
Analytica Chimica Acta 541 (2005) 187–192

Flow-injection chemiluminescence determination of meloxicam
by oxidation withN-bromosuccinimide

Haiyan Liua,b, Ling Zhanga, Yuhong Haoa, Qingjiang Wanga,
Pingang Hea,∗, Yuzhi Fanga,∗

a Department of Chemistry, East China Normal University, Shanghai 200062, China
b College of Chemical Engineering, Qingdao University, Qingdao 266071, China

Received 19 November 2004; received in revised form 1 February 2005
Available online 14 April 2005

Abstract

A rapid and sensitive flow-injection chemiluminescence method is described for the determination of meloxicam based on its reaction with
N-bromosuccinimide (NBS) in alkaline medium. Under the optimum conditions, the proposed method allows the measurement of meloxicam
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ver the range of 2.2× 10−7 to 2.8× 10−5 mol/l with a detection limit of 7.7× 10−8 mol/l. The relative standard deviation for 11 para
easurements of 2.8× 10−6 mol/l meloxicam is 2.14%. The method has been applied satisfactorily to the determination of melox
harmaceutical preparations. The results agree well with those obtained by spectrophotometry. The mechanism of the chemilu
eaction is briefly explained with spectroscopic evidence.

2005 Elsevier B.V. All rights reserved.
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. Introduction

Meloxicam, chemically named 4-hydroxy-2-methyl-N-
5-methyl-2-thiazolyl)-2H-1, 2-benzothiazine-3-carboxa-
ide-1,1-dioxide (Fig. 1), is a new nonsteroidal anti-

nflammatory drug (NSAID)[1–3]. In contrast with other
SAIDs currently available, meloxicam appears to have
reater inhibitory activity against the inducible isomer of
yclo-oxigenase, which is involved in the inflammatory
esponse, than against the constitutive isomer, inhibition of
hich is associated with adverse gastrointestinal and renal
vents[4].

Spectrophotometric and fluorimetric methods[5–9], po-
arography [10–12], voltammetry [13,14], capillary zone
lectrophoresis[15] and high performance liquid chromatog-
aphy[7,16–20]have been reported for the determination of
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meloxicam in pharmaceuticals and plasma. But these
methodologies often suffer from disadvantages of low se
tivity, poor reproducibility and complicated pretreatmen
expensive apparatus. Owing to high sensitivity, wide lin
range, good reproducibility as well as simpler and che
apparatus, flow-injection chemiluminescence has bee
tensively used to pharmaceuticals and plasma determina
[21–27]. To the best of our knowledge, however, there
lack of report concerning chemiluminescence determina
of meloxicam.

In this paper, a simple, rapid and sensitive fl
injection chemiluminescence method to determine me
cam is presented. We find that strong chemilumi
cence can be generated after meloxicam is mixed witN-
bromosuccinimide (NBS) in alkaline medium while flu
rescein is present. The intensity of chemiluminescen
proportional to the concentration of meloxicam in so
ranges. The proposed method has been successfully a
to the determination of meloxicam in pharmaceutical
parations.
003-2670/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
oi:10.1016/j.aca.2005.02.078



188 H. Liu et al. / Analytica Chimica Acta 541 (2005) 187–192

Fig. 1. Chemical structure of meloxiam.

2. Experimental

2.1. Reagents

Analytical reagent-grade chemicals and doubly distilled
water were used throughout. Meloxicam (provided by shang-
hai institute) stock solution (1 mg/ml) was prepared daily with
0.01 mol/l sodium hydroxide solution and stored in the refrig-
erator at 4◦C. Work solutions were prepared from the stock
solution by appropriate dilution with the same concentration
sodium hydroxide solution before use. NBS stock solution
(0.04 mol/l) was prepared daily by dissolving 0.712 g of NBS
(Shanghai Chemical Reagent Company, China) in water and
diluting to 100 ml in a brown measuring flask with water.
Fluorescein stock solution (2 mmol/l) was prepared daily by
dissolving 0.0665 g fluorescein (Shanghai Chemical Reagent
Company, China) in 0.01 mol/l sodium hydroxide solution
and diluting to 100 ml in a brown measuring flask with the
same concentration sodium hydroxide solution.

2.2. Apparatus

A schematic diagram of the flow-injection chemilumines-
cence analyzer is shown inFig. 2. A peristaltic pump was used
to deliver flow streams in this system. Polytetrafluoroethy-
l terial
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0.4 mmol/l NBS solution stream just before a spiral flow cell,
and then chemiluminescence was emitted in the flow cell. The
chemiluminescence signal in the flow cell was detected with
an R456 Photomultiplier tube (Hamamatsu) with no wave-
length discrimination and recorded with computer employing
an IFFL-D flow-injection chemiluminescence analysis sys-
tem software (Xi’an Ruike Electronic equipment Corporate,
Xi’an, China).

The static system for the detecting kinetics characteris-
tic of the chemiluminescence reaction was composed of a
colorless glass beaker (10 ml) and the IFFL-D ultra-weak lu-
minescence analyzer. The glass beaker was located directly
on the window of the R456 Photomultiplier tube of the lumi-
nescence analyzer. One hundred microliters of NBS solution
was injected into the beaker, containing sample solutions,
fluorescein solution and NaOH solution, then the chemilumi-
nescence signal was recorded. Data acquisition and treatment
were still performed with IFFL-D software.

2.3. Procedures

2.3.1. Flow-injection experiment
In order to obtain good stability, the instruments were run

for at least 10 min before the first measurement. Flow tubes
were inserted into the water, fluorescein solution, sodium hy-
d pec-
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ene tubing (0.8 mm i.d.) was used as connection ma
n the flow system. Sample or work solution of meloxic
nd fluorescein solutions (75�l) was injected into the carrie
tream (0.01 mol/l NaOH solutions) using a weight-way
ection valve equipped with a 75�l sample loop, merged wi

ig. 2. Schematic diagram of the flow-injection chemiluminescence
fold employed for the determination of meloxicam. (a) Fluorescein s
ion, (b) standard or sample solution, (c) sodium hydroxide solution a
ier stream and (d) NBS solution. p, Peristaltic pump; v, injection va
, chemiluminescence flow cell; PMT, photomultiplier tube; HV, nega
igh-voltage supply; PC, computer; W, waste solution.
roxide carrier stream solution and NBS solution, res
ively. The flow rate was set at 3.5 ml/min for all lines. T
umps were started to wash the whole system until a
le blank signal was recorded. The 75�l mixture of sam
le solution and fluorescein solution were injected into
arrier stream. This stream was merged with NBS s
ion and then reached the flow cell. The concentratio
ample was quantified by the relative chemiluminesc
ntensity.

.3.2. Luminescence spectra experiment
The luminescence spectra of the reaction system we

pected by the Hitachi 850 fluorescence spectrophoto
Japan). The excitation light source was turn off and the e
ion slit was set at 20 nm.

In the experiments, 0.50 ml of meloxicam solut
1.00× 10−5 g/ml meloxicam in 0.01 mol/l NaOH solutio
nd 0.50 ml of fluorescein solution (1 mmol/l fluorescei
.01 mol/l NaOH solution) were first added into a quartz
espectively; then 0.50 ml of 0.4 mmol/l NBS solution w
njected quickly into the same cell through a flow tube
he luminescence spectrum was recorded by successiv
ode at the same time.

.3.3. UV spectra experiment
The UV spectra of meloxicam in the absence and p

nce of NBS solution were performed respectively by
ary 50 Probe UV–vis spectrophotometer (Varian, US
s a contrast, the UV spectrum of NBS solution was
one.
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2.4. Sample preparation

At least 20 tablets of meloxicam (from local pharmaceu-
tical shop) were weighed, ground to fine powder and mixed
thoroughly. A portion of the powder was weighed accurately,
transferred into a 100 ml brown measuring flask and diluted
to volume with 0.01 mol/l sodium hydroxide solution. The
mixture was sonicated for at least 15 min to aid dissolution
and then filtered. An appropriate volume of the filtrate was
diluted further with the same concentration sodium hydrox-
ide solution so that the concentration of meloxicam in the
final solution was within the working range.

3. Results and discussion

3.1. Kinetic characteristics of chemiluminescence
reaction

In order to determine the lifetime of the chemilumines-
cence emission, the dynamical profile of the chemilumines-
cence reaction was tested with a static system. The chemilu-
minescence intensity–time profile shown inFig. 3, obtained
with five parallel experiments, indicates that the chemilu-
minescence reaction is very quick. The chemiluminescence
intensity reaches a maximum and then attenuates rapidly af-
t etter
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tages compared with other common oxidants[26–38]. Re-
lated mechanisms of NBS for the light-producing pathways
have been preliminarily studied too[26–34]. NBS is found the
most optimum oxidant for the chemiluminescence reaction
of meloxicam through studying various oxidants commonly
used in chemiluminescence reaction system, including fer-
ricyanide, permanganate, periodate, hydrogen peroxide. The
results show that the biggest chemiluminescence signal is ob-
tained when NBS is used accompanied with fluorescein. So
NBS was chosen as optimum oxidant in the experiment.

The effect of NBS concentration on the chemilu-
minescence intensity was examined from 1.0× 10−5 to
1.2× 10−3 mol/l. The result shows that when the concentra-
tion of NBS is 4.0× 10−4 mol/l, there is a strongest chemi-
luminescence intensity. Thus, 4.0× 10−4 mol/l was selected
as optimum concentration of NBS for the further research.

3.2.2. Effect of fluorescent compounds and the
mechanism of chemiluminescence reaction

In this work, rhodamine B, rhodamine 6G, fluores-
cein, dichlorofluorescein, riboflavin, 8-hydroxide quinoline
as fluorescent compounds were examined. The results show
that the most obvious chemiluminescence signal is ob-
served when fluorescein is present in the NBS/meloxicam
alkaline solution. The effect of fluorescein concentration
o from
4 s-
c scein
i us,
t n
f

es-
c NBS
a re-
s fluo-
r m of
m n in
F k at
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er less than 1 s. Therefore, flow-injection analysis is b
o improve the reproducibility, accuracy and sensitivity
igher flow rate will result in a greater chemiluminesce
ignal.

.2. Conditions optimization of the chemiluminescence
ystem

.2.1. Effect of NBS concentration
NBS has been extensively used as an oxidant in che

inescence reaction system recently, as it has many a

ig. 3. Kinetic curve of chemiluminescence. Conditions: 100�l of 4 mmol/l
BS was injected into a mixture solution of 1.5 ml of 1.0 mmol/l fluores
nd 1.5 ml of 10�g/ml meloxicam; high voltage:−600 V.
n the chemiluminescence intensity was investigated
.0× 10−4 to 1.4× 10−3 mol/l. The strongest chemilumine
ence signal is obtained when the concentration of fluore
s 1.0× 10−3 mol/l in the chemiluminescence system. Th
he fluorescein concentration of 1.0× 10−3 mol/l was chose
or the consequent research.

In order to explain the mechanism of the chemilumin
ence reaction system, the UV spectra of meloxicam,
nd mixture of meloxicam and NBS were determined
pectively, as well as the fluorescence spectrum of
escein was compared to chemiluminescence spectru
eloxicam–fluorescein–NBS reaction system. As show
ig. 4, meloxicam has a characteristic absorption pea

ig. 4. The UV spectra of meloxicam before and after chemiluminesc
eaction in 0.01 mol/l NaOH solution: (a) 1.00× 10−5 g/ml meloxicam, (b
.4 mmol/l NBS, (c) the mixture solution of 1.00× 10−5 g/ml meloxicam
nd 0.4 mmol/l NBS.
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Fig. 5. The comparison of chemiluminescence spectrum and fluorescence
spectrum: (a) fluorescence spectrum of fluorescein, Ex: 355 nm and (b)
chemiluminescence spectrum of meloxicam–fluorescein–NBS.

362 nm (Fig. 4a) and NBS has a characteristic absorption
peak at 212.5 nm (Fig. 4b) in alkaline solution. However,
after NBS is added into meloxicam solution, the characteris-
tic absorption peak of meloxicam at 362 nm is disappeared,
but the characteristic absorption peak of NBS at 212.5 nm
(Fig. 4c) is still present. The results indicate that meloxicam
is oxidized and transforms its oxidized form when NBS is
added into meloxicam solution.

The chemiluminescence spectrum for the alkaline
NBS–meloxicam–fluorescein system was similar to the flu-
orescence emission spectrum of fluorescein (Fig. 5). Over-
all, our spectroscopic evidence shows that the chemilumines-
cence emanates from fluorescein after energy transfer from
an excited intermediate that is produced by the oxidation
of meloxicam with NBS. A similar mechanism has previ-
ously been proposed for related chemiluminescence systems
[27–34].

3.2.3. Effect of NaOH concentration
Sodium hydroxide solution was used as the carrier stream,

because the chemiluminescence was observed only in alka-
line medium in this system. The effect of NaOH concentration
on the chemiluminescence intensity was investigated from
0.002 to 0.06 mol/l. Because the maximum chemilumines-
cence intensity was obtained at, 0.01 mol/l NaOH, 0.01 mol/l
N peri-
m

3
i-

l the
c OH

system is extremely rapid (Fig. 3). Therefore, a higher flow
rate of delivering the exited product is necessary for the maxi-
mum collection of the emitted light in the flow cell. The effect
of flow rate on the intensity of chemiluminescence was stud-
ied over the range of 2.0–4.0 ml/min in each stream. It is found
that the chemiluminescence intensity increases with increas-
ing flow rate. At last, 3.5 ml/min of flow rate was chosen as
the compromise between the peak height and reproducibility.
At this flow rate, a complete analysis could be performed in
25 s including washing and sampling, giving a throughout of
about 144 h−1.

3.2.5. Effect of sample volume
The effect of sample volume on the chemiluminescence

intensity was tested at 50, 75, 100, 150 and 200�l, respec-
tively. An increase of the signal magnitude was observed
while increasing the sample volume from 50 to 75�l. A dou-
ble peak was recorded when sample volume was above 75�l.
It is caused by different reaction velocity in the middle of the
sample zone and at its edges[39]. So 75�l was considered
to be optimal sample volume.

3.3. Performance of the proposed method
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aOH was chosen as optimum for the consequent ex
ents.

.2.4. Effect of flow rate
Flow rate is an important factor in flow-injection chem

uminescence system. According to the kinetic curve,
hemiluminescence emission of NBS–meloxicam–Na
As a result of the optimization procedure, the l
rithm of relative chemiluminescence intensity is lin
ith the logarithm of meloxicam concentration in

ange of 2.2× 10−7 to 2.8× 10−5 mol/l with a detec
ion limit of 7.7× 10−8 mol/l (3σ). The regression equ
ion is log(�I) = 0.752 + 0.454 log(107Cmeloxicam, mol/l)
r2 = 0.9993,n= 12) and the relative standard deviation
1 parallel measurement of 2.8× 10−6 mol/l meloxicam is
.14%.

.4. Interference study

In order to determine meloxicam in its pharmaceu
reparations, the interference by common ions and e

ents in commercial forms of meloxicam was investiga
sing 2.8× 10−6 mol/l meloxicam. The results of the tole
le concentration level for interference at 5% level are li

n Table 1.
The results showed that Mg2+, S2, HSO3

−, Cu2+, Mn2+,
o2+, NH4

+, urea, Ni2+, Cr3+ would interfere with the de
ermination of meloxicam at a certain concentration ra
ome interferences may be caused by the alkaline me
nd precipitation formation before chemiluminescence
ction, most of which can be eliminated by ion excha
esin. However, since the main excipients in meloxic
ablet are starch, sodium citrate, lactose, polyvinylpyr
one, etc., there is almost no interference on the det
ation of meloxicam in its pharmaceutical preparations

he content of meloxicam in tablet can be determined
ltration without any pretreatment.
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Table 1
Effect of other species on the determination of 2.8× 10−6 mol/l meloxicam

Interferants Maximum tolerated
concentration
(10−6 mol/l)

Starch, lactose, citrate, EDTA, CO3
−, Na+,

PO4
3−, K+, Cl−, Br−, H2PO4

−
>50

Glucose, NO3−, (SO4
2−)a 50

Polyvinylpyrrolidone 40
HCO3

− 30
Ascorbic acid 20
Citric acid, Al3+, (Fe2+)a, (Fe3+)a 10
Ca2+ 2
Urea, Ni2+, (Cr3+)a 1
Mg2+ 0.5
S2−, HSO3

− 0.2
Cu2+ 0.1
Mn2+ 0.05
Co2+ 0.01
NH4

+ 0.005
a Caused increase in emission intensity.

Table 2
Determination of meloxicam in pharmaceutical preparations with the pro-
posed chemiluminescence procedure and spectrophotometry

Sample Concentration (mg/ml)a Relative error

Labeled Proposed
method

Spectrophotometryb

No. 1 7.5 7.56 7.54 +0.02
No. 2 7.5 7.51 7.52 −0.01

a Average of five determinations.
b Standard method.

Table 3
Recoveries of meloxicam in pharmaceutical preparations

Sample Concentrationa (�g/ml) Recovery (%)

Initially
presentedb

Added Found

0.3 0.488 98.0
Meloxicam 0.194 0.5 0.687 98.6

0.7 0.871 96.7
0.9 1.095 100.1

a Mean of five measurements.
b Measured with the proposed method.

3.5. Assay of pharmaceutical preparations

According to the procedure detailed in Section2, the pro-
posed method was applied to the determination of commer-
cial preparations of meloxicam. The results are shown in
Table 2. It agreed well with those obtained by spectrophotom-
etry [40]. The recovery tests of standard addition were also
carried out and the recoveries were satisfactory (Table 3).

4. Conclusions

In this paper, a simple, rapid and sensitive flow-
injection chemiluminescence method is described to deter-

mine meloxicam based on strong chemiluminescence gen-
erated by meloxicam mixed withN-bromosuccinimide and
fluorescein in alkaline medium. The proposed method does
not require special reagents and equipment, and has a wide
calibration range and a relative low detection limit. It has been
applied to determine meloxicam in pharmaceutical prepara-
tions with satisfactory results. The mechanism of the chemi-
luminescence reaction is briefly explained with spectroscopic
evidence.
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