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a  b  s  t  r  a  c  t

A  reversed  phase  liquid  chromatographic  method  with  UV  detection  for the simultaneous  determination
of  clopidogrel  and  acetylsalicylic  acid  and  their  related  substances  in  combined  oral  formulations  was
developed  and  validated.  Good  separation  was  achieved  on a Luna  C18 column  (150  mm  × 4.6  mm,  3  �m)
using  gradient  elution  at a flow  rate  of  1 mL/min  and  a  column  temperature  of 35 ◦C.  UV  detection  was
performed  at  220 nm.  The  validation  was  performed  according  to  the  ICH  guidelines.  The  method  proved
to be  specific,  sensitive  (LOQ  =  0.975  �g/mL  and  0.0384  �g/mL for clopidogrel  and  acetylsalicylic  acid,
eywords:
spirin
lopidogrel
eversed phase liquid chromatography

mpurities
ethod development

respectively),  linear  in  the  concentration  range  from  LOQ  to 325  �g/mL  for  clopidogrel  and  from  LOQ
to 650  �g/mL  for acetylsalicylic  acid,  precise  (RSD  values  for intermediate  precision  <1%)  and  accurate
with  mean  recovery  values  of 100.7%  and  100.2%  for clopidogrel  and  acetylsalicylic  acid,  respectively.
Moreover,  the  solution  stability  and  method  robustness  were  examined.  The  method  gives satisfactory
separation  of impurities  of  clopidogrel  and  acetylsalicylic  acid  and  so  it is  suitable  for  quantification  of
the related  substances  as  well  as for  the assay  of the  actives.
. Introduction

Clopidogrel (CLP) and acetylsalicylic acid (ASA) (Fig. 1) are two
idely used antithrombogenic agents and coadministration pro-
uces an enhanced therapeutic effect in many clinical conditions,
articularly in high-risk patients with acute coronary syndromes
1]. Thus, their mechanisms are complementary and may  decrease
lot formation over either agent alone.

The synthesis of an active pharmaceutical ingredient (API)
ormally consists of several synthetic steps. The process related

mpurities can be formed at any step and could ultimately appear
n the final drug substance. Impurities may  also develop upon aging
f both API and formulated APIs to medicines [2]. In addition, for
n optically active single isomer drug there could be enantiomeric
mpurities present in the API. So, to guarantee the quality, safety and
fficacy of drugs, sensitive and selective control methods are advis-
ble. The chemical structures for impurities of CLP (usually used in
ts hydrogen sulfate form) and ASA are depicted in Figs. 2 and 3
3,4].

A number of analytical methods have been reported in the

iterature for the individual determination of CLP or ASA. These

ethods include: spectrofluorimetry [5],  reversed phase liquid
hromatography (LC) [6–9], thin-layer chromatography [10], and

∗ Corresponding author. Tel.: +32 16323444; fax: +32 16323448.
E-mail address: Erwin.Adams@pharm.kuleuven.be (E. Adams).

731-7085/$ – see front matter ©  2011 Elsevier B.V. All rights reserved.
oi:10.1016/j.jpba.2011.12.019
© 2011 Elsevier B.V. All rights reserved.

spectrophotometry [11,12]. The simultaneous assay determina-
tion of CLP and ASA in tablets and capsules was  also reported
[13,14]. Moreover, a chemometric approach for the simultane-
ous estimation of CLP and ASA from combined dosage forms has
been described by Rajput et al. [15]. For the determination of
related substances in pharmaceutical dosage forms, several analyt-
ical methods [16,17] based on LC were reported for ASA. Concerning
CLP, LC methods have been described for purity control of bulk
drugs and pharmaceutical dosage forms including an enantiospe-
cific LC method [18,19]. Both the European Pharmacopoeia (only
drug substance) and United States Pharmacopeia (also drug prod-
ucts) describe separate LC methods for the determination of CLP
and ASA and their respective impurities [3,4]. However, no LC
method for the simultaneous analysis of CLP, ASA and their related
substances in combined dosage forms has been reported so far.
In this study, a reversed phase LC method for this purpose was
developed and validated.

2. Experimental

2.1. Reagents and samples

Reference substances for CLP, ASA and their impurities, as well

as Coplavix® 75/100 (combination tablets containing 75 mg  of
CLP/tablet and 100 mg  of ASA/tablet) were kindly provided by
Sanofi-Aventis Groupe (Paris, France). Two other tablet formu-
lations containing 75 mg  of CLP/tablet and 75 mg  of ASA/tablet

dx.doi.org/10.1016/j.jpba.2011.12.019
http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
mailto:Erwin.Adams@pharm.kuleuven.be
dx.doi.org/10.1016/j.jpba.2011.12.019
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ig. 1. Chemical structures of clopidogrel hydrogen sulfate and acetylsalicylic acid.

Closprin® 75/75) or 150 mg  of ASA/tablet (Noklot Plus® 75/150)
ere from Venus international (Mumbai, India) and Hetero
abs Ltd. (Kalyanpur, India), respectively. Sodium octane sul-
onate monohydrate was purchased from Acros Organics (Geel,
elgium), HPLC gradient grade acetonitrile was from Fisher Scien-
ific (Leicestershire, UK), HPLC grade methanol from Biosolve Ltd.
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(Valkenswaard, The Netherlands) and phosphoric acid, 98% purity
from BDH (Briare, France).

2.2. Apparatus

LC analyses were performed on a Dionex Ultimate 3000 system
from Dionex Softron GmbH (Germering, Germany) equipped with
a high pressure pump (LPG-3400A), autosampler (WPS-3000T SL)
and UV/VIS detector (MWD-3000). For data processing and acquisi-
tion, Chromeleon software version 6.80 from Dionex was used. An
ultrasonicator from Branson Ultrasonics Corporation (Danbury, CT,
USA) and a pH meter from Metrohm (Herisau, Switzerland) were
used.
2.3. Chromatographic conditions

Chromatographic separations were achieved on a Luna C-18
(150 mm × 4.6 mm,  3 �m)  column (Phenomenex, CA, USA). A Julabo
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M immersion thermostat (Seelbach, Germany) was used to keep
he water bath of the column at 35 ◦C. The mobile phase was a gra-
ient mixture of mobile phase A (5:95 (v/v) mixture of methanol
nd a 1.0 g/L solution of sodium octane sulfonate monohydrate
djusted to pH 2.5 with dilute phosphoric acid) and mobile phase

 (5:95 (v/v) mixture of methanol and acetonitrile) pumped at a
ow rate of 1 mL/min. The gradient programme [time (min)/%B]
as set as 0/10.5, 3/10.5 to 48/68.5, 68/68.5 to 80/10.5. The injec-

ion volume was set at 10 �L and the UV detection was made
t 220 nm.

.4. Assay determination of CLP and ASA

.4.1. Preparation of sample and reference solutions
Sample solution: Twenty tablets from each Coplavix®, Closprin®

nd Noklot Plus® products were weighed and finely powdered with
 mortar and pestle. A quantity of the powder equivalent to 20 mg  of
LP and 26.67 mg  (Coplavix®), 20 mg  (Closprin®) or 40 mg  (Noklot
lus®) of ASA was transferred into a 20.0 mL  volumetric flask, son-
cated with solvent mixture (mobile phase A – acetonitrile (40:60,
/v)) for ten minutes and then the solution was completed to vol-
me  with the same solvent. This solution was filtered through a
.2 �m nylon filter (Whatman, Dassel, Germany) and 1.0 mL  of the

ltered solution was diluted to 10.0 mL  with the solvent mixture.
n aliquot of this solution was used for analysis.

Reference solutions: A stock reference solution of CLP was  pre-
ared by dissolving 26.10 mg  of clopidogrel hydrogen sulfate
rities of acetylsalicylic acid.

(equivalent to 20 mg  of CLP) in 20.0 mL  of solvent mixture. A simi-
lar stock reference solution of ASA (20 mg/20 mL) was  made. Since
the content of ASA is different for the three products, 2 different
dilutions were prepared: 1.0 mL  of the stock reference solution of
CLP and 1.0 mL  of the stock reference solution of ASA were diluted
to 10.0 mL  (reference solution used for Coplavix® and Closprin®)
while 1.0 mL  of the stock reference solution of CLP and 2.0 mL of
the stock reference solution of ASA were diluted to 10.0 mL  with
the solvent mixture (reference solution used for Noklot Plus®). For
Coplavix®, peak areas of ASA reference were corrected with a fac-
tor 1.33 to compensate for the higher amount of ASA compared to
Closprin® (100 mg  vs. 75 mg).

2.5. Determination of related substances

2.5.1. Preparation of test and reference solutions
Test solutions: From the tablet powder used for assay, a quantity

equivalent to 65 mg  of CLP and 86.67 mg,  65 mg  and 130 mg  of ASA
for Coplavix®, Closprin® and Noklot Plus®, respectively, was  dis-
solved in a 10.0 mL  volumetric flask and sonicated with the solvent
mixture for 10 min. The solutions were cooled to room tempera-
ture and completed to volume with the same solvent. The solution
was filtered through a 0.2 �m nylon filter to ensure the absence of

particulate matter before analysis.

Reference solution: 1.0 mL  of the test solution was  diluted to
100.0 mL  with the solvent mixture. 1.0 mL  of this solution was  fur-
ther diluted to 10.0 mL  (=0.1%) with the same solvent.
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Table 1
Chromatographic parameter settings applied in the robustness investigation, corre-
sponding to low (−), central (0) and high (+) levels.

Parameter Low value (−) Central value (0) High value (+)

Temperature (◦C) 33 35 37
pH 2.3 2.5 2.7
MP  B (%, v/v) 67 68.5 70
74 G. Kahsay et al. / Journal of Pharmaceutic

.6. Method validation

The proposed method was validated according to the ICH guide-
ines [20] for its specificity, limit of detection (LOD), limit of
uantification (LOQ), linearity, precision, accuracy, solution sta-
ility and robustness. Moreover, relative response factors for the

mpurities of CLP and ASA were also determined.

.6.1. Specificity
The specificity of the developed method was examined for the

resence of possible interference from excipients or sample matrix
y overlaying chromatograms of (1) APIs spiked with impurities,
2) the drug products and (3) the blank.

.6.2. Limit of detection (LOD) and limit of quantification (LOQ)
The LOD and LOQ for CLP and ASA were determined based on a

ignal-to-noise ratio of 3 and 10, respectively. Precision at the LOQ
evel was determined as % RSD for both APIs.

.6.3. Linearity
Linearity was examined for the assay of the APIs and for the

elated substances. ASA: For the assay method, five concentrations
50 �g/mL, 100 �g/mL, 150 �g/mL, 200 �g/mL and 250 �g/mL)
hich cover the different concentrations of ASA in the tablets (75,

00, 150 mg/tablet) were injected. For related substances, concen-
rations ranging from LOQ to 650 �g/mL of the test solution were
xamined. CLP: Similarly, for the assay method, five concentra-
ions ranging from 25 to 125% of the assay analyte concentration
25 �g/mL, 50 �g/mL, 75 �g/mL, 100 �g/mL and 125 �g/mL) and
or the related substances concentrations ranging from LOQ to 5%
f the test solution (100% = 6.5 mg/mL) were examined.

.6.4. Precision and accuracy
Repeatability was examined by three fold analyses of two prepa-

ations of 100 �g/mL of CLP and 200 �g/mL of ASA in one day.
etween days variation (intermediate precision) was examined on
ve consecutive days. The % RSD on the peak areas was evalu-
ted. Accuracy of the proposed method was determined by the
tandard addition method on the dosage form to which known
mounts of CLP and ASA standards have been added at differ-
nt concentrations (CLP: 7.8 �g/mL, 15.6 �g/mL, 23.4 �g/mL; ASA:
0 �g/mL, 40 �g/mL, 60 �g/mL). The determination was carried out
sing three replicates at each concentration level. The accuracy was
etermined as percent recovery of amount of analyte added to the
ample.

.6.5. Robustness
To evaluate the robustness of the method, experimental factors

hat might cause variability in the method responses were exam-
ned. 4 factors (column temperature, pH, the time at which percent
/v of mobile phase B reaches its maximum and the percent v/v of
obile phase B at its plateau) were investigated. A two-level full

actorial experimental design with 2k + n number of runs, where
 is the number of factors and n is the number of center points
as applied. Thus, 19 experiments including three center points
ere performed in duplicate. The design was generated by using
odde 5.0 Umetrics software (Umeå, Sweden). For this test, one

ower value and one higher value of the factors were used. The dif-
erent values used for each factor in the design are given in Table 1.
n every experiment, as response, the amount of impurities of CLP
nd ASA were calculated against a reference solution of 0.1%.
.6.6. Response factors
The response factors of the impurities were determined from

he ratio of the slopes of the impurities and the APIs. Solutions
MP  B (time, min) 46 48 50

MP:  mobile phase.

were prepared at concentrations from LOQ to 65 �g/mL of the test
concentration for all impurities and APIs.

3. Results and discussion

3.1. Optimization of the chromatographic conditions

The starting conditions were taken from the European Phar-
macopoeia monograph for clopidogrel hydrogen sulfate [3].  Three
different columns have been tested for the separation of the
specified and unspecified impurities of both APIs from the prin-
cipal peaks: Luna C18 column (150 mm  × 4.6 mm,  3 �m),  Kromasil
C18 column (150 mm × 4.6 mm,  5 �m)  and Symmetry C18 column
(150 mm × 4.6 mm,  3.9 �m).  The specified impurities were better
separated from the main peaks of CLP and ASA using the Luna col-
umn. Using the Kromasil column, impurity C1 and ASA were not
well separated. Similarly, impurity C1 and ASA were coeluted using
the Symmetry column. As a consequence, the Luna column was
used for further method development and optimization. To opti-
mize the chromatographic conditions for satisfactory separation
of the APIs and their impurities, the effect of different chromato-
graphic parameters was examined. The percentage of the organic
modifier (acetonitrile) was  changed from 37.5% to 80% in differ-
ent gradient runs. The temperature of the column was  varied from
25 ◦C to 40 ◦C (25 ◦C, 30 ◦C, 35 ◦C and 40 ◦C). Similarly the effect of
pH was  examined at 2.0, 2.5, 3.0 and 3.5. The concentration of the
ion pairing reagent (IPR) (sodium pentane sulfonate monohydrate)
was changed from 4.8 mM,  5.0 mM,  5.5 mM,  5.9 mM,  7.5 mM till
10.0 mM.  Sodium pentane sulfonate monohydrate is the IPR used
in the European Pharmacopoeia monograph for clopidogrel hydro-
gen sulfate in mobile phase A. However, not all impurities of CLP and
ASA could be well separated. Changing the IPR to sodium octane sul-
fonate (SOS) monohydrate (investigated in the range 3.9–4.9 mM)
did substantially improve the selectivity. It was found that a col-
umn  temperature of 35 ◦C and an IPR concentration of 4.3 mM SOS
in mobile phase A at pH 2.5 were the optimum conditions for the
separation of the APIs and their impurities (Fig. 4).

3.2. Specificity

The specificity of the developed method was determined by
examining the presence of possible interference from excipients
or sample matrix. The chromatogram overlay of the spiked mix-
ture of impurities and APIs, the drug product and the blank showed
that the proposed method is specific for both APIs and their
related substances as there was no interference observed. Absence
of interference was  verified for all forms. As the method is not
enantiospecific, impurity C3 (=R-enantiomer of CLP) cannot be
determined.

3.3. Limit of detection (LOD) and limit of quantification (LOQ)
The LOD and LOQ for CLP and ASA were determined by inject-
ing a series of dilutions of known concentrations of the analytes.
It was  found that for CLP, the LOD and LOQ were 0.3 �g/mL and
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ig. 4. Typical chromatogram of a solution of APIs spiked with all available impu
mpurity C4; 4. Aspirin; 5. Impurity C1; 6. Impurity A3; 7. Impurity C5; 8. Impurity 

.0 �g/mL (RSD = 0.6%), respectively and for ASA, the LOD and LOQ
ere 0.04 �g/mL and 0.13 �g/mL (RSD = 0.6%), respectively.

.4. Linearity

In the examined concentration ranges described under Section
.6.3, linear responses were observed between the peak areas and
he concentration of the analytes. The points in the residual plots
ere randomly distributed around the horizontal axis. The random
ispersion of the residuals suggests that the linear model gives a
ood fit of the data. The coefficients of determination of the regres-
ion lines, the standard error of estimate and the linear regression
quations are shown in Table 2.

.5. Precision and accuracy

The precision of the method was evaluated as repeatability and
ntermediate precision. Repeatability was examined by three fold
nalyses of two preparations of 100 �g/mL of CLP and 200 �g/mL
f ASA in one day. The RSD on the peak areas of these six deter-
inations was not more than 0.5%. Intermediate precision was

lso determined for five consecutive days. The RSD on the peak
reas (n = 30, 5 days) was not more than 1.0% (Table 2) suggesting
hat the proposed method is suitable for simultaneous analysis of
LP and ASA in combined dosage forms. In addition, the between
ays (intermediate) precision suggests that the developed method
ave repeatable results for five consecutive days. Accuracy of the
ethod was determined as percent recovery of a known added

mount of analyte to the sample. The proposed method was found
o give a mean recovery of 100.7% for CLP and 100.2% for ASA in the
xamined dosage form. So, the developed method gave satisfactory
ecoveries for both CLP and ASA.
.6. Robustness test

A two-level full factorial experimental design was used to
heck the robustness of the LC method by introducing intentional

able 2
esults of linearity and intermediate precision determinations.

Method APIs Concentration range (�g/mL) Reg

Assay CLP 25–125 y = 0
ASA 50–250 y = 0

Related substances CLP 0.975–325 y = 0
ASA  0.128–650 y = 0

here R2 = coefficient of determination; Sy,x = standard error of estimate; y = mean (n = 3)
25.0 30.0 35.0 40.0 45.0

. Chromatographic conditions: see Section 2.3. 1. Impurity A1; 2. Impurity A2; 3.
Impurity C7; 10.  Impurity C8; 11.  Impurity A4; 12.  Clopidogrel; 13.  Impurity C2.

variation of the experimental factors as described in Section 2.6.5.
From the regression coefficient plots of the impurities it can be
concluded that the percentage of impurities A1, A4, C2, C6 and C8
was not significantly (  ̨ = 0.05) affected when the chromatographic
parameters were varied as shown in Table 1. Temperature and pH
variations affect somewhat the percentage of impurities A2, C1, C4,
C5 and C7 in the range examined. Although the effects are signifi-
cant, their absolute value is small. The assay values of CLP and ASA
were not affected by these small variations of the chromatographic
factors investigated. Nevertheless, it is advisable to control these
effects rather strictly.

3.7. Relative response factor

The results for the relative response factors of each impurity
versus the APIs are shown in Table 3. The purity of the reference
impurities, as given by the supplier, was  taken into account.

3.8. Application to real samples

The proposed method was  applied for the determination of CLP
and ASA in three tablet products. The assay results are shown in
Table 3. According to the USP specification, CLP or ASA tablets con-
tain not less than 90.0% and not more than 110.0% of the labeled
amount of CLP or ASA [4]. Hence, the content of ASA in the two
generics (Closprin® and Noklot Plus®) does not comply with the
prescribed limits stipulated by the USP. Next, impurities of CLP and
ASA were quantified in the three products. The disregard limits for
CLP and ASA impurities were 0.05% and 0.03%, respectively. Impu-
rities of CLP were calculated versus the diluted CLP reference (0.1%
dilution of the test solution) while impurities of ASA were calcu-

lated versus the diluted ASA reference (0.1% dilution of the test
solution). The results are shown in Table 3. The level of impurity C1
in Closprin® was  above the 1.2% limit of the USP monograph of CLP
tablets [8].  In Closprin® and Noklot Plus®, the amount of impurity

ression equation R2 Sy,x Intermediate precision
(RSD, n = 30)

.3933x − 2.1044 0.9995 0.8 0.4

.3903x − 0.6833 0.9994 0.4 0.6

.4059x + 0.1299 1.0000 0.1

.3000x − 0.1047 0.9999 0.3

 peak area; x = concentration (�g/mL).



276 G. Kahsay et al. / Journal of Pharmaceutical and Biomedical Analysis 61 (2012) 271– 276

Table  3
Results for relative response factor, content and impurities determinations.

CLP and ASA impurities (%, m/m) Content (RSD, n = 6)

A1 A2 A3 A4 C1 C2 C4 C5 C6 C7 C8 CLP ASA

Coplavix® <0.03 <0.03 0.64 0.10 0.05 0.10 0.11 <0.05 0.05 <0.05 0.08 99.9 (0.5) 98.2 (1.7)
Closprin® 0.53 <0.04 20.94 <0.03 2.81 0.14 <0.05 <0.05 0.42 <0.05 0.06 96.2 (0.7) 75.5 (1.4)
Noklot Plus® 0.19 0.03 9.31 0.27 1.03 0.15 0.24 0.08 0.33 0.15 0.20 94.4 (0.3) 89.2 (0.3)
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RRF 0.66  4.72 0.86 1.29 0.99 0.89 

RF: relative response factor; Ax: aspirin impurities; Cx: clopidogrel impurities.

3 was far above the 3.0% limit prescribed in the USP monograph
or coated ASA tablets.

. Conclusion

The developed reversed phase LC method is specific, linear, sen-
itive, precise and accurate for the separation and determination of
LP, ASA and their impurities. As there is no official method, the LC
ethod can be applied for routine quality control of the APIs and

heir related substances in combined oral dosage forms.
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