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ABSTRACT

A rapid, simple HPL C assay for piroxicam measurement in human plasma
was developed and validated. 50 pl of 24% perchloric acid and 0.2 ml aceto-
nitrile were mixed with 0.1 ml plasma sample, and the supernatant was in-
jected directly into 4.6 x 150 mm, XTerra® RP_,, Sum steel column at room
temperature (RT). The mobile phase, 0.2% triflouroacetic acid, and acetoni-
trile(70:30, v:v), wasdelivered at 1.2 ml/minwith arun timeof 6 min. Doxy-
cycline (internal standard, 1S) and piroxicam were detected using Waters
996 photodiode array detector set at 339 nm IS at 3.7 and 4.8 min, respec-
tively. The responsewaslinear over therange of 0.2-20ug/ml, and theintra-
and inter-run coefficient of variationswere < 5.2% and < 6.7%, respectively.
Extraction recovery and intra- and inter-run biaswere > 86% (mean 93%), <
9%, and < 11%, respectively. Piroxicam was stablein plasmafor 24 hours at
RT (> 96%), 8 weeksat -20 °C (> 100%), and after 3 cyclesof freezeat -20°C
and thaw at RT (> 94%). In processed sampl es, piroxicam was stablefor 24
hours at RT (>100%) and 48 hours at -20°C (=100%). Stock solution of
piroxicam (1 mg/ml in methanol) was stablefor 48 hoursat RT and 8 weeks
at-20°C (100%). © 2009 Trade Sciencelnc. - INDIA
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INTRODUCTION

Piroxicam, 2H-1,2-Benzothiazine-3-carboxamide,
4-hydroxy-2-methyl-N-2-pyridinyl-, 1,1-dioxide(CAS
number: 36322-90-4) isan oxicam, non-steroida anti-
inflammatory drug with anal gesic and antipyretic prop-
ertied!. Itiswdll absorbed fromthegastrointestingl tract,
metabolized intheliver by hydroxylation and conjuga
tionwith glucuronic acid, extensively (99%) bound to
plasmaproteins, and it hasalong plasmahalf-life of
approximately 50 hourg¥. After long-term daily use of
10 - 30 mg piroxicam, plasma drug concentrations

ranged from 2.4to 11.7 pg/mit,

Several methods have been described for the de-
termination of piroxicam leve in plasma??, most of
theminvolve HPLC with UV detection??l, Thema-
jority of theHPLC-UV methodsrequireliquid-liquid
extraction with consecutive evaporation>*, someem-
ploy solid-phase extraction*?4, and someare based
on protein precipitation*>2%, An HPLC method with
eectrochemica detectioninvolved multiplestepsof lig-
uid-liquid extraction?. A number of liquid chromatog-
raphy coupled with tandem mass spectrometry (LC-
MS/MS) methods were al so reported?27, Some of
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thesemethods suffered from low recovery?-2, required
long chromatographic runtime®2, werenot validated
using human plasmd®*22427  required column switch-
ing™*?, or did not address stability%12161828 arequire-
ment for eval uating alarge number of samplesin phar-
macoki neti c and bioequivdencestudies.

The objectivesof thework described herewereto
1) establishasmple, fully validated piroxicam HPLC
assay inhuman plasmawitharuntimeand quantitation
limit suitablefor bioequivalence studies, and 2) deter-
minethegtability of piroxicamunder variousdinicd labo-
ratory conditions.

EXPERIMENTAL

Apparatus

Theliquid chromatograph consisted of WatersAl-
liance 2690 SeparationsModule, a4-um (particle-size),
4.6 x 150 mm XTerra® RP_,, 5-um (particle-size)
steel column, aGuard Pak pre-column module with
Radial-Pak C ., 5-uminsert, and Waters 996 photo-
diodearray detector (Water Associates, Milford, MA,
USA) st a 339 nm. Datawerecollected with aPentium
[l computer using Millennium?®Chromatography Man-

ager Software (Water Associates, Milford, MA, USA).
Chemicalsand reagents

Piroxicam (Figure 1-a), and theinterna standard
(1S) doxycycline (CAS number; 564-25-0) (Figure 1-
b) were analytical grade and obtained from Sigma-
Aldrich CO., St. Louis, MO, USA. Acetonitrilewas
purchased from Fisher Scientific (Fairlawn, NJ, USA)
and perchloric acid (69-72%) was purchased from
Fisher Scientific, Pittsburgh PA, Canada (bothHPLC
grade). Trifluoroacetic acid was purchased fromMerk,
Darmstadt, Germany. Water for HPL C was prepared
by reverse osmosis and further purified by passing
through a Millipore-Synergy UV obtained from
Millipore Co. (Bedford, MA, USA).

Chromatogr aphicconditions

Themobilephase cons sted of 0.2 % trifl ouroacetic
acid (pH = 1.7) and acetonitrile (70:30, v:v). It was
filteredthrougha0.22 um szemembranefilter (Millipore
Co., Bedford, MA, USA), degassed, and delivered at
1.2 ml/min a room temperature. The autosampler was
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Figurel: (a) Sructureof piroxicam (C .-H -N-O,-S). (b)
Sructureof doxycycline, theinternal standard (C-H,,-
Nz'os)

programmed to inject 100 ul into the chromatograph
witharuntimeof 6 minutes.

Prepar ation of stock and wor king solutions

A 1 mg/ml piroxicam stock solutionwasmadein
methanol and used for stability studiesandto preparea
20 ng/ml working solution in plasma. Theworking so-
lution was prepared weekly to construct calibration
curveand quality control (QC) samples. A 20 ug/ml
doxycyclineworking solution was prepared weekly in
mobile phasefromal mg/ml stock solutioninwater.

Calibration standar d/Quality control samples

Cdlibration standards were prepared by mixing
appropriate volumes of piroxicam working solutions
with blank human plasmato producefina concentra-
tionsof blank, zero (blank plasmaspiked with 1ISonly),
0.2,0.4,0.8, 1.6, 2, 4, 8, 16 and 20 pg/ml. Quality
control (QC) sampleswere prepared by mixing ap-
propriate volumes of piroxicam working solutionin
blank human plasmato producefina concentrationsof
0.2,0.6, 10, and 18 ug/ml. Sampleswerevortexed for
20 seconds, and dliquotsof 0.1 ml of calibration stan-
dards QC samples were transferred into 1.5 ml
eppendorf microcentrifuge tubesand stored at -20°C.

Samplepreparation

Aliquotsof 0.1 ml of calibration standard or QC
samplesinmicrocentrifugetubesweredlowed to equili-
brate to room temperature. To each tube, 100 ul of the
20 png/ml 1Sworking solution was added and vortexed
for 10 seconds. After the addition of 50 ul of the 24%
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Figure 2 : PDA extracted ultraviolet spectra of (a)
piroxicam, and (b) doxycycline (internal sandard, 1S)

perchloricacid and 0.2 ml of acetonitrile, the mixture
wasvortexed againfor 1 min and then centrifuged for 5
min at 13200 rpm at room temperature. The superna-
tant organiclayer wascarefully transferred into theauto-
sampler vidsand 100 ul wereinjected intothe HPLC
system. Theruntimewas 6 minutes.

Sability studies
Sability of piroxicam in plasma

Adequate numbersof diquotsof three QC samples
(0.2, 0.6, and 18 pg/ml) were prepared. Five aliquots
of each QC sample were analyzed immediately
(basdline), theother aliquotswere ana yzed after being
processed and stored at room temperaturefor 8 or 24
hoursor at -20°C for 48 hours (auto-sampl er stability).
Fivediquotsof each QC samplewerealowed to stand
on the bench-top for 8 or 24 hours at room tempera-
ture before processing (counter stability), and five
aliquots were stored at -20°C for 2, 4, or 8 weeks
beforeanaysis(long term freezer stability). Findly;, fif-
teen aiquots of each QC samplewerestored at -20°C
for 24 hours. They werethen left to completely thaw
unassisted at room temperature before being returned
to -20°C for another 24 hours. Thecyclewasrepeated
threetimes(freeze-thaw stability).

Sock solutionsstability

Fivediquotsof the stock solutionsof piroxicamor
the ISwerediluted to 10 ug/ml in mobile phase and
analyzed at basdline, after storagefor 48 hoursat room
temperature, or after storage at -20°C for 8 weeks.
Stability of theworking solutionsof piroxicamand IS,

Hnalytical CHEMISTRY o

were evaluated up to 2 weeks at -20°C.
Assay validation method

The procedures used for validation were as de-
scribed in US food and drug administration (FDA)
bioandytical method validation guidance?!.

RESULTS

Optimization of chromatographic conditions

During anaytical method devel opment, different
combinations of mobile phase at different pH werein-
vestigated at different flow ratesto optimize separation
of piroxicam and theinternal standard. A mobile phase
composed of 0.2 % triflouroacetic acid (pH = 1.7) and
acetonitrile (70:30, v:v), wasfound best to achieve ad-
equate separation of piroxicam fromthelS, minimize
background absorbance, and avoid peak tailing. Un-
der thedescribed conditions, thelSand piroxicam were
resolved withinaruntimeof 6 minutes, with aretention
timeof 3.7 and 4.8 minutes, respectively. In order to
improve specificity and minimizeinterference from
plasmaor solvent system that may occur at lower wave-
lengths, we optimized the absorbance wave ength based
on photodiodearray extracted spectra(Figure 2). We
performed theandysisat 339 nm.

Linearity

Linearity was determinedin therangeof 0.2 - 20
pg/mlusing ten calibration curves. The data were ana-
lyzed by linear regression using theformula: Conc. =a
+ b (PAR), where Conc. is the concentration of
piroxicam, aistheintercept, bisthedope, and PARis
thepeak areaof piroxicam divided by thepeak areaof
thelS. The concentrations of the calibration standards
of theten calibration curveswereback-calculated us-
ing theindividual regression lines. Linearity studies
(n=10) showed mean (SD) for R? of 0.9978 (0.0014),
slope of 0.1314 (0.0140), and intercept of 0.0004
(0.0197). FHigure 3 depictsan overlay of chromatograms
of arepresentative standard curve.

Limit of detection

Thelimit of detection (LOD), defined asthreetimes
thebasdinenoise, was0.1 pg/ml.
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Specificity

Toevduate gecificity, we screened eight frequently
used medications (10 ug/ml inmobile phase) and six
different batchesof human plasma. All batchesof blank
plasmawerefreefrominterfering components. None
of eght commonly used drugs co-eluted with piroxicam
orthelS(TABLE1).

Recovery

Theextraction recovery of piroxicam was deter-
mined by dividing mean pesk areas of fivereplicates of
three quality control samples (0.2, 0.6, and 18 ug/ml)
prepared in plasma (as described under sample prepa

TABLE 1: Specificity of piroxicam assay

Drug name Retention time
Piroxicam 4.8
Doxycycline (1S) 37
Aspirine ND
Acetaminophen ND
Ranitidine ND
Nicotinic acid* ND
Ascorbic acid* ND
Caffeine* ND
Diclofenac ND
Omeprazole ND

1 mg/ml solutions in methanol or water* were diluted in mobile
phase to 10 pg/ml and 100 pl were injected.

TABLE 2: Extraction recovery of piroxicam and doxycycline

Nominal Plasma yh;)bllephase o
Concentration *Mean €an Recovery

(ng/ml)  peak area SD pesk  SD (%)

area

P‘“g‘g:am 9235 1056 10212 130 90

0.6 46823 1115 54777 1497 86

10 682113 15125 703906 645 97

18 Doxycycline 1263040 43408 1293554 1407 98

20 560059 20140 593774 4443 94

*Mean peak area of 5 replicates;, ** Mean peak area of spiked
plasma sample divided by mean peak area of spiked mobile
phase sample x 100. SD, Standard deviation.

—— Fuyl] Paper

ration above), by mean peak areas of fivereplicates of
equivaent concentrations prepared in the mobile phase.
Therecovery of thelSwasdetermined similarly at a
concentration of 20 ug/ml. Theresultsof theextraction
recovery studiesof piroxicam andthelSare presented
in TABLE 2. Recovery was = 86% (mean 93%) for
piroxicamand 94%for thelS.

Precision and bias

Precisionwas calculated as coefficient of variation
(standard deviation divided by mean measured con-
centration x 100), and biasasthe absolutevaue of (1
minus mean measured concentration divided by nomi-
nal concentration) x 100. Theintra-run and inter-run
precision and biaswere determined by analyzing four
QC samples: 0.2, 0.6, 10, and 18 pg/ml over three
different days(TABLE 3). Intra-run precision and bias
(n=10) ranged from2.0%t0 5.2 % and from4 %to
9%, respectively. Theinter-run precisonand bias(n=
20) ranged from 5.4%1t0 6.7% and from 2 %to 11 %,
respectively.
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Figure3: Overlay of calibration cur ve chromatogramsof
pir oxicam spiked with doxycycline (inter nal sandard, 1S)

TABLE 3: Intra-run and inter-run accuracy and precision of pir oxicam assay

Intra-run (n=10)

Inter-run (n=20)

Nominal M ean measur ed M ean measur ed
concentration . Precision  ** Bias : Precision  ** Bias
(ng/ml) concentration SD (CV*, %) (%) concentration SD (CV*, %) (%)
(ug/ml) (ug/ml)

0.2 0.2126 0.0088 4.2 6 0.2047 0.0127 6.2 2
0.6 0.6545 0.0327 5.0 9 0.6641 0.0357 54 11
10 9.5650 0.4949 5.2 4 10.1276 0.6740 6.7 1
18 17.4000 0.3395 2.0 3 18.3320 0.9996 55 2

*Coefficient of variation (CV) = Standard Deviation (SD) divided by mean measured concentration x 100. **Bias = absolute value
of 1 minus mean measured concentration divided by nominal concentration x 100
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TABLE 4: Stability of piroxicam in plasma samples and stock solution

Stability (%)

*Plasma samples

Nominal Unextracted Extracted Freeze-thaw **Stock solution
concentration 8h 24 h 8 wks 24 h 48 h One Two Three 48h  8wks
(ug/ml) RT RT  -20°C RT —20°C  cycde  cycles cycles RT -20°C
0.2 100 100 100 100 100 100 100 99
0.6 100 96 100 100 100 95 100 94 100 100
18 100 100 100 100 100 100 100 100

Stability (%) = mean measured concentration (n=5) at the indicated time divided by mean measured concentration (n=5) at
baseline x 100. *Spiked plasma samples were processed and analyzed immediately (baseline, data not shown), after 8 or 24 hours
at room temperature (8 h RT and 24 h RT), after 8 weeks at - 20°C (8 wks -20°C), or processed and analyzed after 24 hours at room
temperature (24 h RT) or 48 hours at -20°C (48 h -20°C); or after 1 to 3 cycles of freezing at -20°C and thawing at room temperature

(freeze-thaw). ** Piroxicam, 1 mg/ml in methanol.
Sability

Thegtability of piroxicam under usud storage con-
ditions of plasmaand processed sampleswasinvesti-
gated. Theresultsare presented in TABLE 4. Thedata
indicatethat: 1) piroxicaminplasmaisstablefor at least
24 hours at room temperature and 8 weeks at -20°C,
2) in processed samples, piroxicamisstablefor at least
24 hoursat room temperature and 48 hours at -20°C,
3) piroxicaminplasmaisstableafter at least threecycles
of freeze at -20°C and thaw at room temperature, and
4) piroxicaminmethanol (1 mg/ml) isstablefor at least
48 hours at room temperature and 8 weeks at -20°C.
ThelSinwater (1 mg/ml) was also stable under the
same conditions (106 % and 97 %, respectively). Fur-
ther, theworking solutionsof piroxicam andthelS (20
ug/ml in plasmaor mobile phase, respectively) were
stablefor at least 2 weeks at -20°C (109% and 95%,
respectively).
Robustness

Therobustness of the proposed method wasevalu-
ated by dightly dtering thestrength of thetriflouroacetic
acid and amount of acetonitrilein mobile phase. No
ggnificant effectswereobserved. Further, thechromato-
graphic resol ution and pesk responseswere stableover
about 700 injectionsof processed plasmasamplesus-
ingonecolumn.

DISCUSSION

Wedescribearapid, smple, accurate, and precise
HPL C assay for thedetermination of therapeuticlevels
of piroxicamin human plasma Thesmplicity, rgpidity,
and requirement of smaler samplevolumearethemain

advantages of the current assay.

Itinvolvesasimpleprecipitation sep avoiding one
or multiple steps|iquid-liquid?? or solid-phasd 24
extractionswith subsequent evaporation, and does not
required column switching™, ahigh column tempera
ture821 M S-MS227, A short run time of 6 minutes
and asmall plasmavolume of 100 pl favorably com-
paresto morethan 10 minutes**?Y and from0.25t0 1
ml in previously reported assays, respectively!*24,
Further, therecovery of piroxicam from plasmawas>
86% (mean 93%) compared to previously reported
recovery of 64.3%0% and 78.3%0%. Further more. some
of the other previoudly reportedassayswerenot vali-
dated to measure piroxicam level in human
plasmd®1-232427 or did not examine piroxicam stabil-
ity[7-9,12, 16,18,26] .

Dadashzadeh et a.*¥ described piroxicam stability
study in plasma maintained at -20°C for one month
period. Usngthecurrent assay, wefound that piroxicam
isstablein plasmaunder variouslaboratory conditions,
including 3 freezethaw cycles, 48 hoursat room tem-
perature, and 8 weeksat -20°C, aswell as, 24 hours at
room temperature and 48 hours at -20°C after pro-
ng.

Insummary, we describeanew, fully validated as-
say for theanal ysisof therapeutic piroxicam levelsin
100 ul human plasma, utilizingasmpleplasmaprecipi-
tation technigque. We al so provide extensive dataon
piroxicam and IS stability. The performance character-
isticsof the assay together with theinformation on sta-
bility indicatethat the assay issuitablefor useinthera-
peutic drug monitoring and bioequivalencestudies.
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