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Departments of Dermatology and *Pharmacology, Faculty of Medicine, University of Kocaeli, İzmit, Turkey, †Department of Public Health,
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Summary It is accepted that studies evaluating histamine-induced wheal and flare reactions in the
skin represent a simple and reliable method for demonstrating pharmacodynamic
activity and pharmacokinetics of the H1-receptor antagonists. In this study, the effects
of single oral doses of acrivastine (8 mg), loratadine (10 mg) and cetirizine (10 mg) on
the histamine-induced wheal and flare reactions were compared in 60 healthy
volunteers. The wheal and flare responses were produced by prick test using 1%
histamine solution. Measurements were performed before the ingestion of antihista-
mines (baseline values) and afterwards at 15, 30, 90, 240, 360 min and 24 h. The
values obtained for each antihistamine were compared with each other and with
baseline values. Cetirizine was found to be superior to acrivastine and loratadine for the
suppression of wheal and flare responses at 240, 360 min and 24 h (P<0.05) and
acrivastine was superior to the other two antihistamines for the suppression of flare
response at 30 min (P<0.05). Our results indicate that a single dose of cetirizine
provides a more effective and long acting suppression on wheal and flare reactions in
urticaria when compared to acrivastine and loratadine.

Introduction

Oral antihistamines are the most widely used drugs for
the treatment of allergic disorders.1–5 The first genera-
tion H1-receptor antagonists that was discovered more
than 50 years ago are poorly tolerated by most patients
because of sedative and anticholinergic effects.5,6 The
second generation H1-receptor antagonists were devel-
oped to reduce significantly the incidence of centrally
mediated side-effects while maintaining the effectiveness
of their predecessors.4,6

The aim of present investigator-blinded, cross-over study
was to compare the effects of single oral doses of acrivastine

(8 mg), loratadine (10 mg), and cetirizine (10 mg) on the
histamine-induced wheal and flare reactions in healthy
volunteers.

Materials and methods

Subjects

This investigator-blinded, single dose, cross-over study
was performed in 60 healthy volunteers between May
and September 1997. Thirty male and 30 female adults
aged 22–52 years (mean, 28.68 6 0.74 years) were
included in the study. The mean weight of the study
population was 64.78 6 13.34 kg. Ethical approval was
granted for all experiments carried out in the study and
all volunteers gave informed consent to the procedures
performed.

Haematological and biochemical tests were normal in
all subjects. Subjects were excluded if they had any acute
or chronic illness, if they had taken an H1 or H2-receptor
antagonist, systemic corticosteroid, mast cell stabilizator
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or tricyclic antidepressan drug within the previous
month, or if they had a known history of idiosyncratic
reaction to histamine or antihistamines. The study
population was divided into three groups of 10 females
and 10 males volunteers. Group 1 received an 8 mg
single oral dose of acrivastine (Semprex, Glaxo Wellcome);
group 2 received a 10 mg single oral dose of loratadine
(Claritine, Schering-Plough); group 3 received a 10 mg
single oral dose of cetirizine (Zyrtec, UCB).

Study design

The study was performed during a 3-day period. On day
1, the wheal and flare responses were produced by the
first investigator and the baseline values were estab-
lished. On day 2, the medications were administrated
by a second investigator with a glass of water 2 h after
breakfast. Afterward the wheal and flare responses were
produced, at 15, 30, 90, 240 and 360 min after drug
ingestion, by the first investigator. On day 3, 24 h after
antihistamine ingestion, wheal and flare responses were
produced again by the first investigator. The first inves-
tigator had no knowledge of the drugs at any stage of the
investigation.

After performing each skin test, subjects were ques-
tioned about adverse effects such as sedation, disorienta-
tion, dizziness, drowziness, dry mouth, visual changes,
nausea, vomiting and diarrhoea.

Assessment of epicutaneous tests

The wheal and flare responses were produced by an
epicutaneous test with histamine phosphate 1 mg/mL
(Hal Allergenes Lab. BV., Haarlem) on the volar aspect of
the forearms at sites separated from each other by
# 4 cm. The size of the response was marked on the
skin 10 min after each injection and then traced to
measure the area involved and to quantify the skin
responses; the longest diameter and the perpendicular

diameter were measured separately after each applica-
tion: a measurement of the response was calculated as
the mean of these two values.

Wheal and flare responses obtained at 0, 15, 30, 90,
240, 360 min and 24 h were compared with each other
and with baseline values; percentage inhibition was
calculated according to the following equation: percen-
tage inhibition ¼ (wheal/flare areabaseline – wheal/flare
areatime t) / (wheal/flare areabaseline) × 100

Statistical analysis

Results were expressed as the means 6 SEM. Statistical
significance of differences between groups was deter-
mined by one-way analysis of variance followed by
posthoc LSD test or unpaired student’s t-test when
appropriate. P<0.05 was taken to indicate statistical
significance.

Results

There was no significant difference among the treatment
groups in terms of age, sex and weight.

At baseline there was no significant difference among
the groups in mean wheal and flare responses (Table 1).
Percentage inhibition of wheal and flare responses by the
three test drugs is shown in Figs 1 and 2.

There were no significant differences among the three
antihistamines for the suppression of wheal and flare
responses at 15 min. For acrivastine, loratadine and
cetirizine, 17.4%, 10%, 12.4% inhibition in mean flare
responses and 11.6%, 9.8%, 6.1% inhibition in mean
wheal responses were obtained, respectively.

Acrivastine suppressed the mean flare response more
than loratadine and cetirizine whereas there were no
significant differences bewteen the drugs for the suppres-
sion of wheal response at 30 min. The inhibition in
mean flare responses was 37.8%, 13.2%, and 17.1%
for acrivastine, loratadine and cetirizine, respectively.
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Table 1 Mean wheal and flare responses (mm 6 SEM) at baseline and after antihistamine ingestion.

Group n Baseline 15min 30min 90min 240min 360min 24 h

Wheal
Acrivastine 20 7.32 6 0.46 6.47 6 0.43 5.58 6 0.37 4.28 6 0.37 4.03 6 0.42 4.60 6 0.32 7.11 6 0.47
Loratadine 20 7.43 6 0.40 6.70 6 0.54 5.97 6 0.40 5.03 6 0.45 4.97 6 0.47 4.21 6 0.32 6.42 6 0.46
Cetirizine 20 6.96 6 0.48 6.53 6 0.56 5.71 6 0.46 3.03 6 0.30 1.79 6 0.30 1.33 6 0.39 3.67 6 0.21

Flare
Acrivastine 20 39.60 6 1.81 32.70 6 1.96 24.61 6 1.56 15.63 6 1.82 18.97 6 2.23 24.45 6 1.78 34.42 6 1.94
Loratadine 20 36.70 6 1.80 33.02 6 1.59 31.85 6 1.79 29.00 6 1.85 24.28 6 1.84 21.96 6 1.27 27.52 6 1.98
Cetirizine 20 35.95 6 1.65 31.47 6 1.80 29.80 6 1.44 20.12 6 1.30 10.12 6 1.47 6.82 6 1.25 15.55 6 1.23



The inhibition in mean wheal responses was 23.7%,
19.7% and 17.9% for the three test drugs, respectively.

Acrivastine and cetirizine were superior to loratadine
for the suppression of flare response at 90 min whereas
cetirizine was superior to acrivastine and loratadine for
the suppression of wheal response. The inhibition in mean
flare and wheal responses was 60.5%, 20.9%, 41.2% and
41.4%, 32.2%, 56.3% to acrivastine, loratadine and
cetirizine, respectively.

Cetirizine suppressed the flare and wheal responses
significantly more than acrivastine and loratadine at
240 min. Acrivastine was superior to loratadine for the
suppression of flare response whereas no significant
difference was present among these drugs for the sup-
pression of wheal response at this time. For acrivastine,
loratadine and cetirizine, 52%, 33.8%, 71.8% inhibition

in mean flare responses and 44.9%, 33.1%, 74.1%
inhibition in mean wheal responses were obtained,
respectively.

Cetirizine suppressed both the flare and wheal
responses significantly more than acrivastine and lora-
tadine but there was no significant difference between
acrivastine and loratadine at 360 min. The inhibition in
mean flare and wheal responses was 38.2%, 40.1%, 81%
and 37.2%, 43.3%, 80.8% for acrivastine, loratadine
and cetirizine, respectively.

Cetirizine was superior to acrivastine and loratadine
for the suppression of flare and wheal responses at 24 h.
Loratadine was superior to acrivastine for the suppres-
sion of flare response whereas no difference was present
for the suppression of wheal response at 24 h between
these two antihistamines. The inhibition in mean flare
responses was 13%, 25%, 56.7% for acrivastine, lorata-
dine and cetirizine, respectively. The inhibition in mean
wheal responses was 2.9%, 13.6%, 47.2% for the three
test drugs, respectively.

Sedation was reported by three subjects and drowsi-
ness by one subject receiving acrivastine and loratadine,
respectively.

Discussion

The use of histamine-induced wheal and flare reactions
to demonstrate the antihistamine activity of H1-receptor
antagonists is a widely accepted and well established
method.1,7–9

The aim of this study was to evaluate and compare the
effects of the most widely used nonsedative antihista-
mines (acrivastine, loratadine, cetirizine) on the skin
quantitatively. For this purpose, the ability of these
antihistamines to suppress the histamine-induced
wheal and flare responses were assessed in 60 healthy
volunteers.

It was found that acrivastine was superior to lorata-
dine and cetirizine at 30 min, acrivastine and cetirizine
were superior to loratadine at 90 min and cetirizine was
superior to acrivastine and loratadine at 240, 360 min
and 24 h for the suppression of flare reactions. For the
suppression of wheal responses, cetirizine was found to
be superior to acrivastine and loratadine at all other
time-points whereas there were no differences among
the groups at 15 and 30 min.

Marks10 et al. reported that a single oral dose of 8 mg
acrivastine inhibited the flare response by 63% of the
peak inhibition and the wheal response by 55% of the
peak inhibition when compared with the placebo at
30 min. The results of this study are similar: acrivastine
inhibited the flare response by 62.5% and the wheal
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Figure 1 Percentage inhibition of wheal responses to the three
antihistamines.

Figure 2 Percentage inhibition of flare responses to the three
antihistamines.



response by 53% of the peak inhibition at 30 min.
Although Simons11 et al. reported 25% inhibition in
the flare and wheal responses in the first 20 min after
oral administration of cetirizine, we obtained 17% inhi-
bition in the flare and wheal responses at 30 min with
cetirizine.

Kontou-Fili12 et al. reported that a single oral dose of
10 mg cetirizine inhibited the mean flare and wheal
responses by 40% at 120 min and by 70–75% at
240 min. In our study a similar level of inhibition—
71–74%—of flare and wheal responses were obtained at
240 min. In the same study, 12% inhibition in mean
wheal response at 120 min and 30% inhibition at
240 min, by an oral dose of 10 mg loratadine, were
reported.12 We confirmed this finding by showing 33%
inhibition of flare and wheal responses with loratadine at
240 min.

In our study, the inhibition in mean flare responses at
360 min were approximately 40% and 81% for lorata-
dine and cetirizine, respectively. Kontou-Fili12 et al.
reported that inhibition in mean flare and wheal
responses at 360 min were approximately 30% and
80% for loratadine and cetirizine, respectively.

We obtained 13%, 25% and 56.7% inhibition in mean
flare responses at 24 h for acrivastine, loratadine and
cetirizine, respectively. There were 2.9%, 13.6% and
47.2% inhibition in mean wheal responses to acrivastine,
loratadine and cetirizine, respectively.

Simons et al.7 reported that cetirizine was the only
antihistamine which inhibited the mean wheal responses
over 50% at 24 h when compared with placebo, terfe-
nadine, loratadine, astemizole and chlorpheniramine. In
this study we obtained 47.2% inhibition in mean wheal
responses at 24 h with cetirizine, approximately equal to
the results of Simons et al., and a significantly greater
inhibition than that induced by loratadine or acrivastine.

In various studies comparing single oral doses of
antihistamines, cetirizine was found to be superior to
astemizole,7,13,14 terfenadine,7,13,15 loratadine,7,14 chlor-
pheniramine7 and placebo7 in suppressing histamine-
induced flare and wheal responses. In the present
study, cetirizine was also found to be superior to acrivas-
tine and loratadine at 240, 360 min and 24 h for the
suppression of flare responses, and at 90, 240, 360 min
and 24 h for the suppression of wheal responses.

The superiority of cetirizine over most other antihis-
tamines can be attributed to some of its properties other
than its antiallergic effects. Cetirizine has been shown to
have anti-inflammatory effects not seen with most other
second generation antihistamines.5,11,16–19 It has also
been shown that cetirizine inhibited not only the early
allergic response but also the late inflammatory cell

recruitment after IgE-mediated reactions in human
skin.20

Although antihistamines are the mainstay of urticaria
treatment most patients do not use their antihistamines
regularly. Moreover, when they use them they expect fast
symptomatic relief. Many studies have assessed the
relative potency of antihistamines by measuring their
ability to suppress the histamine-induced wheal and flare
reactions on the skin. To the best of our knowledge, there
has been no report comparing acrivastine, loratadine
and cetirizine. We found that cetirizine suppressed the
wheal and flare responses more effectively over 24 h as
compared with acrivastine and loratadine. Our findings
indicate that a single dose of cetirizine is more potent and
provides longer suppression of urticarial wheal and flare
reactions than both acrivastine and loratadine. Like all
single-dose studies, this study does not reflect the
dynamic equilibrium of repetitive maintenance dosing
but it does have clinical implications for the relief of
symptoms in patients presenting with urticaria.
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