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Aims

 

Adenosine monophosphate (AMP) acts indirectly via primed airway mast cells to
induce bronchial hyper-responsiveness, which in turn correlates with eosinophilic
asthmatic  inflammation  and  atopic  disease  expression.  We  evaluated  single and
short-term dosing effects of a modern histamine H

 

1

 

-receptor antagonist, levocetirizine,
given at the usual clinically recommended dose, on the primary outcome of AMP
bronchoprovocation.

 

Methods

 

Fifteen atopic asthmatics were randomized in double-blind, cross-over fashion to
receive for 1 week either levocetirizine 5 mg or placebo. There was a 1-week washout
period prior to each randomized treatment. The provocative concentration of AMP
producing a 20% fall in FEV

 

1

 

 (P

 

C

 

20

 

) was measured after each washout at baseline
and at 4–6 h following the first and last doses of each randomized treatment.

 

Results

 

Baseline mean 

 

±

 

 SEM values after washout prior to each randomized treatment
comparing levocetirizine 

 

vs

 

 placebo were not significantly different for prechallenge
FEV

 

1

 

 (% predicted) 83 

 

±

 

 4 

 

vs

 

 82 

 

±

 

 4, or AMP P

 

C

 

20

 

 (mg ml

 

-

 

1

 

) 45 

 

±

 

 24 

 

vs

 

 45 

 

±

 

 22,
respectively. Airway calibre as prechallenge FEV

 

1

 

 for levocetirizine 

 

vs

 

 placebo was not
significantly different following the first dose 86 

 

±

 

 4 

 

vs

 

 82 

 

±

 

 4, or the last dose 85 

 

±

 

 4

 

vs

 

 83 

 

±

 

 4, respectively. There were significant improvements (

 

P 

 

<

 

 0.05) in AMP P

 

C

 

20

 

comparing levocetirizine 

 

vs

 

 placebo following the first dose 123 

 

±

 

 73 

 

vs

 

 48 

 

±

 

 24, a
1.4 doubling dilution difference (95% CI 0.8, 1.9), and the last dose 127 

 

±

 

 74 

 

vs

 

53 

 

±

 

 29, a 1.2 doubling dilution difference (95% CI 0.5, 2.0). AMP P

 

C

 

20

 

 was also
improved (

 

P 

 

<

 

 0.05) by the first and last doses of levocetirizine but not placebo, 

 

vs

 

respective baseline values, with there being no difference in the degree of protection
between first and last doses.

 

Conclusions

 

Single and short-term dosing with levocetirizine conferred similar improvements in
bronchial hyper-responsiveness to AMP challenge, which was unrelated to prechal-
lenge airway calibre. Further studies are indicated to evaluate the longer-term effects
of levocetirizine on asthma exacerbations.
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Introduction

 

Histamine H

 

1

 

-receptor antagonists are currently advo-
cated in the treatment of allergic disease in the upper
airway. Although the role of histamine H

 

1

 

-receptor
antagonists is well established in the treatment of aller-
gic rhinitis, the effects of H

 

1

 

-receptor antagonism in the
lower airway remains to be clearly defined. There are
data suggesting that histamine H

 

1

 

-receptor antagonists
may not be effective in treating asthma in terms of lung
function parameters [1] although evaluation of hista-
mine H

 

1

 

-receptor antagonists using other outcomes
such as bronchial hyper-responsiveness has proved oth-
erwise [2]. The apparent dissociation between lung
function and bronchial hyper-responsiveness in
response to histamine H

 

1

 

-receptor antagonists requires
further evaluation.

Although we have previously demonstrated the
single dosing effects of modern histamine H

 

1

 

-recep-
tor antagonists in atopic asthma, no data exist as to
their effects on bronchial hyper-responsiveness to
adenosine monophosphate (AMP) challenge follow-
ing short-term dosing. This is especially relevant as
indirect bronchial challenge with AMP acts via prim-
ing of airway mast cells and has been shown to cor-
relate better with allergic airway inflammation
compared with a direct challenge with methacholine
[3–5], and may therefore be a suitable noninvasive
model for evaluating potential anti-inflammatory
activity of anti-asthma drugs [6].

We therefore elected to evaluate the single and
short-term dosing effects of levocetirizine at clini-
cally recommended doses in atopic asthmatic patients
using AMP bronchial challenge as the primary
outcome.

 

Methods

 

Patients

 

Eligible patients had stable mild-to-moderate atopic
asthma for at least 3 months prior to the study and none
had received a course of oral corticosteroids or antibi-
otics during this period. Patients were permitted to take
inhaled corticosteroids in a daily dose up to 2000 

 

m

 

g of
beclomethasone dipropionate/budesonide or 1000 

 

m

 

g of
fluticasone propionate. The inhaled corticosteroid dose
was kept constant throughout the entire study. All
patients were recruited from our asthma database and
were required to exhibit a positive reaction to at least
one common aeroallergen on skin prick testing. None
of our patients had any symptoms or treatment to sug-
gest concomitant allergic rhinitis.

Patients had to demonstrate hyper-responsiveness to
AMP on bronchial challenge with a provocative con-
centration causing a 20% reduction from baseline
forced expiratory volume in 1 second (FEV

 

1

 

) (P

 

C

 

20

 

) of
less than 200 mg ml

 

-

 

1

 

. All gave informed consent and
the Tayside Committee on Medical Research Ethics
approved the study. As levocetirizine is not licensed for
the treatment of asthma, an exemption from licences
under the Medicines Order 1972 (Special Cases &
Miscellaneous Provisions) was obtained from the Med-
icines Control Agency (Department of Health, London,
UK).

 

Study design

 

The study design is shown in Figure 1. The study was
conducted in a randomized, double-blind, placebo-
controlled, cross-over fashion. Patients receiving
second-line controller therapy such as long-acting 

 

b

 

2

 

-
adrenoceptor agonist had them stopped during a 1-week

 

Figure 1
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period prior to recruitment into the study, for the entire
duration of the study. Patients were randomized to
receive for 1 week either levocetirizine 5 mg (Xyzal

 

®

 

,
UCB Farchim SA, Bulle, Switzerland), or identical pla-
cebo once daily. Patients took the study tablets at
06.00 h and attended the department at 10.00 h

 

-

 

12.00 h.
There was a washout period of 1 week prior to each
randomized treatment where patients continued with
their usual dose of inhaled corticosteroids, which also
remained unchanged during the randomized treatment
period. Measurements for AMP P

 

C

 

20

 

 were made at 4–
6 h after the first and last doses of each randomized
treatment and after each washout.

 

Measurements

 

Skin prick testing

 

Skin prick testing was performed
following a standard protocol (Merck Skin Testing
Solutions, E Merck Pharmaceuticals Ltd, West Dray-
ton, UK) using extracts including grass, tree, weed,
house dust mite, aspergillus, feather, dog and cat, in
addition to a positive and negative control. Results
were read after 15 min, a positive reaction being
defined as a wheal diameter of at least 3 mm greater
than the negative control.

 

Spirometry

 

Spirometry was performed according to the
American Thoracic Society criteria [7] using a Vitalo-
graph

 

®

 

 compact spirometer (Vitalograph Ltd, Bucking-
ham, UK) with a computer-assisted pneumotachograph
head and pressure transducer. The spirometer was cali-
brated daily with a Vitalograph

 

®

 

 1 l precision syringe
(Vitalograph Ltd, Buckingham, UK).

 

AMP bronchial challenge

 

Fresh solutions of AMP
(Sigma-Aldrich Company Ltd, Poole, UK) were made
up daily, in doubling concentrations from 0.09 mg ml

 

-

 

1

 

to 800 mg ml

 

-

 

1

 

. AMP was delivered at 90-s intervals
through an Acorn System 22

 

®

 

 nebulizer (Medic-Aid
Ltd, Pagham, UK) controlled by a Nebicheck

 

®

 

 dosim-
eter (PK Morgan Ltd, Rainham, UK). A pressure
transducer was triggered by inhalation via a mouth-
piece during inspiration from functional residual
capacity for approximately 2 s, at a driving pressure of
138 kPa. Each inhalation lasted for 5 s and a total of
five inhalations was given for each concentration.
Spirometry was performed at the end of each 90-s
interval. The AMP P

 

C

 

20

 

 was calculated through inter-
polation of the steep part of the log dose–response
curve using a computer-assisted curve-fitting software
package (BioLab Assistant

 

®

 

, University of Dundee,
Dundee, UK).

 

Statistical analysis

 

The study was powered at 80% with 

 

a

 

-error set at 0.05
(two-tailed) in order to detect a 1 doubling dilution
difference in AMP P

 

C

 

20

 

 (the primary outcome) between
randomized treatments. An overall multifactorial analy-
sis of variance followed by multiple-range testing with
Bonferroni correction set at 95% confidence interval
(CI) was performed. In order not to confound the overall

 

a

 

-error, 

 

P

 

 values were quoted as being either significant
(

 

P 

 

<

 

 0.05) or not. To normalize distribution, data for
AMP P

 

C

 

20

 

 were logarithmically transformed, and anal-
yses were performed using Statgraphics

 

®

 

 statistical soft-
ware package (STSC Software Publishing Group,
Rockville, USA).

 

Results

 

Patients

 

Patient demographic details are shown in Table 1. Eigh-
teen patients were initially recruited of whom 15
patients (3 male patients and 12 female patients) with
mean 

 

±

 

 SEM age of 40 

 

±

 

 4 years and FEV

 

1

 

 of 85 

 

±

 

 4 %
predicted, completed the study per protocol. Two
patients became unresponsive to AMP after the second
washout period and one patient dropped-out due to per-
sonal reasons. All patients were skin prick positive to at
least a common aeroallergen. Eleven patients at recruit-
ment were  receiving  mean  inhaled  corticosteroid
dose of 527 

 

±

 

 62 

 

m

 

g daily which remained unchanged
throughout the study.

 

Bronchial hyper-responsiveness

 

Absolute geometric mean values for AMP P

 

C20 are
shown in Table 2, and as mean doubling dilution shift
from baseline in Table 3, while individual values are
depicted as a scatter plot in Figure 2.

Baseline values after washouts prior to each random-
ized treatment comparing levocetirizine vs placebo were
not significantly different for AMP PC20 (Table 2), with
a coefficient of variation for reproducibility of 0.5%
comparing the baseline values. There were significant
improvements (P < 0.05) in AMP PC20 comparing levo-
cetirizine vs placebo following either the first or last
doses. Levocetirizine also significantly improved
(P < 0.05) AMP PC20 vs baseline following either the
first or last doses (Table 2). There was no significant
difference in the degree of AMP protection comparing
the first and last doses of levocetirizine in terms of the
doubling dilution shift from baseline (Table 3 and Fig-
ure 2). The coefficient of variation for reproducibility of
AMP PC20 values comparing first and last dose of pla-
cebo was 8.2%.
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Table 1
Patient demographic details

Subject Sex
Age
(years) FEV1 (l)

FEV
(% predicted)

AMP PC20

(mg ml-1) SPP ICS
Dose
(mg) Second-line

1 F 60 2.62 111 6 G, HDM, D, C
2 F 21 3.29 93 159 G, T, W, C, D
3 F 52 1.82 71 48 G, HDM, C BUD 800
4 F 37 2.01 71 0 G, HDM, C, D BUD 800
5 F 21 3.62 120 93 G, HDM, F, D FP 300
6 F 52 1.69 80 37 G, HDM, F BUD 800
7 F 50 2.27 88 26 HDM, D FP 400 SM
8 M 59 2.58 70 149 HDM BDP 800
9 F 48 2.17 81 181 HDM, D, C BDP 500 SM

10 M 19 3.40 77 154 G, HDM, C FP 400 SM
11 F 47 1.69 64 75 G, HDM, D, C FP 500 SM
12 M 40 2.65 77 57 G, T, W, A, F, D, C BDP 400
13 F 44 2.52 101 200 G, HDM, D, C
14 F 28 3.01 90 27 G, A, D, C
15 F 20 2.81 78 14 G, C, D BDP 100
Mean 40 2.54 85 82 527

F = female, M = male, SPP = skin prick positive, G = grass, HDM = house dust mite, D = dog, C = cat, T = tree, W = weed,
F = feather, A = aspergillus, ICS = inhaled corticosteroids, BUD = budesonide, FP = fluticasone propionate, BDP = beclo-
methasone dipropionate, SM = salmeterol.

Table 2
AMP PC20 and FEV1 values following washouts and 
randomized treatments

n Baseline First dose Last dose

AMP PC20 (mg ml-1)
Placebo 15 45 ± 22 48 ± 24 53 ± 29
Levocetirizine 15 45 ± 24 123 ± 73*† 127 ± 74*†

FEV1 (% predicted)
Placebo 15 82 ± 4 82 ± 4 83 ± 4
Levocetirizine 15 83 ± 4 86 ± 4 85 ± 4

Values for AMP PC20 are expressed as geometric
mean ± geometric SEM. Values for FEV1 are expressed as
arithmetic mean ± arithmetic SEM. *denotes a significant
difference (P < 0.05) for first or last dose, vs baseline.
†denotes a significant difference (P < 0.05) for levocetiriz-
ine vs placebo. Baseline values are shown after each
washout prior to respective randomized treatments.

Table 3
AMP PC20 as doubling dilution shift from respective 
baseline either irrespective or respective of sequence

n First dose Last dose

Irrespective of sequence
Placebo 15 0.1 ± 0.2 0.2 ± 0.3
Levocetirizine 15 1.5 ± 0.4 1.5 ± 0.4
95% CI 0.8, 1.9 0.5, 2.0

Placebo given first and levocetirizine given second in sequence
Placebo 8 0.3 ± 0.2 0.5 ± 0.5
Levocetirizine 8 1.5 ± 0.6 1.8 ± 0.5
95% CI 0.6, 2.5 0.6, 2.7

Levocetirizine given first and placebo given second in sequence
Placebo 7 -0.2 ± 0.3 -0.1 ± 0.4
Levocetirizine 7 1.4 ± 0.6 1.2 ± 0.6
95% CI 0.4, 1.9 -0.6, 2.2

Values are shown as mean ± SEM with 95% CI for differ-
ence between levocetirizine vs placebo. 95% CI which
exclude the zero value indicate a significant difference
(P < 0.05) between treatments.
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There were no carry-over effects according to the
sequence of administration. Baseline values for AMP
PC20 (mg ml-1) prior to treatment were not signifi-
cantly different for either levocetirizine given first
(15 ± 16) and placebo given second (21 ± 22) in
sequence (n = 7), or for placebo given first (88 ± 25)
and levocetirizine given second (113 ± 35) in sequence
(n = 8).

Lung function
Data for prechallenge FEV1 are shown in Table 2.
Baseline values after washout prior to each random-
ized treatment comparing levocetirizine vs placebo
were not significantly different. Pre-challenge FEV1

for levocetirizine vs placebo were not significantly dif-
ferent following either first or last doses. Comparisons
for either first or last doses of levocetirizine or placebo
from respective baselines were also not significantly
different.

There were no carry-over effects observed according
to the sequence of administration. Baseline values for
FEV1 (% predicted) were not significantly different for
either levocetirizine given first (80 ± 5) and placebo
given second (76 ± 5) in sequence, or placebo given
first (87 ± 6) and levocetirizine given second (86 ± 7) in
sequence.

Discussion
Our results show that levocetirizine significantly
improved AMP PC20 without affecting prechallenge air-
way calibre as FEV1 in patients with atopic asthma.
Single and short-term dosing with levocetirizine attenu-
ated bronchial hyper-responsiveness to AMP challenge
to a similar degree.

To our knowledge, this is the first study to demon-
strate the short-term dosing effects of a histamine H1-
receptor antagonist on AMP PC20. The improvement in
AMP PC20 following single dosing is similar to our
previous study evaluating the effects of different modern
histamine H1-receptor antagonists in atopic asthma. In
that study [2], a single 5 mg dose of levocetirizine
produced a 0.8 doubling dilution shift in AMP PC20,
as  compared  with  a  1.5  doubling  dilution  shift  with
a single dose in the present study. Furthermore, we
have previously shown that montelukast, a leukotriene
CysLT1-receptor antagonist, as add-on therapy to
inhaled corticosteroids, produced a 1.0 doubling dilu-
tion shift in AMP PC20 [8, 9], which is similar to that
observed with levocetirizine in the present study. Our
results would suggest that histamine H1-receptor antag-
onists when given as a single dose may be as effective
as short-term dosing, which in turn may advocate their
use on an ‘as required’ basis in atopic asthma. For exam-
ple, a patient sensitized to cat allergen might be able to
get optimal bronchoprotection by taking a single dose
of levocetirizine prior to exposure, when visiting a
house where cats are present. However for patients who
are sensitized to multiple common aeroallergens, where
it may be impractical to predict exposure, short-term
dosing would be the more realistic therapeutic strategy,
in terms of ensuring a constant level of H1-receptor
blockade and associated bronchoprotection.

In vitro, putative anti-inflammatory properties of
levocetirizine have been demonstrated through its
effects on both histamine and cytokine-induced up-
regulation of eotaxin by endothelial cells [10], and on
modulation of inflammatory responses of human
neutrophils [11].

Pre-challenge FEV1 values were not significantly dif-
ferent after each randomized treatment period, thus
excluding changes in airway geometry as a possible
mechanism for improvements in AMP PC20. It is also
important to note that there were no carry-over effects
between randomized treatments as highlighted by simi-
lar AMP PC20 baseline values after each washout period,
either respective or irrespective of the randomized drug
administration sequence.

Our results showing the lack of effect on prechallenge
FEV1 are in keeping with observations such as that

Figure 2
Individual data for AMP PC20 as doubling dilution shift from respective 

baseline after washout, showing placebo and levocetirizine values for first 

and last doses, joined for each individual. Horizontal lines depict mean 

values for each first and last dose of randomized treatments. Levocetirizine 

significantly improved (P < 0.05) AMP PC20 vs placebo for first and last 

doses
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borne out by meta-analysis showing that histamine H1-
receptor antagonists are not effective in improving lung
function parameters. It is therefore important when eval-
uating the effects of histamine H1-receptor antagonists
that surrogate inflammatory markers such as AMP bron-
chial hyper-responsiveness are used as potentially one
can miss the anti-inflammatory effects of H1-receptor
antagonism if studies are based purely on lung function.
Our study provides support for dissociation between the
effects of histamine H1-receptor antagonists on lung
function and surrogate inflammatory markers.

None of our patients had any symptoms or treatment
to suggest concomitant allergic rhinitis. Nonetheless, we
cannot completely exclude the possibility that some of
our patients may have had asymptomatic nasal inflam-
mation due to aeroallergens, and that treating the upper
airway may have had a concomitant downstream effect
on the lower airway [12].

In conclusion, single and short-term dosing with levo-
cetirizine attenuated AMP PC20 to a similar degree with-
out significantly affecting airway calibre. Future studies
will be required to evaluate the longer-term effects of
modern histamine H1-receptor antagonists on asthma
exacerbations as well as on other surrogate inflammatory
markers such as exhaled nitric oxide, serum eosinophil
cationic protein and peripheral blood eosinophil count.

This study was supported by an unrestricted educational
grant from UCB Farchim SA.
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