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Trichilia silvatica (C. DC.): Perfil fitoquimico, avaliacdo antioxidante e anti-
inflamatoria.

RESUMO

Trichilia silvatica (C. DC.), Meliaceae, endémica no Brasil e encontra-se na categoria
vulneravel de extin¢do na lista vermelha de plantas (Red List of Thretned Plants) da IUCN
(International Union for Conservation of Nature) no ano de 2004, estando presente em
Dourados estado de Mato Grosso do Sul, Brasil é conhecida popularmente como café-do-
mato ou catigua-branco, possui sinénimo Trichilia cuspidata (C. DC.). Estudos prévios
detectaram a presenca de lignanas glicosiladas, esteroides, diterpenos e sesquiterpenos nas
folhas e limondides um de seus principais componentes, bem como acao anti-inflamatoria e
antioxidante dos 6leos essenciais obtidos a partir das folhas de Trichilia silvatica. O presente
trabalho avalia o perfil fitoquimico do extrato bruto metandlico obtido através das cascas e
folhas de Trichilia silvatica pelo quantitativo de fendis totais, flavonoides, flavonol e taninos
condensados pelo método fotocolorimétrico utilizando o reagente Folin-Ciocalteau bem como
Cromatografia Liquida de Alta Eficiéncia (HPLC). Para avaliacdo da capacidade antioxidante
utilizou-se os ensaios 2,2-difenil-1-picrilhidrazil (DPPH), captura do radical livre ABTS+ e
sistema beta caroteno/ &cido linoléico. A capacidade anti-inflamatéria foi avaliada pelos
ensaios: edema de pata, pleurisia induzida por carregenina e artrite induzida por symozan. A
atividade anti-proliferativa em células tumorais foi avaliada pelo método de sulforrodamina
B. Verificou-se a presenca majoritaria de fendis e flavonoides nas cascas e folhas de T.
silvatica e presenca de &cido caféico nas folhas e cascas e acido sinptico nas cascas.
Demostrou atividade significante aos ensaios propostos em comparacdo ao BHT, &cido
ascorbico e quercetina, apresentou acdo anti-inflamatoria significativa por inibir a migracédo
de leucdcitos, artrite induzida por symozan e edema de pata. Atividade antiproliferativa
demostrou que o extrato obtido das folhas foi ativo contra células VERO (célula epitelial de
rim de macaco verde) e PC-3 (préstata). Além disso, estudos mais detalhados sobre a
composi¢do quimica destes extratos, bem como estudos com outros modelos e ensaios in vivo

s80 essenciais para caracterizar e elucidar suas a¢oes biologicas.

Palavras-chave: Trichila silvatica, Catigua (Meliceae) estresse oxidativo, constituintes

quimicos.



Trichilia silvatica (C. DC.): Phytochemical profile, antioxidant and anti-
inflammatory evaluation.

ABSTRACT

Trichilia silvatica (C. DC.), Meliaceae, endemic in Brazil and is in the vulnerable category of
extinction in the red list of plants of IJUCN (International Union for Conservation of Nature)
in the year 2004, being present in Dourados state of Mato Grosso do Sul, Brazil is popularly
known as café-do-mato or catigua-branco, has a synonym Trichilia cuspidata (C. DC.).
Previous studies have detected the presence of glycosylated lignans, steroids, diterpenes and
sesquiterpenes in leaves and limonoids, one of its main components, as well as anti-
inflammatory and antioxidant action of the essential oils obtained from the leaves of Trichilia
silvatica. The present work evaluates the phytochemical profile of the crude methanolic
extract obtained from the barks and leaves of Trichilia silvatica by the quantitative of total
phenols, flavonoids, flavonol and tannins condensed by the photocolorimetric method using
the Folin-Ciocalteau reagent as well as High Efficiency Liquid Chromatography (HPLC). To
evaluate the antioxidant capacity, the 2,2-diphenyl-1-picrylhydrazyl (DPPH), free radical
capture ABTS + and beta carotene / linoleic acid systems were used. Anti-inflammatory
capacity was assessed by the tests: paw edema, carrageenan-induced pleurisy and symozan-
induced arthritis. The anti-proliferative activity in tumor cells was evaluated by the
sulforrodamine B method. The presence of phenols and flavonoids in the husks and leaves of
T. silvatica and presence of caffeic acid in leaves and bark and synaptic acid in the bark were
verified. It demonstrated significant activity against the proposed assays compared to BHT,
ascorbic acid and quercetin, showed a significant anti-inflammatory action by inhibiting
leukocyte migration, symozan-induced arthritis and paw edema. Antiproliferative activity
demonstrated that the extract obtained from the leaves was active against VERO cells (green
monkey kidney epithelial cell) and PC-3 (prostate) cells. In addition, more detailed studies on
the chemical composition of these extracts, as well as studies with other models and in vivo

assays are essential to characterize and elucidate their biological actions.

Key words: Trichilia silvatica, Catigua Meliaceae, oxidative stress, chemical constituents.
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1 INTRODUCAO

O estresse oxidativo ocorre quando ha um desequilibrio entre a producdo de espécies
reativas ao oxigénio (ERO’s) ou nitrogénio (ERN) e a capacidade de neutralizagdo pelos
sistemas basais através de seus antioxidantes. Esta condi¢cdo conduz a alterac@es fisioldgicas
na homeostase podendo causar danos ao DNA, aos lipidios e as proteinas. Este quadro
predispbe ao aparecimento de doencas cronico-degenerativas, tais como Mal de Alzheimer,
Doenca de Parkinson, Arteriosclerose, Diabetes, processos inflamatorios e neoplasias. Dai a
importancia da busca de novos antioxidantes naturais ndo-toxicos (BARBOSA et.al. 2010;
CASTELO-BRANCO et al. 2011; GULCIN et.al. 2003; LUSHCHAK, 2014).

Em dezembro de 2008 pela Portaria n°® 2.960, o Ministério da Saude elaborou uma
relacdo de 71 espécies de Plantas Medicinais com potencial terapéutico de interesse ao
Sistema Unico de Satde (SUS), visando orientar a cadeia produtiva e o desenvolvimento de
pesquisas que possam subsidiar a elaboracdo da relagdo de fitoterapicos disponiveis para uso
da populacdo, com seguranca e eficacia para o tratamento de determinada doenca. Dentre as
espécies encontra-se Maytenus ilicifolia popularmente conhecida como “espinheira santa”,
usada para tratamento de gastrites, Ulceras gastricas-duodenal e dispepsias, Mikania
glomerata, “guaco”, utilizado como antitussigeno, expectorante e broncodilatador, Schinus
terebinthifolius (pimenta rosa), usada popularmente e comprovada cientificamente, contra
inflamacdo vaginal, Uncaria tomentosa, conhecida como “unha-de-gato” utilizado como anti-
inflamatérios (FIGUEREDO et.al., 2014; MINISTERIO DA SAUDE, 2015).

Assim, as plantas medicinais formam a base para a descoberta de grande parte dos
medicamentos, tais como a aspirina, digitoxina, morfina, quinina e pilocarpina. No entanto,
foi a descoberta da "penicilina" que revolucionou a descoberta de novos medicamentos tais
como antibidticos: estreptomicina, eritromicina, tetraciclina; antiparasitarios: avermectinas;
antimalaricos: quinina, artemisinina; agentes de controle lipidico: lovastatina e seus analogos;
imunossupressores para transplantes de 6rgdos: ciclosporina, rapamicinas e drogas
antineoplasicas como o taxol, vincristina e vimblastina (BUTLER, 2004; LI e VEDERAS,
2009).

Menos de 10% das cerca de 250.000 espécies de plantas descobertas no mundo foram
investigadas de forma contundente, onde o Brasil possui uma rica biodiversidadesendo
detentor de cerca de 100 mil espécies vegetais onde menos de 1% foi estudada sobre o
aspecto medicinal (WIESE, 2008).



14

Apesar do uso popular sem nenhum respaldo cientifico, cerca de 80% da populacéo
dos paises subdesenvolvidos e desenvolvidos continua dependente da medicina popular
(BRAZ FILHO, 2010). Por isso, é importante realizar estudos multidisciplinares envolvendo a
etnobotanica, quimica e a farmacologia para viabilizar um conhecimento mais amplo do uso
terapéutico de plantas medicinais de maneira sustentdvel (MACIEL et al., 2002; COSTA-
LOTUFO et al., 2010).

Em virtude dos aspectos previamente discutidos, 0 nosso grupo de pesquisa vem
desenvolvendo o estudo do potencial quimico e biologico de plantas presentes na regido de
Dourados-MS, Estado que apresenta grande diversidade de vegetacdo, como Cerrados, matas
semideciduas, matas de galeria, dentre outras. Os Cerrados cobrem 65% e as florestas
semideciduas 8,9% da area do Estado do Mato Grosso do Sul (SANGALLI, 2000). Desta
forma dando continuidade ao nosso trabalho sobre as plantas de matas de Dourados — MS,
com especial interesse em plantas potencialmente bioativas, nos propusemos a avaliagdo do
potencial bioldgico e determinar o teor de constituintes de Trichilia silvatica (Meliaceae). O
projeto foi elaborado, especialmente para uma linha dedicada a pesquisa de bioprospeccao,
que visa a busca de bioprodutos, com destaque para substancias biologicamente ativas de
importancia para a industria farmacéutica. Dentro dessa abordagem, podemos visualizar
etapas-chave, como a coleta da espécie, preparo de extratos e avaliacdo de bioatividade, que
caracterizam a pesquisa multidisciplinar (Figura 1). Ha poucas pesquisas visando a acao

bioldgica da espécie selecionada para o estudo.
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Figura 1: Descrigéo das inter-relages entre as atividades do projeto.
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2 REVISAO DA LITERATURA

2.1 Género Trichilia.

O género Trichilia (Meliaceae) possui cerca de 70 espécies, distribuidas
principalmente na América tropical e Africa. No Brasil ¢ representado por mais de 15
espécies, amplamente distribuidas por diferentes regibes do pais. Na medicina popular
algumas espécies de Trichilia sdo utilizadas para o tratamento de reumatismo e febre, bem
como agentes purgativos e eméticos, como exemplo T. sinensis e T. connaroides que sdo
utilizadas frequentemente para tratar artrite, faringite, amigdalite, osteomielite crénica
(GARIMA, 2011; XU et al., 2013).

O género ¢ caracterizado principalmente pela presenca de limonoides e
protolimonoides, com uma gama de atividades bioldgica relatadas. Dentre elas destaque o
estudo de T. americana que relata o isolamento de dez limonoides do tipo cedroleno,
americanolidas A-D (1-4), 1,2-dihidrodeacetilhirtina (5), 1-hidroxi-1,2-dihidrodeacetilhirtina
(6), 1-hidroxi-1,2-dihidrohiritna (7), 1-metoxi-1,2—dihidrodeacetilhirtina (8), 11pB-hidroxi-
12-propanoiloxicedroleno (9), 1, 11B-dihidroxi-1,2-dihidrocedroleno (10), deacetilhirtina (11)
e hirtina (12) (Figura 2). Todos os compostos exibiram potentes e/ou seletiva atividade
citotoxica com valores de 1Cso entre 1.0 para 39.6 uM (JI et al.,2015).
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Figura 2: Limonoides isolados de T. americana.

Quatro novos limonoides, trichilina A (13), trichilina B (14), trichilitona 1 (15), 12-
deacetoxiltrijugina A (16), um pentatriterpeno (17) e outros trés limonoides ja conhecidos (18
—19), foram isolados do extrato obtido das cascas de T. connoroides. Os novos compostos 15
e 16 exibiram efeitos inibitorios na producdo de Oxido nitrico em linhagens de macrofagos
estimulada por LPS (lipopolissacarideo) (GENG et al., 2009, JI et al., 2015).
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Figura 3: Limonoides isolados de T. connoroides.

Do extrato etandlico obtido das sementes e cascas de Trichilia elegans ssp. elegans
coletadas em Mato Grosso do Sul, foram isolados seco-protolimonoides (21-26) (GARCEZ et
al., 1997). Na reinvestigacdo do extrato das sementes foram isolados novos limonoides e
limonoides 7p-oxigenado (27-37) (GARCEZ et al., 1997, GARCEZ et al., 2000) (Figura 4). O
extrato aquoso das folhas de T. elegans apresentou efeito imunomodulatério (NORES et al.,
1997).
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Além destes, varios outros derivados limonoides foram isolados de T. Pallida
(SIMMONDS, et al.; 2001), T. estipulada (CORTEZ, 2000), T. catigud (MATOS et.al.,
2007). T. hirta (CORTEZ et al.; 1992), T. prieuriana (OLUGBADE, 1991), T. havanensis
(ARENAS & RODRIGUEZ-HAHN, 1990), T. roka (NAKATANI, 1985), T. dregeana
(MULHOLLAND & TAYLOR, 1980), T. rubra (MUSZA ET AL., 1995) e de T. claussenii
(PUPO, 1996; 1998).

Os limondides sdo, provavelmente, os maiores representantes da classe dos terpenos
com atividade inseticida (XIE et al., 1994; ROEL & VENDRAMIM, 1999; BOGORNI &
VENDRAMIM 2003, 2005) e conhecidos como meliacinas, devido ao seu sabor amargo e

suas principais fontes sdo as espécies da familia Meliaceae, Rutaceae e Cneoraceae.

Além da pronunciada atividade inseticida e limondides relatada por espécies do género
Trichilia, alguns extratos também apresentaram uma variedade de propriedades bioldgicas e

principalmente derivados fendlicos, conforme descrito na Tabela 1.

Tabela 1: Atividades bioldgicas e constituintes relatados em espécie de Trichilia.

Espécie Parte Constituintes quimicos Atividade bioldgica Referéncia
utilizada
Trichilia heudelotii Cascas Saponinas, taninos,
compostos fendlicos, Antiamarilica Bankole et.al, (2016)

alcaldides, antraquinonas

Flavonodides, compostos Antidiarréica e Konaté, (2015)
Trichilia emetica. Folhas fendlicos Antimicrobiana
Polifendis, limonoides Hepatoprotetor e Germano et.al. (2005)
Raiz antibactericida
Antidepressivo Bonassoli et.al. (2012)
Trichilia catigua Cascas
Ansiolitico Chassot et al. (2011)
Trichilia claussenii Folhas Anti-helmintico Cala et.al. (2012)
Anti-inflamatéria Benecia et.al. (2000)
Trichilia glabra Folhas
Aladesanmi e Odediran
Folhas Diterpenos e acidos fenélicos Antimicrobiano (2000)
Trichilia heudelotti
Trichilia roka Raiz Antipirético Sanogo et. al. (2001)
Trichilia dregeana Folhas Anti-inflamatério Eldeen et.al. (2007)

inibidor da COX
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2.2 Trichilia Silvatica

Trichilia silvatica C. DC., Meliaceae, popularmente conhecida como “catigua”,
“catigud-branco” ou “cutia-vermelha” no estado de Santa Catarina e “rosa-branca” na Bahia
(PENNINGTON, 1981), ¢é uma arvore de porte médio 5 a 10 metros (Figura 1), endémica no
Brasil e encontra-se na categoria vulneravel de extin¢do (Red List of Thretned Plants) da
IUCN (International Union for Conservation of Nature) No Brasil, distribui-se pelos Estados
da Bahia, Rio de Janeiro, Sdo Paulo, Parana, Santa Catarina e Espirito Santo (PATRICIO e
CERVI, 2005).

(A)

Figura 5. Trichilia silvatica presente em Dourados, Mato Grosso do Sul. A- Tronco da espécie Trichilia silvatica
e B- Folhas da espécie Trichilia silvatica (VIEIRA-SILVA, 2015).

Devido a sua diversidade em propriedades fitoquimicas e a¢Ges farmacoldgicas a
espécie atualmente vem sendo alvo de vérias pesquisas. O estudo quimico realizado com o
extrato butandlico obtido das folhas de T. silvatica coletado no estado do Espirito Santo levou
ao isolamento de um sesquiterpeno ambrosanoli-10,11-diol (38), da cumarina escopoletina
(39) e dos esteroides P-sitosterol (40) e estigmasterol (41) (FIGUEIREIDO, 2010),
Apresentou atividade antimicrobiana frente aos microrganismos Streptococcus salivarius e
Streptococcus mutans com ICso abaixo de 100 pg/mL, ndo apresentaram atividade contra as

larvas de Aedes aegypti.
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De uma espécime de T. silvatica coletado em Mato Grosso do Sul, levou ao
isolamento de oito compostos, destacando-se esteroides do tipo pregnano e aromandandreno
20,3B,4p-tri-hidroxipregnan-16-ona  (42), 2B.,3B.,4p-tri-hidroxipregnan-16-ona  (43) e
cneorubina X (44), diterpenos biciclicos do tipo clerodano Kolavelool (45) e Kolavenol (46),
além do y-tocoferol (47), 3-O-B-D-glucopiranosil- B-sitosterol (48) e 3-O-B-D-glucopiranosil-
estigmasterol (49) (SOARES et. al., 2014).

O estudo das folhas de uma espécime coletada na Bahia, resultou no isolamento do (-
tocoferol (50), sesquiterpenos 2S,3S,6R,7R-humuleno-2,3,6,7-diepoxido (51), 2R,3R,6R,7R-
humuleno-2,3;6,7-diepdxido (52) e mustacona (16), esterdide B-sitosterol (40) e uma mistura
de triterpenos o-amirina (54), p-amirina (55) este apresenta potencial a anti-inflamatorios,
pseudotaraxasterol (56) e lupeol (57) (SOARES et. al., 2013).

O nosso grupo de pesquisa realizando estudos para avaliacdo do efeito do extrato
metanolico obtido das folhas, cascas e flores de T. silvatica coletadas em Dourados-MS, sobre
atividade inseticida na Spodoptera frugiperda, demonstraram que o extrato obtido das folhas
foi 0 mais promissor, diminuindo a viabilidade da larva, prolongou a duracdo larval, afetou a
biomassa pupal, diminuiu o periodo de oviposi¢do e o nimero de ovos, bem como afetou a
viabilidade do ovo. Este efeito pode estar associado ao teor de constituintes fendlicos
(53,17 mg de acido gélico/ g de extrato) e flavonoides (53.17 mg de quercetina/ g de exrtato),
além dos constituintes [1-tocoferol (50), 3-O-B-D-glucopiranosil- -sitosterol (48), mustacona
(53) e a N-metilprolina (58) observados no extrato metandlico obtidos das folhas (FREITAS
et al., 2014; FORMAGIO et al., 2012). Ainda a composicao do 6leo essencial extraido por
hidrodestilacdo das folhas frescas, evidenciando 35 compostos com predominancia de
sesquiterpenos, correspondendo a 89.41%. A administracdo oral do éleo essencial (100 e 300
mg/kg), inibiu significativamente o edema de pata induzido por carragenina e exibiu
moderada atividade antioxidante frente ao reagente 2, 2-difenil-1-picrilidrazil (DPPH)
(FREITAS et al., 2014; FORMAGIO et al., 2012).
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(40) R=OH
(39) (48) R=Glic
(38)

(41) R=OH e (49) R=Glic
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(53)

(51) (52)

(54) R1=Me; R2-H
(55) R1=H; R2= Me

S~
L
(58)

Figura 6. Compostos isolados de extratos alcoolicos obtido das folhas de T. silvatica

Diante dos estudos citados, além da indicacdo popular de espécies do género Trichilia
como anti-inflamatoria, T. silvatica é uma importante opcdo para futuros trabalhos de
pesquisa, e apesar de existirem alguns trabalhos investigando suas atividades biolégicas, ainda

ndo existem dados cientificos que comprovem sua eficacia antioxidante e anti-inflamatdria.

2.3 Estresse oxidativo: radicais livres e antioxidante

O estresse oxidativo decorre de um desequilibrio entre a geracdo de compostos
oxidantes e a atuacdo dos sistemas de defesa antioxidante. Os mecanismos de geracdo de
radicais livres ocorrem, normalmente, na mitocondria, membranas celulares e no citoplasma.
Tais mecanismos podem, especialmente, ser favorecidos pelos ions ferro e cobre. A
mitocondria, por meio da cadeia transportadora de elétrons, é a principal fonte geradora de
radicais livres (GREEN et.al. 2004).



25

2.3.1 Geracao de radicais livres

A oxidagdo é parte fundamental da vida aerdbica e do metabolismo e, assim, 0s
radicais livres sdo produzidos naturalmente ou por alguma disfuncdo bioldgica, cujo elétron
desemparelhado encontra-se na ultima camada de valéncia, apresentam instabilidade quimica
e alta capacidade reativas, nos atomos de oxigénio e nitrogénio sdo denominadas espécies
reativas de oxigénio (ERO) e espécies reativas de nitrogénio (ERN) (VASCONCELOS et al.
2007).

O organismo humano sofre acdo constante de ERO e ERN geradas em processos
inflamatdrios, por alguma disfuncdo bioldgica ou proveniente dos alimentos. As principais
ERO distribuem-se em dois grupos, os radicais de hidroxila (HOe), superoxido (O2 ),
peroxila (ROO¢) e alcoxila (RO¢); e os ndo-radicais: oxigénio, peroxido de hidrogénio e &cido
hipocloroso. Dentre as ERN incluem-se o 6xido nitrico (NOe), 6xido nitroso (N203 ), &cido
nitroso  (HNO2), nitritos (NO27), nitratos (NOs") e peroxinitritos (ONOO?)
(CHATGILIALOGLU e O’NEILL, 2001; HALLIWELL, 1999).

Uma importante fonte geradora de radicais livres sdo as enzimas NADPH oxidases
(Nicotinamide Adenine Dinucleotide Phosphate Oxidases). Essas se referem a proteinas
transmembrana que tém, por exceléncia, a funcdo de transferir os elétrons através das
membranas celulares, principalmente as membranas endoteliais, com a maior fonte de radical
O2', estes catalisam a reducdo de O e utilizam o NADPH como doador de elétrons
(VASCONCELOS et al., 2007).

Tais enzimas existem em pelo menos seis isoformas, diferindo quanto ao local de
expressao e co-fatores necessarios para a sua ativacdo (BERNARD and KRAUSE, 2007).
Com isso mostram que o NADPH oxidase estd diretamente relacionado ao processo de
doencas cardiovasculares e inibidores especificos que podem atuam nestas vias com grande
potencial no tratamento de doencas relacionadas aos vasodilatadores (RABELO et al. 2010).

A ligacdo do ferro e cobre as proteinas especificas: transferrina, ferritina e
ceruloplasmina, por meio da quais estes séo transportados, utilizados e estocados, previne
e/ou minimiza as reagdes de geracdo de radicais livres catalisadas por esses metais. No
citoplasma de células hepaticas, o ferro livre (ndo ligado a ferritina) é facilmente dissociado
na forma de ion, o que o torna cataliticamente ativo e apto para participar de reacdes de
oxido-reducdo e, consequentemente, de geracdo de radicais livres (KOURY and
DONANGELO, 2003; WELCH et.al.,2002).
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Os acidos graxos poli-insaturados contidos nas membranas celulares fazem com que
essas sejam potentes geradoras de radicais livres, alcoxila (LO") e peroxila (LO2"), por meio
da lipoperoxidacdo. Tal processo constitui-se de reagdes em cadeia, representadas pelas etapas
de iniciacéo, propagacao e terminacdo (FERREIRA e MATSUBARA, 1997).

Assim, 0 excesso desses radicais livres no organismo é combatido por antioxidantes
produzidos pelo corpo ou absorvidos da dieta. O desbalan¢o redox podem desencadear o
agravar doencas e entender os mecanismos de estresse oxidativo podem minimizar os efeitos
de doencas relacionadas a estes processos, pois quando tratam de individuos doentes podem
existir diversos aspectos clinicos e nutricionais que devem ser avaliados (VASCONCELOS et
al., 2007).

2.3.2 Antioxidantes

De acordo com Halliwell (1999) “Antioxidante é qualquer substancia que, quando
presente em baixa concentracdo comparada a do substrato oxidavel, regenera o substrato ou
previne significativamente a oxidagdo do mesmo”. Assim, 0 sistema de defesa antioxidante
tem a funcgdo de inibir e/ou reduzir os danos causados pela acdo deletéria dos radicais livres
ou das espécies reativas ndo-radicais. Tais acdes podem ser alcancadas por meio de diferentes
mecanismos de acdo: impedindo a formacdo dos radicais livres ou espécies ndo-radicais
(sistemas de prevencdo), impedindo a acdo desses (sistemas varredores) ou, ainda,
favorecendo o reparo e a reconstituicdo das estruturas bioldgicas lesadas (sistemas de reparo).

Usualmente, o sistema de defesa é dividido em enzimético e ndo-enzimatico. Ambas
podem ser constituidas por grande variedade de substancias antioxidantes, que podem ter
origem enddgena. As principais enzimas antioxidantes enddgenas sdo: a superoxido
dismutase (SOD), a catalase (CAT), a glutationa peroxidase (GPX) e DNA glicosilases
atuando na linha primaria de defesa basal neutralizando as espécies reativas de oxigénio
(EROs). O sistema de defesa exdgeno, especialmente, 0s compostos antioxidantes de origem
dietética, entre os quais se destacam: vitaminas, minerais e compostos fendlicos. O acido
ascorbico (vitamina C), o o-tocoferol e [P-caroteno, precursores das vitaminas E e A,
respectivamente, sdo compostos vitaminicos potencialmente antioxidantes (BARBOSA et al.,
2010).

2.4 Inflamacéo
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O processo inflamatério é uma resposta localizada e regulada que o organismo dispde
a regular, neutralizar e eliminar um agente agressor (LAWRENCE et al., 2002)

Podendo ser desencadeada por traumas, lesGes teciduais e invasdo por agentes
infecciosos, com a finalidade de eliminar microrganismos e/ou outros agentes irritantes e
potenciar o reparo tecidual (MEDZHITOV, 2010). Neste processo ocorre aumento do aporte
sanguineo local por volta da regido atingida (lesdo local - injuria) e/ou basal/ sistémica
(sepse), acarretando em hiperemia ou rubor, edema, calor, dor e perda da funcdo como
sintomas classicos envolvendo o sistema sanguineo e sistema imunitario mediante liberacao
de mediadores quimicos pelo organismo como: leucdécitos, macrofagos, linfocitos, histaminas,
citocinas (fator de necrose tumoral e interleucinas), fator ativador plaquetario, quimiocinas,
bradicinina, prostaglandinas, 6xido nitrico e leucotrienos (KANTARCI et al., 2005).

A inflamacdo é dividida em duas categorias, aguda e cronica, de acordo com o tempo
de duracdo e caracteristicas patoldgicas. A inflamacéo aguda apresenta curta duracdo. Durante
0 processo inflamatdrio agudo, muitos mediadores como o d6xido nitrico e prostaglandinas
como prostaglandina I (PGl,), prostaglandina D2 (PGD>), prostaglandina E> (PGE2) e
prostaglandina F2.. (PGF2,) promovem principalmente vasodilatacdo, um dos sinais classicos
do processo inflamatério agudo, representado pelo calor e rubor caracteristicos da reacao
inflamat6ria (SHERWOOD e TOLIVER-KINSKY, 2004).

A vasodilatacdo e formacdo de exsudato sdo geralmente acompanhadas da
marginacdo, adesdo e migracdo de leucdcitos, principalmente neutrofilos. Na fase aguda da
resposta inflamatdria, ocorre a liberacdo de varios mediadores em especial componentes do
complemento como os fragmentos C3a e Cba, leucotrienos, quimiocinas como a IL-8
(interleucina 8) e ainda bioprodutos bacterianos como peptideos N-formilados, que promovem
a quimiotaxia de leucdcitos e outras células fagociticas para o sitio da reacdo inflamatéria
(aderem e smith, 2004).

A inflamagdo aguda pode finalizar-se com a resolugdo de todos os eventos
caracteristicos da reacdo inflamatoria e retorno do tecido lesionado a normalidade ou sua
substituicdo por tecido conjuntivo. Esse processo é chamado de resolucdo da resposta
inflamatdria e podem estar envolvidas substancias resolutivas (mediadores) como a Lipoxina,
MAPKinase fosfatase, protecninas, resolvinas, dentre outras (GILROY et al., 2004;
ADEREM e SMITH, 2004).

O processo inflamatorio resulta da liberagcdo de varios mediadores inflamatérios que

sdo substancias que uma vez liberadas/ativadas desencadeiam mantem e amplificam os
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diversos processos envolvidos na resposta inflamatoria, como histamina (potente
vasodilatador e enzima proteolitica, responsdvel pela vasodilatacdo, tém acdo rapida e
precose, mas de curta duracdo), serotonina (responsavel pela vasodilatacdo com acdes similar
as da histamina), leucotrienos (LTs) (produtos da oxidacdo de acidos graxos insaturados e sua
reacdo de sintese € iniciada pela liberacdo de acido araquiddnico (AA), prostaglandinas (PGs)
(o &cido araquidénico também pode ser metabolizado pela via da ciclo-oxigenase (COX),
mediada por enzimas que catalisam a biosintese das prostaglandinas), citocinas (moléculas de
sinalizacdo polipeptidicas, e os reguladores mais importantes desse processo destacam-se 0
fator de necrose tumoral-o (TNF-a) e a interleucina 1 (IL-1) (RANG et al., 2007, KUMAR et
al., 2005, VERRI et al., 2006).

A inflamacdo aguda faz parte de uma resposta inata do processo inflamatorio do
sistema de defesa, mas a inflamacdo cronica faz parte de um processo mais complexo.
Quando a resposta inflamatdria aguda ndo é resolvida pelas citocinas pro e antiinflamatorias
resultam em uma inflamagdo cronica que podem durar anos e podem evoluir para quadros
mais graves como cancer, diabetes, doencas cardiovasculares, pulmonares e neuroldgicas. Na
inflamacdo crénica as células envolvidas sdo monoculares, macrdfagos, linfécitos e
plasmocitos sdo encontrados juntamente com os neutréfilos e ocorre destruicdo e reparacao do
tecido (CARNEIRO et al., 2009).

Além destes mediadores inflamatérios, alguns fatores que interferem com a
transcricdo génica parecem ser alvos importantes para o controle do processo inflamatério. O
fator nuclear kappa B (NF1B) destaca-se pela sua vasta gama de acdes e pelo fato de diversas
proteinas estarem integradas na dindmica de sua ativacdo (O’NEILL e KALTSCHMIDT,
1997).

2.4.1 Agentes anti-inflamatorios

Atualmente, medicamentos encontram-se disponiveis para uso como analgésicos e/ou
anti-inflamatorios, como os corticosteroides e os anti-inflamatdrios néo esteroidais_(AINES).

1. Anti-inflamatorios hormonais ou esteroidais conhecidos como: glicocorticoides,

corticoides ou corticosterdides que agem na produgdo das prostaglandinas e

leucotrienos tendo como exemplo: hidrocortisona, dexametasona, prednisona;

2. Anti-inflamatdrios ndo-hormonais ou inibidores da enzima ciclo-oxigenase (COX)

chamados ou anti-inflamatérios ndo-esteroidais (AINES) que estdo envolvidos na
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inibicdo especifica da COX e consequentemente a reducdo da conversdo do AA em
PGs. Os AINEs tradicionais como naproxeno, ibuprofeno, diclofenaco, indometacina,
flurbiprofeno, nabumeton e aspirina inibem ambas as isoformas de COX, classificados
como anti-inflamatorios ndo seletivos. Por atuarem nas duas isoformas, reduz a
inflamacdo por inibir a COX-2 que sdo altamente seletivos, mas causa efeitos
secundarios gastrointestinais por inibirem a COX-1 (KUMMER e COELHO, 2002;
DUNCAN et al. 2004; NETINA, 2003; SMELTZER e BARE, 2002; SOUZA, 2013).

Apesar destas classes de substancias (AINEs e corticosterdides) apresentarem
excelentes propriedades anti-inflamatdrias e ser utilizado na terapéutica clinica, seu uso
produz importantes efeitos colaterais. Tais efeitos incluem irritacdo gastrica que podem variar
desde um simples desconforto até a formacdo de Ulcera. Rea¢fes cutaneas variando de leves
até mais graves e potencialmente fatais como a sindrome de Stevens-Johnson. Efeitos renais
podendo causar insuficiéncia renal aguda, nefropatia analgésica pelo uso crénico. Outros
efeitos menos comuns podem afetar o SNC, disturbios da medula dssea e alterac@es hepaticas,
porém se ja houver comprometimento renal (CECIL, 2005).

Assim, tanto a academia quanto a industria farmacéutica tém voltado sua atencdo aos
produtos naturais, na busca de um farmaco efetivo no tratamento das doengas inflamatorias e
com efeitos adversos reduzidos.

Vérios medicamentos anti-inflamatdrios utilizados na terapéutica foram desenvolvidos
a partir de plantas a se citar: o Acheflan® obtido da Cordia Verbenacea, nativa do Brasil,
presente na mata atlantica, que atua no blogqueio da enzima ciclo-oxigenase-2 inibindo a
producdo das prostaglandinas (PASSOS et al. 2007). Védica® medicamento que atua no
combate a inflamacdes intestinais obtido a partir da Boswellia serrata, (GAYATHRI et
al.,2007; SADIQ et al. 2014) entre outros.

3 METABOLITOS SECUNDARIOS DE ORIGEM VEGETAL: EFEITO
ANTIOXIDANTE E ANTI-INFLAMATORIO

3.1 Compostos fenolicos

Os compostos fendlicos sdo estruturas quimicas que apresentam hidroxilas e anéis
aromaticos, nas formas simples ou de polimeros, que os confere o poder antioxidante. Esses
compostos podem ser naturais ou sintéticos. Quando presentes em vegetais podem estar em

formas livres ou complexadas a agucares e proteinas, sendo essenciais para 0 seu crescimento
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e reproducdo, além disso se formam em condigdes de estresse como, infeccdes, ferimentos,
radiacdes UV, dentre outros. Quimicamente, os fendlicos sdo definidos como substancias que
possuem anel aromatico com um ou mais substituintes hidroxilicos, incluindo seus grupos
funcionais, destacando os flavonoides, os &cidos fenolicos, os taninos e os tocoferais.

A classe dos acidos fendlicos esta dividida em trés grupos, sendo uma composta pelos
acidos hidroxibenzoicos, que possuem sete d&tomos de carbono (C6-C1) onde estes sdo 0s
mais simples encontrados na natureza, como exemplo: o 4&cido galico, vanilico,
protocatecuico, p-hidroxibenzéico e siringico. O outro grupo é constituido pelos &cidos
hidroxicinamicos, que possuem nove atomos de carbono (C6-C3), sendo sete 0s mais
comumente encontrados no reino vegetal. Como exemplo temos:o acido caféico, ferulico, p-
cumarico e sinapico. Outro grupo é o das cumarinas que sdo metabolitos secundarios
derivados do acido cinamico por ciclizacdo da cadeia lateral do acido o-cumarico (Figura 7)
(BRAVO, 1998; SOARES, 2003).

COOH COOH COOH

COOH
/<>\ H4CO OCH; H OH H H
HO OH
OH OH OH
OH
Acido gdlico Acido siringico Acido protocatecuico  Acido p-hidroxibenzéico
H HO
HO HO \
\ COCH COOH
H H
Acido p-cumdrico Acido caféico
H,CO OH4C COOH
X
HO
\coon HO
H OCHj
Acido ferilico Acido sindpico

Figura 7-Alguns exemplos de acido fendlicos.



31

Os flavonoides sdo compostos largamente distribuidos no reino vegetal, encontram-se
presentes em frutas, folhas, sementes e em outras partes da planta na forma de glicosidios ou
agliconas. Sdo compostos de baixo peso molecular, consistindo em 15 atomos de carbono,
organizados na configuracdo C6-C3-C6 (GONCALVES, 2007). A estrutura quimica dos
flavonoides consiste em dois anéis aromaticos, denominados A e B, unidos por trés carbonos
que formam um anel heterociclico, denominado anel C (Figura 8). O anel aromatico A é
derivado do ciclo acetato/ malonato, enquanto o anel B é derivado da fenilalanina. Variacdes
em substituicdo do anel C padrdo resultam em importantes classes de flavonodides, como
antocianidinas, flavona, flavonol, flavanona (Figura 8) (BALASUNDRAM et.al., 2006;;
MERKEN e BEECHER, 2000).

5 4
Aglicona dos flavonoides (Ce-C3-Cs)

Antocianidina Flavona Flavonol

Flavanona

Figura 8-Estrutura da aglicona de sub-classes de flavonoides



32

Os taninos sdo substancias que apresentam a propriedade de se associar e de se
combinar com proteinas e com certos polidis, sendo esta a base das propriedades tanantes
exercida por esta classe de compostos, agindo sobre o colageno da pele dos animais ao cabo
de sua transformacdo em couro sdo classificados, de acordo com sua origem biossintética, em
dois grupos: os taninos hidrolisaveis, encontrados em dicotileddneas lenhosas e herbaceas,
que sdo caracterizadas por um nucleo (glucose) esterificado com acidos galicos (galotaninos),
e acidos elagicos (elagitaninos), formado a partir da rota metabdlica do acido chiquimico e os
taninos condensados ou proantocianidinas, derivados do metabolismo de fenilpropanoides
(MONTEIRO, 2005).

Eritrose- Acido fosfoenolpirtvico
-4-fosfato (resultante da glicélise)
(resultante da rota
da pentose-fosfato)

Rota do acido

chiquimico Acetil-CoA

: : Rota do &cido.
Fenilalanina [@ C,] T
PAL

v Acido c|inamico [©_ C!]

Acido
1 l 1 1
Taninos [@— c,] [@— c,] [@— o4 —@] Compostos

hidrolisaveis fendlicos
e — Compostos fendlicos simples Flavonoides variados
[&@~<]. (&),
Lignina Taninos condensados

Figura 9. Rota Biossintética dos taninos Hidrolisaveis e condensados a partir do &cido chiquimico.
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Figura 11. Estrutura quimica de alguns taninos condensados: (64) catequina; (65) epicatequina e (66)
leucoantocianidina.

Acidos fendlicos, flavonoides e taninos tem a capacidade de sequestrar espécies
reativas, como o oxigénio singleto, radical hidroxila e podem estar ligados com outro acido
fendlico ou estar sob a forma livre, demostrando potente atividade antioxidante e anti-
inflamatéria (MARINOVA e YANISHLIEVA, 2003, SUN et al., 2007).
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4 OBJETIVOS

OBJETIVO GERAL

e Avaliar a capacidade antioxidante, anti-inflamatoria, anti-proliferativa e o perfil
fitoquimico do extrato metanolico obtido a partir das cascas e folhas de Trichilia

silvatica.

OBJETIVOS ESPECIFICOS

Quantificar o teor de fenois totais, flavonoides, flavanol, taninos condensados do

extrato metandlico das folhas e cascas de T. silvatica;

e Realizar o perfil fitoquimico por cromatografia liquida de alta eficiencia (CLAE) do
extrato metandlico das folhas e cascas de T. silvatica;

e Auvaliar a capacidade antioxidante pelos ensaios DPPH, ABTS, acido linoléico- j-
caroteno/acido linoléico do extrato metandlico obtido a partir das cascas e folhas de
Trichilia silvatica.

e Avaliar a capacidade anti-inflamatéria no edema agudo de pata, pleuresia e aumento
da mieloperoxidase induzido por carragenina em camundongos do extrato metanolico
obtido a partir das cascas e folhas de Trichilia silvatica.

e Avaliar a capacidade anti-proliferativa in vitro pelo método sulforrodamina B em 11

linhagens de células tumorais.
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administration. MEL-TS and MEB-TL (100 and 300 mg/kg) did not impact zymosan-induced arthritis.
Finally, MEL-TS were particularly effective against VERO and PC-3 cell line resulting in GI50 < 0.22
pg/mL. Overall, the results indicated that the leaves and bark from T. silvatica exhibit anti-rheumatic
potential and anti-inflammatory activity, which has contributed in part to the traditional use of this plant for
the treatment of rheumatism/arthritis.

Keywords antioxidant; antioproliferative; catigua-branco; inflammation.

Corresponding Author Anelise Formagio

Corresponding Author's
Institution UFGD

Order of Authors Jacenir dos Santos, Kamila do Nascimento, Pedro de Oliveira, Rafael
de Souza,Candida Kassuya, Claudia Cardoso, Maria do Carmo

Vieira, Ana Lucia Tasca Gois Ruiz, Mary Ann Foglio, Anelise
Formagio, Jodo Ernesto de Carvalho

Suggested reviewers Garima Garg, Rubia Oliveira, Jonas Mota

Submission Files Included in this PDF

File Name [File Type]

cover letter_2018.doc [Cover Letter]
formagio_manuscript.doc [Manuscript File]

To view all the submission files, including those not included in the PDF, click on the manuscript title on
your EVISE Homepage, then click 'Download zip file'.



44

To: Editor-in-Chief of Journal of Fitoterapia

April, 2018

Dear Editor

We're submitting the manuscript: Anti-inflammatory and antiproliferative
activities of the extracts from Trichilia silvatica (C.DC) The referred manuscript
has not been published or is under active consideration by another journal. The
manuscript was revised by AJE.

The emphasis of this work has relationship with scope of Journal, showing for
the first time the evaluated anti-inflammatory and antiproliferative of the extracts of T.
silvatica. Also evaluated the antioxidant activity, concentrations of phenolic

compounds, condensed tannins, flavonoids, flavonols and HPLC/PDA analysis.

Thank you for your attention.

Sincerely yours,

Anelise Samara Nazari Formagio
Universidade Federal da Grande Dourados, UFGD
79825-070 Dourados, MS, Brasil



45

| JE AMERICAN JOURNAL EXPERTS

[EDITORIAL CERTIFICATE

Manuscript title:
Anti-inflammatory and antiproliferative potential from Trichilia silvatica (C.DC)

Authors:

Jacenir Vieira da Silva, Kamilla Felipe do Nascimento, Pedro Cruz de Oliveira, Rafael Claudino de Souza, Candida Aparecida
Leite Kassuya, Claldia Andréa Lima Cardoso, Maria do Carmo Vieira, Ana Licia Tasca Gois Ruiz, Mary Ann Foglio, Joédo
Ernesto de Carvalho, and Anelise Samara Nazari Formagio®

Date Issued:
April 1, 2018

Certificate Verification Key:
4EDA-8BA3-CCAB-667A-COFA




46

Anti-inflammatory and antiproliferative activities of the extracts from Trichilia silvatica
(C.DC)

Jacenir Vieira da Silva?, Kamilla Felipe do Nascimento?, Pedro Cruz de Oliveira®, Rafael
Claudino de Souza?, Candida Aparecida Leite Kassuya?, Claudia Andréa Lima Cardoso®,
Maria do Carmo Vieirad, Ana Llcia Tasca Géis Ruiz¢, Mary Ann Foglio¢, Jodo Ernesto de

Carvalhot, and Anelise Samara Nazari Formagio®?™

a2 Faculty of Health Science, Federal University of Grande Dourados (UFGD), Dourados, MS,

Brazil

bFaculty of Biological and Environmental Sciences, Federal University of Grande Dourados

(UFGD), MS, Brazil

¢ Chemistry course, Mato Grosso do Sul State University (UEMS) - Dourados, MS, Brazil

d Faculty of Agricultural Science, Federal University of Grande Dourados, Dourados, MS,

Brazil

eMultidisciplinary Center for Chemical, Biological, and Agricultural Research, University of

Campinas (Unicamp), SP, Brazil

*Corresponding author at: aneliseformagio@ufgd.edu.br (A.S.N. Formagio)



mailto:aneliseformagio@ufgd.edu.br

47

ABSTRACT

Trichilia silvatica, popularly known as “catigud-branco”, is distributed in Brazil (Mato
Grosso do Sul), and members of this genus are commonly used for the treatment of
rheumatism (arthritis). The aim of this research was to investigate the anti-inflammatory,
antiproliferative and antioxidant activities of the leaves (MEL-TS) and bark (MEB-TS) of T.
silvatica. We also evaluated the concentrations of phenolic compounds, condensed tannins,
flavonoids, flavonols and HPLC/PDA analysis. MEL-TS and MEB-TS were analysed by LC-
PDA, and the results revealed the presence of caffeic acid in both extracts, showed high total
phenolics concentrations (270.8 + 17.10 mg GAE/ g extract and 278.8 £ 25.13 mg GAE/g
extract, respectively), and content of flavonoids in MEL-TS (209.30 + 2.91 mg QE/g extract).
In the antioxidant tests, MEL-TS and MEB-TL exhibited moderate scavenging activities with
ICso values < 35.32 ug/mL in lipoperoxidation. Both extracts (30-300 mg/kg) inhibited
oedema induced by carrageenan at 2 h and 4 h after carrageenan induction and inhibited
leukocyte migration at 6 h post administration. MEL-TS and MEB-TL (100 and 300 mg/kg)
did not impact zymosan-induced arthritis. Finally, MEL-TS were particularly effective against
VERO and PC-3 cell line resulting in Glso < 0.22 pg/mL. Overall, the results indicated that
the leaves and bark from T. silvatica exhibit anti-rheumatic potential and anti-inflammatory
activity, which has contributed in part to the traditional use of this plant for the treatment of

rheumatism/arthritis.

Keywords: antioxidant; antioproliferative; catigua-branco; inflammation.
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Introduction

Trichilia silvatica C. DC. (family Meliaceae, subfamily Melioideae, genusTrichilieae)
is a perennial plant distributed in northeastern (Bahia and Alagoas), central-western (Distrito
Federal, and Mato Grosso do Sul), southeastern (Minas Gerais, Espirito Santo, S&o Paulo, and
Rio de Janeiro) and southern (Parand, Santa Catarina [1]. In Brazil, this plant is popularly
known as “catigud”, “catigua-branco”, “cutia-vermelha” and “rosa-branca” [2].
Phytochemical research on the leaves this species have reported terpenes such as
phytosteroids, steroids associated with pregnancy and pentacyclic triterpene, phenolics [3-7],
flavonoids [6], and coumarin [3,4,8]. To the best of our knowledge, only the work reported by
our research group has demonstrated the potential anti-oedematogenic and antioxidant
activities of the essential oil obtained from T. silvatica leaves collected in Dourados-MS [9].
Surveys have identified the genus Trichilia as having potential insecticidal action due to its
constituents such as protolimonoids and limonoids. But species of this genus have been
intensely studied, and they present other pharmacological properties, including antioxidant
and anti-inflammation activities [11-22].

There are no reports on the anti-inflammatory activities of the polar extracts of this
species; however, members of the Trichilia genus are often used in South America for the
treatment of rheumatism (arthritis) in addition to being used as emetic and purgative agents
[23]. In the present study, we investigate the anti-inflammatory activity of the extracts (polar)
of the leaves and bark from T. silvatica in three in vivo experimental models (paw oedema,
pleurisy and joint). We also evaluated the antiproliferative and antioxidant activity of the
extracts in vitro and their concentrations of phenolic compounds, flavonoids, flavonol,

condensed tannins and HPLC/PDA analysis.

2. Materials and methods

2.1. Reagents
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Carrageenan and dexamethasone were purchased from Sigma Chemical Co. (St.
Louis, MO). Potassium persulfate, Tween 40, Folin-Ciocalteu reagent, and sodium carbonate
were purchased from Dinamina (Diadema, Brazil). Sulfuric acid, methanol, ethanol,
hydrochloric acid, ascorbic acid, chloroform, linolenic acid, gallic acid, aluminium chloride,
sodium acetate, and vanillin were obtained from Vetec (Duque de Caxias, Brazil). 1,1-
Diphenyl-2-picrylhydrazyl (DPPH), butylated hydroxytoluene (BHT), 2,2-azinobis (3-
ethylbenzothiazoline-6-sulfonic acid) (ABTS), 6-hydroxy-2,5,7,8-tetramethylchroman-2-
carboxylic acid (Trolox), quercetin, catechin, B- carotene and p-coumaric acid (98%) were
purchased from Sigma Chemical Co. (St. Louis, MO, USA). Spectroscopic-grade acetonitrile
was purchased from Merck (Darmstadt, Germany). Standards (caffeic acid (98%), p-coumaric
acid (98%), luteolin (98%), quercetin (98%) and apigenin (95%) were purchased from Sigma

Chemical Co. (St. Louis, MO, USA). Other drugs and reagents used were of analytical grade.
2.2.  Animals

Male and female Swiss mice (25-35 g, 45 days of age) were obtained from Federal
University of Grande Dourados (UFGD). The animals were kept under standard laboratory
conditions with a constant temperature (22 °C + 2 °C) and a 12 h light/dark cycle with free
access to food (Nuvilab®) and water. The Institutional Ethics Committee of UFGD approved

the procedures and protocols adopted in the study (authorization number 07/2015).
2.3. Plant material

The leaves and bark from T. silvatica were collected in October 2015 in Dourados (22°
14' 16"S and 54° 48' 02"W), Mato Grosso do Sul state, Brazil, and identified by Prof. Dra.
Zefa Valdevina Pereira. The voucher specimen (DDMS4662) was deposited at the herbarium

of the Universidad Federal of Grande Dourados (UFGD).
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2.4.  Drying of the material and obtaining the methanolic extract

The leaves (660 g) and bark (430 g) were dried under circulating air at 45 °C until a
constant weight was reached. The samples were powdered and then extracted by maceration
with methanol at room temperature for 10 days. The extracts were filtered, concentrated under
pressure in a rotary evaporator at 50 °C, and lyophilized to obtain the methanolic extracts

from the leaves (MEL-TS, 64

g) and bark (MEB-TS, 35 g).

2.5.  Quantification of the phenols, flavonoids, flavonol and condensed tannins

The content of total phenolic compounds was determined according to the Folin-
Ciocalteu method using 1 mg/mL solutions of the MEL-TS or MEB-TS samples, methanol as
the blank, and gallic acid as the standard [24]. The absorbance was measured at 760 nm, and

the total phenolic content was expressed as gallic acid equivalents in mg per gram of extract.

To determine the flavonoids content, 2 mg/mL solutions of the samples were used.
Methanol was used as the blank, a 2 mg/mL solution of quercetin was used as the standard,
and the absorbance was read at 415 nm. To determine the flavonols content, 2 mg/mL
solutions of the samples were used. Methanol was used as the blank, a 1 mg/mL solution of
quercetin was used as the standard, and the absorbance was read at 440 nm. [25]. The

concentrations are expressed as quercetin equivalents in mg per gram of extract.

To determinated content of condensed tannins, was used the concentration of the
sample solutions was 1 mg/mL, methanol was used as the blank, and a 1 mg/mL solution of
catechin was used as the standard. The mixture was incubated in a water bath for 20 min, and
then, the absorbance was measured at 510 nm [26]. The results are expressed as catechin

equivalents in mg per gram of extract.
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2.6. LC Analysis of Standards and Samples

The extracts obtained from the samples (MEL-TS and MEB-TS) and standards were
analysed in an analytical LC (Varian 210) system equipped with a ternary solvent delivery
system, an auto-sampler, and a photodiode array (PDA) detector monitored at A = 200 - 800
nm. The LC column was a C-18 column (25 cm x 4.6 mm; particle size, 5 um; Luna,
Phenomenex, Torrance, CA, USA), and a small pre-column (2.5 cm x 3 mm) containing the
same packing material was used to protect the analytical column. In each analysis, the flow
rate and the injected volume were 1.0 mL min-tand 20 uL, respectively. All chromatographic
analyses were performed at 22°C. Elution was carried out using sodium acetate (2 mM)
(solvent A) and acetonitrile (solvent B). The solvent gradient program was as follows:

initially 10 % B; 10 min, 15% B; 5 min, 100% B; 15 min returning to the initial conditions.

The contents of the standard compounds in the samples were estimated by external
calibration. Aliquots of the dilutions (20 uL) were analysed via LC, and each determination
was carried out five times. For each standard, the corresponding chromatogram was obtained,
and a graph was constructed from the mean of the peak areas plotted against the concentration
of the standard (1-50 pg mL1). A linear least square regression of the peak areas as a function
of the concentration was performed to determine the correlation coefficient. The equation
parameters (slope and intercept) of the standard curves were used to obtain the concentration

values for the samples.
2.7. Antioxidant assays
2.7.1. DPPH and ABTS free radical scavenging assay

To evaluate the DPPH free radical scavenging activity, 2 mL of a stock solution of the
2, 2-diphenyl-1-picrylhydrazyl (DPPH) reagent (0.1 mM) diluted in methanol was added to

different concentrations of MEL-TS and MEB-TS. This mixture was incubated for 30 min at
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room temperature while protected from light, and then the absorbance was measured at 515

nm [27].

For the ABTS assay, a mixture of potassium persulfate (140 mM) and ABTS reagent
(2,2'- azino-bis (3-ethylbenzothiazoline-6-sulfonic acid)) (7.0 mM) was reacted for 16 h.
Aliquots of this mixture (3 mL) were added to 30 pL of different concentrations of MEL-TS

or MEB-TS, and after 30 min, the absorbance of each mixture was measured at 734 nm [28].

The antioxidant capacities of the samples were compared with that of the reference

standard, ascorbic acid. The assays were performed in triplicate.

2.7.2  p-Carotene bleaching assay

A solution of 2 mg of B-carotene (in 10 mL of chloroform) was added to 20 mg of
linoleic acid and 0.2 g of Tween 40®, and the chloroform was evaporated at 45°C. To this
solution was added 50 mL of distilled water, and then it was stirred to form an emulsion.
Aliquots of this emulsion (5 mL) were added to 0.2 mL of the samples (MEL-TS and MEB-
TS) [29]. The absorbance of each mixture was read at 470 nm at time zero, and then the
solutions were heated at 50°C. A new reading was taken every 15 min to monitor the
oxidation until complete discoloration of the -carotene was observed (105 min). The assay

was performed in triplicate.
2.8.  Anti-inflammatory activity
2.8.1 Carrageenan-induced

Paw oedema: Different groups of male mice (n = 6 animals/group) were orally
administered MEL-TS and MEB-TS (30, 100 and 300 mg/kg) or vehicle. Another group of
mice were treated subcutaneously with the anti-inflammatory drug dexamethasone (0.5

mg/kg). After 1 h, the animals received a 50 pL sc. injection of carrageenan (300 pg/paw)
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suspended in sterile 0.9% saline into the right hind paw. The contralateral paw received only
saline and was used as the control. The thickness of the paw oedema was measured using a
plethysmometer (Digital LE 7500, Panlab Harvard-Apparatus) 1 h before any treatment and at
different time points (0.5, 1, 2 and 4) after the injection of carrageenan. The results were
expressed in um, and the difference between the basal and post-injection values was

quantified as the oedema [30].

Pleurisy: We subjected female mice (n = 6 animals/group) to oral treatment with
MEL-TS and MEB-TS at doses of 100 and 300 mg/kg or vehicle (0.9% saline or naive and
control group). The positive control group received a dose of 0.5 mg/kg dexamethasone
subcutaneously. The experimental pleurisy was induced in the treatment groups by
intrapleural injection of 100 mL of 1% carrageenan diluted in saline as described above. The
naive group received 100 mL of sterile saline by intrapleural injection. After 4 h, the animals
were sacrificed, and the pleural cavity was analysed. It was rinsed with 1 mL of phosphate
buffer saline (PBS). A 20 mL aliquot of the washing liquid (exudate) was collected from the
pleural cavity, and Turck reagent was diluted (1:20) and used to determine the total leukocyte

counts in a Neubauer chamber under a microscope (Olympus CX 40RF100- Japan) [31,32].
2.8.2. Zymosan induced Joint

MEL-TS and MEB-TS (100 and 300 mg/kg) and DEX (0.5 mg/kg) or vehicle were
orally administered to male mice. Joint inflammation was induced by intra-articular (i.art.)

injection of zymosan (500 pg per cavity in 25 pL of sterile saline) [33,34].

2.9. Antiproliferative activity

In vitro antiproliferative activity was assessed by the sulforhodamine B method [35].
Human cell lines melanoma (UAC62), breast (MCF-7), resistant ovary (NCI/ADR), lung

(NCI- H460), ovarian (OVCAR-3), colon (HT-29), leukemia (K-562), glioma (U251),
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prostate (PC-3), renal (786-0) and normal epithelial renal cell line, green monkey, (VERO)
were added to a 96-well plate (100 ul of cells/well) and then exposed to different
concentrations of MEL-TS and MEB-TS in DMSO (0.25 to 250 pg/mL) at 37°C under 5%
COz for 48 h. The drug doxorubicin (0.025 to 25 pg/mL) was used as a positive control. Cell
proliferation was determined using the equation 100x (T - TO) /C - TO]. A cytostatic effect
was observed when T > T0, and a cytocidal effect occurred when T <T0. The assays were

performed in triplicate.
2.10. Statistical analysis

All data are presented as the mean + S.E.M. Differences between groups were
evaluated by analysis of variance (one-way ANOVA) followed by Student-Newman-Keuls
test. The number of animals per group is indicated in the figure legends. Statistical differences

were considered to be significant at P<0.05.

3. RESULTS AND DISCUSSION

The air-dried and powdered leaves and bark of T. silvatica collected in Dourados-MS
were separately extracted by maceration at room temperature, and subsequent filtration and
evaporation of the resulting solutions under reduced pressure provided a dark-greenish leaf
extract (MEL-TS) and a brown bark extract (MEB-TS). The analysis of the extracts showed
variations in the contents of phenolic and/or polyphenolic compounds, highlighting the total
phenolics concentration in MEL- TS (270.8 + 17.10 mg GAE/ g extract), MEB-TS (278.8
25.13 mg GAE/g extract (Fig. 1A) and flavonoids by MEL-TS (209.30 + 2.91 mg/QE/g
extract) (Fig. 1B). Both extracts showed lower contents of flavonol and condensed tannins

than phenols and flavonoids (Fig. 1C, D).
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Fig. 1. Contents of the constituents of the methanolic extracts from T. silvatica leaves (MEL-
TS) and bark (MEB-TS). For the determination of (A) total phenols, a standard curve of gallic
acid (Y =-0.052 + 7.5x; R = 0.99727) was used; for flavonoids and flavonols (B) and (C), a
standard curve of quercetin (Y = 0.3546 + 12.8030X; R = 0.99972) was used; and for
condensed tannins (D), a standard curve of catechin (Y = 0.00896 + 0.84392X; R = 0.98978)

was used.

After determining the concentrations of the constituents, both the extracts from T.

silvatica and the standards were analysed by analytical LC (Fig. 2). Identification of the



56

compounds with a PDA detector scanning in the spectral range of 200-800 nm did not reveal
interferences at the retention times of the samples in the LC chromatogram obtained using the
developed elution method. Standards were easily identified and quantified based on their
absorption spectra in the UV region and their retention time. Standards present in the extracts
were unambiguously identified by performing co-injection experiments in which aliquots of
the extracts and standards were mixed diluted to a known volume, and analysed by LC. The
calibration curves were determined by linear regression using LC. The linearity each standard
was assessed for five concentrations. The average standard errors for the peak areas of
replicated injections (n = 5) were less than 1%, which shows good repeatability of the
calibration curve. The respective coefficients of determination (r?) were 0.9994 for caffeic
acid and p-coumaric acid and 0.992 ferulic acid and sinapic acid. Only caffeic acid (tr = 1.76
min) was present in both MEL-TS (93 pg/g) and MEB-TS (102 pg/g) (Fig. 2A, B). Sinapic

acid (tr = 3.80 min) was found in MEL-TS (198 pg/g) (Fig. 2A).

Fig. 2. Chromatograms of MEL-TS (A) and MEB-TS (B) extracts by HPLC/PDA analysis.
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The presence of phenolic compounds in both the extracts from T. silvatica prompted
us to investigate the antioxidant activity of this extracts and the phenolic compounds present
in the extracts by three different assays (DPPH, ABTS and -carotene/linoleic acid), as shown
in Table 1. In the B-carotene assay, the extracts (MEL-TS and MEB-TS) exhibited moderate
activities with 1Csp values of 35.32 pg/mL and 26.32 pg/mL, respectively (Table 1), which are
comparable to that of the standard antioxidant, ascorbic acid (ICso = 4.13 pg/mL). In the
DPPH assay, MEB-TL (ICso = 42.4 pug/ml), was the most active. The potencies of the extracts
of the leaves and barks were correlated with the total content of phenolic compounds (caffeic
acid and sinapic acid) found in the Trichilia that can inhibit the peroxidation of lipids [36,37].
The phenolic compounds found in samples by LC-DAD showed potent free-radical

scavenging activity, and caffeic acid was particularly potent (ICso = 8.10 pug/mL).

Table 1: Antioxidant activity of T. silvatica leaf and bark extracts, and compounds

showed in samples, by DPPH, ABTS and B-carotene/linoleic acid assays.

Samples DPPH ABTS [-caroteno/
linoleic acid
1Cs0 (ng/mL)

MEL-TS 79.9+4.32 82.99 £7.32 35.32+17.84
MEB-TS 424 £5.44 76.19 £10.44 26.32 £13.45
caffeic acid 8.10 £ 18.32 24.13+6.78 16.32 £2.45
sinapic acid 16.24 +£2.12 28.77 = 7.06 27.44+1.78

Ascorbic acid 22.28 £3.53 16.40 £5.28 413+1.42

Antioxidants are able to intercept free radicals generated by cellular metabolism or by
exogenous sources, which prevents them from attacking lipids, the amino acids of proteins,
the double bonds of the polyunsaturated fatty acids and DNA bases, which in turn prevents

the formation of lesions and loss of cell integrity. The formation of free radicals in vivo occurs
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via the catalytic action of enzymes, during the electron transfer processes in cell metabolism
and by exposure to exogenous pressures, i.e., exogenous inflammation factor gamma and

ultraviolet radiation.

In an attempt to justify the common use of this genus, in conjunction with the strong
antioxidant activities found for T. silvatica, we determined through the Cg-induced paw
oedema and pleurisy model that this plant can serve as an inflammatory agent as it reduces
inflammation caused by the release of prostaglandins, which cause the formation of oedema
and increase the volume of the exudate in the pleural cavity and leukocyte migration [38,39],
and zymosan-induced joint inflammation. In the paw oedema assay, the oral treatment with
both extracts, MEL-TS (54.20 £ 5%; 57.50 + 7%) and MEB-TS (60.00 + 3%; 63.63 + 5%), at
a dose of 300 mg/kg significantly inhibited oedema formation at 2 and 4 h, respectively, after
its administration as indicated by the time course analysis (Fig. 3A). In low doses, MEL-TS
(30 and 100 mg/kg) and MEB-TS (30 and 100 mg/kg), significantly inhibited oedema
formation at 2 h post administration (44.61 + 3%, 53.85 + 5%, 41.54 + 7% and 63.07 + 3%,
respectively, Fig. 3B) and 4 h post administration (Fig. 3C) with inhibitions of 50.68 +

4%, 67.75 + 3%, 50.68 + 8% and 61.64 + 5%, respectively.

Carrageenan induces high-protein exudates containing large amounts of a number of
neutrophils [37] and it presents three distinct phases involved in the acute inflator response.
The first phase relates to the release of histamine and serotonin, the second phase involves the
release of bradykinin, while prostaglandins are involved in the last phase [39]. The both
samples from T. silvatica were able to reduce foot oedema in all phases of the inflammatory

response at the above dose, suggesting an unspecific effect.
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Fig. 3. Effects of the methanolic extract of the (MEL-TS) leaves and (MEB-TS) bark fromT.

silvatica on oedema formation induced by carrageenan in mice. Animals received MEL-TS

(30, 100 or 300 mg/kg), MEB-TS (30, 100 or 300 mg/kg) by oral administration. The bars

represent the mean + SEM of 6 animals. The results are expressed (mL) as a comparison

between the control group and the treated group. ***P <0.0001, one-way ANOVA followed

by Student-Newman-Keuls test.

The administration of carrageenan to the pleural cavity of the animals induced an

increase in total leukocyte content (Fig. 4), 4 h after injection, verifying that oral
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administration of MEL-TS (300 mg/kg) and MEB-TS (100 and 300 mg/kg) significantly
reduce the magnitude of the increase in total leukocytes (inhibition of 44.70 + 6%, 40.20 +
4%, and 40.20 £ 2%, respectively) (Fig. 4). When MEL-TS was administered at a dose of 30
and 100 mg/kg and MEB-TS at a dose of 30 mg/kg, inhibitions of 17.60 £ 8%, 22.6 + 8%,
and 17.89 % 9%, respectively, were observed, which demonstrated that the effect was not dose

dependent. DEX (positive control) reduced the magnitude of the increase in total leukocytes

#
§
o

n$> 5

by 75.9 + 2%.

2500000.0-
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1500000.0-

1000000.04

500000.04

Leucocytes (cells/cavity)

MEL-TS MEB-TS DEX

Carrageenan (1%)

Fig. 4. Effects of MEL-TS and MEB-TS on total leukocytes induced by carrageenan in the
pleural cavity of mice. Animals received MEL-TS (30, 100 or 300 mg/kg), MEB-TS (30, 100
or 300 mg/kg), DEX (0.5 mg/kg; s.c.) by oral administration, and the naive and control groups
received only the vehicles. After 1 h, the animals received an intrapleural injection of Cg or
saline solution (100 uL of a 1% solution/cavity). The bars represent the mean + SEM of 6
animals. The # symbol indicates significant differences between the naive and control group
(P<0.001), while the *symbol compares the treated group to the control group: *** P<0.001,

* P<0.05, one-way ANOVA followed by Student-Newman-Keuls test.
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Fig. 5. Effect of MEL and MEB from T. silvatica on zymosan-induced joint inflammation.

In a second assay against arthritis (zymosan-induced joint inflammation), a dose of
300 mg/kg of MEL-TS (50.00 + 9%) and MEB-TS (53.30 £6%) significantly inhibited this
inflammation (Fig. 5) compared to a dose of 100 mg/kg of the MEL-TS (20.56 + 10%) and
MEB- TS (25.34 + 8%) and compared to the control group. The DEX (0.5 mg/kg) showed

inhibited 71.59% (Fig. 5).

In addition, the antiproliferative properties of the samples from T. silvatica were
assessed against eleven cancer cell lines. The MEL-TS extract was the most active and
showed Glso values (which refers to the drug concentrations that resulted in a 50% reduction
in cellular growth) less than 10 ug/mL and TGI (cytostatic activity) less than 63.00 pg/mL,
and a LC 50 < 80.00 (cytotoxic activity) against nine of the tested tumour cell lines. These
results highlight its efficacy for the growth inhibition of specific cell lines, including VERO
(Glso=0.11 pg/mL; TGl = 32.4 pg/mL), PC-3 (Glso= 0.22 pg/mL; TGl = 27.7 pg/mL, LC 50 =
79.90 pg/mL), UAC62 (Gl so= 2.44 pg/mL; TGl = 10.7 pg/mL; LCso = 38.84 pg/mL),

OVCAR-3 (Glso= 2.61 pg/mL; TGI = 7.57 pg/mL; LCso = 17.96 pg/mL), MCF-7 (Gl so=
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4.76 ug/mL; TGl = 27.9 pg/mL; LC 50 = 79.57 ug/mL), HT29 (Glso= 5.68 ug/mL; TGI = 49.5
ug/mL), NCI-H460 (Glso= 6.09 ug/mL; TGI = 63.00 pg/mL), NCI-ADR (Glso= 8.35 ug/mL,;
TGI = 43.50 pg/mL) and K-562 (Gl so= 8.98 pg/mL) cell line (Fig. 6A). The bark extract

(MEB-TS) showed moderate activity against the NCI-ADR (Glso= 24.58 pg/mL) cell line

(Fig. 6B).
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Fig. 6. Antiproliferative activity assay of the methanolic extract of the eaves and bark from T.

silvatica

4, Conclusions

The present study demonstrates the potential anti-inflammatory effects of the
methanolic extract of the leaves (MEL-TS) and bark (MEB-TS) from T. Silvatica by
carrageenan-induced paw oedema and pleurisy and zymosan-induced joint inflammation.
These results could partially support the traditional use of this plant for the treatment of
rheumatism (arthritis). The preliminary results of the antiproliferative activity demonstrated
that MEL-TS is particularly active against an VERO and PC-3 cell line resulting in Glso <

0.22 pg/mL.
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7. CONCLUSOES

Neste estudo do extrato metanolico bruto obtido da casca e folhas de T. silvatica
verificou-se a presenca majoritéria de fendis e flavonoides nas cascas e folhas de T. silvatica e
presenca de &cido caféico nas folhas e cascas e &cido sinéptico nas cascas. Demostrou
atividade significante aos ensaios propostos em comparacdo ao BHT, acido ascorbico e
quercetina, apresentou acao anti-inflamatoria significativa por inibir a migracao de leucdcitos,
artrite induzida por symozan e edema de pata. Atividade antiproliferativa demostrou que o
extrato obtido das folhas foi ativo contra células VERO (célula epitelial de rim de macaco
verde) e PC-3 (prostata). Além disso, estudos mais detalhados sobre a composicdo quimica
destes extratos, bem como estudos com outros modelos e ensaios in vivo sdo essenciais para

caracterizar e elucidar suas acdes bioldgicas.
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8. ANEXO

ANEXO 1- CARTA DE APROVACAO DO CEUA- COMISSAO DE ETICA NO USO
DE ANIMAIS.

MINISTERIO DA EDUCAGAD
FUNDACAD UNIVERSIDADE FEDERAL DA GRANDE DOTTRADDS
FRO.REITORIA DE ERSING DE POS-GRADTACAD E PESQUIRA

COMISSAO DE ETICA NO USO DE ANIMAIS - CEUA

DouradosM5, 17 de novembro de 2015,
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