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Resumo

Moringa oleifera ¢ amplamente utilizada na medicina popular e no tratamento de agua para
consumo humano. As sementes desta planta contém as lectinas (proteinas que ligam a carboidratos)
cMoL (do inglés coagulant M. oleifera lectin) ¢ WSMoL (do inglés water-soluble M. oleifera
lectin). O presente estudo investigou extratos (aquoso e aquoso diluido) e as lectinas cMoL e
WSMoL quanto a citotoxicidade sobre células mononucleares de sangue periférico humano
(PBMCs) e células cancerigenas (NCI-H292, HT-29 e HEp-2), atividade hemolitica e atividade
anti-inflamatoria em macrofagos estimulados com LPS. O extrato aquoso também foi avaliado
quanto a toxicidade aguda em camundongos (2.000 mg/kg) e atividade anti-inflamatoria utilizando
modelo murino de pleurisia induzida por carragenina. cMoL e o extrato aquoso foram
potencialmente citotoxicos para PBMCs (ICso: 11,72 £ 1,51 pg/mL e 34,3 £ 2,31 pg/mL,
respectivamente), enquanto WSMoL e o extrato aquoso diluido foram atdxicos para estas células
(ICsp: >100 pg/mL e 144,8 £ 1,56 pg/mL, respectivamente). No ensaio de toxicidade aguda do
extrato aquoso concentrado em camundongos, ndo houve diferenga em relagdo ao grupo controle,
nos seguintes parametros: peso dos animais, peso dos 6rgaos, consumo de agua e ragao. No entanto,
houve redu¢do do nimero de hemacias, leucdcitos, plaquetas, hematdcrito e hemoglobina
corpuscular média. As preparagdes avaliadas ndo apresentaram atividade hemolitica e nao
interferiram na sobrevivéncia das células cancerigenas avaliadas. Baixas concentra¢des do extrato
aquoso e lectinas (6,25 pg/mL) bem como do extrato aquoso diluido (50 pg/mL) promoveram
significativa atividade anti-inflamatoria sobre macréfagos murinos estimulados com LPS através da
regulacao de o6xido nitrico, TNF-a e IL-1P, mas ndo de IL-6. No teste da pleurisia, o extrato aquoso
reduziu a migragdo leucocitaria de forma dose dependente (inibi¢cdo de 45,4, 56,1 e 71,2% para as
doses de 125, 250 e 500 mg/kg, respectivamente), promoveu a reducao dos niveis de 6xido nitrico,
TNF-a, IL-13 ¢ MPO e ndo atuou sobre IL-6. Em conclusdo, o extrato aquoso ¢ cMoL sdo
potencialmente toxicos para PBMCs, enquanto WSMoL e o extrato aquoso diluido ndo sao
citotoxicos. Adicionalmente, o extrato aquoso ndo causou toxicidade a nivel sistémico em
camundongos apds exposi¢ao unica a dose elevada (2.000 mg/kg v.0.). As preparagdes avaliadas
ndo causam danos a membrana celular e sdo potenciais ferramentas farmacoldgicas por sua
atividade anti-inflamatoria.

Palavras-chave: Moringaceae. Lectinas. Células.



Abstract

Moringa oleifera is widely used in folk medicine and in treatment of water for human consumption.
The seeds of this plant contain the lectins (proteins that bind to carbohydrates) cmol (coagulant M.
oleifera lectin) and WSMoL (water-soluble M. oleifera lectin). The present study investigated
extracts (aqueous and diluted aqueous) and lectins cmol and WSMoL as for cytotoxicity on human
peripheral blood mononuclear cells (PBMCs) and cancer cell lines (NCI-H292, HT-29 and HEp-2),
hemolytic activity and anti-inflammatory activity in LPS- stimulated macrophages.The aqueous
extract was also evaluated as for acute toxicity in mice (2000 mg /kg) and anti-inflammatory
activity using a murine model of carrageenan-induced pleurisy. cmol and the aqueous extract were
potentially cytotoxic to PBMCs (IC50: 11.72 = 1.51 mg/mL and 34.3 £ 2.31 mg/mL, respectively),
while WSMoL and the diluted aqueous extract were non-toxic for these cells (IC50 > 100 mg/mL
and 144.8 £ 1.56 mg/mL, respectively). In the acute toxicity test of the aqueous extract in mice,
there was no difference between the weight of the animals, organ weight, feed and water
consumption, compared to the control group. However, there was reduction in the values of
erythrocytes, leukocytes, platelets, hematocrit and mean corpuscular hemoglobin concentration.
Preparations evaluated showed no hemolytic activity and did not interfere in the survival of cancer
cells evaluated. Low concentrations of aqueous extract and lectin (6.25 mg/mL) and dilute aqueous
extract (50 mg/mL) promoted significant anti-inflammatory activity on LPS-stimulated murine
macrophages by regulating nitric oxide, TNF-a and IL-1f, but not IL-6. In the test of pleurisy, the
aqueous extract reduced the leukocyte migration in a dose dependent manner (inhibition of 45.4,
56.1 and 71.2% for doses of 125, 250 and 500 mg/kg, respectively) caused a reduction levels of
nitric oxide, TNF-q, IL-1B and MPO and not acted on IL-6. In conclusion, the aqueous extract and
cmol are potentially toxic to PBMCs, while WSMoL and the diluted aqueous extract are no
cytotoxic. Additionally, the aqueous extract did not cause systemic toxicity level in mice after
single exposure to a high dose (2000 mg / kg p.o.). Preparations evaluated not cause damage to the
cell membrane and are potential pharmacological tools for its anti-inflammatory activity.

Keywords: Moringacea. Lectins. Cells.
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1 INTRODUCAO

O avanco da terapéutica esta atrelado ao progresso do conhecimento nas mais diversas areas
e a busca por meios capazes de atenuar sintomas ou curar doencas ¢ uma caracteristica marcante da

humanidade (KORNBERG et al., 1997).

Diversas doencas como asma, doenga inflamatdria intestinal e artrite reumatoide, que
acometem parcela consideravel da populacdo, estdo relacionadas a processos inflamatorios. Estas
desordens provocam profundos impactos negativos que vao desde danos individuais a sociais €
economicos, tornando imprescindivel a utilizagdo de farmacos para controlar os sintomas da

inflama¢ao (GELFAND, 2008; SCOTT; STEER, 2007; SINGH et al., 2003).

No entanto, uma gama de efeitos adversos tem sido atribuida as drogas anti-inflamatorias
disponiveis no mercado. Os anti-inflamatérios ndo esteroidais (AINES) estdo amplamente
relacionados a efeitos gastrointestinais (GONZALEZ et al., 2010), enquanto os inibidores seletivos
da enzima cicloxigenase 2 podem ser associados a efeitos cardiovasculares (FRIES; GROSSER,
2005). Adicionalmente, os anti-inflamatorios esteroidais podem ocasionar uma série de efeitos
adversos, como ganho de peso e hiperglicemia (POETKER; REH, 2002). Uma alternativa seriam os
farmacos anticitocinas, porém, este tipo de tratamento possui alto custo, além de poder aumentar a
susceptibilidade a infeccoes (RAYCHAUDHURI et al., 2009; VENSON et al., 2011). Desta forma,
torna-se evidente a necessidade de buscar novos produtos ativos que causem danos minimos ao

organismo.

A forte dependéncia de multinacionais para a producdo de fairmacos observada no Brasil e
em outros paises também indica a necessidade de intensificagdo dos esforgcos para obtengdo de
maior autonomia. Neste contexto, a quimica medicinal tem buscado incessantemente desenvolver
novas moléculas bioativas (GUERRA et al., 2011; KHAN et al.,, 2010). Por outro lado, a
realizagdo de pesquisas utilizando produtos naturais mostra-se crucial, uma vez que além de
proporcionar agregacdo de valor a biodiversidade, pode possibilitar a obteng¢ao de potenciais fontes
para a geracao de novos farmacos, a fim de suprir demandas de saude a nivel local e global (JIN et
al., 2013). Neste contexto, vale ressaltar que testes de avaliacao de citotoxicidade utilizando células
tem sido amplamente utilizados como screenning na avaliagdo de possiveis efeitos danosos de um

produto (DEB et al., 2011).
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O celevado nimero de plantas empregadas na medicina popular, cujas propriedades
farmacoldgicas tem sido avaliadas e comprovadas, bem como a ampla gama de substancias obtidas
de vegetais, indicam o imenso potencial das plantas na obtengdo de fitoterapicos, fitofarmacos ou
como fontes de moléculas prototipo para a geragao de novos farmacos (TAUR; PATIL, 2011;
WANG et al., 2012). Este potencial ¢ comprovado por meio do elevado niimero de farmacos
obtidos a partir de produtos naturais, como digoxina, morfina, codeina, bem como vérias drogas
empregadas na terapia contra o cancer como vimblastina, taxol e etoposideo (CRAGG; NEWMAN,

1999; PHILLIPSON, 2001).

Neste cenario, insere-se a Moringa oleifera, planta amplamente empregada para diversos
fins, sendo a utilizacdo das sementes altamente recomendada no tratamento de agua, sobretudo pela
populacdo de paises em desenvolvimento (LEA, 2010; MAROYT, 2006). Estudos tem demonstrado
a presenca de uma série de substancias bioativas nas sementes de M. oleifera, que podem conferir a
preparagdes resultantes deste tecido diversas propriedades farmacologicas (HAMZA, 2010; KAWO
etal., 2010; MEHTA; AGRAWAL, 2008). Entre as moléculas isoladas das sementes de M. oleifera,
estdo as lectinas cMoL e WSMoL (COELHO et al., 2009; SANTOS et al., 2009).

Viarios estudos acerca da toxicidade de preparagdes de sementes de M. oleifera vém sendo
realizados com diversas espécies. Kavitha et al. (2012) demonstraram a toxicidade do extrato
aquoso das sementes de M. oleifera para uma espécie de peixes de agua doce (CL50 = 124 mg/L),
acompanhada pela redugdo dos valores de diversos parametros hematologicos, tais como
hemoglobina (hb), hematocrito (hct), concentracdo de hemoglobina corpuscular média (CHCM),
bem como do numero de hemacias. Adicionalmente, também foi relatada a toxicidade de
preparacao aquosa do p6 das sementes desta planta sobre o peixe Poecilia reticulata, o protozoario
Tetrahymena pyriformis e a bactéria E. coli (GRABOW et al., 1995). Atividades antitumoral e anti-
inflamatéria também foram descritas para tecidos de M. oleifera (KHALAFALLA et al., 2010;
MUANGNOI et al., 2012).

Embora a atividade anti-inflamatéria tenha sido demonstrada para lectinas (LEITE et al.,
2012; SILVA et al., 2010), estudos acerca das a¢des farmacologicas de cMoL ¢ WSMoL ainda sdo
incipientes. Deste modo, a necessidade de estudos com produtos naturais visando a obtencao de
metabolitos bioativos que apresentem efeito terapéutico promissor com reduzidos efeitos colaterais,
aliada ao imenso potencial de M. oleifera e suas lectinas como ferramentas farmacologicas,
justificam a investiga¢do do potencial anti-inflamatorio e citotdxico de extratos e das lectinas cMoL

e WSMoL isoladas das sementes desta planta.
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2 OBJETIVOS
2.1 Objetivo Geral

Avaliar o potencial citotoxico e anti-inflamatorio de extratos e lectinas cMoL e WSMoL isoladas de

sementes de Moringa oleifera.

2.2 Objetivos especificos
e Verificar a citotoxicidade do extrato aquoso e das lectinas sobre linhagens cancerigenas e

c¢lulas mononucleares de sangue periférico de humanos;
e Investigar a atividade hemolitica do extrato aquoso e das lectinas sobre eritrocitos murinos;
e Verificar a toxicidade aguda do extrato aquoso de M. oleifera em camundongos;

e Investigar a acdo do extrato aquoso e das lectinas sobre a viabilidade de macrofagos

murinos;

e Determinar os niveis de NO, TNF-a, IL-1p e IL-6 a partir do sobrenadante de cultura de

macrofagos;

e Investigar a atividade anti-inflamatéria do extrato aquoso no modelo de pleurisia induzida
por carragenina em camundongos, através da avaliacdo da migragdo celular e niveis de NO,

TNF-a, IL-1p, e IL-6 do exsudato da cavidade pleural,

e Realizar dosagem dos niveis da enzima mieloperoxidase e analise histopatoldgica nos

pulmdes dos animais submetidos ao ensaio de pleurisia induzida por carragenina;

3 REFERENCIAL TEORICO
3.1 Moringa oleifera

Moringa oleifera Lamarack (fig. 1), também conhecida como Lirio Branco, Quiabo de
Quina, Acécia-branca, arvore-rabanete-de-cavalo, cedro e moringueiro, ¢ uma das catorze espécies
pertencentes ao género Moringa, Unico da familia Moringaceae. Trata-se de uma arvore perene,
decidua e de crescimento rapido que pode exibir até 10 metros de altura, apresentando numerosos
ramos com folhas compostas bi ou tripinadas. Suas flores branco-amareladas sdo dispostas em

inflorescéncias e os frutos assemelham-se a vagens, possuindo trés faces, cada um com cerca de 20
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sementes aladas, sendo estimada uma produgao anual em torno de 15.000 a 25.000 sementes por
arvore (DUKE, 1983; MORTON, 1991; PALADA; CHANG, 2003; PALIWAL; SHARMA;
PRACHETA, 2011).

i) = 4| i b i.

Figura 1 Moringa oleifera. (a) arvore, (b) folha (c) inflorescéncia (d) fruto e (¢) sementes (SANTOS, 2009).

Esta planta pode ser encontrada na India, Paquistio, Afeganistio e Bangladesh, sendo
cultivada também na Africa e América Latina (OLIVEIRA et al., 1999). A ampla faixa de cultivo
deve-se a capacidade de resistir a baixa pluviosidade e tolerar solos 4cidos ou alcalinos, bem como
solos pouco férteis. Esta espécie apresenta excelente desenvolvimento em regides tropicais,
podendo exibir crescimento satisfatorio em climas sub-tropicais com invernos menos rigorosos
(MORTON, 1991; MUHL; TOIT; ROBBERTSE, 2011).

Varios estudos t€ém demonstrado a presenca dos mais diversos constituintes quimicos em M.
oleifera, principalmente uma gama de compostos fenolicos associados a atividade antioxidante,
flavonoides e glucosinolatos encontrados nas raizes, caules, folhas, flores, frutos e sementes
(AMAGLO et al., 2009; SHIH et al., 2011). Além disso, foram encontrados alcaloides, taninos,
saponinas € antraquinonas nas sementes (KASOLO et al., 2011; KAWO et al., 2009). Também foi
demonstrado que raiz, caule, folhas, flores, frutos e sementes sdo ricas fontes de proteinas, minerais
como calcio, soédio, potdssio e magnésio, bem como acidos graxos. Vale salientar a presenga das
vitaminas A, B, C e E, assim como riboflavina, acido ascorbico, acido linolénico e acido folico nas
folhas (AMAGLO et al., 2009; ANWAR et al., 2007; SHIH et. al., 2011).

Desta forma, M. oleifera constitui importante fonte de nutrientes e compostos bioativos,
sendo utilizada, sobretudo em paises em desenvolvimento, onde varias partes do vegetal estdo

inclusas na dieta humana e animal (KASOLO et al., 2010). Assim, a adaptabilidade da planta as
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mais diversas condigdes aliada a presenca de variados constituintes quimicos e nutrientes lhe
confere imensa importancia econdmica e medicinal (FAHEY, 2005; MANGALE; CHONDE;
RAUT, 2012).

3.1.1 Beneficios economicos do uso de Moringa oleifera

A capacidade de coagulagdo apresentada pelo extrato obtido a partir das sementes secas de
M. oleifera permite sua utilizagdo no processo de tratamento de agua e aguas residuais. Esta
aplicacdo se caracteriza como um método alternativo de baixo custo que garante resultados
compativeis ou superiores aos obtidos por meio do uso de coagulantes quimicos como o sulfato de
aluminio (AMAGLOH; BENANG, 2009; BELTRAN-HEREDIA; SANCHEZ-MARTIN;
BARRADO-MORENO, 2012; NDABIGENGESERE; NARASIAH, 1998).

O tratamento da 4gua com o p6 das sementes de M. oleifera torna possivel a utilizagao deste
recurso para o consumo humano, animal e irrigacdo. De modo que além de relacionar-se com a
redugdo da turbidez, o tratamento com M. oleifera proporciona a melhora da qualidade da d4gua em
outros aspectos, ocasionando, por exemplo, a reducdo do numero de ovos de helmintos.
Adicionalmente, esta espécie pode representar potencial fonte de combate a vetores de doengas
prevalentes em climas tropicais como Anopheles stephensi Liston e Aedes aegypti (FERREIRA et
al., 2009; PRABHU et al., 2011; SENGUPTA et al., 2012). Merece destaque ainda o potencial do
6leo das sementes como fonte de biodiesel e a boa atuacdo como planta forrageira, cujas folhas,
ricas em proteinas, apresentam boa digestibilidade, podendo, inclusive, aumentar produgao de leite
por bovinos em comparacdo a outras fontes de alimento como a graminea Brachiaria brizantha,
sem alterar as caracteristicas do produto final (RASHID et al., 2008; SANCHEZ; SPORNDLY;
LEDIN, 2006; SILVA et al., 2010).

3.1.2 Propriedades farmacologicas

Viérios estudos tém indicado as mais diversas atividades farmacoldgicas para preparagoes de
diferentes partes da planta. Khalafalla et al. (2010) demonstraram que extratos das folhas de M.
oleifera possuem a capacidade de reduzir a viabilidade de células leucémicas e de hepatocarcinoma.
Em trabalhos com coelhos, Mehta et al. (2003) e Chumark et al. (2008) observaram,

respectivamente, que os frutos e o extrato aquoso das folhas exibem atividade hipolipidémica.
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Muangnoi et al. (2012) investigaram a a¢ao anti-inflamatoéria in vitro do extrato dos frutos
de M. oleifera em macréfagos Raw 264.7 estimulados com lipopolissacarideo e observaram a
reducdo dos niveis dos mediadores pré-inflamatorios IL-6, TNF-a e NO. A a¢do anti-inflamatoria
vem sendo relatada para outras partes da planta como folhas e raiz. Rakesh e Singh, (2011)
investigaram a agdo dos extratos etandlico e aquoso das folhas de M. oleifera no modelo de edema
de pata induzido por carragenina, obtendo como resultado a reducdo do edema nos tempos de 1, 3 e
5 horas apds a inducdo da inflamagdo. Além disso, Georgewill et al. (2010) observaram a redugao
do volume de fluido e do numero de células em ratos tratados com o extrato metanolico das raizes
no modelo do bolsdo de ar induzido por carragenina.

Diversos estudos relataram efeitos protetores de preparacdes das sementes de M.
oleifera contra danos promovidos por produtos quimicos. Hamza (2010) demonstrou que o extrato
etandlico possui atividade hepatoprotetora em ratos tratados com tetracloreto de carbono. Também
observou-se a capacidade das sementes desta planta de reduzir a toxicidade induzida por fluoreto,
bem como a toxicidade induzida por arsénico (GUPTA et al., 2007; RANJAN et al., 2009). De
modo similar, o extrato hidro-etandlico do caule e das folhas de M. oleifera possui efeito
nefroprotetor contra o carcindogeno 7,12-dimetilbenz(a)antraceno (DMBA) e o antibidtico
gentamicina, respectivamente (OUEDRAOGO et al., 2011; PALIWAL et al., 2011).

Em concordancia com a medicina tradicional indiana, que emprega Moringa oleifera no
tratamento de diabetes mellitus, o extrato aquoso das folhas reduziu os niveis de glicose no sangue,
bem como a perda de proteinas e os niveis de agucar na urina em ratos hiperglicémicos (JAISWAL
et al., 2009). Adicionalmente, Vijay e kumar (2012) demonstraram que a aplicagdo tdpica do extrato
aquoso da casca de M. oleifera ocasionou melhor cicatrizagdo de feridas em ratos Wistar normais
ou imunossuprimidos com dexametasona. Além disso, o extrato etandlico das folhas foi capaz de
estimular tanto a imunidade humoral como a celular, de modo a reduzir a imunossupressao
ocasionada por ciclofosfamida (GUPTA et al., 2010).

Com a finalidade de obter maiores esclarecimentos acerca da toxicidade das preparacdes
de M. oleifera, vale ressaltar, por exemplo, que o extrato aquoso das folhas na dose de 3.000 mg/kg
ocasionou genotoxicidade e, apesar de a preparacao aquosa das folhas nao acarretar alteragdes
graves em diversos parametros bioquimicos e hematoldgicos, bem como na qualidade do esperma
em ratos, pode ocasionar ligeiro aumento de creatinina e ureia evidenciando, desta forma, a
necessidade de cautela no uso prolongado desta preparacao (ASARE et al., 2012; AWODELE et al.,
2012;). Além disso, devido a ampla utilizagdo das sementes para tratamento de agua, bem como
para fins medicinais, diversos estudos acerca da sua toxicidade vem sendo realizados (FERREIRA

et al., 2007; FERREIRA et al., 2009; KAVITHA et al., 2012).
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3.2 Lectinas

Lectinas sdo proteinas ou glicoproteinas que possuem sitios de ligacdo a carboidratos, sendo
esta interagcdo proteina-acucar caracterizada por elevada especificidade, reversibilidade e constituida
por meio de pontes de hidrogénio, interagcdes hidrofobicas e ligacdes de Van der Waals. Estas
proteinas também se destacam pela capacidade de aglutinar eritrocitos, promovendo a formagao de
uma malha (ELGAVISH; SHAANAN, 1997, KENNEDY et al., 1995; RAJA et al., 2011; WEIS;
DRICKAMER, 1996). Estas moléculas de origem ndo imunolédgica sdo encontradas em uma imensa
variedade de seres vivos, estando presentes em membros dos reinos animal e vegetal, bem como em
fungos e bactérias (LAKHTIN et al., 2007; NAPOLEAO et al., 2011; NG; LAM; WOO, 2003;
WANG; NG; LIU, 2002).

A variedade deste grupo permite que as lectinas sejam categorizadas de acordo com
diferentes critérios, podendo ser classificadas pelo monossacarideo ao qual se ligam
preferencialmente em grupo fucose, grupo galactose/N-acetilgalactosamina, grupo N-
acetilglucosamina, grupo glicose/manose, grupo acido sidlico (PEUMANS; VAN DAMME, 1998),
podendo também ser agrupadas de acordo com a origem, como a favina purificada a partir de Vicia

faba (KENNEDY et al., 1995).

Outra classificagdo leva em consideragdo a estrutura-funcdo, permitindo classificar as
lectinas em merolectinas, que apresentam apenas um sitio de ligacdo a carboidratos, implicando,
portanto, na auséncia de capacidade de aglutinar células; em hololectinas, que possuem apenas um
sitio de ligacdo a carboidratos, porém apresentam outros sitios de ligacdo, sendo capazes de
aglutinar células; em quimerolectinas, que possuem no minimo um dominio ligante de carboidrato e
além deste dominio, outro sitio que atua de forma independente ao sitio de ligacdo a carboidratos,
dotado de atividade enzimatica ou outra atividade biologica. Ainda de acordo com estrutura-
funcdo, podem ser classificadas em superlectinas, as quais possuem no minimo dois sitios de

ligacdo a carboidratos, que além de apresentarem estrutura diferente ligam-se a carboidratos

distintos (PEUMANS; VAN DAMME, 1998; PEUMANS et al., 2001).

Outra caracteristica interessante deste grupo ¢ a existéncia de lectinas isoladas da mesma
espécie com estruturas similares e multiplas formas moleculares, com perfis eletroforéticos
distintos, que sdo denominadas isolectinas. Dentro desta classificacdo, existem as isoformas,
caracterizadas pela auséncia de compreensdo da sua origem genética, como ocorre com lectina de
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sementes de Cratylia mollis, que possui as isoformas Cra Iso 1, Cra Iso 2 e Cra Iso 3 com
especificidade para diferentes carboidratos (CORREIA; COELHO, 1995; KILPATRICK;
WESTON; URBANIAK, 1983; PAIVA; COELHO, 1992).

Vale ressaltar que algumas destas moléculas possuem excelente termoestabilidade, como a
lectina de Ganoderma capense, as lectinas cMoL ¢ WSMoL de sementes de M. oleifera e a lectina
BfL de Bauhinia forficata, sendo capazes de reter sua atividade mesmo apds aquecimento a
temperatura de 100 °C (NGAIL; NG, 2004; ROLIM et al., 2011; SANTOS et al., 2009; SILVA et al.,
2012;). Estas proteinas desempenham papel crucial na prote¢do dos seres vivos contra patdgenos,
sendo a capacidade de reconhecimento e interagdo especifica com carboidratos caracteristicos da
parede celular de bactérias e fungos de fundamental importancia para a fagocitose e eliminagao do
patdégeno em questdo (ENDO; MATSUSHITA; FUJITA, 2011). Em mamiferos a lectina ligadora
de manose (MBL) ¢ um claro exemplo da a¢do destas proteinas em infecgdes. Esta molécula, ao
interagir com patdogenos, proporciona a ativacao do sistema complemento, promovendo a fagocitose

dos patogenos opsonizados (TURNER, 2003).

Embora estejam presentes em varios tipos de seres vivos, as lectinas de plantas tem sido por
muitos anos as mais amplamente estudadas, podendo ser encontradas em vdrias partes do vegetal,
como sementes (OLIVEIRA et al., 2002), folhas (NAPOLEAO et al., 2012), raizes (AGRAWAL et
al., 2011), casca (ARAUJO et al., 2012) e flores (ITO, 1986). A presenga significativa de proteinas
nos tecidos vegetais estd relacionada a sua fungdo como mecanismo de defesa da planta contra
agentes danosos como insetos fitofagos ou fungos (CHRISPEELS; RAIKHELB, 1991; FREIRE et
al., 2002). De fato, a expressdo de genes para estas moléculas pode ser induzida por hormonios
associados a resposta do vegetal ao ataque de insetos (CHEN et al., 2002; DE VOS et al., 2005).
Adicionalmente, a diferenca observada na quantidade de lectinas para diferentes tecidos vegetais
esta associada a vulnerabilidade ao ataque de patogenos, de modo que sementes estdo entre os
tecidos com maiores niveis destas moléculas (PEUMANS; VAN DAMME, 1995). Diversos
trabalhos tem demonstrado a agdo das lectinas contra pragas de relevancia econdmica. Oliveira et
al. (2011) demonstraram que a lectina cMoL possui atividade inseticida contra a traga da farinha
(Anagasta kuehniella). Paiva et al. (2011) demonstraram que a lectina OfiL obtida dos cladodios de

Opuntia ficus apresenta atividade termiticida contra Nasutitermes corniger.

Entre as atividades bioldgicas encontradas para estas proteinas estd a capacidade de modular
a atividade de células do sistema imune através da produgdo de mediadores como o 6xido nitrico ou

as citocinas IL-10, IFN-y e TNF-a (MELO et al., 2010; PARK et al., 2010). Varios trabalhos
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reforgam o papel das lectinas como agentes imunomoduladores. Nair et al. (2001) demonstraram
que uma lectina isolada do tunicado Styela plicata possui a capacidade de estimular a produgdo da
citocina IL-2 em células de mamiferos. Também tem sido evidenciada para lectinas a atividade
antiproliferativa sobre linhagens cancerigenas como células de leucemia, mama e células HelLa,
bem como a capacidade de inducao da apoptose (LIU et al., 2008; PATRICK; NGAI; NG, 2004;
ZHAO; WANG; NG, 2009).

Diversos trabalhos tem indicado a atividade anti-inflamatéria como uma das propriedades
farmacologicas das lectinas. De acordo com Nunes et al. (2009), a lectina isolada das sementes de
Canavalia grandiflora (ConGF) possui a capacidade de reduzir a migracdo de neutrofilos para a
cavidade peritoneal de camundongos, em associacdo a reducdao dos niveis das citocinas pro-
inflamatorias TNF-a e IL-1B. Além disso, esta lectina também promove a reducdo dos niveis da
enzima mieloperoxidase, que estd associada ao processo inflamatorio. Outra lectina obtida das
sementes de Luetzelburgia auriculata também possui pronunciada atividade anti-inflamatoria,
sendo capaz de reduzir a migracao de neutréfilos para a cavidade peritoneal de ratos em ensaio de
inflamacao induzida pelo agente flogistico carragenina, estando este efeito relacionado a inibi¢ao do
rolamento e adesdo destas células. Além disso, esta lectina também atua promovendo a redugdo de
edema, caracteristica marcante do processo inflamatorio, induzido por histamina e PGE,
(ALENCAR et al., 2010). Rogerio et al. (2007), correlacionaram a a¢ao da lectina ScLL isolada de
Synadenium carinatum com os efeitos obtidos pela utilizacdo do extrato desta planta na medicina
popular. A agdo desta lectina foi demonstrada por meio de pronunciada reducdo do nimero de
células relacionadas ao processo inflamatério em modelo murino de asma, assim como pela

capacidade de atuar sobre elementos chave da inflamagao, como o fator de transcricdo NF-«xB.

Além da atividade anti-inflamatoria, tem sido descrita a atividade antinociceptiva para estas
moléculas, como € o caso da lectina CcL isolada da alga marinha Caulerpa cupressoides que além
de reduzir a migragdo leucocitaria, possui atividade antinociceptiva atuando a nivel periférico. Além
disso, também foi demonstrada a auséncia de danos aos 6rgdos dos animais tratados com esta
lectina, indicando o elevado potencial como ferramenta terap€utica desta classe de moléculas

(VANDERLEI et al., 2010).

Desta forma, a imensa quantidade de lectinas, com variadas atividades biologicas, isoladas
de uma miriade de organismos, evidencia esta classe de biomoléculas como ferramentas

biotecnoldgicas promissoras (LAM; NG, 2011).
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3.3 Citotoxidade

O desenvolvimento de estudos que visem investigar a capacidade de potencias ferramentas
farmacologicas de causar danos a células e ao organismo ¢ de suma importincia, uma vez que
permitem estabelecer possiveis efeitos toxicos das substancias testadas (VEIGA-JUNIOR; PINTO;
MACIEL, 2005).

De acordo com a literatura, uma ampla gama de produtos de origem natural pode apresentar
toxicidade a nivel genético e celular (LEE et al, 2007; BOEIRA et al., 2010) ou sistémico (ARBO et
al., 2008). Entre os inumeros exemplos, pode-se citar Symphytum officinale, popularmente
conhecida como confrei, que apesar de ser empregado na medicina popular possui alcaloides com
acao hepatotoxica (OBERLIES et al., 2004).

Neste contexto, a utilizacdo de ensaios preliminares com células que permitam a avaliagdo
inicial acerca da toxicidade de um produto ¢ amplamente recomendada devido ao baixo custo,
rapida obten¢do de resultados, visando também evitar o uso desnecessario de animais. Entre estes
esta o teste do MTT. Através deste método € possivel verificar, por espectrofotometria, o efeito de
produtos sobre a viabilidade celular (DEB et al., 2011; FOTAKIS; TIMBRELL, 2006). Neste
ensaio, a atividade da enzima succinil-desidrogenase, presente na mitocondria das células viaveis
catalisard a formagdo de cristais de formazan, um produto de coloracdo roxa, a partir do MTT
(MOSMANN, 1983; ALLEY et al., 1988).

Em adi¢do, a investigacdo dos potenciais danos a células sdo de fundamental importancia. A
avaliagdo da atividade hemolitica de um extrato ou produto isolado ¢ um dos ensaios amplamente
empregados. De acordo com Costa-Lotufo et al. (2005) esta metodologia permite avaliar o potencial
das substancias em causar lesdes na membrana plasmatica da célula, seja pela formagao de poros ou
pela ruptura total, sendo a realizagdo destes testes de suma importancia na busca por novas
sustancias bioativas.

Vale ressaltar que diversos produtos obtidos de vegetais podem apresentar citotoxicidade
frente a células cancerigenas, como o B-cariofileno isolados de das folhas de Psidium cattleianum
(JUN et al, 2012) ou diterpenos obtidos de Scoparia dulcis, citotoxicos contra linhagens
cancerigenas de estomago (AHSAN et al., 2003).

Entre estes produtos, as lectinas de plantas tem demonstrado grande relevancia como
moléculas eficientes no combate a células cancerigenas, uma vez que a transformagdo maligna ¢
associada com uma variedade de padroes de glicosilacdo celular alterada, fornecendo a
oportunidade de uma lectina interagir apenas com a célula tumoral, dada sua especificidade de

ligagdo (SHIDA et al., 2009; PATSOS et al., 2009). Deste modo, diversos trabalhos evidenciam a
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atividade anticancer de lectinas sobre uma ampla gama de células malignas. Karasaki et al. (2001)
observaram os efeitos citotoxicos de uma lectina isolada de Allium sativum sobre as linhagens
cancerigenas humanas de linfoma histiocitico (U937) e HL60 (leucemia promielocitica). Liu et al.
(2009) demonstraram que uma lectina isolada de Polygonatum cyrtonema apresenta elevada
toxicidade sobre células de melanoma, ndo sendo citotoxica para melandcitos normais. J4 Zhang et
al., (2010) evidenciaram a atividade citotoxica de uma lectina isolada de Ophiopogon japonicus e

da lectina isolada de Polygonatum cyrtonema sobre a linhagem de fibrosarcoma murino.

3.4 Inflamacao
3.4.1 O processo inflamatoério

O processo inflamatério compreende um conjunto salutar de respostas moleculares e
fisiologicas que tem como finalidade primordial livrar o organismo de agentes causadores de
injurias e promover reparo tecidual, permitindo ainda o desenvolvimento de uma resposta mais
eficiente caso haja novamente o contato com o causador da agressdo (STABLES; GILROY, 2011).
Os diversos fatores que desencadeiam esta complexa resposta podem ser classificados em agentes
quimicos, como as substancias irritantes, agentes fisicos, como traumas mecanicos, radiacdo ou
calor, bem como em agentes biologicos, no caso de um processo inflamatorio ocasionado por

microrganismos (fungos, protozodrios, bactérias ou virus) (BALBINO; PEREIRA; CURI, 2005).

A resposta inflamatoéria pode ser dividida em fases que sdo caracterizadas pela produgdo de
diferentes mediadores e pelo envolvimento de tipos celulares distintos, podendo ser diferenciada em
fase aguda, sub-aguda e cronica. A resposta inicial, comum para os mais diversos estimulos
caracteriza a inflamacdo aguda e consiste em um conjunto de reacdes em cadeia. Inicialmente
ocorre a liberagdo, a partir de granulos citoplasmaticos de mastdcitos, basofilos e plaquetas, das
aminas vasoativas serotonina e histamina, havendo vasodilatagio e aumento da permeabilidade
vascular. Em seguida, ocorre a producao de prostaglandinas, bradicinina e diversas citocinas,
permitindo que leucocitos e fagdcitos cheguem a area lesada. A inflamagdo cronica, por sua vez, ¢
marcada pela degeneracdo tecidual, fibrose e proliferacdo de vasos sanguineos (ROBBINS;

COTRAN; KUMAR, 1996; ROTELLI et al., 2003).

Neste processo, a liberagdo sequencial dos inimeros mediadores envolvidos em cada fase,
promove as alteracdes observadas na resposta inflamatoria. Estas alteragdes compreendem
migracao leucocitaria para o tecido injuriado e aumento da permeabilidade vascular, associada ao

extravasamento de proteinas plasmadticas e sdo responsaveis pela observacao dos amplamente

25



conhecidos sinais cardinais da inflamacdo: rubor/vermelhidao (aumento do fluxo sanguineo),

edema/tumor (aumento da permeabilidade vascular), calor (vasodilatagdo) e dor (ativacdo e

sensibilizacdo de fibras nervosas aferentes primdrias) que podem levar a perda de fungdo

(ALENCAR; ROCHA; PINHEIRO, 2005; LAWRENCE; WILLOUGHBY; GILROY, 2002).

Os leucocitos presentes no interior dos vasos sdo as primeiras células de defesa a alcangar o

sitio da inflamacdo. Além dos estimulos quimiotaticos, as moléculas de adesdo, cuja expressao estd

aumentada no processo inflamatorio, sdo de fundamental importancia para a ocorréncia desta etapa.

Presentes tanto na superficie dos leucdcitos como na parede dos vasos, elas permitem o rolamento e

adesdo firme destas células ao endotélio, o que representa fator crucial para que os leucdcitos

cheguem a area lesada. Estas moléculas sdo as imunoglobulinas, integrinas, caderinas e selectinas

(PHILLIPSON; KUBES, 2011). As selectinas estdo envolvidas com a interacdo de pequena

intensidade e rolamento inicial dos leucécitos pelo endotélio. Apds o rolamento, ocorre a ativagao,

adesdo firme ao endotélio, culminando com a migragdo transendotelial. Estas etapas, por sua vez,

sdo governadas pelas integrinas e imunoglobulinas (Fig. 2).
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Figura 2 Migracdo leucocitaria controlada por moléculas de adesdo e estimulos quimiotaticos (ROBBINS;

COTRAN; KUMAR, 2009).
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A captura e rolamento dos leucocitos sdo mediados principalmente pela familia das
selectinas, que inclui a P-selectina, E-selectina e a L-selectina. Enquanto a L-selectina ¢ expressa
nos leucocitos, as outras duas sdo expressas nas células endoteliais, sendo a P-selectina encontrada
também em plaquetas (GOLIAS et al., 2007; LEY et al., 2007). Posteriormente, ocorre a firme
adesdo dos leucocitos ao endotélio. Isso se da por meio da ligacdo das integrinas presentes nestas
células sanguineas as imunoglobulinas das células endoteliais (VCAMI, ICAM 1). Outras
imunoglobulinas como a PECAM-1 estdo envolvidas com a migragdo dos leucocitos através das

juncdes entre as cé¢lulas endoteliais (LINDBOM, 2003; ULBRICH; ERIKSSON).

Uma vez no local da inflamagdo, os leucocitos atuam como ferramentas essenciais para a
eliminacdo da causa da injuria. Estas células produzem e liberam moléculas toxicas como espécies
reativas de oxigénio (EROs), que auxiliam na morte dos patdgenos causadores de danos (ALVES et
al., 2012). A sintese e a liberacao de enzimas por estas células também estdo associadas ao processo
inflamatério. Entre estas enzimas, destaca-se a mieloperoxidase, que catalisa a formacao de
produtos toxicos ao agente causador da injuria a partir da reacdo com o perdxido de hidrogénio
(ANAND; ANAND, 2012; KLEBANOFF; ROSEN, 1978). Além disso, leucocitos sdo capazes de
produzir varios mediadores relacionados ao processo inflamatorio como as citocinas TNF-a, IL-1,
IL-8 e MCP-1 (MATSUKAWA; YOSHYNAGA, 1999). Outro ponto essencial ao seu papel na
inflamagdo ¢ a capacidade de fagocitar o agente causador da injaria (PISANI et al., 2009). Este
processo pode ser mediado por opsoninas como proteinas do sistema complemento, tal como iC3b
(PLIYEV; AREFIEVA; MENSHIKOV, 2010) ou pelo reconhecimento, através de receptores, de

moléculas presentes em patdogenos causadores da agressao (KIM et al., 2011).

Para que haja a finalizacdo adequada da inflamagdo, bem como a promog¢do da homeostase,
¢ necessaria a apoptose das células inflamatorias e sua remog¢do. Nesta etapa ocorre, portanto,
aumento do numero de células mononucleares (linfocitos e mondcitos) que irdo fagocitar estas
células, restabelecendo o equilibrio. Além disso, ao longo do processo, a cinética de liberagdo de
mediadores pr6 e anti-inflamatdrios como as citocinas TNF- a, IL-6, IL-10, permite caracterizar
cada estdgio do processo inflamatorio sendo, portanto, sua producdo e liberagdo coordenadas
essenciais a resolucao da inflamacao (Fig. 3) (HACKETT et al., 2008; KOBAYASHI, VOYICH,
DELEOQO, 2003; LAWRENCE; WILLOUGHBY, GILROY, 2002; SERHAN, 2011). No entanto, a
perda de controle da produ¢do dos mediadores quimicos relacionados a este processo, bem como o
término inadequado podem levar a persisténcia da resposta, caracterizando a inflamacao cronica,

que por sua vez esta associada ao desenvolvimento de doengas degenerativas como artrite, doengas
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cardiovasculares e cancer. (KUNDUR; SURH, 2012; MAKI-PETAJA; WILKINSON, 2012;
MASKREY et al., 2011).

Exsudacao celulas

anucleares

30min 1h  3h 6h 24h 48h 72h

Figura 3 Perfil celular caracteristico da inflama¢do aguda ao longo do tempo (LAWRENCE;
WILLOUGHBY; GILROY, 2002).

3.4.2 Mediadores da inflamacao

Os mediadores envolvidos no processo inflamatorio podem ser de origem plasmatica como
os componentes do sistema complemento e sistema das cininas ou tissular, como leucotrienos,
prostaglandinas, tromboxanos, serotonina, histamina, 6xido nitrico e citocinas como TNF-a, IL-1,

IL-6, IL-8 e IFN-q.
3.4.2.1 Metabolitos do acido araquidénico

Dentre os varios mediadores da inflamacdo, destacam-se alguns produtos do metabolismo
do 4cido araquidonico. A formacao de seus metabolitos ¢ dependente da hidrdlise de lipideos de
membrana como fosfatidilcolina e fosfatidiletanolamina pela enzima fosfolipase A, (PLA)),
permitindo a liberacdo do acido araquidonico, uma vez que ele se encontra esterificado nestes
fosfolipideos (IRVINE, 1982). Apoés ser liberado da membrana, o 4cido araquidonico pode seguir
duas rotas distintas. Por um lado, servira como substrato para a enzima lipoxigenase, pela qual serdo
obtidos os leucotrienos e lipoxinas. Por outro lado, a enzima cicloxigenase levara a formacao de

prostaglandinas e tromboxano (Fig. 4) (KIM; KIM; KIM, 2008).
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Figura 4 Vias de producdo de metabolitos do acido araquidonico (adaptado de KIM; KIM; KIM, 2008).

Ha duas isoformas da enzima cicloxigenase, COX 1 e COX 2. A primeira ¢ expressa de
forma constitutiva em diversos tecidos, estando relacionada com a homeostase, enquanto a segunda
¢ induzivel e estd amplamente associada ao processo inflamatdrio. No entanto, a constatacao de que
a COX 2 também esta envolvida em alguns processos fisiolodgicos serve como subsidio para
explicar efeitos adversos de fArmacos que atuam como inibidores seletivos desta enzima (KIRKBY
et al., 2012; SAQIB; KARIGAR, 2009; SOSTRES et al., 2010; WALLACE; DEVCHAND, 2005).
Em animais, ha as lipoxigenases 5-LOX, 8-LOX, 11-LOX 12-LOX e 15-LOX, que atuam sobre o
acido araquiddnico através da insercao de oxigénio nas posi¢des 5, 8, 11, 12 e 15 deste acido graxo
(IVANOV et al., 2010). A expressdao das enzimas 12 e 15-LOX est4 relacionada a uma série de
doencas como diabetes, desordens renais, bem como doengas no sistema nervoso (DOBRIAN et al.,
2011).
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3.4.2.2 Prostaglandinas

Além das funcdes fisioldgicas, este grupo de mediadores esta intimamente relacionado ao
processo inflamatério no qual podem atuar como agentes pro ou anti-inflamatérios (SCHER;
PILLINGER, 2009). Apo6s a geragdo de PGG; pela acdo oxidativa das cicloxigenases sobre o acido
araquidonico, seguida por reducao desta molécula a PGH,, enzimas denominadas prostaglandinas
sintase catalisardo a formacao de PGE,, PGF,a, PGD,, PGI, (prostaciclina) e TXA, (tromboxano).
Estas moléculas, por sua vez, exercem seus efeitos através da ligagdo a receptores trasmembrana

acoplados a proteina G (HATA; BREYER, 2004; RICCIOTTIL;, FITZGERALD, 2011).

A PGE; pode atuar sobre o sistema imunoldgico, inibindo a produgdo da citocina anti-
inflamatoéria IL-10 e estimulando a producao de IL-17 por linfocitos (BONIFACE et al., 2009).
PGE, também estimula o crescimento de tumores (RASMUSON et al., 2012) e esta associada a
inibi¢do da producdo de quimiocinas como CCL3 e CCL4 por células dendriticas (JING;
VASSILIOU; GANEA, 2003). Além disso, Altas concentracdes de PGE; inibem a producdo de
TNF-a, ao passo que baixas concentragdes estimulam a producdo deste mediador (ROLA-
PLESZCZYNSKI; STANKOVA, 1992). Adicionalmente, no processo inflamatério, a expressao da

PGE2 esta relacionada ao aumento da permeabilidade vascular e edema (DAI et al., 2011).

A prostaciclina, PGI,, ¢ produzida em condi¢des fisioldgicas pela agdo da enzima
cicloxigenase 1, podendo atuar como vasodilatador e desempenhar importante papel na protecao
da mucosa gastrica (KIRKBY et al., 2012; LAINE; KOJI; TAKEUCHI, 2008). Esta molécula
possui importante fungao como regulador das respostas Thl e Th2, além de estimular a producao de

IL-17 e IL-22 e IL-6 (BOSWELL et al., 2011; HONDA et al., 2008; ZHOU et al., 2012).

Entre as funcdes fisioldgicas da prostaglandina D, (PGD,), esta a participagcdo na promog¢ao
do sono e manutengao da fungao dos ovarios (FARHAT et al., 2011; URADE; HAYAISHI, 2011).
Além disso, a PGD, produzida por mastocitos atua na inibicdo da angiogénese tumoral,
contribuindo para a redugdo da expansdo do tumor (MURATA et al, 2011). Em processos
inflamatérios como colite, esta molécula pode exercer efeitos anti-inflamatorios, reduzindo a
infiltracdo de granuldcitos, bem como os niveis da enzima mieloperoxidase (JUEBOR; SINGH;

WALLACE, 2000).
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3.4.2.3 Leucotrienos

Os leucotrienos sao mediadores pro-inflamatorios amplamente presentes em desordens
como asma e rinite alérgica, sendo produzidos por células como mastdcitos, macrdéfagos
eosinoéfilos, basofilos, linfocitos e neutrofilos (KIMOTO-NIRA et. al., 2009; RABINOVITCH,
2012; TANTISIRA; DRAZEN, 2009). Na inflamacdo ocorre inicialmente a formagao do
leucotrieno A4 (LTA4), que se trata de uma forma instavel. A partir desta molécula, o processo de
producao dos demais leucotrienos envolve duas rotas: na primeira rota ha a formagao do leucotrieno
B4 (LTB4), enquanto que pela outra formam-se os cistenil leucotrienos (LTC4, LTD4 e LTE4)
(BOYER, 1983). A acdo dos cistenil leucotrienos ¢ dependente da presenga dos receptores
acoplados a proteina G: cis-LT tipo 1 e cis-LT tipo 2 (HEISE et al., 2000; LYNCH et al., 2001). Ao
contrario dos cistenil leucotrienos, o LTB4 exerce seus efeitos por meio dos receptores BLT1 e
BLT2. Este mediador possui importante fungdo como agente quimioatrativo para macréfagos e
neutrofilos (AIELLO et al., 2002; LUNDEEN et al., 2006; LUSTER, 2001), exerce efeitos sobre
eosinodfilos, promovendo a produgdo de moléculas como superdxido, bem como sobre neutrofilos
auxiliando no processo de transmigracdo, ao estimular a producdo e expressdo de elastase na
superficie destas células (LYNCH et al., 2001; YOUNG et al., 2007). Além disso, juntamente com
os leucotrienos C4 e¢ D4, o LTB4 promove a redugdo do efeito algico causado pela bradicinina

(SCHWEIZER et al., 1984).

O leucotrieno C4, em concentragdes elevadas, estimula a produgdo de PGE, por macrofagos
elicitados com adjuvante incompleto de Freiind (SCHENKELAARS; BONTA, 1983). Esta
molécula possui ainda a capacidade de estimular a produg¢do da quimiocina MCP-1 por células

monociticas humanas (THP1) expostas a interleucina 4 (WOSZCZEK et al., 2005).

O leucotrieno D4 ativa a expressdo de genes relacionados a diferenciagcdo e ativacdo de
monocitos, ativando a via p38 MAPK (WOSZCZEK et al., 2008). Adicionalmente, o LTD4 ativa a
expressao das enzimas COX-2, e 5-lipoxigenase, bem como do LTC4 (YUDINA et al., 2008).

Apesar de se ligar mais fracamente aos receptores cis-LT 1 e cis-LT 2 do que os demais
cistenil leucotrienos, o leucotrieno E4 promove o recrutamento de eosinodfilos, bem como o

aumento do nimero de neutrofilos e linfocitos, estando relacionado ainda com a promog¢ao da

vasodilatagdo (AUSTEN et al., 2009; LAITINEN et al., 2005; EVANS, 2003).
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3.4.2.4 Bradicinina

A bradicinina ¢ um mediador peptidico, de origem plasmatica, pertencente ao grupo das
cininas, cuja formacdo se da por meio da clivagem do cininogénio pela enzima calicreina. Sua acdo
¢ exercida através dos receptores Bl e B2 localizados na superficie da membrana celular e
acoplados a proteina G. Enquanto a expressdo do receptor B2 ocorre de forma constitutiva, o
receptor Bl tem sua expressdo aumentada na ocorréncia de injaria tecidual (HALL, 1992;
MARCEAU; HESS; BACHVAROV, 1998). Embora seja encontrado constitutivamente, o receptor
B2 também mantém intensa participagdo no processo inflamatdrio. A interacdo da bradicinina com
este receptor provoca a produgdo de citocinas como IL-8, broncoconstri¢do, extravasamento de
proteinas plasmaticas além de contribuir para o inicio do rolamento de leucocitos na parede de
vasos sanguineos, estando, inclusive, relacionado a nocicep¢do provocada pela bradicinina
(HIRATE et al., 2006; RICCIARDOLO et al., 2012; VALENTI et al., 2008; WALDNER et al.,
2012).

O receptor B1, por sua vez, pode ter sua expressdo aumentada pela presenca de agentes
como o lipopolissacarideo e citocinas como IL-1B, TNF-a e IFN-y (CAMPANHOLLE et al., 2010;
KOUMBADINGA et al., 2010; MURAKAMI; OHTA; ITO, 2008) promovendo também o aumento
da permeabilidade vascular (LAWSON et al., 2005). Adicionalmente, a bradicinina aumenta a
expressao do receptor nuclear TLR4 e da enzima cicloxigenase-2, promovendo também o aumento
da sintese de PGE, (GUTIERREZ-VENEGAS; ARREGUIN-CANO; HERNANDEZ-
BERMUDEZ, 2012).

3.4.2.5 Aminas vasoativas

Estes mediadores compreendem a histamina e a serotonina, caracterizadas como moléculas
pré-formadas armazenadas dentro das células, cuja atuagdo ocorre nas fases iniciais da inflamagao
envolvendo-se com a promo¢do do aumento da permeabilidade vascular (CRUNKHORN;

MEACOCK, 1971).

A serotonina ou 5-hidroxitriptamina (5-HT) ¢ produzida por plaquetas e mastocitos. H4 uma
imensa gama de receptores para esta molécula, porém, as trés maiores classes sao 5S-HT1A, 5-HT?2,
e 5-HT7 (NICHOLS; NICHOLS, 2008). Adicionalmente, esta molécula estimula a vasodilatagao e
extravasamento plasmatico promovidos pela substancia P, bem como inducdo de hiperalgesia
(KHALIL; HELME, 1990; LIN et al., 2011). A mediagao das atividades da histamina ¢ exercida

por quatro receptores, denominados receptores histaminicos, a saber: H1, H2, H3 e H4. Vale
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ressaltar que a ligacdo desta molécula ao receptor HI1, presente em células endoteliais, esta
relacionada a ocorréncia de vasodilatagdo. O receptor H1 é o principal tipo relacionado a

permeabilidade vascular (XAVIER; RIGHI; BERNARDI, 2007).

A variedade de células que expressa receptores para esta molécula indica a importancia
deste mediador no processo inflamatério, de modo que mastocitos, basofilos, linfécitos, neutrofilos,
monocitos, macrofagos, células dendriticas, células epiteliais e células endoteliais expressam

receptores histaminicos (MAHDY; WEBSTER, 2008; SHAHID et al., 2009).

Vale salientar que histamina ¢ produzida principalmente por mastdcitos. Desta forma, apds a
ligacdo do antigeno aos receptores IgE localizados na superficie dos mastécitos, hé o inicio de uma
série de eventos moleculares que permitem a liberacdo de diversos mediadores contidos nos

granulos destas células, dentre os quais inclui-se a histamina (NIGROVIC; LEE, 2005).

3.4.2.6 Oxido nitrico

O 6xido nitrico (NO) ¢ formado a partir da oxidagdo do aminoacido L-arginina a L-citrulina
pela enzima 6xido-nitrico sintase, na presenca de diversos co-fatores como nicotinamida adenina
dinucleotideo fosfato (NADPH), flavina adenina dinucleotideo, flavina mononucleotideo (FMN) e
tetrahidrobiopterina (BH4). A 6xido-nitrico sintase possui trés isoformas, sendo duas constitutivas e
uma que ndo ¢ expressa em condi¢cdes normais, a saber: NOS endotelial (eNOS, NOS;3), NOS
neuronal (nNOS, NOS;) e NOS induzivel (iNOS, NOS,), sendo esta ultima amplamente expressa
durante processos inflamatorios (VALLANCE, CHAN, 2001).

sz\f HN N - OH H,NYO

NH NH

NADPH+02 NADPH + O,

H,N'™ ~Co0- N~ TCOO- H,N' CO0

L-arginina N‘“-P'\fd'oxl-L-arplmna citrulina axico ritrico

Figura 5 Formacdo de Oxido nitrico a partir do metabolismo do aminoacido L- arginina (CLEMENT,

KUNZE; HERBELING, 2006).

Uma vez produzido, o 6xido nitrico é rapidamente convertido a nitrato, possuindo, desta
maneira, uma meia vida curta, o que torna preferivel a utilizacao desta ultima forma na mensuragao
da produ¢ao de NO (JUNGERSTEN et al., 1996; LUNDBERG; GOVONI, 2004). O NO esta

envolvido em uma imensa gama de processos fisiologicos e patologicos. Fisiologicamente, no trato
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gastrointestinal promove protecdo da mucosa gastrica pela estimulagdo da produg¢dao de muco, bem
como reducdo da liberacdo de acido géstrico (LANAS, 2008). Outra importante fungdo deste
mediador ¢ sua capacidade de modulacdo da contratilidade do miocardio dependente da
concentracdo, de modo a provocar reducdo da contratilidade quando presente em altas
concentragdes, enquanto que baixas concentragdes proporciona o aumento da contratilidade dos
miocitos cardiacos (VILA-PETROFF et al., 1999). Adicionalmente, o 6xido nitrico atua como
vasodilatador, reduzindo a pressdo sanguinea (FACEMIRE et al., 2009; REES; PALMER;
MONCADA, 1989).

Em desordens inflamatdrias como lupus eritematoso, o 6xido nitrico possui importante papel
na ativacao de linfocitos T, promovendo hiperpolarizagdo mitocondrial e liberagdo de citocinas
como IL-2 e IFN-y (NAGY et al., 2010). Também em processos inflamatérios, o 6xido nitrico pode
se relacionar & formagdo de edema pelo aumento da permeabilidade vascular (TAKACS et al.,
2002). Além disso, este mediador possui a capacidade de estimular a apoptose em células Jurkat
através da alteragdo o potencial transmembrana mitocondrial (BELTRAN et al., 2000). O NO pode
ser produzido, juntamente com outras moléculas como espécies reativas de oxigénio e citocinas, por
macrofagos ativados por endotoxinas, como o LPS (TIWARI; DWIVEDI; KAKKAR, 2010). Sua
producao pode também ser estimulada por citocinas pro-inflamatorias como TNF-a e IL-13. Além
dos macréfagos e condrocitos, miocitos cardiacos, neutrdfilos, hepatocitos e fibroblastos também
podem produzir este mediador sob o estimulo adequado (FURUYA et al., 2010; GOODSTONE;
HARDINGHAM, 2002; MARIANO et al., 2012; PRIEGO et al., 2006; VUOLTEENAHO et al.,
2005). Vale ressaltar que o 6xido nitrico promove o aumento da producdo de citocinas pro-
inflamatérias como TNF-a e encontra-se intimamente relacionado com a via da cicloxigenase
(SAUTEBIN et al., 1998; WANG et al., 1997). Adicionalmente, este mediador possui a capacidade
de atuar como agente pr6 ou anti-apoptotico, dependendo da concentragdo em que é encontrado.
Deste modo, a inducdo de apoptose ¢ observada quando o o6xido nitrico esta presente em
concentracdes elevadas, o que representa um fator crucial para a finalizagdo da resposta

inflamatoria, permitindo a resolugdo do processo (NICOTERA; BRUNE; BAGETTA, 1997) .
3.4.2.7 Mieloperoxidase

A mieloperoxidase (MPO) ¢ uma enzima que se encontra armazenada em grandes
quantidades nos granulos azurofilos de neutrofilos e em menor quantidade em mondcitos, de modo
que a avaliagcdo da sua atividade representa uma medida indireta da migracdo destas células para a

area inflamada. Esta enzima caracteriza-se por sua potente atividade microbicida, de modo que para

34



exercé-la, a mieloperoxidase catalisa a formagao do &cido hipocloroso (HOCI). Para que isto ocorra,
a enzima reage com o peréxido de hidrogénio (H,0,), formando um intermedidrio que, por sua vez,
oxidaré o cloreto (Cl") formando o HOCI, que se caracteriza como um potente oxidante microbicida

(BRALLEY et al., 2008; KLEBANOFF, 2005).
. ... MPO
H,O, +CI'+H™ — H,0 + HOCI
Figura 6 Esquema da reacao catalisada pela enzima mieloperoxidase.

Grattendick et al. (2002) observaram que esta enzima possui a capacidade de estimular
macréfagos alveolares, estimulando a secrecao de TNF-a por estas células, a expressao do mRNA
para as citocinas IL-1a, IL-1p ¢ TNF-a, bem como induzindo a produgdo de espécies reativas de
oxigénio. Além disso, a MPO pode modular a biodisponibilidade de NO, agindo de forma indireta
na vasodilatacdo (EISERICH et al., 2002). Outra importante fun¢do da mieloperoxidase ¢ a
participacdo na citotoxicidade frente a células cancerigenas (DALLEGRI; FRUMENTO;
PATRONE 1982). A relevancia desta enzima abrange ainda o fato de que sua auséncia esta
relacionada a maior susceptibilidade a infec¢des fungicas como foi observado por Aratani et al.

(1999) ao expor camundongos nocaute para o gene da MPO ao fungo Candida albicans.
3.4.2.8 Citocinas

Além de participar de inumeros processos fisiologicos, este grupo de proteinas possui papel
crucial em desordens inflamatdrias, onde podem atuar como agentes pré ou anti-inflamatdrios. As
quimiocinas e interleucinas pertencentes a este grupo de moléculas caracterizam-se por sua
capacidade de modulacdo do sistema imune, atuando majoritariamente em conjunto. Estas
moléculas podem ser produzidas por diversas células, como macrofagos, neutrofilos e células
mononucleares de modo que cada citocina pode atuar, inclusive, na regulagdo da producdo de outras
moléculas pertencentes & mesma classe. Entre estes mediadores, estdio TNF- a, IL-1B, IL-6, IL-10,

IL-13, IL-8 e TGF-B (LI et al., 2010; ROMAGNANI, 2001; STOLEVIK et al., 2011).

Entre as citocinas pro-inflamatorias, o fator de necrose tumoral (TNF-a), primeiramente
caracterizado por sua capacidade de causar necrose hemorragica em tumores, merece destaque por
seu papel crucial no processo inflamatoério, sendo uma das principais citocinas estimuladas por
endotoxinas bacterianas, como o LPS (CARSWELL et al., 1975; VERMA et al., 2009). O TNF- a
possui a capacidade de estimular a producao de vérias citocinas pro-inflamatorias como IL-1f, IL-6
e IL-8, espécies reativas de oxigénio (EROs), bem como ativar o NFkB (HOUSER; JOHNSON;

ISHMAEL, 2012). Esta citocina aumenta a expressao de COX-2, 5-LOX, regula a expressao do
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receptor cis-LT 1, podendo ainda levar a célula a apoptose (KAWASAKI et al., 2002; YUDINA et
al., 2008). A atividade desta molécula ¢ mediada por dois receptores localizados na superficie
celular, o TNFR1 ¢ o TNFR2 (WAJANT; SCHEURICH, 2001). Adicionalmente, o TNF-a tem
participacdo no processo inflamatério como agente quimiotatico para neutréfilos, monocitos e
macrofagos (NILSSON; FOWLER; JACOBSSON, 2000; SHIM et al., 2012; WANG;
WALTER; MANTOVANI, 1990). Com relagdo a outros processos, vale ressaltar que assim como a
IL-1B, TNF- a proporciona a regulacdo negativa da expressdo da apoliproteina Al (apoAl),

relacionando-se, portanto, com a elevagdo da resisténcia a insulina (HAAS et. al., 2003).

Em macrofagos, a expressao de TNF- a pode ser regulada diretamente pela proteina quinase
ativada por mitégeno p38 (p38 MAPK) ou de forma indireta, através da regulacdo do fator de
transcri¢do nuclear kB (NF-«B) por p38MAPK (CAMPBELL et al., 2004). O NF-xB e a p38
MAPK também sdo cruciais para a expressdo desta citocina em adipdcitos (HOAREAU et al.,
2010). A participagdao do NF-kB na producdo de TNF- a, promovida por lipopolissacarideo em
macrofagos, tem sido amplamente estudada e ocorre em devido a presenca de sitios de ligacao (kB1
e kB3) a este fator de transcri¢do na regido promotora do gene de TNF- o, que também apresenta
sitio de ligacdo para o fator de transcricdo c-Jun. No entanto, vale ressaltar que nao ha acao
sinérgica entre estes dois fatores de transcricao (LIU et al., 2000). Em adicdo, o efeito de
determinados mediadores da inflamagdo sobre a producao de TNF- o pode variar conforme o tipo
celular em questdo. Desta forma, a histamina pode suprimir a produ¢dao de TNF- a em monocitos,
embora nao atue sobre macrofagos alveolares. Por outro lado, mediadores como a PGE2 e a IL-10
inibem a producao de TNF- o em ambos os tipos celulares citados (ROWE et al., 1997). Embora a
citocina anti-inflamatoria IL-10 esteja envolvida coma a inibi¢ao da expressao de TNF- a, o proprio
TNF- a estimula a sintese de IL-10, promovendo um feedback negativo (WANISWORANUN,
STROBER, 1993).

A IL-1B pode ser produzida por diversas células como mondcitos, macréfagos, células
dendriticas, linfocitos B, mastocitos e neutréfilos em resposta diversos fatores, como o pH acido
caracteristico de processos patologicos como desordens inflamatorias, bem como por exposi¢do a
endotoxina bacteriana LPS (DINARELLO, 2009; JANCIC et al., 2012; KIM et al., 2004; KO et al.,
2011; LU; PAN; SHIVELY, 2012). Entre as propriedades pro-inflamatorias da IL-1p esta a
capacidade de estimular a ativagdo do NF-kB, promovendo a transcri¢do da molécula de adesdo
VCAM-1; estimular a produg¢do de espécies reativas de oxigénio; promover a expressdo de E-

selectina em células endoteliais (YU et al., 2007) e promover o aumento da produgdo das citocinas
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pro-inflamatorias TNF-a e IL-8 por condrocitos, células essenciais para a correta manutencao do
tecido cartilaginoso, o que indica o papel crucial desta citocina em doencas como a artrite (AIDA et
al., 2006). Além disso, de acordo com Tsuzaki et al. (2002), IL-1p atua como potente agente pro-
inflamatoério, estimulando a producao nao s6 de TNF-a, como também da PGE, por meio da
inducdo da expressao da enzima cicloxigenase em células do tenddao. Sob a agdo do TNF-a, esta
interleucina proporciona o aumento da expressdao dos receptores de bradicinina Bl e B2 (ZHANG;
ADNER; CARDELL, 2007). Adicionalmente, assim como TNF-a e a IL-6, a IL-1p estimula a
expressao da enzima iNOS, com a consequente produgdo de oxido nitrico (KLEINERT et al.,

2004).

Assim como pode ser observado para o TNF-a, a produgdo de IL-1p pode ser regulada de
modo diferenciado por um mesmo estimulo, dependendo do tipo de célula em questdo. Enquanto o
IFNy estimula a produgao desta citocina em células humanas, em camundongos promove a reducao
da producao (MASTERS et al., 2010). Adicionalmente, a producao de IL-1f por macroéfagos
peritoneais também pode ser regulada pela histamina (OKAMOTO, NAKANO, 1990). O NF-xB
também estimula a producdo de IL-1p, que por sua vez, pode aumentar a ativacdo deste fator, de

modo a amplificar a resposta (BLACKWELL; CHRISTMAN, 1997).

A interleucina 6 possui um duplo perfil de atuagdo, podendo agir como citocina pré ou anti-
inflamatoria, tendo sido observado seu papel anti-inflamatério na inflamagdo aguda e pro-
inflamatorio na cronica, sendo encontrada em desordens como artrite reumatoide, psoriase e lupus
eritematoso. Este mediador esta relacionado tanto com as fases iniciais da inflamagao aguda, como
com a transi¢cdo para a inflamacgao cronica, na qual relaciona-se com a apoptose de neutrofilos e
com o recrutamento de monocitos (GABAY, 2006). Utilizando camundongos nocaute para o gene
da IL-6, Xing et al. (1998) demonstraram a importancia desta citocina na regulagdo das citocinas
pro-inflamatorias TNF-o, MIP-2 e IFN-y, ao demonstrar que os animais IL-67/ = apresentaram maior
producdao destas citocinas, bem como maior migragdo de neutrofilos. Gabay et al. (1997)
demonstraram que esta citocina pode atuar estimulando a producdo do antagonista do receptor de
IL-1 (IL1-Ra), uma proteina caracteristica da fase aguda da inflamag¢do com ag¢do anti-inflamatoria,
em cultura primaria de hepatdcitos e na linhagem HepG2. Os efeitos protetores da IL-6 foram
reforgados por Choi et al. (2004), que demonstraram que esta citocina protege células das ilhotas de
Langerhans da apoptose promovida por citocinas pro-inflamatérias. A produgdo desta citocina pode
ser estimulada por outras citocinas, como IL-1pB, que regula a produ¢do de IL-6 através da via p38

MAPK, bem com da ativacdo de NF-xB (LUO et al., 2003). Em mastocitos, neurotransmissores
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como a substancia P podem estimular a producdo de IL-6 através de MAP quinases como PI-3K,
p42/44 e p38, bem como por ativagdo do NF-kB e transloca¢do para o nucleo da célula
(AZZOLINA; BONGIOVANNI; LAMPIASI, 2003). Adicionalmente, o NF-L6, fator de
transcricdo para a expressao de IL-6 possui a capacidade de atuar sobre a produgdo de outras

citocinas, como TNF-a (AKIRA et al., 1990; HENSEL et al., 1989).

Vérias outras citocinas também desempenham importantes papeis. A citocina anti-
inflamatoria IL-10 inibe a expressdo das moléculas co-estimulatorias de linfocitos T necessarias
para a ativacdo destas células, além de inibir a migragdo de mastocitos em resposta a citocina pro-
inflamatoria TNF-a (PIETRZAK; MISIAK-TLOCZEK; BRZEZINSKA-BLASZCZYK, 2009;
TAYLOR et al., 2007). A IL-12 por outro lado, caracteriza-se como uma citocina pro-inflamatoria
que pode ser produzida por macréfagos, neutrofilos, monocitos e células dendriticas levando a

producdo de outra citocina pro-inflamatoria, o IFN-y (WATFORD et al, 2003).
3.4.3 Células do sistema imune envolvidas no processo inflamatério

Importantes células do sistema imune desempenham papel crucial no desenvolvimento das
reagdes inflamatorias. Desta forma, células como neutréfilos, mondcitos, macrdfagos, linfocitos,
basofilos, mastdcitos e eosinodfilos sdo responsaveis pelos processos de fagocitose, reconhecimento
de padrdes moleculares associados a patdgenos, bem como pela producao de mediadores cruciais
para o desenvolvimento e término adequado do processo em resposta a danos teciduais ou
infecgdes. H4, portanto, a participacdo do sistema imune inato e adaptativo na inflamacdo

(NATHAN, 2002; MEDZHITOV, 2007).
3.4.1 Macroéfagos

Os monocitos circulantes do sangue periférico dao origem, nos tecidos, aos macrofagos, que
se caracterizam como cé¢lulas mononucleares com elevada capacidade fagocitica (HUME et al.,
2002). Estas células sdo essenciais tanto na resposta imune inata, como na imunidade adaptativa,
podendo ser encontradas em diferentes locais do organismo, de modo que de acordo com sua
localizagdo, recebem denominacdes caracteristicas, como células de Kupffer no caso dos
macréfagos encontrados no figado, macréfagos alveolares quando localizados nos pulmdes ou
histiocitos, quando encontrados nos linfonodos (ABBAS; LICHTMAN, 2008; JASPARS et al.,
2001). Os macréfagos podem ser classificados em trés tipos: macrdfagos residentes, encontrados
normalmente, sem que seja necessario qualquer estimulo; macrofagos elicitados, que sdo apenas

recrutados para um determinado sitio através da utilizagdo de alguma substancia pro-inflamatoria de
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baixa especificidade, como o tioglicolato de sodio; e macréfagos ativados, que sdo recrutados para
um sitio por agentes que provocam uma resposta por parte da célula, indicada por varias alteragdes,
como por exemplo, a intensa producdo de citocinas. Deste modo, os macréfagos ativados possuem
particularidades funcionais, bioquimicas e morfologicas que claramente os distinguem dos demais

(KOetal., 2011; LEE et al., 2003; TIWARI; DWIVEDI; KAKKAR, 2010).

Os macrdéfagos desempenham papel crucial na defesa contra infecgdes, produzindo uma
variedade de substancias cujo objetivo final consiste em levar o patégeno a morte. Desta forma, os
macréfagos respondem a endotoxinas presentes na parede celular de bactérias secretando
mediadores como TNF-a e oxido nitrico (SHAPIRA et al., 1998). Esta resposta ocorre devido a
atuagdo dos receptores de reconhecimento de patogenos localizados na superficie celular que
reconhecem padrdes moleculares associados ao patdégeno, como os receptores 7oll like, dentre os
quais esta o receptor TLR4 que reconhece o lipopolissacarideo (LPS) presente na parede celular de
bactérias gram-negativas (WALSH et al., 2012). Para que ocorra esta resposta, a proteina de
ligacdo ao LPS (LBP) se liga ao lipopolissacarideo. Em seguida, a molécula de LPS se liga a CD14
na membrana da célula, favorecendo a transferéncia do LPS para MD-2, encontrada na forma
soluvel ou em associagao ao receptor TLR4. Finalmente, apos a associacdo do complexo MD-
2:LPS ao receptor TLR-4, hé a transducao do sinal e desencadeamento da cascata de sinalizagdo
(OHTO et al., 2007; SAUTER et al., 2007). Desta forma, a expressdo de elevada quantidade de
genes em macrofagos pode ser alterada pelo LPS. As funcdes destes genes podem estar
relacionadas a producdo de citocinas e quimiocinas, vias metabolicas induziveis, producdo de
radicais livres, apresentacdo de antigenos, havendo ainda varios genes relacionados a diversas
funcdes (HUME et al., 2002). De fato, apos esta interacdo, ocorre a ativacao do fator de transcri¢ao
NF-«B, com a consequente ativacao da producdao de moléculas envolvidas no processo inflamatério
como o TNF-qa, e interleucinas como IL-1, IL-6, IL-8 e IL-10 (MEDZHITOV; JANEWAY, 2000).
Estas células caracterizam-se, ainda como importantes produtores de outras citocinas, como IL-12,
bem como de intermedidrios reativos do nitrogénio, como o 6xido nitrico (ASHALATHA et al.,
2010; CHONG; BOST; CLEMENTS, 1996; FANG; VAZQUEZ-TORRES, 2002). Além dos papeis
citados, os macrofagos podem atuar como células apresentadoras de antigenos aos linfocitos, por
meio da expressao de moléculas co-estimulatorias, como CD-40, CD-80 e CD-86, estimulando a

acdo destas células (BARKER et al., 2002; ZWAM et al., 2011).
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3.4.2 Linfocitos

Os linfécitos sdo cruciais para a resposta imune adaptativa e representam cerca de 20% do
total de leucocitos circulantes no individuo adulto. Estas células se originam na medula Ossea,
sendo posteriormente diferenciadas em linfocitos B e T, de modo que a maturacdo dos primeiros
ocorre na ainda na medula, enquanto a dos ultimos ocorre no timo (ROITT; BROSTOFF; MALE,
2003). As células T podem exibir distintas fungdes relacionadas a presenca, de determinadas
glicoproteinas em sua superficie. Deste modo, as células que apresentam a molécula CD4+ sdo
também denominadas linfocitos T auxiliar e atuam estimulando a a¢do dos linfocitos B, bem como
produzindo citocinas. Por outro lado, as células que apresentam em sua membrana a molécula
CD8+ sdo os linfocitos T citotoxicos, cruciais para a defesa contra infecgdes causadas por diversos
patdégenos, como virus, bactéria e protozodrios, exercendo sua atividade, predominantemente
citotoxica, a partir do reconhecimento de antigenos. Além disso, os linfocitos T CD8+ também
produzem citocinas como IFN-y e IL-12 (JEFF; GROTZKE; LEWINSOHN, 2005; LITTMAN,
1987; ROSA et al., 2006; WONG; PAMER, 2003).

De acordo com o padrao de citocinas que expressam, os linfocitos T auxiliar podem ser
divididos em Thl e Th2. Os primeiros produzem as citocinas TNF-a, IFN-y e IL-2, enquanto os
Th2 caracterizam-se pela producao de 1L-4, IL-10, IL-6, IL-5 e IL-13 (MOSMANN; COFFMAN,
1989; ODBILEG et al., 2005). Com relagdo ao processo inflamatorio, vale salientar ainda o papel
fundamental desempenhado pelas citocinas produzidas pelos linfocitos Th2, que estdo intimamente
associadas a inflamagdo alérgica, contribuindo para o acumulo de eosinofilos observado nesta

patologia (BROWN et al., 2003; ROBINSON, et al., 1993).

Os linfocitos B por sua vez, estdo amplamente associados a imunidade humoral, exercendo
papel crucial na prote¢do do organismo as infec¢des por meio da producdo de anticorpos (KALIA et
al., 2006). Para isso, os linfocitos B, que se caracterizam como CD27+ se diferenciam em
plasmocitos CD138+, capazes de secretar imunoglobulinas, sendo esta diferenciagdo estimulada

pelos linfocitos T auxiliar (BISHOP; HOSTAG, 2001; CAYER et al., 2010).

Os linfécitos B exercem outros papeis além da producao de anticorpos. Em conjunto com as
células dendriticas, estas células sdo essenciais para a ativagdao das células T (BOUAZIZ et al,
2007), além de possuir a capacidade de produzir de citocinas, tais como IL-2, IL-4, IL-6, IL-10,
IFN-y e IL-12 (HARRIS et al., 2000).
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3.4.3 Neutrofilos

Os neutrofilos sdo células essenciais no combate as infecgdes, além de contribuir
amplamente para a resolu¢do adequada da inflamagdo. Estas células sdo atraidas aos sitios onde
atuardo por fatores quimiotaticos como LTB4, IL-8 e componentes do sistema complemento, a fim
de auxiliar no desenvolvimento adequado da resposta. Porém, apesar de seu papel crucial na defesa
do organismo, estas células podem estar relacionadas a ocorréncia de danos (RANG; RITTER;

DALE, 2001).

Alguns estudos tem relatado sua capacidade de potencializar injirias causadas por agentes
lesivos, através da producdo de diversas moléculas como a enzima mieloperoxidase e o nitrito, além
de causar danos ao material genético pela produgdo de espécies reativas de oxigénio (BERLO et al.,
2010; HAMDY et al., 2012). Neste contexto, substancias como didxido de titanio (TiO2), por
exemplo, podem inibir a apoptose destas células além de estimular a producdo de um importante

agente quimiotatico, a IL-8, levando a perda de homeostasia (GONCALVES; GIRARD, 2010).

Além da producao das moléculas ja citadas, os neutréfilos ativados também se caracterizam
pela producgdo de citocinas como IL-4, TNF-a, IL-1p e IL-12 e pela secre¢do de proteases como a
elastase, que estd intimamente associada a processos de inflamagao cronica, além de contribuir para
a atividade bactericida dos destas células (BRANDT et al., 2000; HIRCHE et al., 2008;
PAPAYANNOPOULOS; STAAB; ZYCHLINSKY, 2011; SOHN et al., 2007). Boots et al. (2012)
investigaram a influéncia destas células nas respostas promovidas por um agente pro-inflamatorio
de origem bacteriana, o LPS, por meio de co-incubagdo destas células com uma linhagem de células
epiteliais (BEAS-2B). Neste estudo ficou evidente que os neutrofilos sdo capazes de amplificar a
resposta observada através do aumento da producdo de espécies reativas de oxigénio e da

quimiocina IL-8 bem como pela ativagdo do fator de transcricdo NF-«B nas células BEAS-2B.

Notadamente, uma das formas pelas quais neutr6filos contribuem para o desenvolvimento
adequado da resposta inflamatéria ¢ através do recrutamento de outras células relacionadas ao
processo inflamatorio. Deste modo, secretam agentes quimiotaticos para macréfagos como MIP-1a
e MIP-1p (SCHRODER et al., 2006). Os neutrofilos podem ser ativados por uma variedade de
estimulos dentre os quais se encontram citocinas como TNF-a, proteinas como o inibidor de
ativador de plasminogénio 1 (PAI-1) e o peptideo f-MLP (N-metionil-leucil-fenilalanina)
(CORTELING;WYSS;TRIFILIEFF, 2002; ZOU et al., 2011). Vale ressaltar ainda, o importante
papel das citocinas 1L-23 e IL-17 ao estimular a migracao destas células na inflamagdo cronica

(LEMOS et al., 2008).
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Abstract

Moringa oleifera seeds are used in various parts of the world, especially in rural areas
of developing countries, to treat drink water. The lectins cMol and WSMoL isolated
from seeds are able to reduce water turbidity by coagulant activity. This study evaluated
aqueous extract, diluted aqueous extract prepared according to the population uses,
cMoL and WSMoL for cytotoxic and anti-inflammatory properties. Aqueous extract
and cMoL were potentially cytotoxic to human peripheral blood mononuclear cells
(PBMCs), while WSMoL and diluted aqueous extract did not exhibit cytotoxicity. M.
oleifera preparations did not show hemolytic activity on murine erythrocytes as well as
were not cytotoxic for the cancer cell lines NCI-H292, HT-29 and HEp-2. Evaluation of
acute toxicity revealed that aqueous extract (2000 mg/kg) did not cause systemic
toxicity in mice. cMoL, WSMoL and aqueous extract in low doses (6.25 pg/mL) and
diluted extract at 50 pg/mL exhibited anti-inflammatory activity on LPS-stimulated
murine macrophages, by regulating the production of nitric oxide and cytokines TNF-a
and IL-1B. Aqueous extract in the doses of 125, 250 and 500 mg/kg promoted reduction
in leukocyte migration in the carrageenan-induced pleurisy. The reduction of leukocyte
migration was accompanied by reduced activity of the enzyme myeloperoxidase, nitric
oxide levels and by regulating of the cytokine TNF-a and IL-1B. Moreover, the
histological analysis of the lungs of the animals subjected to treatment with the extract
also showed a reduced number of polymorphonuclear leukocytes. In conclusion, this
study indicated that extract used by people and WSMoL are potentially safe for
mammalian cells but it is recommended caution to use cMoL and more concentrated
extract due to their potential to cause damage to important immune system cells as well
as by the immunosuppressive potential of the extract. M. oleifera seeds can constitute
potential sources of pharmacological tools due to anti-inflammatory property.

Keywords: Moringa oleifera, cytotoxicity, pleurisy, lectin.
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Introduction

Moringa oleifera Lam is one of the fourteen species of the genus Moringa
(family Moringaceae) and can be found in India, Pakistan, Afghanistan and Bangladesh,
being also cultivated in Africa and Latin America [1]. This plant is used for various
purposes, being the seeds used in water treatment, particularly by people in developing
countries [2, 3].

Studies focusing on the chemical composition of this plant have identified a lot
of bioactive substances which may confer several pharmacological properties to the
preparations obtained from seeds [4, 5, 6]. Among these molecules are the lectins cMoL
(coagulant M. oleifera lectin) and WSMoL (water-soluble M. oleifera lectin) [7, 8].
Lectins are glycoproteins from non-immune origin that possess carbohydrate-binding
sites being able to interact reversibly and high specifically with sugars through
hydrogen bonds, hydrophobic interactions and Van der Waals bonds. These proteins are
also known by their ability to agglutinate erythrocytes [9, 10, 11, 12].

The M. oleifera seed lectins have shown coagulant activity constituting two of
the active principles linked to the ability of seeds in reducing water turbidity [8, 13].
cMoL and WSMoL are insecticidal agents on Anagasta kuehniella and Aedes aegypti,
respectively [7, 14, 15] and WSMoL showed antibacterial activity against species that
cause diseases in humans [13]. The compounds 4(a-L-rhamnosyloxy)
phenylacetonitrile, 4-hydroxyphenylacetonitrile, and 4-hydroxyphenyl-acetamide
isolated from roasted M. oleifera seeds showed mutagenic effect on micronucleus assay
using albino mice [16]. WSMoL was not genotoxic by Ames, Kado and cell-free
plasmid DNA assays [13, 17]. Although aqueous extract from the seeds is used for treat
drink water, studies about the pharmacological properties of cMoL and WSMoL are still
incipient.

Studies have shown the anti-inflammatory activity of lectins such as that isolated
from the marine alga Caulerpa cupressoides, which was able to reduce leukocyte
migration in a murine model of inflammation [18] and the lectin from Synadenium
carinatum latex, whose anti-inflammatory activity was demonstrated by reduction of the
number of cells related to inflammation in a murine model of asthma as well as the
ability of this lectin in acting upon key elements of inflammation such the transcription
factor NF-«xB [19].

Carrageenan is a widely used phlogistic agent which promotes inflammation
related to elevation of levels of NO, leukocyte migration and fluid extravasation [20].
Among the trials that use this polysaccharide as phlogistic agent, the pleurisy allows the
assessment of the activity of products on various parameters associated with the
inflammatory process [21]. This model can be divided into two phases, the first (4 hours
after induction of inflammation) is characterized by the predominance of neutrophils,
while the second (48 hours after induction of inflammation) shows predominantly
mononuclear cells in the pleural cavity [22]. Furthermore, the pleurisy mimics the
inflammatory process that occurs in asthmatic patients [23] and neutrophils are among
the cells found in greater quantities in asthma [24].
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This work investigated aqueous extract, diluted aqueous extract, cMoL and
WSMoL from seeds for cytotoxicity to peripheral blood mononuclear, cancer cell lines
(NCI-H292, HT-29 and HEp-2) and hemolytic activity on murine erythrocytes. Also,
aqueous extract was evaluated for acute toxicity in mice. The search for natural products
with promising therapeutic effect and with low side effects in humans stimulated the
investigation of the extracts and lectins for in vitro anti-inflammatory effect (LPS-
stimulated murine macrophages) as well as in vivo (pleurisy model) anti-inflammatory
activity of the aqueous extract.

Materials and methods

Plant material

Seeds of M. oleifera were collected in Recife City, State of Pernambuco,
northeastern Brazil, and stored at -20 °C. A sample of the collected material is archived
as voucher specimen number 73 345, at the herbarium Ddrdano de Andrade Lima — IPA
(Instituto Agronomico de Pernambuco, Recife, Brazil).

Cell lines and cell culture

The cancer cell lines used for the in vitro cytotoxicity tests, NCI-H292 (human
pulmonary mucoepidermoid carcinoma), HT-29 (human colon adenocarcinoma) and
HEp-2 (human larynx epidermoid carcinoma), were grown in DMEM - Dulbecco’s
Modified Eagle’s Medium, supplemented with 10% FBS, 100 pg/mL of penicillin—
streptomycin-amphotericin B solution at 37 °C with a 5% CO, atmosphere. The cells
were obtained from the Cell Bank of Rio de Janeiro, Brazil and maintained in the
Laboratory of Cell Culture, Department of Antibiotics from Federal University of
Pernambuco, Brazil. The peripheral blood mononuclear cells (PBMCs) were obtained
from peripheral blood from healthy volunteer donors (approved by the Ethics Comitee
from Federal University of Pernambuco under the number 0342.0.172.000-11) and
macrophages were collected from peritoneal cavity of Balb/c mice.

Animals

Male Balb/c Mus musculus mice weighing 20-25 g were obtained from
Laboratory of Immunopathology Keizo-Asami (LIKA) of the Federal University of
Pernambuco (UFPE), Brazil. Male Swiss Mus musculus mice (25-30 g) were obtained
from the bioterium of the Department of Antibiotics from UFPE. Before use in the
experiments, the mice were housed under standardized conditions (22+2 °C, 12-12
light/dark photoperiod, and 50-60% humidity) and fed with a standard mouse diet with
water ad libitum. This study was approved by the Committee for Ethics in Animal
Research of the UFPE (process number 23076.029506/2012-64), and the experiments
were performed in accordance with the rules of the International Council for Laboratory
Animal Science (ICLAS) and ethical principles of the Brazilian Society of Laboratory
Animal Science (SBCAL). The animals subjected to surgery were anaesthetized using a
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ketamine and xylazine association. The remaining experiments involving animals were
performed to cause minimum suffering.

Aqueous and diluted aqueous extracts from M. oleifera seeds

Aqueous M. oleifera seed extract was prepared using crushed seeds. The
resulting powder (10 g) was mixed with distilled water (100 mL) in a magnetic stirrer
for 16 h at 4 °C. The mixture was filtered through cotton gauze and centrifuged at 3000
rpm for 15 min. The supernatant corresponded to aqueous extract. The aqueous extract
was lyophilized to dryness using a LIOTOP freeze-dryer model L101 (Liobras, Sao
Carlos, Brazil).

Diluted aqueous extract was prepared as used by Brazilian people for treatment
of turbid water following the recommendations of the non-governmental organization
ESPLAR (www.esplar.org.br) except for the inclusion of filtration steps [17].
Macerated shelled seeds (2.0 g) were added to distilled water (100 mL) and manually
agitated for 5 min. The suspension was passed through filter paper and to perform the
assays the stock solution (20 pg/uL) was diluted with distilled water to obtention of the
tested concentrations for each test.

Isolation of cMoL and WSMoL

cMoL was isolated according to the procedure described by Santos et al. (2009)
[8]. M. oleifera seed powder (10 g) was extracted with 0.15 M NaCl (100 mL) in a
magnetic stirrer for 6 h at 28 °C. After filtration through gauze and centrifugation the
proteins from saline extract were precipitated with 60% ammonium sulphate for 4 h at
28 °C. The precipitated protein fraction was dialyzed against distilled water (4 h, 4 °C)
followed by 0.15 M NaCl (4 h) and loaded (10 mg of protein) onto a guar gel column
(10.0 cm x 1.0 cm) previously equilibrated with 0.15 M NaCl (20 mL/h flow rate).
cMoL was eluted with 1.0 M NaCl and dialyzed against 0.15 M NaCl (4 h, 4 °C).

WSMoL was isolated according to the procedure described by Coelho et al
(2009) [7]. M. oleifera seed powder (10 g) was extracted with distilled water (100 mL)
in a magnetic stirrer for 16 h at 28 °C. After filtration through gauze and centrifugation
the proteins from water extract were precipitated with 60% ammonium sulphate for 4 h
at 28 °C. The precipitated protein fraction was collected by centrifugation, dissolved in
0.15 M NaCl, and submitted for dialysis (3.5 kDa cut-off membrane) against 0.15 M
NaCl (6 h at 4 °C). The dialysed fraction (80 mg of proteins) was then applied to a
chitin column (18 x 1.5 cm) equilibrated with 0.15 M NaCl (0.3 mL/min flow rate).
After extensive washing with the equilibrating solution, WSMoL was eluted with 1.0 M
acetic acid and dialysed against 0.15 M NaCl (6 h at 4 °C).

Protein content

The protein concentration in all samples was estimated using bovine serum
albumin (31-500 pg/mL) as standard [25]. In chromatography steps, protein elution was
monitored by measuring the absorbance at 280 nm.
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Hemagglutinating activity

The assay was conducted in microtiter plates (Kartell S.P.A., Italy) using a
suspension (2.5% v/v) of rabbit erythrocytes treated with glutaraldehyde [26].
Hemagglutinating activity was determined by mixing a twofold serial dilution of sample
(50 uL) with 0.15 M NacCl in microtiter plates. Next, the erythrocyte suspension (50 pL)
was added to each well and the assay was incubated for 45 min at 27 °C. One
hemagglutination unit was defined as the reciprocal of the highest dilution of the sample
promoting full erythrocyte agglutination. Specific hemagglutinating activity was
defined as the ratio between the hemagglutinating activity and protein concentration
(mg/mL) [27].

Evaluation of extracts for saponin

Saponin detection was performed by qualitative test [28]. Aqueous and diluted
aqueous extracts were vigorously agitated for two minutes followed by rest for two
hours. It was considered as a positive result the persistence of foam at the end of the rest
period. Also was performed the test of capillary flow to compare the flow of the extracts
with distilled water. Extracts with flow greater than that of water were considered
postive for presence of saponins.

Evaluation of cytotoxicity of M. oleifera extracts and lectins on peripheral blood
mononuclear cells (PBMCs)

PBMCs were purified from human blood by gradient separation using the
solution for cell separation Histopaque-1077 (Sigma—Aldrich). Cells were isolated from
a 6 mL blood sample in 5 mL of phosphate buffered saline (PBS) to which was added 3
mL of Ficoll Histopaque-1077. After centrifugation at 1500 rpm for 30 min the
mononuclear cells (present in the intermediate region between the red cells and serum)
were aspirated. The lymphocyte suspension was transferred to another tube to which
PBS was added until the volume of 11 mL and centrifuged for 20 min at 1000 rpm.
Then, the supernatant was discarded and the lymphocyte pellet ressuspended to a final
concentration of 3x10° cells/mL in 2 mL of RPMI 1640 medium supplemented with
20% fetal bovine serum, 100 IU/mL penicillin and 100 pg/mL streptomycin.
Lymphocytes proliferation was induced by addition of 3% phytohemagglutinin, a
mitogen which acts fundamentally on T lymphocytes becoming they the predominant
cell population in this assay [29].

To determine the cytotoxicity on PBMCs, M. oleifera samples were added to
cell cultures in serial concentrations (aqueous extract: 0.78-50 pg/mL; diluted aqueous
extract: 6.25-400 pg/mL; lectins: 1.56—-100 pg/mL) and incubated for 72 h at 37 °C
with a 5% CO, atmosphere. Next, MTT was added (25 pL, 0.5 mg/mL) and microplates
were placed in an incubator for 3 h and then DMSO was added (100 pL to each well).
The optical density of the wells was measured at 540 nm. The concentration that
inhibits 50% of cell growth in regard to control (ICsg) was determined. Two
independent experiments were performed in duplicate. Samples with ICsp < 10 pg/mL
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were considered very toxic, with ICsy between 10 and 100 pg/mL were potentially
toxic, and those with ICsy > 100pug/mL considered non-cytotoxic [30, 31].

Hemolytic Assay

The hemolytic assay was performed in 96-well microplates. Each well received
a 0.85% NaCl solution containing 10 mM CaCl,. Samples (50 pL) of aqueous or diluted
aqueous extracts at 15.62 to 2000 pg/mL in 5% DMSO, cMoL or WSMoL at 0.19 to 25
png/mL in 0.15 M NaCl were added to wells containing 100 uL of the saline solution to
get a 1:2 dilution. Each well received 100 pL of a 2% (v/v) suspension of mouse
erythrocytes in 0.85% saline containing 10 mM CaCl,. In negative controls, 100 pL of
the saline solution plus 50 pL of the saline solution or 50 pL of 5% DMSO were plated.
Positive control (to obtain 100% hemolysis) contained 80 pL of saline solution plus 20
uL of 0.1% Triton X-100 in 0.85% saline. After centrifugation during 1 h followed by
incubation for 1 h at 27 °C, the supernatant was discarded, and the released hemoglobin
was measured by absorbance at 450 nm. Two independent experiments were performed
in duplicate. The effective concentrations that cause 50% hemolysis (ECsp) in regard to
that observed in the positive control were calculated being only considered active
extracts with ECsp <200 pg/mL [32].

Evaluation of cytotoxicity of M. oleifera extract and lectins on cancer cell lines

Cell viability was measured by MTT reduction assay, which is based on the
conversion of the salt 3-(4, 5-dimethyl-2-thiazole)-2, 5-diphenyl-2H-tetrazolium
bromide (MTT) to a formazan product by the action of the enzyme succinyl
dehydrogenase present in mitochondria of viable cells [33, 34]. The cancer cell lines
NCI-H292, HT-29 and HEp-2 cells (10> cells/mL) in DMEM medium were plated in
96-well microplates and incubated during 24 h at 37 °C. After this period, 25 uL of
aqueous extract (50 pg/mL) or lectins (25 pg/mL) were added to each well and
incubated for 72 h. Next, MTT dye (25 pL, 0.5 mg/mL) was added to the wells and the
assay was incubated for more 3 h. After this period the medium was removed and
dimethylsulfoxide (DMSO, 100 pL) was added to the wells for solubilization of the
generated formazan salts. The optical density of the wells was measured at 540 nm and
compared to that in the control (cells incubated only with medium). Two independent
experiments were performed in duplicate. The samples were classified according to the
inhibition percent of cell viability in the following categories: inactive (1-20%), weakly
active (20-50%), moderately active (50-70%) or very active (70-100%) [35].

Acute toxicity

Acute toxicity of the aqueous extract was determined in accordance with the
guidelines of the Organization for Economic Cooperation and Development (OECD)
for testing of chemicals, n® 423, adopted on December 17, 2001. Female Swiss albino
mice animals (n=3 for each group) received a single administration of aqueous extract at
a dose of 2000 mg/kg or saline solution (control). The animals were observed
individually during the first hour and at the times of 2, 12 and 24 h after administration
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aiming for the death record or to investigate possible toxic effects. During the following
14 days the animals were observed once daily. A range of signs such as general activity,
irritability, touch response, contortions, tremors, convulsions, tachycardia, piloerection,
stereotyped movements, somnolence, defecation, diarrhea and miction were analyzed.
The daily consumption of water and food as well as the body weight of the mice during
the experiment were also recorded. On the 14™ day after administration of the extract,
the animals were anesthetized with 0.1 to 0.2 mL/100g of an association of ketamine
and xylazine (2:1) and the blood was collected by cardiac puncture and placed in tubes
with anticoagulant (EDTA). Hematological indices were determined using an automated
analyzer Horiba ABX Micros 60-Horiba. The organs (liver, kidney and spleen) were
analyzed macroscopically, dried and weighed to calculate the index of organs, which is
given by the following formula: Organ weight (mg)/ Body Weight (g).

Effect of M. oleifera extracts and lectins on viability of LPS-stimulated peritoneal
macrophages

Balb/c mice received by intraperitoneal route 2.5 mL 3% sodium thioglycollate.
After 72 hours, the animals were euthanized in a CO, chamber and peritoneal exudate
was collected by washing the cavity with cold sterile PBS (5 mL). The viability of the
adherent cells was assessed by trypan blue exclusion test and cell suspension was
cultured (5x10° cells/mL) in microplates containing RPMI-1640 medium supplemented
with 10% FBS, antibiotic solution (1000 UI/mL penicillin and 100 mg/L streptomycin),
200 mM L-glutamine and incubated for 2 h at 37 °C with a 5% CO, atmosphere. After
that, non-adherent cells were discarded and samples (100 uL) of aqueous extract (6.25—
50 pg/mL), diluted aqueous extract (50—400 pg/mL) and lectins (6.25—-100 pg/mL) in
presence of LPS (1 pg/mL) were added to macrophages adhered on the plate. After
incubation at 37 °C and 5% CO; for 24 h, the supernatant was collected for further
analysis of the nitrite and cytokine production and the cell viability was assessed by
MTT assay. Each concentration was tested in quadruplicate. Three independent
experiments were performed and to assess the in vitro anti-inflammatory activity only
concentrations at which the percentage of viable cells was more than 70% were chosen
[36].

Evaluation of in vivo anti-inflammatory effect of aqueous extract on carrageenan-
induced pleurisy assay

Animals were pretreated orally with aqueous seed extract (125, 250 or 500
mg/kg), dexamethasone (0.5 mg/kg) or saline solution (NaCl 0.85%) using groups with
six animals divided randomly. One hour after treatment, animals were anesthetized with
0.1 to 0.2 mL/100g of an association of 50% ketamine and 2% xylazine (2:1). Pleurisy
was induced by administration of 0.1 mL of phlogistic agent carrageenan (1%) in
pleural cavity through surgery. Four hours after induction of inflammation, animals
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were euthanized, the thorax was opened and the pleural cavity was washed with 1.0 mL
of sterile PBS with heparin (20 IU/ mL). Samples of pleural lavage fluid were collected
for evaluation of cytokine and NO levels as well as cell migration. Fragments of the
lung were also collected to evaluate the activity of the enzyme myeloperoxidase and for
histopathological analysis [37]. The cell count was performed on an automated analyzer
ABX micros 60-Horiba.

At the end of pleurisy the lung fragments were collected and fixed in 10%
buffered formalin. The tissue was dehydrated with graded ethanol, embedded in
paraffin, blocks and sectioned. The sections were stained with hematoxicillin-eosin for
examination under light microscopy.

Analysis of nitrite and measurement of cytokines

The nitrite present in the supernatant of macrophages culture and in the pleural
exudate was used as an indicator of NO production using the Griess reaction. Briefly,
the samples (50 pL) were mixed with an equal volume of Griess reagent in a 96-well
microtiter plate and incubated at room temperature for 10 min. The absorbance was read
at 540 nm using a microplate reader and the nitrite concentrations were determined by
comparison with a standard curve of sodium nitrite. Results were expressed as uM.

The concentrations of TNF-a, IL-18 and IL-6 were measured using sandwich
ELISA kits specific for mice (eBioscience, San Diego, California, USA) according to
the manufacturer’s instruction. Results were expressed at pg/mL.

Myeloperoxidase activity assay

Myeloperoxidase activity assay was used as an indicator of polymorphonuclear
leukocyte accumulation. Lung tissues were collected and weighed 4 h after the
carrageenan injection. Each fragment of organ was homogenized in a solution
containing 0.5% (w/v) hexadecyltrimethylammonium bromide (HTAB) dissolved in 10
mM potassium phosphate buffer (pH 7.0) and the homogenate was centrifuged for 5
min at 7000 rpm. An aliquot of the supernatant was allowed to react with a solution of
hydrogen peroxide and o-dianisidine in potassium phosphate buffer. Myeloperoxidase
activity was measured by the rate of change in absorbance at 450 nm after 5 min
incubation [38].

Statistical Analysis

For analysis of cell viability, the ICsy was calculated from nonlinear regression
using the software GraphPad Prism v. 5.0. For the remaining tests, one-way ANOVA
followed by the Newman-Keuls test were used to evaluate the differences among the
treatments. P values < 0.05 were considered statistically significant.
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Results and discussion
Protein content and Hemagglutinating activity

Characterization of M. oleifera extracts reveals that aqueous extract has 1.52
mg/mL of protein and specific hemagglutinating activity of 42.10 while diluted aqueous
extract has 0.0486 mg/mL of protein and specific hemagglutinating activity of 2634.
Thus, although the diluted extract has low protein concentration, the high
hemaglutinanting activity indicates the predominance of lectins.

Evaluation of cytotoxicity of M. oleifera extracts and lectins on peripheral blood
mononuclear cells (PBMCs)

cMoL and aqueous extract were potentially cytotoxic for PBMCs (Table 1), with
ICso of 11.72 pg/mL and 34.3 + 2.31 pug/mL, respectively. On the other hand, cells
treated during 72 h with WSMoL at the tested concentrations did not present alterations
in the viability. The ICsy of 144 pg/mL determined for diluted aqueous extract reveals
no cytotoxicity to PBMCs of the preparation used by people to treat drink water.
PBMCs are frequently employed to evaluate the cytotoxicity of natural or synthetic
products on normal cells [39]. M. oleifera seeds used to treat drink water contain
isothiocianates [40] that are toxic to normal cells and in the present work PBMCs were
used to evaluate the cytotoxicity of the extracts and lectins from M. oleifera seeds. The
results showed that diluted aqueous extract is safe while aqueous extract, a more
concentrated preparation, may be potentially harmful. Probably it is due to the lower
concentration of toxic compounds in diluted aqueous extract than that of aqueous extract
and in this sense it is not recommendable to prepare extracts using amount of seeds
higher than that used by people for water treatment. Rolim et al. [17] also showed that
M. oleifera seed extract at concentrations 3, 4, 5 and 7.5-fold higher than that used by
people was mutagenic by Ames and Kado assays.

Maintenance of the integrity of PBMCs is essential for the body's defense to
attack by pathogens and in inflammatory process [41, 42]. In this study, none of the
tested preparations was effectively cytotoxic to lymphocytes, which affording a wide
range of pharmacological studies with extracts and lectins. The lectin WSMoL seems be
a potential tool for pharmacological studies since it did not cause damage to human
normal cells. On the other hand, cMoL showed to be potentially cytotoxic.

Hemolytic Assay

Hemolytic assay was performed to assess the potential of M. oleifera seed
extracts and lectins to cause injuries in the plasma membrane of the cells, either by
forming pores or by total collapse. Table 1 show that both aqueous and diluted aqueous
extracts did not cause hemolysis even at concentrations up to ten times greater than that
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used by population to treat water for human consumption. cMoL and WSMoL also did
not cause hemolysis at all tested concentrations.

In the search for new substances with promising pharmacological activity that do
not cause harmful effects to the body, trials investigating the capacity of synthetic or
natural products to cause damage to erythrocyte membrane are widely employed [43,
44]. Although the aqueous extract and cMoL were potentially cytotoxic to PBMCs all
preparations evaluated in this work did not show hemolytic activity and thus are safe to
plasma membrane of erythrocytes. Saponins were not detected in aqueous and diluted
aqueous extracts and the non occurrence of erythrocyte lysis can be related to absence in
M. oleifera preparations of these substances that are widely associated with hemolysis
[45, 46]. Saponins were also not found in M. oleifera seed extracts prepared with water,
petroleum ether, chloroform or ethanol [47].

Evaluation of cytotoxicity of M. oleifera extract and lectins on cancer cell lines

Evaluation of cytotoxicity on cancer cell lines was performed by treatment with
a single concentration of aqueous extract (50 pg/mL), cMoL (25 pg/mL) and WSMoL
(25 pg/mL). The aqueous extract inhibited the growth of NCI-H292 (42.7%), HEp-2
(24.9%) and HT-29 (51.3%) but the lectins were not active on HT-29. cMoL inhibited
NCI-H292 (33.9%) higher than HEp-2 (25.0%) growth while WSMoL promoted similar
inhibition of NCI-H292 (38.7%) and HEp-2 (32.6) growth. Other concentrations were
not evaluated due to low anticancer activity detected. Aqueous and diluted aqueous
extracts as well as the lectins cMoL and WSMoL were not active against the cancer
lines tested although it has been reported that M. oleifera seeds contain compounds
capable of reducing the viability of cancer cells [40]. The anti-proliferative activity of
preparations investigated here should not be excluded since genetic differences can lead
to the expression of distinct membrane receptors promoting the activation of
differentiated routes in other cells types subjected to the same treatment [48].

In vitro anti-inflammatory activity of M. oleifera seed extracts and lectins

The M. oleifera seed extracts and lectins were evaluated for in vitro anti-
inflammatory activity using LPS-stimulated murine peritoneal macrophages. Firstly, the
cytotoxicity of the samples to these cells was evaluated (Table 2) in order to avoid the
use of cytotoxic concentrations for analysis of anti-inflammatory effect and
consequently false positive results. Aqueous and diluted aqueous extracts as well as
cMoL and WSMoL affected cell viability in a dose-dependent manner. Treatment with
cMoL promoted weak cytotoxic effect at the concentration of 6.25 ug/mL. For
WSMoL, both treatments at 6.25 and 12.5 pg/mL resulted in a high percentage of viable
cells and thus the lowest concentration was selected for the next assay. The smallest
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reduction on viability observed was detected at concentration of 6.25 pug/mL for
aqueous extract and 50 ug/mL for diluted aqueous extract.

The anti-inflammatory activity of M. oleifera seeds was demonstrated previously
[49] by the ability of an infusion (10 g of seed powder in 100 mL of distilled water) to
reduce edema formation in rats. Also, was isolated from M. oleifera seeds the B-
sitosterol, a compound with potent anti-inflammatory activity against airway
inflammation, whose mechanism of action includes reducing the production of TNF-a
[50]. These reports stimulated the evaluation of in vitro anti-inflammatory of aqueous
and diluted aqueous extracts as well as cMol and WSMoL by measuring the levels of
mediators involved in the inflammatory process using LPS-stimulated murine
macrophages.

The aqueous extract (6.25 pg/mL) was able to reduce the NO production while
the diluted aqueous extract (50 pg/mL), prepared according to the population use, did
not cause a statistically significant reduction of this mediator (Table 3). Both lectins
(6.25 ng/mL) were able to reduce NO production by macrophages stimulated with LPS
when compared to cells exposed only to lipopolysaccharide. These results indicate that
the detected in vitro anti-inflammatory activity of M. oleifera aqueous extract and both
lectins is at least in part due regulation of NO production.

Bacterial endotoxins, such as LPS activate macrophages leading to the
production of several molecules among which is NO [51] characterized as an important
pro-inflammatory mediator associated with the activation of T lymphocytes as well as
increased vascular permeability observed in inflammatory processes [52, 53].

Table 4 shows the data from measurement of cytokine production. Aqueous and
diluted aqueous extract as well as cMoL promoted statistically significant (p<0.05)
reduction in the levels of TNF-a and IL-1p released by LPS-stimulated macrophages.
WSMoL reduced the production of TNF-a and increased the levels of IL-1B. None of
the tested M. oleifera samples acted in the regulation of IL-6.

LPS promotes activation of NF-kB in macrophages, stimulating the production
of NO and pro-inflammatory cytokines [55] and it’s possible that the reduction of NO
levels is related to the inhibition of activation of nuclear transcription factor kB, which
regulates the expression of iNOS and of genes related to the production of cytokines
[55]. This statement can be enhanced by inhibition of TNF-a and IL-1B by aqueous
extract and cMol, both in vitro and in vivo.

The reduction of NO levels induced by aqueous extract can be due to the
synergistic effect of its constituents, including the lectins. The diluted aqueous extract,
however, did not reduce the levels of NO although had promoted significantly
decreased of the production of TNF-a and IL-1p. The action mechanism of this extract
may be related to inhibition of NF-kB activation and the absence of activity on NO
production suggests a translational or post translational regulation of iNOS, however
further studies should be conducted to confirm these hypothesis.

TNF-a is largely related to LPS-induced nitric oxide production, as shown by
Steege et al., (1998) [56] using the combination of anti- TNF-a and anti-IFN-gamma
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antibodies. Thus, the reduction in NO levels observed in this study, may be due to the
marked reduction in the levels of TNF-a.

Activation of macrophages with LPS can also be associated with cytokine
production via p38 MAPK, mainly stimulated by MAP kinase kinase 3 (MKK3) and
MKKGS6. It was demonstrated that MKK3 regulates IL-18 but not TNF-a [57]. Despite
having reduced the production of TNF-a, WSMoL not reduced the levels of IL-1p.
Therefore, it can be suggested that a possible mechanism of action of WSMoL is acting
on MKK3, stimulating this protein kinase. Anti-inflammatory effect of the extracts and
cMoL by regulating p38 MAPK pathway may also a probable way of operation for
these preparations.

It was demonstrated that IL-6 is related to controlling of the production of
proinflammatory cytokines, avoiding that they are synthesized in harmful levels [58].
The no reduction in the levels of IL-6 by aqueous and diluted aqueous extracts as well
as cMoL and WSMoL can be contributed to no elevation of levels of proinflammatory
cytokines TNF-a and IL-1.

Acute toxicity

The acute toxicity for Swiss albino mice of the aqueous extract was determined
aiming to choose the dose to be employed in the in vivo anti-inflammatory assay as well
as to provide additional data on the safe use of M. oleifera seed preparations. In the first
hours following administration of the extract (2000 mg/kg) systemic signs of
intoxication were not observed as well as no deaths were recorded. Throughout the 14
days of trial, there were also no changes in the general activity of the animals or deaths.
Table 5 shows that there were no significant differences (p<0.05) in body weight
between the control and treated groups. Additionally, there was no change in the
consumption of water and food as well as no significant difference between the organs
index. However, despite the normality of physiological parameters, there was a
reduction in the number of erythrocytes, leukocytes, platelets, hemoglobin and
hematocrit (Table 6).

As was observed slight decrease in some hematological parameters as well as a
marked reduction in the number of platelets after treatment with the dose of 2000
mg/kg, also was evaluated the acute toxicity of the aqueous extract at the dose of 500
mg/kg. There was no statistical difference compared to control, among the parameters
analyzed (data not shown).

The slight decrease in values of erythrocytes, hemoglobin and hematocrit
detected in the acute toxicity assay of aqueous extract is still within normal parameters
[59]. It has been reported that ethanolic extract of M. oleifera seeds has
immunosuppressive activity [60] and the decrease in the number of neutrophils and
platelets observed here can be due to presence of compounds with immunosuppressive
activity. The data from acute toxicity assay reveals that aqueous extract did not cause
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toxicity at systemic level, but suggests caution in the use of them in highest
concentrations due to the immunosuppressive potential.

In this work, the doses selected for in vivo anti-inflammatory assay were 125,
250 and 500 mg/kg for aqueous extract, which were respectively 16-, 8- and 4-fold
lower than that used in the acute toxicity assay. It has been reported acute toxicity (LDso
of 446.5 mg/kg) in mice (i.p. route) of aqueous extract obtained by mixing powder of
one seed (=0.2g) in 10 mL of distilled water under stirring for 60 minutes [61]. In our
study there were no observed deaths despite having been used a more concentrate
extract and a higher dose (2000 mg/kg). Different routes of administration were used
and probably the processes of digestion and metabolism that occurs when oral route is
employed reduced the toxicity of aqueous extract.

Evaluation of in vivo anti-inflammatory effect of aqueous extract on carrageenan-
induced pleurisy assay

Oral administration of the aqueous extract, at the selected doses, before the
induction of pleurisy by carrageenan caused a reduction of leukocyte migration in a
dose dependent manner, as shown in Table 7. All doses showed effectiveness in
reducing cell migration and the highest percentage of inhibition was obtained for dose
of 500 mg/kg (71.2%).

Aqueous extract reduced the NO production with percentages of inhibition of up
to slightly more than 90% in comparison with control (Table 8). This result corroborates
with that obtained in the in vitro anti-inflammatory assay and demonstrates that the
reduction of NO production may be involved in the mode of action of the extract against
acute inflammation induced by carrageenan.

The Table 9 shows the results of measurement of cytokines levels in lung
exudate from in vivo anti-inflammatory assay. The aqueous extract of M. oleifera seeds
also reduced the levels of cytokines TNF-a and IL-1B in a dose dependent manner, as
occurred with the leukocyte migration. Despite the efficiency observed for doses of 250
and 500 mg/kg, animals treated with the dose of 125 mg/kg exhibited no statistically
significant (p<0.05) reduction in the levels of TNF-a when compared to control group.
With respect to IL-1P it was observed slight decrease for the animals treated with the
dose of 125 mg/kg, while the animals that received the extract at doses of 250 and 500
mg/kg showed significant reduction (p<0.05) of this interleukin level. The extract was
not able to reduce the levels of IL-6 in any of the doses tested. These results agree with
those from in vitro assay.

A clinical trial using M. oleifera seed powder in asthmatic patients showed
improvement of the symptoms of this disease [63]. Later, the investigation of part of the
mechanism involved with this action, using an alcoholic extract demonstrated that M.
oleifera reduces mast cell degranulation, acts as bronchodilator, possess spasmolytic
activity and reduces edema formation [6]. However, have not been conducted other
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studies to broaden the understanding of the effect of the seeds of this plant on the
inflammatory process, especially using aqueous preparations.

The decrease in levels of TNF-a by aqueous extract seems to be crucial for the
reduction of inflammation since this cytokine acts stimulating the production of other
proinflammatory cytokines [64]. The reduced leukocyte migration observed may be
related to low levels of TNF-a and IL-1B since the first acts as a potent chemotactic
agent while the second stimulates expression of adhesion molecules on endothelial cells
[65, 66].

In accordance with the results obtained for leukocyte migration, the
myeloperoxidase activity, an indicative of the presence of neutrophils, was significantly
reduced (p<0.05) in a dose dependent manner in mice treated with M. oleifera seed
extract with compared to the control (Figure 1).

The enzyme myeloperoxidase, which is stored in granules of neutrophils, acts as
an indirect indicator of the activity of these cells. Thus, the reduction of this enzyme
activity, also observed in a dose dependent manner, can be explained by the effect of the
extract on cell migration, which was also demonstrated by histological analysis of the
lungs of animals subjected to treatment with the extract before induction of
inflammation in the pleural cavity.

Histological analysis (Figure 2) of the lungs of animals subjected to pleurisy
allows identification of extensive infiltration of polymorphonuclear leukocytes
(PLMN), with perialveolar distribution. Treatment with aqueous extract at 500 mg/kg
decreased PLMN infiltration and preserved the integrity of the alveoli and bronchi. The
dose of 250 mg/kg also reduced infiltration of polymorphonuclear cells when compared
to control. Furthermore, treatment with 125 mg/kg did not inhibit the infiltration,
corroborating the minimal reduction in the number of PLMN in the exudate from the
pleural cavity.

Plant lectins with anti-inflammatory activity have been described [19, 67, 68].
Aqueous and aqueous diluted extracts showed ability to agglutinate erythrocytes, which
is indicative of the presence of lectins and therefore, it can be suggested that the anti-
inflammatory properties of these extracts may be mediated by this type of molecule,
notably WSMoL by their solubility in water.

Thus, the reduction of the number of these cells was associated with a reduction
of myeloperoxidase activity, NO levels and production of cytokines TNF-a and IL-1 3,
without interfering on the production of IL-6.

Conclusions

Aqueous extract and cMoL are potentially cytotoxic to peripheral blood
mononuclear cells, while WSMoL and the diluted aqueous extract are not cytotoxic to
these cells. None of the tested M. oleifera preparations promoted hemolysis in
erythrocytes of mammals and aqueous extract did not cause systemic toxicity level in
mice. The extracts and lectins demonstrated in vitro anti-inflammatory activity on LPS-
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stimulated macrophages by regulating the production of cytokines and NO. The anti-
inflammatory property of aqueous extract was confirmed using a model of acute
inflammation in vivo and it was observed reduction of leukocyte migration,
myeloperoxidase activity and levels of proinflammatory cytokines TNF-a and IL-1p.
Further studies should be performed to investigate the action of the preparations on
prostaglandin synthesis, as well as the activity of lectins in animal models aiming
provide a better understanding of the mechanism of action.
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Figure captions

Figure 1. Effect of the concentrate extract from M. oleifera seeds on the activity of
myeloperoxidase in the lungs of mice subjected to carrageenan-induced pleurisy after
treatment with the extract at doses of 125, 250 or 500 mg/kg. Data are presented as
mean =+ standard deviation of groups with 6 animals. *p<0.05 in comparison with
control by ANOVA followed by Newman-Keuls test.

Figure 2. Effect of the concentrate extract from M. oleifera seeds on the infiltration of
polymorphonuclear leukocytes in the lungs of mice subjected to carrageenan-induced
pleurisy assay (x 400). The fragments were stained with hematoxylin-eosin. (A)
Inflammation in mice treated with carrageenan. (B) Reduction of the presence of PLMN
in mice that were previously treated with the extract at 500 mg/kg. (C) Reduction of the
presence of PLMN in mice that were previously treated with the extract at 250 mg/kg.
(D) Extensive infiltration of PLMN in mice that were previously treated with the extract
at 125 mg/Kg. Lc = Leukocyte.
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Table 1. Cytotoxicity on human peripheral blood mononuclear cells and hemolytic
activity of M. oleifera seed extracts and lectins.

Cytotoxicity on human Hemolytic
peripheral blood mononuclear  activity
cells
Treatment ICsp (ng/mL) ECsy (ng/mL)
Aqueous extract 343+231 >2000
Diluted aqueous 144.8 £ 1.56 >2000
extract
cMoL 11.72 + 1.51 > 25
WSMoL >100 >25

Data are presented as mean + standard deviation of two independent experiments. ICsg
(the concentration that inhibits 50% of cell growth in regard to control) was calculated
by nonlinear regression. ECsg: the effective concentrations that cause 50% hemolysis in

regard to that observed in positive control.

Table 2. Effect of M. oleifera seed extracts and lectins on the viability of LPS-
stimulated peritoneal macrophages.

Viable cells (%)
Concentratio Aqueous Diluted cMoL WSMoL
n (ng/mL) extract aqueous
extract
6.25 77.56+4.3 NT 89.47+2.3 71.542.15
12.5 64.98+1.3 NT 66.4+0.9 73.8+1.7
25 57.95+0.5 NT 57.38+0.6 56.0+0.1
50 56.95+0.2 85.33+1.0 32.2+1.4 53.6+1.8
100 NT 57.9+1.6 14.4+0.8 17.5+41.5
200 NT 46.7+2.0 NT NT
400 NT 23.3+0.9 NT NT

Data are presented as mean + standard deviation of three independent experiments.
NT: not tested.
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Table 3. Effect of M. oleifera seed extracts and lectins (cMoL and WSMoL) on nitric
oxide production by murine macrophages stimulated with LPS.

Treatment NO (uM)
Control 1.18+0.09
LPS (1 pg/mL) 14.53+0.53"
Aqueous extract (6.25 pg/mL) 5.05+0.14™"
Diluted aqueous extract (50 pg/mL) 12.941.08"
cMoL (6.25 pg/mL) 4.24+0.8""
WSMoL (6.25pg/mL) 4.21+0.60"

Data are presented as mean + standard deviation of three independent experiments*
p<0.05 compared to control (cells in medium culture only) by ANOVA followed by
Newman-Keuls test. # p<0.05 compared to LPS (p<0.05) by ANOVA followed by
Newman-Keuls test.

Table 4. Effect of M. oleifera seed extracts and lectins (cMoL and WSMoL) on TNF-a,
IL-1P and IL-6 production by murine macrophages stimulated with LPS.

Treatment (ug/mL) TNF-a (pg/mL) IL-1p (pg/mL) IL-6 (pg/mL)
Control 52.3+£2.2 34.6+£2.6 351.4+33.7
LPS (1 pg/mL) 732.5+13.7 577.5+3.3" 410.4+23.8"
Aqueous extract (6.25 pg/mL) 100.0+19.3"  186.28+48.4"  401.6+8.0°
f;ﬁi(; aqueous extract (50 305.8+7.4%  26629+394™  419.3+03"
cMoL (6.25 pg/mL) 351.1+1.8" 114.7247.3%  403.8+18.1"
WSMoL (6.25ug/mL) 492246527 726.67+41.57  402.0+2.7

Data are presented as mean + standard deviation. * p<0.05 compared to control (cells in
medium culture only) by ANOVA followed by Newman-Keuls test. # p<0.05 compared
to LPS (p<0.05) by ANOVA followed by Newman-Keuls test.
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Table 5. Effect of M. oleifera aqueous extract (2000 mg/kg) on physiological parameters of
mice 14 days after administration.

Animal weight (g) Index of organs (mg/g)
Feed Water
Group intake (g) consumption
(mL)
Initial Final Liver Kidney  Spleen

Extract 16.85+£2.88 28.46+4.73  29.56+0.64 32.86+1.47 61.60+1.6. 4.85+0.12 5.78+0.50

Control 16.38+2.51 28.12+3.72 29.4£1.6 31.242.3  60.02+£2.45 5.41+£0.27 6.76+0.42

Data are presented as mean + standard deviation, with 3 animals per group. No statistical
differences (p>0.05) were identified by ANOVA followed by Newman-Keuls test.

Table 6. Effect of aqueous extract (2000 mg/kg) on hematological parameters of mice
14 days after administration.

Parameter Extract Control
Red blood cells (10°/mm”) 8.10+0.96* 11.17+0.30
Leukocytes (10°/mm?) 8.06+0.62* 12.5+1.0
Platelets (10°/mm?) 72.66+12.6* 250+9.19
Hemoglobin (g/dL) 14.66+0.15%* 17.8+1.27
Hematocrit (%) 42.76+3.97* 57.2+4.8
VCM (upg) 52.33+0.57 51+2.82
HCM (pg) 16.73+0.25 15.75+0.49
CHCM (%) 31.33+1.36 31.1+0.28

Data are presented as mean + standard deviation, with 3 animals per group. *p<0.05
with compared to control by ANOVA followed by Newman-Keuls test.
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Table 7. Number of polymorphonuclear leukocytes (x10°) in exudate of the pleural
cavity after 4 h of pleurisy induction by carrageenan in mice previously treated with
aqueous extract.

Number of polymorphonuclear

Treatment leukocytes Inhibition (%)
Control 11.1+1.1 -
Sham 2.2+0.1 -
Aqueous extract
125 mg/kg 6.1+0.9° 45.4
250 mg/kg 4.9+0.8° 56.1
500 mg/kg 3.240.4° 71.2
Dexamethasone 0.5 mg/kg 4.1+0.4" 63.6

Data are presented as mean + standard deviation of groups with 6 animals. * p<0.05 in
comparison with control by ANOVA followed by Newman-Keuls test.

Table 8. Effect of aqueous extract on nitric oxide production (uM) in the assay of
carrageenan-induced pleurisy.

Treatment NO (uM) Inhibition (%)
Control 35.5+1.5 -
Sham 2.73+0.6 -

Aqueous extract

125 mg/kg 11.8+1.6" 66.8
250mg/kg 4.68+1.7" 86.8
500 mg/kg 3.10+0.6" 91.3
Dexamethasone 0.5 mg/kg 2.54+0,1° 92.8

Data are presented as mean + standard deviation of groups with 6 animals. *p<0.05 in
comparison with control by ANOVA followed by Newman-Keuls test.
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Table 9. TNF-q, IL-1P and IL-6 (pg/mL) levels after the end of carrageenan-induced
pleurisy assay in exudate of the pleural cavity of mice previously treated with aqueous
extract.

Treatment TNF-a (pg/mL) IL-1p (pg/mL) IL-6 (pg/mL)
Control 469.4+21.2 723.8+18.7 429.20+15.3
Sham 6.7+1.3 7.1140.1 143.7+32.4

Aqueous extract

125 mg/Kg 440.0£39.7 529.449.4* 416.2+32.9
250mg/Kg 237.147.0* 191.3+40.1* 413.3+15.7
500 mg/Kg 167.3+36.1* 12.0+1.9* 424.1+14.1

Dexamethasone 0.5 mg/Kg  215.53+£58.14* 143.50+£33.08* 356.4+2,0*

Data are presented as mean + standard deviation of groups with 6 animals. *p<0.05 in
comparison with control by ANOVA followed by Newman-Keuls test.
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4 CONCLUSOES

e cMoL e o extrato aquoso sdao potencialmente citotdéxicos para células
mononucleares de sangue periférico humano, enquanto WSMoL e o extrato

aquoso diluido ndo reduzem a viabilidade destas células;

e Extrato aquoso, extrato aquoso diluido e as lectinas cMoL e WSMoL nao
apresentam atividade hemolitica sobre eritrdcitos murinos e atividade anticancer

sobre as linhagens cancerigenas NCI-H292, HT-29 e HEP-2;

e A utilizacdo de tnica dose elevada do extrato aquoso ndo promoveu toxicidade
sist€émica em camundongos, porém, o extrato pode atuar, potencialmente, como

imunossupressor;

e As preparagdes de M. oleifera com atividade anti-inflamatoria in vitro
interferem diferentemente na produgdo de mediadores inflamatérios com o
extrato aquoso ¢ cMoL reduzindo TNF-q, IL-1p e NO, extrato aquoso diluido
reduzindo TNF-a e IL-18 e WSMoL reduzindo TNF-a e NO.

e O estudo revelou que a atividade anti-inflamatoéria in vivo do extrato aquoso
também se d4 por meio da reducdo da migracdo leucocitiria na inflamacdo
aguda, niveis de TNF-a, IL-1B ¢ NO, bem como sobre a produg¢do da enzima

mieloperoxidase, sem alterar os niveis de IL-6.
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Manuscript Organization
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appropriate to combine sections. Guidelines for individual sections can be found below.

Abbreviations should be kept to a minimum and defined upon first use in the text. Non-standard
abbreviations should not be used unless they appear at least three times in the text.

Standardized nomenclature should be used as appropriate, including appropriate usage of species |
and Sl units.
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Title

Manuscripts must be submitted with both a full title and a short title, which will appear at the top of the PDF
upon publication if accepted. Only the full title should be included in the manuscript file; the short title will
be entered during the online submission process.

The full title must be 150 characters or fewer. It should be specific, descriptive, concise, and
comprehensible to readers outside the subject field. Avoid abbreviations if possible. Where appropriate,
authors should include the species or model system used (for biological papers) or type of study design
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Authors and Affiliations
All author names should be listed in the following order:

First names (or initials, if used),
Middle names (or initials, if used), and

Last names (surname, family name)

Each author should list an associated department, university, or organizational affiliation and its location,
including city, state/province (if applicable), and country. If the article has been submitted on behalf of a
consortium, all author names and affiliations should be listed at the end of the article.

This information cannot be changed after initial submission, so please ensure that it is correct.

To qualify for authorship, a researcher should contribute to all of the following:

Conception and design of the work, acquisition of data, or analysis and interpretation of data
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Drafting the article or revising it critically for important intellectual content
Final approval of the version to be published

All persons designated as authors should qualify for authorship, and all those who qualify should be listed.
Each author must have participated sufficiently in the work to take public responsibility for appropriate
portions of the content. Those who contributed to the work but do not qualify for authorship should be
listed in the acknowledgments.

When a large group or center has conducted the work, the author list should include the individuals wt
contributions meet the criteria defined above, as well as the group name.

One author should be designated as the corresponding author, and his or her email address or other
contact information should be included on the manuscript cover page. This information will be publishea
with the article if accepted.

See the PLOS ONE Editorial Policy regarding authorship criteria for more information.
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Abstract

The abstract should:

Describe the main objective(s) of the study
Explain how the study was done, including any model organisms used, without methodological detail
Summarize the most important results and their significance

Not exceed 300 words
Abstracts should not include:

Citations

Abbreviations, if possible
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Introduction

The introduction should:

Provide background that puts the manuscript into context and allows readers outside the field to
understand the purpose and significance of the study

Define the problem addressed and why it is important

Include a brief review of the key literature

Note any relevant controversies or disagreements in the field

Conclude with a brief statement of the overall aim of the work and a comment about whether that aim was

achieved
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Materials and Methods

This section should provide enough detail to allow suitably skilled investigators to fully replicate your study.
Specific information and/or protocols for new methods should be included in detail. If materials, methods,

and protocols are well established, authors may cite articles where those protocols are described in detail,
but the submission should include sufficient information to be understood independent of these references.

We encourage authors to submit detailed protocols for newer or less well-established methods as
Supporting Information. These are published online only, but are linked to the article and are fully
searchable. Further information about formatting Supporting Information files, can be found here.

Methods sections of papers on research using human or animal subjects and/or tissue or field
sampling must include required ethics statements. See theReporting Guidelines for human
research, clinical trials, animal research, and observational and field studies for more information.

Methods sections of papers with data that should be deposited in a publicly available database st
specify where the data have been deposited and provide the relevant accession numbers and version
numbers, if appropriate. Accession numbers should be provided in parentheses after the entity on first ...
If the accession numbers have not yet been obtained at the time of submission, please state that they will
be provided during review. They must be provided prior to publication.

Methods sections of papers using cell lines must state the origin of the cell lines used. See the Reporting
Guidelines for cell line research for more information.

Methods sections of papers adding new taxon names to the literature must follow the Reporting
Guidelines below for a new zoological taxon, botanical taxon, or fungal taxon.

Back to top

Results, Discussion, and Conclusions

These sections may all be separate, or may be combined to create a mixed Results/Discussion section
(commonly labeled "Results and Discussion") or a mixed Discussion/Conclusions section (commonly
labeled "Discussion"). These sections may be further divided into subsections, each with a concise
subheading, as appropriate. These sections have no word limit, but the language should be clear and
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Together, these sections should describe the results of the experiments, the interpretation of these results,
and the conclusions that can be drawn. Authors should explain how the results relate to the hypothesis
presented as the basis of the study and provide a succinct explanation of the implications of the findings,
particularly in relation to previous related studies and potential future directions for research.

PLOS ONE editorial decisions do not rely on perceived significance or impact, so authors should avoid
overstating their conclusions. See the PLOS ONEPublication Criteria for more information.
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will provide this information during the manuscript submission process.
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been submitted but not yet accepted should not be cited. Limited citation of unpublished work should be
included in the body of the text only as “unpublished data.”

References must be listed at the end of the manuscript and numbered in the order that they appear in the
text. In the text, citations should be indicated by the reference number in brackets. Journal name
abbreviations should be those found in the NCBI databases. A number of reference software companies
supply PLOS style files (e.g., Reference Manager, EndNote).

Proper formatting of the references is crucial; some examples are shown below.
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cloning and overexpression of ribosomal protein gene L9 (rpL9) of the giant panda (Ailuropoda
melanoleuca). Genet Mol Res 10: 1576-1588.

Note: Use of a DOI number for the full-text article is acceptable as an alternative to or in addition to

traditional volume and page numbers.

Accepted, unpublished papers. Same as above, but “In press” appears instead of the page numbers.
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Tables

Tables should be included at the end of the manuscript. All tables should have a concise title. Footnotes
can be used to explain abbreviations. Citations should be indicated using the same style as

outlined above. Tables occupying more than one printed page should be avoided, if possible. Larger tables
can be published as Supporting Information. Please ensure that table formatting conforms to

our Guidelines for table preparation.
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Figure Legends

Figures should not be included in the manuscript file, but figure legends should be. Guidelines for
preparing figures can be found here.

Figure legends should describe the key messages of a figure. Legends should have a short title of 15
words or less. The full legend should have a description of the figure and allow readers to understand the
figure without referring to the text. The legend itself should be succinct, avoid lengthy descriptions of
methods, and define all non-standard symbols and abbreviations.

Further information about figure legends can be found in the Figure Guidelines.
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3. Specific Reporting Guidelines
Human Subject Research

Methods sections of papers on research using human subject or samples must include ethics statements
that specify:

The name of the approving institutional review board or equivalent committee(s). If approval was not
obtained, the authors must provide a detailed statement explaining why it was not needed

Whether informed consent was written or oral. If informed consent was oral, it must be stated in the
manuscript:

Why written consent could not be obtained

That the Institutional Review Board (IRB) approved use of oral consent

How oral consent was documented
For studies involving humans categorized by race/ethnicity, age, disease/disabilities, religion, sex/gender,
sexual orientation, or other socially constructed groupings, authors should:

Explicitly describe their methods of categorizing human populations

Define categories in as much detail as the study protocol allows

Justify their choices of definitions and categories, including for example whether any rules of human
categorization were required by their funding agency

Explain whether (and if so, how) they controlled for confounding variables such as socioeconomic status,

nutrition, environmental exposures, or similar factors in their analysis

In addition, outmoded terms and potentially stigmatizing labels should be changed to more current,
acceptable terminology. Examples: "Caucasian" should be changed to "white" or "of [Western] European
descent" (as appropriate); "cancer victims" should be changed to "patients with cancer."
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For papers that include identifying, or potentially identifying, information, authors must download

the Consent Form for Publication in a PLOS Journal (PDF), which the individual, parent, or guardian must
sign once they have read the paper and been informed about the terms of PLOS open-access license. The
signed consent form should not be submitted with the manuscript, but authors should securely file it in the
individual's case notes and the methods section of the manuscript should explicitly state that consent
authorization for publication is on file, using wording like:

The individual in this manuscript has given written informed consent (as outlined in PLOS con
form) to publish these case details.

For more information about PLOS ONE policies regarding human subject research, see the Publication
Criteria and Editorial Policies.
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Clinical Trials

Authors of manuscripts describing the results of clinical trials must adhere to the CONSORT reporting
guidelines appropriate to their trial design, available on the CONSORT Statement website. Before the
paper can enter peer review, authors must:

1. Provide the registry name and number in the methods section of the manuscript

2. Provide a copy of the trial protocol as approved by the ethics committee and a completed CONSORT
checklist as Supporting Information (which will be published alongside the paper, if accepted)

3. Include the CONSORT flow diagram as the manuscript's "Figure 1"
Any deviation from the trial protocol must be explained in the paper. Authors must explicitly discuss
informed consent in their paper, and we reserve the right to ask for a copy of the patient consent form.

The methods section must include the name of the registry, the registry number, and the URL of your trial
in the registry database for each location in which the trial is registered.

For more information about PLOS ONE policies regarding clinical trials, see the Editorial Policies.
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Animal Research

Methods sections of manuscripts reporting results of animal research must include required ethics
statements that specify:

The full name of the relevant ethics committee that approved the work, and the associated permit
number(s) (where ethical approval is not required, the manuscript should include a clear statement of this
and the reason why)

Relevant details for efforts taken to ameliorate animal suffering

For example:

This study was carried out in strict accordance with the recommendations in the Guide for the Care
and Use of Laboratory Animals of the National Institutes of Health. The protocol was approved by
the Committee on the Ethics of Animal Experiments of the University of Minnesota (Permit
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Number: 27-2956). All surgery was performed under sodium pentobarbital anesthesia, and all
efforts were made to minimize suffering.

The organism(s) studied should always be stated in the abstract. Where research may be confused as
pertaining to clinical research, the animal model should also be stated in the title.

We encourage authors to use the ARRIVE (Animal Research: Reporting of /n Vivo Experiments)
quidelines as a reference.

For more information about PLOS ONE policies regarding animal research, see the Publication
Criteria and Editorial Policies.
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Observational and Field Studies

Methods sections for submissions reporting on any type of field study must include ethics statements that
specify:

Permits and approvals obtained for the work, including the full name of the authority that approved the
study; if none were required, authors should explain why

Whether the land accessed is privately owned or protected
Whether any protected species were sampled

Full details of animal husbandry, experimentation, and care/welfare, where relevant
For more information about PLOS ONE policies regarding observational and field studies, see
the Publication Criteria and Editorial Policies.
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Cell Line Research

Methods sections for submissions reporting on research with cell lines should state the origin of any cell
lines. For established cell lines the provenance should be stated and references must also be given to
either a published paper or to a commercial source. If previously unpublished de novo cell lines were used,
including those gifted from another laboratory, details of institutional review board or ethics committee
approval must be given, and confirmation of written informed consent must be provided if the line is of
human origin.

For more information about PLOS ONE policies regarding observational and field studies, see
the Publication Criteria.
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Table Guidelines

Tables submitted for publication should be included at the very end of the article file (.doc, .rtf, .tex).
Supporting Information tables should be submitted as separate files in any of the following formats
(although authors should aim to ensure that the file type is most appropriate to the information displayed):
Word (.doc), Excel (.xIs), PDF, PPT, JPG, EPS, or TIFF.
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Title and Footnotes

Each table needs a concise title of no more than one sentence, placed above the table with the table
number (e.g., Table 1). The legend and footnotes should be placed below the table. Footnotes may be
used to explain abbreviations.

Specifications

Tables that do not conform to the following requirements may give unintended results when publishec
Problems may include the movement of data (rows or columns), loss of spacing, or disorganization o
headings. Note: Multi-part tables with varying numbers of columns or multiple footnote sections shoul
divided and renumbered as separate tables.

In the published version, tables will be formatted in PLOS style. This includes alternate row shading,
content left-aligned in cells, title above the table and legend/footnotes below the table.

Tables must:

Be cell-based (e.g., created in Word with Tables tool (preferred) or in Excel).

Be editable (i.e., not a graphic object).

Have heading/subheading levels in separate columns.

Be no larger than one printed page (7 in x 9.5 in). Larger tables can be published as online supporting

information. Note: some wide tables may be printed sideways in the PDF.
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Tables must not:

Use returns or tabs within a cell.

Have color or shading.

Use lines, rules, or borders.

Contain spaces within cells to align text.

Have vertically merged cells; horizontally merged cells are fine.
Have inserted text boxes or pictures.

Have tables within tables.

Include empty columns, rows, or cells to create spacing.

Include hyperlinked text.
If your submitted table contains any of these elements, they will be returned for adjustments.

Figure Dimensions

Figures for publication will be sized to fit 1, 1.5, or 2 columns of the final printable PDF of the article.
Dimensions will also depend on the article type. Please follow the sizing recommendations below for your
original submission to create high-quality, appropriately sized figures. See Figure Types below for
descriptions and recommendations for line drawings, grayscale drawings, halftones, and combination
figures. See below for sizing information.

Figure Alignment

Figures will be left-aligned on the page or column, so please design them accordingly.

Figure Width

Widths depend on article type layout and are listed in the tables below, but must be within the minimum of
3.27in/8.3cm wide and the maximum of 6.83in/17.35cm wide. Figures can have a maximum heigh
9.19in/23.35 cm. If your figures have labels that are in 8 point type or if your figures are very detail
recommended that your figure be created so that it will span two columns. Images will be publishe
horizontal orientation, and cannot be rotated 90 degrees to have a vertical orientation. Please size

figure widths to one of the column sizes listed below.
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