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bstract

A highly sensitive and selective liquid chromatography–tandem mass spectrometry (LC–MS–MS) method was developed to determine meloxicam
f low concentration in human plasma. After a simple sample preparation procedure by one-step protein precipitation with methanol, meloxicam
nd the internal standard piroxicam were chromatographed on a Zorbax SB C18 column. The mobile phase consisted of acetonitrile–water–formic
cid (80:20:0.2, v/v/v). Detection was performed on a triple quadrupole tandem mass spectrometer by selected reaction monitoring (SRM) mode
ia eletrospray ionization (ESI) source. The method had a lower limit of quantification of 0.10 ng/ml. The calibration curve was demonstrated to
e linear over the concentration range of 0.10–50.0 ng/ml. The assay was specific, accurate (percentage deviations from nominal concentrations

ere within ±2.5%), precise (intra- and inter-day relative standard deviation (R.S.D.) <7%). The validated method was successfully applied to the
etermination of meloxicam in human plasma collected up to 180 h after a transdermal administration of 30 mg meloxicam for evaluation of the
harmacokinetics.

2007 Elsevier B.V. All rights reserved.
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. Introduction

Meloxicam, 4-hydroxy-2-methyl-N-(5-methyl-2-thiazolyl)-
H-1,2-benzothiazine 3-carboxamide-1,1-dioxide, is a potent
on-steroidal anti-inflammatory drug (NSAID) of the oxicam
erivatives which shows preferential inhibition of cyclo-
xygenase-2 (COX-2) and prostaglandin synthesis. It has
efinite activity in treating rheumatoid arthritis, osteoarthritis,
nd other joint diseases [1]. Though a good gastrointestinal toler-
bility has been well-documented compared with other NSAIDs,
ellyache and indigestion are the common side effects. In order
o avoid the irritation of gastrointestinal tract, minimize systemic
oxicity and achieve a better therapeutic effect, meloxicam was

eveloped as a topical transdermal formulation [2,3].

A number of analytical methods exist for the determination of
eloxicam in biological fluids, including reversed phase high-
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erformance liquid chromatography (HPLC) equipped with
ltraviolet (UV) [4,5] or mass spectrometric detection [6,7]. The
ow plasma concentration and long resident time after topical
pplication of the drug justify the necessity of developing a sen-
itive LC–MS–MS method which could present a more accurate
escription for the pharmacokinetic profile of meloxicam after
he application of a transdermal formulation.

In the present study, a more sensitive LC–MS–MS method
as to be developed and applied to the pharmacokinetic study

fter a transdermal administration of 30 mg meloxicam to 10
ealthy volunteers. The calibration range was between 0.1 and
0 ng/ml, and the LLOQ of this method was 0.1 ng/ml.

. Experimental
.1. Materials

Meloxicam (99% purity) and piroxicam (internal standard,
9% purity) were supplied by Taiyang Pharmaceutical Co.,

mailto:zhongdf@china.com
dx.doi.org/10.1016/j.jchromb.2007.01.036
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td. (Beijing, China). Methanol and acetonitrile (HPLC-grade)
ere purchased from Kangkede Chemical (Tianjin, China).
ormic acid (analytical grade) was from Shenyang Chemical
o. (Shenyang, China).

.2. Instrumentation and LC–MS–MS conditions

A Shimadzu LC-10AD system with a SIL-HT auto-sampler
as used in the LC–MS–MS system. Isocratic chromato-
raphic separation was performed on a Zorbax SB C18
olumn (150 mm × 4.6 mm I.D., 5 �m, Agilent, USA), with a
ecurity Guard C18 guard column (4 mm × 3.0 mm I.D., Phe-
omenex, Torrance, CA, USA), using the mobile phase of
cetonitrile–water–formic acid (80:20:0.2, v/v/v) which was
elivered at a flow rate of 0.5 ml/min. The column tempera-
ure was maintained at room temperature (25 ◦C). The sample
njection volume was 20 �l.

A Thermo Finnigan TSQ Quantum Ultra triple-quadrupole
ass spectrometer (San Jose, CA, USA), equipped with an elet-

ospray ionization (ESI) source, was used in positive ion mode
ith selected reaction monitoring (SRM) for the quantitative

nalysis. The spray voltage was set to 3.5 kV, and the capillary
emperature was maintained at 320 ◦C. Nitrogen was used as
he sheath gas (30 arb) and auxillary gas (8 arb) for nebuliza-
ion. For collision-induced dissociation (CID), argon was used
s the collision gas at a pressure of 1.2 mTorr. In the experi-
ent, the collision energy in the SRM mode was set at 25 eV

or meloxicam and piroxicam. Quantification was performed
sing the transitions m/z 352 → 115 for meloxicam and m/z
32 → 95 for piroxicam, with a scan time of 0.3 s per transition.
nalytical data were acquired using Xcalibur 1.4 software, and
uantification processing was performed using LCquan software
Finnigan).

.3. Preparation of standard and quality control samples

Stock solution of meloxicam was prepared in methanol at
he concentration of 400 �g/ml. Calibration curves were pre-
ared by spiking 50 �l of the appropriate working solutions
nto 0.25 ml of blank human plasma. Effective concentrations
n plasma samples were 0.10, 0.25, 0.80, 2.0, 4.0, 10, 20 and
0 ng/ml for meloxicam. The quality control (QC) samples used
n the validation and during the pharmacokinetic studies were
repared in the same way as the calibration standard at the
oncentration of 0.25, 4.0 and 45 ng/ml, and then treated as
escribed below.

.4. Sample preparation

To a 0.25 ml aliquot of plasma sample, 50 �l of internal stan-
ard (50 ng/ml piroxicam in methanol) and 0.50 ml of methanol

ere added. The mixture was vortex-mixed for 30 s, followed
y centrifugation for 5 min at 3000 × g, then the supernatant
as transferred to a clean glass tube and a 20 �l aliquot of the

esulting solution was injected into the LC–MS–MS system for
nalysis.
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.5. Method validation

Plasma samples were quantified using the ratio of the peak
rea of meloxicam to that of I.S. as the assay parameter. Peak
rea ratios were plotted against meloxicam concentrations and
tandard curves in the form of y = A + Bx were calculated using
eighted (1/x2) least squares linear regression.
To evaluate linearity, plasma calibration curves were prepared

nd assayed in duplicate on three separate days. The accuracy
nd precision were assessed by determining six replicates of
C samples at 0.25, 4.0 and 45 ng/ml of meloxicam on the

hree different validation days. The lower limit of quantification
LLOQ) was assessed by analyzing six plasma samples spiked
ith 0.1 ng/ml of meloxicam. The matrix effect was evaluated
y comparing the response of the solution spiked with the blank
rocessed matrix with the solution at the same concentration.

Absolute recoveries of meloxicam at three QC levels were
etermined by assaying the samples as described above and
omparing the peak areas of both meloxicam and I.S. with those
btained from direct injection of the compounds dissolved in the
upernatant of the processed blank plasma.

Meloxicam was reported stable for three freeze–thaw cycles
n human plasma and the analyte was stable in the supernatant
fter protein precipitation in the autosampler for 8 h [5]. Stabil-
ty of meloxicam in plasma was further assessed by analyzing
eplicates (n = 3) of QC samples at 0.25 and 45.0 ng/ml stored
or 24 h at ambient temperature after preparation and follow-
ng under storage conditions (−20 ◦C) for 30 days. The results
ere compared with those QC samples freshly prepared, and the
ercentage concentration deviation was calculated.

.6. Application in the pharmacokinetic study

The method described above was used to determine meloxi-
am concentrations in plasma samples after giving each of the
0 healthy male volunteers 30 mg meloxicam transdermally in
gel (3 g) in a pharmacokinetic study approved by the Ethics
ommittee of Liaoning People’s Hospital, China. The gels were
venly applied to the back of the volunteers on two defined
reas each of 225 cm2 (15 cm × 15 cm), one on either side of the
pine. The gels were not cleaned up until 12 h after application.
erial blood samples (4 ml) were withdrawn into heparinized

ube from antecubital vein at 0, 4, 8, 12, 24, 36, 60, 72, 84,
08, 132, 156 and 180 h post dose. Plasma was separated by
entrifugation at 3000 × g for 10 min and kept frozen at −20 ◦C
ntil analysis. Pharmacokinetic parameters were calculated with
on-compartmental model of TOPFIT 2.0 program.

. Results and discussion

.1. LC–MS–MS optimization

The LC–MS–MS method for the determination of meloxi-

am and piroxicam in human plasma was investigated. The soft
onization process in the ESI source produced the protonated

olecules [M + H]+ of the analytes. The protonated molecules
t m/z 352 and m/z 332 represented meloxicam and piroxicam,
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ig. 1. Full scan product ion mass spectra of [M + H]+ ions of meloxicam (A)
nd piroxicam (B).

espectively. Under the experimental conditions, the product ion
ass spectrum of meloxicam showed an intense fragment at
/z 115 formed by the cleavage of an amide bond. Piroxicam

howed an intense product ion at m/z 95 resulting from the sim-
lar fragmentation pathway with meloxicam by the cleavage of
mide bond. The major product ions at m/z 115 and m/z 95
ere selected for the sensitive quantification of meloxicam and
iroxicam (Fig. 1), respectively.

The chromatographic conditions were investigated to opti-
ize sensitivity, speed and peak shape. The mobile phase

omposition was optimized by flow injection of analytes while
arying the percentage of organic solvent. It was found that
igh organic solvent contents (about 80%) in the HPLC system
ecreased the background noise and provided rapid separation

nd stable MS signal throughout an analytical run, allowing
he enhancement of sensitivity. Acetonitrile was chosen as the
rganic solvent for its lower background noise than methanol.

d
a
p

able 1
ccuracy and precision for the analysis of meloxicam in human plasma (3 days, 6 re

ominal plasma concentration (ng/ml) Mean measured concentration (ng/ml)

0.25 0.25
4.00 3.90
5.0 44.1
B 852 (2007) 650–654

t was also found that the addition of acidic modifiers (formic
cid) to the mobile phase could improve the sensitivity by pro-
oting the ionization of the analytes. A mobile phase consisting

f acetonitrile–water–formic acid (80:20:0.2, v/v/v) was used in
he experiment provided symmetrical peak shapes, meanwhile,
nder the present chromatographic condition, the retention times
or both meloxicam and I.S. were less than 3.8 min.

.2. Sample preparation

Two sample preparation techniques were tried including
iquid–liquid extraction and protein precipitation. Interfering
eaks were found after liquid–liquid extraction, perhaps due to
he impurity of the organic solvents. The protein precipitation
echnique employed was simple and effective which allowed
igh throughput analysis. Methanol was chosen as the protein
recipitation solvent because it was less toxic and cheaper than
cetonitrile with the same protein precipitation effect.

.3. Method validation

.3.1. Linearity of calibration standards
The plotted calibration curves and correlation coefficients

0.99 confirmed that the calibration curves were linear over
he concentration range 0.10–50.0 ng/ml for the analyte. A typ-
cal standard curve was as follows: y = 0.2143x + 2.913 × 10−2,
= 0.9978, where y represents the ratios of meloxicam peak area

o that of I.S. and x the plasma concentrations of meloxicam.

.3.2. Assay specificity and LLOQ
Three typical SRM chromatograms from the study of meloxi-

am in human plasma are shown in Fig. 2. No interfering
eak was observed in blank plasma (Fig. 2A). The SRM chro-
atograms of blank plasma spiked with meloxicam (0.1 ng/ml),

nd piroxicam (I.S., 10.0 ng/ml) are shown in Fig. 2B. A sample
rom a volunteer 108 h after a topical administration of 30 mg
eloxicam is shown in Fig. 2C. For both the drug and the inter-

al standard, the chromatograms were free from endogenous
atrix interference at their respective retention times.
The present LC–MS–MS method offered an LLOQ of

.1 ng/ml with an accuracy of −3.9% in terms of RE and a
recision of 8.1% in terms of R.S.D. (n = 6).

.3.3. Precision and accuracy
The intra- and inter-day precision and accuracy were calcu-
ays, 3 concentrations, each n = 6) of QC samples. The results
re summarized in Table 1. In this study, the intra- and inter-day
recisions were less than 7.0% for each QC level. The rela-

plicates per day)

Relative error (%) Intra-day R.S.D. (%) Inter-day R.S.D. (%)

−0.9 7.0 5.7
2.5 6.0 4.4
1.9 3.0 2.7
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Fig. 2. Representative SRM chromatograms of piroxicam (I) and meloxicam (II)
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n human plasma samples. (A) Blank plasma sample; (B) blank plasma sample
piked with II (0.1 ng/ml) and I (10.0 ng/ml) and (C) volunteer plasma sample
08 h after a transdermal administration of 30 mg of II.

ive error was within ±2.5%. These data indicated reproducible
C–MS–MS results, and that the assay was accurate and reliable.

.3.4. Recovery and stability
The recovery of meloxicam, determined at three concentra-

ions (0.25, 4.0, 45 ng/ml), were 94.4 ± 5.7%, 97.2 ± 3.5% and
2.8 ± 4.9% (n = 6), respectively. The recovery of piroxicam was
nvestigated as 90.6 ± 4.0% (n = 6).

The results of stability experiments showed that meloxicam
as stable for 24 h after preparation at ambient temperature, and

or at least 30 days in plasma at −20 ◦C, the mean relative errors
RE%) were within ±6.0% and ±9.0%, respectively.
.3.5. Pharmacokinetic study
The method has been successfully applied to the pharma-

okinetic study of meloxicam after transdermal application of

A

“

ig. 3. Mean plasma concentration–time curve of meloxicam after a transder-
al administration of 30 mg meloxicam to 10 healthy volunteers (each point

epresents mean ± S.D.).

eloxicam gel (30 mg meloxicam) for 180 h to 10 healthy
olunteers. The mean plasma concentration–time profile of
eloxicam is shown in Fig. 3. The main pharmacokinetic param-

ters of meloxicam in 10 volunteers were calculated. After
opical administration of 30 mg meloxicam, Tmax and Cmax
alues were found to be 74 ± 33 h and 11.0 ± 10.4 ng/ml, respec-
ively. Plasma concentrations declined with t1/2 of 60.7 ± 45.3 h.
he AUC0−t values were 1061 ± 1141 ng h/ml, which was about
.21% compared with that (44 ± 7 �g h/ml) of reported after an
ral dose of 15 mg meloxicam to 17 healthy male volunteers
4]. The low exposure indicated that the topical formulation
ould avoid gastrointestinal irritation and decrease the systemic
oxicity. The results were consistent with a previously reported
ransdermal application of piroxicam patches (48 mg) for 24 h
o the upper arms of four healthy male volunteers, Cmax and
max were 6.1 ± 1.4 ng/ml and 33 h, respectively [7]. It was also
eported that after the topical application of diclofenac cream,
he drug was absorbed slowly with 1% systemic bioavailability
8].

. Conclusion

An LC–MS–MS method was developed and validated for
he determination of meloxicam in human plasma following
ransdermal administration. The method is rapid, sensitive and
pecific with a LLOQ of 0.1 ng/ml using 0.25 ml human plasma.
he method was successfully applied to the pharmacokinetic
valuation of meloxicam after a transdermal administration of
g topical gel containing 30 mg meloxicam to 10 healthy vol-
nteers.
cknowledgement

This work was supported by Grant 2005AA2Z3C70 of the
863” Program of China.



6 atogr.

R

[
[

[
[

[

[

54 Y. Yuan et al. / J. Chrom

eferences

1] N.M. Davies, N.M. Skjodt, Clin. Pharmacokinet. 36 (1999) 115.

2] S.K. Gupta, P. Bansal, R.K. Bhardwaj, J. Jaiswal, T. Velpandian, Skin Phar-

macol. Appl. Skin Physiol. 15 (2002) 105.
3] P.J. Bevis, H.A. Bird, G. Lapharm, Br. J. Rheumatol. 35 (1996) 44.
4] H.Y. Xu, D.F. Zhong, L.M. Zhao, Y.F. Zhang, B.J. Zhang, Yao Xue Xue Bao

36 (2001) 71.

[

[

B 852 (2007) 650–654

5] B. Dasandi, Shivaprakash, H. Saroj, K.M. Bhat, J. Pharm. Biomed. Anal. 28
(2002) 999.

6] J.L. Wiesner, A.D. de Jager, F.C.W. Sutherland, H.K.L. Hundt, K.J. Swart,

A.F. Hundt, J. Els, J. Chromatogr. B 785 (2003) 115.

7] H.Y. Ji, H.W. Lee, Y.H. Kim, D.W. Jeong, H.S. Lee, J. Chromatogr. B 826
(2005) 214.

8] H. Kadowaki, M. Shiino, I. Uemura, K. Kobayashi, J. Chromatogr. 308
(1984) 329.


	Determination of meloxicam in human plasma by liquid chromatography-tandem mass spectrometry following transdermal administration
	Introduction
	Experimental
	Materials
	Instrumentation and LC-MS-MS conditions
	Preparation of standard and quality control samples
	Sample preparation
	Method validation
	Application in the pharmacokinetic study

	Results and discussion
	LC-MS-MS optimization
	Sample preparation
	Method validation
	Linearity of calibration standards
	Assay specificity and LLOQ
	Precision and accuracy
	Recovery and stability
	Pharmacokinetic study


	Conclusion
	Acknowledgement
	References


