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- Mestre, suponho que eu atingiria a suprema felicidade se:

- Pudesse alcangar a compreensdo dos outros;

- Pudesse confiar em meus semelhantes;

- Tivesse o respeito de todos:
- Néo falassem mal de mim;
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Este trabalho descreve a participagdic de macrofagos sobre o influxo de
neutrofilos, induzido pelas enterotoxinas estafilococicas A (SEA) e B (SEB) em
cavidades peritoneais de camundongos. Nossos resultados demonstraram que
estas toxinas induzem influxo de neutrofilos, dose e tempo-dependente, para a
cavidade peritoneal de camundongos. Este fendmeno foi quantitativamente menor,
quando estas SEs foram injetadas em uma cavidade artificial, desprovida de
células residentes, tal como a bolsa de ar subcutanea.

A migragdo de neutrofilos, induzida por estas toxinas, foi potencializada em
cavidades peritoneais com o nimerc basal de macréfagos aumentade pelo pre-
tratamento com Tg, e, reduzida em cavidades com numero de macrofagos
diminuido, através da lavagem prévia com salina estéril, confirmando a hipdtese
de que a habilidade destas toxinas em induzir migragdo de neutrdfilos in vivo gsta
correlacionada com o numero de macrofagos.

O influxo de neutrdfilos induzido por estas SEs, na cavidade peritoneal, foi
reduzido em animais pré-tratados com os seguintes inibidores e antagonistas
farmacologicos: dexametasona; inibidor de lipoxigenase (BWA4C), antagonista de
PAF (BN52021); antagonmista H; de histamina (cimetidina), depletor de
neuropeptideos de fibras C sensoriais (capsaicina), mas ndo foi reduzido com ©
uso de um imibidor da ciclooxigenase {(indometacina). Estes dados sugerem que 0s
mediadores inflamatérios envolvidos na infiltragdo de neutrofilos produzida por
estas SEs incluem metabolitos da LO, PAF, histamina e neuropeptideos de fibras
C sensoriais.

Os sobrenadantes resultantes da incubagdo in vifro de macréfagos
peritoneais de camundongos com SEA (SM-SEA) ou com SEB (SM-SEB),

induzem migragdo de neutrdfilos i vivo. A liberagfo das substancias



e

quimiotaticas para neuirofilos nestes sobrenadantes depende de pH e temperatura
proximos ac fisiologico e da presenca de calcio, magnésio e da glicose no meio de
incubagdo, sugerindo que estas substincias sdo secretadas por um processo ativo.

A ciclohexemida, um mmbidor de sintese proteica, inibe a liberagdo destas
substincias quimiotaticas para neutrofilos. Além disto, a atividade quimiotatica do
SM-SEA ou do SM-SEB ¢ reduzida apds o aquecimento a 100°C. Estes resultados
sugerem que as substdncias quimuotdticas para neutrdfilos, descritas neste
trabalho, sdo proteinas termolabeis.

A liberacao destas proteinas, foi dose ¢ tempo-dependente ¢ foi imibida pelo
pré-tratamento dos macrofagos com dexametasona mas nio com indometacina ou
com BW755C.

A proteina presente no SM-SEA possut peso molecular mator que 100.000,
enquanto que a proteina presente no SM-SEB possui peso molecular entre 1.000-
3.000. A migra¢do de neutrdfilos induzida pelo SM-SEB envolve mediadores tais
como metabélitos da LO, PAF e histamina, enquanto que estes mediadores ndo
participam da resposta migratéria induzida pelo SM-SEA, sugerindo que estas
proteinas possuem caracteristicas distintas e induzem actimulo de neutréfilos por
mecanismos distintos.

Em ambos 0s casos, a migra¢o de neutrdfilos foi reduzida em animais pré-
tratados com capsaicina ou com SR140333 (antagonista seletivo de receptores de
taquicininas NK,), mas ndo em animais pré-tratados com SR48968 (antagonista
seletivo de receptores de faquicininas NK;), sugerindo que estas proteinas
induzem migracdo via libera¢do de substincia P. |

Nossos resultados contribuem para o melhor esclarecimento do mecanismo
de acdo das SEs ¢ sugerem que produtos de macrdfagos modulam o influxo

neutrofilos induzido por estas toxinas.









Introdugdc )

1.1 Reacéo Inflamatoria

A reacfo inflamatéria € considerada uma resposta de defesa do
organismo, ou mais especificadamente, dos tecidos vascularizados, contra a
invasdio por agentes infecciosos, por danos fisicos, quimicos ou traumaticos
(ROCHA & SILVA, 1978).

A primeira fase da reacfo inflamatéria ¢ denominada de fase aguda
sendo que, dependendo do estimulo ser ou nfo persistente, esta reagdo pode
tornar-se ¢romica, podendo, muitas vezes, ser prejudicial ao organismo.
Frequentemente, apds a fase aguda, ocorre a resolu¢@o do processo em razéo
da eliminagdo dos agentes causadores (SEDGWICK & WILLOUGHBY,
1985).

Varias substancias, denominadas de mediadores da inflamagdo, sdo
formadas e liberadas concomitante ou seqiiencialmente no foco inflamatério. A
origem destes mediadores pode ser plasmatica (fatores do sistema
complemento, bradicinina) ou celular (histamina, serotonina, prostaglandimas,
fator de ativagdo plaquetdria, leucotrienos, citocinas e outros). Estes
mediadores estio envolvidos na génese ¢ ou manutengdo dos eventos
caracteristicos do processo inflamatério agudo (eventos vasculares e celulares).
O grau de desenvolvimento destes eventos, normalmente, esta correlacionado a
gravidade e a extensdo da lesdo (FERENCIK & STVRTINCVA, 1996).

Os fendmenos vasculares da reacdo inflamatéria aguda incluem:

1) Vasodilatagdo, com conseqtiente aumento de fluxo sangiiineo no foco
inflamatério. Os metabolitos do acido araquidbmico (AA), via ciclooxigenase
(CO), tais como prostaglandinas da série E ¢ a prostaciclina, bem como a

bradicinina, histamina e ¢xido nitrico sio os principais mediadores
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inflamatorios responsaveis pela vasodilatagio (HURLEY, 1978; WILLIAMS,
1985, MONCADA et al., 1991).

2) Aumento de permeabilidade vascular, com conseqiiente passagem de
proteinas plasmaticas para o intersticio, as quais ndo seriam filtradas em
condigbes fisiologicas. O aumento de permeabilidade vascular somado ao
aumento da pressdo de filtragdo, por causa da vasodilatacdo, leva a formacdo
do edema inflamatério. Este fen6meno deve-se a agiio de mediadores sobre as
células endoteliais venulares, induzindo contragdo das mesmas, o que permite a
passagem de moléculas de alto peso molecular, tais como as proteinas
plasmaticas, para o tecido inflamado (WILLIAMS, 1985; MAJNO, 1985).
Entre estes mediadores citam-se: cininas, histamina, serotomina, leucotrienos,
fator de ativagdo plaquetaria (PAF), o quinto componente do sistema
complemento (C5a) e substincias liberadas localmente, das terminacles
nervosas (taquicininas ¢ o peptideo relacionado ao gene da calcitonina)
(WILLIAMS, 1985; BRAIN & WILLIAMS, 1985; HUA, 1986).

Um outro fator importante que contribui para a formagdo de edema ¢ a
presenca de leucocitos na microcirculagdo envolvida no foco inflamatorio. Esta
correlagdo estd baseada na verificagdo de que muitos estimulos inflamatérios,
tais como © lipopolisacarideo bacteriano (LPS), zimosan, leucotrienc By
(LTB,), C5a e o N-formil-metionil-leucil-fenilanina (fMLP) ndo sdo capazes de
induzir edema em animais de laboratdrio que se tornaram leucopénicos. Além
disto, a reposi¢do dos leucocitos aos niveis normais restaura a formacéo do
edema induzido por estes estimulos (WEDMORE & WILLIANS, 1981;
ISSEKUTZ, 1984).

A mobilizacdo adequada dos leucodcitos, da microcirculagdo para o foco

inflamatorio, ¢ também uma etapa fundamental para a defesa do organismo
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contra os agentes lesivos (HARKNESS, 1981; RICEVUTI & MAZZONE,
1987).

Muitas c€lulas envolvidas na resposta inflamatéria ja estdo presentes nos
tecidos, tais como as células endoteliais, mastocitos e células mononucleares
residentes, enquanto que outras chegam ao foco inflamatério provenientes do
sangue, como ¢ © caso dos leucdcitos polimorfonucleares (neutrdfilos,
eosindfilos ¢ basoéfilos) e as células mononucleares (mondcitos e linfocitos)
(DALE & FOREMAN, 1989).

Tem-se demonstrado que a adesdio de leucdceitos & parede do endotélio
vascular envolve uma série de processos complexos de interagdes especificas,
entre moléculas de adesfo presentes nos leucdcitos e nas superficies das células
endoteliais (HARLAN, 1985; BEVILACQUA er ai., 1989; OSBORN,1990;
MACKAY & IMHOF, 1993). Estas moléculas de adesfo sdo classificadas,
quanto 4 sua estrutura molecular, em 3 familias: selectinas, integrinas e
superfamilias das imunoglobulinas (CRONSTEIN & WEISSMAN, 1993).

Utilizando-se varias condigdes experimentais, concluiu-se que o0s
diversos eventos envolvidos na migragdo celular seguem basicamente os
seguintes passos: 1) “rolling” (deslizamento) dos leucocitos pela parede dos
vasos, através de interagles entre os leucocitos ¢ as células endotehais; esta
etapa envolve principalmente as selectinas e integrinas. 2) Ativagdo de
leucdcitos por agdo de agentes quimiotaticos ou integrinas; 3) Adesfo de alta
afinidade, devido a8 mudanca conformacional do leucécito por agdo das
integrinas. 4) Migracdo dos leucocitos do lumen vascular para o espago
extravascular (SMITH ef a/., 1991; MACKAY & IMHOF, 1993; ROSSI &
HELLEWELL, 1994).
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Os neutréfilos sdo as primeiras células que chegam ao foco inflamatorio,
sendo predominantemente encontrados no exsudato formado nos estagios
iniciais da maioria dos processos inflamatérios. A principal fungdo dos
neutrofilos € a fagocitose dos estimulos que desencadearam a reagio
inflamatoria. Para a digestdo destas substdncias, os neutrofilos possuem
estocados, em diferentes tipos de grinulos citoplasmaticos, um conjunto de
substincias com atividades enzimaticas. Assim, nos granulos azurdfilos
encontram-~-se, principalmente, lisoenzimas, mieloperoxidases, -elastases,
catepsinas, hidrolases acidas, entre outras. Os grinulos especificos contém
principalmente, lisoenzimas, colagenases e lactoferrina. (DALE, 1984;
LEHRER et al., 1988). Além da utilizagdo do contetido destes granulos, o
processo de fagocitose ativa o metabolismo oxidativo celular, caracterizado por
aumento de consumo de oxigé€nio e ativagdo da via hexosemonofosfato, com
geragio de radicais livres derivados do oxigénio e¢ de produtos do seu
metabolismo, os quais também possuem atividade microbicida (BAGGIOLINE,
1984; DOHERTY & JANUSZ, 1994). Embora as fungdes, tanto dos radicais
livres como do conteudo destes granulos citoplasmaticos, sejam a digestdio e
(ou) morte do material fagocitado, observa-se, freqiientemente, a destrui¢do do
tecido inflamado em virtude da acdo destas substincias, as quais podem ser
secretadas pelos leucocitos presentes no foco, ou entdo, serem liberadas apos a
morte dos mesmos (DALE, 1984; MACHLIN & BENDICH, 1987,
DOHERTY & JANUSZ, 1994).

A resposta mais precoce dos neutréfilos, no processo de migragéo, € a
sua adesdo a parede do endotélio venular. Varios mediadores inflamatorios,
entre os quais a interleucina-1 (IL-1), fator de necrose tumoral-o. (TNF-a),

LTB,, PAF ¢ C5a podem aumentar a adesividade entre os neutréfilos e as
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células endoteliais  MACMILLAN & FOSTER, 1988; LEHRER ef al., 1988).

As substéncias que induzem migracdo de neutréfilos podem ser divididas
em substancias endégenas e exogenas. Os fatores quimiotaticos endogenos sio
liberados pelas células do organismo, quando estimuladas, ou entdo, sfo
ativadas a partir de um precursor inativo. Dentre estes fatores, podemos citar:
LTB,, IL-1, TINF, linfocinas e peptideos liberados por macrofagos (ALTMAN,
1978, SMITH, FORD-HUTCHINSON, BRAY, 1980; REYNOLDS, 1983;
WILKINSON, 1984; FANTONE, 1985; BECK et al., 1986; CYBULSKY,
COLDITZ, MOVAT, 1986; MING, BERSANI, MANTOVANI, 1987
MACMILLAN & FOSTER, 1988). Estes dados mostram claramente, que
varios mediadores liberados no foco inflamatério s3o quimiotaticos para
neutrofilos.

Os fatores quimiotaticos exogenos ndo devem ser confundidos com
substdncias exdgenas que induzem migracio de neutrdfilos. Enquanto que,
estas ultimas induzem migragio indiretamente, ou seja, através da liberagfo e
(ou) ativagdo dos fatores quimiotaticos endogenos, os fatores quimiotaticos
exdgenos agem diretamente nos neutrofilos, ativando os seus mecanismos de
locomogdo e aderéncia. Entre estas substdncias sdo citados o peptideo ftMLP,
os demais formil-peptideos e a caseina (WILKINSON, 1984).

Conforme mencionado anteriormente o recrutamento de neutréfilos para
o sitio inflamatério envolve varios mediadores enddgenos com propriedades
quimiotaticas tais como o C5a (YANCEY, 1989), LTB; (MACMILLIAN &
FOSTER, 1988) e as interleucinas, IL-1, TNF-a (FACCIOLL et al., 1990), ¢
IL-8 (RIBEIRO et al., 1991). O mecanismo pelo qual estes mediadores
induzem influxo de neutrofilos pode estar relacionado com a ativagdo dos

mecanismos de locomogdo ¢ aderéncia dos neutrofilos, como € o caso do CSa
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(RIBEIRO et al, 1997) ou também, via estimulagdo de mastocitos ou
macrofagos residentes com conseqiiente hiberagdo de fatores quimiotaticos para
neutréfilos. Dentre os mediadores que podem induzir a liberagdo de fatores
quimiotaticos por c€lulas residentes, podemos citar a IL-1, TNF-a, IL-8 e o
LTB4 (RIBEIRO et al., 1991; RIBEIRO et al., 1997; FACCIOLI et ai., 1990).

Além disto, substincias liberadas localmente de terminagfes nervosas
sensoriais, como € o caso da substincia P (SP), também sdo capazes de
promover acumulo de leucdcitos nos tecidos inflamados (FOREMAN, 1987,
WALSH et al., 1995). A SP ¢ o peptideo relacionado ao gene da calcitonina,
sio os principais responsaveis pelo desenvolvimeinto da inflamagéo
neurogénica, que pode ser provocada pela estimulagfo elétrica, quimica € ou
mecinica de neurdnios sensoriais. A inflamagdo neurogéncia envolve amnda
eventos tais como vasodilatacio, extravasamento de proteinas plasmadticas e
ativagdo de mastécitos (INOUE et al., 1997). E importante ressaltar que a
ativagdo de mastocitos, pode resultar na liberagdo de mediadores com
propriedades quimiotaticas para neutrofilos, como por exemplo o LTB, que €
‘considerado o principal responsavel pela infiltragdo de leucdcitos, observada na
pele de camundongos administrados com SP (FOREMAN, 1987, IWAMOTO
etal., 1993).

1.2 Participacdo dos macrofagos na reacdo inflamatéria aguda

Atualmente, o conceito de que os macrofagos participam exclusivamente
da fase cronica da reacéo inflamatéria ndo encontra mais suporte na literatura.
Assim, tem-se demonstrado que os macrofagos residentes tém importante papel

no desenvolvimento de varios eventos descritos como fase aguda da reaclo
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inflamatoria, podendo ser considerados como células de alarme (FERREIRA,
1980). Estas células sdo responsaveis pela iniciacdo da mobilizacdio de
neutrofilos, da circulacdo para as regides de dano tissular ¢ também pelo
desencadeamento de outros eventos inflamatorios, tais como edema e dor
(CUNHA & FERREIRA, 1986). Estes fenOmenos envolvem citocinas, entre as
quais a IL-1, interleucina-8 (IL-8), TNF-a e interferon-y (INF-y) (AKIRA,
HIRANO, KISHIMOTO, 1990; SHERRY & CERAMI, 1991; DINARELLO,
1993), sendo os macrofagos a principal fonte das mesmas. Deve-se ressaltar
ainda, que os macrofagos sdo encontrados em quase todos os tecidos e fluidos
do organismo (EDELSON, 1980).

Os macrdfagos, quando expostos a uma variedade de agentes
inflamatérios, podem sofrer profundas modificagbes morfolégicas e
bioquimicas, normalmente acompanhadas da aquisi¢do e (ou) perda de fungGes.
Normalmente, essas modificagdes funcionais, denominada de estado de
ativacfio, sdo também acompanhadas de alteragdes quantitativas € qualitativas
na secregdo de varios produtos. Este estado ativado pode ser alcancado in
vitro, pela exposigdo de macrofagos A substancias tais como o LPS (ADMAS
& HAMILTON, 1988), poliribonucleotideos sintéticos (EVANS &
ALEXANDER, 1976) e ainda RNA poli A(+), obtido de bago de camundongos
infectados com Trypanossoma cruzi (BERTOLONI & DE LUCCA, 1986).
Algumas das modificagdes funcionais mais importantes incluem: aumento da
taxa de oxidagdo de glicose (POULTER & TURK, 1975), aumento de sintese
protéica (KELLER ef al., 1974), secregio ¢ aumento da sintese de enziumas
lisossomais (GORDON, 1976), expressdo de novos antigenos de superficie
(KAPLAN & MORHANAKUNAR, 1977), aumento de responsividade a
estimulos quimiotaticos (MELTZER, JONES, BOETCHER, 1975), aumento da
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liberagdo de intermedidrios reativos de oxigénio (NATHAN & ROOT, 1977) e
de nitrogé€nio (MONCADA, PLAMER, HIGGS, 1991) ¢ aumento na produgio
e liberagdo de IL-1 e TNF-a (NATHAN, 1987, ADAMS & HAMILTON,
1988).

O concerto de que os macréfagos desempenham importante papel na
migracio de neutrofilos para o foco inflamatério, € apoiado pela verificagdo de
que a migragéo destas células, em resposta a estimulos inflamatdrios exdgenos,
(carragenina, LPS, toxina A do Clostridium difficile e zymosan) ¢
potencializada, quando o nimero de macréfagos é artificialmente aumentado,
através do pré-tratamento dos animais com meio tioglicolato (HARMSEN &
HAVEL, 1990; KLEIN, CUNHA, FERREIRA, 1995; RIBEIRO et al., 1997).
Por outro lado, a habilidade destas substidncias em induzir migragdo de
neutréofilos € reduzida em animais cuja a populagdo de macrofagos peritoneais
foi depletada através da lavagem prévia das cavidades com salina estérnl
(SOUZA et al., 1988).

Além disto, sabe-se que macréfagos peritoneais de ratos, quando
incubados in vitro com LPS, liberam para o meio de incubagfo, um fator
quimiotatico para neutrofilos (MINCF) com peso molecular de 34.000. A
migragdo de neutrdfilos induzida pelo MNCF, possui uma caracteristica
peculiar, pois ndo ¢ afetada pelo pré-tratamento dos animais com
glicocorticoides. Varios autores tém sugerido que o MNCF pode ser o
mediador final da migragdo de neutrofilos induzida por varios estimulos
inflamatorios, inchundo as citocinas, IL-1, TNF-a, INF-y (CUNHA &
FERREIRA, 1986; FACCIOLI ef al., 1990; RIBEIRO et al., 1990; RIBEIRO
et al., 1997).
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1.3 Enterotoxinas estafilocécicas

As enterotoxinas estafilocécicas (SEs) pertencem a uma familia de
proteinas toxicas que sdo produzidas e excretadas por algumas cepas de
Staphylococcus aureus. Estas toxinas sio responsaveis pela maioria das
intoxicagOes alimentares em humanos, podendo causar varias alteragles
fisiopatologicas que podem levar a incapacitagdo, choque ¢ morte (LECLAIRE,
etal., 1995).

A SEs séo proteinas basicas com peso molecular entre 25.000 - 30.000,
estaveis em meio acido, resistentes ao aquecimento e a digestio por enzimas
proteoliticas. Estas toxinas s@o estruturalmente semelhantes entre si ¢ foram
classificadas por critérios imunolégicos, em cinco tipos diferentes designados
alfabeticamente de A a E (BERGDOLL, 1979; 1989; IANDOLO, 1989).

O(s) mecamismo(s) de agdo in vivo destas toxinas ainda nio foram
claramente elucidados, devido a falta de um modelo animal ¢ de um sistema
experimental adequado (FREER & ARBUTHNOTT, 1986; BERGDOLL &
CHESNEY, 1991; BOBAK & GUERRANT, 1992; MICUSAN &
THIBODEAU, 1993). No entanto, varios autores t€ém sugerido que as
manifestagOes enteropatologicas destas toxinas podem envolver a estimulagéo
de trés tipos celulares principais: os neur6nios do trato-gastrintestinal,
macréfagos e linfocitos, sendo este ultimo estimulado somente quando estas
toxinas sdo administradas sistemicamente (MICUSAN & THIBODEAU,
1993).

De acorde com estes autores, a estimulagdo dos neurdnios sensoriais
do trato gastrintestinal é seguida pela liberacdo de neuropeptideos, que podem
incluir a substancia P (MICUSAN & THIBODEAU, 1993), o principal
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mediador da inflamacdo neurogénica (FOREMAN, 1987; PARTSCH &
MATUCCI-CERINIC, 1992). Estes neuropeptideos agiriam entio em
mastocitos, levando a liberagdo de IL-1, TNF-o, histamina, serotonina e
leucotrienos (MICUSAN & THIBODEAU, 1993; SEKALY, 1993; BOBAK &
GUERRANT, 1992; JETT et al., 1990).

Trabalhos recentes em nosso laboratério, tém sugerido que, tanto a
enterotoxina estafilocédeica do tipo A (SEA) como a do tipo B (SEB) induzem
em camundongos, mflamacdo do tipo neurogénica. Esta hipotese esta baseada
na observagfo de que a capsaicina, uma substéncia classicamente empregada
para depletar as fibras C sensoriais do seu contetido de neuropeptideos, é capaz
de reduzir acentuadamente o edema e a exsudagdo plasmatica causada por
estas SEs na pata de camundongos (DESOUZA, BERGDOLL, RIBEIRO-
DASILVA, 1996, DESOUZA & RIBEIRO-DASILVA, 1998). Estes dados
mostram ainda, que existe uma correlagdo entre os resultados obtidos no
modelo expenmental de inflamag¢io em camundongos com o modelo
experimental de enterotoxemia provocadas por estas toxinas em humanos,
sugerindo portanto, que o nosso modelo experimental poderia ser util para se
estudar melhor o mecanismo de agdo destas toxinas.

Varias toxinas bacterianas sdo capazes de estimular células de defesa
do nosso organismo, a liberarem mediadores inflamatorios (MISFELDT et al.,
1990; FLEMING, IANDOLO, CHAPES, 1991; MELLO FILHO et al., 1997).
Os macrofagos sdo uma das principais células que, quando ativadas por estas
toxinas, passam a liberar mediadores tais como: prostaglandinas, LTB,, IL-1,
IL-8, TNF-a e oxido nitrico. Estes mediadores estdo envolvidos em varios
eventos da reagdo mflamatéria, incluindo a migragdo de leucécitos, aumento de

permeabilidade vascular, febre ¢ dor (FERREIRA, 1993; DINARELLO; 1991;
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KLUGER, 1991).

Além disto, conforme mencionado anteriormente, existem varias
evidéncias experimentais de que os mastocitos, macrofagos e linfocitos também
desempenham importante papel no desenvolvimento dos eventos
fisiopatolégicos das SEs (SCHEUBER er al, 1987, MICUSAN &
THIBODEAU, 1993). Estas células, quando estimuladas com SEs, sdo capazes
de liberar mediadores inflamatérios tais como histamina, serotomina,
leucotrienos € citocinas tais como: IL-1, interleucma-2 (IL-2), interleucina-6
(IL-6), IL-8, TNF-a ¢ INF-y (SCHEUBER et dal., 1987, MARRACK &
KAPPLER, 1990; HASKO et al., 1998).

Os neutrofilos sdo as principais células envolvidas na resposta de
defesa do organismo contra os Staphylococcus aureus (HILL et al., 1976).
Além disto, acentuado acumulo destas células também pode ser observado
durante as gastroenterites induzidas por SEs em humanos (ZEHAVI-
WILLNER, SHENBERG, BARNES, 1984),

As SEs compartilham varias propriedades bioldgicas com o LPS, tais
como aumento dos niveis de fibrinogénio no plasma, febre e liberacdo de TNF-
o por ¢élulas mononucleares (BERGDOLL & CHESNEY, 1991). O actmulo
de neutréfilos em exsudatos inflamatoérios, induzidos pele LPS, € controlado
por macrofagos peritoneais residentes, que quando estimulados in vitro com
esta endotoxina, liberam o MNCF, que parece ser o principal mediador deste
fenémeno (CUNHA & FERREIRA, 1986).

Diante do exposto acima, pareceu-nos de fundamental mportancia,
caracterizar o influxo de neutréfilos induzido por SEs para a cavidade
peritoneal de camundongos, procurando investigar a participagdo de

macrofagos neste fendmeno.
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Embora todas as SEs possuam quase a mesma estrutura e seqiiéncia de
aminoacidos e compartithem de varias propriedades bioldgicas, autores como
LECLAIRE et al. (1995) acreditam que o mecanismo pelos quais estas toxinas
causam Os seus efeitos caracteristicos diferem, de acordo com o tipo de SE
causadora. Por este motivo, procuramos caracterizar, neste trabaltho, os eventos
celulares da resposta inflamatoria induzida por duas SEs disponiveis no

mercado, a SEA e a SEB.

Objetivos

Esta tese teve como objetivo principal investigar a participagdo de
macrofagos sobre o influxo de neutréfilos, induzido pela SEA ou pela SEB, em
cavidades peritoneais de camundongos.

Para isto, os seguintes parametros foram investigados:

® Influéncia da populacio de macréfagos peritoneais residentes sobre a

migragdo de neutrofilos, induzida por estas duas toxinas.

@ Caracterizagdo farmacologica dos possiveis mediadores inflamatorios

envolvidos na migracio de neutrofilos induzida por estas SEs.

® Producio, in vitro, de fatores quimiotaticos para neutrdfilos, por macrofagos

peritoneais de camundongos, incubados com SEA ou com SEB.
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2.1 Animais

Foram usados camundongos Swiss, machos, pesando 25 a 30g,
provenientes do Centro Multi-Institucional de Bioterismo da Unicamp. Esses
animais foram transferidos para o Biotério do Departamento de Farmacologia,
pelo menos 24 h antes dos experimentos, onde foram mantidos a 24°C, com

iluminagio didria de 12 h e com agua ¢ alimentacdo ad libitum.

2.2 Enterotoxinas Estafilococicas

Tanto a SEA como a SEB foram dissolvidas em sahina fosfatada estéril e
as solugdes estoques armazenadas na geladeira. As diluigbes subseqgiientes
também foram feitas utilizando-se PBS ou meio de cultura RPMI1640 como

veiculo, imediatamente antes do uso das toxinas.

2.3 Condicdes experimentais

Todos os protocolos experimentais foram realizados em condigdes
assépticas, utilizando-se para isto uma cémara de fluxo laminar vertical. Tanto
as solugdes, como as vidrarias utilizadas, foram autoclavadas a 127°C, durante

1h
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2.4 Migracao de neutréfilos para a cavidade peritoneal

A migragdo de neutréfilos para a cavidade peritoneal de camundongos,
foi avaliada de acordo com técnica descrita por SOUZA er al. (1988). Para
isto, os animais foram divididos em grupos (n=5), sendo que o grupo-controle
recebeu uma inje¢do intraperitoneal de 0,1 ml do veiculo (PBS) e os grupos
tratados receberam 0,1 ml de solugdes de SEA (16-64 ug/cavidade), SEB
(62,5-250 pg/cavidade), ou de LPS (50-800 ng/cavidade; controle-positivo). A
migracdo de neutrtfilos foi avaliada 4, 12, 24 ¢ 72 h apds a injecio dos
estimulos inflamatorios. Para isto, os animais foram sacrificados, sendo a
cavidade peritoneal lavada em seguida, com 3 ml de PBS contendo heparina
(5UI/ml) e soro albumina bovina a 0,1%. Apds leve massagem, retirou-se o
maior volume possivel do lavado.

A contagem total de leucOcitos foi realizada em cémara de Neubauer,
utilizando-se 20 pl do lavado, diluidos em 400 ul de solugdo Turk.

A contagem diferencial de leucocitos foi realizada apéds a confecgdo de
laminas, sendo que para isto 80ul do lavado foram centrifugados em
citocentrifuga. As laminas foram coradas a seguir, com corante May-
Griinwalds e a leitura feita em um microscopio optico com aumento de 1000
vezes (objetiva de mmersdo em Oleo). Em cada ldmina, foram contadas 100
células, diferenciando 4 tipos celulares: neutréfilos, eosindfilos, mononucleares
¢ mastocitos. O namero de cada tipo celular foi calculado a partir da

porcentagem encontrada, em relacdo ao namero total de células.
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2.5 Migracao de neutréfilos para a bolsa-de-ar subcutanea (“Air-

pouch”)

A bolsa de ar subcutdnea (BSA) foi produzida de acordo com o método
descrito por EDWARDS, SEDGWICK, WILLOUGHBY (1981). Para isto, os
animais foram anestesiados com éter e receberam uma inje¢do de 5 ml de ar
estéril, na pele do dorso. Trés dias apos, a cavidade formada foi mantida
injetando-se mais 2,5 ml de ar estéril. No sexto dia apds a primeira injegdo, os
amimais foram divididos em grupos (n=35), sendo que o grupo-controle recebeu
0,1 ml de PBS ¢ os grupos tratados receberam 0,1 ml de solugbes de SEA (32
ug/ml), SEB (62,5 pg/cavidade) ou de dextrana (300 ng/cavidade; controle
POSsitivo).

Os animais foram sacrificados 12 h apds a inje¢do dos estimulos e a
avaliacdo da mmgrac8o de neutréfilos seguiu o procedimento descrito no item

24.

2.6 Efeito da polimixina B sobre a migracdo de neutréfilos
induzida por SEA ou SEB

A polimixina B (PMX) foi utilizada para avaliar a possivel contaminacio
das solugdes de SEA ou de SEB com endotoxina bacteriana. Assim, solugdes
de SEA (0,3 mg/ml) ou de SEB (2,5 mg/ml) ou ainda de LPS (2-8 pg/ml) foram
incubadas por 10 min com PMX (3,5 mg/ml), a 37°C. Ao final deste periodo,
estas solugdes foram injetadas na cavidade peritoneal dos animais € a migracio

de neutrofilos avaliada 12 h ap6s (MORRISON & JACOBS, 1976).
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2.7 Pré-tratamento com inibidores e antagonistas farmacolégicos

2.7.1 Drogas utilizadas

®

Imbidor da sintese de citocinas e da fosfolipase A,
Dexametasona (Dexa); 0,5 mg kg ! (BARJA-FIDALGO et al., 1992).
Inibidor da ciclooxigenase

Indometacina (Indo); 5 mg kg "' (HENRIQUES et al., 1987).

Inibidor da lipoxigenase

BWAA4C; 10 mgkg "' (TATESON et al., 1988).
Antagonista dos receptores H; da histamina

Cimetidina (CMT); 2 mg kg "' (SCHEUBER et al., 1985).

Antagonista do fator de ativagdo plaquetaria
BN52021; 10 mgkg ' (BARJA-FIDALGO et al., 1992).

Depletor de neuropeptideos de fibras C sensoriais

Capsaicina (CPS); solugdo a 10 % (ALBER et al., 1989).

2.7.2 Esquemas de tratamento

Todas as drogas mencionadas acima foram preparadas imediatamente
antes de cada protocolo experimental. Com excec¢do da capsaicina, que foi
aplicada topicamente, por um periodo de 8 dias (ALBER ef al., 1989), as
demais drogas foram administradas subcutdneamente 1 h antes da injecdo dos

estimulos.
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2.8 Efeito do aumento do numero de macréfagos peritoneais

sobre a migracao de neutrdfilos induzida por SEA ou SEB

O namero de macrofagos peritoneais residentes foi aumentado pelo pré-
tratamento comn meio tioglicolato de sodio (Tg) (2 ml/cavidade, de uma solugio
a 3%, p/v em H,O esténl), como descrito por RIBEIRO ef al. (1990). Apés 4
dias, SEA (16 ug/cavidade), SEB (62,5 ug/cavidade) ou LPS (200
ng/cavidade) foram injetados na cavidade peritoneal destes animais ¢ a
migragdo de neutrofilos foi avaliada 12 h apdés a admmistragio destes
estimulos.

A eficacia do pré-tratamento com Tg foi analisada através do nmumero de
macréfagos encontrados na cavidade de animais que receberam apenas Tg,
comparado ao nimero de macrdéfagos encontrados em cavidades que

receberam, nas mesmas condicdes, salina estéril em vez de Tg.

2.9 Efeito da deplecdo de macréfagos peritoneais sobre a

migracdo de neutréfilos induzida por SEA ou SEB

A deplecdo de macrofagos foi realizada através da lavagem das
cavidades peritoneais com salina estéril, de acordo com o método descrito por
SQUZA et al. (1988). Para isto, os animais foram anestesiados com éter e 2
agulhas foram inseridas na cavidade abdominal. Salina estéril (0,9%; 5 ml) foi
injetada pela agulha inserida perto do esterno. A seguir, as cavidades foram
massageadas levemente durante 1 minuto ¢ o lavado coletado através de outra
agulha inserida na regido inguinal. Esta operagdo foi repetida trés vezes.

Ao final, aproximadamente 95% da salina injetada foi recuperada. Este
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procedimento reduziu, em 90%, a populacdo de células presentes nas cavidades
peritoneais, as quais foram recuperadas nos lavados. Nos animais controles
(““sham™), as agulhas foram inseridas, mas a salina nfo foi injetada. A SEA (32
ug/cavidade), a SEB (62,5 pg/cavidade) ou o LPS (100 ng/cavidade) foram
administrados tanto em animais com cavidades lavadas como nos animais
controle (“sham”). A migra¢io de neutréfilos foi avaliada 4 h ap6s a injegdo de
cada estimulo.

2.10 Incubacdo iin vitro de macréfagos peritoneais de

camundongos com enterotoxinas estafilococicas

Os macréfagos foram obtidos de cavidades peritoneais de camundongos
previamente tratados com Tg (2 ml/cavidade de uma solugfo a 3%, p/v em H;O
estéril). Apos 4 dias, os animais {(n=5) foram sacrificados e as células da
cavidade peritoneal (95% macrofagos) colthidas com 5 ml de RPMI contendo 5
Ul/ml de heparina.

Os lavados peritoneais foram entdo transferidos para placas de Petri
estéreis, que foram incubadas a 37°C, durante 1 h, em estufa com ar
atmosférico, contendo 5% de CO;. No final desta incubagio, os sobrenadantes
foram descartados ¢ as placas, com os macrofagos aderidos, lavadas trés vezes
com PBS estéril, para eliminar as células nio aderentes.

Apbs a aderéncia, os macrofagos foram estimulados por 5, 15, 30 ou 60
minutos, a 37°C, com RPMI 1640 (controle), SEA (2,5 ug/mi), SEB (5 pg/ml)
ou LPS (5 ug/ml). Ac final das incubag¢des, as solugdes contendo os estimulos
foram descartadas ¢ os macréfagos lavados trés vezes com PBS estéril. A

seguir, estas células foram novamente incubadas com 4 m! de RPMI, na
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auséncia dos estimulos, por 30, 60, 120 ou 180 minutos, a 37°C. Ao final deste
periodo, os sobrenadantes foram coletados, centrifugados, esterilizados (em
filtros da Millipore com poros de 0,22 um) e testados quanto a sua habilidade
em induzir migracio de neutréfilos em cavidades peritoneais de camundongos,
de acordo com a técnica descrita no item 2.4. O nimero de células aderidas foi
determinado ao final do periodo de incubagio, diluindo-se 20 ul da suspensio
celular, obtida por raspagem do fundo das placas, em 400 ul de liqudo de
Turk. Em média, o nimero de células foi equivalente a 4 x 10° células/placa.
Essas células apresentaram viabilidade maior que 90%, determinada pelo
método de exclusdo com o corante vital Azul de Tripan a 0,1%. O percentual
de células widveis foi determinado por leitura em microscopio Otico,
considerando-se como célula viavel aquela que nio se corou (CUNHA &
FERREIRA, 1986).

Em protocolos com objetivo de se determinar as condigles ideais de
liberagdo das substincias quimiotaticas para neutréfilos, nos sobrenadantes das
incubagdes de macrofagos com SEA ou com SEB, o meio de cultura RPMI foi
substituido por Krebs-Ringer fosfato (KRF). Esta substituicdo teve como
objetivo facilitar alterages no meio de incubagdo tais como temperatura (4-

45°C), pH (6,0-8,0) e concentragdo de calcio, magnésio, ou de ghcose.

2.11 Contaminacdo dos componentes quimiotaticos para

neutrofilos com endotoxina bacteriana

Para avaliar a possivel contaminagdo, com endotoxina bacteriana, dos
sobrenadantes provenientes das incubagdes de macrofagos com SEA ou com
SEB, os mesmos foram incubados por 10 min com PMX (3,5 pg/mi), de acordo

com a técnica descrita no item 2.6.
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2.12 Caracterizacao parcial das substancias quimiotaticas para

neutrofilos liberadas por macroéfagos estimulados com SEs
2.12.1 Influéncia da temperatura

Os sobrenadantes provenientes da incuba¢do de macrofagos com SEA ou
com SEB, foram incubados durante 30 minutos, a 37, 56 ou 100°C. Ao final, as

solugdes foram resfriadas e injetadas nas cavidades peritoneais de

camundongos (CUNHA & FERREIRA, 1986).
2.12.2 Efeito de inibidores de sintese protéica

Para isto, os macrofagos foram pré-incubados por 30 minutos em RPMI
1640, contendo ciclohexemida (9 pg/ml). Procedeu-se entdo a estimulagdo dos
macrofagos com as SEs e a fase de liberagdo dos componentes quimiotaticos,
na presenga deste inibidor. Ao final, estes sobrenadantes foram testados quanto
a sua habilidade em induzir migragdo de neutréfilos na cavidade peritoneal de
camundongos (CUNHA & FERREIRA, 1986).

2.12.3 Efeito de enzimas proteoliticas

Neste caso, os sobrenadantes foram incubados com tripsina (100-
200pg/ml) ou com quimotripsina (100ug/ml), durante 1 h, na temperatura de
37°C (CALDERON, WILLIAMS, UNANUE, 1974). Ao final deste periodo, as
solugdes foram entdo testadas quanto a capacidade de induzir migracdo de

neutrofilos em cavidades peritoneais de camundongos.
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2.12.4 Ultrafiltracao dos sobrenadantes

Os sobrenadantes das incubagdes de macrdfagos estimulados com SEA,
foram colocados em um aparelho de ultrafiltragio (Amicon Corporation),
equipado com membranas capazes de reter substdncias com peso molecular
acima de 10.000 (YM-10), 30.000 (YM-30) ou 100.000 (YM-100). No caso
dos sobremadantes obtidos da incubagdo com SEB, utilizamos ainda
membranas capazes de reter substancias com peso molecular acima de 3.000
(YM-3) ou 1.000 (YM-1). Em ambos os casos, o material retido foi
ressuspenso, no volume inicial, em PBS estéril. Tanto o matenal retido como o
material filtrado foram esterilizados e utilizados como estimulos para avaliagéio

da resposta migratoria para neutrofilos.

2.13 Efeito de inibidores e antagonistas farmacologicos sobre a

liberacdo dos componentes quimiotaticos para neutréofilos

2.13.1 Drogas utilizadas

¢ Inibidores da sintese de citocinas ¢ da fosfolipase A,

Dexametasona (Dexa); 5 ug/ml (CUNHA & FERREIRA, 1986).
¢ Inibidor da ciclooxigenase

Indometacina (Indo); Sug/ml (CUNHA & FERREIRA, 1986).
¢ Inibidor da ciclooxigenase e da lipoxigenase

BW755 C; 20 ug/ml (CUNHA & FERREIRA, 1986).
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2.13.2 Esquemas de tratamento

As placas que continham macréfagos foram pré-incubadas em meios de
cultura, contendo cada droga mencionada acima, por periodos de 1 h (Dexa) ou
30 minutos (Indo ou BW755C), antes do periodo de estimulagdo com as SEs.
A seguir, procedeu-se a fase de estimulagdo dos macréfagos com a toxina € a
fase de liberagdo dos componentes em meios de cultura que continham cada
droga mencionada (CUNHA & FERREIRA, 1986).

2.14 Efeito de inibidores e antagonistas farmacologicos sobre a
migracdo de mneutrdfilos induzida pelos sobrenadantes das

incubacgoes de macréfagos com SEs

2.14.1 Drogas utilizadas

Inibidor da sintese de citocinas e da fosfolipase A,

Dexametasona (Dexa); 0,5 mg kg * (CUNHA & FERREIRA, 1986).

Inibidor da ciclooxigenase

indometacina (Indo); 5 mg kg ' (CUNHA & FERREIRA, 1986).

@

Imibidor da lipoxigenase
BWAA4C; 10 mgkg ' (TATESON et al., 1988).

Inibidor da ciclooxigenase ¢ da lipoxigenase
BW755C; 100 mgkg ' (RANDALL ef al., 1980).
Antagonista dos receptores H, da histamina
Cimetidina (CMT); 2 mg kg ' (SCHEUBER et al., 1985)

L 4

Antagonista do fator de ativagdo plaquetaria (PAF)
BN52021; 10 mg kg ' (BARJA-FIDALGO et al., 1992).
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e Depletor de neuropeptideos de fibras C sensoriais
Capsaicina (CPS); solugdes a 10 % (ALBER ef al., 1989).
s Antagonista de recepetor NK;
SR140333; 100 ug kg ' (IONUE et al., 1997).
e Antagonista de receptor NK,
SR48968; 1 mgkg ™' (INOUE et al., 1997).

2.14.2 Esquemas de tratamento

O BW755C foi administrado, por via oral, 1 h antes (RANDALL ef al.,
1980), a capsaicina foi aplicada, topicamente, por um periodo de 8 dias
(ALBER et al., 1989) e o SR140333 ¢ o SR48968 foram administrados
endovenosamente, imediatamente antes da injegdo ip dos sobrenadantes ou de
SP (20 nmol/cavidade; controle-positivo). Todas as demais drogas foram

mjetadas sc, 1 h antes da injegdo dos estimulos.

2.15 Analise Estatistica

Os resultados estdo expressos como média + EPM. Os dados de pré-
tratamento foram analisados pelo teste de Kruskal-Wallis, precedido por
analise de varidncia (ANOVA). Os demais resuitados foram avaliados pelo

“t”

teste de Student ndo pareado. Em ambos os testes, foram consideradas

significativas diferengas com p < 0,05.
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2.16 Preparo de solugoes, drogas e reagentes

2.16.1 BN52021 (ginkgolide B, 3-(1,1-dimetiletil)-hexahidro-1,4-7b-
trihidroxi-8-metil-9H-1,7a(epoximetano-1H, 6 aH-ciclopenta (¢) fure (2,3-
b) furo (3°,2’:3,4) ciclopenta (1,2-d) furan - 5,9, 12 (4H)-triona)

Este antagonista foi dissolvido imediatamente antes de cada experimento,
micialmente em 0,1 ml de hidroxido de s6dio a 10% e o volume final
completado com PBS estéril (BARJA-FIDALGO et al., 1992).

2.16.2 BWA4C (N-(3-fenoxicinamil) acido acetohidroxamico)

Este inibidor foi dissoivido imediatamente antes de cada experimento,
inicialmente em 0,1 ml de dimetil sulféxido € o volume final completado com
salina 0,9%.

2.16.3 BW7SSC ([3-(amine-1-3 trifluorometilfenil)-2-pirazolina

hidrocloridrico}])

Uma solugéo-estoque desta substancia foi inicialmente dissolvida em 0,1
ml de etanol absoluto, sendo o seu volume completado para 1ml com salina
0,9%. Em cada experimento, partia-se desta solugdo-estoque, sendo as
dilui¢des feitas em salina 0,9% (RANDALL et al., 1980).
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2.16.4 Capsaicina (trans-8-metil-N-vanilil-6-nonamida)

Uma solucgdo-estoque de capsaicina a 10 % foi feita em etanol absoluto ¢
mantida em geladeira. Para a aplicagdo topica da droga, esta solugdo-estoque
foi diluida em Tween 80 e NaCl 0,15 Mol/L, na proporg¢io de 1:1:8 (solugéo-
estoque de capsaicina: tween 80: NaCl 0,15 Mol/L) (ALBER et al., 1989).

2.16.5 Ciclohexemida

Este inibidor de sintese protéica foi dissolvido, em meio RPMI estéril,

imediatamente antes de cada experimento.
2.16.6 Cimetidina

Este antagomista foi dissolvido imediatamente antes de cada experimento,

com PBS estéril (SCHEUBER et al., 1985).
2.16.7 Corante May-Griinwalds

2.5 g de corante May-Griinwalds
Metanol absoluto q.5. 1 L

2.16.8 Corante vital Azul de Tripan

0,01 g de corante vital Azul de Tripan
Salina a 0,9 % q.s. 10 ml
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2.16.9 Dexametasona

Esta droga foi diluida, em salina (0,9%), imediatamente antes de cada

protocolo experimental, a partir de ampolas na concentragdo de 4 mg/ml.

2.16.10 Dextrana

A Dextrana foi dissolvida imediatamente antes de cada experimento, em
PBS estéril (RIBEIRO ef al., 1991).

2.16.11 Indometacina

Em cada protocolo experimental, utilizou-se uma solucdo de
indometacina (Img/ml), diluida em carbonato de sodio a 5% (CURRY &
BROWN, 1982). As diluicdes subseqiientes foram feitas em salina 0,9%.

2.16.12 Liquido de Turk

3 ml de acido acético glacial
0,1 mi de uma solugdo de Cristal violetaa 1%
Agua destilada q.s. 100 mi

2.16.13 Meio de cultura RPMI 1640

10,4 g de RPMI 1640
2 g de bicarbonato de s6dio
Agua destilada g.s. 1L
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2.16.14 Polimixina B

Este antibidtico foi dissolvido imediatamente antes de cada experimento,

com PBS esténil (BARJA-FIDALGO et al., 1992).

2.16.15 Quimotripsina

A quimotripsina foi dissolvida em meio RPMI estéril, imediatamente

antes de cada experimento.
2.16.16 Solucio salina tampenada (PBS)
5 ml de tampdo fosfato 1M
50 mlde NaCl 1.5 M
Agua deionizada q.s. 500 ml
A solugdo trabalho foi obtida pela diluigdo (1:10) da solugfo acima.
2.16.17 Solucdc PBS de lavagem
10 ml de PBS concentrado
1 ml de soro albumina bovina

0,1 ml de Heparina 5000 Ul/ml
Agua deionizada q.s. 100 ml
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2.16.18 SR140333 ((S)1-{2-[3~(3,4-diclorofenil)-1-(3-iso-
propoxifenilacetil) piperidina-3-iljetil}-4-fenil-1-azoniabiciclo[2.2.2]octana,

clorida)

Este antagonista foi dissolvido imediatamente antes de cada experimento,
com PBS estéril (IONUE et al., 1997).

2.16.19 SR48968 ((S)-N-metil-N[4-(4-acetilamino-4-fenilpiperidino)-
2-(3,4,-ciclorofenil)butil|benzamida)

Este antagonista foi dissolvido imediatamente antes de cada experimento,

com PBS estéril (IONUE et al., 1997).

2.16.20 Substancia P

A substéncia P foi dissolvida imediatamente antes de cada experimento,

com PBS estéril (SALEH ef al., 1998).
2.16.21 Meio tioglicolato de sodio (Tg)

A solugdo de Tg foi feita em 4agua destilada e, posteriormente,

esterilizada em autoclave.

2.16.22 Tripsina

Esta enzmma proteolitica foi dissolvida, em meio RPMI estéril,

imediatamente antes de cada experimento.
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3.1 Migrac¢éao de neutréfilos induzida pela SEA ou pela SEB para

a cavidade peritoneal de camundongos

Nossos resultados mostraram que tanto a SEA (16-64 pg/cavidade)
como a SEB (62,5-250 ug/cavidade), quando injetadas na cavidade peritoneal
de camundongos, mduzem aumento significativo no niimero de neutréfilos,
quando comparado aos nimeros encontrados na cavidade de animais que
receberam PBS (controle). Embora em ambos os casos este efeito tenha sido
proporcional as doses de toxinas utilizadas (Tabela 1), a SEA parece ser mais
potente do que a SEB na indugdo de tal efeito. Assim, para obter-se uma
migragdo semelhante dquela observada com 32ug de SEA (19 = 3 x10°
neutrofilos/cavidade), foi necessario utilizar uma dose 8 vezes maior (250

wg/cavidade) de SEB (18 + 3 x 10° neutréfilos/cavidade) (Tabela 1).

Os dados apresentados na Tabela 2 revelam que apods a administragdo de
SEA ou SEB nas cavidades peritoneais, o recrutamento maximo de neutréfilos
foi observado na 12° h. Por outro lado, o influxo de neutréfilos produzido pela
SEB tem duragdo maior do que 72 h enquanto que, com a SEA, este efeito

desaparece 72 h apds a injecdo da toxina.
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Tabela 1. Curva-dose resposta da migracaoc de neutrdfilos para a cavidade
peritoneal de camundongos, induzida por SEA ou por SEB.

i 30203 R
9.0 + 1.5* 200
19.0 +3.0* 533

21,0 +3.0%

3.5+ 0,3
13,0 £2,0% 271
14,0 + 1,0% 300
18,0 £ 3,0% 414

Cada valor representa a média + EPM de 5 animais. *p< 0,05 em relagdo ao grupo que
recebeu PBS em vez das toxinas (Teste “t” Student ndo pareado).
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Tabela 2. Variagido temporal da migracdo de neutrofilos para a cavidade
peritoneal de camundongos, induzida por SEA ou por SEB.

- i 1’{)* .

16+ 1,0%
3405 19 + 3,0% 18 + 3,0
2404 10 +2,0% 14 + 1,0%
2+£05 2405 8 + 2,0%

Cada valor representa a média + EPM de 5 animais. *p<0,05 em relagio ao grupo controle
(Teste “t” Student ndo pareado).
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A incubagdo de solucdes de SEA ou de SEB com PMX ndo modificou a
habilidade destas toxinas em induzir migragcdo de neutrofilos para a cavidade
peritoneal de camundongos. Por outro lado, a incubagdo de LPS (200-800
ng/cavidade), nas mesmas condigdes, com PMX, reduziu significativamente a

capacidade desta endotoxina em mduzir migragdo de neutréfilos (Figura 1).

3.2 Migracac de neutrdfilos, induzida pela SEA ou pela SEB,

para a bolsa de ar subcutanea (“air-pouch”)

Os dados ilustrados na Figura 2 revelam que estas duas SEs s@o mais
eficazes em causar recrutamento de neutrofilos para a cavidade peritoneal do
que para a BSA, pois, quando injetadas em BSA, estas toxinas exibiram mfluxo
de neutrofilos quantitativamente menor, quando comparade com aquele
observado em cavidades peritoneais. O mesmo resultado nio foi obtido com a
administragdo de dextrana (controle positivo) que exibiu, em ambas as

cavidades, acentuado recrutamento de neutrofilos.



Resultados 36

30 - .
mg |
Na¥
o -4 T
A
=
=
3
2
g 107
=
L
Z
{)_
PMX -+ -+ -+ -+
200 400 800 32 250
LPS (ng/cavidade) SEA SEB
ug/cavidade

Figura 1. Efeito da incubacdo das solugbes de SEA (0,3 mg/ml] SEB (2,5
ug/ml) ou de LPS (4-8 pg/ml} com polimixina B (3,5 ug/ml} sobre a
migracdc de neutréfilos para a cavidade peritoneal de camundongos. Cada
barra representa a media £ EPM de 5 animais, *p<0,05 em relagdo aos grupos que
receberam SEA, SEB ou LPS nfo incubados com PMX (Teste Kruskal-Wallis precedido de
ANCOVA).
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Figura 2. Migracdo de neutrdfilos induzida por SEA ou por SEB para a
holsa de ar subcutdnea. A migracdo de neutrofilos foi avaliada 12 h apds a injegdo de
SEA (32 ug/cavidade), SEB (62,5 pg/cavidade) ou Dextrana (300 ug/cavidade) na cavidade
BSA ou na cavidade peritoneal, Cada barra representa a média = EPM de 5 anirmais.
*5<0,05 em relagio aos grupos receberam PBS em vez dos estimulos (Teste “t” Student
ndo pareado).
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3.3 Participacéo de macrofagos peritoneais sobre a migragéo de

neutréfilos induzida pela SEA ou pela SEB

Nos animais em que o numero de macréfagos peritoneais fol aumentado
por meio do pré-tratamento (4 dias antes) com Tg, tanto a SEA como a SEB
exibiram migragdo de neutrdfilos cerca de 200% maior do que aquela
observada em cavidades que receberam salina como pré-tratamento e que,
portanto, ndo sofreram alteragSes no nimero de macrofagos (Figura 3), A
efetividade deste pré-tratamento em aumentar o numero de macrofagos
residentes esta ilustrada no Painel A, desta mesma Figura, onde podemos
observar que, apos este pré-tratamento, o numero de macrofagos encontrados
na cavidade peritoneal & cerca de 220 % maior, quando ¢comparado ao numero

encontrado em cavidades que receberam salina em vez de Tg.

Por outro lado, em animais que tiveram as cavidades peritoneais
submetidas a lavagem prévia com salina estéril, procedimento este que reduz
em 85% o numero de células residentes (Figura 4; painel A), observamos que
tanto a2 SEA como o SEB foram menos efetivas em induzir migraglo de

neutréfilos (Figura 4).
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Figura 3. Influéncia do aumento no numero de macrofagos peritoneais
sobre a migracao de neutréfilos induzida por SEA ou por SEB na cavidade
peritoneal de camundongos. Painel A: Nimero de macrofagos em cavidades injetadas
com salina (IN) ou em cavidades estimuladas com tioglicolato (Tg); Painel B: Migragdo de
neutrofilos induzida por SEA (16 ug/cavidade) ou por SEB (62,5 ug/cavidade) em
cavidades N ou em cavidades Tg. O Tg a 3% (2 ml/cavidade) foi injetado ip 4 dias antes da
administracio das toxinas e a migracdo de neutréfilos avaliada 12 h apds a injecdic das
toxinas. Cada barra representa a média + EPM de 3 animais. *p<0,05 em relacdo aos grupos
que receberam salina em vez de Tg (Teste Kruskal-Wallis precedido de ANOVA).
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Figura 4. [nfluéncia da diminuicao no numero de macréfagos peritoneais
residentes sobre a migracdo de neutrofilos induzida por SEA ou por SEB
na cavidade peritoneal de camundongos. Painel A: Numero de macrofagos em
cavidades nio submetidas a lavagem com salina estéril (N") ou em cavidades previamente
lavadas com salina estéril (W), Painel B: Migracio de neutrdfilos induzida por SEA ou per
SEB em cavidades NV, W ou “shams” (S). A lavagem das cavidades com salina estéril fol
realizada de acordo com o método descrito no item Materiais ¢ Métodos. A migragdo de
neutrofilos foi avaliada 4 h apés a inje¢do das toxinas. Cada barra representa a média + EPM
de 5 animais. *p<0,05 em relagdo aos grupos N ou 5. (Teste Kruskal-Wallis precedido de
ANOVA).
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3.4 Envolvimento de mediadores inflamatérics na migracdo de
neutréfilos induzida, pela SEA ocu pela SEB, para a cavidade

peritoneal de camundongos

Os dados ilustrados na Figura 5 mostram também, que o influxo de
neutréfilos induzido por SEA ou por SEB foi significativamente reduzido com
o pré-tratamento dos animais com BWA4C. Por outro lado, o pré-tratamento
dos animais com Indo (5 mg kg'') ndo interferiu no fendmeno migratdrio

induzido tanto por SEA como por SEB.

Além disto, o BN32021, wm antagomsta de PAF, também causou

mnibicio significativa da atividade migratéria de ambas as toxinas (Figura 5).

Verificamos igualmente a participagdo da histamina ¢ de neuropeptideos
de fibras C sensornais neste fendmeno, pelo uso do anti-histaminico CMT
(antagonista de receptores H, da histamina) e da CPS, substdncia capaz de
depletar os neuropeptideos de fibras C sensoriais. Nossos dados mostram que a
CMT é eficaz em mibir a resposta migratoria de neutrdfilos, induzida tanto por
SEA como por SEB, para a cavidade peritoneal de camundongos (Figura 5). O
mesmo fato fot observado com a CPS, gue causou mibigdo em torno de 56% no

influxo de neutrofilos produzido pela SEA ou pela SEB em camundongos.
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Figura 5. Efeitc do pré-tratamento com inibidores ou antagonistas
farmacolagicos sobre a migracdo de neutréfilos induzida por SEA ou por
SEB para a cavidade peritoneal de camundongos. Painel A Migracdo de
neutrofilos induzida pela SEA; Painel B: Migragio de neutrofilos induzida pela SEB. As
drogas indicadas na Figura acima foram administradas de acordo com o esquema descrito no
item Materiais & Métodos. A migragio de neutrofilos foi avaliada 12 h apos a injegdo de
SEA (32 ug/cavidade) ou SEB (250 ug/cavidade). Cada barra representa a média = EPM de
5 animais. A linha tracejada representa a média dos grupos que receberam PBS em vez das
toxinas. *p<0,05 em relagiio aos grupos sem pre-tratamento (C) (Teste Kruskal-Wallis
precedido de ANOVA).
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3.5 Liberacdc de componentes quimiotaticos para neutréofilos

por macréfagos incubados in vitro com SEA ou com SEB.

Nossos dados mostraram que os sobrenadantes provenientes da
incubagdo in vitro de macréfagos peritoneais de camundongos com SEA (SM-
SEA; 0,625-2,5 ug/ml) ou com SEB (SM-SEB; 1,25-5 pg/mi) sdo capazes de
induzir acentuado influxo de neutréfilos para a cavidade peritoneal de
camundongos enquanto que o sobrenadante da incubagdo destas células
somente com o meio de cultura, ndo exibiu atividade quimiotatica para
neutrofilos (Figura 6). Além disto, em ambos os casos, a liberagdo dos
provaveis componentes quimiotaticos para neutréfilos, nestes sobrenadantes, ¢
proporcional as doses de toxinas utilizadas como estimulo (Figura 6).

A incubagdo dos SM-SEA ou SM-SEB com PMX ndo modificou a
habilidade destes sobrenadantes em induzir mugragdo de neutrofilos para a
cavidade peritoneal de camundongos. Por outro lado, a incubagdo de LPS,
(200-800 ng/cavidade) nas mesmas condigdes, com PMX, reduziu
significativamente a capacidade desta endotoxina em induzir mugragdo de
neutréfilos (Figura 7).

A liberagdo destes componentes quimiotaticos para neutrofilos depende,
as mesma forma do tempo de estimulagdo dos macréfagos com as toxinas.
Assim, os sobrenadantes obtidos de macréfagos que foram estimulados apenas
5 minutos com SEA ou SEB ja exibiram significativo efeito quimiotatico para
neutrofilos. O pico maximo de migragdo foi observado com a injegdo de SM-
SEA ou SM-SEB obtidos de incubagdes de macrofagos, por 30 minutos, com
as respectivas toxinas. Observamos também, queda significativa na migragdo

de neutrofilos, induzida com SM-SEA ou SM-SEB, obtidos de macrofagos
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estimulados por 60 minutos com as toxinas (Figura 8).

Os dados ilustrados na Figura 8 mostram que o methor tempo de
incubagdo dos macrofagos para se obter quantidades maiores de componentes
quimiotaticos para neutrofilos, nos SM-SEA ou SM-SEB, esta em torno de 60

a 120 minutos.
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Figura 6. Liberacdo de componentes quimiotaticos para neutrdfilos por
macrofagos estimulados in vitro com SEA ou com SEB. Os macrofagos foram
obtidos de cavidades peritoneais pré-estimuladas (4 dias antes) com Tg a 3%. Cada ponto
representa a migragio de neutrofilos para as cavidades peritoneais de camundongos
induzidas pela injegdo ip de 0,2 ml das seguintes solugdes: sobrenadante de macrofagos
estimulados com RPMI (SM-RPMI, controle), sobrenadantes de macrofagos estimulados
com SEA (SM-SEA), sobrenadante de macrofagos estimulados com SEB (SM-SEB) A
migragio de neutrdfilos foi avaliada 12 h apds a injegdo dos sobrenadantes. Cada ponto
representa a média + EPM de 5 animais. *p<0,05, em relagdo ao grupo que recebeu o
sobrenadante da incubacdo de macrdfagos com RPMI (Teste “t” Student ndo pareado).
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Figura 7. Efeito da incubacao, com polimixina B, dos sobrenadantes das
incubacées de macrofagos com SEA ou SEB sobre migracao de neutrofilos
para a cavidade peritoneal de camundongos. Solugdes de sobrenadantes de
macrofagos incubados com SEA ou com SEB ou ainda solugdes de LPS {4-8 ug/ml) foram
incubados por 10 min, com PMX (3,5 pug/ml). Ao final deste periodo, estas solugdes foram
injetadas ip e a migragdo de neutrofilos avaliada 12 h apos. Cada barra representa 2 media =
EPM de 5 animais. *p<0,05 em relacdo aos grupos que receberam 0s sobrenadantes ou 0
LPS nio incubados com PMX (Teste Kruskal-Wallis precedido de ANOVA}.
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Figura 8. Efeito da variacao do periodo de pré-incubagéo ou de incubagao
sobre a liberacdo de componentes quimiotaticos para neutrofilos por
macréfagos estimulados com SEA ou com SEB. Painel A Migragdo de
neutrofilos induzida pelo sobrenadante de macréfagos estimulados com SEA (SM-SEA; 2,5
ug/ml); Painel B: migracdo de neutréfilos induzida pelo sobrenadante de macréfagos
estimulados com SEB (SM-SEB; 5 ug/ml). A migragio de neutrofilos para as cavidades
peritoneais de camundongos foi induzida pela injecdo ip de 0,2 ml de sobrenadante de
macrofagos estimulados com RPMI (controle), SM-SEA ou SM-SEB obtidos em diferentes
periodos de pré-incubacio ou de incubagfo. A migracdo de neutrofiles foi avaliada 12 b
apos a injegio dos sobrenadantes. Cada barra representa a media £ EPM de 5 animais.

*p<0,05, em relagdo ao grupo que recebeu o sobrenadantes da incubagdo de macrofagos
com RPMI (Teste “t” Student ndo pareado).
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Para viabilizar os procedimentos experimentais que envolviam alteragdes
no meio de incubagéo tais como pH, na temperatura ¢ concentragdes de célcio,
magnésio ¢ glicose, o meio RPMI, utilizado na maioria dos nossos
experimentos, foi substituido por tampdo Krebs-Ringer fosfato (KBF). A
utilizagdo do KBF como meio de incubaco, nio interferiu com a liberagdo dos
componentes quimiotaticos para neutréﬁlos nos SM-SEA ou SM-SEB ¢ com a
viabilidade dos macréfagos.

Os resultados obtidos neste estudo mostram que as condi¢des ideais para
que ocorra a liberagfio de componentes quimiotaticos para neutrofilos nos SM-
SEA ou SM-SEB, incluem temperatura ¢ pH do meio de incubacio proximos
ao fisiologico. Assim, um influxo de neutrofilos quantitativamente maior foi
somente observado com a inje¢do de SM-SEA ou SM-SEB obtidos a 37°C ou
em pH 7,0 a 7,5 (Tabela 3).

Nossos dados mostram também que a presenga de fons calcio e
magnésio, no meio de incubagdo ¢é necessaria para que a liberagdo dos
componentes quimiotaticos ocorra. Assim, em ambos 0s c¢asos, a auséncia de
ions calcio ou de magnésio, ou ainda de ambos, na solugdo KBF, resultou em
queda significativa na hberagdo dos componentes quimiotaticos para
neutrdfilos.

A auséncia de glicose na solugdo KBF, também reduz significativamente,
a liberagdo destes componentes quimiotaticos para neutrofilos (Tabela 3).

Além disto, o SM-SEA mantém a sua atividade quimiotitica para
neutrdfilos, mesmo apés 48 h de armazenamento em geladeira (4°C)
(Temperatura ambiente: 10 £ 1.8 x 10° neutréfilos/cavidade; 4°C: 10,2 + 2,0 x
10° neutréfilos/cavidade). O mesmo resultado ndo se observou, quando o SM-

SEB foi submetido a estas mesmas condi¢des (Temperatura ambiente: 11 £ 1,0
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x 10° neutréfilos/cavidade; 4°C: 1,7 + 0,2 x 10° neutréfilos/cavidade). Além
disto, o SM-SEA mostrou-se resistente a 3 ciclos sucessivos de congelamento
(-20°C) e descongelamento (temperatura ambiente) (SM-SEA nfo submetido
aos ciclos de congelamento e descongelamento: 10,6 + 10 x 10°
neutrofilos/cavidade; SM-SEA submetido aos ciclos de congelamento e
descongelamento: 9,3 + 1,7 x 10° neutréfilos/cavidade), enquanto que o SM-
SEB perdeu a sua habilidade em induzir migracdo de neutrofilos, apds tal
procedimento (SM-SEB ndo submetido aos ciclos de congelamento e
descongelamento: 8,4 + 1,0 x 10’ neutréfilos/cavidade; SM-SEB submetido
aos ciclos de congelamento e descongelamento: 2,0 + 04 x 10°

neutréfilos/cavidade).
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Tabela 3. Influéncia do pH, temperatura e da presenca de calcic, magnésio
e glicose no meio de incubacfio, sobre a liberacdo de componentes
quimiotaticos para neutréfilos nos SM-SEA ou SM-SEB.

S

6.0 1,5+0,1 3,6 +0,0% 58+ 1,0%
6.5 20+04 4,8 +0,9* 58+ 172%
7.0 1,3+02 10,9+2,6% 100 + 1,0*
7.5 1,6 +04 7.9 +0,9* 87+1,3%
8.0 2,0+04 39+ 04* 2,7+0.8

T4 20403 43+06*  35+10
37 2.0 +04 120+20¢  99+13*
45 ] 18+£03  38+06%  26+03

b R y
Completo 1,3+02 12,0 £ 0,2% 10,0 + 1,0%*
-Ca™ 1,7+0,5 4.0 £0,6% 2,3+£03
-Mg™ 1,8+02 47+10 43+1,0
-Ca™eMg™ 20+02 4,5+1,0% 2,6+0,6

- Glicose 2,0=x03 25+0,5 30+0,6

A migragdo de neutrdfilos para cavidades peritoneais de camundongos foi induzida pela
injeciio ip de SM-SEA ou SM-SEB, obtidos em diferentes faixas de pH (A), temperatura
(B) € na auséncia de ions calcio, magnésio ou glicose (C). A migragdo de neutréfilos foi
avaliada 12 h apds a injecio dos sobrenadantes. Os valores representam a média + EPM de
5 animais. ¥p<0,05 em relagio aos grupos que receberam os sobrenadantes da incubagdo de
macrofagos com KBF a 37°C, em pH 7,0 e na presenca de calcio, magnésio ¢ glicose (Teste
“t” Student ndo pareado).
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3.6 Caracterizacao parcial dos componentes gquimiotaticos para

neutrofilos presentes nos SM-SEA e SM-SEB

Ambos o0s sobrenadantes perderam a atividade quimiotdtica para
neutréfilos quando aquecidos por 30 minutos a 100°C, porém continuaram a
exibir tal atividade quando submetidos ao aquecimento pelo mesmo periodo, a
37°C ou a 56°C (Figura 9).

Uma outra caracteristica fisico-quimica importante destes componentes €
que, em ambos os casos, a liberagdo dos mesmos foi significativamente afetada
quando os macrofagos foram pré-tratados com um inibidor de sintese protéica,
como é o caso da ciclohexemida (9 pg/ml) (Figura 10).

Conforme ilustra a Figura 11, a incubagdo, tanto do SM-SEA como do
SM-SEB, durante 1 h, com ftripsina (200 pg/ml) nfo modificou a atividade
destes componentes em induzir recrutamento de neutrofilos para a cavidade
peritoneal de camundongos. Entretanto, quando incubados, nas mesmas
condi¢bes, com qumotripsina (100 pg/ml), a atividade quimiotatica em ambos

os casos foi significativamente reduzida.
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Figura 9. Efeitoc da temperatura sobre a atividade quimiotatica para
neutrdfilos dos sobrenadantes de macréfagos incubados com SEA ou SEB.
As barras representam a migragio de neutrdfilos induzidas pelos sobrenadantes de
macrofagos estimulados com SEA (SM-SEA) ou com SEB (SM-SEB) ndc aquecidos (C),
ou quando submetidos ao aquecimento a 37, 56 e 100°C, durante 30 minutos. A migrag&o
de neutrofilos foi avaliada 12 h apos a injeg8o dos sobrenadantes, Cada barra representa a
média £ EPM de 5 animais, A linha tracejada representa a média dos grupos que receberam
sobrenadante de macrofagos estimulados com RPMI. *p<0,05 em relagdo aos grupos que
receberam os sobrenadantes que n3o foram submetidos ac aguecimento (Teste “t” Student
ndo pareado).
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Figura 10. Efeito da ciclohexemida sobre a liberacao dos componentes
quimiotaticos para neutréfilos, no sobrenadante de macréfagos incubados
com SEA ou com SEB. Os sobrenadantes foram obtidos de macrofagos ndo pre-
tratados ou pré-tratados com ciclohexemida (ug/mi; CHM). A migragdo de neutrofilos foi
avaliada 12 h apés a injegdo dos estimulos. Cada barra representa a média & EPM de 5
animais. A linha tracejada representa a média dos grupos que receberam sobrenadantes de
macrofagos incubados com RPMI *p<0,05 em relagdo aos grupos gue receberam os
sobrenadantes da incubagZo de macrofagos ndo pré-tratados com ciclohexemida (C) (Teste
“” Student ndo pareado).
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Figura 11. Efeito da incubagfo dos scbrenadantes de macrofagos
estimulados com SEA ou com SEB, com tripsina ou com quimotripsina,
sobre a migracdc de neutrofilos. Os sobrenadantes provenientes da incubaglo de
macrofagos com SEA ou com SEB foram incubados por 30 munutos, a 37°C com as
seguintes solugdes: tripsina (200pg/ml; TRY) ou quimotripsina (100 ug/ml, CTRY}: A
migragio de neutréfilos foi avaliada 12 h apés a imjegdo dos estimulos. Cada barma
representa a média £ EPM de 5 animais. A linha tracejada representa a media dos grupos
que receberam sobrenadantes de macrofagos com RPMI *p<0,05 em relagdc aos grupos
que receberam os sobrenadantes que néo foram incubados com as enzimas proteoliticas {C)
(Teste “t” Student nfo pareado).
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Em relagio ao SM-SEA, somente a parte retida apos ultrafiltragdo em
membranas capazes de reter moléculas com peso molecular maior que 10.000,
induziu a wm aumento significative no nitmerc de neutrofilos para a cavidade
peritoneal de camundongos (Figura 12). Quando estes sobrenadantes foram
submetidos a uma outra ultrafitracdo utilizando agora uma membrana que
restringe a passagem de moléculas com peso molecular acima de 30.000
observamos que, novamente somente a parte retida nesta membrana foi capaz
de induzir um significativo influxo de neutrdfilos. Quando a parte retida na
membrana de 30.000 foi submetida a uma outra membrana, capaz de restringir
moléculas com peso molecular acima de 100.000, observamos que a substancia
quimiotatica para neutréfilos presente no SM-SEA, novamente ficou retida
(Figura 12).

A Figura 12 contém ainda dados referentes a investigagdo do peso
molecular do componente quimiotatico para neutréfilos presente nos SM-SEB.
Neste caso, apenas as moléculas presentes no filtrado das membranas de
10.000, exibiram atividade quimiotatica para neutrofilos. De posse destes
dados, submetemos entic o0 SM-SEB a uma membrana capaz de restrmgir a
passagem de moléculas com peso molecular acima de 3.000. Novamente
observamos que somente as moléculas filtradas, nesta membrana foram
capazes de promover recrutamento de neutrofilos para o periténeo de
camundongos. Quando este sobrenadante foi submetido a mais uma membrana
de ultrafiltracfio, com o propésito de restringir a passagem de moléculas com
peso molecular acima de 1.000, observamos que as moléculas retidas nesta

membrana, foram capazes de promover migragio de neutrofilos.
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3.7 Participacdo de macrdfagos peritoneais residentes sobre a

migracéo de neutrdfilos induzida pelo SM-SEA ou pelo SM-SEB

Os dados ilustrados na figura 13 mostram que o influxo de neutréfilos,
induzido pelo SM-SEA ou pelo SM-SEB, foi quantitativamente semethante em
cavidades pré-tratadas com Tg (4 dias antes) ou em cavidades que receberam
salina como pré-tratamento e que, portanto, nio sofreram alteragdes no nimero
de macrdfagos. O painel A desta figura ilustra a efetividade do pré-tratamento
dos animais com Tg, a0 aumentar o niimero de macréfagos residentes.

Tanto o SM-SEA como o SM-SEB foram também eficazes em induzir
acumulo de neutrdfilos em cavidades depletadas de células residentes, por meio
da lavagem prévia com salina estéril, procedimento este que reduz em 85% o

nimero destas células (Figura 14).
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Figura 12. Efeito da ultrafiltragdo dos sobrenadantes de macréiagos
incubados com SEA ou com SEB sobre a migracdo de neutrofilos. Painel A
sobrenadantes de macréfagos incubados com SEA; Painel B: sobrenadantes de macrofagos
incubados com SEB. As barras representam as migragSes de neutrofilos induzidas pelas
seguintes solugdes: sobrenadantes ndo submetidos a ultrafiltragio (C); ressuspensdo do
material retide nas membranas ap0s a ultrafiltragdio (R); filtrado coletado apés ultrafiitragao
(F). A migraciio de neutrofilos foi avaliada 12 h apds a injegdo dos estimulos. Cada barra
representa 2 média £ EPM de 5 animais. As linhas tracejadas representam a média dos
grupos que receberam sobrenadantes de macrofagos incubados com RPMI.*p<0,05 em
relagio aos grupos que receberam os sobrenadantes que nao foram ultrafiltrados (Teste “t”
Student ndo pareado).
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Figura 13. Influéncia do aumento no nimero de macréfagos peritoneais
sobre a migracdo de neutrdfilos induzida por SM-SEA ou por SM-SEB em
camundongos. Painel A: Nitmero de macrofagos em cavidades injetadas com salina (N}
ou em cavidades estimuladas com meio tioglicolato (Tg), Painel B: Migragdo de neutrofilos
induzida por SM-SEA ou por SM-SEB em cavidades N ou em cavidades Tg. O Tga 3% (2
ml/cavidade) foi injetado ip 4 dias antes da administragdo dos sobrenadantes. A migragdo de
neutréfilos foi avaliada 4 h apos a injegio dos sobrenadantes. Cada barra representa a media
+ EPM de 5 animais. *p<0,05 em relagdo aos grupos sem pré-tratamento (Teste Kruskal-
Wallis precedido de ANOVA).
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Figura 14. Influéncia da diminuicéo ne nimero de macrofagos peritoneais
residentes sobre a migracdc de neutréfilos induzida por SM-SEA ou por
SM-SEB em camundongos. Painel A: Numero de macrofagos em cavidades ndo
submetidas a lavagem com salina estéril (NV) ou em cavidades previamente lavadas com
salina estéril (W};»Paine} B: Migragic de neutrofilos induzida por SM-SEA ou por SM-5EB
em cavidades NV , W ou “shams” (8). A lavagem das cavidades com salina estéril foi
realizada de acordo com o método descrito no item Materiais ¢ Métodos. A migragdo de
neutrofilos foi avaliada 4 h apos a injegdo dos sobrenadantes. Cada barra representa a média
+ EPM de 5 animais. *p<0,05 em relacio aos grupos sem pré-tratamento (Teste Kruskal-
Wallis precedido de ANOVA).
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3.8 Efeito de inibidores e antagonistas farmacolégicos sobre a
migracdo de neutrdfilos induzida pelos SM-SEA ou SM-SEB.

Na Figura 15, podemos observar que os pré-tratamentos dos animais
com Dexa, BW755C, BWA4C ou com Indo ndo foram eficazes em 1nibir a
migragio de neutrdfilos, observada apés o estimulo com SM-SEA. O BN52021
e 3 CMT também ndo foram eficazes em inibir o influxo de neutrofilos,
induzido pelo SM-SEA. No entanto, em animais pré-tratados com CPS, uma
substancia capaz de depletar os neuropeptideos de fibras C sensorials,
observamos uma inibigio de 72% na migragdo de neutréfilos (Figura 15).

Por outro lado, o pré-tratamento dos animais com todos os antagonistas
descritos acima, com excegdo da Indo, ao contrario do que for observado com
o SM-SEA, causaram redugdo significativa na resposta migratoria para

neutréfilos do SM-SEB (Figura 15).

3.9 Efeito de antagonistas seletivos para receptores NKi e NKa
de taquicininas sobre a migracdoc de neutrofilos induzida pelos
SM-SEA ou SM-SEB.

Em animais pré-tratados com SR140333, um antagonista seletivo para
receptores NK; de taquicininas, observamos redugdo significativa do acamulo
de neutréfilos, induzido pelo SM-SEA ou pelo SM-SEB. Por outro lado, néo
observamos alteragdes mno influxo de neutrdfilos, induzido por estes
sobrenadantes, em animais que foram pré-tratados com SR48968, um
antagonista de receptores NK, de taquicininas. Esta figura ilustra ainda que
resultados semelhantes foram observados em relagdo a migragdo de neutrofilos
induzida pela SP (20 nmol/cavidade), que fot utilizada em nossos protocolos

experimentais como controle positivo (Figura 16).
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Figura 15. Efeitoc do pré-tratamento dos animais com inibidores ou
antagonistas farmacologicos sobre a migracdo de neutrdfilos induzida
pelos sobrenadantes da incubacéo de macréfagos com SEA ou com SEB.
Painel A- sobrenadante da incubagio de macrofagos com SEA; Painel B: sobrenadante da
incubagdo de macrofagos com SEB. As drogas foram administradas nos tempos e nas doses
descritas no item Materiais e Métodos. A migragio de neutrofilos foi avaliada 12 h apds a
injecio dos estimulos. As linhas tracejadas representam a média dos grupos que receberam
sobrenadantes da incubagiio de macrofagos com RPMI. Cada barra representa a média *
EPM de 5 animais. *p<0,05 em relagiic aos grupos sem pré-tratamento (C) (Teste Kruskal-
Wallis precedido de ANOVA)



Resultados 62

SP

ooy
o0
}

SM-SEA
SM-SEB

Neutrofilos/cavidade (x10°)
O

Controles SR140333 SR48968

Figura 16. Efeito do pré-trataments dos animais com antagonistas
seletivos para receptores NK; e NK; de taquicininas sobre a migracao de
neutréfilos induzida pelos sobrenadantes da incubacdo de macrdfagos com
SEA ou com SEB. O SR140333 (100 ug/kg), antagonista NK, e o SR 48968 (1 mg/kg),
antagonista NK;  foeram administrados endovenosamente imediatamente antes da
administragdo dos sobrenadantes de macrofagos estimulados com SEA ou com SEB ou da
SP (20 nmol/cavidade). A migragio de neutrofilos foi avaliada 4 h apds a injecdo dos
estimulos. Cada barra representa a média == EPM de 5 animais. A linha tracejada representa
a média dos grupos que receberam sobrenadantes de macrofagos incubados com RPML
*p<0,05 em relagdo aos grupos sem pré-tratamento (C) (Teste Kruskal-Wallis precedido de
ANOVA).












Os presentes resultados indicam que tanto a SEA como a SEB séo capazes
de induzir migragdo significativa de neutréfilos, dose e tempo dependente, para a
cavidade peritoneal de camundongos. O efeito quimiotitico para neutrofilos,
exibido por estas duas SEs, é modulado pelo nimero de células residentes na
cavidade peritoneal e foi significativamente inibido com o uso de varios
antagonistas ou inibidores farmacolégicos tais como a Dexa, BWA4C, BN52021,
CMT e CPS (DESOUZA & RIBEIRO-DASILVA, 1996;1998).

A migracio de neutrofilos, dose e tempo dependente, observada apos a
injegdo ip tanto de SEA como de SEB, ¢ contrastante com a reduzida migraggo
causada por estas toxinas na bolsa de ar subcutdnea, uma cavidade em que a
populagdo de células residentes € consideravelmente menor em relagdo a
cavidade peritoneal (RIBEIRO ef al., 1991). Em adi¢fio a estas observagoes,
nossos dados também mostraram que a migragdo de neutrdfilos, produzida por
estas duas SEs, foi potencializada em cavidades peritoneais onde o numero basal
de macrofagos foi aumentado pelo pré-tratamento com Tg. Além disto, em
cavidades peritoneais, onde o numero de macrofagos foi reduzido por lavagem
com salina estéril, observamos inibigc na resposta migratdria induzida por estas
SEs. Portanto, todos os fatos descritos acima sdo indicages de que estas duas
SEs produzem migragdo de neutrofilos por um mecanismo indireto dependente do
mimero macrofagos na cavidade peritoneal de camundongos, inespecifico e
multimediado (DESOUZA & RIBEIRO-DASILVA, 1996; 1998).

E importante ressaltar que mediadores tais como prostaglandinas,
LTB,, IL-1, TL-8, TNF-a ¢ 6xido nitrico sdo liberados por macréfagos ativados
por toxinas bacterianas. Estes mediadores estio envolvidos em vérios eventos da

reacdo inflamatoria, tais como migragio de leucdcitos, aumento de
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permeabilidade vascular, febre e dor (MISFELDT et a/., 1990; FLEMING et al.,
1991; MELLO FILHO ef al., 1997, FERREIRA, 1993; DINARELLO; 1991;
KLUGER, 1991). Além disto, de acordo com as hipdteses mais recentes, 0s
macrofagos s@o considerados células alvo das SEs, através da qual mediadores
tais como IL-1, IL-6, TNF-q, ¢ leucotrienos podem ser liberados e ter um papel
crucial no desenvolvimento dos efeitos enteropatologicos destas toxinas em
humanos (MICUSAN & THIBODEAU, 1993; SEKALY, 1993; BOBAK &
GUERRANT, 1992; JETT et al., 1990).

Embora ndo se tenha conhecimento ainda do(s) mecanismo(s) pelos quais
as SEs causam seus efeitos (SEKALY, 1993; BOBAK & GUERRANT, 1992;
JETT et al., 1990; BERGDOLL & CHESNEY, 1991), sabe-se que estes podem
ser diferentes de acordo com a toxina causadora (LECLAIRE ef al., 1995). Em
trabalhos anteriores, sugerimos que, embora a SEA ¢ a SEB sejam capazes de
induzir inflamag¢do neurogénica na pata de camundongos, a reagéo inflamatéria
local assume caracteristicas diferentes de acordo com tipo de SE utilizada como
estimulo, principalmente no que diz respeito aos mediadores envolvidos. Assim, a
resposta edematogénica produzida pela SEA na pata de camundongos envolve os
metabdlitos da CO, enquanto que aquela produzida pela SEB envolve os
metabolitos da LO (DESOUZA er al, 1996; DESOUZA & RIBEIRO-
DASILVA, 1997).

Com relagdo aos eventos celulares da resposta inflamatéria induzida por
estas toxinas, observamos que a SEA parece ser cerca de 8 vezes mais potente do
que a SEB em promover migrago de neutrofilos. Assim, 16 pg de SEA foram
suficientes para triplicar o nimero de neutrdfilos na cavidade peritoneal de
camundongos, enquanto que com a SEB foram necessarias doses > 62,5 ug

(DESOUZA & RIBEIRO-DASILVA, 1996; 1998) para se obter uma migracio
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quantitattvamente comparavel aquela produzida pela SEA. Além, disto, enquanto
que a migragdo de neutréfilos, induzida pela SEA, parece ter duragdo aproximada
de 24 h, com a SEB este fendmeno continua a ser observado mesmo ap6s 72 h da
sua administragdo (DESOUZA & RIBEIRO-DASILVA, 1996; 1998). Portanto,
tanto as diferengas encontradas no perfil de migragio de neutrdfilos como de
edema em camundongos (DESOUZA et al., 1996; DESOUZA & RIBEIRO-
DASILVA, 1997) sdo evidéncias claras de que o mecanismo pelo qual estas
toxinas induzem inflamacdo diferem de acordo com a SE utilizada como
estimulo.

Pequenas doses de LPS sdo capazes de promover acentuado actimulo de
neutréfilos, sugerindo que uma contaminagio das solugdes de SEA ou de SEB
com esta endotoxina poderia ser a responsavel pela migragdo de neutrdfilos,
observada em nossos experimentos. Para descartar tal possibilidade, realizamos
alguns protocolos experimentais, em que solugdes de LPS (200-800 ng/cavidade),
SEA (32 pg/cavidade) ou de SEB (250 ug/cavidade) foram incubadas com
polimixina B, um antibiético capaz de inativar o LPS (CUNHA & FERREIRA,
1986; BARJA-FIDALGO ef al.,, 1992). Os resultados obtidos demonstram
claramente que as solugdes de SEs utilizadas ndo estavam contaminadas com
ILPS, pois, mesmo apés a incubagdo com polimixina B, estas toxinas continuaram
a induzir migragdo de neutrofilos quantitativamente semelhante aquela observada
com solugdes ndo submetidas a incubacgdo com polimixina B. Por outro lado, com
solugdes de LPS incubadas com este antibidtico, notificamos inibigio acentuada
na habilidade desta endotoxina em induzir migragdo de neutréfilos. Além disto,
doses maiores de 200 ng por cavidade de LPS ndo foram efetivas em induzir
recrutamento de neutrofilos, fato este que esta de acordo com dados de literatura,

mostrando gque a endotoxina, em altas doses, exibe efeito antiinflamatorio,
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caracterizado pela incapacitagio dos neutréfilos em migrarem para o sitio
inflamado (SMITH, FORD-HUTCHINSON, WALKER, 1977, ROSENBAUN et
al., 1983; ROCHA & FERREIRA, 1986).

A liberacdo de citocinas com propriedade quimiotatica para neutrofilos, de
células na cavidade peritoneal, poderia ser a causa do recrutamento de neutrofilos
frente ao estimulo com estas toxinas. No caso especifico da SEA, trabalhos
recentes na literatura tém demonstrado que macréfagos alveolares quando
estimulados com esta toxina, liberam IL-8 (MILLER, COHEN, PETERSON,
1996 a; MILLER, et al., 1996b). Portanto, a exemplo do que ocorre em oufros
modelos expermentais (RIBEIRO er al, 1991; BETIES et al, 1996;
ZEILLEMAKER et al., 1995), a liberagdo de IL-8 poderia explicar o influxo de
neutrofilos, provocado pela SEA em camundongos. Porém, ¢ importante
considerar que esta citocina induz migracdo de neutréfilos por um mecanismo
indireto, que depende da estimulacdo de células residentes, tais como o0s
mastécitos, com conseqiiente liberacdo de outras citocinas ou fatores
quimiotiticos para neutréfilos (RIBEIRO ef al., 1991).

Qutras citocinas provenientes de macrofagos tais como IL-1, IL-6, TNF-a
e INF-y, também induzem migracdo de neutréfilos, tanto in vivo como in vitro, €
estio envolvidas em muitos eventos das respostas inflamatérnia e imune (BECK et
al., 1986; CYLBULSKI et al., 1986; HENDERSON & PETTPHER, 1988,
FACCIOLLI et al., 1990; LINDLEY et al., 1988, COLDITZ et al., 1989).
Conforme mencionado anteriormente, as SEs sdo capazes de estimular células
mononucleares a liberar IL-1, IL-6 e TNF-aa (MICUSAN & THIBODEAU,
1993; SEKALY, 1993; BOBAK & GUERRANT, 1992; JETT et al., 1990). O
mecanismo pelo qual IL-1, TNF-o e INF-y induzem migracdo de neutrofilos esta

correlacionado com a estimulagdo de macréfagos residentes que, quando
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incubados #zm vifro com estas citocinas, sdo capazes de liberar fatores
quimiotaticos para neutrofilos (CUNHA & FERREIRA, 1986; RAMPART &
WILLIAMS, 1988; FACCIOLLI er al., 1990; HARMSEN & HAVEL, 1990;
RIBEIRO et al., 1991; 1995). Assim, nossos resultados ndo descartam a
possibilidade de um envolvimento destas citocinas no influxo de neutrofilos
induzido por SEA ou SEB.

O influxo de neutrdfilos induzido pela SEA ou pela SEB na cavidade
peritoneal de camundongos, for significativamente inibido pelo pré-tratamento
dos animais com dexametasona ou com BWA4C, mas nio foi afetado com o uso
da indometacina, o que sugere que os produtos da 1O, tais como o LTBy,
poderiam estar envolvidos no recrutamento de neutrofilos, observado apos a
inje¢do destas duas SEs. No entanto, autores como RIBEIRO et al. (1995)
acreditam que o LTB4 também induz migragéo de neutréfilos por um mecanismo
indireto, que depende da Iiberagdo de outros mediadores (ou fatores
quimiotaticos para neutrofilos) de macrofagos residentes.

Nossos dados mostraram que o composto BN52021, um antagonista de
PAF, ¢é capaz de causar reducdo significativa na migragdo de neutréfilos
produzida por estas duas SEs, sugerindo que este mediador poderia estar sendo
produzido durante a resposta inflamatdria induzida por estas toxinas e
desempenhar um importante papel no influxo de neutrofilos (DESOUZA &
RIBEIRO-DASILVA, 1996; 1998). O PAF € considerado um potente agente
quimiotatico para neutrofilos € pode ser liberado por células tais como os
basofilos, macrofagos, plaquetas e os proprios neutrdfilos, em resposta a uma
variedade de estimulos lesivos (BRAQUET ef al., 1987, WATANABE et al,,
1994). A atividade quimiotdtica do PAF estd correlacionada ao fato deste

mediador ser capaz de aumentar a adesividade entre os neutrofilos e as células
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endoteliais (HUMPHREY, HANAHAN, PINCKARD, 1982; MACMILLAN &
FOSTER, 1988; LEHRER et al., 1988).

Demonstramos recentemente que tanto a SEA como a SEB induzem edema
neurogénico na pata de camundongos (DESOUZA et al., 1996; DESOUZA &
RIBEIRO-DASILVA, 1997). Esta hipétese estd baseada no fato de que a
capsaicina, uma substincia capaz de depletar as fibras C sensoriais do seu
conteudo de neuropeptideos, é capaz de reduzir acentuadamente o edema e o
extravasamento plasmatico, induzido por estas duas SEs, na pata de
camundongos. A SP € o principal mediador da inflamag¢do neurogénica
(FOREMAN, 1987; WALSH et al., 1995) e parece estar também envolvida nos
efeitos patofisiolégicos da SEs (ALBER et al, 1989; MICUSAN &
THIBODEAU, 1993). A inflamacio neurogénica pode ser induzida pela
estimulagdo elétrica (ou quimica) de neurbnios sensoriais € envolve uma série de
eventos inflamatdrios tais como vasodilatagdo, formagéo de edema e acumulo de
leucocitos (WALSH ef al., 1995).

A migracgio de neutrofilos, produzida por SEA ou por SEB, na cavidade
peritoneal de camundongos foi significativamente inibida pelo pré-tratamento dos
animais com capsaicina (DESOUZA & RIBEIRO-DASILVA, 1996; 1998), o
que reforgca a nossa hipdtese de que estas toxinas induzem a uma inflamagdo
neurdgenica em camundongos. Além disto, o provavel envolvimento da SP neste
fendmeno estabelece mais uma correlagdo positiva entre os efeitos destas toximas
em camundongos e aqueles observados em humanos, (MICUSAN &
THIBODEAU, 1993) sugerindo, novamente, que o modelo experimental de
inflamagdo em camundongos poderia ser util para se esclarecer melhor o
mecanismo de agdo das SEs.

Um numerc consideravel de mediadores, provenientes de mastocitos, estd
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também envolvido na resposta inflamatéria induzida pela SP, tais como histamina
e o LTB4. Estes mediadores sdo considerados como os principais responsdveis
pela infiltragdo de leucdcitos, observada na pele de camundongos administrados
com SP (FOREMAN, 1987; IWAMOTO & NADEL, 1989).

Este fato poderia explicar nossos resultados, mostrando que a migragdo
induzida por SEA ou SEB foi reduzida quando os animais foram pré-tratados
com CMT, antagonista de receptores H, da histamina, ou com o BWAA4C
(DESOUZA & RIBEIRO-DASILVA, 1996; 1998). Estes resultados podem ainda
constituir uma evidéncia de que nfdo s6 os macrofagos, como também os
mastocitos, poderiam participar da mobilizagdo de neutréfilos para o foco
inflamatério, frente ao estimulo com SEs. Neste contexto, é licito considerar
ainda que a estimulagdo de neurénios sensoriais, com conseqiiente liberacdo de
neuropeptideos e estimulagdo de mastdcitos é também uma importante etapa no
desenvolvimento dos eventos patofisiologicos destas toxinas em humanos
(SCHEUBER et al., 1987, MICUSAN & THIBODEAU, 1993).

Com o intuito de investigar melhor a participagdo de macrofagos sobre a
migracdo de neutrofilos induzida por SEs, realizamos uma série de protocolos
experimentais em que macrdfagos peritoneais, provenientes de camundongos pré-
tratados (4 dias antes) com meio tioglicolato de sodio, foram incubados in vitro
com estas duas toxinas. Os resultados obtidos neste estudo mostraram que 0s
sobrenadantes resultantes da incubacio in vitro de macréfagos com SEA (SM-
SEA) ou com SEB (SM-SEB), quando mjetados ip em camundongos, sio
capazes de induzir migra¢do de neutrdfilos. Estes dados sugerem, portanto, que
substincias com propriedade quimuotatica para neutrofilos sdo produzidas,
quando macrdfagos sdo estimulados com SEs, confirmando a nossa hipdtese de

que estas cé€lulas desempenham um papel modulatério na mfiltracio de
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peutrofilos provocada por estas duas SEs in vivo (DESOUZA & RIBEIRO-
DASILVA, 1996; 1998).

A possivel contaminagdo dos sobrenadantes com endotoxina bacteriana,
também poderia explicar o influxo de neutréfilos observado em nossos protocolos
experimentais. Para descartar tal possibilidade, incubamos os sobrenadantes, ou
solugdes de LPS, com polimixina B (CUNHA & FERREIRA, 1986). Assim,
mesmo apOs a incubacdo com polimixina, estes sobrenadantes, mas nio o LPS,
continuaram a mnduzir migracdo de neutrofilos, descartando assim a hipotese de
que a migragéo tenha sido causada por contaminag@io com endotoxina bacteriana.

A liberagdo dos componentes quimiotaticos para neutrdfilos nos SM-SEA
ou no SM-SEB ¢ um fenémeno que ocorre de uma maneira-dose e tempo-
dependente e ndo envolve morte celular, uma vez que, em todos os protocolos
experimentais, aproximadamente 95% dos macrofagos mostraram-se viaveis.
Nossos resultados também mostraram que, tanto o SM-SEA como o SM-SEB,
obtidos apds 60 minutos de pré-incubagdo com as toxinas, ou apos 3 h de
incubag@o com o meio de cultura, foram capazes de induzir sigmficativa migragéo
de neutrofilos. Estes resultados podem estar refletindo o fato de que, nestes
periodos, a atividade funcional destas células estavam aumentadas, uma vez que
as mesmas foram mantidas em condi¢Ses ideias de temperatura, pH e nutrientes.
E importante ressaltar que, os macrofagos so considerados como células
essencialmente secretoras, podendo liberar mais de 100 substincias ativas em
eventos da reacdo inflamatéria aguda, bem como em uma séric de eventos
fisiologicos. A secreg¢do de muitas destas moléculas depende do estado
metabolico dos macrofagos que, por sua vez, depende da interacdo dos mesmos
com o microambiente (NATHAN, 1987; PENDINO & LASKIN, 1995).

Além disto, a liberacdo destas substancias parece ser dependente de pH e
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temperatura proximos ao fisiolégico, ¢ da presenga de ions calcio, magnésio ¢ da
glicose. Diante do exposto, podemos entdo considerar que, macrofagos
estimulados in vitro com SEA ou com SEB secretam, por um processo ativo,
substancias quimiotaticas para neutréfilos.

Nossos resultados indicam da mesma forma que as substincias
quimiotdticas para neutrofilos, presentes nos SM-SEA ou SM-SEB, possuem
natureza protéica. Esta hipotese esta baseada em resultados, mostrando que estes
sobrenadantes perdem a habilidade em induzir migracdo de neutrdfilos quando
aquecidos por 30 minutos, a 100°C. Por outro lado, em ambos os casos, estas
proteinas com atividade quimiotatica para neutrofilos parecem possuir em sua
seqiiéncia de aminoacidos, ligagOes peptidicas de tirosina, triptofano e
fenilalanina. Estes fatos estdo baseados nas observagdes de que ambos os
componentes tiveram as suas atividades quimiotaticas comprometidas apos a
incubagio com quimotripsina, uma enzima proteolitica apropriada para hidrolisar
ligagdes peptidicas de tirosina, triptofano e fenilalanina (STRYER, 1992). Por
outro lado, a incubagfo destes componentes com uma outra enzima proteolitica, a
tripsina, ndo interferiu com a atividade quimiotatica para neutrofilos dos mesmos.
A tripsina € uma enzima especifica para a hidrolise de ligagbes peptidicas de
lisina e arginina (STRYER, 1992), sugerindo que estas ligagdes ndo fazem parte
da estrutura protéica das substincias quimiotaticas para neutrofilos secretadas por
macrofagos estimulados com SEA ou com SEB.

A inativagdo da atividade quirmiotatica dos SM-SEA ou do SM-SEB pelo
aquecimento ¢ o fato destes componentes serem sensiveis a agdo de enzimas
proteoliticas, descartam ainda a possibilidade de que a atividade quimiotatica dos
mesmos seja devido a uma contaminagdo dos sobrenadantes com as SEs, pois

estas toxinas sdo proteinas termoestaveis e resistentes & acio de tais enzimas
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(BERGDOLL, 1989; IANDOLO, 1989).

Macrofagos pré-tratados in vitro com ciclohexemida, um imibidor de
sintese protéica, parecem liberar pequenas quantidades destes componentes
quimiotaticos para neutrofilos nos sobrenadantes. Esta dltima observagdo sugere
ainda que estas substincias nfio sdo previamente sintetizadas e estocadas pelos
macrofagos e sim sintetizadas imediatamente ap6s o contato destas células com
as toxinas.

O mecanismo pelos quais as SEs causam os seus efeitos caracteristicos,
em humanos, podem ser diferentes, de acordo com o tipo de SE causadora
(LECLAIRE ef al., 1995). Em trabathos anteriores, demonstramos que a resposta
edematogénica induzida pela SEA em camundongos, difere daquela observada
com a SEB, principalmente em relagdo aos mediadores inflamatorios envolvidos
(DESOUZA et al, 1996; DESOUZA & RIBEIRO-DASILVA, 1997). Nos
resultados apresentados nesta tese, observamos que o peso molecular da
substincia quimiotatica para neutrofilos presente no SM-SEA € maior do que
100.000, enquanto que o peso molecular da substancia presente no SM-SEB
parece estar entre 1.000 e 3.000. Todas estas observagdes sugerem que, embora a
migragdio de neutrofilos, causada por estas toxinas, na cavidade peritoneal de
camundongos, se desenvolva dentro de um padrdo semelhante, principaimente no
que diz respeito aos mediadores envolvidos (DESOUZA & RIBEIRO-
DASILVA, 1996, 1998), macrofagos estimulados in vitro com estas toxinas
liberam componentes quimiotaticos para neutrofilos com caracteristicas distintas.
Esta hipotese foi ainda confirmada com resultados mostrando que, enquanto o
componente quimiotatico presente no SM-SEA foi capaz de resistir a varios
ciclos de congelamento e descongelamento, o componente presente no SM-SEB

perdeu a atividade quimiotética apos tais procedimentos. Além disto, 0 SM-SEA
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continua a possuir atividade quimiotatica para neutrofilos mesmo apos varios dias
de armazenamento em geladeira, enquanto que o SM-SEB perde quase
totalmente a atividade quimiotatica quando armazenado, nestas condi¢des, por
periodos maiores do que 48 h.

Varios autores demonstraram que o actimulo de neutrofilos em exsudatos
inflamatérios, induzido pelo LPS, € controlado por células peritoneais residentes
(RUSSO, 1980; MERRIL et ai., 1980; HERMANOWICZ & NAWARKA, 1986;
ISSEKUTZ, MEGYERI, ISSEKUTZ, 1987; LEE, 1987, SCHRODER et al,,
1987). Além disto, sabe-se que macrofagos estimulados in vifro com esta
endotoxina liberam, para o meio de cultura, um fator quumiotatico para neutrofilos
(MNCF) (CUNHA & FERREIRA, 1986). O MNCF ¢ uma proteina com peso
molecular de 54.000, com atividade do tipo lectina (RIBEIRO er al., 1995;
BARUFFI, CUNHA, FERREIRA, 1993), que parece ser o principal mediador
envolvido no recrutamento de neutréfilos, induzido por varios estimulos
inflamatérios com propriedade quimiotatica para neufrofilos, tais como IL-1,
TNF-a e IFN-y (FACCIOLLI et al., 1990; RIBEIRO et /., 1990;1995).

As SEs compartitlham varias atividades biologicas com o LPS
(BERGDOLL & CHESNEY, 1991). Desta maneira, o fato da incubagéo in vitro
de macréfagos com SEA ou com SEB, também resultar na liberagdo de proteinas
quimiotaticas para neutréfilos, pode significar uma possivel semelhanga entre o
mecanismo de agdo destas toxinas e aquele anteriormente descrito para o LPS,
em induzir influxo de neutrdfilos para o foco inflamatério (CUNHA &
FERREIRA, 1986; ISSEKUTZ et al., 1987). No entanto, nossos resultados nédo
nos permitem concluir que as proteinas quimiotaticas presentes nos SM-SEA ou
SM-SEB e o MNCF, sejam substincias similares.

Assim, enquanto que o componente quimiotatico presente no SM-SEB
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parece possuir peso molecular entre 1.000-3.000, o MNCF possui peso molecular
de 54.000. Além disto, a migragfio de neutrofilos induzida pelo MNCF em ratos
néo & afetada pelo pré-tratamento dos animais com dexametasona (CUNHA &
FERREIRA, 1986; BARUFF], er al, 1993), ao contrario do se observa com
outros mediadores conhecidos por participar da infiltragdo de neutréfilos, durante
a resposta inflamatoria, tais como IL-1, TNF-a ¢ IFN-y, LTBs ¢ o C5a
(FACCIOLLI et al., 1990; RIBEIRO et al, 1991, 1997). Em nossos
experimentos, a migragdo de neutrofilos, causada pelo SM-SEB, foi reduzida nos
80% em animais tratados com dexametasona. O peso molecular da substincia
quimiotatica presente no SM-SEA (>100.000) também parece excluir a
possibilidade de que este componente quimiotitico seja similar ao MNCF. Ao
contrario do que foi observado com o SM-SEB, a migra¢do de neutréfilos
induzida pelo SM-SEA nio foi afetada em animais tratados com dexametasona.
Os glicocorticéides inibem a liberagdo de muitas substincias
biologicamente ativas, incluindo substincias quimiotaticas para neutrofilos tais
como os metabolitos do AA ou citocinas (HIGGS & VANE, 1983; FLOWER,
1988; FANTUZZI & GHEZZI, 1993; KLEIN et al, 1995). Em nossos
experimentos, © pré-tratamento iz vitro dos macréfagos com dexametasona
(5pug/ml), resultou na redugio de 30% na atividade quimiotatica do SM-SEB e de
71% na atividade SM-SEA  sugerindo, portanto, que esta droga € capaz de inibir
a liberagdio dos componentes quimiotaticos para neutrofilos induzido por estas
toxinas. Por outro lado, drogas antiinflamatorias nfo esteroidais tais como a
indometacina € 0 BW755C ndo tiveram efeito sobre a atividade quimiotatica para
neutrofilos do SM-SEA ou do SM-SEB, o que nos permite sugerir que
metabolitos do AA, ndo poderiam ser responsaveis pela atividade quimiotatica

destes componentes. Além disto, os componentes quimiotaticos presentes no SM-
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SEA ou no SM-SEB parecem possuir peso molecular maior do que as
substancias derivadas de fosfolipideos de membranas celulares com atividade
quimiotatica para neutréfilos (PAF, produtos da lipoxigenases e ciclooxigenases).

O peso molecular do componente quimiotatico para neutrofilos presente no
SM-SEB (1.000-3.000) sugere que, citocinas tais como IL-1, TNF-ou INF-y, IL-8
¢ o C5a, ndo sdo responsaveis pela atividade quimiotitica para neutrofilos deste
componente (DINARELLO, 1994; CUNHA & FERREIRA, 1986). Além disto, o
influxo de neutrofilos, para a cavidade peritoneal de ratos, induzido por IL-1, 1L~
8, TNF-o, INF-y ¢ LTB; ¢ dependente do numero de células residentes
(FACCIOLI ef al., 1990; RIBEIRO et al., 1995), com conseqiiente liberagdo de
fatores quimiotéticos para neutréfilos (RIBEIRO ef al., 1991; RIBEIRO er dl,,
1997; FACCIOLI et dl., 1990), e o influxo de neutrdfilos, induzido tanto pelo
SM-SEA como pelo SM-SEB, ndo ¢ alterado em cavidades peritoneais com
nimero de macrofagos aumentados (pré-tratamento com Tg) ou diminuidos
(lavagem das cavidades com salina estéril). A incubaco tanto do SM-SEA como
do SM-SEB a 56°C, procedimento que inativa o C5a (COLLINS et al., 1991),
nio resultou em diminui¢do de atividade quimiotatica em ambos os casos, o que
significa mais uma evidéncia de que este mediador ndo poderia ser responsavel
pela atividade quimiotatica para neutrdfilos observada com a injegéo 1p do SM-
SEA ou do SM-SEB. No entanto, nossos resultados n#o descartam a
possibilidade de que, as citocinas € ou os mediadores citados acima, possam estar
sendo liberados durante o desenvolvimento da migragdo de neutrofilos induzida
pelas proteinas quimiotaticas presente nestes sobrenadantes.

Viarios autores tém demonstrado que macrofagos de camundongos
estimulados com LPS sdo capazes de secretar proteinas com propriedade

quimiotatica para células polimorfonucleares humanas, denommadas de proteinas
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inflamatérias de macrofagos (MIP)-2, MIP-1a ¢ MIP-1B (WOLPE et ai., 1988,
1989; DAVATELIS, et al., 1988; WIDMER et al., 1993; SHANLEY et al., 1995
SCHMAL et al., 1996). Embora estas proteinas sejam estruturalmente
semelhantes, o peso molecular das proteinas que fazem parte das MIP-1 estd em
torno de 8.000, enquanto que o peso molecular da MIP-2 estd em torno de 6.000
(WOLPE ef al., 1988, 1989; WIDMER et al., 1993). Estes fatos descartam
também a possibilidade de que estas proteinas sejam responsaveis pela atividade
quimiotatica para neutréfilos, observada com a administragdo do SM-SEA ou do
SM-SEB.

Recentemente, descrevemos que o mfluxo de neutréfilos produzido por
SEA ou por SEB em cavidades peritoneais de camundongos, além de serem
modulados por macréfagos residentes, envolve mediadores inflamatorios tais
como os metabdlitos da LO, PAF, histamina e neuropeptideos de fibras C
sensoriais (DESOUZA & RIBEIRO-DASILVA, 1996; 1998).

Os metabolitos da 1O desempenham importante papel na resposta
migratéria induzida pelo SM-SEB, pois o pré-tratamento dos animais com Dexa,
BWA4C ou BW755C, mas ndo com a Indo, foram bastante eficazes em inibir o
recrutamento de neutrofilos, observado apds o estimulo com este sobrenadante.
Observamos também que o pré-tratamento dos animais com um antagonista de
PAF resultou numa inibigdio significativa do influxo de neutrofilos induzido pelo
SM-SEB. Os mesmos mediadores citados acima parecem estar envolvidos na
resposta quimiotatica para neutréfilos produzida pela SEB na cavidade peritoneal
de camundongos (DESOUZA & G. RIBEIRO-DASILVA, 1996). Estes
resultados sugerem que, embora os macréfagos modulem o influxo de neutréfilos
induzido pela SEB, por meio da liberagdo de um componente quimiotatico com

caracteristicas diferentes daqueles conhecidos, o mecanismo pelo qual este
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componente induz migragdo provavelmente envolve a estimulagdo de outros tipos
celulares, como por exemplo, os mastocitos, que estariam sendo responsaveis
pela liberagdo dos mediadores mencionados acima; entretanto mesmo com uma
redugdo de aproximadamente 90% na populagdo de células residentes, a resposta
migratoria deste sobrenadante ndo foi modificada. Este fato nfo descarta a
possibilidade de que a quantidade reduzida de células residentes, nas cavidades
submetidas a lavagem, possa estar sendo estimulada pela substincia quimiotatica
para neutrofilos, presente neste sobrenadante, a liberar os mediadores
quimiotaticos citados acima.

Por outro lado, o influxo de neutréfilos induzido pelo SM-SEA parece ndo
envolver os metabolitos da LO, CO e o PAF, pois o pré-tratamento dos animais
com Dexa, BWA4C, BW755C, Indo ou BN52021 ndo tiveram efeito sobre a
migracdo de neutrdfilos induzida por este sobrenadante. Os mesmos antagonistas
e inibidores farmacologicos citados foram também eficazes em reduzir a resposta
migratéria da SEA em cavidades peritoneais de camundongos (DESOUZA &
RIBEIRO-DASILVA, 1998). Este fato sugere que o componente quimiotatico
liberado por macréfagos estimulados com SEA induz influxo de neutréfilos por
um mecanismo direto, sem envolver a liberagdo de outros mediadores, podendo
entdo ser considerado um dos mediadores envolvidos na resposta migratoria
desta toxina in vivo. Além disto, estes dados mostram mais uma vez que 0s
componentes quimiotaticos para neutrofilos presentes no SM-SEA ou no SM-
SEB sdo substancias distintas, que possuem mecanismos de agdo diferentes em
induzir migragdo de neutrofilos.

Nos temos demonstrado que os neuropeptideos de fibras C sensoniais
participam tanto dos eventos vasculares, como da infiltragdo de neutrofilos,

produzida tanto por SEA como por SEB em camundongos. Esta € uma forte
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evidéncia de que as SEs induzem inflamagfo do tipo neurogénica neste modelo
animal (DESOUZA et al., 1996; DESOUZA & RIBEIRO DA-SILVA, 1996;
1997; 1998).

Os resultados apresentados neste trabalho revelam ainda que a resposta
quimiotatica para neutréfilos tanto do SM-SEA como do SM-SEB foi reduzida
em animais pré-tratados com CPS, uma substincia amplamente utilizada para
promover deplecdo de neuropeptideos (principalmente SP e o peptideo
relacionado ao gene da calcitonina) de fibras C sensoriais (FOREMAN, 1987).
As propriedades inflamatorias da SP, incluindo actimulo de leucéceitos, formagio
de edema e vasodilatagdo local depende da interagcdio deste neuropeptideo com
receptores NK; de taquicininas (YANO et al., 1989; TAKEDA et al., 1991,
GUARD & WATSON, 1991; WALSH et al., 1995). Em nossos resultados,
observamos também que a migragdo de neutréfilos, induzida pelo SM-SEA ou
pelo SM-SEB, foi reduzida em animais pré-tratados com antagonista seletivo de
receptores de taquicininas NK; (SR140333), mas ndo com antagonista seletivo
para receptores de taquicininas NK, (SR48968). Estes resultados sdo sugestivos
de que as substincias quimiotaticas presentes nestes sobrenadantes sdo capazes
de promover a liberagdo de SP, que parece desempenhar um papel fundamental
na resposta migratoria destas substincias. Além disto, a resposta migratona do
SM-SEB, mas ndo do SM-SEA, foi inibida com o uso de um antagonista de
receptores H; de histamina, sugerindo portanto que, a exemplo de outros modelos
experimentais de inflamagfio neurogénica, os mastocitos poderiam participar
ativamente na seqiiéncia de eventos que levam ao recrutamento de neutrofilos
induzido pelo SM-SEB. Pér outro lado, o ndo envolvimento de histamina na
quimiotaxia para neutréfilos, induzida pelo SM-SEA talvez indique que, neste

caso, 0s mastocitos ndo tenham um papel relevante, € que a SP, que ¢ 1gualmente
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um poderoso agente quimiotitico para neuirtfilos, poderia estar contribuindo
para a migragdo observada apés o estimulo com SM-SEA (FOREMAN, 1987,
PARTSCH & MATUCCI-CERNIC, 1992).

A 1IL-1 também pode induzir 4 liberagdo de SP, que parece estar envolvida
ativamente no recrutamento de neutréfilos in vivo, induzido por esta interleucina
(PERRETI e al, 1993). Embora o mecanismo pelo qual a IL-1 promova a
liberagdo de SP ainda ndo esteja definido, véarios autores tém descrito que a
migragdo de neutrofilos induzida por esta interleucina nio é afetada em animats
pré-tratados com o SR140333, um antagonista de receptores NK; de taquicininas
(PINTER et ai., 1998). A habilidade deste antagonista em inibir o influxo de
neutrdfilos, mnduzido pelo SM-SEA ou pelo SM-SEB, pode constituir, portanto,
em mais uma evidéncia de que a I1.-1 nfo estaria presente nestes sobrenadantes.

Os resultados apresentados mnesta tese contribuem para o melhor
esclarecimento do mecanismo de agfo da SEs e sugerem que produtos de
macrofagos tem um importante papel no influxo de neutréfilos induzido por estas

toxinas.






5. ConclusoOes
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In this study, the role role of macrophages in the neutrophil migration
induced by staphylococcal enterotoxins A (SEA) and B (SEB) into the mouse
peritoneal cavity was investigated. SEA and SEB induced dose- and time-
dependent neutrophil migration into the mouse peritoneal cavity.

This migration was potentiated when the macrophage population was
increased by pre-treating the mice with thioglycolate, and was reduced when
the peritoneal cavities were washed with sterile saline. These results indicated
that the neutrophil recruitment induced by these toxins was dependent on the
number of resident macrophages.

Dexamethasone inhibited the neutrophil migration induced by SEA and
SEB. A similar response was observed with the PAF receptor antagonist
(BN52021), the histamine H, receptor (cimetidine), the lipoxygenase mhibitor
(BWA4C) and a sensory C-fiber neuropeptide depletor {capsaicin). In
contrast, indomethacin had no effect on the neutrophil chemotaxis. Thus,
lipoxygenase metabolites, PAF, histamine and neuropeptides from sensory
neurons play an important role in the neutrophil migration induced by SEA
and SEB.

When stimulated with SEA or SEB in vitro, mouse peritoneal
macrophages secreted thermolabile proteins which induced neutrophil
migration into the peritoneal cavities of naive mice. The release of these
proteins was dose- and time-dependent and was inhibited by dexamethasone
but not by indomethacin or BW755C

The molecular mass of the neutrophil chemotactic protein secreted by

SEB-stimulated macrophages was 1-3 kDa while that of the protein secreted



by SEA was > 100 kDa. The neutrophil migration induced by supernatants
from SEB-stimulated macrophages involved inflammatory mediators such as
lipoxygenase metabolites, PAF and histamine. In contrast, these same
mediators had no role in the neutrophil migration induced by supernatants
from SEA-stimulated macrophages, suggesting that the neutrophil
chemotactic proteins described above, induce neutrophil accumulation by
different mechanisms.

Capsaicin and neurokinin; (NK,) receptor antagomist SR140333
reduced the neutrophil recruitment induced by supernatants from macrophage
monolayers stimulated with SEA or SEB. In contrast, the neurokinin, (NK2)
receptor antagonist SR48968 had no effect on the neutrophil migratory
response of the supernatants. These results suggest that the neutrophil
migration induced by these chemotactic proteins may involve the release of
neuropeptides such as SP from sensory neurons.

In conclusion, macrophage products may play an important role in the
neurogenic inflammation induced by SEA and SEB by releasing specific

chemotactic protems.



Conclusfes 82

Nossos dados sugerem que tanto a SEA como a SEB induzem significativa
migracdo de neutrofilos para a cavidade peritoneal de camundongos. Esta
migracdo ndo teve a mesma magnitude quando observada na bolsa de ar
subcutinea, sugerindo, portanto, que a migragdo causada por estas toxinas €

modulada, em parte, por células residentes.

Concordando com a hipotese acima, nossos dados também revelam que a
habilidade destas toxinas em induzir migragdo de neutrofilos estd correlacionada
com o numero de macrofagos residentes na cavidade peritoneal, sugerndo
portanto que a migragdo causada por estas toxinas € modulada, em parte, por

células residentes.

Varios mediadores inflamatorios estio envolvidos na infiltragdo de
neutréfilos, produzida por estas SEs, tais como os metabolitos da LO, PAF e
histamina. Os neuropeptideos de fibras C sensoriais participam deste fendmeno, o
que reforga a nossa hipotese de que estas SEs produzem uma inflamagio

neurogénica em camundongos.

Macroéfagos de camundongos estimulados in vitro com SEA ou com SEB,
liberam nos sobrenadantes, de maneira dose ¢ tempo-dependente, componentes
protéicos, quimiotaticos para neutrofilos. Em ambos os casos, estas proteinas sdo

termolabeis ¢ possuem ligagdes peptidicas de tirosina, triptofano e fenilalanina.

Nossos dados também indicam que a proteina quimiotatica para neutrofilos
presente no SM-SEA possui peso molecular acima de 100.000, enquanto que a

proteina presente no SM-SEB possui peso molecular entre 1.000-3.000. Além
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disto, a resposta quimiotatica para neutrofilos do SM-SEB envolve mediadores
inflamatérios tais como metabolitos da LO e o PAF , enquanto que estes
mediadores ndo desempenham papel relevante na resposta migratoria induzida
pelo SM-SEA. Estes dados sugerem, portanto, que as proteinas quimiotaticas
para neutrdfilos presentes nos SM~SEA e no SM-SEB séo substincias diferentes
e possuem mecanismos distintos para induzir influxo de neutrofilos para o foco

mflamatorio.

O mecanismo pelo qual tanto o SM-SEA como o SM-SEB induzem
migra¢io de neuftrofilos envolve também, a estimulag@o de terminagdes nervosas
sensoriais com conseqiiente liberacdo de neuropeptideos. Além disto, em ambos
os casos, a utilizagio de um antagonista seletivo para receptores NK; de

taquicininas resultou na redugdo da resposta migratoria para neutrofilos.

Estes resultados contribuem o melhor esclarecimento do mecanismo de
acdo das SEs e sugerem que produtos de macrofagos tém importante papel

durante a resposta inflamatoria induzida por estas toxinas.
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ABSTRACT

Staphylococeal enterotoxin B (SEB) induces a long-lasting neutrophil migration into mouse
peritoneal cavity. This migratory effect is dependent on the number of resident macrophages
population. Dexamethasone (0.5 mg/kg) inhibits the neutrophil migration induced by 250 ng of SEB
by 55%. A similar response is observed when the mice are pretreated with the PAF-acether
antagonist BN52021 (10 mg/ke, 55% inhibition), the H, antagonist cimetidine (2 mg/kg; 44%
indhibition) or with BWA4C, a drug which inhibits arachidonic acid lipoxygenation (10 mg/kg; 38%
irzhibition). In contrast, neither indomethacin (5 mg/kg) nor diphenhydramine (2 mg/kg) reduces the
chemotactic activity of SEB. These same mediators are also responsible for the recently described
phiogistic reaction in the mouse hindpaw and the emesis and pseudo-allergy produced by this toxin
in: monkeys. These data strengthen our hypothesis that the SEB-mediated phlogistic reaction in mice
is a valuable mode] for investigating the pathophysiologic mechanism of the enterotoxemias
produced by this toxin.

INTRODUCTION al. (1995) that phlogistic reaction in mice is
a valusble model for investigating the
pathophysiologic ~  mechanism of
enterotoxemias  produced by  the
staphylococcal enterotoxin type B (SEB).

Staphylococcal  enterotoxins  (SE},
produced by certaim  strains  of
Staphylococcus aureus, ave the common

causes of food poisoning. The mode of
action of these toxins is still unknown, mainly
trecause SE induce symptomns only m
primates (Bergdoll, 1983, 1989, Bobak and
Guerrant, 1992; Freer and Arbuthnott, 1986).

Recently, it was sugpested by Desouza ef

SEB mduces s newrogenic edema in the
mouse hindpaw which mvolves lipoxygenase
metabolites and is partially preveated by
pretreating the mice with a PAF-acether
antagonist, capsaicin or histamine H, or H,
receptor antagonists (Desouza, 1993;
Desouza et al., 1993).
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Neutrophils appear to be the major
factor in the host’s defense mechanism
against Staphylococcus aurens (Hill et al.,
1976). indeed, the accumulation of
neutrophils is a prominent feature of SEB-
induced gastroenteritis (Crawley, 1966;
Sugivama and McKissic Jr, 1966; Zehavi-
Willner ef al., 1984).

SE are potent inducers of macrophages
activation (Bergdoll and Chesney, 1991),
Resident macrophages participate in the
control of neutrophil migration to the site of
inflammation by acting as “alarm cells™ and
wiggering several mechanisms which
ultimately protect the host from injurious
stimuli (Adams and Hamiltor, 1984).

Lipoxygenase metabolites as well as
other lipid derivatives are well-known
mediators of inflammation (Samuelsson,
1983). Among these, .TB, and PAF-acether
are produced by macrophages and have been
described as chemotactic agents for
neutrophils in vive as well as in vitro (Ford-
Hutchinson er af., 1984, Codiltz et al., 1984;
Spector et al., 1988).

The experiments described in this paper
were designed to investigaie the SEB-
induced neutrophil migration into the mouse
peritoneal cavity. The participation of
resident mecrophages and the possible
mechanisms involved in the toxin-induced
chemotaxis were also examined.

MATERIALS AND METHODS
Animals

Male Swiss white mice (20 - 25 g) were
housed in temperature- controlied rooms and
received water and food ad libitum until
used.

SEB

Desouza and Ribeiro-DaSitva

Highly purified SEB {chemical purity >
99 %) was used throughout the experiments.
The toxin was prepared by Prof M. 8.
Bergdoll of the Food Rescarch Institute
(Madison, W1, USA). Al the experiments
were performed using the same lot of toxin
which was dissolved in distilled water and
stored at - 30°C at a concentration of 1

mg/ml.
Neutrophil Migration

SEB (25 - 250 pg) was injected
intraperitoneally (ip), diluted in 0.1 mi of
phosphate-buffered saline (PBS). Control
snimals recefved 0.1 ml of PBS alone.
Neutrophil migration was measured 4, 12, 24
and 72 h after injection of the toxin.

To check for a possible contamination of
the SEB solitions, 3 mi samples containing
SEB (250 pg) or bacterial endotoxin from
Escherichia coli (LPS, 200 ng) were
incubated for 10 min with polymyxin B (3.5
ug/ml) and tested for their ability to induce
neutrophil migration (BarjaFidalgo ef al,
1992).

Peritoneal Cell Harvesting and Counting

The cells of the peritoneal cavity were
harvested by lavage of the cavities with 3 ml
of PBS-heparin (5 [U/ml) - BSA (0.1%).
The number of cells was determined by
counting as described elsewhere (Souza et
al., 1988) The results are reported as the
number of celis per cavity.

Increase of Peritoneal Macrophages
Population by Thioglyeollate
Pretreatment

Groups of six mice were treated ip with
2 mt of thioglycollate (3% w/v). Three days
later, the snimals were injected ip with SEB
(250 pgf0.1 ml PBS). Neutrophil migration
was evaluated after 12 h
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Peritoneal macrophages depletion by
peritoneal lavage

The method used was previously
described by Souza et al. (1988). Mice were
anesthetized with ethyl ether and three
hypodermic needles were inserted into the
ebdominal cavity. Sterile saline (10 ml) was
injected through the needie placed near the
stermum. The abdominal cavity was then
gently massaged for 1 min and the peritoneal
fluid collected via the two needles inserted
into the inguimal 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 was
discarded.  Control (sham) mice were
manipulated in the same way described above
but no fluid was injected or withdrawn.
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Thirty minutes afier this procedure, the
peritoneal macrophage population was
estimated in half the mice of each group by
injecting 3 ml of PBS-heparin-BSA, as
described above. The other animals of the
group received SEB (250 pg/0.1ml PBS.ip)
and the neutrophil migration was estimated
12 h later.

Drag Pretreatments

To test the effectiveness of the dose-
time-schedule employed LPS was used as a
positive  coatrol. All drugs were
administrated subcutaneousty (sc) 1 h before
the ip injection of SEB (250 pg/0.1 mi PBS)
or LPS (200 ng/0. 1m! PBS) and their effects
on the peritoneal neutrophil migration
induced by these loxins was evaluated. The

Tabie 1. Dose-response of SEB-induced neutrophil migration into the mouse

peritoneal cavity.
Neutrophilsicavity {x 10 %)

Dose {(ng} Control Treated % variation
25.0 40 +0.3 7T+1.0" +75
62.5 40 £0.3 13+£2.0° + 225

125.0 30 £08 14 4+ 1.0 + 367
250.0 30 £05 18£3.0" + 500

SEB diluted in 0.1 mi of PBS was injected ip, at the indicated doses while the control
animals received 0.1 mi of PBS alone. The neutrophii counts were obtained 12 h after
SEB administration. Data are reported as the mean = S.EM. of six mice. Variations
{percent) were calculated taking control values as 100%.* P < 0.05, compated with the
control group (Student’s unpaired ttest).
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Table 2. Time-course of the neutrophil migration induced by SEB into

mouse peritoneatl cavity.

Neutrophils/cavity (x 105
Time (h) Control Treated
4 20x03 16x1.0"
12 30+£09 18 +3.0"
24 20105 14210
72 2005 8+20°

The dose of SEB used was 250 ug/cavity. The neutrophil counts were obtained at the
indicated imes after SEB administration. Data are reported as the mean + S. E. M. of
sbz mice, *P < 0.05, compared with the controt group {Student’'s unpaired t-test).

foilowing anti-inflamimatory drugs were used
at the indicated doses: dexamethasone (0.5
mg/hkg. Barja-Fidalgo et al, 1992),
indomethacm (5 mg/kg, Henriques er al,
1987), BWA4C (N-(3-phenoxycinnamyl)
acetohydroxamic acid), 16 mg/kg; Tateson et
al., 1988), diphenhydramine (2 meg/kg;
Scheuber et al., 1985), cimetidine (2 mg/kg;
Scheuber er al, 1985) and BNS52021
(Ginkgolide B, 3 - (1,1 <dimethylethyl) -
hexahydro - 1,4 - 7b - trihydroxy - 8 - methy!
- 9H - 1, 7e (epoxymethano - 1H, 6al -
cyclopenta (c) furo (2,3 - b) furo (3°, 2°: 3,4)
cyclopenta (1,2 - d) furan - 5, 9, 12 (4H) -
trione), 50 mg/kg), Baga-Fidalgo er af,
1992).

Statistical analysis

The data are reported as the means +
SEM . for six animals. The results from the
prefreatment experiments were compared
using ANOVA followed by the Kruskal-
Wallis test (p < 0.05).The other data were
compared by Student’s unpaired t-test (p <
0.05).

RESULTS

Marked neutrophil migration was
observed following SEB injection into mouse
peritonesl cavity. Table 1 and 2 show the
migratory respomse to  increasing
concentrations of toxin (25 to 250 ug) and
the time course of the neutrophil migration
induced by 250 ug of SEB, respectively. The
neutrophil recruitment induced by SEB was
dose- and time-dependent and lasted for more
than 72 h, aithough the maximum neutrophil
migration occurred between 4 and 12 h after
toxin injection.

The incubation of SEB (250 ug) with
polymyxin B (3.5 pg/ml) did not reduce its
chemotactic activity, whereas the incubation
of LPS (200 ng) with the same dose of
polymyxin reduced the i
neutrophil migration into the peritonesl
cavity (Fig. 1).

Figure 2A shows a significant increase
(approximately five-fold) in the peritoneal
macrophage population in mice pretreated
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24 4

18 4

Neutrophils per cavity (x 10 °)

PBS
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Figure 1. The effect of Polymyxin 1 on the neutrophils migration induced by SEB or LPS to mouse peritoneal

cavily.

Polimixin B (30 pg/cavity) was injected ip with SFB (250 pg/cavity) or LPS (200 ng/cavity) and the neutrophils
count was determined 12 h thereafter. The data arc the mean + S.E.M. for six mice. *P < (.05, compared with

no pretreatment (Kruskal-Wallis test).

with thiogiycollate and a marked reduction
(83%) in the number of these cells in saline
washed animals, when compared with normal
mice. Figure 2B shows that in thioglycollate-
treated animals the neutrophil migration
observed 12 h after an ip injection of SEB
(62.5 pg/mouse) was greater than in normal
mice imjected with the same dose of SEB. On
the other hand, 4 h after peritoneal lavage, the
neutrophil migration induced by SEB (62.5
pg) was significantly reduced compared with
sham-manipulated mice (Figure 2C).

Figare 3 shows that under our

i conditions, pretreatment with
dexamethasone (0.5 mg/kg) inhibited the
neutrophil migration induced by 250 pg of
SEB by 55%. A similar response was
observed with the PAF-acether antagonist
BN 52021 (10 mg/kg, 55% inhibition), the
H, antagonist cimetidine (2 mgkg, 44%
inhibition) and with BWA4C, a drug which
inhibits arachidonic acid lipoxygenation (10
mg/kg; 38% inhibition). In contrast, to the
foregoing, neither indomethacin (5 mg/kg)
nor diphenhydramine (2 mg/kg) had any
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effect on the chemotaxis induced by SEB.
All of the above drugs irhibited the
neutrophil migration induced by LPS
(positive control, data not shown).
DISCUSSION

Our results show that SEB causes

367

301

(x10 5)

24-

127

Neutrophils / cavi
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neutrophil emigration to the mouse peritoneal
cavity. This migratory effect was dependent
on tesident peritoneal macrophages
population and was inhibited when the
animals were previously treated with certain
anti-inflammatory drogs.

These data also confirm the existence of

36+

g

(x10 %)

244

18

12-

Neutrophils / cavi

N

Figure 2. The effect of the increasing (Tg) or decreasing (W) the peritoneal macrophage population.

on neutrophil migration induced by SEB.

Panel A shows the macrophage population in nontreated (N), tioglycollate-pretreated cavities (Tg),
and peritoneal washed cavities (W). Panel B shows the neutrophil migration induced by SEB (62.5
pg/cavity) in normal (N and Tg groups. Panel C shows the neutrophil migration induced by SEB
(62.5 pgfcavity) in saline-washed (W) and Sham (S) groups. The data represent the mean S E.M.
for six mice. *P <0.05, compared with no pretreatment (Kruskal-Wallis test).



a positive correlation between SEB-induced
neutrophil chemotaxis into the mouse
peritoneal cavity (Table 2) and the recently
described hindpaw edema in this same
species (Desouza ef al,, 1995) since both
phenomena peak between 4 and 12 h and are
long-lasting. As exudate is the principal
component of this edema, the positive
correlation between the edema and the
neutrophil  infiltration  suggests that
neuirophils are one of the components of this
exudate.
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SEB generates chemotactic activity for
neutrophils in vitro when incubated with
normal rabbit or human serum.  The
chemotactic factor generated by SEB differs
from that generated by LPS since it is heat-
1abile and is not observed when rat serum
replaces human serum (Craig et al., 1971).
In our experiments, the possibility that the
SEB effects were due to LPS contammation
can be ruled out since treatment of the toxin
solution with polymyxin B did not inhibit its
neutrophil migratory response, contrary to
what was observed for LPS (see Fig, 1).

BN52021

T
*
*
T
S z =z
=]

Figure 3. The effects of different anti-inflammatory drugs on the neutrophils migration induced by SEB to

muouse peritoneal cavity.

Drugs were given sc 1 h before SEB (250 pg/cavity) injection. The neutrophils count was obtained 12 h after
SEB administration. None = no pretreatment, Dexa = dexamethasone (0.5 mg/kg), CMT = cimetidine (2
mg/kg), Indo = indomethacin (5 mg/kg), and DPH = diphenhydramine (2 mg/kg). The data are mean = S.EM.
for six mice. *P < 0.05, compared with no pretrestment (Kruskal-Wallis test).
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SEB is a potent inducer of seversl
endogenons mediators including I1-1, TNF-a
and IFN-y (Bergdoll and Chesney, 1991).
H.-1 and TNF-z (Faccioli et al, 1990), as
well as IFN-y (Ribeiro et al, 1990) have
been shown to stmulate macrophages to
release a neutrophil chemotactic factor
(MINCF) in vitro. In contrast to that
occurring with the sbove cytokines, the
MNCF-induced in vivo neutrophil migration
is independent of the number of resident
maciophages and is observed even in
dexamethasone-prefreated animals (Souza et
al, 1988; Faccioli et al, 1990). In o
experimemis, the neutrophil migration
induced by SEB was dependent on the
number of resident peritoneal cavity
macrophages (Fig. 2) and was partially
inhibited by dexamethasone (Fig. 3).

‘The SEB-mduced neutrophil chemotaxis
was blocked by pretreating the mice with
BN52021, cimetidine or BWA4C, but not by
indomethacin or diphenhydramine (Fig. 3).
Therefore, PAF-acether, the H, histamine
receptor and lipoxygenase products seem to
be involved in the observed neutrophil
recruitment. More specifically, neutrophils
have been observed to produce leukotrienes
during the phagocytosis of Staphylococcus
aureus (Hill er ai,, 1976, Henricks et al.,
1985).

‘The same mediators cited above are also
responsible for the recently described
phlogistic reaction in the mouse hindpaw
(Desouza ef al., 1995) as well as for the
emesis and pseudo-allergy produced by the
toxin in monkeys (Scheuber er al, 1985,
1987ab; Denzlinger et al, 1986; Alber e¢
al., 1989). These observations add additional
support to our previous hypothesis (Desouza
et al, 1995} that the SEB-mediated
phlogistic reaction in mice is a valuable
model for investigating the pathophysiologic
mechanism of the enterotoxemias produced
by this toxin. However, the relative high

Desouza and Ribeiro-DaSilva

doses of SEB required to induce neutrophil
migration to the peritoneal cavity (= 25 pgof
toxin} compared to those that induce mouse
hind paw edema (6.25 - 50 pg of toxam;
Desouza er al., 1995) suggest that the later
model is to be preferred as an assay for SEB.

H, histamine receptors are involved in
the SEB-mduced mouse paw edema
(Desowza et al, 1995) and in the
pseudoallergy produced by the toxin in
monkeys {Scheuber et al,, 1985) but not in
vomiting, the major symptom of SEB
poisoning (Scheuber ef o, 1985). In our
experiments, diphenhydramine was not able
to block the neutrophil chemotactic activity of
SEB (Fig. 3). However, our present
observation agrees with data indicating that
neutrophils possess H, histamine receptors
which are involved in the mechanism of
chemotaxis (Hill et al., 1976).

The edema induced by SEB i the mouse
hindpaw is a clinical manifestation of
neurogenic inflammation (Desouza et 4l.,
1995). Substance P (SP), the main
neuropeptide mediator of neurogenic
mflammation (Foreman, 1987), also induces
neutrophil chemotaxis (Partsch and Matueci-
Cerinic, 1992). Thus, it is possible that SP
may be involved in SEB-induced neutrophil
migration, although this peptide is not present
m macrophages but occurs in sensory
neurons (Foreman, 1987).

In conclusion, our data show that SEB
mduces a neutrophil migration into the mouse
peritoneal cavity that is partly modulated by
nflammatory mediators produced by resident
macrophages. The precise mechanisms
whereby SEB stimulates the latter cells to
produce this neutrophil recruitment remains
to be studied.
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Abstract

Staphylococcal enterotoxin type A induced marked neutrophil migration into the mouse peritoneal cavity and was dependent on the
number of resident macrophages, This migrmtory response was dose- (16-64 pg of siaphylococcal enterotoxin type A Foavity) and
time-dependent. peuking ut 12 h und disuppewring after 72 h. Dexamethasone (0.5 mg /kg) inhibited the newrophil migration induced by
staphylococeat enterotoxin tvpe A {32 pgr 429 inhibition). A similar response was observed with the plutelet-uctivating facior—acether
receplor antagenist. BN 32021 (ginkgolide B, 3-(1.1-dimethyiethvikhexahydro- LA-7b-tihydroxy-8-methyl-94-1.7a (epoxymethanc-
| H.6a H-cyelopenta (¢} fure (1.3-k) furo (3. 2': 34) cyclopenta (1.2-d) furan-5. 9. 12 (4 H -trione): 10 mg /kg: 379 inhibition). the
histamine H . receptor antagonist. cimetidine (2 mg 7kg: 314 inhibition). the lipoxygenause inhibitor. BWAAC (N-(3-phenoxycinnamyl)
acetohvdroxamic acidy 10 mg/kg: 73% inhibition). and capsaicin {trans-8-methyi-N-vanilyl-6-nonamide). a sensory C-fiber neuropep-
lide depletor In comrust. indomethacin {5 mg /kg) had no effect on staphviococeal enteratoxin type A-induced chemaotaxis. We conclude
that the peritonitis induced by staphylococcal enteroloxin 1ype A in mice is macrophage-dependent. The mechunism whereby
saphviococcal enterotoxin Wype A stimulates macrophages to induce newtrophil recruitment remains to be elueidated. © 1998 Elsevier
Science BV, All rights resenved.

Kevwerds: Stuphviococcad enterotonin tvpe Ar Staphyiococesd enterotoxin type Br Neutrephil migration: Mavrephage: Skin air-polch: Neurogenic

inflammation; Peritoncal cavity: Interteakin-8

1. Introduction

The enterotoxing produced by Sraphiviococcus aurcus
are the most common cause of food poisoning in humans
{landolo. 1989). These toxins comprise a group of closely
related proteins (25 to 30 kDa) that are classifted into
several immunological types designated A 10 E (landole.
1989). A unique feature of staphylococcal enterotoxins is
their ability 1o provoke emesis and diarrhea in humans and
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
§~12 h. in humans and experimental animals. they usually
disappear after 24-72 h (Jett et al.. 1990). Neutrophils
appear to be the major cell type involved in the host's
defense against S aurens {(Hill et al. 1976), and
the accumulation of neutrophils is a prominent feature

" Comesponding awthor. Tel: 4 55-19-788-8173: Faxt +55-19.289-
2968 E-mail; ribersil@obelix.anicamp.br

of staphylococcal enterotoxins-induced  gastroenteritis
(Zehavi-Willner et al. 1984).

Although much is known aboeut the structural organiza-
tion of the various types of staphylococcal emerotoxins.
the mechanism by which they act remains unknown. mainly
because staphylococcal enterotoxins induce symptoms only
in primates (Freer and Arbuthnott. 1986: Bobak and Guer-
rant. 19923

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
caused by staphylococcal enterotoxin type B in mice (De-
souza. 1993: Desouza and Ribeiro-DaSiiva. 1996 Desouza
et al.. 1996) on the one hand. and the vomiting. the main
symptom of food poisoning and of expsrimental enterotox-
emiz with staphylococcal enterotoxins in  monkeys
{Scheuber et al.. 1983, 1987a.b: Denzlinger et al.. 1986:
Alber et al., 1989) on the other. we have proposed that the
phiogistic reaction in mice may serve as a valuable model
for investigating the pathophysiological mechanism of en-
teroloxemias.

0014.2099 /98 /5 - see front mutter © 1998 Elscvier 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
(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, or
BWAAC, an inhibitor of arachidonic acid lipoxygenation.
In contrast. neither indomethacin nor diphenhydramine
reduces the chemotactic activity of staphylococeal entero-
toxin type B.

Staphylococcal enterotoxins are exoproteins with super-
antigen properties. In addition to their role in the patho-
physiclagy of food poisoning. these toxins also have 2
profound effect on the immune system. In vitro. the
staphylococcal enteroiwoxins are strong T-cell activators
and in mice. staphylococecal enterotoxin type A has a
specificity for VBI. 3. 10, 11 and 17 T-cell receptors
{Bobak and Guerrant. [992). Staphylococcal enterctoxin
tvpe B and staphylococcal enterotoxin tvpe A have the
same general structure but are different entities as shown
by their antigenic unrelatedness {Bergdoll. 1973). More-
over. staphylococcal emerotoxin type A is unigue in that it
is the first zinc-binding staphylococcal enterotoxin whose
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 staphylococeal entero-
toxin type A into the mouose peritoneal cavity and com-
pared these with those previously reported for staphylo-
coccal enterotoxin type B (Desouza and Ribeiro-DaSilva.
1996). To determine whether the toxin-induced chemotaxis
was celi-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 Braziiian College of Experimental Animals in accor-
dance with the procedares laid down by the Universities
Federation for Animal Welfare. Maije Swiss mice (25-30
g) were housed in temperature-controlled rooms and re-
ceived water and food ad Hbitum until used.

2.3. Wenrk conditions

All the procedures described below were carried out
under aseptic conditions in a laminar flow cabinet. The
material used was autociaved at 127°C for 1 h and all
solutions were prepared with autoclaved. deionized water,

2.3. Staphyloceccal enterotoxin hpe A

The toxin was dissolved in sterile distilled water
stored at —20°C at a concentration of 1 mg/ml.

2.4, Comamination with bacterial endotoxin

To check for possible contamination of the stapk
coccal enterotoxin type A solutions with bacterial e
toxin, samples containing staphylococcal enterotoxin
A (32 ug) or lipopolysaccharide from Escherichia
(200800 ng} were incubated for 10 min with polym
B (3.5 ug/ml) and tested for their ability 1o in
neutrophil migration,

2.5, Newrrophil migration

231, Peritoneal cacities

Staphylococcal enterotoxin type A (16-64 pg)
injected intraperitoneally (i.p.). in 0.1 ml of sterile p
phate-buffered saline. Control animals received 0.1 m
sterile phosphate-buffered saline alone. Neutrophil mi
lion was assessed 4. 12, 24 and 72 h after injection of
toxin.

2.5.2. Skin air-pouches

Six-day old air-pouches were produced in the dc
skin of mice as described previously (Edwards et
1981). The back of the mice were shaved and 5 m
sterile air were injected subcutaneously. Three days k
2.5 mi of sterile air was again injected to maintain po
patency. Six days after the initial injection. the pouc
were injecled with staphylococcal enterotoxin type A {
64 pg) or dextran (300 ug. in 0.1 ml of sterile phosph
buffered salinel. Control animals received 0.1 mil of ste
phosphate-huffered saline alone. Neutrophil migration
assessed 12 h after the injection of toxin or dextran.

2.6. Peritoneal cell harvesting and counting

The cells in the peritoneal cavity or air pouches w
harvested by lavage of the cavities with 3 ml of ste
phosphate-buffered saline-heparin (5 [U/mi)~boy
serum albumin {(0.1%) solution. Total and differential
counts were performed as described elsewhere (Souz:
al.. 1988). The results are reported as the number of ¢
per cavity.

2.7. Changes in the munber of peritoneal macrophages

2.7.1. Pretreatment with thioghcolare

To increase the number of peritoneal macrophag
groups of five mice were injected with thioglycolate (2
of sterile 3% w/v solution. i.p.). Three days later.
animals were injected with staphylococcal enterotoxin v
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Table |
Dose-dependence of staphylococcal enterotoxin type A-induced neu-
srophil migration into the mouse peritoneal cavity

SEA (ug) Neutrophils /cavity { X 107} Fold-increase
0 3.0+03 -

16 90+ 1.5% 3

32 19.0+3.0° 6

64 21.0+3.0° 7

Swaphyiococeal enterotoxin type A (SEA} was infected ip. in 0.1 ml of
sterile phosphate-buffered saline: the control animais received 0.1 mi of
sterile phosphate-buffered saline alone. The neutrophil counts were ob-
tained 12 h zfter siaphylococeal enterotoxin type A administration. The
duta represent the mean = $.EM. of five mice. *P < 0.03. compared with
the control group (Student’s unpaired -test).

A (16 wg/0.1 mi sterile phosphate-buffered saline. ip.}
Neutrophil migration was evaluated after 12 h.

2.7.2. Peritoneal lavage

The number of peritoneal macrophages was reduced as
described by Souza et al. (1988). Mice were anesthetized
with ethyl ether and three hypodermic needles were n-
serted into the abdominal cavity. Sterile saline (10 ml) was
injected through the necdle placed near the sternum. The
abdominal cavity was then gently massaged for I 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
was discarded. Control {sham) mice were manipulated as
described above but no fluid was injected or withdrawn.
Thiny minutes after this procedure. the peritoneal
mucrophage population was estimated in half of the mice
of each group by injecting 3 ml of sterile phosphate-
huffered saline—heparin—bovine serum albumin solution.
as described above, The other animals of the group re-
ceived staphylococcal enterotoxin type A (32 pg/0.1 ml
sterile phosphate-buffered saline. i.p.) and the neutrophil
migration was estimated 12 b later.

2.8. Pharmucological investigation with different drugs

To test the effectiveness of the dose- and time-sched-
ules employed. lipopolysaccharide from E. coli was used
as a positive control. Except for capsaicin (#rans-8-methy!-
N-vanilyl-6-nonamide), which was applied topically as a
1% solution (as described by Alber et al.. 1989). ail drugs
were adminisiered subcutaneously (s.c.) 1 h before the ip.
injection of staphylococeal enterotoxin type A (32 pg /0.1
m] sterile phosphate-buffered saline) or lipopolysaccharide
from E coli (200 ng/0.1 ml sterile phosphate-buffered
saline), The following drugs were used at the indicated
doses: dexamethasone (0.5 mg/kg: Barja-Fidalgo et al,
1992). indomethacin (5 mg/kg: Henriques et al.. 1987)
BWAJC ( N{3-phenoxycinnamyl) acetohydroxamic acid).

10 mg/kg; Tateson et al., 1988), cimetidine (2 mg/kg;
Scheuber et al., 1985) and BN52021 {ginkgolide B, 3-(1.
1-dimethylethyl)-hexahydro-1.4-7b-trihydroxy-8-methyl-9-
H1,7alepoxymethano-1 H.6 o H-cyclopenta (c) furo {2.3-
B) furo (3, 2@ 3.4) cyclopenta (1.2-d) furan-5, 9, 12
(4 H )-trione); 50 mg/kg; Barja-Fidalgo et al., 1992),

2.9. Drugs and chemicals

"BN32021 was generously provided by Dr. Edson An-
tunes (Department of Pharmacology, State University of
Campinas). BWA4C was a gift from Prof. Célia Regina
Carlini (Department of Biochemistry. Federal University
of Rio Grande do Sul). Staphylococcal enterotoxin type A,
indomethacin. cimetidine. capsaicin. dexamethasene and
polymyxin B were purchased from Sigma (St. Louis. MO.
USA). The others chemicals were of the highest grade
available.

2.10. Staristical analysis

The data are reported as the mean & S.EM. for five
animals. The results from the pretreatment experiments
were compared using analysis of variance followed by the
Kruskal-Wallis test ( P £ 0.05). The other data were com-
pared by Student’s unpaired r-test (P < 0.05).

3. Results

Tables | and 2 show the migratory response (o increas-
ing concentrations of staphylococcal enterotoxin type A
(16-64 g /cavity) and the time course of the neutrophil
migration induced by 32 pg of staphylococeal enterotoxin
type A/cavity. 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 staphyiococcal enterotoxin type A
(32 pg/cavity) with polymyxin B (3.5 pg/mb did not
interfere with the toxin's chemotactic activity. whereas the

Table 2
Tine-course of the staphyiococeal enteratosin type A-induced neutrophit
migration into the mouse peritoneal cavity

Time (i) Neutrophils /cavity (% 107)
Contrel Treated
4 30410 16.0+ 1.0°
12 30403 19.0+3.0"
X} 30410 10.0=1.0°
72 20+05 20405

The dase of staphylocoscal enterotoxin type A was 32 pg/eavity. The
newtrophil counts were obtained at the indicated times after staphylo-
coccal enterotoxin type A administration. The data represent the mean
S.EM, of five mice. °P = 0.05, compared with the contrel group {Stu-
Jdent”s unpaired -lesth
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Fig. 1. The effect of polvmyxin B on staphylococcal enterotoxin type A
and lipapolysaccharide from E. cofi-induced neutrophil migration into the
mouse peritoncul cavity, Polymyxin B (PMX: 30 pg/eavity) was in-
jecled .p. with staphyiococcul enterotoxin type A (SEA-32 g eavity)
or lipopolyssccharide from £ caoli {LPS-200-800 ng/caviny} and the
neutrophils counted 12 b later. The duta are the mean 3 5. EM. for five
mice. » P <0.05. compared with the response in the sbsence of PMX
(Kruskal-Wallis 1estk

incubation of lipopolysaccharide from E. coli (200-800
ng) with the same dose of polymyxin reduced the corre-
sponding neutrophil migration into the peritoneal cavity
(Fig. v

Fig. 2A shows a significant increase {approximately
fivefold) in the peritoneal macrophage population of mice
pretreated with thioglycolate and a marked reduction (83%)
in the number of these cells after peritoneal lavage. In
thioglveolate-treated animals. the neutrophil migration ob-
served 12 h after an i.p. injection of staphylococcal entero-
loxin type A (32 pg/cavity} was about three imes greater
than in normal mice injected with the same dose of

A * B * c
40 - 30
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Fig. 2. The effect of increasing {Tg) or decrcasing (W} the peritoncal
rscrophage populution on the neatrophil migration induced by staphylo-
cocenl enteratoxin type A, Panel A shows the macrophage population in
nomreated (N}, thioglycelute-pretrested (Tgh. and washed (W) peritoneal
cavities. Panel B shows the newtrophil migration induced by staphyvlo-
coceud enterotoxin ype A (SEA-16 ng/cavity) in normal {N) and Tg
mice after 12 h and Pancl € shows the newtrophii migration induced by
SEA {32 pe/cavity} in N, saline-washed (WY and sham (S} groups. The
Juta are the mean + S.EM. for five mice. = P < .03, compared with the
corresponding N group (Kruskasl-Wallis testd
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Fig. 3. Neutrephil migration induced by staphylococcul enterotoxin ty)
A in 6-day old air-pouches. Swaphylococcal enterotoxin type A (SEA-

¢ /cavity} or dextran {300 wg/cavity} in 0.1 mi of sterile phosphat
buffered saline wus injected 1.p.. {rectangle) or into 6-day old air-pouch
{reciangle with diagonal lines} while the centrol animals received 0.1 1
of sterile phosphae-buffered satine alone. The number of neuirophil w
obtained 12 h after SEA or dextrzn administration, The data are U
mean + 5.EM. for five mice. = £ < 0.03, compared with the correspon
ing PBS group {Student’s unpaired r-est).

staphylococeal enterotoxin type A (Fig. 2B). On the oth
hand. 4 h after peritoneal lavage. the neutrophil migratic
induced by staphylococcal enterotoxin type A (
pg/cavity) was significamly reduced compared with
sham-manipulated mice {Fig. 2C).

Dextran {positive control. 300 pg/cavity) caused ne
trophil migration into the peritoneal cavity and 6-day o
air-pouches. In contrast. the chemotactic activity
staphylococcal enterotoxin type A €32 pg/cavity) w
observed only in the peritoneal cavity: staphylococcal e
terotoxin type A showed no pro-migratory activity
G-day air pouches {Fig. 3
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Fig. 4 The cffects of anti-inflammatory drugs on the staphylecoc
enterotoxin ype A-induced neutrophil migration into the mouse po
toneal cavity. Drugs were given s.c. 1 h before staphylococcat enteroto:
type A (32 pg/cavity) and the number of neutrophils was determined
h afier staphylococeal enterotoxin type A administration. None, 1o p
treatmient; DEXA, desamethasone (0.5 mg/kg), CMT. cimetidine
mg/kg), INDO. indomethacin (3 mg/kg) and CPS. capsuicin. The d
are the mean+$.EM. for five mice. = P < 0.05, compared with
group without pretreatment (Kruskal-Wallls test).
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Pretreatment with dexamethasone (0.3 mg/kg) inhib-
ited by 42% the neutrophil migration induced by 32 pg of
staphylococcal enterotoxin type A. A similar response was
observed with the platelet-activating factor—acether recep-
tor antagonist, BN 52021 (10 mg /kg; 57% inhibition). the
histarnine H, receptor antagonist, cimetidine (2 mg/kg;
316 inhibition), the lipoxygenase inhibitor, BWA4C (10
mg /kg: 73% inhibition) and capsaicin, a sensory C-fiber
neuropeptide depletor. In contrast, indomethacin (5 mg /kg)
had no effect on staphylococcal enterotoxin type A-in-
duced chemotaxis (Fig. 4). All of the above drugs, except
capsaicin, inhibited the neutrophil migration induced by
lipopolysaccharide from E. coli (positive control. data not
shown).

4, Discuassion

Staphylococcal enterotoxin type A caused a jong-last-
ine. dose- and time-dependent neutrophil migration into
the mouse peritoneal cavity (Tables 1 and 2). This migra-
tory effect was dependent on the number of resident
macrophage und was inhibited when the animals were
previously treated with various anti-inflammatory drugs.

The dose- and time-dependent neuirophil migration ob-
served following the injection of staphylococcal entero-
toxin type A into mouse peritoneal cavities contrasts with
the inability of the toxin 10 induce neutrophil migration
into subcutaneous air pouches {Fig. 3). a test which is
sensitive 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 chemoxin pro-
duced by human alveolar macrophages stimulated with
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
from the resident cells (Ribeiro et al.. 1991). It is therefore
possible that. as in other models of neutrophil recruitment
to 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-
rophil chemotaxis was blocked by pretreating the mice
with BN32021, cimetidine or BWA4C but not by indo-
methacin (Fig. 4). Therefore, platelet-activating factor—
acether. the histamine H. receptor and lipoxygenase prod-
ucts seem to be involved in neuatrophil recruitment. The
broad spectrum of drugs which inhibit this response may
rellect the fact that staphylococeal enterotoxin type A
stimulates various cell types including T-celis and mast
cells (Micusan and Thibodeau, 1993). In particular, mast
cells are abie to release all of the mentioned above media-
tors. Thus. two or more cell 1vpes 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-
mor necrosis factor-o and interferon-y (Bergdoll and
Chesney, 1991). Interleukin-] and tumor necrosis factor-a
(Faccioli et al., 1990), as well as interferon-v {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-
methasone-pretreated animals (Souza et al., 1988: Faccioli
et al., 1990). In our experiments. the neutrophil migration
induced by staphylococeal enterotoxin type A was depen-
dent on the number of resident macrophages (Fig. 2) and
was partially inhibited by dexamethasone (Fig. 4).

Lipopolysaccharide from E. coli can both stimulate and
inhibit neutrophii migration (Rosenbaum et al., 1983). To
exclude the possibility of contamination with lipopoly-
saccharide from E. coli. solutions of staphylococcal en-
terotoxin type A were incubated with polymyxin B (Cunha
et al.. 1989: Barja-Fidalgo et al.. 1992). As shown in Fig.
i. the neutrophil migration responses to staphylococcal
enterotoxin type A were not affected by polymyxin B
whereas those to lipopolyvsaccharide from E. coli (200 ag)
Wds.

Exudate is the principal component of the phlogistic
response produced by staphylococcal enterotoxin type A
and staphylococcal enterotoxin type B in the mouse hind-
paw {(Desouza et al.. 1996. Desouza and Ribeiro-DaSilva,
1997). Although neutrophils are one of the components of
staphylococcal enterotoxin type B-induced exudate (De-
souza and Ribeiro-DaSilva. 1996). thix is apparenty not
the case with staphylococcal enterotoxin type A since there
was no comelation hetween the time-course of staphylo-
coccal enteroloxin iype 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
{Desouza and Ribeiro-DaSilva, 1997), whereas the neu-
trophil migration peaked between 4 h and 12 h {Table 2)
and disappeared oniy at 72 h.

Resident macrophages are involved in the neutrophil
migration produced by staphylococcal enterotoxin type A
(Fig. 2) and a similar response has been described for
staphylococcal 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 pg of staphylococcal
enterotoxin type A tripled the neuvtrophil population after
12 h {Table 1) a response of similar magnitude was
observed only with an staphylococeal enterotoxin type B
dose of = 62.5 pg (Desouza and Ribeiro-DaSilva, 1996)
Accordingly, we rtecently suggested the existence of a
divergent mechanism in staphylococcal enterotoxin iype
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A- and staphylococcal enterotoxin type B-induced mouse
paw edema (Desouza et al., 1996; Desouza and Ribeiro-
DaSitva, 1997).

Substance P is the main peptide mediator of neurogenic
inflammation and capsaicin depletes sensory neurons of
their neuropeptides (Foreman, 1987). The mouse hindpaw
edema induced by staphylococcal enterotoxin type A is a
clinical manifestation of neurogenic inflammation {(De-
souza and Ribeiro-DaSilva, 1997). This conclusion was
reinforced by the observation that capsaicin blocked the
chemotactic effect of staphylococeal enterotoxin type A
(Fig. 4). Thus, substance P may be involved in stapbylo-
coceal enterotoxin type A-induced neutrophil migration.
although this peptide is not present in macrophages but
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 intradermali injec-
tion of substance P into mouse skin is mast-cell dependent
{Yano et al. 1989). Thus, mast cells may be important
intermediates between the release of neuropeptides and the
tocal alterations in vascular tone. permeability and granu-
Jocvte infiltration following the administration of staphylo-
coccal enterotoxin type A.

5. Conclusion

Macmphéges are involved in the peritonitis induced by
staphylococcal enterotoxin type A in mice. The mechanism
whereby staphylococcal enterotoxin lype A siimulates
macrophages to induce neutrophil recruitment remains to
be elucidated.
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Abstract

1. Mouse macrophage monolayers stimulated with staphylococcal enterotoxin A
(SEA) actively secrete a neutrophil chemotactic component (MNCC-SEA) which is
a thermolabile protein with molecular mass > 100 kDa. |
2. The release of this protein was dose-and time-dependent and was inhibited 71%
by dexamethasone but not by indomethacin or BW755C. Dexamethasone (0.5
mg/kg), indomethacin, (5 mgkg), BWA4C (10 mgkg), BW755C (50 mgkg),
BN52021 (10 mgkg), cimetidine (2 mg/kg) and the neurokinin, (NK;) receptor
antagonist SR48968 had no effect on the neutrophil migration induced by MNCC-
SEA.

3. In contrast, capsaicin (1% topically) and the neurokinin; (NK,) receptor
antagonist SR140333 (100 ug/kg) reduced the neutrophil recruitment induced by
this neutrophil chemotactic component. These results confirm that macrophages
play a key role in the neutrophil recruitment induced by SEA and suggest that this
function is mediated by the release of a neutrophil chemotactic protein that is
different from currently known chemotactic mediators such -1, TNF-¢, INF-y,
IL-8, MNCEF, LTB., PAF and the complement component C3a.

4, The neutrophil migration induced by MNCC-SEA may be involve the stimulation

of sensory neurons resulting in the release of neuropeptides such as SP.

Key words: Staphylococcal enterotoxin type A; neutrophil migration;

macrophages; neurogenic inflammation; peritoneal cavity; interleukins



1. Infroduction

Staphylococcus aureus secretes several toxins known as staphylococcal
enterotoxins (SE) which are the major cause of food poisoning in man. These
antigenically related proteins are classified immunologically into several types
designated A to E and G to I (Tandolo, 1989; Munson ef al., 1998).

Although much is known about the structural organization of the various
types of SE, the mechanism by which they act remains unknown, mainly because
SE induce symptoms only in primates (Bobak & Guerrant, 1992; Micusan &
Thibodeau, 1993).

Previous studies have demonstrated that in man, the pathophysiological
events of SE may be mediated by the release of inflammatory mediators such as
histamine, serotonin and leukotrienes as well as cytokines such as interleukin-1 (IL-
1), interleukin-2 (IL-2), interieukin-(IL-6), interleukin-8 (IL-8), tumour necrosis
factor-a. (TNF-ot), and interferon-y (IFN-y) from cells such as mast cells,
macrophages and lymphocytes (Haské er al,, 1998; Micusan & Thibodeau, 1993,
Marrack & Kappler, 1990; Scheuber et al., 1987)

Bacterial toxins are known to stimulate the release of several
mflammatory mediators from host cells (Mello Filho e af., 1997; Fleming et al.,
1991; Misfeldt et al., 1990). Macrophages are one of the main resident cell types
that can be activated by several of these toxins to release prostaglandins,
leukotriene B4 (LTB,), IL-1, IL-8, TNF-a and nitric oxide (NO). These mediators
trigger inflammatory events such as leukocyte emigration, vascular permeability,
fever and pain (Ferreira, 1993; Dinarello; 1991; Kluger, 1991).

Neutrophils are the major cell type involved in the host’s defense against
Staphylococcus aureus (Hill er al.,, 1976). The accumulation of neutrophiis is a
prominent feature of SE-induced gastroenteritis (Zehavi-Willner et a/., 1984) and
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the emigration of these cells from circulating blood to the site of injury is a crucial
event during the inflammatory process. This complex phenomenon is mediated by
various substances including the complement component C5a (Klein ef al., 1995;
Fernandez ef al., 1978), LTB, (Samuelson, 1983), the cytokines IL-1, IL-8, TNF-«
and IFN-y (Ribeiro ef al., 1990, 1991; Faccioli ef al., 1990; Rankin ef al., 1990,
Coldiltz er al, 1989) and a macrophage-derived neutrophil chemotactic factor
(MNCF) (Cunha & Ferreira, 1986).

Several laboratories have shown that neutrophil recruitment in vivo is
controlled mainly by resident macrophages which may play an important role in the
initiation of neutrophil mobilization to the inflamed site (Klein er al, 19953
Harmsen & Havel, 1990; Meml er al,, 1980; Ferreira et al, 1980). Thus, the
neutrophil migration into the peritoneal cavity induced by exogenous stimuli such as
carrageenin, lipopolysaccharide from Escherichia coli (LPS), Clostridium difficile
toxin A and zymosan (Ribeiro ef al., 1997; Klein et al., 1995) is enhanced when the
number of macrophages is increased by pretreating the animals with thioglycollate,
and diminished after depletion of the peritoneal macrophage population by lavage
of the cavity (Souza et al., 1988).

Recently, we suggested that staphylococcal enterotoxin type A (SEA) and
type B (SEB) induce neutrophil migration into the mouse pentoneal cavity via a
mechanism that involves lipoxygenase metabolites, histamine, platelet-activating
factor-acether (PAF) and neuropeptides from sensory neurons. Resident
macrophages had a crucial role in the peritonitis induced by these toxins in this
experimental model (Desouza & Ribeiro-DaSilva, 1996, 1998).

Since the biological effects of SE and Dbacterial endotoxins
(lipopolysaccharide) are similar in several aspects (Bergdoll & Chesney, 1991), and
since the neutrophil migration induced by endotoxin in rats is dependent on a

neutrophil chemotactic factor produced by macrophages (Cunha & Ferreira, 1986),
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we have investigated the role of macrophage products in the neutrophil migration

during peritonitis induced by SEA in mice.



2. Materials and Methods

2.1. Animal experimentation guidelines

These studies were approved by the Animal Ethics Committee of the
Brazilian College for the use of Experimental Animals in accordance with the
procedures laid down by the Universities Federation for Animal Welfare. Male
Swiss mice (25-30 g) were housed in temperature-controlled rooms and received

water and food ad libitum until used.

2.2. Working conditions
All the procedures described below were carried out under aseptic conditions
in a laminar flow cabinet. The material used was autoclaved at 127°C for 1 h and all

solutions were prepared with autoclaved, deionized water.

2.3. Staphyloceccal enterotoxin type A
The toxin was dissolved in sterile phosphate-buffered saline and stored at -

20°C at a concentration of 1 mg/ml.

2.4. In vitro release of neutrophil chemotactic component from peritoneal
macrophages stimulated with SEA

Mouse pentoneal macrophages were harvested with sterile RPMI1640
medium (pH 7.4) four days after an intraperitoneal (i.p.) injection of sterile
thioglycollate solution (3% w/v, 2 ml/cavity) and allowed to adhere to plastic tissue
culture dishes for 1 h at 37°C in an atmosphere of air containing 5% CO, as
previously described (Cunha & Ferreira, 1986). Nonadherent cells were removed
by washing the dishes three times with sterile phosphate-buffered saline. The
adherent population (95% macrophages) was incubated for 5, 15, 30 or 60 min with
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RPMI (control; N=3) or with SEA (0.62-2.50 pug/ml; N=5). Subsequently, the
supernatants were discarded and the cells washed another three times with sterile
phosphate-buffered saline. This wash was followed by a final incubation with 4 mi
of RPMI medium without SEA for 30, 60, 120 or 180 min at 37°C in an atmosphere
of air containing 5% CO,. The method described by Boyse et al. (1964) was used
to determine the wviability of macrophages exposure to the toxin. To test for the
possible release of a chemotactic component, cell-free incubation medium was
sterilized (Millipore filters, 0.22 um) and assayed by injecting aliquots (0.2 ml) into

the peritoneal cavity of naive mice.
2.5. Neutrophil migration assay

The chemotactic activity of supernatants from SEA-stimulated macrophage
monolayers was assayed by intraperitoneal (i.p.) injection (0.2 ml/cavity) in naive
mice. Control animals received 0.2 ml of supernatant from macrophages
monolayers exposed to RPMI alone. Twelve hours later, the cells were harvested
from the peritoneal cavity by washing the cavities with 3 ml of a phosphate
buffered saline-heparin (5 TU/ml)- bovine serum albumin (0.1%) solution. Total and
aifferential cell counts were determined as described elsewhere (Souza et al,

1988). The results were reported as the number of cells per cavity.
2.6. Contamination with bacterial endotoxin

To check for possible contamination of the supernatants with bacteral
endotoxin, samples of these or lipopolysaccharide (200-800 ng) from Escherichia
coli were mncubated for 10 min with polymyxin B (3.5 ug/ml) and tested for their

ability to induce neutrophil migration.
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2.7. Determination of the ideal conditions for the release of chemotactic

component by SEA-stimulated macrophages

These experiments were carried out using sterile Krebs-Ringer buffer instead
of RPMI medium. The supernatants were obtained from macrophages stimulated by
SEA at different pH values (6-8) or at different temperatures (4-45°C) or in Krebs-

Ringer buffer solution without calcium, magnesium or glucose.

2.8. Partial characterization of the neutrophil chemotactic component released

by SEA-stimulated macrophages

The nature of the neutrophil chemotactic component releases by SEA-
stimulated macrophages was investigated by examining the neutrophil migration of
the supernatants: a) after heating for 30 min at 37°, 56° and 100°C, (Klein ef al.,
1995; Cunha & Ferreira, 1986), b) after incubation for 60 min with trypsin (200
pug/ml) or chymotrypsin (100 pg/ml) (Calderon ef al, 1974) and c) after pre-
treatment of the macrophage monolayers with cycloheximide (9 pug/ml). In this
latter case, cycloheximide was added to the incubation medium 30 min before the
toxin challenge and was maintained throughout the incubation (Cunha & Ferreira,
1986). In control, expeniments cycloheximide (9 pg/ml), trypsin (200 pg/ml) and
chymotrypsin (100 upg/ml) were added to the supernatants of macrophage
monolayers stimulated only with SEA.
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2.9. Ultrafiltration of the supernatants from macrophages stimulated with
SEA

Supematants from of SEA-treated macrophage monolayers were filtered
through Amicon YM 10, YM 30 or YM 100 membranes. The residue was further
washed with sterile phosphate-buffered saline and reconstituted to the original

volume. All solutions were assayed for neutrophil migration in naive mice.

2.10. Pharmacological investigation with different drugs

Lipopolysaccharide from E. co/i was used as a positive control to test the
effectiveness of the dose and time schedules employed. Capsaicin (trans-8-methyl-
N-vanilyl-6-nonamide) was applied topically as a 1% solution (Alber ef al., 1989).

The neurokinin; (NK;) receptor antagomist SR140333 ((S)1-{2-[3-(3.4-
dichlorophenyl)-1-(3-isopropoxyphenylacetyl)piperidin-3-yi]ethyl} -4-phenyl-1-
azoniabicyclo{2.2.2.Joctane chloride, 100 pgkg; lonue er al, 1997) or the
neurokinin; (NK;) receptor antagonist SR48968 ((S)-N-methyl-N[4-(4-acetylamino-
4-phenylpiperidino)-2-(3,4,-dichlorophenyl)butyl]benzamide, 1 mg/kg; Ionue ef al,
1997) were administer intravenously immediately before the ip. injection of
supernatants from macrophages stimulated with SEA (0.2 ml/cavity) or LPS (200
ng/cavity).

All the other drugs were administer subcutaneously (sc) 1 h before the i.p.
injection of supernatants from SEA-stimulated macrophages. The following drugs
were used at the indicated doses: dexamethasone (0.5 mg/kg; Barja Fidalgo et al,
1992), indomethacin (5 mgkg;, Henriques et al, 1987), BWA4C (N-(3-
phenoxycinnamyl) acetohydroxamic acid), 5 mgkg, Tateson et al, 1988),
BW755C {[3-(amino-1-3 trifluoromethyl phenyl)-2-pyrazoline hydrochlonide], 50
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mg/kg; Randall er al., 1980), cimetidine (2 mg/kg; Scheuber ef al, 1985) and
BN52021 (ginkgolide B, 3-(1,1-dimethylethyl)-hexahydro-1,4-7b-trihydroxy-8-
methyl-9H-1,7a  (epoxymethano-1H, 6oH-cyclopenta (¢) furo (2,3-b) furo
(3°,2°:3,4) cyclopenta (1,2-d) furan-5, 9, 12 (4H)-trione); 10 mg/kg, Barja-Fidaigo
et al., 1992). |

2.11. Drugs and chemicals

BN52021, NK; receptor antagonist SR140333 and NK, receptor antagonist
SR48968 were generously provided by Dr Edson Antunes (Department of
Pharmacology, State University of Campinas). BW755C was generously provided
by Prof. Célia Regina Carlini (Department of Biochemistry, Federal University of
Rio Grande do Sul). Staphylococcal enterotoxin type A, indomethacin, cimetidine,
capsaicin, dexamethasone and polymyxin B were purchased from (Sigma Chemical
Co., St Louis, MO, USA). The other chemicals were of the highest grade available.

2.12. Statistical analysis

The data are reported as the mean + SEM for five animals. The results
from the pretreatment experiments were compared using analysis of variance
followed by the Kruskal-Wallis test (p<0.05). The other data were compared using
Student’s unpaired t-test (p<0.05).
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3. Resuits
Marked neutrophil recruitment was observed following the injection info

mice of supernatants from mouse SEA-stimulated peritoneal macrophages (Figure
1A). The release of this neutrophil chemotactic component was proportional to the
SEA concentration (0.62-2.5 ug/ml); the concentrations used had no effect on
macrophage viability. For the highest concentration of SEA tested (2.5 pg/ml) the
maximal neutrophil migration was obtained 2 h after a 30 min pre-incubation of
macropahge monolayers with the toxin (Figure 1 B,C).

Incubating the supernatants from SEA-stimulated macrophages with
polymyxin B (3.5 ug/ml) did not reduce their chemotactic activity, whereas that of
LPS (200-800 ng) was reduced (Figure 2).

Incubating supernatants from SEA-stimulated macrophages at 100°C for 30
min or with chyvmotrypsin (100 pg/mi), but not trvpsin (200 pg/ml), for 60 min
abolished the neutrophil chemotactic activity (Figure 3 A B). Pre-treating the SEA-
stimulated macrophage monolayers with cycloheximide (9 ug/ml) inhibited release
of the chemotactic component (Figure 3 C). No effect on neutrophil migration was
observed when the above substances were added to supernatants collected from
SEA-stimulated macrophages.

All of the neutrophil chemotactic activity was found in the material retamned
after ultrafiltration of the supernatants through an Amicon YM-10 membrane; the
ultrafiltrate did not induce neutrophil migration. The stimulatory activity was also
retained by YM-30 and YM-100 membranes. Curiously, the material retained by
the YM-30 membrane was about three times more potent than the unfiltered
supernatant (Figure 4).

Pre-treating the mice with dexamethasone (0.5 mg/kg) had no effect on the
neutrophil migration induced by the supernatants of SEA-treated macrophages. A
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similar response was observed with the dual mhibitor of arachidonic acid
metabolism BW755C (50 mg/kg), indomethacin (5 mg/kg), the lipoxygenase
nhibitor BWA4C (10 mg/kg), the PAF receptor antagonist BN52021 (10 mg/kg)
and the histamine H, receptor antagonist cimetidine (2 mg/kg). On the other hand,
mice pre-treated with capsaicin, a sensory C-fiber neuropeptide depletor, or with
the NK,; receptor antagonmst SR140333 (100 ng/kg), there was a significant
reduction m the neutrophil migration induced by supernatants from of SEA-
stimulated macrophages. In contrast, the NK; receptor antagonist SR48968 (1
mg'kg) did not inhibit neutrophil migration. A similar profile of inhibition was
observed for the neutrophil migration induced by substance P (20 nmol /cavity;
positive control). All of the above drugs, except capsaicin, inhibited the neutrophil

migration induced by LPS (positive control, data not shown).
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Discussion

In this study, we have provided evidence for the presence of a neutrophil
chemotactic component in supernatants from mice peritoneal macrophages
incubated with SEA (Figure 1). These results reinforce our previous hypothesis
about a modulatory role for macrophages in the neutrophil migration induced by
this toxin in vivo (Desouza & G. Ribeiro-DaSilva, 1998) and are in line with the
suggested role of macrophages in the pathophysiological events triggered by SE
(Micusan & Thibodeau, 1993).

The MNCC-SEA was a thermolabile protein, the release of which was
abolished by pre-treating the macrophage monolayers with cycloheximide, an
inhibitor of protein synthesis. Although this protein was sensitive to digestion by
chymotrypsin (100 pg/ml for 60 min) it retained its activity after four freeze-thaw
cycles (10 = 1.8 vs 9.3 + 1.7 neutrophils per cavity x 10°) and after storage at 4°C
for 48 h (10.6 + 1.0 vs 10.2 + 2.0 neutrophils per cavity x 10°) (Figure 3). The
release of MNCC-SEA from macrophages was apparently active secretory process
since the release occurred without cell damage, there was a requirement for
metabolic energy (glucose) the presence of divalent cations (Ca** or Mg*") and
optimal release occured at 37°C and physiological pH (data not shown).

Racterial endotoxin can stimulate and inhibit neutrophil migration
(Rosenbaum ef al., 1983). To discarded the involvement of LPS supernatants from
macrophage monolayers stimulated with SEA were incubated with polymyxin B
(Barja-Fidalgo er al., 1992; Cunha & Ferreira, 1986). As shown in Figure 2, the
neutrophil migration responses to these supernatants were not affected by
polymyxin B whereas that to LPS was. This observation confirms that the
neutrophil migratory response observed was in fact attributable to the presence of a

neutrophil chemotactic substance in the supernatants and not to the presence of
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endotoxin.

Several chemotactic mediators released at the inflammatory site are involved
in neutrophil recruitment, including the complement component C5a (Fernandez et
al., 1978), arachidonic acid metabolites such as LTB,; (Samuelsson, 1983) and
cytokines such as IL-1B, TNF-c. and IL-8 (Ribeiro er al, 1991; Faccioli ef al,
1990; Colditz et al, 1989). Some of these substances, such as C5a, may have a
direct chemotactic effect on neutrophils (Yancey, 1989), whereas others such as IL-
1, TNF-o¢ and LTBs may act indirectly through mechanisms dependent on the
number of resident cells, and on endothelial reactivity (Ribeiro et al., 1991; Faccioli
et al., 1990).

Macrophages incubated in vitro with LPS (Cunha & Ferreira, 1986), IL-1,
TNF-a (Faccioli er al., 1990) and INF-y (Ronaldo er al., 1990) release a neutrophil
chemotactic factor, known as MNCF (macrophage-derived neutrophil chemotactic
factor) which is a lectin-like protein with a molecular mass of the 54 kDa (Baruffi
et al., 1993; Cunha & Ferreira, 1986).

The neutrophil migration induced by MNCF in rats is unaffected by the
number of resident peritoneal cells, or by pretreatment of the rats with
dexamethasone (Souza ef al., 1988). The observation that glucocorticoids did not
affect the neutrophil migration induced by MNCF distinguished this factor from
other known neutrophil chemotactic mediators such as IL-1, TNF, IL-8, INF-y, C5a
and LTB, whose activity is inhibited by dexamethasone (Ribeiro et al, 1991,
Faccioli et al., 1990).

SEA-stimulated mouse macrophage monolayers also released an MNCF-like
mediator since the chemotactic activity of the supernatants was not affected by
dexamethasone (Figure 5). The neutrophil migratory response was also unaffected

by the number of resident peritoneal macrophages, since the neutrophil migration in
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thioglycollate-treated mice, a treatment which increases the peritoneal macrophage
population, was similar to that in non pre-treated mice (10 £ 1.8 vs 13 = 1.5
neutrophils per cavity x10%). These results also indicate that cytokines such as IL-1,
TNF-a, INF-y are not responsible for the neutrophil chemotactic activity of
MNCC-SEA. IL-8, another potent leukocyte chemoattractant cytokine, is the major
neutrophil chemotaxin produced by human alveolar macrophages stimulated with
SEA (Miller et al., 1996 a,b). However, this cytokine may be an exception since its
chemotactic activity is dependent on mast cells (Ribeiro et al., 1991).

In laboratory animals, SE elicits several effects similar to those for LPS
(Bergdoll & Chesnev, 1991). Our demonstration that mouse peritoneal
macrophages also released a MNCF-like protein after incubation with SEA in vitro
indicates another biological activity shared by SEA.

Evidence against the similarity between the neutrophil chemotactic
component present in supernatants from SEA-stimulated macrophages and MNCF
comes from the molecular weight of these substances. MNCC-SEA has a molecular
weight greater than 100,000 (Figure 4) whereas the molecular weight of the MNCF
is 54,000 (Cunha & Ferreira, 1986).

LPS-stimulated murine macrophages (RAW 264.7 cells) also release two
proteins termed macrophage inflammatory proteins 1 (MIP-1) and 2 (MIP-2)
(Wolpe et al., 1988,1989). These proteins are potent chemoattractants for
polymorphonuclear leukocytes (Widmer et al., 1993). However, the molecular
weight for MNCC-SEA obtained here (>100,000) excludes the possibility that
MIP-1 or MIP-2 (MW 6,000-8,000) is responsible for the chemotactic activity
described above.

Glucocorticoids can inhibit the release of many biologically active
substances, including neutrophil chemotactic mediators such as metabolites of

arachidonic acid or cytokines (Kiein er al., 1995; Fantuzzi & Ghezzi, 1993). Pre-
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treating the macrophage monolayers with dexamethasone (5 pug/ml) reduced the
release of MINCC-SEA by 71%. This results may reflect the fact that the
effectiveness of this drug én SEA- mediated neutrophil recruitment (Desouza &
Ribeiro-DaSilva, 1998) is not through a direct action on the migratory cells but
indirectly by inhibiting the release of an endogenous chemotactic mediator such as
MNCC-SEA.

Since mneither indomethacin, a specific cyclooxygenase inhibitor, nor
BW755C, a dual inhibitor of arachidonic acid metabolism, had any effect on the
release of MINCC-SEA in vitro, arachidonic acid metabolites are unlikely be
responsible for the neutrophil chemotactic activity of the protein described here
(data not shown). MNCC-SEA has an apparent molecular weight greater than that
of chemotactic substances derived from cell phospholipids such as PAF and
lipoxygenase or cyclooxygenase products (Figure 4).

Human and mouse macrophages are able to produce the C5a precursor
(Whaley & Fergunson, 1981). The neutrophil migration induced by C5a in rats is
inhibited by dexamethasone (Ribeiro et al.,, 1997; Faccioli et al., 1990) and occurs
by a mechanism independent of resident cells. Thus, the possibility that C5a could
be responsible for the activity of the MNCC-SEA can be discarded because the
MNCC-SEA induced neutrophil migration in dexamethasone pre-treated animals,
its migratory response was independent of resident cells, and the molecular weight
of the MNCC-SEA was greater than the C5a component (Figure 4). In support for
this conclusion, MNCC-SEA activity was unaffected by incubation for 30 min at
56°C (Figure 3A), a procedure which inactivates the C5a component. Moreover,
the MNCC-SEA did not release histamine when incubated with mouse peritoneal
mast cells (Krebs Ringer phosphate buffer histamine release: 1.53 + 0.76%; 48/80
compound histamine release: 68 + 8.0%; MNCC-SEA histamine release: 1.5 +
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0.86%), a characteristic property of the anaphylatoxins C3a and C5a (Cunha &
Ferreira, 1986; Sauder et al., 1984).

The SEA-induced neutrophil influx into the mouse peritoneal cavity was
blocked by pretreating the mice with BN52021, cimetidine, BWA4C, or BW755C
but not by indomethacin. Therefore, PAF, the histamine H; receptor and
lipoxygenase products seem to be involved in the neutrophil recruitment induced by
this toxin in mice (Desouza & Ribeiro-DaSilva, 1998). This broad spectrum of
drugs which can inhibit the SEA-induced neutrophil migratory response had no
effect on the MINCC-SEA-induced neutrophil migration (Figure 5). This finding
reinforces our suggestion that the MNCC-SEA may be one of the main chemotactic
mediators responsible for SEA-induced neutrophil migration in vivo.

We recently suggested that SP may be involved in the paw edema and
neutrophil recruitment induced by SEA or SEB in mice. This conclusion was based
on the observation that capsaicin, a pharmacological tool widely utilized to deplete
sensorv neurones of their peptide content, reduced the inflammatory response
induced by these toxins in mice (Desouza & Ribeiro-DaSilva, 1996, 1997, 1998;
Desouza et al;. 1996).

SP, released by afferent nerve terminals, is the main neuropeptide mvolved in
the neurogenic inflammation (Partsch & Matucci-Cerinic, 1992; Foreman, 1987)
and may be involved in the pathophysiological events of SE (Scheuber ef al., 1987).
Neurogenic inflammation, which can be induced by electrical or chemical
stimulation of sensory neurones, involves a number of inflammatory events such as
local vasodilatation, oedema formation and leukocyte accumulation. All of these
components of the inflammatory response can also be elicited by the administration
of SP (Walsh er al., 1995; Yano et al., 1989). Moreover, a number of mast cell-
derived mediators have been implicated in the inflammatory responses elicited by

SP, including histamine and LTB,, which could mediate part of the leukocyte
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infiltration in mouse skin (Foreman, 1987; Iwamoto ef al., 1993). The inflammatory
properties of SP appear to be mediated primarily via its interaction with the NK;
receptor (Guard & Watson, 1991), a member of the G-protein-coupled receptor
superfamily (Takeda er al., 1991).

There was a significant reduction (73%) in the neutrophil migration induced
by MNCC-SEA in mice pre-treated with capsaicin (Figure 5). A similar response
was observed in mice pre-treated with the specific NK; receptor antagonist
SR140333, but not with the NK; receptor antagonist SR48968. These observations
further support to our hypothesis about the involvement of SP in the SEA-mediated
phlogistic reaction in mice (Desouza & Ribeiro-DaSilva, 1996, 1997, 1998:
Desouza et al, 1996) and suggest that the MNCC-SEA-induced neutrophil
migration #» vivo involves neurotachykinins such as SP.

SP may be released by IL-1 and thus contribute to the neutrophil recruitment
elicited by cytokines in vivo. Although the mechanism by which IL-1 can release
this tachykinin remains unclear, there is evidence that this phenomenon is not
affected by the NK, receptor antagonist SR140333, indicating that the neutrophil
accumulation induce by this cytokine is not mediated by NK; receptors (Perretti ef
al., 1993; Pinter e al., 1998), in contrast to that observed with MNCC-SEA
(Figure 5).

5. Conclusion

Our results confirm that macrophages play a key role in the neutrophil
recruitment induced by SEA. This function is mediated by the release of a
neutrophil chemotactic protein (MNCC-SEA) that is different from the currently
known chemotactic mediators such as IL-1, TNF-o, INF-y, IL-8, MNCF, LTB,,
PAF, the complement component C5a and MIP-1 or MIP-2. MNCC-SEA may
induce neutrophil migration by stimulating sensory neurons to release neuropeptides

such as SP.
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Legends to Figures
Figure 1. The release of neutrophil chemotactic component by SEA-stimulated
macrophages.

. Panel A shows the neutrophil migration 12 h after the administration of
supemnatants obtained by incubating macrophage monolayers with RPMI (llll) or
SEA (I ; ,0‘62"2'50 pug/ml) at 37°C for 30 min. Panels B and C show the
influence on the pre-incubation and incubation times, respectively, on the release of
the neutrophil chemotactic component by SEA (2.5 ug/ml)-stimulated
macrophages. The macrophage wviability after treatment with SEA was 93%. The
data are the mean + S.E.M. of five mice. *p<0.05, compared with the control group

(Student’s unpaired t-test).

Figure 2. The effect of polymyxin B on the neutrophil chemotactic activity of
the supernatants from SEA-stimulated macrophages.

Polymyxin B (PMX; 3 ng/cavity) was injectd i.p. with supernatants from
macrophages stimulated with SEA (SEA-SMO) or lipopolysaccharide from E. Coli
(LPS, 200-800 ng/cavity) and the neutrophil counts then determined 12 h later. The
data are the mean = S.E.M. for five mice. *p<0.05, compared with the response in
the absence of PMX (Kruskal-Wallis test).
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Figure 3. Partial characterization of the neutrophil chemotactic component
release by SEA-stimulated macrophages.

Panel A shows the neutrophil migration into the mouse peritoneal cavity induced by
0.2 ml of supematant from SEA-stimulated macrophages incubated for 30 mun at
37°, 56° or 100°C. Panel B shows the neutrophil chemotactic activity after
incubation with trypsin (200 pg/mi) or chymotrypsin (100 ug/ml). Panel C shows
the neutrophil migration induced by supernatants from macrophage monolayers
pretreated with cycloheximide (9 pg/mi). The data represent the mean + S.E.M. for
five mice. The dotted line indicates the neutrophil migration induced by
supernatants from RPMI-stimulated macrophages. *p<0.035, compared with control

(C) group (Student’s unpaired t-test).

Figure 4. Neutrophil chemotactic activity of the retained material and filtrate
of macrophage supernatants filtered through YM membranes.

Supernatants from SEA-treated macrophage monolayers were filtered
through Amicon YM-10, YM-30 or YM-100 membranes. The retained material
was further Washed with sterile phosphate-buffered saline and reconstituted to the
original volume. The residue (R) and the ultrafiltrate (F) were assayed for their
ability to induce neutrophil migration into the mouse peritoneal cavity. The data
represent the mean + S.E.M. for five mice. The dotted line indicates the neutrophil
migration induced by supernatants from RPMI-stimulated macrophages. *p<0.05,
compared to the neutrophil migration induced by supernatant that was not filtered

(C) (Student’s unpaired t-test).
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Figure 5. The effect of various drugs on the neutrophil migration induced by
supernatants from SEA-stimulated macrophages.

Capsaicin (CPS) was applied topically for 8 days. Dexamethasone (Dexa,
0.5 mg/kg), indomethacin (Indo, 5 mgkg), BWA4C (5 mgkg), BW755C (50
mg/kg), BN52021 (10 mg/kg) and cimetidine (CMT, 2 mg/kg) were given 1 h
before the imjection of the macrophage supernatants (MNCC-SEA) and the
neutrophil migration was obtained 12 h later. The NK; receptor antagonist
SR140333 (100 ug/kg) or the NK; receptor antagonist SR48968 (1 mg/kg) was
given intravenously immediately before the injection of MNCC-SEA or substance P
(20 nmol/cavity) and the neutrophil migration was determined 4 h after. The data
represent the mean + S.E.M. for five mice. The dotted line indicates the neutrophil
migration induced by supernatants from RPMI-stimulated macrophages.* p<0.05,
compared with the group without pretreatment (C) (Kruskal-Wallis test).
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Abstract

1. Macrophage stimulated with staphylococcal enterotoxin type B (SEB) showed a
dose- and time-dependent release of a neutrophil chemotactic component. This
component was thermolabile protein with a molecular weight between 1,000-3,000 and
was actively secreted by macrophages.

2. The release of this component was inhibited (30%) by dexamethasone but not by
indomethacin or BW755C. Dexamethasone (0.5 mg/kg) also inhibited the neutrophil
migration induced by this neutrophil chemotactic protein by 80%. A similar mhibition
was observed in mice pretreated with BWA4C (10 mg/kg; 72%), BW755C (50 mg/kg,
79%), BN52021 (10 mgkg; 75%), cimetidine (2 mgkg; 61%), capsaicin (0.1%
topically; 65%), neurokinin; receptor antagonist SR140333 (100 pg/kg; 71%), but not
by indomethacin and the neurokinin, receptor antagonist SR48968. These results
confirm that macrophages play a key role in the neutrophil recruitment induced by SEB.
3. The novel neutrophil chemotactic protein described here is different from the
currently known chemotactic cytokines IL-1, TNF-o, INF-y, MNCF and other
chemotactic mediators such as leukotrienes, PAF and the fifth complement component.
Our results suggest that this chemotactic component induces neutrophil migration by

stimulating sensory neurons and, secondarily mast cells.

Key words: Staphylococcal enterotoxin type B; neutrophil migration; macrophages;

neurogenic inflammation; peritoneal cavity; interleukins



1. Introduction

Staphylococcal enterotoxins (SE) belong to a family of exoproteins (25-30
kD) produced by several strains of Staphylococcus aureus (Bergdoll, 1989) which are
classified into eight distinct immunological types (A-E and G-I). These toxins are the
most common cause of acute food posoning in humans (Iandolo, 1989; Munson ef al.,
1998).

Although the mechanism of action of SE is still unknown (Freer &
Arbuthnott, 1986; Bobak & Guerrant, 1992), experiments in vivo have been suggested
that the enteropathogenic manifestations may involve the stimulation of sensory neurons
in the gastrointestinal tract followed by the release of neuropeptides, including
substance P (SP) (Micusan & Thibodeau, 1993), the main peptide mediator of
neurogenic inflammation (Foreman, 1987; Partsch & Matucci-Cerinic, 1992). Based on
the observation that capsaicin, a sensory C-fiber neuropeptide depletor, was able to
reduce the paw edema and the neutrophil migration induced by staphylococcal
enterotoxin type A (SEA) or type B (SEB) in mice, we recently hypothesized that the
phlogistic reaction induced by these toxins in this experimental modei is a manifestation
of neurogenic inflammation with the possible involvement of SP (Desouza et al., 1996;
Desouza & Ribeiro-DaSilva, 1996, 1997, 1998). These data also demonstrated a strong
similarity between SEB-induced inflammation in mice and experimental enterotoxemia
in monkeys (Scheuber er al., 1985; Alber et al., 1989; Micusan & Thibodeau, 1993)
and suggested that the murine model may be useful for investigating the
pathophysiological mechanism of SE.

Bactenal toxins are able to stimulate the release of several inflammatory
mediators from host cells (Misfeldt et a/., 1990; Fleming ef al., 1991; Mello Filho et al.,
1997). Macrophages are one of the main resident cell types that can be activated by
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bacterial toxins to release prostaglandins, leukotriene B, (LTB,), interleukin-1 (IL-1),
interleukin-8 (IL-8), tumour necrosis factor-o (TNF-o) and nitric oxide (NO). These
mediators trigger inflammatory events such as leukocyte emigration, vascular
permeability, fever and pain (Ferreira, 1993; Diarello, 1991; Kiuger, 1991). Cells such
as mast cells, macrophages and lymphocytes may also play a role in the
pathophysiological responses to SE (Scheuber ef al., 1987, Micusan & Thibodean,
1993) by releasing inflammatory mediators such as histamine, serotonin, leukotrienes
and cytokines (IL-1, 2, 6, and 8, TNF-q, and interferon-y) (Scheuber et al., 1987,
Marrack & Kappler, 1990; Haskoé e al., 1998).

Neutrophils are the major cell type involved in the host’s defense against
Staphylococcus aureus (Hill et al., 1976), and the accumulation of neutrophils is a
prominent feature of SE-induced gastroenteritis (Zehavi-Willner er al., 1984). The
emigration of neutrophils from circulating blood to the site of injury is a crucial event
during the inflammatory process. This complex phenomenon is mediated by various
substances including the complement component C5a (Fernandez ef al., 1978; Klein et
al., 1995), LTB4 (Samuelson., 1983), IL-1, IL-8, TNF-¢ and interferon-y (IFN- y)
(Faccioli et al., 1990; Rankin ef al., 1990; Ribeiro ef al., 1990, 1991; Coldiltz et al.,
1989) and a macrophage-derived neutrophil chemotactic factor (MNCF) (Cunha &
Ferreira, 1986).

In acute inflammation, resident macrophages act as “alarm cells” and play an
important role in the initiation of neutrophil migration to the inflamed site (Merril ef al.,
1980; Ferreira ef al., 1980). Neutrophil recruitment in vivo is controlled mainly by
resident macrophages (Klein ef al., 1995; Harmsen & Havel, 1990). Thus, neutrophil
migration into the peritoneal cavity in respomse to exogenous stimuli such as
carrageenin, lipopolysaccharide from Escherichia coli (LPS), Clostridium difficile toxin
A and zymosan (Klein ef al., 1995; Ribeiro et al., 1997) is enhanced when the number
of macrophages is mcreased by pretreatment with thioglycollate and diminished after
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depletion of the pentoneal macrophage population by lavage of the cavity (Souza ef al.,
1988).

Recently, we suggested that SEA and SEB induce neutrophil migration into the
mouse peritoneal cavity via a mechamism that involves lipoxygenase metabolites and
resident macrophages (Desouza et al., 1996; Desouza & Ribeiro-DaSilva, 1998). The
biological effects of SE and bacterial endotoxins (lipopolysaccharide) are similar in
several aspects (Bergdoll & Chesney, 1991). Since the neutrophil migration induced by
endotoxin in rats is dependent on a neutrophil chemotactic factor produced by
macrophages (Cunha & Ferreira, 1986), we have investigated the role of macrophage

products in neutrophil migration during peritonitis induced by SEB in mice.



2. Materials and Methods

2.1. Animals experimentation guidelines

These studies were approved by the Animals Committee of the Brazilian College
of Animal Experimentation in accordance with the procedures laid down by the
Universities Federation for Amimal Welfare. Male Swiss mice (25-30 g) from the
University’s Central Animal Services unit were housed in temperature-controlled rooms

and received water and food ad libifum until used.

2.2. Working conditions
All the procedures described below were carried out under aseptic conditions in a
laminar flow cabmet. The material used was autoclaved at 127°C for 1 h and all

solutions were prepared with autoclaved, deionized water.

2.3. Staphylococcal enterotoxin type B
The toxin was dissolved in sterile phosphate-buffered saline and stored at -
20°C at a concentration of 1 mg/ml.

2.4. In vifro release of neutrophil chemotactic component by SEB-stimulated
macrephages

Mouse peritoneal macrophages were harvested with sterile RPMI1640 medium
(pH 7.4) four days after an intraperitoneal injection of sterile thioglycollate solution (3%
w/v, 2 ml/cavity) and allowed to adhere to plastic tissue culture dishes for 1 h at 37°C
in an atmosphere of air containing 5% CO, as previously described (Cunha & Ferreira,
1986). Nonadherent cells were removed by washing the dishes three times with sterile
phosphate-buffered saline. The adherent population (95% macrophages) was incubated
for 5, 15, 30 or 60 minutes with RPMI (control; n=5) or with SEB (1.25-5.0 pg/mi;
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n=5). Subsequently, the supernatants were discarded and the cells washed another three
times with sterile phosphate-buffered saline. This washing was followed by a final
incubation with 4 mi of RPMI medium without SEB for 30, 60, 120 or 180 minutes at
37°C in an atmosphere of air containing 5% CO,. The method described by Boyse et al.
(1964) was used for determining the viability of macrophages after SEB treatment. To
determine the ideal conditions for the release of chemotactic factor by macrophages,
experiments were done using sterile Krebs-Ringer buffer instead of RPMI medium. The
supernatants obtained from macrophages stimulated with SEB at different pH values (6-
8) or temperatures (4-45°C) or with Krebs-Ringer buffer solution without calcium,
magnesium or glucose. To test for the possible release of a chemotactic component, the
cell-free incubation fluids were sterilized (Millipore filters, 0.22 um) and assayed by
injecting aliquots (0.2 ml) into the peritoneal cavity of naive mice.

2.5. Neutrophil migration assay

The chemotactic activity of each sample of supernatants from SEB-stimulated
macrophage monolayers was assayed by intraperitoneal (i.p.) injection (0.2 ml/cavity)
in naive mice. Control animals received 0.2 ml of the supernatant from RPMI-
stimulated macrophage monolayers. After 12h, the peritoneal cavity cells were
harvested by lavage of the cavities with 3 ml of a phosphate-buffered saline-heparin (5
IU/ml)-bovine serum albumin (0.1%, w/v) solution. Total and differential cell counts
were determined as described elsewhere (Souza ef al., 1988). The results were reported

as the number of cells per cavity.



2.6. Contamination with bacterial endotoxin

To check for possible contamination of the supernatants of SEB-stimulated
macrophages with bacterial endotoxin, samples of the supernatants or Escherichia coli
lipopolysaccharide (LPS; 200-800 ng) were incubated for 10 min with polymyxin B
(3.5 ug/ml) and tested for their ability to induce neutrophil migration.

2.7. Partial characterization of the neutrophil chemotactic component release
SEB-stimulated macrophages

The neutrophil chemotactic component released by SEB-stimulated macrophages
was partially characterized by the following experiments: a) The neutrophil migration
induced by SEB-stimulated macrophage supemnatants, was examined in mice after
heating the supernatants for 30 minutes at 37°, 56° and 100°C (Cunha & Ferreira, 1986;
Klein et al., 1995), b) The supematants were incubated for 60 minutes with trypsin (200
pug/ml) or chymotrypsin (100 pg/ml) (Calderon ef al., 1974) prior to testing for
neutrophil migration and ¢) The SEB -stimulated macrophage monolayers were treated
with cycloheximide (9 ug/ml) prior to testing for the release of the chemotactic
component. In this case, cycloheximide was added to the incubation medium 30
minutes before the SEB challenge and was maintained throughout the experiment
(Cunha & Ferreira, 1986). For the controls, cycloheximide (9 pg/ml), trypsin (200
pg/ml) and chymotrypsin (100 pg/ml) were added separately to supernatants from
macrophage monolayers stimulated only with SEB.

2.8. Ultrafiltration of the supernatants from SEB-stimulated macrophages

The supernatants of SEB-treated macrophage monolayers were filtered through
Amicon YM 10, YM 3 and YM 1 membranes. The retained material was washed with
sterile phosphate-buffered saline and reconstituted to the original volume. All solutions

were assayed for neutrophil chemotactic activity in naive mice.



2.9. Pharmacological investigation with different drugs

The effectiveness of the dose and time schedules used in these experiments was
confirmed using LPS as a positive control. Capsaisin (trans-8-methyl-N-vanilyl-6-
nonamide) was applied topically as a 1% solution (as described by Alber ef al., 1989).

The neurokinin; receptor antagonist SR140333 ((S)1-{2-[3-(3,4-dichlorophenyl)-
1-(3-isopropoxyphenylacetyl)piperidin-3-yljethyl }-4-phenyl-1-
azoniabicyclo[2.2.2.]octane, chloride, 100 ug/kg; Ionue er al., 1997) and the
neurokinin, receptor antagonist SR48968 ((S)-N-methyl-N{4-(4-acetylamino-4-
phenylpiperidino)-2-(3,4,-dichlorophenyl)butyl]benzamide, 1 mg/kg; Ionue et al., 1997)
were administered infravenously immediately before ip injection of the supernatants
from macrophages stimulated with SEB (0.2 ml/cavity) or LPS (200 ng/cavity).

All the others drugs were administered subcutaneously (sc) 1 h before the 1p
injection of the supernatants from macrophages stimulated with SEB (0.2 mVcavity) or
LPS. The following drugs were also used: dexamethasone (0.5 mg/kg; Barja Fidalgo ef
al., 1992), indomethacin (5 mgkg;, Henriques et al, 1987), BWA4C (N-(3-
phenoxycinnamyl) acetohydroxamic acid), 5 mg/kg; Tateson ef al., 1988), BW755C
([3-(amino-1-3 trifluoromethyl phenyl)-2-pyrazoline hydrochloride], 50 mg/kg; Randall
et al., 1980), cimetidine (2 mg/kg; Scheuber et al., 1985) and BN52021 (ginkgolide B,
3-(1,1-dimethylethyl)-hexahydro-1,4-7b-trihydroxy-8-methyl-9H-1, 7o (epoxymethano-
1H, 6aH-cyclopenta (c) furo (2,3-b) furo (3°,27:3,4) cyclopenta (1,2 - d) furan-5,9,12
(4H)-trione); 10 mg/kg); Barja-Fidalgo et al., 1992).

2.10. Drugs and chemicals

BN52021, the neurokinin; receptor antagonist SR140333 and the neurckininy
receptor antagonist SR48968 were generously provided by Dr. Edson Antunes
(Department of Pharmacology, State University of Campinas). BW755C was
generously provided by Dr. Célia Regina Carlini (Department of Biochemistry, Federal
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University of Rio Grande do Sul). SEB, indomethacin, cimetidine, capsaicin,
dexamethasone and polymyxin B were purchased from (Sigma Chemical Co., St Louis,
MO, USA). The other chemicals were of highest grade available.

2.11. Statistical analysis

The data are reported as the mean + SEM for five mice. The results from the
pretreatment experiments were compared using analysis of variance followed by the
Kruskal-Wallis test. The other data were compared by Student’s unpaired t-test. In both

cases, a p value < 0.05 indicated significance.
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3. Results

The supernatants cultured from mouse peritoneal macrophages stimulated with
SEB contained a neutrophil chemotactic component that induced significant neutrophil
recruitment nto the peritoneal cavity of naive mice when compared to mice injected
with supematants from RPMI-stimulated macrophage monolayers (Figure 1A). The
release of this neutrophil chemotactic component into the supernatant was proportional
of the SEB concentrations (1.25-5 pg/ml) used to stimulate the macrophages; there was
no effect on macrophage viability (Figure 1A).

As shown in Figure 1B, varying the length of the pre-incubation (5-60 min) of the
macrophage monolayers with SEB (5 ug/ml) influenced the amount of neutrophil
chemotactic component released into the supernatants. The amount of neutrophil
chemotactic component released also wvaried with the length of time the macrophages
cultured after pre-incubation with SEB (30-180 min).

Incubation of the supernatant from SEB-stimulated macrophages with polymyxin
B (3.5 pg/ml) did not affect the chemotactic activity, whereas the incubation of LPS
(200-800 ng) with the same dose of polymyxin reduced the corresponding neutrophil
migration into the mouse peritoneal cavity (Figure 2).

The pH of the incubation medium had a marked effect on the macrophage
response to SEB. Release of the neutrophil chemotactic component was optimal at pH
70(100+x1.0x 10° neutrophils per cavity) and decreased 2-fold at pH 6.0-6.5 (5.8 +
1.0 x 10° and 5.8 % 1.2 x 10° neutrophils per cavity). No neutrophil recruitment was
observed when the supernatant was obtained at pH 8.0 (2.7 + 0.8 x 10’ neutrophils per
cavity). The SEB-stimulated release of the neutrophil chemotactic component was also
temperature-dependent since no release was observed at 4°C (3.5 + 1.0 x 10°
neutrophils per cavity) or 45°C (2.6 + 0.3 x 10’ neutrophils per cavity); optimal release
occurred at 37°C (9.9 £ 1.3 x 10° neutrophils per cavity). The neutrophil migration
induced by the chemotactic component decreased from 10.0 + 1.0 x 10° to 2.3 £ 0.3,
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4.3 + 1.0 and 2.6 £ 0.6 x 10° neutrophils per cavity when calcium, magnesium or both
ions, respectively, were omitted from the medium. Removal of glucose from the
medium also strongly inhibited the neutrophil influx (10.0 + 1.0 x 10° vs 3.0 £ 0.6 x 10°
neutrophils per cavity).

Incubating the supernatant from SEB-stimulated macrophages at 100°C for 30
minutes or with chymotrypsin (100 pg/ml) but not trypsin (200 ug/ml) for 60 minutes
abolished the capacity to induce neutrophil migration into mouse peritoneal cavities
(Figure 3 A and B). Pre-reating SEB-stimulated macrophages with cycloheximide (9
pg/ml) also inhibited the release of the chemotactic component. No effect on neutrophil
migration was seen when the above drugs were added to the supernatants from SEB-
stimulated macrophages (Figure 3 C).

The material retained after ultrafiltration of supernatants through an Amicon YM-
10 MWCO 10,000), did not induce neutrophil migration into mouse peritoneal cavities,
whereas the utrafiltrate did. The same results were obtained with an Amicon YM-3
(MWCO 3,000) membrane. In contrast, the neutrophil chemotactic activity of the
supernatants was retained by an Amicon YM-1 (MWCO 1,000) membrane (Figure 4).

Pretreating the mice with dexamethasone (0.5 mg/kg) reduced the neutrophil
migration induced by the supemnatant of SEB-stimulated macrophages by 80% (Table
1). A similar response was observed with the lipoxygenase inhibitor BWA4C (10
mg/kg; 72% inhibition), the dual inhibitor of arachidonic acid metabolism BW755C (50
mg/kg, 79% inhibition), the PAF receptor antagonist BN52021 (10 mg/kg;, 75%
inhibition), the histamine H, receptor antagonist cimetidine (2 mg/kg; 61% inhibition)
and capsaicin, a sensory C-fiber neuropeptide depletor. In contrast, indomethacin (5
mg/kg) had no effect on the neutrophil migration. All of the above drugs, except
capsaicin, inhibited the neutrophil migration induced by LPS (positive control, data not

shown).
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The neutrophil migration was significantly reduced (71%) by pretreating the mice
with the neurokinin; receptor antagonist SR140333 (100 pg/kg). The neurokinin,
receptor antagonist SR48968 (1 mg/kg) had no effect on neutrophil migration. A similar

response on neutrophil migration was seen with SP (20 nmol /cavity; positive control)

(Figure 5).
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Discussion

The incubation of mouse peritoneal macrophages with SEB in vifro resulted in a
dose- and time-dependent release of a component able to induce neutrophil migration
mmto the abdominal cavities of naive mice (Figure 1). These results reinforce our
previous supposition that resident macrophages modulate the neutrophil migration
induced by SE into the mouse peritoneal cavity (Desouza & G. Ribeiro-DaSilva, 1996,
1998) and agree with other observations about the role of these cells in the
pathophysiological events associated with enterotoxemias caused by these toxins
(Micusan & Thibodeau, 1993).

The chemotactic component was a thermolabile protein, since it was inactivated
at 100°C and its release was abolished by pretreating the macrophages with
cycloheximide, an inhibitor of protein synthesis (Figure 3). The component was also
sensitive to digestion by chymotrypsin (100 ug/ml for 60 min; Figure 3B) and a marked
reduction in its activity occurred after four freeze-thaw cycles (8.4 + 1.0 x 10° vs 2 +
0.4 x 10° peutrophils per cavity) or when maintained at 4°C for 48 h (11 £1.0x 10° vs 2
+ 0.4 x 10° neutrophils per cavity). SEB appears to induce the release of this neutrophil
chemotactic component from macrophages by an active secretory process, since the
release occurred without cell damage, required metabolic energy and the presence of
divalent cations (Ca?* and Mg?*) and was optimal at 37° C and physiological pH.

Escherichia coli lipopolysaccharide can stimulate and inhibit neutrophil
migration (Rosenbaum et al., 1983). To exclude the possibility of contamination with E.
coli lipopolisaccharide, supernatants from SEB-stimulated macrophages were incubated
with polymyxin B (Cunha & Ferreira, 1986; Barja-Fidalgo et al., 1992). As shown in
Figure 2, the resulting neutrophil migration was not affected by polymyxin B whereas
that to LPS was inhibited.

Macrophages incubated in vitro with LPS release MNCF into the supernatant
(Cunha & Ferreira, 1986). This factor is a protein with lectin-like activity (Baruffi er a/.,
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1993), and was considered to be the final mediator in the neutrophil recruitment by
various other stimulis, including cytokines such as IL-1B and TNF-o and INF-y and
mediators such as LTB4 (Faccioli et al., 1990; Collins et al., 1991; Ribeiro et dl.,
1997).

In laboratory animals, SEB elicits effects similar to several of those described for
LPS (Bergdoll & Chesney, 1991). Our demonstration that mice peritoneal macrophages
are also able to release a neutrophil chemotactic protein after incubation in vifro with
SEB represents another biological activity that these toxins share with LPS.

However, our results suggest that the chemotactic protein released by
macrophages stimulated with SEB is not the same protein released by macrophages
incubated with LPS since the molecular weight of the MNCF 1s greater than 10,000
(Cunha & Ferreira, 1986) whereas SEB-induced neutrophil chemotactic protein has a
molecular weight of 1,000-3,000 (Figure 4).

The neutrophil migration induced by the MNCF is unaffected by pre-treatment of
the animals with glucocorticoids (Cunha & Ferreira, 1986). This finding distinguishes
this factor from other known neutrophil chemotactic mediators since the neutrophil
migration induced by IL-1, TNF-a, IL-8, the complement component C5a and LTB; in
rats is inhibited by dexamethasone (Faccioli er al., 1990; Ribeiro et al., 1991, 1997).
The neutrophil migration induced by the chemotactic component from SEB- stimulated
peritoneal macrophages was reduced 80% in dexamethasone pre-treated mice (Table
1), probably through the inhibition of neutrophil-endothelium adhesion, one of the
mechanisms by which glucocorticoids can inhibit the recruitment of these cells to
inflamed tissues (Cronstein et al., 1992; Cecilio ef al., 1997).

The chemotactic mediators thought to be involved in neutrophil migration into
inflamed tissues include the complement component fragment C5a (Yancey, 1989),
LTB,, (MacMillan & Foster, 1988) and cytokines such as IL-1, TNF-a, and IL-8
(Faccioli ef al., 1990; Ribeiro et al., 1991). Some of these substances, such as ;:he fifth
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complement component, may have a direct chemotactic action on neutrophils (Yancey,
1989), whereas others may act indirectly through mechanisms which depend upon the
resident cells of the tissues and on the endothelium (Faccioli et al., 1990; Ribeiro et al.,
1991).

Glucocorticoids can also inhibit the release of many biologically active
substances, including neutrophil chemotactic mediators such as cytokines and
metabolites of arachidonic acid (Fantuzzi & Ghezzi, 1993; Klein et al., 1995). Our
experiments showed that pre-treating the macrophage monolayers with dexamethasone
(5 ug/ml) in vitro reduced the release of the SEB-induced neutrophil chemotactic
component by 30%. On the other hand, based on the observation that neither
indomethacin, a specific cyclooxygenase inhibitor, nor BW755C, a dual inhibitor of
arachidonic acid metabolism, had no effect in vifro on the release of the neutrophil
chemotactic component by SEB-stimulated macrophages, we conclude that arachidonic
acid metabolites do not contribute to the neutrophil chemotactic activity described in
the present paper (data not swhon). In addition, this chemotactic protein has a
molecular weight greater than chemotactic substances derived from cell phospholipids
such as PAF and lipoxygenase or cyclooxygenase products (Figure 4).

The molecular weight (1,000-3,000) of this SEB-induced neutrophil chemotactic
component from macrophages also excludes the possibility that cytokines such as IL-1,
TNF-o, IFN-y and IL-8 or the fifth complement component are responsible for this
chemotactic activity.

LPS-stimulated murine macrophages (RAW 264.7 cells) also release two
proteins termed macrophage inflammatory proteins 1 (MIP-1) and 2 (MIP-2) (Wolpe et
al., 1988,1989). These proteins are potent chemoatiractants for polymorphonuclear
leukocytes (Widmer ef al., 1993). However, the molecular weight for SEB-induced
neutrophil chemotactic component from macrophages obtained here (1,000- 3,000)
excludes the possibility that MIP-1 or MIP-2 (MW 6,000-8,000) is responsible for the
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chemotactic activity described above.

There is good evidence that the neutrophil migration into rat peritoneal cavities
induced by the above cytokines is dependent on the number of resident macrophages
(Faccioli et al., 1990), although IL-8 may be an exception since its chemotactic activity
is dependent on mast cells (Ribeiro ef al., 1991). In contrast, the neutrophil migration
induced by supernatants from SEB-stimulated macrophages was unaffected by the
number of resident peritoneal macrophages, since a migratory response of similar
magnitude was observed in thioglycollate-treated mice (a treatment able to increase the
peritoneal macrophage population by fivefold) and non-pre-treatment mice (9.6 + 2
x10°vs 9.6 + 1.5 x10° neutrophils per cavity).

The neutrophil migration induced by the SEB-induced macrophage neutrophil
chemotactic component was reduced by pretreating the mice with BN52021,
cimetidine, BWA4C, BW755C but not by indomethacin (Table 1). Therefore, PAF, the
histamine H; receptor and lipoxygenase products appers to be involved in the neutrophil
recruitment. The broad spectrum of drugs which inhibited this response may reflect the
fact that other cell types are probably involved.

Mast cells have an important role in inflammatory processes through their
ability to release of several mediators which have neutrophil chemotactic activity (Rao
et al., 1994; Ribeiro ef al., 1997). In particular, 11-8 is a potent leukocyte
chemoattractant able to induce neutrophil migration by stimulating the release of a
neutrophil chemotactic factor from mast cells (Ribeiro ef al., 1991).

SP, released by afferents nerve terminals, is the main neuropeptide involved in
neurogenic inflammation (Foreman, 1987; Partsch & Matucci-Cerinic, 1992) and may
have a role in the pathophysiological events of SE (Scheuber ef al., 1987). Neurogenic
mnflammation, which may be induced by electrical or chemical stimulation of sensory
neurons, involves a number of inflammatory events such as local vasodilatation,

oedema formation and leukocyte accumulation. All these components of the
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inflammatory response are also elicited by the administration of SP (Yano et al., 1989;
Walsh et al., 1995). Moreover, a number of mast celi-derived mediators such as
histamine and 1. TB4 have been implicated in the inflammatory responses elicited by SP
and may partly mediate the leukocyte infiltration into mouse skin (Foreman, 1987;
Iwamoto et al., 1993). The inflammatory properties of SP appear to be mediated
primarily via its interaction with neurokinin-1 receptors (Guard & Watson, 1991) which
are members of the G-protein-coupled receptor superfamily (Takeda ef al., 1991).

We recently suggested that SP may be involved in the paw edema and in the
neutrophil recruitment induced by SEA or SEB in mice. This conclusion was based on
the observation that capsaicin, which depletes sensory neurons of their peptides,
reduced the inflammatory response induced by these toxins in mice (Desouza et al.,
1996; Desouza & G. Ribeiro-DaSilva, 1996, 1997, 1998).

Our results here aiso showed an significant reduction (65%) in the neutrophil
migration in capsaicin pre-treated mice (Table 1). A similar response was obtamned in
mice pre-treated with a specific neurokinin; receptor antagonist SR140333, but not with
the neurokinin, receptor antagonist SR48968 (Figure 5). These observations add
additional support to our previous hypothesis about the mvolvement of SP in the SEB-
mediated phlogistic reaction in mice (Desouza et al;. 1996; Desouza & G. Ribeiro-
DaSilva, 1996, 1997, 1998). These results also suggest that macrophages are able to
release a pro-inflammatory neutrophil chemotactic component when stimulated with
SEB and that this component induces neurogenic inflammation.

As SP-induced tissue swelling and granulocyte infiltration in mice are associated
with mast cell degranulation and the neutrophil infiltration seen following the
intradremal injection of SP into mouse skin is mast-cell dependent (Yano ef al., 1989),
we can conclude that mast-cells may be a important intermediate in the release of
neuropeptides and the local alterations in vascular tone, permeability and neutrophil

infiltration seen following the administration of the chemotactic component described
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here. This conclusion could also explain the involvement of inflammatory mediators
such as leukotrienes, histamine and PAF in this phenomenon.
5. Conclusion

In conclusion, our results confirm that macrophages play a key role m
neutrophil recruttment folowing stimulation by SEB. This function is mediated by the
release of a neutrophil chemotactic protein that is different from the currently known
chemotactic cytokines IL-1, TNF-o, TFN-y, MNCF and other chemotactic mediators
such as leukotrienes, PAF, the fifth complement component and MIP-1 or MIP-2. Our
results also suggest that the neutrophil migration stimulated by this novel neutrophil
chemotactic component may involve the release of neuropeptides from sensory neurons
and the secondary stimulation of mast cells. However, the mechanism whereby this

macrophage product stimulates sensory neurons remains to be elucidated.
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LEGENDS TO FIGURES
Figure 1. Release of neutrophil chemotactic component by SEB-stimulated
macrophages.

Panel A shows the neutrophil migration observed 12 h after the administration of
supernatants obtained by incubating macrophage monolayers with RPMI (llll) or SEB
B . 1.25-5.00 pg/ml) at 37°C for 30 minutes. The inset shows the macrophage
viability after treatment with SEB. Panel B shows the influence of the duration of pre-

incubation with SEB on the release of the chemotactic factor. In these experiments, the
supernatants were collected 120 minutes after the end of the indicated pre-incubation
periods. This panel also shows the time-dependent release of chemotactic factor after
pre-incubation of the cells with SEB (5 pg/ml) for a fixed time (30 minutes). The data
are the mean + S.EM. of five mice. *p<0.05, compared with the control group

(Student’s unpaired t-test).

Figure 2. Polymyxin B does not inhibit the activity of the neutrophil chemotactic
component released by SEB-stimulated macrophages.

Polymyxin B (PMX; 30 ug/cavity) was injectd i.p. concomitantly with the
supernatants SEB-stimulated (SEB-M) or Escherichia coli lipopolysaccharide (LPS
200-800 ng/cavity) and the neutrophil migration was assessed 12 h later. The data are
the mean + S.E.M. for five mice. *p<<0.05, compared with the response in the absence

of PMX (Kruskal-Wallis test).
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Figure 3. Partial characterization of the neutrophil chemotatic component release
by SEB-stimulated macrophages.

Panel A shows the effect of temperature on the activity of supernatants (0.2 ml) from
SEB-stimulated macrophages to induce neutrophil migration into mouse peritoneal
cavities. The supernatants were incubated for 30 minutes at the indicated temperatures
before injection into mice. Panel B shows the neutrophil chemotactic activity of the
supernatants after incubation with trypsin (200 pg/ml) or chymotrypsin (100 pg/ml).
Panel C shows the neutrophil migration induced by the neutrophil chemotactic
component from macrophage monolayers pretreated with cycloheximide (9 pg/ml). The
columns represent the mean + S.E.M. for five mice. The dotted line indicates the
neutrophil migration induced by supernatants from RPMI-stimulated macrophages. *p <
0.05, compared with the control group (Student’s unpaired t-test).

Figure 4. Ultrafiltration of the supernatant from SE-stimulated macrophages.

The supernatant from SEB-stimulated macrophage monolayers was filtered
through Amicon YM-10, YM-3 and YM-1 membrane. The retained material was
washed with sterile phosphate-buffered saline and reconstituted to the original volume.
The retained material (R) and the ultrafiltrate (F) were then assayed for their ability to
induce neutrophil migration into the mouse peritoneal cavity (a 12 h time point was
used). The columns are the mean + S.E.M. for five mice. The dotted line indicates the
neutrophil migration imduced by supernatants from RPMI-stimulated macrophages.
*p<0.03, compared with the neutrophil migration induced by supernatant which was not
ultrafiltrated (Student’s unpaired t-test).
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Figure 5. The neurokinin; receptor antagonist SR140333 but not the neurokinin,
receptor antagonist SR48968 inhibits the neutrophil migration induced by
supernatants from SEB-stimulated macrophages.

The neurokinin; (NK;) receptor antagonist SR140333 (100 pg/kg) and the
neurokinin, (NK;) receptor antagonist SR48968 (1 mg/kg) were given intravenously
immedia‘éel’y before the injection of supernatants from macrophages stimulated with
SEB (0.2 ml/cavity) or SP (20 nmol/cavity). The number of neutrophils was determined
4 h later. The columns represent the mean + S.EM. for five mice. The dotted line
indicates the neutrophil migration induced by supernatants from RPMI-stimulated
macrophages. *p<0.05, compared with the control (C) group (Kruskal-Wallis test).



Table 1. The effects of different inhibitors and antagonists on the neutrophil migration into
the mouse peritoneal cavity.

Treatment Neutrophils/ Inhibition Pharmacology
cavity (x 10°%) (%)

Control (RPMI) 19402 — —
MNCC-SEB 9620 e Macrophage derived neutrophil chemotactic component
MNCC-SEB + DEXA (0.5 mg/kg, s.c.) 1.9+0.7*% 80 Inhibitor of cytokine synthesis and phospholipase A
MNCC-SEB + INDO (5 mg/kg, s.c.) 98+1.0 NS Cyclooxygenase inhibitor
MNCC-SEB + BWAAC (5 mg/kg, s.c.) 2.7 +£0.5*% 72 Lipoxygenase inhibitor
MNCC-SEB + BW755C (50 mg/kg, s.c.)  2.0+0.3* 79 Dual cyclo- and lipoxygenase inhibitor
MNCC-SEB + BN52021 (10 mg/kg, s.c.) 2.4 +0.8% 75 PAF antagonist
MNCC-SEB + CMT (2 mg/kg, s.c.) 3.7+03* 61 Histamine H, receptor antagonist
MNCC-SEB + CPS (0.1 %, topically ) 33+0.5¢% 65 Sensory C-fiber neuropeptide depletor

Dexamethasone (DEXA), indomethacin (INDQ), BWAA4C, BW755C, BN52021 and cimetidine (CMT) were given 1
h before the injection of supernatants from macrophages stimulated with RPMI (Control) or SEB (5 pg/ml; MNCC-
SEB). Capsaicin (CPS) was applied topically for 8 days before the injection of supernatants. Neutrophil counts were
obtained 12 h after the challenge with MNCC-SEB. The data are mean + S.E.M. for five mice. *p<0.05, compared

with the non-pre-treated group (Kruskal-Wallis test).
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