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RESUMO

Os produtos naturais representam um campo de fonte de moléculas com propriedades
farmacoldgicas para tratar inimeras doencas, inclusive, o cancer. Dentre as espécies de plantas
com potencial terapéutico, o acai (Euterpe oleracea Mart) se destaca pelos seus potenciais anti-
inflamatdrio e antitumoral. A fragdo acetato de etila da semente do agai tem atividade citotoxica
em células neopldsicas de mama. Para tanto, faz-se necessario a identificagcdo dos compostos
ativos e seus respectivos mecanismos de acio. O objetivo do presente trabalho foi avaliar a acio
antitumoral in vitro e a acdo anti-inflamatéria in vivo da fra¢do acetato de etila obtidas da
semente de E. oleracea Mart. Realizou- se a parti¢ao hidroalcodlica do liofilizado e subsequente
fracionamento e obtencdo da fracdo acetato de etila. A fracdo foi submetida a particdo por
polaridade em coluna de Sephadex. A fracdo e as subfracdes foram submetidas as anélises de
massas e cromatografia liquida de alta eficiéncia. No teste in vitro utilizou-se duas linhagens
celulares uma sensivel a estrgeno: MCF7 (adenocarcinoma mamadrio), e outra ndo sensivel ao
estrogeno, a MDA-MB-231 (carcinoma mamario) e a de glandula mamadria higida, a MCF 10A.
Ensaio de viabilidade celular foi realizado com sulforrodamina B e MTT, para determinac¢do da
concentracao citotoxica para 50% das células e dos indices de seletividade. Para a determinacao
do mecanismo de morte celular, foi utilizado a citometria de fluxo com a Anexina V e lodeto
de propideo. Para avaliar a atividade anti-inflamatéria foram utilizadas células RAW 264.7 e o
modelo de edema de pata de camundongo induzido por A-carragenina in vivo. A andlise
fitoquimica mostrou que a fragdo € rica em catequina, epicatequina e a pelargodina. Quanto a
andlise da citotoxicidade, observou-se que o extrato bruto apresentou melhor efeito citotdxico
em células MDA-MB-231 do que as fra¢des. Enquanto em células da linhagem MCF7, a fragcdo
acetato de etila teve melhor efeito quando comparada com as subfragdes. O mecanismo de
indu¢do de morte celular em ambas as linhagens estudadas foi a apoptose. Além do mais, nosso
estudo foi o primeiro a demonstrar um alto indice de seletividade para células MCF7 em
comparacdo as células normais. A fracdo acetato de etila demonstrou efeito inibitério na
producdo de citocinas in vitro em células RAW 264.7 estimuladas com LPS e no edema de pata
in vivo. Assim, podemos concluir que a fracdo acetato obtida do extrato de semente de E.
oleracea apresentou potencial antitumoral e anti-inflamatério.

Palavras-chave: Cancer, antineopldsico, mama, adenocarcinoma, polifendis, catequinas,

flavonoides, inflamacado



ABSTRACT

Natural products are a field for molecules with pharmacological properties to treat several
diseases, inclunding cancer. Among the plant species with phytochemical potential, acai
(Euterpe oleracea Mart) stands out for its antioxidant and antitumor potentials. The ethyl
acetate fraction of the acai kernel has shown a promising cytotoxic activity in breast cancer
cells. Therefore, it is necessary to identify the active compounds and their respective
mechanisms of action. This work aimed to evaluate the in vitro antitumor action and the in vivo
anti-inflammatory action of the ethyl acetate fraction obtained from the seed of E. oleracea
Mart. The hydroalcoholic partition of the lyophilisate was performed and subsequent
fractionation and ethyl acetate fraction was obtained. The fraction was submitted to Sephadex
column polarity for partition. The fraction and subfractions were subjected to mass analysis and
high performance liquid chromatography. The fraction and subfractions were subjected to mass
analysis and high performance liquid chromatography. For in vitro test, two cell lines were
used, one sensitive to estrogen: MCF7 (mammary adenocarcinoma), and the other non-sensitive
to estrogen, MDA-MB-231 (mammary carcinoma) and the healthy mammary gland, MCF 10A.
Cell viability assay was performed with sulforrodamine B to determine the CCso and selectivity
indices. The determination of the mechanism of cell death was performed using flow cytometry
with Annexin V and propidium iodide. blot. It was observed that the material studied is rich
catechin, epicatechin and pelargodine. The crude extract has better cytotoxic effect than the
fractions in the MDA-MB-231 lineage, and the ethyl acetate fraction effect than the MCF-7
lineage subfractions. The mechanism of cell death induction in both strains studied was aptosis.
Furthermore, our study was the first to demonstrate a high selectivity rate for MCF-7 cells

compared to normal cells.

Keywords: Cancer, antineoplastic, breast, adenocarcinoma, Euterpe oleracea, polyphenols,

catechins, flavanoids, inflammation.



LISTA DE ABREVIATURAS E SIGLAS

CAT - Catequina

CCso— Citotoxidade em 50% das células

CCD — Cromatografia em Camada Delgada
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CES - Spread de energia de colisao
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EUA — Estados Unidos da America

GRO/KC - Citocina do Rato Andloga a Interleucina-8 humana
HER?2 - Fator de crescimento epidérmico humano Receptor tipo 2
HPLC - Cromatografia Liquida de Alta Eficiéncia

IFNYy - Interferon gamma

IL-8 - Interleucina-8

INCA - Instituto Nacional do Cancer
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1. INTRODUCAO

As neoplasias malignas sdo popularmente conhecidas como cancer, uma doenca cuja
incidéncia aumenta anualmente, mesmo com o avango no rastreamento, prevencao e
tratamento. O cancer em todo mundo € a segunda principal causa de morte, sendo responsavel
por cerca de 9,6 milhdes de mortes e dentre as neoplasias malignas, o tumor de mama é a
principal causa de mortes em mulheres (WHO, 2021).

Embora o cancer continue como um problema de satde puiblica em todo o mundo, houve
evolug¢do no tratamento de vdrios tipos de cancer nos ultimos anos. Parte da eficdcia do
tratamento se deve ao conhecimento dos mecanismos moleculares e da biologia do tumor, o
que permitiu respostas clinicas satisfatorias e, consequentemente, 0 aumento da sobrevida do
paciente. Para Zugazagoitia et al. (2016) devido as alteracdes moleculares e as diferentes vias
de sinaliza¢do do tumor, ndo existe uma tnica droga (magic bullet), que seja capaz de levar a
cura, por isso, sdo necessdrias combinagdes de drogas que atuem concomitantemente contra
diferentes alvos. Além do tratamento adequado, a prevencdo de novos casos, 0 aumento da
sobrevida e melhora na qualidade de vida das pessoas com céancer sd@o uns dos novos desafios
da pesquisa atualmente

Os quimioterdpicos constituem uma das mais relevantes modalidades terap€uticas
empregadas na clinica oncoldgica. No entanto, por ser um tipo de tratamento sist€émico, as
drogas ndo sdo seletivas contra as células neopldsicas e agridem também células normais,
especialmente aquelas com grande capacidade de renovacgdo, como as da medula dssea, pele e
mucosa gastrointestinal, o que induz a varios efeitos colaterais, tais como :alopecia, nduseas,
diarreias e mielossupressdo sdo frequentes observados em paciente submetidos a essa
modalidade de tratamento. Porém, o nivel de toxicidade e seletividade varia entre os farmacos
antineoplésicos (INCA,2018).

As caracteristicas bioldgicas das neoplasias e os efeitos colaterais dos quimioterapicos
induzem a busca constante de novos grupos de firmacos que possam ser utilizados como
antineoplésicos. Diante da importancia dos quimioterdpicos na terapéutica oncoldgica, muitas
pesquisas vém sendo desenvolvidas utilizando os recursos naturais com o intuito de obter novas
moléculas com as mais variadas propriedades farmacoldgicas, entre elas antineopldsica e anti-
inflamatéria.

Os produtos naturais, principalmente as plantas, configuram como uma boa fonte de
novas substancias com propriedades farmacoldgicas diversas. Dentre as espécies de plantas

com potencial de obtencdo de substancias bioativas encontramos na literatura agai (Euterpe
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oleracea Mart) do qual tem se identificado substincias com atividades antioxidantes, anti-
inflamatdria, hipocolesterolémica e antineoplésica (Stoner 2009; Johnson et al. , 2012). Em uma
pesquisa realizada com voluntdrios sauddveis foi observado que malvidina e a cianidina
presentes na polpa de acai induziram o aumento significativo da capacidade antioxidante do
plasma (Petruk et al. 2017).

Em camundongos foi demonstrado que a ingestdo de acai reduziu a incidéncia de
adenoma e adenocarcinoma de colén experimentalmente induzido por azoximetano/sulfato de
dextrano sédico (Choi et al., 2017). Os compostos polifendlicos, glicdsideos e de aglicona
presentes no acgai induziram apoptose em células HL-60 de leucemia (Del Pozo-Insfran et al.,
2006). Outro experimento mostrou que o extrato hidroalcodlico liofilizado do endocarpo de
acai, rico em polifendis, levou a autofagia em células malignas de adenocarcinomas. (Silva et
al. 2014). Sabe-se que as antocianinas e catequinas extraidos dos frutos possuem relevante
atividade antioxidante e antitumoral (Rafieian-Kopaei, 2017; Chen et al. 2018).

A literatura aponta, que tanto a polpa quanto o extrato obtido da fruta possuem atividade
anti-inflamatéria. Camundongos C57BL6 expostos a fumaca de cigarro e tratados com extrato
hidroalcéolico da fruta apresentaram menor nimero de neutréfilos e macréfagos no pulmao
quando comparados ao grupo controle, o que demonstra a atividade anti-inflamatéria do extrato
(Moura et al., 2012). O extrato hidroalcéolico seco e congelado da polpa da fruta interferiu na
ativacdo e proliferacdo de macréfagos promovendo a parada do ciclo celular devido a redugdo
da ativacao de NLRP3 (Machado et al. 2019).

Para avaliar a acdo do suco gastrico sobre as propriedades anti-inflamatéria foi realizado
um experimento usando o extrato de semente de acgai digerido ou ndo digerido os resultados
mostram que houve reducdo da ativacdo de NF-kB e niveis de TNF-a, confirmando que a
atividade anti-inflamatéria do extrato ndo € alterada apds a ingestdo, o que sugere que as
sementes de acai podem usadas para a obtengdo de e compostos bioativos para diversos fins
(Melo et al., 2020).

Por muitos anos o consumo do acgai ficou restrito a regido amazonica, entretanto, passou
a ser largamente consumido em todo o pais por ser considerado um alimento funcional e com
propriedades antioxidantes. De acordo com o IBGE, em 2018 foram consumidos no Brasil 1.8
toneladas de acai para obten¢do de polpa. Considerando que € um alimento amplamente
utilizado por muitos brasileiros e, principalmente pelos resultados das pesquisas que mostram
que algumas substancias presentes no acai tem agdo antineopldsica e antioxidantes

desenvolvemos um estudo para avaliar a acdo antitumoral in vitro em células de tumor de mama



14

e a atividade anti-inflamatéria in vivo e in vitro da fracdo acetato de etila obtida da semente de
E. oleracea Mart.

A pesquisa teve como objetivos avaliar a a¢do antitumoral in vitro e anti-inflamatdria in
vivo da fracdo de acetato de etila obtida da semente de Euterpe oleracea Mart; realizar a
identificacdo taxonOmica e obten¢do das sementes de E. oleracea, Mart.; caracterizar
quimicamente os compostos majoritdrios das fracdes obtidas; avaliar a viabilidade celular in
vitro em células das linhagens MCF7, MDA-MB- 231 e MCF 10A tratadas com as fracdes
obtidas; determinar o indice de seletividade para células tumorais do material vegetal obtido, ;
avaliar as alteracOes ultra estruturais em células de linhagem tumorais tratadas com o material
vegetal; determinar os possiveis mecanismos de morte celular de células tratadas com o material
vegetal via citometria de fluxo; avaliar a acdo da fracdo acetato de E. oleracea na producao de
citocinas em células RAW 264.7 estimuladas por LPS; avaliar o efeito da fracdo acetato de E.

oleracea no tratamento do edema de pata de camundongos induzido por A-carragenina.

2. REVISAO DE LITERATURA

Euterpe oleracea Mart.,

E uma espécie de palmeira nativa da Amazonia popularmente conhecida como agaizeiro
e é encontrada principalmente estados do Amapa, Pard, Maranhdo, Tocantins e Mato Grosso.
Também € encontrado na Guiana, Guiana Francesa, Venezuela, Coldombia e no Suriname
(Calzavara, 1972). De acordo com o SEBRAE (2021), a exploracdo do agai é importante para
a sustentacdo econdmica das populagdes ribeirinhas do Para e Amapd, mas também contribui
para a economia do Maranhdo, Acre e Rondonia.

E. oleracea pertence a familia Arecaceae que, engloba aproximadamente 200 géneros e
cerca de 2.600 espécies, com distribui¢ao tropical e subtropical (Jones, 1995; Lorenzi et al.,
1996). Na Amazonia, a familia estd representada por 39 géneros e um nimero de espécies
estimado entre 150 a 180, dentre elas, Euterpe oleracea, Euterpe edulis e Euterpe precatoria
sdo as de maior importancia na producdo de palmito e frutos (Kahn, 1997).

O fruto do acaizeiro, é globoso, tem 1 a 2 cm de didametro, peso médio de 1,2 g, epicarpo
roxo ou verde na maturacdo; o mesocarpo, com cerca de 1 mm de espessura, é fibroso
envolvendo o endocarpo, volumoso e duro, com forma similar a do fruto, contendo uma
semente, com embrido diminuto e endosperma ruminado e abundante (Henderson;;Galeano,

1996).
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A semente do agai preenche a maior parte do fruto, representando 73 % da sua massa. A
semente € a estrutura de propagacdo sexuada e inclui o endocarpo e 0 mesocarpo, apresenta
forma globosa, coloragdo marrom escuro e didmetro médio de 11,5 mm. Apresenta uma
depressao, a rafe, onde em uma de suas extremidades localiza-se o poro germinativo e, na outra,
o hilo. Feixes de fibras partem da regido do hilo, formando um tufo de tecido fibroso sobre o
poro germinativo, que € facilmente observado quando a polpa € retirada (Aguiar; Mendonga,

2003; Martins et al., 2009).

A inflamacao e o desenvolvimento tumoral

Virchow em 1867 propds a hipotese de que o cancer teria origem em locais de
inflamacao, sendo assim aventado pela primeira vez a relacdo entre inflamacio e o cancer. Para
ele a inflamacdo favorece a proliferacdo celular, aumentando as possibilidades de
desenvolvimento de tumores (Figueiredo, 2019). Atualmente sabe-se que as células dos
processos inflamatdrios e seus mediadores quimicos sdo componentes essenciais para O
microambiente dos tumores. (Balkwill; Mantovani, 2012).

As células inflamatorias, assim como moléculas do estroma tumoral, atuam na
progressao do tumor pois criam um microambiente que acaba sendo favorecido pelas mesmas
citocinas que sdo protagonistas da inflamacao cronica associada ao cancer de figado, estdmago
e colon. Nesta perspectiva a inflamacao pode ser uma condicao que favorece o desenvolvimento
de um tumor e promove a progressao de neoplasias incipientes em tumores malignos completos
(Cao et al.,2011).

Mantovani et al., (2008) demonstraram que existe uma relacdo entre cancer e
inflamacdo orquestrada tanto por células inflamatérias quanto mediadores inflamatorios
(quimiocinas, citocinas e prostaglandinas) presentes nos tecidos neopldsicos, as quais atuam na
remodelacdo tecidual e angiogénese, semelhante a encontrada em respostas inflamatdrias
cronicas, e reparacao.

A inflamacdo latente no microambiente tumoral favorece proliferagdo e sobrevivéncia
de células neoplésicas, angiogénese, metdstase e interfere na imunidade adaptativa, na resposta
a hormoOnios e agentes quimioterdpicos, As citocinas ativam os mesmos fatores-chave de
transcricdo em células inflamatérias, células do estroma e células tumorais, resultando na
producdo de mais mediadores inflamatérios e na geracdo de um microambiente inflamatdrio

relacionado ao cancer. (Mantovani, 2010).
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Em um artigo de revisdo Mantovani et al., (2008) descrevem que as vias se convergem,
fazendo com as células tumorais ativem o fator nuclear kB (NF-kB), o sinal transdutor e
ativador de transcri¢ao 3 (STAT-3) e o fator induzido por hipéxia (HIF-1a), que sdo fatores de
transcricdo que medeiam a producdo de citocinas IL-6, IL-8, TNF-a (pro-inflamatoérias),
quimiocinas, ciclooxigenase 2 (COX2) com consequente producdo de prostaglandinas. As
células inflamatorias e as células tumorais mant€m a producdo dos mediadores quimicos o que
favorece o desenvolvimento de um microambiente inflamatério propicio para o
desenvolvimento da célula neopldsica. O 6xido nitrico (NO) pode modular vérios eventos
relacionados ao cancer, tais como: angiogénese, ciclo celular, apoptose, invasdo e metdstase
(Chenetal., 2014), O NO regula a producdo de VEGF, que por sua vez, estimula a neoformagao

vascular, o que pode contribuir para a disseminacao das células neopldsicas.

De acordo com Murata (2018) durante o processo inflamatério cronico hd alteragcdes
epigenéticas causados pelos danos ao DNA mediado por espécies reativas de
oxigénio/nitrogénio (ROS/RNS), o que pode ser um importante fator da carcinogénese
relacionada a inflamacdo.

No microambiente inflamatdério ocorrem danos ndao s6 no DNA, mas, também em
proteinas e lipidios. Os fatores que geram a inflamacao funcionam como um ima para as células
inflamatorias, que por sua vez, induzido a problemas respiratérios e a producio de citocinas
inflamatorias, em que NADH oxidase e 6xido nitrico sintase induzivel (iNOS) em células
inflamatorias e células epiteliais geram superdxido e oxido nitrico (NO) que reagem entre si
formando peroxinitrito (ONOO-) altamente reativo, originando o 8-0xodG e 8-nitroguanina
(Dechakhamphu et al., 2008). Os perdéxidos gerados ap6s a retirada de oxigénio reagem com o
ferro, produzindo um radical que por ser altamente reativo pode atacar o DNA, proteinas e
lipidios. Thanan et al., (2014) relatam que esses danos causados pela inflamacdo influenciam
negativamente o progndstico de cancer. Apds a exposicdo a ROS/RNS ou a citocinas pro-
inflamatorias alteram a transcricdo da proteina DNA metiltransferasel (DNMT1), que induz
aumento do DNA de genes supressores de tumor e microRNAs.

Apte e Voronov, (2002) descrevem que o papel o da interleucina 1 (IL-1p) na inducdo
tumoral quando em baixas concentracdes induzem uma resposta inflamatdria local e é
responsdvel pela a ativacdo de resposta imunoldgica protetora, porém em elevadas
concentragdes contribuem na tumorigénese.

A interleucina 6 (IL-6) também promove progressdao tumoral, conforme demonstrado

por Chunge e Chang, (2003) que constataram niveis séricos elevados de IL-6 em pacientes com
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cancer, o que também foi observado em bidpsias tumorais (Kai et al., 2005). As interleucinas
IL-7 IL-17 foram associadas ao desenvolvimento do cancer e estdo relacionadas com a acao
desempenhada pelas células T auxiliares no desenvolvimento tumoral.

Enquanto o receptor de quimiocinas CXCR4, é sobre-expresso em células malignas e em
diferentes tipos de tumores (cancer colorretal, cancer da mama, figado e esdfago) em que sua
expressdo em cancer solidos primdrios estd diretamente relacionada a frequéncia de
metastizacdo linfatica (Salvucci et al., 2006). O fator de transcricao nuclear (NF-kB) que é
responsdvel pela imunidade inata e inflamacao, aparece como o principal promotor endégeno
de carcinogénese, pois acaba atuando tanto em células malignas quanto em células
inflamatdrias.Quando em contato com células tumorais e epiteliais expostas a carcinogénicos,
o fator NF-KB promove a sobrevivéncia e a proliferacdo celular através da ativacido de genes
que codificam proteinas importantes do ciclo celular e da via anti-apoptdtica, a invasdo,

metdstase e angiogénese (Karin et al., 2006)

Carcinogénese e os produtos naturais

A carcinogénese € um processo complexo, que ocorre em uma sequéncia de eventos
dependentes de fendmenos genéticos e epigenéticos, que culminam com altera¢des moleculares
e celulares distintas (Brasileiro Filho, 2018; Sonnenschein; Soto, 2016). E um processo
irreversivel, que envolve uma cadeia de eventos extracelulares e intracelulares ( Spada et al,
2008).

A genética celular e molecular da carcinogénese € utilizada para a identificacdo de
oncogenes, genes supressores de tumor, genes especificos que codificam enzimas
metabolizadoras de carcindgenos, enzimas e proteinas de reparo do DNA, reguladores do ciclo
celular e apoptose. Também permitiram identificar fatores que medeiam a invasdao tumoral,
metastases e angiogénese. Embora, ndo esteja bem esclarecido quais os salvos moleculares e
celulares dos compostos fitoquimicos quimiopreventivos (Surh, 2003). Ha diversos compostos
e produtos naturais capazes de interferir na producdo e/ou ativacdo dos principais fatores de
transcri¢do, quimiocinas e citocinas do processo inflamatério e das células neoplésicas ou outro
tipo celular presente no microambiente (Atherino, 2020).

As substancias quimiopreventivas foram classificadas por Wattenberg,(1985) em duas
categorias principais: bloqueadores e supressores.

As substancias bloqueadoras impedem que os agentes neopldsicos atinjam os locais

alvos e sofram uma ativacao metabdlica ou mesmo interajam subsequentemente o DNA, RNA
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e proteinas. Por outro lado, as substincias supressoras inibem a transformac¢do maligna das
células iniciadas, quer na fase de promog¢ao quer na fase de progressao. Os fitoquimicos quimio
preventivos podem bloquear ou reverter a fase pré-maligna da carcinogénese em multiplos
estagios. Eles também podem parar ou pelo menos retardar o desenvolvimento e progressao de
células pré neoplasicas em malignas (Surh et al, 2003).

O consumo de frutas e vegetais estd associado a redug@o ao risco de muitas doencas,
incluindo cancer, aterosclerose e doencas neurovegetativas, que estio relacionados com niveis
elevados de estresse oxidativo (Surh et al, 2003; Spada et al, 2008).

O po¢ liofilizado da polpa de acai demonstrou ser um poderoso antioxidante contra o
superdxido (O2°), no ensaio superoxido dismutase (SOD) de eliminagdo e também excelente
contra o radical peroxila (RO2") e de capacidade de absor¢do grande aos radicais oxigenados
(ensaio da capacidade de absor¢do do radical oxigénio - ORAC) comparado a outras frutas e
vegetais e leve em relacdo aos radicais peroxinitrito (ONOO-) e hidroxila (OH-), por testes
ORACFL (capacidade de absorbancia de fluoresceina do radical oxigénio). Além disso, o po
liofilizado de acai mostrou ser um potente inibidor das ciclo-oxigenases: COX-1 e da COX-2.
Estes achados podem ter um valor significativo no papel antioxidante que influencia
diretamente a acdo antineopldsica da E. oleracea (Schauss et al, 2006).

Lichtenthiler et al (2005) também verificaram a capacidades antioxidantes do fruto agai
roxo pelo ensaio capacidade scavenging oxidante total (TOSC) obtendo resultados excelentes
contra os radicais peroxila, bons contra o peroxinitrito, e pobres contra os radicais hidroxila
comparados aos valores obtidos com sucos de frutas e vegetais europeus.

Alguns compostos podem ter acdo semelhante as enzimas, uma vez que sdo capazes de
neutralizar espécies reativas, como anion superoxido e hidrogénio peroxido (Spada et al, 2008).
Também foi relatado que lignanas e outros constituintes do acai possuem atividades
antioxidantes e cito protetoras in vitro (Stoner,2009). Polifenéis do acai também induzem a
apoptose em células leucémicas humanas HL 60 (Del Pozo-Insfran et al, 2006; Stoner et al,
2009). A propriedade mais descrita da maioria dos polifendis € a capacidade de atuar como
antioxidantes capazes de sequestrar radicais livres e espécies reativas de oxigénio.

Stoner (2009) fez estudo comparativo das frutas morango, mirtilo, framboesa vermelha e
framboesa preta, noni, goji e 0 agai, e observaram a atividade destas plantas em inibir tumores,
induzidos por n-nitrosometilbenzilamina (NMBA), em células de esdfago de ratos. Concluiram
que todas as frutas foram efetivas na reducdo da incidéncia e multiplicacdo dos tumores, porém

ndo tiveram efeito significativo no tamanho do tumor. Todas as frutas de forma semelhante
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reduziram os niveis séricos de interleucina 5 (IL-5) e de GRO/KC (citocina do rato anédloga a
interleucina-8 humana (IL-8) quando comparados com o grupo controle. Também foram
observados aumento da expressao de IL 5 no adenocarcinoma pulmonar de camundongo
induzido por N-nitroso-bis-(2-hidroxipropil)-amina que receberam dieta & base dessas frutas
(Stoner et al., 2010).

Além disso foi observado o consumo de framboesas pretas e com 5% de acai
aumentaram significativamente o nivel de interferon gama (IFNy) no soro comparado com
resultados das dietas com as outras frutas. As dietas com framboesa preta e com o acai exibiram
significativos niveis séricos de IFN-y e ativaram macréfagos liberadores de IFN-y induzindo
apoptose através da via Fas/FasL em células de glioma (Spada et al, 2008). Os elagitaninos e
as antocianinas dos frutos t€ém sido demonstrados, em multiplos estudos, que produzem efeitos
quimo preventivos in vitro e in vivo (Stoner et al, 2009).

Os radicais livres sdo continuamente formados como subprodutos do metabolismo
aerdbio no corpo humano. Eles sdo geralmente espécies reativas de oxigénio (EROS ou ROS)
ou espécies reativas de nitrogénio (ERN ou RNS). O mais comum ROS e RNS in vivo sdo os
superdxidos (O2-), radical hidroxila (OH2-), radical peroxila (RO2-), 6xido nitrico (-NO) e
peroxinitrito (ONOO). Estes ROS foram associados a muitas doengas degenerativas incluindo
doencas vasculares, diabetes, cancer e do envelhecimento em geral. Frutas com altos teores de
antioxidantes inibem a carcinogénese esofdgica induzida por NMBA através da regulacdo da

expressao das citocinas (Del Pozo-Insfran et al, 2006).

Cancer de mama e os flavonoides

A glandula mamaria € um 6rgao dinamico, que sofre profundas modifica¢des no epitélio
ao longo da vida reprodutiva da mulher. Histologicamente € composto por uma rede de ductos
sustentada por um estroma composto por células adiposas, fibroblastos e células de defesa.
Essas constantes modificagdes no tecido epitelial podem contribuir para o desenvolvimento de
alteragdes patoldgicas (Fu et al. 2019).

Dentre todos as neoplasias malignas, o cancer da glandula mamaria € o mais comum
entre as mulheres, com uma estimativa de 2.100.000 casos novos segundo a Organizacdo
Mundial da Satde (2019). Apesar de termos evoluidos como um melhor diagnostico e um
tratamento mais eficiente, a taxa de mortalidade ainda € alta, sendo a segunda causa de morte

por cancer em mulheres nos Estados Unidos (Kushi et al. 2012; Avtanski; Poretsky, 2018,).
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O tratamento para pacientes com cancer € instituido a partir de uma avaliacdo clinica
detalhada que identifica o tipo e a frequéncia deste. Os tratamentos mais utilizados sdo cirurgia,
quimioterapia e radioterapia, isoladamente ou em combina¢do. No entanto, o tratamento pode
desencadear uma série de efeitos colaterais que, juntamente com os efeitos deletérios causados
pelo préprio cancer, podem diminuir a qualidade de vida do paciente. Os produtos naturais sao
um recurso alternativo amplamente aceito por causa da diversidade em relagdo a estrutura e ao
mecanismo bioldgico de agdo, sendo seus compostos amplamente utilizados na terapia do
cancer (WHO, 2012; American Cancer Society 2018; Bray et al.2018).

A atividade das catequinas na prevencao do cancer foi estudada em uma variedade de
modelos animais. Diferentes linhagens celulares também foram realizadas na tentativa de
elucidar os mecanismos das acOes das catequinas sobre as células neoplasicas (Yang et al. 2011;
Yang & Wang 2011).

A ac¢do antioxidante das catequinas estd bem estabelecida em modelo in vitro (Hong et
al. 2010). Entretanto, no modelo in vivo s6 pode ser observada em animais que estdo sob
estresse oxidativo; por exemplo, em ratos velhos (mas ndo em ratos jovens) (Shim et al. 2010)
e em fumantes (M. Li et al. 2007). Em modelos animais para carcinogénese, ROS sao induzidas
pelo tratamento com agentes cancerigenos, € foi demonstrado que catequinas reduzem a
formacao de 8-hidroxi-desoxiguanosina (8-o0xo-dG), um marcador bem estabelecido para danos
oxidativos no DNA que podem induzir em erro a indu¢do mutagdes (Rathore et al. 2012).Como
as ROS endogenamente formadas sao importantes na promogao da carcinogé€nese, as catequinas
podem ter papéis importantes na extingdo dessas espécies em diferentes estdgios da
carcinogénese. Em estudos em humanos, foi demonstrado que a administracao de catequinas a
fumantes por 4 semanas reduz significativamente o nimero de células positivas para 8-oxo-dG
(Li et al. 2007). Tais ac¢des antioxidantes de chds ricos em catequinas podem diminuir o risco
de carcinogénese.

As catequinas reduzem as espécies reativas de oxigénio, como radical superéxido, fon
oxigénio, radical hidroxila, radical peroxila, 6xido nitrico, di6xido de nitrogénio e peroxinitrito
(Sang et al. 2011).

Os flavonoides sdo fortes quelantes de fons metélicos, de modo que a quelacao de ions
livres impede a oxidacdo de catequinas e a formagdo de ROS. As estruturas di-hidroxi ou tri-
hidroxi vicinais ndo apenas contribuem para a atividade antioxidante das catequinas, como
também aumentam sua suscetibilidade a oxidacdo do ar sob pH alcalino ou neutro,

principalmente na presenca de vestigios de fons cuproso ou férrico. A auto oxidacdo pode gerar
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anion superoxido e peroxido de hidrogénio e leva a formacdo de dimeros de catequina (como
as teasinensinas) que sdo instdveis (Hong et al. 2002; Hou et al. 2003).

Acredita-se que isso ocorra devido as reacdes em cadeia mediadas por anion superéxido
fora das células, porque as catequinas podem ser estabilizadas pela adicdo de superdxido
dismutase (SOD) (Hou et al. 2003). Essa auto oxidacdo ocorre em condi¢des de cultura de
células, e os ROS gerados pela catequina podem induzir muitas alteragdes celulares e causar
morte celular (Yang ; Wang 2011).

Ha estudos in vitro e in vivo que mostram a associagcdo entre o consumo de chd verde e
a diminui¢do do risco de cancer de mama. Nesse tipo de chd foram identificados mais de dez
compostos de catequina, como por exemplo, 0 EGCG que € o mais abundante e possui efeitos
supressores mais ativos no cancer de mama (Xiang et al. 2016).

Apesar de haver forte evidéncia de que as formulacdes ricas em catequinas tém papel
protetor contra o cancer em modelos animais (Yang et al. 2011; Yang ;Wang 2011), em
humanos estudos epidemioldgicos ndo ratificaram esses efeitos preventivos. Os dados
experimentais ndo puderam ser extrapolados para os humanos por causas de inimeras varidveis
tais como fatores de estilo de vida, diferencas genéticas e outros fatores interferentes que
reduzem o poder de detectar um efeito preventivo do cancer.

Os dados existentes na literatura acerca das catequinas na prevengao de cancer de mama
sdo controversos por diversos fatores. Primeiro, os efeitos supressores do chd rico em
catequinas no cancer de mama diferem entre os varios tipos de cha. As pesquisas mostram que
reducgdo no risco de cancer de mama estava geralmente associada ao consumo de chd verde, em
vez do consumo de chd preto. Os principais componentes bioativos do chd sdo as catequinas. O
cha preto possui cerca de 80% das catequinas que sdo oxidadas e convertidas em pigmentos de
cha laranja e vermelho (teaflavinas e tearubigina) durante a oxidacao. Isso pode explicar por
que o consumo de chd preto ndo foi associado a diminui¢@o do risco de cancer de mama (Yang;
Wang, 2011).

Segundo, ha resultados contraditorios em diferentes populacdes investigadas. Um risco
aumentado de cancer de mama na populacido de mulheres na pds- menopausa. A relagdo entre
o ché verde, que € rico em catequinas, e o risco de cancer de mama diferiu entre as populagdes
e entre as mulheres na pés-menopausa (Li et al. 2016). Pesquisas realizadas com homens e
mulheres deram resultados diferentes. Beber chd mostrou uma forte associacdo com maior risco
de cancer de mama em homens, mas nenhuma associagdo com o desenvolvimento de cancer de

mama em mulheres (Rosenblatt et al. 1999).
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Houve uma associacdo significativa entre a frequéncia de ingestdo de chd verde e a
diminui¢do do risco de cancer de mama entre mulheres com gendtipo de enzima conversora de
angiotensina (ECA) de alta atividade. No entanto, ndo foi observada associacdo entre a
frequéncia de ingestdo de cha verde e o risco de cincer de mama entre mulheres com atividade
de gendtipo de baixa ECA (Yuan et al. 2005). Esses resultados controversos podem ser devido
as diferencas no status fisioldgico entre varias populacdes, que deram respostas diferentes as
catequinas.

Por ultimo, estudos in vitro e in vivo mostraram resultados contraditorios devido a baixa
biodisponibilidade e biotransformacdo de catequinas. Quando uma espécie de catequina foi
incubada com microssomas de figado de rato a 1-100 uM por 30 min in vitro, ela se ligou
seletivamente ao catecol-o-metil transferase (COMT) (Samavat et al. 2016). No entanto, testes
in vivo mostraram que a suplementacdo com uma dose alta de catequina ndo prejudica a
atividade de COMT (Yuan et al, 2011).

Enquanto Samavat et al. (2019) ao realizarem teste de biodisponibilidade usando
catequina em camundongos revelaram uma ampla distribuicao de radioatividade nos 6rgaos-
alvo, incluindo sistema digestorio, figado, pulmao, pancreas, glandula mamaria, cérebro, rim,
utero e ovéario. Por outro lado, a radioatividade no sangue foi baixa, sendo cerca de 2% da
radioatividade total administrada 6 horas apds a administracdo, e o status foi mantido por 24
horas e 37,1% da radioatividade total administrada foi excretada nas fezes e 6,6% na urina nesse
mesmo periodo.

A modifica¢do quimica das catequinas que ocorrem no trato digestivo pode levar a sua
baixa biodisponibilidade. Sob condicdes fisiologicas, o COMT pode metabolizar as catequinas
resultando em uma reducdo da biodisponibilidade oral assim como reduzindo possiveis
atividades bioldgicas. Verificou-se que a combinac¢do de catequina e tolcapona (TOL) (um
inibidor de COMT) melhora a biodisponibilidade e sinergicamente o efeito supressor de cancer,
inibindo a metilagdo da catequina mediada por COMT in vivo (Suganuma et al. 1999).

As diferencas no efeito supressor das catequinas no cancer de mama entre vérias
populagcdes podem estar relacionadas a diferenciacio na biodisponibilidade das catequinas entre
diferentes populacoes, devido a variacdes no estado fisiol6gico. A atividade da catequina como
prevencdo do cancer vem sendo testada em diferentes modelos animais que podem estar
associadas a varios mecanismos. Em um mesmo modelo experimental, uma catequina oriunda
de ch4, pode exibir atividades inibitdérias do cancer por mais de um mecanismo (Yang; Wang

2011).
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E interessante considerar a possibilidade de que essas acdes funcionem sinergicamente
para exercer os efeitos preventivos contra o cancer de mama. Informacdes precisas sobre os
mecanismos de prevencao do cancer por catequinas em humanos sao ainda dificeis de obter.
As agdes dos polifendis do chd na reducdo do estresse oxidativo € no aprimoramento da
eliminagcdo metabdlica de agentes cancerigenos ndo estdo bem elucidadas (Chow et al. 2007;
Tang et al. 2008).

Tais acdes serdo dificeis de verificar em estudos de intervencao em humanos, usando o
cancer como um parametro. Estudos de coorte grandes e bem delineados podem ser
extremamente importantes para compreender a atividade preventiva dascatequinas no
tratamento cancer. A relagdo entre o consumo de chd e o risco de cancer pode se tornar mais
clara se quantificarmos melhor o consumo de catequinas, corrigirmos os fatores do estilo de

vida e considerarmos os polimorfismos genéticos dos individuos.
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Abstract

Acai berry is a fruit from the tree commonly known as acaizeiro (Euterpe oleracea Mart.)
originated from the Amazonian region and widely consumed in Brazil. There are several reports
of the anti-inflammatory activity of its pulp and few data about the seed’s potential in
inflammation control. This work aimed to evaluate the effect of catechin-rich acai extract on
lipopolysaccharide (LPS)-stimulated RAW 264.7 cells and carrageenan-induced paw edema.
The treatment with E. oleracea ethyl acetate extract (EO-ACET) was used in an in vitro model
performed with macrophages stimulated by LPS, in which pro-inflammatory markers were
evaluated, and in an in vivo model of acute inflammation, in which edema inhibition was
evaluated. EO-ACET showed an absence of endotoxins, and did not display cytotoxic effects
in RAW 264.7 cells. LPS-stimulated cells treated with EO-ACET displayed low levels of nitrite
and interleukins (IL’s), IL-1p, IL-6 and IL-12, when compared to untreated cells. EO-ACET
treatment was able to inhibit carrageenan-induced paw edema at 500 and 1000 mg/kg, in which
no acute inflammatory reaction or low mast cell counts were observed by histology at the site
of inoculation of A-carrageenan. These findings provide more evidence to support further
studies with E. oleracea seeds for the treatment of inflammation.

Keywords: inflammation; Euterpe oleracea; fruit; nitric oxide; cytokines; histology; mast cells

1. Introduction
The use of dietary supplements of botanical origin has been widespread worldwide and the
advancement of studies in this area has been possible due to the involvement of the National

Center for Complementary and Alternative Medicine, the Office of Dietary Supplements, as
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well as other components of the National Institute of Health. The use of these supplements has
health, as well as economic, implications [1,2]. However, it is very important to draw attention
to the veracity of information contained on product labels, which may be configured if it does
not comply with the uniformity test of dosage forms. Therefore, many studies described in the
literature show the need for the better quality control of these products and the existence of
stricter rules [3].

Compounds from plant foods are cheap sources of products with anti-inflammatory and
antioxidant properties. The increasing interest of consumers in foods with high health potential
made the pomace from berries a good source of bioactive compounds [4]. These studies seem
to look for compounds that can simultaneously inhibit cyclooxygenase-2 (COX-2) and 5-
lipoxygenase (5-LOX), which are called double COX/5-LOX inhibitors. In this field,
anthocyanins are identified as compounds that have anti-inflammatory activity. Various
processed fruit products have traditionally been used to treat colds and flu [5].

Euterpe oleracea Mart. belongs to the Arecaceae family and is commonly known as
“acaizeiro”. It is the most popular large palm tree (Figure 1A) from the floodplain Amazon
region, measuring from 6 to 14 m in height. The fruit is a small berry, with a size that varies
between 1 to 2 cm in diameter and weighs an average of 1.2 g (Figure 1B). The epicarp (bark)
and the mesocarp (pulp) is dark purple when ripe. Mesocarp measures approximately 1-2 mm
thick and surrounds the endocarp, which is a bulky and hard structure, whose shape follows
that of the fruit, which contains a seed. The acai seed fills most of the fruit, representing 73%

of its mass, presenting a globose shape, dark brown color and an average diameter of 11.5 mm

(Figure 1C) [6,7,8,9].
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Figure 1. Euterpe oleracea tree (A), fruits (B) and seeds (C).

Different parts of E. oleracea have been studied for chemical composition and pharmacological
properties [10]. The oil extracted from the pulp or seed of the fruit presents mainly fatty acids,
whose oleic acid (47.58%), palmitic (24.06%) and linoleic (13.58%) acids are the major
compounds, while palmitoleic, vaccenic, lauric and stearic acids were minor constituents [11].
High concentrations of (+)-catechin and procyanidin oligomers have also been found in E.
oleracea pulp and oil extracts [12].

The fruit agai, is widely consumed by the population in Brazil [13]. Besides the nutritional
value, acai berry presents antioxidant properties due to its high level of phenolic compounds,
such as anthocyanins [14], which also exerts anti-inflammatory, anti-proliferative and
cardioprotective activities [ 15]. A variety of phenolic compounds identified in E. oleracea, such
as the flavonoids quercetin, vitexin, luteolin, chrysoeriol and dihydrocaempferol, and the
anthocyanins cyanidin-3-rutinoside, cyanidin-3-glucoside, cyanidin-3-sambioside and

peonidine-3-rutoside, showed antioxidant effect [16].
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The literature shows that both the pulp and the ethanolic extract of the fruit have anti-
inflammatory action. It was demonstrated that C57BL/6 mice exposed to cigarette smoke and
treated with hydroalcoholic fruit extract showed a lower number of neutrophils and
macrophages in the lung when compared to the control group, which demonstrates the anti-
inflammatory activity of the agai fruit extract [17]. Other experiments showed that both dried
and frozen hydroalcoholic extract of the fruit pulp interfered with the activation and
proliferation of macrophages, promoting the arrest of the cell cycle due to the reduction of
NOD-like receptor family pyrin domain containing protein 3 (NLRP3) activation [18].

The anti-inflammatory activity of acaf is often associated with the presence of flavonoids, such
as catechin and epicatechin, both in the pulp fruit [18] and in the seeds [19]. Catechin’s anti-
inflammatory effect is well described alone, acting via the regulation of Toll-like receptor
(TLR) 2/4 and inflammasome signaling [20], or in combination with other compounds,
suppressing the production of inflammatory cytokines in mouse macrophages in vitro in
association with baicalin and B-caryophyllene [21], and inhibiting the activation of TLR4-
MyD88-mediated nuclear factor kappa-light-chain-enhancer of activated B cells (NF-xB) and
mitogen activated protein kinase (MAPK) signaling pathways in RAW 264.7 macrophages in
association with quercetin [22].

The use of digested or undigested acai seed extract, rich in catechin and epicatechin, shows that
there was a reduction in the activation of NF-kB and levels of tumor necrosis factor alpha (TNF-
a), confirming that the anti-inflammatory activity of the extract is not altered after ingestion,
which suggests the acai seeds may be used to obtain and bioactive compounds for various
purposes [19]. However, besides the use of the in vitro digested acai seed extract, the study only
performed in vitro experiments, which limits the evidence of the possible anti-inflammatory
potential of the acai seed. Thus, this work aimed to evaluate the effect of catechin-rich acai
extract on lipopolysaccharide (LPS)-stimulated RAW 264.7 cells and the in vivo model of acute
inflammation carrageenan-induced paw edema.

2. Materials and Methods

2.1. Plant Material

The fruits of E. oleracea used in this study came from Parque da Jugara, Sao Luis, Maranhao,
Brazil (latitude —2.6274201, longitude —44.2922708). The collection was carried out in the dry
period in September 2017. A sample of the specimen was stored under exsiccate number 30,
issued by Herbario Rosa Mochel of the Nucleus of Biological Studies of the State University

of Maranhdo (UEMA). To obtain the seeds, the fruits were washed in running water and in
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distilled water at 60 °C for 5 min, and the pulp was removed with the aid of a pulper. The seeds
were placed to dry in an oven at 47 °C. After drying, the fibers covering the seed were removed
manually.

2.2. Obtaining of Ethyl Acetate Extract from E. oleracea Seed

The dried seeds were ground in a manual mill to facilitate the extraction process. Then, 500 g
of the crushed acai seeds were weighed and added to 400 mL of 70% hydroethanolic solution.
The mixture remained under constant agitation for 2 h and was then left to rest for extraction
by maceration, with four successive changes of solvent, for four days. After the extraction
process, the resulting extract was filtered on Whatman filter paper #1, and the solvent
concentrated on a low-pressure rotary evaporator (Fisatom Equipamentos Cientificos Ltd.a.,
Sao Paulo, Brazil) at 40 °C. The hydroethanolic extract was then lyophilized (LIOTOP model
202, Fisatom Equipamentos Cientificos Ltd.a., Sdo Paulo, Brazil) at a temperature of —30 to
—40 °C and a vacuum of 200 mm Hg. E. oleracea hydroethanolic extract (EO-HE), 15 g, was
diluted in 200 mL of methanol:water (8:2; v/v) solution and partitioned in a liquid separation
funnel, using solvents of increasing polarity (chloroform, ethyl acetate and water). The partition
resulted in fractions named EO-CLO, EO-ACET, and EO-AQ, respectively. All the fractions
were subjected to evaporation under reduced pressure to obtain dry matter and were then
identified and kept at —20 °C. Before the biological assays, the fractions were solubilized in
dimethyl sulfoxide (DMSO) (Sigma-Aldrich, St Louis, MO, USA) at 100x the final
concentration for in vitro assays, and the final test concentrations in Dulbecco’s Modified Eagle
Medium (DMEM) culture medium (Sigma-Aldrich, St Louis, MO, USA) presented less than
0.5% DMSO. For in vivo assays, PBS was used to solubilize the EO-ACET to the final doses.
Dilution extracts were prepared immediately before use.

2.3. Thin Layer Chromatography (TLC) Analysis

The hydroalcoholic extract and fractions were preliminarily analyzed by Thin Layer
Chromatography (TLC) using silica gel 60 F254 in an aluminum chromatography sheet (20 cm
x 20 cm x 0.15 mm; Merck, Darmstadt, Germany) previously activated in an oven at 105 °C
for 2 h. As a mobile phase, the mixture of solvents methanol: chloroform: formic acid
(8.5:1.5:0.5 v/vlv) was used. After elution, chromatograms were evaluated under visible and
ultraviolet light at wavelengths of 254 and 365 nm, followed by spraying with sulfuric vanillin
reagent (1% in methanol) and subsequent heating at 110 °C for 2 min.

2.4. Analysis by High-Performance Liquid Chromatography Coupled to Diode-Array Detection
and Mass Spectrometry (HPLC-DAD-MS)
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The HPLC analysis was carried out with a modified C18 column 250 mm x 4.6 mm X 5 um
(Shim-pack CLCODS, Shimadzu, Canby, Oregon). The solvents used were (A) water acidified
with 5% formic acid and (B) methanol HPLC grade. The elution gradient established was 15%
B for 5 min, 15 to 80% B in 25 min, and maintaining 80% B isocratic for 15 min to rebalance
the column, using a flow rate of 1.0 mL/min. The mass detection was performed in a positive
mode with a capillary voltage of 2500 V; end plate offset: 2000 V; capillary output 110 V,
skimmer 1 20 V, skimmer 2 10 V, dry gas (N2) temperature 325 °C and flow 11 L/min, nebulizer
60 psi, sweep range from 200 to 800 m/z temperature set at 25 °C. Dual online DAD detection
was performed using 280 and 520 nm as the wavelengths of choice.

2.5. Quantification of Endotoxins

The quantification of endotoxin in the EO-ACET dilutions (125, 250 and 500 pg/mL) was
carried out following the recommendations of Pierce™ LAL Chromogenic Endotoxin
Quantitation Kit (Thermo Scientific, Carlsbad, CA, USA) [23].

2.6. Cell Culture

RAW 264.7 cell line murine macrophages (ATCC® TIB-71™) were maintained in DMEM
supplemented with 10% fetal bovine serum (FBS) (Gibco, Gaithersburg, MD, USA), penicillin
(100 U/mL) and streptomycin (100 pg/mL) (Sigma-Aldrich, St Louis, MO, USA) at 37 °C and
5% COz in culture flasks.

2.7. Cytotoxicity Assay

RAW 264.7 cells (2 x 10 cells/mL, 100 uL per well) were incubated overnight in 96 well plates
for adhesion. The medium and non-adherent cells were removed, and the adherent cells were
treated with 100 uL of different concentrations of EO-ACET (125, 250 and 500 pg/mL), diluted
in DMEM. Wells without cells only with the medium were used as blanks, and wells with cells
and DMSO 1% were used as a control. Wells with cells treated with LPS (Sigma-Aldrich, St
Louis, MO, USA) at 10 pg/mL and with dexamethasone (Sigma-Aldrich, St Louis, MO, USA)
at 100 uM. After 48 h of treatment, cell viability assay was performed using the colorimetric
MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide] (Sigma-Aldrich, St
Louis, MO, USA) method [24], with modifications [25]. Briefly, 10 uL of MTT at 5 mg/mL
was added and incubated for two hours at 37 °C and 5% CO». The supernatants were removed,
and the formazan crystals were solubilized with 100 pL of DMSO. The absorbance was
obtained with a spectrophotometer at 540 nm wavelength. Cytotoxicity was expressed as a
percentage, as described elsewhere [26].

2.8. EO-ACET Treatment in RAW 264.7 Macrophages Stimulated with LPS
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RAW 264.7 macrophages (2 x 10° cells/mL) were incubated in 24-well plates overnight. After
the removal of non-adherent cells, the adherent cells were treated with EO-ACET at 125, 250
and 500 pug/mL concentrations, or with dexamethasone (100 uM) for one hour, and then
stimulated, or not, with LPS (10 pg/mL). Cells non-treated and non-stimulated, and cells non-
treated and stimulated were used as controls. All treatment dilutions were carried out in DMEM
medium. After 48 h, the supernatant was collected for the quantification of nitrite and cytokines
interleukin (IL) 1 beta (IL-1p), IL-6 and IL-12.

2.9. Nitrite and Cytokines Quantification

Nitrite levels in cell culture supernatant were determined by the Griess method [27]. Then, 50
uL of supernatant was added to 50 puL of Griess reagent (25 pL of sulfanilamide 1% in 2.5%
H3PO4 solution and 25 pL of N-(1-naphthyl) ethylenediamine 0.1% solution) in 96-well plates.
After 10 min protected from light, the absorbance of the plate was measured in a
spectrophotometer at 540 nm. The results were expressed in NaNO> (uM), based on a standard
curve with known concentrations of sodium nitrite (Sigma-Aldrich, St Louis, MO, USA), at
100 to 3.1 uM NaNO., obtained for serial dilution 1:2 [28]. The cytokine quantification of IL-
1B, IL-12 and IL-6 (BD OptEIA™) was performed following the manufacturer’s specifications.
2.10. Animals and Ethical Statement

Female BALB/c mice from six to eight weeks of age were obtained from the Institute of Science
and Technology in Biomodels (ICTB/FIOCRUZ) and maintained under pathogen-free
conditions at a controlled temperature, with food and water ad libitum. The experiments were
conducted in accordance with the National Council for the Control of Animal Experimentation
(CONCEA) and approved by the Ethics Commission for the Use of Animals of the Oswaldo
Cruz Institute, license number CEUA/IOC—L053/2016, 28 December 2016.

2.11. Paw Edema Induced by A-Carrageenan

The paw edema was carried out as described by Oliveira et al. (2019) [29]. Mice were separated
into six groups of five animals. Four groups were pre-treated with 250, 500 or 1000 mg/kg of
EO-ACET by gavage, or dexamethasone (5 mg/kg solubilized in PBS, intramuscular route),
and two groups were pre-treated with PBS by gavage. After one hour, 25 pL of A-carrageenan
1% was injected into the left hind footpad. The control group was inoculated with PBS and pre-
treated with PBS. After 1, 2, 3 and 4 h of A-carrageenan inoculation, footpad swelling was
measured using a Schnelltaster dial gauge caliper (Kroplin GmbH, Hessen, Germany). The
edema thickness was expressed in millimeters and obtained from the difference between the

inoculated footpad at the evaluation time and its own basal level at time O before inoculation.
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The animals were euthanized, four hours after A-carrageenan inoculation, with 250 pL
intraperitoneal injection of a 1:1 mixture of ketamine (100 mg/mL; Syntec, BRA) and xylazine
(20 mg/mL; Syntec, BRA). Fragments of footpad edema were collected for histological
analysis.

2.12. Histology Analysis

Skin fragments from footpad were fixed in 10% buffered formalin and routinely processed for
paraffin embedding. Tissue sections at 5 um thick were stained with Hematoxylin-Eosin (HE)
and Giemsa using the modified Wolbach method for the quantification of mast cells. Tissues
were observed, analyzed by a researcher with expertise, blinded to the experimental groups. In
HE staining, the inflammatory parameters analyzed were edema, congestion and inflammatory
infiltrate. Mast cells counting were performed under a light microscope and representative areas
in five fields were selected [29].

2.13. Statistical Analysis

The results are represented as mean + standard deviation and were analyzed by Kruskal-Wallis
followed by Dunn’s multiple comparisons tests (p < 0.05) or by analysis of variance (two-way
ANOVA) followed by Bonferroni’s multiple comparisons test (p < 0.05). Statistical analyses
were carried out with GraphPad Prism 7.00 software package (GraphPad Software, San Diego,
CA, USA).

3. Results

3.1. Chemical Characterization of E. oleracea Seed Extracts

Thin-layer chromatography with catechin standard showed the presence of catechin in E.
oleraceae hydroalcoholic extract (EO-HE) and ethyl acetate fraction (EO-ACET), slight
evidence in chloroform fraction (EO-CLO) and absence in aqueous fraction (EO-AQ) (Figure
2A). The HPLC-MS analysis confirmed this result, as observed in the four chromatograms
shown in Figure 2B. The signs found in each chromatogram, with their respective relative

percentage areas and their tentative identification, are described in Table 1.
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Figure 2. Chromatograms obtained by thin-layer chromatography (A) and high-performance
liquid chromatography coupled to the mass spectrometer (B) of the hydroalcoholic extract
of Euterpe oleracea seeds (EO-HE) and fractions obtained using chloroform (EO-CLO), ethyl
acetate (EO-ACET) and water (EO-AQ), showing the presence of seven main signs.

Table 1. Constituents found in Euterpe oleraceae seed extracts with their respective molecular

pseudo-ions, relative percentage areas and their tentative identification.

3.2. EO-ACET Is Endotoxin-Free and Not Displayed Cytotoxicity
The endotoxin quantification shows endotoxin absence in all EO-ACET dilutions used in
macrophage treatment. Cytotoxicity assay performed with the same treatment conditions of

posterior experiments did not show significant alteration in the percentage of viable cells

(Figure 3).
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Figure 3. Cytotoxicity of Euterpe oleracea ethyl acetate fraction (EO-ACET) in RAW 264.7
cells after 48 h of treatment with EO-ACET (purple columns) or dexamethasone (blue column)
at 100 uM and stimulated, or not, with LPS (red column) at 10 pg/mL. Data represent the mean
+ standard deviation of the experiment performed in sextuplicate.

3.3. EO-ACET Reduced Levels of Pro-Inflammatory Markers in RAW 264.7 Cells Stimulated
with LPS

The treatment of RAW 264.7 macrophages without LPS stimulation with EO-ACET at the
highest concentration analyzed, 500 ug/mL, did not alter the levels of nitrite or cytokines in the
cell culture supernatant. However, LPS-stimulated cells treated with EO-ACET showed low
levels of all four pro-inflammatory markers analyzed when compared to untreated and LPS-
stimulated cells. Treatment with EO-ACET at 125 and 500 pg/mL displayed low levels of nitrite
(p =0.0237 and p = 0.0028, respectively; Figure 4A), while only at 500 pg/mL did they present
low levels of IL-1B (p = 0.0058; Figure 4B). The inhibitory effect of EO-ACET was more
evident in IL-6 (Figure 4C) and IL-12 quantification (Figure 4D). All the three concentrations
analyzed (125, 250 and 500 pg/mL) showed low levels of IL-6 (p < 0.0001, p = 0.0002 and p =
0.0166, respectively) and IL-12 (p = 0.0194, p = 0.0059 and p = 0.0257, respectively). The
reference drug dexamethasone treatment presented low levels of nitrite (p = 0.0001) and
cytokines IL-1B (p = 0.0093), IL-6 (p < 0.0001) and IL-12 (p = 0.0002), as expected (Figure
)
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Figure 4. Pro-inflammatory factors in RAW 264.7 cells stimulated by LPS and treated
with Euterpe oleracea ethyl acetate fraction (EO-ACET). Levels of nitrite (A) and cytokines
(B-D) in culture supernatants of cells treated with EO-ACET (purple columns) or
dexamethasone (blue column), 100 uM. Data represent the mean + standard deviation of the
experiment performed at least in triplicate. # p < 0.001 compared with the group without
stimulation or treatment (white column); * p < 0.05, ** p < 0.01, *** p < 0.001, **** p <
0.0001 when compared with the stimulated and untreated group (red column) after Kruskal—
Wallis analysis, followed by Dunn’s multiple comparisons tests.

3.4. EO-ACET Inhibited Paw Edema Induced by 1-Carrageenan

The treatment with EO-ACET demonstrated lower edema thickness than the PBS group four
hours after A-carrageenan inoculation (Figure SA and Table 2). After four hours, EO-ACET
treatment inhibited edema in a dose-dependent manner at 500 and 1000 mg/kg (Figure 5B).
The histological analysis showed that the animals treated with 1000 mg/kg presented the same
results as the animal treated with dexamethasone; in other words, no acute inflammatory
reaction was observed at the site of inoculation of carrageenan, as evidenced by histology of
mast cells (Figure 6). Regarding the participation of the mast cells in the process, the groups
treated with EO-ACET at 500 and 1000 mg/kg presented lower mean mast cell numbers in
comparison with the untreated and stimulated group (Figure 7).
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Figure 5.Paw edema of BALB/c mice inoculated with of A-carrageenan and treated
with Euterpe oleraceae ethyl acetate fraction (EO-ACET). Macroscopy (A) and kinetic of
edema thickness (B) of animals inoculated with 25 uL. of A-carrageenan 1% and treated with
100 uLL EO-ACET (purple lines) at 250, 500 or 1000 mg/kg by gavage or with dexamethasone
(blue line) at 5 mg/kg via the intramuscular route. Data represent the experiment carried out in
quintuplicate. * p < 0.05, ** p < 0.01, **** p < 0.0001, when compared with PBS group (red
line), after analysis of variance (two-way ANOVA) followed by Bonferroni’s multiple

comparisons tests.

Figure 6. Mast cells (arrows) histology of BALB/c mice inoculated with of A-carrageenan and

treated with Euterpe oleraceae ethyl acetate fraction (EO-ACET). Animals inoculated with 25
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pL of A-carrageenan 1% and treated with 100 pL EO-ACET by gavage or with dexamethasone

5 mg/kg via the intramuscular route. Wolbach Giemsa Stain.
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Figure 7. Mast cells counting in BALB/c mice footpad inoculated with of A-carrageenan and
treated with ethyl acetate fraction of Euterpe oleraceae (EO-ACET). Animals inoculated with
25 uL of A-carrageenan 1% and treated with 100 pL EO-ACET (purple columns) by gavage or
with dexamethasone (blue column) at 5 mg/kg via the intramuscular route. Data represent the
mean # standard deviation of the experiment performed at least in triplicate. # p < 0.001
compared with the group without stimulation or treatment (white column); * p < 0.05, when
compared with the stimulated and untreated group (red column) after Kruskal-Wallis analysis
followed by Dunn’s multiple comparisons tests.

Table 2. Thickness in millimeters and percentage of A-carrageenan 1% paw edema inhibition

in BALB/c mice treated with ethyl acetate fraction of Euterpe oleraceae.

4. Discussion

The study demonstrated the anti-inflammatory properties of the ethyl acetate fraction from E.
oleracea used in Brazil. First, it was performed a chemical characterization of the extract and
their fractions obtained with chloroform, ethyl acetate, and water to define the catechin-rich

one to be used in the biological experiments. The phytochemical analysis showed that in the



38

ethyl acetate fraction, mainly catechins and pelargonidin were identified, which differ from the
previous results of our laboratory, in which a predominance of proanthocyanidin A2, trimeric
and tetrameric procyanidins was observed [30]. Other studies also describe the occurrence of
catechins and epicatechin in the acai seed [31,32].

Although the seeds of the present study were collected in the same place and the same season
as Freitas et al. [30], several factors may have interfered, such as the edaphoclimatic conditions,
rainfall index and, mainly, the storage time that in the present work was not longer. Among the
factors that cause the instability of anthocyanins are pH, copigmentation, light, temperature,
metals and oxygen [33,34].

In an overview of food, therapeutic and industrial applications of Brazilian fruits of Arecaceae
family, de Souza et al. considered acgai, from the physicochemical perspective, as a good
supplement in the human diet due to its high content of compounds with known
pharmacological properties and/or health benefits [35], such as oleic acid [36], anthocyanins
[37], carotenoids [38] and phenolic compounds [39]. These compounds are related to the
powerful antioxidant activity of berries [40] and other underused wild plants seeds [41] such as
the acai seed. The “superfruit” nomination given to acgai fruit is due to the variety of bioactive
compounds and their antioxidant ability.

Qualitative analysis by TLC revealed that EO-HE and EO-ACET displayed the presence of
catechin, and the relative percentage area obtained by HPLC-DAD-MS confirmed this result,
with EO-ACET exhibiting the higher amount of catechin and epicatechin between the analyzed
fractions. Thus, EO-ACET was used in further experiments.

Before the in vitro treatment of RAW 264.7 cells, EO-ACET was subjected to an evaluation of
the endotoxin quantity. Endotoxins induce pro-inflammatory effects [42] that would alter the
in vitro and in vivo evaluation of the anti-inflammatory activity of E. oleracea seed extract. In
addition, repeated exposure to LPS may induce a state of tolerance that reprograms the
inflammatory response, resulting in reduced inflammatory cytokine production in vitro and in
vivo [43] that would also modify EO-ACET anti-inflammatory response. The absence observed
in this endotoxin analysis ensures that the fraction is free of contamination and that all the
posterior experiments made with it had no interference of endotoxins.

The RAW 264.7 murine macrophages were used to assess anti-inflammatory activity, since
they consist of a good in vitro model for the inhibition of the pathways that lead to the induction
and production of pro-inflammatory enzymes and cytokines [29,44]. The lower levels of nitrite

and cytokines observed in the supernatant of cells treated with EO-ACET indicates an


https://www.mdpi.com/2304-8158/10/5/1014/htm#B30-foods-10-01014
https://www.mdpi.com/2304-8158/10/5/1014/htm#B31-foods-10-01014
https://www.mdpi.com/2304-8158/10/5/1014/htm#B32-foods-10-01014
https://www.mdpi.com/2304-8158/10/5/1014/htm#B30-foods-10-01014
https://www.mdpi.com/2304-8158/10/5/1014/htm#B33-foods-10-01014
https://www.mdpi.com/2304-8158/10/5/1014/htm#B34-foods-10-01014
https://www.mdpi.com/2304-8158/10/5/1014/htm#B35-foods-10-01014
https://www.mdpi.com/2304-8158/10/5/1014/htm#B36-foods-10-01014
https://www.mdpi.com/2304-8158/10/5/1014/htm#B37-foods-10-01014
https://www.mdpi.com/2304-8158/10/5/1014/htm#B38-foods-10-01014
https://www.mdpi.com/2304-8158/10/5/1014/htm#B39-foods-10-01014
https://www.mdpi.com/2304-8158/10/5/1014/htm#B40-foods-10-01014
https://www.mdpi.com/2304-8158/10/5/1014/htm#B41-foods-10-01014
https://www.mdpi.com/2304-8158/10/5/1014/htm#B42-foods-10-01014
https://www.mdpi.com/2304-8158/10/5/1014/htm#B43-foods-10-01014
https://www.mdpi.com/2304-8158/10/5/1014/htm#B29-foods-10-01014
https://www.mdpi.com/2304-8158/10/5/1014/htm#B44-foods-10-01014

39

inhibitory effect in the production of pro-inflammatory marker nitrite, IL-1p, IL-6 and IL-12
by macrophages.

Nitrite was used as an indirect way to quantify the amount of nitric oxide (NO) in culture
supernatants. The NO originated from the conversion of L-arginine to L-citrulline by the NO
synthase (NOS) enzyme that has three isoforms—euronal (nNOS); endothelial NOS (eNOS);
inducible NOS (iNOS)—which is induced by pro-inflammatory factors such as cytokines or
endotoxins and is widely expressed in macrophages [23,45]. The lower quantification observed
in RAW 264.7 cells treated with EO-ACET revealed its inhibitory effect in NO production, as
well as in the cytokines production.

The IL-1f is typically activated in macrophages after inflammasome sensing of infection or
danger, leading to caspase-1 processing and driving inflammation after the release from
macrophages [46]. The TLR4 receptor in monocytes and macrophages, when activated by LPS,
induces IL-12 production and stimulates macrophages to produce other pro-inflammatory
cytokines, driving inflammation [47]. On the other hand, IL-6 may have contextual protective
or exacerbating roles during inflammation [48]. The inhibitory in vitro effect of EO-ACET
treatment in IL-1p, IL-6 and IL-12 production by RAW 264.7 cells suggests a potential anti-
inflammatory in vivo.

The anti-inflammatory activity of E. oleracea was also verified by a RAW 264.7 murine
macrophage model using phytohemagglutinin. Acai extract at 1 pg/mL modulated redox status
by decreasing NLRP3 inflammasome levels and reducing pro-inflammatory cytokines IL-1
beta, IL-6, TNF-a, and IFN-y, and the decreasing production of anti-inflammatory cytokine IL-
10 [18]. In addition, the anti-inflammatory and antihypertensive effects of the acai seed extract,
rich in phenolic compounds, were attributed to the modulating of redox status by the positive
modulation of the nuclear factor erythroid 2-related factor 2 (Nrf2) signaling pathway in human
endothelial cells (HUVEC) [49].

In vitro experiments are important tools to evaluate a specific situation and control variables
that cannot be controlled in vivo, and to provide insight into the mechanism of action of drugs
candidate. However, in vitro studies also have their limitations in research involving
inflammation. Inflammation is a complex process, involving several cells, biochemical
mediators, and signaling molecules, that is not possible to mimic in vitro. In addition, is difficult
to reproduce the same in vitro results in vivo due to pharmacokinetics and pharmacodynamics

parameters [29,50]. Thereby, we carried out an in vivo acute inflammation model of
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carrageenan-induced paw edema in BALB/c mice to evaluate the anti-inflammatory activity of
ethyl acetate fraction obtained from E. oleracea seed extract.

The animals treated with EO-ACET demonstrated edema inhibition, noticed by the lower
increase in the thickness footpad when compared to untreated animals. The inhibitory activity
was also higher in the highest doses, suggesting an ascending anti-inflammatory dose response.
The edema event happens due to vascular alterations that initiate with the transitory constriction
of the small vessels and posterior vasodilatation [51], generating deregulation of the osmotic
balance. Furthermore, vasodilatation also allows leukocyte migration to the inflammatory site,
producing additional inflammatory factors that sustain and potentiate the inflammation.

The in vivo anti-inflammatory activity of the E. oleracea seed extract was also observed in an
experiment with C57BL/6 mice, in which agai seed extract supplementation protected from
obesity-associated hepatic steatosis and fibrosis, reducing oxidative stress, NF-kB expression
and pro-inflammatory markers IL-6 and TNF-a [52].

Mast cells are one of the leucocytes that can migrate through vasodilatation, integrating a
critical first line of defense against endogenous and environmental threats, and being
intrinsically involved in the pathogenesis of skin inflammation. They are found mainly in
vascularized tissues and have cytoplasmic granules that are rich in a wide variety of mediators
as histamine, prostaglandins, heparin and serotonin [53,54]. We observed a decrease in the mast
cell count in the footpads of animals treated with EO-ACET at the same treatment doses, which
also inhibited edema increase, suggesting that mast cells may be involved in edema inhibition
caused by EO-ACET treatment.

5. Conclusions

Overall, the results observed in vitro, with the inhibition of pro-inflammatory markers
suggesting an anti-inflammatory activity of E. oleracea seed, was confirmed by the inhibition
of carrageenan-induced paw edema induced by EO-ACET treatment. These findings add to the
other descriptions of the inflammatory activity of acai pulp fruit, and our results confirmed that
the E. oleracea seed, which is rich in catechins, has anti-inflammatory potential. This study
provides more evidence to support further studies with E. oleracea seeds for the treatment of
inflammation.
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3. CONCLUSAO

A fragdo acetato de etila demonstrou efeito inibitério na produgdo de citocinas in vitro em
células RAW 264.7 estimuladas com LPS e no edema de pata in vivo.

fracdo de acetato de etila,

A afragdo de acetato de etila independente do tempo de tratamento foi cinco vezes mais seletiva
para a célula-alvo que para célula controle MCF 10A

O mecanismo de indu¢do de morte celular em ambas as linhagens estudadas foi a apoptose.

A fracao acetato obtida do extrato de semente de E. oleracea apresentou potencial antitumoral

e anti-inflamatorio.
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