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Effects of nitric oxide on neutrophil influx depends
on the tissue: role of leukotriene B4 and adhesion
molecules
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Background and purpose: We investigated the effect of nitric oxide synthase (NOS) inhibition on polymorphonuclear cell
(PMN) influx in zymosan or lipopolysaccharide (LPS)-induced arthritis and peritonitis.
Experimental approach: Wistar rats received intra-articular (i.art.) zymosan (30–1000 mg) or LPS (1–10 mg). Swiss C57/Bl6
mice genetically deficient in intercellular adhesion molecule-1 (ICAM-1-/-) or in b2-integrin (b2-integrin-/-) received zymosan
either i.art. or i.p. PMN counts, leukotriene B4 (LTB4), tumour necrosis factor-a (TNF-a) and interleukin-10 (IL-10) levels were
measured in joint and peritoneal exudates. Groups received the NOS inhibitors NG-nitro-L-arginine methyl ester (LN),
nitro-L-arginine, N-[3-(aminomemethyl)benzyl] acetamide or aminoguanidine, prior to zymosan or LPS, given i.p. or s.c. in the
arthritis and peritonitis experiments respectively. A group of rats received LN locally (i.art. or i.p.), 30 min prior to 1 mg
zymosan i.art.
Key results: Systemic or local NOS inhibition significantly prevented PMN migration in arthritis while increasing it in
peritonitis, regardless of stimuli, concentration of NOS inhibitors and species. NOS inhibition did not alter TNF-a and IL-10 but
decreased LTB4 in zymosan-induced arthritis. LN administration significantly inhibited PMN influx into the joints of ICAM-1-/-

and b2-integrin-/- mice with zymosan-arthritis, while not altering PMN influx into the peritoneum of mice with zymosan-
peritonitis.
Conclusions and implications: Nitric oxide has a dual modulatory role on PMN influx into joint and peritoneal cavities that
is stimulus- and species-independent. Differences in local release of LTB4 and in expression of ICAM-1 and b2-integrin account
for this dual role of NO on PMN migration.
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Introduction

Neutrophil migration into inflammatory sites is a crucial step
in host defence, whereas inflammatory tissue damage is
also associated with neutrophil accumulation. The release of

proteolytic lysosomal enzymes, metalloproteinases and reac-
tive oxygen/nitrogen-derived species mediate neutrophil
damage to tissues. Therefore, strategies to limit neutrophil
trafficking are positively associated with the clinical benefit
obtained in inflammatory diseases, such as rheumatoid arthri-
tis (O’Dell, 2004). The recruitment of neutrophils in arthritis
is a multi-mediator process with the participation of leukot-
riene B4 (LTB4), the complement fragment C5a, cytokines and
chemokines. We have previously shown that antigen-induced
neutrophil migration requires the chemokines macrophage
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inflammatory protein (MIP)-1a and MIP-2 and CD4
+ T-cell-

derived tumour necrosis factor-a (TNF-a) acting through an
LTB4-dependent mechanism (Ramos et al., 2006).

The events involved in neutrophil migration require inter-
action of reciprocal adhesion molecules present on neutro-
phils and endothelial cells. Rolling is mediated by E- and
P-selectins (on endothelial cells) and L-selectin (on leuko-
cytes) interacting with their respective carbohydrate ligands.
Thereafter, adhesion and transmigration are mediated by the
leukocyte b2-integrins, CD11a/CD18, CD11b/CD18 and
CD11c/CD18, which interact with immunoglobulins, inter-
cellular adhesion molecule-1 (ICAM-1), ICAM-2 and ICAM-3,
while other integrins, very late antigen-4 (VLA-4) and a5b3

interact with vascular cell adhesion molecule-1 (VCAM-1) and
platelet-endothelial cell adhesion molecule-1, present mainly
on endothelial cells (Muller, 2003). These processes are regu-
lated by a variety of mediators, including nitric oxide (NO)
(Mulligan et al., 1998).

There are several reports showing that NO modulates neu-
trophil migration. Selective inhibition of both the inducible
NOS (iNOS) and endothelial NOS isoforms increases neutro-
phil adhesion to endothelium, whereas NO donors decrease
both adhesion and transmigration of leukocytes (Hickey and
Kubes, 1997; Dal Secco et al., 2003). Moreover, NO was shown
to down-regulate the expression of the adhesion molecules,
MAC-1 (CD11b/CD18), selectins (P, L), ICAM-1 (CD54) and
VCAM-1 (Lefer and Lefer, 1996; Spiecker et al., 1998; Sato
et al., 1999; Dal Secco et al., 2006). In the peritoneum, we
showed that NO released by both constitutive and iNOS
depressed neutrophil recruitment that was partially due to a
reduction in the apoptosis of emigrated neutrophils into the
peritoneal cavity (Secco et al., 2003). Recently, we demon-
strated that this effect is mediated via a soluble guanylate
cyclase-dependent mechanism (Dal Secco et al., 2006).

There are controversies regarding the role of NO in the
neutrophil migration into joints and peritoneal cavities. In
the zymosan-induced peritonitis in mice genetically deficient
for the iNOS gene (iNOS-/-), a slight increase in neutrophil
recruitment was observed 1 h after injection of zymosan, as
compared with wild-type mice. However, between 2 and 4 h,
neutrophil migration was significantly decreased, which was
coupled to a reduction of MIP-2 and interleukin-10 (IL-10)
levels in the peritoneal exudate (Ajuebor et al., 1998). On the
other hand, the accumulation of neutrophils in the synovium
of mice subjected to zymosan-arthritis was similar in iNOS-/-

and wild-type animals (van de Loo et al., 1998). In streptococ-
cal cell wall-induced arthritis in rats, NOS inhibitors reduced
neutrophil influx (McCartney-Francis et al., 2001). However,
in ovalbumin-induced arthritis in rats, the NOS inhibitor,
nitro-L-arginine, did not alter neutrophil influx (Bombini
et al., 2004).

Tissue specificities, concentration of the mediator, animal
species and inflammatory stimuli may all account for these
apparent discrepancies regarding the role of these molecules
in neutrophil recruitment. Herein, we demonstrate that NOS
inhibition either decreases or increases neutrophil migration
in acute arthritis or peritonitis, respectively, regardless of the
concentration of NOS inhibitors, animal species and inflam-
matory stimuli. This was not influenced by the local release of
TNF-a and IL-10. On the other hand, NOS inhibition signifi-

cantly decreased LTB4 release into the joints in zymosan-
arthritis, while not altering LTB4 levels in zymosan-peritonitis.
In addition, differences in the local expression of the adhe-
sion molecules b2-integrin and ICAM-1 also seem to be
responsible for the phenomenon.

Methods

Animals
All animal procedures and these experimental protocols were
approved by the local ethics committees on animal experi-
mentation at the Faculty of Medicine both of the Federal
University of Ceará and of the University of São Paulo,
Ribeirão Preto-SP, Brazil. All efforts were made to minimize
animal suffering and the number of animals used associated
with valid statistical evaluation. Male Wistar rats (180–200 g)
or male Swiss mice (25–30 g) (n = 6 per group) were provided
by the central animal house of the Federal University of
Ceará, Fortaleza-CE, Brazil. Experiments with C57/Bl6, mice
genetically deficient for the b2-integrin (b2-integrin-/-) or for
ICAM-1 (ICAM-1-/-) (18–20 g) (n = 6 per group) were carried
out at the Department of Pharmacology of the Faculty of
Medicine, University of São Paulo, Ribeirão Preto-SP, Brazil.
Breeding pairs of mice with targeted disruption of the ICAM-1
and b2-integrin genes were obtained from Jackson Laborato-
ries (Bar Harbor, ME, USA). They were housed in cages in
temperature-controlled rooms with 12 h light/dark cycles and
free access to food and water.

Induction of arthritis and peritonitis – assessment of cell counts
and determination of LTB4, TNF-a and IL-10 levels
Rats received an intra-articular (i.art.) injection of either
zymosan (30–1000 mg 50 mL-1 total volume) or lipopolysac-
charide (LPS) from E. coli O111:B4 (1–10 mg in 50 mL total
volume), dissolved in sterile saline, or saline (50 mL) into their
right knee joints. Mice received i.art. injection of zymosan
(30–100 mg in 25 mL total volume) or saline (25 mL) into their
right knee joints. Other groups of rats received either 1000 mg
zymosan or 10 mg LPS i.p. or saline and the mice groups
received either 30–100 mg zymosan or saline i.p. The animals
were terminally anesthetized (chloral hydrate 400 mg·kg-1

i.p.), killed by cervical dislocation and ex-sanguinated, either
4 or 6 h after injection of the stimuli, for the peritonitis or
arthritis experiments respectively.

The articular cavities were then washed twice with 200 mL
(rats) or 50 mL (mice) whereas the peritoneal cavities were
washed with 7 mL (rats) or 2 mL (mice) of PBS containing
10 mmol·L-1 EDTA. The exudates were collected by aspiration
for determination of total cell counts using a Neubauer
chamber. After centrifuging (500¥ g for 10 min), the super-
natants were stored for determination of LTB4, TNF-a and
IL-10, using ELISA. Briefly, 96-well microtiter plates (Nunc
Immunoplates) were coated overnight at 4°C with
immunoaffinity-purified polyclonal antibodies against the
respective cytokines. These antibodies were provided by Dr S
Poole (National Institute for Biological Standards and
Control, United Kingdom). After blocking the plates (1%
albumin for 1 h), concentrations of cytokines and samples
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were loaded in duplicate for 2 h (22°C). A secondary rabbit
biotinylated immunoaffinity-purified antibody was added,
followed by incubation for 1 h (22°C). Finally, 100 mL of
avidin-horseradish peroxidase (1:5000 dilution; DAKO A/S,
Denmark) was added to each well; after 30 min, the plates
were washed and the colour reagent o-phenylenediamine
(40 mg·well-1) was added. After 15 min, the reaction was
stopped with 1 mol·L-1 H2SO4 and the optical density was
measured at 490 nm. Cytokine concentration was expressed
as pg·mL-1.

Drug treatments
Evaluation of the dose-range, stimuli and various NOS inhibitors
on the polymorphonuclear cell (PMN) influx into the joints or
peritoneum In an attempt to test the effect of systemic NOS
inhibition on cell influx, the animals subjected to arthritis
received the test compounds intra-peritoneally (i.p.) whereas
those subjected to peritonitis received test compounds subcu-
taneously (s.c.). Groups of rats received the non-selective
NOS inhibitors, NG-nitro-L-arginine methyl ester (LN
10–30 mg·kg-1) given either i.p. or s.c. for arthritis and peri-
tonitis experiments, respectively, 30 min prior to injection of
zymosan. Other groups received LN 1 mg·kg-1 i.art. or LN
10 mg·kg-1 i.p. prior to 1 mg zymosan, to evaluate the effect of
local NOS inhibition.

Other NOS inhibitors tested included the non-selective
NOS inhibitor NG-nitro-L-arginine (NA 50 mg·kg-1) or the
selective iNOS inhibitors, aminoguanidine (AG 50 mg·kg-1) or
N-[3-(aminomethyl)benzyl] acetamide (1400W: 1 mg·kg-1)
given 30 min prior to the zymosan, either i.p. or s.c. for
arthritis or peritonitis experiments respectively.

In an attempt to test the effect in another species, groups of
mice received LN (30 mg·kg-1) i.p. or s.c. 30 min before injec-
tion of zymosan into the joints or the peritoneum respec-
tively. The doses were chosen on the basis of previous
experiments (Secco et al., 2003).

Statistical analysis
Results are expressed as the mean � SEM. To compare the
differences between means, we used one-way ANOVA followed
by Tukey’s test. P < 0.05 was considered significant.

Chemicals and reagents
Most agents were purchased from Sigma (St. Louis, MO, USA).
1400W and the LTB4 ELISA kit were purchased from Cayman
Chemical Co. (Ann Arbor, MI, USA).

Results

Systemic and local effects of NOS inhibition in the
neutrophil migration in zymosan-induced arthritis and
peritonitis in rats
In previous reports (Rocha et al., 1999; Benjamim et al., 2000),
we have demonstrated that the cells obtained either in the
peritoneal or joint exudates, 4 or 6 h after the injection of
zymosan, respectively, are mostly neutrophils (�90%).

The results of NOS inhibition, whether non-selective (LN or
NA) or selective for iNOS (AG or 1400W) in zymosan-induced
arthritis and peritonitis in rats are shown in Figure 1. NOS
inhibition significantly decreased neutrophil migration into
the joints of rats subjected to zymosan-induced arthritis
(Figure 1A), regardless of the zymosan concentration. Also,
local (i.art.) administration of LN significantly reduced
the neutrophil influx in the zymosan-induced-arthritis
(Figure 1B). On the other hand, NOS inhibition significantly
increased cell migration into the peritoneal cavity of rats after
injection of 1 mg zymosan, whether LN was given systemi-
cally (Figure 1C) or locally (Figure 1D).

Systemic effect of NOS inhibition in the neutrophil influx in
endotoxin (LPS)-induced arthritis and peritonitis in rats
Inasmuch as the effect of LN was similar over a large dose-
range, we evaluated the results using another stimulus. LN
administration dose-dependently and significantly decreased
neutrophil influx into the joint exudates of rats subjected to
LPS-induced arthritis, regardless of the dose of LPS used
(Figure 2A). Additionally, LN significantly increased neutro-
phil migration into the peritoneal cavity of rats subjected to
LPS-induced peritonitis (Figure 2B).

Analysis of LTB4, TNF-a and IL-10 levels in the exudates of
zymosan-induced arthritis and peritonitis in rats
The exudates collected from the animals used for cell influx
studies, shown in Figure 1, were used for assessment of LTB4,
TNF-a and IL-10 levels. Figure 3A shows that the LTB4 levels in
the joint exudates were significantly reduced when the
animals with zymosan-arthritis were pretreated with the non-
selective NOS inhibitor, LN. However, LN pretreatment did
not alter LTB4 levels in the peritoneal cavity of rats subjected
to zymosan-peritonitis. The levels in naïve animals were
below detection limits. Neither TNF-a nor IL-10 levels in both
joint and peritoneal cavities of rats with zymosan-arthritis or
peritonitis were significantly altered by the administration of
LN 30 min prior to the zymosan (Figure 3B,C respectively).

Systemic effect of NOS inhibition in the neutrophil influx in
zymosan-induced arthritis and peritonitis in wild-type,
b2-integrin-/- and ICAM-1-/- mice
Similar to what was seen in rats, the systemic administration
of LN significantly decreased the neutrophil influx in mice
with zymosan arthritis (Figure 4A), while significantly
increasing the neutrophil influx in mice with zymosan-
induced peritonitis (Figure 4B).

Figure 4C and D show that the number of neutrophils in
the articular or peritoneal exudates of animals stimulated by
zymosan did not differ in wild-type, b2-integrin-/- or ICAM-1-/-

mice. Moreover, Figure 4C illustrates that LN significantly
reduced the neutrophil influx into the joints of mice with
zymosan-induced arthritis, regardless of being administered
to wild-type, b2-integrin-/- or ICAM-1-/- mice. On the other
hand, LN administration did not alter the neutrophil influx
into the peritoneal cavity of b2-integrin-/- and ICAM-1-/- mice
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with zymosan-peritonitis, compared with the increase in the
neutrophil influx observed in wild-type animals (Figure 4D).

Discussion

The present study provides evidence that NO has a dual effect
on neutrophil influx. NOS inhibition, whether non-selective

or selective for the iNOS isoenzyme, significantly decreased
neutrophil migration into inflamed joints while increasing
neutrophil influx when similar stimuli were applied to the
peritoneal cavity.

We had previously demonstrated a direct association of
neutrophil infiltration and increase in the local release of
nitrite (used as an index of NO production) in zymosan-
arthritis (Rocha et al., 2002). In this report, the effect of NOS

Figure 1 Systemic and local effect of NOS inhibition in the neutrophil migration in zymosan (Zy)-induced arthritis and peritonitis in rats. For
systemic experiments, rats received either (30–1000 mg) zymosan intra-articular (i.art.), 1 mg zymosan i.p. or saline. LN (10–30 mg·kg-1),
1400W (1 mg·kg-1), aminoguanidine (AG - 50 mg·kg-1) or nitro-L-arginine (NA - 50 mg·kg-1) were injected i.p. or s.c. in arthritis and
peritonitis, respectively, 30 min before the zymosan. For local experiments, rats received 1 mg LN i.art. or 10 mg LN i.p. 30 min prior to the
injection of 1 mg zymosan i.art. or i.p. respectively; (A,B) and (C,D) represent systemic and local effect of NOS inhibition in arthritis and
peritonitis respectively. Non-treated (bars marked -, =, ≡) rats were given saline (i.p. or s.c. for arthritis and peritonitis respectively) 30 min prior
to zymosan. For local experiments, non-treated (-, =) animals were given i.art. or i.p. saline prior to zymosan. Naïve animals received only saline
i.art or i.p. Results are expressed as the mean � SEM of number of cells for each group of six animals. *P < 0.05 compared with non-treated
(-); #P < 0.05 compared with non-treated (=); +P < 0.01 compared with non-treated (≡). 1400W, N-[3-(aminomemethyl)benzyl] acetamide; AG,
aminoguanidine; i.art., intra-articular; LN, NG-nitro-L-arginine methyl ester; NA, NG-nitro-L-arginine; NOS, nitric oxide synthase.

Figure 2 Systemic effect of NOS inhibition in the neutrophil influx in lipopolysaccharide (LPS)-induced arthritis and peritonitis in rats. Rats
received i.p. or s.c. LN (10–30 mg·kg-1) 30 min prior to i.art. or i.p. LPS (1–10 mg) respectively. Non-treated (-, =) animals received i.p. or s.c.
saline prior to LPS. Naïve animals received only saline; (A) and (B) represent data from arthritis and peritonitis models respectively. Results are
expressed as the mean � SEM of number of cells for each group of six animals. *P < 0.05 compared with non-treated (-); #P < 0.001 compared
with non-treated (=). LN, NG-nitro-L-arginine methyl ester; NOS, nitric oxide synthase.
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inhibition in the zymosan-arthritis occurred over a full range
of zymosan concentrations. Therefore, the possibility that
high concentrations of zymosan produced such a pronounced
cell migration into the joints that a potentiating effect caused
by NOS inhibition, as demonstrated in the peritoneum, could
not be detected seems unlikely (Ajuebor et al., 1998). Among
other possibilities to explain the apparent discrepancy in
neutrophil influx between arthritis and peritonitis models,
we included stimulus specificities, animal species and tissue
characteristics.

We found that treatment of mice with zymosan arthritis
with LN produced the same results observed in rats. Similar
data were reported in guinea-pigs, where the combined intra-
dermal administration of zymosan-activated plasma and LN
significantly inhibited neutrophil and eosinophil accumula-
tion (Teixeira et al., 1993). In the antigen-induced arthritis
model in rabbits, the administration of LN also inhibited
neutrophil migration (Mello et al., 1997), which was similar
to the results achieved in rats subjected to stretococcal cell
wall-induced arthritis treated with NG-monomethyl-L-
arginine (L-NMMA) (McCartney-Francis et al., 1993). Thus,
species differences were ruled out as a cause for the dual effect
of NO in cell migration.

Local vasoconstriction secondary to constitutive NOS inhi-
bition could explain our data (Paul-Clark et al., 2001). The
rich vascular supply to the synovium, coupled with the
vasodilatation and increased vascular permeability during
inflammation, makes this possibility also unlikely (Rocha
et al., 1999). In addition, we have demonstrated that AG
reduces neutrophil influx in zymosan arthritis, without alter-
ing systemic blood pressure (Rocha et al., 2002).

We reproduced previous data showing that NOS inhibition
increased neutrophil migration in both zymosan and LPS
peritonitis, in both rats and mice (Benjamim et al., 2000;
Tavares-Murta et al., 2001; Crosara-Alberto et al., 2002). In a
more recent study, we confirmed those data and we have also
shown that NOS inhibition led to an increase in the expres-
sion of ICAM-1 in mesenteric vessels, thus providing a pos-
sible mechanism to explain the increase in neutrophil influx
caused by NOS inhibition in peritonitis (Dal Secco et al.,
2006). The iNOS-/- mice, subjected to different inflammatory
models, showed increased leukocyte recruitment into the
peritoneal cavity, compared with wild-type mice (Benjamim
et al., 2000; Secco et al., 2003). However, one report has
shown that iNOS-/- mice subjected to zymosan-peritonitis had
decreased cell influx (Ajuebor et al., 1998). Those authors

Figure 3 Analysis of LTB4, TNF-a and IL-10 levels in the exudates of zymosan-induced arthritis and peritonitis. Rats received 30 mg·kg-1 LN
i.p. or s.c. 30 min prior to the injection of 30 mg zymosan i.art. or 1000 mg i.p. respectively. Non-treated (-, =) animals were given i.p. or s.c.
saline prior to zymosan. Naïve animals received only saline. Results are expressed as the mean � SEM of LTB4 (A), TNF-a (B) and IL-10 (C) for
each group of six animals, using ELISA. *P < 0.05 compared with Naïve; #P < 0.05 compared with non-treated (-). IL-10, interleukin-10; LN,
NG-nitro-L-arginine methyl ester; LTB4, leukotriene B4; TNF-a, tumor necrosis factor-a.
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associated this inhibitory effect to low levels of MIP-2 and
IL-10 in the peritoneal exudate. The suppressive activity of
IL-10 in PMN migration (Cassatella et al., 1993; Haskó et al.,
1998) does not depend on iNOS modulation. Differences in
the models studied may account for these discrepancies. In
vitro studies have shown that L-NMMA decreases formyl-Met-
Leu-Phe-induced chemotaxis (Kaplan et al., 1989). It has also
been shown that low NO levels could promote neutrophil
recruitment whereas high levels would inhibit (van Uffelen
et al., 1996; Wanikiat et al., 1997). As the NOS inhibitor LN
was effective over a full range of concentrations in the present
in vivo study, we excluded this possibility.

We and others have shown an increase in LTB4 release in
arthritis models, as well as a suppression of neutrophil migra-
tion provided by LTB4 blockade (Crooks and Stockley, 1998;
Rocha et al., 2004). In vitro, using peripheral leukocytes of
rheumatoid arthritis patients, the administration of an LTB4

antagonist inhibited the expression of the CD11b/CD18

(Mac-1) cell adhesion molecules (Alten et al., 2004). The fact
that NOS inhibition decreased LTB4 levels in the joint but not
in the peritoneal cavity suggests that NO has a different
modulatory on LTB4 levels, depending on the tissue. However,
the very low levels of LTB4 in the peritoneum made it difficult
to demonstrate significant differences between the groups
treated with the vehicle and the NOS inhibitor. Stimulation
with an NO donor reduced LTB4 synthesis by cultured rat
peritoneal macrophages (Brock et al., 2003). However, to our
knowledge, there are no in vivo reports showing that NOS
inhibition differentially modulates LTB4 release into joint and
peritoneal cavities.

Modulation by cytokines could also be involved in the
effects of NO. Considering the prominent role played by
TNF-a (Sedgwick et al., 2000) and IL-10 (Alten et al., 2004) in
neutrophil migration, we analysed the effect of NOS inhibi-
tion on their release into the inflamed cavities. Surprisingly,
though, neither TNF-a nor IL-10 levels were significantly

Figure 4 Systemic effect of NOS inhibition in the neutrophil influx in zymosan-induced arthritis and peritonitis in b2-integrin (b2
-/-) and

ICAM-1 (ICAM-1-/-) genetically deficient mice. Wild-type (WT) mice received 30 mg·kg-1 LN i.p. or s.c. 30 min prior to i.art. or i.p. zymosan
(30–100 mg) respectively. Non-treated (-, =) animals were given only saline i.p. or s.c. prior to zymosan. Naïve animals received only saline;
(A,C) and (B,D) represent data from arthritis and peritonitis respectively. b2

-/- and ICAM-1-/- mice received 30 mg·kg-1 LN i.p. or s.c. 30 min
prior to i.art. or i.p. zymosan (30mg) respectively. Results are expressed as the mean � SEM of number of cells for each group of six animals.
*P < 0.05 compared with non-treated (-); #P < 0.05 compared with non-treated (=).i.art., intra-articular; ICAM-1, intercellular adhesion
molecule-1; ICAM-1-/-, mice genetically deficient for ICAM-1; LN, NG-nitro-L-arginine methyl ester; NOS, nitric oxide synthase.
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affected by the administration of LN, thus ruling out this
possibility.

We have previously shown that ICAM-1-/- mice had similar
neutrophil influx into the peritoneal cavity, as compared with
wild-type animals (Dal Secco et al., 2006). Similar data were
reported in other studies, using thioglycollate or glycogen-
induced peritonitis (Steeber et al., 1999; Crockett et al., 2004).
This result led us to conclude that ICAM-1is not essential for
neutrophil recruitment. In the present study, we not only
reproduced those data, but also showed that this is equally
true for the b2-integrin molecule, as neutrophil numbers did
not differ in b2-integrin-/- animals, compared with wild-type
controls. These results apply for both peritoneal and joint
cavities. Due to the multi-mediator characteristic of cell
migration, we speculate that in the absence of either ICAM-1
or b2-integrin, other molecules (e.g. CD11a/CD18, CD11b/
CD18, CD11c/CD18, VLA-4, aVb3, ICAM-2, ICAM-3) may
become more relevant in promoting neutrophil influx.

The data on the genetically modified animals suggest that
tissue specificities account for the different effect of NO in cell
migration. Indeed, the blockade of neutrophil influx by NOS
inhibition persisted in those animals with zymosan-arthritis,
whereas NOS inhibition was no longer effective in increasing
neutrophil influx, either in ICAM-1-/- or b2-integrin-/- mice,
when peritonitis was induced with zymosan.

It is tempting to speculate on the characteristics of the
peritoneal and joint cavities. Synoviocytes are immersed in an
extracellular matrix with no apparent contact. Type A syn-
oviocytes resemble macrophages whereas type B are
fibroblast-like cells. Dendritic cells, as well as mastocytes, are
scattered throughout the synovium, comprising a minor
though significantly functional cell component that work as
antigen-presenting cells (Tran et al., 2005). A rich vascular
supply is provided by a fenestrated capillary network. This
unique arrangement renders the synovium a basement
membrane-free tissue, where nothing but the endothelium
separates blood constituents from the surrounding tissue. The
peritoneum is a typical mesothelium, with a structured base-
ment membrane. The present results show an interesting
functional difference regarding the modulation of adhesion
molecules by NO between the joint and peritoneal cavities.
Pharmacological strategies to halt or at least control cell infil-
tration, aiming to achieve therapeutic benefits, should take
into account that options may vary, depending on the tissue
targeted.

In summary, we provide evidence that neither ICAM-1 nor
b2-integrin expression are necessary for neutrophil recruit-
ment into joints and peritoneum. The dual modulatory role
of NO in the acute neutrophil migration in these tissues is at
least partially due to a local differential effect on LTB4 release
as well as on the expression of these cell adhesion molecules.
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