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SUMMARY

Background and objectives: Clopidogrel is an

important antiplatelet drug that is effective in

preventing thrombotic events, especially for

patients undergoing percutaneous coronary

intervention. The therapeutic usefulness of clop-

idogrel has been limited by documented inter-

individual heterogeneity in platelet inhibition,

which may be attributable to known clopidogrel

pharmacokinetic variability. The objective of this

study was to assess the influence of smoking

cigarettes and abnormal body weight on the

pharmacokinetics of clopidogrel.

Methods: Seventy-six healthy adult male volun-

teers were selected randomly. Each subject

received a single 75 mg oral dose of clopidogrel

after overnight fast. Clopidogrel carboxylate

plasma levels were measured and non-compart-

mental analysis was used to determine peak

plasma concentration (Cmax), time to peak plasma

concentration (Tmax), elimination half-life (t1 ⁄ 2e),

and area under the curve (AUC0 fi ¥).

Results: One-third of volunteers were smokers

(n = 27) and one-half had abnormal body weight

(n = 39). Smokers had lower AUC0 fi ¥ (smokers:

6Æ24 ± 2Æ32 lg ⁄ h ⁄ mL vs. non-smokers: 8Æ93 ±

3Æ80 lg ⁄ h ⁄ mL, P < 0Æ001) and shorter half-life

(smokers: 5Æ46 ± 2Æ99 vs. non-smokers: 8Æ43 ± 4Æ26,

P = 0Æ001). Smoking behaviour had no influence

on Cmax (P = 0Æ3) and Tmax (P = 0Æ7). There was no

statistically significant difference in Cmax,

AUC0 fi ¥, Tmax and t1 ⁄ 2e between volunteers with

abnormal body weight and normal body weight.

However the difference in body weight of the

two groups was relatively narrow (mean ± SE;

26Æ93 ± 0Æ16 vs. 23Æ11 ± 0Æ27). In general, the

pharmacokinetic parameters were characterized

by considerable inter-individual differences

(Cmax = 3Æ09 ± 0Æ99 lg ⁄ mL, CV = 32%), (Tmax =

0Æ76 ± 0Æ24 h, CV = 31Æ6%), (AUC0 fi ¥ = 7Æ98 ±

3Æ58 lg ⁄ h ⁄ mL, CV = 44Æ8%), and (t1 ⁄ 2e = 7Æ38 ±

4Æ10 h, CV = 55Æ6%).

Conclusion: Smoking is a significant factor affect-

ing the pharmacokinetics of clopidogrel, following

administration of a single 75 mg dose in healthy

young volunteers. The study supports smoking-

cessation recommendations. Further studies are

required to evaluate the influence of smoking and

body weight on the pharmacokinetics of the active

metabolite of clopidogrel and on the clinical

effects of any differences observed.
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INTRODUCTION

Clopidogrel is a thienopyridine derivative chem-

ically related to ticlopidine. It is an anti-platelet

agent which selectively inhibits the binding of

adenosine diphosphate (ADP) to its platelet

receptor (P2Y12) and blocks the subsequent

platelet aggregation (1, 2). Clopidogrel is partic-

ularly useful for the prevention of coronary

thrombosis in patients undergoing coronary

revascularization (3–5). Recently published stud-

ies revealed marked inter-individual variability

clopidogrel’s inhibition of ADP-induced platelet

aggregation (6, 7). It is estimated that laboratory

clopidogrel non-responsiveness can be found in

20% patients undergoing percutaneous coronary

intervention (PCI). This is alarming as the

consequences of stent thrombosis are grave,
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including high rates of death, myocardial infarc-

tion and repeat vascularization (8, 9).

Obesity and smoking are two independent

modifiable risk factors of cardiovascular compli-

cations (10, 11), which may aggravate clopidogrel

non-responsiveness. Excess cardiovascular mor-

bidity and mortality has been demonstrated in

overweight patients (12). Interestingly, a recently

published trial that evaluated the influence of body

mass index (BMI) on platelet function in patients

on long-term clopidogrel treatment (75 mg ⁄ day),

revealed that patients with effective clopidogrel

inhibition had a significantly lower BMI (13).

The causal link between smoking and premature

coronary arterial disease (CAD) is well demon-

strated (14). Smoking cessation is the single-most

important intervention for primary and secondary

prevention of CAD (10, 11). Furthermore, a recent

large meta-analysis of prospective double-blind

randomized controlled trials of paclitaxel-eluting

stents found that early stent thrombosis (<30 days)

was strongly and independently associated with

smoking with an overall mortality rate of 41Æ2% (9).

The objective of this study was to assess the

effect of tobacco smoking and abnormal body

weight on the pharmacokinetics of clopidogrel in

healthy volunteers.

METHODOLOGY

Study population

Healthy adult male volunteers were selected ran-

domly based on the following inclusion criteria:

age between 18 and 45 years, body weight with-

in ±14Æ5% of normal (17Æ1–28Æ6 ⁄ kg ⁄ m2)], and heal-

thy as judged by means of a medical examination

(blood pressure, heart rate, temperature, X-ray,

electrocardiogram) and standard laboratory exam-

ination [kidney function (Na, K, serum creatinine),

liver function [total protein, alanine amino-

transferase (ALT), aspartate aminotransferase

(AST), gamma glutamylaminotransferase (GGT),

alkaline phosphatase), biochemical tests (glu-

cose, uric acid), complete blood count (RBC, WBC,

platelets, Hb, Hct) and urine analysis (pH, protein,

glucose and sediment)].

Subjects presenting with any of the following

were excluded from the study: allergy to clopido-

grel, positive medical history, medication intake in

the past 2 weeks, previous treatment with any

medication known to alter the major metabolic

systems, history of major surgery of the gastro-

intestinal tract except appendectomy, donation of

blood or plasma in the past 2 months, consumption

of more than four cups of coffee per day or

equivalent, consumption of more than 10 units of

alcohol weekly or history of alcoholism

or drug ⁄ chemical abuse, hepatitis B infection or

carrier of the respective antigen.

To be included in the study, smokers were

defined as smoking at least 10 cigarettes per day for

at least 1 year. Non-smokers were defined as vol-

unteers who never smoked cigarettes or water-pipe.

All volunteers had to stop smoking for at least

2 days before the initiation of the study. Partici-

pants were classified into overweight (BMI ‡
25 kg ⁄ m2) or normal weight (BMI < 25 kg ⁄ m2).

This stratification agrees with the definition of

overweight patients by the World Health Organi-

zation (15).

Intervention and sample collection

After a run-in of 14 days without medication and

an at least 10 h overnight fast, each subject received

a single 75 mg oral dose of clopidogrel with

240 mL water. Blood samples (5 mL) were drawn

into heparinized test tubes immediately before (0)

and at 0Æ25, 0Æ50, 0Æ75, 1Æ0, 1Æ33, 1Æ66, 2Æ0, 2Æ5, 3Æ0, 3Æ5,

4, 5, 6, 8, 10, 12 and 24 h following drug adminis-

tration. Blood samples were centrifuged in hepa-

rinized tubes at 4000 g for 5 min and plasma

samples were separated and immediately stored at

)20 �C until analysis.

The study was approved by the Institutional

Review Board of Ibn Al-Haytham Hospital (Am-

man, Jordan). All subjects gave written consent to

their participation after having been informed

verbally by the medical supervisor about the

experimental procedures.

Measurement of clopidogrel carboxylic acid

The plasma level of clopidogrel carboxylic acid was

determined by reverse-phase high-performance

liquid chromatographic method as described pre-

viously (16) where the separation was achieved

using isocratic mobile phase pumped at a flow-rate

of 0Æ9 mL ⁄ min consisted of 30 mMM K2HPO4– THF–
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acetonitrile, pH = 3, (79 : 2 : 19, v ⁄ v ⁄ v) prepared

daily and degassed by passing through a 0Æ45-lm

filter. All separations were performed at room

temperature. Detection was performed at 220 nm.

Pharmacokinetic calculations

The pharmacokinetic parameters of clopidogrel

carboxylic acid metabolite were estimated by

standard non-compartmental methods using

Kinetica� 2000 Version 4Æ2 (Innaphase, Philadel-

phia, PA, USA) computer program. The maximal

plasma concentration (Cmax) and the time to peak

plasma concentration (Tmax) of clopidogrel car-

boxylic acid were taken directly from the measured

data. The area under the plasma concentration-

time curve (AUC0 fi t) was calculated from mea-

sured data points from the time of administration

to the time of last quantifiable concentration (Clast)

by linear trapezoidal rule. The area under

the plasma concentration–time curve extrapo-

lated to infinity (AUC0 fi ¥) was calculated

according to the following formula: AUC0 !1 ¼
AUC0!t þ Clast=½Lnð2Þ=t1=2e�. The elimination half-

life (t1 ⁄ 2e) was calculated as t1 ⁄ 2e = Ln (2) ⁄ ()b),

where b was obtained as the slope of the linear

regression of the Ln-transformed plasma concen-

tration vs. time in the terminal period of the plasma

curve.

Sample size calculation

The sample size needed to evaluate the influence of

smoking and abnormal body weight on AUC0 fi ¥

and Cmax of clopidogrel carboxylic acid meta-

bolite was calculated based on the following

equation (17): N ¼ 2� ðSD=DÞ2 � ðZ1�a=2 þ Z1�bÞþ
0:25ðZ1�a=2Þ; where SD is the estimated standard

deviation; D is the practical significant difference of

the mean (20% of mean); Z1-a ⁄ 2 is the level of sig-

nificance (a level = 0Æ05); and Z1-b is the power of

the study (b level = 0Æ2). We assumed Cmax

(2Æ9 ± 0Æ68 lg ⁄ mL) and AUC0 fi ¥ (7Æ1 ± 1Æ7) based

on previously published data (18). The minimum

sample size to detect a difference of 20% or more in

Cmax and AUC0 fi ¥ was calculated to be 23. The

sample size was further increased to 27 (smokers)

to account for potential data points below

lower limit of detection (0Æ10 lg ⁄ mL) over the

observation period (24 h).

Statistical analysis

Statistical analysis was performed using SPSSSPSS
�

software (version 11Æ0; SPSS, Inc, Chicago, IL,

USA). Data were expressed as mean ± standard

deviation (SD). Coefficient of variation (CV) was

calculated by (mean ⁄ SD·100). Normal probability

distribution of pharmacokinetic parameters was

determined visually by the probability plot (P–P)

and quantile–quantile (Q–Q) plot and examining

the Kolmogorov–Smirnov–Lilliefors test (K–S test).

Linear association between pharmacokinetic

parameters (Cmax, Tmax, t1 ⁄ 2e and AUC0 fi ¥) and

demographics (age, weight, height, and BMI) or

laboratory examination data was tested with

Pearson’s correlation coefficient. Adequate associ-

ation was defined at (r > 0Æ7, P < 0Æ05). The effect of

smoking and abnormal body weight on pharma-

cokinetic parameters was assessed by independent

Student’s t-test. Mann–Whitney U-test was utilized

to detect the difference in coefficient of variability

of plasma level at different time points between

smokers and non-smokers.

The possible confounding effect of some covari-

ates (uric acid, total protein) on the pharmacoki-

netic dependent variables (t1 ⁄ 2e, AUC) and the

factors studied (smoking status, overweight status)

were introduced in the ‘one way analysis of

covariance (ANCOVAANCOVA)’ procedure within the General

Linear Model (GLM) univariate option in the SPSSSPSS

statistical package version 11Æ0.

RESULTS

Volunteers’ characteristics

Seventy-six healthy adult male volunteers were

randomly selected and participated in the study

based on acceptable physical examination, medical

history and clinical laboratory test results. Subjects

had an average age of 29Æ1 ± 6Æ89 years, (range:

19–44 years), average height of 175Æ9 ± 6Æ35 cm

(range: 160–190 cm), average weight of 77Æ7 ±

8Æ84 kg (range: 60–95 kg) and average BMI of

25Æ07 ± 2Æ33 kg ⁄ m2 (range: 19Æ11–28Æ41 kg ⁄ m2). All

laboratory and physical examination were within

normal range.

One-third of participants were smokers (n = 27).

Smokers and non-smokers had similar

demographic characteristics, and laboratory and
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physical examination except for five parameters

(Tables 1 and 2). Smokers were taller and conse-

quently had lower BMI (24Æ3 ± 2Æ3 vs. 25Æ5 ± 2Æ3
kg ⁄ m2, P = 0Æ022); had lower serum total protein;

lower serum uric acid; higher WBC count and

larger mean corpuscle volume (Tables 1 and 2).

None of these differences is expected to be clini-

cally relevant as all were within normal range.

Body mass index quartile cut points for the 25th,

50th and 75th percentiles of the study population

were 23Æ68, 25Æ19 and 27Æ00 kg ⁄ m2, respectively.

Distribution of patients according to quartiles

(lowest to highest) was 19, 19, 20 and 18. According

to World Health Organization criteria 39, patients

were overweight (BMI ‡ 25 kg ⁄ m2) and 37 patients

had a normal weight (BMI < 25 kg ⁄ m2). Subjects

Table 1. Demographics of volunteers according to smoking status and BMI

Parameter

Smoking habit BMI

Smokers (n = 27) Non-smokers (n = 48) P Normal weight (n = 39) Overweight (n = 37) P

Age (years) 29Æ4 ± 6Æ18 28Æ9 ± 7Æ29 0Æ72 26Æ6 ± 6Æ25 31Æ4 ± 6Æ69 0Æ002

Weight (kg) 77Æ2 ± 9Æ05 77Æ9 ± 8Æ80 0Æ76 71Æ5 ± 7Æ45 83Æ5 ± 5Æ45 <0Æ001

Height (m) 178Æ4 ± 6Æ59 174Æ6 ± 5Æ84 0Æ011 175Æ8 ± 7Æ09 176Æ0 ± 5Æ63 0Æ87

BMI (kg ⁄ m2) 24Æ3 ± 2Æ3 25Æ5 ± 2Æ3 0Æ022 23Æ1 ± 1Æ6 26Æ9 ± 0Æ97 <0Æ001

BMI, body mass index.

Table 2. Laboratory results of the healthy volunteers according to smoking status and body mass index

Parameter

Smokers

(n = 27)

Non-smokers

(n = 48) P

Normal weight

(n = 39)

Overweight

(n = 37) P

Kidney function

Na conc. (mEq ⁄ L) 141Æ2 ± 2Æ7 140Æ4 ± 3Æ0 0Æ28 140Æ4 ± 2Æ8 141Æ0 ± 3Æ0 0Æ37

K conc. (mEq ⁄ L) 4Æ1 ± 0Æ3 4Æ1 ± 0Æ3 0Æ56 4Æ1 ± 0Æ3 4Æ1 ± 0Æ3 0Æ91

Scr (mg ⁄ dL) 0Æ82 ± 0Æ10 0Æ85 ± 0Æ12 0Æ23 0Æ82 ± 0Æ10 0Æ85 ± 0Æ12 0Æ23

BUN (mg ⁄ dL) 27Æ8 ± 6Æ2 27Æ8 ± 6Æ8 0Æ98 26Æ7 ± 6Æ0 28Æ9 ± 7Æ0 0Æ15

Liver function

Total protein (g ⁄ dL) 7Æ4 ± 0Æ3 7Æ7 ± 0Æ4 0Æ001 7Æ6 ± 0Æ4 7Æ6 ± 0Æ4 0Æ59

Total bilirubin (mg ⁄ dL) 0Æ54 ± 0Æ18 0Æ63 ± 0Æ29 0Æ16 0Æ59 ± 0Æ22 0Æ61 ± 0Æ30 0Æ70

ALT (IU ⁄ L) 19Æ5 ± 13Æ2 23Æ6 ± 14Æ4 0Æ23 17Æ8 ± 11Æ3 26Æ3 ± 15Æ1 0Æ007

AST (IU ⁄ L) 20Æ7 ± 7Æ4 21Æ7 ± 6Æ9 0Æ56 19Æ9 ± 6Æ1 22Æ7 ± 7Æ7 0Æ08

GGT (IU ⁄ L) 23Æ0 ± 10Æ8 29Æ7 ± 16Æ1 0Æ058 21Æ0 ± 11Æ8 33Æ3 ± 14Æ9 <0Æ001

AlP (IU ⁄ L) 215 ± 39 208 ± 45 0Æ52 210 ± 41 210 ± 45 0Æ94

Other biochemical tests

FBG (mg ⁄ dL) 89Æ5 ± 8Æ2 89Æ4 ± 9Æ4 0Æ95 88Æ2 ± 8Æ2 90Æ6 ± 9Æ5 0Æ24

Uric acid (mg ⁄ dL) 5Æ0 ± 1Æ0 5Æ8 ± 1Æ1 0Æ001 5Æ2 ± 0Æ9 5Æ9 ± 1Æ2 0Æ007

Complete blood count

RBC (106 ⁄ mm3) 5Æ4 ± 0Æ5 5Æ5 ± 0Æ4 0Æ66 5Æ4 ± 0Æ5 5Æ5 ± 0Æ4 0Æ19

WBC (103 ⁄ mm3) 7Æ7 ± 1Æ6 6Æ5 ± 1Æ8 0Æ008 7Æ0 ± 1Æ4 6Æ9 ± 2Æ2 0Æ94

Platelets (103 ⁄ mm3) 233 ± 39 254 ± 55 0Æ08 232 ± 49 261 ± 50 0Æ01

Hgb (g ⁄ dL) 15Æ4 ± 0Æ9 15Æ1 ± 0Æ9 0Æ14 15Æ2 ± 0Æ9 15Æ2 ± 0Æ9 0Æ98

Hct 0Æ46 ± 0Æ03 0Æ45 ± 0Æ03 0Æ15 0Æ45 ± 0Æ02 0Æ46 ± 0Æ03 0Æ33

MCV (fL) 85Æ3 ± 5Æ8 82Æ6 ± 4Æ8 0Æ046 84Æ2 ± 6Æ0 83Æ0 ± 4Æ6 0Æ35

MCH (pg) 28Æ5 ± 2Æ2 27Æ6 ± 2Æ0 0Æ07 28Æ3 ± 2Æ4 27Æ6 ± 1Æ9 0Æ14

Scr, Serum creatinine; BUN, blood urea nitrogen; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma

glutamylaminotransferase; ALP, alkaline phophatase; RBC, red blood cell; WBC, white blood cell; Hb, hemoglobin; Hct, haematocrit;

MCV, mean corpuscle volume; MCH, mean cell hemoglobin.
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categorized as overweight were older (Table 1) and

had higher values of some laboratory parameters

(ALT, GGT, uric acid, platelet count) (Table 2).

Pharmacokinetic parameters

The primary pharmacokinetic parameters of clop-

idogrel carboxylic acid metabolites are reported in

Table 3. Figure 1 represents the average plasma

concentration of clopidogrel carboxylate as it

changes over time after oral administration of

75 mg of clopidogrel to healthy volunteers. Data

are presented stratified according to smoking sta-

tus.

Independent of smoking status and BMI, the

plasma levels were characterized with significant

variability (CV = 42Æ8 ± 15Æ6%). The time points

with the highest and lowest variability were 0Æ25 h

(n = 68, CV = 108%) and 0Æ75 h (n = 76, CV =

35Æ7%) respectively. There was no statistically

significant difference in the variability of plasma

levels between smokers and non-smokers

[CVsmokers = 39Æ4 ± 14Æ0% vs. CVnon-smokers =

46Æ2 ± 16Æ8, P = 0Æ167 (Mann–Whitney U-test)]. On

the other hand, there was a statistically signifi-

cant difference between volunteers who were

overweight and those who had normal body

weight [CVoverweight = 51Æ1 ± 22% vs. CVnormal =

42Æ4 ± 9Æ6%, P = 0Æ042 (Mann–Whitney U-test)].

The pharmacokinetic parameters of all the par-

ticipants were characterized by considerably inter-

individual differences [Cmax = 3Æ09 ± 0Æ99 lg ⁄ mL

(CV = 32%), Tmax = 0Æ76 ± 0Æ24 h (CV = 31Æ6%),

AUC0 fi ¥ = 7Æ98 ± 3Æ58 lg ⁄ h ⁄ mL (CV = 44Æ8%),

and t1 ⁄ 2e = 7Æ38 ± 4Æ1 h (CV = 55Æ6%)]. Smokers

had lower AUC0 fi ¥ (P < 0Æ001) and shorter half-

life (P = 0Æ001). Smoking behaviour had no influ-

ence on Cmax (P = 0Æ3) nor on Tmax (P = 0Æ7)

(Table 3). There was no statistically significant

difference in Cmax, AUC0 fi ¥, Tmax and t1 ⁄ 2e

between overweight and normal body weight

volunteers.

As significant differences between smokers and

non-smokers were found for variables such as

height, BMI, total serum protein, uric acid, WBC

and MCV, it was necessary to account for the

possible contribution of these co-variables to the

explanation of the significant differences found for

t1 ⁄ 2e and AUC0 fi ¥. Accordingly, a correlation

study for t1 ⁄ 2e and AUC0 fi ¥ against those vari-

ables and an ANCOVAANCOVA analysis was performed.

There was weak but statistically significant cor-

relation between t1 ⁄ 2e and serum uric acid

(r2 = 0Æ25, P = 0Æ03) and total protein (r2 = 0Æ29,

P = 0Æ01) but not WBC count (r2 = )0Æ18, P = 0Æ13)

or MCV (r2 = )0Æ09, P = 0Æ42) (Table 4). GLM

revealed that interactions between smoking and

Table 3. Pharmacokinetic parameters of clopidogrel carboxylic acid metabolite in Jordanian healthy volunteers after

oral administration of 75 mg of clopidogrel

Parameter All

Smoking habit BMI

Smokers

(n = 27)

Non-smokers

(n = 49) P

Normal BMI < 25

(n = 37)

Abnormal

BMI ‡ 25 (n = 39) P

Cmax (lg ⁄ mL) 3Æ09 ± 0Æ99 2Æ93 ± 0Æ95 3Æ17 ± 1Æ02 0Æ30 3Æ14 ± 0Æ89 3Æ02 ± 1Æ09 0Æ61

T max (hour) 0Æ76 ± 0Æ24 0Æ75 ± 0Æ19 0Æ77 ± 0Æ26 0Æ77 0Æ74 ± 0Æ18 0Æ78 ± 0Æ29 0Æ38

AUC0 fi ¥ (lg ⁄ h ⁄ mL) 7Æ98 ± 3Æ58 6Æ24 ± 2Æ32 8Æ93 ± 3Æ80 0Æ001 7Æ83 ± 3Æ19 8Æ11 ± 3Æ95 0Æ73

t1 ⁄ 2e (h) 7Æ38 ± 4Æ10 5Æ46 ± 2Æ99 8Æ43 ± 4Æ26 0Æ001 6Æ72 ± 3Æ63 8Æ00 ± 4Æ45 0Æ17
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Fig. 1. Average plasma drug concentration vs. time

profile determined after oral administration of clopido-

grel (dose 75 mg) to smokers [mean)SD, open circles (o),

n = 27] and non-smokers [mean + SD, closed squares

( ), n = 48].
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serum uric acid (P = 0Æ12) and total protein

(P = 0Æ51) were not significant and that smoking

was the only independent variable (P = 0Æ045) that

decreased t1 ⁄ 2e by 2Æ01 h on average.

There was weak but statistically significant cor-

relation between AUC0 fi ¥ and total protein

(r2 = 0Æ25, P = 0Æ03) but not serum uric acid

(r2 = 0Æ151, P = 0Æ192), WBC count (r2 = )0Æ112,

P = 0Æ337) or MCV (r2 = 0Æ081, P = 0Æ485). GLM

revealed that interaction between smoking and

total protein (P = 0Æ554) was not significant and

that smoking was the only independent vari-

able (P = 0Æ01) that decreases AUC0 fi ¥ by

2Æ2734 lg ⁄ h ⁄ mL on average.

None of the pharmacokinetic parameters corre-

lated with volunteers’ age, height, weight or BMI

(Table 4). Besides, none of the laboratory parame-

ters was associated with any of the pharmacoki-

netic parameters. There was no statistically

significant difference in Cmax, AUC0 fi ¥, 0max and

t1 ⁄ 2e between volunteers with abnormal body

weight and normal body weight.

DISCUSSION

Clopidogrel is an important anti-platelet agent

useful in the primary and secondary prevention of

cardiovascular complications especially among

patients unable to take aspirin. In patients who

undergo percutaneous coronary intervention, dual

antiplatelet therapy consisting of aspirin and

clopidogrel is the regimen of choice to prevent

thrombotic complications (3, 19–21). Following oral

administration, clopidogrel is rapidly absorbed and

undergoes extensive hepatic metabolism (18). The

parent drug is inactive and hepatic biotransfor-

mation is necessary for its antiplatelet activity

(22, 23). The inactive carboxylic acid metabolite is

the most abundant species found in plasma at high

concentrations (18).

Pharmacokinetic studies of clopidogrel have

been performed by measuring plasma levels of

either the parent drug (24, 25) or the carboxylic acid

metabolite as an indirect approach (16, 18, 26–29). It

has been proposed that information on the

absorption and elimination of clopidogrel after oral

administration can be derived from the pharma-

cokinetics of the carboxylate metabolite (18). It has

been reported (18) that there is a dose-proportional

increase in Cmax in the range of 50–150 mg. In a

study conducted by von Beckerath et al. (30)

increasing the dose of clopiogrel from 300–600 mg

resulted in higher plasma concentrations of the

active metabolite, clopidogrel and the carboxyl

metabolite and lower values of ADP-induced

(5 and 20 lMM) platelet aggregation 4 h after drug

administration. This has been substantiated by the

linear correlation found between Cmax of clopido-

grel and its carboxylic metabolite (31).

The current study aimed to evaluate the effect of

smoking on pharmacokinetic parameters of clopi-

dogrel, as smoking has been associated with

platelet hyperactivity (32, 33) and increased car-

diovascular risk (14). Additionally, smoking is

strongly and independently associated with aspirin

resistance (34).

This study revealed that clopidogrel carboxylate

had a significantly different pharmacokinetic

profile in smokers. Smokers had a clopidogrel

AUC0 fi ¥ 30% lower and a half-life 35% shorter

than non-smokers. It has been suggested that

smoking may change a drug’s pharmacokinetics

through higher gastric secretion (35, 36) and

decreased gastric blood flow (37–39). It is unlikely

that the effects of smoking on stomach acidity and

gastric blood supply contributed to the observed

difference in AUC0 fi ¥ and half-life of clopidogrel

as Cmax was not different between smokers and

non-smokers. On the other hand, smoking has been

found to interfere with a variety of CYP isoforms;

Table 4. Pearson correlation

coefficient between pharmaco-

kinetic parameters and volunteers’

demographics (age, height, weight

and body mass index) (n = 75)

Age Height Weight BMI

Pearson P Pearson P Pearson P Pearson P

Cmax 0Æ05 0Æ62 )0Æ03 0Æ73 )0Æ13 0Æ23 )0Æ14 0Æ19

Tmax 0Æ16 0Æ14 )0Æ09 0Æ40 0Æ005 0Æ96 0Æ09 0Æ40

AUC0 fi ¥ )0Æ08 0Æ44 )0Æ05 0Æ66 )0Æ07 0Æ49 )0Æ05 0Æ61

t1 ⁄ 2el )0Æ20 0Æ08 )0Æ04 0Æ68 0Æ003 0Æ97 0Æ04 0Æ70
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to induce CYP1A2 (40–45), to interact with

CYP2C19 (46) and to increase the expression of

CYP3A5 (47, 48). It has also been suggested that

smoking may increase renal clearance of drugs by

induction of a renal transport protein (49). Genetic

polymorphism of some isoenzymes, along with

others implicated in the observed pharmacoki-

netic ⁄ pharmacodynamic variability of clopidogrel

include: CYP2C19(50); CYP1A2 (51); CYP3A4 ⁄ 5,

2B6 (52, 53);and MDR1 (54).

This is the first study in which the pharmaco-

kinetics of clopidogrel have been assessed in a

relatively large population of overweight- and

normal-weight patients after administration of a

single oral dose 75 mg of clopidogrel. Dirk et al.

(55) assessed the effect of BMI on platelet aggre-

gation ‡2 h after administration of a high loading

dose 600 mg of clopidogrel in a large population

(n = 402) of overweight (BMI ‡ 25 kg ⁄ m2) and

normal-weight (BMI < 25 kg ⁄ m2) patients before

percutaneous coronary intervention. The research-

ers found that ADP-induced platelet aggregation

was significantly higher in overweight than in

normal-weight patients (P < 0Æ001). Additionally,

Angiolillo et al. (56) showed increased platelet

aggregation and a higher prevalence of inadequate

clopidogrel responders in overweight patients

measured after administration of a standard load-

ing dose 300 mg of clopidogrel. It has been sug-

gested that higher values of agonist-induced

platelet aggregation in overweight patients may be

accounted for by factors such as increased levels of

platelet cytosolic calcium (57) or decreased activity

of cytochrome P450 3A4 (58), which is necessary

for hepatic biotransformation of clopidogrel into its

active metabolite. Our study was not able to detect

differences in any of the pharmacokinetic param-

eters between volunteers with normal body weight

and abnormal body weight. However, the differ-

ence in BMI between the two groups was small

(26Æ9 ± 1Æ0 vs. 23Æ1 ± 1Æ6).

Pharmacokinetics and potential reasons for

variability

This is the largest pharmacokinetic study of clopi-

dogrel among healthy volunteers. It is noticeable

that primary kinetic parameters (Cmax, Tmax, t1 ⁄ 2,

AUC) were closely parallel to those for other pop-

ulations (16, 18, 27, 29). Plasma concentrations at

different time-points showed significant inter-

individual pharmacokinetic variability with coeffi-

cient of variability ranging from 35Æ7 to 108% for

the first 24 h. Similarly, significant variability in the

primary kinetic parameters (Cmax, Tmax, t1 ⁄ 2, AUC)

have been reported with coefficient of variability

ranging from 31Æ5 to 55Æ4%. The findings are

in accordance with variability reported for Cmax

[CV ranged from 23Æ4 (18) to 45Æ7% (27)], Tmax

[CV ranged from 33Æ3 (29) to 37Æ5% (18)], t1 ⁄ 2e [CV

ranged from 21Æ9 (18) to 37Æ3% (16)] and AUC0 fi ¥

[CV ranged from 18Æ5 (29) to 23Æ9% (18)].

A recently systematic review revealed a marked

inter-individual variability in clopidogrel’s inhibi-

tion of ADP-induced platelet aggregation (6, 7). It is

estimated that 20% of patients undergoing percu-

taneous coronary intervention will show laboratory

clopidogrel non-responsiveness and an increased

risk of clinical ‘non-responsiveness’, and thus,

increased cardiovascular risk (6). The underlying

mechanism of clopidogrel resistance is still unclear.

The pharmacokinetic variability observed by us and

others may explain the high inter-individual vari-

ability in ADP-induced inhibition of platelet aggre-

gation to clopidogrel. Inter-individual differences in

the activity of the cytochrome P450 isoenzymes 3A4

and 3A5 that metabolize the inactive clopidogrel

prodrug to its active thiol form, have been suggested

as the cause of response variability (51, 59–62).

Additionally, polymorphisms of P2Y1 and P2Y12

genes, differences in receptor expression or post-

transcriptional regulation or in the downstream

signalling cascades have also been proposed as

possible explanations for inter-individual variation

in ADP-induced response to P2Y12 inhibition with

clopidogrel (63–65).

LIMITATIONS

The findings of this study are limited by the use of

healthy volunteers. This population does not reflect

well patients in community practice with multiple

medical problems and on long lists of medications.

Still, the inclusion criteria allowed investigation of

the influence of smoking and abnormal body

weight because of lack of interfering treatments

and ailments. However, the study only explored

the effect of a small mean difference in body

weight. Further research has to include women as

gender has a pronounced effect on cytochrome
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(CYP) 3A4 activity (42). Additionally, the study

assumed that changes in clopidogrel carboxylate

mirror changes in the active thiol metabolite.

Clearly, more research is needed to clarify the

effect of smoking and BMI on the pharmacokinetics

of the active thiol metabolite of clopidogrel and on

the clinical effects of any differences observed.

CONCLUSION

In conclusion, this study shows that the smoking

behaviour affects the pharmacokinetics of clopi-

dogrel given as a single 75 mg dose to healthy

young men. The demonstrated significant effect of

smoking on the pharmacokinetics of clopidogrel

carboxylate provides a possible mechanism for

clopidogrel resistance. This current study provides

an additional mechanism by which smoking may

increase the risk of cardiovascular complications in

patients receiving clopidogrel. Our results add

weight to recommendations for abstaining from

smoking. A 2-week smoking cessation has been

shown to be sufficient to improve platelet aggre-

gability of long-term smokers (66).
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