A high dose of albuterol does not
overcome bronchoprotective
subsensitivity in asthmatic subjects
receiving regular salmeterol or

formoterol
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Background: Regular treatment with inhaled, long-acting,-
agonists is associated with subsensitivity for bronchoprotective
effects. It is not known whether a high dose of short-actinf,-
agonist could overcome this subsensitivity.

Objectives: The objective of this study was to investigate the
acute effects of a high dose of inhaled albuterol on methacholine-
induced bronchoconstriction in patients receiving regular treat-
ment with salmeterol or formoterol.

Methods: Ten stable asthmatic subjects (mean age, 34 years;
FEV,, 77% of predicted value), all taking inhaled corticos-
teroids (methacholine PB, < 5001g), were recruited into a
randomized, single-blind, crossover study. After an initial
1-week run-in period, subjects underwent 3 separate treatment
periods each of 9 days (separated by a washout of at least 5
days) comprising inhaled placebo twice daily, inhaled salme-
terol dry powder 50 pg twice daily, or inhaled formoterol dry
powder 12pug twice daily. Methacholine challenge was per-
formed 1 hour after the first dose and after 7 days of treat-
ment. After 9 days of treatment, a third methacholine chal-
lenge was performed 1 hour after inhalation of a single 1600
ug dose of albuterol dry powder.

Results: There was significant P < .001) improvement in geo-
metric mean PDy, after the first dose of active treatment as
compared with placebo (7819) versus salmeterol (266, a
3.4-fold difference [95% CI 1.9 to 6.1]) and versus formoterol
(318pg, a 4.1-fold difference [95% CI 2.3 to 7.3]). This bron-
choprotection diminished with regular treatment, although it
remained significant (° < .01) compared with placebo (68ig)
versus salmeterol (144.g, a 2.1-fold difference [95% CI 1.2 to
3.8]) and versus formoterol (23Qug, a 3.4-fold difference [95%
Cl 1.9 to 6.2]). After 9 days, the protection afforded by a single
dose of albuterol after placebo pretreatment (88fg) was sig-
nificantly (P = .005) higher in comparison with albuterol pro-
tection after salmeterol pretreatment (338ug, a 2.7-fold differ-
ence [95% CI 1.1 to 6.8]) and after formoterol pretreatment
(247 g, a 3.6-fold difference [95% 1.4 to 9.1]).

Conclusions: Thus in stable asthmatic subjects receiving regu-
lar salmeterol or formoterol, bronchoprotective subsensitivity
was not overcome by administering a high dose of albuterol.
Further studies are required to evaluate the clinical relevance
of this pharmacologic phenomenon when albuterol is used in
acute asthma. (J Allergy Clin Immunol 1999;103:88-92.)
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Regular treatment with inhaled, long-actirfiy-
agonists has been shown to improve long-term control of
asthma-3and is now recommended as an additive thera-
py to inhaled corticosteroids® Regular treatment with
long-acting B,-agonists leads to the development of
bronchoprotective subsensitivity, which occurs despite
concomitant inhaled corticosteroid ther&gy:Improve-
ments in asthma control and peak expiratory flow
are maintained during treatment with long-actfg
agonists, although bronchoprotective subsensitivity may
make the airways more vulnerable to bronchoconstrictor
stimuli. In everyday clinical practice patients would use
rescue therapy with repeated puffs of short-acfipg
agonists to overcome an episode of acute bronchocon-
striction, but it is not known whether such treatment
would be as effective in patients exposed to continuous
long-actingP,-agonists.

We have therefore investigated whether bronchopro-
tective subsensitivity in patients receiving salmeterol or
formoterol may be overcome by the acute administration
of a high dose of inhaled albuterol in terms of its effects
against methacholine-induced bronchoconstriction.

METHODS
Subjects

Ten (6 women, 4 men) subjects with mild-to-moderate asthma
(mean [£SD] age, 34 [6.8] years), all taking inhaled corticosteroids
(budesonide or beclomethasone; mean doseudfitay; Table 1),
were recruited to take part in a randomized, single-blind, crossover
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for symptomatic relief (<2 puffs/day), 2 were receiving oral theo-

i. phylline, and 1 was receiving long-actifig-agonist therapy with

formoterol. Baseline spirometry at recruitment showed mean
(xSD) FEV; of 2.60 (0.87) L (77% [13.6%] of predicted value) and
FEFR5 75 0f 2.22 (0.89) L/s (53% [17.3%)] of predicted value). All
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TABLE I. Demographic data at recruitment

FEV, FEF,5.75 FEF,5.75 Steroid and Methacholine

Patient no Age (y) Gender FEV, (L) (% predicted) (L/s) (% predicted) dose (ug/day) PDy, (ng)
1 40 M 2.71 69 1.99 45 1600 BUD 19

2 28 F 2.46 83 2.40 61 400 BDP 60

3 37 F 1.84 67 1.66 45 200 BUD 122

4 34 F 2.25 84 2.79 75 400 BDP 43

5 33 F 2.42 86 1.92 51 800 BUD 161

6 29 M 4.65 107 4.44 90 400 BDP 464

7 36 F 2.02 71 1.72 46 800 BDP 5

8 30 M 3.24 7 2.35 49 200 BDP 28

9 22 M 2.85 68 1.61 33 400 BDP 31
10 46 F 1.60 59 1.33 39 400 BUD 17

Mean 335 — 2.60 77.1 2.22 534 460 44.8%

BUD, BudesonideBDP, beclomethasone diproprionate.
TAll values are arithmetic means apart fromppWvhich are geometric means.

gave written informed consent, and the study was approved by thprotocol was repeated for the subsequent randomized treatments.

Tayside Committee on Medical Research Ethics. The subjects brought back their respective randomized inhalers at
each study visit, and compliance with treatment was checked by a
Study design third party by counting the used and unused formoterol capsules

and salmeterol blisters. Compliance was required to be in excess of

The study had a randomized, single-blind (investigator-blind), oo, of prescribed doses for the data to be considered evaluable for
placebo-controlled, crossover design. For the screening visit, th‘each treatment arm

subjects attended the laboratory in the morning, having withheld

their long actind3,-agonist and theophylline therapy for at least 48 Spirometry
hours and their short-actiry-agonist therapy for at least 8 hours.
All laboratory visits were performed at the same time of day with-
in a 1-hour window. A methacholine challenge test was then per-
formed, and those subjects with afg2ss than 50Qig entered an
initial 1-week run-in period withous,-agonists. From the start of
the run-in period until the end of the study, all therapy with short-
and long-actind3,-agonists was withdrawn and replaced with the \ethacholine bronchial challenge test
study medication. Inhaled ipratropium bromide (Atrovent Forte
pMDI, 40 pg per actuation; Boerhinger Ingelheim, Bracknell, UK)
was substituted as reliever therapy, which was withheld for at leas
12 hours before each study visit.

After the initial run-in period, the subjects attended the laborato-
ry for the first dose (day 1 of treatment) of randomized treatment
with the following substances: (1) inhaled formoteroltRtwice
daily (eformoterol fumarate, dry powder, 18 per capsule;
Foradil, Novartis, Camberley, UK); (2) inhaled salmeterolps0
t\/\{ice daily (salmeterol xinafoate-_, dry-powder disk_halerp@Oper Statistical analysis
blister; Allen and Hanbury, Uxbridge, UK); or (3) inhaled placebo
1 puff twice daily (administered by means of placebo Turbuhaler;
Astra pharmaceuticals, Kings Langley, UK). FEWas measured
before inhalation and again 1 hour after inhalation followed by a
methacholine challenge.

The subjects then went home and came back to the laboratory ¢
day 8 after 1 week of treatment, which was taken as 1 puff twice " c
daily at 8am for the morning dose and ab@ for the evening dose.  cOmPared with placebo. Analysis of FEWas performed on
On day 8 of each treatment, the FEas measured before and 1 absolu_te values either before or afte_r |nha|at|c_Jn. The _stat|st|ca|
hour after inhalation of the fifteenth dose followed by the secong@n@lysis was performed by multifactorial analysis of variance fol-
methacholine challenge. lowed by Bonferroni multiple-range testing by using subject, treat-

The subjects went home again and took the same treatment for Ment. period, and visit as factors Pvalue of < .05 (2-tailed) was
more days and returned to the lab on day 10 of treatment, havinConsidered significant. The analysis was performed with Statgraph-
completed the 9-day treatment, with the eighteenth and last dos/CS sta_tlstlcal software package (STSC Software Publishing Group,
taken on the previous evening of day 9. On this occasion the sutROcKville, Md).
jects were given a single dose of 1@ albuterol (albuterol sul-
phate, dry-powder diskhaler, 4Q@ per blister). FEY was mea- RESULTS
sured before and 1 hour after inhalation of albuterol, and the thircPrechallenge spirometry
methacholine challenge was then performed. The subjects the
entered a washout period of at least 5 days witfgtgtgonists FEVl values before inhalation of the Study medication
before returning for the next treatment cycle, at which time the samedid not show any significant difference between treat-

Spirometry was performed according to American Thoracic
Society criterid3 by using a Morgan Spiroflow bellows spirometer
(P.K. Morgan Ltd, Gillingham, UK). The spirometer was calibrated
daily by using a Vitalograph (Vitalograph Ltd, Buckinghamshire,
UK) 1 L precision syringe.

The methacholine bronchial challenge was performed by using a
standardized computer-assisted dosimetric method as previously
described In brief, the methacholine was administered in doubling
cumulative doses from 3.125 to 160¢ given at 5-minute intervals
until a 20% fall in FEV\ was recorded. If the FEMid not show a
20% drop when a cumulative dose of 1§@0had been inhaled, a
censored PR value of 3200ug (double the maximum cumulative
dose) was used for that test for the purpose of statistical analysis.

The data for PR, were log-transformed to normalize their dis-
tribution before analysis. The study was powered at the 80% level
to detect a 1.0 doubling dose difference (2.0-fold) in methacholine
PD,y between active treatments and placebo by using a crossover
design. The change in Bpwas calculated as geometric mean
(expressed as micrograms) and as the fold ratio for protection as
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FIG 1. Mean (SE) values for FEV, before (open symbols) and 1
hour after (filled symbols) inhalation of study medication with
placebo, formoterol, or salmeterol after first dose (Day 1) or fif-
teenth dose (Day 8) and 1 hour after albuterol (ALB) on day 10
(after eighteenth dose of study medication). Asterisk denotes sig-
nificant difference between active treatments and placebo for
postinhalation absolute FEV; values (on Day 1 only), and cross
denotes significant difference within treatments among day 1,
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FIG 2. Geometric mean (SE) values for PD,, methacholine after
first dose (Day 1), fifteenth dose (Day 8), and eighteenth dose
(Day 10 with albuterol) of continuous treatment with placebo, for-
moterol, or salmeterol. Asterisk denotes significant (P < .05) dif-
ferences between active treatments and placebo. Cross denotes
significant (P < .05) differences among day 1, day 8, and day 10 of
the same treatment. Data for PD,, are plotted on a Log, scale to
depict doubling doses of methacholine.

day 8, and day 10 (for postinhalation values). There were no sig-
nificant differences in preinhalation values for within- and
between-treatment comparisons.

Cl 5.4 to 24.1P < .001) as compared with day 1 and a
13.1-fold rise (95% CI 6.2 to 27.B;< .001) as compared
ments (Fig 1). The absolute value for FEVas signifi-  with day 8. There were no significant differences be-
cantly P =.001) higher 1 hour after the inhalation of for- tween the 3 days during the formoterol arm. Treatment
moterol or salmeterol as compared with placebo on dawith salmeterol showed a significar® € .001) fall in
1. There was a similar numerical trend toward higherPD,g after 1 week (day 8) compared with the first dose
FEV; values 1 hour after formoterol and salmeterol com-(day 1), amounting to a 1.9-fold drop (95% CI 1.1 to
pared with placebo on day 8, but this was not statistical3.1). After 9 days of salmeterol treatment (day 10) in
ly significant on Bonferroni testind?(= .054) for overall  comparison with day 8, there was significaRt=.001)
comparison. increase in PE) after albuterol, amounting to a 2.3-fold
. . rise (95% CI 1.4 to 3.8) (Fig 2). Individual data for the
Methacholine bronchial challenge protective effect of albuterol on day 10 are shown in Fig
For between-treatment comparisons, there was signifi3. This illustrates the wide individual variability in the
cant improvement in the geometric mean,g8&fter the  degree of protection loss.
first dose (ie, day 1) of active treatments as compared witl
placebo (placebo vs salmeterol: I8 vs 266ug, a 3.4-
fold difference [95% CI 1.9 to 6.1, < .001; placebo vs DISCUSSION
formoterol: 78ug vs 318ug, a 4.1-fold difference [95% The results of this study showed that bronchoprotec-
Cl 2.3 to 7.3]P <.001). After 1 week of regular treatment tive subsensitivity develops in patients taking regular for-
(ie, day 8) there was diminution in the bronchoprotectivemoterol or salmeterol, which cannot be overcome by
effect, although it remained significant as compared withadministering a high dose of inhaled albuterol. Nonethe-
placebo (placebo vs salmeterol: |68 vs 144ug, a 2.1-  less, both salmeterol and formoterol exhibited a signifi-
fold difference [95% CI 1.2 to 3.8R = .02; placebo vs cant residual degree of bronchoprotection after regular
formoterol: 68ug vs 230ug, a 3.4-fold difference [95% treatment. Our findings are in keeping with a previous
Cl 1.9 t0 6.2]P < .001). After 9 days of treatment (ie, day study in which regular treatment with salmeterolj&0
10), the protection afforded by a single dose of albuterotwice daily was associated with downregulation of lym-
after placebo pretreatment was significantly higher asphocytep,-adrenoceptors along with subsensitivity of
compared with albuterol protection after salmeterol pre-airway p3,-adrenoceptors in terms of a rightward shift in
treatment (88%ug vs 338ug, a 2.7-fold difference [95% the albuterol dose-response cutbe.
Cl 1.1 to 6.8],P = .002; albuterol protection after for- We accept that there are limitations to our study. We
moterol pretreatment: 8899 vs 247ug, a 3.6-fold dif- were unable to use the different formoterol and salme-
ference [95% CI 1.4 to 9.1, = .02) (Fig 2). terol dry-powder inhalers in a double-blind manner, and
For within-treatment comparisons, in the placebo armwe did not have access to corresponding identical “place-
there was a significant increase in fg@&fter albuterol  bos”to make the study double-dummy. We did, however,
treatment (day 10), amounting to an 11.4-fold rise (95%ensure that patients were able to use the dry-powder
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(Post Albuterol)

D,o Protection

inhalers, which were easy to use and were both given ol 64 1
a twice daily basis. Also, we were able to check on com-
pliance by counting the blisters or capsules with each
inhaler, which in each was greater than 90%. Although % 16 4
we used a small sample size, we were able to show . ®
reduction in albuterol protection greater than 1 doubling
dose of methacholine, the latter representing the degre gk
of biologic variability of this test. However, there was a 47
considerable degree of individual variability in the o
propensity for protection loss, and therefore certain
patients may be more susceptible than others in terms ca 1
subsensitivity to albuterol.
What is the possible explanation for our findings? It
has been shown that regular exposure to long-afting Placebo Salmeterol Formoterol
agonists results in receptor downregulation and attenua-
tion of the maximal cyclic adenosine monophosphateFIG 3. Individual protection ratios for effect of albuterol on
response to isoproterenol stimulation, as measured emethacholin.e challenge af.ter the eighteenth dose of continuous
VivO in lymphocyte,-adrenoceptord? 10Also, it is pos- (o2t it Pleebo (s, ot fsaueres, o s
sible that persistent receptor occupancy by formoterol Olis shown as fold protection compared with day 1 protection with
salmeterol (at 12 hours after the last dose at day 10placebo. The geometric mean fold-protection ratios (not shown in
might result in noncompetitive antagonisrrﬁ@fadreno- the figure) for the 3 treatments were as follow§: placebq, 11..4_; for-
ceptors. This is supported by an in vitro study in which moterol: 3:2; and salmeterol, 4.2. Data points for individual
A . . patients are joined by a solid line.
prior incubation with formoterol and salmeterol attenuat-
ed the maximal bronchorelaxant effect of albuterol in
carbachol-contracted human bronchial smooth musalbuterol and the subsequent methacholine challenge. In
cle17.18|ndeed, we have recently demonstrated that at 1:a real-life situation rescue medication with albuterol
hours after administration of a single dose of formoterowould be taken after, rather than before, the episode of
(12 ug) or salmeterol (5Qg) there was significant atten- bronchoconstriction. It should be pointed out that metha-
uation of the relaxant effect of albuterol (1600) choline acts directly on bronchial smooth muscle, where-
against methacholine bronchoconstrictién. as bronchoconstrictor stimuli in everyday life act indi-
We had expected that a 1600 dose of albuterol rectly by means of inflammatory mediators or neuronal
would overcome the subsensitivity or prolonged receptomechanisms.
occupancy induced by long-actifig-agonists on the The observed adverse effects of regular, long-acting
assumption that the albuterol dose-response curve wouf,-agonist therapy on bronchoprotective subsensitivity
be shifted in a competitive manner. That the effect oishould be considered in the perspective of their long-
high-dose albuterol was significantly blunted raised theterm beneficial effects on disease control when used as
possibility that the shift might be noncompetitive, with a additive therapy to inhaled corticosteroidsHowever, it
consequent reduction in maximal achievable response. lis conceivable that improvements in peak expiratory flow
this respect we administered albuterol in a dose that iwith a long-actingB,-agonist might lull patients into a
8-fold higher than the usual recommended dose of 20false sense of security in that their airways might be more
Mg. It is of course possible that much higher doses (ecvulnerable to bronchoconstrictor stimuli as a conse-
32-fold higher) would have overcome the airw@y qguence of3,-adrenoceptor subsensitivity.
adrenoceptor subsensitivity, although in reality patients It is important not to confuse the current results with
would be most unlikely to self-administer such high previous studies that have specifically looked at effects of
doses. long-actingP,-agonists on the bronchodilator response to
What are the possible clinical implications of our find- albuterol in the presence of resting bronchomotor
ings? We used methacholine as our bronchoconstrictctonels.21-24 Several of these studies have found no evi-
stimulus under controlled experimental conditions in stadence of airway(,-adrenoceptor subsensitivity to
ble patients. It may not be possible to extrapolate thesalbuterol21-24although they have been confounded by an
findings to what happens in unstable acute asthma iinsufficient washout period of 12 hours or less before the
patients in whom there is also an increased level of broralbuterol dose-response curve and hence a carryover
chomotor tone. In the domiciliary setting of an acuteeffect of long-acting3,-agonist on the albuterol response.
episode of bronchoconstriction, patients would normallylt is known, however, that a high dose of systemic corti-
take reliever therapy with repeated puffs of a short-actincosteroid rapidly reverses bronchodilator subsensitivity
B,-agonist in addition to their usual regular long-actingand lymphocyte3,-adrenoceptor downregulation in
,-agonist medicatioA? We designed our study to close- patients undergoing regular long-actidgagonist thera-
ly mimic this clinical scenario in that the patients contin-py.25 This is reassuring in that systemic corticosteroids
ued to use their long-actirfi3-agonist on a regular basis and high-dose inhaled albuterol are usually given togeth-
until 12 hours before administration of a bolus dose oler in patients with an acute asthma exacerbation.
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In conclusion, we have shown that in patients with sta:

ble asthma, regular treatment with long-acfiagagonists

induces bronchoprotective subsensitivity, which results ir

reduced efficacy of a high dose of albuterol against bron

choconstriction caused by methacholine. Further prospeaqs.

tive studies are required to assess the relevance of this pt

nomenon in the setting of acute asthma in which there i

an increased level of bronchomotor tone.
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