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Relevance of P-glycoprotein in 
stroke prevention with dabigatran, 
rivaroxaban, and apixaban

New oral anticoagulants (NOAC), also 
termed direct oral anticoagulants (DO-
AC), such as the thrombin inhibitor dabi-
gatran etexilate or the factor Xa inhibitors 
rivaroxaban and apixaban show similar 
efficacy for stroke prevention in patients 
with atrial fibrillation as the vitamin K an-
tagonist (VKA) warfarin [1, 2, 3]. One of 
the advantages of the NOACs, compared 
with VKAs, is said to be the lack of the ne-
cessity for laboratory monitoring and its 
lower rate of drug–drug and drug–food 
interactions; however, NOAC absorption 
is dependent on the intestinal P-glycopro-
tein system [4, 5, 6]. The aim of this re-
view is to give an overview of P-glycopro-
tein-associated drug–drug and drug–food 
interactions with special reference to the 
data on the NOACs dabigatran, rivarox-
aban, and apixaban in patients with atri-
al fibrillation.

Search strategy and 
selection criteria

A literature search was carried out by sys-
tematically screening MEDLINE for pub-
lications with the keywords dabigatran, ri-
varoxaban, apixaban, P-glycoprotein, and 
atrial fibrillation from 1998 to 2013. Ref-
erence lists and older references generat-
ed from initial papers were also consid-
ered. Randomized clinical trials, longitu-
dinal studies, case series, and case reports 
were included.

Function of P-glycoprotein

P-glycoprotein 1 (P-gp) also known as 
multidrug-resistance protein 1 (MDR1), 
ATP-binding cassette sub-family B mem-

ber 1 (ABCB1), or cluster of differentia-
tion 243 (CD243) is a glycoprotein that in 
humans is encoded by the ABCB1 gene. 
It is a well-characterized ABC transport-
er that transports a wide variety of sub-
strates across extracellular and intracellu-
lar membranes [7] and is a 160-kDa ATP-
dependent drug efflux pump for xeno-
biotic compounds with broad substrate 
specificity. It is responsible for decreased 
drug accumulation in multidrug-resistant 
cells and often mediates the development 
of resistance to anticancer drugs. P-gp is 
expressed in the intestinal epithelium, he-
patocytes, renal proximal tubular cells, 
adrenal glands, and capillary endotheli-
al cells comprising the blood–brain and 
blood–testis barrier [8]. P-gp also func-
tions as a transporter in the blood–brain 
barrier and is expressed in many cell types 
in the brain including the choroid plexus, 
astrocytes, microglia, and capillary endo-
thelium. The most important physiologi-
cal effect associated with P-gp expression 
appears to be in the luminal surface of 
capillary endothelial cells where the pro-
tein prevents the passage of drugs and tox-
ins across the capillary membrane into the 
brain [9].

Substrates of P-gp

Substrates of P-gp comprise antican-
cer drugs, human immunodeficiency vi-
rus (HIV) protease inhibitors, H2-recep-
tor antagonists, anti-gout agents, antidiar-
rheal agents, antiemetics, calcium channel 
blockers, cardiac glycosides, immuno-
suppressive agents, glucocorticoids, pes-
ticides, anthelmintics, antibiotics, antide-
pressants, antithrombotic drugs, NOACs, 

and diagnostic dyes (. Tab. 1, [10, 11, 12, 
13, 14]).

Modulators of P-gp activity

The activity of P-gp is modulated by sev-
eral drugs, herbs, and food components. 
Generally, P-gp inhibitors increase the se-
rum concentration of a substrate, where-
as P-gp inducers decrease the serum con-
centration of a substrate. As shown in 
. Tab. 1, several drugs are substrates as 
well as modulators of P-gp activity [14, 15].

Studies on pharmacokinetics and 
pharmacodynamics of drugs affecting P-
gp are impeded by the fact that there is 
considerable overlap in drug specifici-
ty for P-gp and CYP3A. Furthermore, 
many of the data are derived from in vitro 
studies or experiments with P-gp knock-
out mice, thus the clinical relevance of the 
drug–drug interaction in humans is not 
completely clarified [15]. Several drugs 
have been identified as strong P-gp inhib-
itors as listed in . Tab. 1 [14].

Food components, dietary supple-
ments, and herbal drugs, such as pheno-
lic acids and analogues, flavonoids, tan-
nins, stilbenes, curcuminoids, couma-
rins, lignans, and quinones affect the P-
gp system (. Tab. 2, [16, 17, 18, 19, 20, 21, 
22, 23, 24, 25, 26, 27, 28, 29, 30, 31]) These 
food compounds are frequently associat-
ed with beneficial health effects and are 
components of many over-the-counter 
drugs. Similarly with drug–drug interac-
tions, many of these P-gp modulating ef-
fects have only been investigated in vitro 
or in animal models and the clinical rele-
vance in humans is widely unknown.
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Additionally, P-gp displays consider-
able genetic heterogeneity. To date, more 
than 1,000 single-nucleotide polymor-
phisms for P-gp have been identified and 
the impact of these polymorphisms on 
drug metabolism is under investigation 
[32].

P-gp and the blood–brain barrier

Drugs modulating P-gp do not only influ-
ence the serum concentration of a drug 
but also the entry of substrates into sever-
al organs. That increased drug delivery to 
the brain by a P-gp inhibiting drug can be 
clinically relevant has been shown for the 
first time in humans for the antidiarrheal 
drug loperamide, which does not produce 
central nervous system effects at normal 
doses. After administration of quinidine, 
a known P-gp inhibitor, respiratory de-
pression occurred that was not explained 
by increased plasma loperamide concen-
trations [33]. However, not all substances 
identified as a substrate of intestinal P-gp 
are also a substrate of brain P-gp, as has 
been shown with methadone [34]. More-
over, there are indications of differences 
between mice and humans in substrate 
specificity of P-gp, leading to differential 
P-gp-mediated transport efficiency [35].

Clinical consequences 
of P-gp modulation

Modulation of P-gp activity in order to 
improve the delivery of drugs to the tar-
get organs is of clinical interest in oncol-
ogy and neurology, such as in epilepsy 
[36]. However, P-gp modulation can also 
become relevant as an unwanted side ef-
fect due to drug–drug or food–drug in-
teractions [15].

Several drugs used in patients with car-
diovascular disorders including atrial fi-
brillation are either substrates or modu-
lators of P-gp activity (. Tab. 1). A sur-
vey in hospitalized patients with atrial fi-
brillation showed that one or more P-gp-
modulating drugs were prescribed to 42% 
of the patients [37].

P-gp and oral 
anticoagulant drugs

The NOACs dabigatran etexilate, rivar-
oxaban, and apixaban are P-gp substrates, 
whereas the pharmacokinetics and phar-
macodynamics of vitamin K antagonists 
do not seem to be affected by the P-gp 
system [38]. The clinical impact of drug–
drug interactions between NOACs and P-
gp-modulating substances is at present 
uncertain, mainly due to the lack of data. 
Most studies investigating drug–drug in-
teractions of NOACs with P-gp-modulat-
ing drugs are from laboratories of the NO-
AC manufacturers [4, 5, 6, 39, 40, 41] and 
only few pharmacological studies from in-
dependent sources [11, 12]. No data about 
the relevance of food–drug interactions 
between NOACs and P-gp-modulating 
food components, herbal drugs, or dietary 
supplements have been published to date.

Bleeding and embolic complications 
that occurred during the three large clini-
cal trials investigating NOACs in atrial fi-
brillation patients have not been analyzed 
with respect to comedications with P-gp-
modulating drugs [1, 2, 3]. There are sev-
eral case reports of bleeding complica-
tions, mainly under the NOAC dabiga-
tran in patients with renal failure, which 
listed comedications of P-gp-inhibiting 
drugs (. Tab. 2, [42]).

Dabigatran etexilate and P-gp

Dabigatran etexilate is an oral reversible 
direct thrombin inhibitor that is rapidly 
absorbed and converted to its active form, 
dabigatran. Dabigatran has been shown to 
be a potent, competitive, and reversible in-
hibitor of thrombin, inhibiting both activ-
ity and generation of thrombin. The pre-
cursor drug dabigatran etexilate, but not 
dabigatran, is a P-gp substrate and the bio-
availability of dabigatran may be altered 
by P-gp inhibitors or inducers.

Three studies performed by the manu-
facturer of dabigatran investigated the ef-
fect of P-gp-modulating drugs on the bio-
availability of dabigatran: Concomitant 
medication with proton pump inhibitors, 
amiodarone and verapamil increased the 
bioavailability of dabigatran [40]. A fur-
ther study confirmed that verapamil in-
creased dabigatran bioavailability [4]. A 

decrease in the bioavailability of dabiga-
tran was found with concomitant intake 
of the P-gp inducer rifampicin [39]. In all 
these studies the effects of the changes in 
dabigatran bioavailability on the coagula-
tion system were not investigated. A fur-
ther independent study found that the P-
gp inhibitor clarithromycin increased dab-
igatran bioavailability from 6.5% to 10.1% 
which resulted in a proportional prolon-
gation of coagulation as measured by the 
ecarin clotting time [12]. As dabigatran 
is mainly excreted by the kidneys, con-
comitant renal insufficiency might fur-
ther increase the bioavailability of dabiga-
tran when given together with P-gp inhib-
itors. This assumption is substantiated by 
the frequent renal impairment in patients 
with bleeding complications and P-gp-in-
hibiting drugs [42].

No data are available about a potential 
influence of P-gp on dabigatran entry into 
the brain. Hypothetically, changes in the 
brain penetration of dabigatran by drugs 
affecting P-gp may not be expected as it 
is assumed that only the precursor drug 
dabigatran etexilate and not dabigatran is 
a P-gp substrate.

Rivaroxaban and P-gp

Rivaroxaban is an oral direct factor Xa in-
hibitor. Regarding the effects of drugs af-
fecting P-gp on the pharmacokinetics of 
rivaroxaban, the manufacturer performed 
a study testing various P-gp-inhibiting 
drugs in healthy volunteers. In that study 
coadministration of erythromycin, clar-
ithromycin, and fluconazole led to a 34–
54% increase in rivaroxaban plasma con-
centrations, whereas coadministration of 
ketoconazole and ritonavir led to an in-
crease of 153–158% [41]. The influence of 
these increases on blood coagulation has 
not been investigated. 

The influence of P-gp on rivaroxaban 
entry into the brain has been investigat-
ed by two studies: An animal experiment 
performed by the manufacturer in wild-
type and P-gp double-knockout mice 
demonstrated a slight increase in brain 
concentrations in P-gp double-knock-
out mice and decreased excretion into the 
gastrointestinal tract compared with wild-
type mice [5]. Another independent in vi-
tro and in vivo study using knockout mice 
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Abstract
Background.  The new oral anticoagulants 
(NOAC) dabigatran etexilate, rivaroxaban, 
and apixaban show similar efficacy for stroke 
prevention in patients with atrial fibrillation 
(AF) as the vitamin K antagonist warfarin. Ab-
sorption of NOACs is dependent on the in-
testinal P-glycoprotein (P-gp) system and P-
gp activity is modulated by a variety of drugs 
and food components.
Objective.  The aim of this review is to give 
an overview of P-gp-associated drug–drug 
and drug–food interactions with NOACs in 
AF patients.
Methods.  A literature search was carried out 
by screening MEDLINE for the terms dabiga-
tran, rivaroxaban, apixaban, P-glycoprotein, 
and atrial fibrillation from 1998 to 2013. Ran-
domized clinical trials, longitudinal studies, 
case series, and case reports were included.
Results.  Concomitant medication with pro-
ton pump inhibitors, amiodarone, clarithro-

mycin, and verapamil increased bioavailabil-
ity whereas rifampicin decreased the bio-
availability of dabigatran. Coadministra-
tion of erythromycin, clarithromycin, flucon-
azole, ketoconazole, and ritonavir increased 
rivaroxaban plasma concentrations. No data 
were found on apixaban and P-gp-modulat-
ing drugs or on NOACs and food components 
modulating P-gp. The clinical relevance of in-
teractions between NOACs and P-gp-mod-
ulating drugs or food components is large-
ly unknown as bleeding complications under 
NOACs and P-gp-inhibiting drugs are mainly 
reported from patients with concomitant re-
nal failure.
Conclusion.  There is an urgent need to in-
vestigate the role of P-gp-modulating sub-
stances as potential sources of drug–drug 
and drug–food interactions. A thorough anal-
ysis of the data accumulated in the three 
large NOAC trials regarding the role of P-gp-

modulating drugs in bleeding and embol-
ic events is desirable. Pharmacological stud-
ies should investigate the influence of P-gp-
modulating drugs and food on NOAC plas-
ma concentrations and coagulation param-
eters. When prescribing NOACs, patients 
should be informed about the potential inter-
actions with drugs and herbal drugs. Patients 
who develop bleeding or embolic events un-
der treatment with NOACs should be inves-
tigated for comedications as well as for over-
the-counter drugs and dietary habits. In post-
marketing surveillance of NOACs, the associ-
ation with drug or food intake with compli-
cations, bleeding, and embolic events should 
be registered.

Keywords
Atrial fibrillation · Anticoagulation · Proton 
pump inhibitors · Drug–drug interaction · 
Blood–brain barrier

Relevanz von P-Glykoprotein in der Schlaganfallpräven-
tion mit Dabigatran, Rivaroxaban und Apixaban

Zusammenfassung
Hintergrund.  Die neuen oralen Antikoa-
gu lanzien (NOAC) Dabigatranetexilat, Riva-
roxaban und Apixaban haben eine ähnliche 
Wirksamkeit zur Schlaganfallprävention bei 
Vorhofflimmern (AF) wie der Vitamin-K-An-
tagonist Warfarin. Die NOAC-Absorption ist 
abhängig vom P-gp (P-Glykoprotein)-System 
im Darm, das durch eine Vielzahl von Medi-
kamenten und Nahrungsmittelkomponenten 
moduliert wird.
Ziel.  Ziel der Übersichtsarbeit ist es, einen 
Überblick über die P-gp-assoziierten Arznei- 
und Nahrungsmittelwechselwirkungen mit 
NOAC bei AF-Patienten zu geben.
Methoden.  Eine Literaturrecherche erfolg-
te durch systematisches Screenen in MED-
LINE nach Veröffentlichungen zwischen 1998 
und 2013 mit den Stichworten Dabigatran, 
Rivaroxaban, Apixaban, P-Glykoprotein und 
Vorhofflimmern. Randomisierte klinische Stu-
dien, Längsschnittstudien, Fallserien und Ka-
suistiken wurden eingeschlossen.
Ergebnisse.  Die Bioverfügbarkeit von Dabi-
gatran wird durch eine Begleitmedikation 
mit Protonenpumpenhemmern, Amiodaron, 
Clarithromycin und Verapamil erhöht, und 

durch Rifampicin verringert. Die gleichzeitige 
Gabe von Erythromycin, Clarithromycin, Flu-
conazol, Ketoconazol und Ritonavir erhöht 
die Plasmakonzentration von Rivaroxaban. 
Es wurden weder Daten zu Apixaban und P-
gp-modulierenden Medikamenten noch zum 
Einfluss von P-gp-Modulation durch Nah-
rungsmittel auf die Bioverfügbarkeit von 
NOAC gefunden. Die klinische Relevanz der 
Wechselwirkungen zwischen NOAC und P-
gp-modulierenden Medikamenten oder Nah-
rungsmitteln ist weitgehend unbekannt, da 
Blutungskomplikationen unter NOAC und 
einer Komedikation mit P-gp-hemmenden 
Medikamenten hauptsächlich bei nierenin-
suffizienten Patienten beschrieben wurden.
Schlussfolgerungen.  Die Rolle von P-gp-
modulierenden Substanzen als potenzi-
elle Mediatoren von Arzneimittel- und Nah-
rungsmittelwechselwirkungen zu unter-
suchen, ist dringend notwendig. Eine gründli-
che Analyse der in den 3 großen NOAC-Stu-
dien gesammelten Daten über die Rolle von 
P-gp-modulierenden Medikamen ten in Hin-
blick auf Blutungen und ischämische Ere-
ignisse ist wünschenswert. Pharmakolo-

gische Studien sollten den Einfluss P-gp-
modulierender Substanzen auf die Plasmak-
onzentration von NOAC und die Gerinnung-
sparameter untersuchen. Bei der Verord-
nung von NOAC sollten Patienten auf poten-
zielle Interaktionen mit Medikamenten und 
Kräutern aufmerksam gemacht werden. Pa-
tienten, die unter NOAC Blutungen oder em-
bolische Ereignisse erleiden, sollten nicht nur 
über ihre Komedikation, sondern auch nach 
der Einnahme nichtverschreibungspflichtiger 
Substanzen sowie nach ihren Ernährungsge-
wohnheiten befragt werden. Post-Market-
ing-Analysen von NOAC sollten Assoziationen 
zwischen Medikamenten- bzw. Nahrungsmit-
telaufnahme und Komplikationen, wie Blu-
tungen oder Embolien, registrieren und un-
tersuchen.

Schlüsselwörter
Vorhofflimmern · Antikoagulation · 
Protonenpumpeninhibitoren · 
Arzneimittelinteraktionen · 
Blut-Hirn-Schranke

142 |  Herz · Supplement 2 · 2015



showed that rivaroxaban is a shared sub-
strate of P-gp and a further efflux trans-
porter, breast cancer resistance protein 
(BCRP), and that these transporter pro-
teins function synergistically. They appear 
to be particularly relevant for limiting ri-
varoxaban central nervous system entry 
[11]. Whether P-gp inhibitors increase the 
risk for cerebral bleeding by affecting the 
blood–brain barrier in rivaroxaban-treat-
ed patients has to be established. So far, 
there has only been one case reported with 
cerebral bleeding occurring under P-gp-
inhibiting therapy [43].

Apixaban and P-gp

Apixaban is an oral direct factor Xa inhib-
itor. Few data are available about the influ-
ence of P-gp on apixaban. Apixaban has 
been reported as a substrate for P-gp [44]. 
Animal experiments in rats found a low 
brain concentration of apixaban suggest-
ing that apixaban has limited penetration 
through the blood–brain barrier. Again, 
the efflux transporters P-gp and BCRP 
are constituents of the blood–brain bar-
rier and are assumed to prevent or reduce 
drug entry [6].

Conclusion

This review shows that knowledge re-
garding the relevance of P-gp-modulat-
ing substances for drug–drug and drug–
food interactions with NOACs is very lim-
ited. However, NOACs are already wide-
ly recommended and approved in many 
countries for stroke prevention in pa-
tients with atrial fibrillation or primary or 
secondary prevention of venous throm-
boembolism [45]. In view of the limited 
knowledge about drug–drug and drug–
food interactions between NOACs and P-
gp-modulating substances, there is an 
urgent need to investigate the role of P-
gp-modulating substances as potential 
sources for drug–drug and drug–food in-
teractions. We suggest a thorough anal-
ysis of the data accumulated in the large 
NOAC trials regarding the role of P-gp-
modulating drugs in bleeding and em-
bolic events, especially cerebral bleed-
ing. Furthermore, pharmacological stud-
ies should be carried out to investigate 
the influence of P-gp-modulating drugs 

Tab. 1  Drugs reported to be substrates or modulators of P-gp activity (from[10, 11, 12, 13, 
14, 16])

Substrates Inhibitors Inducers

Abamectin Aliskiren Carbamazepine

Actinomycin D Amiodaroneb Clotrimazole

Aldosterone Amprenavir Dexamethasone

Aliskiren Astemizole Phenytoin

Amitryptiline Atorvastatinb Phenobarbital

Amprenavir Bepridil Rifampicina

Apixaban Carvedilolb Reserpine

Bisantrene Cefoperazone  

Carbamazepine Chlorpromazine  

Chlorpromazine Clarithromycina  

Cimetidine Cyclosporin A  

Ciprofloxacin Diltiazem  

Clopidogrel Dipyridamol  

Colchicine Disulfiram  

Corticosterone Doxepin  

Cortisol Dronedaroneb  

Cyclosporine A Erythromycina  

Dabigatran etexilate Fluphenazine  

Daunorubicin Haloperidol  

Desipramine Hydrocortisone  

Dexamethasone Indinavir  

Digoxin Itraconazolea  

Docetaxel Ketoconazole  

Domperidone Loperamide  

Doxepin Lovastatin  

Doxorubicin Nelfinavir  

Emetine Nicardipineb  

Epirubicin Nifedipine  

Erythromycin Ofloxacin  

Etoposide Progesterone  

Felbamate Propafenone  

Flupentixol Propranolol  

Gabapentin Quinidinea,b  

Hydrocortisone Ritonavira  

Imatinab mesylate Rosuvastatin  

Imipramine Roxithromycin  

Indinavir Saquinavir  

Ivermectin Simvastatin  

Lamotrigene Tacrolimus  

Levofloxacin Tamoxifen  

Loperamide Talinolola  

Mefloquine Verapamila,b  

Methadone    

Methotrexate    

Mitoxantrone    

Morphine    

Nelfinavir    

Norfloxacin    

Nortryptiline    

Ofloxacin    

Ondansetron    
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and food on NOAC plasma concentra-
tions and coagulation parameters. When 
prescribing NOACs, patients should be 
informed about the potential interac-
tions with drugs and herbal drugs. Pa-
tients who develop bleeding or embol-
ic events under treatment with NOACs 
should be investigated with respect to 
comedications as well as over-the-coun-
ter drugs and dietary habits. In post-mar-
keting surveillance of NOACs, the asso-
ciation with drugs or food intake with 
complications, bleeding, and embolic 
events should be registered.
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Ginkgo biloba [20] St. John’s worta [24]

Berberine [24]  
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Apigenin [21] Soy milk and miso [30]
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In vitro In vitro
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Green tea [28]  

Fisetin [22]  

Honokiol [22]  
aClinically relevant drug interactions were reported for these herbs [15]
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