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A simple and rapid chemiluminescent method for the assay of piroxicam in pure and in pharmaceutical
formulations by flow analysis is proposed. The method is based on the reaction of this drug with N-
bromosuccinimide (NBS) in alkaline medium in the presence of fluorescein as sensitizer. The emission
intensity is greatly enhanced by the presence of cetyltrimethylammonium bromide (CTAB). The
optimum chemical conditions for the chemiluminescence emission were investigated. The calibration
graph was linear for the concentration range from 2.0 to 12.0 pg mL~". The detection limit, according to
Clayton et al.(C. A. Clayton, J. W. Hines and P. D. Elkins, Anal. Chem., 1987, 59, 2506), was 0.72 pg
mL~'. For analysis of 10 solutions of 8.0 ug mL~"' of this anti-inflammatory, if error propagation theory
is assumed, the relative error was less than 1.5%. The present chemiluminescence procedure was applied
to the determination of piroxicam in Spanish pharmaceutical formulations, with excellent recoveries, as
the determination is free from interference from common excipients.

Introduction

Piroxicam is a member of the oxicam group of nonsteroidal
anti-inflammatory drugs (NSAIDs). The chemical name for
piroxicam is 4-hydroxyl-2-methyl-N-2-pyridinyl-2H-1,2-benzo-
thiazine-3-carboxamide 1,1-dioxide. It exhibits a weakly acidic
4-hydroxy proton (pK, 5.1) and weakly basic pyridyl nitrogen
(pK, 1.8). Its molecular formula is C;5sH;3N304S and the struc-
tural formula is shown in Fig. 1.

This nonsteroidal anti-inflammatory drug is used to relieve the
symptoms of arthritis, primary dysmenorrhoea, pyrexia and as
an analgesic, especially where there is an inflammatory compo-
nent. It is also used in veterinary medicine to treat certain
neoplasias expressing cyclooxygenase (COX) receptors, such as
bladder, colon, and prostate cancers.

The piroxicam is a non-selective COX inhibitor possessing
both analgesic and antipyretic properties; the piroxicam use can
result in gastrointestinal toxicity, tinnitus, dizziness, headaches,
rashes, and pruritus. The most severe adverse reactions are peptic
ulceration and gastrointestinal bleeding.

Owing to the wide variety of analogous products developed in
recent years, the clinical, forensic, and antidoping analyst require

informative and unambiguous data about administered
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Fig. 1 Piroxicam structure.
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pharmaceuticals. Therefore, different analytical techniques, such
as high-performance liquid chromatography,'™ capillary elec-
trophoresis,>® spectrophotometry,”** spectrofluorimetry*®!” and
polarography,'®! have been used for its determination in phar-
maceuticals preparations. Most of the reported methods suffer
from disadvantages such as complicated procedure, long
response time, requirement of expensive instruments, or low
detection ability.

Flow-injection (FI) is by now a consolidated excellent tech-
nique for rapid, automated, quantitative analyses that combines
on-line chemical and physical sample treatment with a wide
range of flow-through detection systems in an enclosed, contin-
uous flow environment. The mentioned advantages of FI have
led to a continuously increasing interest in pharmaceutical
analysis and quality control.?*

The use of chemiluminescence (CL) methods in pharmaceu-
tical and biomedical analysis seems to have become quite
important during recent years. Simplicity of detection, low
detection limits, wide calibration ranges, and short analysis times
are some of the characteristics that make the method attractive.
When coupled with automated controlled-flow methodologies,
the method provides cheap, rapid, simple and reproducible
means of detection and, therefore, has been successfully applied
to many drugs detection.?*3*

Regarding the determination of piroxicam by CL, three
methods have been described in the bibliography.>=’7 The first
method was based® on the quenching effect of piroxicam on the
chemiluminescence intensity produced by acridine orange-
KMnO4-OH~ system. The second method was established by
post-chemiluminescence phenomenon, when piroxicam was
injected in the mixture after the finish of the CL reaction of
alkaline N-bromosuccinimide and luminol.** The last one is
based on the chemuiluminescence reaction of this analgesic with
an acidic potassium permanganate and Ru(bipy);** in the pres-
ence of quinine sulfate as a sensitizer.?’
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As an extensively used brominating and oxidizing reagent,
N-bromosuccinimide (NBS) has been successfully introduced
into CL reactions.®*****® In aqueous solutions, its oxidizing
properties were attributed to hypobromous acid generated by its
hydrolysis. NBS has similar oxidation properties to hypobromite,
but is more stable.*** Many analytical procedures have been
successfully developed for drugs analysis using NBS as a CL
oxidant.***” For a class of compounds called oxicams, NBS was
used as an oxidant in an acidic medium, followed by a reaction of
excess oxidant with chloranilic acid to bleach its purple color.*®
The system obeyed Beer’s law over a concentration range of
10-160 pg mL~" for piroxicam. Previously, a CL method was
proposed for the determination of meloxicam based on its reaction
with NBS in alkaline medium in the presence of fluorescein.*®

The aim of the present study is the development of a new
analytical methodology that studies the information provided by
time resolved chemiluminescence, not requiring sophisticated
instruments. The method was based on the recording of the
whole chemiluminescence intensity-versus-time profile, based on
stopped-flow chemistry, that ensures rapid, and efficient mixing
of chemiluminescent reagent and sample, immediately before
reaching the detector; this results in high precision and detect-
ability, particularly with fast, short-lived emissions.

The method proposed is based on the CL reaction between
piroxicam and NBS in alkaline medium using fluorescein as
energy transfer agent. Use of cetyltrimethylammonium bromide
(CTAB) as sensitizer enhances the signal magnitude about
100 times. It has been successfully applied to the determination of
piroxicam in different pharmaceutical formulations. The
developed method exhibits several advantages over that using
chemical derivatization*® and involving some complicated
procedures or sophisticated instrumentation, as reported in
previous papers. Moreover the method is simple, robust and
unlike fluorescence and phosphorescence*->° detection, no
excitation source is required (a single light detector such as
a photomultiplier tube suffices), nor is a monochromator or even
a filter usually needed, so the method is very suitable for routine
drug quality control.

Experimental
Reagents

Analytical reagent-grade chemicals and doubly distilled water
were used throughout.

Piroxicam was obtained from Aldrich (Steinheim, Germany).
A stock solution of piroxicam (5 mg of piroxicam dissolved in
100 ml of water) was prepared in basic medium and diluted in
water to prepare working solutions. The stock solution of pir-
oxicam was stored in refrigerator at 4 °C. Under these condi-
tions, it was stable for at least one month.

NBS, fluorescein and CTAB were obtained from Aldrich
(Steinheim, Germany). A stock solution of NBS was prepared
daily by dissolving 0.3559 g in 50 mL of water in an amber-
colored flask.

Fluorescein stock solution (2.0 10~* M) was prepared dis-
solving 0.188 g in 250 mL of water. CTAB stock solution (0.1 M)
was prepared by dissolving 3.645 g of CTAB in water, and
diluting to 100 mL with water.

Concentrated sulfuric acid and sodium hydroxide was
obtained from Panreac (Barcelona, Spain). Tween80 was
obtained from Acros (Belgium).

Apparatus

The flow system was installed in a conventional manifold
as shown in Fig. 2. The reaction reagents were pumped through
the four-line manifold by peristaltic pump (Gilson, Minipuls 3).
The pump rate was 0.32 mL s~' and the reagents went through
poly(tetrafluoroethylene) (PTFE) flow tubes (0.8 mm i.d) for
mixing in detector cell. At an appropriate time, the flow was
stopped abruptly (0.5 min after the beginning, in this time all the
reagents have arrived in the cell) and the measurement
commenced; chemiluminescence-time data pairs were acquired
using a Camspec Chemiluminescence Detector CL 2 IR
(photosensor module Hamamatsu spectral response from
300 to 600 nm; spiral-type flow cell, volume 120 pl; Sawston,
Cambridge).

The detector was connected to a computer by digital analog-
ical converser; data were acquired using Chromatography
Station for Windows CSW32 program (Data Apex Ltd, Prague,
The Czech republic) and processed by us.

Procedure

Calibration procedure. For preparation of the calibration
graph (three replicates per point) an aliquot of piroxicam stan-
dard solution was pipetted into a 10-mL calibrated flask at a final
concentration of 2.0-12.0 ug mL~! and diluted to final volume
with water. The whole chemiluminescence intensity-versus-time
profile was recorded. The CL emission intensities obtained as
a function of the piroxicam concentration was used for the
calibration.

Procedure for pharmaceutical preparations. For the analysis of
Doblexan® (Lab. Quimifar, Spain), Improntal® (Lab. FIDES
Ecopharma S.A., Spain), Feldene® Flas (Lab. Nefox Farma
S.A., Spain), Vitaxicam (Lab. Robert, S.A., Spain), Piroxicam
ratiopharm (Lab. Ratiopharm, Spain) and Piroxicam Pharma-
genus (Pharmagenus S.A., Spain), three tablets or capsules of
each formulation were dissolved in water (basic medium) in
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Fig.2 Schematic diagram of the continuous-flow manifold. R1, analyte;
R2, fluorescein solution + CTAB; R3, NaOH solution; R4, NBS solu-
tion; PMT, photomultiplier tube.
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a calibrated flask and then placed in an ultrasonic bath for
15 min. The undissolved material, if any, was filtered
before dilution for measurements. For analysis of Feldene®
(Lab. Nefox Farma S.A., Spain), and Vitaxicam (Lab. Robert,
S.A., Spain), three suppositories were dissolved in hot water
(basic medium). The solutions were left to cool down for
three hours. Then an adequate volume was taken and diluted
for measurement. For analysis of Feldene® (Lab. Nefox Farma
S.A., Spain), the content of each injection was diluted with
water appropriately so that the final analyte concentration was
within the working range. The general procedure was followed to
determine the CL intensity of each sample, with three replicates
per sample, and the value was interpolated for the calibration
graph.

Results and discussion

A series of experiments were conducted to establish the optimum
analytical conditions for the CL oxidation of piroxicam by NBS
in alkaline medium and in the presence of fluorescein and CTAB
surfactants.

Effect of sodium hydroxide concentration

The alkalinity of the solution is an important parameter in
determining the magnitude of the chemiluminescence response.
It was found that almost no CL emission was observed in acid or
neutral conditions.

The effect of NaOH concentration on the chemiluminescence
intensity was investigated from 5 10~* to 0.5 M. The results are
shown in Fig. 3. The CL intensity was found to strongly increase
with increasing the concentration of NaOH in the range of
0.0005 to 0.025 M. When the concentration exceeded the last
one, a decrease in intensity was observed. Because the maximum
chemiluminescence intensity was obtained at 0.025 M NaOH,
this value was chosen as optimum for the consequent experi-
ments.
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Fig. 3 Effect of NaOH concentration on the CL intensity. (Piroxicam:
20 ug mL~', NBS: 0.04 M, fluorescein: 0.002 M).

Effect of NBS concentration

NBS was found to be the most optimum oxidant for the
chemiluminescence reaction of piroxicam through studying
various oxidants commonly used in chemiluminescence reaction
system. The results show that the biggest chemilumines-
cence signal is obtained when NBS is used accompanied with
fluorescein, so this was chosen as optimum oxidant in the
experiment.

The CL intensity was found to increase with increasing the
concentration of NBS up to 0.002 M. Further increase in NBS
concentration resulted in a reduction of CL intensity as can be
seen in Fig. 4. The maximum responses were obtained at 0.002
M. Thus, this concentration was chosen as the most suitable for
further studies.

Effect of surfactants

Surfactants are commonly used to increase efficiency of CL and
the sensitivity of the measurement. Therefore, the effect of
some typical surfactants including cationic surfactant as
cetyltrimethylammonium bromide (CTAB) and dodecyl-
trimethylammonium bromide (DTAB), cationic surfactant as
sodium dodecyl sulfonate (SDS) and sodium dodecylbenzene
sulfonate (SDBS), non-ionic as TritonX-100 and tween-80, on
the CL emission from the reaction of NBS with piroxicam in the
presence of fluorescein in alkaline medium was investigated. The
results showed that CTAB could be selected as the most suitable
sensitizer for the CL system attributing to its strong effect on the
CL intensity. The effect of its concentration on the CL intensity
was investigated from 2.0 x 10~* to 0.1 M. When the CTAB
concentration was varied the CL profile changed resulting in
different kinds of signal. CTAB of 2.5 x 10> M was chosen
although it was not a higher intensity, the chemiluminescence
intensity-versus time profile was more resolved (Fig. 5).
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Fig. 4 Effect of NBS concentration on the CL emission. (Piroxicam:
20 pg mL™!, fluorescein: 0.002 M, NaOH: 0.025 M).
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Fig. 5 Effect of CTAB concentration on the CL emission. (Piroxicam:
20 pg mL~", NBS: 0.002 M, fluorescein: 0.002 M, NaOH: 0.025 M).

Effect of fluorescein

Most CL reactions have small quantum efficiencies and thus
show weak luminescence. In this case, a sensitizer, normally
a highly fluorescent compound, is added to the reaction system.
Energy is transferred from the excited species to the sensitizer,
emitting the characteristic radiation of the sensitizer. Since the
sensitizer has higher quantum efficiency, more photons are
emitted, facilitating measurement.

The influence of sensitizers like rhodamine 6G, rhodamine B,
quinine and fluorescein were studied. The results show that the
most obvious chemiluminescence signal is observed when
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Fig. 6 Intensity-time profile for different concentration of fluorescein.
(Piroxicam: 20 pg mL~!, NBS: 0.002 M, CTAB: 0.0025 M, NaOH: 0.025
M).

fluorescein is present. So this compound was selected for subse-
quent studies.

The effect of fluorescein concentration on the chem-
iluminescence intensity was examined from 2.0 x 10 ~*to 1072 M.
Fig. 6 shows the intensity-time profile for different concentration
of fluorescein.

The strongest chemiluminescence signal is obtained when the
concentration of fluorescein is 4.0 x 10 M in the chem-
iluminescence system. Thus, the fluorescein concentration of
4.0 x 107 M was chosen for the consequent experiment.

Effect of flow rate

The flow rate is an important parameter in CL detection because
the time taken to transfer the excited product into the flow cell is
critical for maximum collection of the emitted light.>* Too low or
too high flow rates result in a decrease or even absence of CL in
the flow cell. The optimum flow rate was found to be 0.32 mL s~

Intensity-time profile

The CL emission intensity versus time profile of the CL reaction
of NBS in basic medium and piroxicam in the presence of fluo-
rescein and CTAB shows an initial sharp rise in the signal; the
maximum emission intensity was attained within 0.52 s (Fig. 7)
and then decayed slowly.

Analytical performance

With the described manifold and under the optimum experi-
mental conditions (NBS 2 mM, NaOH 25 mM and fluorescein
4 mM in CTAB 2.5 mM), we propose a method to determine
piroxicam by measuring a CL curve development in the
concentration range of 2.0 to 12.0 pg mL~'. The calibration
graph was constructed, with three replicates per point, by
measuring the maximum intensity.

The least median of squares regression (LMS)3* was applied to
test for the presence of outliers. LMS is a robust regression
method, capable of accurately detecting outliers which introduce
errors in the true line when the experimental data are fitted by
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Fig. 7 Intensity-time profile (Piroxicam: 20 pg mL~', NBS: 0.002 M,
fluorescein: 0.004 M, CTAB: 0.0025 M, NaOH: 0.025 M).
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Table 1 Regression parameters y = a + bx, least median of squares and
least squares with three replicates per point (six points)

Parameter Least median of squares
Intercept on ordinate, a 1.50

Slope, b 8.95

Standard deviation of 2.5

regression, s,

Determination coefficient, R* 0.998

Parameter Least squares
Intercept on ordinate, a —0.29

S.D. of intercept on ordinate, s, 1.2

Slope, b 9.07

S.D. of slope, sp, 0.16

S.D. of regression, s, 2.3
Coefficient of determination, R? 0.995

least squares regression. No outliers were detected in our
method. The proposed method was then evaluated by statistical
analysis of the experimental data by fitting the overall least
squares line according to y = a + bx.5>* Table 1 gives the results
of the statistic analysis. From the random residual distribution
obtained it follows that the calibration curve was homoscedastic,
i.e. the variance was constant and independent of the concen-
tration throughout the dynamic range, so chemiluminescence
intensity was linearly related to the piroxicam concentration over
the concentration range studied.

If the error propagation is considered, the values of the
detection limit is consistent with the reliability of the blank
measurements and the signal measurements of the standards.>*¢
In this case, the detection limit was 0.20 pg mL~'. The detection
limit according to Clayton et al®” considers the probability of
positive false and negative false values, the detection limit being
0.72 pug mL! (« = 8 = 0.05; n-2 = 16).

The repeatability of the proposed method was determined by
analysing a series of ten standard samples containing 8.0 ug mL™!
of the piroxicam. Application of the theory of error propagation
(95% confidence level) to the calibration graph provided a rela-
tive standard error of 1.24%. The respective standard deviation
for the replicates was 2.76% pg mL™".

Validation of method

The determination of piroxicam was validated by least-squares
regression.>* The performance of the proposed method in the
determination of piroxicam was compared with that of a chro-
matographic method,*® by analysing 10 samples containing the
analgesic at levels within the application range. The concentra-
tions, provided by the currently accepted method and the
proposed method were subjected to least-squared pair analysis.
This procedure considers the effects of various types of error.
The presence of random of errors in the test method causes
points to scatter around the least-squares line and the calculated
slope and intercept to slightly depart from unity and zero,
respectively. The random error can be estimated from the stan-
dard deviation in the y-direction (also called the standard devi-
ation of the estimate of y on x). A proportional systematic error
leads to a change in b, so the difference between b and unity

0.60
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-0.30

0.94 0.97 1.00 1.03 1.06
Slope

Fig. 8 Comparison of the proposed method and the chromatographic
method. The ellipse bounds the 95% confidence region for the true slope
and intercept on y-axis, estimated from the overall least squares regres-
sion performed with the concentration calculated in reverse with both
methods. The point (b,a) is the centre of the ellipse corresponding to the
true intercept and estimated slope. The point (1,0) corresponds to a zero
intercept and unity slope.

provides an estimate of the proportional error. A constant
systematic error shows up in a non-zero value for the intercept. If
both methods provided identical concentrations, in the same
samples, then the least-squares analysis would give a zero inter-
cept and a unit slope. Fig. 8 shows the 95% confidence region for
the true slope and estimated intercept. As can be seen, the point
corresponding to the zero intercept and unity slope falls within
the joint confidence region, which means that the accuracy of the
proposed method and the currently accepted method is not
significantly different.

Applications

In order to assess the possible analytical applications of the CL
method described above, the effect of some common excipients
(glucose, lactose, magnesic estearate starch and microcrystalline
cellulose) used in pharmaceutical preparations were studied.
The procedure consists of preparing five different synthetic
solutions, each one containing piroxicam (5 pg mL™") and
different amounts of only one excipients (5, 50 and 100 pg mL™").
Later, the CL signal of these solutions were measured using

Table 2 Recoveries in the determination of piroxicam in commercial
formulations

Commercial Nominal Piroxicam
formulations content found (recovery + SD,%)
Doblexan® (capsule) 20 mg 104.1 £0.9 (3)
Feldene®Flas (tablet) 20 mg 103.2 + 1.2 (3)
Feldene® (suppository) 20 mg 97.8 + 1.5(3)
Improntal® (tablet) 20 mg 97.5+22@3)
Vitaxicam (capsule) 20 mg 957+ 1.8 (3)
Vitaxicam (suppository) 20 mg 958 £ 2.1 (3)
Piroxicam ratiopharm (capsule) 20 mg 91.8 £ 1.6 (3)
Piroxicam Pharmagenus (capsule) 20 mg 93.7 +£2.0 (3)
Feldene® (injection) 20 mg 97.8 + 1.8 (3)
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fixed conditions and no interference was observed from these
excipients.

The proposed method was satisfactorily applied to analysis of
piroxicam in the Spanish pharmaceutical products that contain
this anti-inflammatory agent in different formulations, as is
showed in Table 2. The assay results, expressed as a percentage of
the nominal contents, resulting from the average of three deter-
minations of three different samples, are summarized in Table 2.
The recoveries agree well enough with the nominal content and
the precision is quite satisfactory.

Conclusions

In the present work, an energy-transfer based CL system for the
determination of piroxicam was successfully developed. The
proposed method is based on chemiluminescence generated by
piroxicam mixed with NBS, fluorescein and CTAB in alkaline
medium. The method offers the advantages of simplicity,
rapidity, sensitivity, and accuracy for the determination of pir-
oxicam in pharmaceuticals preparations. It does not require
sophisticated reagents and equipment, and has a wide calibration
range and a relatively low detection limit. Moreover, it does not
require prior extraction or pre-treatment of the sample as other
reported methods such as spectrophotometry and chromatog-
raphy, for the determination of piroxicam in its different
commercial formulations.
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