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Platelet-activating factor: the effector of protein-rich plasma
extravasation and nitric oxide synthase induction in rat
immune complex peritonitis
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1 The involvement of platelet-activating factor (PAF) in immune complex-induced/polymorphonuclear-
mediated tissue injury was studied by use of a reverse passive Arthus (RPA) model in the peritoneal
cavity of rats.
2 Extravasation of protein-rich plasma, accumulation of polymorphonuclear leukocytes (PMN), and
the production of nitric oxide (NO) by resident peritoneal mononuclear phagocytes were assayed.
3 Treatment of rats with either UR-12460 or BB-823, two compounds which possess different chemical
structures, but elicit the same antagonistic effect on the PAF receptor, abrogated protein-rich plasma
extravasation. In contrast, they did not show any effect on the accumulation of PMN.
4 Inhibition ofNO production with both N1-mono methyl-L-arginine and N0-nitro-L-arginine failed to
prevent protein-rich plasma extravasation.
5 The production of NO by peritoneal adherent cells following RPA was measured in cells maintained
for 2 to 28 h in culture, and it was significantly increased in cells removed as early as 15 min after RPA
induction, as compared to controls.
6 Addition of 10 nM PAF to the culture medium reduced the generation of NO by peritoneal cells
from RPA rats, whereas this mediator enhanced NO production in cells from naive control
animals.
7 Treatment with either UR-12460 or BB-823 prior to the induction of RPA produced an almost
complete inhibition of NO production.
8 Assay of nitric oxide synthase activity in cell homogenates from peritoneal cells showed that the
activity was due to the inducible form of the enzyme.
9 Study by Northen blotting of mRNA coding for the inducible NO synthase (iNOS) showed
transcription at 6 and 18 h after the induction of RPA, which was inhibited in UR-12460-treated
rats.
10 These data indicate that PAF is the main mediator of the early plasma leakage observed in RPA,
and also that PAF is implicated in the triggering of long-term changes via induction of specific genes, as
judged from its ability to promote the expression of iNOS.
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Introduction

The Arthus reaction was first described at the turn of the
century as an acute inflammatory and haemorrhagic reaction
produced in the skin of rabbits when a local injection of
horse serum was administered to previously sensitized
animals (Arthus, 1903). Experimentally it is convenient to
investigate the reversed passive Arthus reaction (RPA), which
is elicited by a local injection of antibody and an intravenous
injection of its cognate antigen. This model is a good
counterpart of immune complex peritonitis, when developed
in the peritoneal cavity. The sequence of events that occur in
the RPA reaction includes formation of immune complexes
in the microvessel wall, activation of the complement cas-

cade, migration and adherence of polymorphonuclear
leukocytes (PMN) to the endothelial cells, which results in an

increase of microvascular permeability (Wedmore & Wil-
liams, 1981), and release of PAF from neutrophils which acts
on endothelial cells to cause further leakage (Hellewell &
Williams, 1986; Warren et al., 1989a; Rossi et al., 1992;
Tavares de Lima et al., 1992). Since tissue injury in RPA is
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complement-dependent and largely neutrophil-mediated,
detailed attention has been dedicated to ascertain the
mechanisms which in addition to generation of C5a might
lead to recruitment of polymorphonuclear leukocytes. Thus,
it has been shown that tumour necrosis factor- (Warren et
al., 1989b), interleukin (IL)-1P (Warren, 1992), cytokines
related to IL-8/neutrophil activating protein 1 (Collins et al.,
1991), and products of oxidative metabolism of arachidonate
via 5-lipoxygenase (Zhang et al., 1992) are involved.

Recent therapeutic approaches to the Arthus reaction
focus on the use of recombinant soluble human complement
receptor type I (Rossi et al., 1992) to control the activation
of the complement cascade, the utilization of a recombinant
soluble form of human Fc-yRII (Fc-yR, receptor for the Fc
portion of IgG) genetically engineered to interfere with
neutrophil activation via Fc-yRII, and the ensuing release of
inflammatory mediators (Ierino et al., 1993); and the utiliza-
tion of recombinant selectin chimeric molecules to block
PMN recruitment (Mulligan et al., 1993). Another step for
pharmacological modulation might be the antagonism of
mediators released from PMN that could be particularly
active either on their own or because of their central position
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in the triggering of other mediators. Recent studies have
emphasized the involement of nitric oxide in the production
of tissue injury in a model of alveolitis and dermal vasculitis
analogous to RPA (Mulligan et al., 1991; 1992), whereas
there has been some controversy regarding the possible
involvement of eicosanoids in the mediation of plasma
leakage in RPA (Boughton-Smith et al., 1993). The purpose
of this study was to assess the effect of blocking receptors for
the lipid mediator platelet-activating factor on events of the
RPA that occur at different times after antigen challenge.

Methods

Materials and animals

Male pathogen-free Wistar rats (200-300 g) were obtained
from Valladolid Medical School Animal Facility. IgG
antibodies were raised in rabbits by subcutaneous injections
of ovalbumin in complete Freund's adjuvant followed by
booster intramuscular injections until a positive reaction in
radial immunodiffusion could be observed at a dilution of
antiserum 1/16. IgG2 antibodies were purified by sequential
precipitation with octanoic acid and ammonium sulphate.
The PAF receptor antagonist UR-12460 (1-[(N-diphenyl-
methyl) aminoacetyl]-4-[(2-methyl-3-pyridyl)cyanomethyl]
piperazine) was obtained from URIACH, S.A., Barcelona,
Spain, and solubilized in saline solution (Carceller et al.,
1993). The PAF receptor antagonist BB-823 (N-4-(1-H-2-
methylimidazo[4,5-c]pyridylmethyl)phenylsulphonyl-L-leucinyl
ethyl ether) was a gift from British Bio-technology Ltd.,
Oxford, U.K., and was solubilized by stoichiometric mixture
with IN HC1 to form the hydrochloride salt, and dilution
with saline solution (Whittaker et. al., 1992). 1-O-Hexadecyl-
2-acetyl-sn-glycero-3-phosphocholine (PAF), NG-nitro-L-
arginine methyl ester (L-NAME), L-NOARG (NG-nitro-L-
arginine), L-NMA (NG-methyl-L-arginine), molsidomine and
isosorbide dinitrate were from Sigma Chemical Co., St.
Louis, MO, U.S.A.

Induction of the reverse passive Arthus reaction

Rats were injected i.p. with 1 mg of specific antibody and i.v.
with 10 mg ovalbumin and 20 mg kg-l of Evans blue dye to
study extravasation of protein-rich plasma. The doses of
antibody and antigen used produced an extravasation res-
ponse near the maximum, which is comparable to that
observed in a passive anaphylaxis model with IgE sensitizing
antibody (Pellon et al., 1994). The concentration of Evans
blue in the peritoneal cavity was determined spectrophoto-
metrically at a wavelength of 620 nm in the fluid obtained by
washing the peritoneal cavity with 10 ml of phosphate-
buffered saline solution. The results were compared with a
standard curve prepared with known amounts of Evans blue
dye, and the content of each sample was expressed as fig
Evans blue per ml. The experimental protocol was approved
by our Institutional Review Board.

Assay ofpolymorphonuclear accumulation into the
peritoneal cavity

Neutrophil influx was evaluated by measurement of
myeloperoxidase (MPO) activity colorimetrically in the lysate
of cells obtained from the peritoneal cavity. MPO activity in
the cell lysate was measured by the change in optical absorb-
ance at 460 nm resulting from decomposition of H202 in the
presence of o-dianisidine (Henson et al., 1978). The results
were expressed as number of PMN obtained by comparison
with a standard curve of the MPO activity of known
numbers of PMN from peritoneal exudate after 6 h of RPA
(Zhang et al., 1992).

Assay ofNO production by peritoneal macrophages ex
vivo

Peritoneal cells obtained 15 min after induction of the Arthus
reaction in rats were resuspended in Dulbecco's modified
Eagle's medium (DMEM) without phenol red, supplemented
with 100 u ml' penicillin, 100 jig ml-I streptomycin,
50 fig ml-' gentamicin, 0.5 mM L-arginine, 2mM glutamine
and 10% heat-inactivated foetal calf serum. Non-adherent
cells were removed two hours after challenge, and the pro-
duction of NO was assessed after different times of incuba-
tion at 37°C in an atmosphere containing 5% CO2.

Determination ofNO and nitrite

NO released from macrophage cultures was determined by
the accumulation of nitrite (Green et al., 1982). The cell
cultures (5 x 105 cells in 1 ml of phenol red-free medium)
were filled with 100 ,4 of a solution of 1 mM sulphanilic acid
and 100 mM HCI (final concentration). After incubation for
5 min the medium was aspirated and centrifuged in an
Eppendorf microcentrifuge; 50pl of naphthylenediamine
(1 mm in the assay) was added to the samples, and the
reaction was completed after 15 min of incubation. The
absorbance at 548 nm was compared with a standard of
NaNO2, and the production of NO was expressed as nmol of
NO2 mg' protein.

Assay ofNOS activity

NOS activity was measured in 105,000 g supernatants from
homogenates of 107 cells in a medium containing 20 nM Tris,
20 mM KC1, 100 gM EGTA, 10 gM (6R)-5,6,7,8-tetra-
hydrobiopterin, 0.5 mM dithioerythritol (DTT), 10gg ml' of
leupeptin and 0.5 mM phenylmethylsulphonyl fluoride,
pH 7.5. After partial purification by 2',5'-ADP-sepharose
chromatography (0.5 ml of gel), the activity was determined
by the production of [14C]-citrulline from [U-'4C]-arginine
(Schmidt et al., 1992). The reaction was started by the addi-
tion of 50 gM [U-'4C]-arginine (0.3 pCi) to a mixture that
contained 20 mM Tris, 0.5 mM NADPH, 0.1 mM DTT, and
10gM (6R)-5,6,7,8-tetrahydrobiopterin (200,u1 of incubation
volume). After 10 min of incubation at 30°C, the reaction
was stopped by addition of 1 ml ice-cold 10 mM EGTA,
0.1 mM citrulline, 10 mM PIPES, pH 5.5. One ml of this
mixture was applied to a 1 ml Dowex AGSOW-X8 column
(Na+-form), and the [U-'4C]-citrulline was eluted in 2 ml of
water. After counting the emerging radioactivity, the enzyme
activities were calculated as the differences of product forma-
tion in the absence or presence of 0.25 mM L-NMA in the
reaction mixture. The Ca2 '-dependence of NOS was assayed
in the presence of 200 gM CaC12 and 10 nM calmodulin in
the reaction mixture. One unit of NOS activity was defined
as the amount of protein that released 1 nmol of [U-'4C]-
citrulline per min.

Preparation of total RNA and Northern blot analysis of
NOS

Total cellular RNA was prepared from cell cultures (107
cells) following the guanidium isothiocynate method (Chom-
czynski & Sacchi, 1987). Aliquots of total RNA (5 gg) were
denatured at 65°C for 15 min in 5% formaldehyde, 50%
formamide and 8% glycerol and then were size-separated by
electrophoresis in a 0.9% agarose gel containing 2% for-
maldehyde and 3-(N-morpholine) propane sulphonic acid
(MOPS) buffering system (Maniatis et al., 1989). After trans-
ference of the RNA to Nytran membranes (NY 13-N;
Schleicher & Schuell) with 10 x SSC (10 x SSC is 1.5 M
NaCl, 0.3 M sodium citrate, pH 7.4), the membranes were
prehybridized for 6 h at 42°C in 50% formamide, 0.25 M
NaCl, 0.1 M sodium phosphate, 7% SDS and 0.01% of
salmon sperm. An 817 bp fragment (nucleotides 1 to 817)
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from the complementary DNA of macrophage NOS was
random primed labelled (45% efficiency) and was used to
detect the level of transcription (Xie et al., 1992). The mem-
branes were washed once with 0.1 x times standard saline
citrate (SSC) and 0.1% sodium dodecyl sulphate (SDS) at
room temperature for 10 min, and twice at 50'C for 30 min,
followed by exposure to an X-ray film (Kodak, X-OMAT).
Quantitation of the film was performed by laser densitometry
(Molecular Dynamics, Kemsing, U.K.) using the hybridiza-
tion with a P-actin probe (0.6kb EcoRI/Hind1II fragment
isolated from VC18 vector) as internal control to demon-
strate the integrity of the RNA, the equivalence of loading,
and the specificity of mRNA induction.

Statistical analyses

Data are expressed as the mean ± s.e.mean. For comparison
of two groups of samples normally distributed, Student's
two-tailed t test was used to analyze differences for
significance. For comparison of two groups of samples not
normally distributed, the Mann-Whitney U test was used.
Changes of a variable measured during a period of time were
analyzed by one way analysis of variance (ANOVA). Statis-
tical procedures were performed using a data base and statis-
tical package (Instat, GraphPAD Software Inc., San Diego,
CA, U.S.A.), P<0.05 was considered significant.

Results

UR-12460 10 min prior to the induction of RPA, a reduction
of extravasation to levels similar to those detected in vehicle-
treated animals was observed at 30 min; however, the inhibi-
tion was less marked when rats were killed 60 min after
challenge. This could indicate either recruitment of other
extravasation-inducing mediators or metabolism of the drug.
To ascertain whether the effect of UR-12460 was a conse-
quence of its purported PAF receptor antagonist effect,
experiments were also performed with BB-823, a PAF recep-
tor antagonist with a chemical structure unrelated to UR-
12460. As indicated by the cross-hatched column in Figure 1,
BB-823 showed a similar protective effect on extravasation.
Treatment with the L-arginine analogues L-NOARG and L-
NMA alone or in combination at doses as high as
100mg'kg-, i.p., prior to challenge with antigen and
antibody gave no protection (Table 1). Moreover, to substan-
tiate that these drugs were acting on the NO system, mean
arterial pressure was measured under the conditions des-
cribed by Pellon et al. (1994) in three rats after L-NMA
treatment and found to be significantly higher than in
vehicle-treated rats. Attempts to enhance extravasation by
the NO-generating compounds molsidomine and isosorbide
dinitrate at doses of 15 mg kg-' in combination with
200mgkg-' L-arginine did not influence extravasation.

Table 1 Effect of NO synthase inhibitors on Evans blue
dye extravasation

Protein-rich plasma extravasation in RPA

Induction of RPA produced a marked increase of the
accumulation of Evans blue dye in the peritoneal cavity of
rats. This was already apparent at 15 min, but maximal
accumulation occurred at 30-60 min (solid columns in Figure
1). Attempts to follow extravasation at later times showed a
decay of the Evans blue dye (EB) in the peritoneal lavage
fluid, even when the experiment was modified to perform the
injection of EB at 3 h after challenge and the collection of
the peritoneal exudate carried out 1 h thereafter
(4.92 ± 0.24 pg ml-' in a group of 3 rats). These findings were
interpreted as evidence that extravasation is an early event in
RPA, that subsides within 1-2 h after RPA challenge. When
the rats were pretreated with an i.v. dose of 5 mg kg' of

Treatment

Anti-ovalbumin antibody
RPA
RPA + 100 mg kg-' L-NOARG
RPA +100 mg kg-' L-NMA
RPA + 10mgkg-'
L-NOARG + L-NMA

Evans blue dye
(pgmlm' peritoneal fluid)

4.1 ± 0.6
14.8 ± 2.4
15.0 ± 3.3*
13.2 ± 2.4*
14.5 ± 3.0*

n

9
8
4
4
4

NO synthase (L-NOARG = NG-nitro-L-arginine methylester;
L-NMA = NG-methyl-L-arginine) inhibitors were i.p. injected
10 min before the induction of RPA. The peritoneal exudate
was obtained 30 min after RPA or antibody administration.
Data represent mean ± s.e.mean. *Not significant as
compared to RPA animals.
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Figure 1 Extravasation of Evans blue dye in the peritoneal cavity
during RPA and effect of PAF-receptor antagonists. The peritoneal
exudate from rats was obtained at the times indicated after local
injection of anti-ovalbumin antibody (negative control, open col-
umns), local antibody and intravenous antigen (RPA animals, solid
columns), or local antibody and intravenous antigen preceded by i.p.
injection of 5 mg kg- UR- 12460 10 min prior to challenge (hatched
columns), or 5 kg -' BB-823 (cross-hatched column). Results repre-
sent mean±s.e.mean of 7 to 9 animals in each group. **P<0.01,
*P<0.05.
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Figure 2 Effect of UR- 12640 on the infiltration of PMN in the
peritoneal cavity. Saline-treated rats (0), antibody-treated rats (0),
RPA rats (-) and RPA rats pretreated with 5 mg kg-' UR- 12460
(A) were killed at the times indicated for collection of peritoneal
cells. The number of infiltrating PMN was assessed from the assay of
myeloperoxidase activity.
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Accumulation ofPMN in the peritoneal cavity

Assay of myeloperoxidase (MPO) activity as an index of
PMN accumulation in the peritoneal cavity showed that
infiltration by PMN was a delayed event as compared to
plasma leakage, with little infiltration of PMN up to 1 h and
a significant increase at 4 h (Figure 2). Treatment with UR-
12460. did not influence the number of infiltrating PMN.
When PAF was injected at doses up to 10 jig kg-' i.p., it did
not induce PMN recruitment in the peritoneal cavity, and
higher doses induced haemorrhagic necrosis of the small
intestine, which is most probably due to its ability to induce
widespread endothelial damage (Pellon et al., 1994).

Nitrite production and iNOS expression in RPA

Adherent peritoneal cells from RPA rats showed an
enhanced ex vivo production of NO as compared to cells
obtained from control animals receiving either antigen or
antibody alone (Figure 3). This enhanced production occur-
red after 8 h in culture, with a linear increase up to 18 h and
a less prominent increase up to 28 h. Both this pattern ofNO
production and its magnitude suggested the involvement of
the inducible form of NO synthase, and would be in keeping
with the above mentioned lack of effect of the modulation of
NO production on the early phase of RPA. The involvement
of the inducible form of NOS was confirmed by measuring
the activity in the presence and absence of calcium/
calmodulin. As shown in Table 2, the result was almost the
same under either condition, which points to the singular
involvement of the inducible form of the enzyme. To deter-
mine the optimal period of time after induction of RPA
required to show an enhanced in vitro nitrite production,
peritoneal cells were collected either 15 or 60 min after
challenge. As shown in Figure 4, no significant difference was
observed at either time, which indicates the dependency of
enhanced NO production on events occurring within 15 min
after induction of RPA. Treatment of rats prior to the
induction of RPA with either UR-12460 or BB-823 showed
no enhancement of nitrite production as compared to con-
trols (Figure 3). Since these compounds possess different
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Figure 3 Production of NO by adherent peritoneal cells in culture
after induction of RPA. Peritoneal cells were collected by washing
the peritoneum with 40 ml of DMEM, followed by centrifugation
and resuspension in 10ml of the same medium supplemented with
antibiotics. At that time cells from each rat were distributed in
aliquots and maintained at 37°C to allow the collection of adherent
cells. N02-production was assayed in duplicate samples at the times
indicated. Control animals (0); rats treated with i.p. antibody alone
(0); animals treated with i.p. antibody and i.v. antigen (@); RPA
animals pretreated with 5 mg kg-' UR- 12460, i.p., 10 min before
elicitation of RPA (A); at 18 and 24 h (*) indicate rats receiving
5mgkg-' BB-823, under similar conditions to UR-12460-treated
rats. Data represent mean±s.e.mean of 9 to 12 animals in each
group. **P>0.001.

chemical structures, but elicit the same pharmacological effect
on the PAF receptor, the results strongly suggest a role for
PAF on the induction of NO synthase in RPA. Moreover,
adherent peritoneal cells collected from rats that had been
injected i.p. with PAF at the dose of 5 ftg kg-' showed a
production of NO of 18 ± 2 nmol mg'I protein after 24 h in
culture. In agreement with the production of NO by adherent
cells after RPA, the levels of iNOS mRNA increased 14 fold
after 18 h of culture in animals challenged with antibody plus
antigen. This increase could be observed at 6 h after the
initiation of the culture, but was most prominent at 18 h. The
appearance of iNOS mRNA was inhibited more than 90%
by pretreatment of the animals with UR-12460 (Figure 5).

PAF enhances nitrite production by control peritoneal
cells and abrogates the response after RPA

Experiments carried out with adherent cells from control rats
showed that the production of nitrite can be elicited by PAF
with a bell-shaped pattern of dose-dependency (Figure 6).
This was abrogated by the inclusion of UR-12460 in the
medium (Figure 6), suggesting again that PAF might induce
the production of NO via the inducible form of NOS by
signalling through its receptor. When adherent peritoneal
cells obtained 1 h after RPA were incubated with different
concentrations of PAF, (Figure 6) , a dose-dependent inhibi-
tion of nitrite production was observed. The time-dependency
of this effect was studied with PAF at the dose of 10 nM.
PAF induced a diminution of nitrite formation by adhe-

rent peritoneal cells from RPA rats at all of the times

Table 2 iNOS activity in ex vivo cultured adherent
peritoneal cells

Treatment

None
RPA
Antibody

NOS activity (%)
+ 0.5 mm EGTA + Ca2+/CalmodUlin

3
100

5

4
96
5

Animals were treated as indicated and peritoneal cells were
cultured for 8 h. iNOS activity was measured by the
production of ['4C]-citrulline from ['4C]-arginine. Results
show the means of two cultures assayed in duplicate and
expressed as percentage of the maximal activity
(12.1 nmol min' mg-' protein).
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Figure 4 Influence of the time elapsed after RPA on nitrite produc-
tion by rat adherent peritoneal cells. Rats were challenged with saline
solution (open column), antibody (hatched columns), or antigen and
antibody, and removed from the peritoneal cavity 15 (cross-hatched
columns) or 60 min (checkered columns) thereafter. Nitrite produc-
tion was assessed 4 and 15 h after removal of non-adherent cells.
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Figure 5 iNOS mRNA levels in RPA. Rats were injected with saline
(lanes 1, 5 and 9), antibody (lanes 2, 6 and 10), or antibody and
antigen in the absence (lanes 3, 7 and 11) or in the presence of
5mgkg-' of UR-12460 (lanes 4, 8 and 12). Adherent peritoneal
cells were cultured ex vivo for 2 (lanes 1-4), 6 (lanes 5-8), and 18 h
(lane 9-12), and used for the analysis of iNOS and mRNA using a
specific probe. Quantitative analyses of mRNA levels were obtained
by densitometry of the bands after normalization for the P-actin
content, and are shown in the histogram.
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Figure 6 Effect of PAF on the production of nitrite by adherent
peritoneal cells after RPA: dose-response. Rats treated to induce
RPA (0); rats receiving saline solution alone (0); peritoneal cells
from rats treated with saline solution incubated in vitro with different
concentrations of PAF and I $lM UR- 12460 (A). The measurement
of nitrite was carried out after 15 h in culture.

Figure 7 Effect of PAF on the production of nitrite by adherent
peritoneal cells after RPA: Time course. Peritoneal cells were col-
lected 15 min after induction of RPA (0, 0) or after saline injection
(0, U). The production of nitrite was assessed in adherent cells after
culture for the times indicated in the presence of 10 nM PAF (open
symbols) or vehicle (closed symbols).
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Figure 8 Effect of different agonists on the production of nitrite
induced by PAF. Adherent peritoneal cells were incubated in the
presence of different concentrations of PAF and the additions
indicated. The production of nitrite was assessed 15 h after separa-
tion of adherent cells. No addition (open columns), 200 ngml '

phorbol dibutyrate (hatched columns), 20 gg ml' E. coli
lipopolysaccharide (solid column), I nm epidermal growth factor
(vertically lined columns), I pIM UR- 12460 (cross-hatched columns),
I mM N~nitro-L-arginine methylester/N0-nitro-L-arginine (checkered
columns).

studied, whereas this concentration of PAF enhanced nitrite
production in control saline-treated rats (Figure 7).
Some characteristics of the transduction pathway used for

PAF to elicit NO production were studied with the use of
other agonists, and are shown in Figure 8. Whereas phorbol
dibutyrate showed a slight inhibition of the production of
nitrites elicited by PAF, lipopolysaccharide (LPS) and epider-
mal growth factor (EGF) showed either additive effect or its
own effect when PAF was used at doses that do not induce
NO production.

Discussion

The data presented herein indicate a prominent role for PAF
in the RPA model of rat immune complex peritonitis, which
confirms earlier findings in the rabbit skin model (Hellewell
& Williams, 1986; Rossi et al., 1992), and in rat alveolitis
(Warren et al., 1989a; Tavares de Lima et al., 1992). The

release of PAF is an early event, and can probably be
explained by the stimulation of PMN by immune complexes
and/or complement-derived components in the microvas-
culature (Sanchez Crespo et al., 1980). Endothelial cells are
one of the targets for PAF, as judged from the early
appearance of protein-rich plasma leakage. In fact, it has
recently been reported that exposure of confluent endothelial
cells to PAF results in a rapid and concentration-dependent
redistribution of protein kinase C, rearrangement of
cytoskeleton, and increase in the transendothelial flux of
['251]-albumin (Bussolino et al., 1994). On this basis, PAF-
induced extravasation seems to be a clearcut component of
the inflammatory response, and not a mere consequence of
physical interactions between neutrophils and endothelial
cells in which selectin-dependent adherent interactions seem
to be involved (Lorant et al., 1993). In contrast, our data are
not consistent with a role for PAF on the cascade of events
leading to the migration of PMN into the peritoneal cavity,
and they would indirectly support current views on the
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mechanisms of recruitment of PMN in this model, which
involves C5a, leukotrienes and tumour necrosis factor-
(TNF-a) (Warren et al., 1989b; Zhang et al., 1992).

Peritoneal macrophages are another target for PAF in
RPA as judged from the effect of both PAF and PAF-
receptor antagonists on nitrite production under a wide array
of experimental conditions including ex vivo experiments with
adherent peritoneal cells from RPA rats and in vitro studies
with PAF and other agonists. PAF showed a great ability to
down regulate the production of NO in adherent peritoneal
cells from both RPA and PAF-treated rats, whereas by itself
it elicited NO production. This may be the consequence of
antagonistic signalling triggered by previous exposure to an
agonist, as observed in hepatocytes and peritoneal macro-
phages treated with LPS and phorbol ester (Hortelano et al.,
1992), which is explained by an effect on protein kinase C. In
support of this view there may be mentioned the ability of
PAF to stimulate calcium influx and phosphoinositide hyd-
rolysis in mononuclear phagocytes at very low concentrations
(Randriamampita & Tsien, 1993), the inhibitory effect
observed when PAF was used in combination with phorbol
ester, an agonist acting via protein kinase C; and the additive
effect obtained when agonists acting on other signalling path-
ways were used, i.e. LPS and EGF.
The contribution of infiltrating PMN to the increased pro-

duction of NO by peritoneal cells in ex vivo experiments
seems unlikely, since the cell population was collected before
infiltration of PMN had occurred, and also because the assay
of nitrite production was carried out with adherent cells. In
addition, the production of NO by PMN has been a matter
of debate (Stuehr & Nathan, 1989; Schattner et al., 1990;
Stewart et al., 1993), and it has been suggested that the NOS
in PMN may represent a third type of enzyme intermediate
between that of the inducible form and the calcium/
calmodulin dependent constitutive form (Yui at al., 1990;
Hiki et al., 1991). Interestingly, a recent study has shown that
the production of reactive nitrogen intermediates by human
PMN in response to phorbol esters is greatly enhanced by
azide and catalase, which strongly suggests that the alleged
nitric oxide synthase activity detected under these conditions
rather represents the catalase-catalyzed conversion of azide to
nitrite (Klebanoff & Nathan, 1993).

Since iNOS induction is a delayed event involving nuclear
signalling, this should be analyzed in the light of recent
reports linking PAF receptor signalling and gene expression.
Thus, PAF stimulates transcription of genes possessing the
Fos-Jun/AP-l responsive sequence (Squinto et al., 1989;
Mazer et al., 1991), and the accumulation of collagenase type
I mRNA in corneal epithelial cells (Bazan et al., 1993). It has

recently been shown that the level of iNOS mRNA is con-
trolled by at least two different signalling cascades which may
act synergistically, one involves cyclic AMP and the other
one is triggered by cytokines such as IL-lp (Muhl et al.,
1994; Kunz et al., 1994). This raises the question of the
possible relationship of PAF-triggered iNOS induction to any
of these pathways.
The biological role for NO synthase induction in RPA

might be linked to either the induction of tissue damage or to
the reparative phase of inflammation. Initial studies in rat
immune complex alveolitis linked NO production to genera-
tion of peroxynitrite and to extravasation of protein-rich
plasma, even though a diminished recruitment of PMN was
not observed (Mulligan et al., 1991; 1992). Our data differ
from these results since we have not observed any effect on
the extent of plasma extravasation by either inhibition of NO
production with pharmacological tools or enhancement of
NO production by NO-inducers. These discrepancies could
be due to differences in either experimental conditions or
properties of the tissues studied, which differ in both cellular
components and vascularity. In keeping with the difficulty of
assigning a damaging role to NO production in tissue injury
there are a number of reports emphasizing its role as an
oxygen radical scavenger (Wink et al., 1993; Choi, 1993), and
its protective role in hypoxia-induced intestinal injury in rats
(Caplan et al., 1994). Alternative roles for NO in immune-
mediated inflammation could be regulation of blood flow in
the reparative phase of inflammation (Moncada et al., 1991;
Pons et al., 1993), or reduction of leukocyte adherence and
emigration after the initial injury (Arndt et al., 1993).
Another function for NO not apparently related to
inflammatory damage could be the recently reported syner-
gistic effect with calcium in gene transcription linked to an
increase in binding activity of the AP-1 transcription factor
comprising the Fos and Jun family proteins (Peunova &
Enikolov, 1993).

Finally, the possibility that PAF could also play a
significant role in the production of NO in other models of
tissue injury is strongly suggested by the finding of significant
attenuation of the induction of NO synthase produced by
bacterial LPS in anaesthetized rats treated with the PAF
receptor antagonist WEB 2086 (Szabo et al., 1993).
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