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RESUMO

A Dietilcarbamazina (DEC) tem sido utilizada notdaraento e controle da filariose
linfatica desde 1947. Apesar do seu longo periadatiizacdo, pouco se sabe sobre o
seu mecanismo de acdo. Alguns estudos mostram QieCaapresenta propriedades
anti-inflamatérias como um resultado de sua intérfeia no metabolismo do acido
araquidonico, que inclui as enzimas lipooxigenas&leoxigenase (COX). O objetivo
deste trabalho foi analisar a acdo da DEC sobndlariacdo aguda pulmonar através
das analises histolégicas, contagem celular e dasate citocinas inflamatérias no
tecido pulmonar e lavado pleural de camundongomstitos a injecéo intrapleural de
carragenina. Camundongos machos da linha§erss webster com 21 dias de idade
foram utilizados. Os grupos tratados receberam [EIng/kg/dia) ou Indometacina
(5mg/kg/dia) (n=10) na agua de beber, por trés. diss grupos sham e carragenina
receberam apenas agua destilada. Apés o esquempéutco de trés dias os animais
foram submetidos a injecao intrapleural de carrmgeth% ou veiculo (carragenina e
sham respectivamente) e ap6s quatro horas os anfionram eutanasiados e coletado o
liquido pleural para contagem celular e dosagenctitbxinas. Os pulmdes foram
dissecados e processados para microscopia Otiepreta, imunohistoquimica e
Western Blot. O tratamento com DEC diminuiu sigrafivamente a quantidade de
polimorfonucleares na cavidade pleural e atenuogram de lesdo celular, quando
comparados com 0 grupo controle positivo. A analikeestrutural mostrou que a
carragenina provocou dano tecidual, por outro lads,animais tratados com DEC, tais
alteracbes ndo foram observadas. A analise dassgwale citocinas inflamatorias no
tecido pulmonar e exsudato pleural demonstraranadDEC reduziu os niveis de TNF-
a, IL-1p, COX-2 e Oxido nitrico quando comparados com @a@rcontrole positivo e
padrédo ouro (indometacina). Esses resultados imdigae a administracdo de DEC
reduziu o desenvolvimento da inflamacdo em modgberemental de pleurisia.

Palavras chavesdietilcarbamazina, inflamacgéo, pulméo.



ABSTRACT

Diethylcarbamazine (DEC) has been used in thenrew@it and control of lymphatic
filariasis since 1947. Despite its long period séulittle is known about the mechanism
of action. Some studies show that DEC has antmifhatory properties as a result of
its interference with the arachidonic acid metadnliincluding enzymes lipooxygenase
and cyclooxygenase (COX). The objective of thiglgtwas to analyze the action of
DEC on the acute inflammation of the lungs by hagjcal analysis, cell count and
inflammatory cytokines dosage in pleural lavage amgy tissue of mice subjected to
intrapleural injection of carrageenan. Male miceSafiss Webster strain after 21 days
of age were used. The treated groups received EP@\d/kg/day) or indomethacin
(5mg/kg/day) (n = 10) in the drinking water for ébrdays. The positive or negative
control group received only distilled water. Aftire treatment regimen of three days
the animals underwent intrapleural injection ofrageenan 1% or vehicle (positive and
negative control respectively) and after four hatwes animals were euthanized and the
pleural fluid collected for cell count and cytokidesage. The lungs were dissected and
processed for light microscopy, electron, immuntaulsemistry and Western blot.
Treatment with DEC significantly reduced the numbg&ipolymorphonuclear cells in
the pleural cavity and attenuated the degree dfdemhage compared with the positive
control group. The ultrastructural analysis showhdt carrageenan caused tissue
damage, conversely, with DEC treatment these clsawgee not observed. Analysis of
the expression of inflammatory cytokines in lurggtie and pleural exudate showed that
DEC reduced the levels of TNE-IL-1p in addition to the levels of COX-2 and nitric
oxide when compared with the positive control groapd the gold standard
(indomethacin). These results indicate that adrmatisn of DEC reduced the
development of inflammation in an experimental madeleurisy.

Keywords: diethylcarbamazine, inflammation, lung.
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1- INTRODUCAO

A dietilcarbamazina (DEC) € um derivado da piperazsintetizada como 1-
dietilcarbamil-4-metilpiperazina, que tem sido iaida no tratamento e controle da
filariose linfatica desde 1947 com acdo nos verradaltos e nas microfilarias
(MOLYNEUX et al., 2003). E um p6 branco, muito seliem agua, estavel, mesmo
em condicoes de umidade e temperatura muito elsyaglaresiste inclusive, a
autoclavagem (DREYER & NOROES, 1997).

A DEC foi comercializada como um sal citratado jpuimeras companhias
farmacéuticas, com diferentes nomes e atualmedistréuida, sem custo, por érgaos
responsaveis pelo controle de filariose linfatioaBmasil. Apresenta vantagem sobre o0s
outros farmacos utilizados no tratamento da fikidancroftiana devido sua baixa
toxicidade, intenso efeito microfilaricida e posgilade de administragédo oral
(DREYER et al.,1994). E rapidamente absorvida pedto gastrintestinal e atinge o
pico da sua concentracdo plasmatica entre uma £ hHofas apos a ingestao
(HAWKING, 1979). Varios esquemas terapéuticos deCOEm sido utilizados tanto
para cura de casos isolados, quanto para intewwacransmisséo da filariose, sendo o
primeiro esquema terapéutico realizado em ciclod2lelias, na dose de 6mg/kg/dia
(WHO, 1992, 1995).

O mecanismo de acdo da DEC ainda é pouco conheéeidasido proposto que a
DEC estimule rapidamente o sistema imune inato @AFAIS & DENHAM 1992,
SMITH, 2000) e poucos autores tém se detido sobts ®feitos em células de
vertebrados.

Floréncio e colaboradores (2005) demonstraram pgas 42 dias de tratamento
com DEC, os pneumdcitos do tipo Il apresentaramguamde numero de vesiculas
maduras indicando uma ativacdo do metabolismoudactante pulmonar, além de
ativacdo de macrofagos alveolares.

Observacdes clinicas anteriores demonstraram QeCaé altamente eficaz no
tratamento da eosinofilia pulmonar tropical, umanifestacdo de hipersensibilidade
causada por algumas espécies de filarias (BOGGitldD 2004).

Stenmark e colaboradores (1985) demonstraram quUBE& bloqueia a
vasoconstricdo e edema associado a producdo datrlenos e hipdéxia pulmonar. O
estudo ainda demonstrou que a DEC inibe o deseémwaito da Hipertensao Pulmonar,
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hipertrofia ventricular direita e o influxo de puolbrfonucleares e macréfagos
alveolares.

Recentemente, estudos realizados em colaboragédoocammsso laboratorio
demonstraram que a DEC tem importante acdo no élogla inflamacéo eosinofilica
pulmonar em camundongos sensibilizados com ovalmumA DEC bloqueia a
hiperreatividade pulmonar, a producéo de citocifla8 e o acumulo de eosinofilos,
bem como a eosinofilopoiese vivo e in vitro através de mecanismos iINOS/CD95L
(QUETO et al., 2010).

Outros estudos em vertebrados mostram que esteadarmpresenta varios
efeitos bioquimicos diretos em diferentes sistem@amaticos, incluindo glicélise,
metabolismo do folato e aceticolinesteréS6BRAHMANYAM, 1987).

A DEC altera o metabolismo do acido araquidénicd)(Aas microfilarias e nas
células endoteliais dos hospedeiros, visto queugiaga producéo de leucotrienos (LTs)
que sdo potentes vaso-bronco-constritores, comdé&@aminibe a producdo de
prostaglandina (PGE2), prostaciclina (PGI2) e troramo A2 (TXA), por bloguear a
via da ciclooxigenase (COX) apresentando, portaptopriedades anti-inflamatorias
(revisdo em MAIZELS & DENHAM, 1992).

A inflamagé&o pode ser definida como uma respostaistema imune a danos
celulares e teciduais causados por infec¢cbes niggrab ou estimulos nocivos de
origem quimica ou fisica. A resposta inflamatoeia tcomo principal funcéo proteger o
organismo contra infeccbes, bem como reparar osloecapds eventuais lesdes
(HAANEN & VERMES, 1995; WEISS, 2002).

A inflamacédo aguda refere-se a resposta iniciahprada pela leséo tecidual, é
mediada pela liberacdo de substancias como histansarotonina, bradicinina,
prostaglandinas e leucotrienos e, em geral preze@senvolvimento da resposta imune
adaptativa (PEREIRA & BOGLIOLO, 1998).

Na fase aguda da inflamacdo existe o envolvimestmeltréfilos, enquanto
que, na fase tardia, mondécitos/macréfagos migram @aitio inflamatorio (HUERRE
& GOUNON, 1996).

A inflamac&o pulmonar, induzida por carrageninayobre liberacdo de
mediadores celulares, como Fator de Necrose Tur(iOk-o) e interleucina 1B (IL-
1B), liberagé@o de histaminas, bradicininas, prostatifeas, radicais livres e infiltragéo
de neutrofilos. Atualmente os farmacos utilizadé® s anti-inflamatérios néo-

esterdides como a indometacina, e dependendo dm amsglicocorticbides que
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apresentam efeitos colaterais tais como osteopoios@erancia a glicose, acne,
catarata, ganho de peso, reducdo e perda de fargeutar, diminuicdo dos niveis de
testosterona, dentre outros, portanto o estudadesnfarmacos anti-inflamatorios visa
contribuir com novas propostas terapéuticas. Diestaa, o0 presente estudo tem como
objetivo caracterizar a atividade anti-inflamatalea DEC em modelo experimental de

pleurisia.
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1.1 OBJETIVOS

1.1.1 Objetivo Geral:

* Analisar a acdo da DEC sobre a inflamacdo agudangnar de

camundongos mach®&aviss webster.

1.1.2 Objetivos Especificos:

» Caracterizar o efeito do tratamentovivo da DEC na concentragao de
50mg/Kg, sobre a inflamacao pulmonar de camundqrigdsizida por

carragenina, através da microscopia optica e elead@e transmissao;

« Quantificar as concentragdes de TdFe Oxido Nitrico (NO) no
exsudato pulmonar apos tratamento com DEC;

» Avaliar os efeitos anti-inflamatérios da DEC solaemigracdo dos
leucocitos, bem como sobre a presenca de @NIE-1B, iNOS, NF-kB e

COX-2 através de imunoistoquimica e Western Blot.
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1.2 JUSTIFICATIVA

Apesar dos seus 50 anos de uso, a DEC teve o sencid farmacoldgico
pouco explorado. Estudos farmacolégicos mostrarame @ DEC interfere no
metabolismo do &cido araquiddnico atuando, porfasamo um farmaco anti-
inflamatorio. Existem informag8es substanciais de g DEC bloqueia etapas nas vias
da ciclooxigenase e lipoxigenase, incluindo a gébi da quimiotaxia de leucdcitos,
desgranulacdo de granulécitos e vasodilatacdo épedf (MAIZELS & DEHAM,
1992).

A DEC também ¢é eficaz no tratamento da eosindfii@ical pulmonar, uma
importante manifestacdo alérgica de filariose, alden alguns relatos clinicos de
melhora da sintomatologia da asma, que poderiexgdicada pela inibicdo da producao
de leucotrienos. No entanto, tais mecanismos seihfes aos efeitos benéficos da DEC
na inflamac&o eosinofilica pulmonar tém sido pangestigados.

Estudos recentes demonstraram que a DEC tem impodgdo no bloqueio da
inflamacédo eosinofilica pulmonar em camundongossib#izados com ovalbumina,
onde a DEC bloqueou hiperreatividade pulmonar, aygdo de citocinas Th2 e o
acumulo de eosindfilos, bem como a eosinofilopoiasévo e in vitro (QUETO et al.,
2010).

O atual projeto se prop0e a caracterizar a ac&oathmento com DEC sobre a

inflamacéo aguda pulmonar em camundorfgass webster.
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1. REVISAO BIBLIOGRAFICA

1.1 DIETILCARBAMAZINA

A DEC é o filaricida mais amplamente utilizado matamento da filariose
bancroftiana. Apresenta-se na forma de pé branestonsolivel em agua, estavel,
mesmo em condicfes de umidade e temperatura maitadas, inclusive resistente a
autoclavagem. A DEC é um derivado da piperazinatiiada como 1-dietilcarbamil-4-
metilpiperazina e preparada na forma de cloridm@tmto ou fosfato. A partir de 1950,
foi distribuida como sal citratado por inimeras panhias farmacéuticas sob diferentes
nomes, como Hetrazan, Banocide, Caricide, Carbda@REYER & NOROES, 1997).
Atualmente é produzida pela Farmaguinhos e disttibgratuitamente nos postos de
saude na Regiao Metropolitana do Recife.

A DEC é rapidamente absorvida pelo trato gastrsimial e atinge o pico da sua
concentracdo plasmatica entre uma e trés horas apigestdo (HAWKING, 1979;
REE et al., 1977; SAKUMA et al.1967). De acordo com llondu e colaboradores
(2000), ela estd quase ausente na urina, plasnadiva sle humanos ap6s 24 h da
ingestdo. Por outro lado, estudos toxicolégicosamnécoldgicos em camundongos
indicaram que apés 3 h o composto € completamewntetado pelo rim (HARNED et
al., 1948). Horii e Aoki (1997) descreveram o nipklsmatico de DEC em ratos apés a
administracdo de 200mg/kg, registrando valores @agéml apdés 30-60 minutos da
injecdo, decrescendo rapidamente para@/gl apds 4h e atingindo Oub/ml apds 8 h
do tratamento.

As reacdes adversas séo o principal obstaculoatetepéutico desta droga. As
gueixas mais comumente encontradas sao nausea védones abdominais, diarréias,
dores de cabeca, febre, sono, dores escrotaisigiargae se estendem por um ou mais
dias. Essas reac0Oes relacionam-se claramente axganasitaria (FRANCIS et al.,1985;
PARTONO et al.1981).

A DEC possui outro papel terapéutico como uma dragé-inflamatoria
(SALAZAR-MALLEM, 1971; SRINIVAS & ANTANI, 1971; THRUVENGADAM et
al., 1974). Estudos clinicos demonstram que a DEQiagnente eficaz na eosinofilia
pulmonar tropical, uma manifestacdo pulmonar causaor algumas espécies de
filarias. Pacientes com eosinofilia pulmonar quero tratados com DEC por 21 dias,
apresentaram uma melhora acentuada de seus sintegpastorios. Individuos com

eosinofilia pulmonar tropical muitas vezes recehamdiagndéstico incorreto de asma,
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apesar de sua ma resposta aos tratamentos comesscipara a asma. O
reconhecimento precoce e tratamento da eosinofiidmonar tropical com
dietilcarbamazina é a chave para minimizar a maded e mortalidade, pois a
eosinofilia pulmonar tropical ndo-tratada pode tesafibrose pulmonar irreversivel
(BOGGILD et al., 2004 ).

Queto e colaboradores (2010) demonstraram de@ diminui a expresséao de
citocinas como IL-5, IL-4 e eotaxina-1 na eosinafipulmonar em camundongos
induzida por ovalbumina bem como reduz o numeroélidas inflamatorias no lavado
bronquioalveolar (BALF) e no tecido pulmonar. Alémisso, estes autores
demonstraram que a DEC atua através de mecanisgpesdentes tanto iINOS como
CD95L.

Essas observacdes confirmaram que a DEC promoveupaessao de
anormalidades funcionais e patoldgicas associaddkmacao pulmonar, induzida por
alérgenos, especialmente de eosindfilos presenteangue, BALF e tecido pulmonar.

Estudo realizado por Floréncio e colaborador8®%2 demonstrou que ap6s 12
dias de tratamento com DEC os pneumacitos do tippresentaram um grande nimero
de vesiculas maduras levando a uma ativacdo ddatistao de surfactante pulmonar.
Nos macrofagos alveolares foram detectadas végrseacteristicas morfoldgicas de
ativacao celular, que poderiam ser explicadas par maior atividade endocitica dessas
células, as quais sdo responsaveis pela fagocdossurfactante secretado pelos
pneumacitos do tipo Il. O aumento da sintese eeg@orde surfactante promoveria uma
diminuicdo da tensdo superficial dos alvéolos, zedlo os esforcos musculares
decorrentes dos movimentos respiratorios. Taislteeas poderiam explicar o alivio
dos sintomas da asma causados pelo tratamento E@rc@&mo previamente observado
por outros autores (LIU et al., 1995, 1996). Aléissd, a DEC inibe a producéo de
leucotrienos, incluindo a cisteinil-leucotrieno ECY) que € considerada como o sitio
da patofisiologia da asma (MATHEUS & MURPHY, 19&2JO et al., 2004).

Produtos da lipoxigenase sao potentes agentesnatff@ios que induzem o
aumento da permeabilidade vascular. Stenmark éaeldores (1985) observaram que
a DEC bloqueia a via da lipoxigenase na patogédadepertensado pulmonar induzida
por monocrotalina em camundongos uma vez que amgito com DEC melhorou a
pressdo sistdlica, peso cardiaco, nimero de pdbmarieares (PMN) no BALF,
diminuicdo de macrofagos e leucécitos ativados mirdiicdo nos niveis de

prostaglandinas e tromboxano.
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Maizels e Denham (1992) apresentaram uma hipotesa pxplicar o
mecanismo microfilaricidan vivo da DEC. Este farmaco alteraria o metabolismo do
acido araquidénico nas microfilarias e nas céleladoteliais do hospedeiro, visto que
bloqueia a producdo de LTs que sdo potentes vasmdpiconstrictores. Mas, além de
bloquear a via da 5- lipoxigenase, produtora de, tdimbém inibe a producédo pelas
células endoteliais de PGEPGL e TXA, por bloguear a via da ciclooxigenase. A RGl
e em menor propor¢cdo a PGE PGR, sao vasodilatadores e inibidores potentes da
agregacado plaquetaria e da adesao endotelial. Ad&®EC sobre o metabolismo do
AA, bloqueando a producédo de PGE& PG) tanto na célula endotelial quanto nas
microfilarias, levaria a uma vasoconstriccdo angalifdo a adesdo endotelial, e assim,
propiciaria a imobilizacdo do parasito circulargementando a aderéncia e a atividade

citotoxica das plaquetas e granuldcitos do hospdei
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1.2 INFLAMACAO AGUDA INDUZIDA POR CARRAGENINA

A inflamacdo € um conjunto complexo de interacdstseefatores sollveis e
células que podem surgir em qualquer tecido enostaptraumatica, infecciosa, pos-
iIsquémica, toxicas ou auto-imunes. Este mecaniscmposto por varios fenémenos
complexos que se associam e se complementam uraios formando uma reagéo
em cascata, que envolve uma complexa interacaeldiag inflamatdrias (neutrofilos,
linfécitos, monaocitos/macrofagos) e das célulascwiases (endoteliais e células da
musculatura lisa) (TEDGUI & MALLAT, 2001).

O processo normalmente leva a recuperacao da &fexq cura. No entanto, se
a destruicao alvo e reparacédo nao sdo devidamfatiieas, a inflamacéo pode levar ao
dano tecidual persistente, por leucdcitos, linfixcitou deposicao de colageno
(NATHAN, 2002).

A inflamacdo é caracterizada, em sua forma aguda, diversos eventos
mediados por componentes sollveis, celulares eubass que induzem alteracdes
morfologicas e bioquimica. Juntos esses eventaactesizam 0S sinais classicos da
inflamacéao: dor, calor, rubor, edema e perda ded{KUMAR et al., 2005; RANG,
2001; GUALILO et al., 2000; GALLIN et al., 1992; RA, 1998).

A inflamacdo aguda €, no geral, de curta duracademdo permanecer por
alguns minutos, horas ou dias (SIQUEIRA & DANTA®0R). A resposta fisiologica
que ocorre imediatamente apdés um estimulo agresgsimonsiderada como uma fase
precoce (0-1 hora) ao contrario do que ocorre d& hbras apos a lesdo sendo
considerada a fase tardia da inflamacdo aguda, asdeélulas inflamatorias se
acumulam no local lesado (ALBERTINI et al.,2004).

Vérios fatores desempenham importantes papéis mdulagdio da resposta
inflamatoria de cada uma das fases da inflamacé@daadNa fase precoce, mediadores
como a histamina e bradicinina modulam a respafitamatdria aumentando o calibre e
o fluxo vascular (KUMAR et al., 2005; ALBERTINI @i., 2004). Durante a fase tardia
da inflamacdo aguda, ha predominancia de eventok@s que se caracterizam pela
marginacdo, adesao endotelial, diapedese e migmgddeucdcitos para o foco da

les&o, decorrentes dos estimulos quimiotaticos (KBMt al., 2005).
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Vérias células sdo responsaveis por iniciar a tasda eventos do processo
inflamatdrio, secretando ou sintetizando mediadosEndo divididos em aminas
vasoativas (histamina e serotonina); proteasesmplésas (sistema de cinina -
bradicinina, sistema complemento, sistema de caggatfibrinolitico); metabdlitos do
acido araquidoénico (via cicloxigenase e via lip@xigse); proteases lisossGmicas;
radicais livres derivados do oxigénio; fatores adores das plaquetas (FAP);
guimiocinas, citocinas e oxido nitrico (NAKAMURA at,, 2006, KUMAR et al., 2000;
ALBERTINI et al., 2004). Estes mediadores tém pageterminante na gravidade,
duracéo e recuperacao da doenca.

As citocinas s&o um tipo especial de mediadorepgdem ser produzidos pelas
células do tecido afetado, e atraem linfécitosgddaos (LUSTER et al., 2005), assim
como estdo envolvidos na regulacdo de célulasniafi@rias e no crescimento e
diferenciagcdo de leucdcitos imaturos (LIN et alQO@). Dentre as principais
representantes podemos citar as interleucinagedatnecrose tumoral (TNF).

O TNF«, € uma citocina-chave que regula muitas respdstaégicas em
células, incluindo inflamacéao, proliferacdo, difecacdo e morte celular (BRADHAM
et al.,, 1998; WAJANT et al. , 2003). Promove a fi#g&io de uma multiplicidade de
citocinas, eicosanoides, glicocorticéides, e mdéscde adesdo (JAWA et al., 2006).
E um importante regulador da inflamac&o, regulamgooducéo de citocinas em células
imunes. TNFe induz ativacdo do endotélio através do aumentopmbalucédo de
moléculas de adeséo e mediadores quimicos promoveacyinalizacdo e migracao de
leucdcitos para o local da inflamacédo (STITES gt1897). Os efeitos pleiotropicos do
TNF- o podem ser atribuidos a sua habilidade de simwtaaste ativar muitas vias de
sinalizacao celular (HAN et al., 2009).

Por sua vez a ILflé uma das mais importantes interleucinas na respuosne.

A funcdo predominante da IL31é aumentar a ativacdo de células T em resposta a
antigenos. E secretada principalmente por maaéfagas também por neutrofilos,
células endoteliais, célula muscular lisa, célulgiais, astrocitos, células T e B,
fibroblasto e queratindcitos (STITES et al., 1997).

Durante a evolugdo do processo de reparo, 0s eveot® se sucedem sao a
infiltracdo de neutrofilos, infiltracdo de macrodag fibroplasia e deposicdo de matriz
extracelular, angiogénese, cicatrizacao e regmigio. Citocinas, principalmente a IL-

1B e o TNFe, atuando sobre os receptores das células endmtaliduzem a producao



21

de NO, bem como a expressao de moléculas de apasfineutrofilos. A expressao das
proteinas de adesdo €, neste momento, 0 elemergampertante para a migracao de
neutrofilos (GERSZTEN et al., 1999).

Modelos animais tém sido utilizados para avalipraresso inflamatério através
da inducédo de agentes quimicos como, por exemptarragenina (GUERINO et al.,
2000; LUNARDELLI et al., 2006). A principal fonteeccarragenina € a alga Chondrus
Crispus, também conhecida como “Irish Nllos”, qusmtorigem em Carraghen
(Waterford — Irlanda), onde cresce abundantem@&itRQSA, 1972).

A carragenina € um polissacarideo que vém sendizada em modelos
experimentais como ferramenta para investigar agsso inflamatério em ratos e
camundongos (LEVY, 1969).

A inflamacdo induzida por carragenina é um processqto complexo
envolvendo um grande numero de mediadores levantigpexalgesia inflamatoria
(SAMMONS et al., 2000). Dentre esses mediadorepod destacar produtos da
cascata do acido araquidonico (BLACKHAM et al. 197&nteddos de mastécitos
(histamina) (BURITOVA et al., 1997), neurocininasuljstancia P) (CODERRE &
MELZACK, 1991), citocinas (IL-g) (IANARO et al., 1999), oxido nitrico
(SALVEMINI et al., 1996) e muitos outros.

A pleurisia em ratos e camundongos, induzida paraganina, permite a
quantificacdo do volume e da concentracdo protéacaxsudato formado, além da
avaliacdo da migracdo de células inflamatorias patavidade pleural (KUMAR &
SHIVKAR, 2004). Este tipo de pleurisia é utilizada investigacao da fisiopatologia da
inflamacdo aguda e avaliacdo da eficacia de teyagmé-inflamatérias (ARRUDA et
al., 2003).

A inflamagdo ndo-infecciosa € tradicionalmenteattat com farmacos anti-
inflamatdrias ndo-esterbides (AINES) que sao unpgnariado de farmacos que tém
em comum a capacidade de controlar a inflamacamndégesia e de combater a
hipertermia (BRUNTON et al., 2010).

Em 1971, Vane e colaboradores demonstraram peleeipa vez que a aspirina e
indometacina inibem a producdo de prostaglandinale ploqueio da atividade
enzimatica da ciclooxigenase. Desde entdo, veu{ssoque AINEs afetam diretamente
a atividade da ciclooxigenase, seja por modificasgi@lente da enzima, como no caso

da aspirina e de inibidores seletivos da COX-2poucompetir com o substrato para o
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sitio ativo, como acontece com praticamente todosutros AINEs (WILLIAMS et al.,
1999).

Os prostandides podem ser gerados pelas duas nssforde enzima
cicloxigenase (COX): COX-1 e COX-2, ambas encomtsagas membranas do reticulo
endoplasmatico e na membrana nuclear. A COX-1pestente na maioria das células e
sua expressao é constitutiva, sendo responsawekfigese fisioldgica de prostandides
(ROCCA & FITZGERALD, 2002). A COX-2 é uma isoformaduzida em resposta a
estimulos que incluem lipopolissacarideos, citaginaterferons e fator ativador de
plaguetas, contribuindo para a hiperalgesia e egmrdo processo inflamatério
(SJODAHL, 2001). Esta distincdo entre as duas iseds da COX apresenta algumas
excecdes, pois a COX-1 por ser induzida sob certawlicbes e a COX-2 é
constitutivamente expressa em células de tecidebcay traquéia e rins (SJODAHL,
2001).

Os AINEs sao amplamente utilizados em todo mundo fum eficacia
terapéutica no combate a inflamacg&o e dor. Enticgtaxs AINES s&o conhecidos por
seus efeitos colaterais no tubo digestivo (gastsimal) (WHELTON, 2001).

Devido a relativa escassez da expressao da COX#ateogastrointestinal e sua
grande expressdo nos tecidos inflamatorios, forasemvolvidos e introduzidos na
terapéutica, a partir de 1999, os inibidores salstida COX-2, com 0 objetivo de
minimizar a toxicidade gastrointestinal dos AINE®+seletivos (BERTOLINI, 2001).

Os inibidores de COX-2 também tém sido avaliadosntpuao seu potencial
antiproliferativo em ensaios vitro e in vivo. Esta enzima encontra-se presente em
células neoplasicas bem como na neovasculaturlgalesseumores humanos, entre eles
mama, célon, prostata e figado (SJODAHL, 2001).i0#trabalhos tém demonstrado
que a participacdo da Celecoxib, um inibidor seftetda COX-2, exerce efeitos
quimiopreventivos e antitumorais em cancer de ¢a@mma das mais comuns doencas
malignas epiteliais sélidas em todo o mundo (BO®&CEAI., 2011).

Na hipertensao pulmonar Stenmark e colaboraddr@85§ utilizando DEC
como inibidor da COX-2 demostraram que a inibicdda COX-2 bloqueou o
desenvolvimento de hipertensédo pulmonar e a hgdertdo ventriculo direito, inibindo
o influxo de polimorfonucleares e macréfagos, algnmelhorar a vasocontriccdo e
edema. Estes estudos indicam que a DEC apresergainportante atividade anti-

inflamatoria que pode ser melhor esclarecida.
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ABSTRACT

The diethylcarbamazine (DEC), an antifilarial drdgas a potent anti-
inflammatory properties as a result of its intesfere with the arachidonic acid
metabolism. In this study we evaluated the antamimatory activities of DEC in mice
model of acute inflammation, carrageenan-induceaindy. We evaluated here that
DEC (administrated 50mg/kg, oral route, 3 day ptaocarrageenan) exerts potent anti-
inflammatory effects in this model. Injection ofrgeenan into the pleural cavity
induced accumulation of fluid containing a largenner of PMNs in the pleural cavity,
infiltration of PMNSs in lung tissues, and increaggdduction of nitrite, tumor necrosis
factoro, (TNF- o ) increased expression of interleukip-QL-1p), cyclooxygenases
(COX-2) and inducible nitric oxide synthase (iINOBlrthermore, carrageenan induced
the expression of nuclear factaB- (NF«B). Administration of DEC 3 day before the
challenge with carrageenan significantly reducedlbthe parameters of inflammation
measured. The study shows that DEC can be a palteintig for the treatment of acute

lung inflammation.

Keywords: Diethylcarbamazine, pleurisy, cytokin@g;looxygenase, lung injury
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1. INTRODUCION

Since 1947, diethylcarbamazine citrate (DEC) haanbesed in the treatment
and control of lymphatic filariasis caused by thematodesWuchereria bancrofti,
Brugia malayi and B. timori. DEC continues to play an important role as onehef
drugs used in the Global Programme for the Elimamabf Lymphatic Filariasis [1].
However, despite its long period of use, littlekisown regarding its mechanism of
action.

Pharmacological studies have demonstrated that &teCts the metabolism of
arachidonic acid, thereby acting as an anti-inflatory drug. Substantial evidence has
demonstrated that DEC blocks a number of stepsoth the cyclooxygenase (COX)
and lipoxigenase pathways. This drug is a potémtkier of leukotriene production
(LTs), bronchial vaso-constrictor substances, bisb anhibits the production of
prostaglandin (PGE2), prostacyclin (PGI2) and tHrorane A2 (TXA2) [2].

According to Mathews and Murphy (1982) [3], DEC ilits the formation of
LTB,4 and the sulfidopeptide leukotrienes, which areepbvaso/bronchoconstrictors, in
mastocytoma cell while actually stimulating thenf@tion of 5-hydroxyeicosatetraenoic
acid (5-HETE), suggesting that the site of actidnD&C in inhibiting leukotrienes
formation may be the leukotrienes, Aynthetase reaction. Also Bach and Brashler
(1986) [4] showed that DEC inhibited the formatafrsulfidopeptide leukotrienes in rat
basophil leukemia cell.

Clinical studies have described that DEC is quitecéive in the symptomatic
treatment of bronchial asthma [5] [6]. Recent stadtarried out in collaboration with
our laboratory demonstrated that DEC has impontal® in blocking the pulmonary
eosinophilic inflammation in mice sensitized withatbumin, effectively preventing the

effects of subsequent airway resistance, Thl/Th@®kaye production, pulmonary
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eosinophil accumulation and eosinophilopoigsisvivo and ex vivo. Besides, DEC
directly suppressed IL-5—dependent eosinophilomiasaive bone marrow [7].

Carrageenan-induced inflammation is a model of lla@ute inflammation
commonly used to evaluate activity of anti-inflamtorg drugs [8] and useful to assess
the contribution of cells and mediators to tilammatory process [9]. The
inflammatory process is invariably characterizedthg production of prostaglandin,
leukotrienes, histamine, bradykinin, platelet-aatig factor, interleukins and
migrating cells [10].

The recruitment of polymorphonuclear cell (PMNs) aaf the circulation into
the inflamed tissue have a key function in theakdown and remodeling of injured
tissue [11] [12]. Moreover, macrophages participatéhe progression of experimental
pleurisy producing proinflammatory cytokines sashtumor necrosis factar{TNFa)
and IL-18 [13].

The initial phase of carrageenan-induced acutarmhation (0-1h), which is
not inhibited by non-steroidal anti-inflammatoryuds (NSAIDs) such as indomethacin,
has been attributed to the release of histamirtgydsexytryptamine and bradykinin,
followed by a late phase (1-6h) mainly sustainedgimstaglandin release attributed to
the induction of cyclooxygenase (COX-2) [13] [14].

Since DEC has anti-inflammatory properties as sulteof its effect on the
metabolism of arachidonic acid, the purpose ofpfessent study was to investigate the
anti-inflammatory action of DEC in a model of caje@nan-induced pleurisy (4h), we
have determined the following end points of thelamimatory response: 1) PMN
infiltration. 2) lung injury (histology and ultrasicture). 3) expression of TNFe

(ELISA and immunohistochemistry). 4) expressionlloflp protein, COX-2 protein
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(immunohistochemistry and western blot), iINOS prot@mmunohistochemistry) and

NFkB protein (western blot). 5) nitric oxide (NO)rghesis (nitrite concentration).
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2. MATERIAL AND METHODS
2.1. Animals

Male Swiss mice (weight 20-25 g; CPqAM/PE, Braxigre used following
protocols institutionally approved (CEUA#LW-47/10)he animals were housed in a
controlled environment and provided with standaakent chow and water.

2.2. Experimental groups

Mice were randomly allocated into the following gps:

() Sham + water group: Sham group in which identicadjisal procedures
to the CAR group was performed, except that theneaivas
administered instead of carrageenan (N= 10);

(I CAR + water group: Mice were subjected to carrageenduced
pleurisy (N= 10);

(i  CAR + DEC group. Mice were subjected to carrageendnced
pleurisy and diethylcarbamazine (50mg/kg oral epdt days prior to
carrageenan (N= 10);

(IV) CAR + INDO group. Mice were subjected to carrageeinauced
pleurisy and Indomethacin (5mg/kg oral route) 3ysdarior to
carrageenan (N= 10);

The lymphatic filariasis therapeutic dose regimeesommended by World
Health Organization (WHO) is 6 mg/Kg for 12 day$][1Considering that the total
metabolism rate of a mouse is approximately seweestthat of the human the present
study used 50 mg/Kg of DEC adjusted according t® thice body weight [16].

Indomethacin mg/kg was chosen in agreement withigue study [17].
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2.3. Carrageenan-induced pleurisy

Mice were anaesthetized with the combination of I¥amine hydrochloride
(115mg/kg) and xylazine 2% (10mg/kg) intramuscylarAfter confirmation of
analgesia of the animals a shaving the right claes performed and in the sixth
intercostal space was administered sterile salinaterile saline containing 1%-
carrageenan (0,1 ml) into the pleural cavity. Al 4fter the injection of carrageenan,
the animals were killed by inhalation of CO2. Theest was carefully opened and the
pleural cavity rinsed with 1ml of saline solutioantaining heparin (5 U/ml) [18]. The
exudate and washing solution were removed by agpitaAny exudate, which was
contaminated with blood, was discarded. Samplesheffluid pleural cavity were
collected to determine the total leukocyte contents

Total leukocytes were determined in a Neubauer tleardiluting the exudates
in Turk solution (1:20) [17]. Considering that thdlammatory response induced by
carrageenan in the pleural space of the mice hgshasic profile, peaking at 4 and 48 h
after pleurisy induction, in this study, we measuthe expression of inflammatory
mediators 4 h after injection of carrageenan orbtses of previous studies [8].
2.4. Histological examination

Lung base biopsies were taken at 4 h after injpatibcarrageenan. The lung
fragments were washed twice in PBS pH 7.2 and fireBouin’s solution for 8 hours
(1% saturated picric acid, formaldehyde and 40%iglaacetic acid), dehydrated in
increasing ethanol series, cleared in xylene, eohdcind included purified paraffin
(VETEC, Sao Paulo, SP, Brazil). Tissue sectionsspim were cut using a microtome
(Leica RM 2125RT) deparaffinized with xylene, stdnwith haematoxylin/eosin, and

studied using light microscopy [19].
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2.5. Electron transmission microscopy

The fragments of lung were fixed overnight in ausioh containing 2.5%
glutaraldehyde and 4% paraformaldehyde in 0.1 Mdgate buffer. After fixation, the
samples were washed twice in the same buffer aed they were post-fixed in a
solution containing 1% osmium tetroxide, 2 mM caihaichloride and 0.8% potassium
ferricyanide in 0.1 M cacodylate buffer, pH 7.2hgérated in acetone, and embedded
in Embed 812. Polymerization was performed at 60f6C3 days [20]. Ultrathin
sections were collected on 300-mesh nickel gridsnterstained with 5% uranyl acetate
and lead citrate and examined using a FEI Morg&8D2 transmission electron
microscope.
2.6. Immunohistochemical localization of TNE4L-18, COX-2and iINOS

Five sections (5 um in thickness) of each groupeveeit and adhered to slides
treated with 3-amino-propyl-trietoxi-silane (APESigma, USA]). Briefly, sections
were deparaffinized with xylene and rehydrated nadgd ethanol (100 to 70%). To
minimize endogenous peroxidase activity, the slidese treated with 10% (v/v) 4,
in water for fifteen minutes. The sections were leaswith 0.01M PBS (pH 7.2) and
then blocked with 1% BSA, 0.2% Tween 20 in PBS Xhrat room temperature. The
sections were incubated overnight at 4°C with @hd=-o antibody (ABCAM, CA,
USA, 1:250), anti-IL.-B antibody (GenWay, San Diego, CA, 1:250), anti-COX-
antibody (ABCAM, CA, USA, 1:400) and anti-iINOS (AR®™, CA, USA, 1:50). The
antigen-antibody reaction was visualized with awildiotin peroxidase (Dako Universal
LSAB ® + Kit, Peroxidase) using 3.3-diaminobenzglias the chromogen. The slides
were counterstained in hematoxylin. Positive stgnresulted in a brown reaction
product. Five pictures at the same magnificatiomewguantitatively analyzed using

Gimp 2.6 software (GNU Image Manipulation ProgramllX platforms).
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2.7. Measurement of TNé&-levels

TNF-a levels were evaluated in the exudates at 4 h tfeeinduction of pleurisy
by carrageenan injection. The assay was carriedyousing a colorimetric, commercial
ELISA kit (ABCAM, CA, USA# cat. ab100747). Lower @etion limit of the assay was
of 60 pg/ml.
2.8 Measurement of NO

For the measurement of nitric oxide was used thes&rcolorimetric reaction,
which is the detection of nitrite (NO2oxidation of NO in the pleural fluid. p0of the
pleural fluid in duplicate ware added to an ELISAte 96 wells, , followed by the same
volume of Griess reagent, which is composed of 1#asilamide diluted in 2.5%
HsPO, (solution A) and N-1-naphtyl-ethtylenodiamina aldduted in 2.5% HPQO,
(solution B). To prepare a standard curve, a smiutf sodium nitrite in the initial
concentration of 1M was serially diluted in PBS. After incubation fb® minutes in
the dark, reading in the spectrophotometer at 49@amperformed. The absorbance of
different samples was compared with the standardeciand the results expressed as
mean + standard error of the duplicate, using GeaphPrism software (v. 5.0) [21].
2.9 Western blot analysis for COX-2, 113-and NFkB

Lungs were quickly dissected, and then homogenizesl Wheaton Overhead
Stirrer (n® 903475) in an extraction cocktail (10Mnkthylenediamine tetraacetic acid
(EDTA), 2 mM phenylmethylsulfonyl fluoride (PMSFLO0 mM sodium fluoride
(NaF), 10 mM sodium pyrophosphate, 10 mM sodiurhavanadate (NaVg), 10 mg
of aprotinin and 100 mM Tris(hydroxymethyl)aminoimate, pH 7.4). Homogenates
were centrifuged at 3000 xg for 10 min and the suggant was collected and stored at -
70° C until use for immunoblotting. Protein levelsre determined using the Bradford

method using bovine serum albumin as the stan@®#jd The proteins (40 pug/ul) were
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separated on 10% (COX-2 and NFkB) or 14% (f)-Isodium dodecyl sulfate
polyacrylamide by gel electrophoresis under reduceonditions and were
electrophoretically transferred onto nitrocellulosembrane (Bio Rad, CA, USA, Ref.
162-0115). After blocking overnight at 4°C with 5&6n-fat milk in TBS-T (Tris-
buffered saline 0.1% plus 0.05% Tween 20, pH T, membranes were incubated at
room temperature, for 3 h, with rabbit polyclonaltibody against COX-2 (1:1,000
dilution; ABCAM, CA, USA), IL-1 B (1:2,000 dilution, Genway, San Diego, CA),
NFkB (1:200 dilution, Santa Cruz Biotechnology, a@ruz, CA) diluted in buffer
solution TBS-T containing 3% non-fat milk. After slang (six times, 10 min each) in
TBS-T, the membranes were further reacted with dratish peroxidase-conjugated
anti-rabbit or anti-mouse secondary antibody (180, (Ref. A6154), and 1:80,000
(Ref. A5420) respectively, Sigma, USA), diluted TBS-T with 1% nonfat milk, for
1h30min, at room temperature. An enhanced chenmlesgence reagent (Super Signal,
Pierce, Ref. 34080) was used to make the labelettiprbands visible and the blots
were developed on X-ray film (Fuji Medical, KodaRef. Z358487-50EA). For
guantification, the density of pixels of each bamals determined by the ImageJ 1.38
program (available at http://rsbweb.nih.gov/ij/ddead.html; developed by Wayne
Rasband, NIH, Bethesda, MD). For each protein ithyated the results were confirmed
in three sets of experiments. Immunoblotfeactin was done as a control for the above
protein blots.

After protein blots visualization with enhanced chie@minescence, the protein
antibodies were stripped from the membranes, whiete reprobed with monoclonal
antif-actin antibody (1:2,000 dilution, Sigma, USA) arslibsequently protein

densitometry was done.
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2.11. Data analysis

All values are expressed as mean standard err&.E#M.) of the mean of n
observations. For the in vivo studies n represdmsnumber of animals studied. The
results were analysed by one-way ANOVA followed @yTukey post-test using

GraphPad Prisma (V. 5.0). A p-value less than &&5% considered significant.
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3. RESULTS
3.1 Effect of DEC in leukocyte migration
The injection of carrageenan into the pleural gawit mice induced an acute
inflammatory response characterized by accumulatdrfluid containing a large
amount of PMNs. The number of PMNs was signifioantéiduced with prior treatment
for 3 days with DEC and INDO 0.22 + 0.09 and 3.72.85, respectively, compared to

the group that received carrageenan 21.63 + 2.ig7 1

3.2 Effect of Diethylcarbamazine on tissue damageded by Carrageenan

Histological analysis showed that animals with ageenan-induced pleurisy
presented discrete alveolar thickening due to asad cellularity, mild hemorrhage and
congestion, apoptotic cells, inflammatory cells rmouclear and polymorphonuclear
cells), pulmonary edema and emphysema (Fig. 2 Axffment for three days with DEC
attenuated the degree of injury and the infiltnaiodd PMNs (Fig. 2B). In the sham
group lungs showed morphological characteristisgmed.

Pulmonary ultrastructural analyses of sham groumals showed preserved
morphological pattern as respiratory spaces, imetudthe alveolar epithelium
composed by pneumocytes (not shown). The lungdis$wanimals with carrageenan-
induced pleurisy revealed pneumocytes type Il wdmellar bodies containing
electrodense granules, vacuoles and myelin bodiesacterizing cell suffering. Also
numerous collagen fibers were observed in thestited space increasing its thickness
(Fig. 3A and B). Animals treated with DEC presenpraserved alveolar epithelium

similar to the sham group (Fig. 3C).
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3.3 Effect of DEC on of TNFe, IL-1B, COX-2 and iNOS expression

In this study we have evaluated the THL-1B, COX-2 and iINOS®xpression
in the lung tissue by immunohistochemical detecflassue sections obtained of from
mice of the CAR group demonstrate positive staifargl NF-o in alveolar cell,
macrophages, vascular wall (Fig. 4A, densitometiglysis 4C). In contrast, no staining
for TNF-a was found in the lungs of mice treated with DE @B, densitometry
analysis 4C). No positive staining for TNFwas found in lung tissue from sham-
treated mice.

Lung tissue sections from mice of the CAR groupvaduba positive reaction for
IL-1B in alveolar macrophages (Fig. 5A, densitometrylymms 5C). Treatment with
DEC for three days significantly reduced the degreexpression of IL- (Fig. 5B,
densitometry analysis 5C). There was no labelinglifelp in lung tissues obtained
from mice of the sham group.

Analysis by immunohistochemical of cyclooxygenase2ung tissue sections
obtained from mice treated with carrageenan redeal@igher expression for COX-2
(Fig. 6A, densitometry analysis C). The degree GIXc2 was significantly reduced in
lung sections obtained from mice treated with DIE{.(6B, densitometry analysis C).
Sections of lung of the sham group mice expresse@d- levels at baseline.

Immunohistochemical analyses of lung sections abthifrom mice treated
carrageenan revealed positive staining for iNOSalweolar macrophages (Fig. 7A,
densitometry analysis C). DEC treatment signifigaattenuated this INOS expression
(Fig. 7B, densitometry analysis C). Little stainifay INOS was observed in the lung

tissue obtained from the sham group.
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3.4 Effect of DEC on TNF:e NO concentration in pleural exudate

The concentration of TNE-in pleural exudate was analyzed by enzyme-linked
immunosorbent assays (ELISA). The induction of p&u by carrageenan
administration induced high levels of TNFn pleural exudate compared with the sham
group. On the other hand treatment with DEC forag§sdbefore induction of pleurisy
attenuated the production of TNFsignificantly. Treatment with indomethacin, innur
produced no reduction of this proinflammatory cyteklevels (Fig. 8A).

Through the Greiss reaction were analyzed NO ¢eirelpleural exudate. NO
levels increased significantly in the exudate ofRCdroup compared with the exudate
of sham group. Treatment with DEC and INDO siguifity reduced NO levels when

compared to the CAR group (Fig. 8B).

3.5 Western Blot analysis for COX-2, ILgland NFkB

The presence of COX-2 in lung homogenate was iigadstd by Western blot 4
hours after induction of pleurisy. The basal levafidhe COX-2 were detected in the
sham group animals, and significantly increaseduimy tissue of the CAR group.
However treatment with DEC significantly reducede tlexpression of COX-2.
Unexpectedly, treatment with indomethacin did rextuce the levels of COX-2 when
compared with the CAR group (Fig. 9).

The expression of ILfLin the lung homogenate baselines levels were tetec
in the sham group. The CAR group present increbsads of IL-13 when compared to
the sham group. Conversely, DEC and INDO decreaggtficantly the IL-B levels

compared with the CAR group (Fig. 10).
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NFkB p65 levels in the lung were also significanthcreased at 4 h after
carrageenan infection compared to the sham groupC @nd INDO decreased
significantly the NFkB levels compared with the CARup (Fig. 11).

4. DISCUSSION

The acute pulmonary inflammation is associated aittenhanced formation of
the proinflammatory cytokines TNé&-and IL-18, inducible COX-2, production de
ROS, such as hydrogen peroxide, superoxide andokyldradicals [9] [23]. We
demonstrate that the injection of carrageenanarptaural cavity induced infiltration de
PMNSs, lung injury, production proinflammatory cytoks as well as COX-2 and NOS.

The present work demonstrated by histological dtrdsiructural analyses that
DEC efficiently blocked the lung carrageenan injucharacterized by cellular
infiltration, edema, alveolar thickness, myelin lesdand large vacuoles.

The oxidative stress has been shown to play acakitole in the acute and
chronic inflammatory response such as lung injlwgukocyte activation prior to the
cell responses involved in the acute inflammataopcess such as neutrophils, promotes
the release of several types of ROS [17]. The N@nwher free radical, present during
inflammation, synthesized by INOS and capable ¢éracting with ROS to increase
free radical actions [24]. These radicals are s&ddy various cell types in response to
stimulation with TNFe, IL-1B, all of which activate a cytoplasmic form of the
transcription factor NF-kappa B by releasing anbrbry protein subunit [25].

Experimental evidence have clearly suggested tRatBIplays a central role in
the regulation of many genes responsible for theeggion of mediators or proteins in
acute lung inflammation associated with carrageeaministration such us TNds-IL-
1B, nitric oxide synthase inducible (iNOS) and COX82 We confirmed here that the

inflammatory process caused by injection of careag@ into the pleural cavity leads to
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a substantial increase in the levels of TiN&nd IL-18 in the exudates as well as in lung
tissue. Therefore, the inhibition of the liberatiwnTNF-o and IL-13 by DEC described
in the present study could be attributed to thébitdry effects of the activation of NF-
kB. However further studies are necessary clarify fignal transduction patways
involved.

In human lungs, neutrophil, eosinophil, macrophagktelet, and airway
epithelial cell have been described as the mainlaelsources of lipoxygenase-derived
arachidonic acid products and DEC has been utilazed potent lipoxygenase inhibitor
of alveolar macrophages by blocking the releaseha&motactic activity [26]. Also,
Stenmark et al. [27] found that DEC blocks the Xygenase pathway in the
pathogenesis of pulmonary hypertension induced bgnaorotaline in mice.
Lipoxygenase products are potent inflammatory agerducing vascular permeability
and bronchoconstriction. According to these authibwes treatment with DEC improved
systolic blood pressure and heart weight, reduckd humber of PMN in
bronchoalveolar lavage fluid, and decreased |ledgtgostaglandins and thromboxane.

Carrageenan-induced pleurisy is a well-charactérieggperimental model of
inflammation utilized to evaluate cellular migratiand other inflammatory parameters.
Nonsteroidal anti-inflammatory drugs are effectinenhibiting both cell migration and
exudation [28]. According to our results, the injee of carrageenan in the pleural
cavity induced infiltration de PMNs however treatrhevith DEC significantly reduced
the number of leucocytes in the exudate.

Tomlinson et al. [9] utilizing a carrageenan-indlicenodel of acute
inflammation demonstrated that after induction leupisy the influx of PMNs increases
the production of COX-2 and INOS. As the inflammatiprogressed and the cell

population changed from PMN to mononuclear profithere was a decrease in COX an
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NOS activity. These authors suggested that in aicfieammation the use of selective
inhibitors of COX-2 and iINOS may be more benefidiahn existing therapies. In
general iINOS-derived NO and COX-2-derived PGs avelved in acute inflammation
as well as in chronic inflammation [29].

There is good evidence in carrageenan and otheelsiad inflammation that
enhanced formation of prostanoids following indoctiof COX-2 contributes to the
pathophysiology of local inflammation [30] [31] atftat selective inhibitors of COX-2
exert potent anti-inflammatory effects. Our resudtoowed that after treatment with
DEC significantly decreased the levels of COX-Ziimonary tissues as observed in
other non-steroidal anti-inflammatory drugs. DEGhibits platelet aggregation,
possibly due to its effects on the COX pathway y#hjch has similarities with the NO
pathway since both have constitutive and induddddéorms of their enzymes and are
key regulators of inflammatory responses [32] [33].

In a study with knockout mice for the INOS gene@i8l-/-), McGarry et al. [34]
demonstrated that nitric oxide synthase (iINOS) watls likely exert an effect on DEC
activity through the interaction with the cyclooxywse. The authors found that DEC
had no microfilaricide activity in INOS-deficientice infected withB. malayi and there
was a remarkable reduction in COX-1 protein in pleeitoneal exudate. Therefore, the
INOS/COX pathway appears to be an essential everthe rapid sequestration of
microfilariae following treatment with DEC.

Queto et al. [7] demonstrated that DEC has an itapbaction in blocking the
eosinophilic lung inflammation in mice sensitizedhnovalbumin reduced the amount
of eosinophils in bronchoalveolar fluid in the tissinfiltrates in the generation of
cytokines involved in the production, activatiordanigration of eosinophils, providing

the first evidence of a therapeutic mechanism imadel of DEC pulmonary
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eosinophilic inflammation. Interestingly DEC blockise pulmonary hyperreactivity,
Th2 cytokine production and accumulation of eosimisp as well as eosinofilopoiese in
vivo and in vitro through mechanisms iINOS/CD95L.

Inhibitors of NOS activity reduce the developmerit aarrageenan-induced
inflammation and support a role for NO in the patygsiology associated with this
model of inflammation [35] [36]. The present resuthowed the inhibiton of NOS
activity after treatment with DEC since the formoatiof nitrite were evidently reduced
in pleural exudates confirming.

In conclusion, our results demonstrate for thset fiime that administration of
DEC in a model of acute inflammation induced byrageenan decreased lung injury,
cell migration of PMNs, formation of NO producti@md release of proinflammatory
cytokines as well as COX-2 confirming previous atsagon that DEC effectively acts

through NOS/COX mechanism.
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7. LEGENDS TO FIGURES

Figure 1. Effect of Diethylcarbamazine (DEC: 50ng/K3 days before) on cell
migration in the initial phase (4 h) of the inflaratary reaction induced by carrageenan

in mice. Data are the mean £ SEM of 10 mice fohegoup. *P <0.05 vs. carrageenan.

Figure 2: Effect of DEC treatment on histologicliégations of lung after carrageenan-
induced injury. (A-Al) Lung sections taken from miavith carrageenan-induced
pleurisy demonstrated tissue injury as evidencededema, cellularity enhancement
and polimorphonuclear infiltration. (B-B1) Treatnewith DEC 3 days prior the
pleurisy demonstrated reduced lung injury and tiafilon of PMNs. The figure is
representative of at least 3 experiments perforamedifferent experimental days. n= 10

mice for each group. Scale bar = 100 pm and 20 pm

Figure 3: Ultrastructural analysis of lung afterrageenan-induced injury and DEC
treatment. (A and B) Lung sections from mice withrrageenan-induced pleurisy
showing enhanced thickness of the interstitial eplited with collagen fibers (thin

arrows), myelin bodies (arrowheads), vacuoles (&8 lamellar bodies containing
electrodense granules (short arrows). (C) Lungtdteawith diethylcarbamazine

presenting preserved pneumocytes cells. Bar = /800

Figure 4: Effect of DEC on immunocytochemical llication TNF in the lung after
carrageenan-induced pleurisy. (A)In tissue sectiob&ined from CAR group mice
positive staining for TNF: were mainly localized in inflammatory cells. (B)fté&r

treatment with DEC was reduced the degree of pessiiaining for TNFe in the lung
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tissues. Densitometry analysis of immunocytochamighotographs for TNIe- from
lung tissues was assessed (C). The figure is remies/e of at least 3 experiments
performed on different experimental days. Dataeay@essed as mean £ S.E.M. from n

= 5 mice for each group. ND: Not detected. * P<Qs6%arrageenan. Scale bar = 20 um

Figure 5: Effects of DEC on immunocytochemical laion of IL-13. (A) At 4 h
after carrageenan injection, the staining intenfoty IL-1p substantially increased in
alveolar macrophages. (B) No positive staininglied when DEC was administred 3
days before carrageenan injection. Densitometglyars of immunocytochemistry
photographs for IL-B from lung tissues (C). The figure is represen&atv at least 3
experiments performed on different experimentalsd@ata are expressed as mean +
S.E.M. from n = 5 mice for each group. ND: Not a#&te. * P<0,05 vs carrageenan.

Scale bar =20 um

Figure 6: Effect of DEC on immunocytochemical lazation of COX-2 in lung tissue

after pleurisy induced by carrageenan. (A) In &ssactions of the CAR group positive
labeling was detected on type Il pneumocytes. (Baiment with DEC significantly

reduced the COX-2 staining when compared to theagaenan group, achieving levels
similar to the sham group. Densitometry analysigrohunocytochemistry photographs
for COX-2 from lung tissues (C). The figure is regentative of at least 3 experiments
performed on different experimental days. Dataex@essed as mean + S.E.M. from n

= 5 mice for each group. ND: Not detected. *P<Qs8%arrageenan. Scale bar = 20 um

Figure 7: Effect of DEC on immunocytochemical lozation of iNOS in lung tissue
after pleurisy induced by carrageenan. (A) In &ssactions of the CAR group positive

labeling was detected on alveolar macrophages.ré@jment with DEC significantly
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reduced the INOS staining when compared to theagaanan group, achieving levels
similar to the sham group. Densitometry analysisyohunocytochemistry photographs
for INOS from lung tissues (C). The figure is regmmstative of at least 3 experiments
performed on different experimental days. Dataeay@essed as mean £ S.E.M. from n

= 5 mice for each group. *P<0,05 vs carrageenaaleSzar = 20 um

Figure 8: Effect of DEC on carrageenan-induced TN&d NO production in the lung.
(A)TNF-a level were significantly elevated at 4h after aggenan administration in
CAR group when compared with sham mice. DEC sigaiftly reduced TNIe- level,

however, INDO did not reduce TNkidevel when compared with CAR group. Nitrite
and nitrate level, stable NO metabolites, were iBg@ntly increased in the pleural
exudates at 4h after carrageenan administratiomwbmpared with sham mice. DEC
and INDO significantly reduced the nitrite and ai& level exudates (B). Data are

expressed as mean + S.E.M. from n = 8 mice for gamtp. * P<0,05 vs carrageenan.

Figure 9: Effects of DEC on carrageenan-induced €X@%pression in the lung. Basal
expression of COX-2 was detected in lung sampleshaim group, whereas COX-2
levels were substantially elevated in lung tissbéaimed from animals at 4 h after
carrageenan injection. DEC treatment reduced thmesgion of COX-2, however
treatment with indomethacin did not decrease theléeof COX-2 (A and B). A -

Representative blot of lysates obtained from poaindmals per group. B - Data are
expressed as mean = S.E.M. of 4 replications foh gmoup. *P<0,05 vs carrageenan

°P<0,05 vs DEC.
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Figure 10: Effects of DEC on carrageenan-inducedfiLexpression in the lung. Basal
expression of IL-f was detected in samples of lung obtained fronmsigeaoup,
whereas levels of IL{f1was significantly increased in the lung tissuawinals 4 hours
after injection of carrageenan. Treatment with DEEQuced expression of ILBlas well
as group INDO compared with CAR group. A- Represeve blot of lysates obtained
from pool 4 animals per group. B - Data are exme#sas mean + S.E.M. of 3

replications for each group. *P< 0,05 vs carragaena

Figure 11: Effects of DEC on carrageenan-induce®B\&xpression in the lung. Basal
expression of NFkB was detected in samples of labtpined from sham group,
whereas levels of NFKB was significantly increasedhe lung tissue of animals 4
hours after injection of carrageenan. Treatmenth WEC reduced expression of NFKB
as well as group INDO compared with CAR group. AepResentative blot of lysates
obtained from pool 4 animals per group. B - Damexpressed as mean + S.E.M. of 3

replications for each group. *P<0,05 vs carrageenan
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FIGURE 6
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FIGURE 8
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FIGURE 9
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FIGURE 10
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FIGURE 11
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CONCLUSOES

A injecdo de carragenina na cavidade pleural indufiltracdo de PMNSs,
injuria pulmonar, producao de citocinas pro-inflagn@s como TNFe e IL-
1B, bem como COX-2 e NO, portanto, o modelo propaftiivamente
induziu um processo inflamatorio agudo.

A administracdo de DEC inibiu significativamentemégracdo de PMNs,
injuria pulmonar, produgdo de TNE-IL-13, COX-2 e NO tanto no tecido
pulmonar quando no exsudato pleural, indicando aji@EC atuou como

potente farmaco anti-inflamatorio em modelo de e

A anélise comparativa entre os efeitos anti-infl@mas promovidos pela
DEC e Indometacina confirma que ambos os farmaagesepiram o
desenvolvimento do processo inflamatorio pulmosando a DEC inclusive

mais eficaz em inibir a migracdo de PMNSs e expredsdCOX-2.
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