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Efeitos de Echinodorus grandiflorus (Cham. & Schitdl.) Micheli em
endotélio dependente, mediado por receptores M3-muscarinicos e B2-
bradicininérgicos, na resisténcia vascular periférica e seus efeitos
moduladores nos canais de potassio ativados por calcio, em leitos arteriais
mesentericos

RESUMO
Echinodorus grandiflorus tem sido utilizada como agente anti-hipertensivo e diurético. No
entanto, os metabolitos secundarios responsaveis por essa atividade, bem como os mecanismos
moleculares responsaveis por seus efeitos na resisténcia vascular periférica permanecem
desconhecidos. O presente trabalho teve como objetivo avaliar efeitos vasodilatadores e
antioxidantes do extrato etandlico das folhas de E. grandiflorus e fracGes hexanica (HexFr),
cloroférmica (ChlFr) e n-butandlica (ButFr) em leitos mesentéricos isolados. Inicialmente, o
extrato etanolico foi obtido a partir de folhas de E. grandiflorus (EEEG), em seguida realizou-
se fracionamento liquido-liquido e andlise por cromatografia liquida de alta eficiéncia das
preparacdes obtidas. O EEEG e ButFr mostraram uma concentracdo significativa de compostos
fenolicos e flavonoides com valores significativamente superior aos encontrados nas fracdes
HexFr e ChlFr. Estes compostos foram identificados como acido cafeico, acido p-cumérico,
acido ferralico e luteolina. Posteriormente, foram avaliados os efeitos vasodilatadores do EEEG
e fracBes hexanica, cloroférmica e n-butandlica nos leitos e a preparacdo com melhor efeito foi
utilizada para analises de mecanismo in vitro nos leitos. A ButFr reduziu a pressao de perfusao
em leitos mesentéricos isolados de forma concentracdo-dependente. A remocdo ou inibicdo
Oxido nitrico endotelial e prostaglandina sintase por L-NAME associado a indometacina inibiu
os efeitos vasodilatadores induzidos pelo EEEG e ButFr. Além disso, a associacdo de atropina
e HOE-140 inibiu totalmente o EEEG e a vasodilatacdo induzida por ButFr. A perfusdo com
solugéo nutritiva contendo 40 mM de KCI inibiu o efeito vasodilatador de todas as doses de
EEEG e ButFr. Finalmente, o tratamento com tetraetilamonio bloqueou completamente a
vasodilatacdo induzida pelo EEEG ou pelo ButFr. Este estudo mostrou que o EEEG e ButFr
tem importantes efeitos vasodilatadores sobre 0s leitos arteriais mesentéricos. Aparentemente,
esses efeitos sdo dependentes dos receptores muscarinicos M3 endoteliais e bradicininérgicos
B2, induzindo a liberagdo oxido nitrico e prostaciclina, seguida da ativacdo dos canais sodio e
potassio no musculo liso vascular. Este estudo abre perspectivas para o uso de EEEG ou ButFr
em situacdes onde a reducdo de pressdo de perfusdo é necessaria.

Palavras-chave: Alismataceae; tonus arteriolar; 6xido nitrico; prostaglandinas; vasodilatacdo



Endothelium-dependent effects of Echinodorus grandiflorus (Cham. &
Schitdl.) Micheli mediated by Ms-muscarinic and B:-bradykininergic
receptors on peripheral vascular resistance and its modulatory effects on

calcium-activated potassium channels in mesenteric vascular beds

ABSTRACT

Echinodorus grandiflorus has been used as an antihypertensive and diuretic agent. However,
the secondary metabolites responsible for this activity, as well as the molecular mechanisms
responsible for its effects on peripheral vascular resistance remain unknown. The aim of this
study was to evaluate the vasodilator and antioxidant effects of the ethanolic extract of the
leaves of E. grandiflorus and hexane (HexFr), chloroform (ChlFr) and n-butanolic fractions
(ButFr) in isolated perfused mesenteric beds. Initially, the ethanolic extract was obtained from
E. grandiflorus leaves (EEEG), followed by liquid-liquid fractionation and high-performance
liquid chromatography analysis of the obtained preparations. EEEG and ButFr showed a
significant concentration of phenolic compounds and flavonoids with values significantly
higher than those found in HexFr and ChlFr fractions. These compounds were identified as
caffeic acid, p-coumaric acid, ferrulic acid and luteolin Subsequently, the vasodilating effects
of EEEG and hexane, chloroform and n-butanolic fractions were evaluated in the beds and the
preparation with the best effect was used for analyzes of in vitro mechanism in the beds. ButFr
reduced the perfusion pressure in concentration-dependent isolated mesenteric beds. The
removal or inhibition of endothelial nitric oxide and prostaglandin synthase by L-NAME
associated with indomethacin inhibited the vasodilatory effects induced by EEEG and ButFr.
In addition, the combination of atropine and HOE-140 completely inhibited EEEG and ButFr-
induced vasodilation. Infusion with nutrient solution containing 40 mM KCI inhibited the
vasodilator effect of all EEEG and ButFr doses. Finally, treatment with tetraethylammonium
completely blocked EEG or ButFr induced vasodilation. This study showed that EEEG and
ButFr have important vasodilatory effects on the mesenteric arterial beds. Apparently, these
effects are dependent on the endothelial and B2 bradykininergic M3 muscarinic receptors,
inducing the release of nitric oxide and prostacyclin, followed by activation of the sodium and
potassium channels in vascular smooth muscle. This study opens perspectives for the use of
EEEG or ButFr in situations where the reduction of perfusion pressure is necessary.

Keywords: Alismataceae; arteriolar tone; nitric oxide; prostaglandins; vasodilation
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1 INTRODUCAO

As doencas cardiovasculares representam um dos maiores problemas de satde publica
ndo sO nos paises desenvolvidos, mas também nos paises em desenvolvimento. De acordo com
a World Health Organization (WHO, 2011) o nimero de adultos hipertensos aumentou mais
de 400 milhGes em trés décadas, sendo que 1 em cada 5 individuos no mundo tem pré-
hipertensdo e 25% dos adultos com idade superior a 25 anos é hipertenso, representando um
problema global de satde publica. Dados do Ministério da Saide mostram que no Brasil, cerca
de 30% dos 6bitos estéo relacionados as doengas cardiovasculares (BRASIL, 2011a). Segundo
dados da Vigilancia de Fatores de Risco e Protecdo para Doencas Cronicas por Inquérito
Telefonico (Vigitel) (BRASIL, 2017) o percentual de adultos (> 18 anos) que referiram
diagnostico médico de hipertensao arterial na capital do Mato Grosso do Sul, foi 26,3%, sendo
a maioria mulheres.

Embora existam farmacos anti-hipertensivos, como diuréticos, PB-bloqueadores,
bloqueadores de canais de calcio e inibidores da enzima conversora de angiotensina, que sao
eficazes no controle da pressdo arterial, eles tém seus efeitos colaterais. Fraqueza, cadimbras,
hipovolemia, disfuncdo erétil, tosse seca, hipopotassemia e intolerancia a glicose sdo apenas
alguns dos efeitos adversos possiveis. As plantas medicinais naturais podem ser fontes Uteis
para o desenvolvimento de agentes eficazes para hipertensdo e distlrbios cardiacos
hipertensivos (AISA, et al, 2017).

A utilizacdo de plantas medicinais faz parte da cultura popular desde a antiguidade.
Muitos dos medicamentos que hoje séo utilizados para tratamento, sdo provenientes de extratos
vegetais. O uso da medicina tradicional e das plantas medicinais, em paises em
desenvolvimento, tem sido amplamente indicado para a manutencdo da satide (SOFOWORA,
et al, 2013). A Organizacdo Mundial de Saude estima que 3,5 bilhdes de pessoas, facam uso de
medicamentos derivados de plantas no tratamento de varias doencas.

Varios estudos farmacoldgicos pré-clinicos tém apresentado Echinodorus
grandiflorus como uma espécie promissora para o tratamento de doencas cardiovasculares.
Dados disponiveis mostraram que diferentes preparacdes obtidas da especie poderiam
apresentar efeito diurético (PRANDO, et al., 2015; 2016), anti-edematoso (GARCIA, et al.,
2010), anti-hipertensivo (PRANDO, et al., 2016; LESSA, et al. , 2008) e efeitos vasodilatadores
(TIBIRICA, et al., 2007).

Contudo os mecanismos moleculares envolvidos em suas atividades vasculares

permanecem obscuros. Assim, o leito arterial mesentérico perfundido foi utilizado para avaliar
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a hipotese de que o extrato etandlico e as fracdes obtidas das folhas de E. grandiflorus também
reduzem a resisténcia vascular periférica, um efeito que pode contribuir para os efeitos
cardiovasculares dessa espécie. Além disso, os mecanismos envolvidos nos efeitos vasculares

da fracdo com maior atividade também foram investigados.
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2 REVISAO DE LITERATURA
2.1 Endotélio

O endotélio vascular até a década de 80 era considerado, uma barreira estrutural com
papel de dividir a parede do vaso sanguineo e a cavidade interna, todavia pesquisas
demonstraram ser um 6rgdo enddcrino responsavel por varios agentes vasoativos incluindo
vasodilatadores, como 6xido nitrico (NO), prostaciclina e fator hiperpolarizante derivado do
endotélio, e vasoconstritores, como endotelina 1, angiotensina Il e tromboxano A2 (VANE et
al, 1990).

O interior dos vasos sanguineos, artérias, veias e as cAmaras do coracao, é revestido por
uma camada Unica de células endoteliais (LE BROCQ et al, 2008) capazes de proteger 0s
tecidos e o sangue circulante (VERM et al, 2003) atuando com funcdo autocrina e/ou paracrina
dependendo do estimulo ao qual é exposto(MARUHASHI et al, 2018). Além disso, o érgédo
realiza papel fundamental no controle da homeostasia da vasculatura, atuando na regulagéo de
sinais intracelulares, (LE BROCQ et al, 2008), cascata de coagulacéo e angiogénese (SHWEIKI
et al, 1992), permeabilidade e tonicidade vascular (FURCHGOTT; ZAWADZKI, 1980) entre
outros.

Desse modo, pesquisas com metodologias que mimetizam a funcdo endotelial em
humanos tem sido tém sido realizada com o objetivo de avaliar a atuagdo endotelial na
fisiopatologia dos problemas cardiovasculares e os riscos associados a eles (LUDMER et al,
1986; CELERMAJER et al, 1992; KUVIN et al, 2003; IDEI et al, 2013). Estas técnicas medem
a capacidade da artéria se dilatar em resposta a infusdo intra-arterial de vasodilatadores
dependentes do endotélio ou hiperemia reativa através da liberacdo de fatores relaxantes
derivados do endotélio, que ndo demonstraram ser o mediador da vasodilatacdo (MARUHASHI
et al, 2018).

2.2 Pressao Arterial

A presséo arterial (PA) € definida como a pressdo que o0 sangue exerce contra a parede
das artérias e é dada pelo resultado do débito cardiaco e resisténcia vascular periférica. Ou seja,
sdo obtidas duas pressdes, a maxima ou sistolica (PAS) que acontece com a contracdo do
coracdo e, a minima ou diastolica (PAD) que ocorre com o relaxamento. O valor de referéncia

da presséo cardiaca € 120/80 mm Hg (SBC, 2016). As lesdes de 6rgdos-alvo (LOA) e doengas
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associadas devem ser investigadas. Os valores de referéncia de acordo com a classificagdo da
pressédo arterial estdo descritos no quadro 1.

Quadro 1 — Classificacdo da pressao arterial de acordo com a afericdo casual ou no
consultério a partir dos 18 anos de idade

Classificacéo PAS (mm Hg) PAD (mm Hg)
Normal <120 <80
Pré-hipertensdo 121-139 81-89
Hipertensdo estagio 1 140-159 90-99
Hipertensdo estagio 2 160-179 100-109
Hipertensdo estagio 3 > 180 >110
Quando a PAS e a PAD situam-se em categorias diferentes, deve-se classificar de acordo com a maior.

Considera-se hipertensdo sistolica isolada se PAS > 140 e PAD < 90, devendo a mesma ser classificada em estagios
1,2,e3.
Fonte: Adaptado de Sociedade Brasileira de Cardiologia, 2016

O débito cardiaco é determinado pelo volume sistolico e frequéncia cardiaca e, é
influenciado pelo volume sanguineo e pelo sistema nervoso autbnomo (MAYET; HUGHES,
2003). Enquanto a resisténcia vascular é dependente do didmetro vascular, que por sua vez sofre
influéncia da inervacdo simpatica e fatores enddcrinos, como vasoconstritores e
vasodilatadores, com destaque para o 6xido nitrico (NO), formado pela acdo da enzima 6xido
nitrico sintase (NOS). A ativacdo simpatica proporciona o aumento da secre¢do de renina pelas
células justa-glomerulares (KURTZ, 2011), aumento da frequéncia cardiaca e contratilidade
através dos receptores B1 e aumento da resisténcia vascular através dos receptores al, enquanto
a ativacdo parassimpatica leva a diminuicdo da frequéncia cardiaca pelos receptores M2
(SEIDEL; SCHOLL, 2017).

Uma rede de receptores monitora 0s niveis pressoricos, podendo ocasionar uma
elevacdo da liberagdo de vasopressina (ADH) do hipotalamo, assim como alteracbes na
atividade simpatica e parassimpética. Gerando um controle da PA por mecanismos de curto ou
longo prazo (GUYTON, 1972). O érgdo mais importante no controle da pressdo a longo prazo
éorim (GUYTON, 1991) através do sistema renina-angiotensina-aldosterona (SRAA), apoiado
pelo fato de ser alvo de drogas anti-hipertensivas de primeira linha, como inibidores da enzima
conversora de angiotensina (ECA) e antagonistas dos receptores de angiotensina 1 (JAMES et
al, 2014).

2.3 Tratamento medicamentoso
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O tratamento medicamentoso para HAS pode se basear em monoterapia ou associacao
de diferentes medicamentos (Figura 1). Inicialmente, é preferivel as classes de diuréticos
tiazidicos, inibidores da enzima conversora da angiotensina (IECA), blogueadores dos canais
de célcio (BCC) e bloqueadores dos receptores AT: da angiotensina Il (CHENG, et al, 2017,
DORRESTEIN, et al, 2013).

De acordo com a SBC (2016) um medicamento para ser indicado deverd,
preferencialmente quando tiver demonstrado a capacidade de reduzir a morbimortalidade CV,
for eficaz por via oral e bem tolerado, quando puder ser utilizado no menor nimero de ingestdo
de comprimido por dia e iniciado com as menores doses efetivas, além de poder ser usado em
associacdao. Deve também ser passivel de ser utilizado por um periodo minimo de quatro
semanas, antes de modificac@es, salvo em situacGes especiais e com controle de qualidade em

sua producao.

Figura 1 — Esquema preferencial de associacdo de medicamentos, de acordo com
mecanismos de agio e sinergia

Diuréticos tiazidicos

A~
R~

Bloqueadores dos
receptores da
angiotensina

Betabloqueadores

Bloqueadores dos canais
de calcio

Inibidores da ECA

Combinagdes preferenciais

Combinagdes ndo recomendadas

********* Combinagdes possiveis, mas menos testadas

Fonte: Adaptado de Journal of Hypertension, 2007 apud Brasil, 2016

2.3.1 Efeitos adversos

Apesar dos beneficios estabelecidos com o tratamento anti-hipertensivo, os efeitos
adversos também tém sido documentados, ainda que na maior parte dos casos a HAS possa ser
tratada com seguranca, os resultados indesejaveis sdo relativamente frequentes e sdo capazes
de afetar de forma consideréavel a qualidade de vida dos individuos que fazem uso da medicagéo
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(CURB, et al, 1985). Os principais efeitos adversos associados as classes dos medicamentos
consistem em fraqueza, hipovolemia, céimbras, disfuncdo erétil, intolerancia a glicose,
broncoespasmo, hipopotassemia e hipomagnesemia, bradicardia, sonoléncia, sedacdo, boca
seca, fadiga (SBC, 2016).

2.4 Doenca Cardiovascular

De acordo com a World Health Organization (WHO, 2017) as doencas cardiovasculares
(DCV) sao caracterizadas por um grupo de distarbios no coracdo e vasos sanguineos, sendo

eles:

a) Hipertensdo Arterial Sistémica (HAS);
b) Doenca Arterial Coronariana (DAC);
c) Doenca Cerebrovascular (DC);

d) Doenca Arterial Periférica (DAP);

e) Insuficiéncia Cardiaca (IC);

f) Doenca Cardiaca Reumatica (DCR);
g) Doenca Cardiaca Congénita (DCC);

h) Cardiomiopatias.

As DCV séo a principal causa de morte mundial. Em 2015 levou a 6bito cerca de 17,7
milhdes de pessoas, representando mais de 30% dos valores globais, sendo que a DAC foi
responsavel por mais de 40% e os acidentes vasculares cerebrais (AVC) por mais de 35%. No
Brasil, o problema também é a maior causa de mortes, totalizando 20% dos casos,
especialmente em individuos maiores de 30 anos, devido ao descontrole dos fatores de risco
(MANSUR; FAVARATO, 2012; FORD, et al, 2007). Segundo Mansur et al (2016) a cada 100
mil habitantes, 372 pessoas morreram por DCV em 2012, sendo que no Mato Grosso do Sul, a
cada 100 mil habitantes, 274,3 morrem dessa doenca (BRANT, et al, 2017) e em Dourados, as
doencas do sistema circulatorio levaram a mortalidade de 28,3% em 2008 (BRASIL, 2011a).

Grande parte das DCV poderiam ser evitadas, se houvesse prevencao dos fatores de
risco comportamentais, como dieta inadequada, excesso de peso, sedentarismo, uso de tabaco
e consumo excessivo de &lcool. Além disso, deve-se fazer o controle medicamentoso de
doencas que representam risco de infartos e AVC, como diabetes, hipertensdo arterial e
dislipidemia (WHO, 2017).
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Existem outros fatores que induzem a riscos de desenvolvimento de DCV, que séo
reflexos do ambiente social, econdmico e cultural, como pobreza, estresse, envelhecimento da

populacdo, urbanizacéo e fatores hereditarios (WHO, 2017).

2.5 Hipertensao Arterial Sistémica

A hipertensao arterial sisttmica (HAS), usualmente conhecida como presséo alta, € um
quadro clinico multifatorial definido pelo aumento dos niveis de pressdo > 140 e/ou 90 mm Hg.
A elevacdo constante dos niveis pressoricos afeta ndo apenas o coracdo, mas também cérebro e
rins. A doenca integra o grupo de doencas crbnicas nao transmissiveis (DCNT) que
caracterizam a sindrome metabdlica, assim como a dislipidemia, obesidade, intolerancia a
glicose e diabetes mellitus, causando alteracdes funcionais e/ou estruturais nos 6rgdos-alvo
(LEWINGTON, et al, 2003; WEBER, et al, 2014).

A HAS age de forma independente na morte subita, acidente vascular encefalico (AVE),
infarto agudo do miocardio (IAM), IC, DAP e doenca renal crénica (DRC), fatal e ndo fatal
(SBC, 2016). Somente na Gltima década o nimero de pessoas diagnosticadas como hipertensdo
aumentou 14,2% (BRASIL, 2017), sendo que 32% de individuos adultos e mais de 60% dos
idosos sdo hipertensos, contribuindo em mais da metade dos ébitos por DCV (SCALA;
MAGALHAES; MACHADO, 2015). De acordo com a Sociedade Brasileira de Cardiologia
(2016) os casos de 6bito tém diminuido ao longo dos anos, exceto por doencas hipertensivas

que aumentou entre 2002 e 2009.
2.5.1 Fatores de risco

Em todo 0 mundo, estima-se que a HAS a cause 7,5 milhdes de mortes, correspondendo
cerca de 12,8% do total de todas as mortes (WHO, 2018a), por isso o controle dos fatores de
risco € necessario para prevenir esse desfecho. As situagcbes que influenciam no
desenvolvimento da doenca acontecem isoladas ou em conjunto, que podem ser modificaveis
como excesso de peso e obesidade, ingestdo de sal, consumo de alcool, inatividade fisica,
tabagismo, fatores socioecondmicos ou em causas que ndo se pode evitar como idade, sexo,

etnia e genética.

2.5.1.1 Idade
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Existe associagéo direta com o processo de envelhecimento e a prevaléncia de presséo
alta, como consequéncia da rigidez arterial, porque com o passar dos anos naturalmente
ocorrem mudancgas estruturais e funcionais nos vasos (MEEKS, 2002). Com o aumento da
expectativa de vida da populacao e, consequentemente do nimero de idosos nos ultimos anos
(IBGE, 2010) observa-se aumento dos casos de hipertensdo, estudos demonstram que mais de
90% dos individuos que estdo livres de hipertensdo aos 55 anos de idade irdo desenvolver a
doenca durante o restante da vida util (LIONAKIS, et al, 2012). Uma revisdo sistematica com
meta-analise realizada por Picon, et al (2013) com mais de 13 mil individuos idosos no Brasil,

demonstrou que 68% deles sdo hipertensos.
2.5.1.2 Sexo e raga

De acordo com a WHO (2018a) a prevaléncia de HAS em ambos 0s sexos foi mais
maior na Africa (46%) e, a menor prevaléncia ocorreu na regido das Américas (35%). Contudo,
nessa regido houve diferenca significativa entre a prevaléncia da doenga nos homens (39%),
enquanto que nas mulheres (32%). Em todas as regibes da WHO, os homens tém uma
prevaléncia ligeiramente maior de pressao arterial elevada do que as mulheres.

No entanto, dados mostram que a elevacdo da pressdo arterial € mais frequente nas
mulheres, apés o periodo de menopausa, quando a producdo de estrogenos, alteracdo dos niveis
lipidicos, ganho de peso e sedentarismo comecam a mudar o quadro cardioprotetor (GORGUI,
et al, 2014). De acordo com pesquisa brasileira realizada no pelo Vigitel, a prevaléncia de HAS
auto referida em individuos brasileiros com 18 aos ou mais, € maior entre 0 sexo feminino
(27,5%) e entre os negros (49,3%), seguidos pelos pardos (38,2%) e brancos (30,3%) (PICON
et al, 2013) (BRASIL, 2017).

2.5.1.3 Excesso de peso e obesidade

A prevaléncia mundial da obesidade quase triplicou entre 1975 e 2016, no geral, cerca
de 13% da populacéo adulta do mundo (11% dos homens e 15% das mulheres) eram obesos em
2016 (WHO, 2018b). O excesso de peso, especialmente quando associado ao aumento da
adiposidade visceral, é uma das principais causas da HAS representando 65-75% das causas
primarias. Estudos clinicos indicam que a manutencdo de um indice de massa corporal <25
kg/m? ¢ efetiva na prevencdo primaria da hipertensdo e que a perda de peso reduz a PA na

maioria dos pacientes hipertensos (HALL, et al, 2015).



22

Os mediadores da funcgdo renal anormal e o aumento da presséo arterial durante o
desenvolvimento da hipertensdo na obesidade incluem 1) compressdo fisica dos rins pela
gordura e ao redor dos rins, 2) ativacdo do SRAA) e 3) aumento atividade do sistema nervoso
simpatico (HALL, et al, 2014).

2.5.1.4 Excesso de sal

O consumo aumentado de sédio, comum entre os brasileiros, é responsavel pela
retencdo hidrica e consequentemente o aumento do fluxo sanguineo, associando-se diretamente
a eventos cardiovasculares e renais (HE; MACGREGOR, 2010; ZHAO et al, 2011). O aumento
da reabsorc¢do de sodio tubular renal prejudica a pressao da natriurese e desempenha um papel

importante no inicio da hipertensdo da obesidade.
2.5.1.5 Ingestdo de alcool

A ingestdo cronica de bebidas alcodlicas eleva os niveis pressoricos de forma
consistente (KLATSKY; FRIEDMAN; ARMSTRONG, 1986; BRIASOULIS; AGARWAL,;
MESSERLLI, 2012). De acordo com Singh, et al (2017) embora o consumo de alcool ndo tenha
sido significativamente associado ao estado da hipertenséo, a taxa de hipertensdo foi maior

entre os usuarios de alcool.
2.5.1.6 Sedentarismo

Existe atualmente no mundo uma pandemia de inatividade fisica que se associam a
5,3 milhdes de mortes por ano (LEE, et al, 2012) e que representam um fator de risco para o
desenvolvimento de DCNT’s. Diretrizes atuais recomendam o aumento da atividade fisica
como forma de prevenir e controlar a hipertensdo. Com base nessas estimativas, a inatividade
fisica contribuiu para 1 a 4% do total dos custos diretos com assisténcia médica (DING DING,
et al, 2016).

Dados da Pesquisa Nacional de Saude (PNS) apontam que individuos
insuficientemente ativos (adultos que ndo atingiram pelo menos 150 minutos semanais de
atividade fisica considerando o lazer, o trabalho e o deslocamento) representaram 46,0% dos
adultos, sendo o percentual significantemente maior entre as mulheres (51,5%). Houve

diferencga nas frequéncias de insuficientemente ativos entre faixas etéarias, com destaque para



23

idosos (62,7%) e para adultos sem instru¢cdo e com nivel de escolaridade fundamental
incompleto (50,6%) (MALTA, et al, 2015).

2.5.1.7 Cessacao do tabagismo

De forma aguda, o tabagismo eleva os niveis pressoricos devido ao estimulo do
sistema nervoso simpatico, enquanto que de forma crénica a literatura ainda néo estabelece de
forma clara uma relacao direta entre esses dois fatores (VIRDIS, et al, 2010). No entanto o
habito de fumar afeta o controle da doenca (DE GIUSTI, et al, 2012), quando ha
desconhecimento do quadro (GUESSOUS, et al, 2012) e quando existe interrup¢do do
tratamento medicamentoso (MION, et al, 2010).

2.5.2 Tratamento

A abordagem terapéutica da PA elevada inclui medidas ndo medicamentosas e 0 uso de
farmacos anti-hipertensivos, a fim de reduzir a PA, proteger érgdos-alvo, prevenir desfechos
CV erenais (MANCIA, et al, 2013; JAMES, et al 2014). Medidas ndo medicamentosas tém se
mostrado eficazes na reducdo da PA, apesar de limitadas pela perda de adesdo a médio e longo
prazo. A decisdo terapéutica deve basear-se ndo apenas no nivel da PA, mas considerar também
a presenca de fatores de risco, LOA e/ou DCV estabelecida.

De acordo com a SBC o tratamento ndo medicamentoso da pressao alta baseia-se em
controle do peso corporal, atividades fisicas regulares, medidas nutricionais, como a dieta
Dietary Approaches to Stop Hypertension (DASH), abandono do tabagismo, controle do
estresse (SBC, 2016). Porém alternativas baseadas em produtos naturais podem auxiliar no
tratamento da HAS.

2.6 Produtos naturais

Os usos mais antigos relatados sobre medicina e plantas medicinais advém da China e
Egito (ASSAD, 2005), mas a funcéo terapéutica de produtos naturais é conhecida desde a mais
remota antiguidade. Até o inicio do seculo XIX as plantas e seus extratos eram largamente
utilizados como recurso para tratamento pela medicina convencional. De acordo com Atanasov
e colaboradores (2015) o desenvolvimento da indUstria farmacéutica proporcionou diversos

medicamentos com fungdes semelhantes aos compostos de plantas medicinais.
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A procura por novas alternativas aumentou a busca por plantas medicinais na Gltima
década como substituicdo de produtos sintéticos (FRISHMAN, et al, 2009; SUSALIT, et al.,
2011; TABASSUM; AHMAD, 2011). Nos paises desenvolvidos 70% das pessoas procuram
tratamento na Medicina Complementar e Alternativa (CAM) e esses nimeros tem aumentado
segundo a WHO (2008).

A justificativa para o uso desses produtos ndo é surpreendente, considerando que eles
contém diversos de componentes bioativos com aplicacdes terapéuticas (PAN, et al, 2013). Na
verdade, produtos naturais realmente forneceram um ponto de partida para a sintese de mais de
50% dos medicamentos farmacéuticos atualmente utilizados (PAN, et al, 2013).

A efetividade desses produtos ndo pode ser negligenciada, uma vez que medicamentos
utilizados atualmente tiveram como ponto de partida plantas, como por exemplo a efedrina (de
Ephedra sinica), aspirina (de Salix alba), reserpina (de Rauwolfia serpentina) e taxol (de Taxus
brevifolia) (FRISHMAN, et al, 2009). Vale lembrar que os fitoterapicos sdo fundamentais em
praticas tradicionais como medicina chinesa, ayurvéida e unani tibb. No Brasil algumas
espécies ja sdo descritas no Formulério de Fitoterapicos da Farmacopeia Brasileira, com
referéncia sobre o modo de preparo, indicacdes e contraindicacdes e descritas na Relacédo
Nacional de Plantas Medicinais de Interesse ao Sistema Unico de Salde (Renisus). Os

produtos naturais com indicacdo diurética e anti-hipertensiva estdo descritos no quadro 2.


http://portalsaude.saude.gov.br/images/pdf/2017/junho/06/renisus.pdf
http://portalsaude.saude.gov.br/images/pdf/2017/junho/06/renisus.pdf

Quadro 2 - Anti-hipertensivos e diuréticos de acordo com o Formulério de Fitoterd
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picos da Farmacopeia Brasileira

Produto Nome popular Modo de IndicacGes Contraindicagfes
usar
Allium sativum L. Alho Tintura Coadjuvante no tratamento  de | Ndo usar em pessoas com gastrite, Ulceras gastroduodenais,
hiperlipidemia, hipertensdo arterial | hipotensdo arterial e hipoglicemia. N&o usar em casos de
leve, dos sintomas de gripes e resfriados | tratamento com anti-hipertensivos e warfarina. Nao usar em casos
e auxiliar na prevencdo da aterosclerose | de hemorragia e tratamento com anticoagulantes
Alpinia zerumbet (Pers.) B. | Colbnia Tintura Diurético e anti-hipertensivo nos casos | Ndo usar em gestantes, lactantes, lactentes, criangas menores de
L. Burtt & Smith de hipertensdo arterial leve dois anos, alcoolistas e diabéticos. No tratamento com o extrato
hidro alcodlico foi observado o aumento de transaminases e HDL
Echinodorus macrophyllus | Chapéu-de-couro | Infusdo Diurético leve e anti-inflamatério N&o usar em pessoas com Insuficiéncias renal e cardiaca. Nao
(Kunth) Micheli utilizar em caso de tratamento com anti-hipertensivos.
Arctium lappa L. Bardana Decoccdo | Antidispéptico, diurético e anti- | Doses excessivas podem interferir na terapia com
inflamatério hipoglicemiantes. Deve ser evitado o uso durante a gravidez e
lactacéo.
Taraxacum officinale F. H. | Dente-de-ledo Infusdo Antidispéptico, aperiente e diurético N&o usar em pessoas com gastrite, Glcera gastroduodenal, clculos
Wigg biliares, obstrugdo dos ductos biliares e do trato intestinal. O uso
pode provocar hipotenséo arterial.
Cynara scolymus L. Alcachofra Tintura Antidispéptico, antiflatulento, | Ndo usar em gestantes, lactantes, criancas menores de dois anos,

antiemético, diurético e
antiaterosclerético. Coadjuvante no
tratamento de hipercolesterolemia leve
a moderada e da sindrome do intestino
irritavel

alcoolistas, diabéticos e pessoas com célculos biliares e obstrugao
dos ductos biliares. N&o usar em caso de tratamento com
anticoagulantes. Evitar o uso em pessoas com hipersensibilidade a
alcachofra ou plantas da familia Asteraceae. Em casos raros podem
ocorrer distarbios gastrintestinais, incluindo diarreia, nauseas e
pirose

Phyllanthus niruri L.

Quebra-pedra

Tintura

Litiase urinaria e diurético

N&o utilizar em gestantes. Concentracdes acima das recomendadas
podem causar diarreia e hipotensdo arterial.

Fonte: Adaptado de Brasil, 2011b
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2.7 Echinodorus grandiflorus (Cham. & Schitdl.) Micheli

No Brasil vérias espécies medicinais sdo usadas com funcgdo diurética, entre elas a
Echinodorus grandiflorus (Chamisso & Schlechtendal) Micheli (Figura 2), pertencente a
familia Alismataceae, constituida de aproximadamente 14 géneros e 80 espécies (SOUZA;
LORENZI, 2005). Dentre as espécies mais conhecidas e utilizadas no pais estdo a E.
grandiflorus e E. macrophyllus, as quais possuem caracteristicas botanicas e propriedades

medicinais semelhantes e sdo denominadas de “chapéu-de-couro” (VAZ, 2015).

Figura 2 — Echinodorus grandiflorus em seu habitat natural
s Litd

Fonte: o autor (2018) )

A E. grandiflorus é nativa do sul do México até o Brasil e, encontradas em regides
alagadas e de solo umido (MISSOURI BOTANICAL GARDEN, 2016) com folhas simples,
coriaceas, cordiformes, com base cordada e apice agudo a arredondado submersas, flutuantes
ou emergentes e inflorescéncias que duram aproximadamente 30 dias (Figura 3 e 4) (BRASIL,
2010).
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de Echinodorus grandiflorus (Cham. & Schltdl.) Micheli

Fonte: o autor (2018)

Figura 4 — Exsicata da folha de E. grandiflorus

Fonte: o autor (2018)

A espécie é identificada por varios sinbnimos: Alisma grandiflorum Cham. et Schlecht.,
Alisma floribundum Seub., E. argentinensis Rataj, E. sellowianus Buchenau, E. floribundus
(Seub.) Seub., E. grandiflorus var. aureus Fassett, E. muricatus Griseb., E. grandiflorus var.
longibracteatus Rataj, E. grandiflorus var. ovatus Micheli, E. longicapus Arechav., E.
muricatus Griseb., E. muricatus Wood. et Schery (MISSOURI BOTANICAL GARDEN,
2016). Popularmente é conhecida como: “chapéu-de-couro, aguape, cha-de-campanha, cha-do-
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brejo, cha-de-pobre, ch&-mineiro, congonha-do-brejo, erva-do-brejo, erva-do-pantano”
(LORENZI; MATOS, 2008).

2.7.1 Composicao quimica da espécie

Tanaka et al (1997) em seu estudo isolaram o &cido equindoico, um metabdlito
cembrandide que se encontra nas fracdes ndo polares das folhas da planta. Um estudo brasileiro
em uma analise fitoquimica da fracdo hexanica demonstrou presenta de acido equinoico,
enquanto orientina, isoorientina, isovitexina e acido ferdlico foram prevalentes nas fracOes
polares da espécie (PIMENTA, et al., 2002). A Farmacopeia Brasileira (2010) relata 2,8% de
derivados do &cido o-hidroxicindmico, expressos como verbascosideo como contetido quimico
da E. grandiflorus, apesar da informag&o na literatura técnica que descreve o isolamento e a
caracterizacdo de uma ampla variedade de metabdlitos secundarios.

O espectro de metabolitos secundarios encontrados em E. grandiflorus é bastante
variado e influenciado principalmente pela &rea de coleta e técnicas de extragdo. Varios estudos
fitoquimicos indicam a existéncia de multiplas classes de metabolitos secundarios em diferentes
preparacdes obtidas desta espécie, especialmente compostos fenolicos, incluindo uma grande
guantidade de flavonoides como isoorientina, isovitexina, swertia-japonina, swertisina e acidos
fendlicos chicoricos, caféicos e ferlicos, foram descritos em folhas de E. grandiflorus
(GARCIA et al, 2010; MARQUES et al, 2017; BRUGIOLO et al, 2009, GARCIA et al, 2010,
PRANDO et al, 2015).

2.7.2 Aspectos etnobotanicos e ethofarmacol6gicos

A espécie E. grandiflorus é amplamente utilizada como medicina tradicional no Brasil
para fins primariamente relacionados a hipertensdo (TIBIRICA, et al., 2007; LORENZI;
SOUSA, 2008; PRANDO, et al., 2015), condigdes anti-inflamatodrias (BEVILAQUA; NEDEL,
2003; DUTRA, et al., 2006; BRUGLIOLO, et al., 2011; DIAS, et al., 2013; GARCIA, et al,
2010, 2016Db)) e depuracdo corporal (CORREA, 1984; SILVA, et al., 1994; ALVES, et al.,
2011). Além do efeito diurético moderado (BOTREL, et al., 2006; PRANDO, et al., 2015;
PRANDO, et al, 2016) frequentemente relatado pelos usuarios desta espécie vegetal, é
empregada pela populacdo, também para infeccdo urinéria, anemia, &cido Urico e laxante
(CAETANQO, etal, 2014). Em estudo realizado por de Medeiros e colaboradores (2013) e Garlet
e Irgang (2001) em uma reviséo de estudos etnobotéanicos, encontrou como outras aplicacdes

para a espécie, como para afinar o sangue, calculo renal, muco na bexiga, cistite, diabetes,
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digestiva, doenca de chagas, dor, perda de peso, inflamacdo, limpeza da pele, indigestéo,

problemas estomacais, problemas hepéticos, problemas na bexiga problemas e reumatismo.
Além de efeitos antiaterosclerético (LORENZI; SOUSA, 2008), contra doencas hepaticas,

dores associadas a hérnia, problemas renais e atrite (LORENZI; MATOS, 2002) e, a infuséo
das raizes auxiliam em casos de inflamacédo da bexiga (LORENZI; MATOS, 2002).

2.7.3 Aspectos Farmacoldgicos

Devido ao aumento dos efeitos adversos de drogas sintéticas, a coadministracdo de

outras drogas e os altos custos da farmacoterapia convencional, ha um interesse crescente em

usar plantas medicinais para serem usadas como medicina alternativa complementar no

tratamento de diferentes doencas (MORADI et al., 2016). Na literatura, extratos brutos e

fracOes de folhas de E. grandiflorus mostraram propriedades potenciais Uteis no tratamento de

muitas condicdes. O material vegetal mais comum usado é composto pelas partes aéreas e

folhas, que sdo geralmente usadas nas preparacdes medicinais (Quadro 3).

Quadro 3 — Estudos farmacolégicos da Echinodorus grandiflorus

tratamento prolongado por 7
dias. O volume urindrio,
sodio,  potassio,  cloreto,
conteudo de bicarbonato, pH e
densidade. Foram avaliados

extrato também foi capaz de
induzir efeitos anti-hipertensivos
hipotensivos e significativos em
ratos.

Preparacéo Metodologia Resultados Referéncia
Extrato  hidralcodlico | Estudo sobre o efeito | O extrato demonstrou atividade | STRADA, et
das partes aéreas antinociceptivo e compostos | antinociceptiva, presenca de | al, 2017
marcadores selecionados em | isovitexina e pode atuar em
onze extratos de diferentes | sinergia com o0s  demais
locais compostos ou  ndo, como
responsavel pela  atividade
antinociceptiva.
Extrato etandlico e | Os extratos foram utilizados | O extrato etan6lico inibiu a | FRANCO, et
hexanico das folhas em ensaios enzimaticos para | atividade da lipase e apresentou | al, 2017
avaliar seu potencial inibitério | alta capacidade antioxidante e
contra a-amilase, a- | anti-glicacéo. Apresentam
glicosidase e lipase, bem | potencial para o tratamento do
como seus antioxidantes e | diabetes mellitus tipo 2 devido as
capacidades anti-glicacdo suas atividades inibitérias mais
altas contra a o-amilase, o-
glicosidase e lipase, bem como
pela capacidade antigénica e
antioxidante.
Extrato etantlico das | Os efeitos diuréticos do | O extrato etandlico causou um | PRANDO et
folhas extrato etandlico por via oral | aumento na diurese comparavel a | al., 2016
foram  comparados com | droga hidroclorotiazida em ratos.
hidroclorotiazida em um | A administracdo intraduodenal do
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em amostra coletada em 24 h
por 7 dias.

Extrato hidro alcodlico | Modelo de artrite induzida por | O extrato etanélico e a fracdo rica | GARCIA et
das folhas a 70%, | antigeno em camundongos. | em flavonoides contribuem paraa | al., 2016b
fracdo enriquecida em | Camundongos previamente | diminuicdo do processo
flavonoides imunizados foram tratados per | inflamatoério, reduzindo

0s com solucdo salina (grupo | significativamente 0

controle) e amostras 40 min | recrutamento de neutrdfilos

antes e 3 e 6 h apos o desafio

com antigeno na articulagéo

do joelho
Extrato etan6lico das | A avaliagdo da atividade | A fracdo de etanol também foi | PRANDO et
folhas diurética aguda dos extratos | capaz de aumentar o fluxo | al., 2015

através da relacdo entre o | sanguineo renal e reduzir a

fluxo sanguineo cortical renal | pressdo arterial e o0 estresse

e o efeito hipotensivo | oxidativo em modelos in vitro e in

utilizando ratos  Wistar | vivo.

machos  normotensos  foi

realizada nos modelos in vitro

e in vivo.
Extrato aquoso das | A atividade antioxidante foi | A infusdo de folhas pode prevenir | LUNARDI et
folhas avaliada em tecido hepatico | danos aos lipidios e as proteinas | al, 2014

tratado com azida de sédio na | induzidas pelo oxidante de azida

presenca ou auséncia de | de sddio

extrato aquoso por ensaios de

peroxidacao lipidica,

oxidacdo de proteinas e

enzimas antioxidantes

catalase e superoxido

dismutase.
Extrato aquoso das | Camundongos foram | O tratamento oral com o extrato | BRUGIOLO
folhas sensibilizados reduziu o nimero de células totais | et al., 2011

intraperitonealmente e | e eosindfilos em lavado

desafiados por via nasal com | broncoalveolar. Os niveis de

ovalbumina. O tratamento | mediadores da inflamacdo foram

com extrato foi iniciado no dia | diminuidos no tecido pulmonar

32 e concluido no dia 40. Oito | ap6s um tratamento oral

horas apds as avaliagbes do

ultimo desafio, de soro, lavado

broncoalveolar e  tecido

pulmonar foram realizados.
Extrato hidro alcodlico | O extrato hidroalcodlico foi | Potenciais propriedades anti- | CONCEICAO
das folhas a 50% avaliado pela andlise da | hipertensivas e micro | etal, 2011

densidade capilar estrutural e | circulatérias

funcional da pele, musculo

esquelético e coragdo em

animais SHR. Ratos SHR

receberam doses diferentes de

extrato por 28 dias por

gavagem.
Extrato hidro alcoolico | Efeito anti-edematogénico foi | Inibicdo dos mediadores da | GARCIA et
das folhas a 50% e | avaliado no modelo de edema | biossintese responsaveis pela | al, 2010
70%; extrato aquoso | de  pata  induzido por | inflamagdo. As fracdes
das folhas, fracdo | carragenina em ratos enriquecidos em diterpenos e
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diclorometano,
fraccbes enriquecidas
contendo  diterpenos,
flavonoides, acido
hidroxicindmico e
acido tartarico

flavonoides foram as amostras
mais potentes. Uma inibicdo
significativa foi observada pelo
extrato hidro alcodlico 50% e
70%

Extrato etantlico das | Estudo anti-hipertensivo por | Efeito anti-hipertensivo | LESSA et al.,
folhas injecdo intraperitoneal de | significativo através de alteragGes | 2008

extrato em doses crescentes | na liberacdo de Oxido nitrico

em ratos hipertensos (NO), e pela estimulacdo de

receptores muscarinicos e fator
ativador de plaquetas (PAF)

Extrato aquoso das | Estudo do vasodilatador in | O efeito de vasodilatacdo | TIRIBICA et
folhas vitro em anéis isolados de | observado é dependente do | al, 2007

aorta de coelho e em rim | endotélio, e o efeito mediado pelo

isolado de coelho receptor de NO e PAF
Extrato metandlico A atividade  analgésica | Propriedades analgésicas no | DUTRAetal.,,

periférica foi demonstrada | sistema nervoso central e | 2006

pela observagdo dos efeitos | periférico

inibitérios em um teste de

formalina
Extrato aquoso das | Extrato aquoso de folhas 10% | Diurese significativa CARDOQOSO et
folhas a 10% foi diluido para 5% e al., 2003

administrado oralmente em

camundongos na dose de 5%

do peso do animal. O volume

urinario foi verificado apés

60, 120, 180 e 240 min.
Extrato metanolico, n- | Atividade hipotensiva em | Efeito hipotensivo reversivel e | BARROS, et
hexanico e aquoso das | ratos Wistar anestesiados com | dose-dependente al, 1999
folhas pentobarbital sob ventilagdo

mecédnica  controlada em

modelo de hipertensao

induzido pela L-NAME
Extrato hidro alcodlico | Os ratos receberam doses | Diurese significativa RIBEIRO et
das folhas a 50% orais de 40ml/ kg de extrato al., 1998

por gavagem.
Extrato n-hexanico, | Atividade hipotensiva em | Efeitos hipotensores reversiveis e | PIMENTA et
metandlico e fragdo | ratos Wistar anestesiados com | dose-dependentes significativos al., 1998
aquosa pentobarbital sobre ventilagdo

mecénica  controlada em
modelo  de  hipertensdo
induzido pela L-NAME

Fonte: o autor (2018)
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3 OBJETIVOS

3.1 Geral

Avaliar o efeito do extrato etandlico e fracOes, obtidas a partir das folhas de E.

grandiflorus, na reducéo da resisténcia vascular periférica em modelo in vitro.

3.2 Especificos

Preparar extrato etandlico e fracbes hexanica, cloroférmica e n-butandlica a partir de
folhas de E. grandiflorus;

Realizar a caracterizacdo fitoquimica do extrato etanélico e fragdes de E. grandiflorus;

Avaliar os mecanismos responsaveis pelos efeitos vasodilatadores em leito mesentérico
perfundido isolado;

Avaliar possiveis efeitos vasodilatadores do extrato etandlico e fragGes hexanica,
cloroférmica e n-butandlica nos leitos.

Investigar os mecanismos moleculares envolvidos nas respostas vasodilatadoras na

melhor fracdo no ténus arteriolar mesentérico.
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Endothelium-dependent effects of Echinodorus grandiflorus (Cham. & Schltdl.) Micheli
mediated by Ms-muscarinic and Bo-bradykininergic receptors on peripheral vascular
resistance and its modulatory effects on calcium-activated potassium channels in mesenteric

vascular beds
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Abstract

Background: Echinodorus grandiflorus (Cham. & Schltdl.) Micheli (Alismataceae) has been
used as an antihypertensive and diuretic agent by several Brazilian native populations. Due
to its wide use in Brazil, in 2010, the genus was included in the 5th edition of the Brazilian
Pharmacopoeia. It has been shown that the several extracts obtained from leaves of this

species have important diuretic and hipotensive effects. Nevertheless, the secondary
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metabolites responsible for this activity, as well as the molecular mechanisms responsible for
its effects on peripheral vascular resistance (PVR) remain unknown.

Purpose: To carry out a biomonitoring study to identify possible active metabolites present
in different E. grandiflorus extracts and evaluate the mechanisms responsible for the
vasodilatory effects on isolated perfused mesenteric beds.

Methods: First, the ethanolic extract was obtained from E. grandiflorus leaves (EEEG) and
a liquid-liquid fractionation was performed. EEEG and its resulting fractions were analyzed
by high-performance liquid chromatography. Then, the possible vasodilatory effects of
EEEG, Hexane (HexFr), chloroform (ChlFr), and n-butanolic (ButFr) fractions on perfused
arterial mesenteric vascular beds were evaluated. Finally, the molecular mechanisms
involved in the vasodilator responses of the n-butanolic fraction on the mesenteric arteriolar
tone were also investigated.

Results: In preparations with functional endothelium EEEG and ButFr dose-dependently
reduced the perfusion pressure in mesenteric vascular beds. Endothelium removal or
inhibition of nitric oxide and prostaglandin synthase by L-NAME plus indomethacin
inhibited the vasodilatory effects induced by EEEG and ButFr. In addition, association of
atropine plus HOE-140 fully inhibited EEEG and ButFr -induced vasodilation. Perfusion
with nutritive solution containing 40 mM KCI inhibited the vasodilatory effect of all EEEG
and ButFr doses. Finally, treatment with tetraethylammonium, a non-selective KCa (calcium-
activated) potassium channels blocker, completely blocked vasodilation induced by EEEG
or ButFr. Conclusion: This study showed that EEEG obtained from E. grandiflorus and its
n-butanolic fraction has important vasodilatory effects on MVBs. Apparently, these effects
are dependent on endothelial Ms-muscarinic and Bz-bradykininergic receptors inducing NO
and PGI2 release followed by KCa K+ channels activation in the vascular smooth muscle.
This study opens perspectives for the use of EEEG or ButFr in situations where PVR

reduction is required.

Keywords: Alismataceae; arteriolar tone; nitric oxide; prostaglandins; vasodilation
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4-AP: 4-aminopyridine; ABTS: 2 2-azino-di(3-ethylbenzothiazoline) sulfonic acid; ACh:
acetylcholine; ANOVA: analysis of variance; BHT: butylated hydroxytoluene; BK:
bradykinin; ButFr: n-butanol fraction; CaCl,: calcium chloride; cAMP: cyclic adenosine
monophosphate; cGMP: cyclic guanosine monophosphate; ChlFr: chloroform fraction; CO:
carbon dioxide; COX: cyclooxygenase; DPPH: 2 2-diphenyl-1-picrylhydrazyl; EDHF:
endothelium derived hyperpolarizing factor; EEEG: ethanolic extract from E. grandiflorus.
EDTA: ethylenediaminetetraacetic acid; eNOS: endothelial nitric oxide synthase; ET-1:
endothelin; GLB: glibenclamide; GTP: guanosine triphosphate; HexFr: hexane fraction;
HPLC-DAD: high performance liquid chromatography — diode-array detector; IPs: inositol
triphosphate; K*: potassium; KCI: potassium chloride; KH2PO4: monobasic potassium
phosphate; L-NAME: N(G)-nitro-L-arginine methyl ester; LC-MS: liquid chromatography-
mass spectrometry; MetFr: methanol fraction; MeOH: methanol; MgSOs4: magnesium
sulfate; MVB: mesenteric vascular bed; NaCl: sodium chloride; NaHCOgz: sodium
bicarbonate; NO: nitric oxide; NOS: nitric oxide synthase; O2: oxygen; PGH>: prostaglandin
H>; PGI2: prostacyclin; Phe: phenylephrine; PKA: protein kinase A; PP: perfusion pressure;
PSS: physiological saline solution; PVR: peripheral vascular resistance; SD: standard
deviation; SEM: standard error of the mean; sGC: soluble guanylyl cyclase; TEA:

tetraethylammonium; TXA2: thromboxane; UV: ultraviolet.

Introduction

In recent years, the species Echinodorus grandiflorus (Cham. & Schitdl.) Micheli
(Alismataceae) has gained prominence in Brazil. The infusion of its leaves has been used an
antihypertensive and diuretic agent by different native populations in South America for
many years. In fact, due to its extensive ethnobotanical use in Brazil (Brugiolo et al., 2009;
Bolson et al., 2015), the genus Echinodorus was included as an important hypolipidemic and
diuretic agent according to the herbal form of Brazilian Pharmacopoeia (Brazil, 2010; 2011).

Several preclinical pharmacological studies have presented E. grandiflorus as a
promising species for the treatment of cardiovascular diseases. Available data have shown
that different preparations obtained from the species could present diuretic (Prando et al.,
2015; 2016), anti-edematous (Garcia et al., 2010), antihypertensive (Prando et al., 2016;
Lessa et al., 2008) and vasodilatory effects (Tibirica et al., 2007).



92
03
04
95
96
97
08
99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

46

Currently, the main chemical constituents present in the species are known. Many
diterpenoids, alkaloids, saponins and tannins have been identified (Brugiolo et al., 2009,
Garcia et al., 2010). Moreover, phenolic compounds, mainly flavonoids C-glycosides
including isoorientin, isoorientin-O-rhamnoside, isoorientin-O-rhamnoside-dimethylether,
isoorientin 7,3'-dimethylether, swertiajaponin, swertiajaponin-O-rhamnoside, isovitexin,
isovitexin-O-rhamnoside, swertisin, and swertisin-O-rhamnoside have been recently
described (Prando et al., 2015; 2016).

Although different studies present E. grandiflorus as a promising agent in the
treatment of cardiovascular diseases, the molecular mechanisms involved in its vascular
activities remain unclear. So, the perfused mesenteric arterial bed was used to evaluate the
hypothesis that the ethanolic extract and semi-purified fractions obtained from E.
grandiflorus leaves also reduce peripheral vascular resistance, an effect that may contribute
to the cardiovascular effects of this species. In addition, the mechanisms involved in the

vascular effects of the semi-purified fraction with greater activity were also investigated.

Materials and methods
Drugs and solvents

The following drugs, salts and solutions were used: xylazine and ketamine
hydrochloride (from Syntec, Séo Paulo, SP, Brazil) and heparin (from Hipolabor, Sao Paulo,
SP, Brazil). Atropine, HOE-140, acetylcholine chloride (ACh), phenylephrine (Phe),
indomethacin, tetraethylammonium (TEA), 4-aminopyridine (4-AP), glibenclamide, sodium
deoxycholate, Nw-Nitro-L-arginine methyl ester (L-NAME), NaCl, KCI, NaHCO3, MgSQg,
CaCl,, KH2POg4, dextrose, and ethylenediaminetetraacetic acid were obtained from Sigma-
Aldrich (St. Louis, MO, USA). All other reagents were obtained in analytical grade.

Phytochemical study
Plant material and preparation of the ethanolic extract

Echinodorus grandiflorus leaves were collected on March 2017 in Dourados
(Brazil) at 436 m above sea level (S 22°12'10,6” and W 54°50'05,5"). A voucher specimen
was authenticated by Dr. Maria do Carmo Vieira under number DDMS 5470 and deposited

at the UFGD herbarium. Leaves were naturally dried for 2 days and then ground, yielding
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1.0 kg of dry powder. The dried material was ground and extracted by maceration (1:4 w/v)
for 7 days using ethanol (92.8%) as solvent. The resulting solutions were concentrated on a
rotary evaporator yielding 116 g (11.6%) of ethanolic extract from E. grandiflorus leaves
(EEEG).

Liquid-liquid fractionation of EEEG

EEEG (84.75 g) was solubilized in 240 mL of methanol/water (8:2) and sequentially
partitioned with hexane (HexFr), chloroform (ChlFr) and n-butanol (ButFr). Semi-purified
fractions were concentrated and lyophilized. The resulting fractions showed the following
yields: HexFr (9.84 g), ChlFr (7.76 g), and ButFr (13.41 g).
Phytochemical analysis and HPLC analysis
Content of phenolic compounds

The content of phenolic compounds of extract and fractions (concentration of 1000
pg/mL in methanol) was determined. For analysis, 100 uL of sample, 1.5 mL of an aqueous
solution of 2% sodium carbonate, 0.5 mL of Folin-Ciocalteu reagent (1:10 v/v), and 1 mL of
distilled water were used. Reading was performed after 30 min in spectrophotometer (700S
Femto) at wavelength of 760 nm (Djeridane et al., 2006). To calculate the content of phenolic
compounds, an analytic curve (1; 5; 10; 15; 30; 40 ug) was prepared using gallic acid as
standard. The result was expressed in mg of gallic acid per g of extract. All tests were

performed in triplicate.

Total flavonoids

The concentration of flavonoids was determined according to methodology proposed
by Lin and Tang (2007). For this, 500 uL of sample (concentration of 1000 pg/mL in
methanol) was mixed with 1.50 mL of methanol, 0.10 mL of 10% aluminum chloride, 0.10
mL of sodium acetate 1 mol/L and 2.80 mL of distilled water. After incubation for 40 min,
absorbance was measured at 415 nm in spectrophotometer (700S Femto). To calculate the

concentration of flavonoids, an analytic curve (0.1; 0.5; 1; 5; 10; 20 ug) using quercetin as
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standard was prepared. The result was expressed in mg of quercetin per g of extract. All tests

were performed in triplicate.

High-performance liquid chromatography (HPLC) with diode-array detector (DAD)

analysis

HPLC-DAD analysis of EEEG and fractions was conducted on Shimadzu device
equipped with conventional Phenomenex Gemini C18 (25cm x 4,6mm x 5 um). We used a
binary mobile phase consisting of water, 6% acetic acid, and 2 mmol/L sodium acetate
(eluent A), and acetonitrile (eluent B) with the following gradients: 0 min 5% B, 42 min 15%
B, 52 min 50% B, 57 min 100% B, and 60 min 5% B. The flow rate was 1 ml.min™* at 25 °C.
Standards of caffeic acid, p-coumaric acid, ferrulic acid and luteolin (Sigma, >97%) were
prepared at initial concentration of 1000 pug/mL. The concentrations of compounds were
determined by extern calibration after appropriate dilutions in the range of 0.01-10 pg/mL.

Analyses were performed in triplicate.

Pharmacological study
‘In vitro’ antioxidant potential

The antioxidant potential of EEEG and fractions was determined by the capture of
the radical 2,2-diphenyl-1-picrylhydrazyl (DPPH) and 2,2-azino-bis-3-ethylbenzothiazoline-
6-sulfonic acid (ABTS). For ABTS and DPPH assays, different concentrations of EEEG,
ButFr, HexFr and ChiFr fractions in methanol (10-100 pg/mL) were used. In DPPH assay,
500 pl of sample (EEEG and fractions) were added to 1 mL of DPPH solution that was
previous prepared and incubated for 30 min. Absorbance was recorded at 517 nm using
spectrophotometer (Fento 700S). In ABTS assay, 1980 uL of diluted ABTS solution were
added to 20 pL of sample (EEEG and fractions). Absorbance was recorded 6 min after initial
mixing at 734 nm using Fento 700S spectrophotometer. Assays were carried out in triplicate.

The inhibition percentage was determined using the following formula:
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(I1%) = (A0 — A/A0) x 100, where: A0 is the absorbance of control, and A is the absorbance
of samples.

IC50 value was determined by linear regression. Butylated hydroxytoluene (BHT) was used

as control in both assays.

Animals

Ten-week-old female Wistar rats weighing 230-250 g were randomized and housed
in plastic cages, with environmental enrichment, at 22 + 2 °C under 12/12 h light dark cycle,
55 + 10% humidity conditions, and ad libitum access to food and water. All experimental
procedures were approved by Institutional Ethics Committee of UFGD (protocol number
35/2017) and conducted in accordance with the Brazilian Legal Standards on Scientific Use

of Animals.

Isolation and perfusion of mesenteric vascular beds (MVBs)

Female rats were anesthetized with ketamine and xylazine (100 and 20 mg/kg,
respectively, by the intraperitoneal route). MV Bs were isolated and prepared using perfusion
methods described by McGregor (1965). First, the superior mesenteric artery was cannulated
and gently flushed with PSS (composition in mM: NaCl 119; KCI 4.7; CaCl2 2.4; MgSO4
1.2; NaHCO3 25.0; KH2PO4 1.2; dextrose 11.1; and EDTA 0.03) plus heparin (250 1U/mL)
to prevent blood clotting. After removal of the entire intestine, 10 mL of PSS were perfused
through the superior mesenteric artery, and the MVB was separated from the intestine. The
four main arterial branches from the superior mesenteric trunk running to the terminal ileum
were perfused. All other branches of the superior mesenteric vascular bed were tied off.
MVBs (n = 5) were placed in a water-jacketed organ bath and perfused (at 4 mL/min) with
PSS at 37 °C and gassed with 95% 0O2/5% CO2. Changes in perfusion pressure (PP, mm Hg)
were detected by a pressure transducer coupled to a PowerLab® recording system, and an
application program (Chart, v 4 .1; all from ADI Instruments; Castle Hill, Australia). After
equilibration (45 min), its integrity was checked by a bolus injection of KCI (120 mmol).
Then, to check the endothelial viability of preparations, different MVBs were continuously

perfused with PSS plus Phe (3 uM) to induce prolonged increase in perfusion pressure (PP).
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Under these conditions, a bolus injection containing ACh (1 nmol) was performed, and the
PP reduction was measured.

In order to chemically remove the endothelium of MVBs, some preparations were
perfused with PSS containing sodium deoxycholate (1.8 mg/mL) for 30 seconds. Then, the
system was perfused with regular PSS for additional 40 minutes for stabilization. So, to
confirm loss of endothelial responsiveness, preparations were continuously perfused with
PSS plus Phe (3 uM), and following sustained PP increase, a dose of ACh (1 nmol) was

directly applied into the perfusion system.

Effects of E. grandiflorus extract and semi-purified fractions on arterial MVBs

MV Bs with or without functional endothelium were continuously perfused with PSS
plus Phe (3 uM). After stabilization of PP increase, different preparations received bolus
injections containing EEEG, HexFr; ChlFr, and ButFr fractions (0.003, 0.01, 0.03, and 0.1
mg), and the PP reduction was measured. Each next dose was administered only after the
return of the perfusion pressure to the same level recorded before injection, with minimal

interval of 3 min between doses.

Investigation of mechanisms involved in the vascular effects of ButFr from EEEG

For these experiments, only the semi-purified fraction with the best activity in MVBs
(ButFr) was used. So, after recording the first dose-response curve to ButFr (0.01, 0.03, and
0.1 mg), MVBs were left to equilibrate for an additional period of 30-45 min. Then, different
MV Bs were perfused with PSS containing Phe (3 pM) plus the following agents, used alone
or combined: L-NAME (100 uM; a non-selective NO synthase inhibitor), indomethacin (1
UM; a non-selective cyclooxygenase inhibitor), atropine (1 pM; a muscarinic receptor
antagonist), HOE-140 (1 pM; a Bz bradykinin receptor antagonist), KCI (40 mM),
tetraesthylammonium (TEA 1 mM; a non-selective calcium-sensitive [KCa] K" channel
blocker), 4-aminopyridine (4-AP 10 uM; a voltage-dependent [KV] K* channel blocker), and
glibenclamide (GLB 10 uM; a selective Kir6.1 ATP-sensitive K* channel blocker). After 15
min of continuous perfusion, ButFr (0.01, 0.03, and 0.1 mg) was injected again into the
perfusion system. The ability of ButFr to reduce PP in the presence and absence of different

inhibitors was evaluated.
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Statistical analysis

Quantitative phytochemical data and antioxidant assays are presented as mean *
standard deviation (S.D.) of 3 measurements. MVB experiments are expressed as mean +
standard error of the mean (S.E.M) of 5 preparations per group. Statistical analyses were
performed using one-way analysis of variance (ANOVA) followed by Dunnett’s test, or
student’s t-test when applicable. P-values less than 0.05 were considered statistically
significant. Graphs were drawn and statistical analysis was carried out using GraphPad Prism
software version 5.0 for Mac OS X (GraphPad® Software, San Diego, CA, USA).

Results

Phytochemical analysis

EEEG presented high levels of phenolic compounds and flavonoids with an estimated
amount of 349.7 and 198.9 mg/g, respectively. Similarly, ButFr showed a significant
concentration of phenolic compounds and flavonoids with values significantly higher than
those found in HexFr and ChlFr fractions (Table 1).

Table 1.
Content of phenolic compounds and flavonoids in E. grandiflorus ethanol extract (EEEG)
and fractions, and their DPPH and ABTS radical scavenging

Phenolic compounds Flavonoids ABTS DPPH
Samples (malg) (malg) 1Cs0 (ng 1Cs0 (1g
/ml) /ml)
EEEG 349.7+1.0 198.9+0.8 558.1+0.9 78.1+0.3
ButFr 1129+ 1.1 385+0.1 6428+ 0.4 210.2+0.9
HexFr 45.6 £0.2 22.7+0.1 7675114 4344+17
ChlFr 56.1+0.2 24.0+0.1 7823+11 3782%10
BHT - - 96.9+0.3 15.8+0.1

Values are expressed as the mean + standard deviation. ABTS: 2 2-azino-di(3-
ethylbenzothiazoline) sulfonic acid; DPPH: 2 2-diphenyl-1-picrylhydrazyl; 1C50 = half
maximal inhibitory concentration; ButFr: Butanolic fraction; HexFr: Hexane
fraction; Chl: chloroform fraction; BHT: butylated hydroxytoluene.
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The main compounds found in EEEG and ButFr were identified on the basis of
HPLC-DAD retention time using standard compounds. These compounds were identified as:
caffeic acid (tr 14.66 min [1]), p-coumaric acid (tr 24.68 min [2]), ferrulic acid (tr 31.05 min
[3]), and luteolin (tr 52.68 min [4]) (Figure 1). Moreover, the estimated caffeic acid, p-
coumaric acid, ferrulic acid, and luteolin levels of EEEG were 45.7, 58.3, 59.8, and 12.7
mg/g, respectively. On the other hand, although luteolin was not found in ButFr, the caffeic
acid, p-coumaric acid, and ferric acid levels were estimated at 21.6, 24.3, and 25.5 mg/qg,
respectively. The HexFr and ChlFr fractions did not show any of the compounds identified
(Table 2).

2 3
_ 154 1
51 e P . Y
10 20 40 50 )

T
Retention time (min)

Fig. 1. Chromatographic profile of the ethanolic extract obtained from E. grandiflorus
(EEEG). Caffeic acid (tr 14.66 min [1]), p-coumaric acid (tr 24.68 min [2]), ferrulic acid (tr
31.05 min [3]), and luteolin (tr 52.68 min [4]).

Table 2.
Chemical composition of the E. grandiflorus ethanol extract (EEEG) and fractions analyzed
by HPLC-DAD

Retention Concentration (mg/g)

Compound time

(min) EEEG ButFr HexFr  ChIFr
Caffeic acid 14.66 457+0.1 216+0.1 * *
p-coumaric acid 24.68 58.3+0.2 243+£01 * *
Ferrulic acid 31.05 50.8+0.1 255+02 * *
Luteolin 52.68 12.7+0.1 * * *

Values are expressed as the mean + standard deviation. ButFr: Butanolic fraction;
HexFr: Hexane fraction; Chl: chloroform fraction; HPLC-DAD: high-performance
liquid chromatography with a diode-array detector; *: not detected.
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EEEG extract and its fractions showed significant antioxidant properties

E. grandiflorus ethanolic extract and ButFr, HexFr and ChlFr fractions showed
important DPPH and ABTS radical scavenging activities (Table 1). In fact, proportionally to
the concentration of phenolic compounds, flavonoids and flavonols, the 1Cso values measured

for EEEG and ButFr were significantly lower than those found for HexFr and ChlFr fractions.

EEEG and ButFr from E. grandiflorus induce expressive vasodilator effects on MVBs

The continuous perfusion of MVBs with Phe resulted in a sustained increase in the
vascular perfusion pressure, which was dose-dependently reduced by EEEG and ButFr
administration into the perfusion system. EEEG vasodilator response was estimated at ~ 9.9
and 13 mm Hg at doses of 0.1 and 0.3 mg (Figure 2A), respectively. Moreover, it was found
that ButFr was able to induce an expressive dose-dependent vasodilator response in MVBs.
The PP reduction values for doses of 0.1, and 0.3 mg were ~ 10 and 28 mm Hg, respectively
(Figure 3A and B). ChlFr and HexFr fractions did not induce significant vasodilator effects
on MVBs (Figure 2B and C).
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Fig. 2. Effects of E. grandiflorus crude extract (EEEG) and its semi-purified fractions on MVBs of rats. MVBs were perfused with
physiologic saline solution (PSS) containing Phe (3 pM) and the vasorelaxant effect of EEEG (A), ChlFr (B), and HexFr (C) was
evaluated. The results show the mean £ S.E.M. of 5 preparations. ? indicates p < 0.05 compared with the perfusion pressure recorded
before the administration of extracts. ° indicates p < 0.05 compared with the previous dose. All experiments were performed in
endothelium-intact preparations. C: control (basal perfusion pressure); MVBs: mesenteric vascular beds; Phe: phenylephrine.
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Fig. 3. ButFr promotes dose-dependent vasorelaxant effect on MVBs. MVBs were perfused with physiologic saline solution (PSS)
containing Phe (3 uM) and the vasorelaxant effect of ButFr (A) was evaluated. (B) Perfusion pressure recording of acetylcholine and
ButFr injection in the mesenteric vascular beds of rats. The results show the mean =+ S.E.M. of 5 preparations. ® indicates p < 0.05
compared with the perfusion pressure recorded before ButFr administration. ® indicates p < 0.05 compared with the previous dose. All
experiments were performed in endothelium-intact preparations. C: control (basal perfusion pressure); MVBs: mesenteric vascular beds;
Phe: phenylephrine.

The vascular effect of ButFr is dependent on endothelial mediators
Treatment with sodium deoxycholate inhibits the effects of ACh on MVBs, confirming the efficacy of chemically removing the
endothelium. Similarly, the peak effect of ButFr doses (0.1, and 0.3 mg) was decreased by 80 + 7 and 99 * 4%, respectively, in

preparations without functional endothelium (Figure 4A). Similarly, the effects of ButFr doses (0.1, and 0.3 mg) were reduced by 40 £
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5% and 50 = 8% in MVBs perfused with L-NAME, and by 70 + 3% and 51 + 6% in preparations perfused with indomethacin (Figure
4B and C). On the other hand, the vasodilator effect of ButFr was completely inhibited in preparations perfused with L-NAME plus

indomethacin (Figure 4D).
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Fig. 4. Vasorelaxant effect of ButFr depends on endothelium mediators in the MVBs of rats. MV Bs were perfused with PSS containing
Phe (3 uM) on denuded endothelium (A) or plus L-NAME (B), or plus indomethacin (C), or with L-NAME plus indomethacin (D) on
intact endothelium, and the vasorelaxant effect of ButFr was evaluated. The results show the mean + S.E.M. of 5 preparations. ?indicates
p < 0.05 compared with the effects of ButFr on the respective vehicle group. °indicates p < 0.05 compared with the respective previous
dose. End - and End +: denuded and intact endothelium, respectively; INDO: indomethacin; L-NAME: N°-nitro-L-arginine methyl ester;
MVBs: mesenteric vascular beds; Phe: phenylephrine.

The effects of ButFr on MVBs depends on a coordinated action involving Ms-muscarinic and B-bradykininergic receptors
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Reductions in PP generated by 0.1 and 0.3 mg of ButFr in control preparations were reduced by ~ 40 = 4% and ~ 52 + 7% in
MVBs perfused with atropine and by ~ 39 + 3% and ~ 58 + 5% after PSS perfusion with HOE-140 (Figure 5A-B). Interestingly,

simultaneous treatment (co-administration) with atropine and HOE-140 (Figure 5C) inhibited vasorelaxation induced by all ButFr doses.
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Fig. 5. Vasorelaxant effect of ButFr depends on a coordinated action involving Mz-muscarinic and B-bradykininergic receptors. MVBs
were perfused with PSS containing Phe (3 uM) plus atropine (A), or HOE-140 (B), or atropine plus HOE-140 (C) on intact endothelium,
and the vasorelaxant effect of ButFr was evaluated. The results show the mean + S.E.M. of 5 preparations. ?indicates p < 0.05 compared
with the effects of ButFr on the respective vehicle group. ® indicates p < 0.05 compared with the respective previous dose. MVBs:
mesenteric vascular beds; Phe: phenylephrine.

The effects of ButFr on MVBs is dependent on the activation of calcium-activated potassium channels
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The perfusion of MVBs with nutritive solution added of 40 mM KCI inhibited the effects of ButFr (Figure 6A). Interestingly,
PSS perfusion with TEA (Figure 6B) inhibited vasorelaxation induced by all ButFr doses. On the other hand, only minor effects were
observed after perfusion of 4-AP or GLB (Figure 6C).
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Fig. 6. Vasorelaxant effect of ButFr depends on calcium-sensitive K* channels in the MVBs of rats. MVBs were perfused with PSS
containing Phe (3 uM) plus KCI (A), or TEA (B), or GLB (C), or 4-AP (D) on intact endothelium, and the vasorelaxant effect of ButFr
was evaluated. The results show the mean + S.E.M. of 5 preparations. ? indicates p < 0.05 compared with the effects of ButFr on the
respective vehicle group. ° indicates p < 0.05 compared with the respective previous dose. 4-AP: 4-aminopyridine; GLB: glibenclamide;
MVBs: mesenteric vascular beds; Phe: phenylephrine; TEA: tetraethylammonium.
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Discussion

Echinodorus grandiflorus is an important medicinal species known for its diuretic and
antihypertensive effects (Prando et al., 2015; 2016; Lessa et al., 2008). Although some
preclinical studies have shown the effectiveness of various preparations obtained from E.
grandiflorus in different animal models, the effects on peripheral vascular resistance remain
unknown. In this work, ethanolic extract of leaves of this species was obtained and a detailed
chemical and pharmacological study was carried out. In fact, the main metabolites present in
this preparation were identified, showing that EEEG and its ButFr fraction have important
vasodilatory effects on MVBs. Furthermore, we have shown that these effects are brought about
by a synchronized activation of Mz-muscarinic and B2-bradykininergic receptors, leading to the
release of prostaglandins and NO, and consequently, modulating the opening of calcium-
dependent potassium channels.

The spectrum of secondary metabolites found in E. grandiflorus is quite varied and
influenced mainly by the collection area and extraction techniques. Several phytochemical
studies indicate the existence of multiple classes of secondary metabolites in different
preparations obtained from this species, especially phenolic compounds, including a large
amount of flavonoids (Brugiolo et al., 2009; Garcia et al., 2010; Prando et al., 2015; 2015). In
our study phenolic compounds was identified and quantified in EEEG and ButFr, specifically
caffeic acid, p-coumaric acid, ferrulic acid, and luteolin. Moreover, similarly to other studies
already published (Prando et al., 2015; 2016) and proportionally to the concentration of
phenolic compounds and flavonoids, EEEG and ButFr showed significant antioxidant
activities, which may, directly or indirectly, influence the cardioprotective effects presented.

Some published data have shown that caffeic acid (Leeya et al., 2010), ferrulic acid
(Senejoux et al., 2012), and luteolin (Sanchez de Rojas et al., 1996; Jiang et al., 2005) have
vasodilatory effects on the aortic rings of rats by activation of the NO/cGMP pathway and the
opening of different potassium channels. Although these effects have already been
demonstrated, the roles of these compounds, in an integrated manner, on the vasodilatory effects
of E. grandiflorus remain unclear.

Many studies evaluating the effects of different natural products on the cardiovascular
system use the aortic rings of rats as an experimental model (McNeill and Jurgens, 2006).
Despite being considered a scientifically validated model, it does not accurately reproduce the
effects on vessels that can directly influence blood pressure levels, i.e. resistance vessels.
Resistance vessels are usually arterioles or end-points of arteries, which together with cardiac
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output play a fundamental role in controlling blood pressure. Although the thick muscular layer
plays a central role in the reduction of capillary perfusion pressure, its tone is mainly controlled
through the synthesis and release of several endothelial mediators. In fact, endothelial mediators
can be vasodilator factors such as NO, prostacyclin (PGlz) and endothelium derived
hyperpolarizing factor (EDHF) or vasoconstrictive factors such as thromboxane (TXA2) and
endothelin-1 (ET-1) (Tykocki et al., 2017).

Starting from this hypothesis, we chose to evaluate whether EEEG and its respective
fractions have significant vasodilator effects on MVBs, and in addition, if these effects are
dependent on endothelial integrity. In fact, we have shown that EEEG and ButFr have
significant endothelium-dependent vasodilator effect on MVBs, since removing the
endothelium by sodium deoxycholate inhibited the vasodilator effects of this extracts. The data
found would allow us to speculate that possibly the EEEG and ButFr-mediated vasodilator
effects may be involved in the release of important endothelial mediators, such as NO, PGl>
and EDHF.

NO is formed by enzyme nitric oxide synthase (NOS), which converts amino acid L-
arginine into NO (Palmer et al., 1988). There are three isoforms of NOS, and endothelial NOS
(eNOS) produce NO in the vasculature (Lamas et al., 1992). Once produced, NO diffuses to the
increases the conversion of guanosine triphosphate (GTP) to cGMP, which decreases smooth
muscle tension (lgnarro et al., 1986). Further, cGMP reduces Ca®* release from the
sarcoplasmic reticulum in the smooth muscle cell, and also helps to restore Ca?* to the
sarcoplasmic reticulum. Both actions reduce the contraction of smooth muscle cells (Cornwell
et al., 1991). In addition, some data have shown that non-selective NOS inhibitors, such as L-
NAME, can significantly reduce the vasodilatory effect of drugs that depend on the endogenous
release of NO (Cohen et al., 1995). In fact, our data corroborate this hypothesis and highlight
the importance of NO in maintaining the vasodilator effects of EEEG and ButFr, since prior
infusion of L-NAME partially reduced the vasodilator effects of these compounds.

Another endothelium-dependent mediator that plays a central role in maintaining
vascular tone is prostacyclin (PGly). Its production is catalyzed by enzyme cyclooxygenase
(COX). Endothelial cells continuously express the COX-1 isoform, whereas COX-2 is
produced when the endothelium is injured or exposed to some cytokines (Flavahan, 2007). It is
known that COX converts arachidonic acid into prostaglandin H> (PGH2), which in turn is
synthesized to PGI, by prostacyclin synthase. PGI> binds to receptors on smooth muscle cells
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where it activates adenylate cyclase and induces the synthesis of cyclic adenosine
monophosphate (CAMP). cCAMP activates protein kinase A and induces vasodilation (Fetalvero
et al., 2007). An interesting point relates to the intricate relationship between PGI, and
endothelial NO. In fact, physiological endothelial function appears to be more dependent on
NO than PGI,. However, in situations where NO synthesis is reduced or blocked, the residual
dilation is due to increased PGl synthesis (Beverelli et al., 1997), suggesting the compensatory
role of PGl in the vascular tone. In order to prove the relationship between PGl and NO
regarding the effects of E. grandiflorus extracts, we showed that indomethacin, a non-selective
COX inhibitor, reduced the vasodilator effects of EEEG and ButFr, while the association
between L-NAME and indomethacin inhibited the vasodilator effects of both extracts.

In the vascular system, one of the main activators of NO and PGl synthesis is Ca®*.
When intracellular Ca®* levels increase, NOS detaches from a protein called caveolin and is
activated (Bucci et al., 2000). Similarly, Ca?* functions as an important catalyzer for the
activation of phospholipase A2, a key enzyme for the synthesis of prostanoids. Thus, increased
intracellular Ca?* directly contributes to increases in NO and PGl levels. Some endogenous
mediators including bradykinin (BK) and acetylcholine (ACh) play an important role in
increasing intracellular Ca?* concentrations (Moncada and Higgs, 2006). In vascular
endothelium, ACh via M3 and BK by B2 receptors activates phospholipase C by increasing the
inositol triphosphate (IP3) levels, which mobilizes Ca*? from the cellular sarcoplasmic
reticulum. Knowing the importance of these mediators in the release of NO and PGl,, we
decided to investigate whether the vasodilating effects of EEEG and ButFr would also be
dependent on ACh and BK receptors. Surprisingly, the use of atropine and HOE-140 in an
isolated manner reduced the vasodilator effects of the extracts tested, although the association
between them inhibited the vasodilator effects induced by EEEG and ButFr.

For at least 20 years, it has been known that both ACh and BK exert vasodilator effects
also with the participation of EDHF (Cohen and Vanhoutte, 1995). Although EDHF is a known
substance that hyperpolarizes the smooth muscle leading to vasodilation (Feletou and
Vanhoutte, 1988), our data excluded its participation since L-NAME and indomethacin
completely blocked the vasodilatory effects of EEEG and ButFr. On the other hand, NO and
PGI2 can also dilate blood vessels through hyperpolarization of smooth muscle cells,
suggesting the involvement of potassium channels. So, to explore the role of potassium
channels in the vasodilator effects of EEEG and ButFr, we evaluated their ability to reduce the
perfusion pressure in preparations perfused with high KCI (40 mM), a condition able to
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suppress K* flows across cellular membranes (Brayden, 1996). In fact, since potassium flow
blockade inhibits the vasodilator effects of E. grandiflorus extracts, it is possible that the
modulation of K* flows could be involved in the vasodilator response observed in MVBs. This
hypothesis was addressed using TEA, a classical KCa K* channel blocker, which caused total
reduction in the vascular effects of EEEG and ButFr. Taking into account that the downstream
targets of the NO and PGI, pathway in the blood vessels include opening of K* channels
(Totzeck et al., 2017; Tykocki et al., 2017), and the lack of responses to EEEG and ButFr after
treatment with TEA, it is reasonable to suggest that K* channels are directly involved in the

vasodilator effects observed in MVBs.

Conclusion

This study showed that EEEG obtained from Echinodorus grandiflorus and its butanolic
fraction - ButFr - have important vasodilatory effects on MVBs. Apparently, these effects are
dependent on endothelial M3-muscarinic and B»-bradykininergic receptors inducing NO and
PGl release followed by KCa K* channel activation in the vascular smooth muscle. This study

opens perspectives for the use of EEEG or ButFr in situations where PVR reduction is required.
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