in a form 
of powder (Nimesil) and tablets (Aulin). In the case of 
Aulin 3 tablets were weighed, crushed in mortar to obtain 
powder, and homogenized. The next steps of the preparation 
were the same in the case of both samples. The appropri-
ate amount of powder was at first dissolved in ethanol and 
filtrated. Obtained filtrate was transferred into a volumetric 
flask (volume 25 mL) and filled up to the mark with ethanol.

Working Electrode Preparation

Working electrode was used in developed voltammetric pro-
cedure based on glassy carbon electrode (GCE). To obtain 
a highly sensitive sensor, GCE was modified with carbon 
nanomaterial—carbon black and fluoropolymer—Nafion. In 
the first step the surface modifier was prepared following the 
procedure (optimized proportions):

a. 5 mg of carbon black was transferred into the volumetric 
flask (volume 5 mL)

b. Addition of 100 µL of 5% Nafion
c. Filling up to the mark with ethanol (96%)
d. Mixture sonication—30 min

In the next step, the surface of GCE was prepared in order 
to remove contamination and to activate the surface and then 
the modifier was applied:

a. Polishing GCE surface using aluminum oxide (0.3 µm) 
suspension and polishing cloth

b. Rinsing of GCE in a stream of double-distilled water (to 
remove the remaining aluminum oxide suspension)

c. Sonication in methanol—5 min (the second step of sur-
face cleaning)

d. Drying of the electrode
e. Sonication of the modifier (directly before use)—5 min
f. Application of 10 µL of the modifier on the surface of 

GCE using a drop casting method
g. Drying (room temperature)—approximately 15 min

Prepared CB-Nafion Modified Electrode is Ready to Use.

Measurement Procedure

Voltammetric nimesulide determination was conducted 
using DPV technique. During the DPV measurements, the 
instrumental parameters were as follows: sampling and 
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waiting time:  ts =  tw = 10 ms, pulse time:  tp = 20 ms, step 
potential:  Es = 4 mV, and pulse amplitude: ΔE = 50 mV. The 
registration potential range was 400–1350 mV. Supporting 
electrolyte was consisted of 0.1 M acetate buffer (pH 4.6) 
and total volume 10 mL. Each DPV measurement was con-
ducted as follows:

a. Electrode’s surface cleaning:  Ec = 1360 mV,  tc = 5 s
b. Preconcentration step:  Eacc = 400 mV,  tacc = 20 s
c. Rest period: t = 3 s
d. Polarization and registration of the voltammograms: 

potential range 400–1350 mV.

Results

Behavior of Nimesulide on CB‑Nafion GCE

Voltammetric behavior of nimesulide on the surface of 
bare GCE, GCE modified with carbon black, GCE modi-
fied with carbon black and Nafion, and GCE modified with 
graphene and platinum are presented in Fig. 1. Measure-
ment carried out on the surface of bare GCE clearly shows 
that there is practically no signal from nimesulide. Only 
modified electrodes were allowed to obtain signal from the 
analyte. Peak current and potential measured on the surface 
of each modified electrode were as follow: GCE modified 
with carbon black and Nafion 1032 mV and 3.95 µA, GCE 
modified with carbon black: 1038 mV and 0.83 µA, and 

GCE modified with graphene and platinum 1060 mV and 
0.31 µA. As it can be seen the highest nimesulide peak 
current and the lowest potential (best catalytic properties) 
were registered using GCE modified with carbon black 
and Nafion; therefore, this electrode was used in further 
measurements.

To investigate the mechanism of the electrode reac-
tion, the linear sweep voltammetric (LSV) measurement 
was carried out. Voltammograms were registered in the 
potential range from 600 to 1300 mV for different scan 
rates from the range 12.5 mV  s−1–250 mV  s−1 (Fig. 2A). 
NIM concentration during the LSV measurement was 
equal to 0.5 mM. In the next step the dependence of 
nimesulide peak current on the square root of the scan 
rate was plotted (Fig. 2B). The linearity was obtained 
(Eq. 1) that suggests the diffusion character of the elec-
trode process.

In the next step the number of electrons taking part in 
the electrode reaction was calculated. For this purpose a 
criterion described by Eq. 2 was used. Value of Ep (peak 
potential) and Ep/2 (potential where the current is at half 
peak value) were taken from LSV measurement (for scan 
rate 100 mV  s−1: Ep = 1108 mV and Ep/2 = 1063 mV). Value 
of transfer coefficient α was assumed to be 0.5. Calculations 
revealed that number of electrons taking part in the nime-
sulide oxidation was equal to 2.

In order to obtain more data concerning electrode’s reac-
tion, the dependence between nimesulide peak potential and 
pH of the supporting electrolyte was determined. In the 
experiment, signal from 10 µM of nimesulide was meas-
ured in electrolytes characterized by different pH from the 
range 4.0–6.5, which was presented in Fig. 3. It might be 
observed that the higher the pH value is, the lower the peak 
potential is, which describes Eq. 3. The slope of the Eq. 3 
is equal to 55.5 mV  pH−1, which is close to theoretical 
value ~ 59 mV  pH−1 (Eq. 4). That indicates that 1 proton 
per 1 electron take part in the electrode reaction. Based on 
the obtained results a probable mechanism of NIM reac-
tion on the surface of CB-Nafion GCE was proposed and 
presented in Fig. 4.

(1)Ip = 15.5(Vs−1)
1∕2

− 0.3�A

(2)�n =
47.7

Ep − Ep∕2

(3)Ep = −55.5pH + 1338.6mV

(4)E = E0 +
RT

nF
lnQr = 2.303

RT

nF
logQr = 0.059logQr
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Fig. 1  Comparison of DPV voltammograms registered on bare GC 
(1), GC modified with graphene and platinum (2), GC modified with 
carbon black (3), and GC modified with carbon black and Nafion (4). 
All measurements were carried out in 0.1 M acetate buffer (pH 4.6); 
preconcentration potential and time were equal to 400 mV and 20 s, 
respectively; and NIM concentration was 10 µM
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Supporting Electrolyte

The choice of the supporting electrolyte in voltammetric 
method is an important part of the research. It determines 
potential range in which measurement might be done but 
also has an influence on peak potential, shape, and current. 
In the experiment, 5 different electrolytes were tested: 0.1 M 

monopotassium phosphate, 0.01 M potassium chloride, 
0.1 M potassium nitrate, 0.1 M acetate buffer (pH 4.6), and 
0.1 M borate buffer (pH 9.1). Experiment was conducted 
for 10 µM of nimesulide; the preconcentration potential and 
time were equal 400 mV and 20 s, respectively. Results 
of the experiment were gathered in Table 1. Well-shaped 
peak from nimesulide appeared in almost all tested electro-
lytes (despite borate buffer). The highest peak current was 
obtained in 0.1 M acetate buffer (pH 4.6); therefore, further 
measurements were conducted in this environment.

Instrumental Parameters

To improve the sensitivity of a DPV measurement and 
to obtain well-shaped and high peak from the measured 
analyte, instrumental parameter optimization is necessary. 

Fig. 2  A LSV measurements 
of nimesulide in the poten-
tial range 600–1300 mV for 
the scan rate in the range 
12.5 mV  s−1–250 mV  s−1. 
Measurement was carried out in 
0.25 M acetate buffer (pH 4.6), 
and NIM concentration was 
0.5 mM. B The dependence of 
nimesulide peak current on the 
square root of the scan rate
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Fig. 3  The dependence of nimesulide peak potential on pH in the 
range from 4.0 to 6.5 measured in acetate buffer. Nimesulide con-
centration was 10 µM, and preconcentration potential and time were 
equal to 400 mV and 20 s, respectively

Fig. 4  Mechanism of nimesulide reaction on CB-Nafion GCE surface 
[15, 31]
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During the experiment, the following parameters were 
optimized: sampling time  tp, waiting time  tw, step poten-
tial  Es, and pulse amplitude ΔE. When certain parameter 
was tested, values of others were fixed. NIM concentra-
tion during all described experiments was equal to 10 µM. 
The influence of waiting and sampling time was tested in 
the range of values: 10–80 ms. In case of both parameters 
analogous dependence was obtained; the lower the value 
of the time is, the higher the register NIM signal is. There-
fore, for both  tp and  tw, the lowest tested value (10 ms) was 
chosen as optimal. Measurements for step potential were 
carried out for values in the range 1–7 mV. The higher the 
 Es is, the higher the peak current is. Nevertheless, when the 
value of parameter was changed, a shift in peak potential 
was observed. Considering the mentioned fact and the shape 
of the registered signals it was assumed that  Es equal to 
4 mV is optimal—for this value the peak was well-shaped 
and the current was relatively high. The influence of pulse 
amplitude was tested for values in the range 5–75 mV 
(positive and negative mode). The obtained dependence 
has shown that the higher the absolute value of ΔE is, the 
higher the register signal is. The highest peak current was 
obtained for 75 mV; nevertheless, for this value background 
was relatively high. Therefore, a pulse amplitude equal to 
50 mV was chosen as optimal. The best conditions for nime-
sulide DPV measurements were as follows:  tp =  tw = 10 ms, 
 Es = 4 mV, and ΔE = 50 mV.

Preconcentration Potential and Time

Preconcentration Potential

Preconcentration potential is a parameter optimized in 
stripping techniques where the preconcentration step is 
used. In the experiment NIM signal was registered for dif-
ferent preconcentration potentials in the range 0–850 mV. 
Measurements were carried out in 0.1 M acetate buffer 
(pH 4.6) for 10 µM of NIM. The results of the experi-
ment were presented in Fig. 5. As it might be observed, the 
preconcentration potential had practically no influence on 
NIM peak current value. In the tested range of potentials, 
peak current was approximately equal to 3.80 ± 0.05 µA. 

In further measurements preconcentration potential equal 
to 400 mV was used.

Preconcentration Time

Preconcentration time not only has influence on sensitivity 
of the measurement but also determines the usability of 
the method. Shorter times are more practical and allow to 
perform quick measurements. Therefore, the experiment 
in which the influence of preconcentration time is in the 
of range 0–120 s on NIM signal was carried out. Measure-
ments were performed in 0.1 M acetate buffer (pH 4.6) for 
10 µM of nimesulide, the preconcentration potential was 
equal to 400 mV. The obtained dependence was presented 
in Fig. 6. As it can be seen the lowest peak current was 
registered when the preconcentration step was not intro-
duced (time equal to 0 s). For 5 s and more, NIM signal 
was clearly higher. After exceeding 20 s the curve began 
to flatten; therefore, this value was chosen as optimal (the 
peak current was relatively high (3.90 µA) and the time was 
quite short which allows to perform a quick measurement).

Table 1  Comparison of 
NIM peak potentials and 
currents registered in different 
supporting electrolytes

Electrolyte Concentration (mol  L−1) Peak potential ± s (mV) Peak cur-
rent ± s 
(µA)

Acetate buffer, pH 4.6 0.1 1032 ± 1 3.7 ± 0.1
Monopotassium phosphate 1064 ± 1 3.1 ± 0.2
Potassium chloride 1064.1 ± 0.4 2.9 ± 0.1
Potassium nitrate 1068 ± 1 3.1 ± 0.1
Borate buffer, pH 9.1 - -
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Fig. 5  Dependence of nimesulide peak current on preconcentration 
potential in the range 0–850  mV. Nimesulide concentration 10  µM, 
preconcentration time 20  s, supporting electrolyte consisted from 
0.1 M acetate buffer (pH 4.6)
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Interferences

Interference study helps to determine which potential 
components of sample’s matrix might have an influence 
on register signal. Therefore, in the experiment, influence 
of different substances on NIM signal (10 µM) was tested. 
All measurements were conducted in 0.1 M acetate buffer 

(pH 4.6), and preconcentration potential and time were 
equal to 400 mV and 20 s, respectively. Among the tested 
substances were Pb(II), Cd(II), Cu(II), Mo(II), Mn(II), 
Zn(II) (10 µM added), Ca(II), Mg(II) (1 mM added), citric 
acid, ascorbic acid, glucose (100 µM added), and ibupro-
fen (20 µM added). The presence of 10 µM of Pb(II) and 
Mn(II) caused a decrease of the signal by 10% and 25%, 
respectively. Higher concentration of Ca(II) also had the 
influence of NIM signal—1 mM of Ca(II) caused a 20% 
decrease of the peak current. The last interfering sub-
stance was glucose which in the concentration of 100 µM 
caused 10% decrease of the signal. It is worth to men-
tion that quantities of substances which were interfering 
were relatively high during the experiment so their pres-
ence in real samples should not be problematic during 
measurements.

Analytical Performance

”To investigate the analytical performance of the devel-
oped method for nimesulide determination, calibration 
was conducted (Fig. 7). Measurements were carried out in 
0.1 M acetate buffer (pH 4.6), preconcentration potential 
was 400 mV, and the preconcentration time was equal to 
20 s and then 40 s. First calibration for shorter preconcen-
tration time was conducted for NIM concentration in the 
range 0.25–1.75 µM. Parameters of regression line were as 
follows: slope 0.35 ± 0.01 µA µM−1, intercept 0.11 ± 0.01 
µA, and r = 0.997 (Fig. 6A). Limit of detection (LOD) 
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Fig. 6  Dependence of nimesulide peak current on preconcentration 
time in the range 0–120 s. Nimesulide concentration 10 µM, precon-
centration potential 400  mV, supporting electrolyte consisted from 
0.1 M acetate buffer (pH 4.6)

Fig. 7  A Calibration curves for 
20-s and 40-s preconcentration 
time. B Exemplary voltammo-
grams obtained during calibra-
tion (20-s preconcentration 
time) in 0.1 M acetate buffer 
(pH 4.6), preconcentration 
potential 400 mV
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calculated for this calibration was equal to 0.14 ± 0.06 µM. 
The second calibration conducted for a longer preconcen-
tration time (40 s) might be characterized by the following 
regression line parameters: slope 0.669 ± 0.013 µA µM−1, 
intercept 0.103 ± 0.007 µA, and r = 0.999 (Fig. 7A). Cal-
culated LOD was equal to 0.06 ± 0.03 µM. In Table 2, 
comparison of nimesulide LOD obtained using different 
analytical methods was presented. To verify the usefulness 
of developed voltammetric method for nimesulide deter-
mination, analyte concentration in commercially available 
pharmaceutical products was determined. Measurements 
were conducted in accordance with procedure described 
in the “Measurement Procedure” section; samples were 
prepared as it was described in the “Sample Preparation” 
section. Obtained results (Table 3) were in good agree-
ment with the nimesulide content declared by producers. 
Based on obtained results, the recoveries were calculated 
and were in the range 94–99%, which indicates that the 
developed DPV method is accurate.

Conclusions

Adsorptive Stripping Voltammetric method for nimesulide 
determination was developed. As a working electrode, 
glassy carbon electrode modified with carbon black and 
Nafion was used. During the research, instrumental param-
eters were optimized as well as preconcentration potential 
and time. The best results were obtained in 0.1 M acetate 
buffer (pH 4.6). Interferences studies revealed an impact 
of high concentration of Pb(II), Mn(II), Ca(II), and glu-
cose on NIM signal. Despite the fact that their presence in 
sample reduces the NIM signal, the measurement still can 
be proceed correctly. Conducted calibrations allowed to 
calculate a limit of detection which was equal to 0.06 µM 
(40-s preconcentration time). The applicability of the 
method was proved by analysis of pharmaceutical prod-
ucts. Obtained results were in good agreement with dec-
larations of producers. Recoveries calculated based on the 
conducted measurements were in the range 94–99%, which 
means that developed method for nimesulide determina-
tion might be assumed as accurate. Considering the pre-
sented arguments, it might be concluded that Adsorptive 
Stripping Voltammetric method for nimesulide determina-
tion might be a useful tool in routine laboratory practice.
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