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ffect of itraconazole on the
harmacokinetics and pharmacodynamics of
exofenadine in relation to the MDR1
enetic polymorphism

Objective: Our objective was to evaluate the effect of itraconazole, a P-glycoprotein inhibitor, on the phar-
macokinetics and pharmacodynamics of fexofenadine, a P-glycoprotein substrate, in relation to the multidrug
resistance 1 gene (MDR1) G2677T/C3435T haplotype.
Methods: A single oral dose of 180 mg fexofenadine was administered to 7 healthy subjects with the 2677GG/
3435CC (G/C) haplotype and 7 with the 2677TT/3435TT (T/T) haplotype. One hour before the fexofe-
nadine dose, either 200 mg itraconazole or placebo was administered to the subjects in a double-blinded,
randomized, crossover manner with a 2-week washout period. Histamine-induced wheal and flare reactions
were measured to assess the effects on the antihistamine response.
Results: In the placebo phase, pharmacokinetic parameters of fexofenadine showed no statistically significant
difference between 2 MDR1 haplotypes; the area under the curve from time 0 to infinity (AUC0-�) of
fexofenadine in the T/T and G/C groups was 5194.0 � 1910.8 and 4040.4 � 1832.2 ng · mL�1 · h�1,
respectively (P � .271), and the oral clearance (CL/F) was 530.9 � 191.1 and 806.0 � 355.3
mL · h�1 · kg�1, respectively (P � .096). The disposition of itraconazole, a substrate of P-glycoprotein, was
not significantly different between the 2 haplotypes. After itraconazole pretreatment, however, the differ-
ences in fexofenadine pharmacokinetics became statistically significant; the mean fexofenadine AUC0-� in the
T/T group was significantly higher than that in the G/C group (15,630.6 � 5070.0 and 9252.9 � 2044.1
ng/mL · h, respectively; P � .007), and CL/F of the T/T subjects was lower than that of the G/C subjects
(167.0 � 33.3 and 292.3 � 42.2 mL · h�1 · kg�1, respectively; P < .001). Itraconazole pretreatment caused
more than a 3-fold increase in the peak concentration of fexofenadine and the area under the curve to 6 hours
compared with the placebo phase. This resulted in a significantly higher suppression of the histamine-induced
wheal and flare reactions in the itraconazole pretreatment phase compared with those in the placebo phase.
Conclusion: The effect of MDR1 G2677T/C3435T haplotypes on fexofenadine disposition are magnified in
the presence of itraconazole. Itraconazole pretreatment significantly altered the disposition of fexofenadine
and thus its peripheral antihistamine effects. (Clin Pharmacol Ther 2005;78:191-201.)
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P-glycoprotein is encoded by the multidrug resis-
ance 1 gene (MDR1) and is a membrane efflux trans-
orter normally expressed in human tissues, such as the
mall intestine, biliary tract, renal tubules, and blood-
rain barrier.1 It contributes to the disposition of a

rom the Department of Pharmacology, PharmacoGenomics Re-
search Center, and Department of General Surgery, Inje University
College of Medicine, and Department of Clinical Pharmacology,
Busan Paik Hospital.

his study was supported by a grant from the Ministry of Science and

Technology, Korea (National Research Laboratory program). d
ariety of therapeutic drugs in the human body, includ-
ng protease inhibitors, immunosuppressants, fluoro-

eceived for publication Nov 30, 2004; accepted April 22, 2005.
eprint requests: Jae-Gook Shin, MD, PhD, Professor of Pharmacology
and Clinical Pharmacology, Director, PharmacoGenomics Research
Center, Inje University College of Medicine, Busan Paik Hospital,
No. 633-165, Gaegum-Dong, Jin-Gu, Busan 614-735, Korea.

-mail: phshinjg@inje.ac.kr
009-9236/$30.00
opyright © 2005 by the American Society for Clinical Pharmacology
and Therapeutics.
oi:10.1016/j.clpt.2005.04.012

191



q
w
c
P
t
f
i
a
P
u
d

p
o
v
s
P
o
c
C
s
g
l
G
a
d
a
P
c
n
i

o
v
d
o
a
(
n
s
P
n
H
l
d
b
w
a
P
P
c
c

s
s
g
p
a
l
w

i
t
f
i
a

M

G
1
o
l
h
y
g
l
a
j
p
i
l
B

p
t
d
c
Q
a
w
a
5
t
G
a
C
b
r
i
s
s
s
w

CLINICAL PHARMACOLOGY & THERAPEUTICS
192 Shon et al AUGUST 2005
uinolones, quinidine, digoxin, and fexofenadine, as
ell as the development of multidrug resistance to

ancer chemotherapeutics in tumor cells.2,3 Intestinal
-glycoprotein, located on the apical membrane of en-

erocytes, can produce an efflux of a therapeutic drug
rom the epithelial side to the luminal side of the
ntestine, thereby significantly reducing the oral bio-
vailability of the drug.4 Differences in intestinal
-glycoprotein expression and activity among individ-
als result in a wide range of bioavailability of substrate
rugs in human subjects.5

Many recent reports have described single nucleotide
olymorphisms (SNPs) of the MDR1 gene and have
utlined their functional significance in vitro and in
ivo. Hoffmeyer et al6 reported that the C3435T tran-
ition in exon 26 was associated with the level of
-glycoprotein expression in the intestine and with the
ral bioavailability of digoxin. In addition, the G2677T
hange in exon 21, which is strongly linked to the
3435T transition in exon 26, alters the disposition of

ubstrate.7 Although the clinical significance of MDR1
enetic polymorphisms remains controversial, accumu-
ating evidence shows that the linked C3435T and
2677T(A) genotypes affect P-glycoprotein expression

nd function, as well as the disposition of substrate
rugs and disease progression.8-10 On the basis of the
ssumption that the expression level or activity of
-glycoprotein differs in subjects with MDR1 alleles
ontaining the G2677T or C3435T polymorphism, ge-
etic polymorphism of MDR1 could produce variations
n P-glycoprotein–mediated drug interactions.

Itraconazole potentially has a strong inhibitory effect
n P-glycoprotein–mediated substrate drug efflux in
itro.11,12 Studies have shown that many of the clinical
rug interactions that occur between itraconazole and
ther drugs are caused by the inhibition of P-glycoprotein
ctivity, as well as by the inhibition of cytochrome P450
CYP) 3A–mediated metabolism.13-15 Fexofenadine, a
onsedating histamine H1 antagonist, is a P-glycoprotein
ubstrate that has been used as a probe drug to assess
-glycoprotein activity in vivo because its metabolism is
egligible in humans.16-18 Compared with conventional

1 antagonists, fexofenadine is nonsedating because it is
argely excluded from the brain when given in therapeutic
oses because of its limited penetration of the blood-brain
arrier.19,20 Changes in the fate of fexofenadine in humans
ould be expected with the coadministration of itracon-

zole as a result of the inhibitory effect of itraconazole on
-glycoprotein. This inhibitory effect of itraconazole on
-glycoprotein and a consequent increase in fexofenadine
oncentration may have clinical significance, such as

hanges in its antihistamine effect or the occurrence of d
ide effects. In addition, the inhibitory effect may be more
erious in subjects with defective expression of the MDR1
ene in major organs; for example, there may be enhanced
enetration of fexofenadine into the brain and increased
ntihistamine effects in the central nervous system (CNS),
eading to the development of sedation as a side effect,
hich normally does not happen.
This study evaluated the effect of the itraconazole

nteraction and MDR1 G2677T/C3435T haplotype on
he pharmacokinetics and pharmacodynamics of fexo-
enadine, a known P-glycoprotein substrate, and exam-
ned the functional significance of the MDR1 G2677T
nd C3435T alleles on the itraconazole interaction.

ETHODS
Subjects. Of 897 Korean subjects whose MDR1

2677T and C3435T genotypes had been determined,
4 healthy male subjects were enrolled in this trial. Half
f the subjects had the 2677G/3435C homozygous hap-
otype, whereas the other half had the 2677T/3435T
aplotype. The subjects ranged in age from 21 to 28
ears and in body weight from 56 to 78 kg. All were in
ood health as judged by a physical examination and
aboratory tests. The subjects were not allowed to take
ny drugs, use alcohol or caffeine, or drink any fruit
uice during the entire study period. All of the subjects
rovided written informed consent before participating
n the study. The study protocol was approved by the
ocal Institutional Review Board of Inje University
usan Paik Hospital, Busan, Korea.
MDR1 genotype. The pyrosequencing method with

olymerase chain reaction (PCR) was used to determine
he MDR1 G2677T and C3435T genotypes. Genomic
eoxyribonucleic acid (DNA) was isolated from leuko-
ytes from peripheral venous blood samples by use of a
IAamp extraction kit (Qiagen, Hilden, Germany). PCR

mplification for MDR1 G2677T and C3435T genotyping
as conducted as previously described.21 The forward

nd reverse primers for the PCR amplification were
�-TGTTGTCTGGACAAGCACTGA-3� and 5�-bio-
in-GCATAGTAAGCAGTACCGAGTAACAA-3� for
2677T and 5�-GGGTGGTGTCACAGGAAGAG-3�

nd 5�-biotin-CATGCTCCCAGGCTGTTTAT-3� for
3435T. The biotinylated PCR-product DNA was immo-
ilized on streptavidin-coated beads (Streptavidin Sepha-
ose High Performance; Amersham Biosciences, Buck-
nghamshire, England), and this was followed by strand
eparation and sample preparation by use of the PSQ 96
ample preparation kit (Pyrosequencing; Amersham Bio-
ciences). The Sepharose bead slurry (3 �L) was mixed
ith binding buffer (37 �L), PCR product (15 �L), and

istilled water (25 �L); the mixture was incubated at room
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emperature for 10 minutes at 1400 rpm. The beads were
hen transferred to a filter plate, and the liquid was re-
oved by vacuum filtration (Multiscreen Resist Vacuum
anifold, Millipore, Bedford, Mass). The DNA strands
ere separated in denaturation solution (0.5-mol/L so-
ium hydroxide) for 5 seconds. The immobilized template
as washed in a solution of 10-mmol/L Tris-acetate (pH
.6 [washing buffer]), transferred to a PSQ 96 plate, and
esuspended in annealing buffer (20-mmol/L Tris-acetate,
H 7.6) containing a sequencing primer, 5�-GATA-
GAAAGAACTAGAAGG-3� for MDR1 G2677T or 5�-
GTGTCACAGGAAGAGAT-3� for MDR1 C3435T.
he sequencing primer was annealed at 80°C to 90°C for
minutes. The SNPs were analyzed by use of the PSQ 96

ystem with an SNP reagent kit.
Study design. The study had a double-blinded,

lacebo-controlled, randomized, crossover design with
2-week washout period for the pretreatment of pla-

ebo or itraconazole (Fig 1). Each subject received
ither a single oral dose of placebo or 200 mg itracon-
zole (Sporanox; Janssen Korea, Seoul, Korea) after
asting overnight. One hour after the pretreatment dose
f placebo or itraconazole, 180 mg fexofenadine (Al-
egra; Handok-Aventis Pharma, Seoul, Korea) was ad-
inistered orally to all subjects. The subjects were

sked to remain in a seated position for 4 hours after
aking fexofenadine, after which they were allowed to
erform usual daily activities in the clinical trial room;
owever, strenuous activity and exercise were prohib-
ted. Standardized meals were provided at 4 and 10
ours after the administration of fexofenadine. Blood

Fig 1. Schematic of study design. The trial fo
washout period for pretreatment with placebo
skin reaction test, histamine-induced wheal a
amples were drawn immediately before and at 0.5, 1, D
.5, 2, 3, 4, 6, 8, 12, and 24 hours after fexofenadine
dministration. Urine samples were collected during
ime intervals of 0 to 4 hours, 4 to 8 hours, 8 to 12
ours, and 12 to 24 hours after dosing. The blood
amples were centrifuged, and the separated plasma
nd urine samples were stored at �80°C until assayed.
fter a 2-week washout period, the clinical trial was

epeated as previously described, except the pretreat-
ent regimen of either placebo or itraconazole was

eversed.
The pharmacodynamic effects of fexofenadine were
easured as the suppression of histamine-induced
heal and flare reactions. To measure the wheal and
are skin reactions, 0.1 mL of normal saline solution
ontaining 2 �g of histamine was injected intrader-
ally on the forearm of each subject. The size of the

istamine-induced wheal and flare was determined 15
inutes after the histamine injection via the cutting-
eighing method, as previously described.22 In brief,

he wheal and flare were outlined on a transparency film
hat was copied to paper, and the outlined shape was cut
ut with scissors. Each piece of paper was weighed
ith a precision balance, and determination of the area
as based on a standard curve derived from pieces of
aper of known areas and weights. The histamine skin
eaction was measured at 0 (before) and at 1, 2, 3, and

hours after the administration of 180 mg fexofena-
ine.
The digit symbol substitution test (DSST), a psy-

homotor function test, was performed as a behavioral
easure to assess psychomotor performance.23 The

randomized crossover design with a 2-week
nazole. DSST, Digit symbol substitution test;
reaction test.
llowed a
or itraco
SST was conducted according to the method used in



a
i
t
s
r
r
s
m
n
e
i
t
t
D
0
a
s
e

t
u
H
p
m
(
6
a
u
m
t
i
n
S
w
a
c
t
M
C
m
m
m
t
w
t
e
m
a

w
o
b

m
m
h
a
p
t
(
o
a
2
H
C
l
c
t
6
m
t
l
t
n

p
m
N
T
t
p
c
m
(
d
w
k
h
f
a
C
b
l
A
c
w
i
c
m
r
o

w
s

CLINICAL PHARMACOLOGY & THERAPEUTICS
194 Shon et al AUGUST 2005
previous study with modification.24 The DSST exam-
nation began by showing the test subject the digits 1
hrough 9, each matched with a geometric symbol. The
ubjects were then shown the digits situated in random
ows across the page, with the symbols removed and
eplaced by blank spaces. Each subject was given 90
econds to fill the blank space with the previously
atched symbol. The DSST score was derived from the

umber of symbols correctly matched. To exclude the
ffects of practice resulting from repeated DSST test-
ng, all of the subjects were asked to practice the DSST
wice during screening, on the day before a trial and on
he day of a trial regimen before testing was begun. The
SST was conducted at 0.5 and 0 hours before and at
.5, 1, 1.5, 2, 3, and 4 hours after fexofenadine dosing
nd was performed just before the histamine-induced
kin reaction test and blood sampling to minimize the
ffect of these events on DSST measurement.

Assay of fexofenadine and itraconazole concentra-
ions. The fexofenadine concentrations in plasma and
rine samples were assayed by use of reverse-phase
PLC with fluorescence detection, according to the
rocedure outlined by Coutant et al,25 with a minor
odification. A mixture of 50 �g of internal standard

diphenhydramine), 0.15 mL of 5% perchloric acid, and
mL of hexane plus 1-butanol (80:20 [vol/vol]) was

dded to a 10-mL glass tube containing either plasma or
rine (1 mL). After agitation for 1 minute on a vortex
ixer, the aqueous phase was separated by centrifuga-

ion (1000g for 10 minutes) and discarded. The remain-
ng organic phase was subsequently evaporated to dry-
ess in a vacuum centrifuge (SpeedVac AES2010;
avant Instruments, Holbrook, NY). The dry residue
as reconstituted with 80 �L of methanol. A 45-�L

liquot was injected into the HPLC system, which
onsisted of a model 307 pump, model 234 autoinjec-
or, and Waters 2475 fluorescence detector (Waters,

ilford, Mass). The samples were separated on a Li-
hrosorb RP-8 column (internal diameter, 250 � 4
m; 10-�m particle size) (Merck, Darmstadt, Ger-
any). The mobile phase consisted of 30-mmol/L am-
onium acetate/acetonitrile (70:30 [vol/vol]), adjusted

o pH 6.5 with 85% phosphoric acid, and the flow rate
as 0.9 mL/min. The eluant was monitored by use of

he fluorescence at 230-nm excitation and 280-nm
mission wavelengths. The detection limit was 10 ng/
L, and the daily coefficients of variation were 7.8%

nd 5.7% at 10 and 500 ng/mL, respectively.
The itraconazole concentrations in plasma samples

ere assayed by use of reverse-phase HPLC with flu-
rescence detection according to the procedure outlined

y Srivatsan et al,26 with a minor modification. A t
ixture of 5 ng of internal standard (ketoconazole), 0.1
L of 1-mol/L phosphate buffer (pH 8.0), and 5 mL of

exane plus dichloromethane (70:30 [vol/vol]) was
dded to a 10-mL glass tube containing 0.5 mL of
lasma. After agitation for 5 minutes on a vortex mixer,
he aqueous phase was separated by centrifugation
1000g for 10 minutes) and discarded. The remaining
rganic phase was subsequently evaporated to dryness,
nd the dry residue was reconstituted with 100 �L of
0% acetonitrile. A 50-�L aliquot was injected into the
PLC system. The samples were separated on a Zorbax
8 column (150 � 4.6 mm, 5-�m particle size) (Agi-

ent Technologies, Palo Alto, Calif). The mobile phase
onsisted of 0.05-mol/L potassium phosphate/acetoni-
rile/methanol (45:47:8 [vol/vol/vol]), adjusted to pH
.5, and the flow rate was 1.0 mL/min. The eluant was
onitored by use of the fluorescence at 264-nm exci-

ation and 380-nm emission wavelengths. The detection
imit was 5 ng/mL, and the daily coefficients of varia-
ion were estimated to be 8.8% and 4.9% at 25 and 500
g/mL, respectively.
Pharmacokinetic and pharmacodynamic analysis. The

harmacokinetic parameters of fexofenadine were esti-
ated by noncompartmental methods by use of Win-
onlin, version 2.0 (Scientific Consulting, Apex, NC).
he elimination rate constant (ke) was estimated from

he least-squares regression slope of the terminal
lasma concentrations. The area under the plasma con-
entration–time curve (AUC) from time 0 to the last
easurement (AUC0-24) and that from 0 to 6 hours

AUC0-6) were calculated by use of the linear trapezoi-
al rule. The AUC from time 0 to infinity (AUC0-�)
as calculated as follows: AUC0-� � AUC0-24 � C24/

e, where C24 is the plasma concentration measured 24
ours after drug administration. The half-life (t1⁄2) of
exofenadine was calculated as 0.693/ke. The oral clear-
nce of fexofenadine (CL/F) was calculated as follows:
L/F � Dose/AUC0-�. The apparent volume of distri-
ution at steady state (Vdss/F) was calculated as fol-
ows: Vdss/F � Dose · AUMC/(AUC0-�)2, where
UMC is the area under the first moment of the

oncentration-time curve. The renal clearance (CLR)
as calculated as the ratio of Ae to AUC0-24, where Ae

s the amount of fexofenadine recovered in the urine
ollected for 24 hours after oral administration. The
aximum plasma concentration (Cmax) and time to

each Cmax (tmax) were estimated directly from the
bserved plasma concentration versus time data curve.
The peripheral antihistamine effect of fexofenadine

as described as the percent change from the baseline
ize of the histamine-induced wheal and flare reaction

hat was observed until 4 hours after dosing. The area
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nder the effect curve (AUEC � � % Change · h) of
uppression for the histamine-induced wheal and flare
eaction was calculated from the time versus percent
hange curve by use of the linear trapezoidal rule, as
escribed earlier. The estimated AUEC was normalized
o the theoretic AUEC for complete inhibition of the
heal and flare (100% � 4 hours � 400% · h in this

tudy) and was expressed as the percent value of sup-
ression. In this study, we assumed that theoretic com-
lete inhibition was the loss of the wheal and flare
mmediately after the administration of fexofenadine.

Statistical Analysis. The statistical differences in the
harmacokinetic and pharmacodynamic parameters be-
ween the 2 groups of MDR1 haplotypes were analyzed
y use of the nonparametric rank sum test. A signed
ank test was used to analyze the effect of itraconazole
retreatment on the pharmacokinetics and pharmaco-
ynamics of fexofenadine, and all parameters were
ompared between the 2 phases of placebo and itracon-
zole pretreatment. A value of P � .05 was considered

able I. Pharmacokinetic parameters for fexofenadine
lacebo or 200-mg itraconazole pretreatment in subjec

Genotype 26

During placebo pretreatment phase
tmax (h)
Cmax (ng/mL)
t1⁄2 (h)
CL/F (mL · h�1 · kg�1)
Vdss/F (mL/kg)
AUC0-� (ng/mL · h)
AUC0-6 (ng/mL · h)
Ae0-24 (ng/mL · h)
CLR (mL · h�1 · kg�1)

During itraconazole pretreatment phase
tmax (h)
Cmax (ng/mL)
t1⁄2 (h)
CL/F (mL · h�1 · kg�1)
Vdss/F (mL/kg)
AUC0-� (ng/mL · h)
AUC0-6 (ng/mL · h)
Ae0-24 (ng/mL · h)
CLR (mL · h�1 · kg�1)

MDR1, Multidrug resistance 1 gene; tmax, time to maximum plasma concen
otal oral clearance; Vdss/F, apparent volume of distribution at steady state; A
oncentration-time curve at 6 hours; Ae0-24, cumulative amount excreted into

*P � .05, signed ranked test between the 2 phases of placebo and itracona
†P � .001, signed ranked test between the 2 phases of placebo and itracon
‡P � .05, rank sum test between MDR1 haplotype groups.
§P � .001, rank sum test between MDR1 haplotype groups.
tatistically significant. f
ESULTS

After a single oral dose of 180 mg fexofenadine after
lacebo pretreatment, the mean Cmax of fexofenadine
as 40% higher in subjects with the 2677T/3435T
utant haplotype than in those with the 3435C/2677G
ild type (Table I). The AUC0-6 and AUC0-� of the
677T/3435T haplotype subjects were 30% greater
han those of the 3435C/2677G haplotype subjects,
hereas CL/F and Vdss/F were around 30% lower in

he 2677T/3435T subjects; however, none of these dif-
erences was statistically significant.

After pretreatment with itraconazole, the plasma
exofenadine concentrations increased significantly
or both MDR1 haplotype groups compared with the
oncentrations observed after pretreatment with pla-
ebo. Of interest, the difference in the mean plasma
exofenadine concentrations between the MDR1 hap-
otype groups became more prominent after pretreat-
ent with 200 mg itraconazole (Fig 2 and Table I).
lthough none of the pharmacokinetic parameters

ral administration of 180-mg single dose with either
known MDR1 G2677T/C3435T genotypes

435CC (n � 7) 2677TT/3435TT (n � 7)

.0 	 1.6 3.5 	 2.0

.8 	 262.6 713.8 	 311.4

.0 	 1.7 5.0 	 0.8

.0 	 355.3 530.9 	 191.1

.8 	 3691.1 4226.7 	 1874.5

.4 	 1832.2 5194.0 	 1910.8

.4 	 1025.4 2761.9 	 1394.3

.3 	 4372.2 11,626.8 	 10,848.2

.7 	 30.0 28.8 	 25.3

.4 	 0.9 3.1 	 1.5

.3 	 340.5† 2136.2 	 897.9†

.4 	 0.6 4.6 	 0.6

.3 	 42.2* 167.0 	 33.3†§

.1 	 379.4* 1205.8 	 401.1†‡

.9 	 2044.1† 15,630.6 	 5070.0†‡

.0 	 1525.9* 8986.1 	 3896.3*‡

.3 	 8465.0* 25,875.6 	 25,431.4*

.8 	 15.5 24.2 	 21.9

ax, maximum plasma concentration; t1⁄2, terminal elimination half-life; CL/F,
a under concentration-time curve from time 0 to infinity; AUC0-6, area under
een 0 and 24 hours; CLR, renal clearance.

atment.
eatment.
after o
ts with

77GG/3

3
510

5
806

6991
4040
2135
7949

35

3
1376

4
292

2000
9252
5129

15,425
25

tration; Cm

UC0-�, are
urine betw
zole pretre
azole pretr
or fexofenadine differed significantly between the 2
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aplotype groups during the placebo pretreatment
hase, the parameters AUC0-�, CL/F, and Vdss/F did
iffer statistically after itraconazole pretreatment
Table I). The distribution of the pharmacokinetic
arameters also showed greater interindividual vari-
tion among the study subjects in the itraconazole
retreatment phase compared with the variation in
he placebo phase (Fig 3). In the itraconazole pre-
reatment phase, CL/F and Vdss/F decreased to 30%
f the placebo pretreatment value, and the Cmax,
UC0-6, and AUC0-� of fexofenadine increased

bout 3-fold in all of the study subjects accordingly
Table I). After pretreatment with itraconazole, the
mount of urinary fexofenadine recovered over a
4-hour period was more than double the amount in
he placebo pretreatment phase; however, the renal
learance did not change significantly.

Itraconazole concentrations were measured to com-
are the relative exposure of the different genotype
roups to itraconazole. After a single oral dose of 200
g itraconazole, the 2 MDR1 haplotype groups had

imilar plasma concentration versus time profiles (data
ot shown). The pharmacokinetic parameters for itra-
onazole did not differ significantly in relation to the
DR1 G2677T/C3435T haplotype (Table II).
After a single oral dose of 180 mg fexofenadine, the

ercent inhibition of wheal and flare size was signifi-
antly higher with the itraconazole pretreatment than in

Fig 2. Mean plasma concentration (	SE) o
single dose when pretreated with placebo (ope
multidrug resistance 1 gene (MDR1) 2677G/34
groups. Plus sign, P � .05, rank sum test be
he placebo pretreatment phase (Fig 4). The normalized c
UEC, expressed as a percentage of the suppression of
he histamine-induced wheal and flare reaction by fexo-
enadine, was significantly higher with itraconazole
retreatment than in the placebo phase regardless of the
DR1 haplotype (Table III). However, the effect of

exofenadine on the wheal and flare suppression did not
iffer significantly between the 2 MDR1 haplotypes. In
ddition, the DSST, which was used to measure psy-
homotor performance, did not change significantly
ith itraconazole pretreatment or MDR1 haplotype

data not shown).

ISCUSSION
Despite the controversy regarding their clinical rel-

vance, the 2 linked MDR1 mutant alleles of G2677T
nd C3435T have been recognized as important SNPs
n relation to the disposition of certain drugs and the
redisposition to several diseases.8,27 In this study the
stimated Cmax and AUC0-6 were 30% to 40% higher in
ubjects with the 2677T/3435T haplotype than in sub-
ects with the 2677G/3435C haplotype, although the
ifferences did not reach statistical significance. This
esult is consistent with the previous findings of our
roup28 and another Korean group29 on the effect of the
DR1 C3435T genotype on fexofenadine disposition

fter a single oral dose of fexofenadine in healthy
orean subjects.
Our results confirmed that itraconazole signifi-

nadine after oral administration of 180-mg
ls) or 200 mg itraconazole (solid symbols) in

rcles) and 2677T/3435T (triangles) haplotype
DR1 haplotype groups.
f fexofe
n symbo
35C (ci
antly influenced the disposition of fexofenadine, a
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ubstrate of P-glycoprotein.17 The Cmax and AUC0-6

f fexofenadine increased by about 3-fold and the
L/F and Vdss/F decreased by the same magnitude in

ubjects with each MDR1 haplotype. However, the
alf-life and renal clearance of fexofenadine did not
hange as a result of the itraconazole interaction.
hese findings indicate that the marked enhancement
f fexofenadine bioavailability as a result of itracon-
zole is caused mainly by the inhibition of intestinal
-glycoprotein by itraconazole.12,15 However, the in-
ibition of intestinal P-glycoprotein does not seem to

Fig 3. Individual and mean (	SD) pharm
administration of 180-mg single dose when
subjects with known MDR1 G2677T/C3435T
tion (Cmax) (A), area under concentration-tim
concentration-time curve from time 0 to infini
the MDR1 2677G/3435C and MDR1 2677T/3
respectively. 1 Asterisk, P � .05; 2 asterisks,
placebo and itraconazole pretreatment. Plus si
groups.

able II. Pharmacokinetic parameters for itraconazole
efore 180-mg fexofenadine dose in subjects with kno

Genotype
2677GC/3

(me

tmax (h) 4
Cmax (ng/mL) 341
t1⁄2 (h) 15.3
CL/F (mL · h�1 · kg�1) 73
Vdss/F (mL/kg) 1591
AUC0-� (ng/mL · h) 3751
AUC0-7 (ng/mL · h) 1140

AUC0-7, Area under concentration-time curve at 7 hours.
e the only mechanism by which itraconazole pre- t
reatment increases fexofenadine bioavailability. Us-
ng a regional perfusion technique, Tannergren et
l30 showed that the coadministration of or pretreat-
ent with ketoconazole, another azole antifungal

gent that inhibits P-glycoprotein, has no significant
ffect on the intestinal absorption of fexofenadine in
umans. In addition, their group reported that coper-
usion with verapamil, a membrane transporter in-
ibitor, caused 8- and 4-fold increases in the appar-
nt rate constant for absorption into the systemic
irculation and in the AUC for fexofenadine, respec-

tic parameters for fexofenadine after oral
ed with placebo or 200 mg itraconazole in
es, as follows: maximum plasma concentra-

e at 6 hours (AUC0-6) (B), and area under

0-�) (C). The open and solid symbols indicate
aplotype groups of MDR1 G2677T/C3435T,
01; signed rank test between the 2 phases of
.05, rank sum test between MDR1 haplotype

ral administration of 200-mg single dose 1 hour
R1 G2677T/C3435T genotypes

(n � 7)
)

2677TT/3435TT (n � 7)
(mean 	 SD)

4.1 	 2.2
.0 271.2 	 86.6

17.0 	 4.1
3 75.3 	 38.2
3.7 1510.9 	 680.0
0.6 3653.1 	 3024.1
.5 956.5 	 412.6
acokine
pretreat
genotyp
e curv

ty (AUC
435T h
P � .0

gn, P �
after o
wn MD

435CC
an 	 SD

.3 	 2.4

.4 	 163
0 	 4.9
.1 	 56.
.1 	 102
.9 	 185
.1 	 576
ively, during a jejunal, single-pass perfusion study
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n healthy human subjects, although the effective
ejunal permeability was not significantly changed by
he coperfused verapamil.31 Consequently, the au-
hors suggested that the increased bioavailability of
exofenadine attributable to the P-glycoprotein in-
ibitor might be caused by decreased organic anion
ransporter polypeptide (OATP)–mediated sinusoidal
ptake or P-glycoprotein–mediated canalicular se-
retion of fexofenadine and not primarily by the
nhibition of the intestinal transporter. Fexofenadine

Fig 4. Mean percent change (	SE) from ba
reaction after oral administration of 180-mg
placebo (open symbols) or 200 mg itraconaz
G2677T/C3435T genotypes. The circles and t
2677T/3435T haplotype groups, respectively
haplotype); pound sign (in subjects with MDR
between the 2 phases of placebo and itracona

able III. Percent inhibition of histamine-induced wh
ingle dose of fexofenadine in subjects with known M

Inhibition of histamine-induced wheal reaction
All subjects
2677GG/3435CC (n � 7)
2677TT/3435TT (n � 7)

Inhibition of histamine-induced flare reaction
All subjects
2677GG/3435CC (n � 7)
2677TT/3435TT (n � 7)

*The percent value of suppression is the normalized AUEC (area under the
4 hours � 400% · h in this study), where the theoretic complete inhibitio

dministration of fexofenadine.
*P � .05, signed ranked test between the 2 phases of placebo and itracona
†P � .001, signed ranked test between the 2 phases of placebo and itracon
s a substrate of OATP, as well as P-glycoprotein,17 a
nd each transporter is separately involved in the
fflux and intake of substrates in different tissues
eg, intestinal epithelial cells and hepatocytes).
herefore it is difficult to understand the mechanism
y which itraconazole affects the fate of fexofena-
ine. Although no report has elucidated whether itra-
onazole has an inhibitory effect on OATP function,
oth azole antifungals (itraconazole and ketocon-
zole) inhibit drug-metabolizing enzymes and trans-
orters similarly (eg, strong inhibition of CYP3A4

histamine-induced wheal (A) and flare (B)
ose of fexofenadine after pretreatment with
id symbols) in subjects with known MDR1
indicate the MDR1 2677G/3435C and MDR1
risk (in subjects with MDR1 2677G/3435C
/3435T haplotype), P � .05; signed rank test
treatment.

flare reaction after oral administration of 180-mg
677T/C3435T genotypes

% Value of suppression of wheal
and flare reaction*

Placebo Itraconazole

28.7 	 11.1 42.0 	 7.1†
28.0 	 8.5 39.8 	 5.4*
29.4 	 13.9 44.3 	 8.2*

38.3 	 10.4 48.9 	 10.8†
36.8 	 12.1 48.1 	 13.7*
39.8 	 9.2 49.7 	 8.1*

e) to the theoretic value of complete inhibition of the wheal and flare (100%
umed to be the complete loss of the wheal and flare immediately after the

atment.
eatment.
seline in
single d
ole (sol

riangles
. 1 Aste
1 2677T
eal and
DR1 G2

effect curv
n was ass
nd P-glycoprotein).12,32 The inhibitory effect of
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traconazole on the biliary excretion of fexofenadine
ediated by OATP might contribute to enhancing its

ral bioavailability.
Interestingly, the differences in the pharmacokinetic

arameters, including AUC, CL/F, and Vdss/F, between
he 2 MDR1 haplotypes became more prominent and
eached statistical significance (P � .05 by nonpara-
etric rank sum test) in the itraconazole pretreatment

hase. In addition, itraconazole pretreatment widened
he interindividual variability of the fexofenadine phar-
acokinetic parameters among the study subjects.
hese findings imply that the effect of the MDR1 ge-
otype on the disposition of fexofenadine becomes
ore pronounced with P-glycoprotein inhibition.
Many previous small-scale clinical studies have re-

orted that the effect of the MDR1 genotype on the
isposition of its substrate drugs was not large enough
o cause a statistical difference,33 and a greater number
f study subjects may be necessary to evaluate the
ffect of this genotype on the disposition of the sub-
trate drugs. We also found no statistical significance
etween the 2 MDR1 haplotypes, although the T/T
aplotype subjects tended to have a higher AUC and
ower oral clearance than the G/C haplotype subjects in
he placebo pretreatment phase. From the post hoc
ower analysis based on the AUC0-� data obtained in
his study, at least 41 subjects per haplotype group are
ecessary to detect statistical significance in a t test
omparison of mean value between the MDR1 haplo-
ypes at the .05 significance level with 80% power. Our
esults suggest that the effect of the MDR1 genotype on
exofenadine disposition should be evaluated in a larger
umber of subjects.
To our knowledge, no report has addressed the
DR1 genotype–based interaction with P-glycoprotein

nhibitors, except that of Oh et al,34 who showed that
he haplotype, including polymorphisms at C1236T,
2677T, and C3435T, exhibited a functional change in

he presence of the P-glycoprotein inhibitors verapamil
nd cyclosporine (INN, ciclosporin), by use of an in
itro human complementary DNA expression system.
lthough further studies are needed, this finding sug-
ests the possibility that the MDR1 mutant
-glycoprotein may cause the altered interaction with
nown inhibitors such as itraconazole compared with
he wild type.

Given that itraconazole itself is a substrate of
-glycoprotein, as well as of CYP3A4,35 the differen-

ial exposure of itraconazole concentrations between
he 2 MDR1 haplotypes may cause different inhibition
f fexofenadine disposition if undetermined genotypes

o not affect the fexofenadine disposition, but the un- C
etermined genotypes may alter the disposition of itra-
onazole. Nevertheless, in the itraconazole assay, we
ound no significant differences in the itraconazole
oncentration or its pharmacokinetic parameters, sug-
esting that the MDR1 G2677T/C3435G haplotype
oes not influence the itraconazole disposition. To our
nowledge, this is the first report describing the dispo-
ition of itraconazole, a substrate of P-glycoprotein and
YP3A4, in relation to MDR1 genetic polymorphism.

soherranen et al36 demonstrated that itraconazole me-
abolites are equally potent or more potent inhibitors of
YP3A4 in vitro. Although no report has addressed the

nhibitory effect of itraconazole metabolites on
-glycoprotein or OATP, it would be more difficult to
nderstand the mechanism of itraconazole interaction
n relation to the MDR1 genotype if those metabolites
ere to have the same inhibitory potential on the P-
lycoprotein–mediated efflux and OATP-mediated up-
ake of their substrates, such as fexofenadine.

Pretreatment with itraconazole led to a significant
ncrease in the plasma fexofenadine concentration; the
ncrease was sufficient to cause significant changes in
eripheral antihistamine effects, as demonstrated by the
istamine skin challenge test. The suppressive effects
f fexofenadine on the wheal and flare reactions were
ignificantly stronger with itraconazole pretreatment
han with placebo pretreatment. A previous report
howed that the maximum suppressive effect of fexo-
enadine on wheal and flare reactions occurred at a dose
f 130 mg, with no further inhibition at higher doses.37

he changes in the histamine-induced wheal and flare
eactions were determined until 4 hours after fexofena-
ine administration to investigate the effects of itracon-
zole pretreatment and MDR1 haplotype on the antihis-
amine effect of fexofenadine. Itraconazole
retreatment clearly caused an earlier and greater sup-
ression of the wheal and flare reaction than did the
lacebo pretreatment. In this study the MDR1 haplo-
ypes did not produce a significant change in the sup-
ression of the wheal and flare reaction. Therefore the
ffect of itraconazole pretreatment on the disposition of
exofenadine appears to be significant enough to influ-
nce peripheral antihistamine effects, as determined by
he suppression of the wheal and flare reaction, whereas
he effect of the MDR1 haplotype was not significant.

The development of CNS side effects, such as seda-
ion, was evaluated with regard to MDR1 haplotype and
traconazole pretreatment. In contrast to our expecta-
ions, the increased plasma concentration of fexofena-
ine as a result of either itraconazole interactions or
DR1 haplotype was not linked to the development of

NS side effects as measured with the DSST psy-
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homotor performance test. Given that P-glycoprotein
s highly expressed in the blood-brain barrier, its activ-
ty in the brain was expected to decrease significantly in
he presence of itraconazole and the MDR1 mutant
aplotype.38 In the case of fexofenadine, however, CNS
enetration was not significantly influenced by the in-
eraction of either genetic (MDR1 mutant haplotype) or
nvironmental (itraconazole) factors. This is in contrast
o the case of loperamide, a P-glycoprotein substrate
hat normally does not enter the brain but does produce
NS side effects in association with pretreatment with
uinidine, a P-glycoprotein inhibitor.39 The mean Cmax

or fexofenadine after the itraconazole pretreatment in
ubjects with the variant MDR1 haplotype was 4 times
hat after placebo pretreatment in subjects with the wild
aplotype. Several reports have demonstrated that even
igh doses of fexofenadine (up to 800 mg) did not
ause CNS side effects.37,40,41 Therefore it is not sur-
rising that the 4-fold increase in the Cmax for fexofe-
adine did not result in the development of CNS side
ffects when no direct inhibition of P-glycoprotein or
efective expression of the MDR1 gene occurred in the
rains of subjects with itraconazole pretreatment and
DR1 2677T/3435T.
In summary, itraconazole pretreatment significantly

nfluences the plasma concentration of fexofenadine in
oth MDR1 haplotypes (2677G/3435C and 26677T/
435T). The extent of the effect seems sufficiently
arge to influence the peripheral antihistamine response,
s determined by the suppression of the histamine-
nduced wheal and flare reaction. The moderate effect
f the MDR1 haplotype on the disposition of fexofena-
ine seems to be enhanced by the presence of the
traconazole interaction, which caused the difference
etween the MDR1 haplotypes in 2 groups of 7 healthy
ubjects each to reach statistical significance. The
echanisms of the MDR1-dependent interaction of itra-

onazole on the disposition of its substrate drugs re-
ain to be evaluated further.

None of the authors has any conflict of interest to declare with
espect to the contents of this manuscript.

eferences
1. Thiebaut F, Tsuruo T, Hamada H, Gottesman MM, Pas-

tan I, Willingham MC. Cellular localization of the
multidrug-resistance gene product P-glycoprotein in nor-
mal human tissues. Proc Natl Acad Sci U S A 1987;84:
7735-8.

2. Lin JH, Yamazaki M. Role of P-glycoprotein in pharma-
cokinetics: clinical implications. Clin Pharmacokinet

2003;42:59-98.
3. Kim RB. Drugs as P-glycoprotein substrates, inhibitors,
and inducers. Drug Metab Rev 2002;34:47-54.

4. Van Asperen J, Van Tellingen O, Beijnen JH. The phar-
macological role of P-glycoprotein in the intestinal epi-
thelium. Pharmacol Res 1998;37:429-35.

5. Doherty MM, Charman WN. The mucosa of the small
intestine: how clinically relevant as an organ of drug
metabolism? Clin Pharmacokinet 2002;41:235-53.

6. Hoffmeyer S, Burk O, von Richter O, Arnold HP, Brock-
moller J, Johne A, et al. Functional polymorphisms of the
human multidrug-resistance gene: multiple sequence varia-
tions and correlation of one allele with P-glycoprotein ex-
pression and activity in vivo. Proc Natl Acad Sci U S A
2000;97:3473-8.

7. Kim RB, Leake BF, Choo EF, Dresser GK, Kubba SV,
Schwarz UI, et al. Identification of functionally variant
MDR1 alleles among European Americans and African
Americans. Clin Pharmacol Ther 2001;70:189-99.

8. Marzolini C, Paus E, Buclin T, Kim RB. Polymorphisms
in human MDR1 (P-glycoprotein): recent advances and
clinical relevance. Clin Pharmacol Ther 2004;75:13-33.

9. Woodahl EL, Ho RJ. The role of MDR1 genetic polymor-
phisms in interindividual variability in P-glycoprotein ex-
pression and function. Curr Drug Metab 2004;5:11-9.

0. Drozdzik M, Bialecka M, Mysliwiec K, Honczarenko K,
Stankiewicz J, Sych Z. Polymorphism in the
P-glycoprotein drug transporter MDR1 gene: a possible
link between environmental and genetic factors in Par-
kinson’s disease. Pharmacogenetics 2003;13:259-63.

1. Gupta S, Kim J, Gollapudi S. Reversal of daunorubicin
resistance in P388/ADR cells by itraconazole. J Clin
Invest 1991;87:1467-9.

2. Wang EJ, Lew K, Casciano CN, Clement RP, Johnson
WW. Interaction of common azole antifungals with P
glycoprotein. Antimicrob Agents Chemother 2002;46:
160-5.

3. Partanen J, Jalava KM, Neuvonen PJ. Itraconazole in-
creases serum digoxin concentration. Pharmacol Toxicol
1996;79:274-6.

4. Kaukonen KM, Olkkola KT, Neuvonen PJ. Itraconazole
increases plasma concentrations of quinidine. Clin Phar-
macol Ther 1997;62:510-7.

5. Lilja JJ, Backman JT, Laitila J, Luurila H, Neuvonen PJ.
Itraconazole increases but grapefruit juice greatly de-
creases plasma concentrations of celiprolol. Clin Phar-
macol Ther 2003;73:192-8.

6. Lippert C, Ling J, Brown P, Burmast S, Eller M, Cheng
L, et al. Mass balance and pharmacokinetics of MDL
16455A in healthy male volunteers [abstract]. Pharmacol
Res 1995:12:S390.

7. Cvetkovic M, Leake B, Fromm MF, Wilkinson GR, Kim
RB. OATP and P-glycoprotein transporters mediate the
cellular uptake and excretion of fexofenadine. Drug
Metab Dispos 1999:27:866-71.

8. Hamman MA, Bruce MA, Haehner-Daniels BD, Hall

SD. The effect of rifampin administration on the dispo-



1

2

2

2

2

2

2

2

2

2

2

3

3

3

3

3

3

3

3

3

3

4

4

CLINICAL PHARMACOLOGY & THERAPEUTICS
2005;78(2):191-201 Effect of MDR1 haplotype and itraconazole on fexofenadine PK-PD 201
sition of fexofenadine. Clin Pharmacol Ther
2001;69:114-21.

9. Hindmarch I, Shamsi Z, Kimber S. An evaluation of the
effects of high-dose fexofenadine on the central nervous
system: a double-blind, placebo-controlled study in
healthy volunteers. Clin Exp Allergy 2002;32:133-9.

0. Molimard M, Diquet B, Benedetti MS. Comparison of
pharmacokinetics and metabolism of desloratadine, fexo-
fenadine, levocetirizine and mizolastine in humans. Fun-
dam Clin Pharmacol 2004;18:399-411.

1. Tanabe M, Ieiri I, Nagata N, Inoue K, Ito S, Kanamori Y,
et al. Expression of P-glycoprotein in human placenta:
relation to genetic polymorphism of the multidrug resis-
tance (MDR)-1 gene. J Pharmacol Exp Ther 2001;297:
1137-43.

2. Saarinen JV, Harvima RJ, Horsmanheimo M, Harvima
IT. Modulation of the immediate allergic wheal reaction
in the skin by drugs inhibiting the effects of leukotriene
C4 and prostaglandin D2. Eur J Clin Pharmacol 2001;
57:1-4.

3. Lucchesi LM, Pompeia S, Manzano GM, Kohn AF,
Galduroz JCF, Bueno OFA, et al. Flunitrazepam-induced
changes in neurophysiological, behavioral, and subjec-
tive measures used to assess sedation. Prog Neuropsy-
chopharmacol Biol Psychiatry 2003;27:525-33.

4. Zhi J, Massarella JW, Melia AT, Teller SB, Schmitt-
Muskus J, Crews T, et al. The pharmacokinetic-
pharmacodynamic (Digit Symbol Substitution Test) rela-
tionship of flumazenil in a midazolam steady-state model
in healthy volunteers. Clin Pharmacol Ther 1994;56:
530-6.

5. Coutant JE, Westmark PA, Nardella PA, Walter SM,
Okerholm RA. Determination of terfenadine and terfena-
dine acid metabolite in plasma using solid-phase extrac-
tion and high-performance liquid chromatography with
fluorescence detection. J Chromatogr 1991;570:139-48.

6. Srivatsan V, Dasgupta AK, Kale P, Datla RR, Soni D,
Patel M, et al. Simultaneous determination of itracon-
azole and hydroxyitraconazole in human plasma by high-
performance liquid chromatography. J Chromatogr A
2004;1031:307-13.

7. Shin JG, Lee SS. Ethnic difference and polymorphisms
of transporter proteins [abstract]. Clin Exp Pharmacol
Physiol 2004;31:A35.

8. Shon JH, Chun HM, Kim KA, Yoon YR, Shin SG, Shin
JG. The PK and PD of fexofenadine in relation to mdr1
genetic polymorphism in Korean healthy subjects [ab-

stract]. Clin Pharmacol Ther 2002;71:P71.
9. Yi SY, Hong KS, Lim HS, Chung JY, Oh DS, Kim JR,
et al. A variant 2677A allele of the MDR1 gene affects
fexofenadine disposition. Clin Pharmacol Ther 2004;76:
418-27.

0. Tannergren C, Knutson T, Knutson L, Lennernas H. The
effect of ketoconazole on the in vivo intestinal perme-
ability of fexofenadine using a regional perfusion tech-
nique. Br J Clin Pharmacol 2003;55:182-90.

1. Tannergren C, Petri N, Knutson L, Hedeland M, Bondesson
U, Lennernas H. Multiple transport mechanisms involved in
the intestinal absorption and first-pass extraction of fexofe-
nadine. Clin Pharmacol Ther 2003;74:423-36.

2. Venkatakrishnan K, von Moltke LL, Greenblatt DJ. Ef-
fects of the antifungal agents on oxidative drug metabo-
lism: clinical relevance. Clin Pharmacokinet 2000;38:
111-80.

3. Fromm MF. The influence of MDR1 polymorphisms on
P-glycoprotein expression and function in humans. Adv
Drug Deliv Rev 2002;54:1295-310.

4. Oh J, Kimchi-Sarfaty C, Kim I, Sherman A, Ambudkar
S, Gottesman M. Functional characterization of SNP and
haplotype of human MDR1 gene using a vaccinia virus
expression system [abstract]. Clin Pharmacol Ther 2005;
77:P24.

5. Miyama T, Takanaga H, Matsuo H, Yamano K,
Yamamoto K, Iga T, et al. P-glycoprotein-mediated
transport of itraconazole across the blood-brain barrier.
Antimicrob Agents Chemother 1998;42:1738-44.

6. Isoherranen N, Kunze KL, Allen KE, Nelson WL, Thum-
mel KE. Role of itraconazole metabolites in CYP3A4
inhibition. Drug Metab Dispos 2004;32:1121-31.

7. Russell T, Stoltz M, Weir S. Pharmacokinetics, pharma-
codynamics, and tolerance of single- and multiple-dose
fexofenadine hydrochloride in healthy male volunteers.
Clin Pharmacol Ther 1998;64:612-21.

8. Ieiri I, Takane H, Otsubo K. The MDR1 (ABCB1) gene
polymorphisms and its clinical implications. Clin Phar-
macokinet 2004;43:553-76.

9. Sadeque AJ, Wandel C, He H, Shah S, Wood AJ. In-
creased drug delivery to the brain by P-glycoprotein
inhibition. Clin Pharmacol Ther 2000;68:231-7.

0. Ridout F, Hindmarch I. The effects of acute doses of
fexofenadine, promethazine, and placebo on cognitive
and psychomotor function in healthy Japanese volun-
teers. Ann Allergy Asthma Immunol 2003;90:404-10.

1. Chen C, Hanson E, Watson JW, Lee JS. P-glycoprotein
limits the brain penetration of nonsedating but not sedat-

ing H1-antagonists. Drug Metab Dispos 2003;31:312-8.


	Effect of itraconazole on the pharmacokinetics and pharmacodynamics of fexofenadine in relation to the MDR1 genetic...
	METHODS
	Subjects
	MDR1 genotype
	Study design
	Assay of fexofenadine and itraconazole concentrations
	Pharmacokinetic and pharmacodynamic analysis
	Statistical Analysis

	RESULTS
	DISCUSSION
	References


