Lack of effect of cetirizine on early and late
asthmatic response after allergen challenge
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Background: Cetirizine hydrochloride has proved effective in reducing allergic symptoms and
can inhibit the infiltration of eosinophils in allergic late-phase responses in the skin. Because
eosinophils are likely to play an important role in allergic late-phase reactions, we studied the
effect of cetirizine on early and late asthmatic reactions and on levels of eosinophil cationic
protein (ECP) in the blood after allergen challenge.

Methods: The effect of 15 mg cetirizine given twice daily was studied in 16 patients allergic to
house dust mites in a double-blind, placebo-controlled study. Patients were treated for 3 weeks.
Before and after treatment, bronchial challenges with house-dust mites were performed. Blood
ECP levels were measured 6 hours after challenge. Methacholine provocation was performed 72
hours before and 24 hours after each challenge.

Results; Early and late asthmatic response — measured as mean maximal fall in forced
expiratory volume in 1 second (FEV;) and the provocative dose of allergen that causes a 15%
fall in FEV, (PD, s allergen) —were not significantly reduced after treatment with cetirizine,
compared with placebo. There was also no significant effect on the concentration of
methacholine, which causes a 20% fall in FEV, (PC,, methacholine). The increase in the level
of ECP in the blood after allergen challenge was reduced after cetirizine treatment, compared
with placebo, but this difference was not statistically significant.

Conclusion: Eighteen days of treatment with cetirizine did not significantly reduce the intensity

of the early and late asthmatic responses. (] ALLERGY CLIN IMMUNOL 1994;94:231-9.)
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Cetirizine, the principal metabolite of hydroxy-
zine, is a member of a new therapeutic class of H,
antagonists that have little or no adverse effects
on the central nervous system. This can be attrib-
uted to their selectivity for the H; receptor and
the limited capacity of these agents to cross the
blood-brain barrier.”*

Clinical trials indicate that cetirizine hydrochlo-
ride effectively reduces symptoms in patients with
allergic rhinitis and chronic urticaria.>® In asth-
matic patients, cetirizine seems to effectively pro-
tect against bronchial histamine challenge and
may be effective in patients with severe birch
pollen asthma.'®*? Dijkman et al.”’ found a sig-
nificant reduction of asthma symptoms and use of
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Abbreviations used
BU: Biologic unit

EAR: Early asthmatic response

ECP: Eosinophil cationic protein

FEV,: Forced expiratory volume in 1
second

LAR: Late asthmatic response

PC,,: Provocative concentration causing a
20% decrease in FEV,

PD.s: Provocative dose causing a 15% de-

crease in FEV,

rescue medication and an increase in morning
peak flows in patients with grass pollen-induced
asthma who used cetirizine during the grass pol-
len season.

An interesting property of cetirizine is its ca-
pacity to inhibit the infiltration of eosinophils in
allergic skin response. Several studies have dem-
onstrated that cetirizine can inhibit eosinophil
migration by 60% to 84% in allergic late-phase
responses.'*"” Eosinophils are likely to play an
important role in the late-phase allergic reaction
and induction of bronchial hyperreactivity.'*
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TABLE I. Clinical data of the patients
Patient Age Sex FEV, FEV, (% pred.) PCzo Meth (mg/ml) Medication
Placebo
1 24 F 2.96 87.40 0.52 AB,CS
2 17 F 3.56 86.10 0.63 B,S
3 26 F 2.32 70.40 0.43 B,CS,T
4 20 F 3.19 84.20 0.85 CS
5 19 M 4.30 76.10 242 B,S
6 22 F 3.09 98.80 0.93 AB,CS
7 24 M 4.05 99.30 0.83 B,CS
8 20 M 3.99 100.00 1.66 B
Mean 21.5 3.43 87.80 1.03
Cetirizine
1 29 F 3.23 98.00 0.47 AB,CS
2 21 F 2.57 82.20 7.59 AC
3 23 F 2.56 65.50 0.29 ABCS
4 19 F 3.27 80.50 0.83 AS
5 31 M 3.17 78.30 041 B,S
6 21 F 3.14 109.30 1.37 B
7 21 M 4.40 108.70 12.08 B,S
8 23 M 3.95 98.50 14.36 CS
Mean 23.5 3.29 90.10 4.68

A, Antihistamine; B, beclomethasone or budesonide; C, sodium cromoglycate; S, salbutamol; 7, theophylline.

They contain substances such as major basic pro-
tein and eosinophil cationic protein (ECP), which
may cause respiratory epithelial cell damage,
characteristic of asthma.?” Bronchoalveolar lavage
fluid after allergen challange demonstrates accu-
mulation of eosinophils and elevated ECP levels
in patients showing late-phase asthmatic reac-
tions.*

The aim of our study was to determine whether
18-day treatment with cetirizine could protect
against allergen-induced early- and late-phase
bronchial reactions in atopic patients with
asthma. We also examined the effect of cetirizine
on eosinophil activation after allergen challenge.

METHODS
Patients

Sixteen atopic, nonsmoking patients with mild to
moderate asthma (10 women and 6 men, aged 17 to 31
years) participated in the study. The clinical data are
presented in Table I. Patients were selected on the
basis of positive skin test results or elevated IgE for
house dust mite allergen and increased bronchial re-
sponsiveness to methacholine inhalation (PC,, =16
mg/ml). All patients had forced expiratory volume in 1
second (FEV,) values =70% of the predicted values
and had shown a late-phase bronchial reaction after

challenge with house dust mites. A late-phase reaction
was defined as a fall in the FEV, value of 15% or more
from the baseline value. Patients allergic to pollen were
tested outside the pollen season. None of the patients
gave a history of respiratory tract infections in the
previous 6 weeks or severe asthmatic attacks in the
previous 6 months. None had received oral corticoste-
roids. All of the patients gave informed consent. The
study was approved by the medical ethics committee of
Asthmacenter Heideheuvel, The Netherlands.

Methacholine provocation

Methacholine chloride was prepared in 0.9% sodium
chloride solution to produce a range of doubling con-
centrations from 0.25 to 32 mg/ml. The solutions were
administered through a De Vilbiss 646 nebulizer
(De Vilbiss Health Care, Inc., Somerset, Pa.) with a
gauged output of 0.13 mg/ml. The nebulizer was
mounted to a valve box with an aerosol filter. The
nebulization time was 30 seconds, during which the
patient was instructed to breathe quietly. The test was
started with inhalation of a phosphate buffer aerosol.
Before the inhalation, three measurements of vital
capacity and FEV, were performed with the portable
electronic Printer Spirometer II (Micro Medical Ltd.,
Rochester, Kent, England). Calibration of the spirom-
eter was performed every 2 weeks. No adjustments
were necessary. After each concentration, the FEV,
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value was measured. The provocative concentration of
methacholine causing a 20% decrease in FEV, (PC,;)
was derived by linear interpolation.

Two PC,, methacholine ratios were used to study the
treatment effect: the PC,, before bronchial challenge
after treatment/PC,, before challenge before treatment
(ratio 1) and the PC,, after bronchial challenge after
treatment/PC,, after challenge before treatment (ratio
2).

Inhalation of house dust mites

Allergen solutions were prepared from stock solu-
tions of Dermatophagoides pteronyssinus, diluted in
phosphate-buffered saline solution with 0.03% human
serum albumin and containing 0.5% phenol (Diephuis
Laboratories, Groningen, The Netherlands) to produce
a range of fivefold increasing concentrations from 80 to
10,000 biological units (BU)/ml. The allergen solutions
were administered through a De Vilbiss nebulizer
mounted to a valve box with an aerosol filter (output,
0.13 mg/ml). The patients were instructed to breathe
quietly during 1 minute for each dose. Increasing doses
were given at 15-minute intervals. The challenge pro-
cedure was terminated when the FEV, value fell 15%
or more below the baseline value. After the last inha-
lation, FEV, was recorded at 10-minute intervals for
the first hour and hourly thereafter for 12 hours.

The early asthmatic response (EAR) was character-
ized by the maximum percentage decrease in FEV,
from initial value during the first hour after allergen
challenge; for the late asthmatic response (LAR), the
maximum percentage decrease from initial value in the
period 3 to 12 hours after challenge was calculated.
Because it is possible that the dose of allergen neces-
sary to induce a fall in FEV, value of 15% or greater is
different in the first and second allergen challenge test,
the provocation cumulated dose of allergen necessary
to induce a fall in FEV, value of 15% from baseline
(PD,s allergen) was also calculated to characterize
EAR and LAR.”

ECP

Serum samples were stored at —20° C. ECP was
assessed by Dr. P. Venge, using a radioimmunoassay
method that has been described previously.™

Study design

The study was performed in a randomized, placebo-
controlled, double-blind, parallel-group design, with
two groups of eight patients, comparing cetirizine, 15
mg taken twice daily during 18 days, with matching
placebo. Patients were stratified according to sensitivity
to allergen in the initial bronchoprovocation into a
group of low-dose responders, reacting to 80 or 400
BU/ml and a group of high-dose responders, reacting to
2000 to 10,000 BU/ml.

The study consisted of three visits: (1) a selection
visit, (2) a visit for the house dust mite provocation
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before treatment, and (3) a visit for the house dust mite
provocation after treatment. Medication was withheld
before the study period: inhaled steroids and sodium
cromoglycate were stopped 1 week before the study (4
weeks before the allergen challenge after treatment);
theophylline drugs, oral B,-adrenergic drugs, and anti-
histamine drugs were stopped 48 hours before the
study; and inhaled B,-adrenergic drugs were stopped 6
hours before the tests.

At the selection visit patients were assessed clini-
cally. FEV, and vital capacity values were measured,
and patients underwent methacholine provocation to
determine PC,,,.

Seventy-two hours after the selection visit patients
were admitted to the hospital for 3 consecutive days. On
the first day, starting at 9:00 am, control solution was
inhaled four times at 15-minute intervals. FEV, values
were measured immediately and 15 minutes after each
inhalation. After the fourth inhalation, FEV, was re-
corded at 10-minute intervals for the first hour and was
followed up every hour until 12 hours after the last inha-
lation. Six hours after the last inhalation, blood sampling
was performed for ECP and cetirizine measurements.
The second day at 9:00 am, subjects underwent allergen
challenge with house dust mites. Spirometry was per-
formed as on the first day. Blood sampling was per-
formed, 6 hours after the last inhalation, for ECP and
cetirizine measurements. On the third day patients un-
derwent a second methacholine provocation.

Patients were then treated with cetirizine or placebo
for 18 days. At the end of the treatment period PC,,
methacholine was determined. Seventy-two hours later,
patients were again admitted to the hospital for 3
consecutive days. The same tests as during visit 2 were
performed. During this evaluation period the study
medication was continued.

Data analysis

Statistical analyses were performed with an SAS
statistical software package (SAS Institute, Cary, N.C.).
In all statistical tests p values below 0.05 were consid-
ered significant.

The two treatment groups were compared with re-
gard to patients’ characteristics at selection with the use
of Fisher’s exact test for the dichotomous variables, the
Student ¢ test for the continuous variables, or the
Mann-Whitney rank test for the ordinal variables,

The parameters of EAR and LAR were compared by
using the analysis of covariance, with the value mea-
sured before treatment as covariate. The means after
treatment adjusted for initial difference between the
treatment groups were calculated. A logarithmic trans-
formation was applied before the statistical analysis of
PD, allergen measurements.

The PC,, methacholine ratios of the two groups were
compared by one-way analysis of variance. The provo-
cation-induced change in ECP blood level in the two
treatment groups was compared by using an analysis of
covariance. For evaluation of safety, the number of
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FIG. 1. The effect of allergen challenge on FEV, before and after treatment (mean percent fall in
FEV, = SEM). Top, Placebo group; bottom, cetirizine group.

patients experiencing adverse reactions was compared
between the two treatment groups by using Fisher’s
exact test.

RESULTS

Demographic characteristics were very similar
between the two treatment groups. The (log-
transformed) mean values of PC,, methacholine
showed no significant difference between the two
groups (Table I).

Early and late asthmatic responses

Fig. 1 shows the effect of allergen challenge or
FEV, value in the placebo and the cetirizine
groups before and after treatment. Allergen chal-
lenge resulted in a mean maximum fall in FEV,
value between 0 and 1 hour of 37.9% = 16.7% in
the placebo group and 40.2% * 12.2% in the
cetirizine group before treatment. After treat-
ment these values were 33.2% =+ 11.0% in the
placebo group and 30.8% = 11.5% in the cetiriz-
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FIG. 2. The mean maximal fall in FEV, value 0 to 60 minutes (EAR) and 3 to 12 hours (LAR] after
allergen challenge in both groups (= SEM). There was no significant difference between the
treatment groups ( p = 0.46 [EAR]; p = 0.64 [LAR]).

ine group; after adjustment for baseline differ-
ence, the mean values were 33.8% in the placebo
group and 30.1% in the cetirizine group. This
difference was not statistically significant (p =
0.46; Fig. 2, A). During the late response the
mean maximal fall in FEV, value, 3 to 12 hours
after challenge, was 41.0% =+ 12.1% in the pla-
cebo group and 32.0% * 13.8% in the cetirizine
group before treatment. After treatment these
values were 34.8% =+ 9.0% in the placebo group
and 26.8% =+ 11.3% in the cetirizine group; after
adjustment for baseline difference, the values
were 31.6% in the placebo group and 29.9% in
the cetirizine group. This difference was not sta-
tistically significant (p = 0.64; Fig. 2, B).
Because in six patients (three in each group)
the allergen concentration required to induce a
fall in FEV,; 15% or more was lower after treat-

ment than before, the PD, 5 allergen for early and
late responses were also calculated. The geomet-
ric mean of PD,s allergen O to 1 hour before
treatment was 611 BU/ml in the placebo group
and 800 BU/ml in the cetirizine group. After
treatment these values were 386 and 627 BU/ml,
respectively. The adjusted geometric means were
427 and 568 BU/ml after treatment with placebo
and cetirizine, respectively. This difference was
not statistically significant (p = 0.53). The geo-
metric mean of PD,; allergen 3 to 12 hours before
treatment was 511 BU/ml in the placebo group
and 1126 BU/ml in the cetirizine group. After
treatment these values were 353 and 772 BU/ml,
respectively. The adjusted geometric means were
503 BU/ml in the placebo group and 542 BU/ml in
the cetirizine group. This difference was not sta-
tistically significant (p = 0.85; Fig. 3).
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FIG. 3. Percentage change in PD,5 value (+SEM) of EAR and LAR after treatment in both groups.
There was no significant difference between the treatment groups ( p = 0.53 [EAR]; p = 0.85

[LARY]).

Change in ECP serum level (ng/ml)

20
18
16ﬁ
14
12
.10
8-
6

] A

B BEFORE
AFTER

0
E
4
61
.8

T r T r T

L

-10 T
PLACEBO

T

CETIRIZINE

FIG. 4. Allergen challenge-induced change in ECP serum level (= SEM) before and after treat-
ment in both groups. There was no significant difference between the treatment groups

{(p=0.34).

PC,, methacholine

To study the effect of treatment on the hyper-
responsiveness, two ratios of PC,, methacholine
were calculated in both treatment groups. The
mean ratio of PC,, methacholine before allergen
challenge (ratio 1) was 1.22 in the cetirizine group
and 1.29 in the placebo group. Again, this differ-
ence was not statistically significant (p =
0.89). The mean ratio of PC,, methacholine after
allergen challenge (ratio 2) was 1.13 with cetiriz-
ine and 1.71 with placebo, which showed no
significant difference (p = 0.58).

For the group was a whole (N = 16), before
treatment allergen challenge did not significantly

change the PC,, methacholine (mean ratio of
PC,, after/mean ratio PC,, before = 1.03).

ECP

Allergen challenge resulted in a significant in-
crease in ECP value before treatment (p = 0.01).
After treatment the adjusted differences were
—0.4 ng/ml in the cetirizine group and 9.2 ng/mli
in the placebo group (Fig. 4). This difference was
not statistically significant (p = 0.34).

Blood level of cetirizine

In the cetirizine group seven patients had blood
levels ranging from 108 ng/ml to 643 ng/ml. One
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patient had no detectable level of cetirizine in the
blood (patient 3). In the placebo group no ceti-
rizine was detected in the blood.

Evaluation of safety

There was no significant difference in occur-
rence of adverse events—symptoms (dyspnea,
wheezing, cough) and abnormalities in the blood —
between the two treatment groups.

DISCUSSION

Cetirizine has proved effective in inhibiting al-
lergen-induced early responses in the skin, as
measured by wheal and flare reactions,'* '* * and
in the nose, as measured by symptom scores.> ©
Several authors have studied the effect of cetiriz-
ine on early mediator release in skin blister mod-
els. Charlesworth et al.'® found a significant re-
duction in prostaglandin D, production until 5
hours after challenge, but no effect on histamine
release after the use of 20 mg cetirizine during 3
days. However, Michel et al.** found a significant
reduction in immediate histamine release after
the use of 10 mg cetirizine during 4 days. In
a nasal challenge model cetirizine also signi-
ficantly decreased N-o-tosy-L-arginine methyl
ester—esterase activity and leukotriene C, produc-
tion, but had no effect on histamine and prosta-
glandin D, release.”® Thus cetirizine seems to be
effective in inhibiting allergen-induced early re-
sponses in the nose and skin.

We have demonstrated that 18 days of treat-
ment with Cetirizine did not reduce the intensity
of the allergen-induced EAR, measured by maxi-
mal fall in FEV, value and PD;5 allergen during
the first 30 minutes after challenge. These find-
ings are in accordance with results of the studies
of Rédier et al.”’ and Wasserfallen et al.”® Al-
though there is little doubt about the antihista-
minic effects of cetirizine, its antiallergic proper-
ties in the airways are not proven. In our study we
used a high dose (30 mg cetirizine/day) to study
such possible antiallergic effects. In contrast to its
action on the nose and skin, cetirizine is not
effective in inhibiting early responses in the lower
airways. It is possible that the tissue concentration
of cetirizine in the lungs is too low to be effective.
In patients with exercise-induced asthma, Ghosh
et al.”” found that cetirizine was effective in in-
hibiting the early fall in FEV, after exercise after
a single inhaled dose, whereas there was no effect
after a 1-week course of oral cetirizine. This
difference may be due to differences in local tis-
sue concentrations in the airways.

Our data also failed to show a significant effect
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of cetirizine on the allergen-induced LAR after
allergen challenge, as measured by the maximal
fall in FEV, and the PD,; allergen during late
response. These results are in agreement with the
results of a study by Rédier et al.,”” who also
found no significant effect on late response after
an 8-day course of cetirizine. However, Wasser-
fallen et al.”® did find a significant reduction in
LAR after cetirizine treatment during 7 days. A
possible explanation for these different outcomes
may be a difference in severity of asthma in the
patients. In our study most patients used inhaled
steroids, often in combination with other drugs,
for the control of their asthma before the study
and had rather low PC,, methacholine values
(Table I). In the study of Wasserfallen, however,
two patients in each group used no medication for
their asthma at the time of the study; the use of
medication of the other patients and the degree
of hyperresponsiveness was not presented. There
is also a difference in patient selection with re-
spect to the type of allergy. Wasserfallen et al.*®
studied mostly patients allergic to cats (12 of 16
patients); the degree of exposure to cat allergen
at home during the study in the two groups was
not presented. In our study, and in the study
of Rédier, most of the patients were allergic to
house dust mites (16 of 16 and 8 of 12, respec-
tively).

Late-phase allergic reactions, which are seen in
the nose, skin, conjunctiva, and lower airways are
associated with the infiltration of various inflam-
matory cells, such as eosinophils, mononuclear
cells, and possibly neutrophils.>"” ** Eosinophils
are supposed to play an important role in the
pathogenesis of the late-phase reaction.”* Re-
lease of basic proteins, such as major basic protein
and cationic protein, may cause damage to the
bronchial epithelium and is associated with an
increase in bronchial hyperresponsiveness.** * To
study the activation of eosinophils, we measured
ECP blood levels during the allergen-induced
late-phase response before and after treatment.
We found a marked, not not significant, effect of
cetirizine on ECP blood levels 6 hours after aller-
gen challenge. Rédier et al.*” found that cetirizine
inhibited the recruitment of eosinophils into the
bronchoalveolar lavage fluid 24 hours after aller-
gen challenge. A study by Kyan-Aung et al.*®
demonstrated that cetirizine significantly inhib-
ited the adhesion of eosinophils to stimulated
endothelial cells. Several authors have demon-
strated an inhibiting effect on infiltration of eo-
sinophils during the late-phase response in the
skin.”'® Despite these findings, there was no
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reduction in the clinical manifestation of the LAR
in our study and in the study of Rédier et al. This
discrepancy in effect of cetirizine on recruitment
of eosinophils and on the late-phase reaction
measured by lung function is difficult to explain.
Perhaps the role of the eosinophil in the late-
phase response is more limited than previously
thought. Other cells, such as lymphocytes, macro-
phages, mast cells, or basophils, may be more
important in the generation of the late-phase
response.’' It is also possible that the tissue con-
centration of cetirizine in the lower airways is too
low to be effective.”

We did not find a significant increase in bron-
chial hyperresponsiveness after the allergen-in-
duced late-phase bronchial response. This is in
contrast to several other studies in which allergen-
induced asthmatic responses are associated with
an increase in bronchial responsiveness to hista-
mine or methacholine.’” ** The methacholine tests
before allergen challenge were performed in
an outpatient setting during the selection visit,
whereas the PC,;, measurements after challenge
were performed after 2 days of hospitalization. In
our hospital the concentration of house dust mite
is very low compared with the average. This low
exposure may cause a rapid improvement in pul-
monary symptoms after only 1 day in the hospital.
It is possible that the effect of allergen challenge
on the PC,, methacholine is obscured by the
effect of hospitalization.

We also failed to find a significant effect of
cetirizine on baseline hyperresponsiveness (ratio
1) and on allergen challenge-induced hyperre-
sponsiveness (ratio 2). This is in accordance with
the fact that there was no significant effect on the
late-phase response. Because both the late-phase
response and the nonspecific hyperresponsiveness
are manifestations of airway inflammation, it
seems that cetirizine has no inhibiting effect on
the inflammatory process in the lower airways.

In conclusion, although cetirizine may be effec-
tive in the treatment of allergic disorders in the
nose and the skin, we failed to find any effect on
bronchial early and late response after allergen
challenge. This lack of effect may be due to low
tissue concentration in the lower airways, al-
though we used a daily dose three times higher
than usually recommended. Our data, combined
with those of Rédier et al., suggest a discrepancy
between the clinical response during the LAR
and eosinophil dynamics. This could imply that
the role of the eosinophil in the development of
the LAR has been overestimated. On the other
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hand, a stronger reduction in eosinophil chemo-
taxis than is achieved with this drug after oral
administration may be necessary to suppress the
LAR.

We thank Dr. Per Venge for the assessments of ECP.
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