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RESUMO

A utilizagcdo de plantasom finsmedicinais para tratmento, cura e prevencao de doencas, €
uma das maiantigasformas depratica medicinalda humanidade.Bidens pilosal.,
Asteraceae, popularmente como pipéieto, € uma planta tradicionalmente utilizada para o
tratamento de hepatite, cancer, diabetesgemitras desordens. E uma planta de interesse
terapéutico por ser rica eaompostos quimicos associadosadide humana. Nan&anto, os
compostos quimicos podem variajualitativamente e quantitativamentde acordo com
inumeros fatores que podem, consedemente,refletir em suas atividades bioldgicas.
Dentre os principais fatores que contribuem para a variagdo da composicdo quimica de
extratos vegetais tese a variabiliadade genética, fatores ambientais e o processo de
extracdo, com a utilizacdo de deentes com polaridade distas, por exemplo. Assim, o
presente estudo vispa) avaliar avariabilidadedo extrato hidroalcodlico e cinate fracdes
(hexano, diclorometano, acetato de etila, butanol e aquospiatte® populacdes d& pilosa
(Afonso Claudio, Barra de Séao Francisco, Cariacica e Muniz Freisando marcadores
genéticos (RAPD), analises fitoquimicgsraspeccao fitoquimicaESI¢) FT-ICR MS e
conteudo total de flavonaed, taninos ecompostos fendlicgs analises deatividade
antioxidantein vitro (por meio ds ensaios dPPH, ABTS * atividade quelante sobre o
Fe?e s i s-tamt@m/achlo linoleijoe, andlisesn vivo para avaliar aitotoxicidade,
anticitotoxicidade, mutagenicidade e antimutagenicidade (pelo teste do microngtleo e
medula 6ssea de camundongos)avdliar a variabilidade do extrato da planta submetida a
trés condicbes de cultivo (organico, inorganico e controle) e em diferentes estagios
fenoldgicos (vegetativo e floracao), por meio de andlises fitoquimicas, antiteddan vivo
(mutagenicidade e citotoxicidade das plantas no estiifforacdo) e de crescimentds
analises fitoquimicas revelaram significativa diferenca quantitativa e qualitativa entre as
amostras testadas, o que refletm variabilidade nas atdadesbiologicas (antioxidante t-

test, P<0.5. Os resultados sugereque os fatores ambientais foram determinantes, em
comparaca@osfatores genéticos. Os ensainsvivo demonstraram que a planta ndo induziu
citotoxicidade e mutagenicidade em todas@sdicbes experimentais (Tukdy<0.5) e foi

capaz deproteger o DNA contra os danos induzidos pela ciclofosfamida, nos ensaios de

anticitotoxicidade e antimutagenicidade.

Palavraschave:An 8§ | i se f it oqu?2 mi c aBid&ns pilbse.v. IE8f) &e ant |
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ABSTRACT

The use of plants for medicinal purposes, for treatment, cure and prevention of diseases, is
one of the oldest forms of medicinal practice of mankind. Bidens pilosa L., Asteraceae,
popularly called"picdo-preto”, is a plant traditionally used for the treatment of hepatitis,
cancer, diabetes, among other disorders. It is a plant of therapeutic interest because it is rich in
chemical compounds associated with human health. However, chemical compainivasy,
qualitatively and quantitatively, according to numerous factors that reflect on their biological
activities. Among the main factors that contribute to the chemical variation of plant extracts is
the genetic variability, environmental factors ahd extraction process, such as the use of
solvents with different polarity, for example. Thus, the present study aimed to: a) evaluate the
variability of the hydroalcoholic extract and five fractions (hexane, dichloromethane, ethyl
acetate, butanol and @epus), from four populations of B. pilosa (Afonso Claudio, Barra de
Séao Francisco, Cariacica and Muniz Freire), using genetic markers (RAPD), phytochemical
analyzes (phytochemical prospecting, ESIRT-ICR MS and total content of flavonoids,
tannins andphenolis), analyzes of antioxidant activitin vitro (by DPPH, ABTS®*,
chelatig activity on F& a n d-carbtendinoleic acid assays and in vivo analyzes to
evaluate cytotoxicity, anttytotoxicity, mutagenicity and antimutagenicity (by micronucleus
test in mouse bone marrow)) evaluate the variability of hydalcoholic extract of plants
submitted to three growth conditions (organic and inorganic fertilizers and the control) and in
different phenological stages (vegetative and flowering), through phytochemical, antioxidant
and in vivo analyzes (mutagenicity damytotoxicity of plants in the flowering stage) and
growth. The phytochemical analyzes revealed a significant quantitative and qualitative
difference between the samples tested, which reflected in variability in their biological
activities (antioxidant, -test, P<0.5). The results suggest that environmental factors were
determinantas compared to genetic factors vivo assays demonstrated that the plant did not
induce cytotoxicity and mutagenicity in all experimental conditions (Tukey, P <0.5) and was
alde to protect DNA from damage induced by cyclophosphamide in thewntoxicity and

antimutagenicity assays.

Keywords: Antioxidant activity A Bidens pilosaL. AESI () FT-ICR MS Afertilizers A
micronucleusA phytochemical analysis.
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1 INTRODUCAO

1.1Estresse oxidativo, doencas humanas e defesa antioxidante

O estresse oxidativo representa uma perturbagéestado de equilibrio das reacdes- pro
oxidantes e antioxidantes nos sistemas biologicos. Essa condicdo ocorre quando ha uma
superproducdo de espécies reativas de oxigéReadtive oxygen specjeROS) e/ou
nitrogénio Reactive nitrogen specieRNS) e adeficiéncia de antioxidantes enzimaticos e

nao enzimaticos (VALKO et al., 2007).

As ROS e RNS sdao produtos altamente instaveis e reativos resultantes do metabolismo celular
normal e de fatores ambientais. As espécies reativas derivadas de oxigéniotaprese

classe mais importante de espécies radicais geradas em sistemas vivos. A maioria das reacgoe:
de producdo de ROS envolve a reducdo parcial do oxigénio molecular, em reacbes que
ocorrem naturalmente nos organismos aerobios (MILLER; BUETTNER; AUSTOQ; 199
SCHIEBER; NAVDEEP, 2014; ADEGOKE; FORBES, 2014; DORIS, 2015).

ROS é um termo coletivo para denominar moléculas, radicalares (radicais livres) ou ndo
radicalares, derivadas do oxigénio (SHARMA et al., 2012). Os radicais livres contém um ou
mais elétronido emparelhados, o que |hes confere a elevada reatividade. Tais radicais sédo
produzidos a partir da perda ou ganho de um elétron de uma molécuélitéb ou partir da
quebra de uma ligagcédo covalente (DORIS, 2015). Dentre as principais ROS prodakidas
organismo podemos citar: anion superéxidae JOradical hidroxila (OH, perdxido de
hidrogénio (HO,), radical peroxil (ROQ e radical hidroperoxil (HOQ® (FINKEL;
HOLBROOK, 2000).

1.1.1 Principais espécies reativas geradas no metabolismo caful

Ha varias vias de formacdo das ROS enddgenas. A produgdo de anions superdyido (O

ocorre principalmente nas mitocondrias através da redugdo parcial do oxigénio molecular
(adicdo de um elétron). Tal processo é mediado pela NAD(P)H oxidase e ocorre
principalmente nos complexos | e lll da cadeia transportadora de elétrons (VALKO et al.,

2007; RIBEIRO et al., 2005; FINKEL; HOLBROOK, 2000).
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Em solucdo aquosa, 0,Opode ser convertido em perédxido de hidrogénigOdiia partir da

reducdo parcial do oxémio molecular por dois elétrons (RIBEIRO et al., 2005). Essa
conversao podera ocorrer enzimaticamente, através da acdo da superoxido dismutase (SODs)
(em uma reacéo de dismutacao), xantina oxidase, aminoacido oxidase e NAD(P)H oxidase. O
H.O, difundese fcilmente pelas membranas celulares (BIRBEN et al., 2012;
VASCONCELOS et al., 2007) e podera gerar o radical hidroxila)(@®&lpresenca de metais

de transic&o, como o FeFe™ ou o CU? (FENTON, 1984apudBIRBEN et al., 2012).

O radical OH é produzido a partir de uma sucessao de reacdes denominadas reacbes de
HaberWeiss e Fenton (Figura 1) (BIRBEN et al., 2012). E dceddque possui maior
potencial reativo e lesivo e, devido ao seu tempo de meia vida curto, dificilmente podera ser
neutralizado pelos mecanismos de defesa do organismo (HALLIWEEL; GUTERIDGE, 2015;
VASCONCELOS et al., 2007; LONE et al., 2013). H4 duas d@sontrole da presenca dos
radicais OH o reparo dos danos causados por ele ou a inibicAo de sua formacéo
(BARREIROS; DAVID, 2006).

Fe®+0," A Fe2+ 0, Haber-Weiss
Fe?+ H,0, A Fe+ OH + OH Reacé&o de Fenton

Figura 1: Reacdes @ HaberWeiss e Fenton catalisadas por metais de transic&oH&d). Adaptado de:
Birben et al., (2012).

Muitos agentes oxidantes sdo capazes de elevar os niveis de ferro sérico por meio da reducao
da biossintese de ferritina ou mesmo pelo aumentiodaintese de receptores transferrina.
Liochev e Fridovich (1994) demonstraram que o radical superéxido é capaz de libertar ions
Fe"?, por exemplo. Tais efeitos poderiam intensificar a ocorréncia das reacdes de Fenton e

aumentar a producao do radical biita, altamente reativo (VALKO et al., 2007).

As espeécies reativas, como radical OHodem causar danos a muitas biomoléculas e
estruturas celulares (VALKO et al., 2007) por diferentes mecanismos, dentre eles as reagdes
em cadeia de peroxidagédo lipigicEsse radical pode abstrair um elétron de &cidos graxos

poli-insaturados resultando em radical lipidico. O radical lipidico, por sua vez, reage com 0
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oxigénio produzindo radical peroxila (R@QCaso o radical RO®nao seja reduzido por
antioxidantes, iitia-se uma reacdo em cadeia e h&d a transformacdo de &acidos graxos
insaturados em hidroperéxidos. Os hidroperoxidos lipidicos sdo muito instaveis e se
decompdem facilmente em produtos secundarios, tais como aldettidsoid-2,3-nonenal

HNE, por exemm) e malondialdeido (MDA) (BIRBEN et al., 2012). O MDA é um produto
mutagénico e carcinogénico, enquanto o HNE parece ser o principal produto téxico da
peroxidacao lipidica (VALKO et al., 2007). A tabela 1 apresenta as principais reacfes de

producao de algnas espécies reativas de oxigénio.

Tabela 1: Espécie reativa de oxigénio e suas principais rea¢des de producdo. Adaptado de: Birben et al. (2012).

Oxidante Foérmula Equacéo de reacdo

Anion Superéxido 0, NADPH +2Q,2 NADHO, +H"
20, +H'A O,+ H,0;,

Peréxido de hidrogénio H,0, Hipoxantina + HO,.0,Z X ant jOp ¢
Xantina+HBO+ 0O,z 8ci do ,@4r

Radical hidroxila OH Fe'?+ H,0, , Fe+ OH + OH

Radical peroxila ROO R +0O,, ROO

Radical hidroperoxil HOO O, +H,0zZ HOOH

Acido hipocloroso HOCI H,0, + CI A HOCI + H,0

1.1.2 Papel das espécies reativas no organismo

As ROS apresentam, dependendo de sua concentracdo, um duplo papel nos orgaosmos

Em baixos niveis e em condicbes normais, o balanco redox controla funcdes fisiologicas
relacionadas a resposta imune, inflamac6es, morte celular programada (apoptose), inducéo e
manutencdo de vias de transducdo de sinais envolvidos no crescimdifémerciacao
celulares, entre outras. No entanto, em elevadas concentracdes, as ROS podem resultar em
danos a lipidios, proteinas, acucares e/ou acidos nucleicos, inibindo o funcionamento normal
dessas moléculas (VALKO et al., 2007; SCHIEBER; CHANDEL,401

Dessa forma, o estresse oxidativo esta associado a diversas condicOes patologicas humanas
dentre elas: doencas cardiovasculares, como aterosclerose e hipertensdo, desordens
neurologicas, como o Parkinson e Alzheimer, desordens oftalmoldgicas, slialeditus

isquemia e injuria da reperfuséo, cancer, entre outras (SHARMA et al., 2012; VALKO et al.,
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2006; VASCONCELOS et al., 2007; FINKEL; HOLBROOK, 2000). Além disso, 0 processo

de envelhecimento ocorre em grande parte devido a acao prejudici@d8aslBuns estudos
demonstram a relacdo diretamente proporcional da idade com o aumento da peroxidacao
lipidica, da oxidacéo de proteinas e de danos ao DNA (HARMAN, 4p66VALKO et al.,

2007).

Além da producdo enddgena de ROS, como relatado anterternemtamos diariamente
expostos a diversos agentes oxidantes exdgenos, que podem levar ao estresse oxidativo e
contribuir para o desenvolvimento de diversas doencas e para o envelhecimento precoce.
Dentre os principais agentes exdégenos podemos desté&adaagismo, 0 CONsumMo excessivo

de bebidas alcodlicas, a exposicdo ao 0zbnio, a exposi¢ao a radiacdo ultravioleta, a hiperoxia,
a radiacdo ionizante, a exposicdo a metais pesados (tais como ferro, cobre e cadmo), a
alimentacdo e a ingestdol/inalacdo/aplicagée xenobidticos (BIRBEN et al., 2012;
ADEGOKE; FORBES, 2014).

A formacdo de espécies reativas durante o metabolismo de xenobidticos é um importante
mecanismo empregado por agentes toxicos capazes de causar danos celulares e ao DNA
(KUMARASAMY et al., 20@®). A modificacdo permanente do DNA, resultante da acdo de
ROS, representa o primeiro passo ha mutagénese, carcinogénese e envelhecimento
(SHARMA et al., 2012; VALKO et al., 2006).

1.1.3 Estresse oxidativeersusmutagénese, carcinogénese e quimioterapia

O estresse oxidativo tem relacdo direta com varias doencas humanas bem como o processo de
envelhecimento. O delicado equilibrio entre os efeitos benéficos e maléficos das ROS é um
aspecto importante para os organismos vivos e € alcancado por mecarésregslacao

redox (VALKO et al., 2007).

Algumas pesquisas demonstram que as ROS podem induzir, por diferentes mecanismos,
danos ao DNA por meio de quebras, modificagbes nas bases puricas, pirimidicas e no agucar
(desoxirribose) e até mesmo realizar ligacéeuzadas (MARNETT, 2000; VALKO et al.,

2006; VASCONCELOS et al., 2007), resultando em danos irreversiveis (mutacoes).

Muitos fatores estdo associados com o aumento do estresse oxidativo em pacientes com

cancer e que fazem quimioterapia (VALKO et al.020 dentre eles estdo incluidos a
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liberacdo de fons de ferro (Be F€®) durante o tratamento (GAROFOLO, 2003). H4 cada

vez mais evidéncias de que o desequilibrio redox esta relacionado a estimulacdo oncogénica e
desempenha um importante papel em vaeskgios da carcinogénese, visto que muitas
pesquisas demonstram a elevada frequéncia de lesbes oxidativas ao DNA em diversos tipos
tumorais (VALKO et al., 2006; VALKO et al., 2007).

Além disso, a acao de drogas quimioterpicas utilizadas no tratanmituonaral pode ser
mediada pelo acumulo intracelular de ROS e metais de transicdo (FAINTUCH et al., 1995,
apud GAROFOLO, 2003). A maioria dos quimioterapicos atua de forma inespecifica, sendo
capazes de interferir, por meio de diferentes mecanismos,ne@efibioquimicas vitais para

a célula tumoral ou ndo tumordNCA 2008a).Dessa forma, os antineoplasicos podem
induzir efeitos colaterais genotoxicos, mutagénicos e citotéxicos em células normais, o que
poderia resultar na formacao tumores secundamsA, 2008a;MANZI; KAO, 2008) e na
ocorréncia de efeitos colaterais diversos. Tal toxicidade é refletida principalmente em tecidos
normais de rapida proliferacéo celular, como a medula 6ssea e o foliculo capilar, por exemplo
(INCA, 2008a; KADAM et al., 207).

De fato, as mutacles, espontaneas ou induzidas, estdo envolvidas na génese de doenca:
relacionadas a desordens genéticas, como o cancer (BHATTACHARYA, 2011; DeFLORA et
al., 1996; WATERS et al., 1996). O acumulo de mutacées que geram as neoplas&s oc
principalmente em genes que desempenham um papel fundamental no desenvolvimento
tumoral, como 0s oncogenes e 0s genes de supressdo tumoral (INCA, TZ88aet al.,

2004; RUDDON, 2007; MOREIRA et al., 2004; COOPER, 1995; DeFLORA, 1998ssa

forma,a mutagénese tem um papel especial na iniciagdo da carcinogénese (BUNKOVA et al.,
2005).

O desenvolvimento tumoral é um processo multifasico que envolve alteracdes endogenas
(genéticas, hormonais, imunes e fisiopatoldgicas) e epigenéticas (BRASILEIRO FILHO
2004; SORIA et al.,, 2003; COOPER, 1995). Os agentes externos, quimicos, fisicos ou
bioldgicos, otimizam o processo de carcinogénese, uma vez que sdo potenciais geradores de

espécies reativas e causadores de danos ao DNA (IARC, 2011).

O céncer é a seguadctausa de mortalidade por doenga no mundo, ficando atras apenas das
mortes causadas por doencas cardiovasculares (DELFINO, 2006; INCA, 2016). Atualmente,

20 milhdes de pessoas no mundo sao diagnosticadas com a doenca e estimativas para o ano d
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2016, valdas também para o ano de 2017, apontam para a ocorréncia de aproximadamente
600.000 novos casos, por ano, no Brasil, dentre os quais, 291.090 ocorrerdo somente na

regido sudeste, reforcando a magnitude do problema do cancer no pais (INCA, 2016).

Assim, o @ncer configurase em um problema de saude publica e econémico mundial, devido

a necessidade de pesquisas e tratamentos de elevada complexidade e de alto custo (INCA,
2011). Nesse cenério, é fundamental que os esforgcos estejam direcionados para aorientaca
das estratégias de prevencao, controle e tratamento do a&moeo objetivo de reduzir a

incidéncia e a mortalidade por cancer, no Brasil e no Mundo.

1.1.3.1 Antineoplésicos alquilantes: ciclofosfamida

Os diferentes quimioterapicos antioneoplasicastentes sao classificados de acordo com seu
mecanismo de atuacdbDentre as varias classes de antineoplasicos temos, por exemplo, 0s
agentes hormonais, antimetabdlicos, antimitéticos e alquilantes (ALMEIDA et al., 2005;
INCA, 2008a; KADAM et al., 2007).

Os agentes alquilantes sdo quimioterapicos que atuam em todas as fases do ciclo celular e
somente nas células que se encontram em proliferacdo, apresentando assim um mecanismo de
acao cicleespecifico (INCA, 2017). Tais agentes sao capazes de reagir qoontantes
componentes da molécula de DNA de diferentes maneiras: substituindo atomos de hidrogénio
por radical alquil, formando ligacdes covalentes por reacdo de alquilagdo com qualquer
molécula carregada negativamente e estabelecendo ligacbes cruzadaés dermas
diferentes (Figura 2), podendo até mesmo impedir a separacdo da dupla fita, durante o
processo de replicacdo. Dessa forma, o DNA é o principal alvo dos agentes alquilantes,
podendo acarretar lesdes em células cancerigenas ou normais (ALMEIBIA 2005;
COLVIN; HAIT, 2009; KADAM et al., 2007).
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N N

Ligacdo cruzada  Ligaciio cruzada Ligacdo cruzada
intra fita inter fita inter hélice

Figura 2: Algumas ligagBes cruzadas que os agentes alquilantes podem estabelecer com a molécula de DNA.
Fonte: Almeida et al. (2005).

A ciclofosfamida (CPA, Figura 3) € um agente alquilante bifuratjodo tipo mostarda
nitrogenada, que necessita de passar pelo processo de metabolizacdo hepatica, via isoenzima:
do citocromo P50, para adquirir sua atividade farmacoldgica, citotoxica e altamente
mutagénicague atuara nas células tumorais e, por vazEs ndo tumoral@OLVIN; HAIT,

2009; SALMON; SARTORELLI, 199%. Sua principal forma de atuacao é via alquilacdo da
base nitrogenada guaninaJNda molécula de DNA, o que pode acarretar: pareamento
anormal com a timina (codificacdo errénea); quebrame imnidazol da guanina; ligacbes
cruzadas com as fitas de DNA; quebra das fitas do DNA devido a depurinacdo (KADAM et
al., 2007; SALMON; SARTORELLI, 1995). Tais danos ao material genético poderédo até

mesmo ser observados microscopicamente.

Além disso, &PA € um dos quimioterapicos que causam maior elevacao dos niveis de ferro
sérico que, como citado anteriormente, pode atuar como potente oxidante aumentando a
producdo de espécies reativas, principalmente @& reacdo de Fenton (Figura 1)
(GAROFOLO, 2003).

(\c
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Figura 3: Estrutura quimica do agente alquilante ciclofosfamida (CPA).
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Apresenta ampla aplicabilidade terapéutica sernti@aada para o tratamento de muitos tipos
de cancer como o de mama, leucenigfomas, entre outrosCOLVIN; HAIT, 2009;
LANCE et al.,, 2009; GENTILE et al., 1998). No entansma utilizacdo também é
caracterizada por uma série de efeitos adversos, dentre 0s quais dsstaciitite
hemorrégica, leucopenia, supressdo da medskapenjoo e alopecia (LANCE et al., 2009;
MANZI; KAO, 2008).

E comum observar pacientes fazendo o uso de uma terapia alternativa (complementacéo
alimentar, uso de vitaminas, entre outros) para minimizar e/ou combater os efeitos
fisiologicos adversos dwatamento quimioterapico. Muitos desses complementos terapéuticos
sSao ricos em substancias antioxidantes que podem atuar por diferentes mecanismos para
di minuir os efeitos colateraiwal eo®@romopivea
genotoxicoe mutagénicos induziddSENTILE et al., 1998; MITSCHER et al., 1996).

1.2 Defesas Antioxidantes

Algumas alteragcbes no DNA causadas pela toxicidade das espécies reativas podem ser
evitadas e/ou removidas por meio de mecanismos especificos e ndo especiino
sistemas enzimaticos enddgenos e a utilizagdo de antioxidantes na dieta. Dessa forma, os
mecanismos de defesa contra o estresse oxidativo e, consequentemente, contra a ocorréncia ds
mutacdes induzidas por espécies reativas, podem envolver: agiredenformacédo de EROs

e as defesas fisicas e antioxidantes que eliminem as espécies formadas ou até mesmo elimine
0 excesso de metais de transicdo disponiveis (FILHO et al., 2011; VALKO et al., 2007,
RIBEIRO et al., 2005).

Antioxidante pode ser definid@omo qualquer substancia que, presente em baixa
concentracdo, quando comparados a um substrato oxidavel, atrasa ou inibe a oxidacdo desse
substrato de maneira eficaz. Seu mecanismo de ac¢do pode ser variavel, podendo atuar na
neutralizacédo do radical e/aibicdo da oxidacao por meio de doacao/captura de um elétron,
doacédo de atomos de hidrogénio, quelando metais de transicdo (Figura 4) e/ou por acéo
enzimatica (MORAIS et al., 2013). Os antioxidantes podem, dessa forma, prevenir, impedir e
reduzir danos xidativos as moléculas nos organismos vivos (KRISHNAVENI et al., 2013),

sendo potenciais inibidores da mutagénese e carcinogénese (FERGUSON, 1994).
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1. Transferéncia de um atomo de Hidrogénio

OH

Ruptura do OH
Re + — > RH

Ar

2. Transferéncia de um elétron

OH
Ruptura do OH _
Re + ——> R
Ar
3. Quelag8o de metais de transiciio _-Mn*
oH OI:| , sitiol
OH OH

ool
G‘ b EEsfoometal Ligag8o ao metal
OH
o

OH

Mn+ Sitio 2
Sitio 3

Figura 4: Possiveis mecanismos de acdo de um agente antioxidante: transferéncia de um atomo de hidrogénio
(1), doac&o ou captura de um elétron (2) e quelacdo de metais de transicdo, cdm(Bp Fedaptado de
Leopoldini,Russo e Toscan@011).

As defesas antioxidantes enzimaticas sédo representadas, principalmente, pelas enzimas
antioxidantes superoxidasinutase (SOD), glutationa peroxidase (GPx) e catalase (CAT). A
SOD atua catalisando a dismutacao do radigalad+4,0, e O;; a GPx atua sobre peroxidos

em geral, com a utilizacdo da glutationa (GSH) como cofator, convertendoHO; e, a

CAT, atua na dcomposicéo do #, a G, eH,0 (Figura 5) (VASCONCELOS et al., 2007,
VALKO et al., 2007).

20, +2H" %SOD 7 H>0, + O3
2 GSH + H,0, % 2H,0 + GSSG
2H,0, _CATS 2H,0+ 0,

Figura 5. Equacdes quimicas das principais vias de atuagéo dos antioxidantes enzimaticos superéxido dismutase
(SOD), glutationa peroxidase (GPx) e cataléGAT). Adaptado de Vasconcelos e colaboradores (2007).
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As defesas antioxidantes Répzimaticas, por sua vez, incluem agentes encontrados
naturalmente na dieta ou de forma sintética (medicamentos), capazes de reduzir a frequéncia
de espécies reativa metais de transicdo, com consequente reducdo de danos ao DNA
(propriedades antimutagénicas e anticarcinogénicas) (HALLIWELL, 2007; FILHO et al.,
2011; VALKO et al ., 2007) . S«o representad
tocoferol, flavonoidesentre outras.

Dessa forma, a eliminacdo das espécies reativas € considerada a primeira linha de defesa
contra o0 estresse oxidativo (HEINRICH; DHANJI; CASSELMAN, 2011) e,
consequentemente, configesa em uma boa estratégia para a prevencado e trataneento d
muitas doengas degenerativas causadas por mutagdes. Diferentes fontes de antioxidantes Sac
especialmente importantes para evitar, prevenir ou remover danos induzidos pelo estresse
oxidativo, diretamente ou indiretamente (HALLIWELL, 2007a; 2007b; LANDEZ®&13).

No entanto, devido aos possiveis efeitos adversos de antioxidantes sintéticos, que podem ter
efeitos colaterais secundarios, tais como a indugéo da carcinogénese (EBRAHIMABAD et al.,
2010), as industrias alimenticias e farmacéuticas tém voltadoawmrecdo para 0s
antioxidantes naturais, que podem ser utilizados como um aditivo alimentar ou como
suplemento farmacéutico (NICOLI et al., 1999; TLILI et al., 2014).

E sabido que varias plantas possuem significante propriedade antioxidante e diferssgss ¢

de fitoquimicos estao associadas por serem responsaveis por essa atividade (KRISHNAVENI
et al., 2013). No entanto, algumas substancias presentes no extrato de plantas podem exibir
tanto atividade antioxidante como goridante, dependendo da concegéio e do sistema
biolégico em questdo (PROCHAZKOVAETBOUGOVC; WI L HE201M0V C
DORMAN; HILTUNEN, 2011). Esse resultado € interessante quando a morte celular, por
meio da necrose ou apoptose induzidas via estresse oxidativo, € um mecanismo desejado para
a elimina-«o de c¢c®l ulas tumorai s, por exem
al., 2014).

Muitas pesquisas demonstraram que varios compostos nhaturais, tais como compostos
fendlicos, apresentam ampla atividade bioldgica, incluindo anticarcinogénicaytagénica,
antioxidante e antimicrobiana (ATTIA, 2008; VALDEMORALES et al., 2014; VALDES et

al., 2015). Diante disso, a presenca de compostos bioativos, como os antioxidarses, tem
mostrado uma boa alternativa de protecao para o corpo humano sotién@os induzidos por
espécies reativas (MORAIS et al., 2013).
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1.2.1Métodos para detecgdo da atividade antioxidante

Devido ao complexo processo de oxidagatioxidagdo e a variedade de componentes
antioxidantes, nenhum método isolado € capaz de formnetequadro abrangente do perfil
antioxidante de uma determinada amostra (KHOUDJA; BOULEKBAGHEKHLOUF,;
MADANI, 2014; SWAPANA et al., 2013). Dessa forma, para avaliar o potencial antioxidante
de uma substancia é necessario conjugar diferentes metodolbdias,de analisar seus

possiveis mecanismos de atuacéo.

Véarios métodos sao utilizados para determinar a atividade antioxidante em extratos vegetais e
substancias isoladas. Dentre 0os mais usadosseéena avaliagdo da capacidade de
sequestrar/neutralizaradicais livres, a avaliacdo da atividade quelante de ioifs eFa

avaliagcto da inibi-«o0o da peroxida-«o +arophodi ca a

Radicais livres estdo envolvidos na propagacdo de danos celulares. Dessa forma,
antioxidantes com a capacidade de sequestrar radicais livres podem ter uma gramagareleva

na prevencao e tratamento de doencas induzidas por danos causados por eles (HASAN et al.,
2009). Os ensaios com o radical livre estainil-picril-hidrazina (DPPH) e o 2;2zinc
bis(3-etilbenzotiazolings-acido sulfénico) (ABTS) sdo amplamentelizddos para avaliar
substéancias redutoras e invetigar a atividade de eliminacdo de radicaisAimbes os testes

sdo colorimétricos, facilmente reprodutiveis e de rapida exed@@®ELLE et al., 1996;
KHOUDJA; BOULEKBACHE-MAKHLOUF; MADANI, 2014).

O DPPH é um radical livre estavel de cor violetahtido por dissolucédo do reagerdm
solvente organico, com absorbancia maxima na faixa d&300m (RUFINO et al., 2007

O ensaio é baseado no decréscimo da absorbancia da solugdo contendo o radeahge pre
de um antioxidante doador de elétron ou hidrogénio (AH), devido a formacdo de uma forma
nacradicalar DPPKH (Figura 6) (SOUSA et al., 2007). Ao ocorrer a reducédo do DP#PH
intensidade da cor da solucdo mininui tornasd@amarela. Dessa forma, stabilizacdo do
radical (DPPH por um substrato leva a perda da cor purpura e serve como um marcador
(SZABO et al., 2007GAIKWAD et al., 2010).



26

NO, NO,

o, () o, ()
L ]
0N N-N *  R-H O.N N-N + Re
O 'O

Figura 6: Estabilizacdo do radical DPPlor um substrato (Rl) que doa hidrogénio, resultando em um
composto naeradicalar, DPPHH. A coloragao da solugédo na auséncia de um antioxidante doador de elétrons ou
hidrogénio é violeta; ao colocar a solugdo em contato com um antioxidante, a mesrse tmexela. Fonte:
Szabo et al., 2007;

O método ABTS baseise na geracdo do radical ABTS (ABTEH por meio de uma reagio
quimica, eletroquimica ou enzimatica. Normalmente, u#zgersulfato de potassio para
geracado do radical e realizacédo do ensaio, adquirindo uma coloragéao esctesyezidada,

apos a reacdo (Figura 7). A presenca de &nbsts antioxidantes capazes de
capturar/neutralizar o ABTScausa o decréscimo da leitura da absorbancia, que podera ser
mensurado apo6s 6 minutos a 734nm. Sua solubilidade em solvente organico e inorganico
possibilita aferir a atividade antioxidante dempostos com natureza lipofilica ou hidrofilica
(RUFINO et al., 2007). Além disso, muitas pesquisas demonstram que o ensaio ABTS € mais
sensivel na identificacdo da atividade antioxidante do que o ensaio DPPH, sendo isso
atribuido a maior cinética de reacédo ABTS e a menor capacidade do DPPH detectar a
atividade antioxidante de compostos insoliveis em solventes organicos (com maior
polaridade) (LEE et al., 2015).

@
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C.H; K2SOs C.H,
Radical ABTS: Azul-esverdeado (escuro) ABTS estabilizado: Verde-claro/transparente

Figura 7. (a) Estabilizac&do do radical B T S @or um antioxidante e sua formagao pelo persulfato de potassio.
llustracdo de Edy de Souza de Brito adaptada de Rufino et al. (2007). Quanto maior a concentracdo de
antioxidantes, maior a reducao da absorbancia (b).



27

A avaliacdo da atividade quelatéambém amplamente utilizada para determinar a atividade
antioxidante, uma vez que metais de transicdo, tais comé’@ e, podem atuar como
mediadores das reacbes de Habiss e Fenton, com consequente geracdo de espécies
reativas e ocorréncia dedanos celulares (HALLIWEEL; GUTERIDGE, 2015;
VASCONCELOS et al., 2007; LONE et al.,, 2013). Além disso, os metais podem reagir
diretamente com moléculas, como os grupos tidis, para gerar radicais livres, ou ainda induzir
vias de sinalizacdo celulares (BIRE et al., 2012). Reid e colaboradores (1994)
demonstraram que as ROS geradas por reacfes catalisadas por metais de transicdo poden
causar substituicbes de bases nitrogenadas na molécula de DNA, principalmente a
substituicdo de guanina por citosina.

A ferrozina (3(2 piridil)- 5,6-difenil-1,2,4triazina4 Nj; acidgNgissulfénico, sal sédico),
utilizada amplamente para testes de atividade quelante, forma um complexo estavel com o
Fe'?, resultando em uma solucdo de coloracdo roxo escuro (Figura 8). Na presenca de um
agente queldr, a formacdo do complexo estavel € diminuida ou impedida, resultando em
reducao da intensidade da coloracéo, que € detectavel em espectrofotometro a 562 nm (TANG
et al., 2002; BIRBEN et al., 2012).
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Figura 8. Formac&o do complexo estavel da feimazom o F&

Os métodos de avaliagcdo da diminuicdo e/ou inibicdo da peroxidacgao lipidica, por sua vez,
avaliam a capacidade de um composto proteger moléculas de natureza lipidica, como as
membranas celulares, por exemplo. O ensaio da inibicdo d&xid®- « 0 do -si St €
caroteno/acido linoleico tem como principio a oxidacdo do acido linoleico em elevada
temperatura, com perda de um atomo de hidrogénio do carbono 11, entre duas liga¢gdes duplas

(Figura 9). O r adi ccarbtend, molédeaattanente inSaturada & quer o
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apresenta coloracdo laranja, na tentativa de recuperar esse a&tomo de hidrogénio (RUFINO et
al., 2006; CHIRINOS et al., 2013). Ao perder sua conjugagéao, 0s carotenoides perdem sua cor
laranja caracteristica (sofrem descolordgésendo possivel mensurar a reducdo da
absorb®©ncia a 470nm. A taxa de percdratenadéa c ol
mais lenta na presenca de substancias antioxidantes capazes de neutralizar os radicais gerado
durante a peroxidacdo do &ciitwleico (AMAROWICZ et al., 2004; LU; KNOO; WIART,

2014). Nesse ensaio nedae o fen!meno denomi nado Apar a
apolares exibem maiores atividades antioxidantes na emulsdo, pois se concentram na fase
lipidica. J& os antioxidantes po¢s, que dissolveise melhor na dgua, sdo menos efetivos na
protecdo de moléculas lipidicas (KOLEVA et al., 2002; RUFINO et al., 2006;
MCCLEMENTS et al., 2000) .

Cu
— — cooH Acido linoleico

H é capturado (agéo da elevada temperatura)

St

Figura 9. Inibicdo da ceo x i d a - <avotembticido linoleico. O acido linoleico, com a agéo da temperatura
elevada, sofre peroxidacéo (com a retirada do hidrogénio do carbono 11). Ao sofrer a oxidac¢ao, o acido linoleico
ffat acad a -camier® aaténtath dbeecuperar o &tomo perdido. Acx i d a - -cavoterbkhcidd

linoleico resulta no decréscimo da absorbancia. A presenca de uma substancia antioxidante apolar é capaz de
estabilizar o radical formado ( 8-carotktm. | inoleico oxid:

B-caroteno

1.3 Composicao giimica vegetal

Os vegetais sintetizam um vasto leque de compostos organicos que sao tradicionalmente
classificados em metabolitos priméarios e secundarios. Os metabolitos priméarios ocorrem em

todos os vegetais e tem papeis Bss#S associados a fotossintese, respiracao, crescimento e

o desenvolvimento. Estdo incluidos nessa classe os carboidratos, lipidios, proteinas,

fitoesteroides e nucleotideos. Os metabdlitos secundarios, por sua vez, sdo estruturalmente
diversos e com disbuicao restrita, podendo ser utilizados para estudos de quimiotaxonomia.

N&o possuem funcéo direta no crescimento e desenvolvimento vegetal, no entanto apresentam
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grande importancia ecologica, principalmente na protecdo das plantas contra herbivoria e
infeccdo microbiana, na atracdo de polinizadores e animais dispersores de sementes (atraves
da cor, odor e sabor), na competicdo (como agente alelopatico), na protecdo contra raios
ultravioletas e na sinalizacdo molecular. Além disso, 0os metabdlitos seicsndem
despertado grande interesse da inddstria alimenticia e farmacéutica, por serem potenciais
fontes de novas drogas naturais, antibioticos, inseticidas e herbicidas e devido a sua ampla
aplicabilidade como corantes, fibras, colas, Oleos, cerasieagaromatizantes, drogas e
perfumes (CROZIER; JAGANATH; CLIFFORD, 2006; TAIZ; ZEIGER, 2013).

A maioria dos metabdlitos secundarios é produzida por vias derivadas do metabolismo
primario (Figura 10). Existem trés classes principais de metabdlitos seaoandémpostos
fendlicos, produzidos principalmente via rota do acido chiquimico e rota do acido malénico;
terpenos, produzidos principalmente via rota do acido mevalénico; e compostos nitrogenados,
produzidos a partir dos aminoacidos alifaticos e rotaadido chiquimico (CROZIER;
JAGANATH; CLIFFORD, 2006; TAIZ; ZEIGER, 2013).

co2

METABOLISMO PRIMARIO DO CARBONO

Eritrose-4-fosfato | 3
3-Fosfoglicerato (3-

PGA)

| Fosfoenolpiruvato | Piruvato |

/

Ciclo do 4cido

tricarboxilico Acetil-CoA
| Aminoacidos alifaticos
- . Rota do acid
Rota dc3 acido Rota df);?ado ota oAaz.:I o R
Chiquimico malbnico mevalbnico
Aminodacidos
aromaticos
Compostos
nitrogenados

Compostos
fendlicos

Terpenos

METABOLISMO SECUNDARIO DO CARBONO

Figura 10: Principais vias de producdo dos metabdlitos secundarios (compostos nitrogenados, compostos
fendlicos e terpenos) e suas interligacdes. Adaptado de Taiz e Zeiggr. (201
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1.3.1Compostos fendlicos

Os compostos fendlicos possuem comerprpiisito pelo menos uma hidroxila (OH) ligada a

um anel aromético (grupo fenol) (Figura 11). Sua classificagcdo é usualmente baseada no
namero e no arranjo dos atomos de carbono alénsedlem comumente encontrados
conjugados a moléculas de acucares e acidos organicos (CROZIER; JAGANATH;
CLIFFORD, 2006; BALASUNDRAMA; SUNDRAMB; SAMMANA, 2006; TAIZ;
ZEIGER, 2013). Estdo incluidos nesse grupo os flavonoides, &cidos fendlicos, ligninas,
tanincs, entre outros (Tabela 2). Destes, a maior classe de compostos fendlicos é representada

pelos flavonoides.

OH

Fenol

Figura 11: Estrutura quimica dos compostos fenélicos. Todo composto fendlico apresenta pelo menos uma
hidroxila ligada a um anel aromatico, ctitsndo assim um fenol.

Tabela 2.Classes de compostos fenélicos em plantas e sua estrutura carb6onica basica.

Classe Estrutura
Fendlicos simples, benzoquinonas Cs
Acidos hidroxibenzoicos Csi C;
Acetofenonas, acidos fenilacéticos Csi C,

Acidos hidroxicinamicos, fenilpropanoides (cumarinas, isocumarir Cgi Cs

Naftoquinonas Cei Cy
Xantonas Csi C1i Cs
Estilbenos, antraquinonas Csi Coi Cs
Flavonoides, isoflavonoides Csi C3i Cs
Lignanas, neolignanas (Coi Cy)2
Diflavonoides (Csil Csil Cg)2
Ligninas (Csl Ca)n
Taninos condensados (proantocianidinas ou flavolanos) (Csll G4l Cg)n
Taninos hidrolisaveis (Csi Cn

Fonte: Adaptado de Balasundrama, Sundramb e Sammana (2006)
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Os flavonoides possuem uma estrutura composta por 15 carbonos, sendo dois anéis
aromaicos ligados por uma ponte de trés carbonos (Figura 12). Os anéis possuem quantidades
e posicoes variaveis de hidroxilas, que interferem na atividade antioxidante e
hidrossolubilidade da molécula (LIEN et al., 1999; CROZIER; JAGANATH; CLIFFORD,
2006; TAIZ; ZEIGER, 2013).

Figura 12: Estrutura quimica bésica dos flavonoides composta por dois anéis aromaticos (A e B) ligados por
uma ponte de trés carbonos. O nimero e a posi¢cdo das hidroxilas presentes no esqueleto carbdnico variam de
acordo com o tipo diiavonoide.

De fato, pesquisas demonstram que a estrutura quimica do flavonoide determina sua
capacidade de atuar como antioxidante, principalmente via sequestro de radicais livres e
atividade quelante de metais de transicdo. Tal atividade poddetamninada por cinco
fatores: reatividade como agente doador de hidrogénio e elétrons, estabilidade do radical
flavanoil formado, reatividade frente a outros antioxidantes, capacidade de quelar metais de
transicdo e solubilidade e interacdo com as membra@asl et al., 1999; BARREIROS;
DAVID; DAVID, 2006; GOMEZ-RUIZ; LEAKE; AMES, 2007).

O grau de hidroxilacdo e metoxilacao, o tipo de composto, a posicadi-bittroxila no anel

B (grupo catecol,3',4-diidroxi) que favorece a estabilidade do radical lifl@vanoil
formado,a presenca de OH nas posicdes 3', 4' e 5' e a presenca de ligacao dupla edee os C
C-3 em conjugacao com a funcaaxo no anel C e/ou grupos OH nos carbonos 3 e 5, sao
essenciais para a atividade antioxidante dos flavonoides. Aigso, ca dissociacdo das
funcBes hidroxilas ocorre na sequenci®@ @ >OH4>050H (LIEN et al., 1999; RICE
EVANS; MILLER; PAGANGA, 1996; BALASUNDRAMA; SUNDRAMB; SAMMANA,
2006;LIEN et al., 1999; GOMERUIZ; LEAKE; AMES, 2007).



32

Em geral, quanto menor o teocial de oxidagdo do flavonoide, maior € sua atividade
sequestradora de radicais livres, e quanto maior o nimero de hidroxilas, maior a atividade
como agente doador de H e de elétrons. Flavonoides monohidroxilados, como flavonas e
flavononas, apresentdpaixa atividade antioxidante (BARREIROS; DAVID; DAVID, 2006).

Variacbes nos padrdes de substituicdo no anel C resultam nas principais classes de
flavonoides, dentre elas flavonois, flavonas, flavononas, isoflavonas e antocianidinas (Figura
13). As substitigbes nos anéis A e B dao origem aos diferentes compostos dentro de cada
classe de flavonoides. Essas substituicbes podem incluir oxigenacao, alquilacéo, glicolisacéo,
acilacdo e sulfatacadBALASUNDRAMA; SUNDRAMB; SAMMANA, 2006), que estao
diretamente relcionados as diferentes atividades biol6gicas que tais compostos podem

apresentar.

Antocianidina

Flavonol

Flavona

Isoflavona

Flavonona

Figura 13: Estrutura genérica de algumas classes de flavonoides. Adaptd@imzier; Jaganath e Clifford,
2006.

Muitos estudos reportam que os flavonoides sgr@am importantes atividades bioldgicas,

demonstrandse efetivos como anticarcinogénicos, amfliamatoérios, antioxidante® ANG
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et al.,, 2013; YAN et al., 2014; BREWER et al., 2014; PERICLEOUS et al., 2&i@irais,
anti-hipertensivos, anisquémios PIRIE et al. 2014;SCHREUDER et al. 2014), amti
hiperglicémicos, anticolesterolémicos (TORREZAN et al. 2008), hepatoprotetor (DONG et al.
2013), além de apresentarem efeitos benéficos nos distirbios deepopausa
(PERICLEOUS et al. 2014) e no retardlo de doencaseurodegenerativas (XU et al. 2013;
DAS et al., 2017).

No entanto, apesar de apresentarem ampla aplicabilidade biolégica e agirem como bons
agentes antioxidantes na forma reduzida, os compostos fendlicos podem apresentar efeitos
nocivos aoorganismo, com efeitos toxicos em niveis sistémico e celular, dependendo do
tempo de exposicdo e das doses utilizadas (SILVA et al., 2015; VERMA et al., 2013).
Compostos fendlicos, na presenca de metais, comdeE&?, formam um sistema metal

fendlico com producdo de radical fenoxil, que pode exibir atividadeogidante, com
forma-«o de radicais hidroxila (OHA), um ¢
reacdes de quebra do DNA, por uma série de reagdes (Figura 14) (SAKIHAMA et al., 2002).

OH o
U + Cu(ll) — U +Cul) + 2H* (1)
OH o
o)
o ~ L
o
OH o
O o — T v o
OH o

i~

20, + 2H* —  H0, + 0, (4)
Cu() + H,0, — Cu(ll) + -OH + OH" (5)
Dano ao DNA

Figura 14: (1) Reacdo de oxidacdo do grupo catecol pof Gera semiquinona. (2) A semiquinona pode reagir
com o oxigénio ©2) para formar o superoxid®@R). (3) Essa reacéo é autocatalitica, uma vez gd@Aopode

oxidar o canposto inicial para gerar semiquinona e peréxido de hidrogBiai®,). (4) O HO, também pode ser
formado a partir do O2A. ( 5).0,Nade ser rapilamenteacondedidoramt a |
radical hidroxila(O) na r ea- «o dde Sdkieama ecolabordddres{2062)d o
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1.32 Terpenos

Os terpenos constituem a maior classe de metabdlitos secundarios. Em geral, s&o compostos
lipidicos insolUveis em agua e que possuem uma estrutura basica com um numero definido de
unidades isoprénicd€s) (Figura 15). Sua classificacéo € realizada de acordo com o numero

de unidades §3jue possui, como demonstrado na Tabela 3 (TAIZ e ZEIGER, 2013)

CHj
_CH,

H,C
Figura 15: Unidade isoprénica (pentacarbonada). A unidade isoprénica é a unidade estrutural dos terpenos.

Tabela 3. Classificagdo dos terpenos pelo nimero de unidades isopréniagjyéntidade de atomos de

carbono e exemplos. Tabela adaptada de Taiz e Zeiger (2013).

Terpenos Unidades G Atomos de Carbono Exemplos

Monoterpenos 2 10 Esteres piretroides
Sesquiterpenos 3 15 Acido Abscisico

Diterpenos 4 20 Giberelina

Triterpenos 6 30 Esteroides/Brassinosteroide
Tetraterpenos 8 40 Carotenoides
Politerpenoides >8 [Csln Dolicéis

Desempenham um importante papel biologico, principalmente ao nivehetebranas
celulares, crescimento e desenvolvimento vegetal. Grande parte dos terpenos sdo metabdlitos
relacionados com a funcdo de defesa vegetal, inibindo a herbivoria devido sua propriedade
inseticida e a capacidade de reduzir a palatabilidade. Estersstarpenos, por exemplo,
apresentam atividade inseticida. Monoterpenos e sesquiterpenos volateis (6leos essenciais)
conferem aroma caracteristico com propriedades repelente e de adverténcia sobre a toxicidade
do vegetal. As saponinas, composta de esesadiriterpenos glicosideos, sdo terpenos com
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a capacidade detergente e emulsificante que atuam diretamente na defesa das plantas, contr:
herbivoros vertebrados (TAIZ e ZEIGER, 2013).

Além disso, témse alguns horménios vegetais, tais como as giberelidiésrpenos),
brassinosteroides (triterpenos) e o acido abscisico (sesquiterpenos), que atuam diretamente na
regulagdo do metabolismo, crescimento e desenvolvimento vegetal, os caroteoides
(tetraterpenos), que agem como pigmentos acessoérios na fotessinsam contra a
fotoxidacado; os esterdis (triterpenos), que sdo componentes essenciais para a integridade das
membranas celulares; entre outros (TAIZ e ZEIGER, 2013; LICHTENTHALER, 1999).

Alguns estudos demonstram que 0s terpenos possuem uma gainaldeéest bioldgicas em
animais, sendo capazes de proteger especialmente as membranas lipidicas dos danos
induzidos pelo estresse oxidativo (COZZI et al., 1997; SOUZA et al., 2007). De fato, muitas
pesquisas com extratos vegetais tem atribuido o potentiakidante da amostra ao teor de
terpenos, em especial sesquiterpenos (6leos essenciais) e carotenoides (SOUZA et al., 2007;
ANDRADE et al., 2013; TEIXEIRA et al., 2014; FERREIRAetal 2014, RAGKO
al., 2014; SEPAHVANDA et al., 2014; PHAM et al., 2014;).

Muitas propriedades farmacolégicas e terapéuticas dos terpenos ja foram estudadas,
demonstrando diversos efeitos, dentre-el es
inflamatério (SOUZA et al.,, 2007); antibacteriano (SEPAHVANDA et al., 2014),
antidiabético (MENDES, 2015), anticancer, antimalarico, antituberculoso (EL SAYED et al.,
2001; WANG; TANG; BIDIGARE, 2005), entre outros. Atualmente, algumas drogas
baseadas em terpen sdo comercializadas, tais como o quimioterapico Faeolo
Artemisinin, utilizado para o tratamento da malaria. Assim como ocorre nos compostos
fendlicos, existe uma relacdo entre a estrutura molecular do terpeno com sua atividade
biol6gica (WANG; TANG;BIDIGARE, 2005).

1.3.3 Compostos nitrogenados

Os compostos nitrogenados sdo metabolitos secundarios que possuem nitrogénio como parte
de sua estrutura. Incluese nessa categoria os alcaloides e os glicosideos cianogénicos,

compostos conhecidos por atuna defesa das plantas contra a herbivoria e com consideravel
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interesse devido ao seu potencial toxico para humanos e as suas propriedades medicinais
(TAIZ e ZEIGER, 2013).

Os alcaloides sao conhecidos pelos importantes efeitos farmacolégicos em animais
vertebrados. Dentre as propriedades curativas que possuem Hselleemcentuada acao no
sistema nervoso, efeitos ahtpertensivos, antiarritmico, antimalarico, anticancer, antibidtico,
antimicrobiano, antidiabético, antioxidante, anestésico, tranguoiéz estimulante, tratamento

de glaucoma, entre outros (ROBERTS; WINK, 1998; TAIZ; ZEIGER, 2013; TIONG et al.,
2013; KHOSHIMOV ET AL., 2015).

Alguns alcaloides extraidos de plantas ja sdo utilizados e comercializados para o tratamento
de iniumeras doencasais como 0s quimioterapicos vincristina e vimblastigae séo
utilizados no tratamento de leucemia linfoblastica aguda e diferentes linfomas,
respectivamente, e a morfina, utilizada para aliviar dores intensas. Outros sdo compostos que
causam dependéacfisica e psiquica, tais como a nicotina (extraida das folhas de tabaco),
atropina (antiespasmadico), cafeina (estimulante do sistema nervoso central), cocaina,
eferidrina (broncodilatador e descongestionante), entre outros (Tabela 4). Além disso, alguns
servem como modelo para a sintese de analogos com propriedades farmacologicas melhores
(ROBERTS; WINK, 1998; TAIZ; ZEIGER, 2013).

Os glicosidios cianogénico, por sua vez, sdo compostos nitrogenados que liberam o acido
cianidrico (HCN), um gas téxico @&edo rapida, principalmente quando a planta é danificada
por herbivoros, inibindo metaloproteinas fundamentais no processo de respiracdo celular.

Alguns estudos demonstram seu efeito toxico para animais (TAIZ; ZEIGER, 2013).
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Tabela 4. Principais tpos de alcaloides, seus aminoacidos precursores, exemplos mais conhecidos e principais
usos em humanos. Adaptado de Taiz e Zeiger (2013).

Classe de alcaloide Estrutura Precursos biossintético Exemplos Usos em humanos

Pirrolidinico Z > Ornitina (aspartaf) Nicotina Estlmqlgnte, sedativo,
N tranquilizante
H

Prevengéo contra

Atropina espasmos intestinais,
CHs antidoto contra outros
N venenos, dilatagédo de
Tropanico dq Ornitina pupila para exame
Estimulante do Sistema
Cocaina Nervoso Central,
anestésico local
L - - Veneno (paralisa os
Piperidinico O Lisina (ou acetato) Coniina neurénios motores)
N
Pirrolizidinico CI\D Ornitina Retrorsina Nenhum
Quinolizidinico | Lisina Lupinina Restabelecimento do
ritmo cardiaco
>~ _N
S N Codeina -
Isoquinolinico Tirosina - Analgésico
Morfina

Psilocibina Alucindégeno

Inddlico Triptofano Reserpina Tratamento de

Hipertenséo e psicoses

T= | z\ /;
= pd

Tratamento de
Estricnina distlrbios oculares

1.4 Fatores que influenciam a composi¢cao quimica vegetal

Nos ultimos anos houve um aumento nas pessjissare o papel de alguns metabolitos
secundérios como constituintes protetivos de algumas doencas na dieta. Ao contrario das

vitaminas tradicionais que sdo essenciais para o-dséan a curtgprazo, ha evidéncias
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crescentes de que a ingestdo diaria deaatdoses de metabdlitos secundarios, como 0s
flavonoides, podem reduzir a incidéncia de canceres e muitas doengas cronicas, incluindo
doencas cardiovasculares e diabetes Tipo Il (CROZIER; JAGANATH; CLIFFORD, 2006),
além de ter aplicacOes praticas sigaificas em fins nutritivos e cosméticos e apresentar
importancia na adaptacdo das plantas ao estresse (RAMAKRISHNA; RAVISHANKAR,
2011).

No entanto, estudos demonstram que o teor de compostos quimicos presentes em plantas pode
variar de acordo com inumerostdres, tais como variabilidade genética, condi¢cOes
geograficas (altitude, por exemplo), temperatura, salinidade, disponibilidade hidrica, estresse
bidtico e/ou abidtico, luminosidade, composi¢cdo do solo, entre outros, o que pode refletir
diretamente em suacdo biologica terapéutica (SEIGLER, 1995; KAHKONEN et al., 1999;
LISIEWSKA; KMIECIK; KORUS, 2006; FRATIANNI et al., 2007; GOBB®ETO;

LOPES, 2007FIGUEIREDO et al., 2008KSOURI et al., 2008, CHIRINOS et al., 2013;
BAIANO et al., 2013; TLILI et al., 204). De fato, o acimulo de metabdlitos secundarios
ocorre com maior frequéncia em plantas sujeitas a tensdes (RAMAKRISHNA;
RAVISHANKAR 2011; SOUZA PINTO; KOLB, 2016).

Além disso, € sabido que diferentes partes da planta, como folhas, sementes, cades, flo
frutos, frequentemente diferem em sua composicdo quimica. Cada uma dessas partes pode
variar seu teor quimico nos diferentes estagios de desenvolvimento, nas diferentes épocas do

ano ou até mesmo ao longo do dia (SEIGLER, 1995).

O desequilibrio decoente da exposicdo da planta a um fator biético ou abidtico resulta em
um estresse fisiolégico e desencadeia uma série de efeitos metabdlicos primarios e
secundérios. Para melhor responder as alteracdes fisiol6gicas e fazer a manutencdo do
equilibrio, os egetais produzem os metabolitos secundarios, dentre eles diversos grupos de
antioxidantes, como mecanismo de protecdo contra compostos oxidantes sintetizados diante
das condicbes externas (TAIZ; ZAIGER, 2013; OH; TRICK; RAJASHIKAR, 2009). Dessa
forma, a poducéo diferenciada de metabdlitos secundarios € um dos principais componentes
de resisténcia aos fatores externos (Bl; FELTON, 1995; SMIRNOFF, 1998; SINGH;
AGRAWAL 2015).

Estudosin vitro e in vivo que relacionem os fatores ambientais com a biossintese d

metabolitos secundarios tém sido utilizados para aumentar a producdo ou induzir a sintese de
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novos metabdlitos de interesgevariagcdo da composi¢cao e concentracao de varios produtos
secundérios de plantas sao fortemente dependentes das condi¢cdexidesicte que, por
diferentes mecanismos, podem alterar a expressédo génica das vias metabdlicas responsaveis
pela producdo e acumulo dos compostos relacionados (GOHB®@; LOPES, 2007;
RAMAKRISHNA; RAVISHANKAR, 2011).

Dessa forma, tendo em vista que h&edios fatores que influenciam e determinam o
rendimento e a variabilidade quimica do metabolismo secundario de cada espécie, €
importante saber como tais condicdes podem afetar a producédo dos metabdlitos, com o intuito
de maximizar o rendimento de consgitites ativos com maiores beneficios nutricionais e para

a satde e minimizar os niveis de toxinBESUEIREDO et al., 2008; ANDRE et al., 2009;
SOUZA PINTO e KOLB, 2016).

Estudos demonstram que diversos fatores externos, tais como radiagggtétratamento

com luz branca, deficiéncia nutricional e intensidade luminosa, sdo capazes de aumentar a
expressao génica de enzinwdmve para a producao de fenilpropanoides, por exemplo (LI et
al., 1993; RAMAKRISHNA; RAVISHANKAR, 2011; LIU et al., 2006; ANDRE edl.,

2009). Liu et al. (2006), correlacionaram a maior expressao de fenilalanina amonialiase
(PAL), uma enzima considerada o primeiro padsave na via dos fenilpropanoides (Figura

16) e que catalisa a biossintese de compostos secundarios derivadakldaifen com a

maior producéo do flavonoide quercetibhaet al. (1993) demonstraram que a radiacdcRJV

induz a expressao génica de PAL e chalcona sintase (CHS), enzima inicial na via dos
flavonoides (LIU et al., 2006). Tal inducéo é fundamental parassintese de metabdlitos

gue reduzem os danos causados pela radiacao.

Dessa forma, opasso de comprometimento na biossintese de compostos secundarios
derivados da fenilalanina € catalisado pela fenilalanina amonialiase (PAL), enquanto a
chalcona sintas (CHS) é a enzima crucial na via dos flavonoides, como demonstrado na
Figura 16, passo 1 e 2, respectivamente (LI et al., 1993; LIU et al., 2006). Qualquer alteragéo
induzida na expressdo dessas enziohave podera alterar a biossintese dos compostos

relacionados.

André et al (2009), em estudos de expressdo de 13 genes envolvidos na biossintese de
polifenois de cinco cultivares de batata, demonstraram que os diferentes perfis encontrados

entre as cultivares estdo correlacionados com variacdes na expgésséa, quando 0s
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tubérculos foram submetidos ao déficit hidrico. Os autores concluiram que a regulacdo da
expressdo génica desempenha um papel essencial na producdo de polifenois, além de ser
distinta nos cinco cultivares estudados. Llorach et al. (2008assini et al. (2016) também
demonstraram variacéo no conteudo de fendis totais de acordo com as variedades de alface e
repolho, respectivamente, reportando que diferentes variedades podem influenciar no teor
fitoquimico dos vegetais.

Fenilalanina
‘L 1
Cinamato

|

4-Cumarato

{

4-Coumaroil-CoA

2

Chalconas

-
J/ 3
Isoflavononas
Flavononas —>
Flavonas

|

Di-hidroflavonois —> Antocianinas
‘L Taninos condensados

Flavonois

Figura 16: Vias para a biossintese de produtos secundarios derivados da fenilalanina em
plantas. Adaptado de Taiz e Zeiger (2013) e Liu et al. (2006).

Singh e Agrawal (2015) demonstraram que o ritmo circadiano influencia no teor de
metabdlitos secundarios, uma vez guoporciona o ajuste dos eventos fisiolégicos de acordo

com as mudancas que ocorrem ao longo do dia. Dessa forma, as respostas aos estresse:
ambientais previstos, podem ser mais adequadamente aliviadas e guiadas por ciclos luz/escuro
e quentef/frio, que stimulam diferentes vias metabodlicas. Souza Pinto e Kolb (2016)
demonstraram que a sazonalidade também pode ser fonte de variacdo de contetdo para todas
as classes de metabdlitos secundarios, ao estudar metabdlitos fitotoxicos com finalidade

herbicida. Segndo GobbeNeto e Lopes (2007), a época que um vegetal é coletado € um dos
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fatores com maior importancia, visto que a quantidade e/ou a natureza dos constituintes ativos

nao sao constantes durante o ano.

Segundo Taiz e Zeiger (2013), os principais fatal®éticos que influenciam o crescimento e
o desenvolvimento vegetal sdo os elementos minerais na solu¢do do solo (fatores edaficos), a

disponibilidade hidrica, a temperatura e a luz.

O estresse nutricional possui efeito marcante no nivel de metabétitosdarios nos tecidos
vegetais, especialmente compostos fendlicos. Estudos demonstram que a deficiéncia de
nitrogénio (N), fosfato (P§), potassio (K), enxofre (S), ferro (Fe) e magnésio (Mg) podem
aumentar a concentracdo de compostos fendlicos, emntiferespécies de plantas (LEA et

al., 2007; RAMAKRISHNA; RAVISHANKAR, 2011; SINGH; AGRAWAL, 2015). Outros
estudos demonstram que solos pobres em nutrientes apresentam menor taxa de crescimento ¢
maior biossintese de todas as classes de metabdlitos sewsineléceto para os compostos
nitrogenados (GOBBINETO; LOPES, 2007).

A exposicdo a seca (déficit hidrico) ou ao estresse salino resulta em reacdes metabdlicas
semelhantes, uma vez que ambos 0s estresses levam a desidratacdo celular. Normalmente c
déficit hidrico € acompanhado de elevadas temperatura e radiacdo UV, o que conduz a planta
a um estado de estresse oxidativo, com consequente aumento no contetdo de flavonoides e
acidos fendlicos. Além disso, repega que a desidratacdo reduz o conteldo dmses Nnos

tecidos vegetais (GOBBOETO; LOPES, 2007; RAMAKRISHNA; RAVISHANKAR,

2011; AZHAR, 2011).

A luz é o fator abidtico fundamental para a ocorréncia da fotossintese, o principal processo
metabdlico das plantas. Embora seja essencial, a absorgderdia duminosa € uma fonte de
espécies reativas de oxigénio, o que justifica a maior producdo de metabdlitos secundarios
com funcdes fotoprotetora e antioxidante, como alguns flavonoides e antocianinas, nas plantas
submetidas a elevada condicdo de lumdede (ROZEMA et al., 1997; SANCHEZ; SHIN;
DAVIS 2011; RAMAKRISHNA; RAVISHANKAR, 2011). De fato, ha uma correlacéo
positiva entre a intensidade da radiacdo solar e a producado de compostos fenélicos{GOBBO
NETO; LOPES, 2007).

Estudos realizados com mutaniggra a biossintese de flavonoides demonstraram que as
plantas geneticamente modificadas apresentam hipersensibilidade a radiaBadelido a

auséncia de acumulo de flavonoides que absorvem a radiacdo, nas células da epiderme das
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folhas. Dessa forma, oumento da biossintese de flavonoides induzida porBU¥
considerada uma resposta adaptativa a esse tipo de estresse. No entanto, embora a inducédo d
expressao génica por UY ter sido previamente demonstrada em uma variedade de espécies
de plantas, os tqs de tecidos, o estagio de desenvolvimento, as condicdes de luz empregadas

variam muito (LI et al., 1993).

Atualmente, poucas sao as informacdes sobre o comportamento das plantas medicinais
guando submetidas a diferentes condi¢cdes de crescimento, nmasndcd que varios fatores
podem afetar sua biomassa e producdo de metabolitos (YUNES; CALIXTO, 2001; SIMOES
et al., 2013). No entanto, apesar de os estudos relacionados ao cultivo, manejo e producao de
plantas medicinais ndo serem tdo abrangentes e papdlzs, como é o das plantas
cultivadas, cada espécie medicinal, aromatica ou condimentar, tem suas exigéncias e
respondem de maneira diferenciada para diferentes niveis de agentes bidticos e abibticos
(SOUZA et al., 2007), sendo necessérios estudos mesfuadados para o fornecimento de

material vegetal bioativo de alta qualidade e com seguranca para a industria de fitoterapicos.

15 Mutagénese, antimutagénese e ensaios toxicoldgicos

Tem sido demonstrado que a mutagénese tem um papel especial na fasgacho da
carcinogénese. Nela, a substancia que atua sobre o DNA pode ser um agente, por si S0,
mutagénico ou pode ser um produto de um processo metabdlico, que normalmente deveria ser
inativado ou eliminado (BUNKOVA; MAROVA, 2005). E sabido que acagéutagénica e
carcinogénica de diversas substancias envolve a promocdo do estresse oxidativo celular,

devido a geracao de espécies reativas ao (NERGUSON, 1994).

Os estudos de genotoxicidade, mutagenicidade e citotoxicidade constituem um passo
importante na avaliacéo toxicolégica dos medicamentos de origem vegetal onde podem estar
presentes compostos mutagénicos relacionados com o desenvolvimento do cancer. Dentre 0s
testes de avaliacdo de mutagenicidade e citotoxicidade preconizados pelas agéncias
internacionais e instituicbes governamentais, o teste de micronucleo em eritrécitos de medula
0ssea de roedor@s vivo é amplamente aceito e recomendado para avaliagdo e o registro de
novos produtos quimicos e farmacéuticos que entram anualmente no mercadial

(CHOY, 2001; RIBEIRO, et al., 2003).
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O teste do micronucleo em roedores visa detectar e quantificar a acdo mutagénica e citotdxica
de agentes indutores, fisicos ou quimicos (RABEIGAY, 1985; MACGREGOR, 1987),

além de possibilitar a avaliacdo @gentes protetivos, com atividade antimutagénica e
anticitotoxica. Em geral, esse bioteste permite deduzir que se o determinado agente esta
afetando o material genético do organismo teste, possivelmente apresentara efeitos
semelhantes em qualquer tipo dduta, ja que o codigo genético é universal (ALBERTS,
2004).

O testen vivo é especialmente relevante uma vez que permite a consideracdo de fatores como
a absorgdo, o metabolisnio vivo, a cinética do farmaco e o processo de reparo do DNA
(KRISHNA, HAYASHI, 2000), o que dificilmente poderia ser reproduzido em ensgaios

vitro. Além disso, esse ensaio apresenta algumas vantagens em relacdo aos outros, entre a:
quais podem ser citadas a elevada sensibilidade, o baixo custo, a confiabilidade e a rapidez na

execucgao.

1.5.1 Teste do micronlicleo em medula 6ssea de roedoieyivo

O teste do micronucleo pode ser executado em populacdes de células que estejam em
constante divisao, sendo a medula 6ssea de mamiferos uma das regibes mais adequadas, vist
que suagélulas levam de 22 a 24 horas para completar um ciclo celular e apresentam intensa
atividade mitética, o que as tornam suscetiveis aos danos genéticos (LUZHNA; KATHIRIA;
KOVALCHUK, 2013; HEDDLE, 1973). Além disso, o teste € um dos métodos preferenciais
utilizado pela comunidade cientifica, pois permite mensurar a perda de cromossomos inteiros

e a ruptura cromossdmica, resultante de eventos aneugénico e clastogénicos, respectivamente.

Dessa forma, o micronucleo (MN) pode origksar por quebra cromossémiféigura 17b),

gue resulta em fragmentos cromossdmicos acéntricos (evento clastogénico) ou devido as
disfuncbes do fuso mitético, durante o processo de divisdo celular, em gque cromossomos
inteiros sofrem atraso em relacdo aos demais durante a migracas penias da célula em
anafase (Figura 17a), ndo compondo o nudcleo principal (evento aneug@hi@dINA,
KATHIRIA; KOVALCHUK, 2013; FENECH, et al., 2005)Eles apresentam até 1/3 do

tamanho do nucleo principal, sdo redondos e ndo apresenta refringéncia.
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Figura 17: Diagrama ilustrativo denmstrando a origem do microntcleo a partir de um evento aneugénico (a) ou
de um evento clastogénico (b). Fonte: Adaptado de Fenech (2005).

O processo de eritropoiese (Figura 18) é fundamental para o entendimeprucekso de
formacdo do micronucleo em células de medula 6ssea de camundongos. Durante a
proliferacdo celular, uma substancia teste administrada pode agir e causar quebras
cromossbmicas ou desordem nas moléculas que compdem as fibras do fuso mitdtico,
causndo perda de cromossomos inteiros, refletindo, assim, na formacdo de um MN
(KRISHINA; HAYASHI, 2000). Durante a maturacéao dos eritroblastos, o nucleo principal €
expulso para transformae em eritrocito e, havendo MN, este permanece no citoplasma,
onde &acilmente identificado por meio de analise citolégica (HEDDLE, 1973).

10 -24 horas PCEs
24h (1 dia)

10 - 12 horas |

:OO

EXPULSAO DO NUCLEO

ERTTROBLASTO o o

ERITROCITO ERITROCITO
POLICROMATICO  NORMOCROMATICO R
MEDULA OSSEA SANGUE

Figura 18: Processo de maturacdo dos eritrécitos que ocorre na medula éssea. Durante a maturacdo os
eritrécitos policromaticos, que possui ribossomos e é considerado RNA pgsétidtem RNA passando a conter
principalmente hemoglobina, tornanrge eritrocito normocromatico (RNA negativo). Fonte: Adaptado de
Ribeiro (2003).

A andlise de micronucleos é realizada apenas nas células imaturas, denominadas de eritrocitos

policromaticos(PCE), que apresentam uma coloragdo azul quando em contato com eosina
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azul de metileno seguimento Leishman, devido a presenca de ribossomos e RNA em seu
interior. Os eritrocitos permanecem imaturos (PCE) por um periodo de 10 a 24 horas e a
analise de MN corre apenas nesse estagio de maturacdo, uma vez que havera a garantia de
que o dano ocorreu na mitose anterior, com a presenca do agente teste. Posteriormente, 0S
PCEs tornanrse maduros, passando a denominaseneritrcitos normocromaticos (NCE),

que secoram em vermelho/rosa devido a presenca de hemoglobina e a perda de RNA. Ao
final do processo de eritropoiese, os NCEs irdo para a corrente sanguinea, isenando
hemacias (UZHNA; KATHIRIA; KOVALCHUK, 2013; RIBEIRO, 2003; KRISHINA;
HAYASHI, 2000).

Ao final do ensaio, € possivel avaliar a frequéncia de eritrocitos policroméaticos
micronucleados (MNPCE) nos grupos experimentais, tanto nos testes de mutagenicidade
guanto nos de antimutagenicidade. O aumento na frequéncia de MNPCE € um indicativo de
que a su$tancia é capaz de induzir danos ao DNA ou no aparato mitético. Em contrapartida,
quando uma substancia € capaz de reduzir a frequéncia de MNPCEs frente aos danos
induzidos por um mutageno conhecido (quimioterapico antineoplasico, por exemplo), é
indicativo de que essa substancia pode atuar na protecdo do DNA e do fuso mitético, sendo,
assim, considerada antimutagénica. Além disso, € possivel avaliar a citotoxicidade a partir da
relagdo de PCE em relagdo ao total de eritrécitos (PCE+NCE) (KRISHINA; HAYASHI,
2000). A reducao da relacdo (PCE/(PCE+NCE) € indicativo de efeito citotéxico (RIBEIRO,
2003).

1.5.2 Atividade antimutagénica e prevencdo de doencas

A prevencdo de doencas relacionadas as mutacbes, como o cancer, pode ser alcancada de
diversas maneiraglentre elas evitandge a exposicao a agentes mutagénicos e reforgmndo

0os mecanismos de defesa enddégeno, com 0 aumento da exposicdo a substancias
antimutagénicas, por exemplo (BHATTACHARYA, 2011; DeFLORA, 1998). Neste cenério,

a busca de substancias imgioprotetoras, com propriedades antimutagénicas e/ou
anticitotoxicas, tem grande importancia para a protecdo da saude h(FERG@USON,

1994; HAYATSUet al.,1 9 8 8 ; KNEGENVEYI L et al., 2005).
agente antioxidante pode possuir idi@de antimutagénica e anticarcinogériltBRGUSON,
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1994; MAMMADOV et al., 2009; BHATTACHARYA, 2011), apresentando assim, elevado

potencial biologico.

Agentes antimutagénicos sdo compostos capazes de reduzir a frequéncia de mutacdes,
espontaneas ou induaisl LUZHNA; KATHIRIA; KOVALCHUK, 2013; VON BORSTEL,;

DRAKE; LOEB, 1996; GASIOROWSKI et al., 2001b). Tais substancias podem atuar por
diferentes mecanismos de acao dentre os quais podemos citar: prevencao da formacao e a
inativacdo de espécies reativasyatfo de mecanismos de desintoxicacdo de mutagenos;
estimulo do reparo dos danos ao DNA; interferéncia no metabolismo de xenobibticos, entre
outros (DeFLORA, 1998; FERGUSON, 199BUNKOVA et al.,, 2005; QARI, 2008).
Independente do modo de acgdo, os antigartéds podem ser classificados em dois grandes
grupos: 0s que atuam por mecanismos de desmutagénese e 0s que atuam por
bioantimutagénese (ANTUNES; ARAUJO, 2000).

Na desmutagénese, 0os agentes antimutagénicos atuam na prevencédo do dano causado pel
agente idutor (mutdgeno), através da inativacdo, quimica ou enzimética, dos mutagenos
(KADA; MORITA; INOUE, 1978; ANTUNES; ARAUJO, 2000). Agentes desmutagénicos

sdo capazes de inativar os mutagenos antes que eles atuem sobre o0s genes
(BHATTACHARYA, 2011; FERGUSON, 1994; OLIVEIRA et al., 2009). Na
bioantimutagénese, por sua vez, 0s agentes atuam principalmente como moduladores do
reparo e da replicacdo do DNA (KADA; MORITA; INOUE, 1978; ANTUNES; ARAUJO,
2000), sendo capazes de eliminar a mutacdo apos a acdo demuutslgitas substancias

antimutagénicas apresentam ambos mecanismos de acdo (FERGUSON, 1994).

1.6Bidens pilosa L.

Bidens pilosaL. conhecida popularmente como pigé@to, carrapicho e carrapiche

agulha,é uma planta daninha herbacea, ereta, peteaca familiaAsteraceagcom porte

entre 20130 cm, originaria da América do Sul e amplamente distribuida nas regiées tropicais

e subtropicais do mundo, principalmente em areas agricolas (BARTOLOME;
VILLASENOR; YANG, 2013; AMARAL et al., 2012; ABDOU etla 2010). Apresenta

folhas simples, geralmente tripartidas, pecioladas e opostas. Sua floracao ocorre trés vezes ao
ano, com capitulos florais terminais e axilares, com flores marginais e centrais amarelas. Seu

fruto € um aquénio linear de 5 a 9 mm de pomento e provida de-2 aristas aderentes; sua
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propagacdo € realizada via sementes, podendo chegar a 3.000 por planta 1®igura
(LORENZI, 2000; AMARAL et al., 2012).

E considerada uma rica fonte alimentar e medicamentosa para humanos e outros animais,
sendo seu cultivo promovido na Africa pela Food and Agricultural Organization devido
algumas vantagens tais como seu rapido crescimento, ser comestivel, palatavel e apresentar
uso seguro (BARTOLOME; VILLASENOR; YANG, 2013).

A-  23cm

B- . 3.1cm,

=1
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C- 0.5cm
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—
Figura 19: Bidens pilosaL. A- Aspecto geral do ramo florifero.-B-olha com margens serreadas.Rbres

amareladas reunidas em inflorescéncia tipo capituloInflorescéncia. F Frutos aguénios com ganchos
aderentes na extremidade superior. Fonte: Amaral e colaboradores (2012).

Goza de notada importancia pelo seu valor medicinal, sendo utilizada na medicina tradicional
principalmente para o tratamento de inflamacdao, ictericia, alergia, diabetes, cancer, hepatite e
muitas outras desordens (AMARAL et al., 2012; ARTHUR; NAIDOO; COOBSAMY,

2012; BARTOLOME; VILLASENOR; YANG, 2013). Muitos ensaios bioldgicos e
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farmacolégicos foram realizados, tendo sido reportado seus efeitos imunomodulatério
(HORIUCHI; SEYAMA, 2008), antinflamatorio (ALVAREZ et al., 1999; YOSHIDA et al.,
2006; POZHARITSKAYA et al., 2010), anthiperglicémico (HABECK, 2003), antimalarico
(BRANDAO et al., 1997; OLIVEIRA et al., 2004; KUMARI et al., 2009), antibacteriano
(SILVA JUNIOR et al., 2014), hepatoprotetor (SUZIGAN et al., 2009), estrogénico (FRIDA
et al., 2008) bem como citotoxicidade contra varias linhagens celulares (TAGAMI et al.,
2009; ABDOU et al., 2010) incluindo células cancerigenas (SUNDARARAJAN et al., 2006;
KVIECINSKI et al., 2008; KUMARI et al., 2009).

Kviecinski et al. (2008) demonstraram que o &xthidroalcodlico d8idens pilosa fracdes

obtidas a partir dos solventes acetato de etila e cloroférmio, foram efetivos na reducao do
tumor ascitico de Ehrlich em camundongos isogénicos Balb/c, quando administrados
intraperitonealmente nas concentracde 150 e 300mg/Kg. Estudos realizados pelos mesmos
pesquisadores, por meio de analises de toxicidade mitocondrial e lisossomal, medidos através
de ensaios de MTT e NRId vitro, demonstraram quBidens pilosaapresenta citotoxicidade

sobre a linhagem adhar Ehrlich.

Estudosin vitro realizadoscom cultura de célulasde hepatomade ratos da espécieRattus
norvegicugcélulasHTC) demonstrarangueo extratohidroalcodlico,a infusdoe a decoccao
de B. pilosandoapresentararafeitosmutagénicogpor meio do testede micronucleoin vitro.
No entanto,a infusdo foi capazde induzir efeitos genotoxicosdosedependentenas trés
concentractesitilizadas (10, 20 e 40 uL/mL), revelandoque diferentesformasde preparo
para a utilizacdo da planta apresentandiferen@s significativas em relacdoa inducédoda
genotoxicidade Dessaforma, tanto a dose utilizada como a forma de preparosugerem
precaucamo usofitoterapicodessagplanta,que emboraapresentenuitos efeitosterapéuticos,
naoestélivre de efeitosdeletériofCOSTAetal., 2008).

Hong e colaboradoreq2011) demonstrarangue o extrato metandlicode B. pilosa néo
apresentounutagenicidadeem elevadaconcentracad5000 pg/placa)por meio do testede
Amesin vitro com as bactériasSalmonellatyphimuriume Escheechia coli, na ausénciae

presencale ativagdometabdlica.

Experimentogealizadosin vivo, com camundongo$swiss Mus musculus demonstrarano
efeito protetor do extrato glicolitico da planta contraa mucositegastrointestinainduzida

durante o tratamend quimioterapico/radioterapicasendo capaz de atenuaras alteracoes
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clinicase patolégicascom reestabelecimentda atividadeproliferativaintestinale protecao
dascélulascontraa morte celular,a partir de 100 mg/Kg. Tal efeito quimioprotetortem sido

atribuidoassuaspropriedadesntrinflamatérias(AVILA etal., 2015).

Ensaiosde toxicidadeagudade folhasde B. pilosaem camundongo vivo demonstrarano
fraco efeito tdxico dos extratosetandlicoe aguoso,com DL50 de 6,15 g/Kg e 12,30 g/Kg,
resgectivamente.Uma vez que as dosesterapéuticassao mais baixas, sua utilizacéo néo
demonstraiscosde toxicidade(FRIDA et al., 2008).Estudosde toxicidadeemratosSprague
Dawleytratadosdurante28 diascom a infusdoda planta,demonstrarana ausénciale efeitos
toxicos associadoso tratamento por meio de andlisespatolégicasmacroe microscopicas.
Além disso, o tratamentoprolongadocom a planta aumentoua sintesede hemoglobina
(CARDENASetal., 2006).

Muitos autoresreportarama relagcéo entre as atividades terapéuticasde B. pilosa e sua
capacidadantioxidantee antrinflamatdéria.De fato, muitos estudosdlemonstrangue a parte
aéreada planta apresentacapacidadede minimizar a peroxidacadipidica (AVILA et al.,
2015; GOUDOUM et al., 2016), de atuar no sequestro/neutralizacate radicaislivres e de
guelarmetaisde transi¢éo gvitandoassima formacéaode radicaishidroxila (KUSANO et al.,
2003; CHIANG et al., 2004; MUCHUWET!I et al.,, 2007DEBA et al., 2008; YUAN et al.,
2008. Além disso,CortésRojase colaboradore$2013)reportaranque asdiferentesformas
de prepardfitofarmacéuticada plantapodemrefletir em diferencasa atividadeantioxidante.

Dessdorma, seriaadequadamapadronizaca@arao controledequalidade.

B. pilosaé uma fonteextraordinaria de compostos quimicos, particularmente flavonoides
(SILVA et al., 2011; BARTOLOME et al., 2013). Apesar de possuir inUmeras propriedades
medicinais, estudos que relacionem suas propriedades bioldgicas, tais como atividades
antioxidante, cittoxica, mutagénica e antimutagénica, e seus teores de metabdlitos
secundarios com a variabilidade genética, diferentes localizacdes de crescimento e diferentes
condicdes de cultivo da planta, ndo foram realizados até o momento. Tal abordagem se faz
necesaria paragueo usodessglantaoferecaos beneficiodde suaspropriedadeserapéuticas

semcolocaremriscoa saldehumana.
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2.OBJETIVOS

2.1 Geral

Avaliar a influéncia da localizacdo geografica, da fertilizacdo e do estagio fenolégico na
composicao fitoquimica e nas atividades antioxidante, citotdxica, mutagénica e

antimutagénica do extrato 8edens pilosd..

2.2 Especificos

No estudo com as plantas obtidas em diferentes localiza¢des geograficas

1 Avaliar as diferencas na composicao quimica de mstrdeBidens pilosal. obtidos a

partir de plantas coletadas em quatro localidades do Espirita Santo

1 Avaliar o efeito mutagénico do extrato hidroalcodlicoBlepilosanas concentracdes de
100mg.kg', 200mg.kg' e 300mg.kgpor meio da andlise da frequda de microntcleos
em células de medula 6ssea de camundongos alBimiss(Mus musculusin vivo, para

as quatro localidades avaliadas;

1 Avaliar efeito antimutagénico do extrato hidroalcodlicaBdgilosanas concentracdes de
100mg.kg', 200mg.kg e 3@Mmg.kd, através do protocolo de prétamento, por meio da
analise da frequéncia de micronucleos em células de medula 6ssea de camundongos

albinosSwissg(M. musculusin vivo, para duas localidades avaliadas;

T Avaliar o efeito do extrato hidroalcodlicoedB. pilosa (100mg.kg', 200mg.kg" e
300mg.kg na reducédo da frequéncia de micronucleos induzidos pela ciclofosfamida por
meio do calculo da porcentagem de reducao de danos, para duas localidades avaliadas;

1 Avaliar se o extrato hidroalcodlico d& pilosa (100mg.kg', 200mg.kg' e 300mg.kd
induz citotoxicidade, por meio da relagéo entre o nimero de eritrocitos policromaticos e o
namero total de eritrocitos (eritrocitos policromaticos mais eritrécitos normocromaticos)
em células de medula 6ssea de camngds albino$Swiss(M. musculukin vivo, para as

guatro localidades avaliadas;
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1 Avaliar o efeito do extrato hidroalcodlico dB. pilosa (100mg.kg", 200mg.kg e
300mg.kg) contra a citotoxicidade induzida pela CPA no protocolo dératémento, por
meio da relacdo entre 0 numero de eritrocitos policrométicos e o numero total de
eritrocitos (eritrocitos policrométicos mais eritrocitos normocroméaticos) em células de
medula 6ssea de camundongos albBwsss(M. musculusin vivo, para duas localidades

avdiadas;

1 Avaliar a capacidade antioxidante do extrato hidroalcodlidd. gelosae suas respectivas
fracOes de polaridade crescente, obtidas a partir de plantas coletadas em quatro regides do
Espirito Santo, por meio dos testes de DPPHdRehil-1-picril-hidrazila); ABTS @,2-
azinobis(3-etilbenzotiazolings-acido sulfénico) S i s-aeote@o/acllo linoleico e

atividade quelante dos fons'Ee

1 Avaliar e comparar resultados obtidos, nos experimentos por meiandleses de

correlagao.

No estudo com as plantas obtidas no cultivo

1 Avaliar a influéncia da fertilizacdo e dstégio fenoldégico no crescimento e composi¢ao
fitoquimica do extrato hidroalcodlico dédens pilosa

1 Awvaliar a influéncia da fertilizacdo e do estagio fenoldgico na capacidade antioxidante do
extrato hidroalcodlico dé3. pilosa obtido de plantas submetila trés condicbes de
cultivo, por meio dos testes de DPPH {&ifenil-1-picril-hidrazila); ABTS @,2-azino
bis(3-etilbenzotiazolingé-acido sulfénicy , S i sdroeeno&cido linoleico e atividade

quelante dos fons Fe para respaldar seus possiveis mecanismos de acao;

1 Avaliar o efeito mutagénico do extrato hidroalcodlicoBlepilosanas concentracdes de
100mg.kg', 200mg.kg e 300mg.kgpor meioda andlise da frequéncia de micronicleos
em células de medula 6ssea de camundongos alBmges(M. musculusin vivo, para as

plantas no estagio de floracéo.

1 Avaliar e comparar resultados obtidos por meio de analises de correlagéo.
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3. ARTIGOS CIENTIFIC OS DERIVADOS DA TESE

3.1MANUSCRITO 1

O manuscrito intitulado nNnGenetic and phyt
populations and their bioactivity examined by antioxidant, mutagenic and antimutagenic

appr oac h e sidno paracavaliagdo domperiodibalustrial crops and products
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Abstract

Bidens pilosa Lhas been reported as a plant used in traditional medicine for treating a lot of
disorders. The present study evaluated the variability of four populati@n pifosausing
genetic marker (RAPD)phytochemical analysis (total phenols, total flavonoids and total
tannins contents), antioxidant activity in vitro, cytotoxicity/anticytotoxicity and
mutagenicity/antimutagenicity assays (by micronucleus test in bone marrow of mice) in order
to determinedctors that influence an accumulation of phenolic compounds and consequently
their biological properties. Significant variability was detected between the hydroalcoholic
extracts from different locations. Results strongly suggest that the variation o§ibadl

activities was caused by environmental rather than genetic factors.

Keywords: Bidens pilosaRAPD, phytochemical analysis, antioxidant activity, micronucleus

test, cytotoxicity.
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1. Introduction

Different sources of dietary antioxidamsay be especially important to delay, prevent or
remove damage induced by oxidative stress, directly or indirectly (Landete, 2013; Halliwell,
2007a, 2007b). A good strategy to prevention and treatment of many degenerative diseases
arising from mutations igshe intake of substances whether natural or synthetic, such as
antioxidants compounds, capable of preventing the formation or repair damage already
constituted (Devasagayam et al., 2004; Rahman,2007; Tlili et al., 2014). Moreover, due to the
possible adwee effect of synthetic antioxidants, which may have -siflects such as
carcinogenic (Ebrahimabadi et al., 2010), food industries pay much attention to natural
antioxidants, which can be used as good additives or as pharmaceutical supplements (Nicoli et

al., 1999; Tlili et al., 2014).

Among the natural compounds, phytochemicals, such as phenolic compounds, are of great
importance due by owning important biological activities, including anticarcinogenic,
antimutagenic, antioxidant and antimicrobial (Vadét al., 2015; Valdeklorales et al.,

2014; Attia, 200§9. Consequently, progression of many chronic diseases, such as
cardiovascular and neurological disorders, can be delayed by using phenolic compounds rich
plants to some extent. However, the same anlst presents in plant extracts could exhibit,
both, antioxidant and proxidant activity Prochazkovéet al.,2011; Dorman and Hiltunen,

2011) depend on the concentratiand biological system used. These properties make them
also interesting as source of compounds where cell death, through apoptosis or necrosis
induced via oxidative stregslated mechanisms is a desired outcome (Dorman and Hiltunen,

2011;Gamecet al., D15).

Bidens pilosas an herbaceous plant from South America widely distribatedss temperate
and tropical regiongAbdou et al., 2010)It is considered to be a rich source of food and

medicine for humans and animals, and its cultivation were agtpreimoted in Africa by


http://www.sciencedirect.com/science/article/pii/S0367326X11000396
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Food and Agricultural Organization because it has the advantages-gfdagtg, be edible,

palatable, and safe (Bartolome et al., 2013).

This specie is used in traditional medicine for treatment of inflammation, allergy, diabetes
cancer, hepatitis and among others disorders (Arthur et al., 2012; Bartolome et al., 2013).
Many biological and pharmacological analyses were tested. It has been reported its
effectiveness immunomodulatory (Horiuchi and Seyama, 2008)rdlainmatory Alvarez et

al., 1999;Yoshida et al., 2006; Pozharitskaya et., 2010);laypierglycemic (Habeck, 2003),
potential against malari®fandéao et al., 1997; Oliveira et al., 2004; Kumari et al., 2089)

well as high cytotoxicity against various cell lingsbflou et al., 2010; Tagami et al., 2009)
including cancer cellsviecinski et al., 2008; Kumari et al., 2008undararajan et al., 2006).
Moreover, its phytochemical content and antioxidant activity has been widely studied (Chiang

et al., 2004Kumari etal., 2016;0uerghemmi et al., 2016

B. pilosais an extraordinary source of phytochemicals, particularly flavonoids and polyynes
(Silva et al., 2011; Bartolome et al., 2013). Despite having innumerous medicinal properties,
researches linking their biolmgl properties (such as antioxidant, cytotoxic, mutagenic and

antimutagenic activities) and their contents of secondary metabolites with genetic variability

and different locations of plant growth, not yet been carried out.

It is well known that the phigchemicalcompoundsraries according several factors, such as
environmental (the growth location of the plant, for example) and/or genetics (Chirinos et al.,
2013; Tlili et al., 2014), which may affect their biological properties. The differences between
the populations can be established by different markers; however chemical and molecular
markers, used separately, are often insufficient to establish relations of variability among
different populations (MoronEortunato et al., 2010; Trindade et al., 200BAPD, a
dominant marker, has been successfully used to analyze the genetic diversity of natural

populations (Ali et al., 2012; Singh et. al, 2012; Facanali et. al, 2015) due to its advantages
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such as its potential for polymorphism detection withoutréed for prior knowledge of the
genome, requires small amounts of genomic DNA and is able to detect changes in coding and

noncoding regions (Gajera et al., 2010; Katsiotis et al., 2009; Lin et al., 2009).

There are no reports about influence of differgabgraphical region and genetic variability

on phytochemical content and antioxidant activity of B. pilosa. So, the goal of this work was
to study the differences in amount of phenolic compounds, in antioxidant activity in vitro, in
the cytotoxic/anticytaixic and mutagenic/antimutagenic effects of B. bilosa hydroalcoholic

extract, with respect to molecular markers and four geographical regions.
2. Material and methods
2.1 Plant material

The aerial parts oBidens pilosalL. were randomly selected and auited at four
|l ocalities of Sout heastern Brazil regi on:
07.33aSs) , Barra de S«o Francisco (BSF) (40
(40° 23' 54.0" W; 20° 17' 28.5" S) and Muniz Freire (MF) @B a 22. 5934 W,
38.1008da S), duri ng Jan-dréed at rodnitdmperatue larel thena mp |
ground for further analysis. Vouchers specimens were identified, for all localizations, by the

VIES herbarium of the Universidade Federal dpiEito Santo.
2.2 Genetic analysis using RAPD markers

For the genomic DNA extraction, 0.1 grams of 10 plants previously frozen of each locality
were ground in liquid nitrogen in presence of polyvinylpolypyrrolidone. The obtained powder
was mixed with 1 b of CTAB extraction buffe(2% CTAB, 1.4M NacCl, 100 mM TrigiClI

pH 8.0, 20 mM -fmdicaptoetandl ald.p@teinaseimcubated for 30 min at
65°C, based on the procedure described by Doyle and Doyle (1990) with little modification.

After cooling, 500 pL chloroform:isoarhyalcohol (24:1) are added to samples and
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centrifuged for 5 min at 12000 RPM. This procedure is repeated twicesupleenatant was
treated with RNAse A (10 pg.f), to 37°C for 30 min. DNA precipitation was performed
with 0.6% by volume of cold isopropain The formed pellet was washed with 70% ethanol,
dried at room temperature and resuspended inulLGdf Trisi EDTA pH 8.0 (TE Buffer). The
DNA concentration was evaluated spectrophotometrically by NanoDrop 3300 (Termo
Scientific), and the quality of theNDA was determined by electrophoresis on 1.0% agarose

gel stained with GelRéY (BIOTIUM ™).

Initial PCR reactions were performed using thisyo random decamer primers from the
Operon TechnologWSA, twelve one primers (OPAB1, OPAD08, OPADB10, OPAD17,
OPAD-18, OPD04, OPD18, OPG19, OP+14, OPt19, OP120, OPEO6, OPE11l, OPE
12,0PPR05, OPP0O6, OPP08, OPP09, OPP10, OPF18, OPF20) have been selected on the
basis of the good resolution and the polymorphism of bands. Each PCR reaction was
performedin 25uL reaction volume containing 25 ng DNA template, 5 pl de 5x reaction
buffer, 2.5 pL 25mM MgG 0.5 pl 10mM dNTP, 1.25U Taq and 0.3 pL (10 pM) of specific

primer, in Verit® 96Well Thermal Cycler (Apllied Biosysten8). The PCR cycles

followingthe condi tions: 94UC for 3 min, 40 cyc
annealing at 35UC for 1 min and extension
were submitted to a final extension step &

separated on 1% agarose gel in TBE buffer (1x), stained with GAIR&IOTIUM ™),
visualized under UV light and recorded using a transilluminator ERDXJCH (Loccus

Biotecnologia, Brazil).
2.3 Preparation of hydroalcoholic extract

The plant powder was rarated with aqueous ethanol 70% using a solvent to powder ratio of
ratio 5/1 (v/iw) for 72h, at room temperature. The process was repeated twice with same

powder to remove the maximum of constituents. Then, the resulting extracts were filtered
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with a filter paper to remove the particles and concentrated under vacuum evaporator to

obtain the crude hydroalcoholic extractBofpilosa(HAE).
2.4 Phytochemical screening
2.4.1 Phytochemical prospecting

The Phytochemical prospecting was carried out accordirtge method of Costél982)in
order to identify secondary metabolites groups such as alkaloids, anthraquinone, coumarins,
flavonoids, naphthoquinones, saponin, steroids, tannins and triterpenoids presents in crude

HAEs from all localities.
2.4.2 Total phenolic content (TPC)

Total phenolic content (TPC) was measured carried out Zhang et al. (2006) by the Folin
Ciocalteu method. 20 pL ethanol solution of HAE 500 ugimias added to 100 pL of

Folini Ciocalteu diluted in @tilled water (1:10). Then 5 minutes, 80 pL of J8&; (7.5%)

was added and the plate stayed in the dark at room temperature for 1 hour. The absorbance
was measured at 750 nm with a spectrophotometric microplate reader (Epoch Microplat
Spectrophotometer BioTek). TPC was expressed as gallic acid equivalent per gram of dry
weight (mg GAE.g d.w.). Concentrations of gallic acid used to establish the standard were
12.5, 25, 50, 10, 250, 500, 1000 pgM{R?*=0.9997). Ethanol was used as a blank. The

analyss was run in in triplicate and conducted for the crude HAE extracts from all locations.
2.4.3 Total tannins content (TTC)

Total tannin content (TTC) oB. pilosaHAE was measured by the Fdlibenis method
(Makkar et al., 1993; Ryu et al., 2016) with a fewedifications. Previously, solution of 500
ng.mL* of dry HAE was prepared in ethanol. 400 pL of ethanolic solution (500 pi§.mL
were mixed with 400 pL of FoliDenis reagent. Then 3 minutes, 400 uL of Na2CO3

solution (8%) was added, mixed and allowedstand. After an hour, the material was
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centrifuged at 2000 rpm for 5 minutes and the absorbance measured at 725 nm. Tannic acid
(concentrations 12.5, 25, 50, 100, 250, 500, 1000 ud)mias used to calculate the standard
curve (R= 0.9999) and the resaltwere expressed as tannic acid equivalents (mg*TA.g

d.w.).
2.4.4 Total flavonoid content (TFC)

Total flavonoid content (TFC) was quantified using the colorimetric method with aluminum
chloride (AICk) carried out according to Dewanto et al. (2002) aiill et al (2014), by
spectrophotometric microplate reader. 250 pL of HAE diluted in methanol was mixed with 75
uL of NaNG, (7%) and after 150 uL of AlGI(10%) was added and mixed. After 6 minutes,

500 pL of NaOH (1M) was added to the mixture and theddzsce was measured at 510 nm
after 15min of incubation at room temperature. TFC was expressed as quercetin equivalent
per gram of dry weight (mg QEXgd.w.). Concentrations of quercetin used to establish the
standard curve of flavonoids were 40, 50, 800, 200, 300, 400, 500 ug.MI(R*=0.9828).

The analysis was performed in triplicate and conducted for the extracts from all locations.
2.5 Antioxidant activity assays

The antioxidant activity of the HAE samples was measured in terms of radical sogveng
activity, chelating activity and linoleic acid peroxidation inhibition, using four established
spectrophotometric methods modified for microplate reader. All the experiments were

performed in triplicate for each concentration tested.
2.5.1 Free radicalscavenging activity by DPPH assay

HAE and standards (ascorbic acid and hesperidin) was diluted in pure methanol at different
concentrations (15.62, 31.25, 62.551250, 500, 1000 pg.mil). 200 pL of methanolic

DPPH solution (0.3 mM) was added to 100 gi_the test solution. After incubation for 30
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min at room temperature in the dark, the decrease in absorbance was measured at 517 nm. A

decrease in the absorbance indicates an increase in the scavenging activity.

Results were expressed agd@alue (pug.nt.™), which is the concentration of extract required

to scavenges 50% of DPPHA lower IC50 value corresponds to a higher antioxidant activity.
The percentage of inhibition of DPPH was calculated, with the following equation (Harzallah
et al.,, 2016):% inhibition of DPPH = [(Abs, i Abs)) / Absg] x 100, where Ahs=

absorbance of control amkbs,; = absorbance of the sample.

Methyl alcohol it was used as blank, for the calibration spectrophotometric microplate reader.

DPPH solution (0.3 mM; 200 pL) plus nit alcohol (100 L) was used as negative control.
2.5.2 Free radicalscavenging activity by ABTE assay

The AB3s8®Eas determined according Re et al. (1999) with small modifications. The
work solution was prepared by mixing of 5 mL of 7 mM ABTS solution and 88uL ofriM0
potassium persulfate solution followed by incubation for 16 hours endtrk to yield a
solution containing ABTSE+ radicals. Then
absorbance value of 0.70 (£0.02) at 734 nm. 200 pL of work solution was added to 40 pL of
the ethanolic solutions of crude HAE or the standards (Trolak emtorbic acidpt eight
concentrations (7.215.62, 31.25, 62.5, 2 250, 500, 1000 pg.mb). The decrease in
absorbance was measured at 734nm 6 minutes after mixing. The experiment was performed in
triplicate for each concentration tested and the esogimg activity was estimated by the
following formula: % scavenging= [(Abs,i Abs;) / Abs)] x 100, where Ahs= absorbance

of control andAbs; = absorbance of the sample. The results were expressed in mM

equivalents of Trolox for gram of dry weight of EA(TEAC; mM TE.g" d.w.) andICso
(g.mL?).

2.5.3 Determination of chelating activity of HAE on F&" ions
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The ferrous iorchelating activity of all HAE was measured using the method of Tang et al.,
(2002). 1 mL of HAE methanolic solution or EDTA standérd® - 15.62, 31.25, 62.5, &

250, 500, 1000 pg.mil) was mixed with 22 yL of 2 mM FeClI2. Then, 43 pL of 5 mM
ferrozine was added, homogenized and the absorbance was read at 562 nm in microplate
reader after 20 min. The solution with Methanol (1 mL)eastof HAE or standard, was used

as a control. The percentage of inhibition of ferro#fe& complex formation was calculated

as follows: Chelating activity (%) = (1 - Abs)/Absy)) x 100, where Ahs= absorbance of

control andAbs; = absorbance of the sarepl The results were expressed in EDTA equivalent

(mg EDTA.g" d.w.) and Cso (ug.mL™).
2.5.4 Tot al a nt i o-xaroterefinolei@acid modal systemby t he b

For t hi-saromre svasylissolMed in CHE0.5 mg.mL') and to 1mL of this sotion

were added 80 pL of linoleic acid and 530 pyL of Tween 40. The chloroform was fully
evaporated for 30 minutes with oxygenator. 50 mL of oxygenated water was added, and the
solution was shaken until all material dissolved. To each well of the microglatgL of

crude FAE et hanolic solution or -tecopherodoaBHI)sand( Tr o
250 pL of the reagent mixture were added. Readings of all samples were taken at 470 nm
immediately (t = 0 min) and after 120 min of incubation at 50°C. The test mixture was
prepared fresh and using immediately. The ethanolic solutions of HAE were tested at 250,
500 and 1000 pg.mt 40 pL of ethanol plus 250 pL of the reagent mixture was used as
control. The antioxidant activity was calculated as percentage inhibition datma in

rel ati omartmt drhee dontr ol , usi ng ¢ &ds)fabls) owi n
x100, wheresAbs, = absorbance initial f 1 n a | of Abe r absosbbnceaimtidi e
final of the sample (Duarf@lmeida et al., 2006)The resuis were expressed assi¥alues

(mg.mL?) andTrolox equivalent antioxidant capacity (TEAC mM TE.g.w.).

2.6 Mutagenic and antimutagenic activity



63

Mutagenicity and antimutagenicity was assessed by micronucleus assay in bone marrow of
mice. The resealhcwas approved by the Research Ethical Committee on Animal Use of the
Universidade Federal do Espirito Santo (CEUA/UFES, 026/2013) and was performed in

accordance with the ethical principles of animal experimentation.
2.6.1 Animals and treatments

144 Swis albino mice Mus musculus males, with 68 weeks of age and about 32 £+ 4 g
b.w., randomly selected and supplied by the biotery of the Universidade Federal do Espirito
Santo were housed in plastic cages in groups of six animals, under conditions afecbntr

light and temperature, with free access to commercial feed and water.
2.6.2 Acute treatment: mutagenic and cytotoxic tests

The evaluation of crude HAE dBidens pilosaas a cytotoxic and mutagenic agent was
conducted for the all locations survey&{, BSF, CA and MF). Thus, for each location we
obtained five experimental groups: (i) the treated groups with a single dose of HAE dissolved

in water, at final concentrations of 100, 200 and 300 nigtky., (ii) the positive control that
received a sigle intraperitoneal injection (i.p) of cyclophosphamide (CPA; 50 nig.kg
SigmaAldrich, St. Louis, Missouri, USA), and (iii) the negative control treated with a single
dose of saline solution (0.9%). The treatments with HAE and saline were perfornigd oral
(gavage), once it is the form itods administ

by displacement cervical 24 h after the treatment or application.
2.6.3 Subchronic treatment: Antimutagenic and anticytotoxic tests

The antimutagenic and arytotoxic tests was carried out from the analysis of the
phytochemical and antioxidant activity results, therefore, the following experimental groups

were established: HAE from Cariacica (HAE CA) and Afonso Claudio (HAE AC).
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The evaluation of HAE from CAnd AC as a protect agent to genetic material was carried out
using the prdreatment protocol. For the two localities, the animals (n=6) were divided in the
same five treatment groups (i, ii and iii) of the mutagenicity test. Thérgaied groups of
Swiss albino mice received HAE by gavage (100, 200 and 300 thgtkey.) once daily for

30 days and the clastogenic agent CPA (50 migtkg., i.p) 24h after the last dose of the
extract (31" day). The negative control was treated for 30 days with satheion (0.9%),
followed by administration of saline solution i.p on th&8thy. The positive control received
saline for 30 days, followed by administration of CPA (50 mglgv., i.p.), on the 31day.

The animals were euthanized by displacementica 24h after the application.
2.6.4 Micronucleus assay in bone marrow cells

The micronucleus test in bone marrow of mice was performed as described by Schmid (1975)
and MacGregor et al. (1987). After the smear drying, slides were stained with Leishman
(Kinetics, 100% for three minutes and 1 Leishman:6 distilled water, for fifteen minutes), for
the differentiation of blood cells, especially normochromatic erythrocytes (NCE),
polychromatic erythrocytes (PCE), and micronucleated polychromatic erythrocytes

(MNPCE), parameters of the analysis.

The mutagenic effect of HAE on DNA and its antimutagenic effect against
cyclophosphamidenduced damage were determined by analyzing of 2,000 PCEs for each
animal to determine the frequency of MNPCE. Its cytotoxicceféend its protective action
against the cytotoxic effects of CPA were assessed by the ratio of PCE to 400 erythrocytes
(PCE + NCE) per animal, using the formula PCE/(PCE + NCE). These analyses were
performed according to the criteria established by Kasand Hayashi (2000). The slides
were analyzed in duplicate using optical microscope with increase of 1,000x (Nikon E200

LED, Nikon Instruments INC., New York City, New York, USA).
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For the antimutagenicity test, the percent of damage reduction was @catatording to
Waters et al. (1990) using the equatibamage Reduction (%)= (MNPCE A- MNPCE B)

/ (MNPCE A- MNPCE C) x 100, where A is the group treated with saline solution more
cyclophosphamide (positive control); B is the group treated with HARienok ofB. pilosa

more cyclophosphamide; and C is the group treated with saline solution (negative control).
2.7 Cytotoxicity in vitro
2.7.1 Lymphocytes isolation

Human lymphocytes were obtained from peripheral blood sample of a healthy nonsmoking
volunteer with informed consent, aged between 20 and 30 years, without any history of recent
disease, exposures to radiation or drug use (without alcohol ingestion thirty days prior blood
donating). The lymphocytes were isolated by the traditional method ifl Fieaque Plus
(Sigma Aldrich) gradient, as recommended by manufacturer with minimal modifications. All

protocols were approved by the Research Ethical Committee of UFES.
2.7.2 Cell culturing methods

Cells were cultured with RPMI 1640 (Cultilab) suppleneehtvith antibiotic gentamicin (50
mg/L) and antimycotic amphotericin B (2 mg/L), 20% of fetal calf serum (Gibco) at 37 °© and

CO, 5% saturation.
2.7.3 MTT assay

The 3(4,5dimethyl2-thiazolyl)}-2,5diphenyt2H-tetrazolium bromide (MTT) assay was
performed ¢ evaluate cell viability. The cells were plated in-@@ll plates with 2x105 cells

in each hole and treated with different concentrations of Bidens pilosa extract at dosage of 0
eg/ mL, 12.5 €9/ mL, 25 eg9g/ mL, 50 e€g/mbL and
treat ment , 2 O Aldrich) wedsTadlded t& eachrhale, and 3 h later, absogbainc

595 nm was detected in E3A reader.
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2.7 Statistical analysis

All results were expressed as the means + standard error. Principal component analysis (PCA)
and hierachical cluster analysis (HCA) were carried out using XLSTAT (version
2016.05.33324) for Windows (Addinsoft, New York, USA), in order to obtain relationships
between the four analyz&l pilosasamples. For RAPD analysis, the presence of a band was
scored1, whereas the absence of the band was coded 0. The scored RAPD markers are
converted into a binomial (0/1) matrix. From this data, the genetic proximity was estimated
among the populations. Only polymorphic loci were used, applying Jaccard similarity
coeficient. A dendrogram was built from the similarity analysis generated, using the
Unweighted Pa#Group Method Arithmetic Average (UPGMA) method. For the
micronucleus tests and cytotoxicity/anticytotoxicity effects, were performed ANOVA
followed by Tukey ¢sta posterioriat 5% of probability P < 0.05); for antioxidant assays,

were performed ANOVA followed test tP(< 0.05) using ASSISTAT version 7.7 beta

software (Assistat Software, Campinas, Sao Paulo, Brazil).

3. Results
3.1. Genetic variability

The twelve selected primers generated 58 discernible and reproducible DNA fragments
polymorphic. The amplified bands ranged between 100 and 2000bp. The UPGMA cluster
anal ysis of the Jaccardods similarity coeff
overdl genetic relationship among the populations. Two groups were formed and there was
low similarity between them (10,3%). In the groups, the lowest genetic similarity were found
between populations MF and AC (2,2%) and higher among BSF and CA (58,1%)was sh

in Fig. 1.
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3.2. Phytochemical screening

The phytochemical composition, defined by the prospecting, TPC, TTC and TFC contents of
HAE from AC, BSF, CA and MF, was estimated. The phytochemical prospecting showed
positive results for flavonoids, cyanidincoumarins, tannins and phytosterols (Liebermann
Burchard reaction) and showed the absence of alkaloids and triterpenes for all locations
studied (Table 1). Naphthoquinones were identified only in HAE from CA and AC and

saponins were identified in HAEdm BSF and AC.

Due to their extensively reported antioxidant, pharmacological and toxicological data, the
phenolic compounds shown in this study were evaluated by quantification of TPC, TTC and
TFC, according presented in Table 2. There were signifiagfietehces (P < 0.05) between

all HAE studied. Considering populations, highest levels of phenols, tannins and flavonoids
were found in HAE CA (76.971 mg GAE!g71.596 mg TAE.dL and 565.580 mg QEL,

respectively).
3.3. Antioxidant activity in vitro

The antioxidant capacity was evaluated using four complemeirtarjgro methods: DPPH
and ABTS free r adi c-adroterdiocier a@amdgmodel andaahalatingi t vy ,

activity on Fé?.
3.3.2 Free radicalscavenging activity
The scavenging ability dhe HAE on DPPH and ABTS cation radicals is exhibited in Fig. 2

and Table 3. In these assays, the concentrdegpendent profiles of scavenging power were

observed for all extracts.

The results in DPPH assay was exprésse scavenging effect (%) ar@ssvalue (ug.mLh).
The scavenging activity increased in the order of CA > BSF > MF > AC with effect of

86.78%, 70.49%, 60.22% and 51.65%, respectively, at the concentration of 500" i(FigiL
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2a). The standards ascorbic acid and hesperidin exhibiettsetf 97.1% and 47.88%, in the
same concentration of HAE reported. sJ@alues of the extracts and controls are given in
Table 3. The lower I value indicates a stronger ability of the extract to act as a scavenger,
while the higher Ig, value indicagés that more extract is necessary to achieve 50%
scavenging reaction (Tongpoothorn et al., 2012). Samples of CA showed a radical scavenging
activity (ICso 187.020 pg.mr) significantly higher than the other locations (Table 3). This
activity could be coelated to TFC (=0.885) (Fig. 3a) and a moderate correlation was

obtained with TPC {=0.648), as shown in Fig 3b.

The antioxidant activity in ABTS assay was exgsed as scavenging effect (%sd value
(ug.mL?h) andTrolox equivalent antioxidant capac (TEAC, mM TE.g' d.w.) (Tab.3). The
scavenging activity increased in the order of CA > MF > AC > BSF with effect of 93.57%,
89.39%, 87.19% and 85.71%, respectively, at the concentration of 250f1glimé standards
ascorbic acid and Trolox exhibitedfedfts of 94.48% and 94.09% (Fig.2b), at the same
concentration. Samples of BSF showed a radical scavenging activity significantly higlger (IC
54.944 ng.mr), followed by CA (69,043 pg.mt) (Tab. 3). The TEAC values demonstrated
that CA showed higher araots of Trolox per gram of extrac.038mM TE.g" d.w.), when
compared with other locations (Tab.3). A correlation was obtained with TEAC value and

TFC (P=0.864), as shown in Fig 3c.
3.3.3 Ferrous ionchelating activity

The chelating activity on P& ions were expssed as scavenging effect (%sd value
(ug.mLY) andEDTA equivalen{mg EDTA.g" d.w.), as demonstrated in Table 3. In this trial,

as in DPPH and ABTS assays, it was noted the increase of activity depending on
concentration (Fig. 2c). Thehelating activity increased in the order of AC > MF > CA > BSF
with effect of 94.94%, 92.06%, 86.59% and 75.04%, respectively, at the concentration of

500ug.mL* (Fig. 2¢). The standard EDTA exhibited 94.84% at the same concentration (Fig.
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2c). HAE fromAC showed significantly lower 1§ value (75.146 pg.mt) and HAE from

MF demonstrated higher EDTAquivalent valudollowed by AC, with 127.610 and 99.311
mg EDTA.g" d.w., respectively (Table 3). A moderate correlation was obtained with TTC
(r’=0.763) ad TPC (f=0.658) (Fig. 3d, e).Gsovalues of ABTS assay and chelating activity

demonstrated correlatiort£0.883), as shown in Figure 3f.
3 . 3-caootefe/linoleic acid model system

Heati nduced oxidation of a r eadgeaeaand linolex acid)y e
was employed for this antioxidant test, to assess if the extracts inhibit lipid peroxidéii®n
method is based ongh di s c ol o r-crotene due  perokide® gerferated during the
oxidation of linoleic acid at elevated temperature, in the absence of antioxidant (Miller, 1971;
Koleva et al., 2002 H. Hajlaoui, 2010).hus, t he d e goarateha dan wowed at e
down in the presence of antioxidants, depending on the activity of the extracts (Lu et al.,
2014; Trabelsi, et al., 2013 he effects oB. pilosao n 0 x i d adrdteaedlinoi€ acid

at 50°C was expressed as percentage of inhibition ofpigidxidation (I %), Cso (mg.mL™)

and TEAC (mg TE.g' d.w.). HAE from MF exhibited better results than the HAE from the
other locations for all parametéere analyzed, showing lowe€sh (1.841 mg.m[*) and
higher Troloxequivalent valueQ,434mg TE.g" d.w.) (Tab. 3). A moderate correlation was
obtained with TPC €=0.619) and TTC ¢=0.647) (Fig. 3 g, h). There were significant
similarity observed in | (%)R < 0.05) of HAE from MF and BSF, with percentage inhibition

of 24.53% and 18.48%, respectiyeht the concentration of 1000 ug.thl(Tab. 4). Ascorbic

acid exhibit a prooxidant activity39.28%) at the same concentration of the extract.

3.4 Correlations between phytochemical contents and different antioxidant assays:

explorative analyses

An evaluation of the data was carried out with principal component analysis (PCA) to gain an

overview of the similarities and differences among the populations and to investigate the
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relationship among phytochemical contents and different antioxidant actbatyys. PCA is a
good instrument for viewing simultaneous analysis of many variables (TTC, TPC, TFC,

DPPH, ABTS, c hel-ctotene)@andasamplespodulgtiorss)n d b

The first and second principal components explained 70.4% and 20.52% of tdakcea
(90.92%), respectively (Fig. 4). From the biplot, it was observed that HAE CA showed high
and positive correlation with the amount of TFC, TPC, TTC and ABTS (mM-TElgv.)

and negative correlation with DPPH siOvalue (ug.mLY), highlighting thatlower 1Gso
corresponds to a higher activity. These results indicate that TFC, TPC, TTC content and these
two antioxidant assays were strongly correlated with each other. Flavonoids, phenols and
tannins, more concentrated in HAE CA than in other locatidudiexi, seem to be the
principal contributors to strong the free radisalvenging activity. PC2 mainly explained

variation between samples with chelating activity (mg EDTAIgv.).

High correlation between TFC with ABTS and DPPH was further demoedtiat Pearson
correlation analysis (DPPH*=0.941; ABTS: ¥=0.927). Chelating activity and inhibitiorf o

| i pi d p e rocaraténd) avere negativélyfcorrelated with TTC (ChelatifigOr, 8 7 4 b
carotene: #=-0,804) and TPC (Chelating?=0 , 8 1-tarotené: 3=0,787) (Table 7-

Supplementary information).

Figure 5 shows a hierarchical cluster anal{dendrogram) based on antioxidant activity and
phytochemical content @. pilosafrom different populations. This analysis showed that geo
location can significantly influence in variance of phytochemical contents and antioxidant
activity. When comparinghis grouping with grouping (Fig. 5) of the samples according to
the RAPD analysis (Fig. 1), the results indicates that phytochemical and antioxidant variations

among populations are caused by environmental factors rather than genetics.
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2.5 Mutagenic, animutagenic and cytotoxic activity

Table 5 summarize the results of the frequency of micronucleated polychromatic erythrocytes
(MNPCE) and the ratio between the number of polychromatic (PCE) to normochromatic
erythrocytes (NCE) in the bone marrow of mtoeated with a single dose of HAE from all
locations studied. All thgroups (n = 6) treated with HAE did not increased the frequency of

mi cronucl eus compared to the positive grou
have mutagenic effects unddrese experimental conditionEhe analysis of the effects of

HAE on the induction of cytotoxicity showed no significant alterations of the ratio PCE/(PCE

+ NCE) in all treated groups. Only HAE from Cariacica (300 mg)kaxhibited significantly
reduction of the ratio, indicating a possible cytotoxic effect in these experimental conditions

(Tukey, p < 0.05).

The frequency ofMNPCE, the ratio PCE/(PCE + NCE) and the percentage of damage
reduction in the bone marrow of mice fireated with a daily singldose (for 30 days) of
HAE from Afonso Claudio and Cariacica on cyclophosphammdeced mutagenicity and

cytotoxicity are shown in Table 6.

All groups treated with HAE AC significantly reduced the frequency of MNPCEs compared
to the positive control groypndicating that this extract have antimutagenic activity under
these experimental conditions (Table 6). The percentages of reduction of damages of the
groups (n = 6) treated with HAE AC at concentrations of 100, 200 and 300 fHgwkgere
27.72%; 36.8%; 53.29%, respectively, observed a ddependent response. The analysis of

the effects of HAE ACon cyclophosphamidénduced cytotoxicityshowed a significant

increase of the ratio PCE/(PCE + NCE) in all treated groups (n = 6).

The groups treated with HA from CA did not reduce significantly the frequency of
micronucleus in all concentration studied (Tukey, p < 0.U8g analysis of the effects of

HAE CA on cytotoxicity induced by cyclophosphamigleowed a significant increase of the
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ratio PCE/(PCE + NCEonly treated 300ng. kg* group. No extract studied induceuvitro

cytotoxicity, in these experimental conditions (Fig. 6).
4. Discussion

Dietary intake of phytochemicals may promote many benefits on human health, protecting
against many degeneratiksorders such as cancer, cardiovascular and neurodegenerative
diseases (Sharma et al., 2014). Several studies have demonstrated the phytochemical content
of Bidens pilosain especial, the flavonoids content has been widely investigated (Silva et al.,
2011; Bartolome et al., 2013). Phenolic compounds, such as flavonoids, are considered the
main actors for the antioxidant capacity of plants and have also many benefits on health
attached to this property ( Leopoldini et a., 2011; Tlili et al., 2@b&ngand Tsao., 2016).
Considering populations, the highest amount of phenolic compounds has been found in
hydroalcoholic extract of plants grown at locality Cariacica and it wesereed a high

variation between the localities (Table 2).

Previous studies have shown that the phytochemicals content of plants, such as phenols,
tannins and flavonoids, are influenced by numerous factors, such as genetic, geographical
conditions, tempeature, salinity, water, biotic or abiotic stress, sunlight and other conditions
(K&hkonen et al., 1999; Lisiewska et al., 2006; Fratianni et al., 2007; Ksouri et al., 2008;
Chirinos et al 2013; Baiano et al., 2013; Tlili et al., 2014). To assess thecgeswgbility
between the populations, RAPD markers were evaluated. The RAPD provide a convenient
and rapid tool in assessing genetic differences between genotypes, even at a lower

intraspecific taxonomic level (Gad et al., 2013).

Levels of similarity beveen populations were between 58,1% and 33,3% (Fig. 1) showing
that the populations are relatively differer8. pilosais a species autogamous, display up to
10% ofcros§ ert i l i zati on and reproduces by meeds

all the cultivable regions of many countries and a single plant can produce 3.000 viable seeds
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(Kissmann and Groth, 1999). These characteristics ensure high genetic variability of this
species. The low level of similarity observed in the two clustermddr indicate that
clustering it is not only related with the proximity of geographic locations. Possibly, seed
dispersal through migratory birds or another animals (zoochory) and with cultivated species
seeds contaminated with pilosafacilitated genelbw by seed (Vidal et al. 2007), making
possible that population from distant locations were grouped into a closer cluster due to their
common origin. Vidal et al. (2006) also found high genetic variability anBddgnsgender

of plants from the same pojatilon. Lamego et al. (2006) and Vidal et al. (2007) founded low

genetic similarity oB. pilosafrom different populations.

B. pilosaHAE showed a great variability in TPC, TTC and TFC contents and consequently in
antioxidant activity with respect to gg@phical region (Tab.3). Similar results were reported
for other speciesMditshwa et al., 2013; Ouerghemmi et al., 20GBasemzadeh and Jaafar,

2013; Kumari et al., 2016).

Antioxidants with free radical scavenging activities may have great relevandbein
prevention and treatment of freadicalmediated diseases (Hasan et al., 2009). DPPH and
ABTS assays were used to investigate whether the extract could act by this mechanism. These
methods have been used extensively to evaluate reducing substahees aseful reagents

for investigating the free raghl scavenging activities of compounds (Cotelle et al., 1996,
Khoudja, 2014). In this study, it was observed that the extracts containing high levels of
flavonoids were also potent radical scavengeg dFand Table 7), suggesting that may be the
principal constituent responsible for the antiradical properties of the extract. This positive
correlation could also be observed wighpilosa(Wu et al., 2013|brahim et al., 2015and

other plants (Clarketal., 2013;,Cao et al., 2013Kumari et al., 201p

Phenolic are chemical compounds that normally contribute to antioxidant potential of plants

due to its unique structure characterized by at least one aromatic ring (C6) bearing one or
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more hydroxyl grops, able to neutralize free radicals by forming resonatafglized
phenoxyl radicals (Ric&vans et al., 1996; Bors and Michel, 2002; Sakihama et al., 2002)
when the phenolic antioxidant generate hydrogen atoms to stop the chain reaction of oxidation

of lipids (Lindsay, 2010).

In addition, the four HAE studied showed better scavenging activity against ABTS radical
than the DPPH radicals, showing lowegd®@alues (Tab. 3). Indeed, the ABTS assay is more
sensitive to identifying the antioxidant activitedause of the faster reaction kinetics and a
heightened response to antioxidants. Furthermore, the ABTS is soluble in aqueous and

organic solvents, while DPPH is soluble only in organic (Lee et al., 2015).

Due to the wide variety of antioxidant components in the hydroalcoholic extract and the
complexity of the oxidatiorantioxidation processes, no single testing method is capable of
providinga comprehensive picture of the antioxidant profile of a given sample (Khoudja et al
2014; Swapana et al., 2013). The analysis of chelating activity and inhibition of lipid
peroxidation were carried out and negatively correlated with TTC and TPC (Tab. 7,

supplementary material).

The results suggest that phenolic compounds present in the extracts are not the only factor
affecting antioxidant activity. These data can be attributed to the structural factors of the
individual antioxidants. The presence of otharctional groups in the whole molecule, such

as double bond conjugated to phenolic group and ketonic groups for example, which play
different polarities in the structure of the antioxidant, can be attributed to their antioxidant
activity (Erkan et al., @08; Lu et al., 2014). Furthermore, the complex composition of
antioxidants could provoke synergistic, additive or antagonistic actions between their
components, although the mechanism of this effect is not understood completely (Lindsay,

2010; Koleva eal., 2002).
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The difference of potential inhibition of lipid peroxidation (Tab. 4) it may be due to the
greater presence of polar substances or due to structural features of the antioxidant.
Antioxidants with less polarity exhibit stronger antioxidativeper t i es i n emul si
carotene/linoleic acid assay, because they have higher affinity with the lipidic side of the
system, thus ensuring high protection of the emulsion itself. On the other hand, polar
antioxidants remaining in the aqueous phaseless effective in lipids (Koleva et al., 2002).

The ascorbic acid s h o w e-chroteperlimoleiz iacida system,a c t i
corroborating previous research (Jayasinghe et al., 2013; Putchala et al., 2013; Carocho and
Ferreira, 2013). This effect kde observed in HAE from CA and AC at lower concentration.

The phenolic compounds in the reduced form act as an antioxidant. In contrast, in the
oxidized form, phenoxyl radi cal ( OHA) , pr oc-
prooxidant activit e s ( Sa ki hama et al ., 2002) . The OH
short halflife, hardly may be kidnappe vivo (Lone et al., 2013). There are two ways to
control the OHA radical presence: repair t

(Barreiros and David, 2006).

Free radicals, such as @Hare known to cause damage to many biomolecules and cell
structures. The high concentration of Oxigeactive species (ROS) can damage cellular
lipids, proteins or DNA, inhibiting their normal iation (Valko, 2007). Because of this,
oxidative stress has been implicated in a number of human diseases as well as in the ageing
process. The permanent modification of DNA resulting of ROS represents the first step

involved in mutagenesis, carcinogeneaisd ageingSharma et al., 2012/alko et al., 200%

The extracts from all locations showed no mutagenic and no cytotoxic activity at the
concentrations tested, indicating that car
Cyclophosphamide, a chemethapeutic agent that exerts its therapeutic function via

alkylation, was used to induce genomic damage and cytotoxicity (positive control). It can
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generate visible damage to DNA due to oxidative stress resulting from free radical production
and decay of ezymatic antioxidant levels (EBayoumy, 2001; Manda and Bhatia, 2003;
Sugumar et al., 2007). Furthermore, CPA induces lipid peroxidation (Manda and Bhatia,
2003; Azevedo et al., 2010) and cause greater increase in serum iron (Fe Il e lll). These ions
are mtentially harmful as it is the main catalyst of the reactions of free raditals/o

(Gardfolo (2011)

Several factors are associated with increased oxidative stress in patients with cancer and that
make the use of chemotherapy. Because of this, axédatress has been implicated in a
number of human diseases as well as in the ageing process. The delicate balance between
beneficial and harmful effects of free radicals is a very important aspect of living organisms

and is achieved by mechanismscaled e dox r egul ati ono (Val ko,

Like this, the possible antimutagenic and anticytotoxic potential of HAE was examined
against CPA for two locations, HAE from CA, with the highest amount of phenolic
compounds and higher scavenging activity, and HAE fAy with the lowest amount of
flavonoids and higher chelating activity (Tab. 2 and 3). These locations are considerably

different between them (Fig 4 and 5).

No antimutagenic effects were found in groups treated with HAE CA, while HAE AC
exhibits antimutgenic effects. The strongest antimutagenic activity was observed at 300
mg.Kg-1. This result can be due to a greater ability to chelate iron ions that HAE AC showed.
One of mai n mechani sms of HOA formati on i
transition metals in a low oxidation state, like Fe (Fenton and HeEss reactions)

(Sakihama, 2002; Barreiros and David, 2006; Leopoldini et al., 2011).

The removal of free transition metals in biological environment is fundamental for antioxidant
protection é the organism. Thus, it can be concluded that HAE from Afonso Claudio acts by

desmutagen mechanism, preventing the constitution of damage (mutation) and cancer
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initiation processby blocking reactive species either by scavenging, electron donation or
through chelation and thus maintains the DNA structure (Devi et al., 2015; Leopoldini et al.,
2011). The protective agents can act directly on the compounds which induce DNA damage,
inactivating them chemically or enzymatically, before they act on the Jdwss in general,

all the antioxidant agents are potential inhibitors of mutagenesis and carcinog@tiesisa(

et al., 2009; Ferguson, 1994; Bhattacharya, 2011).

Xenobiotic phenolics are known by modulate the antioxidant response of the cell, through
enzymatic stimulation(Shetty and Wahlqgvist, 2004; Calou, 2009). But, these compounds can
exert genotoxic and mutagenic effects as a result of their prooxidant properties (Flowers et al.,
1997). The groups treated with HAE CA in the mutagenic assay demoddtiat@ossible
cytotoxic effect, in the high concentration. Furthermore, the groups treated with HAE AC
exhibits protective effects against the cytotoxicity induced by CPRobably, the
effectiveness of the protection against cytotoxicity by these adtinis depends primarily on
their rate of incorporation into cells due to their lipophilicity, secondly on their antioxidant
activity, and thirdly on their orientation in biomembranes (Kaneko, 2001). This protective
effect could not be observed in the greupeated with HAE from Cariacica (100 and 200
mg.Kg?).

HAE CA and HAE AF were the only ones with naphthoquinones. Cariacica exhibited the
most amount of this natural pigment (strong reactidmese compounds have important
biological activities. Amonghem, have antioxidant capacity and ability to inhibit DNA
topoisomerase; this type of mechanism may be involved in the cytotoxic activity of

naphtoquinones (Lopez et al., 2014).

Similar to our research, many studies performed on different cell linesdingltumor cells,
suggest thaB. pilosaextract induced apoptosis cytotoxic acti@héang et al., 2001; Chiang

et al., 2004;Sundararajan et al.,2006Kviecinski et al., 208, 2011; Wu et al., 2013;


http://www.sciencedirect.com/science/article/pii/S0378874108000421

78

Chavasco et al., 201&umari et al., 2009). Costa et al. (2008) demonstrated the presence of
mutagenic effectdn vitro, when administered in high concentration. Furthermore, the
cytotoxicity activity was correlated positivelyith the total flavonoid contents, as shown Wu

et a l (2013) . Given that HAE CA exhibited
their cytotoxic effect is due to this correlation. This reinforces the need for caution, especially
when using high dges for a long period. the cytotoxicity activity was correlated positively

with the total flavonoid contents, as shown Wu et al. (2013). Given that HAE CA exhibited

hi gher content of flavonoids, it 6s egmor.si bl e

This reinforces the need for caution, especially when using high doses for a long period.

This research represent tliest comparative molecular, phytochemical and antioxidant
analyze on relationship betweeB. pilosapopulations by chemometrapproach, composed

of hierarchical cluster analysis (HCA) and principal component analysis (PCA). Our results
demonstrated differences in the clusters when were analyzed the genetic marker (RAPD) and
antioxidants/phytochemicals data. This suggests thaetige factors do not interfere
significantly on the phytochemical production and antioxidant activity. Similar results were
observed with other species, demonstrating that factors related to geographic location
outweigh the genetic factors (Wang et al.020Granato et al., 2010; Harzallah, et al., 2016;

Chirinos et al., 2013; Padula et al., 20$8hlag and McIntosh., 2013)
5. Conclusion

This comparative study based on preliminary phytochemical, antioxidant and molecular
analyses of fouB. pilosapopultions from Brazil showed that environmental are crucial in
determining phenolic contents rather than genetic variability. The results of this study indicate
that the biological properties of the extract, under the same preparation conditions, can change
according to environmental growing conditions. Future studies to standardize the cultivation

and production of the extract should be performed.
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Fig. 1. Dendrogram showing genetic variability between fBigtenspilosa populations determined by RAPD

markersBSF, Barra de Sao Francisco; CA, Cariacica; MF, Muniz Freire; AC, Afonso Claudio.
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Fig. 6 Results obtained by the methyl tetrazolium (MTT) assay in lymphocytes human cells after exposure to
hydroalcoholic extracts d@. pilosafrom four populationst dosage of 0, 1 2%, f& 24h;2 5 , 5 (
data presented as percentage (n=3).
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Table 1. Phytochemical components Bfdens pilosebased on the hydroalcoholic extrdicim four locations:
Afonso Claudio, Barra de S&o Franciscori@zica and Muniz Freire.

Phytochemical AC BSE CA MF

constituents

Flavonoids + + + +
Cyanidin + + + +
Coumarins + + + +
Steroids + + + +
Triterpenes - - - i}
Alkaloids - - - -
Tannins + + + +
Naphthoquinone + - 4+ .
Saponins - + + .

+:presence f reaction; +++: strong reaction; T1: Nondetected:

Cariacica; MF, Muniz Freire.

Table 2. Content of phenolic compounds Bidens pilosahydroalcoholic extracts collected from four locaiso
Afonso Claudio (AC), Barra de Séo Francisco (BSF), Cariacica (CA) and Muniz Freire (MF).

TPC TTC TFC

Plant extract Location (mg GAE_g.li SE) (mg TAE_g-li SE) (mg QE. g—li SE)

AC 55.94f + 2.401  63.208 + 1.324 203.238 + 8.089
HAE BSF 63.000 + 2.401 65.978 + 1.792 240.32§ + 5.775
CA 76.97F + 1321 71596 + 0.619 565.58¢ + 1.623
MF 43887 + 2.857  49.760 + 0.520 294.648 + 5.299

All the values are expressed as me&E (n=3); SE: standard err@TC: Total tannins content; TPC: &tphenols content;
TFC: total flavonoids content®eans with same superscripts type indicated no signifidéfietehce, ANOVA, test (p <
0.05).
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Antioxidant activity

P'i?]te%tc'rglct/ Location DPPH ICag ABTS Chelating activity b-carotenelinoleic acid
pon)’  TECON . cwpem)  DTEMMEN cupemy  TSCONcumem)
Ascorbic acid - 35,170 + 0,88 2,117 24,686 + 0,35 - - n.d* n.d*
Hesperidin - 633,67 + 142 - - - - - -
Trolox - - - 29,313 + 0,73 - - - 182,28
BHT - - - - - - 1,129 375,57
U-tocoferol - - - - - - 1,719 164,56
EDTA - - - - - 17,67 = 0.25 -
Afonso Claudio 482,629 + 3,67 1,947 85,333 + 251 99,311 75,146 + 1.44 0,283 2.95% + 0.203
BSF 362,600 + 4,36 1,443 54,944 + 518 61,428 169,157 + 221 0,385 2.10% + 0.104
HAE Cariacica 187,026 + 6,40 3,138 69,043 + 202 75,487 140,989 + 555 0,226 3.63¢ =+ 0.217
Muniz Freire 407,734 + 10,8 1,942 77,62F + 0.65 127,610 108,808 + 2.74 0,434 1.84° =+ 0.049

All the values are expressed as mes8BE (n=3); SE: standard err8fMeans with same superscripts type indicated no significant differend@VAtestt (p < 0.05). n.d, not detected value;
HAE, hidroalcoholic extract; *Prooxidant activity.



Table 4. Antioxidant activity (%) of the hydroalcoholic extractsRiflens pilosd r o m
carotene/linoleic acid assay, expresasgercentage of inhibition peroxidation.

Hydroalcoholic

% of inhibition peroxidation 2

Concentration (ug.mt)

extracts/standards

250 500 1000
U-tocoferol 59.535 62.126 70,963
Ascorbic acid -15.998 -31.132 -39.288
BHT 54,286 59.668 66.711
Trolox 58.054 65.297 71.280
Afonso Claudio -12.525 -4.983 5.249
BSF -3.115 7.346 18.486
Cariacica -9.364 -3.862 3.950
Muniz Freire 1.708  11.354  24.532

®All the values are expressed as me&BE (n=3);

four

94

4 ocati ons
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Table 5.Frequency of nuronucleated polychromatic erytrocytes (MNPCE) in 1000 PCRatimbetween the number of polycromatic and normocromatic erythrocytes, by
the formula PCE/(PCE + NCHpllowing the protocol of mutagenicity with hidroalcoholic extracBadens pilosaollected from four locations.

Locations
Treatment Afonso Claudio Barra de Sao Francisco Cariacica Muniz Freire
MNPCE/1000 PCE + Ratio (PCE:PCE + MNPCE/1000 PCE + Ratio (PCE:PCE MNPCE/1000 PCE +* Ratio (PCE:PCE MNPCE/1000 PCE + Ratio (PCE:PCE +
SE NCE) + SE SE + NCE) + SE SE + NCE) + SE SE NCE) + SE
NaCl 0.9% 0.916 +0.271 0.545° + 0.007 0.916° + 0.271 0.54% + 0.007 0.916° £0.271 0.54% + 0.007 0.916° + 0.271 0.54% + 0.007
Cydophosphamide 56.08 +2.672 0.449° +0.012 56.08 +2.672 0.449 +0.012 56.08 +2.672 0.449 +0.012 56.08 +2.672 0.449 + 0.012
HAE 100mg.kg"b.w  0.083° +0.083 0.536° +0.013 0.083 +0.083 0.578 =+ 0.008 0.083° +0.083 0.517 + 0.006 1583 +0.490 0.60%° +0.016
HAE 200mg.kg"b.w  4.083° +0.790 0.514° +0.012 3.250° + 0,972 0.55% =+ 0.011 0.916° + 0.300 0.50Z + 0.009 2.000° + 0.790 0.549 +0.011
HAE 300mg.kg'b.w  1.916° +0.539 0.521° + 0.007 1.666° 0,421 0.56P +0.008  0.083° +0.083  0.49° :0.021 1.500° + 0.342 0.609 + 0.019

Equalletters represent statistical similarity (ANOVA, Tukey té&st 0.05). SE = standard errdnegative controfpositive control

Table 6.Frequency of micronucleated polychromatic erythrocytes (MNPCE) in 1000 PCE, ratio between the numlyehfmatic and normochromatic erythrocytes, by
the formula PCE/(PCE + NCE) and the percentage of reduction of the damages induced by cyclophosphamide, following tlué pretoeatment with hydroalcoholic
extract ofBidens pilosacollected from twdocations

Locations
Treatment Afonso Claudio Cariacica
MNPCE/1000 PCE + SE fi‘liCOE(;D SEE CE  Reduction (%)  MNPCE/1000 PCE + SE E?:tiizc; ngPCE ™ Reduction (%)
NaCl 0.9% 2.750' + 0.423 0.566 +0.011 - 2.666 *0.715 0.538° £0.013 -
Cydophosphamide  68.83% +2.211 0.444 +0.012 - 61.416 +2.791 0.469 +0.006 -
HAE 100mg.kg'b.w  50.333 + 3.544 0.516° +0.015 27,722 49.08% +5.734 0.519" + 0.012 21,023
HAE 200mg.kg'b.w  44.333° + 4.187 0.508 :+0.009 36,835 62.50% + 3.057 0.499° +0.020 n.d.
HAE 300mg.kg'b.w  33.500 + 2.655 0.508 +0.015 53,291 53.833 +4.043 0.557 +0.011  12,92613636

Equal letters represent statistical similarity (ANOVA, Tukey test, p < 0.05). SE = standardremgati\e control?positive control; n.d., not detected value.



96

Table 7.Pearson Correlation analyses between phenol contents and antioxidant activities.

TTC, total tannins content; TPC, total phenols content; TFC, total flavonoids content; ChA, Chelating activity;

Variables me e e n A, SO AR BEIS e G
TTC 1

TPC 0,956 1

TFC 0,481 0,707 1

ChA (ICs9) 0,417 0,515 0,334 1

ChA (EDTA.gY -0,874 -0,811 -0,235 -0,725 1

DPPH (1Gy) -0,597 -0,805 -0,941 -0,628 0,493 1

ABTS (ICs0) -0,600 -0,603 -0,180 -0,940 0,897 0,500 1

ABTS (TEAC) 0,452 0,630 0,927 -0,024 -0,060 -0,763 0,125 1

b-CAROTENO (TEAC) -0,804 -0,787 -0,583 0,124 0,414 0,484 0,020 -0,751 1

b- CAROTENO (IGy) 0,772 0,791 0,672 -0,105 -0,368 -0,558 0,002 0,827 -0,92 1
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3.2 Manuscrito 2

O manuscrito intitulado Al nfluence of phenc
composition and biological activities dBidens pilosaL . 06 ser 8 submeti do p

peridédicoJournal of Pharmacy and Pharmacology



98

Influence of phenological stages and fertilizers on growth, chemical composition and
biological activities ofBidens pilosal.

Juliana Macedo Delarmelifha Lorena Panetto PafliClaudia Masrouah JarﬁaIMaria do
Carmo Pimentel Batitucti

@ Departamento de Ciéncias Bioldgidagniversidade Federal do Espirito Santo,. Vitdria,
Brazil. Av. Fernando Feari, 514 Goiabeiras, VitoriaES, 29075910, Brazil.

b Departamento de Ciéncias Farmacéuticas, Centro de Ciéncias da Satde, Universidade
Federal do Espirito Santo, Vitoria, ES, Brazil.

Departamento de Ciéncias Biol6gidas)niversidade Federal do Espiriteanto,. Vitéria,

Brazil. Av. Fernando Ferrari, 51&oiabeiras, VitoriaES, 29075910, Brazil.

*Corresponding author: Juliana Macedo Delarmelina, MSc, research fields: mutagenesis,

toxocology and plant biology.

Departamento de Ciéncias Biologicas

Laborabrio de Genética Vegetal e Toxicologica

Universidade Federal do Espirito Santo

Av. Fernando Ferrari 514, Goidbas, 29075 910, Vitoria, ES, Brazil
Phone: Tel. 55 27 998089586

Email address: juliana.delarmelina@ifes.edu.br



99

Abstract

The aerial pe of Bidens pilosaan herbaceous weed popularly known as "pm&bo”, has
medicinal properties such as for treatment of inflammation and hepatitis. The study was
conducted to compare growth, secondary metabolites and biological activities (antioxidant,
cytotoxic and mutgenic activities) of this specie in response to different phenological stages
(vegetative and reproductive) and two sources of fertilizers: organic, with bovine manure (1:1,
v:v), and inorganic fertilizer, with NPK {24-8 kg. hat1 1) . | t e ferdiligzerso b s er
enhanced the growth of the plants. But, the production of total tannins, phenols and
flavonoids increased in the absence of fertilizer (control) with consequent higher antioxidant
activity. The antioxidant activity was evaluated by three rapims of action: free radical
scavenging (by DPPH and ABTS assaofesellinoleic i pi d
acid system) and ferrous wahmelating activities. The results indicated that the use of
fertilizer, under these experimental conalits, not induced cytotoxicity and mutagenidity

vivo, by micronucleus test in bone marrow of mice.

Keywords: Bidens pilosa chemical fertilizer; organic fertilizer; antioxidant activity;
micronucleus assay
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1 Introduction

Plants have long beenad for medicinal purposes for the treatment of human diseases [1,2].
It is observed the increasing attention to medicinal plants as source of chemicals, especially
secondary metabolites with therapeutic and others actions of interest for the food and

phamaceutical industry [3, 4].

Research has shown the role of some secondary metabolites as protective constituents against
some diseases. There is evidence that the daily intake of low doses of secondary metabolites,
such as flavonoids, may reduce the iecice of cancers and many chronic diseases, including
cardiovascular disease and type Il diabetes [3]. However, the biosynthesis of phytochemical
compounds are strongly influenced for numerous factors [5,6,7, 8, 9, 10, 11, 12, 13]. Among
them, plant nuttion is one of the most important factors that affect quantitatively and
qualitatively the secondary metabolites in plants and its growth. Other important factor is the
phenological stage of harvesting [Bhice the quantity and/or quality of active cansints is

not constant during the year [8]ike this, it is important to know how such conditions can

affect the production of the metabolites, in order to maximize the yield of active constituents

with greater benefits [9, 15, 16, 17, 18].

Bidens piloa L. (Asteraceae), popularly known as "pigdi@to”, is a herbaceous weed
originating in South America and widely distributed in tropical and subtropical regions of the
world, mainly in agricultural areas (19, 20]. The plant was reported to possess several
medicinal properties like for treatment of inflammation, jaundice, hepatitis, diabetes and
cancer [20, 21, 22]. The aerial part of this plant was reported to possess antioxidant properties
[23, 24, 25, 26, 27] cytotoxic activity against some cell linégs 9, 30, 31, 19) and others
pharmacological effectattributed to its phytochemical composition, especially phenolic

compounds (flavonoids) [322]
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Although it possesses innumerable medicinal properties, studies that relate its phenological
stages angrowth conditions with their phytochemical constituents and biological properties,
such as antioxidant, cytotoxic and mutagenic activities, have not been performed to date.
Hence, the present study was conducted to examine the effects of harvestingegfeigeie

and reproductive stages) and organic and chemical fertilizers source (bovine manure and
NPK) on the growth, chemical composition and biological activitieBofpilosa The

relationships between these parameters were also investigated.

2 Methods
2.1 Reagents

The chemical reagent DPPH (&bhenytl-pi cr yl| hydr az ydzipohis3-ABT S
ethylbenzthiazolinéd-s u | p h o n i -carotane, ipatgssium [persulfate,&0Og), ferrozine
(3-(2-Pyridyl)-5,6-di(2-furyl)-1,2,4triazine5 Nj;diSuNipNjc acid disodium salt Folin
Ciocalteuds phPBeamwi -sogogherd, ¢ralox and Ecdphiosphamide (CPA)
was purchased from Sigafddrich, USA. The others reagents were purchased from
XXXXXXXXXX. CPA was used as the positive control substance due to its potenaNA

damaging agent in the micronucleus tastivo.
2.2 Plant material and growth analysis

Seeds oBidens pilosd.. were obtained from plants collected in Afonso Claudio, Brazil (41°
09a 58.574& W; 20U 15qg O07. 33 aditheds dufifg@ol44t e | d
Muni z Freire, Brazil (410 250 26.244 W; 2
phenological stages and organic and inorganic fertilizers on growth, chemical composition,

polyphenols content, antioxidant activity, cytotoxycgénd mutagenicity oBidens pilosal.
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The material was originated from plantations private locals, who does not require specific

permissions and does not involve endangered or protected species.

Three conditions of experimental soil were tested: (i) th@rol with absence of fertilization

was a red sandy loam having pH 6.3; (ii) the organic fertilizer, using bovine manure (1:1,
v:v); and (iii) the chemical fertilizer , using mineral fertilizer (N), phosphorus (P) and
potassium (K) 414-8 kg.had', respectively. All treatments were collected in two harvesting
stages: vegetative stage and reproductive stage (flowering stage). Before plant culture, the soil
was analyzed by the Agronomic Analysis Laboratory and Consulting LT AJLLIN

(Linhares/ESBrazil), methodology as EMBRAPA [33] (Supplementary Information).

The organic and chemical fertilizers were applied as per treatment before planting in the plots
of 6.0 nf and incorporated into control soil. The seeds were sown directly on the plots for
germination on 09th August, 2014. Crops were irrigated once a day with 24 liters of irrigation
water, during all experiment. The plants were harvested in the vegetative stage on October,
2014 and the reproductive stage on november, 2014. For the growtkesnahe experiment

was laid out in a randomized block design. The plots were divided in seven blocks with six
repetitions. Every plant in each treatment was weighed and some measures were taken:
height, stem diameter and leaf area before being placgéper bag and dried at room
temperature for 10 days to determine dry weight. It was used Image J free software to analyze
the leaf area from digital images of the fresh plants. All growth analyses were performed in

both phenological stages.

2.3 Hydroalcaholic extract

For the other analyzes, dry plants from vegetative and reproductive stages were used in the

production of the hydroalcoholic extracts (HAE). The plant powder underwent exhaustive
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maceration to remove the maximum of constituents, with aquethanol 70% using a
solvent to powder ratio of ratio 5/1 (v/w) for 72h, at room temperature. To obtain the crude
HAE of B. pilosa, the resulting solution was filtered with a filter paper to remove the particles

and concentrated under vacuum evaporatou)tieg in six HAE.

2.4 Phytochemical prospecting

Preliminary staining and precipitation tests were performed according to [34] to identify
secondary metabolites groups such as alkaloids, flavonoids, steroids and tannins presents in

the HAE of plants frongrowth conditions and phenological stages.

2.4 Determination of total phenolic content (TPC)

Total phenolic content (TPC) was determined according to the method described by [35] with
minor modification. Briefly, 20pL ethanol solution of HAE 500ug.thbr standard solution

of gallic acid at 12.5, 25, 50, 10, 250, 500, 1000ug'niiR°>=0.9997) was added into a test
tube containing 100uL of Foliocalteu reagent diluted in distilled water (1:10). The
mixtures were stirred and allowed to stand for 5 minutden, 80uL of N&CO; (7.5%, w/v)

was added and the plate stayed in the dark at room temperature for 60 minutes. The
absorbance was measured at 750nm usingVI8/ spectrophotometric microplate reader
(Epoch Microplate SpectrophotometdBioTek). The TPGn each extract were determined as

mg of gallic acid equivalent per gram of dry weight (mg GAEyV) by using the regression
equation from the calibration curve of the gallic acid standard. Ethanol was used as a blank.

All determinations were performeu triplicate.

2.5 Determination total tannins content (TTC)
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To determine the total tannin content (TTC) the Fdlienis method was used [36, 37] with a
few modifications. 400uL of ethanolic solution (500pg.Mlof dry HAE of each treatment
were mixed wth 400uL of Foliri Denis reagent. The solution was vortexed and allowed to 3
minutes. Then, 400uL of N&O; solution (8%, w/v) was added, mixed and allowed to stand
for 60 minutes. After, the material was centrifuged at 2000 rpm for 5 minutes and the
absobance measured at 725nm using-UN5 spectrophotometric microplate reader. The
TTC expressed as mg tannic acid equivalent per gram of dry weight (mg TAE/g DW), was
determined using a tannic acid curve at 12.5, 25, 50, 100, 250, 500, 1000 (gtaridard

curve, R= 0.9999).

2.6 Determination total flavonoids content (TFC)

Total flavonoid content (TFC) was estimated using the method reported by [38] and [13].
250pL of methanolic solution (500 pg.fitlwas mixed with 75uL of NaN§ 7%, w/v) and

then 150uLof AICI3 (10%, w/v) was added and mixed. After 6 minutes, 500uL of NaOH (1
M) was added to the solution. The mixture was allowed to stand for 15 minutes at room
temperature and the absorbance was measured at 510nm usMip Wpectrophotometric
microplae reader. TFC was expressed as mg of quercetin equivalent per gram of dry weight
(mg QE.g' DW) calculated with respect to quercetin standard curve at 40, 50, 80, 100, 200,
300, 400, 500pg.mt (R?*=0.9828). The analyses were performed in triplicate for al

treatments.

2.7 Free radicatscavenging activity by DPPH and ABTS assays

For the DPPH assay, 100 uL of ethanolic solution of the HAE and standard (ascorbic acid) at

15.62, 31.25, 62.5, 124, 250, 500, 1000 pg'miere added to 0.3 mM DPPH in methanol,
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and the reaction mixtures were shaken vigorously. The amount of remaining DPPH radical
was determined at 517nm in WXs spectrophotometric micro plate reader after incubation

for 30 min at room temperature in the dark, and the radalenging effect as calculated

as follows [39]:% inhibition of DPPH = [(Abgi Abs;) / Abs)] x 100, where Absand Abs

are the respective absorbancessamples without (control) and with extracts or standards
solution. The ABTS radical scavenging measurements wererper@i according to the
method of [40] with small modifications. The radical cation was prepared by mixing of 5mL

of 7mM ABTS stock solution with 88uL of 140mM potassium persulfate solution followed

by by incubation for 16 hours in the darkto yieldasoluon cont ai ning ABTS
ABTSA+ solution was diluted in ethanol to :
the work solution. Then, 200uL of work solution was added to 40uL of the ethanolic
solutions of the extracts or standard (Tr)lat eight concentrations (7.2, 15.62, 31.25, 62.5,

124, 250, 500, 1000pg.rf). The antioxidant activity was calculated by determining the
decrease in absorbance 6 minutes after mixing using the same DPPH equation. Results were
expressed as kg value (1g.mL%), which is the antiradical dose of extract required to
scavenges 50% of DPBHA lower IC50 value corresponds to a higher antioxidant activity.
Methyl alcohol and ethanol it was used as blank, for the calibration spectrophotometric

microplate reader. The experiment was performed in triplicate for each concentration tested.

2.7.2Chelating activity on ferrous (F€) ions

The chelating effect on ferrous ions of the prepared extracts and the standard EDTA was
estimated by the method of [41] with slight modifications. 1 mL of methanolic solution of
each test sample or standard (EDT4)7.2, 15.62, 31.25, 62.5, 124, 250, 500, 1000ug,mL

was mixed with 22uL of 2ZmM Fegl The reacti on was initiate

5 mM ferrozine into the mixture which was t
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then the absorbance was determined at 562 nm i¥WI$Vspectrophotometric microplate
reader. The percentagé iohibition of ferrozineFe™ complex formation was calculated as
follows: Chelating activity (%) = (1 - Abs)/Abs,) x 100, where Ahsis theabsorbance of

control andAbs, is theabsorbance of the sample$he results were expressed @sd value

(ug.mL™).

2 . 7 -caBotefe/linoleic acid model system

0. 5 mgaroterie digsolved in 1 mL of chloroform (CH0.5mg.mL* solution), 80pL

of linoleic acid and 530uL of Tween 40 (polyoxyethylene sorbitan monopalmitate) were
mixed together. The chloroform was copletely evaporated for 30 minutes with oxygenator
and the resulting solution was dissolved with 50mL of oxygenated water. 250uL of this
reagent mixture were transferred into each well of the microplate containing 40uL of samples
at 125, 250, 500 and 1000pu_" or standards (Trolox, BHT and ascorbic acid) at 7.2, 15.62,
31.25, 62.5, 124, 250, 500, 1000ug4blconcentrations in ethanol. Readings of all samples
were taken at 470nm immediately (t = 0 min) and after 120 min of incubation at 50°C. The
antioxidan activity (AA) was calculated in terms of percent inhibition relative to the control
using the f or my-lasabs) /aAlhsyey100,~whdrege’desy is the absorbance
initial T final of control and aAbs, is the absorbance initidffinal of the samp [42]. The

results were expressed as percent inhibition (1%)Tantbx equivalent (mM TE.§ dw).

2.8 Mutagenic and cytotoxic activityin vivo

Mutagenicity and cytotoxicity was assessed by micronucleus assay in bone marrow of mice
for hydroalcoholic gtracts obtained from the plants harvested at the reproductive stage, for

all tested fertilizer conditions, since it is the stage most used for medicinal purposes. The
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experimentsin vivo were performed in accordance with ethical principles of animal
expeimentation approved by the Research Ethical Committee on Animal Use of the

Universidade Federal do Espirito Santo (CEUA/UFES, 026/2013).

2.8.1 Animals and treatments

66 Swiss albino mice Mlus musculus male, was supplied and randomly selected by the
biotery of the Universidade Federal do Espirito Santo with\Beeks of age and about 30+4

g b.w. They were housed in plastic cages under conditions of controlled light and temperature,
with free access to water and food. The evaluation of HAE as mutagehaytatoxic agent

to genetic material was carried out using an acute treatment, with a single dose. Thus, for each
fertilizer condition (control, organic and chemical fertilizer) five experimental groups were
obtained: the treated groups with a single dufdeydroalcoholic extracts (HAE) dissolved in

water at final concentrations of 100, 200 and 300 mitkw, orally by gavage; the negative
control group, treated with a single dose of saline (0.9%, gavage); and the positive control

group, that received single intraperitoneal injection (i.p) of cyclophosphamide (CP@0

mg.kg?).

2.8.2 Micronucleus assay in bone marrow cells

The animals were euthanized by displacement cervical 24 h after the treatment and the slides
of bone marrow cells were preparegtarding to [43] After the smear drying, the slides were

fixed in methanol P.A for 10 minutes and stained with Leishman's eosine methylene blue, for
the differentiation of blood cells, especially polychromatic erythrocytes (PCE),
micronucleated polychrortia erythrocytes (MNPCE) and normochromatic erythrocytes

(NCE). The slides were analyzed using optical microscopy (Nikon -EE@) Nikon
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Instruments INC., New York City, New York, USA) with increase of 1000x. A total of 2000

PCE were analyzed per animaldetermine the MNPCE frequency and the mutagenic effect.

For assess the cytotoxic effect, was evaluated the ratio of PCEH{RCIE) obtained from

the analysis of 400 erythrocytes (PCE+NCE). All the analysis followed the criteria

established by [44].

2.9 Statistical analysis

For growth analysis, results were expressed as the means + standard desviation and the
statistical analyses were performed by ANOVA for blocks with replications, followed by t
test o < 0.05). The statistical analyses of micronucleast and cytotoxicity effect were
performed by ANOVA followed by Tukey tesh € 0.05), using ASSISTAT version 7.7 beta
software (Assistat Software, Campinas, Sdo Paulo, Braip;//www.assistat.cof/ For
antiaxidants assays, the statistical analysis was performed separating the phenological stages
(vegetative and reproductive) and to compare the responses to treatments between the
phenological stages of the same fertilizer, st < 0.05), using ASSISTAT Correlation

analyses were performed using software XLSTAT (version 2016.05.33324).

3 Results and discussion
3.1 Effects of fertilizer on grown parameters

Data presented in Table 1 reveal that plants submitted to organic and inorganic fertilizers
increased significantly the leaf area, stature, fresh weight and dry weight. Plant fresh weight
of organic and inorganic fertilizers increased by 187.66% and 151.36% over control (no

fertilizer) in vegetative stage, and 135.02% and 110.16%, in the reprodstige. No
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significant difference was found between the plants fresh weight in organic and inorganic

fertilizers (testt, p < 0.05) for this parameter analyzed.

The organic and inorganic fertilizers increased the dry weight by 40.68% and 42.37% over
contol of vegetative stage, and 35.2% and 46.39% over control of reproductive stage.
Furthermore, plant stature increased by 51.47% and 36.95% for organic and inorganic
fertilizers in reproductive stage. Statistical difference between bovine and chemitiaéfert

was found only for the leaf area of the reproductive stage and the stature of vegetative stage,

where the organic fertilizer exhibited better resukie$ét,p < 0.05).

Table 1. Effects of phenological stages and organic and inorganic fersiliaergrowth parameters &idens

pilosal.

Phenological Treatments Fresh weight Dry weight Leaf area Stature

stages (fertilizers) (mg +SD) (mg = SD) (cm?+ SD) (cm+£ SD)
Control 551 + 056 177 + 008 3.86 + 087 7.27 + 0.59

Vegetative  Organic fertilizer 15.85 + 3.19 249 + 0.28 1045 + 296 18.29 + 1.58
Chemical fertilizer 13.85 + 2.3C° 252 + 0.18 9.69 + 2.26 15.09 + 1.84
Control 4486 + 6.82 1543 + 1.5 6.39 + 2.1F 43.95 + 4.44

Reproductive Organic fertilizer 105.43 + 24.16 20.86 + 2.27 19.38 + 3.48 66.57 = 16.72

Chemical fertilizer 94.28 + 23.4 2258 + 428 11.46 + 467 60.19 = 6.49

I+

All the values are expressed as meaB[x (7 blocks with 6 replications); SD: standard deviatibiMeans with same
superscripts type indicated no significant difference into the same phenological stage, ANOYfj £€3105).

3.2 Phenological and fertilizer changes in major chemical paraeters

Table 2 summarizes the results of phenological stages and fertilizers influences in changes of
the total tannins (TTC), total phenols (TPC) and total flavonoids (TFC) contents. The TTC,
TPC and TFC oB. pilosahydroalcoholic extracts (HAE) signifantly varied according to the
different fertilizers used for growth and phenological stages (vegetative and reproductive).
The highest TTC, TPC and TFC were found in the HAE of the control, in both phenological

stages. In the vegetative stage, HAE obtifieom B. pilosa of bovine and chemical
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fertilizers didnot di ffer statistically. T

reproductive stage, while TFC increased for HAE of control and chemical fertilizer.

The phytochemical prospection showed sigige results for flavonoids, coumarins,
phytosterols (LiebermanBurchard reaction) and naphtoquinones and showed the absence of

triterpenes and alkaloids for all HAE studied (Table 3).

Table 2. Content of phenolic compounds 8idens pilosahydroalcohak extracts obtained from plants of
different phenological stages (vegetative and reproductive stages) and different fertilizers.

Phenological Fertilizer TTC TPC TFC
stage (mg TAE/g SE) (mg GAE/g SE) (mg QE/g SE)
Control 67.63 + 2.5 12576 + 1.3 359.68 + 7.53"

Vegetative stage Organic fertilizer ~ 34.63 + 2.768 91.33 =+ 6.08 237.34 + 4.9¢

Chemical fertilizer 42.27 + 3.26° 89.02 + 2.35" 240.48 + 3.32"
Reproductive c:ontrql ) 65.38 + 0.66 133.31 + 4.98 454.42 + 1.66"
stage Organic fertilizer  39.84 + 1.9 98.82 + 354 25240 + 3.07

Chemical fertilizer 56.43 + 1.63° 108.41 + 4.12" 276.87 + 4.98”

All the values are expressed as mean + SB)SE: standard error; TTC: Total tannins content; TPC: total phenols content;
TFC: total flavonoids contenf®Means with same superscripts type indicated no significant difference into the same
phenological stage, ANOVA, test(p < 0.05). *Statisticly significant difference between phenological stages of the same
fertilizer (testt, p < 0.05).

I+

Table 3 Phytochemical components &idens pilosabased on the hydroalcoholic extraeto phenological
stages (vegetative and reproductive) and three ggpeonditions (control, chemical and organic fertilizers).

Phytochemical Vegetative stage Reproductive stage
constituents C CF OF C CF OF
Flavonoids + + + + + +
Coumarins + + + + + +
Steroids + + + + + +
Triterpenes - - - - - -
Alkaloids - - - - - -
Naphthoquinone + + + + + +
+: presence of reaction; 1: Non detected; C: Control, CF

3.3 Antiradical activity

The B. pilosaHAE from all experimental conditions showed concentration dependent ddéealr
scavenging activities as assayed by DPRiti ABTS °(data not shown). The free radical scavenging

activities of all samples were reported agMalues (Table 4).
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The DPPH scavenging activities showed highest value in the HAE of the controboth
phenological stages, with 4 = 299.04 and 329.32 for vegetative and reproductive stages,
respectively. The ABTS antioxidant capacity showed highest activity for HAE from control, in both
phenological stages, with 4= 71.32 and 79.27 for vegeitat and reproductive stages, respectively.
Samples of HAE from chemical and organic fertilizers showed radical scavenging activity
significantly higher at the reproductive stage when compared with the vegetative stage for both

scavenging tests-{est,p < 0.05).

Increasing total tannins, phenols and flavonoids contents were accompanied by stronger antioxidant
capacities ofB. pilosaHAE of all treatments from vegetative stage (Table 4). DPPH scavenging
activity was significantly correlated with TTC?& 0.999), TPC @= 0.907) and TFC = 0.9474),

already the ABTS scavenging activity was significantly correlated with TT€ @r8519), TPC &=

0.9866) and TFC {= 0.9626). In the reproductive stage, DPPH positive correlations were observed
for TTC (r*= 0.9165) and ABTS for TTC{r 0.9995), TPC {= 0.8155) and TFC {r 0.747) (Table

5).

3.4 Ferrous iorrchelating activity

The chelating activity on F&ions from all experimental conditions showed concentration dependent
activities (data not siwn) and the results were expressedGagsvalue (ug.mL'), as demonstrated in
Table 4. HAE from chemical fertilizer showed significantly lowegol@alue in both phenological
stages, with Ig = 207.13 and 132.86 for vegetative and reproductive stagsgedtively. The
chelating activity was better in reproductive stage for all treatments (control, chemical and organic
fertilizer), with lower Csovalues when compared with vegetative stagegtp < 0.05). A significant
correlation was obtained wifRTC (¥ = 0.9853) and a moderate correlation with TPG=(0.7324)

and TFC (f= 0.6103), for reproductive stage, as shown Table 5.
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3.5 Inhibition of linoleic acid peroxidation

The capacity of HAE assess the inhibition of lipid peroxidation was diegeendent for all
experimental conditions (Table 6). The results were expressed as percentage of inhibition of lipid
peroxidation (1%) (Table 6) and TEAC value (ug Trolox.Ml(Table 4). The extract of the control
obtained in the vegetative stage presemtbetter TEAC (0.314) followed by the extract of the
chemical fertilizer obtained in the reproductive stage (0.291). A significant correlation was obtained
with TTC for vegetative (r= 0.834) and reproductive(r 0.7627) stages. A moderate correlation

with TFC (= 0.6623) for vegetative stage was found (Table 5).
3.6 Cytotoxicity and Mutagenicity in vivo

The PCE/(PCE+NCE) ratio and the micronucleated polychromatic erythrocytes (MNPCE) frequency
are shown in Table 7. All groups (n = 6) treated withBHfom different conditions of growth

(absence of fertilizer and presence of bovine or chemical fertilizer) collected in reproductive stage
showed no significant cytotoxic and mutagenic activities compared to the positive control group

(Tukey,p < 0.05),in these experimental conditions.

Table 5 Correlations between the 4@values of antioxidant activities by DPPH, ABTS and Chelating assays,
TEAC value (WM Trolox.g1) by b-carotene/linoleic acid assaynnins, phenolics and flavonoids content8of
pilosahydroalcoholic extracts obtained from plants of different phenological stages (vegetative and reproductive
stages) and different fertilizers (control, chemical and @ga

. Assays (IGopug.mL™ Correlations r?

Phenological stage "\ Trolox.g ) TTC TPC TEC
DPPH 0.999 0.907 0.9474

Vegetative stage ABTS _ . 0.8519 0.9866 0.9626
Chelating activity 0.0698 0.0001 0.0045
b-carotene/linoleic acid 0.834 0.5861 0.6623
DPPH 0.9165 0.5701 0.44

Reproductive stage ABTS _ o 0.9995 0.8155 0.747
Chelating activity 0.9853 0.7324 0.6103

pb-carotene/linoleic acid 0.7627 0.3568 0.238
TTC: Total tannins content; TPC: total phenols content; TFC: total flavonoids content.
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Table 4. Antioxidant activities oBidens pilosahydroalcoholic extracts obtained from plants of different phenological stages (vegetative and reproductive stages) and
different fertilizers (control, chemical and organic).

p-carotenelinoleic

DPPH ABTS Chelating activity acid

Phenological stage/ Treatment
chemical ili

(fertlizer) ICso(Hg.mL?) ICso, (Mg.ML'4SE)  1Cso (Mg.ML+SE) (T,\',:] AC G1SE)
Ascorbic acid - 3854 + 0.41 + - n.d*
Trolox - - 242F * 0.60 - -
BHT - - - - 1.129
EDTA - - - 1767 + 0.25 -

Control 299.08 + 1555 7132 + 1.92 241000 + 155 0.314
Vegetative stage Chemical 864.78° + 1430 27210 + 1.31 270.03° + 2.87 0.270

Organic 1064.08° + 21.88 23549° + 857 207.13 + 3.3 0.203

Contol 32932 + 0.64 7927 + 0.53 206.64 =+ 1.32 0.277
Reproductive stage ~ Chemical 364.43 + 2145 151600 + 9.14 189.0f + 1.43 0.291

Organic 857.69 + 11.37 298,0f + 4.13 132.86" + 654 0.207

All the values are expressed as mean + SE (i83)standard errofMeans with same superscripts type indicated no significant difference into the same phenological stage, ANOYA, test
< 0.05); *Statistically significant difference between phenological stages of the same fertilizer, ANOMApte$L.05); n.d, not detected value; *Prooxidant activity.
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Table 6 Percentage of inhibition of lipid peroxidation (1%) Bfdens pilosahydroalcoholic extracbbtained from plants of different phenological stages (vegetative and
reproductive stagg¢sand different fertilizers, bf-carotene/linoleic acid system.

% of inhibition peroxidation

Sptzzr;?:t)glll%a;rds Chemical/Fertilizer Concentration (ug.mt)
125 250 500 1000
Ascorbic acid -6.21 -15.99 -31.13 -39.29
Standards BHT 50.91 57.67 62.27 69.89
Trolox 58.19 60.27 60.84 61.65
Control 14.36 20.57 25.69 31.28
Vegetative stage Chemical fertilizer 4.20 428 13.59 20.06
Organic fertilizer 5.30 9.30 13.10 17.81
Control 8.25 1146  17.02 21.74
Reproductive stage Chemical fertilizer 8.40 1425 18.81 25.55

Organic fertilizer 1.74 6.40 9.57 15.31
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Table 7 Frequency of micronucleated polychromatic erytrocytes (MNPCE) in 1000 PCE and ratio between the number of polycromatmearmdnadéc erythrocytes, by
the formula PCE/(PCE + NCE), following the protocol of mutagenicity with hydroalcoholic extragidehs pilosacollected from three growth conditions of growth:
absence of fertilizer (control), presence of bovine fertilizer (orgamd)presence of chemical fertilizer (NPK), in reproductive stage.

Growth conditions

Treatment Control Organic fertilizer Chemical fertilizer

MNPCE/1000 PCE Ratio (PCE:PCE + MNPCE/1000 PCE Ratio (PCE:PCE MNPCE/1000 PCE Ratio (PCE:PCE

+SE NCE) + SE +SE + NCE) + SE + SE + NCE) + SE
NaCl 0.9% 0,75 +096* 0558 + 0,024 0,75 +0,9° 058 0,024 0,75 096 058 + 0,024
Cyclophosphamide 56,08 +6.66° 044 + 0,04F 56,08 <+ 6.66° 0,44 % 0,04F 56,08 +6.66° 044 + 0,047
HAE 100mg.kg" b.w 3.08 +167 055 + 0.026° 416 +146° 052 +0.022 408 +23P 0.55 + 0.016
HAE 200mg.kg" b.w 159 +1.08 055 + 0.027° 533 +222 054  +0.024 158 +1.16° 056 + 0.027
HAE 300mg.kg" b.w 158 +099¢ 054 =+ 0.017 458 +277° 055 +0.020 0.25 +0.45 0.56 =+ 0.02F

Equal
letters represent statistical similarity (ANOVA, Tukey td&st 0.05). SE = standard erronegative controfpositive control.
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4 Discussion

The application of mineral fertilizer (NPKdnd organic fertilizer (bovine manure) increased the plant
growth in B. pilosa over control (no fertilizer) in all growth parameters evaluated. The organic
fertilizer presented better performance in comparison with mineral fertilizer for the leaf area and
height, in reproductive and vegetative stages, respectively. Some research has revealed that the use of
organic fertilizers increase the parameters of vegetative and reproductive growth [45, 46, 47, 48, 49].
Indeed, the mineral elements and harvest se@sdine one of the main factors influencing plant

growth and development [4].

The increase of biomass is not always accompanied by the increase of secondary metabolites. The
qualitative chemical analysis of hydroalcoholic extract Bxf pilosa, from all tratments and
phenological stages, revealed the presence of flavonoids, coumarins, steroids and naphthoquinones. In
gquantitative analyses, the HAE of control obtained higher tannins, phenols and flavonoids contents, in

both harvesting stages, showing invérggoportional to biomass.

Studies have shown that nutrient poor soils have a lower growth rate and higher biosynthesis of all
classes of secondary metabolites, except nitrogen compounds [8]. Nutritional stress has a marked
effect on the level of secongametabolites, especially phenolic compounds. Researches has shown
that deficiency of nitrogen (N), phosphate (PO4), potassium (K), sulfur (S), iron (Fe) and magnesium
(Mg) can increase the concentration of this compounds in different plant spEhiestigher
accumulation of secondary metabolites occurs more frequently in plants subject to stress [50, 51, 52,
18]. Moreover, the content of tannins, phenols and flavonoids has varied significantly between
phenological stages analyzed, which corroboratesatiitbrs researchers who suggested that phenolic

compounds vary significantly during life stages of the plants [13].

The different forms of plant cultivation and the phenological stages reflected in phytochemical
changes, which resulted in significant diénces in the antioxidant activity of HAE. To evaluate the
antioxidant potential of a substance, it is necessary to combine different methodologies, since, due to

the complexity of the oxidatieantioxidation process and owing to the chemical varietynbbsdant
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components in the crude extract, no single method is able to provide a comprehensive picture of the

antioxidant profile of a given sample [53, 54].

Antioxidants with free radical scavenging activities may have great relevance in the prevedtion a
treatment of diseases induced by them, since free radicals are involved in the propagation of cellular
damage [55]. This study evaluated the fragicalscavenging capacity of the HAE using DPPH and
ABTS assaysBoth tests are colorimetric, easily reducible and fast to perform [56, 53]. The results
showed that the HAE from control exhibited better antioxidant activity by this mechanism in both
phenological stages (vegetative and reproductive) (Table 4), when compared with the HAE from
fertilizers. The scavenging activity improved at reproductive stage for all treatments and strong
correlation was observed between TTC, TPC and TFC and this mechanism of action (Table 5), except

TPC and TFC for DPPH at the reproductive stage, which showed low or wealaton.

Thus, the results suggest that the phenolic compounds present in the extracts are important but not the
only factor affecting antioxidant activity, as also reported by other authors [57]. These variations can
be attributed to qualitative aspectsich as structural factors of individual antioxidants. In general,
phenolics compounds have hydroxyl groups, which are good hyddmgens for neutralization of
freeradicals [58]. The presence of other functional groups, such as double bond conjogated
phenolic group, the degree of hydroxylation and/or methoxylation and others groups, can play
different functions and which are directly related to the different biological activities that such
compounds may present (57, 59, 60, 61]. ABTS assay was seositive in the detection of
antioxidant activity than the DPPH assay. This can be attributed to the higher reaction kinetics of
ABTS and the lower capacity of DPPH to detect the antioxidant activity of compounds with higher

polarity [62].

The lipid per¢ i dati on i nhibitory acti vitayoterefinoldichaeid HAE
system. This assay is based on the oxidation of linoleic acid due to the temperature, generating peroxyl
free radicals due to the abstraction of hydrogen atom from caleean (G,) of linoleic acid. The

radi cal wi || o X i di zaotemehwdth Ibss af abkoybanoerld)edBheaipreaenced b

of antioxidants in the extracts reduces the oxidatidnofar ot e n e , so that t he de






