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ABSTRACT

Clopidogrel is an antiplatelet drug that is administered in the form of prodrug that 
has to be converted to its active metabolite by hepatic cytochrome P450 (CYP) 
isoenzymes in the liver. There exists individual response variability of platelets 
inhibition by clopidogrel that is an indication that genetic factors are involved in 
clopidogrel responsiveness. Combining aspirin and clopidogrel is considered as 
gold standard therapy for patients who develop acute coronary syndromes (ACS) 
or are undergoing percutaneous coronary intervention (PCI). However, despite 
the administration of dual antiplatelet therapy, some patients face recurrent 
cardiovascular ischemic events, the most catastrophic is stent thrombosis.  It is 
well established that the antiplatelet response to clopidogrel varies widely among 
patients. Patients who display little attenuation of platelet reactivity under 
clopidogrel therapy are recognized as low- or non-responders, or clopidogrel-
resistant. Different alleles of cytochrome P450 gene and a number of other genes 
are involved in the pharmacokinetics and pharmacodynamics of clopidogrel. 
Herein we discussed the mode of action of clopidogrel, mechanism of 
clopidogrel resistance and relation of genetic polymorphisms of CYP and other 
genes to clopidogrel resistance in patients using clopidogrel.
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INTRODUCTION

Drug resistance is a phenomenon that has received serious 
attention in recent years in everyday medical practice. This 
can also be called as low responsiveness or 'non-
responsiveness' as patients respond partially to medical 
treatment or no response at all. Clopidogrel is an antiplatelet 
drug that is administered in the form of a prodrug to cardiac 
patients with acute coronary syndrome (ACS) and patients 
undergoing percutaneous coronary intervention (PCI). 
Clopidogrel has to be converted to its active metabolite (2-
oxo-clopidogrel) by hepatic cytochrome P450 (CYP) 
isoenzymes in the liver. Clopidogrel functions by inhibiting 
ADP-induced platelet activation and aggregation by blocking 

1the P2Y12 receptor selectively and irreversibly.  It has been 
repor ted that clopidogrel non-responsiveness varies 
between 5% and 44% among different populations. Both the 
clopidogrel and aspirin are recommended in combination 
because both therapies inhibit the aggregation of platelets 

2through different ways.  As a monotherapy  clopidogrel 
does not effectively inhibit platelet aggregations so it is 
preferred to use it with aspirin that provides additive 
advantages in the reduction of atherothrombotic events as 

3compared to either drug alone.  

In laboratory terms, the definition of clopidogrel resistance 
varies depending on the different tests used for quantifying 
residual platelet reactivity and the selection of cut-off values. 
More specifically, when light transmittance aggregometry is 
used, the optimal threshold for defining high residual platelet 
reactivity is set as a percentage of platelet inhibition lower 
than 20%, or induced maximal platelet aggregation greater 

4-6than 50%.  Although light transmission aggregometry was 
considered as the gold standard for the evaluation of 
antiplatelet drug responsiveness until recently yet the assay 
has drawbacks such as lack of standardization and poor 
specificity in assessing P2Y12 inhibition. Therefore, new 
and more specific assays may be more suitable to assess 

7the clopidogrel potency.  

MECHANISM OF ACTION

The  clopidogrel is a prodrug belonging to thienopyridine 
group. It is  metabolized by hepatic cytochrome P450 
enzyme (CYP) to an active metabolite that  targets the 
platelet P2Y12 receptor 

specifically and irreversibly. Only a small proportion of the 
clopidogrel is metabolized by CYP enzyme. The major 
amount of clopidogrel is hydrolysed by esterases into its 
inactive carboxylic acid derivative which is round about 85% 
of the circulating compounds in the plasma related to 
clopidogrel. CYP3A4 and CYP3A5 enzymes that are found in 
human liver, metabolize clopidogrel faster than other human 
CYP isozymes. This suggests that these enzymes  are 

8involved in the  in vivo clopidogrel metabolism.  CYP 

enzymes catalyze the oxidation of thiophene ring of 
 8,9clopidogrel into 2-oxo-clopidogrel.  The 2-oxo intermediate 

is further oxidized  by the CYP. The second step of oxidation 
results in the opening of  thiophene ring  forming both a 

 8carboxyl and a thiol group.  The free thiol group in the active 
metabolite of clopidogrel inactivates the P2Y12 receptor by 
forming a disulfide bridge with one or both of two free 
cysteine residues (Cys17 and Cys270) in the extracellular 
domain of this receptor and ADP cannot bind to the 

 8covalently modified receptor.  Although clopidogrel 75mg 
daily dose inhibits the ADP induced platelet aggregation as 
early as two hours after the first dose, but it takes about 3-7  
days to achieve maximum  platelet aggregation inhibition. 
However,this delayed inhibition can be speeded up with the 

10loading dose of clopidogrel , as the administering  loading 
dose 300mg of clopidogrel is helpful in shortening the peak 

 11effect time to 12 hours.  This peak effect period can further 
be shortened to 2-3 hours by increasing the loading dose of 

 12clopidogrel upto 600mg.  However, the increased loading 
dose of clopidogrel from 600 to 900mg is unable to 
suppress the ADP induced platelet aggregation as the 
plasma concentration of the active metabolite of clopidogrel 

 13does not increase.  This is an important information that, 
even a 600mg loading dose of clopidogrel is unable to 
achieve the complete inhibition platelet aggregation induced 
by ADP.  The average of the maximum platelet aggregation 
induced with 5 mol/L ADP in the time period of 4 hours after 
the administering 600 mg loading dose of clopidogrel is  in 

11the range of 50%.

CLOPIDOGREL RESISTANCE

a) DEFINITION OF CLOPIDOGREL RESISTANCE

It is the widely accepted fact that there is a significant inter-
individual difference in the platelet inhibition after 

 9 ,14,15 administering clopidogrel. There seems to be 
interindividual difference in the anti-inflammatory effect of 

 16,17clopidogrel which has not been established yet.  Different 
researchers have given different definitions of drug 
resistance as the characterization of resistance involves 
complications. At present clopidogrel resistance could not 
be defined clearly.  Common term 'resistance' is used when 
a drug becomes unable to achieve its pharmacological 
effect due to inability of the drug to reach its target or due to 
the alterations in the target site, and the term 'failure of 
therapy' is used for those patients who have recurrent events 

 18-20despite use of  therapy.  A single agent with its antiplatelet 
effect cannot completely prevent and treat ischaemic events 
due to the complex pathophysiology of ischaemic heart 
disease which involves thrombosis, inflammation, vascular 
biology and haemodynamics etc. A patient can achieve  
appropriate platelet response with the given therapy but at 
the same time he can experience recurrent ischaemic events 

19induced by some non-platelet factors.  The non-
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responsiveness to the Clopidogrel ranges from 5-56% in 
21patients undergoing coronary stenting.  This difference is 

mainly due to the following factors: (a) different methods 
used to monitor the action of clopidogrel; (b) difference in 
concentrations of the agonist used to induce platelet 
aggregation; (c) use of different anticoagulants to preserve 
the samples; (d) different criterias and cut off values used to 
measure clopidogrel resistance; and (e) difference in 
timings in the measurement of  platelet reactivity after the 
use of clopidogrel. 

It is worthnoting that poor response to clopidogrel can lead 
to increase incidence of recurrent adverse cardiovascular 
events. In case-control studies it has been shown that, 
patients with stent thrombosis have increased ADP-induced 
platelet reactivity and incomplete inhibition of P2Y12 

22,23receptor despite use of clopidogrel.  It has been 
demonstrated in many clinical studies that there is an 
association between increased risk of cardiovascular events 

 24and clopidogrel's non-responsiveness.

b) MECHANISM OF CLOPIDOGREL RESISTANCE

There are different mechanisms responsible for clopidogrel 
resistance. One of the most widely studied phenomenon is 
genetic polymorphisms. Clopidogrel is a prodrug which 
requires two steps performed by CYP enzymes to convert it 
into its active metabolites. The genes which encode these 
enzymes are polymorphic in nature, with specific alleles that 
are associated with decreased enzyme activity and as a 
result reduced production of active metabolites. CYP2C19 
encodes a series of isozymes which are involved in 
clopidogrel metabolism and both stages of clopidogrel 
b io t rans format ion .  The  f requency o f  common 
polymorphisms of CYP2C19 enzyme varies from 30-55% in 
the population, depending on the genetic and ethnic groups 
which affect the individual response to clopidogrel both 

25-31pharmacokinetically and pharmacodynamically.

c) EVALUATION OF CLOPIDOGREL RESPONSE IN     

 LABORATORY

There is lack of standardized laboratory techniques for the 
measurement of in vivo platelet response to antiplatelet 
therapy, as the  clopidogrel  inhibits one of the two ADP 
receptors specifically. The most common method used for 
ex-vivo measurement of ADP-induced  platelet aggregation 
is light transmittance aggregometry (LTA). It is considered 

14the gold standard  method uptill now.  As the antiplatelet 
drugs including clopidogrel are involved in the reduction of 
platelet aggregation, so it has been suggested that better 
measurement of antiplatelet activity with clopidogrel is 

32 achieved at the time 6 minutes after stimulation with ADP. 

It has been discovered in patients with stents that maximum 

and final aggregation of platelets in clopidogrel treated 
patients were equivalent in determining the prevalance of 
clopidogrel's nonresponsiveness. Other techniques 
including Flow Cytometry for the expression of activated GP 
IIb/IIIa receptor and  expression of p-selectin after the 
stimulation of ADP are also helpful in the measurement of 

23nonresponsiveness of clopidogrel.  As point of care 
assays, VerifyNow P2Y12 receptor assay and Whole blood 
thrombelastography are also being used to measure the 

23, 33responsiveness of clopidogrel by using ADP as agonist. 

GENETIC POLYMORPHISMS IN CYP AND 
OTHER GENES

Inspite of considerable clinical efficacy of clopidogrel 
therapy there is recurrence of cardiovascular events in 
patients treated with clopidogrel. One of the possible 
reasons for occurrance of adverse cardiovascular events in 
patients treated with clopidogrel therapy is the inter-
individual response variability. The proposed mechanisms 
involved in the variability to clopidogrel therapy include 

 4,34genetic, cellular and clinical causes.  Currently, a trial has 
been performed with the name of GWAS i.e a genome-wide 
association study. In this study 429 homozygous healthy 
white subjects were selected to monitor ADP-induced 
platelet aggregation in response to clopidogrel. Further, it 
was confirmed that impaired inhibitory effect of clopidogrel 
is strongly associated with CYP2C19*2 variant. Further, it 
has been revealed that  a cluster of 13 SNPs (all of these 
were in strong linkage disequilibrium with each other) 
spanning 1.5 megabases on chromosome 10q24 was 
significantly associated with  reduced platelet inhibition by 
the clopidogrel. This cluster of SNPs is located within the 
CYP2C18-CYP2C19-CYP2C9-CYP2C8 gene cluster, and it 
encodes corresponding Cytochrome P450s isozymes 
which play an important role in drug metabolism and  
bioactivation of clopidogrel. It was revealed further that the 
loss-of-function allele CYP2C19*2 has strong association 

 35with the original 10q24 signal.

Large focus has been given to the genetic factors with 
special emphasis on the genetic variants of CYP2C19 
isoforms. These CYP isoforms are involved in the inter-

 27,36individual response variability.  The polymorphisms in the 
CYP2C19 in response to clopidogrel therapy is thought to be 
involved in both steps of clopidogrel's hepatic metabolism. 
The carriers of at least one “poor metabolizer allele” of 
CYP2C19 (either *2 or *3) have lower levels of active 
metabolite of clopidogrel and have reduced platelet 

 34 inhibition.  It has been demonstrated that the determination 
of plasma troponin levels is based on the comparisons of 
allelic frequencies of variants of CYP2C19 in Australian 

3 7populat ion.  In Korean populat ion, CYP2C19*3 
polymorphism has affected clopidogrel resistance 
significantly in patients with coronary artery disease. 
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Carriers of CYP2C19*3A allele had a high proportion of 
clopidogrel resistance.CYP2C19*3 may have an important 
role in the activity of CYP gene than other reported 
variants.38 Significant inter-racial differences in the 
frequency of CYP2C19*3 gene having 9 of 34 alleles have 
been detected in poor metabolizers from Japan. However, 
due to the lack of CYP2C19*3A allele in Caucasian 

 38population, its role was not completely studied,Table 1.

Pharmacokinetic and pharmacodynamic changes attributed 
by genetic polymorphisms in CYP2C19 gene in healthy 

 27,28volunteers  and in patients have been widely investigated 
(39,40,41). Subjects carrying one or two CYP2C19 loss of 
function alleles have shown lower plasma concentrations of 
active metabolites of clopidogrel when compared with 

 28subjects without CYP2C19 variant alleles.  Similarly, worse 
clinical outcomes have been observed in patients carrying 
two loss of function alleles of CYP2C19 for cloidogrel, while 
patients carrying one loss of function allele for CYP2C19 did 

 42not show any risk.  However, targeting of individualized 
therapy can play an important role in improving clinical 
outcomes after the implantation of stent. There are multiple 
factors which are still unknown in describing the clinical role 
of genetic profiling. Genetic polymorphisms of CYP2C19 
have shown to reduce the clinical efficacy and metabolism 
of clopidogrel. Studies are needed to evaluate the clinical 
benefits of individualized antiplatelet therapy on the basis of 

genotyping. Patients carrying loss of function alleles 
CYP2C19*2 and CYP2C19*3 for clopidogrel metabolism 

 43have increased risk of thrombosis.  There also exists inter-
ethnic variability in CYP2C19 gene in response to 
clopidogrel which ranges from 20-30% in Caucasians, 30-
45% among African-Americans and 50-65% in East Asians. 
Whereas CYP2C19*2 allele is the most frequent loss of 

 44function allele i.e 75-85% in Caucasians and East Asians.  
There exists a correlation between the carriers of reduced 
function variants for CYP2C19*2 or any of two loss of 
function alleles (*2,*3,*4 or *5) and higher cardiovascular 

 45adverse events rate.  Now it has been elaborated that 
carriers of atleast one reduced function CYP2C19 allele face 
reduction of the active metabolite of clopidogrel in the 

 46plasma up to 32.4% compared to healthy gene carriers.  
This reduction is especially observed in patients with 
CYP2C19*2 allele as a best indicator of reduced response to 

 35,47,48,49,50clopidogrel.  Recent studies have indicated that 
CYP2C19*3 and *4 alleles may also reduce response to 

 51,52clopidogrel in the same manner as CYP2C19*2 do.  
Genetic polymorphisms in the enzymes other than CYP2C19 
may also be associated with clopidogrel's reduced response 
in patients i.e in carriers of reduced response CYP2C9 and 

 28,46CYP2B6 genes are involved.   As far as the distribution of 
CYP alleles responsible for clopidogrel resistance is 
concerned, there are about 26% Caucasians who are 
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Table 1: Distribution of CYP Genetic Polymorphisms in clopidogrel responsive and
resistant groups in Korean patients Source: (Lee et al. 2009, Ref: 38)

Gene Name

CYP2C19*2

CYP2C19*3

CYP3A5

CYP3A4

SNP ID

rs4244285

rs4986893

rs776746

rs2242480

         Genotype

Codominant 
(GG,GA, AA) 
Dominant
(GG,GA/AA) 
Recessive 
(GG/GA,AA)

Codominant
(GG,GA,AA) 
Dominant  
(GG,GA/AA) 
Recessive  
(GG/GA,AA)

Codominant
(GG,GA,AA)
Dominant
(GG,GA/AA)  
Recessive   
(GG/GA,AA)

Codominant
(GG,GA,AA)
Dominant
(GG,GA/AA)  
Recessive   
(GG/GA,AA)

NoResistance
(n = 275)

(155, 93,26)  

(155, 119)     

(248, 26)             

(236,37,1)

(236,38)

(273,1)

(154,102,12)

(154,114)

(256,12)

(172, 90,13)

(172, 103)

(262, 13)

Resistance
(n=112)

(55,40,13)

(55,53)          

(95,13)

(80,31,01)  

(80,32)  

(111,01)

(61,41,06)

(61,47)    

(102,06)

(74,32,06)  

(74,38)     

(106,06)

p Value

0.287        

0.361

0.457

0.001

0.001

0.497

0.808

0.908       

0.606

0.568   

0.561 

0.798
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heterozygous for a loss of function allele CYP2C19*2, while 
2% are homozygous. This is the most frequent genotype in 

 53,54Asians.  There is a higher on clopidogrel treatment platelet 
reactivity in healthy subjects carrying one or two loss of 
function alleles CYP2C19*2 or CYP2C19*3 as compared to 

 27,28,55homozygotes carrying CYP2C19*1 wild type allele.

Genetic polymorphisms in the enzymes other than 
CYP2C19 may also be associated with clopidogrel's 
reduced response in patients i.e in carriers of reduced 

 28,46response CYP2C9 and CYP2B6 genes are involved.  
Some genes other than CYP are also involved in clopidogrel 
resistance. A recent study has identified two new genes 
involved in biological efficacy of clopidogrel, the first gene is 
ATP2B2 which is responsible for encoding an ion transport 
protein involved in the intracellular calcium homeostasis and 
the second gene is TIAM2 which encodes a protein involved 

 56in platelet aggregation.

C LO P I D O G R E L  R E S I S TA N C E  I N 
PAKISTAN SCENARIO 

There is only one study available regarding the response 
variability of clopidogrel and aspirin combination therapy on 
Pakistani population. In this study, it has been shown that 
dual antiplatelet resistance i.e low response to combination 
therapy with clopidogrel and aspirin is a common problem in 
Pakistani cardiac patients with acute coronary syndrome 
(ACS). There is no significant effect of age and gender on 
platelet aggregability. The platelet aggregation was 
measured by using the technique of whole blood 

 57aggregometry.  The data regarding clopidogrel  resistance 
is scarce in pakistani population and therefore, data of 
pharmacogenetics of clopidogrel is utmost important for 
screening resistant mutations against this drug which will 
help in tailoring the antiplatelet therapy in these patients and  
to reduce the risk of recurrent stent thrombosis and other 
adverse cardiovascular events like MI and stroke. 

CONCLUSION

In recent years, the use of clopidogrel has been increased 
tremendously. This increased use of drug is due to its 
significant beneficial effects in patients having Acute 
Coronary Syndrome (ACS) and in patients who undergo 
Percutaneous Coronary Interventions (PCI). However, the 
inter-individual response variability in these patients is an 
emerging problem in recent years. Genetic Polymorphisms 
in Cytochrome P450 (CYP) gene are responsible for the 
reduced response to clopidogrel which results in recurrence 
of thrombosis and other adverse cardiovascular events. So, 
it is the need of hour to screen these mutations in patients to 
avoid the abovementioned complications and guide them 
for the better selection of antiplatelet therapy either alone or 
in combination with aspirin or some other P2Y12 receptor 

antagonist.   This strategy can mark the beginning of an era 
of individualized antiplatelet therapy in the near future. In 
Pakistan scenario, if initiated, this mutation screening for 
clopidogrel resistance will be the first of its nature.
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