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Effect of a kinin B, receptor antagonist on LPS- and cytokine-
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1 This study examines the involvement of kinins in neutrophil migration into rat subcutaneous air
pouches triggered by lipopolysaccharide (LPS), as well as the putative roles played by kinin B, and B,
receptors, tumour necrosis factor alpha (TNF-a), interleukin-1 beta (IL-1f) and selectins in this
response.

2 LPS (5ng to 10 ug cavity ') injected into the 6-day-old pouch induced a dose- and time-dependent
neutrophil migration which peaked between 4 and 6 h, and was maximal following the dose of 100 ng
cavity~! (saline: 0.46+0.1; LPS: 43+3.70 x 10° cells cavity~' at 6 h).

3 Bradykinin (BK) (600 nmol) injected into the pouch of saline-treated rats induced only modest
neutrophil migration (0.73+0.16 x 10° cells cavity'). A more robust response to BK (3.2+0.25 x 10°
cells cavity™') was seen in animals pretreated with captopril, but this was still smaller than the
responses to IL-18 or TNF-x (15pmol: 234+2.2 x 10° and 75pmol: 29.54+2 x 10° cells cavity™',
respectively). Nevertheless, the B, agonist des-Arg’-BK (600nmol) failed to induce neutrophil
migration.

4 HOE-140 (1 and 2mgkg™"), a B, receptor antagonist, reduced LPS-induced neutrophil migration.
HOE-140 also reduced the neutrophil migration induced by BK, but had no effect on the migration
promoted by IL-18 or TNF-a. des-Arg’-[Leu®]-BK, B, receptor antagonist was ineffective in changing
neutrophil migration caused by any of these stimuli.

5 Neutrophil migration induced by LPS or BK was reduced by interleukin-1 receptor antagonist (IL-
Ira) (1mgkg™"), sheep anti-rat TNF serum (anti-TNF serum) (0.3 ml cavity~"), and the nonspecific
selectin inhibitor fucoidin (10 mgkg™).

6 TNF-o levels in the pouch fluid were increased by LPS or BK injection, peaking at 0.5—1h and
gradually declining thereafter up to 6 h. IL-1f levels increased steadily throughout the 6h period.
HOE-140 markedly inhibited the rise in IL-18 and TNF-ua levels in pouch fluid triggered by both
stimuli.

7 These results indicate that BK participates importantly in selectin-dependent neutrophil migration
into the air pouch triggered by LPS in the rat, by stimulating B, receptors coupled to synthesis/release

of TNF-a and IL-1p.
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Introduction

Kinins mediate their biological actions via stimulation of two
types of membrane G protein-coupled receptors, named B,
and B, (Regoli & Barab¢, 1980). The B, receptors displaying
high affinity for the agonists bradykinin (BK) and Lys-BK are
constitutively expressed on the membranes of many cells in
both the periphery and in the central nervous system, and can
be blocked, potently, selectively and competitively by several
antagonists including HOE-140 and NPC 17731 (Hall, 1992 for
review). On the other hand, B, receptors are usually absent or
largely underexpressed in most tissues in normal conditions,
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with rare exceptions, but their expression can be induced or
increased by treatment with lipopolysaccharide (LPS) or
cytokines, or following adrenalectomy (Campos et al., 1996;
1998; Pesquero et al., 1996; Cabrini et al., 2001). B, receptors
exhibit high affinity for the agonists des-Arg’-BK (DABK) and
des-Arg'®-Lys-BK, which are metabolites of BK and Lys-BK,
respectively, and can be selectively antagonised by the B,
receptor antagonists, des-Arg’-[Leu’]-BK (DALBK) and des-
Arg'’[Leu®]-Lys-BK. Most of the physiological or pathological
effects of kinins result from their ability to stimulate neuropep-
tide release from sensory nerve fibres (Geppetti, 1993;
Ahluwalia & Perretti, 1996), synthesis of cytokines (Tiffany &
Burch, 1989; Pang & Knox, 1998), prostaglandins, leucotrienes
(Sakamoto et al., 1994) and nitric oxide (Volpe et al., 1996).
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Kinins are responsible for many signs and symptoms
of the inflammatory response including pain/hyperalgesia,
vasodilatation, contraction of venular endothelial cells
promoting the extravasation of plasma proteins and fluids
(Calixto et al., 2000 for review). These peptides can also
affect leucocyte migration. For example, injection of BK
into the pleural cavity of naive mice (Saleh et al., 1997)
or of antigen into that of previously sensitised rats (Bandeira-
Melo et al., 1999) triggers local neutrophil accumulation
amenable to inhibition by B, receptor antagonists. In
mice, DABK evokes B, receptor-mediated neutrophil
accumulation in the pleural cavity of naive animals (Vianna
& Calixto, 1998), as well as trafficking of these cells across
mesenteric postcapillary venules following priming of the
peritoneal cavity with interleukin-1 beta (IL-1f) (McLean
et al., 2000).

Another interesting model to study inflammation is that of
the air pouch (Edwards er al.,, 1981), an experimentally
formed cavity induced by injection of sterile air into the
dorsum of the animal. After 6 days, the air pouch shows
a well-defined lining structure constituted largely of
fibroblasts, about 10—-40% of esterase positive macrophage-
like cells and a few mast cells, which enables the subcutaneous
administration of substances that induce or modulate
local inflammatory responses, and is readily accessible
for sample collection and evaluation of cellular content.
Injections of carrageenan and kaolin into the air pouch
induce marked and parallel increases in both the Ievels
of BK in the pouch fluid and in vascular permeability
of the cavity’s subcutaneous borders (Barlas et al., 1985;
Kumakura et al., 1987; 1988a; Tsurufuji & Kumakura,
1989). Injection of IL-1§ into the mouse air pouch
induces neutrophil accumulation largely mediated by B, (but
not B,) receptors, as well as unveils significant chemotactic
activity of the B, agonist DABK towards these cells
(Ahluwalia & Perretti, 1996). Nonetheless, no evidence has
been provided so far as to the role(s) played by kinins and their
receptors on the neutrophil accumulation evoked by an
exogenous inflammatory stimulus in the air pouch, such as
LPS.

In light of such considerations, the present study investigates
the possible role(s) played by kinins and both their receptor
types in neutrophil migration induced by LPS in the 6-day-old
air pouch model in the rat. In addition, the contribution of the
proinflammatory cytokines, tumour necrosis factor alpha
(TNF-0) and IL-18, as well as of cell adhesion selectin
molecules in this response was also assessed.

Methods
Animals

The experiments were conducted on male Wistar rats weighing
180—200g, housed at 24+ 1°C under a 12:12h light—dark
cycle (lights on at 07:00h), with free access to food and tap
water and carried out between 13:00 and 17:00h. Animal
housing conditions and all experimental procedures were
previously approved by the Ethics Committee on Use of
Animals in Research of the University of Sdo Paulo, and were
carried out at this institution in accordance with the European
Community laws governing the use of experimental animals.

Induction of air pouches and determination of stimulus
dose

Subcutaneous air pouches were formed according to the
method described by Edwards er al. (1981). Under ether
anaesthesia and after shaving the dorsum of each animal, 20 ml
of sterile air was injected into the subcutaneous tissue of the
dorsal midline, caudal to the scapulae. On day 3, pouches were
reinflated with 10 ml of sterile air to maintain patency of the
cavity. On day 6, LPS (5, 10 or 100ng, or 1, 5 or 10 ug), BK
(60, 200 and 600 nmol), DABK (600 nmol), rat recombinant
IL-1p and TNF-« (1.5—150 pmol), all diluted in 1 ml of sterile
saline (0.9% NaCl) were injected into the pouches. Control
animals were treated identically with vehicle alone.

Cell collection, total and differential cell counts

The animals were anaesthetised with ether and killed by
exsanguination 2-—24h after injection of LPS in the time-
course study, or at 6h in the remaining experiments. Pouches
were washed with 10ml of PBS, pH 7.4 (composition,
mmoll~": NaCl 136.9, KCI 2.7, Na,HPO, 9, KH,PO, 1.47)
containing 5Uml™" of heparin and 5ml samples were with-
drawn for cell counts. Total and differential cell counts were
performed as described by Souza & Ferreira (1985).

Experimental protocols

Selective bradykinin B; (DALBK) or B, (HOE-140) receptor
antagonists were injected subcutaneously (s.c., at a site distant
from the air pouch) at doses of 0.5 up to 2mgkg~', 30 min
before the intrapouch injection of one of the following stimuli:
LPS (100ng), BK (600nmol), IL-15 (15pmol), TNF-«
(75pmol), or the corresponding vehicle. The IL-1 receptor
antagonist (interleukin-1 receptor antagonist (IL-1ra),
I mgkg™") was initially coinjected into the pouches together
with LPS or BK, followed 1 h later by a second injection of the
compound alone. Undiluted sheep anti-rat TNF serum (anti-
TNF, 0.3 ml cavity ') was coadministered with either LPS or
BK. Fucoidin was injected intravenously at a dose of
10mgkg™', 15min prior to LPS or BK. To minimise kinin
degradation, Smgkg~" of captopril, a kininase II inhibitor
(Corréa & Calixto, 1993; Damas et al., 1996) was injected s.c.
1h before BK or DABK. Aiming to examine the role of
endogenous kinins in the neutrophil migration to LPS, a set of
animals was pre treated with captopril before this stimulus.
Cell collection for total and differential cell counts was usually
carried out 6h after injection of the inflammatory stimuli,
except for the experiments evaluating the time-course for
neutrophil migration.

Quantitative determination of IL-1B and TNF-a.
concentrations

The pouch fluid for IL-15 and TNF-o determination was
collected at 0.5, 1, 3 and 6h after LPS or BK injection in
animals pretreated (30min) with HOE-140 (Imgkg™") or
saline. The cytokine concentrations in each sample (those
obtained from LPS-injected animals were always diluted two-
fold) were determined by the quantitative sandwich enzyme
immunoassay technique (ELISA) using the Quantikine® M
kits for rats (R&D Systems, U.S.A.) following the manufac-
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turer’s instructions. The limits of detection for IL-1f and
TNF-o were 62.5 and 12.5 pgml~', respectively.

Drugs

The drugs used were: bacterial lipopolysaccharide (LPS, E. coli
serotype 0111:B4, Lot 2630), bradykinin (BK), des-Arg’-BK
(DABK), des-Arg’-[Leu®]-BK (DALBK), fucoidin and capto-
pril (all from Sigma Chemicals Co., St Louis, MO, U.S.A.).
HOE-140 (D-Arg°-Hyp*-Thi’>-DTic’-Oic®-BK) was kindly sup-
plied by Hoechst Marion Roussel, Sio Paulo, Brazil. Rat
recombinant IL-1p, rat recombinant TNF-¢, human recombi-
nant interleukin-1 receptor antagonist (IL-1ra) and sheep anti-
rat TNF serum (anti-TNF) were kindly provided by Dr S.
Poole, NIBSC, Hertfordshire, U.K.

Statistical analysis

Values are reported as means+standard error of the means
(s.e. mean) of the number of neutrophils or concentrations of
IL-18 and TNF-o present in the air pouches after injection of
the stimuli. Statistical significance was assessed by unpaired
Student’s #-test for cytokine assays and analysis of variance
(ANOVA) followed by the Scheffé’s test for multiple
comparisons for neutrophil migration. The level of significance
was set at P<0.05.

Results

Neutrophil migration into subcutaneous air pouches
induced by LPS, BK, DABK, IL-1B and TNF-a

In a preliminary set of experiments, we assessed the dose—
response curve for the neutrophil-recruiting effect of LPS,
injected into the pouches in doses ranging between 5ng and
10 pg cavity~!. At the doses of 5ng and 100 ng, LPS enhanced
neutrophil counts 6h after injection from 0.46+0.10 (vehicle
control, n=5) to 21.6+1.9 (n=8) and 43+3.7 x 10° cells
cavity ™! (n=09), respectively. Doses of LPS in excess of 100 ng
cavity ! failed to cause any additional increases in neutrophil
influx (1pg: 37+3.1, n=7; Sug: 45.6+4.2, n=5; 10ug:
37.243.7x 10° cells cavity™!, n=09). Therefore, the dose of
100 ng was selected for all the subsequent experiments in which
LPS was used.

Figure 1 shows that the intrapouch injection of 100ng of
LPS induced a significant and time-dependent neutrophil
migration, which started at 2 h, reached a maximum between 4
and 6h, and gradually subsided thereafter, to attain near
control levels by 24 h. Thus, cell collection was performed 6 h
after injection of the stimuli in all further experiments. In sharp
contrast, the number of neutrophils in pouches injected with
saline was minimal at all times studied (near 0.5 x 10° cells
cavity '), as illustrated in Figure 1 and others.

In untreated animals (i.e. rats that were not treated with
captopril), 600 nmol of BK produced only a modest neutrophil
migration (0.7340.16 x 10° cells cavity~™', n=9). In captopril-
treated animals, however, this effect of BK was markedly
potentiated, so that doses of 60, 200 and 600 nmol cavity~' of
the peptide stimulated dose — dependent neutrophil accumula-
tion to values of 0.784+0.2, n=6; 1.354+0.16, n=9 and
3.240.25 x 10° cells cavity™!, n=9, respectively. The highest
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Figure 1 Time-course of neutrophil migration induced by LPS,
100 ng cavity™', injected in a volume of 1 ml into the rat air pouch.
Control animals received the same volume of sterile saline (only
value for 6h is shown in figure). The bars represent the mean +s.e.
mean number of neutrophils (6 —9 animals) present in pouch fluid
collected at the times indicated. *Significantly different from control
animals, P<0.05, Scheffé’s test.

dose of BK (600nmol cavity™!) was chosen for all further
experiments. Doses of BK lower than 60 nmol cavity~' induced
negligible neutrophil migration, even in captopril-treated rats
(for instance, 10 nmol: 0.2+0.1 x 10° cells cavity™!, n=9). As
seen with BK, captopril pretreatment also potentiated the
neutrophil migration induced by 100ng cavity~' of LPS
(saline: 34.4+1.7, n=6; captopril: 41.6+1.6x 10° cells
cavity™!, n=6, 6h, P<0.05). Conversely, DABK at doses of
200 and 600nmol failed to induce significant neutrophil
migration in captopril-treated animals (0.5+0.1, =7, and
0.340.05 x 10° cells cavity™', n=9, respectively).

Dose —response curves for induction of neutrophil migra-
tion were also established for IL-14 and TNF-« in the pouches
of rats not treated with captopril. As IL-1f yielded a bell-
shaped curve (1.5pmol: 15+2.4, n=5; 15pmol: 24+2.2, n=7;
45pmol: 22.7+1.7, n=9; 150pmol: 11.24+1.2x 10° cells
cavity™', n="7), the maximally effective dose of 15pmol was
selected for the subsequent experiments in which this cytokine
was employed. The curve for TNF-a-induced neutrophil
migration was monophasic (1.5pmol: 6.7+ 1.1, n=15; 15 pmol:
24425 n=9; 75pmol: 29.54+2 x 10° cells cavity™', n=7).
Although no clear-cut maximal effect was detected, we chose
the dose of 75 pmol of TNF-o for subsequent experiments with
this cytokine.

Effect of B; and B, kinin receptor antagonists on LPS,
BK, TNF-o and IL-1B-induced neutrophil migration to
subcutaneous air pouches

Figure 2 (left panel) shows that subcutaneous injection of the
B,-selective receptor antagonist, HOE-140, 30 min beforehand,
reduced LPS-induced neutrophil migration significantly at
either 1 or 2mgkg™ (but not at 0.5mgkg™"). Neutrophil
migration was inhibited by 36% relative to vehicle-pre-treated
LPS-treated controls following 1 mgkg~' of HOE-140, and
the higher dose did not cause any additional inhibitory effect.
This B.,-selective receptor antagonist (at 1mgkg™', s.c.)
also markedly reduced (by 70%) the neutrophil migration
induced by BK (600nmol, Figure 2, right panel). In
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Figure 2 Effect of DALBK and HOE-140 on neutrophil migration induced by injection of LPS (left panel) or BK (right panel) into
the rat air pouch. DALBK and HOE-140 were injected subcutaneously (s.c.), at doses indicated, 30 min before LPS (100 ng cavity ')
or BK (600 nmol cavity~"). Control animals received s.c. injection of sterile saline (SAL). Captopril (5mgkg~', s.c.) was given 1h
before BK as stimulus in the pouch. The bars represent the mean+s.e. mean number of neutrophils (6 —9 animals) detected in
pouch fluid collected 6 h after LPS or BK. *Significantly different from saline-treated animals (SAL), P<0.05, Scheffé’s test.
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Figure 3 Effect of DALBK or HOE-140 on neutrophil migration
induced by IL-18 or TNF-« into the rat air pouch. DALBK or
HOE-140, each at 1mgkg™', was injected subcutaneously (s.c.)
30min before IL-18 or TNF-a. The two control groups received
either sterile saline alone into the pouch (C) or were pretreated s.c.
with sterile saline instead of B, or B, receptor antagonist. The bars
represent the means+s.e. mean number of neutrophils (6-9
animals) detected in pouch fluid collected 6 h after IL-18 or TNF-
o. All values of cytokine-treated groups differed from C, P<0.05,
Scheffé’s test.

sharp contrast, identical treatment with the B;-selective
receptor antagonist, DALBK (0.5-2mgkg™' s.c., 30min
beforehand), did not significantly change the pattern of
neutrophil influx induced either by LPS (Figure 2, left panel)
or BK (Figure 2, right panel). The antagonistic action of
DALBK was confirmed by a parallel positive control
experiment in which fever induced by intracerebroventricular
(i.c.v.) injection of 10nmol of BK was significantly reduced
(from 0.94+0.1, n=5 to 0.4+0.02°C, n=6, 3h after BK
injection) in rats treated intravenously (i.v.) with DALBK
(Imgkg™", 30 min beforehand).

Figure 3 shows that prior treatment with either DALBK or
with HOE-140 (each at 1 mgkg~' s.c., 30 min beforehand) did
not significantly modify neutrophil migration induced by IL-
18 (15pmol) or TNF-a (75 pmol).
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Figure 4 Effect of IL-1 receptor antagonist (IL-1ra), sheep anti-rat
TNF serum (anti-TNF) or fucoidin on neutrophil migration induced
by LPS (left panel) or BK (right panel) into the rat air pouch. IL-1ra
(Imgkg™") or anti-TNF (0.3ml cavity ') was coinjected with the
stimuli into the air pouches. An additional and similar dose of IL-
Ira was also given 1h later in that particular group. Fucoidin
(10mgkg™', i.v.) was injected 15min before the stimuli. Control
animals received sterile saline instead of IL-lra, anti-TNF or
fucoidin. Animals that received BK as a stimulus were pretreated
with captopril (5mgkg™!, s.c., 1h beforehand). Bars represent the
mean +s.e. mean number of neutrophils (6 —9 animals) detected in
pouch fluid collected 6 h after LPS or BK. *Significantly different
from saline treated animals, P<0.05, Scheffé’s test.

Effect of IL-Ira, anti-TNF serum and fucoidin on
neutrophil migration induced by LPS and BK

The neutrophil migration induced by LPS or by BK was
considerably reduced (by 37 and 77%, respectively) by
coadministration of IL-Ira (1 mgkg™") together with either
stimulus, followed by another injection of the same dose 1h
later (Figure 4, left and right panels, respectively). Coinjection
of anti-TNF (0.3 ml cavity™') was considerably more effective
than IL-1ra in reducing neutrophil migration triggered by
these stimuli, having reduced the effect of LPS by 80% and
almost abolished (93% reduction) that caused by BK (Figure 4,
left and right panels). Fucoidin (10mgkg~', iv. 15min
beforehand) was also effective in reducing the neutrophil
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Figure 5 Effect of HOE-140 on the levels of IL-1 and TNF-« in the fluid from rat air pouch injected with either LPS or BK.
HOE-140 (1mgkg™") was injected subcutaneously (s.c.) 30 min before LPS (100ng cavity~', panels a and c) or BK (600 nmol
cavity™!, panels b and d). The appropriate control groups received sterile saline either s.c. (instead of HOE-140) or into the pouch
(SAL; instead of LPS or BK), and the fluid was collected 6 h later. Animals that received BK as the stimulus were pretreated with
captopril (5mgkg™', s.c., 1h beforehand). The bars represent the means+s.e. mean of duplicates for each animal (n=4).
*Significantly different from saline treated animals, P<0.05, Student’s z-test.

migration caused by either LPS (79% reduction, right panel)
or BK (74% reduction, left panel).

Effect of HOE-140 on the levels of IL-1B and TNF-o. in
pouches stimulated with either LPS or BK

Another series of experiments was carried out to correlate
neutrophil migration induced by either LPS or BK with the
levels of IL-1f and TNF-« in the pouch fluid of rats pretreated
with HOE-140 (1 mgkg™", s.c.) or vehicle. To this effect, pouch
fluids were collected 6h after saline injection or 0.5, 1, 3
and 6h after intrapouch injection of either LPS (100ng)
or BK (600nmol). In saline-injected pouches, the levels of
TNF-o and IL-1p were close to the detection limit (Figure 5).
At all times studied, LPS induced a more prominent
(between 10- and 15-fold greater) increase of TNF-o« and
IL-1p levels in the pouch fluid (Figure 5, panels a and c,
respectively) than BK (Figure 5, panels b and d, respectively).
For both stimuli, the levels of IL-1f rose steadily throughout
the observation period reaching the maximum up to 6 h after
administration. Conversely, TNF-a levels in pouch fluid
increased very rapidly after either LPS or BK, reaching peak
values at 0.5—1h after injection, which decreased progres-

sively thereafter. The pretreatment of rats with HOE-140
markedly reduced the levels of both IL-1§ and TNF-« in the
pouch fluid in response to LPS or BK at all time points
examined (Figure 5).

Discussion

Confirming and extending previous studies (Graham et al.,
1965; Pasquale et al., 1991; Ahluwalia & Perretti, 1996; Saleh
et al., 1997; Vianna & Calixto, 1998; Lo et al., 1999; Campos
et al., 2002), the results obtained in the present study show that
endogenous kinins exert an important role in the neutrophil
migration to inflammatory sites.

Although not as effective as LPS, IL-15 or TNF-z, BK
induced dose-dependent neutrophil migration into the air
pouch of rats previously treated with captopril. However,
in animals that were not treated with captopril, 600 nmol of
BK triggered a modest neutrophil migration. Since
BK is quickly metabolised in vivo (Erdds, 1990; Kumakura
et al., 1988b) and neutrophil migration is such a slowly
developing and long-lasting phenomenon, it is possible
that the ability of a single bolus injection of BK to recruit
neutrophils into the air pouch is far more limited than
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that displayed by endogenous BK generated over a broader
time period in response to an inflammatory stimulus.
Supporting this hypothesis, HOE-140, a potent and
long-acting B, receptor antagonist (Wirth ez al., 1991), reduced
the neutrophil migration induced by LPS in captopril-
untreated animals and, importantly, also inhibited substan-
tially that caused by BK in captopril-treated animals.
Moreover, captopril potentiated the ability of LPS to trigger
neutrophil migration, further strengthening the role of
endogenous kinins in bringing about this effect of LPS. By
inhibiting kininase II, captopril also blocks the generation of
angiotensin II. It is, however, unlikely that this action
underlies its ability to potentiate LPS-induced neutrophil
migration as angiotensin II has been found to stimulate, rather
than suppress, neutrophil migration in vivo and in vitro
(Elferink & Koster, 1997; Piqueras et al., 2000).

Unlike HOE-140, the selective and competitive B, receptor
antagonist, DALBK, failed to alter neutrophil counts in the
fluid of pouches stimulated with LPS or BK. This apparent
lack of involvement of B, receptor-mediated mechanisms in
LPS-induced neutrophil migration is further substantiated by
our finding that DABK, a specific B, receptor agonist, failed
to induce neutrophil accumulation in the air pouch. DABK is
also ineffective in promoting neutrophil influx into the naive
mouse air pouch (Ahluwalia & Perretti, 1996), and migration
of human neutrophils in vitro, even though these later
cells where modestly responsive to BK in a HOE-140-
inhibitable fashion (Béckmann & Paegelow, 2000). On the
other hand, we also found that both kinin B, and B, receptor
antagonists were completely ineffective in changing neutrophil
influx caused by IL-18 or TNF-« into the rat air pouch, at
least up to 6h after cytokine injection. The lack of effect of
DALBK against IL-1f-induced cell migration in the rat air
pouch is at variance with the significant inhibitory effect of this
B, receptor antagonist against neutrophil accumulation
triggered by injection of this cytokine into the mouse air
pouch (Ahluwalia & Perretti, 1996). This difference between
species appears to be restricted to this particular model, as
DABK induces significant neutrophil migration when injected
into the pleural cavity of both rats (saline: 0.24 +0.08; DABK:
2.340.3 x 10° cells cavity™', n=7 for each group; unplub-
lished results) and mice (Vianna & Calixto, 1998). Moreover,
we have reported that subcutaneous IL-1f rapidly enhances
the expression of B mRNA in the rat paw (Campos et al.,
2002), an effect that was fully dependent on neutrophil
migration, but which fully subsided within 6 h after injection.
Finally, the efficacy of the DALBK sample used in the current
study to block B, receptors was confirmed by the finding that,
given i.c.v. to rats, this antagonist markedly reduced the fever
induced by BK (data described in Results, manuscript in
preparation). At present, it is unclear why B, receptors are
implicated in neutrophil migration into the rat pleural cavity
and paw skin, but not into the air pouch. Perhaps the
macrophage-like cells lining the 6-day-old air pouch are indeed
macrophages still at an earlier stage of differentiation/
maturation than those resident in pleural lining or skin, and
thus differ in their pattern of receptor expression and
responsiveness to cytokines and other inflammatory stimuli
(for a review see Bockmann & Paegelow, 2000).

Our results allow us to postulate that BK might be
positioned upstream to the cascade of cytokines involved in

leucocyte migration into LPS-inflamed pouches. In fact,
IL-1ra significantly reduced neutrophil migration in response
to both LPS and BK, while anti-TNF reduced the response
induced by LPS, and almost abolished that induced by BK.
These findings are also strengthened by previous studies
showing that cytokines exert a critical role in inflammatory
responses to both LPS and BK (Ferreira et al., 1993a,b).
Likewise, our demonstration that HOE-140 significantly
decreased the levels of either IL-1f or TNF-« in LPS- and
BK-treated pouch fluid further highlights the importance of B,
receptor activation in the release of cytokines and chemotactic
substances by a variety of cell types (Koyama et al., 1998;
2000; Sato et al., 1996; 2000). It has been reported that LPS is
undetectable in plasma up to 8 h after its injection into the rat
air pouch, but is present in significant amounts at least up to
2h after its intraperitoneal injection (Cartmell ez al., 2001).
Thus, it seems to pertinent to speculate that, most likely,
LPS stimulates kinin generation from within the air pouch
itself.

The 10- to 15-fold greater capability of LPS in increasing
TNF-o and IL-18 levels in the pouch fluid, as compared to
BK, may be ascribed to more efficient coupling of the
former stimulus to mechanisms that amplify the cascade of
mediators involved in cell migration. This view is supported by
the greater number of neutrophils mobilised by LPS, in
comparison to BK. On the other hand, the prompt increase in
TNF-« levels (peak at 0.5h) and the slow increase in those of
IL-1p (peak at 3 h) in the pouch fluid following LPS have also
been shown previously by Miller et al. (1997).

Another important result of the present study was that
fucoidin, a non-selective selectin inhibitor, reduced substan-
tially the neutrophil migration induced by either BK or LPS.
TNF-0 and IL-1f can both induce the expression of cell
adhesion molecules (Panés et al., 1999 for review). Selectins in
particular are critical for the rolling and adhesion of
circulating neutrophils on endothelial cells of vessels in the
vicinity of inflammatory sites (Mansson et al., 2000; Campos
et al., 2002). Thus, it is likely that BK, acting through B,
receptors subtype, promotes synthesis of IL-15 and TNF-o,
which, in turn, activate the selectins.

In conclusion, the present study indicates that BK, acting
on B, (but not B,) receptors, is critically involved in the
neutrophil migration induced by LPS, when assessed in
the 6-day-old rat air pouch. This B, receptor-mediated
action of endogenous BK seems to rely on the induction of
synthesis and/or release of TNF-a and IL-1f, and selectin
activation.
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