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The most widely prescribed oral antiplatelet agent, clopidogrel, shows high interindividual variability resulting 
in an increased risk of cardiovascular events in the patients with reduced platelet inhibition. The purpose of this 
study was to investigate the role of the P-glycoprotein (P-gp) efflux pump in limiting the intestinal permeability of 
clopidogrel and the effect of a β-blocker, namely, carvedilol, on its intestinal transport. Effective permeabilities 
(Peff) of clopidogrel and carvedilol were investigated in the proximal jejunum and distal ileum of rats using an in 
situ intestinal perfusion model. Peff values of clopidogrel and carvedilol were found to be concentration dependent 
with decreased Peff values at the low perfusate concentrations. Coperfusion with the P-gp inhibitors verapamil 
(100 μM) and carvedilol (10 μM) significantly increased the Peff of clopidogrel in the jejunum (8.31±0.20 x 10-5 
and 6.98±0.75 x 10-5 vs. 3.60±0.51 x 10-5, respectively) and ileum (9.08±2.19 x 10-5 and 8.35±1.58 x 10-5 vs. 
3.85±0.15 x 10-5, respectively). However, at the highest concentration tested (30 μM), clopidogrel exhibited 3 and 
1.4 times higher Peff than those of metoprolol, an FDA high permeability reference standard, in the jejunum and 
ileum, respectively. Overall, this study indicates that the efflux function appears not to have a significant impact 
on the in vivo intestinal absorption of clopidogrel due to the saturation of P-gp, suggesting no clinically relevant 
interaction between carvedilol and clopidogrel mediated through P-gp at intestinal level.

1. Introduction
Nowadays, clopidogrel (Table) is the most widely prescribed oral 
antiplatelet agent used either alone or in combination with aspirin 
as dual therapy in the treatment of atherothrombotic cardiovascular 
disorders and prevention of stroke (Small et al. 2010; Jiang et al. 
2015). It is a prodrug that needs to be converted in vivo into its active 
metabolite in a two step process in which the hepatic cytochrome 
P450 (CYP) isoenzymes, namely, CYP1A2, CYP2B6, CYP2C9, 
CYP2C19, and CYP3A4, 5, and as recently emerged, the paraoxonase 
1 (PON1) are involved (Sangkuhl et al. 2010; Bouman et al. 2011). 
The active metabolite inhibits the adenosine diphosphate (ADP) 
mediated platelet activation and aggregation via the antagonism of 
ADP receptor, P2Y

12
 (Savi and Herbert 2005). However, the platelet 

response to clopidogrel shows high interindividual variability, and 
the patients with reduced platelet inhibition have an increased risk 
for cardiovascular events due to the poor response to clopidogrel 
(Frelinger et al. 2013). It has been estimated that 20-40% of the 
population is resistant to clopidogrel (Sangkuhl et al. 2010). On the 
other hand, bleeding complications are also known (Fu et al. 2016). 
Alterations in the intestinal absorption and metabolic activation 
have been suggested as possible determinants of the variability in the 
response to clopidogrel (Frelinger et al. 2013; Wang et al. 2015b). 
CYP2C19 plays a central role in the metabolism of clopidogrel, and 
genetic polymorphisms in CYP2C19 have been found to strongly 
correlate with the increased cardiovascular event rates (Jiang et al. 
2015). Most recently, several studies have suggested that the vari-
abilities in CYP3A4, 5, CYP2C9 and the esterase PON1 activities 
are also associated with the poor response to clopidogrel (Bouman 
et al. 2011; Brandt et al. 2007; Park et al. 2013; Hokimoto et al. 
2014). However, the effects of CYP3A4, CYP3A5 and PON1 activi-
ties on clopidogrel response are still elusive (Hokimoto et al. 2014; 
Kreutz et al. 2013; Mega et al. 2016). A significant portion of the 
variability is complex and due to still unknown factors (Frelinger 
et al. 2013). The nongenetic factors influencing clopidogrel 

response include possible drug-drug interactions (DDIs), diet, 
smoking, ethnicity, gender, age, body mass index, drug compliance 
and coexisting diseases (Frelinger et al. 2013; Xie et al. 2011). 
Emerging evidence indicates that proton pump inhibitors (e.g. 
omeprazole), calcium channel blockers (CCBs) and certain statins 
attenuate the antiplatelet effect of clopidogrel by inhibiting the 
hepatic CYP2C19 and CYP3A4 isoenzymes with an increased risk 
of recurrent myocardial infarction and death (Guérin et al. 2016; 
Gremmel et al. 2015; Pelliccia et al. 2015). 
In addition, clopidogrel has been identified as a substrate of 
P-glycoprotein (P-gp), a membrane efflux pump associated with 
multidrug resistance 1 (MDR1, ABCB1) gene, suggesting that the 
intestinal absorption is limited by P-gp mediated efflux, and a part 
of the interindividual variability in clopidogrel response might be 
explained by MDR1 genotype related differences in functional 
P-gp expression (Taubert et al. 2006). However, this issue remains 
controversial in recent studies considering ABCB1 genotypes and 
the clinical outcomes of the patients receiving clopidogrel (Jaitner 
et al. 2012; Price et al. 2012). Hence, the significance of the fact 
that clopidogrel is a substrate for the intestinal efflux by P-gp 
remains to be further investigated. Moreover, comedication of 
clopidogrel with the drugs that also interfere with P-gp transporter 
might affect the pharmacokinetics (PKs) and antiplatelet effect 
of clopidogrel. Carvedilol (Table) is a nonselective β-blocking 
agent with α1-adrenergic antagonist activity. Compared with 
other antihypertensive drugs, it has been used as a cardioprotec-
tive agent (Leonetti and Egan 2012), and widely co-administered 
with clopidogrel in patients with chronic heart failure. A previous 
investigation indicated that P-gp is likely to be one of the deter-
minants of carvedilol disposition in humans (Bachmakov et al. 
2006). Moreover, carvedilol was shown to significantly inhibit the 
P-gp function and contribute to drug interactions such as digoxin-
carvedilol and cyclosporine-carvedilol (Aiba et al. 2005; Amioka 
et al. 2007). However, there are no reports regarding the potential 
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effect of carvedilol on the PKs and pharmacodynamics (PD) of 
clopidogrel mediated by P-gp.
The purpose of this study was to investigate the role of P-gp in 
clopidogrel intestinal permeability and the potential effect of 
carvedilol on its intestinal transport when both are administered 
together. The regional dependent intestinal permeability and the 
role of P-gp efflux pump in modulating the intestinal transport of 
carvedilol and clopidogrel were investigated by an in situ intestinal 
perfusion technique in rats.

2. Investigations and results

2.1.  Regional differences in permeability across the rat 
small intestine

Effective permeability (P
eff

) values of carvedilol and clopidogrel 
obtained following the perfusion of proximal jejunum and distal 
ileum of rats with buffers containing different initial carvedilol 
and clopidogrel concentrations are presented in Figs. 1 and 2, 
respectively. P

eff
 values of carvedilol in the proximal jejunum and 

distal ileum were in the range of 1.19±0.18-4.05±0.58 x 10-5 and 
2.45±0.31-9.43±2.45 x 10-5 cm/s, respectively, while the corre-
sponding P

eff
 values of clopidogrel were 1.22±0.06-10.7±1.1 x 10-5 

and 1.38±0.11-11.5±1.4 x 10-5 cm/s, respectively. Both carvedilol 
and clopidogrel were found to be stable in the perfusate fluids, and 
displayed a concentration dependent permeability with decreased 
P

eff
 values following the perfusion of low initial concentrations. 

At the highest concentration tested, carvedilol (10 μM) exhibited 
similar P

eff
 values in comparison to metoprolol, the US Food and 

Drug Administration (FDA) high permeability reference standard 
in the proximal jejunum (4.05±0.58 x 10-5 vs. 3.53±0.62 x 10-5 
cm/s, p = 0.298) and distal ileum (9.43±2.45 x 10-5 vs. 8.46±0.97 x 
10-5 cm/s, p = 0.554), while P

eff
 values of clopidogrel (30 μM) were 

3 and 1.4 times higher than those of metoprolol in the proximal 
jejunum (10.7±1.1 x 10-5 vs. 3.53±0.62 x 10-5 cm/s) and distal ileum 
(11.5±1.4 x 10-5 vs. 8.46±0.97 x 10-5 cm/s), respectively. P

eff
 values 

of carvedilol in the distal ileum were 1.4-2.3 times higher than 
those in the proximal jejunum, suggesting a segmental dependent 
permeability, and thus an intestinal regional dependency for the 
absorption of carvedilol. The in situ P

eff
 values of clopidogrel in the 

proximal and distal segments of rat intestine were comparable. No 
significant differences (p > 0.05) were found between P

eff
 values in 

the jejunum and ileum except for the case following the intestinal 
perfusion of 10 μM clopidogrel where P

eff
 was 1.6 times higher in 

the jejunum than the ileum. 

2.2. Effect of P-gp inhibition on intestinal permeability 
For carvedilol and clopidogrel, comparison of P

eff
 values obtained 

following the perfusion of carvedilol or clopidogrel alone, together 
and in the presence of a known P-gp inhibitor, verapamil, in the 
proximal jejunum and distal ileum are presented in Figs. 3 and 
4, respectively. Coperfusion of neither verapamil (100 μM) nor 
clopidogrel (20 μM) significantly affected the P

eff
 of carvedilol 

in the jejunum and ileum due to the saturation of intestinal P-gp 
following the perfusion of 10 μM carvedilol (p = 0.637 and 0.943 
for coperfusion with verapamil, and p = 0.467 and 0.362 for coper-
fusion with clopidogrel in the jejunum and ileum, respectively.) 
However, verapamil (100 μM) and carvedilol (10 μM) increased 
the P

eff
 of clopidogrel approximately 2 times in the proximal 

jejunum (8.31±0.20 x 10-5 and 6.98±0.75 x 10-5 vs. 3.60±0.51 x 
10-5, respectively) and distal ileum (9.08±2.19 x 10-5 and 8.35±1.58 
x 10-5 vs. 3.85±0.15 x 10-5, respectively). 

3. Discussion
It is well known that P-gp may play a central role in the PKs of 
many P-gp substrate drugs, and ultimately their clinical responses 
(Ieiri 2012; Lin and Yamazaki 2003). P-gp expressed in the intes-
tinal epithelial cells has been shown to affect the intestinal absorp-
tion and oral bioavailability (BA) of some P-gp substrate drugs due 
to intestinal efflux (Varma et al. 2005). 

Fig. 1:  Effective permeability (P
eff

, cm/s) values obtained for different perfusate con-
centrations of carvedilol in comparison to metoprolol (10 μM) following in 
situ intestinal perfusion to the rat proximal jejunum and distal ileum. Data are 
presented as the mean±SD, n = 3 in each experimental group.

Fig. 2:  Effective permeability (P
eff

, cm/s) values obtained for different perfusate con-
centrations of clopidogrel in comparison to metoprolol (10 μM) following in 
situ intestinal perfusion to the rat proximal jejunum and distal ileum. Data are 
presented as the mean±SD, n = 3 in each experimental group.

In the present study, the potential drug-drug interaction (DDI) 
between clopidogrel and carvedilol via the competition for intes-
tinal P-gp was characterized. The nonselective β-blocker carvedilol 
is the drug of choice used in coronory heart disease (Rosendorff et 
al. 2015), while clopidogrel is the most widely prescribed anti-
platelet drug worldwide (Topol and Schork 2011). Studies have 
reported a highly variable antiplatelet response among clopidogrel 
treated patients (Sangkuhl et al. 2010; Frelinger et al. 2013). This 
is the first demonstration of regional dependent contribution of 
P-gp transporter to the intestinal permeability of clopidogrel and 
carvedilol using in situ rat intestinal perfusion. It was previously 
demonstrated that the rat perfusion model provides a better under-
standing of the factors that control the intestinal absorption of 
drugs in humans based on the correlation between the human and 
rat intestinal permeabilities of drugs (Fagerholm et al. 1996; Cao et 
al. 2006). Indeed, rat and human show similar transporter expres-
sion patterns in the intestine, and there is a reasonable correlation 
in transporter expression levels between rat and human small 
intestine (Cao et al. 2006). Therefore, rat permeability data can be 
used to predict in vivo intestinal absorption in humans regardless 
of the difference in the drug’s bioavailability and metabolism in 
two different species (Cao et al. 2006; Kim et al. 2006; Lennernäs 
2007). Studies on rat and human intestine demonstrated that the 
functional expression of P-gp increases approximately 6 times 
from proximal to distal regions of the small intestine in both 
rats and humans (Cao et al. 2005; Englund et al. 2006). It was 
indicated that the expression of P-gp varies along the intestine, 
with moderate expression in the duodenum and jejunum, highest 
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Fig. 3:  Effective permeability (P
eff

, cm/s) values obtained for carvedilol (10 μM) fol-
lowing in situ intestinal perfusion to the rat proximal jejunum and distal ileum. 
Experimental groups include (left to right) a. 20 μM clopidogrel b. 100 μM 
verapamil c. No inhibitors. Data are presented as the mean±SD, n = 4 in each 
experimental group. 

Fig. 4:  Effective permeability (P
eff

, cm/s) values obtained for clopidogrel (20 μM) 
following in situ intestinal perfusion to the rat proximal jejunum and distal 
ileum. Experimental groups include (left to right) a. 10 μM carvedilol b. 100 
μM verapamil c. No inhibitors. Data are presented as the mean±SD, n = 4 in 
each experimental group.

expression in the ileum, and then a decrease in expression through 
the colon (Englund et al. 2006; Tamura et al. 2003). However, 
discrepancies in P-gp expression between human and rat intestine 
were also reported. The comparison of the expression levels of the 
MDR1 transporter between humans and rats revealed that the rela-
tive expression level of P-gp in human duodenum was consider-
ably higher than that in the rat duodenum, while its expression in 
the human colon was equal to one half the expression level in the 
rat colon (Cao et al. 2006; Kim et al. 2007). Therefore, the lower 
expression of P-gp in the proximal regions of rat intestine may 
lead to a lesser role for this transporter in the absorption of P-gp 
substrates from the proximal segments in the rat model compared 
to human (Dahan et al. 2009a). However, this experimental model 
in rats has been widely used to investigate the P-gp efflux involved 
in the transepithelial transport of drugs along the entire small 
intestine based on the similarity in P-gp expression patterns and 
the membrane structure similarity between human and rat intes-
tine (Cao et al. 2005; Dahan et al. 2009b, c). Thus, the present 
perfusion study clarified the impact of P-gp efflux on the intestinal 
transport of these two drugs. Both carvedilol and clopidogrel 
exhibited significant concentration dependent increases in perme-
ability values in rat intestine. Higher concentrations of clopidogrel 
and carvedilol resulted in higher intestinal permeability, consistent 
with the saturation of the efflux transporter. P-gp inhibition by 
either carvedilol or verapamil had a significant effect on the intes-

tinal permeability of clopidogrel with a significant increase in its 
jejunal and ileal P

eff
 values. The inhibitory effect of carvedilol on the 

P-gp drug efflux pump has been demonstrated before by the other 
investigators where a concomitant use of carvedilol decreased the 
oral clearance of digoxin by half and resulted in digoxin toxicity 
in pediatric patients (Ratnapalan et al. 2003). In another study, a 
single oral dose of 25 mg carvedilol significantly increased the 
plasma concentrations of orally administered digoxin in healthy 
adults (De Mey et al. 1990). Moreover, MDR1 mediated reversing 
effect of carvedilol was shown to be similar to that of the specific 
P-gp inhibitor, verapamil, indicating that carvedilol is a candidate 
modulator of MDR1 in clinical use and may alter the PKs of drugs 
and cause P-gp mediated DDIs (Amioka et al. 2007; Kakumoto et 
al. 2003). The present study also demonstrated that the inhibitory 
effect of carvedilol was comparable with that of verapamil.
Previously, the uptake and efflux experimental data in Caco-2 cells 
consistently demonstrated that the efflux clearance of clopidogrel is 
driven by the efflux transporter, P-gp (Taubert et al. 2006). Taubert 
et al. provided evidence that P-gp is a key factor for the intestinal 
absorption of clopidogrel and MDR1 C3435T genotype is a poten-
tial predictor of clopidogrel PKs. The clinical PK study conducted 
in patients undergoing percutaneous coronary intervention (PCI) 
revealed that following the administration of a single clopidogrel 
dose (300 or 600 mg), the peak plasma concentration (C

max
) and area 

under the plasma concentration-time curve (AUC) values of clopi-
dogrel and its active metabolite were significantly lower in patients 
with the 3435T/T genotype compared with the carriers of 3435C/T 
and 3435C/C as a result of enhanced intestinal efflux due to a higher 
P-gp expression associated with the 3435T/T genotype (Taubert 
et al. 2006). The result was also supported by other studies where 
C3435T polymorphism of the MDR1 gene significantly affected the 
PKs of clopidogrel, its inactive and active metabolites, as well as 
the clinical outcomes in patients with an acute coronary syndrome 
(Wang et al. 2015b; Mega et al. 2010). However, it is evident that 
there are some contradictory results regarding the genetic variations 
of P-gp involved in clopidogrel therapy (Frelinger et al. 2013; Jaitner 
et al. 2012; Price et al. 2012; Braun et al. 2013; Karaźniewicz-Łada 
et al. 2014). In a rigorously controlled study, no associations were 
observed between the MDR1 C3435T polymorphism and clopido-
grel PK or PD endpoints (Frelinger et al. 2013). In another study, 
the generation of active metabolite or on-treatment platelet reactivity 
(OPR) was found not to be affected by MDR1 genotype (Braun et 
al. 2013). Whereas, a recent study demonstrated that the presence of 
C3435T polymorphism had an impact on clopidogrel PKs, but not 
on its PDs (Karaźniewicz-Łada et al. 2014). These conflicting find-
ings on the impact of MDR1 C3435T mutation on cardiovascular 
outcomes were evaluated in two meta-analyses (Su et al. 2012; Luo 
et al. 2012). However, the association between the ABCB1 C3435T 
polymorphism and platelet activity and the other risk of poor clinical 
outcomes were found not to be significant (Su et al. 2012; Luo et 
al. 2012). Additionally, other efflux membrane transporters such as 
multidrug resistance associated protein 2 and the breast cancer resis-
tance protein were shown not to interfere in the efflux mechanism of 
clopidogrel (Taubert et al. 2006). 
Consistent with the previous report (Taubert et al. 2006), the present 
study clearly indicated that P-gp mediated efflux is involved in 
the intestinal epithelium transport of clopidogrel, and the inhibi-
tion by carvedilol had a significant effect on the P

eff
 of clopidogrel 

following the perfusion of low clopidogrel concentration in the 
rat model. However, the efflux effect may not always be clini-
cally or practically significant in the outcome (Ogihara et al. 2006; 
Custodio et al. 2008). Cao et al. (2005) showed that P-gp plays a 
minimal role in the intestinal absorption of the high permeability 
P-gp substrate drugs like verapamil. In the present study, the 
perfusate concentration of clopidogrel was in the range of 2-30 
μM which was extremely below the hypothetical gastrointestinal 
(GI) concentrations (932 and 3,728 μM) based on the daily dose 
(75 mg) and the highest dose strength (HDS) (300 mg) of clopi-
dogrel dissolved in 250 mL water, the acceptable gastric volume 
following oral drug ingestion. Thus, P-gp efflux function appears 
not to have a significant impact on the rate and extent of in vivo 
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intestinal absorption of clopidogrel at therapeutic doses which 
represent high GI concentration, and thereby the saturation of the 
efflux pump. In this study, the intestinal efflux was found to be 
saturated at the highest clopidogrel concentration tested (30 μM) in 
the perfusion solution. Moreover, the in situ P

eff
 of clopidogrel was 

found to be higher than that of metoprolol, an FDA high perme-
ability reference standard. The same case was also evident for 
carvedilol where the drug concentration in the perfusion solution 
(1-10 μM) was extremely below the hypothetical drug concentration 
(246 μM) based on HDS (25 mg) of carvedilol. P

eff
 of carvedilol 

was found to be similar to that of metoprolol in both jejunum and 
ileum following the perfusion of intestine with the highest initial 
drug concentration (10 μM). Therefore, P-gp inhibition appears not 
to be clinically significant in the concomitant use of clopidogrel 
and carvedilol at therapeutic doses due to saturation of the efflux 
mechanism at the intestinal level. However, the efflux effect may 
be present at the lower intestinal concentrations of clopidogrel, and 
may be compensated by the concomitant use of carvedilol, a P-gp 
inhibitor resulting in a beneficial effect in the treatment. In addition, 
very little is known regarding the P-gp mediated DDIs of clopidogrel 
and its contribution to the variability in the intestinal absorption of 
clopidogrel in humans (Wang et al. 2015a). Harmsze et al. (2010) 
investigated the effect of co-administration of P-gp inhibiting CCBs 
(verapamil, nifedipine, diltiazem, barnidipine) or non-P-gp inhib-
iting CCB (amlodipine) on the OPR of clopidogrel in patients on 
dual antiplatelet therapy after elective PCI. Both P-gp and non-P-gp 
inhibiting CCBs increase OPR due to the known CYP3A4 inhibition 
by CCBs. However, only amlodipine was associated with the poor 
response to clopidogrel (Harmsze et al. 2010). 
Previous studies on clopidogrel clearly demonstrated that common 
and functional polymorphisms in CYP isoenzymes are mainly 
responsible for clopidogrel PKs and responsiveness (Brandt et al. 
2007). In vitro enzyme kinetics studies revealed that CYP1A2 (35.8 
%), CYP2B6 (19.4 %) and CYP2C19 (44.9 %) contribute to the 
formation of 2-oxoclopidogrel intermediate metabolite, whereas 
CYP2B6 (32.9 %), CYP2C9 (6.76 %), CYP2C19 (20.6 %) and 
CYP3A4 (39.8 %) contribute to the formation of the active metabo-
lite (Kazui et al. 2010). It is evident that clopidogrel has a great 
chance of interactions with other drugs sharing the same metabo-
lism pathways. Carvedilol also undergoes substantial oxidative 
metabolism mediated by CYP2D6, with possible contributions by 
CYP1A2, CYP2C9, CYP2E1 and CYP3A4 (Shihmanter et al. 2014; 
Oldham and Clarke 1997). Therefore, the question arises whether 
carvedilol interferes with clopidogrel metabolism at the level of 
CYP isoenzymes, which needs to be investigated in future studies. 
The present study demonstrated for the first time that carvedilol 
exhibited regional dependent permeability in rats, whereas clopi-
dogrel did not. Indeed, the in vivo intestinal absorption of carvedilol 
and clopidogrel are likely dominated by their high permeability 
properties leading to the saturation of intestinal P-gp. 
In general, physicochemical properties of drugs are the major 
determinants of the regional intestinal permeability. Clopidogrel 
and carvedilol are Biopharmaceutics Classification System (BCS) 
Class 2 (low solubility-high permeability) weak bases (Lassoued 
et al. 2011; Tsume et al. 2014) (Table). It is evident that the key 
determinant in the intestinal absorption of BCS Class 2 drugs is the 
drug solubility in the absorption region of the intestine (Yu et al. 
2002). Therefore, the solubilization which can be affected by the 
GI physiological factors such as pH and surfactants may contribute 
to the interindividual variability in clopidogrel absorption. Having 
ionizable groups, carvedilol and clopidogrel demonstrate a pH 
dependent solubility with decreased solubility at high pHs. 
Carvedilol (pK

a
: 7.8, log P: 4.19) (Loftsson et al. 2008; Benet et 

al. 2011) and clopidogrel (pK
a
: 4.56, log P: 3.9) (Dimopoulou et al. 

2015) are completely ionized at pH 1.2. The unionized fractions (f
u
) 

of carvedilol and clopidogrel are nearly zero up to pH 5.5 and pH 
2, respectively, and then gradually increase as pH increases giving 
the sigmoidal profiles around pH 10 and pH 6.5, respectively. The 
f

u
 values of clopidogrel in the jejunum (pH 6.0) and ileum (pH 7.4) 

are high and similar which may explain its high P
eff

 with no regional 
dependency. Therefore, the dissolution of carvedilol and clopidogrel 

are likely to be complete in the stomach (pH 1.4-2.1 (Yu et al. 2002)), 
and entering the upper intestine (pH 4.9-6.4 under fasting conditions 
(Yu et al. 2002)), they are likely to be present in a supersaturated 
state, and rapidly absorbed before precipitating at the higher pH 
values of the small intestine. It is also in agreement with the PK data 
indicating that carvedilol and clopidogrel are rapidly absorbed after 
oral administration (Neugebauer et al. 1987; Hurbin et al. 2012). 
Carvedilol’s fraction of dose absorbed in humans was reported to be 
65% with the absolute BA of 24% due to the high first-pass effect 
(Neugebauer et al. 1987; Varma et al. 2012), while the absorption of 
clopidogrel is at least 50% based on the urinary excretion of clopi-
dogrel metabolites (Hurbin et al. 2012). However, the significant 
degree of metabolism contributes to the low systemic exposure of 
intermediate and active metabolites of clopidogrel following oral 
administration. Upon absorption, hepatic carboxylesterase 1 (CE1) 
rapidly degrades approximately 85% of absorbed clopidogrel to 
an inactive carboxylic acid derivative (Huttunen et al. 2011). CYP 
isoenzymes metabolize the remaining (15%) to produce 2-oxoclopi-
dogrel. Half of the intermediate metabolite is further metabolized to 
the pharmacologically active metabolite (Sangkuhl et al. 2010; Qiu 
et al. 2014). Furthermore, the cascading active metabolite is partly 
subjected to deactivation by CE1 in the liver (Qiu et al. 2014). 
Overall, the present study demonstrated that high membrane 
permeability of clopidogrel saturates the P-gp efflux pump along 
the intestine, subsequently resulting in good oral absorption. 
Hence, DDI between carvedilol and clopidogrel mediated through 
P-gp seems not to dominate the intestinal absorption process due 
to the saturation of efflux function at the level of intestine. On the 
other hand, the possibility of P-gp interaction cannot be completely 
ruled out for clopidogrel. It is still possible that the inhibition by 
carvediol may be a determinant for the effectiveness of clopidogrel 
therapy, because P-gp is constitutively expressed in the liver and 
other organs as well. The significance of P-gp mediated efflux in 
regard to the disposition of clopidogrel and the potential metabolic 
interaction between carvedilol and clopidogrel need to be further 
investigated to find out additional explanations to the observed 
interindividual high variability in the efficacy of clopidogrel.

Table: Chemical structures and physicochemical properties of clopi-
dogrel and carvedilol

Compound Chemical Structure pKa log P

Clopidogrel 4.56a 3.9a

Carvedilol  7.8b 4.19c

aDimopoulou et al. (2015); bLoftsson et al. (2008); cBenet et al. (2011).

4. Experimental

4.1. Materials
Carvedilol, clopidogrel bisulfate, metoprolol tartrate and verapamil hydrochloride 
were kindly supplied from Drogsan Pharmaceuticals (Ankara, Turkey), Deva Holding 
(Istanbul, Tukey), Novartis Pharma AG (Basel, Switzerland) and Abbott Laboratories 
(Istanbul, Turkey), respectively. Phenol red, calcium chloride, magnesium chloride, 
sodium dihydrogen phosphate, D-glucose, 2-morpholinoethanesulfonic acid (MES), 
4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES), potassium chloride, 
sodium chloride and HPLC grade acetonitrile were purchased from Sigma-Aldrich 
Chemie GmbH (Steinheim, Germany). All other chemicals were of analytical grade. 
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4.2. Methods

4.2.1. In situ intestinal perfusion in rats 

P
eff

 was investigated using in situ intestinal perfusion in the proximal jejunum and 
distal ileum of rats. The study protocol of animal experiments was approved by the 
Institutional Ethics Committee of Gazi University, Ankara, Turkey (G.U.ET-13.053). 
The animals were housed and handled according to the guidelines of Gazi University 
for Laboratory Animal Experimentation. Male Wistar albino rats (250-300 g) from 
Kobay Research Animal Production Laboratories (Ankara, Turkey) were used for the 
perfusion studies. Prior to each experiment, the rats fasted overnight (12-18 h) with 
free access to water. Animals were randomly assigned to the different experimental 
groups. The procedure was performed according to the previously published report 
(Incecayir et al. 2013). Briefly, rats were anesthetized with an im injection of 5 mg/
kg xylazine and 80 mg/kg ketamine, and placed on a heated surface maintained at 37 
°C. The abdomen was opened by a midline incision of 3-4 cm. The proximal jejunal 
segment (3 cm average distance of the inlet from the ligament of Treitz) or the distal 
ileal segment (3 cm average distance of the outlet from the ligament of cecum) of 
approximately 10 cm was carefully exposed and cannulated on two ends with flexible 
PVC tubing (Tygon® LFL, 2.29 mm i.d., Harvard Apparatus, Holliston, MA, US). 
Disturbance of the circulatory system was avoided. The exposed segment was kept 
moist with normal saline solution at 37 °C. All solutions were kept in a 37 °C water 
bath. The isolated segment was rinsed with normal saline solution to clean out any 
residual debris. Perfusion buffers containing 5 mM MES, pH 6.0 and 5 mM HEPES, 
pH 7.4 were used for the corresponding segments, jejunum and ileum, respectively. 
Perfusion buffers were prepared with 1 mM calcium chloride, 0.5 mM magnesium 
chloride, 145 mM sodium chloride, 1 mM sodium dihydrogen phosphate, 3 mM 
potasium chloride and 5 mM d-glucose. Drug concentrations in the perfusion solution 
were in the ranges of 1-10 and 2-30 μM for carvedilol and clopidogrel, respectively. 
Carvedilol (10 μM) was tested in the presence of verapamil (100 μM), a selective 
inhibitor of P-gp and clopidogrel (20 μM) separately. Clopidogrel (20 μM) was tested 
in the presence of verapamil (100 μM) and carvedilol (10 μM) in the separate intestinal 
perfusion studies. Phenol red (0.5 mM) was added to the perfusion buffer as a nonab-
sorbable marker for water flux measurement. Metoprolol was used as a reference stan-
dard for permeability in close proximity to the low/high permeability class boundry 
in a separate intestinal perfusion in rats. The perfusion buffers containing drug(s) and 
phenol red were perfused through the intestinal segments by a peristaltic infusion 
pump (Ecoline 8-Channel, Harvard Apparatus, Holliston, MA, US) at a flow rate of 
0.2 mL/min. After an 1 h perfusion to reach steady state, perfusion samples were taken 
in 10 min intervals for 1 h. Drug concentrations in perfusion samples were analyzed 
by an ultra performance liquid chromatography (UPLC) method. The length of each 
perfused intestinal segment was accurately measured at the end of the experiment.

4.2.2. Data analysis

The net water flux in the in situ intestinal perfusion studies was determined by the 
quantification of phenol red, a nonabsorbed and nonmetabolized marker. The C

out
/C

in
 

ratio was corrected for water transport according to Eq. (1):

C
C

C
C

C
C

out
'

in
'

out

in

in phenol re d

out phenol red

.= (1)

where C
in phenol red

 and C
out phenol red

 are equal to the concentrations of phenol red in the 
inlet and outlet samples, respectively.
P

eff
 (cm/s) through the rat gut wall was determined using the “plug flow” model 

expressed in Eq. (2) (Fagerholm et al. 1996):

P cm s
Qln C'in

π           R Leff /
'

( ) =
− ( )C out

2
(2)

where Q is the perfusion buffer flow rate (0.2 mL/min), C′
out

/C′
in
 is the ratio of the 

outlet and inlet concentrations of the tested drug that have been adjusted for water 
transport, R and L are the radius (0.2 cm) and length of the intestinal segment, respec-
tively.

4.2.3. Analytical method

The simultaneous analysis of carvedilol, clopidogrel and verapamil in perfusion 
samples with phenol red was performed using an UPLC system (An Acquity™ UPLC 
System, Waters®, Milford, MA, US) with a photodiode array UV detector (Waters®, 
Milford, MA, US) controlled by Mass Lynx V 4.1 Software. Separation was performed 
on AcquityTM BEHC

18
 column, 100 mm x 2.1 mm, 1.7 μm (Waters®, Ireland). Mobile 

phase A contained 0.1% phosphoric acid in water and mobile phase B contained 
acetonitrile with the mobile phase B gradient changing from 2 to 98% over 2.5 min. 
The flow rate was 0.25 mL/min at room temperature. Injection volume was 10 μL. 
The eluate was analyzed at a wavelength of 241 nm. Retention times were 1.6, 2.0, 
1.7 and 1.5 min for carvedilol, clopidogrel, verapamil and phenol red, respectively. 
For simultaneous analysis of metoprolol and phenol red, mobile phase A contained 
0.1% phosphoric acid in water and mobile phase B contained 0.1% phosphoric acid 
in acetonitrile with the mobile phase B gradient changing from 2 to 60% over 10 min. 
The detection wavelength of metoprolol was 275 nm. Retention times were 4.9 and 
5.4 min for metoprolol and phenol red, respectively. Standard curves generated for 
each drug were utilized for quantitation of integrated area under peaks. Calibration 
curves were linear over the range of 0.35-50 μM. The within-day and between-day 
precisions expressed as coefficient of variation were in the range of 0.6 to 2.2%. 

4.2.4. Statistical analysis

Perfusion experiments were performed in either triplicate or quadruplicate. No animals 
or data points were excluded from the reported results. The data are presented as 
mean±standard deviation (SD). The independent t test was used to assess differences 
between two groups. Differences were considered statistically significant at p < 0.05.
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