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RESUMO GERAL

A chicoria (Eryngium foetidum L.), planta nativa da regido Amazénica e América Central, é
uma das principais hortalicas ndo convencionais (PANCs) cultivadas no Brasil, e considerada
uma fonte promissora de compostos bioativos. O objetivo deste trabalho consistiu na
determinacdo da composi¢do de compostos fendlicos e carotenoides nas folhas de chicéria
utilizando cromatografia liquida de alta eficiéncia acoplada aos detectores de arranjo de diodos
e espectrometro de massas (HPLC-DAD-MS/MS), bem como a avaliagdo do potencial
antioxidante in vitro contra espécies reativas de importancia fisiologica e alimenticia. As folhas
de chicdria apresentaram elevados teores de agua (87 %), baixos teores de lipidios (2,8 %),
proteinas (1,99%) e baixo valor energético total (52,23 kcal/100 g). Os principais compostos
fendlicos identificados nas folhas foram o &cido clorogénico (4328 ug/g), seguido por um
derivado do acido ferralico (3892 nug/g). Os principais carotenoides identificados foram a
luteina (205 ng/g) seguido pelo B-caroteno (161 ug/g). Em relacdo a avaliacdo da capacidade
antioxidante in vitro, o extrato hidrometanolico das folhas de chicéria foi capaz de eliminar o
radical DPPH*® (91,6% a 5 mg/mL), ABTS*" (15,77 uM Trolox equivalente/g de extrato) e
exibiu alta eficiéncia para proteger o triptofano contra o oxigénio singleto (*!O2) de forma
dependente da concentracdo (ICso = 343 pug/mL). No ambito deste trabalho, procedeu-se ainda
a obtencdo de extratos de folhas de chicdria utilizando solventes verdes com diferentes
polaridades [H20, EtOH/H20, EtOH (1:1, v/Vv)], através de extragdo assistida por ultrassom. A
capacidade antioxidante na desativacdo de diferentes espécies reativas de oxigénio (ROS) e de
nitrogénio (RNS) foi avaliada, nomeadamente o radical anion superoxido (O2™), o peréxido de
hidrogénio (H20>), o &cido hipocloroso (HOCI), e o anion peroxinitrito (ONOQO"). Os extratos
obtidos com EtOH/HO apresentou o maior teor de compostos fendlicos (5781,00 mg/g
extrato), sendo o acido clorogénico o composto majoritario (38%), Todos os extratos foram
eficientes na eliminacdo de todas as ROS e RNS testadas de maneira dependente da
concentracdo. O extrato EtOH/H20 foi o mais eficaz (ICso 45.00 — 1000 pg/mL) para quase
todas as espécies, exceto para o 10,. Em relacgéo a desativagio do ROO", o extrato mais eficiente
foi o EtOH. Com base nos resultados deste estudo, os solventes verdes testados mostraram-se
promissores para a obtencdo de extratos de folhas de chicoria com alto teor de compostos
bioativos e capacidade antioxidante. Portanto, tais informacgdes possuem grande relevancia para

as industrias alimenticia, cosmética e farmacéutica, uma vez que a chicéria é uma fonte natural



rica em compostos bioativos para serem usados como potencial matéria-prima para obtencéo

de extratos contra os danos oxidativos em alimentos ou sistemas fisiologicos.

Palavras-chave: Antioxidantes;Compostos bioativos; Solventes verdes; ROS; RNS.



ABSTRACT

Amazonian chicory (Eryngium foetidum L.), a native plant to the Amazon and Central America,
is one of the main unconventional vegetables (PANCs) grown in Brazil and considered as a
promising source of bioactive compounds. The main objective of this work was to determine
the composition of phenolic compounds and carotenoids in amazonian chicory leaves using
high performance liquid chromatography coupled to diode array detectors and mass
spectrometer (HPLC-DAD-MS /MS), as well as the evaluation of the in vitro antioxidant
potential. The leaves of Amazonian chicory presented high contents of water (87%), low
contents of lipids (2.8%), proteins (1.99%) and low total energy value (52.23 kcal/100 g). The
main phenolic compounds in the leaves were chlorogenic acid (4328 pg/g), followed by ferrulic
acid derivative (3892 nug/g), while the main carotenoids were lutein (204.86 pg/g), followed by
B-carotene (161 pg/g leaves). Regarding the evaluation of the in vitro antioxidant capacity, the
hydromethanolic extract of Amazonian chicory leaves was able to eliminate DPPH*® (91.6%, at
5 mg/mL), ABTS*" (15.77 uM Trolox equivalent/g of extract) and exhibited high efficiency to
protect tryptophan against 'O in a concentration-dependent manner (IC50 = 343 pg/mL).
Furthermore, Amazonian chicory leaf extracts were obtained using green solvents with
different polarities [H20, EtOH/H20, EtOH (1:1, v/v)], through ultrasound-assisted extraction.
The scavenging capacity of the extracts against the main reactive oxygen (ROS) and nitrogen
(RNS) species was evaluated, namely the superoxide anion radical (O2™), hydrogen peroxide
(H202), hypochlorous acid (HOCI), and the peroxynitrite anion (ONOO™). The EtOH/H.0
extract presented the highest phenolic compound contents (5781.00 mg/g extract) and the
highest scavenging efficiency, being chlorogenic acid the major compound (38%). All the
extracts were efficient in scavenging all the tested ROS and RNS in a concentration-dependent
manner. The EtOH/H,0 extract was the most effective (IC50 of 45.00 — 1000 pg/mL) for almost
all species, with the exception of 1O,. Regarding ROO"-scavenging capacity, the most efficient
extract was EtOH. Based on the results of this study, the green solvents used in this study were
promising for obtaining amazonian chicory leaf extracts with a high content of bioactive
compounds and antioxidant capacity. Therefore, such information have great relevance for the
food, cosmetic and pharmaceutical industries, since amazonian chicory is a natural rich source
of bioactive compounds to be used as potential raw material for obtaining extracts against

oxidative damage both in food and physiological systems.

Keywords: Antioxidants; Bioactive Compounds; Green Solvents; ROS;RNS.
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INTRODUCAO GERAL

Nas ultimas décadas, muita atencdo tem sido dada as plantas, como novos agentes
terapéuticos alternativos para o tratamento de doencas relacionadas com a oxidacgdo devido a
presenca de compostos bioativos em sua composicdo (DEVI et al., 2015). Compostos bioativos,
como os carotenoides e compostos fenolicos, possuem importantes funcGes e acdes bioldgicas
e podem ser considerados promotores da saude humana (MILANI et al., 2016; TAUCHEN et
al., 2016; EISENHAUER et al., 2017).

Os compostos bioativos provenientes de plantas possuem propriedades antioxidantes
devido sua acdo na protecdo das células contra o efeito nocivo de espécies reativas de oxigénio
(ROS) e de nitrogénio (RNS) (DAWILAI et al., 2013; BARALIC et al., 2015).

Quando presentes em baixas concentracdes, em relacdo a um substrato oxidavel, os
antioxidantes sdo substancias que podem agir retardando ou prevenindo reacdes de oxidacdo
(HALLIWELL, 2012). As defesas antioxidantes humanas sdao mantidas por um eficiente
sistema de defesa antioxidante enddgeno elaborado, que inclui enzimas antioxidantes, como a
superoxido dismutase, catalase, glutationa peroxidase, além de outras proteinas e compostos de
baixo peso molecular, como o &cido Urico, tocoferdis (vitamina E) e a coenzima Q (LIMON-
PACHECO & GONSEBATT, 2009). No sistema fisiologico, essas substancias minimizam os
niveis de ROS e RNS, e a0 mesmo tempo permitem a ocorréncia das funcdes uteis das
ROS/RNS desempenhadas na sinalizagéo celular e no sistema redox.

Por outro lado, a superproducdo ou a exposicdo prolongada das ROS/RNS podem
sobrecarregar os mecanismos enddgenos de defesa, contribuindo para o desenvolvimento do
estresse oxidativo/nitrosativo, que vem sendo associado ao surgimento de diversas desordens
cronico-degenerativas, como por exemplo o cancer, coronarias, entre outras (HALLIWELL,
2009).

Os antioxidantes exogenos, oriundos da dieta, podem contribuir para a manutengao das
defesas antioxidantes enddgenas. Substancias como o acido ascorbico (vitamina C), tocoferois,
carotenoides e compostos fenolicos sdo atualmente as principais fontes de compostos bioativos
exogenos oriundos da dieta humana. Os beneficios de uma dieta rica em alimentos vegetais

como frutas, hortalicas e cereais integrais estdo do ponto de vista epidemioldgico, associados a



20

baixa incidéncia de certos tipos de cancer e doencas degenerativas (CROWE et al., 2011;
BOEING et al., 2012; MILANI, 2016).

Segundo a Organizacdo Mundial da Saude, 80% dos habitantes do mundo recorrem a
medicina tradicional para os cuidados basicos de salde; a maior parte das terapias envolve o
uso de extratos vegetais e seus componentes bioativos (NEWMAN & CRAGG, 2012). Ha
milhares de anos as plantas sdo a base da medicina tradicional em todo o mundo e, ainda
continuam a fornecer alternativas terapéuticas para o tratamento de diversas doencas, conforme
a crenca de cada regido. Portanto, um grande esforgo tem sido feito na pesquisa de compostos
bioativos que poderdo reforcar as defesas antioxidantes enddgenas, evitando ou retardando as
consequentes lesdes celulares, sendo este um campo em grande desenvolvimento na area de
estudo das ROS e RNS.

Assim, pode-se dizer que a busca por compostos bioativos em produtos naturais é
promissora. Por outro lado, é inegavel que a biodiversidade da Amazonia brasileira apresenta
grande importancia no cenario mundial, dado o valor intrinseco de seus recursos naturais
vegetais (nativas e/ou adaptadas). Além disso, a necessidade de preservacdo e do uso
sustentavel desta diversidade bioldgica é inquestionavel, tornando-a assim um campo de grande
exploracdo para busca de compostos bioativos. Dentro deste cenario encontra-se a chicdria da
Amazonia (Eryngium foetidum L).

A chicoria é uma hortalica ndo convencional, condimentar, que vem atraindo a atencédo
de pesquisadores em fungéo de sua utilizagdo como uma planta ethomedicinal, ainda que sua
principal utilizac8o seja como especiarias culinérias em regides tropicais. Esta versatilidade de
uso, a torna uma hortaligca propicia a maiores investigacdes. Os compostos bioativos em suas
folhas tém sido alvo de estudos por serem o0s responsaveis por atividades anti-inflamatoria e
antioxidante (GARCIA et al.; 1999; SINGH et al., 2011; 2013; DAWILAI et al., 2013).

A avaliacdo quimica das folhas da chicoria indicou alta concentragdo de compostos
fendlicos (taninos, antocianinas, flavonoides), a presenga de saponinas, carotenoides, acido
ascorbico, varios triterpenoides e também atividade antioxidante (WONG et al., 2006;
NANASOMBAT &TECKCHUEN, 2009; PAUL et al., 2011; SINGH et al., 2011; 2013). No
entanto, a identificacdo e a quantificacdo desses compostos bioativos presentes na chicéria,
ainda ndo foi realizada por técnicas mais avancgadas, a exemplo da cromatografia liquida

acoplada aos detectores de arranjo de diodos e espectrometro de massas (HPLC-DAD-MS).
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As analises dos constituintes quimicos da chicoria tém sido concentradas principalmente
nos oOleos essenciais (PAUL et al, 2011). Sendo que as informag6es sobre a composi¢do quimica
das folhas da chicoria da Amazénia ainda sdo insuficientes, o que justifica a necessidade de
aprofundar o conhecimento sistemético sobre a presenca de substancias bioativas na espécie,
através da avaliacdo de diferentes extratos, e acdo antioxidante destas por diferentes métodos.
Estes fatos tomados em conjunto fazem desta planta uma fonte promissora para estudos de
exploragdo de compostos bioativos. Portanto, neste estudo, 0s compostos bioativos presentes
nas folhas da chicoria foram investigados, assim como o potencial antioxidante de seus extratos
contra especieis reativas de oxigénio (ROS) e espécies reativas de nitroegenio (RNS) de
importancia fisioldgica e alimenticia. Para facilitar o entendimento, a tese esta dividida em trés
capitulos: o Capitulo 1 apresenta a revisdo da literatura; no Capitulo 2 foi determinado o perfil
de compostos bioativos das folhas de chicoria e seu potencial antioxidante; no Capitulo 3 foi
avaliado o efeito protetor de extratos de chicoria obtidos com solventes verdes contra ROS e
RNS (in vitro).
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OBJETIVOS

OBJETIVO GERAL

Determinar o perfil de compostos bioativos e o potencial antioxidante de extratos das

folhas de chicdria como estratégia para a valorizagdo desta planta Amazonica.

OBJETIVOS ESPECIFICOS

e Determinar as caracteristicas fisico-quimicas das folhas de chicoria;

e Identificar e quantificar os compostos bioativos presentes nas folhas da chicoria;

e Determinar o potencial antioxidante de extratos de folhas da chicéria obtidos com
solventes de diferentes polaridades contra espécies reativas de oxigénio e de nitrogénio

de importancia fisioldgica.
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Revisao da Literatura

1 CHICORIA (Eryngium foetidum L.)

A chicéria (Eryngium foetidum L.), pertencente a familia Apiaceae, é uma planta
herbacea, aromatica, bianual, de 8-40 cm de altura (Figura 1), nativa da regido Amazonica e
América Central e atualmente cosmopolita; a espécie é encontrada em regifes tropicais e
subtropicais (SHE; WATSON, 2005; VILLACHICA et al., 1996).

A chicoria encontra-se incluida entre as principais hortalicas ndo-convencionais
cultivadas no Brasil (BRASIL, 2010), sendo conhecida popularmente como coentro, coentréo,
coentro-da-india, coentro-castelo, coentro-bravo, coentro-da-folha-larga, coentro japonés,
chicoria, chicoria-de-caboclo, chicéria-do-amazonas, chicoria-do-pard, entre outras
(VILLACHICA et al., 1996).
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Fonte: Autor.

A espécie ocorre naturalmente em solos Umidos, pouco acidos e adequa-se a elevadas
temperaturas e umidades relativas, condicbes predominantes na regido Amazodnica. Nas
proximidades das areas onde a planta é cultivada, os ventos e as chuvas espalham as sementes
maduras criando novas plantas. Na fase de reproducdo, ocorre o aparecimento de uma haste
floral, cuja flores sdo hermafroditas, dispostas em pequenos e densos capitulos sésseis,
cilindricos ou ovoides, longo-pedunculadas, com elevada producdo de sementes fecundas
(VILLACHICA et al., 1996; GOMES et al., 2013).

A maior producdo e produtividade de chicoria da Amazonia foi obtida nas plantas
cultivadas no espagamento de 0,25 x 0,25 m e 0,15 x 0,15 m, respectivamente, e quando
submetidas a poda do penddo floral (GOMES et al., 2013). Estes dados sdo importantes, pois
auxiliam no aumento e eficiéncia da produtividade, favorecem o desenvolvimento do cultivo e
influenciam no crescimento e morfologia vegetativa, em razdo de fatores ambientais,
especialmente de temperatura e luminosidade (PEREZ JUNIOR et al., 2006; ZARATE et al.,
2010).

No Brasil, a chicoria é cultivada para alimentagdo em quintais urbanos e hortas
(MORAIS et al., 2009). Em Belém-PA o cultivo da chicéria é realizado utilizando sementes
que sdo adquiridas nas préprias areas ou em areas vizinhas e a producao é voltada tanto para o
atendimento as necessidades familiares, como para a comercializagéo, gerando emprego e renda
aos produtores desta hortalica (GUSMAO et al., 2003; PINTO et al., 2009).
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Possui substancias aromaticas, seu atributo mais marcante, que conferem sabor e aroma
caracteristicos aos alimentos em que é utilizada. Dentre os componentes, o eringial (E-2-
dodecenal) possui maior destaque (PAUL et al., 2011).

A chicoria possui inimeros usos tradicionais, mas, principalmente, possui uma vasta
utilizacdo etnomedicinal. Na America tropical e Caribe, onde a espécie é nativa, prevalece o
uso da planta para tratar febres, resfriados e gripes (DUKE, 2008). As dores de cabeca nas
comunidades tradicionais da América Central e Caribe sdo curadas com a utilizacdo de varias
preparagOes a partir desta planta (KALA, 2005), ou séo usadas para aliviar dores abdominais e
digestivas (flatuléncia, azia e dor de estdmago), diminuir dores nas costas e pds-parto, reduzir
a febre e infecgdes vaginais (COE, 2008); contribui também para o aumento das contracdes
reduzindo do trabalho de parto, colicas menstruais e remocao da placenta (LANS, 2007).

Na Costa Rica, a planta € usada como afrodisiaco; entretanto, ndo ha nenhuma referéncia
em relacdo ao sexo afetado (DUKE, 2008). No Brasil, o trabalho de parto é facilitado pelo uso
do ch4, feito a partir da coccao da planta inteira, porém, nao é indicado na gravidez, por haver
risco de provocar contragdes uterinas (RODRIGUES, 2007).

Estudo realizados sobre a composicao quimica das folhas da chicoria indicou a presenca
de célcio, ferro, potéassio, fésforo, zinco, manganés, magnésio, carotenoides (SINGH et al.,
2011), e 6leo essencial (PAUL etal., 2011). Os extratos da chicoria foram avaliados em relagédo
a atividade anti-helmintica, anticonvulsante, anti-inflamatoria, analgésica, antimalarica e
bactericida, observadas no uso tradicional. Entretanto, foram confirmadas apenas as trés
primeiras atividades citadas inicialmente (DAWILAI etal., 2013; GARCIA et al.; 1999; PAUL
etal., 2011).

2 COMPOSTOS BIOATIVOS

Os compostos bioativos podem ser definidos como nutrientes e/ou ndo nutrientes com
acao metabdlica ou fisioldgica especifica, que podem ser encontrados em vegetais e/ou frutas.
Os compostos bioativos provenientes da alimentacao sdo de grande interesse para a comunidade
cientifica por possuirem importantes funcGes e acGes bioldgicas, e pelas evidéncias de seu papel
na prevencao de doencas degenerativas (JARAMILLO et al., 2010; BOEING et al., 2012; ZHU,;
DU; XU, 2018).

Os acidos fendlicos, acidos graxos (monoinsaturados, ®-3 € w-6), bicarbonato de sodio,

cafeina, estearato de sodio, fruto oligossacarideos (FOS), inulina, fibras, fitoesterois, lactulose,
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licopeno, manitol, sorbitol, quitosanas, Coenzima Q10 e xilitol sdo alguns dos compostos
bioativos que ja possuem alegacbes comprovadas (BRASIL, 2018).

Nos ultimos anos, evidéncias substanciais tém apontado os radicais livres e outros
oxidantes como grandes desencadeadores de doencas degenerativas e envelhecimento.
Diversos estudos epidemioldgicos tém demostrado uma positiva correlacdo entre uma alta
ingestdo alimentos vegetais e a diminuicdo do risco de certas patologias, entre elas, o
envelhecimento precoce, cancer, doencas cardiovasculares, degeneracdo macular, decaimento
do sistema imunoldgico, disfuncbes cerebrais e outras (BOEING et al., 2012; EISENHAUER
etal., 2017; LIU et al., 2014; MILANI et al., 2016; ROJAS; BUITRAGO, 2019; ZHU, DU &
XU, 2018).

A possibilidade de reduzir o risco destas patologias, por meio de uma dieta rica em frutas
e vegetais, tem atraido a atencdo tanto da comunidade cientifica como das industrias
alimenticias, com o propésito comum de desenvolver produtos com elevados teores de
compostos bioativos, sendo os compostos fendlicos, alguns compostos nitrogenados
(alcaldides, aminas, betalainas), vitaminas, terpenoides (incluindo carotenoides), e alguns
outros metabdlitos endégenos alguns dos grupos aos quais sdo atribuidas tais acdes (LIU et al.,
2014; MILANI et al., 2016; EISENHAUER et al., 2017; ZHU, DU & XU, 2018; ROJAS &
BUITRAGO, 2019).

Alguns autores em seus estudos encontraram alta concentracdao de compostos bioativos
nas folhas e extratos de chicoria, incluindo compostos fendlicos e carotenoides, bem como
atividade antioxidante utilizando a combinacdo de varios solventes de diferentes polaridades
(metanol, acetona, éter de petréleo, cloroférmio e agua) através de diferentes métodos
(GARCIA et al., 1999; WONG et al., 2006; NANASOMBAT; TECKCHUEN, 2009; SINGH
et al., 2011; 2013). No entanto, alguns desses solventes ndo sdo permitidos para uso em
alimentos pois os residuos apds evaporacdo possuem alguma toxicidade para o sistema
fisiologico (metanol, cloroférmio, éter de petroleo) (COMISSAO DIRETIVA 95/45 /EC DAS
COMUNIDADES EUROPEIAS,1995).
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2.1 COMPOSTOS FENOLICOS

Os compostos fenolicos sdo metabolitos secundarios que estdo presentes, geralmente,
em altos niveis, em quase todos os alimentos vegetais. Englobam desde moléculas simples até
outras com alto grau de polimerizagcdo, como flavonoides, taninos e ligninas, e podem estar
presentes na forma livre, ligados a agucares (glicosideos) e proteinas em diversas partes das
plantas (comestiveis e ndo-comestiveis). Atualmente, sdo conhecidas mais de 8.000 estruturas,
cujas origens organicas sdo ligadas ao caminho metabdlico por acido chiquimico (participa da
biossintese da maioria dos compostos fendlicos em vegetais) e por acido maldnico
(ANTOLOVICH et al., 2000; DREOST]I, 2000).

Os compostos fenolicos representam uma importante classe de antioxidantes
hidrossoluveis, que sdo eficientemente extraidos com solventes com caracteristicas polares, a
exemplo da agua e do etanol. A capacidade antioxidante dos compostos fendlicos ocorre em
funcdo da facilidade com que um atomo de hidrogénio do grupo hidroxilico (OH) destes
compostos pode ser doado a um radical livre, assim como com a presenca de elétrons doadores
(RICE-EVANS; MILLER; PAGANGA, 1996; RAMIREZ-TORTOSA et al., 2001).

Dentre estes, os compostos mais estudados sdo os flavonoides, uma grande classe de
compostos estruturalmente diferentes, sintetizados pelas plantas via rota dos fenilpropanoides.
Elas incluem as chalconas, flavonas, flavonois, flavononas, antocianinas e isoflavonoides. Os
flavonoides estdo envolvidos na resisténcia aos patdgenos, atracdo de polinizadores e
dispersores, na defesa contra insetos e predadores e, também, sdo conhecidos por inibir a
peroxidacgdo lipidica e as lipoxigenases in vitro, através da capacidade em desativar radicais
livres, tais como o radical hidroxila (HO*®), radical anion superdxido (O2*") e os radicais peroxila
(ROO*®), os quais reconhecidamente sdo responsaveis por gerarem o estresse oxidativo celular
(LEONG; SHUI, 2002; LEONTOWICZ et al., 2007; OKONOGI, et al., 2007,
TACHAKITTIRUNGROD et al., 2007; IACOPINI et al., 2008).

Diversos estudos apontam que os flavonoides presentes em frutas e vegetais, estdo
associados a prevencédo de patologias cardiovasculares e degenerativas como canceres (colon,
estomago, prostata, entre outros) (DAVIS et al., 2009; JARAMILLO et al., 2010; GROSSO et
al., 2016; VAN DIE et al., 2014) e atuam contra doengcas como Parkinson e Alzheimer
(VAUZOUR et al., 2008), possuem acdo anti-inflamatorias, anti-hepatotdxica, antiviral,
antialérgica e antitrombotica (MAZZA; GIRARD, 1998; DEVI et al., 2015; ZHU, DU & XU,
2018), além de prevenir a oxidacao de lipoproteinas de baixa densidade (LDL) contribuem para
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0 aumento das lipoproteinas de alta densidade (HDL), com a consequente reducao do risco de
doencgas cardiovasculares, atuam também na absorcdo de produtos toxicos provenientes da
peroxidacdo lipidica (CHIANG et al., 2004; FRANKE et al., 2004; GORELIK et al., 2008).

Diversos estudos apontam que os compostos fendlicos, de maneira geral, podem ser
extraidos de suas matrizes por meio de diversos métodos e sistemas de solventes (podendo ser
na sua forma pura ou em diferentes concentracfes na agua) (ALOTHMAN; BHAT; KARIM,
2009; DIMITROVA et al., 2013; AZZAHRA LAHLO et al., 2014; BUITRAGO et al., 2016).

A polaridade do solvente, razdo entre massa e volume de solvente podem influenciar na
solubilidade do composto e, consequentemente, na sua recuperagdo. Os métodos de extracdo
podem variar, as condi¢cdes de extracdo como temperatura e tempo utilizados, o0 que pode,
também, influenciar na quantificacdo precisa do teor e capacidade antioxidante do composto,
bem como no tipo de composto fendlico extraido, sendo essa diversidade de método de extragdo
um fator que dificulta a comparacdo de resultados obtidos com relatos na literatura
(ALOTHMAN; BHAT; KARIM, 2009). Anélise por HPLC-DAD em extratos metanélicos das
folhas de chicoria, indicou a presenca dos seguintes compostos fendlicos: acido ferrulico, &cido
siringico, &cido galico, acido p-coumarico, acido protocatecuico e &cido sinapico (Figura 2)
(SINGH et al., 2013).
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Figura 2 — Estruturas quimicas dos compostos fendélicos identificados nas folhas de chicéria por HPLC-DAD.
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Fonte: Autor.

2.2 CAROTENOIDES

Os carotenoides sdo compostos lipossollveis produzidos como metabolitos secundarios
das frutas, vegetais, algas, fungos e algumas bactérias. Eles sdo responsaveis por conferir as
coloracdes amarela, vermelha e laranja das frutas, vegetais e alguns animais (KIM et al., 2015;
URSACHE et al., 2018). Esta coloracéo é atribuida ao extenso sistema de ligacGes duplas
conjugadas, que constituem um cromoforo que absorve luz e proporciona um espectro de
absorcdo visivel que serve de base para a sua identificacdo e quantificagdo (ZAGHDOUDI et
al., 2015).

Aproximadamente 50 carotenoides apresentam atividade provitamina A. Sdo chamados
compostos provitamina A, por serem capazes de converterem-se em retinol, uma forma ativa
da vitamina A (RODRIGUEZ-AMAYA et al., 2008). Estes, particularmente o [-caroteno,
representa a principal fonte de vitamina A da dieta. Estes pigmentos possuem varias funcées

atuando como fotoprotetor contra dano oxidativo durante a fotossintese, bem como agem na
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prevencdo de varios tipos de canceres, doencas degenerativas e cardiovasculares, catarata e
envelhecimento, fortalecem o sistema imunologico, tem acdo antioxidante, sequestrando e
inativando radicais livres (BOWEN et al., 2015). Os vegetais verdes especialmente as folhas,
contém B-caroteno e sdo boas fontes de luteina (COSTA et al., 2003).

Devido a sua natureza lipofilica, os carotenoides sdo insollveis em agua e muito
soliveis em solventes organicos como éter de petréleo, hexano e tolueno (ZAGHDOUDI et al.,
2015). Em virtude da natureza altamente insaturada de sua molécula, os carotenoides séo
susceptiveis a isomerizagdo e oxidacdo, reacfes que podem facilmente ocorrer durante a
analise. Por este motivo, os carotenoides devem ser protegidos da luz, oxigénio e ndo devem
ser submetidos a temperaturas superiores a 40 °C e nem estarem em contato com acidos
(RODRIGUEZ-AMAYA, 2001).

A maioria dos carotenoides existente apresenta atividade antioxidante, em fungéo de sua
atuacdo na protecdo das células contra o efeito deletérios de espécies reativas de oxigénio (ROS)
e de nitrogénio (RNS) por meio da desativacdo dessas espécies (CHISTE; MERCADANTE,
2012; SCHULZ et al., 2015). Os carotenoides, presentes naturalmente nos alimentos, ou
adicionados propositalmente, proporcionam cor aos alimentos, contribuindo no aspecto visual,
atributo de fundamental importancia na aceitacdo e escolha de um alimento por seus
consumidores (CLYDESDALE, 1993).

Os carotenoides, juntamente com outros compostos bioativos, em funcdo de seus
potenciais antioxidantes, estdo sendo amplamente utilizados como ingredientes ativos em
matérias-primas alimentares e alimentos (SILVA et al., 2010). Em particular, os carotenoides
possuem inumeras aplicacbes na industria de alimentos como corantes, aditivos para a
alimentacdo e antioxidantes, contribuindo para o aumento sua vida util destes alimentos
(RIVERA & CANELAGARAYOA, 2011).

Andlise por HPLC-DAD em extratos metanolicos das folhas de chicoria, indicou a
presenca de luteina (majoritario), zeaxantina, B-criptoxantina, o-caroteno e o0 p-caroteno
(Figura 3) (SINGH et al., 2013). No entanto, a identificacdo desses compostos por técnicas
espectroscopicas mais avancadas, a exemplo da espectrometria de massa, ainda nao foi

reportada na literatura.
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Figura 3 — Estrutura dos carotenoides identificados em folhas de chicéria por HPLC-DAD.

.OH
Luteina
HO
OH
W Zeaxantina
HO

-Criptoxantina

a-Caroteno

SV S NVE T T g g [-Caroteno

Fonte: Autor.

3 ESPECIES REATIVAS DE OXIGENIO E DE NITROGENIO

As principais espécies reativas de importancia fisiologica, provenientes do metabolismo
celular, compreendem as espécies reativas de oxigénio (ROS), que sdo derivados do oxigénio
molecular com atividade redox e maior reatividade que o oxigénio. Exemplos de ROS séo:
radical anion superdxido (O2°*.), radical hidroxila (OH"), peroxido de hidrogénio (H203),
radical peroxila (ROO"), hidroperoxido organico (ROOH), oxigénio singlete (*O2) &acido
hipocloroso (HOCI) e ozdnio (O3z). Bem como as espécies reativas de nitrogénio (RNS), que
sdo derivadas do 6xido nitrico ("NO). Exemplos de RNS sdo NO°, peroxinitrito (ONOQO"), acido
peroxinitroso (ONOOH) e didxido de nitrogénio (NO2) (FANG etal., 2002; LABAT-ROBERT
etal., 2014).

H& uma inter-relacéo entre a formacdo das diferentes ROS e RNS, conforme pode ser
observado na Figura 4. As ROS e RNS produzidas endogenamente sdo essenciais a vida,
estando envolvidas em variadas fun¢des bioldgicas, como por exemplo, na produgéo de energia,

na fagocitose, na regulacdo do crescimento celular, na sinalizacdo celular, na sintese de
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importantes compostos bioldgicos e no metabolismo dos xenobidticos (GOMES et al.., 2005,
GOMES et al., 2006).

Figura 4 — Inter-relacdes entre as formacGes de espécies reativas de oxigénio e nitrogénio.
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Fonte: CHISTE etal., 2011

Radicais livres normalmente sdo produzidos pelas células durante a atividade
mitocondrial de transporte de elétrons ou por oxido-redutases (FORMAN; TORRES, 2002).
Em condigdes fisiologicas normais, a membrana interna das mitocondrias incorpora uma série
de captadores de radicais livres e sistemas de remocédo enzimatica.

No entanto, quando a geracdo destas espécies reativas for maior do que a capacidade
dos mecanismos de defesa antioxidante endégenos de removeé-las dos sistemas bioldgicos, estas
espécies reativas tornam-se extremamente prejudiciais, provocando a oxidagdo de
biomoléculas, como a peroxidacéo lipidica de membranas, oxidacdo de proteinas, enzimas dos
tecidos, carboidratos e DNA, conduzindo a danos estruturais e/ou funcionais nas células,
enzimas e material genético, que a partir de determinado nivel se tornam irreversiveis, estes
fatores sdo causados pelo chamado estresse oxidativo/nitrosativo (CHUNG et al., 2005;
GOMES et al., 2005, GOMES et al., 2006; MENDIS et al., 2007;).

3.1 ESTRESSE OXIDATIVO/NITROSATIVO
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O estresse oxidativo/nitrosativo € definido como um desequilibrio entre moléculas
antioxidantes e oxidantes, causada por um distdrbio entre a producéo de ROS e de RNS e a sua
desativacdao através de sistemas bioldgicos, o que pode estar relacionado a patogénese de varias
doengas, incluindo doencas degenerativas como a doenca de Alzheimer, doenca de Parkinson,
esclerose lateral amiotrofica, cancer e problemas cardiacos (HALLIWELL; GUTTERIDGE,
2007; SAYRE et al., 2007; MATES et al., 2010).

A prevengdo da producdo de ROS/RNS é a forma mais eficiente de proteger as células
contra seus efeitos deletérios. Nessa perspectiva, entram em acao os antioxidantes, formados
por um grupo de substancias como enzimas, compostos de baixa massa molecular, tais como
acido ascorbico (vitamina C) e tocoferois (vitamina E), glutationa (GSH), carotenoides e acido
drico, sendo estas capazes de inibir ou retardar a oxidacéo de substratos, mesmo que o0 composto
esteja presente em uma concentracado significativamente mais baixa do que o substrato oxidado
(BARREIROS et al., 2006; HALLIWELL; GUTTERIDGE, 2007; LUSHCHAK, 2011).

4 CAPACIDADE ANTIOXIDANTE

O sistema de defesa antioxidante é composto normalmente por espécies antioxidantes e
pré-antioxidantes, em um sistema sincronizado, onde, a deficiéncia em um componente pode
afetar a eficiéncia de outros (VERTUANI et al., 2004). Os pré-oxidantes sdo substancias
enddgenas ou exdgenas que possuem a capacidade de oxidar moléculas-alvo. De modo geral,
os antioxidantes sdo compostos organicos facilmente oxidaveis pelas espécies reativas, com
consequente destruicdo das mesmas. Os antioxidantes podem ser ndo-enzimaticos, tais como:
nicotinamida adenina dinucleotido fosfato (NADPH), dinucleotido de nicotinamida e adenina
(NADH), carotenoides, &cido ascorbico, a-tocoferol e GSH e 0s enzimaticos tais como:
superoxido dismutase, catalase e glutationa peroxidase (CABISCOL et al., 2000).

O delicado equilibrio entre as defesas antioxidantes e a producdo de ROS/RNS pode ser
interrompido por qualquer anomalia na defesa antioxidante, por inibi¢cdo do fluxo de elétrons
ou exposicao a xenobioticos. Assim, a presenca dos antioxidantes no organismo é fundamental,
uma vez que as reacOes de desativacdo de radicais livres ndo sdo favorecidas, sendo assim a
incorporacdo na dieta de substancias antioxidantes é uma alternativa viavel (BARREIROS et
al., 2006).
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Os principais mecanismos de a¢do de compostos antioxidantes incluem transferéncia de
atomos de hidrogénio, a transferéncia de elétrons e a quelagdo de metais (Figura 5)
(LEOPOLDINI et al., 2011).

Figura 5 — Mecanismos de acdo de agentes antioxidantes.
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Fonte: Leopoldini et al., 2011

Nas reac0es transferéncia de um atomo de hidrogénio (Hydrogen Atom Transfer, HAT)
0 antioxidante, ArOH, reage com os radicais livres, R, transferindo a ele um &tomo de
hidrogénio, por meio de ruptura homolitica da ligagdo O-H. O antioxidante inibe, por
competicdo, a oxidacao do substrato pela espécie reativa de oxigénio. Em experimentos in vitro,
a transferéncia de atomos de hidrogénio (HAT) de compostos naturais como flavonoides é
responsavel pela atividade anti-radical (VALKO, 2013).

A transferéncia de elétrons (Single Electron Transfer, SET) prevé a doacdo de um
elétron do antioxidante para o radical R, tornando o anion radical uma espécie energeticamente
estavel. No mecanismo SET, o potencial de ionizagdo é o pardmetro mais importante para a

avaliacdo da atividade antioxidante. Nos ensaios SET, a capacidade antioxidante é representada
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pela habilidade que o antioxidante possui para reduzir 0 composto oxidante em um tempo
predeterminado (LEOPOLDINI et al., 2004; HUANG et al., 2005).

Outro mecanismo antioxidante é a quelacdo de metais, que decorre da possibilidade de
que alguns ions de metais de transicdo podem ser quelados, se associando quimicamente a uma
ligacdo covalente como agente quelante, levando a formacéo de um composto estavel (BROWN
et al., 1998; JOVANOVIC et al, 1998). Os quelantes sdo compostos que competem
especificamente promovendo a ligacdo quimica com o metal e ndo com as enzimas ou proteinas
normais, alterando assim o potencial redox. Além disso, 0 uso de quelantes de metais, tais como
os compostos fendlicos naturais devem ser favorecidos, uma vez que formam produtos
intermediarios estaveis, o que faz dos produtos fendlicos eficazes (RICE-EVANS et al., 1997;
PIETTA, 2000; ATOUI et al., 2005).

Vale ressaltar que o conhecimento destas reacfes € muito importante para a
compreensdo e selecdo dos métodos utilizados para medir a capacidade antioxidante de
compostos bioativos (PRIOR et al., 2005).

E razoavel esperar que o efeito benéfico dos antioxidantes na manutencdo da nossa
salde venha diminuir o risco de doencas. Assim, a avaliacdo dos antioxidantes bem como sua

capacidade tem sido os temas de estudos extensivos (NIKI, 2010).

5 METODOS DE DETERMINAGCAO DA CAPACIDADE ANTIOXIDANTE

Existem diversos métodos para identificar e avaliar compostos com
propriedades antioxidantes (in vitro) de substancias biologicamente ativas, puras ou de fragdes
e extratos brutos, que utilizam desde ensaios quimicos com substratos lipidicos a ensaios mais
complexos que usam as mais variadas técnicas instrumentais. Estes testes sdo ferramentas
importantes para 0 monitoramento de compostos bioativos naturais e sintéticos (SANCHEZ-
MORENO, 2002; ALVES et al., 2010).

A capacidade antioxidante in vitro pode ser medida por diferentes ensaios, em fungéo
dos diferentes tipos de radicais livres e também por suas mais variadas formas de acdo
nos organismos vivos. Em virtude disso, dificilmente serd possivel utilizarmos um método
simples e universal no qual esta capacidade antioxidante possa ser avaliada de forma precisa e

quantitativamente. Assim, a procura por testes mais rapidos e eficientes tem gerado um grande
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numero de métodos para avaliar a atividade de antioxidantes naturais pelo uso de uma grande
variedade de sistemas geradores de radicais livres (FRANKEL; FINLEY, 2008).

Os ensaios antioxidantes atualmente disponiveis podem ser classificados em duas
categorias: ensaios onde ha transferéncia de hidrogénio (HAT), geralmente baseados em
estudos de cinética quimica, também denominados de métodos diretos, incluem-se nessa
categoria os ensaios de Capacidade de Absorvancia do Radical Oxigénio (ORAC), Parametro
antioxidante de retencdo de radicais totais (TRAP) e ensaios de peroxidacdo lipidica in vitro,
entre outros (BADARINATH et al., 2010). E ensaios mediados pela transferéncia de elétrons
(SET) também denominados de métodos indiretos, onde incluem-se os Testes de Reducdo do
Ferro (FRAP), Reducédo do Cobre (CUPRAC), Capacidade Antioxidante Equivalente do Trolox
(TEAC), que utiliza o radical ABTS e o ensaio de captura do radical livre DPPH (2,2-difenil-
1-picril-hidrazil), embora o ABTS e DPPH utilizem os dois mecanismos (HUANG et al., 2005;
PRIOR; WU; SCAICH, 2005). Técnicas celulares, também foram desenvolvidas para avaliar
se 0s antioxidantes sdo capazes de penetrar nas células humanas protegendo-as de danos
oxidativos (FREITAS et al., 2009; CHISTE et al., 2014).

Existem testes para avaliar o potencial antioxidante de extratos ricos em compostos
bioativos através de técnicas que fazem uso de espécies reativas de importancia fisiologica,
como as ROS e as RNS, ao contrario de métodos como o ABTS e DPPH que utilizam radicais
estaveis e ndo-biologicos (HUANG et al., 2005). Entretanto até o momento, ndo foram
encontrados dados na literatura que reportem o efeito antioxidante de extratos de chicéria na
desativacdo direta dos efeitos oxidantes das principais ROS e RNS de relevancia fisioldgica.

Portanto, a sele¢do de plantas com propriedades potencialmente antioxidantes parece
ser de importancia fundamental, a fim de identificar os extratos ou fracdes que possuem a
capacidade de desativacao tanto em ambos os radicais livres e cadeia de reagdes de iniciacao
ou na ligacdo com catalisadores das reacOes oxidativas (DORMAN et al., 2003). Assim, a
chicoria destaca-se como uma hortalica promissora uma vez que possui em sua constitui¢do
uma grande diversidade de compostos bioativos, potencialmente antioxidantes (GARCIA et al.;
1999; DAWILAI et al., 2013; SINGH et al., 2011, 2013) e farmacologicamente testados.

Com base no exposto, 0 estudo da composi¢do da chicéria, bem como a obtencédo de
extratos vegetais com potencial antioxidante, a partir dessa fonte acessivel de
compostos bioativos, devem ser realizados com a finalidade de fornecer uma importante base
de conhecimento para as industrias alimenticia, cosmética e farmacéutica no desenvolvimento

de produtos em potencial contra os danos oxidativos em alimentos ou sistemas biologicos,
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sendo necessario também estudos que assegurem a manutencdo dos requisitos de qualidade

durante o processamento e 0 armazenamento destes extratos.
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ABSTRACT

Phenolic compounds and carotenoids profile of Amazonian Eryngium foetidum leaves and the
quenching ability of their hydrophilic extract against singlet oxygen (*O2) were determined.
Chlorogenic acid (4327 ug/g, dry basis, d.b.) was the major phenolic compound in the leaves
at very high concentrations, while lutein (205 pg/g, d.b.) and B-carotene (161 pug/g, d.b.) were
the major carotenoids. The extract of E. foetidum leaves was able to scavenge DPPH*® (91.6%
at 5 mg/mL), ABTS*" (15.77 uM Trolox equivalent/g extract) and it exhibited high efficiency
to protect tryptophan against 1O,, with ICso at 343 ug/mL and 78% of protection at the highest
tested concentration (625 pg/mL). Therefore, E. foetidum leaves can be exploited as an
accessible natural source of bioactive compounds with antioxidant properties to be used by the

food or pharmaceutical industries.

Keywords: Amazonian plant; phenolic compounds; carotenoids; antioxidant capacity; LC-MS

1 INTRODUCTION

Most of the natural vegetal resources found in Amazonia are exceptionally rich in
bioactive compounds with antioxidant properties (RIBEIRO et al., 2014; BERTO et al., 2015a,
2015b). Given this scenario, E. foetidum, a green leafy native of the Amazon region and Central
America, is known as “chicory” in the Amazonian States of Brazil, has been included among
the main non-conventional cultivated vegetables (MAPA, 2018) and it has attracting the
attention of researchers for its versatility as both phytotherapeutic plant and spice herb in
Amazonian dishes (GARCIA et al., 1999; SINGH et al., 2011).

The chemical evaluation of E. foetidum leaves indicated a high concentration of
phenolic compounds (total tannins and total flavonoids, as determined by spectrophotometry),
presence of saponins, carotenoids, ascorbic acid, various triterpenoids, as well as antioxidant
and anti-inflammatory activities (GARCIA et al., 1999; SINGH et al., 2011, 2013). However,
as far as we are concerned, there is no data in the literature describing the composition of

individual phenolic compounds and carotenoids from E. foetidum leaves.
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The importance of describing the composition of bioactive compounds in vegetables has
been widely reported, due to the association between their ingestion and the decrease of the risk
of developing chronic degenerative diseases, such as arteriosclerosis, cataracts, macular
degeneration, cancer and others (PEREIRA et al., 2014; ROJAS; BUITRAGO, 2019).

Bioactive compounds, such as phenolic compounds and carotenoids, play important role
in human health due to modulatory effects on physiological or cellular activities. As examples,
these compounds were reported to inhibit the induction of several proinflammatory cytokines
and the impairment of endogenous antioxidant enzymatic systems during inflammation
(RIBEIRO et al., 2015), and they are frequently associated with changes in the expression of
genes implicated in cancer development, transcription, apoptosis, xenobiotic metabolism,
inflammation, redox process, among others (POKIMICA; GARCIA-CONESA, 2018).
Furthermore, one of the main biological actions of these compounds is related to their
antioxidant capacity to scavenge reactive species, such as reactive oxygen (ROS) and nitrogen
(RNS) species. ROS and RNS exert normal physiological functions in the human organism;
however, the overproduction of these species can damage cellular components, such as proteins,
lipids and DNA, inducing the increased development of chronic degenerative diseases and
premature aging (ROJAS; BUITRAGO, 2019).

Considering that E. foetidum leaves are widely used in traditional dishes in the
Amazonia, the knowledge concerning their bioactive compound profiles and the associated
antioxidant capacity are of paramount importance to support any claimed potential health
benefits. Therefore, this study was designed to carry out the identification and quantification of
phenolic compounds and carotenoids, by HPLC-DAD-MS/MS, in E. foetidum leaves cultivated
in the Amazonia, as well as to evaluate the in vitro antioxidant potential of their hydrophilic
extract against singlet oxygen (*02) and DPPH (2,2-diphenyl-1-picrylhydrazyl) and ABTS
[2,2’-azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid] free radicals.

2 MATERIAL AND METHODS
2.1 CHEMICALS
Quercetin, all-trans-p-carotene, gallic acid, chlorogenic acid, ethanol, methanol, methyl

tert-butyl ether (MTBE), 2,2-diphenyl-1-picrylhydrazyl (DPPH), and 2,2’-azino-bis-(3-
ethylbenzothiazoline-6-sulfonic acid (ABTS), trolox (6-hydroxy-2,5,7,8-tetramethylchroman-
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2-carboxylic acid), potassium persulphate, methylene blue (MB), L-tryptophan, acetonitrile,
formic acid, and all other analytical grade salts and solvents were purchased from Sigma-
Aldrich (St. Louis, USA). Ultrapure water was obtained from the Pro arium® system (Sartorius,
Germany). For chromatographic analysis, samples and solvents were filtered using 0.22 and
0.45 um Millipore membranes, respectively (Billerica, MA, USA).

2.2 SAMPLES

Fifty plants were collected in ten rows of a producing property in Santa lzabel, Para
State, Brazil (Latitude: -1.29938, Longitude: -48.161, 1°17'58"South, 48°9'40"West), in July
2017. The E. foetidum leaves (approximately 500 g) were washed with distilled water and dried
at 25 °C/2 h. After that, part of the material was used to the proximate composition
characterization and another one was freeze-dried (Liotop, L101, Sdo Paulo, Brazil) at -55 °C,
in a continuous vacuum for 24 h and used for the bioactive compound determination and the
assessment of the in vitro antioxidant capacity. The freeze-dried leaves were grinded, vacuum

packed in plastic bags and stored under free-light conditions at -18 °C until analysis.

2.3 PROXIMATE COMPOSITION

Analysis of moisture, ashes, lipids and protein (conversion factor of 5.75 of total
nitrogen to total protein for plants) were determined according to AOAC (2000). Carbohydrate
were calculated by difference [Total carbohydrates=100—(%moisture+% ashes+% total
proteins+% total lipids)]. Total energetic value was calculated according to the specific Atwater
conversion  fator  for  vegetables, as  follows: total energetic  value
(kcal/100g)=(proteinx2.44kcal/  g)+(lipidx8.37kcal/g)+(total carbohydratex3.57kcal/g)
(FAO/WHO, 2003). The experiments were carried out in triplicate and expressed in g/100 g
(%) (fresh weight, f.w.).

2.4 BIOACTIVE COMPOUNDS AND ANTIOXIDANT CAPACITY
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2.4.1 Equipment

The identification of carotenoids and phenolic compounds in the samples was carried
out in a Shimadzu HPLC (Prominence UFLC model, Kyoto, Japan) equipped with a binary
pump (LC-20AD), a degasser unit (DGU-20A3R), an automatic injector (SIL-20AHT), an oven
(CTO-20A), a DAD detector (SPD-M20A) and connected in series to a MS from Bruker
Daltonics (Amazon speed ETD, Bremen, Germany) with an ion-trap as the m/z analyzer and
atmospheric pressure chemical ionization (APCI) and electrospray (ESI) and as the ionization
sources for carotenoids and phenolic compounds, respectively. The quantification of phenolic
compounds and carotenoids was carried out in an Agilent HPLC (Agilent 1260 Infinity model,
Santa Clara, CA, USA) equipped with a quaternary pump (G1311C), an automatic injector
(G7129), an oven (G1316A) and a DAD detector (G1328C).

2.4.2 Bioactive compounds

The carotenoids were extracted from 0.5 mg of freeze-dried leaves and the final extract
was solubilized in MTBE and filtered immediately before injecting into the HPLC systems.
The carotenoids were separated on a C30 YMC column (5 um, 250 mm x 4.6 mm) at 29 °C,
with a linear gradient of methanol (solvent A) and MTBE (solvent B) at 0.9 mL/min.%* The UV-
Visible spectra were recorded between 200 and 600 nm and the chromatograms were processed
at 450 nm. The column eluent was directed to the APCI interface, the MS spectra were obtained
after ionization in the positive ion mode, with a scan interval at m/z 100 to 800, and the MS
parameters were set as described by Chisté and Mercadante (2012). The carotenoids were
identified according to the following combined information: elution order and retention time at
Cao column, co-elution with authentic standards, UV-visible [Amax, Spectral thin structure
(%l111/11) and cis peak intensity (%AB/AIl)] and MS spectra, in comparison to the analyzed
standards and data available in the literature (DE ROSSO; MERCADANTE, 2007a, 2007b;
FARIA; DE ROSSO; MERCADANTE, 2009; FARIA et al., 2009; CHISTE; MERCADANTE,
2012; BERTO etal., 2015a, 2015b). The identification of cis isomers of carotenoids was carried
out based on the observed decrease in %l11/11 values and increase in %Ags/A values (= 7-11%
=9-cis, ~45% = 13-cis and = 56% = 15-cis carotenoid) (DE ROSSO; MERCADANTE, 2007a).

The carotenoids were quantified using p-carotene as the external standard at
concentrations varying from 3.12 to 100 pg/mL [R2 = 0.99, limit of detection (LOD) = 0.97
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pg/mL and limit of quantification (LOQ) = 2.96 ug/mL and lutein [R? = 0.98, LOD = 0.20
pug/mL and LOQ = 0.62 pg/mL]. The LOD and LOQ were calculated using the parameters of
the analytical curves (standard deviation and slope) ICH (2005). For the calculation of the
vitamin A content, the NAS-1OM conversion factor was used, considering 12 ug of all-trans-
[-carotene in the extract corresponding to 1 ug of retinol activity equivalent (RAE), and the
activity was of 100% for all-trans-p-carotene (NAS-IOM, 2001). The carotenoid contents were
expressed in pg/g (dry basis, d.b.), considering three independent extraction procedures (n = 3).
The phenolic compounds were extracted from the freeze-dried leaves (0.5 g) with a
methanol/water solution (80:20 v/v), were separated on a C18 Synergi Hydro column
(Phenomenex, 4 um, 250x4.6mm), set at 29 °C. The UV-visible spectra were obtained between
200 and 600 nm, and the chromatograms were processed at 270, 320 and 360 nm. The MS
spectra were obtained at m/z from 100 to 1000 after ionization in an ESI source (CHISTE;
MERCADANTE, 2014). The phenolic compounds were identified based on the following data:
elution order and retention times, UV-visible and MS spectra features in comparison with
authentic standards (data not shown) and analyzed under the same conditions and data available
in the literature (RIBEIRO et al., 2014; CHISTE; MERCADANTE, 2014; PEREIRA et al.,
2014). Quantitation was carried out by external standards with six-point analytical curves (3.12
— 100 pg/mL, in duplicate): quercetin (360 nm, R?=0.99, LOD = 0.15 ug/mL and LOQ = 0.62
ng/mL), kaempferol (360 nm, R? = 0.99, LOD = 0.15 pg/mL and LOQ = 0.62 pg/mL) and
chlorogenic acid (320 nm, R2=0.99, LOD = 0.15 pg/mL and LOQ = 0.62 pg/mL). The contents
were expressed in pg/g of freeze-dried leaves (d.b.), considering three independent extraction

procedures (n = 3).

2.4.3 In vitro antioxidant capacity

The extracts of E. foetidum leaves used for the antioxidant capacity assays were obtained
according to the same procedure described for phenolic compounds identification.

Trolox equivalent antioxidant capacity (TEAC) assay was determined according to a
procedure proposed by Re et al., (1999) with modifications. Aliquots of 30 uL of E. foetidum
leaf extracts reacted with ABTS®*" and the absorbance was read at 734 nm after 6 min. The
antioxidant capacity was calculated using analytical curves (duplicate) of trolox at
concentrations varying from 102- 2048 uM and the results were expressed in pM Trolox

equivalent (TE)/g leaves (f.w.).
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The DPPH assay was carried out according to the procedure described by Cheng;
Moore; Yu (2006), by monitoring the reaction between the E. foetidum leaf extracts and DPPH
radical at 515 nm after 27 min. The antioxidant capacity was calculated according to Eqg. 1 and

the results were expressed as % of inhibition of the DPPH*® (d.b.).

% of inhibition of the DPPH® = % X 100 Equation 1

where, Al: absorbance before reaction (DPPH® + methanol), AO: absorbance after reaction
(DPPH + extract).

The quenching ability of E. foetidum leaf extract against singlet oxygen (*O2) was
carried out according to the procedure described by Siqueira et al., (2019). The extracts (125 to
600 pg/mL) and quercetin standard (positive control) (0.78 to 4.75 ug/mL) were tested at four
concentrations. The kinetic data obtained from the decay intensity of TRP absorbance at 219
nm were fitted to a first order reaction (Equation 2) using Origin Pro 8 software (OriginLab
Corporation, Northampton, MA) and the rate constants were calculated (Equation 3). The
percentage of protection of TRP that the E. foetidum extracts (EXT) or quercetin exhibited
against 'O, was calculated through Equation 4.

Y = Yoo + A.exp(=F¥) Equation 2

= 2 -
k = i/, Equation 3

kTRP_kTRP+EXT .
Protection (%) = "”Sk+§X100 Equation 4

obs

where Y is the absorbance of TRP; Y  is the absorbance of TRP in infinite time; A is a pre-
existing factor; k is a pseudo-first order rate constant; x is the reaction time; ty; is the half-life
time (min); k78 is the observed pseudo-first order rate constant fitted to the TRP decay curve
(obtained in the blank experiment); and kIFP+EXT js the observed pseudo-first order rate
constant fitted to the TRP decay curve in the presence of the E. foetidum extract (EXT) or

quercetin standard.
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3 RESULTS AND DISCUSSION

3.1 PROXIMATE COMPOSITION OF Eryngium foetidum LEAVES

The main chemical constituents of the E. foetidum leaves showed a moisture content of
~ 87%, similar to those reported for E. foetidum leaves cultivated in Asia (SINGH et al., 2011)
and Alta Verapaz, in Guatemala (BOOTH; BRESSANI; JOHNS, 1992) with values varying
from 86 to 89%. The lipid content (2.8%) and protein content (1.99%) were approximately 10
and 3 fold higher, respectively, than those reported for the leaves of E. foetidum from Andaman
and Nicobar Islands (SINGH et al., 2011). The values of carbohydrates were 1.5 times higher
than those found for the leaves of E. foetidum from Alta Verapaz (Guatemala) (BOOTH,;
BRESSANI; JOHNS, 1992). Regarding the energetic value, the leaves of E. foetidum exhibited
52.23 (£ 5.46) kcal/100 g.

3.2 CAROTENOID PROFILE OF Eryngium foetidum LEAVES

The HPLC-DAD-APCI-MS" analysis allowed the identification and quantification of
nine carotenoids. The MS/MS experiment confirmed the assignment of the protonated molecule
([M+H]") of all carotenoids identified through the expected fragments from the polyene chain
of carotenoids and functional groups, along with the UV-Vis spectra (Figure 1, Table 1). Peak
1 was tentatively identified as a mix of all-trans-violaxanthin + 9-cis-neoxanthin due to the
presence of a protonated molecule ([M+H]+) at m/z 601 and fragments at m/z 583, 565, and 547
corresponding to neutral losses of one, two and three OH groups (-18 u), respectively, along
with a fragment at m/z 509, showing the neutral loss of a toluene moiety ([M+H-92]+). In
addition, other fragments were detected at m/z 393, resulting from the cleavage of the allylic
double bond to the allenic carbon (9-cis-neoxanthin), as well as the fragment at m/z 221
corresponding to the presence of a B-ring epoxy substituent with a OH group (FARIA et al.,
2009a; DE ROSSO; MERCADANTE, 2007a, 2007b). This same carotenoid mixture was
previously reported in Brazilian loquat (FARIA et al., 2009Db).
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Figure 1 — HPLC-DAD chromatogram of the carotenoids of Amazonian Eryngium foetidum L. leaves.
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Notes: Peak identification: 1 = Mix of all-trans-violaxanthin+9-cis-neoxanthin; 2 = all-trans-Luteoxanthin; 3 =
Mix of cis-lutein + epoxy-carotenoid; 4 = all-trans-Lutein; 5 = all-trans-Zeaxanthin; 6 = 9-cis-Lutein; 7 = 13-
cis-p-Carotene; 8 = all-trans-p-Carotene; 9 = 9-cis-p-Carotene.
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Table 1 — Chromatographic, UV-Visible, mass spectroscopy characteristics and content of carotenoids from Eryngium foetidum leaves, obtained

by HPLC-DAD-APCI-MS/MS.

(to be continued)

Concentration tr %Il %As [M+H]* MS/MS (+)
Peak Carotenoid? Amax (NM)¢
/g leaves)P max
(ng/g ) (min)® A () (m/z)
1 Mix of all-trans-violaxanthin + 43.81 + 6.97 7.6 415, 438, 468 88 0 601 583[M+H-18]*, 565[M+H-18-18] *, 547[M+H-18-18-18] *,
9-cis-Neoxanthinf 509[M+H-92]*, 491[M+H-18-92] *, 393, 221
326, 412, 435, 464 90 12
2 All-trans-luteoxanthin f 12.84 +1.92 8.8 398, 421, 448 100 0 601 583 [M+H-18]*, 565 [M+H-18-18]"*, 547[M+H-18-18-18]*,
509[M+H-92]*, 491[M+H-18-92], 221
3 Mix of cis-lutein + epoxy- 37.85+1.21 105  330,420,442,470 50 24 585¢  567[M+H-18]*, 549[M+H-18-18] *, 531[M+H-18-18-18] *,
carotenoid ' £60 493[M+H-92]*, 475[M+H-18-92] *, 221
551[M+H-18] *, 533[M+H-18-18] *, 477[M+H-92] *, 463[M+H-
106] *, 459[M+H-18-92] *
4 All-trans-lutein f 204.86 + 3.15 12.8 420, 444, 472 64 0 569 551[M+H-18]*, 533[M+H-18-18]*, 477[M+H-92] *, 463[M+H-
106] *, 459[M+H-18-92] *
5 All-trans-zeaxanthin f 9.37 £0.42 15.3 420, 450, 477 33 0 569 551[M+H-18]*, 533[M+H-18-18] ", 477[M+H-92]*
6 9-cis-Luteinf 33.42+0.21 18.4 332, 420, 444, 472 60 nc 569  551[M+H-18]", 533[M+H-18-18]%, 477[M+H-92]*, 459[M+H-
18-92], 431
7 13-cis-B-carotenef 20.55+5.11 28.9 337, 420, 444, 469 11 46 537 444[M-92]*
8 All-trans-p-carotene f 160.73+£17.62  32.9 420, 451, 478 29 0 537  444[M-92]*
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Table 1 — Chromatographic, UV-Visible, mass spectroscopy characteristics and content of carotenoids from Eryngium foetidum leaves, obtained

by HPLC-DAD-APCI-MS/MS.

(conclusion)

Concentration tr %Il %As [M+H]* MS/MS (+)
Peak Carotenoid? Amax (NM)¢
/g leaves)® max
(ugfg leaves)” e A () (m/z)
9 9-cis-B-carotene f 29.70 £ 7.54 34.8 336, 420, 446, 472 25 9 537 444[M-92]*

Total sum of carotenoids (ug/g leaves) 552.57 + 25.53

Vitamin A value (ug RAE/g leaves)? 16.76 + 0.29

aTentative identification based on Uv-Visible and mass spectra as well as relative HPLC retention times and published data. "Mean + standard deviation (n = 3, dry weight)

and the peaks were quantified as equivalent of B-carotene. °Retention time on Cs column. 9Linear gradient of methanol/MTBE. ¢In-source detected fragment. f The peaks

were quantified as equivalent of B-carotene and lutein. ¢ RAE=retinol activity equivalent.
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Peak 2 was identified as all-trans-luteoxanthin due to the Amax at 421 nm and the high
%I11/11 value (100%), which are characteristic of this epoxycarotenoid, and also due to the
[M+H]+ at m/z 601, and the fragment at m/z 583 [M+H-18]", as well as the m/z 221, similar to
that reported for Amazonian fruits (DE ROSSO; MERCADANTE, 2007b).

Peak 3 was identified as a mixture of cis-lutein + epoxy-carotenoid because two
protonated molecules were detected, one at m/z 585 and another at m/z 569. The m/z 585 showed
fragments at m/z 567, 549 and 531, corresponding to consecutive losses of one, two and three
hydroxyl groups, respectively, at m/z 493 [M+H-92]" corresponding to the neutral loss of
toluene, at m/z 475 [M+H-18-92] * and at m/z 221. The [M+H]" at m/z 569 showed the following
characteristic lutein fragments: m/z 551 and m/z 533 due to the removal of one and two water
molecules, respectively, together with the fragment at m/z 477, corresponding to the loss of
toluene ([M+H-92]"), m/z 463 [M+H-106]" corresponding to loss of a xylene group, as well as
fragment at m/z 459 [M+H-92], resulting from the loss of toluene and one water molecule.
These fragmentation patterns were also reported in Couepia bracteosa fruit (BERTO et al.,
2015a, 2015b) and in Dovyalis and tamarillo fruits (DE ROSSO; MERCADANTE, 2007a).

Peaks 4 and 5 were tentatively identified as all-trans-lutein and all-trans-zeaxanthin,
respectively. Both the compounds are isomers and, therefore, present the same [M+H]" at m/z
569. Lutein has a B-ring and a e-ring and zeaxanthin two B-rings. Thus, one of the OH groups
of lutein are allylic to the double bond in the e-ring and not conjugated to the polyene chain,
resulting in ten conjugated double bonds (c.d.w.). On the other hand, zeaxanthin the two B-rings
double bonds are conjugated to the polyene chain and, consequently, the chromophore shows
11 c.d.w. Based on these characteristics, it is possible to identify these two compounds by the
UV-visible and MS spectra features. As expected, Amax values of lutein were lower than those
of zeaxanthin, the MS spectrum of all-trans-zeaxanthin showed a more intense [M+H]" at m/z
569 compared to the m/z 551 [M+H-18]" fragment, while the opposite was observed for lutein,
as previously reported (CHISTE; MERCADANTE, 2012; DE ROSSO; MERCADANTE,
2007a; 2007Db).

Peak 6 presented the same MS spectra features observed to all-trans-lutein and was
identified as 9-cis-lutein, as it UV-visible spectra was similar to the all-trans-carotenoid, but
taking into account the presence of the cis peak at 332 nm. Peaks 7, 8 and 9 showed the same
[M+H]" at m/z 537 with a characteristic neutral loss of toluene at m/z 444 [M-92]*. These peaks
were identified as 13-cis-p-carotene, all-trans-p-carotene and 9-cis-f3-carotene, respectively,
based on their UV-visible characteristic differentiation as the increased %Ag/A values (= 7-
11% = 9-cis; = 45% = 13-cis-carotenoid). Peaks 7 and 9 were characterized as cis-isomers
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considering the presence of the cis peak at the 336-337 nm. The assignment of cis-isomers also
considered that the fine spectral structure (%I11/11) decreased and the intensity of the cis peak
(%AB/AIl) increased as the cis-double bond is approaching the center of the molecule (BERTO
et al., 2015a). The identification of all-trans-f3-carotene was positively confirmed by co-elution
and comparison of the UV-Visible and MS spectra with an authentic standard.

The major carotenoids were all-trans-lutein (37%), and all-trans-p-carotene (29%), the
other seven carotenoids represented approximately 25% of the total sum. The total sum of the
carotenoids identified from the leaves of E. foetidum (Table 1) was which was high when
compared to other plants, such as Brassica oleracea, broccoli (B. oleracea L. var. lItalica)
(222.8 - 367.6 pg/g d.b.) and cauliflower (B. oleracea L. var. Botrytis) (36.5 - 146.8 pg/g d.b.)
(GUZMAN; YOUSEF; BROWN, 2012). The vitamin A value found in E. foetidum leaves was
16.76 png RAE/g (d.b.). For vitamin A activity, it should be remembered that a carotenoid must
have at least one unsubstituted B-ionone ring attached to the polyene chain with at least eleven
carbons. According to these structural requirements, among the nine identified carotenoids,
only B-carotene (100% conversion) and its isomers (50% conversion) showed vitamin A
activity. Therefore, the main contribution to the total vitamin A value was from (-carotene
(86.5%).

Scientific studies have shown a positive correlation between high fruit and vegetable
intake, especially rich in lutein and zeaxanthin, with a reduced risk of macular degeneration
(LIU et al., 2015; EISENHAUER et al., 2017). Other benefits are also associated with the
ingestion of these pigments, such as reduction of the risk of cataract, protective effect against
atherosclerosis, prevention of the onset and progression of some types of cancer and other
chronic degenerative diseases (CALVO, 2005). Lutein and zeaxanthin contents reported here
were higher than those reported previously for India mustard (lutein; 53.8 + 4.2; zeaxanthin;
0.8 + 0.1), brocoli (lutein; 1.4 £ 0.2; zeaxanthin; not detected), spinach (lutein; 43.7 £ 3.8;
zeaxanthin; 0.7 £ 0.1), watercress (lutein; 42.8 £ 4.1; zeaxanthin; 0.4 £ 0.1), endive (lutein; 34.2
+ 4.0; zeaxanthin; 0.4 + 0.1), lettuce (lutein; 2.0 £ 0.1; zeaxanthin; 0.1 = 0.1) and cabbage
(lutein; 2.5 + 0.1; zeaxanthin; 0.1 + 0.1) (MURILLO; MELENDEZ-MARTINEZ;
PORTUGAL, 2010). Importantly, the values indicated by Britton and Khachik (2009), to
classify individual carotenoid levels as high (500-2000 pg/100 g or 5-20 pg/g) and very high
(> 2000 ng/100 g or > 20 pg/g) suggested that E. foetidum leaves can be considered as a very
high source of lutein and -carotene and a high source of zeaxanthin. Furthermore, based on

the daily intake ranges of carotenoids reported by Meléndez-Martinez (2019) the intake of 30
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g of E. foetidum fresh leaves correspond to dietary intake of 7% and 156% of B-carotene and

lutein, respectively.

3.3 PHENOLIC COMPOUNDS PROFILE OF Eryngium foetidum LEAVES

Regarding the profile of phenolic compounds, the HPLC-DAD-ESI-MS" allowed the
identification and quantification of six phenolic compounds (Table 2, Figure 2). Peak 1 was
identified as chlorogenic acid since it exhibited a deprotonated molecule ([M-H]") at m/z 353
and an intense fragment at m/z 191 ([M-H-162]) corresponding to the loss of a caffeoyl moiety
releasing quinic acid. Chlorogenic acid was the main phenolic compound found in leaf extract
of E. foetidum accounting for 43.28% of the total sum, and was positively confirmed based on
the same UV-visible features and MS fragmentation pattern observed for the authentic standard.
The content of the chlorogenic acid found in this study (Tabela 2) was 9 times higher than that
found in artichoke leaves (Cynara cardunculus var. Scolymus Hayek L.) (481 pg/g, d.b.)
(NOURAEI; RAHIMMALEK; SAEDI, 2018).

Figure 2 — HPLC-DAD chromatogram of phenolic compounds of Eryngium foetidum L. leaves.
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Notes: Chromatographic conditions: see text. Peak characterization is given in Table 2. Peak
identification: 1: Chlorogenic acid; 2: Feruloylquinic acid; 3: Quercetin glucuronide; 4:

Luteolin hexoside; 5: Luteolin glucuronide; 6: Ferulic acid derivative.



64

Table 2 — Chromatographic, spectroscopic characteristics and content of phenolic compounds from Eryngium foetidum leaves, obtained by HPLC-

DAD-ESI-MS".
Concentration (ug/ R M~ .
Peak Phenolic compound? S HEE T min) A (nm)° H] MS? (-) (m/z)® MS2 (m/z)!
leaves) c (mi2)
1 Chlorogenic acidf 4327.62 £752.97 19.2  300(sh), 326 353 191, 179, 173 [35333'91]:
2 Feruloylquinic acid' 147.66 + 19.64 23.3 265, 326 367 193 [367197; 93]
Quercetin [477-301]:
3 X 334.34 £24.78 27.5 354 477 301 273, 257, 229,
glucuronide?® 179. 151. 107
[447->285]:
4 Luteolin hexoside” 226.72 £ 44.99 28.8 265’:;34070(8)’ 447 327, 285, 257 268, 257, 243,
229
5  Luteolin glucuronide” 1071 47+248.78  30.0 265,347 461 285 2[25129558?15
Ferulic acid 341, 225, 200, 182, ,
6 derivativef 3891.94 + 402.28 31.3 285(sh), 330 359 165, 137 [359->165]: nd

(conclusion)
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Total sum of phenolic (ug/
P (no/g 0999.76 + 172.82
leaves)

aTentative identification based on Uv-Visible and mass spectra as well as relative HPLC retention times and published data. °n = 3 (dry weight). Retention time on the Cig
Synergi Hydro (4 um) column. %Solvent: gradient of 0.5% formic acid in water and acetonitrile with 0.5% formic acid. éIn the MS/MS, the most abundant ion is shown in

boldface. Peaks were quantified as equivalent to ‘chlorogenic acid, 9quercetin and "apigenin. 'The MS® fragments were obtained from the most abundant ion in the MS/MS
experiment.
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Peak 2 was tentatively identified as feruloylquinic acid, with [M-H] at m/z 367 and a
MS? fragment at m/z 193 [M-H-174], corresponding to ferulic acid after losing the quinic acid
attached to the molecule. This fragmentation pattern corresponds to those previously described
for feruloylquinic acid found in artichoke extracts (PISTON et al., 2014).

Peak 3 was identified as quercetin-glucuronide with [M-H]" at m/z 477 and MS?
fragment at m/z 301 [M-H-176] showing the quercetin molecule after the removal of a
glucuronic acid unit. The fragments of quercetin (m/z 301) in the MS2 experiment was the same
as reported in studies where quercetin-glucuronide was identified (PEREIRA et al., 2014;
RIBEIRO et al., 2014).

Peaks 4 and 5 showed [M-H] at m/z 447 and 461, respectively, and were identified as
luteolin derivatives according to their UV-Visible and MS spectra and data available in the
literature (PEREIRA et al., 2014; PISTON et al., 2014). Peak 4 presented an intense fragment
at m/z 285 ([M-H-162]") in the MS? spectrum, corresponding to the loss of an hexose unit and
was identified as a luteolin hexoside. Peak 5 was identified as luteolin glucuronide due to the
same fragment at m/z 285 ([M-H-176]) in the MS? spectrum, which corresponds to the loss of
one glucuronic acid unit. Both the peaks showed the same fragmentation pattern for luteolin
(m/z 285) in the MS® spectra, as compared to previous data (PEREIRA et al., 2014; PISTON et
al., 2014). The intake of luteolin and apigenin (flavones) in the diet is usually lower than that
of flavonols, such as quercetin and kaempferol, since they occur in significant concentrations
in few foods. A luteolin was identified in artichoke leaves with a concentration ranging from
53 (£ 1)a 69 (+2) pg/ g d.b. (NOURAEI; RAHIMMALEK; SAEIDI, 2018), whose values are
lower than those reported in this study for leaves of E. foetidum.

Peak 6 exhibited the [M-H]" at m/z 359 with an MS? fragment at m/z 165 ([M-H-194]")
corresponding to the loss of ferulic acid, being tentatively identified as a ferulic acid derivative.
The MS characteristics of this compound were similar to those previously reported for ferulic
acid derivatives in strawberry (Fragaria ananassa) (AABY; EKEBERG; SKREDE, 2007).

The content of phenolic compounds found in this study was higher than previously
reported for leaves of E. foetidum from the Andaman and Nicobar Islands (India) whose value
of 283.10 pg/g (d.b.) (35 times less) was determined by spectrophotometry (SINGH et al.,
2011). When compared to other plants, such as artichoke leaves (Cynara cardunculus var.
Scolymus Hayek L.), the phenolic content of E. foetidum leaves was approximately 7 times
higher (1387 ng/g, d.b.) (NOURAEI;, RAHIMMALEK; SAEIDI, 2018). The average
consumption of total phenolic compounds and, more specifically phenolic acids, by the

Brazilian population was reported to be 460.15 and 314 mg/day, respectively (CORREA et al.,
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2015). Based on this information, the ingestion of 30 g of E. foetidum leaves can contribute

with =10.4% and 8.5% of the total phenolic compounds and phenolic acids, respectively.

3.4 ANTIOXIDANT CAPACITY OF Eryngium foetidum LEAF EXTRACT

The methanolic extract of E. foetidum were able to scavenge both ABST and DPPH
radicals. However, the leaf extract of E. foetidum showed low efficiency in removing ABTS**
(15.77 £ 0.92 uM Trolox / g, FW) when compared to Arrabidaea chica leaves (86.81 TE/qg,
FW) (SIQUEIRA et al., 2019). This is the first time that the scavenging capacity of E. foetidum
leaf extract against ABTS®" was reported. The methanolic extract of E. foetidum leaves may
also be able to capture DPPH*® with inhibition percentage of 91.60 + 0.45% at the tested
concentration of 0.06 ug / g, a value similar to that found for the extracts of E. foetidum leaves
previously reported by Singh et al., (2013) (92.7%), but superior to the authors of a previous
study (73.93%) (SINGH et al., 2011).

ABTS"*" and DPPH?* are stable, synthetic and non-biological free radicals; however, due
to their chemical stability, sensitivity and operational ease in antioxidant capacity protocols,
they are widely used in determining the in vitro antioxidant potential of isolated compounds or
plant extracts from food samples (HUANG; OU; PRIOR, 2005).

Regarding the '0O,-quenching capacity, the extract of E. foetidum leaves, at the studied
concentrations, was efficient to inhibit tryptophan degradation, as induced by the
photosensitization reaction in the presence of methylene blue, showing excellent fitting to first
order reaction, with a high determination coefficient (R? = 0.99) (Fig. 3a). According to Figure
4b, 10, was inhibited in a concentration-dependent manner and the extract of E. foetidum leaves
presented an I1Csg at 343.32 pug/mL with high percentage of protection (77.50%) at the highest
tested concentration (625 pg/mL). Quercetin (positive control) showed higher *0O2-quenching
ability (1Cso of 1.9 ug/mL) than the extracts of E. foetidum leaves. The extract of E. foetidum
leaves was more effective against 10, than fruit extracts of Terminalia chebula (1Cso = 424.50
ug/ml) and Emblica officinalis (ICso of 490.42 ug/ml) (HAZRA et al., 2010). However, it was
less efficient than the artichoke extracts (ICso = 20.5 - 30.1 pug/ml) (PISTON et al., 2014) and
for Caryocar villosum fruit extracts (ICso = 156 pg/ml) (CHISTE et al., 2012).
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Figure 3 — (a) Decay of the intensity of the absorbance of tryptophan in the presence of the methylene blue and
extract of the Eryngium foetidum L. leaves and (b) percentage of inhibition of the O, as a function of the

concentration of the extract of the Eryngium foetidum L. leaves.

1.0 (a) 901 (b)

0.8 4
625 pg/mL extract |
500 pg/mL extract

0.6 4 4

250 pg/mL extract
125 pg/mL extract

Blank

®
S

~
IS}

0.4

IS
=)
1

102 inhibition (%)
m\

o

0.24

Decrease in TRP intensity (Abs/Abs, )
w

00 T T T T T T 1 T T T T T T 1
0 5 10 15 20 25 30 100 200 300 400 500 600 700
Time (min) concentration (ng/mL)

N
1S3

Notes: The experiments were carried out in four concentrations and n = 3 (Mean + standard

deviation).

10, is an important ROS with high reactivity that can be found both in human body and
in food systems. The formation of 'O, can generate other physiological reactive species, such
as alkyl (R’), alkoxyl (RO, organic hydroperoxides (ROOH), superoxide anion (O2"),
hydrogen peroxide (H20.), hydroxyl radical ("OH) and peroxynitrite (ONOO"), and these ROS
are often responsible for several biological deleterious effects (BLAZQUEZ-CASTRO;
BREITENBACH; OGILBY, 2014; CARRASCO et al., 2015). Therefore, the investigation of
plant extracts, such as E. foetidum, with high contents of bioactive compounds and high ability
to inhibit 1Oz is highly desirable to support and stimulate deeper studies aiming the inhibition
of the oxidation of biomolecules present in both the human body and food systems.

The high antioxidant potential of the E. foetidum leaf extract may be mainly attributed
to the high contents of phenolic compounds in the hydrophilic extract (Table 2), which
corroborates to the fact that the antioxidant action of phenolic compounds from plants is
associated to the inhibition of the oxidizing effect of reactive species by delaying chain
reactions and/or scavenging free radicals (PISTON et al., 2014; ROJAS; BUITRAGO, 2019).
Chlorogenic acid was the major phenolic compound found in the extract of E. foetidum leaves,
and epidemiological studies showed a positive association between the consumption of foods
containing chlorogenic acid and health benefits (ABU-AMSHA et al., 1996; NATELLA et al.,
2008; CLIFFORD; KERIMI; WILLIAMSON, 2020). These combined information makes
Amazonian E. foetidum leaves an interesting plant source for research of food supplementation

aiming increasing human health.
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Importantly, the biological properties of chlorogenic acid, or any bioactive compound,
depend on its bioavailability in the gut, which can be affected by several factors, such as the
bioaccessibility of each compound, bioactive compounds—gut microbiota interactions, different
mechanisms of absorption of water-soluble and lipid-soluble molecules, interactions with other
nutrients, among others (REIN et al., 2012). Pharmacokinetic studies involving chlorogenic
acid and its metabolites suggest that they bound to human serum albumin and/or may be
sequestered in tissues to exhibit its biological activity (CLIFFORD; KERIMI; WILLIAMSON,
2020).

The relevance of researches on bioactive constituents from plants is fully justified by
the association that fruits, vegetables, and food legumes are therapeutic agents useful for
treating a wide range of human disorders (ZHU; DU; XU, 2018). Regarding the application on
food industries, the safety concerns regarding some synthetic antioxidants could be relieved
with the use of natural plant extracts with high contents of bioactive compounds at lower
concentrations. Thus, E. foetidum leaves can be seen as a dietary source of natural antioxidants

with potential health benefits whose consumption should be stimulated.

4 CONCLUSIONS

All-trans-lutein and all-trans-p-carotene were the major carotenoids in E. foetidum
leaves, while chlorogenic acid and a ferulic acid derivative were the major phenolic compounds.
Amazonian E. foetidum leaves, besides its traditional use in cooking and folk medicine, may
represent a valuable source of bioactive compounds with antioxidant properties, with
undeniable nutraceutical value and great potential to be explored and used in the food, cosmetic
and pharmaceutical industries. Furthermore, future systematic studies based on cellular
antioxidant capacity assays should be applied to understand the protective effects of the

bioactive compounds of this plant species on different oxidative/nitrosative stress pathways.
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“Extratos liofilizados de folhas de Eryngium foetidum da Amazonia com
alto teor de acido clorogénico, obtidos com solventes verdes, sdo eficientes
sequestradores de ROS/RNS para futuras aplicacdes como antioxidantes

naturais”
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RESUMO

Eryngium foetidum L. é uma hortalica comestivel amplamente difundida em pratos tipicos na
Amazodnia e possui elevados teores de compostos fendlicos promissores para a producdo de
extratos para serem empregados como aditivos naturais antioxidantes. Neste estudo, o potencial
antioxidante, in vitro, de trés extratos liofilizados de E. foetidum, obtidos utilizando solventes
verdes (agua (H20), etanol (EtOH) e etanol/agua (EtOH/H;0)), foi investigado em relacdo a
desativacdo de espécies reativas de oxigénio (ROS) e nitrogénio (RNS) geradas comumente
tanto em sistemas fisioldgicos quanto alimenticios. Seis compostos fendlicos foram
identificados nos extratos, cujo o principal foi o &cido clorogénico (2198, 1816 e 506 pg/g) para
os extratos EtOH/H20, H.O e EtOH, respectivamente e todos os extratos de folhas de E.
foetidum foram eficientes na eliminacdo das ROS e RNS testadas (1Cso = 45.00 — 1000 pg/mL).
O extrato EtOH/H,0 apresentou o maior teor de compostos fenolicos (5781 pg/g), e apresentou
a maior eficiéncia na desativacdo de todas as espécies, com alta eficiéncia para 0 O2" (ICso =
45.00 pg /mL), exceto para 0 ROO", cujo extrato EtOH foi o mais eficiente. Portanto, os extratos
de E. foetidum, principalmente o obtido com EtOH/H2O, demonstraram excelente potencial

antioxidante para serem aplicados como aditivo antioxidante em alimentos e nutracéuticos.

Palavras-chave: acido clorogénico; &cido ferralico; radicais livres; vegetais nao-

convencionais; fenélicos.

1 INTRODUCAO

Eryngium foetidum L., uma das principais hortalicas ndo convencionais (PANCs)
cultivadas no Brasil (BRASIL, 2010), é nativa da regido Amazonica e América Central (SHE
& WATSON, 2005). E uma hortalica muito usada como condimento na culinaria amazonica, e
vem despertando a atencdo de pesquisadores por serem usadas na medicina tradicional no
tratamento de patologias diversas e em funcdo da presenca de compostos bioativos com
potencial antioxidante (PAUL et al., 2011; SINGH et al., 2011; MEKHORA et al., 2012,
DAWILAI et al., 2013; SINGH et al., 2013; LEITAO et al., 2020).

Os antioxidantes exdgenos oriundos da dieta alimentar, assim como 0s antioxidantes
enddgenos produzidos pelo organismo humano sdo capazes de prevenir ou retardar o dano
celular gerados por espécies reativas de oxigénio (ROS) e/ou nitrogénio (RNS) (AZEEZ et al.,

2017). Apesar das ROS e RNS desempenharem efeitos fisioldgicos benéficos, como a
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sinalizagéo celular, as ROS e RNS podem danificar ou destruir o funcionamento normal das
células quando em superproducéo no sistema fisiologico em decorréncia do estresse oxidativo
(VALKO et al., 2007). Embora os mecanismos endogenos de defesa do corpo humano, como
por exemplo a glutationa e os sistemas enzimaticos superdxido dismutase, catalase e glutationa
peroxidase, sejam capazes de diminuir os danos oxidativos causados pela superproducao de
ROS e RNS (HALLIWELL et al, 1995; OKAYAMA, 2005; VALKO et al., 2007), em geral,
0s antioxidantes endogenos ndo sdo suficientes, sendo necessario, portanto, o fornecimento de

antioxidantes a partir de uma fonte exdgena.

A acdo das ROS e RNS em alimentos é de grande importancia do ponto de vista da
industria alimenticia, uma vez que estas espécies sdo responsaveis pelo inicio das reacdes de
oxidacdo, alterando a qualidade nutricional, quimica e fisica dos mesmos durante seu
processamento, armazenamento e comercializacao, tornando-0s pouco aceitaveis ou até mesmo
inaceitaveis sensorialmente para os consumidores (LEE et al., 2003).

Em funcdo da natureza bioldgica dos alimentos, a ocorréncia de ROS e RNS é
inevitavel. Estudos sobre a quimica de ROS e RNS e seus efeitos sobre os alimentos tem sido
reportados, uma vez que as ROS sdo as principais responsaveis pelo inicio da reacdo de
oxidacdao dos alimentos, interagindo com lipidios, proteinas, aglcares e vitaminas, produzindo
compostos volateis indesejaveis, degradando acidos graxos essenciais, aminoacidos, vitaminas
e formando compostos de carater carcinogénico (CARR et al., 2000; CHOE & MIN, 2006). Os
antioxidantes presentes naturalmente nos alimentos ou adicionados durante o processamento
atuam na reducdo e inibicdo do processo de oxidacdo lipidica, retardando a formacdo de
produtos toxicos, muitos destes responsaveis pelo rango oxidativo, auxiliam na manutencao da
qualidade nutricional e aumento da vida atil dos alimentos e ingredientes alimenticios
(BREWER, 2011). Além disso, os antioxidantes também podem ser adicionados para
minimizar as mudangas no sabor, aroma, cor ou valor nutritivo de diversos alimentos
processados, quando oriundas de processos oxidativos.

Neste contexto, para assegurar a eficiéncia da capacidade antioxidante de um alimento,
planta ou extrato como uma fonte exdgena € necessario que se realizem investigacoes
sistematicas (in vitro e in vivo) que determinem a sua eficiéncia na desativacao de ROS e RNS
de importancia fisiologica. Essa eficiéncia se da em funcdo da associacdo positiva entre a
ingestdo frequente destes alimentos ou ingredientes alimenticios e a diminuigdo do risco de

desenvolvimento de doengas cronico-degenerativas, como por exemplo, as doengas
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cardiovasculares (TAJIK et al., 2017), aterosclerose (TAJIK et al., 2017; ROJAS; BUITRAGO,
2019), Alzheimer e cancer (VALKO et al., 2007; PHANIENDRA; BABU, 2015).

Em um estudo anterior realizado pelo nosso grupo de pesquisas, as folhas de E. foetidum
apresentaram alta concentracdo de compostos bioativos, especialmente os compostos fendlicos,
elevada atividade antioxidante (ABTS e DPPH) e capacidade de desativagcdo do oxigénio
singleto (*O2), uma ROS altamente reativa (LEITAO et al, 2020). No entanto, nio ha
informacdes na literatura sobre o potencial antioxidante de extratos de E. foetidum cultivados
na regido amazénica na desativacdo das demais ROS e RNS de relevancia fisioldgica e
alimentar, como o radical superdxido (O2" 7), &cido hipocloroso (HOCI), o peroxido de
hidrogénio (H20>) radical peroxila (ROO") e &nion peroxinitrito (ONOO").

Portanto, este trabalho teve como objetivo a obtencéo e caracterizacdo de extratos com
elevados teores de compostos fendlicos obtido de folhas de E. foetidum cultivadas na
Amazonia, com a utilizagéo de trés diferentes solventes verdes comumente reconhecidos como
GRAS (Generally Recognized As Safe) para consumo humano EtOH, H.O e EtOH/H20,
seguido da investigacdo do potencial antioxidante dos extratos, in vitro, na desativacdo das

principais ROS e RNS de relevancia fisiologica e alimentar.

2 MATERIAL E METODOS

2.1 REAGENTES

Quercetina, acido clorogénico, acido ascorbico, etanol, metanol, éter metil tert-butilico
(MTBE), persulfato de potassio e azul de metileno (MB), L-triptofano, acetonitrila, acido
férmico, di-hidrorodamina 123 (DHR), 4,5-diaminofluoresceina (DAF-2), 3- (aminopropil) -1-
hidroxi-3-isopropil-2-oxo-1-triazeno (NOC-5) peroxido de hidrogénio (H202) 30%, solucédo de
hipoclorito de sédio com 4% disponivel, cloro, B-nicotinamida dinucleido de adenina (NADH),
metossulfato de fenazina (PMS), cloreto de nitroazul de tetrazio (NBT), lucigenina e todos os
outros sais e solventes de qualidade analitica foram adquiridos Sigma-Aldrich (St. Louis, EUA).
A agua ultrapura foi obtida a partir do sistema Milli-Q System (Millipore Corp., Milford, MA,
EUA). Para analise cromatografica, amostras e solventes foram filtrados usando membranas de
filtracdo de nylon de 0,22 e 0,45 um (Billerica, MA, USA).
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2.2 FOLHAS DE E. foetidum

As folhas de E. foetidum (SISGEN- A89EDD3) foram obtidas de uma propriedade
produtora de hortalicas em Santa Izabel do Parg, Brasil (Latitude: -1.29938, Longitude: -48.161,
1°17'58 "Sul, 48 ° 9'40" West) em julho de 2017. As folhas de E. foetidum (aproximadamente
500 g) foram lavadas com agua destilada e secas a 25 °C/2 h. Em seguida, o material foi
liofilizado (Liotop, L101, Séo Paulo, Brasil) a -60 °C, em vécuo continuo por 24 h. As folhas
secas foram trituradas, embaladas e armazenadas sob condigdes livre da incidéncia da luz a -18
°C.

2.3 OBTENCAO DOS EXTRATOS

As extracBes foram realizadas de acordo com a metodologia descrita por Chisté et. al.
(2011) com algumas modificacOes. Trés extratos foram obtidos a partir das folhas liofilizadas
(1:1, v/v) utilizando os seguintes solventes: EtOH, EtOH/H20 e H,0. Estes solventes foram
escolhidos considerando a permissibilidade do residuo em extratos apds evaporacéo, de acordo
com a Diretiva da Comissdo 95/45/CE das Comunidades Europeias (DIRETIVA DA
COMISSAO 95/45/CE, 1995). Para cada extrato, as folhas foram misturadas com o solvente e
os compostos fenolicos foram extraidos na razdo solido-liquido de 1:10 (m/v) durante 5 min
em banho de ultrassom (Quimis, modelo 03350, Diadema- S&o Paulo- Brasil) com frequéncia
fixa de 25 KHz e temperatura ambiente. Ap6s o0 tempo no banho ultrassom, os extratos foram
centrifugados (centrifuga Heraeus multifuge X1r, Thermo Electron Led GMBH, S&o Paulo,
Brasil) a 11627.2 xg por 5 min a temperatura ambiente e a fracdo liquida foi coletada. O residuo
solido foi submetido a mais 7 extracfes nas mesmas condigdes e todas as fracOes liquidas
centrifugadas foram combinadas para compor o extrato. Em seguida, os extratos contendo
EtOH foram submetidos a evaporacao a pressao reduzida em um evaporador rotativo (T< 38
°C) e os extratos liquidos EtOH/H20 e H»O foram congelados, liofilizados (Liotop, L101, Séo
Paulo, Brazil). Todos os extratos secos obtidos foram acondicionados em frascos ambar,
saturado com fluxo de N2 e armazenados a -18 °C até a realizagdo das anélises. O procedimento

de extracdo foi realizado em triplicata (n = 3) para cada solvente.
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2.4 DETERMINACAO DA COMPOSICAO DE COMPOSTOS FENOLICOS POR HPLC-
DAD

Os extratos liofilizados foram dissolvidos em metanol/agua (80:20, v/v) e injetados em
um HPLC Agilent (modelo Agilent 1260 Infinity, Santa Clara, CA, EUA) equipado com uma
bomba quaternéria (G1311C), um injetor automatico (G7129), um forno (G1316A) e um
detector DAD (G1328C). Os compostos fendlicos foram separados numa coluna Synergi Hydro
Cis usando um gradiente linear de agua/acido formico (99,5: 0,5, v/v) e acetonitrila/acido
férmico (99,5: 0,5 v/v) como fase mdvel, conforme procedimento descrito em detalhes por
Chisté e Mercadante (2012). Os espectros UV-visivel foram obtidos entre 200 e 600 nm, e 0s
cromatogramas foram processados a 270, 320 e 360 nm. Os compostos fendlicos foram
quantificados por padrdes externos e foram calculados os limites de detecgdo (LOD) e de
quantificacdo (LOQ) usando os parametros das curvas analiticas (ICH, 2005). As curvas
analiticas de seis pontos (3,12 - 100 pg / mL, em duplicado) foram: quercetina (360 nm, R? =
0,99, LOD = 0,15 pg/mL e LOQ = 0,62 ug/mL), apigenina (320 nm, R? = 0,99, LOD = 0,15
ng/mL e LOQ = 0,62 pg/mL) e &cido clorogénico (320 nm, R2 = 0,99, LOD = 0,15 pg/mL e
LOQ = 0,62 pug/mL). Os teores de compostos fenolicos foram expressos em ug/g de extrato
(base seca), considerando trés procedimentos independentes de extracdo (n = 3). Os compostos
fenolicos foram identificados combinando as seguintes informacdes: ordem de elui¢do, tempo
de retencdo na coluna Cig, comparacdo com padrfes auténticos analisados sob as mesmas
condigdes e espectros UV-vis em comparagdo com os compostos identificados e quantificados
previamente pelo nosso grupo de pesquisa por espectrometria de massas utilizando electrospray
como fonte ionizacdo e dados de fragmentacio sequencial (HPLC-DAD-ESI-MS") (LEITAO
et al., 2020).
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25 CAPACIDADE ANTIOXIDANTE DOS EXTRATOS DE E. foetidum NA
DESATIVACAO DE ROS E RNS (in vitro)

Os ensaios foram realizados em leitor de microplacas (Synergy HT, BioTek, Vermont,
EUA) equipado com termostato e detectores para medigOes de fluorescéncia, absorbancia e
qguimioluminescéncia. Em funcdo da preservacdo dos compostos bioativos, os ensaios foram
realizados imediatamente apds a pesagem do extrato liofilizado. Dois ensaios de controle foram
realizados em todas as microplacas, sendo um para verificar a interacdo entre a sonda e a
solucdo de extrato, sem a adicdo de um gerador da espécie reativa, e a outra usando o &cido
clorogénico (0,06 - 500 pg/mL) ou a quercetina (0,001 - 30 pg/mL) ou o acido ascorbico (15,62
- 500 pg/mL) como controle positivo. Cada ensaio de desativacdo de ROS/RNS corresponde a
quatro experimentos independentes, cada um realizado em triplicata (n=3) e em seis diferentes

concentragOes do extrato de E. foetidum (3,9 a 1000 pg/mL).

Os resultados foram expressos em porcentagem de inibi¢do das ROS e RNS (média +
erro padrdo da média, EPM) e as concentracGes de extrato capazes de inibir 50% do efeito de
cada ROS e RNS testado (1Cso) foram calculadas a partir das curvas da porcentagem de inibicéo
versus concentracdo de antioxidantes utilizando o software Origin Pro v8 (OriginLab
Corporation, Northampton, MA, USA).

2.5.1 Percentagem de Prote¢éo Contra o Oxigénio Singleto (*Oz)

A porcentagem de inibicdo do oxigénio singleto (1O2) foi avaliada de acordo com o
método descrito por Leitdo et al. (2020). Foram testadas quatro concentragdes tanto para o
extrato de E. foetidum (125 a 1000 pg/mL) e como para o padrdo de quercetina (0,78 a 4,75
pg/mL) e acido clorogénico (0,78 a 4,75 pg/mL), usados como controle positivo na analise.
Dados cinéticos obtidos a partir da intensidade do decaimento da absorbancia do triptofano (219
nm) foram ajustados a uma reacdo de primeira ordem (Equacéo 1), utilizando o software Origin
Pro 8 (OriginLab Corporation, Northampton, MA) e as constantes de velocidade foram
calculadas (equacdo 2). A porcentagem de protecdo que o extrato de E. foetidum (EXT) ou a

quercetina ofereceu ao triptofano (TRP) foi calculado através da Equacédo 3.

Y =Yoo + A.exp(*k®) Equagéo 1
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__In2
= _t 1/2

k Equacdo 2

kTRP_kTRP+EXT

Protegdo (%) = —**—7%——X100 Equagéo 3

obs

onde Y é a absorbancia do TRP; Y « ¢ o intensidade de absorbancia do TRP no tempo infinito;
A ¢ o fator pré-exponencial; k é uma constante de taxa de pseudo-primeira ordem; x é o tempo
de reagdo; ti» € meia-vida (min); kIFP é a constante de taxa de pseudo-primeira ordem
observada ajustada a curva de decaimento do TRP (obtida no experimento em branco); e
kITRP+EXT & 3 constante de taxa de pseudo-primeira ordem observada ajustado a curva de

decaimento do TRP na presenca do extrato de E. foetidum.
2.5.2 Ensaio de desativacao do radical superoxido (O27)

O Oy foi gerado pelo sistema NADH/PMS/O; e a capacidade de desativacdo de O, foi
determinada pelo monitoramento do efeito dos extratos testados e o padrdo de acido clorogénico
na reducdo do NBT induzida por Oz~ a 560 nm apds 10 min de incubacdo (CHISTE et al.,
2011). O ensaio foi realizado a temperatura ambiente. Os efeitos foram expressos como a
inibicdo, em porcentagem, da reducdo do NBT para formazan. As concentragdes para extrato
de E. foetidum variaram de 3,91 a 125 pg/mL, para os padrdes de quercetina a faixa foi de 0.001

a 30 pug/mL e o acido clorogénico de 12,50 a 250 pg/mL.

2.5.3 Ensaio de desativagao do acido hipocloroso (HOCI)

A capacidade de desativacdo de HOCI pelos extratos de E. foetidum foi medida pelo
monitoramento da inibicdo do aumento da fluorescéncia resultante da oxidagédo da DHR 123
(dihidrorodamina 123) a rodamina 123 induzida pelo HOCI (CHISTE et al., 2011). A medida
de fluorescéncia foi realizada a um comprimento de onda de excitacao de 485 + 20 nm e emisséo
528 + 20 nm. O HOCI foi preparado ajustando o pH de uma solugdo de NaOCl a 1% (m / v)
para 6,2 com adi¢éo gota a gota de H.SO4 a 10%. A concentracdo de HOCI foi determinada por
espectrofotometria a 235 nm usando o coeficiente de absor¢do molar de 100 Mtcm™ e a
diluicdo apropriada feita em tampéo fosfato 100 mM a pH 7,4. O extrato de E. foetidum foi
usado nas concentrac@es (31,5 a 650 pug/mL) e como controle positivo foi usado o padrdo de

quercetina (0.001 a 30 pg/mL) e &cido clorogénico (0,24 a 7,81 pg/mL).
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2.5.4 Ensaio de desativacao do peroxido de hidrogénio (H20z2)

A capacidade de desativagdo de H>O. foi medida através do monitoramento do efeito
dos extratos de E. foetidum na inibicdo da quimioluminescéncia resultante da oxidacdo da
lucigenina induzida pelo H20, (CHISTE et al., 2011). A leitura foi realizada apds 5 minutos de
reacdo. As concentracdes para extrato de E. foetidum (3,91 a 125 pg/mL) e para os padrdes de

quercetina (0.001 a 30 pug/mL) e &cido clorogénico (12,50 a 250 pg/mL).

2.5.5 Ensaio de desativacao do radical peroxila (ROO")

A avaliacdo da capacidade de desativacdo de ROQO" foi realiza conforme descrito por
Chisté et al. (2011), e medida pelo monitoramento do efeito do extrato de E. foetidum na
inibicdo do decaimento da fluorescéncia da fluoresceina resultante da oxidacdo induzida pelo
ROO'. A mistura foi pré-incubada no leitor de microplacas a 37 °C durante 15 min. O sinal de
fluorescéncia foi monitorado a cada minuto no comprimento de onda de emissdo a 528 + 20 nm
com excitagdo a 485 + 20 nm até o decaimento total da fluorescéncia. Como controle positivo
foi utilizado o trolox. Em resumo, a protecao fornecida pelos extratos antioxidantes ou padrao
foi calculada usando a diferenca entre a &rea sob a curva de decaimento de fluorescéncia na
presenca da amostra (AUC antioxidante) e na sua auséncia (AUC blank). A capacidade de
eliminacdo de ROO" foi expressa como a razdo entre a inclina¢do de cada extrato (ou controle

positivo) e as inclinagdes obtidas para o trolox segundo descrito por Rodrigues et al. (2013).

2.5.6 Ensaio de desativacao do &nion peroxinitrito (ONOO")

A capacidade de desativacdo de ONOO" foi avaliada monitorando ao efeito do extrato
de E. foetidum na inibicdo do aumento da fluorescéncia resultante da oxidagdo da DHR néo
fluorescente a rodamina fluorescente 123 induzida por ONOO™ (CHISTE et al., 2011). O

ONOO" foi sintetizado conforme descrito por Gomes et al., (2007). A medida de fluorescéncia
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foi realizada a um comprimento de onda de excitacdo de 485 + 20 nm e emissdo 528 = 20 nm
apos 2 minutos de incubacao. Foram realizados, em paralelo, ensaios na presenca de 25 mM de
NaHCOs para simular a reagdo da concentragdo de CO: fisiologica. A concentragdo do extrato
de E. foetidum variou de 400 a 900 pg/mL e do padrdo de acido clorogénico, usado como
controle positivo, foi de 0,06 a 1,95 pg/mL.

2.6 ANALISE ESTATISTICA

Todos os resultados (média + desvio padrdo ou erro padrao da média) foram calculados
e submetido a andlise de variancia (ANOVA de um fator) e as médias foram comparadas pelo
teste de Tukey, ou t-est de Student, ao nivel de significancia de 95% (p <0,05) com o software
Statistica 8.1(Statsoft).

3 RESULTADOS E DISCUSSAO

3.1 COMPOSICAO DE COMPOSTOS FENOLICOS DOS EXTRATOS DE E. foetidum

A analise por HPLC do extrato liofilizado de folhas de Eryngium foetidum permitiu a
separacdo e quantificacdo de seis compostos fendlicos, e os perfis destes compostos séo

mostrados na Figura 1 e na Tabela 1.
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Figura 1 - Cromatograma HPLC-DAD de compostos fen6licos do extrato de folhas de Eryngium foetidum L.

Condigdes cromatogréaficas: ver texto. A caracterizagdo dos picos é dada na Tabela 1. Identificagdo do pico: 1:

Acido clorogénico; 2: Acido Feruloylquinico; 3: Quercetina glucuronide; 4: Luteolina hexoside; 5: Luteolina

glucuronide; 6: Acido ferrdlico derivativo.
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Tabela 1 — Teor de compostos fendlicos dos extratos liofilizados de folhas de Eryngium foetidum L. obtidos por solventes de diferentes

polaridades.

Pico tr (min)B

7\,max (n m)C

Concentragdo (mg/g extrato) A

Compostos fenolicos*
EtOH/H,0 EtOH H.0

1 18.18 - 19.20

2 25.10-25.70

3 27.23 -27.76

4 28.80 -28.86

5 29.70 - 29.73

6 30.94 - 31.03

300(sh), 326
265, 326
354
265,300(s), 347
265, 347

285(sh), 330

.0 2198,00 + 37,98 # 506,00 + 32,61 ° 1816,00 + 160,12 2
Chlorogenic acid

Feruloylquinic acid® 169,00 +9,39% 120.00 +9,74° 121,00+ 1,35°
Quercetin glucuronide® 258,00+549° 28,00 £ 3,69° 77,00 +12,18°
Luteolina hexoside” 225,00 + 74,26 ° 36,20 + 3,0° 373,00 £51,87 2
Luteolina glucoronide” 956,00 + 20,60 ° 248,00 £5,50 ° 17,00 +8,17°¢
1976,00 + 43,51 @ 166,00 + 4,38° 1012,00 + 114,72 °

Ferulic acid derivativeP

5781,00 £ 191,232 1104,00 + 50,16 © 3416,00 + 348,41 °
Soma dos compostos

Dado: *Identificacio baseada em espectros Uv-Visiveis, bem como tempos de retencdo de HPLC e dados reportados por Leitdo et al.,[®). An =3

(base seco). BTempo de retencdo na coluna C18 Synergi Hydro (4 um). © Solvente: gradiente de 0,5% de acido férmico gua e acetonitrila com

0,5% de acido férmico. Os picos foram quantificados como equivalentes a acido Pclorogénico, Equercetina e Fapigenina.
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O perfil dos compostos fendlicos (Figura 1) mostrou que o acido clorogénico foi o
principal composto fenolico encontrado (Tabela 1), confirmando o que foi reportado
anteriormente para os perfis de compostos fendlicos para folhas de E. foetidum (LEITAO et
al.,2020).

O acido clorogénico (CGA), é um importante composto fenélico biologicamente ativo
e, € um dos &cidos fendlicos amplamente encontrados naturalmente em extratos de certas
espécies de plantas e cha, sendo um dos principais componentes do café. O acido clorogénico
apresenta propriedades versateis por agir tanto como aditivo nutracéutico quanto alimentar.
Como nutracéutico, exibe propriedades antioxidantes, antiinflamatérias, anti-hipertensivas,
entre outros, que podem contribuir para a prevencdo e tratamento de diversas patologias
associados (SANTANA-GALVEZ et al., 2017; NAVEED et al., 2018; SONG et al., 2018;
STEFANELLO et al., 2019). Por outro lado, como aditivo alimentar, o &cido clorogénico inibe
a oxidacdo de lipidios, previne a degradacdo de outros compostos bioativos, apresenta atividade
antimicrobiana, e pode atuar como prebidtico (SANTANA-GALVEZ et al., 2017; TAJIK et al.,
2017).

Dentre os extratos obtidos, o extrato EtOH/H20 foi o que apresentou maior teor de
compostos fenolicos (5.581 pg/g extrato), seqguido pelo extrato H.O (3.416 pg/g extrato). O
conteldo total de compostos fendlicos identificados no extrato EtOH (1.104 ug/g extrato) foi 3
e 5 vezes menor que o teor total desses compostos nos extratos H.O e EtOH/H20,
respectivamente. Foi possivel observar a grande diferenga entre os teores obtidos para as
extracBes com os solventes estudados, e tal efeito se deve a afinidade dos compostos fenolicos
pelo solvente de extracdo utilizado (GHASEMZADEH et al., 2011; RAHMAN et al., 2011;
BARCHAN et al., 2014; GHASEMZADEH et al., 2015; ABDULLAH et al., 2017; NAWAZ
et al., 2020). Além disso, 0 uso combinado de dois ou mais solventes durante o processo de
extracdo pode extrair uma quantidade de compostos fendlicos superior, quando comparado ao
uso de um solvente isolado (SHAFIQUE et al.,2013; ALCANTARA et al.,2019). Entretanto, o
uso misto de solventes depende intimamente da matriz alimenticia para que se extraia
quantitativos superiores (GARCIA- SALAS et al., 2010; ALCANTARA et al., 2019).

O extrato EtOH né&o foi muito eficiente para extrair os acidos fenolicos em comparagéo
com HO. Entretanto o extrato EtOH/H>O apresentou a maior eficiéncia de extracdo dos
compostos que possuiam acido glucurdnico na estrutura, isso € explicado pela diferenca de
polaridade dos solventes utilizados. Os diferentes valores de classes de compostos fendlicos

considerando o uso de extratos com polaridades diferentes foram amplamente discutidas na
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literatura (MARTINEZ-CORREA et al., 2016; KUMAR et al, 2019; GUPTA, et al, 2020;
ABATE et al., 2021).

3.2 CAPACIDADE DE ELIMINA(;AO DE ROS E RNS DOS EXTRATOS DE FOLHAS DE
E. foetidum L.

De forma geral, os extratos das folhas de E. foetidum foram capazes de inibir o efeito
oxidante de todas as espécies reativas testadas (Tabela 2), de forma dependente da concentracao
(Figura 2). Este é o primeiro relato sobre a capacidade antioxidante dos extratos de folhas de E.
foetidum L. da Amazénia contra a ROS (02", HOCI, H202 ¢ ROO") e RNS (ONOO) de

importancia tanto em sistemas fisiol6gicos como alimentares.

O extrato EtOH/H.0 foi 0 que apresentou a mais alta eficiéncia de eliminagdo de quase
todas as espécies testadas, provavelmente devido a presenca dos mais elevados teores de
compostos fendlicos entre os extratos, majoritariamente representado pelos &cidos fendlicos
(=75% da soma total) (Tabela 1). Recentemente, os acidos fendlicos vém recebendo atencéo
especial em funcdo de suas varias contribuicdes, bioldgicas e farmacoldgicas, associadas a
melhoria da salde, principalmente devido a sua agdo antioxidante e propriedades anti-
inflamatorias, proporcionando protecdo contra doencas relacionadas ao dano oxidativo (TAJIK
etal., 2017; NAVEED et al., 2018; RASHMI; NEGI, 2020). Os acidos fendlicos também tém
sido reportados como eficientes antioxidantes em sistemas alimentares (FARHOOSH et al.,
2016).
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Tabela 2 — Capacidades de desativacdo dos extratos de folhas de Eryngium foetidum L contra oxigénio singlete (*Oy), 4cido hipocloroso (HOCI),
peroxido de hidrogénio (H203), radical superdxido (O2"") e radical peroxila (ROO").
I1Cs0 (ng/mL) (n =4)

Extrato ROQO-

10, 0O, HOCI H20:

(Ssample/STrolox)

EtOH/H20 76+7 45+ 3° 118 +9° 110 £ 2° 0.23+<0.01°
EtOH 50.0*+0.3 87 + 52 222 + 12 279 +12° 1.75+ < 0.012
H-0 NA 103 + 32 221 + 42 400 + 3° 1.00 + < 0.01°
Controle positivo 10, 0" HOCI H20: ROQOe (Ssample/STrolox)
Acido Clorogénico 21+0.1 20+ 2 1.2+£0.1 100+ 4 25.00 £<0.01
Quercetina 1901 129+05 14+1 NA 1.34 £ <0.07
Acido Ascorbico ND ND ND 40+5 ND
Trolox ND ND ND ND 1

Dado: 1Cso = concentragéo inibitoria, in vitro, para diminuir em 50% os efeitos oxidantes das espécies reativas no meio testado (média +
erro padrdo da media).
Ssample = slope das curvas dos extratos de E. foetidum. STrolox = slope da curva de trolox. ~ efeito na maior concentragio testada. NA =

nenhuma atividade até a maxima concentracdo testada. ND: ndo determinado.
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Figura 2 — Capacidade de desativacdo das folhas de Eryngium foetidum L contra o oxigénio singleto (*O2), radical
anion superéxido (O2™), acido hipocloroso (HOCI), peréxido de hidrogénio (H,O,). Cada ponto mostra as barras

de erro padrao e representa os valores obtidos de quatro experimentos independentes, em cinco concentracdes.
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O extrato EtOH/H,0 apresentou eficiéncia superior na desativagdo do 'O (ICso de 76
ug/mL) em relacdo ao extrato EtOH (ICso de 1000 pg/mL), enquanto o extrato H.O ndo foi
apresentou atividade na maxima concentragdo de extrato testada (1000 pg/mL). A capacidade
de desativacio de 1O, pelo extrato de folhas de E. foetidum originou uma maior eficiéncia para
0 extrato EtOH/H20, sendo, aproximadamente 3,5 vezes mais eficiente que o extrato de S.
diploconos (ICso =269 pg/mL) (RIBEIRO et al., 2016) e proximo aos valores relatados para o0s
extratos das folhas de Caesalpinia crista (ICso = 61.13 pg/mL) (MANDAL, et.al., 2011), porém
inferior ao acido clorogénico e a quercetina (Tabela 2). O 'O pode gerar os radicais alquila (-
R"), radicais alcoxila (RO"), ROO", hidroperoxidos organicos (ROOH), 02", H,O, radical
hidroxila (OH") e ONOO (PRYOR et al., 2006; KALYANARAMAN, 2013; BLAZQUEZ-
CASTRO, 2014; KRUMOVA & COSA, 2016; SIES, 2017), e causar efeitos bioldgicos
deletérios (BLAZQUEZ-CASTRO, 2014; CARRASCO et al., 2015; CARRASCO et al., 2016;
WESTBERG et al., 2016). Nos alimentos, o 'O, promove a oxidagido de aminoacidos e
vitaminas; entretanto, reage muito rapidamente com &cidos graxos poliinsaturados e
aminoacidos aromaticos em funcdo da maior reatividade devido a presenca de ligacdes duplas
nas moléculas, e quanto maior a insaturacdo dos acidos graxos, maior a taxa reagio com o 1O
(CHOE; MIN, 2006). Assim, plantas e extratos que apresentam elevada capacidade de desativar
0 10 sdo altamente desejaveis e promissores como ingredientes da classe dos antioxidantes
naturais para aumentar a estabilidade de alimentos.

Os valores de ICso encontrados para o radical Oz mostram a maior capacidade de
desativacdo para o extrato EtOH/H.O (45 pg/mL) (Tabela 2), atingindo eficiéncia superior a
1,9 e 2,3 vezes quando comparado aos extratos EtOH e H2O, respectivamente. Considerando
os valores de ICso do &cido clorogénico (20 ug/mL) e quercetina (12.9 pg/mL), observou-se
uma efetividade menor para o extrato E. foetidum em cerca de 2,3 e 3,5, respectivamente.
Entretanto este extrato teve eficiéncia semelhante aos extratos de folhas de walnut (Ruglans
regia) cujo I1Cso foi de 47.6 £ 4.6 ug/mL (ALMEIDA et al., 2007) e superior ao extrato de folhas
de Vismia cauliflora (51+ 1 pg/mL) (RIBEIRO et al., 2015).

Dentre as ROS, o O2" é considerada uma importante precursora de uma variedade de
outras especies pro-oxidantes altamente reativas (VALKO et al., 2007). O O;" pode sofrer
dismutagdo gerando, espontaneamente, H>O2 em baixo pH, ou atraves de catélise enzimatica
(superdxido dismutase, SOD), e a maior parte do H-O gerado € utilizado na formacao do HOCI,
que é 100 a 1000 vezes mais toxico que 0 O2" (FREITAS et al., 2009).

Portanto, os antioxidantes capazes de desativar todas essas ROS podem ser utilizados

para retardar processos oxidativos, incluindo a peroxidacéo lipidica, que é uma das principais
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vias de deterioracdo dos alimentos e produtos farmacéuticos durante o processamento e
armazenamento (HALLIWELL et.al., 1995).

A desativacao do HOCI foi cerca de duas vezes mais efetiva para o extrato EtOH/H20,
quando comprado aos extratos EtOH e H>0. Quando comparado a literatura, o extrato de E.
foetidum foi mais eficiente que os extratos das folhas de Caesalpinia crista (IC50 = 170,51
png/mL) (MANDAL, et al., 2011). A importancia de ser um eficiente sequestrador de HOCI se
deve principalmente ao fato de que este ROS, por si s6, é considerado um forte oxidante e que
pode reagir com o O;" - para gerar o radical hidroxila (HO"), outro potente agente pro-
inflamatério (ARUOMA, 1997), e que também diminui a estabilidade de alimentos.

Para a espécie H>O> foi observada diferenca estatistica significativa (p >0.05) entre o0s
trés extratos estudados, e o extrato EtOH/H2O apresentou maior capacidade de desativacao
desse ROS, com cerca de 2,5 a 3,5 vezes maior que os extratos EtOH e H,O, respectivamente.
Importante ressaltar, o extrato EtOH/H2O (ICsop de 110 pg/mL) apresentou atividade
desativadora de H20, semelhante ao acido clorogénico (ICso de 100 pg/mL), entretanto cerca
de 2,7 vezes menor que o acido ascorbico (Tabela 2). O extrato EtOH/H20 de E. foetidum
apresentou maior eficiéncia na desativacao do H>O; (ICso =110 pg/mL) quando comparado aos
extratos de folha de Castanea sativa e Quercus robur (ICso = 410 e 251 pg/mL,
respectivamente) (ALMEIDA et al., 2008), e extratos de folhas de Vismia cauliflora (ICso =
289 pg/mL), uma planta medicinal muito abundante na regido amazénica (RIBEIRO et al.,
2015), e extratos de folhas de Meyna spinosa, uma planta medicinal da india (ICso =126,8
mg/mL) (SEN et al., 2013). H.O> é uma espécie reativa capaz de atravessar celulas e oxidar
varios compostos celulares originando muitos dos seus efeitos toxicos (GULCIN et al., 2006).
Em alimentos, embora o H>O> ndo esteja diretamente envolvido na iniciacdo da oxidagédo
lipidica, uma vez que seu potencial de reducdo (320 mV) é menor do gque os dos acidos graxos
insaturados (600 mV), ele pode provocar indiretamente a oxidacao dos lipidios, pois 0 H20; é
precursor na geracdo de "OH, que sdo fortes iniciadores da oxidacao lipidica (CHOE; MIN,
2006). Portanto, extratos capazes de eliminar o H2O2 séo de grande relevancia para a promogao
da satde humana e possuem grande potencial para serem utilizados em produtos farmacéuticos

e sistemas alimenticios.

No presente estudo, também foi avaliado o potencial dos extratos de folhas de E.
foetidum para eliminar ROO". Diferentemente dos resultados anteriores, o extrato EtOH foi
mais eficiente que os extratos EtOH/H.O e H,O. Quando comparado a literatura, o extrato

apresentou eficiéncia superior ao extrato hidroalcodlico de folhas de alcachofra (Cynara
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cardunculus L.) (0.31) (PISTON et al., 2014). Os resultados aqui encontrados constituem um
achado importante, considerando a relevancia da oxidacéo de lipidios para o sistema fisiologico,
bem como em sistemas alimenticios. O HO" € uma ROS altamente reativa e induz graves danos
através do inicio da peroxidacao lipidica, devido a sua conhecida reatividade com &cidos graxos
poliinsaturados, que ao abstrair o oxigénio de outras moléculas resulta na producao de ROO",
bem como na formacao de outros agentes citotoxicos como os hidroperoxidos (GOMES et al.,
2008). A maioria dos hidroperdxidos sdo estaveis a temperatura ambiente. No entanto, calor,
luz ultravioleta ou metais de transicdo aceleram a homdlise de hidroperoxidos para produzir
ROO’ (CHOE; MIN, 2006).

Estudos anteriores apontam uma alta eficiéncia do &cido clorogénico na protecdo contra
0s danos do H20, Oz e Oz, demostrando claramente sua capacidade de eliminagéo de ROS
(KIM et al., 2018; RAJAN et al., 2019), e este estudo corrobora para a nossa afirmacéo, que o0s
resultados aqui obtidos, podem estar relacionados a presenca majoritaria deste composto
bioativo em todos 0s nossos extratos.

Os resultados resumidos na Tabela 3 mostram que os extrato das folhas de E. foetidum
foram capazes de inibir o efeito oxidante de RNS testado de forma dependente da concentracédo
(Figura 3). O extrato EtOH/H20 das folhas de E. foetidum foi 0 que apresentou uma maior

eficiéncia na desativacdo desta espécie na auséncia do carbonato de calcio (NaHCO3).
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Tabela 3 — Capacidades de desativagao dos extratos de folhas de Eryngium foetidum L contra
peroxinitrito (ONOQO").

ICso (ug/mL) (n = 4)
Extrato ONOO

Auséncia de NaHCOs  Presenca de 25 mM NaHCOs

EtOH/H20 537 +1 596 +4

EtOH 663+ 9 704 +1

H20 675+6 783+ 2

Controle positivo Auséncia de NaHCOs  Presenga de 25 mM NaHCO3
Acido Clorogénico 0,23+0,01 0,23+0,01
Quercetina 0,010 + <0,002 0,010 + <0,006

Dado: ICso = concentragdo inibitoria, in vitro, para diminuir em 50% os efeitos

oxidantes das espécies reativas no meio testado (média + erro padrdo da média).

A eficiéncia dos extratos de folhas de E. foetidum na desativacdo do ONOQO" foi pouco
expressiva quando comparado aos extratos de folhas de Vismia cauliflora (5.8 pg/mL)
(RIBEIRO et al., 2015) valores estes superiores, respectivamente, a aproximadamente 20 e 94
vezes. No entanto, em comparagdo com o &cido galico (ICso = 876ug/mL) (MANDAL, et.al.,
2011) este extrato apresentou maior eficiéncia na ordem de aproximadamente 1.6 vezes. O
acido clorogénico e a quercetina apresentaram valores de ICso de 0.23 e 0.010 pg/mL,
respectivamente, valores estes bastantes significativos na desativacdo do ONOO". A quercetina
apresentou valor de 1Cso semelhante aos reportados anteriormente na desativagdo do ONOO-
(RIBEIRO et al., 2015; RIBEIRO et al., 2016).
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Figura 3 — Capacidade de desativagdo dos extratos liofilizados das folhas de Eryngium foetidum L contra o

peroxinitrito (ONOO-) na auséncia (Fig 3A) e na presenca (Fig 3B) do NaHCOs. Cada ponto mostra as barras de

erro padrdo e representa os valores obtidos de quatro experimentos independentes, em cinco concentragdes.

~100 -
é ] A
lO 90 4
] P
O g0
7 g
© ] G
fé ?0_. / 0
:f 7 g/!
3 50+ /
-1
2 ]
HI /D
° ]
= 304 @&
g ] . —e— FtOH/H20
L *}
= 204 —e—EtOH
R !/ —o—H20
“ 10 ; . .
400 600 800

Concentracio do extrato de E. foetidum (ng/mL)

Fonte: Autor.

(%)

*

Capacidade de desativacio - ONOO

100
20
80
70
60
50
40 4
304
20+
10

//i
fl/ D/
¥_'_'_'_,_,_,—o—'—"'_"

/° —o—EtOH/H20
o —e—FEtOH

» —o—H20

\

04

T T T
400 600 200
Concentracio do extrato de E. foetidum (ng/mL)



96

O peroxinitrito € uma das RNS mais potencialmente prejudiciais e € um oxidante gerado
in vivo pela combinacéo dos radicais 0xido nitrico ("'NO) e O>™. O ONOO™ pode sofrer homolise
daligagdo O—0, gerando ‘NO- e 0 OH" extremamente reativo (FERRER-SUETA; RADI, 2009;
KOPPENOL et al., 2012). A formagdo de OH" pela homdlise do ONOO™ é considerada
aproximadamente um milh&o de vezes mais rapida do que a geracdo de OH" catalisada por metal
a partir de H2O. por meio da reacdo de Fenton (BECKMAN, 1996). Outro fator de grande
relevancia é que o ONOO participa de reagdes de oxidacdo de um e dois elétrons com lipidios,
proteinas e DNA, desempenhando um papel fundamental no processo de lesdo celular/tecidual
em condicdes patoldgicas (CARR et al., 2000). Estes fatores em conjunto justifica a pesquisa

para descobrir eficientes desativadores desta espécie.

4 CONCLUSAO

O estudo, demonstra de forma clara, que os extratos de folhas de E. foetidum
apresentaram eficiente capacidade antioxidante contra ROS e RNS biologicamente relevantes.
O extrato EtOH/H20 foi o extrato com maior teor de compostos fendlicos, e apresentou, de
maneira geral, a maior eficiéncia para a desativacao tanto das ROS quanto das RNS testadas. A
maior eficiéncia de capacidade antioxidante foi contra as ROS, com destaque para 0 Oy,
resposta muito interessante ja que essa espécie participa da formacédo de varias outras espécies
pro-oxidantes.

A capacidade antioxidante dos extratos de folhas de E. foetidum na desativagao de todos
as ROS e RNS testados podem estar intimamente relacionadas aos teores e perfis de compostos
fendlicos, e principalmente em funcéo da presenca majoritaria do acido clorogénico.

Portanto, este estudo, demonstra a importancia de mais pesquisas sobre o potencial
bioldgico de folhas de E. foetidum, devido ao seu alto contetdo de compostos fendlico e elevada
capacidade antioxidante. As folhas de E. foetidum podem ser vistas como uma matéria-prima
Amazonica promissora com grande potencial de exploragdo para a obtencao de antioxidantes
naturais e de alto valor nutracéutico tanto para a aplicacdo em sistemas alimenticios,
aumentando a vida de prateleira de produtos susceptiveis a reagdes de oxidacdo, quanto

direcionados para sistemas fisiol6gicos para diminuir os efeitos deletérios do estresse oxidativo.
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CONCLUSAO GERAL

A chicooia (E. foetidum) € uma fonte promissora para a pesquisa de compostos bioativos
no Pard, Brasil. Os principais carotenoides identificados na chicoria foram a lutein e B-caroteno.
As folhas apresentaram um alto teor de atividade provitamina A. Seus compostos quimicos
majoritarios sdo potencialmente benéficos para a manutengdo da satide humana. A chicoria
também apresenta elevado teor de compostos fendlicos, com destaque para o acido clorogénico
e 0 acido ferdlico derivativo. Os compostos bioativos aqui reportados tém sido associados com
a reducdo de patologias degenerativas. O extrato hidroetanolico apresentou boa capacidade
antioxidante contra ROS e RNS, entretanto, a maior eficiéncia na desativacdo de espécies
reativa foi frente as ROS, com destaque para o O,", resposta significativa, uma vez que essa
espécie participa da formacao de varias outras espécies com maior reatividade e toxidade. Pela
primeira vez o perfil de compostos bioativos por HPLC-DAD-MS, bem como o potencial
antioxidante de folhas de chicoria contra ROS e RNS de importancia fisioldgica estdo sendo
reportados e ddo suporte para a caracterizagdo este vegetal como uma fonte promissora de
compostos bioativos de interesse para as industrias alimenticias, farmacéuticas e cosmética.
Este estudo contribui de forma positiva para valorizacdo desta planta nativa da regido

amazonica.
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ABSTRACT ARTICLE HISTORY
Phenolic compounds and carotenoids profile of Amazonian Eryngium foeti- Received 30 April 2020
dum leaves and the quenching ability of their hydrophilic extract against Revised 11 August 2020
singlet oxygen ('0,) were determined. Chlorogenic acid (4327 pg/g, dry ~ Accepted 12 August 2020
basis, d.b.) was the major phenolic compound in the leaves at very high  keyworbps
concentrations, while lutein (205 pg/g, d.b.) and -carotene (161 pg/g, d.b.) Amazonian plant; phenolic
were the major carotenoids. The extract of E. foetidum leaves was able to compounds; carotenoids;
scavenge DPPH® (91.6% at 5 mg/mL), ABTS®* (15.77 uM Trolox equivalent/g antioxidant capacity; LC-MS
extract) and it exhibited high efficiency to protect tryptophan against 'O,

with ICso at 343 pg/mL and 78% of protection at the highest tested concen-

tration (625 pg/mL). Therefore, E. foetidum leaves can be exploited as an

accessible natural source of bioactive compounds with antioxidant proper-

ties to be used by the food or pharmaceutical industries.

Introduction

Most of the natural vegetal resources found in Amazonia are exceptionally rich in bioactive com-
pounds with antioxidant properties."" ! Given this scenario, E. foetidum, a green leafy native of the
Amazon region and Central America, is known as “chicory” in the Amazonian States of Brazil, has
been included among the main non-conventional cultivated vegetables'*! and it has attracting the
attention of researchers for its versatility as both phytotherapeutic plant and spice herb in Amazonian
dishes.”>*!

The chemical evaluation of E. foetidum leaves indicated a high concentration of phenolic com-
pounds (total tannins and total flavonoids, as determined by spectrophotometry), presence of sapo-
nins, carotenoids, ascorbic acid, various triterpenoids, as well as antioxidant and anti-inflammatory
activities."”) However, as far as we are concerned, there is no data in the literature describing the
composition of individual phenolic compounds and carotenoids from E. foetidum leaves.

The importance of describing the composition of bioactive compounds in vegetables has been
widely reported, due to the association between their ingestion and the decrease of the risk of
developing chronic degenerative diseases, such as arteriosclerosis, cataracts, macular degeneration,
cancer and others.!®?!

Bioactive compounds, such as phenolic compounds and carotenoids, play important role in human
health due to modulatory effects on physiological or cellular activities. As examples, these compounds
were reported to inhibit the induction of several proinflammatory cytokines and the impairment of
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endogenous antioxidant enzymatic systems during inflammation,!'” and they are frequently asso-

ciated with changes in the expression of genes implicated in cancer development, transcription,
apoptosis, xenobiotic metabolism, inflammation, redox process, among others."!] Furthermore, one
of the main biological actions of these compounds is related to their antioxidant capacity to scavenge
reactive species, such as reactive oxygen (ROS) and nitrogen (RNS) species. ROS and RNS exert
normal physiological functions in the human organism; however, the overproduction of these species
can damage cellular components, such as proteins, lipids and DNA, inducing the increased develop-
ment of chronic degenerative diseases and premature aging.”!

Considering that E. foetidum leaves are widely used in traditional dishes in the Amazonia, the
knowledge concerning their bioactive compound profiles and the associated antioxidant capacity are
of paramount importance to support any claimed potential health benefits. Therefore, this study was
designed to carry out the identification and quantification of phenolic compounds and carotenoids, by
HPLC-DAD-MS/MS, in E. foetidum leaves cultivated in the Amazonia, as well as to evaluate the
in vitro antioxidant potential of their hydrophilic extract against singlet oxygen (‘O,) and DPPH
(2,2-diphenyl-1-picrylhydrazyl) and ABTS [2,2'-azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid]
free radicals.

Material and methods
Chemicals

Quercetin, all-trans-p-carotene, gallic acid, chlorogenic acid, ethanol, methanol, methyl fert-butyl ether
(MTBE), 2,2-diphenyl-1-picrylhydrazyl (DPPH), and 2,2"-azino-bis-(3-ethylbenzothiazoline-6-sulfonic
acid (ABTS), trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid), potassium persulfate,
methylene blue (MB), L-tryptophan, acetonitrile, formic acid, and all other analytical grade salts and
solvents were purchased from Sigma-Aldrich (St. Louis, USA). Ultrapure water was obtained from the
Pro arium® system (Sartorius, Germany). For chromatographic analysis, samples and solvents were
filtered using 0.22 and 0.45 pm Millipore membranes, respectively (Billerica, MA, USA).

Samples

Fifty plants were collected in ten rows of a producing property in Santa Izabel, Para State, Brazil
(Latitude: —1.29938, Longitude: —48.161, 1°17'58”South, 48°9'40”West), in July 2017. The E. foetidum
leaves (approximately 500 g) were washed with distilled water and dried at 25°C/2 h. After that, part of
the material was used to the proximate composition characterization and another one was freeze-dried
(Liotop, L101, Sdo Paulo, Brazil) at —55°C, in a continuous vacuum for 24 h and used for the bioactive
compound determination and the assessment of the in vitro antioxidant capacity. The freeze-dried
leaves were grinded, vacuum packed in plastic bags and stored under free-light conditions at —18°C
until analysis.

Proximate composition

Analysis of moisture, ashes, lipids and protein (conversion factor of 5.75 of total nitrogen to total
protein for plants) were determined according to AOAC.!"?! Carbohydrate were calculated by differ-
ence [Total carbohydrates = 100-(%moisture+% ashes+% total proteins+% total lipids)]. Total
energetic value was calculated according to the specific Atwater conversion fator for vegetables, as
follows: total energetic value (kcal/100 g) = (proteinx2.44 kcal/g)+(lipidx8.37 kcal/g)+(total
carbohydratex3.57 kcal/g)."*! The experiments were carried out in triplicate and expressed in g/
100 g (%) (fresh weight, f.w.).
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Bioactive compounds and antioxidant capacity

Equipment

The identification of carotenoids and phenolic compounds in the samples was carried out in
a Shimadzu HPLC (Prominence UFLC model, Kyoto, Japan) equipped with a binary pump (LC-
20AD), a degasser unit (DGU-20A3R), an automatic injector (SIL-20AHT), an oven (CTO-20A),
a DAD detector (SPD-M20A) and connected in series to a MS from Bruker Daltonics (Amazon speed
ETD, Bremen, Germany) with an ion-trap as the m/z analyzer and atmospheric pressure chemical
ionization (APCI) and electrospray (ESI) and as the ionization sources for carotenoids and phenolic
compounds, respectively. The quantification of phenolic compounds and carotenoids was carried out
in an Agilent HPLC (Agilent 1260 Infinity model, Santa Clara, CA, USA) equipped with a quaternary
pump (G1311C), an automatic injector (G7129), an oven (G1316A) and a DAD detector (G1328C).

Bioactive compounds. The carotenoids were extracted from 0.5 mg of freeze-dried leaves and the final
extract was solubilized in MTBE and filtered immediately before injecting into the HPLC systems. The
carotenoids were separated on a C30 YMC column (5 pm, 250 mm x 4.6 mm) at 29°C, with a linear
gradient of methanol (solvent A) and MTBE (solvent B) at 0.9 mL/min.'¥ The UV-Visible spectra
were recorded between 200 and 600 nm and the chromatograms were processed at 450 nm. The
column eluent was directed to the APCI interface, the MS spectra were obtained after ionization in the
positive ion mode, with a scan interval at m/z 100 to 800, and the MS parameters were set as described
by Chisté and Mercadante."* The carotenoids were identified according to the following combined
information: elution order and retention time at Cs, column, co-elution with authentic standards,
UV-visible [A.x spectral thin structure (%III/II) and cis peak intensity (%AB/AII)] and MS spectra,
in comparison to the analyzed standards and data available in the literature.>>'*'8] The identification
of cis isomers of carotenoids was carried out based on the observed decrease in %III/II values and
increase in %Ap/Ay; values (= 7-11% = 9-cis, ~ 45% = 13-cis and =~ 56% = 15-cis carotenoid).!'”’

The carotenoids were quantified using P-carotene as the external standard at concentrations
varying from 3.12 to 100 pg/mL [R* = 0.99, limit of detection (LOD) = 0.97 pg/mL and limit of
quantification (LOQ) = 2.96 ug/mL and lutein [R* = 0.98, LOD = 0.20 pg/mL and LOQ = 0.62 pg/mL].
The LOD and LOQ were calculated using the parameters of the analytical curves (standard deviation
and slope).""”! For the calculation of the vitamin A content, the NAS-IOM conversion factor was used,
considering 12 ug of all-trans-B-carotene in the extract corresponding to 1 pg of retinol activity
equivalent (RAE), and the activity was of 100% for all-trans-p-carotene.’*®! The carotenoid contents
were expressed in pg/g (dry basis, d.b.), considering three independent extraction procedures (n = 3).

The phenolic compounds were extracted from the freeze-dried leaves (0.5 g) with a methanol/water
solution (80:20 v/v), were separated on a C18 Synergi Hydro column (Phenomenex, 4 pm,
250 x4.6 mm), set at 29°C. The UV-visible spectra were obtained between 200 and 600 nm, and the
chromatograms were processed at 270, 320 and 360 nm. The MS spectra were obtained at m/z from
100 to 1000 after ionization in an ESI source."* The phenolic compounds were identified based on the
following data: elution order and retention times, UV-visible and MS spectra features in comparison
with authentic standards (data not shown) and analyzed under the same conditions and data available
in the literature.!>®'*) Quantitation was carried out by external standards with six-point analytical
curves (3.12-100 pg/mlL, in duplicate): quercetin (360 nm, R*> = 0.99, LOD = 0.15 pg/mL and
LOQ = 0.62 pg/mL), kaempferol (360 nm, R* = 0.99, LOD = 0.15 pg/mL and LOQ = 0.62 pg/mL)
and chlorogenic acid (320 nm, R* = 0.99, LOD = 0.15 pg/mL and LOQ = 0.62 pg/mL). The contents
were expressed in pg/g of freeze-dried leaves (d.b.), considering three independent extraction proce-
dures (n = 3).

In vitro antioxidant capacity. The extracts of E. foetidum leaves used for the antioxidant capacity
assays were obtained according to the same procedure described for phenolic compounds
identification.
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Trolox equivalent antioxidant capacity (TEAC) assay was determined according to a procedure
proposed by Re et al.,'*!! with modifications. Aliquots of 30 pL of E. foetidum leaf extracts reacted with
ABTS®" and the absorbance was read at 734 nm after 6 min. The antioxidant capacity was calculated
using analytical curves (duplicate) of trolox at concentrations varying from 102 to 2048 uM and the
results were expressed in M Trolox equivalent (TE)/g leaves (f.w.).

The DPPH assay was carried out according to the procedure described by Cheng et al.,**! by
monitoring the reaction between the E. foetidum leaf extracts and DPPH radical at 515 nm after
27 min. The antioxidant capacity was calculated according to Eq. 1, and the results were expressed as %
of inhibition of the DPPH® (d.b.).

(A1 — A0)

% of inhibition of the DPPH® = @0)

X 100 Equationl

where, Al: absorbance before reaction (DPPH® + methanol), AO: absorbance after reaction (DPPH +
extract).

The quenching ability of E. foetidum leaf extract against singlet oxygen (‘O,) was carried out
according to the procedure described by Siqueira et al.,*®! The extracts (125 to 600 pg/mL) and
quercetin standard (positive control) (0.78 to 4.75 pg/mL) were tested at four concentrations. The
kinetic data obtained from the decay intensity of TRP absorbance at 219 nm were fitted to a first order
reaction (Eq. 2) using Origin Pro 8 software (OriginLab Corporation, Northampton, MA) and the rate
constants were calculated (Eq. 3). The percentage of protection of TRP that the E. foetidum extracts
(EXT) or quercetin exhibited against 'O, was calculated through Eq. 4.

Y = Yoo + A.exp! k) Equation2
In2 Eauation3
=— quation
t
TRP _ . TRP+EXT
Protection(%) =~ X100 Equation4

TRP
ko bs

where Y is the absorbance of TRP; Y <o is the absorbance of TRP in infinite time; A is a preexisting
factor; k is a pseudo-first order rate constant; x is the reaction time; t;, is the half-life time (min); KOTb}EP
is the observed pseudo-first order rate constant fitted to the TRP decay curve (obtained in the blank
experiment); and KX *#*Tis the observed pseudo-first order rate constant fitted to the TRP decay

curve in the presence of the E. foetidum extract (EXT) or quercetin standard.

Results and discussion
Proximate composition of Eryngium foetidum leaves

The main chemical constituents of the E. foetidum leaves showed a moisture content of = 87%, similar
to those reported for E. foetidum leaves cultivated in Asia'® and Alta Verapaz, in Guatemala'®*! with
values varying from 86 to 89%. The lipid content (2.8%) and protein content (1.99%) were approxi-
mately 10 and 3 fold higher, respectively, than those reported for the leaves of E. foetidum from
Andaman and Nicobar Islands.' The values of carbohydrates were 1.5 times higher than those found
for the leaves of E. foetidum from Alta Verapaz (Guatemala).?*! Regarding the energetic value, the
leaves of E. foetidum exhibited 52.23 (+ 5.46) kcal/100 g.
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Carotenoid profile of Eryngium foetidum leaves

The HPLC-DAD-APCI-MS" analysis allowed the identification and quantification of nine carote-
noids. The MS/MS experiment confirmed the assignment of the protonated molecule ([M +H]™) of all
carotenoids identified through the expected fragments from the polyene chain of carotenoids and
functional groups, along with the UV-Vis spectra (Figure 1, Table 1). Peak 1 was tentatively identified
as a mix of all-trans-violaxanthin + 9-cis-neoxanthin due to the presence of a protonated molecule
(IM +H]+) at m/z 601 and fragments at m/z 583, 565, and 547 corresponding to neutral losses of one,
two and three OH groups (-18 u), respectively, along with a fragment at m/z 509, showing the neutral
loss of a toluene moiety ([M +H-92]+). In addition, other fragments were detected at m/z 393,
resulting from the cleavage of the allylic double bond to the allenic carbon (9-cis-neoxanthin), as
well as the fragment at m/z 221 corresponding to the presence of a B-ring epoxy substituent with a OH
group.[ls’”’w] This same carotenoid mixture was previously reported in Brazilian loquat.!®!

Peak 2 was identified as all-frans-luteoxanthin due to the A, at 421 nm and the high %III/II value
(100%), which are characteristic of this epoxycarotenoid, and also due to the [M +H]+ at m/z 601, and
the fragment at m/z 583 [M +H-18]", as well as the m/z 221, similar to that reported for Amazonian
fruits.'®)

Peak 3 was identified as a mixture of cis-lutein + epoxy-carotenoid because two protonated
molecules were detected, one at m/z 585 and another at m/z 569. The m/z 585 showed fragments
at m/z 567, 549 and 531, corresponding to consecutive losses of one, two and three hydroxyl groups,
respectively, at m/z 493 [M +H-92]" corresponding to the neutral loss of toluene, at m/z 475
[M +H-18-92] * and at m/z 221. The [M +H]" at m/z 569 showed the following characteristic lutein
fragments: m/z 551 and m/z 533 due to the removal of one and two water molecules, respectively,
together with the fragment at m/z 477, corresponding to the loss of toluene ([M +H-92]"), m/z 463
[M +H-106]" corresponding to loss of a xylene group, as well as fragment at m/z 459 [M +H-92],
resulting from the loss of toluene and one water molecule. These fragmentation patterns were also
reported in Couepia bracteosa fruit'>* and in Dovyalis and tamarillo fruits.!"”!

Peaks 4 and 5 were tentatively identified as all-trans-lutein and all-trans-zeaxanthin, respectively.
Both the compounds are isomers and, therefore, present the same [M +H]" at m/z 569. Lutein has a -
ring and a e-ring and zeaxanthin two B-rings. Thus, one of the OH groups of lutein are allylic to the
double bond in the e-ring and not conjugated to the polyene chain, resulting in ten conjugated double
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Figure 1. HPLC-DAD chromatogram of the carotenoids of Amazonian Eryngium foetidum L. leaves. Peak identification: 1 = Mix of all-
trans-violaxanthin+9-cis-neoxanthin; 2 = all-trans-Luteoxanthin; 3 = Mix of cis-lutein + epoxy-carotenoid; 4 = all-trans-Lutein; 5 = all-
trans-Zeaxanthin; 6 = 9-cis-Lutein; 7 = 13-cis-B-Carotene; 8 = all-trans-B-Carotene; 9 = 9-cis-B-Carotene.
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bonds (c.d.w.). On the other hand, zeaxanthin the two B-rings double bonds are conjugated to the
polyene chain and, consequently, the chromophore shows 11 c.d.w. Based on these characteristics, it is
possible to identify these two compounds by the UV-visible and MS spectra features. As expected, Apax
values of lutein were lower than those of zeaxanthin, the MS spectrum of all-trans-zeaxanthin showed
a more intense [M +H]" at m/z 569 compared to the m/z 551 [M +H-18]" fragment, while the opposite
was observed for lutein, as previously reported.!!*1718]

Peak 6 presented the same MS spectra features observed to all-trans-lutein and was identified as
9-cis-lutein, as it UV-visible spectra was similar to the all-trans-carotenoid, but taking into account the
presence of the cis peak at 332 nm. Peaks 7, 8 and 9 showed the same [M +H]" at m/z 537 with
a characteristic neutral loss of toluene at m/z 444 [M-92]". These peaks were identified as 13-cis-f-
carotene, all-trans-p-carotene and 9-cis--carotene, respectively, based on their UV-visible character-
istic differentiation as the increased %Ag/Ay; values (= 7-11% = 9-cis; = 45% = 13-cis-carotenoid).
Peaks 7 and 9 were characterized as cis-isomers considering the presence of the cis peak at the
336-337 nm. The assignment of cis-isomers also considered that the fine spectral structure (%III/II)
decreased and the intensity of the cis peak (%AB/AII) increased as the cis-double bond is approaching
the center of the molecule.® The identification of all-trans-B-carotene was positively confirmed by co-
elution and comparison of the UV-Visible and MS spectra with an authentic standard.

The major carotenoids were all-trans-lutein (37%), and all-trans-p-carotene (29%), the other seven
carotenoids represented approximately 25% of the total sum. The total sum of the carotenoids identified
from the leaves of E. foetidum (Table 1) was which was high when compared to other plants, such as
Brassica oleracea, broccoli (B. oleracea L. var. Italica) (222.8-367.6 pg/g d.b.) and cauliflower (B. oleracea
L. var. Botrytis) (36.5-146.8 pg/g d.b.).*! The vitamin A value found in E. foetidum leaves was 16.76 ug
RAE/g (d.b.). For vitamin A activity, it should be remembered that a carotenoid must have at least one
unsubstituted B-ionone ring attached to the polyene chain with at least eleven carbons. According to
these structural requirements, among the nine identified carotenoids, only -carotene (100% conver-
sion) and its isomers (50% conversion) showed vitamin A activity. Therefore, the main contribution to
the total vitamin A value was from P-carotene (86.5%).

Scientific studies have shown a positive correlation between high fruit and vegetable intake, especially
rich in lutein and zeaxanthin, with a reduced risk of macular degeneration.’?**”! Other benefits are also
associated with the ingestion of these pigments, such as reduction of the risk of cataract, protective effect
against atherosclerosis, prevention of the onset and progression of some types of cancer and other chronic
degenerative diseases.!”®! Lutein and zeaxanthin contents reported here were higher than those reported
previously for India mustard (lutein; 53.8 + 4.2; zeaxanthin; 0.8 £ 0.1), brocoli (lutein; 1.4 + 0.2;
zeaxanthin; not detected), spinach (lutein; 43.7 + 3.8; zeaxanthin; 0.7 + 0.1), watercress (lutein; 42.8 +
4.1; zeaxanthin; 0.4 + 0.1), endive (lutein; 34.2 + 4.0; zeaxanthin; 0.4 + 0.1), lettuce (lutein; 2.0 + 0.1;
zeaxanthin; 0.1 + 0.1) and cabbage (lutein; 2.5 £ 0.1; zeaxanthin; 0.1 0.1).1") Importantly, the values
indicated by Britton and Khachik,"" to classify individual carotenoid levels as high (500-2000 pg/100 g or
5-20 pg/g) and very high (> 2000 pg/100 g or > 20 pg/g) suggested that E. foetidum leaves can be
considered as a very high source of lutein and B-carotene and a high source of zeaxanthin. Furthermore,
based on the daily intake ranges of carotenoids reported by Meléndez-Martinez,"*"! the intake of 30 g of
E. foetidum fresh leaves correspond to dietary intake of 7% and 156% of {-carotene and lutein,
respectively.

Phenolic compounds profile of Eryngium foetidum leaves

Regarding the profile of phenolic compounds, the HPLC-DAD-ESI-MS" allowed the identification
and quantification of six phenolic compounds (Table 2, Figure 2). Peak 1 was identified as chlorogenic
acid since it exhibited a deprotonated molecule ([M-H]") at m/z 353 and an intense fragment at m/z
191 ([M-H-162]") corresponding to the loss of a caffeoyl moiety releasing quinic acid. Chlorogenic
acid was the main phenolic compound found in leaf extract of E. foetidum accounting for 43.28% of
the total sum, and was positively confirmed based on the same UV-visible features and MS
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Table 2. Chromatographic, spectroscopic characteristics and content of phenolic compounds from Eryngium foetidum leaves,
obtained by HPLC-DAD-ESI-MS".

Phenolic Concentration (ug/ [M—HI”

Peak  compound? g leaves)? tg (MIN)S Apax (M) (M/2) MS? (=) (m/2)® MS3 (m/z)

1 Chloro?enic 4327.62 + 752.97 19.2 300(sh), 353 191, 179, 173 [353—191]: 127
acid 326

2 Feruloylquinic 147.66 + 19.64 233 265, 326 367 193 [367—193]: 173
acid

3 Quercetin 33434 + 24.78 27.5 354 477 301 [477—301]: 273, 257, 229,
glucuronide? 179, 151, 107

4 Luteolin 226.72 + 44,99 28.8 265,300 447 327, 285, 257 [447—285]: 268, 257, 243,
hexoside" (s), 347 229

5 Luteolin 1071. 47 + 248.78 30.0 265, 347 461 285 [461—285]: 268, 258, 243
glucuronide”

6 Ferulic acid 3891.94 + 402.28 313 285(sh), 359 341, 225, 200, 182, [359—165]: nd
derivative’ 330 165, 137

Total sum of phenolic  9999.76 + 172.82
(ug/g leaves)

Tentative identification based on Uv-Visible and mass spectra as well as relative HPLC retention times and published data. °n = 3
(dry weight). “Retention time on the Cy5 Synergi Hydro (4 um) column. %Solvent: gradient of 0.5% formic acid in water and
acetonitrile with 0.5% formic acid. €In the MS/MS, the most abundant ion is shown in boldface. Peaks were quantified as equivalent
to Irchlorogenic acid, 9quercetin and "apigenin. 'The MS® fragments were obtained from the most abundant ion in the MS/MS
experiment.
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Figure 2. HPLC-DAD chromatogram of phenolic compounds of Eryngium foetidum L. leaves. Chromatographic conditions: see text.
Peak characterization is given in Table 2. Peak identification: 1: Chlorogenic acid; 2: Feruloylquinic acid; 3: Quercetin glucuronide; 4:
Luteolin hexoside; 5: Luteolin glucuronide; 6: Ferulic acid derivative.

fragmentation pattern observed for the authentic standard. The content of the chlorogenic acid found
in this study (Table 2) was 9 times higher than that found in artichoke leaves (Cynara cardunculus var.
Scolymus Hayek L.) (481 ug/g, d.b.).*?!

Peak 2 was tentatively identified as feruloylquinic acid, with [M-H] ™ at m/z 367 and a MS?> fragment
at m/z 193 [M-H-174]", corresponding to ferulic acid after losing the quinic acid attached to the
molecule. This fragmentation pattern corresponds to those previously described for feruloylquinic
acid found in artichoke extracts.!**

Peak 3 was identified as quercetin-glucuronide with [M-H] ™ at m/z 477 and MS? fragment at m/z
301 [M-H-176]" showing the quercetin molecule after the removal of a glucuronic acid unit. The
fragments of quercetin (m/z 301) in the MS> experiment was the same as reported in studies where
quercetin-glucuronide was identified."*!
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Peaks 4 and 5 showed [M-H]™ at m/z 447 and 461, respectively, and were identified as luteolin
derivatives according to their UV-Visible and MS spectra and data available in the literature.’®** Peak
4 presented an intense fragment at m/z 285 ([M-H-162]") in the MS? spectrum, corresponding to the
loss of an hexose unit and was identified as a luteolin hexoside. Peak 5 was identified as luteolin
glucuronide due to the same fragment at m/z 285 ([M-H-176]7) in the MS? spectrum, which
corresponds to the loss of one glucuronic acid unit. Both the peaks showed the same fragmentation
pattern for luteolin (m/z 285) in the MS® spectra, as compared to previous data.!®**! The intake of
luteolin and apigenin (flavones) in the diet is usually lower than that of flavonols, such as quercetin
and kaempferol, since they occur in significant concentrations in few foods. A luteolin was identified
in artichoke leaves with a concentration ranging from 53 (+ 1) a 69 (+ 2) pg/g d.b.,*?! whose values are
lower than those reported in this study for leaves of E. foetidum.

Peak 6 exhibited the [M-H]™ at m/z 359 with an MS? fragment at m/z 165 ([M-H-194]")
corresponding to the loss of ferulic acid, being tentatively identified as a ferulic acid derivative. The
MS characteristics of this compound were similar to those previously reported for ferulic acid
derivatives in strawberry (Fragaria ananassa).>*

The content of phenolic compounds found in this study was higher than previously reported for
leaves of E. foetidum from the Andaman and Nicobar Islands (India) whose value of 283.10 ug/g (d.b.)
(35 times less) was determined by spectrophotometry.®) When compared to other plants, such as
artichoke leaves (Cynara cardunculus var. Scolymus Hayek L.), the phenolic content of E. foetidum
leaves was approximately 7 times higher (1387 pg/g, d.b.).”? The average consumption of total
phenolic compounds and, more specifically phenolic acids, by the Brazilian population was reported
to be 460.15 and 314 mg/day, respectively.*®! Based on this information, the ingestion of 30 g of
E. foetidum leaves can contribute with ~10.4% and 8.5% of the total phenolic compounds and phenolic
acids, respectively.

Antioxidant capacity of Eryngium foetidum leaf extract

The methanolic extract of E. foetidum were able to scavenge both ABST and DPPH radicals. However,
the leaf extract of E. foetidum showed low efficiency in removing ABTS®** (15.77 + 0.92 uM Trolox/g,
FW) when compared to Arrabidaea chica leaves (86.81 TE/g, FW).1*! This is the first time that the
scavenging capacity of E. foetidum leaf extract against ABTS®* was reported. The methanolic extract of
E. foetidum leaves may also be able to capture DPPH*® with inhibition percentage of 91.60 + 0.45% at
the tested concentration of 0.06 pig/g, a value similar to that found for the extracts of E. foetidum leaves
previously reported by Singh et al,'”! (92.7%), but superior to the authors of a previous study
(73.93%)."°!

ABTS®" and DPPH® are stable, synthetic and non-biological free radicals; however, due to their
chemical stability, sensitivity and operational ease in antioxidant capacity protocols, they are widely
used in determining the in vitro antioxidant potential of isolated compounds or plant extracts from
food samples.*®!

Regarding the 'O,-quenching capacity, the extract of E. foetidum leaves, at the studied
concentrations, was efficient to inhibit tryptophan degradation, as induced by the photosensitiza-
tion reaction in the presence of methylene blue, showing excellent fitting to first order reaction,
with a high determination coefficient (R? = 0.99) (Figure 3a). According to Figure 3b, 10, was
inhibited in a concentration-dependent manner and the extract of E. foetidum leaves presented an
ICs at 343.32 pg/mL with high percentage of protection (77.50%) at the highest tested concen-
tration (625 pg/mL). Quercetin (positive control) showed higher 'O,-quenching ability (ICs, of
1.9 pg/mL) than the extracts of E. foetidum leaves. The extract of E. foetidum leaves was more
effective against 'O, than fruit extracts of Terminalia chebula (ICsq = 424.50 ug/ml) and Emblica
officinalis (ICsy of 490.42 ug/ml).*”) However, it was less efficient than the artichoke extracts
(ICso = 20.5-30.1 pg/ml)!** and for Caryocar villosum fruit extracts (ICso = 156 pg/ml)."**
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Figure 3. (a) Decay of the intensity of the absorbance of tryptophan in the presence of the methylene blue and extract of the
Eryngium foetidum L. leaves and (b) percentage of inhibition of the'O, as a function of the concentration of the extract of the
Eryngium foetidum L. leaves. The experiments were carried out in four concentrations and n = 3 (Mean + standard deviation).

'0, is an important ROS with high reactivity that can be found both in human body and in food
systems. The formation of 'O, can generate other physiological reactive species, such as alkyl (R"),
alkoxyl (RO"), organic hydroperoxides (ROOH), superoxide anion (O,"’), hydrogen peroxide (H,0,),
hydroxyl radical ("OH) and peroxynitrite (ONOO~), and these ROS are often responsible for several
biological deleterious effects.****) Therefore, the investigation of plant extracts, such as E. foetidum,
with high contents of bioactive compounds and high ability to inhibit 'O, is highly desirable to
support and stimulate deeper studies aiming the inhibition of the oxidation of biomolecules present in
both the human body and food systems.

The high antioxidant potential of the E. foetidum leaf extract may be mainly attributed to the high
contents of phenolic compounds in the hydrophilic extract (Table 2), which corroborates to the fact that
the antioxidant action of phenolic compounds from plants is associated to the inhibition of the
oxidizing effect of reactive species by delaying chain reactions and/or scavenging free radicals.!**
Chlorogenic acid was the major phenolic compound found in the extract of E. foetidum leaves, and
epidemiological studies showed a positive association between the consumption of foods containing
chlorogenic acid and health benefits."*'~**! These combined information makes Amazonian E. foetidum
leaves an interesting plant source for research of food supplementation aiming increasing human health.

Importantly, the biological properties of chlorogenic acid, or any bioactive compound, depend on its
bioavailability in the gut, which can be affected by several factors, such as the bioaccessibility of each
compound, bioactive compounds—-gut microbiota interactions, different mechanisms of absorption of
water-soluble and lipid-soluble molecules, interactions with other nutrients, among others.[**
Pharmacokinetic studies involving chlorogenic acid and its metabolites suggest that they bound to
human serum albumin and/or may be sequestered in tissues to exhibit its biological activity.'**!

The relevance of researches on bioactive constituents from plants is fully justified by the association
that fruits, vegetables, and food legumes are therapeutic agents useful for treating a wide range of human
disorders.!*”! Regarding the application on food industries, the safety concerns regarding some synthetic
antioxidants could be relieved with the use of natural plant extracts with high contents of bioactive
compounds at lower concentrations. Thus, E. foetidum leaves can be seen as a dietary source of natural
antioxidants with potential health benefits whose consumption should be stimulated.

Conclusion

All-trans-lutein and all-trans-p-carotene were the major carotenoids in E. foetidum leaves, while
chlorogenic acid and a ferulic acid derivative were the major phenolic compounds. Amazonian
E. foetidum leaves, besides its traditional use in cooking and folk medicine, may represent a valuable
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source of bioactive compounds with antioxidant properties, with undeniable nutraceutical value and
great potential to be explored and used in the food, cosmetic and pharmaceutical industries.
Furthermore, future systematic studies based on cellular antioxidant capacity assays should be applied
to understand the protective effects of the bioactive compounds of this plant species on different
oxidative/nitrosative stress pathways.
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