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Background: Few studies have compared the antihistaminic effect of ebastine at 20 mg/day (maximal recommended daily
dose) with the effect found for other antihistamines in human pharmacologic models.
Objective: To compare the inhibition of the histamine-induced skin reaction produced by ebastine (20 mg/day) with that

produced by cetirizine (10 mg/day), loratadine (10 mg/day), or placebo in a double-blind, randomized, crossover, placebo-
controlled clinical trial.
Methods: Twenty volunteers (10 men and 10 women) received the four treatments once daily for 7 days, with a mean 7-day

washout period between treatments. Three intradermal histamine challenges (0.05 mL of a 100 �g/mL histamine solution at 4,
8, and 24 hours after drug administration) were performed at baseline, day 1 (single dose), and day 7 (multiple doses). Wheal
and flare areas were measured after 15 minutes.
Results: All treatments yielded significant reductions of histamine-induced wheal in comparison to placebo (P � 0.001).

Analysis of covariance revealed significant differences between treatments (P � 0.05). Ebastine had a significantly greater
antihistaminic effect than did cetirizine or loratadine, except at 4 hours after a single dose versus cetirizine. Further, the effect
of cetirizine was similar with single or multiple doses after both 4 and 24 hours, whereas the effect of ebastine showed significant
increases in wheal reduction with multiple doses (P� 0.05). No serious adverse events or withdrawals occurred during the study.
Conclusion: This study shows that ebastine in a 20-mg dose is an effective once-daily antihistamine. Superior efficacy was found

in comparison to cetirizine (10 mg) or loratadine (10 mg) on the overall skin wheal response after single and multiple doses.
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INTRODUCTION
Histamine is present in most tissues and, through its interac-
tion with the H1 receptor, is one of the most important
chemical mediators in the pathophysiologic process of the
allergic response in both the early and the late phase.1 Hista-
mine is involved in the development of allergic rhinoconjuncti-
vitis, urticaria, and skin reactions attributable to insect bites and
contact dermatitis.
Since the early 1980s, a second generation of H1 receptor

antagonists has been marketed. The combination of potency
and lack of effects on the central nervous system distin-
guishes these compounds from the first-generation agents.
Further, their pharmacokinetic characteristics are similar:
good or excellent oral absorption; maximal time between 0.5
and 4 hours preceding their maximal pharmacodynamic ac-
tivity; prolonged elimination half-life; and linear pharmacoki-
netic dose-dependent relationship, with maximal clearance and
area under the curve directly related to the administered dose.2
Several different methods have been proposed to compare the

pharmacodynamic effects of antihistaminic drugs. The inhibi-
tion of histamine-induced wheal and flare is a useful technique
for the comparison of H1 receptor antagonist drugs. Although all
of them show a clear antihistaminic activity, they differ in

potency, time to peak effect, and duration of the effect.3 Further,
the sensitivity, specificity, and reproducibility of this bioassay
are excellent when it is performed in a standardized manner
in healthy volunteers or in subjects with allergic disorders.4,5
Ebastine is the only second-generation H1 receptor antag-

onist with a recommended once-daily flexible dose (10 or 20
mg), depending on the severity of the disease. Most reported
studies have compared the antihistaminic effect of ebastine in
a dosage of 10 mg daily with the effect found for other
antihistamines in human pharmacologic models.6–9 Scant data
are available, however, about the maximal recommended
dosage for ebastine—20 mg daily. Only two studies have
reported the pharmacodynamic effect of ebastine at 20 mg
daily in comparison to that of cetirizine at 10 mg daily.10,11
One of these studies was performed after 4 hours,10 whereas
the other evaluated skin reactions after 24 hours of a steady-
state treatment (6 days).11 In the current study, we compared
the antihistaminic effect of ebastine administered at 20 mg
daily with that of cetirizine at 10 mg daily, loratadine at 10
mg daily, or placebo during the first 24 hours after a single
dose (1 day) and multiple doses (7 days).

METHODS
Study Subjects
The volunteer subjects were included in this study if they
were healthy (according to the standard criteria included in
the protocol), 18 to 50 years old, and Caucasian. They were
subjected to extensive analysis of medical history and thor-
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ough physical examination, complete blood cell count, eval-
uation of hepatic and renal function, and electrocardiographic
(ECG) study before inclusion. These procedures were re-
peated the first day of each treatment period. A histamine-
challenge test was performed at selection, with use of the
same methods as during the experimental phase. The subjects
whose induced wheal and flare were more than or less than
the mean value �2 standard deviations of the general pre-
screened population were excluded from the study to have a
homogeneous study cohort. The mean wheal area of excluded
subjects was 157.3 mm2 (range, 55.2 to 259.4).
The main exclusion criteria were: pregnancy or breast-

feeding in women or no proven oral contraceptive treatment
or intrauterine device; any acute or chronic illness; intoler-
ance to lactose; positive results for human immunodeficiency
virus, hepatitis B surface antigen, or hepatitis C antibody;
positive dermatographism; excessive ingestion of substances
containing alcohol or xanthines; professional drivers; dona-
tion of blood during the month before the study; participation
in another trial during the 3 months before the study; and any
change in skin appearance during the study period. Overall,
20 healthy subjects (10 men and 10 women; mean age,
23.3 � 2.9 years) were enrolled. The protocol was approved
by the Clinical Research Ethics Committee of the Hospital de
la Santa Creu i Sant Pau. Each volunteer gave written in-
formed consent before inclusion, and the study was con-
ducted according to established good clinical practice and
national regulatory rules.
Study Design
This was a double-blind, randomized, crossover (Latin square
design), placebo-controlled study. Eligible subjects were ran-
domized to one of the following treatment sequences: A/B/
C/D, B/D/A/C, C/A/D/B, or D/C/B/A. All participants were
instructed to go to the investigational center fasting to receive
their daily dose (at 9 AM) during the 7 days of each treatment
period. Every treatment was followed by a 7- to 15-day washout
period, as recommended by the general principles for allergy
diagnostic testing described by Bernstein and Storms.5 The dou-
ble-blind design was achieved by including all the treatments
studied—ebastine (20 mg), loratadine (10 mg), cetirizine (10
mg), and lactose as placebo—in identical capsules. Study sub-
jects were given one capsule orally every day together with 200
mL of water. Pharmaceutical tests were performed to ensure the
validity of the blinding method.
Skin Testing and Assessment of Efficacy
Intradermal tests, with use of 0.05 mL from a solution con-
taining 100 �g/mL of histamine, were performed on the volar
surfaces of the forearms. The tests were separated by at least
2.5 cm, and the sequences of the sites chosen were randomly
located and identical for each study subject in single-dose and
multiple-dose tests. Tests were performed at baseline and at
4, 8, and 24 hours after the single dose and the 7-day regimen.
The efficacy of treatments was evaluated by measuring the

wheal and flare areas before treatment and at each aforemen-

tioned time after treatment. Wheal and flare circumferences
were traced and transferred to transparent paper 15 minutes
after the test. Major and minor diameters were measured on
a 90° angle. The wheal and flare areas were calculated with
use of the ellipse formula:

Area � � � maximal diameter� minimal diameter/4

in which � � 3.1416.
Percentage suppression of the wheal and flare areas was

calculated with use of the following equation:

% reduction� 100 � (surface after treatment

� 100/basal surface)

Assessment of Safety
All adverse events experienced during the study were re-
corded. Further, at the end of each study period, ECG, he-
matologic studies, and urinalysis were performed.
Statistical Analysis
The 95% confidence intervals (CI) were calculated for sup-
pression of wheal and flare values at each designated time.
The comparison between treatments was performed by using
an analysis of covariance model with one factor (treatment)
and with baseline values as covariant. Post hoc tests for
comparisons of single-dose versus multiple-dose suppres-
sions were corrected for multiple testing by using the Bon-
ferroni method. Statistical significance was defined as P
values at the 0.05 level.

RESULTS
All 20 subjects completed the study, and all had normal
values for clinical, analytical, and ECG tests performed be-
fore entering the study. Compliance with treatment was com-
plete in all participants. Analysis of the baseline wheal sur-
face showed no significant differences between the various
preestablished sequences of treatment; thus, a first-order car-
ryover effect was discarded.
Efficacy
The surface areas of the wheals induced after a single dose
and after multiple doses (7 days) of treatment are shown in
Table 1. The overall analysis of covariance model revealed
significant differences between all active treatments and pla-
cebo (P � 0.0005). In Figures 1 and 2, the percentage of
wheal suppression (95% CI) after single and multiple doses,
respectively, is depicted. Ebastine and cetirizine showed sim-
ilar responses, which were clearly superior to those of lora-
tadine and placebo. Globally, wheal suppression was higher
after multiple-dose than after single-dose treatment, although
this reduction was more relevant after 4 and 8 hours of
treatment. Nevertheless, the wheal suppression achieved at 24
hours was superior with ebastine (CI, 56.43 to 71.02%) than
with cetirizine (CI, 28.28 to 51.39%).
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The wheal suppression found with loratadine was superior
only to placebo, except for the 24-hour single-dose measure-
ment (CI, 8.45 to 30.98% with loratadine; CI, �13.78 to
15.76% with placebo). The suppression of induced wheal by
loratadine was a time-dependent result, both with a single
dose (ranging from 19.7 to 36.6%, 25.8 to 43.7%, and 8.4 to
30.9% at 4, 8, and 24 hours, respectively) and with multiple
doses (32.4 to 52.4%, 20.9 to 43.7%, and 8.3 to 32.0%).

A comparison of the mean percentages of wheal suppres-
sion by the various treatment regimens and placebo is shown
in Figure 3. The overall effect of treatment was significant
(P � 0.001). Statistically significant differences (P � 0.05)
were observed as follows: ebastine, cetirizine, and loratadine
versus placebo; ebastine versus loratadine; ebastine versus
cetirizine at 24 hours after single and multiple doses; and

Table 1. Wheal Areas (mm2), Stratified by Treatment Group and Time*

Group Baseline 4 h 8 h 24 h

Single dose
Placebo 174.7 � 28.3 179.1 � 48.1 182.0 � 47.2 169.3 � 44.5
Ebastine 184.1 � 45.6 62.7 � 27.1 51.8 � 28.7 74.0 � 32.4
Cetirizine 181.1 � 49.5 43.9 � 17.9 55.7 � 23.3 104.2 � 30.5
Loratadine 174.7 � 41.8 122.1 � 30.2 109.9 � 26.1 136.9 � 41.6

Multiple dose
Placebo 162.7 � 42.1 170.7 � 42.7 182.5 � 30.0
Ebastine 45.9 � 22.6 41.2 � 16.4 63.3 � 23.8
Cetirizine 46.9 � 16.5 47.2 � 18.1 102.9 � 139.0
Loratadine 99.7 � 38.7 114.2 � 36.9 134.0 � 39.1

* Data are shown as mean � standard deviation.

Figure 1. Percentage of suppression of induced wheal and flare after
single-dose administration of various regimens. Data shown are the 95% CI.
Histamine challenges were performed at 4, 8, and 24 hours after dose
administration. C, cetirizine; E, ebastine; L, loratadine; P, placebo.

Figure 2. Percentage of suppression of induced wheal and flare after multi-
ple-dose administration of various regimens (7 days of treatment). Data shown
are the 95% CI. Histamine challenges were performed at 4, 8, and 24 hours after
dose administration. C, cetirizine; E, ebastine; L, loratadine; P, placebo.
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cetirizine versus loratadine. Cetirizine versus ebastine was
significant only at 4 hours after a single dose.
The effect of ebastine increased significantly between sin-

gle and multiple doses at 4 and 24 hours of treatment (Fig 4).
A similar significant increase was also seen for loratadine at
4 hours of treatment (Fig 4), whereas no such differences
were observed for cetirizine at any time studied.
Overall, the suppression of flare was comparable with the

suppression of wheal by the various treatments (Figs 1 and 2).
Safety
No serious adverse events or withdrawals occurred during the
study. Among the 20 study subjects, the most frequently
reported adverse events were somnolence (in 6 subjects with
cetirizine, 5 with ebastine, 4 with loratadine, and 1 with
placebo) and headache (in 4 with cetirizine and 3 with lora-
tadine, ebastine, and placebo, respectively). No clinical or
statistically significant differences were found in the safety
assessments: vital signs (systolic and diastolic blood pressure,
heart rate, respiratory rate, and body temperature), blood
studies, urinalysis, and ECG. Therefore, all treatments dem-
onstrated cardiac safety. In particular, evaluation of the cor-
rected QT interval demonstrated no alterations during any of
the experimental periods.

DISCUSSION
The current double-blind, crossover, placebo-controlled study
showed the overall greatest antihistaminic effect after a single
dose with 20 mg of ebastine. The only exception found was
at the 4-hour point, where the highest effect was achieved with
10 mg of cetirizine. Overall, these results correspond to those in
previous studies.3,8,9,12,13 The difference at 4 hours between the
pharmacodynamic effect of ebastine and cetirizine might be
explained by the need for ebastine to be biotransformed into

Figure 3. Comparison of the percentages of suppression of induced wheal
between various treatments at 4, 8, and 24 hours. Data shown are mean
values. A, Single dose (1 day). B, Multiple doses (7 days). Significant
differences:F, P� 0.05 vs placebo (P);�, P� 0.05 vs cetirizine (C);� �,
P � 0.05 vs loratadine (L); and �, P � 0.05 cetirizine vs ebastine (E).

Figure 4. Comparison of activity between single and multiple doses of three drug regimens. Data shown are mean values. �, significantly different (P � 0.05)
vs single dose.
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its active metabolite carebastine,14 whereas cetirizine is di-
rectly absorbed and active without biotransformation.13
Frossard et al8 compared the cutaneous dose-response to

histamine challenge 4 hours after administration of 10 mg of
either cetirizine or ebastine; cetirizine was found to be more
potent, with a lower variability of the inhibitory response. In
the current study, however, the higher dose of ebastine (20
mg) yielded a comparable intragroup variation with both
treatments, as expressed by 95% CI. In fact, the histamine
challenge we performed, using the intradermal test, is more
sensitive and specific than the skin prick test used in this
previous study4,5; thus, the reliability of the data obtained is
good. Further, the effects of 20 mg of ebastine and 10 mg of
cetirizine were significantly superior to placebo at all evalu-
ation times.
Few studies have compared the pharmacodynamic effect of

ebastine and cetirizine during a steady-state treatment.11 We
chose a 7-day treatment interval to obtain optimal steady-
state conditions for the drugs studied.13–15 The 24-hour delay
after dosing was designed to compare the persisting effect of
the once-daily second-generation antihistamine, although we
also obtained data after 4 and 8 hours. We found that the
effect of 20 mg of ebastine was higher during steady-state
conditions (achieved by multiple doses during 7 days of
treatment) than the effect obtained with a single dose. In
contradistinction, the effect of 10 mg of cetirizine in multiple
doses did not differ significantly from that achieved by a
single dose. Further, a significantly higher wheal reduction
was found with 20 mg of ebastine than with 10 mg of
cetirizine after 24 hours of multiple doses. These results
correlate with previous findings, in which the rank order of
potency found in steady-state treatment after 24 hours of the
last dose was 20 mg of ebastine �10 mg of ebastine �10 mg
of cetirizine � placebo.11
The antihistaminic effect of loratadine in a 10-mg dose was

significantly superior to placebo, but 10 mg of loratadine
proved the least potent inhibitor of both wheal and flare
responses to histamine challenge in all measurements we
performed (single or multiple doses). This lower activity of
loratadine has been reported previously in other studies.7,9,12
Nevertheless, as found with ebastine, loratadine showed a
significant improvement of antihistaminic effect after 4 hours
with multiple dosing in comparison to a single dose. Al-
though these values, even with this increase, were far inferior
to those of ebastine or cetirizine, this fact needs further
investigation because the implications in clinical practice
could be relevant. Further, the duration of the antihistaminic
effect found with ebastine was superior to that of the com-
parative drugs at 24 hours in both single-dose and multiple-
dose tests. This finding could reflect a longer duration of its
metabolite, carebastine, or a more prolonged capacity of
binding to its receptor. Additional studies, however, are
needed to clarify this point because the difference between
elimination half-lives of the various study drugs and ebastine-
carebastine is not so important.13–15

Pharmacodynamic models, such as that evaluated in this
study, should not be interpreted as a direct measurement of
clinical efficacy, because other chemical mediators have an
important role in producing symptoms.16,17 Often, however,
the suppression of histamine-induced wheal and flare corre-
lates with alleviation of symptoms of allergic rhinitis.18–22
Therefore, it is still the recommended method for comparing
H1 receptor antagonists.4 A sustained effect of 20 mg of
ebastine is beneficial, especially for those patients who are
sensitive to indoor allergens or who may receive a continuous
stimulus, as in the case of perennial allergic rhinitis. Studies
involving allergic rhinitis indicate that a higher dosage of
ebastine probably reduces the time needed to achieve a su-
perior efficacy level, a factor that would probably improve
the consistency of its efficacy.23,24

CONCLUSION
The results of this study indicate a superior efficacy of ebastine
(20 mg) in comparison to cetirizine (10 mg) or loratadine (10
mg) on the overall skin wheal response after single and multiple
doses. Further, 20 mg of ebastine was superior to placebo at all
evaluation times. The current results substantiate previous phar-
macodynamic findings and show ebastine in a 20-mg dose as an
effective once-daily antihistamine.
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19. Moreno Benitez F, Millan Núñez-Cortes J, Garcia Vadillo C,
Lobaton Sanchez de Medina P. A study of the immediate
cutaneous response: influencing factors. Allergol Immuno-
pathol 1993;21:88–93.

20. Simons FE, Simons KJ. Peripheral H1-blockade effect of fexo-
fenadine. Ann Allergy Asthma Immunol 1997;79:530–532.

21. Watson WT, Simons KJ, Chen XY, Simons FE. Cetirizine: a
pharmacokinetic and pharmacodynamic evaluation in children
with seasonal allergic rhinitis. J Allergy Clin Immunol 1989;
84:457–464.

22. Howarth PH, Emanuel MB, Holgate ST. Astemizole, a potent
histamine H1-receptor antagonist: effect in allergic rhinocon-
junctivitis, on antigen and histamine induced skin weal re-
sponses and relationship to serum levels. Br J Clin Pharmacol
1984;18:1–8.

23. Gehanno P, Bremard-Oury C, Zeisser P. Comparison of ebas-
tine to cetirizine in seasonal allergic rhinitis in adults. Ann
Allergy Asthma Immunol 1996;76:507–512.

24. Ratner PH, Lim JC, Georges GC. Comparison of once-daily
ebastine 20 mg, ebastine 10 mg, loratadine 10 mg, and placebo
in the treatment of seasonal allergic rhinitis. The Ebastine Study
Group. J Allergy Clin Immunol 2000;105:1101–1107.

Requests for reprints should be addressed to:
Juan Gispert, MD
Almirall Prodesfarma S.A.
Cardener 68–74
08024 Barcelona, Spain
E-mail: jgispert@almirallprodesfarma.com

264 ANNALS OF ALLERGY, ASTHMA, & IMMUNOLOGY


