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ABSTRACT

A simple, rapid, sensitive and accurate HPL C-UV detection method for the
quantification of loxoprofen sodium (Lox) in human plasma has been de-
veloped and validated. Diclofenac potassium (Dic) was employed asinter-
nal standard (1.S). The analytes were chromatographically separated on
Agilent eclipse ODS C18 column (150 x4.6 mm, 5um) with mobile phase
consisting of phosphate buffer pH 2.5: acetonitrile (55:45, v/v). Detection
was performed with UV detection at 320 nm.

Calibration curvesfor Lox in plasmawas linear over concentration ranges
of 0.06-10.00 pg /ml with inter-assay coefficients of variations (CV %) less
than 10 % in the plasma and with correlation coefficient of 0.999. The
averagerecovery was90.00 %. TheLLOD and LLOQ are0.04 and 0.06 pg /
ml, respectively. This method was utilized successfully for the analysis of
plasma samplesfollowing oral administration of Lox (60 mg) in 6 healthy
male human volunteers under fasting conditions. The results obtained
indicated that this method is suitable for pharmacokinetics and
bioavailability studies.  © 2013 Trade Sciencelnc. - INDIA
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INTRODUCTION

Loxoprofen sodium issodium (+) alpha-Methyl-
4-(2-oxocyclopentyl) methyl benzeneaceticacid, Fig-
ure1. Itisnon-steroida anti-inflammatory agent that
hasmarked and gesicand antipyretic activitiesand rda
tively weak gastrointestinal ul cerogenicity!?. However,
the mechanism of action of Lox isinhibition of prostag-
landin biosynthesi sby itsaction on cyd ooxygenase. Lox
itself isnot themagjor invivoinhibitor of prostaglandin
synthesis. After ora administration, Lox isabsorbed as

thefreeacid rather than the sodium salt fromthe gas-
trointesting tract, which causes only week irritation of
thegastric mucosa, and ispotentialy inhibit prostaglan-
dinbiosynthesig*9. Severa HPL.C methods havebeen
reported for analyzing Lox in human plasma®*® and
uring!®” 1438 |n the previous methods prior to injec-
tion, samplepretreatment was required to remove pro-
tein™13 and/or coupling with achiral reagent’®4. These
pretreatment methodsincluded preci pitation by organic
solvents, resulting in decreased efficiency.

Inthe present study, asensitiveand accurate ater-
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native HPL C method with UV detection for the deter-
mination of Lox in human plasmabased on the com-
mercidly avallableinternal standard Dic. Thismethod
wasdevel oped and validated asper FDA guidelinesd
and was successfully employed intheandysisof plasma
samplesfollowingora administration of Lox (60mg) in
hedlthy human volunteers.
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Diclofenac potassium
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Loxoprofen sodium
Figure1: Chemical structures of loxoprofen sodium and
diclofenacpotassuim (1S)

EXPERIMENTAL

Chemicalsand reagents

Lox (99.9%) waskindly supplied by SAJA, Phar-
maceutica Co. (Saudi Arabia). Dic (99.6%0) waskindly
supplied by ADWIA Pharmaceutical Co. (Egypt).
Roxonen tablets (60 mg/tabl etsasloxoprofen sodium)
werekindly supplied by SAJA pharmaceuticals Co.
(Saudi Arabia).

Sodium dihydrogen orthophosphate (E- Merck,
Darmstadt, Germany) was of pure analytical grade,
deionized water was obtained from aMilli-Q water
purification system (Millipore, France), human plasma
(supplied by VACSERA). Hydrochloric acid, ortho-
phosphoric acid and dicloromethane (L abscan, Irdland)
were of analytical grade and acetonitrile (E-Merck,
Darmstadt, Germany) was of HPL C grade. The mo-
bile phasewasfiltered through aWhatman, 0.45-pum
poresizemembranefilter prior toitsuse.

I nstrumentsand chromatogr aphic conditions

The HPLC system (Waters, Milford, USA)
equipped with pump controlled by Waters 610 con-
troller, Waters 717 autosampler i njector, Waters 486
variablewavelength UV detector. For thedataacquisi-
tion and integration Waters millennium software oper-
ated by Pentium 111 (450 MHz) processor (Compaq,
UK) wasused. Theanaytica columnemployed was
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Agilent eclipse ODSC , column (150 x4.6 mm, Spm).
Themobile phase was comprised of phosphate buffer
(pH adjusted to 2.5 by orthophosphoric acid): aceto-
nitrile (55:45, v/v). The mobile phase was prepared
freshly and wasfiltered beforeuse. All separationswere
performedisocraticaly a aflow rateof 1.5ml/minand
column condition wasmaintained at ambient tempera-
ture. Peakswere monitored by UV detector adjusted
at 320nm.

Standard solutionsand calibration curves

Stock solutionsof Lox and Dic (1.S) were prepared
separately in acetonitrileat concentration of 1.00 mg/
ml and 100.00 pg /ml, respectively. Evaluationsof the
assay were performed by six point calibration curvesat
thenominal concentration range 0.06-10.00 pg/ml of
Lox which made by dilution of aliquots of the stock
solution of Lox with human plasmaand each one con-
taining theinternal standard at aconcentration of 2ug/
ml. All stock solutionswerestored at 4 °C and all pre-
pared plasmasampleswerestored at —80 °C until analy-
gs
Samplepreparation

To oneml of plasmaspiked with thedrugand in-
ternal standard, 0.5ml of 2 M hydrochloric acid were
added and after vortexed, 7 ml dichloromethanewere
added. The tube was capped and the contents were
vortexed for 1 min and centrifuged for 10 minat 4000
rpm. The upper aqueous|ayer was discarded and 5 ml
of the organic layer was removed to a conical glass
tube and evaporated to dryness at 40 +1°C. The dry
res duewasdissolved in 200ul of mobile phase and the
supernatantsweretransferred to glassvidsandinserted
intheautosampler rack. 150 ul of the supernatants were
injected intoHPLC system.

Method validation

The method validation assayswere carried out ac-
cording to the United States Food and Drug Adminis-
tration (FDA) bioanal ytical method validation guid-
ancelel,

(a) Selectivity

Selectivity was evaluated by extracting drug-free

plasmasamplesfrom apool of plasma. Theabsence of

interfering peaks at the same retention timeof Lox or
Dic (1.S) was considered asevidencefor selectivity.
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(b) Accuracy, precision and recovery

Theintra-day precision of the assay was assessed
by cal culating the coefficients of variation (CV %) of
samplesin six replicates on the sameday. Theinter-
day precisionwas determined through theanalysis of
the sampl es on three consecutive days. Accuracy was
determined by comparing the cal cul ated concentrations
to known concentrationswith calibration curves.

Therecovery of an analytein an assay isthe detec-
tor response obtained from an amount of the analyte
added to and extracted from thebiol ogica matrix, com-
pared to the detector response obtained for the true
concentration of the pure authentic standard
(c) Calibration/standard curve
(A) Linearity

Calibration curveswere prepared by determining
the best-fit of peak arearatios (peak area of analyte/
peak areaof internal standard) versus concentration,
andfittedto thelinearity equationY =bC + aand the
regression coefficient was cacul ated.

Thelinearity of thecalibration curve (18 replicates
for each concentration) for Lox was assessed in the
range 0.06- 10.00 pug/ml in plasma samples.

(B) Lower limit of detection (LLOD) and lower limit
of quantification (LL OQ)

LLOD isaparameter that providesthelowest con-
centration of analytein asamplethat can be detected,
but not quantified, under the stated experimenta con-
ditions. LLOQ isdefined asthelowest concentration
of anaytethat can be determined with acceptable pre-
cision and accuracy under the stated experimental con-
ditions.

LLOD and LLOQ were determined as the con-
centrationswithasgnd-to-noiseratioof 3:1and 10:1,
respectively, by comparing test resultsfrom samples
with known concentrationsof and yteto blank samples.
Each concentration standard should meet thefollowing
acceptablecriteria: aprecision of 20% and accuracy of
80-120%. The LLOD and LLOQ were 0.04 pug /ml
and 0.06 pg/ml, respectively for Lox in 18 standard
cdibration curves,

(d) Stability
Thestability of Lox in plasmawasstudied under a
variety of storageand handling conditionsusing aset of
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plasmasamplescontaining 0.20, 1.00 and 10.00 pg/ml
Lox. Short-term stability indicated religble stability be-
havior under theexperimental conditionsof theregular
runs. It was assessed by analyzing six aiquots each of
low, medium and high concentration samplesthat were
thawed at room temperature and kept at thistempera-
turefor 6 h. Post-preparation stability was measured
by re-analyzing the extracted |ow, medium and high
concentration plasmasampleskept under theauto-sam-
pler conditionsfor 24 h. Freeze-thaw stability (at—80°C
in plasma) was checked through three freeze-and-thaw
cycles. Six diquotsat each of thelow, mediumand high
concentrations were stored at —80°C for 24 h and
thawed unassisted at room temperature. WWhen com-
pletely thawed, the sampleswererefrozenfor 24 hun-
der thesame conditions. Thefreeze-thaw cycleswere
repeated threetimes, and then the samplesanalyzed on
thethird cycle. Thelong-term stability was determined
by analyzing six aliquots of each of thelow, medium
and high concentrationsstored at —80°C for 6 weeks.

Theprecisonand accuracy for thestability samples
must bewithin <15 and + 15%, respectively, of their
nomina concentrations.

Clinical protocol

Thismethod was applied intheandysisof plasma
samplesafter theadministration of asingledoseof one
tablet of Lox 60 mg (Roxonen tablets) to hedthy mae
volunteers. The study protocol was approved by the
Ethical committee of bioavailability Studies
(NODCAR). Theageof 6 volunteersranged from 29
to 38 years, and subjects had abody weight ranging
from 58 and 71kg. All subjectsgavetheir writtenin-
formed consent. The study was conducted in accor-
dancewiththeprovisonsof theDeclaration of HelSinki.
After anovernight fast period volunteersreceivedasingle
dose of onetablet of Lox 60 mg (Roxonen tablets)
with 200 ml of water. Blood samples (3 ml) from a
suitable antecubital vein were collected into heparin-
containing tubesimmediately before dose (0.0) and at
0.166, 0.33, 0.5, 0.75, 1.0, 1.5, 2.0, 2.5, 3.0, 4.0,
6.0, 8.0, and 12.0 h after theadministration of thedrug.
Theblood sampleswere centrifuged at 3000 rpmfor 5
min at room temperature and the plasmawas removed
and stored at —80°C until assayed for its Lox content.
All samplesfrom asinglevolunteer wereanalyzed in

— a%a['yttaa[’ CHEMISTRY

Hn Tndéan g%wumé



364

A simple bioanalytical assay for determination of loxoprofen in human plasma

ACAIJ, 12(10) 2013

Full Peper ——
thesameruninorder to avoid inter-assay variations.

Phar macokineticanalysis

Pharmacokinetics parameters from the human
plasmasampleswereca culated by anoncompartmentd
gatigicsmode usng MINITAB® softwareRdease13.1.

Blood samples were taken for aperiod of 3to 5
timesthetermina elimination haf-life(t,,) anditwas
considered asthe areaunder the concentration time
curve (AUC) ratio higher than 80% asper FDA guide-
lineg"1l,

Thefirst-order terminal €imination rate constant
(K,) wasestimated by linear regressonfromthe points
describing the elimination phase on alog-linear plot.
Themaximum observed plasmaconcentration (C__ )
andthetimetakento achievethismaximumlevel (T __)
were obtained directly from the curves. Theareasun-
der thecurvefor Lox plasmaconcentration versustime
for 0-12h (AUC, ,h) were calculated by applyingthe
linear trapezoidd method. Theextrapolation of thisarea
toinfinity (AUC_, ) wasdoneby addingthevaueC /
K, to the calculated AUC , where C, is the Lox
plasmaconcentration at 12hand K isthefirst-order
termina eliminationratecongtant.

RESULTSAND DISCUSSION

Therearesevera published methodsfor determi-
nation of Lox in biological fluid®*®. Some of these
methods require high retention times™9, or using spe-
cia chiral columnfor stereogpecific chromatographic
anadysig9. Other characterized with more complicated
extraction procedures such as solid-phase extraction
were also reported’®¥, Neverthel ess, solid-phase ex-
traction procedures are requiring solid-phase extrac-
tion cartridges, increasing the cost of theanaysis. Re-
cent study reported the determination of Lox using LC-
MS-M S detection™, but mass spectrometers are ex-
pensive and not readily available. The present study
describesasimple, sensitive, accurate and reproduc-
ible HPLC method for the determination of Lox in hu-
man plasma. Thismethod has severa advantagesover
the previously reported methods. Sample preparation
issimpler while others, the sampl e pretreatment was
required to remove protein”%%3 use of special pre-
treatment column’, coupling withachiral reagent(®4

or requiremixtureof reagentsfor sample preparation*
2 These pretreatment methodsincluded preci pitation
by organic solvents, resulting in decreased efficiency.
Alsothevery low quantification limit obtained witha
UV detector in the present work makes this method
particularly useful for pharmacokinetic studiesand al-
lowed usto avoid using fluorimetricand LC/MSde-
tection, which requiremore expensi ve equipments.
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Figure2: Chromatogramsof (A) blank human plasma, (B)
blank human plasma spiked with loxopr ofen sodium (10.00
pg/ml) and diclofenac potassium (2.00 pg/ml) and (C) plasma
sample obtained from volunteer 45 minutesafter oral ad-
ministration of roxonen tablet (60 mg/tablet asloxoprofen
sodium).
Selectivity

Different ratiosof themobile phaseweretried and
this ratio of phosphate buffer pH 2.5: acetonitrile
(55:45, viv) wasthe suitable one. Al so different types
of C18 columns were tried and the best one was
Agilent eclipse. Under the chromatographic conditions
described previously, Lox and Dic (1.S) peakswell
resolved. Figure 2 showstypical chromatograms of
blank plasmain comparison to spiked plasmasamples

Hnalytical CHEMISTRY o
A Tndéan W



ACAIJ, 12(10) 2013

Marwa Hosny Tammam et al.

365

with Lox and Dic and plasmasampl e obtained at 45
minutesfromvolunteer who received singleora dose.
Theretention timesof Lox and the Dicwas3.022 min
and 9.839 min, respectively. No endogenous com-
pounds appear to interferewith their peaksin blank
plasma. Thebaselinewasrelatively freefrom drift.

Accur acy, precision and recovery

Theintra- andinter-day accuracy and precison (CV
%) resultsof Lox in human plasmaweresummarizedin
TABLE 1and 2, respectively.

TABLE 1: Precision and accuracy of standard calibration
curvesof loxopr ofen (I ntra- day) in human plasma. (n=6)

Theoreticg] M ean Found Accuracy
Concentration Concentration SD CV % %
(ng/ml) (ng/ml)
0.060 0.065 0.003 4.615 108.333
0.080 0.080 0.003 3.750 100.000
0.100 0.107 0.004 3.738 107.000
0.200 0.198 0.014 7.071 99.000
0.500 0.499 0.049 9.820 99.800
1.000 0.989 0.086 8.711 98.900
5.000 5.100 0.282 5,536  102.000
10.000 9.800 0.513 5.235 98.000

TABLE 2: Precision and accur acy of standard calibration
curvesof loxopr ofen (Inter - day) in human plasma. (n=18)

Theoretical

Mean CV  Accuracy

Concentration Concentration SD | o
(ng/ml) Found (ug/ml) /0 %
0.060 0.066 0.002 3.030 110.000
0.080 0.083 0.005 6.024 103.750
0.100 0.102 0.007 6.863 102.000
0.200 0.191 0.014 7.330 95.500
0.500 0.461 0.043 9.328 92.200
1.000 0.937 0.084 9.000 93.700
5.000 5.168 0.353 6.827 103.360
10.000 9.939 0.607 6.107 99.390

Intra-day precision and the accuracy were deter-
mined with Six determinationsper concentrationin the
sameday with therangeof 3.738%-9.820% and 98.000
—108.333, respectively. Inter-day precision and the
accuracy calculated from theresults of theassay of six
cdibration curvesinthreedifferent dayswith therange
of 3.030%-9.328% and 92.200 — 110.000.

Theextraction recovery determined for Lox was
shown to be cons stent, precise and reproducible. The
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mean recovery was 90.00% whichisan acceptablefor
theroutinemeasurement of Lox.

Calibration curves, linearity, LLOD and LLOQ

Six concentrations defined the calibration curves.
A cdlibration curvewas obtained by plotting the peak-
arearatio against the concentration of Lox in plasma
Thelinearity of thecalibration curveswasverified from
0.06 -10.00 pg/ml and the corresponding regression
equation was (y=0.399x - 0.021, r=0.999), wherey
isthe peak arearatio of Lox to Dic, x isthe concentra-
tion of Lox (png/ml) in plasma and r is the correlation
coefficient. TheLLOD and LLOQ were0.04u1g/ml and
0.06, respectively.
Sability

The stability tests of three QC sampleswere de-
signed to cover anticipated conditions that clinical
samples may experience. Stability datawere summa-
rizedin TABLE 3. Bri€fly, threefreeze-thaw cyclesand
ambient temperature storage of thefreezed quaity con-
trol samplesup to 6 h prior to sample preparation ap-
peared to haveno effect on the quantification of andyte.
Quality control samplesstored in afreezer at —80°C
remained stablefor at |east 6 weeks. For auto sampler
sability, therewasno observed effect on quantification
for theextracted sampleskept in auto sampler for 24 h
at 4°C.

Application to phar macokinetic study

Inthisstudy plasmaconcentrationsweredetermined
insx hedthy volunteers, whoreceived asingleord dos-
ing of 60-mg tablet formul ation. The derived pharma-
cokinetic parametersof 6 healthy volunteersare sum-
marizedin TABLE 4. Themean plasmaconcentration—

Timecurveof Lox wasshowninFgure3. Thephar-
macokinetic parameterssuchasT__,C__ andAUC
areingood agreement with thosefound previoudy and
no significant difference was observed between our
pharmacokinetic dataand resultsreported inthelitera:
ture7933],

The present method proved to be reproducible
and reliablebased on the results of validation assess-
ment. Also, sensitivity and selectivity of the method
alowed usto gpply it successfully for theroutineanay-
sisof biological samplesin pharmacokinetic research
on Lox.
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TABLE 3: Data showing stability of loxoprofen in human plasmaat different QC levels(n =6).

Accuracy (mean £ CV%)

0.20pg/ml 1.00pg/ml 10.00pg/ml
Short-term stability (6h, room temperature) 99.3849.39  98.57+10.41 102.24+11.78
Freeze and thaw stahility (3 cycles, —-80 °C-room temperature) 96.41+5.58 95.25+5.33 99.30+8.53
Long-term stahility (42 days, —80 °C) 99.73+6.43 88.73+5.98 98.80+7.95
Auto sampler stability (24 h, 4 °C) 97.23+3.45 96.11+4.68 99.75+5.13

TABLE 4 : Pharmacokinetic parameters required for
assessment of loxopr ofen bioavailability.

Parameters M ean
Crnax (ng/ml) 6.537 +£3.939
trex () 0.50
AUCq.ins (ug.h/ml) 9.894 + 4.509
ty () 2.334 £ 1.320
MRT (h) 2.291 + 0.654
K« (h) 0.191+0.015
10.0 -
9.0 -
8.0 -
€ 7.0 -
B 6.0 -
_§ 5.0 -
% 40 -
§ 3.0 -
8 20-
1.0 -
0.0 4 . X ’ + ; * )
0 2 4 6 8 10 12 14

Time Post-Dose (hour)
Figure3: Mean drug plasmaconcentr ation—time curve of
loxoprofen from 6 volunteer safter oral administration of
roxonin tablets.

CONCLUSION

A smple, accurate and reliable HPL C method for
the quantitation of Lox in human plasmahas been de-
veloped and validated. The described method usesa
fast and easy samplepreparation, acommercidly avail-
able internal standard and a simple HPLC system
coupled with UV detection and no need for chiral re-
agent. The sengitivity of the assay isadequatefor appli-
cation in the study of clinical pharmacokinetic or
bioequivaencetest of Lox formulationin human.
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