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ABSTRACT A simple, rapid and accurate reverse phase high-performance
liquid chromatographic (RP-HPLC) method was developed for the quantita-
tive determination of cilostazol. The developed method is also applicable for
the related substance determination in bulk drugs. The chromatographic sepa-
ration was achieved on reversed-phase C-18 column. Eluents were monitored
on photo-diode array detector at a wavelength of 210 nm using a mixture
(50:50) of water and acetonitrile. Solution concentrations were quantified by
external calibration. In the developed HPLC method, resolution between cil-
ostazol and its potential impurities, namely Imp-A, Imp-B, and Imp-C were
found greater than two. The drug was subjected to stress condition of hydroly-
sis, oxidation, photolysis and thermal degradation. Considerable degradation
was found to occur in alkaline medium stress condition. The developed RP-
HPLC method was validated with respect to linearity, accuracy, precision, sta-
bility of analytical solutions, and robustness.
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INTRODUCTION
Cilostazol is a quinolinone derivative that inhibits cellular phosphodi-

esterase (more specific for phosphodiesterase III). It is an anti-platelet agent
and is designated chemically as 6-[4-(1-cyclohexyl-1H-tetrazolyl-5-yl) butoxy]-
3, 4-dihydro-2(1H)-quinoline. Hepatic cytochrome P-450 enzymes, mainly
3A4, extensively metabolize Cilostazol with metabolites largely excreted in
urine. Cilostazol affects both vascular beds and cardiovascular function. Cil-
ostazol could have pharmacodynamic interactions with other inhibitors of
platelet function and pharmacokinetic interactions because of effects of other
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drugs on its metabolites by CYP3A4 or CYP2C19
(Physician desk reference, 2005). A literature survey
revealed few high-performance liquid chromato-
graphic (HPLC) methods for quantitative determina-
tion of Cilostazol and its metabolites in human
plasma (Fu et al., 1999; Barmer et al., 2001), human
urine (Tata et al., 2001) and human liver (Tata et al.,
1998). Recently, a validated LC method was devel-
oped and reported (Ardhani et al., 2004) for the deter-
mination of Cilostazol in tablets. Apparently no
stability indicating analytical method for Cilostazol is
available in literature and it was felt necessary to
develop a stability indicating LC method for determi-
nation and quantitative estimation of Cilostazol.

This paper describes the assay and validation
method for accurate quantification of Cilostazol and
all three impurities in bulk samples, respectively.

MATERIALS AND METHODS
Instrumentation

Quantitative HPLC analysis was performed on a high-
performance liquid chromatography which consisted of
a dual piston reciprocating two LC-10AT VP pumps
(model HPLC class 10AT), photo-diode array detector
(model SPD-10M VP) and auto sampler of SCL-10A
series from Shimadzu, Japan. The HPLC system was also
equipped with data acquisition and processing software
“Class-LC-10 series” from Shimadzu, Japan.

Materials, Reagents and Chemicals
Samples of Cilostazol and its three potential impuri-

ties namely Imp-A, Imp-B, and Imp-C (Fig. 1) were
received from Wockhardt Pharmaceuticals Ltd, Auranga-
bad, India. The purity of the standard cilostazol sample
was 99.8% while the purity of Imp-A, Imp-B, and Imp-C
was 99.1, 98.85, and 98.3%, respectively. HPLC grade
acetonitrile was purchased from Merck, Darmstadt,
Germany. Pure water was prepared by using Millipore
Milli Q Plus Purification System (Bedford, MA, USA).

Chromatographic Conditions
The experiment was performed on a Inertsil C-18

stainless steel column having 250 mm×4.6 mm (ID)
and 5 μm particle size. The mobile phase consisted of
50% acetonitrile and 50% water. The mobile phase

FIGURE 1 Chemical structures of cilostazol, Imp-A, Imp-B,
and Imp-C.
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was filtered through a nylon membrane (pore size 0.45
μm) and degassed with a helium spurge for 10 min.
The chromatography was performed at room tempera-
ture using a flow rate of 1 mL/min. The run time was
set to 15 min. The column temperature was main-
tained at 30°C and eluents were monitored on photo-
diode array detector at a wavelength of 210 nm. The
volume of each injection was 20 μL.

Preparation of Standard Solutions
A stock solution of Cilostazol (1 mg/mL) was pre-

pared by dissolving appropriate amount in mobile
phase. Working solutions of 500 and 100 μg/mL were
prepared from above stock solution for determination
of related substances and assay, respectively. A stock
solution of impurities (mixture of Imp-A, Imp-B, Imp-
C) at 0.5 mg/mL was also prepared in mobile phase.

Specificity
Specificity is the ability of the method to measure

the analyte response in the presence of its potential
impurities (ICH, 2000). Stress testing of the drug sub-
stance can help identify the likely degradation prod-
ucts, which can in turn help establish the degradation
pathways and the intrinsic stability of the molecule
and validate the stability indicating power of the ana-
lytical procedures used.

The specificity of the developed LC method for cil-
ostazol was determined in the presence of its impurities,
namely Imp-A, Imp-B, Imp-C, and degradation prod-
ucts. Forced degradation studies were also performed
on cilostazol to provide an indication of the stability
indicating property and specificity of the proposed
method. The stress conditions employed for degrada-
tion study included light (performed as per ICH Q1B),
heat (60°C), acid hydrolysis (0.1 N HCl), alkali hydroly-
sis (0.1 N NaOH), water hydrolysis and peroxide
hydrolysis (0.01% H2O2). For heat and light studies,
study period was 10 days whereas for acid, base, water
hydrolysis, and oxidation, it was 48 hr. Shimadzu SPD-
10M VP photo-diode array detector was used to check
peak purity of stress samples. The purity factor within
the threshold limit obtained in all stressed samples
demonstrated the analyte peak homogeneity. Assay
studies were performed for stress samples against quali-
fied reference standard. Assay also calculated for bulk
sample by spiking all three impurities (Imp-A, Imp-B,

and Imp-C) at the specification level (i.e., 0.2% of the
analyte concentration which is 500 μg/mL).

Precision
Six independent assays of the test sample of cilosta-

zol against qualified reference standard were per-
formed and. the percentage of relative standard
deviation of six assay values obtained was calculated.

The precision of the related substance method was
checked by injecting six individual preparations of (0.5
mg/mL) cilostazol spiked with 0.2% each of Imp-A,
Imp-B, and Imp-C with respect to analyte concentra-
tion. The percentage of RSD of area for each Imp-A,
Imp-B, and Imp-C was calculated.

The intermediate precision of the method was also
evaluated using different analyte and a different instru-
ment in the same laboratory.

Limit of Detection (LOD) and Limit of 
Quantification (LOQ)

The LOD and LOQ for Imp-A, Imp-B, and Imp-C
were estimated at a signal-to-noise ratio of 3:1 and 10:1,
respectively, by injecting a series of dilute solutions
with known concentration (ICH, 1995). Precision study
was also performed at the LOQ level by injecting six
individual preparations of Imp-A, Imp-B, and Imp-C
and calculating the percentage of RSD of the area.

Accuracy
The accuracy of the assay method was evaluated in

triplicate at three-concentration levels, that is, 50, 100,
and 150 μg/mL in bulk drug sample. The percentage
of recoveries was calculated from slope and Y-inter-
cept of the calibration curve obtained. Accuracy/
recovery experiments were performed in triplicate.

The bulk sample provided by Wockhardt Limited
had no Imp-A, Imp-B, and Imp-C. Standard addition
and recovery experiments were conducted to determine
accuracy of the related substance method for the quan-
tification of all three impurities in bulk drug samples.

The study was performed in triplicate at 0.075, 0.15,
and 0.225 of the analyte concentration (500 μg/mL).
The percentage of recoveries for Imp-A, Imp-B, and
Imp-C were calculated from the slope and Y-intercept
of the calibration curve obtained.



A. S. Jadhav et al. 176

Linearity
Linearity test solutions for assay method were pre-

pared from stock solution at six concentration levels
from 25–150% of assay analyte concentration (25, 50,
75, 100, 125, and 150 μg/mL). The peak area versus
concentration data was performed by least-squares lin-
ear regression analysis.

Linearity test solutions for related substance
method were prepared by diluting stock solution to
the required concentrations. The solutions were pre-
pared at six concentration levels from LOQ to 200%
(1.5 μg/mL) of the specification level (LOQ, 0.075,
0.15, 0.187, 0.225, and 0.3%).

Linearity test was performed for three consecutive
days in same concentration range for both assay and
related substance method. The percentage of RSD
value of the slope and Y-intercept of the calibration
curve was calculated.

Robustness
To determine the robustness of the developed

method, experimental conditions were purposely
altered and the resolution between cilostazol, Imp-A,
Imp-B, and Imp-C was evaluated.

The flow rate of the mobile phase was 1 mL/min.
To study the effect of flow rate on the resolution, it
was changed by 0.2 units from 0.8 to 1.2 mL/min. The
effect of the column temperature on resolution was
studied at 25 and 35°C instead of 30°C. The effect of
the percent organic strength on resolution was studied
by varying acetonitrile by −3 to +3% while other
mobile phase components were kept constant.

Solution Stability and Mobile 
Phase Stability

The solution stability of cilostazol in the assay method
was performed by leaving both the test solutions of the
sample and reference standard in tightly capped volumet-
ric flasks at room temperature for 48 hr. The same sample
solutions were assayed for 6 hr interval for the study
period. The solution stability and mobile phase stability
were also carried out by assaying the freshly prepared sam-
ple solution against freshly prepared reference standard
solution for 6 hrs. interval up to 48 hrs. The percentage of
RSD in cilostazol assay was calculated for the study period
during mobile phase and solution stability experiments.

The solution stability of cilostazol and its impurities
in the related substance method was performed by leav-
ing spiked sample solution in tightly capped volumetric
flask at room temperature for 48 hr. Contents of Imp-
A, Imp-B, and Imp-C were determined for the study
period after every 6 hr. Mobile phase stability was also
performed for 48 hr by injecting the freshly prepared
sample solutions every 6 hr. Content of Imp-A, Imp-B,
and Imp-C were checked in the test solutions.

RESULTS AND DISCUSSION
Method Development and 

Optimization
The main target of the chromatographic method was

to get the separation of critical closely eluting impurities,
namely Imp-A, Imp-B, and Imp-C. Impurities were co-
eluting by using different stationary phases like C18, C8,
phenyl, and cyano and different mobile phases. The
chromatographic separation was achieved on an Inertsil
C-18, 250 mm × 4.6 mm, 5 μm column by using acetoni-
trile and water as mobile phase. The flow rate of the
mobile phase was 1 mL/min. At 30°C column tempera-
ture, the peak shape of cilostazol was found symmetrical.
In optimized conditions cilostazol, Imp-A, Imp-B, and
Imp-C were well separated with resolution greater than
two and typical retention times of Imp-A, Imp-B, Imp-C
and cilostazol were about 2.8, 4.4, 7.2, and 8.3 min,
respectively. ClogP as calculated on “Accord for excel
software” for cilostazol was 3.75 and for Imp-C it was
4.86 with reference to 100% water, which means logP of
Imp-C was higher than that of parent drug. But Imp-C
elutes earlier than cilostazol, which may be because of
additional amide function in Imp-C and there would be
decrease in the value of pKa because of the addition of
mobile phase.The system suitability results are given in
Table 1 and the developed LC method was found to be

TABLE 1 System Suitability Parameter

Compound 
(n = 3)

USP 
resolution

USP tailing 
factor (RS)

No. of theoretical 
plates (N) USP 

tangent method

Imp-A – 1.5 3664
Imp-B 7.53 1.4 5690
Imp-C 9.42 1.1 6313
Cilostazol 2.95 1.2 7884
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specific for cilostazol and its three impurities, namely
Imp-A, Imp-B, and Imp-C (Table 2).

Precision
The RSD of assay of cilostazol during assay method

precision study was within 1% and the RSD of area of
Imp-A, Imp-B, and Imp-C in related substance
method precision study were within 3%. The RSD of
assay results obtained in intermediate precision study
was within 0.7% and the RSD of area of Imp-A, Imp-B,
and Imp-C were well within 3%, conforming good
precision of the method.

Limit of Detection and Limit 
of Quantification

The limit of detection of Imp-A, Imp-B, and Imp-C
were 0.02, 0.03 and 0.02% of analyte concentration
(i.e., 500 μg/mL) for 20 μL injection volume. The
limit of quantification of Imp-A, Imp-B, and Imp-C
were 0.06, 0.09, and 0.06% of analyte concentration
(i.e., 500 μg/mL) for 20 μL injection volume. The pre-
cision at LOQ concentration for Imp-A, Imp-B, and
Imp-C were below 4%.

Accuracy
The recovery of cilostazol in bulk drug samples

ranged from 99–101.5% (Table 3). The percentage
recovery of Imp-A, Imp-B, and Imp-C in bulk samples
ranged from 96.5–103.2. HPLC chromatogram of
pure (unspiked) sample is shown in Fig. 2a and spiked
samples at 0.2% level of all three impurities in cilosta-
zol bulk sample are shown in Fig. 2b.

Linearity
Linearity calibration plot for assay method was

obtained over the calibration ranges tested, that is, 25–
150 μg/mL with the linear regression equation y =
4223.503 X + 6433.0 and correlation coefficient of
R2 = 0.9997 was obtained. Linearity was checked for
assay method over the same concentration range for
three consecutive days. The percentage of RSD values
of the slope and Y-intercept of the calibration curves

TABLE 2 Summary of Forced Degradation Study

Stress condition
Degradation 

time
Assay of 

cilostazol (%) Remarks

Acid hydrolysis (0.1 N HCl) formed 48 hr 98.95 No degradation products
Base hydrolysis (0.1 N NaOH) 48 hr 93.31 Unknown degradation product at retention 

time 9.90 min.
Oxidation (0.01% H2O2) 48 hr 98.83 No degradation products formed
Thermal (60°C) 10 days 99.32 No degradation products formed
Light (photolytic degradation) 10 days 99.54 No degradation products formed

TABLE 3 Recovery Results of in Bulk Sample

Sr. no.
Added (μg) 

(n = 3)
Recovered

(μg)
Recovery

(%)
RSD 
(%)

1 51 50.5 99.02 0.7
2 101 101.7 100.69 0.5
3 153 155.3 101.50 0.8

FIGURE 2A Typical HPLC chromatogram of pure (unspiked)
bulk sample.
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were 1.7 and 2.5, respectively. The linearity results are
given in Table 4. The results show that an excellent
correlation existed between the peak area and concen-
tration of the analyte.

Linear calibration plot for related substance
method was obtained over the calibration ranges
tested, that is, LOQ 0.06–0.3% for Imp-A, Imp-B, and
Imp-C. The correlation coefficient obtained was
greater than 0.996. Linearity was checked for related
substance method over the same concentration range
for three consecutive days. The percentage of RSD val-
ues of the slope and Y-intercept of the calibration
curves were 3.3 and 3.9, respectively. The results show

that an excellent correlation existed between the peak
area and concentration of Imp-A, Imp-B and Imp-C.

Robustness
In all the deliberately varied chromatographic con-

ditions (flow rate, column temperature and organic
solvent), the resolution between closely eluting impu-
rities, namely Imp-A, Imp-B, and Imp-C was greater
than 2.0, illustrating the robustness of the method
(Table 5).

Solution Stability and Mobile 
Phase Stability

The RSD of assay of cilostazol during solution sta-
bility experiments was within 1%. No significant
changes were observed in the content of Imp-A, Imp-
B, and Imp-C during solution stability and mobile
phase experiments using related substances method.
The solution stability and mobile phase stability
experimental data confirms that sample solutions and
mobile phase used during assay and related substance
determination were stable up to 48 hr.

FIGURE 2B HPLC chromatogram of spiked Imp-A, Imp-B and Imp-C in pure cilostazol sample.

TABLE 4 Linearity Data of Cilostazol Sample

No.
Concentration 

injected (μg/mL)
Average peak 

area RSD (%)

1 25 116973 0.760
2 50 212946 0.740
3 75 321920 0.510
4 100 427893 0.443
5 125 533865 0.543
6 150 642340 0.970
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Results of Forced Degradation 
Studies

Degradation was not observed in cilostazol stressed
samples that were subjected to light, heat, acid, perox-
ide, and water hydrolysis. The degradation of drug
substance was observed under base hydrolysis. Cil-
ostazol was degraded during base hydrolysis (in 0.1 N
NaOH after 48 hr treatment) leads to the formation of
unknown degradation peak at relative retention time
1.18 min (Fig. 3). Peak purity test results derived from
SPD-10M VP, confirmed that the cilostazol peak was
homogenous and pure in all the analyzed stress sam-
ples. The assay of cilostazol was unaffected in the pres-
ence of Imp-A, Imp-B, Imp-C, and its degradation
products confirmed the stability, thus indicating
power of the developed method.

CONCLUSION
The reverse phase high performance liquid chro-

matographic (RP-HPLC) method was developed for
quantitative and related substance determination of
cilostazol in bulk drug substance that was precise,

accurate, rapid, and specific. The method was com-
pletely validated showing satisfactory data for all the
method validation parameters tested. The developed
method is stability indicating and can be used for the
routine analysis and to check the stability of bulk sam-
ples of cilostazol. The developed method also can be
conveniently used for the assay determination of cil-
ostazol in formulation.
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