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ABSTRACT KEYWORDS
Combination drug products containing ezetimibe (EZB) and atorvastatin LC-MSMS;
calcium (ATVC) are widely used for treatment of hyperlipidemia. A rapid, Solid phase extraction;
simple and sensitive liquid chromatography—tandem mass spectrometry Ezetimibe;
(LC-MS/M S)method for determination of EZB and ATV Cin spiked human Atorvastatin calcium;
plasma has been developed and validated.Plasma samples were subjected Bioandysis.

to solid phase extraction before analysis with an extraction recovery of
90.59 - 98.02%. Chromatographi c separation was performed on aC18 col-
umn using isocratic elutionwithin 2 min run time. The mobile phase con-
sisted of acetonitrile: 1% of formic acid inwater (8: 2, v/v) and was pumped
at a flow rate of 0.8 mL/min. Detection of analytes was achieved by with
electrospray ionization (ESI) in negativeion modefor EZB and positiveion
modefor ATV C. Thecalibration curveswerelinear over therange of 1.67 —
83.33 ng/mL for both drugs. The precision at the lower limit of quantitation
for EZB (12.97%) and ATV C (8.99%) was determined. Theintra- and inter-
day precisionswere within 9.16%, whilethe accuracy ranged from94.18to
106.94%. Thevalidated L C-M S/M S method was successfully employed for
thedetermination of EZB and ATV Cin spiked human plasmafor application
intherapeutic drug monitoring. © 2014 Trade ScienceInc. - INDIA

INTRODUCTION

Ezetimibe (EZB) inhibitsthe absorption of choles-
terol, decreasingtheddivery of intestinal cholesterol to
theliver. Atorvastatin calcium (ATVC) isasynthetic
lipid-lowering agent that inhibits 3-hydroxy-f3-
methylglutaryl-coenzymeA (HMG-CoA) reductase.
Recently, acombination of EZB and ATV C hasbeen
introduced to the market. The co-administration of both
drugsoffersawell-tolerated and highly efficient treat-

ment optionfor patientswith dydipidemiaand helpsin
prescribing alow dose of ATV C, which may reduce
sideeffectd. Thepreviously reported C__ for EZB
and ATV C was reported as 5.40 + 0.64 ng/mL and
14.80+ 1.72 ng/mL, respectively!d. Chemically EZB
is [(3R,4S)-1-(4-fluorophenyl)-3-[(3S)-3- (4-
fluorophenyl)-3-hydroxypropyl]-4-(4-hydroxyphenyl)-
2-azetidinoneg], and ATVC is [R-(R\,R\)]-2-(4-
fluorophenyl)-b, d-dihydroxy-5-(1-methylethyl)-3-phe-
nyl-4-[ (phenylamino)carbonyl]- 1H-pyrrole-1 —


mailto:medhat.alghobashy@cu.edu.eg

116

Simultaneous determination of ezetimibe and atorvastatin calcium in spiked

ACAIJ, 14(3) 2014

Full Peper —

heptanoic acid — calcium salt (2:1) trihydrate!®. The
chemical structuresof ATV C and EZB areshownin
Figurel.
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Figure 1 : Chemical structures of Ezetimibe (a) and
Atorvagtatin calcium (b)

Bioanalytical methodsarewiddy used to quantify
drugs and their metabolitesin physiol ogical matrices.
Such methodsare applied to studiesinhumanclinica
pharmacol ogy and non-human clinical pharmacol ogy/
toxicology. Biocandytica method employed for thequan-
titative determination of drugsinbiologicd fluids, plays
asgnificant roleinthe eval uation and interpretation of
bi oequiva ence, pharmacoki netic and toxi cokinetic tud-
ies. HPLC coupled to UV or fluorescence hasbeen
extensgveyinuse. However, lack of sensitivity andlim-
ited selectivity that arerequired for analysis of co-ad-
ministered drugto be given at low dosesrepresented
themajor challenge. Moreover, therdatively long run
time, largevolume of plasmarequired for anaysisas
well ascomplicated and time-consuming extraction pro-
cedureslimited the usefulness of thesetechniques. Re-
cently, HPL C coupled to tandem mass spectrometry
(LC-MS/M S)has become the gold standard for the
analysisof pharmaceuticalsin plasma. Themain ad-
vantages of LC-M S/MSinclude extremely low detec-
tionlimits, minima samplevolume andpre-treatment.
The improved selectivity of LC-MS/MS enabled
straight forward anaysi sof multicomponent mixtures
of anaytesinfew minutes®.

In tandem MS/MS, the detector may be pro-
grammed to select certainionsto fragment. The pro-
cessisessentialy asdection technique. Aslong asthere
arenointerferencesor ion suppression, the LC sepa-
ration can be quite quick. It iscommon now to have
andysistimesof 1 minuteor lessby MS/M Sdetection,
compared to over 10 minutes with UV detection(®.
However, thetask gets complicated if analytesin the
samplecannot be determined using thesameionization
mode. M odern mass spectrometersallow for positive/
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negative polarity switchingand are capablefor acquis-
tion of multiplereaction monitoring (MRM) mass spec-
trainbothionization modesfromasingleHPLC-MS/
MSandysis. However, variability isstill aconcernand
full validationand eva uation of matrix effect isrequired
for both modes™.

Therewerefew studiesavailablefor the determi-
nation of either EZB®% or ATV CI*¥% in human plasma
using LC-MS/IM S method. However, therewere no
bicandyticd sudiesfor thesmultaneousdetermination
of EZB and ATV C in human plasma. Inthisstudy, the
development of avdidated, Smpleandrapid solid phase
extraction (SPE) coupledto LC-MS/M S method for
smultaneousdetermination of EZB and ATV Cinspiked
human plasmaisinvestigated.

EXPERIMENTAL

Chemicalsand samples

EZB and ATV C pure standardswerekindly sup-
plied by Marcyrl Pharmaceutical Industries, EI-Obour
City, Egypt. Human plasma was obtained from
VACSERA (Egypt). All other reagentswereof HPLC
gradeand purchased from SigmaAldrich (USA). Stock
solutions (100 pg/mL) of EZB and ATVC were pre-
pared in methanol and stored at 2-8 °C protected from
light. Working solutionswere prepared fresh asindi-
cated below.

I nstrumentsand chromatogr aphic conditions

The SPE experiments were carried out using a
vacuum manifold and manually packed cartridgeswith
HF Bondesi| C18 according to manufacturer’s specifi-
cations(Agilent Technologies, USA). Chromatographic
separation wasachieved on an Inertsl ODS-3 column,
50x 4.6 mm, 5 um (GL Science, Japan). The column
oventemperaturewas maintained at 30 °C and diquots
of 20 uL were injected. The mobile phase consisted of
acetonitrile: 1%formicacidinwater (8: 2, v/v) at aflow
rateof 0.8 mL/min giving atota runtimeof 2min. For
chromatographic separations, an Agilent 12200HPLC
systemwith G1311A quaternarygradient pump, G1329A
auto sampler, G1316A columnthermostat was used
(Agilent Technologies, USA). TheHPLC systemwas
connected toanAgilent 6410Btriplequadrupoleequipped
with anAgilent e ectrosprayion source (ESI, G1948B)
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(Agilent Technologies, USA). Dataacquistionwasper-
formed using theA gilent MassHunter workstation soft-
ware (B.02.01 SP1).The mass selective detector was
usedintheMRM modefor thehighest possiblesd ectivity
and sengitivity. Themultimodeion sourcewasoperated
inthenegative ESI modefor determination of EZB and
inthe positive modefor determination of ATVC. The
M Sdetector settingswereasfollows. gastemperature:
350 °C,gasflow: 11 L/min, nebulizer pressure:40 ps,
capillary voltage: 4,000 V.Quantitative
determinationswvere performedin MRM scanmode us-
ingthefollowingtrangtions m/z408.1— 271.1for EZB
and m/z559.3 — 440.3for ATV C. Thedwell timefor
eachtrangtionwas200ms.

Samplepretreatment

SPE wasemployed for preparation of spiked plasma
samples. Theplasmasamples(0.5mL) werespikedwith
suitable concentrationsof binary mixturesof EZB and
ATVC and 0.5 mL of 2% formic acid in water were
added and vortexed for 30 seconds. The content was
subsequently transferred to 1 mL SPE cartridgespacked
with 100 mgof HF Bondesil C18. Cartridgeswerepre-
conditioned with 2 mL methanol followed by 1.0 mL
water. The cartridgeswerewashed with 2.0 mL 2%for-
micacidinwater, and theandyteswereeluted with 1.0
mL 0.1 %formicacidin methanol After theextraction of
samples, theextractswere concentrated and evaporated
to dryness under astream of N, at 60° C and the resi-
dueswererecongtituted in 200 uL. mobile phase. Result-
ing solution wasvortexed for 30 seconds, prior totrans-
ferrd toHPLC vidsand 20uLwere injected. All samples
werekeptinicea dl times.

Method validation
Linearity and sensitivity

The optimized method was validated according to
the FDA guiddlines®!. Appropriate amounts of EZB
and ATV C were added to blank plasmato obtain a
concentrationrange 1.67 - 83.33 ng/mL for both drugs.
Samples were then prepared and analyzed using
theprocedure described above. The peak areaswere
calcul ated from the sel ected-ion mass chromatogram
of anaytes. Cdlibration curvesfor bothEZB andATVC
were plotted and the corresponding regression equa-
tionswere ca culated. Deviation fromnomina concen-
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tration wasthen caculated in order to reved variability
inboth sample preparation and anays ssetps.Senstivity
was measured using Lower limit of Quantification
(LLOQ). Theaccuracy and precision wereeva uated
a theLLOQ usingfivereplicates.

Accuracy, Precision, Extraction Recovery, Matrix
effect and Specificity

Aliquotsof each and yte standard solutionsof EZB
and ATV Cwereadded to six different batches of blank
plasmatofina concentrationsof 5.00, 33.30 and 50.0ng/
mL. Samplepretrestment and anaysiswerecarried out
asdescribed above. Theana yte peak areaswerecom-
pared to results obtained by spiking in extracted drug-
free plasma, immediately prior to chromatography.
Therecovery va ueswereca culated and eva uated. Ac-
curacy was cal cul ated asthe percentage of determined
concentration relativeto thenominal concentration. The
assay described abovewas repeated fivetimeswithin
the same day to obtain theintraday precision and over
threedifferent daysfor theinterday precision. Resultswere
expressed asapercentage of relativestandard deviation
vaues(RSD%).Thematrix effect was assessed at con-
centrations’5.00, 33.33 and 50.00ng/mL., by comparing
mean peak areasof theanalytes spikedinto plasmaex-
tracts to mean peak areas for neat solutions of the
analytes. The specificity was assessed using six blank
human plasmasampl esthat were subjected to the ex-
traction procedure and chromatographed to determine
theextent towhich endogenous plasmacomponentscoul d
interfereintheanalysisof EZB and ATV C. Theresults
were compared to asolution containing 1.67 ng/mL of
EZB and ATV C each.

Sability

Short-term, freeze-thaw, and processed sample sta-
bilitiesof EZB and ATV C inplasmawereinvestigated
to assesstheandyteintegrity throughout the procedure.
Both low and highQC sample concentrations(5.00 and
50.00ng/mL) were used. QC samples (n = 5) were
analyzed immediately after preparation (100% refer-
ences) and after storage: (1) short-term stability was
assessed after 8 h standing at room temperature, (2)
freeze-thaw stability was assesses after three cycles of
freezing at — 20 °C and thaw unassisted at room tem-
peratureand (3) the stability of the processed samples
wasdetermined after storagefor 8 hintheautosampler.
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The anayteswere cond dered stablein the matrix when
the concentration difference between thefresh samples
and the stability testing samplesdid not exceed 20%.
Thelong-term stability for storage of plasmasampleat
-80 °C was not assessed because all therea samples
wereandyzedwithin8h.

RESULTSAND DISCUSSION

LC-MS/MSisavery selectiveand sensitivetech-
niquefor quantitation of ana ytesin highly complex ma:
trices. Characteristic fragments are simultaneously
monitored for given anaytes®. Preliminary sudiesin-
volving optimization of sample preparation stepsand
mass detector settingswere carried out and thefollow-
ing resultswere obtai ned.

Samplepretreatment

In the present study, a SPE extraction procedure
for the preparation of human plasmasamplesprior to
LC- tandem MS analysis was optimized. In-house
packed SPE cartridgeswereemployed in order to re-
ducethecost andimprovethereproducibility of sample
preparation protocol . Plasmasamplesweremixed with
2% formicacidin order to ensurethat theanayteswere
intheunionized form prior to extraction. Wash steps
with solutionscontai ning amountsof organicsol vent such
as acetonitrile or methanol in water resulted in a
dramati cdecreaseintheextraction recoveriesof andytes.
A wash step with 2% formic acid inwater resulted in
cleaner samplesand lessvariablerecovery. Elution was
carried out using 0.1%formic acidin methanol. Evapo-
ration and reconstitution of the obtained residue was
carried out inthe mobile phase.

Chromatography and M assdetection

Chromatographic analysiswascarried out using a
C18 column and a mobile phase of acetonitrile: 1%
formicacidinwater (8: 2, v/v) at 0.8 mL/min.A tota
runtimeof 2 minand retentiontimesranged from 0.98
to 1.05 min wasobtained. Theselow retention times
alowed therapid determination of theboth drugs. Mass
detector parameters were optimized and symmetric
peaks for EZB and ATVC were
obtai ned.Chromatographi c peakswiththehighest sg-
nal-to-noiseratiowerefoundto be: m/z408.1— 271.1
for EZB and m/z 559.3 — 440.3for ATV C asshown
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inFigure2 and 3. Theoptimized method wasvdidated
accordingtothe FDA guiddines®.
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Figure?2: Product ion massspectra of theprecur sor ionsand
theproposed patter nsof fragmentation ofezetimibe[M-H]
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Figure3: Product ion massspectra of theprecur sor ionsand
theproposed patter nsof fragmentation of atorvagtatin [M +H]*

M ethod validation

The coupling of HPLC with M S/M Sdetectionin
the MRM mode showed high specificity becauseonly
theionsderived from theanaytesof interest weremoni-
tored. Representative chromatogramsof atreated blank
plasmasampleand atreated plasmasamplespiked with
either 16.67 ng/mL EZB or 16.67 ng/mL ATVC are
showninFigure4, 5and 6, respectively. Resultsindi-
cated lack of interference by endogenous plasmacom-
ponentsat theretention timesof thestudied drugs. Lin-
ear relationship was obtai ned between the peak areas
and concentrationintherangeof 1.67—83.33 ng/mL
for both of EZB and ATV C. The deviation from the
nominal concentrationwaslessthan 8% at al concen-
trations. Theregression equations was computed and
found to be:

Y =17,554.58 C -8,807.56 r = 0.9999 for EZB

Y =1,351.44 C +1,919.28 r = 0.9999 for ATVC
WhereY istheareaunder peak, C isthe concentration
inng/mL andr isthecorrel ation coefficient.

SincetheC__ of EZB andATVC were5.40=+0.64
ng/mL and 14.80 + 1.72 ng/mL, respectively!d. The
obtai ned linearity rangewas consi dered gppropriatefor
thergpeutic drug monitoringapplicationsupon adminis-
tration of afixed dose combination product containing
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both drugs, 10 mg each/ tablet.Results clearly showed
that our method was sensitiveenough for determination
of EZB and ATV C in human plasmasamples. In addi-
tion, the sensitivity of the present assay was compa-
rabletothereported studiesfor theindividual determi-
nation of either EZB or ATV CI&9,

AttheLLOQ for both drugs(1.67 ng/mL),the pre-
cision was found to be 12.97% and 8.99% for EZB
and ATV C respectively.On the other hand, the accu-
racy was 89.44 — 116.11% for EZB and 93.24 —
111.67%for ATV C at the corresponding LLOQ.

Theresultsof assay performance, assessed at three
concentrations processed under the same conditions
asprevioudy described aresummarizedin TABLE 1.
Anaytical accuracy ranged from 94.18%to 106.94%.
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A higher and more reproducible extraction recovery
(90.59% - 98.02%) for both drugswas obtained when
compared to conventional liquid-liquid extraction (re-
sultsnot shown). Intra-day precision and inter-day pre-
cision ranged from 3.50 - 6.15% and from 4.21 -
9.16%, respectively. All observed datafor theintraand
Inter-assay were bel ow 15.00%. These dataindicated
that the method provides adequate accuracy and pre-
cision for the determination of analytes in plasma
samples.Matrix effects caused by endogenous co-elut-
ing componentswere examined at threedifferent con-
centrationlevels. Theresultsfor both EZB and ATVC
were higher than 93.50% suggesting that therewasno
signal suppressionsduringionization step dueto en-
dogenous components.

TABLE 1: Reaultsof accuracy, extraction recovery and precision of ezetimibeand ator vagtatin calcium in human plasmaby

theproposed L C-M M Smethod.

Accuracy(%) Extraction Precison (RSD%)
Analytes Amount added (ng/mL) (Mean=RSD%) ~ Recovery (%) Intraday Interday
5.00 94.18+3.11 96.60 3.50 4.21
Ezetimibe 33.33 98.08+5.15 97.35 5.60 5.68
50.00 105.10+4.33 98.02 5.06 7.55
5.00 95.55+ 5.30 85.59 6.14 6.23
Atorvastatin Calcium 33.33 98.75+3.15 89.87 5.37 6.36
50.00 106.94 + 5.00 88.99 6.15 9.16
Each value is mean of five replicates.
x10 -1 ESI MRM Frag=100.0V CID@5.0 (408.1 > 271.1) calib_1.d x101 -ESI MRM Frag=100.0V CID@5 .0 (408.1 -> 271.1) calib_4.d
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Figure4: Representativel C-M /M Schromatogramsof blank
plasmafor (a) ezetimibeand (b) ator vastatin calcium

Thestability of EZB and ATV C inplasmaat room
temperaturefor 8 h did not show significant deviations
from the nomina concentrations (lessthan 10%). Re-
sultsindicated thatthe anal ytesin processed samples
canremain intheautosampler for at least 8 h without
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Figure6: Representativel. C-M SM Schromatogram obtained
from ablank human plasma samplespiked with 16.67 ng/mL
atorvastatin, monitored at m/z440.3

showing 9gnificantlossinthequantified values(lessthen
10%). The stability dataof theanalytesin plasmaover
threefreeze-thaw cycles indicated a maximal deviation
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from thenomina concentration of 13.00%.

CONCLUSIONS

A fast, smple and sensitive method for the deter-
mination of EZB and ATV C in human plasmawasde-
vel oped and vdidated. Simultaneous determination of
EZB and ATV C in human plasmausing both positive
and negativeionization modeswas achieved. There-
sults of assay validation of the LC-MS/M S showed
that thismethod isaccurate, preciseand specific over
the specified range. Thisassay demonstratedalLLOQ
amaller than the Cmax for both drugsandisparticularily
useful indlinicd practicefor thetherapeutic drug moni-
toring and dose adjustment of EZB and ATV Cin hy-
perlipidemic patients. Theshort runtimeand therela
tively low flow ratedlowstheandysisof alargenum-
ber of sampleswith minimal mobile phase consump-
tion, proving acost-effectivebiocandytical tool. Further
investigationsarerequired to assessthe gpplicability of
themethodin pharmacokinetic studies.
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