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ABSTRACT

A liquid chromatographic-mass spectrometry method for the determination
of ketoprofen enantiomersin swine/cat plasma and exudate is described.
Plasma /exudate proteins were precipitated with acetone-trichloroacetic
acid and centrifuged. The supernatant (~ 500uL) was filtered through a
centrifuge filter tube before it was diluted and injected into the LC-M Y
MS. The recovery for both R and S ketoprofen varied from 97 to 98% in
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plasmaand exudate. The limitsof quantification of R and Swere 10 ng/mL
and the limit of detection was 5 ng/mL for both R and S in plasma and

exudate, based on 0.5 mL swine plasma or exudate.
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INTRODUCTION

Ketoprofen (KTP) isanon-steroidal anti-inflam-
matory drug of the 2 aryl propionate family that has
and gesic, anti-inflammatory and anti pyretic properties®.
KTPisachirad compound that contains an asymmetri-
ca carbon atom and existsintwo enantiomericformg?.
Most of theclinical effect of KTP has been attributed
to the S-enantiomers, but the R-form may have signifi-
cant andgesicactivity®®. Enantiomershavevery smilar
or identical physico-chemica propertiesanditisthere-
foredifficult to distinguish betweentheminan achira
environment. On the other hand, the pharmacokinetic
propertiesof thetwo enantiomersmay differ profoundly.
Thisarisesbecausethe body isachira environment.
Studiesof the pharmacokinetics of KTP should there-
fore aways measure and quantify the separate enanti-
omersand not “total drug”.

KTPisawd-described anti-inflammatory and an-
algesic agent in veterinary and human medicine. The
published analytica methodsarethoughrather compli-
cated, and not suited for the small sample. For large
sampleseries, asmpleand rapid extraction and clean-
up method isvery beneficia, asthisalowsfor ahigher
sampl e throughput and thereby comparative studies
across species.

Several analytical methods based on high perfor-
manceliquid chromatography (HPLC) with UV ab-
sorbance, capillary e ectrophoresisor enantiomerscon-
centrationsin plasma, including liquid-liquid extraction,
diaysig*® and solid-phase extraction® Also the
bioanalytical andyses of ketoprofen by mass-gpectrom-
etry (M S) based techniques have been performed us-
ing GC/M S, Tothe GC/M Stechnique, derivatization
isrequired. Thesemethodsare generally time-consum-

ing.
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Liquid chromatography mass-spectrometry (LC-
MS/MS) isamore sophisticated techniquealowing a
very effectiveisolation of analyteionsfrom thenoise-
producing matrix. No derivatizationisrequired. Only
onepublication utilizing LC-M S/M Sfor detection of
KTP enantiomers*!. In addition to the separation col-
umn, an automated soli d-phase extraction systemisin-
sertedintheanayticd lineinthismethod. A minimum of
1 ml plasmaisrequiredfor theanaysis.

Theam of thiswork wasto developand vdidatea
very smple, sensitiveand reliableLC-MSM S method
for KTP enantiomers, based on 0.5 mL sampleor less,
and at the sametimemaintain the sengitivity necessary
for pharmacokineticstudiesinanimas Thesamplepre-
treatment described can a so be used for andyzing the
total concentration of KTP,

EXPERIMENTAL

Materialsand reagents

Samples of drug free swine and cat plasma and
exudate were used as control material and for spiking
WithKTP,

All chemicalsand solventswere of analytical or
HPLC grade. RacemicKTP (SigmaCo. St. Louis, MO,
USA) and S(+)-KTP (Aldrich, Steinheim, Germany)
stock standard solutions (I mg/mL) were prepared by
dilutionwith methanol. Theworking standard solutions
were made by aliquotsfrom these stock solutionsdi-
|uted with methanol. Stock and working standard solu-
tionswerestored at +4 °C.

Spin-X centrifugetubefilter units0.22 um, nylon
type (Costar, NY, USA) were used for filtration.

Trichloroaceticacid (TCA) wassupplied by Merck,
(Darmstadt, Germany), and 0.15 % TCA in acetone
was prepared by dissolving 85 g TCA in 15 g water
(stock solution) and mixing 150 uL of this stock solu-
tionwith 100 mL acetone.

Chromatogr aphicconditions

The LC-MS-MS instrumentation used for the
method devel opment consisted of a Series 200 quater-
nary pump and autosampler (Perkin EImer, Norwalk,
USA) andanAPI 2000 LC-MS/M Ssystem (Applied
Biosystems, Ontario, Canada) equipped with aTurbo-
lon Spray ion source. Theturbo probe vaporizer tem-
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peratureof theinterfacewasfixed at 425 °C. The MS
was st to collect ion datain positivemode. Datawere
acquired in themultiplereaction monitoring (MRM)
mode. The protonated molecular ionwasnvz255. The
product ion m/z209.1 wasused for screening and quan-
tification, whiletheratioswith the productionm/z105.2
were used for confirmation of theidentity.

A precolumn filter A-318 with an A-102X frits
(Upchurch Scientific,USA) wasconnected totheguard
column. Thecolumn ChirobicticR (RistocetinA), 100x
4.6 mm (Astec, NJ, USA. cat. N°. 13022) and guard
column (20x 4.0 mm) contai ning theidentical sorbent,
wereoperated at aconstant temperature of 18°C. The
mobile phase consisted of amixture of two solutions.
SolutionA congsted of 10mM ammonium acetateadded
0.3mL/L formicacid and B wasmethanol. Themobile
phase operating conditionsareshownin TABLE 1.

TABLE 1: Mobilephaseoperating conditions

Total time Flow Solution A Solution B
Step  (min)  (uL/min) (%) (%) TE#1
0 0.0 600 46 54 Open
1 4.0 600 46 54 Close
2 7.8 600 46 54 Close
3 10.0 600 46 54 Open

TE#1= time events.

After separation, the L C fluent wasconnectedtoa
two-position micro eectric vaveactuator (Vici, Valco
Ingtruments Co. Inc. Texas, USA) programmed inmode
two by our provider. Theresfter, the LC fluent was split
approximately 1:4 beforeentering the M Sinterface.

Samplepretreatment

A volumeof 0.2 mL methanol or sandard dissolved
inmethanal (to standards curvesthe corresponding vol-
ume of standard solution werediluted to 0.2 mL with
methanol) and 0.7 mL 0.15 % TCA in acetone was
added to 0.5 mL plasmaor exudate. The mixturewas
mixed withawirlimixer for 10 sec. After centrifugation
for 4 min at 3600 rpm, approximately 0.5 mL of the
supernatant wasfiltered through aSpin-X centrifuge
filter with centrifugationfor 1 min at 10000 rpm (5600
x g) withaCostar (USA) mini centrifuge. To 0.1 mL
filtrated supernatant, 0.2 mL 1M ammonium acetate
was added. After whirl - mixing for 2 sec, 50 pL was
injected intotheLC-MS-MSsystem at intervalsof 10

—— a%a['yttaa[’ CHEMISTRY
A ndian W



88 Determination of ketoprofen enantiomers in plasma and exudate

ACAIJ, 13(3) 2013

Full Peper ——
minfor thedetermination of KTP enantiomers.

Calibration curvesand recovery studies

Theprecision, recovery andlinearity for KTPenan-
tiomers were determined by spiking cat and swine
plasmaand cat exudate sampleswith standard solu-
tionsto yield 0, 10, 15, 20, 25, 50, 100, 200, 400,
600, 1000, 4000 and 8000 ng/mL. Therecovery was
determined by comparing the appropriate peak areas
from the spiked sampleswith those of standard solu-
tionsof KTP. The standardswere prepared by diluting
the stock standard with methanol to 0.2 mL, adding
0.5 mL water and then 0.7 mL 0.15 % TCA in ac-
etone. After mixing, 0.1 mL of thissolution wasmixed
with 0.2 mL 1 M ammonium acetate.

RESULTSAND DISCUSSION

Thestandard curveswerelinear intheinvestigated
areasfrom 10to 8000 ng/mL for R (-) and S(+) KTP.
Thelinear corrdation coefficientswerer =0.9999for R
(-) and S(+) KTP. Therecovery and repeatability val -
uesfor R (-) and S(+) KTPfrom spiked swineplasma,
cat plasmaand exudatesareshownin TABLE 2.

Chromatograms obtained from drug-free cat
plasmaand from the corresponding samplesspiked with
KTPareshowninFigurel.

Chromatogramsof drug-freecat exudatesand swine
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TABLE?2
R(-) R(- + S(+
N“g‘fber Amd?‘fg of K'I('F)’ KT(F)> IE(T% K'(I'F)’
sl oomy) 0 09 %) 00
Swine plasma
6 25 1.3 98 13 98
6 100 1.1 97 0.8 97
6 400 0.9 98 0.7 98
Cat plasma
6 400 0.7 97 0.5 97
6 1000 0.8 97 0.4 97
Cat exudate
6 400 0.4 98 0.4 98
6 1000 0.3 98 0.4 98

SD = Standard deviation; RC = Recovery

plasmaspiked with KTP and also with the S- enanti-
omer only, inaddition areshowninFigure2. The S-
KTPeutedfirst and R-K TP uted secondly, using the
described chromatographic conditions.

Thelimit of detection for KTP enantiomerswere
cd culated asthreetimesthe peak-to pesk basdinenoise
(S/N =3) from drug-free swine plasma. It was 3.5 ng/
mL. Thelimit of quantification for either enantiomer was
10 ng/mL based on 0.5 mL plasma.

If theamount of plasmalexudate avail ablewasless
than 0.5 mL, purified water was added to atotal vol-
umeof 0.5mL and theresultswere corrected for the

| BLANK PLASMA

Tima, min
Figurel, Chromatograms of extract from cat plasma spiked with enantiomeric concentration of
25 ng/mL racemic ketoprofen and blank cat plasma. Chromatograms showed product ions mvz 105
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Figure 2. Chrumatograms of extracts from
concentration of 200 ng/mL racemic ketop
250 ng/mL of S enantiomers. Also chroma
showed product ions m/z 105 and 209.

dilutionfactor.

Enantiomershavevery smilar oridentica physico-
chemica propertiesanditisthereforedifficult toachieve
separation between R (-) and S (+) KTP. Improved
separation was achieved with anincreased theammo-
nium acetate concentrationinthesamplevid.

Alsotheaddition of 0.3mL/L formicacidtothe10
mM ammonium acetatein themobile phaseand alow
column temperature (18 °C) improved separation.

The efficacy and selectivity of the Chirobiotic R
columninthe reverse phase mode was stable across
thevarioussampleseriesandyzed. ThepH of thebuffer
ismostimportant parameter in chird selectivity inthe
reverse phasemode. Chirobiotic phaseshavebeen used
inthereverse phase modewith buffersinapH range of
3.5t07.0. Thestability of thechiral stationary phase/
and ytecomplex isdependent onthechargeof theanayte.
Because of the complexitiesof theseinteractions, itis
necessary to observetheretention and resolution asa
function of pH. It has been determined that the safest
and most stable pH-rangesfor the chirobiotic column
phase R were3.5t06.8.

Lower temperature resultsin higher resolution.
Higher temperaturesreducetailing, decreaseretention
and canreverseelution order(*2.

Theuseof atwo position micro eectric vave ac-
tuator prevented unnecessary mobile phase and the

swine pla«ma spiked with enantiomeric
rofen and spiked additional with
tograms of blank exudate. Chromatograms

solvent front contai ning water - soluble co - extractsto
reach the M S. Thereby, unnecessary contamination of
theinstrument could be avoided. Itisessentia that the
micro electric valve actuator isprogrammed in mode
two. Themicro eectric valve actuator appearsfavor-
ableinall MSanalyzes. Theactuator wasguided from
datasoftwareunder LC pumps(events). Whentheevent
is open, the mobile phase flowsto waste. When the
event isclosed, themobile phaseflowsto the M Suntil
anew closeevent isgiven; hereafter, themobile phase
flowsto thewaste. However, the use of amicro elec-
tricvaveactuator isnot an absoluterequirement to carry
out the described method for KTP enantiomers.

We used acetone, methanol and TCA inthesample
pretreatment in order to break protein binding of the
ketoprofen enantiomers®. Inthisway themethod ana
lyzesthetota KTPamount, and not only thefreefrac-
tion of theenantiomersin plasma.

Itispossibleto usethe sample pretreatment to ana
lyzethetota concentration (no enantiomers) of ketoprofen
inplasmaand exudate. But, thechromatographic condi-
tionsmust in such cases be adjusted as described ear-
lier™ or equa methodsfor andyzingtota KTP.

TheLC-MS/M S method presented hereis selec-
tiveand robust, and the sensitivity satisfiestherequire-
mentsfor pharmacokinetic sudies. Nointerfering pesks
werefound. Thetime needed for sampl e preparation
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was short. We have analyzed over 1000 plasma/exu-
dates samples using the method without changing the
andyticd columnsresolution.

CONCLUSIONS

Theagpplications presented hereareagood example
that LC-MS/M S can offer anumber of significant ad-
vantagesfor the detection and quantification of KTP
enantiomersin plasmaand exudates samplescompared
to previoudly published methods. The advantageof the
LC-M Stechniqueliesin the combination of the sepa-
ration capabilitiesof HPLC and the power of MSasan
identification and confirmation tool with good sengitiv-
ity, selectivity, and quantitative cgpability. TheLC-M Y
M S methodsgeneraly requireonly asmpleclean-up
or only adilution procedureand no derivatization. The
validation datashow that the methods performanceis
good and can beused for routineanalysis.
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