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Abstract

A rapid, sensitive and selective liquid chromatography—-tandem mass spectrometric (LC—-MS/MS) method for the determination of piroxicam,
meloxicam and tenoxicam in human plasma was developed. Piroxicam, meloxicam, tenoxicam and isoxicam (internal standard) were extracte
from human plasma with ethyl acetate at acidic pH and analyzed on a Sunfire column with the mobile phase of methanol:ammonium formate
(15 mM, pH 3.0) (60:40, v/v). The analytes were detected using a mass spectrometer, equipped with electrospray ion source. The instrument w.
set in the multiple-reaction-monitoring (MRM) mode. The standard curve was linedr.Q00) over the concentration range of 0.50—200 ng/ml.

The coefficient of variation (CV) and relative error (RE) for intra- and inter-assay statistics at three QC levels were 1.0-5-48 &am@.8%,
respectively. The recoveries of piroxicam, meloxicam and tenoxicam ranged from 78.3 to 87.1%, with that of isoxicam being 59.7%. The lower
limit of quantification for piroxicam, meloxicam and tenoxicam was 0.50 ng/ml using allpisma sample. This method was successfully
applied to a pharmacokinetic study of piroxicam after application of transdermal piroxicam patches to humans.

© 2005 Elsevier B.V. All rights reserved.
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1. Introduction number of high performance liquid chromatography (HPLC)
methods with UV detectiorf7—16], amperometric detection
The oxicam group of non-steroidal anti-inflammatory [17] and tandem mass spectrometry (LC—MS/NIBj,18-20]
drugs (NSAIDs) has been used as a highly effective claswere reported for the determination of piroxicam, meloxi-
of drugs against various arthritic conditions and post-cam or tenoxicam in biological fluids; however, most of
operative inflammation. Piroxicam (4-hydroxy-2-mett¥d- those methods presented insufficient sensitivity (limit of detec-
2-pyridinyl-2H-1,2-benzothiazine-3-carboxamide 1,1-dioxide),tion; 0.72-50 ng/ml), the use of large biological fluid volumes
meloxicam [4-hydroxy-2-methyN-(5-methyl-2-thiazolyl)-2H-  (0.25-1 ml plasma or urine) or chromatographic interferences.
1,2-benzothiazine-3-carboxamide 1,1-dioxide] and tenoxiThere was no LC-MS/MS method reported for the simulta-
cam (4-hydroxy-2-methyN-2-pyridinyl-2H-thieno[2,3-e]-1,2- neous determination of meloxicam, piroxicam and tenoxicam
thiazine-3-carboxamide 1,1-dioxide) are the representativen biological samples. A sensitive and rapid method for the
drugs belonging to the oxicam group. determination of these oxicam drugs in biological fluids is nec-
Since the transdermal delivery avoids the gastrointestinaéssary to evaluate pharmacokinetics in transdermal permeation
side effect and first-pass effect, many studies have been castudies.
ried out in order to develop the percutaneous preparations The purpose of this study was to develop a rapid and sen-
of NSAIDs, including piroxicam and tenoxicarfl-6]. A  sitive LC-MS/MS method with simple sample preparation for
the determination of piroxicam, meloxicam and tenoxicam in
human plasma to support a pharmacokinetic study after trans-
* Corresponding author. Tel.: +82 63 850 6817; fax: +82 63 851 2013. dermal application as well as oral administration of piroxicam,
E-mail address: hslee@wonkwang.ac.kr (H.S. Lee). meloxicam and tenoxicam.
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2. Experimental eluent was introduced directly into the electrospray source of
a tandem quadrupole mass spectrometer (Quattro LC, Micro-
2.1. Materials and reagents mass UK Ltd., UK) that was set in the positive mode. The

ion source and desolvation temperatures were set at 120 and
Piroxicam (purity; 98.4%), meloxicam (purity; 99.2%), 350°C, respectively. The capillary voltage was 3.0kV and the
tenoxicam (purity; 99.5%) and isoxicam (purity; 99.1%) wereoptimum cone voltages were 29, 30, 30 and 33V for pirox-
purchased from Sigma Chemical Co. (St. Louis, MO, USA).icam, meloxicam, tenoxicam and isoxicam, respectively. The
Ethyl acetate and methanol (HPLC grade) were obtained frormolecular ions of piroxicam, meloxicam, tenoxicam and isoxi-
Burdick & Jackson Inc. (Muskegon, MI, USA) and the other cam were fragmented at collision energies of 18, 17, 18 and

chemicals were of the highest quality available. 17 eV using argon as collision gas. Specific precursor/product
ion transitions were employed. Multiple-reaction-monitoring

2.2. Preparation of calibration standards and quality (MRM) mode was used for the quantification by monitoring

control samples the transitionsm/z 332— 95 for piroxicamyn/z 352— 115 for

meloxicamyn/z 338— 121 for tenoxicam ana/z 336— 99 for
Primary stock solutions of piroxicam, meloxicam, tenoxicamisoxicam (internal standard). Peak areas for all components were
and isoxicam (1 mg/ml) were prepared in acetonitrile. Workingautomatically integrated using MassLynx version 3.5 software.
standard solutions of piroxicam, meloxicam and tenoxicam weréMicromass UK Ltd.)
prepared by combining aliquots of each primary stock solution
and diluting with acetonitrile. The working solution for isoxi- 2.5. Method validation
cam (internal standard, Oplg/ml) was prepared by diluting an
aliquot of stock solution with acetonitrile. All standard solutions ~ Batches, consisting of triplicate calibration standards at each
were stored at ca4C in polypropylene tubes in the dark when concentration, were analyzed on three different days to complete
not in use. the method validation. In each batch, QC samples at 2.00, 20.0
Human plasma calibration standards of piroxicam, meloxi-and 80.0 ng/ml were assayed in sets of six replicates to evaluate
cam and tenoxicam (0.50, 1.00, 5.00, 10.0, 40.0, 100 anthe intra- and inter-day precision and accuracy. The percentage
200 ng/ml) were prepared by spiking the working standard solueleviation of the mean from true values, expressed as relative
tions into a pool of drug-free human plasma. Quality controlerror (RE), and the coefficient of variation (CV) serve as the
(QC) samples at 0.50, 2.00, 20.0 and 80.0 ng/ml were preparadeasure of accuracy and precision.
in bulk by adding 25@.| of the appropriate working standard  The absolute recoveries of piroxicam, meloxicam and tenoxi-
solutions (0.01, 0.04, 0.40, 1.¢@/ml) to drug-free human cam were determined by individually comparing the peak area
plasma (475@l). The bulk samples were aliquoted (1,20 of six extracted samples at the concentrations of 2.00, 20.0 and

into polypropylene tubes and stored-e20°C until analysis. 80.0 ng/mlwith the mean peak area of recovery standards. Three
replicates of each of the recovery standards were prepared by
2.3. Sample preparation adding piroxicam, meloxicam, tenoxicam and internal standard

to blank human plasma extracts.

Hundred microlitres of blank plasma, calibration standards The relative matrix effects for piroxicam, meloxicam and
and QC samples were mixed with L0of internal standard tenoxicam were assessed by analyzing standards spiked at six
working solution and 200 of 0.5M HCI. The samples were concentrations into different plasma extracts originating from
extracted with 1 ml of ethyl acetate in 2.0-ml polypropylenefive different lots of blank plasma and comparing the peak areas
tubes by vortex-mixing for 5 min at high speed and centrifugedf the analytes according to the approach of Matuszewski et al.
at5000x g for 5 min atroom temperature. The organic layer was[21]. The variability in the peak areas of the analytes, expressed
transferred and evaporated to dryness under nitrogen@.35 as CVs (%), was considered as a measure of the relative matrix
The residues were dissolved in gDof methanol:water (1:1, effect for these analytes.

v/v) by vortex-mixing for 2min, centrifuged at 5000g for
5min, transferred to injection vials, and fLlDwere injected into ~ 2.6. Application
the HPLC column.
The developed LC-MS/MS method was used in a pharma-
2.4. LC-MS/MS analysis cokinetic study after the application of transdermal piroxicam
patches (48 mg) to clean and dry sites on the upper arms of four

For LC-MS/MS analysis, the chromatographic system conhealthy male volunteers for 24 h. Following patch application,
sisted of aNanospace SI-2 pump, a SI-2 autosampler and a S-Mflood samples (2 ml) were withdrawn from the arm contralat-
system controller (Shiseido, Tokyo, Japan). The separation wasgal to the patch application site at 0, 2, 4, 6, 8, 10, 12, 24,
performed on a Sunfire column Bn, 2.1 mm i.dx 100mm, 33 and 48h, transferred to Vacutaifférplasma glass tubes
Waters, CA, USA) using a mixture of methanol:ammonium for-(sodium heparin, BD, NJ, USA) and centrifuged. Following
mate (15 mM, pH 3.0) (60:40, v/v) at a flow rate of 0.2 ml/min. centrifugation (300& g, 15min, 4°C), plasma samples were
The column and autosampler tray temperatures were 45 artchnsferred to polypropylene tubes and stored2@°C prior to
4°C, respectively. The analytical run time was 6.0 min. Theanalysis.
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The following pharmacokinetic parameters were determined Piroxicam

for each subject: the maximum plasma concentrati@gag), 1004 952 OH ch' 121
minimum plasma concentration), the time taken to reach L/j
Cmax(Tmax) and area under the plasma concentration—time curve 121.0 (I N

. . . o S +2H--95
(AUC). Cmax, Cmin andTmax Were determined by visual inspec- %] 1642 OO
tion, and AUC was calculated by the linear trapezoidal method | 3"3'2"_:
from O to 48 h. 0 |

AR LR LR LAALS LA LARLE RALLE LEALE LA LAALE RLLL LEALE RLLL LARLE
Meloxicam
3. Results and discussion 1007 I8 OH 0 141‘}
(IJ\(IHINJ\ CHg
3.1. LC-MS/MS o] M N- i w115
141.2
The positive electrospray ionization of piroxicam, meloxi- ‘g

cam, tenoxicam and isoxicam produced abundant protonated £ "
molecular ions (MH) at m/z 332, 352, 338 and 336, respec- ¢ Tenoxicam i1
tively, without any evidence of fragmentation and adduct % '°°1 OH O™ jig
formation. Protonated MH ions from piroxicam, meloxi- e Q\Sl Jﬁljlﬂ N
cam, tenoxicam and isoxicam were selected as the precur- %-} g N~ 4o =95
sor ions and subsequently fragmented in MS/MS mode to 1642 OO MH+
obtain the product ion spectra yielding useful structural infor- o 338.3
mation Fig. 1). The fragment ions atn/z 95 ([pyridin- T
2-ylamine+H]), 115 ([5-methylthiazol-2-ylamine+H), 121 :f;"'““‘éé‘_’;e’“a' Standard)
([pyridin-2-ylisothiocyanate+H]) and 99 ([5-methyloxazol-2- ,N ,glc:H:,
ylamine+HT") were produced as the prominent product ions for [ - SN\ e oo
piroxicam, meloxicam, tenoxicam and isoxicam, respectively. %-|
The quantification of the analytes was performed using MRM
mode due to the high selectivity and sensitivity. Four pairs of 0]

MRM transitions were selectedi/z 332— 95 for piroxicam,
mlz 352— 115 for meloxicamm/z 338— 121 for tenoxicam
andm/z 336— 99 for isoxicam.

The Sunfire column with a mobile phase consisting of:.

Fig. 1. Product ion mass spectra of piroxicam, meloxicam, tenoxicam and

isoxicam.
methanol and ammonium formate (15 mM, pH 3.0) (60:40, v/v)
resulted in short chromatographic run time (6.0 min) with sat-
Piroxicam Piroxicam Piroxicam
100 332.4>95.2 100 - 332.4>95.2 100+ 332.4>95.2
WNWMWWM 102 423 2.84e4
% cps % cps % cps
0 0 O e
Meloxicam Meloxicam Meloxicam
~ 100+ 352.2>115.1 100 352.2 > 115.1 100+ 352.2>115.1
£ 94.3 336 1l56e4
§ % CpS % Cps % 3 Cps
GE) O‘Wrrrmﬂj-rrnjﬂﬂ-mrmj 0'-m11-n1-r-rrrn-rrrrmwrrrn-q 0 NN EEEEEEEEEE R
% Tenoxicam Tenoxicam Tenoxicam
D 100 338.3 >121 100 - 338.3 >121 100 - 338.3>121
WMWW 107 721 4.26e4
% cps % % 4 cps
0 A 0 O Aerepererrrerer M armperermrerpepepererrerererr
Isoxicam (1I.S.) Isoxwam (I.S.) Isoxicam (I.S.)
336.6 > 99.2 336.6 > 99.2 _ 336.6 >99.2
100 ~ 100 7 100
et e 905 2.02e3 2.10e3
% ] cps % cps % cps
0 Y 0 e O A
0.00 2.00 4.00 6.00 0.00 . 4. . 0.00 2.00 4.00 6.00
(a) (b) retention time (min) (c)

Fig. 2. MRM chromatograms of (a) a human blank plasma and human plasma samples spiked with (b) 0.50 ng/ml and (c) 40 ng/ml of piroxicam, meloxicam and
tenoxicam.
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Table 1
Calculated concentrations of piroxicam, meloxicam and tenoxicam in calibration standards prepared in human plasma
Analytes Statistical variable Theoretical concentration (ng/ml) Slope r
0.50 1.00 5.00 10.0 40.0 100 200

Mean (ng/ml) 0.48 1.03 5.04 9.92 40.6 99.1 200 0.3307 1.000
Piroxicam CV (%) 11.6 5.5 31 3.3 14 14 0.3 0.4

RE (%) -3.1 3.0 0.9 -0.8 15 -0.9 0.2

Mean (ng/ml) 0.51 0.97 4.96 9.66 39.9 101 200 0.2307 1.000
Meloxicam CV (%) 4.2 43 17 3.2 0.7 0.9 0.5 0.3

RE (%) 1.2 2.7 -0.7 -34 -0.2 0.9 -0.2

Mean (ng/ml) 0.46 1.00 5.07 10.0 40.0 99.8 200 0.4009 1.000
Tenoxicam CV (%) 3.2 45 1.8 24 0.3 0.6 0.9 0.4

RE (%) -8.1 0.4 15 0.5 0.1 -0.2 0.1

Values are meattt S.D. (2=9).

isfactory separation of piroxicam, meloxicam, tenoxicam andrable 3

isoxicam without using gradient elution. Absolute recoveries of piroxicam, meloxicam, tenoxicam and isoxicam (internal
Fig. 2 shows the representative LC-MS/MS MRM chro- Standard) from spiked human plasma

matograms obtained from the analysis of blank human plasm@oncentration  Recovery (%, meatt S.D.,n=6)

and human plasma samples spiked with piroxicam, meloxi("¢/'m) Piroxicam  Meloxicam _ Tenoxicam _ Isoxicam

cam and tenoxicam at 0.50 and 40ng/ml. The analysis of eaes  BLALTO 80.0L3.3

blank plasma samples from sixteen Q|ffer(_ant sources dl_d naf; o B47L32  B50L45 87 1L3.6 ~

show any mterference at .the retention times .of piroxicamgg o 85.6-54 85554 86.14 4.3

(3.3 min), meloxicam (4.7 min), tenoxicam (2.1 min) and isoxi- 10.0 - - - 50.#4.1

cam (4.3 min), confirming the specificity of the present method——_~ assayed

Sample carryover effect was not observed. ' '

3.2. Method validation were—5.9 to 2.8% at three QC levels. These results indicated
that the present method has the acceptable accuracy and preci-

Calibration curves were obtained over the concentratiorsion.

range of 0.50-200 ng/ml for piroxicam, meloxicam and tenoxi- The lower limit of quantitation (LLOQ) was set at 0.50 ng/ml

cam in human plasma. Linear regression analysis with a weighfer piroxicam, meloxicam and tenoxicam using 3J@f human

ing of 1/concentratichgave the optimum accuracy of the corre- plasma. Representative chromatograms at the LLOQ are shown

sponding calculated concentrations at each |elable 9. The  in Fig. 2o and the signal-to-noise ratios for piroxicam, meloxi-

low CV value for the slope indicated the repeatability of thecam and tenoxicam are higherthan 5. AtLLOQ level, CV values

method Table J). were<5.4% and RE values were2.9 to 2.4% for piroxicam,
Table 2shows a summary of intra- and inter-batch preci-meloxicam and tenoxicanmréble 3. This LLOQ value was

sion and accuracy data for QC samples containing piroxicanmsmaller than that reported by de Jager ef®HI] in 500! of

meloxicam and tenoxicam. Both intra- and inter-assay CV valhuman plasma (0.72 ng/ml for piroxicam), by Wiesner dtla]

ues ranged from 1.0 to 5.0% at three QC levels. The intra- anth 100wl of human plasma (8.96 ng/ml for meloxicam), and by

inter-assay RE values for piroxicam, meloxicam and tenoxicanMcKinney et al[20] in 1 ml of equine urine (10 ng/ml for pirox-

Table 2
Precision and accuracy of piroxicam, meloxicam and tenoxicam in human plasma quality control samples
Analytes Statistical variable Intra-batch (ng/mk 6) Inter-batch (ng/mly = 18)
0.50 2.00 20.0 80 2.00 20.0 80.0
Mean 0.49 1.89 19.3 75.6 2.02 19.9 79.8
Piroxicam CV (%) 3.9 3.2 4.7 2.3 B» 3.5 4.4
RE (%) -2.9 -55 -3.6 -55 08 -05 -0.3
Mean 0.51 2.00 18.8 75.4 2.00 19.2 77.6
Meloxicam CV (%) 11 2.1 2.0 1.0 5 2.4 4.1
RE (%) 24 0.1 -5.9 -5.8 01 -3.9 -3.0
Mean 0.49 2.06 20.2 77.1 2.01 20.1 76.5
Tenoxicam CV (%) 54 1.7 2.7 3.6 ) 3.2 3.4

RE (%) -1.8 2.8 1.0 -3.6 a4 0.5 —4.4
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Table 4
Precision (CV, %) of determination of peak areas of piroxicam, meloxicam, tenoxicam and isoxicam, and peak area ratios (analyte/internah siantjded)
spiked after extraction into extracts from five different human blank plasma lots

Nominal concentration (ng/ml) Precision (CV, %)
Peak area Peak area ratio
Piroxicam Meloxicam Tenoxicam Isoxicam Piroxicam Meloxicam Tenoxicam
1.0 8.0 10.8 8.1 12.3 115 12.7 12.8
5.0 11.9 6.6 8.2 8.8 13.8 10.6 12.4
10 11.0 11.8 11.4 10.2 8.5 6.7 12.8
40 12.0 9.8 125 12.0 125 7.5 125
100 9.3 8.8 6.3 5.7 8.3 4.2 8.6
200 9.9 11.8 10.7 7.6 6.8 7.5 10.7

icam and tenoxicam). Therefore, the present method enables the 12.0% for isoxicamTable 4. The CVs of the ratio of ana-
pharmacokinetic studies of piroxicam, meloxicam or tenoxicamyte/internal standard for standards spiked post-extraction into
in after percutaneous application of piroxicam, meloxicam orextracts from five different lots of plasma were 6.8—-13.8% for
tenoxicam. piroxicam, 4.2—12.7% for meloxicam and 8.6—12.8% for tenoxi-
Although methylzers-butyl ether and dichloromethane gave cam (Table 4.
good recovery, the use of ethyl acetate resulted in the most suc-
cessful compromise between extraction recovery and a clea3. Clinical application
extract. The extraction recoveries of piroxicam, meloxicam and
tenoxicam from spiked human plasma were determined using This method has been successfully applied to the pharma-
the one-step liquid-liquid extraction with ethyl acetate at acidiccokinetic study of piroxicam after transdermal application of
pH at the concentrations of 2.00, 20.0 and 80.0 ng/ml in sipiroxicam patches (48 mg) for 24 h to the upper arms of four
replicates. The recoveries of piroxicam, meloxicam and tenoxihealthy male volunteerszig. 3 shows the mean plasma con-
cam ranged from 78.3 to 87.1%, with that of isoxicam beingcentration profile of piroxicam in four healthy male volunteers.
59.7+4.1% (Table 3. Cmax, Cmin, Tmax and AUC of piroxicam were 6.& 1.4 ng/ml,
The assessment of the presence of a relative matrix effect.6740.18 ng/ml, 33 h and 194 42.1 ng h/ml, respectively.
was made based on direct comparison of the peak areas of
piroxicam, meloxicam, tenoxicam and isoxicam spiked post4. Conclusion
extraction into extracts originating from five different sources
of human plasm@21]. The CVs of the determination of peak A rapid, sensitive and reliable LC-MS/MS method for
areas of piroxicam, meloxicam, tenoxicam and isoxicam at sixhe determination of piroxicam, meloxicam and tenoxicam in
different concentrations varied from 8.0 to 12.0% for piroxicam,human plasma has been successfully developed and validated
6.6 t1011.8% for meloxicam, 6.3 to 12.5% for tenoxicam and 5. 4ysing liquid—liquid extraction with ethyl acetate as sample clean-
up procedure. This assay method demonstrated acceptable sen-
8 1 sitivity (LLOQ: 0.50 ng/ml), precision, accuracy, selectivity,
recovery and stability and a relatively short analysis time. This
method was successfully applied to a pharmacokinetic study of
piroxicam after application of transdermal piroxicam patches
to humans. This method may also be suitable for pharmacoki-
netic studies required to develop percutaneous preparations of
tenoxicam and meloxicam.

plasma concentration of piroxicam (ng/mil)
B
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