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Abstract

Staphylococcal enterotoxin type A induced marked neutrophil migration into the mouse peritoneal cavity and was dependent on the
Ž .number of resident macrophages. This migratory response was dose- 16–64 mg of staphylococcal enterotoxin type Arcavity and

Ž .time-dependent, peaking at 12 h and disappearing after 72 h. Dexamethasone 0.5 mgrkg inhibited the neutrophil migration induced by
Ž .staphylococcal enterotoxin type A 32 mg; 42% inhibition . A similar response was observed with the platelet-activating factor–acether

Ž Ž . Žreceptor antagonist, BN 52021 ginkgolide B, 3- 1,1-dimethylethyl -hexahydro-1,4-7b-trihydroxy-8-methyl-9H-1,7a epoxymethano-
Ž . Ž . Ž X X . Ž . Ž . . .1H,6a H-cyclopenta c furo 2,3-b furo 3 , 2 : 3,4 cyclopenta 1,2-d furan-5, 9, 12 4H -trione ; 10 mgrkg; 57% inhibition , the

Ž . Ž Ž .histamine H receptor antagonist, cimetidine 2 mgrkg; 31% inhibition , the lipoxygenase inhibitor, BWA4C N- 3-phenoxycinnamyl2
. . Ž .acetohydroxamic acid ; 10 mgrkg; 73% inhibition , and capsaicin trans-8-methyl-N-vanilyl-6-nonamide , a sensory C-fiber neuropep-

Ž .tide depletor. In contrast, indomethacin 5 mgrkg had no effect on staphylococcal enterotoxin type A-induced chemotaxis. We conclude
that the peritonitis induced by staphylococcal enterotoxin type A in mice is macrophage-dependent. The mechanism whereby
staphylococcal enterotoxin type A stimulates macrophages to induce neutrophil recruitment remains to be elucidated. q 1998 Elsevier
Science B.V. All rights reserved.
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1. Introduction

The enterotoxins produced by Staphylococcus aureus
are the most common cause of food poisoning in humans
Ž .Iandolo, 1989 . These toxins comprise a group of closely

Ž .related proteins 25 to 30 kDa that are classified into
Žseveral immunological types designated A to E Iandolo,

.1989 . A unique feature of staphylococcal enterotoxins is
their ability to provoke emesis and diarrhea in humans and

Ž .other primates Bergdoll, 1989 . This illness has been
characterized as acute because the classic signs of intoxica-
tion may occur within 2 h. Although such signs may last
8–12 h, in humans and experimental animals, they usually

Ž .disappear after 24–72 h Jett et al., 1990 . Neutrophils
appear to be the major cell type involved in the host’s

Ž .defense against S. aureus Hill et al., 1976 , and
the accumulation of neutrophils is a prominent feature
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of staphylococcal enterotoxins-induced gastroenteritis
Ž .Zehavi-Willner et al., 1984 .

Although much is known about the structural organiza-
tion of the various types of staphylococcal enterotoxins,
the mechanism by which they act remains unknown, mainly
because staphylococcal enterotoxins induce symptoms only

Žin primates Freer and Arbuthnott, 1986; Bobak and Guer-
.rant, 1992 .

Based on similarities between the in vivo pharmacologi-
cal profile of the mediators responsible for the paw edema
and the neutrophil migration into the peritoneal cavity

Žcaused by staphylococcal enterotoxin type B in mice De-
souza, 1993; Desouza and Ribeiro-DaSilva, 1996; Desouza

.et al., 1996 on the one hand, and the vomiting, the main
symptom of food poisoning and of experimental enterotox-
emia with staphylococcal enterotoxins in monkeys
ŽScheuber et al., 1985, 1987a,b; Denzlinger et al., 1986;

.Alber et al., 1989 on the other, we have proposed that the
phlogistic reaction in mice may serve as a valuable model
for investigating the pathophysiological mechanism of en-
terotoxemias.

0014-2999r98r$ - see front matter q 1998 Elsevier Science B.V. All rights reserved.
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Staphylococcal enterotoxin type B induces a long-last-
ing neutrophil migration into the mouse peritoneal cavity
Ž .Desouza and Ribeiro-DaSilva, 1996 . This migratory ef-
fect is dependent on the number of resident macrophages.
Dexamethasone inhibits the neutrophil migration induced
by staphylococcal enterotoxin type B. A similar response
is observed when the mice are pretreated with the
BN52021, a platelet-activating factor–acether receptor an-
tagonist, cimetidine, a histamine H receptor antagonist, or2

BWA4C, an inhibitor of arachidonic acid lipoxygenation.
In contrast, neither indomethacin nor diphenhydramine
reduces the chemotactic activity of staphylococcal entero-
toxin type B.

Staphylococcal enterotoxins are exoproteins with super-
antigen properties. In addition to their role in the patho-
physiology of food poisoning, these toxins also have a
profound effect on the immune system. In vitro, the
staphylococcal enterotoxins are strong T-cell activators
and in mice, staphylococcal enterotoxin type A has a
specificity for Vb1, 3, 10, 11 and 17 T-cell receptors
Ž .Bobak and Guerrant, 1992 . Staphylococcal enterotoxin
type B and staphylococcal enterotoxin type A have the
same general structure but are different entities as shown

Ž .by their antigenic unrelatedness Bergdoll, 1973 . More-
over, staphylococcal enterotoxin type A is unique in that it
is the first zinc-binding staphylococcal enterotoxin whose

Ž .structure has been determined Schad et al., 1995 .
In this work, through the use of inhibitors, we have

investigated the pharmacological mediators involved in the
neutrophil migration induced by staphylococcal entero-
toxin type A into the mouse peritoneal cavity and com-
pared these with those previously reported for staphylo-

Žcoccal enterotoxin type B Desouza and Ribeiro-DaSilva,
.1996 . To determine whether the toxin-induced chemotaxis

was cell-dependent, the migratory effect of the toxin was
also evaluated using the 6-day old skin air-pouch tech-
nique which provides an artificial cell-free environment.

2. Materials and methods

2.1. Animals

These studies were approved by the Animals Commit-
tee of Brazilian College of Experimental Animals in accor-
dance with the procedures laid down by the Universities

ŽFederation for Animal Welfare. Male Swiss mice 25–30
.g were housed in temperature-controlled rooms and re-

ceived water and food ad libitum until used.

2.2. Work conditions

All the procedures described below were carried out
under aseptic conditions in a laminar flow cabinet. The
material used was autoclaved at 1278C for 1 h and all
solutions were prepared with autoclaved, deionized water.

2.3. Staphylococcal enterotoxin type A

The toxin was dissolved in sterile distilled water and
stored at y208C at a concentration of 1 mgrml.

2.4. Contamination with bacterial endotoxin

To check for possible contamination of the staphylo-
coccal enterotoxin type A solutions with bacterial endo-
toxin, samples containing staphylococcal enterotoxin type

Ž .A 32 mg or lipopolysaccharide from Escherichia coli
Ž .200–800 ng were incubated for 10 min with polymyxin

Ž .B 3.5 mgrml and tested for their ability to induce
neutrophil migration.

2.5. Neutrophil migration

2.5.1. Peritoneal caÕities
Ž .Staphylococcal enterotoxin type A 16–64 mg was

Ž .injected intraperitoneally i.p. , in 0.1 ml of sterile phos-
phate-buffered saline. Control animals received 0.1 ml of
sterile phosphate-buffered saline alone. Neutrophil migra-
tion was assessed 4, 12, 24 and 72 h after injection of the
toxin.

2.5.2. Skin air-pouches
Six-day old air-pouches were produced in the dorsal

Žskin of mice as described previously Edwards et al.,
.1981 . The back of the mice were shaved and 5 ml of

sterile air were injected subcutaneously. Three days later,
2.5 ml of sterile air was again injected to maintain pouch
patency. Six days after the initial injection, the pouches

Žwere injected with staphylococcal enterotoxin type A 16–
. Ž64 mg or dextran 300 mg, in 0.1 ml of sterile phosphate-

.buffered saline . Control animals received 0.1 ml of sterile
phosphate-buffered saline alone. Neutrophil migration was
assessed 12 h after the injection of toxin or dextran.

2.6. Peritoneal cell harÕesting and counting

The cells in the peritoneal cavity or air pouches were
harvested by lavage of the cavities with 3 ml of sterile

Ž .phosphate-buffered saline–heparin 5 IUrml –bovine
Ž .serum albumin 0.1% solution. Total and differential cell

Žcounts were performed as described elsewhere Souza et
.al., 1988 . The results are reported as the number of cells

per cavity.

2.7. Changes in the number of peritoneal macrophages

2.7.1. Pretreatment with thioglycolate
To increase the number of peritoneal macrophages,

Žgroups of five mice were injected with thioglycolate 2 ml
.of sterile 3% wrv solution, i.p. . Three days later, the

animals were injected with staphylococcal enterotoxin type
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Table 1
Dose-dependence of staphylococcal enterotoxin type A-induced neu-
trophil migration into the mouse peritoneal cavity

5Ž . Ž .SEA mg Neutrophilsrcavity =10 Fold-increase

0 3.0"0.3 –
a16 9.0"1.5 3
a32 19.0"3.0 6
a64 21.0"3.0 7

Ž .Staphylococcal enterotoxin type A SEA was injected i.p. in 0.1 ml of
sterile phosphate-buffered saline; the control animals received 0.1 ml of
sterile phosphate-buffered saline alone. The neutrophil counts were ob-
tained 12 h after staphylococcal enterotoxin type A administration. The
data represent the mean"S.E.M. of five mice. aP F0.05, compared with

Ž .the control group Student’s unpaired t-test .

Ž .A 16 mgr0.1 ml sterile phosphate-buffered saline, i.p. .
Neutrophil migration was evaluated after 12 h.

2.7.2. Peritoneal laÕage
The number of peritoneal macrophages was reduced as

Ž .described by Souza et al. 1988 . Mice were anesthetized
with ethyl ether and three hypodermic needles were in-

Ž .serted into the abdominal cavity. Sterile saline 10 ml was
injected through the needle placed near the sternum. The
abdominal cavity was then gently massaged for 1 min and
the peritoneal fluid collected via the two needles inserted
into the inguinal region. This operation was repeated three
times and 95% of the injected saline was recovered. If
blood was detected visually in the lavage fluid, the animal

Ž .was discarded. Control sham mice were manipulated as
described above but no fluid was injected or withdrawn.
Thirty minutes after this procedure, the peritoneal
macrophage population was estimated in half of the mice
of each group by injecting 3 ml of sterile phosphate-
buffered saline–heparin–bovine serum albumin solution,
as described above. The other animals of the group re-

Žceived staphylococcal enterotoxin type A 32 mgr0.1 ml
.sterile phosphate-buffered saline, i.p. and the neutrophil

migration was estimated 12 h later.

2.8. Pharmacological inÕestigation with different drugs

To test the effectiveness of the dose- and time-sched-
ules employed, lipopolysaccharide from E. coli was used

Žas a positive control. Except for capsaicin trans-8-methyl-
.N-vanilyl-6-nonamide , which was applied topically as a

Ž .1% solution as described by Alber et al., 1989 , all drugs
Ž .were administered subcutaneously s.c. 1 h before the i.p.

Žinjection of staphylococcal enterotoxin type A 32 mgr0.1
.ml sterile phosphate-buffered saline or lipopolysaccharide

Žfrom E. coli 200 ngr0.1 ml sterile phosphate-buffered
.saline . The following drugs were used at the indicated

Ždoses: dexamethasone 0.5 mgrkg; Barja-Fidalgo et al.,
. Ž .1992 , indomethacin 5 mgrkg; Henriques et al., 1987 ,

Ž Ž . .BWA4C N- 3-phenoxycinnamyl acetohydroxamic acid ,

. Ž10 mgrkg; Tateson et al., 1988 , cimetidine 2 mgrkg;
. Ž ŽScheuber et al., 1985 and BN52021 ginkgolide B, 3- 1,

.1-dimethylethyl -hexahydro-1,4-7b-trihydroxy-8-methyl-9-
Ž Ž . ŽH1,7a epoxymethano-1H,6a H-cyclopenta c furo 2,3-

. Ž X X . Ž .b furo 3 , 2 : 3,4 cyclopenta 1,2-d furan-5, 9, 12
Ž . . .4H -trione ; 50 mgrkg; Barja-Fidalgo et al., 1992 .

2.9. Drugs and chemicals

BN52021 was generously provided by Dr. Edson An-
Žtunes Department of Pharmacology, State University of

.Campinas . BWA4C was a gift from Prof. Celia Regina´
ŽCarlini Department of Biochemistry, Federal University

.of Rio Grande do Sul . Staphylococcal enterotoxin type A,
indomethacin, cimetidine, capsaicin, dexamethasone and

Žpolymyxin B were purchased from Sigma St. Louis, MO,
.USA . The others chemicals were of the highest grade

available.

2.10. Statistical analysis

The data are reported as the mean"S.E.M. for five
animals. The results from the pretreatment experiments
were compared using analysis of variance followed by the

Ž .Kruskal–Wallis test PF0.05 . The other data were com-
Ž .pared by Student’s unpaired t-test PF0.05 .

3. Results

Tables 1 and 2 show the migratory response to increas-
ing concentrations of staphylococcal enterotoxin type A
Ž .16–64 mgrcavity and the time course of the neutrophil
migration induced by 32 mg of staphylococcal enterotoxin
type Arcavity, respectively. The neutrophil recruitment
induced by staphylococcal enterotoxin type A was dose-
and time-dependent and lasted more than 24 h. This migra-
tory effect peaked at 12 h and disappeared by 72 h.

The incubation of staphylococcal enterotoxin type A
Ž . Ž .32 mgrcavity with polymyxin B 3.5 mgrml did not
interfere with the toxin’s chemotactic activity, whereas the

Table 2
Time-course of the staphylococcal enterotoxin type A-induced neutrophil
migration into the mouse peritoneal cavity

5Ž . Ž .Time h Neutrophilsrcavity =10

Control Treated
a4 3.0"1.0 16.0"1.0
a12 3.0"0.5 19.0"3.0
a24 3.0"1.0 10.0"1.0
a72 2.0"0.5 2.0"0.5

The dose of staphylococcal enterotoxin type A was 32 mgrcavity. The
neutrophil counts were obtained at the indicated times after staphylo-
coccal enterotoxin type A administration. The data represent the mean"

a ŽS.E.M. of five mice. P F0.05, compared with the control group Stu-
.dent’s unpaired t-test .
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Fig. 1. The effect of polymyxin B on staphylococcal enterotoxin type A
and lipopolysaccharide from E. coli-induced neutrophil migration into the

Ž .mouse peritoneal cavity. Polymyxin B PMX; 30 mgrcavity was in-
Ž .jected i.p. with staphylococcal enterotoxin type A SEA-32 mgrcavity

Ž .or lipopolysaccharide from E. coli LPS-200–800 ngrcavity and the
neutrophils counted 12 h later. The data are the mean"S.E.M. for five
mice. ) P F0.05, compared with the response in the absence of PMX
Ž .Kruskal–Wallis test .

Žincubation of lipopolysaccharide from E. coli 200–800
.ng with the same dose of polymyxin reduced the corre-

sponding neutrophil migration into the peritoneal cavity
Ž .Fig. 1 .

ŽFig. 2A shows a significant increase approximately
.fivefold in the peritoneal macrophage population of mice

Ž .pretreated with thioglycolate and a marked reduction 83%
in the number of these cells after peritoneal lavage. In
thioglycolate-treated animals, the neutrophil migration ob-
served 12 h after an i.p. injection of staphylococcal entero-

Ž .toxin type A 32 mgrcavity was about three times greater
than in normal mice injected with the same dose of

Ž . Ž .Fig. 2. The effect of increasing Tg or decreasing W the peritoneal
macrophage population on the neutrophil migration induced by staphylo-
coccal enterotoxin type A. Panel A shows the macrophage population in

Ž . Ž . Ž .nontreated N , thioglycolate-pretreated Tg , and washed W peritoneal
cavities. Panel B shows the neutrophil migration induced by staphylo-

Ž . Ž .coccal enterotoxin type A SEA-16 mgrcavity in normal N and Tg
mice after 12 h and Panel C shows the neutrophil migration induced by

Ž . Ž . Ž .SEA 32 mgrcavity in N, saline-washed W and sham S groups. The
data are the mean"S.E.M. for five mice. ) P F0.05, compared with the

Ž .corresponding N group Kruskal–Wallis test .

Fig. 3. Neutrophil migration induced by staphylococcal enterotoxin type
ŽA in 6-day old air-pouches. Staphylococcal enterotoxin type A SEA-32

. Ž .mgrcavity or dextran 300 mgrcavity in 0.1 ml of sterile phosphate-
Ž .buffered saline was injected i.p., rectangle or into 6-day old air-pouches

Ž .rectangle with diagonal lines while the control animals received 0.1 ml
of sterile phosphate-buffered saline alone. The number of neutrophil was
obtained 12 h after SEA or dextran administration. The data are the
mean"S.E.M. for five mice. ) P F0.05, compared with the correspond-

Ž .ing PBS group Student’s unpaired t-test .

Ž .staphylococcal enterotoxin type A Fig. 2B . On the other
hand, 4 h after peritoneal lavage, the neutrophil migration

Žinduced by staphylococcal enterotoxin type A 32
.mgrcavity was significantly reduced compared with the

Ž .sham-manipulated mice Fig. 2C .
Ž .Dextran positive control, 300 mgrcavity caused neu-

trophil migration into the peritoneal cavity and 6-day old
air-pouches. In contrast, the chemotactic activity of

Ž .staphylococcal enterotoxin type A 32 mgrcavity was
observed only in the peritoneal cavity; staphylococcal en-
terotoxin type A showed no pro-migratory activity in

Ž .6-day air pouches Fig. 3 .

Fig. 4. The effects of anti-inflammatory drugs on the staphylococcal
enterotoxin type A-induced neutrophil migration into the mouse peri-
toneal cavity. Drugs were given s.c. 1 h before staphylococcal enterotoxin

Ž .type A 32 mgrcavity and the number of neutrophils was determined 12
h after staphylococcal enterotoxin type A administration. None, no pre-

Ž . Žtreatment; DEXA, dexamethasone 0.5 mgrkg , CMT, cimetidine 2
. Ž .mgrkg , INDO, indomethacin 5 mgrkg and CPS, capsaicin. The data

are the mean"S.E.M. for five mice. ) P F0.05, compared with the
Ž .group without pretreatment Kruskal–Wallis test .
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Ž .Pretreatment with dexamethasone 0.5 mgrkg inhib-
ited by 42% the neutrophil migration induced by 32 mg of
staphylococcal enterotoxin type A. A similar response was
observed with the platelet-activating factor–acether recep-

Ž .tor antagonist, BN 52021 10 mgrkg; 57% inhibition , the
Žhistamine H receptor antagonist, cimetidine 2 mgrkg;2

. Ž31% inhibition , the lipoxygenase inhibitor, BWA4C 10
.mgrkg; 73% inhibition and capsaicin, a sensory C-fiber

Ž .neuropeptide depletor. In contrast, indomethacin 5 mgrkg
had no effect on staphylococcal enterotoxin type A-in-

Ž .duced chemotaxis Fig. 4 . All of the above drugs, except
capsaicin, inhibited the neutrophil migration induced by

Žlipopolysaccharide from E. coli positive control, data not
.shown .

4. Discussion

Staphylococcal enterotoxin type A caused a long-last-
ing, dose- and time-dependent neutrophil migration into

Ž .the mouse peritoneal cavity Tables 1 and 2 . This migra-
tory effect was dependent on the number of resident
macrophage and was inhibited when the animals were
previously treated with various anti-inflammatory drugs.

The dose- and time-dependent neutrophil migration ob-
served following the injection of staphylococcal entero-
toxin type A into mouse peritoneal cavities contrasts with
the inability of the toxin to induce neutrophil migration

Ž .into subcutaneous air pouches Fig. 3 , a test which is
Žsensitive to direct chemotactic substance Ribeiro et al.,

.1991 . This observation suggests that the chemotactic ac-
tivity of staphylococcal enterotoxin type A is indirect and
mediated by resident cells.

Interleukin-8 is a major neutrophil chemotaxin pro-
duced by human alveolar macrophages stimulated with

Ž .staphylococcal enterotoxin type A Miller et al., 1996a,b .
This cytokine causes neutrophil migration by an indirect
mechanism, possibly via the release of another cytokine

Ž .from the resident cells Ribeiro et al., 1991 . It is therefore
possible that, as in other models of neutrophil recruitment

Žto the peritoneum Ribeiro et al., 1991; Zeillemaker et al.,
.1995; Betjes et al., 1996 , Interleukin-8 may mediate the

staphylococcal enterotoxin type A-induced peritonitis de-
scribed above.

The staphylococcal enterotoxin type A-induced neu-
trophil chemotaxis was blocked by pretreating the mice
with BN52021, cimetidine or BWA4C but not by indo-

Ž .methacin Fig. 4 . Therefore, platelet-activating factor–
acether, the histamine H receptor and lipoxygenase prod-2

ucts seem to be involved in neutrophil recruitment. The
broad spectrum of drugs which inhibit this response may
reflect the fact that staphylococcal enterotoxin type A
stimulates various cell types including T-cells and mast

Ž .cells Micusan and Thibodeau, 1993 . In particular, mast
cells are able to release all of the mentioned above media-
tors. Thus, two or more cell types are probably involved in

staphylococcal enterotoxin type A-stimulated neutrophil
migration.

Staphylococcal enterotoxin type A is a potent inducer of
several endogenous mediators including interleukin-1, tu-

Žmor necrosis factor-a and interferon-g Bergdoll and
.Chesney, 1991 . Interleukin-1 and tumor necrosis factor-a

Ž . ŽFaccioli et al., 1990 , as well as interferon-g Ribeiro et
.al., 1990 stimulate macrophages to release a neutrophil

chemotactic factor in vitro. The neutrophil migration in-
duced by this factor in vivo is independent of the number
of resident macrophages and is observed even in dexa-

Žmethasone-pretreated animals Souza et al., 1988; Faccioli
.et al., 1990 . In our experiments, the neutrophil migration

induced by staphylococcal enterotoxin type A was depen-
Ž .dent on the number of resident macrophages Fig. 2 and

Ž .was partially inhibited by dexamethasone Fig. 4 .
Lipopolysaccharide from E. coli can both stimulate and

Ž .inhibit neutrophil migration Rosenbaum et al., 1983 . To
exclude the possibility of contamination with lipopoly-
saccharide from E. coli, solutions of staphylococcal en-

Žterotoxin type A were incubated with polymyxin B Cunha
.et al., 1989; Barja-Fidalgo et al., 1992 . As shown in Fig.

1, the neutrophil migration responses to staphylococcal
enterotoxin type A were not affected by polymyxin B

Ž .whereas those to lipopolysaccharide from E. coli 200 ng
was.

Exudate is the principal component of the phlogistic
response produced by staphylococcal enterotoxin type A
and staphylococcal enterotoxin type B in the mouse hind-

Žpaw Desouza et al., 1996; Desouza and Ribeiro-DaSilva,
.1997 . Although neutrophils are one of the components of

Žstaphylococcal enterotoxin type B-induced exudate De-
.souza and Ribeiro-DaSilva, 1996 , this is apparently not

the case with staphylococcal enterotoxin type A since there
was no correlation between the time-course of staphylo-
coccal enterotoxin type A-induced mouse paw edema and
the neutrophil migration. Thus, the staphylococcal entero-
toxin type A-induced paw edema peaks 2 h after the toxin
administration and is followed by a sharp decrease at 4 h
Ž .Desouza and Ribeiro-DaSilva, 1997 , whereas the neu-

Ž .trophil migration peaked between 4 h and 12 h Table 2
and disappeared only at 72 h.

Resident macrophages are involved in the neutrophil
migration produced by staphylococcal enterotoxin type A
Ž .Fig. 2 and a similar response has been described for

Žstaphylococcal enterotoxin type B Desouza and Ribeiro-
.DaSilva, 1996 . However, staphylococcal enterotoxin type

A was about four times more potent than staphylococcal
enterotoxin type B in promoting neutrophil migration.
Thus, while the i.p. injection of 16 mg of staphylococcal
enterotoxin type A tripled the neutrophil population after

Ž .12 h Table 1 , a response of similar magnitude was
observed only with an staphylococcal enterotoxin type B

Ž .dose of G62.5 mg Desouza and Ribeiro-DaSilva, 1996 .
Accordingly, we recently suggested the existence of a
divergent mechanism in staphylococcal enterotoxin type
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A- and staphylococcal enterotoxin type B-induced mouse
Žpaw edema Desouza et al., 1996; Desouza and Ribeiro-
.DaSilva, 1997 .

Substance P is the main peptide mediator of neurogenic
inflammation and capsaicin depletes sensory neurons of

Ž .their neuropeptides Foreman, 1987 . The mouse hindpaw
edema induced by staphylococcal enterotoxin type A is a

Žclinical manifestation of neurogenic inflammation De-
.souza and Ribeiro-DaSilva, 1997 . This conclusion was

reinforced by the observation that capsaicin blocked the
chemotactic effect of staphylococcal enterotoxin type A
Ž .Fig. 4 . Thus, substance P may be involved in staphylo-
coccal enterotoxin type A-induced neutrophil migration,
although this peptide is not present in macrophages but

Ž .occurs in sensory neurons Foreman, 1987 . Substance
P-induced tissue swelling and granulocyte infiltration in
mice are associated with mast cell degranulation and the
neutrophil infiltration seen following the intradermal injec-
tion of substance P into mouse skin is mast-cell dependent
Ž .Yano et al., 1989 . Thus, mast cells may be important
intermediates between the release of neuropeptides and the
local alterations in vascular tone, permeability and granu-
locyte infiltration following the administration of staphylo-
coccal enterotoxin type A.

5. Conclusion

Macrophages are involved in the peritonitis induced by
staphylococcal enterotoxin type A in mice. The mechanism
whereby staphylococcal enterotoxin type A stimulates
macrophages to induce neutrophil recruitment remains to
be elucidated.
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Žde Amparo a Pesquisa do Estado de S. Paulo FAPESP;`
.Grant No. 95r0390-3 and 96r5410-5 and Fundo de

ŽApoio ao Ensino e a Pesquisa da UNICAMP FAEPrUN-ˆ `
.ICAMP; Grant No. 0263r95 . We are grateful to Dr.

Edson Antunes for kindly providing some of the drugs
used, to Dr. Stephen Hyslop for editorial assistance and to
Prof. Aquiles E. Pietrabuena for statistical advice.

References

Alber, G., Scheuber, H.P., Reck, B., Sailer-Kramer, B., Hartmann, A.,
Hammer, D.K., 1989. Role of substance P immediate-type skin

reactions induced by staphylococcal enterotoxin B in unsensitized
monkeys. J. Allergy Clin. Immunol. 84, 880–885.

Barja-Fidalgo, C., Carlini, C.R., Guimaraes, J.A., Flores, C.A., Cunha,˜
F.Q., Ferreira, S.H., 1992. Role of resident macrophages in
canatoxin-induced in vivo neutrophil migration. Inflammation 16,
1–11.

Bergdoll, M.S., 1973. Staphylococci and staphylococcal infections. In:
Ž .Adlam, C., Easmon, C.S.F. Eds. , Academic Press, London, pp.

559–593.
Bergdoll, M.S., 1989. Foodborn bacterial pathogens. In: Doyle, M.P.

Ž .Ed. , Maxwell Press, New York, pp. 463–512.
Bergdoll, M.S., Chesney, P.J., 1991. Toxic shock syndrome. In: Bergdoll,

Ž .M.S., Chesney, P.J. Eds. , CRC Press, Boston, pp. 51–73.
Betjes, M.G., Visser, C.E., Zemel, D., Tuk, C.W., Struijk, D.G., Krediet,

R.T., Arisz, L., Beelen, R.H., 1996. Intraperitoneal interleukin-8 and
neutrophil influx in the initial phase of a CAPD peritonitis. Peritoneal
Dial. Int. 16, 385–392.

Bobak, D.A., Guerrant, R.L., 1992. New developments in enteric bacte-
rial toxins. Adv. Pharmacol. 23, 85–101.

Cunha, F.Q., Souza, G.E.P., Souza, C.A.M., Cerqueira, B.C.S., Ferreira,
S.H., 1989. In-vivo blockage of neutrophil migration by LPS is
mimicked by a factor released from LPS-stimulated macrophages. Br.
J. Exp. Pathol. 70, 1–8.

Denzlinger, C., Guhlmann, A., Scheuber, H.P., Wilker, D., Hammer,
K.D., Keppler, D., 1986. Metabolism and analysis of cysteinyl leuko-
trienes in the monkey. J. Biol. Chem. 261, 15601–15606.

Desouza, I.A., 1993. The use of mice as an animal model to study the
staphylococcal enterotoxins. Master’s thesis. State University of
Campinas, Campinas, Sao Paulo, Brazil.˜

Desouza, I.A., Ribeiro-DaSilva, G., 1996. Resident macrophages modu-
late the neutrophil migration induced by staphylococcal enterotoxin B
into mouse peritoneal cavity. J. Nat. Toxins 5, 341–350.

Desouza, I.A., Ribeiro-DaSilva, G., 1997. The pharmacological profile of
mouse hind paw inflammation induced by staphylococcal enterotoxin
type A. Inflamm. Res. 46, 361–365.

Desouza, I.A., Bergdoll, M.S., Ribeiro-DaSilva, G., 1996. Pharmacologi-
cal characterization of the mouse paw edema induced by staphylo-
coccal enterotoxin B. J. Nat. Toxins 5, 61–71.

Edwards, J.C.W., Sedgwick, A.D., Willoughby, D.A., 1981. The forma-
tion of a structure with the features of synovial lining by subcuta-
neous injection of air: an in vivo tissue culture system. J. Pathol. 134,
147–156.

Faccioli, L.H., Souza, G.E.P., Cunha, F.Q., Poole, S., Ferreira, S.H.,
1990. Recombinant interleukin 1 and tumor necrosis factor induce
neutrophil migration in vivo by indirect mechanisms. Agents Actions
30, 344–349.

Foreman, C.J., 1987. Peptides and neurogenic inflammation. Br. Med.
Bull. 43, 386–400.

Freer, J.H., Arbuthnott, J.P., 1986. Pharmacology of bacterial toxins. In:
Ž .Dorner, S., Drews, J. Eds. , Pergamon, Oxford, pp. 571–633.

Henriques, M.G.M.O., Silva, P.M.R., Martins, M.A., Flores, C.A., Cunha,
F.Q., Assreuy-Filho, J., Cordeiro, R.S.B., 1987. Mouse paw edema. A
new model for inflammation?. Braz. J. Med. Biol. Res. 20, 243–249.

Hill, H.R., Estensen, R.D., Hogan, N.A., Quie, P.G., 1976. Severe
staphylococcal disease associated with allergic manifestations, hyper-
immunoglobulinemia E, and defective neutrophil chemotaxis. J. Lab.
Clin. Med. 88, 796–806.

Iandolo, J.J., 1989. Genetic analysis of extracellular toxins of Staphylo-
coccus aureus. Annu. Rev. Microbiol. 43, 375–402.

Jett, M., Brinkley, R., Neil, P., Hunt, R., 1990. Staphylococcus aureus
enterotoxin B challenge of monkeys: correlation of plasma levels of
arachidonic acid cascade products with occurrence of illness. Infect.
Immun. 58, 3494–3499.

Micusan, V.V., Thibodeau, J., 1993. Superantigens of microbiol origin.
Semin. Immunol. 5, 3–11.

Miller, E.J., Nagao, S., Carr, F.K., Noble, J.M., Cohen, A.B., 1996a.



( )I.A. Desouza, G. Ribeiro-DaSilÕarEuropean Journal of Pharmacology 363 1998 189–195 195

Ž .Interleukin-8 IL-8 is a major neutrophil chemotaxin from human
alveolar macrophages stimulated with staphylococcal enterotoxin A
Ž .SEA . Inflamm. Res. 45, 386–392.

Miller, E.J., Cohen, A.B., Peterson, B.T., 1996b. Peptide inhibitor of
Ž . Ž .interleukin-8 IL-8 reduces staphylococcal enterotoxin-A SEA in-

duced neutrophil trafficking to the lung. Inflamm. Res. 45, 393–397.
Ribeiro, R.A., Cunha, F.Q., Ferreira, S.H., 1990. Recombinant gamma

interferon causes neutrophil migration mediated by the release of a
macrophage neutrophil chemotactic factor. Int. J. Exp. Pathol. 71,
717–725.

Ribeiro, R.A., Flores, C.A., Cunha, F.Q., Ferreira, S.H., 1991. IL-8
causes in vivo neutrophil migration by a cell-dependent mechanism.
Immunology 73, 472–477.

Rosenbaum, J.T., Hartiala, K.T., Webster, R.O., Howes, E.L., Goldstein,
I.M., 1983. Antiinflammatory effects of endotoxin. Am. J. Pathol.
113, 291–299.

Schad, E.M., Zaitseva, I., Zaitseva, V.N., Dohlsten, M., Kalland, T.,
Schlievert, P.M., 1995. Crystal structure of the superantigen staphylo-
coccal enterotoxin type A. EMBO J. 14, 3292–3301.

Scheuber, P.H., Golecki, R.J., Kickhofen, B., Scheel, D., Beck, G.,
Hammer, D.K., 1985. Skin reactivity of unsensitized monkeys upon
challenge with staphylococcal enterotoxin B: a new approach for
investigating the site of toxin action. Infect. Immun. 50, 869–876.

Scheuber, P.H., Denzlinger, C., Wilker, D., Beck, G., Keppler, D.,
Hammer, D.K., 1987a. Cysteinyl leukotrienes as mediators of

staphylococcal enterotoxin B in the monkey. Eur. J. Clin. Invest. 17,
455–459.

Scheuber, P.H., Denzlinger, C., Wilker, D., Beck, G., Keppler, D.,
Hammer, D.K., 1987b. Staphylococcal enterotoxin B as a non-im-
munological mast cell stimulus in primates: the role of endogenous
cysteinyl leukotrienes. Int. Arch. Allergy Immunol. 82, 289–291.

Souza, G.E.P., Cunha, F.Q., Mello, R., Ferreira, S.H., 1988. Neutrophil
migration induced by inflammatory stimuli is reduced by macrophage
depletion. Agents Actions 24, 377–380.

Tateson, J.E., Randall, R.W., Reynolds, C.H., Jackson, W.P., Bhattacher-
jee, P., Solmon, J.A., Garland, L.G., 1988. Selective inhibition of
arachidonate 5-lipoxygenase by novel acetohydroxamic acids: bio-
chemical assessment in vitro and ex vivo. Br. J. Pharmacol. 94,
528–538.

Yano, H., Wershil, B.K., Arizono, N., Galli, S.J., 1989. Substance
P-induced augmentation of cutaneous vascular permeability and gran-
ulocyte infiltration in mice is mast cell-dependent. J. Clin. Invest. 84,
1276–1286.

Zehavi-Willner, T., Shenberg, E., Barnes, A., 1984. In vivo effect of
staphylococcal enterotoxin A on peripheral blood lymphocytes. Infect.
Immun. 44, 401–405.

Zeillemaker, A.M., Mul, F.P., Hoynck-van-Papendrecht, A.A., Kuijpers,
T.W., Roos, D., Leguit, P., Verbrugh, H.A., 1995. Polarized secretion
of interleukin-8 by human mesothelial cells: a role in neutrophil
migration. Immunology 84, 227–232.


