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Abstract

Clopidogrel resistance is a phenomenon which hasirdcal implications related to the evolution
and unfavorable prognosis of patients with acute conary syndromes (ACS). Although different
mechanisms for Clopidogrel resistance have been ggpted, genetic polymorphism of liver
enzyme CYP2C19 is on of the most prominent. The aiof the study was to determine variations
in response to Clopidogrel in a group of 96 patiestdiagnosed with acute coronary syndromes
(ACS), by genotyping the CYP2C19 cytochrome and th&BCB1 gene. CYP2C19 and ABCB1
polymorphisms were investigated using two methodsTagMan Assay and High Resolution
Melting (HRM) technique. Depending on the genotypicconstellation of the alleles studied for
CYP2C19 gene, patients were divided into several ediction categories: normal metabolizer
(6.25%); intermediate metabolizer (0%); slow metabtzer (17.70%); very fast metabolizer
(60.41%) and unpredictable metabolizer (15.62%). HRI technique may be a viable alternative
to determine the CYP2C19*2, CYP2C19*17 and ABCBJDolymorphisms, being less expensive
than TagMan Assay.
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Introduction 15]. The so-called "genetic resistance" to clopidbgs
followed by a dramatic increase in the incidence of

Resistance to Clopidogrel, a concept that datek badntrastent thrombosis in those patients as wellthes

several years, has two implications: a clinical one recurrence of the subsequent ischemic events §,6,1

related to the evolution and unfavorable prognadis Besides the platelet function tests, genetic assays

patients with acute coronary syndromes (ACS) amd thregarding the P450 cytochrome and its isoformstliage

second one-practical, that enforces introductiontlln major methods for detecting resistance to clopielogr

market of new antiplatelet agents lacking the tase [12,13]. This study aimed to determine variatioms i

phenomenon [1-5]. One of the key enzymes involved iresponse to Clopidogrel in a group of patients misgd

Clopidogrel metabolism, CYP2C19 cytochrome, hagvith ACS, by genotyping the CYP2C19 cytochrome and

many isoforms that determine variations in thethe ABCB1 gene using TagMan Assay and High

biotransformation of the prodrug into active metabs  Resolution Melting (HRM) technique.

[6-10]. Depending on the conversion rate of Clogied

patients may be slow or fast metabolizers: somegmte Materials and methods

hipo-response regarding the blocking of plateletticlg

(followed by increased risk of thrombosis) and odhe The study included a group of 96 patients (15 woangsh

present hiper-response (increased risk of bleedihiy) 81 men, aged between 45-85 years) admitted to the
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Cardiology Clinic of the St. Spiridon Emergency The current study used specific probes for mutdelea
Districtual Clinical Hospital lasi during the pedio *2A, *3, *17 of the CYP2C19 gene versus specifiolpes
January - December 2012. The patients eligibletlier for the wild allele, as well as probes for mutaiiéla
study met the following criteria: a) clinical — pieus  3435C>T versus wild allele of the ABCB1 gene (Table
anginal chest pain present during hospitalizationao 1). The amplification was performed using the Reale
history of severe myocardial infarction or previgus PCR MX3005P Stratagene/Agiletttermal cycler. The
diagnosed coronary graphic changes with or withouamplification program (40 cycles): 95°C-10 min; @215
subsequent angioplasty; b) paraclinical - suggestivsec; 60° C — 1 min - acquisition on the FAM and VIC
electrocardiographical changes - subendocardic arhannels throughout the elongation. Simultaneowsly
subepicardic ischemic lession or recent branch kblocthe optimization and the determinations made thnahg
associated with changes in myocardic cytolysis ey TagMan Assay, it was attempted to identify an alitive
and positive troponin. All patients in the studgewed method with lower costs, that could make allelic
platelet antiaggregant therapy with Clopidogrel,discrimination with a confidence of over 90%, ahwvas
associated sometimes with  aspirin. Paraclinicatlecided to approach the High Resolution Melting
investigations included: analysis of associatekl fastors  technique (HRM). HRM is a technique which analyzes
(glycemia, uric acid, complete lipid profile), emation of  the melting curves of the fragments of interestt{GR
renal function and electrolytes, electrocardiogrd® amplification (amplicons) (Fig. 1). The method iaskd
derivations, echocardiogram (2D, Mmod and Doppler)pn using the dissociation melting curves of thedpois
complete blood count and coagulation tests. Patwete of interest, being available due to the improvenwrihe
initially evaluated (at the inclusion in the studgllowing  dyes that emit fluorescence while binding on double
the complete check-up mentioned above. All patientstranded DNA and the evolution of RealTime PCR
were previously informed about the purpose of taeys  equipment and the analysis programs associateddo e
those who agreed to be included in the study sigmed machine. Discrimination between the types of
informed consent and then a blood sample was tilkken polymorphisms by the dissociation curve is basedhen

DNA extraction. composition of the amplicon, its length, the coh®&#CG
_ _ and the complementarity of the two strands. HRMirseg
DNA isolation with a PCR amplification of the region of intereist,the

The extractions were carried out by using Wizardyresence of dyes that bind to the double-helix emit
Genomic DNA Purification - Promega Kit (Promega.Inc flyorescence.

Madison, WI, USA). The DNA was quantified and then

aliqguoted and labeled in order to achieve DNA atitsn  These fluorochromes emit a very high fluorescenhenw

in Molecular Biology Laboratory (Regional Institutd  bound to double-stranded DNA (dsDNA) and they emit
Oncology, lasi). Some of the DNA was stored at €0° very weak fluorescence when they are not bound to
for the PCR experiments. The other samples wemeifro dsDNA. The amplification is followed then by a niedt

at -80°C. curve at a very high resolution, made of very narsteps
) of temperature (0.1°C) and of the reading of a Varye
Genotype analysis number of fluorescent events for each step withey v

TagMan assay (Applied Biosystems, Life Technolagiesyigh precision. When dsDNA is dissociated into
Pleasanton, CA, USA), used for the aimed singldemiC component strands, the fluorochrome is releasetiriga
tide polymorphism (SNP), is based on the allelicy 5 decrease in the overall fluorescence fromttie.
discrimination by Real-Time PCR in a TagMan systeMpe result is obtaining a melting curve charactieritor

The same set of primers and one specific fluor&®en gach amplicon. The HRM reaction can take place in a
probe are used for each allele. ThrOL_Jgh the detioadaf single step (PCR + MELT) or the PCR reaction can be
the probes by the polymerase (with 5'-3' exonueleagyerformed in a standard thermal-cycler, and onlHR
properties) during amplification, a specific fluscence 5 Real-Time PCR. Genotyping through HRM was
will be released (only by the hybridized probe).isTh performed for all ABCBlc polymorphisms: C3435T
allows allelic discrimination as a color code. Tprebes (rs1045642), CYP2C19*2 (c.G681A; rs4244285),
used for the wild allele had a Reporter-VIC fluantmce, CYP2C19*3 (C.GG36A, FS4986893), and CYP2C19*17
and the probes for the mutant allele had a RepBAS! (¢ C806T, rs12248560), using RealTimePCR RotorGene

fluorescence. All the probes that were used hadGBM g000® (Qiagen, Courtaboeuf, France) and primersfro
unit (Minor Grove Binder) to the 3' end. TagManpge  T5ple 2.

that have MGB incorporated at the 3' end have § ver

high specificity for the specific allele, therefaiteey are  The design of primer sequences was performed using,
ideal for allelic discrimination experiments. MGB Primer 3 imput’ software. PCR reaction was donehwit
molecules are caught on the minor notch of the oub addition of Bryte Green (Promega) fluorochrome. The
helix, improving the hybridization process and dizihg  conditions of PCR amplification were enzyme actoragt

the probe matrix complex. 95°C — 10 min followed by 40 cycles of: denatura®®°C
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- 15 sec, primers hybridization (different temperatde- channel. The curve of dissociation was achieved raimp
pending on the melting temperature of each priregrld  from 70 to 94°C. The confidence threshold was éstedl
sec, elongation 72°C - 40 sec. The reading ofdkmence at 90%. HRM curves were normalized using pre-argt po
was made after every cycle of amplification on @reen  melting regions.

CAGTTACACTGAGCATTICCCCTCTGCAGTGATGGAGAAGGGAGAACTCTTATIT
TTTCTCATGAGCATCTCTGGGGCTGTI TICCTTAGATAAATAAGTGGTICTATITA
ATGTGAAGCCTGTTITATGAACAGGATGAATGTGETATATAT TCAGAATAACTAA
TGTTTGGAAGTTGITITGITITGCTAAAACAAAGTTITAGCAAACGATT TTTTITIT
CAAATTTIGTGTICTTICTGTITCTCAAAGCATCTCTGATGTAAGAGATAATGCGCCA | =17
CGATGGGCATCAGAAGACCTC AGCTCAAATCCCAGTICTGCCAGCTATGAGCTGT | £=80.03
GTGGCACCAACAGETGTCCTGTICTCCCAGGGTCTCCCTITICCCATITGAAATAT | T=70.41
AAAAAATAACAATICCTGCCTTCACGTIGTTTITITAGGGGGTTAAATGGTAAAGS | Dif=0 64

TTITTTTGCTTTTAAGGGAATTCATAGGTAAGATATTACTTAAAATTTCTAAACT
ATTATTATCTGTTAACAAATATGAAGTGTTITATATCTAATGTTTACTCATATT
TTAAAATTGTITICCAATCATTTAGCTICACCCTGTGATCCCACTITCATCCTGG
GCTGTGCTCCCTGCAATGTGATCTGCTCCATTATTTICCAGAAACGTTTCGATT
ATAAAGATCAGCAATTICTTAACTTIGATGGAAAAATTGAATGAAAACATCAG | &3
GATTGTAAGCACCCCCTGGATCCAGGTAAGGCCAAGTTITTITGCTTICCTGA | =753
GAAACCACTTACAGTCTTTITTITCTGGGAAATCCAAAATTCTATATTGACCAA | A=74.72
GCCCTGAAGTACATTITTGAATACTACAGTCTTGCCTAGACAGCCATGGEGETG | Dif=n_31
AATATCTGGAAAAGATGGCAAAGTICTITATTITATGCACAGGAAATGAATAT
CCCAATATAGATCAGGCTTCTAAGCCCATTAGCTCCCTGATCAGTGTITTITTCC
A

AATTAATATAAAGATGCTTTTATACTATCAAAAGCAGGTATAAGTCTAGGAAA
TGATTATCATCTITGATTCTCTTGTCAGAATTTTCTITCTCAAATCTTGTATAAT
CAGAGAATTACTACACATGTACAATAAAAATTTCCOCATCAAGATATACAATA
TATTTTATITATATITATAGTITTAAATTACAACCAGAGCTTGGCATATIGTAT [
CTATACCTITATTAAATGCTITTAATTTAATAAATTATTGTTITCTCTTAGATAT | go72 17
GCAATAATT TTCCCACTA TCATTGATTATTTCCCGGGAACCCATAACAAATT | 57186
ACTTAAAAACCTTGCTTTITATGGAAAGTGATATITTGGAGAAAGTAAAAGA | DiF0 31
ACACCAAGAATCGATGGACATCAACAACCCTCGGGACTITATIGATTGCTTCC
TGATCAAAATGGAGAAGGTAA AATGTTAACAAAAGCTTAGTTATGTGACTGC
TIGCGTATITGTGATTCATTGACTAGTTITGTGTTTACTACGGATGTTTAACAG
GTCAAGGAGTAATGCTTGAGAAGCATATTTAAGTTTTTATTGTATGCATGAAT

CARTTATGACCTTGTT GGGT TAACCTTCACT ATCCARAT TT TAATCACACARRCTTTICC
TTARTCTCACAGTAACTTGGCAGTT TCAGTG TARAGARATAATGATGTTAATT GTGCTACA
TTCAAAGTGTGCTGGTCCTGARGTTGATCTIG TGAACT CT TG TITTCAGCT GCTTGATGGE
AARGARAT AR AGCGACTGAATGTTCAGTGGC TCCGAGCACACCT GEGCAT CE TG TCCCAG
GAGCCCATCCTGTTTGACTGCAGCATTGCTGAGARCATT GCCTATGGAGACARCAGCCGE| C3435T
;GI33IEICE:EGSAEGLGAITGIG&GGGCAGCEEAGGREGCCA&CEIAC&IG::II:EI: T=18.72
GRGTCACTGCCTAATGTARGTCTCTCITCARATARACAGCCTGEGAGCAT GT GECAGCCTI| C=T02
CICTGECCTATAGT TTGATT TATAR GGG T GG TCTCOCAGRARGTGRAAGAGARATTAGT
ACCRARTCRCACCCTTRCCTGTATACARGCATCTGGCCACACTTCCTGTIT TG GETTAGTT
GITACCTTTACCTGAT CACCTGACCCT CCTIT I GAGGAAGEGAT GARRGT GT TCGACCAC
ITCAGETT TAGEAGACAGGAACATTTCIGGEAT AGGAGARCTGEAACAAT TG TCTIGATC
CRARGCTATAGECT TGAGGCTCCACCTIT G CAGCCT TAGEGETAAGTACAR TATCTGGA

Figure 1. Sequences of the amplicons used in HRM technique

Results specific amplicons (without non-specific binding dan
dimerization), and the results were 100% correlavéd

The genotypes obtained by TagMan assay are shown 3¢ genotyping through TagMan. The obtained allelic

Table 3. Also, the amplification by BrytGreen mastex ~ discrimination confidence was of over 95%.

was performed for the HRM technique for the 96eyd8.

Very good results were obtained from the first sta 100% correlation between TagMan genotyping and the

the study for CYP2C19*2 and CYP2C19*17 one achieved through HRM was also confirmed by

polymorphisms for a group of 36 patients (Fig. 2).continuing RealTime PCR amplifications for the reét

Primers functioned for these polymorphisms, giving the lot as well (44 patients). For the CYP2C19*d an
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Figure2. HRM interpretation: wt-wild-type; hz-heterozygpog-mutant
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Colour Mame Genctype Confidence %
B wi 100.00
2 he 100.00
Bz 98.93
5 wt 98.09
B s ow 98,24
BT ow 98.59
j & wt 98.77
B e he 99,59
B 0 ow 96,97
B ot 10000
B o2 w 5847
13 13wt 97.67
14 14wt 98.99
15 15wt 99.55
6 i 18 owi 90,67
17 B 17 ow 98.74
12 i 18wt 98.53
19 M 10 owmt 9977
20 o @ w 99.80
21 | 1wt 8882
2z ) 2 = 99.15
22 | 22 w 98.22
25 JJj =5 » 98.79
26 & w 99,60
zr P T owt 99.65
28 28wt 99, 57
29 29wt 99.08
w N hz 38,40
31 i 31 0 m 26,21
3z J 2 = 5324
33 i 33 wt 99.39
34 34wt 99,54
a5 JJ 3 = 98.59
36 JJ 32wt 52.00
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ABCB1 allele, the primers set initially were not determined (by TagMan), the parameters of analysis
suitable, forming nonspecific amplifications, thata  were correctly set. Thus, the confirmation of TagMa
nonspecific RealTimePCR (with  fluorochromes genotyping (100% correlation) was successful fdr al
emitting fluorescence by conjugation with dsDNAnhca 96 patients. For the CYP2C19*3 allele, the RealTime
alter the results.The design was made for othersgie amplification has been optimized so that it doe$ no
of primers (through the primer 3 imput program).thVi result in nonspecific binding (the appearance of
these primer sets, optimal amplification we achieve dimers), but because there was no evidence of Hz an
For the ABCBL1 gene, where samples of wild-type (wt) mt control, parameter settings for the HRM analysis
heterozygous (hz) and mutant (mt) were previouslould not be performed.

Table 1. Rs codes, location and sequences of the studigchprphisms

Gene Code Location on the The sequence and the fluorescence of the used TagMa
chromosome [VIC/FAM]
Cyp2cl19*2A rs4244285 Chr.10: 965416 1{TTCCCACTATCATTGAT-
C.681G>A - 96541616 TATTTCCC[A/G]JGGAACCCATAACAAATTACTTAAAA
Cyp2c19*3 rs4986893  Chr.10: 9654041(ACATCAGGATTGTAAG-
€.636G>A - 96540410 CACCCCCTG[A/G]JATCCAGGTAAGGCCAAGTTTTTTGC
Cyp2c19*17 rs12248560 Chr.10: 9652165 AAATT-
g.-806C>T - 96521657 TGTGTCTTCTGTTCTCAAAG[C/TIATCTCTGATGTAAGAGA
TAATGCGC
ABCB1 rs1045642 Chr.7: 87138645 TGTTGGCCTCCTTTGCTGCCCTCAC[A/GJATCTCTTCCTGT
3435C>T 87138645 GACACCACCCGGC

Table 2. Sequences of primers used in HRM technique

Mutation Primer sequence
ABCB1c.C3435TF 5" GGGTGGTGTCACAGGAAGAG 3
ABCB1c.C3435TR 5" AGGCAGTGACTCGATGAAGG 3
CYP2C19*2 F 5' TGCAATAATTTTCCCACTATCA 3’
CYP2C19*2 R 5" TCACTTTCCATAAAAGCAAGG 3
CYP2C19*3 F 5' TGAAAACATCAGGATTGTAAGCA 3
CYP2C19*3 R 5 TGGTTTCTCAGGAAGCAAAAA 3
CYP2C19*17 F 5" AAATTTGTGTCTTCTGTTCTCAAA 3’
CYP2C19*17 R 5" TAGCTGGCAGAACTGGGATT 3’

Table 3. Genotypes frequencies for the studied genes arahitraiteles

Polymorphism Genotype Number of samples Frequency
CC 12 12.5%
CT 64 66.6%
ABCBL1 c.C3435T T 20 20.8%
T Allele 54,1 %
GG 64 66.6%
GA 15 15.6%
*
CYP2C19*2,c.G681A AA 17 17.7%
A Allele 25.5%
CC 96 100%
CT 0 0%
* -
CYP2C19*3,9.-806C>T T 0 0%
T Allele 0%
CcC 6 6.25%
CT 27 28.12%
*
CYP2C19*17, c.C806T T 63 65.6%
T Allele 79.66%
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expensive than TagMan Assay, HRM technique would
allow an easier access for a wider number of ptieith

Discussion

CYP2C19 cytochrome contributes significantly to the@Cuté coronary syndromes, that are treated with

metabolizing of clopidogrel [17] and it influencéise
therapeutic response. At least 25 polymorphismse hav

Clopidogrel.

been described for the gene encoding CYP2C19, mhwh Acknowledgements

the CYP2C19*2 allele (exon 5) is the best known and
studied. It appears that it induces a significanpdn the
concentration of the serum active metabolite and il
reduces the inhibition of platelet aggregation Ptients
who have the CYP2C19*2A allele and who are treated

Scientific research sponsored by University of Mau
and Pharmacy “Grigore T. Popa” of lasi, based on-Co
tract nr. 28214/2011.

with clopidogrel seem to have an increased risk foReferences
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stent acute thrombosis [18]. On the contrary, the
CYP2C19*17 allele was associated with an exaceybati
of the enzymatic activity, being the allele withigain of
function”, that can increase the risk of bleedingimy 2.
treatment with clopidogrel [15]. Polymorphisms that
induce loss of function (CYP2C19*2, *3) were
investigated in the present study (the most fretjiren
European statistics), as well as those that patenit 3
(CYP2C19*17). Since the C3435T (rs1045642) allelic
version of the ABCB1 gene influences the intestinal
absorption of clopidogrel in patients with cardiswalar
diseases [19], this polymorphism was also investia
The genotyping results obtained by both TagMan and
HRM assays were similar. Depending on the genotypig
constellation of the alleles investigated for CYRQC
gene, patients were divided into several prediction
categories: 1) normal metabolizer (N): wild-type
CYP2C19*2*3*17; 2) slow metabolizer (MS): *2 /2, ¢
*2/*3, *3/*3, indifferent of also being heterozygsuwor
homozygous on *17; 3) very fast metabolizer (MFR):
homozygous or heterozygous for *17 and wild-type fo
*2 and *3; 4) unpredictable metabolizer (MN):
heterozygous or homozygous on *17 and heterozygous 7.
*2 and/or *3. Regarding the corroboration of the
genotyping results with the serological analyzed tre
clinical picture, in the investigated group thererev
identified 6.25% patients with normal metabolizing
phenotype, 17.70% slow metabolizing patients, 6@.41 8.
patients with very fast metabolizing phenotype and
15.62% patients with unpredictable phenotype. N@pa
was identified with an intermediate phenotype.

The proportion of normal metabolizer patients (vifge
CYP2C19*2*3*17) in this study is much lower compére
to the specialized literature, which stresses taednfor

such studies on much larger groups of patients. ThP:

absence of the *3 allele in our study does notugelthe
existence of individuals with slow metabolizing or
intermediate phenotype (heterozygous for *2 andBr
and wild-type *17) resulting from the presence tfiev
alleles with loss of function. Being relatively ¢$es

Biomed Res- India 2015 Volume 26 Issue 3

11.

Angiolillo DJ, Fernandez-Ortiz A, Bernardo E, et al
Variability in individual responsiveness to
clopidogrel: clinical implications, management, and
future perspectives. J Am Coll Cardiol 2007; 49:
1505-1516.

Eisenstein EL, Anstrom KJ, Kong DF, et al
Clopidogrel use and long-term clinical outcomesgraft
drug-eluting stent implantation. JAMA 200297:
159-168.

Husted S. Evidence-based
adherence to antiplatelet therapy-how much
difference do they make to patients with
atherothrombosis? Int J Cardiol 2009; 134: 150-159.
Nguyen TA, Diodati JG, Pharand C. Resistance to
clopidogrel: a review of the evidence. J Am Coll
Cardiol 2005; 45: 1157-1164.

Simon T, Verstuyft C, Mary-Krause M, et al. Genetic
determinants of response to clopidogrel and
cardiovascular events. N Engl J M2009; 360: 363-
375.

Bonello L, Bonello-Palot N, Armero S, et al. Impact
of P2Y12-ADP receptor polymorphism on the
efficacy of clopidogrel dose-adjustment accordiag t
platelet reactivity monitoring in coronary artery
disease patients. Thromb Res 2010; 125: 167-170.
Frere C, Cuisset T, Morange PE, et Bffect of
cytochrome P450 polymorphisms on platelet
reactivity after treatment with clopidogrel in aeut
coronary syndrome. Am J Cardiol 200B)1: 1088-
1093.

Giusti B, Gori AM, Marcucci R, et al. Relation of
cytochrome P450 2C19 loss-of-function polymorp-
hism to occurrence of drug-eluting coronary stent
thrombosis. Am J Cardiol 2009; 103: 806-811.

Paveliu MS, Bengea S, Paveliu FS. Individualized
drug response related to genetic variations of -cyto
chrome P450 isoforms and other enzymes. Farmacia
2010; 58: 245-254.

Sibbing D, Stegherr J, Latz W, et al. Cytochrome
P450 2C19 loss-of-function polymorphism and stent
thrombosis  following  percutaneous  coronary
intervention. Eur Heart J 2009; 30: 916-922.

Bonello L, Palot-Bonello N, Armero S, et al. Impac
of loading dose adjustment on platelet reactivity i

prescribing  and

271



12.

13.

14.

15.

16.

17.

18.

19.

homozygotes of the 2C19 2* loss of function
polymorphism. Int J Cardid®010; 145: 165-166.
Costache Il, Rusu C, Ivanov I, et al. Clopidogrel
resistance-risk factor in patients with acute cargn
syndromes. Rev.Med.Chir.Soc.Med.Nd&si 2012;
116: 383-389.

Costache 1I, Rusu C, Ivanov |, et al. Impact of
clopidogrel response on the clinical evolution in
patients with acute coronary syndromes. Rev Med-
Chir Soc Med Nat k& 2012; 116: 962-968.

Mega JL, Close SL, Wiviott SD, et al. Cytochrome p-
450 polymorphisms and response to clopidogrel. N
Engl J Med2009; 360: 354-362.

Sibbing D, Koch W, Gebhard D, et al. Cytochrome
2C19*17 allelic variant, platelet aggregation, llieg
events, and stent thrombosis in clopidogrel-treated
patients with coronary stent placement. Circulation
2010; 121: 512-518

Gurbel PA, Bliden KP, Hiatt BL, et al. Clopidogrel
for coronary stenting: response variability, drug
resistance, and theffect of pretreatment platelet
reactivity. Circulation 2003; 107: 2908-2913.

Kazui M, Nishiya Y, Ishizuka T, et al. Identificati

of the human cytochrome P450 enzymes involved in
the two oxidative steps in the bioactivation ofpito
dogrel to its pharmacologically active metabolite.
Drug Metab Dispos 2010; 38: 92—99.

Harmsze AM, van Werkum JW, Ten Berg JM, et al.
CYP2C19*2 and CYP2C9*3 alleles are associated
with stent thrombosis: a case-control study. Euarte
J2010; 31: 3046-3053.

Taubert D, von Beckerath N, Grimberg G, etlai-
pact of P-glycoprotein on clopidogrel absorptiofinC
Pharmacol Ther 2006; 80: 486-501.

Correspondence to:

Ana Clara Aprotosoaie

University of Medicine and Pharmacy
Grigore T.Popa lasi

Universititii St. No16

lasi Romania

272

Costache/Aprotosoaie/lvanov/lliescu/Girleanu/Retri

Biomed Res- India 2015 Volume 26 Issue 2



