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EDITORIAL

Long acting inhaled b2-agonists: anti-inflammatory effects not
evident during treatment of day to day asthma
S. Durham
The introduction of long-acting inhaled sympathomimetic b2-receptor agonists represents an important advance
in asthma therapy. Treatment with salmeterol and formoterol provides better control of symptoms and lung function
than short-acting b2-agonists [1, 2] When combined with
moderate doses of inhaled glucocorticosteroids, these
drugs have been shown to improve symptoms and lung
function more effectively than doubling the dose of inhaled corticosteroids [3, 4]. The addition of the longacting bronchodilator formoterol also reduced the number
of asthma exacerbations during a 12-month treatment
period, although to a lesser extent than doubling the dose
of inhaled corticosteroid [5].
In addition to their bronchodilating properties, betasympathomimetic agonists have been shown to have antiinflammatory properties. However the evidence is based
on in vitro studies and provocation testing in both animals
and humans. There have been concerns that regular use of
inhaled b2-agonists may mask an increase in the underlying airway inflammation occurring in asthma [6, 7].
Furthermore, the long-term use of long-acting inhaled b2agonists may result in tolerance to their protective effects
against various asthma-provoking stimuli [8±12]. The
relevance of anti-inflammatory effects of salmeterol based
on in vitro studies and challenge models, and the clinical
implications considered.
In vitro studies provide evidence for the anti-inflammatory effects of b2-agonists. Salbutamol is a potent inhibitor of the immunoglobulin (Ig)E-dependent release of
histamine from human lung mast cells [13]. Salmeterol
inhibited the generation of leukotrienes and prostaglandins, in addition to histamine, from human lung fragments [14]. In a guinea-pig model, salmeterol inhibited
allergen-induced protein exudation in both the skin and
airways [15]. In patients with allergic asthma, inhaled
salbutamol inhibited the rise in plasma histamine associated with immediate allergen-induced bronchoconstriction [16]. Inhaled salmeterol inhibited both the early and
late asthmatic responses and associated increases in airway responsiveness following allergen bronchoprovocation [17]. However, inhibition of the late response by
salmeterol may be explained, at least in part, by functional
antagonism as a consequence of prolonged bronchodilation. Whereas several studies have since confirmed the
inhibitory effect of salmeterol on allergen-induced asthma, measurements performed in parallel on inflammatory
cell numbers and markers of cell activation in blood and
sputum have yielded conflicting results. PIZZICHINI et al.
[6] and WEERSINK et al. [7] found no changes in allergenÐÐÐÐÐÐÐÐÐÐÐÐ
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induced alterations of eosinophil numbers or eosinophil
cationic protein (ECP) levels in blood and/or sputum. They
concluded that the functional effects of a single dose of
salmeterol may mask the underlying cellular infiltration
caused by an inhaled allergen. These results were in
contrast to those of PEDERSEN et al. [18] who showed that
inhibition of early and late asthmatic responses by
salmeterol was accompanied by a decrease in both blood
eosinophils and serum eosinophil protein concentrations.
However, this within-group treatment effect was not significant when compared to the placebo group. A recent
study by DENTE et al. [19] demonstrated that a single dose
of inhaled salmeterol (50 mg) blocked both the early and
late asthmatic responses, and inhibited the sputum eosinophilia but not the increases in both sputum and blood
ECP concentrations, 24 h after allergen inhalation. It is not
clear to what extent these differing results may be
explained on the basis of patient selection, dose of salmeterol or the various methodologies employed. Whether
the inhibitory effect of salmeterol on early and late responses may be explained by sustained bronchodilation
rather than inhibition of allergen-induced inflammatory
changes in the airways, remains unresolved.
Inhaled corticosteroids are potent inhibitors of allergeninduced late responses and the associated airway inflammatory changes [20]. Moreover, both inhaled and oral
corticosteroids are highly effective in naturally occurring
asthma and reduce local inflammatory events as demonstrated by a decrease in markers of T-lymphocyte activation, T-helper-2-type cytokine production and recruitment
and activation of eosinophils both in bronchoalveolar
lavage and bronchial biopsies [21±24]. In a previous
study of salmeterol in naturally occurring asthma, no significant differences in inflammatory cells were detected in
bronchial biopsies before and after treatment compared
with placebo treatment [25], although the results may
have been confounded by the prior treatment of patients
with inhaled corticosteroids.
In the study by ROBERTS et al. [26] reported in this issue
of the Journal, the effects of a six-week treatment regime
with salmeterol 50 mg twice daily was compared with
placebo in a double-blind placebo-controlled trial. The
patients studied had moderately severe asthma as reflected by peak flow variability of ~35% with moderately
severely increased airway methacoline responsiveness.
Clinical improvement was shown by a 14% increase in
morning peak expiratory flow rates and a marked
reduction in airway methacholine responsiveness, both
of which were significant between the groups. These data
were supported by a reduction in symptoms and symptomatic use of ventolin within the salmeterol group which
was not observed in the placebo group. In contrast, no
changes in differential cell counts, mediator concentrations, T-cell numbers or markers of T-cell activation were
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observed in bronchoalveolar lavage fluid. Similarly, in
bronchial biopsy specimens, there were no changes in
inflammatory cell numbers or alterations in collagen deposition, nor was there any evidence of mast cell degranulation as determined by electron microscopy.
One explanation for the discrepancy between the apparent effects of salmeterol on inflammatory changes during
allergen-induced late asthmatic responses and the lack of
anti-inflammatory effects during natural asthma, may be the
development of tachyphylaxis to these anti-inflammatory
effects during prolonged treatment. For example, tachyphylaxis for the bronchoprotective effects of salmeterol
against various inducers of asthma, but not the bronchodilating effect of salmeterol, has been observed during its
long-term use [27]. The findings by ROBERTS et al. [26] in
patients with day-to-day asthma suggest that 6 weeks of
treatment with the recommended doses of inhaled salmeterol, whilst providing effective bronchodilation, has
no significant anti-inflammatory effects on the bronchi.
The clinical implication is that inhaled salmeterol should
not be prescribed alone but rather combined with effective anti-inflammatory therapy, generally inhaled corticosteroids, and with the advice to avoid any provoking
factors for asthma where possible.
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