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RESUMO GERAL

A espécie Tribulus terrestris L. (Zygophyllaceae), popularmente conhecida como abrolhos, é
uma erva anual originaria da India, mas atualmente esté distribuida em regides quentes em todo
o0 mundo. O fruto é tradicionalmente utilizado na medicina chinesa e indiana como ténico,
afrodisiaco e para o tratamento de disfuncéo erétil e doencas cardiovasculares. O objetivo deste
estudo foi quantificar fenois totais e flavonoides, e investigar as atividades antioxidantes,
inibitoria da a-glicosidase, lipoxigenase e vasorrelaxante em anéis de artéria aorta isolada de
rato do extrato etanolico bruto e fragdes do fruto de T. terretris. Foram utilizados o extrato
etanolico bruto (EtOH) e as fragdes hexanica (HEX), diclorometano (DCM), acetato de etila
(EtOAC), n-butanol (BuOH) e aquosa soltvel em metanol (AQSol). A anélise por HPLC-DAD
foi realizada para se obter os perfis cromatograficos do extrato e fracdes. As fracGes acetato de
etila e butanolica apresentaram os maiores valores de fenois totais e flavonoides. Por outro lado,
a fracdo hexanica apresentou o melhor poder quelante de metais e atividade inibitoria da
lipoxigenase. Com relagdo a atividade antioxidante, a fracdo acetato de etila apresentou a
melhor capacidade de eliminacéo dos radicais 2,2-difenil-1-picrilhidrazil (DPPH), o acido 2,2'-
azino-bis (3-etilbenzotiazolina-6-sulfonico) (ABTS) e hidroxil, poder redutor, capacidade
antioxidante total e atividade inibidora da a-glicosidase do que o extrato e outras fracfes. Estes
resultados estdo intimamente relacionados com os valores de fendis totais e flavonoides. O
perfil fitoquimico mais complexo foi o da fragcdo diclorometano. A adi¢do cumulativa do extrato
etandlico bruto ou das fracbes do fruto de T. terrestris em uma pre-contracdo induzida por
fenilefrina (FEN) (107'M) promoveu efeito vasorrelaxante de maneira dependente de
concentracdo e independente da presenga de endotélio vascular em anéis de artéria aorta isolada
de ratos. A melhor atividade vasorrelaxante foi observada apds incubar a fracéo acetato de etila.
Em anéis desprovidos de endotélio, a fracdo EtOAc foi capaz de inibir a contragdo cumulativa
induzida por FEN (10° - 10* M) na concentracdo 1000 pg/mL. De maneira semelhante, as
contragBes induzidas por CaClz (10 - 3x102 M) em solugéo despolarizante de Krebs Henseleit
nominalmente sem Ca®* também foram inibidas na concentragdo 1000 pg/mL pela fracio
EtOAc. O vasorrelaxamento promovido pela fragdo EtOAc frente a contracdo com KCI 25 mM
ndo apresentou diferenca significativa quando comparado com o vasorrelaxamento promovido
frente & contragdo com FEN 107'M assim como quando os anéis foram previamente incubados
por 30 minutos com tetraetilamdnio (3 mM), glibenclamida (3x10® M) e 4-aminopiridina (3
mM). Assim, o efeito vasorrelaxante de T. terrestris provavelmente pode ser atribuido a reducédo
do influxo de célcio pelos canais para CavL. As anélises com UPLC-ESI-MS indicaram que a
fracdo EtOAC é rica em amidas do &cido cindmico. Assim, o Tribulus terrestris apresenta
atividades antioxidante, inibitoria da a-glicosidase e lipoxigenase e vasorrelaxante.

Palavras-chave: Abrolhos. Fenois totais. Canais para calcio. Amidas do acido cinamico.



ABSTRACT

Tribulus terrestris L. species (Zygophyllaceae), popularly known as abrolhos, is an annual herb
native to India but is currently distributed in warm regions around the world. The fruit is
traditionally used in Chinese and Indian medicine as a tonic, aphrodisiac, for the treatment of
erectile dysfunction, and cardiovascular diseases. The aim of this research was to evaluate
phenolic contents, in vitro antioxidants, lipoxygenase, and a-glucosidase inhibitory activities,
as well vasorelaxant in isolated rat aortic rings of extract and fractions of T. terrestris fruits.
The crude ethanolic extract (EtOH), hexane (HEX), dichloromethane (DCM), ethyl acetate
(EtOAC), n-butanol (BuOH), and methanol/water soluble (AQSol) fractions were used. The
HPLC-DAD was used for the analysis of fingerprints. The DCM fraction was the more complex
chemical profile. The EtOAc and BuOH fractions revealed the best effect for extracting phenolic
compounds and flavonoids from T. terrestris than the HEX and AQSol fraction. On the other
hand, the hexanic fraction showed the best metal chelating power and lipoxygenase inhibitory
activity. Concerning in vitro antioxidant activities, the EtOAc fraction showed better capacity
for scavenging 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2'-Azino-bis(3-ethylbenzothiazoline-
6-sulphonic acid (ABTS), hydroxyl radical, reductive power, total antioxidant capacity (TAC),
and a-glucosidase inhibitory activity than others fractions and the EtOH. These results
correlated closely with the levels of phenolic compounds and flavonoids. The cumulative
addition of the EtOH or fractions of T. terrestris fruit in a pre-contraction induced by
phenylephrine (107 M) induced vasorelaxant effect concentration-dependent manner and
independent of the presence of the vascular endothelium in isolated rat aortic rings. The best
vasorelaxant activity was observed after incubating the EtOAc fraction. In endothelium-
denuded rings, EtOAc was able to inhibit phenylephrine-induced contractions (10 to 10 M)
in the concentration 1000 pg/mL. Likewise, in a nominally Ca®*-free depolarizing Krebs
Henseleit solution, EtOAC inhibited CaCl, (10°-3x102 M)-induced contractions in the
concentration 1000 pg/mL. There was not significative difference between the vasorelaxant
activity on KCI 25 mM-induced contraction, PHE-induced contraction and in the pretreatment
with tetraethylammonium (3 mM), glibenclamide (3x10° M) and 4-aminopyridine (3 mM).
Thus, this vasorelaxant effect can probably be attributed by a reduction in calcium influx
through CavL channels and inhibition of calcium mobilization from phenylephrine intracellular
stores. UPLC-ESI-MS analyses indicated that the EtOAC was rich in cinnamic acid amides.
The EtOAc fraction of Tribulus terrestris fruits has in vitro antioxidant and lipoxygenase and
a-glucosidase inhibitory activities. Among others, EtOAc fraction also has the highest
vasorelaxant effect, probably due to the reduction in calcium influx through CavL channels.
These effects could be involved the cinnamic acid amides, since EtOAc fraction are rich in
these chemical constituents.

Keywords: Abrolhos. Phenols. Calcium channels.Cinnamic acid amides.
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PRIMEIRA PARTE

1 INTRODUCAO

A espécie Tribulus terrestris foi identificada em 1.753 por Lineu e desde entdo vem
sendo uma das plantas medicinais mais utilizadas em todo 0 mundo. Na medicina tradicional
chinesa, T. terrestris tem sido muito utilizada como diurética e para tratar doencas hepaticas e
cardiovasculares. Na Grécia Antiga, os frutos secos eram usados como tonico e laxante. Na
medicina indiana e ayurveda, a planta era utilizada como afrodisiaca (ZHU et al., 2017). A
partir da década de 1970 no leste da Europa, especialmente na Bulgéria, iniciou-se a utilizacdo
de T. terrestris no tratamento da infertilidade, impoténcia e disfuncao erétil (ANGELOVA et
al., 2013). No Brasil, tem ocorrido 0 aumento no consumo da espécie nos ultimos anos com o
intuito de melhorar a espermatogénese (MARTINO-ANDRADE et al., 2010).

Diversos paises ja possuem preparacdes fitoterdpicas a base de Tribulus terrestris como
é 0 caso da Bulgaria (KAMENOV et al., 2017), Brasil (MARTINO-ANDRADE et al., 2010),
Australia (ROGERSON et al., 2007), Estados Unidos (COMBARIEU et al., 2003), dentre
outros. Alguns fitoterapicos utilizam todas as partes aéreas da planta, outros somente o fruto.
Segundo consta em monografias das Farmacopeias indiana (2014) e chinesa (2015), é no fruto
onde estdo os principios ativos responsaveis pelas atividades bioldgicas relatadas para a espécie.

Diante da relevancia mundial de Tribulus terrestris, muitos estudos tém sido
conduzidos. Entretanto, eles ttm demonstrado resultados controversos, além do fato de muitas
pesquisas apresentarem apenas triagens havendo caréncia de informagdes sobre 0 mecanismo
de acdo. Ademas, o uso da espécie tem ocorrido de forma indiscriminada, ndo havendo
padronizacdo em relacdo a dose segura a ser utilizada, reforcando a necessidade de estudos
cientificos que fornecam seguranca ao uso e que comprovem a eficacia da espécie
(ABUDAYYAK etal., 2015; NEYCHEV; MITEV, 2016).

No presente estudo objetivou-se avaliar os efeitos do extrato etandlico bruto e suas
fragdes obtidas do fruto de Tribulus terrestris como potencial agente de inibicdo das atividades
das enzimas a-glicosidase e lipoxigenase, bem como avaliar as atividades antioxidante e

vasorrelaxante em aorta isolada de rato.
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2 REFERENCIAL TEORICO
2.1. Plantas medicinais e o tratamento de doengas

O interesse nos efeitos sinérgicos entre substancias com o intuito de aplicacGes
terapéuticas tem aumentado nos ultimos anos em funcdo de recentes mudancas de paradigmas.
A busca de ligantes seletivos com um Unico mecanismo de acéo, abordagem anteriormente mais
frequente na busca de candidatos a farmacos, vem cedendo lugar ao desenvolvimento de
terapias multiplas. A combinagdo de substancias é promissora no controle e tratamento de
doencas complexas, pois permite a atuacdo simultanea sobre maltiplos alvos, garantindo maior
eficacia e menor chance de resisténcia aos farmacos empregados. Assim, o tratamento
farmacoldgico de varias doencas ja envolve combinagdes de diversos medicamentos como na
terapia da hipertensdo arterial, aterosclerose e diabetes mellitus (WAGNER, 2011;
CASANOVA; COSTA, 2017).

Estudos tém mostrado que as plantas medicinais sdo potentes agentes terapéuticos.
Dentro deste contexto, as plantas medicinais podem ser utilizadas para o tratamento de diversas
enfermidades como diabetes mellitus, hipertensdo arterial, doencas inflamatorias, alérgicas e
neurodegenerativas, no combate ao estresse oxidativo, dentre outras e apresentando menos
efeitos indesejaveis que os farmacos sintéticos. As vezes, os extratos de plantas medicinais
exibem atividades bioldgicas mais promissoras do que os constituintes isolados, pois interaces
sinérgicas podem ser observadas entre os constituintes quimicos de extratos vegetais
produzindo efeitos mais potentes que uma unica substancia (FABRICANT; FARNSWORTH,
2001; BALUNAS; KINGHORN, 2005; JUNIO et al., 2011).

Dentre as plantas medicinais que possuem inimeras atividades bioldgicas importantes

para a salde encontra-se Tribulus terrestris L.

2.2. Tribulus terrestris
2.2.1 Aspectos gerais da espécie

O género Tribulus pertence a familia Zygophyllaceae e atualmente inclui
aproximadamente 25 espécies. As espécies se estabeleceram bem em paises quentes, aridos e
semi-aridos. Dentre essas espécies, 13 foram relatadas como invasoras de areas cultivaveis,

especialmente T. cistoides L., T. longipetalus Viv., T. terrestris L. e T. zeyheri Sond. Na Africa,
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sdo encontradas 5 espécies: T. cristatus C. Presl, T. excrucians Wawra, T. pterophorus C. Presl,
T. zeyheri e T. terrestris L. (NEMANDO; BOATWRIGHT; MAGEE, 2017).

A espécie Tribulus terrestris L. (FIGURA 1), popularmente, conhecida como abrolhos,
videira da punctura, espinho de trés pontas, cabeca de touro, dentre outros, € uma erva anual
originaria da India, mas atualmente com distribuicdo mundial. Pode prosperar mesmo em
climas desérticos e solos pobres. E encontrada na india, China, Turquia, Bulgaria, Africa,
Brasil, dentre outros. Caracteriza-se por ter frutos com pericarpos espinhosos, folhas pequenas
e opostas distribuidas em pares e flores pequenas e amarelas com cinco pétalas cada uma. As
sementes sdo oleosas (HONG et al., 2013; PACANOSKI; TYR; VERES, 2014; EL-
SHAIBANY et al., 2015; RAJENDRABHAI, 2017).

Figura 1- Tribulus terrestris L.

Legenda: Habito da planta Tribulus terrestris L. — Zygophyllaceae (A). Detalhe de um
ramo florido da planta (B). Fonte: Arquivo pessoal.

2.2.2 Quimica de Tribulus terrestris

O estudo fitoquimico de Tribulus terrestris revelou a presenca de saponinas
(GANZERA; BEDIR; KHAN, 2001; KANG et al., 2014; WANG et al., 2017), flavonoides
(BHUTANI; CHIBBER; SESHADRI, 1969; YEKTA et al., 2008; LI et al., 2017), glicosideos
(NEBIERIDZE et al., 2017; SKHIRTLADZE et al., 2017), alcaloides (WU; SHI; KUO, 1999)
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e taninos (MISHRA; RANA; BISHT, 2016). As propriedades biologicas da espécie tém sido
atribuidas, em grande parte, a presenca destes metabdlitos secundarios.

De acordo com a literatura, a composicdo e a quantidade de saponinas diferem
completamente entre diferentes regides. Dinchev et al. (2008) estudou a quimica e a atividade
bioldgica de saponinas obtidas das partes aéreas, de caules, folhas e frutos de Tribulus terrestris
de diversos lugares do mundo como Bulgéria, Grécia, Sérvia, Macedbnia, Turquia, Georgia,
Ir4, Vietnd e india. Kang et al. (2014) isolou saponinas da planta inteira oriunda da China. Eles
relataram a presenca de saponinas esteroidais do tipo furostano e espirostano como a
protodioscina (1), tigogenina (2), gitogenina (3), hecogenina (4), diosgenina (5), chlorogenina
(6), ruscogenina (7), sarsasapogenina (8), dentre outras. A protodioscina é a mais abundante

das saponinas encontradas na espécie e é considerada marcador quimico.
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De acordo com a literatura, a quantidade de flavonoides encontrados nas amostras de T.
terrestris é cerca de 1,5 vezes maior que o contetido de saponinas. Os flavonoides que ja foram
isolados das folhas e frutos de T. terrestris sao quercetina (9), isorhamnetina (10), canferol (11),
canferol-3-O-glicosideo (12), canferol-3-O-rutinosideo (13) e tribulosideo [canferol-3-p-D-(6-
p-cumaroil) glicosideo] (14) (BHUTANI; CHIBBER; SESHADRI, 1969; MITRA;
MOHAMMAD-MEHDI; MOHAMMAD REZA, 2012).
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Estudos realizados por Song et al. (2014) e Song et al. (2016) detectaram nos frutos de
T. terrestris a presenca das seguintes amidas derivadas do 4acido cindmico: N-trans-
N-trans-feruloiltiramina  (17),
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2.2.3 Uso Popular

O uso de Tribulus terrestris tem ocorrido desde a antiguidade na medicina tradicional
de regides da Europa, Asia e Africa e norte da Australia. A utilizacdo tradicional nas medicinas
chinesa, indiana (Ayurveda) e europeia determinou sua relevancia etnofarmacoldgica como
planta medicinal. Na Farmacopeia chinesa (2015), os frutos de T. terrestris (FIGURA 2) tém
sido utilizados como diurético, expectorante, combate a tosse, melhora da acuidade visual, para
o tratamento do prurido cutineo, cefaleia, vertigem e obstrucdo do ducto mamario. Na india,
os frutos tém sido usados no tratamento da infertilidade, impoténcia, disfuncéo erétil e baixa
libido. Segundo Mohammed et al., 2014, as raizes e os frutos apresentam propriedades
cardiotonicas. No Sudao, a espécie tem sido utilizada na nefrite e no tratamento de outras

doencas inflamatdrias. No Paquistéo, a planta é utilizada como diurética (ZHU et al., 2017).

Figura 2 - Fruto de Tribulus terrestris L.

Fonte: Arquivo pessoal.

2.2.4 Propriedades farmacoldgicas de Tribulus terrestris

Muitos estudos tém comprovado que Tribulus terrestris apresenta efeitos
cardiovasculares benéficos (PHILLIPS; MATHEW; ORIOWO, 2006; TUNCER et al., 2009;
ZHANG,; LI; YANG, 2010; JIANG et al., 2017), pode ser usado no tratamento da urolitiase
(ARASARATNAM; BALAKUMAR; SENTHURAN, 2010) e da disfuncéo erétil em animais
(GAUTHAMAN; GANESAN, 2008) e humanos (KHALEGHI et al., 2016; ASADMOBINI et
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al., 2017), como anti-helmintico (DEEPAK et al., 2002), larvicida (EL-SHEIKH; AL-FIFI;
ALABBOUD, 2016), antidiabético (EL-SHAIBANY et al., 2015; SAMANI et al., 2016), anti-
inflamatorio (KANG et al., 2017; LEE et al., 2017) e antioxidante (HAMMODA et al., 2013;
KHATRI; CHHILLAR, 2015; DAKSHAY INI; BASHA, 2018).

Pesquisas avaliando a influéncia da espécie sobre a libido e espermatogénese em
animais e humanos tém sido conduzidas. Um estudo desenvolvido por Hemalatha e Hari (2015)
com frutos de Tribulus terrestris coletados na India sugeriu que o extrato butanélico rico em
saponinas pode ser um agente potencial para o tratamento da infertilidade, pois promoveu
melhorias na morfologia (qualidade), aumento na quantidade e motilidade dos
espermatozoides.

Apesar do crescente interesse mundial pela planta, ainda se tem poucas informacdes
sobre a biodisponibilidade e outros parametros farmacocinéticos. Uma pesquisa avaliou a
combinacdo de Tribulus terrestris com um agente quimioterdpico bastante utilizado, a
cisplatina. A quimioterapia baseada em cisplatina é altamente eficiente para o tratamento de
pacientes com cancer de pulmao, ovario, cabeca e pescoco e gastrico. No entanto, essa droga €
toxica para células germinativas e causa degeneracdo de tubulos seminiferos. O intuito da
pesquisa foi averiguar se 0 uso concomitante seria protetor para as células e os resultados foram
positivos (ZAHRA, 2018).

O extrato aquoso com frutos coletados em Bangalore na india mostrou uma reducéo na
lesdo de células epiteliais tubulares renais promovidas pelo oxalato e a inibi¢do da cristalizacdo
de oxalato de célcio in vitro. O estudo sugere a possibilidade do uso de Tribulus terrestris como
agente terapéutico no tratamento da urolitiase, e a caracterizacdo de seu(s) composto(s) ativo(s)
como uma nova droga para o tratamento de pacientes com urolitiase (AGGARWAL et al.,
2010).

Zheleva-Dimitrova, Obreshkova e Nedialkov (2012) analisaram a capacidade de
sequestro do radical DPPH de um fitoterapico a base de Tribulus terrestris originario da
Bulgaria e concluiram que a planta eliminou radicais livres sugerindo atividade antioxidante. A
analise dos constituintes quimicos da planta detectou a presenca de fenois totais e flavonoides
e estes metabdlitos foram correlacionados com a ac¢éo antioxidante. Os autores sugeriram entdo
gue a espécie é uma poderosa fonte natural de antioxidantes e pode ser Gtil no sequestro de
radicais livres.

Em relacdo a sua possivel atividade anti-hipertensiva, alguns estudos tém demonstrado

que esses efeitos podem estar relacionados ao vasorrelaxamento da musculatura lisa vascular,
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possivelmente pela participacdo dos fatores relaxantes derivados do endotélio (FRDE) tais
como o oxido nitrico. Nesse estudo de Phillips, Mathew e Oriowo (2006) foram utilizados 0s
extratos aquoso e metanolico de Tribulus terrestris de exemplares coletados no Kuwait e foram
administrados na artéria mesentérica de rato.

Um outro estudo com ratos hipertensos analisou os efeitos da administracdo oral de uma
dose Unica diéria de 10 mg/kg do extrato aquoso liofilizado do fruto de Tribulus terrestris
durante quatro semanas. A pressédo arterial sistolica (PAS) dos ratos hipertensos alimentados
com a planta foi significativamente menor em comparagdo com os demais ratos hipertensos que
ndo receberam o tratamento, assim como a atividade da enzima conversora de angiotensina
(ECA). Estes resultados indicaram que existe uma correlacdo negativa entre o consumo da
espécie e a atividade da ECA (SHARIFI; DARABI; AKBARLOO, 2003).

As atividades bioldgicas dos constituintes quimicos isolados da espécie também tem
sido alvo de pesquisas. A saponina do tipo espirostano tribulosina, obtida a partir do extrato
metandlico de Tribulus terrestris protegeu o miocérdio de ratos da lesdo promovida no modelo
farmacoldgico de isquemia/reperfusdo sugerindo que a saponina pode ser uma nova droga para
o tratamento de doencas cardiovasculares (ZHANG; LI; YANG, 2010).

Ainda sobre esta saponina, uma pesquisa com extratos de Tribulus terrestris preparados
utilizando os solventes éter de petréleo, cloroférmio, 50% metanol e agua, foi realizada para
avaliar a atividade anti-helmintica in vitro utilizando o nematédeo Caenorhabditis elegans. A
atividade foi detectada apenas no extrato metandlico, o qual foi submetido a fracionamento e
obtiveram -se dois constuintes: tribulosina e [-sitosterol-D-glicosideo. A atividade anti-
helmintica foi atribuida a ambos os constituintes (DEEPAK et al., 2002).

Song et al 2016 relatam que as amidas de &cido cindmico (15-20) isoladas do fruto seco
de Tribulus terrestris apresentam atividade inibitdria sobre a-glicosidade.

Em relacdo a atividade larvicida, o extrato de éter de petréleo obtido a partir de folhas
de Tribulus.terrestris apresentou atividade contra as larvas e mosquitos adultos do Aedes
aegypti, o vetor da febre amarela e da dengue (EL-SHEIKH; AL-FIFI; ALABBOUD, 2016).

2.3 Espécies reativas de oxigénio (EROs)

As espécies reativas de oxigénio (EROs) sdo moléculas capazes de reagir no organismo
e consequentemente interferir nos processos biologicos e fisioldgicos. Elas podem ser radicais
livres ou compostos nédo radicalares. Podem se formar de diferentes formas, dentre elas, durante

a reducdo do oxigénio a agua na cadeia de transporte de elétrons na mitocondria. A capacidade
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destas espécies em ocasionar danos depende da caracterizacdo do tipo de radical e das
moléculas que estdo sendo atingidas (SILVA; GONCALVES, 2010).

A formacgdo das EROs ocorre também durante o metabolismo celular ou estas séo
provenientes de fontes exogenas fisicas e quimicas. Nos processos metabdlicos normais, existe
a producdo constante de EROs e condi¢Ges com alta producéo acarreta em acoes deletérias em
todos os componentes celulares. As formas mais comuns de EROs encontradas nas células séo
anion superdxido (0?7), radical hidroxil (OH") e peréxido de hidrogénio (H20.) (ANDRADE
JUNIOR et al., 2005; EMRAN et al., 2019).

As espécies reativas de oxigénio podem causar danos oxidativos que sdo responsaveis
pelo desenvolvimento de muitas doencas cronicas e degenerativas como inflamacao, disturbios
relacionados a idade, declinio do sistema imune, céancer, aterosclerose, doencas
cardiovasculares, doencas neurodegenerativas como Alzheimer e mal de Parkinson. Além
disso, o dano oxidativo nas células B-pancreaticas localizadas nas ilhotas de Langerhans pode
causar diabetes mellitus (ROZANTSEV; LOSHADKIN, 2001; LOKHANDE et al., 2014).

2.4 Antioxidantes

Os antioxidantes sdo moléculas que podem reduzir significativamente as acfes
deletérias das espécies reativas de oxigénio, neutralizando-as e prevenindo a incidéncia dos
processos degenerativos. Para se protegerem contra oxidacOes, os organismos dispdem de
mecanismos enzimaticos e ndo enzimaticos (HALLIWELL, 2012).

Os antioxidantes enzimaticos sdo formados por diversas enzimas, destacando-se as
enzimas glutationa peroxidase (GPx), glutaniona redutase, superéxido dismutase (SOD) e
catalase (CAT). Quanto aos antioxidantes ndo enzimaticos, eles sao obtidos pela alimentacéo e
incluem as vitaminas (C, E e A), além de substancias provenientes do metabolismo secundario
das plantas como os fendis, carotenoides e flavonoides. Entre o Gltimo grupo, as flavonas,
isoflavonas, flavonas, flavonois, antocianinas e catequinas Sdo as mais importantes
(DEVASAGAYAM et al., 2004; BARBOSA et al., 2010).

Os fenois sdo os metabolitos secundarios mais frequentemente encontrados em uma
ampla variedade de plantas medicinais e tem recebido grande atengdo nos Gltimos anos, pois
atuam como moléculas antioxidantes doando elétrons para estabilizar os radicais livres. Eles
inibem a peroxidacédo lipidica e a agregacao plaquetaria. Essa capacidade antioxidante deve-se

a estruturas moleculares redutoras que sequestram ou neutralizam os radicais livres, e atuam
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também na quelacdo de metais de transicdo, formando intermediarios relativamente estaveis
(SAHU; KAR; ROUTRAY, 2013).

Um grupo de drogas fenolicas encontradas na medicina sdo os derivados do &cido
cinamico. O &cido cinamico (21) consiste em um acido carboxilico aromético de ocorréncia
natural cuja estrutura molecular € normalmente encontrada na forma trans. Eles sdo formados
pela via biossintética que forma fenilpropanoides, cumarinas, lignanas, isoflavonoides,
flavonoides, estilbenos, antocianinas e taninos. Acidos cindmicos frequentemente aparecem
como conjugados de éster com acido quinico, conhecidos como acidos clorogénicos, mas
também podem formar ésteres com outros acidos, actcares ou lipideos, ou formar amidas com

aminas aromaticas e alifaticas (MIN et al., 2004).

X OH
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Varios estudos tém sido realizados visando a aplicacdo dos derivados do acido cindmico
na medicina, isso porque os derivados do &cido cindmico apresentam importantes atividades
biolégicas como atividades antioxidante, antimicrobiana (SOVA, 2012), anticancer (BALTAS;
BEDOS-BELVAL, 2011), antifangica (TAWATA et al., 1996), antimalarica (WIESNER et al.,
2002), antituberculose (DE et al., 2012), antiaterogénica (LAPEYRE et al., 2005), inibicdo da
a-glicosidase (SONG et al., 2016; ERNAWATI et al., 2017) e da acetilcolinesterase (TAKAO
et al., 2017). Acidos cindmicos tém sido utilizados também para alterar a poténcia,

permeabilidade, solubilidade e outros pard@metros de um farmaco (GUZMAN, 2014).

2.5 Métodos de avaliacdo da atividade antioxidante

Existem vérias técnicas in vitro para avaliagdo da atividade antioxidante de extratos
vegetais, tendo em vista a grande variedade de constituintes quimicos com propriedades
antioxidantes, além da complexidade quanto ao seu modo de combater as espécies reativas de
oxigénio (SANCHEZ-MORENO, 2002).

Estes testes tém se tornado ferramentas usuais e extremamente necessarias na triagem
de substancias bioativas que possam ser utilizadas como farmacos, auxiliando os pesquisadores

na avaliacdo da atividade de constituintes quimicos de produtos naturais, bem como obtidos de
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fontes sintéticas. Além disso, estes métodos podem auxiliar na escolha das espécies de plantas
para estudos quimicos e farmacolédgicos (ALVES et al., 2010).

Dentre os métodos para avaliar a atividade antioxidante estdo os ensaios de captura de
radicais livres como DPPH (2,2-difenil-picril-hidrazil), ABTS [2,2’-azino-bis(3-
etilbenzotiazolin)6-acido  sulfénico] e radical hidroxil (OH?) (ALAM; BRISTI;
RAFIQUZZAMAN, 2013). Outros testes existentes sdo capacidade antioxidante total pelo
método de reducdo do complexo fosfomolibdénio, poder quelante e poder redutor, dentre

outros.

2.5.1 Sequestro do radical DPPH (2,2-difenil-1-picril-hidrazil)

O método do sequestro do radical DPPH é considerado um recurso facil e preciso para
a avaliacdo da atividade antioxidante de produtos naturais. A molécula de DPPH é caracterizada
como um radical livre estavel em virtude da deslocalizacao do elétron desemparelhado por toda
a molécula. Esta deslocalizacdo confere a esta molécula uma coloracdo plrpura, caracterizada
pela absorcdo em 517 nm. Este ensaio se baseia na medida da atividade antioxidante de uma
determinada substancia em sequestrar o radical DPPH, reduzindo-o a hidrazina. Quando uma
determinada substancia que age como doador de a&tomos de hidrogénio € adicionada a uma
solucdo de DPPH, a hidrazina é obtida com mudanca simultanea de coloracdo purpura aamarela
(MOLYNEUX, 2004).

A partir dos resultados obtidos, determina-se a porcentagem da atividade antioxidante
ou sequestradora de radicais livres e/ou porcentagem de DPPH remanescente no meio reacional.
Quanto menor a concentragdo da substancia que elimina 50% do radical DPPH (1Cso), maior
serd sua atividade antioxidante (SOUSA et al., 2007).

2.5.2 Sequestro do radical ABTS (2,2-azino-bis-3-etil-benzotiazolina-6-acido sulfonico)

Outro método bastante utilizado para a determinacao da atividade antioxidante por meio
de sequestro de radical € o método do radical ABTS. Assim como o0 método do radical DPPH,
0 ABTS apresenta boa estabilidade em certas condi¢des de analise, mas apresentam diferengas
frente aos antioxidantes e quanto a manipulacdo. O DPPH é um radical livre que é adquirido
dessa forma, sem a necessidade de preparo, enquanto o radical ABTS deve ser gerado por meio
de reagGes enzimaticas ou quimicas (ARNAO, 2001).

O método do radical ABTS baseia-se na geracdo do ABTS™, de coloragdo azul

esverdeada, por meio da reagdo do ABTS com perssulfato de potassio (K2S20g) que possuli
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absorcdo maxima em 734 nm. Com a adi¢do de uma substancia antioxidante, ocorre a redugédo
do ABTS™ a ABTS promovendo a perda da coloracdo do meio. Utilizando diferentes
concentragfes do antioxidante, é possivel determinar os valores de ICsq (concentracdo do
antioxidante capaz de eliminar 50% do radical ABTS). O método ¢é aplicavel ao estudo de
antioxidantes hidrossollveis e lipossollveis, substancias puras e extratos vegetais (RE et al.,
1999).

2.5.3 Sequestro do radical hidroxil

O radical hidroxil (HO®) é o mais reativo dentre as espécies reativas de oxigénio.
Possuem uma meia-vida muito curta sendo bastante deletério. Em experimentos in vitro, pode
ser sequestrado facilmente devido a sua alta reatividade, porém para que esse resultado se repro-
duza in vivo é necessario que sejam administradas altas concentraces de antioxidante. Este
radical frequentemente ataca as moléculas por abstracdo de hidrogénio e pode ser gerado
através da reacdo do H.O> com metais de transicdo ou pela homdlise da dgua por exposicdo a
radiacéo ionizante (RIBEIRO et al., 2005; LIMA; BEZERRA, 2012).

Existem varios métodos para determinar o sequestro do radical hidroxil, um deles é o
ensaio utilizando a 2-deoxirribose. Nesta técnica, o radical hidroxil é gerado pela reacdo do
cloreto férrico (FeCls) e acido etilenodiaminotetracético (EDTA) na presenca de ascorbato, que
reage para formar Fe?*-EDTA juntamente com ascorbato oxidado. O H,0; reage com Fe?*-

EDTA para formar Fe**-EDTA e radical hidroxil através da reacio de Fenton:

Fe?* + H,0, — Fe** + OH" + OH-

O radical formado pode entdo reagir com 2-deoxirribose para formar produtos que, sob
aquecimento com &cido tiobarbiturico (TBA) em pH baixo, apresentam coloracdo rosada, com
absorbancia a 532 nm. Substancias que tenham propriedades antioxidantes podem competir
com a 2-deoxirribose pelo radical, produzindo uma diminui¢do na intensidade da coloragé&o.
Este teste é considerado um método simples e barato de medir a reatividade de algumas
moléculas organicas (ex. ADP e ATP) frente ao radical hidroxil (ALVES et al., 2010).

2.5.4 Poder redutor

O ensaio antioxidante de determinacdo do poder de redugéo do ion ferro esta baseado
na reducéo do Fe*® (forma férrica) em Fe*? (forma ferrosa). A substancia antioxidante promove

a reducdo alterando a tonalidade da reacdo entre o ferricianeto de potéssio [KsFe(CN)e], acido
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tricloroacético e cloreto férrico, cuja absorbancia pode ser medida no comprimento de onda de
700 nm (MIGUEL et al., 2014; URREA-VICTORIA et al., 2016).

Este método avalia 0 aumento da absorbancia resultante da reacdo com o antioxidante.
Quanto maior a absorbancia ou intensidade da coloragdo, maior o potencial redutor das
amostras, ou seja, maior sera o potencial antioxidante (ALAM; BRISTI; RAFIQUZZAMAN,
2013).

2.5.5 Capacidade antioxidante total (Reducao do fosfomolibdénio)

A capacidade antioxidante total é determinada pelo método do fosfomolibdénio, que se
baseia na determinagdo espectrofotométrica da reducdo do Mo*™® a Mo™, com formacio
subsequente de fosfato de Mo™, que apresenta absorcdo maxima a 695 nm (PRIETO;
AGUILAR, 1999).

2.6 Diabetes mellitus

O diabetes mellitus (DM) é um transtorno metabdlico de etiologias heterogéneas
caracterizado por niveis elevados de glicose no sangue (hiperglicemia). Os niveis aumentados
de glicose no sangue no diabetes produzem anions superoxido, que geram radicais hidroxil via
reacdo de Haber-Weiss, resultando na peroxidacéo de lipideos de membrana e glicagdo protéica.
Isto leva a danos oxidativos das membranas celulares. Esses radicais danificam ainda outras
importantes biomoléculas, incluindo carboidratos, proteinas e acido desoxirribonucléico
(DNA) (RAHATI et al., 2014; LU et al., 2017).

Esta doenga é dividida em dois tipos: tipo 1 ou insulino dependente e tipo 2. O primeiro
tipo é um distarbio autoimune que leva a destruigdo das células B do pancreas, levando a uma
deficiéncia total ou parcial de insulina. O tipo 2 € 0 mais comum sendo caracterizado por varios
graus de resisténcia a insulina e de uma resposta inadequada de compensacdo na secrecdo de
insulina (BLAIR, 2016).

O diabetes mellitus vem aumentando sua importancia pela sua crescente prevaléncia e
habitualmente estd associado a dislipidemia, & hipertensdo arterial e a disfuncdo endotelial.
Embora, o diabetes seja uma doenca cronica ndo transmissivel é considerada uma das cinco
principais causas de morte no mundo. Segundo a Organizacdo Mundial de Saude, o DM pode
matar milhdes de individuos em todo o mundo até 2030. Os fatores de risco relacionados aos
habitos alimentares e estilo de vida da populagdo estdo associados a este incremento na carga
de diabetes globalmente (ZHANG et al., 2015).
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Os principais objetivos do controle do diabetes mellitus incluem a regulacéo dos niveis
de glicose no sangue e a prevencdo de complicagdes. Atualmente, umas das alternativas para o
controle da hiperglicemia tem sido o uso de hipoglicemiantes orais, que agem como inibidores
da a-glicosidase. A a-amilase ¢ a-glicosidase intestinais sdo as principais enzimas envolvidas
na digestdo e absor¢do de carboidratos. Os inibidores da a-glicosidase fornecem uma opgéo
antidiabética eficaz para individuos com diabetes tipo 2. No entanto, muitas dessas drogas sao
conhecidas por terem efeitos indesejaveis, como flatuléncia, diarreia e desconforto abdominal
(RAMU et al., 2015).

A busca por novas alternativas para o controle do diabetes mellitus, como o uso de
plantas medicinais, tem sido alvo de muitos estudos. Os produtos naturais podem inibir a
enzima a-glicosidase e assim retardar a digestdo dos carboidratos, reduzindo os niveis pos-
prandiais de glicose no sangue. Portanto, os constituintes ativos de plantas podem ser utilizados

para o desenvolvimento de novos farmacos antidiabéticos (MIAO et al., 2018).

2.7 Inflamacéo

A inflamacéo € o primeiro passo para varias doencas como o diabetes mellitus. Apesar
do DM ser uma condicdo pro-inflamatdria, a inflamacdo também parece ter influéncia sobre
sua etiologia (BANERJEE; SAXENA, 2012). O aumento nos niveis de citocinas, quimiocinas
e interleucinas provocam uma resposta inflamatoéria e o aumento dos niveis e da atividade das
células, principalmente dos macrdfragos, provocam uma resposta imune e esses dois fatores
medeiam a patogénese do diabetes (HERDER et al., 2015).

O metabolismo do &cido araquiddnico estd relacionado com varios processos
inflamatorios em decorréncia da formacao dos leucotrienos pela via regulada pela lipoxigenase
(LOX) e sintese de tromboxano e prostaglandinas pela via da cicloxigenase (COX). As LOXs
sdo dioxigenases contendo em sua estrutura ferro ndo heme que catalisam a oxireducdo de
acidos graxos poliinsaturados contendo pelo menos duas duplas ligagdes cis isoladas (FIGURA
3) (KUHN; BANTHIYA; VAN LEYEN, 2015).

A via regulada pela lipoxigenase inicia-se pela ativacdo da fosfolipase A,. Essa
fosfolipase hidrolisa os fosfolipideos da membrana liberando o &cido araquidonico. O acido
araquidoénico liberado sera utilizado como substrato para a via formando os leucotrienos. O
acido linoleico é um substrato para esta enzima sendo convertido pela lipoxigenase em um
dieno conjugado (COLAZZO et al., 2017; HAEGGSTROM, 2018).
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Figura 3- Metabolismo do acido araquidénico
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Os leucotrienos estdo envolvidos na fisiopatologia de véarias doencas inflamatorias e
alérgicas, como asma, artrite reumatoide, psoriase, nefrite glomerular, doencas intestinais,
como colite ulcerativa e doenca de Crohn, e disturbios circulatérios, como choque e isquemia
do miocéardio. A inibicdo dessa enzima € considerada uma atividade antioxidante e anti-
inflamato6ria (EL-GUENDOUZ et al., 2016).

Os produtos naturais representam uma alternativa para o tratamento de doencas
inflamatdrias no desenvolvimento de novas drogas. Diferentes extratos vegetais e/ou seus
constituintes ativos tém sido utilizados para o tratamento de uma ampla variedade de distirbios
inflamatorios. Estudos mostram que os flavonoides possuem atividade anti-inflamatéria nas
fases proliferativa e exsudativa da inflamacdo via inibicdo de vérias enzimas como
lipoxigenase, xantina oxidase, aldose redutase, fosfodiesterase, Ca(*2)/ATPase e ciclooxigenase
(IBRAHIM et al., 2018).

2.8 Artérias

Os vasos sanguineos podem ser divididos anatomicamente em trés camadas ou tinicas:
adventicia, média e intima. A camada adventicia € a mais externa sendo constituida de tecido
conjuntivo. A camada média esta localizada em posi¢cdo intermediaria, contendo células
musculares lisas dispostas circularmente, fibras colagenas e elastina. A camada intima é a
camada mais interna, fica em contato com o sangue, composta por células endoteliais que
revestem a porcdo interna do vaso e uma lamina subendotelial (BERNE et al., 2004,
WHITLOCK; HUNDLEY, 2015).
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Nas artérias, as tunicas sdo separadas entre si por laminas elasticas interna e externa. As
artérias de grande calibre, como a aorta possuem paredes que se distendem facilmente devido
a grande quantidade de elastina presente na tinica média (LANNOY; SLOVE; JACOB, 2014).
A deposicao desse material elastico as torna capazes de distenderem quando recebem o volume
de ejecdo durante a sistole ventricular e retornarem a sua forma original durante a diastole, ou
seja, essas artérias sdo responsadveis pela manutencdo da pressdo e perfusdo sanguinea
(SEIDELMANN; LIGHTHOUSE; GREIF, 2014).

A aorta é a artéria de maior calibre do corpo humano e desempenha varias funcdes sobre
o sistema cardiovascular. Dentre elas, a transmissao e distribuicdo do sangue do coracao para
0s vasos de menor calibre que abastecem a periferia (WHITLOCK; HUNDLEY, 2015).

2.8.1 O endotélio

O endotélio é uma monocamada de células que reveste 0s vasos sanguineos e separa a
corrente circulatoria do musculo liso vascular. Varias substancias encontradas no endotélio
estéo envolvidas no controle do tdénus da musculatura lisa vascular pela producdo de mediadores
que podem produzir vasodilatacdo ou vasoconstri¢do. Dentre as substancias vasodilatadoras ou
fatores relaxantes derivados do endotélio (FRDE) estdo o Oxido nitrico (NO), o fator
hiperpolarizante derivado do endotélio (FHDE) e a prostaciclina. As substancias
vasoconstritoras séo endotelinas (mais potente), prostaglandina H2 (PGHy), a angiotensina Il e
tromboxano A2 (CARVALHO et al., 2001).

2.8.2 Musculo liso vascular

O musculo liso é uma ferramenta bastante Util para a investigacdo de atividades
bioldgicas de substancias naturais ou sintéticas. Uma triagem farmacologica pode ser realizada
para determinar se substancias apresentam alguma atividade relaxante em mdsculos lisos
estimulados com agentes contrateis (SILVA et al., 2013). O musculo liso vascular é o principal
responsavel pela atividade fisioldgica normal do sistema circulatorio.

As propriedades contrateis dos musculos lisos podem ser classificadas em fasicas ou
tonicas. As contracdes fasicas ocorrem, principalmente, em musculos lisos viscerais e veia porta
na musculatura vascular; estas contracGes se caracterizam por apresentarem rapida velocidade
de contracdo e de relaxamento, ndo mantendo o tonus contratil. As contracdes tonicas se
desenvolvem lentamente e mantém o ténus efetivamente; sdo caracteristicas dos masculos lisos

vasculares, como por exemplo, o da artéria aorta (GUYTON; HALL, 2011).
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A regulacdo do tonus vascular é fundamental para o controle adequado da pressao
arterial. Alteragdes dessa musculatura estéo ligadas a diversas doengas cardiovasculares, tais
como a hipertensdo arterial, infarto do miocardio e acidentes vasculares cerebrais
(BROZOVICH et al., 2016).

Assim como todas as células musculares, as células musculares lisas vasculares
requerem um aumento na concentracao de célcio citoplasmético para deflagrar a sua contracéo.
A contribuicdo relativa dos mecanismos para promover o aumento na concentracao de célcio
citoplasmatico depende do tipo de vaso e da natureza do estimulo contratil (HATHAWAY et
al., 1991).

Os mecanismos responsaveis pela contracdo do musculo liso vascular estdo divididos
em duas classes: acoplamento eletromecénico (despolarizacdo da membrana das células
vasculares) e farmacomecanico (contracdo induzida por agonistas) (SOMLYO; SOMLYO,
2003). O acoplamento eletromecanico tem inicio com a despolarizacdo da membrana
plasmatica devido a entrada de ions como Na*, K, alterando o gradiente eletroquimico e
promovendo a abertura de canais para célcio sensiveis a voltagem. Este evento permite a
difusdo de célcio extracelular para o interior da célula, obedecendo o gradiente de concentracédo
(GUYTON; HALL, 2011). O acoplamento farmacomecanico é independente da despolarizacdo
celular, mas envolve a interagdo de agonistas com 0s seus receptores acoplados a proteina G
situada na membrana. Além disso, pode ocorrer acoplamento misto, ou seja, farmacomecanico
e eletromecéanico, ocorrendo via liberacdo do estoque de célcio do reticulo sarcoplasmatico e
influxo de célcio do espaco extracelular por ativacéo de canais para calcio operados por receptor

e por canais para calcio operados por voltagem (BROZOVICH et al., 2016).

2.8.2.1 Mecanismo de contracdo do musculo liso

O agonista as-adrenérgico fenilefrina promove contracdo da musculatura lisa vascular
por acoplamento misto. Este agonista promove a ativa¢ao do receptor especifico a1 encontrado
na membrana plasmatica e acoplado a proteina Gg/11, constituida por 3 subunidades: uma alfa
(o), uma beta (B) e uma gama (y). Quando o agonista ai-adrenérgico fenilefrina liga-se a
proteina, ocorre a perda da afinidade da subunidade a pelo GDP e o aumento da afinidade por
GTP, com isso ocorre uma alteragdo conformacional desta proteina, o que leva ao acoplamento
e consequente ativacdo de uma enzima da membrana, a fosfolipase C (PLC). Esta enzima, por
sua vez, deflagra a hidrélise de um componente fosfolipidico menor da membrana plasmatica,

0 4,5-bifosfato de fosfatidilinositol (PIP2), em dois segundos mensageiros, o 1,4,5-trifosfato de
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inositol (IP3) e o diacilglicerol (DAG). Estas duas moléculas tém acbes sinérgicas com as
moléculas mensageiras secundarias. O IP3 é hidrossollvel e liga-se a receptores especificos do
reticulo sarcoplasmatico (RS), causando a abertura dos canais idnicos e culminando em uma
rapida liberagdo de célcio das reservas intracelulares. Esse célcio entdo ird ligar-se aos
receptores rianodinicos ou receptores para a cafeina propiciando a saida de mais calcio dos
estoques intracelulares. Ja 0 DAG tem sua distribuicdo limitada & membrana, onde ativa uma
proteina quinase sensivel a fosfolipidios e ao célcio, denominada proteina cinase C (PKC). A
PKC ativada converte ATP em ADP, propiciando a abertura dos canais para calcio sensiveis a
voltagem e assim favorecendo o influxo de calcio para o meio intracelular. Com o aumento da
concentracdo de caélcio intracelular livre, inicia-se a atuacdo de uma série de processos
fisioldgicos que resultam na contracdo do musculo liso vascular (FIGURA 4) (SOMLYO;
SOMLYO, 1968; SOMLYO et al., 1985).
Figura 4 - Mecanismo de contracdo do musculo liso
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Fonte: Adaptado de Chiba e Misawa, 2004

Os ions célcio oriundos dos estoques intracelulares do reticulo sarcoplasmatico
juntamente com os ions célcio provenientes do influxo de calcio pelos canais para calcio

sensiveis a voltagem, ligam-se a uma proteina citoplasmatica chamada calmodulina, permitindo
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a formac&o do complexo 4-Ca?*- calmodulina que ¢ um mediador de varias acdes enzimaticas.
O complexo Ca?*- calmodulina ativa a quinase da cadeia leve da miosina (MLCK) que converte
ATP em ADP e libera o sitio ativo da actina ao ligar-se a caldesmona. A MLCK ativada
fosforila a cadeia leve da miosina, que sofre alteracdo conformacional, sendo capaz de interagir
com a actina e promover contracdo (HATHAWAY et al., 1991; SOMLYO; SOMLYO, 2003).

Quando a concentragdo de Ca?* intracelular cai abaixo do requerido para deflagragdo
destes processos ocorre a desativacdo do complexo Ca?*- calmodulina - MLCK, promovendo o
relaxamento do musculo liso vascular (SAVINEAU; MARTHAN, 1997).

Muitas pesquisas vém sendo conduzidas envolvendo extratos vegetais e suas atividades
sobre a musculatura lisa vascular. Sabendo-se que o musculo é o principal tipo que controla ou
regula o funcionamento da maioria dos 6rgdos do corpo, apresentando assim um papel
importante na maioria dos sistemas biologicos, estudos in vitro envolvendo a contratilidade e o
relaxamento do musculo liso sdo de extrema importancia no desenvolvimento de novos
farmacos ou fitoterapicos que serdo utilizados para a prevencao ou para o tratamento de doencas
como a hipertensao arterial (CHEN et al., 2014; CHAVES et al., 2017; KHAN; KHAN; SHAH,
2018).

2.9 Doencas cardiovasculares

As Doencas Cardiovasculares (DCV) séo, atualmente, a maior causa de mortes no
mundo. A Organizacdo Mundial de Saude estima que em 2.030 quase 23,6 milhdes de pessoas
morrerdo de doencas cardiovasculares (MAO et al., 2015). Dentre as DCVs, a Hipertensdo
Arterial Sistémica (HAS) é uma condic¢do clinica que compreende multiplos fatores e é
caracterizada pelo aumento sustentado da pressao arterial sistélica e diastélica acima de 140
mmHg e 90 mmHg, respectivamente (SOCIEDADE BRASILEIRA DE CARDIOLOGIA,
2016; WONG et al., 2018).

Segundo a Organizacdo Mundial de Saude, a hipertensdo arterial ¢ uma doenca que
possui prevaléncia crescente justificada pelo crescimento populacional, envelhecimento e
fatores de risco comportamentais como maus habitos alimentares, falta de atividade fisica, uso
abusivo de alcool, sobrepeso/obesidade e estresse.

A HAS constitui importante fator de risco para complicacdes tais como: doenca
cerebrovascular, doenca arterial coronariana, insuficiéncia cardiaca, insuficiéncia renal crénica
e doenga vascular de extremidades. Ela apresenta custos médicos e socioecondémicos elevados
(BRASIL, 2007; RADOVANOVIC et al., 2014).
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Uma quase totalidade dos individuos portadores de hipertensdo sdo assintomaticos. O
tratamento da hipertensdo arterial sistémica visa prevenir complicacdes cardiovasculares,
reduzir a morbidade e mortalidade. A prevencdo ou o tratamento podem ser alcangados por
meio de terapias farmacoldgicas e ndo farmacoldgicas, como reducéo do peso corporal, reducédo
da ingestdo de alcool, moderacdo do sddio dietético, aumento da atividade fisica e por meio de
plantas medicinais (TOM et al., 2010).

As principais classes de medicamentos existentes disponiveis para o tratamento
farmacologico da hipertensao arterial sist€émica sdo: diuréticos, inibidores adrenérgicos, B-
bloqueadores, vasodilatadores diretos, antagonistas dos canais para calcio, a-bloqueadores,
inibidores da enzima conversora de angiotensina e bloqueadores do receptor AT: de
angiotensina 1. Na maioria dos casos, os médicos indicam associagdes de diferentes classes de
medicamentos com o intuito de aumentar a eficacia anti-hipertensiva e atingir multiplos-alvos
(KOHLMANN-JUNIOR, 2010).

No Brasil, 0 uso de plantas medicinais tem sido amplamente utilizado ha séculos para
prevenir e tratar varias doencas, incluindo as doencas cardiovasculares. O desenvolvimento de
novas ferramentas farmacoldgicas pode ajudar a melhorar o manejo clinico desta doenca, pois
0s produtos naturais possuem diferentes constituintes quimicos tendo multiplos alvos e sendo
potenciais candidatos a terapia anti-hipertensiva (NUNES; BERNARDINO; MARTINS,
2015).

Muitos individuos hipertensos complementam o tratamento farmacologico tradicional
com a administracdo de fitoterapicos ou com a utilizacdo das plantas medicinais em forma de
infusBes ou decoccgOes, tanto para a prevencdo da elevacdo da pressdo arterial, quanto na
tentativa de reducdo dos valores pressoricos que ja se encontram elevados. Na maioria das
vezes, 0 uso é feito sem embasamento cientifico que comprove a sua eficacia e seguranca,
guando usado isoladamente ou associado a medicamentos anti-hipertensivos (OLIVEIRA;
ARAUJO, 2007).

Assim, existe a necessidade de comprovar cientificamente a possivel atividade anti-
hipertensiva de plantas medicinais que sdéo amplamente utilizadas pelos povos de todo o mundo

como alternativa no tratamento da hipertensao arterial sistémica.
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3 CONSIDERACOES FINAIS

Assim, a existéncia de tantas atividades bioldgicas somada ao crescente consumo
mundial e da necessidade de comprovar a eficacia e fornecer seguranca em relagdo ao uso,
justificam o interesse nesta planta, uma vez que este estudo podera contribuir com a
farmacologia de T. terrestris, bem como a elucidacdo do mecanismo de acdo das atividades

bioldgicas avaliadas.
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SECOND PART - ARTICLES

ARTICLE 1 - ANTIOXIDANT, LIPOXYGENASE, AND a-GLUCOSIDASE
INHIBITORY ACTIVITIES OF Tribulus terrestris FRUIT

ABSTRACT

Tribulus terrestris fruit has been used as a traditional and popular medicine for prevention and
treatment of several diseases including sexual dysfunctions, atherosclerosis, and hypertension.
Previews reports pointed out that the extracts contain saponins, alkaloids, phenolic compounds,
flavonoids, and tannins. The aim of this research was to evaluate phenolic compounds,
antioxidant, lipoxygenase, and a-glucosidase inhibitory activities of T. terrestris crude
ethanolic extract and its fractions. The quantification of total phenols was performed using
Folin-Ciocalteu reagent. The capacity of samples for scavenging free radicals, chelating metal
ions, reducing power, inhibiting lipoxygenase, and a-glucosidase activities was investigated.
The total antioxidant activity was estimated using phosphomolybdenum method. The HPLC-
DAD was used for the analysis of profiles. The dichloromethane fraction was the more complex
chemical profile. The ethyl acetate and butanolic fractions revealed the best effect for extracting
phenolic compounds and flavonoids from T. terrestris than the hexanic and methanol/water
soluble fraction. On the other hand, the hexanic fraction showed the best metal chelating power
and lipoxygenase inhibitory activity. Concerning antioxidant activity, the ethyl acetate fraction
presented better capacity for scavenging DPPH, ABTS and hydroxyl radical, reductive power,
total antioxidant capacity (TAC), and a-glucosidase inhibitory activity than others extract and
fractions. These results correlated closely with the levels of phenolic compounds and
flavonoids. Thus, the in vitro antioxidant, lipoxygenase, and a-glucosidase inhibitory activities
of the T. terrestris was confirmed.

Keywords: Zygophyllaceae. Herbal extracts. Total phenolic contentes. HPLC fingerprints.

1 INTRODUCTION

Tribulus terrestris L. (abrolhos) (Zygophyllaceae) is native to India and it is already
found in various regions around the world as it fits very well into warm regions (KHAIRWAL,;
KUMAR, 2013; GHANBARI et al., 2016). Fruits have been used in traditional medicine in
China and India (Ayurveda) for hundreds of years in the treatment of infertility, impotence,
erectile dysfunction, and low libido. In westerns countries such as Brazil, the use of this species
began around the 1970's. However, in recent years, T. terrestris has aroused an even greater
interest among athletes and physical exercise practitioners. This was largely due to their tonic,
and aphrodisiac actions, plus a possible increase in levels of male sex hormones such as
testosterone (DAKSHAY INI; BASHA, 2018).
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The effects of Tribulus terrestris on health are associated with the presence of
biologically active compounds such as phenolic compounds (DWIVEDI; SENGAR, 2018),
flavonoids (BHUTANI; CHIBBER; SESHADRI, 1969), saponins (GANZERA; BEDIR;
KHAN, 2001), alkaloids (WU; SHI; KUO, 1999), tannins, and others. However, steroidal
saponins and flavonoids are considered to be the most important metabolites with various
bioactivities. Protodioscin is the most abundant saponin (DAS; VASUDEVA; SHARMA,
2017).

Several studies demonstrated that phenolics and flavonoids compounds have
antioxidant properties, which can decrease the incidence of oxidative stress promoted by free
radicals. They can cause oxidative damage that is a major part in the development of many
chronic and degenerative illnesses as inflammation, age-related disorders, cancer,
atherosclerosis, neurodegenerative diseases as Alzheimer's, and Parkinson's diseases. Besides
that, oxidative damage in pancreas islet tissues would cause diabetes. Consumption of
antioxidants, through diet and supplements, is expected to remove free radicals from the living
system and provide health benefits (SARMA; MALLICK; GHOSH, 2010; ALTEMIMI et al.,
2017; EGNELL etal., 2017).

The search for new alternatives for inflammation treatment and diabetes mellitus
control, such as the use of medicinal plants, has been the subject of many studies. Natural
products can inhibit the a-glucosidase and lipoxygenase enzyme. Thus, natural compounds can
be used to the development of new antidiabetic and anti-inflammatory drugs. Tribulus terrestris
have been reported as enzime inhibitors and with antioxidant properties. However, there is little
information in literature (ZHANG et al., 2015; CHUKWUJEKWU et al., 2016; MIAO et al.,
2018).

Therefore, the aim of this study was to quantify total phenols, flavonoids, and to evaluate
the antioxidant, lipoxygenase, and a-glucosidase inhibitory activities of the fruit of Tribulus

terrestris in preparations using solvents with different polarities.
2 MATERIAL AND METHODS
2.1 Chemicals and equipaments

The chemicals used in this study were ethanol 92° INPM; hexane; dichloromethane;
ethyl acetate; n-butanolic; methanol; Folin-Ciocalteu’s solution; sodium carbonate (Na>CO3);

galic acid (C7HeOs); aluminum chloride (AICI3); quercetin; 2, 2-diphenyl-1-picrylhydrazyl
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(DPPH); 2,2'-Azino-bis(3-ethylbenzothiazoline-6-sulphonic acid (ABTS); potassium
persulfate (K2S20g); ascorbic acid (CeHgOg); sulfuric acid (H2SOs); monosodium phosphate
(NaH2POa); disodium phosphate (Na;HPO.); ammonium molybdate ((NHz)sM07024);
butylated hydroxytoluene (BHT); ferrous sulfate (FeSQOa); ferrozine (C20H13N4NaOeS,);
ethylene diamine tetraacetic acid (EDTA); potassium ferri-cyanide (KsFe(CN)s);
trichloroacetic acid (TCA); ferric chloride (FeCls); 2-deoxyribose; thiobarbituric acid (TBA);
hydrogen peroxide (H20.), salicylic acid (C7HsO3), a-glucosidase of Bacillus
stearothermophilus EC 232-604-7, p-nitrophenyl-pB-D-glucopyranoside (PNPG), potassium
phosphate monobasic (KH2PQOs), potassium phosphate dibasic (KoHPO,), lipoxygenase from
Glycine max (soybean) EC 232-853-1, linoleic acid, boric acid, sodium hydroxide (NaOH),
tween 80, eugenol, acarbose, and protodioscin. The chemicals were purchased from Sigma
Aldrich. Except for the lipoxygenase inhibition assay, the microplate reader TECAN Infinity

M200 PRO operated by I-control software version 3.37 was used to measure absorbances.

2.2 Extract and fractions preparation

Dried fruits of Tribulus terrestris L. were purchased from the Pharmaceutical Industry
Catedral, Vespasiano, Minas Gerais, Brazil. The extracts and fractions were prepared according
to Oliveira et al. (2015). In this work, it used the crude ethanolic extract and hexanic (Hex),
dichloromethane (DCM), ethyl acetate (EtOAc), n-butanolic (BuOH) and methanol/water
soluble (AQSol) fractions.

2.3 Determination of total phenolic content (TPC)

The total phenolic content (TPC) of Tribulus terrestris extract and fractions were
determined applying Folin-Ciocalteu’s colourimetric assay as described by Singleton and
Rossi-Jr. (1965) with modifications. Twenty microliters of sample were added to 100uL
solution of Folin-Ciocalteu (10%) and 125ul. of Na2COs solution (7%). Absorbance
measurements were read at 760 nm on a microplate reader, after 120 min of incubation time at
room temperature (24 + 2°C). The results were expressed as milligram of gallic acid equivalents

(GAE) per gram of crude extract (mg GAE/g). The analyzes were performed in triplicate.

2.4 Flavonoids content

The quantification of flavonoids was determined by the method of Chang et al. (2002)

with modifications. Briefly, to 100uL of Tribulus terrestris extract or fraction was added 100uL
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of 10% AICls-ethanol solution. After 40 min at room temperature (24 £+ 2°C), the absorbance
was measured at 420 nm on a microplate reader. The results were expressed as milligram of
quercetin equivalents (QE) per gram of crude extract (mg QE/g). The analyzes were performed

in triplicate.
2.5 DPPH (2,2-diphenyl-2-picrylhydrazyl) radical scavenging assay

The scavenging activity of DPPH (2,2-diphenyl-2-picrylhydrazyl) was determined by
the method proposed by Brand-Williams, Cuvelier, and Berset (1995) with modifications. Fifty
microliters of different concentrations of Tribulus terrestris extract and fractions (0.625-20
mg/mL) were added to solution of DPPH (250uL). The absorbance measurements were read at
517 nm, after 60 min of incubation time at room temperature (24 + 2°C). (A1) Absorption of a
blank sample containing the same amount of ethanol and DPPH solution acted as the negative
control (Ao). The percentage inhibition [(Ao -A1/Ao) x 100] was plotted against sample or
standard content and ICso was determined (concentration of extract and fractions able to
scavenger 50% of DPPH free radical). The analyzes were performed in triplicate.

2.6 Capacity for scavenging 2,2-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS)

ABTS radical cation decolorization assay was carried out using the method described
by Re et al. (1999) with modifications. The ABTS radical was prepared by reaction of the ABTS
aqueous solution (7mM) with K2S;0g (2.45mM). This solution remained in the dark for 16 h at
room temperature (24 + 2°C). Tribulus terrestris extract or fractions (30uL) were added to
270uL of ABTS solution and the absorbance at 734 nm was read after 6 min on a microplate
reader. Several extract concentrations were prepared and the percentage inhibition that was
calculated from the formula: [(Ao—A1/A0)*100] was plotted against the extract concentration,
and ICsp values were determined (concentration of extract able to scavenger 50% of the ABTS
free radical). Ao is the absorbance of a negative control (blank sample containing the same
amount of solvent and ABTS solution) and A: is the absorbance of the sample. Butylated
hydroxytoluene (BHT) was used as a positive control. The analyzes were performed in

triplicate.

2.7 Hydroxyl radical scavenging assay

The effect of Tribulus terrestris extract or fraction on hydroxyl radicals was determined

by using the deoxyribose method as Kunchandy and Rao (1990) with modifications. The
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reaction mixture contained 1375uL of sodium phosphate buffer (0.1 M; pH 7.4), 200uL of 2-
deoxyribose (10 mM), 200uL of FeSO4+ EDTA (10 mM), 200uL of H2O2 (10 mM), and 25uL
of different concentration of Tribulus terrestris extract or fractions (0.625-20 mg/mL). The
reaction was started by the addition of H20», and incubated at 37°C for 4 h followed by the
addition of 1 mL of TCA (2.8%), and 1 mL of TBA (1%). The resulting solution was boiled in
a water bath for 10 minutes, and then cooled to room temperature (24 + 2°C). The absorbance

was measured at 532 nm on a microplate reader. The analyzes were performed in triplicate.

2.8 Total antioxidant capacity (TAC)

The total antioxidant capacity (TAC) was determined as described by Prieto and Aguilar
(1999) with modifications. The method of reduction of ammonium molybdate was measured
with 20uL of Tribulus terrestris extract and fractions, and they were mixed with 1500uL of the
reagent solution (0.6 M sulfuric acid, 28 mM monosodium phosphate, and 4mM ammonium
molybdate) during 90 minutes at 95°C. The absorbance was measured at 695nm. The results
were expressed in milligram of ascorbic acid equivalent per gram of crude extract (AAE mg/g).

The analyzes were performed in triplicate.

2.9 Chelating Metal lons

The capacity of chelating of metal ions by Tribulus terrestris extract and fractions were
evaluated by the method described by Wang, Lien, and Yu (2004) with modifications. An
aliquot of 50uL of samples were incubated with 40uL of FeSO4 (2 mM) and 80uL of ferrozine
(5mM) during 10 minutes. The absorbance was measured at 572 nm. EDTA was used as
positive control. The percentage of chelating ability was determined according to the following
formula: (Ao-A1)/Ac*100, in which Ag is the absorbance of the control, and A: the absorbance

of T. terrestris extract or fractions. The analyzes were performed in triplicate.

2.10 Reductive Potential

The reductive potential of the samples was determined according to the method of
Oyaizu (1986) with small modifications and described by Aazza, Lyoussi, and Miguel (2011).
Fifty microliters of different concentrations of Tribulus terrestris extract or fraction were mixed
with 500uL of phosphate buffer (200mM, pH 6.0), and 500uL of potassium ferricyanide
[K3Fe(CN)s] (1%). The mixture was incubated at 50 °C for 20 minutes. An aliquot of 500puL

of trichloroacetic acid (10%) was added to the mixture, which was then centrifuged for 10
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minutes at 3.000 rpm. The upper layer of solution (500uL) was mixed with 500uL of distilled
water and 100uL of FeClz (0.1%). The absorbance was measured at 700 nm. The analyzes were

performed in triplicate.

2.11 Capacity to inhibit lipoxygenase

The capacity of Tribulus terrestris to inhibit lipoxygenase was determined according to
the method of Frum and Viljoen (2006), with small modifications. It was evaluated by reaction
of 10 uL of lipoxygenase solution (0.054 g in 1 mL of 0.005% borate buffer, Tween 80 0.1 M,
pH 9) to 450 uL of borate buffer, 10 uL of samples, and 25 pL of linoleic acid (0.001 M).
Eugenol was used as standard. The absorbance was taken at 234 nm every 20s for 5 min on a
Spectrophotometer (U-5100 HITACHI). The percentage inhibition of the enzyme was

calculated, and the ICso values were compared. The analyzes were performed in triplicate.

2.12 Inhibition of a-glucosidase activity

a-Glucosidase inhibition was based on EI-Guendouz et al. (2016), with some
modifications. Initially, a mixture of 25 pL of Tribulus terrestris extract or fractions, 50 uL of
a-glucosidase, and 200 pL of phosphate buffer (L00mM, pH 6.8) was incubated at room
temperature for 10 min. After pre-incubation, 150 puL of p-nitrophenyl-B-D-glucopyranoside
(PNPG) (0.5 mM) solution in phosphate buffer was added to each well. The reaction mixtures
were incubated at 37 °C for 20 minutes, and then of sodium carbonate solution (0.4 mM) was
added to stop the reaction. The control had 25 pL of 92% ethanol or methanol instead of test
samples. Acarbose was used as a standard. The absorbance was measured at 405 nm on a
microplate reader. The inhibition percentage of the enzyme was calculated, and the 1Cso values

were compared. The analyses were performed in triplicates.

2.13 HPLC fingerprints

HPLC-DAD profiles were performed in HPLC Agilent 1200 series (Agilent
Technologies, Waldbronn, Germany) equipped with a quaternary pump (G1311A) with
degasser system (G13222A), ALS autosampler (G1322A) and TCC heater assembly (G1316A).
A variable-wavelength ultraviolet detector (G1315D) was used to obtain chromatograms at 210
nm. The equipment was controlled by the OpenLAB software version A07.04, build 04.07.28.
For sample preparation, an aliquot of 10 mg of CE, 5 mg of HEX, DCM, EtOAc, BuOH, AQSol

fractions, and 1mg of protodioscin were dissolved with 1.0 mL MeOH, at room temperature, in
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an ultrasound bath for 20min. After centrifugation at 8400 rpm for 10 min, the supernatant (10
ulL) were automatically injected onto the HPLC system. Separations were performed on a
reversed-phase analytical column C18 (Eclipse XDB-C18, Agilent Technologies, USA) with a
silica-based packing (5 pm x 150 mm x 4.6 mm I.D.). A Security Guard Cartridge (Zorbax
ODS 4-Pack, Agilent Technologies, USA) was used as pre-column (5 um x 12.5 mm X 4.6 mm
I.D.) at a temperature of 40°C. Water (A) and acetonitrile (B) were used as eluents, both
containing 0.01% (v/v) of phosphoric acid, using a linear gradient at a flow rate of 1.0 mL/min
as follow: 0 min 95% A, 5% B; 60 min 5% A, 95% B, followed by 5 min isocratic elution and

then returned to initial conditions in 5min.

2.14 Statistical analysis

The results were expressed as the means + SD. The evaluation of statistical significance
of observed diferences was performed by analysis of variance (ANOVA). The differences
between means were determined using Tukey’s multiple comparison test, and the statistical
significance was set at p < 0.05. Principal component analysis (PCA) was used to identify the
relationships between extract and fractions of Tribulus terrestris and phenol contents,
antioxidant and enzyme inhibitory activities. All experiments were performed in triplicates and

using R software 3.5.2 (Vienna, Austria).
3 RESULTS AND DISCUSSION
3.1. Total phenolic content (TPC)

The total phenolic content (TPC) of extract and fractions measured by the Folin-
Ciocalteu method was shown in Table 1. There were significant differences (p < 0.05) between
the total content of phenolic compounds in the extract and fractions. As shown in Table 1, the
ethyl acetate (45.44 £ 0.00 mg GAE/g of dry extract) and butanolic fraction (31.88 £ 0.15 mg
GAE/qg of dry extract) were the highest. The hexanic (8.01 + 0.43 mg GAE/g of dry extract)
and methanol/water soluble fraction (9.82 £ 0.15 mg GAE/g of dry extract) were the lowest
total phenolic content.

Similar results were obtaneid by Borran et al. (2017) with crude ethanolic extract of
Tribulus terrestris fruits from Iran. The dried powder was extracted with ethanol: water (70:30)

using the maceration method and they quantified 52.9 + 2.3 mg GAE/g of dry extract for total



Table 1 - Phenol contents, antioxidant and enzyme inhibitory activities of Tribulus terrestris fruit.
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. Hydroxyl
Total phenols Flavonoids . TAC . I ol
Extract/Fraction ~ mg GAE/gof  mg QE/g of DPPH!? ABTS! radical mg AAE/g of Chela_tmgl Inhibition Ofl Inhibition Ofl"'
" . scavenging o metal ions lipoxygenase glucosidase
dry extract dry extract activity * dry extract
EtOH 17.04+0.14° 16.09+0.47¢ 0.57+0.03¢ 0.11+0.02° 0.25+0.132 61.46 +1.06 - 0.119 + 0.001° -
Hex 8.01+0.43¢ 6.70+0.81¢ 10.73£0.18¢ 1.02+0.003¢ - 44.10+2.62° 1.81+1.02° 0.083 +0.013° -
DCM 16.28+0.40° 15.01+0.68° 0.59+0.012 0.15+0.02° - 77.78+5.72 - 0.106 + 0.013% -
EtOAC 45.44+0.002 25.82+0.69° 0.08+0.00° 0.04+0.01° 0.017+0.003°  120.78+13.532 - 0.130 £ 0.011° 0.044+0.00122
BuOH 31.88+0.15° 29.18+0.002 0.48+0.032 0.12+0.01° - 80.16+2.71® - 0.199 £ 0.012 0.9660.25°
AQSol 9.82+0.15¢ 7.75+0.35¢ - 0.72+0.012 - 72.70+0.87" - - -
EDTA NA NA NA NA NA NA 0.033+0.0012 NA NA

The values are presented as ICso=mg/mL, The values are presented as concentration (mg/g, dry extract). “For phenol content as gallic acid equivalent (GAE); *For
flavonoid as quercetin equivalent (QE); °For total antioxidant capacity as ascorbic acid equivalente (AAE); -: without activity or very poor activity. The same letter
are not significant different (p < 0.05) by Tukey’s test; NA = not available; EtOH: Ethanolic crude extract; HEX: Hexanic fraction; DCM: Dichloromethane fraction;
EtOAc: Ethyl acetate fraction; BuOH: Butanolic fraction; AQSol: Methanol/water soluble fraction; DPPH: 2,2-diphenyl-2-picrylhydrazyl radical; ABTS: 2,2-azino-

bis (3-ethylbenzothiazoline-6-sulfonic acid) radical; TAC: Total antioxidant capacity.
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phenolic contents. So, the abundant phenolic compounds in T. terrestris indicates that this herb
IS beneficial to health.

3.2 Total flavonoids content (TFC)

Total amounts of flavonoids content (TFC) (TABLE 1) ranged from 6.70 £ 0.81 mg
QE/g of dry extract of hexanic fraction to 29.18 + 0.00 mg QE/g of dry extract of butanolic
fraction. Based on figure 1A, it is possible to observe that the PCA was efficient in reducing
the dimensionality of the original data in a smaller number of variables. There was retention of
more than 75% of the original variation in the first two components. Therefore, by an initial set
of 8 variables, most of the variance could be explained with only two principal components.
So, according to figure 1B, the total content of phenolic compounds and flavonoids of ethyl
acetate fraction are positively correlated. The values of phenols and flavonoids in the crude
ethanolic extract and fractions were within the range found for other samples of Tribulus
terrestris from Bulgaria (ZHELEVA-DIMITROVA; OBRESHKOVA; NEDIALKOV, 2012)
and India (MISHRA; RANA; BISHT, 2016; RAJENDRABHAI, 2017; DWIVEDI; SENGAR,
2018). The flavonoids of T. terrestris are mainly derivatives of heterosides of quercetin,

kaempferol, and isorhamnetin (ZHU et al., 2017).

3.3 Antioxidant activity

The antioxidant activities of Tribulus terrestris fruit were measured using different
assays: the capacity for scavenging free radicals (DPPH, ABTS, and hydroxyl), the capacity for
chelating metal ions, the capacity of samples for reducing Fe (I11) to Fe (I1), in the test known

as reductive potential, and the total antioxidant capacity.
3.3.1 DPPH (2,2-Diphenyl-2-picryl-hydrazyl) radical scavenging assay

The 2,2-diphenyl-2-picryl-hydrazyl (DPPH) assay is one of the most well established
methods for determining antioxidant activity of natural products. It accepts an electron or
hydrogen radical to become a stable molecule. Antioxidant on interaction with DPPH, either
transfers electron or hydrogen atom to DPPH or neutralizes its free radical character (CHOI;
EOM; KIM, 2016).

The capacity for scavenging free radicals was evaluated in 6 extract/fractions obtained
from different solvents. The ICso values for all of these samples are shown in Table 1. The best
antioxidant activity was obtained in ethyl acetate fraction (ICs0=0.08 + 0.00 mg/mL). The worst
antioxidant activity was found in hexanic fraction (1Cs0=10.73 £ 0.18 mg/mL) (TABLE 1). The
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Figura 1- Principal component analysis based on data of response of extract and fractions of Tribulus terrestris and phenol contents, antioxidant
and enzyme inhibitory activities
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Legend: A: Scree plot of explained variance of each principal component. The x-axis represents each of the principal components (PC) and the y-axis represents
the percentage of variance explained by each of these componentes; B: Scatterplot of extract and fractions of T. terrestris and measured parameters on the plane
defined by the two first components of principal component analysis; EtOH = Ethanolic crude extract; Hex = Hexanic fraction; DCM = Dichloromethane
fraction; EtOAc = Ethyl acetate fraction; BuOH = Butanolic fraction; AQSol = Methanol/water soluble fraction; PHE = Phenols content; FLA = Flavonoids
content; DPPH = DPPH free radicals; ABTS = ABTS radical scavenging; HYD = Hydroxyl radical scavenging activity; TAC = Total Antioxidant Capacity;
LOX = lipoxygenase inhibitory activity; GLU = a-glucosidase inhibitory activity.
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capacity for scavenging DPPH radical appears to be better in fruits than in fresh leaves from
India as studied by Khatri and Chhillar (2015).

3.3.2 ABTS (2,2-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)) radical scavenging

assay

According to table 1, the best capacity for scavenging ABTS free radicals was obtained
in ethyl acetate fraction (ICso = 0.04 £ 0.01 mg/mL). The sample with the best capacity was too
the most effective for scavenging DPPH free radicals. So, there is a positive correlation between
ABTS and DPPH radical (FIGURE 1A). Besides that, the radical scavenging activity increased
with the increase of phenolic compound content. The capacity for scavenging ABTS free
radicals by fruit from China was superior to samples from Bulgaria (ZHELEVA-DIMITROVA;
OBRESHKOVA; NEDIALKOQV, 2012).

3.3.3 Hydroxyl radical scavenging assay

Hydroxyl radical is one of the potent reactive oxygen species in the biological system
that reacts with polyunsaturated fatty acid moieties of cell membrane phospholipids and causes
many degenerative diseases, cancer, and aging (ALAM; BRISTI; RAFIQUZZAMAN, 2013;
ASIKIN et al., 2016). In the hydroxyl radical scavenging assay, hydroxyl radicals are generated
by the Fenton reaction and the inhibition of deoxyribose degradation could be attributed to the
inhibition of radicals (SANNIGRAHI et al., 2010).

The results for ethanolic extract and ethyl acetate fraction were 1C50=0.25+£0.13
mg/mL and 1Cs0=0.017£0.003 mg/mL, respectively. The hydroxyl radical scavenging assay of
T. terrestris can be attributed to its flavonoidal content. Flavonoids act as scavengers of various
oxidizing species, super oxide anion (O2-¢), hydroxyl radical or peroxy radicals, they also act
as quenchers of singlet oxygen (KESHTMAND et al., 2015).

So, the results presented in this study are in agreement with the fact that the total
phenolics and flavonoid contents are major contributors to the antioxidant activity of Tribulus
terrestris, which is in accordance with the literature (HAMMODA et al., 2013; LOKHANDE
etal., 2014).

3.3.4 Total antioxidant capacity (TAC)

Total antioxidant activity determination by phosphomolybdenum method is a

quantitative method as antioxidant activity is expressed in terms of number of equivalents of
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ascorbic acid per gram of dry extract. The total antioxidant capacity (TAC) of extract and
fractions of Tribulus terrestris was expressed in Table 1. There were significant differences (p
< 0.05) between the total antioxidant capacity of the crude ethanolic extract and fractions. Ethyl
acetate (120.78 £ 13.53 mg AAE/g of dry extract) and butanolic fraction (80.16 + 2.71 mg
AAE/qg of dry extract) were the highest TAC. On the other hand, the hexanic (44.10 £ 2.62 mg
AAE/g of dry extract) fraction was the lowest total antioxidant capacity. The results showed
that ethyl acetate and butanolic fractions of fruit of T. terrestris are a rich source of polyphenols
which led to the conclusion that phenolics compounds exhibit high antioxidant activity. As
reported by Mishra et al. (2016), the methanolic leaves extracts of T. terrestris also presents
strong total antioxidant activity. On the other hand, the values are smaller than those of the fruit.
According to principal component analysis (PCA), there is a positive correlation
between the total phenolic compounds, flavonoids, and total antioxidant capacity (FIGURE
1B).
3.3.5 Chelating Metal lons

The capacity for chelating metal ions is a method, usually, used because such metals
can catalyze free radical reaction and stimulate lipid peroxidation. In this study, hexanic fraction
had the highest metal chelating activity (TABLE 1). According to Markovska et al. (2013),
besides being radical scavengers, flavonoids are also able to function as chelators for metals.
However, in this study, other secondary metabolites must also be involved in metal chelating

activity.

3.3.6 Reductive Potential

Reducing power of extract and fractions were also checked, and differences were
observed. The results were showed in Figure 2. In this study, only ethanolic extract, ethyl
acetate, and dichloromethane fraction presented the capacity for reducing power. The ethyl
acetate fraction of Tribulus terrestris presented the high absorbance and concentration. So, this
is the best reducing power and a significant indicator of their potential antioxidant activity. This

result can be related to the total content of phenolic.
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Figura 2 - Reductive potential of extract and fractions of Tribulus terrestris fruit at 700 nm.
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3.4 Capacity to inhibit lipoxygenase

The species Tribulus terrestris presented the ability to inhibit lipoxygenase. The best
anti-inflammatory activity corresponding to the lowest ICsg value were obtained for hexanic
fraction (ICso= 0.083 £ 0.013 mg/mL) and the worst anti-inflammatory activity was found in
butanolic fraction (ICso= 0.199 £ 0.012 mg/mL) (Table 1). The metanol/water soluble fraction
did not inhibit the enzyme. Thus, the inhibition of lipoxygenase increase with decreasing

polarity of preparations.
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In this study, it was used lipoxygenase from Glycine max (soybean). Soy lipoxygenase
exhibits structural homology to human lipoxygenase. However, in plants, lipoxygenase
metabolises linoleic and linolenic acid and, in animals, lipoxygenase metabolises arachidonic
acid (GARDNER, 1995). All of lipoxygenases contain a single non-heme iron per molecule of
enzyme. Although iron is intimately involved in the dioxygenation reaction of polyunsaturated
fatty acids, yielding hydroperoxides (NELSON; SEITZ, 1994).

The hexanic fraction presented the best capacity for chelating metal ions too. So, this
result is correlating with the ability to inhibit lipoxygenase due to the presence of iron at
lipoxygenase structure.

This plant present promising action as lipoxygenase inhibitor and it can be considered
as an anti-inflammatory agent and a potential new drug for combating inflammation. Others
authors confirm the anti-inflammatory activity (KANG et al., 2017; LEE et al., 2017).

3.5 Inhibition of the a-glucosidase activity

The inhibition of the a-glucosidase activity of Tribulus terrestris seems to be
particularly associated with the presence of phenolic compounds and flavonoids. As can be seen
from results of Table 1, the ICso value for ethyl acetate fraction was 0.044 £+ 0.0012 mg/mL and
0.966 + 0.25 mg/mL for buthanolic fraction. Similar studies of India (LAMBA et al., 2011),
Turkey (ERCAN; EL, 2016) and Korea (SONG et al., 2016) have been reported T. terrestris
a-glucosidase inhibitory activity. This species present promising action as a-glucosidase

inhibitors and have a beneficial effect on diabetes mellitus control.

3.6 HPLC fingerprints

The liquid-liquid fractionation process of the crude ethanolic extract yielded five
chemically different fractions.The HPLC fingerprints allowed to distinguish the chemical
profile of the ethanolic crude extract and fractions (FIGURE 3). The dichloromethane fraction
was the more complex chemical profile. However this fraction presented a similar chemical
profile like the ethanolic crude extract.

The hexanic fraction that showed the highest activity for inhibition of lipoxygenase
showed two major peaks with retention times in 56.83 and 67.48 min. This is characteristic of
low polarity compounds. Anti-inflammatory activity can be attributed to saponins.



Figura 3 - HPLC Fingerprint of extract and fractions of Tribulus terrestris fruit at 210nm
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The saponins of Tribulus terrestris are glucopyranosyl, galactopyrans, ruscogin,
hecogenin, gitogenin, titogenin, protodioscin, prototribestin, diosgening, yamogenin, dioscin,
tribestin, and tribulosin (DINCHEYV et al., 2008; HEMALATHA; HARI, 2013). However, Lee
etal. (2017) demonstrated that the tribulusamide D exerts anti-inflammatory activity by altering
the expression of inflammatory mediators and cytokines. So tribulusamide D could be
developed as a potential therapeutic agent for the treatment of inflammatory disorders.

The ethyl acetate and butanolic fractions, responsible for the higher antioxidant and
inhibitory activities of a-glycosidase, presented a complex profile in the region of high polarity
compounds (0-20 min). According with Asadmobini et al. (2017), Das, Vasudeva and Sharma
(2017), Keshtmand (2018), protodioscin is the most abundant saponin, and consider a chemical
marker of Tribulus terrestris. In order to investigate, the presence of protodioscin in the
fractions of greater polarity, the retention time of HPLC fingerprints registered at 210 nm for
the ethyl acetate and butanolic fractions were compared with those individually and co-injection
of reference protodioscin (Sigma-Aldrich, Brazil). Protodioscin was detected in the fractions
and characterized by low-intensity peaks at 20.25 min.

4 CONCLUSIONS

Among all Tribulus terrestris preparations, the ethyl acetate fraction showed the highest
free radical scavenging activity in all the tested models comparing to ethanolic extract and
others fractions. The highest scavenging activities, reducing power, total antioxidant capacity,
and the inhibition of a-glucosidase of the ethyl acetate fraction can be ascribed to its phenolic
compounds and flavonoids. The capacity for scavenging DPPH, ABTS, and hydroxyl radicals
represents the fraction direct radical scavenging activity. The hexanic fraction showed the best
metal chelating power and lipoxygenase inhibitory activity. The inhibition of lipoxygenase
increase with decreasing polarity of solvents. Thus, the in vitro antioxidant, lipoxygenase, and

a-glucosidase inhibitory activities of T. terrestris was confirmed.
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ARTICLE 2 - VASORELAXANT ACTIVITY OF THE EXTRACT AND FRACTIONS
OF Tribulus terrestris IN ISOLATED RAT AORTA

ABSTRACT

In traditional medicine, Tribulus terrestris (abrolhos) (Zygophylaceae) has been used as tonic,
aphrodisiac and diuretic, as well as for the treatment of cardiovascular diseases. The aim of this
work was to characterize the vasorelaxant effect produced by Tribulus terrestris crude ethanolic
extract (EtOH) and HEX, DCM, EtOAc, BuOH and AQSol fractions in isolated rat aorta. The
cumulative addition of EtOH and fractions (0.1-1.000 pug/mL) on a phenylephrine-induced pre-
contraction (10" M) promoted a vasorelaxant effect in a concentration-dependent manner and
independent of vascular endothelium. The EtOAc presented the best vasorelaxant activity. In
endothelium-denuded rings, EtOAc was able to inhibit phenylephrine-induced contractions (10
%to 10* M) at the concentration 1000 pg/mL. Likewise, in a nominally Ca?*-free depolarizing
solution, EtOAC inhibited CaCl, (10-3x102 M)-induced contractions at the concentration
1000 pg/mL. There was not significative difference between the vasorelaxant activity on KCI
25 mMe-induced contraction and PHE-induced contraction, in presence and absence of
tetraethylammonium (3 mM), glibenclamide (3x10® M) and 4-aminopyridine (3 mM). Thus,
the vasorelaxant effect of EtOAc can probably be attributed by a reduction in calcium influx
through CavL channels. UPLC-ESI-MS analyses indicated that the EtOAC was rich in
cinnamic acid amide.

Keywords: Zygophyllaceae. Calcium channels. UPLC-ESI-MS. Cinnamic acid amide.
1 INTRODUCTION

Hypertension is the most common cardiovascular disease and contributes to morbidity
and mortality worldwide. Low blood pressure reduces the risk of developing coronary artery
disease, heart failure, stroke, and kidney damage. It represents a significant public health
problem because of its high prevalence, its underdiagnosis, poor adherence of treatment by
patients and the high percentage of patients who do not reach blood pressure goals (TOM et al.,
2010; SALMA; KHAN; SHAH, 2018).

The drugs have been used to control of blood pressure, such as nifedipine, verapamil
and diltiazem, act as calcium channel blockers inducing vasodilation and lowering blood
pressure. Often in the treatment of hypertension, more than one class of antihypertensive drugs
are indicated to reach multiple targets. The use of a lot of medicines generates high medical and
socioeconomic costs (KOHLMANN-JUNIOR, 2010; ANDRADE et al., 2016).

To validate the use of natural products as an alternative for the treatment of hypertension
with minimal undesirable effects, studies have been conducted in worldwide. Besides that, the
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medicinal herbs such as Tribulus terrestris have multiple therapeutic targets (MAO et al., 2015;
ZADEH; PANAHI, 2017).

In traditional Chinese and Indian medicine, Tribulus terrestris (abrolhos)
(Zygophylaceae family) has been used in the form of infusion (leaves) or decoction (fruits) such
as tonic, aphrodisiac and diuretic, as well as for the treatment of cardiovascular diseases.
(HAMMODA et al., 2013; ZHU et al., 2017).

Phytochemical studies have demonstrated the presence of flavonoids (BHUTANI;
CHIBBER; SESHADRI, 1969), saponins (GANZERA; BEDIR; KHAN, 2001; SU et al., 2009),
and cinnamic acid amides (SONG et al., 2016) in Tribulus terrestris. These secondary
metabolites are widely known for effects on the cardiovascular system. Considering the
traditional use of T. terrestris in the treatment of hypertension, its action on the cardiovascular
system has been poorly studied. Thus, the present study aims to evaluate the effect of crude

ethanolic extract and fractions obtained from the T. terrestris fruit in isolated rat aorta .
2 MATERIAL AND METHODS
2.1 Extract and fractions preparation

Dried fruits of Tribulus terrestris L. were purchased from the Pharmaceutical Industry
Catedral, Vespasiano, Minas Gerais, Brazil. The extracts and fractions of T. terrestris were
prepared according to Oliveira et al., 2015. In this work, it used the crude ethanolic extract
(EtOH), hexanic (Hex), dichloromethane (DCM), ethyl acetate (EtOAc), n-butanolic (BuOH),

and methanol/water soluble (AQSol) fractions.

2.2 Animals

The present study worked on adult male Wistar rats and the mean age of 60 days
weighting 250-300 g that were obtained from “Centro de Bioterismo” of Federal University of
Minas Gerais (UFMG). They were kept in the “Biotério Central Multiusuario” of Federal
University of Lavras (UFLA) at temperature 22 + 2 °C and light and dark cycles of 12 and 12
h respectively for three weeks before and during the experiments. Animals were provided with
standard rodent diet and the water was ad libitum. All experiments were conducted in
accordance with the Guide for the Care and Use of Laboratory Animals and were approved by
the Ethics Committee on the Use of Animals of the Federal University of Lavras (n° 068/2018
CEUA-UFLA) (Attachment 1).
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2.3 Chemicals

The following drugs were used in the study: L-Phenylephrine hydrochloride (PHE),
Acetylcholine chloride (ACh), 4-aminopyridine (4-AP), glibenclamide (GLIB) and
tetraethylammonium (TEA) (Sigma-Aldrich, St. Louis, MO, USA). For the preparation of stock
solutions, GLIB was dissolved with sodium bicarbonate in distilled water and the remaining
drugs were dissolved only in distilled water. All solutions were stored at 0 °C.

2.4 Solutions

The following salts were added to distilled water to prepare Krebs Henseleit solution:
sodium chloride (NaCl), potassium chloride (KCI), magnesium sulfate heptahydrate
(MgS04.7H20), glucose (CsH120s), sodium bicarbonate (NaHCOs3), potassium phosphate
dihydrate (KH2PO4) and calcium chloride dihydrate (CaCl,.2H20). In the preparation of Krebs
Henseleit depolarizing solutions with 25 mM potassium chloride, the Na* concentration was
isosmotically altered. In the calcium-free solutions, only CaCl, was omitted. The pH of the

nutritive solutions was adjusted to 7.4 as needed.

2.5 Vascular reactivity
2.5.1 Preparation of isolated rat thoracic aorta rings

After anaesthesia with thiopental (80 mg/kg, ip), the thoracic aorta was excised, cleaned
of connective tissue and cut into rings of approximately 4-5mm in length. Rings were suspended
in organ baths containing Krebs Henseleit solution (NaCl 118.0 mM, KCI 4.7 mM, MgSO4
1.2mM, NaHCO3 25.0 mM, CeH1206 11.1 mM; KH2PO4 1.2 mM, CaCl,.H20 2.5mM, pH 7.4),
maintained at 37 °C and continuously aerated with 95% O and 5% CO, for isometric tension
recording. (AECAD 04F, AQCAD 2.5.0., AVS Projetos, SP) (Attachment 1). After a 60 min
of an equilibration period under a resting tension of 1g, the presence of functional endothelium
was verified by the ability of acetylcholine (ACh, 10 M) to induce more than 80% relaxation
in rings preconstricted with phenylephrine (PHE) 10~’M. When the relaxation of ACh was less
than 10%, the rings were considered without functional endothelium. During the stabilization,
the nutritive solution was changed every 15 minutes to prevent interference of metabolites
(FURCHGOTT; ZAWADZKI, 1980).



71

2.5.2 Experimental protocols

2.5.2.1 Effects of the crude ethanolic extract and fractions of Tribulus terrestris fruit on

aortic contraction induced by PHE or KCI

After a 60-min stabilization period a contraction of aortic rings was achieved by PHE
(10" M). When the contraction reached a plateau, the EtOH and Hex, DCM, EtOAc, BuOH,
and AQSol fractions of Tribulus terrestris were added cumulatively (0.1-1.000 pg/mL) to rings
in the presence and absence of endothelium. The relaxation effect was calculated as the
percentage of the contraction in response to PHE (Attachment 1). After the concentration-effect
curves, in order to verify if the vasorelaxant effect would be reversible, the preparations were
washed every 15 minutes with Krebs-Henseleit solution and again contracted with PHE 107 M
every 30 minutes during 2 hours. Only the extract/fraction (EtOAc) that presented the best
vasorelaxant activity continued to be studied (BASRI et al., 2018).
In another set of experiments, the effect of EtOAc added cumulatively (0.1-1.000
pg/mL) on attenuating KCI (25 mM)-induced tonic contraction in endothelium-denuded rings

was examined.

2.5.2.2 Investigation of EtOAc effect on Phe-induced concentration-response curves in
endothelium-denuded preparations

After stabilization period, the effect of EtOAc on Phe-induced contractions in
endothelium-denuded rings was assessed. Cumulative concentration-response curves for Phe
(10° to 10 M) were obtained before and after pre-incubation separately with EtOAc (100, 250,
and 1000 pg/L) for 30 min. The results were expressed as percentages of the maximal response

for Phe-induced response response and curves were statistically compared.
2.5.2.3 Investigation of EtOAc effect on CaClz-induced contractions

After the stabilization period, the effect of EtOAc on CaClz-induced contractions in
endothelium-denuded rings was assessed. Cumulative concentration-response curves for CaCl,
(10 - 3x102 M) were obtained in endothelium-denuded rings exposed to nominally without
Ca?* solution with KCI 25 mM before and after pre-incubation with EtOAc (100, 250, and 1000
pg/mL) for 30 min. The results were expressed as percentages of the maximal response for only

CaCl,-induced response and curves were statistically compared.
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2.5.2.4 Evaluation of K* channels involvement in EtOAc-induced vasorelaxant response

In endothelium-denuded preparations, some pharmacological tools were incubated 30
min. before, aiming to investigate the participation of different types of K* channels, as follows:
TEA (3 mM), a non-selective K*-channels blocker; 4-AP (3 mM), a selective Kv-channels
blocker; and Glib (3x10° M), a selective Katp-channel blocker. After stabilization of the tonic
contraction induced by Phe (10" M), cumulative concentrations of EtOAc (0.1-1.000 pg/mL)

were added to the rings.

2.6 UPLC-ESI-MS analysis

UPLC-ESI-MS analysis were performed on a Waters ACQUITY UPLC system
(Waters, Milford, Massachusetts, USA), composed of binary pump, autosampler, in-line
degasser and photodiode array detector (Waters, Milford, Massachusetts, USA). A mass
spectrometer Xeco™ Triple Quadrupole MS (Waters Corp., Milford, Massachusetts, USA)
equipped with an electrospray ionization (ESI) source. Data were processed using MassLynx4.1
(Waters, Milford, Massachusetts, USA). Separation was achieved on an Acquity UPLC BEH
HILIC (150%2.1mm i.d.; 1.7 pum; Waters, Milford, Massachusetts, USA) in combination with
an Acquity UPLC BEH HILIC guard column (5x2.1 mm; 1.7 um; Waters, Milford,
Massachusetts, USA). The mobile phase consisted by a gradient elution of water (A) and
acetonitrile (B), both acidified with 0.1% v/v formic acid in the following elution/re-
equilibration conditions: 0-10 min, 5% — 95% B; 10-11 min, 95% B; 11-13 min, 95% —5%
B, at a flow rate of 0.3 mL/min, at 40 °C. The injection volume was set at 5.0 pL. For the ESI
source, in the negative and positive full-scan modes (m/z = 90 to 1300), the following
conditions were used: capillary voltage of 3.50 kV; 30 V cone voltage; source temperature of

120 °C; desolvation temperature 350 °C, with desolvation gas flow of 550 L h,
2.7 Statistical analysis

All the data were expressed as the mean £ S.E.M. and n refers to the number of animals
used in each protocol. The ECs values (half-maximal effective concentration) were calculated
through nonlinear regression of the concentration-response curves of crude ethanolic extract
and fractions of Tribulus terrestris in each protocol. The Emax Value refers to a maximal effect
induced by a substance in percentage, being equal to 0% in maximum contraction tension

elicited by phenylephrine and 100% when initial preload tension level was reached (baseline)
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(KENAKIN; KENAKIN, 1997). Differences between the means were statistically compared
using nonpaired Student’s t-test, and one-way ANOVA followed by Newman- Keul’s test,
which such differences were considered significant when p< 0.05. All analyses were performed

using the software Graph-Pad Prism 5.0 (GraphPad Software Inc., San Diego, USA).

3 RESULTS AND DISCUSSION
3.1 Effect of the EtOH of Tribulus terrestris on Phe induced pre-contractions

Based on the results obtained in Figure 1, it was observed that there were no significant
differences (p>0.05) in vasorelaxant activity promoted by PHE 107" M in rat aortic artery rings
in the presence (ECso = 542.4 + 154.30 pg/mL) and in the absence of vascular endothelium
(ECs0 =599.95 £ 221.09 pg/mL), suggesting an endothelium-independent effect.

Figure 1 - Effect of EtOH of Tribulus terrestris on Phe 10 M induced pre-contractions in
isolated rat thoracic aorta artery rings
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Legend: Vasorelaxant effect induced by EtOH of Tribulus terrestris on Phe 107 M pre-contracted
endothelium-intact (e) (n=6) or endothelium-denuded (o) (n=6) rat aortic rings. Values expressed as
mean £ S.E.M.; p>0.05 vs. endothelium-intact.
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The EtOH vasorelaxation effect occurred in a concentration-dependent manner in
isolated rat aorta (FIGURE 1) and its effect in PHE-induced contraction was reversed after 2
hours of removal of the EtOH from the rings. This result showed the viability of isolated rat
aorta even after the use of Tribulus terrestris (data not shown).

The a1 adrenergic receptor agonist, phenylephrine, promotes contraction of isolated rat
aorta by mixed coupling, i.e., pharmacomechanical and electromechanical mechanisms. The
first mechanism involves Ca?* mobilization of sarcoplasmic reticulum via G-protein-coupled
receptors as well as Ca?* entry by Cav calcium channels. The second mechanism involves
change in membrane potential and activation of Cayv channels, with a subsequent Ca?* influx
from extracellular medium and increase in its intracellular levels (CHIBA & MISAWA, 2004).

Based on results shown in Figure 1, the EtOH induce the vasorelaxation by a direct
action on vascular smooth muscle, and not through the endothelium-derived relaxing factors,
such as nitric oxide and prostacyclin. However, according to Phillips, Mathew e Oriowo (2006),
who performed a study with the entire plant collected from Kuwait, the vasorelaxation
promoted by Tribulus terrestris in mesenteric rings occurs in an endothelium-dependent
manner, possibly involving the release of nitric oxide and hyperpolarization of the membrane.
It is common to find in the literature presenting different mechanisms of action in the isolated
rat aorta and mesenteric artery because of the differences in terms of wall elasticity (aorta) and
peripheral resistance (mesenteric).

After checking the vasorelaxant activity of the EtOH (Figure 1), its fractions had been
investigated. According to Figure 2, HEX, DCM, BuOH and AQSol fractions showed very low
percentages of vasorelaxant activity on isolated rat aorta. Therefore, these fractions will not be
evaluated for the mechanism of action. The EtOAc fraction showed better effect than EtOH and
other fractions (FIGURE 2). Thus, the EtOAc fraction presented the highest percentage of
vasorelaxation against contraction with PHE 10~ M. Based on this result, the EtOAc fraction

was chosen to be better studied.
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Figure 2 — Maximum relaxant effect (Emax) of Tribulus terrestris EtOH and its fractions on
Phe 107" M induced pre-contractions in isolated rat aorta.
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Legend: Values expressed as mean + S.E.M.; * p < 0.05 using one way ANOVA followed by Newman-
Keul’s test; n=5-7; EtOH: Crude ethanolic extract; Hex: Hexanic fraction; DCM: Dichloromethane
fraction; EtOAc: Ethyl acetate fraction; BuOH: Butanolic fraction; AQSol: methanol/water soluble
fraction.

The EtOACc fraction also showed more potent than EtOH and other fractions (p<0.05)

(FIGURE 3), as lower values in ECso represent better vasorelaxant activity.

Figure 3 - The potency of the EtOH and its fractions of Tribulus terrestris fruits on
phenylephrine-induced contraction on isolated rat aorta
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Legend: Values expressed as mean £ S.E.M.; * p < 0.05 using one way ANOVA followed by Newman-
Keul’s test; n=5-7; EtOH: Crude ethanolic extract; Hex: Hexanic fraction; DCM: Dichloromethane
fraction; EtOAc: Ethyl acetate fraction; BuOH: Butanolic fraction; AQSol: methanol/water soluble
fraction.
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3.2 Effect of EtOAc fraction on Phe induced pre-contractions

The EtOAc fraction did not present significant differences on vasorelaxant response in
the presence (ECso = 423.7 £ 146.6 pg/mL) and in the absence (ECso = 227.7 + 122.4 pg/mL)
of functional endothelium (P > 0.05) (FIGURES 4 and 5). Thus, it can be inferred that
vasorelaxant activity is independent of functional endothelium and occurs in a concentration-
dependent manner.

There are many possible mechanisms involved in endothelium-independent
vasorelaxant activity on vascular smooth muscle: Ca?* influx decrease by cell membrane
calcium channels blockade, Ca?* release inhibition from intracellular stores, K* efflux increase

by potassium channels opening, and inhibition of contractile apparatus.

Figure 4 - Effect of EtOAc fraction of Tribulus terrestris on Phe 107 M induced pre-
contractions in isolated rat thoracic aorta rings
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Legend: Vasorelaxant effect induced by EtOAc on Phe 107 M pre-contracted endothelium-intact (e)
(n=7) or endothelium-denuded (o) (n=4) rat aortic rings. Values expressed as mean + S.E.M.; p>0.05
vs. endothelium-intact.
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Figure 5 - Representative original record of the effect of fraction of Tribulus terrestris on the
isolated rat aortic rings contracted by phenylephrine 10'M
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Legend: The arrows represent the time-course of the fraction administration (0.1 to 1.000 pg/mL); a)
with endothelium; b) without endothelium.
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3.3 Effect of EtOAc fraction on Phe-induced concentration-response curves in

endothelium-denuded preparations

Based on figure 6, after EtOAc pretreatment, Phe-induced vasoconstriction was
inhibited at the concentration 1000 pg/L. There was not a significative differences between the
control, 100 pg/L, and 250 pg/L.

Figure 6 - Effect of EtOAc fraction of Tribulus terrestris on Phe-induced concentration-
response curves in endothelium-denuded preparations
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Legend: Concentration-response curves induced by Phe (10°° to 10 M) on endothelium-denuded rat
aortic rings (n=7) in the presence of EtOAc 100 (m), 250 (A) or 1000 (o) pg/L for 30 min. The values
are £ S.E.M.; ***p<0.001 vs. Emax cOntrol (e) using Student t test.

The EtOAc fraction was able to inhibit contractions induced by the cumulative
addition of phenylephrine in endothelium-denuded preparations, suggesting that this fraction
could probably act in some stage of the vascular smooth muscle contractile machinery

stimulated by as-adrenergic receptors activation.
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3.4 Effect of EtOAc fraction on KCI 25mM induced pre-contractions

Based on Figure 7, KCI 25 mM-induced contraction (ECso = 906.3 + 147.6 ug/mL) was
not significantly different when compared with Phe 107 M pre-contracted endothelium-
denuded (ECso = 227.7+ 122.4 pg/mL) (p>0.05) and the Phe 107 M pre-contracted
endothelium-denuded showed the same amplitude observed in KCI 25 mM-induced
contraction. There was difference in potency, but there was not difference in Emax.

Figure 7 - Vasorelaxant effect induced by EtOAc fraction of Tribulus terrestris on Phe 107 M
or KCI 25 mM pre-contracted endothelium-denuded rat aortic rings
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Legend: Vasorelaxant effect induced by EtOAc on Phe 107 M (e) (n=4) or KC1 25 mM (m) (n=6) pre-
contracted endothelium-denuded on rat aortic rings. Values expressed as mean £ S.E.M.; p>0.05 vs.
endothelium-denuded.

When the Krebs Henseleit solution was exchanged for the KCI 25 mM depolarizing
solution, the concentration of the K* ions in the extracellular medium increases causing an
imbalance in the electrolyte homeostasis and then the K* ion efflux from the intracellular
medium to the extracellular medium was prevented. The K™ external concentration increase by
the depolarizing solution induced a membrane depolarization and triggers a contractile response
because of Ca?* influx increase through voltage-operated calcium channels (Cav).

Cav1.2 is the main type of voltage-opened calcium channel present in smooth muscle.
This channel is important for the development and maintenance of contraction in smooth
muscle. So, the opening and closing of Cav1.2 are closely related to variations in membrane

potential (SILVA et al., 2015) and smooth muscle tension development/generation.
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3.5 Effect of EtOAC fraction on CaClz-induced contractions

The CaClz-induced concentration-response curves before and after the EtOAc addition
was obtained in a nominally without Ca?* depolarizing Krebs Henseleit solution (KCI 25 mM).
The EtOAc fraction is able to inhibit the contractions induced cumulatively by CacCl; at
concentration 1000 pg/L (Emax = 15.76 +4.01 %) (FIGURE 8). There was not a significative
differences between the control (Emax = 100 + 4.21 %), concentration of 100 pg/L (Emax = 100
1 7.01 %), and 250 pg/L (Emax = 70.68 + 11.55 %). These data suggest that the EtOAc fraction
induced a inhibition of CaCl,-induced contractions on rat thoracic aorta rings by Cav channels

blockade.

Figure 8 - Effect of EtOAc fraction of Tribulus terrestris on CaClz-induced contractions in
isolated rat thoracic aorta rings
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Legend: Concentration-response curves induced by CaCl, (10°- 3x102 M) on endothelium-denuded rat
aortic rings (n=6) in the presence of EtOAc 100 (m), 250 (A) or 1000 ('¥) pg/L for 30 min. The values
are mean + S.E.M.; ""p<0.001 vs. Emax control (e) using Student t test.

3.6 Effect of EtOAC fraction on potassium channels

The involvement of potassium channels in the EtOAc fraction induced vasorelaxant
response was assessed by experimental protocols in the presence of tetraethylammonium (TEA)
3 mM, a non-selective blocker of potassium channels, 4-AP (3 mM), a selective Kv-channels
blocker; and Glib (3x10° M), a selective Katp-channel blocker (FIGURE 9). Accordingly to
the Figure 9, there was not significative difference between the vasorelaxant activity on KCI

25mM-induced contraction, PHE-induced contraction and in the pretreatment with
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tetraethylammonium (3 mM), glibenclamide (3x10° M) and 4-aminopyridine (3 mM). So, its
possible that there are no potassium channels involved in the EtOAc vasorelaxant effect.

Figure 9 - Effect of EtOAc fraction of Tribulus terrestris on potassium channels
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Legend: Vasorelaxant effect induced by EtOAc on Phe 107 M (e) or KCI 25 mM (m) pre-contracted
endothelium-denuded (n=6) in the presence of TEA (A), GLIB (V) or 4AP () on rat aortic rings.
Values expressed as mean = S.E.M.

3.7 UPLC-ESI-MS analysis

To characterize the chemical composition of the most active fraction (EtOAc), an
analysis was performed by UPLC-ESI-MS, whose chromatographic profiles are represented in
Figure 10. Partition of the crude extract with the EtOAc resulted in a fraction enriched in amides
of the cinnamic acid, according to the chemical structures presented in Figure 11. The
characterization attempts by UPLC-ESI-MS were carried out by comparing the results obtained
with literature data for phenolic amides isolated from fruits of Tribulus terrestris or
spectroscopic data complementary to literature (WU; SHI; KUO, 1999; HONG et al., 2013;
SONG et al., 2016; WANG et al., 2016).

The negative ESI-MS spectrum of the peaks at 2.87 min and 3.07 min were
characterized by the deprotonated molecular ion of m/z 328.27 Da [M-H] m/z 298.26 Da [M-
H]", respectively, (Attachment 2A and B). M(H) fragments with even molar masses suggest
the presence of an odd number of N atoms in the molecule (SILVERSTEIN; BASSLER,;
MORRIL, 1991). For the peaks at 2.87 min and 3.07 min, a molecular mass of 329.24 and
299.62 Da was suggested with predicted molecular formulas of C1gH19NOs and C17H17NOa.
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This is suggesting the presence of N-trans-feruloyloctopamine (1), N-trans-caffeoyltyramine
(2), based on data from Song et al. (2016) (Figure 10B and 11). For constituent (2), the peak in
m/z 597.45 is indicative of the dimeric adduct [2M-H] m/z.

Figure 10 - Chromatographic profiles obtained by UPLC with DAD (A) and ESI-MS detector

with negative (B) and positive (C) mode ionization for the ethyl acetate fraction of Tribulus
terrestris.

Legend: Attempts to characterize the peaks: (1) N-trans-feruloyloctopamine, (2) N-trans-
caffeoyltyramine, (3,4) terrestriamide (cis and trans isomers), and (5) terrestribisamide.

According to Hong et al. (2013), the negative ESI-MS spectrum for the peak at 3.50
min, m/z 326.4 Da [M-H] and 653 [2M-H]" (attachment 2C and D) is compatible with the quasi-
molecular and the dimeric adduct of terrestriamide (3,4). The similarity of the negative ESI-
MS spectra of the peaks of 3.50 min and 3.63 min suggests to be cis isomers and trans. Besides,
the UV absorption at 221, 292 and 318 nm corroborate that of terrestriamide (3,4), being

characteristic of 3,4-dioxygenated cinnamic acid derivatives (WU et al, 1999).
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Figure 11 - Chemical structures of constituents 1-5
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Source: Song et al. (2016)

The constituent eluted at 3.87 min (Figure 10A) provided a peak with quasi-molecular
ion in m/z 439.40 [M-H]" (attachment 2 E) compatible with the assignment to terrestribisamide
(5) proposed by Wu et al. (1999) and Hong et al. (2013). The fragmentation [M-H] of
compound 5 provided an odd mass fragment suggesting that the molecule may contain a pair
or no N atom (SILVERSTEIN; BASSLER; MORRIL, 1991). According to Wu et al. (1999),
the molecular formula of terrestribisamide is C24H28N20s, whose molecular ion peak has m/z
440.31 [M], confirming the presence of 2 N atoms in the molecule. The UV absorptions of the
peak with RT = 3.87 (UV Amax nm: 317, 287, 228 and 222) are also compatible with those
reported by WU; SHI; KUO, 1999.

Many studies have been conducted in the world focusing on biological activities of
cinnamic-related molecules, for example on anticancer (BALTAS; BEDOS-BELVAL, 2011),
antituberculosis (DE et al., 2005), antimalarial (TAKAO et al., 2017), antifungal (TAWATA et
al., 1996), antimicrobial (GUZMAN, 2014), antiatherogenic (LAPEYRE et al., 2005) and
antioxidant (SOVA, 2012) activities. A cinnamic acid derivated showed antispasmodic effects

against carbachol-induced contractions (LIMA et al., 2014).
4 CONCLUSIONS

The antihypertensive effect of Tribulus terrestris probably involve a vascular relaxation
effect. The EtOH and fractions promoted a vasorelaxant effect in a concentration-dependent
manner and independent of vascular endothelium. The EtOAc fraction presented the best
vasorelaxant activity Thus, the vasorelaxant effect of EtOAc can probably be attributed to a
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reduction in calcium influx through CavL channels. These effects were attributed to cinnamic

acid amides.
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CONCLUSAO

A fracéo acetato de etila do fruto de Tribulus terrestris apresentou a maior atividade
sequestradora dos radicais DPPH, ABTS e hidroxil, inibitéria da a-glicosidase, bem como
maior capacidade antioxidante total e de poder redutor em comparagdo ao extrato etanolico e
outras fracBes. Estes resultados foram atribuidos a grande quantidade de substancias fendlicas
presente na fracdo EtOAc. Ja a fracdo hexanica apresentou o melhor poder quelante de metais
e a maior atividade inibitdria da lipoxigenase. Em relacéo a atividade anti-hipertensiva, o0 EtOH
e suas fracGes promoveram atividade vasorrelaxante independente da presenca de endotélio
funcional e de maneira dependente de concentracdo em aneéis de artéria aorta isolada de rato
sendo a fragdo EtOAcC a que apresentou a melhor atividade. O efeito vasorrelaxante da fragédo
EtOAc provavelmente pode ser atribuido ao blogueio dos canais para célcio impedindo o
influxo de Ca?*. O efeito vasorrelaxante foi associado a presenca de amidas derivadas do &cido

cinamico.



Attachment 1

Figure 12 - Isolated rat aorta in Krebs Henseleit solution aerated with carbogenic mixture.
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Figure 15 - Experimental protocols on Phe (10" M) or KCI 25mM induced pre-contractions on

isolated rat aorta
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Attachment 2

Figure 16 - Spectra obtained by UPLC-ESI-MS, in the negative mode, for the ethyl acetate
fraction of fruits of Tribulus terrestris enriched in cinnamic acid amides
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Legend:(A) N-trans-feruloyloctopamine, (B) N-caffeoyltyramine, (C, D) terrestriamide (cis and trans
isomers), and (E) terrestribisamide.



