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The late asthmatic response to bronchial allergen challenge‘ and the
associated increase in nonspecific bronchial reactivity provides a model for
studying the acute inflammatory mechanisms in asthmatic airyvays. In 12
asthmatic patients (aged 22-37 years) with known dual reaction to allergen
challenge, salmeterol 50 pg, 100 pg, or placebo was admm_lstered as a
single dose 10 min before allergen challenge in a double-blind, -randomlzcd
order on three different study days 2 weeks apart. The bronchial

reactivity (BH) to histamine was measured the day before and 24 and 48 h
after allergen challenge. Salmeterol significantly inhibited the early
(P<0.02) and the late (P<0.05) asthmatic reactions. After placebo, mean
BH was significantly increased above base line at 24 and 48 h (P <0.02). After
50 and 100 pg salmeterol, BH was less than base line at 24} h and

returned to prechallenge values at 48 h. Blood eosinophils increased
significantly (P < 0.05) 24 and 48 h after allergen challenge, and no difference
was found between treatments. After pretreatment with placebp, serum
eosinophil cationic protein (s-ECP) and serum eosinophil protein X (s-EPX)
increased significantly (P<0.05) 24 and 48 h after allergen chauenge.

After treatment with salmeterol 50 pg, s-EPX, but not s-ECP, increased
significantly 24 h after challenge, but was normal at 48 h. After salmeterol
100 pg, no change in s-EPX or s-ECP was found. The results showed that
salmeterol eliminated the allergen-induced dual asthmatic reaction and
gave protection against increased BH. Measurement of blood eosinophils,
s-ECP, and s-EPX indicated that salmeterol may modify this inflammatory
cell activity, because raised s-levels of ECP and EPX may be-linke.d to
eosinophil activation and granule secretion. In addition to inducing a
long-lasting bronchodilation, salmeterol may influence acute inflammation.
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Lung challenge with inhaled extracts of common
aeroallergens in selected subjects results in the de-
velopment of an early asthmatic reaction (EAR) fol-
lowed by a late asthmatic reaction (LAR)(22). De-
velopment of the LAR is associated with an increase
in bronchial reactivity (6) and accumulation of in-
flammatory cells in the bronchial mucosa (21). In

addition, after the LAR a rise occurs in the levels of
blood eosinophils, serum eosinophil cationic protein
(s-ECP), and serum eosinophil protein X (s-EPX)
(29) at 24 h after challenge (8) and in eosinophil
number in bronchial lavage fluid after 6 h (10). The
lavage fluid eosinophilia is accompanied by an ele-
vated ECP/albumin ratio (9).
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The late asthmatic response to bronchial allergen
challenge and the associated increase in nonspecific
bronchial reactivity provides a model for studying
the acute inflammatory mechanisms in asthmatic
airways. The aim of this study was to investigate the
influence of inhaled salmeterol, a long-acting f3,-
adrenoceptor agonist, on the allergen-induced EAR
and LAR and the postchallenge variation in bron-
chial reactivity and levels of blood eosinophils,
s-ECP, and s-EPX as a measure of eosinophil ac-
tivity.

Methods

Patients

Twelve patients, three women and nine men, with a
mean age of 28 years (range 22—37 years) were se-
lected for the study. All patients had bronchial
asthma as defined by the American Thoracic Society
(1). The patients gave informed consent and the
study was approved by the Ethics Committee of
Aarhus and the National Board of Health and Wel-
fare and was performed according to the Declara-
tion of Helsinki.

Base-line lung function measured as forced expi-
ratory volume in 1s (FEV,) with a dry spirometer
(Vitalograph, Model S, Vitalograph Ltd, Bucking-
ham, UK) was 96.5% of predicted normal value
(range 78.0—114.3%) (12). All patients used inhaled
bronchodilators when needed and had not been
treated with corticosteroids, disodium cromoglycate,
or oral bronchodilators for the previous 6 months.
Inhaled bronchodilator therapy was withheld for 8 h
before challenge.

All patients had an allergic component to their
disease and had a positive skin prick test, RAST,
and inhalation challenge test to the allergen used in
the study. Table 1 gives the demographic details of
the patients and the allergens used. Allergens were

Table 1. Characteristics of the patients and the allergen-challenge dose

purchased from ALK, Copenhagen, Denmark, and
were standardized and partially purified extracts.

Study design

The study consisted of three periods: control, study,
and base-line.

Control period. On control day 1, base-line FEV, was
measured and base-line bronchial reactivity to his-
tamine was determined. On the next day, bronchial
allergen challenge was performed and the dose of
allergen was determined that resulted in an EAR
followed by an LAR. On the first 2 days in each
subsequent challenge sequence, base-line FEV, had
to be within 159 of the value measured on control
day 1. On the first day in each subsequent challenge
sequence, bronchial reactivity had to be within two
doubling histamine concentrations of the base-line
reactivity.

Study period. The study period consisted of three
allergen challenges with 2 weeks’ interval between
each challenge. Salmeterol 50 pg, 100 pg, or placebo
was inhaled from a metered dose aerosol 10 min
before allergen challenge in a double-blind, random-
ized, three-way, cross-over design. Allergen chal-
lenge was performed with the predetermined aller-
gen dose. FEV, was measured as described (see
bronchial allergen challenge procedure). After the
last measurements of FEV, at 12 h, the patients in-
haled 0.2 mg of salbutamol and abstained from in-
haled P,-agonists until the next morning. Bronchial
reactivity to histamine was measured 24 h before
and 24 and 48 h after allergen challenge. A blood
sample was collected on each study day before the
histamine and allergen challenges to measure blood
eosinophil count and s-ECP, and s-EPX concentra-
tions.

S-Igk RAST Concentration
Patient Age (years) Sex Duration of asthma (years) FEV, % predicted U/ml Allergen PRU/mI No. of inhalations (SQ-U/ml)
B.H. 37 F 25 94.8 186 Timothy 30.3 2 100000
H.S. 30 M 26 110.7 Al D. pter. 17.4 25 100000
B.H. 31 M 4 94.9 79 Timothy 21.7 5 10000
K.N. 22 M 1 82.2 452 Timothy 28.2 2 75000
Ak 26 M 12 96.7 502 D. pter. 24.3 5 100000
S.K. 26 F 4 114.3 114 D. pter. 20.8 8 10000
P.B. 37 M 8 88.9 107 D. pter. 16.7 4 100000
ESY 29 M 1 78.0 113 D. pter. 10.8 8 100000
iR 28 M 22 100.2 474 D. pter. 17.5 30 100000
L.H. 25 M 1 93.4 186 D. pter. 16.7 4 100000
TR. 22 F 4 102.4 253 D. pter. 24.7 12 100000
K.G. 23 M 10 101.4 519 D. pter. 26.6 24 100000

S-IgE =serum IgE; SQ-U/ml=standardized quality units per millliter; D. pter. = Dermatophagoides pteronyssinus, PRU/ml=Phadebas RAST units per ml.
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Base-line period. Diluent challenge was performed
on 2 days with 2 weeks’ interval. Salmeterol 50 pg
or placebo was inhaled from a metered dose aero-
sol 10 min before diluent challenge in a double-blind,
randomized, cross-over design. FEV, was measured
as described for bronchial allergen challenge.

An interval of 2 weeks separated the control pe-
riod, the study period, and the base-line period.

Bronchial allergen challenge

The allergen solutions were prepared from freeze-
dried allergen in diluent (saline containing 0.5%, al-
bumin) to the final concentrations and stored at4°C.
Immediately before challenge the allergen solution
was warmed to room temperature. The challenge
was performed with a Wright nebulizer with a small
reservoir which makes it possible to operate the neb-
ulizer with 0.2—1.10 ml solution in the chamber (19).
The nebulizer was calibrated to give a constant out-
put of 0.13—0.15 ml/min. The mist was inhaled dur-
ing tidal breathing through a mouthpiece and the
nose was clipped. FEV, was measured before the
start of the allergen challenge procedure, and FEV,
after inhalation of diluent was used as base line for
the allergen challenge. The allergen dose was estab-
lished that resulted in an EAR defined as a fall in
FEV, of 20% or more within 60 min and an LAR
defined by a fall of 209, or more in FEV, between
2 and 9 h after challenge. FEV, was measured at 35,
10, 15, 20, 30, 45, and 60 min and every hour be-
tween 2 and 12 h.

Histamine challenge

Bronchial reactivity to histamine was performed in
accordance with a method described by Cockcroft
et al. (5). The aerosol was generated by a Wright
nebulizer with 2 ml solution calibrated to give a
constant output of 0.13—0.15 ml/min. The mist
was inhaled through a mouthpiece and the nose
was clipped. Histamine was inhaled for 2 min dur-
ing tidal breathing. FEV, was measured before the
start of the procedures and 30 and 90 s after termi-
nation of the inhalation. FEV, after isotonic saline
was used as base line. Histamine dihydrochloride
was inhaled in doubling concentrations from
0.03 mg/ml to 32.0 mg/ml. The result was expressed
as the provocation concentration giving a 209
fall in FEV, (PC,,), obtained from the log dose-
response curve by linear interpolation of the two last
points.

Bronchial diluent challenge

Bronchial diluent challenge (isotonic saline contain-
ing (.59 albumin) was performed on two occasions

Effect of salmeterol

with the Wright nebulizer with a small reservoir as
previously described. Eight inhalations of diluent
were given two times at 5-min intervals. FEV, was
measured before the challenge and then at 5, 10, 15,
20, 30, 45, and 60 min and every hour between 2 and
12 h. The last measurement was performed 24 h after
the challenge.

Laboratory analyses

A venous blood sample was collected, and the eosi-
nophil number was counted in a Fuchs-Rosenthal
chamber after staining with eosinophil staining so-
lution (sodium citrate 0.39;, acetone 15%,, eosin
0.1% w/v). The blood samples were stored 1h at
room temperature before centrifugation at 1600 g at
4°C for 10 min. Serum was collected and recentri-
fuged at 1600 g, 4°C for 10 min. The collected sam-
ples were stored in 1-ml aliquots at — 70°C until
analyzed. The concentrations of ECP and EPX were
measured by radioimmunoassay (23, 30).

Statistics

The randomization for treatment allocation was
made by a computer program. All individual FEV,
values measured during allergen and diluent chal-
lenge days were expressed as percentages of pre-
dicted normal values. Changes in FEV, on allergen
and diluent challenge days were expressed by the
FEV, value measured after diluent inhalation as base
line.

Twelve patients were challenged with allergens
and in 10 cases diluent challenges were performed.
In these 10 patients the corresponding FEV, values
expressed as percentages of predicted normal value
were subtracted to make a correction for the spon-
taneous and drug-induced variation in FEV, during
the day. Results are given as mean values, and sta-
tistical analyses were made by Student’s paired
t-tests.

PC,, histamine values were analyzed after loga-
rithmic transformation. The changes in histamine
reactivity (A PC,,) were expressed in doubling dilu-
tions of histamine, the value 24 h before allergen
challenge being used as base line (A PC,,=log,
[PC,, base line] — log, [PC,, test]). Statistical anal-
yses were made by Student’s paired t-tests.

Levels of blood eosinophils, s-ECP, and s-EPX
are given as median values. Changes were expressed
with the value on the allergen challenge day as base
line. Statistical analyses were made by two-tailed
Wilcoxon signed rank tests. P values equal to or less
than 0.05 were considered to be statistically signif-
icant.
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Fig. I. Mean values of FEV, (¥, predicted normal) after allergen
challenge and pretreatment with placebo , salmeterol 50 pg

Results

After placebo, the patients developed an EAR fol-
lowed by an LAR, and the responses were similar to
the base-line challenge. FEV increased significantly
(P<0.001) after 50 and 100 pg salmeterol. There
was a significant inhibition throughout (P <0.02) the
EAR and the LAR by salmeterol, and no difference
was found between 50 and 100 pg (Fig. 1). FEV,
increased significantly (P<0.05) after diluent chal-
lenge on both diluent days (Fig. 2) with no difference
between pretreatments of inhaled salmeterol or pla-
cebo.

The FEV, values measured after diluent inhala-
tion and pretreatment with salmeterol 50 pg and
placebo were subtracted from the corresponding val-
ues after allergen challenges and respective pretreat-
ment. In this way a correction was obtained for the

-20

-30 -

FEV, %predicted normal

-40

11 it
45 -5 0 5 10 15 20 30 45 60 2 3 4 5 6 7 8 9 10 11 12 24
min hours
diluent inhalation
d

iluent inhalation

pretreatment
salmeterol or placebo

Fig. 2. Mean values of FEV, (% predicted normal) after diluent
challenge and pretreatment with placebo , and salmeterol
50 pg ====m :
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Fig. 3. Mean values of A FEV, (% predicted normal) after diluent
challenge values were subtracted from values after allergen chal-
lenges, after treatment with placebo , or salmeterol 50 pg

spontaneous and drug-induced FEV, variation dur-
ing the day. Even with this correction salmeterol
eliminated the EAR and the LAR (P<0.05) (Fig. 3).

After placebo, PC,, histamine decreased signifi-
cantly (P<0.02) 24 and 48 h after allergen challenge
(Fig. 4). After 50 and 100 pg salmeterol, PC,, his-
tamine increased at 24 h and returned to prechal-
lenge values after 48 h. '

Blood eosinophils increased significantly
(P<0.05) 24 and 48 h after allergen challenge, and
no difference was seen between the pretreatments
with placebo and salmeterol (Fig. 5). After placebo,
s-ECP increased significantly (P<0.05) 24 and 48 h
after challenge (Fig. 6). However, after 50 and 100 pg
salmeterol, s-ECP did not increase. S-EPX increased
significantly 24 and 48 h after allergen challenge and
placebo treatments (Fig. 7). After salmeterol 50 pg,
s-EPX increased significantly 24 h after challenge
and returned to prechallenge values after 48 h. No
changes were found in s-EPX concentration after
allergen challenge and pretreatment with 100 pg sal-
meterol.

1.0 4

A PCyq histamine, doubling dilutions

base-line
control period

Fig. 4. A PC, histamine (doubling dilutions) before and 24 and
48 h after allergen challenge, after pretreatment with placebo
, salmeterol 50 ----- ,or 100 pg »»veeee 3

- 24 hours 24 hours

48 hours
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Fig. 5. Values of blood eosinophils before (precha}lenge) and 24
and 48 h after allergen challenge, after treatment with placebo [,
salmeterol 50 [, or 100 pg []. Median and range.

24 hours

* P<0.05

| | [T

48 hours

|
|

24 hours

10

ks

prechallenge

Fig. 6. Values of s-cosinophil cationic protein (ECP) before (pre-
challenge) and 24 and 48 h after allergen challenge, after treatment
with placebo [J, salmeterol 50 [J, or 100 pg . Median and
range.

* P<0.056

! it [T |l

e o] oird J
48 hours
Fig. 7. Values of s-eosinophil protein X (EPX) before (prechal-
lenge) and 24 and 48 h after allergen challenge, after treatment
with placebo [, salmeterol 50 [, or 100 pg . Median and
range.

o

24 hours

Discussion

The present study confirmed the results of Twenty-
man et al. (26) who showed protection against the
EAR, the LAR, and the postchallenge increase in
histamine reactivity. We compared 50 and 100 pg
salmeterol but found that both doses were equally
effective at eliminating the allergen-induced early-
and late-phase reactions. In the present study the
increased bronchial histamine reactivity after 24 and
48 h was also eliminated. It is established that in-

Effect of salmeterol

haled B,-agonists effectively inhibit the EAR. This
may be caused by a combination of inhibition of
mast cell mediator release (16) and smooth-muscle
relaxation (25). Likewise, the inhibition of the LAR
may be caused both by long-lasting bronchodilator
activity and by inhibition of the pathogenetic mech-
anisms operating in the evolution of the LAR and
associated increase in bronchial reactivity. The exact
mechanisms of the LAR are unknown; however, it
is associated with an influx of cells into the bronchial
wall (20) and plasma exudation. This creates an in-
crease in airway wall thickness, with increased air-
way resistance after challenge as the explanation of
the increased airways reactivity after an LAR (15).
,-adrenoceptor agonists can inhibit plasma exu-
dation (11); indeed, a long-lasting inhibition or
histamine-induced plasma leakage has been ob-
served with salmeterol in experimental models (2, 4,
17).

Blood eosinophils have surface f3,-adrenoceptors
(31). In vivo studies have found that blood eosinophil
count (7, 17) and s-ECP (7) are reduced after sys-
temic treatment with B,-agonists. In vitro studies on
purified eosinophils found no influence on stimu-
lated superoxide generation after incubation with a
B,-agonist. This discrepancy between in vivo and in
vitro findings on [3,-agonist influence on eosinophil
function needs further study. Different eosinophil
functions have been studied in the above mentioned
publications. It is possible that iz vivo findings on
eosinophil behavior reflect not only a direct influence
of B,-agonists on eosinophils but also indirect mech-
anisms governing eosinophil distribution and secre-
tory function.

During the LAR, eosinophil activation (9, 13, 28)
and recruitment to the airways has been found.
S-ECP and s-EPX are markers of eosinophil activity
and several studies have verified an association be-
tween ECP and indices of asthma severity. A neg-
ative correlation was found between lung function
and s-ECP (14), and a positive correlation was ev-
ident between clinical asthma severity and the con-
centration of ECP in bronchoalveolar lavage (3).
After natural exposure to birch pollen, allergic pa-
tients with asthma had an increased level of ECP in
serum, and this correlated with PC,, histamine (24).
Finally, blood eosinophils and s-ECP increase after
an LAR (8, 10). Systemic (7), but not inhaled (29),
B,-adrenoceptor agonists can acutely reduce s-ECP,
possibly through interaction with surface B ,-adreno-
ceptors on the blood eosinophil granulocyte. How-
ever, these results suggest that sustained stimulation
of lung B,-adrenoceptors not only masks an acute
inflammatory response by bronchodilation but also
interferes with the processes involved in this acute
inflammatory process. In the present study an inhi-
bition of the increase in s-ECP and s-EPX at 24 and
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48 h postchallenge was found after salmeterol pre-
treatment, as compared with placebo, whereas sal-
meterol had no influence on the postchallenge rise in
blood eosinophils.

Pretreatment with inhaled, short-acting J,-
agonists such as salbutamol fails to inhibit the LAR
and the postchallenge increase in s-ECP (28).

The inhibition of the postchallenge increase in
PC,, histamine at 24 h occurs at a time when the
bronchodilator and bronchoconstrictor inhibition
has ceased after single-dose salmeterol (26). This
points to an influence of salmeterol on the events
leading to and underlying the increase in bronchial
hyperreactivity. This may be connected to the inhi-
bition of eosinophil activation seen. Further inves-
tigations are needed to establish the influence of
long-term treatment with salmeterol on mechanisms
in the acute and chronic inflammatory processes in
asthma.

In conclusion, the present results demonstrated
that treatment with salmeterol 50 and 100 pg elim-
inated the early and the late asthmatic responses and
gave protection against the bronchial hyperreactivity
24 and 48 h after allergen challenge. In addition,
salmeterol inhibited eosinophil activity after allergen
challenge. :
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