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ESTRUTURA DA DISSERTACAO
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(gerais e especificos), dois capitulos escritos na forma de artigos cientificos,
discussdo geral, conclusdes (geral e especificas), perspectivas e referencias

bibliograficas.
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especial a utilizacdo de Baccharis trinervis, ressaltando os metabolitos secundarios
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O capitulo | refere-se a caracterizagdo quimica e a avaliacado da atividade citotoxica,
genotoxica e mutagénica dos extratos e fracbes de B. trinervis do sul do Brasil e do

norte da Coldombia
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Coldémbia.
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RESUMO

A composicao quimica dos extratos e fracdes de B. trinervis do Brasil e da Colédmbia
foi analisada. 13 compostos foram descritos pela primeira vez em B. trinervis, 8 deles
foram identificados por HRMS-ESI-MS e 5 foram descritos por HPLC. Os compostos
identificados por HPLC encontram-se em maior concentragdo no extrato aquoso da
Colébmbia em relacdo ao extrato aquoso de Brasil, adicionalmente, a luteolina foi
identificada unicamente no extrato aquoso de Colémbia. ApOs exposicdo aos
extratos e fracbes de B. trinervis foram observados efeitos doses dependentes na
sobrevivéncia celular e indugcéo de genotoxicidade avaliados pelo teste MTT, ensaio
clonogénico e cometa alcalino respectivamente. As fracbes acetato de etila de
ambos 0s paises apresentaram maior atividade citotoxica e genotoxica quando
comparadas com as outras fracdes, sendo mais evidente na fracdo acetato de etila
de Coldmbia. Este efeito pode ser explicado pela capacidade pré-oxidante dos
compostos umbeliferona, diterpenos labdano, rutina, acido elagico, acido cafeico,
acido rosmarinico e luteolina e seu efeito sinérgico na mistura complexa da fracao. A
reducdo dos danos induzidos pelo peroxido de hidrogénio evidenciado pelo cometa
alcalino com e sem enzimas de reparo de DNA (FPG e ENDO IIlI) demonstra o efeito
antigenotoxico dos extratos e fracbes de B. trinervis do Brasil e da Colémbia. Os
extratos aquosos e as fracOes acetato de etila de ambos os paises evidenciaram
efeito protetor contra os danos oxidativos induzidos pelos peroxido de hidrogénio, por
capacidade antioxidante. Os efeitos citotdxicos, genotbxicos, antigenotdxicose
antioxidantes dos extratos e fragbes de B. trinervis do Brasil e da Colombia podem
ser explicados pela presenca de umbeliferona, diterpenos labdano, rutina, acido
elagico, acido cafeico, &cido rosmarinico e luteolina. Estes compostos podem agir

como proé-oxidantes ou antioxidantes dependendo da concentracéo.
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ABSTRACT

The chemical composition of extracts and fractions of B. trinervis from Brazil and
Colombia was analyzed. Thirteen compounds were described for the first time in B.
trinervis using two methods, by HRMS-ESI-MS were identified eight compounds and,
by HPLC five compounds. Thirteen compounds were described for the first time in B.
trinervis by HRMS-ESI-MS (eight compounds) and HPLC (five compounds). In
relation to the compounds identified by HPLC, the aqueous extract of Colombian B.
trinervis had highest concentration than the Brazilian counterpart; additionally,
Luteolin was identified only in Colombian aqueous extract. Chinese hamster ovary
(CHO) cells were treated with extracts and fractions of B. trinervis from Brazil and
Colombia. Doses dependent effects in cell survival and induction of genotoxicity were
observed in the MTT, cloning ability forming, and alkaline comet assays. Ethyl acetate
fractions from both countries had highest cytotoxic and genotoxic activity than the
other fractions; the ethyl acetate fraction of Colombian B. trinervis showed highest
cytotoxic activity. This effect can be explained by the pro-oxidant capacity of
umbelliferone, rutin, ellagic acid, caffeic acid, rosmarinic acid, luteolin, and labdane
type diterpens and their synergistic effect on fraction complex mixture.The reduction
of DNA damage induced by hydrogen peroxide was evidenced by alkaline comet
assay with and without DNA repair enzymes (FPG and ENDO IIl) evidencing the
antigenotoxic effect of extracts and fractions of B. trinervis from both countries.
Aqueous extracts and ethyl acetate fractions from both countries showed highest
protective effects against oxidative damage induced by hydrogen peroxide due to the
antioxidant capacity. Cytotoxic, genotoxic, antigenotoxic and antioxidant effects of
extracts and fractions of B. trinervis can be explained by the presence of
umbelliferone, labdane type diterpens, rutin, ellagic acid, caffeic acid, rosmarinic acid
and Luteolin. These compounds can act as antioxidants or pro-oxidant depending on

their concentrations.
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1. INTRODUCAO
1.1. Plantas Medicinais

O uso das plantas com fins terapéuticos remonta a histéria das civilizacdes
humanas, onde elas constituiram o Unico recurso medicinal até meados do século
XIX, sendo o conhecimento transmitido por geragdes, e chamado “Medicina
Tradicional” (Firmo et al .2011). A partir do século XX, o ser humano comecou a
estudar as plantas em funcao de seu uso para os mais diversos fins e se estabeleceu

paulatinamente a tendéncia de utilizacdo dos principios ativos (Elisabetsky 2003)

De acordo com a Organizacdo Mundial de Saude (OMS), planta medicinal é
definida como sendo “todo e qualquer vegetal que possui, em um ou mais 0rgaos,
substancias que podem ser utilizadas com fins terapéuticos ou que sejam
precursores de farmacos semissintéticos”. As plantas medicinais constituem o
principal recurso da medicina tradicional, que segundo a OMS, ainda é de amplo uso
no mundo. Dependendo do pais, a utilizacdo pode ser até de 90% da populacéo; na
América Latina, entre o 40% e 80% da populacdo usa quase que exclusivamente a

medicina tradicional (OMS 2002).

Em tempos modernos, a etnobotanica tem relacionado o estudo das
propriedades quimicas das plantas como uma importante ferramenta em
bioprospecgdo. Desta forma, numerosas pesquisas tém associado informacgdes
sobre o uso tradicional das plantas com a fitoquimica e os estudos farmacol6gicos

para o desenvolvimento de novos farmacos (Albuquerque and Hanazaki 2006)
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O intenso desenvolvimento de areas como a biologia molecular e a quimica
combinatéria desencoraja a pesquisa de produtos naturais em empresas
farmacéuticas, as quais comecaram fazer triagem na tentativa de acelerar seus
resultados em relacdo a multiplicidade de novos farmacos (Tsao 2010). A area de
produtos naturais € a responsavel pela obtencdo de aproximadamente 50% de
pequenas moléculas que constituem novas entidades quimicas (NCE's) aprovadas,
considerando as categorias: a) produtos naturais propriamente ditos; b) derivados de
produtos naturais, produtos sintéticos cujo farmacéforo foi desenvolvido a partir de

um produto natural; e c) produtos sintéticos (Newman et al. 2003).

As plantas sdo capazes de produzir, acumular e transformar inameras
substancias nao necessariamente relacionadas diretamente a manutencdo da sua
vida. Nesse grupo, encontram-se substancias cuja producdo e acumulacdo estdo
restritas a um ndmero limitado de organismos, com bioquimica e metabolismo
especificos, caracterizando-se como elementos de diferenciacdo e especializacéo.
Estes produtos, conhecidos como metabdlitos secundarios, ndo sao
necessariamente essenciais para o organismo produtor, mas garantem vantagens
para sua sobrevivéncia e para a perpetuacdo de sua espécie em seu ecossistema
(Simdes and Schenkel 2002).

Os metabdlitos secundarios estdo envolvidos nos mecanismos que permitem
a adequacdo da planta ao seu meio, como defesa contra herbivoros e
microrganismos, protecdo contra radiacdo ultravioleta (UV), a atracdo de

polinizadores ou animais dispersores de sementes, e protecdo contra influéncias
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externas como temperatura e umidade, além de suprir a deficiéncia de nutrientes
minerais. Assim, os metabdlitos secundérios, por serem fatores de interacdo entre
organismos, frequentemente, apresentam atividades biologicas interessantes e
muitos sdo de importancia comercial nas areas farmacéuticas, alimentar, agronémica
e da perfumaria (Crozier et al. 2006).

Baseada na origem biosintética, os metabdlitos secundarios das plantas
podem ser divididos em trés grandes grupos: 1) terpenos, 2) alcaloides e 3)

compostos fendlicos (Fig. 1).

GLICOSE

[ |
Acido chiquimico Acetil-CoA

= =

Triptofano Acido galico

Condensacao

Ciclodo

Fenilalanina/Tirosina ‘

acido citrico Via
; : ; o | t
Alcaloides Taninos hidrolisaveis mevalonato
Acidos graxos
Acetogenina
; - s Flavondides
Alcaloides Acido cindmico Antraquinonas Alcaloides Isoprenoides

Taninos condensados

Fenilpropanoides

Terpenoides e
esterois

Lignanas, ligninas
e cumarinas

Figura 1. Rotas Biosintéticas dos metabdlitos secundarios. Adaptado de Simdes et al. (2010).

1.1.1. Terpenoides
Este grupo de compostos ocorre abundantemente nas plantas e apresentam
multiplas  fungbes. Essencialmente, derivam-se do isopreno (Fig. 2),

biossinteticamente, como isopentenil pirofosfato, que se deriva da via do &cido
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mevalonico. Os terpenos podem ser classificados em monoterpenos (Cip),
sesquiterpenos (Cis), diterpenos (Cy) e esteroides (Czg). Mono e sesquiterpenos séo
0s principais componentes dos 6leos volateis, dentre os triterpenos e esteroides
encontram-se as saponinas, esteroides e esterdis. Os terpenoides sdo componentes
de balsamos, resinas, ceras e borrachas, dentro das suas funcbes destaca-se a

atividade repelente a insetos fil6fagos (Abad and Bermejo 2007).

Figura 2. Estrutura do Isopreno

Nas plantas, os terpenoides atraem aos polinizadores e estdo envolvidos na
defesa contra a herbivoria e a agentes patdgenos (Cheng et al. 2007). Além disto,
estes compostos apresentaram efeitos antibacteriano, diuréticos e espasmolitico
(Bach 2010).

1.1.2. Alcaloides

Os alcaloides sao um grupo diverso de metabdlitos secundarios (Fig. 3),
constituido por aproximadamente 20.000 compostos isolados e identificados. Os
representantes deste grupo Sao compostos naturais que contém um nitrogénio
organico, com excecao de aminoacidos, peptideos, purinas, aminoglicosideos e
antibioticos; geralmente, o atomo de nitrogénio faz parte de um anel heterociclico. A
biossintese dos alcaloides ocorre principalmente a partir de aminoacidos, embora

alguns podem ser derivados de purinas (Wansi et al. 2010).
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(0] PHS
N

N >
/

CHs;

MeO

Morfina Estricnina Quinina Cafeina

Figura 3. Exemplos de alcaloides. Adaptado de O’Connor, 2010.

A funcdo dos alcaloides nas plantas ndo tem sido elucidada totalmente.
Acredita-se que sdo usados pelas plantas em mecanismos de defesa e interacoes
com o ecossistema. Entre os alcaloides com importancia industrial, cita-se a cafeina
e a nicotina, e com valor farmacolégico a morfina e a quinina, além destes, a

cocaina, a heroina e a escopolamina apresentam interesse social (O"Connor 2010).

1.1.3. Compostos fendlicos
Sao moléculas que possuem pelo menos uma unidade de fenol. Existem
como constituintes comuns das plantas; classificam-se com base no numero e
organizacdo dos seus atomos de carbono (Tabela 1) e podem estar ligados a
acucares e a acidos organicos; classificam-se em flavonoides e né&o-flavonoides
(Singh et al. 2008)

Tabela 1. Classificacdo dos compostos fendlicos. Adaptado de Singh et al. (2008).
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COMPOSTOS FENOLICOS

FLAVONOIDES

NAO FLAVONOIDES

. .{"
1. Antocianinas

Exemplos: Cianidinas, Malvidina.
Fontes: Uvas, vinho tinto, bagas

2. Flavonois [ 1

Exemplos: Qercitina, kaempferol
Fontes: Tomate, brdcolis, maca.

Acidos fenélicos

1. Derivados do acido benzoico
Exemplos: Ac. cafeico, 4c. coumarico
Fontes: Morango, framboesa

2. Derivados do acido cindmico
Exemplos: Kiwi, batata, café, pera.

- HO
o 5
“WJ ' ‘ ' m% . .
. Exemplos: Apigenina, Luteolina o 1. Acidos fendlicos
3. Flavonas ** ° Fontes: Aipo, salsa, tomilho
'“\[:K)’C(m Exemplos: Naringenina, hespertina Exemplos: o onon
& Ewononas ™ Fontes: Frutas citricas Matairesinol no po
' Fontes: Cenoura,
B i Exemplos: Daidzeina, genisteina pera, lentilha Y, ~ocw,
o iSoiavsil Y " Fontes: Legumes, soya 2. Lignanas

o
6.Flavonoides monomeéricos e
poliméricos

Exemplos: Catequinas, epicatequina
Fontes: Cha preto e verde, chocolate,
uva, maca

7. Proantociadinas

Fontes: Chocolate, uvas, vinho tinto,
bagas, macas

| E O :
Exemplos: o'

Resveratrol
Fontes: Uvas,
amendoi,

granadilha 3. Estilbenos

Os compostos fendlicos possuem grande capacidade antioxidante, que se

complementam as fun¢des das vitaminas e enzimas, como defesa contra o estresse

oxidativo causado pelo excesso de espécies reativas de oxigénio (ERO) (Tsao 2010).

1.1.3.1. Flavonoides

Constituem o principal grupo dentro dos compostos fendélicos e apresentam

como estrutura basica C6-C3-C6 (Fig. 4), onde uma ponte de trés carbonos e um

oxigénio (anel C) liga dois anéis de natureza fendlica, nomeados como A e B (dos
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Santos et al. 2011). Encontram-se distribuidos em grandes concentracdes
principalmente na epiderme das folhas e na casca das frutas. Os flavonoides estéo
envolvidos em numerosos mecanismos nas plantas, como a protecdo ante a
radiacdo ultravioleta UV, pigmentacdo, estimulacdo dos nodos fixadores de
nitrogénio e protecdo contra virus, bactérias, fungos e insetos e propriedades

organolépticas de frutas e os seus derivados (Koyama et al. 2012).

Figura 4. Estrutura basica dos flavonoides.

As principais subclasses (Tabela. 1) séo as flavonas, flavonéis, flavon-3-ois,
isoflavonas, flavononas e antocianinas. Outros grupos menos comuns de flavonoides
sao dihidroflavonois, flavon-3,4-dios, cumarinas, chalconas, dihidrochalconas e
auronas. A estrutura basica pode possuir numerosos substituintes, sendo 0s grupos
hidroxilas os mais comuns e que presentam-se nas posi¢cdes 4°, 5 e 7. A maioria
destes compostos existe em forma glicosilada, sendo que os grupos hidroxilo e
acucares incrementam a solubilidade em agua. Grupos metil e isopentil e outros

substituintes déo carater lipofilico aos flavonoides (Tsao 2010).
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Estes compostos apresentam atividade antioxidante, podendo ativar enzimas
antioxidantes, agir na quelagdo de metais, inibir oxidases, incrementar as
propriedades antioxidantes de outros compostos. Além disso, os flavonoides exibem
multiplos efeitos bioldégicos como antiviral, antimicrobiano, antitumoral, anti-
inflamatério, vasodilatador, pelos quais tem desencadeado a sua importancia

farmacoldgica (Prochazkova et al. 2011).

1.1.3.2. Nao flavonoides

1.1.3.2.1. Acidos fendlicos

S&o0 compostos que presentam pelo menos um grupo carboxila e um grupo fenol,
sendo derivados do &cido benzoico ou do &cido cindmico (Tabela. 1) e possuindo
como esqueletos bases estruturais C1-C6 e C3-C6 respectivamente. Encontra-se em
maior propor¢cdo em frutas, vegetais, grdos e sementes (Garcia and Carril 2009).
Estes compostos possuem propriedades antioxidantes, anti-inflamatérias,
antipiréticas, e agem como sustancias protetoras. Cita-se dentre derivados do acido
benzoico o &cido salicilico e o &cido galico, dentre os derivados do acido cindmico o
acido caféico e o &cido p-cumarico. Por outro lado, acido géalico e o &cido elagico

estdo envolvidos na sintese dos taninos hidrolisaveis (Simdes 2010).
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1.1.3.2.2. Ligninas
As ligninas (Tabela 1) sdo compostos fendlicos bioativos ndo cal6ricos e néo
nutritivos. Encontram-se em altas concentracées em sementes de linho e gergelim e

em menores concentragcdes em outras sementes, frutas e vegetais (Tsao 2010).

Principalmente, sdo derivados dos acidos hidroxinamicos, podem se encontrar de
forma livre ou ligada a acgUcares, o pinoresinol, secoisolariciresinol, e seringaresinol

sdo exemplos deles (Peterson et al. 2010).

1.1.3.2.3. Estilbenos

Os compostos deste grupo possuem como estrutura C6-C2-C6 (Tabela 1). Sdo
produzidos pelas plantas para se proteger contra ataques de fungos, bactérias e
virus. O membro mais conhecido € o resveratrol, presente na semente das uvas.
Estilbenos sdo grandemente usados na fabricacdo do vinho como agentes

antifangicos (Crozier et al. 2006).

1.2. Familia Asteraceae e 0 género Baccharis

A familia Asteraceae, também conhecida como Compositae ou Compostas, é
0 grupo sistemético mais numeroso e uma das familias mais evoluidas dentro das
Angiospermas, compreendendo cerca de 1.100 géneros e 25.000 espécies
(Alvarenga et al. 2005). O nome Asteraceae deriva da estrutura carateristica da
inflorescéncia em capitulos florais, sendo plantas de aspecto extremamente variado,
incluindo principalmente pequenas ervas ou arbustos e raramente arvores. Cerca de

98% dos géneros sao constituidos por plantas de pequeno porte, e sédo encontradas



25

em todos os tipos de habitats, mas principalmente nas regides tropicais montanhosas

na Ameérica do Sul (Heemann et al. 2006).

Plantas dessa familia sdo extensivamente estudadas quanto a sua
composicao quimica (Hristozov et al. 2007) e a sua atividade biologica (Jurgens et al.

2010; Maggi et al. 2009).

O género Baccharis € um dos principais da familia Asteraceae, possuindo
aproximadamente 500 espécies. Em geral, sdo arbustos que crescem em média de
0,5 a 4 metros de altura, ramificados, dioicos, com caule e ramos cilindricos, afilos ou
folhoso, ou ainda mais ou menos angulosos e entdo providos de alas foliaceas. As
plantas deste género tém colonizado uma grande variedade de ambientes e constitui
um elemento importante em numerosas formagdes vegetais. Aproximadamente 90%
encontra-se na América do Sul, cinco espécies sdo endémicas da América do Norte
e 0 norte do México, 38 espécies distribuem-se no México e a area continental de
Ameérica Central e sete espécies endémicas ocorrem no oeste da India (Abad

Martinez et al. 2007).

Devido a grande quantidade de espécies do género Baccharis, observa-se
uma ampla gama de aplicagbes, por causa dos diferentes produtos e compostos

obtidos, como exemplo, pode-se citar a propolis e os 6leos volateis.

Propolis € um termo genérico usado para descrever uma mistura resinosa

coletada por abelhas da espécie Apis melifera de diversas partes da planta como
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gemas vegetativas, gemas florais e exudados resinosos (Guimaraes et al. 2012). A
prépolis apresenta atividade antibidtica (Orsi et al. 2005), hepatoprotetiva (Seo et al.
2003), anti-inflamatdria (Paulino et al. 2008), cicatrizante (De Funari et al. 2007),
anestésica, antiviral (Bufalo et al. 2009), antioxidante (Kumazawa et al. 2004),

antiparasitaria (Freitas et al. 2006).

Os oleos volateis ou esséncias sdo misturas complexas geralmente de
compostos oxigenados ou hidrocarbonados, obtidas a partir de plantas, constituidos
por substancias volateis, lipofilicas, odoriferas e liquidas (Simdes and Spitzer 2003).
Para o vegetal, a funcdo biologica destes metabdlitos secundarios consiste em inibir
a germinacdo, proteger contra predadores, atrair polinizadores e controlar a
temperatura (Singh et al. 2008). Os 6leos essenciais extraidos das folhas de algumas
espécies como B. dracunculifolia, B. anomala e B. genisteloides sdo usados

principalmente na industria da fragrancia (Hajhashemi et al. 2010).

1.2.1. Atividade biolégica e composicao quimica
As espécies do género Baccharis sdo consumidas principalmente na forma
de chas, com indicacdes para distarbios estomacais, hepaticos, anemias,
inflamacbes, diabetes, ulcera, febre, infeccbes gastrointestinais, sendo também
indicada como diurético, analgésico, antiespasmodico e no processo de

desintoxicacdo do organismo (Abad and Bermejo 2007).
B. megapotamica, B. trimera, B. salicifolia, B. crispa, B. coridifolia, B.
dracunculifolia, B. grisebachii e B. trinervis tém sido as espécies mais estudadas; na

tabela 2 estdo relacionadas as principais atividades farmacoldgicas das espécies de
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Baccharis, com os seus respectivos modelos de estudo. Na tabela 3 descrevem-se o
potencial citotdxico, genotoxico e mutagénico de diferentes espécies de Baccharis.
Estudos fitoquimicos de varias espécies do género Baccharis revelam a
presenca de diferentes classes fitoquimicas, tais como triterpenos, diterpenos,
sesquiterpenos taninos, saponinas e tricotecenos entre outros (Budel and Duarte
2008; de Oliveira et al. 2003; Halliwell et al. 2005; Orsi et al. 2005; Riceli et al. 2013;

Simdes et al. 2005).

Além disso, cabe destacar a frequente ocorréncia de flavonoides,
caraterizada por apresentar distintos tipos de nucleos dessa classe quimica, como

flavanonas, flavonas e flavondis (Grecco et al. 2012; Sharp et al. 2001).



Tabela 2. Atividades farmacoldgicas de diferentes espécies do género Baccharis
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Espécie Atividade Concentracéao Modelo de estudo Extrato/Fracao Referencia
B. boliviensis Alelopatica 0,4 mg/mL Trichocereus pasacana Extrato cloroférmico Cazon et al. 2002
B. coridifolia Antioxidante 141 pg/ml Figado de camundongo Extrato agquoso Mongelli et al. 1997
B. dracunculifolia  Tripanozoidal 3,0mgmL-1  Trypanosoma cruzi Extrato bruto Silva Fillho et al. 2004
B. dracunculifolia  Antimicrobiano 30 ul/placa Proteus sp. Oleo essencial Gelinski et al. 2007
B. dracunculifolia  Antimicrobiano 30 ul/placa Staphylococcus sp. Oleo essencial Gelinski et al. 2007
B. dracunculifolia Antimicrobiano 30 ul/placa Escherichia coli Oleo essencial Gelinski et al. 2007
B. dracunculifolia  Antimicrobiano 30 ul/placa Listeria monocytogenes Oleo essencial Gelinski et al. 2007
B. dracunculifolia  Antimicrobiano  25% Escherichia coli Fracao polar Pires de Abreu & Onofre 2010
B. dracunculifolia  Antimicrobiano 6,25 % Staphylococcus aureus Fracéo polar Pires de Abreu & Onofre 2010
B. dracunculifolia  Antimicrobiano  25% Staphylococcus aureus Fragéo apolar Pires de Abreu & Onofre 2010
B. erioclada DC. Anti HSV1 2.5 mg/ml Células Vero Extrato aquoso Montanha et al. 2004
B. erioclada DC.  Anti HSV1 1 mg/ml Células Vero Extrato hidroetanolico Montanha et al. 2004
B. illinita Anti-inflamatéria 0,1 mg Camundongos Swiss Extrato bruto Boller et al. 2010
B. latifolia Antifangica 157,4 mg/ml,  Aspergillus fumigatus Oleo essencial Zapata et al. 2009
B. megapotamica Anti HSV1 0,0097 mg/ml  Células Vero Extrato hidroetanélico Montanha et al. 2004
B. trimera Antidiabético 2000 mg/kg Camundongos Swiss Fracdo aquosa Oliveira et al. 2005
B. trimera Antioxidante 92,39 ug/mL, Camundongos CF-1 Extrato aquoso Rodrigues et al. 2009
B. trimera Anti-inflamatéria 3 pg/kg Células HEK Fragéo etandlica Nogueira et al. 2011
B. trimera Antissecretéria 2 g/Kg Camundongos F1 Extrato aquoso Biondo et al. 2011
B. trinervis Antifungica 64 mg/ml Trichophyton rubrum Extrato aguoso Ocampo et al. 2006
B. trinervis Antioxidante Camundongos Extrato etandlico B. de las Heras et al. 1998
B. trinervis Anti HIV 10 pg/ml Células MT-2 Extrato aguoso Sanchez Palomino et al. 2002
B. trinervis Antimicrobiano 5,7 mg/mL Staphylococcus aureus Oleo essencial Albuquerque et al. 2004
B. trinervis Antimicrobiano  2.85 mg/mL Pseudomonas aeruginosa Oleo essencial Albuquerque et al. 2004
B. trinervis Antimicrobiano 5,7 mg/mL Escherichia coli Oleo essencial Albuquerque et al. 2004
B. trinervis Antimicrobiano 2,85 mg/mL Salmomonella chorelae-suis  Oleo essencial Albuquerque et al. 2004
B. trinervis Antifingica 5,7 mg/mL Candida albicans Oleo essencial Albuquerque et al. 2004
B. uncinella DC. Anti HSV1 2,5 mg/ml Células Vero Extrato hidroetandlico Montanha et al. 2004




Tabela 3. Atividade citotdxica, genotdxica e mutagénica de diferentes espécies do género Baccharis.
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Espécie Atividade Concentracdo Modelo de estudo Extrato/Fracéo Referencia
B. articulata Antimutagénica 1 mg/placa TA100 Extrato aquoso Rodriguez et al. 2011
B. articulata Mutagénica 15 mg/ml Allium cepa Extrato agquoso Fachinetto & Tedesco, 2009
B. coridifolia Citotoxica 4. 2 ug/mi Células KB Extrato diclorometano Mongelli et al.1997
B. dracunculifolia Antimutagénica 6 mg/Kg Camundongo Wistar Extrato acetato de etila Resende et al. 2007
B. dracunculifolia Mutagénica 100ug/mL Células CHO Extrato acetato de etila Munari et al. 2008
B. dracunculifolia Antimutagénica 12.5 p/mL Células CHO Extrato acetato de etila Munari et al. 2008
B. dracunculifolia Genotoxica 2 mg/mL Camundongos CF-1 Extrato aquoso Rodrigues et al. 2009
B. dracunculifolia Mutagénica 0.5 mg/mL Camundongos CF-1  Extrato aquoso Rodrigues et al. 2009
B. dracunculifolia Genotoxica 100 pg/mL Células CHO Extrato etandlico da prépolis  Tavares et al. 2006
B. dracunculifolia Antigenotéxica  12.5 pg/mL Células CHO Extrato etandlico da propolis  Tavares et al. 2006
B. dracunculifolia Citotoxica 400.0 yg/mL  Células V79 Extrato acetato de etila Munari et al. 2010
B. dracunculifolia Genotoxica 50.0 pg/mL Células V79 Extrato acetato de etila Munari et a.. 2009
B. dracunculifolia Antigenotéxica  12.5 ug/mL Células V79 Extrato acetato de etila Munari et al. 2009
B. dracunculifolia Antimutagénica 11.4 pg/placa TA 98 Extrato acetato de etila Resende et al. 2012
B. dracunculifolia Antimutagénica 11.4 ug/placa TA100 Extrato acetato de etila Resende et al. 2012
B. dracunculifolia Antimutagénica 11.4 pg/placa TA97a Extrato acetato de etila Resende et al. 2012
B. trimera Mutagénica 15 mg/ml Allium cepa Extrato aguoso Fachineto & Tedesco. 2009
B. trimera Antigenotéxica  3x500 mg/kg Camundongos CF-1 Extrato aquoso Rodrigues et al. 2009
B. trimera Mutagénica 3x1000 mg/kg Camundongos CF-1 Extrato aquoso Rodrigues et al. 2009
B. trimera Genotoxica 4.2 mg/kg. Camundongo SW Extrato agquoso Nogueira et al. 2011
B. trimera Citotoxica 182.6 pg/ml Camundongo SW Extrato aquoso Nogueira et a.. 2011
B. trimera Citotoxica 78.1 pg/ml Células HEK Fragéo etandlica Nogueira et a.. 2011
B. trimera Citotoxica 86.2 pg/ml Células HEK Residuo Aquoso Nogueira et al. 2011
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1.3. Espécie deste estudo: Baccharis trinervis

1.3.1. Descricdo botanica e composicao quimica

As plantas da espécie B. trinervis (Fig. 5) basicamente apresentam-se como
arbustos perenes, dioicos, raramente poligamos, escandentes ou subescandentes,
escalando até 4 metros de altura, galhos e folhas espalhadas e pubescentes entre
um e dez centimetros de comprimento e de até trés centimetros de largura. Possui
inflorescéncias em paniculas, entre as folhas ou sobressaindo levemente, com

distribuicdo desde o México até a Argentina (Missouri Botanical Garden 2013).

Figura 5. Baccharis trinervis. Adaptado de Tropicos.org. Missouri Botanical

Garden. 22 Aug 2013 http://www.tropicos.org"



http://www.tropicos.org/
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Quanto a composicao quimica, de forma similar a outras de seu género, a B.

trinervis apresenta flavonoides, clerodanos, labdanos e flavonas, embora também se

tenha observado com certa frequéncia a presenca de kauranos, diterpenos,

triterpenos, germacreno,

fenilpropanoides (Tabela 4).

acidos cumaricos,

tricotecenos,

Tabela 4. Compostos identificados em Baccharis trinervis

sesquiterpenos e

Composto

Metodologia

Referencia

5-Hydroxy-6,7,4"-trimethoxyflavone (salvigenina)
5,4’-OH-3,6,7-OMe flavona (penduletina)
5,7-OH-6,4’-OMe flavona (pectolinaringenina)
5,7-OH-3",4’-OMe flavona

5-OH-7,4’-OMe flavona

5,4’-OH-7-OMe flavona (genkwanina)
5,7,4'-OH flavona (apigenina)
5,7-OH-4’-OMe flavona (acacetina)
5,3’-OH-7,4’-OMe flavona (pilloina)
5-OH-7,3’,4’-OMe flavona
5,4’-OH-7-OMe flavanona (sakuranetina)

methyltrineracetal
epimethyltrineracetal

Methyl (Z)-dec-2-en-4,6-diynoate
Methyl (E)-dec-2-en-4,6-diynoate

a-Thujene
a-Pinene
Camphene
Sabinene
B-Pinene
B-Myrcene
B-Phellandrene
(2)-B-Ocimene
(E)-B-Ocimene
Y-Terpinene
cis-Sabinene
trans-Sabinene hydrate

HNMR e CNMR

HNMR e CNMR

HNMR e CNMR

HNMR e CNMR

HNMR e CNMR

HNMR e CNMR

HNMR e CNMR

HNMR e CNMR
GC-MS, HNMR e CNMR
GC-MS, HNMR e CNMR
GC-MS, HNMR e CNMR
HNMR e CNMR

HNMR e CNMR

HNMR e CNMR

HNMR e CNMR

GC-MS

GC-MS

GC-MS

GC-MS

GC-MS

GC-MS

GC-MS

GC-MS

GC-MS

GC-MS

GC-MS

GC-MS

Sharp et al. 2001

Sharp et al. 2001

Sharp et al. 2001
Arriaga Giner et al. 1982
Arriaga Giner et al. 1982
Arriaga Giner et al. 1982
Arriaga Giner et al. 1982
Arriaga Giner et al. 1982
Herrera, JC. et al 1996
Herrera, JC. et al. 1996
Herrera, JC. et al. 1996
Kuroyanagi et al. 1993
Kuroyanagi et al. 1993
Albuquerque et al. 2004
Albuquerque et al. 2004
Albuquerque et al. 2004
Albuquerque et al. 2004
Albuquerque et al. 2004
Albuquerque et al. 2004
Albuquerque et al. 2004
Albuquerque et al. 2004
Albuquerque et al. 2004
Albuquerque et al. 2004
Albuquerque et al. 2004
Albuquerque et al. 2004
Albuquerque et al. 2004
Albuquerque et al. 2004
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cis-p-Menth-2-en-1-ol GC-MS Albuquerque et al. 2004
trans-p-Menth-2-en-1-ol GC-MS Albuquerque et al. 2004
Terpinen-4-ol GC-MS Albuquerque et al. 2004
Cryptone GC-MS Albuquerque et al. 2004
a-Terpineol GC-MS Albuquerque et al. 2004
cis-Chrysanthenyl acetate GC-MS Albuquerque et al. 2004
a-Terpinyl acetate GC-MS Albuquerque et al. 2004
Neryl acetate GC-MS Albuquerque et al. 2004
a-Copaene GC-MS Albuquerque et al. 2004
B-Elemene GC-MS Albuquerque et al. 2004
trans-Caryophyllene GC-MS Albuquerque et al. 2004
a-Humulene GC-MS Albuquerque et al. 2004
Y-Muurolene GC-MS Albuquerque et al. 2004
Bicyclogermacrene GC-MS Albuquerque et al. 2004

1.3.2. Medicina popular e atividade biolégica de B. trinervis

Na medicina popular, as partes aéreas sdo usadas em infusdo como
antisséptico e para o tratamento de febres muito altas, edema, hemorroidas,

reumatismo, caibras musculares e desordens gastrointestinais (Freire et al. 2007).

Extratos de B. trinervis tém sido testados para determinar acdo antiviral
(Sanchez-Palomino et al. 2002), atividade antifungica contra Trichophyton rubrum
(Ocampo et al. 2006) anti-inflamatoria e antioxidante (de las Heras et al. 1998). O
extrato aquoso desta planta demonstrou pouca toxicidade e alta acdo anti-HIV
quando testado in vitro (Sanchez-Palomino et al. 2002). O 6leo essencial apresentou
atividade antimicrobiana contra Escherichia coli e Staphylococcus aureus

(Albuquergue et al. 2004).
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1.4. Estudos citotéxicos e genotoxicos de produtos naturais

Se a populacdo dos paises em desenvolvimento utilizam as plantas
medicinais por tradicdo e/ou auséncia de alternativas econémicas viaveis, nos paises
desenvolvidos observa-se um maior uso de fitoterapicos influenciado pelo modismo
de consumo de produtos naturais. Este modismo favoreceu a difusdo das promessas
de cura através das plantas medicinais para diferentes enfermidades. Na mesma
época surgiu o conceito de que as plantas medicinais ndo representam quaisquer
riscos para a saude humana por serem naturais e terem sido testadas através de
séculos pela populacdo de todo o mundo (Ramirez, 2006).

Infelizmente, a maior parte dos fitoterapicos e/ou medicamentos que Sao
utilizados atualmente por automedicacdo ou por prescricdo médica ndo tem o seu
perfil toxico bem conhecido (Mello 2008). Por outro lado, a utilizacdo inadequada de
um fitoterapico, mesmo de baixa toxicidade, pode induzir problemas graves
principalmente quando ha fatores de risco, tais como contra-indicaces ou uso
concomitante de outros medicamentos (Amorim et al. 2007).

Com base nisso, é de grande importancia realizar estudos de toxicidade em
extratos de plantas, bem como identificar seus constituintes biologicamente ativos,
gue podem ser toxicos e apresentarem potencial mutagénico e/ou carcinogénico.

A avaliacdo da atividade toxicolégica de um fitoterapico constitui uma medida
prioritaria, uma vez que varios constituintes biologicamente ativos podem causar

efeitos toxicos. Portanto, experimentos capazes de fornecer uma faixa de seguranca
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e indicagdes sobre os riscos envolvidos na sua utilizacado sao fundamentais (Ramirez
2006).

1.4.1. Ensaios em células de mamiferos

Para a avaliacdo da genotoxicidade e mutagenicidade em células de mamiferos,
diversos ensaios podem ser utilizados, tais como aberracbes cromossémicas, troca
entre cromatides irmas, mutacdo genica, micronucleos e cometa, dependendo da
finalidade do estudo. Dentre eles, destacam-se os ensaios do cometa e microndcleo.

1.4.1.1. Citotoxicidade

A necessidade de usar os melhores métodos in vitro para medir e avaliar a
citotoxicidade nunca foi tdo grande. Isto € verdade porque a toxicidade é a principal
razdo para a alta taxa de falha (40-50%) de drogas farmacéuticas. Além disso, a
qguimica combinatéria, tecnologias com alto rendimento para triagem e o interesse
em produtos naturais produziram grandes bibliotecas de compostos quimicos novos,
complexos e altamente diversos que devem ser rastreados para a citotoxicidade in
vitro. O Centro Europeu para a Validacdo de Métodos Alternativos (ECVAM) sugere
gue pelo menos 30 mil novas substancias quimicas terdo que ser testados quanto ao
potencial de citotoxicidade nos préximos 15 anos. Portanto, a escolha do ensaio de
citotoxicidade in vitro adequado torna-se fundamental. De fato, a evidéncia mostra
gue o grau de citotoxicidade de uma substancia pode variar, e depende fortemente
dos ensaios utilizados para estimar esta (Amorim et al. 2007).
O ensaio de MTT (brometo de 3-[4,5-dimetil-tiazol-2-il]-2,5-difeniltetrazélio)

mede a funcdo mitocondrial e é frequentemente utilizado para detectar a
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sobrevivéncia celular/viabilidade celular, devido a um farmaco ou toxina. No entanto,
este ensaio metabdlico ndo pode diferenciar entre farmacos/compostos citotoxicos e
citostaticos, e pode nao ser suficientemente sensivel ao trabalhar com baixo nimero
de células.

Embora o ensaio de MTT possa avaliar a poténcia de um agente citotoxico,
este ensaio de curto prazo pode subestimar a citotoxicidade, em comparagcdo com 0s
ensaios de longo prazo para o crescimento celular ou a eficiéncia de clonagem. Por
outro lado, ensaios de citotoxicidade ndo clonogénicos as vezes podem superestimar
a citotoxicidade por ndo avaliarem danos reversiveis ou regeneracdo de células
resistentes a droga/agente citotoxico. Por estas razfes, é aconselhavel incluir
ensaios de sobrevivéncia de células em estudos de citotoxicidade in vitro. O ensaio
clonogénico avalia os efeitos citostaticos de longo prazo de uma droga
(composto)/agente citotoxico, medindo a capacidade proliferativa de uma Unica
célula para formar um clone e produzir uma col6nia viavel. O ensaio clonogénico é o
mais confiavel quando € avaliado indice de letalidade da célula (Ramirez 2006).
Estas observacdes podem ser explicadas pela constatacdo de que o dano no DNA
correlaciona diretamente com reducdo da eficiéncia de clonagem e foi associada
com o aparecimento de marcadores de apoptose em certas linhagens de células
tumorais (Swartz et al. 2007).

No Brasil, a Agéncia Nacional de Vigilancia Sanitaria — ANVISA estabeleceu o
“Guia para a Realizagao de Estudos de Toxicidade Pré-clinica de Fitoterapicos”, que

inclui os estudos de genotoxicidade in vitro e in vivo, utilizando células de mamiferos
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e bactérias (Brasil 2004). Os biomarcadores constituem uma ferramenta util para

avaliar o risco potencial das diferentes exposi¢cbes ambientais.

Os biomarcadores ou marcadores biologicos sdo as mudancas que podem
ser medidas, sejam estas bioquimicas, fisiologicas ou morfoldgicas, que se associam
a exposicdo a um téxico ou qualquer alteracdo bioquimica precoce, cuja

determinacao permita avaliar a intensidade (Ramirez 2006).

1.4.1.2. O ensaio cometa

O ensaio cometa, também conhecido como eletroforese de célula Unica em
gel, € amplamente empregado para avaliar dano ao DNA e reparacdo em células
eucaridticas. A popularidade deste teste deve-se a sua sensibilidade, custo
relativamente baixo e simplicidade. Além disso, o teste pode ser realizado em uma
suspensao celular contendo uma populacdo pequena de células, em proliferacédo ou
ndo, e corresponde a um teste citogenético (Dusinska and Collins 2008;
Shaposhnikov et al. 2008).

O principio desse ensaio leva em conta o comportamento do DNA em
células individualizadas e sua organizacdo no nucleo celular. Para a realizacdo do
ensaio, as células sdo embebidas em agarose, suas membranas sao
permeabilizadas com uso de detergentes em pH alcalino e as proteinas nucleares
sdo removidas com uso de altas concentra¢cfes salinas. Dessa maneira, na lamina
permanece apenas 0 nucleoide integro. Quando a lamina é submetida ao campo

elétrico, o DNA do nucleoide migra no gel de acordo com seu tamanho. Os
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fragmentos pequenos migram com velocidade maior que a matriz nuclear. Assim
sendo, células com DNA danificado formam, apds a migracdo, o aspecto de um
cometa (Fig. 6) e a extensdo da migracdo correlaciona-se diretamente com a

quantidade de dano ocorrido (Burlinson et al. 2007; Kumaravel et al. 2009).

Figura 6. diferentes classes de danos (0-4) de celulas obtidas pelo ensaio cometa. Adaptado de

Kumaravel et al. 2007.

Esse teste pode ser usado para avaliar a genotoxicidade/antigenotoxicidade,
detectando danos primarios ao DNA induzidos por uma série de substancias
quimicas, como agentes intercalantes, alquilantes e oxidantes (Collins 2004). Os
danos detectados sao principalmente quebras simples e duplas na fita de DNA,
eventos de reparo por excisdo incompleta, sitios alcali-labeis, ligacbes cruzadas
entre moléculas de DNA, entre DNA e proteinas e entre DNA e xenobioticos (Collins
et al. 2008; Shaposhnikov et al. 2008). Embora seja possivel quantificar o dano, nao

€ possivel identificar com clareza qual desses eventos foi responsavel pela inducao
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da lesdo. A versdo alcalina do ensaio cometa € mais empregada por ser mais
abrangente, pois além de detectar danos diretos, torna possivel a avaliacdo de danos
indiretos como lesdes por metilacdo e adutos, os quais sendo alcali-labeis
expressam-se como quebras simples frente ao tratamento alcalino (Olive and Banath

2006).

1.4.1.3. Oteste de micronucleos

O ensaio de micronucleos é amplamente utilizado para screening de produtos e
biomonitoramento (Fenech 2006; lamarcovai et al. 2006) e apresenta vantagens, tais
como o uso de baixas concentragfes do agente a ser testado e uma analise mais
rapida quando comparada com o ensaio de aberracdes cromossémicas (Garriot et al.

2002)

Os MN podem ser visualizados no citoplasma das células filhas como pequenos
ndcleos adicionais proximos aos nucleos principais (Fenech et al. 2011). Podem ser
formados de maneira espontdnea ou como resposta a acdo de determinados
agentes (clastogénicos e/ou aneugénicos), como resultado da perda de fragmentos
de cromossomas e/ou cromossomos inteiros durante a divisdo celular (Ceppi et al.

2010)

O MN deve apresentar as seguintes carateristicas: a) forma arredondada ou ovalada,
b) cor e textura semelhantes ao do nucleo principal, ¢) estar no mesmo plano do
nacleo principal, d) ndo estar ligado ao nucleo principal, e) apresentar tamanho entre

1/16 e 1/3 do nucleo principal, f) ndo ser refringente (Fenech et al. 2003).
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No teste de MN com bloqueio da citocinese, ap0s as células completarem uma
divisdo nuclear, sao tratadas com Citocalacina-B, um inibidor da polimerizacdo da
actina, necessaria para formacéao dos microfilamentos que constringem o citoplasma
entre os nucleos filhos durante a citocinese, permitindo que as células em diviséo

sejam rapidamente identificadas pelo aspecto binucleado (Fig. 7) (Fenech 2006).

'.
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Figura 7. Microndcleos em células binucleadas. Adaptada de Fenech, 2007.

1.4.2. Ensaio em células Procariéticas.
1.42.1. Teste Salmonella/microssoma

O teste Salmonella/microssoma (Teste de Ames), desenvolvido pelo Dr.

7

Bruce Ames e colaboradores na década de 70, € um ensaio bacteriano de curta
duracdo que busca identificar substancias que causem danos genéticos e possam
evoluir a mutacdes. Este ensaio se baseia na inducdo de mutacbes reversas em
linhagens de Salmonella typhimurium auxotroficas para o aminoacido histidina que

conduzem as mesmas a prototrofia (Maron and Ames 1983; Gee et al. 1994;

Mortelmans and Zeiger 2000).

Nas linhagens de Salmonella typhimurium utilizadas no teste
Salmonella/microssoma (Tabela 5), a resposta aos danos ao DNA € potencializada

pela presenca do plasmideo pKM101, o qual permite a sintese translesdo de DNA,



40

levando, portanto, a mutagénese (Mortelmans 2006). Estas linhagens ainda contam
com outras mutac¢des que também auxiliam a identificacdo de substancias que lesam
o DNA: mutacdo no gene rfa, que acarreta na perda parcial da barreira de
polissacarideos da parede bacteriana, aumentando desta forma a permeabilidade e
facilitando a entrada de moléculas maiores na célula; delecdo do gene uvrB,
responsavel pelo sistema de reparacéo por excisdo de nucleotideos do DNA, o que
impede esta via de reparacdo de atuar nestas linhagens, possibilitando a fixacdo das

mutacdes (Swartz et al. 2007).

Tabela 5. Linhagens utilizadas no Teste de Ames.

Tipo da Mutagéao

Linhagem Genotipo Detectada Referéncia
. Substituicdo de pares de MORTELMANS &
TA100 bio chID uvrB gal, rfa, pkKM101 bases ZEIGER, 2000
. Substituicdo de pares de MORTELMANS &
TALl hiD B gal, rf
o35 bio chiD uvrB gal, rfa bases ZEIGER, 2000
. Alteracdo no quadro de
TA97a bio chID uvrB gal, rfa, pKM101 leitura LEVIN et al. 1982b
. Altera¢cdo no quadro de MORTELMANS &
TA98 bio chID uvrB gal, rfa, pKM101 leitura ZEIGER, 2000
TA102 rfa, pKM101, pAQ1 Transic&o/transversao LEVIN et al. 1982

Em testes com procariotos um componente importante é o sistema de inducéo
microssomal, extraido de células de figado de ratos pré-tratados com um indutor
enzimatico, que possui a fungdo de reproduzir o metabolismo de mamiferos,

permitindo que também seja avaliada a acdo genotoxica dos metabdlitos dos



41

agentes testados (Mortelmans and Zeiger 2000). Além disso, ja existem preparacdes
da fracdo microssomal hepatica humana disponiveis para 0 uso em testes de
mutagénese (Hakura et al. 2005). A combinacao de testes com presenca e auséncia
de ativacdo metabdlica e linhagens bacterianas sensiveis a diferentes agentes
possibilita determinar tanto substancias com acédo genotéxica direta como monitorar
a atividade, positiva ou negativa, dos metabdlitos gerados pela biotransformacao (Ku

et al. 2007).

Deste modo, a descoberta de compostos téxicos possibilita esclarecer a
populacdo dos riscos aos quais estdo expostos ao utilizarem folhas, raizes, cascas
em forma de banhos ou infusbes com o objetivo de tratar doencas (Andrade et al.
2003). Com isso, o presente estudo buscou elucidar esses mecanismos que mediam
os efeitos das fracbes de Baccharis trinervis antes de poder considera-los
verdadeiros agentes terapéuticos, eliminando assim estudos controversos e vieses

sobre citotoxicidade e genotoxicidade/antigenotoxicidade e mutagenicidade.
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2. OBJETIVOS
2.1. Objetivo geral
Avaliar a composicéao fitoquimica, os efeitos citotoxicos, genotdxicos, antigenotdxicos

e mutagénicos dos extratos aquosos da Baccharis trinervis nativa do sul do Brasil e

do norte da Colémbia.

2.2. Objetivos especificos

1. Caracterizar a composicdo fitoquimica dos extratos aquosos e das fracOes

acetato de etila, fracdo butandlica e residuo aquoso de B. trinervis.

2. ldentificar dos constituintes dos extratos aquosos de B. trinervis do Brasil e da

Colémbia por HPLC

3. ldentificar dos constituintes das fracdes de B. trinervis do Brasil e da Colémbia

por espectrometria de massa com ionizagao por electrospray- HRMS-ESI-MS.

4. Avaliar a citotoxicidade de todas as fracbes pelo teste de MTT e ensaio

Clonogénico em cultura de células de ovario de hamster Chinés (CHO) in vitro.

5. Determinar o potencial genotéxico e antigenotoxico pelo ensaio cometa alcalino e
modificado das fracdes em cultura de células de ovario de hamster Chinés (CHO)

in vitro.

6. Verificar o potencial mutagénico das fracbes de B. trinervis do Brasil e da

Coldombia em células procarioticas de Salmonella tiphymurium.
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ABSTRACT

Baccharis trinervis have been long used in folk medicine as an antiseptic, for the
treatment of high fevers, edema, sores, muscle cramps, as well as antioxidant, anti

HIV, antifungal and antimicrobial properties.

The chemical composition of aqueous extracts and fractions of B. trinervis from Brazil
(AEB) and Colombia (AEC) were investigated, as well as their cytotoxic and
genotoxic effects in Chinese Hamster Ovary (CHO) cells, and mutagenic activity in
Salmonella typhimurium. The HPLC of EB and AEC sowed the presence of rutin and
caffeic, ellagic and rosmarinic acid, also luteoline was identified in AEC. The analysis
by HRMS (High Resolution Mass Spectrometry) in positive mode of aqueous extract
from Brazil and Colombia, Butanol fraction from Brazil (BFB), Butanol fraction from
Colombia (BFC), Aqueous residue from Brazil (ARB), and Aqueous residue from
Colombia (ARC) showed similar compounds with an intensive peak [M+H]" at m/z

118.0870, which was proposed CsH;oNO, as molecular formula In other hand, were
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identified two carboxylic acids and one terpenoid, in negative mode. The analyses in
positive mode of Ethyl acetate fractions from Brazil (EAFB) and Ethyl Acetete fraction
from Colombia (EAFC) evidenced the presence of phenolic compounds, acetilenes

and terpenoids.

Dose-dependent cytotoxic effects were observed in CHO cells treated with Brazilian
and Colombia B. trinervis fractions by using clonal survival and 3-(4,5-
dimethylthiazole-2-yl)-2,5-biphenyl tetrazolium bromide reduction assay (MTT). Was
observed a significant decrease in survival by AEB, EAFB, BFB, and ARB at 0.05
mg/mL and higher concentrations; in addition, AEB and ARB presented a significant
decrease at 0.1 mg/mL. The AEB, AEC, ARB, and ARC caused DNA strand breaks in
CHO at 0.05 mg/mL with dose-dependent response. Furthermore, the EAFB, EAFC,
and BFC showed genotoxic effect at 0.1 mg/mL, while BFB presented a significant
difference at 0.5 mg/mL. No mutagenic effects were observed in EAFB and EAFC by
the Ames test. The results suggest possibly that flavonoids, phenylpropanoids,
coumarines, and diterpens can be responsible, at least in part, for its cytotoxic and

genotoxic effects by oxidant potential.
INTRODUCTION

Baccharis species (Asteraceae) have been long used in folk medicine, have been
investigated as a source of new natural products with potential antimicrobial,
antifungal, antitumoral and insecticidal activities (Verdi et al. 2005) . This genus has
around 500 species distributed worldwide in which B. trinervis (Lam, Persoon) is
mainly restricted to the tropical and subtropical zone of South America, including
Colombia and Brazil (Fukuda et al. 2006). B. trinervis is a perennial shrub used in
popular medicine as an antiseptic, as well as in the treatment of high fevers, edema,

sores and muscle cramps (Freire et al. 2007).

Previous phytochemical studies carried out with B. trinervis were done with different
solvents and plant parts. For instance, dichloromethane extract or branches (Sharp et

al. 2001a), the ethyl acetate — soluble fraction of methanol extract of aerial parts
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(Kuroyanagi and Ueno 1993), essential oils from the aerial parts (Albuquerque et al.
2004) and chloroform extract from leaves (Herrera et al. 1996) were reported. These
studies identified flavones, flavonones, neo-clerodane type diterpenos and terpenes
(Albuquergue et al. 2004; Herrera et al. 1996; Kuroyanagi and Ueno 1993; Sharp et
al. 2001).

Biological activies were reported for B. trinervis extracts. For instance, antioxidant
properties have been described using ethanolic extract (de las Heras et al. 1998),
anti HIV activity using aqueous extract (Sanchez-Palomino et al. 2002), antifungal
effects (Ocampo et al. 2006), and antimicrobial properties using essential oils
(Albugquergue et al. 2004).

The geographical origin is a relevant factor that can affect the chemical composition
of plants. Variability among the weather conditions, proximity of the sea, latitude and
longitude must be taken into account in order to characterize the composition of a
plant from different geographical areas of provenance (Alissandrakis et al. 2007; L.

Castro Vasquez et al. 2010).

The popular use of B. trinervis in Colombia and Brazil contrasts with the rarity of
studies about the toxicological effects of their extracts and fractions. For this reason,
considering the relationship between therapeutic and toxicological effects is relevant
the deepening of studies of plants which are used in popular medicine. The present
work aims the evaluation of chemical composition and cytotoxic effects of aqueous
extracts and fractions of B. trinervis, focusing on their cytotoxicity, genotoxic and
mutagenic action using a immortalized Chinese hamster ovary (CHO) cells as well as

mutagenic potential in Salmonella typhimurium strains.
MATERIALS AND METHODS
Chemical reagents

Dulbecco’s modified Eagle medium (DMEM), fetal bovine serum (FBS), trypsin-
EDTA, L-glutamine, and penicillin/streptomycin were obtained from GIBCO® (Grand
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Island, NY, USA). Hydrogen Peroxide (H,O,), 3- (4,5-dimethylthiazole-2-yl)-2,5-
biphenyl tetrazolium bromide (MTT) and cytochalasin- B (Cyt-B) were purchased
from Sigma (St. Louis, MO, USA). Low melting point agarose and agarose were
obtained from Invitrogen (Carlsbad, CA, USA). Giemsa stain was obtained from

Merck (Darmst, Germany). All others reagents were analytical grade.
Plant material

Brazilian B. trinervis leaves were collected at Morro Sétimo Céu (Marcelino Ramos-
RS) in January 2009 and vouchers specimens were identified by Dr. Sergio
Bordignon which were deposited at the Herbarium at Universidade Luterana do
Brasil. In the other hand, Colombian B.trinervis leaves were collected at Puente -
Arroyo El Carbon (Planeta Rica-Cordoba) in December 2008. Vouchers specimens
were identified by O. A. Jara and were deposited at the Herbarium at Universidad
Nacional de Colombia. Brazilian and Colombian B. trinervis leaves were provided by
the Biomedical Sciences Laboratory of the Universidad del Sinu in Colombia and the
Phytochemical and Pharmacognosy Laboratory at the Universidade Luterana do
Brasil-RS.

Preparation of extracts and fractions

Leaves were dried at room temperature, powdered (50 g) and submitted an extraction
with water by infusion for 15 min (1/10) plant/solvent). After cooling, the filtered
extract was separated in two parts of 250 mL. The first half was frozen and
concentrated by lyophilization for five days overnight, obtaining the aqueous extract
(AE). The second one was successively partitioned with solvents of different polarities
in order to obtain the ethyl acetate fraction (EAF), n-butanol fraction (BF) and
aqueous residue (AR). The aqueous residue was either concentrate by lyophilization.
All the organic extracts were concentrated to dryness under reduced pressure and

temperature below 40 -C.
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Phytochemical screening

The fractions were subjected to qualitative chemical screening according to
methodology described by Falkenberg et al. (2007) and Harbone (1998). The method
consists in colorimetric reactions for qualitative detection of flavonoids, tannins,
anthraquinones, alkaloids, saponins, and cardiac glycosides. The quantification of
flavonoids contents was performed using the methodology described by Woisky and
Salatino (1998).

Determination of total flavonoid content

The total flavonoid content was determined following the colorimetric method using
aluminum chloride (Woiskyand Salatino, 1998). In summary, a number of dilutions of
guercetin were obtained to prepare a calibration curve. Flavonoid content was
determined dissolving 50 mg of each sample in water and sub-sequent dilution with
than olina25-mL volumetric flask. Secondly, 1 mL of aluminum chloride solution 2.5%
was added to 2.0 mL of the stock solution in 25-mL volumetric flask. The final volume
was adjusted with ethanol. After 30min, readings at 425 nm were performed in a
Shimadzu spectrophotometer for each solution. The determinations were performed
in triplicate and the total contents of flavonoid in the fractions were expressed as

guercetin equivalents (QE) in mg/g of extract.
HPLC analyses

Chromatographic analyses were carried out through the reverse-phase HPLC using a
Waters 2695 Alliance Separation Module. This was equipped with a Waters 2487 A
Dual Wavelength UV Detector and controlled by an IEEE-488 interface module. For
the stationary phase, a Waters Spherisorb ODS2 reverse phase column (250 x 4.6
mm - Sum diameter particles) was used. Reference standards were used as external
standards. A constant flow-rate of 1 mL.min-1 was used during the analysis. HPLC
grade solvents and milli-Q water were used in the chromatographic studies. The

phenolic acids and flavonoids were quantitative determined at 254 and 290 nm using
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mobile phases pure acetonitrile (A) and 0.1 % phosphoric acid (HsPO4) (B). The
gradient system was adjusted at 0/95, 20/86, 70/65 (min/%B). The correlation of
chromatographic peaks was achieved by comparing experimental retention times with
reference standards. All chromatographic operations were carried out in triplicate at

ambient temperature.

Mass analysis

The dried extracts were dissolved in a solution of 50% (v/v) chromatographic grade
acetonitrile (Tedia, Fairfield, OH, USA), 50% (v/v) deionized water. Was added 0.1%
formic acid and 0.1% of ammonium hydroxide for analysis in positive and negative
mode respectively. The solutions were infused directly individually or with HPLC
(Shymadzu) assistance into the ESI source by means of a syringe pump (Harvard
Apparatus) at a flow rate of 10 pL min™. ESI(+)MS, ESI(-)MS and tandem
ESI(+)MS/MS, ESI(-)MS/MS were acquired using a hybrid high-resolution and high
accuracy (5 pL/L) microTof (Q-TOF) mass spectrometer (Bruker Scientific®) under
the following conditions: capillary and cone voltages were set to + 3500 V and +40 V,
respectively, with a de-solvation temperature of 100 -C. For ESI(+)MS/MS and ESI(-
JMS/MS the energy for the collision induced dissociations (CID) was optimized for
each component. Diagnostic ions in different fractions were identified by the
comparison of their dissociation patterns, exact mass and isotopic ratio with
compounds identified in previous studies. For data acquisition and processing,
TOFcontrol and data analysis software (Bruker Scientific®) were used. The data were
collected in the m/z range of 70-1000 at the speed of two scans per second,
providing the resolution of 50,000 (FWHM) at m/z 200. No important ions were
observed below m/z 180 or above m/z 650, therefore ESI(+)-MS data is shown in the
m/z 180-650 range.
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Culture and treatment

Chinese hamster ovary cells (CHO cells) were cultivated under standard conditions in
DMEM, supplemented with 10% heat-inactivated FBS, 0.2 mg/mL L-glutamine, 100
IU/mL penicillin, and 100 pg/mL streptomycin. Cells were kept in tissue-culture flasks
at 37°C in a humidified atmosphere containing 5% CO2 in air and were harvested by
treatment with 0.15% trypsin—0.08% EDTA in PBS. Cells (1x10% for MTT test in 24
well plate, (200) for clonal survival and (3x10°) for comet assays and micronucleus in
6 well plate, were seeded in complete media and grown for one day prior to treatment

with as fractions.

The AE, BF, RF were dissolved in distilled water, the AEF were dissolved in DMSO
(dimethylsulfoxide) added to FBS-free media to achieve the different designed
concentrations (0.05, 0.1, 0.5, 1, 1.5 and 2.0 mg /mL), and the cells were treated for 3
h under standard conditions. The final DMSO concentration in the media never
exceeded 0.2%. The negative control was exposed to an equivalent concentration of

solvent. As H,O, (150 pM) for genotoxicity assays was used as a positive control.
Colony-forming ability (Clonal survival)

After treatment with the different extracts/fractions of Colombian and Brazilian B.
trinervis, CHO cells grew exponentially and were washed with PBS and cultivated for
5-7 days. Colonies were fixed with methanol, stained with crystal violet (1%), counted
and their survival was calculated as a percentage relative to the survival of the

controls.
MTT Assay

MTT reduction was performed according to Denizot and Lang (1986). Briefly, after
treatments, cells were washed once with PBS before the addition of 0.1 mL serum-
free media containing yellow tetrazolium salt (MTT; 1 mg/mL) dye and incubated for 3
h at 37°C. After incubation, the supernatant was removed, the residual purple

formazan product solubilized in 0.4 mL DMSO, stirred for 5 min and its absorbance
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measured at 540 nm. The absorbance of negative control cells was set as 100%

viability and the values of treated cells were calculated as percentage of control.
The alkaline comet assay

The alkaline comet assay (Tice et al. 2010) was performed with minor modifications
(Hartmann and Speit 1997). At the end of the treatment, cells were washed with ice-
cold PBS and trypsinized (0.15%). After 30 s, 100 pL complete DMEM medium was
added and the cells were gently resuspended. Immediately, 20 pL of cell suspension
was dissolved in 0.75% low melting point agarose, and spread on regular, pre-coated
agarose-point (1.5%) microscope slides. Thus, cells were incubated in ice-cold lysis
solution (2.5 M NaCl, 100 mM EDTA, and 10 mM Tris, pH 10.0, with freshly added
1% Triton X-100 and 10% DMSO) at 4°C for at least 1 h to remove cell proteins,
leaving DNA as “nucleoids”. The alkaline comet assay was performed at pH 13. After
lysis, slides were then placed in a horizontal electrophoresis box containing freshly-
prepared alkaline buffer (300 mM NaOH and 1 mM EDTA, pH ~13.0) at 4 °C for 20
min in order to facilitate DNA unwinding. A 300 mA and 25 V (0.9 V/cm) electric
current was applied for 20 min to perform DNA electrophoresis. All of the above steps
were performed under yellow light or in the dark in order to prevent additional DNA
damage. Slides were then neutralized (0.4 M Tris, pH 7.5), stained with silver nitrate
and analyzed using an optic microscope. One hundred cells (100 cells from each of
two replicate slides of each treatment) were selected and analyzed for DNA
migration. Cells were visually scored according to tail length into five classes: (1)
class 0: undamaged, with no tail, (2) class 1: with tail shorter than the diameter of the
head (nucleus), (3) class 2: with tail as long as 1-2x the diameter of the head, (4)
class 3: with tail longer than 2x the diameter of the head, and (5) class 4: comets with
no heads. Damage index (DI) is an arbitrary score calculated for cells in different
damage classes, which are visually scored by measuring DNA migration length and
the amount of DNA in the tail. DI ranges from O (no tail: 100 cells x 0) to 400 (with

maximum migration: 100 cells x 4)
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Salmonella/microsome mutagenicity assay

S. typhimurium strains TA98, TA97a, TA100, TA102 and TA1535 were kindly
provided by B. M. Ames (University of California, Berkeley, CA, USA). Mutagenicity
was assayed by the preincubation procedure. The S9 metabolic activation mixture

(S9 mix) was prepared according to Maron and Ames (1983). Briefly, 100 uL of test

bacterial cultures (1-2 x 109 cells/mL) were incubated at 37°C with different amounts
of Baccharis trinervis ethyl acetate fractions in the presence or absence of S9 mix for
20-30 min, without shaking. Subsequently, 2 mL of soft agar (0.6% agar, 0.5% NacCl,
50 uM histidine, 50 uM biotin, pH 7.4, 42°C) were added to the test tube and poured
immediately onto a plate of minimal agar (1.5% agar, Vogel-Bonner E medium,
containing 2% glucose). Aflatoxin B; (1ug/plate) was used as positive control for all
strains in the presence of metabolic activation (with S9 mix). In the absence of
metabolic activation, 4-nitroquinoline-oxide (4-NQO, 0.5ug/plate) was used for TA97a,
TA98, and TA102 strains, and sodium azide (1ug/plate) for TA100 and TA1535
strains. Plates were incubated in the dark at 37°C for 48 h before counting the

revertant colonies.
Statistical analysis

All experiments were independently repeated at least three times, results are
expressed as means + standard deviation (SD). Data were analyzed by one-way
analysis of variance (ANOVA), and means were compared using the Tukey test, with

P < 0.05 considered as statistically significant.

For the Ames test the results were analysed by the Salmonella Statistic Assay
(Environmental Monitoring System Laboratory, EPA - Software Version 2.3, April
1988). A test substance was considered mutagenic when significant dose-response
and ANOVA variance were observed, and the increase in the mean number of
revertants on test plates was at least twice higher than that observed in the negative

control plates (or MI>3 for TA1535 strain).



53

RESULTS
Phytochemical analyses

Phytochemical analyses in B. trinervis extracts/fractions from Brazil and Colombia
indicated the presence of saponins and flavonoids (data not show). Other secondary
metabolites such as anthraquinones, cardiac glycosides, cumarins, alkaloids and

tannins were not detected.
Determination of total flavonoids

The amount of total flavonoids of B. trinervis extracts/fractions from Brazil and
Colombia are showed in the table 1. The aqueous extracts showed the highest
concentration of flavonoids when compared with the fractions. In addition, among the

fractions, the n-butanol exhibited the lowest content of flavonoids.

Table 1. Total flavonoids content of Baccharis trinervis extracts/fractions from

Colombia and Brazil.

Sample Aqueous extract Ethyl Acetate Fraction nbutanol Fraction Aqueous residue
Brazilian B. trinervis 3,266 £ 0,236 3,208 +0,199 0,645 + 0,045 2,469 +0,097
Colombian B. trinervis 3,704 £ 0,045 2,340 £ 0,09 1,464 + 0,074 3,718 +0,076

Values represent the amount of total flavonoids in quercetin equivalents (QE) in mg/g of extract.
Data represent the mean + standard deviation of three independent experiments

HPLC analyses

The HPLC analyses of aqueous extracts of B. trinervis from Brazil and Colombia are
showed in Table 2. We identified four new compounds on both samples to B.
trinervis: rutin and caffeic, rosmarinic, and ellagic acid. In addition, the content of
identified compounds is higher in AEC than AEB. The compound luteolin was
identified only for AEC at 0,46 mg/mL.
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Table 2. Compounds identified in the aqueous extract of B. trinervis from Brazil and

Colombia®.
Compounds Colombian B. trinervis Brazilian B. trinervis
aqueous extract aqueous extract
(mg/mL of extract) (mg/mL of extract)
Caffeic acid 6,93 1,44
Rutin 5,16 1,41
Ellagic acid 9,74 1,35
Rosmarinic acid 6,69 1,55
Luteolin 0,46 Not detected

® Experiments were carried out in triplicate at ambient temperature.

Chemical composition

After the identification by HPLC and in order to elucidate the chemical composition
and considering the complex constituents of aqueous extracts and fractions of B.
trinervis, was carried out ESI-MS/MS technique, which is an important tool to
characterize and identify metabolites. This method has been used for the rapid
analysis of natural products, such as flavonoids (Vessecchi et al. 2011), and
terpenoids (Yang et al. 2007). The measurements were done by HRMS with ESI.
Because the chemical composition complexity, the analysis was conducted in both
negative and positive mode, and 0.1% of formic acid or 0.1% of ammonium hydroxide
was introduced into the sample solution respectively. By the way, the information set
as isotopic ratio and exact mass were used for chemical identification of Brazilian and
Colombian B. trinervis by direct comparison with reference data (Table 3). In some
cases, there are no compounds previously identified in literature for this genus, and

the molecular formula was indicated.

The spectrum of positive mode obtained from the AEB, AEC, BFB, BFC, ARB, and
ARC presented similar fingerprints (Fig. 1) with the intensive m/z at 118.0870, which
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was CsH;2NO, as proposed molecular formula. For the other hand, the EAFB and
EAFC (Fig. 2) showed different pattern of peaks, evidenced higher content of
compounds than the others fractions, in the EAFB and EAFC were identified five
news compounds: 7-hydroxy-2H-1-Benzopyran-2-one (m/z 163.0386); 2-Propenoic
acid, 3-[2,4-dihydroxy-3-(3-methyl-2-butenyl)phenyl]-,(E)-(9CI) (m/z 249.1132); 8,15-
Heptadecadiene-11,13-diynoic acid, 3-hydroxy-, (E,Z)- (9Cl) (m/z 275.1647), 5-
Heptene-1,2-diol,  2-[(2S,3S,6R)-2-[2-(3-furanyl)ethyl]-1,5-dioxaspiro[2.5]oct-6-yI]-6-
methyl-,(2S) (m/z 351.2157); and 1-Naphthalenemethanol, 5-[5-(acetyloxy)-3-methyl-
3-pentenyl]-1,2,3,4,4a,5,8,8a-octahydro-1,4a,6-trimethyl-acetate (9CI) (m/z
391.2869).

In negative mode (Fig. 3) the results indicate presence of carboxylic acid because it is
easily ionization. Were identified the three news compounds: 7-hydroxy-2H-1-
Benzopyran-2-one (m/z 163.0386); 2-Propenoic acid, 3-[2,4-dihydroxy-3-(3-methyl-2-
butenyl)phenyl]-,(E)-(9Cl) (m/z 249.1132); 8,15-Heptadecadiene-11,13-diynoic acid,
3-hydroxy-, (E,Z2)- (9Cl) (m/z 275.1647), 5-Heptene-1,2-diol, 2-[(2S,3S,6R)-2-[2-(3-
furanyl)ethyl]-1,5-dioxaspiro[2.5]oct-6-yl]-6-methyl-,(2S) (m/z 351.2157); and 1-
Naphthalenemethanol, 5-[5-(acetyloxy)-3-methyl-3-pentenyl]-1,2,3,4,4a,5,8,8a-
octahydro-1,4a,6-trimethyl-acetate (9ClI) (m/z 391.2869).
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Table 3. Chemical composition of Colombian and Brazilian B. trinervis extract and fractions by HRMS -ESI-MS

Entry  Precursor . . Elem. Diff.  Identification References
ion m/2(%) Isotopic ratio comp.
A ppm
Main components in extracts EAFB and EAFC in ESI-MS(+)
1 163.0386 164.0445 (9.8%) CsHeOs 3.18  7-hydroxy-2H-1-Benzopyran-2-one (Umbelliferone) Bohlmann . et al. 1985
2 249.1132 250.1207 2.07 2-P i id, 3-[2,4-dihyd 3-(3 thyl-2-butenyl)phenyl]-, (E)- (9Cl) B Getal 1994
. (17.88%) C1aH1c04 . -Propenoic acid, 3-[2,4-dihydroxy-3-(3-methyl-2-butenyl)phenyl]-, (E)- (9Cl) Brown, G et al.
3 275.1647 276.1628 0.07  8,15-Heptadecadi 11,13-diynoi id, 3-hyd E,Z)- (9CI Jak icetal .1991
. (20.86%) Ci7H05 . ,15-Heptadecadiene-11,13-diynoic acid, 3-hydroxy-, (E,Z)- (9Cl) akupovic etal .
352.2236 5-Heptene-1,2-diol, 2-[(2S,3S,6R)-2-[2-(3-furanyl)ethyl]-1,5- .
4 351.2157 (23.20%) C0H300s 4.12 dioxaspiro[2.5]oct-6-yl]-6-methyl-, (25)- Hikawczuk et al. 2008
392.2800
(25.48%), 1-Naphthalenemethanol, 5-[5-(acetyloxy)-3-methyl-3-pentenyl]-
> 391.2869 393.2838 CaaHss0 2251 53 4.4a,5,8,8a-octahydro-1,4a,6-trimethyl-acetate (9Cl) Tonn, C. et al. 1982
(6.51%)
414.2736
(30.21%),
6 413.2703 415.2373 Cy6H3705 2.67
(7.98%)
430.2967
(22.14%),
7 429.3007 431.2686 Ca7H4004 0.51
(10.47%)
518.3666
(31.24%),
7 517.3683 5192945 CssHs03 0.25
(12.24%)
562.2925
(31.21%),
8 561.3984 563.3414 C30Hs704 3.31
(12.72%)
Main components in extracts EAFB and EAFC in ESI-MS(-)
313.0855
C31H1303 3.09
27.231
10 327.2315 C22H3,0, 2.76




329.0806
11 C21H1404 2.38

Main components in extracts BFB, BFC, AEB, AEC, RFB and RFC ESI-MS (+)

b 118.0870 (161.23)"/80?0 CsH1NO, 1.66
13 217.1070 (2115.;);:)1 C10H1605 2.75
1 235.1555 (213;.4142;;) C11H2705 4.04
5 565.1726 (516??-51;2? C10H29011 2.85

Main components in extracts BFB, BFC, AEB, AEC, RFB and RFC ESI-MS (-)

191.0565
16 C7H1,06 4.90
17 255.2335 Ci6H3,0; 4.28
325.2027
18 C7H1,06 3.69
19 339.2163 Ci9H3,05 2.50

1,3,4,5-tetrahydroxy-(1a,3R,4a,5R)-Cyclohexanecarboxylic acid

Hexadecanoic acid

1,4-Cyclohexanedimethanol, a'-[3-(acetyloxy)-4-methyl-4-penten-1-yl]-a’-
methyl- 4-acetate

ArgotiJ. et al. 2013

Silva, D et al. 2009

Zdero, C. et al. 1989
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Fugure 1 . Full mass spectra of extracts/fractions in positive mode. (a) Aqueous extract Brazilian B. trinervis, (b) nbutanol fraction

Brazilian B. trinervis,

(c) Aqueous residue Brazilian B. trinervis, (d) Aqueous extract Colombian B. trinervis,

Colombian B. trinervis e (f) Aqueous residue Colombian B. trinervis.

(e) nbutanol fraction
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Figure 2. Full mass spectra of extracts in positive mode of Ethyl Acetate Fractions of B. trinervis (a) Ethyl Acetate Fractions Brazilian B.

trinervis (b) Ethyl Acetate Fractions Colombian B. trinervis



oH
HO o~
S ~
\L/ fr:(x)m
i —
HO
OoH

1,3,4,5-tetrahydroxy-(1a,3R,4a,5R)-
Cyclohexanecarboxylic acid . 5 [[
L] 1

|

1,4-Cyclohexanedimethanol, a*-[3-(acetyloxy)-
4-methyl-4-penten-1-yl]-ai*-methyl- 4-acetate

Intens. | 191.0605 ;
1000 L ;
Hexadecanoic acid !
800 , !
6001} 165.0408 : ;
03.0301 ! | 353.1021
400+ 19%.0574 : 313.0841 ' 453.2992
1 133.0181 '
2001 i [ ‘ 255.2427 2832763 P25.1955 2145 411.2876
TR " i ) I | .LL e d PO TNy l.L L g gl Ly L o 2 i\ A_lL k.
0 -ty - - i . v ;
100 150 200 250 300 350 400 450 m/z
Intens. 255.2430
1 283 2760

116.9508 160.9545

Figure 3. Full mass spectra of extracts in negative mode of B. trinervis. (a)Aqueous extract of B. trinervis from Colombia

(b) Agueous extract of B. trinervis from Brazil



61

Cytotoxicity

In order to evaluate the cytotoxic properties of aqueous extract and fractions of
Colombian and Brazilian Baccharis trinervis, two different approaches were used.
MTT reduction of Brazilian B. trinervis fractions (Fig. 5a) showed dose-dependent
changes in the viability of CHO cells. Our results showed a significant decrease in
survival induced by AEB, EAFB, BFB, and ARB at concentrations higher than 0.05
mg/mL. Additionally, Fig. 5¢ shows the effects on cell growth when evaluated by the
colony forming ability in which AEB and ARB presented a significant decrease at 0.1

mg/mL when compared with the negative control.

In the case of Colombian B. trinervis, dose-dependent changes in the viability of cells
treated with different fractions showed similar toxicity when evaluated by MTT assay
(Fig. 5b) and colony forming assay (Fig. 5d). Thus, AEC, EAFC, BFC and ARC
induced a significant decrease in cell survival at 0.05 mg/mL when compared to the
negative control. The use of this different cell survival test confirms the cytotoxicity of

the Brazilian and Colombian B. trinervis detected in MTT assay.
Genotoxicity

Considering the cytotoxic level observed, we investigated if the extracts/fractions
were capable of induce DNA damage. Results are shown in table 4. Statistically
significant difference was observed in AEB, AEC, ARB and ARC at 0.05 mg/mL with
dose-dependent response. On the other hand, the EAFB, EAFC and BFC showed a
significant difference at 0.1 mg/mL, while BFB presented a significant difference at
0.5 mg/mL. The EAFB and EAFC were the most genotoxic fractions, in fact; it was not
possible to assess the genotoxic effects at 1 mg/mL because the cellular survivals

were below 60%.
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Figure 5. Cytotoxic effects of Brazilian and Colombian B. trinervis fractions in CHO cells after 3 hours of exposure by: (a) MTT assay of Brazilian B. trinervis fractions, (b) MTT
assay of Colombian B. trinervis fractions, (c) clonogénico survival of Brazilian B. trinervis fractions and (d) clonogénico survival of Colombian B. trinervis fractions. Results are

expressed as mean percentage in treated cells compared to control negative (FBS - free DMEM medium) + standard deviation of three independent experiments
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Table 4. Genotoxic activity of Colombian and Brazilian B. trinervis fractions in CHO cells as evaluated by the alkaline
comet assay

Group Damage Index (DI) £ SD
Aqueous Extract Ethyl Acetate Fraction n-butanol Fraction Aqueous Residue
Brazil Colombia Brazil Colombia Brazil Colombia Brazil Colombia
NC 13.6+1.8 14.6+11.1 20.0+ 1.3 153+1.2 23.6+ 2.2 17.8+4.2 17.6+ 7.5 23.6+2.0
150 uM H202 2403 + 13.85° 223.5+10.5° 251.8+ 4.5° 262.1+8° 2743+ 13.7° 294.8+11.8° 215.8+ 13.5°  221.1+18.0°
Extract/Fractions
Concentration
0.05 mg/mL 63.8+13.0° 46.5+10.1° 32.3% 35 31.1+6.3 428+ 4.4 61+2.6 73.6+ 11.0° 93.8+12.6°
0.1 mg/mL 123.1+12.9° 66.1+8.6° 68.5+ 10.8° 96.3+9.7° 465+ 1.0° 65.1+5.8"° 139.8 + 8.8° 110.0+7.4°
0.5 mg/mL 144.6 +10.1° 108.1+8.8° 195.3+ 11.4° 249.5+11.0° 56.7 + 5.6° 93.6+7.5° 168.3+ 10.7°  117.6+10.5°
1.0 mg/mL 2043+ 2.0° 134.8+8.8° 61.6+ 5.5° 165.5+12.5° 172.1+ 8.5° 126.8 +15.0°

Induction of DNA strand breaks by B. trinervis from Brazil and Colombian in CHO cells after 3 hours of exposure by the alkaline comet assay

Data represent the mean * standard deviation of three independent experiments. DI: damage index: can range from O (completely undamaged. 100 cellsx0) to 400 (with maximum
damage 100 cellsx4). NC: Negative Control (FBS - free DMEM medium); 150 uM H,O,. Positive Control

2 significant difference as compared to negative control treatment at P<0.001/One-way
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Salmonella/microssome assay

The Ethyl Acetate Fraction of Colombian and Brazilian B. trinervis dose range was
determined in range finder experiment in TA100 strain, with and without
metabolization, and cytotoxicity was observed at concentrations higher than 200
ug/plate (data not shown). In the mutagenicity assay the dose range between 40-200
ug/plate was used for the EAFB (Table 5) and the EAFC (Table 6). No mutagenic
effect was detected on strains TA98 (detects frameshifts in the DNA target —-C—-G-C—
G-C-G-C-G) and TA97a (detects frameshift mutations in -C-C-C-C-C-C-; +1
cytosine) in the presence or absence of metabolic activation. Also, no mutagenicity
was observed in the strains detecting base pair substitutions TA1535 and the
corresponding isogenic strain TA100 (detect base pair substitutions of a leucine
[GAG] by proline [GGG]). Cytotoxic activities were detected in TA1535 at 80 pg/plate
and higher concentrations by ethyl acetate fractions. EAFC was cytotoxic without
metabolic activation and EAFB after metabolic activation. However, the cytotoxic
activity showed by EAFB could not be a real effect, because the number of revertant
colonies in the negative control was very high in relation to the historical data in our
laboratory (8.00+3.00). For this reason, the AEFB data were taken as a negative
result. Negative results were also observed in TA102 strain which is sensitive to
oxidative and alkylating mutagens (detects transversions or transitions in TAA DNA

sequences) (D.M. Maron 1983)
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Table 5. Induction of his+ revertants in S. typhimurium strains by Brazilian B. trinervis Ethyl Acetate Fraction with and

without metabolic activation (S9 mix)

S. typhimurium strains

Substance Concentration TA98 TA97a TA100 TA1535 TA102
(ug/plate)
Rev/plate® MI® Rev/plate® MI° Rev/plate® VIR Rev/plate® MI° Rev/plate® MI°
Without metabolic activation (-S9)
NC* - 16.7+£9.8 - 77.7£7.8 - 108.0+3.5 - 8.313.2 - 333.0+12.8 -
Extract 40 16.0+1.0 0.96 78.0+8.7 1.00 99.7+10.3 0.92 6.0+0.0 0.72 335.3+26.1 1.01
80 18.3+£2.3 1.10 82.7+4.0 1.06 111.0+14.5 1.03 9.0£3.0 1.08 346.313.1 1.04
120 14.3£5.9 0.86 93.3+£2.3 1.20 98.3+12.4 0.91 13.0+1.7 1.56 322.7+£16.8 0.97
160 13.0+6.1 0.78 92.0+14.4 1.18 106.7+3.8 0.99 5.0+4.0 0.60 348.0+10.6 1.05
200 15.7£1.2 0.94 77.316.8 1.00 102.0£18.4 0.94 11.0£3.5 1.32 335.0£25.5 1.01
PC* 0.5(4NQO)  173.746.0™** 10.42 4713+240"** 6.07 520.0+45.0"** 4.81 314.7+24.0** 37.8 33757+2915*** 10.13
1 (NaNs)
With metabolic activation (+S9)
NC* - 43.0£7.2 - 79.7+8.1 - 100.0+13.9 - 22.0+6.9 - 457.7+49.3 -
Extract 40 41.718.7 0.97 94.0+5.2 1.18 97.3+15.7 0.97 18.7+8.5 0.85 420.0+£47.7 0.92
80 44.0+2.0 1.02 89.3+0.6 1.12 127.7+6.0 1.28 6.3+4.7 0.29 437.7+50.1 0.96
120 49.0£17.4 1.14 91.7+£10.7 1.15 104.7+£11.0 1.05 9.3+1.2 0.42 423.3+58.7 0.92
160 52.0+2.7 1.21 94.3+8.4 1.18 118.3+11.9 1.18 6.3+£3.2 0.29 360.7+27.2 0.79
200 49.3+7.6 1.15 88.0+10.2 1.10 114.3+17.6 1.14 7.0+6.2 0.32 458.3+46.3 1.00
pC’ 1(AFB1)  914.74+76.8""" 21.27 286.0+3.59""" 3.59 282.7+13.2"" 2.83 1360+47.3"* 6.18 3094.0+572.8"** 6.76

“Number of revertants/plate: mean of three independent experiments + SD; PMI: mutagenic index (n°. of his+ induced in the sample/n°®. of spontaneous his+ in the negative control);
°NC: negative control DMSO (10 pl) used as a solvent for the extract. pC: positive control (-S9) sodium azide to TA100 and TA1535; 4-NQO to TA97a, TA98 and TA102; (+S9)
aflatoxin B1; *Significantly different in relation to the negative control p<0.05; ** p<0.01; *** p<0.001.
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Table 6. Induction of his+ revertants in S. typhimurium strains by Colombian B. trinervis Ethyl Acetate Fraction with and

without metabolic activation (S9 mix).

S. typhimurium strains

Substance Concentration TA98 TA97a TA100 TA1535 TA102
(ug/plate)
Rev/plate® MI® Rev/plate® MI° Rev/plate® VIR Rev/plate® MI° Rev/plate® MI°

Without metabolic activation (-S9)

NC° - 18.7+3.1 - 79.7£10.0 - 114.7+10.6 - 14.3+£5.9 - 302.0+£32.1 -

Extract 40 15.31£5.1 0.82 74.3+18.5 0.93 104.0+16.4 0.91 13.3£5.9 0.93 308.0+25.5 1.02
80 14.3£3.8 0.77 65.01£9.9 0.82 103.7+21.7 0.90 6.71£3.8 0.47 288.3+21.4 0.95
120 15.3£2.9 0.82 78.3£2.9 0.98 96.3+9.3 0.84 8.0f£2.7 0.56 300.0£33.9 0.99
160 15.0+0.0 0.80 75.7+11.2 0.95 88.0+2.7 0.77 7.3£2.5 0.51 284.0+20.2 0.94
200 18.3£3.5 0.98 71.3£4.0 0.89 88.3+10.5 0.77 2.711.2 0.19 269.0+5.3 0.89

pC* 0.5(4NQO)  169.0+4.6"** 9.05 413.0+54.2**" 5.18 561.7+37.4"** 4.90 419.7+13.0"** 29.29 2449.0+192.6"** 8.11

1 (NaNs)

With metabolic activation (+S9)

NC° - 37.7£4.6 - 85.3+18.5 - 108.7+2.3 - 9.716.0 - 408.3+18.6 -

Extract 40 41.0+8.9 1.09 85.0+13.5 1.00 131.3+14.1 1.21 5.7£2.9 0.59 406.0+45.6 0.99
80 39.0+£3.6 1.04 86.0£7.0 1.01 122.7+18.0 1.13 7.04.4 0.72 435.0+47.6 1.07
120 45.7+2.3 1.21 76.3£7.8 0.89 107.3+£7.5 0.99 10.3+5.5 1.07 396.3£30.2 0.97
160 47.0+7.2 1.25 75.7£8.6 0.89 125.0+15.7 1.15 10.3+4.0 1.07 377.0£30.8 0.92
200 48.716.0 1.29 70.0+£2.0 0.82 96.0+6.9 0.88 11.3£2.5 1.17 340.0+£19.3 0.83

PC* 1(AFB1)  737.3450.8*** 19.57 302.3+90.6"* 3.54 310.3+50.9"* 2.86 110.7+20.5"* 11.45 27390+5959*** 6.71

*Number of revertants/plate: mean of three independent experiments + SD; PMI: mutagenic index (n°. of his+ induced in the sample/n®. of spontaneous his+ in the negative control); “NC: negative control
DMSO (10 pl) used as a solvent for the extract. “PC: positive control (-S9) sodium azide to TA100 and TA1535; 4-NQO to TA97a, TA98 and TA102; (+S9) aflatoxin B1; *Significantly different in relation to the

negative control p<0.05; ** p<0.01; *** p<0.001.
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Discussion

B. trinervis has been used widely in the treatment of several disorders. The biological
confirmation of its activities (Albuquerque et al. 2004; de las Heras et al. 1998;
Sanchez-Palomino et al. 2002) and the study of the toxicological effects is an
important parameter in the evaluation of the use of this plant as a pharmacological
drug.

The elevate flavonoids content in aqueous extracts and ethyl acetate fractions of B.
trinervis from Brazil and Colombia (Table. 1) is in agreement with the sustained order
of phenolic compounds content in the different solvents: ethyl acetate, water and
butanol (Termentzi et al. 2009). The identification by HPLC analyses of acid caffeic,
acid ellagic, acid rosmarinic and rutin in AEC and AEB and luteolin only in AEC
(Table 2) is the first report of these compounds in B. trinervis. These results are in
concordance with the presence of flavonoids, and phenolic acids, diterpenes, and
triterpenos in Baccharis species (Verdi et al. 2005). In addition, studies with B.
trinervis described the chemical composition identified mainy flavonoids (flavones,
flavonones) and terpenes (neo-clerodane type diterpenos and terpenes)
(Albuquerque et al. 2004; Herrera et al. 1996; Kuroyanagi and Ueno 1993; Sharp et
al. 2001b). Moreover, the difference in the concentrations of acid caffeic, acid ellagic,
acid rosmarinic and rutin by HPLC (Table 2) could be explained by the difference
climatic conditions, the geographical origin and its repercussion in the productions of
compound phenolic (Kumar S et al. 2012).

In order to get more knowledge about the chemical composition, extracts/fractions of
B. trinervis from Brazil and Colombia were analyzed by HRMS-ESI-MS. The
information set as isotopic ratio and exact mass were used for chemical identification
of Brazilian and Colombian B. trinervis by direct comparison with reference data
(Table 3). Compounds identified in the present study have not been reported in B.
trinervis (Herrera et al. 1996; Kuroyanagi and Ueno 1993; Rose et al. 2004; Sharp et
al. 2001b). Thereby, the umbelliferone (m/z 163, 0386) is a coumarin present in the
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EAFB and EAFC and was previously identified in B. eggers (Bohlmann et al. 1985).
2-Propenoic acid, 3-[2,4-dihydroxy-3-(3-methyl-2-butenyl)phenyl]-, (E)- (9CI) was
identified at m/z 249,1132 corresponding to the molecular formula Ci4H1604 this
phenolic compound has been identified in B. linearis (Brown 1994), however, it could
be caffeic acid 1,1 dimethyl allyl ester, a derivate of caffeic acid described in brazilian
propolis where a botanical origin was B. dracunculifolia (Junior et al. 2008; Park et
al. 2004).

The presence of the compounds 3 (m/z 275.1647), 4 (m/z 351.2157) and 5 (m/z
391.2869) in AEFB and AEFC (Tab. 2) are in agreement with the reports of
Acetylenes (Bohlmann et al. 1985; Jakupovic et al. 1991) and linear and labdane-type
diterpens in Baccharis species (Hikawczuk et al. 2008; Tonn et al. 1982). In fact,
Baccharis is the genus of Asteraceae family which has presented the highest number
of diterpenes found in 17% of family species (69 species with diterpenes/400 species
in Baccharis). Within Baccharis, the most frequent skeletons are labdanes,

clerodanes and kauranes (Alvarenga et al. 2005).

In some cases, there are no compounds previously identified in literature for
Baccharis, and the molecular formula was indicated. Nevertheless, the structural
elucidation of not yet identified compounds by its MS spectrum is not trivial and for
complete deduction more studies are required. In this way, the isolation of the
compounds and chemical structures information will be done by other spectroscopic
methods.

In this study, we found that Brazilian and Colombian B. trinervis extracts/fractions
were able to reduce CHO cell viability in a dose-dependent manner, by cloning
forming ability and MTT assay (Fig. 5). It is in agreement with the cytotoxic activity of
acetate extract of B. dracunculifolia observed at concentrations higher than 400
png/mL in studies using V79 cells (Munari et al. 2010), cytotoxic activity of ethanol
fraction and aqueous residue of B. trimera in HEK cells at 78,1 ug/mL and 86,2

ng/mL, respectively. Additionally, the agueous extract was cytotoxic in swiss mice at
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182,6 pg/mL (Nogueira et al. 2011). Phenolic compounds have been suggested as
principal components responsible for the cytotoxic effects of Baccharis species
(Munari et al. 2010; Nogueira et al. 2011; Tavares et al. 2006). In this sense, the
fractions with major cytotoxic activity were ethyl acetate fractions and, as described
above, our identified samples of EAFB and EAFC were phenolic compounds,
diterpens, and acetilenes. Some of these compounds showed moderate cytotoxicity
against a human pancreatic adenocarcinoma cell line (Sanchez et al. 2010), thus,
umbelliferone showed cytotoxic activity against glioblastoma cell line (OE21), but it
was not cytotoxic against esophageal carcinoma cell line, NSCLC cell line, prostate
cancer cell line, melanoma cell line and colon cancer cell line (Bruyére et al. 2011).
Labdane type diterpenes showed moderate cytotoxicity against human tumor cell
lines HEp-2, HT-29, MKN-45, MCF-7, and HelLa (Franco et al. 2011); likewise,
labdane isolates were studied in A-549 (lung cancer), SK-N-SH (human
neuroblastoma), MCF-7 (breast cancer) and HelLa (cervical cancer) cell lines showing
cytotoxic activity (Suresh et al. 2010). Moreover, phenolic compounds might be
responsible for the cytotoxic activity; some studies have shown the growth inhibition
in breast cancer cells (Jaganathan et al. 2010). In fact, caffeic acid derivate exhibited
cytotoxic activity on NCI-H23 (human lung adenocarcinoma) cell lines (Ooi et al.
2011). Flavonoids were reported with cytotoxic activity in human carcinoma breast
(MCF7), liver (HEPG2), cervix (HELA) and colon (HCT116) cell lines (Marzouk et al.
2011). However, the exact cytotoxicity mechanism of these compounds is still

unknown.

The comet assay was used to detect DNA damage, such as single (SSBs) and
double strand breaks (DSBs), alkali-labile sites, DNA-DNA and DNA-—protein
crosslinks (Hartmann et al. 2003). Our results indicate that AEB, AEC, ARFB, and
ARFC induced significant elevation in DNA strand breaks in CHO cells at
concentration 20.05 mg/mL; EAFB, EAFC, and BFC showed genotoxic potential at
concentration 20.1 mg/mL and BFB at 0.5 mg/mL (Table 4). This results are

consistent with the re observed with the aqueous extract of B. dracunculifolia in CF-1
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mice at 2 mg/mL (Rodrigues et al. 2009). Aqueous extract of B. trimera also induced
genotoxicity in swiss mice at 4,2 mg/kg (Nogueira et al. 2011). In studies carried out
in mammalian cells, genotoxic potential of ethyl acetate extract of B. dracunculifolia
was observed at 50 pg/mL (Munari et al. 2010); also, ethanol extract of propolis from
B. dracunculifolia showed genotoxic activity at 100 pg/mL in CHO cells (Tavares et al.
2006). Flavonoids, phenylpropanoids, and other phenolic compounds were probably
the constituents responsible for the genotoxic effects because these compounds can

act as pro-oxidants, depending on their concentration (Munari et al. 2010).

In this sense, the ethyl acetate fractions were more genotoxic than the aqueous
extracts, n-butanol fractions and aqueous residue by alkaline comet assay (Table 4).
This is consistent with a difference in a chemical composition among the fractions,
thus, pro-oxidant effects of flavonoids have been reported, which would cause
damage to the genetic material (Halliwell et al. 2005). In fact, some flavonoids
produce genotoxic effect at high concentrations (Ferguson 2001; Pereira et al. 2006;
da Silva et al. 2002) such as quercetin and rutin (Silva et al. 2002). Caffeic acid from
B. dracunculifolia extracts (Munari et al. 2008; Resende et al. 2007) induced DNA
damage in rats at 8 mg/kg (Pereira et al. 2006).

However, because the exact toxicity mechanism of these compounds is not
completely known, the biological effect of these fractions could not be fully
understood and more data are needed to confirm this hypothesis. Further studies with
isolated active constituents and use of other biological models should be performed in
order to provide a better understanding of the mechanisms underlying the cytotoxic

and genotoxic effects of B. trinervis.

For all tested S. typhimurium strains, EAFB and EAFC were not mutagenic, neither in
the presence nor in the absence of S9 mix (Table 5 and 6). However, EAFC showed
toxicity in TA1535 at 80 pg/plate and higher concentrations in absence of S9 mix but

not in presence of S9 mix (Table 6), this observations suggest induction of oxidative
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damage without S9 mix and subsequent repair of this in a presence of S9 mix
(Cortés-Eslava et al. 2013). This result was consistent with the observed for the
aqueous extract, acetate fraction, and ethanol fraction of B. trimera, where mutagenic
activity was not detected while toxicity was detected Salmonella/microsome
mutagenicity assay (Nogueira et al. 2011). Also, ethyl acetate extract of B.
dracunculifolia did not induce an increase in the number of revertant colonies in the
strains TA98, TA100, TA102 and TA97a of S. typhimurium in both presence and
absence of S9 mix (Resende et al. 2012).

In conclusion, in our experimental conditions, cytotoxic and genotoxic activity of
Brazilian and Colombian B. trinervis fractions were observed on CHO cell cultures.
Flavonoids, phenylpropanoids, coumarines, and diterpens were probably the B.
trinervis constituents responsible for their cytotoxic and genotoxic effects because
these compounds can act either as pro-oxidants. Consequently, infusion of B.
trinervis should be used with caution since high doses could be genotoxic. Further
studies designed to isolate, characterize, and test the compounds of B. trinervis
should provide a better understanding of the cytotoxic and genotoxic mechanisms

observed in the present study.
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Abstract

Baccharis trinervis is a perennial shrub used in popular medicine as an antiseptic, for
the treatment of high fevers, edema, sores and muscle cramps. The aim of the study
was to investigate the antigenotoxic activity of Brazilian and Colombian B. trinervis
extracts/fractions against of DNA damage induced by 150 uM H»0O; by alkaline comet
assay with DNA repair enzymes, as well as to evaluate the antioxidant activity of the
extract by DPPH test and identified its constituents by HPLC. Our results showed that
the aqueous extract (AEB) and the ethyl acetate fraction (EAFB) of Brazilian
Baccharis trinervis and the ethyl acetate fraction (EAFC) of Colombian Baccharis
trinervis, exhibited highest antigenotoxic and antioxidant properties. These properties
could be attributed to the respective flavonoids contents observed. We concluded
from the presented experimental data that the Brazilian and Colombian B. trinervis
extracts/fractions present antioxidant activity and antigenotoxic effect against
oxidative DNA damage and these properties are at least in part due to an

antioxidant/free radical scavenging activity of their phenolic constituents.
Introduction

Antioxidants are known to protect against oxidative stress, which have been involved
in the development of several chronic diseases, including cardiovascular disease and

cancer. They can prevent the formation of reactive species, to scavenge, neutralize,
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and remove reactive species, beside inhibiting the oxidative chain reactions, chelating
reactive metals, and repairing damage to biological molecules (Da Costa et al. 2012).
As shown by numerous studies, some plant-derived natural chemicals have
protective effects against genotoxicity induced by oxidative stress (Ruberto and
Baratta 2000; Glei and Pool-Zobel 2006; Plazar et al. 2008).

Baccharis trinervis (Lam, Persoon) is a perennial shrub belonging to the Asteraceae
family, and within the large genus Baccharis, which is mainly restricted to the tropical
and subtropical zone of South America, including Colombia and Brazil (Fukuda 2006).
B. trinervis leaves are used in the preparation of tea in the popular medicine for the
treatment of high fevers, edema, sores and muscle cramps, and as antiseptics (Freire
2007). B. trinervis presents several biological activities; specifically, antioxidant effect
was reported in ethanolic extract (B. de las Heras et al. 1998) Likewise, anti HIV
activity (Sanchez-Palomino et al. 2002) and antifungal activities (Ocampo et al. 2006)
were reported in the aqueous extract, whereas antimicrobial properties were reported
in the essential oils from this plant (Albuquerque et al. 2004).

Baccharis species have been tested to evaluate the antigenotoxic activity. For
example, B. dracunculifolia extract was effective in preventing DNA damage induced
by methyl methanesulfonate (MMS) in the simultaneous treatment in V79 cells
(Munari et al. 2009), B. trimera showed an antigenotoxic effect in blood from treated
mice, protecting cells against oxidative DNA damage induced by the ex vivo
treatment with hydrogen peroxide (Rodrigues et al. 2009). In addition, the antioxidant
activity has been tested in B. trinervis (B. de las Heras et al. 1998), B. grisebachii
(Tapia et al. 2004), B. trimera (Rodrigues et al. 2009, da Cruz Padua et al. 2010) and,

B. dracunculifolia (Guimaréaes et al. 2012).

Several studies have been carried out in order to characterize the chemical
composition of B. trinervis through the ethyl acetate — soluble fraction of methanol
extract of aerial parts (Kuroyanagi et al. 1993), chloroform extract from leaves

(Herrera JC. et al. 1996), dichloromethane extract or branches (Sharped et al. 2001),
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and essential oils from the aerial parts (Albuquerque et al. 2004). These studies
identified flavones, flavonones, neo-clerodane type diterpenos and terpenes
(Kuroyanagi et al. 1993, Herrera et al. 1996, Sharped et al. 2001, Albuquerque et al.
2004). We identified phenolic compounds and terpenoids in the ethyl acetate
fractions; furthermore, the aqueous extracts, nbutanol fractions, and aqueous
residues presented acids and tepenoids as identified by high-resolution direct-infusion

mass spectrometry (unpublished data).

The aim of the present study was to evaluate the effects of Brazilian and Colombian
B. trinervis fractions on cultured mammalian cells in order to establish new
pharmacological applicability. Therefore, the cytotoxic and genotoxic properties were
investigated using a permanent lung fibroblast cell line derived from Chinese
hamsters (CHO cells) to evaluate the safety of B. trinervis use. Furthermore, the
present study evaluated the protective effects of Brazilian and Colombian B. trinervis
fractions against DNA damage induced by hydrogen peroxide (H.O,) using
simultaneous treatment with the mutagen. The cytotoxicity of the fractions was
determined using the MTT assay and the antigenotoxicity was evaluated by the

modified comet assay with use of repair enzymes.
Materials and methods
Chemical agents

Dulbecco’s modified Eagle medium (DMEM), fetal bovine serum (FBS), trypsin-
EDTA, L-glutamine, and penicillin/streptomycin were obtained from GIBCO® (Grand
Island, NY, USA). Hydrogen Peroxide (H,O,) and 3- (4,5-dimethylthiazole-2-yl)-2,5-
biphenyl tetrazolium bromide (MTT) were purchased from Sigma (St. Louis, MO,
USA). Low melting point agarose and agarose were obtained from Invitrogen
(Carlsbad, CA, USA). Folin Ciocalteu, rutin, pyrogallol, acetonitrile, trifluoroacetic
acid, 2,2-Diphenyl-1-picrylhydrazyl (DPPH) were purchased from Sigma (St. Louis,
USA).All others reagents were analytical grade.
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Plant material

Brazilian B. trinervis leaves were collected at Morro Sétimo Céu (Marcelino Ramos-
RS) in January 2009 and vouchers specimens were identified by Dr. Sergio
Bordignon which were deposited at the Herbarium at Universidade Luterana do
Brasil. In the other hand, Colombian B.trinervis leaves were collected at Puente -
Arroyo El Carbén (Planeta Rica-Cordoba) in December 2008. Vouchers specimens
were identified by O. A. Jara and were deposited at the Herbarium at Universidad
Nacional de Colombia. Brazilian and Colombian B. trinervis leaves were provided by
the Biomedical Sciences Laboratory of the Universidad del Sina in Colombia and the
Phytochemical and Pharmacognosie Laboratory at the Universidade Luterana do
Brasil-RS.

Preparation of extracts and fractions

Leaves were dried at room temperature, powdered (50 g) and submitted an extraction
with water by infusion for 15 min (1/10) plant/solvent). After cooling, the filtered
extract was separated in two parts of 250 mL. The first half was frozen and
concentrated by lyophilization for five days overnight, obtaining the aqueous extract
(AE). The second one was successively partitioned with solvents of different polarities
in order to obtain the ethyl acetate fraction (EAF), n-butanol fraction (BF) and
agueous residue (AR). The aqueous residue was concentrated by lyophilization. All
the organic extracts were concentrated to dryness under reduced pressure and

temperature below 40 °C.

DPPH radical scavenging assay

Scavenging of DPPH (2,2-diphenyl-1-picrylhydrazyl) free radical by tCNSL was
determined using the DPPH discoloration method described by Saito et al. (2007).
Summarily, dilutions of tCNSL (500 ul) in methanol were added to 1000 pl of
100 pg/mL DPPH methanolic solution and incubated at 25 °C for 30 min. Absorbance
was measured at 515 nm using a Shimadzu spectrophotometer model UV-1602PC
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(Kyoto, Japan). The DPPH solution (1000 pl) and methanol (500 ul) were used as a
negative control. Antioxidant activity was expressed as ICsq (inhibitory concentration
in pg/mL of samples or standard, necessary to reduce the absorbance of DPPH by

50%, compared to the negative control). All experiments were done in triplicate.
Culture and treatment

Chinese hamster ovary cells (CHO cells) were cultivated under standard conditions in
DMEM, supplemented with 10% heat-inactivated FBS, 0.2 mg/mL L-glutamine, 100
IU/mL penicillin, and 100 pg/mL streptomycin. Cells were kept in tissue-culture flasks
at 37°C in a humidified atmosphere containing 5% CO2 in air and were harvested by
treatment with 0.15% trypsin—0.08% EDTA in PBS. Cells (1x10% for MTT test and
(3x10°) for modified comet assays were seeded in complete media and grown for one

day prior to treatment with as fractions.

The AEs, BFs, RFs were dissolved in distilled water, the AEFs were dissolved in
DMSO (dimethylsulfoxide). The final DMSO concentration in the media never
exceeded 0.2%. The negative control was exposed to an equivalent concentration of

solvent. For the antigenotoxic 150 uM H,O, was used as positive control.

For the MTT test CHO cells were treated for 3 hour with 0.005, 0.01, 0.03, 0.05, 0.1
or 0.3 mg /mL of different fractions of Colombian and Brazilian B. trinervis leaves in to

FBS-free media under standard conditions.

To determine the antigenotoxicity CHO cells were submitted to simultaneous
treatment of 150 uM H,0, plus different concentrations of the fractions, for EAFs and
BFs (0.01, 0.03, 0.05 and 0.1) and for AEs and ARs (0.005, 0.01, 0.03 and 0.05) in

FBS-free media under standard conditions.
MTT assay

MTT reduction was performed according to Denizot and Lang (1986). Briefly, after

treatments, cells were washed once with PBS before the addition of 0.1 mL serum-
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free media containing yellow tetrazolium salt (MTT; 1 mg/mL) dye and incubated for 3
h at 37°C. After incubation, the supernatant was removed, the residual purple
formazan product solubilized in 0.4 mL DMSO, stirred for 5 min and its absorbance
measured at 540 nm. The absorbance of negative control cells was set as 100%
viability and the values of treated cells were calculated as percentage of control.

The modified alkaline comet assay - with DNA repair enzymes

The alkaline comet assay was performed as described by Tice et al. (2010) with
minor modifications (Hartmann and Speit, 1997). At the end of the treatment, cells
were washed with ice-cold PBS and trypsinized (0.15%). After 30 s, 100 yL complete
DMEM medium was added and the cells were gently resuspended. Immediately
thereafter, 100 pL of cell suspension was dissolved in 0.75% low melting point
agarose, and spread on regular, pre-coated agarose-point (1.5%) microscope slides.
Thus, cells were incubated in ice-cold lysis solution (2.5 M NaCl, 100 mM EDTA, and
10 mM Tris, pH 10.0, with freshly added 1% Triton X-100 and 10% DMSO) at 4°C for
at least 1 h to remove cell proteins, leaving DNA as “nucleoids”. In the modified comet
assay, slides were removed from the lysis solutions, washed three times in enzyme
buffer and incubate with 60uL of FPG (45 min 37°C) or Endo Il (30 min 37°C). After
lysis slides were then placed in a horizontal electrophoresis box containing freshly-
prepared alkaline buffer (300 mM NaOH and 1 mM EDTA, pH ~13.0) at 4 °C for 20
min in order to facilitate DNA unwinding. A 300 mA and 25 V (0.9 V/cm) electric
current was applied for 20 min to perform DNA electrophoresis. All of the above steps
were performed under yellow light or in the dark in order to prevent additional DNA
damage. Slides were then neutralized (0.4 M Tris, pH 7.5), stained with silver nitrate
and analyzed using an optic microscope. One hundred cells (100 cells from each of
two replicate slides of each treatment) were selected and analyzed for DNA
migration. Cells were visually scored according to tail length into five classes: (1)
class 0: undamaged, with no tail, (2) class 1: with tail shorter than the diameter of the
head (nucleus), (3) class 2: with tail as long as 1-2x the diameter of the head, (4)

class 3: with tail longer than 2x the diameter of the head, and (5) class 4: comets with
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no heads. Damage index (DI) is an arbitrary score calculated for cells in different
damage classes, which are visually scored by measuring DNA migration length and
the amount of DNA in the tail. DI ranges from 0 (no tail: 100 cells x0) to 400 (with

maximum migration: 100 cells x 4).
Statistical analysis

All experiments were independently repeated at least three times, results are
expressed as means + standard deviation (SD). Data were analyzed by one-way
analysis of variance (ANOVA), and means were compared using the Tukey test, with

P < 0.05 considered as statistically significant.

Results

Cytotoxicity

MTT reduction assay (Fig. 1.) was used to determinate a cell viability over 60% for
antigenotoxic assays. The concentrations chosen were 0.05, 0.01, 0.03 and 0.05
mg/mL for AEC, AEB, ARB and ARC; and furthermore, 0.01, 0.03, 0.05 and 0.01
mg/mL were used for AEFB, AEFC, BFB and BFC.

—— Aqueous Extract 100
—=— Ethyl Acetate Fraction
—— n-Butanol Fraction.
- Aqueous Residue

100

——Aqueous Extract
—+— Ethyl Acetate Fraction
—— n-Butanol Fraction.

t 2 —— Aqueous Residue

33
o

Cell viability (%)
Cell viability (%9

50 \}- \*
0 T T — T Y 0 T T — T T T
0.00 0.01 0.02 0.03 0.1 0.2 0.3 0.00 0.01 0.02 0.03 0.100.150.200.250.30
Concentrations of brazilian B. trinervis (mg/ml) Concentrations of colombian B. trinervis (mg/ml)

Figure 1. Cytotoxic effects of B. trinervis fractions in CHO cells after 3 hours of exposure by MTT assay of (a) Brazilian B.
trinervis fractions, (b) Colombian B. trinervis fractions. Results are expressed as mean percentage in treated cells compared to

the negative control (FBS - free DMEM medium) + standard deviation of three independent experiments.

DPPH free radical scavenging assay

The free radical scavenging effect of B. trinervis fractions from Colombia and Brazil

was tested using the DPPH free radical scavenging assay and showed the I1C50
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values of the B. trinervis fractions presented in Table 1. The EAFB (147,37 + 7,63)
and EAFC (105,03 £ 9,47) exhibited highest activity when compared to the other
fractions; the free radical scavenging capacity decreased in direction of BFB, ARB,
ARC, BFC, AEB, AEC, EAFB and EAFC.

Table 1. DPPH scavenging ability of B. trinervis extracts/fractions from Colombia and

Brazil.
DPPH scavenging ability
Samples
Aqueous Extract Ethyl Acetate Fraction  n-butanol Fraction =~ Aqueous Residue
Brazil 206,54+ 0.34 147,37 £7,63 809,41+7,17 448,55 +9,19
Colombia 193,74 + 11,28 105,03 +9,47 273,12+ 13,3 406,94 + 14,3

Data represent the mean = standard deviation of three independent experiments
Values are expressed the IC 5, (inhibitory concentration) in pg/mL of samples necessary to scavenge 50% of the DPPH radicals.

Antigenotoxic activity.

The modified comet assay data concerning antigenotoxicity expressed as Damage
Index (DI) for CHO cells exposed to Brazilian and Colombian AE, EAF, BF or ARF in
simultaneous treatment with 150 uM H,O, as well as the negative and positive control

are presented in figures 2 and 3.

Statistically significant difference in the damage index was observed in AEB, AEC,
ARB and ARC at 0.005 mg/mL. On the other hand, the EAFB, EAFC, BFC and BFB
showed a significant difference at concentration of 0.01 mg/mL, evidencing
antigenotoxic properties. The EAFB, EAFC, EAB, and EAC were the most

antigenotoxic fractions, decreasing almost 50% the damage index induced by H,0,.

The extracts/fractions of B. trinervis from Colombia showed slightly more protective
effect when compared with the extracts/fractions of B. trinervis from Brazil in the

capacity to protect against DNA damage induced by 150 puM H,0,,
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Discussion

Many medicinal plants exert their beneficial effects through the additive or synergistic
action of several chemical compounds acting at single or multiple target sites
associated with a physiological process. Species of the large Baccharis genus have
been tested to determinate the balance between the therapeutic and toxicological
effects as a very important parameter to evaluate the usefulness as a
pharmacological drug. We previously analyzed the cytotoxic and genotoxic properties
of the Brazilian and Colombian Baccharis trinervis extracts/fractions (Jaramillo et al.
2013); we observed that AEB, AEC, EAFB, EAFC, BFB, BFC and ARB, ARC induced
a significant decrease in cell survival at 0.05 mg/mL when compared with negative
control. Additionally, AEB, AEC, ARB and ARC induced genotoxicity at 0.05 mg/mL
with dose-dependent response; on the other hand, the EAFB, EAFC and BFC
showed a significant difference at 0.1 mg/mL, while BFB presented a significant
difference at 0.5 mg/mL. In this study, according our previous study, we chose not
cytotoxic and not genotoxic concentrations (0.001-0.05 mg/mL) to determinate the

antigenotoxic activity of the Brazilian and Colombian B. trinervis extracts/fractions.

The antioxidant activity showed by EAFB, EAFC, AEB and AEC by DPPH, probably
results from the sum or synergistic effect of each compound in the extract, mainly
phenols and flavonoids — substances with well-known scavenger properties (Dorta et
al. 2006). In a previous work, we identified compounds of B. trinervis
extracts/fractions from Brazil and Colombia by HRMS-ESI-MS and HPLC. These
compounds are phenolic compounds, such as flavonoids, phenolic acids and

coumarines; acetylenes and labdane type diterpens (presented in the table 2).
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Table 2. Identified compounds in extracts/fractions of B. trinervis from Brazil and

Colombia (Jaramillo V. et al. 2013)

Compounds Extract/fractions Compound type Method
7-hydroxy-2H-1-Benzopyran-2-one EAF and EAFB Coumarine HRMS-ESI-MS
(Umbelliferone)

Phenolic Acid
2-Propenoic acid, 3-[2,4-dihydroxy-3-(3- EAF and EAFB Phenolic acid HRMS-ESI-MS
methyl-2-butenyl)phenyl]-, (E)- (9Cl) Derivate
8,15-Heptadecadiene-11,13-diynoic acid, 3- EAF and EAFB Acetylene HRMS-ESI-MS
hydroxy-, (E,Z)- (9ClI)
5-Heptene-1,2-diol, 2-[(2S,3S,6R)-2-[2-(3- Diterpen
furanyl)ethyl]-1,5-dioxaspiro[2.5]oct-6-yl]- EAF and EAFB HRMS-ESI-MS
6-methyl-, (25)-
1-Naphthalenemethanol, 5-[5-(acetyloxy)- Diterpen
3-methyl-3-pentenyl]-1,2,3,4,4a,5,8,8a- EAF and EAFB HRMS-ESI-MS
octahydro-1,4a,6-trimethyl-acetate (9Cl)
BFB, BFC, AEB, AEC, RFB and Carboxylic Acid
1,3,4,5-tetrahydroxy-(1a,3R,40,5R)- HRMS-ESI-MS
. . RFC
Cyclohexanecarboxylic acid
. BFB, BFC, AEB, AEC, RFB and Carboxylic Acid
Hexadecanoic acid HRMS-ESI-MS
RFC
. 1
1,4-Cyclohexanedimethanol, o "-[3- ) BFB, BFC, AEB, AEC, RFB and Terpene
(acetyloxy)-4-methyl-4-penten-1-yl]-a - HRMS-ESI-MS
RFC
methyl- 4-acetate
Caffeic acid AEC and AEB Phenolic acid HPLC
. AEC and AEB Flavonoid HPLC
Rutin
. . AEC and AEB Phenolic Acid HPLC
Ellagic acid
L AEC and AEB Phenolic Acid HPLC
Rosmarinic acid
AEC Flavonoid HPLC

Luteolin

Flavonoids are particularly effective as inhibitors of the oxidation because they are

able to react with the radical species involved in this process (René et al. 2010). The

high content of phenolic compounds and flavonoids in Brazilian and Colombian B.

trinervis extracts/fractions probably confers potent antioxidant activity demonstrated in

this study that comes from free radicals scavenging activity.
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Antioxidant protection from damage due to free radicals is vital for the integrity of
cellular structures and ROS can interfere with normal cellular signaling cascades by
affecting the activation or expression of transcription factors and upstream kinases,
modulated by antioxidative phenolic phytochemicals (Pan and Ho 2008). The vegetal
secondary metabolism produces chemical substances responsible for the antioxidant
properties in vitro and in vivo of many plant extracts. Such substances are mainly
phenolic compounds, able to decrease the production and/or to eliminate produced
free radicals (Dorta et al. 2006). Among these substances are flavonoids and other
phenolic compounds, especially as synthesized in leaves, flowering tissues, and
pollens that are intensively studied due to their presence in the human diet (Tsao
2010).

The antioxidant properties detected are in accordance with literature data which show
antioxidant properties for B. trinervis (de las Heras 1998) and other Baccharis species
such as B. trimera extracts (Oliveira et al. 2004), B. illinita, B. platypoda (Brighente et
al. 2007), B. articulate (Oliveira et al. 2003), and B. grisebachii (Tapia et al. 2004), B.
dracunculifolia (Park et al. 2005). The flavonoids are known for their ability to donate
a hydrogen atom to free radicals, thus neutralizing cations capable to produce the
hydroxyl radical (Jovanovic et al. 1998; Merken and Beecher 2000). These
compounds can also modulate a wide range of mammalian enzyme activities, such
as cytochrome P450 and several antioxidant enzymes (Ferguson 2001). Moreover,
flavonoids, such a rutin and caffeic acid, are among the most abundant antioxidant
compounds in vegetables and fruits (Aherne and O’Brien 2002). They have high free
radical scavenging activity (Ross and Kasum 2002). These compounds have also
been reported as antigenotoxic in various in vitro models (Aherne and O’Brien 2000a,;
Russo et al. 2000; Lo et al. 2002; Ross and Kasum 2002).

Modified comet assay was performed in order to evaluate if B. trinervis fractions from
Brazil and Colombia cause oxidative DNA damage in simultaneous treatment. Then,

slides were incubated with lesion-specific enzymes and the difference of DNA breaks
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formation was evaluated. As illustrated on figures 2 and 3, EAC, EAB, EAFB, EAFC,
BFB, BFC, ARB and ARC protected the CHO cell against DNA damage; however, the
EAC, EAB, EAFB and EAFC presented the major protection against the damage
produced by 150 uM H,0,. This is consistent with the results obtained concerning the
amount of total flavonoids in the extracts/fractions (Jaramillo et al. 2013. In
preparation) which determined that AEC, AEB, EAFC and AEFB presented higher
content of total flavonoids than the other fractions. ARB and ARC showed the lowest
protection and the lowest content of total flavonoids. In relation to the difference
between the origin of samples, Colombian B. trinervis showed a slightly higher
protective effect against the DNA damage induced by 150 uM H,O, than the Brazilian
B. trinervis. The observed difference could be due to geographical, ecological and
climatic differences between these countries, (Castro-Vazquez et al. 2010; Kumar et
al. 2012).

Other species of Baccharis such as, B. trimera showed an antigenotoxic effect in
blood from treated mice, thus protecting cells against oxidative DNA damage induced
by the ex vivo treatment with hydrogen peroxide (Rodrigues et al. 2009). The
antigenotoxic potential of B. dracunculifolia ethyl acetate fraction reduced the
frequency of DNA damage induced by MMS in simultaneous treatment. However, this
chemopreventive activity depended on the concentrations and treatment regimens
used. Pretreatment protocol had no antigenotoxic effects against MMS-induced
damage (Munari et al. 2009). Baccharin, a compound present in some Baccharis
species, showed a chemopreventive effect and can be one of the chemical
compounds responsible for the antigenotoxicity demonstrated by the B.

dracunculifolia as well (de Oliviera et al. 2012).

Oxidative stress is a condition characterized by the oxidative damage of biomolecules
by free radicals when they are overproduced and/or the ability of the cellular
antioxidant systems is decreased. The H,0; is a potent genotoxin and can form HOe,

able to induce oxidative DNA damage, including 8-oxo-2'deoxyguanosine, DNA
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single-strand breaks and Double-strand breaks and oxidation of lipids (Bronzetti et al.
2003; Halliwell et al. 2007). The ability of these radical damage biomolecules is
superior to the other ROS due to their high reactivity and because the body does not
have a system of enzymatic defense against this ROS (Halliwell and Gutteridge
2007).

CHO cells treated with AEC, AEB, EAFB or AEFC and 150 pM H,0O, simultaneously,
in the presence of enzymes ENDO Il and FPG (Figure 2), demonstrated a decrease
in the oxidative damage when compared to H,O,. These results indicated that the
oxidative damage was counteracted principally by the phenolic compounds present in
B. trinervis extracts/fractions. Moreover, BER DNA-repair enzymes could be activated
as a result of ROS accumulation. This is likely to have occurred in cells co-treated
with the fractions once the DI after incubation with enzymes in these samples (Fig. 2)
was lower than the observed after treatment whit H,O, alone. The most common base
modification formed into DNA is 8-OHdG and if unrepaired could lead to mutation
induction. FPG protein has been used to assess oxidative DNA base damage
because it detects 8-OHdG and other oxidatively damaged purines. Besides, FPG
also detects alkylation damage with high sensitivity in the comet assay (Collins et al.
2008).

In conclusion, under the present experimental conditions, Brazilian and Colombian B.
trinervis extracts/fractions presented antioxidant activities and antigenotoxic effect
against oxidative DNA damage in CHO cells. These properties are at least in part due
to the antioxidant/free radical scavenging activity of the phenolic compounds
identified in the extracts. Further studies designed to isolate, characterize and test the
B. trinervis components should provide a better understanding of the antigenotoxic

and antioxidant mechanisms observed in this study.
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5. DISCUSSAO

bY

O género Baccharis, pertencente a familia Asteraceae, compreende
aproximadamente 500 espécies, a maioria sdo arbustos ramificados providos de alas
foliaceas. (Abad et al. 2007) Embora exista uma grande quantidade de espécies, até
0 presente momento a sistematica do género ndo se encontra bem elucidada (Lonni
et al. 2005). Devido a similaridade de algumas espécies, muitas plantas sao
utilizadas com fins terapéuticos e normalmente diferentes espécies sdo confundidas
e/ou nomeadas com o nome popular “carqueja’. Apesar de este nome ser
amplamente aceito pela etnobotéanica para referir-se a Baccharis trimera, € também
usado para outras espécies com caracteristicas morfoldégicas similares como a
Baccharis trinervis que, ndo obstante, filogeneticamente ndo pertencem a clados
estreitamente relacionados dentre o género Baccharis (Giuliano 2001). Assim,
diversas espécies de Baccharis sdo utilizadas para o tratamento das mesmas
doencas, sendo desconhecidas as verdadeiras propriedades terapéuticas de cada

uma e expondo a possiveis intoxicacdes pelo uso da planta errada.

A diferenca entre os efeitos terapéuticos e toxicolégicos constitui uma
importante informacdo quando se procura determinar uma faixa de concentracéo
segura para o uso como fitoterapico (Munari et al. 2012). Desta forma, a avaliacdo do
potencial citotdéxico e genotdxico, mutagénico, antigenotdéxico e antioxidante dos
extratos e fragbes de B. trinervis do Brasil e Coldmbia permitem uma melhor
compreensao dos efeitos bioldgicos desta planta e inferir os principais compostos

responsaveis por estes efeitos.

As amostras de B. trinervis foram coletadas em dois ecossistemas diferentes.
A Colémbia, por encontrar-se na zona tropical, recebe raios solares durante o ano
todo, sem ter estacdes climaticas, onde existem duas épocas, uma de chuva e uma
seca. As amostras de B. trinervis da Colémbia foram coletadas na época seca
(Rangel-Buitrago et al. 2013). Ao contrario, o lugar da coleta no Brasil encontra-se na

zona temperada sul, onde apresenta as quatro estacdes do ano bem definidas,
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desencadeando grandes diferencas na temperatura (Gelcer et al. 2013). Convém
salientar que a coleta da planta no Brasil foi feita no verdo, periodo que a vegetacéo
recebe maior irradiacdo solar e consequentemente altas temperaturas e baixos
niveis de precipitagdo. A origem geografica da vegetacdo influencia na expressao de
metabdlitos secundérios (Castro-Vazquez et al. 2010), uma vez que estes estao
envolvidos nos mecanismos que permitem a adequacdo da planta ao seu meio,
como defesa contra herbivoros e microrganismos, protecdo contra radiacao
ultravioleta UV), a atracao de polinizadores ou animais dispersores de sementes, e
protecdo anti-influéncias externos como temperatura e umidade, além de suprir a

deficiéncia de nutrientes minerais (Crozier et al. 2006).

A andlise fitoquimica de B. trinervis do norte da Colémbia e do sul do Brasil
contribui com a descricdo de treze novos compostos (Capitulo 11, tabela 2) para um
melhor conhecimento dos constituintes desta espécie. A identificacao realizada por
HPLC (Capitulo I, tabela 2) evidenciou que existem diferencas em presenca/auséncia
e em concentracdo dos compostos fenolicos como a luteolina, rutina, acido elagico,
acido cafeico e acido rosmarinico nos extratos aquosos do Brasil e da Colémbia.
Todos os compostos quantificados nos extratos aquosos da Coldombia apresentaram
maior concentracdo que nos extratos aquosos do Brasil. Esta diferencia é
evidenciada principalmente no acido elagico, que na amostra da Coldmbia encontra-
se sete vezes mais concentrado que na amostra do Brasil 9,74 mg/g e 1,35 mg/g
respectivamente). Adicionalmente, a luteolina foi detectada unicamente no extrato
aguoso da Colémbia. Estas diferencas podem ser explicadas com base nas
condicBes climaticas dos lugares onde as plantas foram coletadas. Devido a maior
exposicdo de raios solares, ha um aumento na expressao de genes envolvidos na
producdo de compostos fendlicos em resposta as exigéncias do meio para
adaptarem-se as altas temperaturas e as secas (Feng, Li et al. 2013; Peinado et al.
2013). Existe uma relagéo direta entre a densidade e as concentracdes de fendlicos
e a exposicdo solar, e uma relacéo inversa com os niveis de precipitacdo (Ferrer-

gallego et al. 2012). Além disso, a presenca da luteolina unicamente no extrato da
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Colébmbia pode ser explicada por sua origem biossintética. A rutina € um dos
precursores de luteolina (Yang et al. 2013), e em concordancia com o maior teor da
rutina no extrato da Col6mbia, existiria maior substrato para ser produzida a luteolina;
adicionalmente, a quantidade de luteolina e rutina aumentam com a elevacdo da

temperatura (Peinadoa et al. 2013)

Para complementar as analises quimicas das fracfes, foi realizado o HRMS-
ESI-MS. Dentre os compostos identificados por primeira vez em B. trinervis, cinco
foram encontrados nas fracOes acetato de etila e trés compostos nos extratos
aguosos, fracbes n-butanol e nos residuos aquosos do Brasil e da Colémbia. Os
produtos identificados foram compostos fendlicos, acetilenos e terpenos na fracao
acetato de etila, e, acetilenos e terpenos foram identificados no extrato aquoso,
fracdo n-butanol e no residuo aquoso do Brasil e da Colémbia, respectivamente. As
discrepancias nos resultados da caraterizacdo quimica pelos dois métodos utilizados
devem-se as diferencas nos principios das técnicas. O HRMS-ESI-MS reconhece os
picos dos compostos que ionizaram com maior estabilidade (Vessecchi et al. 2011),
possivelmente, os compostos identificados pelo HPLC podem corresponder aos
picos sem razdo m/z caraterizados. Além disso, este trabalho é o primeiro relato da
caracterizacdo quimica em espécies de Baccharis, onde foram identificados e
guantificados compostos bastante conhecidos tais como acido cafeico, elagico,
rutina, acido rosmarinico e luteolina por HPLC, mostrando que ainda faltam muitos
estudos farmacoldgicos sobre as espécies de Baccharis utilizadas pela medicina
popular. Varios antioxidantes e oxidantes naturais, principalmente flavonoides,
cumarinas e compostos fendlicos foram identificados em muitas plantas da familia
asteraceae, tais como Baccharis articulata (Cariddi et al. 2012), Achillea sieheana

(Albayrak 2013), Vernonia patula (Hira et al. 2013) entre outras.

As fracOes de acetato de etila contém principalmente flavonoides (Mujwah et
al.) cumarinas (Tosun et al. 2009) e outros compostos fendlicos (Ju et al. 2012).
Neste estudo, foram identificados cinco novos compostos na fragdo acetato de etila

de B. trinervis de ambos os paises por HRMS-ESI-MS Capitulo |, tabela 3), dentre os
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quais, o umbeliferona € o Unico composto com atividade biolégica descrita até o
momento. Além disso, os compostos identificados de n°® 9 e 10 (Capitulo Il, tabela 2)
pertencem ao grupo diterpeno labdano, ndo existindo, porém, nenhum estudo
farmacoldgico com os compostos identificados.

Nos ensaios de MTT e sobrevivéncia clonogénica, foi observado que todas as
fracbes foram citotoxicas (Capitulo I, Figura 5). No entanto, a genotoxicidade foi
observada a partir da concentracdo de 0,1 mg/mL em todas as fracBes Capitulo I,
Tabela 5). Dentre as fracdes estudadas, as fracdes de acetato de etila do Brasil e da
Colébmbia exibiram acentuadas atividades citotoxicas e genotOxicas. Estes efeitos
podem estar relacionados principalmente a mistura complexa de umbeliferona,
diterpenos labdano, rutina, acido elagico, acido cafeico, acido rosmarinico e luteolina.
Diversos estudos mostraram atividade citotdéxica e genotoxica dos compostos
umbelioferona e acido cafeico em linhagens tumorais de figado HepG2) e gliomas
OE21) humanos in vitro (Bruyere et al. 2011) e o efeito genotoxico do &cido
rosmarinico em camundongos (Ramos et al. 2008)

A presenca da luteolina somente na fracdo acetato de etila da Colémbia
poderia explicar o efeito mais pronunciado nos ensaios citotoxicos e genotdxicos em
comparacao com a fracdo acetato de etila do Brasil. Esta hipétese é reforcada pelo
fato de que no teste Salmonella/Microsoma nenhuma das fra¢cdes testadas de ambos
0S paises apresentaram resposta mutagénica frente as linhagens de em
S.typhimurium, tendo sido observado somente uma forte toxicidade para a fragéo de
acetato de etila da Coldombia para a linhagem TA1535 na auséncia de ativacdo
metabdlica Capitulo |, Tabela 4). Esta citotoxicidade €, possivelmente, decorrente da
acdo oxidante da luteolina. De acordo com essas observagdes (Attoub et al. 2011)
demonstraram a citotoxicidade da luteolina por estresse oxidativo em camundongos
e em linhagens tumorais de pulméo (LNM35), colon (HT29), figado (HepG2) e mama
(MCF7/6 e MDA-MB231-1833) in Vitro.
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Diversos estudos demonstraram que alguns flavonéides (ex: rutina, luteolina),
cumarinas (ex: umbeliferona) e acidos fendlicos (ex: acido eldgico e acido cafeico)
apresentam citotoxicidade e genotoxicidade em determinada concentracdo (Bhat et
al. 2007; da Silva et al. 2002). Porém, em baixas concentracdes, estes compostos
podem apresentar efeito antioxidante e antigenotoxico contra H,O, (Carrillo et al.
2013; Figueiredo-rinhel et al. 2013; Ju et al. 2012). Nossos resultados demonstraram
gue em concentracfes nao citotoxicas e nao genotoxicas, todas as fracbes de B.
trinervis do Brasil e da Colémbia apresentaram efeito citoprotetor contra os efeitos
téxicos do H,0O, (Capitulo Il, Figuras 2 e 3). Esse efeito foi mais pronunciado nos
extratos aquosos e nas fracdes acetato de etila de ambos os paises. A atividade
antigenotoxica pode estar baseada nos constituintes das fracdes citadas, tais como
rutina, luteolina, acido elagico, acido cafeico, acido rosmarinico e umbeliferona, o que
corrobora com varios trabalhos que demonstraram efeitos antigenotdxicos e
antioxidantes desses compostos de forma isolada (Berni et al. 2012; Orhan et al.
2013; Zaabat et al. 2011). Além de reduzir os danos ao DNA evidenciados no ensaio
cometa alcalino (Capitulo Il, Figuras 2 e 3), estas fracbes diminuiram purinas e
pirimidinas oxidadas no DNA ap6s a exposi¢do ao H202 (Capitulo Il, Figuras 2 e 3),
como foi observado no ensaio cometa alcalino modificado utilizando enzimas de
reparo de DNA. Esta observacdo sugere atividade antioxidante, possivelmente pela
sua capacidade de neutralizar radicais livres ao doar um elétron ou um atomo de
hidrogénio, deixando-os estaveis e menos reativos. Esta capacidade foi confirmada
pelo DPPH (Capitulo 11, tabela 1), evidenciando que os extratos aquosos e as fracées

acetato de etila apresentaram maior capacidade antioxidante.

Em resumo, o presente trabalho abre novas perspectivas no estudo do
mecanismo de acdo citotoxica, genotoxica, mutagénica, antigenotdoxica e
antioxidante da B. trinervis do Brasil e da Coldmbia. Este € o primeiro trabalho
descrevendo treze novos compostos em B. trinervis, e mostrando que as
guantidades dos compostos variaram de acordo com a origem geogréafica. O fato das

fragbes apresentarem atividade citotoxica e genotoxica em células CHO e néo
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apresentarem mutagenicidade em S. typhimurium torna bastante promissores futuros
estudos com modelos animais, bem como para a identificagdo dos compostos
biologicamente ativos presentes na planta, que em concentragdes ndo citotoxicas e

nao genotodxicas apresentaram atividade antioxidante.
6. CONCLUSOES
6.1. Concluséo geral

B. trinervis do Brasil e da Colédmbia apresentaram efeitos citotoxicos, genotoxicos,
antigenotoxicos e antioxidantes em células de ovario de hamster Chinés (células
CHO) e nao apresentaram mutagenicidade em linhagens de Salmonella typhimurium
devido a sua composicdo quimica constituida principalmente em compostos

fendlicos, acetilenos e diterpenos tipo labdano.
6.2 Conclusdes especificas.

e Os principais grupos quimicos presentes em B. trinervis sdo acetilenos,
diterpenos tipo labdanos e compostos fendlicos, tais como flavonoides, acidos
fendlicos e cumarinas.

e O teor dos compostos fendlicos, tais como rutina, acido elagico, acido
rosmarinico e acido cafeico, € maior em todas as fracdes de B. trinervis da
Colémbia quando comparada com as fragdes de B. trinervis do sul do Brasil.

e Todas as fracdes de B. trinervis de ambos os paises foram citotoxicas e
genotoxicos, possivelmente por acdo oxidante dos compostos fendlicos, tais
como luteolina, rutina, acido elagico, acido rosmarinico e acido cafeico.

e As fracOes acetato de etila de Brasil e Colbmbia exibiram maior atividade
citotoxica e genotdxica quando comparadas com 0S extratos aquosos, as
fracOes n-butanol e os residuos aquosos de ambos os paises.

e A presenca da Luteolina somente no extrato da Colémbia pode explicar em

parte a maior atividade citotoxica e genotdxica das amostras de Colémbia.
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e Em concentragBes ndo citotdxicas e ndo genotdxicas, 0s extratos aquosos e
as fracOes acetato de etila de B. trinervis do Brasil e da Colémbia exibiram
atividade antigenotoxica, protegendo as células CHO contra os danos
produzidos pelo peroxido de hidrogénio.

e As fracOes acetato de etila de Brasil e Coldbmbia ndo apresentaram resposta
mutagénica em Salmonella typhimurium. Porém, a fracdo acetato de etila da
Colémbia foi citotdxica para a linhagem TA1535 sem ativacdo metabdlica.

e A atividade antioxidante dos extratos e fracbes pode ser explicada pela acao
antioxidante dos compostos fendlicos tais como luteolina, rutina, acido elagico,

acido rosmarinico e acido cafeico.
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7. PERSPECTIVAS

Para o seguimento do trabalho, complementacdo dos resultados e progresso do
conhecimento em relacdo a avaliacdo fitoquimica, citotoxica, genotoxica e
antigenotoxica de B. trinervis do Brasil e da Coldémbia, propdem-se algumas

abordagens experimentais.

e Avaliar a expressdo de genes que possam estar envolvidos nas diferencas do
conteddo de compostos fendlicos identificados em B. trinervis do Brasil e da
Colémbia.

e Determinar o nivel de peroxidacéo lipidica por producdo de malondialdeido e
conteudo total de glutationa reduzida e oxidada (GSH/GSSH) em células
CHO.

e Avaliar a atividade das enzimas antioxidantes superoxido dismutase (SOD) e
catalase (CAT) em células CHO.

¢ Identificar e isolar os principais produtos ativos dos extratos e fracoes.
e Avaliar a citotoxicidade dos extratos de B. trinervis em linhagens tumorais.

e Verificar os efeitos do tratamento com os extratos e os produtos ativos de B.
trinervis sobre a progressao do ciclo celular e a indugédo de morte celular por

necrose e apoptose em células tumorais.
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Universidad del Sinu: Pesquisador do programa “Jovem Pesquisador e inovador de
COLCIENCIAS” Identificacdo, deteccdo y quantificacdo de cianobactérias, microcistinas
e genes responsaveis da producao de citotoxinas no antigo delta do Rio Sinu (ADRS),
departamento de Cérdoba, Colombia.

Julho 2009-Marco 2010.

Universidad del Sinu: Pesquisador do programa “Jovem Pesquisador e inovador de
COLCIENCIAS” no projeto Avaliagdo do dano citogenético em uma populacdo
ocupacionalmente exposta a minerac¢do do carvdao em Puerto Libertador - Cérdoba —
Colémbia

Marg¢o 2010-Marco 2011.

Produgdo bibliogrifica

Coautoria do capitulo: “Extingdo de espécies nativas de importancia socioeconémica
e cultural por as mudangas no uso do solo nas areas de influencia dos relictos de
bosque seco atuais” publicado em “Resolucdo de conflitos ambientais. Metodologia
y estudos de caso no caribe colombiano”, pertencente ao convenio de cooperagao
cientifica e tecnoldgica entre Ministério do meio ambiente, vivenda e

desenvolvimento territorial y a corporacao Ecofondo.
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e Coautoria de material didatico: Alimentos, o que vocé gostaria de saber a ciéncia

pode explicar. 2012. Universidade Federal do Rio grande do Sul

Resumos publicados em eventos

e Produgdo de enterotoxinas em cepas de Satphylococcus aureus isoladas de mastitis
bovina na cidade de Monteria. Em: VI Encuentro Nacional de Investigacién en

Enfermedades Infecciosas, 2008, Santa Marta

e Identificacdo, deteccdo y quantificacdo de cianobactérias e microcistinas no antigo
delta do Rio Sinu (ADRS), departamento de Cérdoba, Colombia. Em: IV oficina sobre
Cianobactérias toxigenias na Argentina: Bases para o desenvolvimento de
ferramentas para prevencdao e manejo de flora¢des y para assegurar a qualidade do

recurso agua. Mar del Plata. 2010

e Avaliacdo fitoquimica, citotdxica e genotdxica das fracdes do extrato de Baccharis
trinervis do Brasil e Colédmbia. Em: In: Xlll reunido anual de pds-graduacao em biologia
celular e molecular, 2012, Porto Alegre. XIV reunido anual de pds-graduagao em

biologia celular e molecular, 2011.

e Avaliacdo citotdxica e genotodxica dos extratos aquosos de Baccharis trinervis do Brasil
e Colémbia. Em: XV Congreso Latinoamericano de Genetic, 2012, Rosario. Actas Alag

2012, 2012. v. XXIII. p. 343-344.

e Avaliacdo citotoxica e genotodxica dos extratos aquosos de Baccharis trinervis do Brasil
e Colombia. Em: XIV reunido anual de pds-graduacao em biologia celular e molecular,

Porto Alegre, 2012
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e Evaluation of the phytochemical, cytotoxic and genotoxic potential of the aqueous
extract of Baccharis trinervis from Brazil and Colombia. Em: 11" International

Conference Environmental Mutagenesis. Foz de Iguagu, novembro de 2013.

e Avaliagdo da composigdo fitoquimica, citotdxica e genotdxica dos extratos aquosos de
Baccharis trinervis do Brasil e Coldmbia. Em: XV reunido anual de pds-graduacdo em

biologia celular e molecular. Porto Alegre, Novembro de 2013.

e Avaliagdo fitoquimica, citotoxica e genotdxica dos extratos aquosos de Baccharis
trinervis do Brasil e Colémbia. Em: V Workshop em produtos naturais. Caxias do Sul,

Maio de 2014.

Participagcdo em Eventos

e | Encuentro internacional sobre E.T.V. Malaria y Dengue, una mirada para el siglo XXI.
Monteria, Julio 16-18 de 2.003

e (Capacitacidn en resolucion de conflictos ambientales, realizado en los departamentos
de Bolivar, Cérdoba y Sucre, entre el 20 de noviembre de 2.003 y el 5 de mayo de
2.004 con una intensidad de 62 horas

e Curso Internacional de Biotecnologia. Monteria Noviembre 22 y 23 de 2.004

e | Simposio de Biologia. Monteria Octubre 19-21 de 2.004

e |l Simposio de Biologia. Monteria Octubre 8-10 de 2.005

e |V Simposio de Biologia. Cambio Climatico ¢Hacia dénde Vamos? Monteria,
Septiembre 19-21 de 2.007

e VI Encuentro Nacional de Investigacién en Enfermedades Infecciosas, 2008, Santa

Marta

e |V Simposio internacional de enfermedades emergentes y re-emergentes:

enfermedades transmitidas por vectores, 2009, Monteria.
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| Curso tedrico en epidemiologia molecular, epigenética y exposicién ocupacional a
genotodxicos. Monteria, 21-23 de julio, 2.009

lll Simposio era postgendmica, VIH-Cancer, avances en el tratamiento, Monteria,
Octubre 7-8 2.009

IV oficina sobre Cianobactérias toxigenias na Argentina: Bases para o
desenvolvimento de ferramentas para prevencao e manejo de floragdes y para

assegurar a qualidade do recurso agua. Mar del Plata. 2010

Xl reunido anual de pds-graduacdao em biologia celular e molecular, 2012, Porto

Alegre. XIV reunido anual de pds-graduacao em biologia celular e molecular, 2011.

XV Congreso Latinoamericano de Genetic, 2012, Rosario. Actas Alag 2012, 2012. v.
XXIII. p. 343-344.

XIV reunido anual de pds-graduacdao em biologia celular e molecular, Porto Alegre,

2012

h . . .
11" International Conference Environmental Mutagenesis. Foz de Iguagu, novembro

de 2013.

XV reunido anual de pds-graduacdao em biologia celular e molecular. Porto Alegre,

Novembro de 2013.

V Workshop em produtos naturais. Caxias do Sul, Maio de 2014.
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