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APRESENTACAO

A presente dissertacdo tem como propdsito demonstrar o potencial anti-hipertensivo, e o
efeito protetor nos sistemas cardiovascular e renal, do extrato aquoso obtido da planta medicinal
Blutaparon portulacoides (A.St.-Hil.) Mears, aproveitando de toda a matéria vegetal (raizes, caule
e folhas). Foram utilizados ratos espontaneamente hipertensos, com 6 meses de idade, com o intuito
de assimilar as condices fisioldgicas encontradas em homens adultos, visto que esta parcela da
populacdo é a mais afetada pela comorbidade, segundo os dados das pesquisas nacionais de salde
dos anos de 2013 e 2019. A pesquisa se encontra concluida e para o seu desenvolvimento foram
feitas as seguintes andlises: determinacdo do potencial toxicoldgico, observacdo de possiveis
alteracbes comportamentais dos animais, caracterizacdo dos componentes fitoquimicos e
principios ativos, averiguacdo dos efeitos sistémicos na utilizacdo da planta e, analise dos
mecanismos farmacologicos envolvidos na sua atividade anti-hipertensiva no sistema
cardiorrenais.

Este documento esta estruturado de acordo com as normas estabelecidas pela Resolucéo
PPGANS/FCS n° 268, de 22 de novembro de 2018, que dispde sobre o Regulamento do Programa
de P6s-Graduacdo em Alimentos, Nutricdo e Saude da Universidade Federal da Grande Dourados.
O arquivo é constituido de elementos pre-textuais, introducao, revisdo da literatura, objetivo geral,
objetivos especificos e o artigo cientifico, o qual apresenta dados sobre os métodos, os resultados
e a discussao da pesquisa. O artigo esta de acordo com as normas da revista Planta Medica, na qual

foi submetido, e é apresentado na lingua inglesa, de acordo com as normas de Vancouver.



RESUMO

A Hipertensdo arterial sistémica (HAS) é uma doenca crénica, multifatorial e néo
transmissivel, em que se verifica uma elevacdo persistente da pressdo sistélica e/ou diastélica >
140 e/ou 90 mmHg. A Blutaparon portulacoides (A.St.-Hil.) Mears é uma espécie de planta
brasileira que é amplamente utilizada na medicina popular. O presente estudo investigou os efeitos
cardiovasculares e renais do extrato aquoso de B. portulacoides (EABP) contra a hipertensdo em
ratos espontaneamente hipertensos (SHR). Primeiramente, foi realizada a coleta do herbaceo para
0 preparo do extrato aquoso, para isso, foi utilizada a planta inteira (raizes, caules e folhas). Em
sequéncia, a composicdo quimica foi analisada por espectrometria de massa em cromatografia
liquida de ultra performance (ESI-MS). Depois, a toxicidade aguda foi avaliada por 14 dias em 10
ratas fémeas Wistar com 90 dias de idade. Em seguida, apds comprovada a seguranca do EABP,
foi realizada a diurese prolongada em ratos com 180 dias de idade, sendo 50 ratos machos SHR
divididos em 5 grupos experimentais (n=10) e 10 ratos machos Wistar-Kyoto (grupo naive), 0s
animais foram tratados uma vez ao dia por 28 dias com diferentes doses do extrato EABP (30, 100
e 300 mg/kg), hidroclorotiazida (HCTZ; 25 mg/kg) e agua filtrada (controle negativo e naive: 10
ml/kg). A atividade diurética foi avaliada nos dias 1,14 e 28. Além disso, o papel das
prostaglandinas e do 6xido nitrico-ciclico guanosina monofosfato de potassio (NO-cGMP-K*) na
atividade diurética também foi investigado, foram utilizados 30 ratos machos SHR divididos em 5
grupos experimentais (n=6) e 6 ratos machos Wistar-Kyoto (grupo naive), 0s animais receberam
doses de indometacina (5 mg/kg), L-nitro-arginina-metil-éster (60 mg/kg), azul de metileno (100
mg/kg), tetraetilamdnio (10 mg/kg) e agua filtrada (CN e naive: 5 ml/kg), e apos 1 hora foram
tratados com EABP (300 mg/kg), HCTZ (25 mg/kg), e agua filtrada (CN e naive 0,2 ml/100 g). Ao
final dos tratamentos, os animais foram submetidos a avaliacdo da atividade eletrocardiografica,
pressdo arterial sistélica (PAS), pressdo arterial diastdlica (PAD), pressao arterial média (PAM) e
frequéncia cardiaca (FC) pelo método direto. Em seguida, o leito vascular mesentérico (LVM) e o
rim esquerdo foi isolado e preparado para perfusdo, para avaliar a reatividade vascular frente a
diferentes concentracfes de substancias vasoativas (fenilefrina, angiotensina Il, acetilcolina e
nitroprussiato de sodio). Além disso, foram coletadas amostras de sangue para analises bioquimicas
séricas, assim como as amostras teciduais de artéria aorta, coracdo e o rim contralateral, obtidas
para investigacao do sistema antioxidante tecidual, peso relativo, morfometria cardiaca e histologia

de aludidos tecidos. A anélise fitoquimica identificou a presenca de &cido cafeico, acido ferdlico e



véarios flavonoides no EABP. Como dito anteriormente, o extrato ndo apresentou toxicidade ou
qualquer sinal de alteracdo comportamental foi observado em ratas Wistar. Por fim, o tratamento
prolongado com EABP (300 mg / kg) induziu atividade diurética significativa em ratos machos
pela ativagdo da via do canal NO-GMPc-K". Esses efeitos reduziram a pressao arterial e o estresse
oxidativo e preveniram a disfuncdo vascular renal e a hipertrofia ventricular esquerda induzidas

pela hipertenséo.

Palavras-chave: Amaranthaceae; anti-hipertensivo; antioxidante; cardioprotetor; seguranca.



ABSTRACT

Systemic arterial hypertension (SAH) is a chronic, multifactorial and non-communicable
disease, in which there is a persistent elevation of systolic and/or diastolic pressure > 140 and/or
90 mmHg. Blutaparon portulacoides (A.St.-Hil.) Mears is a Brazilian plant species that is widely
used in folk medicine. The present study investigated the cardiovascular and renal effects of
aqueous extract of B. portulacoides (AEBP) against hypertension in spontaneously hypertensive
rats (SHR). First, the herbaceous was collected for the preparation of the aqueous extract, for this,
the whole plant (roots, stems and leaves) was used. In sequence, the chemical composition was
analyzed by mass spectrometry in ultra performance liquid chromatography (ESI-MS). Then, acute
toxicity was evaluated for 14 days in 10 female Wistar rats at 90 days of age. Then, after proving
the safety of AEBP, prolonged diuresis was performed in 180-day-old rats, with 50 male SHR rats
divided into 5 experimental groups (n=10) and 10 male Wistar-Kyoto rats (haive group), the
animals were treated once a day for 28 days with different doses of AEBP extract (30, 100 and 300
mg/kg), hydrochlorothiazide (HCTZ; 25 mg/kg) and filtered water (negative control and naive: 10
ml/kg). The diuretic activity was evaluated on days 1, 14 and 28. In addition, the role of
prostaglandins and cyclic nitric oxide potassium guanosine monophosphate (NO-cGMP-K*) in
diuretic activity was also investigated, using 30 male SHR rats divided into 5 experimental groups
(n=6) and 6 male Wistar-Kyoto rats (naive group), the animals received doses of indomethacin (5
mg/kg), L-nitro-arginine-methyl-ester (60 mg/kg), methylene blue (100 mg/kg),
tetraethylammonium (10 mg/kg) and filtered water (NC and naive: 5 ml/kg), and after 1 hour they
were treated with AEBP (300 mg/kg), HCTZ (25 mg/kg), and filtered water (CN and naive 0.2
ml/100 g). At the end of the treatments, the animals were submitted to the evaluation of
electrocardiographic activity, systolic blood pressure (SBP), diastolic blood pressure (DBP), mean
blood pressure (MAP) and heart rate (HR) by the direct method. Then, the mesenteric vascular bed
(MVL) and the left kidney were isolated and prepared for perfusion to assess vascular reactivity to
different concentrations of vasoactive substances (phenylephrine, angiotensin 11, acetylcholine and
sodium nitroprusside). In addition, blood samples were collected for serum biochemical analyses,
as well as tissue samples from the aorta, heart and contralateral kidney, obtained to investigate the
tissue antioxidant system, relative weight, cardiac morphometry and histology of the
aforementioned tissues. Phytochemical analysis identified the presence of caffeic acid, ferulic acid

and several flavonoids in the AEBP. As previously mentioned, the extract did not show toxicity or



any sign of behavioral change was observed in Wistar rats. Finally, prolonged treatment with AEBP
(300 mg/kg) induced significant diuretic activity in male rats by activating the NO-cGMP-K*
channel pathway. These effects reduced blood pressure and oxidative stress and prevented
hypertension-induced renal vascular dysfunction and left ventricular hypertrophy.

Keywords: Amaranthaceae; antihypertensive; antioxidant; cardioprotective; safety.
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1 INTRODUCAO

As doencas cardiovasculares (DCVs) representam o principal motivo de morbimortalidade
no mundo, contribuindo com 30% dos 6bitos globais, desses casos, mais de 80% dos ébitos tem
como causa o infarto do miocardio e o acidente vascular cerebral (WHO, 2016). Destaca-se a
hipertenséo arterial sistémica (HAS), na sua preponderante associacao direta e indireta nos casos
supracitados. A HAS é responsavel, ao menos, por 50% das mortes prematuras por DCVSs, e estima-
se que afete mais de 1 bilhdo de pessoas no mundo (WHO, 2013). No entanto, continua amplamente
indetectada, subdiagnosticada, subtratada e mal controlada, sendo um dos principais fatores de
risco-chave que bem administrado pode contribuir para o enfrentamento das DCVs no planeta
(WHO, 2016).

As intervencdes farmacoldgicas e ndo-farmacoldgicas séo de extrema importancia para a
prevencdo e controle da HAS, uma vez que cerca de 60% dos brasileiros hipertensos ndo controlam
a Pressdo arterial (PA) mesmo com o uso de medicacdo. Sendo assim, a associacao de terapéuticas
se faz necesséria, eficaz e benéfica para a reducao da PA, assim como, para a diminuigéo de eventos
cardiovasculares futuros ou reincidentes (CASEY et al., 2018). Logo, alteracdes no estilo de vida
e 0 uso regular de medicamentos sdo necessarios, podendo entdo, contar com uma vasta classe de
medicamentos antihipertensivos existentes (MALACHIAS et al., 2016b).

Entretanto, em paises de baixa e média renda, 0 acesso ao tratamento antihipertensivo é
reduzido devido ao seu alto custo (WHO, 2013), em vista que, muitos individuos fazem uso de
uma combinacao de medicamentos, tornando a politerapia medicamentosa onerosa. Por isso, dentre
as alternativas disponiveis, as plantas medicinais se destacam por seu uso ser culturalmente aceito,
difundido pela populacdo e transmitido ao longo de geracdes (DUTRA et al., 2016). Por isso, a
implementacao de terapéuticas eficazes pode contribuir para a solu¢do da problematica, desde que
haja adesdo popular. Diante deste cenario, as terapias alternativas com comprovacao farmacologica
podem ser cruciais no tratamento da hipertensdo (CHEN et al., 2019). Outrossim, grupos de
pesquisas e estudos cientificos regionais e nacionais buscam prospectar novas espécies nativas que
apresentam eficacia na terapéutica das doencas cardiovasculares (TIRLONI et al., 2018).

O estudo de Coelho et al. (2019) identificou e classificou inUmeras espécies nativas
consumidas pela populacdo da regido da Grande Dourados, a pesquisa apontou que os herbaceos

da familia Amaranthaceae eram um dos mais utilizados e indicados para o tratamento de disturbios
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organicos, dentre eles, o cardiovascular. Com efeito, existem alguns modelos experimentais que
testaram diferentes extratos de plantas nativas brasileiras e demonstraram efeitos antihipertensivos
em ratos (DE PAULA VASCONCELOS et al., 2018) e cardioprotetores em coelhos alimentados
com uma dieta rica em colesterol (GASPAROTTO et al., 2018) Pelo exposto, em meio as
potencialidades, encontra-se a Blutaparon portulacoides (Amaranthaceae), uma espécie de planta
medicinal nativa do Brasil, popularmente conhecida como “capotiragua”, “pirrixiu” ¢ “bredo-de-
praia” (SALVADOR et al., 2002; PEREIRA et al., 2009). A infusdo de toda a planta é
tradicionalmente usada para o tratamento de leucorréia e vulvovaginite (SALVADOR et al., 2002).

Portanto, pesquisas etnobotanicas aliadas a grande biodiversidade brasileira, tornam
possivel a investigacdo das propriedades farmacoldgicas de plantas medicinais, e assim,
evidenciam seus potenciais de acdo, comprovam cientificamente o seu uso e, eventualmente,

prospectam novos produtos para o tratamento de doengas cardiovasculares.
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2 REVISAO DA LITERATURA

2.1 Hipertenséo arterial

A HAS ¢é uma doenca cronica, multifatorial e ndo transmissivel, em que se verifica uma
elevagdo persistente da pressao sistolica e/ou diastolica > 140 e/ou 90 mmHg (CASEY et al., 2018).
Em seus estagios iniciais raramente apresenta sintomas e, por conta disso, a deteccao precoce da
HAS ¢é prejudicada, o que dificulta a adesdo aos cuidados necessarios para o tratamento. Uma vez
instaurada a condicdo, a reversdao do quadro resta impossibilitada (WHO, 2013). Logo, essas
circunstancias facilitam a instauracdo da patologia e implicam em inimeras alterac6es estruturais
e metabolicas para o organismo. Consequentemente, todos estes fatos contribuem para a ocorréncia
dos altos indices de prevaléncia e morbimortalidade mundial (BARROSO et al., 2021).

A pressdo elevada pode ser ocasionada por diversos fatores como a genetica, questfes
socioecondmicas e/ou ambientais, faixa etaria (principalmente em idosos), género (preponderante
em homens adultos e mulheres na p6s-menopausa), etnia (embora as pesquisas nacionais nao
demonstrem diferencas significativas) e, principalmente, o estilo de vida, como a alta ingestao de
sodio, potassio, alimentos industrializados e gorduras saturadas, assim como, o sedentarismo, o
alcoolismo e o tabagismo (MALACHIAS et al., 2016a). A HAS e os habitos de vida séo fatores
modificaveis fortemente relacionados a distirbios metabolicos que podem induzir modificacGes
funcionais e/ou estruturais de o6rgdos-alvo (MALACHIAS et al., 2016a). Essa situacdo pode ser
agravada pela combinacao de outros fatores de risco, como a obesidade abdominal, a dislipidemia,
a intolerancia a glicose e a DM (MALACHIAS et al., 2016a; BRASIL, 2016; BRASIL, 2020;
BARROSO et al., 2021).

Apesar da alta prevaléncia a HAS é uma condi¢do clinica que continua amplamente
indetectada, subdiagnosticada, subtratada e mal controlada, e afeta mais de 1 bilhdo de pessoas no
mundo. E a maior causa de mortes prematuras no planeta e é responsavel, ao menos, por 50% das
mortes prematuras DCVs (WHO, 2013). No Brasil, de acordo com a Pesquisa Nacional de Saude
(PNS) de 2019, a prevaléncia de adultos hipertensos diagnosticados foi de 23,9%, afetando 21,1%
dos homens e 26,4% das mulheres, e a proporcdo de individuos acometidos pela doenca cresce
conforme a idade aumenta. Outrossim, ocorre em 2,8% da populacdo de jovens adultos entre os 18

a 29 anos e afeta 20,3% dos adultos entre os 30 a 59 anos. Esses nimeros sobem drasticamente
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para 46,9% entre idosos de 60 a 64 anos, 56,6% para a populacdo entre os 65 a 74 anos e 62,1%
para aqueles com 75 anos de idade ou mais (BRASIL, 2020).

As DCVs representam o principal motivo de morbimortalidade no mundo e contribuem
com 30% dds Obitos globais, desses casos, mais de 80% tém como causa o infarto do miocéardio e
0 acidente vascular cerebral, destaca-se a associacdo direta ou indireta da HAS nesses eventos
(WHO, 2016). No Brasil, de acordo com a Diretriz Brasileira de Hipertensdo, o percentual de 6bitos
em 2017 devido as DCVs foi de 27,3% e representaram 22,6% das mortes prematuras no pais entre
pessoas de 30 a 69 anos de idade. A HAS foi responsavel pelo falecimento de 667.184 pessoas
entre 0s anos de 2008 a 2017 e acarretou em um alto custo ao sistema de salde publico, superior
ao gastos com doencas cronicas, por exemplo, como a DM e a obesidade ( BARROSO et al., 2021).

A Sociedade Americana de Hipertensdo estabeleceu novos parametros para a condicao de
hipertenséo e passou a englobar a pré-hipertensdo como fator de risco (130/139 e/ou 80/89 mm
Hg) (CASEY et al., 2018; MALACHIAS et al., 2016a). Sendo assim, conforme a PNS de 2013, a
prevaléncia de HAS no Brasil ira de 32,5% para 63,2% em individuos adultos, ao incluir os pré-
hipertensos. Por isso, surge a necessidade do monitoramento e controle dos niveis de PA, em vista
dos enormes beneficios que poderéo ser proporcionados a populagéo e ao sistema de satde publica
(MALACHIAS et al., 2016b).

E importante ressaltar que a tematica se traduz em um dos grandes desafios mundiais,
especialmente para aos paises de média e baixa renda, uma vez que 80% das pessoas afetadas pela
enfermidade vivem nessas regifes. A HAS é uma doenca prevenivel e facilmente tratavel, porém,
quase 50% dos adultos hipertensos desconhecem a sua condicdo de satde, e menos de 50% destes
sdo diagnosticados e recebem tratamento. Além disso, menos de 20% dos diagnosticados e tratados
conseguem controlar a pressdo ao longo da vida. Por fim, torna-se crucial a elaboracgéo, o
desenvolvimento e a implementacdo de estratégias na atencdo basica para o enfrentamento da

hipertensdo e das doencas cardiovasculares (WHO, 2021).

2.2 Endotélio vascular

O endotélio vascular (EV) é uma membrana composta por uma fina camada de células

endoteliais (CES) que revestem o interior dos vasos e formam uma importante barreira biologica e
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mecénica. As CES controlam o ténus e o transito vascular, a pressdo sanguinea, e a permeabilidade
vascular, e atuam diante de alteracbes hemodindmicas e metabdlicas no limen dos vasos
sanguineos de todo o corpo. Logo, serd um dos primeiros mecanismos de regulacdo ativados pelo
organismo nas eventuais alteracdes de pressao sanguinea, com o intuito de promover a homeostase,
através da liberacdo de fatores de relaxamento ou contracdo dependentes de endotélio em resposta
aos estimulos. Entretanto, a elevacédo persistente da PA promove um desequilibrio de suas funcbes
e estruturas, o que modifica o potencial de agéo e protecdo do EV, facilitando a instauracdo da HAS
(BARROSO et al., 2021; KONUKOGLU & UZUN, 2017; SAXENA et al., 2018). O EV ativa
alguns mecanismos para promover a hipotensdo, principalmente através da ativacdo do 6xido
nitrico, e das vias da guanilato ciclase solivel e da Ciclooxigenases (SAXENA et al., 2018), estas
serdo abordadas, mas brevemente discutidas.

Diante do exposto, é importante ressaltar algumas das estruturas celulares que participam e
atuam nos mecanismos de regulacdo da PA. Primeiramente, destaca-se a composi¢éo das artérias,
que sdo formadas por trés camadas tunicas, sendo estas, de fora para dentro, a adventicia, a média
e a intima. A mais externa possui terminac6es nervosas, tecido adiposo perivascular e elementos
conectivos como os fibroblastos e o colageno, sendo responsavel por desempenhar uma importante
funcdo na remodelacdo vascular. A camada média é composta por musculo liso vascular e regula
as respostas de dilatacdo e contracdo dos vasos sanguineos. A tdnica intima é formada por uma
monocamada de células endoteliais e, logo abaixo, por uma camada de tecido conjuntivo, em
contato com o lumen dos vasos, essa combinacgéo constitui o endotélio vascular (BARROSO et al.,
2021; KONUKOGLU & UZUN, 2017; MALACHIAS et al., 2016b).

Na sequéncia, temos a importante atuacdo do endotélio, que através de seus receptores
celulares é capaz de produzir e secretar moléculas que desempenham inimeras fungdes celulares e
hormonais no organismo, tais como, a regulacdo do ténus vascular, respostas inflamatorias,
vasoativas, vasculoprotetoras, tromboticas, antitromboticas e angiogénicas. Por essa razdo, o
endotélio é considerado um 6rgdo enddcrino e seu bom funcionamento é imprescindivel, pois atua
diretamente contra processos oxidativos e, por causa disso, confere protecdo ao organismo
(BARROSO et al., 2021; KONUKOGLU & UZUN, 2017; MALACHIAS et al., 2016b).

A constante elevacdo da pressdo intra-arterial, acima dos niveis saudaveis, € capaz de
provocar lesGes, adaptacdes e alteracbes das células endoteliais. Promovem, assim, uma resposta

de causa e consequéncia que antecede a hipertensdo e pode ser encontrada em pré-hipertensos. A
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PA elevada e 0 estresse oxidativo podem gerar um desequilibrio entre a geracdo de espécies reativas
de oxigénio e os sistemas de defesa antioxidante, essa € a principal causa da disfuncdo endotelial.
Isso quer dizer que o dano vascular, devido a0 aumento progressivo da pressédo, promove uma
resposta celular pelo endotélio, e essa incessante acdo contra o estresse oxidativo promovera uma
rigidez arterial da camada muscular média. Nota-se que as altera¢fes estruturais iniciam devido ao
aumento do débito cardiaco e da resisténcia periférica total, o que acarretara uma futura hipertrofia
das paredes vasculares e, consequentemente, conduzira a uma hipertrofia ventricular esquerda.
Portanto, aludidos eventos séo preditores da hipertensdo e de desfechos cardiovasculares
(BARROSO et al., 2021; KONUKOGLU & UZUN, 2017; SAXENA et al., 2018; MALACHIAS
et al., 2016b).

As modificagbes das funcdes mecénicas e bioldgicas do endotélio sdo chamadas de
disfungdo endotelial (DE). A DE é responsavel pelas alteracbes no metabolismo de fatores
relaxantes e constritores, e, principalmente, por uma diminuigéo do o0xido nitrico (NO) disponivel.
Destaca-se a importancia da biodisponibilidade de NO e de seus mecanismos regulatérios, uma
vez que a sua atividade tem significativa performance contra a hipertensio KONUKOGLU e
UZUN, 2017; SAXENA et al., 2018; AHMAD et al., 2013).

O o6xido nitrico (NO) é um géas de radical livre, uma molécula endogena de sinalizacéo
celular, e segundo Silverthorn (2017) € um neurotransmissor. Apresenta trés isoformas sintetizadas
a partir do aminoacido L-arginina e do oxigénio molecular pela enzima 6xido nitrico sintase (NOS),
sendo elas, a NOS neuronal (NNOS ou NOS-1), a NOS induzivel por citocina (iNOS ou NOS-2),
e a NOS endotelial (eNOS ou NOS-3). O NO é sintetizado através da oxidacdo do nitrogénio
guanidino da L-arginina pela NOS. Os analogos da L-arginina, como o éster metilico de nitro-L-
arginina (L-NAME), sdo inibidores da atividade da NOS por substituir um ou ambos terminais de
nitrogénio, causando uma diminuicdo da biodisponibilidade de NO, e com isso alterando a sua
funcionalidade (BARROSO et al., 2021; KONUKOGLU e UZUN, 2017; SAXENA et al., 2018;
PALOZI et al., 2017; AHMAD et al.,, 2013; SILVERTHORN, 2017; CUZZOCREA e
SALVEMINI, 2007).

O NO possui diversas funcbes de regulacdo e esta presente em varios mecanismos
fisiologico e fisiopatoldgico devido as suas caracteristicas quimicas, podendo atuar em todos 0s
tecidos do organismo, com capacidade de ativar ou inibir varias moléculas. Em sintese, o Quadro

1 apresenta suas formas, localiza¢Ges, principais funcbes e estimulos que desencadeiam a sua



17

liberagio (MONCADA et al., 1991; QUEIROZ e BATISTA, 1999; FLORA FILHO e
ZILBERSTEIN, 2000; DUSSE et al., 2003; BARRETO et al., 2005).

Quadro 1 - Isoformas da NOS, localizag6es principais, funcdes e estimulos.

Isoformas

LocalizagBes principais

Funcdes

Estimulos

NOS
(nNOS ou NOS-1)

neuronal

Sistemas nervoso periférico e

central.

Regulacio de excitabilidade
neuronal e plasticidade

sinaptica

Angiotensina Il;
Fator de crescimento

derivado de plaquetas.

NOS induzivel

Sistema imune;

Participacdo em atividades

Citocinas pro-

por citocina | Sistema cardiovascular; antimicrobiana e antitumoral | inflamatdrias (Interleucina

(iNOS ou NOS-2) | Células do musculo liso. 1, fator de necrose tumoral

o (TNF-a), interferon y)

NOS endotelial | Endotélio Regulacdo  da  funcglo | Tensdo de cisalhamento;

(eNOS ou NOS-3 vascular Acetilcolina;
Bradicinina;
Histamina.

Fonte: adaptado de Konukoglu e Uzun, 2017
A eNOS tem produc&o continua pelo endotélio, é célcio (Ca*?) dependente e é responséavel

pela regulacdo da fungédo vascular, sendo um poderoso vasodilatador. A eNOS é liberada diante de
um estresse de cisalhamento, e como resposta vasodilatadora ativa a enzima guanilato ciclase
soluvel (GCs), a qual, por sua vez, promoverd a conversdao de guanosina trifosfato (GTP) em
guanosina monofosfato ciclico (GMPc), modulara a abertura de canais de calcio e potéassio,
diminuindo a concentracdo de célcio intracelular, causando um relaxamento do musculo liso e,
consequentemente, uma vasodilatacdo e a hipotenséo. A via de sinalizacdo NO-GCs-GMPc é uma
das mais importantes do sistema cardiovascular, sendo a GCs uma molécula sinalizadora chave,
esse canal pode ser prejudicado de varias formas, uma delas é através da inibicdo da GCs pelo Azul
de metileno (BARROSO et al., 2021; KONUKOGLU e UZUN, 2017; SAXENA et al., 2018;
PALOZI et al., 2017, MONCADA et al., 1991, KOPINCOVA et al., 2012, SANDNER et al.,
2019).

Ainda, a GCs ap6s promover a conversdo de GTP em GMPc, modulara a abertura dos
canais de calcio e potassio. Os canais de potassio (K*) ativados por calcio (Ca*?) tem uma

importante funcdo no controle do tdnus vascular, eles sdo abundantes nas células do musculo liso,
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sdo modulados através da concentragdo de Ca*? intracelular, e por isso, podem ser estimulados por
vasodilatadores que aumentem o0s niveis intracelulares de AMPc e GMPc, e podem ser
farmacologicamente inibidos por tetraetilaménio (SOBEY, 2001) (SORENSEN et al., 2012).

Nos rins, a eNOS atual na manutencdo da homeostasia dos sistemas circulatério e excretor.
Entretanto, devido a disfuncdo endotelial causada pela hipertenséo, o NO tem sua
biodisponibilidade diminuida, o que prejudica a sua liberacdo e atuacao na regulagdo dos niveis de
PA. Por isso, a manutengdo dos niveis saudaveis de 6xido nitrico tem efeito benéfico e atividade
antioxidante, e pode prevenir a disfuncdo endotelial renal e reduzir a gravidade e as consequéncias
da doenca hipertensiva (BARROSO et al., 2021; KONUKOGLU e UZUN, 2017; SAXENA et al.,
2018; PALOZI et al., 2017, MONCADA et al., 1991).

A elevacédo da PA conduz a uma resposta sistémica para tentar reestabelecer a homeostase.
Nos rins sdo encontradas as trés isoformas do NO, sendo predominante a atuacdo da nNOS,
presentes nas arteriolas glomerulares e ramos aferentes e eferentes, e da eNOS, elucidada
anteriormente. Dessa forma, os rins participam deste processo através do aumento da filtracdo
glomerular, promovendo uma maior excrecdo de agua e eletrélitos, principalmente de sodio, e
diminuindo a absorcdo dos mesmos pelos tubulos renais, na tentativa de regular a PA, este
fendmeno é denominado natriurese de pressao (KONUKOGLU e UZUN, 2017; SAXENA et al.,
2018, FLORA FILHO e ZILBERSTEIN, 2000; MONCADA et al., 1991).

Entretanto, quando estabelecido um quadro de hipertensdo primaria, hd também uma
ativacdo da atividade simpatica que aumenta a liberacdo de renina no organismo, que se opde a
esse mecanismo de acdo, e promove uma retencao de ions e agua, impedindo que a PA retorne aos
niveis normais. Ao longo do tempo os rins passam por um desequilibrio funcional na incessante
tentativa de reestabelecer a homeostase, desse modo, estabelece novos parametros de presséo,
acima dos considerados normais. Em sintese, a reducdo da funcéo renal ¢ uma condicéo clinica
comum em pacientes hipertensos e pode estar associada a disfuncdo endotelial das arteriolas renais
(KONUKOGLU e UZUN, 2017; SAXENA et al., 2018).

Ademais, outro mecanismo vasodilatador ativado pelo EV é o das ciclooxigenases (COX).
Segundo Cuzzocrea e Salvemini (2007), a COX possui uma via semelhante a do NO, tanto a NOS
quanto a COX sdo enzimas importantes em processos de hipertensdo, sendo que a COX converte
0 4cido araquid6nio em prostagladinas (PGs), prostaciclinas e tromboxano A2. Ainda, existe uma

ligacdo importante entre as vias, visto que o NO ativa as enzimas COX a produzir PGs
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(CUZZOCREA e SALVEMINI, 2007). As COX sdo responsaveis pela sinaliza¢éo da inflamacéo,
também estdo presentes nas CES e atuam em resposta ao estresse de cisalhamento, e através da
producédo de prostandides promovem uma potente vasodilatacdo, e exercem inibicdo da agregacéao
plaquetéria e da proliferacdo de células musculares lisas dos vasos (ARAUJO et al., 2005;
TAVARES, 2012; BELUQUE, 2014). A inibicdo da COX pode resultar da administracdo de
farmacos, como a indometacina, que € um potente inibidor ndo seletivo, acarretando em uma
diminuicdo da quantidade de PGs produzida no endotélio, podendo causar um desequilibrio das
PGs hemostaticas, 0 que pode aumentar os riscos de eventos cardiovasculares (BATLOUNI, 2010;
BORGES et al., 2012; TAVARES, 2012).

2.3 Tratamentos para a hipertenséo

As intervencgdes farmacoldgicas e ndo-farmacoldgicas séo de extrema importancia para a
prevencdo e controle da PA, assim, o tratamento medicamentoso é uma das alternativas e tem como
objetivos reduzir a morbimortalidade associada a hipertensdo e prevenir futuros desfechos
cardiovasculares. Para isso, a intervencdo medicamentosa deve ser associada a uma mudanca no
estilo de vida e deve ser implementada de acordo com a idade e a presenca ou ndo de doencas
cardiovasculares. Por isso, é imprescindivel a adesédo a terapia, em vista dos inameros beneficios
proporcionados a saude, pois estudos demonstram que uma reducdo de 10-15 mmHg na PA
sistdlica, e de 5-8 mmHg na PA diast6lica, promove uma diminuicdo de aproximadamente 1/3 na
mortalidade por DCVs (BARROSO et al., 2021; WHO, 2007).

As classes de anti-hipertensivos existentes sdo os diuréticos tiazidicos, os bloqueadores dos
canais de calcio, os inibidores da enzima conversora de angiotensina, 0s blogueadores dos
receptores da angiotensina Il e os betabloqueadores. Destaca-se 0 uso das trés primeiras classes
referidas, visto que sdo considerados medicamentos de primeira linha, por apresentarem uma boa
resposta no controle da PA e pela baixa incidéncia de efeitos adversos. Destes, 0s mais comuns sao
fraqueza, caimbras, disfuncdo erétil, hipovolemia, hipocalemia, hipopotassemia, hipomagnesemia,
arritmias ventriculares, edema, tontura, cefaleia, tosse seca, dentre outros (BARROSO et al., 2021).

Em paises de baixa e média renda, o acesso ao tratamento antihipertensivo € reduzido
devido ao seu alto custo (WHO, 2013), em vista que, muitos individuos fazem uso de uma

combinagdo de medicamentos, tornando a politerapia medicamentosa onerosa. Por essa razdo, a
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populacdo recorre a terapias alternativas com plantas medicinais para cuidados primarios, mesmo
sem comprovacgdo cientifica. Devido a isso, na década de 70, a Organizagdo Mundial da Saude
promoveu a Conferéncia Internacional sobre Atencdo Priméaria em Salde, com enfoque na
necessidade de formulagcbes e implementacdes de politicas publicas voltadas para a integracdo da
medicina tradicional. Os estudos cientificos que comprovam a seguranca e a eficacia de espécies
de plantas medicinais tém grande relevancia, pois, através do uso seguro, promovem tratamento
acessivel e conferem saude a populacdo (WHO, 2013; BRASIL, 2006).

Com efeito, surge em 2006 a Politica e Programa Nacional de Plantas Medicinais e
Fitoterapicos no Brasil, com o intuito de garantir a populacdo o0 acesso seguro e orientado por
profissionais da salde as terapias com plantas medicinais e/ou produtos fitoterapicos. Por
conseguinte, promove a valoriza¢do da cultura e do conhecimento tradicional popular, a melhoria
da atencdo a saude basica e, o desenvolvimento de profissionais, tecnologias e inovagdo (BRASIL,
2006). Além disso, o interesse no desenvolvimento de fitoterapicos tem aumentado pela ciéncia e
industrias farmacéuticas. Estima-se que 25% das drogas modernas sdo derivadas de plantas
(CALIXTO, 2000). Por fim, é importante salientar que a biodiversidade brasileira dispde de imenso
potencial, o qual permanece ainda pouco estudado e € uma fonte valiosa para pesquisas
etnobotéanicas (COELHO et al., 2019).

2.4 Blutaparon portulacoides (A.St.-Hil.) Mears.

A Blutaparon portulacoides (A.St.-Hil.) Mears é uma espécie de planta medicinal nativa
do Brasil, popularmente conhecida como “capotiragua”, “pirrixiu” ¢ “bredo-de-praia”
(SALVADOR et al., 2002; PEREIRA et al., 2009). A infusdo de toda a planta é tradicionalmente
usada para o tratamento de leucorréia e vulvovaginite (SALVADOR et al., 2002). Trata-se de uma
espécie perene, facilmente encontrada em diversas regides como a temperada, subtropical, tropical.
No Brasil esta presente na mata atlantica, restinga e zonas litoraneas. A planta pertence a familia
Amaranthaceae, que é composta por 2000 espécies, 170 géneros, destes, 20 podem ser encontrados
no pais. Por conta disso, tem uma grande importancia farmacoldgica e nutricional nacional, pela
diversidade de plantas medicinais e alimentos oriundos dessa familia que sdo tradicionalmente
consumidos pela populacdo (SIQUEIRA e GUIMARAES, 1984; SIQUEIRA, 1987).

A figura 1 a seguir mostra a planta em seu habitat natural e detalhe de inflorescéncia.
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Figura 1: Blutaparon portulacoides em seu habitat natural com inflorescéncia.

Segundo Wanderley et al. (2002), a B. portulacoides é uma planta psamdfita, heliéfita e

haléfita, que ocorre com frequéncia em dunas, tipica de ambiente transitério entre o ambiente
aquatico e terrestre, ainda, seus caules sdo estolfes suculentos alongados, ramificados, aéreos ou
subterraneos, e com pigmentacdo avermelhada. As suas folhas sdo suculentas, oblongas, também
possui inflorescéncia capituliforme, alvo-amarelada, bracteas, escariosas, hialinas e ovais. As suas
flores contém 5 sépalas, escariosas, conspicuamente pediceladas, glabras ou levemente pilosas,
tubo estaminal curto, ovario oval, estilete curto. A sua capsula oval é protegida pelas sépalas do
perigonio (WANDERLEY et al., 2002).

Outrossim, Coelho et al. (2019) identificou e classificou 71 espécies nativas utilizadas pela
medicina popular na regido da Grande Dourados, no Mato Grosso do Sul, area composta por 13
municipios e grandes reservas de povos nativos indigenas. Nesse estudo observou-se que 0S
herbaceos da familia Amaranthaceae eram utilizados no tratamento de distdrbios em varios

sistemas organicos e, dentre eles, o cardiovascular. Entretanto, a literatura mundial relata poucos
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experimentos cientificos acerca de suas propriedades farmacoldgicas e de seus efeitos nos sistemas
renal e cardiovascular, o que possibilita investigacbes em modelos experimentais a fim de
comprovar a sua eficacia anti-hipertensiva.

O estudo fitoquimico de Salvador et al. (2002) isolou e identificou varios compostos
bioativos em um extrato de etanol bruto de raizes e partes aéreas secas de B. portulacoides,
incluindo metilenodioxiflavonol, acil esteril glicosideos, estigmasterol 3-B-O-glucosideo-6'-O-
palmitato e sitosteril 3-p-O-glucosideo-6'-O-palmitato. Esses compostos apresentaram atividades
antimicrobianas, e em modelo in vitro exibiram atividades leishmanicidas e antitripanicida. Um
estudo de inflamagdo induzida por micobactéria e carragenina em camundongos identificou
propriedades antiinflamatorias e antibidticas do extrato etandlico (Kassuya et al., 2021). O estudo
de Perreira et al. (2009) observou que o extrato etandlico teve atividade anti-inflamatoria atuando
contra a inflamacao e o edema produzido pelo veneno da cobra jararacugu (Bothrops jararacussu).
Uma analise elementar determinou a concentragdo de metais inorganicos presentes no extrato

etanolico e aquoso (Salvador et al., 2002).
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3 OBJETIVOS

3.1 Objetivo geral

Investigar os efeitos cardiovasculares e renais do extrato aquoso obtido da Blutaparon
portulacoides em ratos espontaneamente hipertensos (SHR).

3.2 Objetivos especificos

- Realizar a caracterizagdo fitoquimica do extrato aquoso da B. portulacoides (EABP);

- Investigar a toxicidade aguda da B. portulacoides em ratas Wistar fémeas;

- Realizar o tratamento oral dos ratos SHR por 28 dias com diferentes doses do extrato aquoso (30,
100 e 300 mg/kg), hidroclorotiazida (HCTZ; 25 mg/kg) e agua filtrada (controle negativo; 0,2
ml/100 g);

- Realizar o tratamento oral dos ratos SHR no primeiro dia de tratamento com indometacina (5
mg/kg), L-nitro-arginina-metil-éster (60 mg/kg), azul de metileno (100 mg/kg) e tetraetilamdnio
(10 mg/kg) e agua filtrada (10ml/Ig);

- Determinar possiveis alteracdes eletrocardiograficas decorrentes dos tratamentos;

- Avaliar, de forma direta (invasiva), a PA sistolica, diastolica, média e frequéncia cardiaca apds o
tratamento prolongado com o extrato;

- Avaliar a reatividade vascular emrim e leito mesentérico isolado e perfundido sob a administracao
de diferentes substancias vasoativas (Fenilefrina (Phe), angiotensina Il (Ang-11), acetilcolina (Ach)
e nitroprussiato de sodio (NPS)) nos diferentes grupos experimentais.

- Mensurar diferentes parametros bioquimicos séricos (ureia, creatinina, proteinas totais, sodio,
potassio, aspartato aminotransferase (AST), alanina aminotransferase (ALT), nitrito, nitrotirosina,

malondialdeido, aldosterona e enzima conversora de angiotensina (ECA).
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ABSTR ACT

Blutaparon portulacoides is a Brazilian plant species that is
widely used in folk medicine. The present study investigated
the role of an aqueous extract of B. portulacoides against hy-
pertension in spontaneously hypertensive rats. The aqueous
extract of B. portulacoides was obtained from the whole plant.
Its chemical profile was analyzed by ultraperformance liquid
chromatography-tandem mass spectrometry. The acute
toxicity of the aqueous extract of B. portulacoides was eval-
uated in female Wistar rats. Male 6-month-old spontaneously
hypertensive rats then received the aqueous extract of B. por-
tulacoides (30, 100, and 300 mg/kg), hydrochlorothiazide (25
mg/kg), or vehicle once daily for 28 days. On days 1, 14, and 28,
the diuretic effects of the aqueous extract of B. portu- lacoides
were evaluated. The role of prostaglandins and the nitric
oxide-cyclic guanosine monophosphate-potassium channel
pathway in the diuretic activity of the aqueous ex- tract of B.
portulacoides was also investigated. At the end of the
treatment, hepatic and renal biochemical markers, serum
nitrotyrosine, malondialdehyde, nitrite, and aldosterone
levels, and angiotensin-converting enzyme activity were mea-
sured. The electrocardiographic profile, blood pressure, and
renal vascular reactivity were also assessed. The heart, kid-
neys, and liver were collected to determine relative organ
weight, histopathology, and cardiac morphometry. Caffeic
acid, ferulic acid, and several flavonoids were identified in
the aqueous extract of B. portulacoides. No signs of toxicity
were observed. Prolonged treatment with the aqueous ex-
tract of B. portulacoides (300 mg/kg) induced significant
diuretic activity by activating the nitric oxide-cyclic guanosine
monophosphate-potassium channel pathway. These effects
reduced blood pressure and oxidative stress and prevented
renal vascular dysfunction and left ventricular hypertrophy
that was induced by hypertension. Overall, the present data
suggest that the aqueous extract of B. portulacoides has im-
portant diuretic and cardioprotective effects by activation of
the nitric oxide-cyclic guanosine monophosphate-potassium
channel pathway.
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Introduction

Hypertension is a chromic disesse and an important risk fector for
the desvelopment of hesrt attsck, strokee, heart failure, snd chnnic
kidhiey dimesases. Thes Dreatrment of hyper temsion imvoboes o range of
strategies, induding ifestyle changes and pharmacotherapy [1].
Although the effectiveness of comentional pharmacatherapy s
uniguestionable, sdherence to reatrment amd the control of hypes -
esion are major challenges in Brazil [2, 3].

i Brazil, especially becsuse of its popular culture amd relative
difficulty sccemsing healtheare services, intense efforts sne being
made o search for complementary therapies. Amomng the avail-

Al altermatives, medicinagl plants are notable because tweir wse
i culturally accepled and has besn transmited over generations
[4]- Despite the wide use of natural products, their safety and ef-
Tesctiveness sre unknown in most cases. Thus, ethnophanmacolog-
ical studies e essential to validate o refute medicinal plants. as
sale and effective altermative therapeutic agents [5].

Blutapmon portidocoides (A SL-Hil) Mears. (Amaranthaceas) is
a meediicinal plant species that s native to Brazil, popularly known
& “papotiragud”, “piisiu”, and "bredo-de-praia® [6]. The species
s Tound mainly on the cosst of Bral. Infusion of the whole plant s
iraditionally used for the trestment of keuconies and vabwovagini-
tis [6] A phytochemical study isolated and identified several lsbo-
active compounds in a crude ethanod extract of roots amd dry
aerial parts of B portulscoides, including methylenedionyfloonal,
acyl steryl ghycosides, stigmastens 3-B-0-glucoside-6-0-palmi-
tate, and sitosteny 3-f-0-glucoside-6'-O-palmitate [7].

Previous bialogical studies revealed leislamanicidal, antimiong-
bial, and anti-inflammatory effects of different preparations. of
B portuloeoide [7, 8] However, the available Bterature doess ol
e the effects of te species on the renal and cardiovascular
systeims. Therelore, we imvestigated cardiovasoulas and renad ef-
Tescts af B povtulocoides using SHRS. We also imestigated the pha-
macoksgical mechanims that may be ivohed inits cordiorenal
activily.

Results

= Fiig. 1 sloosas the E51{~JHMS fingerprint af AFBP. The spectromet-
ric bechniques allowed ws to detect the follwing compounds:
vanillic acid (ESHMS: mjz= 167 [M - H-) caffeic acid (FSHMS:
mfz=179 [M - H]-). ferulic acid (ESI-MS: mjz=195 [M - H]-),
3.5, 3 - trilnydrosy-1 -methoey-6, 7-methyenediony- flawone
{FSI-M5: mjz =343 [M — H]-), sugar {E5-MS: mjz = 377 [M - H]H,
gomphrenal-3-ghiscoside (FSHMS: mjz =475 [M - HJ-), 3.5.3"-5-
Ty oy - L -6, T-moethyl enediosy- flavone-gluceilated
{FSI-M5: mifz =505 [M - H-b and spinacetin 3-O-robinobioside
{FSI-MS: i)z =653 [ — H]-).

My desatlies osccurred, sugegesting thal the WD s shoubd Le highes
than 2000 mgflky. Mo sigaificant changes were found in food o
waler comumplion, body weight gain, o relative organ weight.
The mucroscopic examination snd histopathohsgical anabysis did
nat show aimy significant chamges in aimy off the examined orgam
{ddata o shown ).

The effects of prolenged oral treatrment with AFPE and HCTZ
o urinary parameles are shown in = Table 1. On days 1, 14,
and 28, urinary velume significantly decressed in the NC and AFBP
(30 and 100 mgfky) groups compared with naive male Wista-
Kyolo rats. Rals that were trested with AFPE at the highest dose
{300 mgflkg) or HCTZ maintasined urinary wolume that waes simils
ey aie ariimals.

Lhiimes sanmiples that were collected on days 1, 14, and 28 had a
significant reduction of renal sodivm and chloide excretion in the
HC anad AFPE (30 anad 100 mgfkg) groups compared with naive
rats. Treatment with AFPE ab the highest dose (300 mg/kg) oo
HCTZ prevented this chamge, maintaining values that were simila
ey the nafve growp. As expected, BCTZ increased renal potassivim
elimination thioughout the experimental period. Urinary pH, den-
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> Fig. 1 154} M fingerpeints of ALAE. (1) Vanilc 113 M5 mf: - mp HI ). (2) caffeie acid (1S MS: miz = 179 (M W), (3} ferulc acid

{1500 i~ 1505 M W), (4) 3.5, 3" by 4°

{E5MS: mz - 343 [M ), {3) sugar (ESt-Ms:
“methylencdiooy flavone-

miz- 37 [ Hn.mgmprmu-sghmm-mm;:-u;[u N pm—
alucosatrd (F5HM5: myz =0 M H]), and (8) spinacetin:3-0-robinobiosde (E53-M5: miz = 63 M H]-L

sity, creatinine, and wea were nob altered in avy of the speri-
mental groups (data ot shown).

Fifects of acute oral trestment with AEPB (300 mg/kg) and
HCTZ in the almence and presence of INDO, LMAME, MEB, and
TEA on different urinary pararmeters ane shown in = Table 2. Pre-
treatiment with L-MAME, ME, and TEA abodished the diuretic «f-
fects af AFPB (300 magfkg). keeping wrinary volume and elsciro-
Iyt emcretion values similar to the NC group. Treatment with
MDD and TEA significantly reduced the diuretic effects of HOTZ,
witly walues that were close o the NC group. Mone of the inhil-
itows affected uinary pararmeters in the naive and NC groups.
Hone of the trestments altered slectrocardiographic parsmeters
in the different experimental groups (= Talle 3).

The effects of prolmged oral teatment with AEPB (30, 100,
and 300 rgfkg) and HCT? on BP and HE are shown in = Fig. 2.
The animals in the NC group had significantly higher DBF, SBF,
and MAP than the naive rats. Treatment with HCTZ and AFPE at
the highest dose (300 mgfkg) reduced BP o levels that were sig-
nificantly kewer than in the ather experimental groups. The HR
wers, not significantly altered im any of the groups.

The effects of prokmged oral treatment with AFPR and HCTZ
o biosc hernical pararmeters ane shoswn in = Table 4. All imals in
the NC, AFEP (30 and 100 magy/kg), and HCTZ groups exhibited a
significant incresse in MDA and NT leveb, accompanied by a sig-
nificant decrease in nitrite levels. Prolonged treatiment with AFBP
at the highest dose (300 mgkg) prevented these damges, main-
Laining MDA, NT, and nitrite at similar kevels 25 the naive group.
Mo significant changes in sodivm, polassiom, total protein, ALT,
AST, crealinine, wrea, or akdosterone keviels or senm ACE activity
were observed among all experimental groups.

The effects af probnged oral trestment with AFPE and HCTZ
ann renal vascular meactivity are sluewn in = Table 5. Animals in
ithee NC, AFPE (30.amd 100 rig kg ), aind HOTZ groups that received
Phe (1 and 3 nimsel) and Ang 103 and 1 pol) exhibited a signifi-
cant incresse in the vasoconstricton reponse compared with the
naive rals. The adminstration of AFPE at the highest dose
{300 mgfkg) completely prevented this change, maintainiog
walwes chose to the naive animals.

The vasodilatory effects of ACh (30, 100, and 300 pmol) were
significantly reducesl in animals in the NC and AFPE (30 amd
100 mg/ky) groups. Prolonged treatment with the highest dose
off AEPE {300 mg)/kg) mainLained the ACh vasodiloton respomse to
leweds that wesre similar to naive rats. The effects of SHP wee ol
significanthy different among o experimental groups.

The effects af probmnged oral trestment with AFPE and HCTZ
o relative organ weight and cardiae morphometry are shoswan in
= Table 6. We olsered o signilicant increse in heart weight per-
centage and Lateral wentricle WT in the NC and AFPE (30 amd
100 g/ kg) groups compared with the naive animakb. Treatment
with the highest doses of AIPE and HCTF prevented these
changes, mainLaining these parameters ab levels that werne Cloe
iy thee maives group. Mo sigos of fibeilla derangeanent, filmosis, in-
Mammation, apoptosis, o necross of candise, renal, or hepatic
wells were observed im amy of the expeimental groups (= Fig. 31

Discussion

I the present study, we found that B portulvooide. eserted &-
uretic and cardioprote tive effects in SHRs. These effects wene ap-
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* Table 1 Hffeots of prolonged oral treatment: wath AEBP {30, 100, and 300 mg g and hydrodhbernthiaride (HE 1) on uninary paramebers.

Mave NC AEEP (30malkg)  AEEP(100mglkg) AEEP(300malkg)  HCTZ (25 mafka)
Tst day

Urinary wolume {mil[100g) %000 044 1154022 2538027 103 ¢ 038 455 FILET 47200

Fly, fboy'ming 100 g 28710 1004 s 104 50,235 1056 02 260§ DR 277§ o

Ehe. (i gfmin/ 100 g) 131609 1226092 1378091 1464 033 155 FOLSS 241 L pap
Flpy. ik oyman{ 100 g 1990 04 0548 LI .58 50184 [FLIE R 17§ Oagd 174§ Qe
1ath day

Lrinary volume (md/100g) 7190 0%% 3065 4 QLA 1338041 407 & 0EE S OS 4R | OLES

Fhy,, oy ming 1009) ERFIR.TC 1234 028 178 L0.2% 1,508 036 431 ¢ OLEE= S QLT

Ehe: (o ming 10093 1330 02 14T 0TS 142 £ 020 1331029 180 1031 ETr R0
Elpy. fasf o mn{ 1060 g LE4i0a3 051 £ D LG £0.12% MBS L L 234 L 0EEd 246 1 O
2th day

Urinary wolume (md/100g) 9640 103 4541 131 52 81428 5490 101 7550141 7ERL 1T

Ehya: iy ming 100 g) EE_TNE LRETE Nk 1348008 1230 a7 roas=d azzias

Ehe. [ qminj 100 g) 1220028 12%4 030 1.3640.31 1.46 ¢ 039 1.80 ¢ 041 R T
Ely. kg min{ 100 g Lraiaan LERERT M54 5011 59 E L3 FRIET T r o) FREEEE -
Statistical anabpes were performed ssing one—wary and o wary ANCWA followed By Tukey's test. Walues are cxperssed 1 SEM [standard enror of the

m-}d"lnari'lnk pu'g'uqm. denate @ 0,05 when compantd to the naiee animaks; * denobes p-< 0% when companed to the rl:pgtq:. donates p< 00
when compared to the A2BF 30ma/kg: * denates g = 005 when compared to the AFBF 100 nglhg.*mcm*nmdhhmnmglhg.

wr“unuﬂ-mﬂu moerierd thiree different doses of the eatract of B

e, T Iy imiads that reveived daily doses of

ik e N By aniamals that recesed daily & Jh;&'mmmﬂumw&uﬁ

pareivthy attributalshe to the sctivation of te NO-cGMP-K' chanine
prallvavay and associated witl g systemic antiocidant resgponse.

I the first stage of this work, we oblained AFPE and per-
fommied s acube toxidty study in femabe s, We used female rats
bescause the terature indicates that comentional LDsg tests show
livthe differences in semitivity belween sexe. In Crses inowhich
differences me olmeved, e are generally slightly ore sen-
sitive than males [9]. We found that AFPE at a dose up to
2000 kg can be comsidered safe because it did mol induce any
significant behavioral of physiological chamges, in fermale rats.

Fow the pharmacological assays, we used G-month-okd male
SHIRS s the experiimental subjects. Hypertension in SHR resdhes
a plateay between weeks 20 and 28 of life, with mo infleence of
sex [10,11]. Similarities in ypertension that are obsenesd be-
pweeeein SHIRS and hurman patients stem from the absence of spedif-
ic eltiohsgies, an ncresse in otal peipheral resistance, and a sim-
ilan respoimse to diug reatment [12]-

Thee first parameters we evaluated were the divetic and rems-
protective effects of B portuleoside. Based on urine production
amel thes renal dimination of electralytes, we found that SHRs that
were treated only with vehicle exhibited o significant deoease in
urine production, ssociated with o lower excretion of sodiuvm
and chhide. A reduction of renal function is a2 common clinical
condition in hypertensive patients, which may be swocisted with
the endothelial dysfunction of renal anterioles [13]. Acute and
prolonged treatment with AFPE (300 magkg) and HCTZ reversed
these ¢harnges, maintaining winary volume and dectrolyte elimi-

nation at kewels that were similar Lo nomatensive aninals. Fu-
therimore, e treatments did not affect the lewels of differest se-
rurn imarkers of renal and Fver function, demonstrating a kes po-
tential for nephrotoxicly of hepatotoxicity. An sdvantage of AFPB
wwet HCTZ is reflected in the exuetion of polessom. HCTZ in-
duced a wulll elimination of this jon, whereas AFPE soerfed
A signiflicant potassivm-sparing effect that rmay prevent the oco-
rece af cramps and anhythemias [14].

Based on the cffects we observed in the doeys, we further in-
wesliguted the molecular mechanisins that coukd be imvoboed in
the diuetic activity of AFPE. Seweral molecular patlways are
kervowwnn Lo be iiwoheed in the divretic offects of natural plvl.nl.lr.l:...
including the RAAS, prostaglandincAMP, and NO-cGMP-E chan-
e pativacays [15]. The anahysis af te effects of the opclooxygen-
arse inhibitosr INDO and aldosterone levels and plesima ACE activity
excluded the possibility of participation of the prostaglanding
CAMP pathway and RAAS in AFPB-induced renal effects. Howewer,
pretreatment with an MO synithase Bhocker (L-MAME), an sGC in-
hibitor (MB), and pomseled tive polissium chamel blocker {TEA)
prevented the divretic respoise to AFBP Ureatment, suggesting
direct participation of the NO-CGMP-K' channel pathway. As ex-
pecied, the divretic effects. of HOTZ depended on the renal re-
lease of prostaglonding and modulation of potsssivm chanmels
[18], in which pretreatment with INDO and TEA prevented the di-
urelic respainse.

Oxidative stress can be ane of the origin. or comeguences, of
hypertension [17]. High BP and oxidative stress can lesd to endo-
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= Table 2 tivcs of aute oral treatment with AEBE {300 magykg) and HL LS in the absenoe and presenoe of ndomethacin (INDO], L-NG-nitre
arginine methed ester (L-MAME ), metigiene blue (WB), and tetactidammonssm (18A) on unnany volume and sodium, potassium, and chioride
lewrds,

Treatments Viehicke [ ] L MAME ME TEA

Mt

Wriniary wokame (miJ100q) G P03 5 A2 5871039 [RLER-E S AT
Ty, (uEqiimin 100 g) LEE 1023 2511033 2661031 rrioaz FLJL-F. ]
Hi [pEqiiming 100} 13E L0019 124 L0.21 1311008 123107 1341023
Hy (kg ming 100 g) 208 10T FF IR FAETRFL] 2024030 FRFILE:]
NC

Winary wobame fml 100 g) 297 L0 2440032 2561 02 2T 261§
Hy,, fpEgfmind 100 g) L4 ima3 102 LIS 1098 ol Lineanr 117 s
. (jEigiimin 100 g} LIELms 1250018 1221016 IRETR R L] 111 L@ar
Hy Gt minf 100 g) s F L1 [ETNL N F 057604 o2 e [FLL RS
AERF 300 mglkg

Wiriairy webuame: fml 100 q) 511§ GG S0 LA 2R 029 2360008 FAL T ¥
. (uEqimin 100 g) 242 1ot L EN L 1108 o 1028 ot 110§ AP
. [pEqfminf 100g) 142 L0 1286 L 0L 1190 02 1221009 12EL07
Hy. (kg min{ 100 g) 177 Lo 157 Lot 0528 0 [ AR s L
HLTZ 25 mafhg

Wrinary wokame (i /100 g) w18 LOETE 239 1025 G021 0T 55 ¢ QU FALIT-Fi 0
i fuEgqimin 100 g) 258 1033 o L= 2agion™ 261 ¢ o 10200
Hy. [pEqimin/ 1009} T4 ¢ DA 119 ime EETENEE D L EE 122105
Hy (kg ming 100 g) 1R ot %6 LIS 166 o 1o ot oS0 E
atistical anabyses wore perf d ry AR, fidlorersd by Tallry's test. Valees ane expressed as mean & SEM (standand cmor of the mean) of

10 animals per group. * denobe p< 0.0 when coampared bothe naiee animals; ¥ denobes p< 0U0% whin compared to the NC-group; © denotes p< 005 when
comgared to the AFBP 300 g flag; AFBF: hyperbermive rats that necekerd thive different doses of the extract of Rlufapann porfulornides, BT hyperberaiee
animaks that recrieed daily doses of hydrochborothiaride; NC: bypertensive animals that received daily doses of the wehicde; Rafee: nomot ensker animals

tihat received cnly the vehicke.

thedial dysfuition. The imbalance bebween the generation of re-
attive acygen species and antiosidant defense systems represents
a primary cause of endothdial dysfunction [18]. Endothelial dys-
Tunction affects the way arteriokes react o different dhermical ime-
diatows, inchafing 4 decresse in NO-mediated vasodilatation and
an incresse in the wsoonstrictor respomse to Phe and Ang 1l
[19]. I the present study, amimals in the MC grougs exhibited a sig-
nificant increase i senmm markers of protein and lpid oxdation,
acconpanied by a reduc tion of mitrite levels, anindirect marker of
N bioavailability. These effects, accompanied by an inooease in
pressume levek, resulted in signilicant renal endothelial dysfumnc-
i, characterived by kower ACh-mediated vosodilatation and an
increase in the respome to Phe and Ang 1. The highest dose of
AFFE can likely significantly sctivate the NO-cGMP-K' channel
pativacay, incresing MO bioaailabiity and contributing to anti-
amicdant activity. Furthermone, the activation of sGC by MO canin-
wrease CGMP levels and modulate the opening of polassium dhan-
nek, causing vasodilation and hypotension. Togethe, these ef-

fescts o present el endothelial dysfunction and reduce the se-
werily and consequences of bypertemive disese.

e conseguence of hypertemion & IWH. The IV & a primary
target for hypertension end organ damage. IVH can lead o a-
ihythimias, swch 25 atrial fibwillation, and ventriculas srdythmias,
bath of which are known sk factors for sudden cardisc deaths
[20]- Although none of the experimental groups exhibited dec-
irocandiographic alterations that were compatible with ardyth-
mias or heart failure, rats in the NC group exhibited 4 notable in-
wrease i the relative eart weight aod IV WT. Loog-Lenn treat-
ment with AFPE prevented these canges, maintaining the car-
liac architesture that was similar to naive snimals.

Our study expands knewledage sbout the biokogical o tivities of
B. portiskocoides., bul we are unable to preceely identify the sec-
ondary metabolite that are responsible for the cardioprotective
effect of AFPE. Ultraper formance liquid chromatograplby-tandem
imass spectrometry identified several compounds, including caf-
feic acid, fenulic acid, and several flavonoids. The available data
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= Table 3 tffects of prolonged oral treatment: wath ALBP {30, 100, and 300 mgiig) and ydrodhlernthiarde (HE1£) on dectrocardiographic
parameters.

Parmeter Nt N AEEP (30mglkg)  AEBP(100mafkg)  AEEP(300mglkg)  WCIZ (25 mafkg)
Segments ||

P 2330 5 400 Z1a0L40z 2.0 5580 INZETLITS HILIE Hr01432
PR 3080 L5 7% 34901 5.5 33828503 360 1 5.06 I3 AL 6eSE 34701582
RS 42475643 #0801 %06 420479 AP0 L 455 FET0 L 640 S0UH0 1 405
oT a1 L4906 Te.30 8540 .64 5708 TAE2LATT TAE0L 56T =41 aEl
OTC 152225 13.05 15563 L1219 15947 £ 1526 155641 115 158965 L 1T1E T=LET 1 14.00
W [miv)

P 00 00 0L0E & 002 DT & OO 008+ oa2 006 £ 002 005 L0403

1] —OUGER 3 D04 — 032G L 0LOTS —OUm2T L ooy - 0027 Lo - 023 L0016 - L0328 L0010
R O30 8 Dy 293 & (055 D334 1 DuDed 03371 L0067 317 L0053 0293 & 0066
5 ~Ou0ET 5 00RO - 033 L0012 b B R - 0027 L0011 =059 L0072 - L0383 L0010

Statistical analyrs wene perfonmed ising one - way AN followed by Tukes™s test Vakies 200 poesed 25 mean § SEM standard eomor of the mean) of

Vi animiaks per group. AEBP: hyperbereiae rats that receieed thiee diffenent doses of the extract of Bhiopemn portaiscnides; HOTZ: bypertensie animaks that
received daily doses of bydrochlorothiaside; BC: hypertersive animals that reocieed daily doses of the vehicle; Naive nommatensive animals that reocived only
the wrhiche

1804 1204

DEP (mm Hg)

SBP (mm Hg)

Haive HC 30 100 3 HCTZ
MERFP {mag kgl

Halve WG 30 100 300 HCTZ

8 b AEBF {mg/ kgl
1604 400+
-
o
- E
E o
a2
B x
3 T

Maive MC 30 100 300 HCTZ
- AERP imp k) d HERF {mg/ hg)

Malvp WG 30 100 300 WCOTZ

* Fig. 2 tifects of prolonged onal treatment: with AEBF and HC 1 an () systolic blood pressure (BF), (b) diastolic blood pressurne: (D89, (o) mean
artrrial presaure (MAF), and (d) beart mbe (Hi) valees. Sstatistical anabyses wene periomed vsing one-way ANOVA folowed by Tukey'™s test. Yalues
are expressed as the mean HIIDI1I.l:1h'rn|spcfgu.|:|.‘Fclll.l.hﬁh:ﬂmm:cdbﬁnnmm.hp*u.m“ﬁmmnpﬂmdmﬂrﬂ_
group, ‘p (LIS when companed o the ALBE 30 mogyfkg group, and % <0004 when compared to the AEEP 100 mgfkg group. AEBF: hypertensie
rats that received three different doses of the cxtract of & porhulacoides; HOL?: hypertensie animals that reoowed daily doses of hydrochiomthia
ride; N bypertensive animals that received daily doses of the wehide; nare: nomaotenssee animals that receeed only the wehicke
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* Tablle 4 Hccts of prolonged oral treatment with ALBP (49, 100, and 300 mafka) and hydrochlarstbiazide (HU1LE) on biochemical parametess.

FParameger Naihve: NC AEBF (30 mgfkg)  AEEF (100mglkg]  AEBF (300mgfkg)  HOTZ (25 megfkg)
Elh'llr-'lﬂ'l.} 1201 1.4 0565 4 602 10027 L 7.4 20721 6ES jLorde BRI | 93.2 1623
mll-'lﬂ'l} aFTiOIZ S.E2 08 SuBh L0LTS LT RN R E] SITL0L3 568 L0LTE
Tatal peatein gL} 5ES 0GR 15 4 065 108 1085 SE2ETE L= 1.1~ .54 1 0.1
AST (UL 151053201 174612500 122733872 11828 3455 17659 § 3628 = LTELT
ALT (L1 EIZSLI02E  OLEF1S52  FLIOATLSD 71304 1252 TEAE 1 1650 21224 10,44
Cratinine g/ dl) [T=XTRF] 0LET 4012 TR0 LS TR E] L= T Rk 056 4015
Liresa maggelL) GIAIIEOE  BSSS0T45 GA5S049.95 5T L ETL LI R1E BASAL B TT
Nitrotyrasine (mallL) Q01300007 0O0G30000% 00T ¢ 000 02 ¢ 00 0015 M00EkE  LO0ZE 4 0.006
Malondiabdchyde jmmadfl) 9521103 [HALASFE  ZLBALZN 1201 £ 155 106G ¢ 197 TR0 £ L0
Hitritc (1) MEFTLETE  SSOIAGTE G643 1455 TOLEE ¢ B TIAEE § FOdbed G495 L 734
Alderiterone (pgjmi) TELZL1ZZ METL1334 1353ILTLSS 1321 1405 £ 1033 13854 12.99
mwrﬂ.} E231%E9 21612 9.5 1 699 EF.1155% B30 8611513

Statistial analyses wene poriomued wsing one-way ANCSA followed by Tuley™s test. Yales e copeessed asmean | SE6 (standard ermor of the mean) of
10 animaks per group * denote = 0% when companed b B naive animabs; ¥ denobes p < 0.05 when compared bo the NC group; * denotes g 0.0% when

camparcd bo the ABF 30maykg; ¢ denobes p = 0.045 when compared tothe AFBF 100 magyflg; * denotes p < 0,05 when compared bo the HOTS 25 megla;
ACE: amgiobenin ConseTting ororyime actiity, SLT: alanine tra AST: + NEBF- by mﬂﬂmﬁnﬂﬁr&-‘uﬂt
mamamdmmmmwmmmmmuh-- dormth WLy animaks that

recesard daily doses of the wohirke: Maive: normetrncie anmals that receied only the vohicks

* Tabile 5 Hfects of prolonged oral treatment with ALBF (10, 100, and 300 mafka) and bydrochlorotbiaside (HE 1) on renal vasoular reactity.

Drug {dose)  Natwe [ AEEP(30malig)  AEEF(100mgfkg)  AEEF(30mgfkg)  HCTZ (25mafka)
Phe (nmal)

o3 45503 TR 5591085 B552264 4851 336 JAEL2 IS EE_ Rk D

1 T2O2 2200 43631 24 44.66 5 6.8 39.03 1 7.08° TOLTE & 4. Jghsd 2401 3.5

3 IRPF5 L2 TR 5554 1.4% 457959371 47.95 1 605" 21531 3.3 SE4L B
g 1 {prmai)

o ERLERE -] 2ETIO0ES ERRERE: ] 5071 L2261 331411.09 106 1 L9
o3 TESELSS IEHILEIY 2832 59,76 T4 1651 4331 2 9k TR TS LR

1 13525243 ELRRER K AR ITE48 72 13 2R i 4 50 34420 71 B
Ach [pmed)

o - 15158 1225 BRI EM —EI7L 230 ar Al ~ TEE | 3 gl — 4071 1.5
100 — 18861 .06 -9.7% 1 1.08* —B.ERA 3a8* -855 1 3,90 —1RE2 10 =140 L 550
300 - 28061339 - 16.Ed L 295" = 14571 318 =-12091 2 35" -31.43 ¢ 1™ = 18201 982
SNP (pmol)

m 3321115 -4131154 —3.041 148 -SEEL3 -&11 1234 —5 76 2469

an -na3Lzs 12221354 -12n1 365 —~146ELI TS -12E4 1350 - 11441 378
o0 -lraLan =1%91 L 20s -13.8013.54 —l4840 307 -15260 1336 -1330L279
st l analyses wene por: d i one-wary AN followed by Tuley™s test Walues e cxperssed a5 mean © SEM [standand eoror of the mean) of

10 animak pu'g'up. du'ﬂnp:l].m whien comapaned b e nadve animaks b denobes p = 004 vehen compared o the MC-grodp; © dendates g < 005 when
comparcd bo the AFBF 30 mgyk; @ denobes p < 00 when compared bo the AFEP 100 magyl; = denotes p = 0,05 when compared bothe HOTE 25 meg /g

AEBF: byporicnsiee rabs that reccived thiee different doses of the extract of Blataparon pontulscoides; HOTE- hypertensive iks that reveied daily doses of
hydroctlornttiaride; NC: bypertensive animals that received daily doses of the sehicke; Kafe: normot cnsiee animals that reccieed only the vehicke
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» Table 6 i ffects of prolonged oral troatment with ALSP (30, 100, and 300 mafka) and bydrochlomthiaside (HC17) on relative crgan weight and

cardiac morphometry
Parameter Nanve e AEP (J0mglkg)  AEEP(100mglkg)  ALEP (300malky)  HCTZ (25 mafka)
Heart (%) Gﬂ!w 0.39 1 0.0+ 037100 03700 0.26 1 0024 027 1 0024
iy-tkmv(i) 0.3510.04 0381003 03800 “o3srom 037100 0.3410.004
Mm I.SIMIL‘!G 15!011 mm.zs I.G‘l 10_!2 !JO’.GJC 15'!0.3
dewm} lJI!!OJJI lscmm‘ l.ﬁllﬂ.\”‘ l.nmum‘ IA&IIG.BC LB&!OI"
wdmmn) MHNIJTS Im!ml l.ﬁlﬂm ‘I l" uuzz l.ﬂﬁlm ).ﬂl‘ !0.!8

dyscs were porf d wymhhndbyﬂrrsmv&mnmdxmlsumﬁ-dmdhnum)d

lo:.n*perm d'nm,nm—*—

compared 1o the AEBP 30 ma/kg; ‘MP<MMMMNMDIMWAD

P<0.05 wh P ‘mheur.gqu dnnesp<m-n
oe different doses of the

extract of Bty docoides; HCTZ: hyp d daily doses of tydrachiorothiazid wu:muc_mm
uwandmdmmmmmuwuthwmm

Welve, Hean N, Hean PETZ, Hean
I 4w HE 4 HE @0

HE 40 HE 4o

Netve, Kidrwy NC, Kabaey
HE 40 HE 40w

AL 0, How AI’HI' i, M-' ALISP YO, Mean
HE 4in HE

AUDE 30, Liver
HE 4

* Hg. 3 Representative cross-sections of the bver, heart, and lddney in the natve, NC, HC1Z, and ALBP (30, 100, 100 mg/kg) groups. Nave:
normotensive animals treated with vehide (water); NC: hypestensive animals treated wath vehicle (water); HU1Z: hypertensive anemals treated with
W(&W”WMMﬂhwmdlMMIQdmw

Hi: hematooylin

and oosin stain; scale bar: 30 pm.

paint to important reno- and cardioprotective effects of these
compounds [15,21-23], suggesting their direct participation in
cardiorenal protective effects. Although the hypothesis of a single
pharnmacologically active compound is interesting, we bedieve that
the beneficial effects of AFPB are attributable to coordinated and
synergistic actions of several molecudes. Future studies should in-
vestigate whether the cardioprotective effects of AEPB can be re-
produced by the administration of 2 single comp | or specific

combinations of compounds and the concomitant administration
of HOTZ and other classic salivyper tensive drugs.

Overall, the present data suggest that 300 mgfkg AFPS s imy-
portant divretic and cardioprotective effects after prolonged ad-
ministration in SHRS. These effects appear 1o be attributable to
activation of the NO-<GMP-K' channel pathway and associated
with 2 systemic sntioxidant response.
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Matenals and Methods

Drugs and solvents

We used heparin (Hipolabor), ketamine ydooschloride (Syntec),
and xylazine hydrochlonide (Syntec). ACh, Ang I, dextrose, stind-
enediaminetelrascetic acid (FDTA), HCTZ, INDO, L-NAME, MB,
Phe, SMP, TEA, sodiurm chloride fN.dCﬁ.. potassiim e ﬂm],
caldivm chloride (CaCly), magnesivm sulfate (Mg50,), sodium
Iydrogen carbonate (MaHCO5), and potassivm dilydrogen phos-
phate (KHzPOW) were purchased from Sigma-Aldrich. Acetonitrile,
methanol, snd formic acid were purchased from ). T. Baker

Plant material, extraction, and phytochemical analysis
The whole plant of B portulocoides was collected in its natural
habitat in Ubatuba, Sho Paulo, Brasl, n January 2015 amel was
identified by Prof. |.C. de Siqueira (Pontifical Catholic University
of Rio de Janeino). The plant was cultivatesd in the Institute of Biol-
ogyfUniversity of Campinas (UNICAMP; Campings, 5o Paulo,
Brazil). A voucher specimen (SPIR-2962) ws deposited in the hes-
b of the Faoulty of Philosoply, Sciences, and Lebters of
Ribwesir 0 Preto, Univer sity of 530 Pl (FRCLRPJUSPY. The registra-
tion nurmleer in e Mational System for the Management of
Genetic Hevitage (SisGen) i ABBARTC. The plant riaberial (2004)
wers dried at 40°C for 72 hy, powdered, and extracted by macers-
i room lemperatue for 24 h, follwed by 30 min of expo-
sure Lo an ultrasound bath with purified water in a plant powdes [
soheent proportion of 1:2 (wjv). The bath wes, figed at S00W and
53 kHr. The resulting biomass waes filtened and yophiliasd, geld-
ing Ay of AFEP (20% yield). The chemical compasition of AP
wers anabyred by FSHMS. For FSHMS analyses, the extract (1 mgf
L) was diluted in a solution thet contained 50T (i) chromato-
graphic grade methanal, 0% (vv) deionived water, and 0.5% of
amrnsnivim Dydroside (Meck). The fingerprinting FSHMS anahy-
se= were performed using ultraperfonmance Byuid dwomatogss-
phy-tanderm muss spectrometry equipment (model ACOUITY
TOD, Waters), operating in positive (30V) and negative (30V)
o imodes. The general conditions, induded 3 source termperalune
of 1007°C, capillary valtage of 3.0k, and cone voltage of 30V,
F5I-MS wias perfommed by direct infusion using 4 syringe pump at
A Thw rate of 10 pLimin. The compounds wene identified by com-
paiing thesit FSHMS[MS fragrentation spectra (o fragmentation
spectra of authentic standard samples and data from the litera-
ture [6, 24-27).

Animals

Ten feamale Wistar rats (B4 days old), B0 male SHRs, and 16 male
WinLar-Kyobo rats (180 days of age) were obtained from the cen-
tral wivarium of the Federal University of Grande Dourados
{UFGD), Braril All of the animak were kept in 3 tenperalure-
andl light-controlled room (22 + 270 12-hf12-h lightfdark cycle)
witly ol filsifean sccess Lo Food and waber. Al of the animal proce-
dures were previously approved by the Amimal Use Frhics Com-
miltee of UFGD (Seplember 1, 2000 protocal 35-2019/1) and
were in stcordance with the Brazilian Legal Framework on Scien-
tific Animal Use.

Acute todcity was sssessed sccording to the methodologies de-
scribverd previously [28]. Female Wistar rats (= 5/group) were
randomly distriibuted into wo experimental grougs, weighed,
amd trested orally with a single dose of AFPE (2000 mgky) o
wehiche (filtered water, 0.2mL100g). Mortality rate, food and
weatesr intake, body weight, and clinical signs of toxicily wene ob-
served for 14 days. Al the end of the experimental period, the
heart, kidneys, Fver, lungs, spleen, snd ulens were rermoved amd
werigghed, and relative organ weights were caloulated. Some tissue
sarmphes also undersent histopathokegical analysis.

Cardioprotective evaluation

Prolonged diuretic activity

The diuretic activity was evaluated in accordance with Gasparotio
Jumionr et al_ [29], with some adaptations. Fifty male SHRS and ben
ke Wistar-Kyobo rats were randomly divided into the Tollowing
sin experimental groups (n = 10/group): NC (SHRS treated with fil-
tered water, 0.2 mL 100 g), AFPE 30 {SHRS treated with 30 mgfkg
AEPE), AFEP 100 (SHRS treated with 100 mg/kg AFPE), AFPE 300
{5HEs treated with 300 mgfkyg AEPE), HCTZ (SHEs treated with
25 mnglky hydrochlorothisrde), and naive (Wista-Kyolo rats
treated with filtered water, 0.2 mL 100 g). The animals were reat-
ed orally, once daily, for 28 days.

Befiore the experiments, all rats omlly received 5mil100 g of
09K Mall to impose controlled water aind walt load. Fach amimal
weas then placed in an individual metabolic cage. Urine samples
were collected ower o 24-h pesiod on days 1, 14, and 28, Urinary
density and pH were detenmined by o handheld refroctomete
(NOD107; Mova Instraments) and digital pH ometer (QA00DMT:
Quimis Instuments), respectively, Urinary sodium, potassium,
hloride, creatinine, and wea el were q.l.ull'ﬁﬁﬂ] fiin ain auilo-
inated biochemical analyrer (Coluas ntegia 400 plus; Roche).

Mechanisms of disretic activity

After orally receiving isolomic saline (09T MaCl, 5 mLj 100 g}, dif-
Terent groups of SHEs (0 =6) were onally eated with vehicle (NC
g filtered water, 5 milfleg, given 1h befare the experiments),
INDO (Siwgfky, given 1h before the expeiments), L-NAME
{60mglky, given 1h before the experiments), TEA {10imeg/kg.
given 1h before the experiments), or MB (100 mg/kg, given Th
beesfores thoe expetiments), followed by the oral sdministration of
AEBP (300 mgfky), HCTT (25 magkg), of vehide (NC group; fil-
tered waber, 0.2 mL1000g). The naive group consisted of Wistar-
Kyolo rats that received no pretrestiment and weere treated with
wehiche done. Urine outpul was mesured 24h after the treat-
ments. We alss measured sodium, potassivm, sod chloride levels
iin tedal wrine.

Electrocardimgraphy

At the end of the expeimental period, on the moming of dey 29,
all rats were intranuscularly snesthetinsd with 100maiky keta-
mine + 20mglky xylaFine Four electrsdes were positioned on
the animals teas forelimbs and two hindlimls. Flectrocardio-
araphic waves were recorded for S min wing a 12-ead FOG re-
corder (WinCardio; Micromed). PR, QRS, QT, and QTc segrents
(i rw) and P, O, B, and 5 wowve amplitudes (in mV) were recorded.
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Blood pressure

Alter FOG recording, all rats were subcutaneowsly treated with
Tespraiin (30 1) The left carotid artery was Bolated, cannulited,
and connected to a pressure ramducer that was cospled to a
PowerLaly recording system (Chart, v 7.1; bath from ADI Instru-
menis). DEPF, SBF, MAP, and HE woere recorded for 20 min.

Biochemical analysis

After BP mersurements, bhod samples (- 5 mb) were collected
from the cannulated carotid artery. Serum was obitained by centri-
fugation at 1500 = g for 5 min. Potassium, sodivm, total protein,
AT, AST, creatinine, and urea bevels were r.p.unﬁfiud l.qdn Ao
matic biochemical analyrer (Roche Cobas Integra 400 plus) NT
aned aldvsterone levels were mesured wsing an eneyne-linked
immummorbent sssay (BD Bioscences). Plema nitrite concentrs-
tions were envymatically determined sceording to reducing ni-
trate based on Schanidt et al. [30]. Sensm ACT activity was deter-
miimed by indirect fluotimetry sccording o Santos et al. [31].
Finally, MDA bewels weere measured wsing a thiobarbituric acid re-
active substances assay kit (Cayrman Chemical).

Renal vascular reactivity

After the BP measurements, the left kidneys were solated, cannu-
lateed, and prepared sccording e MeGreger [32], with sonme adap-
Lations, The prepar ations were coupled in a perfusion sysbem and
contineously perfused with PS5 (179 mM NaCl, 4.7 mM ECI,
2AmM Cally, 1.2mM Mg50, 25.0mM MaHCD;. 1.2mM
EH POy, 111 mM dextrose, snd 0003 mM EDTA) and garised with
95% 5% COy at 37°C Changes in perfsion pressure (in
nunHy) were recorded wsing the Powerlab recornding system
{Chart, w 7.1; beoth Troem AD1 Instruments). To conlfiim Lssue inleg-
rily. 4 bolus injection aff KO (120 mimol) was sdiministened. Differ-
ent doses of Pl (0.3, 1, and 3 nmol, 10-30pL) and Ang I (0.1,
0.3, and 1 prol, 10-30pl) were then adiminstened in the preps-
ratiois, After 4 washout peried of 30 min, the preparations were
perfused with PSS plis Phe IpM. After stobilization of the
contractile process, vasculn eactivity to ACh (30, 100, and
300 prnol) and SNP (10, 30, and 100 panol) wias evahiated.

Relative organ weight, histopathology,

and heart morphometry

Alter euthanasia, the leart, right kidioey, and liver were removed,
cleaned, and weighed. The RWE wos determined a5 BRWE = abso-
lute organ wesight = 100/ ody wesighL. The organ fragments wene
then fied in 10E buffered formalin, clesved, delydiated, dia-
phanized, and embedded in paraffin, The Lissues were teen sec-
tioned {4 pm) and stained with HE for evaluation by Bght micres-
copy (400 magnification). The thickness of the BY snd the LV was
absoy imeasured. The area of the microscope was, sdjusted wsing an
ocular micremeter with 4 100 objsctive o determine te sime of
thee field per por’. All inages wene oblained sod evabated wsing
Matic bnages, Plus 2.0 sof taare.

Statistical analysis
The statistical analyses were performed using one-way or bao-
way ANOVA follwed by Tukey®s test. The reults are expressed

& the mean + SPM ol 5-10 animals per group. Value of p<0.05
weere considened statistically significant.
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ANEXOS

Anexo 1. Aprovag¢do do projeto de pesquisa na Comissdo de Pesquisa da
Faculdade de Ciéncias da Saude — CEP/FCS/UFGD.

MINISTERIO DA EDUCACAO
UNIVERSIDADE FEDERAL DA GRANDE DOURADOS
FACULDADE DE CIENCIAS DA SAUDE

RESOLUGAO N° 288, DE 27 DE SETEMBRO DE 2019

O Conselho Diretor da Faculdade de Ciéncias da Saude, da Fundagao Universidade
Federal da Grande Dourados, no uso de suas atribuigoes legais, RESOLVE;

Manifestar-se favoravelmente aos Pareceres da Comiss3ao de Pesquisa, da
Faculdade de Ciéncias da Saide, conforme abaixo:

L] PARECER N° 117/2019 Comissao de Pesquisa da FCS — favoravel a proposta de
projeto de pesquisa intitulada “Investigacdo etnofarmacoldgica de Pjper amalago L. (Piperaceae).”,
coordenado por Arquimedes Gasparotto Junior;

° PARECER N° 119/2019 Comissao de Pesquisa da FCS — favoravel a proposta de
projeto de pesquisa intitulada “Avaliacio e acompanhamento de individuos idosos
institucionalizados no Lar da Velhice Desamparada de Dourados averiguando a relacdo
densitometria ossea e frequéncia de quedas e fraturas”, coordenado por Pablo Christiano
Barboza Lollo;

L] PARECER N° 122/2019 Comissao de Pesquisa da FCS — favoravel a Proposta de
Projeto de Pesquisa intitulado “Caracterizacao fisico-quimica, antioxidante e metagenomica de
Kombucha obtido a partir de cha verde e seus efeitos in vivo", coordenado por Pablo Christiano
Barboza Lollo;

L] PARECER N° 124/2019 Comissdo de Pesquisa da FCS — favoravel a Proposta de
Projeto de Pesquisa intitulado “Efeito do extrato hidroetandlico das folhas de Camponesia
xanthocarpa em camundongos Swiss em modelo de obesidade e Esteatose Hepatica induzida por
dieta hiperlipidica”, coordenado por Candida Aparecida Leite Kassuya;

L] PARECER N° 125/2019 comissdo de pesquisa da fcs — favoravel a proposta de
projeto de pesquisa intitulado “Investigacdo etnofarmacologica dos efeitos cardiovasculares e
renais da Alternanthera brasiliana (L.) Kuntze (Amaranthaceae)”, coordenado por Arquimedes
Gasparotto Junior;

Profa. Dr2. Silvia Aparecida Oesterreich
Presidente do Conselho Diretor da Faculdade de Ciéncias da Saide/UFGD

Faculdade de Ciéncias da Salde - &(0xx6
dlrelorfcs@ufg;d,edu br - Dourad

0-2344 - Tax(0xx67)3410-2326
s - MS — Rodovia ltahum
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Anexo 2 — Aprovacdo do projeto de pesquisa pelo Comissdo de Etica no Uso de
Animais—-CEUA/UFGD.

MINISTERIO DA EDUCACAO

FUNDACAO UNIVERSIDADE FEDERAL DA GRANDE DOURADOS
PRO-REITORIA DE ENSINO DE POS-GRADUACAO E PESQUISA

COMISSAO DE ETICA NO USO DE ANIMAIS - CEUA
Dourados-MS, 01 de Setembro de 2020.

CERTIFICADO

Certificamos que a proposta intitulada “Investigacao
etnofarmacoldgica dos efeitos cardiovasculares e renais da
Alternanthera brasiliana (l.) Kuntze (Amaranthaceae) em ratos
espontaneamente hipertensos’; registrada sob o protocolo de n° 35/2019,
sob a responsabilidade de Arguimedes Gasparotte Junior — que envolve a
producao, manutencdo e/ou utilizacdo de animais pertencentes ao filo Chordatas,
subfilo Vertebrata (exceto o homem), para fins de pesquisa cientifica (ou ensino),
encontra-se de acordo com os preceitos da Lei n® 11,794, de 08 de outubro de
2008, do Decreto n° 6.899, de 15 de julho de 2009, e com as normas editadas
pelo Conselho Nacional de Controle da Experimentacdo Animal (CONCEA), e foi
aprovada pela Comissio de Ftica no Uso de Animais (CEUA/UFGD) da
Universidade Federal da Grande Dourados, em reunido de 08/11/2019, passou a
ser  nomeado "Investigacio  etnofarmacoldgica dos  efeitos
cardiovasculares e renais da Blutaporan portulacoides em ratos

espontaneamente hipertensivos”, tendo como n° de protocolo 35/2019-1,

Finalidade ( ) Ensino (X ) Pesquisa Gientifica
Vigéncia da autorizacao 01/06/2020 a 28/02/2021

Espécie/linhagemyraca Rattus norvegicus — Wistar e SHR

N® de animais 55-50 SHR e 5 Wistar
Peso/idade 90 dias — Wistar e 180 dias — SHR
Sexo 5 fémeas Wistar e 50 machos SHR
Origem Biotério Central da UFGD

Aprlise. Vg fupolede

Melissa Negrao Sepulvida

Coordenadora CEUA
Comissdo de Etica no Uso de Animais — CEUA/UFGD — Rua ]
Dourados/MS. E-mail: ceua@uf

o Rosa Goes, 1761 — Vila Progresso
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Blutaparon portulacoides ethanolic extract reduced IL-1
and inflammatory parameters induced by the Mycobacterium complex
and carrageenan in mice

Roberto Mikio Kassuya' - Joyce Alencar Santos Radai' - Luis Fernando Benitez Macorini' - Viktor Krejci Nunes? -
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Abstract

Information on the health benefits of ethanolic extracts obtained from Blutaparon portulacoides stem (EEBP) hasn’t been
consistently described in the literature until the present moment. This study investigated the antimycobacterial, anti-inflam-
matory and toxicological effects of EEBP in models of inflammation/infection, as well as its chemical composition. Chemical
analysis of EEBP by electrospray ionization—mass spectrometry/HPLC-MS/MS identified 3,5,3’-Trihydroxy-4’-methoxy-
6,7-methylenedioxy-flavone, gomphrenol, ferulic, vanillic, and caffeic acids. The minimum inhibitory concentration of
EEBP and isoniazid in the presence of Mycobacterium tuberculosis was 123.4 and 0.030 pg/ml, respectively. EEBP oral
administration (p.o.) (300-1000 mg/kg) or dexamethasone subcutaneous injection (s.c.) (1 mg/kg) significantly inhibited
leukocytes and proteins resulting from carrageenan-induced pleurisy in Swiss mice. In the BCG-induced pleurisy model,
the oral treatments performed once a day for 7 days, with EEBP (30 and 100 mg/kg) and isoniazid (25 mg/kg), inhibited
the increase in plasmatic IL-1p levels and in pleural exudate from C57BL-6 mice, and reduced M. tuberculosis growth in
organs (colony forming units assays). EEBP (30-300 mg/kg, p.o.) and dexamethasone (1 mg/s.c.) significantly prevented
carrageenan-induced oedema and mechanical hyperalgesia in Swiss mice. The treatments (once a day for 22 days) with EEBP
(30 mg/kg, p.o.) and dexamethasone (1 mg/s.c.) substantially inhibited oedema and mechanical- and cold-hyperalgesia at 11,
16 and 22 days after the administration of Freund’s Complete Adjuvant in C57bL6 mice. No evidence of physio-pathologic
was observed in Wistar rats acutely treated with EEBP (2000 mg/kg, p.o.). This study confirms the anti-inflammatory and
antibiotic properties of EEBP, opening possibilities for the development of safe new drugs with dual anti-inflammatory/
antimycobacterial activities which could be favorable from a pharmacoeconomic perspective.

Keywords Amaranthaceae - Blutaparon portulacoides - Inflammation - Mycobacterium tuberculosis
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Multiple Risk Factors for Heart Disease: A Challenge to the
Ethnopharmacological Use of Croton urucurana Baill.

Priscila Megda Joao Job Zago ,! Gustavo Ratti da Silva ®,> Eduarda Carolina Amaral ©,"
Lorena Neris Barboza (9,! Fernanda de Abreu Braga ,! Bethania Rosa Lorencone ;3
Aline Aparecida Macedo Marques (,> Karyne Garcia Tafarelo Moreno (9,

Patricia Regina Terco Leite (9,” Alan de Almeida Veiga ), Lauro Mera de Souza (@,
Roosevelt Isaias Carvalho Souza(®,’ Ariany Carvalho dos Santos ),

Joao Tadeu Ribeiro-Paes®,° Arquimedes Gasparotto Junior D,

and Francislaine Aparecida dos Reis Livero ’

4

!Laboratory of Preclinical Research of Natural Products,

Post-Graduate Program in Medicinal Plants and Phytotherapeutics in Basic Attention, Paranaense University, Umuarama,
Parand, Brazil

2Laboratory of Preclinical Research of Natural Products,

Post-Graduate Program in Animal Science with Emphasis on Bioactive Products, Paranaense University, Umuarama,
Parand, Brazil

*Laboratory of Cardiovascular Pharmacology, Faculty of Health Sciences, Federal University of Grande Dourados, Dourados,
Mato Grosso do Sul, Brazil

“Institute of Research Pelé Pequeno Principe, Pequeno Principe Faculty, Curitiba, Parand, Brazil

*Laboratory of Histology, Faculty of Health Sciences, Federal University of Grande Dourados, Dourados,

Mato Grosso do Sul, Brazil

°Laboratory of Genetics and Cell Therapy, Sdo Paulo State University, Assis, Sdo Paulo, Brazil

”Laboratory of Preclinical Research of Natural Products,

Post-Graduate Program in Medicinal Plants and Phytotherapeutics in Basic Attention,

Post-Graduate Program in Animal Science with Emphasis on Bioactive Products, Paranaense University, Umuarama,
Parand, Brazil

Correspondence should be addressed to Francislaine Aparecida dos Reis Livero; francislaine@prof.unipar.br
Received 4 September 2021; Revised 15 October 2021; Accepted 28 October 2021; Published 15 November 2021
Academic Editor: Daniel Kam Wah Mok

Copyright © 2021 Priscila Megda Joao Job Zago et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Croton urucurana Baill. is a native Brazilian tree, popularly known as “sangra-d’agua” or “sangue-de-dragao,” based on the
red resinous sap of the trunk. Its use has been transmitted through generations based on popular tradition that attributes
analgesic, anti-inflammatory, and cardioprotective properties to the tree. However, its cardioprotective effects have not yet
been scientifically investigated. Thus, the present study investigated the pharmacological response to an ethanol-soluble
fraction from the leaves of C. urucurana in Wistar rats exposed to smoking and dyslipidemia, two important cardiovascular
risk factors. The extract was evaluated by high-performance liquid chromatography. Wistar rats received a 0.5% cho-
lesterol-enriched diet and were exposed to cigarette smoke (9 cigarettes/day for 10 weeks). During the last 5 weeks, the
animals were orally treated with vehicle (negative control group), C. urucurana extract (30, 100, and 300 mg/kg), or
simvastatin (2.5 mg/kg) +enalapril (15 mg/kg). One group of rats that was not exposed to these risk factors was also
evaluated (basal group). Electrocardiograms and systolic, diastolic, and mean blood pressure were measured. Blood was
collected to measure total cholesterol, triglycerides, urea, and creatinine. The heart and kidneys were collected and
processed for oxidative status and histopathological evaluation. The phytochemical analysis revealed different classes of
flavonoids and condensed tannins. The model induced dyslipidemia and cardiac and renal oxidative stress and increased
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