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a b s t r a c t 

Drug-drug interaction (DDI) is one of causes of adverse drug events and can result in life- 

threatening consequences. Organic anion-transporting polypeptide (OATP) 2B1 is a major 

uptake transporter in the intestine and contributes to transport various clinically used 

therapeutic agents. The intestine has a high risk of DDI, because it has a special propensity 

to be exposed to a high concentration of drugs. Thus, understanding drug interaction 

mediated by OATP2B1 in the absorption process is important for the prevention of adverse 

drug events, including decrease in the therapeutic effect of co-administered drugs. Acute 

drug interaction occurs through the direct inhibitory effect on transporters, including 

OATP2B1. Moreover, some compounds such as clinically used drugs and food components 

have an acute stimulatory effect on transport of co-administered drugs by OATP2B1. This 

review summarizes the acute stimulatory effect on the transport mediated by OATP2B1 and 

discusses the mechanisms of the acute stimulatory effects of compounds. There are two 

types of acute stimulatory effects, substrate-independent and -dependent interactions on 

OATP2B1 function. The facilitating translocation of OATP2B1 to the plasma membrane is 

one of causes for the substrate-independent acute stimulatory effect. On the contrary, the 

substrate-dependent effect is based on the direct binding to the substrate-binding site or 

allosteric progesterone-binding site of OATP2B1. 

© 2019 Shenyang Pharmaceutical University. Published by Elsevier B.V. 

This is an open access article under the CC BY-NC-ND license. 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

 

 

 

 

 

 

 

 

 

 

 

1. Introduction 

Polypharmacy, frequently defined as the use of five or more
medicines, is becoming a concerning issue worldwide. With
the increase in patients with more complex and multiple
diseases, many drugs are prescribed by many different
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specialists or are prescribed on the basis of the evidence
related to each single disease. Inappropriate polypharmacy
is a particular concern in elderly population aged above 65
years, because it tends to be associated with adverse drug
events. Adverse drug events have been recently estimated to
cause approximately 8.7%–16.6% of hospital admissions in
a population of elderly [1 ,2] . Drug-drug interaction (DDI) is
rsity. 
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efined by the Food and Drug Administration (FDA) as follows: 
DDI can lead to changed systemic exposure, resulting in 

ariations in drug response of the co-administered drugs. In 

ddition to co-administration of other drugs, concomitant 
ngestion of dietary supplements or citrus fruit or fruit juice 
ould also alter systemic exposure of drugs, thus leading to 
dverse drug reactions or loss of efficacy” [3] . DDI can result in 

ife-threatening conditions, including bleeding, hypotension,
entral nervous system depression, considerable electrolyte 
isturbance, and hypoglycemia [4] . DDIs are related to the 
umber of medicines used for treatment. As the number of 
edicines increases, the potential risk for DDIs increases.

or example, the probability of at least one CYP-mediated 

DI was 50% for persons taking 5–9 drugs, 81% for persons 
aking 10–14 drugs, 92% for persons taking 15–19 drugs, and 

00% for persons taking 20 or more drugs [5] . The prevalence 
f polypharmacy from 1997 to 2012 increased from 17.8% 

o 60.4% in people aged ≥65 years in Ireland [6] . This trend 

s similar in other countries [7 ,8] . Recently, the trend of 
olypharmacy from 2010 to 2016 in Japan has been reported 

9] . The total rates of polypharmacy peaked in 2012–2013. The 
revalence of polypharmacy in Japan is 16.4%–17.9% in people 
ged 65–79 years and 28.6%–33.0% in those aged ≥80 years. 

The intestine has a high risk of DDIs, because it has a 
pecial propensity to be exposed to high concentrations of 
rugs. Thus, changes in the functions of drug transporters 
ubstantially influence the absorption of administered 

rugs from the intestine. Organic anion transporting 
olypeptide (OATP) 2B1 has historically been assumed as 
 major transporter contributing to absorption process in 

he intestine [10] , but apical/basolateral localization and 

irection of transport in enterocytes remains controversial 
10–13] . OATP2B1 transports many clinically used drugs 
uch as atorvastatin [14] , fexofenadine [15] , fluvastatin 

16] , glibenclamide [17] , rosuvastatin [18] , and sulfasalazine 
19] . However, OATP2B1 shows a large substrate-specific 
ifference in affinity of substrate. This may be, at least in 

art, explained by the observation that OATP2B1 likely has 
ultiple binding sites [20–22] . The uptake of estrone-3-sulfate 

E3S) into OATP2B1-transfected oocytes showed high and low 

ffinity-binding sites. OATP2B1 shows sodium-independent 
nd pH-dependent transport, though the effect of pH on 

ATP2B1-mediated transport is substrate-dependent [10 ,11] .
he OATP2B1-mediated uptake of E3S and statins appeared to 
e dependent on pH, but the uptake of bromosulfophthalein 

BSP) appeared to be independent on pH [16 ,23] . This may 
e also explained by the presence of multiple binding sites,
ecause only the low affinity site shows the pH sensitive 
ransport of substrates [20] . 

In 2002, Dresser et al. reported that grapefruit, orange, and 

pple juice caused inhibition of absorption of fexofenadine 
n healthy volunteers, though they postulated that the 

echanism of action was the inhibition of OATP1A2 by 
he fruit juices [24] . Examples of clinical relevance of DDI 
y OATP2B1 are gradually increasing [25 ,26] . A number of 
harmacogenetics (PGx) studies have investigated the impact 
f OATP2B1 polymorphisms on the pharmacokinetics (PK) 
nd pharmacodynamics (PD) of drugs [27–33] . The details of 
linical relevance of OATP2B1 are well documented by Yu et al.
34] and Wu et al. [26] . Thus, understanding drug interaction 

ediated by OATP2B1 in the absorption process is important 
or prevention of adverse drug events, including decrease in 

he therapeutic effect of co-administered drugs [34 ,35] . 
In most cases, acute DDI occurs through the direct 

nhibitory effect ( Fig. 1 A) or by allosteric binding ( Fig. 1 B)
n transporters, including OATP2B1 [36–38] . Components of 
pple, orange, and grapefruit juice such as naringenin can 

irectly inhibit OATP2B1 [36] . Those DDIs can occur through 

imultaneous oral administration. Moreover, there are other 
ypes of DDIs involving changes in the expression level of 
ransporter [39] ( Fig. 1 C) and in the localization of transporter 
40] ( Fig. 1 D) and in the degradation of transporter [41] 
 Fig. 1 E). The DDIs caused by an expression change and protein 

egradation ( Fig. 1 C and 1E) occur with one to several hours
fter the treatment of drug to the cells. Thus, those DDIs 
ay not occur in the intestine through simultaneous oral 

dministration. However, the DDI caused by a localization 

hange ( Fig. 1 D) is an acute effect. It occurs within 1–
0 min after the dosage of drug, indicating that the type 
f DDIs may occur in the intestine by simultaneous oral 
dministration. In this review, we use the expression “acute 
DI” when the changes in transport or absorption occur 

hrough simultaneous treatment ( in vitro ) or administration 

 in vivo ). We, therefore, focus on the newly found DDI acute
timulatory effect on OATP2B1. 

. Acute stimulatory effect on the uptake of 
ATP2B1 substrates 

izzagalli et al. reported the acute stimulatory effects of 
rostaglandin (PG) A1 and PGA2 on OATP2B1 function [42] .
heir study was the first report about an acute stimulatory 
ffect on OATP2B1. The stimulatory effect of PGA1 was 
etectable for 15 s, and no further stimulation occurred after 
reatment for longer time. PGA2 also had a stimulatory effect 
n OATP2B1 but PGE1, PGE2, and PGJ2 did not. Cyclopentenone,
hich is a ring structure contained into PGA1 and PGA2,

 Fig. 2 ) showed a stimulatory effect on the transport mediated 

y OATP2B1. However, the cyclopentenone ring did not 
ully contribute to stimulate the transport mediated by 
ATP2B1, because PGJ2, which contains a cyclopentenone 

ing ( Fig. 2 ), did not show any stimulatory effect. Although 

he mechanisms of the stimulatory effect of PGA1 and PGA2 
ere not clarified, PGA1 and PGA2 did not change the 
ffinities (K m 

s) of E3S and dehydroepiandrosterone sulfate 
DHEAS) but did change the V max of those substrates.
hese findings suggested that PGA1 and PGA2 might not 

nduce the conformational change in OATP2B1. Several 
tudies also reported acute stimulatory effects of some 
rugs or food components on OATP2B1, though they did 

ot investigate the mechanism in detail ( Table 1 ). It is 
mportant to consider that the experimental concentration 

f the listed compounds reflected in clinical settings. Table 
 shows the clinical concentrations of the endogenous 
timulators for OATP2B1 function. The concentrations of all 
hose endogenous stimulators are 100–1 000 000-fold different 
etween the experimental and clinical concentrations. Thus,
he possibilities of the stimulation of OATP2B1 function 

y those endogenous stimulators are low. On the contrary,
rally administered drugs and food components should 

e considered at their intestinal concentration. Thus, the 
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Fig. 1 – Schematic diagrams for various types of DDI in the intestinal transporter. 

Fig. 2 – Chemical structures for Prostaglandins. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

expected intestinal concentrations, which are calculated
according to the FDA guidance [58] or European Medicines
Agency (EMA) guideline [59] , are listed in Table 3 . Moreover,
Ichijo et al. recently reported that orally administered water
reached a steady state within 30 min in the jejunum and
ileum [60] . Therefore, the expected intestinal concentrations,
which are calculated based on the small intestinal water
content (206 g) in humans [61] , are also listed in Table 3 .
The concentrations of all stimulators reached experimental
concentrations in vitro experiments, indicating that all the
listed stimulators may be able to facilitate the absorption of
OATP2B1 substrates in clinical setting. However, it is difficult
to confirm the molecular mechanisms of DDI in clinical
settings, because phenomena similar as the stimulation
of OATP2B1 function in the intestine also occur through
the inhibition of metabolic enzymes such as CYP3A4, the
inhibition of efflux pumps such as P-gp, MRPs, and BCRP in
the intestine, the stimulation of other uptake transporters
such as ASBT in the intestine, and the inhibition of OATPs
such as OATP1B1 and OATP1B3 in the liver. All those situations
induce the increase in plasma concentration of the drug. On
the other hand, in vitro experiments are better methods for
the clarifying the molecular mechanisms of the stimulation
of the uptake to the cells. Therefore, we selected some
studies that investigated the stimulatory effect on OATP2B1 in
detail. 
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Table 1 – Facilitating effect of drugs or food components on the uptake of OATP2B1 substrates. 

Compound Chemical structure Conc. Cells Substrate Time Ref 

PGA1 
COOH

OH

O 0–10 μM OATP2B1–
overexpressing 
CHO cells 

E–3–S 0–60 s [42] 
0–1 μM DHEAS 1 min 

PGA2 

OH

O

COOH

0–1 μM E-3-S 1 min 
DHEAS 

Aldosterone 

O

HO
OHO O 100 μM OATP2B1- 

overexpressing 
MDCKII cells 

E-3-S 5 min [43] 
10 μM DHEAS 10 min 

Estrone 

HO

O 0–100 μM DHEAS 10 min 

β-Estradiol 

HO

OH 10 μM DHEAS 10 min 

Hydroxyprogesterone 

O

O

OH

10 μM E–3–S 5 min 
0–100 μM DHEAS 10 min 

Pregnenolone 

O

O 0–50 μM E-3-S 5 min 
10 μM DHEAS 10 min 

Progesterone O

HO

0–100 μM E-3-S 5 min 
DHEAS 10 min 
Pregnenolone 

sulfate 
–

Dexamethasone 

O

HO
OH

O

F

OH

0–100 μM OATP2B1- 
overexpressing 
HEK cells 

E-3-S 5 min [44] 
DHEAS 

( continued on next page ) 
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Table 1 ( continued ) 

Compound Chemical structure Conc. Cells Substrate Time Ref 

Progesterone O

HO

0–100 μM E-3-S 
DHEAS 

Testosterone 

O

OH 1000 μM OATP2B1- 
overexpressing 
oocytes 

E-3-S 10 min [20] 

1000 μM OATP2B1- 
overexpressing 
HEK cells 

E-3-S 3 min [45] 

Amiodarone 

O

O

I

I

O

N

0–100 μM Caco-2 cells E-3-S 0–60 min [46] 
100 μM BSP 

E-17 β-G 

Taurocholic acid 
Cholic acid 

5 min 

Rutin 

OHO

HO
O

O

OH

OH

O
HO OH

OH
O

O

OHHO
HO

0–100 μM OATP2B1- 
overexpressing 
HEK cells 

E-3-S 0–5 min [47] 

100 μM Taurocholic acid 5 min 
Cholic acid 
Rosuvastatin 

Rosuvastatin F

N

N

N
S

O
O

OH

OH

OHO

100 μM OATP2B1- 
overexpressing 
HEK cells 

Steviolglucuronide 30 min [48] 

Hesperitin 

OHO

OH O

OH
O

100 μM 

Liquiritin 

OHO

OH O

O O OH
OH

HO

OH

100 μM 

( continued on next page ) 
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Table 1 ( continued ) 

Compound Chemical structure Conc. Cells Substrate Time Ref 

Dioscin 

O

O
O

O

OH

O
HO
O

OHO

HO
OH

OHO

HO
OH

0–300 μM 

Cephalomannine 

O O

O

HO
O

O

O

OH

O

O

O

O

OH

HN
O

50 μM OATP2B1- 
overexpressing 
HEK cells 

E-3-S 2 min [49] 

Chlorogenic acid 

HO

HO

O

O
HO

OH
OH

O

OH

100 μM 

Insulin 100 nM Caco-2 cells E-3-S 10 min [50] 
Aconiti Radix 

Processa 
100 μg/ml OATP2B1- 

overexpressing 
HEK cells 

E-3-S 10 min [51] 

Asiasari Radix 
Curcumae Rhizoma 
Dioscorea Rhizoma 
Fritillariae Bulbus 
Saussureae Radix 
Tribuli Fructus 

Fig. 3 – Schematic diagrams for substrate-independent and -dependent effect on OATP2B1 function. 
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Table 2 – Clinical concentration of the endogenous 
stimulator for the transport mediated by OATP2B1. 

Compound 
Experimental 
Conc. (μM) Clinical conc. Ref 

PGA1 1–10 74 pM 

a [52] 
PGA2 0–1 44.8–167.4 pM 

b [53] 
Aldosterone 100 0.263–0.42 nM 

b [54] 
Estrone 10–100 0.174 nM 

b [55] 
β-Estradiol 10 0.156 nM 

b [55] 
Hydroxyprogesterone 10–100 1.09–5.39 nM 

c [56] 
Pregnenolone 10–50 1.68–57.3 nM 

b [57] 
Progesterone 10–100 35 nM 

b [55] 
Testosterone 1000 0.80 nM 

b [55] 

a Whole blood concentration. 
b Plasma concentration. 
c Serum concentration. All clinical concentration values 

represent total concentration. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. Stimulatory effect on the uptake of 
OATP2B1 substrates in substrate-independent 
manner 

Amiodarone (AMD), which is a potent drug used in the
treatment of serious supraventricular and ventricular
tachyarrhythmias, is known to be a substrate for OATP2B1
[67] , indicating that AMD can bind to the substrate-binding
domain of OATP2B1. However, AMD surprisingly increased the
uptake of OATP2B1 substrates by the simultaneous treatment
in Caco-2 cells [46] . AMD did not change the affinity (K m 

)
of estrone sulfate, but it did change its V max as well as
PGA1 or PGA2 [42 ,46] . This acute stimulatory effect of AMD
on OATP2B1 substrates was caused by the stimulation of
the translocation of OATP2B1 to the plasma membrane.
This finding is consistent with the kinetic analysis and
indicates the acute stimulatory effect of AMD on OATP2B1 as
a substrate-independent effect. Indeed, AMD can stimulate
the transport of other OATP2B1 substrates such as E3S,
BSP, estradiol-17 β-glucuronide (E-17 β-G), taurocholic acid
Table 3 – Expected intestinal concentration of the exogenous st

Compound 
Experimental 
Conc. (μM) EC 50 ( μM) Dose 

β-Estradiol 10 NR 0.5–1 mg 
Dexamethasone 0–100 10.2–17.9 0.75–30 mg 
Amiodarone 10–100 NR 300–400 mg 
Rutin 0–100 2.3 0.19–16.8 mg/100 g 

(buckwheat flour)
Rosuvastatin 100 NR 10–20 mg 
Hesperitin 100 NR 15.9–27.5 mg/d 
Liquiritin 100 NR 1 to 10 mg/kg BW 

Dioscin 0–300 376.8 30–80 mg/kg BW 

∗

Chlorogenic acid 100 NR 5.7–480 mg/100 ml 
(Coffee) 

1 The maximum concentrations of orally administered drug in the intes
2 The maximum concentrations in the intestine are calculated by dividi
3 The maximum concentrations of orally administered drug in the intes
(TCA), and cholic acid (CA) [46] . The stimulatory effect of
AMD occurred strongly and rapidly in an in vivo experiment.
When AMD is co-administered with BSP to male Wistar rats,
absorption of BSP is significantly increased, and AUC 0–105 min

and C max after intraintestinal administration are 3.7-fold and
3.4-fold higher than those in control rats, respectively. It is
difficult to confirm the target of the stimulatory effect of AMD
in vivo experiments, but some evidences indicate that the
stimulatory effect of AMD targets OATP2B1. BSP is not
metabolized by CYP enzymes, suggesting that the stimulatory
effect of AMD does not target CYP enzymes. AMD does not
affect the basolateral to apical transport of E-3-S in Caco-2
cells. In addition, inhibitors for ABC transporters do not
affect the stimulatory effect of AMD in vitro experiments,
suggesting that the stimulatory effect of AMD does not target
ABC transporters. AMD facilitates the initial absorption rate
of BSP and does not affect the pharmacokinetics of BSP after
intravenous administration, suggesting that the stimulatory
effect of AMD does not target hepatic transporters. OATP1A2
mRNA and protein expression in the intestine are very low
compared to those of OATP2B1 [68 ,69] , suggesting that the
contribution of OATP1A2 to the stimulatory effect of AMD
may be subtle. All these findings indicate that the increased
OATP2B1 expression at the apical membrane is a dominant
factor for facilitating the absorption of BSP by co-administered
AMD. 

The acute stimulating effect on the translocation of
OATP2B1 to the plasma membrane is not AMD-specific. Rutin,
a flavonol glycoside compound contained in some foods
such as tomatoes, red wine, and, at high concentrations, in
buckwheat also has a stimulatory effect on the translocation
of OATP2B1 to the plasma membrane [47] Thus, rutin
can acutely facilitate the uptake of OATP2B1 substrates
in a substrate-independent manner in HEK293 cells over-
expressing OATP2B1. However, the treatment with rutin did
not affect the uptake of E-3-S in Caco-2 cells, used as a
model of intestinal epithelium. This may reflect the lower
bioavailability of rutin compared to that of other quercetin
glucosides such as quercetin 3-O- β-glucoside (isoquercitrin)
and quercetin 4 ′ -O- β-glucoside (spiraeoside) [70 ,71] . 
imulator for the transport mediated by OATP2B1. 

Expected intestinal concentration ( μM) 
Ref 

FDA 

1 EMA 

2 Water content 3 

7.3–14.7 0.7–1.5 8.9–17.8 –
5.8–232.4 0.6–23.2 7.1–282.0 –
1860–2479 186.0–247.9 2257–3009 –

 

1.2–110.1 0.1–11.0 1.5–133.6 [62] 

83.1–166.1 8.3–16.6 100.8–201.6 –
210.4–363.9 21.0–36.4 255.3–441.6 [63] 
573.6–5736 57.4–573.6 696.1–6962 [64] 
8285–22,093 828.5–2209 10 055–26 812 [65] 
64.4–5419 6.4–541.9 78.1–6576 [66] 

tine are calculated by dividing molar dose by 250 ml. 
ng 0.1-fold the maximum dose on one occasion by 250 ml. 
tine are calculated by dividing molar dose by 206 ml. 
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. The mechanism of the translocation of 
ATP2B1 to the plasma membrane 

he small GTPase Rab protein family is known to be involved 

n membrane trafficking of proteins [72 ,73] , including 
ransporters [74–79] . Among those family members, Rab8a 
s highly expressed in the small intestine and contributes to 
he localization of several transporters such as sodium- 
ependent vitamin C transporter 1 (SVCT1), sodium- 
ependent glucose transporter 1 (SGLT1), and peptide 
ransporter 1 (PEPT1), to the apical membrane [80–83] .
ATP2B1 is also regulated by Rab8a [50] . The uptake of E-3-S 
ediated by OATP2B1 increased in Rab8a-overexpressed 

ells and decreased in Rab8a knocked down cells. These 
ndings indicate that Rab8a is one of the important factors 
or the OATP2B1 translocation to the plasma membrane.
ab8a is well known to be activated by insulin signaling,
esulting to stimulate the translocation of glucose transporter 
GLUT) 4 to the plasma membrane and facilitate the uptake 
f glucose [84–88] . The mechanism is one of the most 

mportant mechanisms for reducing effect of insulin on 

he blood glucose. Insulin activates Rab8a within 2 min 

87] and stimulates the translocation of GLUT4 to the 
lasma membrane for 10–30 min. In the same manner,

nsulin facilitated the uptake of E-3-S by the treatment for 
ust 10 min [50] . At the same time, the expression level of 
ATP2B1 in the plasma membrane increased. Rab8a shows 

he highest expression in the intestine (The data from 

he Human Protein Atlas; https://www.proteinatlas.org).
MD stimulated the absorption of BSP after intraintestinal 
dministration but did not affect the pharmacokinetics 
f BSP after intravenous administration. These findings 

ndicate that AMD has no effect on hepatic OATP2B1 in vivo 
xperiments, though OATP2B1 is expressed in both liver and 

ntestine. The distribution of Rab8a in the body may cause 
he differences in the effect of AMD in the intestine and 

iver. 

. Stimulatory effect on the uptake of 
ATP2B1 substrates in substrate-dependent 
anner 

ATP2B1 is known as transporter for sulfated steroids such 

s E-3-S, DHEAS, and pregnenolone sulfate (PS). Grube 
t al. reported that the transport of sulfated steroids by 
ATP2B1 was enhanced by the treatment of the steroid 

ormone progesterone for just 5 min [43] . In contrast to 
he stimulatory effects of AMD or rutin, progesterone could 

timulate the uptake of sulfated steroids by OATP2B1 but not 
he uptake of BSP, atorvastatin, and glibenclamide [44] . These 
ndings suggest that the mechanism of stimulatory effect of 
rogesterone is different from that of AMD or rutin. Because 
he K m 

value changed by the presence of progesterone [43] ,
he stimulatory effect of progesterone might be based on 

 direct binding to the substrate-binding site of OATP2B1 
r an allosteric progesterone-binding site, like that in P-gp 

89] , and, then, a change in the conformation. OATP2B1 has 
ultiple binding sites for substrates within the molecule [20–
2] . Although progesterone is not a substrate for OATP2B1 [43] ,
t is a possible that progesterone binds a substrate-binding 
ite and changes the conformation of the other binding site.
ndeed, progesterone stimulated only the uptake of E-3-S by 
he high-affinity site but inhibited that by the low-affinity 
ites [22] . These findings do not exclude the possibility that 
rogesterone binds an allosteric binding site, though allosteric 
inding sites in OATP2B1 have not been identified. Further 
tudies are needed to reveal the mechanism of the stimulatory 
ffect of progesterone on the transport by OATP2B1. Moreover,
he relevance of the stimulatory effect of progesterone in a 
iving body remains unknown. 

. Conclusion 

lthough the information on the acute stimulatory effect 
n transporter function is scarce compared to that on 

irect transporter inhibition, the mechanism of the acute 
timulatory effect on transporter function is been gradually 
lucidated. There are two types of acute stimulatory effects,
ubstrate-independent and -dependent interactions on 

ATP2B1 function ( Fig. 3 ). The facilitating translocation of 
ATP2B1 to the plasma membrane is one of causes for 

he substrate-independent acute stimulatory effect. On the 
ontrary, the substrate-dependent effect is based on the 
irect binding to the substrate-binding site or allosteric 
rogesterone-binding site of OATP2B1. However, we do not 
ave any information of clinical relevance for the acute 
timulatory effects of drugs or food components. Only 
MD facilitates the absorption OATP2B1 substrate in vivo 
xperiments. Further studies are needed to reveal the 
linical importance of the stimulatory effect of drugs or 
ood components on OATP2B1 in a living body. However,
here are some problems such as a large substrate- 
pecific difference in potency and an overlapping in the 
ubstrate specificities to clarify the clinical relevance of 
DI mediated by OATP2B1, as point out by Wu et al. [26] .
riefly, because of the significant overlap in the substrate 
pecificities of OATP2B1 and other OATPs, no selective 
ubstrate or inhibitor has been identified. Although the 
ifferences in the affinity of drugs for OATP2B1 and other 
ATPs are useful to solve the problem, development of a 
elective substrate/inhibitor for OATP2B1 is necessary in the 
uture. 
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