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Abstract

Background: Proton pump inhibitors and statins reduce
the effectiveness of clopidogrel in inhibiting the platelet ag-
gregation. Clopidogrel, a prodrug adheres to CYP2C19, a
hepatic enzyme to convert to its active metabolite in order
to provide expected therapeutic action. Statins, mainly sim-
vastatin metabolize through cytochrome P450 3A4, which
also metabolizes clopidogrel partially. The combination of
clopidogrel and PPI's are co-administered in patients go-
ing through ST segment elevated Myocardial infarction
(STEMI), cardiac stent and percutaneous coronary inter-

Results: In the current study, Rabeprazole and Simvasta-
tin, but not Omeprazole and rosuvastatin, decreased the an-
tiplatelet activity of clopidogrel. The percent platelet aggre-
gation was 81 £ 5 (p = 0.001) and 33 + 10 (p = 0.027) in the
presence of clopidogrel with Rabeprazole and pantoprazole
respectively. Aggregation was found to be 91 + 4 (p = 0.001)
and 22 £ 03 (p = 0.031) in presence of clopidogrel with Sim-
vastatin and rosuvastatin respectively.

Conclusion: A prominent drug-drug interaction was ob-
served with patients on dual antiplatelet therapy along with
Rabeprazole and Simvastatin.

vention (PCI).
Objectives of the study:
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1. To determine the potential drug-drug interactions aggregation, Cytochrome P450, Potential drug-drug inter-
among patients on dual antiplatelets, PPIs and action
statins.

2. To determine the demographic and clinical charac-
teristics of the patients to understand the competitive
metabolism of the drugs.

Introduction

Potential drug-drug interaction (pDDI) between dual
antiplatelets (clopidogrel and aspirin) and clinically pre-
scribed PPI’s like Rabeprazole, pantoprazole, omepra-
zole [1] and statins such as Simvastatin, atorvastatin and
rosuvastatin has been observed in many clinical studies.
A very high mortality rate is associated with such inter-
actions in a tertiary health care system. The competitive
binding of several classes of drugs to a single metabolic
enzyme cytochrome P450 which are most likely to be
present in liver and other hepatic tissues, leading to
drug-drug interaction. Due to competitive binding of
two drugs to the single enzyme, the pharmacology of

3. To estimate the platelet aggregation effect of dual
antiplatelets in presence of PPI's and statins.

Methodology: In the present study, potential drug-drug in-
teractions (pDDI) was analyzed in the patients on dual an-
tiplatelet therapy (DAPT) along with proton pump inhibitors
and patients on dual antiplatelet therapy with proton pump
inhibitors and statins. Platelet aggregation was measured in
116 patients undergoing ST segment elevated Myocardial
infarction (STEMI), cardiac stent and percutaneous coro-
nary intervention (PCI) with clopidogrel bisulphate and aspi-
rin along with PPI’s and statins.
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both drugs alter [2], leading to major pharmacokinetic
interaction.

In any health care system, drug-drug interactions
have become a very important concern. The studies
have significantly proven that that many drug-drug in-
teractions can be explained by altering the metabolic
enzymes that are present in the liver and other tissues.
Almost all of the interactions between drugs are due to
hepatic cytochrome P450 (P450 or CYP) enzymes be-
ing affected by previous administration of other drugs,
which alter the pharmacokinetic behavior of a drug. In
a multiple prescriptions, some of the drugs act as po-
tent enzyme inducers, whereas others are inhibitors. Al-
though, reports of enzyme inhibition are highly common
than inducing. Therefore it becomes utmost important
to understand the mechanisms of enzyme inhibition
or induction in order to give appropriate multiple-drug
therapies. Such studies will help to identify patients at
greatest risk of drug interactions and adverse events to
provide personalized medication [2].

Clopidogrel falls under the classification of thieno-
pyridine drugs which decrease the platelet aggregation
in patients to reduces coronary stent thrombosis and
myocardial infarction and also those undergoing per-
cutaneous coronary intervention [3,4]. Clopidogrel gets
converted to its active metabolite by forming a disulfide
bridge with adenosine diphosphate (ADP) receptor and
exhibits antiplatelet effect [5-8]. In animals, especially
rats it’s found that cytochrome P450 1A2 is responsible
for activation of clopidogrel [6], whereas in humans the
activation of clopidogrel is mostly by the cytochrome
P450 2C19 and partly by 3A4 [8].

Patients receiving antiplatelet therapy are most
commonly prescribed with PPI’s to reduce the gastro-
intestinal bleeding [9]. Cardiovascular events, stroke,
myocardial infarction and mortality continue to occur
in patients with vascular diseases because of competi-
tive binding of the ADP receptor blocker clopidogrel and
PPI’s to the isoenzymes 2C19 and 3A4 [10,11]. Patients
with acute coronary syndrome are most likely to have
elevated levels of cholesterol which makes it necessary
for statin therapy. Thus evaluation of each drug concen-
tration in a poly prescription becomes at most import-
ant.

The American College of Cardiology/American Heart
Association 2007 Unstable Angina/Non-ST-Segment
Elevation Myocardial Infarction guidelines recommend
concomitant PPl therapy with aspirin and clopidogrel in
patients with a history of gastrointestinal bleeding [12].
Consequently, the number of patients affected by a
PPI-clopidogrel interaction could be substantial. In fact,
a combined total of 100 million prescriptions are writ-
ten for both PPIs and clopidogrel annually [13]. How-
ever, this does not include all Rabeprazole use since, at
some strengths, it is available over-the counter. It has
been hypothesized that PPl use concurrently with clopi-
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dogrel will increase the risk of major adverse cardiac
events [14].

Different isoforms of Cytochrome P450 (CYP) me-
tabolized different types of substrates (or drugs mole-
cule) and make them soluble during biotransformation.
Therefore, fate of any drug molecule depends on how
they are treated or metabolized by CYP isoform. There
is a need to develop models for predicting substrate
specificity of major isoforms of P450, in order to under-
stand whether a given drug will be metabolized or not.
In-silico method for predicting the metabolizing capabil-
ity of major isoforms (e.g. CYP 3A4, 2D6, 1A2, 2C9 and
2C19) has been explained [15].

The main objective of the study is to determine the
potential drug-drug interactions among patients on
dual antiplatelets, PPIs and statins. Also demographic
and clinical characteristics of the patients will help to
understand the competitive metabolism of the drugs.
Estimation of platelet aggregation among patients with
MI and STEMI prescribed with dual antiplatelet therapy
in presence of PPI’s and statins.

Rabeprazole showed drastic decrease in the effect of
clopidogrel tested by VASP phosphorylation. The clinical
impact of the findings has a future scope of investiga-
tion, but treatment with PPIs at certain dose with the
dual antiplatelet therapy is not recommended [16].

Studies also describes the use of Simvastatin a CY-
P3A4 substrate, competitively inhibits the activation of
clopidogrel. Also explains about the use of statins not
metabolized by CYP3A4 for a better treatment with
clopidogrel [17].

Methodology

In this study, patients with myocardial infarction
followed by stent implantation and other cardiovascu-
lar diseases and percutaneous coronary intervention,
where prospectively assessed for platelet aggregation
studies. Subjects prescribed with dual antiplatelet ther-
apy having clopidogrel and aspirin along with PPI’s and
statins were investigated.

The institutional review board approved the proto-
col, and a written informed consent was signed by the
patient/patient care taker, before commencing the
study.

i.  Study site: This study was conducted in JSS Col-
lege of Pharmacy and Department of Cardiology,
JSS Medical College and Hospital, Mysore.

ii. Study design: This was a prospective bioanalyti-
cal study.

iii. Study period: The study was conducted over a
period of 15 months, from the month of October
2017 to December 2018.

iv.  Study subjects: The study subjects were enrolled
into the study based on the study criteria.
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Study Criteria The blood samples were withdrawn in the pathology
laboratory 60 + 5 minutes after administration of chew-
able aspirin (baseline) and the platelet aggregation ca-
1. Male or female between the ages of 40 to 60 pacity was tested.
years, inclusive who are admitted in the hospital
(in-patients).

Inclusion criteria

Nineteen patients were on PPI’s alone, among them
twelve were prescribed with 20 mg of Rabeprazole (RA-
2. Females must have negative results for pregnan-  BICIP-20™) twice daily and seven were on Pantoprazole

cy tests performed: At Screening on a urine speci-  tablets IP (PANTOSEC™) 40 mg once daily. Twenty five

men obtained within 2 weeks prior to initial study ~ patients were on dual antiplatelet therapy along with

drug administration. these PPI’s.

3. Body Mass Index (BMI) is 19 to 26, inclusive. BMI Out of twenty eight patients on statin therapy, sev-
is calculated as weight in kg divided by the square ~ enteen were taking 40 mg of Simvastatin (SIMVOTIN™)
of height measured in meters. a day, and eleven were taking 40 mg (n 5) of rosuvas-

tatin (CRESTOR™) once daily. Platelet aggregation was
measured before clopidogrel administration and 24
hours later at regular interval.

4. A condition of M, stroke, heart attack etc. with
percutaneous coronary intervention admitted in

the cardiology/other department in the hospital.
Platelet aggregation measurements were repeated

in thirty one patients on clopidogrel and aspirin alone

6. Must voluntarily sign and date each informed and thirty eight patients on dual antiplatelet therapy
consent, prior to the initiation of any screening or  with PPI’s and statins 24 days after successful stent im-
study-specific procedures. plantation.

5. Patients receiving the above said medications.

Exclusion criteria Based on the prescribed medications, the subjects
were divided into 5 quartiles. Platelet aggregation was
measured at 24 h and compared with the baseline at
2. Requirement for any over-the-counter and/or 0 h after the administration of clopidogrel as loading

prescription medication other than above men- dose. Percentage aggregations were presented cate-

tioned, vitamins and/or herbal supplements, on  gorically in the 5 quartiles. To test the linear trend Man-

a regular basis. tel-Haenszel? analysis was used. Patients of first quartile
were compared with second till fifth quartiles using a
2-tailed fisher’s test. Variables were presented as mean
1 SD.

1. History of significant sensitivity to any drug.

3. Use of any medications (other than OTC/prescrip-
tion), vitamins and/or herbal supplements, within
the 1-week period prior to study drug administra-
tion. Baseline demography and clinical characteristics of

patients on dual antiplatelet therapy, PPI’s and statins

individually and in combinations are mentioned in Table

1.

4. Recent (6-month) history of drug or alcohol
abuse.

5. Use of known inhibitors (e.g., ketoconazole) or in- . .
ducers (e.g., carbamazepine) of cytochrome P450 Evaluation of Platelet Aggregation
3A (CYP3A) within 1 month prior to study drug

Preparation of Platelet rich plasma (PRP)
administration.

Platelet-rich plasma was prepared by centrifugation
Investigation and study protocols of 5 mol/L of ADP and was measured with a dual chan-
The study protocols were approved by the institu- nel Aggregometer (model 440, Chronolog, Havertown,
tional review board and written informed consent was  PA). Chart recordings were monitored on a Kipp-Zone
obtained from the entire subjects before enrolling them ~ Chart Recorder (Fisher Scientific, Chicago, IL).
to the study. In the study, 116 patients undergoing elec- The whole blood collected from the patients was an-
tive coronary artery stent implantation prescribed an  ticoagulated with sodium citrate (sodium citrate/whole
oral loading dose of 600 mg of clopidogrel (PLAVIX™)  plood ratio, 1:10) and centrifuged at 10000 rpm for 10
followed by 75 mg/d for 28 days. minutes at room temperature for preparation of plate-
Participants signed up for the study had undergone let rich plasma (PRP). The prepared PRP was incubated
a standard diagnostic procedure and treatment with  for 30 mins at 37 °Ciin capped tubes with **C-serotonin.
primary percutaneous coronary intervention followed The cloudy yellow supernatant containing the platelets
by stent implantation. All the patients were enrolled ~ Was separated without disturbing the WBC and RBC cell

and studied prospectively. All the subjects received 300 Iayers‘. Platelet—po_or‘ plasma (PPP) was prepared by cen-
mg of aspirin (NUSPRIN™) on admission and 200 mg/d trifuging the remaining sample at 10000 rpm for 20 min-
thereafter throughout the study period. utes at room temperature [18]. Platelet function testing
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was completed within 3 hours after blood collection.
The PRP was adjusted to a platelet count of 200 to 350
x 103/uL (200-350 x 10°/L) after addition of PPP. Clinical
samples should be assayed with similar platelet counts
in the normal range. Platelet counts less than 100 x 103/
pL (100 x 10°/L) are not optimal for these functional
tests.

Evaluation

Platelet aggregation was determined by measuring
the change in the optical density (i.e., light transmit-
tance) of stirred PRP after addition of the aggregating
agent to the aggregometer cuvette. Platelet aggre-
gation occurs only if the PRP in the aggregometer cu-
vette is stirred, usually at the rate of 800 to 1,200 rpm.
A Teflon-coated magnetic stirrer was used. The ag-
gregometer was standardized by placing the patient’s
PPP sample in one channel to represent 100% light
transmittance and the patient’s PRP sample in another
channel representing 0% transmittance. The increase
in light transmittance from 0% to 100% is reflected on
the chart recorder as the aggregometer tracing. Usu-
ally, the baseline of the patient’s PRP was adjusted to
be at the 10% chart deflection level, and the patient’s
PPP baseline was adjusted to the 90% level on the chart
recorder. The light transmittance of the PRP relative to
the PPP blank was recorded automatically. When an ag-
gregating agent is added to the PRP, platelet aggregates
form, and this event results in an increase in the light
transmittance, which is recorded and used as an index
of platelet aggregation.

Calculations of platelet aggregation

The percentage of aggregation was determined as
the percentage of chart deflection between 10% and
90% at its highest average point of deflection on the
chart recorder as follows:

Percentage of Aggregation = (Highest Average Point
of Deflection - 20)/80 x 100.

Statistical Analysis

Platelet activity was expressed as a percentage of
baseline value. Each patient served as his or her own
control.

Statistical analysis was performed using the Graph
pad Prism Software (version 5.00, Graph pad Software,
Inc., San Diego, California). We estimated that a study
sample size of 61 patients would enable a one-half stan-
dard deviation difference (10% difference in platelet
aggregation between the groups) to be detected, with
an 80% statistical power and a 5% alpha risk. Contin-
uous variables are expressed as mean SD. Categorical
variables are expressed as percentages. Comparisons
between groups for the aggregation percentages were
made with the chi-square or Fisher exact test for cat-
egorical variables and nonparametric statistical testing
(Mann-Whitney) for continuous variables. Values of p <
0.05 were considered statistically significant.

Results

Of the 116 patients enrolled, 88 (75%) were male,
mean age was 55 * 19 years, and mean time from symp-
tom onset to admission was 2.8 + 2 hours.

Evaluation of platelet aggregation

Platelet aggregation studies showed a decrease in
the percentage aggregation after 24 h in all the seven
combination of patient plasma samples. The percentage
aggregation is shown in Table 2.

Effect of dual antiplatelet therapy

In this study, the percentage platelet aggregation of
plasma collected after 8 £ 0.5 hours of clopidogrel ad-
ministration showed 35% inhibition compared to base-
line of 0 hour (P- 0.0011) in the first section or quartile
of participants. But, in the patients prescribed on dual
antiplatelets also with PPI’s and statins, platelet aggre-
gation was reduced only to 78%.

The results indicated that the efficiency of dual anti-
platelet therapy was reduced measurably and drastical-
ly in the presence of rabeprazole and simvastatin when
compared to pantoprazole and rosuvastatin.

Platelet aggregation effect

The participating patients were divided into 5 quar-
tiles and the platelet aggregation was studied after 24
hours with that of 0 hour baseline activity of each pa-
tient at regular interval. Patients in the first quartile

Table 2: Platelet aggregation of patient plasma samples

Sl. No. Drug No. of Patients Percentage Aggregation (%)
0h 24 h
1. CLP & ASP 31 96 35
2. CLP & ASP with RAB 16 92 71
3. CLP & ASP with PAN 9 94 63
4. CLP & ASP with RAB & ROS 6 90 59
5. CLP & ASP with RAB & SIM 9 96 78
6. CLP & ASP with PAN & SIM 5 91 70
7. CLP & ASP with PAN & ROS 2 92 56

Note: Average % aggregation in each group in + SD.
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were not resistant to clopidogrel (35 + 6% of baseline
platelet aggregation). Platelet aggregation from the
second to fourth quartile had not reduced significantly

(Table 2),at 71 £ 3%, 63 + 4%, and 57 + 7% of the respec-
tive baselines (P < 0.005 for all, (Figure 1a). The results
clearly indicated the inhibition in platelet aggregation
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E < 0.0001 p=ns =ns
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Figure 1: The in vivo effect of PPI's and statins on the dual antiplatelets activity of clopidogrel and aspirin. (A) Platelet
aggregation at 0 h (dotted columns) and at 24 h (line columns) after clopidogrel and aspirin administration in patients
treated without and with PPIs (40 mg); (B) The dual antiplatelets activity of clopidogrel and aspirin at 0 h (dotted columns)
and at 24 h (line columns) in patients treated with and without PPI's and statins in different combinations; (C) Platelet
aggregation at 0 h (dotted columns) and at 7 h (line columns) after clopidogrel and aspirin administration in patients with

and without statins (40 mg).
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decreased significantly in the first quartile (P for trend
0.01). Patients on dual antiplatelet therapy with Rabep-
razole and Simvastatin showed no significant reduction
in the platelet aggregation, 78 £ 5% to baseline 96 + 4%
(p = ns). Platelet aggregation reduced considerably to
59 + 4% to the baseline 0 h (p < 0.005) in patients with
dual antiplatelets, Rabeprazole and rosuvastatin.

Clinical conclusion

The baseline demographic and clinical characteris-
tics of selected subjects had no significant change ex-
cept the number of smokers decreased significantly and
gradually from the first through fifth quartile (Table 1).
It was also found that the other demographic parame-
ters didn’t differ, such as prescribed medications during
hospital stay and in discharge summary (Table 1).

All the 116 patients in the investigation were mon-
itored with a continuous clinical update. During the
period six patients developed recurrent STEMI, three
patients suffered from peripheral arterial occlusion, re-
quiring immediate surgery. Two patients were report-
ed with stent thrombosis followed by MI. Therefore,
eleven patients had repeated cardiovascular events,
seven of which occurred during treatment and four pa-
tients during the clinical follow-up. Among the eleven
patients, five patients resistant to clopidogrel (fourth
guartile) and six were from the fifth quartile. In vari-
ance, major bleeding occurred in one of the patient
from fourth quartile.

Patients were senior citizens with repeated cardio-
vascular events (P 0.008), and had a lower percentage
reduction of platelet aggregation which persisted up to
24 hours (90 + 16% vs. 72 £ 7%, P 0.001, Figure 1).

Discussion

The comprehensive objective of cytochrome en-
zymes is to ease the removal of a lipophilic drug by
converting it to hydrophilic in nature by drug metabo-
lism [19]. The current study indicated that clopidogrel
is less efficient in platelet aggregation inhibition when
administered in combination with Rabeprazole, a CY-
P3A4 inhibitor and Simvastatin, a CYP2C19 substrate.
In reverse, when clopidogrel was co administered with
Rabeprazole and rosuvastatin, platelet aggregation in-
hibition was not altered due to a hydrophilic drug was
not metabolized by the CYP system. Additionally, in vivo
studies indicated that clopidogrel is converted to its
active form predominantly by CYP2C19 isoenzyme and
partially metabolized by CYP3A4, the most prominent-
ly expressed cytochrome isoenzyme in the human liver
[20]. The authors based on the significant results con-
clude that Rabeprazole and Simvastatin inhibit CYP450
isoenzymes activity in a dose-dependent manner, at
doses routinely administered to patients in cardiovas-
cular diseases and therefore the metabolic conversion
of clopidogrel to its pharmacologically active form de-
creased drastically.

Nagavi and Gurupadayya. Int J Clin Cardiol 2020, 7:188

Individualized attention and care to the patients
is very much necessary because of polypharmacy, in
which many drugs compete to get metabolized by CY-
P3A4, therefore it becomes highly important to under-
stand the capacity and efficacy of clopidogrel, especially
in presence of other medications [21]. Patients suffer-
ing from myocardial infarction, ST segment elevated M,
acute coronary syndromes, and those on percutaneous
coronary intervention; clopidogrel is prescribed for as
long as 4 months. Therefore, estimating the potential
drug-drug interaction of clopidogrel with other drugs
becomes extremely important.

Clopidogrel gets hydrolyzed from its methyl ester to
inactive carboxylic acid derivative, after an oral dose of
75 mg. The inactive form of clopidogrel represents al-
most 85% of component related to clopidogrel in plas-
ma. So only remaining around 15% of the active drug
moiety is available for metabolism to its active form.
Therefore the level of active clopidogrel is less than 10-
15 folds as that of inactive carboxylic acid form. Platelet
function testing is also absolutely necessary to identify
the aspirin resistant patients.

The lipophilic nature of simvastatin competitively
inhibits the clopidogrel metabolism through CYP3A4.
Simvastatin has been responsible for 75% of HMG-CoA
reductase activity [22]. Simvastatin lactone binds major-
ly to CYP3A4 than any other substrate and causes drug-
drug interaction.

Clopidogrel mainly depends upon CYP2C19 to get
converted to its active moiety, but partially binds to CY-
P3A4 for metabolism [23]. Also the rate of competitive
inhibition depends on the concentration and relative
affinity between two substrates to the binding site of
CYP2C19 and CYP3A4 [24]. If present in equivalent con-
centration, Rabeprazole and Simvastatin are potent in-
hibitors of most of the substrates. Rabeprazole inhibits
CYP3A4 whereas Simvastatin inhibits CYP2C19, there-
fore inhibiting the antiplatelet action of clopidogrel.

Simvastatin binds CYP2C19 more tightly than any
other substrates which are found in lower concentra-
tion. Simvastatin inhibits the metabolism of clopidogrel
because of a very low concentration of clopidogrel that
binds to CYP2C19 than Simvastatin itself.

An instrument which could measure the activated
platelets by thrombin activating peptide to agglomerate
fibrinogen beads [18], which provides fast, automated
and reproducible results with small sample size, was
used in this study [10]. A device which allows to mea-
sure platelet aggregation in which ADP is used to en-
hance platelet aggregation was required, because clopi-
dogrel is itself an ADP receptor antagonist. The devices
like turbidimetric aggregometer give indirect results
and are dependent on analyst differences and also due
to citrated platelet rich plasma containing various blood
components.
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