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E�ect of the p38 kinase inhibitor, SB 203580, on allergic airway
in¯ammation in the rat
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Tumour necrosis factor-a (TNF-a) and interleukin 1b (IL-1b) have been implicated in the
pathogenesis of asthma. The p38 kinase inhibitor, SB 203580 inhibits TNF-a and IL-1b production
in vitro and in vivo. In this study the e�ect of SB 203580 on allergen-induced airway TNF-a
production and in¯ammatory cell recruitment was investigated in sensitized Brown Norway rats.
The allergen-induced increase in bronchoalveolar lavage (BAL) TNF-a was inhibited by SB 203580
at every dose tested (10 ± 100 mg kg71, p.o.). In contrast, neither ovalbumin-induced eosinophilia or
neutrophilia were inhibited by SB 203580 (10 ± 100 mg kg71, p.o.). In conclusion, SB 203580 inhibits
BAL TNF-a production by 95% without inhibiting either antigen-induced airway eosinophilia or
neutrophilia. This data suggests that either the residual TNF-a is su�cent to drive allergen-induced
in¯ammatory cell recruitment into the lung or that TNF-a is not involved in allergen-induced
in¯ammatory cell recruitment.
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Introduction Asthma is an in¯ammatory disease of the

airways which involves many di�erent in¯ammatory cell types
(e.g. eosinophils) and the release of a large variety of
in¯ammatory mediators including cytokines. There is both

clinical and pre-clinical evidence to suggest that cytokines such
as TNF-a and IL-1b are involved in the pathogenesis of
asthma (Shah et al., 1995; Okada et al., 1995). BAL TNF-a
and IL-1b levels are elevated in symptomatic asthmatics and
administration of TNF-a to normal subjects mimics some of
the clinical features of asthma such as bronchial hyperreactiv-

ity and airway in¯ammation (Broide et al., 1992; Thomas et
al., 1995). Furthermore, inhibition of TNF-a, using the TNF
fusion protein R045-2081 or soluble TNF-a receptors, prevents
the development of allergen-induced airway eosinophilia and

hyperreactivity in rats, guinea-pigs and mice (Renzetti et al.,
1996; Lukacs et al., 1995). Also, IL-1 receptor antagonists
suppress bronchial hyperreactivity, the late bronchoconstrictor

response and eosinophil recruitment in allergen challenged
guinea-pigs (Watson et al., 1993; Okada et al., 1995).

Thep38kinases aremembers of themitogen activatedprotein

(MAP) kinases which are important signal transducers. They
modulate the production of pro-in¯ammatory cytokines (IL-1b,
TNF-a, IL-6, IL-8) and othermediators such as nitric oxide (Lee
& Young 1996; Matsumoto et al., 1998; Badger et al., 1998).

Recently, a series of pyridinyl-imidazole compounds, including
SB 203580 and SB 220025, have been shown to selectively inhibit
p38 kinases and the in vitro production of IL-1b andTNF-a (Lee
et al., 1994). SB 203580 inhibits lipopolysaccharide (LPS)
induced plasma TNF production, endotoxic shock and displays
anti-arthritic activity in mice and rats (Badger et al., 1996). SB

220025 is reported to inhibit angiogenesis and to prevent the
progression of an established arthritic response inmice (Jackson
et al., 1998). These ®ndings suggest that p38 kinases are involved

in several in¯ammatory processes and are potential therapeutic
targets for the treatment of asthma.

The p38 kinases are present in the lungs of humans and rats

(Wang et al., 1997; Birrell et al., 1998). The modulation of
TNF-a production has been used as an indicator of p38 kinase
inhibition in vivo (Badger et al., 1996). We have demonstrated

that SB 203580 does not inhibit ovalbumin-induced airway
eosinophilia in the mouse (Escott et al., 1998). However,
inhibition of airway TNF-a was not demonstrated in this

study. Therefore, the aim of this study was to investigate the
e�ect of SB 203580 on both airway TNF-a production and
in¯ammatory cell number following aerosolized ovalbumin

challenge in sensitized Brown Norway rats.

Methods Female Brown Norway rats (180 ± 200 g) were
obtained from Harlan, U.K. and allowed free access to food

and water. All procedures were carried out according to strict
U.K. Home O�ce Guidelines (Animals Scienti®c Procedures
Act 1986). In this study, the doses, route (p.o.) and times of

administration of the p38 kinase inhibitor, SB 203580 were
chosen based on those used in the published literature which
inhibited acute in¯ammatory responses such as serum LPS

induced TNF-a release and chronic in¯ammatory diseases
such as collagen or adjuvant-induced arthritis in rats and mice
(Badger et al., 1996).

Ovalbumin-induced BAL TNF-a production in sensitized
rats Initially, a pilot study was carried out to identify an
appropriate time point to evaluate the e�ect of SB 203580 on

BAL TNF-a production following aerosolized ovalbumin
challenge in sensitized Brown Norway rats. Then the e�ect
of SB 203580 on this cytokine response was investigated.

Brown Norway rats were sensitized on days 0, 12 and 21
with ovalbumin (100 mg) administered intraperitoneally (i.p.)
with aluminium hydroxide (100 mg) in saline (1 ml). On day

28, rats were challenged with aerosolized ovalbumin (1%
ovalbumin in saline for 30 min) in a chamber using a deVilbiss
Pulmosonic nebulizer (deVilbiss Healthcare, London, U.K.).
BAL was performed at various time points (1 ± 48 h) after

ovalbumin challenge by ¯ushing the airways with two aliquots
(2610 ml kg71) of RPMI 1640 medium for 30 s per aliquot. A
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total of 5 ml of BAL ¯uid was collected from each rat and
centrifuged at 2006g, 48C for 10 min. The cell free super-
natant was removed, frozen at 7208C and assayed for TNF-a
levels using a commercially available rat TNF-a ELISA kit
from Genzyme, U.K. (detection limit 12.5 pg ml71). Figure 1
shows the BAL TNF-a response to aerosolized ovalbumin
challenge in sensitized rats. The peak increase in TNF-a level,

observed 1 h after aerosolized ovalbumin challenge, was
selected to investigate the e�ect of SB 203580.

In order to investigate the e�ect of SB 203580 on

ovalbumin-induced BAL TNF-a, vehicle (1% carboxymethyl-
cellulose in distilled water, 2 ml kg71) or SB 203580 (10 ±
100 mg kg71) were administered orally 30 min prior to

ovalbumin challenge. One hour after the end of challenge, rats
were euthanized with sodium pentobarbitone (200 mg kg71,
i.p.), the trachea was cannulated, BAL performed and BAL

TNF-a levels measured as described above.

Ovalbumin-induced airway in¯ammation in sensitized rats The
time points used to measure in¯ammatory cell recruitment in

the airways of rats were chosen to observe peak airway
eosinophilia and were based on previous studies performed
and optimized in-house and those seen in the published

literature (Underwood et al., 1997). In order to evoke an
allergic airway in¯ammatory response in Brown Norway rats,
rats were sensitized and challenged as outlined above. Vehicle

(1% carboxy methylcellulose in distilled water, 2 ml kg71) or
SB 203580 (10 ± 100 mg kg71) were administered orally 30 min
before and 4 h after challenge. Twenty-four hours after

antigen challenge, rats were euthanized with sodium pento-
barbitone (200 mg kg71, i.p.) and BAL was performed using
RPMI containing 10% foetal calf serum (FCS) as outlined
above. Immediately after BAL, lungs were removed and the

pulmonary vasculature ¯ushed with RPMI 1640 containing
10% FCS. Cell suspensions were recovered by incubating lung
tissue (300 mg) with 10 ml collagenase (20 u ml71 for 2 h,

60 u ml71 for 1 h). The recovered cells were ®ltered (mesh size
70 mm), washed three times and resuspended in a ®nal volume
of 1 ml RPMI 1640 containing 10% FCS (Underwood et al.,

1997).
Total cell counts were obtained in BAL or lung tissue

samples by using an automated cell counter (COBAS Argos,
Roche U.K.). Cytospins of these samples were prepared by

cytocentrifugation and stained with Wright-Giemsa stain.
Di�erential cell counts (neutrophils, eosinophils, monocytes/
macrophages and lymphocytes) were obtained using light

microscopy and the percentage of each cell population were
determined after counting a total of 200 cells per slide.

Data analysis Results are expressed as mean+s.e.mean with

n=8± 12 animals per group. BAL TNF-a levels are expressed
as pg ml71 TNF-a. In¯ammatory cell numbers are expressed
per ml of BAL ¯uid or per mg of lung tissue. In¯ammatory cell

results were analysed using Kruskal ±Wallis multiple compar-
ison test. BAL TNF-a was analysed using an ANOVA with a
Dunnet's post-hoc test.

Materials SB 203580 [4-(4-¯uorophenyl)-2-(4-methylsulph-
nyl phenyl)-5-(4-pyridyl)imidazole] was synthesized by Aventis

Pharma (Dagenham Research Centre) and all other materials
were purchased from Sigma (Poole, U.K.) except for:
aluminium hydroxide from Prolabo (Fontenay, France),
sodium pentobarbitone (Euthatal) from Rhone Merieux

(Harlow, U.K.), RPMI 1640 and foetal calf serum from Gibco
(Paisley, U.K.).

Results E�ect of SB 203580 on BAL TNF-a production in
Brown Norway rats Aerosolized ovalbumin challenge pro-
duced a time-dependent increase in BAL TNF-a levels and the

peak increase was observed 1 h after the end of challenge
(Figure 1). Therefore, this time point was selected to
investigate the e�ect of SB 203580. Figure 2 shows that there

was a signi®cant increase in BAL TNF-a 1 h after aerosolized
ovalbumin challenge and SB 203580 signi®cantly (P50.05)
inhibited BAL TNF-a levels at all of the doses tested (10 ±
100 mg kg71).

E�ect of SB 203580 on BAL and lung tissue in¯ammatory cell
recruitment Aerosolized ovalbumin challenge produced a

signi®cant increase in BAL ¯uid and lung tissue eosinophil
numbers at 24 h (Figure 3a and Table 1). A signi®cant
increase in BAL ¯uid, but not lung tissue, neutrophil

numbers was observed after ovalbumin challenge (Figure
3b and Table 1). No changes in lung tissue monocyte/
macrophage cell numbers were observed following ovalbu-
min challenge (Table 1).

Figure 1 Time course of ovalbumin induced TNF-a production in
BAL ¯uid. BAL TNF-a levels were measured at several time points
(1=48h) after aerosolized ovalbumin challenge (1% for 30min) in
sensitized Brown Norway rats. Group size was 12 with results
expressed as mean+s.e.mean. *P50.05 compared to the unchal-
lenged group.

Figure 2 The e�ect of SB 203580 on BAL TNF-a levels in sensitized
Brown Norway rats. SB 203580 (10-100 mg kg71) or vehicle (2 ml
kg71) were administered orally 30min prior to challenge and BAL
TNF-a production was measured 1 h after aerosolized ovalbumin
challenge. Group size was 12 with results expressed as mean+
s.e.mean. {P50.05 compared to unchallenged (unchall) group,
pretreated with vehicle. *P50.05 compared to challenged group,
pretreated with vehicle.
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Oral administration of SB 203580 (10 ± 100 mg kg71) had
no signi®cant e�ect on airway eosinophilia in comparison to
the vehicle treated, challenged group (Figure 3a and Table 1).

No reduction in BAL neutrophilia was observed after
administration of SB 203580. (Figure 3b). In the lung tissue
the basal numbers of neutrophils were not altered by
pretreatment with SB 203580 (Table 1). The basal number of

BAL monocytes/macrophages were una�ected by SB 203580
(unchallenged, vehicle 443.8+36.2: challenged, vehicle
414.1+29.7: challenged, SB 203580 100 mg kg71

381.5+41.86103 cells ml71). However, SB 203580 produced
a dose-related increase in lung tissue monocyte/macrophage
cell numbers (Table 1).

Discussion Previous in vivo studies have demonstrated anti-
in¯ammatory activities following oral administration of the
p38 kinase inhibitor, SB 203580. SB 203580 inhibits systemic

TNF-a production induced by LPS and also displays anti-
arthritic activity in both rats and mice (Badger et al., 1996).
However, there are no published reports to date which
investigate the e�ect of SB 203580 on TNF-a production and

in¯ammatory cell recruitment in an in vivo rat model of allergic
lung in¯ammation.

The inhibition of airway TNF-a production by SB 203580

in allergen challenged, sensitized Brown Norway rats suggests
a role for p38 kinase in allergen induced airway TNF-a
production. Furthermore, these results con®rm previous

®ndings that SB 203580 can modulate TNF-a production in
vivo. Similar doses of SB 203580 have been shown to inhibit
LPS-induced TNF-a release in the BAL ¯uid of mice and the

plasma of both rats and mice in vivo (Escott et al., 1998; Birrell
et al., 1998; Badger et al., 1996). This data demonstrates that
both rat and mouse p38 isoforms are sensitive to inhibition by
SB 203580.

The inability of SB 203580 to inhibit allergen-induced
airway eosinophilia was unexpected since the inhibition of
TNF-a activity is reported to reduce eosinophil recruitment in

murine and rat airways evoked by allergen (Lukacs et al., 1995;
Renzetti et al., 1996). These published reports used the soluble
TNF receptor (sTNFr-Fc) or the TNF-a fusion protein (Ro

45-2081) to block TNF-a activity. In mice sensitized to SEA,
treatment with the sTNFr-Fc only partially inhibits BAL
eosinophilia and neutrophilia even though this treatment

e�ectively neutralizes TNF-a in vivo (Lukacs et al., 1995).
Similarly, Ro 45-2081 only partially inhibits ovalbumin-
induced airway eosinophilia in guinea-pigs and rats (Renzetti
et al., 1996). In our study, it is possible that the low levels of

TNF-a observed after treatment with SB 203580 may be
su�cient to sustain an in¯ammatory response, and that an
inhibitory e�ect on airway in¯ammation may only be observed

when TNF-a is inhibited by over 95%. It is possible that the
residual TNF-a which is not inhibited by SB 203580 may be
controlled by an alternative signal transduction pathways. For

example, both p38 and extracellular signal regulated kinase
(ERK) are involved in macrophage LPS-induced TNF-a
production in vitro (Ajizian et al., 1999).

In mice, SB 203580 inhibited BAL neutrophilia at the

highest dose tested (100 mg kg71) suggesting that p38 kinases
may be involved in neutrophil recruitment into the airway
lumen in vivo (Escott et al., 1998). In fact, SB 203580 prevents

the release of the neutrophil chemoattractant, IL-8 from
cytokine-stimulated human bronchial epithelial cells in vitro
(Matsumoto et al., 1998). Furthermore, SB 203580

(100 mg kg71) has been shown to inhibit airway neutrophilia
in BAL ¯uid, 4 h after aerosolized LPS in rats (Birrell et al.,
1998). However, as the inhibitory e�ect was not dose-

dependent and was only observed at the highest dose of SB
203580 (100 mg kg71) a non-speci®c e�ect, not related to p38
kinase inhibition, cannot be ruled out. The fact that airway

Table 1 E�ect of SB 203580 on lung tissue in¯ammatory cell number

Unchallenged Challenged
In¯ammatory cell number
6103 cells mg71 Vehicle Vehicle

SB 203580
10 mg kg71

SB 203580
30 mg kg71

SB 203580
100 mg kg71

Eosinophils 1.2+0.2 2.9+0.5{ 3.7+0.7 4.8+0.7 3.5+0.5
Neutrophils 3.2+0.5 4.4+0.8 4.1+0.6 3.2+0.3 4.4+0.6
Monocytes/macrophages 5.6+0.7 4.9+0.4 6.6+1.3 8.0+0.9* 11.0+0.8**

n=10 per group. {P50.05 vs the unchallenged vehicle group, *P50.05, **P50.01 vs the challenged vehicle group.

Figure 3 E�ect of SB 203580 (10 ± 100 mg kg71, p.o.) on BAL
eosinophils (a) and neutrophils (b) 24 h after aerosolized ovalbumin
challenge (1% for 30min) in sensitized Brown Norway rats. Group
size was 10 with results expressed as mean+s.e.mean. {P50.05
compared to unchallenged (unchall) group, pretreated with vehicle.
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neutrophilia was una�ected by SB 203580 in this study in rats
provides further evidence against a role for p38 in allergen-
induced neutrophilia. SB 203580 produced a dose-dependent

rise in rat lung tissue monocyte/macrophage cell numbers. The
reason for this increase is unclear, as most published reports
have shown an inhibition of macrophage function with SB
203580 treatment in vitro. For example, SB 203580 inhibits

LPS-induced TNF-a and IL-1b production in human
monocytes in vitro (Lee et al., 1994).

In summary, inhibition of p38 kinase with SB 203580

reduces airway ovalbumin-induced TNF-a production suggest-
ing a role for p38 kinase in allergen induced TNF-a production
in rats. However, this study does not support a role for p38

kinase in the development of ovalbumin-induced eosinophilia

in rat airways. The development of small molecules which
inhibit TNF-a production by 495% may help to further
elucidate the role of TNF-a in allergen induced airway

in¯ammatory cell recruitment.
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