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Abstract

Beta-2-agonists have been widely used by asthmatic subjects to
relieve their obstructive symptoms. However, there are reports that
continuous use could lead to loss of bronchial protection and exacer-
bation of asthma symptoms. We evaluated the effect of two regimens
of salbutamol administration (twice and five times a week) in a model
of chronic airway inflammation in male Hartley guinea pigs (protocol
starting weight: 286 ± 30 g) induced by repeated exposures to aerosols
of ovalbumin (OVA). After sensitization, guinea pigs were exposed to
aerosols of 0.1 mg/ml salbutamol solution twice a week (OVA + S2x,
N = 7) or five times a week (OVA + S5x, N = 8). We studied allergen-
specific (OVA inhalation time) and -nonspecific (response to metha-
choline) respiratory system responsiveness. Seventy-two hours after
the last OVA challenge, guinea pigs were anesthetized and
tracheostomized, respiratory system resistance and elastance were
measured and a dose-response curve to inhaled methacholine chloride
was obtained. Specific IgG1 was also quantified by the passive cutane-
ous anaphylactic technique. OVA-sensitized guinea pigs (N = 8)
showed reduction of the time of OVA exposure before the onset of
respiratory distress, at the 5th, 6th and 7th exposures (P < 0.001). The
OVA + S2x group (but not the OVA + S5x group) showed a significant
increase in OVA inhalation time. There were no significant differ-
ences in pulmonary responsiveness to methacholine among the exper-
imental groups. OVA + S2x (but not OVA + S5x) animals showed a
decrease in the levels of IgG1-specific anaphylactic antibodies com-
pared to the OVA group (P < 0.05). Our results suggest that, in this
experimental model, frequent administration of ß2-agonists results in
a loss of some of their protective effects against the allergen.
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Introduction

ß2-agonists have been widely used by
asthmatic subjects to relieve obstructive
symptoms. The most frequently used ß2-ago-
nists are rapid-acting and include salbuta-

mol, terbutaline and fenoterol. These drugs
act by binding to ß2-adrenergic receptors and
this interaction stimulates adenyl cyclase and
promotes an increase in intracellular cAMP.
This reduces intracellular calcium, promotes
activation of phosphokinase A and phospho-
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rylation of some proteins such as myosin
light chain, resulting in relaxation of airway
smooth muscle (1).

Many physicians are concerned about
the misuse of these bronchodilators because
of their paradoxical effects. It has been sug-
gested that regular use of ß2-agonists in-
creases airway responsiveness to allergen
challenge and promotes tolerance to their
bronchodilator effects, resulting in a loss of
bronchial protection against allergens, pos-
sibly exacerbating asthma symptoms (2-8).

However, there is evidence of some ß2-
agonist anti-inflammatory activity. Clinical
and experimental studies have demonstrated
a reduction in inflammatory cells obtained in
bronchoalveolar lavage (9) and inhibition of
allergy-like effects (10). This anti-inflam-
matory response is secondary to a negative
feedback on T lymphocytes, eosinophils and
neutrophils (11). Moreover, the association
of ß2-agonists and corticosteroids reduces
the inflammatory cell influx in the broncho-
alveolar lavage (12), improving asthma symp-
toms.

In some clinical studies a regular regi-
men of high doses of ß2-agonists resulted in
a fall in forced expiratory volume in 1 s with
an increase in eosinophilic cationic protein
levels and eosinophil recruitment (13,14).
This increase in airway inflammation may
contribute to the worsening of pulmonary
function and asthma severity. These side
effects were observed four weeks after a
regular salbutamol regimen and were re-
versed by corticosteroid treatment (15). In
addition, some investigators have observed
tolerance to bronchodilator effects promoted
by the use of short-acting ß2-agonists (4-8).

In view of conflicting evidence suggest-
ing that regular use of ß2-agonists can either
improve or worsen airway inflammation and
hyperresponsiveness, we compared two regi-
mens of ß2-agonist administration in an ex-
perimental model of chronic allergic airway
inflammation in guinea pigs. We determined
the effects of two regimens of salbutamol

administration (twice and five times a week)
on the acute response to the allergen, the
pulmonary responsiveness to methacholine
and the development of specific anaphylac-
tic antibodies.

Material and Methods

All guinea pigs received humane care in
compliance with the “Principles of Labora-
tory Animal Care” published by the National
Institutes of Health (NIH publication 86-23,
revised 1985). The study was approved by
the Institutional Ethics Committee of the
School of Medicine of the University of São
Paulo.

Sensitization of male Hartley guinea pigs
weighing 250 to 350 g, maintained under
controlled environmental conditions and with
ovalbumin (OVA)-free food and water ad
libitum, was performed as previously re-
ported (16). Briefly, the animals were placed
in a Plexiglas box (30 x 15 x 20 cm) coupled
to an ultrasonic nebulizer (US-1000; ICEL,
São Paulo, SP, Brazil) and an OVA aerosol
(Grade IV, Sigma, St. Louis, MO, USA)
diluted in 0.9% NaCl (normal saline) was
generated for 15 min or until respiratory
distress occurred. Respiratory distress was
defined as the onset of sneezing, coryza,
cough, and/or indrawing of the thoracic wall.
The observer who made the decision to with-
draw the guinea pigs from the inhalation box
was not aware of the treatment status of the
animal. This protocol was repeated seven
times, every 48 h, with increasing concentra-
tions of OVA (1, 2.5 and 5 mg/ml, respec-
tively, four, two and one times), in order to
overcome tolerance. After this sensitization
period, guinea pigs were challenged by inha-
lation of 5 mg/ml OVA aerosol once a week
for 4 weeks (Figure 1).

Experimental groups

After the sensitization period, OVA-sen-
sitized guinea pigs were treated by inhala-
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tion of normal saline or of 0.1 mg/ml salbu-
tamol (Glaxo-Wellcome, São Paulo, SP, Bra-
zil) twice a week or 0.1 mg/ml salbutamol 5
times a week. The guinea pigs were placed in
a Plexiglas box (30 x 15 x 20 cm) coupled to
an ultrasonic nebulizer (US-1000; ICEL) and
the inhalations lasted 30 min.

OVA-sensitized guinea pigs were divided
into 3 groups: OVA + NS (OVA + normal
saline, N = 8), OVA + S2x (OVA + salbuta-
mol twice a week, N = 7) and OVA + S5x
(OVA + salbutamol five times a week, N =
8). The control groups were: NS + NS (nor-
mal saline + normal saline, N = 7), NS + S2x
(normal saline + salbutamol twice a week, N
= 8) and NS + S5x (normal saline + salbuta-
mol five times a week, N = 8).

Measurement of respiratory mechanics

Guinea pigs were anesthetized with so-
dium pentobarbital (50 mg/kg, ip), tracheos-
tomized and ventilated at 65 breaths/min
with a tidal volume of 8 ml/kg using a Harvard
683 ventilator (Harvard Apparatus, South
Natick, MA, USA). Tracheal pressure (Ptr)
was measured with a differential pressure
transducer (DP 45-28-2114; Validyne Corp.,
Northridge, CA, USA) connected to a side
tap in the tracheal cannula. Airflow (V’) was
measured using a pneumotachograph (Fleisch
#0000, Richmond, VA, USA) attached to
the tracheal cannula and to a differential
pressure transducer (DP 45-16-2114; Vali-
dyne Corp.). Lung volume changes (V) were
obtained by electronic integration of V’. Ptr
and V’ signals were registered with a Gould
RS 3400 (Cleveland, OH, USA) recorder
and sampled at 200 Hz with an analog-to-
digital converter (DT2801A; Data Transla-
tion, Marlboro, MA, USA) and stored in a
microcomputer. Nine to ten respiratory cycles
were averaged to provide one data point.
Respiratory system resistance (Rrs) and
elastance (Ers) were obtained using the equa-
tion of motion of the respiratory system, as
follows:

Ptr (t) = Ers . V (t) + Rrs . V’ (t),

where t is time.

Methacholine dose-response curves

Methacholine chloride (Sigma) was dis-
solved in normal saline. Increasing concen-
trations of methacholine (0.1, 0.3, 1, 3, 10,
and 30 mg/ml) were delivered by an ultra-
sonic nebulizer connected to the Harvard
583 ventilator. Each concentration of metha-
choline chloride was delivered for 1 min and
the interval between two doses was 5 min.
Peak values of Ptr and corresponding V’
values after each dose of methacholine were
recorded.

Passive cutaneous anaphylaxis

At the end of the determination of the
methacholine dose-response curve, blood
samples were collected from the right ven-
tricle by cardiac puncture and serum was
obtained for the measurement of anaphylac-
tic IgG1. OVA-specific anaphylactic IgG1

and IgE antibody titers were measured by the
passive cutaneous anaphylaxis technique as
described by Ovary (17) and modified by
Mota and Perini (18). Briefly, guinea-pig
serum IgG1 anti-OVA antibodies were de-

S2x

S5x

days

Treatment

Sensitization

450 3 6 9 12 15 18 20 24 27 31 34 38 41

1 mg/ml OVA
2.5 mg/ml OVA
5 mg/ml OVA
0.1 mg/ml salbutamol

Figure 1. Study design for sensitization to antigen and salbutamol treatment. Guinea pigs
were sensitized with aerosols of ovalbumin (OVA) solution for 15 min or until the develop-
ment of signs of respiratory distress. On day 20 they started to also receive treatment with
aerosols of salbutamol either twice a week (S2x) or five times a week (S5x).
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later, guinea pigs were sacrificed and the
diameter of the blue spots on the inner sur-
face of the flayed skin was measured. The
passive cutaneous anaphylaxis titer was taken
to be the highest dilution that presented a
blue spot at least 10 mm in diameter.

Statistical analysis

Two-way repeated measure analysis of
variance (experimental group and exposure
to the allergen) for one repeated factor (ex-
posure to the allergen) was used to study
inhalation time. One-way analysis of vari-
ance was used to compare Rrs and Ers val-
ues, and the indexes of pulmonary respon-
siveness to methacholine. To isolate the group
or groups that differed from the others a
multiple comparison procedure (Tukey test)
was used. P values less than 0.05 were con-
sidered to be significant.

Results

Exposure to ovalbumin (inhalation time)

During the first three inhalations there
were no signs of respiratory distress in any of
the guinea pigs that received aerosols of
OVA solution. Respiratory symptoms oc-
curred during inhalations 5, 6 and 7. Figure
2A shows the inhalation time (time that guin-
ea pigs remained in the inhalation box with-
out respiratory symptoms) of the guinea pigs
that received OVA aerosols but not salbuta-
mol. The inhalation time decreased in the
5th, 6th, and 7th inhalations compared to the
first four inhalations (P < 0.001), showing
sensitization to OVA.

The time that the guinea pigs remained in
the inhalation box during exposure to OVA
aerosol until the development of any sign of
respiratory distress was also recorded at the
end of the sensitization period (2 weeks) and
at the end of the treatment period, when the
guinea pigs were exposed to either saline or
salbutamol aerosols (4 weeks). The inhala-
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Figure 2. A, Time of exposure to
ovalbumin (OVA) aerosol until
the development of signs of res-
piratory distress (N = 8). *P <
0.001 compared to the 4th ex-
posure (two-way ANOVA). All
guinea pigs exposed to saline (N
= 7) remained in the inhalation
box for 15 min in all exposures.
B, Inhalation time corresponding
to exposure to 5 mg/ml OVA
aerosol before (left columns)
and after (right columns) 4
weeks of treatment with saline
(N = 8) or salbutamol twice a
week (S2x, N = 7) or five times a
week (S5x, N = 8). *P = 0.002
compared to other groups (two-
way ANOVA).

Table 1. Basal (pre-methacholine challenge) respiratory system elastance and resis-
tance.

Group N Ers (cmH2O/ml)Rrs (cmH2O ml                      -1

s-1)

NS + NS 7 1.61 ± 0.51 0.22 ± 0.05
NS + S5x 8 1.27 ± 0.19 0.19 ± 0.04
NS + S2x 8 1.51 ± 0.50 0.23 ± 0.08
OVA + NS 8 1.51 ± 0.35 0.24 ± 0.07
OVA + S2x 7 1.49 ± 0.35 0.28 ± 0.15
OVA + S5x 8 1.78 ± 1.29 0.23 ± 0.03

Data are reported as means ± SD. Guinea pigs were exposed to either normal saline
(NS) or ovalbumin (OVA) aerosols (first column) and were treated with NS or salbuta-
mol five times per week (S5x) or twice a week (S2x; second column). Ers = respiratory
system elastance; Rrs = respiratory system resistance.

tected after incubation for 3 h at 56oC to
neutralize IgE antibodies. An aliquot of 0.1
ml of the diluted sample (IgE or IgG1) was
injected intradermally into a naive guinea
pig. After passive sensitization (24 h IgG1

and 46 h for IgE), these guinea pigs were
challenged with intravenous injection of 1
ml 0.9% saline solution containing 1 mg
OVA and 10 mg Evans blue dye. One hour

*
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tion time was similar for all groups that
received OVA aerosols at the end of the
sensitization period (Figure 2B). However,
at the end of the treatment period, the group
of OVA-sensitized guinea pigs that received
aerosols of salbutamol twice a week remained
in the inhalation box before the beginning of
respiratory symptoms for a significantly
longer time than the other three groups (P =
0.002). In contrast, the group of OVA-sensi-
tized guinea pigs that received salbutamol
treatment five times per week did not show a
significant difference in inhalation time com-
pared to OVA-sensitized guinea pigs that
did not receive salbutamol.

Respiratory mechanics and methacholine
challenge

Baseline (immediately before the dose-
response curve to aerosolized methacholine)
values of Ers and Rrs are shown in Table 1.
No statistically significant differences were
observed among the groups studied.

The concentration of methacholine chlo-
ride that resulted in 50% of maximal re-
sponse was calculated for both Rrs and Ers.
We did not observe any significant effect of
salbutamol treatment on the values of 50%
of maximal response for either Rrs or Ers.
Salbutamol treatment either twice a week or
daily did not result in a significant modifica-
tion of the maximal respiratory system me-
chanical changes induced by methacholine
aerosol.

Anaphylactic IgE and IgG1 antibodies

No antigen-specific anaphylactic IgE anti-
bodies were observed in any experimental
group. However, guinea pigs treated with
salbutamol twice a week showed lower titers
of IgG1-specific antibodies (1:240) compared
to guinea pigs sensitized with OVA that
received no treatment with salbutamol
(1:960). In contrast, guinea pigs that received
salbutamol five times per week showed IgG1-

specific antibody titers similar to those of
sensitized guinea pigs not treated with salbu-
tamol (1:960) (5 animals per group, P <
0.05).

Discussion

To study the possible effects of prolonged
ß2-agonist treatment on airway responsive-
ness to allergens and to bronchoconstrictors,
we used an experimental model of chronic
airway inflammation and tested two regi-
mens of salbutamol administration: twice a
week to simulate an intermittent administra-
tion and five times a week to simulate a more
continuous use. Few experimental studies
have investigated the effects of ß2-agonists
on the inflammatory response in animal
models of chronic allergic inflammation. The
inhalation of environmental allergens is a
major mechanism of asthma, and experi-
mental models with allergen-induced chronic
airway inflammation are probably more rel-
evant to the study of the mechanisms of
human asthma than models with a single
challenge (19). In a previous study, we as-
sessed the effects of airway inflammation
induced by repeated OVA aerosol exposures
in guinea pigs (16). Maximal Rrs and Ers
values after antigen challenge were higher in
guinea pigs submitted to repeated antigen
exposures than in controls (saline exposure),
showing the presence of an allergen-specific
response. There was an intense peribron-
chial edema and an increase in lymphocytes
and eosinophils both in bronchoalveolar lav-
age fluid and distal airways in OVA-sensi-
tized guinea-pigs. Immunohistochemistry
with monoclonal antibodies revealed that
most mononuclear cells present on the air-
way walls were CD4+ T cells (16).

In the present study, we used the same
experimental model of chronic airway in-
flammation in guinea pigs induced by re-
peated exposures to aerosolized OVA (16)
to evaluate the effects of two regimens of
administration of a short-acting ß2-agonist
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(salbutamol). We started the treatment with
salbutamol two weeks after the beginning of
the exposures to OVA to avoid effects of
salbutamol on sensitization to OVA. Al-
though this experimental model results in
airway inflammation, there is no significant
change in basal respiratory mechanics. In
fact, we did not observe any significant dif-
ference in Ers or Rrs among the experimen-
tal groups at the end of the experimental
protocol, when the guinea pigs were anes-
thetized and mechanically ventilated (Table
1).

We evaluated the effects of salbutamol
on pulmonary responsiveness to both OVA
(specific) and methacholine (nonspecific).
To assess pulmonary responsiveness to OVA
we computed the time that the guinea pig
remained exposed to the OVA aerosol until
the onset of respiratory distress. We ob-
served that, since the 5th inhalation of OVA,
the guinea pigs were able to remain in the
box less time than guinea pigs that received
aerosols of normal saline (Figure 2A), indi-
cating the presence of sensitization and the
development of an early phase response to
the allergen. Interestingly, we could observe
a protection against the early response to
inhaled OVA only in the group of guinea
pigs that received salbutamol twice a week
(Figure 2B). This attenuation in the acute
response to the allergen was not observed in
the guinea pigs that received salbutamol five
times per week, suggesting that, in this ex-
perimental model, the daily use of a ß2-
agonist results in a loss of this protective
effect against allergen challenge in sensi-
tized guinea pigs.

To study the effect of salbutamol treat-
ment on the pulmonary responsiveness to
methacholine we performed dose-response
curves to inhaled methacholine chloride and
to compare the experimental groups we cal-
culated, for each animal, the dose of metha-
choline that resulted in 50% of maximal
changes of Rrs and Ers, according to Hulbert
et al. (20). We also calculated the maximal

values of Rrs and Ers induced by methacho-
line administration for each guinea pig. We
did not observe any significant effect of
salbutamol treatment in either 50% of maxi-
mal changes or in the maximal response to
methacholine.

In the experimental model of airway in-
flammation induced by repeated exposures
to inhaled OVA there is production of IgG1

anaphylactic antibodies but not of IgE
(18,21). In fact, passive cutaneous anaphy-
laxis analysis revealed that guinea pigs ex-
posed to OVA but not to salbutamol (OVA +
NS group) did not show specific anaphylac-
tic IgE antibodies but showed high titers of
IgG1 antibodies (a response observed even at
1:960 dilution). Treatment with salbutamol
five times per week did not influence this
response. However, treatment with salbuta-
mol only twice a week resulted in signifi-
cantly lower values of IgG1 antibodies
(1:240).

In guinea pigs the regular use of ß2-ago-
nists induces airway narrowing and an in-
crease in smooth muscle contractility (19).
This treatment can also contribute to the
increase of bronchial responsiveness (9) due
to the reduction of constitutive adrenergic
effects by either receptor down-regulation
and/or decrease of receptor turnover, both
reducing the receptor density on the cell
surface. In the present study, we have shown
that only salbutamol administered twice a
week (but not five times a week) resulted in
an attenuation of the early pulmonary re-
sponse to the antigen.

The effect of ß2-agonists on bronchial
responsiveness remains controversial. Sears
et al. (4) observed a small although signifi-
cant increase in bronchial responsiveness in
patients treated with a regular regimen of
fenoterol when compared to patients receiv-
ing fenoterol under a demand regimen. In
contrast, Chapman et al. (5) reported a better
asthma control when salbutamol was used in
a regular manner compared to use only as
needed. Some investigators observed that a
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single dose of ß2-agonist protects the pa-
tients against a wide variety of bronchocon-
strictor stimuli, independently of bronchodi-
lator activity (8,22).

A slight anti-inflammatory activity of ß2-
agonists has been suggested, possibly due to
intracellular increase of cAMP generated by
the activation of adenyl cyclase in CD4+
lymphocytes, eosinophils and neutrophils,
reducing the release of inflammatory media-
tors from these cells (10,23,24). In our ex-
perimental model, we observed that the ad-
ministration of salbutamol twice a week re-
sulted in lower levels of IgG1-specific ana-
phylactic antibodies and this effect of salbu-
tamol was not observed in the group of guin-

ea pigs that received salbutamol five times a
week.

We demonstrated here that in guinea pigs
with chronic allergic pulmonary inflamma-
tion, administration of salbutamol twice a
week resulted in lower levels of anaphylac-
tic antibodies and an attenuation in the early
response to the allergen. These effects were
not observed when salbutamol was adminis-
tered five times a week. However, neither
regimen changed pulmonary responsiveness
to methacholine. Our results suggest that, in
this experimental model, a more frequent
administration of ß2-agonists results in a loss
of some of their protective effects against the
allergen.
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