Editorial

The debate on S-enantiomers of
B-agonists: Tempest in a teapot or
gathering storm?

A certain drama is unfolding in the nearly 30-year L
. . . Abbreviation used
attempt to clarify any serious adverse effecf3-afonists. MDI:  Metered-dose inhaler
Could the d-(S-) enantiomer in the racemic d/l (rac-, S/IR
mixtures of these synthesized drugs be the culprit behi
the purported increased morbidity and mortality envisioned
by some®?Nearly inactive ag-agonists, the S-enantiomers  Studies in the guinea pig have given us leads and
have their own unique actions in complex systems and thehelped define the issues. Like human airways, the
own individual pharmacokinetic properties. Similar con- smooth muscle of guinea pig airways contafis
cerns are being voiced with other drug families possessinadrenoreceptors, and prejunctional autoinhibitory M
stereoisomers, including tiffieantagonist3.Some of them  muscarinic receptors exist at cholinergic terminals. Dys-
are detailed in an editorial similar to this éne. function of these Mreceptors can be produced by viral
These concerns are not frivolous. The study presenteinfectiorf and allergic reactiofiswith resulting bron-
in this issue (Nelson et al. J Allergy Clin Immunol chospasm. Mireceptors are also believed to be dysfunc-
1998;102:943-52) is the first large-scale effort in asth-tional in asthmd:8 However, there are differences. The
matic subjects to evaluate the long-term effects of thesguinea pig has a prominent sympathetic innervation to its
compounds by comparing thrice daily nebulized doses ocairway smooth muscle, whereas in humans such innerva-
the d/l-racemate of albuterol to the pure R (levo)-enantion is scarce or absent. As assessed by functional means,
tiomer administered over 4 weeks. At the very least, an(3,-adrenoceptors have been presumed to be inhibitory to
in contrast to a single-dose study by another gfdhp, acetylcholine output in airway smooth muscle of several
study demonstrates greater potency of R-albuterol givespecies, including humafg? Yet when acetylcholine
alone than an equivalent amount given in the racemate¢production is measured directRsagonists paradoxical-
implying some interfering effect of the S-albuterol. If this ly are stimulatory in the guinea pig airway but have no
were all, we could compensate with a larger dose of thdiscernible effect in the human airwly.
racemate, but there are more insidious questions in th By using data from studies of the guinea pig, one can
study. Over 4 weeks, the baseline REWse slightly but  model and develop ideas but can only speculate on their
insignificantly (approximately 0.1 L) in the placebo human application until many facets of human work
group and the 2 levalbuterol groups but not in the 2 raceconverge on a consensus. We are not at that point with
mate groups. These differences were greater and signifthe S-enantiomers di-agonists. A case in point is
cant if confined to patients not receiving inhaled corti-tachyphylaxis. In 1971, Conolly et!dproposed that the
costeroids. Are these differences spurious or meaningfupreceding epidemic of asthma deaths was due to airway
arising perhaps from a deleterious effect of the S-receptor tachyphylaxis produced by the very large doses
albuterol? When referred to the placebo response over of isoproterenol then marketed in the metered-dose
hours, all drug groups also show a trend of declining areinhaler (MDI). This conclusion was based on findings
under the curve at the 4-week interval. Is this tachyphythat the protective action of isoproterenol against hista-
laxis or rather a consequence of the rising placebo basmine in guinea pigs was lost after 48 hours of its
line curve? We are not given the absolute FEMues to  intraperitoneal injections. Tachyphylaxis has been sub-
assist in making this judgement. sequently produced and studied in intact animals, airway
smooth muscle, and smooth muscle cultures, as well as
at the molecular level. Yet it has been difficult to reach
agreement until recently concerning its existence in the
stable asthmatic subject receiving treatment, and virtual-
ly no data exist in the acutely ill patient.
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more readily than partial agonists (albuterol terbutaline, Tissue studies also point to the cholinergic system, but
salmeterol) both in vitf# and in vivdS; (3) systemic cor-  now direct measurement of acetylcholine after electric
ticosteroids rapidly reverse acutely produced tachyphy-field stimulation avoids the uncertainties involved in pre-
laxis 15-17but inhaled corticosteroids in large doses do notvious functional studies (eg, from interfering NaNc neu-
prevent it8, (4) provocational challenge techniques with ropeptide release). In the purglyaction of cAMP pro-
methacholine or histamine can quantitate tachyphylaxisduction, the receptor affinity of the S-enantiomer of
from as little as 20Qug albuterol per day® or salme-  albuterol is several orders of magnitude less than that of
teroRO (even from a single do3® and can detect a 2-fold the R-enantiome¥® and stimulation of acetylcholine
difference in delivered drdg and (5) protection against release in equine respiratory smooth muscle is corre-
complex airway challenges (eg, exercidallergen24 spondingly much weakéf. However, when used in
and adenosine monophospRarenay even more readily roughly equal concentration (as in the racemate), S-
show tachyphylaxis, perhaps because additional, morealbuterol paradoxically seems to counteract the calcium-
susceptibleB,-adrenoceptors are involvéd Although lowering effect of R-albuterol in uncontracted bovine tra-
the practical importance of such tachyphylaxis may bechea, actually increasing measuredda smooth mus-
negligible when recommended treatment guidelines arecle cells and by itself causing cell shortentfdearlier
followed, scenarios can certainly be visualized in whichworkers$9 also found a paradoxical rise in €awith
it could make a difference. addition of either isoproterenol or forskolin to uncon-
The peak bronchodilator response is poorly suited tctracted bovine trachea cells. But when contracted by
detect tachyphylaxis because, as stressed by Ahrens methacholine or histamine, bovine tracheal smooth mus-
al?6.27 and the Food and Drug Administration Proceed- cle cells are relaxed by isoproterenol, forskolin, and 8-
ings28 even a single puff from the MDI in the subjects Br-cAMP, and this correlates with calcium loweri#f0
with mild-to-moderate asthma studied quickly increasesS-albuterol is found to have the characteristics of a con-
airway caliber to the insensitive plateau range of its dosetractile agonist operating through the phospholipase C
response curve. Differences may then only appear in thpathways, reacting or cross-reacting at thg-rvus-
area under the curve and duration of response. It is yet tcarinic recepto®® If S-albuterol levels sufficiently
be shown, however, that protection from challenge andexceed R-albuterol on cumulative dos#dlit is con-
bronchodilation are mechanistically any different as far ceivable that relaxation would be seriously impaired.
as smooth muscle relaxation is concerned. Returning to the article by Nelson et al in this issue, it
Guinea pig studies now lead to the cholinergic systemis difficult to make any sense of the baseline variations at
and sensitization to ovalbumin is usually required. Func-4 and 5 weeks. The authors quite reasonably suggest that
tional antagonism to isoproterenol or prostaglangibye  the relative failure of the 2 rac-albuterol baselines to rise
carbacholine is enhanced 10-fold by ovalbumin sensitizawith the others was due to the presence of S-albuterol.
tion, although not by histamir#€ Fenoterol instilled intra-  But should we uncritically accept the rising baselines in
tracheally for 6 weeks, repeated ovalbumin injection, orthe placebo and levalbuterol groups? By history, all
both enhance responses to acetylcholine both in vitro angroups used their MDI rac-albuterol to a modest and sim-
in vivo, whereas the response to fenoterol is unaffected ailar degree (about 4 puffs/day), including the preliminary
tested 72 hours laté? After rechallenge with ovalbumin, wash-out week. Were all patients previously on a larger
the sensitized guinea pig shows an increased cholinergiintake, with the S-albuterol now subsiding to a lower
contractile response despite a normal responfeatyo- level in the non-rac subjects? Or were rising baselines
nists, probably because of events distal to theddep-  due to some extraneous factor, such as drop outs, season-
tor31 Such challenge releases mediators, which evidentlyal effects, training, or holdover of drug from the last neb-
act synergistically with the cholinergic respoise. ulized dose 8 or more hours previously? Examination of
For more than a decade, Morley and coword&?$  the 8-hour bronchodilation responses, particularly to
have pursued the role @fagonists in producing airway 1.25 mg levalbuterol, raises this possibility. And why
hyperresponsiveness in the guinea pig, and they are noshould inhaled corticosteroids mitigate these changes to
focusing on S-enantiomers. In ovalbumin-sensitized ani-the point of insignificanceR(= .41)?
mals, infusion of rac-albuterol for less than an hour totally  The study will undoubtedly be repeated in some form,
suppresses bronchial obstruction produced by inhaleqerhaps with fewer dose groups, particularly to restudy
antigen, but when continued for 48 hours, the animals sucthe baseline changes and the effects of corticosteroids,
cumb to challengé® These researchers discount tachy- which were both key to the study. Comparison of the 2
phylaxis off3,-adrenoceptors as the explanation, preferringpreparations on inherent responsiveness to methacholine
to incriminate S-albuterol because inhaled isoproterenol ochallenge and other constrictants is crucial to the hyper-
rac-albuterol is still protective, although tachyphylaxis is responsiveness issue. Examination of ofeeagonists
clearly only relative to the dose used and could have beesuch as terbutaline, the S-enantiomer of which does not
overridden by larger effective doses. Infusion of S-accumulate and which also produces some tachyphylax-
albuterol over 1 hour enhances responsiveness to inhaleis,*2 will be necessary. Certainly the idea of an adversely
histamine, as does tracheal deposition of particulates coracting S-enantiomer, with all its implications for treat-
taining S-albuterol, S-terbutaline, or S-isoproterenol. In allment, particularly of the acute attack, is novel and pow-
cases hyperresponsiveness requires an intact vagus nenerful, but it deserves thorough study before passing
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judgement on the racemic preparations we now use s
widely and satisfactorily.
John W. Jenne, MD
54 PAA-KO Dr
Sandia Park, NM 87047
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