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RESUMO 

 
 

A Dietilcarbamazina (DEC) tem sido utilizada no tratamento e controle da filariose 
linfática desde 1947. Apesar do seu longo período de utilização, pouco se sabe sobre o 
seu mecanismo de ação. Alguns estudos mostram que a DEC apresenta propriedades 
anti-inflamatórias como um resultado de sua interferência no metabolismo do ácido 
araquidônico, que inclui as enzimas lipooxigenase e ciclooxigenase (COX). O objetivo 
deste trabalho foi analisar a ação da DEC sobre a inflamação aguda pulmonar através 
das análises histológicas, contagem celular e dosagem de citocinas inflamatórias no 
tecido pulmonar e lavado pleural de camundongos submetidos a injeção intrapleural de 
carragenina. Camundongos machos da linhagem Swiss webster com 21 dias de idade 
foram utilizados. Os grupos tratados receberam DEC (50mg/kg/dia) ou Indometacina 
(5mg/kg/dia) (n=10) na água de beber, por três dias. Os grupos sham e carragenina 
receberam apenas água destilada. Após o esquema terapêutico de três dias os animais 
foram submetidos à injeção intrapleural de carragenina 1% ou veículo (carragenina e 
sham respectivamente) e após quatro horas os animais foram eutanasiados e coletado o 
líquido pleural para contagem celular e dosagem de citocinas. Os pulmões foram 
dissecados e processados para microscopia ótica, eletrônica, imunohistoquímica e 
Western Blot. O tratamento com DEC diminuiu significativamente a quantidade de 
polimorfonucleares na cavidade pleural e atenuou o grau de lesão celular, quando 
comparados com o grupo controle positivo. A análise ultraestrutural mostrou que a 
carragenina provocou dano tecidual, por outro lado, nos animais tratados com DEC, tais 
alterações não foram observadas. A análise da expressão de citocinas inflamatórias no 
tecido pulmonar e exsudato pleural demonstraram que a DEC reduziu os níveis de TNF-
α, IL-1β, COX-2 e óxido nítrico quando comparados com o grupo controle positivo e 
padrão ouro (indometacina). Esses resultados indicam que a administração de DEC 
reduziu o desenvolvimento da inflamação em modelo experimental de pleurisia.  
 
Palavras chaves: dietilcarbamazina, inflamação, pulmão.    

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 
ABSTRACT 

 
Diethylcarbamazine (DEC) has been used in the treatment and control of lymphatic 
filariasis since 1947. Despite its long period of use, little is known about the mechanism 
of action. Some studies show that DEC has anti-inflammatory properties as a result of 
its interference with the arachidonic acid metabolism, including enzymes lipooxygenase 
and cyclooxygenase (COX). The objective of this study was to analyze the action of 
DEC on the acute inflammation of the lungs by histological analysis, cell count and 
inflammatory cytokines dosage in pleural lavage and lung tissue of mice subjected to 
intrapleural injection of carrageenan. Male mice of Swiss Webster strain after 21 days 
of age were used. The treated groups received DEC (50mg/kg/day) or indomethacin 
(5mg/kg/day) (n = 10) in the drinking water for three days. The positive or negative 
control group received only distilled water. After the treatment regimen of three days 
the animals underwent intrapleural injection of carrageenan 1% or vehicle (positive and 
negative control respectively) and after four hours the animals were euthanized and the 
pleural fluid collected for cell count and cytokine dosage. The lungs were dissected and 
processed for light microscopy, electron, immunohistochemistry and Western blot. 
Treatment with DEC significantly reduced the number of polymorphonuclear cells in 
the pleural cavity and attenuated the degree of cell damage compared with the positive 
control group. The ultrastructural analysis showed that carrageenan caused tissue 
damage, conversely, with DEC treatment these changes were not observed. Analysis of 
the expression of inflammatory cytokines in lung tissue and pleural exudate showed that 
DEC reduced the levels of TNF-α, IL-1β in addition to the levels of COX-2 and nitric 
oxide when compared with the positive control group and the gold standard 
(indomethacin). These results indicate that administration of DEC reduced the 
development of inflammation in an experimental model of pleurisy. 
 
Keywords: diethylcarbamazine, inflammation, lung. 
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1- INTRODUÇÃO 

 

A dietilcarbamazina (DEC) é um derivado da piperazina sintetizada como 1-

dietilcarbamil-4-metilpiperazina, que tem sido utilizada no tratamento e controle da 

filariose linfática desde 1947 com ação nos vermes adultos e nas microfilárias 

(MOLYNEUX et al., 2003). É um pó branco, muito solúvel em água, estável, mesmo 

em condições de umidade e temperatura muito elevadas, e resiste inclusive, à 

autoclavagem (DREYER & NORÕES, 1997). 

A DEC foi comercializada como um sal citratado por inúmeras companhias 

farmacêuticas, com diferentes nomes e atualmente é distribuída, sem custo, por órgãos 

responsáveis pelo controle de filariose linfática no Brasil. Apresenta vantagem sobre os 

outros fármacos utilizados no tratamento da filariose bancroftiana devido sua baixa 

toxicidade, intenso efeito microfilaricida e possibilidade de administração oral 

(DREYER et al.,1994). É rapidamente absorvida pelo trato gastrintestinal e atinge o 

pico da sua concentração plasmática entre uma e três horas após a ingestão 

(HAWKING, 1979). Vários esquemas terapêuticos de DEC têm sido utilizados tanto 

para cura de casos isolados, quanto para interrupção da transmissão da filariose, sendo o 

primeiro esquema terapêutico realizado em ciclos de 12 dias, na dose de 6mg/kg/dia 

(WHO, 1992, 1995). 

O mecanismo de ação da DEC ainda é pouco conhecido, tem sido proposto que a 

DEC estimule rapidamente o sistema imune inato (MAIZELS & DENHAM 1992, 

SMITH, 2000) e poucos autores têm se detido sobre seus efeitos em células de 

vertebrados. 

Florêncio e colaboradores (2005) demonstraram que após 12 dias de tratamento 

com DEC, os pneumócitos do tipo II apresentaram um grande número de vesículas 

maduras indicando  uma ativação do metabolismo de surfactante pulmonar, além de  

ativação de macrófagos alveolares.  

Observações clínicas anteriores demonstraram que a DEC é altamente eficaz no 

tratamento da eosinofilia pulmonar tropical, uma manifestação de hipersensibilidade 

causada por algumas espécies de filárias (BOGGILD et al. 2004). 

Stenmark e colaboradores (1985) demonstraram que a DEC bloqueia a 

vasoconstrição e edema associado à produção de leucotrienos e hipóxia pulmonar. O 

estudo ainda demonstrou que a DEC inibe o desenvolvimento da Hipertensão Pulmonar, 
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hipertrofia ventricular direita e o influxo de polimorfonucleares e macrófagos 

alveolares.  

Recentemente, estudos realizados em colaboração com o nosso laboratório 

demonstraram que a DEC tem importante ação no bloqueio da inflamação eosinofílica 

pulmonar em camundongos sensibilizados com ovalbumina. A DEC bloqueia a 

hiperreatividade pulmonar, a produção de citocinas Th2 e o acúmulo de eosinófilos, 

bem como a eosinofilopoiese in vivo e in vitro através de mecanismos iNOS/CD95L  

(QUETO et al., 2010). 

Outros estudos em vertebrados mostram que este fármaco apresenta vários 

efeitos bioquímicos diretos em diferentes sistemas enzimáticos, incluindo glicólise, 

metabolismo do folato e aceticolinesterase (SUBRAHMANYAM, 1987). 

A DEC altera o metabolismo do ácido araquidônico (AA) nas microfilárias e nas 

células endoteliais dos hospedeiros, visto que bloqueia a produção de leucotrienos (LTs) 

que são potentes vaso-bronco-constritores, como também inibe a produção de 

prostaglandina (PGE2), prostaciclina (PGI2) e tromboxano A2 (TXA2), por bloquear a 

via da ciclooxigenase (COX) apresentando, portanto, propriedades anti-inflamatórias 

(revisão em MAIZELS & DENHAM, 1992). 

A inflamação pode ser definida como uma resposta do sistema imune a danos 

celulares e teciduais causados por infecções microbianas ou estímulos nocivos de 

origem química ou física. A resposta inflamatória tem como principal função proteger o 

organismo contra infecções, bem como reparar os tecidos após eventuais lesões 

(HAANEN & VERMES, 1995; WEISS, 2002). 

A inflamação aguda refere-se à resposta inicial promovida pela lesão tecidual, é 

mediada pela liberação de substâncias como histamina, serotonina, bradicinina, 

prostaglandinas e leucotrienos e, em geral precede o desenvolvimento da resposta imune 

adaptativa (PEREIRA & BOGLIOLO, 1998).  

Na fase aguda da inflamação existe o envolvimento de neutrófilos, enquanto 

que, na fase tardia, monócitos/macrófagos migram para o sítio inflamatório (HUERRE 

& GOUNON, 1996). 

A inflamação pulmonar, induzida por carragenina, envolve liberação de 

mediadores celulares, como Fator de Necrose Tumoral (TNF-α) e interleucina 1- β (IL-

1β), liberação de histaminas, bradicininas, prostaglandinas, radicais livres e infiltração 

de neutrófilos. Atualmente os fármacos utilizados são os anti-inflamatórios não-

esteróides como a indometacina, e dependendo do caso os glicocorticóides que 
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apresentam efeitos colaterais tais como osteoporose, intolerância à glicose, acne, 

catarata, ganho de peso, redução e perda de força muscular, diminuição dos níveis de 

testosterona, dentre outros, portanto o estudo de novos fármacos anti-inflamatórios visa 

contribuir com novas propostas terapêuticas. Desta forma, o presente estudo tem como 

objetivo caracterizar a atividade anti-inflamatória da DEC em modelo experimental de 

pleurisia. 
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1.1 OBJETIVOS 

1.1.1 Objetivo Geral: 
 

• Analisar a ação da DEC sobre a inflamação aguda pulmonar de 

camundongos machos Swiss webster.  

1.1.2 Objetivos Específicos: 
 

• Caracterizar o efeito do tratamento in vivo da DEC na concentração de 

50mg/Kg, sobre a inflamação pulmonar de camundongos, induzida por 

carragenina, através da microscopia óptica e eletrônica de transmissão; 

• Quantificar as concentrações de TNF-α e Óxido Nítrico (NO) no 

exsudato pulmonar após tratamento com DEC; 

• Avaliar os efeitos anti-inflamatórios da DEC sobre a migração dos 

leucócitos, bem como sobre a presença de TNF-α, IL-1β, iNOS, NF-κB e 

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

Apesar dos seus 50 anos de uso, a DEC teve o seu potencial farmacológico 

pouco explorado. Estudos farmacológicos mostraram que a DEC interfere no 

metabolismo do ácido araquidônico atuando, portanto, como um fármaco anti-

inflamatório. Existem informações substanciais de que a DEC bloqueia etapas nas vias 

da ciclooxigenase e lipoxigenase, incluindo a inibição da quimiotaxia de leucócitos, 

desgranulação de granulócitos e vasodilatação periférica (MAIZELS & DEHAM, 

1992). 

A DEC também é eficaz no tratamento da eosinofilia tropical pulmonar, uma 

importante manifestação alérgica de filariose, além de alguns relatos clínicos de 

melhora da sintomatologia da asma, que poderia ser explicada pela inibição da produção 

de leucotrienos. No entanto, tais mecanismos subjacentes aos efeitos benéficos da DEC 

na inflamação eosinofílica pulmonar têm sido pouco investigados. 

Estudos recentes demonstraram que a DEC tem importante ação no bloqueio da 

inflamação eosinofílica pulmonar em camundongos sensibilizados com ovalbumina, 

onde a DEC bloqueou hiperreatividade pulmonar, a produção de citocinas Th2 e o 

acúmulo de eosinófilos, bem como a eosinofilopoiese in vivo e in vitro (QUETO et al., 

2010). 

O atual projeto se propõe a caracterizar a ação do tratamento com DEC sobre a 

inflamação aguda pulmonar em camundongos Swiss webster. 
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1. REVISÃO BIBLIOGRÁFICA 

1.1 DIETILCARBAMAZINA 
 

A DEC é o filaricida mais amplamente utilizado no tratamento da filariose 

bancroftiana. Apresenta-se na forma de pó branco, muito solúvel em água, estável, 

mesmo em condições de umidade e temperatura muito elevadas, inclusive resistente a 

autoclavagem. A DEC é um derivado da piperazina sintetizada como 1-dietilcarbamil-4-

metilpiperazina e preparada na forma de cloridrato, citrato ou fosfato. A partir de 1950, 

foi distribuída como sal citratado por inúmeras companhias farmacêuticas sob diferentes 

nomes, como Hetrazan, Banocide, Caricide, Carbilazine (DREYER & NORÕES, 1997). 

Atualmente é produzida pela Farmaguinhos e distribuída gratuitamente nos postos de 

saúde na Região Metropolitana do Recife.   

A DEC é rapidamente absorvida pelo trato gastrointestinal e atinge o pico da sua 

concentração plasmática entre uma e três horas após a ingestão (HAWKING, 1979; 

RÉE et al., 1977; SAKUMA et al., 1967). De acordo com Ilondu e colaboradores 

(2000), ela está quase ausente na urina, plasma e saliva de humanos após 24 h da 

ingestão. Por outro lado, estudos toxicológicos e farmacológicos em camundongos 

indicaram que após 3 h o composto é completamente excretado pelo rim (HARNED et 

al., 1948). Horii e Aoki (1997) descreveram o nível plasmático de DEC em ratos após a 

administração de 200mg/kg, registrando valores de 30 µg/ml após 30-60 minutos da 

injeção, decrescendo rapidamente para 1,5 µg/ml após 4h e atingindo 0,1 µg/ml após 8 h 

do tratamento. 

As reações adversas são o principal obstáculo ao uso terapêutico desta droga. As 

queixas mais comumente encontradas são náuseas, vômito, dores abdominais, diarréias, 

dores de cabeça, febre, sono, dores escrotais e mialgia que se estendem por um ou mais 

dias. Essas reações relacionam-se claramente à carga parasitária (FRANCIS et al.,1985; 

PARTONO et al., 1981). 

A DEC possui outro papel terapêutico como uma droga anti-inflamatória 

(SALAZAR-MALLÉM, 1971; SRINIVAS & ANTANI, 1971; THIRUVENGADAM et 

al., 1974). Estudos clínicos demonstram que a DEC é altamente eficaz na eosinofilia 

pulmonar tropical, uma manifestação pulmonar causada por algumas espécies de 

filárias. Pacientes com eosinofilia pulmonar que foram tratados com DEC por 21 dias, 

apresentaram uma melhora acentuada de seus sintomas respiratórios. Indivíduos com 

eosinofilia pulmonar tropical muitas vezes recebem um diagnóstico incorreto de asma, 
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apesar de sua má resposta aos tratamentos convencionais para a asma. O 

reconhecimento precoce e tratamento da eosinofilia pulmonar tropical com 

dietilcarbamazina é a chave para minimizar a morbidade e mortalidade, pois a 

eosinofilia pulmonar tropical não-tratada pode levar à fibrose pulmonar irreversível 

(BOGGILD et al., 2004 ). 

Queto e colaboradores (2010) demonstraram que a DEC diminui a expressão de 

citocinas como IL-5, IL-4 e eotaxina-1 na eosinofilia pulmonar  em camundongos 

induzida por ovalbumina bem como reduz o número de células inflamatórias no lavado 

bronquioalveolar (BALF) e no tecido pulmonar. Além disso, estes autores 

demonstraram que a DEC atua através de mecanismos dependentes tanto iNOS como 

CD95L.   

Essas observações confirmaram que a DEC promove a supressão de 

anormalidades funcionais e patológicas associadas à inflamação pulmonar, induzida por 

alérgenos, especialmente de eosinófilos presentes no sangue, BALF e tecido pulmonar. 

  Estudo realizado por Florêncio e colaboradores (2005) demonstrou que após 12 

dias de tratamento com DEC os pneumócitos do tipo II apresentaram um grande número 

de vesículas maduras levando a uma ativação do metabolismo de surfactante pulmonar. 

Nos macrófagos alveolares foram detectadas várias características morfológicas de 

ativação celular, que poderiam ser explicadas por uma maior atividade endocítica dessas 

células, as quais são responsáveis pela fagocitose do surfactante secretado pelos 

pneumócitos do tipo II. O aumento da síntese e secreção de surfactante promoveria uma 

diminuição da tensão superficial dos alvéolos, reduzindo os esforços musculares 

decorrentes dos movimentos respiratórios. Tais resultados poderiam explicar o alívio 

dos sintomas da asma causados pelo tratamento com DEC como previamente observado 

por outros autores (LIU et al., 1995, 1996). Além disso, a DEC inibe a produção de 

leucotrienos, incluindo a cisteinil-leucotrieno (CysLT) que é considerada como o sítio 

da patofisiologia da asma (MATHEUS & MURPHY, 1982; ZUO et al., 2004). 

Produtos da lipoxigenase são potentes agentes inflamatórios que induzem o 

aumento da permeabilidade vascular. Stenmark e colaboradores (1985) observaram que 

a DEC bloqueia a via da lipoxigenase na patogênese da hipertensão pulmonar induzida 

por monocrotalina em camundongos uma vez que o tratamento com DEC melhorou a 

pressão sistólica, peso cardíaco, número de polimorfonucleares (PMN) no BALF, 

diminuição de macrófagos e leucócitos ativados e diminuição nos níveis de 

prostaglandinas e tromboxano.  
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Maizels e Denham (1992) apresentaram uma hipótese para explicar o 

mecanismo microfilaricida in vivo da DEC. Este fármaco alteraria o metabolismo do 

ácido araquidônico nas microfilárias e nas células endoteliais do hospedeiro, visto que 

bloqueia a produção de LTs que são potentes vaso-bronco-constrictores. Mas, além de 

bloquear a via da 5- lipoxigenase, produtora de LTs, também inibe a produção pelas 

células endoteliais de PGE2, PGI2 e TXA2 por bloquear a via da ciclooxigenase. A PGI2, 

e em menor proporção a PGE1 e PGE2, são vasodilatadores e inibidores potentes da 

agregação plaquetária e da adesão endotelial. A ação da DEC sobre o metabolismo do 

AA, bloqueando a produção de PGE2 e PGI2 tanto na célula endotelial quanto nas 

microfilárias, levaria a uma vasoconstricção amplificando a adesão endotelial, e assim, 

propiciaria a imobilização do parasito circulante, aumentando a aderência e a atividade 

citotóxica das plaquetas e granulócitos do hospedeiro. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 19 

1.2 INFLAMAÇÃO AGUDA INDUZIDA POR CARRAGENINA 
 
 

A inflamação é um conjunto complexo de interações entre fatores solúveis e 

células que podem surgir em qualquer tecido em resposta  traumática, infecciosa, pós-

isquêmica, tóxicas ou auto-imunes. Este mecanismo é composto por vários fenômenos 

complexos que se associam e se complementam uns aos outros formando uma reação 

em cascata, que envolve uma complexa interação de células inflamatórias (neutrófilos, 

linfócitos, monócitos/macrófagos) e das células vasculares (endoteliais e células da 

musculatura lisa) (TEDGUI & MALLAT, 2001). 

O processo normalmente leva à recuperação da infecção e à cura. No entanto, se 

a destruição alvo e reparação não são devidamente efetivas, a inflamação pode levar ao 

dano tecidual persistente, por leucócitos, linfócitos ou deposicao de colágeno 

(NATHAN, 2002). 

A inflamação é caracterizada, em sua forma aguda, por diversos eventos 

mediados por componentes solúveis, celulares e vasculares que induzem alterações 

morfológicas e bioquímica. Juntos esses eventos caracterizam os sinais clássicos da 

inflamação: dor, calor, rubor, edema e perda de função (KUMAR et al., 2005; RANG, 

2001; GUALILO et al., 2000; GALLIN et al., 1992; PAUL, 1998). 

A inflamação aguda é, no geral, de curta duração, podendo permanecer por 

alguns minutos, horas ou dias (SIQUEIRA & DANTAS, 2000). A resposta fisiológica 

que ocorre imediatamente após um estímulo agressivo é considerada como uma fase 

precoce (0-1 hora) ao contrário do que ocorre de 4-6 horas após a lesão sendo 

considerada a fase tardia da inflamação aguda, onde as células inflamatórias se 

acumulam no local lesado (ALBERTINI et al.,2004). 

Vários fatores desempenham importantes papéis na modulação da resposta 

inflamatória de cada uma das fases da inflamação aguda. Na fase precoce, mediadores 

como a histamina e bradicinina modulam a resposta inflamatória aumentando o calibre e 

o fluxo vascular (KUMAR et al., 2005; ALBERTINI et al., 2004). Durante a fase tardia 

da inflamação aguda, há predominância de eventos celulares que se caracterizam pela 

marginação, adesão endotelial, diapedese e migração dos leucócitos para o foco da 

lesão, decorrentes dos estímulos quimiotáticos (KUMAR et al., 2005).  
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Várias células são responsáveis por iniciar a cascata de eventos do processo 

inflamatório, secretando ou sintetizando mediadores, sendo divididos em aminas 

vasoativas (histamina e serotonina); proteases plasmáticas (sistema de cinina - 

bradicinina, sistema complemento, sistema de coagulação-fibrinolítico); metabólitos do 

ácido araquidônico (via cicloxigenase e via lipoxigenase); proteases lisossômicas; 

radicais livres derivados do oxigênio; fatores ativadores das plaquetas (FAP); 

quimiocinas, citocinas e óxido nítrico (NAKAMURA et al., 2006, KUMAR et al., 2000; 

ALBERTINI et al., 2004). Estes mediadores têm papel determinante na gravidade, 

duração e recuperação da doença. 

As citocinas são um tipo especial de mediadores que podem ser produzidos pelas 

células do tecido afetado, e atraem linfócitos e fagócitos (LUSTER et al., 2005), assim 

como estão envolvidos na regulação de células inflamatórias e no crescimento e 

diferenciação de leucócitos imaturos (LIN et al., 2000). Dentre as principais 

representantes podemos citar as interleucinas e fator de necrose tumoral (TNF).  

O TNF-α, é uma citocina-chave que regula muitas respostas biológicas em 

células, incluindo inflamação, proliferação, diferenciação e morte celular (BRADHAM 

et al., 1998; WAJANT et al. , 2003). Promove a liberação de uma multiplicidade de 

citocinas, eicosanóides, glicocorticóides, e moléculas de adesão (JAWA et al., 2006).   

É um importante regulador da inflamação, regulando a produção de citocinas em células 

imunes. TNF-α induz ativação do endotélio através do aumento da produção de 

moléculas de adesão e mediadores químicos promovendo marginalização e migração de 

leucócitos para o local da inflamação (STITES et al., 1997). Os efeitos pleiotrópicos do 

TNF- α podem ser atribuídos à sua habilidade de simultaneamente ativar muitas vias de 

sinalização celular (HAN et al., 2009). 

Por sua vez a IL-1β é uma das mais importantes interleucinas na resposta imune. 

A função predominante da IL-1β é aumentar a ativação de células T em resposta a 

antígenos.  É secretada principalmente por macrófagos, mas também por neutrófilos, 

células endoteliais, célula muscular lisa, células gliais, astrócitos, células T e B, 

fibroblasto e queratinócitos (STITES et al., 1997).   

Durante a evolução do processo de reparo, os eventos que se sucedem são a 

infiltração de neutrófilos, infiltração de macrófagos, fibroplasia e deposição de matriz 

extracelular, angiogênese, cicatrização e reepitelização. Citocinas, principalmente a IL-

1β e o TNF-α, atuando sobre os receptores das células endoteliais, induzem a produção 



 21 

de NO, bem como a expressão de moléculas de adesão para neutrófilos. A expressão das 

proteínas de adesão é, neste momento, o elemento mais importante para a migração de 

neutrófilos (GERSZTEN et al., 1999). 

Modelos animais têm sido utilizados para avaliar o processo inflamatório através 

da indução de agentes químicos como, por exemplo, a carragenina (GUERINO et al., 

2000; LUNARDELLI et al., 2006). A principal fonte de carragenina é a alga Chondrus 

Crispus, também conhecida como “Irish Nllos”, que tem origem em Carraghen 

(Waterford – Irlanda), onde cresce abundantemente (DI ROSA, 1972). 

A carragenina é um polissacarídeo que vêm sendo utilizada em modelos 

experimentais como ferramenta para investigar o processo inflamatório em ratos e 

camundongos (LEVY, 1969).  

A inflamação induzida por carragenina é um processo muito complexo 

envolvendo um grande numero de mediadores levando a hiperalgesia inflamatória 

(SAMMONS et al., 2000). Dentre esses mediadores podemos destacar produtos da 

cascata do ácido araquidônico (BLACKHAM et al. 1979), conteúdos de mastócitos 

(histamina) (BURITOVA et al., 1997), neurocininas (substancia P) (CODERRE & 

MELZACK, 1991), citocinas (IL-1β) (IANARO et al., 1999), oxido nítrico 

(SALVEMINI et al., 1996) e muitos outros.   

A pleurisia em ratos e camundongos, induzida por carragenina, permite a 

quantificação do volume e da concentração protéica do exsudato formado, além da 

avaliação da migração de células inflamatórias para a cavidade pleural (KUMAR & 

SHIVKAR, 2004). Este tipo de pleurisia é utilizado na investigação da fisiopatologia da 

inflamação aguda e avaliação da eficácia de terapias anti-inflamatórias (ARRUDA et 

al., 2003). 

A inflamação não-infecciosa é tradicionalmente tratada com fármacos anti-

inflamatórias não-esteróides (AINES) que são um grupo variado de fármacos que têm 

em comum a capacidade de controlar a inflamação, de analgesia  e de combater a 

hipertermia (BRUNTON et al., 2010).  

Em 1971, Vane e colaboradores demonstraram pela primeira vez que a aspirina e 

indometacina inibem a produção de prostaglandinas pelo bloqueio da atividade 

enzimática da ciclooxigenase. Desde então, verificou-se que AINEs afetam diretamente 

a atividade da ciclooxigenase, seja por modificação covalente da enzima, como no caso 

da aspirina e de inibidores seletivos da COX-2, ou por competir com o substrato para o 
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sítio ativo, como acontece com praticamente todos os outros AINEs (WILLIAMS et al., 

1999). 

Os prostanóides podem ser gerados pelas duas isoformas de enzima 

cicloxigenase (COX): COX-1 e COX-2, ambas encontradas nas membranas do retículo 

endoplasmático e na membrana nuclear. A COX-1 está presente na maioria das células e 

sua expressão é constitutiva, sendo responsável pela síntese fisiológica de prostanóides 

(ROCCA & FITZGERALD, 2002). A COX-2 é uma isoforma  induzida em resposta a 

estímulos que incluem lipopolissacarídeos, citocinas, interferons e fator ativador de 

plaquetas, contribuindo para a hiperalgesia e expansão do processo inflamatório 

(SJODAHL, 2001). Esta distinção entre as duas isoformas da COX apresenta algumas 

exceções, pois a COX-1 por ser induzida sob certas condições e a COX-2 é 

constitutivamente expressa em células de tecido cerebral, traquéia e rins (SJODAHL, 

2001). 

Os AINEs são amplamente utilizados em todo mundo por sua eficácia 

terapêutica no combate a inflamação e dor. Entretanto, os AINEs são conhecidos por 

seus efeitos colaterais no tubo digestivo (gastrointestinal) (WHELTON, 2001). 

Devido à relativa escassez da expressão da COX-2 no trato gastrointestinal e sua 

grande expressão nos tecidos inflamatórios, foram desenvolvidos e introduzidos na 

terapêutica, a partir de 1999, os inibidores seletivos da COX-2, com o objetivo de 

minimizar a toxicidade gastrointestinal dos AINEs não-seletivos (BERTOLINI, 2001). 

Os inibidores de COX-2 também têm sido avaliados quanto ao seu potencial 

antiproliferativo em ensaios in vitro e in vivo. Esta enzima encontra-se presente em 

células neoplásicas bem como na neovasculatura de alguns tumores humanos, entre eles 

mama, cólon, próstata e fígado (SJODAHL, 2001). Vários trabalhos têm demonstrado 

que a participação da Celecoxib, um inibidor seletivo da COX-2, exerce efeitos 

quimiopreventivos e antitumorais em câncer de cólon, uma das mais comuns doenças 

malignas epiteliais sólidas em todo o mundo (BOCCA et al., 2011).  

Na hipertensao pulmonar  Stenmark e colaboradores (1985) utilizando DEC 

como inibidor da COX-2 demostraram que a inibição  da COX-2 bloqueou o 

desenvolvimento de hipertensão pulmonar e a hipertrofia do ventrículo direito, inibindo 

o influxo de polimorfonucleares e macrófagos, além de melhorar a vasocontricção e 

edema. Estes estudos indicam que a DEC apresenta uma importante atividade anti-

inflamatória que pode ser melhor esclarecida.  
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ABSTRACT 

 

The diethylcarbamazine (DEC), an antifilarial drug has a potent anti-

inflammatory properties as a result of its interference with the arachidonic acid 

metabolism. In this study we evaluated the anti-inflammatory activities of DEC in mice 

model of acute inflammation, carrageenan-induced pleurisy. We evaluated here that 

DEC (administrated 50mg/kg, oral route, 3 day prior to carrageenan) exerts potent anti-

inflammatory effects in this model. Injection of carrageenan into the pleural cavity 

induced accumulation of fluid containing a large number of PMNs in the pleural cavity, 

infiltration of PMNs in lung tissues, and increased production of nitrite, tumor necrosis 

factor-α, (TNF- α ) increased expression of interleukin-1β (IL-1β), cyclooxygenases 

(COX-2) and inducible nitric oxide synthase (iNOS). Furthermore, carrageenan induced 

the expression of nuclear factor-κB (NFκB). Administration of DEC 3 day before the 

challenge with carrageenan significantly reduced of all the parameters of inflammation 

measured. The study shows that DEC can be a potential drug for the treatment of acute 

lung inflammation.       

 

Keywords: Diethylcarbamazine, pleurisy, cytokines, cyclooxygenase, lung injury 
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1. INTRODUCION 

Since 1947, diethylcarbamazine citrate (DEC) has been used in the treatment 

and control of lymphatic filariasis caused by the nematodes Wuchereria bancrofti, 

Brugia malayi and B. timori. DEC continues to play an important role as one of the 

drugs used in the Global Programme for the Elimination of Lymphatic Filariasis [1]. 

However, despite its long period of use, little is known regarding its mechanism of 

action.  

Pharmacological studies have demonstrated that DEC affects the metabolism of 

arachidonic acid, thereby acting as an anti-inflammatory drug. Substantial evidence has 

demonstrated that DEC blocks a number of steps in both the cyclooxygenase (COX) 

and lipoxigenase pathways. This drug  is a potent blocker of leukotriene production 

(LTs), bronchial vaso-constrictor substances, but also inhibits the production of 

prostaglandin (PGE2), prostacyclin (PGI2) and thromboxane A2 (TXA2) [2]. 

According to Mathews and Murphy (1982) [3], DEC inhibits the formation of 

LTB4 and the sulfidopeptide leukotrienes, which are potent vaso/bronchoconstrictors, in 

mastocytoma cell while actually stimulating the formation of 5-hydroxyeicosatetraenoic 

acid (5-HETE), suggesting that the site of action of DEC in inhibiting leukotrienes 

formation may be the leukotrienes A4 synthetase reaction.  Also Bach and Brashler 

(1986) [4] showed that DEC inhibited the formation of sulfidopeptide leukotrienes in rat 

basophil leukemia cell. 

Clinical studies have described that DEC is quite effective in the symptomatic 

treatment of bronchial asthma [5] [6]. Recent studies carried out in collaboration with 

our laboratory demonstrated that DEC has important role in blocking the pulmonary 

eosinophilic inflammation in mice sensitized with ovalbumin, effectively preventing the 

effects of subsequent airway resistance, Th1/Th2 cytokine production, pulmonary 
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eosinophil accumulation and eosinophilopoiesis in vivo and ex vivo.  Besides, DEC 

directly suppressed IL-5–dependent eosinophilopoiesis in naive bone marrow [7].  

Carrageenan-induced inflammation is a model of local acute inflammation 

commonly used to evaluate activity of anti-inflammatory drugs [8] and useful  to assess  

the contribution  of cells and mediators  to  the inflammatory  process [9]. The 

inflammatory process is invariably characterized by the production of prostaglandin, 

leukotrienes, histamine, bradykinin, platelet-activating factor, interleukins and  

migrating cells [10].  

The recruitment of polymorphonuclear cell (PMNs) out  of  the  circulation  into  

the  inflamed  tissue have a key function in the breakdown and remodeling of  injured 

tissue [11] [12]. Moreover, macrophages participate in the progression of experimental 

pleurisy  producing  proinflammatory cytokines such as tumor necrosis factor-α (TNFα) 

and IL-1β [13]. 

The initial phase of  carrageenan-induced acute inflammation (0-1h), which is 

not inhibited by non-steroidal anti-inflammatory drugs (NSAIDs) such as indomethacin, 

has been attributed to the release of histamine, 5-hydroxytryptamine and bradykinin, 

followed by a late phase (1-6h) mainly sustained by prostaglandin release attributed to 

the induction of  cyclooxygenase (COX-2) [13] [14]. 

 Since DEC has anti-inflammatory properties as a result of its effect on the 

metabolism of arachidonic acid, the purpose of the present study was to investigate the 

anti-inflammatory action of DEC in a model of carrageenan-induced pleurisy (4h), we 

have determined the following end points of the inflammatory response: 1) PMN 

infiltration. 2) lung injury (histology and ultrastructure). 3) expression of TNF- α 

(ELISA and immunohistochemistry). 4) expression of IL-1β protein, COX-2 protein 
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(immunohistochemistry and western blot), iNOS protein (immunohistochemistry) and 

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

2.1. Animals 

Male Swiss mice (weight 20–25 g; CPqAM/PE, Brazil) were used following 

protocols institutionally approved (CEUA#LW-47/10). The animals were housed in a 

controlled environment and provided with standard rodent chow and water. 

2.2. Experimental groups 

Mice were randomly allocated into the following groups: 

(I) Sham + water group: Sham group in which identical surgical procedures 

to the CAR group was performed, except that the saline was 

administered instead of carrageenan (N= 10); 

(II)  CAR + water group: Mice were subjected to carrageenan-induced 

pleurisy (N= 10); 

(III)  CAR + DEC group. Mice were subjected to carrageenan-induced 

pleurisy and  diethylcarbamazine (50mg/kg oral route) 3 days prior to 

carrageenan (N= 10); 

(IV)  CAR + INDO group. Mice were subjected to carrageenan-induced 

pleurisy and  Indomethacin (5mg/kg oral route) 3 days prior to 

carrageenan (N= 10); 

The lymphatic filariasis therapeutic dose regimens recommended by World 

Health Organization (WHO) is 6 mg/Kg for 12 days [15]. Considering that the total 

metabolism rate of a mouse is approximately seven times that of the human the present 

study used 50 mg/Kg of DEC adjusted according to the mice body weight [16]. 

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

Mice were anaesthetized with the combination of 10% ketamine hydrochloride 

(115mg/kg) and xylazine 2% (10mg/kg) intramuscularly. After confirmation of 

analgesia of the animals a shaving the right chest was performed and in the sixth 

intercostal space was administered sterile saline or sterile saline containing 1% λ-

carrageenan (0,1 ml) into the pleural cavity. At 4 h after the injection of carrageenan, 

the animals were killed by inhalation of CO2. The chest was carefully opened and the 

pleural cavity rinsed with 1ml of saline solution containing heparin (5 U/ml) [18]. The 

exudate and washing solution were removed by aspiration. Any exudate, which was 

contaminated with blood, was discarded. Samples of the fluid pleural cavity were 

collected to determine the total leukocyte contents. 

Total leukocytes were determined in a Neubauer chamber diluting the exudates 

in Turk solution (1:20) [17]. Considering that the inflammatory response induced by 

carrageenan in the pleural space of the mice has a biphasic profile, peaking at 4 and 48 h 

after pleurisy induction, in this study, we measured the expression of inflammatory 

mediators 4 h after injection of carrageenan on the basis of previous studies [8]. 

2.4. Histological examination 

Lung base biopsies were taken at 4 h after injection of carrageenan. The lung 

fragments were washed twice in PBS pH 7.2 and fixed in Bouin’s solution for 8 hours 

(1% saturated picric acid, formaldehyde and 40% glacial acetic acid), dehydrated in 

increasing ethanol series, cleared in xylene, embedded and included purified paraffin 

(VETEC, São Paulo, SP, Brazil). Tissue sections of  5µm were cut using a microtome 

(Leica RM 2125RT) deparaffinized with xylene, stained with 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 a solution containing 2.5% 

glutaraldehyde and 4% paraformaldehyde in 0.1 M cacodylate buffer. After fixation, the 

samples were washed twice in the same buffer and then they were post-fixed in a 

solution containing 1% osmium tetroxide, 2 mM calcium chloride and 0.8% potassium 

ferricyanide in 0.1 M cacodylate buffer, pH 7.2, dehydrated in acetone, and embedded 

in Embed 812. Polymerization was performed at 60 °C for 3 days [20]. Ultrathin 

sections were collected on 300-mesh nickel grids, counterstained with 5% uranyl acetate 

and lead citrate and examined using a FEI Morgani 268D transmission electron 

microscope. 

2.6. Immunohistochemical localization of TNF-α, IL-1β, COX-2 and iNOS  

Five sections (5 µm in thickness) of each group were cut and adhered to slides 

treated with 3-amino-propyl-trietoxi-silane (APES [Sigma, USA]). Briefly, sections 

were deparaffinized with xylene and rehydrated in graded ethanol (100 to 70%). To 

minimize endogenous peroxidase activity, the slides were treated with 10% (v/v) H2O2 

in water for fifteen minutes. The sections were washed with 0.01M PBS (pH 7.2) and 

then blocked with 1% BSA, 0.2% Tween 20 in PBS for 1h at room temperature. The 

sections were incubated overnight at 4ºC with anti-TNF-α antibody (ABCAM, CA, 

USA, 1:250), anti-IL-1β antibody (GenWay, San Diego, CA, 1:250), anti-COX-2 

antibody (ABCAM, CA, USA, 1:400) and anti-iNOS (ABCAM, CA, USA, 1:50). The 

antigen-antibody reaction was visualized with avidin-biotin peroxidase (Dako Universal 

LSAB ® + Kit, Peroxidase) using 3.3-diaminobenzidine as the chromogen. The slides 

were counterstained in hematoxylin. Positive staining resulted in a brown reaction 

product. Five pictures at the same magnification were quantitatively analyzed using 

Gimp 2.6 software (GNU Image Manipulation Program, UNIX platforms). 
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2.7. Measurement of TNF-α  levels 

TNF-α levels were evaluated in the exudates at 4 h after the induction of pleurisy 

by carrageenan injection. The assay was carried out by using a colorimetric, commercial 

ELISA kit (ABCAM, CA, USA# cat. ab100747). Lower detection limit of the assay was 

of 60 pg/ml. 

 2.8 Measurement of NO 

For the measurement of nitric oxide was used the Griess colorimetric reaction, 

which is the detection of nitrite (NO2-), oxidation of NO in the pleural fluid. 50µl of the 

pleural fluid in duplicate ware added to an ELISA plate 96 wells, , followed by the same 

volume of Griess reagent, which is composed of 1% sulfanilamide diluted in 2.5% 

H3PO4 (solution A) and N-1-naphtyl-ethtylenodiamina also diluted in 2.5% H3PO4 

(solution B). To prepare a standard curve, a solution of sodium nitrite in the initial 

concentration of 100µM was serially diluted in PBS. After incubation for 10 minutes in 

the dark, reading in the spectrophotometer at 490nm was performed. The absorbance of 

different samples was compared with the standard curve, and the results expressed as 

mean ± standard error of the duplicate, using GraphPad Prism software (v. 5.0) [21]. 

2.9 Western blot analysis for COX-2, IL-1β and NFkB 

Lungs were quickly dissected, and then homogenized in a Wheaton Overhead 

Stirrer (nº 903475) in an extraction cocktail (10 mM Ethylenediamine tetraacetic acid 

(EDTA), 2 mM phenylmethylsulfonyl fluoride (PMSF), 100 mM sodium fluoride 

(NaF), 10 mM sodium pyrophosphate, 10 mM sodium orthovanadate (NaVO4), 10 mg 

of aprotinin and 100 mM Tris(hydroxymethyl)aminomethane, pH 7.4).  Homogenates 

were centrifuged at 3000 xg for 10 min and the supernatant was collected and stored at -

70º C until use for immunoblotting. Protein levels were determined using the Bradford 

method using bovine serum albumin as the standard [22]. The proteins (40 µg/µl) were 
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separated on 10% (COX-2 and NFkB) or 14% (IL-1β) sodium dodecyl sulfate 

polyacrylamide by gel electrophoresis under reduced conditions and were 

electrophoretically transferred onto nitrocellulose membrane (Bio Rad, CA, USA, Ref. 

162-0115). After blocking overnight at 4ºC with 5% non-fat milk in TBS-T (Tris-

buffered saline 0.1% plus 0.05% Tween 20, pH 7.4), the membranes were incubated at 

room temperature, for 3 h, with rabbit polyclonal antibody against COX-2 (1:1,000 

dilution; ABCAM, CA, USA), IL-1 β (1:2,000 dilution, Genway, San Diego, CA), 

NFkB (1:200 dilution, Santa Cruz Biotechnology, Santa Cruz, CA)  diluted in buffer 

solution TBS-T containing 3% non-fat milk. After washing (six times, 10 min each) in 

TBS-T, the membranes were further reacted with horseradish peroxidase-conjugated 

anti-rabbit or anti-mouse secondary antibody (1:80,000 (Ref. A6154), and 1:80,000 

(Ref. A5420) respectively, Sigma, USA), diluted in TBS-T with 1% nonfat milk, for 

1h30min, at room temperature. An enhanced chemiluminescence reagent (Super Signal, 

Pierce, Ref. 34080) was used to make the labeled protein bands visible and the blots 

were developed on X-ray film (Fuji Medical, Kodak, Ref. Z358487-50EA). For 

quantification, the density of pixels of each band was determined by the ImageJ 1.38 

program (available at http://rsbweb.nih.gov/ij/download.html; developed by Wayne 

Rasband, NIH, Bethesda, MD). For each protein investigated the results were confirmed 

in three sets of experiments. Immunoblot for β-actin was done as a control for the above 

protein blots. 

After protein blots visualization with enhanced chemiluminescence, the protein 

antibodies were stripped from the membranes, which were reprobed with monoclonal 

anti-β-actin antibody (1:2,000 dilution, Sigma, USA) and subsequently protein 

densitometry was done. 
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2.11. Data analysis 

All values are expressed as mean standard error (± S.E.M.) of the mean of n 

observations. For the in vivo studies n represents the number of animals studied. The 

results were analysed by one-way ANOVA followed by a Tukey post-test using 

GraphPad Prisma (V. 5.0). A p-value less than 0.05 was considered significant. 
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3. RESULTS 

3.1 Effect of DEC in leukocyte migration 

The injection of carrageenan into the pleural cavity of mice induced an acute 

inflammatory response characterized by accumulation of fluid containing a large 

amount of PMNs. The number of PMNs was significantly reduced with prior treatment 

for 3 days with DEC and INDO 0.22 ± 0.09 and 3.72 ± 5.05, respectively, compared to 

the group that received carrageenan 21.63 ± 2.27 (Fig. 1). 

 

3.2 Effect of Diethylcarbamazine on tissue damage induced by Carrageenan 

Histological analysis showed that animals with carrageenan-induced pleurisy 

presented discrete alveolar thickening due to increased cellularity, mild hemorrhage and 

congestion, apoptotic cells, inflammatory cells (mononuclear and polymorphonuclear 

cells), pulmonary edema and emphysema (Fig. 2 A).Treatment for three days with DEC 

attenuated the degree of injury and the infiltration of PMNs (Fig. 2B). In the sham 

group lungs showed morphological characteristic preserved.  

Pulmonary ultrastructural analyses of sham group animals showed preserved 

morphological pattern as respiratory spaces, including the alveolar epithelium 

composed by pneumocytes (not shown). The lung tissue of animals with carrageenan-

induced pleurisy revealed pneumocytes type II with lamellar bodies containing 

electrodense granules, vacuoles and myelin bodies, characterizing cell suffering. Also 

numerous collagen fibers were observed in the interstitial space increasing its thickness 

(Fig. 3A and B). Animals treated with DEC present a preserved alveolar epithelium 

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

In this study we have evaluated the TNF-α, IL-1β, COX-2 and iNOS expression 

in the lung tissue by immunohistochemical detection. Tissue sections obtained of from 

mice of the CAR group demonstrate positive staining for TNF-α in alveolar cell, 

macrophages, vascular wall (Fig. 4A, densitometry analysis 4C). In contrast, no staining 

for TNF-α was found in the lungs of mice treated with DEC (Fig 4B, densitometry 

analysis 4C). No positive staining for TNF-α was found in lung tissue from sham-

treated mice. 

Lung tissue sections from mice of the CAR group showed a positive reaction for 

IL-1β in alveolar macrophages (Fig. 5A, densitometry analysis 5C). Treatment with 

DEC for three days significantly reduced the degree of expression of IL-1β (Fig. 5B, 

densitometry analysis 5C). There was no labeling for IL-1β in lung tissues obtained 

from mice of the sham group. 

Analysis by immunohistochemical of cyclooxygenase-2 in lung tissue sections 

obtained from mice treated with carrageenan revealed a higher expression for COX-2 

(Fig. 6A, densitometry analysis C). The degree of COX-2 was significantly reduced in 

lung sections obtained from mice treated with DEC (Fig. 6B, densitometry analysis C). 

Sections of lung of the sham group mice expressed COX-2 levels at baseline. 

Immunohistochemical analyses of lung sections obtained from mice treated 

carrageenan revealed positive staining for iNOS in alveolar macrophages (Fig. 7A, 

densitometry analysis C). DEC treatment significantly attenuated this iNOS expression 

(Fig. 7B, densitometry analysis C). Little staining for iNOS was observed in the lung 

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

The concentration of TNF-α in pleural exudate was analyzed by enzyme-linked 

immunosorbent assays (ELISA). The induction of pleurisy by carrageenan 

administration induced high levels of TNF-α in pleural exudate compared with the sham 

group. On the other hand treatment with DEC for 3 days before induction of pleurisy 

attenuated the production of TNF-α significantly. Treatment with indomethacin, in turn, 

produced no reduction of this proinflammatory cytokine levels (Fig. 8A). 

 Through the Greiss reaction were analyzed NO levels in pleural exudate. NO 

levels increased significantly in the exudate of CAR group compared with the exudate 

of sham group. Treatment with DEC and INDO significantly reduced NO levels when 

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

 

3.5 Western Blot analysis for COX-2, IL-1 β and NFkB 

The presence of COX-2 in lung homogenate was investigated by Western blot 4 

hours after induction of pleurisy. The basal levels of the COX-2 were detected in the 

sham group animals, and significantly increased in lung tissue of the CAR group. 

However treatment with DEC significantly reduced the expression of COX-2. 

Unexpectedly, treatment with indomethacin did not reduce the levels of COX-2 when 

compared with the CAR group (Fig. 9). 

The expression of IL-1β in the lung homogenate baselines levels were detected 

in the sham group. The CAR group present increased levels of IL-1β when compared to 

the sham group. Conversely, DEC and INDO decreased significantly the IL-1β levels 

compared with the CAR group (Fig. 10).    
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NFkB p65 levels in the lung were also significantly increased at 4 h after 

carrageenan infection compared to the sham group. DEC and INDO decreased 

significantly the NFkB levels compared with the CAR group (Fig. 11).    

4. DISCUSSION  

The acute pulmonary inflammation is associated with an enhanced formation of 

the proinflammatory cytokines TNF-α and IL-1β, inducible COX-2, production de 

ROS, such as hydrogen peroxide, superoxide and hydroxyl radicals [9] [23]. We 

demonstrate that the injection of carrageenan in the pleural cavity induced infiltration de 

PMNs, lung injury, production proinflammatory cytokines as well as COX-2 and NOS. 

The present work demonstrated by histological and ultrastructural analyses that 

DEC efficiently blocked the lung carrageenan injury characterized by cellular 

infiltration, edema, alveolar thickness, myelin bodies and large vacuoles.  

The oxidative stress has been shown to play a critical role in the acute and 

chronic inflammatory response such as lung injury. Leukocyte activation prior to the 

cell responses involved in the acute inflammatory process such as neutrophils, promotes 

the release of several types of ROS [17]. The NO is another free radical, present during 

inflammation, synthesized by iNOS and capable of interacting with ROS to increase 

free radical actions [24]. These radicals are released by various cell types in response to 

stimulation with TNF-α, IL-1β, all of which activate a cytoplasmic form of the 

transcription factor NF-kappa B by releasing an inhibitory protein subunit [25]. 

Experimental evidence have clearly suggested that NF-κB plays a central role in 

the regulation of many genes responsible for the generation of mediators or proteins in 

acute lung inflammation associated with carrageenan administration such us TNF-α, IL-

1β, nitric oxide synthase inducible (iNOS) and COX-2 [8]. We confirmed here that the 

inflammatory process caused by injection of carrageenan into the pleural cavity leads to 
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a substantial increase in the levels of TNF-α and IL-1β in the exudates as well as in lung 

tissue. Therefore, the inhibition of the liberation of TNF-α and IL-1β by DEC described 

in the present study could be attributed to the inhibitory effects of the activation of NF-

κB. However further studies are necessary clarify the signal transduction patways 

involved.  

In human lungs, neutrophil, eosinophil, macrophage, platelet, and airway 

epithelial cell have been described as the main cellular sources of lipoxygenase-derived 

arachidonic acid products and DEC has been utilized as a potent lipoxygenase inhibitor 

of alveolar macrophages by blocking the release of chemotactic activity [26]. Also, 

Stenmark et al. [27] found that DEC blocks the lipoxygenase pathway in the 

pathogenesis of pulmonary hypertension induced by monocrotaline in mice. 

Lipoxygenase products are potent inflammatory agents inducing vascular permeability 

and bronchoconstriction. According to these authors, the treatment with DEC improved 

systolic blood pressure and heart weight, reduced the number of PMN in 

bronchoalveolar lavage fluid, and decreased levels of prostaglandins and thromboxane.  

Carrageenan-induced pleurisy is a well-characterized experimental model of 

inflammation utilized to evaluate cellular migration and other inflammatory parameters. 

Nonsteroidal anti-inflammatory drugs are effective in inhibiting both cell migration and 

exudation [28]. According to our results, the injection of carrageenan in the pleural 

cavity induced infiltration de PMNs however treatment with DEC significantly reduced 

the number of leucocytes in the exudate.  

Tomlinson et al. [9] utilizing a carrageenan-induced model of acute 

inflammation demonstrated that after induction of pleurisy the influx of PMNs increases 

the production of COX-2 and iNOS. As the inflammation progressed and the cell 

population changed from PMN to mononuclear profile, there was a decrease in COX an 
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NOS activity. These authors suggested that in acute inflammation the use of selective 

inhibitors of COX-2 and iNOS may be more beneficial than existing therapies. In 

general iNOS-derived NO and COX-2-derived PGs are involved in acute inflammation 

as well as in chronic inflammation [29]. 

There is good evidence in carrageenan and other models of inflammation that 

enhanced formation of prostanoids following induction of COX-2 contributes to the 

pathophysiology of local inflammation [30] [31] and that selective inhibitors of COX-2 

exert potent anti-inflammatory effects. Our results showed that after treatment with 

DEC significantly decreased the levels of COX-2 in pulmonary tissues as observed in 

other non-steroidal anti-inflammatory drugs.  DEC inhibits platelet aggregation, 

possibly due to its effects on the COX pathway [2], which has similarities with the NO 

pathway since both have constitutive and inducible isoforms of their enzymes and are 

key regulators of inflammatory responses [32] [33]. 

In a study with knockout mice for the iNOS gene (iNOS -/-), McGarry et al. [34] 

demonstrated that nitric oxide synthase (iNOS) pathways likely exert an effect on DEC 

activity through the interaction with the cyclooxygenase. The authors found that DEC 

had no microfilaricide activity in iNOS-deficient mice infected with B. malayi and there 

was a remarkable reduction in COX-1 protein in the peritoneal exudate. Therefore, the 

iNOS/COX pathway appears to be an essential event in the rapid sequestration of 

microfilariae following treatment with DEC. 

Queto et al. [7] demonstrated that DEC has an important action in blocking the 

eosinophilic lung inflammation in mice sensitized with ovalbumin reduced the amount 

of eosinophils in bronchoalveolar fluid in the tissue infiltrates in the generation of 

cytokines involved in the production, activation and migration of eosinophils, providing 

the first evidence of a therapeutic mechanism in a model of DEC pulmonary 
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eosinophilic inflammation. Interestingly DEC blocks the pulmonary hyperreactivity,  

Th2 cytokine production and accumulation of eosinophils, as well as eosinofilopoiese in 

vivo and in vitro through mechanisms iNOS/CD95L. 

Inhibitors of NOS activity reduce the development of carrageenan-induced 

inflammation and support a role for NO in the pathophysiology associated with this 

model of inflammation [35] [36]. The present results showed the inhibiton of NOS 

activity after treatment with DEC since the formation of nitrite were evidently reduced 

in pleural exudates confirming.  

 In conclusion, our results demonstrate for the first time that administration of 

DEC in a model of acute inflammation induced by carrageenan decreased lung injury, 

cell migration of PMNs, formation of NO production and release of proinflammatory 

cytokines as well as COX-2 confirming previous observation that DEC effectively acts 

through NOS/COX mechanism.  
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7. LEGENDS TO FIGURES 

 

Figure 1: Effect of Diethylcarbamazine (DEC: 50mg/kg, 3 days before) on cell 

migration in the initial phase (4 h) of the inflammatory reaction induced by carrageenan 

in mice. Data are the mean ± SEM of 10 mice for each group. *P <0.05 vs. carrageenan. 

 

Figure 2: Effect of DEC treatment on histological alterations of lung after carrageenan-

induced injury. (A-A1) Lung sections taken from mice with carrageenan-induced 

pleurisy demonstrated tissue injury as evidenced in: edema, cellularity enhancement  

and polimorphonuclear infiltration. (B-B1) Treatment with DEC 3 days prior the 

pleurisy demonstrated reduced lung injury and infiltration of PMNs. The figure is 

representative of at least 3 experiments performed on different experimental days. n= 10 

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

 

Figure 3: Ultrastructural analysis of lung after carrageenan-induced injury and DEC 

treatment. (A and B) Lung sections from mice with carrageenan-induced pleurisy 

showing enhanced thickness of the interstitial space filled with collagen fibers (thin 

arrows), myelin bodies (arrowheads), vacuoles (asterisks) lamellar bodies containing 

electrodense granules (short arrows). (C) Lung treated with diethylcarbamazine 

presenting preserved pneumocytes cells. Bar = 2,000nm. 

  

Figure 4:  Effect of DEC on immunocytochemical localization TNF-α in the lung after 

carrageenan-induced pleurisy. (A)In tissue sections obtained from CAR group mice 

positive staining for TNF-α were mainly localized in inflammatory cells. (B) After 

treatment with DEC was reduced the degree of positive staining for TNF-α in the lung 
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tissues. Densitometry analysis of immunocytochemistry photographs for TNF-α from 

lung tissues was assessed (C). The figure is representative of at least 3 experiments 

performed on different experimental days. Data are expressed as mean ± S.E.M. from n 

= 5 mice for each group. ND: Not detected. * P<0,05 vs carrageenan. Scale bar = 20 µm 

 

Figure 5: Effects of DEC on immunocytochemical localization of IL-1β. (A) At 4 h 

after carrageenan injection, the staining intensity for IL-1β substantially increased in 

alveolar macrophages. (B) No positive staining for IL-1 when DEC was administred 3 

days before carrageenan  injection. Densitometry analysis of immunocytochemistry 

photographs for IL-1-β from lung tissues (C). The figure is representative of at least 3 

experiments performed on different experimental days. Data are expressed as mean ± 

S.E.M. from n = 5 mice for each group. ND: Not detected. * P<0,05 vs carrageenan. 

Scale bar = 20 µm  

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

after pleurisy induced by carrageenan. (A) In tissue sections of the CAR group positive 

labeling was detected on type II pneumocytes. (B)Treatment with DEC significantly 

reduced the COX-2 staining when compared to the carrageenan group, achieving levels 

similar to the sham group. Densitometry analysis of immunocytochemistry photographs 

for COX-2 from lung tissues (C). The figure is representative of at least 3 experiments 

performed on different experimental days. Data are expressed as mean ± S.E.M. from n 

= 5 mice for each group. ND: Not detected. *P<0,05 vs carrageenan. Scale bar = 20 µm  

 

Figure 7: Effect of DEC on immunocytochemical localization of iNOS in lung tissue 

after pleurisy induced by carrageenan. (A) In tissue sections of the CAR group positive 

labeling was detected on alveolar macrophages. (B)Treatment with DEC significantly 



 55 

reduced the iNOS staining when compared to the carrageenan group, achieving levels 

similar to the sham group. Densitometry analysis of immunocytochemistry photographs 

for iNOS from lung tissues (C). The figure is representative of at least 3 experiments 

performed on different experimental days. Data are expressed as mean ± S.E.M. from n 

= 5 mice for each group. *P<0,05 vs carrageenan. Scale bar = 20 µm  

 

Figure 8: Effect of DEC on carrageenan-induced TNF-α and NO production in the lung. 

(A)TNF-α level were significantly elevated at 4h after carrageenan administration in 

CAR group when compared with sham mice. DEC significantly reduced TNF-α level, 

however, INDO did not reduce TNF-α level when compared with CAR group. Nitrite 

and nitrate level, stable NO metabolites, were significantly increased in the pleural 

exudates at 4h after carrageenan administration when compared with sham mice. DEC 

and INDO significantly reduced the nitrite and nitrate level exudates (B). Data are 

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

 

Figure 9: Effects of DEC on carrageenan-induced COX-2 expression in the lung. Basal 

expression of COX-2 was detected in lung samples of sham group, whereas COX-2 

levels were substantially elevated in lung tissue obtained from animals at 4 h after 

carrageenan injection. DEC treatment reduced the expression of COX-2, however 

treatment with indomethacin did not decrease the levels of COX-2 (A and B). A - 

Representative blot of lysates obtained from pool 4 animals per group. B - Data are 

expressed as mean ± S.E.M. of 4 replications for each group. *P<0,05 vs carrageenan 

°P<0,05 vs DEC. 
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Figure 10: Effects of DEC on carrageenan-induced IL-1β  expression in the lung. Basal 

expression of IL-1β was detected in samples of lung obtained  from sham group, 

whereas levels of IL-1β was significantly increased in the lung tissue of animals 4 hours 

after injection of carrageenan. Treatment with DEC reduced expression of IL-1β as well 

as group INDO compared with CAR group. A- Representative blot of lysates obtained 

from pool 4 animals per group. B - Data are expressed as mean ± S.E.M. of 3 

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

 

Figure 11: Effects of DEC on carrageenan-induced NFkB expression in the lung. Basal 

expression of NFkB was detected in samples of lung obtained  from sham group, 

whereas levels of NFkB was significantly increased in the lung tissue of animals 4 

hours after injection of carrageenan. Treatment with DEC reduced expression of NFkB 

as well as group INDO compared with CAR group. A- Representative blot of lysates 

obtained from pool 4 animals per group. B - Data are expressed as mean ± S.E.M. of 3 

replications for each group. *P<0,05 vs carrageenan. 
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FIGURE 2 
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FIGURE 4 
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FIGURE 8 
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FIGURE 9 
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FIGURE 10 
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FIGURE 11 
 
 
 
 
 
 

 
 

 

 

Sham CARR DEC INDO
0

20000

40000

60000

**
*

A
rb

itr
ar

y 
de

ns
ito

m
et

ric
 u

ni
ts

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CAR DEC INDO Sham 

65KD 
NFκB 

Β-actin 



 68 

CONCLUSÕES  

 

• A injeção de carragenina na cavidade pleural induziu infiltração de PMNs, 

injuria pulmonar, produção de citocinas pró-inflamatórias como TNF-α e IL-

1β, bem como COX-2 e NO, portanto, o modelo proposto efetivamente 

induziu um processo inflamatório agudo. 

 

• A administração de DEC inibiu significativamente a migração de PMNs, 

injúria pulmonar, produção de TNF-α, IL-1β, COX-2 e NO tanto no tecido 

pulmonar quando no exsudato pleural, indicando que a DEC atuou como 

potente fármaco anti-inflamatório em modelo de pleurisia.    

 

• A análise comparativa entre os efeitos anti-inflamatórios promovidos pela 

DEC e Indometacina confirma que ambos os fármacos preveniram o 

desenvolvimento do processo inflamatório pulmonar, sendo a DEC inclusive 

mais eficaz em inibir a migração de PMNs e expressão de COX-2. 
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