UNIVERSIDADE FEDERAL DA GRANDE DOURADOS
FACULDADE DE CIENCIAS DA SAUDE
PROGRAMA DE POS-GRADUACAO EM CIENCIAS DA SAUDE

Acoes terapéuticas de Echinodorus grandiflorus frente ao modelo

de aterosclerose

FRANCIELLY MOURAO GASPAROTTO

Dourados - MS
2019



FRANCIELLY MOURAO GASPAROTTO

Ac¢des terapéuticas de Echinodorus grandiflorus frente ao modelo de

aterosclerose

Tese de Defesa apresentada ao Programa de Pods-
Graduacdo em Ciéncias da Saude da Faculdade de
Ciéncias da Saude da Universidade Federal da
Grande Dourados (UFGD), para obtencdo do titulo
de Doutor em Ciéncias da Saude

Area de concentra¢do: Farmacologia

Orientador: Prof®. Dr". Candida Aparecida Leite

Kassuya

Dourados - MS
2019



Dados Internacionais de Catalogagdo na Publicagao (CIP).

G249a  Gasparotto, Francielly Mourao
Agoes terapéuticas de Echinodorus grandiflorus frente ao modelo de aterosclerose [recurso
eletronico] / Francielly Mourao Gasparotto. -- 2019.
Arquivo em formato pdf.

Orientadora: Candida Aparecida Leite Kassuya.

Tese (Doutorado em Ciéncias da Satide)-Universidade Federal da Grande Dourados, 2019.

Disponivel no Repositério Institucional da UFGD em:
https://portal.ufgd.edu.br/setor/biblioteca/repositorio

1. Alismataceae. 2. Antioxidante. 3. Aterosclerose. 4. Dislipidemia. 5. Hipertrofia ventricular. I.
Kassuya, Candida Aparecida Leite. IL. Titulo.

Ficha catalografica elaborada automaticamente de acordo com os dados fornecidos pelo(a) autor(a).

©Direitos reservados. Permitido a reprodugao parcial desde que citada a fonte.




DEDICATORIA

Ao meu esposo
Arquimedes pelo apoio
incondicional em todos
0S momentos, €S um
professor para a vida,

meu orgulho.



AGRADECIMENTO (S)

Primeiro de tudo, gostaria de agradecer a Deus por me guiar, iluminar e me dar

tranquilidade para seguir em frente com os meus objetivos e ndo desanimar com as
dificuldades.

Agradeco ao meu esposo, Dr. Arquimedes, a pessoa que Deus escolheu para ser
meu companheiro nas horas boas e ruins, pelos “puxdes de orelha”, pelo apoio, pelos
infinitos ensinamentos e principalmente por ser um profissional e ser humano exemplar
a ser espelhado diariamente.

Agradego imensamente ao meu filho Pedro, que ¢ um presente divino em minha
vida e que me ensina todos os dias o segredo de superacdo, meu grande exemplo e
motivagao.

Agradeco aos meus familiares e principalmente aos meus pais, que sempre me
motivaram, mostrando o quanto era importante estudar.

Agradego meu grande amigo e padrinho Dr. Emerson, por me oportunizar e
acompanhar a concretizagdo desse sonho, muito obrigado padrinho, sem seu apoio esse
sonho nao seria realizado!!!

Ao meu amigo Rhanany, pelo incentivo e contribui¢cdes no desenvolvimento
desse trabalho; sobretudo, nas medidas morfométricas cardiacas, muito obrigado Rha.

A Dr. Francislaine, pela sua contribui¢io na finalizagéo desse trabalho.

Agradeco muito a minha orientadora Dr. Candida, por ter aceitado dividir seus
conhecimentos com tanta paciéncia e confiancga, gratiddo sem fim.

Agradeco também a todos os professores do PPGCS (programa de pds
graduacdo em ciénicas da saude), pelos ensinamentos que passaram, os quais foram, sdo
e serdo muito importantes para mim e para a minha vida profissional.

Agradeco as minhas amigas Roberta, Fernanda, Erika, Claudia, Miriam e
Jaqueline que  possuem o dom de fazer os meus dias mais felizes e engragados.
Meninas, vocés ja fazem parte da minha vida.

E a tantos outros amigos e parceiros que me apoiam de forma direta ou

indiretamentamente, meus sinceros agradecimentos.



EPiIGRAFE

Tenho a impressao de
ter sido uma
crianca brincando a beira-
mar, divertindo-me em
descobrir uma pedrinha mais
lisa ou uma concha mais
bonita que as outras,
enquanto o imenso oceano na
verdade continua misterioso
diante de meus olhos.

(ISSAC NEWTON)



LISTA DE ILUSTRACOES

Figura 1 — Processo de migracdo das células durante o processo de

desenvolvimento da aterosclerose
Figura 2 - Eventos na formacao de lesdo aterosclerotica

Figura 3 - Formagdo de radicais livres e a tentativa de equilibrio pelos
antioxidantes

Figura 4 — Espécie Echinodorus grandiflorus. Fotografias obtidas Horto de
plantas medicinais da Universidade Paranaense — UNIPAR, Umuarama.



ATP
AVE
CAT
CCR2:
CETP
DASH

LISTA DE ABREVIATURAS E SIMBOLOS

Adenosina Trisfosfato (ATP do inglés, adenosine triphosphate)
Acidente vascular encefalico

Catalase

Receptor de quimiocina tipo (do inglés, chemokine receptor type 2)
Proteina de transferéncia de colesterol esterificado

Dieta apropriada para hipertensos (DASH, do inglés, Dietary

Approaches to stop Hypertesion)

DCNT
DCV
DM
DRC
eNOS
ERO
ERN
ESEG
GPX
HAS
HDL
Lipoproteins)
H,0,
iNOS
synthase oxide)
IL-1
IL-6
LDL
lipoprotein)
LDLox

Doengas cronicas ndo transmissiveis

Doengas cardiovasculares

Diabetes Mellitus

Dieta rica em colesterol (do inglés, high cholesterol diet)

Oxido nitrito sintase endotelial

Espécies reativas de oxigénio (do inglés, reactive oxygen species)
Espécies reativas de nitrogénio

Extrato do sobrenadante de Echinodorus grandiflorus

Glutationa peroxidase

Hipertensao arterial sistémica

Lipoproteina de alta densidade (do inglés, hight Density

Peréxido de hidrogénio

Oxido nitrito sintase indutiva (iNOS, do inglés, Inductive nitrite
Interleucina-1p (IL-1p, do inglés, Interleukin-1p)
Interleucina-6 (IL_6, do inglés, Interleukin

Lipoproteina de baixa densidade (LDL, do inglés, Low-density

Lipoproteina de baixa densidade oxidada (LDLox, do inglés,

Oxidized low density lipoprotein)

MCP-1: proteina de quimioatracio de monoécito (do inglés, Monocyte

chemoattractant protein-1)

MDA
MEVs

Malondialdeido

Mudangas no estilo de vida



NO Radical 6xido nitrico

NOS Oxido nitrito sintase
OMS Organizacdo Mundial da Saude (WHO, do inglés, World Health
Organization)

ONOO" Peroxinitrito

(0)3 Oxigénio Molecular

0% Anion superéxido

OH Radical hidroxila

SOD Superdxido dismutase

sSICAM-1 Molécula de adesao intercelular soluvel 1
sVCAM-1 Molécula de adesao celular vascular soltivel 1
TBARS  Substancia reativa ao Acido Tiobarbiturico

UNICEF Fundo das nag¢des unidas para infancia



Acoes terapéuticas de Echinodorus grandiflorus frente ao modelo de

aterosclerose

RESUMO

Excesso de peso e dislipidemia estdo entre os problemas de saide mais graves
nas sociedades ocidentais. Estas condi¢des aumentam o risco de doenga cardiaca e t€ém
sido associadas a uma maior prevaléncia de arritmias cardiacas e morte subita. O
presente estudo investigou os efeitos cardioprotetores da fracdo soluvel em etanol de um
infuso das folhas de Echinodorus grandiflorus (ESEG) na dislipidemia, aterosclerose e
remodelacdo ventricular de coelhos machos da linhagem Nova Zelandia, alimentados
com dieta rica em colesterol (CRD) a 1%. Primeiramente, obtivemos a ESEG e
realizamos um estudo fitoquimico detalhado por cromatografia liquida com detecgdo
por arranjo de diodos e por espectrometria de massas com ionizagao por "electrospray".
Inicialmente, os animais foram separados em 6 grupos experimentais (n=6). Depois,
durante 60 dias, os animais foram alimentados com a CRD ou uma dieta sem adi¢do de
colesterol (branco, artigo 1 ou controle negativo, artigo 2). Apos 30 dias do inicio do
CRD, grupos de coelhos foram tratados por via oral (v.0.) com o veiculo (agua filtrada)
(controle negativo, artigo 1 ou controle positivo, artigo 2) o ESEG (10, 30 e 100 mg/kg)
ou sinvastatina (2,5 mg/kg). Foi realizado a coleta de sangue no primeiro dia do
experimento, 30 e 60 dias ap6s. Durante todo o periodo experimental, o ganho de peso
corporal foi medido semanalmente. Ao final de 60 dias da alimentagdo com as dietas,
foram investigados o perfil eletrocardiografico, os niveis dos lipidios séricos, a
concentragdo de lipoproteina de baixa densidade oxidada (LDLox), os niveis de
malondialdeido (MDA), e os niveis séricos de nitrotirosina, interleucina-1f (IL-1p), IL-
6, molécula de adesdo intercelular soluvel-1 (SICAM-1) e molécula de adesao celular
vascular soluvel 1 (sVCAM-1). Amostras do ventriculo direito, arco aortico e do
segmento toracico também foram coletadas para investigar o sistema de defesa
antioxidante tecidual e para as andlises anatomohistopatologicas. As andlises estatisticas
foram realizadas por meio de andlise unidirecional de variancia (ANOVA) seguida do
teste de Dunnett ou do teste de Kruskal-Wallis seguido do teste de Dunn. Valores de p
<0,05 foram considerados estatisticamente significativos. A investigagado fitoquimica do
ESEG mostrou uma grande quantidade de flavondides C- e O-glicosideos. Os animais

tratados com ESEG tiveram ganho de peso corporal semelhante aos coelhos que foram



tratados com a dieta comercial padrdo, diferente dos animais que foram alimentados
com o CRD e tratados apenas com veiculo ap6s 60 dias. No grupo controle negativo, a
analise eletrocardiografica mostrou alteragdes morfologicas e funcionais nos animais
alimentados com a CRD, indicando, sobretudo hipertrofia do ventriculo esquerdo,
flacidez miocardica, degeneragdo gordurosa e hipertrofia ventricular esquerda
concéntrica. Um aumento significativo nos niveis de colesterol total e fracdes, LDLox,
triglicerideos, nitrotirosina € MDA, além de uma importante diminui¢@o na atividade do
sistema antioxidante tecidual do musculo ventricular e dos diferentes ramos arteriais
também foram detectadas. Todas essas alteracdes foram acompanhadas pelo aumento
significativo dos niveis de IL-1pB, IL-6, SICAM-1 e sVCAM-1 e pelo desenvolvimento
de lesdes aterosclerdticas na camada intima de todo o sistema arterial avaliado. O ESEG
na dose de 100 mg/kg reduziu significativamente os niveis dos lipidios séricos em
coelhos alimentados com a CRD. Este tratamento também modulou o sistema de defesa
antioxidante arterial e cardiaco, reduzindo a oxida¢ao de lipidios e proteinas. Da mesma
forma, os niveis séricos de IL-1B, IL-6, sICAM-1 e sVCAM-1 diminuiram
significativamente, acompanhados por uma redu¢do das lesdes cardiacas e
ateroscleroticas em todos os ramos arteriais avaliados. Os dados obtidos mostraram que
o ESEG na dose de 100 mg/kg pode ser considerado promissor para a prevengdo das

alteracdes vasculares e cardiacas induzidas por uma dieta rica em colesterol.

Palavras-chave: Alismataceae, antioxidante, aterosclerose, dislipidemia, hipertrofia

ventricular



Therapeutic actions of Echinodorus grandiflorus against the

atherosclerosis model.

ABSTRACT

Excess weight and dyslipidemia are among the most serious health problems in
Western societies. These conditions increase the risk of heart disease and have been
associated with a higher prevalence of cardiac arrhythmias and sudden death. The
present study investigated the cardioprotective effects of Echinodorus grandiflorus on
dyslipidemia, atherosclerosis and ventricular remodeling of New Zealand male rabbits
fed a 1% high cholesterol diet (CRD). First, we obtained an ethanol soluble fraction
from the infusion of E. grandiflorus (ESEG) leaves and performed a detailed
phytochemical study by high performance liquid chromatography and mass
spectrometry. Then, for 60 days, the animals were fed the CRD or a cholesterol-free diet
(white, item 1 or negative control, article 2). After 30 days of the initiation of CRD,
rabbit groups were treated orally (v.0.) with vehicle (filtered water) (negative control,
item 1 or positive control, article 2) o ESEG (10, 30 e 100 mg/kg) ou sinvastatina (2,5
mg/kg). Blood collection was performed on the first day of the experiment, 30 and 60
days later. At the end of 60 days, the electrocardiographic profile, serum lipid levels,
oxidized low density lipoprotein (oxLDL) concentration, levels of malondialdehyde
(MDA), and serum levels of nitrotyrosine, interleukin -1 (IL-1B), IL-6, soluble
intercellular adhesion molecule-1 (sSICAM-1) and soluble vascular cell adhesion
molecule 1 (sVCAM-1) were investigated. Samples of the right ventricle, aortic arch
and thoracic segment were also collected to investigate the tissue antioxidant defense
system and histopathological and morphometric analyzes. Statistical analyzes were
performed by means of unidirectional analysis of variance (ANOVA) followed by the
Dunnett test or the Kruskal-Wallis test followed by the Dunn test. Values of p <0.05
were considered statistically significant. ESEG treated animals had similar body weight
gain to rabbits that were treated with the standard commercial diet, unlike animals that
were fed the CRD and treated with vehicle alone after 60 days. Phytochemical
investigation of ESEG showed a large amount of flavonoid C- and O-glycoside.
Electrocardiographic analysis showed important morphological and functional
alterations in the animals fed with CRD, indicating hypertrophy of the left ventricle,

myocardial flaccidity, fatty degeneration, and concentric left ventricular hypertrophy.



An expressive increase in the levels of total cholesterol and fractions, oxLDL,
triglycerides, nitrotyrosine and TBARS, besides a significant decrease in the activity of
the tissue antioxidant defense system of the ventricular muscle and in the different
arterial branches were also detected. All of these changes were accompanied by
significant increases in IL-1fB, IL-6, sSICAM-1 and sVCAM-1 levels, and by the
development of atherosclerotic lesions in the intima-layer of the whole arterial system
evaluated. Oral administration of ESEG 100 mg/kg significantly reduced serum lipid
levels in rabbits fed CRD. This treatment also modulated the arterial and cardiac
antioxidant defense system, reducing the oxidation of lipids and proteins. Similarly,
serum levels of IL-1P, IL-6, sICAM-1 and sVCAM-1 decreased significantly,
accompanied by a reduction of cardiac and atherosclerotic lesions in all arterial
branches. The data presented here showed that ESEG 100 mg/kg can be considered
promising for the prevention of cardiac and vascular changes induced by a high

cholesterol diet.

Keywords: Alismataceae, antioxidant, atherosclerosis, dyslipidemia, ventricular

hypertrophy
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INTRODUCAO

As doengas cardiovasculares (DCV), sobretudo a aterosclerose, exercem
influéncia na qualidade de vida dos pacientes, sendo considerada um dos motivos mais
importantes de inabilidade fisica e morte prematura em individuos acometidos (HERON
et al., 2009). Caracteriza-se por um processo de inicio silencioso, progressivo, cronico e
sistémico, acompanhada por agressdo a superficie arterial, resultado de uma resposta
inflamatoria e fibroproliferativa da camada intima das arterias (LUZ et al., 2003).

O evento inicial da aterogénese ocorre através do disturbio da funcdo do
endotélio vascular, e o principal fator contribuinte para o desencadeamento ¢ a
hipercolesterolemia (LIBBY, 2002). A lesdo provocada pela presenca da placa
aterosclerotica pode comprometer varios segmentos arteriais, sendo responsavel por
diversas complicacdes adjacentes como coronariopatias, claudica¢des intermitentes dos
membros inferiores, acidentes vasculares encefalicos e aneurisma da aorta abdominal
(LASTORIA et al., 2002; TORNWALL et al., 2001).

A aterosclerose representa um dos mais importantes processos patologicos
cardiovasculares e tem se constatado que o envelhecimento ¢ um fator que exerce
influéncia direta para sua manifestacdo (WENGER, 1992). Evidéncias sugerem que a
doenca aterosclerotica se manifesta principalmente em adultos, cuja incidéncia aumenta
exponencialmente a partir dos 45 anos de idade. Entretanto, estudos detectaram uma alta
prevaléncia (40%) de placas ateroscleroticas nas autdpsias de adultos jovens, sugerindo
que o processo aterosclerotico também possa ocorrer de maneira precoce (MCGILL,
2000).

A aterosclerose durante a gestacdo, quando na presenca de hipercolestolemia
materna, pode ter inicio precoce na fase fetal intra-uterina, tendo progressdo lenta na
adolescéncia, com manifestacdes clinicas tardias quando adultos (NAPOLI et al., 1997).
E fato que os homens sdo mais afetados do que as mulheres, sobretudo quando sdo mais
jovens (SAITO et al., 2002).

A camada intima dos vasos, incluindo as artérias, ¢ constituida por tecido
conjuntivo encoberto por uma monocamada de células endoteliais. Normalmente ¢ na
camada intima dos vasos que as placas ateroscleroticas se formam. Essas placas sdo

revestidas por uma capa fibrosa formada por matriz extracelular densa, colageno,
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células T, macrofagos e células musculares lisas (SUNG; FRIEDLANDER;
KOBASHIGAWA, 2004).

A agressdo ao endotélio vascular ird desencadear a disfun¢do endotelial,
constituindo o gatilho inicial para a formagdo da placa aterosclerotica. Varios sdo os
fatores que predispdem o inicio e manuteng¢do desse processo, incluindo a dislipidemia,
o diabetes e a hipertensdo arterial sistémica (HAS) (YOLANDA et al., 2000). As
alteracdes na superficie do endotélio favorecem o aumento na permeabilidade vascular
as lipoproteinas plasmaticas, retendo essas particulas no espaco subendotelial
(PICCINATO; CHERRI; MORIYA, 2001; ZANELLA et al., 1992). Essas particulas
lipidicas sequestradas na camada intima de artérias de médio e grande calibre, sobretudo
as lipoproteinas de baixa densidade podem sofrer oxidagdo (LDLox), processo que as
torna imunogénicas e pro-inflamatérias (ELLULU et al., 2016).

Outra caracteristica comum na disfuncdo endotelial que precede o processo
aterosclerotico ¢ a expressdo aumentada de moléculas de adesdo (como ICAM e
VCAM), que juntamente com a secrecdo de citocinas pelo musculo vascular, sdo
responsaveis pela adesdo e pelo recrutamento de linfécitos e mondcitos para o espago
subendotelial. Os mondcitos subendoteliais se diferenciam em macréfagos que por sua
vez fagocitam as particulas de LDLox e passam por um processo metamorfico se
transformando em células espumosas, o principal constituintes das placas
ateroscleroticas (SUKHOVERSHIN; YEPURI; GHEBREMARIAM, 2015).

Devido a importincia dessa patologia muitos estudos se dedicaram a
padronizagdo de diferentes modelos experimentais que pudessem mimetizar todas as
fases do processo aterosclerdtico. As dietas baseadas na suplementacdo com colesterol
entraram em destaque, deixando como obsoletos os modelos baseados em técnicas
cirargicas ou dietas baseadas em proteinas animal e gordura vegetal (KRITCHESKY et
al., 1989; KRITCHESKY, 2001).

Hé mais de 20 anos os coelhos sdo caracterizados como o modelo experimental
mais pratico e reprodutivel quando se pretende extrapolar dos resultados para seres
humanos (RAMOS MORALES, 1987). Os coelhos desenvolvem placas ateroscleroticas
com a adicdo de 1% de colesterol na dieta por um periodo de 8 a 12 semanas
(KOLODGIE et al., 2003). Com essa metodologia ¢ possivel induzir lesdes
ateroscleroticas em todas as artérias de condutancia de grande calibre, inclusive em

ambas as cardtidas (ALFONSO VALIENTE et al, 2001). Dados disponiveis na
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literatura mostram que o tipo e a extensdo da lesdo aterosclerdtica induzidas em coelhos
¢ diretamente proporcional aos niveis de colesterol sérico, que consequentemente, ¢
proporcional a quantidade de colesterol incluida na dieta (BOCAN et al., 1993).

Os tratamentos disponiveis para o controle da aterosclerose sao moderadamente
efetivos (CABRAL et al., 2007). Porém, a incidéncia de efeitos adversos, sobretudo
com o uso das estatinas, reduz consideravelmente a adesdo ao tratamento farmacologico
(Bonfim et al., 2015). Assim, existem um grande interesse na descoberta de novas
moléculas ou terapias alternativas (LEWEY et al., 2013). Nesse sentido, em todo o
mundo, os produtos naturais foram e continuam a ser uma importante fonte de novas
biomoléculas quimicas ou de medicamentos fitoterapicos (SCHENKEL et al., 2001).

A Echinodorus grandiflorus (Cham. & Schltdl.) Micheli (Alismataceae) ¢ uma
espécie nativa do Brasil, comumente conhecida como “erva do brejo”, ‘“cha-de-
campanha” ou “chapéu de couro”. E uma planta herbacea, considerada um subarbusto
aquatico, rizomatoso, perene, sendo facilmente encontrada em regides alagadas ou
cultivada para fins medicinais (GARCIA et al., 2010; PRANDO et al., 2015;). E
empregada na medicina tradicional como laxante, hipotensor, emoliente, adstringente,
diurético e hipolipemiante (LORENZI; MATOS, 2008). O extrato das folhas de E.
grandiflorus possuem diversas acdes biologicas comprovadas, dentre elas destacando-se
seus efeitos, diurético (PRANDO et al., 2016), vasodilatador (TIBIRICA et al., 2007),
antihipertensivo (LESSA et al., 2008) e anti-inflamatorio (DUTRA et al., 2006).

Quimicamente a espécie ¢ bem conhecida. Foram identificados em diferentes
preparacdes um grande nimero de flavondides glicosidicos (PRANDO et al., 2016) e
substancias terpenoidicas das quais destacam-se diterpenos dos tipos clerodano
(COSTA et al., 1999; TANAKA, 2000) e cembrano, tais como equinodol (MANNS;
HARTMAN, 1993) e o acido equinodico (TANAKA et al., 1997, TANAKA, 2000).

Apesar das informacgdes acerca dos beneficios cardiovasculares desta espécie e
seu extenso uso popular no tratamento da hipertensdo e/ou dislipidemias, inexistem
dados na literatura que mostrem o impacto na prevencdo e/ou evolu¢do da doenca
cardiaca e aterosclerética induzidas pelo colesterol. Assim, o objetivo geral deste estudo
foi avaliar os efeitos hipolipemiantes, antioxidante, cardioprotetores e
antiaterosclerdticos da fracdo soluvel em etanol obtida da infusdo das folhas de E.

grandiflorus em coelhos Nova Zelandia submetidos a dieta rica em colesterol.
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2 REVISAO DE LITERATURA

2.1 Aterogénese e doenca aterosclerotica

As doencas cronicas ndo transmissiveis (DCNT) acarretam um grande impacto
econdmico e financeiro no servico de saude de diferentes paises. As doengas
cardiovasculares, com aproximadamente 31% do total dos casos, podem ser
consideradas as principais causas de morbimortalidade no Brasil (MALTA et al., 2017).

Hé mais de 50 anos a aterosclerose foi definida pela Organizagdo Mundial de
Satde (OMS) como uma doenga que possui como caracteristica o acimulo vascular de
lipideos, tecido fibroso e depdsitos de calcio (WHO, 1958). Atualmente sabe-se que o
processo aterosclerdtico ¢ muito mais complexo e possui uma grande contribui¢do do
processo inflamatorio. Os locais da “rede vascular” onde as placas ateroscleroticas se
formam mais facilmente sdo em areas de maior estresse de cisalhamento, ou seja, com
maior fluxo sanguineo turbulento (KOJDA; HAMBRECHT, 2005).

Os vasos sanguineos sao formados pelas tinicas intima (camada subendotelial
de tecido conjuntivo frouxo), média (tecido eldstico ou tecido muscular liso) e
adventicia (tecido conjuntivo denso ndo modelado e tecido conjuntivo frouxo). As
propriedades das células endoteliais mudam durante a transicdo da inflamacao aguda e
cronica e durante a transi¢do da imunidade inata para imunidade adaptativa (POBER;
SESSA, 2007).

Fisiologicamente sabe-se que o endotélio vascular possue importantes fungdes
vasculoprotetoras. Seu papel na liberagdo de moléculas anticoagulantes e
antiinflamatdrias sdo fundamentais para a homeostasia vascular (POBER; SESSA,
2007). Além disso, o endotélio auxilia na vasodilatacdo, inibe a adesdo leucocitéria e a
proliferacdo de células musculares lisas. Esse processo ¢ catalizado principalmente por
alguns mediadores endodgenos, incluindo o 6xido nitrico (NO), a prostaciclina e o fator
hiperpolarizante derivado do endotélio. Em contraponto, o endotélio também libera
agentes vasoconstritores, incluindo a endotelina, a angiotensina II, e as espécies reativas
de oxigénio (ERO) (CARVALHO et al., 2001).

Em condi¢des homeostaticas favoraveis existe um equilibrio entre a liberacao de
fatores dilatadores e constritores pelo endotélio vascular. Porém, na presenca de

multiplos fatores de risco incluindo a hipertensao arterial sistémica (HAS), pode ocorrer
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um desequilibrio nesse processo, com uma reducdo da liberacdo dos mediadores
vasodilatadores, conduzindo a disfungdo endotelial, uma etapa limitante da génese do
processo aterosclerotico (CARVALHO et al., 2001; PICCINATO; CHERRI; MORIYA,
2001; SIMOES; SCHMIDT, 1996). Alteracdes na fungio do endotélio em resposta a
acoes mecanicas (hipertensdo arterial e ‘“shear stress”), imunoldgicas e quimicas
refletem ativagdo da aterosclerose. Essas altera¢des precedem as manifestacdes clinicas
da aterosclerose que estdo associadas a perdas importantes das fungdes fisiologicas do
endotélio. Uma delas ¢ a regulacdo do tonus e do fluxo vasculares mediada pelo NO de
acordo com as necessidades locais (TREPELS; ZEIHER; FICHTLSCHERER, 2006).

Os processos envolvidos na injuria endotelial sdo multiplos, além da HAS;
outros fatores de risco como dislipidemias, diabetes melittus, tabagismo, obesidade e
sedentarismo também exercem expressiva importancia no desenvolvimento e
progressao da aterosclerose (YOLANDA et al., 2000).

As dislipidemias geralmente sdo provocadas pelas modifica¢des na producao, no
clearence ou no catabololismo de lipideos, em consequéncia de sedentarismo, dieta
inadequada, fatores ambientais e/ou genéticos (RABELO, 2001). A hipercolesterolemia,
em particular o aumento do LDL (Low Density Lipoproteins), ¢ o principal preditor das
DCYV, porque as particulas de LDL sdo 70% de colesterol no sangue, sendo o principal
alvo de interven¢ao médica. Entretanto, o aumento nos niveis de HDL (high Density
Lipoproteins), popularmente conhecimento como “colesterol do bem”, diminui o risco
relativo para a DCV. Isso se explica devido a habilidade que o HDL tem em remover o
colesterol, através do “transporte inverso” do colesterol presente nas células até ao
figado para posterior excre¢do. Além disso, O HDL ¢ capaz de prevenir a agregagdo e a
oxida¢do das particulas de LDL na parede arterial, diminuindo o potencial aterogénico
dessa lipoproteina (GIULLUM, 2000).

Segundo Bierman (1992), o Diabetes Melittus (DM) ¢ um dos fatores de risco
mais importantes para a doenga aterosclerotica. A exposi¢do prolongada a
hiperglicemia, a hiperinsulinemia e a presenca de resisténcia insulinica provocam
alteracdes celulares em todas as etapas do processo aterosclerdtico, exacerbando seu
curso clinico (BECKMAN et al, 2002). No DM, alteracdes como a oxidacdo e a
glicagdo das lipoproteinas, bem como na presenca de particulas pequenas e densas de
LDL, constituem-se em diferencas qualitativas no status de dislipidemia, tornando essa

condi¢do ainda mais aterogénica (BIERMAN, 1992; SOBENIN, et al, 1996).
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Guedes e cols. (2007), analisando o impacto do uso de tabaco sobre o perfil
lipidico plasmatico de usudrios em idades jovens, mostraram que o grupo representado
pelos usudrios de tabaco apresentaram os niveis séricos de colesterol total, LDL,
triglicerideos e apolipoproteina B100, significativamente mais elevados, e niveis séricos
de HDL menores, quando comparados com grupo de ndao fumantes. Adolescentes
fumantes tenderam demonstrar niveis de lipideos-lipoproteinas plasmaticas alterados
duas vezes maiores que ndo fumantes. Quando comparados aos ndo fumantes.
Corroborando com dados publicados por Prescott e cols. (2002) e Price e cols. (1999)
ao relatarem que adultos fumantes tendem a apresentar um perfil plasmaticoaterogénico
mais comprometido quando comparados a adultos ndo fumantes.

A obesidade ¢ também um importante preditor das doengas cardiovasculares. A
prevaléncia da obesidade na infancia e na adolescéncia traz conseqiiéncias em curto e
longo prazos, por estar associada a um perfil lipidico anormal, com aumento da
concentragdo de colesterol total, triglicerideo e LDL-c, e diminui¢cdo de HDL-c (NCEP,
2001)

O sedentarismo também tem sido apontado como fator de risco para as DCV. A
pratica de atividade fisica exerce um efeito positivo para os riscos cardiovasculares. O
menor nivel de atividade fisica e o sedentarismo estdo associados com maior
prevaléncia de obesidade infantil, apontando o sedentarismo como um fator de risco
presente em idades precoces para o desenvolvimento de DCV, incluindo a aterosclerose
(BYRNES et al., 1999; STEINBECK, 2001).

Todos esses fatores de risco isolados e/ou geralmente associados, irdo atuar de
maneira complexa e decisiva para o desencadeamento bem como a progressdo lenta e
cronica da doenca aterosclerdtica, cujo mecanismos primordiais estardo voltados
principalmente sobre alteragdes funcionais e estruturais na camada intima dos vasos e
no endotélio (CANTOS et al., 2004).

O tecido endotelial lesado favorece a penetragdo de moléculas de colesterol,
sobreduto o LDL, para a camada subendotelial. As moléculas de LDL sdo
frequentemente oxidadas, convertendo-se em lipideos (LDLox) altamente imunogénicos
e pro-inflamatodrios. Essas particulas sdo responsaveis pela estimulagdo da produgdo de
varias citocinas (incluindo a IL-1f e IL-6) nas células musculares vasculares e aumento
da expressdo de moléculas de adesdo nos leucécitos e endotélio, principalmente as

moléculas de adesao intercelular-1 (ICAM-1) e vascular-1 (VCAM-1) (endotélio). Essas
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quimiocinas atraem e facilitam a penetracdo dos mondcitos no espago subendotelial.
Essas células sdo convertidas em macrofagos (especialmente o subtipo M1) e passam a
fagocitar ativamente as moléculas de LDLox (pois possuem receptores scavenger para
captagdo de LDLox). Assim, os macréfagos repletos de LDLox tem o processo
migratdrio comprometido e sofrem um processo metamorfico e se convertem em células
espumosas, que aumentam gradativamente sofrem diferentes graus de calcificagdo,
denominando-se ateromas. Além disso, no processo inflamatério da aterosclerose,
ocorre a ativacdo de células endoteliais e macrofagos que conduz a liberagdo de varios
tipos de citocinas, quimiocinas, fatores de crecimentos, ROS (espécies reativas de
oxigénio), os quais induzem o acimulo continuo da migracdo de leucdcitos,
contribuindo como desenvolvimento da inflamagdo (Figura 1) (BECKSTROM et al.,
2007, FRIEDLANDER; ALTMAN, 2001; SUNG; FRIEDLANDER;
KOBASHIGAWA, 2004). A placa ateromatosa cresce lentamente, diminuindo o fluxo
sanguineo a jusante. Em alguns casos as placas ficam tdo grandes que podem se projetar
para o limen da artéria, reduzindo acentuadamente o fluxo sanguineo e causando

oclusdo completa do vaso (RODRIGUES; GOTTSCHALL, 1992).
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Figura 1: Processo de migra¢do das células durante o processo de desenvolvimento da
aterosclerose. FONTE: Adaptado. http://anotsocoolsterol-biobio.blogspot.com. (MCP-
1: proteina de quimioatracdo de monocito; CCR2: receptor de quimiocina tipo 2)
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As placas de ateroma ndo sdo contituidas apenas de células espumosas. Nelas
encontra-se também componentes da matriz extracelular e um nucleo lipidico necroético,
formado principalmente por fragmentos de células mortas. As placas denominadas
estaveis possuem grande quantidade de coldgeno, capa fibrosa espessa, poucas células
inflamatorias e um nucleo necrdtico reduzido. As placas instaveis possuem grande
atividade inflamatoria e proteolitica, com nucleo necrdtico volumoso e capa fibrosa
fina. Uma eventual ruptura da capa fibrosa que reveste a placa aterosclerdtica expde
material lipidico altamente trombogénico, estimulando a adesdo e a agregagdo
plaquetaria. Como consequéncia, ocorre a aterotrombose e suas manifestacdes clinicas,
incluindo o infarto agudo do miocardio e o acidente vascular encefilico (AVE)
(FALUDI et al., 2017; GAO et al., 2013).

Apesar de varios fatores enddgenos e exdgenos estarem envolvidos com a
origem da ateroclerose, como ja foi discutido anteriormente, o estresse oxidativo
também merece um lugar de destaque. De fato, além da oxidag¢do do LDL, os produtos
da peroxidacdo lipidica aumentam a permeabilidade das células endoteliais, facilitando
o influxo das moléculas de LDL para o espago subendotelial (SALVAYRE; NEGRE-
SALVAYRE; CAMARE, 2015). Em um contexto amplo, a inflamagdo e¢ o estresse
oxidativo sdo fundamentais para desenvolvimento e manutencdo do processo
aterosclerotico, pois as células inflamatorias geram espécies reativas de oxigénio, que
por sua vez podem aumentar a oxida¢do progressiva das moléculas de LDL, que
estimulam a liberacdo de vérias citocinas e quimiocinas que mobilizam mais células
inflamatorias (EL-SHEAKH et al., 2015).

A HAS e o diabetes, por terem alta prevaléncia e devido as graves complicagdes
fisiologicas que acarretam, também s3o importantes fatores envolvidos com a
aterosclerose. (KANNEL et al., 1974). De fato, a HAS ¢ um dos principais fatores de
risco, pois ¢ pouco comum que as placas aterosclerdticas se formem em areas da rede
vascular com baixo regime pressorico, tais como os vasos de resisténcia ou as veias
(KANNEL et al., 1974; SIMOES; SCHMIDT, 1996). Por outro lado, raramente os
pacientes apresentam apenas um fator de risco. Na maioria dos casos a HAS ¢
acompanhada por outros fatores de risco ndo menos importantes, sobretudo o diabetes e
as dislipidemias (Figura 2) (CANTOS et al., 2004). Neste caso os fatores de risco
funcionam como um grande catalisador, onde, se ndo forem reduzidos ou controlados,

as lesdes endoteliais por eles induzidas seguirdo um curso lento e continuo. Assim,
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através de um processo inflamatério local e de uma lesdo endotelial persistente, o
processo aterosclerdtico se desenvolve de forma lenta e progressiva afetando a resposta
vascular, na maioria das vezes sem manifestacdes clinicas até que ocorra uma obstrugao

vascular significativa (SALVAYRE; NEGRE-SALVAYRE; CAMARE, 2015).
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Figura 2. Eventos na formacdo de lesdo aterosclerdtica. Adaptado de GOTTLIEB;
BONARDI; MORIGUCHI, 2005.

2.2 O papel das espécies reativas de oxigénio (ERQ) e nitrogénio (ERN) na
aterogénese

As espécies reativas de oxigénio e nitrogénio (ERN) sdo constituidas
basicamente por radicais livres, dos quais os elétrons encontram-se desemparelhados, e
a producdo encontra-se aumentada durante o estresse oxidativo (Figura 3). Dentre os
radicais livres destacam-se o anion superoxido (O, ) e o radical hidroxila (OH"),
enquanto o perdxido de hidrogénio (H,O,) ¢ a uma das principais ERO. Por outro lado,
dentre as ERN destacam-se o radical oxido nitrico (NO") e peroxinitrito (ONOQO)
(LUBRANO et al., 2015; NICKENING et al., 2002).
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LIVRES, LEVES E PERIGOSOS
Os radicais podem matar as células saudaveis
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Figura 3: Imagem ilustrativa sobre a formagdo de radicais livres e a acdo dos

antioxidantes. Fonte: http:rspress.com.br/health4life/

Atualmente sabem-se que a formacdo de radicais livres € um processo
fisiologico continuo que ocorre regularmente durante o processo metabdlico. Os
radicais livres possuem inumeros efeitos benéficos, incluindo a producio adequada do
trifosfato de adenosina (ATP), a fertilizacdo do 6vulo e a ativagdo de genes. Entretanto,
quando sua producdo estd expressivamente aumentada pode ocorrer danos oxidativos
em diferentes estruturas celulares, incluindo proteinas e lipideos. De fato, esse
desequilibrio na producdo de radicais livres pode conduzir a disfun¢ao endotelial, HAS
e aterosclerose (HUSAIN et al., 2015; VARA et al., 2014; VAZIRI et al., 2000).

Estudos realizados apontam o papel das espécies reativas no desenvolvimento e
progressio da doenga aterosclerética. E bastante claro que elas contribuem diretamente
com as modifica¢des oxidativas que ocorrem nas particulas de LDL, e indiretamente na
liberagdo de citocinas inflamatodrias e na proliferagdo das células musculares lisas (SITI
etal., 2015; TOUYZ et al., 2005).

Foram identificadas significativas alteragdes na expressdo da NADPH oxidase,
xantina oxidase, lipoxigenases, mieloperoxidase e Oxido nitrico sintase em lesdes
ateroscleroticas iniciais, conduzindo ao aumento na producdo de espécies reativas. De
fato, duas fontes particularmente importantes de espécies reativas sobre o sistema
cardiovascular, e no desenvolvimento das lesdes ateroscleroticas, sio a NADPH oxidase
e a 6xido nitrico sintase (NOS) desacoplada. Ambas as enzimas tém sido bem estudadas
por serem importantes fontes de O2" (LI et al., 2014; GRIENDLING et al., 2003;
GUZIK et al., 2000).



23

Durante o processo aterosclerdtico ocorre a expressao de duas isoformas da
NOS, a endotelial (eNOS) e a indutiva (iNOS). O problema se reside nao
necessariamente na expressdo da NOS, mas sim em um processo denominado
“desacoplamento” da eNOS. Nesse caso, devido a auséncia de L-arginina e/ou
tetrahidrobiopterina (BH4), co-fatores para producao de NO, ocorre uma reducdo do
oxigénio molecular (O,) para O, . Essa alteragdo promove, simultineamente, um
aumento na produgéo local de O, e 6xido nitrico (NO), conduzindo para a formagao de
peroxinitrito (ONOQO), um eficiente oxidante (KAWASHIMA; YOKOYAMA, 2004).
Além disso, quando ha o desequilibrio redox no coragcdo e nos vasos sanguineos, a
NADPH oxidase também desempenha um papel substancial como fonte de O, ,
contribuindo para o estresse oxidativo sobrejacente a aterosclerose (GRIENDLING et
al., 2003; VARA et al., 2014).

Existe um equilibrio entre a producdo e a neutralizagdo de espécies reativas em
basicamente todos os sistemas bioldgicos. Essa equagdo equanime ¢ mantida por um
importante sistema de defesa antioxidante. Na pratica existem dois sistemas
antioxidantes que atuam de forma sinérgica e coordenada, um enzimatio e outro nao
enzimatico. O sistema enzimatico inclui a superoxido dismutase (SOD), a catalase
(CAT) e a glutationa peroxidade (GPX), controlando e/ou reduzindo a concentragdo de
varias espécies reativas. Como exemplo, a SOD pode promover a dismutagdo do O,
em H,O,, o qual pode ser degradado em H,O pela GPX ou pela CAT (LUBRANO et
al., 2015; NOJIRI et al., 2006).

Por outro lado, atuando de forma sinérgica ao sistema enzimatico existem varias
macromoléculas como a glutationa, vitaminas, minerais e compostos polifendlicos que
atuam como agentes antioxidantes ndo enzimaticos. Ainda assim, estudos conduzidos
apontam importantes efeitos antioxidantes enddgenos apds o consumo moderado de
polifenois. Essas moléculas mostraram varios beneficios cardioprotetores, incluindo
melhora da funcdo endotelial, diminui¢do da pressdo arterial e redugdo da agregacdo

plaquetéria (QUINONES et al., 2013; STOCLET et al. 2004).

2.3 Tratamentos disponiveis para as dislipidemias e aterosclerose
A prevengao primaria das dislipidemias e da aterosclerose devem ser feitas com
mudangas no estilo de vida (MEV). Apesar de efetiva na maioria dos casos de

hipercolesterolemia ndo-familiar, sabe-se que a efetividade deste tipo de intervencao ¢é
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variavel e depende da adesdo do paciente, do tipo de dieta adotada, da atividade fisica
regular, além da cessa¢do do tabagismo e etilismo. Nesse interim, dois tipos de dieta
merecem destaque, a dieta DASH (Dietary Approaches to Stop Hypertension - Dieta
apropriada para hipertensos) e a dieta do mediterraneo. A dieta DASH ¢ baseada no
consumo de frutas, verduras, legumes, graos integrais, peixes, aves, leite e derivados
com baixo teor de gordura, e alimentos fontes de gordura monoinsaturada. De um modo
geral, a gordura total deve representar 27% da alimentagdo, sendo até 6% de gordura
saturada e até 150 miligramas de colesterol. Os carboidratos sdo responsaveis por 55%
das calorias da alimentacdo e as proteinas por 18%. Além disso, o consumo de fibras
deve ser de 30 gramas por dia. Por outro lado, a dieta do mediterraneo ¢ baseada no
consumo de alimentos frescos e naturais como azeite, frutas, legumes, cereais, leite e
queijo, sendo necessario evitar produtos industrializados. Além disso, a dieta prevé o
uso de ervas e especiarias em vez de sal para dar sabor aos alimentos (BRICARELLO et
al., 2018; FINICELLI et al., 2019).

Apesar da prevencdo primaria ser realizada com MEV, em alguns casos mais
severos o tratamento farmacoldgico se faz necessario. Atualmente existe um vasto
arsenal terapéutico destinado ao tratamento das dislipidemias e para a prevencdo da
aterosclerose. Entre esses, destacam-se os os inibidores da absor¢ao de colesterol (p.ex.
ezetimiba), os sequestradores de 4acidos biliares (p.ex. colestiramina e colestipol), a
niacina e seus derivados (p.ex. nicofuranose e niceritrol), os fibratos (p.ex. clofibrato e
ciprofibrato), os inibidores da proteina de transferéncia de colesterol esterificado
(CETP) (p.ex. anacetrapib e torcetrapib), e as estatinas (p.ex. sinvastatina, atorvastatina
e rosuvastatina) (COSTET, 2010; MANNU et al., 2013; TAMARGO et al., 2007).

Dentre todos os agentes supracitados, as estatinas ¢ a classe que de longe
apresenta melhores resultados em curto e longo prazo. Atuando através da inibicdo
competitiva da 3-hidroxi-3-metilglutaril coenzima A (HMG-CoA) redutase, enzima que
catalisa a conversao do HMG-CoA redutase em L-mevalonato, este grupo de farmaco
impede eficazmente a sintese do colesterol hepatico. Assim, ocorre a indugdo da
expressao de receptores para o colesterol LDL no figado, o que por sua vez, aumenta o
catabolismo e diminui a concentra¢ao plasmatica do mesmo (GUPTA, 2015; SILVA et
al., 2006; SPOSITO et al., 2007).

Apesar da eficacia das estatinas, o aparecimento de efeitos adversos como

alteracdes na funcdo hepatica, mialgia, e em menor propor¢do a rabdomiolise, tem
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estimulado a pesquisa de diversos tratamentos alternativos, incluindo as plantas
medicinais (KOLOVOU et al., 2008; MAGNI et al., 2015; SILVA et al., 2006). Assim,
atualmente, existe um grande interesse na busca de opg¢des terapéuticas alternativas para
a prevengdo e tratamento das dislipidemias, sobretudo para ser utilizada
concomitantemente com as terapias convencionais. Nesse aspecto, uma op¢ao bem
aceita provém dos produtos naturais, especialmente aqueles que sdo habitualmente

utilizados pela populacgdo e fazem parte do arsenal cultural transmitido por geragdes.

2.4 Plantas medicinais e propriedades bioativas.

Na segunda metade do século XX houve um substancial incentivo a aplicacdo da
medicina tradicional e popular nas questdes de saide das comunidades
(SACRAMENTO, 2001). Orgéios como OMS ¢ o UNICEF reiteraram a importancia da
inclusdo da medicina tradicional na ateng¢do primaria a saude. Desde entdo, a OMS tem
incentivado a pesquisa de novos medicamentos tendo como base as plantas medicinais,
assim como sua utilizacdo no tratamento de diversas patologias (OMS, 1978).

Apesar dos avangos da medicina e da quimica, a maioria dos medicamentos
utilizados (cerca de 90%) compreendiam as plantas medicinais até o inicio do século
passado (CORREA et al., 2001). Porém, devido ao interesse econdmico de grandes
multinacionais e também dificuldades relacionadas ao controle de qualidade desses
extratos vegetais, houve mudanca no cenario do mercado consumidor, percebendo-se o
predominio do uso de produtos quimicamente sintetizados ou de derivados isolados de
plantas medicinais. Ainda assim, nesse mesmo periodo, foi observado um aumento
consideravel no interesse da industria farmacéutica e da medicina no segmento
fitoterapico, movido muitas vezes pela ampliagdo do mercado consumidor (FERREIRA,
1998).

Durante as décadas de 1980 e 1990, foi necessario realizar a retirada de um
grande niimero de drogas sintéticas, devido a so6lidas evidéncias de intoxicacdes graves,
tanto em animais como em seres humanos; nesse interim, as plantas medicinais tanto
nas formas de infusdes e tinturas, bem como os fitoterapicos padronizados, mostraram-
se uma interessante op¢do terapé€utica, tendo sua importdncia e seu espago
reestabelecidos na medicina atual. A comunidade cientifica tem se interessado nos

estudos com plantas medicinais, resultando em um aumento substancial nas publica¢des
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de revistas cientificas renomadas, reforcando mais uma vez, a importancia deste assunto
para a comunidade mundial como um todo (SMET; PETER, 2002; TYLLER, 1999).

De uma maneira geral, o objetivo principal da validacdo de novos produtos
naturais, seria aumentar a opgdo terapéutica no mercado farmacéutico e ndo a
substituicdo dos medicamentos comercializados e ja registrados, ofertando assim,
indicagdes terapéuticas complementares as medicacdes ja existentes. Da mesma forma,
esta atividade pode fornecer substratos autoctones para o desenvolvimento de uma
industria farmacéutica local, refor¢ando dessa maneira, as tradicdes populares
(FRANCISCHI, 2005). Ainda assim, essa pratica, poderia facilitar a aceitagdo do uso
dos fitoterapicos e das plantas medicinais pela comunidade, por pertence ao arsenal
terapéutico tradicional construido culturalmente (FARSNWORTH, 1985).

De fato, os fitoterdpicos sempre representaram uma parcela significativa no
mercado de medicamentos. Dados da OMS indicam que apesar da maioria da populagdo
dos paises em desenvolvimento dependerem da medicina moderna, 80% desta
populacdo ainda se vale de praticas tradicionais pelo uso de plantas medicinais. No
Brasil, os dados obtidos em levantamento realizado pelo Departamento de Comércio
Exterior mostram um crescente aumento na exportacdo de plantas medicinais nas
ultimas décadas (TOMAZZONI et al., 2006; BRASIL, 2006a).

Com o crescimento mundial do consumo de plantas medicinais e fitoterapicos,
varios paises tém se preocupado em monitorar com que frequéncia este tipo de
terapéutica que vem sendo utilizada (BRASIL, 2006a; BRASIL, 2006b). Florencio;
Junior (2008) realizaram estudo descritivo através da andlise de formularios preenchidos
pelos profissionais da area de satde e pela populagdo do interior do estado do Rio de
Janeiro, e ficou constatado que 63% dos entrevistados utilizam as plantas medicinais
como forma de tratamento, mesmo com a disponibilidade de medicamentos sintéticos.
Também foi observado que a automedica¢ao ainda ocorre de maneira expressiva com
plantas medicinais (sem prescricdo e/ou informagdo médica), juntamente com o
medicamento sintético e, ndo raro os casos, substituindo-o, sem o conhecimento do
médico. Estes dados demonstram o conhecimento empirico da populagdo em relagdo ao
uso de plantas medicinais, e a necessidade de novos estudos serem conduzidos a fim de
esclarecer os efeitos dos constituintes ativos destes produtos naturais.

De fato, ¢ observado o crescimento do uso de produtos naturais para o

tratamento de diferentes processos patologicos, sobretudo as doengas cardiovasculares.
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Ha evidéncias de que varios produtos naturais, (principalmente os ricos em compostos
polifendlicos - incluindo os flavondides) podem atuar na prevencdo das doencas
cardiovasculares através de diferentes mecanismos como: reducdo da disfungdo
endotelial, reducdo do estresse oxidativo e reducdo da inflamagdo (FUHRMAN et al.,
2001; PEREZ-VIZCAINO et al., 2009; QUINONES et al., 2013). Corroborando com os
dados acima, estudos comprovaram que os flavonodides bem como seus derivados
glicosilados sdo eficazes em reduzir particulas de LDLox e também diminuem a
produgdo de pré oxidantes endogenos como a NADPH oxidase (De WHALEY et al.,
1990; SIES et al.,, 2010; YANG et al., 2011). Preparagdes ricas em kaempferol,
miricetina, quercetina, apresentaram propriedades anti-inflamatdria, antitrombdtica,
antioxidante; e cardioprotetora e antiaterogénica (GARDI et al., 2015; OJEDA et al.,
2010; STOCLET et al., 2004).

Evidéncias cientificas comprovam a capacidade dos compostos fendlicos em
aumentar a expressdo da eNOS, favorecendo a biodisponibilidade de NO; importante
para prote¢do do endotélio vascular. (NADERALI; DOYLE; WILLIAMS, 2000;
WALLERATH et al., 2002; THANDAPILLY et al., 2010). E, atribui-se os efeitos
protetores dos compostos fendlicos as suas propriedades pleiotropicas (participam de
inimeras reacdes bioldgicas), modulando a atividade de varias enzimas e interferindo na
sinalizacdo dos processos celulares (ABD-ELBASET et al., 2015; LI et al., 2012;
NDIAYE et al., 2003;).

Ainda existem poucas espécies que ja& foram investigadas e validadas
clinicamente como agentes antiaterogénicos e hipolipemiantes (HASANI-RANJBAR et
al., 2010). Assim, os dados disponiveis sugerem a necessidade de uma investigacdo
efetiva com o intuito de validar farmacologicamente a utilizacdo desses produtos

naturais, sobretudo aqueles que ja fazem parte do arsenal terapéutico popular.

2.5 Echinodorus grandiflorus

O género Echinodorus (Alismataceae) possui 26 espécies que ocorrem
principalmente na regido dos tropicos na América do Sul (HAYNES; HOLM-
NIELSEN, 1994), sugerem que a espécie teve origem no Sul do Brasil, sendo
introduzida na América do Norte para fins ornamentais (LEHTONEN, 2009). As

espécies predominantes no Brasil, sdo a Echinodorus grandiflorus, (Cham. & Schitdl.)
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Micheli e E. macrophyllus (Kunth) Micheli, as quais se distribuem preferencialmente
em regides de banhando e de solo timido.

As plantas desse género sdao amplamente utilizadas para fins ornamentais
(LEHTONEN, 2016). Podem ser empregadas em diversas areas como no preparo de
refrigerantes e na industria alimenticia (LIMA-DELLAMORA et al., 2017). Além de
apresentar grande eficiéncia na biorremediagdo (BARBOSA et al., 2013; RIBEIRO et
al., 2015) destacando seu emprego no processo de recuperagdo de aguas contaminadas
(WAN-RU, 2014; YING; LEI, 2014).

E. grandiflorus (Figura 4) ¢ uma macrofita enraizada (crescem desde locais
encharcados até ambientes totalmente submersos), possue folhas ovaladas e coriaceas,
com largura de aproximadamente 35 cm, comprimento proximo de 38 cm; possui
peciolo aspero, com comprimento 2 a 3 vezes maior do que o limbo foliar; flores de
pétalas brancas, raramente de cor rosa ou amarela, com didmetro de 2,5 a 3,5 cm e fruto
seco e inflorescéncia paniculada com 6 a 12 verticilos (RATAJ et al., 1969). Sao
espécies hermafroditas, possuem mecanismo de autoesterelidade tardia aparentemente
através do mecanismo de autoincompatibilidade (PANSARIN; PANSARIN, 2011;
VIEIRA; LIMA, 1997).
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Figura 4. Espécie Echinodorus grandiflorus. Fotografias obtidas do Horto de plantas
medicinais da UNIPAR - Universidade Paranaense, Brasil a 430 m acima do nivel do
mar (S23°47'55, W53°18'48). O material vegetal foi identificado pela Dra. Mariza
Barion Romagnolo (Universidade Estadual de Maringd - UEM, Brasil). Um espécime

de comprovante foi depositado no Herbario da UEM (n° 20810).

A Echinodorus grandiflorus é citada como uma planta medicinal em pesquisas
etnobotanicas (SILVA et al., 2009; MAGALHAES, 2010), estando entre as dez
espécies mais citadas em alguns estudos (KFFURI, 2008; MAGALHAES, 2010).

Evidenciando a importancia do género Echinodorus, o Ministério da Satde
elencou a Echinodorus macrophyllus (Kunth) Michel juntamente com outras espécies
de plantas medicinais que poderdo ser prescritas aos usuarios do sistema tinico de saude
(SUS) (BRASIL, 2011). E. macrophyllus e E. grandiflorus sido popularmente
conhecidas como chapéu-de-couro (PANIZZA, 1997). Ambas sdo utilizadas
popularmente para as mesmas finalidades medicinais em diversas regides do Brasil
(LORENZI; MATOS, 2008; PANIZZA, 1997); Contudo, a composi¢do quimica entre
as espécies ¢ diferenciada; conforme aponta a literatura; evidenciando a necessidade de

novos estudos quimicos e farmacologicos buscando identificar as substancias ativas.
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A E. grandiflorus ¢ uma espécie de grande expressao na medicina popular, no
entanto, com pouquissimas informagdes sobre cultivo, variedades existentes e fenologia
visando a um melhor aproveitamento e conservagdo da planta (BEVILAQUA et al.,
2001). No entanto, a analise da composi¢do quimica das plantas bem como o controle
de fatores ambientais, tornam-se essenciais para efeitos de comercializacdo do material,
identificando os materiais mais atrativos a industria farmacéutica, além de auxiliar aos
produtores na selecdo de gendtipos mais eficientes em termos fitoterapicos, uma vez
que fatores externos (umidade do solo, pH, temperatura e estacdes climaticas) podem
influenciar na expressao de determinados principios ativos (BEVILAQUA et al., 2001;
SILVA JUNIOR; VIZZOTO, 1996). No presente estudo, as espécies foram cutivadas
no horto de plantas medicinais da Universidade Paranaense e adubadas com matéria
organica obtida a partir de compostagem de restos de podas vegetais, além disso, foi
adaptado um sistema artificial de retengdo hidrica (revestimento subterraneo com
material impermeavel) sob as espécies cutivadas.

As folhas de E. grandiflorus apresentam em sua composicao diterpenos (do tipo
clerodano e cembrano), flavondides C- e O-glicosideos (sobretudo C-heterosideos de
flavonas como a isoorientina e a swertiajaponina), derivados do 4cido o-
hidroxicinamico (4cidos chicorico e caftarico), esterdides, 4cidos graxos,
arilpropanoides simples (acido cafeico, fertlico e isofertlico) e &cido trans-aconitico
(PIMENTA; 2000; PRANDO, 2016; SCHNITZLER et al., 2007; TANAKA, 2000).

Nos extratos etanolicos obtidos de folhas de E. grandiflorus e analisados por
técnicas de cromatografia e espectofotometria, foi observado que os constituintes
majoritarios eram solidagolactona-I e Isoorientina. Nos extratos aquosos, o acido
ferulico era o constituinte majouritario. O melhor marcardor quimico seria o diterpénico
clerodanico solidagolactona-I, uma vez que foi verificado que os componentes fenolicos
possuiam maior oscilagdo em relacdo a sazonalidade (PIMENTA et al., 2002).

Garcia et al., (2010) confirmaram os estudos anteriores ao identificarem os
flavonoides, isoorientina, isovitexina e os acidos trans-acotinico e chicérico, a partir dos
extratos aquoso, diclorometanico e hidroalcodlicos (30, 50 70 e 96% EtOH; v/v) de
folhas de E. grandiflorus.

O fitol também foi descrito como constituinte do extrato hexanico de folhas da
espécie, onde também foram caracterizados o acido palmitico, esteroides e o diterpeno

clerodan-3, 13-dien 16 -15-olido (PIMENTA, 2006)
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O cha das folhas de E. grandiflorus ¢é utilizado, na medicina popular brasileira,
como diurético, depurativo do sangue, anti-inflamatério, antihipertensivo,
hepatoprotetor, no tratamento de afec¢des cutaneas, doengas venéreas, artrite e
reumatismo (CORREIA, 1984; BRANDAO et al., 2009).

Virios estudos farmacologicos foram conduzidos com a E. grandiflorus. Estudos
pré-clinicos relatam que esta espécie ¢ promissora para o tratamento de doencas
cardiovasculares. Diferentes preparagdes que foram obtidas desta espécie mostraram
propriedades antioxidantes (LUNARDI et al., 2014), vasodilatador (ALMEIDA et al.,
2003), diuréticas (CARDOSO et al., 2003; PRANDO et al., 2015; PRANDO et al.,
2016), antiedematosas (GARCIA et al., 2010), hipoglicemiante (BARBOSA-FILHO et
al., 2005), anti-hipertensivas (LESSA et al.,, 2008; PRANDO et al., 2016) e
vasodilatadoras (TIBIRICA et al., 2007), antirreumadtica, sendo também usada para
combater 4cido urico e problemas de pele (TESKE; TRENTINI, 2001).
Surpreendentemente, apesar do uso popular extenso, seus efeitos hipolipidémicos e
antiateroscleréticos permanecem desconhecidos.

Considerando o exposto acima, esta proposta poderd ajudar a caracterizar a E.
grandiflorus como uma planta promissora no desenvolvimento de novos fitoterapicos,
principalmente devido a lacuna existente na validagdo desse tipo de firmaco como
adjuvante no tratamento das dislipidemias e aterosclerose. Frente a isso, e considerando
que inexistem dados que justifiquem e/ou subsidiem os efeitos cardioprotetores,
antiaterogénicos e hipolipemiantes da E. grandiflorus, e acreditando que existe a
necessidade de ampliar o arsenal terapéutico complementar nestas condigdes,
objetivamos investigar os efeitos da administragdo do extrato bruto de E.

grandiflorus em coelhos Nova Zelandia submetidos a dieta rica em colesterol.
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3 OBJETIVO GERAL

Avaliar o perfil hipolipemiante, antiaterogénico e cardioprotetor do sobrenadante

etandlico do infuso obtido das folhas de E. grandiflorus (ESEG) em coelhos Nova

Zelandia submetidos a dieta rica em colesterol (CRD).

3.1 OBJETIVOS ESPECIFICOS

Coletar as folhas de E. grandiflorus, produzir o extrato e realizar a
caracterizagao fitoquimica do ESEG;

Induzir a hipercolesterolemia, a disfun¢do ventricular e a aterogénese em
coelhos machos da linhagem Nova Zelandia através da administracdo de dieta
comercial enriquecida com 1% de colesterol (CRD) por 60 dias;

Acompanhar o ganho de peso corporal durante os 60 dias do estudo;

Determinar o padrdo eletrocardiografico dos animais apds 60 dias de CRD e 30
dias de tratamento com o ESEG;

Mensurar os niveis dos lipideos séricos, LDLox, malondialdeido, nitrotirosina,
citocinas (IL-1 e IL-6), e moléculas de adesdo soluveis ICAM-1 e VCAM-1 com
e sem a administracdo do ESEG;

Avaliar o indice de aterogénese no arco aortico, aorta toracica, abdominal, iliaca,
apos 60 dias de CRD com e sem tratamento por 30 dias com o ESEG;

Investigar as alteragdes histopatologicas cardiacas e realizar a morfometria do
ventriculo esquerdo dos animais alimentados com CRD com e sem tratamento
com o ESEG;

Avaliar a atividade da superdxido dismutase e os niveis de lipoperoxidos e
glutationa reduzida nos ramos arteriais ¢ musculo ventricular apds 60 dias de

CRD ¢ 30 dias de tratamento com o ESEG.
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ABSTRACT

Excess weight and dyslipidemia are among the most serious
health problems in Westemn societies. These conditions en-
hance the risk of cardiac disease and have been linked with a
higher prevalence of cardiac arrhythmias and sudden death.
The present study investigated the cardioprotective effects
of Echinodorus grandifiorus on ventricular remodeling in rab-
bits that were fed a 1% cholesterol-rich diet. We first obtained
an ethanol-soluble fraction of E grandiflorus and performed a
detailed phytochemical study by liquid chromatography-
DAD/ESIMS. For 60 days, male rabbits were fed the choles-
terolrich diet or a diet without the addition of cholesterol.
After 30 days, different groups of rabbits were treated with
the ethanol-soluble fraction of E grandiflorus (10, 30, and
100mg/kg, p.o.), simvastatin (2.5mg/kg), or vehicle once
daily for 30 days. At the end of 60 days, the serum lipoprotein
ratio, electrocardiographic profile, histopathological atera-
tions, and the cardiac anticdddant defense system were inves-
tigated. Echocardiographic analysis showed morphological
and functional alterations in cholesterol-rich diet-fed animals,
indicating left ventricle hypertrophy. The total cholesterol/
high-density lipoprotein ratio and low-density lipoprotein/
high-density lipoprotein ratio were significantly higher in cho-
lesterolrich diet-fed rabbits. Myocardial flaccidity, fatty de-
generation, and concentric left ventricular hypertrophy were
observed. An increase in lipid peroxidation leveks, a decrease
in superoxide dismutase activity, and a degease in reduced
glutathione levels were observed in the myocardium of all
cholesterol-rich diet-fed rabbits. Treatment with the ethanol-
soluble fraction of E grandiflorus, espedallythe highest dose,
significantly reduced all of these alterations, thus demonstrat-
ing the cardioprotective effect of the ethanol-soluble fraction
of E grandiflorus on cardiac changes that are induced by a
cholesterol-rich diet.

Introduction

In recent decades, epidemiological data have shown a significant
increase in excess weight and dyslipidemia around the world. De-
spite a virtudly global distribution, data indicate a higher preva
lence in Western countries, mainly because of its diet pattem [1].

Gipantn Metd HeatRaactw EMeasof . Aanta Maed 2018; 84:1271-3279

The term *Western diet” encompas ses the predominant food pat-
tem notonly in Western countries but also in most countries with
moderate to high degrees of economic and social development.
In these countries, the diet features the high intake of processed
and refined foods and the relatively high consumption of animal
products, induding meat and dairy products [2).
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ABBREVIATIONS

Akt protein kinase B

AP-1 activator protein 1

API atmospheric pressure ionization

ASK-1 apoptotic signaling regulatory kinase type 1

CDR cholesterol-rich diet

ERK extrace lular signal-regulated kinases

ESEG ethanol-soluble fraction from Echinodorus
gandflarus

ESI-MS dectrospray lonization mass spectrometry

EtOH ethanol

GSH glutathione

HDL high-density lipoproteins

HDL-C high-density lipoprotein cholesterol

v interventricular

LC-DAD-MS high-performance liquid chromatography-
diode amay detection/electrospray ionization

mass spectrometry

LDL low-density lipoproteins
LDLC low-density lipoprotein cholesterol
LPO lipid peroxidation

v left ventricle

MAPK mitogen-activated protein
MeOH methanol

MMPs matrix metalloproteinases
NF-x8 nuclear factor-x8

PDA photodiode aray

ROS reactive oxygen species
Rt retention time

SOD superoxide dismutase
SMV smvastatin

TC total cholesterol

TG triglycerides

Animal food products are known to be high in saturated fats
and cholesterol. A CRD is among the majorrisk factors for the de-
velopment of cardiovascular disease, directly contributing to the
high death rate from heart disease in Westem countries [3). A
CRD contributes to an increase in serum lipid levels and athero-
sclerosis, and the cardiac musde itself can be affected when the
consumption of these foods exceeds the daily recommended
amounts. In fact, a CRD can induce cellular lipid degeneration,
characterized by the abnorma and reversible accumulation of lip-
ids inmyocardial fibers, forming vacuoles as a result of imbalances
in the synthesis, use, or mobilization of these lipids [4). Conse-
quently, an inflammatory process s initiated that can lead to ven-
tricular hypertrophy and heart failure [5). Additionally, fatty infil-
tration may interfere with cardiac depolarization, prolonging the
QRS complex and contributing to the onset of amhythmias and
sudden death [6).

In Brazil and several other countries around the world, the pop-
ulation often uses different natural products as lipid-lowering
agents, mainly because of the high prevdence of heart disease
[7-10). Several studies have shown that several medicinal species
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have significant lipiddowering and antiatherosderotic effects
[11-13). However, studies that have investigated heart-protective
effects are still rather scarce. Although the deleterious effects of
cholesterol accumulation in the myocardium are well known, the
possible be neficial effect of several natural products on these con-
ditions remains unknown.

Throughout Latin America, Echinodorus grandiflorus (Cham. &
Schitdl.) Micheli (Alismataceae) has been gaining prominence in
recent years [9). Populady known as "chapéu de couro”, “cha-de-
campanha®, or "erva do brejo”, the species is often used as a
diuretic, hypotensive, and lipidJowering agent [14,15]. In fact,
because of its relevance in Brazilian popular culture, the genus
was recently included in the Sth edition of the Brazilian Pharmaco-
poeia [16,17).

E grandiflorus is a species with a diverse phytochemistry. The
presence of different dasses of secondary metabolites, induding
alkaloids, tannins, terpenoids, and saponins, has drawn attention
[15,18]). However, polyphenolic compounds, including tannins,
flavonoids, and C-glycosides, are worth mentioning because of
their diuretic and antihypertensive effects [19,20]. Recent phar-
macological studies have shown that different preparations that
are obtained from E. grandiflorus have diuretic [19,20), antiedem-
atous [18], anti-inflammatory [21,22), antihypertensive [20,23],
and vasodilatory [24) effects, making the spedes a potential new
candidate for herbad medidnes.

Degpite the relevance of the spedes as a cardioprotective
agent, its effects on heart function when individuds consume a
CRD remain unknown. The present study used a classic model of
atherosderosis to induce detectable cardiac changes in mae New
Zealand rabbits. We then evaluated the possible cardioprotective
effects of an ESEG.

Results

The LC-DAD-MS data showed a large amount of flavonoids, in-
duding isoorientin (Rt 8.73; m/z 447.09322), swertiajaponin (Rt
8.96; m/z 461.10884), isovitexin (Rt 9.72; m/z 431.09826), swer-
tisin (Rt 10.01;m/z445.09322), and isoorie ntin-dimethylether (Rt
10.36; m/z 475.12439; » Fig. 1). We also identified several di-C-
glycoside derivatives, such as isoorientinrhamonoside (Rt 8.91;
mjz 593.15120), isoorientin-rhamnoside-dimethylether (Rt
1053; mfz 621.18254), isovitexin-pentoside (Rt 10.26; m/z
607.16684), isovitexin-rhamonoside (Rt 9.86; m/z 577.15633),
and swertisin-rhamnoside (Rt 10.22; m/z591.17193).

» Fig. 2 shows representative electrocardiographic records of
all of the experimenta groups. Heart rate was not significantly dif-
ferent between any of the experimental rabbits (data not shown).
The mean vaues in the negative control, blank, ESEG (10, 30, and
100mg/kg), and positive control groups were 258 + 32 beats per
minute (bpm), 241£30bpm, 267 +40 bpm, 225 £42 bpm, 251 %
32bpm, and 248 + 40 bpm, respectively. The prolonged CRD pro-
duced important electrographic changes. Rabbits in the negative
control group had an expressive shortening of the duration of the
P-wave (40.8+3.2ms in blank vs. 26.4 £ 1.6 ms in negative con-
trol; » Fig.3A). Sensitive prolongation of the duration of the
QRS complex (404 £3.1 ms in blank vs. 53.8 £ 3.5msin negative
control; » Fig. 3C) and R-wave amplitude (0.19 % 0.02 mV in blank
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» Fig. 1 Chromatog aphic profile of ESEG cbtained from E. grandiflorus.
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» Fig. 2 Representative elec trocardiographic records carried out in imb kad Il. Cardiographic electrical waves were recorded 5 to 10 min on the
60th day of the experiments. ESEG: ethanol-soluble frac tion from E grmndiflorus; SMV: smvastatin,

vs. 030+ 0.04 mV in negative control; » Fig. 3D) was observed.
Prolonged treatment with ESEG at doses of 30 and 100 mg kg re-
versed the changes in the QRS complex and R-wawe, with values
that were very close to the blank group. Interestingly, the changes
in P-wave duration were not reversed by any of the treatments
(» Fig.2A). Moreover, we did not observe any significant changes
in electrocardiographic characteristics of the P-wave amplitude
(» Fig.3B), T-wave, or in the QT, ST, or RR intervals between ex-
perimenta groups (data not shown).

The TC, HDL-C, LDL-C, and TG levels in dl experimental groups
are shownin » Table 1. A significant increase in serum lipid levels
was observed in the animals of the negative control group when
compared to rabbits not fed a CRD (blank). Oral administration
of ESEG for 30 days was able to reduce TC, LDL-C, and TG levels
in a dose-dependent manner, reaching a reduction of approx-
mately 6% at the dose of 100mg/kg. In fact, at the highest dose,
ESEG was able to induce a lipid-lowering effect similar tothat ob-
tained with SMV administration. On the other hand, CRD in-
areased HDL-C levels in all experimenta groups and remained un-
changed regardless of treatments with ESEG or SMV.

Gpamto Metd HertRaatwEMeasof . Aanta Med 2018; 84:1271-279

The serum lipoprotein ratios in all of the experimenta groups
are presented in » Fig. 4A,B. Blank group animals had meanT(C/
HDL and LDL/HDL ratios of 5.640.8 and 2.2+ 0.3, respectively.
The CRD significantly elevated serum lipoprotein ratios in un-
treated animals (negative control), with mean TC/HDL and LDL/
HDL ratios of 49.0£2.1 and 474 £ 1.0, respectively. All of the
treatments, including ESEG (at all doses) and SMV, significantly
reduced the TC/HDL and LDL/HDL ratios. At the highest dose,
ESEG exerted effects that were similar to SMV.

All of the animals that received the CRD exhibited important
cardiac morphological changes. Morphometric measures of the
IV septum and LV are shownin» Fig. 5A,B. We observed a signifi-
cant increase in IV septum thickness (2.04021mm vs. 30¢
0.12mm) and LV posterior wall thickness (2.9£0.18mm ws.
3.8+ 0.33 mm) in CRD hearts compared with the blank control.
Treatment with 100mg/kg ESEG reduced the thickness of the IV
septum and LV in all CRD-fed rabbits, with values that were very
similar to animals that were treated with SMV. In addition, we ob-
served expressive lesions that were consistent with myocardial
flaccidity and fatty degeneration, with fat droplets in the myocar-
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» Fg. 3 ESEG-induced dlec trocardiographic protective effects in rabbits undergaing a CRD. Cardiographic electrical waves were recorded 5 to

10 min on the 60th dayof the ex periments. Pwave duration (A) and amplitude (B), QRS complex duration (C), and Rwave amplitude (D) are shown.
Values are expressed as the mean £5_E. M. (n= 6) compared to B (*p<0.05), C-(°p<0.05), or previous ESEG dose (“p<0.05) using one-way ANOVA
followed by Dunnett's test. B: blank; C-: negative contrd group; SMV: simvastatin,

» Table 1 Effects of the oml administration of the ESEG obtained from E. grandiflorus and smvastatin (SMV) on serum lipid levels from New Zea-

land mbbits.

Group TC (mg/dy HDL-C (mgjdL) LDL-C (mg/dL) TG (mg/dL)
Blank 63:438 16 0.7 8608 121£96
Negative contral 173951° LIRS R 1651 + 58° 211177°
ESEG(10mg/ka) 131524080 ELENS 1105+ 6748 17121
ESEG (30 mg/ka) 1031 £43%° [P 9921454° 170% 13
ESEG(100mglkg) 710%53%" 718 73113440 6315.1%°
SMV (2.5 mg/kg) 638132+" BELP 555154%° 451330

Values are expressed as the mean £ S. E.IA.(n-Sn edngmp)nm»&emmmrd('p<om)a&l*("p<005) us-g meway

ANOVAfollowed by Bonferroni's test. TC (total ch

& o ched

TG (trigheeride)

dial sarcoplasm, in addition to concentric left ventricular hyper-
trophy and fat deposition in the pericardium in the negative con-
trol and SMV groups compared with the blank control (> Fig. 6).
Surprisingly, the highest dose of ESEG prevented this damage.

The antimddant effects of ESEG in cardiac tissue in rabbits that
were fed the CRD are presented in» Table 2. The CRD decreased
SOD and reduced GSH levels by ~ 56 and 68%, respectively, in the
negative control rabbits. Treatment with 100mg/kg ESEG re-
versed these alterations in cardiac tissue. Regardless of LPO levels,
100 mg kg ESEG prevented cell damage that was induced by the
CRD in the negative control animals. SMV nomalized only GSH
and LPO levds, without influending SOD activity.

Discussion

The present study used a classic animal model toinduce morpho-
logical and functional alterations in CRD-fed rabbits, including
dyslipidemia, IV hypertrophy, and cardiac oxidative stress. We
found that ESEG exerted important cardioprotective effects, with
aresponse pattem that was similar to SMV, a dassic cardioprotec-
tive drug. We used SMV as the positive control drug to evaluate
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the pharmacological response to ESEG. The use of SMV is wide-
spread and highly effective, but important adverse effects devel-
op in some patients, induding muscle injury and liver disease [25,
26). The present findings indicate that treatment with the phyto-
phammaceutical ESEG results in a similar therapeutic response,
which may expand the therapeutic arsenal for the prevention
and treatment of cardiac alterations that are induced by CRD.
The first detectable change during a CRD is an increase in se-
rum lipid levels. LDL-C is the prime index of cardiovascular disease
risk and the main target for therapy. As apreventive measure oras
anindicator of the severity of dyslipidemia, several lipoprotein ra-
tios or "atherogenic indices™ have been defined in an attempt to
optimize the predictive capacity of the lipid profile. The TC/HDL
ratio, also known as the atherogenic index, and the LDL/HDL ratio
are two important risk indicators whose predictive value is higher
than the isolated lipid parameters [27]. Population studies have
shown that when these parameters are compared between an ap-
parently healthy population and survivors of myocardial infarc-
tion, the data allow us to find a smaller population overlap [28].
This illustrates the high discriminatory power of these parameters
for atherosderotic disease. In fact, in the present study, animas

Gpantn AMetd HeatRautwe Efecsol . Aanta Med 2018, £4:1271-9279



that received the CRD and did notreceive any treatment had high
TC/HDL and LDL/HDL ratios, reflecting fatty degeneration. This
relationship was also evident when evaluating the pharmacologi-
cal effects of ESEG and SMV. Prolonged administration of both
substances significantly reduced lipoprotein ratios in all of the an-
dyzed samples. The ways in which ESEG exerts these hypolipi-
demic effects needs further investigation. However, the substan-
tial presence of phenolic compounds that were identified in ESEG,
including glycosylated flavonoids, likely make a significant contri-
bution to its effects.

In recent decades, interest has increased in the cardioprotec-
tive effects of phenolic compounds. Several studies have reported
the hypolipidemic, antiatherogenic, and cardioprotective role of
these compounds [29,30). These cardioprotective effects of phe-
nolic compounds are related to their antioxidant activity. They al-
so have antiinflanmatory effects, inhibit LDL oddation, prevent
platelet aggregation and adhesion, and prevent smooth musde
cell migration and proliferation [31,32]. However, the cardiopro-
tective effects of some natural products that are rich in these
compounds are likely not solely attributable to a single molecule.
Similardy, we believe that the lipid-lowering and cardioprotective
effects of ESEG are likely attributable to a coordinated action be-
tween the different secondary metabolites that are present in this
preparation. Data show that the coordinated effects of severa
secondary metabolites overlap significantly with the response
that is induced by a single molecule, thus justifying the superior
effects of some crude extracts over specific isolated metabolites
(33].

Another relevant aspect concerns the heart-protective effects
of ESEG. Some studies have shown an independent relationship
between dyslipidemia and LV mass. In fact, the high burden of
subdinical disease, including dyslipidemia, contributes to a great-
er risk by causing left LV hypertrophy, thereby affecting the long-
term prognosis [34]. The present observations with regard to lipid
levels and LV mass are broadly consistent with this previous study.
In the present study, animals that exhibited CRD-induced dyslipe-
mic presented an expressive enlargement of the left ventricular
wall, and the electrographic data indicated ventricular hypertro-
phy. The Framingham Heart Study found that patients who had a
significant increase in QRS complex voltage had an approximately
three times higher risk of cardiovascular events [35,36). Addition-
dly, increases in R-wave amplitude and QRS duration may contrib-
ute directly to cases of ventricular tachycardia or even sudden
death [37). Surprisingly, dl of the animals that were fed the CRD
and treated with ESEG exhibited significant cardioprotection. The
left ventricular wall and electrocardiogram pattem presented
characteristics that were similar to the negative control animals.

With regard to the mole cularmechanisms of the cardioprotec-
tive effects of ESEG, the antioxidant system plays an important
role. ROS can interfere with several processes that affect cardiac
function and structure, contributing to the genesis and progres-
sion of ventricular hypertrophy. In the heart, ROS can alter the
function of various ion channels and inhibit activity of the cadum
membrane pump of the sarcoplasmic reticulum. Moreover, the
phosphorylation of troponin T by ROS-activated kinases may con-
tribute to the reduction of cardiac contractility [38]. ROS can also
stimulate various enzymes in the MAPK family, such as ERK 1/2
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» Fig.4 ESEG treatment reduces serum lipoprotein ratios in rabbits
undergoing a CRD. TC/HDL (A) and LDL/HDL (B) ratios are shown.
Values are expressed as the mean 5. E. M. (n =6) in comparison
with B ("p< 0.05), C- (°p <0.05), or a pevious ESEG dose (“p<0.05)
using one-way ANOVA followed by Dunnett's test. B: blank; C-:
negative control group; TC: total chalesterol; HDL: high-density
lipoproteins; LDL: low-density lipoproteins; SMV: simvastatin
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» Fig.5 ESEG treatment reduces IV septum and LV posterior wall
thickness from rabbits undergoing a CRD. Histomorphometric

analyses of the IV septum (A) and LV posterior wall (B) are shown.
Values are expressed as the mean 5. E. M. (n =6) in comparison

with B (*"p< 0.05), C- (°p <0.05), or a pevious ESEG dose (“p<0.05)
using one-way ANOVA followed by Dunnett's test. B: blank; C-:
negative control group; IV: interventricular; LV: left ventricle; SMV:
simvastatin,

and ASK-1, thus contributing to the development of cardiac hy-
pertrophy. Additionally, the activation of such transcription fac-
tors as NF-xB and AP-1 is also involved in ROS-induced cardiac
hypertrophy [38). ROS also stimulates the proliferation of cardiac
fibroblasts and activates extracellular MMPs, with consequent re-
modeling of the extracellular matrix [39). Furthermore, ROS can
induce the apoptosis of cardiomyocytes through various mecha-
nisms, induding direct genotoxicity, the activation of ASK-1 k-
nase in response to TNF-a, and the stimulation of kinase inducers
of the mitochondrial killing mechanism in response to the activa-
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» Fig. 6 Representative cross-sections stained with hematoxylin-eosin of the LV posterior wall muscle of blank, negative control, ESEG (100 mg/
kg), and SMV (2.5 mg/kg) group. Images in 40-X scale. Scale bar: 10 pm. Squares indic ate fatty degeneration with fat droplets. SMV: simvastatin

» Table 2 Antioxidant effects of the oral administration of ESEG on cardiac tissue of COR-fed rabbits.

Parameter Blank (<

SoD 34359+ 125 1573z041* 2782305
GSH 330.20+ 26.06 108508 68" 165001268
PO 7.29:046 22.1411.15* 1271+1.89

ESEG(10mglkg)  ESEG (M mglkg)  ESEG(100mgkg)  SMV(2.Smglkg)

30.79+356 33.09+196° 2302+189
239602487 30020131.20° 2208017.75°
899+169 6.1810.54° 8.021040°

Values are expressed asthe mean £ S. E.M. of six @ bbits in each group in comparison with B (% <0.05) or C- (°p < 0.05) using one-wary Kruskal-Wallis folowed
by Dunn’s test. CRD:choleste sol-rich die t SOD: supe raxide dismutase (unit of SODmg of protein ); GSH: reduced glutathione (g GSH[g of tissue k LPO: lipid

aflnasbel

SN

peroxidation (nmol hydroperacides

tion of B adrenergic receptors [39). ESEG exerted ROS-protective
effects on cardiac muscle. Considering that the polyphenalic
compounds that are presentin ESEG are dassic antioxidant agents
[40), one possibility is that the antioxidant effects may play a rel-
evant role in the cardioprotective response to ESEG treatment.
Furthermore, statins exert tissue antioxidant effects, including
the expression of endothelial nitric oxide synthase by stimulating
Akt phosphorylation at the Ser473 residue. Statins also inhibitox-
idative stress-induced endothelial senescence [41). Further sup-
port for the potential of ESEG as a viable altemative cardiological
therapy derives from the fact that it has diuretic and antihyper-
tensive activity [20] in addition to cardioprotective effects that
were similar to simvastatin.

In conclusion, the present study found that ESEG may be a pos-
sible cardioprote ctive drug that prevents dyslipidemia and oxida-
tive stress in cardiac tissue. The data also showed that ESEG might
have beneficial effects for the prevention of ventricular hypertro-
phy and electrocardiographicchanges that are induced by a CRD.
Overall, ESEG may be useful forcardioprotection.

Material and Methods

Drugs and solvents

The following drugs, salts, and solutions were used: isoflurane and
potassium chloride (Cristalia). Simvastatin (purity =98 %) and cho-
lesterol (purity 292.5%) were obtained from Sigma-Aldrich. All
other reagents were obtained in analytical grade.
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). C-2 negative control group; SMV: simvas tatin

Phytochemical study

Plant material

E grandiflorus leaves (5.0kg) were collected in February 2017
from the botanial garden of the Universidade Paranaense
(UNIPAR, Brazil) at 430m above sea level (523°47'55, W53"18'
48). The plant materid was identified by Dr Mariza Barion
Romagnolo (Universidade Estadual de Maringa — UEM, Brazil). A
voucher specimen was deposited in the Herbarium of the UEM
(no. 20810).

Extraction

The plant material was air-dried in an oven at 37 °Cfor 5 days and
then cut and pulverized, yielding 2.5 kg of dry powder (50% of the
initid weight). The aqueous extract was obtained by an infusion
according to Prando et al. [20). One liter of boiling water was
poured for every 60 g of powdered dry leaves; the container was
sealed and the extraction was allowed to proceed until roomtem-
perature was reached (~3 h). The infusion extract was treated
with three volumes of EtOH, which gave rise to a predpitate and
an ESEG. The ESEG was filtered, concentrated in a rotary evapora-
tor (55 °C), and freeze-dried (9.5% w/w yield).

LC-DAD-MS analysis

The ESEG was examined by LC-DAD-MS. LC-DAD (Waters) was
composed of a binary pump and PDA detector. Samples at 2 vb
concentrations were prepared in Hy0-MeOH (7:3v)v), and the
analysis was performed with a reversed-phase HSS-C18 column
(2.1 x 100mm with 1.7 pm partide size; Waters). The binary sol-
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vent was composed of (A) 0.1 % (v/v) aqueous formic acid and (B)
MeOH. The linear solvent gradient at a flow rate of 0.4 mLjmin
was developed by increasing the solvent percentage (B) from 0
to 38% at 10 min and then to 60 % at 13 min and returning to ini-
tial conditions at 14 min, followed by reequilibration for 3 min.
The column was heated to 60°C, and the samples were kept at
room temperature (22°C). The injection volume was 2ul, and
compounds were detected at A 200-400 by HR-MS.

The HR-MS analyses were performed using an LTQ-Orbitrap-XL
electrospray ionization mass spectrometer (Thermo-Scientific)
that operated in the negative ionization mode at API. The source
temperature was 350 °C, and a stream of N; gas was used for sam-
ple desolvation with a sheath gas flow rate at 60 arbitrary units
(abu) and awxiliary at 20 abu. The ionization parameters were as
follows: 3.5 KV spray woltage, -20V capillary woltage, and - 130 V
tube lens woltage. For mass accuracy, an external calibration was
performed (100-2000 m/z), and the resolution was set at 30000
FWHM (at m/z 400) in the LC-MS mode. Acquisition was obtained
in totd jon current mode with a mass range of 100-1000m/z.
Compound fragmentation was obtained by collision-induced dis-
sociation using helium and an energy of 20 eV.

Pharmacological study

Animals

Twenty-week-old male New Zealand rabbits, weighing 2.5-3.0 kg,
were obtained from Universidade Federal do Parana (UFPR, Brazil)
and housed in the vivarium of UNIPAR under controlled tempera-
ture (20+2°C) and humidity (50 % 10%) and a 12-h/12-h light/
dark cycle with ad libitum access to food and water. All of the ex-
perimenta procedures were approved by the Institutional Ethics
Committee of Universidade Federal da Grande Dourados (UFGD,
Brazil; protocol no. 08/2015; approved in January 15, 2016) and
conducted in accordance with the Brazilian Legal Framework on
the Scientific Use of Animals.

Experimental design

Dyslipidemia and atherosclerosis were induced according to
Barboza etal. [42). For 60 days, rabbits received acommercial diet
ad libitum (Nutricoelho, Purina) supplemented with 1% choles-
terol (i.e., CRD). After 30 days, the animals were randomly distrib-
uted into five groups (n=6/group) and ordly treated by gavage
with ESEG (10, 30, and 100 mg/kg), vehide (filtered water, 1 mL/
kg, negative control), or SMV (2.5mg/kg, positive control) daly
for 30 days. One group was fed without the addition of cholesterol
and treated only with vehicle (blank). ESEG and SMV were solubi-
lized in filtered water just prior to treatments.

Electrocardiography

At the end of the experimental period, all of the rabbits were kept
conscious in the lateral decubitus position. Alligator dip electro-
des were positioned in the folds of both elbows and both knees.
A smal amount of 70% alcohol was applied to each interface of
the electrodes for less interference and better electrical conduc-
tion. An acclimatization time (Smin) elapsed, and then cardio-
graphic electrical waves were recording for 5 min. Electrocardiog-
raphy was recorded using an ECG recorder (ML-136 Anima Bio
Amp, ADInstruments).
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Serum lipoprotein measurement

After electrocardiography, all of the animas were fasted for 8 h
and anesthetized with isoflurane. Blood samples were then col-
lected from the jugular vein. Serum was obtained by centrifuga-
tion at 1500 x g for 5 min. TC, TG, and HDL-C levels were mea-
sured using an automated biochemica andyzer (Roche Cobas In-
tegra 400 plus). Serum LDL-C levels were calculated according to
Friedewald etal. [43). For the TC/HDL ratio, the absolute vaues of
TC were divided by the HDL values. Finally, to obtain the LDL/HDL
ratio, we divided LDL by HDL levels.

Macroscopic evaluation

After blood collection, the rabbits were euthanized by an intrave-
nous injection of potassium chloride. After removal, the hearts
were sectioned longitudinally, deaned, and weighed. Part of the
cardiac tissue was placed in 10% buffered formdin. After 48 h of
fixation, the samples were rinsed in 70% alcohol and immersed in
Henxheimer's solution that contained 5g Sudan-IV, 500mL of
70% ethyl alcohol, and 500 mL of acetone at room temperature
for 15min. Tissues were transferred to 80% ethanol for 20 min
and washed intap water for 1h to remowe excess staining. The lu-
minal surface was then assessed for sudanophilic lesions. Image
data acquisition and analysis were performed using Motic Images
Plus 2.0 software.

Histopathological analysis

A second part of the cardiac tissue was dehydrated in alcohol,
cleared with xylene, and embedded in paraffin. Samples were sec-
tioned (5 mm), stained with hematoxylin and eosin, and exam-
ined under a light microscope. Image data acquisition and analysis
were performed using Motic Images Plus 2.0 software.

Cardiac antioxidant system

After euthanasia, part of the cardiac tissue was quickly collected
and homogenized in potassium phosphate buffer (0.1 M, pH 6.5)
in a 1:10 dilution. SOD activity, LPO leves, and GSH levels were
determined according to Gao et al. [44), Jiang et al. [45), and
Sedlak and lindsay [46), respectively. The results are expressed
as U of SOD/g of protein for SOD activity, mmol hydroperaxide
mg of protein for LPO levels, and ug of GSH/g of tissue for GSH
levels. The amounts of protein in the homogenates were deter-
mined by the Bradford method [47].

Statistical analysis

The results are expressed as the mean + standard error of the
mean (S.E.M.), with n=6 animals per group. Statistical analyses
were performed using one-way analysis of variance (ANOVA) fol-
lowed by Dunnett’s test or the Kruskal-Wallis test followed by
Dunn's test. Values of p<0.05were considered statistically signif-
icant. The graphs were drawn and the statistical analysis was per-
formed using GraphPad Prism 5.0 software.
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ABSTRACT

Echinodorus grandiflorus is an important medicinal plant species that is native to South
America. Despite extensive popular usage as a hypolipidemic drug, its effects as an
atheroprotective agent remain unknown. The aim of the present study was to evaluate
the effects of an ethanol soluble fraction that was obtained from E. grandiflorus (ESEG)
leaves against the development of atherosclerosis in rabbits. Male rabbits received a diet
that was supplemented with 1% cholesterol (cholesterol-rich diet [CRD]) for 60 days.
After 30 days of the CRD, the animals were divided into five groups (n = 6) and treated
with ESEG (10, 30, and 100 mg/kg), simvastatin (2.5 mg/kg), or vehicle once daily for
30 days. The negative control group was fed a cholesterol-free diet and treated orally
with vehicle. At the end of 60 days, serum lipids, oxidized low-density lipoprotein,
thiobarbituric acid reactive substances, nitrotyrosine, and serum IL-1p, IL-6, sSICAM-1,
and sVCAM-1 levels were determined. Samples from the aortic arch and thoracic
segment were also collected to investigate the tissue antioxidant defense system and
perform histopathological analysis. Oral ESEG administration significantly reduced
serum lipid levels in CRD-fed rabbits. This treatment also modulated the arterial
antioxidant defense system by reducing lipid and protein oxidation. Similarly, serum IL-
1B, IL-6, SICAM-1, and sVCAM-1 levels significantly decreased, accompanied by a
reduction of atherosclerotic lesions in all arterial branches. These findings suggest that
ESEG may be a new herbal medicine that can be directly applied for the treatment and

prevention of atherosclerotic disease.

KEYWORDS: Alismataceae; antiinflammatory; antioxidant; atherosclerosis;

dyslipidemia
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ABBREVIATIONS

ANOVA: analysis of variance; CRD: cholesterol-rich diet; ELISA: enzyme-linked
immunosorbent assay; ESEG: ethanol soluble fraction obtained from E. grandiflorus;
EtOH: ethanol; GSH: glutathione; HDL-C: high-density lipoprotein cholesterol; IL-10:
interleukin 1 beta; IL-6: interleukin 6; LDL-C: low-density lipoprotein cholesterol;
LPO: lipid peroxidation; NT: nitrotyrosine; ox-LDL: oxidized low-density lipoprotein;
SD: standard deviation; SMV: simvastatin; sICAM: soluble intercellular adhesion
molecule-1; SOD: superoxide dismutase; sVCAM: soluble vascular cell adhesion
molecule-1; TBARS: thiobarbituric acid reactive species; TC: total cholesterol; TG:

triglyceride.
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INTRODUCTION

Cardiovascular diseases, especially atherosclerosis, exert an important influence
on patients' quality of life, being considered one of the most important reasons for
physical disability and premature death around the world. It is characterized by a silent
and progressive onset, accompanied by aggression to the arterial surface, a result of an
inflammatory and fibroproliferative response of the intima layers of the arteries.' The
initial event of atherogenesis occurs through vascular endothelial function disorder, and
the main contributory factor for triggering is hypercholesterolemia.” The lesion caused
by the presence of the atherosclerotic plaque may compromise several arterial segments
and is responsible for several adjacent complications such as coronary artery disease,
intermittent limb claudication, stroke and abdominal aortic aneurysm.”

Primary prevention of dyslipidemia and atherosclerosis should be made with
lifestyle  changes. Although effective in most cases of non-familial
hypercholesterolemia, it is known that the effectiveness of this type of intervention is
variable and depends on the patient's adherence, type of diet adopted, regular physical
activity, as well as the cessation of smoking and alcoholism.” Although lifestyle
changes are quite effective, in some cases pharmacological treatment is necessary.
Currently there is a vast therapeutic arsenal for the treatment of dyslipidemias and for
the prevention of atherosclerosis. These include cholesterol absorption inhibitors (eg
ezetimibe), bile acid sequestrants (eg cholestyramine and colestipol), niacin and its
derivatives (eg nicofuranose and niceritrol), fibrates (eg clofibrate and ciprofibrate),
cholesteryl ester transfer protein (CETP) inhibitors (eg anacetrapib and torcetrapib), and
statins (eg simvastatin, atorvastatin and rosuvastatin). Despite the efficacy of statins,

the appearance of adverse effects such as changes in hepatic function, myalgia, and to a
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lesser extent rhabdomyolysis, has stimulated the research of several alternative
treatments, including medicinal plants.’ Thus, there is currently great interest in the
search for alternative therapeutic options for the prevention and treatment of
dyslipidemias, especially to be used concomitantly with conventional therapies.’ In
this regard, a well accepted option comes from natural products, especially those that
are commonly used by the population and are part of the cultural arsenal transmitted by
generations.

Echinodorus  grandiflorus (Cham. & Schltdl.) Micheli. (Alismataceae),

9 ¢¢

popularly known as “chapéu de couro,” “chd-de-campanha,” and “erva do brejo,” is a
plant species that is native to South America. The infusion of its leaves has been used as
an antihypertensive and diuretic agent by different native populations.® ° Because of its
extensive ethnobotanical use in Brazil, the genus Echinodorus was included as a
hypolipidemic and diuretic agent in the 5th edition of the Brazilian Pharmacopoeia.'® !
Several preclinical studies have reported that E. grandiflorus is a promising
species for the treatment of cardiovascular diseases. Different preparations that were

13 antiedemaltous,14

obtained from this species were shown to have diuretic,'>
antihypertensive,'” "> and vasodilatory'® properties. Surprisingly, despite extensive
popular usage, its hypolipidemic and antiatherosclerotic effects remain unknown. The
present study employed a classic model of atherosclerosis in male New Zealand rabbits
to investigate the effects of E. grandiflorus against dyslipidemia and atherosclerosis.

We also evaluated the possible molecular pathways that may be involved in its

cardioprotective actions.

MATERIALS AND METHODS
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Drugs and reagents

The following drugs, salts, and solutions were used: isoflurane and potassium
chloride (Cristalia, Itapira, SP, Brazil). Simvastatin and cholesterol were obtained from
Sigma-Aldrich (St. Louis, MO, USA). All of the other reagents were obtained in

analytical grade.

Plant material and preparation of the ethanol soluble fraction (ESEG)

Echinodorus grandiflorus leaves (5.0 kg) were collected in February 2014 from
the botanical garden of the Universidade Paranaense (UNIPAR; Umuarama, Brazil) at
430 m above sea level (S23°47°55-W53°18°48). A voucher specimen was deposited in
the Herbarium of the Universidade Estadual de Maringa (HUEM; no. 20810). From the
dried and crushed leaves of E. grandiflorus we obtained the ESEG (yield: 9.54% w/w).
The procedure to obtain ESEG and the detailed phytochemical analysis were recently

published by Gasparotto et al."”

Animals

Fourteen-week-old male New Zealand rabbits, weighing 1.8-2.0 kg, were
obtained from Universidade Federal do Parand (UFPR, Brazil) and housed at the
UNIPAR vivarium under controlled temperature (20°C + 2°C), humidity (50% + 10%),
and a 12 h/12 h light/dark cycle with ad libitum access to food and water. All of the
experimental procedures were approved by the Institutional Ethics Committee of

Universidade Federal da Grande Dourados (UFGD; Dourados, Brazil; protocol no.
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08/2015) and conducted in accordance with the Brazilian Legal Framework on the

Scientific Use of Animals.

Experimental procedures

Dyslipidemia and atherosclerosis were induced according to Barboza et al.'® The
rabbits received ad libitum a commercial diet (Purina® Rabbit Chow®, St. Louis,
Missouri, EUA) that was supplemented with 1% cholesterol (cholesterol-rich diet
[CRD]) for 60 days. After 30 days, the animals were randomly distributed into five
groups (n = 6/group) and orally treated by gavage with ESEG (10, 30, and 100 mg/kg),
vehicle (filtered water, 1 ml/kg; positive control), or simvastatin (2.5 mg/kg) daily for
30 days. One group was fed a cholesterol-free diet and was treated only with vehicle
(negative control).

Body weight was measured at the beginning of the experiments and after 30 and
60 days. The water and feed intake was also monitored weekly. On day 60, all of the
animals were fasted for 8 h and anesthetized with isoflurane. Blood samples were then
collected from the jugular vein. Serum was obtained by centrifugation (1,500 x g for 5
min). Triglyceride (TG), total cholesterol (TC), and high-density lipoprotein cholesterol
(HDL-C) levels were measured using an automated biochemical analyzer (Roche Cobas
Integra 400 plus). Serum very low-density lipoprotein cholesterol/low-density
lipoprotein cholesterol (VLDL/LDL-C) levels were calculated as the difference between
TC and HDL-C. Serum oxidized low-density lipoprotein (ox-LDL), nitrotyrosine (NT),
soluble vascular cell adhesion molecule-1 (sVCAM-1), soluble intercellular adhesion
molecule-1 (SICAM-1), interleukin-1f (IL-1B), and IL-6 levels were measured by

enzyme-linked immunosorbent assay (ELISA; BD Biosciences, San Jose, CA, USA).
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Malondialdehyde (MDA) levels were measured using an MDA assay kit (Cayman
Chemical, Ann Arbor, MI, USA).

After blood collection, the rabbits were euthanized by an intravenous injection
of potassium chloride. Aorta segments (aortic arch, thoracic, abdominal, and aortoiliac
segments) were removed and fixed in 10% formalin. The aortic arch was considered
from the exteriorization of the aorta in the heart to the bifurcation of the left subclavian
artery. The thoracic segment was considered from the end of the bifurcation of the left
subclavian artery to the diaphragm; and the abdominal portion was comprised between
the diaphragm and the bifurcation of the iliac arteries. Finally, the aortoiliac segments
were obtained from the bifurcation of the left iliac artery to the inguinal ligament. After
48 h, a part of each arterial branch was longitudinally sectioned, rinsed in 70% alcohol,
and immersed in Sudan-IV staining solution at room temperature for 15 min. The
tissues were transferred to 80% alcohol for 20 min and washed in tap water for 1 h, and
the luminal surface was assessed for sudanophilic lesions. The analysis included digital
image capture by Motic Images Plus 2.0 software, image processing for edge detection
(lesion identification) and, finally, computation of lesions. Diseased portions of the
vessels stained red with Sudan IV dye, appeared black or dark gray on the computer
monitor. The edited image was separated into diseased and nondiseased areas by using
an iterative algorithm for multiple threshold detection. Finally, the program provided
the area corresponding to the lesions that were subtracted from the total area of the
vessel.

A second part of the arterial branches was dehydrated with alcohol and xylene,
embedded in paraffin, sectioned at 5 um, stained with hematoxylin/eosin, and
microscopically examined. The intima and media layers were measured using a caliper.

For each animal, we assemble several blades with the entire arterial branch studied. All
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neointimal formation (per slide) was identified, and for each atherosclerotic formation
six lines of division were established. For each neointimal formation were performed
six measurements, and one mean for each slide was obtained. When all the slides were
evaluated, a new mean for each animal was determined. The area of the microscope was
adjusted using an ocular micrometer coupled with the 100X objective, determining the
size of the field per um”. All images were obtained and evaluated by Motic Images Plus
2.0 software.

Finally, a third part of the arterial branches was sectioned and homogenized in
K" phosphate buffer (0.1 M, pH 6.5). Superoxide dismutase (SOD) was analyzed using
the pyrogallol oxidation method.'” Lipid peroxidation (LPO) rate was measured by the
FOX method according to Jiang et al.** Glutathione (GSH) levels were measured based
on a previously described technique,”' with a few modifications. The amount of protein

in the homogenates was determined using the Bradford method.*

Statistical analysis

The results are expressed as the mean + standard deviation (SD) of six animals
per group. The statistical analyses were performed using one-way analysis of variance
(ANOVA) followed by Bonferroni’s test or the Kruskal-Wallis test followed by Dunn’s
test. Values of p < 0.05 were considered statistically significant. The graphs were drawn
and the statistical analysis was performed using Prism 5.0 software (GraphPad, San

Diego, CA, USA).

RESULTS

ESEG treatment prevents progressive weight loss in CRD-fed rabbits
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Body weight gain in rabbits that were fed the CRD and treated with ESEG,
simvastatin, or vehicle is shown in Fig. 1. Negative control animals had a body weight
of 2.38 + 0.52 kg at the beginning of the experiments, which increased to 3.44 + 0.77 kg
and 3.68 = 0.51 kg after 30 and 60 days, respectively. Positive control rabbits had
significantly lower body weight gain after 30 days (2.89 + 0.46 kg) and 60 days (2.92 +
0.35 kg). Similarly, animals that were treated with ESEG (10, 30, or 100 mg/kg) or
simvastatin had body weight gain that was similar to positive control animals at the end
of 30 days. At the end of the experimental period, all of the animals that were treated
with ESEG (30 and 100 mg/kg) had body weight gain that was similar to rabbits that
were treated with the standard commercial diet, with a body weight profile that was
significantly different from animals that were fed the CRD and treated only with
vehicle. Moreover, the changes in body weight were related to the feed consumption.
Animals fed with standard commercial diet (negative control) maintained a regular food
intake. On the other hand, the groups fed with CRD started to consume less feed during
the experiment. Interestingly, this change was reversed after ESEG treatment at doses of

30 and 100 mg/kg (data not shown).

Prolonged treatment with ESEG significantly reduces serum lipids in CRD-fed rabbits

The TC, HDL-C, VLDL/LDL-C, and TG levels in negative control animals were
64 + 12 mg/dl, 16 + 1.8 mg/dl, 49 + 12 mg/dl, and 121 + 8.8 mg/dl, respectively.
Positive control rabbits exhibited increases in serum lipid levels (1739 £+ 125 mg/dl, 35
+ 3.6 mg/dl, 1705 + 125 mg/dl, and 211 £ 18 mg/dl for TC, HDL-C, VLDL/LDL-C, and

TG, respectively; Fig. 3A-D). Oral ESEG administration for 30 days dose-dependently
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reduced TC, VLDL/LDL-C, and TG levels, reaching to 710 £ 130 mg/dl, 673 £+ 129
mg/dl, and 46 £+ 8.1 mg/dl, respectively, at the dose of 100 mg/kg. At the highest dose,
ESEG induced a lipid-lowering effect that was similar to simvastatin treatment. The
CRD increased HDL-C levels in all of the experimental groups, and HDL-C levels

remained unchanged regardless of treatment with ESEG or simvastatin (Fig. 2A-D).

ESEG treatment reduces macroscopic lesions in aorta segments from rabbits

undergoing CRD

Atherosclerotic lesions in aorta segments were used as an index of disease
severity (Fig. 3A-E). The total average area of the aortic arch, thoracic, abdominal, and
aortoiliac branches were 63 + 6 mm?, 550 + 35 mm?, 228 + 22 mm?, and 76 + 8 mm?,
respectively. The area percentage of sudanophilic lesions in the aortic arch, thoracic,
abdominal, and aortoiliac segments in the positive control group after 60 days of the
CRD were 35 + 8.1%, 9.2 £ 1.8 %, 12 £ 2.0 %, and 17 + 2.0 %, respectively (Fig. 3A-
D). The area percentage of sudanophilic lesions in the aortic arch, thoracic, abdominal,
and aortoiliac segments in animals that were treated with ESEG at 100 mg/kg decreased
to 16 £ 2.5 %, 4.0 = 0.8 %, 4.7 + 1.7 %, and 5.7 £ 0.9 %, respectively (Fig. 3A-D).
ESEG at the dose of 30 mg/kg reduced sudanophilic lesions in the aortic arch (20 + 6.1
%) and abdominal segment (7.5 £ 1.4 %). Although simvastatin decreased the areas of
sudanophilic lesions in all arterial branches, the results were statistically lower than

treatment with 100 mg/kg ESEG.

Prolonged treatment with ESEG reduces atherosclerotic lesions in the tunica intima

from aorta segments of CRD-fed rabbits
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Morphometric measures of the intima layer of aortic arch, thoracic, abdominal,
and aortoiliac segments are shown in Fig. 4A-D. The histopathological examination of
aorta segments in the positive control group showed significant thickness in the intima
layer (aortic arch: 28 + 7.8 um; thoracic segment: 30 + 8.7 um; abdominal segment: 52
+ 12 um; aortoiliac segment: 36 + 9.4 um) compared with the negative control group
(aortic arch: 1.95 + 0.72 um; thoracic segment: 2.02 + 0.51 pm; abdominal segment:
1.80 + 0.45 pum; aortoiliac segment: 1.79 £ 0.60 um). Treatment with ESEG (30 and 100
mg/kg) reduced the thickness of the intima layer in all CRD-fed rabbits, with values that
were very similar to animals that were treated with simvastatin. No significant
morphometric differences in the media layers were observed among groups (data not

shown).

ESEG reduces serum levels of oxidative/nitrosative stress markers and modulates the

arterial antioxidant defense system of CRD-fed rabbits

Positive control animals exhibited significant increases in TBARS and NT levels
(~75% increase) compared with negative control animals (Fig. SA-C). Similarly, ox-
LDL levels increased from 75 + 12.9 mU/ml in the negative control group to 432 + 70
mU/ml in rabbits that were fed the CRD. Treatment with 30 and 100 mg/kg ESEG
reduced TBARS and NT levels to values that were close to negative control animals
(negative controls: 2.53 + 0.41 mol/L TBARS, 0.013 + 0.002 pmol/L NT; 30 mg/kg
ESEG: 3.07 = 0.74 mol/L TBARS, 0.016 + 0.001 umol/L NT; 100 mg/kg ESEG: 2.31 +
0.62 mol/L TBARS, 0.012 £ 0.002 umol/L NT). Similarly, ox-LDL levels were

significantly reduced by ESEG (30 and 100 mg/kg), with values that were close to
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negative control animals at the highest dose (30 mg/kg ESEG: 257 + 74 mU/ml; 100
mg/kg ESEG: 114 + 45 mU/ml). Although animals that were treated with simvastatin
also presented an interesting antioxidant response, the values were less expressive than
those in animals that were treated with ESEG (Fig. 5A-C).

The results of the analysis of the arterial antioxidant defense system are
presented in Table 1. The CRD increased lipid peroxidation levels by ~168% in positive
control animals. Treatment with 100 mg/kg ESEG reversed this increase in all of the
evaluated tissues. Treatment with 100 mg/kg ESEG also reversed the decreases in SOD

activity and GSH levels that were observed in positive control animals.

ESEG treatment induces important anti-inflammatory response in atherosclerotic

rabbits

Serum IL-1pB, IL-6, sSICAM-1, and sVCAM-1 levels in CRD-fed rabbits that
were treated with ESEG and simvastatin are shown in Fig. 6A-D. IL-1p, IL-6, sSICAM-
1, and sVCAM-1 levels in negative control animals (baseline: 483 + 90 pg/ml, 214 + 39
ng/L, 3.92 £ 0.65 ng/L, and 1.60 = 0.55 ng/L, respectively) increased to 884 + 92 pg/ml,
542 +£91 ng/L, 11.89 + 1.87 ng/L, and 4.95 + 0.77 ng/L, respectively, in positive control
animals. In CRD-fed rabbits, treatment with 100 mg/kg ESEG reduced IL-1pB, IL-6,
sICAM-1, and sVCAM-1 levels to values that were close to negative control animals

and simvastatin-treated animals.

DISCUSSION
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One of the main triggers of the atherosclerotic process is a CRD. Excess dietary
cholesterol, mainly LDL-C and VLDL-C, when not properly transported and
metabolized, remains in the systemic circulation in large amounts, thus contributing
directly to the development of endothelial dysfunction and atherosclerosis.”> Moreover,
the CRD can also increase vascular oxidative stress, inducing oxidative/nitrosative
imbalance and leading to LDL-C oxidation, endothelial cell activation, monocyte
recruitment, and foam cell formation.** In the present study we induced significant
dyslipidemia in New Zealand rabbits by administering CRD. We also observed an
oxidative/nitrosative imbalance that led to a significant increase in ox-LDL levels. As a
result, we found an expressive increase in atherosclerotic plaque formation in different
arterial branches. In fact, rabbits constitute excellent models for the study of the
development of atherosclerosis. They share important characteristics with humans that
are not observed in rodents, including high sensitivity to dietary cholesterol, hepatic
LDL-C receptor, cholesterol ester transfer protein (CETP), presence of the VLDL-C
receptor on macrophages, and heterogeneous HDL-C particles.”

The use of synthetic lipid-lowering drugs - including statins - have shown
significant efficacy in reducing cholesterol levels in different patients. It is now known
that the mechanism of action of statins to obtain cholesterol reduction is due to the
inhibition of the enzyme HMG-CoA reductase, through an affinity of these drugs with
the active site of the enzyme. This inhibition is reversible and competitive with the
HMG-CoA substrate.”® Furthermore, part of the cardioprotective effect of statins
derives from complex pleiotropic effects, including antioxidant and antiinflammatory
activity.”” Despite the efficacy of statins, the appearance of side effects such as changes
in hepatic function and myalgia has stimulated the research of several alternative

treatments, including herbal medicines.”® Although herbal medicines are not completely
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free of side effects, many species commonly used by the population have shown to be
safe and highly effective in reducing plasma lipids.>” Most often the available studies do
not precisely define the mechanisms involved in the lipid-lowering properties of
medicinal species. However, different secondary metabolites including saponins,
tannins, alkaloids, and/or flavonoids can act synergistically, affecting the absorption,
metabolism or excretion of cholesterol.*

Echinodorus grandiflorus is frequently used in Brazil as a lipid-lowering
agent.'” ' A recent study by Gasparotto et al.'” using the same experimental model
showed that the CRD was able to induce significant cardiac alterations in male rabbits.
Myocardial flaccidity, fatty degeneration, and concentric left ventricular hypertrophy
were observed in all CRD-fed rabbits. Treatment with ESEG, especially the highest
dose, significantly reduced all cardiac changes that are induced by CRD. So, we
hypothesized that ESEG may also have atheroprotective effects. Confirming our
hypothesis, 30-day treatment with ESEG reduced serum lipid levels, especially at higher
doses. A modulatory effect on the arterial antioxidant defense system was also
observed, with a significant antioxidant and antinitrosant response. Consequently,
atherosclerotic lesions significantly decreased, and effects that were superior to
simvastatin were also observed in some arterial branches. When considering lipid-
lowering effects, simvastatin presented a response that was very similar to ESEG.
However, ESEG appeared to have higher antioxidant potential, reflected by a greater
preventive effect on the formation of atherosclerotic lesions. Our results allow us to
conjecture that ESEG has additional cardioprotective effects to statins because, in
addition to effectively reducing serum lipids, it has shown important antioxidant,

diuretic and hypotensive effects.'> '?
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Since statins have well-defined pleiotropic effects, we chose to evaluate whether
ESEG would also be able to have these activities. To investigate the pleiotropic effects
of ESEG, we measured the levels of inflammatory markers that commonly increase
during the atherosclerotic process. Endothelium damage that is caused by the
accumulation of oxidized LDL-C can promote the release of various inflammatory
mediators, including IL-1B and IL-6, and induce the expression of different adhesion
molecules, such as sSICAM-1 and sVCAM.*' These adhesion molecules are essential for
the adhesion, rolling, and migration of leukocytes from the bloodstream to the site of
injury.”> Thus, monocytes are able to transmigrate into the subendothelial space where,
after phagocytizing ox-LDL and metamorphose into foam cells, they progressively
accumulate to form atherosclerotic plaques.’ In the present study, CRD-fed rabbits that
were treated only with vehicle exhibited significant increases in IL-1, IL-6, SICAM-1,
and sVCAM levels and consequently an increase in the thickness of the arterial intima
layer. All of the animals that were treated with ESEG or simvastatin exhibited
reductions of the levels of inflammatory markers, directly contributing to
atheroprotective effects. The atheroprotective effects of ESEG, in addition to its lipid-
lowering effects, appear to derive from a significant reduction of lipid oxidation, which
possibly decreases endothelial damage by reducing IL-1B, IL-6, sICAM-1, and
sVCAM-1 expression and monocyte transmigration through the vascular wall.

The main chemical constituents that are present in this species have been
characterized. Several diterpenoids, phenolic acids, flavonols, alkaloids, saponins, and
tannins have been identified.”* Moreover, large amounts of phenolic compounds, mainly
C-glycoside flavonoids (e.g., isoorientin, isoorientin-O-rhamnoside, isoorientin-O-
rhamnoside-dimethylether, isoorientin 7,3'-dimethylether, swertiajaponin,

swertiajaponin-O-rhamnoside, isovitexin, isovitexin-O-rhamnoside, swertisin, and
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swertisin-O-rhamnoside) have been identified.'>

In a recent study we have shown that
the ESEG has abundant amounts of C-glycoside flavonoids, including isoorientin,
swertiajaponin, isovitexin, and swertisin derivatives.'” Previous studies reported that
isovitexin (apigenin-6-C-glucoside), an isomer of vitexin, generally purified together
with vitexin has an important antioxidant, anti-inflammatory and vasodilatory effect.”>
%% Similarly, other flavonoids like quercetin and its glycosylated derivatives showed
inhibitory effects on the oxidative modification of LDL by macrophages, and
naringenin 7-O-cetyl ether showed a significant inhibitory effect of HMG-CoA
reductase. >”* Additionally, several studies have shown that flavonoid supplementation
prevents hepatic steatosis, dyslipidemia, and insulin resistance primarily through
inhibition of hepatic fatty acid synthesis and increased fatty acid oxidation.”
Therefore, the present data suggest that the lipid lowering, antioxidant,
antiinflammatory, and antiatherogenic effects of ESEG may be attributable to

coordinated actions of its secondary metabolites, mainly to flavonoids and their

glycosylated derivatives.

CONCLUSION

ESEG possesses secondary metabolites that are responsible for significant
hypolipidemic, antioxidant, and antinitrosant properties, which can modulate the local
inflammatory process by reducing the evolution of atherosclerotic disease. The present
results suggest that ESEG may be a new herbal medicine that can be directly applied for

the treatment and prevention of atherosclerotic disease.
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Figures legend

Figure 1. ESEG treatment prevents progressive weight loss in CRD-fed rabbits. Body
weight was measured at the beginning of experiments (day 0) and after 30 and 60 days
of treatment with ESEG (10, 30, and 100 mg/kg), SMV (2.5 mg/kg), or vehicle (1
ml/kg). Values are expressed as mean + SD (n = 6) in comparison with C- (“p < 0.05),
C+ (°p < 0.05), or previous ESEG dose (°p < 0.05) using one-way ANOVA followed by

Bonferroni’s test. C-: negative control group, C+: positive control group.

Figure 2. Prolonged ESEG treatment reduces lipid serum levels of CRD-fed rabbits.
Serum sample were obtained on the 60™ day of experiments and TC (A), HDL-C (B),
VLDL/LDL-C (C), and TG (D) levels were analyzed. Values are expressed as mean =+
SD (n = 6) in comparison with C- (°p < 0.05), C+ (°p < 0.05) or previous ESEG dose (°p
< 0.05) using one-way ANOVA followed by Bonferroni’s test. C-: negative control
group; C+: positive control group. HDL-C: high-density lipoprotein cholesterol;
VLDL/LDL-C: very low-density lipoprotein/low-density lipoprotein cholesterol; SMV:

simvastatin; TC: total cholesterol; TG: triglyceride.
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Figure 3. ESEG treatment reduces sudanophilic lesions in aorta segments from rabbits
undergoing cholesterol-rich diet (CRD). Percentage of atherosclerotic lesions in the
aortic arch (A), thoracic (B), abdominal (C), and aortoiliac segments (D) and
representative macroscopic observations in thoracic segments (E) are shown. Results
are expressed as percent of the area covered by plaque over the total area evaluated.
Images in 4-X scale. Values are expressed as mean + SD (n = 6) in comparison with C-
(*p < 0.05), C+ (°p < 0.05), SMV (*p < 0.05), or previous ESEG dose (°p < 0.05) using
one-way ANOVA followed by Bonferroni’s test. C-: negative control group; C+:

positive control group; SMV: simvastatin.

Figure 4. ESEG treatment reduces arterial thickness in aorta segments from rabbits
undergoing cholesterol-rich diet (CRD). Histomorphometric analyses of tunica intima
from aortic arch (A), thoracic (B), abdominal (C), and aortoiliac segments (D) are
shown. Representative cross-sections of the abdominal segment stained with
hematoxylin-eosin are also presented (E). Black arrows show neointimal formation.
Images in 40 x scale. Values are expressed as mean + SD (n = 6) in comparison with C-
(*p < 0.05), C+ (°p < 0.05), SMV (*p < 0.05), or previous ESEG dose (°p < 0.05) using
one-way ANOVA followed by Bonferroni’s test. C-: negative control group; C+:

positive control group; SMV: simvastatin.
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Figure 5. ESEG reduces serum levels of oxidative/nitrosative stress markers. Serum
malondialdehyde (MDA; A), nitrotyrosine (NT; B), and oxidized low-density
lipoprotein (ox-LDL) levels (C) are presented. Values are expressed as mean + SD (n =
6) in comparison with C- (°p < 0.05), C+ (bp < 0.05), SMV (*p < 0.05), or previous
ESEG dose (‘p < 0.05) using one-way ANOVA followed by Bonferroni’s test. C-:

negative control group; C+: positive control group; SMV: simvastatin.

Figure 6. ESEG treatment reduces interleukins and soluble adhesion molecules levels
in CRD-fed rabbits. Serum L-1p (A), IL-6 (B), sVCAM-1 (C), and sICAM-1 (D)
concentration are shown. Values are expressed as mean = SD (n = 6) in comparison
with C- (°p < 0.05), C+ (°p < 0.05), or previous ESEG dose (°p < 0.05) using one-way
ANOVA followed by Bonferroni’s test. C-: negative control group; C+: positive control

group; SMV: simvastatin.
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Effects of oral administration of ESEG obtained from E. grandiflorus on antioxidant

tissue defense system.

Parameter C- C+ ESEG ESEG ESEG SMV
(10 mg/kg) (30 mg/kg) (100 mg/kg) (2.5 mg/kg)
SOD 83.83+6.21 26.34+4.22* 4270+12.1 65.18+9.10 73.53 £2.99 35.11+£9.11°
GSH 373.2+13 126.5+9° 2179+ 61 349.5+29 402.1 + 44> 23220+ 71
LPO 6.24 +1.85 16.74 £2.01° 8.34+0.92 7.60 + 1.82 6.01+1.82° 11.32+1.99

Values are expressed as mean + SD of 6 rabbits in each group in comparison with C- (*p < 0.05), C+ (bp < 0.05)

or ESEG previous dose (°p < 0.05) using one-way Kruskal-Wallis followed by Dunn’s test. SOD: Superoxide

dismutase (Unit of SOD/mg of protein); GSH: reduced glutathione (ng GSH/g of tissue); LPO: lipid

peroxidation (nmol hydroperoxides/mg of protein). C-: negative control group; C+: positive control group;

SMV: simvastatin.
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6 CONCLUSOES

Os dados obtidos nesse estudo nos permitiram chegar as seguintes conclusdes:

1.

2.

O ESEG apresenta grandes concentracdes de flavonodides C- e O-glicosideos,
compativeis com a espécie segundo dados de literatura disponiveis;

A administracdo da CRD a 1% por 60 dias em coelhos machos da linhagem Nova
Zelandia foi capaz de acarretar intensa dislipidemia e oxidag¢ao lipidica e protéica, o
que conduziu a alteragdes cardiacas e vasculares compativeis com a doenca
aterosclerotica;

O tratamento por trinta dias com o ESEG foi capaz de reduzir expressivamente os
niveis dos lipideos séricos e a oxidagdo lipidica e protéica, além de modular o
sistema de defesa antioxidante cardiaco e vascular;

O ESEG foi capaz de reverter as alteracdes elétricas cardiacas e prevenir a hipertrofia
do ventriculo esquerdo;

As lesdes ateroscleroticas presentes nos diferentes ramos arteriais foram
significativamente reduzidas ap6s o tratamento prolongado com o ESEG, com
valores semelhantes aos obtidos apds a administracdo da sinvastatina;

Os efeitos aqui observados estdo relacionados diretamente com uma redugdo
significativa dos niveis de interleucinas-1 e -6, além da redugdo dos niveis de
ICAMs-1 ¢ VCAMs-1;

Os dados em conjunto conferem ao ESEG um possivel efeito hipolipemiante,

antioxidante, cardioprotetor e antiaterosclerotico nesse modelo experimental.
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7.1 PARECER DE APROVACAO DO COMITE DE ETICA - UFGD

MINISTERIO DA EDUCACAO
FUNDACAO UNIVERSIDADE FEDERAL DA GRANDE DOURADOS
PRO-REITORIA DE ENSINO DE POS-GRADUAQAO E PESQUISA

COMISSAO DE ETICA NO USO DE ANIMAIS - CEUA

Dourados-MS, 3 de margo de 2016.

CERTIFICADO

Certificamos que o projeto intitulado “Investigacao dos efeitos
hipolipemiantes e antiaterogénicos de E£chinodorus grandiflorus (cham. &
schitdl.) Micheli em modelo experimental de aterosclerose”, protocolo n°
08/2015, sob responsabilidade de Arquimedes Gasparotto Junior— que envolve
a producdao, manutencao e/ou utilizacdo de animais pertencentes ao filo
Chordata, 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 aprovado pela Comissdo de Etica no
Uso de Animais (CEUA/UFGD) da Universidade Federal da Grande Dourados,

em reunido de 11 de dezembro de 2015.

Vigéncia do Projeto 01/04/2016 — 01/04/2017
Espécie/linhagem Oryctolagus cuniculus/Var. Nova Zelandia
Ne de animais 36

Peso/idade 1,5 Kg/ 3 meses

Sexo Machos

Origem Universidade Federal do Parana/UFPR

Melissa Negrao Sepulvida
Coordenadora CEUA

Comissdo de Etica no Uso de Animais — CEUA/UFGD — Rua Jodo Rosa Goes, 1761 — Vila Progresso.
Dourados/MS. E-mail: ceua@ufgd.edu.br
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7.2 PARECER DE APROVACAO DO COMITE DE ETICA — UNIPAR

UNIVERSIDADE PARANAENSE - UNIPAR

Reconheclda pela Ponarla MEC N°1580, DE 09/11/93-D.0.U. 10/11/93 .
M : ¢do P; de Ensino e Cultura- APEC
UNTFAF DIRETORIA EXECUTIVA DE GESTAO DA PESQUISA E DA POS GRADUAGAO DE PP
- — X COORDENADORIA DE PESQUISA E INICIACAO CIENTIFICA - COPIC ,____,G

COMITE DE ETICA EM PESQUISA ENVOLVENDO EXPERIMENTACAO ANIMAL (CEPEEA)

CERTIFICADO

Certificamos que 0 projeto intitulado "INVESTIGAGAO DOS EFEITOS HIPOLIPEMIANTES E ANTIATEROGENICOS DE ECHINODORUS GRANDIFLORUS
(CHAM. & SCHLTDL.) MICHELI EM MODELO EXPERIMENTAL DE ATEROSCLEROSE", protocolo 29767/2016, sob a responsabilidade de EMERSON LUIZ
BOTELHO LOURENCO, - que envolve a produca ¢d0 e/ou utilizagdo de animais p ao filo Chordata , subfilo Vertebrata (exceto o homem), para

fins de pesquisa cientifica (ou ensino) - encomra se de acordo com o0s preceitos dalein®. 11. 794 de 8 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 de Experimentacio Animal (CONCEA), tendo sido aprovado pela COM‘ISSAO DE ETICANO USO
DE ANIMAIS (CEUA) da Universidade Paranaense - UNIPAR em reunido realizada em 17/09/2015.

We hereby certify that the project "INVESTIGAGAO DOS EFEITOS HIPOLIPEMIANTES E ANTIATEROGENICOS DE ECHINODORUS GRANDIFLORUS
(CHAM. & SCHLTDL.) MICHELI EM MODELO EXPERIMENTAL DE ATEROSCLEROSE", protocol n.20767/2016, under the responsibility of EMERSON LUIZ
BOTELHO LOURENCO - involving p e and/or use of animals belonging to the phylum Chordata, subphylum Vertebrata (with the exception of
Man), for scientific or teaching purposes — complies with Law n. 11,794, published on October 8, 2008, by Decree n. 6,899 of July 15, 2009, and with norms published
by the Brazilian Council for the Control of Animal Experiments (CONCEA), and approved by the COMMITTEE FOR ETHICS IN THE USE OF ANIMALS (CEUA)
of UNIPAR - Universidade P: atthe ing held on 09/17/2015.

UMUARAMA -PR, 20/02/2019.

vy ot AL ' (g .
Prof. Dr. Luciano Seraphim Gasques Thais CamillaRodrigues
Presidente CEPEEA/UNIPAR Secretaria CEPEEA/UNIPAR
Regictro N%20767



