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ABSTRACT

Authors developed asimple, highly sensitive, selective, rapid, rugged and
reproducible liquid chromatography—tandem mass spectrometry method
for the quantification of Cilostazole (CZ) in rat plasma using Cilostazole
d4(Cz1S) as an internal standard (1S). Chromatographic separation was
performed on Princeton Spher-100 C18, 50 x 4.6 mm, 5 um column. Mobile
phase composed of 0.1% formic acid: acetonitrile (40:60 v/v), with 0.6 mL/
min flow-rate. Drug and | Swere extracted by Liquid- liquid extraction. CZ
and CZIS were detected with proton adducts at m/z 370.2—124.9 and
374.3-125.1 in multiple reaction monitoring (MRM) positive mode
respectively. The method was validated with the correlation coefficients of
(r?) € 0.9950 over a linear concentration range of 0.5-1500.0 ng/mL. This
method demonstrated intraand inter-day precision within 1.00 to 3.73 and
1.25t04.45 % and accuracy within 97.33 to 100.16 and 92.0t0 99.42 % for
CZ. This method is successfully applied in the Pharmacokinetic study of
malerats. © 2013 Trade Sciencelnc. - INDIA
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Cilostazol (6-[4-(1-cyclohexyl-1H-1, 2, 3, 4-
tetrazol-5-yl)butoxy]-1,2,3,4-tetrahydroquinolin-2-
one) isaquinolinonederivativethat inhibits cellular
phosphodiesterase used in the management of some
peripheral vascular disorders. Itsmolecular weight is
369.46 and its empirical formula is
C,H,,N.O, M (Figurel). Cilostazol isabsorbed after
oral administration. A high fat meal increases absorp-
tion, with an approximately 90%increaseinC__ anda
25%increasein AUC. Absolute bioavailability isnot
known. Protein bindingis 95-98%. Cil ostazol isexten-

sively metabolized by hepatic cytochrome P-450 en-
zymes, mainly 3A4, and, to alesser extent, 2C19, with
metaboliteslargely excretedin urine. Cilostazol hastwo
active metabolites (3, 4-dehydrocil ostazol and 4-trans-
hydroxy-cilostazol), which account for approximately
50% of itseffects on inhibiting phosphodiesterasel11.
Its pharmokineticsare dose proportiona anditsactive
metaboliteshave dimination haf-livesof goproximeatey
11-13hours. Cilogtazol iseliminated predominately by
metabolism and subsequent urinary excretion of me-
tabolites. Theprimary route of eliminationwasviathe
urine (74%), with the remainder excreted in feces
(20%)[27,
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Figurel: Chemical structuresof Cilostazoleand Cilostazole D4

Literaturesurvey reved sthat severa methodswere
reported for quantification of Cilostazolein Human
plasmaby LC-MS®9, Rat plasmaby LC-M S, Hu-
man urine by HPL C*2, Human plasma by HPL C**
18 Tablet dosage form by HPL C*¢l, Stability studies
by HPLC', Bulk dosage form by HPLC!*8. Among
al, LC-MSmethodsin Human plasmal®¥, LC-MShy
Rat plasmd™ achieved best resultsintermsof high sen-
gtivity andragpid analysistime,

Nirogi, et.al® developed the method by LC and
LC-MSinhuman plasmawith thelinearity range 5-
2000 ng/mL, runtimewith 2.5 min, mosaprideasan
internal standard. Bramer, et.al™® published ‘Method
for thequantitative analysis of cilostazol anditsme-
tabolitesin human plasmausingLC/IMS/MS’. Using
thistechniquethe procedure was observed to be spe-
cificandlinear over therange5-2000 ng/ml,withlong
runtime 17.5minutesand lessplasmavolume (50 L)
usage. Varanas et.a™, developed amethod by using
LC-MS/MSinRat plasma. Inthismethod they quanti-
fied 20t0 2000 ng/ mL with short runtime3.5 minutes,
and less plasma volume (50 pL) usage, and used
repaglinideasaninternal standard.

Among all developed methods Nirogi. et.al®
achieved high sensitivewith 5 ng/ml, Rapid method at
2.5min RT. However they have not used deuterated or
and oguebasadinterna standard, and used largeamount
of plasmasample (100 pL).

The proposed method coversall the drawbacks
to develop and validate the most simpl e, highly sen-
sitive (10 times higher sensitive than Nirogi.et.al.,
selective, rapid (2.5 min runtime), rugged and re-
producible analytical method for quantitative deter-
mination of CZ inrat plasmaby LC-MS/MSwitha
small amount of sample volume (50 uL) and used
cilostazole-d4 as an internal standard. The devel-
oped method would be applied in pharmacokinetic
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study of different formulations.
MATERIALSAND METHODS

Chemicalsand reagents

Cilogtazoleand Cilostazole D4 Obtained from Cre-
ative Organics, Banga ore. HPLC grade methanol, Ac-
etonitrile purchased from Jt. Baker Mallinckrodt Baker,
Inc. Phillipsburg, NJ, USA.. Formic acid was purchased
from S. D fine chemicalsMumbai . Sodium carbonate
anhydrous, M ethyl t-butyl ether was purchased from
Merck specidity privatelimited, worli, Mumbai. Ultra
purewater from Milli-Q system (Millipore, Bedford,
MA, USA) wasused through thestudy. All other chemi-
casinthisstudy wereof analytical grade. Ratsand rat
plasmawas obtai ned from Bioneeds, Bangaore.

Instrumentation

HPL C system (1200 SeriesAgilent Technologies,
Germany) connected with triple quadrupol e mass spec-
trometer instrument (API 4000, Toronto, Canada). Data
processi ng was performed with theAnalyst 1.4.1 soft-
ware package (SCIEX). lonization was performed by
Electro spray positivemodewith Unit Resol ution.

Detection

M ass parameterswere optimized to get the prod-
uctionsof m/z: 124.9, m/z: 125.1 fromitsrespective
precursor ionsof CZ [M+H]* (m/z: 370.2) and CZIS
[M+H]* (m/z: 374.3) with Sourcetemperature 500 °C,
lon Spray voltage 5500 volts, Heater gas, Nebulizer
gas35ps each, Curtaingas25 ps, CAD gas4 ps, (Al
gaschannel swith nitrogen) Sourceflow rate 600 uL/
minwithout split, Entrance potential 10V, Declustering
potential 65V for analyteand 75V for internal stan-
dard, Collisonenergy 35V for both anayteandinter-
na standard, Collisoncell exit potentid 14V for andyte
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and 16 V for internal standard.
Chromatogr aphicconditions

Chromatography was performed on Princeton
Spher-100 C18, 50 x 4.6 mm, 5 um analytical column
at 40°C, with 0.1% formic acid: acetonitrile (40:60 v/
V) asmobilephaseat aflow rate of 0.6 mL/min. CZIS
was used asan internal standard intermsof chroma-
tography and extractability. Thedrug and interna stan-
dardwaselutedat 1.39+ 0.2 min and 1.38 + 0.2 min
with 2.5 mintotal runtime.

Preparation of ssandardsand quality control (QC)
samples

Standard stock solutionsof CZ (250.0pg/mL) and
CZIS (100.0pg/mL) was prepared in methanol. The
internal standard spiking solution (100.0 ng/mL) was
prepared in 50% methanol from CZIS standard stock
solution (100.0pg/mL). Standard stock solutions and
Internal standard spiking solutionswere storedinre-
frigerator conditions (2-8 °C) until analysis. Standard
stock solution of CZ was added to screened drug-free
rat plasmato obtain concentration levelsof 0.5, 1.0,
5.0, 10.0, 75.0, 150.0, 300.0, 600.0,900.0,1200.0 and
1500.0 ng/mL for analytical standardsand 0.5, 1.5,
750.0, 1000.0 ng/mL for Quality control standardsand
stored in a-30°C freezer until analysis. Respective
agueous standardswere prepared i n recongtitution so-
Iution (Acetonitrile0.1 % formic acid (60:40) and stored
inrefrigerator conditions2-8 °C until analysis.

Samplepreparation

Liquid-liquid extraction was used to isolate drug
and ISfromrat plasma. For thispurpose, 100uL of IS
(100.0Nng/mL) and 50 uL of plasma sample (respective
concentration) was added into |abel ed polypropylene
tubesand vortexed briefly. Followed by, 500 pL of 0.5N
sodium carbonate, 3.0 mL of extraction solvent (me-
thyl tertiary butyle ether) were added and vortexed for
15 min. Then the samples were centrifuged at 4000
rpmfor 5minat 20°C temperature. Subsequently, the
supernatant from each samplewastransferredintore-
gpective polypropylenetubes After thet, dl thesamples
werekept for evaporation under nitrogen at 40°C. The
dried residuewasreconstituted with 500 pL of recon-
stitution solution and vortexed briefly. Finally, the ex-
tracted samplewastransferred into auto sampler vials

—— Fyll Peper
andinjectedinto LC-MS/MS.
Selectivity and specificity

The selectivity of the method was determined by
six different rat blank plasmasamples, whichwerepre-
treated and analyzed to test the potential interferences
of endogenous compoundsco-eluting with andyteand
IS. Chromatographic pesksof andyteandISwereiden-
tified based on their retention times and MRM re-
sponses. Thepeak areaof CZ at the respectivereten-
tiontimein blank samplesshould not bemorethan 20%
of the mean peak areaof LOQ of CZ. Similarly, the
peak areaof CZISat therespectiveretentiontimein
blank samples should not be morethan 5% of themean
peak areaof LOQ of CZIS.

Recovery

Theextraction recovery of CZ and CZISfromrat
plasmawas determined by analyzing quality control
samples. Recovery at three concentrations (1.5, 750.0,
and 1000.0 ng/mL ) was determined by comparing pesk
areas obtained from the plasmasample and the stan-
dard solution spiked with theblank plasmaresidue. A
recovery of morethan 90 % was considered adequate
to obtain required recovery.

Limit of detection (L OD) and limit of quantifica-
tion (LOQ)

Thelimit of detection (LOD) isaparameter that
providesthelowest concentration inasamplethat can
be detected from background noise but not quantitated.
LOD wasdetermined usngthesigna-to-noiseratio (¢
n) of 3:1 by comparing test resultsfrom sampleswith
known concentrationsof anayteswith blank samples.

Thelimit of quantitation (LOQ) isdefined asthe
lowest concentration of andytethat can be determined
with acceptable precision and accuracy. TheLOQwas
found by analyzing aset of mobilephaseand plasma
standardswith aknown concentration of CZ.

Matrix effect

To predict thevarigbility of matrix effectsinsamples
fromindividua subjects, matrix effect was quantified
by determining the matrix factor, whichwasca culated
asfollows:

Peak responseratioin presenceof extractedmatrix (post extracted)
Peak responseratioin aqueousstandards

Matrix Factor =
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Six lotsof blank biologica matriceswereextracted
each intriplicates and post spiked with the aqueous
gandard at themid QC leve, and compared with aque-
ous standards of same concentration. Theoverall pre-
cision of thematrix factor isexpressed as coefficient of
variation (CV %) and %CV should be< 15%.

Calibration curve, precission and accuracy

Thecalibration curvewas constructed using va ues
ranging from 0.5t0 1500.0 ng/mL of CZ inrat plasma.
Cdlibration curvewasobtained by quadraticmode with
weighted 1/x?regressonandysis. Theratioof CZ/CZIS
peak areawas plotted against the ratio of CZ concen-
trationin ng/mL. Calibration curve standard samples
and quaity control sampleswere preparedinreplicates
(n=6) for analysis. Precision and Accuracy for theback
calculated concentrations of the calibration points,
should bewithin d<15and+ 15% of their nominal val-
ues. However, for LLOQ, the Precision and Accuracy
should bewithin d< 20 and + 20%.

Sability (Freeze- thaw, Auto sampler, Bench top,
Longterm) of CZ in plasma

Low qudity control and high qudity control samples
(n=6) were retrieved from a deepfreezer after three
freeze-thaw cyclesaccording to theclinical protocol.
Sampleswere stored at -30 °C in three cycles of 24,
36 and 48 hr. In addition, thelong-term stahility of CZ
inquality control sampleswasa so eva uated by analy-
sisafter 65 daysof storageat -30°C. Autosampl er sta-
bility was studied following 73 hr storageperiod inthe
autosampler tray with control concentrations. Benchtop
stability was studied for 26 hr period with control con-
centrations. Stability sampleswere processed and ex-
tracted d ongwith thefreshly spiked calibration curve
standards. The Precision and Accuracy for the stability
samples must be d< 15 and + 15 % respectively of
their nomina concentrations.

Samplecollection and statistical analysis

Thevalidated method has been successfully used
to andyzecilostazole concentrationsinrat plasma. The
study was conducted according to current GCP guide-
lines. Beforeconducting the study it wasa so gpproved
by an authorized animal ethicscommittee. Therewere
atotal of 11 blood collection time pointsincluding the
predose sample. The blood sampleswerecollectedin
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separatevacutanerscontaining K, EDTA asanticoagu-
lant. The plasmafrom these sampleswas separated by
centrifugation at 3000 rpm within therange of 2-8 °C.
The plasmasamplesthus obtained were stored at —30
°C till analysis. Post analysis the pharmacokinetic pa-
rameterswere computed using WinNonlin® software
version 5.2 and 90% confidenceinterva wascomputed
using SAS® software version 9.2.

RESULTSAND DISCUSSION

Method development

LC-MS/MS has been used as one of the most
powerful andytica toolsindinica pharmacokineticsfor
itsselectivity, sengtivity and reproducibility. Thegod of
thiswork isto develop and validate asimple, highly
sensitive, rapid, rugged and reproduci ble assay method
for thequantitative determination of CZ fromrat plasma
samples. Chromatographic conditions, especialy the
composition and nature of the mobile phase, usage of
different columns, different extraction methodssuch as
solid phase, Preci pitation, Liquid-liquid extraction meth-
odswere optimized through several triasto achieve
the best resolution and increase the signal of CZ and
CZIS. The M S optimization was performed by direct
infusion of solutionsof both CZ and CZISintothe ESI
source of the mass spectrometer. Thecritical param-
etersin the ESI sourceincludetheneedle (ESI) volt-
age, Capillary voltage, source temperature and other
parameters such as nebulizer gas, heater gas and
desolvation gases were optimized to obtain a better
Spray shape, resulting in better ionization of the proto-
nated ionic CZ and CZISmolecules(Figure 2a-d). Prod-
uct ion spectrum for CZ and CZISyiel ded high-abun-
dance fragment ions of m/z124.9 and n/z125.1 re-
spectively (Figure. 2b and 2d). After mass spectrom-
eter parametersoptimized, chromatographic conditions
such asmobile phase optimizati on, column optimiza-
tion, extraction method opti mization was performed to
obtain afast and selective LC method. A good separa
tionand e ution wereachieved using 0.1% formicacid:
acetonitrile (40:60v/v) asthe mobile phase, at aflow-
rate of 0.6 mL/min and injection volume of 10 pL.
Princeton Spher-100 C18, 50 x 4.6 mm, 5 um column
and Liquidliquid extraction method wasoptimized for
thebest chromatography.(Figure. 4)
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Figure4: LLOQ chromatogram of Cilostazoleand Cilostazole D4 in Rat plasma.

M ethod validation

The developed method wasvdidated over alinear
concentration range 0.5-1550.0 ng/ml. Thevalidation
parametersinclude Selectivity and Specificity, Limit of
Detection (LOD) and Quantification (LOQ), Matrix
effect, Precision and Accuracy, Recovery, Stability
(Freeze- thaw, Auto sampl er, Benchtop, Long term)
wasevauated under vaidation section.

Selectivity and specificity

Hnalytical CHEMISTRY o

Theanalysisof CZ and CZISusing MRM (Mul-
tiplereaction monitoring) function washighly selective
with no interfering compounds (Figure 3). Chromato-
gramsobtained from plasmaspiked with CZ (0.5 ng/
mL) and CZIS (100.0 ng/mL) areshownin Figure4.

Limit of detection (L OD) and quantification (LOQ)

Thelimit of detection was used to determinethe
instrument detection levelsfor CZ even at |ow con-
centrations. 10 uL of a50.0 pg/mL solution wasin-
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jected and estimated LOD was 0.5 pgwith S/N val-
uese” 3-5.

The limit of quantification for this method was
proven asthe lowest concentration of the calibration
curvewhichwasproven as0.5 ng/ml.

Matrix effect

Six lotsof blank biologica matriceswereextracted
eachintriplicatesand post spiked with the agueous
standard at themid QC level, and compared with neat
standards of sameconcentration in aternateinjections.
Theoveral precision of the matrix factor is2.66 for
Cilostazole. Therewas no ion- suppression and ion-
Enhancement effect observed dueto IS and analyte
at respectiveretentiontime.

Precision and accur acy

Calibration curveswere plotted asthe peak area
ratio (CZ/CZIS) versus (CZ) concentration. Preci-
sion and Accuracy of Calibration curve standards,
Quality control standardsrepresented in TABLE 1
and TABLE 2.

—— Fyll Peper

Sability (Freeze- thaw, Auto sampler, Bench top,
Longterm)

Quantification of the CZ in plasmasubjected to
threefreeze-thaw cycles (-30°C to room temperature),
Autosampler, Room temperature (Benchtop), Long
term stability detailswereshownin TABLE 3.

Recovery

Therecovery following the sampl e preparation us-
ingLiquid-liquid extractionwith Methyl tertiary butyle
ether was cal culated by comparing the peak area of
CZ in plasmasamples with the peak area of solvent
samplesand wasestimated at control levelsof CZ. The
recovery of CZ wasdetermined at three different con-
centrations 1.5, 750.0 and 1000.0 ng/mL werefound
as94.03, 95.01 and 94.03% respectively. Theoveral
average recovery of CZ and CZIS were found to be
94.36 and 93.86% respectively.

Application to biological samples

Thevaidated method has been successtully gpplied
toquantify CZ concentrationsintoasingledose (1.8mg/

TABLE 1: Calibration curvedetails

Spiked plasma concentration Concentration measur ed(mean) D (%)CV (n=  Accuracy
(ng/mL) (ng/mL) 5) %
0.5 0.50 0.49 0.01 1.10
1.0 1.00 1.10 0.02 1.70
5.0 5.00 5.20 0.12 2.30
10.0 10.00 9.90 0.28 2.80
75.0 75.00 73.70 3.02 4.10
150.0 150.00 148.80 3.87 2.60
300.0 300.00 289.50 9.84 3.40
600.0 600.00 597.40 43.61 7.30
900.0 900.00 912.20 25.54 2.80
1200.0 1200.00 1184.30 49.74 4.20
1500.0 1500.00 1489.60 47.67 3.20

TABLE 2: Precision and accur acy (analysiswith spiked plasma samplesat four different concentrations)

Spiked plasma Within-run Between-run
concen-tration ~ concentration measured (%) % Concentration measured (%) %
(ng/mL ) (n=6) (ng/Sm DL)) (mean+ oy Accur acy (n=30) (ig/gls) (Mean -~y Accuracy
0.5 0.49+0.00 1.00 98.00 0.46+0.01 1.25 92.00
15 1.46+0.02 1.46 97.33 1.45+0.04 2.45 96.67
750.0 751.20+20.13 2.68 100.16 745.67+27.07 3.63 99.42
1000.0 989.90+36.92 3.73 98.99 978.40+43.54 4.45 97.84
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Room Temperature

Autosampler stability

Long term stability Freeze and thaw

stability stability
Spiked 26.0h 73h 65 days Cycle 3 (48 h)
P'astmat_ Concentration Concentration Concentration Concentration
concentration 0
0Im) omy Y nomd o  momw P  nony Y
mL) (mean mL) (mean+ (n=6) mL) (mean+ mL) (mean £
£S.D) S.D) S.D) S.D)
15 1.47+0.03 222 1.43+0.05 3.56 1.42+0.04 2.97 1.48+0.03 2.11
1000.0 985.26+36.16  3.67 956.86+41.72 4.36 946.78+36.55 3.86  989.65:28.90  2.92
200g) inrats. Mae Sprague-Dawley ratswereobtained 900 1
from Bioneeds, Bangalore. Afteri. vadministrationof . 899 §
drugvialeft femora vein 0.2 ml of blood samplesfor 5 799 1
andytica determinationswerecollectedviatheright = 899 |
femoral vein at specifictimeintervasfor 48 h. Plasma % o
sampleswerestored at “30 £%C until analysis. The £ 499
study wascarried out after approval fromanindepen- £ 399 1
dent animal ethicscommittee. Thepharmacokinetic & 299
parameterseva uated were Cmax (maximum observed ki
drug concentration during the study), AUC0-48 (area 0 ' v
0 10 20 30 40 50 60

under the plasmaconcentration-time curve measured
48 hours, using thetrapezoidal rule), Tmax (timeto
observe maximum drug concentration), Kel (apparent
first order terminal rate constant calcul ated from asemi-
log plot of the plasmaconcentration versustimecurve,
using themethod of least squareregression) and T1/2
(termind half-lifeasdetermined by quotient 0.693/Kd).
Pharmacokinetic detailswereshownin TABLE 4. The
mean concentration versustime profile of CZ in rat
plasmaisshownin Figures.

TABLE 4: Mean Phar macokinetic Parameter sof Cilostazole

in Rat plasma after intravenousadministration of 1.8mg/
200g malerat

Phar macokinetic Parameter values
AUC, (ng - h/mL) 9257.22
Cmax (ng/ mL) 839.65
AUC,» (ng - h/mL) 9312.16
Kd 0.10957
Tmax (h) 1
typ 6.32
ct 6.02
Ct/kel 54.94

AUC___ areaunder the curve extrapolated to infinity; AUC_ _
- areaunder the curve up to thelast sampling time; Cmax: the
maximum plasma concentration; Tmax: the timeto reach peak
concentration; Kel: the apparent elimination rate constant.

Time in Hr
Figure5 : Mean plasma concentrationsvs. time graph of
Cilostazoleafter intravenousadministration of 1.8 mg/200g
inmalerat

ABBREVIATIONS

[ERN

Liquid Chromatography-Electro Spray lonization-
Tandem Mass Spectrometry (LC-ESI-MS/MYS)
Multiple Reaction Monitoring (MRM)
Cilogtazole(CZ), Cilostazole d4(CZIS)

Lower limit of Quantification (LLOQ)

Limit of Quantification (LOQ), Low Quality Con
trol (LQC)

Medium Quality Control (MQC)

High Quality Control (HQC)

Interna Standard (15)

CollisonalyActivated Dissociation (CAD)

a b~ wdN

O 0o ~NO

CONCLUSION

The method described in this manuscript has been
developed and validated over the concentration range
of 0.5-1500.0 ng/mL inrat plasma. The selectivity,
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sengitivity, precision and accuracy obtained with this
method makeit suitablefor the purpose of the present
study. Thesimplicity of themethod, and using rapid
liquid-liquid extraction and sample turnover rate of 2.5
min per sample, makeit an attractiveprocedurein high-
throughput bioanalysisof Cilostazole. Thevalidated
method was successfully applied in Pharmacokinetic
study of rat plasmaby intravenousadministration of 9
mg/1 kgin 6 hedthy maleWistor rats.
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