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WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• Recently, we have shown that the plasma

concentration of R-fexofenadine is greater
than that of the S-enantiomer.

• Although itraconazole co-administration is
known to increase the bioavailability of a
racemic mixture of fexofenadine, little is
known about the stereoselective inhibition
of P-gp activity by itraconazole.

WHAT THIS STUDY ADDS
• This study indicates that the stereoselective

pharmacokinetics of fexofenadine are due
to P-gp-mediated transport and its
stereoselectivity is altered by itraconazole, a
an inhibitor of P-gp.

AIMS
The aim of this study was to determine the inhibitory effect of
itraconazole, a P-glycoprotein (P-gp) inhibitor, on the stereoselective
pharmacokinetics of fexofenadine.

METHODS
A two-way double-blind, placebo-controlled crossover study was
performed with a 2-week washout period. Twelve healthy volunteers
received either itraconazole 200 mg or matched placebo in a
randomized fashion with a single oral dose of fexofenadine 60 mg
simultaneously. The plasma concentrations and the amount of urinary
excretion (Ae) of fexofenadine enantiomers were measured up to 24 h
after dosing.

RESULTS
After placebo administration, mean AUC(0,24 h) of S- and
R-fexofenadine was 474 ng ml-1 h (95% CI 311, 638) and 798 ng ml-1 h
(95% CI 497, 1101), respectively. Itraconazole affected the
pharmacokinetic parameters of S-fexofenadine more, and increased
AUC(0,24 h) of S-fexofenadine and R-fexofenadine by 4.0-fold (95% CI
of differences 2.8, 5.3; P < 0.001) and by 3.1-fold (95% CI of differences
2.2, 4.0; P = 0.014), respectively, and Ae(0,24 h) of S-fexofenadine and
R-fexofenadine by 3.6-fold (95% CI of differences 2.6, 4.5; P < 0.001) and
by 2.9-fold (95% CI of differences 2.1, 3.8; P < 0.001), respectively.
Additionally, the R : S ratio for AUC(0,24 h) and Ae(0,24 h) were
significantly reduced in the itraconazole phase, while tmax, t1/2 and renal
clearance were constant during the study.

CONCLUSIONS
This study indicates that the stereoselective pharmacokinetics of
fexofenadine are due to P-gp-mediated transport and its
stereoselectivity is altered by itraconazole, a P-gp inhibitor. However,
further study will be needed because the different affinities of the two
enantiomers for P-gp have not been supported by in vitro studies.
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Introduction

There is growing evidence that various membrane trans-
porters play an important role in the absorption and dis-
position of many drugs [1–3]. Among these transporters,
the efflux transporter P-glycoprotein (P-gp), the product
of the human MDR1 gene, has been particularly investi-
gated. In in vitro models, P-gp has been reported to trans-
port fexofenadine [4–6], a selective histamine H1-receptor
antagonist [7]. Previous clinical studies including ours
reported that co-administration of itraconazole, an inhibi-
tor of P-gp function, increased fexofenadine AUC without
change in fexofenadine renal clearance or elimination
half-life [8–11]. Since an increase in plasma itraconazole
concentration did not affect the increase of fexofenadine
AUC after repeated administration of itraconazole [10]
and a single co-administration of itraconazole with fex-
ofenadine led to maximal effect on fexofenadine pharma-
cokinetics [11], the increase in fexofenadine AUC by
itraconazole is probably due to the reduced first-pass
effect by inhibiting P-gp activity in the gastrointestinal
tract.

In previous in vitro studies, stereoselective permeabil-
ity was reported in P-gp-mediated transport [12, 13]. For
some P-gp substrates such as verapamil [14, 15] and tali-
nolol [16], their pharmacokinetics are known to be stereo-
selective. However, for both verapamil and talinolol, it
has been previously reported that P-gp is unlikely to dis-
criminate between the stereoselectivity of these com-
pounds [14, 17–19]. Fexofenadine is also a racemic
mixture of R- and S-enantiomers, possessing equal
potency in their clinical effects [20], There are only a few
studies on the pharmacokinetics of fexofenadine enanti-
omers [20, 21]. Recently, we have shown that the plasma
concentration of R-fexofenadine is greater than that of
the S-enantiomer and P-gp is likely to have the ability for
chiral discrimination [22]. Thus, although itraconazole
co-administration is known to increase the bioavailability
of a racemic mixture of fexofenadine, little is known
about the stereoselective inhibition of P-gp activity by
itraconazole.

R/S-fexofenadine is a substrate of the drug uptake
transporter, such as human organic anion-transporting
polypeptide (OATP) 1A2 and OATP2B1 [4, 23–25], while
there is no information that itraconazole is an inhibitor of
OATPs to date. By comparing the stereoselective pharma-
cokinetics of R/S-fexofenadine with and without itracona-
zole co-administration, the stereoselective contribution
of P-gp function to fexofenadine pharmacokinetics
could be estimated. We therefore investigated the poten-
tial stereoselective pharmacokinetics of R/S-fexofenadine
in healthy volunteers, and evaluated how itracona-
zole co-administration affected its stereoselective
pharmacokinetics.

Methods

Subjects
Twelve healthy Japanese volunteers (seven males and five
females) were enrolled in this study after giving written
informed consent. Each subject was physically normal by
clinical examination and routine laboratory testing and
had no history of significant medical illness or hypersensi-
tivity to any drugs.The mean (�SD) values of age and body
weight of the volunteers were 21.6 (� 1.1) years (range
21–24 years) and 56.6 (� 7.0) kg (range 46–67 kg), respec-
tively.This study was approved by the Ethics Committee of
Hirosaki University School of Medicine.

Study design
A randomized, double-blind placebo-controlled crossover
study design was conducted at interval of at least 2 weeks.
Twelve healthy volunteers received either itraconazole
200 mg in capsule form containing four 50 mg itracona-
zole capsules (Janssen Pharmaceutical K.K., Tokyo, Japan)
or matched placebo (in capsule form with the appearance
and size the same as itraconazole) with a tablet of 60 mg
fexofenadine hydrochloride (Aventis Pharma Ltd, Tokyo,
Japan) at 08.00 h after an overnight fast. Compliance with
taking the test drug was confirmed by pill count. The vol-
unteers did not take any medication or fruit juices for at
least 7 days before the placebo or the treatment phases,
and no meal or beverages were allowed until 4 h after the
administration of fexofenadine.

Plasma and urine collections and
determination of fexofenadine enantiomers,
itraconazole and hydroxyitraconazole
Blood samples (10 ml each) were drawn into heparinized
tubes before and at 0.5, 1, 1.5, 2, 3, 4, 6, 8, 12 and 24 h after
administration of fexofenadine, and plasma was separated
immediately. Just before fexofenadine administration, a
spot of urine was collected as a blank sample. After fex-
ofenadine administration urine was collected from 0 to
24 h. The plasma and urine samples were stored at -20°C
until assayed.

The plasma concentration of fexofenadine enanti-
omers was determined according to the HPLC method of
Miura et al. [21]. In brief, following the addition of diphen-
hydramine (50 ng) as an internal standard in methanol
(10 ml) to 400 ml of plasma, the plasma sample was diluted
with 600 ml water and vortexed for 30 s. For urine, a sample
was diluted with 900 ml water after diphenhydramine
(50 ng) in methanol (10 ml) was added to a 100 ml urine
sample. These mixtures were applied to an Oasis HLB
extraction cartridge that had been activated previously
with methanol and water (1.0 ml each). The cartridge was
then washed with 1.0 ml water and 1.0 ml 40% methanol
in water, and eluted with 1.0 ml 100% methanol. Eluates
were evaporated to dryness in a vacuum at 40°C using a
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rotary evaporator (Iwaki, Tokyo, Japan). The residues were
then dissolved in 50 ml methanol and vortex-mixed for
30 s; 50 ml mobile phase was added to each sample and
samples were vortex-mixed for another 30 s. An aliquot of
50 ml of each sample was then processed on the HPLC
apparatus. The HPLC column was a Chiral CD-Ph
(250 mm ¥ 4.6 mm i.d., Shiseido, Tokyo, Japan) and the
mobile phase was 0.5% KH2PO4 (pH 3.5)-acetonitrile
(65 : 35, v : v). The flow-rate was 0.5 ml min-1 at ambient
temperature and sample detection was carried out at
220 nm.The lower limit of quantification was 25 ng ml-1 for
(R)- and (S)-fexofenadine. The validated concentration
ranges of this assay from plasma and urine were
25–625 ng ml-1 for both enantiomers. The within- and
between-day coefficients of variation were less than 13.6%
and accuracies were within 8.8% over the linear range for
both analytes.

Plasma concentrations of itraconazole and hydroxyitra-
conazole were determined by the HPLC method devel-
oped in our laboratory [26]. In brief, after 30 ml of an
internal standard (R051012, 10 mg ml-1) and 0.1 ml of 0.5 M
disodium hydrogen phosphate were added to 1 ml of
plasma, the mixture was extracted with n-heptane-
chloroform (60 : 40, v : v). The organic phase was evapo-
rated, and the samples were dissolved and injected
into a column I (TSK precolumn BSA-ODS/S, 5 mm,
10 mm ¥ 4.6 mm i.d.) for clean-up and column II (Develosil
C8-5 column, 5 mm, 150 mm ¥ 4.6 mm i.d.) for separation.
The mobile phase consisted of phosphate buffer-
acetonitrile (68 : 32 v : v, pH 6.0) and phosphate buffer-
acetonitrile (35 : 65 v : v, pH 6.0) for clean-up and
separation, respectively. The peak was detected with an
ultraviolet detector set at a wavelength of 263 nm. The
validated concentration ranges of this method were
3–500 ng ml-1 and 3–1000 ng ml-1 for itraconazole and
hydroxyitraconazole, respectively. Intra- and interday coef-
ficients of variation (CV) at 4, 80, 250 and 400 ng ml-1 were
less than 4.6 and 5.0% for itraconazole, 4.6 and 4.9% for
hydroxyitraconazole, respectively. The limit of quantifica-
tion was 2 ng ml-1 for both compounds.

Pharmacokinetic data analysis
The maximum plasma concentration (Cmax) and the time to
reach Cmax (tmax) of fexofenadine enantiomers, itraconazole,
and hydroxyitraconazole were determined directly from
the observed data. The elimination rate constant (lz) of
fexofenadine was obtained by linear regression analysis by
use of at least three sampling points of the terminal log-
linear declining phase to the last measurable concentra-
tion. The elimination half-life (t1/2) was calculated as 0.693
divided by lz. The area under the plasma concentration–
time curve from time zero to the last sampling time
(AUC(0,24 h)) was calculated by the trapezoidal rule. The
apparent oral clearance (CL/F) was obtained from the
equation CL/F = Dose/AUC(0,24 h), where Dose is 30 mg
for each fexofenadine enantiomer.The apparent volume of

distribution (Vd/F) was calculated from the equation
Vd/F = CL/F/ lz. The renal clearance (CLrenal) was obtained
from the following equation: CLrenal = Ae/AUC(0,24 h), in
which Ae is the amount of fexofenadine excreted into the
urine within 24 h.

Statistical analysis
The results are expressed as mean and 95% confi-
dence interval in the tables, and mean � SD in the
figures. After the Kolmogorov-Smirnov goodness of fit
test was used to assess normal distribution, a paired t-test
was used for the comparison of the pharmacokinetic
parameters between the two enantiomers, and two
phases, i.e. placebo and itraconazole. The comparison of
tmax was performed using the Wilcoxon signed-sample
test. A P value of 0.05 or less was regarded as significant.
Geometric mean ratios to corresponding values in the
placebo phase with 95% confidence intervals were used
for detection of significant difference. When the 95% con-
fidence interval did not cross 1.0, the result was also
regarded as significant. All data were analyzed with the
statistical program SPSS for Windows, version 11.5 J (SPSS
Inc. Chicago, III).

Results

None of the enrolled subjects reported any adverse events
in the study and they completed all phases according to
the study protocol.

Pharmacokinetics of fexofenadine enantiomers
Plasma concentration-time profiles of fexofenadine enan-
tiomers after placebo and itraconazole treatments are
shown in Figure 1, and the pharmacokinetic parameters
are summarized in Table 1.

After placebo administration, mean plasma concentra-
tions of R-fexofenadine were higher than those of
S-fexofenadine, and mean AUC(0,24 h) (95% CI of differ-
ences -422, -202; P < 0.001) and Cmax (95% CI of differences
-60, -28; P < 0.001) of R-fexofenadine were significantly
greater than those of the S-enantiomer. Mean CL/F (95% CI
of differences 17, 84; P = 0.009) and Vd/F (95% CI of differ-
ences 48, 288; P = 0.012) of S-fexofenadine were signifi-
cantly greater than those of R-fexofenadine, and mean t1/2

of S-fexofenadine was significantly shorter than that of the
R-enantiomer (95% CI of differences -0.9, -0.3; P = 0.033).

Itraconazole co-administration increased plasma con-
centrations of both enantiomers of fexofenadine, com-
pared with those during the placebo phase (Figure 1), and
itraconazole treatment significantly altered the pharmaco-
kinetic parameters except the tmax and t1/2 of each enanti-
omer (Table 1).

The R : S ratios of plasma concentration at each sam-
pling point ranged from 1.58 to 2.06 in the placebo phase,
but itraconazole co-administration decreased the ratios
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Figure 1
(A) Mean (+SD) plasma concentration–time curves of S-fexofenadine following a single oral administration of 60 mg fexofenadine hydrochloride in
12 healthy volunteers treated with placebo (open circles) or itraconazole (closed circles). (B) Mean (+SD) plasma concentration–time curves of
R-fexofenadine following a single oral administration of 60 mg fexofenadine hydrochloride in 12 healthy volunteers treated with placebo (open circles) or
itraconazole (closed circles)

Table 1
Effects of itraconazole on pharmacokinetic parameters of fexofenadine enantiomers after a single oral 60 mg dose of fexofenadine hydrochloride. Data are

shown as mean and 95% confidence interval; tmax data are shown as a median with a range

Parameters
S-fexofenadine R-fexofenadine
Placebo Itraconazole P value Placebo Itraconazole P value

tmax (h) (range) 2.0 (1–4) 3.0 (1–4) 0.195 1.5 (1–4) 3.0 (1.5–4) 0.129
Cmax (ng ml-1) 111 (39, 182) 236 (147, 326) <0.001 160 (75, 245)*** 290 (195, 384)††† 0.005

Mean difference (%) 388 (184, 592) 273 (148, 398) 0.031
t1/2 (h) 3.4 (2.7, 4.2) 3.4 (3.0, 3.9) 0.594 3.9 (3.3, 4.5)* 4.2 (3.7, 4.8)† 0.147

Mean difference (%) 111 (86, 137) 113 (98, 128) 0.914
AUC(0,24 h) (ng ml-1 h) 474 (311, 638) 1559 (990, 2129) <0.001 798 (497, 1101)*** 2119 (1500, 2738)††† 0.002

Mean difference (%) 401 (277, 526) 307 (220, 395) 0.014
Vd/F (l) 445 (276, 613) 120 (89, 150) 0.019 268 (185, 350)* 100 (77, 123)† 0.016

Mean difference (%) 39 (25, 53) 49 (32, 67) 0.013
CL/F (l h-1) 95 (55, 135) 25 (19, 31) 0.017 50 (32, 68)** 17 (13, 21)††† 0.016

Mean difference (%) 33 (23, 43) 44 (28, 60) 0.005
R : S ratios of AUC 1.84 (1.69, 1.99)

(Placebo phase)
1.43 (1.30, 1.55)
(Itraconazole phase)

0.009

Ae (0,24 h) (mg) 3.5 (2.4, 4.6) 10.5 (8.5, 12.4) <0.001 3.3 (2.3, 4.3) 8.1 (6.4, 9.9)††† <0.001
Mean difference (%) 356 (260, 451) 294 (210, 377) 0.006

CLrenal (l h-1) 9.0 (6.4, 11.7) 8.4 (6.1,10.8) 0.669 4.6 (3.4, 5.7)*** 4.4 (3.3, 5.5)††† 0.688
Mean difference (%) 106 (82, 130) 105 (83, 127) 0.654

R : S ratios of Ae 0.95 (0.91, 0.98)
(Placebo phase)

0.77 (0.72, 0.82)
(Itraconazole phase)

<0.001

tmax, observed time to reach the maximum plasma concentration; Cmax, observed maximum plasma concentration; t1/2, elimination half-life; AUC(0,24 h), area under plasma drug
concentration–time curve from 0 to 24 h; Vd/F, apparent volume of distribution; CL/F, apparent oral clearance; Ae, the amount of fexofenadine excreted into urine from 0 to 24 h;
CLrenal, the renal clearance; Mean difference (95% confidence interval), the within-subject ratio (itraconazole phase/placebo phase). P values, compared with the placebo
phase, and compared with mean difference percentages of S-fexofenadine. *P < 0.05, between R-fexofenadine and S-fexofenadine in the placebo phase. **P < 0.01, between
R-fexofenadine and S-fexofenadine in the placebo phase. ***P < 0.001, between R-fexofenadine and S-fexofenadine in the placebo phase. †P < 0.05, between R-fexofenadine and
S-fexofenadine in the itraconazole phase. †††P < 0.001, between R-fexofenadine and S-fexofenadine in the itraconazole phase.
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from 1.20 to 1.56 (Figure 2A). The mean R : S ratio of
AUC(0,24 h) was 1.84 (95% CI 1.69, 1.99) in the placebo
phase, and significantly decreased to 1.43 (95% CI 1.30,
1.55) in the itraconazole phase (95% CI of differences 0.15,
0.62; P = 0.009). For the pharmacokinetic parameters
except t1/2, the difference between the placebo and itra-
conazole phase for the parameters of S-fexofenadine was
greater than those of R-fexofenadine. Itraconazole
co-administration did not affect the mean t1/2 of each
enantiomer, but the t1/2 of S-fexofenadine was significantly
shorter than that of the R-enantiomer (95% CI of differ-
ences -1.8, -0.1; P = 0.034).

Urinary excretion of fexofenadine enantiomers
The mean Ae (Figure 2B) of S-fexofenadine was signifi-
cantly greater than that of R-fexofenadine in the itracona-
zole phase (95% CI of differences 1.5, 3.1; P < 0.001) but
not after placebo (95% CI of differences -0.1, 0.5;
P = 0.101), and the CLrenal of S-fexofenadine was greater
than that of R-fexofenadine (95% CI of differences 2.8,
6.5; P < 0.001) (Table 1). Although itraconazole co-
administration affected neither of the enantiomers
with respect to CLrenal (95% CI of differences -3.1, 4.5;
P = 0.669 for S-fexofenadine and 95% CI of differences
-1.3, 1.8; P = 0.688 for R-fexofenadine), the co-
administration significantly increased the Ae of S-
fexofenadine more than that of R-fexofenadine, and the
difference between the placebo and the itraconazole
phase for the Ae of S-fexofenadine was greater than that
of R-fexofenadine (95% CI of differences 29, 94; P = 0.006,
Table 1). The R : S ratio of Ae was 0.95 (95% CI 0.91, 0.98) in
the placebo phase and significantly decreased to 0.77
(95% CI 0.72, 0.82) in the itraconazole phase (95% CI of
differences 0.11, 0.31; P < 0.001).

Pharmacokinetics of itraconazole and
hydoxyitraconazole
The pharmacokinetic parameters of itraconazole and
hydroxyitraconazole following 200 mg itraconazole are
summarized in Table 2. Similar to the results in previous
reports [8, 10, 11], the Cmax and AUC of hydroxyitracona-
zole were greater than the corresponding values of
itraconazole.

Discussion

We have demonstrated the stereoselective pharmacoki-
netics of S- and R-fexofenadine enantiomers in healthy vol-

0 6 12

Time (hrs)

R
 : S

 r
at

io
 o

f c
o

nc
en

tr
at

io
ns

 o
f

fe
xo

fe
na

di
ne

 e
na

nt
io

m
er

s

18 24
0

1

2

3

A B

0 6 12

Time (hrs)

C
um

ul
at

iv
e 

am
o

un
t 

o
f 

ex
cr

et
ed

 in
to

 u
ri

ne
 (

m
g)

18 24
0

18

16

14

12

10

8

6

4

2

Figure 2
(A) Mean (�SD) R : S ratios of plasma concentrations following a single oral administration of 60 mg fexofenadine hydrochloride in 12 healthy volunteers
after placebo administration (open circles) or itraconazole administration (closed circles). (B) Mean (+SD) cumulative amount of fexofenadine enantiomers
excreted into urine during the placebo phase (S-fexofenadine; open circles, R-fexofenadine; open squares) or itraconazole phase (S-fexofenadine; closed
circles, R-fexofenadine; closed squares) following a single oral administration of 60 mg fexofenadine hydrochloride in 12 healthy volunteers (S-placebo, (�);
S-itraconazole, (�); R-placebo, (�); R-itraconazole, (�))

Table 2
Pharmacokinetic parameters of itraconazole and hydroxyitraconazole
following 200 mg itraconazole. Data are shown as mean and 95% confi-

dence interval; tmax data are shown as a median with a range

Parameters

Itraconazole
tmax (h) (range) 3 (2–6)
t1/2 (h) 16 (9, 23)
Cmax (ng ml-1) 96 (77, 115)
AUC(0,24 h) (ng ml-1 h) 817 (630, 1003)
CL/F (ml h-1 kg-1) 4563 (3560, 5566)

Hydroxyitraconazole
tmax (h) (range) 4 (2–6)
t1/2 (h) 11 (8, 13)
Cmax (ng ml-1) 195 (152, 239)
AUC(0,24 h) (ng ml-1 h) 2457 (1747, 3168)

tmax, observed time to reach the maximum plasma concentration; t1/2, elimination
half-life; Cmax, observed maximum plasma concentration; AUC(0,24 h), area
under plasma drug concentration-time curve from 0 to 24 h after administration;
CL/F, apparent oral clearance.
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unteers, and the Cmax and AUC of the R-enantiomer were
significantly greater than those of S-enantiomer, resulting
in a mean R : S ratio of AUC(0,24 h) of 1.84 � 0.26. In addi-
tion, the Ae(0,24 h) of R- and S-fexofenadine were similar
(3.3 � 1.8 mg for R-fexofenadine and 3.5 � 2.0 mg for
S-fexofenadine, respectively) and the R : S ratio of
Ae(0,24 h) was 0.95 � 0.06. These results are in line with
previous papers [20–22], and suggest that the effects of
transporters in relation to the absorption and the excre-
tion of S-fexofenadine were greater than those of
R-fexofenadine.

Fexofenadine is a substrate of P-gp [4–6] and OATPs [4,
23–25]; the former is an efflux transporter and the latter is
an uptake transporter, and both are expressed in organs
including the small intestine, the liver and the kidney [27,
28]. On the other hand, known P-gp substrates, S- and
R-verapamil have been previously reported to be trans-
ported equally by P-gp [14, 17, 18, 29], and the stereoselec-
tive disposition of talinolol, as a substrate of P-gp [16] and
OATPs [30], is unlikely to be due to P-gp-mediated trans-
port [19]. However, in the present fexofenadine study, the
pharmacokinetics of R/S-fexofenadine show stereoselec-
tivity, and the stereoselectivity of R/S-fexofenadine, as indi-
cated by the R : S ratio of AUC(0,24 h), was reduced by the
co-administration of itraconazole, an inhibitor of P-gp and
CYP3A. Furthermore, in some in vitro studies, the stereose-
lective permeability was observed in P-gp-mediated trans-
port [12, 13], and it was reported that the inhibitory effects
of the P-gp efflux-pump were significantly different
between the two enantiomers of butaclamol, a CNS
(central nervous system) active compound [31]. Fexofena-
dine is poorly metabolized [4, 32] and to date there are no
data available indicating that itraconazole affects the activ-
ity of OATPs. Additionally, in previous in vitro and in vivo
studies, the transporters in the small intestine were
reported to be important determinants of the bioavailabil-
ity and disposition of fexofenadine [4–6, 23, 32, 33]. There-
fore, the stereoselective pharmacokinetics of fexofenadine
appear to be due to the efflux activity of P-gp in the
small intestine, suggesting that the P-gp activity may be
stereoselective.

In addition to these results, itraconazole administration
decreased the AUC R : S ratio for fexofenadine enantiomers
from 1.84 to 1.43. This implies that the inhibitory effect of
P-gp-mediated transport by itraconazole is insufficient to
eliminate the stereoselectivity of fexofenadine enanti-
omers. In our previous paper [11], we showed that itra-
conazole exposure at a much lower dose (50 mg)
compared with the clinical dose (200 mg once or twice
daily) had the maximal effect on fexofenadine pharmaco-
kinetics.Hence, it was unlikely that the present plasma con-
centration of itraconazole was insufficient to inhibit the
P-gp-mediated transport of fexofenadine enantiomers.
This result probably suggests that OATP transporters in the
small intestine play some role in the stereoselective phar-
macokinetics of fexofenadine. Recently, Glaeser et al. has

reported that among OATP transporters, OATP2B1 and
OATP1A2 are expressed in the small intestine and only
OATP1A2 is likely to be the key intestinal uptake trans-
porter for fexofenadine absorption, whose inhibition
results in the grapefruit juice effect [34]. Therefore, these
findings suggest that the stereoselectivity of fexofenadine
enantiomers may be related to a combination of P-gp
efflux transporter and OATP1A2 uptake transporter.
However, since it has not yet been determined by an in
vivo/in vitro study whether OATP1A2 has stereoselectivity,
further studies will be required to establish the relation-
ships of fexofenadine enantiomers.

In our present study, itraconazole co-administration
increased Cmax, AUC(0,24 h), and Ae of both S- and R-
enantiomers of fexofenadine, but the parameters of the
S-enantiomer were affected more than the parameters of
the R-enantiomer.These results suggest that P-gp has a key
role in the pharmacokinetics of both R- and S-enantiomers
and this different effect may be due to the affinity of both
enantiomers for P-gp. In addition, the limited effect of itra-
conazole on t1/2 and CLrenal of the enantiomers,which was in
line with the findings of previous studies [8–11], would
support the assumption that the stereoselective activity of
P-gp in the small intestine led to the stereoselective phar-
macokinetics of fexofenadine, and then the inhibition of
the P-gp efflux activity by itraconazole increased fexofena-
dine absorption and reduced the stereoselectivity in fex-
ofenadine enantiomers.

Although the AUC of S-fexofenadine was less than
that of R-fexofenadine, the Ae of S-fexofenadine was
greater than for R-fexofenadine in the present study,
resulting in the CLrenal of S-fexofenadine being greater
than that for R-fexofenadine. Since itraconazole
co-administration increased the bioavailability of
S-fexofenadine more, the increase in the Ae of
S-fexofenadine was greater than for R-fexofenadine. To
date, it remains unknown which transporter(s) play(s) a
main role in the renal excretion of R- and S-fexofenadine,
but stereoselectivity in renal excretion of fexofenadine
was also noted because the CLrenal of S-fexofenadine was
greater than for R-fexofenadine. A recent study has
reported that the increase in fexofenadine AUC caused by
itraconazole pretreatment was greater in subjects with
the 2677TT/3435TT haplotype than in those with the
2677GG/3435CC haplotype [8], and the effect of itracona-
zole on P-gp activity could be MDR1 genotype depen-
dent. Although the MDR1 haplotype was not determined
in this study, there is a potential possibility that the ste-
reoselectivity of fexofenadine enantiomers might be
affected by MDR1 genotype.

In conclusion, this study indicates that the stereoselec-
tive pharmacokinetics of fexofenadine are due to the P-gp-
mediated transport and its stereoselectivity is altered by
itraconazole, as an inhibitor of P-gp. In addition, itracona-
zole appears to affect this P-gp-mediated transport of
S-fexofenadine to a greater extent compared with that of
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R-fexofenadine. However, further study will be needed
because the different affinities of the two enantiomers for
P-gp have not been supported by in vitro studies.
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