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ABSTRACT KEYWORDS
A simple, selective, precise and Stability-indicating High-performance thin- Cilostazole;
layer chromatographic method for analysis of Cilostazole both in a bulk HPTLC;
and in pharmaceutical formulation has been devel oped and validated. The Validation;
method employed, HPTL C aluminium plates precoated with silica gel as Stability;
the stationary phase. The solvent system consisted of toluene: ethyl ac- Degradation.

etate: methanol: ammonia (3.5:2:0.8:0.3 v/v/v). The system was found to
give compact spot for Cilostazole (R, value of 0.52+0.02). Densitometric
analysis of Cilostazole was carried out in the absorbance mode at 258 nm.
The linear regression analysis data for the calibration plots showed good
linear relationship with r2=0.992+0.0001 with respect to peak area in the
concentration range 300 - 1800 ng per spot. The mean value+ S.D. of slope
and intercept were 4.6809 + 0.005 and 2284.4 + 4.20 with respect to peak
area. The method was validated for precision, recovery and robustness.
Thelimitsof detection and quantification were 15.69 and 45.07 ng per spot,
respectively. Cilostazole was subjected to acid and alkali hydrolysis, oxi-
dation and thermal degradation. The drug undergoes degradation under
acidic and basic conditions. This indicates that the drug is susceptible to
acid and base. The degraded product waswell resolved from the pure drug
with significantly different R, value. Statistical analysis proves that the
method is repeatable, selective and accurate for the estimation of investi-
gated drug. The proposed developed HPTLC method can be applied for
identification and quantitative determination of Cilostazole in bulk drug
and pharmaceutical formulation.  © 2013 Trade ScienceInc. - INDIA

INTRODUCTION acterigtics, leading toidentification of degradation prod-

uctsand hence supporting thesuitability of theproposed

Theparent drug stability test guideline Q1A (R2)  andytica procedures. It dso requiresthat anaytica test
issued by theInternational Conferenceon Harmoniza=  proceduresfor stability samples should be stability-in-
tion (ICH)™ suggeststhat stressstudiesshouldbecar-  dicatingand should befully validated. Cilostazol, 6-[4-
ried out onadrug to establishitsinherent stability char-  (1-cyclohexyl-1H-tetrazol-5-yl) butoxyl]-3, 4-dihyro-
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2(1H)-quinolinoneisaphosphodiestraseinhibitor with
antiplatelet and vasodilation activity™™ (Figure 1).
Cilostazal issdlective CAM P phosphodiestraseinhibi-
tor. Itinhibitsplatelet aggregation and isdirect arteria
vasodilator itsmain effectsaredil ation of arteriessup-
plying blood to legs and decreasing platel et coagul &
tion. Literature survey revea ed one spectrophotomet-
ric and few chromatographi cl>® methodsfor estima-
tion of Cilostazol in bulk, pharmaceutica formulations
and biologica fluid. However to our knowledgenoin-
formationrelated to the stability indicating high perfor-
mancethin-layer chromatography (HPTLC) determi-
nation of cilostazol in pharmaceutica dosageformshas
ever beenmentionedinliterature. HPTLCisawiddy
used anaytical techniqueduetoitsadvantagesof low
operating cost, high samplethroughput, and minimum
sampl e preparation requirement. Themgjor advantage
of HPTLC isthat several samplescan berun smulta-
neoudy usingasmall quantity of mobilephaseunlike
HPLC, thusreducingtheandysistimeand cost per andy-
S99, Hence, the obj ective of the present study wasto
develop agtability-indicating HPTLC method*! for es-
timation of cilostazol asbulk drugandinformulations
and to perform stress studies under avariety of ICH-
recommended test conditiong**2. The proposed method
wasvdidated for linearity, ac-curacy (recovery studies),
Soecificity, precision, robustness, ruggedness, LOD (limit
of detection), LOQ (limit of quantitation), and repesat-
ability accordingto the ICH guidelines®> anditsup-

dated internationa convention!®®.
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Figurel: Chemical structureof cilostazole

EXPERIMENTAL

Chemicalsand reagents

Cilostazole was supplied as a gift sample from
Glenmark pharmaceuticd Ltd., Nasik, India. All chemi-
cals and reagents used were of Analytical grade and
were purchased from Merck Chemicals, India

—— Fyll Peper
HPTL Cingtrumentation

The sampleswere spotted in theform of bands of
6 mm width with a Camag microlitre syringe on
precoated silicagel aluminium plates60 RP-18 F,
(10 % 10 cm with 250 mm thickness, E. Merck), using
a Camag Linomat 5 applicator. The plates were
prewashed with methanol and activated at 60 °Cfor 5
min prior to chromatography. Thedlit dimensionwas
kept at 6.00 x 0.45 mm (micro) and 20 mm/s scanning
speed was employed. Themobile phase consisted of
toluene: ethyl acetate: methanol: anmonia(3.5:2:0.8:0.3
viviv), and 10 ml of mobile phase was used. Linear
ascending development wascarried outina10 x 10
cmtwintrough glasschamber (Camag, M uttenz, Swit-
zerland) saturated with themobile phase. Theoptimized
chamber saturation timefor the mobile phasewas 30
min at room temperature (25°C+2). The length of the
chromatogram run was approximately 8 cm. Subse-
quent to development; the TLC platesweredriedina
current of air withthehelp of anair dryer. Densitomet-
ric scanning was performed on aCamag TLC scanner
3 and wasoperated by WINCats software.

Preparation of standard solution and linearity
study

Anaccuradyweighed quantity of 10mg Cilogtazole
wastransferred to 10 ml volumetricflask, dissolvedin
methanol and volumewas made up to mark with the
same solvent to obtain concentration 1000 ng/pl.
Aliquots of standard solutions 0.3, 0.6, 0.9, 1.2,1.5
and 1.8ul of Cilostazole was applied on TLC plate with
thehelp of microlitresyringe, usng Linomat 6 sample
applicator to obtai ned the concentration of 300, 600,
900, 1200, 1500 and 1800 ng per spot. The standard
curveswere evaluated for within day and day-to-day
reproduci bility. Each experiment wasrepested Sx times.

M ethod validation

Accuracy

The analysed sampleswere spiked with extra80,
100 and 120% of the standard Cil ostazoleand the mix-
turewere analysed by the proposed method. At each
level of theamount, Sx determinationswere performed.
This was done to check the recovery of the drug at
different levelsintheformulations.
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Precision

Repesatability of sampleapplication and measure-
ment of peak areawere carried out using S replicates
of the same spot (1000 ng per spot of Cilostazole).
Theintraand inter-day variation for the determination
of Cilostazolewas carried out at three different con-
centration levels of 600, 900 and 1200 ng per spot.

Robustness

By introducing small changesin themobile phase
composition, the effects on the results were exam-
ined. M obile phases having different composition of
toluene-ethyl-acetate-methanol-ammonia(3:2:0.8:0.3
and 4.5:1.5.1:0.3, v/v/viv) weretried and chromato-
gramswererun. The amount of mobile phase, tem-
peratureand relative humidity wasvaried intherange
of £5%. The plates were prewashed by methanol and
activated at 60+5°C for 2, 5and 7 min prior to chro-
matography. Timefrom spotting to chromatography
and from chromatography to scanning wasvaried from
0, 20 and 40 min.

Ruggedness

Ruggedness of themethod was performed by spot-
ting 500 ng of Cilostazole by two different andyst keep-
ing sameexperimental and environmental conditions.
Specificity

Thespedficity of themethod wasascertained by ana:
lyzing sandard drugand sample. Thespot for Cilogazole
insamplewasconfirmed by comparingtheR vauesand
gpectraof thespot with that of standard. The peak purity
of Cil ostazolewas assessed by comparing the spectraat

threedifferent levels, i.e., peak start (S), peak apex (M)
and peak end (E) positionsof the spot.

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

In order to determine detection and quantification
limit, Cilostazole concentrationsinthelower part of the
linear range of the calibration curve were used.
Cilostazol e solutions of 900, 1000, 1100, 1200, 1300
and 1400 ng/spot were prepared and applied intripli-
cate. TheLOQ and LOD were cal culated using equa-
tion LOD =3.3x N/B and LOQ = 10x N/B, where,
N isstandard deviation of the peak areas of thedrugs
(n=3), taken asameasure of noise, and B isthe slope
of thecorresponding calibration curve.

Hnalytical CHEMISTRY o

Application of proposed method totablet for mula-
tion

To determinethe concentration of Cilostazolein
tablets (label ed claim: 50 mg per tablet), the contents
of 10 tabletswereweighed, their mean weight deter-
mined and they were finely powdered. The powder
equivalent to 50 mg of Cilostazolewasweighed. The
drug from the powder was extracted with methanol. To
ensure complete extraction of the drug, it was soni-
cated for 30 min and the volume was made up to 100
ml. Theresulting solution wasfiltered using 0.41 pm
filter (Millifilter, Milford, MA). The above solution
(500ng per spot) was applied on TLC platefollowed
by devel opment and scanning as described in Section
2.2. Theanaysiswasrepeated intriplicate.

For ced degradation of cilostazole
Acid and baseinduced degradation

The 10 mg of Cilostazole was separately dissolved
in 10 ml of methanolic solution of 1M HCI and 1M
NaOH. These solutionswere kept for 8 h at room tem-
perature in the dark in order to exclude the possible
degradativeeffect of light. The 1ml of above solutions
wastaken and neutrdized, then diluted up to 10 ml with
methanol. Theresultant solutionwereappliedon TLC
plaeintriplicate (1.5 ul each, i.e. 1500 ng per spot). The
chromatogramswererun asdescribed in Section 2.2.

Hydrogen peroxide-induced degradation

The 10 mg of Cilostazolewas separately dissolved
in 10 ml of methanolic solution of hydrogen peroxide
(10.0%, v/v). The solution was kept for 8 h at room
temperatureinthedark in order to excludethe possible
degradativeeffect of light. Theresultant solution was
appliedon TLC plateintriplicate (1 ul each, i.e. 1500
ng per spot). The chromatogramswererun asdescribed
in Section 2.2.

Photochemical degradation

The photochemical stability of thedrugwasa so
studied by exposing thestock solutionto direct sunlight
for 8 h. Theresultant solution (1 uL, i.e. 1,000 ng per
spot) wasapplied onaTL C plate and chromatograms
wererun asdescribedin section 2.2.

Dry heat degradation product

The powdered drug was stored at 55°C for 3 h
under dry heat condition showed no significant degra-
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dation. Inall degradation studies, theaverage peak ar-
easof Cilostazole after application (1500 ng per spot)
of threereplicateswere obtained.

RESULTSAND DISCUSSION

Development of optimum mobile phase

TLC procedurewas optimized with aview to de-
veloping astability-indicating assay method. Initialy,
Toluene: ethylacetate: methanol (3.5:2:0.8:v/viV) gave
good resolutionwith R valueof 0.55 for Cilostazole
but typica peak naturewasmissing. Findly, themobile
phase consisting of Toluene: ethylacetate: methanol:
ammonia(3.5:2:0.8:0.3 viviviv) gaveasharp and well
defined peak at R, valueof 0.55 (Figure 2). Well-de-
fined spotswere obtained when the chamber was satu-
rated with the mobile phase for 30 min at room tem-
perature.
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Figure2: Chromatogram of standard cilostazole (R: 0.55),
UV detection at 258 nm, mobilephase- toluene: ethyl acetate:
methanol: ammonia (3.5:2:0.8:0.3 viv/v).

Calibration curve

Thelinear regression datafor thecalibration curves
showed good linear relationship over the concentration
range 300— 1800 ng/spot (TABLE 1). Linear regres-
sion equationwasfoundtobeY =4.6809X + 2284.4
(r?=0.9992).

Validation of method
Precision
The precision of the devel oped HPTLC method

—— Fyll Peper

wasexpressed interms of % rel ative standard devia-
tion (% R.S.D.). Theresults depicted revealed high
precision of themethod ispresented in TABLE 2.

TABLE 1: Linear regression datafor thecalibration curve

Linearity range (ng per spot) 300 -1800
R?+ S.D. 0.9992 + 0.0001
Slope+ S.D 4.6809 + 0.005
Confidence limit of slope 2.526 — 2.540
Intercept = S.D 2284.4+4.20
Confidence limit of intercept 2275-2293

LODandLOQ

Detectionlimit and quantification limit was calcu-
lated by themethod asdescribed insection 2.4.2. The
LOQ and LOD werefound to be45.67 and 15.07ng
respectively. Thisindicatesthat adequate sengitivity of
themethod.

TABLE 2 : Intra-day and inter-day precision of HPTLC
method

Amount ng/spot '\/ﬂfgg SD. %R.SD. SE.
Intra-day precision*
600 50885 04604 046 0.26
900 6488.26  0.354 035 0.16
1200 7913.06 0.2179 0.62 0.12
I nter-day precison*
600 5088.62 0.4615 046 0.26
800 648593 0354 035 0.28
1000 792411 03330 0.62 0.19

*mean of three determinatons
Recovery studies

The proposed method when used for extraction and
subsequent estimation of Cilostazolefrom the pharma-
ceutical dosageform after over spottingwith 80, 100
and 120 % of additional drug; afforded good recovery
of Cilostazole. Theamounts of drug added and deter-
mined and the % recovery arelistedin TABLE 3.
Specificity

The peak purity of Cilostazole was assessed by
comparing the spectra at peak start, peak apex and
peak end positionsof thespat, i.e., r2 (S, M) =0.9998
andr2 (M, E) =0.9988. Good correlation (r2=0.9989)
was al so obtal ned between standard and sampl e spec-
traof Cilostazole (Figure3).
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TABLE 3: Recovery studies

TABLE 4 : Robustnessof themethod*

ACAIJ, 12(2) 2013

Initial Excessdrug *Amount
amount added tothge recovered Re:c/)overy R.Og).D. SE. Parameters SD;):ep;eak % RSD
(ng) _analyte (%) (ng) M obile phase composition
500 0 500.18 10002 052 0.13
Toluene- ethylacetate-methano-
500 400 90098 10010 028 016  gmonia 1234 0.26
500 500 998.31 99.83 055 032  (3.5:2:0.8:0.3, viwlv)
500 600 109547 9958 027 015  Toluene-Ethyl acetate- Methanol-
*mean of three determinations aﬁ;fgio.z, VAWV) 2481 0.54
Robustness of the method M obile phase volume
Thestandard deviation of peak areaswascalcu- 6.6 mL 16.96 0.36
lated for each parameter and %R.S.D. wasfoundto  13.2mL 13.57 0.29
belessthan 2%. Thelow valuesof %R.S.D.valuesas  Development distance
indicated areshownin (TABLE 4) indicated robust- 7 cm 12.34 0.26
ness of themethod. 7.5¢cm 9.67 0.20
8cm 454 0.098
" A . Relative humidity
. i 55 9.88 021
' A 65 5.67 0.12
'f M Duration of saturation
& Lo " 10min 24.59 0.54
‘\ |‘| \ . 20min 1462 031
wo || = N 25 min 7.77 0.16
o \ ."» i Activation of prewashed TLC plates
L 8 min 10.3 0.22
| );‘ ~ 1omin 5.74 0.12
\/ 12 min 3.06 0.06
o Ceme e wes o o o e Ig:noﬂ;forgfgsﬁgng to 9.89 0.21
Figure3: _Chromatogram of.standard cilostazole(R,: 0.55), Time from chr omatogr aphy to
UV detection at 258 nm, mobilephase- toluene: ethyl acetate: scanning 15.70 0.37

methanol: ammonia (3.5:2:0.8:0.3 viv/v).

Analysisof themarketed for mulation

A singlespot at R, 0.55 was observed inthechro-
matogram of the drug samples extracted from tablets.
Therewasno interference from the excipients com-
monly present inthetablet. The % drug content and %
RSD werecdculated. Thelow % RSD vaueindicated
thesuitability of thismethod for theroutineanays s of
Cilostazolein pharmaceutica dosageforms.

For cedegradation

The chromatogram of the acid degraded samples
for Cilostazole showed additional pesk at R, value of
0.10, 0.44 and 0.48 (Figure 4) and base degraded
drug shows at 0.09, 0.32 and 0.46 (Figure 5), and
hydrogen peroxide shows at 0.09 and 0.19 (Figure

* mean of six deter minations

TABLE5: Forced degradation of cilostazol

Sample Number of  Cilostazol
P degradation  remained Recovery
exposure products (1500 SD. (%)
condition
(Rf values) ng/spot)
1M HCI, 3
8h,RT  (0.14023039) 82> 513 6388
1M
3(0.13,
E_T_\OH, 8h, 0.36,0.44) 1062.29 7.84 70.81
10 %
H202, 8h, 2(0.12,0.19) 111931 493 7461
RT
Photo, 8h  Nodegradation 1496.01 4.28 99.73
Heat, 3H, .
55°0 No degradation  1487.34 6.43 99.15
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Figure4: HPTL C chromatogram of acid (1N HCI, 8h, R.T.)
treated cilostazole; peakl (impurity) (R;: 0.10), peak 2 (im-
purity) (R;: 0.44), peak 3 (impurity) (R,: 0.48), peak4
(Cilostazole) (R;: 0.55)
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Figure5: HPTL C chromatogram of base (1IN NaOH, 8h,
R.T.) treated cilostazole; peak1 (impurity) (R;: 0.09), peak 2

(impurity) (R 0.32), peak3 (impurity) (R,: 0.46), peak4
cilostazole (R;: 0.55)

6) respectively. The spot of the degraded product was
well resolved from the Cil ostazol e spot. In both cases,
the concentration of the drug was changing from the

initial concentration, indicating that Cilostazole under-
goes degradation under acidic, basic and oxidative
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Figure6: HPTL C chromatogram of hydrogen peroxide
(10% wiv, 8 h, R.T.) treated Cilostazole; peak1 (impurity)
(R;: 0.09), peak 2 (impurity) (R;: 0.19), peak 3 (Cilostazole)
(R, 0.55)
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Figure7: HPTLC chromatogram of photo degraded (8 h)
treated Cilostazole; peak 1 (Cilostazole) (R;: 0.55)

conditions. The chromatograms of photo-degraded
(Figure 7) and dry heat (Figure 8) samples of
Cilostazole showed only the spots of the pure drug.
Thelower R, values of degraded componentsindi-
cated that they wereless polar than the ana yteitself.
Theresultsarelistedin TABLES.
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Figure8: HPTL C chromatogram of heat treated cilostazole
(3h,R.T); peak 1 (Cilogtazole) (R;: 0.55)

TABLE 6: Summary of validation parameter

Par ameter Data
Linearity range (ng spot™) 300 — 1800
Correlation coefficient 0.9992
Limit of detection (ng spot™) 15.69
Limit of quantitation (ng spot™) 45.07
Recovery (n=9) 99.83
Ruggedness (% R.S.D.)
Analyst | 0.42
Analyst I1 0.45
Precision (%R.S.D.)
Repeatability of application (n = 6) 0.52
Inter-day (n = 6) 0.47
Intra-day (n = 6) 0.47
Robustness Robust
Specificity Specific

CONCLUSION

Thedevel oped HPTL C method was precise, spe-
cific, accurateand Sability indi cating and vali dated based
on ICH guiddines. Statistical analysis provesthat the
method isrepeatabl e and selective for the analysis of
Cilostazole asbulk drug and in pharmaceutica formu-

lations. The method can be used to determinethe pu-
rity of thedrug availablefrom the various sources by
detecting therelated impurities. Asthe method sepa-
ratesthe drug from its degradation products, it can be
employed asastability indicating one.
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