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Current guidelines for the treatment of chronic asthma
emphasize the use of anti-inflammatory medication and
indicate that short-acting b2-agonists should only be taken
on an as-needed basis [1]. This approach has been adopted
because of the inflammatory nature of asthma and
because, somewhat controversially, regular use of short-
acting b2-agonists at best confers no distinct benefit on
overall asthma control [2], and at worst may cause a
deterioration [3].

A number of possible mechanisms have been proposed
to explain the adverse effects of chronic short-acting b2-
agonist therapy [4], but the debate continues. One possible
explanation currently under consideration is related to
the fact that b2-agonists are chiral and are administered as
racemic mixtures of a pharmacologically active eutomer
(e.g. R-salbutamol) and an inactive distomer (e.g. S-sal-
butamol). The possibility that the distomers are selec-
tively responsible for the toxic effects occurring during
chronic treatment with racemates (e.g. R,S-salbutamol or
R,S-fenoterol) has been extensively discussed [5, 6], al-
though no firm conclusions have been reached. In animal
studies, the administration of racemates and distomers has
been shown to enhance bronchial hyperresponsiveness
[7, 8], but this has not yet been demonstrated in human
subjects during chronic dosing.

The paper by SCHMEKEL et al. [9] in this issue of the
Journal contributes to the debate by providing further data
related to the pharmacokinetics of salbutamol enantio-
mers. The results confirm earlier findings [10±12] that an
oral dose of R,S-salbutamol is subject to extensive stereo-
selective first pass metabolism which leads to a high S:R
ratio in the plasma, and to exposure to the more slowly
cleared distomer in the absence of the eutomer. In
addition, it is shown that salbutamol administered by in-
halation is also subject to stereoselective metabolism, and
that multiple dosing by inhalation at clinically relevant
time intervals leads to an increase in the S:R ratio as
steady state is approached. Since there is some evidence
that S-salbutamol acts as a functional antagonist to the
active enantiomer [12], the potential for exposure to high
levels of S-salbutamol provides an attractive alternative
to tolerance to explain the reduction in bronchodilator
efficacy during chronic dosing with racemic drug.

The fact that salbutamol delivered by inhalation under-
goes similar enantioselective first pass metabolism to that
given orally is not surprising since inhalation of dry
powder inevitably involves considerable oral ingestion. It
also seems likely that lung metabolism of inhaled salbu-
tamol may be stereoselective, as suggested by in vitro stud-
ies [13] and by the results reported by SCHMEKEL et al.
[9]. Endotracheal aerosol administration resulted in high-
er plasma concentration of S-salbutamol but, in the ab-
sence of a comparative intravenous study in the same
group of patients, it is difficult to quantify pre-systemic
metabolism by the lung. In fact, the slow rate of ab-
sorption after endotracheal aerosol administration is sur-
prising and leads to the speculation that extrapulmonary
metabolism is largely responsible for the stereoselectiv-
ity observed. This would explain the results of another
recent study [14] which showed that relative exposure to
R-salbutamol after inhaled racemic drug, with charcoal
given orally to prevent gastrointestinal absorption, is sim-
ilar to that following an intravenous dose. However, ir-
respective of whether pre-systemic enantioselective lung
metabolism occurs, drugs administered by inhalation are
absorbed systemically and, during chronic dosing, the
lungs will be exposed to the toxicological effects of high
levels of S-salbutamol.

The debate has now widened to include the possible
benefits of formulations containing the therapeutically
active R-enantiomers only, the so-called "chiral switch".
Clearly this is predicated upon the availability of pure
eutomers and their configurational stability. In the case of
salbutamol, acid catalysed (non-enzymatic) racemization
of enantiomers is chemically predictable and readily dem-
onstrable in the laboratory. There is also evidence that oral
delivery of R-salbutamol leads to acid catalysed racemiza-
tion in the stomach, leading to exposure to S-salbutamol,
albeit at low concentrations [12]. No evidence of this has
been found after nebulized drug administration [15],
despite the fact that a large proportion of nebulized drug
is swallowed. Nevertheless, if R-salbutamol is to replace
the racemic drug, its configurational stability needs to be
established.

The deleterious effects of short-acting b2-agonists on
asthma control include impairment of protection against
nonspecific bronchoconstrictors and allergens, increased
bronchial hyperresponsiveness, and rebound bronchocon-
striction with a fall in baseline airway calibre [16]. The
possibility that these effects are due to the distomers of b2-
agonists has been addressed in a recent clinical study by
NELSON et al. [17]. In a placebo-controlled parallel group
study, these investigators compared equivalent doses of
R- and R,S-salbutamol given regularly by nebulizer over a
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four week period, and found evidence of a detrimental
effect on the forced expiratory volume in one second
(FEV1) with the racemate, which they attributed to the
presence of the distomer. The validity of their findings
and their clinical relevance has been debated [18]. More
germane to the current question is the suggestion that the
reason for any toxic effects attributable to b2-agonists is
the longer half-life of the distomers, allowing them to
exert negative effects in the absence of the mitigating
actions of the bronchodilating eutomers [8, 17]. Unfor-
tunately, this argument is weakened by the fact that
salbutamol is unique among the b2-agonists in under-
going more rapid enantioselective first pass metabolism
of the eutomer. Other b2-agonists such as terbutaline and
fenoterol undergo faster clearance of their distomers so
that exposure to the distomers in the absence of the euto-
mers does not occur [19, 20].

All of the above considerations remain clinically rele-
vant despite changes in prescribing patterns for short-
acting b2-agonists since many patients, particularly those
with severe asthma, continue to use these drugs frequently
for relief of uncontrolled symptoms. Futher investigations
comparing eutomers and racemates of short-acting b2-
agonists are required not only to resolve the role of the
distomers in causing adverse effects, but also to establish
whether administering single active enantiomers is justi-
fied. The answers will only be provided by long-term
studies over a period of at least 24 weeks in which the most
important end-point will be the frequency of exacerbations
rather than surrogate measurements such as forced expi-
ratory volume in one second and bronchial hyperrespon-
siveness.
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