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ABSTRACT: Eosinophils play an important role in the pathogenesis of asthma.
Several pro-inflammatory responses of eosinophils are primed in vivo in this disease.
The aim of the present study was to investigate whether regular antiasthma treatment
could modulate priming-sensitive cytotoxic mechanisms of human eosinophils.

In a randomized, two-centre, double-blind parallel group study, the effect of 8
weeks of treatment with salmeterol xinafoate 50 mg b.i.d., beclomethasone dipro-
pionate 400 mg b.i.d. or both on pulmonary function and the activation of priming-
sensitive cytotoxic mechanisms of eosinophils, i.e. degranulation of eosinophil cationic
protein (ECP) in serum, and activation of isolated eosinophils in the context of
induction of the respiratory burst and release of platelet-activating factor (PAF) were
tested. These effects were evaluated in 40 allergic asthmatics before and 24 h after
allergen inhalation challenge.

Whereas baseline forced expiratory volume in one second (FEV1) improved in all
treatment groups, only treatment with a combination of salmeterol and beclometha-
sone significantly inhibited the allergen-induced increase in serum ECP, and (primed/
unprimed) PAF-release, suggesting inhibition of eosinophil priming after allergen
challenge. In contrast to the combination therapy, monotherapy with beclomethasone
had no influence on allergen-induced PAF-release, suggesting an additional anti-
inflammatory effect of salmeterol during combination therapy. Monotherapy with
beclomethasone inhibited the prechallenge serum-treated zymosan (STZ) (0.1 mg.

mL-1)-induced respiratory burst and the allergen-induced increase in serum ECP
levels, reflecting pre- and postchallenge anti-inflammatory effects. During mono-
therapy with salmeterol, an allergen-induced increase in serum ECP concentration
and STZ (0.1 mg.mL-1)-induced respiratory burst was observed, suggesting that
treatment with salmeterol alone had no effect on priming-sensitive eosinophil cyto-
toxic mechanisms.

In conclusion, this study shows that standard asthma therapy leads to inhibition of
eosinophil priming of cytotoxic mechanisms in vivo.
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Eosinophils are important effector cells involved in the
inflammatory reaction that characterizes allergic asthma
[1]. In contrast to normal individuals, in the peripheral
blood of allergic asthmatics, eosinophils are found having
a primed phenotype [2, 3]. There are many indications
that cytotoxic mechanisms in these cells are markedly
upregulated [4, 5]. Inhalation of allergens is often used as
a model for studying allergic asthma. After allergen
challenge, a late asthmatic response can be found, which
is of particular interest because it represents an inflam-
matory reaction and involves the recruitment and acti-
vation of CD4+ T-cells and eosinophils [6]. Activation of
eosinophils results in release of platelet-activating factor
(PAF), leukotriene C4, reactive oxygen species and cyto-
toxic basic proteins such as serum eosinophil cationic
protein (ECP) [7]. Six hours after challenge, blood eos-
inophils exhibit a more pronounced primed phenotype
and, 24 h after challenge, a rise occurs in the number of
blood eosinophils and levels of serum ECP [8±10].

International guidelines on asthma management recom-
mend that, in patients with moderate-to-severe asthma who
still have symptoms on treatment with low-dose inhaled
corticosteroids, the first step should be to increase the dose
of inhaled glucocorticosteroids [11]. An alternative to
increasing the dose of steroids is to proceed to the next
step, with the addition of a long-acting selective b2-ag-
onist [11]. These therapeutic guidelines were supported
by recent studies on the effects of different treatments on
lung function and symptom scores [12±14]. The authors
believe that by also studying the effects on inflammatory
responses important new information can be provided for
the clinical management of a group of patients seen
frequently in general practice.

Glucocorticosteroids like beclomethasone dipropion-
ate are anti-inflammatory drugs. Salmeterol xinafoate is
a long-acting selective b2-agonist, with possible anti-
inflammatory properties [15±18]. In vitro salmeterol is a
potent inhibitor of the release of inflammatory and
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spasmogenic mediators from human lung [15]. In vivo
studies in guinea-pigs have shown that PAF-induced
eosinophil influx into the lungs is inhibited by salmet-
erol [16]. TOOL et al. [17] described the inhibition of
chemotaxis of human eosinophils in vitro by salmeterol.
In asthmatic patients, salmeterol both inhibited the al-
lergen-induced early and late phase of bronchoconstric-
tion and prevented the accompanying rise in nonspecific
bronchial responsiveness, pointing at an anti-inflam-
matory effect [18]. Whether salmeterol has significant
anti-inflammatory effects in vivo in humans, therefore,
requires further research.

The aim of the present study was to investigate whether
regular antiasthma treatment including salmeterol could
modulate the priming-sensitive cytotoxic mechanisms of
human eosinophils. Therefore, the effects of 8 weeks of
treatment with salmeterol xinafoate 50 mg b.i.d., beclo-
methasone dipropionate 400 mg b.i.d. or both on pul-
monary function and the activation of priming-sensitive
cytotoxic mechanisms of eosinophils, i.e. degranulation of
ECP in serum, activation of oxygen radical production and
production of PAF. These effects were evaluated before
and after allergen challenge.

Materials and methods

Patients

Forty adult asthmatics were selected from patients at-
tending the University Hospital Utrecht and the Sint
Antonius Hospital, Nieuwegein, the Netherlands. The pa-
tients had moderate asthma according to the definition of
the American Thoracic Society [19]. All subjects had a
history of episodic wheezing and impaired lung function.
This was checked in previous general practitioner and
hospital records. All patients were on regular inhaled b2-
agonists and 12 patients were taking inhaled cortico-
steroids, which were stopped 6 weeks before allergen
inhalation challenge. None of them used oral corticoster-
oids in maintenance dose during the 12 months prior to
the study. At the time of the study, all patients were in a
stable state with respect to their asthma and showed no
evidence of systemic or other respiratory disease.

On the day of admission, the forced expiratory volume
in one second (FEV1) was >60% of the predicted normal
value before bronchodilator therapy in all patients. At
enrolment, all were required to show increased bronchial
hyperresponsiveness to histamine (provocative concentra-
tion of agent causing a 20% fall in FEV1 (PC20) <4.0
mg.mL-1), a >15% reversibility in FEV1 from baseline 15
min after inhalation of 400 mg salbutamol and a fall in
FEV1 within 1 h after allergen inhalation challenge of

$20%. All patients had blood eosinophilia (>5%), raised
levels of total serum immunoglobulin E (IgE) and specific
IgE antibodies to either house dust mite, cat, dog or rabbit
allergen. They also showed positive immediate-type skin-
prick test reactions to these allergens and hence were
considered atopic. Patients were excluded if they had been
hospitalized for any aspect of their asthma or had required
a change in medication because of an acute exacerbation of
symptoms in the 2 months before the study. The demo-
graphic data of the participating patients are given in table
1. The study was approved by the hospital ethical com-
mittee and all patients gave their written informed con-
sent.

Study design

The study had a double-blind parallel group design. It
was divided into a 2-week run-in period (screening day and
entry day), an 8-week treatment period and a 2-week
follow-up period (table 2). At the end of the run-in period,
the subjects were randomized to receive either 50 mg of
salmeterol b.i.d., 400 mg of beclomethasone b.i.d. or 50
mg of salmeterol b.i.d. in combination with 400 mg of
beclomethasone b.i.d. All medication was inhaled from a
Diskhaler1 (Glaxo Wellcome). For ethical reasons, pla-
cebo control patient group was not used as the risk of an
exacerbation of asthma would have been too high in these
patients because of the severity of the asthma and the
length of the study, during which two allergen inhalation
challenges were performed.

Each subject was studied at the lung function depart-
ment on nine separate days. On the entry day, demographic
data, details of concurrent medication and the results of a
spirometric test performed before and after inhalation of
400 mg salbutamol were recorded. A skin test was carried
out using common inhaled allergens to determine which
allergen to use in the allergen inhalation test. In addition,
urine and blood samples were taken for the determination
of routine biochemical and haematological parameters and
urine analysis. At the end of the run-in period, a skin-prick
test and an inhalation challenge with histamine were per-
formed (visit 2) followed 48 h later by an allergen in-
halation challenge (visit 3). Twenty-four hours later, the
histamine test was repeated (visit 4). On visit 4 (the end of
the run-in period), the 8-week treatment period started,
during which the patients visited the hospital after 4 weeks
(visit 5) so that therapy compliance could be checked by
counting the used study medication and a spirometric test
before and after inhalation of 400 mg salbutamol per-
formed. At the end of the treatment period, a further his-
tamine challenge was performed (visit 6), followed 48 h
later by an allergen inhalation challenge (visit 7). This test
was performed 1 h after the patient had taken the study

Table 1. ± Characterization of study groups

Group Patients
n

Age#

yrs
Sex
F/M

PC20,hist.

mg.mL-1
PC20,all.

BU.mL-1
FEV1

% pred
Specific IgE

kU.mL-1
Total IgE
kU.mL-1

Beclomethasone dipropionate 15 26�5 7/8 0.65 (0.17±2.06) 94 (19±2452) 86�4 46 (3±100) 310 (53±1900)
Salmeterol xinafoate 13 31�7 8/5 0.50 (0.16±2.20) 138 (12±2720) 79�3 41 (1±100) 264 (42±1800)
Combination 12 27�6 6/6 0.38 (0.10±3.12) 68 (12±349) 79�5 49 (25±100) 303 (81±800)

Data are presented as mean�SEM or median (range). F: female; M: male; PC20,hist; PC20,all.: provocative concentration of histamine and
allergen, respectively, causing a 20% fall in forced expiratory volume in one second; BU: biological units; IgE: immunoglobulin E.
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medication with the same allergen and dose as used in visit
3. Twenty-four hours later, another histamine test was
performed and the study medication was replaced by ap-
propriate asthma medication (visit 8). At visit 3, 4, 7 and 8,
blood samples (50 mL) were taken for determination of
inflammatory parameters. At the follow-up visit 2 weeks
later (visit 9), possible adverse events were evaluated and a
spirometric test performed before and after 400 mg sal-
butamol. Apart from the study medication, the subjects
were allowed to use salbutamol Rotadisks1 (Glaxo Well-
come; 400 mg.blister-1 via an eight-place Diskhaler1) for
symptomatic relief.

Allergens

Commercial preparations of SQ 503 house dust mite
(Dermatophagoides pteronyssinus), SQ 555 cat (Felis
catus), SQ 553 dog (Canis familiaris) and 15.07 rabbit
(Oryctolagus cuniculus) for inhalation challenge and skin-
prick tests were obtained from Allergologisk Laboratorium
(Copenhagen, Denmark).

Lung function measurements

Salbutamol inhalation was stopped $8 h and study me-
dication $12 h before all lung function tests. Only the
allergen inhalation challenge at visit 7 was performed 1 h
after the subjects had taken the study medication admin-
istered by the investigator in the lung function department.
Lung function was measured using a water-filled spiro-
meter. Bronchodilatation was assessed by means of the
increase in FEV1 10 min after inhalation of 400 mg sal-
butamol.

Inhalation provocation tests

Bronchial responsiveness to histamine was determined
using a standard bronchoprovocation technique, as des-
cribed by COCKCROFT et al. [20]. Airway response to aller-
gen was determined by 2-min inhalations (tidal breathing)

at 10-min intervals, as previously described [21]. The
allergen challenge was preceded by a 2-min inhalation of
an aerosol of buffer (0.03% human serum albumin and
0.5% phenol in phosphate-buffered saline, pH 7.4) to
which none of the patients reacted with a fall in FEV1 of
>10% from initial values. Increasing concentrations of
allergen aerosol were delivered through a nebulizer (Mo-
del 646, DeVilbiss, Inc., Somerset, PA, USA). This
nebulizer was connected to the central chamber of an
inspiratory and expiratory three-way valve box with an
expiratory aerosol filter (Sterivent Filter; DAR, Miran-
dola, Italy). Antigen was diluted from stock solutions
(10,000 biological units (BU).mL-1). The diluent was the
same buffer as used for the negative control. The weakest
allergen solution used for the first inhalation was calcu-
lated from the skin-prick titration test and the preantigen
PC20 to histamine according to COCKCROFT et al. [22].
Allergen inhalation tests were routinely started two doub-
ling dilutions below this prediction. At visit 3, inhalations
were performed with stepwise doubling of the dose of
antigen until the FEV1 fell by $20% within 20 min fol-
lowing allergen exposure. At visit 7, the same allergen
and cumulative dose was used as at visit 3. The FEV1 and
peak expiratory flow were monitored at 15-min intervals
for the first hour, followed by hourly measurements there-
after. The PC20 to allergen data of participating patients
are given in table 1.

Skin-prick test

This test was performed according to the European
Academy of Allergology and Clinical Immunology posi-
tion paper technique [23]. A drop of test solution of the
allergen used in the allergen inhalation challenge was
applied to the skin of the volar side of the forearm via a
lancet with a 1-mm tip (Allergolisk Laboratorium, Cop-
enhagen, Denmark). The test was performed using al-
lergen at five different concentrations (6, 24, 94, 375 and,
1500 BU.mL-1). After 20 min, the reactions were eval-
uated. Skin sensitivity to allergen was defined as the low-
est allergen concentration that gave a weal of $2 mm in
diameter [22].

Measurement of total and allergen-specific serum immu-
noglobulin E

Total IgE concentrations were measured using a paper
radioimmunosorbent test (PRIST; Pharmacia, Uppsala,
Sweden) [24] according to the manufacturer's instruc-
tions. The results were expressed in kU.L-1. Specific IgE
antibodies to house dust mite, cat, dog and rabbit allergen
were measured using the CAP method (Pharmacia & Up-
john, Uppsala, Sweden) [24], and the results, again, are
expressed in kU.L-1.

Isolation of eosinophils

Blood was anticoagulated with 0.4% trisodium citrate
(pH 7.4) and mixed granulocytes were isolated from the
buffy coat as described before [25]. The granulocyte frac-
tion was centrifuged for 20 min at room temperature
(208C) over Percoll (density 1.084 g.mL-1, layered on

Table 2. ± Design of the study

Period PC20,hist Lung
function

Allergen
challenge

Blood sample
taken

Baseline period (2 weeks)*
Visit 1, day 1 - + - +
Visit 2, day 12 + + - -
Visit 3, day 14 - + + +
Visit 4, day 15 + + - +
Treatment period (8 weeks)+

Visit 5, day 43 - + - -
Visit 6, day 69 + + - -
Visit 7, day 71 - + + +
Visit 8, day 72 + + - +
Follow-up period (2 weeks)#

Visit 9, day 86 - + - -

*: treatment with salbutamol 400 mg p.r.n.; +: treatment with
study medication (beclomethasone 400 mg b.i.d. salmeterol 50
mg b.i.d. or both) and salbutamol 400 mg p.r.n.; #: medication
replaced by appropriate asthma medication at the discretion of
the investigator. PC20,hist: provocative concentration of hista-
mine causing a 20% fall in forced expiratory volume in one
second. +: test performed; -: test not performed.
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Percoll with a density of 1.1 g.mL-1) to reduce the num-
ber of neutrophils. The eosinophil-enriched fraction was
collected from the Percoll 1.084/1.1 interface. Eosino-
phils were subsequently isolated using the method des-
cribed by HANSEL et al. [26]. This isolation procedure
makes use of the fact that, in marked contrast to neu-
trophils, eosinophils lack the epitope on FccR III recog-
nized by the monoclonal antibody CLB-FcR-gran 1[27].
As a result highly purified eosinophils can be isolated by
removing neutrophils coated with FcR-gran-1 using im-
munomagnetic beads. In short: neutrophils were coated
with a CD16 monoclonal antibody (CLB FcR-gran 1; 2
mg.107 cells-1.mL) for 20 min at 48C. Thereafter, the cells
were washed twice and subsequently coincubated with
dynabeads at a ratio of 1:2 (cells:beads) for 20 min at 48C.
Neutrophils were subsequently removed using a magne-
tic particle concentrator (MPC

TM

-1; Dynal, Oslo, Nor-
way). Eosinophil purity was always >95% with a viability
of >98%, as judged by trypan blue exclusion.

Measurement of the respiratory burst

Eosinophils were suspended (1.63106 cells.mL-1) in
N -2- hydroxyethylpiperazine - N - 2 - ethanesulphonic acid
(HEPES) medium (20 mM HEPES, 132 mM NaCl, 6mM
KCl, 1 mM MgSO4 and 1.2 mM KH2PO4; pH 7.4, os-
molarity 285 mOsm) supplemented with 1 mM CaCl2,
5mM glucose and 0.5% (weight/volume) human serum
albumin, and preincubated 30 min at 378C. Thereafter, the
cells were transferred to a stirred airtight vessel with a
thermostat (378C) and stimulated with serum-treated zy-
mosan (STZ) (0. 1 mg.mL-1). Oxygen consumption was
measured using an oxygen probe (Yellow Springs Instru-
ment, Yellow Springs, OH, USA). The maximal rate of
oxygen uptake was calculated from the slope of the mea-
sured oxygen concentration of the cell suspension and
expressed as nmol O2

.min-1.10-6 cells.

Measurement of platelet-activating factor

All incubations were performed in enriched HEPES me-
dium (see above). After a preincubation of 30 min with
interleukin-5 (IL-5, 10-11 M) or buffer at 378C, STZ (0.5
mg.mL-1) was added to the eosinophils (106 cells.mL-1) for
a subsequent incubation of 30 min at 378C in a vigorously
shaking water bath. Thereafter, cells and zymosan particles
were removed by centrifugation (15 min, 2,0003g, 48C)
and the supernatant collected and stored under nitrogen
at -708C. PAF was determined in these samples using a
competitive radioimmunoassay (New England Nuclear,
Boston, MA, USA).

Measurement of serum eosinophil cationic protein

For the measurement of ECP, SST tubes (Becton Dick-
inson, Plymouth, UK) were used. Serum was collected
after centrifugation and a clotting time of 60±120 min [8].
ECP was measured using the CAP system (Pharmacia &
Upjohn).

Statistical analysis

All data are presented as mean�SEM except for total and
specific serum IgE concentrations and the PC20 to hista-
mine and to allergen, which are expressed as median val-
ues. Statistical evaluation of the data was performed with
the statistical analysis program SPSS (SPSS Inc., Chicago,
IL, USA) using Student's paired t-test. Differences be-
tween the groups were evaluated by one-way analysis of
variance followed by the least significant difference (LSD)
test. A p-value <0.05 was considered significant.

Results

The effect of treatment on pulmonary function forced ex-
piratory volume in one second

In all treatment groups, a significant improvement in
FEV1 (% pred) was achieved after 4 weeks of treatment
without further improvement after 8 weeks (beclometha-
sone group p=0.018; salmeterol group p=0.014; combina-
tion group p=0.006). After 4 (visit 5) and 8 (visit 6) weeks
of treatment no significant differences were found in
improvement in FEV1 between the three treatment groups
(fig. 1).

The effect of allergen inhalation challenge on activation of
oxygen radical production, degranulation of eosinophil
cationic protein in serum and production of platelel-acti-
vating factor before therapy

Addition of opsonized particles (STZ) to human eos-
inophils results in activation of the respiratory burst [28].
This STZ response is very sensitive to priming by cy-
tokines in vitro. Figure 2a shows the effect of allergen
challenge on the STZ (0.1 mg.mL-1, suboptimal concen-
tration)-induced respiratory burst of eosinophils derived
from allergic asthmatics. In the total patient population

100
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Fig. 1. ± The effect of treatment on pulmonary function (forced expira-
tory volume in one second) during 8 weeks of treatment with beclo-
methasone dipropionate (X) salmeterol xinafoate (m) or both (J) in 40
patients with allergic asthma. Data are presented as mean�SEM. Visits 5
and 6 represent 4 and 8 weeks of treatment respectively. No significant
difference was found in improvement in FEV1 between the groups. *:
p<0.05 versus baseline.
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before therapy the respiratory burst was not significantly
influenced 24 h postchallenge (visit 3 versus visit 4, n=
40).

Serum ECP might serve as an indirect marker of pre-
activation or priming of human eosinophils in vivo, and is
often used as a disease monitor in allergic asthma [4, 9].
Figure 2b shows that before therapy serum ECP signi-
ficantly increased after allergen challenge (visit 3 versus
visit 4, p=0.028).

Figure 2c shows that before treatment allergen chal-
lenge did not significantly influence unprimed STZ-in-
duced PAF-release in the total patient group (visit 3
versus visit 4, n=40). For optimal interaction of eosino-
phils with STZ the cells were primed with IL-5. It was
found that pretreatment allergen challenge did not signi-
ficantly influence IL-5-primed STZ-induced PAF-release
(visit 3 versus visit 4, n=40).

The e ffect of treatment on activation of oxygen radical
production, increase in serum eosinophil cationic protein
concentration and production of platelet-activating factor
before allergen challenge

The effect of treatment with salmeterol, beclomethasone
or both on the STZ (0.1 mg.mL-1, suboptimal concentra-
tion)-induced respiratory burst of eosinophils derived from
allergic asthmatics before challenge is shown in figure 3.
Eight weeks of treatment with beclomethasone alone
significantly inhibited the STZ-induced respiratory burst
before allergen inhalation challenge (visit 3 versus visit 7,
p=0.034). In contrast to monotherapy with beclometha-
sone, the change in oxidase activity after monotherapy
with salmeterol or combination therapy did not reach
statistical significance (visit 3 versus visit 7).

Figure 4 shows that therapy did not significantly in-
fluence prechallenge serum ECP concentrations in all
treatment groups (visit 3 versus visit 7). After treatment
with salmeterol, beclomethasone or both, no significant
effect on unprimed and IL-5-primed PAF-release in all
patient groups (fig. 5a and b, respectively, visit 3 versus
visit 7) was found.

The effect of allergen inhalation challenge on activation of
oxygen radical production, degranulation of eosinophil
cationic protein in serum and production of platelet-acti-
vating factor after therapy

The oxidase activity induced by STZ (0.1 mg.mL-1) in
the patients treated with salmeterol alone significantly in-
creased after allergen challenge (fig. 3, p=0.007) and was
significantly higher compared to the combination group
(p=0.001). In both other patient groups, the respiratory
burst was not significantly influenced by allergen chal-
lenge (visit 7 versus visit 8).

After monotherapy with salmeterol, the serum ECP con-
centration significantly increased after allergen challenge
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Fig. 2. ± Effect of allergen challenge on: a) serum-treated zymosan STZ (0.1 mg.mL-1)-induced respiratory burst; b) serum eosinophil cationic protein
concentration; and c) STZ-induced PAF-release by unprimed (u) and IL-5 primed eosinophils (u). Respiratory burst results are expressed as maximal
rate of oxygen consumption . Data are presented as mean�SEM of independent experiments in all patients (n=40). +: p=0.028 versus visits 3.
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Fig. 3. ± Effect of treatment and allergen challenge on serum-treated
zymosan (STZ; 0.1 mg.mL-1)-induced respiratory burst by eosinophils
in patients treated with beclomethasone dipropionate (u), salmeterol
xinafoate (r) or both (u). Respiratory burst results are expressed as
mean�SEM maximal rate of oxygen consumption from independent ex-
periments within the different treatment groups. Visit 3: allergen inhal-
ation challenge performed 24 h before start of 8-week treatment period;
visit 4: histamine inhalation challenge at start of treatment; visit 7:
allergen inhalation challenged performed 48 h after end of treatment;
visit 8: histamine inhalation challenge 24 h after visit 7. +: p=0.034; ++:
p=0.007; significantly different to the combination group (p=0.001); +++:
p=0.016.
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(fig. 4; p=0.005). This change in serum ECP levels in-
duced by allergen challenge after monotherapy with sal-
meterol alone was significantly higher compared to ECP
concentration changes after therapy with beclomethasone
alone or the combination (p=0.038). No significant effect
of allergen challenge after therapy on serum ECP samples
was found in patients treated with beclomethasone alone
or the combination (visit 7 versus visit 8).

Figure 5 shows that allergen challenge after therapy did
not significantly influence unprimed and IL-5-primed
PAF-release in all treatment groups. The change in un-
primed PAF release at visit 8 compared to visit 7 was
significantly lower after combination therapy compared
to monotherapy with beclomethasone (fig. 5a, p=0.029).
The change in IL-5 primed PAF release at visit 8 com-
pared to visit 7 was significantly lower after combination
therapy compared to monotherapy with salmeterol (fig.
5b; p=0.021).

The effect of treatment on activation of oxygen radical
production, degranulation of eosinophil cationic protein
in serum and production of platelet-activating factor at
24 h postchallenge

No effect of therapy was found on the postchallenge oxi-
dase activity in all treatment groups (fig. 3, visit 4 versus
visit 8). The postchallenge oxidase activity in the group
treated with salmeterol alone (visit 8) was significantly
higher compared to the other groups (p=0.016).

The postchallenge serum ECP concentrations were sig-
nificantly lower after therapy with beclomethasone alone

or the combination (p=0.025 and p=0.004, respectively)
than before therapy (fig. 4, visit 4 versus visit 8). No
therapy effect on postchallenge serum ECP concentra-
tions was seen after monotherapy with salmeterol.

The postchallenge unprimed and IL-5 primed PAF-
release was significantly lower after therapy with the com-
bination (p=0.012 and p=0.041, respectively) than before
treatment and 24 h postchallenge (fig. 55 and a; visit 4
versus visit 8). No effect was seen on postchallenge
unprimed and IL-5-primed PAF-release after monother-
apy with salmeterol or beclomethasone.

Discussion

This study set out to use the priming status of eosino-
phils in peripheral blood as a means of monitoring inflam-
matory processes in the lung before and after treatment.
The effects of the antiasthma drugs beclomethasone dipro-
pionate and salmeterol xinafoate alone and in combination
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Fig. 5. ± Effect of treatment and allergen challenge on serum-treated
zymosan (STZ)-induced platelet-activating factor (PAF)-release by: a)
unprimed; and b) IL-5 primed eosinophils in patients treated with beclo-
methasone dipropionate (u), salmeterol xinafoate (r) or both (u). Data
are presented as mean�SEM of independent experiments within the dif-
ferent treatment groups. Visit 3: allergen inhalation challenge performed
24 h before start of 8-week treatment period; visit 4: histamine inhalation
challenge at start of treatment; visit 7: allergen inhalation challenged
performed 48 h after end of treatment; visit 8: histamine inhalation
challenge 24 h after visit 7 . a) +: p=0.029 versus beclomethasone; ++:
p=0.012; and b) +: p=0.021 versus salmeterol; ++: p=0.041.

0

Visit

aaaa
aaaa
aaaa
aaaa
aaaa
aaaa
aaaa
aaaa
aaaa
aaaa
aaaa
aaaa
aaaa
aaaa
aaaa
aaaa
aaaa
aaaa
aaaa
aaaa

bbbb
bbbb
bbbb
bbbb
bbbb
bbbb
bbbb
bbbb
bbbb
bbbb
bbbb
bbbb
bbbb
bbbb
bbbb
bbbb
bbbb
bbbb
bbbb
bbbb

aaaa
aaaa
aaaa
aaaa
aaaa
aaaa
aaaa
aaaa
aaaa
aaaa
aaaa
aaaa
aaaa
aaaa
aaaa

bbbb
bbbb
bbbb
bbbb
bbbb
bbbb
bbbb
bbbb
bbbb
bbbb
bbbb
bbbb
bbbb
bbbb
bbbb

aaa
aaa
aaa
aaa
aaa
aaa
aaa
aaa
aaa
aaa
aaa
aaa
aaa
aaa
aaa
aaa
aaa
aaa
aaa
aaa
aaa
aaa
aaa
aaa

bbb
bbb
bbb
bbb
bbb
bbb
bbb
bbb
bbb
bbb
bbb
bbb
bbb
bbb
bbb
bbb
bbb
bbb
bbb
bbb
bbb
bbb
bbb
bbb

aaa
aaa
aaa
aaa
aaa
aaa
aaa
aaa
aaa
aaa
aaa
aaa
aaa
aaa
aaa
aaa
aaa
aaa
aaa
aaa
aaa
aaa
aaa
aaa
aaa

bbb
bbb
bbb
bbb
bbb
bbb
bbb
bbb
bbb
bbb
bbb
bbb
bbb
bbb
bbb
bbb
bbb
bbb
bbb
bbb
bbb
bbb
bbb
bbb
bbb

3 7 4 8

10

20

30

S
er

um
E

C
P

mg
m

L-1

+

*

#

$

Fig. 4. ± Effect of treatment and allergen challenge on serum eosino-
phil cationic protein (ECP) concentration in patients treated with bec-
lomethasone dipropionate (u), salmeterol xinafoate (r) or both (u).
Data are presented as mean�SEM of independent experiments Visit 3:
allergen inhalation challenge performed 24 h before start of 8-week
treatment period; visit 4: histamine inhalation challenge at start of treat-
ment; visit 7: allergen inhalation challenged performed 48 h after end of
treatment; visit 8: histamine inhalation challenge 24 h after visit 7 with-
in the different treatment groups. +: p=0.007; *: p=0.05, significantly
different to patients treated with beclomethasone alone or the combin-
ation group (p=0.038); #: p=0.025; $;: p=0.004.
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were investigated in the context of antagonism of priming-
sensitive eosinophil cytotoxic mechanisms, i.e. degranula-
tion of ECP in serum, respiratory burst and PAF release.
These effects were studied before and 24 h after allergen
inhalation challenge. Also, pulmonary function (FEV1)
was measured during the treatment period, and showed no
difference in improvement between the three treatment
groups.

First, the effect of allergen inhalation challenge before
therapy on the different responses of eosinophils (n=40,
visit 3 versus visit 4) was investigated. A significant effect
of allergen challenge was found on serum ECP levels (fig.
2b). This result is in agreement with the finding of
PEDERSEN et al. [29], who also found a significant increase
in serum ECP levels 24 h postchallenge in a study in 12
asthmatic patients. Allergen challenge did not significant-
ly influence STZ (0.1 mg.mL-1)-induced oxidase activity
(fig. 2a) and STZ-induced PAF-release in all patient gro-
ups (fig. 2c). These data indicate the absence of primed
eosinophils (in the context of respiratory burst activation
and PAF release) 24 h postchallenge. In previous studies
on eosinophil chemotaxis, it was shown, however, that
bronchoprovocation leads to further priming of eosino-
phils [8]. In this previous report, blood was drawn ap-
proximately 5 h after challenge. It is tempting to speculate
that primed cells extravasate in a 24 h time window and
that probably more effects of challenge might have been
measured had blood been drawn at an earlier timepoint.
Indeed, the fact that the unprimed PAF release showed a
trend to increase after challenge (p=0.09) may support
this hypothesis.

The effect of therapy before challenge (visit 3 versus
visit 7) was then studied. Therapy with beclomethasone
alone inhibited prechallenge STZ (0.1 mg.mL-1)-induced
respiratory burst (fig. 3). Furthermore, no significant
effect of therapy on prechallenge serum ECP concentra-
tions and STZ-induced PAF-release was found in all pa-
tient groups (figs. 4 and 5). These results are in agreement
with the findings of TOOL et al. [17] who found that
salmeterol could not inhibit PAF-synthesis in granulo-
cyte-macrophage colony-stimulating factor-primed eosi-
nophils. Furthermore, the findings agreed with the results
of PEDERSEN et al. [29] who found no effect of salmeterol
on prechallenge serum ECP levels.

Next, the effect of allergen challenge after therapy (visit
7 versus visit 8) was examined. After monotherapy with
salmeterol, the postchallenge serum ECP concentration
and STZ (0.1 mg.mL-1)-induced respiratory burst were
significantly higher compared to prechallenge (figs. 3 and
4). These results are in contrast with the findings of
PEDERSEN et al. [29], who found an inhibition of the in-
crease in serum ECP levels at 24 h postchallenge after a
single 50 mg dose of salmeterol. Together with the in-
crease in STZ (0.1 mg.mL-1)-induced respiratory burst at
24 h postchallenge to prechallenge in patients treated with
salmeterol alone, it is tempting to speculate that mono-
therapy with salmeterol may even enhance eosinophil
priming in peripheral blood. This might be explained by
more inflammation in the bronchial tissue leading to en-
hanced production of cytokines. An alternative hypoth-
esis is inhibition of extravasation of primed eosinophils
into the bronchial tissue. This latter hypothesis is stren-
gthened by the finding that salmeterol inhibits eosinophil
chemotaxis in vitro [17].

Finally, the effects of therapy on eosinophil responses 24
h postchallenge were studied (visit 4 versus visit 8). No
effect of therapy was found on the postchallenge STZ (0.1
mg.mL-1)-induced oxidase activity in all treatment groups.
The postchallenge serum ECP concentrations were signi-
ficantly lower after therapy with the combination and bec-
lomethasone alone compared to before therapy. This latter
result is in contrast with the finding of PIZZICHINI et al. [30],
who found no reduction in the increase in serum ECP
levels after pretreatment with beclomethasone. A possible
explanation for this observation is that, in contrast to the
study of PIZZICHINI et al. [30], in which a single dose of
beclomethasone was given, in the present study, the in-
haled steroid was given regularly for 8 weeks. Interest-
ingly, in contrast to the study of PEDERSEN et al. [29], who
found that a single 50 mg dose of salmeterol could prevent
the allergen-induced rise in serum ECP levels, inhibition
of the allergen-induced increase in serum ECP levels after
8 weeks' monotherapy with salmeterol could be demon-
strated.

No effects on postchallenge PAF-release were seen after
monotherapy with salmeterol or beclomethasone. After
treatment, the change in unprimed PAF-release postchal-
lenge compared to prechallenge was significantly lower in
the combination group compared to the group treated with
beclomethasone alone (fig. 5a). This result, together with
the finding that only combination therapy inhibited both
primed and unprimed PAF-release at 24 h postchallenge
(fig. 5), suggests a possible additional anti-inflammatory
effect of the combination of salmeterol and beclometha-
sone compared to therapy with beclomethasone alone.

In conclusion, the present results demonstrate that treat-
ment with the combination of salmeterol and beclometha-
sone leads to inhibition of several responses associated
with eosinophil priming. Therefore, standard therapy for
moderate-to-severe asthmatics leads to inhibition of sever-
al priming processes of eosinophils. It is now tempting to
speculate that inhibition of inflammatory processes in the
bronchial tissue is reflected by the priming status of peri-
pheral blood eosinophils. This priming phenotype might
therefore be a good marker of tissue inflammation prov-
ided that convenient methods are developed to monitor
priming.
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