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ABSTRACT: This study characterised the effect of b-adrenoceptor stimulation on
endotoxin-induced accumulation of neutrophilic granulocytes in mouse airways, where
the cytokines interleukin (IL)-6 and macrophage inflammatory protein (MIP)-2 are
involved as mediators.

The b2-adrenoceptor agonist salbutamol (0.025–250 fMol) was administered
intranasally in mice 24 h prior to administration of endotoxin (10 mg) intranasally.
Bronchoalveolar lavage (BAL) fluid and venous blood, respectively, was harvested (6 or
24 h) after administration of endotoxin.

Salbutamol substantially decreased the number of neutrophils in BAL fluid from
endotoxin-exposed (6 and 24 h) mice and this effect was dose dependent (24 h).
Pretreatment with the b-adrenoceptor antagonist propranolol attenuated the inhibitory
effect of salbutamol on BAL neutrophils (6 and 24 h), an attenuation that was not due
to any unspecific effect of propranolol. Salbutamol also substantially decreased IL-6,
but not MIP-2 in BAL fluid (6 h). In contrast to BAL fluid, salbutamol caused a
moderate increase in blood neutrophils (24 h).

In conclusion, as indicated in mouse airways in vivo, b-adrenoceptor stimulation prior
to endotoxin exposure inhibits the induced accumulation of neutrophils at a time point
much later than that anticipated from its bronchodilatory effect. Even though the
detailed molecular mechanisms behind this sustained "anti-inflammatory" effect remain
unknown, it seems likely that this effect is in part due to a decrease in the local
concentration of interleukin-6.
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Several clinical studies indicate an association between an
accumulation of neutrophilic granulocytes in the airways and
severe, noninfectious exacerbations of obstructive pulmonary
diseases, such as asthma and chronic obstructive pulmonary
disease (COPD) [1]. Because of this, the prevention of an
exaggerated accumulation of neutrophils may constitute a
useful pharmacotherapeutical strategy, with a beneficial effect
on severe exacerbations of asthma and COPD.

Bronchodilation by stimulation of b2-adrenoceptors is a
frequently utilised therapy in patients with obstructive
pulmonary disease. In spite of the frequent clinical use
of this therapy, it remains unclear whether or not
b2-adrenoceptor stimulation as monotherapy causes pro- or
anti-inflammatory effects in the airways. Clinical evidence in
support of such a pro-inflammatory effect includes data
showing that regular inhalation of the b2-adrenoceptor
agonist salbutamol worsens exercise and allergen-induced
bronchoconstriction in patients with asthma [2–4]. Similarly,
regular inhalation of the b2-adrenoceptor agonist terbutaline
increases eosinophilic granulocytes in induced sputum from
patients with atopic asthma [5]. There are no published
clinical data on the involvement of neutrophils in this respect
but one study on rodents in vivo indicates that endogenous
stimulation of b-adrenoceptors contributes to the mobilisa-
tion of blood neutrophils following systemic exposure to
platelet activating factor [6]. Interestingly, there is also
evidence from human airway smooth muscle cells, bronchial

epithelial cells and monocytes in vitro that stimulation of b-
adrenoceptors per se increases the release of interleukin (IL)-
8, one of the most potent neutrophil chemoattractants in
humans [7–11]. However, b-adrenoceptor stimulation does
decrease the induced release of the neutrophil-mobilising
cytokines granulocyte-macrophage colony-stimulating factor
(GM-CSF) and IL-6 in vitro, in human airway smooth muscle
and macrophage-like cells, respectively [12, 13].

The aim of the current study was to characterise the effect
of b-adrenoceptor stimulation on endotoxin-induced accu-
mulation of neutrophils in the airways in vivo. To do this, the
b2-adrenoceptor agonist salbutamol was administered once,
24 h prior to endotoxin exposure in the airways of mice in vivo
and cell differential counts as well as the concentration of the
neutrophil-mobilising cytokines IL-6 and macrophage inflam-
matory protein-2 (MIP-2), a murine IL-8 correlate, in
bronchoalveolar lavage (BAL) fluid, harvested 6 and 24 h
after endotoxin exposure [14–20], were subsequently assessed.

Methods

Animals

The current study used pathogen-free male C57BL/6 mice
(aged 6–8 weeks, weight range 21–26 g; B&K Universal AB,
Stockholm, Sweden). Mice were kept in individually ventilated
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racks and received standard laboratory food plus water ad
libidum at the Animal Care Facility of Göteborg University.
The experiments were approved by the Animal Ethics
Committee in Göteborg, Sweden (DNo. 310/98).

Anaesthesia and euthanisation

Prior to intranasal (i.n.) administration of endotoxin and
salbutamol, or intraperitoneal (i.p.) administration of pro-
pranolol, or respective vehicles (see below), mice were
transiently anesthetised using CO2 gas (AGA Gas AB,
Göteborg, Sweden) in a sealed chamber as previously
described [18]. By the end of each experiment and prior to
the collection of BAL and blood samples, the animals were
anaesthetised using a mixture of xylazin (130 mg?kg-1 in
0.1 mL sterile phosphate-buffered saline (PBS)) and ketamine
(670 mg?kg-1 in 0.1 mL PBS) (Apoteksbolaget, Göteborg,
Sweden) i.p. After reaching a deep level of anaesthesia, the
mice were euthanised through opening of the chest and
bleeding of the right ventricle of the heart.

Endotoxin exposure

Endotoxin (LPS 10 mg, Escherichia coli Serotype 055:B5,
Sigma, St Lous, MO, USA) or its vehicle (PBS 25 ml) was
administrated i.n. [8, 18]. This dose of endotoxin causes a
submaximum increase in the number of BAL neutrophilic
granulocytes 24 h later in the mouse model [18]. The referred
increase in neutrophils is accompanied by a corresponding
increase in mouse IL-6 and MIP-2 in BAL fluid and it is
attenuated by pretreatment with antibodies against mouse IL-
6 and MIP-2 [18].

b2-adrenoceptor stimulation

The b2-adrenoceptor agonist salbutamol (25 mL of
0.01–10 nM salbutamol hydrochloride, Sigma Chemicals
Co., St Louis, MO, USA) or corresponding vehicle (PBS)
was administered i.n. 24 h prior to endotoxin exposure.

b-adrenoceptor blockade

Propranolol (10 mg?kg-1 of propranolol hydrochloride,
Sigma) or its vehicle (0.5 mL PBS) was administrated i.p.
2 h prior to salbutamol during aneasthesia obtained using
carbon dioxide. After injection of propranolol, air (0.2 mL)
was flushed through the i.p. needle to ascertain intra-
abdominal delivery of the drug solution.

Bronchoalveolar lavage

After tracheotomy, BAL was performed twice by instilling
PBS (0.25 mL) through the tracheal cannula, followed by
gentle aspiration. The fluid from the two BAL procedures was
pooled and kept on ice until further processing. The BAL
recovery volume was y80% of the instilled fluid in all
treatments groups. After retrieval, the BAL fluid was
centrifuged at 1,000 rpm during 10 min at 4uC (Eppendorf,
Netheler, Germany), and the cell pellet was then resuspended
in washing buffer (0.03% bovine serum albumin in PBS,
Sigma).

Blood samples

All blood samples (0.6 mL) were harvested from the right
ventricle of the heart during the final anaesthesia (see above).

Cell differential counts

The total cell numbers (i.e. concentrations) were deter-
mined in a haematocytometer after staining of cells with Türk
solution. Differential cell counts were performed on cytospin
preparations (Cytospin 3; Shandon Life Science, Astmor,
UK) using May-Grünwald-Giemsa staining and oil immer-
sion microscopy (Zeiss Axioplan 2; Carl Zeiss, Jena,
Germany). Cell counts were carried out on 400 cells in BAL
samples and on 200 cells in blood samples.

Cytokine measurements

Cell-free BAL fluid was collected and stored at -84uC.
These samples were analysed without any concentration
procedure, using commercial ELISA kits for mouse IL-6 and
MIP-2 (Quantikine; R&D Systems Europe Ltd). The detection
limits were 15.6 and 7.8 pg?mL-1, respectively, for these assays.

Data analysis

All descriptive statistics are presented as mean¡SE. For
statistical analysis of differences between two treatment groups,
an unpaired t-test was used. For statistical analysis of differences
between multiple treatment groups, analysis of variance
followed by Fischer9s prevented least significant difference was
used. Correlations were evaluated using Spearman9s rank
correlation test. N equals the number of independent observa-
tions (animals). Statistical significance was from pv0.05.

Results

b-adrenoceptor stimulation and neutrophils in naive mice

Treatment with salbutamol i.n. 24 h prior to PBS exposure
(vehicle of endotoxin) i.n. decreased the number of neutrophils
in BAL fluid harvested 24 h after PBS exposure (fig. 1a). In
contrast, treatment with salbutamol i.n. increased the percentage
of neutrophils in venous blood at the same time point (fig. 1b).

b-adrenoceptor stimulation and neutrophils in endotoxin-
exposed mice

Endotoxin exposure i.n. substantially increased the number
of neutrophils in BAL fluid harvested 24 h later (fig. 2a).
Treatment with salbutamol i.n. 24 h prior to endotoxin
exposure attenuated this increase in BAL neutrophils in a
dose-dependent and substantial fashion within the dose range
0.025–2.5 fMol (fig. 2a).

Endotoxin exposure i.n. also tended to increase the
percentage of neutrophils in venous blood harvested 24 h
later, even though this effect was not statistically significant
(fig. 2b). However, treatment with salbutamol i.n. 24 h prior
to endotoxin exposure caused a clear increase in the
percentage of blood neutrophils at the lowest tested dose of
salbutamol; even though this effect did not seem to be
increasing with dose (fig. 2b).
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b-adrenoceptor blockade and neutrophils in b2-adrenoceptor
stimulated and endotoxin-exposed mice

Pretreatment with the b-adrenoceptor antagonist propra-
nolol i.p. attenuated the inhibitory effect of salbutamol on
the increase in BAL neutrophils following endotoxin
exposure. This pattern was observed regardless whether
the BAL fluid was harvested 6 or 24 h after endotoxin
exposure (fig. 3a and b respectively). In mice exposed to
endotoxin but not salbutamol, pretreatment with
propranolol alone tended to lower the BAL neutrophil
number (down to 15.2(3.7)6104 mL-1; n=29), compared
with mice pretreated with the vehicle of propanolol alone
(fig. 3b).

In contrast to its effect on BAL neutrophils, pretreatment
with the b-adrenoceptor antagonist propranolol did not
markedly alter the percentage of neutrophils in venous
blood harvested 24 h after endotoxin exposure from mice
treated with salbutamol (fig. 4).

b-adrenoceptor stimulation and cytokines in endotoxin-
exposed mice

Endotoxin exposure i.n. caused a marked increase in the
concentration of IL-6 in BAL fluid harvested 6 h or 24 h later

(fig. 5a and b respectively). Treatment with salbutamol
attenuated this increase in IL-6 at 6 h after endotoxin
exposure (fig. 5a). A similar trend was observed at 24 h
after endotoxin exposure (fig. 5b) but it failed to prove
statistically significant. Pretreatment with the b-adrenoceptor
antagonist propranolol attenuated the inhibitory effect of
salbutamol on the referred increase in IL-6 at 6 h (fig. 5a) but
did not cause any statistically significant effect at 24 h
(fig. 5b) after endotoxin exposure.

Endotoxin exposure i.n. also increased the concentration of
MIP-2 in BAL fluid harvested 6 and 24 h later (fig. 6a and b
respectively). However, treatment with salbutamol did not
attenuate this increase in MIP-2; neither 6 h or 24 h after
endotoxin exposure (fig. 6a and b respectively). Pretreatment
with the b-adrenoceptor antagonist propranolol did not
markedly alter the MIP-2 concentration at either time point
(fig. 6a and b, respectively).

As measured 6 h after endotoxin exposure, the concentra-
tion of IL-6 and number of neutrophils in BAL fluid
displayed a strong correlation (fig. 7a), whereas this was not
the case for the concentration of MIP-2 and the number of
neutrophils (fig. 7b). There was no corresponding correlation
at 24 h after endotoxin exposure (data not shown).
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Fig. 1. – Effect of intranasal treatment with the b2-adrenoceptor
agonist salbutamol (salb.) (250 fMol) compared with its vehicle
(25 mL phosphate-buffered saline (PBS)), on a) the number of
neutrophilic granulocytes (PMN) in bronchoalveolar lavage (BAL)
fluid and b) the percentage of neutrophils in venous blood (harvested
from the right ventricle of the heart) in naı̈ve mice (C57BL/6). BAL
fluid and venous blood was collected 24 h after treatment with
salbutamol or its vehicle. Data are presented as mean with error bars
showing SE. *: pv0.05; **: pv0.01. n=10.
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Fig. 2. – Effect of treatment with various doses of intranasal salbuta-
mol (salb.) compared with its vehicle (25 mL phosphate buffered
saline (PBS)), administered prior to subsequent exposure to endotoxin
(LPS; 10 mg) or its vehicle (25 mL PBS), on a) the number of
neutrophils (PMN) in bronchoalveolar lavage (BAL) fluid (Rho=-0.4,
pv0.05 according to Spearman rank correlation test; n=40) and b) the
percentage of neutrophils (PMN) in venous blood in mice. BAL fluid
and blood was collected 24 h after exposure to endotoxin. Data are
presented as mean with error bars showing SE. NS: nonsignificant. **:
pv0.01. n=10 for PBS, LPSz0.025 salb., LPSz25 salb. and LPSz250
salb. n=15 for LPS, LPSz0.25 salb. and LPSz2.5 salb.
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Discussion

This study on mouse airways in vivo shows that one
treatment intranasally with the b2-adrenoceptor agonist
salbutamol, within a certain dose interval and 24 h prior to
endotoxin exposure, does prevent the induced increase in
BAL neutrophils harvested at up to 24 h after endotoxin
exposure. The study also shows that salbutamol9s action on
the number of BAL neutrophils is attenuated by pretreatment
intraperitoneally with the nonselective b-adrenoceptor
antagonist propranolol, whereas propranolol per se does
decrease BAL neutrophils in endotoxin treated mice; this
rules out an unspecific increasing effect of propranolol per se
on BAL neutrophils. Thus, collectively, these findings indicate
that local b-adrenoceptor stimulation prevents the accumulation
of airway neutrophils caused by a pathogenetically relevant
stimulus and that this effect is sustained. Because the decrease
in BAL neutrophils was also observed in naive, unexposed
mice, this effect may be independent of stimulus. This
potentially anti-inflammatory action appears to require
moderate doses of the b-adrenoceptor agonist, compared to
what is given to human patients, even when difference in body
weight is accounted for [21].

In order to further characterise its mechanism of action, the
current authors also determined salbutamol9s effect on the
concentration of IL-6 and MIP-2 in BAL fluid; two cytokines
that are involved in determining the recruitment, activation
and survival of neutrophils [14–20]. The current authors
found that when the utilised b-adrenoceptor agonist is
administrated 24 h prior to endotoxin, it inhibits the
endotoxin-induced increase in IL-6 6 h later (and thus 30 h
after administration of salbutamol). This is not true for the
IL-8 correlate MIP-2. In contrast, the current authors
observed a weak trend towards an increase in the IL-8
correlate MIP-2 at the same time point, in line with previously
published data on IL-8 release in bronchial epithelial cells [9,
11]. The current authors also found that the b-adrenoceptor
antagonist propranolol attenuates salbutamol9s inhibitory
effect on IL-6. When assessed 24 h after endotoxin (and thus
48 h after the administration of salbutamol) the utilised b-
adrenoceptor agonist did not display any significant inhibi-
tory effect on either IL-6 or MIP-2. The current authors also
observed that local IL-6 displays a strong correlation with
neutrophils in BAL suspension, as measured 6 h after
endotoxin exposure. In contrast, this is not the case for
MIP-2. No corresponding correlation with BAL neutrophils
24 h after endotoxin exposure, neither for IL-6 nor for MIP-
2, was detected. Unfortunately, the experimental system did
not allow assessment of any putative, corresponding correla-
tions between IL-6 and MIP-2 at 6 h and neutrophils 24 h
after endotoxin exposure. However, taken together, the
current findings are indeed compatible with specific b-
adrenoceptor stimulation causing a selective inhibitory
effect on certain cytokine release from local cells in the
airways in vivo. The findings also support that these effects
subsequently result in an anti-inflammatory action on
endotoxin-induced accumulation of neutrophils in the air-
ways. Because it is known that IL-6 plays an important role in
endotoxin-induced neutrophil accumulation in mouse airways
[15, 16, 18, 20], it is feasible that the demonstrated inhibition
of IL-6 release at least in part accounts for the referred anti-
inflammatory effect of b-adrenoceptor stimulation. However,
the involvement of additional neutrophil-mobilising factors,
apart from MIP-2, cannot be excluded.
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Fig. 3. – Effect of pretreatment intraperitoneally with the b-adrenoceptor
antagonist propranolol (prop.; 50 mg?kg-1) or its vehicle (0.5 mL
phosphate-buffered saline (PBS)), prior to treatment with salbutamol
(salb.; 2.5 fMol) or its vehicle (25 mL PBS) intranasally (i.n.),
followed by subsequent exposure to endotoxin (LPS; 10 mg) or its
vehicle (25 mL PBS) i.n. on the concentration of neutrophils (PMN)
in bronchoalveolar lavage (BAL) fluid in mice. BAL fluid was
collected a) 6 h and b) 24 h after endotoxin exposure. Data presented
as mean with error bars showing SE. **: pv0.01; ***: pv0.001. n=10
(a). n=17 for PBS, n=30 for LPS and LPSzsalb., n=28 for
LPSzsalb.zprop (b).

�

��

��

��

�

	�� �	� �	������� �	�������
�� ���

��

��
��

��
	


��
��

Fig. 4. – Effect of pretreatment intraperitoneally with propranolol
(prop.; 50 mg?kg-1) or its vehicle (0.5 mL phosphate-buffered saline
(PBS)), prior to treatment with salbutamol (salb.; 2.5 fMol) or its
vehicle (25 mL PBS) intranasally (i.n.), followed by subsequent
exposure i.n. to endotoxin (LPS; 10 mg) or its vehicle (25 mL PBS), on
the percentage of neutrophils (PMN) in venous blood from mice.
Venous blood was harvested 24 h after endotoxin exposure. Data
presented as mean with error bars showing SE. NS: nonsignificant.
n=17 for PBS, n=30 for LPS and LPSzsalb., n=28 for LPSzsalb.zprop.
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Macrophages are believed to play a central role in
responses to endotoxin exposure and, of particular interest,
they release IL-6 in response to this type of exposure [13,
21–23]. In support of such a role, and in line with data from
the current study, the endotoxin-induced release of IL-6 from
a human macrophage-like cell line and from rat renal
macrophages is also inhibited by b-adrenoceptor stimulation
[13, 22, 24]. The release of free-oxygen radicals from human
alveolar macrophages can also be inhibited by b-adrenoceptor
stimulation [25]. Hypothetically, the cellular targets for b-
adrenoceptor stimulation may thus include IL-6 from
macrophages. However, it can be speculated that these targets
also include bronchial epithelial cells and venous endothelial
cells, because these cell types can release IL-6 under certain
conditions [26, 27]. The role of lung fibroblasts is more
uncertain in this context, since at least in rat cardiac
fibroblasts, b-adrenoceptor stimulation leads to a substan-
tially increased release of IL-6 [28, 29].

It is noteworthy that the concentration of IL-6 displayed a
relatively strong correlation with BAL neutrophils harvested
6 h after endotoxin exposure, whereas a weaker correlation
was observed for the IL-8 correlate MIP-2. This observation
is indeed in line with the previously demonstrated inhibitory

effect of a neutralising anti-IL-6 antibody on endotoxin-
induced neutrophil accumulation in the current authors
mouse airway model [18]. Taken together, these findings
forward local IL-6, besides C-X-C chemokines, such as MIP-
2, as an important determinant for early neutrophil accumu-
lation but it remains to be confirmed whether this is also true
in man.

It is of particular interest that the current study demon-
strates that there may be a substantial time lag between the
local stimulation of b-adrenoceptors and its functional
outcome for the accumulation of inflammatory cells in vivo,
in this case the inhibition of accumulated neutrophils in the
airways. This "anti-inflammatory" effect is much more
sustained than that anticipated from salbutamol9s effect on
airway smooth muscle in vitro or its bronchodilatory effect
in vivo [29–32]. Even though the current study forwards
IL-6 as an important target mediator for salbutamol, the
specific molecular mechanisms behind salbutamol9s sustained
"anti-inflammatory" effect remain unknown. Indeed, it is
known that the direct effect of salbutamol on cyclic AMP is
coupled immediately to the control of contractile force in
airway smooth muscle, with very short time delay [12, 30–32].
The current authors speculate that the case may be very
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Fig. 5. – Effect of pretreatment intraperitoneally with propranolol
(prop.; 50 mg?kg-1) or its vehicle (0.5 mL phosphate-buffered saline
(PBS)) prior to treatment with salbutamol (salb.; 2.5 fMol) or its
vehicle (25 mL PBS) intranasally (i.n.), followed by exposure to
endotoxin (LPS: 10 mg) or its vehicle (25 mL PBS) i.n., on the
concentration of interleukin-6 (IL-6) in cell-free bronchoalveolar lavage
(BAL) fluid from mice. BAL fluid was collected a) 6 h and b) 24 h after
endotoxin exposure. Data presented as mean with error bars showing
SE. NS: nonsignificant. **: pv0.01; ***: pv0.001. n=10 (a). n=17 for
PBS, n=29 for LPS and LPSzsalb., n=28 for LPSzsalb.zprop. (b).
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Fig. 6. – Effect of pretreatment with propranolol (prop.; 50 mg?kg-1)
or its vehicle (0.5 mL phosphate buffered saline (PBS)) intranasally
(i.n.) prior to treatment with salbutamol (salb.; 2.5 fMol) i.n.,
followed by exposure to endotoxin (LPS; 10 mg) or its vehicle (25 mL
PBS), on the concentration of macrophage inflammatory protein
(MIP)-2 in cell-free bronchoalveolar lavage (BAL) fluid from mice. BAL
fluid was collected a) 6 h and b) 24 h after endotoxin exposure. Data
presented as mean with error bars showing SE. NS: nonsignificant.
*: pv0.05; ***: pv0.001. n=10 (a). n=16 for PBS, n=30 for LPS, n=29
for LPSzsalb., n=28 for LPSzsalb.zprop. (b).
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different when it comes to the mechanistic coupling of a
transient increase in cyclic AMP to the recruitment of
inflammatory cells, the latter most likely being a complex
series of events involving an altered production and release of
cytokines from cells residing in the airways. At present, there
are no in vivo data clarifying these events. However, there are
in vitro data, showing for example that the induced release of
IL-6 protein "peaks" after 12 h, or even later, as assessed in
"macrophage-like" cells [13]. In the current study the
inhibitory effect of a b-adrenoceptor agonist on this IL-6
release in vitro is evident up to at least 24 h after adminis-
tration. For the neutrophil-mobilising cytokine GM-CSF, the
induced release may peak even later than 96 h, as indicated in
human airway smooth muscle in vitro [12]. For this GM-CSF
release, the inhibitory effect of a b-adrenoceptor agonist is
evident from 24 h. To this substantial period of time, the time
delay between the local release of IL-6 and its functional
outcome for neutrophils entering lungs should be considered.
For induced changes in total lung neutrophil counts, this time
delay may exceed 12 h after IL-6 is given systemically, as

indicated in rabbits in vivo [20]. For newly formed neutrophils
in the same in vivo model, it constitutes y24 h [20].
Hypothetically, the local release of IL-6 in the lungs may
need an even longer time than this, before the number of lung
neutrophils is affected. This is because local IL-6 probably
has to diffuse from the lung to the pool of neutrophils (blood
vessels and bone marrow), prior to affecting neutrophil
recruitment into the local tissue in vivo. Thus, it seems
mechanistically feasible that b-adrenoceptor stimulation leads
to a transient effect on intracellular cyclic AMP that
subsequently causes an altered cytokine transcription and
release several hours later, after the immediate effect on cyclic
AMP is gone. The altered cytokine release, in turn, causes an
impact on the accumulation of neutrophils many hours,
possibly days, later. This sustained anti-inflammatory effect
may in this way appear substantially later than the
bronchodilatory effect of salbutamol, even though the
bronchodilatory effect may be present as late as 9–10 h
after administration in patients with asthma [33, 34]. Clearly,
new mechanistic studies are motivated to further elucidate the
molecular events behind this phenomenon.

To some extent, the current demonstration of an inhibitory
action on endotoxin-induced neutrophil accumulation being
exerted by salbutamol in vivo questions the results from
previous studies on human airway smooth muscle cells,
bronchial epithelial cells and monocytes in vitro, cells that all
demonstrate a clear increase in the release of the human
correlate to MIP-2, IL-8, after b-adrenoceptor stimulation
[7–11]. It remains unclear whether this discrepancy can be
attributed to the fact that certain in vitro phenomena lack an
in vivo correlate or whether the referred in vitro findings on
IL-8 have more bearing for conditions during chronic b-
adrenoceptor stimulation in airways in vivo.

It could be argued that the local, anti-inflammatory effect
of salbutamol in the current study is contradictory to previous
in vivo studies indicating a corresponding "pro-inflammatory"
action of b-adrenoceptor agonists [2–5]. However, the current
authors believe that this may be explained in terms of
differences in airway models. One such difference is the
"immunological setting"; several of the referred studies have
examined a "T-helper cell type 2" (Th2) setting whereas the
currents study was conducted in a "T-helper cell type 1" (Th1)
setting. Another such difference of potential importance is
whether the b-adrenoceptor agonist was administered once or
repeatedly.

I.n. treatment with salbutamol did indeed exert a moderate
increasing effect on the relative number of neutrophils in
venous blood, in line with previous data on the role of
endogenous catecholamines and b-adrenoceptor stimulation
in rats in vivo [6]. In the current study, this phenomenon
tended to be of greater magnitude in naive, unexposed mice
than in endotoxin-exposed mice. The same pattern was also
observed when the absolute number of neutrophils (i.e.
concentration) was determined in venous blood (data not
shown). The findings are thus compatible with local b-
adrenoceptor stimulation causing a systemic effect. However,
taken together, data from the current study do not indicate
that this moderate increase in blood neutrophils is detrimental
when local exposure to a proinflammatory stimulus (i.e.
endotoxin) occurs. Because it is known that b-adrenoceptor
stimulation tends to decrease neutrophil adhesion and certain
neutrophil-related adhesion molecules in vascular endothelial
cells in vitro, it is possible that salbutamol prevents
neutrophils from entering the airways and that this per se
leads to a secondary increase in circulating neutrophils [35].

In conclusion, this study on mice indicates that local
b-adrenoceptor stimulation can prevent endotoxin-induced
accumulation of neutrophils in vivo, at a time point
substantially later than that expected from the time course
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Fig. 7. – Correlation between number of neutrophils (PMN) and
concentration of a) interleukin (IL)-6 (Spearman rank correlation:
Rho=0.7, pv0.0001, n=40) and b) macrophage inflammatory protein
(MIP)-2 (Spearman rank correlation: Rho=0.5, p=0.004, n=40) in
bronchoalveolar lavage (BAL) fluid from mice exposed to endotoxin
(10 mg, %) or its vehicle (25 mL PBS, )) intranasally (i.n.). Some
mice were pretreated either with the b-adrenoceptor antagonist
propranolol (50 mg?kg-1) intraperitoneally (i.p.) plus salbutamol
(2.5 fMol) i.n.,; or the vehicle of propranolol (0.5 mL PBS) i.p. plus
salbutamol (2.5 fMol) i.n.; or the vehicle of propranolol (0.5 mL
PBS) i.p. plus the vehicle of salbutamol (25 mL PBS) i.n. prior to
endotoxin exposure i.n. BAL fluid was collected 6 h after exposure to
endotoxin or its vehicle.
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of the b-adrenoceptor9s bronchodilatory effect. This poten-
tially anti-inflammatory effect may in part be due to a
decrease in the local concentration of interleukin-6 and it
is observed in spite of b-adrenoceptor stimulation causing
a moderate increase in the relative number of neutrophils
in venous blood. New in vivo studies are needed to deter-
mine whether or not repeated b-adrenoceptor stimulation
leads to similar consequences for neutrophil accumulation in
the airways and what implications this may have for humans,
in particular for the treatment of obstructive pulmonary disease.
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N, Wåhlander L. Late asthmatic reaction decreased after
pre-treatment with salbutamol and formoterol, a new
long-acting b2-agonist. J All Clin Immunol 1992; 89: 844–
849.

34. Wallin A, Sandstrom T, Rosenhall L, Melander B. Time
course and duration of bronchodilation with formoterol dry
powder in patients with stable asthma. Thorax 1993; 48: 611–
614.

35. Blease K, Burke-Gaffney A, Hellewell PG. Modulation of
cell adhesion molecule expression and function on human
lung microvascular endothelial cells by inhibition of phos-
phodiesterase 3 and 4. Br J Pharmacol 1998; 124: 229–237.

237b-ADRENOCEPTOR STIMULATION AND NEUTROPHILS


