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Asthma is an airway inflammatory disease character-
ized by airway hyperresponsiveness and variable airflow
obstruction [1, 2]. β2-adrenoceptor agonists are the drugs
prescribed most frequently for symptomatic relief of asth-
ma symptoms. They demonstrate protective effects against
a variety of stimuli, including exercise, cold air and meth-
acholine or histamine-induced bronchoconstriction [3–5].
Tolerance to bronchodilator properties of short-acting β2-
adrenoceptor agonists has been documented, although it is
not generally considered to be clinically significant [6, 7].
Furthermore, tolerance to the bronchoprotective effects of
agents such as terbutaline has been shown following their
regular use [8].

Salmeterol, a long-acting β2-adrenoceptor agonist, has
bronchodilator effects lasting at least 12 h [4, 5, 9]. As for
short-acting agents, a reduction in the bronchoprotective
effects of salmeterol after regular use has been reported
after stimuli such as methacholine and exercise [10–13].

In one of the initial studies exploring changes in salmete-
rol protective effects over time, BOOTH et al. [14], however,
reported no significant loss of protective effect of salmete-
rol against methacholine-induced bronchoconstriction 12
h post-challenge in a group of moderate asthmatic sub-
jects. Interestingly, most of these patients were on inhaled
corticosteroids, suggesting at that time that this medica-
tion could have protected against the loss of the protec-
tive effect of salmeterol. An alternative explanation is that
the patients using β2-agonists at an unspecified rate might
have already developed a tolerance to this category of
agents before the study, as a consequence of relatively reg-
ular use.

The mechanisms by which a possible tolerance to the
bronchoprotective properties of β2-adrenoceptor agonists
occurs are uncertain. The influence of agents such as
corticosteroids, previously shown to have antagonist ef-
fects on the development of tolerance of β2-adrenoceptor
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ABSTRACT: Long-acting β2-adrenoceptor agonists such as salmeterol reduce airway
responsiveness for at least 12 h, but this effect seems to decrease with regular use. We
evaluated the time-course of the protective effects of salmeterol on methacholine-
induced bronchoconstriction, its modulation by inhaled corticosteroids (ICS) and its
influence on asthma control.

Thirty two subjects (13 males and 19 females) with mild to moderate stable asthma
were divided into two groups according to their medication needs: bronchodilators
(BD) alone (n=16) or with ICS (n=16). After a 2  week run-in period, a double-blind
crossover study was conducted. Subjects from both groups received salmeterol 50
µg b.i.d. or a placebo for 4 weeks each in random order, separated by a 2 week wash-
out period. The provocative concentration of methacholine causing a 20% fall in
forced expiratory volume in one second (PC20) was measured before and after each
treatment period, 1 h prior to inhalation of salmeterol or placebo and 1 and 12 h after.

Baseline forced expiratory volume in one second (FEV1) increased significantly
after salmeterol, both after the first dose and at 4 weeks (BD group: 19 and 17%;
ICS: 22 and 13%). On the first day of administration, salmeterol provided significant
protection in both groups up to 12 h with a PC20 before and 1 and 12 h postdose of
2.2, 21.7 and 12.4, mg·mL-1, respectively, in the BD group and 2.1, 11.6 and 5.5 mg·mL-

1, respectively, in the ICS group. After 4 weeks, this effect was significantly attenuated
in both groups with a PC20 before, 1 and 12 h postdose of 3.3, 10.9 and 7.1 mg·mL-1,
respectively, in the BD group and 2.1, 5.0 and 2.3 mg·mL-1, respectively, in the ICS
group. This loss of protective effect was of similar magnitude in both groups. Respira-
tory symptoms, rescue β2-agonist use and baseline FEV1 did not change significantly
throughout the study in both groups.

In conclusion, the bronchoprotective effect of salmeterol decreased with regular
use both 1 and 12 h postdose; inhaled corticosteroids did not prevent this reduction.
However, the development of tolerance was not associated with loss of asthma control.
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Le Centre Québécois d'Excellence en
Santé Respiratoire, *Unité de Recherche,
Centre de Pneumologie de l'Hôpital Laval,
Université Laval, Sainte-Foy, and +Serv-
ice de Pneumologie, Hôpital du Sacré-
Coeur, Montréal, Québec, Canada.

Correspondence: L-P. Boulet
Hôpital Laval
2725, Chemin Sainte-Foy, Sainte-Foy
Québec G1V 4G5
Canada
Fax: 418 6564762

Keywords: Asthma
inhaled corticosteroids
long-acting β2-adrenoceptor agonists
tolerance to bronchoprotective effects

Received: March 25 1997
Accepted after revision January 20 1998

Supported by Glaxo Wellcome Canada,
Bureau d'affaires du Québec and the Fonds
de la Recherche en Santé du Québec
(FRSQ-Industry program)



1092 L-P. BOULET ET AL.

agonist receptors in vitro, had not been explored until re-
cently, and their influence on this phenomenon remains to
be further defined [15–18]. A study by KALRA et al. [18]
showed that tolerance to the acute bronchoprotective ef-
fects of salmeterol could be observed after only two doses
in asthmatic subjects on inhaled corticosteroids and per-
sisted after the seventh dose. This reduction in broncho-
protective effect was observed as soon as 1 h after dosing
with salmeterol [10, 18]. The effect of corticosteroids on
the tolerance to the bronchoprotective effects of salme-
terol should, therefore, be examined further over a longer
time-period, and the clinical relevance of reduced bron-
choprotection on the control of asthma and medication
needs to be documented.

The objectives of this study were to determine the mag-
nitude of tolerance to the protective effects of salmeterol
on methacholine-induced bronchoconstriction during chro-
nic use and the influence of regular use of inhaled cortico-
steroids on this phenomenon. Furthermore, we wanted to
document the clinical relevance of this effect, if any, in
terms of increase in respiratory symptoms, rescue broncho-
dilator need and airflow obstruction.

Methods

Subjects

Thirty two nonsmoking asthmatic subjects (13 males
and 19 females), aged 18–62 yrs (mean±SEM: 39.1±2.9 yrs)
took part in this study. Their asthma was mild to  moder-
ate. They were divided into two groups according to their
maintenance medication needs: bronchodilator (BD)
alone (n=16) or supplemented by inhaled corticosteroids
(ICS) (n=16).

Inclusion criteria

Patients were considered eligible for this study if they
were aged 18–65 yrs, had been diagnosed with allergic
or nonallergic asthma in accordance with the definition
of the American Thoracic Society [19] and had required
treatment during the past 6 months. Forced expiratory vol-
ume in one second (FEV1) had to be >60% of the pre-
dicted value after having witheld inhaled bronchodilators
for at least 8 h, and baseline provocative concentration of
methacholine inducing a 20% fall in FEV1 (PC20) had to
be <8 mg·mL-1. In the ICS group, the minimum and maxi-
mum daily dose of ICS had to be at least 400 µg but not
greater than 1,500 µg of beclomethasone or equivalent.

Exclusion criteria

Patients were ineligible for this study under the follow-
ing conditions: documented or suspected viral or bacterial
infection of the upper or lower respiratory tract within 4
weeks of the study; cardiovascular or systemic diseases;
hospitalization within 4 weeks prior to the first visit; ab-
normal chest radiograph; use of theophylline, ipratropium
or oral corticosteroids within 1 month before the study; or
history of hypersensitivity reaction to any β2-adrenoceptor
agonist. Pregnant or breast-feeding women and those with-
out adequate contraception were excluded. Those who had

smoked within the past year or had any other condition
considered by the investigator as potentially interfering
with the study were not included.

Permitted medications included rescue salbutamol and
"on demand" cromoglycate or nedocromil; bronchodila-
tors (other than study medication and rescue salbutamol),
oral corticosteroids, regular sodium cromoglycate, nedo-
cromil, ketotifen, hypnotics, sedatives and any other expe-
rimental medication were not permitted. In the ICS group,
the dose of this agent had to be kept constant throughout
the study.

Ethics criteria

The protocol was approved by the Laval and Sacré-
Coeur Hospital Ethics Committees and all subjects pro-
vided written, informed consent.

Study design

This was a 14-week double-blind, placebo-controlled,
crossover study. After a 2 week run-in period, each sub-
ject of the two groups received salmeterol 50 µg or a pla-
cebo twice daily during two randomly determined
treatment phases of 4 weeks each. A 2 week washout
period separated the two treatments, and another followed
the second treatment period at the end of the trial.

During the study, the subjects came to the laboratory on
the entry day (day -14), on days 0, 28, 42 and 70 of the
treatment period, and at the end of the study (day 84). On
days -14 and 84 baseline expiratory flows and metha-
choline responsiveness were measured. Both peak expira-
tory flows (PEF) and respiratory symptoms were recorded
twice daily (morning and evening), throughout the study
period. Respiratory symptoms were graded on a scale
from 0 to 5 (0 nothing, 1 very light, 2 light, 3 moderate, 4
severe and 5 very severe). Rescue bronchodilator use (sal-
butamol) was noted on the diary card.

On the first (days 0 and 42) and last (days 28 and 70)
days of active and placebo treatment periods, subjects had
the following measurements: baseline expiratory flows;
and methacholine challenges 1 h prior to inhalation of
study drug and at 1 and 12 h after taking placebo or sal-
meterol, according to randomization. One hour separated
the beginning of the first methacholine and treatment ad-
ministration. PC20 on days -14 and 0 had to be within 1.6
doubling concentrations or the subject was withdrawn
from the study. Baseline PC20 (-1 h) on day 42 had to be
within 1.6 doubling concentrations of PC20 on day -14.

During the treatment period, the subjects stopped their
study medication 48 h before and their rescue medication
(salbutamol) 8 h before their visits to the laboratory. Com-
pliance with the medication was checked by weighing the
canisters.

Spirometry and bronchodilator response

Measurements of FEV1 and forced vital capacity (FVC)
were performed according to standard guidelines. The best
of three reproducible measurements was recorded on base-
line and at each visit, before methacholine challenges.
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Bronchodilation induced by the study medications was
assessed 1 h post-dosing, immediately before the next me-
thacholine challenge (+1 h).

Methacholine challenges

Methacholine challenges were performed according to
the method described by JUNIPER et al. [20]. We added the
measurement of FVC at baseline, after saline, and after
doses inducing a >10% fall in FEV1, in order to determine
the FVC at a 20% fall in FEV1 as an indirect measurement
of maximal bronchodilator response [21]. On day 0 and
later, the tests were started at 3 doubling concentrations
lower than the PC20 measured on day -14. For the deter-
mination of PC20, the percentage fall in FEV1 was calcu-
lated from the post-saline value.

Sample size and data analysis

The two treatments were compared for the primary
response variable Y, defined as changes in bronchoprotec-
tion at 1 and 12 h. Allowing for a 25% rate of attrition, the
sample size calculation was 30. This sample size (15 sub-
jects in each group) provided 80% power for detecting
a difference at the 5% level, where the two treatments
were considered equivalent if the mean (or median) of the
higher treatment was less than 1.5 times the mean (or me-
dian) of the lower treatment. This is for a two-sided test at
the 5% significance level and is based on an estimated
standard deviation of log (Y (post-treatment)) - log (Y
(pre-treatment)) equal to 0.21.

Inferential analyses were performed to assess compa-
rability of the treatment groups. The primary measure
of efficacy was the protective effect of each treatment on
methacholine-induced bronchoconstriction 1 and 12 h
post-treatment. This was defined as ((change in number of
double concentrations of methacholine): treatment A)
PC20 (day 0 (1 or 12 h)) compared with PC20 (day 0 (-1
h))/PC20 (day 28 (1 or 12 h)) compared with PC20 (day 28
(-1 h)). For treatment B, the same approach was used, by
changing day 0 and day 28 to day 42 and day 70, respec-
tively.

Repeated measures of crossover design were used to
compare treatment groups with respect to the protective
effect on methacholine-induced bronchoconstriction at 1
and 12 h compared to pre-dose (-1 h), before, and after 4
weeks of treatment.

Changes in mean of the last 14 days of each treatment
compared to the 14 days before treatment (either baseline
or wash-out period) for symptoms, bronchodilator needs
and PEF (morning-evening), have been analysed both in
the ICS and BD groups.

Results

Subjects' characteristics and withdrawals

Thirty of the 32 enrolled subjects completed the study.
One subject in the BD group (while on salmeterol) did not
complete the study because of an exacerbation of asthma
on day 42 that required therapy with ICS and one subject

in the ICS group (while on salmeterol) withdrew on day
28 for a nonrespiratory condition limiting his availability
for the study. These subjects were not included in the ana-
lysis. As assessed on screening day, the ICS group was
slightly older (p=0.015) and had a longer duration of asth-
ma than the BD group, but it was not significant (table 1).
Thirteen subjects were atopic in the BD group compared
to seven in the ICS group; mean baseline FEV1 (% pre-
dicted) was slightly higher in the BD (87.1±3.8%) than in
the ICS (76.3±2.6%) group (p=0.03).

Changes in symptoms and rescue bronchodilator use

In both groups, mean symptom scores and rescue bron-
chodilator use during the last 2 weeks of each treatment
were low and not different from baseline or washout when
on salmeterol or placebo (p>0.05). During the run-in per-
iod, mean daily number of rescue salbutamol inhalations
was 1.9 in the ICS group and 0.63 in the BD group.

Expiratory flows

Salmeterol increased morning PEF in both groups (pð
0.03) and evening PEF in the ICS group (p=0.005), but
not in the BD group (p=0.27).

The mean premethacholine FEV1 values (day -14 or
time -1 h of days 0, 28, 42, 70 and 84) recorded during the
study are shown in figure 1. In both groups, mean FEV1
before salmeterol was not different from FEV1 before pla-
cebo at the beginning of each treatment period (day 0 or
42) (BD group: 85.3±3.7% versus 87.0±3.5%; ICS group:
76.7±2.5% versus 77.3±2.8%).

The mean increases in FEV1 (expressed as a percentage
of predicted) 1 h after salmeterol (post-methacholine chal-
lenge) compared with baseline pre-dose values on the first
day of treatment were: BD 19±1.6% and ICS 22±2.7%
(pð0.001 for both, compared to pre-dosing FEV1 on time
0). On the last day of treatment with salmeterol, these val-
ues were: BD 17±1.8% and ICS 13±2.9% pred (p=0.004
and p=0.23, respectively). There was no significant differ-
ence in the percentage change in FVC after methacholine
challenges for the two groups, before and 1 and 12 h post-
treatment, whatever the treatment period (data not shown).

Airway responsiveness

PC20 was not different on baseline tests (day -14, first
days of treatment (-1 h) and follow-up day 84). Geometric
mean PC20 at the beginning of both treatment periods
showed no significant difference in the two groups (fig. 2).
PC20 before and after the placebo period did not change
from baseline for either group regardless of the time of
day at which the methacholine test was performed.

The first inhalation of salmeterol afforded a significant
protection against methacholine-induced bronchoconstric-
tion in both groups up to 12 h as compared with the value
at -1 h, although it was significantly better in the ICS
group (table 2). In both groups, salmeterol significantly
reduc-  ed the bronchial response to methacholine after 4
weeks of 
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Table 1.  –  Characteristics of the subjects

Subject
No.

Sex
M/F

Age Atopy Asthma
duration

yrs

Baseline
FEV1

L  (% pred)

Baseline
FVC

L  (% pred)

Daily ICS
dose
µg

Salbutamol group
1
2
5
8
9
10
12
15
19
21
23
25
26
27
28
Mean
±SEM

Inhaled corticosteroid group
3
4
6
7
11
13
14
16
18
20
22
24
30
31
32
Mean
±SEM

F
M
M
M
M
F
M
F
F
F
F
F
F
F
F

M
M
M
F
M
F
F
M
F
F
F
M
M
F
F

18
25
33
28
22
18
22
22
50
51
30
23
22
59
42

31.0
±3.4

62
20
30
26
56
31
44
20
59
62
62
58
33
62
54

45.3
±4.3

+
+
+
+
+
+
+

+

+
+
+
+
+

+
+
+

+
+
+

+

5
24
10
7

12
4

14
1
7
8
2
6

16
11
16

   9.5
±1.6

20
5

20
20
15
4
1

20
10
8

23
5
9

50
22

15.5
±3.9

1.97 (67)
3.87 (92)
2.95 (77)
3.60 (84)
3.24 (82)
3.17 (103)
3.76 (92)
2.60 (81)
1.90  (66)
1.85 (68)
3.39 (112)
3.63 (113)
3.30 (94)
2.19 (93)
2.00 (82)
2.89  (87.1)

±0.2 (±3.8)

2.21 (69)
3.25 (78)
3.24 (87)
2.26 (80)
2.96 (80)
2.78 (88)
1.82 (67)
3.84 (97)
1.80 (73)
1.60 (66)
1.88 (76)
2.89 (80)
2.37 (62)
1.35 (61)
2.52 (85)
2.45 (76.3)

±0.2 (±2.7)

3.01 (95)
4.49 (87)
4.12 (87)
4.55 (86)
3.65 (78)
3.77 (112)
4.43 (92)
3.50 (91)
2.75 (78)
2.59 (79)
4.17 (118)
4.10 (110)
4.00 (97)
2.91 (101)
2.69 (95)
3.65 (93.7)

±0.2 (±3.2)

2.91 (71)
5.03 (105)
4.67  (102)
3.42 (102)
4.28 (86)
4.04 (105)
2.46 (75)
5.22 (114)
2.20  (72)
1.89 (63)
2.82 (92)
4.20 (93)
3.86 (84)
2.05 (75)
3.72 (102)
3.52  (89.4)

±0.3 (±4.0)

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

400
500

1000
800

1000
500
800

1000
400
400
500
500
800
500
500
640
±60

+: subject with at least one positive response to common aeroallergen; M: male; F: female; FEV1: forced expiratory volume in one
second; % pred: percentage of predicted value; FVC: forced vital capacity; ICS: inhaled corticosteroids.
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Fig. 1.  –  Changes of forced expiratory volume in one second (FEV1) during the study. FEV1 (% predicted) was measured in a) the bronchodilator
(BD) group and b) the inhaled corticosteroid (ICS) group at baseline (day -14), immediately before the methacholine challenge (-1 h), at the time sal-
meterol (●) or placebo (    ) were inhaled, and then 1 and 12 h after the first day of treatment (day 0 or 42), and last day of treatment (day 28 or 70) and
at follow-up (day 84). Values are presented as mean±SEM. FEV1 increased significantly after salmeterol on days 0 or 42 and 28 or 70 in the BD group
and on days 0 or 42 in the ICS group (maximal increase in BD group: 19 and 17%; maximal increase in ICS group: 22 and 13%. +: pð0.004; †:
p=0.001; ‡: p=0.23.
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treatment at 1 and 12 h post-dosing. However, in the BD
group, after 4 weeks of salmeterol treatment (day 28 or
70), the protective effect of salmeterol was significantly
attenuated  compared with the corresponding value on the
first day of treatment (p=0.002 at 1 h and 0.04 at 12 h).

In the ICS group the protective effect of salmeterol was
also attenuated at 1 and 12 h (p=0.01), although it did not
reach statistical significance at 1 h (p=0.22; table 2 and
fig. 2). Finally, the loss of protection between pre- and
post-treatment was of the same magnitude in both the BD
and ICS groups, at 1 or at 12 h (p=0.30 at 1 h and p=0.57
at 12 h; table 2).

 Discussion

Observations on the development of a tolerance to the
protective effects of long-acting β2-adrenoceptor agonists
on airway responsiveness raised concerns about the long-
term use of these drugs. This phenomenon was observed
with both short-acting and long-acting β2-adrenoceptor
agonists, following different stimuli such as methacholine
and exercise [7, 13, 22].

The present study evaluated the effect of chronic use of
salmeterol on methacholine-induced bronchoconstriction
in two groups of asthmatic subjects, one using only bron-
chodilators and the other inhaled corticosteroids. In both
groups, although the degree of bronchoprotection was var-
iable from one subject to another, we observed a decrease
in the bronchoprotective effect of salmeterol after 4 weeks
of regular use, 1 and 12 h after dosing. However, although
it was reduced, the protective effect of salmeterol per-
sisted after 4 weeks and was not associated with a loss of
asthma control whatever the group, suggesting that it has
little or no clinical significance.

Our study is in keeping with previous studies, such as
that of CHEUNG et al. [13], who showed that the protective
effects of salmeterol against methacholine-induced bron-
choconstriction were diminished after 8 weeks on regular
salmeterol 50 µg twice daily. O'CONNOR et al. [8], also
reported that regular use of inhaled terbutaline (500 µg
q.i.d.) for 7 days, reduced the bronchoprotective effect of
a single dose of terbutaline from 2.7 to 2.2 doubling dos-
es. This reduction was even more marked with inhaled
adenosine monophosphate (AMP) (1.7 doubling dose re-
duction compared with 3.8 initially).

BOOTH et al. [14], showed that salmeterol provided a sig-
nificant protective effect of small magnitude against meth-
acholine-induced bronchoconstriction 12 h post-challenge
in a group of moderate asthmatic subjects. There was no
evidence of tolerance to this protective effect after 8
weeks of regular use and no rebound increase in air- way
responsiveness after stopping salmeterol. These data
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Fig. 2.  –  Variations of provocative concentration of methacholine causing a 20% fall in forced expiratory volume in one second (PC20) during the
study. Methacholine response was measured in a) the BD group and b) the ICS group at baseline (day -14); 1 h before and 1 and 12 h after inhalation
of salmeterol (●) or placebo (   ) on the first day of treatment (day 0 or 42), last day of treatment (day 28 or 70) and at follow-up (day 84). Values are
presented as geometric mean±SEM. In both groups, salmeterol led to a significant reduction in airway responsiveness up to 12 h on the first day and after
28 days of treatment. After 4 weeks of treatment, this protective effect of salmeterol was significantly attenuated. +: pð0.0002 compared to baseline; ‡:
p=0.03 compared to -1 h values; †: pð0.002 compared to baseline; §: pð0.04 compared to corresponding values on first day of treatment. For further
definitions of abbreviations see legend to figure 1.

Table 2.  –  Changes in the bronchoprotective effect of
salmeterol expressed as the change in provocative con-
centration of methacholine causing a 20% fall in forced
expiratory volume in one second (∆PC20)

Day 0 or 42 Day 28 or 70

1 h/-1 h 12 h/-1 h 1 h/-1 h 12 h/-1 h

BD group
Placebo
Salmeterol
ICS group
Placebo
Salmeterol

0.38±0.17
3.33±0.37+#

-0.08±0.40
2.04±0.44+

0.18±0.21
2.52±0.36+§

0.30±0.31
1.16±0.36‡

-0.03±0.18
1.73±0.45+†

-0.19±0.25
1.18±0.33+

0.35±0.20
1.12±0.37+§

-0.44±0.30
0.16±0.41‡$

Values are presented as geometric mean (±SEM) of doubling con-
centrations. Salmeterol afforded significant protection against
methacholine airway responses in both groups up to 12 h on the
first day and after 28 days of treatment. After 4 weeks of treat-
ment, this protective effect of salmeterol was significantly atten-
uated compared with corresponding values on the first day of
treatment, except at 1 and 12 h for the inhaled corticosteroid
(ICS) group. The protective effect of salmeterol was signifi-
cantly different in the bronchodilator (BD) group compared to
the ICS group on day 0 at 1 h. The magnitude of loss of protec-
tion between pre- and post-treatment was similar in both BD and
ICS groups, either at 1 or at 12 h. +: pð0.0002 versus placebo; ‡:
p=0.03 versus placebo; #: p=0.03 versus ICS; §: p=0.01 versus
ICS; †: pð0.002 versus corresponding value on first day of treat-
ment; $: pð0.004 versus corresponding value on first day of
treatment.
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might have suggested that the reduction of the broncho-
protective effects of long-acting β2-adrenoceptor agonists
could be short-lasting or that the effects might be nullified
by ICS, as most of their subjects were using those agents.
The observations were supported by previous data sugges-
ting that corticosteroids may antagonize the development
of tolerance of β2-adrenoceptor agonist receptors in vitro
[13]. Long-acting β2-adrenoceptor agonists are currently
recommended with concomitant use of ICS [23, 24]. It
seemed mandatory for us to evaluate whether tolerance to
the bronchoprotective effect of these agents could still be
observed in the presence of anti-inflammatory therapy,
and if it was associated with increased asthma symptoms.

The weak bronchoprotection observed in the study by
BOOTH et al. [14] and in our study may also be related to the
fact that subjects were already taking relatively regular
β2-adrenocepter agonists before the study. Tolerance to the
bronchoprotective effect of β2 agonist is very sensi-tive to
low doses and short duration of inhaled β2 agonist use.
Subjects of the ICS group used a higher dose of in-haled
β2-adrenocepter agonists and, therefore, their relatively
low protection at the onset of the study period could have
been due to prior β2-adrenocepter agonist use.

Recently, KALRA et al. [18] found that tolerance to the
bronchoprotective effects of β2-adrenoceptor agonists, es-
pecially if long acting, develops rapidly and is sustained
over a continuous twice daily use over a period of seven
doses. This last study also showed cross-tolerance with
the short-acting β2-adrenoceptor agonist. Similarly, but for
a longer time-period, using a cross-over design to com-
pare the effects of a 4 week period of salmeterol with a
placebo and using pre-post dosing methacholine measure-
ments to avoid the possibility of inter-day spontaneous
variation in airway responsiveness, we found that such a
tolerance to the bronchoprotective effects of salmeterol
had developed at 4 weeks whether corticosteroids were
used or not. Therefore, chronic use of ICS does not seem
to prevent this phenomenon.

The mechanisms of the bronchoprotection afforded by
β2-adrenoceptor agonists are still incompletely understood,
and it is possible that such effects are due, at least in part,
to the influence of these agents on inflammatory cell medi-
ator release and plasma transudation [25]. Salmeterol af-
forded less bronchoprotection in our subjects on ICS than
in the BD group. This may, perhaps, be explained by the
fact that inhaled corticosteroids act via a mechanism simi-
lar to that of salmeterol (e.g. airway oedema?), although
the effects of steroids seem to result from a reduction of
airway responsiveness from their action on many compon-
ents of inflammation. It may also be due to greater  asthma
severity in the ICS group, although the pattern and mag-
nitude of reduction of the bronchoprotective effect were
similar to those found in patients not using ICS.

In a double-blind parallel study, BOOTH et al. [26] re-
cently reported a similar reduction in the protective effect
against methacholine induced bronchoconstriction 1 h af-
ter dosing after 4 and 8 weeks of regular treatment with
salmeterol (50 µg b.i.d.) in 31 subjects taking ICS. They
did not observe any reduction in the bronchodilator effect
of salmeterol at 1 h after dosing. These results were subse-
quently confirmed by YATES et al. [27], using a placebo-
controlled treatment with budesonide for 3 weeks. Hence,
our own data and these previous studies convincingly
show the absence of protection by inhaled steroids against

the development of tolerance to the bronchoprotecting
effects of long-acting β-agonists.

Finally, although we observed a reduction of broncho-
protection in our two groups, it was still present and signifi-
cant at 4 weeks. The pattern of change in bronchoprotection
was similar and of the same magnitude in both groups. The
lack of significance for the loss of protective effect in the
ICS group on the last day of treatment may be related to
the degree of reduction in bronchoprotection with regard to
the number of patients studied. This reduction was not
accompanied by an increase in medication needs or symp-
toms. It is possible that the residual bronchoprotection is
sufficient to antagonize the effects of most triggers of
bronchoconstriction. However, the variation and consequ-
ences of this reduction of protection remain to be further
documented, particularly in the long-term (e.g., over a few
months).

In conclusion, we showed that the protective effect of
salmeterol decreases, but does not disappear, with regular
use, whether airway response is measured at 1 or 12 h
post-salmeterol inhalation, and that inhaled corticoster-
oids do not prevent this decrease. Moreover, this loss of
bronchoprotective effect was not associated with an in-
crease in asthma symptoms.
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