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Aims

 

To determine the effect of gender and the genetic polymorphisms of 

 

CYP2J2, CYP3A4,
CYP3A5

 

 and 

 

MDR1

 

 on the urinary excretion of the H

 

1

 

 antihistamine ebastine in
healthy subjects.

 

Methods

 

Eighty-nine Caucasians were studied. The presence of polymorphisms in genes known
to be involved in ebastine metabolism and transport (

 

CYP2J2

 

*

 

2,

 

 *

 

3,

 

 *

 

4,

 

 *

 

6,

 

 *

 

7,
CYP3A4

 

*

 

1B

 

, 

 

CYP3A5

 

*

 

3

 

, *

 

6

 

 and 

 

MDR1(ABCB1)

 

C3435T

 

) was assessed by means of PCR-
restriction fragment length polymorphism and sequencing methods. Genotype was
correlated with the urinary excretion of the main ebastine metabolites (desalkylebastine
and carebastine) under basal conditions and after administration of g rapefruit juice.

 

Results

 

Women excreted statistically greater amounts of desalkylebastine in urine (mean 

 

±

 

 SD
(95% confidence intervals, 95% CI), 23.0 

 

±

 

 19.5 (18.1, 27.9) 

 

µ

 

mol) than men
(12.4 

 

±

 

 11.0 (7.9, 16.9)), (mean difference: 10.6 (2.4, 18.7), 

 

P

 

 

 

<

 

 0.005). The

 

CYP2J2

 

, 

 

CYP3A4

 

 and 

 

CYP3A5

 

 analysed polymorphisms did not greatly affect ebastine
metabolite excretion. The 

 

MDR1

 

C3435T

 

 polymorphism was found to affect both the
urinary excretion of the active metabolite carebastine (32.3 

 

±

 

 18.3 (23.1, 41.4),
22.8 

 

±

 

 14.7 (18.6, 27.0) and 21.5 

 

±

 

 15.3 (14.7, 28.3) for 

 

CC

 

, 

 

CT

 

 and 

 

TT

 

 carriers,
respectively; 

 

P

 

 

 

<

 

 0.05) and the grapefruit juice-induced inhibition of its transport/
formation (mean fold-decrease 

 

±

 

 SD (95% CI), 1.5 

 

±

 

 0.8 (1.0, 2.0), 1.1 

 

±

 

 0.9 (0.7,
1.4) and 0.9 

 

±

 

 0.4 (0.6, 1.2) for 

 

CC

 

, 

 

CT

 

 and 

 

TT

 

 carriers, respectively; 

 

P

 

 

 

=

 

 0.01).

 

Conclusions

 

Gender and the presence of the 

 

MDR1

 

C3435T

 

 polymorphism both influence the
excretion of ebastine metabolites in urine.

 

Introduction

 

Ebastine (4-diphenylmethoxy-1-[3-(4-terbutylbenzoyl)-
propyl]  piperidine)  is  a  long-acting  new  generation
H

 

1

 

-receptor antagonist, which binds preferentially to

peripheral H

 

1

 

 receptors 

 

in vivo

 

 and shows no apparent
sedative  properties  over  the  therapeutic  dose  range
[1].

After oral administration, ebastine undergoes exten-
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sive first-pass metabolism, displaying pharmacokinet-
ics that show marked interindividual variability [2].
The drug is rapidly and almost completely oxidized to
carebastine, which is the major detectable metabolite
and is believed to be responsible for the pharmacolog-
ical effects of the drug [3]. Two inactive metabolites,
hydroxyebastine, and desalkylebastine, are also formed
[3–5] (Figure 1). Studies in human liver microsomes
have shown that cytochrome P450 (CYP) 3A was the
main ebastine dealkylase [6]. These studies were later
extended to human intestinal microsomes, and the
results showed that CYP2J2, and to a lesser extent
CYP4F12, were the enzymes responsible for ebastine
hydroxylation leading to the sequential formation of
hydroxyebastine and carebastine [7] (Figure 1).

All the genes involved in ebastine metabolism are
known to possess allelic variants. The activity of the
CYP3A sub-family is the sum of that of CYP3A4 and
CYP3A5.  These  genes  possess  many  single  nucleo-
tide polymorphisms (SNPs) (for a regularly updated
review see http://www.imm.ki.se/CYPalleles), but only

 

CYP3A4

 

*

 

1B

 

 and 

 

CYP3A5

 

*

 

3

 

 have a significant fre-
quency in Caucasians. The gene coding for CYP2J2,
another important enzyme in ebastine metabolism, is
also polymorphic and several SNPs (

 

CYP2J2

 

*

 

2,
CYP2J2

 

*

 

3, CYP2J2

 

*

 

4, CYP2J2

 

*

 

6

 

 and 

 

CYP2J2

 

*

 

7

 

) have
recently been found to affect its ability to metabolize
arachidonic acid [8]. However, in contrast to the large
database on 

 

CYP3A4

 

 and 

 

CYP3A5

 

 polymorphisms, the

 

in vivo

 

 importance of 

 

CYP2J2

 

 allelic variants and their

frequencies in different populations have not been
established.

In addition to being extensively metabolized by iso-
forms of CYP, ebastine and its metabolites are also
substrates of the 

 

MDR1

 

 (also known as 

 

ABCB1

 

)-
encoded efflux transporter P-glycoprotein (P-gp) [9].
Among other locations, P-gp is found in the brush bor-
der surface of enterocytes and the apical surface of prox-
imal tubular cells in kidneys, where it may contribute to
the elimination of ebastine and to the excretion of its
metabolites, respectively. There are a number of allelic
variants of the 

 

MDR1

 

 gene and one of them, the

 

MDR1

 

C3435T

 

 polymorphism in exon 26, has been associ-
ated with a decrease in P-gp expression in both intestine
[10] and kidney [11]. However, other reports have failed
to find alterations in the expression or functionality of
P-gp in carriers of this polymorphism [12, 13].

The aim of the present work was to determine
whether gender, grapefruit juice and any of the polymor-
phisms thought to determine ebastine biotranformation
and transport, affect the urinary excretion of ebastine.

 

Methods

 

Subjects

 

The population consisted of 89 healthy Spanish Cauca-
sians (63 women and 26 men) who were aware of the
purpose of the study and gave oral and written informed
consent for participation. Among the men, there were
22 nonsmokers and four smokers with an average con-
sumption of 11 

 

±

 

 4 cigarettes per day. Among the
women, there were 48 nonsmokers and 15 smokers with
an average consumption of 14 

 

±

 

 6 cigarettes per day.
Mean 

 

±

 

 SD age of the men was 20.7 

 

±

 

 1.9 years (range
18–24) and their mean body weight was 75.4 

 

±

 

 10.5 kg
(range 55–105). The age of the women averaged
20.1 

 

±

 

 2.0 years (range 19–22) and their mean body
weight was 58.5 

 

±

 

 8.0 kg (range, 47–88). All subjects
reported only occasional alcohol consumption and were
not taking any medication at the time of the study,
except six nonsmoking and three smoking women who
were using oral contraceptives. All subjects were
healthy as assessed by a thorough physical examination.

The study was approved by the Human Research
Ethics Committee of the ‘Infanta Cristina’ University
Hospital (Badajoz, Spain) and was conducted in accor-
dance with the Declaration of Helsinki and its subse-
quent revisions.

 

Study protocol

 

A single oral dose of 20 mg ebastine (Ebastel Forte

 

®

 

,
Almirall Prodesfarma, Barcelona, Spain) along with a
standardized breakfast was administered to each subject

 

Figure 1
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in the morning (day 1). Urine was collected for the next
24 h in refrigerated containers, and total urine volumes
were recorded. The samples were divided into aliquots
and stored at 

 

−

 

80 

 

°

 

C until analysis.
Five days after this study, a subgroup of 61 subjects

(15 men) took 1500 ml of grapefruit juice divided
between two consecutive days (days 5 and 6, three
250 ml cups per day). On the morning of day 7 they
were administered a further dose of 20 mg ebastine
along with 250 ml of grapefruit juice. Subsequent urine
sampling was carried out as described for the first phase
of study.

To prevent variation in the potency of inhibition
between different batches of juice, we used at least a
five-fold greater quantity of juice than that reported to
cause a 50% decrease in intestinal CYP3A4 expression
[14]. The grapefruit juice used in this study was
obtained from a local supermarket and was chilled and
made from concentrate. The juice had been produced
from grapefruit (

 

Citrus paradisi) and its brand name
was Juver Alimentación S.A. (Murcia, Spain).

Genotyping
A 7 ml blood sample was drawn from each subject on
day 1 of the study and immediately stored at −80 °C
until genotype analysis. Genomic DNA was isolated
from peripheral blood leucocytes using a Qiagen blood
midi kit (Qiagen Inc., Chatsworth, CA, USA).

Previously sequenced DNA samples were used as
negative and positive controls to rule out possible geno-
typing errors. Likewise, duplicate analysis of index sam-
ples was performed and the results were confirmed by
sequencing (ABI3700 DNA Analyzer; Perkin-Elmer/
Applied Biosystems, Stabvida Co., Oeiras, Portugal).

CYP2J2 Analysis of wild-type and allelic variants was
achieved by means of a PCR-restriction fragment length
polymorphism (PCR-RFLP) method developed in our
laboratory. First, the exonic and proximal promoter
regions containing known mutations were amplified by
using primers and PCR conditions previously described
[8] with one exception. Thus, in order to create an ade-
quate restriction site for CYP2J2*3 detection (exon 3,
14,532C > T), we designed a new pair of primers for
exon 3 amplification with a mismatch in the forward
oligo [5′-GGTTTAGGAAAGAAGAGCTTAG AGGG-
3′ (mismatch in boldface type), 5′-CTGTCC AATGAA-
CAAATGGGC-3′] yielding a PCR product of 135 base
pairs (bp). The following PCR conditions were used to
amplify this fragment: 3 min at 94 °C (1 cycle); 30 s at
94 °C, 57 s at 30 s and 30 s at 72 °C (30 cycles); 7 min
at 72 °C (1 cycle).

The amplification products for the different alleles of
interest were then digested with restriction enzymes
[TseI, HgaI, MfeI, Tsp509I and BfaI (New England
Biolabs, Beverly, MA, USA) for CYP2J2*2, CYP2J2*3,
CYP2J2*4, CYP2J2*6 and CYP2J2*7, respectively],
using conditions recommended by the manufacturer.
The resulting fragments were analysed in an agarose
gel.

To our knowledge, this is the first time that a PCR-
RFLP technique has been used for CYP2J2 genotyping.

CYP3A4 We used a PCR-RFLP method developed by
Cavalli et al. [15] with some minor modifications in order
to detect the CYP3A4*1B allele. The following PCR
conditions were used: 7 min at 95 °C (1 cycle), 30 s at
94 °C, 15 s at 64 °C and 30 s at 72 min (40 cycles) and
a final extension step of 7 min at 72 °C. The PCR prod-
ucts were submitted to MboII cleavage (New England
Biolabs) in a total reaction volume of 10 µl and the
digestion products were run for 2 h on a 3% agarose gel.

CYP3A5 The frequency of the CYP3A5*3 allele was
determined by a previously described PCR-RFLP
method [16]. In brief, 293 bp amplicons were incubated
with SspI endonuclease restriction enzyme (New
England Biolabs) at 37 °C for 2 h in a total volume of
10 µl. The resulting fragments were subsequently anal-
ysed on a 4% agarose gel.

We also screened the study population for the pres-
ence of the CYP3A5*6 allele by using a method
described elsewhere [16]. The rationale for determining
such an uncommon allele in Caucasians is that frequen-
cies of CYP3A5 variant alleles have not been determined
in Spanish subjects, even though our population has
previously shown some anomalies in some CYP SNPs
[17]. Moreover, CYP3A5*6 is present in up to 4% of
Hispanics [18].

MDR1C3435T The presence of the 3435T mutant allele
was detected by using PCR conditions described previ-
ously [19]. PCR products were then subjected to direct
sequencing (ABI3700 DNA Analyzer; Perkin-Elmer/
Applied Biosystems).

Analysis of ebastine metabolites in urine
Urine samples (2 ml) were prepared using the method
by Matsuda et al. [20] with minor modifications. Briefly,
samples extracted with methanol-acetonitrile were cen-
trifuged and the supernatant loaded to a preconditioned
solid-phase extraction column. Compounds were eluted
with a methanol-phosphate buffer solution, which was
evaporated to dryness under nitrogen. The residue was
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then reconstituted in 100 µl of mobile phase and a 30 µl
aliquot of the solution was analysed.

HPLC-mass spectrometry was used to determine
ebastine metabolite concentrations. The chromatogra-
phy consisted of an Ultrasphere ODS (750 mm ×
4.6 mm i.d., 5 µm particle size; Beckman Coulter, Ful-
lerton, CA, USA) reversed-phase column, eluted iso-
cratically with a mobile phase containing acetonitrile :
0.012 M ammonium acetate buffer (52 : 48, v : v). The
mobile phase was filtered and degassed ultrasonically
for 15 min. The flow-rate was 0.5 ml min−1. The eluted
compounds were detected by positive electrospray ion-
ization. The selected ion monitoring (SIM) mode was
used for quantification using the protonated molecular
ions of each analyte.

To establish the appropriate SIM conditions, we col-
lected full-scan mass spectra of ebastine metabolites and
flunarizine (used as internal standard) in the range of
220–550 atomic mass units at different fragmentor volt-
ages (range 55–180 V). On the basis of the observed
fragmentation, the fragmentor was set at 55 V for SIM
detection of desalkylebastine and 105 V for detection of
carebastine and internal standard.

Urine  standard  curves  ranged  from  30–10 000 ng
ml−1 for each compound.

The intraday accuracy of the analytes ranged from
93% to 108% and the coefficient of variation from 2–
11%. The interday accuracy varied from 85% to 113%,
with the coefficient of variation from 2 to 12%. The
smallest determinable concentration was 0.3 ng ml−1 for
all the compounds.

Statistical analysis
Results from the different genotypes and genders were
compared using the nonparametric Wilcoxon or
Kruskal–Wallis tests, depending on the distribution of
the data. Multiple comparisons between groups (using
the Bonferroni method) were also carried out. For the
grapefruit juice inhibition study, the Wilcoxon signed
rank test was used to analyse differences between
matched pairs. The unpaired t-test and the chi-square
test were used to compare differences between demo-
graphic data. Analysis of covariance (ANCOVA) was car-
ried out after logarithmic conversion of the data, to
assess collectively the effect of two categorical variables
(gender and genotype) on the variability of ebastine
metabolite concentrations (JMP program package, ver-
sion 5.0.1, SAS Institute, Cary, NC, USA). A power
analysis was not carried out as this was a pilot study and
there were no prior data on which to base these
calculations.

A P value less than 0.05 was regarded as statistically
significant.

Results
The genotyping analysis carried out on CYP2J2,
CYP3A4, CYP3A5 and MDR1 genes was successful in
all 89 Caucasian subjects studied. None of the individ-
uals was a carrier of the CYP2J2*2, CYP2J2*3,
CYP2J2*4, CYP2J2*6 or CYP3A5*6 variants. The fre-
quencies of the remaining mutant alleles analysed
(Table 1) showed no significant deviations from Hardy–
Weinberg equilibrium (χ2, P values: 0.46, 0.792; 0.15,
0.927; 1.61, 0.445 and 0.951, 0.621 for CYP2J2*7,
CYP3A4*1B, CYP3A5*3 and MDR1C3435T, respectively)
and were in agreement with previously reported data in
Caucasians [8, 16, 21].

Urine concentrations of desalkylebastine and carebas-
tine showed large interindividual variability in the pop-
ulation. Ninety-five per cent of the desalkylebastine data
(excluding the highest outliers) displayed a 60-fold
range (0.9–54.9 µmol), which was skewed towards
lower values. Data for carebastine exhibited lower vari-
ability, with 93% of the data varying by 19-fold (2.4–
44.8 µmol), which also skewed to the lower values.

Women excreted statistically significant higher
amounts of desalkylebastine (mean ± SD (95% CI)
23.0 ± 19.5 µmol (18.1, 27.9)) than men (12.4 ± 11.0
(7.9, 16.9)) (mean difference 10.6 (2.4, 18.7), P < 0.005;
Table 2). The same trend for amounts of carebastine was

Table 1
Allelic frequencies for CYP2J2, CYP3A and MDRIC3435T and 
number of subjects possessing each genotype

Genotype Observed (%) Mutant allele frequency (%)

CYP2J2*7 q = 6.74
*1/*1 77 (86.5)
*1/*7 12 (13.5)
*7/*7 0 (0)

CYP3A4*1B q = 3.93
*1 A/*1 A 82 (92.1)
*1 A/*1B 7 (7.9)
*1B/*1B 0 (0)

CYP3A5*3 q = 89.88
*1/*1 2 (2.2)
*1/*3 14 (15.7)
*3/*3 73 (82.0)

MDR1C3435T q = 52.24
CC 18 (20.2)
CT 49 (55.1)
TT 22 (24.7)



Genetic variability and ebastine urinary excretion

Br J Clin Pharmacol 62:2 181

observed, but differences did not reach statistical signif-
icance (mean difference: 7.6 (0.4, 14.9), P = 0.07;
Table 2). Differences in age (P = 0.78) and smoking
status (χ2 = 0.35, P = 0.55) between men and women
were not statistically significant. As body weight was
significantly different between men and women
(P = 0.001), we introduced body weight as a correction
factor. After correction for body weight, gender-related
discrepancies were decreased for desalkylebastine
excretion (mean difference: 22.9 (0.4, 46.7), P < 0.05),
although they were still statistically significant. How-
ever, no differences were found after correction for body
weight of the amounts of carebastine excreted in the
urine (8.7 (−14.4, 31.7), P = 0.79).

No significant differences in metabolite excretion
were observed after comparing smoking and nonsmok-
ing subjects, either considering the population as a
whole (data not shown) or after stratification for gender
(Table 2).

There were no apparent associations between desalky-
lebastine or carebastine excretion and the presence of
the CYP3A4*1B or CYP2J2*7 variant alleles (Table 3,
Figure 2). The analysis of the CYP3A5*3 polymorphism
was carried out assuming that individuals carrying only
one active allele (*1/*3) are able to express functional
enzyme in amounts comparable with wild type homozy-
gotes [22].  Thus both genotypes were grouped for sta-
tistical purposes. Subjects with at least one active allele

Table 2
Influence of smoking and gender on the excretion of ebastine, measured as µmols of metabolites in urine, in Caucasian healthy 
subjects. Values are mean ± SD (95% CI)

Nonsmoking Smoking Total

Men
n 22 4 26
Desalkylebastine 11.8 ± 11.0 (6.9, 16.6) 15.8 ± 12.3 (−3.8, 35.3) 12.4 ± 11.0 (7.9, 16.9)
Carebastine 19.4 ± 10.0 (14.9, 23.8) 17.0 ± 12.0 (−2.7, 36.1) 19.0 ± 10.1 (14.9, 23.1)

Women
n 48 15 63
Desalkylebastine 25.5 ± 21.5 (19.2, 31.7) 15.1 ± 7.4 (11.0, 19.2) 23.0 ± 19.6*** (18.1, 27.9)
Carebastine 25.8 ± 16.1 (21.1, 30.5) 29.2 ± 21.3 (17.4, 41.0) 26.6 ± 17.4 (22.2, 31.0)

n, number of individuals; SD, standard deviation; 95% CI, 95% confidence interval; *** P < 0.005 vs. men.

Genotype n Desalkylebastine Carebastine

CYP2J2*7
*1/*1 77 19.7 ± 17.6 (15.7, 23.7) 24.6 ± 16.0 (20.1, 28.2)
*1/*7 12 21.2 ± 21.9 (7.3, 35,2) 22.9 ± 16.2 (12.6,33.2)

CYP3A4*1B
*1 A/*1 A 82 20.0 ± 18.2 (16.0, 24.0) 24.7 ± 16.5 (21.0, 28.3)
*1 A/*1B 7 18.7 ± 17.5 (2.5, 34.8) 21.2 ± 7.1 (14.6, 27.8)

CYP3A5*3
*1/*1 + *1/*3 16 23.6 ± 24.3 (10.6, 36.6) 23.4 ± 11.0 (17.6, 29.3)
*3/*3 73 19.1 ± 16.5 (15.2, 22.9) 24.6 ± 16.9 (20.7, 28.6)

MDR1C3435T

CC 18 17.5 ± 12.4 (11.3, 23.6) 32.3 ± 18.3* (23.2, 41.4)
CT 49 21.7 ± 21.4 (15.6, 27.8) 22.8 ± 14.7 (18.6, 27.0)
TT 22 17.9 ± 13.7 (11.8, 23.9) 21.5 ± 15.3 (14.7, 28.3)

n, number of individuals; * P < 0.05 vs. the other C3435T genotypes.

Table 3
Urinary desalkylebastine and carebastine 
values (µmol) (mean ± SD (95% CI)) 
according to CYP2J2*7, CYP3A4*1B, 
CYP3A5*3 and MDR1C3435T genotypes
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exhibited modestly higher desalkylebastine excretion in
urine than CYP3A5*3/*3 carriers (Table 3, Figure 2),
although the differences were not statistically signifi-
cant. Multiple-comparison analysis for all the CYP gen-
otypes studied revealed no associations with the amount
of desalkylebastine excreted in urine.

When the MDR1C3435T polymorphism was analysed,
no differences were observed in desalkylebastine urine
excretion between the three different genotypes. How-
ever, multiple-comparison analysis of the three MDR1
genotypic groups showed that there was a statistically
significant difference between CC vs. CT (P < 0.05) and
TT (P < 0.05) carriers with regard to carebastine excre-
tion in urine (Table 3, Figure 2).

To determine whether gender could have biased the
observed effect of C3435T polymorphism, ANCOVA

analysis was performed to include both variables in a
statistical model. Based on this analysis, the CC geno-
type is the factor that most likely contributes to the
differences in carebastine excretion (P = 0.01), whereas
the effect of gender did not reach statistical significance
(P = 0.06).

Administration of grapefruit juice to a subgroup of 61
individuals resulted in an approximately 25% statisti-
cally significant decrease in desalkylebastine excretion

in urine (mean ± SD (CI), 23.9 ± 20.0 (18.8, 29.0) µmol
vs.  18.7 ± 15.7  (14.6,  22.7);  mean  difference:  −5.25
(−1.23, −9.27); P = 0.01).

An analysis of the different CYP3A genotypes
revealed that CYP3A5*1/*3 carriers showed two-fold
higher decreases in desalkylebastine excretion (mean ±
SD (95% CI), 2.6 ± 1.9 (1.3, 3.8)) than CYP3A5*3/*3
carriers (1.3 ± 0.7 (1.1, 1.5); χ2 = 4.6, P < 0.05) (Figure
3). However, when multiple-comparison analysis was
carried out, this association was not statistically signif-
icant (P = 0.09).

ANCOVA analysis was performed to assess the role of
the CYP3A5 genotype while controlling for the effect of
gender. The whole model showed a significant contribu-
tion to the observed changes in the degree of impairment
of metabolite excretion (R2 = 0.13; P = 0.01). The
CYP3A5*1/*3 genotype was more strongly related to
such variability (P < 0.01) than gender (P = 0.23). Thus
the presence of at least one active CYP3A5 allele may
have an effect on the degree of grapefruit juice-induced
inhibition of ebastine desalkylation independent of
gender.

In contrast to the results for desalkylebastine, the
urinary excretion of the CYP2J2-generated metabolite,
carebastine, was not substantially altered after grapefruit

Figure 2
Genotype–phenotype associations between 

the amounts of desalkylebastine (A) and 

carebastine (B) excreted in the urine and the 

CYP2J2*7, CYP3A4*1B, CYP3A5*3 and 

MDR1C3435T polymorphisms. (*) P < 0.05
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juice administration (mean ± SD (95% CI), 23.0 ± 14.3
(19.4, 26.7) µmol vs. 23.7 ± 13.7 (20.1, 27.2); mean dif-
ference −0.61 (−2.98, 4.21); P = 0.73). However, when
subjects were stratified according to MDR1C34345T geno-
type, homozygous wild types (but not the other geno-
types) showed a significant decrease in carebastine
urinary excretion after grapefruit juice (mean fold-
decrease ± SD (95% CI), 1.5 ± 0.8 (1.0, 2.0), 1.1 ± 0.9
(0.7, 1.4) and 0.9 ± 0.4 (0.6, 1.2) for CC, CT and TT
carriers, respectively; χ2 = 9.0, P = 0.01) (Figure 3).
Multiple-comparison testing revealed statistically signif-
icant differences between CC vs. CT (P < 0.05) and TT
(P < 0.05) genotypes. ANCOVA analysis including gen-
der as a variable again showed a significant effect of the
whole statistical model on the inhibition of carebastine
elimination (r2 = 0.15; P < 0.05). However, gender did
not affect the degree of inhibition (P = 0.24), whereas
the MDR1 CC genotype contributed significantly to the
differences in the extent of the impairment of carebastine
elimination by grapefruit juice (P = 0.01).

Discussion
Ebastine undergoes extensive intestinal first pass metab-
olism, and subjects with severely impaired hepatic func-

tion do not apparently show differences in their
metabolic profile of the drug [25]. The main enzymes
responsible for ebastine metabolism, CYP3A and
CYP2J2, are present in intestine [7, 26, 27], where their
activity could be contributing to the first pass metabo-
lism of ebastine and to the large interindividual variabil-
ity observed [7]. Our findings indicated that urine
excretion of the CYP3A-generated metabolite, desalky-
lebastine, displayed a three-fold higher variability than
that of carebastine, which is consistent with the large
variation observed in the urinary excretion of other sub-
strates metabolized by CYP3A [29, 30].

Our findings showed that women excreted more of
the CYP3A-generated metabolite, desalkylebastine, than
men. Previous studies have shown that CYP3A activity
in female subjects is higher than in males [31, 32].
Furthermore, gender has been related to the extension
of impairment in driving performance after consumption
of second-generation antihistamines [33]. However, a
previous study did not detect gender-related differences
in the pharmacokinetics of ebastine, although the authors
did not measure CYP3A-generated metabolites [2].

We did not find an association between the presence
of the CYP2J2*7 and CYP3A4*1B alleles and the excre-

Figure 3
Genotype–phenotype associations between 

fold-changes (day 1/day 7) in the amounts of 

desalkylebastine excreted in the urine and 

CYP2J2*7, CYP3A4*1B, CYP3A5*3 and 

MDR1C3435T polymorphisms following 

administration of grapefruit juice. (**) P = 0.01
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tion of ebastine metabolites in urine, which is consistent
with the observations that CYP2J2*7 is not an exonic
mutation and the in vivo effect of CYP3A4*1B on
enzyme activity remains to be consistently demon-
strated. On the other hand, CYP3A5*1 carriers were
found to display a modestly higher excretion of desalky-
lebastine than individuals with the CYP3A5*3/*3 geno-
type, suggesting that along with CYP3A4, CYP3A5
could also be involved in ebastine metabolism.

Ebastine and its metabolites are also substrates of P-
gp [9, 28], an efflux transporter found in the apical
surface of enterocytes, where it may reduce the drug’s
disposition. Our results indicate that MDR1C3435T poly-
morphism is associated with an impaired elimination of
the active metabolite of ebastine, carebastine. The obser-
vation of lower excretion of carebastine values being
displayed by T allele carriers could be the result of a
decrease in the efflux transport of the drug from the
enterocytes to the intestinal lumen, as this polymor-
phism has been associated with decreased expression of
P-gp in the gut [10]. However, and according to previous
reports, this finding could also be the consequence of
decreased expression and transport capacity of the P-gp
variant located in the luminal brush border membrane
of the proximal tubule cells in the kidney [11]. These
results are consistent with data in experimental animals
suggesting that carebastine is a substrate of P-gp [28],
albeit with lower affinity than the parent drug [9].

To determine whether inhibition of the intestinal first
pass effect of ebastine had consequences for the urinary
excretion of the drug, we administered grapefruit juice
prior to the administration of ebastine. Components of
this beverage have been shown to both decrease intestinal
CYP3A4 expression and inhibit P-gp-mediated activity
[23, 24]. Grapefruit juice produced a decrease in the
excretion of urinary desalkylebastine, which is consistent
with inhibition of CYP3A activity. Furthermore and irre-
spective of gender, CYP3A5*1 carriers showed two-fold
higher decrease in metabolite excretion values after
grapefruit juice intake compared with the CYP3A5*3/*3
genotype. Thus subjects who express CYP3A5 could be
more susceptible to the influence of enzyme inhibitors,
which might have clinical relevance. For instance,
carriers of the CYP3A5*1 allele have higher dosage
requirements for tacrolimus [34]. If these subjects were
administered a CYP3A inhibitor, their drug plasma
concentrations may increase to a hazardous level.

A gene-dose effect was evident regarding the magni-
tude of inhibition of carebastine elimination by grape-
fruit juice between the different MDR1C3435T genotypes.
This effect may be a direct consequence of inhibition of
P-gp in kidney as well as in the intestine. It has been

shown that the components of grapefruit juice are able
to decrease the expression and activity of P-gp in human
renal cell lines [35].

Some of the limitations of this study are those typical
of a Caucasian population, namely the low number of
subjects carrying the CYP3A4*1B and CYP3A5*1 alle-
les. Another limitation could be that only one MDR1
variant allele, although with demonstrated functional
differences in activity in the kidney [11], and not hap-
lotypes of this gene were assessed. In the same manner,
single and multiple-dose pharmacokinetic studies to
determine how well carebastine metabolite urine excre-
tion reflects plasma concentration could better clarify
the influence of MDR1 pharmacogenetics on ebastine
disposition.

In summary, we have shown that gender is an element
to be considered in ebastine elimination, especially with
regard to the CYP3A-mediated metabolism of the drug.
In addition, whereas polymorphisms in CYP3A4,
CYP3A5 and CYP2J2 genes did not greatly affect the
amounts of ebastine metabolites excreted in urine, those
of the non-CYP3A-generated active metabolite carebas-
tine were shown to be lower in individuals carrying the
mutant MDR1 C3435T allele, suggesting decrease of P-
gp activity in the gut and/or renal tubular cells. More-
over, this MDR1 polymorphism is related to the degree
of grapefruit juice-induced inhibition of the urinary
excretion of ebastine metabolites into urine. Additional
studies should confirm whether variations in these uri-
nary measures of ebastine disposition might be indica-
tive of clinical outcomes such as drowsiness or potential
cardiotoxicity.
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