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APRESENTACAO

A espécie Schinus terebinthifolius Raddi, popularmente conhecida como
pimenta rosa ou aroeira, € uma espécie nativa da flora brasileira e faz parte da
diversidade da regido de Campos dos Goytacazes (Carvalho et al., 2006). Essa
fonte vegetal vem sendo trabalhada por nosso grupo de pesquisa no Laboratorio
de Tecnologia de Alimentos (LTA-CCTA-UENF) desde 2007 e, a partir dai,
alguns avancos vem contribuindo para o seu conhecimento quimico e bioldgico.

Foram quatro projetos aprovados por Orgdos de Fomento Brasileiro;
quatro artigos publicados em revistas indexadas pela CAPES (Gléria et al., 2014;
Bernardes et al., 2014; Bernardes et al., 2012a; Bernardes et al., 2012b); duas
premiacdes em eventos estudantis (Primeiro lugar (doutorado) na categoria oral,
no Il Congresso Fluminense de Pés-Graduacdo da UENF em 2017 e Mencéo
Honrosa na XXIV Reunido Anual da FESBE (Federacdo de Sociedades de
Biologia Experimental) em 2009; além de mais de 15 participagbes em eventos
nacionais e internacionais.

A presente tese foi dividida em resumo, introducéo, revisao bibliogréfica,
materiais e métodos, trabalhos e conclusdo. Todos esses topicos se basearam
em dois artigos que séao apresentados no item 5.1) Phenolic compounds present
Schinus terebinthifolius Raddi influence the lowering of blood pressure in rats
(artigo j& publicado na revista Molecules), e no item 5.2) Identification of the

chemical substance responsible to the antifungal action of Schinus
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terebinthifolius Raddi (artigo a ser submetido na revista Journal of
Ethnopharmacology).

No primeiro trabalho (1), foram identificadas duas substancias majoritarias
presentes na fragcdo G5 dos frutos de S. terebinthifolius: acido galico e
naringenina (primeiro relato dessa flavanona na espécie). Um alto teor de
fendlicos totais (659,21 mg de acido galico equivalente/g de amostra — método
de Folin Ciocalteau), de flavonoides totais (140,69 mg de rutina equivalente/g de
amostra — método do cloreto de aluminio) e alta atividade antioxidante (77,47%
- método do 2,2-difenil-1-picrilhidrazil — DPPH) foi observada na fragdo G5 de
pimenta rosa. A atividade anti-hipertensiva relacionada as suas substancias
fendlicas também foi investigada, e as mesmas reduziram significativamente (p
<0,05) as pressOes arteriais sistdlica, mediana e diastélica dos individuos. O
teste do Rotarod foi realizado para determinar um possivel mecanismo de acao
do efeito vasorelaxante da amostra, confirmando que a atividade cardiovascular
exercida pelos frutos de S. terebinthifolius esta relacionada as substancias
fendlicas presentes na espécie, que sdo potentes antioxidantes e inibem o
estresse oxidativo, principalmente no Sistema Nervoso Central.

No segundo trabalho (2), a substancia isolada foi identificada como o
biflavona amentoflavona. Foi realizada a atividade antimicrobiana dessa
substancia pelo método de microdiluicdo em meio liquido frente a oito cepas de
bactérias e seis cepas de fungos. A amentoflavona foi eficaz na inibicdo do
crescimento dos fungos Candida kefyr (81,4 UFC) e Candida parapsilosis (152,6
UFC), e essa substancia apresentou efeito de sinergismo quando associada a
sete antifungicos comerciais, provocando aumento no halo de inibicdo em todas
as situacdes. A amentoflavona possui também efeito antioxidante (57,61 % -
método do DPPH), inibindo assim o estresse oxidativo, e auxiliando a inibicdo do
crescimento dos fungos, o que torna essa substancia uma boa alternativa para

tratamento de infec¢Bes, diante do crescente aumento de resisténcia antifungica.
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RESUMO

GLORIA-DAS-VIRGENS, L. L. D.Sc., Universidade Estadual do Norte
Fluminense Darcy Ribeiro, fevereiro de 2018. Compostos fendlicos presentes
nos frutos de pimenta rosa (Schinus terebinthifolius Raddi — Anacardiaceae)
associados a atividade cardiovascular, antimicrobiana e antioxidante.
Orientadora: Prof. Dr2. Daniela Barros de Oliveira.

Este trabalho foi realizado no Laboratério de Tecnologia de Alimentos (LTA) em
colaboracdo com o Laboratério de Clinica e Cirurgia Animal (LCCA) e o
Laboratério de Sanidade Animal (LSA), todos pertencentes ao Centro de
Ciéncias e Tecnologias Agropecuérias (CCTA), e com o Laboratério de Ciéncias
Quimicas (LCQ) localizado no Centro de Ciéncia e Tecnologia (CCT), na
Universidade Estadual do Norte Fluminense Darcy Ribeiro (UENF), Campos dos
Goytacazes, RJ. Os objetivos do mesmo foram: avaliar o perfil quimico e
identificar os principais compostos fenodlicos presentes nos frutos de Schinus
terebinthifolius Raddi e relaciona-los as atividades bioldgicas: avaliar a atividade
antioxidante; avaliar a capacidade de abaixamento da pressao arterial in vivo e
sugerir um possivel mecanismo de acdo para a atividade anti-hipertensiva e
avaliar o perfil de susceptibilidade antibiética e antifingica, além de investigar o
efeito de sinergismo quando associado a antifungicos sintéticos. O
fracionamento do extrato metandlico dos frutos S. terebinthifolius ocorreu por

particdo liquido-liquido, seguido do isolamento dos compostos ativos por
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Cromatografia em Coluna Aberta. Os perfis quimicos dos compostos foram
verificados por Cromatografia Liquida de Alta Eficiéncia (CLAE) e as estruturas
quimicas elucidadas por Ressonancia Magnética Nuclear (RMN) e
Espectroscopia de Massas (EM). A atividade cardiovascular foi determinada por
infusdo intravenosa dos compostos ativos em ratos Wistar e o0 mecanismo de
acao sugerido pelo teste do Rotarod. A atividade antimicrobiana foi determinada
pela inibicdo do crescimento dos microrganismos em meio liquido, seguido do
teste de antifungigrama. Essa tese foi dividida em dois trabalhos. No primeiro
trabalho (a), foram identificados dois compostos majoritarios presentes na fracao
G5 dos frutos de S. terebinthifolius: acido galico e naringinina (primeiro relato
dessa flavanona na espécie). As moléculas fendlicas reduziram
significativamente (p < 0,05) as pressdes arteriais sistolica, mediana e diastdlica
dos individuos testados, devido a sua capacidade em reduzir o estresse oxidativo
através do seu alto teor de atividade antioxidade (77,47 %) e o possivel
mecanismo de acdo do efeito vasorelaxante se deu principalmente no Sistema
Nervoso Central. No segundo trabalho (b) a molécula isolada foi identificada
como a biflavona amentoflavona, e essa foi eficaz na inibicdo do crescimento
dos fungos Candida kefyr (81,4 UFC) e Candida parapsilosis (152,6 UFC), além
de apresentar efeito sinérgico quando associada a todos os antifungicos
avaliados, devido também ao seu efeito antioxidante (57,61 %) capaz de auxiliar
0 estresse oxidativo no metabolismo dos microrganismos, assim inibindo seu
crescimento. A inibicAo do estresse oxidativo pode provocar inibicdo da
peroxidacao lipidica e atividades enzimaticas, inibicdo da agregacéo plaquetaria
e oxidacéao do colesterol LDL, o que promove vasodilatacdo, além de resultar em
prejuizos no metabolismo de microrganismos como injaria tecidual. Desta forma,
este trabalho permitiu concluir que o poder antioxidante encontrado nos
compostos fendlicos identificados favoreceu a atividade cardiovascular e
antifingica dos frutos de S. terebinthifolius, comprovando que essa espécie é

uma promissora fonte natural para acéao e prevencao frente a diversas doencas.
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ABSTRACT

GLORIA-DAS-VIRGENS, L. L. D.Sc., Universidade Estadual do Norte
Fluminense Darcy Ribeiro, february 2018. Phenolic compounds in Pink pepper
fruits (Schinus terebinthifolius Raddi - Anacardiaceae) associated with
cardiovascular, antimicrobial and antioxidant activities. Advisor: Prof. Dr2
Daniela Barros de Oliveira.

This research was conducted at the Food Technology Laboratory (LTA) in
collaboration with the Animal Clinic and Surgery Laboratory (LCCA) and the
Animal Health Laboratory (LSA), belonging to the Center for Agricultural
Sciences and Technologies (CCTA), and the Laboratory of Chemical Sciences
(LTA) located in the Center of Science and Technology (CCT), at the State
University of Northern Fluminense Darcy Ribeiro (UENF), Campos dos
Goytacazes, RJ. The aims were: to evaluate the chemical profile and to identify
the main phenolic compounds in Schinus terebinthifolius Raddi fruits and to relate
them to the biological activities: to evaluate the antioxidant activity; to evaluate
the blood pressure lowering effect in vivo and to suggest a possible mechanism
of action for the antihypertensive activity and to evaluate the profile of antibiotic
and antifungal susceptibility, besides investigating the effect of synergism when
associated with synthetic antifungals. The fractionation of the S. terebinthifolius
fruits methanolic extract occurred by liquid-liquid partition, followed by the
isolation of the active compounds by Open Column Chromatography. Chemical
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profiles of the compounds were verified by High Performance Liquid
Chromatography (HPLC) and chemical structures elucidated by Nuclear
Magnetic Resonance (NMR) and Mass Spectroscopy (MS). Cardiovascular
activity was determined by intravenous infusion of the active compounds into
Wistar rats. The Rotarod test was performed to suggest the mechanism of action.
The antimicrobial activity was determined by inhibiting the growth of the
microorganisms in liquid medium, followed by the antifungigram test. This thesis
has been divided into two papers. In the first paper (a), two major compounds in
the G5 fraction of the S. terebinthifolius fruits: gallic acid and naringinin (this is
the first report of this flavanone in the species) were identified. Phenolic
molecules significantly reduced systolic, median and diastolic blood pressures (p
<0.05) in the animals tested, due to their ability to reduce oxidative stress through
their high antioxidant activity (77.47%). The possible mechanism of action of the
vasorelaxant effect occurred mainly in the Central Nervous System. In the second
study (b) the isolated molecule was identified as biflavone amentoflavone. It was
effective against Candida kefyr (81.4 CFU) and Candida parapsilosis (152.6
CFU). It also presented a synergistic effect when associated to all antifungal
agents evaluated, due to its antioxidant effect (57.61%), capable of assisting
oxidative stress in the metabolism of microorganisms, thus inhibiting their growth.
Inhibition of oxidative stress can lead to inhibition of lipid peroxidation and
enzymatic activities, inhibition of platelet aggregation and oxidation of LDL
cholesterol, which promotes vasodilation, in addition to resulting in damage to the
metabolism of microorganisms as tissue injury. Thus, this study has allowed
concluding that the antioxidant capacity observed in the identified phenolic
compounds favored the cardiovascular and antifungal activity of the S.
terebinthifolius fruits, proving that this species is a promising natural source for

action and prevention against various diseases.
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1. INTRODUCAO

O contexto sécio-cultural de cada populacéo influencia e determina as
praticas de cuidado a saude adotada ao longo da histéria. Em todos os
momentos, ainda que de diferentes formas, o homem buscou na natureza,
recursos para melhorar suas condicfes de vida e aumentar suas chances de
sobrevivéncia (Aidi Wannes & Marzouk, 2016). As fontes vegetais podem ser
consideradas uma das formas mais antigas de cuidados de saude (Farzaneh &
Carvalho, 2015; Holtmann & Talley, 2015).

A Organizacdo Mundial da Saude (OMS) informou que cerca de trés
quartos da populacdo mundial faz uso de plantas medicinais para cuidados
primarios da saude (WHO, 2017). A maioria dos usuérios da medicina tradicional
e holistica sdo pessoas de paises em desenvolvimento, motivadas pela
manutencao de suas tradi¢cdes culturais ou religiosas, e pela disponibilidade de
uma rica diversidade botanica, devido ao baixo custo e também pela falta de
acesso a medicina moderna (Moura-Costa et al., 2012).

O Brasil tem uma vasta biodiversidade de recursos a base de plantas ao
longo de todo seu territério, tendo aproximadamente 350-550 mil espécies, das
quais 55 mil sdo catalogadas (Torres et al., 2016). E uma pratica comum o
conhecimento terapéutico que decorre do uso popular de fontes medicinais, e
que é transmitido de geracdo em geracao, para a prevencao e tratamento de

varios transtornos de saude (Barbieri et al., 2014).



Em 2008, o Ministério da Saude do Brasil criou o Programa Nacional de
Plantas Medicinais e Fitoterapicos objetivando inserir, com seguranca, eficacia
e qualidade, plantas medicinais, fitoterapicos e servigcos relacionados a
fitoterapia no SUS (Sistema Unico de Satde). O programa tem por finalidade
promover e reconhecer as praticas populares e tradicionais de uso de plantas
medicinais e remédios caseiros, bem como subsidiar o desenvolvimento de toda
cadeia produtiva relacionada a regulamentacdo como: -cultivo, manejo,
producdo, comercializacao e dispensacado de fontes medicinais e fitoterapicos;
além de orientar e subsidiar estudos e pesquisas na area da
etnofarmacobotanica (Ministério da Saude, 2017). Nesse contexto, em 2009
surgiu a RENISUS que é a Relacao Nacional de Plantas Medicinais de Interesse
ao SUS, onde ja foram listadas 71 espécies vegetais, dentre elas Schinus
terebinthifolius Raddi (Ministério da Saude, 2017; DiCiaula et al., 2014).

A importancia do estudo com S. terebinthifolius promoveu sua incluséo
desde a primeira edicdo da Farmacopeia Brasileira publicada em 1926, devido
as suas aplicac6es bioldgicas baseadas principalmente no seu uso na medicina
tradicional (Silva et al., 2017). Schinus terebinthifolius Raddi, Anacardiaceae, é
uma planta nativa da América do Sul popularmente conhecida como Aroeira ou
Pimenta Rosa (Silva et al., 2017; Corréa, 1984). E uma espécie encontrada em
diferentes partes do mundo como a América do Sul e Central, Europa
Mediterranea, Africa e Estados Unidos, sendo também largamente distribuida
por todo territério brasileiro (Fedel-Miyasato et al., 2014; Corréa, 1984).

Além da aplicabilidade na culinaria, onde seus frutos sédo frequentemente
utilizados como condimentos, a aroeira € ainda utilizada para fins terapéuticos,
apresentando diversas propriedades como: antioxidante, anti-inflamatoria,
antimicrobiana, antitumoral, antialérgica, antisséptica, balsamica, hemostética,
propriedades adstringentes, antidiarreica, febrifuga, propriedade diurética, além
de ser usada para problemas respiratérios, Ulceras, feridas, reumatismo, gota,
doencas da pele e artrite (Torres et al., 2016; Bernardes et al., 2014; Fedel-
Miyasato et al., 2014; Sartorelli et al., 2012; EI-Massrry et al., 2009; Degaspari et
al., 2005).

Acredita-se que pelo menos metade das plantas medicinais existentes
contenham substancias quimicas ativas responsaveis pelo seu efeito terapéutico

(Torres et al., 2016). A capacidade de espécies vegetais em reduzir o risco de



certas doencas tem sido associada, pelo menos em parte, com a ocorréncia de
metabalitos secundarios, que tém demonstrado exercer uma gama de atividades
biologicas (Taiz & Zeiger, 2013; Vo & Kim, 2013). Assim, os beneficios dos
compostos fendlicos naturais na saude vém sendo relacionados com o seu
potencial antioxidante no combate de radicais livres no organismo (Liu et al.,
2015).

Os compostos fendlicos naturais sao responsaveis pelo efeito protetor das
células frente aos danos oxidativos causados por Espécies Reativas de Oxigénio
(EROs) (Farzaneh & Carvalho, 2015). O excesso de EROs no organismo pode
causar uma seérie de complicacdes, como injarias teciduais, inibicdo da
peroxidacao lipidica e atividades enzimaticas, inibicdo da agregacédo plaquetaria
e oxidagcao do colesterol LDL (Farzaneh & Carvalho, 2015; Haytowitz et al.,
2013). Os antioxidantes, que sdo 0s agentes responsaveis por neutralizar os
efeitos das EROs e a eliminacdo de radicais livres, podem assim favorecer
diversos parametros bioldégicos dentre eles auxiliar nas atividades
cardiovasculares e antimicrobianas em seres humanos (Torres et al., 2016;
Penso et al., 2014).

Considerando a importancia das moléculas fendlicas e visando identificar
novas fontes naturais com alto potencial biolégico, este trabalho teve como
objetivo identificar os principais compostos fendlicos presentes nos frutos de
Schinus terebinthifolius Raddi e relaciona-los as atividades bioldgicas: avaliar a
capacidade de abaixamento da pressao arterial in vivo e sugerir um possivel
mecanismo de acdo para a atividade anti-hipertensiva; avaliar o perfil de
susceptibilidade antibiética e antifingica da substancia fendlica e verificar se a
sua associacdo com diferentes classes de antifingicos sintéticos apresenta
efeito sinérgico; bem como averiguar se as atividades cardiovascular e
antifingica estariam relacionadas com processos oxidativos através da atividade

antioxidante.



2. OBJETIVOS

2.1 Objetivo geral

O objetivo deste trabalho é ampliar o conhecimento quimico e biologico

acerca dos frutos de Schinus terebinthifolius Raddi, para a utilizacdo do mesmo

como agente anti-hipertensivo, antimicrobiano e antioxidante.

2.2 Objetivos especificos

X/
°e

Preparar o extrato bruto, realizar seu fracionamento através de técnicas
cromatograficas e isolar moléculas fendlicas presentes nos frutos de
pimenta rosa;

Avaliar o perfil quimico das substancias fendlicas presentes nos frutos da
pimenta rosa através da Cromatografia Liquida de Alta Eficiéncia (CLAE);
Isolar e identificar as estruturas quimicas fendlicas e associa-las as
atividades bioldgicas;

Quantificar o teor de fendlicos totais das substancias identificadas;
Quantificar o teor de flavonoides totais das substancias identificadas;
Avaliar a atividade cardiovascular em ratos Wistar das substancias
identificadas;

Avaliar o mecanismo de acdo da atividade cardiovascular pelo teste do
RotaRod em camundongos;

Avaliar a atividade antimicrobiana da substancia isolada;



% Fazer o teste de antifungigrama frente as diferentes classes de fungicidas

comerciais;
« Avaliar a atividade antioxidante e relaciona-la as demais atividades

biolégicas.



3. REVISAO DE LITERATURA

3.1 Espécies medicinais

O contexto sociocultural de cada populacao influencia e determina as
praticas de cuidado a saude adotada ao longo da histéria. Em todos os
momentos, ainda que de diferentes formas, o homem buscou na natureza
recursos para melhorar suas condi¢cbes de vida e aumentar suas chances de
sobrevivéncia (Aidi Wannes & Marzouk, 2016).

O emprego da etnofarmacobotanica no cuidado a saude € um habito
comum em toda populacdo mundial. Essa pratica engloba a prevencdo de
doencas, a manutencédo e recuperacado da saude e a melhoria da qualidade de
vida, considerando ainda o uso sustentavel dos recursos naturais (Alcantara et
al., 2015).

Segundo a Organizacdo Mundial da Saude (OMS), alguns paises como
China, Dinamarca, Gana, Japdo, Noruega e Arabia Saudita ja contam com
politicas nacionais que regulam a prética da medicina tradicional (WHO, 2017).
Na Unido Europeia metodologias estédo sendo desenvolvidas para regulacéo da
qualidade dos medicamentos tradicionais e mecanismos para registrar produtos
dessa abordagem (Tupec et al., 2017).

No Brasil, o Ministério da Saude criou, em 2006, a Politica Nacional de

Plantas Medicinais e Fitoterapicos (PNPMF), onde essa agéo € executada em



varios municipios ao longo de todo territério nacional (Figura 1), e tem como
objetivo garantir a populacdo brasileira o acesso seguro e o0 uso racional de
plantas medicinais e fitoterapicos, promovendo o uso sustentavel da
biodiversidade, o desenvolvimento da cadeia produtiva e da industria nacional
(Ministério da Saude, 2017).

Figura 1 — Distribuicdo dos municipios que possuem ac¢des/servicos a partir de
plantas medicinais e fitoterapia nas unidades federadas (Fonte: Ministério da
Saude, 2017).

Dentro da PNPMF, para fins didaticos, a fitoterapia pode ser identificada
em trés principais vertentes: a fitoterapia popular — proveniente da tradicdo de
uso domeéstico e comunitario de plantas medicinais, transmitida oralmente de
geracdo em geracao; a fitoterapia tradicional — que, por contar com registro
escrito de sua pratica e, a depender se sua origem ja existir por décadas, esta
mais relacionada a medicina tradicional; e a fitoterapia cientifica ocidental — fruto
de estudos clinicos, baseado em estudos cientificos (Ministério da Saude, 2017).

Assim, a comunidade cientifica tem se empenhado constantemente em
pesquisas relacionadas a compostos bioativos presentes em fontes naturais que

estejam relacionados a atividades biologicas contribuindo para manutencéao da



saude e bem-estar dos usuarios (Silva et al., 2017). Acredita-se que pelo menos
metade das plantas medicinais existentes contenham substancias quimicas
presentes em sua composicdo que sejam responsaveis pelo seu efeito
terapéutico (Torres et al., 2016).

A capacidade dessas substancias em auxiliar ou prevenir o surgimento de
doencas ou enfermidades tem sido associada, pelo menos em parte, com a
ocorréncia de metabdlitos secundarios (Vo & Kim, 2013). Dentro da classe dos
metabdlitos secundéarios, existem as moléculas fendlicas, que possuem
beneficios para saude, relacionados principalmente com o seu potencial
antioxidante durante o sequestro de radicais livres no organismo (Santos et al.,
2014).

3.2 Moléculas fendlicas

Uma caracteristica tipica de plantas é a sua capacidade de biossintetizar
uma vasta e diversificada gama dos chamados metabolitos secundarios (Taiz &
Zeiger, 2013). Esses metabolitos sdo moléculas presentes em células
especializadas e que nao estdo diretamente associados aos fenémenos
fotossintéticos ou respiratérios, mas acredita-se que sejam necessarios para a
sobrevivéncia da planta no ambiente, associados ao seu crescimento e
desenvolvimento (Cheynier et al., 2013).

As moléculas fendlicas, também conhecidas como polifendis, constituem
o0 maior grupo de metabdlitos secundarios oriundos de fontes vegetais (Martins
et al., 2016). Essa classe possui cerca de 8000 compostos identificados e
largamente distribuidos em diversas plantas (Shahidi & Ambigaipalan, 2015).

Segundo Taiz & Zeiger (2013), os polifendis constituem um grupo bem
heterogéneo: alguns sdo sollUveis apenas em solventes organicos, outros sao
acidos carboxilicos e glicosideos solluveis em agua, e ha ainda aqueles que séo
grandes polimeros insolaveis.

Suas estruturas variam de uma simples molécula a um complexo polimero
de elevado peso molecular (Taiz & Zeiger, 2013). O potencial antioxidante
desses compostos depende do numero e da disposicdo dos grupamentos

hidroxilas nas substancias de interesse (Shahidi & Ambigaipalan, 2015).



Quimicamente, os polifendis sdo caracterizados por apresentarem em sua
estrutura, anel aromatico com um ou mais substituintes hidroxilicos, incluindo
seus demais grupos funcionais (Taiz & Zeiger, 2013). Possuem estrutura variavel
e, com isso, sao multifuncionais (Liu et al., 2015).

Devido a sua ampla diversidade estrutural, os polifendis sdo agrupados
em diferentes classes de acordo com sua estrutura quimica basica, dentre eles,
destacam-se as cumarinas, 0s taninos, as ligninas e, principalmente, os
flavonoides (Liu et al., 2015; Shahidi & Ambigaipalan, 2015).

3.2.1 Métodos de extracao de substancias fendlicas

A extracdo de substancias com propriedades farmacoldgicas para sua
quantificacdo e caracterizacdo € uma das etapas mais criticas nas pesquisas
com produtos naturais (Xynos et al., 2012). A eficiéncia da extracdo depende de
varios parametros como: tipo e proporcdo do solvente extrator (Xynis et al.,
2012), natureza quimica dos analitos a serem extraidos (Zhao et al., 2011), tipo
e tamanho das particulas da amostra (Mustafa e Turner, 2011), metodologia e
temperatura de extracao (Galanakis, et al., 2010), entre outros.

Para amostras sélidas, uma das primeiras etapas a serem realizadas é a
transferéncia dos analitos em estudo para a fase liquida, composta pelo solvente
extrator adequado (Castro e Capote, 2010). Esse processo também é chamado
de extracdo sélido-liquido ou maceracédo, e é uma das técnicas mais antigas
empregadas no preparo de amostras (Milic et al., 2013).

A maceracdo é uma das técnicas mais comum para obtencdo de
moléculas fenolicas a partir de espécies vegetais (Milic et al., 2013). E uma
técnica tradicional que consiste na imersdo da fonte vegetal em solvente
adequado durante certo periodo, podendo empregar ou nao calor e agitacédo
(Castro e Capote, 2010). A separacao realiza-se quimicamente, sendo o
solvente posteriormente removido por técnicas de evaporacao.

Uma das vantagens dessa técnica de extracdo € a sua simplicidade e
baixo custo, enquanto sua principal desvantagem é tratar-se de um processo
longo, variando de horas a dias para ser efetuado (Haminiuk et al., 2012).

Diversos solventes sao utilizados para alcancar uma extracado adequada.

A escolha do solvente mais apropriado depende da sua seletividade,
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miscibilidade, densidade, recuperacéo, pressao de vapor, viscosidade, preco e
estabilidades quimica e térmica (Haminiuk et al., 2012). Os solventes mais
comumente empregados nos processos de extracdo de substancias fendlicas
sdo: metanol, etanol, acetato de etila, acetona, éter etilico, propanol, dimetil
formaldeido e combinag@es entre eles (Haminiuk et al., 2012).

A extracdo de substancias fendlicas também pode ser influenciada pela
razdo solvente:amostra empregado no sistema. De acordo com Wong e
colaboradores (2013), quanto maior a proporgdo solvente:amostra utilizada,
maior a quantidade de fendlicos totais obtida. Isso porque, quando a quantidade
de solvente aumenta, aumenta-se a chance de componentes bioativos entrarem
em contato com o solvente de extracéo, resultando em maiores rendimentos de
fendlicos, até que se alcance um equilibrio no gradiente de concentracao entre
0 sOlido (amostra) e o solvente extrator.

A temperatura € outra variavel que deve ser controlada durante os
processos de extracdo, uma vez que 0 aumento desta promove um acréscimo
na taxa de extragcdo, em decorréncia do aumento da solubilidade do analito e
maior taxa de transferéncia de massa, bem como, da diminui¢céo da viscosidade
e da tenséo superficial do solvente extrator, facilitando sua penetracdo na matriz
em analise (Dai e Mumper, 2010). No entanto, deve-se ter em mente que muitas
das substancias fendlicas séo facilmente oxidadas. Dessa forma, tempos longos
de extracdo sob alta temperatura podem levar a degradacdo das mesmas
(Galanakis, et al., 2010).

O tamanho de particula do material vegetal também é um parametro que
exerce grande influéncia sobre a extracdo. Com menores tamanhos de particula,
aumenta-se a extracdo de compostos fendlicos, haja vista que ocorre um

processo de ruptura da parede celular da fonte vegetal (Mustafa e Turner, 2011).

3.3 Flavonoides

Dados da literatura indicam que ja foram identificados mais de 10.000
tipos de flavonoides (Agati et al.,, 2012). A concentragdo de um flavonoide
especifico pode variar consideravelmente, dependendo de inimeros fatores, tais
como doencas, atague de insetos e/ou pragas, estresse climatico, radiacéo

ultravioleta, entre outros (Haytowitz et al., 2013). Outras fontes da variabilidade
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podem incluir o cultivar, o local de crescimento, as praticas agricolas, a colheita,
0s métodos de armazenamento e as condi¢cdes de processamento e preparacao
(Haytowitz et al., 2013).

O descobrimento de atividades bioldgicas atribuidas a moléculas fendlicas
e flavonoides, tem sido altamente considerado no meio cientifico, ja que as suas
fontes naturais sdo de baixo custo, comumente utilizadas por populaces de
paises em desenvolvimento, além de serem largamente encontradas em todo
territério mundial (Wang et al., 2017; Shahidi & Ambigaipalan, 2015).

3.3.1 Propriedades quimicas e classificacao

Os flavonoides sao substancias fitoquimicas que existem como agliconas
livres ou conjugados glicosidicos. Quimicamente, sdo polifendis compostos por
dois anéis benzénicos (A e B), que sdo conectados por um anel pireno contendo
o oxigénio (C) (Figura 2) (Wang et al., 2017).

Figura 2 — Nucleo fundamental dos flavonoides.

A classificacdo dos flavonoides se baseia nas diversas combinacfes de
varios grupos de hidroxila e metoxila, além das reacfes de reducdo e oxidacao
no esqueleto basico dessas moléculas (Agati et al.,, 2012). Assim, sao
conhecidas diferentes seis subclasses (Figura 3): 1) flavondis contendo uma
hidroxila na posi¢cdo 3 e carbonila na posicdo 4 do anel C (p.ex., quercetina,
kaempferol, miricetina); 2) flavanonas contendo apenas a carbonila no C-4,
também sem a dupla ligacdo entre os C-2 e C-3 (p.ex., naringenina); 3) flavandis
contendo apenas a hidroxila no C-3, porém sem a dupla ligagéo entre os C-2 e
C-3 (p.ex. catequina e epicatequina); 4) flavonas contendo apenas carbonila na



12

posicdo 4 (p.ex., luteolina, apigenina); 5) antocianinas apenas contendo a
hidroxila no C-3 (p.ex., cianidina, pelargonidina) e 6) isoflavonas em que o anel
B est& localizado na posicédo C-3 do anel C (p.ex., genisteina, daidzeina) (Otaki
et al., 2009; Harborne, 1994).



— Lignanas

; Auqqs
fendlicos

Polifendis

.~ Flavonoides

L~ Estibenos

o

Acidos o
hidroxicindmicos >:

HO

\ COOH
HO

;L o
Acidos o
hidroxibenzdicos -

HO

13

OH

OH
—— Flavonois Ho 0 O
Ex.: quercetina O |
OH

OH o
+— Flavanonas ™ ° ‘
Ex.: naringenina .

—— Flavanois - ¢ ‘
Ex.: epicatequin .
o oH

Flavonas

OH

oS

OH

Ex.: apigenina

Antocianinas .,
” Ex.: cianidina

Isoflavonas
” Ex.: daidzeina
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3.3.2 Biossintese

Como regra geral, proposto por Quideau e colaboradores (2011), o termo
"fendlicos vegetais” deve ser estritamente utilizado para se referir a metabolitos
secundéarios naturais decorrentes biogeneticamente das vias do acido
chiguimico e do acido mevalbnico. Estas vias produzem uma enorme gama de
estruturas monomeéricas e poliméricas que desempenham uma gama muito
ampla de papéis fisioldgicos nas plantas (Cheynier et al., 2013).

O esqueleto carbbnico dos flavonoides resulta de rotas biossintéticas
mistas (Figura 4): a via do acido chiquimico e a via do acetato através da via do
acido mevalbnico (Harborne, 1994). A chalcona sintase é a enzima que catalisa
a formacao da chalcona intermediaria basica C15, da qual todos os flavonoides
sdo formados, pela condensacéo de trés moléculas de malonil-CoA com uma
molécula de 4-coumaroil-CoA, (C6-C3). O substrato éster da CoA do acido
cindmico vem da fenilalanina. A fenilalanina amoénio liase canalisa o0 esqueleto
C6-C3 da fenilalanina via o acido trans-cinamico pelo metabolismo de
fenilpropanoides. A introducdo da fung&o hidréxi na posi¢do 4 do &cido trans-
cindmico é catalisada pela cinamato 4-hidroxilase, fornecendo o 4-coumarato. O
acido hidréxi-cinamico é ativado para futuras reacées, pela formacgéo de um éster
da CoA (4-coumaroil-CoA), substrato preferido pela chalcona sintase. O segundo
substrato da chalcona sintase, o malonil-CoA, é sintetisado a partir da acetil-CoA
e CO2. Através de subsequentes hidroxilagbes e reducgbes, 0s vegetais
sintetisam as diferentes classes dos flavonoides (Forkmann & Martens, 2001;
Harborne, 1994).
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Figura 4 — Biossintese geral dos flavonoides, ilustrando as etapas da formacao
da chalcona intermediaria basica C15, da qual todos os flavonoides sao
formados. As enzimas séo: I-Fenil amonia liase; 1lI-Cinamato 4-hidroxilase; Il1-4-
coumarato:CoA ligase; IV- Acetil-CoA carboxilase; V-Chalcona sintase
(adaptado de Harborne, 1994).

3.3.3 Atividades biolbdgicas

Diversas fungfes séo atribuidas aos flavonoides nas plantas, dentre as
quais podemos citar a protecdo dos vegetais contra a incidéncia de raios
Ultravioleta Visivel (UV), e a protecdo contra insetos, fungos, virus e bactérias,
atracdo de animais com finalidade de polinizagcéo, controle da acdo de hormonios
vegetais, e inibidores de enzimas (Taiz & Zeiger, 2013; Povh et al., 2012).

De acordo com Cao e colaboradores (2015), os flavonoides exercem uma
ampla gama de beneficios também para a satde humana. Algumas pesquisas
tém explorado diversas atividades biolégicas e farmacologicas de flavonoides
nos humanos, s6 nos ultimos cinco anos sdo citadas: atividade antioxidante
(Gléria et al., 2017), atividade antibacteriana e antifungica (Pianalto & Alspaugh,
2016; Uliana et al., 2016), atividade antidiabética (Xiao et al., 2015), atividade
anti-inflamatoéria (Bernardes et al., 2014), atividade leishmanicida (Ogungbe et
al., 2014), atividade antiobesidade (Kim et al., 2014), atividade anticancerigena
(Santos et al., 2013), atividade anti-HIV (Andrae-Marobela et al., 2013), atividade
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anticoagulante (Liao et al., 2013), atividade imunomoduladora (Katayama et al.,

2013), atividade antialérgica (Kim et al., 2013), entre outras.

3.4 Radicais livres e antioxidantes

Os radicais livres podem ser caracterizados como moléculas organicas e
inorganicas que possuem atomos contendo um ou mais elétrons
desemparelhados, ou seja, elétrons isolados ocupando um orbital atbmico ou
molecular (Filipovi¢ et al., 2015; Halliwell, 2011). Essa configuragéo faz dos
radicais livres moléculas altamente instaveis, com meia-vida curtissima e
guimicamente muito reativas (Halliwell, 2011).

O efeito cumulativo desses radicais provocam varios danos no organismo,
sendo que, os danos oxidativos sdo responsaveis por alteracfes tdo alarmantes,
que as Espécies Reativas de Oxigénio (EROs) podem provocar até a morte
celular (Sen et al., 2013; Bernardes et al., 2010).

As EROs séo geradas naturalmente durante os processos fisiol6gicos e
bioquimicos do organismo, e s&o reguladas por diferentes mecanismos
enzimaticos e ndo enzimaticos (Labat-Robert & Robert, 2014). ERO é um termo
amplo e abrange, além dos radicais de oxigénio como radical hidroxil, 6xido
nitrico e radical superoxido, também derivados do oxigénio que ndo sao radicais,
como peroxido de hidrogénio, acido hipocloroso, 0zénio e oxigénio singlete
(Santos et al., 2014; Barreiros & David, 2006).

As origens das EROs podem ser endbégenas e exogenas. As fontes
exdgenas incluem a luz ultravioleta, irradiacfes ionizantes e 0s agentes quimicos
(Santos et al., 2014). No organismo (fontes endégenas), as EROs estédo
envolvidas na producdo de energia, fagocitose, regulacdo do crescimento
celular, sinalizacéo intercelular, mediacéo da transferéncia de elétrons nas varias
reacBes bioquimicas e sintese de substéncias biol6gicas importantes. Porém,
seu excesso causa peroxidacao lipidica nas membranas celulares, agressao as
proteinas (tecidos e membranas), as enzimas, carboidratos e danos ao DNA
(Santos et al., 2014; Sen et al., 2013). O desequilibrio entre a produgédo de
radicais livres e sua remocédo por substancias antioxidantes resulta em efeitos
danosos a célula, o que pode desencadear processos patoldgicos (Labat-Robert
& Robert, 2014).
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Os antioxidantes sdo moléculas com cargas positivas que se combinam
com os radicais livres, de carga negativa, tornando-os inofensivos. As
substancias antioxidantes sdao formadas por vitaminas, minerais, pigmentos
naturais e outros compostos vegetais (antioxidantes ndo enziméaticos) e, ainda,
por enzimas (antioxidantes enziméticos) que combatem o efeito nocivo dos
radicais livres (Santos et al., 2014; Barreiros & David, 2006).

Entre os antioxidantes naturais podemos citar a vitamina C (&cido
ascorbico), vitamina E (tocoferol), os carotenoides e os flavonoides (Gléria et al.,
2017; Bernardes et al.,, 2014; Santos et al.,, 2014). Estes sdo distribuidos
largamente em fontes vegetais, reduzindo os efeitos prejudiciais dos radicais
livres (Filipovic¢ et al., 2015).

Os antioxidantes fendlicos funcionam como sequestradores de radicais e
por vezes como quelantes de metais, agindo na iniciagdo e na propagacao do
processo oxidativo (Cesari et al., 2013; Li et al., 2012). Devido ao elevado poder
antioxidante, essas substancias exercem atividades bioldgicas e funcdes sobre
a saude, como, auxiliar no tratamento de infec¢cbes causadas por
microrganismos (Torres et al., 2016; Uliana et al., 2016; Gomes et al., 2013)
além de prevenir o surgimento de algumas doencas crénicas, incluindo o cancer,
doencas cardiovasculares e cerebrovasculares, aterosclerose e o diabetes
(Gléria et al., 2017; Santos et al., 2014).

3.5 Atividade cardiovascular

A hipertensao é um grande problema de salde publica mundial e é uma
das doengas cardiovasculares mais comuns existentes (Rawat et al., 2016). As
moléculas fendlicas sdo uma classe de substancias quimicas bem conhecida por
sua capacidade antioxidante e, consequentemente, favoraveis a eliminacédo de
radicais livres no organismo (Santos et al., 2014). Por esse motivo é que a
atividade pode favorecer parametros cardiovasculares em individuos (Wang et
al., 2017; Penso et al., 2014).

Estudos indicam que 0s possiveis mecanismos de agéo pelos quais essas
estruturas estdo relacionadas a atividade cardiovascular, € devido a sua
capacidade de sequestrar radicais livres, provocando um efeito protetor sobre

todas as células por estar evitando os danos oxidativos causados por Espécies
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Reativas de Oxigénio (EROs) (Rawat et al., 2016; Lobo De Andrade et al., 2015;
Penso et al., 2014).

A diminuic&o do estresse oxidativo desempenha uma série de eventos no
organismo humano como: inibi¢cdo da peroxidacao lipidica, inibicdo de atividades
enzimaticas, inibicdo da agregacédo plaquetaria e a oxidagdo do colesterol LDL
(Santos et al., 2014). Todos esses eventos sdo capazes de promover um efeito
de vasodilatacdo, garantindo assim a integridade dos vasos sanguineos,
contribuindo para o bom funcionamento da atividade cardiovascular (Wang et al.,
2017; Lobo De Andrade et al., 2015).

Portanto, a descoberta de novas fontes naturais ricas em compostos
fendlicos que apresentem potencial poder antioxidante, pode provar
a eficacia de plantas utilizadas na medicina popular, cujas atividades biolégicas
sdo cientificamente comprovadas. Tudo isso enfatiza a relevancia do
desenvolvimento de novos farmacos anti-hipertensivos especificos naturais com

potencial para uso clinico.

3.6 Atividade antimicrobiana

Estudos demonstraram uma crescente dificuldade dos agentes
antimicrobianos sintéticos usados para inibir ou eliminar o desenvolvimento de
microrganismos, pois seus efeitos tém se mostrado limitados ou ineficazes
(Pianalto & Alspaugh, 2016; Farzaneh & Carvalho, 2015). Isso faz reforcar a
tendéncia do emprego de agentes antimicrobianos de origem natural que podem
fornecer uma barreira de protecao adicional (Cruz-Galvez et al., 2013).

O mecanismo de agdo de substancias naturais sobre os microrganismos
ocorre principalmente nas estruturas de membranas celulares desses seres
(Farzaneh & Carvalho, 2015). Injarias nas membranas podem expor certas
organelas intracelulares para fora da célula, causar transtornos no sistema de
transferéncia de elétrons, diminuicao ou inativacao de atividades enzimaticas ou,
ainda, diminuicdo da capacidade de adsorcdo de nutrientes da célula (Farzaneh
& Carvalho, 2015).

O dano oxidativo induzido em células e tecidos esta relacionado a
etiologia de varias doencas, incluindo doencas microbianas. Os produtos

naturais sao fortes candidatos a esses testes porque a insercéo de fitofarmacos
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com capacidade de sequestro de radicais livres pode ser uma alternativa
importante para o tratamento de infeccbes causadas por bactérias ou fungos
(Silva et al., 2017). Amensour e colaboradores (2010) demonstraram que a
permeabilidade da membrana celular é afetada principalmente por compostos
bioativos disponiveis nos extratos naturais.

Os produtos do metabolismo secundario das fontes vegetais podem atuar
de duas formas: como “potencializadores de atividade antimicrobiana”,
favorecendo a atividade de antibidticos e antifungicos sintéticos cuja acao
encontra-se limitada por mecanismos de multirresisténcia desenvolvidos pelos
microrganismos; ou como “atenuantes de viruléncia”’, adequando a resposta do
sistema imune do hospedeiro a infeccdo (Gonzalez-Lamothe et al., 2009).

Estruturas fendlicas presentes em plantas, além de apresentarem
capacidade antioxidante, também podem possuir propriedades antimicrobianas
inibindo o crescimento, tanto de bactérias, quanto de fungos patogénicos (Torres
et al., 2016; Paz et al., 2015).

3.6.1 Fungos do género Candida spp.

As leveduras do género Candida sdo microrganismos saprofitos que,
dependendo de fatores de pré-eliminacéo que alterem sua integridade orgéanica,
podem modificar sua conformacdo para forma fusiforme, tornando-se
patogénicas (Campoy & Adrio, 2017). Assim, as Candidas estariam relacionadas
a fortes fatores de viruléncia, entre os quais, sao responsaveis pela formacéao de
biofilmes, e essa habilidade é estreitamente relacionada com a sua aptiddo em
causar infeccoes (Ramage et al., 2005).

A candidiase € uma infeccdo causada por fungos oportunistas de
diferentes espécies de Candidas. Essa infeccdo é um importante problema de
saulde, ja que estatisticas revelaram que as espécies de Candida apresentaram
diminuicdo da susceptibilidade a farmacos comumente utilizados no tratamento
dessa doenca, como por exemplo fluconazol e anfotericina B, causando
inimeros transtornos, principalmente nos individuos infectados (Campoy &
Adrio, 2017; Torres et al., 2016).

Esta emergente resisténcia antifungica pode levar a consequéncias como

a administracdo de antifungicos alternativos mais caros, hospitalizacéo
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prolongada e aumento da morbidade e mortalidade entre individuos de alto risco
(Hoh & Dhanashree, 2017).

Diante da variedade e das manifestacdes clinicas que as infec¢des por
Candida spp. podem apresentar, a utlizagdo de diferentes métodos de
diagnosticos e esquemas terapéuticos torna-se fundamental. Os farmacos
antifangicos sintéticos disponiveis atualmente estdo sendo relacionados a
diversas falhas como: toxicidade relevante, aumento da resisténcia, diminuicéo
do efeito de acdo, reacdes indesejaveis, entre outros (Campoy & Adrio, 2017;
Pianalto & Alspaugh, 2016).

Por essa razao, € incessante a procura por novos agentes antifingicos
mais potentes e, sobretudo, mais seguros que o0s ja existentes na tentativa de
minimizar esses problemas (Campoy & Adrio, 2017; Hoh & Dhanashree, 2017,
Pianalto & Alspaugh, 2016). A exploracao do potencial antifangico de produtos
naturais pode contribuir para um tratamento alternativo, mais econémico e com

acOes terapéuticas mais efetivas para infec¢bes Candidais.

3.7 Material vegetal

A Organizacdo Mundial de Saude (OMS) informou que cerca de trés
quartos da populagdo mundial utiliza plantas medicinais para a melhoria da
saude (WHO, 2017). A fitoterapia pode ser considerada uma das formas mais
antigas de cuidados de saude, e os tratamentos a base de fontes vegetais tém
sido utilizados por todas as culturas ao longo da histéria (Holtmann & Talley,
2015). Os tratamentos a base de plantas medicinais tém mostrado efeitos
colaterais minimos e menor intolerancia por parte de seus usuarios (Farzaneh &
Carvalho, 2015).

Algumas pessoas acreditam que os medicamentos sintéticos em geral
sdo demasiadamente dispendiosos, causam muitos efeitos adversos, e estes
motivos fazem com que se busque cada vez mais a cura para suas enfermidades
através de métodos ou meios naturais (Seeff et al., 2015). A maioria acredita
que, porque os produtos a base de espécies medicinais tém sido utilizados
durante séculos, eles devem ser eficazes e seguros (Seeff et al.,
2015). Infelizmente apesar da ampla utilizacdo dessas fontes pela populacéo,

existe 0 consenso sobre a falta de evidéncias cientificas para a seguranca e
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eficacia no uso desses produtos (Bae et al., 2015). Portanto, torna-se necessario
estimular a realizacdo de estudos, tendo em vista a importancia dos seus
resultados tanto individuais como sociais.

O Brasil possui vasta biodiversidade de recursos a base de plantas ao
longo de todo seu territério, tendo aproximadamente 350-550 mil espécies, das
quais 55 mil sdo catalogadas (Torres et al., 2016). E uma pratica comum o
conhecimento terapéutico que decorre do uso popular de plantas medicinais, e
que é transmitido de geracdo em geracdo para a prevencdo e tratamento de
varios transtornos de saude (Barbieri et al., 2014).

A espécie Schinus terebinthifolius Raddi (Anacardiaceae), também
conhecida como pimenta rosa, ou aroeira, € uma espécie nativa da flora
brasileira sendo largamente distribuida por todo seu territorio (Silva et al., 2017),
além de ser encontrada em diferentes partes do mundo, como a América do Sul
e Central, Europa Mediterranea, Africa e Estados Unidos (Fedel-Miyasato et al.,
2014). A pimenta rosa também faz parte da diversidade da regido de Campos
dos Goytacazes - RJ (Gléria et al., 2017).

A importancia do estudo a partir dessa espécie vegetal promoveu sua
inclusdo desde a primeira edi¢cdo da Farmacopeia Brasileira publicada em 1926
devido as suas aplicacdes biologicas baseadas principalmente no seu uso na
medicina tradicional (Silva et al., 2017), bem como ser uma das 71 plantas de
interesse do SUS, estando listada na RENISUS (Ministério da Saude, 2017).

3.7.1 Descricao botanica

A familia Anacardiaceae é composta por cerca de 75 géneros e mais de
700 espécies, distribuidas em regides tropicais e subtropicais do mundo
(Madikizela et al., 2013; Degaspari et al., 2005). No Brasil ocorrem cerca de 15
géneros e 70 espécies (Fedel-Miyasato et al., 2014). Esta familia € composta por
arvores ou arbustos e algumas vinhas utilizadas como plantas ornamentais. Os
membros da familia Anacardiaceae ndo sdo apenas conhecidos por seu apelo
horticola, mas sdo também usados para fins medicinais (Madikizela et al.,
2013). Varios compostos quimicos com atividades farmacéuticas ja foram
amplamente associados a membros dessa familia, tais como fendis e taninos

(Degaspari et al., 2005).
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S. terebinthifolius Raddi, € popularmente conhecida como "aroeira-
vermelha", “pimenta rosa”, "aroeira-pimenteira”, “aroeira-mansa’, "pimenta
brasileira” ou "Christmas-berry" (Fedel-Miyasato et al., 2014). E uma arvore
perene, nativa do Brasil, sendo largamente distribuida por todo territrio
brasileiro, indo desde o Alagoas até o Rio Grande do Sul (Corréa, 1984). A
aroeira também é introduzida em diferentes partes do mundo, como a América
do Sul e Central, Europa Mediterranea, Africa e Estados Unidos (Fedel-Miyasato
et al., 2014, El-Massry et al., 2009).

A aroeira é uma arvore de médio porte, atingindo a altura de 5 a 10 metros.
Suas folhas sao verde-escuras, compostas, oblongas a elipticas e com nervura
proeminente na parte de cima do limbo. Os frutos (Figura 5) sdo do tipo drupa e
tém coloracdo verde no inicio e depois se tornam vermelhos. A casca é
vermelha, seca e envolve a Unica semente, de coloragdo marrom-escura, com

cerca de 0,3 milimetros de diametro (Degaspari et al., 2005).

Figura 5 — Frutos de Schinus terebinthifolius Raddi.

3.7.2 Propriedades quimicas

S. terebinthifolius tem sido alvo frequente de pesquisas sob o ponto de
vista quimico, principalmente apds essa planta ter sido listada na RENISUS
(Ministério da Saude, 2017; Lima et al., 2009). Varios compostos quimicos ja
foram identificados tais como: fendis (Uliana et al., 2016; Bernardes et al., 2014),
flavonoides (Gldria et al., 2017; Feuereisen et al., 2017; Degaspari et al., 2005),
terpenos (Jain et al., 1995) e Pentagaloilglicose - precursor de muitas estruturas

complexas de taninos (Hayashi & Nagayama, 1989). Além disso, a analise
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guimica da casca de S. terebinthifolius comprovou a existéncia de
antraguinonas, xantonas e esteroides livres (Lima et al., 2009).

Gldria e colaboradores (2017) identificaram no fracionamento do extrato
metandlico dos frutos de S. terebinthifolius Raddi o composto fendélico &cido
gélico e o flavonoide naringenina, demonstrado pela primeira vez nessa espécie
(Figura 6).

Feuereisen e colaboradores (2017) caracterizaram a composicao fendlica
do extrato do exocarpo de S. terebinthifolius utilizando UHPLC-DAD-MS/ MS e
identificaram quatro antocianinas, dois tipos de taninos hidrolisaveis, o acido
galico, o acido elagico e quatro biflavonoides (Figura 6 e 7). A partir do extrato
metandlico dos frutos de aroeira, foram isolados os flavonoides apigenina,
galangina 7-O-Ramnopiranosideo e a galangina pura, além do fendlico acido
gélico (Bernardes et al., 2014) (Figura 6).



24

OH HO (0]
HO (o]
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OH O OH
Naringenina Acido Galico

Galangina 7-O-Ramnopiranosideo Galangina

Figura 6 — Estrutura quimica dos principais compostos fendlicos e flavonoides
caracterizados em Schinus terebinthifolius Raddi.

Dentre os biflavonoides identificados e isolados em frutos e extrato do
exocarpo de pimenta rosa aparecem a tetrahidrorobustaflavona, a
amentoflavona, a agatisflavona e a robustaflavona (Feuereisen et al., 2017;
Kassem et al., 2004) (Figura 7).
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Tetrahidrorobustaflavona

|
oH o Agatisflavona

Figura 7 — Estrutura quimica de biflavonoides caracterizados a partir de extratos
de Schinus terebinthifolius Raddi.

Na classe dos terpenoides, dois triterpenos isolados a partir do extrato de
acetato de etila dos frutos de S. terebinthifolius foram caracterizados como
inibidores especificos da fosfolipase Az (Jain et al., 1995), em que 1 representa
o0 &cido masticadienoico, e 2 representa o alcool schinol, sua estrutura molecular

esta esquematizada na Figura 8.
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(1) R = a-OH: (2) R = (=O)

Figura 8 — Estrutura molecular do alcool schinol (1) e do 4cido masticadienoico
(2) identificados nos frutos de Schinus terebinthifolius Raddi.

Ceruks e colaboradores (2007) isolaram a partir da fracdo em acetato de
etila das folhas S. terebinthifolius, oriunda do extrato em etanol, o galato de etila
(1), miricetrina (2), quercitrina (3), galato de metila (4) e miricetina (5), como

mostra a Figura 9.

(e] OH
HO
OR HO. 0.
OH
HO OR

OH OH o

1R = Et 2 R =Ramnose; R’ = OH
4R = Me 3 R=Ramnose; R’ =H
5R=H; R=0H

Figura 9 — Estrutura quimica das substancias isoladas das folhas de Schinus
terebinthifolius Raddi.

Enquanto que Barbosa e colaboradores (2007) relataram a deteccdo dos
flavonoides amentoflavona e tetrahidroamentoflavona, do alcool de cadeia longa
cardanol, dos esteroides schinol, simiarinol e R-sitosterol, além do &cido

masticadienoico presentes no Oleo essencial das folhas de aroeira (Figura 10).
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Figura 10 — Estrutura quimica das substancias isoladas das folhas de Schinus
terebinthifolius Raddi.

3.7.3 Propriedades bioldgicas

Além da aplicabilidade na culinéaria de S. terebinthifolius, sob a forma
desidratada dos frutos, varias partes da aroeira como folhas, cascas, sementes,
caules e frutos inteiros sao utilizadas para fins terapéuticos (Fedel-Miyasato et
al., 2014). Observac¢des na medicina tradicional de S. terebinthifolius levaram
autores a estudarem a comprovacao in vitro da utilizacdo dessa espécie para
inibir o crescimento de microrganismos, entre eles os fungos (Torres et al., 2016).

Ainda sobre o uso popular, a casca do caule e folhas de S. terebinthifolius
sao utilizadas na cicatrizacao de feridas, para o tratamento de Ulceras e possuem
acdo anti-inflamatoria (Sartorelli et al., 2012). Sob a forma de infusdo ou
decoccéo, séo eficazes para o tratamento de infec¢des bacterianas (El-Massrry

et al.,, 2009). Os frutos dessa espécie também ja foram relacionados com

OH
OH
- Ho o CH3(CH2)sCH=CH(CH,);
No < :\{
OH OH
oH Cardano

OH
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atividade antioxidante e antitumorais (Bernardes et al., 2014; El-Massrry et al.,
2009).

Em relatos na literatura ja foram citadas as seguintes propriedades:
propriedade antioxidante e cardiovascular (Gléria et al., 2017), propriedade
antimicrobiana (Torres et al., 2016; Gomes et al., 2013), propriedade anti-
inflamatoria e antimicobacteriana (Bernardes et al., 2014), antiaderente para
formacdao de biofilme oral (Barbieri et al., 2014), propriedades imunomoduladoras
e quimiopreventivas (Fedel-Miyasato et al., 2014), antitumoral (Matsuo et al.,
2011), propriedade antisséptica, balsdmica e hemostatica (Lima et al., 2009),
antialérgica (Cavalher-Machado et al., 2008), propriedades adstringente,
antidiarreica e febrifuga (Ceruks et al., 2007).

N&o hé relatos de trabalhos sobre atividade cardiovascular para qualquer
espécie de Schinus spp, sendo o primeiro relato feito no trabalho 5.1 dessa tese
de doutorado com o artigo publicado (Gldria et al., 2017).

Para outras espécies da familia Anacardiaceae, descreve-se 0 seguinte:
extrato aquoso de tronco de casca de Anacardium occidentale foi administrado
por via intravenosa em coelhos e reduziu significativamente a presséao arterial e
a atividade contrétil do coracéo de ratos (Tchikaya et al., 2011). Extrato aquoso
do caule de Harpephyllum caffrum reduziu significativamente as pressdes
arteriais sistémicas e as frequéncias cardiacas em ratos hipertensos, apés
administracdo intravenosa do extrato (Ojewole, 2006). Extratos das folhas de
Sclerocarya birrea mostraram efeito antagonista significativo na liberacdo de
calcio devido ao efeito vasorelaxante observado em vasos arteriais de ratos, uma
vez que os ions calcio sdo responsaveis pela contracdo do musculo liso
(Belemtougri et al., 2001).

As atividades biologicas in vitro e in vivo, que séo relatadas para o0s
extratos de S. terebinthifolius, englobam acédo antibacteriana com significativa
acao contra Staphylococcus aureus, Escherichia coli, Leishmania amazonensis,
Bacillus cereus e Pseudomonas aeruginosa (Uliana et al., 2016; Gomes et al.,
2013; El-Massrry et al., 2009); e também acdo antifungica principalmente na
inibicdo do crescimento de fungos do género Candida spp (Torres et al., 2016;
Moura-Costa et al., 2012).

Em 1999 foi lancada, no Brasil, uma preparagcdo farmacéutica em gel

contendo extrato de aroeira. Este farmaco é utilizado no tratamento da vaginose
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bacteriana e apresentou taxa de cura de 84% para o grupo dos tratados com o
gel, contra 47,8% para o grupo do placebo. O gel foi lancado no mercado
farmacéutico do Brasil com o nome de Kronel® (Hebron Laboratério, Brasil)
(Leite et al., 2011; Amorim & Santos, 2003).

O conhecimento da substancia quimica responsavel pelo efeito biolégico
da fonte vegetal € de grande importancia, principalmente para o
desenvolvimento de novos produtos medicinais (Alves et al.,, 2013). Sé&o
mostrados na Tabela 1 as principais substancias fendlicas identificadas em
Schinus terebinthifolius Raddi e as atividades bioldgicas relacionadas a essas

substancias.
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Tabela 1 — Substéancias fendlicas identificadas em Schinus terebinthifolius Raddi associadas as atividades biologicas.

Substancia ldentificada

Estrutura Quimica

Atividade Biologica

Referéncia

1) Naringenina O o e Atividade cardiovascular Gloria et al., 2017
(flavanona) Ho O o e Atividade antioxidante

2) Acido galico "o ° e Atividade cardiovascular Gloria et al., 2017
(acido fendlico) f ¢ Atividade antioxidante

3) Apigenina « Atividade anti-inflamatéria Bernardes et al., 2014
(flavona) ¢ Atividade antioxidante

e Atividade antimicobacteriana
4) 1 - Galato de etila (R = Et) e Atividade antioxidante Ceruks et al., 2007

2 - Miricetrina (R = Me)

(&cidos fendlicos)

HO

HO

OH

OR
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5) 1 - Quercitrina (R = Ramnose; R’ = OH
2 - Galato de metila (R = Ramnose; R’ = H)
3 — Miricetina (R = H; R’ = OH)

(flavanonas)

Atividade antioxidante

Ceruks et al., 2007

6) Amentoflavona

(biflavona)

Atividade alelopéatica

Barbosa et al., 2007

7) Tetrahidroamentoflavona
(biflavona)

e Atividade alelopética

Barbosa et al., 2007
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4. MATERIAIS E METODOS

O fracionamento do extrato metandlico bruto dos frutos de Schinus
terebinthifolius Raddi para os dois trabalhos dessa tese € demonstrado de forma
resumida na Figura 11. As descricbes detalhadas de cada experimento
executado sdo relatadas nas secfes de Materiais e Métodos nos itens 5.1

(Trabalho 1) e 5.2 (Trabalho 2) da presente tese.
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Figura 11 — Esquema do fracionamento do extrato bruto metandlico oriundo dos frutos de Schinus terebinthifolius Raddi.
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ABSTRACT
This study identified two phenolic compounds in Schinus terebinthifolius Raddi
fruits: naringenin (first report in this species) and gallic acid. Their structures were
elucidated by nuclear magnetic resonance (NMR) data (*H-, 13C-NMR) and a
high-performance liquid chromatography (HPLC) technique. A high content of
phenolics (659.21 mg of gallic acid equivalents/g of sample - Folin-Ciocalteau
method) and total flavonoids (140.69 mg of rutin equivalents/g of sample -
aluminum chloride method) were quantified in S. terebinthifolius, as well as high
antioxidant activity (77.47% - 2,2-diphenyl-1-picrylhydrazyl, DPPH method). The
antihypertensive activity related to its phenolic content was investigated. After
intravenous infusion in Wistar rats, these phenolics significantly reduced (p <
0.05) the systolic, median, and diastolic arterial pressures of individuals. The
rotarod test was performed to determine the mechanism of action of the sample
vasorelaxant effect. It was found that its action exceeded that of the positive
control used (diazepam). This confirmed the vasodilatory activity exerted by S.
terebinthifolius fruits is related to the phenolic compounds present in the plant,
which are potent antioxidants and inhibit oxidative stress, mainly in the central

nervous system.
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1. Introduction

The World Health Organization (WHO) reported that about three-quarters
of the world’s population make use of medicinal plants to improve health [1].
Medicinal plants can be considered one of the oldest forms of health care [2,3].

Schinus terebinthifolius Raddi, Anacardiaceae, is a plant native to South
America popularly known as Aroeira or Pink Pepper [4]. This species is one of 71
medicinal plants reported in the National Relation of Medicinal Plants
(RENISUS), which are of interest to the Brazilian Unified Health System (SUS)
[5]. This list was created to promote and acknowledge the popular use of
medicinal plants with potential effect on primary health care [5].

The discovery of biological activities attributed to phenolic compounds has
been widely reported in several studies and has led the scientific community to
carry out epidemiological studies on the likely associations between phenolic
compounds and reduced risk for various diseases [6,7]. Natural compounds are
responsible for the protective effect of cells against oxidative damage caused by
Reactive Oxygen Species (ROS) [8]. Excess ROS in the body can cause a
number of complications [7,8]. Antioxidants, which are responsible for
neutralizing the effects of ROS and the scavenging of free radicals, may favor
cardiovascular parameters in individuals [9,10].

Considering the importance of phenolic compounds and aiming to identify
new natural sources with high biological potential, the total phenolics and
flavonoids were quantified and the antioxidant activity and cardiovascular activity
of the phenolic compounds in Schinus terebinthifolius Raddi fruits was
determined. The present work is the first report on flavonoid naringenin and the

activities attributed to it in this species.

2. Results and Discussion

2.1. Identification and Structure Elucidation of the Major Compounds
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The methanolic extract of Schinus terebinthifolius was partitioned into
agueous and organic fractions. The organic fraction was subjected twice to
Sephadex LH-20 column chromatography to produce the G5 fraction, whose
chemical profile was analyzed by High Performance Liquid Chromatography with
a Diode-Array Detector (HPLC-DAD) (Figure 1).
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Figure 1. Chromatogram of the High Performance Liquid Chromatography with
a Diode-Array Detector (HPLC-DAD) analysis of the investigated G5 fraction from
Schinus terebinthifolius Raddi fruit extract (4.0 mg/mL) at wavelength of 254 nm.
Analytical conditions: stationary phase: RP-18 reverse-phase column (5 pm, 250
mm, 4.5 mm, Macherey-Nagel); temperature: 32 °C; mobile phase: A = purified
water adjusted to pH 3.2 with phosphoric acid, B = acetonitrile; flow rate: 1.0
mL/min; detection: 254 nm; injection volume: 20 uL; solvent composition during
analysis: 0’: 100% A; 5: 70% A; 10’: 50% A; 15’: 30% A; 20’: 20% A; 25’: 10% A;
30’: 0% A; 32’: stop.

The chromatogram shows two major peaks at retention times 7.7 and 12.7
min. Kanaze et al. (2004) validated a methodology for HPLC assay and identified
naringenin at retention time 13.1 min, while Song et al. (2012) developed a
methodology to determine phenols in HPLC and found gallic acid at the retention
time 7.71 min [11,12].

Although Kanaze et al. (2004) and Song et al. (2012) have identified
compounds with retention time close to those demonstrated in the present study,
the authors did not use the same method of analysis developed by us, so without
NMR analysis, we cannot be sure about identity of the analytes [11,12].

The prevailing compounds present in the G5 fraction of S. terebinthifolius
were identified, namely, a flavonoid and a phenolic acid: naringenin (1) and gallic
acid (2) (Figure 2). The phenolic compounds were identified by NMR analysis
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(figures shown in Supplementary Material) sand comparing their *H-, 13C-NMR
spectral data with values in the literature [13,14]. Naringenin was reported for the

first time in the fruits of this plant.

Figure 2. Chemical structures of compounds 1 and 2.

Compound 1 was obtained as yellow powder. *H (DMSO-ds, 500 MHZz): dH
7.22 (2H, d, H-2’ and H-6), 6.70 (2H, d, H-3’ and H-5’), 5.89 (1H, s, H-6), 6.05
(1H, s, H-8), 5.56 (1H, dd J = 6.1 and 2.1 Hz, H-2), 3.16 (1H, m, H-3a), 2.80 (1H,
brd J = 16.0 Hz, H-3b). ¥*C (DMSO-ds, 125 MHZz): dc 196.9 (C-4), 167.1 (C-7),
164.0 (C-9), 163.6 (C-5), 157.9 (C-40), 129.0 (C-10), 128.2 (C-20 and C-60),
115.4 (C-30 and C-50), 102.2 (C-10), 96.2 (C-6), 95.4 (C-8), 79.1 (C-2), 42.8 (C-
3). The data are in accordance with those published by Du et al. (2004) [13].

Compound 2 was obtained as yellow powder. *H (DMSO-ds, 500 MHz): dH
6.92 (2H, s, H-2 and H-6). 13C (DMSO-ds, 125 MHz): dc 165.9 (C-10), 145.9 (C-
3 and C-5), 139.2 (C-4), 119.3 (C-1), 109.2 (C-2 and C-6). The data are in
accordance with those published by Santana et al. (2012) [14].

Other researchers have identified gallic acid in leaves and stem bark of S.
terebinthifolius [14,15], but there are no reports on the presence of naringenin
flavanone in this species. The presence of 13’,lI8-binaringenin in S.
terebinthifolius was confirmed and allocated to the internal part of the fruit [16].
Some studies have identified only tetrahydrorobustaflavone [8] and
tetrahydroamentoflavone [17] compounds in S. terebinthifolius, which are
binaringenine linked at positions 6 and 5’, respectively, and 130,118-binaringenin

[18] and 13,113-binaringenin [19] in fruits of Schinus molle have been reported.
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The present work is the first report on flavonoid naringenin and the activities

attributed to it in this species.

2.2. Total Phenolic Compounds, Total Flavonoid Content and Antioxidant Activity

Natural compounds are responsible for the protective effect of cells against
oxidative damage caused by Reactive Oxygen Species (ROS) [20]. Excess ROS
in the body can cause a number of complications such as lipid peroxidation in cell
membranes, aggression to proteins and enzymes and DNA damage, which can
trigger pathological processes, including cell aging, the onset of cancer,
cardiovascular diseases and other chronic diseases [6,7,20]. Antioxidants, which
are responsible for neutralizing the effects of ROS, can be mainly found in
compounds derived from secondary metabolites from plant sources, such as
phenolic compounds [10,21]. Hence the need to determine the antioxidant activity
and content of total flavonoids and phenolics in plants, since this is an important
step for the identification of possible sources of bioactive molecules.

Table 1 shows the content of total phenolic compounds, flavonoids and
the antioxidant activity of the G5 fraction of S. terebinthifolius fruits using the
Folin-Ciocalteau, aluminum chloride colorimetric assay and DPPH free radical
methods, respectively. The results showed a significant phenolic content (over
650 mg Gallic Acid Equivalent (GAE)/g), a large amount of flavonoids (140.69 mg
Rutin Equivalent (RE)/g), and high antioxidant activity (above 70%) for Schinus

terebinthifolius fruits.
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Table 1. Total phenolic compounds, total flavonoid content, and antioxidant

activity of G5 fraction from Schinus terebinthifolius Raddi fruit extract.

Total Phenolic  Total Flavonoid
Compounds Content Antioxidant Activity (%)
(mg GAE*/g) (mg RE**/g)

I1mg/mL 0.1mg/mL 0.01mg/mL

Fraction G5 659.21 + 6.05 140.69 £ 9.44 775257 750+£6.78 69.2+6.47
Quercetin 1214.71 +9.51 1009.27+7.85 77.2+0,73 74.1+3.82 71.0+3.63

BHT*** 76.4+1.98 75.0+4.94 66.3+4.20

Values are means of three determinations standard deviation. *GAE = Gallic Acid Equivalent, **
Rutin Equivalent, *** BHT = Butylated hydroxytoluene.

The content of total phenolics found in the Aroeira fruits used in the present
study was significantly higher than that reported in the literature for the same
species for fruit extract: 110 mg GAE/g [21], leaf extract: 384.64 mg GAE/g [22],
extract from the stem: 309.03 mg GAE/g [21], and extract from the bark: 207 mg
GAE/g [21]. A study proved that the maceration method was almost 20 times
more effective than the soxhlet method, and the solvent used (methanol) was
also the most effective to determine the content of total phenolics in Aroeira fruits
[21].

Tabaldi et al. (2016) found a value lower than that of our work for total
flavonoids in the methanolic extract from Aroeira leaves: 111.81 mg of quercetin
equivalent (QE)/g extract [23]. Fedel-Miyasato et al. (2014) studied the same type
of extract and reported a much higher value: 460.20 mg QE/g [24]. This value is
higher than that found by Uliana et al. (2016) for ethanolic extract from leaves of
S. terebinthifolius: 69.67 mg QE/g of macerated extract and 243.09 mg QE/g of
extract obtained with the use of assisted ultrasound technique [20].

Generally, several assays have been frequently used to estimate
antioxidant capacity in fruits and their products [25]. However, 2,2-diphenyl-1-
picrylhydrazyl (DPPH) method measures the ability to scavenge free radicals.
The test is simple, relatively rapid, reproducible, and does not require specialized
equipment, and thus can be used for assessing antioxidant activity in foods and

plant extracts [26].
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Ethanolic extract from different parts of Aroeira obtained by maceration
showed the following approximate antioxidant activities: fruits—60%, stem—
90%, peels—70%, and leaves—30% [21]. The methanolic extract from Aroeira
fruits showed antioxidant activity of 95.6% by the DPPH method in the work of
Bernardes et al. (2014) [27]. EI-Massry et al. (2009) evaluated the antioxidant
activity of ethanolic extract, dichloromethane extract and essential oil from
Aroeira leaves and observed that the ethanolic extract presented the highest
antioxidant activity, with free radical sequestration above 80% [25].

Differences in the obtained values may be due to many factors. For
example, climate conditions and fruit variety as well as processing methods
(extraction, filtration, isolation), and storage conditions (air, temperature) can
cause changes in the composition of phenols [8,28]. Furthermore, the antioxidant
capacity of biomolecules is significantly influenced by the structure. The activity
may be attributed to the enhanced stabilization of the radical state during electron
transfer [10,20]. The present work is the first report on flavonoid naringenin and

the activities attributed to it in this species.

2.3. In Vivo Blood Pressure Assessment

Phenolic compounds are the main compounds related to antioxidant
activity, and the scavenging of free radicals caused by this activity may favor
cardiovascular parameters in individuals. An intravenous infusion of the G5
fraction was administered in rats to investigate if this sample may cause changes
in blood pressure. After the administration of the infusion of G5, all parameters
analyzed were significantly reduced compared to the final pressure and the
control (DMSO) in Wistar rats at 5% probability (Figure 3). Comparison between
pressure after G5 infusion and final pressure showed that the systolic pressure
decreased by 128.3 mmHg, the median pressure decreased by 115.4 mmHg and
the diastolic pressure decreased by 100.3 mmHg (p <0.05). Comparison between
G5 pressure and the DMSO control showed that the systolic pressure was
reduced by 51.72 mmHg, the median pressure decreased by 37.83 mmHg and
the diastolic pressure decreased by 26.35 mmHg (p < 0.05).
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Figure 3. Effects of the G5 fraction (30 mg/kg) from Schinus terebinthifolius Raddi
fruit extract on the blood pressure of Wistar rats. Systolic blood pressure (SBP),
median blood pressure (MBP), diastolic blood pressure (DBP). The values are
expressed as mean + SEM from eight experiments. One-way ANOVA followed
by Newman-Keuls test (* p < 0.05 compared to control).

In this paper, it has been shown that G5 is a compound that induces blood
pressure decrease in rats evaluated in vivo by intravenous administration.
Hypertension is an important public health problem and is one of the most
common cardiovascular diseases [29]. Phenolic compounds, which perform
antioxidant activity, have already been associated with coronary vasodilator
activity [9,29]. This stresses the relevance of developing new specific
antihypertensive drugs with potential for clinical use.

The possible mechanisms by which phenolic compounds perform
cardiovascular activity have led to studies on free radical sequestration, inhibition
of lipid peroxidation, and enzymatic activities [9,30]. Phenols also inhibit platelet
aggregation and the oxidation of LDL cholesterol and promote vasodilation, thus
ensuring the integrity of blood vessels [9,31].

There are no reports in the literature on cardiovascular activity for any
species of Schinus spp. However, for other species of the Anacardiaceae family,
the following is described: aqueous extract of bark stem of Anacardium
occidentale was administered intravenously in rabbits and significantly reduced
arterial pressure and the contractile activity of the isolated heart of rat, thus
presenting in vivo hypotensive activities and in vitro cardio-inhibitory activity [32].
Aqueous extract from the Harpephyllum caffrum stem significantly reduced
systemic arterial pressures and heart rates in hypertensive rats after intravenous
administration of the extract. The hypotensive effects are believed to be related

to the presence of polyphenolic compounds and flavonoids in the plant [33].
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Extracts from leaves of Sclerocaryabirrea showed a significant antagonistic effect
on calcium release due to the vasorelaxing effect observed in arterial vessels of
rats, since calcium ions are responsible for the contraction of the smooth muscle
[34].

In the present study, it was also observed that the administration of the G5
fraction significantly affected (p < 0.0001) the motor incoordination of the mice
(performance in rotarod) (Figure 4). As the time of permanence of G5 in the
rotating bar was shorter than that of animals using diazepam, which is the positive
control with activity on the central muscle relaxation, it is concluded that this
sample has a more direct action on the central nervous system, with an effect on
the peripheral musculature. If the time of permanence in the bar had been equal
to that obtained with diazepam, the action would have been only on the peripheral
plate.

Control

*

Ml Diazepam
B GS Fraction 30 mg

15 30 60 90 120

Dwell time on the Rotary bar (seconds)

Time of Observation (minutes)

*versus Control and Diazepam (p<0.0001)

Figure 4. Effects of the G5 fraction (30 mg/kg) Schinus terebinthifolius Raddi fruit
extract on Swiss mice (Mus musculus) in the Rotarod test. The values are
expressed as means + SEM of ten experiments. One-way ANOVA followed by
Newman-Keuls test (* P < 0.05 compared to the control).

Treatment with G5 produced hypolocomotion, increased immobility and
muscular incoordination, with activity mainly observed on the central nervous
system of the mice. These findings contradict previous studies reporting that the
extract from the S. terebinthifolius stem bark alleviated the effects of rat motor

incoordination caused by the administration of rotenone in the rotarod test [15],
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and that mangiferin isolated from the bark of Mangifera indica L. (Anacardiaceae)
did not produce any significant effect on motor coordination in rotarod in rats
indicating that the observed antinociception was not related to sedation or motor
anomaly, but to the peripheral antinociceptive activity [35].

According to Seaman (2000), the locomotor impairment produced by G5
may be related to reduced energy levels and consequent changes in neural
processing [36]. The brain is highly susceptible to free radical damage due to its
high rate of oxygen utilization and the relatively low presence of antioxidant
enzymes and free radical scavengers. There is a growing interest in the
establishment of therapeutic and dietary strategies to combat oxidative stress
induced by damage mainly to the central nervous system [15]. Oxidative stress
is a result of an imbalance between free radicals, and may be ameliorated by the
endogenous action of antioxidant defense systems [21]. Thus, the discovery of
new natural sources rich in phenolic compounds and presenting antioxidant
potential can prove the efficacy of the plants used in popular medicine, whose
biological activities are scientically proven.The present work is the first report on
flavonoid naringenin and the activities attributed to it in this species.

3. Materials and Methods

3.1. General Experimental Procedures

1H (500 MHz) and 13C (125 MHz) NMR data were obtained on a Bruker
Advance 1l 9.4 T instrument (Centro de Ciéncias e Tecnologia, UENF) using
DMSO-ds as solvent. Chromatographic purifications were carried out by using
Sephadex LH-20 (25-100 pm, Sigma-Aldrich). High Performance Liquid
Chromatography analyses were performed using a Shimadzu Prominence HPLC
system with two LC10AT pumps, a scanning ultraviolet SPD-M10A photodiode
array detector and a Rheodyne 7725i injector. The reverse-phase column used
was an RP-18 (5 uym, 250 mm, 4.5 mm i.d., Macherey-Nagel). Temperature:
32°C. Mobile phase: A = purified water adjusted to pH 3.2 with phosphoric acid,
B = acetonitrile was used as eluent. Flow elution rate was 1.0 mL/min; 20 yL of
the samples (4 mg/mL) were injected, detection: 254 nm.Solvent composition
during analysis: 0': 100% A; 5: 70% A; 10": 50% A; 15" 30% A; 20": 20% A; 25"
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10 % A; 30": 0% A; 32" stop. The UV/VIS (ultraviolet—visible) spectrophotometer
(Epoch - Biotek - versédo: Gen 5 1:10) was used. The hemodynamic parameters
were measured using the Bioamp equipment from Adinstrumentes, and Graph
Labsoftware (version 7.0; ADInstruments). The automated Rota Rod instrument
(EFF 411, Insight®) was used.

3.2. Chemicals

Deuterated dimethyl sulfoxide (DMSO-ds purity > 99%), Folin-Ciocalteu
reagent, Butylated hydroxytoluene (BHT 99% purity), 2,2-Diphenyl-2-picryl
hydrazyl (DPPH purity = 99%), gallic acid and rutin, quercetin (purity of standards
= 99%) were all purchased from Sigma-Aldrich. Merck acetonitrile (HPLC purity
= 99.9%) was obtained from Merck. The anhydrous sodium carbonate (Na2CO3)
was obtained from Synth. Aluminum chloride hexahydrate (AICl3.6H20) was
purchased from VETEC. Isoflurane 100% and diazepam (5mg/mL) were obtained
from Cristélia, heparin 5000 IU/mL from Blau - Cristal Pharma laboratory, sodium
chloride (NaCl 0.9%) was purchased from Sanobiol. The other chemical reagents

were purchased from VETEC.

3.3. Animals

The tests were performed on male and female Wistar rats (Rattus
norvegicus) weighing between 250 and 300 g, and male Swiss mice (Mus
musculus) weighing between 25 and 30 g, from the Animal Experimentation Unit
of the Universidade Estadual do Norte Fluminense (UEA - UENF), kept in an
environment with controlled temperature, 19 °C, humidity of 50 to 60% and
light/dark cycle of 12 hours. Water and food were offered ad libitum. The present
study was approved by the UENF Ethics Committee for Animal Use (CEUA),
registered under protocol number 353. Each animal was used in only one

experiment.

3.4. Plant Material
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The fruits of Schinus terebinthifolius Raddi were collected in Campos dos
Goytacazes, Rio de Janeiro State, Brazil (Latitude 21°44'S and 41°18'W; Altitude
12m above sea level) in April, 2014. A voucher specimen was identified and
deposited at the UENF herbarium under the code H5073.

3.5. Extraction and Isolation

The fruits of S. terebinthifolius (250g) were cleaned, washed and subjected
to methanol extraction (10% wi/v) by static maceration for 30 days. Every seven
days, the solvent was filtered through a paper filter (QUANTY number 41), placed
to evaporate in water bath at 35 °C and protected from light [37] so as to obtain
the crude extract (71.7g). Then, the crude extract was partitioned with ethyl
acetate resulting in two fractions: aqueous and organic. The organic fraction was
rotary evaporated at 40 °C. The fractionation of the organic fraction (38.79Q)
occurred in open Sephadex LH-20 Chromatographic Column using methanol as
the eluent, which resulted in three fractions: G1 (7.69), G2 (19.4g) and G3 (8.19).
The G3 fraction was injected again into the Sephadex LH-20 column with
methanol, and two more fractions were obtained: G4 (3.2g) and G5 (4.49). The
fraction G5 was the one used in the present work due to the profile shown in Thin

Layer Chromatography similar to flavonoids and phenolic compounds.

3.6. Total Phenolic Compounds

The total phenolic compounds were determined by the Folin-Ciocalteau
method previously described by Singleton et al. (1999) with modifications, using
gallic acid calibration curve concentrations from 0 to 500 pg/mL [38]. An aliquot
of 0.1 mL of sample diluted in methanol (1.0 mg/mL) was added in 1.0 mL of
methanol and 0.1 mL of the Folin-Ciocalteau reagent. The mixture was
homogenized and received the addition of 1.0 mL of Na2COs (7%) after 5
minutes. The reaction occurred for 90 minutes, in the dark, at room temperature.
The absorbance was read at 760 nm and the results were expressed in milligrams
of gallic acid equivalents (mg GAE/g) per gram of sample.

3.7. Total Flavonoid Content
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Total flavonoids were established by a colorimetric assay described by
Woisky and Salatino (1998) with modifications [39]. An aliquot of 7.5 mL of
sample (0.1 mg/mL in methanol) was added to 0.5 mL of AICI3 (5% w/v) and then
to 25 mL of methanol. Absorbance reading was performed at 425 nm after 30
minutes at rest. The flavonoid content was calculated using rutin calibration curve
concentrations from 0 to 100 mg/mL. The results were expressed in milligrams of

rutin equivalents per gram of sample (RE/g).

3.8. Antioxidant Activity

The antioxidant activity was determined by the stable free radical DPPH
method (2,2-diphenyl-1-picryl-hydrazyl) [26]. The samples were prepared in
methanol at 2, 0.2 and 0.02 mg/mL. Samples (0.5 mL) were added to 0.5 mL
methanolic solution of DPPH (4%) to final concentrations of 1, 0.1 and 0.01
mg/mL. The reaction was incubated in darkness, for 60 minutes at 25 °C. The
absorbance values were measured at 515 nm. The radical scavenging activity (%
inhibition) was expressed as percentage of scavenged DPPH and calculated
according to the following equation: % of Inhibition = [(ADPPH - Asample) /
ADPPH] x 100, where ADPPH is the absorbance of DPPH solution (negative
control) and Asample is the absorbance of the sample in the presence of DPPH.
BHT and quercetin were used as positive controls.

3.9. In vivo Blood Pressure Assessment

Wistar rats were anesthetized by inhalation with isoflurane and contained
for catheter insertion in the left carotid artery, through which the parameters
analyzed were measured: systolic, median and diastolic blood pressure. The
cannula was heparinized with a sodium heparin solution and 0.9% sodium
chloride in order to avoid blood clotting. Another catheter was inserted into the
jugular vein for intravenous infusion of the G5 fraction at a dose of 30 mg/kg
diluted in DMSO with a volume of 0.1 mL per animal. Prior to the tests, DMSO
alone was infused at the same dose to serve as a control so as to eliminate the

hypotensive effects of DMSO on the results.
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3.10. Rotarod Test

The Swiss mice (Mus muscullus) were previously tested on the rotating
bar. Those that fell two or more times in three-minute period were discarded. After
the selection of the animals, the G5 fraction and the diazepam positive control
were administered intraperitoneally, 0.1 mL volume and 300 mg/mL
concentration in DMSO.

Each individual was placed with all four legs on a rotating bar of 8 cm
diameter, 20 cm from the bottom of the equipment, already in motion (20 rpm).
The time they could balance before falling was measured. The mice were
observed at the times of 15, 30, 60, 90 and 120 minutes after sample
administration, and remained on the rotating bar for three minutes. At the fall, the
chronometer used to verify the time of equilibrium would stop automatically, the
animals returned to their respective bars and the chronometer would be
reactivated, so that the total falls would be counted after the three minutes, while

a general timer measured the total time of the test (120 minutes).

3.11. Statistical Analysis

All experiments were performed in triplicates and the results were
expressed as mean * standard deviation (SD). The results obtained were
tabulated by the LabChart 7 program, and statistically analyzed through the
GraphPadPrisma 5. The analysis of variance (ANOVA) was defined, followed by
the Newman-Keuls and Bonferroni mean test, with reliability index of 95%.

4. Conclusions

This study provides evidence for the pharmacological antihypertensive
and antioxidant potential of Schinus terebinthifolius Raddi fruit extract.
Phytochemical investigations identified two major compounds of the G5 fraction
from methanolic extract: naringenin (first report in this species) and gallic acid,
which were analyzed for the first time by inducing blood pressure decrease

evaluated in vivo. Phenolic compounds present in S. terebinthifolius were
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identified as a promising natural source to combat cardiovascular and related

diseases.

Supplementary Materials: 'H-, 3C- and *C-DEPTQ NMR spectra, COSY,
HSQC and HMBC spectra correlations, and structures of compound 1 and 2
assembled with the aid of COSY correlations are available as Supplementary

Materials available online.
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Figure S1: 'H NMR spectrum of compound land 2 (DMSO-ds, 500 MHZ).
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: BCDEPTQ NMR spectrum of compound land 2 (DMSO-ds, 125
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ABSTRACT

Ethnopharmacological relevance: Schinus terebinthifolius Raddi
(Anacardiaceae) is a species which is widely used for the treatment and
prevention of several pathologies in the popular medicine worldwide. As
considering its biological applications, mainly based on ethnobotanical studies,
this plant was included in the Farmacopeia Brasileira since its first edition, in
1926. This species is one of 71 medicinal plants reported in the National Relation
of Medicinal Plants (RENISUS), which are of interest to the Brazilian Unified
Health System (SUS).

Aim of the study: The use of S. terebinthifolius to treat microbial diseases is a
common practice. This work aimed to isolate and identify the compound of this
plant which inhibits microbial growth, assess synergic effects of the association
of synthetic antibiotic compounds and assess if this effect could be associated
with oxidative stress.

Material and methods: The fractioning of the methanolic extract of the fruits of S.
terebinthifolius was performed by liquid-liquid partitioning after isolation of the
active compound by opened column chromatography. The chemical profile and
UV-Vis spectrum of the isolated substance were verified by High-Performance
Liquid Chromatography with Diode Array Detection (HPLC-DAD) and its structure
defined by the combination of combination of advanced Nuclear Magnetic
Resonance (NMR) and Mass Spectrometry (MS). Antimicrobial activity was
determined by the inhibition of microbial growth in liquid medium using 0.5 mg/mL
sample, followed by antifungigram test. The antioxidative action was assessed
by DPPH method.

Results: The isolated substance was identified as the biflavone amentoflavone.
This compound was active to inhibit the growth of the fungi Candida kefyr (81.4
CFU) and Candida parapsilosis (152.6 CFU). Besides this, the substance had
synergic effect as associated to all the tested antifungal substances. The
compound had an antioxidant result (57.61%) causing inhibition of the oxidative

stress.
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Conclusions: The amentoflavone which was isolated from the fruits of S.
terebinthifolius inhibits the growth of the fungi C. kefyr e C. parapsilosis. Its action

was to favor (to cause) oxidative stress inhibiting the growth of the fungi.

Keywords: Anacardiaceae; Schinus terebinthifolius Raddi; amentoflavone;

antifungal activity; Candida spp; antifungal agents susceptibility.

1. Introduction

The social and cultural context of each population influence and
determines the practices of health care along the history. The man always
searched for products in the natural environment, which could improve his live
conditions and increase his chances of survival (Wannes and Marzouk, 2016).

It is widely known, most of the world population use medicinal plants for
primary health cares. A significant part of the users of traditional medicine
belongs to developing countries, motivated by the maintenance of cultural or
religious traditions, by the availability of a great botanic diversity, the low cost and
the lack of access to the modern medicine (Moura-Costa et al., 2012).

Brazil has vast biodiversity of plants in all the country. There are
approximatively 350-550 thousand species have been described. Among these,
55 thousand have been classified (Torres et al., 2016). The therapeutic
knowledge of the traditional use of medicinal plants is a common practice, which
is transmitted along the generations, to prevent and to treat several health
disturbances (Barbieri et al., 2014).

Schinus terebinthifolius Raddi (Anacardiaceae), also known as pink pepper
is a native species of Brazilian flora, widely diffused in all the territory of the
country (Silva et al., 2017). This species has also been described in several other
parts of the world, such as South and Central America, Mediterranean Europe,
Africa and USA (Fedel-Miyasato et al., 2014). This species was included in the
Farmacopeia Brasileira since its first edition, in 1926, as given the importance of
its study and its biological applications in traditional medicine (Silva et al., 2017).
This same species is found in the RENISUS (National list of the plants of the
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interest of the united health system of Brazil: Relacdo Nacional de Plantas
Medicinais de Interesse ao SUS): a program of Brazilian Ministry of Health to
promote and recognize popular and traditional medical practices of medical
plants and home-made remedies use (DiCiaula et al., 2014).

In popular medicine, the shell of the bark (cortex) and leaves of S.
terebinthifolius are used to stimulate the healing of wounds, for the treatment of
ulcerations and have anti-inflammatory properties (Sartorelli et al., 2012).
Infusions and decoctions of this plant are used for the treatment of bacterial
infections (El-Massry et al., 2009). The fruits of this plant have also already been
described as having antioxidative and antitumoral properties (Bernardes et al.,
2014; El-Massrry et al., 2009). Observations of the traditional application of this
species fostered some authors to perform in-vitro experiences to prove the
efficiency of this plant to inhibit the growth of some microorganisms. Among these
microbes, the fungi (Torres et al., 2016).

Candidiasis is an infection, which is caused by opportunistic fungi
belonging to several species of the genus Candida. This disease is a serious
problem of public health concern. The sensibility of Candida spp. to the commonly
used remedies (such as Fluconazole and Amphotericin B) is decreasing. This
decrease of sensitivity causes severe disturbance to the infected (Campoy and
Adrio, 2017; Torres et al., 2016). For this reason, we decided to study the
antifungal potential of natural products, which could help finding an alternative
and cheap treatment for infections caused by Candida spp.

It is believed, at least half of the existing medical plants have active
compounds, id est chemical substances which are responsible to the therapeutic
effects of the plants. Even the same, investments for the research and
identification of these components are still lacking (Torres et al., 2016).

Considering the lack of informations on the relationship between the
chemical compound and its biologic activity, this study aimed to isolate and
identify the molecules which are presents in the fruit of Schinus terebinthifolius
Raddi and which are responsive for its antimicrobial effect, to assess the antibiotic
and antifungal resistance profile of the isolated substance, verify the synergy
between this natural substance and several classes of synthetic antifungals, and
prove if the antifungal inhibition can be related to the oxidative stress of

microorganisms metabolism, inhibiting the development of new colonies.
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2. Material and methods

2.1. Chemicals and reagents

Deutero methanol (MeOH-ds4 purity > 99.8%), 2,2-diphenyl-2-picryl
hydrazyl (DPPH purity 2 99%), Butylated hydroxy toluene (BHT 99% purity) were
all purchased from Sigma-Aldrich, Germany. Merck acetonitrile (HPLC purity 2
99.9%) was obtained from Merck, Germany. All other reagents and solvents were
VETEC, Brazil.

2.2. Plant material

The fruits of Schinus terebinthifolius Raddi were collected in Campos dos
Goytacazes, a municipality in Rio de Janeiro State, Brazil (Latitude 21°44" South
and 41°18' West; Altitude 12m above sea level) in April 2014. A voucher
specimen was identified and deposited at the Herbarium in the Centro de
Biociéncias e Biotecnologia of Universidade Estadual do Norte Fluminense under
the code H5073.

2.3. Extraction, fractionation and isolation

The fruits of S. terebinthifolius (250g) were cleaned, washed and subjected
to methanol extraction (10% wi/v) by static maceration for 30 days. Every seven
days, the solvent was filtered through a paper filter (QUANTY number 41), placed
to evaporate in a water bath at 35 °C and protected from light (AOAC, 1995) to
obtain the crude extract (49.2 g). Then, the crude extract was partitioned with
ethyl acetate resulting in two fractions: aqueous and organic. The organic fraction
was rotary evaporated at 40 °C. The fractionation of the organic fraction (25.3 g)
occurred in open Sephadex LH-20 Chromatographic Column (25-100 ym, Sigma-
Aldrich, St. Louis, MO, USA) using methanol as the eluent, which resulted in three
fractions: G1 (3.2 g), G2 (12.1 g) and G3 (6.6 g). The G3 fraction was injected
again into the Sephadex LH-20 column with methanol, and two more fractions
were obtained: G4 (2.3 g) and G5 (3.8 g). The G5 fraction was injected again into
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the Sephadex LH-20 column with methanol, and three more fractions were
obtained: G6 (0.2 g), G7 (2.6 g) and G8 (0.4 g). The fraction G7 was the one used
in the present work due to its profile in Thin Laye Chromatography (TLC) similar
to flavonoids and phenolic compounds with chromatographic profiles of reference
substances in the literature (Skoog et al., 2002).

2.4. Instrumentation and chromatographic conditions

High Performance Liquid Chromatography analyses were performed using
a Shimadzu Prominence HPLC system with two LC10AT pumps, a scanning
ultraviolet SPD-M10A photodiode array detector and a Rheodyne 7725i injector.
UV/Vis spectra were recorded in 290 nm. The reverse-phase column used was
an RP-18 (5 ym, 250 mm, 4.5 mm i.d., Macherey-Nagel, Bethlehem, PA, USA).
Temperature: 35 °C. Mobile phase: A = 1% (v/v) acetic acid in purified water, B =
1% (v/v) acetic acid in acetonitrile was used as eluent. Flow elution rate was 0.3
mL/min; 20 yL of the samples (5 mg/mL) were injected. Solvent composition
during analysis: 0': 100% A; 11": 90% A; 15" 70% A, 19": 60% A, 78": 0% A; 80"
100% A, 80': stop (based on a method reported by Feuereisen et al. (2017) with

modifications).

2.5. Characterization of isolated substance

The isolated substance from the fruits of S. terebinthifolius has been

characterized using a combination of NMR spectra and mass spectrometry.

2.5.1.NMR spectra

The NMR spectra were recorded on a Bruker Advance Il 9.4 Tinstrument
(Centro de Ciéncias e Tecnologia, UENF), operating at 500 MHz for *H and 125
MHz for 13Cusing MeOH-d4 as a solvent. 13C NMR and 'H NMR-spectra of G7
fraction are shown in Supplementary Materials. The structures of the compounds

were confirmed by comparison with reference data from the literature.

2.5.2. Mass spectrometry
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ESI-MS (high resolution) mass spectra were obtained by using an HR-ESI-
MS mass spectrometer (Centro de Ciéncias e Tecnologia, UENF) were obtained
on a micrOTOF-Q Il Bruker Daltonic mass spectrometer, using the negative ion
mode of analysis. Mass spectrometry chromatograms of the G7 fraction is shown

in Supplementary Materials.

2.6. In vitro antimicrobial activity

2.6.1. Microorganisms

Amentoflavone were also evaluated for their antimicrobial activity against eight
bacteria: Staphylococcus aureus (ATCC 25923), Staphylococcus aureus
methicillin resistant - MRSA (ATCC 33591), Staphylococcus epidermidis (ATCC
12228), Staphylococcus aureus LSA 88 (bovine mastitis strain) Staphylococcus
pseudointermedius (ATCC 22019), Pseudomonas aeruginosa (ATCC 15442),
Escherichia coli (ATCC 25922), Salmonella enteretidis (ATCC 13096), and six
yeasts: Candida albicans (ATCC 10231), Candida kefyr (ATCC 40039), Candida
dubliniensis (ATCC MYA-646), Candida glabrata (ATCC 2001), Candida
guilliermondii (ATCC 6260) and Candida parapsilosis (ATCC 22019). All ATCC
strains belonged to the collection of the Animal Health Laboratory of the UENF
University originally obtained in the Oswaldo Cruz Foundation (Rio de Janeiro,
RJ - Brazil). Bovine LSA88 strains belong to the collection of the Animal Health
Laboratory of the UENF University (Vieira-Da-Motta et al., 2001). The
concentration of the inoculum of each strain (0.5 McFarland scale for bacteria
and 0.3 McFarland scale for yeasts) was calculated in a photometer and read at

D.Ossonm (Densimat, Biomérieux — France).

2.6.2. Antimicrobial activity determination

The evaluation of the potential antibacterial and antifungal of

amentoflavone isolated from Schinus terebinthifolius Raddi fruit extract was
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evaluated by the inhibition method in liquid media with modifications (National
Committee for Clinical Laboratory Standards (2002b) for bacteria and National
Committee for Clinical Laboratory Standards (2002a) for yeast). All strains were
reactivated in Brain Heart Infusion broth (BHI) (Himedia-Mumbai, India). The
colonies were suspended in sterile saline and read by photometry (Densimat,
bioMérieux, France) adjusted to n° 0.5 McFarland scale for bacteria and n° 0.3
McFarland scale for yeasts. Ten pL of amentoflavone (0.5 mg/mL) solubilized in
DMSO (Sigma, EUA) was diluted in 170 pL of Mueller Hinton broth (MH)
(Himedia-Mumbai, India) for bacteria or Sabouraud Dextrose broth (SAB) (Difco,
USA) for yeasts. Afterwards, 20 uL of inoculum were added, and the solution was
incubated at 37 °C or 30 °C for six hours. After this, 50 pL of the solution was
spread using a swab (Copan Innovation, Italy) in solid MH medium or solid SAB
medium and stored at 37 °C or 30 °C for 24 hours, for bacterial and yeasts,
respectively. Gentamicin (0.2 mg/mL) (Sigma, USA) and miconazole (Unido
Quimica, Brazil) (1.0 mg/mL) was used as positive control. Solvent control was
included in each experiment as a negative control. Antimicrobial activity was
measured by the increase in the number of Colony Forming Units (CFU),
respecting the limit of minimal 30 CFU and maximal 300 CFU in a solid medium,

determining in this form the Minimal Inhibitory Concentration (MIC).

2.6.3. Antifugigrams

After the exposition of the fungal inoculum to the amentoflavone isolated
from S. terebinthifolius, antifugigrams were performed to analyze the capacity of
the biflavone to act as an adjuvant to the antifungal effect. Colonies of the strains
Candida kefyr (ATCC 40039) and Candida parapsilosis (ATCC 22019) were
spread on SAB agar plates to perform the standard disk diffusion method for
resistance to antifungals according to the indications of the National Committee
for Clinical Laboratory Standards (2002a). The experiments were performed as
described in item 2.6.2 and before the last incubation at 30 °C for 24 hours;
antifungal discs were inserted into the plates containing sample and inoculum.
Inhibition halos around the antifungal disks were measured using a digital caliper
gauge (Mytutoio, Sao Paulo-SP, Brazil) and expressed in millimeters (mm). The
disks used (Cecon, Maranguape-SP, Brazil) were: amphotericin B (AB, 100 ug),
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clotrimazol (CTR, 50 pg), econazole (EC, 50 pg), fluconazole (FLU, 25 ug),
itraconazole (ICZ, 10 pg), ketoconazole (KET, 50 pug) and miconazole (MCZ, 50

H).

2.7. DPPH radical scavenging assay

Free radical scavenging activity of amentoflavone was measured by the
bleaching of a purple-colored methanolic solution of the stable radical 2,2-
diphenyl-1-picryl-hydrazyl (DPPH) (Brand-Williams et al., 1995). The samples
were prepared in methanol at 2, 0.2 and 0.02 mg/mL. Samples (0.5 mL) were
added to 0.5 mL methanolic solution of DPPH (4%) to final concentrations of 1,
0.1 and 0.01 mg/mL. The reaction was incubated in darkness, for 60 min at 25
°C. The absorbance values were measured at 515 nm, using a UV/VIS
spectrophotometer (Epoch — BioTek -versdo: Gen 5 1:10, Winooski, VT, USA).
BHT was used as a reference compound. The radical scavenging activity (%
inhibition) was expressed as a percentage of scavenged DPPH and calculated
according to the following equation:

% of Inhibition = [(ADPPH -Asample)/ADPPH] X 100,

where ADPPH is the absorbance of DPPH solution (negative control) and

Asample is the absorbance of the sample in the presence of DPPH.

2.8. Statistical analysis

All experiments were performed in triplicates, and the results were
expressed as the mean + standard deviation (SD). Statistical significance was
defined by the analysis of variance (ANOVA), followed by Tukey’s test. The
results were considered statistically significant for p < 0.05.

3. Results and discussion

3.1. Chemical profile and identification of G7 product (compound)
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TLC analyses suggested the presence of phenolic compounds or flavonoid
in G7 fraction Schinus terebinthifolius Raddi fruit extract, according to the color
spots compared with literature. The presence the substance was confirmed by
further analyzes performed by HPLC-DAD.

HPLC-DADA chromatogram displayed just one peak at 34.355 minutes
retention time (Figure 1). This observation confirms it is only one isolated
substance. UV spectrum of this element has a profile, which is the same as the
biflavone amentoflavone identified by Zhang et al. (2011) with absorbing bands
at the same wavelengths.
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Fig. 1. HPLC-DAD chromatograms of G7 fraction from Schinus terebinthifolius
Raddi fruit extract (5.0 mg/mL) at a wavelength of 290 nm and ultraviolet
spectra of peaks with retention time 34.355 minutes.

We confirmed the identity of the amentoflavone by *H-, *3C-NMR analyses
and their spectrum masses (figures shown in Supplementary Materials)
compared with literature values (Bahia et al., 2010; Yao et al., 2017).

G7 fraction was confirmed as the amentoflavone biflavone (Fig. 2) and was
obtained as a yellow powder. *H NMR (500 MHz, MeOH-d4): 6 =5.99 (d, J=2.9
Hz, H-6), 8 = 6.06 (d, J = 3.1 Hz, H-8), 8 = 6.23 (s, H-6"), 6 = 6.48 (s, H-3), 8 =
6.56 (s, H-3”), 8 =6.57 (d, J = 10.7 Hz, H-3"” and H-5""), 8 = 7.08 (d, J = 8.2 Hz,
H-5), 5=7.66 (d, J=7.4 Hz, H-2”" and H-6""), 6 = 7.87 (dd, J = 8.6 and 2.4 Hz,
H-6"), 8 =8.26 (d, J = 3.3 Hz, H-2). 13C NMR (125 MHz, MeOH-d.): 3 = 96.1 (CH,
C-8), 6 =100.8 (CH, C-6), 6 = 101.3 (CH, C-6”), 8 =101.9 (CH, C-3”), 6 = 102.1
(C, C-8"),06=102.4 (CH, C-3), 5 =107.6 (C, C-10 and C-10"), 6= 116.3 (CH, C-
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3” and C-5"), 6 = 119.5 (CH, C-5’), 6 = 120.6 (C, C-1""), 6 = 123.7 (C, C-1" and
C-3’), 125.7 (CH, C-6’), 6 = 127.9 (CH, C-2” and C-6""), 6 = 131.0 (CH, C-2'),
=155.1 (C, C-9 and C-9”), 6 = 158.6 (C, C-4’), 5 = 160.7 (C, C-5"), 6 = 161.9 (C,
C-5), 6 =163.9 (C, C-7),6 =164.4 (C, C-7"), 6 = 164.5 (C, C-2”), d = 165.2 (C,
C-2), 6 = 181.3 (C, C4”), d = 182.3 (C, C-4). The molecular formula was
confirmed to be CsoH18010 (M/z = 538) from its HR-ESI-MS mass spectrum ([M —
H] m/z 537.0810; calc. m/z 537.0822; Am/z = 2.23 ppm).

This substance was in the methanolic crude extract of the fruits of S.
terebinthifolius as 3.6% of the total weight of the extract. After the liquid-liquid
partitioning, it concentrated approximately three times more, corresponding to

10.3% of the total weight of the organic fraction.

Fig. 2. Chemical structure of amentoflavone biflavone isolated from Schinus
terebinthifolius Raddi fruit extract.

The knowledge of the chemical substance responsible for the biological
effect of the vegetal material is of great importance, mainly for the development
of new antibiotics or antifungal products, as considering the increasing resistance
to the traditional remedies worldwide (Alves et al., 2013).

The amentoflavone was first described as isolated from the drupe of
Schinus terebinthifolius Raddi, by Skopp and Schwenker (1986). Since then,
several researchers isolated and identified this flavonoid from different parts of
this plant: from the extracts of the cortex (Dantas De Carvalho et al., 2003;
Varela-Barca et al., 2007), and from the epicarp of the fruits of pink pepper
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(Feuereisen et al., 2014). Even the same, this is the first study demonstrating the
biflavone amentoflavone isolated from S. terebinthifolius is the chemical
substance which is responsive for the antifungal activity of this species, widely

used in the traditional medicine for this purpose.

3.2. Antimicrobial properties

The use of several parts of S. terebinthifolius Raddi is shared among
several primitive populations to treat infections caused by microorganisms
(Gomes et al., 2013; Torres et al., 2016). In the present paper, we assessed the
potential of the amentoflavone isolated from S. terebinthifolius to inhibit the
growth of several species of bacteria and fungi. The experiments were repeated
three times in triplicate (n = 9), and the results are displayed in Table 1.



Table 1

Antimicrobial activity of amentoflavone biflavone isolated from Schinus terebinthifolius Raddi fruit extract.

Microorganisms Tested sample
Amentoflavone Gentamicin  Myconazole
(0.5 mg/mL) (0.2 mg/mL) (1.0 mg/mL)
Bacterial strains  Staphylococcus aureus ATCC 25923 CFU = 300 CFU <1 NT
Staphylococcus aureus ATCC 33591 (MRSA) CFU = 300 CFU <1 NT
Staphylococcus epidermidis ATCC 12228 CFU = 300 CFU <1 NT
Staphylococcus aureus LSA 88 CFU = 300 CFU <1 NT
Staphylococcus pseudointermedius ATCC 22019 CFU = 300 CFU=<1 NT
Pseudomonas aeruginosa ATCC 15442 CFU = 300 CFU <1 NT
Escherichia coli ATCC 25922 CFU =300 CFU =<1 NT
Salmonella enteretidis ATCC 13096 CFU = 300 CFU <1 NT
Fungal strains Candida albicans ATCC 10231 CFU = 300 NT CFU <1
Candida kefyr ATCC 40039 81.4+7.8 CFU NT CFU <1
Candida dubliniensis ATCC MYA-646 CFU = 300 NT CFU <1
Candida glabrata ATCC 2001 CFU = 300 NT CFU <1
Candida guilliermondii ATCC 6260 CFU = 300 NT CFU <1
Candida parapsilosis ATCC 22019 152.6 £+ 3.6 CFU NT CFU <1

Data are presented as mean = S.D.CFU = Colony Forming Units. NT (not tested).

72
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Among the fungal strains tested, observed inhibition of the growth in C. kefyr
and C. parapsilosis, with less than 300 CFU. As concerns the remaining strains,
even the literature describing growth inhibition by S. terebinthifolius (Moura-Costa
et al., 2012; Torres et al., 2016), we could not observe this phenomenon in our
experience. The explication for this result is that the chemical substance which is
responsive for the antifungal effect found by other authors in S. terebinthifolius is
not the amentoflavone, but rather other chemical compounds presents in this
species.

Moura-Costa et al. (2012) described the extract of the stem of S.
terebinthifolius inhibited the growth of Candida parapsilosis by the method of broth
microdilution. However, this essay is the first study of the effect of S. terebinthifolius
on C. kefyr, and the first time, the antifungal effect on the tested strains is being
associated with the chemical substance responsive to it.

In this study, eight types of bacterial strains were tested, both gram-positive
and negative. The amentoflavone did not inhibit the growth of any of these strains.

Other authors, which used the leaves of this plant demonstrated S.
terebinthifolius has antimicrobial capacity against the same bacteria we used in our
study (ElI-Massrry et al., 2009; Gomes et al., 2013; Uliana et al., 2016). Until now,
no research has ever proved the inhibition of the growth of Salmonella spp. by
samples of pink pepper. Thus the antibacterial activity which has been observed in
S. terebinthifolius in the traditional medicine and in vitro experiments cannot be
associated to the biflavone amentoflavone.

The yeasts of the genus Candida are saprophytic microorganisms which,
depending on pre-elimination factors, which can alter their organic integrity, can
modify their conformation to a fusiform shape, becoming pathogenic in this
configuration (Campoy and Adrio, 2017). In this form, Candida are related to strong
virulence factors, such as biofilm formation. This capability is strongly associated
with the infectiveness (Ramage et al., 2005). The frequent appearance of antifungal
resistance worldwide demands the research for new antifungal agents.

New substances shall be proposed to minimize the problems associated to
the use of synthetic antifungal products (increase of the resistance, decrease of the
effect, collateral effects, among the others), new agents should be proposed in an
attempt to minimize these problems (Pianalto and Alspaugh, 2016).
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To achieve these aims, it was assessed whether biflavone amentoflavone,
isolated from S. terebinthifolius could act in synergy with other antifungals. We
performed the antifungigram of amentoflavone together with other seven
commercial antifungals against the species of Candida whose growth was inhibited
by the biflavone: C. kefyr and C. parapsilosis (Table 2).

Table 2

Antifungigram (inhibition method in liquid media, inhibition halo measured in mm) of
Candida spp. strains treated with amentoflavone biflavone isolated from Schinus
terebinthifolius Raddi fruit extract and exposed to 7 antifungal drugs.

Strains
Candida kefyr ATCC 40039  Candida parapsilosis ATCC 22019

Drugs Treat 2Cont Treat 2Cont

Amphotericin B 15.62Ad 13.64Ad 13.34Ae 8.27Be
Clotrimazole 35.73Aa 32.38Ba 40.68Ab 36.79Bb
Econazole 36.21Aa 34.22Ba 36.27Ac 35.21Ab
Fluconazole 27.75Abc 15.81Bcd 25.18Ad 22.31Bd
Itraconazole 27.06Ac 18.35Bc 25.09Ad 21.05Bd
Ketoconazole 31.44Ab 22.49Bb 43.85Aa 41.28Ba
Myconazole 28.40Abc 21.67Bb 35.72Ac 31.41Bc

Treat = Amentoflavone and Drugs, 2Cont = Drugs. Means followed by the same small letter
in the column (drug) and capital letter in the line (amentoflavone treatment), do not differ
among themselves. Tukey test, 5% probability.

The association of amentoflavone with the tested drugs was very active: was
observed an increase of the inhibition halo in all tests, with both Candida species.

C. kefyr displayed a higher synergism in the association with the antifungals
fluconazole and itraconazole. In these cases, the classification of the therapeutic
effect passed from intermediate to sensitive (according to criteria established by
CLSI, 2005). We also observed a significative increase (p < 0.05) of the diameter of
the halo of all drugs, but amphotericin B, that, in fact, is the least effective product
to treat this species of fungus, as it displayed the smallest inhibition halo. The drugs
with the most significant halo were clotrimazole and econazole.

In C. parapsilosis it was observed the best synergic effect in the

contemporary treatment with amentoflavone and amphotericin B, whose inhibition
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action passed from sensitive to resistant (CLSI, 2005). The synergy of the isolated
biflavone with all the other drug but econazole had significant effects (p < 0.05). The
best treatment for this species of Candida is ketoconazole (widest inhibition halo).

The use of several diagnostic methods and therapy protocols is crucial as
considering the variety of clinical manifestations caused by Candida. The available
antifungal drugs have a significant toxicity, and fungal strains have an increased
resistance to them. For these reasons, there is a continuous search for new
antifungal products, more powerful and safer than the existing ones (Campoy and
Adrio, 2017).

This emerging antifungal resistance may lead to consequences such as
administration of more expensive alternative antifungal agents, prolonged
hospitalization, and increased morbidity and mortality among high-risk individuals
(Hoh and Dhanashree, 2017).

The results obtained confirms the association between the amentoflavone
isolated from Schinus terebinthifolius and some synthetic antifungals provides more
effective therapeutic action. Studies on the synergy between natural products and

chemical drugs contribute improving the cares associated with Candida spp..

3.3. Free radical scavenging

The oxidative damage of cells and tissues is associated to the etiology of
several diseases, including microbial ones. Natural products are strong candidates
to act in these situations: the insertion (inclusion) of food compounds or remedies
from a vegetal origin that can operate by scavenging free radicals may be an
essential alternative to treat infections caused by bacteria or fungi (Silva et al.,
2017). Antioxidants act as free radicals scavengers and sometimes as chelating
agents of metals, performing at the beginning of the propagation of the oxidative
process (Bernardes et al., 2014).

This work verified the antioxidative activity of the amentoflavone isolated from
Schinus terebinthifolius by DPPH method to assess the free radicals scavenging
activity of this natural biflavone. BHT was used as a positive control as this
substance is one of the leading synthetic antioxidants used in the formulation of

several products (Ramalho and Jorge, 2006). Table 3 displays the results.
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Table 3

Antioxidant activity of amentoflavone biflavone isolated from Schinus terebinthifolius
Raddi fruit extract and standard 2,6-di-tert-butyl-4-methylphenol (BHT) by DPPH
assay.

Concentrations Amentoflavone BHT
MEAN (%) 57.61 79.09
1 mg/mL S.D. 4.81 0.92
C.V. (%) 8.34 1.17
MEAN (%) 36.47 78.40
0.1 mg/mL S.D. 1.22 1.26
C.V. (%) 3.36 1.60
MEAN (%) 18.12 71.78
0.01 mg/mL S.D. 1.26 6.30
C.V. (%) 6.93 8.78

S.D. = Standard Deviation C.V. = Coefficient of Variation

The amentoflavone isolated from the fruits of the pink pepper displayed high
free radicals scavenging activity at the higher concentration tested (1 mg/mL). Its
action was only about 25% lower than that of the synthetic antioxidant used as a
reference. At the remaining concentrations, its antioxidative activity was lower than
50% of the reference.

S. terebinthifolius is a well-known species for its antioxidative potential. Gloria
et al. (2017) described 77.5% of antioxidative activity from the fraction extracted
from the fruits. Ribeiro et al. (2015) demonstrated nearly 60% of activity in the crude
extract of the fruits, and Bernardes et al. (2014) found 80% of antioxidant activity in
another flavonoid isolated from the fruit of this species.

The products of secondary metabolism of plant sources can act in two ways:
as "potentiators of antimicrobial activity", favoring the activity of antibiotics and
synthetic antifungals whose action is limited by multiresistance mechanisms
developed by microorganisms; or as "attenuating virulence", adjusting the response
of the host's immune system to infection (Gonzalez-Lamothe et al., 2009).

Considering the significant antioxidant activity in S. terebinthifolius, and the
correlation of antimicrobial and antioxidant activity, it suggests that the results of
combination of amentoflavone activity and antifungal drugs (Table 2) may have
influenced the reduction of halo observed, due to interferences in oxidative
processes.

Antioxidants are highly effective in inhibiting oxidative processes. An

essential form of reducing the oxidation is by scavenging free radicals, which can
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be performed by phytochemical substances from compounds of vegetal origin: the
natural antioxidants (Cesari et al., 2013; Li et al., 2012). The oxidative stress can
act on the metabolism of microorganisms as tissue damage, causing damages at
any target molecule (DNA, proteins, and lipids) or may cause the cellular death by
necrosis or apoptosis (Halliwell, 2011).

As a consequence, the antioxidant potential we observed in the
amentoflavone might have improved the inhibition of the growth of the fungi that
have been used in the present work by the scavenging of free radicals.

4. Conclusion

The results of the present study provide scientific grounds for the traditional
use of the fruits of Schinus terebinthifolius Raddi to treat and prevent mycotic
diseases caused by yeasts of the genus Candida spp. on the basis of the presence
of the amentoflavone, which acts inhibiting the growth of these strains by inhibiting
the oxidative processes. Our work also points out, the combination of this biflavone
and synthetic antifungals is a viable therapeutic alternative: the synergy from the
use of both products at the same time can increase the fungicidal activity in

comparison with the use of both the agents isolated.
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Fig. S1. *H NMR spectrum of amentoflavone biflavone isolated from Schinus
terebinthifolius Raddi fruit extract (MeOH-d4, 500 MHZz).
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terebinthifolius Raddi fruit extract (MeOH-d4, 500 MHZz).
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6. RESUMO E CONCLUSOES

Schinus terebinthifolius Raddi, que é uma espécie pertencente a flora nativa
da regido de Campos dos Goytacazes, é uma fonte vegetal comumente utilizada
para o tratamento e prevencao de varias patologias. Suas atividades bioldgicas sao
atribuidas as substancias quimicas presentes na sua composi¢do, destacando as
substancias fendlicas. Essas moléculas sao responséaveis pelo efeito protetor das
células contra os danos oxidativos causados por Espécies Reativas de Oxigénio,
agindo como antioxidantes naturais, provocando a eliminacao de radicais livres e
favorecendo efeitos benéficos no organismo humano.

O primeiro trabalho dessa tese forneceu evidéncias acerca do potencial
farmacoldgico anti-hipertensivo e antioxidante de compostos presentes nos frutos
de Schinus terebinthifolius Raddi. As investigacdes fitoquimicas identificaram dois
compostos majoritarios presentes na fracdo G5 do extrato metandlico: acido galico
e naringenina, sendo este o primeiro relato dessa flavanona na espécie. Ficou
comprovado que o potencial cardiovascular da S. terebinthifolius esté relacionado
as substancias fenodlicas majoritarias identificadas, as quais desempenham um
excelente poder de sequestro de radicais livres (atividade antioxidante), inibindo o
estresse oxidativo possivelmente no Sistema Nervoso Central.

No segundo trabalho dessa tese, os resultados fornecem base cientifica para
0 uso popular dos frutos de S. terebinthifolius Raddi no tratamento de doencas
antifingicas causadas por leveduras do género Candida spp. devido a presenca da
amentoflavona que possui a capacidade de inibir o crescimento dessas cepas,

atravées do favorecimento de processos oxidativos no metabolismo dos
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microrganismos. Como tal, comprovou-se in vitro, que a associacdo entre a
biflavona e antifingicos sintéticos € uma alternativa terapéutica viavel,
considerando que o efeito sinérgico alcancado por ambos os produtos pode ser
responsavel pelo aumento na acdo fungicida, em comparagdo com o uso dos

agentes por si mesmos.
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APENDICE A

No apéndice A sdo mostrados os espectros de RMN H (DMSO-ds, 500
MHz), 3C (DMSO-ds, 125 MHz), COSY (DMSO-ds, 500 MHz), HSQC (DMSO-ds,
500 MHz) e HMBC (DMSO-ds, 500 MHz) da substancia quimica naringenina,
identificada na fracdo G5 dos frutos de Schinus terebinthifolius Raddi conforme

descrito no item 5.1 (pagina 34) da presente tese.

OH O

Figura Al — Estrutura quimica na naringenina.
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Figura A3 — Espectro de 3C RMN da naringenina identificada na fracdo G5 dos
frutos de Schinus terebinthifolius Raddi (DMSO-ds, 125 MHz).
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Figura A5 — Espectro de RMN — HSQC da naringenina identificada na fracdo G5
dos frutos de Schinus terebinthifolius Raddi (DMSO-ds, 500 MHZz).
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Figura A6 — Espectro de RMN — HMBC da naringenina identificada na fracdo G5
dos frutos de Schinus terebinthifolius Raddi (DMSO-ds, 500 MHz).
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APENDICE B

No apéndice B sdo mostrados os espectros de RMN 'H (DMSO-ds, 500
MHz), 13C (DMSO-ds, 125 MHz), COSY (DMSO-ds, 500 MHz), HSQC (DMSO-ds,
500 MHz) e HMBC (DMSO-ds, 500 MHz) da substancia quimica acido galico,
identificado na fragdo G5 dos frutos de Schinus terebinthifolius Raddi conforme

descrito no item 5.1 (pagina 34) da presente tese.

Figura B1 — Estrutura quimica do &cido galico.
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Figura B2 — Espectro de 'H RMN do &cido galico identificado na fracdo G5 dos
frutos de Schinus terebinthifolius Raddi (DMSO-ds, 500 MHz).
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Figura B3 — Espectro de *C RMN do acido gdlico identificado na fragdo G5 dos
frutos de Schinus terebinthifolius Raddi (DMSO-de, 125 MHZz).
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Figura B4 — Espectro de RMN — COSY do acido galico identificado na fracdo G5
dos frutos de Schinus terebinthifolius Raddi (DMSO-ds, 500 MHz).
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Figura B6 — Espectro de RMN — HMBC do &cido gélico identificado na fragdo G5
dos frutos de Schinus terebinthifolius Raddi (DMSO-des, 500 MHZz).
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APENDICE C

No apéndice C sdo mostrados os espectros de RMN 'H (MeOH-d4, 500
MHz), 3DEPTQ (MeOH-ds, 125 MHz), COSY (MeOH-d4, 500 MHz), HSQC (MeOH-
d4, 500 MHz), HMBC (MeOH-d4, 500 MHz) e espectro de massas ESI-MS [M — H]
da substancia quimica amentoflavona, identificada na fracdo G7 dos frutos de
Schinus terebinthifolius Raddi conforme descrito no item 5.2 (pagina 60) da

presente tese.

HO

OH o

Figura C1 — Estrutura quimica da amentoflavona.
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Figura C2 — Espectro de *H RMN da amentoflavona identificada na fragdo G7 dos
frutos de Schinus terebinthifolius Raddi (MeOH-ds, 500 MHZz).



G7.002.001.1r.esp

186614
L1561875

>160.7198

111

C-3" e C-5"

-10 e C-10” |

_ .
M *v“T-T
L4 11
2% 23
]
-
:
130 120 110 100 <0 80 70 80 50 <0 30 20 10

Chemical Shift (ppm)

Figura C3 — Espectro de 1*DEPTQ RMN da amentoflavona identificada na fracéo
G7 dos frutos de Schinus terebinthifolius Raddi (MeOH-d4, 125 MHz).
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