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SUMMARY. A voltammetric method is described for the determination of nimesulide based on the reduc-
tion of the nitro group at glassy carbon electrode. The voltammetric behavior of the drug was investigated
in Britton-Robinson buffer (pH 2.0-12.0) applying cyclic voltammetry technique. One cathodic and one
anodic peaks were observed. The comparison of peak heights and potentials indicated that these peaks are
quasi-reversible. The determination of nimesulide in pure form was performed using adsorptive linear
sweep voltammetry. The cathodic peak current varied linearly in the range 4.0x10-7 - 5.0x10-5 M (0.116 -
14.65 ug mL-!). The limits of detection (LOD) and quantification (LOQ) were 3.2x10-% and 1.06x10-7 mol
L-1, respectively. The proposed method was applied to pharmaceutical formulations with percent recover-
ies in the range 98.00-101.60%, and a relative standard deviation of 0.61-1.46% . The validity of the
method was performed to the determination of nimesulide in human serum with acceptable results for bi-
ological samples. No sample pre-treatments or solvent extraction procedures were needed.

INTRODUCTION

Nimesulide, (4-nitro-2-phenoxymethanesulfo-
nanilide, Fig. 1), is a non-steroidal anti-inflam-
matory drugs (NSAIDs), which inhibits cy-
clooxygenase (COX), the key enzyme in the
biosynthesis of prostaglandins. This drug is not
a classical NSAID, and it has weak action
against prostaglandin synthesis (COX-2 in-
hibitor) but has a potent anti-inflammatory, an-
tipyretic, and analgesic activities in addition to
low toxicity, a moderate incidence of gastric
side effects, and a high therapeutic index 1. Be-
sides, it is better tolerated and causes fewer ad-
verse effects than other currently used non-
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Figure 1. Molecular structure of nimesulide.

steroidal anti-inflammatory drugs. Also, nime-
sulide seems to express less severe gastrointesti-
nal side effects 2.

Many chromatographic methods have been
employed for the determination of nimesulide
such as LC 34 HPLC 58, HPLC/MS 9, HPTLC 10
and reversed-phase HPLC 1. Other methods as
spectrophotometry 12, second derivative spec-
trometry 13, and capillary zone electrophoresis 14
were also applied for its determination.

There are only a few electroanalytical meth-
ods described in the literature for the detection
and quantification of nimesulide. A flow amper-
ometric method 15 has been described for its de-
termination in pharmaceuticals. Differential-
pulse voltammetry technique was performed for
determination of nimesulide at glassy carbon
electrode modified with cysteic acid/CNTs 16
based on electrochemical oxidation of l-cys-
teine. The same technique was applied for de-
termination of this drug by using a Plackett-Bur-
man matrix 17. The electrochemical reduction of
nimesulide has been studied at mercury elec-
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trode 1819 and on modified glassy carbon elec-
trode 20 for analytical purposes. An electrochem-
ical sensor 2! has been also developed for the
determination of nimesulide based on the Nime-
sulide- molybdophosphoric acid (MPA) as the
electroactive material in PVC matrix. No analyti-
cal methods were reported for the studying or
determination of nimesulide at the glassy carbon
electrode.

The aim of this study was to establish the ex-
perimental conditions, in order to investigate the
voltammetric behavior of nimesulide using
cyclic and linear sweep voltammetric tech-
niques. This work was also aimed to develop
new, fully validated, rapid, selective and simple
voltammetric methods for the direct determina-
tion of nimesulide in raw materials, pharmaceu-
tical dosage forms and spiked human serum
samples without any time-consuming extraction,
separation or evaporation steps prior to drug as-
say.

EXPERIMENTAL
Apparatus

Voltammetric and stripping measurements
were carried out using a potentiostat model 273
A (Advanced Analytics, USA) with a software
model HQ 2030. A cell containing three elec-
trodes: a glassy carbon electrode ((IJ Cambria
Scientific Ltd of a 3 mm diameter) as the work-
ing electrode, a platinum wire counter electrode
and an Ag/AgCl (3.5 mol/L KCD reference elec-
trode were employed. The pH values were mea-
sured using a pH-meter model HI 8014, Hanna
Instruments (Italy). All measurements were
made at room temperature.

Materials and reagent solutions

Nimesulide was kindly supplied by Alkan
Pharma. Nimesulide® (Alkan Pharma, 6th of
October City, Egypt) and Nimalox® (Sigma
Pharmaceutical Industries, Egypt) commercial
tablets were obtained and used as received. All
chemicals were of analytical-reagent grade or
better and de-ionized water was used through-
out. 0.1 mol L-! Britton-Robinson buffer (B-R
buffer) (acetic acid-boric acid—phosphoric acid)
for polarographic experiments was used, and
desired pH (2.0-12.0) was adjusted with 0.2 mol
L-1 solutions of NaOH. Standard stock solutions
(1x10-2 mol L-1) were prepared by dissolving an
appropriate amount of electroactive species in
water and ethanol. Stock solutions were protect-
ed from light through out the experimental pro-
cedures. Desired concentrations of solutions
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were prepared daily from the stock solutions by
dilution with de-ionized water and ethanol,
keeping the final concentration of water:ethanol
9:1 (v/v).

General Procedure

A 10-ml of the electrolyte solution was trans-
ferred into the voltammetric cell. After measure-
ment of the blank solution, the appropriate
amount of nimesulide standard solution was
added and the cyclic or cathodic potential
sweep was carried under different operational
parameters. The working solution contained a
final percentage of 10% (v/v) ethanol to ensure
complete solubility of the drug during analysis.
The solution was de-gassed by passing purified
nitrogen gas prior to the measuring step. Before
each run, the working electrode was immersed
in 95% ethanol for 2 min with continuous stir-
ring and then washed with de-ionized water.
Before each set of experiments, the electrode
was polished by alumina (0.5 pm in particle
mean diameter). Finally, the electrode was
rinsed with de-ionized water and dried with a
non-abrasive tissue paper.

Cyclic voltammetry was carried out from +
0.4 to -1.5 V with a scan rate v varying from 10
to 500 mV s-1. For linear sweep adsorptive
voltammetric measurements, the accumulation
potential was applied to the working electrode
while the solution was continuously stirred. Stir-
ring was discontinued and, after 5 s, a negative
potential scan was initiated and the resulting
voltammogram was recorded. Peak heights were
evaluated as the difference between each
voltammogram and the background electrolyte
voltammogram.

Procedure for tablets

Ten tablets were weighed and the average
mass per tablet was determined. The Sulide® or
Nimalox® tablets (containing 100 mg/tablet)
were finely powdered and a portion of this
powder equivalent to 0.7075 mg of nimesulide
(corresponding to 1x10-4 mol/L) was accurately
weighed. The sample was shaken with ethanol
for about 10 min and completed to a final vol-
ume of 25 mL with the same solvent. Appropri-
ate aliquot of the clear supernatant liquor was
then transferred into a voltammetric cell con-
taining 8 mL of B-R buffer (pH 5.3) to yield the
desired final concentration of nimesulide at a fi-
nal volume of 10 mL containing ethanol : water
(90:10). The stripping linear sweep voltammo-
grams were subsequently recorded at optimal



conditions. The content of the drug in tablet
was determined using the standard addition
method.

Procedure for serum

Drug-free human blood, obtained from
healthy volunteers was centrifuged at 5000 rpm
for 15 min at room temperature, and separated
serum samples were stored frozen till assay. 0.1
mL of serum sample was transferred into a 10-
mL volumetric flask and a suitable volume of
the drug solution was added and completed to
the volume with ethanol. After vortexing for 1
min, the mixture was then centrifuged for 10
min at 5000 rpm to eliminate serum protein
residues, and the supernatant was taken careful-
ly. Appropriate volumes of the supernatant were
transferred into a 10-mL volumetric flask, diluted
to the volume with buffer solution of pH 5.3
and ethanol. The solution was analyzed apply-
ing adsorptive linear sweep voltammetry
(AdLSV) by using standard addition method un-
der optimum conditions.

Metbod validation

The proposed method was validated by de-
termining the following parameters: linearity,
range, accuracy, precision, and selectivity.

Linearity and range

The calibration curve was constructed by
plotting the concentration of different standard
solutions of nimesulide versus corresponding
cathodic peak height. Ten different concentra-
tions of the drug solution were used and ana-
lyzed in triplicate. The linearity was evaluated
by linear regression analysis, which was calcu-
lated by the least square regression method.

Accuracy

The accuracy was evaluated by the assay of
three concentrations of the sample solution
(0.58, 4.64, and 9.28 pg mL-1) in triplicate. The
percent recovery and the relative error % were
determined.

Precision

The precision were checked in the same day
(n = 5). The results were expressed as relative
standard deviation (R.S.D.) of the measure-
ments.

Selectivity
The specificity was evaluated by analyzing
solutions containing the excipients employed
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for the preparation of nimesulide commercial
tablets. The proposed procedure was also ap-
plied to the determination of different concen-
trations of the drug spiked in human serum after
deproteinization to examine the effect of the
natural components of serum on the analyte sig-
nal.

Limits of detection (LOD) and limits of
quantification (LOQ)

The LOD and LOQ for the proposed method
were calculated 22 according to the equation:
LOD = 3S,/a and LOQ = 10S,/a, where S, repre-
sents standard deviation of the slope (a).

RESULTS AND DISCUSSION
Cyclic voltammetry bebavior

The reversibility of the reduction process of
nimesulide was investigated at GCE by the use
of cyclic voltammetry in B-R buffer of different
pH values. Typical voltammograms of nime-
sulide at different pH values without accumula-
tion are illustrated in Figure 2. A well defined
reduction peak was obtained at all pH values
used corresponding to the reduction of the nitro
group 23, while in the anodic direction a remark-
ably smaller anodic peak was observed. The
values of Eps- Ep, (about 640 mV) and Ip,/Ip.
(about (0.18) indicates that the reduction pro-
cess of nimesulide at GCE is quasi-reversible 24.
On increasing the pH of the test solution, the
cathodic peak potential shifted to more negative
potentials indicating the involvement of hydro-
gen ions in the reduction process. The results in
Figure 2. show that the anodic wave in the re-
verse sweep is nearly disappeared on increasing
the pH.

The reduction peak current Ip. is propor-
tional to the scan rate (Fig. 3), indicating that
the reduction of nimesulide at the GCE is ad-

-12 .08 -04 00 04
E, V (vs. AofAgCl)

Figure 2. Effect of pH on 1x10-4 mol L-! nimesulide at
scan rate 500 mVs-1, pH= a: 2.50, b: 4.45 and ¢: 7.25.
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Figure 3. Cyclic voltammograms of 1x10-4 mol L-!
nimesulide in B-R buffer solution of pH 4.6 at different
scan rates (a: 50, b: 100, ¢: 200, d: 300, e: 500 mV s-1).

sorption controlled. The reduction peak is at-
tributed to the four-electron reduction of nitro
group to the corresponding hydroxylamine ac-
cording to the currently accepted mechanism for
the electro-reduction of aromatic and hetero-
aromatic nitro compounds 2528,

Linear sweep voltammetry

Cyclic voltammetry experiments showed that
nimesulide shows a well defined reduction peak
which can be used for quantitative determina-
tion of this drug. The experimental design was
used as a tool for the optimization of the inten-
sity of that peak using adsorptive linear scan
voltammetry. Different media with different pH
values were examined as supporting electrolytes
for the reduction process applying linear sweep
voltammetry. These supporting electrolytes were
B-R buffer (2.0-12.0), acetate buffer (2.3-5.6),
HCIO4 (0.1 mol L-Y), NaClO4 (0.1 mol L-1), and
KCI (0.1 mol LY. A good reduction peak due to
the reduction of nitro group at about —0.7 V was
obtained at B-R buffer of pH 5.3, so it was used
as the optimum supporting for further measure-
ments.

The ability of nimesulide to be accumulated
on the glassy carbon electrode was examined.
The effect of accumulation time (f,..) on the
peak current of the drug was studied at two
concentration levels of nimesulide: 1.0x10-¢ and
5.0x10-> mol L-1. At f,..= 90 s, an equilibrium
surface concentration was occurred and the
peak height reached the maximum value (Fig.
4). Accordingly, a pre-concentration time of 90 s
was adopted for the adsorptive stripping analy-
sis of nimesulide.

The dependence of the stripping reduction
peak current on the accumulation potential
(Eaco) was studied from +100 to -400 mV for
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Figure 4. Effect of accumulation time on 5x10-5 mol
L-! nimesulide in B.R. buffer of pH 5.3 at E,.. = -400
mV and v = 500 mVs-1.
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Figure 5. Effect of accumulation potential on 5x10-5
mol L-! nimesulide in B.R. buffer of pH 5.3 at £, =
240 s, v = 500 mVs-1.

5x10-> mol L-1, (Fig. 5). From the results ob-
tained, the cathodic current was increased with
increasing the accumulation potential in the ca-
thodic direction. Therefore, an accumulation po-
tential of —400 mV was chosen for the rest of
the present measurements.

Validation of the analytical method

Under the optimum conditions, the calibra-
tion graph (Fig. 6) for the determination of
nimesulide is obtained in the concentration
range of 4.0x10--5.0x10-5 mol L-! (0.116 — 14.65
pg mL-1) of nimesulide with a correlation coeffi-
cient of 0.9997. The analytical parameters of the
adsorptive linear sweep voltammetry are collect-
ed in Table 1. The regression equation: —/, =
0.18 + 308.33 C was obtained (1 = 8), where C
is the concentration of nimesulide in m moles
and 7, is the peak currents of standard solutions
in pA.
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Figure 6. AALSV for nimesulide in B-R buffer under
optimum conditions. (a) blank, (b) 5.0x10-6, (¢)
7.5x10-6, (d) 1.0x10-5, (e) 1.25x10-6, (f) 1.5x10-5 mol
L-! nimesulide.
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Parameter AdLSV
Optimum pH 5.3
Optimum ¢, (s) 90
Optimum 7, (mV) -400
Optimum v (mVs-1) 500
Concentration range:

(mol L) 4.0x107 - 5.0x10-5
pg mL-1 0.116 — 14.65
LOD 3.2x10-8 mol L-!
LOQ 1.06x10~7 mol L1
Correlation coefficient (7) 0.9997
Slope (m mol L) 308.33
Intercept (pA) 0.18
%Error 0.69

Table 1. Analytical parameters for adsorptive Linear
sweep voltammetric determination of nimesulide.

a

Pharmaceutical Formulation (tablets) (:1111(6121) (1;‘:2;1; Y Rec(f;ov)el'y RS.D.P

Sulide® 8.0x10-7 7.92x10-7 99.90 1.46
1.0x10-6 0.99x10-¢ 99.00 0.94
1.2x10-6 1.22x10-6 101.60 1.05
1.5x10-6 1.48x10-6 98.66 1.32
5.0x10-6 5.00x10-6 100.00 0.89

Nimalox® 8.0x10-7 7.95x10-7 99.37 1.20
1.0x10-6 1.01x10-6 101.00 0.71
2.5x10-6 2.47x10-6 98.80 1.43
5.0x10-6 4.97x10-6 99.40 0.95
1.0x10-5 1.01x10-5 101.00 0.61

Table 2. Assay and recovery of nimesulide in dosage forms. * Average of five determinations. b Relative Stan-

dard Deviation.

Analytical applications

The proposed procedure was applied to the
analysis of nimesulide in commercial tablets.
The precision was estimated for different con-
centrations of the drug ranging from 8.0x10-7 to
1.0x10-5 mol L of the drug in contained in the
tablets using the standard addition method. Re-
covery studies were carried out after addition of
known amounts of the pure drug to various pre-
analyzed formulations of nimesulide. The ob-
tained mean percentage recoveries and the rela-
tive standard deviations (% R.S.D.) based on the
average of five replicate measurements were
found to be between 98.66 and 101.66 and be-
tween 0.61 and 1.46, respectively (Table 2). The
small value of relative standard deviation indi-
cates that the proposed method is highly accu-
rate, precise and reproducible.

In order to investigate the matrix effect of a

complex sample on the method of analysis, ex-
periments were performed to determine the fea-
sibility of using the proposed method to mea-
sure nimesulide in spiked serum samples. Re-
covery studies were conducted with samples
containing 1, 2, 3, 4 and 5 pg mL-! of nime-
sulide. The results of the recovery studies are
summarized in Table 3. Excellent recovery was
observed indicating that the constituents of the
serum samples do not interfere in any way with
the detection of this drug. Therefore, the pro-
posed voltammetric method could be used for
the determination of nimesulide in serum sam-
ples.

CONCLUSION

The optimized and validated method shows
good accuracy and precision, wide linearity
range and low concentration limits. The pro-
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Added Found Recovery
conc. conc. 2 %) R.S.D.b
(pg mL-1) (pg mL-1)

1.0 0.98 98.0 1.88
2.0 2.05 102.5 1.41
3.0 3.06 102.0 0.98
4.0 3.92 98.0 1.37
5.0 5.08 101.6 0.94

mean 100.22

S.D.b 2.69

Table 3. Application of the proposed AdLSV method
to determination of nimesulide in spiked human
serum samples. @ Average of five determinations. P
Relative Standard Deviation.

posed method is simple, fast and can be applied
for routine determination of nimesulide in phar-
maceutical formulations. The procedure did not
require any time-consuming extraction steps pri-
or to the assay of the drug. It seems also appro-
priate for application to the determination of the
drug in biological fluids.
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