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ABSTRACT: Purpose. To characterize the pharmacokinetics of cetirizine enantiomers in the guinea
pig including protein binding in both the guinea pig and human plasma.

Methods. Plasma concentrations of cetirizine enantiomers in the guinea pig were determined
using a LC-MS/MS method after a short i.v. infusion (1, 2 and 4 mg/kg) of racemic cetirizine.
Protein binding was determined using an in vitro equilibrium dialysis technique. A pharmacoki-
netic model was developed using NONMEM and the differences in pharmacokinetic parameters of
levocetirizine and dextrocetirizine were estimated.

Results. The plasma concentration time data of both the enantiomers were best described by a
three-compartment pharmacokinetics model. The clearance (CL) of levocetirizine and dextrocetir-
izine was 1.2 and 2.7 ml/min, respectively, and the volume of distribution at steady state (Vss) was
457 ml and 996 ml, respectively. The fraction unbound (fu) in guinea pig plasma for levocetirizine
and dextrocetirizine was 7–10% and 16–21% while in human plasma, it was 8% and 12%,
respectively. The factor describing the difference in the pharmacokinetic parameters of the cetirizine
enantiomers was estimated to be 2.26.

Conclusions. Cetirizine pharmacokinetics is stereoselective in the guinea pig. For levocetirizine, fu,
CL and Vss were half those of dextrocetirizine, indicating that protein binding is an important factor
affecting the pharmacokinetics of cetirizine. The effect of protein binding on the pharmacokinetics
of the cetirizine enantiomers could be extrapolated to humans. Copyright # 2006 John Wiley &
Sons, Ltd.
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Introduction

Cetirizine (CZE) is a non-sedating second-gen-
eration H1-antihistamine prescribed for the treat-
ment of allergic disorders. It exists as the racemic
mixture of levo (R-CZE) and dextrocetirizine
(S-CZE). The pharmacological activity of CZE is

mainly attributed to R-CZE [1]. In binding
assays, R-CZE has demonstrated approximately
30-fold higher affinity for the human H1 recep-
tors compared with S-CZE [2].

The pharmacokinetics of CZE in humans is
stereoselective [3]. R-CZE has a longer half-life
(7.8 vs 5.5 h), a lower apparent clearance (41.7 vs
90.6 ml/min) and a smaller apparent volume of
distribution (0.41 vs 0.60 l/kg) than S-CZE. Choi
et al. showed that the pharmacokinetics of the
CZE enantiomers was not stereoselective in rats
[4]. The most common animal model used for
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preclinical efficacy studies of H1-antihistamines
is the guinea pig. However, in this species there
are no pharmacokinetic data available.

The stereoselective pharmacokinetics could be
caused by active transport at different sites in the
body, e.g. intestine, liver, kidney, blood–brain
barrier; metabolism and/or binding to plasma
proteins and tissue. CZE is mainly excreted
unchanged in urine and has a high bioavail-
ability [5]. Since CZE is a low extraction ratio
drug and both the clearance and volume of
distribution of R-CZE are lower than S-CZE in
humans, it is plausible that protein binding plays
a role in the stereoselective pharmacokinetics of
CZE. Plasma protein binding of R-CZE and CZE
in humans has been studied [6–9]. Benedetti et al.
showed that, at concentrations ranging from 0.2
to 1 mg/ml, the percentage of bound R-CZE was
concentration independent (94.8–95.5%) [6]. Bree
et al. also reported high binding (91.2� 0.66%)
of R-CZE to human plasma over the concentra-
tion range studied (0.21–4.98 mm) [7]. CZE bind-
ing to the whole serum was reported to be 88–
89% by Pagliara et al. [8] and plasma binding of
88–90% by Tillement [9]. However, the protein
binding of R- and S-CZE has not been studied
separately.

The aim of this study was to characterize the
pharmacokinetics of the CZE enantiomers in the
guinea pig and to study possible stereoselective
pharmacokinetics, including protein binding in
both the guinea pig and human plasma.

Materials and Methods

Chemicals

Racemic CZE, the pure enantiomers S- and
R-CZE and an internal standard (IS, ucb20028)
{2-[2-(4-benzhydrylidene-piperidin-1-yl)-ethoxy]-
ethoxy}-acetic acid chlorhydrate, were supplied
by UCB S.A., (Braine l’Alleud, Belgium). Isoflur-
ane (Isoflurane Baxter1, Baxter Medical AB,
Kista, Sweden) and saline were purchased from
the Uppsala Hospital Pharmacy, Uppsala, Swe-
den. Low molecular weight heparin was pur-
chased from Sigma (Sigma Chemical Co., St
Louis, MO, USA). All chemicals were of analy-
tical grade and solvents were of HPLC grade.

The water was purified by a Milli-Q Academic
system (Millipore, Bedford, MA, USA). Blank
human plasma was purchased from the Uni-
versity Hospital Blood Bank, Uppsala, Sweden.

Animals

Male Hartley guinea pigs weighing 300–680 g
were used (Mollegaard Denmark and Charles
River, France). The guinea pigs were acclimatized
for at least 5 days at 22 8C and controlled
humidity prior to the experiment. Standard diet
and water were provided ad libitum. The protocol
was approved by the Animal Ethics Committee
of Uppsala University (C218/1).

Surgical procedure and study design

The guinea pig was anesthetized by inhalation of
Isoflurane (2.5% balanced with 1.5 l/min oxygen
and 1.5 l/min nitrous oxide) and 0.25 ml of
midazolam (5 mg/ml) intraperitoneally. To main-
tain the body temperature at 38 8C during
surgery, the guinea pig was placed on a heating
pad and the body temperature was controlled
with a thermometer. FEP tubings were inserted
into the left jugular vein for drug administration
and into the left common carotid artery for blood
sampling. In order to avoid clotting, the catheters
were filled with heparinized saline solution (100
IU/ml). The ends of the catheters were passed
subcutaneously to a plastic cup on the surface of
the neck, out of reach of the guinea pig. The
animal was placed in a CMA/120 system for
freely moving animals with free access to water
and food, and the experiment started approxi-
mately 24 h later in the morning.

Racemic CZE was administered as a 10 min
constant rate i.v. infusion. Three dose levels 1
ðn ¼ 5Þ, 2 ðn ¼ 6Þ and 4 mg/kg ðn ¼ 5Þ were
administered to detect a possible non-linear
behavior in the pharmacokinetics of the CZE
enantiomers. Blood, 250 ml, was collected at 0, 2.5,
5, 10, 30, 60, 120, 180, 240, 480 and 720 min, and
500 ml at 24, 28 and 29 h. The collected blood was
centrifuged at 7200� g for 5 min. The plasma was
transferred into Eppendorf tubes and saved
at �20 8C until analysed for contents of S and
R-CZE by LC-MS/MS.
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Protein binding in vitro

The protein binding of the CZE enantiomers in
guinea pig plasma was determined by in vitro
equilibrium dialysis. Guinea pig blank plasma,
with ethylenediamine tetra ammonium acetate
(EDTA) as an anticoagulant, was thawed, spiked
with CZE stock solution to obtain final concen-
trations of 25, 250 and 2500 ng/ml of each
enantiomer. The pH of spiked plasma was
adjusted to 7.35–7.40 using 0.1m phosphoric acid.
Five hundred ml of spiked plasma was dispensed
to Plexiglas cells. The chambers in the cells were
separated by a semipermeable membrane (Spec-
tra/Por1, molecular weight cut off: 12–14 kDa).
Dialysis was performed against isotonic sodium
phosphate buffer (10 mm; pH 7.4) for 5 h in an
atmosphere of 5% CO2 in air. Dialysis was
performed in triplicates at 37 8C under constant
stirring (20 rpm), without apparent accumulation
of fluid on the plasma side of the dialysis
chamber. At equilibrium, samples from both
plasma and buffer sides were collected. The ratio
of drug concentrations measured in the buffer
and plasma after dialysis was taken as an
estimate of the fraction unbound (fu). Protein
binding of the CZE enantiomers in human
plasma was determined by the same method
described above. Human plasma was spiked
with 500 ng/ml of CZE and pH was adjusted to
7.4 using 0.1m HCl. Dialysis was performed for a
period of 3 h. The nonspecific binding of CZE to
the cell and membrane was determined by
performing equilibrium dialysis of CZE spiked
sodium phosphate buffer against sodium phos-
phate buffer for 5 h. Aliquots of the solution were
taken to determine the precise amount of CZE
enantiomers. All the samples were stored at
�20 8C until analysed.

Chemical analysis

Plasma samples were analysed using an LC-MS/
MS method described previously [10]. In brief,
50 ml plasma was precipitated with 100 ml acet-
onitrile containing internal standard, ucb20028
(100 ng/ml). Fifty ml of the supernatant was
evaporated, the residue was dissolved in 500 ml
mobile phase and 50 ml was injected on to the LC-
MS/MS system. The chromatographic separation
of the CZE enantiomers was achieved by

a Chiral-AGP column (a-acid glycoprotein,
150� 4.0 mm, ChromTech, Hägersten, Sweden)
in tandem with a triple quadropole mass spectro-
meter (Quattro Ultima; Micromass, Manchester,
UK). The mobile phase consisted of 10 mm

ammonium acetate, pH 7.0 (adjusted with 1%
ammonia) and 6.5% acetonitrile. The column
temperature was maintained at 30 8C and the
flow-rate of the mobile phase was 0.9 ml/min.
The assay was linear over the range 0.25 (CV
13 %) to 5000 ng/ml for both S-CZE and R-CZE.
To analyse the phosphate buffer samples from
the in vitro protein binding study, 6 ml of the
buffer samples were directly injected on to the
column. The column was maintained at room
temperature. The mobile phase consisted of
10 mm ammonium acetate, pH 7.0 (adjusted with
1% ammonia) and 5.5% acetonitrile. The stan-
dard curve was linear over the range 0.5 (CV
14%) to 250 ng/ml for both the enantiomers.

Data analysis

The concentration-time data of CZE enantiomers
was analysed by nonlinear mixed effect model-
ing using the computer program NONMEM
version VI [11]. The final model was rerun in
NONMEM, version V, to ensure consistency of
the results with the commercially available
release of NONMEM. The models were devel-
oped using simultaneous estimation of fixed
effects that characterize the typical individual
and random effects that quantify the variability
(interindividual and residual) component.

An exponential variance model was used to
describe the interindividual variability in the
parameters.

Pi ¼ P expZi ð1Þ

Pi denotes the individual parameter prediction, P
the typical value of the parameter and Zi the
individual random effect that accounts for the
difference between the typical predicted value
and the individual estimate. The Zi is a symme-
trically distributed zero mean variable with
variance of o2.

To describe residual variability an additive or
proportional error model or combination of the
two with the original or log-transformed data
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was considered e.g.

LnCij ¼ LnC0ij þ e ð2Þ

where Cij and C0ij are the observed and predicted
CZE enantiomer concentrations for the jth in-
dividual at time i, respectively, and e is the
additive error (with zero mean and variance s2).
The residual error is used to account for the
unexplained difference in predicted and ob-
served individual concentrations.

The estimations were made using the first
order conditional estimation method (FOCE).

One-, two- and three-compartment models
with first order elimination from the central
compartment were considered and specified to
NONMEM by ADVAN5. The two enantiomers
were modeled simultaneously with a common
epsilon to account for potential covariance
between the measurements of the two enantio-
mers. To estimate the differences in the pharma-
cokinetic parameters of the CZE enantiomers, all
the parameters of S-CZE were parameterized as

Pi;S ¼ Pi;RMF1i ð3Þ

Pi,S denotes the individual parameter prediction
for S-CZE, Pi,R is the individual parameter
prediction for R-CZE and MF1i is the individual
multiplication factor describing the difference
between all the pharmacokinetic parameters
estimated for the two enantiomers. To check for
further differences not explained by MF1i, an-
other factor MF2 was included. The need for MF2
was evaluated on each parameter.

Models were assessed based on graphical
analysis using Xpose 3.1 [12] and objective
function value (OFV) from NONMEM. To dis-
tinguish between two nested models a drop in
the OFV of 3.84 was required, which corresponds
to a nominal value of p50:05.

Results

The pharmacokinetics of CZE was stereoselective
in guinea pigs with total concentrations of R-CZE
in plasma being higher than S-CZE (Figure 1).
The plasma concentration time data of the
enantiomers were best described by a three-
compartment pharmacokinetic model. The
model was parameterized as clearance (CL),

inter-compartmental clearance (Qp1 and Qp2),
and volume of distribution of central (Vc) and
first and second peripheral compartments (Vp1

and Vp2).
The population-derived estimates of the final

model are shown in Table 1. The clearance of R-
and S-CZE was 1.2 and 2.7 ml/min, respectively.
The volume of distribution at steady state
(Vss ¼ Vc þ Vp1 þ Vp2) was 457 ml for R-CZE
and 996 ml for S-CZE.

The typical value for the MF1 was 2.26 (relative
standard error, RSE 3.4%). The addition of MF2
on Qp1 and Vc resulted in a significant drop in the
OFV and the estimated value was 0.76. Thus CL,
Qp2, Vp1 and Vp2 for S-CZE were 2.26 times
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Figure 1. Observed plasma concentration-time profile of the
cetirizine enantiomers after a 10 min short i.v. infusion of
different doses (1, 2 and 4 mg/kg) in guinea pigs

A. GUPTA ET AL.294

Copyright # 2006 John Wiley & Sons, Ltd. Biopharm. Drug Dispos. 27: 291–297 (2006)
DOI: 10.1002/bdd



higher than that for R-CZE. However, Qp1 and Vc

were 1.72 (MF1�MF2) times higher. The RSE for
S-CZE were computed from the variance calcu-
lated using the delta method [13] (Table 1).

Inter-individual variability (IIV) could be
estimated for CL, Vc, Vp,2 and MF1. The IIV of

CL, Vc and Vp2 for R and S-CZE were the same.
The residual variability was best described using
an additive error model on the log-scale, i.e.
approximately constant coefficient of variation
(CV) model. The CV was estimated to be 12%
(RSE ¼ 21%) for R-CZE. The common residual
error for the two enantiomers was estimated to
be 20% (RSE ¼ 17%). The predictions based on
population parameter estimates from the final
model versus observed concentrations are shown
in Figure 2.

The results of the in vitro plasma protein
binding are presented in Table 2. No loss of S
and R-CZE was observed due to nonspecific
adsorption to dialysis cell and membrane (95–
109% recovery). The plasma protein binding of
the CZE enantiomers in guinea pig plasma was
independent of the concentration in the range
tested (25–2500 ng/ml). The fu of R-CZE was 7–
10% and S-CZE was 16–21%. For human plasma,
the fu was 8 and 12% for R- and S-CZE,
respectively.
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Figure 2. Plot of the observed concentrations versus predic-
tions based on population parameter estimates from the final
model for S-cetirizine and R-cetirizine

Table 2. The fraction unbound of the CZE enantiomers in guinea pig and human plasma determined by in vitro equilibrium
dialysis

Guinea pig plasma Human plasma

Conc. (ng/ml) 25 250 2500 250

S-CZE 0:21� 0:04 0:17� 0:02 0:16� 0:01 0:12� 0:02
R-CZE 0:10� 0:04 0:08� 0:02 0:07� 0:00 0:08� 0:01
S/R 2.1 2.1 2.3 1.5

Table 1. Population pharmacokinetic parameter estimates of
the CZE enantiomers for the typical individual after admin-
istration of racemic cetirizine as a 10 min constant rate
infusion. The estimates of inter-individual variability (IIV)
and residual error are given as coefficient of variation (%). The
estimate of precision of the parameter estimate is given in
parenthesis as relative standard error (RSE%)

Population average

Parameter R-CZE aS-CZE

CL (ml/min) 1.2 (7.5) 2.71 (7.5)
Qp1 (ml/min) 15.5 (15) 26.5 (9.1)
Qp2 (ml/min) 0.45 (12) 1.02 (12.3)
Vc (ml) 66.6 (12) 114 (3.3)
Vp1 (ml) 141 (9.7) 319 (11.4)
Vp2 (ml) 249 (15) 563 (13.1)
MF1 2.26 (3.4)
MF2 0.76 (2.3)
IIV CL 24 (37)
IIV Vc 38 (41)
IIV Vp2 42 (41)
IIV MF1 12 (37)

Residual error
R-CZE 12 (21)
R and S-CZE 20 (17)

CL, clearance from central compartment; Qp1 and Qp2, inter-compart-

mental clearances; Vc, Vp1 and Vp2, volume of distribution of central,

first and second peripheral compartments.
aThe pharmacokinetic parameters for S-CZE were expressed as PS ¼
PRMF1 for CL, Qp2, Vp1 and Vp2 and as PS ¼ PRMF1MF2 for Qp1 and

Vc. The corresponding standard errors (SE) were computed from the

variance calculated using formulas: variance ðPSÞ ¼ ðPRÞ
2 variance ðM

F1Þ þMF12 variance ðPRÞ þ 2PRMF1 covariance (PR and MF1) for CL,

Qp2, Vp1 and Vp2 ; variance ðPSÞ ¼ ðPRÞ
2 variance ðMF1Þ þMF12

variance ðMF2Þ þMF22 variance ðPRÞ þ 2PRMF1 covariance (PR and

MF1)þ2MF1MF2 covariance (MF1 and MF2)þ2PRMF2 covariance (PR

and MF2) for Qp1 and Vc.
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Discussion

The aim of this study was to characterize the
pharmacokinetics of the CZE enantiomers in
the guinea pig and to study possible stereoselec-
tive pharmacokinetics, including protein
binding. As in humans, the CZE pharmaco-
kinetics was stereoselective in the guinea pig
with lower clearance and steady state volume of
distribution for R-CZE. Differences in most of the
pharmacokinetic parameters of the CZE enantio-
mers could be explained by one common
factor (MF1). The pharmacokinetics of the CZE
enantiomers was linear in the dose range
investigated.

Cetirizine is a low extraction ratio drug and is
mainly eliminated by renal excretion in humans
[5]. The total plasma clearance of R-CZE and S-
CZE in the guinea pig with an average weight of
499 g was estimated to be 1.2 and 2.7 ml/min.
The hepatic and renal blood flow in guinea pigs
with an average weight of 850 g was reported to
be 46 and 36 ml/min, respectively [14]. Thus CZE
is a low extraction ratio drug. For a low
extraction ratio drug both the hepatic and renal
clearance depends on fu [15]. The typical value of
CL for S-CZE was 2.26 (MF1) times higher than
that for R-CZE. In the protein binding experi-
ment the fu for S-CZE in guinea pig plasma was
found to be 2.1–2.3 times higher than R-CZE
indicating that protein binding is the primary
factor affecting the clearance of the CZE enantio-
mers.

The volume of distribution for the peripheral
compartment of S-CZE was also 2.26 times
higher than that for R-CZE. However, the central
volume of distribution and one of the inter-
compartmental clearance was 1.72 (MF1�MF2)
times higher than R-CZE. The volume of dis-
tribution of a drug depends on the relationship
between the plasma protein binding and tissue
binding. Therefore minor involvement of factors
other than protein binding cannot be completely
ruled out.

The pharmacokinetics of the CZE enantiomers
showed that, even if the difference in protein
binding is small, for highly bound drugs this
difference may lead to a significant difference
in pharmacokinetics, as also indicated for
NSAIDS [16].

Protein binding of CZE in human plasma was
stereoselective with the fu of S-CZE being 1.5
times higher than that for R-CZE. The fu of 8% for
R-CZE in human plasma determined in the
present study is comparable to the binding
reported previously [7]. The lower fu of 5% for
R-CZE determined by Benedetti et al. could be
because of the different technique used [6].
Baltes et al. compared the pharmacokinetics of
R-CZE and S-CZE by giving orally either
R-CZE alone or as racemic CZE to 12 healthy
male and 12 healthy female volunteers [3]. The
apparent volume of distribution of S-CZE was 1.5
times higher than R-CZE (0.41 vs 0.60 l/kg)
indicating that the difference in protein
binding found in the present study could
explain the difference in volume of distribution
reported in humans. The apparent renal and
non-renal clearance for S-CZE in humans was 61
and 28.9 ml/min, respectively, and for R-CZE
was 31 and 9.7 ml/min, respectively [3]. The
difference in renal clearance of CZE enantiomers
is approximately the same as the difference
in fu of the two enantiomers. It has been reported
using human microsomes that the intrinsic
clearance values describing the formation of
metabolites were higher for S-CZE compared
with R-CZE [17]. Thus differences in non-
renal clearance of the two enantiomers reflects
differences both in metabolic intrinsic clearances
and fu.

In conclusion, the pharmacokinetics of CZE
enantiomers was stereoselective in the guinea
pig and differences in the protein binding
of the two enantiomers is the primary factor
affecting the pharmacokinetics. The effect of
protein binding as an important factor influen-
cing the differences in pharmacokinetics of
the CZE enantiomers could be extrapolated to
humans.
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