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1 The present study evaluated the ability of the administration of platelet activating factor (PAF) to
induce the upregulation of B1 receptors in the rat paw.

2 Local treatment with PAF resulted in a time-dependent increase of oedema formation induced by
the B1 receptor agonist des-Arg9-BK (des-Arg9-bradykinin), but not by the B2 receptor agonist
tyrosine8-bradykinin. Functional upregulation of B1 receptors was accompanied by a prominent
increase of B1 receptor mRNA expression in the rat paw.

3 In PAF-treated paws, des-Arg9-BK-induced oedema formation was significantly inhibited by the
B1 receptor antagonists des-Arg9-[Leu8]-BK and R-715. The effects of PAF pretreatment were
receptor operated, as assessed by the effects of the PAF receptor antagonist WEB2086 or by
desensitisation of PAF receptors.

4 The protein synthesis inhibitor cycloheximide, the anti-inflammatory steroid dexamethasone or the
nuclear factor (NF-kB) blockers pyrrolidine-dithiocarbamate (PDTC) and Na-tosyl-l-chloromethylk-
etone significantly blocked the functional upregulation of B1 receptors.

5 The selectin inhibitor fucoidin, an anti-CD18 antibody or an anti-rat neutrophil antiserum, also
significantly prevented des-Arg9-BK-induced paw oedema in rats pretreated with PAF.

6 Intradermal injection of PAF induced a 25-fold increase of myeloperoxidase activity in the rat
paw, a response that was significantly inhibited by fucoidin, anti-CD-18, anti-rat neutrophil antiserum
or PDTC.

7 Local treatment with PAF also resulted in a marked increase of NF-kB activation, an effect largely
prevented by PDTC or by the anti-rat neutrophil antiserum.

8 Collectively, the present results indicate that the induction of B1 receptors following treatment with
the chemotatic mediator PAF is dependent on the recruitment of neutrophils, an event that is under
the control of adhesion molecules, protein synthesis and NF-kB activation. These findings provide
new insights into the role played by cell migration and chemotatic factors on B1 receptor upregulation
in vivo.
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Introduction

Platelet activating factor (PAF) is a potent phospholipid

mediator involved in several physiological events (Ishii et al.,

1998) and, potentially, in many diseases, such as asthma,

anaphylaxis, acute pancretatitis, psoriasis, endotoxic shock,

dermatitis and inflammatory bowel disease (Evangelou, 1994;

Ishii & Shimizu, 2000). PAF is produced by various tissues and

cell types, including platelets, neutrophils, macrophages,

leucocytes, eosinophils and endothelial cells (Chao & Olson,

1993; Korth et al., 1995). Pharmacological actions of PAF are

mediated by a unique seven transmembrane G protein-coupled

receptor (Ishii et al., 1998; Ishii & Shimizu, 2000). Among its

many effects, PAF induces profound modifications on

neutrophils, including chemoattraction and activation (Zhou

et al., 1994; Franciose et al., 1996). Stimulation of PAF

receptor leads to an increase of diacylglycerol, inositoltripho-

sphate and calcium (Ca2þ ). Furthermore, PAF is able to
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activate several types of phospholipases (PLA2, PLCb) and

protein kinases, such as protein kinase C, tyrosine kinase and

mitogen-activated protein (MAP)-kinases (Richardson et al.,

1996; Ishii & Shimizu, 2000). More recently, it has been

reported that PAF is capable of activating the nuclear factor-

kB (NF-kB), mainly the p50 subunit, and enhancing its DNA-

binding activity in the rat intestine (De Plaen et al., 1998).

Kinins are important mediators involved in several biologi-

cal events and inflammatory conditions (Bhoola et al., 1992).

Their effects are amplified by the release of and/or interaction

with other inflammatory mediators (Sharma & Buchanan,

1994; Campos & Calixto, 1995; Böckmann and Paegelow,

2000). The actions of kinins are mediated by the activation of

two distinct G protein-coupled receptors, B1 and B2 receptors

(Marceau & Bachvarov, 1998; Calixto et al., 2001; Couture

et al., 2001). B2 receptors are generally constitutive and

responsible for most of the physiological actions of kinins

(Calixto et al., 2000, 2001; Newton et al., 2002), whereas B1

receptors are rarely expressed under normal conditions.

However, B1 receptors may be upregulated during inflamma-

tory processes, after tissue injury or by some inflammatory

cytokines and bacterial products (reviewed by Marceau et al.,

1998; Calixto et al., 2000, 2001).

It has been demonstrated that the modulation of B1 receptor

expression may be secondary to the stimulation of distinct

groups of protein kinases and the activation of the transcrip-

tional NF-kB (Larrivé et al., 1998; Schanstra et al., 1998;

Campos et al., 1999; Cabrini et al., 2001). More recently, we

showed that IL-1b-induced B1 receptor upregulation in the rat

paw constitutes an event linked to the recruitment of

neutrophils by a mechanism dependent on adhesion molecules,

activation of PAF receptors and release of TNFa (Campos

et al., 2002). The latter evidence allowed us to suggest that

chemotatic factors, such as PAF, and the signalling pathways

related to this inflammatory mediator, might exert a pivotal

role in kinin B1 receptor functional upregulation. In the

present study, we sought to investigate the effect of the local

treatment with PAF on the modulation of B1 receptor-

mediated inflammatory responses in the rat paw. Additionally,

we have attempted to analyse by means of pharmacological

and molecular approaches some of the mechanisms underlying

PAF-induced B1 receptor upregulation in the rat paw.

Methods

Measurement of rat paw oedema

Non-fasted male Wistar rats (140–180 g) kept in controlled

room temperature (22721C) under a 12 : 12 h light–dark cycle

(lights on 06:00 h) were used. The experiments were conducted

according to the procedures described previously (Campos &

Calixto, 1995). Animals received a 0.1ml intradermal (i.d.)

injection in one hind paw (right paw) of phosphate-buffered

saline (PBS, composition mmol l�1: NaCl 137, KCl 2.7,

phosphate buffer 10) containing the selective kinin B1 des-

Arg9-bradykinin (des-Arg9-BK, 100 nmol paw�1) or B2 recep-

tor agonist tyrosine8-bradykinin (Tyr8-BK, nmol paw�1). The

contralateral paw (left paw) received 0.1ml of PBS and was

used as control. Oedema was measured by use of a

plethysmometer (Ugo Basile) at several time points (10, 20,

30, 60 and 120min) after injection of des-Arg9-BK or Tyr8-BK.

Oedema is expressed in milliliters as the difference between the

right and left paws.

In most cases, animals received an injection of PAF (10 nmol

paw�1) at different intervals of time (6, 12 and 24 h prior) prior

to and at the same site of injection of kinins. In all, 6 h was the

earliest time point chosen because the paw oedema evoked by

PAF is completely resolved only 6 h after the administration of

this lipid mediator (Cordeiro et al., 1986). In a separate group

of experiments, in order to assess the possible systemic effects

of i.d. treatment with PAF, rats received PAF (10 nmol paw�1)

in the right paw and the B1 receptor agonist des-Arg9-BK

(100 nmol paw�1) was injected in the left paw. Oedema was

evaluated as described above.

All experimental procedures were performed under slight

anaesthesia with 2,2,2 tribromoethanol (0.125 g kg�1, i.p.). The

reported experiments were carried out in accordance with

current guidelines for the care of laboratory animals and

ethical guidelines for investigations of experiments in con-

scious animals (Zimmermann, 1983).

Analysis of some mechanisms involved in B1-receptor-
mediated paw oedema in rats pretreated with PAF

To confirm the involvement of kinin B1 receptors on des-Arg9-

BK-induced rat paw oedema, animals pretreated with PAF

(10 nmol paw�1, 6 h before) received an i.d. injection of the

selective B1 receptor agonist des-Arg9-BK (100 nmol paw�1) in

association with the selective B1 des-Arg9-[Leu8]-bradykinin

(des-Arg9-[Leu8]-BK, 100 nmol paw�1) or R-715 (60 nmol

paw�1) receptor antagonists (Campos & Calixto, 1995;

Pinheiro et al., 2001).

To confirm the contribution of PAF receptors for the effects

of the intraplantar administration of PAF, animals treated

with PAF received a co-injection of the selective PAF receptor

antagonist WEB2086 (15 mg paw�1) (Campos et al., 2002).

Involvement of PAF receptors was further assessed using a

desensitisation protocol, in which animals received single daily

i.d. injections of PAF (10 nmol paw�1) for seven successive

days prior to the experiments (Cordeiro et al., 1986).

The possible involvement of protein synthesis in the

upregulation of B1 receptors by PAF treatment was evaluated

by treating different groups of animals with the anti-

inflammatory steroid dexamethasone (0.5mgkg�1, s.c.) or

with the protein synthesis inhibitor cycloheximide

(1.5mg kg�1, s.c.), both administered 6 h before PAF injection.

In a similar manner, to investigate the participation of NF-kB
activation, other groups of animals received the inhibitors of

the NF-kB pyrrolidine-dithiocarbamate (PDTC) (100mg kg�1,

i.p.) or Na-tosyl-l-chloromethylketone (TLCK) (2mg kg�1,

i.p.) 30min before PAF treatment (Campos et al., 1998; 1999).

In another set of experiments, to examine the contribution

of adhesion molecules for the capacity of PAF to induce B1

receptor upregulation, animals received the nonspecific selectin

inhibitor fucoidin (10mg kg�1, i.v., 15min) or the anti-CD18

(integrin b2 chain) monoclonal antibody (WT3, 1mgkg�1, i.v.,

15min) (Teixeira & Hellewell, 1997; Campos et al., 2002). To

confirm that the migrating leucocytes involved in the effects of

PAF on B1 receptor upregulation were indeed neutrophils, rats

were treated systemically with the anti-rat neutrophil antiser-

um (34mg kg�1, i.p.) 30min prior to PAF administration

(Adams & Tepperman, 2001).
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Expression of B1 receptor mRNA in the rat paw

Functional studies were extended by analysing B1 receptor

mRNA expression after treatment with PAF. The methodol-

ogy used was similar to that described previously (Campos

et al., 2002). Rats received an i.d. injection of PAF (10 nmol

paw�1, 3–12 h) and were killed. The subcutaneous tissue of the

paws was removed and immediately frozen in liquid nitrogen.

The samples were homogenised and the total RNA was

extracted using the Trizol Reagent (Gibco BRLs Rockville,

MD, U.S.A.). Of total RNA, 1 mg was reverse transcribed (RT)

using oligo dT as primer (25 mgm l�1) and 200U of reverse

transcriptase (Gibco BRLs), in 20 ml of PCR buffer containing

(mm): dNTP 0.5, DTT 10, MgCl2 2.5, KCl 50 and Tris-HCl pH

8.4 20. The samples were incubated for 50min at 421C, heated

for 15min at 701C and cooled in ice. After treatment with 2U

of RNAse H (20min, 371C), cDNA amplification of a specific

sequence of rat B1 receptor and b-actin was performed by PCR

using the following primers: sense TGAAGCTGTGAGCTC-

TTTG and antisense GCCAGTTGAAACGGTTCCC for B1

receptor, and sense GTTCCGATGCCCCGAGGATCT and

antisense GCATTTGCGGTGCACGATGGA for rat b-actin,
respectively. b-Actin cDNA was used for standardisation of

the amount of RNA. A measure of 5ml of RT aliquots

were mixed in a Tris-HCl buffer 20mm (pH 8.4) containing:

MgCl2 1.5mm, dNTP 300 mm, 2mgml�1 of each primer and

50Uml�1 of Taq polymerase (Gibco BRLs), in a final

volume of 100 ml. The cycling protocol used was the following:

4min at 941C, 36 cycles of 35 s at 941C/45 s at 601C/45 s

at 721C and finally, 7min at 721C. Aliquots of 25ml
were analysed on a 20% Tris/borate/EDTA (TBE) polyacry-

lamide gel and stained by ethidium bromide. The size

of products is 450 bp for B1 receptor and 600 bp for

b-actin.

Measurement of myeloperoxidase activity

Neutrophil recruitment to the rat paw was assessed indirectly

by means of tissue myeloperoxidase (MPO) activity

according to the method described before (Souza et al.,

2000; Campos et al., 2002). For this purpose, animals

received an i.d. injection of PAF (10 nmol paw�1, 1–24 h) in

the right paw. PBS-injected paws were used as control. In

different sets of experiments, MPO activity was assessed in

animals treated with fucoidin (10mg kg�1, i.v., 15min), anti-

CD18 (1mgkg�1, i.v., 15min), anti-rat neutrophil anti-

serum (34 mg kg�1, i.p., 30min) or PDTC (100mg kg�1, i.p.,

30min).

At the time of sacrifice, the subcutaneous tissue of the paws

was removed, homogenised at 5% (w v�1) in EDTA/NaCl

buffer (pH 4.7) and centrifuged at 10 000 r.p.m. for 15min, at

41C. The pellet was resuspended in hexadecyltrimethyl ammo-

nium bromide 0.5% buffer (pH 5.4) and the samples were

frozen and thawed for three times in liquid nitrogen. Upon

thawing, the samples were recentrifuged (10 000 r.p.m., 15min,

at 41C) and 25 ml of the supernatant was used for the MPO

assay. The enzymatic reaction was assessed with 1.6mm

tetramethylbenzidine, 80mm NaPO4 and 0.3mm hydrogen

peroxide. The absorbance was measured at 690 nm and the

results are expressed in optical density (OD) per milligram of

tissue.

Assessing of NF-kB activity

NF-kB activation following local treatment with PAF was

evaluated by eletrophoretic mobility shift assay. Animals

received an i.d. injection of PAF (10 nmol paw�1, 1–12 h) in

the right paw. PBS-injected paws were used as control. In

another series of experiments, animals were pretreated with

PDTC (100mg kg�1, i.p., 30min) or with the anti-rat

neutrophil antiserum (34 mg kg�1, i.p., 30min) and tissues

processed for NF-kB activation at 3 h.

At the time of sacrifice, the subcutaneous tissue of the paws

was removed and frozen under liquid nitrogen. Nuclear

extracts were prepared as described by D’Acquisto et al.

(1999) with some modifications. Tissues were suspended in

400 ml of ice-cold hypotonic lysis buffer (HEPES 10mm, MgCl2
1.5mm, KCl 10mm, PMSF 0.5mm, soybean trypsin inhibitor

1.5mgm l�1, pepstatin A 7 mgm l�1, leupeptin 5mgm l�1,

benzamidine 0.1mm, DTT 0.5mm) and were homogenised in

Ultra-turrax for 1min. The homogenate was chilled on ice for

15min and then vigorously shaken for 15min in the presence

of 25 ml of Nonidet P-40 10%. The nuclear fraction was

precipitated by centrifugation at 1500� g for 5min. The

nuclear pellet was resuspended in 200 ml of high salt extraction

buffer (HEPES 20mm pH 7.9, NaCl 420mm, MgCl2 1.5mm,

EDTA 0.2mm, glycerol 25% vv�1, PMSF 0.5mm, soybean

trypsin inhibitor 1.5 mgm l�1, pepstatin A 7 mgm l�1, leupeptin

5mgm l�1, benzamidine 0.1mm, DTT 0.5mm), incubated

under continuous shaking at 41C for 30min and then

centrifuged for 15min at 13,000� g. The supernatant was

aliquoted and stored at �801C. Protein concentration was

determined by the Biorad protein assay kit (BioRads).

Eletrophoretic mobility shift assay was performed by use of

the Gel Shift Assay System kit from Promega, according to the

manufacturer’s instructions. Briefly, NF-kB double-stranded

consensus oligonucleotide probe (50-AGTTGAGGG-

GACTTTCCCAGGC-30) was end-labelled with [g-32P] ATP

(DuPont, New England) in the presence of T4 polynucleotide

kinase for 10min at 371C. Unincorporated nucleotides were

removed by passing the reaction mixture over a Sephadex G-

25 spin column (Pharmacia). In a total volume of 20ml, nuclear
extracts (10mg) were incubated with gel shift binding buffer

(mm: Tris-HCl pH 7.5 10, MgCl2 1, NaCl 50, DTT 0.5, EDTA

0.5, glycerol 4% and 1mg of poly(dIdC)) for 20min at room

temperature. Further, each sample was incubated for 30min at

room temperature with 25,000 c.p.m. of 32P-labelled NF-kB
consensus oligonucleotide. Protein–DNA complexes were

resolved by nondenaturing 6% acrylamide : bisacrylamide

(37.5 : 1) in 0.25� Tris-borate/EDTA buffer at 150V for 2 h.

The gel was vacuum-dried and analysed using a FUJIX BAS

2000 (Düsseldorf, Germany) Phosphor-Imager system. For

competition studies, NF-kB or TFIID (50-50-GCAGAGCA-

TATAAGGTGAGGTAGGA-30) unlabelled double-stranded

oligonucleotide was included in molar excess over the amount

of radiolabelled probe in order to detect specific and

nonspecific DNA/protein interactions, respectively.

Drugs and reagents

The following drugs and reagents were used: BSA, cyclohex-

imide, dexamethasone, DTT, EDTA, fucoidin, hexadecyltri-

methyl ammonium bromide (HTAB), PBS tablets, PDTC,

PMSF, TLCK, 2,2,2 tribromoethanol, TMB (tetramethylben-
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zidine), Tyr8-BK (all from Sigma Chemical Company, St

Louis, MO, U.S.A.); Des-Arg9-BK, des-Arg9-Leu8-BK and

PAF (all from Bachem Bioscience Inc., King of Prussia, PA,

U.S.A.); NaPO4, hydrogen peroxide, MgCl2, KCl, Tris-HCl,

NaCl (all from Merck, Germany). Anti-rat neutrophil anti-

serum was obtained from Accurate Chemicals, San Diego, CA,

U.S.A. WEB2086 was a gift of Boehringer-Manhein, Ger-

many. Anti-CD18 mAB was from Professor Paul Hellewell,

University of Sheffield, U.K. R-715 was kindly donated by Dr

Domenico Regoli, University of Sherbrooke, CA, U.S.A.

Stock solutions of des-Arg9-BK, des-Arg9-Leu8-BK, Tyr8-

BK and R-715 were prepared in PBS. PAF was prepared in a

BSA 0.1% solution. All were stocked in siliconised plastic

tubes, maintained at �181C and diluted to the desired

concentration just before using. Other drugs were prepared

daily in 0.9% wv�1 NaCl solution, except dexamethasone

which was diluted in ethanol 5%.

Statistical analysis

Results are presented as the mean7s.e.m. of four to six

animals. The percentages of inhibition are reported as the

mean7s.e.m. of inhibitions obtained for each individual

experiment at the peak of oedema (20min after injection of

des-Arg9-BK), at 6 h (MPO experiments) or at 3 h after PAF

injection (NF-kB activation). Statistical comparison of the

data was performed by analysis of variance (ANOVA)

followed by Dunnett’s test or Newman–Keuls test or by use

of Student́s unpaired t-test. P-values less than 0.05 were

considered significant.

Results

Upregulation of B1 receptors after treatment with PAF

As reported previously (Campos et al., 1998), i.d. injection of

the selective kinin B1 receptor agonist des-Arg9-BK (100 nmol

paw�1) in naive animals produced a slight increase in rat paw

volume (0.1470.006ml). In contrast, i.d. injection of des-Arg9-

BK caused a marked increase in rat paw oedema

(0.3170.01ml) in rats that had been pretreated with PAF

(10 nmol paw�1, 6–24 h prior) (Figure 1a). Des-Arg9-BK-

induced oedema formation was maximal 6 h following PAF

treatment, remaining elevated up to 24 h (inset box, Figure 1).

The same treatment with PAF failed to cause the upregulation

of B1 receptor-mediated paw oedema when des-Arg9-BK

(100 nmol paw�1) was injected in the contralateral paw (data

not shown). Conversely, i.d. injection of the selective kinin B2

receptor agonist Tyr8-BK (3 nmol paw�1) produced significant

oedema formation (0.2770.017ml) in naı̈ve paws, a response

that remained unaltered (0.2570.01ml) following local treat-

ment with PAF (Figure 1b).

Results show that the functional increase of B1 receptors

following PAF treatment (10 nmol paw�1, 3–12 h) was

accompanied by a marked and time-related increase in kinin

B1 receptor mRNA expression in the rat paw, as assessed by

RT–PCR (Figure 2). B1 receptor mRNA expression peaked at

3 h and significant expression was detected even 12 h after PAF

injection (Figure 2).

Mechanisms underlying the functional upregulation of B1
receptors in rats pretreated with PAF

Paw oedema formation induced by des-Arg9-BK in rats

pretreated with PAF (10 nmol paw�1, 6 h before) was

significantly inhibited by the coinjection of the selective B1

receptor antagonists des-Arg9[Leu8]-BK (100 nmol paw�1) or

R-715 (60 nmol paw�1). Percentages of inhibition obtained

were 5072 and 6871%, respectively (Figure 3a and b). When

the selective PAF receptor antagonist WEB2086 (15 mg paw�1)

was coadministered with PAF, there was a marked inhibition

of oedema formation in response to des-Arg9-BK (5774%)

(Figure 3c). In a similar manner, the increase of B1 receptor-

Figure 1 (Panel a) Paw oedema induced by des-Arg9-BK (100 nmol
paw�1) in control or in rats pretreated with PAF (10 nmol paw�1; 6,
12 or 24 h beforehand). Inset box indicates time-related increase of
des-Arg9-BK (100 nmol paw�1; 20min)-caused paw oedema follow-
ing local treatment with PAF. (Panel b) Oedema formation induced
by Tyr8-BK (3 nmol paw�1) in control or in PAF (10 nmol paw�1, 6 h
prior)-treated animals. Values represent the mean7s.e.m. of four to
six animals. In some cases, error bars are hidden within the symbols.
Significantly different from control values **Po0.01.

Figure 2 Time-dependent effect of PAF treatment (10 nmol paw�1,
3–12 h) on kinin B1 receptor mRNA expression. Bottom: graphic
representation of B1/b-actin signal ratio. (1) PBS (2) PAF 3h (3)
PAF 6h (4) PAF 12 h. Number of replicates: three.
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mediated rat paw oedema was significantly prevented by the

desensitisation of PAF receptors (3273%) (Figure 3d). Next,

we examined the role of the recruitment of leucocytes for the

ability of PAF to induce function B1 receptor upregulation.

The treatment of animals with the nonspecific selectin

inhibitor fucoidin (10mg kg�1, i.v., 15min) or with a mono-

clonal anti-CD18 (anti-integrin b2 chain) antibody (WT3,

1mgkg�1, i.v., 15min) prior to PAF injection reduced des-

Arg9-BK-induced paw oedema by 7571 and 5074%,

respectively (Figure 4a and b). Moreover, depletion of

neutrophils with an anti-rat neutrophil antiserum (34 mg kg�1,

i.p., 30min) prior to PAF injection also resulted in a significant

inhibition (4376%) of the increase in paw volume in response

to des-Arg9-BK administration (Figure 4c).

Figure 5 (a and b) demonstrates that treatment with the

anti-inflammatory steroid dexamethasone (0.5mgkg�1, s.c.) or

with the protein synthesis inhibitor cycloheximide

(1.5mg kg�1, s.c.), both administered 6 h before PAF injection,

significantly prevented the increase of rat paw oedema induced

by des-Arg9-BK (5772 and 5078%, respectively). Similarly,

des-Arg9-BK-induced paw oedema in animals pretreated with

PAF was also reduced by the systemic treatment with the NF-

kB activation blockers, PDTC (100mg kg�1, i.p., 30min) or

TLCK (2mgkg�1, i.p., 30min)–7973 and 4877% inhibition,

respectively (Figure 5c and d).

Measurement of MPO activity

Results depicted in Figure 6a demonstrate that the i.d.

injection of PAF (10 nmol paw�1) induced a marked time-

Figure 3 Effects of the coinjection of the selective kinin B1 receptor
antagonists des-Arg9-[Leu8]-BK (panel a, 100 nmol paw�1) and R715
(panel b, 60 nmol paw�1) on des-Arg9-BK-induced paw oedema
(100 nmol paw�1) in animals pretreated with PAF (10 nmol paw�1).
Effects of the selective PAF receptor antagonist WEB2086 (panel c,
15 mg paw�1) or of PAF receptor desensitisation (panel d) on des-
Arg9-BK-induced paw oedema (100 nmol paw�1) in animals
pretreated with PAF (10 nmol paw�1). Each point represents the
mean7s.e.m. of four to six animals. In some cases, error bars are
hidden within the symbols. Significantly different from control
values *Po0.05, **Po0.01.

Figure 4 Effects of the treatment with the nonselective selectin
inhibitor fucoidin (panel a, 10mgkg�1, i.v., 15min), an anti-CD-18
monoclonal antibody (panel b, 1mg kg�1, i.v., 15min) or an anti-rat
neutrophil antiserum (panel c, 34 mg kg�1, i.p., 30min) on des- Arg9-
BK-induced paw oedema (100 nmol paw�1) in animals pretreated
with PAF (10 nmol paw�1). Each point represents the mean7s.e.m.
of four to six animals. In some cases, error bars are hidden within
the symbols. Significantly different from control values *Po0.05,
**Po0.01.
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dependent neutrophil accumulation in the rat paw, as assessed

by MPO activity measurement. The increase of MPO levels

following local treatment with PAF reached maximal values at

3–12 h (about 25-fold increase), returning to basal values after

24 h.

Next, we evaluated whether the strategies used above to

prevent leucocyte accumulation were indeed effective in

modulating PAF-induced (10 nmol paw�1, 6 h) neutrophil

influx in the rat paw. The treatment of animals with fucoidin

(10mg kg�1, i.v., 15min), the anti-CD18 (integrin b2 chain)

monoclonal antibody (WT3, 1mgkg�1, i.v., 15min) or the

anti-rat neutrophil antiserum (34 mg kg�1, i.p., 30min) sig-

nificantly reduced MPO activity induced by PAF injection

(3875, 7972 and 4674%, respectively). Interestingly, PAF-

induced elevation in MPO activity in the rat paw was also

reduced by the pretreatment with the NF-kB inhibitor PDTC

(100mg kg�1, i.p., 30min) (5172%) (Figure 6b).

Effect of the intraplantar injection of PAF on the
induction of NF-kB activation

NF-kB activation was analysed by means of eletrophoretic

mobility shift assay. Results of Figure 7a show that NF-kB
activity was markedly enhanced (about three-fold) in nuclear

extracts obtained from PAF (10 nmol paw�1, 1–12 h)-treated

paws. Significant activation of NF-kB was found as early as

1 h and persisted until 12 h after PAF injection (Figure 7a). To

examine the contribution of neutrophils for PAF-induced NF-

kB activation, animals were pretreated with an anti-rat

neutrophil antiserum (34 mg kg�1, i.p., 30min). As seen in

Figure 7b, the antiserum significantly diminished by 5376%

the PAF-induced increase of NF-kB binding activity. For

comparison, in animals treated with the NF-kB inhibitor

PDTC (100mg kg�1, i.p., 30min), there was 5778% inhibition

of NF-kB activation (Figure 7b).

Discussion

Inflammation is characterised by the production of cellular

and humoral mediators acting in concert to amplify and

extend this process. Temporal changes observed during the

inflammatory reaction are linked to the regulation of many

inflammatory genes (McIntyre et al., 1997). Among these,

kinin B1 receptors have been described as molecular entities

highly upregulated following different stimuli, such as tissue

trauma, bacterial products and proinflammatory cytokines.

Several lines of investigation have shown that B1 receptor

upregulation is largely dependent on the activation of

transcription factors and de novo protein synthesis (Marceau,

1995; Marceau et al., 1998; Calixto et al., 2001; Couture et al.,

2001). Although many recent studies have addressed the

mechanisms of B1 receptor expression under inflammatory

conditions, the exact sequence of events implicated in this

Figure 5 Effects of the treatment with the protein synthesis
inhibitors dexamethasone (panel a, 0.5mg kg�1, s.c., 6 h) and
cycloheximide (panel b, 1.5mg kg�1, s.c., 6 h) or NF-kB activation
inhibitors PDTC (panel c, 100mgkg�1, i.p., 30min) and TLCK
(panel d, 2mg kg�1, i.p., 30min) on des-Arg9-BK-induced paw
oedema (100 nmol paw�1) in animals pre-treated with PAF (10 nmol
paw�1). Each point represents the mean7s.e.m. of four to six
animals. In some cases, error bars are hidden within the symbols.
Significantly different from control values *Po0.05, **Po0.01.

Figure 6 (Panel a) Time-dependent effect of PAF injection
(10 nmol paw�1, 1–24 h) on MPO activity in the rat paw. (Panel
b) Effects of the inhibitors of cell migration fucoidin (10mgkg�1,
i.v., 15min) and anti-CD18 (1mgkg�1, i.v., 15min), an anti-PMN
antibody (34 mg kg�1, i.p., 30min) and the NF-kB activation
inhibitor PDTC (100mgkg�1, i.p., 30min) on PAF-induced
neutrophil influx in the rat paw. Each column represents the
mean7s.e.m. of four to six animals. Significantly different from PBS
(**) or PAF-injected paws (##) values **Po0.01.
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process remains undefined. In the present study, we have

evaluated some of the possible mechanisms involved in the up-

regulation of kinin B1 receptors after local treatment with the

chemotatic factor PAF in the rat paw. Attempts were also

made in order to determine the contribution of PAF-induced

neutrophil migration and NF-kB activation for the functional

and molecular upregulation of B1 receptors. This was achieved

by means of functional, biochemical and molecular ap-

proaches in combination with various pharmacological tools.

PAF is a proinflammatory lipid mediator known to promote

an increase of vascular permeability and oedema formation

when given into diverse tissues (Ishii et al., 1998; Ishii &

Shimizu, 2000). To avoid an interference of PAF-induced

oedema formation on the effects of des-Arg9-BK, all experi-

ments evaluating functional oedematous response were con-

ducted 6 h after PAF injection, as by this time PAF-induced

oedema is resolved (Cordeiro et al., 1986). Our results showed

that the paw oedema elicited by des-Arg9-BK was significant

between 6 and 24 h following PAF treatment. This was a PAF

receptor-dependent event, as it was markedly attenuated by

concomitant injection of the PAF receptor antagonist WEB-

2086 or by PAF receptor desensitisation. Moreover, the event

was restricted to the site of injection, as i.d. injection of PAF

failed to induce the increase of des-Arg9-BK-mediated oedema

in the contralateral paw. The effects of PAF appeared to be

specific for B1 receptors, as the same treatment with PAF

failed to modify paw oedema formation induced by the

selective B2 receptor agonist Tyr8-BK. Furthermore, oedema

induced by des-Arg9-BK was almost completely blocked by the

coinjection of two selective B1 receptor antagonists des-Arg9

[Leu8]-BK and R-715. Upregulation of B1, without a

significant change of B2 receptor-mediated oedematogenic

responses, has also been demonstrated after treatment with

attenuated Mycobacterium bovis bacillum (BCG) or with the

proinflammatory cytokines IL-1b and TNFa (Campos et al.,

1997; 1998). In contrast, a significant reduction of Tyr8-BK-

caused paw oedema has been observed in other conditions,

such as following the systemic treatment with LPS or in

streptozotocin-diabetic rats (Campos et al., 1996; 2001),

demonstrating the plasticity of B1 receptor expression.

Altogether, the results above provide strong pharmacological

evidence that PAF, by acting on PAF receptors, induce the

functional upregulation of B1.

Not only was a B1 receptor-dependent functional response

upregulated after PAF injection, but we could also demon-

strate a time-dependent increase of B1 receptor mRNA

expression. These data show for the first time that treatment

with PAF is able to evoke de novo synthesis of B1 receptors in

the rat paw. A similar result has been demonstrated following

the local treatment with the proinflammatory cytokine IL-1b
(Campos et al., 2002). The importance of protein synthesis

involvement in this model was reinforced by the results

showing that PAF-induced upregulation of a functional

response to des-Arg9-BK injection was markedly inhibited by

the anti-inflammatory steroid dexamethasone and by the

protein synthesis inhibitor cycloheximide. The same schedule

of treatment with these two drugs was effective in blocking B1

receptor functional upregulation induced by other stimuli

(Campos et al., 1996, 1997, 1998). Thus, our results suggest

that the functional upregulation of B1 receptors relies heavily

on local protein synthesis.

Several studies have now reported on the ability of PAF to

stimulate neutrophil influx to sites of inflammation (Zhou

et al., 1994; Franciose et al., 1996; Ishii & Shimizu, 2000). In

addition, it has been shown that some proinflammatory effects

of LPS or IL-1b are mediated by the endogenous release of

PAF (Han et al., 2002). One could speculate that PAF, along

with other chemotatic factors, might be involved in the

upregulation of B1 receptors during the inflammatory

response. In fact, we have previously demonstrated that IL-

1b-induced B1 receptors upregulation in the rat paw is a

process dependent on adhesion molecules, PAF receptor

activation and neutrophil migration (Campos et al., 2002). In

order to examine the possible involvement of the influx of

neutrophils for the ability of PAF to induce the molecular and

Figure 7 (Panel a) Time-dependent effect of PAF treatment
(10 nmol paw�1, 3–12 h) on NF-kB activation. (Panel b) Effect of
the NF-kB activation inhibitor PDTC (100mgkg�1, i.p., 30min) or
an anti-rat neutrophil antiserum (34 mg kg�1, i.p., 30min) on NF-kB
activation induced 3 h after PAF injection. Bottom: graphic
representation of relative scan units. (1) PBS (2) PAF 1h (3) PAF
3h (4) PAF 6h (5) PAF 12 h (6) PDTC (7) anti-PMN. Number of
replicates: three.
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functional upregulation of B1 receptors, initial experiments

evaluated the ability of PAF to induce neutrophil recruitment

in the rat paw. The injection of PAF induced a striking

neutrophil accumulation, as assessed by an increase of up to

25-fold in MPO activity in the rat paw. Neutrophil influx and

functional B1 receptor expression were markedly prevented by

fucoidin and by an anti-CD18 monoclonal antibody, demon-

strating the importance of cell adhesion molecules for both

processes. More importantly, data using anti-rat neutrophil

anti-serum suggested that the leucocytes responsible for the

upregulation of B1 receptors were neutrophils. Thus, it is clear

that drugs that prevented neutrophil accumulation also

interfered with the functional upregulation of B1 receptors.

Together with other data from the literature (Ahluwalia &

Perretti, 1996; McLean et al., 2000; Campos et al., 2002), the

present results suggest that the recruitment of neutrophils is

one of the prerequisites for the upregulation of B1 receptors in

inflamed tissues.

It has been reported that PAF is capable of activating the

NF-kB and enhancing DNA-binding activity in vivo or in vitro

(De Plaen et al., 1998, 2000; Choi et al., 2000), and PAF-

induced angiogenic response is markedly inhibited by antisense

oligonucleotides to NF-kB subunits (Ko et al., 2002). In

addition, LPS-induced NF-kB activation is partially depen-

dent on PAF receptor activation (De Plaen et al., 2000). As the

transcription factor NF-kB has been shown to be involved in

the upregulation of B1 receptors under various experimental

conditions, a series of experiments were conducted to evaluate

its participation in our system. Our results clearly show that

PAF treatment promoted a marked increase of NF-kB
translocation in the rat paw, as assessed by the eletrophoretic

mobility shift assay. PAF-induced NF-kB activation was

prevented by the treatment with two NF-kB blockers, PDTC

and TLCK. More importantly, the injection of PDTC prior to

PAF prevented the functional upregulation of B1 receptors.

Together, these results demonstrate a role for NF-kB
activation in PAF-induced functional upregulation of B1

receptors in the rat paw.

Interestingly, the treatment with the anti-rat neutrophil

antiserum also attenuated the activation of NF-kB 3h after

injection of PAF, implicating the influx of neutrophils in the

activation of NF-kB at later time points. On the other hand,

NF-kB activation was already present before the first wave of

neutrophil recruitment (compare Figures 6 and 7) and PAF-

mediated neutrophil influx was markedly inhibited by PDTC.

The latter results suggest that activation of NF-kB was part of

a series of events leading to neutrophil migration into the rat

paw. Thus, it appears that the reciprocal activation of NF-kB
and neutrophil influx amplify each other and, together,

promote the molecular and functional upregulation of B1

receptors.

In conclusion, our results indicate that the local treatment

with PAF induced kinin B1 receptor upregulation in the rat

paw by a mechanism that involved an amplification circuit

between the transcription factor NF-kB and the recruitment of

neutrophils. It appears that the recruitment of leucocytes is a

pivotal signal for the regulation of B1 receptor-mediated

inflammatory responses.
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