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BACKGROUND AND PURPOSE

It is well established that cytochrome P450 2] (CYP2]) enzymes are expressed preferentially in the heart, and that ebastine is a
substrate for CYP2J, but it is not known whether ebastine is metabolized in myocardium. Therefore, we investigated its

pharmacokinetics in the rat isolated perfused heart.

EXPERIMENTAL APPROACH

Rat isolated hearts were perfused in the recirculating mode with ebastine for 130 min. The concentrations of ebastine

and its metabolites, hydroxyebastine and carebastine, were measured using liquid chromatography with a tandem mass
spectrometry. The data were analysed by a compartmental model. The time course of negative inotropic response was linked
to ebastine concentration to determine the concentration—effect relationship.

KEY RESULTS

Ebastine was metabolized to an intermediate compound, hydroxyebastine, which was subsequently further metabolized to
carebastine. No desalkylebastine was found. The kinetics of the sequential metabolism of ebastine was well described by the
compartmental model. The ECs, of the negative inotropic effect of ebastine in rat isolated heart was much higher than free

plasma concentrations in humans after clinical doses.

CONCLUSIONS AND IMPLICATIONS

The kinetics of ebastine conversion to carebastine via hydroxyebastine resembled that observed in human liver microsomes.
The results may be of interest for functional characterization of CYP2] activity in rat heart.

Abbreviations

CYP, cytochrome P450; LVDP, left ventricular developed pressure; k, rate constant

Introduction

The cytochrome P450 subfamily CYP2J is expressed in rat,
mouse and human heart (Wu et al., 1996, 1997; Wang et al.,
2002; DeLozier et al., 2007) where it metabolizes arachidonic
acid to biologically active epoxyeicosatrienoic acids, which
play an important role in the regulation of cardiac function
(Chaudhary et al., 2009; Nithipatikom and Gross, 2010). In
addition, CYP2J2 is mainly responsible for the hydroxylation

of the Hi-receptor antagonist ebastine in human liver and
intestinal microsomes (Hashizume et al., 2002; Liu etal.,
2006). The corresponding rat homologue CYP2J3 was found
to be highly expressed in rat myocytes (Wu et al., 1997). In
this study, we present the first kinetic data on the myocardial
metabolism of ebastine. Based on the time course of perfusate
concentrations and the heart tissue levels at the end of per-
fusion in a recirculating Langendorff perfusion apparatus, the
kinetics of ebastine disposition and sequential formation of
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hydroxyebastine and carebastine was analysed using com-
partmental modelling. The estimated myocardial formation
rate of hydroxyebastine served as a measure of CYP2] activity.
In order to better understand the underlying uptake kinetics
of ebastine into the heart, the myocardial concentration of
ebastine was linked to the negative inotropic effect using
pharmacokinetic-pharmacodynamic (PK-PD) modelling.
Our approach allowed the estimation of concentration-
response parameters for the cardiodepressive effect of
ebastine.

Methods

Recirculating rat heart perfusion

All animal care and experimental procedures in this investi-
gation conformed to the European Community guidelines for
the use of experimental animals and were approved by the
Animal Protection Body of the State of Sachsen-Anhalt,
Germany. Isolated hearts from male Wistar rats (n = 6; weight
range 294-328 g), were initially perfused (Langendorff
method) with Krebs-Henseleit bicarbonate buffer containing
0.1% of bovine serum albumin at a constant flow of
9.5 mL-min™ in the non-recirculating mode, as described pre-
viously (Weiss and Kang, 2002). A latex balloon was placed in
the left ventricle and connected to a pressure transducer line.
The balloon was inflated with 50% methanol to create a
diastolic pressure of 5-6 mmHg. After 30 min stabilization,
the hearts were beating spontaneously at an average rate of
255 beats/min. Coronary perfusion pressure, the left ven-
tricular pressure and heart rate were measured continuously.
Left ventricular developed pressure (LVDP) was calculated
from systolic and end-diastolic pressures as LVDP = left ven-
tricular systolic pressure — left ventricular end-diastolic pres-
sure. Coronary resistance was obtained by dividing coronary
perfusion pressure by flow. After stabilization, the perfusion
system was switched to the recirculating mode. Twenty mil-
lilitres of the total recirculating perfusate (60 mL volume) was
replaced by modified Krebs-Henseleit buffer containing ebas-
tine in concentrations between 605.7 and 383.3 ng-mL™". The
first sample (0.5 mL) was taken after 5 min, when mixing in
the recirculating system was complete, followed by further
samples at 10 min and then every 10 min up to 130 min. At
the end of the perfusion, hearts were weighed and quickly
frozen in liquid nitrogen.

Determination of ebastine and its metabolites
Ebastine and its three metabolites in perfusate and in heart
tissue were measured by a previously reported method with
slight modifications (Kang et al., 2004). Ebastine, desalkyle-
bastine, hydroxyebastine and carebastine were Kkindly
donated by Almirall Prodesfarma, SA (Barcelona, Spain). The
concentrations of ebastine and its three metabolites were
quantified using liquid chromatography/mass spectrometry
with a API 4000 liquid chromatography with a tandem mass
spectrometry (LC/MS/MS) System (Applied Biosystems, Foster
City, CA) equipped with an electrospray ionization interface
used to generate positive ions [M + H]*. The compounds were
separated on a reversed-phase column (Kinetex C18, 2.1 x
50 mm, 2.6 ym particle size; Phenomenex, Torrance, CA)

1734 British Journal of Pharmacology (2011) 163 1733-1739

with an isocratic mobile phase consisting of acetonitrile and
0.1% formic acid (60:40%, v/v). The mobile phase was eluted
using an Agilent 1100 series pump (Agilent, Wilmington, DE)
at 0.3 mL-min™'. Quantitation was performed by multiple
reaction monitoring (MRM) of the protonated precursor ion
and the related product ion for ebastine and its three metabo-
lites. The mass transitions used for ebastine, hydroxyebastine,
carebastine and methaqualone (internal standard) were m/z
470.2 — 167.1, 486.4 — 167.1, 500.2 — 167.1 and 251.4 —
131.9, respectively; that for desalkylebastine was m/z 268.3 —
167.1. Calibration graphs in perfusate and in heart tissue
were derived from the peak area ratio of ebastine and three
metabolites to the internal standard with a linear regression
respectively.

Methaqualone (900 uL, 10 ng-mL™ in acetonitrile) was
added to perfusate (300 uL) and mixed vigorously for 3 min.
After centrifugation (15 700x g, 10 min), 200 uL of the super-
natant was transferred into a vial; 5 pL was injected into the
LC/MS/MS system.

All hearts were divided randomly into four pieces and
weighed. Each piece was homogenized in three times its
volume of phosphate buffer solution (0.5 M, pH 7.4) on ice
with a tissue homogenizer (Ultra-Turrax T 25, IKA-
Labortechnik, Staufen, Germany). Acetonitrile including
methaqulaone was added to precipitate proteins in the
homogenate. After vortexing for 1 min and centrifuging at
15 700x g for 10 min, the supernatant was injected onto the
analytical column (Kang and Weiss, 2001).

Modelling and data analysis

Pharmacokinetics. The model of cardiac disposition and
sequential metabolism of ebastine (Figure 1) describes drug
uptake from the reservoir with volume V., into the tissue
compartment with an uptake rate constant ki, and an efflux
rate constant ko... Because no information was available on
ebastine metabolism in rat heart, the model relies on the
pathway of sequential ebastine metabolism in human liver
microsomes (Liu et al., 2006), taking the observation into
account that enzymes of the CYP3A subfamily are either
absent from or minimally expressed in, human and rat myo-
cardium (Thum and Borlak, 2000a,b; Delozier et al., 2007).
Thus, no dealkylation of ebastine and hydroxyebastine was
assumed. The formation of hydroxyebastine and its subse-
quent metabolism to carebastine are denoted by rate con-
stants ke, and ky, respectively, and the metabolism of
carebastine by k.,. Hydroxyebastine and carebastine formed
in myocardium are transported into the reservoir (Kou,» and
Kout,c) and undergo reuptake (ki,» and ki ). The time courses of
the concentrations of ebastine, Ce(t), hydroxyebastine, Cyy(t),
and carebastine, C(t) in reservoir, obtained by solving the
differential equations corresponding to the compartmental
model (Figure 1), are fitted to the data to estimate the model
parameters. However, in order to estimate the parameters Kep,
kne and k., we need additional information because metabo-
lism of ebastine and hydroxyebastine by other enzymes
cannot be excluded, a priori. This information comes from the
tissue concentrations of the substances measured in the heart
at the end of perfusion (Aenq). First, the ebastine concentra-
tion, Ce,(t), and amount, Aeyena, Was fitted to estimate ki,
Koute- and ken. Second, holding these parameters constant, the
hydroxyebastine data, Cpy(t), and the amount in the heart,
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Figure 1

Working compartmental model used to evaluate the sequential cardiac metabolism of ebastine in the rat isolated heart with recirculating

perfusate.

Any,ena, Were fitted to estimate Kougn, Kinn and ki, and third, in
the same way, the carebastine data, C.(t), were fitted to get
Kiner Koute and Kep.

The data were analysed by a population approach with
maximum likelihood estimation via the EM algorithm imple-
mented in the software ADAPT 5 (D’Argenio et al., 2009). The
MLEM program provides estimates of the population mean
and inter-subject variability as well as of the individual
subject parameters (conditional means). We assumed log-
normally distributed model parameters, and that the mea-
surement error has a standard deviation that is a linear
function of the measured quantity.

Pharmacodynamics. The amount of ebastine in myocardium,
Aep(t), predicted by the model was directly linked to the ino-
tropic effect, E(t),

E(t) — EO _ Emaerb(t) (1)

Ap,s0 + Aep (1)

where En., and A, s are the maximal response and the
amount required to produce 50% maximal response respec-
tively. As a measure of inotropic response E(f), we used the
change in left ventricular developed pressure LVDP(t), that is
the decrease in LVDP with respect to the baseline (pre-drug)
value E, = LVDP,. Since the maximal achievable reduction in
LVDP is just E,, we used this as En. value in Equation 1. The
pharmacodynamic parameters E,, and A s were estimated
fitting Equation 1 to the observed LVDP(t) data up to the time
before the re-increase is stopped (and an apparent plateau
value is reached). The ECs, of the cardiodepressive effect of
ebastine was then calculated according to the distribution at
steady state

kaut,eAeb,SO
ECSO - kin,e‘/res (2)

Results

Hydroxyebastine and carebastine were measured together
with ebastine in the perfusate, while desalkylebastine was

Table 1

Parameters for the model of cardiac uptake and metabolism kinetics
of ebastine and formation of hydroxyebastine and carebastine,
respectively, estimated in an rat isolated heart preparation

Parameter (h'') Uptake Metabolism
Ebastine Kin,e Kout,e Ken

16.3 (16) 0.846 (32) 0.834 (9)
Hydroxyebastine Kinh Kouth Kne

0.067 (7) 0.307 (49) 4.82 (22)
Carebastine Kin,c Kout,c Wam

13.7.(28) 492(17)  1.31(5)

Mean values and inter-individual variability as relative standard
error (%) in brackets, n = 6.

below the quantification limit (1 ng-mL™) at all time points
measured. Figure 2 shows the average concentration-time
profiles of ebastine, hydroxyebastine and carebastine in the
reservoir after adding doses ranging between 7.8 and 12.1 mg
ebastine (10.1 * 1.5 mg; mean * SD) at time t = 0. The
amount of ebastine, hydroxyebastine and carebastine in the
left ventricle at the end of perfusion were 22.3 * 4.3%, 3.6 =
0.9% and 19.1 = 5.4% (means *+ SD) of the dose respectively.
No desalkylebastine was found in myocardium. The observed
and model predicted perfusate concentrations [Cen(t), Chy(f)
and C(t)] and amounts in heart [Aq(f), Any(f) and Ac.(t)] are
illustrated in Figure 3A-C for one heart. The experiment with
an AIC value of the ebastine disposition data that was closest
to the group median value was selected as the example.
Parameter estimates with inter-individual variability in
parentheses are listed in Table 1. Ebastine decreased LVDP to
57.3 = 4.9% of baseline level with maximum effect at 10 min.
Figure 4 shows the fit obtained by using Eq. 1 of the
time course of the negative inotropic response correspond-
ing to the time course of ebastine amount in heart,
Aw(t), shown in Figure 3A. The population estimates
of the pharmacodynamic parameters (mean * SD) are
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Figure 2

Time course of the reservoir concentration of ebastine (A), hydroxyebastine (B) and carebastine (C). The results represent mean + SEM of raw data
from six hearts.
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Figure 3
Model fit of the reservoir concentration of ebastine (A), hydroxyebastine (B) and carebastine (C) in one heart. The inserts show the time courses
of amount in the heart as predicted by the model to fit the amount measured at the end of perfusion.

British Journal of Pharmacology (2011) 163 1733-1739 1737



BJP W Kang et al.

120 -
0 i
o 100[
€
E
a
)
EE:- R
a
a
60 -
o
T T T T T T
0 10 20 30 40 50 60
Time (min)
Figure 4

Fit of the time course of the negative inotropic response as function
of the amount of ebastine in heart, A.(t), shown in Figure 3A.

Ey = 107 + 5.4 mmHg and ECso = 8.9 = 0.5 ng-mL™. No
significant changes in heart rate and coronary resistance were
observed.

Discussion

To our knowledge, this is the first study showing that ebastine
is metabolized in the heart. The use of ebastine as a test
substrate for CYP2J2 activity was recently suggested by Liu
etal. (2006) based on results obtained for human liver
microsomes. Although the rat heart CYP2]3 isoform is 70%
homologous to human heart CYP2J2 (Wu et al., 1997), it is
not clear yet which CYP450 enzymes are responsible for
hydroxylation of ebastine in rat heart. This limitation not-
withstanding, the results provide new insight on the kinetics
of sequential metabolism of ebastine in rat heart and the
relative activities of the CYP450 enzymes that could be
involved. With the exception that no desalkylebastine was
found, the picture of consecutive metabolism is quite similar
to that reported for human liver microsomes (Liu etal.,
2006). Thus, the rate constant of hydroxyebastine carboxyla-
tion (knc) is much higher than that of ebastine hydroxylation;
consequently, the concentration of hydroxyebastine formed
from ebastine remains relatively low. On the other hand, the
elimination rate constant of carebastine k., is much lower
than its formation rate constant (k,) and carebastine
becomes one of the major, relatively stable metabolites of
ebastine. The good fit of the amounts of ebastine, hydroxye-
bastine and carebastine in the heart suggests that no metabo-
lism of ebastine and hydroxyebastine by other pathways (e.g.
dealkylation) is required to achieve mass balance. This is in
accordance with the finding that CYP3A isoforms are either
not present or expressed at very low levels, in rat myocardium
(Thum and Borlak, 2000b). It is not clear, however, which
enzyme is responsible for the metabolism of carebastine (Kcm).
In a clinical pharmacokinetic study, it was recently suggested
that metabolism of carebastine is not solely by CYP3A4 (Shon
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etal.,, 2010). Interestingly, the plasma concentration-time
courses of ebastine and its metabolites hydroxyebastine and
carebastine observed in vivo (Kang et al., 2004) resemble those
observed here for ex vivo Langendorff-perfused rat hearts in
the recirculation mode. The question arises here whether
cardiac metabolism of ebastine contributes to total ebastine
clearance in vivo. Although there was an extraction of about
90% in the rat perfused heart, cardiac extraction may be
much lower in vivo due to the high degree of plasma protein
binding but the possibility that part of the ebastine clearance
in vivo is due to metabolism in the heart cannot be excluded.
Note that a recirculating heart perfusion was chosen because
it allows for the accumulation of the metabolites formed. The
population modelling approach where in fitting simulta-
neously the concentration-time data from all hearts, using
information from all instead of only one heart, has proven
successful when parameters are poorly estimated using indi-
vidual fits (Krudys et al., 2006).

In order to compare our estimate for the ECs, of the
negative inotropic effect of ebastine with the situation in vivo,
an unbound fraction of <0.2% measured in rats (Fujii et al.,
1997) would result in a value of 3.2 ug-mL™ that is fourfold
higher than the ECs, for QT prolongation in rats (Ohtani
et al., 1999). However, because these ebastine concentrations
are much higher than the clinically achievable peak plasma
concentrations in man (<5 ng-mL™") (Moss and Morganroth,
1999), our results are not in contradiction to the fact that
ebastine has no clinically deleterious cardiac effects (Moss
and Morganroth, 1999). The mechanism underlying the
negative inotropic effect of ebastine at higher concentrations
is not yet understood. Besides the hypothesis that ebastine
causes release of histamine (which reduces ventricular con-
tractility in rats) (Llenas et al., 1999), it would be interesting
to know whether an inhibition of CYP2J per se could have a
negative inotropic effect.

In summary, kinetic modelling of the sequential metabo-
lism of ebastine in rat heart suggests that CYP2]J plays a major
role and revealed similarities to metabolism patterns
observed in human liver microsomes and the intact rat. The
results may add to our understanding of the functional prop-
erties of rat CYP2J and suggest that ebastine could be used as
a test substrate to assess myocardial CYP2] activity.
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