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RESUMO

Relevancia etnofarmacologica:Dilodendron bipinnatum Radlk., Sapindaceae, é uma planta
nativa, mas ndo endémica no Pantanal. Preparados caseiros da entrecasca do caule sdo
utilizados em disturbios inflamatorios nas formas de decocto e macerado. Mostramos
recentemente, que estas preparacGes possuem propriedades anti-inflamatorias, que s&o
mediadas pela inibicdo da migracdo celular e pela modulacdo das citocinas Thl e Th2,
embora ndo elucidou-se 0 mecanismo de agdo molecular.

Objetivo: O objetivo do presente estudo foi investigar mais detalhadamente os mecanismos
responsaveis pelas propriedades anti-inflamatdrias do extrato hidroetanélico da casca do caule
de Dilodendron bipinnatum (EHDb).

Materiais e métodos: O p6 da entrecasca do caule foi macerado em solugdo hidroetandlica
70% (p/v, 1:3), e concentrado para a obtencdo do EHDb.A viabilidade celular, o estado redox
intracelular e as alteracdes no potencial da membrana mitocondrial (A¥m) foram avaliados
pelo pré-tratamento de 1 h com o EHDb em celulas RAW 264,7 estimuladas por 24 h com 1
pg/mL de LPS, ap6s marcacdo com Anexinna-V e 7-amino-actinomicina-D, DCFH-DA e JC-
1, respectivamente, por citometria de fluxo. O efeito do EHDb sobre os niveis das citocinas
(TNF-a, IL-1p e IL-10) e PGE, foram avaliados por ELISA e a expressdo das proteinas
citoplasmaticas MAPKs (p-p38, p-JNK e p-ERK), MKP-1 e COX-2 por western blotting.A
translocacdo nuclear de NF-xB foi avaliada por microscopia de imunofluorescéncia e 0s
resultados quantificados narelacéo nucleo: citoplasma.

Resultados: O LPS, EHDb e NAC demonstraram ser néo citotoxico, com viabilidade celular
em carca de 80%. EHDb atenuou a producdo de citocinas pro-inflamatérias (IL-1p e TNF-a) e
PGE; induzida por LPS, mas ndo afetou a IL-10. A producdo de ROS também foi inibida pela
HEDD (1, 5 ou 20 pg/mL), mesmo na concentracdo mais baixa; a 20 ug / mL, o HEDb foi
mais eficaz do que o NAC, que foi utilizado como controle positivo (74,1% e 66,2% de
inibicdo do efeito do LPS, respectivamente). O LPS induziu um aumento de A¥Ym (19,2%,
p<0,001), enquanto o HEDb inibiu a alteracio em A¥m (7,7% a 20 ug / mL, p<0,001). Os
resultados de western blotting mostraram que HEDDb inibiu a expressdao de MAPK p-p38, p-
JNK e COX-2, enquanto a expressdao de MKP-1 foi aumentada ep-ERK ndo foi afetada. O
LPS promoveu a translocagdo nuclear de NF-kB p65 (67%, p<0,01) em células RAW 264.7,
em comparacdo com o grupo basal (33%). O pré-tratamento com HEDb inibiu esta
translocacdo de NF-kB p65 (58% a 20 pg/mL, p<0,001). Conclusdo: A HEDb possui uma
potente atividade anti-inflamatéria e atua sobre maltiplos alvos e vias bioldgicas de potencial
relevancia terapéutica.

Palavras-Chave:Dilodendron bipinnatum, inflamacdo, MAPK, NF-kB, macrofagos, COX-2.



ABSTRACT

de OLIVEIRA, Ruberlei Godinho. Chemical characterization and study of activity and
anti-inflammatory mechanism of action hydroethanolic extract and compounds isolated
from the bark of Dilodendron bipinnatum Radlk.2017. 101 f. Tese (Doutorado) -
Universidade Federal de Mato Grosso, Cuiabd, 2017.

Ethnopharmacological relevance: Dilodendron bipinnatum Radlk., Sapindaceae, is a native
plant, but not endemic in the Pantanal. The inner stem bark preparations are used in
inflammatory disorders in the forms of decoction and maceration. We have recently shown
that these preparations have anti-inflammatory properties, which are mediated by the
inhibition of cell migration and the modulation of the Th1l and Th2 cytokines, although the
mechanism of molecular action has not been elucidated.

Objective: The objective of the present study was to investigate in detail the mechanisms
responsible for the anti-inflammatory properties of the hydroethanolic extract of the stem bark
of Dilodendron bipinnatum (EHDb).

Materials and methods: The powder of inner sterm bark was macerated in 70% (w/v, 1:3)
hydroethanolic solution and concentrated to obtain EHDb. Cell viability, intracellular redox
status and changes in membrane potential mitochondrial (A¥m) were evaluated by the 1 h
pretreatment with the HHDb in RAW 264.7 cells stimulated for 24 h with 1 pg/mL LPS, after
labeling with Anexinna-V and 7-aminoactinomycin-D, DCFH-DA and JC-1, respectively, by
flow cytometry. The effect of EHDDb on cytokines levels (TNF-a, IL-1f and IL-10) and PGE,
were evaluated by ELISA and the expression of the cytoplasmic proteins MAPKs (p-p38, p-
JNK and p-ERK), MKP-1 and COX-2 by western blotting. The nuclear translocation of NF-
kB was evaluated by immunofluorescence microscopy and the results quantified nuclear
nucleation: cytoplasm.

Results: LPS, EHDb and NAC demonstrated to be non-cytotoxic, with 80% average viability.
EHDDb attenuated the production of pro-inflammatory cytokines (IL-1p and TNF-a) and PGE,
induced by LPS, but did not affect IL-10. ROS production was also inhibited by HEDDb (1, 5
or 20 ug / mL), even at the lowest concentration; At 20 ug/mL, HEDb was more effective
than NAC, which was used as a positive control (74.1% and 66.2% inhibition of LPS effect,
respectively). LPS induced an increase of A¥m (19.2%, p<0.001), while HEDb inhibited the
change in AWYm (7.7% at 20 ug/mL, p<0.001). Results from western blotting showed that
HEDD inhibited the expression of MAPK p-p38, p-JNK and COX-2, whereas the expression
of MKP-1 was increased. p-ERK was not affected. LPS promoted nuclear translocation of
NF-kB p65 (67%, p<0.01) in RAW 264.7 cells, compared to the basal group (33%).
Pretreatment with HEDD inhibited this translocation of NF-«xBp65 (58% to 20 pg/ml,
p<0.001).

Conclusion: HEDb has a potent anti-inflammatory activity and acts on multiple targets and
biological pathways of potential therapeutic relevance.

Key words: Dilodendron bipinnatum, inflammation, MAPK, NF-kB, macrophages, COX-2.
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1. INTRODUCAO

1.1 Processo inflamatério

A palavra inflamag¢do deriva do termo grego “phogosis” e do latim “flama”
significando “atear fogo” ou “areas em chamas”, respectivamente. Papiros egipcios de 2.000
a.C. ja se referiam a inflamagdo ao relatarem a formacgdo de pus. Esse fendémeno foi
caracterizado pelos classicos sinais cardinais do processo inflamatério rubor, calor, dor e
tumor, descritos por Cornelius Celsus no primeiro século d.C. e pela “functio laesa” (perda de
fungdo) adicionado por Virchow no final do século XIX (WHITE; MANTOVANI, 2013).

A inflamacdo é uma resposta do sistema imune desencadeada por estimulos quimico,
fisico e bioldgico (MASKREY et al., 2011), sendo caracterizada por alteracdes vasculares e
celulares que representam uma ameaca a homeostase tecidual,e caracterizada na fase aguda
pelo aumento da permeabilidade vascular e extravasamento plasmatico, resultando em
acumulo de fluido, transmigracdo de leucdcitos e liberacdo de mediadores (citocinas,
quimiocinas e eicosanoides) para a area inflamada (FULLERTON; GILROY, 2016).

A ativacdo do sistema imune inato ocorre apds o reconhecimento de receptores
padrdes moleculares associados aos patdgenos (PAMPs - pathogen associated molecular
patterns) e/ou padrbes moleculares associados a danos (DAMPs - damage-associated
molecular patterns). Atualmente, varias classes desses receptores sdo bem elucidadas, a
exemplo dos receptores Toll like (TLRs - Toll-like receptors) e receptores Nod-like (NLR-like
receptors) (TABAS; GLASS, 2013).

O recrutamento de neutrofilos e macréfagos desempenham um papel fundamental na
iniciacdo das respostas inflamatorias sendo células versateis com mdaltiplas fungbes como a
fagocitose, producéo de citocinas e, os macréfagos também participam da apresentacdo de
antigenos (GINHOUX et al., 2016).

Na resposta imune adaptativa aumenta a especificidade através da proliferacdo e
diferenciacdo de antigenos especificos pelas células de memédria (linfécitos B), bem como
pela expansdo clonal dos linfocitos T (COHEN, 2010). Entre os quais, hd trés grupos
principais: as células B, responsaveis pela producdo de anticorpos (resposta humoral); as
células T, importantes na fase de inducdo da resposta imunolégica e as células NK, que sdo
células linfoides especializadas, as quais sdo ativadas durante a resposta inata (SUN et al.,
2012).

A expansdo clonal de linfocitos T e B ocorrem apds o reconhecimento aos antigenos

especificos, devido a um contato anterior através da exposicdo aos agentes imunogénicos,
2



resultando em uma populacdo de células de memdria capazes de responder ativamente ao
antigeno (LANGIER et al., 2010).

A modulacdo da resposta dos linfocitos é realizada de acordo com as caracteristicas
do agente invasor, sendo que nas infecgdes intracelulares ocorre a ativacdo dos macrofagos
macrofagos residentes e posterior liberacdo de IL-12 e ativacao linfocitos Thl desencadenado
a liberacdo de INF-y (Interferon gama) (ABBAS, 2003).

Na imunidade humoral, os linfocitos Th2 (T helper lymphocytes) ativam eosinéfilos e
mastocitos através da liberacdo IL-5 e IL-4; enquanto os linfdcitos B secretam anticorpos que
ativm e promovem opsonizacdo, citotoxicidade de células NK e degranulacdo mastocitéria.
Em adicdo, as células T CD4" diferenciam-se em subconjuntos de linfocitos T reguladores
(Treg - regulatory T cells) e o fator de crescimento transformante f1 (TGF-B1 - transforming
growth factor beta 1) promovendo a diferenciacdo de células Treg adaptativas, que suprimem
respostas de células T para evitar a autoimunidade (IWASAKI; MEDZHITQOV, 2010).

Dependendo da combinacdo dos mediadores inflamatorios, as células T naive
desenvolvem-se em diferentes linhagens: Thl, Th2, Thl7 e Treg. A citocina IL-12 induz
respostas Thl, e IL-4 em conjunto com as IL-5 e IL-13, séo fatores de diferenciacdo Th2. O
TGF-B promove o desenvolvimento de células Treg e diferenciam células T naive em células
Th17 em conjunto com a IL-6 (IWASAKI; MEDZHITOV, 2010).

O lipolissacarideo (LPS, lipopolysaccharide) presente na estrutura de parde bactérias
Gram negativas, ativam os macrofagos via reconhecimento por TLRy4, e desencadeia a
fosforilacdo subsequente de proteinas citoplasmaticas como as proteinas quinases ativadas por
mitdgenos (MAPK,Mitogen-activated protein kinases), incluindo a quinase reguladas por
sinal extracelular (ERK1/2,extracellular signal-regulated kinases), a JNK (JNK,Jun N-
terminal kinases) e a p38 MAPK (p38 kinase) (HOU et al., 2015),bem como os fatores de
transcricdo nuclear kappaB(NF-kB - nuclear transcription factor kappa B) e a proteina
ativadora 1 (AP-1,Activator protein 1) (SUN et al., 2013).

Estudos de Lee et al. (2012), relataram a fosforigagcdo oxidativa e das MAPK
promovem uma aumento de moléculas pro-inflamatérias, moléculas de adesdo intracelular
(ICAM, intercellular adhesion molecule;) e vascular celular (VCAM, cell adhesion
molecules), e transmigragédo (ECAM, epithelial cell adhesion molecule; PECAM, platelet and
endothelial cell adhesion molecule 1), fatores de crescimento, citocinas pro-inflamatorias
(TNF-a, IL-1p, IL-6), quimiocionas (IL-8), eicosanoides lipidicos (PGE; e LTB4), bem como
a ativacdo de enzimas induziveis (COX-2 e iNOS —inducible nitric oxide synthase) e de
espécies reativas de oxigénio intracelular (ROS - reactive oxygen species) (COSTA et al.,
2012).



Essas alteracdes citoplasmaticas e nucleares sistematizam as alteragcdes vasculares e
celulares do processo inflamatdrio, resposta imune, proliferacdo e sobrevivéncia celular
(LAWERENCE, 2009).

No entanto, a persisténcia dos estimulos flogisticos ou a desregulacdo dos mecanismos
na fase de resolucdo acarreta o surgimento da inflamacéo crénica devido a um desequilibrio
homeostatico nos processos fisioldgicos da inflamacdo. Reconhecidamente, sdo fatores
fundamentais na progressdo de uma ampla gama de doencas cronicas, incluindo, a
aterosclerose, artrite, doenca inflamatoria intestinal e neurodegenerativas, como o, Alzheimer
e a esclerose multipla (MASKREY et al., 2011).

O tratamento farmacoldgico da inflamacdo envolve, principalmente, o uso deanti-
inflamatorios ndo esteroidais (AINES) e esteroidais (AIEs). Os AINEs sdoos medicamentos
mais prescritos em todo o mundo, e objetivam o controle térmico, doloroso e do edema na
inflamacdo, atuando através da inibicdo da COX, e dessa forma inbindo a liberacdo de PGs
(FUNK, 2001). No entanto, essa clase de farmacostem mais de 50 anos de descoberta e seu
uso continuo apresentam efeitos colaterais gaves, como lesbes gastrointestinais e hepaticas
clinicamente significativas, bem como associados a alguns AINES um maior risco de eventos
cardiovasculares e renais (DIAZ-GONAZALES; SANCHEZ-MADRID, 2015).

Os AIEs (corticoides) possuem acentuda atividade anti-inflamatéria e
imunossupressora. Essa classe de farmacos atuam por mecanismos de repressao da transcri¢do
génica da enzima fosfolipase A, (via inducéo da expressdo de anexina-1), COX-2 e citocinas,
(associadas a inibicdo de ambas das atividades das MAPK p38 e JNK) (VOLMER, 2012).

Embora, apresentem prodigiosos efeitos terapéuticos, a administracdo de AIEssao
frequentemente, acompanhados por graves e, algumas vezes, irreversiveis efeitos colaterais,
como diabetes mellitus, sindrome de Cushing, osteoporose, atrofia cutanea, psicose,
glaucoma, entre outras (COSTA et al., 2012).

Em decorréncia das limitagbes do uso dos anti-inflamatorios, especialmente, em
pacientes que seus usos sejam contraindicados ou quando do uso cronico, faz necessario
abusca por novos agentes anti-inflamatérios, mais acessiveis e com menor incidéncia de
reacOes adversas e/ou toxicidade. Por outro lado, nos Gltimos anos tem havido intensas
pesquisaspor farmacos anti-inflamatorios que atuem na inibicdo ou modulagdo de NF-xB,
adesdo celulare MAPKS, conhecidamente relatadas como reguladores da expresséo
transcricional e pds-transcricional de genes induziveis em diversas situacdes fisiologicos e
patolégicos que apresentem menores efeitos colaterais (DZOYEM; ELOFF, 2015).

Nesse contexto, as plantas medicinais constituem fontes permanentes para

investigacdo de novas moléculas e desenvolvimentos de fitofaramos e/ou fitoterapicos anti-
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inflamatdrios, especialmente no Brasil, pais da megadiversidade floristica e énicocultural
(MMA, 2002; RBG KEW, 2016). Mato Grosso apresenta trés importantes biomas e rica
diversidade étnica cultural (CAMARGO et al., 2014) representada descendentes de europeus,
indios e africanos. Existe uma necessidade clinica de identificar novos compostos que sejam
seguros, para a prevencdo e tratamento de doencas inflamatdrias (Hur et al., 2012). Plantas
medicinais sdo alternativas viaveis para a descoberta de novos compostos bioativos mais
seguros (Gautam e Jachak, 2009).

De fato, ha evidéncias de que drogas derivadas dos produtos naturais modulam varios
mediadores inflamatorios, incluindo seus efeitos na expressao de moléculas pro-inflamatérias
que sdo chave a inflamacdo, como a Oxido nitrico sintase induzivel (iNOS), cicloxigenase
(COX-2), IL-1B, TNF-a e IL-10 citocinas (Bellik et al., 2013).

Tendo em vista a importancia do saber popular sobre plantas medicinais, bem como a
utilizacdo popular de D. bipinnatum em doencas inflamatorias, a elucidacdo do mecnismo de
acdo anti-inflamtério de D. bipinnatum, torna-se um passo fundamental no desenvolvimento
de futuro fitoterapicos e/ou fitofarmacos.

D. bipinnatum Radlk., Sapindaceae, é nativa, mas ndo endémica no Brasil, com ampla
distribuicdo geografica na Amazonia, Cerrado e floresta semidecidual, bem como em alguns
paises da América do Sul como Peru, Bolivia e Norte do Paraguai conforme Lista de Espécies
da Flora do Brasil (SOMNER et al., 2016). De acordo com estudos de Bieski et al. (2012) e
Steyermark(1987) D. bipinnatum é comumente conhecida na regido do Pantanal por “mulher
-pobre”, “maria-pobre”, “correiro”, “farinha-seca” or “mamona-pobre”.

H& poucos relatos na literatura sobre a D. bipinnatum e estes referem-se as suas
propriedades antimicrobiana (SANTOS et al., 2010), anti-inflamatéria (DE OLIVEIRA et al.,
2014) e toxicologica (DE AZEVEDO NETA MAHON et al., 2014). Os estudos fitoquimicos
sd0 escassos e descreveram as pesencas de saponinas esteroidais (Santos et al. (2010), taninos
e flavonoides (DE OLIVEIRA et al., 2014).



2. REVISAO DE LITERATURA

2.1 Plantas medicinais

A utilizacdo de espécies vegetais pelo homem, com fins medicinais, remonta a
antiguidade, e vem sedimentando-se ao longo do tempo, tendo ganhado grande impulso e
popularidadea despeito do poderio da industria quimico-farmacéutica (ROCHA et al., 2015).

Com a Declaracdo de Alma-Ata, em 1978, o uso de plantas medicinais passou a ser
oficialmente reconhecido pela Organizacdo Mundial de Saude (OMS), quando esta
recomendou a difusdo mundial dos conhecimentos necessarios para o seu uso (OMS, 2002).

Em sua 40 Assembleia Mundial de Salde (1987), a OMS reitera sua posicdo a
respeito da necessidade de valorizar-se a utilizagdo de plantas medicinais no &mbito sanitério,
levando-se em conta que 68% da populagdo mundial utilizam plantas ou preparados destas em
seus cuidados primarios de saude. Ao lado disso, destaca-se a participacdo dos paises em
desenvolvimento nesse processo, ja que possuem 67% das espécies vegetais do mundo
(BRASIL, 1990).Em sua estratégia global sobre medicina tradicional, complementar e
alternativa para o periodo de 2002-2005, a OMS reforgou 0 compromisso em estimular o
desenvolvimento de politicas publicas com o objetivo de ser inserido no sistema oficial de
salde dos 191 estados membros (OMS, 2002).

Estima-se que, aproximadamente, 40% dos medicamentos atualmente disponiveis foram
desenvolvidos direta ou indiretamente a partir de fontes naturais, sendo 25% de plantas, 12% de
microrganismos e 3% de animais (CALIXTO, 2000). Das 252 drogas consideradas basicas e
essenciais pela OMS, 11% sdo originarias de plantas e um numero significativo sdo drogas
sintéticas obtidas de precursores naturais (RATES, 2001). Entre os 51 medicamentos anti-
inflamatorios langados entre 1981 e 2010, 13 séo derivados de produtos naturais (NEWMAN;
CRAGG, 2012).

Mais ainda,o langamento da Politica Nacional de Plantas Medicinais e Fitoterapicos
em 2006, por meio do Decreto n° 5.813, constitui em parte essencial das politicas publicas de
salde, meio ambiente, desenvolvimento econémico e social como um dos elementos
fundamentais de transversalidade na implementacédo de a¢des capazes de promover melhorias
na qualidade de vida da populacgdo brasileira. Além, de proteger o reconhecimento depraticas
e saberes da medicina tradicional, contemplando interesses e formas de usos diversos, desde
aqueles das comunidades locais até o das industrias nacionais, passando por uma infinidade
de outros arranjos de cadeias produtivas do setor de plantas medicinais e fitoterapicos
(BRASIL, 2016).



Atualmente, os fitoterapicos constituem importante fonte de inovacdo em salde, sendo
objeto de interesses empresariais privados e fator de competitividade do Complexo Produtivo
da Saude. Esse contexto impde a necessidade de agdo transversal voltada ao fortalecimento da
base produtiva e de inovacgéo local e a competitividade da industria naciona (BRASIL, 2016).

Em outubro de 2014, o Ministério da Saude aprovou 19 projetos na area de plantas
medicinais e fitoterapicos através do edital SCTIE/MS 1/2014, aos quais foram destinados
uma verba total no valor de mais de 7 milhdes, com investimentos na aquisicdo de
equipamentos, insumos, contratacao de servicos e capacitacées (BRASIL, 2014).

O Brasil possui a maior biodiversidade mundial, que, associada a uma rica diversidade
étnica e cultural detém um valioso conhecimento tradicional associado ao uso de plantas
medicinais, tem o potencial necessario para desenvolvimento de pesquisas com resultados em
tecnologias e terapéuticas apropriadas. No entanto, menos de 10% das especies vegetais
foram avaliadas no que diz respeito as suas caracteristicas bioldgicas e menos de 5% foram
submetidas aos estudos fitoquimicos mais aprofundados (CALIXTO, 2000).

O estado de Mato Grosso ocupa lugar de destaque no cenério nacional e internacional,
por apresentar trés dos principais ecossistemas brasileiros (Pantanal, Cerrado e Floresta
Amazonica). Além disso, conta com diversas comunidades tradicionais, distribuidas em todo
o territdrio, formadas principalmente por indios, quilombolas e brancos de origem portuguesa,
cujos conhecimentos sobre plantas medicinais foram herdados de seus ancestrais, porém
encontra-se em risco de extingdo (MATO GROSSO, 2005).

Dentre o0s ecossistemas presentes no Brasil, destaca-se o Pantanal, a maior planicie
inundavel do mundo, com mais de 110.000 km?, reline um mosaico de diferentes ambientes e
abriga uma rica biota terrestre e aquatica. O fréagil equilibrio dos ecossistemas pantaneiros,
definidos por dindmicas de inundacdes periddicas, esta sendo ameagado pelas novas
tendéncias de desenvolvimento econdémico. Os modelos tradicionais de pesca e pecuaria estdo
sendo rapidamente substituidos pela exploragdo intensiva, acompanhada de desmatamentos e
alteracdo de areas naturais (MMA, 2007).

Hanke et al. (2016) afirmam que drogas anti-inflamatérias sdo um exemplo
impressionante de sucesso no desenvolvimento de farmacos com origem em extratos ou
decocgOes de plantas medicinais, como exemplo, folhas e casca do salgueiro (Salix alba).

Desta forma, observa-se a necessidade da elucidagdo quimica para a comprovagdo da
seguranca, eficacia e qualidade das diversas espécies utilizadas como medicinais,
especialmente do seu uso no registro e controle de qualidade dos medicamentos fitoterapicos
(FERREIRA, 2005).



Ha diversos estudos afirmando o papel vital de véarias plantas medicinais na remisséo
de processos inflamatoérios (SHAH et. al., 2010; de MORAIS LIMA et al., 2011; APU et. al.,
2012; ASIJA et. al., 2014; VISHAL et al., 2014). Ghasemian et al., (2016) demonstraram que
a Curcuma longa possue evidéncia clinica no tratamento de diferentes processos inflamatorios
crénicos, como artrite reumatoide, doenca inflamatoria intestinal e uveite. Estudo de revisdo
realizado por Marmitt et al., (2013), destacam a Aloe vera, Schinus terebenthifolius e Uncaria
tomentosa na Lista do RENAME e disponibilizadas no SUS como fitoterapico. Nesse
trabalho, aindarelatam que das 20 plantas de interesse, oito sdo nativas do pais, sendo
aCurcuma longa e Zingiber officinale com maiores nimeros de publicacbes com potencial
anti-inflamatorio.

Com relevancia entofarmacoldgica internacional, o grupo de pesquisa de
Farmacologia da UFMT publicou relevantes estudos como a atividade anti-inflamatoria de
importantes espécies de Mato Grossemse oriundos da Floresta Amazénica, Cerrado e
Pantanal.

Recenetemente Rosa et al. (2017) descreveram a atividade anti-alérgica de
Echinodorus scraber Ratj., chapéu-de-couro, em modelos murinos de asma e a inibicdo da
migracdo leucotiaria em camundongos estimulados com LPS. Com as mesmas atividades,
estudos com a Macroshiponia longiflora, velame branco ou velame do campo, foram

relatados por da Silva et al. (2014) e De Almeida et al. (2017) nos mesmos modelos.



2.2 Dilodendron bipinnatum

2.2.1 Habitat

D. bipinnatumRadIk. pertencente a familia das Sapindaceae, é uma arvore nativa, mas
ndo endémica no Brasil, com ocorréncia no Pantanal e Cerrado de Mato Grosso, e habitat
geralmente na floresta semidecidual, matas de galeria inundaveis, e desenvolve-se em solos
arenosos ou argilosos férteis (LORENZI, 2000). Com ampla distribuicdo geografica na
Amazonia, Cerrado e floresta semidecidual, bem como em alguns paises da América do Sul,
como Peru, Bolivia e Norte do Paraguai (SOMNER et al., 2016).

D. bipinnatumé uma &rvore de aproximadamente 12 metros de altura, caracterizada
por apresentar um conjunto de folhas com dentes convexos e visivelmente ciliados, pinadas
opostas, parte inferior das nervuras central e lateral possuindo tricomas espalhados e flores
normalmente com pétalas bem desenvolvidas, l6bulo do calice arredondado na porcéo apical
(GENTRY; STEYERMARK, 1987) (Figura 1).

Figura 1 - Dilodendron bipinnatum Radlk.

Fonte: Mahon (2012) e Lima (2013).

2.2.2. Usos populares



D. bipinnatum conhecida popularmente como “mulher-pobre”, tem seu macerado e
decocto da entrecasca do caule amplamente utilizada pelos pantaneiros do Mato Grosso para o
tratamento de inflamacdes uterinas, fraturas 6sseas, dores em geral e dermatites (BIESKI et
al., 2012).Estudos etnofarmacoldgicos em comunidades tradicionais do Pantanal Mato
Grossense revelaram que a entrecasca do caule é usada na forma de decocto e macerado,
tomando-se um copo de 150 mL, 2-3 vezes ao dia, por 15-30 dias. Ndo ha relatos de
toxicidade, por parte dos pantaneiros, sobre a utilizacdo destas preparacfes (BIESKI et al.,
2012).

Em investigacdo realizada por Neto et al. (2000) com espécies da familia Sapindaceae
do Estado de Mato Grosso do Sul, foi observado o potencial de D. bipinnatum como arvore de
madeira aproveitavel e com possibilidades ornamentais.Estudos de Resis et al. (2016) relatam
a influéncia do sombreamento no desenvolvimento inicial e eficiéncia no uso de nutrientes de

D. bipinnatum.

2.2.3 Fitoquimica

Os estudos fitoquimicos com o EHDb sdo escassos. Santos et al. (2010) relataram que
0 extrato etanolico das folhas e entrecasca de D. bippinatum apresentou, em sua composicéo,
uma mistura de esteroides (B-sitosterol, estigmasterol, campesterol e 3-O-B-d-citostenona)e
triterpenos (cicloeucalenol e 24-metileno cicloartanol).

A padronizacdo do EHDDb ja foi previamente realizada (DEOLIVEIRA et al., 2014),
através de analises fitoquimicas que envolveram a obtencdo de um cromatograma no HPLC,
revelando as presencas de flavonoides e taninos como classes metabdlicas majoritarias, tais

como, galato de epigalocatequina, catequina, &cido gélico e galocatequina.

2.2. 4 Farmacologia

Os estudos farmacoldgicos consistem em apenas dois trabalhos publicados
recentemente por de Oliveira et al. (2014) que demonstraram que o EHDb apresenta potente
atividade anti-inflamatoria aguda e de Azevedo Neta Mahon et al. (2014) relataram baixa
toxicidade aguda, subcrdnica e auséncia de citotoxicidade. Os estudos de mecanismos de acédo
anti-inflamatoria demonstraram que o EHDb atua por inibir a migracdo de leucocitos
(particularmente de neutréfilos), e as concentragdes de citocinas pro-inflamatérias (IL-1B e
TNF-a), a0 mesmo tempo que aumenta a concentragdo da citocina anti-inflamatéria 1L-10
(DE OLIVEIRA et al., 2014) no modelo de peritonite induzida por LPS em camundongos e
independentemente da via NO.

2.4 Proteinas quinases ativadas por mitégenos
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As MAPKSs sdo uma familia de serina-treonina quinases que medeiam & sinalizacao
intracelular associados com um papel critico na iniciacdo resposta imune inata e diversas
funcbes biologicas, incluindo a proliferagdo celular, diferenciacdo, a regulacdo de
nucleossomas e a expressdo génica, bem como a estabilidade do RNAm e a traducao de genes
pré-inflamatérios (GHOSH; DASS, 2008).

Considerada uma importante via ativada por diversos estimulos extracelulares e
intracelulares como o LPS bacteriano, fatores de crescimento, citocinas (TNF-a e IL-1p),
hormoénios, e varios fatores de “stress celular”, tais como ERO (citoplasmatico e
mitocondrial) (PARKet al., 2013).

Em cultura de células de macréfagos, o LPS ativa uma cascata de transducdo de sinal
apos o reconhecimento pelos receptores TLR4 acoplado a unidade mieloide (MyD88 -
myeloid differentiation primary response protein), pela via dependente da ativacéo do fator de
crescimento transformante (TGF-f — Transforming Growth Factor) ativadora da cinase 1
(TAK-1- Transforming growth factor beta-activated kinase 1)com fosforilagdo subsequente
da MAP3K que ativa uma MAP2K, que por sua vez ativa 0 MAPK por dupla fosforilagéo dos
residuos de treonina e tirosina (Thr-Tyr) (ARTHUR; LEY, 2013).

As trés principais MAPK efetoras sdo a p38, ERK1/2 e JNK sdo ativadas por
estimulos extra e intracelulares, incluindo fatores de crescimento peptidicos, citocinas,
hormonios, bem como o stress oxidativo (Kim et al., 2010). Apds a fosforilagdo as MAPK
promovem a transcricdo de AP-1 (c-Fos e c-Jun), ATF-2, ADP, CREB eSTATL1 e assim,
posteriormente a transcrigdo de citocinas pro-inflamatdrias (IL-1p ¢ TNF-a e IL-6) (TABAS;
GLASS, 2013), bem como enzimas como a COX-2 e iINOS (TSATSANIS et al., 2006).

Dentre as MAPKSs, a ERK compreende duas subunidades, ERK1/2, que possui um
papel central no controle da proliferacdo celular, sendo regulada rapidamente por agentes
mitogénicos, incluindo o fator de crescimento derivado de plaquetas (PDGF,platelet-derived
growth factor receptor), fator de crescimento epidérmico humano (EGF,humam epidermal
growth factor receptor) e o fator de crescimento do nervo (NGF, nerve growth factor). Em
células normais (ndo tumorais), sua ativacdo é primordial para um controle da fase G1 e
progressao para a fase S do ciclo celular (CARGNELLO; ROUX, 2011).

A JNK, por sua vez, é representada por trés subunidades efetoras principais JNK1,
JNK2 e JNK3. Sendo, as duas primeiras com uma ampla distribuicdo nos tecidos, enquanto
que JNK3 parece estar localizada principalmente no sistema nervoso central (SNC), testiculos
e no miocardio (ROY et al.,, 2008). Nesse contexto, JNK € considerada um alvo

potencialmente relevante no tratamento de doenca inflamatoria, pois regula a maturacéo e a
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atividade de células Te a sintese de citocinas pro-inflamatorias, tais como a IL-2, IL-6 e TNF-
o (BUBICI; PAPA, 2014).

As acgdes da via p38 MAPK tem sido associada a inflamag&o e, assim como a ERK, ao
crescimento, diferenciacdo e a morte celular. De acordo com estudos de Kaminska(2005) ha
quatro isoformas da p38 identificadas compartilhando cerca de 60% de homologia. Duas
isoformas (p38a e p38P) sdo ubiquamente expressas, p38y ¢ predominantemente expressa no
musculo esquelético, ao passo que a expressao génica da p386 localiza-se no pulméo, rim,
testiculo, pancreas e intestino delgado. Uma das principais funcfes das isoformas de p38 ¢ a
biossintese de citocinas pré-inflamatorias e a regulacdo de fatores de transcricéo, tais como, o
ATF-2 (YOKOTA; WANG, 2016).A p38 ativada induz a transcricdo de IL-1B, TNF-a ¢
INOS pela ativagdo de NF-xB. Em nivel pds-transcricional, a p38 melhora a estabilidade de
RNAmM contendo elementos ricos em AU (ARE), incluindo aqueles de TNF-a, COX-2, c-Fos
e IL-8 (KAMINSKA, 2005).

A maioria dos estimulos que ativam MAPK p38 é semelhante para as isoformas da
JNK (JNK 1/2/3). A fosforilacdo subsequente é desencadeada por citocinas pré-inflamatérias,
(TNF-a e IL-1p), mas também pelo aumento ERO (ASTOLFI et al., 2015). Com o advento de
inibidores especificos da p38 (SB203580), JNK (SP600125) e ERK (PD98025) pela
competicdo dos sitios intracelulares de ATP, tem-se buscado drogas para a modulacdo dessas
MAPKSs na clinica em diversas patologias inflamatérias (KIM et al., 2010; ASTOLFI et al.,
2015; SHIA et al., 2015; YOKOTA et al., 2015).

Figura I1.Nivel de sinalizacdo na inflamacdo e os candidatos a alvos terapéuticos. Ab, anticorpo; GR, de
receptores de glicocorticoides; IKK, IkB quinase; MAPK, proteina quinase ativada por mitgeno;
MCP-1, proteina quimiotatica de mondcitos-1; TNFR, receptor do fator de necrose tumoral, COX-
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2, ciclo-oxigenase 2; anti-inflamatorios nao esteroidais (NSAIDs, nonsteroidal anti-inflammatory

drugs).
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A — Receptores TLR, inflamossoma  Anticorpo neutralizador, inibidores de caspases |

B - IKK, JNK, MAPK p38, ERK Pequenas moléculas inibidoras das quinases

C- NF-xB, AP-1, ATF-2 Inibidores de ligantes, receptor dos glicorticoides

D - COX-2 Anti-inflamatorios ndo esteroidais (AINES)

E - MCP-1/CCR2 Anticorpos neutralizadores e pequenas moléculas inibidoras
F— TNF-a e IL-1P Anticorpos neutralizadores

G — Retroalimentagdo negativa Resolucéo (ex. resolvinas)

Fonte: Adaptado de Tabas; Glass (2013).

Entre os novos alvos farmacoldgicos anti-inflamatorios, merece destaque a MKP-1
(MKP-1 - protein kinase phosphatase-1), conhecida também como DUSP (DUSP, dual-

specificity phosphoprotein phosphatase) é uma proteina quinase fosfatase e tem sido descrita
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por regular negativamente a ativacdo da MAPK, em especial a p38 e JNK, em varios niveis,

incluindo transcricional, pos-transcricional e na estabilidade proteica(COMALADA et al.,

2012). Além disso, esta criticamente envolvida na sinalizacdo inflamatéria de macréfagos,

com participacdo na regulacdo negativa da producao de citocinas pro-inflamatorias in vitro e

in vivo (TUCSEK et al., 2011).

Segundo Wancket et al. (2012) a MKP-1 promove a acetilagdo em macrdfagos

estimulados com LPS, pois aumenta a afinidade entre MKP-1 e p38 e resultando na atenuagéo

e posterior desfosforilacéo de p38 e JNK.

Figura Il1l.Agentes reguladores e imunomoduladores da expressdo de MKP-1 (MKP-1, Mitogen-activated

protein kinase phosphatase).

Citocinas
pro-inflamatorias
INF-g e IL-1f8
= o TN\
i\ ',—"" :'\-_’_-/I
| 4" Y
E = MAPKs
p38, JNK, ERK
«5\ & |
(‘ + MSK1, 2
/
Citocinas
Moduladores anti- pro-inflamatorias
inflamatorios (.p/
IL-10 2
Glicocorticoides -
L-glutamina _ Resposta.
inflamatoria

Fonte: Adaptado de Wancket et al. (2012). Agentes imunomoduladores e reguladores da inflamacao, através da
modulacdo de MKP-1. Atraves da inducdo da expressdo de MKP-1, incluindo glicocorticoides, IL-10 e
L-glutamina, levando a desfosforilacdo de p38 e JNK e cosnequentemente atenuacdo da inflamag&o. Em
contraste, fatores pro-inflamatorias, incluindo as citocinas TNF-a e IL-1B que inibem a expressdo de
MKP-1, prolongando vias de sinaliza¢do p38 e JNK e aumentando a inflamagdo. ERK e p38 promovem
umaupregulationda expressdo de MKP-1 através da inducdo de MSK1(MSK-1, mitogen- and stress-

activated protein kinase-1) e MSK (mitogen and stress activated protein kinase-2).
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2.5 Fator nuclear kappa B

A familia NF-xB, que consiste de p65/RelA, cRel, RelB, p50, e p52, participam
diretamente da ativacdo da transcricdo de um amplo nimero de genes inflamatorios, presente
em quase todos os tipos de celulares. Sua modulacdo envolve numerosos processos
bioldgicos, tais como a inflamacdo, a imunidade, diferenciacdo, crescimento celular, apoptose
e tumorogénese (YEOM et al., 2015). Recentemente, a disfuncdo dessa via foi causalmente
associada a inumeras PAMPs mediadas pelo sistema imunoldgico e evidéncia crescentes
indicando a relagdo entre a progressdao e instalacdo de doencas malignas humanas
(ASHKENAZIA et al., 2016).

A ativacgdo das isoformas IKKa e IKKBregulam duas vias de sinalizagao divergentesdo
NF-kB, a via canonica (classica) e a via ndo canonica (alternativa)(HOESEL, 2013).Na
primeira, a sinalizacdo excitatéria pode ser mediada através de receptores TLR, receptor de
interleucina-1 (IL-1R), receptor de fator de necrose tumoral (TNFR), bem como de receptores
antigénicos. As moléculas tipicas de sinaliza¢do dessa via sdo as citocinas(TNF-o e IL-1p) e 0
LPS bacteriano. A estimulacdo através destes receptores leva a ativacdo do complexo IKB
quinase (IKK), que por sua vez fosforila IkBa e principalmente por IKK2 (GAMBLEet al.,
2012).

Na inflamacdo, afosforilacdode IKK (IxB kinase complex) conduz a degradacdo de
IkBa e, translocacdo nuclear do NF-xB para o ndcleo celular intensificando a transcrigdo
génica de COX-2 e iNOS, com o intuito de amplificar o sinal inflamatorio. Essas alteracdes
ocasionam umupregulating de moléculas de adesdo e quimiocinas (IL-8 e RANTES) no
interior dos tecidos e do endotélio. Além dos efeitos nucleares do NF-xB induzindo o
recrutamento e a ativacdo de células efetoras, inicialmente, de neutréfilos e macréfagos para o
sitio inflamatorio (ANTUS et al., 2015).

Na via alternativa de ativacdo de NF-xB, origina-se de diferentes classes de receptores
incluindo, o fator de ativacdo de células B (BAFFR- B-cell activation factor), receptor de
linfotoxina B (LTSR -lymphotoxin S-receptor), CD40, receptor ativador para o fator nuclear
kappa B (RANK-Receptor activator for nuclear factor kappa B), TNFR2 e Fnl4. Estes
conduzem a ativagdo da quinase indutora de NF-xB (NIK - inducing NF-kappaB-inducing
kinase), a qual fosforila e ativa predominantemente a IKKa. A atividade desta ultima enzima
induz fosforilacdo de pl00 resultando em sua ubiquitinacdo e degradacdo parcial para
p52(HOESEL, 2013).

Como a etapa de fosforilacdo proteica é um processo dindmico, no qual as fosfatases

contrabalangcam a ac&o das quinases, essas enzimas podem ser utilizadas para inibir a ativacdo
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de NF-xB. A fosfatase proteica 2, por exemplo, é uma serina/treonina fosfatase que foi
descrita com atividade de desfosforilar e modular a atividade de IKKB (GUPTA et al., 2010).

Na terapia anticancer, a inibicdo de NF-xB é pelo menos um mecanismo de agdo
importante através do blogueio do proteassoma, uma vez que a ativacdo de NF-xB requer a
degradacdo proteossomica de moléculas de IkB (YEOM et al., 2015). Estudos com a
desidroximetylepoxiquinomicina, um epoxiquinoide fingico que tem atividade anti-
inflamatoria e antitumoral em varios modelos de camundongos, tem sido relatada como sendo
um inibidor especifico da translocacdo nuclear do NF-kxB. Contudo, a combinacdo de agentes
quimioterapéuticos classicos com inibidores da ativacdo de NF-xB parece resultar em
sinergias promissoras (UMEZAWA, 2006).

Uma abordagem para inibir a ativacdo de NF-xB tém sido a acdo de peptideos que
atravessam a membrana celular e blogueiam a translocacdo nuclear do complexo NF-xB,
como por exemplo, 0 SN50, que inibe eficazmente a translocacdo nuclear de NF-xB induzida
por LPS e TNF-a em diferentes linhas celulares e atenua as respostas inflamatdrias in vivo
(GUPTA et al., 2010).

Além disso, 0 estrogénio e os moduladores seletivos dos receptores de estrogénio
(SERM), tais como o raloxifeno, podem inibir a ativagdode NF-xB. Os AINESs aspirina e 0
sulindac inibem a ativagdo do NF-«B pela inibi¢do da fosforilagdo de IkBa (YAMAMOTO,;
GAYNOR, 2001). Em concentracfes mais elevadas, demonstrou-se que a aspirina bloqueia a
atividade de NF-«B ligando-se diretamente e inibindo a atividade quinase de IKKf, reduzindo
a sua capacidade para se ligar a ATP, e ainda a atividade do proteassoma (DIKSHIT et al.,
2006).Nesse contexto, a terapia com aspirina em altas doses pode ter aplicagdes no tratamento
de doencas nas quais a atividade do NF-kB estd envolvida, incluindo cancer, diabetes e
doenca cardiaca (TAKADA et al., 2004).

Interessantemente, a industria farmacéutica Bayer lancou o TPCAL, que exibe
atividade inibitoria sobre a IKKa. O composto de Bristol Myers Squibb (BMS 345541)
também exibe a¢do contra IKKa e IKKp, exibindo seletividade de 10 vezes em relacdo a
IKKB (GAMBLE et al., 2012).

Assim como os alvos descritos acima, novas terapias para uso clinicos com menores
efeitos colaterais e/ou bloqueiam os reguladores citoplasmaticos (IKK e IKB), e a
segmentacéo da translocacéo nuclear do NF-xB ou mesma interfira alostericamente com a sua
ligacdo ao DNA, no nucleo celular, bem como downregulation dessasvias sdo drogas

promissores para o tratamento de doencas inflamatdrias (ASHKENAZI et al., 2016).

16



Figura IV. Receptores TLR4 (Toll like receptors) via ativagdo dependente de MyD88, levando a translocacao de
NF-xB para o nucleo e a transcrigdo génica de MAPK p38, ERK, JNK, e citocinas genes pro-
inflamatorias.

TLR
2t ASK1) TRX |
TIR domain MAL— rTMYDSB ) R e
i » ROS »| Remogio
} da inibicso
IRAK4]
(IRAKL[IRAKZ] ‘ (ASK1
GEIRAESS, TRAFZ)
o % ~Ub (TRAF6
[NE MOJ _ TAB2[TAB3)
(IKK1 [ IKK2 HP) «———(TAK1
_(p105)«——- il
(TLP2 | ABINZ]
(e2) (MKK3) <
p R,
—E (MKKG)
[MKK1) |
dkks) (p38a)
(ERK1) 0
(ERKZ | (P50 p6s) (MKZ)
: NExB !
TTNF IL-1p and IL-10 . Fen6tipo de macrofagos Pg’ﬁggioage

LIL-12, IFNB and iINOS pré-inflamatérias

Nature Reviews | Immunology

Fonte: Adaptado de Arthur; Ley (2013).

2.6 Espécies reativas de oxigénio

Neutréfilos e macrofagos desempenham um papel importante no mecanismo de defesa
do hospedeiro contra agentes invasores através da producdo de ERO, éxido nitrico (NO) e
citocinas (MITTAL et al., 2014). A geracdo de ERO em grandes quantidades tem sido
implicada na propagacdo da inflamacdo ao desencadear a liberagdo de mediadores pro-
inflamatdrios (LEDESMA et al., 2009).

A fagocitose estd associada a producdo de ERO por meio da exploséo respiratoria,
uma resposta efetora necessaria para a destruicdo de microrganismos intracelulares.
Embora,as ERO sejam principalmente produzidas pelo sistema NADPH oxidase de

membranas citoplasmatica nos fagdcitos, o metabolismo oxidativo mitocondrial é também
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uma das principais fontes de ERO celular. A producdo de mERO (Espécie reativas de
oxigénio mitocondrial) tem sido considerada uma consequéncia deletéria do transporte de
elétrons. No entanto, evidéncias indicam que mERO também facilitam a sinalizacdo na
resposta imune inata e na atividade bactericida dos fagdcitos (WEST et al., 2011).

O recente foco de pesquisa sobre a mitocondria é atribuido a observacdes de que a
organela esta envolvida na homeostase de ions celulares, estresse oxidativo, morte celular
apoptdtica e necrética (INDO et al., 2017). De fato, estudos de Li et al. (2013) identificaram
uma série de disturbios comuns com ligacdes aparentes as mitocéndrias, incluindo doencas
metabolicas (por exemplo, diabetes tipo 2) e cardiovasculares, cancer, doencas
neurodegenerativas, disturbios psiquiatricos, cefaleias da enxaqueca e processo de
envelhecimento, algumas das quais estdo associadas a mutacdes do DNA mitocondrial
(mtDNA). O interesse nessa organela esta associado ao seu papel na morte celular
programada, na qual os anions superdxido (O,") e seus produtos ERO e a disfuncdo no
processo de producéo de energia (ATP — adenosina trifosfato) sdo fatores subjacentes comuns
(KALUDERCICet al., 2014).

Embora, asERO possam danificar as proteinas celulares, lipideos e acidos nucleicos
através da oxidacdo, sdo também segundos mensageiros cruciais em varias vias de sinalizacdo
sensiveis aoxirreducdo. Como as mitocéndrias sdo uma fonte significativa de ERO em muitas
células eucaridticas, sdo sugeridas que ERO mitocondriais (MERO) modulem vérias vias de
sinalizacdo (PARK et al., 2015).

Vaérios estudos demonstraram que drogas antioxidantes como a N-acetil-L-cisteina
(NAC) podem inibir a ativacdo do NF-xB impedindo a translocacdo nuclear do NF-«B
(DIRSCHet al., 1998). Recentemente, foram detectados niveis significativamente elevados de
succinato (a um intervalo de alguns milimolar) em macréfagos expostos ao LPS,
aumentandoos niveis do succinato, intermedidrio do ciclo acido tricarboxilico nessa via
bioguimica, e atuando como um metabolito na sinalizacdo imune inata, que estabiliza HIF-1a
(HIF-1a -hypoxia inducible factorl alpha subunit) e aumenta a producdo de interleucina-13
durante a inflamagéo (TANNAHILL etal., 2013).

Mais ainda, o LPS estimula rapidamente a geracdo de mtERO e intracitoplasmatico
através da interacdo com a NADPH (nicotinamida adenina dinucleotideo fosfato-oxidase),
bem como,estimula a oxirreducdo do NF-xB e a transcricdo de genes de pro-inflamatdrios,
resultando em ativacdo das vias das MAPKSs, e a secrecdo de citocinaspro-inflamatorias,
principalmente TNF-a ¢ IL-1B.Assim, a modificacdo oxidativa de proteinas de sinalizacéo por
ERO e mtERO pode ser um mecanismo plausivel para a ativagdo de NF-xB e MAPK

(KASAHARA et al., 2011).
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Figura V.Papel importante ERO mitocondrial na regulacdo de inflamosoma, os complexos de alto peso
molecular ativadores de caspases e citocinas inflamatdrias em macréfagos.
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Fonte: Adaptado de Mitall et. al., (2014).

2.7 Asma alérgica

Em todo o mundo, estima-se que aproximadamente 300 milhdes de pessoas sofrem de
asma, sendo que 250.000 mortes sdo atribuidas a doenca a cada ano, podendo atingir em torno
de 100 milhdes até 2025 (GINA, 2017). No Brasil, had aproximadamente 20 milhdes de
asmaticos, se for considerada uma prevaléncia global de 10%, acarretando graves detrimentos
aos cofres publicos e morbidade aos pacientes acometidos (BRASIL, 2012).

A fisiopatologia da asma é caracterizada pela um processo inflamatdria
crénico,complexo e heterogéneo, com manifestagdes clinicas diversas, incluindo hiper-
responsividade das vias aéreas com producdo de muco, obstrucdo brénquica, edema, fibrose e
remodelacdo pulmonar em reposta aos estimulos ambientais (alérgenos) (OLIN; WECHSLER
etal., 2014).
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Essas caracteristicas decorrem da ativacdo do sistema imune (inato e adaptativo), up-
regulation de mediadores pré-inflamatérios como a histamina, leucotrienos (LTC,4, LTDy,
LTE,), bem como recrutamento de multiplas células infamatdrias, principalmente eosinéfilos
para 0s pulmdes (POSTMA et al., 2015). A amplificacdo e a severidade dos sintomas da asma
estdo diretamente integradas a participacdo dos linfocitos, de fenétipo Th2 que secretam as
citocinas IL-4 e IL-13 estimulando linfécitos B para troca de classe IgE, bem como a IL-5 na
diferenciacdo eosinofilica (BARNES, 2008).

Atualmente, o tratamento da asma baseia-se em uma farmacoterapia paliativa com
acao boncodilatadora (B-bloqueadores e antagonistas muscarinicos), anti-inflamatoria e
imunossupressora (corticoides inalatorios) e drogas antagonistas dos receptores de
leucotrienos (Montelukast®), porém com baixa resposta terapéutica e severos efeitos adversos.

A inflamacdo mediada por células Th2 em vias aéreas asmaticas é suprimida pelos
AlEs atraveés da inibicdo da expressdo de citocinas, quimiocinas e moléculas de adeséo, cujos
genes codificadores sdo regulados pelo NF-kB e a AP-1 (HOLGATE; POLOSA, 2008).
Embora, em asmaticos resistentes aos AIEs, ocorra uma maior morbidade, mortalidade e
prejuizos encondmicos. Além disso, os AlEs ndo séo inibidores eficazes das alteracbes da
remodelacdo das vias aéreas e do uso crbnico estar associados aos efeitos secundarios
debilitantes (NADER et al., 2012).

Portanto, sdo urgentemente necessarias, novas alternativas terapéuticas mais potentes,
seguras e com acessibilidade a populacdo, visando amenizar os mecanismos fisiopatoldgicos
graves responsaveis pelo fenotipo asmatico (KHORASANIZADEH et al., 2017).

Uma alternativa, embora com altos custos sdo os anticorpos monoclonais anti-
citocinas anti-IL-5 (mepolizumab e reslizumab), mas também anti-1L-4/13 (LIU et al., 2013;
HAMBLY; NAIR, 2014; SKLOOT, 2016; LEUNG et al., 2017), bem como o bloqueio de
IgE (omalizumab) com anticorpos monoclonais que elevada especificifidade (Figura V1).

Por estas razdes, inumerose studos que objetivam a comprovacdo da seguranca,
eficacia e qualidade dos produtos naturais tenham relatados promissores resultados in vivo e
in vitro para o tratamento da asma (WEI et al., 2012; TIWARI et al., 2014; HUANG et al.,
2016; MOREL et al., 2017; SHERGIS et al., 2016).
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Figura VI.
. MHC
Alérgeno class

T.17 cell

A inflamacéo alérgica tem sido caracterizada como uma doenca de células T auxiliares 2 (Th2).
Portanto, os esforcos para alterar o equilibrio das células Th2-Th1l na asma tém sido responsaveis,
quer por inibicdo de citocinas de células Th2 (em particular, IL-4, IL-13 e IL-5) ou Th1(IFN-y e IL-
12). A inibicdo do componente alérgico da asma atopica pode também ser conseguida utilizando
anticorpos monoclonais especificos para IgE. APC, célula apresentadora de antigénio; FceRl,
receptor de alta afinidade para IgE; Rh, recombinante humano; TCR, receptor de células T.

Liberacao de Mediadores:
I * Proteinas basicas
* Citocinas
* Leucotrienos

T cell

IL-17
IL-22

Liberacao de
Mediadores:
* Histamina

* Leucotrienos
* Prostglandinas
* Citoctnas

67\
Musculo liso '.i V'asos sanguineos
= g =

Céhula epitelial

Fonte: Adaptado de Holgate & Polosa (2008).

21



3. OBJETIVOS

3.1 OBJETIVO GERAL

Avaliar o mecanismo de acdo anti-inflamatorio do extratohidroetandlico da entrecasca

de Dilodendron bipinnatume de seus isolados em modelos experimentais in vivo e in vitro.

3.2 OBJETIVOS ESPECIFICOS

1. Coletar e identificacdo de material botanico;

2. Preparar o extrato e fragdes do EHDb pelo particionamento convencional,

3. Isolar e elucidar as estruturas dos compostos isolados;

4. Avaliar o efeito do EHDDb sobre a viabilidade celular e apoptose;

5. Avaliar a acdo do EHDb sobre as concentracdes de L-1p, TNF-a e IL-10in vitro;

6. Avaliar a acdo do EHDDb sobre as concentragdes de PGE;in vitro;

7. Avaliar a agéo in vitrodo EHDbsobre a expressdo de MAPKSs (p38, ERK e JNK), MKP-1,
COX-2;

8. Avaliar a acdo in vitro do EHDDb sobre a translocacéo nuclear de NF-xB;

9. Avaliar a acdo in vitrodo EHDb sobre a producdo de ERO e mtERO;

10. Avaliar a acéo in vitrodo EHDb sobre a enzima LOX;

11. Avaliar a acdo EHDbsobre a infiltragdo pulmonar de leucécitos emmodelo de asma
alérgica;

12. Avaliar a acdo do EHDDb sobre os niveis das citocinas IL-4, IL-5 e IL-13 em modelo de
asma alérgica;

13. Avaliar a acdo do EHDb sobre os niveis de IgE em modelo de asma alérgica;

14. Avaliar a acdo do EHD na histopatologia pulmonar em modelo de asma alérgica.
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4. RESULTADOS E DISCUSSAO

ARTIGO 1 - Dilodendron bipinnatum Radlk.inhibits pro-inflammatory mediators
through the induction of MKP-1 and down-regulation of
MAPKp38/JNK/NF-kB pathways and COX-2 in LPS-activated RAW
264.7 cells.
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Abstract

ETHNOPHARMACOLOGICAL RELEVANCE: The stem bark of Dilodendron
bipinnatum Radlk. (Sapindaceae), a tree native to Pantanal of Mato Grosso, Brazil, popularly
known as "mulher-pobre” (poor woman), has been historically used by the locals, after
decoction and maceration, for the treatment of inflammatory conditions. We have recently
shown that these preparations indeed possess anti-inflammatory properties, which are
mediated by the inhibition of cell migration and the modulation of Thl and Th2 cytokines.
The NO pathway was not affected.

AIM OF THE PRESENT STUDY:: The aim of the present study was to further investigate
the mechanisms responsible for the anti-inflammatory properties of the hydroethanolic
extract of the stem bark of Dilodendron bipinnatum (HEDDb).

MATERIALS AND METHODS: HEDb was obtained by maceration of the stem bark of
D. bipinnatum as previously described. The corresponding effects on a macrophage-like cell
line, RAW 264.7, were investigated. The apoptosis of RAW 264.7 upon treatment with LPS,
HEDb and N-acetyl-L-cysteine (NAC) was assessed by flow cytometry, using an Annexin V-
PE kit. The production of inflammatory cytokines (TNF-a, IL-1p and IL-10) and PGE; were
evaluated by ELISA, after cell challenge with LPS. The intracellular redox state and changes
in mitochondrial membrane potential were also assessed by flow cytometry, using DCFH-
DA and JC-1 as probes. The protein expression levels of MAPK p-p38, p-ERK, p-JNK,
MKP-1 and COX-2 were analysed by western blotting. Nuclear translocation of NF-xB was
assessed by immunofluorescence microscopy. The quantified results are presented as a
nuclear:cytoplasmic ratio.

RESULTS: LPS, HEDb and NAC did not appear to decrease the number of viable cells in
comparison to control treatment. HEDb attenuated the production of pro-inflammatory
cytokines (IL-1p and TNF-a) and PGE; induced by LPS but did not affect I1L-10. The
production of ROS was also inhibited by HEDb (1, 5 or 20 pg/mL), even at the lowest
concentration; at 20ug/mL, HEDb was more effective than NAC, which was used as a
positive control (74.1% and 66.2% inhibition of LPS's effect, respectively). LPS induced an
increase in AYm (19.2%, p<0.001), while HEDDb inhibited the change in A¥Ym (7.7% at
20pg/mL, p<0.001). The results of western blotting showed that HEDb inhibited the
expression of MAPK p-p38, p-JNK and COX-2, while the expression of MKP-1 was
increased. p-ERK was not affected. LPS promoted the nuclear translocation of NF-xB p65
(67%, p<0.01) in RAW 264.7 cells, in comparison to baseline (33%). Pre-treatment with
HEDD inhibited this translocation of NF-xB p65 (58% at 20pug/mL, p<0.001).

CONCLUSION: HEDDb has a potent anti-inflammatory activity and acts on multiple targets
and biological pathways of potential therapeutic

Keywords: Dilodendron bipinnatum, inflammation, MAPK, NF-kB, macrophages, COX-2.
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1. Introduction

Inflammation is a defensive response of the organism to infection, physical injury,
chemical, or even radiation (Maskrey et al., 2011).Macrophages play a key role in the
initiation of immune and inflammatory responses and are versatile cells that play many
functions such as phagocytosis, production of a wide range of core molecules and antigen
presentation (Ginhoux et al., 2016).

In response to many inflammatory stimuli, macrophages are activated via Toll-like
receptors (TLR), for example, LPS by binding to TLR4 triggers the subsequent
phosphorylation of cytoplasmic proteins such as mitogens activated protein kinases (MAPK)
p38, ERK JNK (Hou et al., 2015) and which together trigger activation of nuclear factor
kappa B (NF-kB) and subsequent transcriptional mediators that exacerbate inflammation
(Park et al., 2015).

These coordinated events, amongst several other effects, increase the production of
pro-inflammatory mediators like adhesion molecules, growth factors, pro-inflammatory
cytokines (TNF-a, IL-1B, IL-6), lipid eicosanoids (PGE2 and LTB4), as well as activation of
inducible enzymes (COX-2 and iNOS) and intracellular reactive oxygen species (ROS).
These cytoplasmic and nuclear alterations promote inflammation, augmented innate immune
response, vasodilation, cell proliferation and survival (Lawerence, 2009; Costa et al., 2012).

Although a natural response to harmful stimuli aiming to deal with the tissues
damaged and eradicates the initial cause of cell injury, inflammation is a generic process that
can be detrimental for the functioning of organism if not limited.

Current management if inflammation with non-steroidal anti-inflammatory drugs
(NSAIDs) is widespread but may not reduce disease progression, and currently there are no
treatments that effectively suppress chronic inflammation. Moreover, their continuous use
may lead to clinically significant gastrointestinal kidney damage, higher risk of cardiovascular
events, and liver injury, whether or not in tandem with inhibition of the COX-1 enzyme
(Diaz-Gonazales; Sanchez-Madrid, 2015).

In pursuit of safer and more effective compounds of less side effects, the medicinal
plants have been (and still remain) a vital source of therapeutics for various illnesses and
disease processes, including inflammation (Dzoyem and Eloff, 2015). However, the road
leading to the discovery and validation of novel compounds remains locked inside the floristic
biodiversity of our lands, with Brazil particularly amongst the countries with the largest
botanic wealth (MMA, 2002).
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Dilodendron bipinnatumRadlk., Sapindaceae, is a native, but not endemic to Brazil. It
is a tree characterized by outer margin leaflet teeth convex, noticeable ciliate leaflet margin,
the lower midrib and lateral nerves possess spreading hairs; flowers usually with small well-
developed petals with apically roundedcalyx lobes (Gentry; Steyermark, 1987). It is widely
distributed in Amazon, Cerrado (Brazilian Savanah) and Atlantic rain forest of Brazil where,
as well as in the South American countries such as Peru, Bolivia and North of Paraguay
according to List of Species of the Brazilian Flora (Somner et al., 2016).

It is popularly known as “mulher -pobre”, “maria-pobre”, “correiro”, “farinha-seca”
or““mamona-pobre” (Bieski et al., 2012; Gentry; Steyermark, 1987).

Ethnopharmacological Studies of traditional in the Pantanal Mato Grossense
communities revealed that the stem bark is used in the form of decoction and maceration by
taking a glass of 150 ml, 2-3 times a day for 15-30 days. There are no reports of toxicity by
the Pantanal dwellers on the use of these preparations (Bieski et al., 2012).

There are few reports in the literature on D. bipinnatum Radlk. and they refer to its
antimicrobial properties (Santos et al., 2010), anti-inflammatory (de Oliveira et al., 2014) and
toxicological analysis (de Azevedo Neta Mahon et al., 2014).

Preliminary phytochemical studies conducted by Santos et al. (2010) reported that the
ethanol extract of the leaves and bark of D. bipinnatum presented in its composition, a
mixture of steroids (B- sitosterol, stigmasterol, campesterol and 3-O-p-D-citostenone) and
triterpenoids (cicloeucalenol and 24-methylene cicloartanol). The standardization of HEDDb
was previously performed (de Oliveira et al., 2014) by means of phytochemical analysis
revealing the presence of flavonoids and tannins as major metabolic classes such as
epigallocatechin gallate, catechin, gallocatechin, and gallic acid.

Although there are reports involved in the anti-inflammatory action of hydroethanolic
extract of stem bark of D. bipinnatum (HEDb) by Oliveira et al. (2014), this study aimed to
investigate whether the signaling pathways of MAPKSs, cyclooxygenase and NF-KB
participate in of the anti-inflammatory effect of hydroethanolic extract of D. bipinnatum in
murine macrophages RAW 264.7 stimulated by LPS.

2. Material and Methods:
2.1. Botanic material

Inner stem bark of D. bipinnatum was harvested from Poconé, Mato Grosso, Brazil,
coordinates S 15°56°528 and W 05°70°567. The access to the associated traditional
knowledge and to genetic patrimony for the purpose of research was authorized by the
Council on Genetic Patrimony of the Ministry of Environment (CGEN/MMA\) under registry

number 045/2009. Botanical identification was done at the Herbario UFMT by Prof. Germano
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Guarim Neto and a voucher specimen (no. 20.529) was deposited at the same Herbarium. This

plant is not included in the list of endangered Brazilian plants.

2.2 Cell culture

Murine macrophage-like RAW 264.7cell lines were obtained from the Cell Bank of
Rio de Janeiro. The cells were maintained in DMEM (Dulbecco's modified Eagle's Medium
plus 10% fetal bovine serum), supplemented by penicillin (100 U/mL) and streptomycin (100
ug/mL), under a temperature of 37 °C, atmosphere of 5% of CO, and 90 % humidity.

2.4 Drugs and reagentes

Bradford reagent, Escherichia coli lipopolysaccharide (LPS, serotype 055:B8),
dexamethasone acetate, ethylenediaminetetraacetic acid (sodium-EDTA), bovine serum
albumin (BSA), Dulbecco's modified Eagle's medium (DMEM), sodium fluoride, sodium
orthovanadate, sodium pyrophosphate cocktail protease inhibitor tablets, N-Acetyl-L-cysteine
(NAC), ammonium persulfate, triton X-100 and trizma base were obtained from Sigma-
Aldrich (USA). JC-1 (BD™ MitoScreen, Heidelberg, Germany), PE Annexin V Apoptosis
Detection Kits (BD Pharmingen™ Heidelberg, Germany), 2',7'-dichlorodihydrofluorescein
diacetate (DCFH-DA, Invitrogen, USA) and fetal bovine serum (FBS - Cultilab, Sdo Paulo,
Brazil). Nitrocellulose membrane,precision plus protein kaleidoscope standards from Bio-
rad(Bio-rad Laboratories, Inc.). ECL Prime western blot detection reagent (GE Healthcare
Life Sciences, Brazil). Antibodies used werep-actin (sc-81178), GAPDH (sc-166545),
phospho-p38 (sc-398305), phospho-ERK1/2 (sc-7383), phospho-JNK (sc-6254), COX-2 (sc-
376861), MKP-1 (sc-271684), NF-kB p65 (sc-56735) and horseradish peroxidase-labeled
secondary antibody (sc-358914) was from Santa Cruz Biotechnology Inc. All reagents and

drugs used were of analytical grade.

2.5. Extract preparation

The inner stem bark of D. bipinnatum was cleaned, dried at room temperature, and
milled in an electric mill (model TE-625 Tecnal, S&o Paulo, Brazil) with mesh sieve size 40.
The dried powder obtained was macerated in 70% hydroethanolic solution (1:3, w/v) for 7
days, filtered and concentrated in a rotary evaporator (Marconi MA 120, Sdo Paulo, Brazil)
under reduced pressure of 600 mm Hg at 40°C. The residual solvent was eliminated in an
oven at 45°C, for 24 h, obtaining HEDb, which was stored in amber bottle and kept at 4°C. At

the time of use, HEDb was dissolved in distilled water to obtain the desired concentration.
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2.6 Cell viability assay

Flow cytometry data analysis was performed using the Annexin V-APC kit of BD
Pharmingen (BD Biosciences, Heidelberg, DEU) according to the kit manual. In brief, RAW
264.7 cells, of density 3x10° cells per dish were plated on a 12-well microplate containing
medium (growth control) with/without HEDb at concentrations of 1, 5 and 20 pg/mL for 24 h,
were harvested and washed twice with cold phosphate buffer saline (PBS). Cells were then
resuspended in one time binding buffer (0.1 M Hepes, pH 7.4, 1.4 M NaCl, 25 mM CaCl,) at a

concentration of 1 x 106 cells/mL. To 100 pL of this cell suspension, 5 uL Annexin V-APC
and 5 pL of 7-amino-actinomycin D (7-AAD; included in the kit) were added and incubated
for 15 min in the dark. Then 400 uL of 1X binding buffer was added. Within 1 h FACS
analysis was performed at an excitation wavelength of 650 nm. Data were analyzed by using
the CellQuest software program (Becton Dickinson, USA). For each sample, 20,000 events
were collected.Values of 1C50>30 pg/mL were considered non-cytotoxic (Suffness and
Pezzuto, 1990).

2.7  Anti-inflammatory assays
2.7.1 Cytokine quantification in the cell culture

RAW 264.7 cells were pretreated by with or without HEDb (1, 5 and 20ug/mL) for 1 h
and stimulated by LPS (1 pg/mL) for 24 h. The levels of cytokines (pg/mL) TNF-a, IL-1p and
IL-10 were determined using ELISA Kit (eBioscience, USA), in accordance with
manufacturer's instructions. Microplate reader Multiskan® (Thermo Scientific, USA) was
used for reading the absorbance.

2.7.2 Measurement PGE;

RAW 264.7 (5x10° cells/well) were seeded onto a 12-well culture plate at 37 °C for
overnight in medium. The cells were pre-incubated with different concentrations of HEDbD (1,
5 and 20 pug/mL) and Indomethacin (15 pg/mL) for 1 h and then stimulated for 24 h with or
without LPS. The PGE, concentration in the culture supernatant was also measured using an
enzyme immunoassay kit (Cayman Chemical, Ann Arbor, MI, USA) according to the
manufacturer's instructions.

2.7.3 Determination of intracellular reactive oxygen species

Flow cytometry data analysis was performed using the molecule 2',7'-
dichlorofluorescein diacetate (DCFH-DA) freely permeates cells, and following incorporation
into cells, is converted into the fluorescent 2,7-dichlorofluorescein (DCF) by oxidative

substances, revealing the intracellular production of redox-active substances.In brief, RAW
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264.7 cells, of density 3x10° cells per dish were plated on a 12-well microplate containing
medium (growth control) with/without HEDb (1, 5 and 20 pg/mL) and NAC (10 pg/mL) for
24 h, were harvested and washed twice with cold PBS and incubated with 3 uM DCFH-DA
for 30 min at 37°C in the dark. Following washing with cold PBS, the fluorescence was
captured using a FACS Accuri C6 flow cytometer (BD Biosciences, San Jose, CA, USA), for
each sample, 20,000 events were collected. DCF fluorescence was measured at an excitation
wavelength of 488 nm and emission at 515-540 nm. Data were analyzed by using the
CellQuest software program (Becton Dickinson, USA).

2.7.4 Detection of mitochondrial membrane potential

Flow cytometry data analysis was performed using the molecular probe JC-1 (BD™
MitoScreen Kit, USA) to detect apoptosis from changes in mitochondrial membrane potential
(A¥m) due to the accumulation of JC-1 aggregates. In brief, RAW 264.7 cells, of density
3x10° per dish were plated on a 12-well microplate containing medium (growth control)
with/without HEDb with concentration from 1, 5 and 20 pg/mL for 24 h, were harvested and

washed twice with cold PBS. Cells were then resuspended in PBScold supplemented and

6
containing JC-1 at a concentration of 1x10 cells/well and incubated with for 15 min at 37 °C.
The cells were washed according to the kit protocol, for each sample, 20,000 events, were

acquired on a BD Accuri C6 flow cytometer using the kit template.

2.7.5 Western blot analysis

RAW 264.7 were seeded overnight at a starting density of 2 x 10° cells/mL to a 6-well
plate. The cells were incubated in the medium (growth control), HEDb (1, 5 and 20 pg/mL)
for 1 h. After, the cells were incubated to LPS challenge to evaluated to response of MAPK
(p38, JNK e ERK) and nuclear factor kappa B (NF-KBp65), for Mitogen-activated protein
kinase phosphatase 1 (MKP-1) for 4 h and 24 h for COX-2. Cells were harvested in ice-cold
lysis buffer containing (0.5 mM sodium ortavanadate, 1 mM EDTA, protease inhibitor
mixture and phosphate-buffered saline, pH 7.4). The cell lysate was obtained from the
supernatant after centrifugation at 14.000 rpm 4° C 30 min. The protein concentration was
determined using a Bradford assay kit (Sigma-Aldrich, USA). Equal amounts of proteins were
blotted onto a membrane nitrocellulose (Bio-Rad, Hercules, CA, USA). Proteins (40 pg/lane)
were separated on 12% SDS-polyacrylamide gel electrophoresis (SDS-PAGE) gels and then
transferred to nitrocellulose membranes (Bio-radLaboratories, Inc.). The transferred proteins
were incubated 4 h at 4°C with a dilution of primary antibody for the p-ERK1/2, p-p38, p-

JNK, MKP-1, NF-KBp65, COX-2 and g-actin or GAPDH and then washed four times with
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Tris-buffered saline (TBS) containing 0.5% Tween-20 (TBS-T, pH 7.4) for 10 min. After
washing, the blots were incubated with horseradish peroxidase-conjugated secondary
antibody for 2 h and again washed four times in TBS-T. Appropriate horseradish peroxidase-
conjugated secondary antibody was used for 2 h at room temperature in 1:10.000 dilutions
(Santa Cruz Biotechnology- USA). The membranes were developed with chemiluminescent
detection ECL Prime (GE Healthcare Life Sciences, Brazil). The intensity of each band was
quantitatively determined using Chemidoc (Bio-radLaboratories, Inc.) and quantitatively

determined using Image J software (http://rsb.info.nih.gov).

2.8 Data analysis

The results were expressed as mean + standard error medium (X £ SEM). Comparisons
between means were analyzed by one way analysis of variance (ANOVA). When significant,
it was followed by multiple comparisons of Student-Newman-Keuls test. P values < 0.05
were considered significant. The assays were performed in triplicate. All values were
analyzed with GraphPad Prism® software version 5.01. Inc. La Jolla, CA 92037 USA

(www.graphpad.com).

Results
3.1 HEDD did not alter cell viability

Stimulation of RAW 264.7 cells with LPS (1 / ml) did not affect cell viability as
compared to baseline group (80%). Similarly, pretreatment with HEDb (1, 5 and 20 ug/ mL)
and NAC (10 mg / ml) did not cause cytotoxicity compared to LPS group (80% of cell
viability) (Figure 1A and 1B).
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Figure 1. A: Histogram of flow cytometry analysis of mitochondrial membrane potential from LPS induced
depolarization in RAW 264.7 macrophages. Q2LL represents viable cells. B:Effects of 70% hydroalcoholic
extract of Dilodendron bipinnatum inner stem bark (HEDb - 1, 5 and 20 pg/mL), and N-acetyl cysteine (NAC -
10 pg/mL) on cell viability of cell RAW 264.7 with the annexin V-APC and 7-amino-actinomycin D (7-AAD)
kit after 24 h of treatments and LPS (1 ug/mL). Cells (20,000) were measured in each single experiment.
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3.4.3.3 HEDb attenuates LPS-induced IL-1p and TNF-a production in RAW 264.7
macrophages

The concentration of IL-1B in the basal group was 8.7+5.07 pg/mL. The stimulated
group, with received LPS presented an increase of 94.8% (p<0.001) in the concentration of
IL-1 g when compared to basal group. Pretreatment with HEDb reduced in a dose dependent
manner the IL-1f3 concentration in the cell supernatant, with the highest inhibitory effect of
61.5% (p<0.001) at the highest concentration tested (20 ug/mL) (Figure 2).

TNF-a concentration determined in the supernatant of RAW 264.7 cells was 368.0
+150.4 pg/mL. The LPS group showed an increase of 152% (930.2 + 258.8, p<0.001) in the
concentration of this cytokine, in relation to baseline group (Figure 3).

Pre-treatment with the extract reduces TNF-a concentration only at 20 ng/mL (27.9%,
p<0.05). At 10 pg/mL of dexamethasone a decrease of 48% (p<0.01) occurred when
compared to LPS group.

The IL-10 concentration determined in the supernatant of RAW 264.7 cells was 123.4
+ 0.81 pg/ml. LPS induction had no effect on the IL-10 levels (p>0.05) in relation to the
baseline group. Pretreatment with HEDDb (1, 5 and 20 / ml) and 10 ug/mL dexamethasone did
not affect (p>0.05) IL-10 levels in the cell supernatant when compared to cells stimulated
with 1 pg/ml LPS.
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Figure 2.Effect of 70% hydroalcoholic extract of Dilodendron bipinnatum inner stem bark (HEDb - 1, 5 and 20
ug/mL), and dexamethasone (Dexa — 10 pug/mL) for 1 hour before a 24-h incubation with LPS (1 ug/mL).The
concentration of IL-1pwas measured in culture medium using a commercial enzyme-linked immunosorbent
assay Kit. The vertical lines represent S.E.M. One-way analysis of variance (ANOVA), followed by Student-
Newman-Keuls test. ""'p < 0.001 vs. basal; ***p < 0.001 vs. LPS.”p < 0.05 and *p < 0.01 vs. 20 pg/mL.
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Figure 3.Effect of 70% hydroalcoholic extract of Dilodendron bipinnatum inner stem bark (HEDD - 1, 5 and 20
pg/mL), and dexamethasone (Dexa — 10 pg/mL) for 1 hour before a 24-hour incubation with LPS (1 ug/mL).The
concentration of TNF-awas measured in culture medium using a commercial enzyme-linked immunosorbent
assay kit. The vertical lines represent S.E.M. One-way analysis of variance, followed by Student-Newman-Keuls
test. "'p < 0.001 vs. basal; “p < 0.05 and “"p < 0.01 vs. LPS.

3.4.3.3 HEDD attenuates LPS-induced PGE; production in RAW 264.7 macrophages

The basal concentration of PGE2 in the culture medium of RAW 264.7 cells was
31.87 = 3.9 pg/mL. LPS treatment significant increased PGE, production and release (94.8%,
p<0.001). Pre-incubation with HEDb reduced PGE2 concentration in culture medium
(significant only at 20 pg/mL, 61.48%, p<0.001), but not to the basal level, while
indomethacin (positive control) decreased PGE2 to the basal levels (99.6%, p<0.001) (Fig. 4).
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Figure 4.Effect of 70% hydroalcoholic extract of Dilodendron bipinnatum inner stem bark (HEDD - 1, 5 and 20
pg/mL) and indomethacin (Indo — 15 ug/mL) for 1h before a 24h incubation with LPS (1 pg/mL). The
concentration of PGE,was measured in culture medium using a commercial enzyme-linked immunosorbent
assay Kit. The vertical lines represent S.E.M. One-way analysis of variance, followed by Student-Newman-Keuls
test. "'p < 0.001 vs. basal; “p < 0.05 and “p < 0.001 vs. LPS
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3.5.1 HEDb attenuates LPS-induced intracellular ROS production in RAW 264.7
macrophages

The level of ROS in response to LPS was increased by about 248.6% (p <0.001) in
relation to baseline group (222.6 = 66.3). HEDDb inhibited in a non-concentration — dependent
fashion the ROS production to its highest effect with 20 pg/mL (67.5%, p<0 .001). NAC (10
pug/mL), the standard used in this assay, inhibited ROS production by 76.8% (p<0.001)
compared to the LPS group (Figure 5A and 5B).
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Figure 5. A. Histogram of flow cytometry analysis of ROS production induced by LPS in RAW 264.7 cells. B.
Effects of 70% hydroalcoholic extract of Dilodendron bipinnatum inner stem bark (HEDDb - 1, 5 and 20 pg/mL),
and N-acetyl cysteine (NAC - 10 pg/mL) on lipopolysaccharide (LPS)-induced intracellular reactive oxygen
species (ROS) production.The cellswere pretreated forl h before 24 h incubation with LPS (1 pg/mL). The
concentration of ROS was measured in the cells were exposed to 2’,7"-dichlorofluorescein diacetate (DCFH-DA
- 3 uM) for 30 min. The vertical lines represent S.E.M. One-way analysis of variance, followed by Student-
Newman-Keuls test. ""p<0.001 vs. basal; ***p<0.001 vs. LPS.

3.5. HEDD protects A¥m from LPS induced depolarization in RAW 264.7 macrophages

LPS treatment for 24 h caused a marked increase (19.2%, p <0.001) in mitochondrial
membrane depolarization compared to untreated cells (3.1%). All concentrations of HEDD (1;
5 or 20 pg/mL) prevented the mitochondrial membrane depolarization induced by LPS,
reaching the maximal value with 5 pg/mL (6.6 £ 1.0%, p < 0.001) relative to LPS treated cells
(19.2 £ 0.2%) (Fig. 5A and B).
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Fig. 6.Histogram of flow cytometry analysis of mitochondrial membrane potential from LPS induced
depolarization in RAW 264.7 macrophages (A). Effect of HEDb (1; 5 or 20 pg/mL) on LPS-induced changes of
mitochondrial membrane potential (A¥Ym) of RAW 264.7 macrophages (B). The mitochondrial membrane
potential was measured by the JC-1 assay for flow cytometry (0.5 uM, 30 min). Mitochondrial depolarization is
indicated by a decrease in the red/green fluorescence ratio. Results are expressed as mean + standard error mean.
Statistical significance was evaluated by one-way analysis of variance, followed by Student-Newman-Keuls test.
++1p < 0.001 vs. basal; *** p < 0.001 vs. LPS.

3.5.3 HEDD inhibits LPS-induced MAPK p-p38 and p-JNK activation in RAW 264.7
macrophages

LPS-stimulation of the RAW cells caused significant increase (94.6%, p<0.001;
72.1%, p<0.001; 60.2%, p<0.001) in the expression of p38-p, p-ERK1 / 2 and p -INK,
respectively, compared to the baseline group. HEDb at the three concentrations tested
inhibited in a non-concentration dependent manner the phosphorylation of p-JNK, causing
maximum effect at 1 ug/mL (57.6, p<0.001). At 5 and 20 pg/mL HEDb attenuated in a
nonconcentrated fashion, the p-p38 phosphorylation, producing maximum effect at 5 ug/mL
(52%, p<0.001) when compared with LPS group. None of the three concentrations HEDb
tested produced inhibition of p-ERK phosphorylation. The positive controls SB203580 (0.1
mM), PD98025 (10 mM) and SP600125 (10 uM) inhibited P-p38 (86%; p <0.001), p-ERK
(72%, p <0.05) and p-JNK (p <0.001) phosphorylation respectively, compared to LPS group
(Figure 7,8 and 9).
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Figure 7.Effect of 70% hydroalcoholic extract of Dilodendron bipinnatum inner stem bark (HEDbD - 1, 5 and 20
pg/mL) and positive control SB203580 (0,1 uM) on the levels of p-p38 in RAW 264.7 cells stimulated with
lipopolysaccharides (LPS, 1 pg/mL) after 30 min. The p-p38 levels were normalized against B-actin. The relative
intensity (%) was calculated by the ratio of p-ERK / B-actin and expressed as percentage inhibition compared to
LPS group. Each column represents the mean of 3 independent experiments. The vertical bars indicate S.E.M.
One-way ANOVA followed by Student-Newman-Keuls test. 1 p <0.01 versus untreated control (baseline) and
** p <0.01, *** p <0.001 versus LPS treated.
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Figure 8. Effect of 70% hydroalcoholic extract of Dilodendron bipinnatum inner stem bark (HEDbD - 1, 5 and 20
pg/mL)and positive control (PD980125 - 10 uM) on the levels of p-ERK in lipopolysaccharides -stimulated
RAW 264.7 (LPS, 1 pg/mL) after 30 min. The p-ERK levels were normalized against B-actin. The relative
intensity (%) was calculated by the ratio of p-ERK/B-actin and expressed as inhibition percentage compared to
LPS group. Each column represents the mean of 3 independent experiments. The vertical bars indicate S.E.M.
One-way ANOVA followed by Student-Newman-Keuls test. T1 p<0.01 versus untreated control (baseline) and *
p<0.05 versus treated with LPS.
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Figure 9.Effect of 70% hydroalcoholic extract of Dilodendron bipinnatum inner stem bark (HEDbD - 1, 5 and 20
pg/mL)and positive control SP600125 (20 uM) on the expression of p-JNK in RAW 264.7 cells stimulated with
lipopolysaccharides (LPS, 1 pg/mL) for 30 min.The relative intensity (%) was calculated by the ratio of p-
JNK/B-actin and expressed as inhibition percentage compared to LPS group. Each column represents the mean
of 5 independent experiments. The vertical bars indicate the S.E.M. One-way ANOVA followed by Student-
Newman-Keuls."'p<0,001 versus nontreated control (basal) and ***p<0,001 versus LPS treated.

3.5.4 HEDD inhibits LPS-induced NF-kBp65 activation in RAW 264.7 macrophages
LPS promoted activation of NF-kBp65 (67%, p>0.01) in RAW 264.7 cells compared

to baseline group (33%). Pretreatment with the three concentrations of HEDb inhibited
nuclear translocation of NF-kB to the nucleus, with maximum inhibition of 20 pg/mL (58%,

3.5.4 HEDD inhibits LPS-induced COX-2 activation in RAW 264.7 macrophages

The level of COX-2 in response to LPS was increased by 54% (p<0.001) when
compared to the baseline group. At 20 pg/mL HEDD inhibited by 30% (p<0.05) the
expression of COX-2. Indomethacin, 10 pg/mL, inhibited COX-2 activation by 45%
(p<0.001), compared to the LPS group (Figure 11).
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Figure 11.Effect of 70% hydroalcoholic extract of Dilodendron bipinnatum inner stem bark (HEDb - 1, 5 and 20
pg/mL) and indomehacin (Indo, 20 puM) on the concentrations of the cyclooxygenase (COX-2) in
lipopolysaccharides (LPS, 1 pg/mL) stimulated RAW 264.7 cells after 20 h.COX-2 levels were normalized with
respect to B-actin. The relative intensity (%) was calculated by the ratio of COX-2 / B-actin and expressed as
percentages of inhibition compared to LPS group. Each column represents the mean of 5 independent
experiments. The vertical bars indicate the S.E.M. One-way ANOVA followed by Student-Newman-Keuls test.
"1p<0.001 vs. untreated control (baseline), *p<0.05 and ***p<0.001 vs. LPS treated.

3.5.5 HEDDb induced LPS- inhibited MKP-1 activation in RAW 264.7 macrophages

LPS induced an increase of 80% (p<0.05) in the activation of MKP-1 when compared
with the baseline group (20%). Pretreatment with HEDb markedly up-regulated the
expression of MKP-1, reaching maximum response with 20 pg/mL (171%, p<0.001)
compared to the LPS group (Figure 12).

Basal + - - - -
LPS (ug/mL) - 1 1 1 1
HEDb(ug/mL) - - 1 5 20

B-actin B S —
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Figure 12.Effect of 70% hydroalcoholic extract of Dilodendron bipinnatum inner stem bark (HEDb - 1, 5 and 20
pg/mL) on the expression of MKP-1 lipopolysaccharide-stimulated (LPS, 1 pg/mL) RAW 264.7 cells no tempo
de 4 h.the levels of MKP-1levels were normalized with respect to p-actin. Relative intensity (%) was calculated
by the ratio of MKP-1/B-actinand are expressed as percentages of inhibition compared to LPS group. Each
column represents the mean of 5 independent experiments. The vertical bars indicate S.E.M. One-way ANOVA
followed by Student-Newman-Keuls test. 'p<0.05 vs. untreated control (baseline) and *** p<0.001 vs. LPS
treated.

4, Discussion

Macrophages play a central role in regulating inflammation and both the innate and
adaptive immune responses. To exhibit their functions, macrophages must undergo a series of
cellular processes including activation, proliferation, differentiation and cytokine production
when stimulated by LPS, representing important targets for anti-inflammatory drugs (Chenga
etal., 2014).

This study focused on anti-inflammatory effects of HEDb on LPS-stimulated RAW
264.7 cells. Noncytotoxic concentrations of HEDb (1, 5 and 20 pg/mL) were selected based
on Alarmar blue assay (Oliveira et al., 2014). In order to verify wether at these concentrations
apoptosis and/or necrosis are induced, cell viability tests with Annexin-V and 7-AAD staining
were carried out (Zimmermann and Meyer, 2011). In this assay, pretreatment of the RAW
264.7 cells stimulated with LPS with HEDb did not alter cell viability, indicating that the
tested concentrations of HEDb did not results in cellular apoptosis and necrosis, corroborating
the findings of de Oliveira et al. (2014).

Given that macrophages are the principal immunological cells responsible for host
defense, in addition to being the principal target of LPS, the anti-inflammatory effect of
HEDb due to the direct effect on the macrophage. We demonstrated that in RAW 264.7
macrophage stimulated with LPS, HEDb significantly reduces the activation of p-p38MAPK,
p-JNK, COX-2 and NF-kBp65 protein expressions, generation of ROS and mitochondrial
membrane depolarization. Moreover, HEDDb caused an increase in the expression of MKP-1

and a reduction in the concentrations of pro-inflammatory cytokines (IL-1B and TNF-a), as
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well as PGE; in the cell supernatant. No changes were observed in the expression of p-
ERK1/2 and IL-10 levels.

The MAPKSs p38, JNK and ERK play key roles in inflammatory process. It is reported
that blockage of macrophage p38, ERK and JNK pathways causes down regulation of COX-2
expression, TNF-a and IL-1p production during inflammation (Park et al., 2015).

Because of the broad pro-inflammatory role of MAPKSs in several in vitro systems, inhibition
of this pathway has been advocated as a novel therapeutic strategy for inflammatory diseases
(Guma et al., 2012; Shi et al., 2015; Normam, 2015; Yokota, WANG, 2016).

The direct inhibition of the phosphorylation of p38, JNK and NF-kB in RAW 264.7
may respond, at least in part, for the anti-inflammatory effect of HEDb previously described
by Oliveira et al. (2014), which is independent of ERK 1/2 inhibition.

The MKP-1, a phosphatase that participates in phosphorylation of the three MAPK,
particularly p38 and JNK, represents a novel target for anti-inflammatory drugs (Tucsek et al.,
2011). It is critically involved in inflammatory signaling of macrophages, and is responsible
for switching off pro-inflammatory cytokine production in vitro and in vivo (Bognar et al.,
2013). HEDDb induces activation of MKP-1 and hence caused inhibition of p38 and JNK
activation of pro-inflammatory signaling pathways (Manetsch et al., 2012).

Several studies have reported that LPS activates the MAPK pathways and the
translocation of NF-KBp65 fraction to the cell nucleus, which induces the transcription of
inflammatory mediators such as IL -1, TNF-a and COX-2 (Park et al., 2013).

IL-1B and TNF-a cytokines are the principal proinflammatory mediators of the
macrophages after stimulation with LPS. HEDDb at the three concentrations tested inhibited
concentration-dependently IL-1f levels in the cell supernatant, whereas TNF-a concentration
was only lowered at the highest concentration. However, no changes were observed in the
levels of IL-10 by pre-treatment of RAW 264.7 with HEDb. The reduction in the
concentration of these two cytokines in vitro by HEDb is in line with the results in the test of
acute peritonitis by LPS in mice (Oliveira et al., 2014), but differ as regards to effect on IL-10
an important pleiotropic imunoregulatory cytokine produced mainly by macrophages and
which controls the degree and duration of the inflammatory response. These results indicate
that inhibition of IL-1p and TNF-a by HEDb stems from a direct action on macrophages and
that this effect contributes, at least in part, to the anti-inflammatory mechanism of HEDDb
It is not known why HEDD increased levels of IL-10 only in vivo. However, some hypotheses
may be considered, such as pharmacokinetic interference, neuronal modulations and / or

hormonal, communication between different cell types and even release IL-10 by cells other
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than macrophages (T and B lymphocytes, dendritic cells, monocytes and mast cells) (Veranth
et al., 2006; Trifunovic et al., 2015).

Generation of ROS in large quantities has been implicated in the propagation of
inflammation to trigger the release of pro-inflammatory mediators which stimulate the
recruitment of additional macrophages to the inflammatory site. It also plays a key role in
phagocytosis by macrophages (Ledesma et al., 2009). LPS rapidly stimulates mitochondrial
generation and intracytoplasmic ROS in RAW 264.7 cells, resulting in activation of the
pathways of MAPKSs and cytokine secretion, mainly TNF-o and IL-1p (Kasahara et al., 2011).
HEDD inhibited mitochondrial and intracytoplasmic levels of ROS in RAW 264.7, indicating
that the inhibition of ROS is an important part of the anti-inflammatory mechanism of action
HEDD.

It is accepted that the expression of pro-inflammatory cytokines depends on COX-2
expression during inflammation (YAMAMOTO, GAYNOR et al, 2001). COX-2 is an
inducible isoform of prostaglandin synthase found in activated phagocytes responsible for
generating prostanoids during inflammation (Eermert et al., 1998). HEDb inhibited COX-2
expression as well as PGE2 concentration in the supernatant of RAW 264.7 activated by LPS,
suggesting that PGE2 reduction results from the inhibition of COX-2 and that this pathway
plays an important role in anti-inflammatory effect HEDDb.

Based on previous and present results, we concluded that the HEDbhas a potent anti-
inflammatory activity, acting on multiple targets ofbiological relevance but whose precise
mechanistic routes warrantfurther investigations. However, to our work HEDb seemed to
exert itsanti-inflammatory effects particularly by augmenting MPK-1 expressionand
attenuating mitochondrial destabilization, ROS production aswell as JINK and p38 MAPKSs,
resulting eventually in diminishedactivation of NF-xB. This in turn downregulated the
transactivationof target genes, including IL-1p and TNF-a, and COX-2 (withconsequent
reduction of PGE,) in a model of LPS-activated RAW264.7 cells. Our findings suggest that
HEDDb provides new insights intoa novel mechanism of anti-inflammatory action, thus
highlighting itspotential as a phytotherapeutic agent.
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Ethnopharmacologicalrelevance: Dilodendron bipinnatumRadlk., Sapindaceae, a tree of
Pantanal Mato Grosso, is popularly known as ‘mulher-pobre’ ("poor-woman™). The decoction
and infusion of its stem bark is colloquially used for treating inflammatory conditions.

Aim of the present study: To evaluate if a 70% hydroethanolic extract of Dilodendron
bipinnatum stem bark (HEDD) is able to rescue allergic airway inflammation in a murine
model of ovalbumin (OVA)-induced allergic asthma (OIAA).

Material and Methods: The inner stem bark powder was macerated in hydroethanolic
solution (70% wl/v, 1:3) to obtain HEDD. For the induction of asthma by OVA, the modified
method of Nader et al. (2012) was employed. On days 1 and 10, the Swiss mice were
sensitized by intra-peritoneal injection of OVA (100 pg/mL, 0.2 mL). Between 19 and 24
animals (n=6) were treated (vo) twice a day with vehicle (water), HEDb (20, 100 and 500
mg/kg) and dexamethasone (0.5 mg/kg). The sham group was sensitized and challenged with
saline 0.9%. On the 25th day, bronchoalveolar lavage fluid (BALF) was collected for
quantification of total leukocytes, eosinophils and cytokines Th2 (IL-4, IL-5 and IL-13), the
lungs was used for histopathological (H&E, PAS and toluidine blue) analysis and serum
levels for IgE determination. The anti-inflammatory activity of HEDb was further confirmed
by a lipoxygenase (LOX) inhibitory assay.

Results: The OVA group significantly increased the number of total leukocytes, neutrophils,

eosinophils and mononuclear cells compared to sham. The HEDDb treatment has significantly
decreased inflammatory cell accumulation in BALF, reaching its maximum response at 500
mg/kg. Furthermore, the levels of interleukins IL-4, IL-5 and IL-13 in the BALF and IgE in
serum, were considerably reduced as compared to the OVA group. In addition, the
histopathological examination of the lungs of OVA group showed a significant increase in
hemorrhagic damage, mucus, perivascular infiltrates and peribronchial compared to sham (p <
0.001). As revealed by histopathological examination, the HEDb at the top two doses has
remarkably decreased these four parameters, mucus and mast cells degranulation which was
comparable to dexamethasone, achieving its highest response at 500 mg/kg. Interestingly, the
HEDD extract displayed substantial anti-inflammatory properties as per its LOX inhibitory
activity (I1Cs=1.85 pg/mL), which points for a probable anti-inflammatory-mediated
mechanism of action.

Conclusions: HEDD has a significant anti-inflammatory activity by multi-targeted action that
ameliorates OIAA in a murine model.

Key words: Dilodendron bipinnatumRadlk., asthma, ovalbumin, anti-inflammatory,
cytokines.

1. Introduction
Allergic asthma is a complex chronic inflammatory condition with heterogeneous

clinical manifestation, including hyper responsiveness of airways with excessive production
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of mucus, bronchial obstruction, edema, fibrosis and pulmonary rearrengements given
environmental exposure to allergens (Olin and Wechsler, et al., 2014).

These features are largely due to the activation of both the innate and adaptive immune
systems, up-regulation of histamine and leukotriene mediators (LTC4, LTD4, LTE4),
followed by recruitment of multiple inflammatory cells, particularly eosinophils from the
bone marrow to lung tissues (Postma et al., 2015). The severity and spread of asthmatic
symptoms are directly related to the functioning of lymphocytes T helper 2 (Th2) that secrete
cytokines IL-4 and IL-13, which in turn stimulate the release of IgE by B type cells, as well as
IL-5 for the differentiation of eosinophils (Barnes, 2008).

Across the globe it is estimated that approximately 300 million individuals suffer from
asthma (Gina, 2017), with 250,000 deaths attributed to the disease every year (WHO, 2017).
In Brazil,there are approximately 20 million asthmatics assuming a life time prevalence of
10% (Brasil, 2012), thus accountingforincreased morbitity to patientsandincrementing burden
to the healthcare systems.

Standard therapy for asthma is largely palliative and based on the administration of
bronchodilators (B-blockers and muscarinic antagonists), steroidal anti-inflammatories
(corticoids inhalers) and leukotriene antagonists, generally providing low therapeutic response
and increasing the chance for adverse events. Despite their elevated costs, monoclonal
antibodies inhibition of IgE (omalizumab) and anti-cytokines currently represent the best
alternative due to their enhanced selectivity, the latter for their increased affinity for the IL-5
(mepolizumab and reslizumab), as well anti-1L-4/13 activity (Liu et al., 2013; Hambly and
Nair, 2014; Skloot, 2016; Leung, et al., 2017).

Hence, there have been an increased attention for the use of natural products with a
view to confirm their efficacy and safety with numerous studies showing promising results,
both in vivo e in vitro for the treatment of asthma (Wei et al., 2012; Tiwari et al., 2014; Huang
et al., 2016; Shergis et al., 2016; Morel et al., 2017).

Dilodendron bipinnatum is a native plant from the Brazilian Pantanal basin and
colloquially known as “poor woman”. Its stem bark is processed in the forms of decoction and
maceration and historically used by the locals for the treatment of inflammatory conditions
(150 mL taken 2-3 times a day for 15-30 days) (Bieski et al., 2012). An etnopharmacological
assessment indicated that to date, there have been no reports of toxicity by the Pantanal
dwellers on the use of these preparations. However, formal pharmacological and
phytochemical studies with the plant products are scarce with limited toxicological data
available (de Azevedo Neta Mahon et al., 2014). Santos et al. (2010) reported that the

hydroethanolic extract from the bark stem and leaves of D. bipinnatum (HEDb) presented in
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its composition a mixture of phytosterols (jB-sitosterol, stigmasterol, campesterol and 3-O-p-d-
sitostenona) e triterpenes (cycloeucalenol and 24-methylene-cycloartenol). The
standardisation of HEDb has recently been carried out and reported by us (de Oliveira et al.,
2014), where phytochemical analysis in HPLC revealed significant presence of polyphenolic
flavonoids and tannin biomolecules as the major classes of metabolites, which included
epigallocatechin gallate (EGCG), catechins, gallic acid and gallocatechol, and other
antioxidants. In addition to its anti-inflammatory properties (de Oliveira et al., 2014 and
Oliveira et al., 2017), an isolated study has also suggested that HEDb also possesses
antimicrobial activity (Santos et al., 2010).

In view of the ethnopharmacological relevance and the recognized anti-inflammatory
properties of D. bipinnatum this study aimed to evaluate its activity in a murine model of

ovalbumin (OVA) induced asthma.

2. Material and Methods

2.1. Botanic material

Stem bark of D. bipinnatum was harvested at Poconé, Mato Grosso, Brazil,
coordinates S 15°56°528 and W 05°70°567. Authorized access to the traditional indigenous
knowledge and genetic heritage for the purpose of research was obtained from the Council on
Genetic Heritage of the Ministry of Environment (CGEN/MMA) under reference number
045/2009. Botanical identification was performed at the Herbario UFMT by Prof. Dr.
Germano Guarim Neto, and an exemplar specimen (n° 20.529) was deposited at the
herbarium. This plant is currently not listed as either threatened, or endangered species in

Brazil.

2.3 Drugs and reagents

Aluminum hydroxide [AI(OH)3], dexamethasone acetate, sodium chloride,
hematoxilina and eosin (H&E) and ovalbumin (OVA; chicken egg, grade Il and grade V)
were purchased from Sigma-Aldrich (St. Louis, MO, USA) while anti-mouse IL-4, IL-5, IL-
13 and IgE ELISA kits were purchased from eBioscience (San Diego, CA, USA).

2.4 Extract preparation
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The stem bark of D. bipinnatum was cleaned, dried at room temperature, and grinded
in an electric mill (model TE-625 Tecnal, Sdo Paulo, Brazil) with mesh sieve size 40. The
dried powder thus obtained was macerated in 70% hydroethanolic solution (1:3, w/v) for 7
days, filtered and concentrated in a rotary evaporator (Marconi MA 120, Sdo Paulo, Brazil)
under pressure of 600 mm Hg, at 40°C. The residual solvent was eliminated in an oven at
45°C, for 24 h. So, HEDb was obtained, which was stored in an amber bottle, at 4°C. At the
time of use, HEDDb was dissolved in distilled water to obtain the desired solutions.

2.4 Animals

Male Swiss-Webster mice of 8 — 12 weeks (18 - 22 g), from the Central Animal House
of UFMT. The animals were maintained in propylene cages (30 x 20 x13 cm) at 25 = 1°C
whit a 12 h light/dark cycle and had free access to standard pellet chow and water. The
adopted diet regime for the animals consisted of feed restriction to the period of 9:30 —10:30 h
a.m. and 16:00 -17:00 h p.m. Groups of six animals each were used for the experiment. The
experimental protocol followed the International Principles for the Biomedical Research
Involving Animal (CIOMS/OMS, 1985) and was approved by the Committee on the Use of
Animal for Experimentation (CEUA/UFMT) with protocol no. 2318.145490/2016-45.

2.6 Anti-inflammatory assays
2.6.1 Induction of allergic asthma with ovalbumin (OVA)

For the induction of immediate hypersensitivity model in mouse airways, the protocol
described by Nader et al. (2012) was employed with slight modifications. On days 1 and 10
mice were sensitized by intraperitoneal injection (200 pL) of a suspension containing OVA
(grade V; 100 pg/mL) and Al (OH)3 (10 pg/mL) in sterile saline solution (0.9%). From days
19 through 24 after the initial sensitization, animals were challenged with aerosolized OVA
(grade I1; 3% in 0,9% saline) for 20 min daily (once a day) in an enclosed acrylic chamber (25
x 13 x 13 cm) connected to a nebulizer (NEUOOO3 Soniclear; SP, Brazil) under a continuous
flow of aerosol. Animals (n=7/group) sensitized and challenged with OVA, were treated (p.0.)
2 times (2x) daily with either vehicle, HEDb (20; 100 and 500 mg/kg), or dexamethasone as
the standard drug (0.5 mg/kg). The animals in sham group (n=6) were sensitized and
challenged with 0.9% saline and were treated with the vehicle. On the 25" day,
bronchoalveolar lavage fluid (BALF) was collected for total and differential leukocyte counts,
determination of cytokines, as well as blood (serum) for total IgE dosage and lung tissue for

histopathological analysis.
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2.3.2. Collection of BALF

Twenty-four hours after the last challenge, the animals were killed with overdose of the
anesthetic agent (ketamine 200 mg/kg and xylazine 50 mg/kg i.p.), tracheostomized and
cannulated (polyethylene tube) to collect BALF, obtained with two consecutive washes (1
mL, each) with phosphate buffered saline (PBS 1x, pH 7.4) plus EDTA (1 mol/L). The
volume removed, 0.01 mL was added to 0.390 mL of Turk solution for counting the total
number of leukocytes in a Neubauer chamber. The results were expressed as number of total
leukocytes (x 10%/mL) for each group. Slides were prepared for differential counts with 0.02
mL aliquot of the cell suspension and later stained with InstantProv® (NewProv; PR, Brazil).
The number of cells determined with the aid of an optical microscope (Nikon, 1000x
magnification), with at least 100 cells counted per slide, differentiating cell types: neutrophils,

eosinophils, and mononuclear cells (monocytes and lymphocytes).

2.3.4. Cytokines quantification in the BALF
BALF collected was stored in -80 °C freezer until the time of assay. Concentrations of
IL-4, IL-5 and 1L-13 were determined with ELISA kit (eBioscience; San Diego, CA, USA), in

accordance with manufacturer's instructions.

2.4.1.3. Serum levels of total IgE

After anesthesia, the inferior vena cava of each animal was punctured, and the blood
was collected and centrifuged until sedimentation at 4°C, before the obtained serum was used
to determine the total IgE concentration, using ELISA Kits (eBioscience and R&D Systems,

respectively), following the manufacturer's instructions.

2.4.1.4. Histological analysis

Following the procedures to collect the BAL, the mice lungs were removed after
perfusion with PBS (pH 7.4) plus 1 M EDTA (Sigma), and were then fixed in 10% formalin
for 24 hours. The histopathological processing was conducted according to the method
described by Queiroz (2014). The paraffin embedded lungs were cut inteat 3 um thickness,
stained with hematoxylin and eosin (H&E), Periodic acid-Schiff (PAS) and toluidine blue,
and then analyzed in a light microscope. Infiltrated inflammatory cells, edema, mucus
production and mast cells were evaluated according to the method of Duan et al. (2004), with
adaptations. The evaluation of inflammatory cells in the peribronchial and perivascular
regions was based on a score system as follows: 0 = no cells, 1 = some cells, 2 = a ring of

cells and one deep layer of cells, 3 = a ring of cells and two to four deep layers of cells, and 4
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= a ring of four cells and four deep layers of cells. The following score was used to quantify
mucus production or hemorrhagic damage: 0 = no hemorrhagic damage or mucus, 1 = 25%, 2
= 25-50%, 3 = 50-75%, and 4 = 75-100%. The scoring system for edema was as follow: O -
absent; 1 - mild, presence of disperse erythrocytes in the interstitial space; 2 - mild to
moderate, presence of several erythrocytes interstitial; 3 - moderate, increase of capillary
lumen and of the interstitial space, high concentration of erythrocytes; 4 - severe, destruction
of vessel walls and high concentration of erythrocytes. The following score was used to
quantify mast cells O - intact mast cells, 1 - 25% degranulated mast cells, 2- 50% degranulated

mast cells, 3- 75% degranulated mast cells and 4- 100% degranulated mast cells.

2.7 Lipoxygenase inhibitory assay

The lipoxygenase enzyme inhibitory effect was measured using the Cayman 15-
Lipoxygenase inhibitor screening assay kit (Cayman Chemical Company, Ann Arbor, USA).
The assay detects and measures the hydroperoxides produced in the lipoxygenation reaction
using a purified lipoxygenase (LO). The inhibitory activity of HEDDb was tested for 15-LO

using the LOX inhibitor screening kit according to the manufacturer’s instruction.

2.8 Statistics

The parametric values were expressed as mean + SEM, and the nonparametric values
were expressed as median (md) and interquartile intervals (Q1; Q3). The one way analysis of
variance (ANOVA) was used to evaluate the parametric data, followed by Student-Newman-
Keuls test, when there was a statistical difference between groups, whereas the Kruskal-
Wallis analysis was used, followed by the Dunn’s multiple comparison tests, to evaluate the
nonparametric data.We assumed 95% of significance with P values < 0.05 considered
statistically significant. The GraphPad Prism® software version 5.01. Inc. La Jolla, CA 92037
USA (www.graphpad.com) was used.
3. Results

3.1 HEDD reduced airway inflammation in BALF

The OVA group significantly accounted for a 7-fold increase (p < 0.001) in the
number of total leukocytes compared to sham (3.25 + 0.81 x 10° cells). Conversely, the
treatment with HEDD reduced (p < 0.001) the total number of infiltrated leukocytes, with a

marked decrease by 74%, using higher dosage (500 mg/kg). In comparison, Dexamethasone,
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employed as a standard drug, promoted a reduction of 93% (p < 0.001) in the accumulation of

leukocytes in the lung (Figure 1).
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Figure 1 - Effect of oral treatments (2 times daily) with the vehicle, hydroethanolic extract of Dilodendron
bipinnatum (HEDDb - 20; 100 and 500 mg/kg) and dexamethasone (Dexa, 0.5 mg/kg) on total cells present in the
bronchoalveolar lavage fluid (BALF) of mice sensitized (1st and 10th) with ovalbumin (OVA) grade V and
aluminum hydroxide (0.1 mg/mL and 10 mg/mL in 0.9% saline i.p., 0.2 mL/animal) and challenged (19" to 24th
days) with OVA grade Il (3% in saline, nebulization, 20 min daily). The sham group were intraperitoneally
injected and intranasally challenged with sterile 0.9% saline instead of OVA, and received orally 0.9% saline
instead HEDb The results were expressed as mean + SEM for 6 animals. One way ANOVA, followed by
Student- Newman-Keuls. ""p<0.001 vs. Sham; *p<0.05; ** p<0.01 *** and p<0.001 vs. vehicle.

The total number of, eosinophils, neutrophils, and mononuclear cells present in the
BALF of the sham group was 0.17 + 0.04 x 10°% 6.24 + 0.20 x 10% 2.34 + 0.20 x 10° cells,
respectively. Sensitization and challenge with OVA promoted an increase (p < 0.001) of
about 28; 8.2 and 6 folds in the number cells, respectively (Figure 2). Treatment with HEDb
(20; 100 and 500 mg/kg) reduced leukocyte infiltration at all doses (p < 0.001), reaching its
highest effect at 500 mg/kg as following: 78.3% for eosinophils, 80.50% for neutrophils and
63.4% for mononuclear cellswhen compared to the vehicle group. These were comparable to
those obtained with 0.5 mg/kg of the standard drug dexamethasone (71.2% of eosinophils,
80.4% of neutrophils and 69.14% of the mononuclear cells) (Fig 2).
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Figure 2 - Effect of oral treatments (2 times daily) with the vehicle, hydroethanolic extract of Dilodendron
bipinnatum (HEDb - 20; 100 and 500 mg/kg) and dexamethasone (Dexa - 0.5 mg/kg) on eosinophils,
neutrophils, and mononuclear cells present in the bronchoalveolar lavage fluid (BALF) of mice sensitized (1st
and 10th) with ovalbumin (OVA) grade V and aluminum hydroxide (0.1 mg/mL and 10 mg/mL in 0.9% saline
i.p., 0.2 mL/animal) and challenged (19th to 24th days) with OVA grade Il (3% in saline, nebulization, 20 min
daily). The sham group were intraperitoneally injected and intranasally challenged with sterile 0.9% saline
instead of OVA, and received orally 0.9% saline instead HEDb The results were expressed as mean + SEM for 6
animals. One way ANOVA, followed by Student- Newman-Keuls.""p <0.001 vs. Sham; *p < 0.05; **p < 0.01
*** and p < 0.001 vs. vehicle.

3.2 HEDD attenuates ovalbumin-induced IL-4, IL-5 and IL-13 in the BALF

The sham concentrations of I1L-4, IL-5 and IL-13 in the BAL were 0.37+0.28, 0.23 +
0.10 and 2.63 £ 0.62 pg/mL, respectively. Following ovalbumin challenge, these values
increased by over 8, 2000 and 1000 fold respectively (p < 0.001). Pre-treatment with HEDb
significantly reduced IL-4 and IL-13 concentrations in the BALF in a dose dependent manner,
with the highest inhibitory effect achieved with the highest dosage (93.7 and 86.2%,
p<0.001). Similarly, the pre-treatment with the HEDDb (100 e 500 pg/mL) reduced the IL-5
levels by 91.2 and 98%, respectively (p < 0.001). Dexamethasone (0.5 mg/kg), decreased
levels of IL-4, IL-5 and IL-13 in the BALF fluid by 85.6, 94.4 and 94.1% (p < 0.001),
respectively.
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Fig. 3- Effect of oral administration of vehicle (saline), hydroethanolic extract of Dilodendron bipinnatum
(HEDb - 20; 100 and 500 mg/kg) and dexamethasone (Dexa, 0.5 mg/kg) on the concentrations of IL-4 (A) IL-5
(B) and IL-13 (C) present in the bronchoalveolar lavage (BALF) of mice sensitized (1% and 10™) with ovalbumin
(OVA) grade V and aluminum hydroxide (0.1 mg/mL and 10 mg/mL in 0.9% saline i.p., 0.2 mL/animal) and
challenged (19" to 24™ days) with OVA grade 11 (3% in saline, nebulization, 20 min daily). The sham group
were intraperitoneally injected and challenged with sterile 0.9% saline via nebulizer instead of OVA, and
received orally 0.9% saline instead HEDb. The results were expressed as Mean £ SEM for 6 animals. One-way
ANOVA, followed by Student-Newman-Keuls.”fp < 0.001 vs. Sham; ***p<0.001 vs. vehicle. S-OVA:
Sensitization with ovalbumin, C-OVA: Challenge with ovalbumin.

3.3 HEDD inhibited ovalbumin-induced total IgE serum levels

The concentration of IgE present in the serum of the sham group was 2585.4 + 272.1
pg/mL, whilst sensitization and challenge with OVA induced a 5 fold increase in the IgE
levels (p<0.001). The treatment with HEDb at all doses (20, 100 and 500 mg/kg) reduced the
concentration of IgE significantly (p<0.001) with dexamethasone (used as positive control)

decreasing by 53.6% (p<0.001) (Fig. 4).
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Fig. 4- Effect of oral administration of vehicle (saline), hydroethanolic extract of Dilodendron bipinnatum
(HEDb - 20; 100 and 500 mg/kg) and dexamethasone (Dexa - 0.5 mg/kg) on the concentrations of
immunoglobulin E (IgE) present in total serum of mice sensitized (1st and 10th) with ovalbumin (OVA) grade V
and aluminum hydroxide (0.1 mg/mL and 10 mg/mL in 0.9% saline i.p., 0.2 mL/animal) and challenged (19th to
24th days) with OVA grade Il (3% in saline, nebulization, 20 min daily). The sham group was intraperitoneally
injected and challenged with sterile 0.9% saline via nebulizer instead of OVA, and received orally 0.9% saline
instead HEDb. The results were expressed as mean + SEM for 6 animals. One-way ANOVA, followed by
Student-Newman-Keuls."""p < 0.001 vs. Sham; *** p < 0.001 vs. vehicle. S-OVA: Sensitization with ovalbumin,
C-OVA: Challenge with ovalbumin.

3.4  HEDD reduced airway inflammation in the lung tissues

The sensitization and challenge with OVA promoted a significant (p<0.001) increase
in edema by 3-fold, a 4-fold perivascular and peribronchial infiltrate when compared to the
sham group.

Both concentrations at 100 mg/kg and 500 mg/kg HEDb reduced the leukocyte
migration in the peribronchiolar and perivascular regions (p<0.01 and p<0.001, respectively).
Similarly, a significant reduction was observed in the hemorrhagic damage at interstitial lung
and in the amount of mucus present at the bronchus (p<0.001, for all cases). Overall, HEDb at
the dose of 500 mg/kg was as efficient as treatment compared to the standard drug
dexamethasone for both parameters testedabove (Table 1).

In relation to the mastocyte activity, HEDbat dosages of 100 and 500 mg/kg accounted
for a reduction in degranulation, presenting a more intense coloring of cytoplasmatic granules
with a regular morphology and a lower amount of extrusion granules when compared to the

vehicle group (Fig. 5C).
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Tabela 1 - Effect of oral administration of vehicle (water), hydroethanolic extract of Dilodendron
bipinnatum (HEDb - 20, 100 and 500 mg/kg) and dexamethasone (Dexa, 0.5 mg/kg) on
histopathologic scoring of lung tissues of mice subjected to allergic reaction induced by ovalbumin
(OVA).

Group Hemorrhagic Mucus Perivascular Peribronchial
e oo Total
(ma/kg) damage infiltrate infiltrate (escore 0-16)
p.o. (0-4) (0-4) (0-4) (0-4)
Sham 0.2+0,2 0,2+0,2 0,2+0,2 0,2+0,2 0,8+0,2

Vehicle 3.2+02 2,8+0,2"" 3,8+0,2"" 3,8+0,2"" 13,6 £ 0,4
HEDb 20 28+0.2 26+0,3 3,8+0,2 3,2+0,2 12,4+ 0,6
HEDb 100 0,8 £ 0,2*** 0,8 £ 0,2*** 2,4 +0,3*** 2,4 +0,3*** 6,4 +0,8***
HEDb 500 0,6 £0,3*** 0,6 £0,3*** 2,2+£0,3*** 1,6 +0,3** 5,0 £ 0,8***
Dexa 0.5 0,4 £0,3*** 0,4 £0,3*** 1,4 +£0,3** 0,6 £0,3*** 3,0 £ 0,6***

The values were expressed as median. Haematoxylin and eosin staining were performed to examine the morphological
alterations and PAS staining for mucus evaluation in lung tissues. The scoring system on severity of inflammation was: 1 =
few cells; 2 = a discontinuous ring of cells with one cell layer deep; 3 = a ring of cells with one to three cell layers deep; 4 =a
ring of cells with more than four cell layers deep. The system adapted to the classification of mucus production or
hemorrhagic damage was: 0 = no haemorrhagic damage or mucus, 1 = 25%, 2 = 25 -50%, 3 = 50 — 75%, and 4 = 75%.
Kruskal-Wallis test, followed by post-test of Dunn. "'p< 0.001 vs. Sham; **p< 0.01 and *** p< 0.001 vs. vehicle.
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Fig. 5A-C - Photomicrographs show morphology of lung tissues of mice subjected to allergic reaction induced by ovalbumin
(OVA). (A) Control animals (sham) showing absence of cellular infiltration in the peribronchial region (arrow) and
perivascular (arrowhead). (B) Sensitized and challenged with OVA animal and treated only water 20 (vehicle) showing
intense cellular infiltrate (curved arrow) in the peribronchial region (arrow) and perivascular (arrowhead). Also, there is large
accumulation of mucus in the bronchial lumen (open arrow). (C-E) Animals orally treated with hydroethanolic extract of the
Dilodendron bipinnatum (HEDb - 20; 100 and 500 mg/kg), challenged and sensitized with OVA showed a reduced cell
infiltrate (curved arrow) in the peribronchial region (arrow) and perivascular (arrowhead). There is no evidence of mucus
accumulation in the bronchial lumen. (F) Animals orally treated with dexamethasone (Dexa, 0.5 mg/kg), challenged and
sensitized with OVA showed few infiltrated leukocytes (curved arrow) in the peribronchial region (arrow) and perivascular
(arrowhead). Absence of mucus in the bronchial lumen, haematoxylin and eosin stains (HE) (A) was used for morphological
evaluation, PAS for mucus (B) and toluidine blue for mat cells (C) with 3 mm thick sections; Bar = 50 pum.
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3.4  HEDD inhibited production of 15-LOX enzymes in vitro

HEDD (1, 5 and 20 pg/mL) exhibited strong LOX inhibitory activity with 1Cso around
1.85 pg/mL.As expected, the 15-LO selective inhibitor NDGA at 30 pg/mL completely
inhibited lipoxygenase activity.

4. Discussion

Compared to in vitro models, experimental murine models of asthmahave higher
translational potential and have been used for over 100 years to investigate the
immunopathology of the disease (Bonamichi-Santos et al., 2015). Mouse models have been of
utmost importance in uncovering key inflammatory cell types, cytokines, and pathways in the
development and maintenance of allergic asthma (Haspeslagh et al., 2017). The influx of
inflammatory cells in the airways, in particular eosinophil infiltration though, contrary to the
Th2 bias and eosinophil-dominated bronchial inflammation encountered in most asthmatic
subjects, other patients may exhibit neutrophil-predominant asthma subphenotypes, along
with Thl and Th17 cells (Bogaert et al., 2011).

In addition to chronic exposure to environmental triggers, recent insights on host-
pathogen interactions have revealed that human microbiome is also an important component
in the development of the immune system and allergic reactions. In this ever
complexscenario, experimental models of allergic airway disease become increasingly
important tools for pharmacological studies and mechanistic understandingof clinical asthma
(Reddy, 2012).

To examine the effects of anti-inflammatory airway HEDb, a model of pulmonary
inflammation was first established in mice with OVA characterized by an exacerbation of Th2
response (IL-4, IL-5 and IL-13), IgE production and influx of leukocytes (eosinophils,
neutrophils and mononuclear cells). Subsequently, the effect of the extract on inflammatory
cells present in BALF was assessed by counting the cytological classification and cytokines,
and in the lung for histological analyses.In this study, the doses of HEDb employed by our
study (20; 100 and 500 mg/kg p.o.) were selected based on previous evidenceby Azevedo
Neta Mahon et al. (2014) who demonstrated that doses up to 2500 mg/kg in mice did not
cause apparent signs of acute toxicity in mice.

Treatment with HEDDb significantly inhibited the migration of all inflammatory cells
(eosinophils, neutrophils and mononuclear cells) quantified in BALF, confirmed by reduction

in the peribronchial and perivascular cellular infiltrate of lung tissues. Indeed, these results
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agree with our previous report demonstrating that HEDb is effective in the prevention of
leukocyte migration (de Oliveira et al., 2014).

Agra et al. (2016) reported the use of Swiss mice in models of allergic asthma induced
by ovalbumin. In these animals, neutrophils predominate in relation to eosinophils (Nader et
al., 2012), which in fact occurred in our study, and HEDb reduced levels of eosinophils,
neutrophils and mononuclear cells at levels comparable to dexamethasone. This provides
further evidence for the anti-inflammatory properties of the extract and relief of typical
asthma-related characteristics, such as airway hyper-responsiveness (AHR), eosinophilic-
neutrophilic inflammation and tissue remodeling (Daubeuf and Frossard, 2014).

The leucocyte migration induced a release pre-formed cytokines (IL-4, IL-13 and IL-
5) and orchestrates the balance of Thl and Th2 cell responses. Liu et al. (2017) demonstrated
that IL-4R can suppress airway inflammation in bronchial asthma by inhibiting the IL-
4/STAT6 pathway, whereas IL-5 was identified for its role in eosinophil development,
maturation and survival in tissues, which has been related to disease severity and airway
eosinophilia (Leung et al., 2017). Recent studies provided a benchmark on the cytokine levels
in BALF at both physiological and asthma-induced models (Tiwari et al., 2014; Agra et al.,
2016; Huang et al., 2016).

Conversely, the HEDDb significantly reduced levels of the IL-4, IL-5 and IL-13
cytokines as well as serum IgE levels of the animals tested, reaching a higher dose effect at
500 mg/kg. Interestingly, corroborating with these findings, the extract also reduced the
production of mucusand ameliorated peribronchiolar edema in the lung tissue. All together
this supports the fact that the extract acts on multiple pharmacological targets and warrants
further pharmacological investigations on its potential therapeutic use and pathophysiology of
asthma.

The fingerprint of the extract reported by de Oliveira et al. (2014) indicated the
presence of various biomolecules in HEDDb, such as gallic acid and epigallocatechin gallate.
Bani et al. (2006) reported that the epigallocatechin-3-gallatereduced allergen-induced asthma
reactions in animals sensitized; whilst Dorsh et al. (2013) reported anti-asthmatic properties of
the gallic acid compounds, which prevented allergen and platelet-activating factor-induced
bronchial obstruction, as well as bronchial hyperactivity.

Moreover, gallic acid has been confirmed to inhibit histamine release, pro-
inflammatory cytokines in mast cells (Kim et al., 2006), and Th2 cytokines productions in T
cells (Kato et al., 2001). Hence, the anti-inflammatory actions observed with HEDb in our

asthma model are greatly attributed to the presence of these compounds.
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The Lipoxygenase pathway is another therapeutic point of importance in asthmatic
models, which are activated by an up-regulation by IL-13 and later that participates in the
formation of leukotrienes with bronchoconstricting action (LTC,), as well as chemotactic for
neutrophils (LTB,4) and mast cells (LTD,). Mast cells sensitized following activation by IgE
secrete large amounts of histamine that exacerbate the clinical signs and symptoms of asthma.
Mast cells sensitized following activation by IgE secrete large amounts of histamine that
exacerbate the clinical signs and symptoms of asthma (Corren, 2013).

Interestingly, the HEDb extract displayed substantial anti-inflammatory properties as
per its LOX inhibitory activity (ICs=1.85 pg/mL), which points for a probable anti-
inflammatory-mediated mechanism of action.

The HEDD at the three doses tested attenuated mast cell degranulation pathway IL-13
in mice, thus suggesting a direct mast-mediated effect and highlighting an important pathway
in the pathophysiology of OVA-induced asthma.

This suggests that the anti-inflammatory mechanisms of HEDb are, at least in part,
mediated by its regulation of the Th2 response and inhibition of mast cells in a mouse model

of ovalbumin-induced asthma.

CONCLUSION

The results demonstrate for the first time the anti-inflammatory properties of the
HEDD in a murine model of asthma, thus highlightingthe ethnopharmacological applications
of the plant as the same time warranting further investigations on its potential use for the

treatment of asthma.
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ABSTRACT

Phytochemical investigation of the hydroetanolic extract of Dilodendron bipinnatum led to
the identification of B-sitosterol (1), stigmasterol (2) and campesterol (3), in mixture, namely
ST mixture, as well as another mixture, namely SAP mixture, containing 3-O-f-
glucopyranosyl-p-sitosterol (4) and 3-O-B-glucopyranosyl-stigmasterol (5), and the isolate
epicatechin (6). Their structures were determined by spectrometric analysis. The safety profile
of the mixture SAP was evaluated on RAW 264.7 cells, using the alamar blue® assay and
SAP exhibited no cytotoxic effects on the RAW 264.7 cells. The anti-inflammatory activity of
SAP is related to its ability to modulate the production of NO and LPS-stimulated RAW
264.7 macrophage and reduced total leukocytes migration at all doses tested in LPS-induced
peritonitis (p<0.001).

KEYWORDS: Dilodendron bipinnatum, 3-O-B-glucopyranosyl-p-sitosterol, 3-O-B
glucopyranosyl-stigmasterol, cytotoxicity, phytochemistry. anti-inflammatory.
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1. Introduction

Dilodendron bipinnatum Radlk. belongs to the Sapindaceae Family, which comprises
more than 141 genera and 1900 species (Silva et al. 2013). It is a native and non-endemic tree
(5 — 10 m high) that occurs in all the regions of Brazil, except the south, being in the
phytogeographycal domains of Amazon, Pantanal, Cerrado and Atlantic Forest. It is popularly
known in Brazil as “mulher-pobre”, “maria-pobre”, or “farinha-seca”, among others. The
macerate or decoction obtained from the stem bark is popularly used in Brazilian folk
medicine to treat mainly uterine inflammation, low back pains and bone fractures (Bieski et
al., 2012).

In previous studies, the in vivo and in vitro anti-inflammatory activity (Oliveira et al.,
2014; 2017) as well as the antimicrobial activity (Santos et al., 2010) have been reported to
the hydroethanolic extract of D. bipinnatum as well as the identification of B-sitosterol,
stigmasterol, campesterol, sistotenone (mixture), 3-O-B-glucopyranosyl-p-sitosterol,
cycloeucalenol and 24-methylenecycloartenol, from the ethanolic extract of branches and
leaves of this specie. Gallic acid, epigallocatechin and epigallocatechin gallate have been
isolated from the inner stem bark hydroethanolic extract of D. bipinnatum (Oliveira et al.,
2014,

This study describes the identification of B-sitosterol (1), stigmasterol (2), campesterol
(3) in mixture (ST), as well as 3-O-B-glucopyranosyl-p-sitosterol (4) and 3-O-B-
glucopyranosyl-stigmasterol (5) in mixture (SAP), and the isolate epicatechin (6) from the
hydroethanolic extract of D. bipinnatum stem bark as well as the investigation of the anti-

inflammatory activity of SAP, using experimental models.

2. Results and discussion
2.1. Identification of compounds

Phytochemical investigation of the inner stem bark hydroethanolic extract of D.
bipinnatum (HEDDb) led to the identification of six compounds. Their structures were
determined by NMR (1D and 2D) data, CG-MS, as well as comparisons with literature as f3-
sitosterol (1), stigmasterol (2) and campesterol (3) as a mixture [ST mixture (38 mg); Kojima
et al. 1990]; 3-O-B-glucopyranosyl-p-sitosterol (4) and 3-O-B-glucopyranosyl-stigmasterol (5)
[SAP mixture (67 mg); Saxena et al. 2014; El-Askary et al. 2014] and the flavonoid
epicatechin (6) (53.5 mg). The spectrometric data are available in the supplementary material
(Fig. S1-S7).
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2.2. Anti-inflammatory activity SAP in LPS-induced peritonitis in mice

The model of lipopolysaccharide (LPS)-induced peritonitis was used to access the
anti-inflammatory activity of the SAP, using the HEDDb as guide. The group sham presented
10.8 + 0.64 x 10° total leukocytes in the intraperitoneal cavity. Intraperitoneal injection of 250
ng from LPS (0.2 mL/cavity) in mice of the vehicle group caused a significant increase
(118.8%, p < 0.001) of the migration of leukocytes to the peritoneal cavity, relative to the
sham group (Fig. S8). Pre-treatment with the HEDb caused reduction of leukocyte migration
in 34.5% (p < 0.01), with the highest dose (100 mg/kg). The pre-treatment with the SAP (0.8;
4 and 20 mg/kg p.o.) caused reduction in leukocyte migration at all doses (45% p < 0.001)
compared to vehicle group, while the pre-treatment with 0.5 mg/kg dexamethasone, standard
drug for this test, inhibited leukocytes migration 50.8 % (p < 0.001) relative to the group
challenged with LPS (Fig. S8).

During the development of the inflammatory process, the first cells to arrive at the
inflammatory site are neutrophils, followed by macrophages (Pinho et al., 2011). The results
indicated that both HEDb and SAP inhibited the inflammation by reducing leucocyte
migration and suggest the direct participation of SAP in the anti-inflammatory action of the
HEDDb.

2.3 SAP doesn't’ alter cell viability

The result showed that SAP did not alter the cellular viability of RAW 264.7
macrophages ability to reduce alamar blue®, with ICso value > 40 pg/mL after 24 h exposure,
indicating that SAP presented no cytotoxicity in this cells. Doxorubicin, the standard agent

used gave which was highly cytotoxic at 24 h with 1C5,=0.3+0.04 pg/mL (Fig. S9).
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2.4 SAP inhibits NO production

The basal NO, concentration in non-stimulated RAW 264.7 cells was 0.2 + 0.12 pM.
The vehicle group, which was stimulated with 0.5 pg/mL of LPS, presented increases of
95.7% (p < 0.001) in the NO, concentration, compared to the basal group. Pre-treatment with

SAP (0.2; 2 and 20 pg/mL) inhibited in a non-dependent way, in about 78 % for three
concentrations (p < 0.001) the nitrite levels in the cellular supernatant by stimulated by LPS,
in comparison to vehicle group (Fig. S10). L-NAME (2.69 pug/mL), the standard drug used in
the assay, inhibited nitrite production by 79.4% and 57.9% in the LPS respectively, compared
to the vehicle group (p < 0.001).

Studies performed by Oliveira et. al., (2014) showed that the anti-inflammatory
activity of HEDD is independent of the NO pathway, showing also a direct effect on ROS
inhibition of LPS-stimulated RAW cells. These results suggest that SAP anti-inflammatory
action, depends at least in part, on inhibition of NO and this effect may be related to the
inhibition of ROS production (Joo et al., 2014).
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SUPPLEMENTARY MATERIAL

1. Experimental

1.1 General

Infrared spectra were recorded on the Vertex 70 Bruker spectrometer using KBr pellets. GC-
MS were obtained on Shimadzu CGMS 5050. NMR spectra were measured on a Bruker
TopSpin 500 NMR spectrometer using TMS as internal standard. Column chromatography
(CC) was performed using silica gel 70-230 mesh (Merck Co.), Sephadex LH-20 (GE
Healthcare). Fractions were monitored in silica-gel plates 60 F254 (Macherey-Nagel). The
solvents used in the extraction and chromatography procedures were of ACS grade (Vetec).
GC-MS were performed on a Shimadzu CGMS 5050 chromatograph, employing DB5
(30m/0,25mm) column (JW); injector temperature I= 330 °C; detector temperature D= 340
°C; flux: 1mL; Injection volume: 1 pL; temperature and pressure ramp: 200 °C, 1 min (110.5
KPa), with increments of 40 °C till 260 °C (pressure= 132.9 KPa), remaing 1 min, then with
40 °C increments till 300 °C (pressure= 147.7 KPa), remaining 1 min, then 40 °C increments
till 335 °C (pressure= 160.6 KPa), remaining 13,56 min, with 20 min total running time, using

helium gas.

1.2 Plant Material

The inner stem bark of Dilodendron bipinnatum were collected in Nossa Senhora do
Livramento, Mato Grosso state, Brazil, in March 2013 (S15 59.944 W56 27.980). The plant
collection was authorized by the Chico Mendes Institute of Biodiversity Conservation
(Instituto Chico Mendes de Conservacdo da Biodiversidade - ICMbio), authorization no.
14360, while access to the associated traditional knowledge and to genetic patrimony for the
purpose of research was authorized by the Council on Genetic Patrimony of the Ministry of
Environment (CGEN/MMA) under registry number 045/2009 A voucher specimen (41454) is
available at the UFMT central Herbarium (Cuiab4, Mato Grosso State, Brazil).

1.3 Extraction, identification and isolation

The inner stem barks (2.85 kg) of D. bipinnatum were separately pulverized and extracted
with EtOH-H,O (7:3) by maceration at room temperature. The extract solutions were
concentrated by rotary evaporator at 45°C, affording HEDb (519.10 g; 18.2%). Part of HEDb
(479 g) was suspended in MeOH-H,0 (7:3; 700 mL) and extracted with hexane (3x700 mL),
CHCI3; (3x700 mL) and EtOAc (3 x 800 mL), affording FHex (45.87 g; 9.6 %), FCHCl3

(15.10 g; 3.2%), FEtOAC (146.67 g; 30.7%). FHex (1.10 g) was fractionated by silica gel
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column chromatography (CC) using gradient mixtures of hexane, CH,Cl, and EtOAc as
mobile phase, to afford 8 fractions (A;—Ag). Fraction A, afforded a white and amorphous
powder (38 mg) of the ST mixture of steroids [-sitosterol (1), stigmasterol (2) and
campesterol (3), as well as three other unidentified compounds, as shown by CG analysis
(Fig. S3). FCHCI;3 (3.57 g) was submitted to CC on silica gel in gradient mixtures of CHCls,
EtOAc and MeOH, to afford 8 fractions (B1—Bg). Fraction B; afforded a white powder (67
mg; 0,013 %) of the SAP mixture containing 3-O-B-glucopyranosyl-p-sitosterol (4) and 3-O-
B-glucopyranosyl-stigmasterol (5). FEtOAc (47.43 g) was subjected to silica gel CC using
gradient mixtures of CHCI3, EtOAc and MeOH, to afford 6 fractions (C1-Cs). Fraction C;
was fractionated using gradient mixtures of CHCl3;, EtOAc and MeOH, to produce 7 fractions
(Csa— Cay). Fraction Cz, (53.5 mg) resulted in epicatechin (6).

The structures of the compounds (1), (2) and (3), identified from the ST mixture, were
elucidated by *C NMR comparing with literature data (Kojima et al, 1990). IR spetra
presented signals at 3420 cm™(von), 2940 cm™ and 2850cm™ (vcHz-crs), 1680 cm™ (ve=c),
1470 cm™ (ve.p), and 1050 cm™ (ve.o). CG analysis (Fig. S3 B) presented three main peaks at
at Rt = 6.58 min. (3), Rt = 6.66 min (2) and Rt = 6.84 min (1) with shoulders at Rt = 6.61 min,
6.71 min and 6.88 min, pointing out to the presence of three other unidentified compounds.
MS spectra (Fig. S4) presented molecular ion peaks at m/z 414, m/z 412 and m/z 400,
corresponding to compounds (1), (2) and (3) respectively. The MS fragmentation pattern for
compounds (1)-(3) is in agreement with the literature (Branco and Pizzolatti, 2002).

The IR spectrum of the SAP mixture [compounds (4) and (5)] presented bands at 3410 cm™
(Vo) g, 2910-2850 cm™ (vchz-cha), 1630 cm™ (ve=c), and 1068 cm™ (vc.o), confirming the
presence of the main functional groups. *3C and *H NMR analyses (Fig. S5-S6) allowed the
elucidation of the structure of compounds (4) and (5) and are supported by *C NMR literature
data. Compound (6) was identified as the flavonoid epicatechin, after IR, *H NMR and *C
(Fig. S7) analyses fully supported by literature data (JOO et al., 2014).

1.4 Animals

Male Swiss mice (25-30 g) were used for the studies. Animals were maintained in propylene
cages at 26 = 1 °C in a 12 h dark/12 h light cycle, with free access to standard laboratory
chow and water. Groups of six to eight animals were used for each experiment. The
experimental protocol followed the International Principles for the Biomedical Research
Involving Animal (CIOMS/OMS, 1985) and was approved by the Committee on the Use of
Animal for experimentation (CEUA/UFMT) under process no. 23108.015729/13-0.
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1.5 Peritonitis induced by lipopolysaccharide

In order to evaluate the effect of HEDb and SAP on leukocyte recruitment into the peritoneal
cavity, the mice were orally pre-treated, with vehicle (0.9% saline solution), HEDb (20 and
100 mg/kg) and SAP (0.8; 4 and 20 mg/kg) or dexamethasone (0.5 mg/kg). After 1 h, LPS
(250 ng/cavity/0.2 mL), of Escherichia coli dissolved in sterile saline solution was
administered intraperitoneally. Six hours after the intraperitoneal injection of LPS, mice were
anesthetized with 180 mg/kg ketamine and 30 mg/kg xylazin by intraperitoneal (ip.) route and
the cells in the peritoneal cavity were collected through injection of 3 mL saline solution
containing EDTA. The abdomen was slightly massaged and the cell suspension was aspirated
using a syringe. The peritoneal lavage collected was used for leucocyte cell counting in
Neubauer chamber (Cunha etal., 1989; Orlandi et al., 2011).

1.6 Cell culture

Murine macrophage-like RAW 264.7 cell lines were obtained from the Cell Bank of Rio de
Janeiro (BCRJ- Code 0212). The cells were maintained in DMEM (Dulbecco's modified
Eagle's Medium plus 10% fetal bovine serum), supplemented by penicillin (100U/mL) and
streptomycin (100 pug/mL), under a temperature of 37 °C, and atmosphere of 5% of CO, and
90% humidity.

1.7 Cell viability assay

This assay was performed by adopting the alamar blue® assay (Nakayama et al., 1997), with
few changes (Oliveira et al., 2014). RAW 264.7 cells of density 2 x 10* cells/well were plated
in 96-well plates in 200 pL of DMEM and treated with/without SAP (40 - 0.625 pg/mL,
serial dilution) at the same conditions. Doxorubicin (58 - 0.0058 pg/mL) was used as a
positive control, while some wells had the same amount of medium as the negative control.
After 24 h of the incubation, the treatments were removed and 200 pL of 10% alamar blue®
(resazurin) was added to each well and incubated again for 5 h. The conversion of resazurin
(7-hydroxy-3H-phenoxazin-3-one 10-oxide) to resorufin (7-hydroxy-3H-phenoxazin-3-one)
by the cells was measured by fluorescence at 540 nm (oxidized state) and at 620 nm (reduced
state) using microplate spectrophotometer (Multiskan EX, Thermo Scientific, Tewksbury,
Massachusetts, USA). The cell viability was expressed as inhibitory concentration at 50%
inhibition (1Csp £ SEM). ICs values > 30 pg/mL was considered non-toxic to cells for

mixture and 1Csg values > 4 pug/mL for pure substance (Suffness and Pezzuto, 1990).
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1.8 Nitrite determination
Nitrite (NO, ) was used as an indicator of nitric oxide (NO) production in the culture medium.

NO; released in the culture medium was measured according to the Griess reaction (Oliveira
et al., 2014). In summary, RAW cells 264.7 (1.0x10° cells/dish) were plated in a 24-well plate
overnight. Cells were pre-treated with SAP (0.2; 2 and 20 pg/mL) for 1h, and incubated at 37
°C and 5 % CO,. Next, the cells were stimulated with LPS (0.5 pg/mL) for 24 h, in the
presence or absence of SAP under the same condition. L-NAME (2.69 pg/mL), a specific
inhibitor of INOS, was used as a positive control. For negative control, the same amount of
medium was used in the microplate well. Supernatant from cell culture was measured for
nitrite concentration and 100 pL of it was mixed with the same volume of Griess reagent for
10 min at room temperature. Absorbance (540 nm) was measured using a microplate reader
and nitrite concentration was determined using a standard curve of sodium nitrite prepared in
RPMI-1640 exempt of phenol red.
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Figure S8. Effect of oral administration of the vehicle (0.1 mL/10 g), of HEDb (20 and 100 mg/kg),
SAP (0.8; 4 and 20 mg/kg) and dexamethasone (Dexa-0.5 mg/kg) on total number of leukocytes
present in the peritoneal lavage of male mice with lipopolysaccharide (LPS)-induced peritonitis (250
ng/0.2mL/cavity). The sham group received vehicle (water, 0.1 mL/10 g, p.0.) and intraperitoneal
injection of sterile 0.9% saline (0.1 mL/10 g). Each column represents a mean of 7-8 animals. The
vertical lines represent SEM. One-way analysis of variance (ANOVA), followed by Student-
Newman—Keuls test. "'p < 0.001 vs. sham; ***p < 0.001 vs. vehicle.
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Figure S9. Cell viability curve of RAW 264.7 cells exposed to varying concentrations of SAP mixture
(40 - 0.312 pg/mL) and doxorubicin (58 — 0.0058 ug/mL) for 24 h, expressed as minimum inhibitory
concentration 50% (1Csy).
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Statistical analysis used was one-way analysis of variance followed by Student-Newman-Keuls test.

7 7p <0.001 vs. basal; ***p <0.001 vs. LPS.
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5. CONCLUSOES

Com base no exposto, conclui-se que o EHDb apresenta potente atividade anti-
inflamatdria, atuando em multiplosalvos. O EHDb exerceu efeito anti-inflamatorio, em parte,
induzindo aativacdo deMPK-1 e atenuando desestabilizagdo mitocondrial, a producdo de
ROS, bem como JNK e MAPK p38 resultando, eventualmente, na ativagdo diminuida do NF-
kB, com downregulating desse modo a transativacdo de genes alvo, tais como TNF-a e IL-1j,
e COX-2 (e consequente Reducdo de PGE2) em macrofagos murinos RAW 264.7 ativada por
LPS. Por conseguinte, os nossos resultados sugerem que a EHDb apresenta um novo
mecanismo de acdo anti-inflamatoria com destaque potencial como fitoterapico.

Os resultados aqui apresentados demonstram pela primeira vez a atividade anti-
inflamatéria de EHDb num modelo murino de asma alérgica, apoiando assim 0S USOS
etnofarmacoldgicos da planta.Sugerindo que o mecanismo anti-inflamatério do extrato, pelo
menos em parte, é devido a um efeito inibitorio sobre a resposta Th2 na asma induzida por

ovalbumina em camundongos.
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Erhnopharmacolopeal refevence: (hiodendron biprmmorum Radik. (Sopendacese) popularly known as
“mulherspobre”, 15 4 native tree of the Pantanal of Mato Crosso, Brazd The stem bark of Dulodendron
bpmnatum 5 used by the populition, i the forms of decocnon and maceration 1 the treatment of
inflammatory conditions. There o no mformaton in the literature demonstrating the antieaflammatory
atrviy of Orodendron Spomnatum aod o3 respectve mechansm of acton. This study amed o evaluate
the annemflimmatory activiry and mechansm of acthion of the bydeoethanolx extract of the stem back of
Ixiodendron bpmnatum (HEDS) umng in vivo and 1o vitro expenimental modeis.
Matenals and methods: The stem bark of Dulodendron bgemnarum was mucerated 10 0% hydioethanobe
soluton (123, wiv) for 7 days, filtered, corcentrated on a roeary evaporator and the rendual solvent
removed in oven & 40 °C, thas cbtammg HEDD. Cytoemoarty of HEDD i RAW 2647 was assessed by the
Almar blue assay. @ o Jon-mflammatory atvity of HEDD was evaluated with carrageenan and
dextransenduced paw edemas and kpopolysacchande (LPSkmduced peritonas i maxce. Effects of HEDD
on the inflmmatory cytolines (INFuy, a1} and 1L-10) m the per ! fud were
evaluated uung commeraal ELISA ks I'he m vitro antanflammatory activity was evaluated using RAW
2647 celbs stmolated with LPS andjor INFoy, while 3 Gness method was employed 10 & netne
axade (NO) concentranions in the pergoneal livage and i the supernatants of RAW 2647 cells
hMWWw&WNmWWMWMm
detected on HEDb were analyred and confumed by hugh p ance baued chromatography (HPLC)
Kesules: mmmmmmnhx.uwzmmmmm
pavmublcmwnlhe:nimumm(up<ml“bydtmmnme'lsthnu
at 100 mglkg (46X, p < 001}, after mdction with the phlogasnc agents. # HEDD reduced total
leukocytes and neutrophils magration at il doses tested peoducmg maomum effect at 20 mgfig (458
and 63X, p <0001 respectrvely) lllhahoammdmrrwamlhemamdlum

inflammatecy cytolines (=18 and TNFax) and ncreased the level of the antiemfl,
1L=10 i the peritonsts model Hmnhadmeﬂmmﬂ)pn&mmmnxdnwmhdn
Prelmmnary phy analyss revealed the p e of pheniob flavones,

£ ds, sap ndmmmsmtaumesmﬂedmmmhm
ca@nylnbmlmmmm
< Our findngs pr ‘mummuo‘memmum
bepunn m mifl ton. Its y 100 was due, 3 least in padt, to the mhibon of
nﬂmgamn.o‘lhe--“ Y s and Thl cytolones and an increase o Th2 oytokmes,
without affectmg NO pathway. it can be suggested that tannns account 3t least in part for the ante
inflammatocy activity of HEDB.
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Ministério do Planejamento,
Orcamento e Gestao

GABINETE DO MINISTRO
PORTARIA N* 360, DE 22 DE OUTUBRO DE 2009
O MINISTRO DE ESTADO DO PLANEIAMENTO, OR-

CAMENTO E GESTAO, 1o uso de suas ambuigdes e tendo em vista
pclam 11 do Decreto n° 6.944,

de que ase.wugoesdospusesquejaamm

indisiia que pudes:
R A luz dessas explicagdes foi caracterizada a evolugdo i
das circunstancias.

5. Do prejuizo grave

Cam‘maamhmamsmdema;s de prejuizo
grave, foram considerados cinco periodos de doze meses, definidos
Como sezue: P1 (julho de 2003 2 junho de 2004): P2 (julbo de 2004
3 junho de 2005); P3 (julbo de 2005 3 junho de 2006): P4 (julho de
"OOGajmhode"OO’T) ePS(jn!bode’DMl;nnlwde 2008).

0 tnral das unponz;m do produo mvestizado (exclusive
MERCOSUL) elevou-se sucessivamente até P4. De Pl parz P2, ve-
nficou-se sumento de 42,0%:; de P2 para P3, de 78.0%; e de P3 para
P4, de 64.8% De P4 para PS5, enmetanto, esse total recuou 9,5%. Isso
ndo obstante, de Pl para P5. observou-se crescimento de 276.8%.

nzmmseusmvesumenmsun
vez se destinanam 2o Brasil, os dados
comroboraram tal entendimento. Ao coawano, atestaram que a
mnﬁ,lobdde(D—RedeD\D—Rmmnw&se ficamente estavel
aolungnd;oyamdocons:m eqmnpmdn;ao;lobddeD\«DR

8. Documplmxsso&a]nste
Considerando ndo ter sido constatada a existéncia de ameaga

Ou Causar prejuizo grave a
propde-se 0 encerramento da investizgagdo sem aph:agao de medida.

do Ministé e Emprego, autorizado pela Por-
um\{Pn‘".?&de}Odg)nlhade"OOS conforme discrimimado no
Anexo.

Paragrafo mmico. A nomeagio dos candidatos aprovados de-
\mocma artr de novembro de 2009.

O provimento dos Cargos no quantitativo previsto no

art. l'estacond:amdo

I- :enstmzdeva;tsmdandam;m B

H-a&chu;mdom‘oardemdmdedamqm@do

eﬁmncemdam’ndeq)esaamotgmiﬁa.-\malemcom-

Este & pode ser
pelo codigo 00012009102300002

o bitp.//www.in gov br/autenticidade homl,
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