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In the present study, the electroanalytical behaviour of clopidogrel (CLP) bisulfate, an antithrombotic drug,
was investigated by cyclic voltammetry (CV) and differential pulse voltammetry (DPV) techniques using a
glassy carbon electrode (GCE). The anodic oxidation of clopidogrel bisulfate was investigated with a GCE
to determine the oxidation conditions. The voltammograms of solutions having various concentrations of
clopidogrel were recorded in order to obtain the optimum oxidation conditions of this drug on a GCE. To
determine the effects of the nature of the supporting electrolyte, pH and scan rate on the anodic oxidation
reactions, the experiments were performed in 0.2 M sulphuric acid, and in Britton—Robinson (BR) (pH 2-5)
and acetate (pH 3.5-5.63) buffers with a 10-400 mVs~" scan rate interval. The oxidation of clopidogrel
bisulfate was found to be diffusion-controlled over a concentration range of 0.08 mMM—-1.0mM in pH 3.7
acetate buffer by an optimized DPV technique. The voltammetric method developed was applied to the
tablet form of pharmaceutical preparation of this compound and the accuracy, precision, selectivity, sen-
sitivity, repeatibility within and between days and reproducibility of the proposed method was investigated
statistically. The results were compared with the spectrophotometric and HPLC methods developed in our
laboratory and found to be in good agreement. No interference was observed from common pharmaceutical

adjuvants.

1. Introduction

Clopidogrel is an oral antiplatelet agent (thienopyridine class) to
inhibit blood clotting in coronary artery disease, peripheral vas-
cular disease, and cerebrovascular disease. It is closely related to
ticlopidine and appears to have a slightly more favorable toxic-
ity profile with less frequent thrombocytopenia and leukopenia,
although TTP (thrombotic thrombocytopenic purpura) has been
reported (Herbert et al. 1993).

Clopidogrel hydrogen sulfate, methyl (+)-(S)-a-(o-chloro-
phenyl)-6,7-dihydrothieno[3,2-c]pyridin-5(4H)-acetate, is pre-
sent in tablets as the hydrogen sulfate salt. All doses and tablet
strengths are expressed as miligrams of base, not as hydrogen
sulfate salt (Budavari 2001; Sweetman 2007; PDR® 2007).
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Concentrations of antithrombotic drugs are quite low in body
fluids at the therapeutic doses used, and sensitive analytical
methods are necessary for their quantitative analysis (Harlfinger
et al. 2004; Robinson et al. 2007; Mullangi and Srinivas 2009).
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Therefore studies on this group of drugs and particularly studies
of analytical techniques for clopidogrel have generally focused
on chromatographic and spectrophotometric methods.

There are relatively few analytical studies relating to clopido-
grel, a recently introduced antithrombotic drug. The analytical
studies in the literature referring to clopidogrel, employ spec-
trophotometry (Mishra and Dolly 2005, 2006; USP XXX
2007, Zaazaa et al. 2009), HPLC (Mitakos and Panderi 2002;
Singh et al. 2005; Souri et al. 2006; Gandhimathi and Ravi
2007), TLC (Antic et al. 2007), HPTLC (Agrawal et al. 2003),
LC (Mitakos and Panderi 2002), LC-MS (Mitakos and Pan-
deri 2004; Nirogi et al. 2006; Ksycinska et al. 2006; Shin
2007), GC-MS (Lagorce et al. 1998), LC-MS/MS (Takahashi
et al. 2006, 2008), LC-ESI-MS/MS (Patel et al. 2008), and CZE
(Fayet et al. 2009), analytical methods.

To the best of our knowledge, no electroanalytical methods
have been used to determine this drug and its voltammetric
characteristics have not yet been reported. No study concerned
with examining the electrochemical structure of clopidogrel via
electroanalytic methods, has yet been performed. Because no
study examining clopidogrel oxidation-reduction by electro-
chemical methods exists, the method developed is original and
has considerable importance for drug quantitation. In addition
to spectroscopic and chromatographic methods recommended
for analysis of clopidogrel in drug dosage forms and human
plasma, electrochemical examination of the drug is also quite
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Fig. 1: Voltammograms of 5 x 10~ M CLP obtained in
(a) 0.2M H,SOy4 supporting electrolyte;
(b) pH 1.9 BR buffer-methanol (1:1,v/v);
(c) pH 3 BR buffer-methanol (1:1,v/v);
(d) pH 3.7 acetate buffer-methanol (1:1,v/v)

important mechanistically and is complementary to them. This
study aimed to examine clopidogrel electrochemically using a
glassy carbon electrode and to elucidate its mechanism.

2. Investigations, results and discussion

Voltammetric techniques recommended for analysis of tablet
dosage forms of drugs, provide an alternative method for drug
quality control in view of their being sensitive, rapid, simple
and easily applicable. DPV techniques were applied and the
results were being evaluated from the viewpoint of quantitative
analysis.

In this study the electrochemical behaviour on oxidation at a
glassy carbon electrode of the antiplatelet drug clopidogrel was
investigated using the DPV technique. The effects of supporting
electrolyte type, pH, solution concentration and electrode on
oxidation were examined.

Voltammetric experiments for oxidation of clopidogrel were car-
ried out irreversibly at different pH values and with a variety
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of buffer solutions. Voltammetric experiments were performed
with 0.2 M H,SOy supporting electrolyte, pH 1.9 BR buffer, pH
3 BR buffer and pH 3.7 acetate buffer (Fig. 1). It was concluded
from these experiments that the optimum supporting electrolyte
is pH 3.7 acetate buffer.

A glassy carbon electrode pretreated with mechanical clean-
ing, was used in the electrochemical experiments. Test results
showed that this manner of cleaning the electrode surface is
sufficient to ensure the repeatibility of experiments.

CV curves were recorded over a wide range of scan rates
(10 — 400 mVs™"). Cyclic voltammograms of 5 x 10~* M CLP
obtained in pH 3.7 acetate buffer (Fig. 2) showed one anodic
peak at about 1000 mV. Voltammograms showing the effect of
the scan rate are given in Fig. 2. As scan rate increased peak
potentials shifted to more positive values and peak currents
increased. When the different voltammograms were examined,
it was found that speed increased linearly with current and the
potential changed to a positive potential up to 68 mV. When the
i,—v'? and log i,—logv relationships of different voltammogram

of the drug, taken at 10-400 mVs~! scanning speeds with pH
Pharmazie 65 (2010) 3
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Fig. 2: Voltammograms of 5 x 10~ M CLP obtained in pH 3.7 acetate buffer-methanol (1:1,v/v) at various scan rates.
(a) 10 mVs™', (b) 20 mVs~!, (c) 40 mVs~!, (d) 60 mVs~!, (e) 80 mVs~', (f) 100 mVs~', (g) 200 mVs~!, (h) 400 mVs~!

3.7 acetate buffer, were examined, it was found that oxidation
was diffusion-controlled. Regression analysis showed that the
relationship between peak current and v'? of voltammograms
taken at different scaning speeds, with clopidogrel concentra-
tion 5 x 107* M in pH 3.7 acetate buffer solution, was linear.
(ip=1.5558 v!"2 ~2.1281; 1> =0.9910, n=8).

The straight line equation between logarithm of scanning speed
and logarithm of peak current was found to be (logi, =0.44
logv+0.13; 2 =0.9989, n=28). Fig. 3 shows the influence of the
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square root of the scan rate (logi, —logv) also linear relationship.
The slope in the equiation being 0.44 demonstrated that the
oxidation of clopidogrel was diffusion-controlled. In the litera-
ture it has been reported that the slope in diffusion-controlled
electrochemical reactions is 0.5 (Laviron et al. 1980).

Fig. 4 gives differential pulse voltammograms obtained in
acetate buffer solutions at different concentration of CLP. Evalu-
ation of these curves revealed that quantitative determination of
CLP could be made by DPV and the optimum conditions were
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Fig. 3: Potential scan rate on the peak current-logarithm of scan rate (log i, —log v)
relationship

found to be 20 mVs~! scan rate, 50 mV pulse amplitude, 17 ms
sample width, 50 ms pulse width and 200 ms pulse period. Under
these conditions the peak current of the DPV curve is linearly
dependent on concentration.

When the voltammograms of the drug within a concentration
range of 8 x 107> — 1 x 1073 M were taken in pH 3.7 acetate
buffer solution using a glassy carbon electrode, linear relation-
ship between current and concentration was found (Table 1).
Statistical treatment of this dependence is given in Table 1.
Reproducibility of DPV peak current and peak potential was
tested by repeating ten experiments at 5 x 10~* M. The applica-
bility of the DPV method for the assay of a simple dosage form
was examined by analysis of a tablet form. The results confirm
the suitability of the proposed method for the accurate and sen-
sitive analysis of CLP. The validation of the procedures was
carried out by evaluation of the limit of detection (LOD), limit
of quantitation (LOQ), repeatibility, recovery, specificity and
robustness. The LOD and LOQ were calculated from the cali-
bration curves as k x SD/b where k =3 for LOD and 10 for LOQ,
SD is the standard deviation of the intercept and b is the slope of
the calibration curve (Miller and Miller 1984; USP XXVI12003).
The values of LOD and LOQ were 1.91 x 107> M (for DPV),
3.31 x 107° M (for spectrometry), 6.90 x 10~7 M (for HPLC)
and 6.36 x 10> M (for DPV), 1.10 x 107> M (for spectrome-
try), 2.28 x 1076 M (for HPLC), respectively. The quantitation
limit of CLP achieved was low sufficiently. The intra-day and
inter-day accuracy and precision results for CLP in bulk form
are summarized in Table 2. Repeatibility of the results was eval-
uated by performing six measurements at low, intermediate and
high CLP concentrations in pH 3.7 acetate buffer on the GC elec-
trode using the DPV technique. Mean percentage recoveries of
98.6 — 99.7% with relative standard deviation of 0.87 — 1.96%
were found. The precision and accuracy of the proposed method

Current (pA

Potential (V)

Fig. 4: DPV curves obtained in pH 3.7 acetate buffer: methanol (1:1,v/v) solution at
various CLP concentration.
—S8x10°M; % - 1x107*M; " -25x107*M;
Bo5x10*MA 5 7x104M;® 59x 104 M; ¥ > 1x107° M

were investigated by intra-and inter-day determinations of CLP
for three concentrations (n = 6) within the linear range. Accuracy
of the method was expressed as bias % within and consecutive
days was less than (—0.28%) at low and high concentrations.
The results revealed that any small change in the drug con-
centration of the solution can be accurately determined by this
proposed method.

Results of voltammetric experiments performed for oxidation
have shown that the chemical structure of CLP is electroactive.
Voltammetric techniques for the active substance of CLP were
also applied to Karum® film tablets, a pharmaceutical prepara-
tion of CLP. Film tablet solutions with appropriate concentration
were prepared and voltammograms were taken under the same
experimental conditions (Fig. 5). Test results demonstrate that
the excipients in the tablet are not electroactive and do not affect
the voltammetric analysis. It was concluded that the voltammet-
ric method developed was considerably specific for clopidogrel
active substance (Fig. 5). The results of the tests performed
demonstrated that the voltammetric techniques developed are
applicable directly, easily and rapidly to clopidogrel tablet
dosage forms, and that excipients which are present in addition
to the active substance do not have electrochemical activities.
This study showed that the DPV technique developed for anal-
ysis of CLP fullfills the requirement to be sensitive, reliable,
accurate, selective, simple and rapid without being affected by
excipients and without the necessity for sample pretreatment or
time-consuming extraction steps prior to analysis.

Table 1: Determination of CLP by DPV, UV-spectrophotometry and HPLC

Parameters DPV UV-Spectrophotometry HPLC

Range (M) 8x 107°-1 x 1073 4x1075-1x 1073 3x 107°-1.8 x 1073
Regression equation (Y)?*

Slope (b) 9.3476 x 10° 663.15 2356.8

S.D. of slope(Sy) 0.5350 x 10° 304.09 429.15

Intercept (a) 0.786 0.007 252.74

S.D. of intercept (S,) 0.328 0.112 210.25

Regression coefficient (1?) 0.998 0.999 0.999

LOD (M) 1.91 x 107 3.31 x 107° 6.90 x 1077

LOQ (M) 6.36 x 107> 1.10 x 1073 2.28 x 107°

#Y =a+bC where C is concentration in M and Y in absorbance, current and peak area units for UV- spectrophotometric, voltammetric and HPLC methods, respectively
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Table 2: Analytical precision and accuracy for clopidogrel determination in bulk form by proposed DPV voltammetric procedure

Method Inter-day (n=06)
Concentration (taken) (M) Concentration (found) (M) Recovery % S.D. Precision R.S.D.% Accuracy bias %
DPV 2.5x 1074 2.49 x 10~ 99.6 0.075 2.41 —-04
5% 107 492 x 107 98.4 0.073 1.35 —-1.6
7x 1074 6.96 x 1074 99.4 0.634 0.86 —0.57
Kinean 99.13
S.D. 0.643
R.S.D. 0.65
intra-day (n = 6)
DPV 2.5%x 107 2.47 x 107 98.8 0.061 1.96 —-1.2
5% 107 493 x 1074 98.6 0.103 1.91 —-14
7x107* 6.98 x 107 99.7 0.065 0.87 —0.28
Xmei\n 99.03
S.D. 0.585
R.S.D. 0.59
Xmean: Mean value. S.D.: Standard deviation. R.S.D.(%): Relative standard deviation. Inter-day: Consecutive days. Intra-day: Within one day.
Table 3: Comparative studies for clopidogrel formulations
Formulation® (tablet) Analysis techniques
Voltammetry (DPV) UV- Spectrophotometry HPLC
Mean (mg)® 74.97 74.88 75.24
R.S.D. (%) Calculated t value 0.22¢ 0.23¢

T theoretical (p=0.05)

4 Tablet, 75 mg per tablet
b Each value is the mean of six experiments
¢ NS, not significant

To show the accuracy of the voltammetric technique developed,
this analytical method (DPV), which is also applicable to the tab-
let dosage form of the drug, were compared to the results of
drug analysis by UV-spectrophotometric and high pressure lig-
uid chromatography methods. Statistical studies demonstrated
that there is no difference in sensitivity between the methods
for drug analysis (Table 3). The applicability of the proposed
voltammetric method to the assay of simple dosage forms was

-5.64

4.8

-4.04

Current (4A)

3.2+

T T T T T T T T T T T
+1.5 +1.3 +1.1 +0.9 +0.7 +0.5 +0.3 +0.1

Potantial (V)

Fig. 5: Voltammograms of 1 x 10~ M CLP (bulk form and tablet formulations) in
supporting electrolyte (pH 3.7 acetate buffer: methanol, 1:1,v/v).
V. bure drug in supporting electrolyte;
7: Supporting electrolyte;
: Drug in tablet formulations in supporting electrolyte
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examined by analyzing tablets. The voltammetric results were
compared with the spectrophotometric (USPXXX, 2007) and
chromatographic results by Student’s t-test at a 95% confi-
dence level, and no significant difference was found between
them (Table 3). The analytical results in this study demon-
strated that the amount of active substance in the drug is within
limits specified in the pharmacopoeia. The proposed method was
developed as an alternative to chromatographic and spectropho-
tometric methods, and the results obtained were promising.
It was demonstrated that the voltammetric method developed
could be applied easily, accurately and sensitively to pharma-
ceutical dosage forms. The t values obtained in the comparison
of methods (0.22 for calculated DPV — HPLC, 0.23 for UV
spectrophotometry — HPLC) were smaller than the tabulated
t value (2.57), so the difference was found to be non-significant.
It will be seen that the results obtained are compatible within
the confidence interval. These results exhibit the accuracy of
the voltammetric technique developed. The DPV method may
be recommended for routine and quality control analysis of the
drug investigated in pharmaceutical dosage forms.

3. Experimental
3.1. Apparatus

Voltammetric measurements were made using a BAS 100 W/B electrochem-
ical analyzer. The three-electrode system comprised a BAS MF 2012 glassy
carbon disc working electrode, a BAS MF 1063 type silver/silver chlo-
ride/saturated KCl reference electrode and a BAS MV 1032 platinum wire
auxiliary electrode. A double beam, Shimadzu model 1601 spectrophotome-
ter with a fixed slit width (2 nm) connected to an IBM-PC computer was
used. The UV spectra of standard and test solutions were recorded in 1 cm
quartz cells.
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An Agilent 1100 liquid chromatograph equipped with a G13 79A degasser,
613 11A quarternary pump, G13 13A auto sampler, and 61315B DAD detec-
tor was used for chromatographic measurements.The chromatograms were
recorded and the peaks were quantitated using the automatic integrator. The
chromatograms were carried out at a temperature of 40 °C on a Nova-Pak®
C18 column of 3.9 x 150 mm (4 pm particle size).

3.2. Reagents

Clopidogrel is marketed as clopidogrel bisulfate (clopidogrel hydrogen sul-
fate), most commonly under the trade name Plavix®, as 75 mg oral tablets.
CLP was obtained from Sanovel without prior purification. Karum® tablets
containing a 75 mg dose were obtained from local pharmacies. Karum tablets
are available as a tablet forms with 75 mg clopidogrel equivalent to 79 mg
clopidogrel bisulfate. For the required purity control of clopidogrel active
substance, its melting point was determined and it was found to have suffi-
cient purity by obtaining UV and IR spectra. Analytical grade phosphoric
acid, and Merck grade methanol were purchased from Merck & Co. All
other chemicals were of analytical-reagent grade and were used as received.

3.3. Solution preparation

A stock solution of 1073 M CLP was prepared by dissolving 42 mg CLP in
50 mL of methanol and diluting it to 100 mL with acetate buffer (pH 3.7).
Working standard solutions were prepared daily by appropriate dilution of
the stock solution with acetate buffer. BR buffers were prepared according
to the literature (Britton 1952). Acetate and phosphate buffers were prepared
according to USP pharmacopoeial procedure.

3.4. Pretreatment of the working electrode

The glassy carbon electrode was polished with 0.5 wm alumina powder on
a polishing cloth prior to each measurement. Then it was thoroughly rinsed
with methanol and double distilled water, and gently dried with a paper
tissue.

3.5. Procedure

Stock solutions of concentrations 8 x 107°-1 x 1073M, 4 x 107> —
1x107>M and 3 x 107% — 1.8 x 10~>M were prepared in methanol: pH
3.7 acetate buffer (1:1, v/v), 0.1 N HCI and pH 8 phosphate buffer: acetoni-
trile (30:70,v/v) and stored in dark bottles at +4 °C. The working solutions
for voltammetric, spectrophotometric and chromatographic investigations
were prepared by dilution of the stock solution. The CLP concentration did
not change with time. All working solutions were prepared freshly every
day.

3.6. UV Spectrophotometry

Absorption spectra of CLP in 0.1 N HCI were determined by zero-order
spectrophotometry of this drug in tablet forms. For determination of CLP,
measurement of the peak-zero amplitude in the zero-order spectra at 270 nm
was used.

3.7. HPLC

The mobile phase was pH 8 phosphate buffer: acetonitrile (30:70, v/v).
The flow rate was set at 0.8 mL/min with 10 L injection volume and the
detection wavelenght was 210 nm for chromatographic measurements.

3.8. Analysis of tablets
3.8.1. Voltammetric method

A commercial pharmaceutical preparation was assayed. Twenty tablets of
CLP (each containing 75 mg CLP) were accurately weighed and finely pow-
dered. The correct amount of powder was dissolved in 50 mL methanol
and then acetate buffer (pH 3.7) supporting electrolyte were added and
made up to 100mL. After 10min of ultrasonic shaking, SmL of this
solution was filtered through 0.45 pm membrane in a 50 mL volumetric
flask. The volume was made up to SO0 mL with the acetate buffer (pH
3.7) supporting electrolyte. All the test solutions were obtained by diluting
this stock solution with the selected supporting electrolyte. The voltam-
mograms were recorded following the voltammetric procedure already
outlined.

3.8.2. Spectrophotometric method

Twenty tablets of CLP were weighed and thoroughly powdered. The average
of one tablet was weighed out, transferred into a 50 mL volumetric flask and
dissolved in 0.1N HCI; the flask was left in an ultrasonic bath for 5 min.
After 5 min of ultrasonic shaking, 5 mL of this solution was filtered through
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a 0.45 pm membrane filter. The volume was made up to 50 mL with 0.1 N
HCI. All the test solutions were obtained by diluting this stock solution with
0.1 N HCI. UVspectra were then recorded.

3.8.3. Chromatographic method

Twenty tablets of CLP were weighed and thoroughly powdered. The average
of one tablet was weighed out transferred into a 100 mL volumetric flask and
dissolved in the mobile phase (pH 8 phosphate buffer: acetonitrile 30:70,
v/v). The flask was left in a ultrasonic bath for 10 min. After 10 min of
ultrasonic shaking, 1 mL of this solution was filtered through a 0.45 um
membrane filter. The volume was made up to 100 mL with the mobile phase.
All the test solutions were obtained by diluting this stock solution with the
mobile phase and chromatograms were recorded.
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