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Abstract

Background. Ticagrelor and prasugrel are widely used as antiplatelet therapy after coronary angioplasty.
However, there is a group of patients with indications for clopidogrel treatment. This population includes
patients with chronic or acute coronary syndrome who are treated invasively and have contraindications
to the use of novel antiplatelet drugs due to antithrombotic treatment (particularly with non-vitamin K an-
tagonist oral anticoagulants). A wide range of generic forms of clopidogrel are available on the market.
However, it is unclear whether they are as effective as the originator drug.

Objectives. In the current study, we aimed to assess the concentrations of the active metabolite of clopidogrel
and its effect on platelet aggregation inhibition in patients receiving the originator drug in comparison with
those receiving generic clopidogrel.

Materials and methods. We enrolled 22 healthy individuals without polymorphisms in the AB(B7 gene and
the allele variants CYPC79*2 and CYPCT9*3. All participants received a loading dose of clopidogrel (600 mg),
followed by a maintenance dose of 75 mg for the next 3 days. On day 3, blood samples were obtained
1h after drug administration to assess active metabolite concentrations using liquid chromatography with
tandem mass spectrometry. In each participant, platelet aggregation was assessed with light transmission
aggregometry after 5-umol/L and 10-umol/L adenosine diphosphate (ADP) stimulation. Assays were per-
formed for the originator clopidogrel and 2 different generic groups.

Results. The mean + standard deviation (SD) concentrations of active clopidogrel did not differ between
the originator drug and 2 generic products with clopidogrel (12.7 +5 pg/uL compared to 13.0 £4 pg/uL
compared to 14.4 4 pg/uL). Platelet aggregation inhibition after stimulation with 5 mol/L and 10 pmol/L
ADP was similar for all preparations.

Conclusions. In comparison with original clopidogrel, the use of its generic form does not affect the blood
concentrations of the active metabolite or its antiplatelet effect.
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Introduction

Although ticagrelor and prasugrel are increasingly
widely used as antiplatelet therapy after coronary angio-
plasty, there is a large group of patients with indications for
clopidogrel treatment. This population includes primarily
symptomatic patients with chronic coronary syndrome
and acute coronary syndrome (ACS), who are treated
invasively, and who have contraindications to the use
of novel antiplatelet drugs due to concomitant atrial fi-
brillation and antithrombotic treatment (particularly with
non-vitamin K antagonist oral anticoagulants)." Several
generic forms of clopidogrel are available on the market.
However, it is unclear whether they are as effective in daily
clinical practice as the originator drug. It has been shown
that agreement between platelet function measurements
is relatively poor in patients receiving original and generic
clopidogrel bisulfate forms.® Thus, physicians may be cau-
tious when routinely introducing generic clopidogrel bi-
sulfate. On the other hand, risks of mortality, bleeding and
drug discontinuation were not different between Plavix
and generics.* The available evidence is therefore limited
and does provide sufficient data on differences in efficacy
or safety between branded and generic products.

Clopidogrel is a prodrug metabolized to its active form
through complex biochemical processes in the liver.>®
Its absorption is regulated by glycoprotein P, a transport
protein encoded by the ABCBI gene. Eight-five percent
of the absorbed drug is transformed by carboxyl esterases
into a major but inactive clopidogrel metabolite — a car-
boxylic acid derivative. Only 15% of the absorbed clopido-
grel is transformed by cytochrome P450 (CYP) isoenzymes
(CYP2B6, CYP2CY9, CYP2C19, and CYP3A4) into a thiol
metabolite, which is responsible for blocking adenosine
diphosphate (ADP) binding to the platelet P2Y;, receptor
and ADP-induced platelet aggregation.

Objectives

In the current study, we aimed to assess the concentra-
tions of clopidogrel active metabolite as well as its effect
on platelet aggregation inhibition, in patients receiving
the originator drug in comparison with those receiving
generic clopidogrel. Active metabolite generation following
clopidogrel administration is diminished by limited intes-
tinal absorption (which may be influenced by the ABCBI
gene polymorphism), as well as by functional variability
in the activity of the CYP isoenzymes (which is influenced
by single nucleotide polymorphisms (SNPs) in genes en-
coding the CYP isoenzymes).” Therefore, to exclude ge-
netic variability that might affect drug concentration
and activity, participants were assessed for the presence
of the most common genetic polymorphisms that reduce
the absorption (ABCBI) and activation (CYPCI19*2 and
CYPC19*3) of clopidogrel.
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Materials and methods
Study population

We enrolled 22 healthy, non-smoking participants,
who provided written informed consent to be included
in the study. The study protocol was approved by the bio-
ethics committee of Wroclaw Medical University, Poland.
None of the participants were carriers of polymorphisms
in the ABCBI gene or the allele variants CYPC19*2
or CYPCI19*3. The study protocol was approved by the bio-
ethics committee of Wroclaw Medical University, and it
was also in line with the Helsinki Declaration.

Genetic studies

To identify genetic polymorphism, genetic material was
extracted from 200 pL of whole-blood samples of each pa-
tient, using the High Pure PCR Template Preparation Kit
(Roche Diagnostics, Warszawa, Poland). Using the ability
of the DNA to bind with silica under certain conditions,
the lysate was centrifuged in a mini-column containing
the silica membrane, which was then rinsed twice with
a washing buffer. Finally, a mini-column elution buffer
was applied to the membrane to recover the purified
DNA. Next, amplified polymerase chain reaction (PCR)
was carried out with the use of 3 pairs of specific primers
for CYP2C19*3, ABCBI (C3435C> T) and CYP2C19%2,
as well as a Multiplex PCR Kit (Qiagen, Hilden, Germany),
according to the manufacturer’s instructions. A single nu-
cleotide polymorphism of CYP2C19*2, CYP2C19*3 and
ABCBI was genotyped using a mini-sequencing technique,
which is a modification of PCR. The SNaPshot Multiplex
Kit (Applied Biosystems, Foster City, USA) was used for
the analysis, according to the manufacturer’s instructions.
The mini-sequencing reaction was performed with specific
primers designed to hybridize to the template, ending be-
fore the designated polymorphic site. Dideoxynucleotide
triphosphates, or fluorescent-labeled terminators, were
involved in the reaction. Product detection was performed
with capillary electrophoresis, using a 3130 Genetic Ana-
lyzer (Applied Biosystems). The results were analyzed with
the use of the GeneMapper ID v. 3.2 program (Applied Bio-
systems) against the internal GeneScan™ LIZ 120 standard.

Clopidogrel administration,
blood collection and plasma preparation

At baseline, all participants received a loading dose
of original clopidogrel (600 mg), followed by a mainte-
nance dose of 75 mg for the next 3 days. On day 3, blood
samples of 7.5 mL were drawn into collection tubes con-
taining ethylenediaminetetraacetic potassium salt, to as-
sess the concentrations of the drug active metabolite
in patients’ plasma. Samples were obtained 1 h after drug
administration (C1h), taking into account the high active
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metabolite concentration reported in previous pharmaco-
kinetic studies.” Due to the irreversible nature of the re-
ceptor modification, subsequent clopidogrel preparations
were analyzed after 1 week, which ensured a natural res-
toration of the platelet pool. In this crossover study, as-
says were performed separately for the originator drug
— Plavix (Sanofi-Aventis, Paris, France) (P) and 2 different
generic forms — Areplex (Adamed, Piefikéw, Poland) (A)
and Egitromb (Egis Pharmaceuticals, Budapest, Hungary)
(E). Each subject received generic products and the refer-
ence product. All drugs contained clopidogrel bisulfate
as the active substance.

Sample preparation

To stabilize the active clopidogrel metabolite, 2-bromo-3-
methoxyacetophenone (MPB) was added to the blood
sample immediately after collection, in accordance with
the procedure described by Takahashi et al.?

The MPB-derivatized clopidogrel active metabolite hy-
drochloride and [13C6]-clopidogrel carboxylic acid (in-
ternal standard) were purchased from Alsachim (Illkirch-
Graffenstaden, France). Clopidogrel and clopidogrel
carboxylic acid were obtained from the Pharmaceutical
Research Institute (Warszawa, Poland). Liquid chromatog-
raphy mass spectrometry (LC-MS) grade water, methanol,
and acetonitrile were obtained from J.T. Baker (Deventer,
the Netherlands). The formic acid (purity 298%), trichloro-
acetic acid (purity 299.5%) and MPB were purchased from
Sigma-Aldrich (Poznan, Poland), while leucine-enkephalin
was sourced from Waters (Warszawa, Poland).

Plasma concentrations of clopidogrel active metabo-
lite hydrochloride, clopidogrel and clopidogrel carbox-
ylic acid were quantified using stable-isotope dilution
LC-MS, according to a modified method adapted from
Karazniewicz-Lada et al.” Briefly, a volume of 100 pL of ei-
ther plasma sample or internal standard was combined
with 20 pL of internal standard solution (500 pg/uL). Then,
400 pL of acetonitrile was added and vortexed for 5min
at 1100 rpm. After additional centrifugation, the superna-
tant was analyzed using LC with tandem MS (LC-MS/MS).

Liquid chromatography
- tandem mass spectrometry

The LC-MS/MS analysis was conducted using the nano-
ACQUITY UPLC system, combined with a Xevo G2 QT
of mass spectrometer (Waters). The analyzed compounds
were separated in the HSS C18 column with membrane
inline filter (Waters). The column temperature was set
at 45°C. Mobile phase A consisted of 0.1% formic acid in wa-
ter, while mobile phase B consisted of 0.1% formic acid
in acetonitrile with an increasing gradient. The total run
time of the method was 4 min, with a flow rate of 45 uL/min.

Mass spectra for the analyzed compounds were ac-
quired in positive ion mode electrospray ionization. Data
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acquisition was performed with MassLynx Software (Wa-
ters), using the characteristic precursor and product ions.
A quantitative analysis was also performed using QuanL-
ynx software (Waters). We considered a range of 80—-125%
as an acceptance interval criterion for the clopidogrel mean
concentration ratio for each tested product. For the mea-
surement of clopidogrel active metabolite, a previously
known measurement method was used, which was subject
to detailed validation.’

Platelet aggregation

For each participant, platelet aggregation was assessed
on day 3 of treatment with each preparation. Blood samples
were obtained from a venous cannula into 2 tubes con-
taining 0.109 mol/L of trisodium citrate, and centrifuged
at room temperature (800 x g for 15 min) to collect platelet-
rich plasma. The sample was re-centrifuged at 2400 x g for
15 min, and platelet-poor plasma was collected. Platelet
reactivity was assessed within 2 h of collection, with light
transmission aggregometry as developed by Born,’ using
a single-channel Chrono Log 560CA lumi-aggregometer
(Chrono-Log, Haverton, USA). A platelet-poor plasma sam-
ple with 100% light transmission was used as a reference.
Next, consecutive platelet-rich plasma samples (light trans-
mission, 0%) were placed in cuvettes and stimulated with
adenosine diphosphate (ADP; 5 pmol/L and 10 pmol/L).
The results were expressed as percentage of the maximum
platelet aggregation (MPA) within 6 min. Calculations and
platelet aggregation curves were performed using the dedi-
cated Agro-Link software (Chrono-Log). All reagents and
laboratory equipment were purchased from Biogenet (Pi-
aseczno, Polska). They were stored and used according
to the manufacturer’s instructions.

Cut-off MPA values higher than 46% and 67% were
used to identify the lack of response to stimulation with
5 pumol/L and 10 umol/L ADP, respectively.

Statistical analysis

The statistical analyses were performed using the STA-
TISTICA v. 9.0 PL program (StatSoft Inc., Tulsa, USA).
The variance homogeneity of each quantitative variable
was determined using Levene’s test. To compare the quan-
titative variables between groups, a one-way analysis
of variance (ANOVA) was used. All hypotheses were veri-
fied at the statistical significance level p < 0.05.

Results

Demographic and clinical features of participants are
presented in Table 1. The genetic analysis revealed that
none of the participants were carriers of genetic polymor-
phisms responsible for reduced clopidogrel absorption and
metabolism.
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Table 1. Study population characteristics

Parameter | Study cohort
Age [years] 32+46.5
Sex (F/M) 8/14
Diabetes 0
Hypertension 0
Smoking 0
Hemoglobin [g/dL] 123413
White blood cells [10%/uL] 73404
Creatinine [mg/dL] 09+04
Creatinine clearance [mL/min] 106.7 £11.2
Body mass [kg] 62.7 £16.3
BMI 246 +4.2

Sl conversion factors: to convert creatinine to umol/L, multiply by 88.4.
F — female; M — male; BMI — body mass index. Data are presented
as mean * standard deviation (SD).

We did not find any significant differences in the Clh
concentrations of active clopidogrel between differ-
ent preparations, specifically 12.7 +5 pg/uL in group P,
compared to 13.0 +4 pg/pL in group A and 14.4 +4 pg/uL
in group E. This data is presented in Fig. 1.

Mean platelet aggregation inhibition values were similar
for all drugs, without any significant differences, both after
stimulation with 5 umol/L ADP and 10 pmol/L ADP. Ag-
gregation data are shown in Table 2.
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Fig. 1. Concentrations of clopidogrel active metabolite for original and
generic drug

Table 2. Platelet aggregation values after ADP stimulation

Platelet
aggregation
5-umol/L ADP 34549 35047 36.6 +8
10-umol/L ADP 40.7 +9 40.0 +8 37148

Data are presented as mean + standard deviation (SD). ADP — adenosine
diphosphate.
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Discussion

Multiple lines of evidence suggest that insufficient active
metabolite generation is the primary reason for variability
in clopidogrel response and the lack of response where
a negligible antiplatelet effect of clopidogrel is observed.
High platelet reactivity to clopidogrel has been found to be
associated with a significantly higher incidence of ischemic
recurrence in patients undergoing percutaneous coro-
nary intervention with stent implantation.'> Therefore,
the equal efficacy of generic drugs to that of the originator
remains an important issue.

The cut-off values for defining clopidogrel non-re-
sponsiveness using aggregometry are often arbitrary.!
The most important studies focusing on platelet activity
used various concentrations of the P2Y;, receptor inhibi-
tor. The most common agonist in the largest studies was
5 pmol/L and 20 pmol/L ADP. In a group of 1069 patients
with established chronic coronary syndrome undergoing
percutaneous coronary intervention, Breet et al.!* showed
that an MPA of 42.9% or higher for 5 umol/L ADP and
of 64.5% or higher for 20 pmol/L ADP was associated with
an increased risk of death, myocardial infarction, stent
thrombosis, and ischemic stroke during a one-year follow-
up. Gurbel et al.!! reported a higher risk of cardiovascular
events in a two-years follow-up in patients with an MPA
higher than 46% and 59%, respectively. Cuisset et al.? re-
vealed an elevated risk of stent thrombosis for an aggrega-
tion cut-off value higher than 67%. In 2010, Bonello et al.!?
published a consensus statement in which they proposed
an ADP (5 pmol/L)-induced MPA of 46% as a cut-off value
to identify high platelet reactivity. In our study, we accepted
the recommended threshold of 46% for MPA induced
by 5 pmol/L ADP, while for 10 pmol/L ADP, the cut-off
value of more than 67% was used to identify an inadequate
response to clopidogrel, as in the study by Cuisset et al.!?

The quantitative assessment of the active form of clop-
idogrel in blood is a complex process, particularly due
to the short half-life of the drug. High-performance liquid
chromatography assays are not sensitive enough to mea-
sure clopidogrel levels in biological fluids after oral ad-
ministration of therapeutic doses. The LC-MS/MS has
been increasingly used because it can analyze test samples
regardless of their purity in biological substances and mea-
sure drug concentrations in blood with high sensitivity and
selectivity.'*!® In our study, we used modified methods
that allow for the stabilization of the active metabolite
in blood.® The time of blood sampling, 1 h after drug ad-
ministration, was chosen based on previous clopidogrel
pharmacokinetic studies.” We decided to test each clopi-
dogrel product after 1 week of treatment discontinuation,
as it has been proven that complete recovery of platelet
function can be seen 7 days after the last clopidogrel dose.'

We showed that the use of generic forms of clopido-
grel does not significantly affect the blood concentra-
tions of the active metabolite in healthy individuals with
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the absence of the most common genetic polymorphisms
(ABCBI, CYPCI19*2 and CYPC19%*3). Moreover, none of our
participants showed a lack of response to antiplatelet treat-
ment, expressed as a low rate of platelet aggregation inhi-
bition. Therefore, the original clopidogrel and the tested
generic forms can be considered equivalent.

Our findings are in line with previous studies that re-
vealed similar efficacy of the original and generic forms
of clopidogrel in patients with ACS and chronic coronary
syndrome.!”1® However, other studies have reported con-
tradictory results.!”?? An Italian study evaluated 1579 pa-
tients with ACS and found that a significantly higher
proportion of patients treated with clopidogrel base had
high platelet reactivity when compared with original clopi-
dogrel. However, it is important to note that clopidogrel
base is a generic preparation that differs from original
clopidogrel, which is formulated using clopidogrel bisul-
fate. In contrast, in our study, both generic and original
clopidogrel contained the same salt.

Limitations

Our study has several limitations. First, the study group
was relatively small, and we did not assess the presence
of other polymorphisms and other variables that might
have affected drug concentrations in blood. However, our
results indicate that the generic preparations of clopidogrel
bisulfate tested have similar efficacy to original clopidogrel
and thus may be used in clinical practice.

Conclusions

In comparison with original clopidogrel, the use of its
generic form does not affect the blood concentrations
of the active metabolite or its antiplatelet effect.
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