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RESUMO

ANALISE FITOQUIMICA E AVALIACAO DO POTENCIAL BIOLOGICO DAS
FOLHAS DE Plinia peruviana (POIR.) GOVAERTS

AUTORA: GREICE GRAZIELA MORAES
ORIENTADORA: MELANIA PALERMO MANFRON
COORIENTADORA: CHANA DE MEDEIROS DA SILVA

As plantas medicinais apresentam metabdlitos relacionados a diferentes atividades bioldgicas.
Dentre estes, destacam-se os polifendis, substidncias com alta capacidade antioxidante,
antibacterianas, cardioprotetoras, anti-inflamatorias, além de promissores candidatos a agentes
anticancerigenos. Plinia Peruviana (Poir.) Govaerts, popularmente conhecida como
jabuticabeira, ¢ difundida no Brasil, Argentina e Paraguai. Seus frutos sdo utilizados como
alimento, e quase todas as partes desta espécie sdo utilizadas na medicina tradicional
brasileira no tratamento de irritagdes da pele, gripe, diarreia, labirintite, problemas
geniturindrios, asma e até o momento ndo existem estudos biologicos relacionados as folhas
desta espécie. Assim, o objetivo deste estudo foi determinar o perfil fitoquimico das folhas de
P. peruviana, a atividade antioxidante, antiproliferativa e hepatoprotetora. A quantidade de
polifenodis do extrato liofilizado foi 944 + 0.0856 mg de equivalentes acido galico (EAG) por
g, além disso, o conteudo total de flavonoides foi de 531.8 + 0.0040 mg de equivalentes de
rutina (ER) por g de extrato. Em analise por cromatografia liquida de alta eficiéncia com
detector de arranjo de diodos (CLAE-DAD), observou-se a presenca de acido galico,
catequina, epicatequina e rutina. Em relagdo a atividade antioxidante, obtivemos um valor de
1941.1 £ 717.65 puM de equivalentes Trolox (ET) por g de extrato. Com base na alta
capacidade antioxidante, obtivemos no ensaio antiproliferativo contra linhagens de células
tumorais, valores de ICso de 263.88 e 462.77 pg / mL (HeLa e MCF-7 respectivamente). No
ensaio hepatoprotetor in vivo, trinta ratos machos, pesando de 200 - 250 g, foram divididos
em 5 grupos: grupo 1 (controle), grupo 2 (controle tetracloreto de carbono - CCly), grupo 3
tratado com 100 mg / kg de silimarina e grupos 4 e 5 com extrato de P. peruviana (50 mg / kg
e 100 mg / kg respectivamente), via oral por um periodo de 14 dias, seguido de inducdo de
lesao hepatica com 10 mL / kg de CCly. Os perfis bioquimicos clinicos, determinacao da
defesa antioxidante e exame histopatologico foram avaliados apds o tratamento. Uma
diminuic¢do dos niveis de alanina aminotransferase (ALT) e fosfatase alcalina (FA) foi mais
pronunciada em animais administrados com 50 mg / kg do extrato de P. peruviana.
Comparando-se o grupo induzido com o grupo tratamento com silimarina, ndo foi observada
reducdo estatistica na atividade da adenosina deaminase (ADA) hepatica. Por outro lado, no
figado homogeneizado, os grupos P. peruviana 50 mg / kg e 100 mg / kg foram capazes de
reduzir a atividade da ADA hepatica em 15.26 % e 22.99 %, respectivamente. A concentragdo
de 50 mg / kg de extrato, assim como o padrao silimarina foram capazes de diminuir os sinais
de necrose induzida por CCls. Portanto, os flavonoides presentes no extrato podem ser
responsaveis por sua capacidade antiproliferativa em linhagens de células tumorais e
hepatoprotetora contra a toxicidade induzida por CCly.

Palavras chaves: Plinia peruviana; antiproliferativo; hepatoprotecdo; CCly; antioxidante,
polifenadis.



ABSTRACT

PHYTOCHEMICAL ANALYSIS AND EVALUATION OF POTENTIAL
BIOLOGICAL OF Plinia peruviana LEAVES (POIR.) GOVAERTS

AUTHOR: GREICE GRAZIELA MORAES
ADVISOR: MELANIA PALERMO MANFRON
CO-ADVISOR: CHANA DE MEDEIROS DA SILVA

Medicinal plants have metabolites related to different biological activities. These include
polyphenols, substances with high antioxidant capacity, antibacterial, cardioprotective, anti-
inflammatory, and promising candidates for anticancer agents. Plinia Peruviana (Poir.)
Govaerts, popularly known as jabuticabeira, is widespread in Brazil, Argentina and Paraguay.
Its fruits are used as food, and almost all parts of this species are used in traditional Brazilian
medicine to treat skin irritations, flu, diarrhea, labyrinthitis, genitourinary problems, asthma
and so far there are no biological studies related to the leaves of this species. Thus, the
objective of this study was to determine the phytochemical profile of P. peruviana leaves,
antioxidant, antiproliferative and hepatoprotective activity. The amount of polyphenols in the
lyophilized extract was 944 + 0.0856 mg of gallic acid equivalents (GAE) per g, in addition
the total flavonoid content was 531.8 + 0.0040 mg of rutin equivalents (RE) per g of extract.
High performance liquid chromatography with diode array detector (HPLC-DAD) showed the
presence of gallic acid, catechin, epicatechin and rutin. Regarding antioxidant activity, we
obtained a value of 1941.1 + 717.65 uM Trolox equivalents (TE) per g of extract. Based on
the high antioxidant capacity, we obtained in the antiproliferative assay against tumor cell
lines, ICso values of 263.88 and 462.77 pg / mL (HeLa and MCF-7 respectively). In the in
vivo hepatoprotective assay, thirty male rats weighing 200 - 250 g were divided into 5 groups:
group 1 (control), group 2 (carbon tetrachloride control - CCl), group 3 treated with
silymarin 100 mg / kg and groups 4 and 5 with P. peruviana extract (50 mg / kg and 100 mg /
kg respectively), orally for 14 days, followed by induction of liver injury with 10 mL / kg
CCly. Clinical biochemical profiles, antioxidant defense determination and histopathological
examination were evaluated after treatment. A decrease in alanine aminotransferase (ALT)
and alkaline phosphatase (AF) levels was more pronounced in animals given 50 mg / kg of P.
peruviana extract. Comparing the induced group with the silymarin-treated group, no
statistical reduction in hepatic adenosine deaminase (ADA) activity was observed. On the
other hand, in the homogenized liver, treatment groups with P. peruviana 50 mg / kg and 100
mg / kg were able to reduce hepatic ADA activity by 15.26 % and 22.99 %, respectively. The
concentration of 50 mg / kg of extract as well as the silymarin standard were able to decrease
the signs of CCly-induced necrosis. Therefore, the flavonoids present in the extract may be
responsible for their antiproliferative and hepatoprotective capacity against CCls-induced
toxicity.

Keywords: Plinia peruviana; antiproliferative; hepatoprotective; CCly; antioxidant,
polyphenols.
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1 INTRODUCAO

O uso de plantas medicinais para a prevengao e tratamento de diversas doencas tem
sido praticado desde a antiguidade, e foi a principal fonte de tratamento antes da evolugdo da
medicina moderna alopatica ou sintética (MANANDHAR et al., 2018). Com o passar do
tempo, as plantas medicinais adquiriram importancia no sistema de saude em todo o mundo
por suas comprovadas e eficazes propriedades terapéuticas, tais como anti-inflamatoéria,
antibidtica, antisséptica, antitumoral, antialérgica, cardioprotetora, entre outras (DEI
CAS; GHIDONI, 2018).

Estas propriedades tornam principalmente os compostos fenodlicos moléculas muito
estudadas (LEE et al., 2018; JEONG et al., 2018). Estes apresentam hidroxilas e anéis
aromaticos, nas formas simples ou polimeros, que os confere o poder antioxidante, pois sao
capazes de doar um elétron ou um atomo de hidrogénio a um radical livre, reduzindo sua
atividade (BOTTA et al., 2017). Considerando a necessidade crescente de buscar novas
formas alternativas para o tratamento do céncer, a pesquisa de plantas medicinais com
propriedades antioxidantes estd se mostrando particularmente interessante para esta
terapéutica e neste sentido, a cultura de células cancerigenas constitui-se uma ferramenta
considerada essencial na triagem de diferentes compostos bem como um screening de novas
moléculas (VALLEJO; SALAZAR; GRIJALVA, 2017).

Além do cancer, a doenga hepatica afeta adultos e criancas e estd se tornando
prevalente em paises industrializados e em desenvolvimento, podendo ser causada por varios
fatores, como virus, alcool, produtos quimicos organicos, alteragdes metabolicas e genéticas
(ZHAO et al., 2019). Os produtos naturais e extratos de plantas que exibem propriedades
antioxidantes podem ser tteis para o tratamento desta patologia (SOBEH et al., 2019).

Neste sentido, varias espécies da familia Myrtaceae sao notaveis devido ao seu uso na
medicina tradicional. Sdo fontes importantes de 6leos essenciais, condimentos e alimentos. As
folhas tém sido utilizadas na medicina popular por suas interessantes bioatividades, como
propriedades antifingicas, antibacterianas, anti-inflamatorias e antioxidantes. Estas, atribuidas
principalmente a presenga de taninos e flavonoides (SOUZA-MOREIRA et al., 2018; DIAS et
al., 2018; FALCAO et al., 2018). A Myrtaceae ¢ uma das familias mais importantes do Brasil,
sendo a lenhosa dominante no sudeste da Mata Atlantica (CITADIN; DANNER; SASSO,
2010; COSTA et al., 2013).


https://www.ncbi.nlm.nih.gov/pubmed/?term=Vallejo%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=29204247
https://www.ncbi.nlm.nih.gov/pubmed/?term=Salazar%20L%5BAuthor%5D&cauthor=true&cauthor_uid=29204247
https://www.ncbi.nlm.nih.gov/pubmed/?term=Grijalva%20M%5BAuthor%5D&cauthor=true&cauthor_uid=29204247
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Uma espécie representativa dessa familia € Plinia peruviana (Poir.) Govaerts,
popularmente conhecida como “jabuticaba” no Brasil. P. peruviana ¢ comum em planicies
aluviais e florestas abertas na Argentina e no Paraguai (CITADIN; DANNER; SASSO, 2010).

No Brasil, pode ser encontrada no nordeste, centro-oeste, sudeste e sul. A espécie €
comumente encontrada na floresta atlantica, mas também ¢ distribuida nos biomas da
Caatinga, Cerrado e Pantanal (LORENZI, 2000). A arvore tem 10 a 15 metros de altura, com
folhas soltas. E muito apreciada para uso ornamental, especialmente durante a floragdo. As
folhas sdo simples e tém até 7 centimetros de comprimento. Floresce na primavera e no verao,
produzindo frutas abundantes. As flores e os frutos crescem em cachos ao longo do tronco e
dos galhos. Seus pequenos frutos com casca preta e polpa branca aderem a uma nica semente
(SOUZA-MOREIRA, 2010; WU et al., 2013).

Apesar do uso popular das folhas desta espécie, para a tosse e diarreia, apenas os
frutos tiveram suas propriedades medicinais extensivamente investigadas, como anti-
inflamatoria (REYNERTSON et al., 2006), antiproliferativa (REYNERTSON et al., 2006;
LEITE-LEGATTTI et al., 2012), antibacteriana (HAMINIUK et al., 2011) e antidiarreica
(SOUZA-MOREIRA et al.,, 2011). Essas propriedades sdo atribuidas principalmente a
presenca dos polifendis (EINBOND et al., 2004; REYNERTSON et al.,, 2008; ABE;
LAJOLO; GENOVESE, 2012; LEITE-LEGATTI et al., 2012).

Tendo em vista o potencial fitoquimico e farmacoldgico das folhas desta espécie, o
presente trabalho foi executado no intuito de avaliar a composi¢do quimica e o potencial
antioxidante, antiproliferativo e hepatoprotetor. Os resultados obtidos nas analises e sua
discussdo, bem como os métodos utilizados no desenvolvimento da pesquisa serdo

apresentados no item 4 desta tese, na forma de artigos cientificos.
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2 REVISAO BIBLIOGRAFICA

2.1 ASPECTOS ETNOBOTANICOS, BIOLOGICOS E FITOQUIMICOS DA PLANTA EM
ESTUDO

2.1.1 A familia Myrtaceae e o género Plinia: visao geral

Segundo Govaerts e colaboradores (2014), a familia Myrtaceae engloba 3.800-5.600
espécies divididas entre 140 géneros, podendo ser encontrada na Australia, regido
Neotropical, Sudeste Asiatico e Africa. Encontram-se divididas em duas grandes subfamilias,
Myrtoideae e Leptospermoideac (MCVAUGH, 1968).

No Brasil, esta ¢ representada pela subfamilia Myrtoideae, tribo Myrteae (WILSON et
al., 2005), sendo distribuida em todos os estados, abrangendo 21 géneros e 707 espécies
(SOBRAL et al., 2018). A familia possui algumas espécies frutiferas de grande interesse
econdmico como a pitangueira (Eugenia uniflora), a goiabeira (Psidium guajava) e as
jabuticabeiras (Plinia peruviana) (FRANZON et al., 2009).

Os representantes da subfamilia Myrtoideae apresentam frutos do tipo baga e folhas
opostas, ocorrendo na América em regides tropicais e subtropicais (BARROSO, 1991;
MCVAUGH, 1968). Suas flores sdo brancas ou, as vezes vermelhas, efémeras, hermafroditas,
de simetria radial, em geral pentameras, muitas vezes com o receptaculo bem desenvolvido,
polistémones, ovario infero, com variado nimero de l6culos e 6vulos (BARROSO, 1991). Os
representantes da Leptospermoideae, por outro lado, apresentam frutos capsulares e filotaxia
alterna, distribuidos na Australia, Malasia e Polinésia (MCVAUGH, 1968).

O género Plinia L. estd distribuido na América Central e Caribe (LANDRUM;
KAWASAKI, 1997). No Brasil, distribui-se em parte do Norte e Nordeste, Mato Grosso do
Sul e todos os estados do Sudeste e Sul (SOBRAL et al., 2018). Este género retine cerca de 40
espécies (BARRIE, 2004), contudo no Brasil sdo estimadas de 20 a 30 (LANDRUM,;
KAWASAKI, 1997). Anteriormente, o género das jabuticabeiras era conhecido como
Myrciaria, mas em 1998, Mattos reclassificou as mesmas para o género Plinia. Contudo,
Mpyrciaria ainda ¢ amplamente utilizado no meio cientifico, podendo ser considerado como

sinonimia.
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2.1.2 Plinia peruviana (Poir.) Govaerts

A espécie Plinia peruviana (Poir.) Govaerts, pertencente a familia Myrtaceae, ¢ uma
planta nativa e popular da América do Sul, de ocorréncia espontanea no Brasil, a qual pode
ser encontrada a partir do estado do Para até o Rio Grande do Sul (CITADIN; DANNER;
SASSO, 2010; COSTA et al., 2013). Conhecida como uva brasileira, jabuticaba, jabotica,
guaperu, guapuru, hivapuru, sabard e ybapuru (DONADIO, 2000), P. peruviana ¢ uma
espécie de grande importancia para o pais. Seu fruto esta presente na alimentagdo e tem um
grande valor nutricional. E utilizado na fabricagdo de produtos doces, como geleias e esta
disponivel para venda no mercado, mas em pequena escala (CLERICI; CARVALHO-SILVA,
2011; LEITE et al., 2011).

Trata-se de uma arvore de médio a grande porte (Figura 1A), medindo de 10 a 15 m de
altura, apresentando copa com forma variada e com tendéncia a muitos galhos (DANNER et
al., 2010). A casca ¢ lisa e de cor cinza, com ramos delgados, cilindricos e glabros; as folhas
(Figura 1B), opostas e elipticas, incompletas, com bainha ausente e peciolo presente. A
lamina foliar apresenta entre 2,4 e 4,3 cm de comprimento ¢ 0,6 a 1,6 cm de largura
(DONADIO et al., 2002).

As flores (Figura 1C) nascem diretamente dos troncos e ramos da arvore, e os frutos,
que sao do tipo baga globosa, amadurecem rapidamente, entre 40 e 60 dias. Estes medem de 2
a 4 cm de didmetro, contendo de 1 a 4 sementes (DANNER et al., 2010). Ao amadurecer, vao
adquirindo a coloracdo roxa escura a preta (Figura 1D). Sua pele ¢ fragil e sua polpa ¢é
esbranquicada, agridoce e mucilaginosa (CLERICI; CARVALHO-SILVA, 2011). A florag¢ao
ocorre entre outubro e janeiro (SOARES-SILVA, 2000).


http://www-sciencedirect-com.ez47.periodicos.capes.gov.br/science/article/pii/S1756464613000479#b0060
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Figura 1 - P. peruviana: (A) Aspecto geral; (B) Folhas; (C) Botao floral e flor; (D) Frutos
diretamente dos ramos da arvore.

Fonte: Do autor.

O uso tradicional desta espécie envolve o tratamento da diarreia, que utiliza todas as
partes da planta, além de um xarope produzido com as folhas ser utilizado para tosse por
populagdes de varios estados do Brasil, como Maranhao, Piaui, Ceara, Rio Grande do Norte,
Paraiba, Pernambuco, Alagoas, Sergipe ¢ Bahia (AGRA et al., 2010). Bieski et al. (2015)
também relataram que a casca e as folhas de P. peruviana sdo utilizadas pela populacdo do
Vale de Juruena, estado de Mato Grosso, no tratamento da labirintite.

Anadlises fitoquimicas preliminares revelaram que os compostos fenolicos sdo os
principais constituintes de P. peruviana. Diversos estudos relatam nos frutos a presenca de
acido galico, acido elagico, isoquercitrina, quercimeritrina, quercitrina, miricetina e
quercetina (EINBOND et al., 2004; REYNERTSON et al., 2006; ABE; LAJOLO;
GENOVESE, 2012; WU et al., 2012; HACKE et al., 2016; PEREIRA et al., 2017). Os teores
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de taninos relatados sdo significativamente maiores que os demais frutos da familia
Myrtaceae, como goiaba, camu-camu e pitanga (ABE; LAJOLO; GENOVESE, 2012).

Alguns estudos tém se concentrado nas antocianinas, compostos fenolicos presentes
em diversas frutas, folhas e flores, sendo responséavel pelas coloragdes vermelha, azul e
violeta (SANTOS; VEGGI; MEIRELES, 2010; LEITE-LEGATTI et al., 2012; WU et al.,
2012; ABE; LAJOLO; GENOVESE, 2012). Sao frequentemente associados as propriedades
biologicas como antioxidantes, anti-inflamatdrias e antiproliferativas, assim como também
tem sido relatada na preven¢do de doencas cardiovasculares e neurodegenerativas (TSUDA et
al., 2003; BRITO et al., 2007), enquanto que as sementes possuem altas concentragdes de
elagitaninos e proantocianidinas (ALEZANDRO et al., 2013).

Biologicamente, extratos da casca da jabuticaba demonstraram efeito positivo em
diabetes induzida em ratos (ALEZANDRO et al., 2013), além de efeitos hipolipemiantes
(ARAUIJO et al., 2013). Os polifendis da fruta mostraram aumentar a atividade antioxidante
sérica e diminuir o teor de glicose em humanos saudaveis (PLAZA et al., 2016).

O efeito antiproliferativo do extrato aquoso da semente de P. peruviana foi avaliado
por Wang et al. (2014) e demonstrou resultados promissores contra a linhagem de células de
cancer de boca (HSC-3). Efeitos antiproliferativos foram também verificados a partir de
extratos polares obtidos da casca da jabuticaba, testados contra linhagem leucémica (K-562) e
cancer de prostata (PC-3), sendo citotoxicos a 1.9 pg / mL e 13.8 pug / mL, respectivamente
(LEITE-LEGATTI et al., 2012). Da mesma forma, compostos flavonoides extraidos da
mesma espécie apresentaram efeitos antiproliferativos contra linhagens celulares de coélon
HT-29 e HCT 116 (REYNERTSON et al., 2006).

Outro importante uso popular da “jabuticaba” no Brasil ¢ para o tratamento da asma.
No estudo de Wu (2013), um composto isolado (jaboticabina) diminuiu a producdo de
interleucina-8 (IL-8) em 47,3% nas células epiteliais de pequenas vias aéreas expostas a
fumaga do cigarro e diminuiu a producao de IL-8 em 81,3% nas células ndo tratadas. Estes
dados corroboram com o estudo de Reynertson et al. (2006), com as antocianinas de P.
peruviana, sugerindo uma importante acdo anti-inflamatoria desses compostos. Apesar destes
estudos a eficacia do uso tradicional da espécie, conforme descrito na literatura, permanece
incerta. Estudos farmacologicos detalhados precisam ser realizados para ajudar a preencher

essa lacuna na literatura.
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2.2 COMPOSTOS FENOLICOS: classifica¢do quimica e propriedades biologicas

A capacidade das plantas em sintetizar uma grande variedade de compostos com baixo
peso molecular, conhecidos como metabdlitos secundarios, ¢ uma de suas caracteristicas mais
importantes. Estes contém um anel aromatico que comporta pelo menos um grupamento
hidroxila (VALDES et al.,, 2015). Metade dos compostos fendlicos sdo flavonoides,
apresentando-se como aglicona, glicosideos e derivados metilados (KANG et al., 2018). Estas
substancias tém sido relatadas como eficazes antioxidantes, antibacterianos, agentes
cardioprotetores, anti-inflamatoérios (RAUF et al., 2018; SEITZ et al., 2018; MUHAMMAD
et al., 2018), além de promissores candidatos a agentes anticancerigenos (ZHU et al., 2018;
YANG; ZHU; XI et al., 2018).

Os flavonoides sao um grupo de compostos naturais com estrutura polifendlica,
amplamente encontrados em vegetais, frutas e, como corantes naturais, adicionados a certas
bebidas. Os flavonoides compreendem dois anéis aromaticos (A e B) conectados por meio de
um anel pirano heterociclico (C). Eles sdo classificados em diferentes subclasses com base no
carbono do anel C conectado ao anel B e no grau de oxidacdo e insaturagdao do anel C. Na
maioria dos flavonoides, o anel B ¢ conectado ao carbono C-2 do anel C. Esses compostos
incluem flavonas, flavonois, flavandis, flavanonas, flavanonoéis e antocianidinas (Fig. 2). Os
compostos de flavonol diferem das flavanonas por uma ligacdo dupla C-2 a C-3 e um grupo
hidroxila na posi¢dao C-3. Os flavonoides nos quais o anel B est4 conectado ao carbono C-3 do
anel C sdo denominados isoflavonas. Aqueles em que o anel B esta ligado ao carbono C-4 do

anel C sao chamados neoflavonoides (MAMEDE; PASTORE, 2004).



Figura 2 - Estrutura das principais subclasses de flavonoides.
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E importante ressaltar que os flavonoides sio agentes neutralizadores de radicais
livres. Durante a producdo de adenosina trifosfato (ATP), espécies reativas de oxigénio
(EROs) e espécies reativas de nitrogénio (ERNs) sdo produzidas como subprodutos dessas
reacdes redox celulares. No nivel do equilibrio, EROs e o ERNs sdo compostos benéficos
para fungdes celulares e respostas imunes, mas a concentracdo de desequilibrio levara ao
estresse oxidativo que pode causar distarbios cronicos e degenerativos (THABIT et al., 2018).

As plantas medicinais tém sido relatadas ha muito tempo como um centro prospectivo
de compostos antioxidantes naturais, particularmente por seus metabolitos secundarios,
compostos fenolicos e flavonoides que sdo gerados para sua defesa ou para promover seu
crescimento em condigdes desfavoraveis. Além disso, o arranjo de grupos funcionais, a
configuracdo, a substituicdo e o nimero de grupamentos hidroxila também influenciam a
atividade antioxidante dos flavonoides, os quais desempenham essa fungdo através da
atividade sequestradora de radicais livres e / ou a capacidade de quelagdo de ions metalicos
(RYBARCZYK-KASIUCHNICZ; RAMLAU, 2018). A Figura 3 ilustra o dano celular

causado pelas EROs e o mecanismo de defesa antioxidante.
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Figura 3 - Efeito antioxidante das plantas medicinais.
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Fonte: Adaptado de Chandel e Tuveson (2014).

Neste contexto, um dos métodos para determinagdo da atividade antioxidante ¢ o da
capacidade de absorc¢ao do radical oxigénio (ORAC). O ensaio mede a perda de fluorescéncia
da fluoresceina ao longo do tempo devido a formagdo de radicais peroxil pela quebra de
dicloridrato de 2,2'-azobis-2-metilpropanimidamida (AAPH) a 37 °C. O &cido 6-hidroxi-
2,5,7,8-tetrametilcromana-2-carboxilico (Trolox), um anédlogo da vitamina E soltivel em agua,
serve como um controle positivo que inibe o decaimento da fluoresceina de um modo
dependente da dose (OU et al., 2001).

Nesse sentido, a extracdo de compostos fenodlicos € um passo importante tanto para a
identificacdo e quantificacdo, quanto para a avaliagdo da capacidade antioxidante e potenciais
biologicos das plantas medicinais. Embora métodos tradicionais e convencionais tenham sido
amplamente empregados ao longo dos anos, durante as ultimas décadas, métodos mais
avancados tém sido utilizados (NGAMWONGLUMLERT; DEVAHASTIN; CHIEWCHAN,
2017).
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Algumas das técnicas modernas sdo extracdes assistidas por ultrassom e por micro-
ondas. Estes métodos sdo simples, com tempos de extragdes curtos, além do baixo consumo
de solventes. A extragdo utilizando energia de micro-ondas fornece condi¢des suaves e
alcanga um efeito superior de extracdo (GARCIA-CASTELLO et al., 2015).

Ja a extragdo ultrassonica garante um contato suficiente da matriz da amostra com o
solvente de extragdo, levando, assim, a uma extragdo mais eficiente do que a técnica assistida
por micro-ondas, devido a produgao de bolhas de cavitagao na matriz biologica (PUTNIK et
al., 2018). Neste sentido, o extrato obtido por Ouahida, Ridha e Eddine (2016) através do
método de ultrassom, apresentou maiores teores de compostos fendlicos e potencial

antioxidante, quando comparados as outras técnicas (Soxhlet e maceracao).

2.3 0 CANCER E SEU TRATAMENTO

O cancer ¢ um dos problemas de satide mais importante em todos os paises devido a
sua crescente prevaléncia, tratamento de alto custo, sendo a segunda principal causa de morte
no mundo apos as doengas cardiovasculares (WOJCIK et al., 2018). O cancer refere-se a
doenga que se desenvolve quando células anormais proliferam incontrolavelmente, seguidas
de invasdo nos tecidos circundantes e que eventualmente se espalham para os 6rgdos ou
outras partes do corpo através dos sistemas circulatorio e linfatico. A inicializag¢do das células
cancerigenas geralmente depende de mutagdes nos genes relacionados a regulagdo do ciclo
celular, apoptose e / ou vias de sinalizacdo do fator de crescimento, que podem ser induzidas
por mutacdes no DNA mediadas pelas EROs (SEYED et al., 2016; MILLER et al., 2016).

Nas ultimas décadas, varios métodos de tratamento foram desenvolvidos contra o
cancer depois de adquirir uma compreensao mais profunda de multiplos sinais € mecanismos
subjacentes que contribuem para a sobrevivéncia e progressao das células neoplasicas. Essas
modalidades de tratamento incluem quimioterapia, terapia direcionada, imunoterapia, cirurgia
e radioterapia (ASADI-SAMANI et al., 2016, LIU et al., 2019). Nesse sentido, muita aten¢dao
tem sido dada aos antioxidantes como nova estratégia terapéutica para o cancer (FERRAZ DA
COSTA et al., 2018; KOCOT et al., 2018).

Entre os fitoquimicos, os flavonoides despertaram o interesse dos pesquisadores e
estdao sendo investigados para aplicagdes terap€uticas contra a progressao do cancer nos
Giltimos anos, tanto em sistemas de modelos animais (PEREZ-SANCHEZ et al., 2019) quanto

celulares (SHEN et al., 2019). Eles exibem uma vasta gama de efeitos nos mecanismos
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moleculares de iniciacdo e progressdo do cancer, incluindo a inducdo de apoptose por
clivagem de DNA, inibindo a atividade da topoisomerase I ou II, permeabilizagdo
mitocondrial, inibindo enzimas cruciais na transdu¢ao de sinal (ou seja, proteases),
metabolismo celular ou inibindo a angiogénese induzida pelo tumor (TAVSAN; KAYALI,
2019).

A avaliacdo do potencial anticancerigeno de extratos vegetais pode ser realizada in
vitro (DE ALMEIDA et al., 2005; SUGGITT; BIBBY, 2005; ALBERTS et al., 2008), através
de métodos de screening bioldgicos, com cultura de células, onde os resultados obtidos sao
livres de qualquer interferéncia metabodlica, fisioldgica ou ambiental. Mas, por se tratar de um
ambiente artificial, é preciso verificar também se as analises realizadas com sucesso in vitro
também teriam um resultado satisfatorio in vivo. A etapa pré-clinica ¢ fundamental para a
decisdo da continuidade ou nio da investigacdo acerca da nova substancia (BRANDAO et al.,
2010).

Um dos ensaios amplamente utilizados em linhagens de células tumorais, de baixo
custo, ¢ o ensaio colorimétrico que usa o sal brometo de 3-(4,5-dimetiltiazol-2-il)-2,5-
difeniltetrazélico (MTT) descrito por Mosmann em 1983. Este se baseia na redu¢do do MTT
pela succinato desidrogenase mitocondrial, que cliva o anel tetrazolio, transformando um
composto de coloracdo amarela na coloracao azul-escuro (formazan), que reflete o estado
funcional da cadeia respiratéria. A densidade 6tica ¢ medida com um leitor de microplacas. A
variavel continua resultante da quantidade de cristais formados ¢ diretamente proporcional ao
numero de células vidveis (BHATIA; YETTER, 2008).

Assim, a descoberta de novos anticancerigenos de origem vegetal tem incentivado as
pesquisas nessa area. Os agentes anticancer mais utilizados na clinica ainda sdo os alcaloides
da Vinca (Catharanthus roseus), epipodofilotoxinas (Podophyllum peltatum L.), taxanos
(Taxus brevifolia Nutt) e camptotecinas (Camptotheca acuminata Decne) (ASADI-SAMANI
et al., 2016). Portanto, a busca de novos medicamentos tem nos produtos naturais uma

promissora fonte de novos farmacos.

2.4 HEPATOTOXICIDADE

O figado tem um papel crucial na regulagdo de multiplas fungdes metabolicas e
processos fisiologicos, como o metabolismo de nutrientes, a secrecdo biliar e a sintese de
proteinas, lipidios e carboidratos, bem como o armazenamento de vitaminas. Sua capacidade

de desintoxicar xenobidticos torna particularmente importante na manutencdo da saude do
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corpo. As doengas hepéaticas estdo entre as principais causas de morbidade e mortalidade no
mundo (MENG et al., 2018). Neste sentido, houve 462 casos de retirada de medicamentos do
mercado nas ultimas seis décadas devido as reagdes adversas, sendo o motivo mais comum a
hepatotoxicidade (ONAKPOYA; HENEGHAN, ARONSON, 2016), sugerindo a necessidade
de desenvolver novas e seguras opgdes de tratamento.

Estilos de vida pouco saudaveis, relacionados a obesidade e ao consumo excessivo de
alcool e medicamentos, sdo causas comuns de lesdo hepatica. As doengas hepaticas também
podem ser induzidas por fatores biologicos (bactérias, virus e parasitas) e doencas autoimunes
(hepatite imune e cirrose biliar primaria). Pelo menos seis mecanismos (Figura 4) podem

produzir lesdo hepatica (JAESCHKE et al., 2002):

1) Reacdes de alta energia envolvendo enzimas do citocromo Pssp levam a ligagdo covalente
do farmaco as proteinas intracelulares, aparentemente produzindo uma disfun¢do intracelular
que resulta na perda de gradientes idnicos, declinio nos niveis de ATP e ruptura de actina

(Figura 4A);

2) Alguns medicamentos afetam as proteinas de transporte na membrana podendo interromper

o fluxo biliar (Figura 4B);

3) A biotransformagao dos medicamentos pode resultar na formagdo de adutos (substancias
ligadas covalentemente a enzimas). Estes, sdo grandes o suficiente para servir como alvos
imunologicos, podendo migrar para a superficie do hepatocito, podendo induzir a formacao de
anticorpos (citotoxicidade mediada por anticorpos) ou respostas de células-T citoliticas diretas

(Figura 4C e Figura 4D).

4) A morte celular programada (apoptose) pode ocorrer em conjunto com a lesdo
imunomediada, destruindo os hepatocitos por meio do fator de necrose tumoral (TNF-a) e das

vias Fas, com retracdo celular e fragmentag¢ao da cromatina nuclear (Figura 4E).

5) Quando os medicamentos se ligam ou inativam enzimas de cadeia respiratoria ou do DNA
mitocondrial, ocorre estresse oxidativo, com consequente metabolismo anaerdbico, acidose

latica e acumulo de triglicerideos (Figura 4F).
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Figura 4 - Mecanismos envolvidos no dano ao hepatdcito.
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Apesar dos avangos nas pesquisas, nao existe uma abordagem terapéutica bem-
sucedida em relagdo a estimulacao da fun¢do hepatica, protecao do figado ou aumento da

regeneragdo das células hepaticas. Os farmacos atuais como a silimarina, substancia
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hepatoprotetora mais conhecida que tem como mecanismo de agdo o bloqueio da geracao de
radicais livres, tem mostrado limitagdes em relagdo ao tratamento da insuficiéncia hepatica
cronica, como a cirrose (MADRIGAL-SANTILLAN et al., 2018), mas seu uso ¢ bem
estabelecido como padrao hepatoprotetor para o método de intoxicacdo por tetracloreto de
carbono (CCly) (CHAO et al., 2019; LEE et al., 2019).

A intoxicagao por CCly tem sido amplamente utilizada para a indugdo experimental
de lesdo hepatica aguda, e ¢ o modelo mais comumente utilizado para o rastreamento da
atividade hepatoprotetora de extratos vegetais e compostos (DUTTA et al., 2018). O CCly €
biotransformado pelo sistema do citocromo Pss9p para produzir os radicais livres de
triclorometila (CCl;"), que por sua vez se ligam covalentemente a membranas e organelas
celulares para induzir a peroxidacao lipidica. Isso leva ao comprometimento de varios
processos celulares que culminam em danos as células necroéticas, inflamag¢do e apoptose
(SHENOY; SOMAYAIJI; BAIRY, 2002).

A intoxicacdo por CCly provoca necrose hepatica e aumento dos niveis de alanina
aminotransferase (ALT), aspartato aminotransferase (AST) e fosfatase alcalina (FA) no soro,
assim como nas doencas hepaticas (ELUFIOYE; HABTEMARIAM, 2019). O aumento da
AST e da ALT ¢ explicado pelo fato de serem liberadas no sangue em grandes quantidades
frente a um dano a membrana do hepatocito, resultando em aumento da permeabilidade e
necrose hepatica. J4 a FA estd localizada nas membranas de revestimento dos canaliculos
biliares e tem sua concentragdo elevada nas desordens do trato biliar (TELLI et al., 2016).
Além disso, a enzima Adenosina deaminase (ADA) ¢ produzida e liberada por linfocitos e
macrofagos durante a resposta imune celular, sendo um biomarcador de inflamac¢ado ou doenca

infecciosa (KISHIMOTO et al., 2019).
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3 OBJETIVOS

3.1 Objetivo Geral

Determinar o teor de polifenois e flavonoides totais, a atividade antioxidante e
antiproliferativa in vitro das folhas de Plinia peruviana além de avaliar o possivel efeito

hepatoprotetor in vivo.

3.2 Objetivos Especificos

- Determinar o teor de flavonoides e polifenois totais do extrato bruto através de técnicas

espectrofotométricas;

- Caracterizar quimicamente o extrato de P. peruviana através de cromatografia liquida de
alta eficiéncia com detector de arranjo de diodos (CLAE-DAD) os polifendis acido galico,

catequina, epicatequina e rutina;

- Determinar a capacidade antioxidante in vitro através do ensaio da capacidade de absorc¢do

do radical oxigénio (ORAC);

-Avaliar o possivel efeito antiproliferativo pelo tratamento do extrato em culturas de células

de cancer de mama (MCF-7) e cancer cervical (HeLa);

- Avaliar a possivel atividade hepatoprotetora em modelo experimental in vivo, através da

inducgdo de dano hepatico com tetracloreto de carbono (CCly).
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4. RESULTADOS

Os resultados desta tese estdo sob a forma de dois artigos. Esta tese inclui ainda se¢des
de discussado geral, de conclusdes e de referéncias que estdo relacionadas a introducao, revisao
bibliografica e discussao geral.

Os resultados relacionados a andlise fitoquimica, atividade antioxidante e
antiproliferativa in vitro das folhas de P. peruviana estdo no artigo intitulado “Preliminary
phytochemical analysis and evaluation of the antioxidant and anti-proliferative effects of
Plinia peruviana leaves: an in vitro approach”, que foi publicado no peridédico Natural
Product Research. Ja os resultados da atividade hepatoprotetora estdo no segundo manuscrito,

ainda ndo publicado, submetido ao periddico Journal of Ethnopharmacology.
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ABSTRACT ARTICLE HISTORY
Plinia peruviana (Poir.) Govaerts (Myrtaceae) occurs from Para to Received 10 October 2018
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was investigated. The total of polyphenols and flavonoid contents
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extract of 531.8+0.0040 mg RE/g extract. This study performed

the first pharmacological exploration of the leaves of P. peruviana.

Our results demonstrated the antioxidant and anti-proliferative

effects of this specie on MCF-7 and Hela cell lines. This makes

this specie an interesting medicinal plant for human epithelial cer-

vical cancer and human breast cancer anti-proliferative approach.
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1. Introduction

In recent years, it has been observed that the number of studies reporting antioxidant
activities of natural products has increased considerably since phenolic compounds
inhibit the formation of free radicals and maintain normal redox regulation of the
human body (Gill and Tuteja 2010). Such facts drive the search for antioxidant and
anticancer compounds from natural sources (Ghasemzadeh et al. 2018; Galasso et al.
2018; Abubakar et al. 2018).

In this context, the family Myrtaceae is considered one of the most important in
Brazil and the dominant woody family in southeastern Atlantic Forest (Citadin et al.
2010; Costa et al. 2013). The leaves of various species of this family have been used
in folk medicine for their interesting bioactivities such as antifungal, antibacterial,
anti-inflammatory and antioxidant properties. These activities were mainly related to
the presence of flavonoids (Dias et al. 2018; Falcao et al. 2018; Souza-Moreira
et al. 2018).

The species Plinia peruviana (Poir.) Govaerts (Jabuticabeira), belonging to the family
Myrtaceae, occurs from the state of Pard to Rio Grande do Sul state, Brazil (Citadin
et al. 2010; Costa et al. 2013). The fruits of this species have traditionally been used
for their medicinal values, including antidiarrheal effects, as well as for respiratory
problems, asthma and chronic inflammation of the tonsils (Morton 1987).

Despite the established phytochemical values for the fruits, the biological activities
of the leaves of this species remain largely unknown. In this sense, this report is the
first phytochemical investigation of hydroalcoholic extract obtained from the leaves of
P. peruviana. In addition, this work was set to determine the in vitro antioxidant
activity, total phenols and flavonoids and anticancer activities on breast (MCF-7) and
cervical (HelLa) cancer cell lines.

2. Materials and methods
2.1. Plant material

The leaves of the plant were collected in Santa Cruz do Sul, Rio Grande do Sul state,
Brazil (29S 44'47.5"/52 W 21/24.2"), in October 2017. Dr. Renato Aquino Zachia identi-
fied the plant material and a sample was deposited (voucher 17.753) at the Herbarium
of the Universidade Federal de Santa Maria (UFSM).

2.2. Preparation of extract

The extraction process was performed according to the method of Strzemski et al.
(2017). The plant was dried in an air circulation oven and then reduced to powder.
The hydroalcoholic extract of P. peruviana was prepared in 70% ethanol (1/10 weight/
volume ratio) by ultrasonic bath (KQ-3200DE, 300 x 150 x 150 mm, SHUMEI, Kunshan,
China) for 30 minutes at room temperature and its residue extracted again. After that,
it was concentrated on a rotary evaporator (Buchi RIl) under reduced pressure at
40°C, lyophilized and stored under refrigeration.
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2.3. Analysis of the phenolic content

2.3.1. Total phenolics content

Total phenolic content of P. peruviana samples was determined by Folin-Ciocalteu
assay as reported by Chandra and de Mejia (2004) with slight modification. The results
were expressed as milligrams of gallic acid equivalents per gram of dried extract (mg
GAE/q).

2.3.2. Total flavonoids content

The flavonoid contents of P. peruviana were estimated by the method described by
Zhishen et al. (1999). The determination of total flavonoids was performed with the
colorimetric aluminum chloride assay. The results were expressed as milligrams of rutin
equivalents per gram of dried extract (mg RE/g).

2.3.3. Analysis of phenolic compounds high efficiency liquid chromatography
coupled to diode array detector (HPLC-DAD)

The phenolic compounds were identified by HPLC/DAD analysis according to (Evaristo
and Leitao, 2001), with minor modifications. For the separation of the compounds, the
liquid chromatograph (SHIMADZU, Kyoto/Japan) was used, model pump LC - 20AT,
automatic injector SIL — 20 A, DAD SPD - M20A detector and CBM 20 A communicator
and controlled by LC SP1 software. The analytical column used was Shim-pack CLC-
ODS (M), particle with 5um in diameter, dimensions of 4.6 mm X 150 mm. The elution
occurred by gradient in a flow of 0.9 mL/min using two mobile phases: A, composed
of 2% acetic acid in water and B, only methanol UV/HPLC. The injection volume of the
samples was 40 L, and the detection was monitored in the photodiode system at
wavelengths between 230 and 400 nm for 55 minutes.

Identification was performed by integrating the peaks using the standard external
method, at 270nm for gallic acid; 278 nm for catechin and epicatechin; and 365 nm
for rutin. Chromatographic peaks were confirmed by comparing the retention time
with the reference standards and by the DAD spectrum (200-600 nm). All chromato-
graphic operations were performed at room temperature.

2.4. Antioxidant assays

2.4.1. Assay of the absorption capacity of the oxygen radical (ORAC)

The ORAC assay was performed, according to Ou et al. (2001) using a black 96-well
microplate. The method consists in verifying the ability of the sample to sequester
free radicals against the peroxyl radical, induced by 2,2’-azobis-(2-methylpropanoami-
dine) (AAPH). The sample (10 ppm) and the Trolox standard were diluted in phosphate
buffer (75mM, pH 7.4) and mixed with fluorescein (81 nM) and AAPH (152 mM). The
reaction occurred at 37°C and fluorescence (A excitation = 485nm and A emission =
528 nm) was monitored (SpectraMax® M3) every minute for 91 minutes. The antioxi-
dant capacity was determined using area under the curve (AUC) and the results were
compared with a Trolox analytical curve (2 to 96 umol/L) and expressed in pmol
Trolox Equivalent (TE) per gram of dry extract. The analyzes were done in triplicates
and on alternate days.
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Table 1. Polyphenols and flavonoids contents of the lyophilized hydroalcoholic extract of P.
peruviana leaves.

Assay P. peruviana Standard curve R
Total phenolics’ (mg of GAE/g + SD)? 944 +0.0856 y=0.0027x + 0.0082 0.9985
Total Flavonoids' (mg of RE/g +SD)? 531.8 +0.0040 y=10.0022x +0.019 0.9975

"Values presented in mean + standard deviation of triplicate assays.
2Total phenolic compounds expressed as mg EAG per g extract.
3Total flavonoids expressed as mg RE per g extract.

2.5. In vitro antiproliferative activity

2.5.1. Cell culture, treatments and cytotoxicity assay

The tumor cell lines HeLa (human epithelial cervical cancer) and MCF-7 (human breast
cancer) were used as in vitro models to study the antitumor activity of the extract. All
cells were grown in DMEM medium (4.5 g/l glucose), supplemented by 10% (v/v) FBS,
at 37°C with 5% CO2. They were routinely cultured in 75 cm2 culture flasks and har-
vested using trypsin-EDTA, when the cells reached approximately 80% of confluence.
As a positive control, it was used vinblastine at the concentration of 10 ug/mL.

HelLa (8.5 x 104 cells/ml) and MCF-7 (1 x 105 cells/ml) cell lines were seeded into
the 60 central wells of 96-well cell culture plates in 100ul of complete culture
medium. Cells were incubated for 24 hours under 5% CO, at 37°C and the medium
was then replaced with 100 ul of fresh medium, supplemented by 5% (v/v) FBS, con-
taining the extract at the concentration range of 25-500 pg/ml. Untreated control cells
were exposed to medium with 5% (v/v) FBS only. The cell lines were exposed for
24 hours to each treatment, and their viability was assessed by the MTT assay.

The MTT endpoint is based on the protocol first described by (Mosmann, 1983),
which is a measurement of cell metabolic activity. After complete the cell treatment
time, the medium was removed, and 100 ul of MTT in PBS (5 mg/ml) diluted 1:10 in
medium without FBS was then added to each well. The microplates were further incu-
bated for 3h under 5% CO2 at 37°C, after which the medium was removed.
Thereafter, 100 ul of DMSO was added to each well to dissolve the purple formazan
product. Plates were then placed on a microtiter-plate shaker for 10 min at room tem-
perature, and the absorbance of the resulting solutions was measured at 550 nm using
a Multiskan FC (Thermo Scientific, San Jose, CA, USA) microplate reader. Cell viability
was calculated as the percentage of tetrazolium salt reduced by viable cells in
each sample.

The cytotoxicity of each sample in each cell line was expressed as percentage of
viability with regard to untreated control cells (the mean optical density of untreated
cells was set at 100% viability), and in terms of its ICsy (concentration causing 50%
death of the cell population), calculated for each cell line by curve fitting of percent
cell survival against the extract concentrations.

2.6. Statistical analysis

The data were analyzed using one-way ANOVA followed by Tukey's post hoc. The
results were expressed as meanz=SD and p<0.05 was considered as statistically
significant.
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Figure 1. Representative high-performance liquid chromatography profile of extract of P. peruviana.
Gallic acid (peak 1), catechin (peak 2), epicatechin (peak 3), and rutin (peak 4).

3. Results and discussion
3.1. Total phenolic and flavonoid contents

Total phenolic content of P. peruviana was carried out based on the reaction of the
samples with Folin-Ciocalteu reagent, which results in a blue colored solution, which
intensity was directly proportional to the amount of phenolic compounds present.
Total phenolic (TP) and flavonoid contents (FC) are reported in Table 1. TP and FC
were 944 +0.0856 mg GAE/g and 531.8£0.0040 mg RE/g, respectively. Previous studies
reported that TP for leaves of the Myrtaceae family, such as Plinia edulis, was
54.34+0.02 mg/g extract (Carvalho et al. 2012). In relation to plants of the same spe-
cies, only fruit studies were found, reporting 320mg GAE/g extract (Leite-Legatti
et al. 2012).

The FC found in our study was lower than the fruits of the same species according
to the previous study that presented FC = 642.99+25.75mg/g (Batista et al., 2017),
but was higher than the leaves of the same family (Plinia edulis), reporting FC of
35.16+0.01 mg/g (Carvalho et al. 2012).

3.2. Analysis of the phenolic compounds of the extract by HPLC-DAD

In the present work, the HPLC profile of P. peruviana was also acquired (Figure 1). We
identified the presence of polyphenols gallic acid, catechin, epicatechin and rutin
(Figure 1). The retention times (Rts) of the identified compounds were: gallic acid (Rt
= 6.55min, peak 1), catechin (Rt = 13.97 min, peak 2), epicatechin (Rt = 17.89 min,
peak 3) and rutin (Rt = 27.86 min, peak 4). The amount of each compound is shown
in Table 2.

Data from the literature indicate the presence of phenolic compounds such as quer-
cetin, isoquercitrin, quercitrin, myricetin, rutin, cinnamic acid, camarinoic acid, gallic
acid and ellagic acid in fruits of the same species (Reynertson et al. 2006; Pereira et
al., 2017; Neves et al,, 2018). Some of these compounds were not identified in the
leaves, but we also reported the presence of catechin and epicatechin.
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Table 2. Components of the lyophilized hydroalcoholic extract of P. peruviana leaves.

Compounds P. peruviana extract (mg/g) Standard curve R?

Galic acid 2.64+0.88 y=101410x — 584506 0.9846
Catechin 15.90 +13.06 y =22838x + 226382 0.9971
Epicatechin 19.42+£28.17 y=16801x — 54924 0.9983
Rutin 6.23+10.45 y=39560x — 5804,2 0.9922

Values presented in mean + standard deviation of triplicate assays.
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Figure 2. Antioxidant activity of P. peruviana in the ORAC assay.

3.3. Antioxidant activity

Natural products, due to their composition of phenolic compounds, are reported as
potential anti-proliferative and antioxidant agents (Abdul Wahab et al. 2018). The
extract prepared from the leaves of P. peruviana presented promising antioxidant
activity by the ORAC assay. The relative fluorescence measured over time defines the
antioxidant potential of the compounds over the Trolox standard (Figure 2). P. peruvi-
ana showed a fall in fluorescence that remained between the values measured
by AUC.

Through the equation of the Iline (y=0.484x+50528), a value of
1941.1+£717.65uM TE/g of P. peruviana was obtained. To date, no studies have
reported the antioxidant activity of leaves of this species, but, Leite-Legatti et al.
(2012) evaluated the antioxidant activity of the freeze-dried dry extract of Jabuticaba
hulls and for whole fresh fruits (5230.4 uM ET/g and 1511 uM TE/g, respectively).

Similarly, the in vitro antioxidant activity of leaves of Calyptranthes tricona
(Myrtaceae), found ORAC values of 56165.79+1212.84uM TE/g and
2021.51+127.60 uM TE/g for ethanolic and hexanic extracts, respectively (Kich et al.
2017). This property is related to the concentration of phenolic compounds present in



NATURAL PRODUCT RESEARCH 7

120
= MCF7
¥ Hela
100 -
;\; 80 - "
=
-
ZE 60 -
=
>
)
O 40
20 -
0 - r T T
CONTROL 25 75 125 250 500

Concentration (ug/mL)

Figure 3. The cell rate of cells after 24 hours of treatment with extracts was extracted from more
significant cytotoxic activity in the Hela line. Control = Vinblastine 10 pg/mL. Cell viability was
assessed using the MTT assay. *p < 0.05 compared with MCF-7.

the extract, since these compounds are considered excellent natural antioxidants
(Afrin et al. 2018).

3.4. Antiproliferative activity

One of the strategies for the discovery of new anticancer substances is the search for nat-
ural products with antioxidant properties and cytotoxic effects (El Abed et al. 2018).
Chemotherapy is generally employed in the cancer treatment. However, a large number of
side effects is its limitation. Thus, it is interesting to seek for the alternative treatments for
cancer that are no side effects and not so expensive cost (Tungmunnithum et al. 2018).

Considering the antioxidant activity of the extract of this species, we tested the anti-
proliferative activity against the MCF-7 and Hela cell lines (Figure 3). To date, no studies
have been found that evaluated the anti-proliferative effect of leaf extract of this species.

After a 24 hr treatment, the 1C5, of Jabuticaba leaves extract was 263.88 and
462.77 ng/mL (HeLa and MCF-7 respectively). Previous studies using the aqueous extract
of the seed of this plant demonstrated promising anti-proliferative effects in lineage of
mouth cancer cells (HSC-3) (Wang et al. 2014). In addition, anti-proliferative effects of
Jabuticaba fruits were also verified against leukemic lineage (K-562) and prostate cancer
(PC-3) (Leite-Legatti et al. 2012). Previous evidence describes some flavonoid compounds
extracted from this species with anti-proliferative effects against HT29 and HCT116 colon
cell lines (Reynertson et al. 2006). Purification and the identification of the active
compounds in the extract of Jabuticaba leaves are required for a better understanding of
the cell death mechanisms involved and to deduce possible future applications.
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4. Conclusion

The results of this report indicate that the hydroalcoholic extract of leaves of P. peruvi-
ana presents antioxidant activities and anti-proliferative potential against MCF-7 and
Hela. The anticancer activity may be related to the presence of polyphenols, flavo-
noids and the high antioxidant capacity detected by the ORAC assay. This study is the
first to report the biological potentials of this species. Thus, contributing to the
pharmacological knowledge of P. peruviana. More studies will be needed to establish
the safe use of this plant by the population, since there are no references in this litera-
ture about this species.
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ABSTRACT

Ethnopharmacological relevance

Plinia Peruviana (Poir.) Govaerts is widespread in Brazil, Argentina and Paraguay. Its fruits
are used as food, and almost all parts of this species have long been used as a traditional
Brazilian medicine in the treatment of skin irritations, flu, diarrhea, labyrinthitis,
genitourinary problems and asthma. Although P. peruviana has significant biological
activities, much of its ethnomedicinal use has not been scientifically evaluated, especially this
leaves.

Aim of the study

In this study, we seek to demonstrate the effects of P. peruviana leaves against carbon
tetrachloride (CCly)-induced liver injury in rats.

Materials and Methods

Thirty male rats, 200 - 250 g, were divided into 5 groups as follows: Group 1 (control), group
2 (CCly control), groups 3, 4 and 5, treated with 100 mg/kg silymarin, P. peruviana extract
(50 mg/kg), and P. peruviana extract (100 mg/kg), respectively, orally for 14 days, followed
by induction of liver injury using 10 mL/kg CCls. The clinical biochemistry profiles,
determination of antioxidant defense and histopathological examination were evaluated after
treatment.

Results

Treatment with P. peruviana improved the changes caused by CCly in plasma and rat liver
homogenate. The decrease in the levels of ALT and FA were more pronounced in animals
administered with 50 mg / kg. In the same sense, 50 mg / kg of the extract as well as silymarin
were able to decrease the signs of CCly-induced necrosis.

Conclusions

Plinia peruviana leaves improved CCly-induced hepatotoxicity in rats. The beneficial effects
are marked by a remarkable restoration of biochemical markers and antioxidant enzymes.
Therefore, the flavonoids present in the extract may be responsible for their hepatoprotective
capacity against CCls-induced toxicity.
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1. Introduction

The liver is one of the most important organs in our body, and its main function is to
metabolize food, medicine and other substances (Janghel et al., 2019). These substances can
cause a variety of injury to this organ, such as increased serum aminotransferase activity, to
severe damage such as hepatocellular necrosis (Shi et al., 2019). With liver damage, serum
levels of many biochemical markers such as alanine aminotransferase (ALT), aspartate
aminotransferase (AST), alkaline phosphatase (FA), cholesterol, bilirubin, triglyceride,
adenosine deaminase (ADA) and gamma-glutamyl transferase (GGT) increase, and albumin
(ALB) synthesis and total protein (TP) decrease (Tahmasebi et al., 2018; Ko et al., 2019).

Carbon tetrachloride (CCly) administration is considered as an experimental model of
choice for rat liver damages (Ko et al., 2019; Chao et al., 2019; Li et al., 2019). The effect of
CCly 1s explained by its ability to produce trichloromethyl free radicals and reactive oxygen
species (ROS) when metabolised by cytochrome P4so. Thus, this model has been widely used
to evaluate the possible hepatoprotective effect of some substances (Kanhar et al., 2019).

Flavonoids present in plants are popularly known as nutraceuticals (Rodrigues et al.,
2019), and are able to protect against liver damage (Pinafo et al., 2019). Plinia Peruviana
(Poir.) Govaerts commonly known as “Jabuticabeira,” belongs to family Myrtaceae (Citadin

et al., 2010; Costa et al., 2013) is widespread in Brazil, Argentina and Paraguay. Its fruits are
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used as food, and almost all parts of this species have long been used as a traditional Brazilian
medicine in the treatment of skin irritations, flu, diarrhea, labyrinthitis, genitourinary
problems and asthma (Lorenzi, 2000; Agra et al., 2008; Paiva et al., 2017).

We showed in an earlier study that methanol extract of P. peruviana leaves the
antioxidant and anti-proliferative effects of this specie on MCF-7 and HeLa cell lines (Moraes
et al., 2019). P. peruviava contains significant amounts of flavonoid and some phenolic
compounds, which are known to exert anti-inflammatory and antioxidant activities
(Franscescon et al., 2018).

Substances include gallic acid, ellagic acid, isoquercitrin, quercimeritrin, quercitrin,
myricetin and quercetin (Einbond et al., 2004; Reynertson et al., 2006; Abe et al., 2012; Wu et
al., 2012; Hacke et al., 2016; Pereira et al., 2017), are often associated with biological
properties as antioxidants, anti-inflammatory and antiproliferative as well as have been
reported in the prevention of cardiovascular and neurodegenerative diseases (Tsuda et al.,
2003; Brito et al., 2007).

In the present study, we investigated the hepatoprotective effects of P. peruviana

leaves extract against CCly-induced oxidative stress.

2. Materials and methods

2.1. Experimental animals

Adult Wister male albino rats weighing 200-250 g (68 weeks old) were purchased
from the Biotério Central da Universidade de Santa Maria (UFSM), Rio Grande do Sul,
Brazil. The animals were kept at 21-22 °C and fed with regular diet and controlled under 12h
light-dark period and 60% air humidity. The animal study and handling protocols were
approved by the Ethics Committee for the Scientific Research at the UFSM (permit number:
8413040618).

2.2. Collection of plant material and preparation of plant extract

The leaves were collected from its natural habitat in Santa Cruz do Sul, Rio Grande do
Sul state, Brazil (29S 44°47.57/52W 21°24.2”), in October 2017, authenticated by a certified
botanist (Dr. Renato Aquino Zachia) and deposited (voucher 17.753) at the Herbarium of the
Universidade Federal de Santa Maria (UFSM).
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Dried plants were ground to small pieces and then pulverized. The extraction process
was performed using a previous method (Strzemski et al., 2017). The hydroalcoholic extract
of P. peruviana was prepared in 70% ethanol (1/10 weight/ volume ratio) by ultrasonic bath
for 30 minutes at room temperature and its residue extracted again. After that, it was
concentrated on a rotary evaporator under reduced pressure at 40 °C, lyophilized and stored

under refrigeration at 8 °C.

2.3. Induction of hepatic injury

The hepatic injury was induced according to the method of (Carbonari et al., 2006),
with minor modifications. Briefly, all mice except for the normal group were intraperitoneally
injected with CCl, inducer (0.5 mL/kg of CCly: corn oil = 1:1, v/v) on the 14™ day, and then
all mice were fasted, but allowed to drink water. The mice were euthanasia after fasting for

24h.

2.4. Experimental design

The experimental animals were randomly divided into the five groups (n = 6). First
group was control animals without inducing hepatic injury and was used to measure the
physiologic concentrations of various biomarkers (liver enzymes). The second group was
induced with CCly and was undergone no treatment. The third, fourth and fifth groups were
induced with CCly and treated with silymarin (100 mg/kg), P. peruviana extract 50 mg / kg
and 100 mg / kg.

2.5. Collection of blood and separation of serum specimens

At the end of treatment period, all the experimental animals were sacrificed and their
blood samples (5 mL) were collected from the heart. The serum samples were separated from
the blood samples by centrifugation at 1 500 r/min for 10 min. The serum samples were then

stored at —60 °C until further biochemical analyses.

2.6. Biochemical assays

Levels of glucose, total cholesterol, triglyceride, alanine aminotransferase (ALT),

aspartate aminotransferase (AST), alkaline phosphatase (FA), albumin, urea and creatinine
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were performed using commercial kit (Bioclin®) with animal serum samples and according to
manufacturer's instructions. Samples were processed in an automatic biochemical analyzer

(Mindray BS-120®).

2.7. Determination of antioxidant defense

Adenosine deaminase (ADA) activity was measured in serum and homogenized liver
samples using the method described by (Giusti and Gakis, 1971). The methodology is based
on the direct measurement of ammonia produced once the enzyme acts in presence of ADO.
A volume of 25 mL of serum or liver homogenate was used. The enzymatic reaction was
started by addition of 500 mL of adenosine (21 mM) as substrate. The reaction was stopped
by adding 1.5 mL of 106/0.16 mM phenol sodium nitroprusside solution to the reaction
mixture, which was immediately mixed with 1.5 mL of 125/11 mM alkaline hypochlorite
solution. Ammonium sulfate of 75 mM was used as ammonium standard. All experiments
were performed in triplicate and the values of ADA activity serum and liver homogenized

were expressed in U/L/mg of protein.

2.8 Histopathological examination

Liver fragments were dissected and fixed in 10% neutral-buffered formalin. After
fixation, the samples were trimmed, routinely processed and embedded in paraffin wax.
Tissue sections (3—5 um) were prepared and routinely stained with hematoxylin and eosin
(H&E). Histological sections were viewed under a light microscope (Olympus BX31). Each

case was classified in a specific grade according to the degree of the injuries observed (Table

).



Table 1
Pathological grading of

44

liver injury.

Grade

Liver injury

Unremarkable.

Scarce microvacuoles are present in the cytoplasm of hepatocytes (microvacuolar
degeneration) from centrolobular areas, only detected in a high power field (40x).
Necrosis is not observed.

In addition to the microvacuoles described for grade 1, occasional hepatocytes from
centrolobular areas are distended with macrovacuoles (microvacuolar
degeneration). These lesions can be detected on a lower magnification (20x),
although discreet. Occasional individual hepatocellular necrosis is observed in the
centrolobular areas.

In addition to the microvacuoles described for grade 1, hepatocytes distended with
cytoplasmic macrovacuoles are common in the centrolobular area. The lesion is
readily visible on low magnification (20x and 40x). Occasional individual
hepatocellular necrosis is observed in the centrolobular areas. Mild neutrophil and
mononuclear cell infiltration is occasionally seen in the affected areas.

The micro and macrovacular degeneration observed in grade 3 is seen here.
Additionally, hepatocellular necrosis and neutrophilic and mononuclear cell
infiltration are moderate to severe in centrolobular areas. Necrosis is frequently
coalescent, affecting small groups of hepatocytes. There is also increased number of
circulating leucocytes within the lumen of the centrolobular vein.

Reference: author.

2.9. Statistical analysis

All data were expressed as mean = SEM (n = 6). Statistical analysis was performed at

p < 0.05 between groups by one-way analysis of variance (ANOVA) followed by Tukey’s

multiple comparison test using SPSS statistical program, version 23.0 (IBM, Armonk, NY,

USA).

3. Results

3.1. Effect of P. peruviana on CCls-induced hepatotoxicity

The hepatoprotective efficacy of Plinia peruviana extract was determined by

evaluating the levels of ALT, AST, FA, GGT and TP in the serum samples of all

experimental animals, b

esides cholesterol, triglyceride, albumin, glucose, urea and creatinine.
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As shown in Table 2, the results indicated that ingestion of CCls in Wistar albino rats
caused an increase in the levels of ALT in the serum specimen compared to the untreated
group. The decrease in the levels of ALT and FA were more pronounced in animals
administered with 50 mg/kg. It was also observed that the hepatoprotective activity of Plinia
peruviana particularly at a dose of 50 mg / kg was comparable to sylimarin (a strong
hepatoprotective agent). The decrease in the level of GGT was also observed. Results also
indicated that ingestion at a dose of 50 mg / kg caused a significant (P < 0.05) increase in the

levels of TP and glucose.

Table 2

Effect of P. peruviana extract on liver enzymes, metabolism and serum lipoproteins.

Tested groups Control CCL, CCLat CCL, + 50mg CCLt
Sylimarin 100mg
ALT (UI/L) 35.83+4.535  70.50+74.40 47.33+£25.28 46.16+£19.25 69.16+46.67
AST (UI/L) 101.50+18.28 249.16+£236.84  208.00+85.24 271.16£152.39 382.50+270.14
FA (UI/L) 105.16£17.16  105.50+47.89 104.33+28.66 83.50+25.11 116.16+44.01
TP (g/dL) 6.50+0.37 4.66+1.49 4.83+1.39 4.00+1.42" 4.81£1.50
Cholesterol (mg/dL) 60.00£6.06 41.00+13.20 39.66+10.53* 45.83+20.49 45.33+4.03
Triglycerides (mg/dL) 62.16+15.45  42.50+17.40 43.66+7.99 44.00+£12.94 39.66+10.26
Albumin (g/dL) 2.80+0.08 2.11+.57 2.33+.59 2.13+.66 2.30+.33
Creatinine (mg/dL) 0.58+0.04 0.51+.09 0.56+.15 0.50+.10 0.58+.07
Ureia (mg/dL) 43.66+5.53 43.00+7.34 42.83+£7.13 39.16+5.38 51.00+18.22
GGT (U/L) 3.00£1.89 1.66+1.36 2.33+1.96 1.83+.98 3.33+1.63
Glucose (mg/dL) 216.33425.91 164.00+£26.50 166.16+30.04 128.16+30.63" 135.33+49.42"

Values presented are the means + standard deviation (N = 6/group). A *P < 0.05 represents significant difference
between untreated and CCly-sylimarin treated group. A “P < 0.05 represents significant difference between
untreated group and P. peruviana 50mg and P. peruviana 100mg groups.

3.2. ADA activity in serum and liver homogenized

The hepatoprotective activity of P. peruviana was also evaluated by measuring its

antioxidant activity by determining the levels of ADA in the serum of all experimental
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animals (Fig. 1). Compared to the control group, the induced group showed a 63.815%
increase in hepatic ADA activity. Serum ADA analyzes showed no significant difference
(Fig. 1A).

Comparing the induced group with the silymarin treatment group, no statistical
reduction in hepatic ADA activity was observed. On the other hand, in the homogenized liver,
the P. peruviana 50mg and 100mg treatment groups were able to reduce hepatic ADA activity
by 15.26% and 22.99%, respectively (Fig. 1B). The enzyme ADA is considered an
inflammatory marker (Kishimoto et al., 2019). Therefore, the reduction found in groups
treated with Plinia peruviana may indicate a lower inflammatory process. ADA converts the
adenosine (anti-inflammatory) nucleoside to inosine. Interestingly, these changes in ADA

may rely on to other changes, such as the direct effect of extract components on enzyme

action.
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Fig. 1. ADA activity in serum (Fig. 1A) and liver homogenate (Fig. 1B). Enzymatic activities are expressed as
U/L/mg protein. Columns represent mean + SEM (n = 6). Different letters in the same graph denote significance
P <0.05 by two way ANOVA followed by Tukey's post-hoc test.

3.3 Histopathological Assessment of the Liver

Histologically the liver of the control group rats shows no morphological changes. In
contrast, administration of CCly resulted in a hepatocellular lesion in the centrolobular region,
represented by vacuolar degeneration, hepatocellular individual necrosis, and inflammatory
infiltrate (Fig. 2a, b, ¢, d). Animals isolated with the silymarin hepatoprotective pattern
change lighter (Fig. 2e, f, g, h), although this result was not statistically significant. Similarly,
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50 mg/kg of extract as well as silymarin were able to decrease CCly-induced necrosis signs

(Fig. 2g).
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Fig. 2. Histological examination of liver sections of different classified according to the type of damage. Healthy
control liver sections show the architecture of normal hepatocytes, while treatment with CCly resulted in
damaged cells showing injury (a), degeneration (b), necrosis (c), and inflammation (d). The bars represent the
mean = SEM of the histopathological scores of lesion (e), degeneration (f), necrosis (g) and inflammation (h) *:
significantly different compared to CCI4 or control group, p <0.05. Significance was calculated using the
Kruskal-Wallis test followed by Dunn's post hoc multiple comparison test.
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4. Discussion

The use of CCly in rats is a most commonly used experimental model of liver tissue
damage to evaluate the hepatoprotective activity of plant extracts, since the pathological
lesions induced by this substance resemble the symptoms of human liver disease (Ren et al.,
2019; Chao et al., 2019). Its metabolism occurs in the liver by cytochrome Pys¢, resulting in
free radical production and lipoperoxidation stimulation, which induces a process of necrosis,

inflammation, triggering fibrosis and, in the long term, cirrhosis (Badr et al., 2019).

AST and ALT are enzymes present in liver cells (hepatocytes) and released into the
blood as a result of various types of liver damage. Elevation of these enzymes is the most
commonly encountered abnormality in liver testing, and is therefore a useful marker for

diagnosis and monitoring of liver disease (Tian et al., 2012).

In the present study, administration of Plinia peruviana extract (50 mg / kg) for 14
days was shown to reduce serum ALT levels in rats and to decrease FA, GGT and glucose
levels compared to the CCly-induced group. Plinia peruviana leaf extract has among its main
constituents the gallic acid, catechin, epicatechin and rutin polyphenols, which may be

associated with the results found in our study (Chielle et al., 2006; Yin et al., 2019).

In addition, the enzyme ADA is produced and released by lymphocytes and
macrophages during cellular immune response, being a biomarker of inflammation or
infectious disease (Kishimoto et al., 2019). Our findings regarding ADA were similar to the
silymarin pattern, which prevented an increased activity of this enzyme, corroborating the

histopathological findings, where the extract prevented CCls-induced necrosis.

Another important aspect was the decreased cholesterol levels found in the sera of rats
treated with the extracts, with rutin associated with the hypolipidemic property exhibited by
this polyphenol (Yin et al., 2019). Gallic acid and catechin may be related to an improvement

in liver injury through inhibition of oxidative stress (Pan et al., 2018).

We observed a pronounced decrease in glucose in the groups treated with the extract
(table 2). Previous studies report that polyphenols have a hypoglycemic effect by decreasing
intestinal carbohydrate absorption, modulating enzymes involved in glucose metabolism,
improving B cell function and insulin action, stimulating insulin secretion and the antioxidant

and anti-inflammatory properties of these compounds (Bahadoran; Mirmiran; Azizi, 2013).
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5. Conclusions

In conclusion, Plinia peruviana leaves improved CCls-induced hepatotoxicity in rats.
The beneficial effects are suggested by a restoration of biochemical markers and antioxidant
enzymes. We suggest that the mechanism of hepatoprotection may be attributed to the
presence of polyphenols. However, further studies on main active ingredients of the extract,
their mechanism of action, and other therapeutic contribution of these interventions would be

necessary.
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5 DISCUSSAO GERAL

A utilizagdo das plantas para prevencao, tratamento e cura de doencgas ¢ uma das
praticas mais antigas da humanidade, sendo muitas vezes a unica forma de acesso aos
cuidados da satide. Com base neste conhecimento popular, observa-se uma evolucao nas
pesquisas cientificas, onde os estudos quimicos e bioldgicos comprovam o seu uso medicinal
(SHEDOEVA et al., 2019).

Os resultados deste trabalho, apresentados na forma de um artigo € um manuscrito,
representam uma investigagdo, até entdo inédita, realizada com as folhas da espécie Plinia
peruviana, tendo em vista a sua utilizacdo na medicina popular para diversos usos, como
tosse, diarreia e asma.

As folhas foram avaliadas, primeiramente, quanto a presenca de polifenois, além da
atividade antioxidante in vitro e a atividade antiproliferativa frente as linhagens tumorais de
cancer de mama (MCF-7) e cancer cervical (HeLa). Os polifenois totais e os flavonoides
totais encontrados no extrato hidroalcoodlico foram 944 + 0.0856 mg EAG / g e 531.8 +
0.0040 mg ER / g, respectivamente. O valor dos flavonoides totais encontrados nas folhas foi
superior ao relatado para os frutos da mesma espécie (LEITE-LEGATTI et al., 2012). Os
polifenois identificados foram o 4cido gélico, catequina, epicatequina e a rutina, sendo a
epicatequina o composto majoritario.

Diversos métodos podem ser utilizados para se verificar a atividade antioxidante das
plantas medicinais. Em nosso estudo utilizamos o ORAC, pois apresenta como vantagem
determinar a capacidade antioxidante usando a absorbancia, que ¢ o uso da fluorescéncia
como medida de dano oxidativo, ocorrendo uma menor interferéncia dos compostos coloridos
presentes nas amostras (LIMA, 2008). Observamos em nossos experimentos o valor de
1941.1 £ 717.65 uM ET/g de extrato. Leite-Legatti e colaboradores (2012) avaliaram a
atividade antioxidante do extrato seco liofilizado de casca de Jabuticaba e o fruto frescas
obtendo valores superior e inferior (5230,4 uM ET / g 1511 uM ET / g) respectivamente.

Tendo em vista o potencial antioxidante das folhas de P. peruviana, avaliamos sua
capacidade antiproliferativa. Apdés 24 h de tratamento, o extrato foi mais eficaz para a
linhagem HeLa, apresentando um ICsy de 263,88 png / mL. Estudos anteriores utilizaram as
sementes desta espécie para a linhagem de cancer de boca (HSC-3) (WANG et al. 2014), os
frutos da jabuticaba contra a linhagem leucémica (K-562) e cancer de prostata (PC-3)

(LEITE-LEGATTT et al. 2012). Alguns compostos flavonoides extraidos desta espécie com
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efeitos antiproliferativos contra as linhas celulares do colon (HT29 e HCTI116)
(REYNERTSON et al., 2006).

Estudos biolédgicos anteriores demonstraram efeito positivo em diabetes induzida em
ratos utilizando extrato da casca da jabuticaba (ALEZANDRO et al., 2013), além de efeitos
hipolipemiantes (ARAUJO et al., 2013). Ja os polifendis mostraram aumentar a atividade
antioxidante sérica e diminuir os niveis de insulina (PLAZA et al., 2016).

Ap0s ter sido caracterizada a promissora atividade antioxidante do extrato pelo ensaio
do ORAC, procurou-se avaliar a possivel correlacdo entre esse efeito e a atividade
hepatoprotetora em modelo animal, através da metodologia de hepatotoxicidade induzida por
CCly. O dano hepatico causado por essa substancia pode ser mensurado através da avaliagdo
de indicadores séricos da fun¢do hepatica, como ALT, AST, FA, entre outros (TAHMASEBI
et al., 2018).

O CCly tem sido utilizado para estudar danos no figado induzidos por radicais livres
em camundongos, porque a lesdo hepatica causada por esse composto ¢ bastante analoga a sua
hepatotoxicidade em humanos (KVIECINSKI et al., 2011). Nosso estudo demonstrou um
aumento nestas enzimas hepaticas, nos ratos tratados com CCly, demonstrando que ocorreu o
dano apos a inducao, corroborando com os relatados na literatura (ELMOTASEM, FARAG,
SALAMA, 2018; NWIDU et al., 2018). Verificou-se que o pré-tratamento com silimarina e
com o extrato de P. peruviana (50 mg / kg — 14 dias) foi eficaz na diminui¢do destas enzimas,
mas estes resultados ndo foram estatisticamente significativos (Tabela 2, manuscrito 2).
Resultados significativos foram obtidos com a enzima ADA, onde P. peruviana (50 mg / kg)
impediu o aumento da atividade desta, corroborando também com os achados
histopatologicos, onde observou-se uma diminuicdo da necrose nos animais tratados com P.
peruviana (50 mg / kg), bem como com o padrao silimarina.

Tomados em conjunto, os dados acima citados estdo de acordo com os relatados na
literatura para algumas plantas medicinais. Seus efeitos protetores contra danos oxidativos
induzidos por CCly estdo relacionados com a presenca de polifenois, sendo seu mecanismo de
acao mediados pela redugdo do estresse oxidativo no tecido hepatico (KO, CHEN, NG, 2011;
KVIECINSKI et al., 2011).
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6 CONCLUSAO

- O teor de polifendis das folhas de P. peruviana foi superior ao relatado para os frutos da

mesma espécie, ja o teor de flavonoides foi inferior;

- Quimicamente, o extrato de P. peruviana apresentou os polifenois acido galico, catequina,

epicatequina e rutina, através de CLAE-DAD;

- O extrato das folhas de P. peruviana apresentou alta capacidade antioxidante, determinada

através do ensaio de ORAC;

- O efeito antiproliferativo pelo tratamento do extrato de P. peruviana em culturas de células
de cancer de mama (MCF-7) e cancer cervical (HeLa) apresentou um ICsy de 462.77 ¢ 263.88

ug / mL, respectivamente;

- A atividade hepatoprotetora em modelo experimental in vivo, através da indugdo de dano
hepatico com tetracloreto de carbono (CCly) pode ser verificada através da histopatologia com
uma diminuicao da necrose, na dosagem de 50 mg / kg, além de uma diminui¢do da enzima

ADA e dos marcadores ALT e FA.

- Este estudo € o primeiro a relatar os potenciais biologicos dessa espécie.
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ANEXO A — Carta de aprovacao da pesquisa no CEUA - UFSM.

ANEXO B — Comprovante de submissdao do manuscrito “Effects of Plinia peruviana leaves
against carbon tetrachloride-induced hepatotoxicity in vivo”.
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CERTIFICADO

Certificamos que a proposta intitulada "POTENCIAL ANTIPROLIFERATIVO EM MODELO C6 DE GLIOBLASTOMA E HEPATOPROTETOR IN
VIVO DQ EXTRATO DAS FOLHAS DE Plinia peruviana (POIR.) GOVAERTS ", protocolada seb o CEUA n2 8413040618, sob a
responsabilidade de Melania Palermo Manfron e equipe; Greice Graziela Moraes; Daniela Bitencourt Rosa Leal; Pedro Henrigue
Doleski - que envolve a producdo, manutencgdo efou utilizacdo de animais pertencentes ao filo Chordata, subfilo Vertebrata (exceto
o homem), para fins de pesquisa cientifica ou ensino - estd de acordo com os preceitos da Lei 11.794 de 8 de outubro de 2008, com
0 Decreto 6.899 de 15 de julho de 2009, bem como com as normas editadas pelo Conselho Nacional de Controle da
Experimentacao Animal (CONCEA), e foi aprovada pela Comissdo de Etica no Uso de Animais da Universidade Federal de Santa
Maria (CEUA/UFSM) na reunido de 18/10/2018.

We certify that the proposal "ANTIPROLIFERATIVE POTENTIAL IN C6 MODEL OF GLIOELASTOMA AND IN VIVO HEPATOPROTETOR OF
EXTRACT OF LEAVES OF PLIA PERUVIANA (POIR.) GOVAERTS", utilizing 54 Heterogenics rats (54 males), protocol number CEUA
8413040618, under the responsibility of Melédnia Palermo Manfron and team; Greice Graziela Moraes; Daniela Bitencourt Rosa
Leal; Pedro Henriqgue Doleski - which involves the production, maintenance andfor use of animals belonging to the phylum
Chordata, subphylum Vertebrata (except human beings), for scientific research purposes or teaching - is in accordance with Law
11.794 of October 8, 2008, Decree 6899 of July 15, 2009, as well as with the rules issued by the National Council for Control of
Animal Experimentation (CONCEA), and was approved by the Ethic Committee on Animal Use of the Federal University of Santa
Maria (CEUA/UFSM) in the meeting of 10/18/2018.

Finalidade da Proposta: Pesquisa (Académica)
Vigéncia da Proposta: de 06/2018 a 06/2019 Area: Farmécia Industrial
Origem: Biotério Central UFSM

Espécie: Ratos heterogénicos sexo: Machos idade: 6 a8 semanas N: 54
Linhagem: Wistar Peso:  250a320¢g

Resumo: Plinia peruviana (Poir.) Govaerts é uma arvore de porte médio com frutos comestiveis, que cresce até 12 m de altura.
Ocorre do estado do Para ao Rio Grande do Sul no Brasil. A triagem fitoquimica dos frutos desta espécie foi relatada anteriormente,
com predominio de antocianinas, flavonoides e taninos. Estudos farmacolégicos indicam que os frutos P. peruviana apresentam
algumas atividades biolégicas como anti-inflamatéria, antiproliferativa, antibacteriana e antidiarreica. No entanto, estudos a
respeito das propriedades antiproliferativas e atividade hepatoprotetora desta espécie vegetal ainda sao escassos na literatura.
Atualmente, a quimioterapia € o tratamento utilizado para o cancer. No entanto, ela apresenta o desenvolvimento de
quimiorresisténcia e toxicidade para as células normais. Estas substéncias ndo podem ser usadas para a prevengao do cancer e
ainda apresentam efeitos secundéarios e complicacdes graves (fadiga, dor, diarreia, nduseas, vdmitos e perda de cabelo). Portanto,
ha uma grande necessidade de terapias mais eficazes. Neste mesmo sentido, o figado é um importante érgdo para desintoxicagao
e metabolismo de xenobidticos, suscetivel a vérias formas de lesdo, que podem resultar em distlrbios hepéaticos diferentes. Esta
enfermidade crénica é considerada um grave problema de saldde plblica que pode ser causados por substancias quimicas téxicas,
drogas e infiltracdo de virus por ingestédo ou infeccéo. O tetracloreto de carbono (CCl4) é uma toxina potente, e modelos animais
envolvendo lesdo hepética induzida por CCl4 tém side amplamente utilizados para investigar o potencial dos bioativos em relacao a
hepatoprotecdo. Até o momento, os medicamentos disponiveis para tratamento da leséo hepética séo limitados e alguns deles tém
efeitos colaterais graves. Assim, novas abordagens terapéuticas com atividade confidvel e menor toxicidade sdo necesséarias para
ambas patologias. Neste contexto, o presente trabalho tem como objetivo comprovar a a¢do antiproliferativa em modelo C6 de
glioblastoma e hepatoprotetora in vivo do extrato das folhas de Plinia peruviana (Poir.) Govaerts (Myrtaceae).

Local do experimento: Serdo utilizados no experimento ratos Wistar machos adultos jovens, com idade de & semanas, pesando
aproximadamente 250 a 320 g, provenientes do Biotério Central da Universidade Federal de Santa Maria (UFSM). Os animais serdo
mantidos secos, limpos, livres de ruidos excessivos e dentro de uma faixa de temperatura de 21-22 9C, com 60-65% de umidade
relativa do ar, com ciclo 12/12 h de claro e escuro mantido artificialmente. A forragem utilizada nas caixas dos animais sera de
maravalha de Pinus autoclavada e sua troca serd executada trés vezes por semana. Bebedouros e comedouros serdo limpos a cada
trés dias. Os ratos serdo alimentados com a racdo padrao para Rattus norvegicus utilizada pelo Biotério da Universidade (SUPRA-
LAB) e agua ad libitum. Os animais serdo mantidos no Biotério de Ratos do prédio 21 (sala 5004). Os ratos, apds ambientagéo de 7
dias, serdo distribuidos randomicamente em gaiolas coletivas de polipropileno {41 x 34 x 16 cm), contendo tubos ou canos de PVC
como meio de enriquecimento ambiental, contendo no maximo 4 rates em cada gaiola. Serdo utilizados 9 grupos de 6 animais
cada, totalizando 54 animais. O nimero de animais por grupo segue o protocolo de Constandinou e colaboradores (2005).

Avenida Roraima, 1000, Reitoria, 20 andar - CEP 97105-900 Santa Maria, RS - tel: 55 (35) 3220-9362 | fax:
Hordrio de atendimente: das B:30 4s 12h e 14h 4s 17hs : e-mail: ceua.ufsm@gmail.com
CEUA N B413040618
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CONSTANDINOU , C.; HENDERSON, N.; IREDALE, ]. P. Modeling liver fibrosis in rodents. Fibrosis Research: Methods and Protocols, v.
117, p. 237-250, 2005.
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