UNIVERSIDADE FEDERAL DA GRANDE DOURADOS
FACULDADE DE CIENCIAS DA SAUDE
PROGRAMA DE POS-GRADUACAO EM CIENCIAS DA SAUDE

Perfil quimico e potencial farmacologico de Senna velutina (Fabaceae)

e Campomanesia adamantium (Myrtaceae)

JAQUELINE FERREIRA CAMPOS

Dourados - MS

2018



JAQUELINE FERREIRA CAMPOS

Perfil quimico e potencial farmacologico de Senna velutina (Fabaceae)

e Campomanesia adamantium (Myrtaceae)

Area do CNPq: Ciéncias da Satde: 04.00.00.00-1

Exame de Qualificacdo apresentada ao Programa de Pds-
Graduacdo em Ciéncias da Salde da Faculdade de
Ciéncias da Saude da Universidade Federal da Grande
Dourados (UFGD), para obtencg&o do titulo de Doutora em
Ciéncias da Saude

Area de concentracio: Farmacologia

Orientador: Prof. Dr. Edson Lucas dos Santos

Dourados - MS

2018



Dados Internacionais de Catalogacio na Publicagdo (CIP).

C198p Campos, Jaqueline Ferreira
Perfil quimico e potencial farmacoldgico de Senna velutina (Fabaceae) e
Campomanesia adamantium (Myrtaceae) / Jaqueline Ferreira Campos --
Dourados: UFGD, 2018.
102f. : il. ; 30 cm.

Orientador: Edson Lucas dos Santos
Tese (Doutorado em Ciéncias da Saude) - Faculdade de Ciéncias da Saude,

Universidade Federal da Grande Dourados.

Inclui bibliografia

1. Plantas medicinais. 2. Bioprospecgdo. 3. Peroxidagao lipidica. 4. Cancer.

5. Apoptose. 1. Titulo.

Ficha catalografica elaborada automaticamente de acordo com os dados fornecidos pelo(a) autor(a).

©Direitos reservados. Permitido a reproduciio parcial desde que citada a fonte.



MINISTERIO DA EDUCACAO

UNIVERSIDADE FEDERAL DA GRANDE DOURADOS
FACULDADE DE CIENCIAS DA SAUDE

PROGRAMA DE POS-GRADUACAO EM CIENCIAS DA SAUDE

ATA DA DEFESA DE TESE DE DOUTORADO APRESENTADA PELA
CANDIDATA JAQUELINE FERREIRA CAMPOS, ALUNA DO PROGRAMA DE
POS-GRADUACAO STRICTO SENSU EM CIENCIAS DA SAUDE AREA DE
CONCENTRACAO “FARMACOLOGIA”.

Ao nono dia do més de fevereiro do ano de dois mil e dezoito (09/02/2018), as 14h,
em sessdo publica, realizou-se, na Sala 08 da Faculdade de Ciéncias Biologicas e
Ambientais, Universidade Federal Grande Dourados, a Defesa de Tese de Doutorado
intitulada “Perfil quimico e potencial farmacologico de Senna velutina (Fabaceae) e
Campomanesia  adamantium  (Myrtaceae)” apresentada pela doutoranda
JAQUELINE FERREIRA CAMPOS, do Programa de Pés-Graduagao Doutorado em
Ciéncias da Saude, a Banca Examinadora constituida pelos professores Dr. Edson
Lucas dos Santos (Presidente/orientadora), Dra. Kely de Picoli Souza (membro
titular/ programa), Dra. Silvia Cristina Figueira Olinto (membro titular/externo),
Dra. Rosilda Mara Mussury Franco Silva (membro titular/externo), e Dr. Edgar
Julian Paredes-Gamero (membro titular/externo). Iniciada sessao, a presidéncia deu
a conhecer ao candidato e aos integrantes da Banca as normas a serem observadas na
apresentacdo da Tese. Apos a candidata ter apresentado a sua Tese, no tempo
previsto de 40 até 50 minutos, os componentes da Banca Examinadora fizeram suas
arguicdes, que foram intercaladas pela defesa do candidato, no tempo previsto de até
240 minutos. Terminadas as arguicdes, a Banca Examinadora, em sessdo secreta,
passou ao julgamento, tendo sido a candidata considerada APROVADA, fazendo jus
ao titulo de DOUTORA EM CIENCIAS DA SAUDE. Nada mais havendo a tratar,
lavrou-se a presente ata, que vai assinada pelos membros da Banca Examinadora.

Dourados, 09 de fevereiro de 2018.

'/ ’! / /,",
Dr. Edson Lucas dos Santos ' 4 FL—
Dra. Kely de Picoli Souza i — 5 N

Dra. Silvia Cristina Figueira Olinto W

Dra. Rosilda Mara Mussury Franco Silva

) 7

Dr. Edgar Julian Paredes-Gamero S T,

g A /4

ATA HOMOLOGADA EM: /1 , PELA PRO-REITORIA DE ENSINO DE POS-

GRADUACAO E PESQUISA / UFGD.

Profa. Kely de Picoli Souza
Pro6-Reitora de Ensino de Pés-Graduagio e Pesquisa



Dedico esta tese a minha irma Angela
Ferreira Campos, nosso anjo da guarda!

Estara sempre em meu coracgao!



AGRADECIMENTOS

Realizar um segundo doutorado com certeza ndo foi uma missdo facil, muitas davidas
surgiram no caminho, mas tenho certeza que fiz a melhor escolha, aprendi muito, abri novos
horizontes e os frutos ja& comegam a ser colhidos. A oportunidade foi me dada, e ndo hesitei em

aproveita-la!

Agradeco a todos que contribuiram direta ou indiretamente na realizacdo desta etapa em

minha historia.

Primeiramente agradeco a Deus pela vida e pelo amparo de todos os dias. Pela coragem
em tomar decisdes, mesmo sem saber se eram as melhores escolhas. Hoje tenho certeza, Ele

me fez seguir o meu melhor caminho!

Agradeco aos meus pais Ivo Campos da Silva e Eunice Ferreira Carnauba da Silva pelo
amor incondicional, pela educacdo que me deram, pela base solida que sempre me
proporcionaram. Obrigada por serem tdo presentes em minha vida, por serem o melhor exemplo

de como viver a vida com alegria e amor!

Ao meu irmdo Bruno Ferreira Campos, por ser tdo parceiro, amigo e por trazer tanta
alegria aos meus dias. Obrigada mano pelas conversas, conselhos, brincadeiras e pela masica

que sempre nos alegra!

Ao meu esposo Elieu Damacena do Amaral, por ser o melhor companheiro, pelo amor,
alegria e pela paciéncia em vivenciar comigo este novo desafio. Obrigada por apoiar minhas

decisbes, por me ouvir e me incentivar diariamente. Obrigada meu amor!

Ao meu orientador Edson Lucas dos Santos, por confiar em mim e encarar comigo este
segundo doutorado. Obrigada por todos os conselhos, pelos ensinamentos, por fornecer a base
para que eu pudesse alcangar meus objetivos. O senhor contribuiu, e muito, para meu

crescimento profissional e pessoal. Serei eternamente grata!

A professora Kely de Picoli Souza, por ter me ensinado tanto durante estes anos de
convivéncia. Por ser um exemplo de professora, de mulher, de mée! Obrigada por fazer a

diferencga!



Aos membros do GEBBAM (Grupo de Estudos em Biotecnologia e Bioprospecgéo
aplicados ao metabolismo), por ser minha segunda casa durante os Gltimos 8 anos! Levarei cada
um em meu coracao! Obrigada pela ajuda durante os experimentos, pelas conversas e pela boa

companbhia...

A minha amiga Paola dos Santos da Rocha, por me ensinar tanto e estar sempre disposta
a ajudar! Obrigada pela amizade sincera, e por se fazer presente mesmo do outro lado do

Atlantico.

Ao Programa de Pos-graduacao em Ciéncias da Saude e professores, pela oportunidade
de aprendizado e construgdo de minha carreira profissional. As secretarias, Ana Paula e Patricia,

pela atencdo e auxilio nas questdes burocraticas.

Ao professor Carlos Alexandre Carollo e professora Denise Bentran da Silva pelas
analises da composi¢cdo quimica dos extratos vegetais, realizados na Universidade Federal de
Mato Grosso do Sul (UFMS).

Ao professor Edgar Julian Paredes-Gamero e grupo de pesquisa, pelos ensaios de
citotoxicidade e mecanismos de acgdo, realizados na Universidade Federal de Séo Paulo
(UNIFESP).

A Universidade Federal da Grande Dourados (UFGD), instituicdo em que Vi crescer e
pude fazer parte de sua histérial Obrigada por me proporcionar tanto aprendizado e
oportunidades!

A CAPES, CNPq e FUNDECT, por fomentar a realizacio desta pesquisa.

Aos membros da banca, pela disposi¢cdo em contribuirem para a melhoria desta tese de

doutorado.

Muito obrigada!



“Tente! E ndo diga que a vitéria estd perdida...
Se é de batalhas que se vive a vida...

Tente outra vez!”

(Paulo Coelho / Marcelo Motta / Raul Seixas)



LISTA DE ILUSTRACOES

REVISAO DE LITERATURA

Figura 1 — Drogas aprovadas entre 1981-2014; n = 1562. Macromolécula bioldgica
(B), produto natural inalterado (N), droga botanica (NB), derivado de produto
natural (ND), droga sintética (S), droga sintética — farmacdforo de produto natural
(S*), vacina (V), produto natural utilizado como protétipo (/NM). Fonte: Newman
e Cragg (2016).

Figura 2 — Senna velutina (Fabaceae): visdo geral da planta (A) e detalhe das flores

(B).

Figura 3 — Campomanesia adamantium (Myrtaceae): visdo geral da planta (A) e
detalhe das flores (B).

Figura 4 — Estrutura geral de um flavonoide.

Figura 5 — Vias metabdlicas responsaveis pela geragdo e eliminacdo de espécies
reativas de oxigénio. Fonte: Martin-Ventura et al. (2017).

Figura 6 — Morte celular programada: vias extrinseca e intrinseca da apoptose.
Fonte: Suhaili et al. (2017).

Figura 7 — Mecanismos de agdo de morte celular via necroptose. Fonte: Chen et al.
(2016).

ARTIGO |

Figure 1 — UFLC-DAD-ESI-QTOF-micrOTOF QII chemical profling (negative
mode) of an ethanol extract of S. velutina leaves. (a) Base peak
chromatograms (BPC). (b) Extract ion chromatogram (EIC) of m/z 305. (c) EIC of
m/z 289. (d) EIC of m/z 593. (e) EIC of m/z 609. (f) EIC
of m/z 545. (g) EIC of m/z 529. (h) EIC of m/z 513. (i) EIC of m/z 785. (j) EIC of
m/z 769.

22

25

27

33

40

49

o1

78



Figure 2 — Hemolysis and MDA content in human erythrocytes incubated for 5
hours with ascorbic acid (AA) and ESV (50-125 (a) Hemolytic activity of ESV in
the absence of AAPH. (b) Antihemolytic activity after addition of AAPH. (c)
Malondialdehyde (MDA) concentration (nM/mL) after addition of the oxidizing
agent. “p < 0.05 compared to the AAPH-only control (erythrocytes incubated only
with AAPH).

Figure 3 — Viability of leukemic Jurkat (a) and K562 (b) cells after treatment with

different concentrations of ESV. “p < 0.05 compared to the untreated control group.

Figure 4 — Cell death profiles of ESV-treated Jurkat (a) and K562 (b) cells. Anx’/PI
viable cells; Anx*/PI", apoptotic cells; Anx/PI*, necrotic
cells; and Anx*/P1*, late apoptotic cells. "p < 0.05 compared to the respective control

groups.

Figure 5 — Mitochondrial membrane potential of leukemic Jurkat (a) and K562 (b)
cells treated with different ESV concentrations. **p < 0.0001 compared to the

untreated control group.

Figure 6 — Histogram (a) and representative graph (b) of caspase-3 activation in
ESV-treated Jurkat cells. ***p < 0.0001 compared to the untreated control group.

Figure 7 — Involvement of caspases (via the pan-caspase inhibitor ZVAD-FMK)
and intracellular calcium (using the chelator BAPTAAM) in ESV-induced Jurkat
cell cytotoxicity. *p < 0.05 compared to the ESV group.

Figure 8 — Histogram (a) and representative graph (b) of cell cycle distribution after
24 h of treatment with ESV. *p <0.05 and *p < 0.001 compared to the untreated

control group.

ARTIGO 11

Figure 1 — Chromatographic profile at wavelength 230-350 nm of the aqueous

extracts of roots (AECR) and leaves (AECL) from C. adamantium.

79

79

80

80

81

81

82

88



Figure 2 — Chemical structures some identified compounds and aglycones from C.
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Perfil quimico e potencial farmacoldgico de Senna velutina (Fabaceae) e

Campomanesia adamantium (Myrtaceae)

RESUMO

Os produtos naturais sdo importantes fontes de biomoléculas que apresentam atividade
antioxidante, capazes de prevenir doencas desencadeadas pelo processo de estresse oxidativo,
e antitumoral, sendo importante fonte de novos protdtipos de farmacos anticancer. Neste
contexto, este estudo objetivou analisar a composicdo quimica, potencial farmacologico e
mecanismos de acdo dos extratos de Senna velutina e Campomanesia adamantium. A
composi¢do quimica dos extratos foi avaliada por LC-DAD-MS, e seus constituintes foram
investigados pelos dados UV, MS e MS/MS. A propriedade antioxidante do extrato de folhas
de S. velutina foi avaliada pela captura do radical livre DPPH e inibicdo da peroxidacéo lipidica
em eritrocitos humanos induzidos pelo agente oxidante AAPH. A citotoxicidade e possiveis
mecanismos de acdo dos extratos de folhas de S. velutina e folhas e raizes de C. adamantium
foram avaliados em células leucémicas Jurkat e/ou K562. Como resultados, o extrato etanolico
de folhas de S. velutina apresentou flavonoides, como epigalocatequina, epicatequina,
kaempeferol heterosideo, rutina e derivados de proantocianidinas diméricos e triméricos. Os
extratos das folhas e raizes de C. adamantium apresentaram diferentes compostos quimicos,
sendo identificados como compostos principais os flavonois glicosilados e acido elagico e
derivados. O extrato de S. velutina exibiu atividade antioxidante pela captura do radical DPPH,
acdo anti-hemolitica e reducdo dos niveis de malondialdeido em eritrécitos humanos. Ambos
0s extratos, S. velutina e C. adamantium, induziram a morte de células leucémicas pela ativacdo
de calcio intracelular e caspase-3, diminui¢do do potencial da membrana mitocondrial e parada
do ciclo celular. Juntos, estes resultados mostram que extratos de folhas de S. velutina e folhas
e raizes de C. adamantium apresentam potencial terapéutico para uso na prevengao e tratamento

de doencas associadas ao estresse oxidativo e/ou a proliferacdo de células tumorais.

Palavras-chave: Plantas medicinais. Bioprospec¢do. Peroxidacao lipidica. Cancer. Apoptose.



Chemical profile and pharmacological potential of Senna velutina (Fabaceae)

e Campomanesia adamantium (Myrtaceae)

ABSTRACT

Natural products can be a source of biomolecules with antioxidant activity which are able to
prevent oxidative stress-induced diseases and show antitumor activity, making them important
sources of new anticancer drug prototypes. In this context, this study aimed to analyze the
chemical composition, pharmacologic potential and mechanisms of action of extracts of Senna
velutina and Campomanesia adamantium. The chemical composition of the extracts was
analyzed by LC-DAD-MS, and their constituents were identified based on the UV, MS, and
MS/MS data. The antioxidant property of extracts of S. velutina was evaluated using a DPPH
free radical scavenging assay and by examining the extract’s inhibition of AAPH-induced lipid
peroxidation in human erythrocytes. Its cytotoxicity and possible mechanisms of action S.
velutina leaves and C. adamantium leaves and roots extracts were assessed in Jurkat and/or
K562 leukemic cell lines. As results, the ethanol extract of S. velutina leaves showed flavonoids,
such as epigallocatechin, epicatechin, kaempferol heteroside, rutin, and dimeric and trimeric
proanthocyanidin derivatives. The extracts leaves and roots of C. adamantium showed different
chemical compounds, being identified as main compounds glycosylated flavonols and ellagic
acid and their derivatives. The extract of S. velutina exhibited antioxidant activity by
scavenging free radicals and antihemolytic action, and it decreased malondialdehyde content in
human erythrocytes. Both extracts, S. velutina and C. adamantium, induced leukemic cell death
by activating intracellular calcium and caspase-3, decreasing mitochondrial membrane
potential, and arresting the cell cycle. Together, these results indicate that S. velutina leaves and
C. adamantium leaves and roots extracts show therapeutic potential for use in the prevention

and treatment of diseases associated with oxidative stress and/or the proliferation of tumor cell.

Keywords: Medicinal plant. Bioprospecting. Lipid peroxidation. Cancer. Apoptosis.
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1 INTRODUCAO

Diversas doengas, como cancer, diabetes, aterosclerose, doencas inflamatorias, além do
envelhecimento precoce, estdo relacionadas ao processo de estresse oxidativo (SULTAN,
2014). Este processo é decorrente do excesso de espéecies reativas no organismo e da baixa
atuacdo de sistemas antioxidantes, resultando em danos as biomoléculas essenciais, como
acidos nucleicos, proteinas e lipidios (LOBO et al., 2010).

Dentre as doencas relacionadas ao estresse oxidativo, 0 céncer esta entre as que
promovem elevados indices de morbidade e mortalidade na populacdo mundial (SIEGEL et al.,
2013). As leucemias sdo tipos de canceres que acometem as células do sistema hematopoiético
e sdo classificadas em linfoide ou mieloide, de acordo com a origem celular e aguda ou crénica
quanto a fase de maturacdo (AMERICAN CANCER SOCIETY, 2013). Nestes casos, 0s
procedimentos cirdrgicos, radioterapia e quimioterapia (ASMAA et al., 2014) estdo entre as
principais formas de tratamento. Nas Ultimas décadas, do total de drogas anticancer
disponibilizadas no mercado 49 % delas foram provenientes de produtos naturais ou derivados
destes (NEWMAN e CRAGG, 2016). Neste cenario, 0s produtos naturais continuam sendo
fontes de biomoléculas que apresentam atividade anticancer em baixas doses terapéuticas e
reduzidos efeitos colaterais (SRDIC-RAJIC et al., 2016), incluindo o tratamento de diferentes
tipos de leucemias (ASMAA et al., 2014; KINGHORN, 2015).

Alcaloides, terpenos e compostos fenolicos se destacam como compostos bioativos que
apresentam potencial anticancer, encontrados principalmente em plantas medicinais (TIWARI
e RANA, 2015). Os alcaloides sdo amplamente descritos como principios ativos de diversas
drogas anticancerigenas disponibilizadas no mercado, como a vimblastina, vincristina
(CRAGG e NEWMAN, 2013) e a homoharringtonina (PRAKASH et al., 2013), que sao
evidéncias de sucesso no desenvolvimento de drogas de uso clinico derivadas de plantas
medicinais. O agente antitumoral paclitaxel é um diterpeno originalmente isolado da casca de
Taxus brevifolia Nutt. (Taxaceae) (NAGLE et al., 2006).

Os compostos fenolicos sdo metabolitos secundarios amplamente presentes em frutas,
legumes, verduras, ervas e bebidas como vinho e chas, e sdo descritos por apresentarem diversas
atividades bioldgicas, como antioxidante e antitumoral (KUREK-GORECKA et al., 2014;
MOJZER et al., 2016). Na literatura sdo descritas mais de 8000 moléculas caracterizadas como
compostos fendlicos, incluindo &cidos fenolicos, flavonoides, taninos (ALTEMIMI et al.,
2017), além dos estilbenos, lignanas (DAl e MUMPER, 2010) e curcuminoides (MOJZER et
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al., 2016). Diversos estudos demonstram as propriedades antitumorais dos compostos fendlicos,
muitos deles estdo sendo investigados nas fases pré-clinicas e clinicas, etapas primordiais para
o desenvolvimento de novos farmacos. A curcumina ja foi avaliada nas fases | e Il dos ensaios
clinicos, e apresentam diversos alvos como mecanismos de acdo, ja& o resveratrol e
epigalocatequinagalato (EGCG) estdo sendo avaliados nas fases pré-clinicas (MOU et al.,
2011).

Levando-se em consideracdo a biodiversidade brasileira, com vasto potencial
bioprospectivo, muitos estudos podem ser realizados em busca de novas moléculas que
apresentem propriedades terapéuticas. A regido Centro-Oeste do Brasil, onde se localiza o
Estado do Mato Grosso do Sul, abriga parte do bioma Cerrado, um dos ecossistemas mais
biodiversos do pais. Embora diversos estudos demonstrem o grande potencial terapéutico de
espeécies vegetais nativas deste bioma, o nimero de estudos cientificos que comprovam estas
propriedades ainda é reduzido.

Dentre os géneros conhecidos por serem utilizados na medicina popular brasileira, em
especial no Cerrado, Senna ja foi descrito por incluir espécies com acdo antioxidante,
antimicrobiana (MAK et al., 2013), anti-inflamatoria (SUSUNAGA-NOTARIO et al., 2014),
antidiabética (THILAGAM et al., 2013), antitumoral (PEREIRA et al., 2016), dentre outros.
Contudo, muitas de suas espécies ainda ndo foram estudadas, quanto a sua composicao quimica
e propriedades bioldgicas, como a espécie arbérea Senna velutina (Vogel) H. S. Irwin &
Barneby (Fabaceae, Caesalpinioideae). No Brasil, esta espécie é conhecida popularmente como
Sdo-jodo (AGRA et al., 2007) e Fedegosdao (LOVERDE-OLIVEIRA et al., 2010). Na regiao
Nordeste, o decocto da casca de S. velutina é utilizado popularmente no tratamento de
dermatites (AGRA et al., 2007).

Outra espécie nativa do Cerrado brasileiro ¢ a Campomanesia adamantium (Cambess.)
O. Berg (Myrtaceae), conhecida popularmente como guavira, guabiroba ou guabiroba-do-mato.
Produz frutos muito apreciados popularmente, tanto por seu consumo in natura, quanto pela
producéo de licores, sucos, geleias e sorvetes (COUTINHO et al., 2008; PAVAN et al., 2009;
SCALON et al.,, 2013). Na medicina popular suas folhas e frutos sdo utilizados por
apresentarem propriedades anti-inflamatdria, antidiarreica e no tratamento de doencas urinarias
(VIEIRA et al., 2011) e suas raizes sdo utilizadas no tratamento de diabetes (COUTINHO et
al., 2008). No ambito cientifico, varias partes da planta ja foram descritas por apresentarem
propriedades terapéuticas, no entanto, estudos que descrevem sua atividade sobre células

leucémicas ainda ndo foram descritos na literatura.
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Neste contexto, nossa hipétese € que extratos de folhas de S. velutina e folhas e raizes
de C. adamantium apresentam compostos fendlicos em sua composicdo quimica e
desempenham relevante potencial terapéutico. Para testar esta hipotese, o objetivo deste estudo
foi determinar a composi¢do quimica e potencial farmacoldgico destes extratos vegetais e

investigar seus mecanismos de acao.
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2 REVISAO DE LITERATURA

2.1 Produtos naturais

H& milhares de anos a humanidade utiliza produtos obtidos da natureza para sua
sobrevivéncia, incluindo producdo de alimentos, moradia, vestuario, meios de transporte,
fertilizantes e medicamentos (CRAGG e NEWMAN, 2001). Compostos de origens naturais,
como micro-organismos, animais e plantas, que apresentam atividades bioldgicas séo
conhecidos como produtos naturais (BAKER et al., 2007), muitos dos quais s&o utilizados na
medicina tradicional. Os primeiros registros do uso de produtos naturais na medicina
tradicional datam de 2600 a.C., na Mesopotamia, sendo descritos o uso de 6leos vegetais no
tratamento de diversas enfermidades, obtidos principalmente de Cedrus sp. (Cedro), Cupressus
sempevirens L. (Cipreste) e Commiphora sp. (Mirra) (CRAGG e NEWMAN, 2013).

A utilizacdo de produtos naturais com potencial terapéutico se mantém ao longo dos
anos. Nas Ultimas trés décadas, dos 1328 medicamentos aprovados pela Food and Drug
Administration (FDA), cerca de 24% sé&o provenientes de produtos naturais, ou derivado destes,
e este nUmero é mais expressivo em relacdo as drogas anticancer, em que 49% das 174 drogas
disponibilizadas no mercado sdo provenientes de produtos naturais ou seus derivados (Figura
1) (NEWMAN e CRAGG, 2016).
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Figura 1. Drogas aprovadas entre 1981-2014; n = 1562. Macromolécula biologica (B), produto
natural inalterado (N), droga botéanica (NB), derivado de produto natural (ND), droga sintética
(S), droga sintética — farmacoforo de produto natural (S*), vacina (V), produto natural utilizado

como protétipo (/NM). Fonte: Newman e Cragg (2016).

Dentre os produtos naturais utilizados para a obtencao de drogas antitumorais, as plantas
medicinais representam uma das principais fontes de moléculas bioativas para este fim. E
crescente o interesse por suas propriedades antitumorais entre a comunidade médica, desde que
suas propriedades terapéuticas tenham sido investigadas e comprovadas cientificamente
(BALUNAS e KINGHORN, 2005).

Um dos principais exemplos de farmacos anticancer que tiveram origem nas plantas
medicinais, sdo os alcaloides Vimblastina e Vincristina, amplamente utilizados no tratamento
de linfoma de Hodgkin, cancer de ovario e testiculos e leucemia linfoblastica aguda infantil, os
quais sdo provenientes de Catharanthus roseus (L.) Don (Apocynaceae), conhecida
popularmente como Vinca, Maria-sem-vergonha e Boa-noite (CRAGG e NEWMAN, 2013).

A homoharringtonina € outro agente derivado de plantas medicinais de uso clinico,
usado no tratamento contra leucemia mieloide aguda e cronica (PRAKASH et al., 2013). Este
quimioterapico é um alcaloide, isolado primeiramente da conifera Cephalotaxus harringtonia
(Knight ex J. Forbes) K. Koch (Cephalotaxaceae), e apresenta como mecanismo de acao a

inibicdo da sintese de polipeptideos e bloqueio da progressédo do ciclo celular da fase G1 para
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a sintese (fase S), e da fase G2 para mitose (fase M), promovendo a morte por apoptose (ISAH,
2016). Além destes, a descoberta do paclitaxel também é uma evidéncia de sucesso na
descoberta de drogas anticancerigenas a partir de produtos naturais, diterpeno originalmente
isolado da casca de Taxus brevifolia Nutt. (Taxaceae) (NAGLE et al., 2006).

Contudo, apesar da grande diversidade de espécies vegetais ja descritas por sua
composi¢do quimica e propriedades bioldgicas, apenas 6% das ~ 300.000 espécies de plantas
superiores foram amplamente investigadas farmacologicamente e aproximadamente 15%
tiveram seu perfil quimico caracterizado (CRAGG e NEWMAN, 2013). No Brasil sdo descritas
aproximadamente 44.000 espécies vegetais (BRAZIL, 2015), o que corresponde a cerca de
14,5% do total de espécies encontradas no mundo.

O Brasil € um dos 17 paises que abriga a maior biodiversidade do mundo (BARBIERI
et al., 2014). Além disso, ocupa o0 quinto lugar no ranking mundial em termos de extensédo
territorial, e apresenta diferentes regiGes climaticas, como equatorial, subequatorial e
temperada, o que reflete na diversidade natural de espécies (BARBIERI et al., 2014), como a
presenca de diferentes biomas, com diversidade bioldgica proprias.

O territorio brasileiro € constituido por seis biomas, a Amazonia, Caatinga, Mata
Atlantica, Pampa, Pantanal e Cerrado (BRAZIL, 2015). Dentre estes, o Cerrado ocupa cerca de
24% do territdrio nacional, sendo o segundo maior em extensao territorial, e € considerado a
Savana Brasileira (IBGE, 2004). Este bioma é reconhecido como um dos hotspots mundiais,
pois abriga grande diversidade de espécies endémicas e, a0 mesmo tempo, esta exposto a
elevada degradacéo de habitat por fatores antropicos (PINTO et al., 2002).

Uma das maneiras de conservar este ambiente é conhecer suas espécies, agregando valor
as mesmas. Diversas espécies de plantas nativas do Cerrado brasileiro ja foram descritas por
apresentarem propriedades terapéuticas, como Jacaranda decurrens Farias & Proenca
(Bignoniaceae), descrita por suas propriedades antioxidante, citotoxica (CASAGRANDE et al.,
2014) e antiobesidade (ANTUNES et al., 2016), Hancornia speciosa Gomes (Apocynaceae),
gue demonstra atividade antimicrobiana, antioxidante e citotéxica (SANTOS et al., 2016),
Eugenia Kklotzschiana Berg (Myrtaceae), com potencial antibacteriano e antioxidante
(CARNEIRO et al., 2017), dentre outras. Diante do exposto, & notavel que este bioma é fonte
inestimavel de moléculas bioativas, e que muitos estudos podem ser realizados em busca de
novas moléculas que apresentem propriedades terapéuticas, incluindo atividades antioxidante e
anticancerigena. Dentre as espécies conhecidas por serem utilizadas na medicina popular

brasileira estdo Senna velutina e Campomanesia adamantium, nativas do Cerrado brasileiro.
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2.2 Senna velutina

O género Senna é um dos maiores taxons da familia Fabaceae, constituido por
aproximadamente 600 espécies (PEREIRA et al., 2016). Recentemente as espécies deste taxon
sofreram alteracdes taxondmicas, em que espécies do género Cassia foram transferidas para
Senna (VIEGAS JUNIOR et al., 2006). Em geral, sdo plantas ornamentais por apresentarem
inflorescéncias com pétalas amarelas (VIEGAS JUNIOR et al., 2006). Adicionalmente, varias
de suas espécies sdo amplamente utilizadas na medicina popular (PEREIRA et al., 2016),
especialmente como purgativo (MARAZZI et al.,, 2006) e na cicatrizacdo de feridas
(SUSUNAGA-NOTARIO et al., 2014).

No ambito cientifico, espécies de Senna ja foram descritas por apresentarem acédo
antioxidante, antimicrobiana (MAK et al., 2013), anti-inflamatéria (SUSUNAGA-NOTARIO
et al., 2014), antidiabética (THILAGAM et al., 2013), antitumoral (PEREIRA et al., 2016),
dentre outras. Dentre as espécies descritas neste taxon, Senna velutina (Vogel) H. S. Irwin &
Barneby (Fabaceae, Caesalpinioideae) (1982) (Figura 2, A e B) é nativa da América do Sul,
sendo encontrada no Paraguai (MARAZZI et al., 2006), Bolivia, Colémbia, Venezuela, Guiana
e no Brasil (DISCOVER LIFE, 2017).

No territorio brasileiro, esta espécie apresenta distribuicdo nas regides Norte
(Tocantins), Nordeste (Bahia, Ceara, Maranhao e Piaui), Sudeste (Minas Gerais e Sdo Paulo) e
Centro-Oeste (Distrito Federal, Goids, Mato Grosso e Mato Grosso do Sul) (SOUZA e
BORTOLUZZI, 2015). Esta espécie apresenta porte arbéreo, medindo aproximadamente 1,5
metros de altura, constituida de folhas compostas e inflorescéncias terminais, com flores
pentameras de coloracdo amarela e frutos do tipo deiscente, que se abrem quando maduros
(SAIKI et al., 2008).

No Brasil, é conhecida popularmente como Séo-jodo (AGRA et al., 2007) e Fedegoséo
(LOVERDE-OLIVEIRA et al., 2010). Na regido Nordeste, o decocto da casca de S. velutina €
utilizado popularmente no tratamento de dermatites (AGRA et al., 2007). No entanto, sua
composicao quimica e propriedades biologicas ainda nao sdo descritas na literatura.

Em geral, espécies do género Senna séo descritas por apresentarem um perfil quimico
muito diverso, incluindo terpenos (KHAN e SRIVASTAVA, 2009), alcaloides (PEREIRA et
al.,, 2016) e compostos fendlicos como taninos, antocianinas (MAK et al., 2013) e
proantocianidinas (NAVARRO et al., 2017; SOBEH et al., 2017). Estes compostos sao

responsaveis pelas atividades biologicas apresentadas pelas espécies vegetais e embora ndo haja
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informacdes sobre a composicdo quimica de S. velutina, estes metabdlicos secundarios podem
estar presentes nesta espécie, e desempenharem atividades terapéuticas.

Fonte: Eberhardt, G.N. (2012)

Fonte: Eberhardt, G.N. (2012)

Figura 2. Senna velutina (Fabaceae): visdo geral da planta
(A) e detalhe das flores (B).
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2.3 Campomanesia adamantium

Campomanesia adamantium (Cambess.) O. Berg (Myrtaceae), € uma espécie nativa do
Cerrado brasileiro, encontrada nos estados de Sdo Paulo (SCALON et al., 2013), Minas Gerais,
Goias e Mato Grosso do Sul, podendo ultrapassar as fronteiras do Brasil, e ser encontrada no
Uruguai, Argentina e Paraguai (VIEIRA et al., 2011). Esta espécie é conhecida popularmente
como guavira, guabiroba ou gabiroba-do-mato, € uma arvore de pequeno porte, podendo atingir
até 2 metros de altura, contendo folhas simples e flores de coloracdo branca (Figura 3, A e B)
(VALLILO et al., 2006).

Produz frutos muito apreciados popularmente, tanto pelo consumo in natura, quanto na
producéo de licores, sucos, geleias e sorvetes (COUTINHO et al., 2008; PAVAN et al., 2009;
SCALON et al., 2013). Estudos sobre a composi¢éo quimica desta planta mostram a presenca
de compostos fenolicos como flavonoides e chalconas, os quais sdo amplamente conhecidos
por suas atividades farmacoldgicas (COUTINHO et al., 2008; PASCOAL et al., 2011;
PASCOAL et al., 2014).

A presenca de compostos biologicamente ativos em C. adamantium reflete diretamente
sua utilizacdo na medicina popular. Suas folhas e frutos séo utilizados por apresentarem
propriedade anti-inflamatdria, antidiarreica e no tratamento de doencas urinérias (VIEIRA et
al., 2011) e suas raizes sdo utilizadas no tratamento de diabetes (COUTINHO et al., 2008).

No ambito cientifico, varias partes da planta ja foram descritas por apresentarem
propriedades terapéuticas. Estudos relatam a acdo antimicrobiana, antiproliferativa, anti-
inflamatoria, antidepressiva e antihiperalgésica dos frutos (PAVAN et al., 2009; CARDOSO et
al., 2010; PASCOAL et al., 2014; SOUZA et al., 2014; VISCARDI et al., 2017). O 6bleo
essencial das folhas apresenta propriedades antimicrobiana e antioxidante (COUTINHO et al.,
2009) e extratos das folhas possuem atividade anti-inflamatdria, antinociceptiva, antioxidante
e anti-proliferativa contra células de cancer de prostata (PASCOAL et al., 2011; FERREIRA et
al.,, 2013; PASCOAL et al., 2014). As raizes sdo descritas por apresentarem atividade
antioxidante e antihiperlipidémica (ESPINDOLA et al., 2016). No entanto, estudos que relatam

sua atividade sobre células leucémicas ainda ndo foram descritos na literatura.



Fonte: Espindola, P.T. (2014)

Fonte: Espindola, P.T. (2014)

Figura 3. Campomanesia adamantium (Myrtaceae): visdo geral da planta
(A) e detalhe das flores (B).
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2.4 Compostos fenolicos

As atividades bioldgicas apresentadas pelas plantas sao decorrentes de seus metabolitos
secundarios, os quais desempenham importante funcdo na interacao entre as plantas e o0 meio
ambiente (TIWARI e RANA, 2015). As plantas sintetizam estes compostos para inibir a
competicdo entre outras espécies vegetais, producdo de coloragdo das flores para atrair
polinizadores e dispersores de sementes, protecao contra raios ultravioleta, falta ou excesso de
agua, deficiéncia de nutrientes, aléem da protecdo contra patdgenos, parasitas e predadores
(GHASEMZADEH e GHASEMZADEH, 2011; TIWARI e RANA, 2015; MOJZER et al.,
2016; ADAMCZYK et al., 2017).

Os metabdlitos secundarios produzidos pelas plantas sdo agrupados em trés grandes
grupos: terpenos, alcaloides e compostos fendlicos (TIWARI e RANA, 2015). Dentre estes, 0s
compostos fendlicos estdo amplamente presentes em frutas, legumes, verduras, ervas e bebidas
como vinho e chas, e sdo descritos por apresentarem diversas atividades biolégicas, incluindo
acdo antioxidante e antitumoral (KUREK-GORECKA et al., 2014; MOJZER et al., 2016).

Os compostos fenolicos sdo caracterizados por apresentarem em sua estrutura pelo
menos um anel aromaético ligado a um ou mais grupo hidroxila (CAROCHO e FERREIRA,
2013). A atividade antioxidante desempenhada por estes compostos é atribuida a presenca de
hidroxilas livres, sendo que, quanto maior o nimero de hidroxilas livres na molécula, maior
este potencial (KUREK-GORECKA et al., 2014). Apds atuarem na captura do radical livre, os
compostos fenolicos sdo capazes de se estabilizarem devido a propriedade de ressonancia do
anel aromatico, o que permite reter o elétron desemparelhado sem promover danos as estruturas
das celulas (DAl e MUMPER, 2010).

Nas plantas, os compostos fendlicos sdo encontrados tanto na forma livre, quanto
ligados a moléculas de glicose ou proteinas (SOARES, 2002; DAI e MUMPER, 2010). As
formas glicosideas, juntamente com os grupos hidroxila, aumenta a propriedade hidrofilica
destes compostos, enquanto a presenca de outros substituintes, como grupos metil e unidades
isopentenil, aumentam suas propriedades lipofilicas (CAROCHO e FERREIRA, 2013).

Na literatura sdo descritas mais de 8000 moléculas caracterizadas como compostos
fenodlicos, incluindo acidos fendlicos, flavonoides e taninos (ALTEMIMI et al., 2017), além dos
estilbenos, lignanas (DAI e MUMPER, 2010) e curcuminoides (MOJZER et al., 2016), sendo

que estes trés altimos, embora abundantes, s&o menos comuns (Tabela 1).



Tabela 1. Compostos fendlicos: classificacdo, estrutura quimica geral e principais

moléculas representantes.

Classe Estrutura Principais representantes
Acidos fenolicos
Acidos COOR Acido elagico
. i . HO
hidroxibenzoico e . .
derivados Acido galico
HO
OH

Acidos Acido cafeico
hidroxicinamico e COOR . .
derivados HO = Acido clorogénico

Acido ferulico

HO
Acido coumérico
Flavonoides
Rutina
Flavonas Luteonina
Apigenina
Quercetina

Flavondis Kaempferol

Miricetina

29



Tabela 1. Continuagdo

30

Flavanonas

Flavan-3-0is ou
flavandis

Isoflavonas

Antocianidinas

OH Q
R1
OH
O .
: OH
"OR,
OH
o)
R, O =
|
R“I

Naringenina
Eriodictiol

Hesperidina

Catequina
Epicatequina

Epigalocatequina

Genisteina
Daidzeina

Gliciteina

Cianidina
Delfinidina

Malvidina

Taninos

Taninos
condensados -
procianidinas

Procinidina B1

Procianidina B4




Tabela 1. Continuacdo

Taninos OR
hidrolisaveis: HO.
’ Teogalina
Galotaninos e g
A HO
Elagitaninos Punicalagina
-~ OR
OR
HO  OH
L _ n
Estilbenos RO '
/ OH Piceatanol
O Resveratrol
R0 Pterostibene
Lignanas

Enterodiol
Enterolactona

Matairesinol

Curcuminoides

Curcumina

Adaptado de: CAROCHO e FERREIRA (2013); GHASEMZADEH e GHASEMZADEH (2011);

MOJZER et al. (2016).
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2.4.1 Acidos fendlicos

Os &cidos fendlicos representam um terco do total de compostos fendlicos (MOJZER et
al., 2016), e sdo caracterizados por conterem acido carboxilico (COOH) em sua estrutura
quimica (ALTEMIMI et al., 2017). Podem ser classificados em derivados do acido
hidroxibenzoico, como o &cido galico, ou derivados do acido hidroxicindmico, como acidos
coumarico, cafeico e ferulico (DAl e MUMPER, 2010). Estes compostos sdo encontrados
frequentemente em frutas, vegetais e cereais. Estudos descrevem as atividades bioldgicas
desempenhadas por estes compostos, como antioxidante e antitumoral. O acido galico é descrito
por promover a morte em diferentes linhagens celulares, tanto pela via apoptdtica intrinseca
guanto extrinseca (FARIED et al., 2007; WANG et al., 2014).

Além deste, o &cido elagico desempenha diversas atividades bioldgicas, como anti-
inflamatdria, antibacteriana, antiaterosclerose, antihiperglicemiante, cardioprotetora,
antioxidante e antitumoral (MOJZER et al., 2016). Zhang et al. (2014) descrevem que este
composto inibe a proliferacdo de células tumorais ao ativar a via de sinalizagdo TGF-B/Smad3,
proteinas responsaveis pela proliferacdo e diferenciacdo celular, e induzir a parada do ciclo
celular. Adicionalmente, Hagiwara et al. (2010) relatam que o acido elagico induz a apoptose
em células de leucemia mieloide aguda, sendo associada a ativacdo de caspase-3. O acido
elagico pode ser encontrado na forma glicosilada ou como parte dos taninos hidrolisaveis,
chamados elagitaninos (MOJZER et al., 2016).

2.4.2 Flavonoides

Os flavonoides compdem o maior grupo dos compostos fendlicos, totalizando
aproximadamente 6.500 compostos (BIESALKI e GRIMM, 2007). S&o derivados das
chalconas e apresentam como estrutura basica trés aneis (A, B e C), contendo 15 atomos de
carbonos e um esqueleto C6-C3-C6, que pode conter diversos substituintes (ARON e
KENNEDY, 2008; DAl e MUMPER, 2010). O anel A & um benzeno, condensado com o anel
C de seis membros, que por sua vez apresenta o anel B (um fenil benzeno) unido na posicéo 2
(Figura 4) (CAROCHO e FERREIRA, 2013; ALTEMIMI et al., 2017).
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Figura 4. Estrutura geral de um flavonoide

Em geral, os flavonoides ocorrem como glicosideos, ou seja, unido a uma molécula de
glicose, embora também sejam encontrados na forma aglicona (BEHLING et al., 2004). Os
flavonoides, de maneira geral, s@o classificados em seis subgrupos: flavonas, flavonois,
flavanonas, flavan-3-6is ou flavandis, isoflavonas e antocianidinas (GHASEMZADEH e
GHASEMZADEH, 2011), os quais se diferem de acordo com o estado de oxidacdo do anel
central C, além do grau e padréo de hidroxilacdo, metoxilacdo, prenilacao ou glicosilacao (DAI
e MUMPER, 2010).

2.4.2.1 Flavonas

As flavonas constituem a maior subclasse de flavonoides, e derivam diretamente das
flavanonas, pela substituicdo de dois atomos de hidrogénio por uma dupla ligacdo entre os
carbonos 2 e 3. Geralmente ocorrem como 7-O-glicosideo, mas outros substituintes podem estar
presentes (CAROCHO e FERREIRA, 2013). Sdo encontrados em plantas aromaticas, como
camomila, salsa e orégano, além de serem comuns em laranjas e cebolas (MOJZER et al., 2016).

Os representantes mais comuns deste grupo s@o apigenina, crisina, luteonina e rutina, 0s
quais sdo descritos por apresentarem acdo antioxidante, anticarcinogénica, antiviral, anti-
inflamatoria e antiaterosclerose (DAl e MUMPER, 2010; GHASEMZADEH e
GHASEMZADEH, 2011)

2.4.2.2 Flavonois

Os flavonois compBem a subclasse com maior distribuicdo no reino vegetal, e mais
estudada, dentre os flavonoides (MOJZER et al., 2016). Dentre os principais representantes
deste grupo estdo a quercetina, miricetina e kaempferol (CAROCHO e FERREIRA, 2013). A

quercetina € o principal flavonoide da dieta humana, e seu consumo diario estimado varia de
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50 e 500 mg (BEHLING et al., 2004), sendo abundante em vegetais (cebola, brdcolis e repolho),
frutas (magd, damasco e frutas vermelhas) (DAl e MUMPER, 2010), nozes, sementes, cha
preto, vinho e cacau (MOJZER et al., 2016).

Dentre as propriedades bioldgicas apresentadas pelos flavondis, estdo a protecéo contra
aterosclerose, osteoporose, diabetes mellitus e células cancerigenas (CAROCHO e
FERREIRA, 2013). As formas agliconas de quercetina, kaempferol e miricetina séo descritas
por promoverem a morte celular por apoptose (CHEN et al., 2005). Quercetina é amplamente
conhecida por seu potencial antioxidante, por inibir a peroxidacdo lipidica, além das
propriedades anticancer, atuando como antimetastatico, antiangiogénico, antiproliferativo e
pré-apoptotico (MOJZER et al., 2016).

2.4.2.3 Flavanonas

As flavanonas sdo caracterizadas pela auséncia da dupla ligagéo e do centro quiral no
anel C, e ocorrem de maneira limitada na natureza, sendo considerado o menor grupo dentre 0s
flavonoides (CAROCHO e FERREIRA, 2013). Em geral, sdo encontradas em frutas citricas, e
a molécula mais conhecida dentre as flavanonas é a naringenina e hesperidina, abundantes na
toranja e laranja, respectivamente (UMENO et al., 2016).

Estudos mostram o0 potencial antioxidante, antiobesidade, antihipertenséo,
antihiperglicemiante e cardioprotetor destes compostos, inclusive com estudos nas fases pré-
clinica e clinica (ALAM et al., 2014; TESTAI e CALDERONE, 2017). Mojzer et al. (2016)

também revelam as atividades anticancer de flavanonas.

2.4.2.4. Flavan-3-0is

Os flavan-3-6is ou flavandis compdem a subclasse mais complexa dentre 0s
flavonoides, e constituem as principais unidades monoméricas para formacdo de
proantocianidinas poliméricas, chamados taninos condensados (ARON e KENNEDY, 2008).
Os flavandis se diferem das demais subclasses por ndo apresentarem estrutura planar, pois
apresenta um elemento C3 saturado no anel C heterociclico (CAROCHO e FERREIRA, 2013).
Em geral, sdo abundantes em frutas, vegetais (DAl e MUMPER, 2010), grdos e bebidas,
inclusive é constituinte majoritario do cha-verde (Camelia sinensis) (FAN et al., 2017).

Sua presenca nos alimentos estd diretamente relacionada aos parametros de
adstringéncia, amargura, acidez, dogura, viscosidade, aroma e formacéo da coloracdo (ARON

e KENNEDY, 2008). Dentre os flavanois, a catequina e seus derivados sao os mais amplamente
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estudados, sendo descritos por suas propriedades terapéuticas, incluindo atividades
anticarcinogénica, cardioprotetora, antimicrobiana, antiviral, neuroprotetora e potente agéo
antioxidante (MOJZER et al., 2016). Diversos mecanismos de acdo antioxidantes séo descritos,
incluindo captura direta de radicais livres, quelacdo de metais de transicdo e modulagédo de
enzimas como superoxido dismutase (SOD), catalase (CAT) e glutationa peroxidase (GPx)
(ARON e KENNEDY, 2008; FAN et al., 2017).

As atividades apresentadas pela catequina sao decorrentes do grande nimero de grupos
hidroxila presentes na molécula, localizadas no C5 e C7 do anel A, C3” e C4’ no anel B e no
C3 do anel C (FAN et al., 2017). De maneira geral, existem diferentes tipos de catequinas,
incluindo epicatequina, epicatequina galato, epigalocatequina e epigalocatequina galato
(ARON e KENNEDY, 2008). A epigalocatequina-3-galato é descrita por seu potencial
anticancer, promovendo inibicdo da angiogénese, invasao e proliferacdo em diversas linhagens
celulares tumorais (GHASEMZADEH e GHASEMZADEH, 2011).

2.4.2.5 Isoflavonas

As isoflavonas apresentam o anel B unido ao anel C pelo C3, diferente dos
representantes das demais subclasses de flavonoides, que apresentam ligagcdo no C2
(CAROCHO e FERREIRA, 2013). Isoflavonas sdo também conhecidas como compostos
fitoestrogenos, por apresentarem acéo fitoestrogénicas (FRANKE et al., 2014). S&o encontradas
somente em plantas leguminosas, sendo abundantes em graos de soja (Glycine max) e kudzu
(Pueraria lobata), espécie nativa do Japdo (UMENO et al., 2016). Dentre seus principais
representantes, estdo a daidzeina, genisteina e gliciteina (DAl e MUMPER, 2010;
GHASEMZADEH e GHASEMZADEH, 2011).

Estas moléculas sdo descritas na literatura por apresentarem beneficios a salde,
demonstrando acdo antidiabeética, cardioprotetora, reducdo dos riscos de desenvolvimento de
cancer, em especial de mama e prostata (FRANKE et al., 2014; MOJZER et al., 2016), além de
melhorar a saude dos o0ssos ao estimular a diferenciacdo osteogénica de células tronco
mesenquimais, evitando a osteoporose (ZOFKOVA e BLAHOS, 2017).

2.4.2.6 Antocianidinas

Antocianinas sdo uma subclasse de flavonoides derivada do flavonol, que contém a
férmula C1sH110", com a carga positiva no atomo de oxigénio localizado na posic¢ao 1 no anel
C, resultando no ion favilium (KHOO et al., 2017). Apresentam ligacGes duplas conjugadas nos

trés anéis (A, B e C), que dao coloracdo intensa aos pigmentos (LEE et al., 2017). Estes
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compostos sdo responsaveis pela pigmentacdo vermelha, roxa e azul de flores, frutos, raizes e
menos comumente nas folhas, sendo que a coloracdo é influenciada pelo pH do meio (KHOO
etal., 2017).

Cianina-glicoside € uma das antocianinas mais abundantes, responsavel pela coloracao
de frutas vermelhas, como groselha, framboesa e amora (DAl e MUMPER, 2010). As
atividades biologicas deste grupo sdo atribuidas as formas agliconas, as antocianidinas.
Cianidina, delfinidina, pelargonidina, peonidina, malvidina e petunidina sdo as antocianidinas
mais comuns no reino vegetal (GHASEMZADEH e GHASEMZADEH, 2011; KHOO et al.,
2017). Estes compostos tém sido descritos por apresentarem propriedades anti-inflamatdria,
imunomodulatéria, antimicrobiana, antioxidante e antimutagénica, sendo entdo utilizados na
prevencdo e tratamento de diversas doengas, incluindo desordens da sindrome metabolica,
cancer e doencas cardiovasculares (DAl e MUMPER, 2010; LEE et al., 2017).

2.4.3 Taninos

Os taninos sdo compostos fenolicos amplamente distribuidos no reino vegetal, e
apresentam grande quantidade de anéis fenolicos em sua estrutura (MOJZER et al., 2016). S&o
moléculas capazes de precipitar alcaloides e proteinas, sendo utilizados por muito tempo na
producdo de couro a partir de pele de animais (ADAMCZYK et al., 2017). Sdo abundantes em
frutas como maca, péssego e uva, em grdos como feijdo e ervilha, além de estarem presentes
em bebidas como vinho e cha (MOJZER et al., 2016).

Séo classificados em dois grupos: hidrolisaveis e condensados (ALTEMIMI et al.,
2017). Os taninos hidrolisaveis apresentam um nucleo central de alcool polihidrico, como a
glicose, além de grupos hidroxilas que podem ser esterificados pelo acido galico, sendo
denominado galotaninos (DAl e MUMPER, 2010; CAROCHO e FERREIRA, 2013). Quando
estas moléculas sao esterificadas com acido hexahidroxidifenico sdo denominadas elagitaninos
(DAl e MUMPER, 2010; ADAMCZYK et al., 2017).

J& os taninos condensados sdo estruturalmente mais complexos, e sdo formados por
monodmeros de flavandis, como procianidinas e prodelfidinas, unidos por uma ligacdo de
carbono inter flavan (MOJZER et al., 2016; ADAMCZYK et al., 2017). Estes compostos
também séo conhecidos como proantocianidinas, pois sob condi¢fes &cidas podem liberar
fendis monoméricos, como antocianidinas (MA e ZHANG et al., 2017).

Os taninos, como muitos outros compostos fenolicos, desempenham importantes

atividades biologicas, como antimicrobiana, anticarcinogénica, cardioprotetora, anti-
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inflamatoria, além de potente acdo antioxidante decorrente da quelacdo de metais de transicéo,
inibicdo de enzimas pro-oxidantes e de peroxidacdo lipidica (CAROCHO e FERREIRA, 2013;
MOJZER et al., 2016).

2.4.4 Estilbenos

Os estilbenos compdem um pequeno grupo de compostos fenolicos, sendo descritas
cerca de 200 moléculas, que apresentam a formula estrutural C6-C2-C6, derivadas da mesma
via biossintética que os flavonoides (CAROCHO e FERREIRA, 2013). Dentre 0s compostos
mais conhecidos, estdo o piceatanol, pterostibene e resveratrol, sendo este Ultimo mais
extensivamente estudado, demonstrando relevantes atividades biologicas, incluindo
antioxidante, anti-inflamatdria, neuroprotetora, cardioprotetora e anticancer (OVESNA et al.,
2006; CAROCHO e FERREIRA, 2013; CHANG et al., 2017).

O resveratrol € encontrado de forma abundante em uvas e seus produtos, como o vinho,
além de estar presente em frutas vermelhas (barries) e amendoim (MOJZER et al., 2016). Este
composto é descrito por apresentar relevante acao antitumoral, inibindo a iniciagdo e promogao
da progressdo de varias linhagens celulares, incluindo de pele, mama, prostata, colon, oral,
gastrica e leucémica (MOJZER et al., 2016). Mou et al. (2011) destacam que este composto
fenolico apresenta grande potencial no desenvolvimento de droga antitumoral, estudos pré-
clinicos demonstram sua atuagdo na modulagdo do fator nuclear NF-kB, familia de fatores
transcricionais envolvidos na regulacdo de uma série de respostas bioldgicas, incluindo
proliferacdo, migracéo celular e apoptose (DOLCET et al., 2005).

Ensaios clinicos evidenciaram a propriedade antitumoral de resveratrol na proliferacéo
de células de leucemia mieloide aguda, além de reconstituir o nimero de células progenitoras
hematopoéticas na medula 6ssea (AGGARWAL et al., 2004).

2.4.5 Lignanas

Lignanas sdo moléculas formadas pela unido de dois residuos de &cido cindmico ou seus
derivados, e estdo presentes em todos 0s érgdos das plantas (CAROCHO e FERREIRA, 2013)
e envolvidos na formacao da parede de células vegetais (MOJZER et al., 2016). As principais
fontes de lignanas séo a semente de linhaca, gergelim e bardana (Arctium lappa L.) (ZHOU et
al., 2016) e 6leo de oliva, sendo a principal fragdo fenolica encontrada neste produto (MOJZER
et al., 2016). Dentre as lignanas descritas estdo sesaminol, sesamin e episseami (DAI e

MUMPER, 2010). Secoisolariciresinol e matairesinol podem ser convertidas em enterodiol e
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enterolactona por bactérias do célon humano, sendo formas mais biologicamente ativas e
melhor absorvida pela circulacdo entero-hepatica (MOJZER et al., 2016).

As lignanas séo estruturalmente similares ao estradiol ou 17 B-estradiol (IDEHEN et al.,
2017), hormdnio sexual da classe dos esteroides, e estudos mostram seu potencial no tratamento
de canceres relacionados a acdo hormonal, como céncer de mama, prostata e colon (ZHOU et
al., 2016). Imran et al. (2015) relatam que a lignana secoisolariciresinol diglucoside e seus
metabolitos apresentam acdo antitumoral, sendo correlacionada a sua acdo antioxidante ou
capacidade de inibir a acdo de enzimas envolvidas no metabolismo de horménios esteroides.
Adicionalmente, lignanas também apresentam acgdo antiviral, antibacteriana, fungiostatico,
inseticida e cardioprotetora (IDEHEN et al., 2017).

2.4.6 Curcuminoides

Curcuminoides sdo compostos fenolicos de pigmento amarelo, e sdo as principais
moléculas bioativas presentes no rizoma de Curcuma longa L., conhecida popularmente por
acafrdo-da-terra ou agafrio-da-india, representando de 3 a 5% de sua composicio (AGRAWAL
e MISHRA, 2010). Esta planta é utilizada na culinaria mundial ha muito tempo como tempero,
e apresenta a curcumina como principal composto bioativo (HEWLINGS e KAUMAN, 2017).
Os curcuminoides também sdo utilizados comercialmente como conservantes e na coloragéo de
alimentos, medicamentos e cosméticos, além de apresentarem acgdo antioxidante, cicatrizante,
anti-inflamatoria, e especialmente, propriedade antitumoral (MOJZER et al., 2016).

Como mecanismos de acdo antioxidante, a curcumina é descrita por modular a acéo de
enzimas antioxidantes, como SOD e CAT, agindo na neutralizacdo de radicais livres, como
também pode inibir as enzimas responsaveis pela geracdo de espécies reativas de oxigénio,
como lipoxigenase/ciclooxigenase e xantina hidrogenase/oxidase (HEWLINGS e KAUMAN,
2017). Por ser um composto lipofilico, a curcumina atua na captura de radicais peroxila, gerados
durante o processo de peroxidagdo na bicamada lipidica das células, similar a acdo da vitamina
E (tocoferol) (AGRAWAL e MISHRA, 2010).

A interacdo destes compostos com proteinas, resulta na modulagéo de vias relacionadas
a adesdo, crescimento e proliferagdo celular, além de inibir o processo de angiogénese e
promover a apoptose de uma gama de linhagens de células tumorais, como de mama, pele,
estbmago, duodeno e colon (MOJZER et al.,, 2016). Por apresentar significante acdo
antitumoral, in vitro e in vivo, estudos clinicos estdo sendo realizados visando o
desenvolvimento de futuros agentes anticancer (AGRAWAL e MISHRA, 2010).
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Mou et al. (2011) relatam o efeito anticancer da curcumina na fase 1l de estudo clinico,
em que 25 pacientes com cancer pancreatico foram tratados com este composto e apresentaram
resultados satisfatorios, com destaque para a reducdo de 75% do volume tumoral em um dos

pacientes.

2.5 Estresse oxidativo

Diversas doencas, como cancer, diabetes, aterosclerose, doencas inflamatdrias,
desordens neuroldgicas como Alzheimer, Parkinson e distrofia muscular, doencas
cardiovasculares, além do envelhecimento precoce, estdo relacionadas ao processo de estresse
oxidativo (SULTAN, 2014; ANDRISIC et al., 2017; ANDRE-LEVIGNE et al., 2017). Este
processo é resultado do desequilibrio entre a producdo de espécies reativas e a neutralizacao
destes por agentes antioxidantes (VALKO et al., 2007; MIYATA et al., 2017).

As espécies reativas sdo geradas a partir de processos metabdlicos comuns no
organismo, em condi¢es fisioldgicas normais, como durante a respiracao celular, fagocitose,
inflamacao, exercicios fisicos em excesso, agregacdo de plaquetas e angiogénese (ANDRE-
LEVIGNE etal., 2017) ou por agentes externos, como fumagca de cigarro, poluentes ambientais,
radiagdo ultravioleta, pesticidas, solventes industriais, dentre outros (SULTAN, 2014;
ANDRISIC et al., 2017). Desta maneira, as moléculas formadas como subprodutos do processo
redox celular podem desempenhar tanto fungédo benéfica quanto toxica ao organismo.

Dentre as espécies mais comumente formadas estdo as espécies reativas de oxigénio
(EROs) e de nitrogénio (ERNSs), as quais podem conter radicais livres, que sdo espécies
guimicas altamente reativas que possuem um elétron desemparelhado na érbita externa da
molécula, ou espécies ndo radicalares, que embora ndo contenham um elétron desemparelhado,
sdo altamente reativos por serem responsaveis pela formacao dos radicais livres (FANG et al.,
2002; SULTAN, 2014). Entre as EROs mais comuns, sdo destacados os radicais livres anion
superdéxido (02", hidroxila ("OH), peroxila (RO."), alcoxila (RO") e hidroperoxila (HO"),
enquanto as ERNs tém como principais representantes o 0xido nitrico (‘"NO) e didxido de
nitrogénio (NO2") (FANG etal., 2002; SULTAN, 2014). Estas moléculas podem ser convertidas
em espécies reativas ndo radicalares, como o peréxido de hidrogénio (H20>), acido hipocloroso
(HOCI) e o peroxinitrito (ONOQO") (FERREIRA e MATSUBARA, 1997).
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2.5.1 Espécies reativas de oxigénio
Em organismos aerobicos a produgéo energética é decorrente do consumo de oxigénio,

que também estd envolvida em respostas imunologicas, detoxificacdo de xenobidticos e
processos inflamatdrios (ANDRISIC et al., 2017). Durante o metabolismo do oxigénio, sdo

produzidas EROs decorrentes de uma série de vias metabdlicas (Figura 5).
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Figura 5. Vias metabolicas responsaveis pela geracdo e eliminagdo de especies reativas de

oxigénio. Fonte: Martin-Ventura et al. (2017).

No processo de respiracdo normal, o oxigénio molecular (O2) é reduzido nas
mitocondrias, através da transferéncia de quatro elétrons para gerar duas moléculas de agua
(H20) (VALKO et al., 2006). Neste processo de reducao tetravalente do Oz, moléculas de O
sdo formadas. Este processo € mediado por diferentes enzimas, incluindo NADPH oxidases

(NOXs), xantina oxidase (XO), lipoxigenase (LO), ciclooxigenase (COX), isoformas citocromo
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P450 (CYP450), monoxigenases e Oxido nitrico sintase endotelial desacopladas (eNOS)
(MARTIN-VENTURA et al., 2017; MIYATA et al., 2017). Além do processo enzimatico, o
O, também pode ser formado de forma ndo enzimatica, pela cadeia de transporte de elétrons
mitocondrial (METC), reticulo endoplasmaético (ER) e peroxissomos (MARTIN-VENTURA et
al., 2017).

Uma vez formado, o Oz pode reagir rapidamente com éxido nitrico (NO), promovendo
a formacao de peroxidonitrito (ONOO"), ou pode ser transformado em H20. espontaneamente
ou por meio de enzimas SOD (ANDRE-LEVIGNE et al., 2017). Adicionalmente, alguns tipos
de NOXs (NOX-1-5) e oxidases dual DUOX-1 e DUOX-2, podem atuar na transformacao de
02" em H20>, especialmente durante o processo de formagdo dos vasos sanguineos e infiltracéo
de mondcitos/macréfagos, mediados pela NADPH oxidase (ANDRE-LEVIGNE et al., 2017),
mas também esta transformacdo pode ser decorrente de subprodutos do metabolismo de
diferentes enzimas, incluindo algumas que sdo importantes em doencas cardiovasculares, como
a lisil oxidase (LOX) (MARTIN-VENTURA et al., 2017).

O H202 é um metabolito do oxigénio, que, embora ndo apresente muita reatividade, se
torna prejudicial por participar da reacdo que produz ‘OH (MORTEZAEE
e KHANLARKHANI, 2017), molécula mais reativa nos sistemas biolégicos, especialmente por
atacar biomoléculas importantes ao funcionamento das células, como lipidios, proteinas e
acidos nucleicos, acarretando em danos celulares e teciduais (VALKO et al., 2006; LOBO et
al., 2010). O H20. pode ser convertido a ‘OH pela reacdo de Fenton (MORTEZAEE
e KHANLARKHANI, 2017).

O ferro desempenha funcdo primordial durante o metabolismo e proliferacdo celular,
atua como constituinte funcional de varias enzimas, e geralmente esta associado ao grupo heme,
que contém o ion ferro como atomo central, fundamental na formacdo da hemoglobina nos
eritrocitos. No estado metabolico normal, o Oz favorece a oxidagéo de ferro na forma ferrosa
(Fez") a sua forma férrica (Fe3*). Contudo, se a concentracdo intracelular de Oy ¢ elevada, a
reacdo favorece a reducdo de Fe3" a Fe2" perpetuando a reacdo de Fenton e formando mais "OH
(MORTEZAEE e KHANLARKHANI, 2017).

Além de ser convertido a "OH, o H.O» também pode ser convertido em outras moléculas
reativas, como o HOCI pela mieloperoxidase (MPO), enzima que atua na ativagcdo de
neutrdfilos, os quais desempenham propriedades pro-oxidante e pré-inflamatéria, importantes
no processo antimicrobiano e no sistema imunoldgico (MARTIN-VENTURA et al., 2017).
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Entretanto, apesar da transformagdo de H202 em moléculas reativas, este pode ser
transformado em moléculas de H2O pelas enzimas antioxidantes catalase (CAT) ou glutationa
peroxidase (GPx)/glutationa redutase (GR) (MORTEZAEE e KHANLARKHANI, 2017). A
GPx catalisa a redugdo de H202 em H.O por meio da glutationa reduzida (GSH) como doadora
de elétron, sendo esta transformada em glutationa dissulfeto (GSSG), que é a forma oxidada,
que pode ser convertida @ GSH através da oxidagdo do NADPH pela glutationa redutase
(VALKO et al., 2006).

Outro sistema de detoxificagdo de H202 em moléculas de agua € pelo sistema
tioredoxina (Trx), em que peroxidases dependentes de thiol, como a peroxiredoxina (PRXx),
atuam na remocao de espécies reativas rapidamente, por meio das enzimas tioredoxina redutase
(TrxR) e tioredoxina peroxidase (TrxPrx) (MARTIN-VENTURA et al., 2017).

A producdo excessiva de espécies reativas, em especial ‘OH, pode gerar danos
oxidativos no material genético, resultando nas primeiras etapas que resultam na mutagénese e
carcinogénese (VALKO et al., 2007; ROBBINS e COTRAN, 2010). Diversas reacoes
bioquimicas ocorrem durante a metabolizacdo do oxigénio que leva a geracdo de moléculas
intermediarias toxicas ao DNA. De maneira geral, "OH reage com o0 DNA ao ser adicionado as
suas fitas duplas ou sequestrar atomos de hidrogénio a partir do grupo metil de timina e das
ligacOGes C-H da desoxirribose, resultando na quebra da cadeia de DNA (COOKE et al., 2003).
Os danos gerados ao DNA podem estimular vias que estdo associadas com a carcinogénese,
como a parada ou inducdo da transcricdo, inducdo da via de transducdo de sinal, erro na
replicacdo e instabilidade genémica (VALKO et al., 2006).

Além dos danos gerados ao material genético, as espécies reativas também promovem
sérios danos as proteinas, pois sdo encontradas abundantemente nos sistemas bioldgicos e sdo
responsaveis por grande parte dos processos metabdlicos (DALLE-DONNE et al., 2006). Em
geral, os danos gerados nas proteinas podem comprometer sua estrutura e consequentemente
sua funcdo. O radical *OH pode inativar varias proteinas, ao oxidar grupos sulfidrilas ou ligagdo
dissulfeto (FERREIRA e MATSUBARA, 1997). Este radical pode sequestrar um atomo de
hidrogénio da estrutura de polipeptideos de proteinas, para formar um radical centrado no
carbono, que em condicGes aerdbias, reage com O, para formar radicais peroxila (RO2")
(VALKO et al., 2006).

As EROs podem atacar proteinas estruturais e enzimaticas pela formacdo de ligagdes
cruzadas, oxidacdo de aminoacidos residuais e grupos prostéticos (MORTEZAEE
e KHANLARKHANI, 2017). A modificacdo desta biomolécula pode resultar na inibicdo das
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atividades enziméticas, aumento da susceptibilidade a agregagdo e proteoélise, alteragdo na
absorcdo destas proteinas pelas células, alteracdo nos processos de imunogenicidade e de
proteinas transportadoras (VALKO et al., 2006). Como consequéncia destas alteracGes
protéicas, outras biomoléculas sdo prejudicadas, como a inativagdo da DNA polimerase e
enzimas reparadoras do DNA, o que contribuira para o processo de envelhecimento precoce,
mutagenicidade, além de diversas outras doen¢as (DALLE-DONNE et al., 2006).

Outro tipo de dano acarretado pelo excesso de espécies reativas no organismo € a
peroxidacao lipidica. As células sdo envoltas por membranas formadas por bicamada lipidica,
que em contato com EROs séo expostas & oxidagdo. Neste processo, os &cidos graxos poli-
insaturados contidos nas membranas celulares sé&o oxidados devido a presenca de grande
quantidade de duplas ligacbes na estrutura, geralmente pela espécie reativa ‘OH
(MORTEZAEE e KHANLARKHANI, 2017). Neste processo, “OH captura um atomo de H" de
um grupo metileno alilico, entre uma ligag&o dupla do &cido graxo poli-insaturado, resultando
em um radical lipidico centrado em carbono, altamente reativo, caracterizando a etapa de
iniciacao.

Em seguida, ocorre o processo de propagacdo, em que o radical lipidico geralmente é
estabilizado por rearranjo molecular, formando um dieno conjugado (duas duplas ligacGes
intercaladas com uma ligagé@o simples entre carbonos), que pode reagir com o O, formando o
radical peroxila (RO2"), que por sua vez sequestra outro H" da cadeia lateral de acidos graxos
poli-insaturados, propagando o processo de peroxidacdo lipidica (FERREIRA e
MATSUBARA, 1997). O radical RO>" pode formar um perdxido ciclico, que se decompde em
seguida, formando uma série de produtos de degradacdo, como os aldeidos malondialdeido, 4-
hidroxi-2-nonenal e 2-propenal (DALLE-DONE et al., 2006), amplamente utilizados como
marcadores do processo de peroxidacdo lipidica.

Estes produtos apresentam facil reatividade com varias biomoléculas, incluindo
proteinas, DNA e fosfolipidios, gerando danos estruturais e funcionais, e consequentemente
contribuindo para a patogénese de vérias doengas (TURUNEN et al., 2004). O processo
oxidativo de lipidios resulta em desorganizacdo da membrana celular, levando a sua
permeabilidade e consequente extravasamento de enzimas, promovendo a morte celular
(MORTEZAEE e KHANLARKHANI, 2017).
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2.5.2 Compostos antioxidantes

Substancias antioxidantes sdo aquelas capazes de inibir e/ou reduzir os danos
promovidos pelas espécies reativas, evitando a reacdo destas com as biomoléculas
(MORTEZAEE e KHANLARKHANI, 2017). As substancias com propriedades antioxidantes
podem ser de origem sintética ou natural. Os antioxidantes sintéticos, tais como
hidroxibutiltolueno (BHT), hidroxibutilanisol (BHA) e acido etileno diamino tetracetico
(EDTA) sdo utilizados comercialmente em cosméticos e alimentos, porém, apresentam efeitos
toxicos e carcinogénicos em altas concentracfes (GORJI et al., 2016).

Ja os antioxidantes naturais sdo produzidos por sistemas biolégicos, como em micro-
organismos, plantas e animais. Em organismos animais, para inibir a acdo deletéria das EROs
a propria célula desenvolve meios de se proteger, pela sintese de antioxidantes enzimaticos e
ndo enzimaticos. Dentre as enzimas que atuam na neutralizacdo de radicais livres estdo a
superéxido dismutase (SOD), catalase (CAT), glutationa peroxidase (GPx) e glutationa
redutase (GR) (VALKO et al., 2007).

A enzima SOD esta presente em células aerdbicas e fluidos extracelulares, e representa
a primeira linha de defesa das células, atuando na dismutacéo do &nion O2" em H>0 (FREI,
1994). Séo descritos trés tipos de SOD, a forma citosolica Cu/Zn-SOD (SOD1), a mitocondrial
Mn-SOD (SOD2) e extracelular EC-SOD (SOD3) (VALKO et al., 2006; LOBO et al., 2010).

O H20; formado pela SOD é metabolizado a H20 e O pelas reagbes enzimaticas
catalisadas pela CAT e GPx (ANDRE-LEVIGNE et al., 2017). A enzima CAT é a mais
abundante no figado, esta presente nos peroxissomos (VALKO et al., 2006). Além desta, a
enzima GPx atua na detoxificacdo de H20- e sua atividade € dependente da glutationa reduzida
(GSH), que é oxidada em glutationa dissulfeto (GSSG) (ANDRE-LEVIGNE et al., 2017). A
manutencdo dos niveis de GSH no interior da célula é realizada pela enzima glutationa redutase,
que converte GSSG em GSH, pela oxidacdo de NADPH (LOBO et al., 2010).

Adicionalmente, os sistemas biologicos também utilizam mecanismos antioxidantes ndo
enzimaticos na protecdo contra a producdo excessiva de espécies reativas. Dentre 0s
antioxidantes ndo enzimaticos endodgenos estdo a glutationa, coenzima Q, &cido urico e
melatonina. A glutationa € um tripeptideo que apresenta importantes fun¢ées nas células, como
a acdo antioxidante devido a presenca do grupo tiol, além de ser um co-fator da familia de
enzimas GPx (LOBO et al., 2010). A coenzima Q ou ubiquinona, é um lipidio que atua como

antioxidante na cadeia respiratoria mitocondrial, impede a peroxidacdo em membranas lipidicas
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ao inibir a formagdo de radicais RO>", além de atuar na regeneracdo da vitamina E, outro
importante agente antioxidante (TURUNEN et al., 2004).

Além destes, o0 &cido urico, derivado do metabolismo das purinas, atua como inibidor
da peroxidacéo lipidica (WEN et al., 2017). Em condigdes fisiologicas no corpo humano o acido
urico é dissociado a urato, que tem a capacidade de quelar metais de transi¢do, como o ferro, e
impedir que radicais RO’ penetrem a membrana celular (VASCONCELOS et al., 2007). O
urato é um antioxidante natural presente no cérebro e fluidos corporais, desempenha importante
funcdo neuroprotetora, como na doenca de Parkinson (WEN et al., 2017).

Ja a melatonina é um dos principais antioxidantes enddgenos que protege o figado, e
exerce sua funcédo diretamente pelo sequestro de radicais livres e indiretamente pela estimulagéo
de enzimas antioxidantes (MORTEZAEE e KHANLARKHANI, 2017).

Além de produzir antioxidantes necessarios para sua protecdo, o organismo também
pode utilizar compostos antioxidantes provenientes da dieta, como o acido ascérbico (vitamina
C), a-tocoferol (vitamina E), p-caroteno (pro-vitamina A), compostos fendlicos e alguns
terpenos. Estas substancias séo amplamente encontradas em fontes vegetais.

O é&cido ascorbico, conhecido como vitamina C, € um poderoso antioxidante que atua
em ambientes aquosos no corpo, capturando EROs pela rapida transferéncia de elétrons, que
inibe a peroxidacgdo lipidica (FLORA, 2009). Também atua na prote¢do contra a oxidagdo de
lipoproteinas de baixa densidade, reduzindo a progressdo da aterosclerose (FREI, 1994). Em
sistemas bioldgicos, o acido ascérbico se encontra na forma de ascorbato, que € a forma que
age como antioxidante (VASCONCELOS et al., 2007). Apesar da ampla gama de beneficios,
em altas concentraces o acido ascorbico atua como pro-oxidante, levando a peroxidagdo
lipidica (FERREIRA e MATSUBARA, 1997).

O a-tocoferol, também conhecido como vitamina E, € o mais importante antioxidante
de membranas e lipoproteinas, pois inibe a peroxidagéo lipidica ao capturar radicais RO,
(FREI, 1994). Durante este processo, o a-tocoferol doa um adtomo de hidrogénio para estabilizar
o radical RO, deste modo interrompe a reacéo e € estabilizado por ressonancia (BIESALKI e
GRIMM, 2007). Adicionalmente, protege proteinas e DNA contra as especies reativas (FANG
et al., 2002). Carotenoides, como o 3-caroteno, apresentam acao antioxidante ao reagir com o
radical RO>" para formar um radical centrado em carbono, assim inibe a propagagéo de EROs
(FANG et al., 2002).
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2.6. Cancer

O estresse oxidativo esta diretamente envolvido no desenvolvimento e progressao
tumoral, mas também pode ser um dos mecanismos de terapias anticancer. O aumento da
producdo de EROs esté relacionada a ativagdo de diferentes oncogenes ou mutacao de genes de
supressdo tumoral, induzindo mutacGes de DNA adicionais (ANDRISIC et al., 2017).

A divisdo e proliferacdo celular normal do organismo estd sob efeito constante de
mutacdes no material genético, que sdo reparados por proteinas e enzimas especificas da célula.
Entretanto, falhas no mecanismo de reparo destas lesdes ou mutagdes genéticas, por causas
diversas e complexas, pode promover alteragdes no metabolismo celular, como disturbio da
proliferacéo e diferenciacéo celular, resultando o desenvolvimento do cancer (CLANCY, 2008;
KARRAN e BREM, 2016).

O céncer esta entre as principais doencas que acometem a humanidade, com estimativa
de 14,1 milhdes de casos e 8,2 milhdes de mortes em todo o mundo (ISAH, 2016). A etiologia
do cancer ¢ multifatorial, podendo ser predisposicdo genetica, fatores ambientais e/ou
decorrente do estilo de vida, como tabagismo, consumo excessivo de alcool, obesidade,
exposicao a radiagOes ionizantes e agentes infecciosos especificos (ROBBINS e COTRAN,
2010).

2.6.1 Leucemias

Leucemias sdo tipos de canceres que acometem as células sanguineas brancas (Yan et
al., 2014), responsaveis pela ativacdo do sistema imunoldgico. Podem ser classificadas de
acordo com a origem celular, sendo linfoide ou mieloide, e quanto a evolugdo da doenca,
podendo ser aguda, quando as células alteradas se encontram em fase muito imatura, ou cronica,
quando s@o mais maduras (American Cancer Society, 2013).

A leucemia linfoide aguda, também conhecida como leucemia linfobléstica aguda, afeta
criangas e adultos, sendo a maior causa de mortalidade relacionada ao céncer infantil,
totalizando cerca de 25% dos canceres na faixa etéria entre 2 e 5 anos (STARY e HRUSAK,
2016). Os fatores etioldgicos que resultam neste tipo de céncer ainda sdo desconhecidos,
embora cerca de 5% dos casos estdo associados a fatores hereditarios, como sindrome de
Down’s e sindrome de Bloom (PUI et al., 2008).

Leucemia linfoide cronica ou leucemia linfocitica cronica, afeta linfocitos B na maioria

dos casos, e é caracterizada como uma doenca linfoproliferativa. Células alteradas se acumulam
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no sangue periférico, medula dssea e orgao linfoides solidos, e embora apresente baixa
mortalidade, esta doenca ndo demonstra grandes chances de cura (GOMES el., 2018). J& a
leucemia mieloide aguda é caracterizada pela presenca de células de origem mieloide
indiferenciadas que se infiltram na medula dssea, sangue e outros tecidos por proliferacéo clonal
(DOHNER et al., 2010). Comum em adultos, este tipo de leucemia é curavel em cerca de 35-
40% dos pacientes com menos de 60 anos, e esta percentagem reduz para 5-15% em pessoas
com mais de 60 anos de idade (DOHNER et al., 2015).

Leucemia mieloide crénica é caracterizada como desordem mieloproliferativa que se
desenvolve principalmente em adultos, com predominancia em individuos do sexo masculino
(CORTES, 2004). Aproximadamente 95 % dos casos diagnosticados de leucemia mieloide
cronica séo decorrentes de alteracdo genética, que acontece devido a translocagéo entre genes
dos cromossomos 9 e 22, resultando no cromossomo denominado Philadelphia (Ph) (FADERL
etal., 1999).

Para controlar ou inibir a proliferacdo destas células alteradas em pacientes leucémicos,
sdo realizados diferentes tratamentos combinados, como terapias quimicas, radioldgicas e
transplantes de células-tronco (PORTH e MATFIN, 2010). Estudos fitoquimicos vém sendo
descritos buscando novas alternativas que possam auxiliar na prevencdo e ou tratamento do
cancer, incluindo os diferentes tipos de leucemias (ASMAA et al., 2014).

Os compostos fendlicos sdo um dos principais responsaveis pela agdo citotdxica de
linhagens tumorais. Dentre seus principais mecanismos de acdo estdo supressdo da
angiogénese, inibicdo de oncogenes como BCR/ABL, ciclo-oxigenase-2 (COX-2) (enzima
promotora da diviséo celular e inibidora da apoptose), ativacdo de caspases, ativacdo de
macrofagos e parada do ciclo celular (FERREIRA e CAROCHO, 2013).

2.6.2 Mecanismos de acao citotdxica

Os métodos comumente utilizados no tratamento de diferentes tipos de canceres sdo a
cirurgia, radioterapia, quimioterapia e combinacgéo entre terapias (PORTH e MATFIN, 2010).
Apesar dos avancos nas terapias contra o cancer, pelo avanco da biologia molecular e celular,
a opcdo mais utilizada no tratamento desta doenca é por meio da quimioterapia, que muitas
vezes falha frente as células resistentes as drogas (MANSOORI et al., 2017). Desta maneira,
drogas que promovem a morte de células cancerigenas por diferentes mecanismos de a¢do sdo
de extrema importancia, especialmente em linhagens celulares que apresentam resisténcia a

determinados tipos de morte celular.



48

De maneira geral, as drogas quimioterapicas desencadeiam o processo de morte celular
programada, chamada apoptose. Durante a apoptose, proteinas especificas ativam uma cascata
de sinalizacdo, que age de maneira organizada, sem promover um processo inflamatério local.
Este tipo de morte celular estd naturalmente envolvido em processos fisiolégicos do corpo
humano, como na involucdo dos tecidos dependentes de horménio, morte das células que ja
tenham cumprido sua fungdo, como em processos inflamatérios ou do sistema imune (PORTH
e MATFIN, 2010), bem como na destruicdo programada das células durante o desenvolvimento
embrionario ou que sofreram algum dano irreversivel em seu material genético, e ainda no
processo de envelhecimento (SUHAILI et al., 2017).

Drogas antitumorais como cisplatina, vimblastina e vincristina, induzem a morte celular
por apoptose. Durante o processo de apoptose, ocorre a retracdo celular, condensacdo da
cromatina, formacédo de bolhas citoplasmaticas e corpos apoptoticos e, por ultimo, ocorre a
fagocitose destes corpos pelos macrofagos (PATEL et al., 2006). A inducdo da apoptose pode
ser regulada por duas vias principais: a via extrinseca e a via intrinseca (Figura 6) (SUHAILI
etal., 2017).
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Figura 6. Morte celular programada: vias extrinseca e intrinseca da apoptose. Fonte:
Suhaili et al. (2017)

Em ambas as vias, a fase de execucdo é realizada pelas caspases, que sdo uma familia
de cisteina proteases aspartato-especificas, que estdo presentes no citoplasma celular na forma
inativa, sendo denominada procaspase, e sdo ativadas pela autoprotedlise induzida pela
interagdo com proteinas adaptadoras (dominios efetores de morte ou dominios de recrutamento
de caspase) ou pela clivagem de outras proteases (KRYSKO et al., 2008).
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A via extrinseca da apoptose é desencadeada apos interacGes mediadas com receptores
transmembrana com seus respectivos ligantes (DORN, 2013). Estes receptores de morte
pertencem a familia fator de necrose tumoral (TNRF), que tem como membros 0s receptores
FAS, TNF-R1 e TRAIL-R1 e 2, que tem como ligantes especificos o FAS ligante (FASL),
TNF-a. e TRAIL, respectivamente (SUHAILI et al.,, 2017). Esta interacdo resulta no
recrutamento de proteinas adaptadoras, como FADD para o0 receptor Fas, que recruta
procaspase-8 e 10, formando o complexo de sinalizacdo indutor de morte (DISC), ativando a
autocatalise de caspase-8 e 10, tornando-as ativas (GRIVICICH et al., 2007). Estas caspases
ativas desencadeiam a ativacdo das procaspases-3 e 7 em caspase-3 e 7, enzimas efetoras da
apoptose (BRENTNALL et al., 2013).

A via intrinseca da apoptose requer a perda do potencial da membrana mitocondrial da
célula, que promove a abertura dos poros da membrana mitocondrial, controlada por membros
da familia Bcl-2 (DORN, 2013). A familia Bcl-2 contém moléculas anti-apoptdticas (Bcl-2 e
Bcl-XL) e pro-apoptoticas (Bax, Bid e Bak), que em células normais estdo em equilibrio, mas
sob estimulos apoptdticos levam ao aumento da expressdo de Bax, Bid e Bak, resultando na
abertura dos poros da membrana mitocondrial (GRIVICICH et al., 2007).

A abertura dos poros da membrana mitocondrial resulta na liberacdo de moléculas pro-
apoptoticas, como citocromo C, do espaco intermembranas da mitocondria para o citosol,
formando o complexo denominado apoptosomo, juntamente com a protease apoptotica APAF-
1 (apoptotic protease activating factor-1), procaspase-9 e ATP (KIM et al., 2003). Neste
processo, a procaspase-9 € ativada, e passa a ser chamada de caspase-9, que ativa procaspases-
3 e 7 em caspases-3 e 7, respectivamente (PROSKURYAKOQV et al., 2003; SUHAILI et al.,
2017). A caspase-3 € responsavel pelas etapas finais de execugdo da apoptose
(SAKULNARMRAT et al., 2013), atuando na clivagem proteolitica da enzima reparadora de
DNA, a poli(ADP-ribose)polimerase (COHEN, 1997), resultando na morte celular, enquanto a
caspase-7 efetora é necessaria para promover o desprendimento das células apoptéticas
(BRENTNALL et al.,, 2013). As vias extrinseca e intrinseca ndo sdo completamente
independentes uma da outra, elas convergem na ativacdo das caspases, durante a cascata de
sinalizacdo, promovendo a formacdo dos corpos apoptoticos e engolfamento destes por
fagocitose (SUHAILI et al., 2017).

Além da inducdo da morte celular por apoptose, algumas drogas quimioterapicas
apresentam como mecanismo de acdo a morte por necrose. Nas células que sofrem morte

induzida por necrose a perda do potencial da membrana mitocondrial ndo é dependente de ATP,
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e a abertura dos poros da membrana mitocondrial ndo sdo controlados por outras proteinas,
consequentemente ocorre o inchagco osmotico da matriz mitocondrial, resultando na expanséo,
ruptura da membrana externa da mitocéndria (PROSKURYAKOV et al., 2003; DORN, 2013)
e ocorre a liberacdo do conteudo intracelular (KROEMER et al., 2009). Adicionalmente,
estudos recentes evidenciam uma forma regulada de necrose, denominada necroptose. Nesta
via, 0 mecanismo programado é decorrente de fenotipos caracteristicos da morte celular por
necrose, mas € desencadeado por uma série complexa de interacdo entre moléculas,
especialmente o necrossoma, formado pela interagdo entre RIP1 (receptor interacting protein
kinase 1), RIP3 (receptor interacting protein kinase 3) e MLKL (lineage kinase domain-like
protein) (Figura 7) (HANSON, 2016).
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Figura 7. Mecanismos de acdo de morte celular via necroptose. Fonte: Chen
et al. (2016)
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A morte celular necroptética difere da morte por necrose por ser ativada em resposta a
grave estresse celular e em situagcdes em que a morte por apoptose é comprometida (CHO e
PARK, 2017). Se a atividade de caspase-8 € inibida, na via extrinseca da apoptose, RIP1 se liga
a RIP3 para formar um complexo denominado necrossomo, que promove auto-fosforilacdo de
RIP3 e subsequente ativacao desta proteina, que recruta MLKL fosforilada (CHEN et al., 2016).
Oligbmero de MLKL sdo inseridos na membrana e promovem ruptura na integridade das
membranas celular e intracelular, promovendo a morte por necroptose (CHO e PARK, 2017).

De maneira geral, a morte por necroptose € ativada por receptores de morte, como 0
receptor TNF, mas pode ser estimulada por FASL, TRAIL, LPS, além de infeccBes virais, que
ativam diretamente RIP3 através de DNA-dependent activator of interferon regulatory
factors (DALI), adicionalmente, agentes anticancer e estresse genotdxico também podem induzir
necroptose dependente de RIP1/RIP3 (CHEN et al., 2016).

Além dos perfis de morte celular apresentados até 0 momento, outro mecanismo de acao
de drogas quimioterapicas tem sido destaque, a chamada apoptose tardia, também conhecida
como pds-apoptotica ou necrose secundaria (PATEL et al., 2006). Neste tipo de morte celular
ocorrem eventos moleculares e bioquimicos tipicos da apoptose e necrose. E caracterizado
como um processo apoptético que nao ocorre fagocitose e que sdo ativados mecanismos
semelhantes aos da necrose (KRYSKO et al., 2008). A apoptose tardia é iniciada por
fragmentacdo nuclear, intensa condensacdo da cromatina e liberacdo da caspase-3 ativada,
caracteristicas tipicas da apoptose, e finalizando o processo apresentando inchaco
citoplasmatico e permeabilizacdo da membrana celular, o que resulta na perda da integridade
de membrana, processos que caracterizam a morte celular por necrose (KROEMER et al., 2009;
SILVA, 2010).

Dentre os mecanismos de agdo evidenciados como estratégia efetiva para eliminar
células cancerigenas, esta a inducdo da parada do ciclo celular (CHO et al., 2011). O ciclo
celular é um processo complexo, que depende da participacdo de muitas moléculas regulatorias
(ZHU et al., 2015). O metabolismo irregular das células tumorais esta associado as falhas neste
processo, resultando na proliferacdo celular descontrolada (ZHANG et al., 2015). Quinases
dependentes de ciclinas (CDKS) e ciclinas desempenham papel fundamental na progressédo do
ciclo celular, sendo responsaveis pela evolucdo do ciclo para as fases seguintes (CHANG et al.,
2017). Inibidores de CDKSs tem sido alvo de pesquisas anticancer, pela habilidade de parada do

ciclo de células tumorais e prevencéo da proliferacdo celular. Dentre as proteinas envolvidas
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nos mecanismos de proliferacdo e parada do ciclo celular estdo as proteinas Ki-67 e
retinoblastoma (Rb).

Ki-67 € uma proteina nuclear expressa durante a proliferacdo celular, em todas as fases
ativas do ciclo, sendo necessaria para manter os cromossomos mitoticos individuais dispersos
no citoplasma apds a desmontagem do envelope nuclear (TORQUATO et al., 2017). A reducéo
proteina Rb, quando fosforilada por complexos Ciclina-CDK, induz a expressdo do fator
transcricional E2F, promovendo a progressdo do ciclo celular (HAMILTON e INFANTE,
2016). Em células normais, a proteina Rb ndo esta fosforilada e inibe a progressdo do ciclo
celular até a célula estar pronta para se dividir, e no estado fosforilado, permite a progressao do
ciclo celular, ja em células tumorais, Rb permanece constantemente no estado fosforilado,
induzindo a divisdo e proliferacio celular (VELEZ-CRUZ e JOHNSON, 2017).
Quimioterapicos que atuam na reducdo da expressdo destas proteinas atuam no controle da
proliferacéo de células tumorais.
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3 OBJETIVOS

GERAL

Investigar a composicdo quimica, potencial farmacologico e mecanismos de acdo dos

extratos de Senna velutina e Campomanesia adamantium.

ESPECIFICOS - ARTIGO |

Caracterizar a composi¢do quimica do extrato etanolico de folhas de S. velutina;

Avaliar a atividade antioxidante do extrato pela captura do radical livre DPPH;

Investigar o potencial de inibicdo da peroxidacao lipidica em eritrdcitos humanos;
Analisar a acdo citotoxica e mecanismos de acao do extrato contra as linhagens leucémicas

Jurkat e K562;

ESPECIFICOS - ARTIGO 11

Caracterizar a composicdo quimica dos extratos aquosos de folhas e raizes de C.

adamantium;
Analisar a acdo citotoxica e mecanismos de ag&o dos extratos contra a linhagem leucémica

Jurkat e células mononucleares de sangue periféerico;
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Natural products can be a source of biomolecules with antioxidant activity which are able to prevent oxidative stress-induced
diseases and show antitumor activity, making them important sources of new anticancer drug prototypes. In this context, this
study aimed to analyze the chemical composition of an ethanol extract of Senna velutina leaves and to assess its antioxidant and
cytotoxic activities in leukemic cells. The antioxidant properties were evaluated using a DPPH free radical scavenging assay and
by examining the extract’s inhibition of AAPH-induced lipid peroxidation in human erythrocytes. Its cytotoxicity and possible
mechanisms of action were assessed in Jurkat and K562 leukemic cell lines. The ethanol extract contained flavonoids, such as
epigallocatechin, epicatechin, kaempferol heteroside, rutin, and dimeric and trimeric proanthocyanidin derivatives. The extract
exhibited antioxidant activity by scavenging free radicals and antihemolytic action, and it decreased malondialdehyde content in
human erythrocytes. Furthermore, the extract also induced leukemic cell death by activating intracellular calcium and caspase-
3, decreasing mitochondrial membrane potential, and arresting the cell cycle in S and G2 phases. Hence, S. velutina leaf extract
contains antioxidant and antileukemic biomolecules with potential applications in diseases associated with oxidative stress and in
the inhibition of tumor cell proliferation.

1. Introduction

Several diseases, including cancer, diabetes, atherosclerosis,
inflammatory diseases, and premature aging, are related to
oxidative stress [1]. Oxidative stress stems from excess of free
radicals in the body and low antioxidant activity, resulting
in damage to essential biomolecules such as nucleic acids,
proteins, and lipids [2].

Cancer is an oxidative stress-related disease that causes
high rates of morbidity and mortality in the global population
[3]. Leukemias are cancers that affect the cells of the hema-
topoietic system; depending on their cellular origin and
maturity stage, leukemias can be classified as either myeloid
or lymphoid and as acute or chronic [4]. Surgery, radio-
therapy, and chemotherapy [5] are among the main types of
treatment for these cancers.



Biomolecules with anticancer activity at low therapeutic
doses and with reduced side effects have been increasingly
sought in recent decades [6]. Between 1940 and 2014, 49% of
the 174 anticancer drugs that were made available on the mar-
ket were either natural products or their derivatives [7]. Thus,
there is a trend among the general population and the medical
community to regard medicinal plants as alternative sources
of antitumor drugs, provided that the therapeutic properties
of such plants have been scientifically researched and proven
[8]. The discoveries of paclitaxel [9], an anticancer drug, and
of homoharringtonine [10], which is used in the treatment of
acute and chronic myeloid leukemia, are examples of suc-
cessful cases in the development of medicinal plant-derived
drugs.

The search for new molecules with therapeutic properties,
including antioxidant and anticarcinogenic activities, is facil-
itated by the vast biodiversity and bioprospecting potential in
Brazil. Senna genus has been used in Brazilian folk medicine
for its antioxidant, antimicrobial [11], anti-inflammatory [12],
antidiabetic [13], and antitumor [14] activities, among other
uses.

Taxonomically, some species have been transferred from
Cassia genus to Senna genus [15]. This taxon currently com-
prises 500-600 species [14, 16], of which many have not been
yet characterized with respect to their chemical compositions
and biological properties as the arboreal species Senna
velutina (Vogel) H. S. Irwin & Barneby (Fabaceae, Cae-
salpinioideae). In this context, the aim of the present study
was to determine the chemical composition of an ethanol
extract of S. velutina leaves and to evaluate its antioxidant and
antileukemic activities.

2. Materials and Methods

2.1. Plant Material and Extract Preparation. S. velutina leaves
were collected following the identification of the plant
and authorization of the SISBIO (Sistema de Autorizagdo
e Informac¢ido em Biodiversidade, permit number 54470-1)
in Dourados, Mato Grosso do Sul (S 22°05'545" and W
055°20'746""), Brazil, oven-dried with the air circulation at a
temperature of 45+5°C, and then ground in a Willy-type knife
mill. An exsiccated sample was deposited in the Herbarium of
the Federal University of Grande Dourados, Mato Grosso do
Sul, Brazil, with registration number 4665.

The extract was then prepared by macerating the plant
material in an ethanol 95% mixture at room temperature in
the dark for 7 days. Then, the extract was filtered, and the
residue was further extracted twice using the same process.
After 21 days, the filtrate was concentrated in a rotary vacuum
evaporator (Gehaka, Sdo Paulo, SP, Brazil) to obtain the
ethanol extract of S. velutina leaves (ESV). The dry extract
yield was 29%, calculated using the following formula: extrac-
tion yield (%) = (weight of the freeze-dried extract x 100)/
(weight of the original sample). The ESV was stored at —20°C
protected from light.

2.2. Chemical Analysis. The extract was analyzed by Ultra
Fast Liquid Chromatography (UFLC) (Shimadzu) coupled
to Diode Array Detector (DAD) (240-800 nm, Shimadzu)
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and electrospray ionization time-of-flight (ESI-QTOEF-
micrOTOF QII) (operating in positive and negative mode,
120-1200 Da, Bruker Daltonics). A C-18 column was used
(Kinetex, 2.6 ym, 150 x 2.2mm, Phenomenex) protected
by a guard column of the same material. The mobile phase
was as follows: water (solvent A) and acetonitrile (solvent B)
both with 0.1% of formic acid in a gradient of 0-2min 3%
B, 2-25min 3-25% B, and 25-40 min 25-80% B followed
by washing and reconditioning of the column (8 minutes).
The flow rate was 0.3 mL/min and 1 4L (1 mg/mL) of extract
was injected. The other micrOTOF-QII parameters were as
follows: temperature, 200°C; N, drying gas flow rate, 9 L/min;
Nebulizer, 4.0 bar; capillary voltage, —3500 V (negative) and
+4500V (positive); and internal calibration with TFA-NA
injected at the end of the chromatographic analysis. The rutin
and epicatechin standards were obtained from Sigma-Aldrich
with a purity of >295%.

2.3. Antioxidant Activity

2.3.1. DPPH Free Radical Scavenging Activity. The 2,2-
diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activ-
ity of ESV was evaluated as described in D. Gupta and R. K.
Gupta [17], with modifications. In this assay, 0.2 mL of ESV at
different concentrations (1-1000 pg/mL) was added to 1.8 mL
of DPPH solution (0.11 mM) in 80% ethanol. The mixture was
incubated for 30 minutes at room temperature in the dark.
Absorbance at 517 nm was then measured spectrophotomet-
rically. Ascorbic acid and butylhydroxytoluene (BHT) were
used as reference antioxidants. As a control, 0.2 mL of solvent
used to dilute the extract was added to 1.8 mL of DPPH
solution (0.11 mM) in 80% ethanol. Two independent experi-
ments were performed in triplicate. The percentage inhibition
was calculated relative to the control using the following
equation:

inhibition of DPPH radical (%)

Abssample (1)
=(1- W x 100.

control

2.3.2. Inhibition of Lipid Peroxidation in Human Erythrocytes

(1) Preparation of Erythrocyte Suspension. After approval
by the Research Ethics Committee (Comité de Etica em
Pesquisa, CEP) of the University Center of Grande Dourados
(UNIGRAN, Brazil (CEP process number: 123/12)), periph-
eral blood from healthy donors was collected into tubes con-
taining sodium citrate which were then centrifuged at 400 xg
for 10 min. The plasma and leukocyte layer were discarded,
and the erythrocytes were washed 3 times with 0.9% sodium
chloride solution (NaCl) and centrifuged. Finally, 10% ery-
throcyte suspension was prepared in 0.9% NaCl solution to
attain a 2.5% final concentration for further analysis.

(2) Hemolytic Activity and Inhibition of Oxidative Hemolysis.
The ability of ESV to protect against lipid peroxidation was
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evaluated using an antihemolytic assay in human erythro-
cytes that were incubated with the oxidant 2,2-azobis-
(2-amidinopropane) dihydrochloride (AAPH), a thermoin-
ducible initiator of lipid peroxidation, as described by Cam-
pos et al. [18]. To evaluate hemolytic activity and inhibition
of oxidative hemolysis, erythrocytes were preincubated with
either ESV orascorbicacid (25-125 ug/mL) at 37°C for 30 min
before the addition of 0.5 mL of either 0.9% NaCl or 50 mM
AAPH (dissolved in 0.9% NaCl). In the assay, 1% ethanol was
used as a solvent control, while 0.9% NaCl was used as the
baseline hemolysis control. Total hemolysis was induced by
incubating erythrocytes with distilled water. Samples were
incubated at 37°C with regular stirring. The extent of hemol-
ysis was determined at 60-minute intervals for an incubation
period of 5 h. Tubes were centrifuged at 700 xg for 5 minutes;
0.2 mL of the supernatant was collected and added to 1.8 mL
of 0.9% NaCl for spectrophotometric reading at 540 nm.
The hemolysis percentage was calculated using the formula
A/B x 100, where A is the sample absorbance and B is the
absorbance of the total hemolysis sample. Three independent
experiments were performed in triplicate.

(3) Malondialdehyde (MDA) Measurements. The inhibition of
malondialdehyde (MDA) production, which is a byproduct
of lipid peroxidation, was evaluated according to the method
described by Campos et al. [18]. Erythrocytes were preincu-
bated at 37°C for 30 min with either ESV or ascorbic acid (25~
125 pg/mL) before the addition of 0.5mL of 50 mM AAPH
solution. The mixtures were incubated at 37°C with regular
stirring; 1% ethanol was used as a negative control. The MDA
concentration was determined at 60-minute intervals for a
total of 5h. To determine the MDA concentration, samples
were centrifuged at 700 xg for 5min; 0.5mL of each super-
natant was collected and transferred to a tube containing
1mL of 10 nM thiobarbituric acid (TBA), dissolved in 75 mM
monobasic potassium phosphate buffer at pH 2.5. The stan-
dard controls used were 500 uL of a 20 mM MDA solution
and 1 mL of TBA. Samples were incubated at 96°C for 45 min
and allowed to cool before adding 4 mL of n-butyl alcohol and
centrifuging at 1600 xg for 5min. The resulting supernatant
was read at 532 nm in a spectrophotometer. Two independent
experiments were performed in triplicate. Sample MDA
levels were expressed in nM/mL, according to the following
formula:

)

20 x 220.32
MDA = Abs e X (—>

Ab Sstandard

2.4. Cytotoxic Activity

2.4.1. Cell Culture. Leukemia human cell lines Jurkat and
K562 were cultivated in RPMI 1640 (Sigma-Aldrich, Ger-
many) culture medium, supplemented with 10% fetal bovine
serum, 100 U/mL penicillin (Sigma-Aldrich, Germany), and
100 ug/mL streptomycin (Sigma-Aldrich, Germany). Cells
were cultured in a humidified incubator containing 5% CO,
at 37°C.

2.4.2. Cytotoxicity and Cell Death Profile. Cytotoxic activity
and the cell death profile were evaluated according to the

method described by Paredes-Gamero et al. [19]. Leukemic
cells were seeded at 10 cells/mL in 96-well microplates and
treated with ESV (0-100 ug/mL) for 24 h. Then, the cells were
centrifuged 600 xg for 6 min and resuspended in binding
buffer (0.14 M NaCl, 2.5mM CaCl,, 0.01M HEPES, and pH
7.4) and incubated at room temperature with 1 L of Annexin
V-FITC (BD Biosciences, San Diego, CA, USA) and 5 ug/mL
propidium iodide (PI) Becton Dickinson, USA for 20 min.
Sample analysis was performed using Accuri C6 flow cytome-
ter (Becton Dickinson, San Diego, CA, USA), with acquisi-
tion of 3,000 events.

2.4.3. Measurement of Mitochondrial Membrane Potential.
To evaluate the possible effects of ESV on mitochondrial
membrane potential, leukemic cells were incubated with
the fluorescent marker JC-1 (5,5',6,6'-tetrachloro-1,1',3,3'-
tetraethylbenzimidazolylcarbocyanine iodide; Molecular
Probes, Eugene, OR, USA) according to the method
described by Moraes et al. [20]. JC-1 probe accumulates in
mitochondria in a potential-dependent manner. Viable cells
with high mitochondrial membrane potential are stained red.
Upon reduction of the mitochondrial membrane potential,
cells appear green. In this assay, cells were seeded into
24-well plates (10> cells/mL) containing supplemented media
and were then incubated with 27.6 yg/mL (Jurkat cells) or
675 ug/mL (K562 cells) ESV for 24h. The cells were then
centrifuged and incubated with JC-1 (1 ug/mL) for 15 min at
room temperature. Fluorescence readings were performed
in a FACSCalibur flow cytometer using CellQuest software
(Becton Dickinson, San Diego, CA, USA). A total of 10,000
events were collected per sample.

2.4.4. Caspase-3 Activity. Caspase-3 activity was assessed
according to the method described by Moraes et al. [20],
with minor modifications. Caspase activity was measured by
flow cytometer. Leukemic lineages were treated with ESV
(27.6 pg/mL) in 24-well microplates (10° cells/mL) for 24 h.
Then the cells were fixed with 2% paraformaldehyde in PBS
for 30 min and permeabilized with 0.01% saponin for 15 min
at room temperature. Next, the cells were incubated for 1h
at 37°C with anti-cleaved-caspase 3-FITC antibody (Becton
Dickinson, USA). After incubation for 40 min, the fluores-
cence was analyzed by Accuri C6 flow cytometer (Becton
Dickinson, USA). A total 0of 10,000 events were acquired.

2.4.5. Intracellular Calcium and Pan-Caspase Inhibitors. The
roles of intracellular calcium and caspases in ESV-promoted
cytotoxicity were evaluated according to Bechara et al. [21],
with minor modifications. Jurkat cells were pretreated for
1h at 37°C under a 5% CO, atmosphere with either the
intracelullar calcium chelator BAPTA-AM or the pan-caspase
inhibitor Z-VAD-FMK; ESV (27.6 ug/mL) was then added to
the cells and allowed to incubate for 24 h. Control and treated
cells were resuspended in culture medium containing 0.05%
trypan blue and were counted in a hemocytometer chamber
to determine cell viability (trypan blue exclusion assay).

2.4.6. Cell Cycle Phases. Distribution of cell cycle was deter-
mined by PI staining and flow cytometry analysis. Leukemic



lineages (10° cells/mL) were treated with ESV (27.6 ug/mL)
for 24 h and then were fixed and permeabilized as previously
described and treated with 4 mg/mL RNase (Sigma-Aldrich,
Germany) for 45 min at 37°C. For DNA labeling, cells were
incubated with 5 yg/mL of PI (Sigma Aldrich, Germany). Per-
centages of cells within cell cycle compartments (G1, S, and
G2/M) were determined by Accuri C6 flow cytometer (Bec-
ton Dickinson, USA). A total of 10,000 events were acquired.

2.5. Statistical Analyses. The data are shown as the mean +
standard error of the mean (SEM) and were analyzed for
statistical significant differences between the groups using
Student’s ¢-test for comparison between two groups and one-
way analysis of variance (ANOVA) followed by Dunnetts
test for comparison of more than two groups using Prism 5
GraphPad Software. The results were considered significant
when P < 0.05.

3. Results

3.1. Chemical Composition of ESV. The metabolites in ESV
were identified by interpreting the UV absorption and mass
spectra and comparing them with data in the literature.
When available, compounds were compared with authentic
standards for confirmation.

The identification of compound 2, with m/z 305.0660 [M-
H]™, was based on the fragmentation pattern of epigallo-
catechin proposed by Dou et al. [22], namely, m/z 261 [M-
CO,]", m/z 219 [M-C,H,O,]", m/z 179 [M-C,H,O;]", m/z
167 [M-C,H¢O5]™, and m/z 165 [M-C,HgO5]", and also on
the detection of UV absorption at 270 nm.

Compounds 4, 8, and 9 showed UV absorption patterns
that were characteristic of flavonols (270 and 340 nm). Their
fragmentation patterns were consistent with those of hetero-
side derivatives of kaempferol, whose main fragment consists
of m/z 285 [C,5HyO¢] ™. Several compounds of this class have
been described in Senna genus [23, 24].

Dimeric (compounds 6, 7, and 10-14) and trimeric (com-
pounds 15-22) proanthocyanidins, comprising cassiaflavan,
afzelechin, epicatechin, epigallocatechin, and naringenin
subunits, were also observed. These derivatives, although rare
in nature, are often reported in Senna genus; some authors
consider them to be chemical markers for the genus [25-27].
The UV absorption maxima at 280 nm and the increase in
reverse-phase retention time concomitant with decreased
hydroxyl group content or increased degree of polymeriza-
tion are in agreement with the study by Callemien and Collin
[28]. Fragmentation patterns obtained by retro-Diels-Alder
(RDA) fission, heterocyclic ring fission (HRF), and quinone
methide (QM) can be used to characterize the subunits that
make up proanthocyanidins [29]. A complete discussion on
the elucidation of this class of compounds may be found
in the literature [29, 30]. Thus, based on retention times,
fragmentation profiles, and comparisons with previously
published data, 22 compounds in ESV were characterized
(Figure 1 and Table 1).

3.2. DPPH Free Radical Scavenging Activity. ESV was able to
scavenge the DPPH free radical, with a 2.5-fold higher ICs,
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and maximum activity values relative to ascorbic acid; how-
ever, these values were lower than those obtained with BHT
(Table 2).

3.3. Hemolytic Activity and Inhibition of Oxidative Hemolysis.
Over the range of tested concentrations, ESV showed no
hemolytic activity in human erythrocytes, as no hemolysis
was observed after up to 5 h of incubation (Figure 2(a)).

The control antioxidant, ascorbic acid, was able to protect
erythrocytes from hemolysis for up to 4 h of incubation when
they were exposed to the oxidant AAPH (data not shown).
ESV was able to protect erythrocytes for 5h over the tested
50-125 ug/mL concentration range (Figure 2(b)), demon-
strating its powerful antihemolytic activity.

3.4. MDA Measurements. The degree of protection conferred
by ESV against AAPH-induced lipid peroxidation in human
erythrocytes was evaluated by measuring MDA levels. At
ESV concentrations of 100 and 125 ug/mL, the MDA levels
were decreased throughout the course of the assay (data not
shown) and after 5 h of incubation (Figure 2(c)).

3.5. Cytotoxic Activity and Cell Death Profile. ESV promoted
cell death in both tested cell lines. IC;, values indicated
that ESV was more effective in Jurkat cells than in the ery-
throleukemic cell line K562 (ICs, = 27.6 ug/mL and 67.5 ug/
mL, resp.) (Figures 3(a) and 3(b)). ESV treatment promoted
double staining in both cell lines. This type of death was
evident in 71.9 + 5.7% of Jurkat cells and 30.1 + 2.8% of
K562 cells after treatment with 40 and 80 pg/mL of extract,
respectively (Figures 4(a) and 4(b)).

3.6. Mitochondrial Membrane Potential. The mitochondrial
membrane potentials of Jurkat and K562 leukemic cells
decreased after 24 h of incubation with ESV, as evidenced
by a decrease in red fluorescence and an increase in green
fluorescence compared to untreated cells. The mitochondrial
membrane potential was reduced by 91.0+4.3% in Jurkat cells
and by 74.7 £ 7.3% in K562 cells after treatment with 27.6 and
675 ug/mL of extract, respectively (Figures 5(a) and 5(b)).

3.7 Caspase-3 Activity. The Jurkat cell line, which was more
sensitive to ESV activity, was used to investigate ESV-pro-
moted cell death mechanisms. The fluorescence histogram
(Figure 6(a)) showed a rightward shift (greater fluorescence
values), indicating the activation of the apoptosis-inducing
enzyme caspase-3. Cleaved caspase-3 levels increased 4.5-fold
in ESV-treated cells relative to untreated cells (Figure 6(b)).

3.8. Pan-Caspase Inhibition and Intracellular Calcium Chela-
tion. Jurkat cells were preincubated with the pan-caspase
inhibitor Z-VAD-FMK to assess whether ESV cytotoxicity
was mainly mediated by caspase activation. Z-VAD-FMK
pretreatment did not decrease ESV-induced cell death (Fig-
ure 7). However, the intracellular Ca** chelator BAPTA-AM
partially inhibited ESV-induced death in Jurkat cells (Fig-
ure 7).
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FIGURE 1: UFLC-DAD-ESI-QTOF-micrOTOF QII chemical profiling (negative mode) of an ethanol extract of S. velutina leaves. (a) Base peak
chromatograms (BPC). (b) Extract ion chromatogram (EIC) of m/z 305. (c) EIC of m/z 289. (d) EIC of m/z 593. (e) EIC of m/z 609. (f) EIC
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FIGURE 2: Hemolysis and MDA content in human erythrocytes incubated for 5 hours with ascorbic acid (AA) and ESV (50-125 ug/mL).
(a) Hemolytic activity of ESV in the absence of AAPH. (b) Antihemolytic activity after addition of AAPH. (c) Malondialdehyde (MDA)
concentration (nM/mL) after addition of the oxidizing agent. *P < 0.05 compared to the AAPH-only control (erythrocytes incubated with
oxidant only).
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FIGURE 3: Viability of leukemic Jurkat (a) and K562 (b) cells after treatment with different concentrations of ESV. “P < 0.05 compared to the
untreated control group.

3.9. Cell Cycle Phases. Histograms were used to show the  and increased portions of cells in S and G2/M phases (30.7 £
distributions of cell cycle phases in control and ESV-treated 1.8% and 26.5 + 1.9%, resp.) (Figure 8(b)). These results
Jurkat cells after 24 h of incubation (Figure 8(a)). The results indicate that ESV inhibits the progression of cell cycle
show a decreased portion of cells in GO/G1 phase (17.4+0.6%) transitions.
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FIGURE 5: Mitochondrial membrane potential of leukemic Jurkat (a) and K562 (b) cells treated with different ESV concentrations. “**P <
0.0001 compared to the untreated control group.



Oxidative Medicine and Cellular Longevity

100 —
] =
80 — 2
i o 8
| o g
1 3 o
60 — 2, O
g 1 = 3§
Q 7 O =
40 z g
b L=
4 @) us
] g
20 ] S
04
10" 102 1000 10 100 10°
Cleaved caspase-3
<<<<<< Control
—— ESV

(a)

FIGURE 6: Histogram (a) and representative graph (b) of caspase-3
untreated control group.

TaBLE 2: IC,, and maximal DPPH radical scavenging activity of
standard antioxidants and of ESV.

Maximal inhibition

Sample 1C,, (ug/mL)

p 50 \US % yg/mL
Ascorbic acid 2.6 +0.8 909 + 1.6 10
BHT 213+1.2 924 +1.2 250
ESV 63+1.3 92.4+04 25
Values are means + SEM.
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F1GURE 7: Involvement of caspases (via the pan-caspase inhibitor Z-
VAD-FMK) and intracellular calcium (using the chelator BAPTA-
AM) in ESV-induced Jurkat cell cytotoxicity. “ P < 0.05 compared to
the untreated control group. * P < 0.05 compared to the ESV group.

4. Discussion

Brazilian biodiversity is rich in active compounds with high
potential for development of new therapeutic drugs, particu-
larly antioxidants and anticancer agents. Several plant species
found in Brazil have been characterized for their antioxidant
and cytotoxic activities in several tumor cell lines [31-33].
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activation in ESV-treated Jurkat cells. ***P < 0.0001 compared to the

In the present study, an ethanol extract of S. velutina
leaves exhibited antioxidant activity and showed cytotoxic
effects against two leukemic cell lines, Jurkat and K562. The
antioxidant activity of ESV was demonstrated in AAPH-
incubated human erythrocytes; DPPH free radical scaveng-
ing and inhibition of lipid peroxidation led to decreases in
oxidative hemolysis and malondialdehyde production. This
activity of ESV is likely related to the presence of flavone
derivatives with antioxidant activity, such as epigallocatechin,
epicatechin, rutin, kaempferol glycosides, and dimeric and
trimeric proanthocyanidins, in the leaves [34-37].

Flavonoids can donate hydrogen atoms to radicals, pro-
tecting against lipid peroxidation, and this ability is associated
with the presence of a dihydroxylated B-ring [38]. Similar
to other phenolic compounds, the antioxidant activity of
flavonoids is ascribed to the presence of free hydroxyl groups
in the molecule, and the level of antioxidant activity increases
concomitantly with the number of hydroxyl groups [39].

Excess free radicals in the body can promote not only lipid
peroxidation but also oxidative DNA damage, leading to the
development of early stages of mutagenesis and carcinogen-
esis [40, 41]. Thus, compounds with antioxidant properties
have fundamental roles in preventing diseases such as cancer.

The cytotoxic activity of ESV against leukemic lines was
evaluated with an Annexin/PI-stain cell death assay. Further-
more, activation of caspase-3 was observed but was not con-
firmed to be a main mechanism of cell death when the pan-
caspase inhibitor Z-VAD-FMK was used. Different extracts
can promote several different death mechanisms simultane-
ously because of their different compositions. This fact com-
plicates the analysis and identification of specific cell death
pathways.

The ESV-induced decrease in mitochondrial membrane
potential is consistent with the observed cytotoxic effect of
ESV against leukemic cells. The changes in potential are likely
due to increased mitochondrial membrane permeability
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FIGURE 8: Histogram (a) and representative graph (b) of cell cycle distribution after 24 h of treatment with ESV. *P < 0.05 and **P < 0.001

compared to the untreated control group.

arising from an increase in intracellular calcium levels, a
characteristic of necrotic cell death [42, 43].

The present study demonstrated the involvement of
calcium in cell death, as the reduced cell viability of extract-
treated cells was reversed by incubation with the calcium
chelator BAPTA-AM. High calcium levels promote the open-
ing of mitochondrial permeability transition pores; these
pores are nonselective and thus release the contents of the
intermembrane space of the mitochondrion [44].

Another mechanism of the ESV-induced cytotoxicity
against Jurkat cells consists of cell cycle arrest. ESV promoted
a decrease in the number of cells in GO/GI phase and an
increase in the number of cells in S and G2 phases. Established
anticancer drugs, such as cisplatin and doxorubicin, exert a
similar profile change in the tumor cell cycle [14, 45]. Mueller
etal. [46] observed that cisplatin is likely to be active in G2/M
phases because cells in these phases are more sensitive to

DNA damage, as DNA repair mechanisms are less active than
in G1/S phases. Flavonoids are phytochemicals that are
known to induce cell cycle arrest by decreasing cellular levels
of cyclin B and cyclin-dependent kinase 1, which are respon-
sible for controlling cell cycle progression between S and M
stages [47]. Furthermore, one of the major anticancer mech-
anisms ascribed to flavonoids is their ability to induce cell
cycle changes in tumor cell lines [48]. Thus, cyclin-dependent
kinase inhibitors (CDKIs) have generated great interest for
their ability to arrest the tumor cell cycle and prevent tumor
cell proliferation; such cell cycle arrest may be the main mech-
anism through which ESV operates [49]. However, plant
extracts are natural products with complex chemical compo-
sition, and biologically active compounds in extracts may act
alone or synergistically through different pathways.

In conclusion, an ethanol extract of S. velutina leaves
exhibited antioxidant activity and showed cytotoxic effects
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on leukemic cells by activating intracellular calcium and
caspase-3, decreasing mitochondrial membrane potential,
and arresting the cell cycle in S and G2 phases.

Abbreviations

AA: Ascorbic acid

AAPH: 2,2'-Azobis-(2-
amidinopropane)
dihydrochloride

Abs: Absorbance

Anx: Annexin V-FITC
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Phytochemical studies are seeking new alternatives to prevent or treat cancer, including
different types of leukemias. Campomanesia adamantium, commonly known as guavira
or guabiroba, exhibits pharmacological properties including antioxidant, antimicrobial,
and antiproliferative activities. Considering the anticancer potential of this plant species,
the aim of this study was to evaluate the antileukemic activity and the chemical
composition of aqueous extracts from the leaves (AECL) and roots (AECR) of C.
adamantium and their possible mechanisms of action. The extracts were analyzed
by LC-DAD-MS, and their constituents were identified based on the UV, MS, and
MS/MS data. The AECL and AECR showed different chemical compositions, which
were identified as main compounds glycosylated flavonols from AECL and ellagic acid
and their derivatives from AECR. The cytotoxicity promoted by these extracts were
evaluated using human peripheral blood mononuclear cells and Jurkat leukemic cell
line. The cell death profile was evaluated using annexin-V-FITC and propidium iodide
labeling. Changes in the mitochondrial membrane potential, the activity of caspases,
and intracellular calcium levels were assessed. The cell cycle profile was evaluated using
propidium iodide. Both extracts caused concentration-dependent cytotoxicity only in
Jurkat cells via late apoptosis. This activity was associated with loss of the mitochondrial
membrane potential, activation of caspases-9 and -3, changes in intracellular calcium
levels, and cell cycle arrest in S-phase. Therefore, the antileukemic activity of the AECL
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Campos et al. Antileukemic Activity of Campomanesia adamantium Leaves and Roots
and AECR is mediated by mitochondrial dysfunction and intracellular messengers, which
activate the intrinsic apoptotic pathway. Hence, aqueous extracts of the leaves and roots
of C. adamantium show therapeutic potential for use in the prevention and treatment of
diseases associated the proliferation of tumor cell.

Keywords: natural products, medicinal plant, LC-MS, cancer, bioprospecting

INTRODUCTION MATERIALS AND METHODS

Leukemias are cancers that affect white blood cells (Yan et al.,
2014), which are responsible for activation of the immune system.
Leukemia can be classified as lymphocytic or myeloid according
to the cellular origin and as either acute or chronic according to
the progression of the disease.

To control or inhibit the
leukemic cells in patients, various treatment strategies
can be combined, including chemical treatment,
radiological treatment, and stem cell transplantation. In
this context, the natural products have been suggesting
novel alternatives to prevent or treat cancer, including
different types of leukemias (Asmaa et al, 2014; Kinghorn,
2015).

Campomanesia adamantium (Cambess.) O. Berg (Myrtaceae),
commonly known as guavira or guabiroba, is a small tree
endemic to Brazil that produces edible fruits that are widely
used in the production of liqueurs, juices, and jellies (Coutinho
et al, 2008; Pavan et al, 2009). The leaves and fruits
of C. adamantium are used in the traditional medicine
as anti-inflammatory, antidiarrheal, and are effective against
urinary infections diseases (Vieira et al, 2011), and the
roots are used in the treatment of diabetes (Coutinho et al.,
2008).

Studies on the chemical composition from C. adamantium
have indicated the presence of phenolic compounds, such as
chalcones (Pavan et al, 2009; Pascoal et al, 2011, 2014),
flavanones and flavonols (Coutinho et al., 2010), as well as gallic
acid, and ellagic acid (Espindola et al., 2016).

Besides, previous studies have reported antimicrobial (Pavan
et al, 2009; Cardoso et al., 2010), antiproliferative (Pascoal
et al., 2014), anti-inflammatory, antidepressant, antihyperalgesic,
and antidiarrheal activities of the fruits (Lescano et al,
2016; Souza et al., 2017). The roots exhibits antioxidant and
antihyperlipidemic effects (Espindola et al., 2016). In adition, the
essential oil of the leaves exhibits antimicrobial and antioxidant
properties (Coutinho et al., 2009), and leaf extracts show anti-
inflammatory, antinociceptive (Ferreira et al., 2013), antioxidant
(Coutinho et al., 2010; Pascoal et al., 2011), and antiproliferative
activity against prostate cancer cells by decreased the expression
of NFkB1 and induction of apoptosis (Pascoal et al., 2014).
However, to the best of our knowledge, no previous studies
have described the activities of this plant species in leukemic
cells.

Considering the anticancer potential of C. adamantium, the
aim of this study was to evaluate the antileukemic activity of
aqueous extracts of its leaves and roots, their mechanisms of
action as well as its chemical composition.

proliferation of altered

Botanical Specimens and Preparation of

Extracts

C. adamantium O. Berg leaves and roots were collected following
the identification of the plant and authorization of the SISBIO
(Sistema de Autorizagdo e Informacdo em Biodiversidade, permit
number 54470).

Leaves and roots of C. adamantium O. Berg were collected in
Dourados, in the state of Mato Grosso do Sul, Brazil (coordinates:
22° 02" 47.9 §' and 055° 08’ 14.3’ W). The samples were cleaned,
dried in a convection oven at 45°C, and ground using a Croton
knife mill. An exsiccated sample was deposited in the Herbarium
of the Federal University of Grande Dourados, Mato Grosso do
Sul, Brazil, with registration number 4108.

Extracts were prepared from the powdered material using an
accelerated solvent extractor (ASE®-150, Dionex), as described
by Espindola et al. (2016). The samples were placed in a cell
of 100 mL and extracted with distilled water at temperature of
125°C through two 5 min static cycles, with an 80% flush volume
and a 60 s purge. The extracts were lyophilized to obtain the
dry extract. Thus, the aqueous extracts of Campomanesia leaves
(AECL) and roots (AECR) were obtained with a yield of 13 and
6%, respectively.

Identification of Constituents by Liquid
Chromatography Coupled to Array Diode
Detector and Mass Spectrometry
(LC-DAD-MS)

The analyses were performed at a Shimadzu Prominence UFLC
coupled to a diode array detector (DAD) and a mass spectrometer
(MicrOTOF-Q 1III, Bruker Daltonics) with an electrospray ion
source. Kinetex CI18 (2.6 wm, 150 x 2.1 mm, Phenomenex)
chromatographic column was used. The AECL and AECR
extracts were prepared at concentration 1 mg/mL and the volume
of 1 pL was injected on the chromatography. The flow rate
and oven temperature were 0.3 mL/min and 50°C, respectively.
Formic acid 0.1% (v/v) in both water (solvent A) and acetonitrile
(solvent B) were used as mobile phase, applying the following
gradient elution profile: 0-8 min at 3% B, 8-30min at 3-25%
B, 30-60 min at 25-80% B, and 60-63 min at 80% B. The MS
analyses were carried out both ion modes (positive and negative),
applying 2.5 kV of capillary voltage. Nitrogen was used as
nebulizer gas (4 Bar), dry (9 L/min) and collisional gas.

Cell Line and Culture Conditions
Human peripheral blood mononuclear cells from healthy donors
were collected after informed patient consent. Separation of
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mononuclear cells was performed by gradient centrifugation
methods using Ficoll Histopaque-1077 (1.077 g/cm?) (Sigma-
Aldrich, Germany) follow the manufacturer’s instructions at 400
g for 30 min. The use of human samples was approved by the
local Ethical Committee of the University Center of the Grande
Dourados under protocol number 123/12.

The Jurkat (human acute T lymphocytic leukemia) cell line
was cultured in suspension in RPMI 1640 medium (Cultilab,
Brazil) supplemented with 10% fetal calf serum (FBS, Cultilab,
Brazil), 100 U/mL penicillin, and 100 pg/mL streptomycin in a
humidified atmosphere at 37°C under 5% CO,.

Cytotoxic Activity

Peripheral blood mononuclear cells and Jurkat cells were seeded
(10° cells/mL) in 96-well microplates containing medium with
vinblastine (positive control), EACL or EACR at different
concentrations. After incubation for 24 h, the treatments were
removed and 100 pL of 10% Alamar Blue solution was added.
After 5 h, the fluorescence was read at 530 nm (Ex) and 590 nm
(Em) in a microplate reader FlexStation 3 (Molecular Devices,
USA). Each experiment was performed in triplicate.

Cell Death Profile

The cell death profile was evaluated according to the methods
described by Paredes-Gamero et al. (2012), with minor
modifications. Jurkat cells were seeded in 96-well plates (10°
cells/mL) and cultured in medium containing 10% FBS for 24
h with ICsp of AECL (40 pug/mL) or AECR (80 pwg/mL) and
the double of these concentrations. After this period, the cells
were washed with PBS and resuspended in annexin labeling
buffer (0.01 M Hepes, pH 7.4, 0.14 M NaCl, and 2.5 mM
CaCl,). The suspensions were labeled with annexin-FITC and
propidium iodide (PI) (Becton Dickinson, USA) according to the
manufacturer’s instructions, and the cells were incubated at room
temperature for 15 min. Finally, 10,000 events were collected per
sample through analysis in a Accuri C6 flow cytometer (Becton
Dickinson, USA) using FlowJo v10.2 LCC software (Oregon,
USA).

Measurement of the Mitochondrial
Membrane potential (A ¥mit)

Mitochondrial depolarization was evaluated through the
incorporation of JC-1  (5,5,6,6'-tetrachloro—1,1",3,3'—
tetraethylbenzimidazolylcarbocyanine  iodide; Molecular
Probes, Eugene, OR, USA) according to the method described
by Moraes et al. (2013). JC-1 is cationic dye that shows potential-
dependent accumulation in mitochondria via fluorescence
emission. Cells that stained red were classified as exhibiting a
high mitochondrial membrane potential, while those that stained
green were classified as exhibiting a low membrane potential. For
these assays, cells were seeded in 24-well plates (10° cells/mL),
where they were cultured in medium containing 10% FBS
and treated with ICsy of the AECL or AECR, for 24 h. After
treatment, the cells were centrifuged and incubated with JC-1
(1 pg/mL) at room temperature for 15 min. Fluorescence was
analyzed in a FACScalibur Flow Cytometer (Becton Dickinson,

USA) using CellQuest software (10,000 events were collected per
sample).

Western Blot Analysis

Antibodies against actin, Bcl-2 and Bax were obtained from
Santa Cruz Biotecnology (Santa Cruz, CA, USA), whereas the
monoclonals anti-cleaved caspase-9 and anti-cleaved caspase-8
antibodies were from Cell Signaling Technologies (Beverly, MA,
USA). Horseradish peroxidase-conjugated secondary antibodies
against rabbit (goat anti-rabbit), mouse (goat anti-mouse), and
goat (donkey anti-goat) were from Millipore (Temecula, CA,
USA).

After treatment with ICsy of the AECL or AECR, cells
were harvested in a lysis buffer (50 mM Tris-HCl, pH 7.4),
1% Tween-20, 0.25% sodium deoxycholate, 150 mM NaCl,
ImM EGTA, ImM o-Vanadate, ImM NaF, and 1X protease
inhibitor cocktail (Thermo Fisher Scientific, Rockford, IL, USA)
on ice for 2 h, and after clarification, protein concentration was
determined using the Pierce BCA Protein Assay kit (Thermo
Fisher Scientific). Equal volume of 2X SDS gel loading buffer
was added and samples were boiled for 5 min. Cellular
extracts were subjected to SDS-PAGE (10%) and transferred
to nitrocellulose membranes. Blots were probed overnight at
4°C with appropriate primary antibodies at 1:1,000 dilutions.
After washing in TBS/0.05% Tween-20, membranes were
incubated with anti-goat, anti-rabbit, or anti-mouse horseradish
peroxidase-conjugated secondary antibody at 1:3,000 dilutions
for 1 h. Blots were imaged using Pierce SuperSignal West Pico
Chemiluminescent Substrate (Thermo Fisher Scientific) on a
LAS-3000 imaging system.

Caspase-3 Activity

The activation of caspase-3 was evaluated via flow cytometry
according to the method described by Moraes et al. (2013),
with minor modifications. Cells were seeded in 24-well plates
(10° cells/mL), where they were cultured in medium containing
10% FBS and treated with ICsy of the AECL or AECR, for
24 h. After treatment, the cells were centrifuged, washed,
and fixed in 2% paraformaldehyde in PBS for 30 min.
The cells were then washed with glicin (0.1 M) in PBS,
permeabilized with 0.01% saponin for 30 min, and blocked
in PBS containing 1% BSA for 30 min at room temperature.
Subsequently, the cells were incubated with an anti-active-
caspase-3 monoclonal antibody conjugated with FITC (BD-
Pharmingen, San Diego, CA, USA) in the dark at room
temperature for 40 min. After incubation, fluorescence was
analyzed in a FACScalibur Flow Cytometer (Becton Dickinson,
USA) using CellQuest software (10,000 events were collected per
sample).

Pan-Caspase Inhibitor and Intracellular

Calcium

The importance of caspases and calcium for AECL or AECR
cytotoxicity was evaluated according to the method described by
Bechara et al. (2014), with minor modifications. Briefly, Jurkat
cells that had been pretreated for 1 h with 10 uM of the Z-VAD-
FMK (general caspases inhibitor) or 10 uM of the BAPTA-AM
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FIGURE 1 | Chromatographic profile at wavelength 230-350 nm of the aqueous extracts of roots (AECR) and leaves (AECL) from C. adamantium.

30 40 50  Time [min]

(a calcium chelator) before AECL or AECR incubation for 24 h,
both with ICsg values, were subjected to trypan blue exclusion
assays. To assess cell viability, control and treated cells were
resuspended in equal volumes of medium and trypan blue (0.05%
solution) and were counted using a hemocytometer chamber.

Ca?+ Measurement

Cytosolic Ca’* concentration [Ca®*]cy was determined by
incubating 10° Jurkat cells/well in black 96-well microplates
with the Fluo-4 Direct Calcium Assay reagent according to the
manufacturer’s instructions (Life, USA). After 1 h of indicator
incorporation at 37°C, cells were stimulated with ICs5y of
the AECL or AECR and the fluorescence was quantified in
a FlexStation 3 microplate reader (Molecular Devices, USA).
Ionomycin 0.1 WM, was used as positive control to obtain the
maximal fluorescence. The Fluo-4 was excited at 490 nm, and the
emission was detected at 525 nm (Leon et al., 2011). The records
of fluorescence intensity as a function of time correspond to the
mean of experiment performed in quadruplicate.

Cell Cycle Phases

To determine the cell cycle distribution, Jurkat cells were seeded
(10° cells/mL) and cultured in medium containing 10% FBS and
were treated with ICsy of the AECL or AECR, for 24 h. After
this period, the cells were washed, fixed and permeabilized as
described previously. Then, the cells were treated with 4 pg/mL
RNase type I for 1 h at 37°C and resuspended in PBS. The cells

were subsequently stained with 5 wg/mL PI and analyzed (12,000
events collected per sample) in an Accuri C6 flow cytometer
(Becton Dickinson, USA). The DNA content was evaluated using
an FL2A detector on a linear scale. The dead cells were excluded
to cell cycle analysis. The analyses of the cell percentage in
the G1/S/G2 phases were performed using FlowJo v10.2 LCC
software.

Intracellular Protein Labeling

To investigate the mechanisms of extracts-induced cell cycle
arrest, Jurkat cells were seeded in 24-well plates (10> cells/mL),
where they were cultured in medium containing 10% FBS
and treated with ICsy of the AECL or AECR, for 24 h. After
this period, were fixed with 2% paraformaldehyde for 10
min, washed with BD Perm/Wash buffer and permeabilized
with BD Perm Buffer III for 30 min. Then, the cells were
labeled with 5 pL Ki-67-FITC antibody (Becton Dickinson,
USA). To label phosphorylated retinoblastoma protein (p-
Rb) anti-p-Rb (Ser780) (Cell Signaling, USA) antibody
was used. After permeabilization intracellular protein was
incubated for 1 h. Then, anti-rabbit IgG secondary antibody
conjugated with Alexa Fluor 488 (Life, USA) were used for
40 min. Protein analyses were performed by quantification
of the fluorescence geometric mean (Gm). The cells were
analyzed in an Accuri C6 flow cytometer (Becton Dickinson,
USA) using FlowJo v10.2 LCC software (Torquato et al.,
2017).
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FIGURE 2 | Chemical structures some identified compounds and aglycones from C. adamantium.

2,3-trans, R = OH Gallocatechin (5)
2,3-cis, R=O0H Epigallocatechin (6)
2,3-trans, R= H Catechin (7)
2,3-cis, R=H Epicatechin (12)

OH O
R'=CH;, RZ=H 5,7-dihydroxy-6-methylflavanone (47)
R'=H,R?=CH; 5,7-dihydroxy-8-methylflavanone (48)

Statistical Analyses

The data are shown as the mean =+ standard error of the mean
(SEM) and were analyzed for statistically significant differences
between groups. Student’s ¢-test was employed for comparisons
between two groups, and one-way analysis of variance (ANOVA)
followed by Dunnett’s test was employed for comparisons of
more than two groups using Prism 5 GraphPad Software. The
results were considered significant when P < 0.05.

RESULTS

Identification of Constituents from the

Extracts

The constituents from AECR and AECL were identified based on
the UV, high resolution MS and MS/MS data (Figure 1, Table 1)
and the comparison to the published data (Fabre et al., 2001;
March et al., 2006; Ferreres et al., 2013; Guaratini et al., 2014;
Zhang et al., 2016). The main compounds identified from AECR
were di-hexoside/quinic acid (1), ellagic acid O-pentoside (27),
ellagic acid (30), O-methyl ellagic acid O-hexoside (31), ellagic
acid O-deoxyhexoside (33), and O-methyl ellagic acid sulfate (39)
(Table 1). In addition, other constituents were identified such as
gallic acid (3), ellagic acid O-hexoside (20), O-methyl ellagic acid
O-deoxyhexoside (43), and O-dimethyl ellagic acid sulfate (44)
(Figure 2).

While from AECL, forty-two compounds have been identified.
The main constituents identified were di-hexoside/quinic
acid (1), myricetin O-pentoside (23, 26, 29), myricetin O-
deoxyhexoside (32), quercetin O-pentoside (38), and myricetin
O-(O-galloyl)-pentoside (40).

The peaks 5-9, 11-12, 14, 18-19, 21-22, and 28 (Table 1)
presented a similar UV (Apax & 280 nm), which are compatible
to flavan-3-ols (Markham, 1982). The typical fragmentation for
condensed tannins was observed for these chromatographic
peaks, including the heterocyclic ring fission, reto-Diels-Alder
(RDA) and quinone methide reactions (Gu et al., 2003; Guaratini
etal.,, 2014; Nocchi et al., 2017). The condensed tannins esterified
with gallic acid were confirmed by fragment ion at m/z 169
[M-H-flavan-3-ol units] , such as for 14, 18, 22, and 28. The
monomers were confirmed by co-injection of authentic standard
as gallocatechin (5), epigallocatechin (6), catechin (7), and
epicatechin (12)(Figure 2).

The compounds 19, 23-26, 29, 32, 34-38, 40-42, and 45
exhibited UV spectra relative to flavonols (Markham, 1982). The
losses of 162, 146, 132, and 152 u confirmed the presence of
hexoside, deoxyhexoside, pentoside, and gallic acid, respectively.
The identification of aglycones was based on product ions yielded
from C-ring fissions, as widely described in the literature (Fabre
et al.,, 2001; March et al., 2006), and they corroborated to the
aglycones quercetin, kaempferol, and myricetin. In addition, the
compounds 47 and 48 showed intense ions at m/z 269 [M-H]~
and 271 [M+H]™", compatible to molecular formula C;sH;404
and UV spectra characteristic of flavanone. The determination
of the methyl position in A-ring was established from elution
time described for 5,7-dihydroxy-6-methylflavanone and 5,7-
dihydroxy-8-methylflavanone, which were isolated from C.
adamantium (Coutinho et al., 2010).

The compounds 20, 27, 30, 31, 33, 39, 43, and 44 showed
UV spectra compatible to ellagic acid (Ferreres et al., 2013).
From m/z 303.0128 [M+H]"T (C14H;087, error 4.5 ppm)
of compound 30 were yielded the product ions at m/z 275,
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Euphorbia sororia (Euphorbiaceae) (Bai et al., 2008; Zhang et al.,
A Vinblastine 2008). The derivatives of ellagic acid were only detected from C.
120 adamantium roots.
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FIGURE 3 | Viability of peripheral blood mononuclear cells (PBMC) and Jurkat
cells treated with different concentrations of the vinblastine (A), AECL (B), and
AECR (C). *p < 0.05, **p < 0.01, and ***p < 0.001 compared with the control
group.

257, and 247, which are relative to subsequent eliminations
of CO (28 u) and water molecules and they were compatible
to ellagic acid (confirmed by co-injection of the standard)
(Ferreres et al, 2013; Zhang et al, 2016). The losses of 15
and 80 u confirmed the presence of methoxyl (31, 39, 44)
and sulfate substituents (39, 44) and they were identified
as O-methyl ellagic acid sulfate and O-dimethyl ellagic acid
sulfate, respectively. Similar sulfate ellagic acid derivatives have
been described from Lagerstroemia speciosa (Lythraceae) and

Cytotoxic Activity

Peripheral blood mononuclear cells and Jurkat cells were
treated with vinblastine, AECL or AECR to assess cell
viability. Vinblastine promoted cell death in Peripheral blood
mononuclear cells (IC5p = 25.9 pg/mL) and Jurkat cells
(IC50 = 9.5 pg/mL) (Figure3A). The AECL did not
change the viability of Peripheral blood mononuclear cells
at the evaluated concentrations, however, promoted death in
Jurkat cell IC5o = 40 pg/mL) (Figure 3B). AECR showed
low cytotoxicity against Peripheral blood mononuclear cells
only at the highest concentration evaluated (160 pg/mL),
but demonstrated concentration-dependent cytotoxicity against
Jurkat cells (IC5p = 80 pg/mL) (Figure 3C).

Cell Death Profile

Both extracts resulted in double staining (annexin V*1/PIt),
indicating late apoptosis. This type of death was observed in 76.1
+ 3.2% of the cells treated with 80 pg/mL AECL (Figure 4A)
and in 65.1 & 1.4% of the cells treated with 160 pug/mL AECR
(Figure 4B).

Mitochondrial Membrane Potential (A ¥mit)
AWmit was decreased in cells treated with AECL and AECR
compared with untreated cells, as demonstrated by decreased
red fluorescence and increased green fluorescence after a 24-h
incubation. The rates of mitochondrial depolarization in cells
treated with AECL and AECR were 85.4 & 8.2 and 84.5 £ 2.0%,
respectively (Figures 5A,B).

Expression of Caspases, Blc-2, and Bax

In order to evaluate the role of the extrinsic and intrinsic
pathways of apoptosis in cell death, protein expression of
cleaved-caspases-8 and -9, Bcl-2, and Bax were investigated
by western blot. As demonstrated in Figure 6A, the extrinsic
pathway did not influence the mechanism of action of these
extracts as evidenced by the absence of the characteristic
fragments of cleaved caspase-8 (Asp391). In contrast, there was
an increase in the cleaved form of caspase-9 (Asp330) in cellular
extracts treated with both AECL and AECR, suggesting a role
for the intrinsic pathway in mediating apoptosis. Moreover,
this was followed by a slight increase in the expression
of Bax, whereas no alteration was seen in Bcl-2 expression
(Figure 6B).

A monoclonal anti-cleaved caspase-3 antibody was used
to evaluate caspase-3 activation in cells incubated with
AECL and AECR, and the cells were analyzed via flow
cytometry. Both extracts resulted in the cleavage of pro-
caspase 3, as indicated by a shift in fluorescence to the right
(Figures 7A,B). Caspase-3 activation was 5.0-fold higher in
cells treated with AECL (Figure7A) and 2.5-fold higher in
cells treated with AECR compared with the untreated control
(Figure 7B).
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FIGURE 4 | Cell death profile after treatment with AECL (A) and AECR (B). Data obtained via flow cytometry of cells stained with annexin V-FITC/PI; Anx™/PI™: viable
cells; Anxt/PI~: apoptotic cells; Anx~/PIt: necrotic cells, and Anxt/PIT: cells in late apoptosis. *o < 0.05, **p < 0.01, and **p < 0.001 compared with the control
group.

Pan-Caspase Inhibitor and Intracellular

Calcium Levels

Jurkat cells were pre-incubated with Z-VAD-FMK, a general
caspase inhibitor, to assess whether caspases were involved in
the cytotoxicity induced by the tested extracts. We observed
that AECL-induced cytotoxicity decreased after treatment with
the inhibitor (Figure 8A), indicating that caspases are actively
involved in the cytotoxicity of this extract. However, pre-
incubation with Z-VAD-FMK resulted in no difference in the
viability of cells treated with AECR (Figure 8B).

Additionally, Jurkat cells were pre-incubated with BAPTA-
AM, an intracellular Ca?* chelator, to investigate the role of Ca®*+
in the cytotoxicity induced by the extracts. Our results showed
that AECL- and AECR-induced cytotoxicity was decreased after
treatment with BAPTA-AM (Figures 8A,B), demonstrating the
importance of calcium in the cytotoxic activity of the extracts in
this cell line.

To corroborate the involvement of cytoplasmatic Ca?* in
cell death AECL and AECR- induced we performed a temporal
evaluation of Ca?" concentration. Both compounds were able
to promoted increase of Ca?"T concentration in Jurkat cells
(Figures 9A,B).

Cell Cycle Distribution
The effect of the extracts on the cell cycle distribution is shown
in Figure 10A. The numbers of Jurkat cells in G1 phase were

decreased by 16.6 & 1.3 and 8.0 & 0.5% after 24 h of treatment
with AECL and AECR, respectively, compared with untreated
cells. The number of cells in S phase after treatment with AECL
and AECR increased to 23.86 and 25.23%, respectively, compared
with untreated cells 17.66% (Figures 10A,B).

The arrest of cell cycle was confirmed by the quantification of
Ki-67 protein, a protein only expressed during the cell division
cycle, and by quantification of p-Rb, a protein that prevent the
progression of cell cycle when is not phosphorylated. Ki-67 was
not altered by AECL, whereas AECR promoted a reduction of
27.3 £ 0.1% (Figure 11A). Furthermore, the cell cycle arrest was
also confirmed by the reduction of p-RB levels (AECL 27.9 +
3.7%; AECR 58.5 & 2.5%) (Figure 11B).

DISCUSSION

The fruits of C. adamantium are widely consumed freshly, and
to produce liqueurs, juice and sweets (Pavan et al., 2009). Several
chemical and biological studies have been performed from the
fruits (Pavan et al., 2009; Cardoso et al., 2010; Pascoal et al., 2014;
Lescano et al., 2016; Souza et al., 2017). However, the studies from
leaves and roots are still underexplored, representing a huge and
important issue to comprehend their biological properties in this
study and others.

The AECR and AECL showed huge differences from chemical
constituents. AECR basically showed ellagic acid and its
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FIGURE 5 | Mitochondrial membrane potential of Jurkat cells treated with AECL (A) and AECR (B). ***p < 0.001 compared with the control group.
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Actin

FIGURE 6 | Western blot analysis. Jurkat Cells were treated with vehicle (control) or with the extracts for 24 h and were harvested for western blot analysis. The
expression of (A) cleaved caspase-8 (Asp391) and (B) cleaved caspase-9 (Asp330) (37 kDa), Bax, Bcl-2 was determined by western blot. Equal loading was
confirmed by reprobing blots for actin. One representative immunoblot of two independent experiments was presented.

derivatives, (methoxylated, glycosylated, and sulfated), as well et al., 2016). Among the 174 anticancer drugs that have been
as organic acids in its composition. Differently, the AECL  commercially available in recent decades, ~10% are of natural
revealed mainly glycosylated flavonols, flavanones, flavan-3-ols,  origin, and 25% are derived from natural products (Newman
and condensed tannins. The main compounds identified from  and Cragg, 2016). These percentages underscore the need to
AECL were the flavonols myricetin O-pentoside (23, 26, 29),  the search for new sources of bioactive compounds for cancer
myricetin O-deoxyhexoside (32), quercetin O-pentoside (38), therapy. In this study, the analysis of the cytotoxic potential of
and myricetin O-(O-galloyl)-pentoside (40). extracts of C. adamantium leaves and roots in leukemic Jurkat

Brazilian biodiversity is rich in active compounds with high  cells revealed that both extracts induced cell death; however, the
potential for development of new anticancer agents (Campos leaf extract was more effective than the root extract.
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These results suggest that most of the biologically active
compounds found in this plant species are likely concentrated
in the leaves, which showed chemical composition extremely
different of roots and explain the differences at biological
properties. Pascoal et al. (2014) showed that the compound
cardamonin was predominantly found in extracts of the leaves
and fruits of C. adamantium, and the higher antiproliferative
activity associated with the leaves was correlated with the higher
concentration of this phenolic compound.

In the present study, analysis of the cell death profile induced
by the C. adamantium extracts demonstrated a predominance of
late apoptotic death against Jurkat cells. This type of cell death,
also known as post-apoptotic or secondary necrotic death (Patel
et al.,, 2006), does not involve phagocytosis and is characterized
by the activation of mechanisms similar to those of necrosis
(Krysko et al., 2008). Late apoptotic death involves molecular
and biochemical events typical of both apoptosis and necrosis.
It is initiated by nuclear fragmentation, intensive chromatin
condensation, and the release of activated caspase-3, which
are typical events in apoptosis, leading to other activities that
are characteristic of necrotic cell death, including cytoplasmic
swelling, permeabilization of the cell membrane, and loss of
membrane integrity (Silva, 2010).

Our results regarding the mechanism of action associated
with the cytotoxicity of Jurkat cells indicated that both extracts
promoted depolarization of the mitochondrial membrane. Dorn
(2013) observed that apoptosis-mediated cell death is ATP
dependent and requires energy to maintain mitochondrial
respiration; thus, the opening of pores in the outer mitochondrial
membrane is controlled by pro-apoptotic Bcl-2 family proteins,
which bind to Bax and/or Bak molecules, in turn, contributing
to the induction of apoptosis. In cells undergoing necrosis-
induced death, the loss of AWmit is ATP independent, and
the opening of pores in the mitochondrial membrane is not
controlled by other proteins, leading to osmotic swelling of the
mitochondrial matrix and, consequently, expansion and rupture
of the outer mitochondrial membrane (Proskuryakov et al., 2003;
Dorn, 2013).

The cell death observed in the present study was likely
mediated by the intrinsic apoptotic pathway, which involves
the loss of AWmit. The opening of pores in the mitochondrial
membrane releases pro-apoptotic molecules, such as cytochrome
C, from the intermembrane space of mitochondria to the
cytosol, resulting in the formation of a complex known as the
apoptosome, together with apoptotic protease activating factor-
1 (APAF-1), procaspase 9, and ATP (Kim et al., 2003; Aguiar
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et al., 2012). In this process, procaspase 9 is cleaved and becomes
caspase-9, which, in turn, cleaves procaspase-3 into caspase-3
(Proskuryakov et al., 2003; Li and Yuan, 2008). The last enzyme
is partially or fully responsible for the proteolytic cleavage of
critical proteins such as poly (ADP-ribose) polymerase (a DNA
repair enzyme; Cohen, 1997) and the final stages of apoptosis
(Sakulnarmrat et al., 2013).

To evaluate whether the extracts of the leaves and roots
of C. adamantium promote the activation of caspases, protein
expression of cleaved-caspases-8 and -9 were investigated by
western blot and the monoclonal antibody anti-cleaved caspase-3
and a pan-caspase inhibitor were used. The activation of caspase-
9 and -3 confirmed the involvement of the intrinsic pathway of

apoposis in the cell death induced by both extracts. However, only
the death of cells treated with AECL was reversed after incubation
with the general caspase inhibitor.

Caspases are a family of aspartate-specific cysteine proteases
present in the cell cytoplasm in an inactive form (known as
procaspases) and are activated either by autoproteolysis induced
by interaction with adapter proteins (death effector domains or
caspase recruitment domains) or via cleavage by other proteases
(Krysko et al., 2008). In addition to these mechanisms of action,
calcium ions are involved in the death of Jurkat cells. Calcium
is essential for the regulation of cell death in apoptosis by
interacting with Bcl-2 family proteins such as Bax and Bid, which
induce apoptosis via the mitochondrial pathway (Orrenius et al.,
2015) and necrosis via intracellular Ca?* overload, leading to loss
of mitochondrial permeability (Lemasters et al., 1999; Festjens
et al., 2006).

Calcium may activate Bax, which induces permeabilization
of the mitochondrial membrane and release of mitochondrial
pro-apoptotic factors, culminating in the activation of cell death
effector caspases such as caspase-3 (Nutt et al., 2002), which is
also activated by AECL and AECR.

The cytotoxic activity of C. adamantium extracts is associated
with their chemical composition. Anticancer activities have been
described for gallic and ellagic acid, both identified in AECL
and AECR. The gallic acid triggers death in various cell lines
via the intrinsic and extrinsic apoptotic pathways (Faried et al,,
2007; Wang et al., 2014). Ellagic acid induces apoptosis in acute
myeloid leukemia cells and is involved in the activation of
caspase-3 (Hagiwara et al., 2010). In addition, this compound also
induces changes on nuclear deoxyribonucleoside triphosphate
(Saiko et al., 2015), and inhibits the proliferation of tumor cells
by activating the TGF-f/Smad3 signaling pathway as well as
proteins involved in cell proliferation and differentiation and by
inducing cell cycle arrest (Zhang et al., 2014).

Cell cycle arrest is considered an effective strategy for
eliminating cancer cells (Cho et al, 2011). The cell cycle
is a complex process that involves interplay between several
regulatory molecules, including cyclins and cyclin-dependent
kinases (CDKs) (Zhu et al., 2015). The irregular metabolism of
tumor cells is associated with failure of this process, resulting in
uncontrolled cell proliferation (Zhang et al., 2015). The extracts
evaluated in this study decreased the number of cells in G0/G1
phase and increased the number in S phase of the cell cycle.

Additionally, AECR reduces Ki-67 and p-Rb protein levels,
involved in the mechanisms of cell cycle proliferation and arrest,
respectively, while AECL decreases only p-Rb levels. Ki-67 is a
nuclear protein detected during the cell cycle and it is a marker of
cell proliferation (Torquato et al., 2017). The retinoblastoma (Rb)
protein, when phosphorylated by the cyclin-CDK complexes,
induces the expression of transcriptional factors such as E2F
promoting the advancement of the cycle (Hamilton and Infante,
2016). Therefore, compounds that reduces proliferation and/or
leads to death of cancer cells through different mechanisms are
of paramount importance, particularly when they are effective in
leukemic cell lines that are resistant to certain types of cell death.

From AECL, several glycosylated flavonols of quercetin
and myricetin aglycones were detected, which could also be
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related to the activity, since the inhibition on the growth of  proteasome-inhibition, and apoptosis-inducing activities have
human promyelocytic leukemia cells were reported for quercetin ~ been reported in human tumor cells (Chen et al., 2005), as well as
3-O-B-D-glucopyranoside (Kim et al, 2000). For the non-  the structure-activity relationships of flavonoids for cytotoxicity
glycosylated flavonols quercetin, kaempferol and myricetin, the ~ on human leukemia cells (Plochmann et al., 2007). From this
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study, the structural features for higher activity was determined,
such as the carbon-carbon double bond on C ring, the carbonyl
on C-4, the hydroxylation on B ring and other. Some of these
features can be found in the flavonoids from C. adamantium
extracts, but there are not wide studies from its glycosylated
derivatives and also for the ellagic acid derivatives, mainly for
leukemic cells.

Other studies also demonstrate the antileukemic potential of
plant extracts, including mechanisms similar to those presented
by extracts of C. adamantium, such as the reduction of
mitochondrial membrane potential (Casagrande et al.,, 2014;
Santos et al., 2016), increase Bax protein expression, activation
of caspases-9 and -3, and cell cycle arrest (Asmaa et al., 2014; Fan
et al., 2016). Furthermore, the AECL showed similar citotoxicity
to the crude extract of Pereskia sacharosa leaves (Asmaa et al.,
2014), and higher than those obtained by extracts from leaves
of P. sacharosa (Asmaa et al., 2014), Jacaranda decurrens
(Casagrande et al., 2014), and Hancornia speciosa (Santos et al.,
2016).

In conclusion, this study revealed for the first time that
aqueous extracts of the leaves and roots of C. adamantium
exert antileukemic activity via late apoptosis by decreasing the
mitochondrial membrane potential, increasing the activation of

caspase-9 and 3, and intracellular calcium levels. Hence, these
extracts show therapeutic potential for use in the prevention and
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6 CONCLUSAO

As espécies nativas do Cerrado, Senna velutina e Campomanesia
adamantium, apresentam dentre seus constituintes quimicos 0s compostos
fenolicos, tais como flavonoides e acidos fendlicos, os quais sdo descritos na
literatura por suas propriedades terapéuticas. Neste estudo comprovamos a agéo
antioxidante do extrato de folhas de S. velutina, que atua pela captura direta de
radicais livres e inibicdo da peroxidacdo lipidica em eritrocitos humanos.
Adicionalmente, os extratos de folhas de S. velutina e folhas e raizes de C.
adamantium apresentam atividade citotoxica contra linhagens de células
leucémicas. Como mecanismos de acdo citotoxica, a predominancia de morte
celular foi por apoptose tardia via reducdo do potencial da membrana celular,
ativacdo de caspase-3 e célcio intracelular, além de promoverem parada do ciclo
celular. Neste contexto, este estudo demonstra que ambas as espécies vegetais
apresentam potencial terapéutico para uso na prevencdo e tratamento de doengas

associadas ao estresse oxidativo e/ou a proliferacao de células leucémicas.
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