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A B S T R A C T

Background: Regular use of inhaled �-agonist leads to tolerance to its bronchoprotective effect. This occurs
within 12hourswith salmeterol andhas beendocumented at 1week for salbutamol. The course of onset after
introduction of salbutamol has not been investigated.
Objective: To determine the course of onset of tolerance to the bronchoprotective effect of salbutamol
against methacholine.
Methods: Thirteen individuals with mild asthma completed a randomized, double-blind, placebo-con-
trolled, cross-over study. Each treatment period consisted of 7 twice-daily doses (2 puffs of 100 �g of
salbutamol or placebo). Methacholine challenges were conducted 24 hours apart on 4 consecutive days, 10
minutes after the first, third, fifth, and seventh doses. The 2 treatment periods were separated by at least 14
days.
Results: Methacholine provocation concentration that caused a decrease in forced expiratory volume in 1
second of 20% (PC20) values during the 4 days of placebo treatment did not significantly differ (analysis of
variance P � .79). A single dose of salbutamol shifted the methacholine PC20 approximately 5-fold from a
geometric mean of 2.1 mg/mL to a geometric mean of 10.7 mg/mL. Maximal bronchoprotection after the
active treatment occurred on day 2 after the third dose, which was significantly higher than on day 1 after
the first dose (P � .04). After the fifth dose the methacholine PC20 was trending downward, and on day 4 the
bronchoprotective effect of salbutamol had significantly decreased from its peak protection (P � .001).
Conclusion: The detrimental effects on bronchoprotection after regular use of salbutamol manifest after 5
doses and are significantly reduced from peak protection after 7 doses.
Trial Registration: clinicaltrials.gov Identifier: NCT01338311
� 2012 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.
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Introduction

Salbutamol (albuterol) is the most common short-acting �2-
agonist used for symptom relief and prevention in asthma. These
agents are currently recommended for as needed use only, with the
required amount being used as a measure of asthma control; the
guidelines recommend that inhaled �2-agonist should be required
no more than 3 times a week.1 Regular use of salbutamol results in
tolerance to bronchoconstriction induced bymethacholine.2 Toler-
ance to the bronchoprotecting3 and bronchodilating4 effects of
long-acting �-agonists occurs remarkably rapidly, after 1 or 2
doses.3�5 Twice daily administration of 200 �g of salbutamol re-
sults in tolerance after 7 days.6 The rapidity of onset of this toler-
ance is not known. This studywasdesigned todetermine the course
of the development of tolerance to the bronchoprotective effect of
salbutamol against methacholine-induced bronchoconstriction
during an 84-hour period.
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usask.ca.
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ethods

We performed a double-blind, randomized, crossover study in
3 evaluable patients with mild asthma. The study was approved
y the University of Saskatchewan Biomedical Research Ethics
oard, and written consent was obtained.

atients

Fifteen patients, ages 18 to 65 years, with a diagnosis of mild
sthma were recruited from the University of Saskatchewan stu-
ent body and from a pool of participants from previous studies in
ur laboratory. Patient criteria included producing a forced expira-
ory volume in 1 second (FEV1) greater than 70% predicted, no
ignificant medical comorbidities, and no infection, allergen expo-
ure, or other exacerbation formore than 4weeks before the study.
atients were required to refrain from �-agonist use for at least 2
eeks before the study. Inhaled glucocorticosteroid medication
as allowed provided the dose had been stable for at least 4 weeks
2 patients). In addition, an emergency ipratropium bromide
Atrovent; Boehringer Ingelheim, Ingelheim, Germany) inhalerwas

rovided to patients to be taken if they experienced symptomatic

munology. Published by Elsevier Inc. All rights reserved.
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Fig. 1. Mean forced expiratory volume in 1 second (FEV1) before (filled circl

Abbreviation: FEV1, forced expiratory volume in 1 second.
aPatient’s data were not included in the final analysis.
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heezing or discomfort associatedwith bronchoconstriction. Preg-
ant or lactating women were excluded from this study.

tudy design

At the commencement of the study, patients were asked to fill
ut a demographic sheet that included parameters such as height,
ge, weight, last asthma exacerbation, last upper respiratory tract
nfection, any allergies, and exposure to allergies. Female patients
ere asked to take a urine pregnancy test on the first day of each
reatment period. The 2 treatments used in this study were salbu-
amol sulphate (Ventolin HFA) at 100 �g per actuation (total of 200
g per dose) and identical-appearing masked placebo. The re-
earchers and patients were masked to the treatment used by each
atient, and the order of treatment periods was randomized. Each
reatment period consisted of treatment administrations for 3.5 days
7 doses). Doses 1, 3, 5, and 7were taken at the same time each day in
he laboratory, and doses 2, 4, and 6were taken by the participants at
ome amean (SD) of 12 (4) hours after the laboratory dose.
Table 1
Demographic characteristics of the study patients

Patient
No.

Sex Age, y Height,
in

Weight,
lb

Baseline
FEV1, L

FEV1, %
predicted

SLS001 M 64 66 145 2.35 74
SLS002a M 22 77 211 6.50 120
SLS003 F 23 62 145 2.53 107
SLS004 M 22 67 145 3.39 78
SLS005 F 24 64 140 2.35 70
SLS006 F 25 63 135 3.05 74
SLS007 F 25 65 130 2.86 83
SLS008 M 26 66 145 2.93 71
SLS009 F 49 65 135 2.80 99
SLS010 F 22 62 130 3.71 114
SLS011 F 34 62 113 2.87 97
SLS012a F 32 67 133 3.30 97
SLS013 M 35 70 180 3.58 83
SLS014 F 25 67 205 3.42 98
SLS015 M 23 77 175 5.38 96
es) and 10 minutes after (open circles) the 200-�g masked treatment.



p
p
W

R

t
P
t
a
l

F
v
a
2
s

m
r
i
m
d
(
3
.

t
f
v

ase in
s. ANO

S.L. Stewart et al. / Ann Allergy Asthma Immunol xx (2012) xxx 3
Before doses 1, 3, 5, and 7 baseline lung function was measured
to capture 3 reproducible (within 5% of each other) flow volume
efforts. Patientswere then coached on proper inhalation technique,
the inhaler was actuated into the air twice, and the patients took 2
puffs of treatment from the masked aerosol inhaler. Ten minutes
after the inhalation of the treatment, FEV1 was measured in dupli-
cate followed by administration of a methacholine challenge.

Methacholine challenge

The 2-minute tidal breathing methacholine challenge was per-
formed according to the guidelines.7 Patients inhaled 0.9% sodium
chloride (normal saline) for 2 minutes from a continuous output
Bennett-Twin nebulizer calibrated to deliver 0.13 mL/min of aero-
sol. FEV1wasmeasured again at 30 and 90 seconds after inhalation.
This process was repeated using doubling concentrations of meth-
acholine, starting at 0.25, 0.5, or 1.0 mg/mL, depending on the
patient’s medical history and baseline spirometry, and continuing
until either a concentration of 256 mg/mL was reached or until the
patient experienced a decrease in FEV1 of 20% or more from the
lowest postsaline FEV1. Percent decrease in FEV1 was calculated
from the lowest postsaline to the lowest postmethacholine value,
and the provocation concentration of methacholine causing a 20%
decrease in FEV1 (PC20) was calculated from the log concentration
vs the response curve.8 If the decrease in FEV1 was 17% to 19.9%, no
further concentrations were given to avoid patient discomfort and
the use of an emergency bronchodilator; the PC20was extrapolated
as previously documented.9

Statistical analysis

Methacholine PC20 values were log transformed for analysis.
Methacholine PC data and FEV data were both analyzed with a

Fig. 2. Geometricmeanmethacholine provocation concentration that caused a decre
and seventh doses in the placebo (open circles) and salbutamol (closed circles) group
20 1

2-way analysis of variance (patient and day). If appropriate, multi- a
le comparisons by least-squares difference of the means were
erformed. The computerized statistical program STATISTIX for
indows (Analytical Software, Tallahassee, Florida) was used.

esults

Of the 15 patients recruited for the study, 2were not included in
he final analysis, resulting in a total count of 13 participants.
atient demographic characteristics are given in Table 1, including
hose for patients 2 and 12, who were excluded from the final
nalysis because of insufficient responsiveness to the methacho-
ine challenge and noncompletion of the study, respectively.

Mean FEV1 data are presented in Figure 1. Placebo arm baseline
EV1 values did not differ during the 4 treatment days (analysis of
ariance [ANOVA] P � 0.6). Mean baseline FEV1 values during the
ctive treatment period were 3.19, 3.11, 3.17, and 3.06 L for days 1,
, 3, and 4 respectively (ANOVA P � .04). The day 4 values are
ignificantly lower than the day 1 values (P � .01).
As depicted in Figure 2, no significant difference was found in

ethacholine PC20 between placebo days (geometric mean PC20

ange, 1.8�2.1mg/mL; P� .79). A single 200-�g dose of salbutamol
ncreased the methacholine PC20 from a geometric mean of 2.1
g/mL to 10.7mg/mL.Maximal bronchoprotectionwas reached on
ay 2; methacholine PC20 was significantly greater than on day 1
P� .04). The PC20was lower on day 4 comparedwith days 1, 2, and
(P � .19 [nonsignificant], .02, and .002, respectively; ANOVA P �

009).
Bronchodilation (Table 2) was not observed during placebo

reatment (ANOVA P � .13). Mean percent bronchodilation values
or the salbutamol treatment arm (10-minute postsalbutamol FEV1

s baseline FEV ) were 7.0%, 9.4%, 7.8%, and 10.2% for days 1, 2, 3,

forced expiratory volume in 1 second of 20% (PC20) values after the first, third, fifth,
VA indicates analysis of variance.
1

nd 4, respectively (ANOVA P � .03). The day 4 values were signif-
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icantly greater than the day 1 and day 3 values; the day 2 values
were significantly greater than the day 1 values (P � .05).

Discussion

A decrease in the bronchoprotective effects of salbutamol
against methacholine begins after 5 doses (200 �g per dose every
12 hours). The loss of bronchoprotection is significant after the
seventh dose compared with the maximal bronchoprotection
achieved after the third dose. On the basis of previously reported
data for the long-acting �-agonist salmeterol (ie, 12 and 24
hours),3,5 we had anticipated a much quicker onset in the loss of
bronchoprotection for the short-acting �-agonist salbutamol.
Nonetheless, our data support a much earlier development of tol-
erance than the previously known timeline of 7 and 14 days.2,6

We did not anticipate a significant increase in bronchoprotec-
tion (ie, higher methacholine PC20) after the third dose of salbuta-
mol compared with the first dose of salbutamol. This increase
occurred in 6 of the 13 patients, and only 1 patient was more
responsive tomethacholine at this time point. Reasonable explana-
tions include a lack of inhaler priming and poor inhalation tech-
nique; however; both of these were paid close attention. Admit-
tedly, the use of a spacer device may have resulted in a different
outcome; however, bronchodilator indicators, such as percent in-
crease and absolute volume increase in FEV1, are not consistently
present in those whose methacholine PC20 increased or absent in
thosewhosemethacholine PC20 did not increase.We are not aware
of any previously reported data describing methacholine PC20 re-
sponses after the administration of clinically relevant doses of
salbutamol. Loss of bronchoprotection after only 2 doses of salme-
terol has been described, and we expected a similar pattern in the
onset of tolerance to salbutamol as was found with salmeterol.

Another unexpected finding with active treatment was the sig-
nificantly lower baseline FEV1 on day 4 compared with day 1.
Eleven of the 13 evaluable patients presented with lower (mean,

Table 2
Mean 10-minute posttreatment percent bronchodilation

Group Day 1 Day 2 Day 3 Day 4 ANOVA
P value

Placebo �0.98 1.4 �0.26 1.0 .13
Salbutamol 7.0 9.4a 7.8 10.2b .03

Abbreviation: ANOVA, analysis of variance.
aP � .05 vs day 1.
bP � .05 vs day 1 and day 3.
183 mL) FEV1 values on day 4. Mean baseline FEV1 data during
[

lacebo treatment did not differ, and although not statistically
ignificant, the highest FEV1 occurred on day 4 during this treat-
ent arm. Again, we are unaware of any deleterious effects on
aseline airway tone after 3.5 days of salbutamol use. There are
ata to support a loss of bronchodilator action of short-acting
-agonists after regular use of long-acting �-agonists. In our study,
he magnitude of bronchodilation during active treatment was
reatest on day 4, and this was significantly different than day 1.
he greater bronchodilatory effect is likely explained by the con-
omitant significantly lower baseline FEV1 on day 4. The signifi-
ance of the lower baseline FEV1 and the increased bronchodilation
n day 4 of the active treatment arm are therefore difficult to
nterpret.

In summary, the onset of tolerance to themaximal bronchopro-
ective effects of regular salbutamol use (200 �g twice daily)
gainst methacholine-induced bronchoconstriction occurs after 7
oses (ie, 3.5 days). The onset is delayed when compared with
ong-acting �-agonists but occurs sooner (from maximal broncho-
rotection) when compared with previously reported salbutamol
ata. The onset is trending toward significance from baseline bron-
hoprotection and may occur earlier than the known timeframe of
days. Additional unexpected observations were that themaximal
ronchoprotective effect was not present until after the third dose
nd that baseline lung function was significantly decreased after 4
ays of regular salbutamol use. The clinical implications of our
ndings are, at this point, limited.
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