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Salmeterol (SM) is a novel B,-adrenoceptor agonist with a duration of action in excess of 12
hours. Evidence from in vitro studies has also demonstrated that, unlike the short-acting
B.-agonists, such as salbutamol (SB), it may have some anti-inflammatory properties. With a
randomized, double-blind, crossover design, we have compared the inhibitory effects of SM (50
ng) and SB (200 ug) delivered by metered-dose inhaler on allergen-induced
bronchoconstriction, changes in airway reactivity, and urinary leukotriene (LT) E, excretion in
12 atopic subjects with mild asthma. The immediate bronchoconstriction to allergen was
significantly reduced by both B;-agonists (p < 0.005), when reduction was expressed either in
terms of maximum fall in FEV, at 15 minutes after allergen (percent fall in FEV,,

mean * SEM: 6.2 = 4.9, SM; 5.7 £ 2.5, SB; 40.4 * 6.3, placebo) or the area under the
FEV, time curve (AUC) for the first 120 minutes after allergen. Four hours after challenge,
results in the SB-treated and placebo-treated groups were not significantly different and
demonstrated a small persistent bronchoconstriction compared to bronchodilatation in the
SM-treated group (percent fall:in FEV,, respectively, 9.3 + 3.7, 14.3 = 7.1, and

~6.3 x 2.7; p < 0.005, SM versus SB; p < 0.02, SM versus placebo). Expressed in terms of
AUC, only SM significantly reduced bronchoconstriction in the period 120 to 240 minutes after
allergen (p << 0.01). The changes in airway reactivity 4 hours after allergen were (doubling
doses of histamine, median, and range) —1.34 (—4.06 to 0.56) placebo; —0.20 (—3.29 to
1.14) SB; and 1.39 (—1.22 to 5.60) SM (p < 0.005, §B and SM versus placebo; p < 0.005,
SM versus SB). There were no differences between groups in urinary LTE, excretion for either
the 0 to 120-, 120 to 240-, or total 0 to 240-minute collection periods after allergen inhalation
(p > 0.1). Therefore, although both drugs have inhibitory effects on allergen-induced
bronchoconstriction, neither drug significantly reduced allergen-induced cysteinyl leukotriene
production. This finding suggests that the major effect of inhaled B,-agonists in allergen
challenge is relaxation of airway smooth muscle and not the inhibition of mediator release from
pulmonary inflammatory cells. (J ALLERGY CLIN IMMUNOL 1992:89:575-83.)
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The present therapeutic strategies in asthma are di-
rected toward both reducing airway inflammation and
promoting bronchodilatation.' Of the currently avail-
able bronchodilators in clinical use, B,-selective ad-
renergic agonists are by far the most effective, al-
though all are limited by their relatively short duration
of action. Considerable emphasis has been placed on
studies demonstrating that inhaled ,-agonists,” in
contrast to glucocorticosteroids,” nedocromil sodium,?
and sodium cromoglycate,” do not inhibit either late
bronchoconstrictor responses to allergen or the sub-
sequent increase in bronchial responsiveness. More-
over, chronic administration of [3-adrenergic ago-
nists,* unlike glucocorticosteroids,* does not reduce
bronchial responsiveness and may even cause a small
rebound increase in airway reactivity when therapy is
stopped.’ This evidence has therefore highlighted the
potential inadequacy of (8,-agonists as disease-modi-
fying agents in asthma and leads to the concept that
they are of value merely in the symptomatic relief of
airflow obstruction.

The molecular mechanisms by which 3,-agonists
mediate bronchodilatation are well understood.® Al-
though reversal of airway smooth muscle contraction
is believed to represent the principal mode of action,
considerable in vitro evidence exists suggesting ad-
ditional properties, including attenuation of mast cell-
mediator release,” ® reduction in airway microvascular
leakage,” and inhibition of cholinergic neurotrans-
mission within the airway.'° However, direct evidence
in vivo for any anti-inflammatory effects of B,-ago-
nists is limited.'"

SM is a new sympathomimetic bronchodilator agent
(Fig. 1) with a prolonged duration of action and, as
such, may represent an important therapeutic advance
in the treatment of asthma. In vitro evidence of its
prolonged effects on airway smooth muscle has been
confirmed in animal models in vivo,” " and more
recent clinical evaluation'*'® suggests a duration of
action of 7 to 12 hours. In addition to producing sus-
tained bronchodilation, SM attenuates release of in-
flammatory mediators from antigen-stimulated human
lung fragments in vitro for up to 20 hours'’ and mi-
crovascular leakage and inflammatory cell infiltration
in guinea pig lung for 6 to 8 hours."” Furthermore,
SM, over concentration ranges at which short-acting
B.-agonists are ineffective, has marked inhibitory ac-
tivity on mediator release in vitro from neutrophils'?
and alveolar macrophages,' the latter putatively via
a mechanism independent of (3,-receptor activation.

In this comparative study, we have evaluated the
effect of a single inhaled dose of SM (50 p.g) and SB
(200 pg) on the airflow obstruction and change in
bronchial reactivity that follows allergen challenge in
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Abbreviations used
AUC: Area under the curve
LT: Leukotriene
SB: Salbutamol
SM: Salmeterol
PC,: Provocative concentration causing a
20% fall in FEV,

HPLC: High-performance liquid chromatog-
raphy
ADDPC,,: Doubling-dose change in PC,, histamine
values

atopic subjects with asthma. We have also measured
urinary LTE, excretion as an integrated measure of
mediator release from lung inflammatory cells after
inhalation of allergen."

METHODS

Twelve atopic subjects with mild asthma participated af-
ter giving written and informed consent for the study that
was approved by the Hammersmith and Queen Charlotte’s
Special Area Health Authority. All subjects gave a history
of periodic wheeze and demonstrated a reversibility of at
least 20% in peak expiratory flow rate either spontaneously
or with bronchodilator therapy. None of the subjects
smoked, seven subjects were male, and their ages ranged
between 20 to 40 years. All subjects were clinically stable
at the time of the study and had no evidence of systemic or
respiratory disease. Their serum biochemical profile and full
blood counts were all within normal limits. FEV, was >60%
predicted, and histamine PC,, <32 mg/ml at inclusion into
the study. At the time of study, subjects were either taking
no therapy or occasional inhaled SB alone and were skin
test positive to either mixed grass pollen or house dust-mite
(Dermatophagoides pteronyssinus) extracts. Subjects’ char-
acteristics are summarized in Table 1. Bronchodilator ther-
apy, in which it was applicable, was withheld for at least
8 hours and caffeine-containing drinks for 12 hours before
bronchial challenges.

Bronchial challenges

Airway caliber was measured before and during the in-
halation challenges as FEV, by use of a dry-wedge spirom-
eter (Vitalograph, Buckingham, U.K.). Serial dilutions of
histamine acid phosphate were prepared freshly in 0.9%
wt/vol of saline from a stock solution containing 32
mg/ml. Extracts of allergen (D. pteronyssinus/ Aquagen SQ
or mixed grass pollens/Spectralgen, Pharmacia, Milton
Keynes, U.K.) were prepared in 0.9% saline to produce a
range of concentrations from 500 to 25000 U/ml. Bronchial
challenges were administered from a compressed air-driven
nebulizer attached to a breath-activated dosimeter
(P. K. Morgan, Gillingham, Kent, U.K.) with a delivery
time of | second. Subjects inhaled the aerosol from a mouth-
piece by taking five consecutive breaths from functional
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FIG. 1. Structures of SB and SM.

TABLE . Subjects’ characteristics

PCx
Age Height Smoker % Predicted histamine
Subject {yr) Sex {cm) Y/N FEV.* (L) FEV,* {mg/ml¥) Treatment
1 25 F 168 N 2.98 86.4 1.52 None
2 32 M 175 N 4.10 102.5 11.65 SB
3 28 F 151 N 2.80 100.4 3.43 SB
4 22 F 160 N 3.30 105.8 3.01 SB
5 22 F 163 N 1.90 64.2 0.15 SB
6 38 M 181 N 4.28 106.5 28.3 SB
7 23 M 173 N 3.23 80.8 0.99 SB
8 39 M 180 N 4.20 108.5 6.67 SB
9 20 M 166 N 3.53 92.9 1.66 SB
10 29 M 183 N 3.82 87.6 7.87 SB
[} 40 M 180 N 2.48 64.1 0.31 SB
12 25 F 162 N 2.78 89.1 19.50 None

*Values at inclusion into the study (visit 1).

residual capacity to total lung capacity; under these con-
ditions, 8 pl was delivered per breath.

Assessment of PC,, histamine. One FEV, measurement
was made before and 1 minute after the inhalation of five
breaths of 0.9% saline; the postsaline value was designated
the basal value. Postsaline FEV, measurements had to be
within 10% of measurements recorded before saline inha-
lation. Doubling-dose concentrations of histamine acid
phosphate were then inhaled, and FEV, was measured 1
minute later until at least PC,, had been achieved or the
subject had inhaled until at least a 20% fall from baseline
had been achieved or the highest concentration of histamine
used (32 mg/ml). PC, histamine was obtained by linear
interpolation of the last two points of the dose response.
Five subjects who received SM had a fall in FEV, of <20%
after 32 mg/ml of histamine and were assigned a PC,, his-
tamine of 32 mg/ml.

Allergen challenge. D. pteronyssinus or grass-pollen ex-
tract was chosen for allergen inhalation, depending on the
results of skin prick testing. After determination of the post-
saline baseline FEV, (always within 10% of the presaline
values), subjects inhaled from an initial solution of allergen

chosen as that which caused at least a 3 mm diameter wheal
on intradermal injection. FEV, was then measured at 5 and
10 minutes. If FEV, recorded at 10 minutes had fallen <10%
of the baseline, a fivefold increase in alletgen concentration
was inhaled. If the fall was >10% but <15%, a 2.5 increase
in allergen concentration was administered. If the fall was
>15%, no further allergen was administered. No subject
received more than three doses of allergen. Cumulative al-
lergen administered ranged from 6000 to' 31,000 U/ml.
FEV, measurements were made at 5, 10, 15, 30. 45, 60.
75, 90, 120, 150, 180, 210, and 240 minutes after the last
dose of allergen. At 4 hours, postchallenge PC,, histamine
was again determined.

Study design

Subjects attended the clinical laboratory at 8 aM on four
separate occasions at least 1 week apart. On visit I, sabjects
were evaluated for inclusion into the double-blind part of
the study. Provided baseline spirometry was >60% pre-
dicted and histamine PC,, was <32 mg/ml, an allergen
challenge was performed 1 hour after the completion of the
histamine challenge. On subsequent study days. subjects’
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PC,, histamine was determined on arrival in the laboratory
and had to be within 1 doubling dose of the value recorded
at their initial visit. One hour later, the trial medication was
administered as two actuations from identical metered-dose
inhalers containing SM (25 pg per puff), SB (100 pg per
puff), or placebo. Dosing was randomized and double
blinded; 15 minutes later, FEV, was measured (posttreat-
ment FEV,) followed immediately by determination of the
postsaline baseline (prechalienge) FEV, and the start of the
allergen challenge. Subjects inhaled exactly the same doses
of allergen during the same time as visit 1. Administration
of the final dose of allergen was designated time O, and
postchallenge FEV, measurements were started. At 4 hours,
PC,, histamine was again determined. The study was then
concluded by administering inhaled SB (200 pg) and be-
clomethasone dipropionate (2 mg).

Urine collections

On all study days, subjects voided their bladder imme-
diately before allergen challenge and then drank 500 ml of
water. Urine was voided at 120 minutes after inhalation of
the last dose of allergen. The duration of this urine collection
was minimally 120 minutes or maximally 140 minutes, de-
pending on the number of doses of allergen administered.
The subjects then drank an additional 500 ml of water, and
at 240 minutes after completion of the allergen challenge,
urine was again collected. The duration of this collection
was always 120 minutes. Possible diurnal variation in uri-
nary cysteinyl leukotriene excretion was minimized by per-
forming allergen challenges at the same time on each of the
study limbs.

Mediator analysis

Urinary LTE, was measured with single-step extraction
HPLC coupled with RIA.* Urine (30 ml) was spiked with
~5000 disintegrations per minute of [PHJLTE, (Du Pont
[U.K.] Ltd., Stevenage, Herts, U.K.), 38.4 Ci/mmol, im-
mediately after collection and then stored at —80° C. Sam-
ples were allowed to thaw at room temperature just before
analysis. The single-step extraction and HPLC were per-
formed as previously described in which handling is reduced
to a minimum, and consequently, yields increased. The
presence of the [PH]JLTE, ailows the elution position of en-
dogenous LTE, to be defined accurately for each given sam-
ple. The methanol/water solvent of eight 2 ml fractions
across the elution position of LTE, was removed under vac-
uum before immunoassay with a standard kit (Amersham
International, Amersham, Buckinghamshire, U.K.). The
HPLC fractions were resuspended in 600 wl of immunoassay
buffer; 200 pl was used to determine recovery (of the order
of 40%) and 2 X 100 pl aliquots to assay for LTE, im-
munoreactivity in duplicate. LTC, was used as the radioli-
gand, and samples were quantified against a LTC, standard
curve (12.5 to 1600 pg). The antibody used was raised
against LTD,; the cross-reactivity of this antiserum toward
LTE, was 51%. The presence of LTE, was accepted only
when there was concomitant rise and fall of both the im-
munoreactivity and radioactivity across the HPLC profile;
this also allows the background cross-reacting impurities to
be defined and quantified.
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Data analysis

Changes in histamine reactivity after allergen challenge
were expressed as ADDPC,, calculated as the Alog
PC,/log,,2. Because of the truncation of a number of his-
tamine challenges with a PC,, of 32, ADDPC,, histamine
is presented as a median, and range and differences between
groups were analyzed nonparametrically with a Wilcoxon's
signed-rank test. The response to allergen was also com-
puted by trapezoid integration of the FEV, AUC for the first
(AUC,.,12) and second (AUC 5 44) 2-hour periods to coincide
with the urine collections after allergen challenge. The first
2-hour period actually varied, depending on the number of
doses of allergen administered to individual subjects; this
was minimally 120 minutes or maximally 140 minutes. The
value AUC, ., is the sum of these two values. Differences
in AUC and falls in FEV, on both placebo-treated and active-
treated days were assessed by Wilcoxon’s signed-rank anal-
ysis. Urinary leukotriene excretion was quantified as nan-
ograms per millimole of creatinine. The distribution of LTE,
is log normal® and hence was log transformed before use
of a two-way analysis of variance with collection time and
treatment as independent variables. Significance was as-
signed at p < 0.05 throughout.

RESULTS

No adverse clinical or biochemical sequelaec were
noted in relation to either treatment during the study.

The FEV, values both before and after histamine
challenge, trial medication, and immediately before
allergen challenge are presented in Table II. Values
either before and after histamine challenge were not
significantly different among the three treatment
limbs. Inhalation of both (,-agonists caused a small
bronchodilator effect (Table II), but at the time of
allergen-challenge, it did not reach statistical signif-
icance.

Percent change in baseline FEV, values after aller-
gen challenge are illustrated in Fig. 2. After placebo
treatment, there was a fall in FEV, with a maximum
fall of 40.4% =+ 6.3% at 15 minutes after the ad-
ministration of the last dose of allergen. In contrast,
after inhalation of SM and SB, respective maximal
falls in FEV, were 6.2% * 4.9% (at 15 minutes) and
6.5% =+ 2.7% (at 10 minutes) after the last dose of
allergen.

Data relating to the FEV, AUCs are illustrated in
Fig. 3. Both SB and SM, compared to placebo, sig-
nificantly attenuated the AUC,_ 5, (p < 0.005 versus
placebo), but there was no significant difference be-
tween the B,-agonists.

At 240 minutes after allergen challenge, the airflow
obstruction on the placebo and SB limbs was not sig-
nificantly different (Fig. 2). In contrast, after SM,
bronchodilatation was observed at this time point
(p <0.02, SM versus placebo; p < 0.005, SM
versus SB). Data relating to the AUC 50,4 and the
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FIG. 2. Effect of SB (), SM (A), and placebo (e) on aliergen-induced bronchoconstriction. Fach
point represents the mean (= SEM) FEV, expressed as a percentage of the preallergen challenge
baseline in 12 atopic subjects with asthma. Time zero represents the administration of the last

dose of allergen.

TABLE Il. Baseline FEV, (L) data

Before After After Before After
Treatment histamine* histaminet medicationt challenge§ challengel|
Placebo 3.02 = 0.23 3.11 = 0.23 3.05 = 0.22 3.05 = 0.24 2.68 = 0.32
SB 2,96 = 0.23 3.01 = 0.21 3.40 = 0.18 3.39 = 0.18 3.07 = 0.20
SM 3.03 £ 0.22 3.03 = 0.22 3.26 + 0.19 3.27 = 0.17 3.44 = 017

*All values recorded after saline.
tRecorded 60 minutes after initial histamine challenge.
$Recorded 15 minutes after study medication.

§The preallergen-challenge value was the basal value for postallergen-challenge measurements.
|Recorded 4 hours after allergen challenge and before the second histamine challenge.

AUC, .4 are illustrated in Fig. 3. There was significant
reduction in the AUC 5,4 by SM (p < 0.01, SM
versus placebo; p < 0.005, SM versus SB) but not
by SB. Both SM and SB significantly attenuated the
AUC, ;4 (p < 0.01, SB versus placebo; p < 0.005,
SM versus placebo) as did SM compared to SB
(p < 0.005).

The increase in airway reactivity after allergen ex-
posure expressed in terms of ADDPC,, histamine was
significantly attenuated by both SB (median, —0.20
{range, —3.29 to 1.14]) and SM (median, 1.39
[range, —1.22 to 5.60]) compared to placebo (me-
dian, —1.34 [range, —4.06 to 0.56}) (p < 0.005,
versus placebo; Fig. 4). The ADDPC,, after treatment

with SM was also significantly different to that after
SB treatment (p < 0.005). Thus, at 4 hours after the
last dose of allergen was administered, the change in
airway responsiveness was, respectively, 1.14 and
2.73 ADDPC,, after SB and SM compared to placebo.

Urinary LTE, excretion was greater during the first
0 to 120-minute collection compared to the second
collection (120 to 240-minute collection) on placebo
geometric mean, 30.0 [95% confidence interval, 17.4
to 51.6] versus 20.5 [11.7 to 36.0].ng/mmol of cre-
atinine), SB (25.0 [14.9 to 41.7] versus 16.1 [9.2 to
28.2]) and SM (25.1 [16.0 to 39.4} versus 16.9 {10.}
to 28.3]) treatment days (Fig. 5). During either the 0
to 120- or 120 to 240-minute period. there was no
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FIG. 4. Effect of SM, SB, and placebo on allergen-induced changes in bronchial reactivity ex-

pressed as ADDPC,,; median values (A).

significant difference in urinary LTE, excretion be-
tween treatments (p > 0.1, Fig. 5). Expressed as the
total LTE, excreted after allergen challenge (0 to 240
minutes) (placebo, 25.9 [15.3 t0 43.8]; SB, 20.0 [12.8
to 31.3]; and SM, 20.4 {13.8 to 30.3] ng/mmol of
creatinine), there was still no significant treatment
effect (p > 0.1). ‘

DISCUSSION

We undertook this study to compare the effects of
single therapeutic doses of inhaled SM (50 pg) and
SB (200 pg) on allergen-induced bronchoconstriction,
airway reactivity, and endogenous cysteinyl leuko-
triene release in atopic subjects with asthma. This
study confirms the inhibitory effect of single-dose in-
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haled SB on immediate bronchoconstriction after al-
lergen challenge. At later time points (2 to 4 hours),
SB and placebo had similar FEV, time profiles, and
the AUCs were not significantly different. In contrast,
SM significantly attenuated the bronchoconstrictor re-
sponse to allergen during the entire 4-hour observation
period- after allergen challenge. Neither SB or the
longer-acting SM significantly attenuated the allergen-
induced increase in urinary LTE, excretion.

Human airway smooth muscle possess {,-adren-
ergic receptors,”’ and activation of these receptors
causes bronchodilatation. The long duration of action
of SM is believed to reflect exoreceptor binding.* The
long lipophilic chain of the molecule (Fig. 1) facili-
tates high-affinity binding to a site adjacent to the (,-
receptor in the cell membrane (the “exoreceptor” site).
The findings of this study are therefore in accordance
with previous data on the duration of action of SM
on airway smooth muscle both in vitro,'> " in animal
models in vivo,” and in clinical evaluation in
asthma.'*'® Four hours after allergen challenge, the
airflow obstruction after placebo and SB treatment was
indistinguishable. In contrast, after SM, bronchodi-
latation was observed at this point. The airway effects
of SM presumably reflect sustained [3,-adrenergic-re-
ceptor stimulation of the airway smooth muscle that
provides functional antagonism of the effects of al-
lergen.

The immediate bronchoconstriction that occurs af-

ter allergen challenge in atopic subjects with asthma
has been conventionally associated with the IgE-de-
pendent activation of lung mast cells;” although im-
munologic activation of other cells, such as alveolar
macrophages, are likely to be important.>* Activation
of mast cells is associated with the release of histamine
and spasmogenic products of arachidonic acid metab-
olism, including prostaglandin D,, thromboxane A,
and the cysteinyl leukotrienes (LTC,, LTD,, and
LTE,).” Furthermore, the generation of cysteinyl leu-
kotrienes in vitro has been described from a variety
of tissues, including allergen-challenged lungs of sub-
jects with asthma® and purified inflammatory cells,
of which mast cells*® and eosinophils® are particularly
relevant.

In addition to their effects on airway smooth mus-
cle, B,-adrenergic agonists attenuate the release in
vitro of histamine and cysteinyl leukotrienes from lung
mast cells and sensitized human lung fragments after
immunologic challenge.” * * The duration and mag-
nitude of this inhibition is considerably greater with
SM at equipotent concentrations than shorter-acting
B.-agonists.'” Such effects in vivo have been sug-
gested by the observations that SB in therapeutic doses
suppresses the rise in plasma histamine after allergen
challenge.'' These increments are, however, transient
(levels peak in 5 minutes and return to baseline within
30 minutes™), often precede the maximum broncho-
constrictor response, and do not provide an integrated
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assessment of endogenous mediator release.* Urinary
measurements circumvent these problems. After al-
lergen challenge, small increases in the urinary ex-
cretion of histamine and thromboxane A, metabolites
have been reported,” ** although other studies have
failed to verify these findings.*""* In contrast, there
is a large increment in urinary LTE, excretion coin-
cident with allergen-induced early phase bronchocon-
striction in vivo. '3 We have therefore used urinary
LTE, measurements as an index of inflammatory-cell
mediator release during allergen challenge to assess
the effect of inhaled B,-agonists on inflammatory-cell
activation.

The kinetics of LTE, excretion into the urine have
been addressed in several studies.*® After inhalation
of nebulized LTD,,* approximately 50% of total uri-
nary LTE, is excreted in the first 2 hours. Similarly,
most LTE, enters the urine within 4 hours after intra-
venous administration of LTC,.*® Allergen-provoked
release of urinary LTE, is greatest within 2 to 3 hours
of challenge and declines rapidly thereafter.'® ** ¢
Hence, any attenuating effect of 3,-agonists on urinary
LTE, excretion is most likely to occur within the first
few hours of an allergen challenge.

The failure of both B,-agonists to suppress urinary
excretion of LTE, in the 4 hours after allergen chal-
lenge was unexpected and stands in marked contrast
to their clearly separable effects on airway caliber
during the same period. There are several possible
explanations of these conflicting findings. First, the
tacit assumption has been made that the allergen-
evoked rise in urinary LTE, represents cysteinyl leu-
kotriene generation within the lung. In fact, their pre-
cise origin has not been established, and they could
equally arise from an extrapulmonary site(s), such as
the blood. A recent study with nebulized sodium cro-
moglycate suggests, however, that in some subjects
the allergen-evoked rise in urinary LTE, does indeed
come from mast cells in the lung.*® Second, although
D.-agonists are potent inhibitors of cysteinyl leuko-
triene generation by the lung in vitro,” - * this in-
hibition may not occur to a significant extent after
inhalation in vivo. Inhaled (3,-agonists do, neverthe-
less, block the allergen-evoked rise in plasma hista-
mine that suggests they are able to inhibit lung mast
cells in vivo.!! A more likely explanation, and the one
favored in this study, is that, functionally, the most
important action of inhaled P,-agonists in humans is
not the inhibition of lung mast cells but the relaxation
of airway smooth muscle.

In accordance with other studies, SB treatment only
partially attenuated the increase in bronchial reactivity
after allergen challenge.? Conversely, treatment with
SM resulted in a substantial decrease in histamine
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reactivity after allergen challenge, equivalent to a re-
duction of 2.73 and 1.59 doubling dilutions of his-
tamine compared to that of placebo and SB. This shift
in the PC,; histamine is probably not a simple con-
sequence of bronchodilatation, since inhaled ipratro-
pium bromide causes similar levels of bronchodila-
tation in subjects with asthma without any effect on
their histamine reactivity.** The observation most
likely reflects a prolonged functional antagonism of
the bronchoconstrictor effect of histamine, although
an additional anti-inflammatory effect cannot be ex-
cluded. This issue has been addressed further in a
recent study by Twentyman et al.*' that evaluated the
effect of SM on allergen challenge during a 34-hour
period, aithough this study was unblinded in the sense
that a second [3,-agonist was not used as an active
control. These authors found that SM protected
against histamine-induced bronchoconstriction at least
up to 9% hours. In addition, it prevented allergen-
induced early and late-phase responses for up to 72
hours, and the accompanying increases in bronchial
reactivity up to 34 hours. The authors concluded that
the attenuation of airway responsiveness by SM after
allergen challenge could not be accounted purely on
the basis of bronchodilation and functional antago-
nism and that it may be the result of some additional
anti-inflammatory properties of the drug. However,
our data suggest that these effects are independent of
inhibition of cysteinyl leukotriene release, at least dur-
ing the early phase, and that the mechanism of these
putative effects require further investigation.
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