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RESUMO

Estudo da acéo do 6leo fixo da Euterpe oleracea Mart, sobre dislipidemia em ratos Wistar

SOUZA, B. S. F'; CARVALHO, J.C. T.12?

Programa de Pés-Graduacdo em Inovagdo Farmacéutica, Departamento de Ciéncias Bioldgicas e
da Saude, Laboratorio de Pesquisa em Farmacos, Colegiado de Farmécia, Universidade Federal
do Amapa.

2L aboratdrio de Pesquisa em Farmacos, Departamento de Ciéncias Bioldgicas e da Saude,
Universidade Federal do Amapa.

Introducéo: A dislipidemia é decorrente de disturbios em qualquer fase do metabolismo lipidico.
Ocasiona elevacgdes cronicas nos niveis séricos de lipideos, principalmente LDL-colesterol e
triglicerideos, predispondo o individuo a complicacBes, como sindrome metabdlica, diabetes,
processos aterogénicos e doengas cardiovasculares (DCVs). O o6leo fixo dos frutos da Euterpe
oleracea Mart (OFEO) vem sendo descrito com composi¢cdo quimica rica em acidos graxos
insaturados (AGlIs), que o caracteriza com potencial para o tratamento de alteracbes no
metabolismo lipidico. Objetivo: Investigar a acdo do OFEO sobre dislipidemia em ratos Wistar.
Metodologia: Foram utilizados ratos Wistar machos, divididos em grupos experimentais (n =
7/grupo) para compor 3 modelos de inducdo de dislipidemia. Modelo I. - dislipidemia induzida
por Godura Saturada de Cocos nucifera (2000 mg/kg, v.0). Modelo I1.- dislipidemia induzida por
Triton (150 mg/kg, i.p). Modelo Il1.- dislipidemia em ratos diabéticos induzidos com aloxana (150
mg/kg i.p). Em todos os ensaios os grupos foram divididos em: tratado com OFEO (1226 mg/kg,
v.0), grupos controles tratados com &gua destilada (0,5 mL, v.0) e com farmacos padrdes
(Sinvastatina, 20 mg/kg e Glibenclamida, 5 mg/kg, v.0). Resultados: As analises fisico-quimicas
e cromatograficas do OFEQ apresentaram constituicdo quimica com predominio de AGls (67,83
%), sendo o &cido oleico (54,32%) e linoleico (5,90%) os compostos majoritarios. Nos modelos
de dislipidemia empregados houve aumento significativo dos niveis séricos de lipideos,
principalmente LDL-colesterol e triglicerideos. Os grupos tratados com OFEO nos diferentes
modelos experimentais reduziram significativamente (p < 0,001) os niveis plasmaticos de
triglicerideos, colesterol total e LDL-colesterol, e aumentaram significativamente HDL-colesterol
(p <0,001). No modelo I, nas condicGes de tratamento empregado, 0 OFEO apresentou atividade
anti-aterogénica, inibindo a formacdo de ateromas na artéria aorta dos animais empregados. No
Modelo 11, 0 OFEO atenuou os parametros bioquimicos relacionados com a sindrome metabdlica,
reduzindo significativamente (p < 0,001) a hiperglicemia, LDL-colesterol e triglicerideos.
Portanto, conclui-se que o tratamento com OFEO empregado nas condicdes deste estudo,
apresenta acdo sobre o perfil lipidico e propriedades anti-aterogénicas em animais com
dislipidemias, possivelmente devido a presenca de AGls, assim pode contribuir no controle e/ou
como agente preventivo das DCVs.

Palavras-Chave: Euterpe oleracea Mart; Dislipidemia; cidos graxos insaturados; ateroesclerose.
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ABSTRACT

Study of the fixed Euterpe oleracea Mart. oil on dyslipidemia in Wistar rats
SOUZA, B. S. F'; CARVALHO, J.C. T.1?

'Programa de Pds-Graduacio em Inovagdo Farmacéutica, Departamento de Ciéncias Bioldgicas e
da Salde, Laboratério de Pesquisa em Farmacos, Colegiado de Farmacia, Universidade Federal
do Amapa.

2| aboratério de Pesquisa em Farmacos, Departamento de Ciéncias Bioldgicas e da Sade,
Universidade Federal do Amapa.

Introduction: Dyslipidemia is due to disorders at any stage of lipid metabolism. It causes chronic
elevations in serum lipid levels, especially LDL-cholesterol and triglycerides, predisposing the
individual to complications such as metabolic syndrome, diabetes, atherogenic processes and
cardiovascular diseases (CVDs). The fixed Euterpe oleracea Mart. oil of fruits (OFEQO) has been
described with a chemical composition rich in unsaturated fatty acids (AGIs), which characterizes
it with potential for the treatment of alterations in lipid metabolism. Objective: to investigate the
action of OFEO on dyslipidemia in Wistar rats. Method: Male Wistar rats were divided into
experimental groups (n = 7/group) to compose three models of induction of dyslipidemia. Model
I - Dyslipidemia induced by Cocos nucifera fat (2000 mg/kg, v.0), Model 11, Triton-induced
dyslipidemia (150 mg / kg, i.p). Model 111, dyslipidemia in diabetic rats induced with aloxane
(150 mg / kg i.p). In all assays the groups were divided into: treated with OFEO (1226 mg/kg, vo),
control groups treated with distilled water (0.5 ml, v.0) and with standard drugs (Sinvastatin, 20
m /kg and Glibenclamide, 5 mg/kg, v.0). Results: The physico-chemical and chromatographic
analyzes of OFEOQ presented a chemical constitution with predominance of UFAs (67.83%), with
oleic acid (54.32%) and linoleic (5.90%) being the major compounds. In the models of
dyslipidemia employed, there was a significant increase in serum lipid levels, mainly LDL-
cholesterol and triglycerides. The groups treated with OFEO in the different experimental models
significantly reduced (p < 0.001) plasma triglycerides, total cholesterol and LDL-cholesterol, and
significantly increased HDL-cholesterol (p < 0.001). In model I, under the treatment conditions
employed, OFEO showed antiatherogenic activity, inhibiting the formation of atheromas in the
aorta artery of the animals used. In Model |11, OFEQ attenuated the biochemical parameters related
to the metabolic syndrome, significantly reducing (p < 0.001) hyperglycemia, LDL-cholesterol
and triglycerides. Therefore, it is concluded that the treatment with OFEO used in the conditions
of this study, presents action on the lipid profile and Anti-atherogenic properties in animals with
dyslipidemias, possibly due to the presence of UFAS, so it may contribute to the control and / or
as a preventive agent of the CVDs.

Key words: Euterpe oleracea Mart; Oil, Dyslipidemia; Unsaturated fatty acids; Atherosclerosis.
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1 INTRODUCAO

As dislipidemias sdo definidas como alteracGes do metabolismo lipidico que apresentam
concentracdo anormal de lipideos ou lipoproteinas na circulagdo sanguinea, principalmente
elevacgdes cronicas dos niveis séricos de lipoproteina de baixa densidade (LDL) e triglicerideos
(TG), assim como pela reducéo das concentracdes da lipoproteina de alta densidade (HDL). Podem
ser desencadeadas por fatores ambientais ou genéticos e que predispdem o individuo a uma série
de complicacdes, tais como a sindrome metabdlica, obesidade, diabetes, processos aterogénicos e
doencas cardiovasculares (DCVs), sendo estas as principais causas de morbimortalidade no
mundo, em decorréncia de complicacdes como infarto agudo do miocardio, embolia e acidente
vascular cerebral (AVC).

As DCVs representam incidéncia média de 12 milhdes de pessoas por ano no mundo, em
geral esta diretamente associada com a prevaléncia dos chamados fatores de risco, como a histdria
familiar de cardiopatia, excesso de peso, hipercolesterolemia, hipertrigliceridemia e hipertensao
arterial (HA), que preestabelecem ao individuo o desenvolvimento do processo aterogénico, e seu
desencadeamento acontece de forma silenciosa e ndo passiveis de monitoramento direto pelo
paciente, dessa forma essas comorbidades representam um dos principais problemas de saide
publica, uma vez que diminuem os anos de vida produtiva do individuo além da mortalidade
precoce.

A aterosclerose é uma doenga inflamatdria cronica de origem multifatorial que ocorre em
resposta a agressdo endotelial das artérias de médio e grosso calibre, promovendo a disfungéo
endotelial que aumenta a permeabilidade da camada intima as LDL plasmaticas favorecendo a
retencdo dessas lipoproteinas no espaco subendotelial e propiciando a sua oxidacdo. A oxidacao
da LDL no espaco subendotelial favorece o aumento do processo aterogénico e assim pode acelerar
0 aparecimento de DCVs.

As consequéncias advindas desse problema de saide impulsionam a comunidade cientifica
a estudos dietéticos, metabdlicos e toxicoldgicos na tentativa de prevenir ou diminuir 0s danos
causados pelas dislipidemias oriundas de fatores genéticos ou ambientais como dietas excessivas
em gorduras saturadas. Assim as recentes pesquisas estdo sendo planejadas com o intuito de
identificar alimentos funcionais que possuem na sua composi¢do polifendis, acidos graxos

insaturados (AGI), fibras, fitosterdis entre outros, que além dos seus efeitos antioxidantes
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apresentem também a capacidade de alterar o perfil lipidico, em especial na reducéo dos niveis de
LDL e triglicerideos.

Trabalhos com a Euterpe oleracea Mart. mostram na sua composi¢do a presenca de
substancias polifendlicas, acidos graxos mono e poli-insaturados, que atribui a esta espécie
propriedades farmacologicas incluindo anticarcinogénica, anti-inflamatéria, antimicrobiana,
estimulante imunoldgica e anti-envelhecimento, bem como propriedades antioxidantes. Estudos
realizados sobre a composicéo quimica do 6leo fixo de Euterpe oleracea (OFEQ), demonstraram
que ele apresenta uma constituicdo rica em acidos graxos insaturados (AGI), sendo
majoritariamente de acidos monoinsaturados. Os AGI sdo referenciados na literatura como
antioxidantes com potencial de evitar a peroxidacédo lipidica e inibir a acdo dos radicais livres,
principalmente as espécies reativas de Oxigénio (ROS), e dessa forma atuar significativamente na
reducdo da oxidacdo da LDL.

Os radicais livres sdao moléculas liberadas pelo metabolismo do corpo com elétrons
altamente instaveis e reativos, decorrentes de um desequilibrio entre compostos oxidantes e
antioxidantes, gerando um desequilibrio homeostético que pode causar doencas degenerativas,
envelhecimento e morte celular, e esse processo ao longo do tempo pode tornar-se cronico,
contribuindo para instalacdo de enfermidades cronicas como, por exemplo, a aterosclerose,
diabetes, obesidade, transtornos neurodegenerativos e cancer.

Nesse contexto, para melhor entender a relacdo entre as alteracbes do metabolismo dos
lipidios e a aterogénese varios estudos experimentais vém sendo realizados com o intuito de
desenvolver sindrome metabdlica e dislipidemias com farmacos especificos, pois o elo entre
dislipidemias, diabetes e aterosclerose é universalmente reconhecido pelos pesquisadores da area.

Dentre drogas cléassicas podemos destacar dietas com gorduras saturadas, surfactante com
propriedades inibidoras da enzima lipoproteina lipase e drogas beta-citotoxicas para as ilhotas de
langerhans no pancreas.

O triton é um surfactante ndo anibnico de estrutura polimérica que vem sendo utilizado
com sucesso em diversos trabalhos para induzir dislipidemias em modelos animais, seu
mecanismo de acao envolve a capacidade de inibir a enzima lipoproteina lipase (LPL), responsavel
pela hidrdlise dos triglicerideos presentes nas lipoproteinas plasmaticas, assim como estimular a
enzima hidroximetil-glutaril coenzima A redutase (HMG-Coa redutase). Como resultado, ocorre
a diminuicédo da hidrolise dos triglicerideos (TG), aumento da biossintese de colesterol no figado
e a consequente elevacdo dos lipideos plasmaticos.

Modelos de indugdo de hiperlipidemia em ratos com base na administracdo de gordura

saturada de Cocos nucifera (GSC) é decorrente da sua rica composi¢ao em 4cidos graxos saturados
19




que apresentam a capacidade de aumentar consideravelmente tanto a taxa de colesterol e fracGes
quanto a de triglicerideos.

A Diabetes quimicamente induzida por aloxana em animais de experimentacdo tem sido
amplamente empregada como modelo para os estudos de agentes terapéuticos e preventivos da
doenca, além disso, possibilita a avaliacdo de parametros determinantes da sindrome metabdlica
desencadeada pelo evento da inducdo do estado diabético, principalmente as dislipidemias.

Dessa forma, considerando a composicao quimica do OFEOQ ricaem AGI e a relagdo desses
compostos com as dislipidemias, bem como a necessidade de estudos ndo clinicos acerca da
tematica e a predominancia dessa espécie de grande importancia para a regido amazonica, 0
presente estudo teve como objetivo investigar a agdo do OFEO sobre a dislipidemia em ratos
Wistar, utilizando diversos modelos de inducdo, que envolvem desde inducdo de dislipidemia
aguda por triton, inducdo de dislipidemia por gordura saturada de Cocos nucifera (GSC) e por

sindrome metabolica diabética induzida por aloxana.
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2 REFERENCIAL TEORICO

2.1 DISLIPIDEMIA

2.1.1 Definicdes e caracterizacao da dislipidemia

A dislipidemia definida como modifica¢Ges nos niveis circulantes dos lipideos em relacdo
a parametros estabelecidos para uma determinada amostra populacional, como consequéncia de
disturbios ocorridos em qualquer fase do metabolismo lipidico, que resultam na alteracdo dos
niveis séricos das lipoproteinas e estdo associadas a incidéncia de doencas cardiovasculares,
obesidade, diabetes, hipertensdo arterial e esteatose (BEZERRA et al., 2011).

Trata-se de fator chave na promocéo da sindrome metabdlica, encontrada em individuos
magros e obesos, uma vez que a obesidade por si s6 ndo é considerada como responsavel pelo
desenvolvimento da dislipidemia (IPSEN, TVDEN-NYBORG, LYKKESFELDT, 2016).

E caracterizada por alteracbes metabdlicas decorrentes de disturbios em qualquer fase do
metabolismo lipidico que ocasionam repercussao nos niveis séricos das lipoproteinas, moléculas
que transportam os lipidios no meio aquoso plasmatico (SOC. BRAS. CARDIOLOGIA, 2001;
SOC. BRAS. CARDIOLOGIA, 2007; BEZERRA et al., 2011).

Segundo Jallinger et al., (2002) e Bevilacqua et al., (2006), podem ser priméaria ou
secundaria. A primaria diz respeito as alteracdes genéticas e ambientais, a secundaria pode ter
origem em outra situacdo patolégica, como o hipotiroidismo, obesidade ou Diabetes mellitus, ou
ser uma consequéncia da utilizacdo de determinados farmacos que elevem os niveis lipidicos,
como por exemplo, glucocorticoides, isotretinoina, ciclosporina, mirtazapina, progestinas,
diuréticos tiazidicos, bloqueadores S, estrogénios e antifingicos azélicos (DIPIRO et al., 2008).

O excesso de lipidios séricos é reconhecido como um dos mais significantes fatores de
risco para DCVs. Isoladamente, as alteracdes lipidicas sdo responsaveis por 56% das doencas
cardiacas e 18% dos casos de infarto, sendo ainda associadas a um terco dos casos de mortalidade
no mundo (HOFFMAN, 2012).

A proeminéncia da hiperlipidemia como problema de saide publica esta na sua relagdo
com as DCVs, principalmente o acidente vascular cerebral (AVC) e a doenca aterosclerdtica
coronariana - razdes importantes de morte e incapacidade fisica em nosso meio, com repercusses

importantes nos custos da assisténcia médica no Brasil (BEVILACQUA et al., 2006).
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Para Chlaudhary e Brocks (2013), a hiperlipidemia é uma condicdo em que o colesterol
total (CT), os triglicerideos (TG) e a LDL-c encontram-se elevados no sangue, tornando-se 0s
maiores fatores de risco para aterosclerose, infarto do miocardio (IM) e AVC.

A aterosclerose é uma doenca multifatorial, lenta e progressiva e a hiperlipidemia um dos
fatores potenciais no desenvolvimento de doencas cardiacas aterosclerdticas. Dessa forma, as
DCVs séo causa crescente e relevante de 6bitos em todo o mundo e as hiperlipidemias constituem
importantes fatores de risco para seu desencadeamento, uma vez que ndo sdo passiveis de
monitoramento direto pelo paciente, as complicacGes das dislipidemias surgem de forma insidiosa
(CELESKI et al., 2013). A literatura evidencia que seu desencadeamento pode ocorrer na infancia
(PEREIRA, et al., 2010; SILVA; SOUZA, 2014).

Devido a magnitude de seus efeitos, grandes esfor¢cos vém sendo realizados pela
comunidade médica para prevenir e controlar esse quadro metabdlico, e as estratégias terapéuticas
recomendadas pela Sociedade Brasileira de Cardiologia (SBC) e adotadas pelos especialistas da
area englobam o estimulo a adocdo de uma alimentacdo saudavel, o aumento da préatica de

exercicios fisicos e a prescri¢do de medicamentos (BONFIM et al., 2014).

2.1.2. Metabolismo lipidico

Os lipidios sdo pequenas moléculas extraidas dos tecidos animais e vegetais, insoltveis em
agua, constituem aproximadamente 34% da energia da dieta dos seres humanos, fornecendo cerca
de 9 Kcal/g de energia, correspondendo de 25-30% da dieta. Essa gordura alimentar é armazenada
nas células adiposas protegendo 6rgdos e nervos de choques. S8o essenciais no processo de
digestdo, absorcdo, e transporte de vitaminas lipossoliveis e fitoquimicos como carotenoides e
licopenos (RAYMOND et al., 2013).

A digestdo das gorduras compreende: absorcdo, emulsificacdo, digestdo, metabolismo e
degradacdo. Assim, uma pequena quantidade de lipidios é digerida na boca pela lipase lingual e
no estbmago pela lipase gastrica, mas a digestao propriamente dita dos lipidios ocorre no duodeno,
por acdo da bile que emulsifica os glébulos de gordura aumentando sua superficie de contato com
as enzimas, e também pela acéo lipase pancreética que age quebrando as moléculas grandes de
gordura em &cidos graxos livres e monogliceridios. Esses acidos graxos livres e monogliceridios
formam complexos com os sais biliares, denominados micelas, que atuam facilitando a passagem
dos lipidios através do ambiente intestinal aquoso até as células da borda em escova, onde séo
absorvidos, reagrupados em trigliceridios e transportados (junto com fosfolipidios, colesterol e

lipoproteinas — formando os quilomicrons) até o figado. Os lipidios biologicamente mais
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relevantes sdo os fosfolipidios, o colesterol, os triglicérides (TG), e os acidos graxos livres (AGL).
Os fosfolipidios formam a estrutura basica das membranas celulares, atuando na fluidez dela e na
ativacdo das enzimas ali presentes, o colesterol é precursor do hormonios esteroidais, dos acidos
biliares e da vitamina D. Os TG sé@o formados por trés moléculas de acidos graxos ligados a uma
molécula de glicerol e constituem uma das formas de armazenamento energético mais importantes
no organismo, depositados no tecido adiposo muscular (XAVIER et al., 2013)

Os &cidos graxos sdo divididos em saturados e insaturados. Os insaturados sdo justificados
em razdo do numero de duplas ligacGes e estdo classificados em mono ou poli-insaturado,
encontrados especialmente na configuracdo cis da dupla ligacdo (SANTOS et al., 2013). As
gorduras monoinsaturadas tém sido relacionadas com diminui¢do nos niveis de TG, CT e LDL,
bem como ao aumento nos niveis de HDL no plasma, caracteristica importante no contexto da
reducdo dos riscos cardiovasculares (WRIGHT, 1998; FAGHERAZZI; DIAS; BORTOLON,
2008).

As gorduras poli-insaturadas (-3 ¢ ®-6) também exercem efeito positivo sobre o CT,
LDL-c e TG séricos (SANTOS et al., 2001; FAGHERAZZI; DIAS; BORTOLON, 2008). Porém,
os acidos graxos ®-6, embora considerados ndo prejudiciais (RIQUE; SOARES; MEIRELLES,
2002; FAGHERAZZI; DIAS; BORTOLON, 2008) induzem maior oxidacdo lipidica (SANTOS et
al., 2001; FAGHERAZZI; DIAS; BORTOLON, 2008) e ha indicios de que possam reduzir as
concentragdes de HDL-c (MCGOWAN, 1997; FAGHERAZZI; DIAS; BORTOLON, 2008).

Nesse sentido, para prevencdo primaria da doenca aterosclerdtica coronariana, recomenda-
se um consumo diario entre 8% a 10% de acidos graxos saturados; até 10% de poli-insaturados;
até 15% de monoinsaturados e até 300mg de colesterol. Para prevencao secundaria é preconizado
até 7% de acidos graxos saturados e restricdo de até 200mg de colesterol por dia (AMERICAN
HEART ASSOCIATION, 1996; FAGHERAZZI; DIAS; BORTOLON, 2008).

2.1.3. Mecanismo de transporte dos principais lipidios no organismo

Os principais lipidios sdo transportados no plasma em complexos conhecidos como
lipoproteinas, que sao insollveis em meio aquoso. As lipoproteinas sdo particulas esféricas cuja
superficie é constituida majoritariamente por fosfolipidios, colesterol livre e proteinas e o seu
interior € composto por triglicerideos e ésteres de colesterol (BEVILACQUA et al., 2006).

As lipoproteinas sdo particulas que transportam lipideos apolares (insoltveis em adgua) em
seu nucleo. Estes complexos séo constituidos por quantidades variaveis de colesterol e seus ésteres,

triglicerideos, fosfolipidios e apoproteinas, sendo solUveis no plasma devido a natureza hidrofilica
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da parte proteica. Essas lipoproteinas sdo macromoleculares pseudo-micelares que apresentam
lipidios e proteinas na sua composicao e permitem o transporte de lipideos pelos fluidos corporais
(LEITE JUNIOR, 2015).

Sdo classificadas de acordo com a sua composicdo, densidade, tamanho e mobilidade
eletroforética em quatro classes: Quilomicrons, lipoproteina de muito baixa densidade (VLDL),
LDL-c e HDL-c, as quais sdo formadas a partir da gordura proveniente da dieta, solubilizada pelos
sais biliares no intestino delgado, ricas em TG, constituem fonte de TG para 0 musculo esquelético
e tecido adiposo. S&o metabolizadas pela lipase e apds 12 a 14 horas de jejum tornam-se ausentes
no plasma. A VLDL é sintetizada no figado e depois convertida em LDL-c, sua sintese é regulada
pela dieta, por hormonios e pela captacdo de quilomicrons remanescentes no figado. No individuo
saudavel, a maior parte do colesterol é transportada pela LDL-c, a qual é captada pelo figado para
ser metabolizada. Depois de ligada ao seu receptor membranar, a LDL-c € internalizada e
degradada. O catabolismo da LDL-c promove inibicdo da atividade da HMG-CoA redutase,
enzima indispensavel a sintese endogena de colesterol (BEVILACQUA et al., 2006).

2.1.3.1 Transporte reverso do colesterol

O transporte reverso do colesterol (RCT) consiste na remogéo do colesterol dos tecidos
para o figado pela HDL-c, condi¢do que promove a reducao da quantidade do colesterol do sangue.
Trata-se do movimento oposto do colesterol, o qual é transferido das células periféricas para o
figado através do compartimento plasmatico. Este colesterol deve ser utilizado para atender as
demandas metabolicas ou ser excretado nas fezes através da bile (MINEO et al., 2012; LEITE
JUNIOR, 2015).

Nesse sentido, age na captacdo do colesterol transformando-o em VLDL ou LDL-c ou
fazendo seu transporte até ao figado para a sintese de acidos biliares (DIPIRO et al., 2008).

Nos Ultimos anos, a visao dos sistemas de transporte que medeiam a excrecao de colesterol
intestinal tem sido aprofundada consideravelmente em funcéo do surgimento de indicios de que a
parte proximal do intestino delgado € capaz de secretar colesterol ativamente, via efluxo trans do
colesterol intestinal (TICE). Em camundongos, o TICE apresentou-se responsavel por até 70% da
excrecao de esterdis fecal neutro (VAN DER VELDE; BRUFAU; GROEN, 2010).

Para Temel e Brown (2012), o risco de doenca cardiaca coronaria (CHD), € inversamente
associado com o colesterol HDL. Considera-se que seus efeitos protetores sejam em funcéo do

papel de transporte reverso do colesterol (RCT), processo pelo qual o colesterol das células de
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espuma dos macrdfagos nas placas ateroscleréticas é mediado pela HDL-c, transportada para o
figado e excretados nas fezes.

Estudos de Leite Junior (2015), referem que o RCT do colesterol apresenta um papel
fundamental na formacéo, maturacao e degradacdo da HDL-c, e envolve uma intensa transferéncia
de lipideos entre os tecidos e diferentes classes de proteinas. Podem ser produzidas a partir de
moléculas de Apolipoproteina-A (APO A-1) pobres em lipidios secretadas pelo intestino e pelo
figado, ou liberadas pelo processo de lipdlise dos quilomicrons e da VLDL, bem como por colisfes
entre estas lipoproteinas. O Transporte reverso tem sido considerado como a principal funcéo da
HDL-c. Com excecdo do figado, as células periféricas obtém o colesterol pela combinacdo de
sintese local e captagdo de colesterol transportado pelas apoproteinas LDL-c e VLDL, que tiveram
origem no figado.

E de grande relevancia a preponderancia que as lipoproteinas tém na aterosclerose, visto
iniciar-se com a retencdo do LDL-c na parede das artérias e uma vez na parede arterial, a LDL-c
é oxidada levando a recruta de mondcitos para a artéria. Os mondcitos transformam-se em
macrofagos que vao acelerar o processo de resposta inflamatdria, promovendo aumento da
coagulacdo devido ao aumento dos niveis de oxidacdo do LDL-c e alterar a captacdo do mesmo
pelos seus receptores, que desencadeando plasminogénio, induz a producdo de endotelina que
causa vasoconstricdo e inibe a sintese de 6xido nitrico (vasodilatador e inibidor plaquetario)
(SILVA, 2006).

2.1.4 Dislipidemia e aterogénese

O entendimento dos mecanismos da aterogénese e suas relacbes com os fatores de risco
sdo fundamentais para a prevencdo e diminuicdo da morbidade e mortalidade nas doencas
cardiovasculares.

A dislipidemia aterogénica tem se pronunciado como fator de risco relevante para o infarto
do miocardio e DCVs, comumente observada em pacientes com obesidade, sindrome metabdlica,
resisténcia a insulina, e Diabetes mellitus tipo 2, havendo certa unanimidade na literatura de que o
estdgio mais precoce da aterogénese é caracterizado pelo acumulo focal de macréfagos,
envolvendo residuos de LDL-c e colesterol, no espago subendotelial do vaso (KATHIRESA et al.,
2006; MUSUNURU, 2010).

Nesse contexto, o endotélio é um tecido com celulas simples que formam uma barreira na
parte interna dos vasos sanguineos, ele atua ativamente na regulacdo do ténus vascular e em sua

estrutura (LANDMESSER; HORNING; DREXLER, 2004; MAIS; SILVA, 2009). E sensivel a
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fatores humorais e hormonais, sintetizando e liberando substéncias vasoativas, e a homeostase
vascular é mantida pelo balango entre fatores de contracéo e dilatacdo derivados desse endotélio.
Com a interrupcao desse balanco, que ocorre durante a resposta inflamatoria a vasculatura se torna
suscetivel a formacdo de placas de ateroma (SZMITKO; WANG; WEISEL; DE ALMEIDA Jr,
ANDERSON; VERMA, 2003; MASI; SILVA, 2009).

A disfuncdo do endotélio € decorrente da diminuicdo na vasodilatacdo ou devido a
liberacdo de 6xido nitrico ou em funcdo da inibicdo da expressdo da enzima éxido nitrico sintase
endotelial. A hipercolesterolemia, hipertensdo arterial, diabetes e 0 uso de tabaco, constituem
fatores associados a disfuncdo endotelial, induzindo um fenédtipo pro-inflamatério e pro-
trombético do endotélio, predispondo o individuo a aterosclerose (LANDMESSER; HORNING;
DREXLER, 2004; MAIS; SILVA, 2009).

O aumento nas concentracGes plasmaticas de acidos graxos livres causa reducdo na
atividade da enzima oxido nitrico sintase endotelial e consequente diminuicdo do 6xido nitrico,
levando a um aumento na producdo de anion superdxido pelo endotélio (STEINBERG, 1997;
MAIS; SILVA, 2009). Assim, o aumento do conteudo de lipideos plasmaticos é um fator de
lipotoxicidade vascular, disfuncdo do endotélio e aterosclerose (MATTERN; HARDIN, 2007;
MAIS; SILVA, 2009).

Trata-se de uma doenca inflamatoria, que comecga com uma lesdo inicial que dispara uma
resposta inflamatoria envolvendo linfécitos, macrofagos, células musculares lisas e células
endoteliais. Alguns dos gatilhos propostos para lesdo inicial na aterosclerose incluem o monoéxido
de carbono dos cigarros, atrito hemodindmico sobre o endotélio, hipercolesterolemia, LDL-
oxidada (OX-LDL), e mais recentemente agentes infecciosos como o herpes virus,
citomegalovirus, Helicobacter pylori e Chlamydia Pneumoniae (COUTINHO et al., 2000).

O processo aterogénico é desencadeado pela LDL-c oxidada que esta envolvida na ativacdo
de varios componentes vasculares (células endoteliais, macrofagos, células do musculo liso), ela
induz diversos genes pro-aterogénicos (molécula de adesdo intercelular-1 (ICAM-1), molécula de
adesdo celular-vascular-1 (VCAM-1). Fator de crescimento derivado de plaquetas (PDGF — A-B)
e NOS), uma vez que existe necessidade que ocorra modificacdo estrutural na LDL-c, a chamada
hipbtese oxidativa. Dessa forma, as lipoproteinas atravessam as paredes celulares das células
endoteliais por transporte vesicular (chamadas de coated pits), o qual ndo requer receptores
especificos. Estas invaginacdes das membranas celulares se transformam em vesiculas de
endocitose carregando as particulas de LDL-c para o interior da célula endotelial. O aumento da

concentracdo de LDL-c no interior das células endoteliais induz ao maior consumo de 6xido nitrico
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e de acentuada producdo de radicais livres, que promovem a leséo celular, com acumulo de lipideos
em seu interior (MATHEUS et al., 2003).

Assim, a formacéo da placa aterosclerotica tem inicio com a agresséo ao endotélio vascular
devido a diversos fatores de risco, dentre eles a elevacdo da concentracdo plasmatica de LDL-c,
apos a sua entrada na camada intima das artérias, sofrem oxidacdo em ambiente pré-oxidante,
causando a exposicdo de diversos neo-epitopos, que as tornam imunogénicas e desencadeando
processo inflamatério com recrutamento de células imunolégicas, principalmente mondcitos que
migram para o espaco subendotelial onde se diferenciam em macrofagos que captam as LDL-c
oxidadas, ficam repletos de lipideos e passam a ser chamados de células espumosas, sendo o
principal componente da matriz gordurosa na formagéo do ateroma (ARAUJO; 2007; SPOSITO
et al., 2007; BLASI, 2008).

Nesse contexto, a lesdo aterosclerética frequentemente decorre inicialmente de dois
processos basicos: acumulo de colesterol e a proliferacdo de células musculares lisas na tanica
intima, desenvolvendo-se, portanto sobre um substrato formado dessas células, leucdécitos
derivados do sangue, e de uma quantidade varidvel de tecido conectivo, formando uma placa
fibrosa que se projeta para dentro do Iimen, modificando a tunica média e levando a uma série de
complicac@es circulatérias (MELLO; SILVA, 2007; MATOS et al., 2012).

As células musculares lisas migram a partir da camada média arterial, por meio da lamina
elastica, e também se transformam em células espumosas por mecanismo semelhante ao que ocorre
com o0s macrofagos. As células espumosas expostas ao fator de crescimento derivado de plaquetas
e ao fator de crescimento de fibroblastos passam a produzir colageno, elastina e proteoglicanos
que envolvem o ndcleo lipidico do ateroma maduro (LOTUFO; BENSENOR, 2004;
NASCIMENTO et al., 2013Db).

No entanto, tanto a oxidacdo extracelular da LDL-c pela hiper-homocisteinemia, quanto a
intracelular pelos macrofagos parecem representar eventos catalisadores do processo
aterosclerdtico. A partir da oxidacdo da LDL-c, os macréfagos sao ativados, transformando-se em
céelulas espumosas, 0 endotélio vascular libera citosinas (interleucina 1 e fator de necrose tumoral
alfa (TNFa), que resulta na migracao de células musculares lisas e de outras células inflamatdrias
(mondcitos, linfocitos B e T), contribuindo cada vez mais para o processo de aterogénese
(GRUNDY, 1999; FILHO G.B, 2000; NASCIMENTO et al., 2013b).

Nesse sentido, o crescimento progressivo da placa de ateroma causa hipoxia em seu nucleo,
com liberacdo de fatores angiogénicos que promovem neovascularizac¢ao na periferia do ateroma;
esses vasos neoformados sdo delicados e frageis e facilmente sangram, com consequente

perpetuacdo do processo inflamatério, deposicdo de mais moléculas lipoproteicas e formacao de
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hemossiderina (produto de degradacdo da hemoglobina). As hemorragias no interior da placa de
ateroma contribuem para seu crescimento adicional, para a sua ruptura e para o desenvolvimento
de eventos tromboticos e embdlicos (GRUNDY, 1999; LOTUFO; BENSENOR, 2004,
NASCIMENTO et al., 2013c). As maiores consequéncias da doenca sdo infarto do miocardio,
AVC, aneurisma adrtico e gangrena dos membros inferiores (devido a diminuicdo da irrigacao)
(CAMACHO; DIAS MELICIO; SOARES, 2007; MATOS et al., 2012).

Estudos de base familiar e de casal indicam um grande componente hereditario de tamanho
de LDL-c, variando de 40 a 60% do traco. Genes com essas Vvariantes foram relatados para ser
associados com um tamanho de LDL.

No entanto, novos estudos sdo necessarios para maior conhecimento da relacdo genética,
bem como da influencia alimentar no processo aterogénico e consequentemente reducéo e melhor
controle das DCVs, reforcando as vantagens da inducdo das dislipidemias experimentais com a
producdo de lesdes ateromatosas em curto espaco de tempo, adequado controle dietético associado
a fatores ambientais, a possibilidade de estudos sobre a reversibilidade de lesbes ateroscleroticas
e ensaios pré-clinicos de substancias hipolipidémicas (CASTRO; ARTONI; PACHECO, 2012).

No contexto da prevencdo e protecdo do endotélio, o 6xido nitrico (NO) é um gas
lipossoluvel, produzido pelas células do sistema imune através da acdo de enzimas denominadas
oxido nitrico sintases (NOS) sobre o aminoéacido L- arginina. Estas enzimas podem ser divididas
em dois grupos: um constitutivo e outro induzido. No constitutivo, as células do sistema endotelial,
neuronal apresentam entre outros NOS, as quais produzem grandes quantidades de NO e sdo
responsaveis pela manutencdo do tdnus vasculares entre outros efeitos. Ja o induzido, a NOs
induzida ndo € encontrada em situacdes fisioldgicas, somente quando as células sdo devidamente
estimulada (com uma combinacdo de lipossacarideo bacteriano e citocinas. Nessas condi¢fes o
NO comeca a ser produzido em grandes quantidades e sua producdo € importante em situacdes
patoldgicas onde o sistema imune € estimulado (choque séptico, infeccdo bateriana) (MATHEUS
et al., 2003).

2.1.5 Novos marcadores de risco de importancia no metabolismo lipidico

Novos marcadores de risco relacionados ao metabolismo lipidico tém sido identificados e
estudados, dentre os quais se destaca a lipoproteina (a) ou Lp(a), embora os mecanismos de acéo

associados & Lp(a) ainda ndo estejam totalmente esclarecidos, sua participacdo em processos
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ateroscleroticos ¢é ativa e silenciosa (MELLO, 2007). Estudos recentes relatam que a Lp(a) é um
marcador de risco estavel das principais formas de doenca vascular, apresentando propriedades
aterogénicas e trombéticas (REGO, 2009; PALMEIRA et al., 2013).

A particula de lipoproteina, descoberta em 1963 (a), é constituida por um complexo
macromolecular de estrutura esférica com cerca de 25 nm de didmetro, na faixa de densidade de
1,05 a 1,12 g/mL, apresenta estrutura semelhante a da LDL-c, pelo tamanho, composicéo lipidica
das particulas e pela presenca da Apolipoproteina B100 (Apo B100), diferenciando-se pela
presenca da apolipoproteina (a) ligada por uma ponte dissulfeto a apolipoproteina B. Sua sintese
ocorre no figado e sua concentracdo plasmatica varia de 1 - 1.000 mg/dL, podendo ser dosada de
rotina em laboratorio clinico por método baseado em anticorpos monoclonais. Acima de 20 a 30
mg/dL o risco de desenvolvimento de doenga cardiovascular aumenta em cerca de duas vezes, 0
que ndo é valido para os afrodescendentes, que ja apresentam normalmente niveis mais altos dessa
lipoproteina, do que caucasianos e orientais (MARANHAO, 2014).

Dantas (2012) faz aluséo a outros estudos referindo que, a LPL é uma enzima responsavel
pela hidrélise dos triacilglicerdis presentes nas lipoproteinas plasmaticas principalmente nos
quilomicrons e nas lipoproteinas de muito baixa densidade (MORENO et al., 2003).

O aumento nos niveis de LPL favorece a hidrélise intravascular de lipoproteinas
(LAPLANT et al, 2009), e a ativacao de receptores PPAR, pode regular sua produgdo, bem como
diminuir a expressdo de apo — CIlI, que é um inibidor dessa enzima (EU et al., 2010).

Estudos confirmando que processo aterosclerético comeca na infancia vém aumentando, e
representa um problema de salde crescente em criancas e adolescentes obesos. A distribuicdo da
gordura visceral e a resisténcia a insulina representam marcadores importantes de sua progressao.
Pesquisas adicionais sdo necessarias para identificar os indicadores iniciais de alteragdes lipidicas
e para a totalidade da fisiopatologia subjacente. A completa caracterizacdo dos mecanismos
envolvidos no desenvolvimento de dislipidemia aterogénica em criangcas pode auxiliar na
identificacdo de estratégias preventivas e terapéuticas e, assim, leva a reducdo da complicacdo
cardiovascular associada mais tarde na vida (D> ADAMO et al., 2015).
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2.2 Euterpe oleracea MART.

2.2.1 Consideragdes gerais sobre a Euterpe oleracea Mart.

O Brasil é detentor da maior biodiversidade do planeta, possui a maior area continua de
floresta tropical do mundo, a Amazonia. Para Ribeiro e Lacerda (2007), planejar seu uso racional
e sustentavel constitui um dos grandes desafios da atualidade para garantir seu desenvolvimento
social e econdmico aliado & conservacéo dessa biodiversidade. E detentora de inlimeras espécies
frutiferas, dentre elas o acaizeiro (Euterpe oleracea Mart e Euterpe precatoria Mart) com potencial
agronémico, tecnologico, nutricional e econémico (YUYAMA et al., 2011).

Trata-se de espécie nativa dos tropicos que predomina nos solos hidromorficos, nos quais a
utilizacdo agricola é bastante restrita, servindo de protecdo para solos por apresentar uma
disposicao constante de folhas e sistema radicular abundante. Possui caracteristica de cultura
permanente com possibilidades de desenvolvimento de uma fruticultura regional e exploracédo
florestal, apresentando brotagdo constante (MATHEUS et al., 2013).

Representa grande importancia socioecondmica para a regido Amazonica, servindo de
subsisténcia ao homem, que de forma pratica o aproveita na sua totalidade. Constituindo a
principal base alimentar da populacdo, notadamente dos ribeirinhos da regido. (EMBRAPA,
2005).

E comumente denominada agaizeiro, agai preto, ou “iga-¢ai” pelos indigenas que significa
a fruta que chora, é uma palmeira tipica da floresta de varzea da regido Amazonica, entretanto
pode ser cultivada também em solos de terra firme. Predomina de forma espontanea nos estados
do Amapa4, leste do Amazonas, Maranhdo e Par4, e estendendo-se ainda pelas Colémbia, Equador,
Guianas, e Venezuela. O Brasil se posiciona como 0 maior produtor, consumidor e exportador
desse produto (MENEZES et al., 2008). Segundo Oliveiraet al., (2002) e Dapont, (2012), a espécie

apresenta a classificacdo botanica expressa na Tabela 1.

Tabela 1- Classificacdo Botanica da Euterpe oleracea Mart.

Classe Liliopsida

Subclasse Arecidae

Super-ordem Lilianae Takht

Ordem Arecales Bromhead
Familia Arecaceae

Género Euterpe

Espécie Euterpe oleracea Martius

Fonte: (OLIVEIRA et al., 2002; DAPONT, 2012).
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Cresce por brotacdes sucessivas a partir de uma unidade de dispersdo, formando touceiras
de até 25 troncos ou estirpes (caule), sem ramificagdes, atinge de 4 a 30 metros de altura, e contem
dez folhas em média. No topo de cada estirpe surgem inflorescéncias onde nascem de 4 a 8 cachos
com centenas de frutos (CALVAZARA, 1972; FAVACHO, 2009).

Na Amazonia brasileira o periodo de frutificagdo pode ocorrer durante todo o ano, sendo a
estacdo menos chuvosa (julho a dezembro) o periodo de maior abundancia quando se obtém suco
de melhor qualidade (CAVALCANTE, 1996; MIRANDA et al., 2001). Cada palmeira produz, em
média, de 3 a 4 cachos por ano, com variacao de peso de 3 a 6 kg (ROGEZ, 2000).

Os frutos séo globosos, coloracdo arroxeada quase preta, diametro de 1,0 a 2,0 cm, dotados
de uma Unica semente, envolta por tecido fibroso e coberta por camada de polpa fina e seca, porém
levemente oleosa com espessura quase sempre igual ou inferior a 01 mm (ISAE/ FGV, 2003).
Trabalho de Gantuss (2006) demonstra que em amostras do fruto acai procedentes do Municipio
de Mazagao do Estado do Amapa foi constatado que apenas 17% corresponde a parte comestivel

e 83% ao carogo.

2.2.2 Composicao quimica da Euterpe Oleracea Mart.

Sua cor roxa se deve a elevada concentracdo de pigmentos com alta capacidade
antioxidante chamado antocianina, sendo ainda indicador da qualidade dos frutos e da bebida
elaborada a partir deles, o acai (POMPEU et al., 2009).

Com relagdo as caracteristicas fisico-quimicas do fruto de agai, varias pesquisas expressam
os teores de macro e micro nutrientes por grama de matéria seca (ROGEZ, 1996; GANTUSS,
2006).

E constituido de 13% de proteina, 48% de lipideos, 1,5% de aclcares totais, rico em
compostos fendlicos (principalmente antocianinas), acidos graxos monoinsaturados e poli-
insaturados (fitosterdis, S-sitosterol), e fibra alimentar, além de ser uma boa fonte de potassio,
magnésio, calcio, fosforo, sodio e vitaminas E e B1. Estudos demonstram que o consumo de acai
melhora o perfil lipidico sérico e pode exercer um efeito ateroprotetor, entretanto, ndo se sabe se
0 acai interfere em metabolismo do colesterol hepatico (SOUZA et al., 2012).

Sua polpa ganhou atencéo internacional como alimento funcional, por apresentar na sua
composicao quimica polifenois como antocianinas, proantocianidinas (especificamente cianidina

3-O-glicdsido e cianidina 3-O-rutinosidio) e outros flavonoides, suas propriedades farmacoldgicas
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gerais estdo relacionadas ao seu efeito antiproliferativo, anti-inflamatorio, antioxidante e
cardioprotetores (BONOMO et al., 2014).

Nesse contexto, entre os compostos com propriedades funcionais em alimentos, as
substancias com atividade antioxidante tém se destacado, uma vez que auxiliam a proteger o
organismo humano contra o0 estresse oxidativo, evitando e prevenindo uma série de distarbios
cronico-degenerativos (CANUTO et al., 2010; YAHIA, 2010). Existem muitas evidéncias que a
dieta rica em polifenois esteja envolvida na protecdo contra os riscos cardiovasculares (ROCHA
et al., 2006).

Estudos para determinacdo da concentracdo de polifendis no acai demonstraram que o
extrato de semente possue maior concentracao de polifendis (28,3%), sequido pelo extrato de fruto
total (25,5%) e o extrato de casca (15,7%) (SILVA et al., 2014).

Os compostos fendlicos sdo de fundamental importancia nas doencas relacionadas a alta
producdo de radicais livres, especialmente diabetes, dislipidemias e cancer. Dentre esses
compostos pode-se destacar os &cidos fendlicos, flavonoides, taninos, cumarinas e carotendides
(MARLES; FARNSWORTH, 1995; PEREZ et al., 1998; OJEWOLE, 2002; ASLAN et al, 2010;
CARVALHO et al., 2016).

Entre os fitoquimicos, os compostos fendlicos, apresentam grande potencial antioxidante
in vitro e in vivo, sendo capazes de limpar radicais espécies de oxigénio (ROS) e,
consequentemente, reduzir o dano oxidativo celular (SPORMANN et al., 2008).

Experimento desenvolvido com os frutos referem sua riqueza em compostos de antocianina
(cianidina 3-Oarabinoside, Cianidina-3-glicosidio, e cianidina 3-Orutinoside) e outros polifenadis,
tais como epicatequina, catequina homoorientina, orientina, isovitexina, e taxifolina deoxihexose.
Evidéncias sugerem que a dieta rica em polifendis pode estar envolvida na protecdo contra o risco
cardiovascular, e o efeito benéfico dos polifendis pode ser devido a acdo dos antioxidantes que
fazem aumentar a biodisponibilidade de 6xido nitrico, a vasodilatacdo, apresentando assim
propriedades antihipertensiva (OLIVEIRA et al., 2010).

Esses bioativos desempenham papel fundamental na protecdo contra agentes oxidantes,
como os raios ultravioletas, poluicdo ambiental, e substancias quimicas presentes nos alimentos,
entre outros. Atuam também como agentes terapéuticos em um elevado nimero de patologias, tais
como aterosclerose e cancer. Como nao podem ser sintetizados pelo organismo humano, uma vez
que séo representativos da parte ndo energética da dieta humana, séo obtidos por meio da ingestao
de alimentos que os contenham ou de suplementos nutritivos. Como fontes de flavonoides tém-se
as frutas, verduras, cerveja e vinho e soja (GONCALVES, 2008; MALCHER, 2011).
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No contexto dos compostos fenolicos, o acai detém elevado teor de antocianinas,
substancias bioativas com importantes funcdes e acbes bioldgicas, dentre elas a atividade
antioxidante, podendo atuar na prevencéo de doencas cronico-degenerativas (HOGAN et al., 2010;
YUYAMA et al., 2011).

O comportamento dos compostos antioxidantes fenolicos esta relacionado com a sua
capacidade de quelar metais, inibir a lipoxigenase e capturar os radicais livres como o 2,2-difenil-
1-picril-hidrazila (DPPH) (DECKER, 1997; COELHO; SALAS-MELLADO, 2014).

Esses radicais livres sdo moléculas liberadas pelo metabolismo do corpo com elétrons
altamente instaveis e reativos, que podem causar doencas degenerativas, envelhecimento e morte
celular. Podem ser gerados no citoplasma, nas mitocéndrias ou na membrana e o seu alvo celular
(proteinas, lipideos, carboidratos e DNA) (COELHO; SALAS-MELLADO, 2014) e estd
relacionado com o seu sitio de formacdo (YUTW; ANDERSON, 1997; ANDERSON, 2006;
VASCONCELOS et al., 2014).

A instalacdo do estresse oxidativo decorre da existéncia de um desequilibrio entre
compostos oxidantes e antioxidantes, em favor da geracdo excessiva de radicais livres ou em
detrimento da velocidade de remocdo desses. Tal processo conduz a oxidacdo de biomoléculas
com consequente perda de suas fungdes biologicas e/ou desequilibrio homeostatico, cuja
manifestacdo € o dano oxidativo potencial contra células e tecidos (HALLIWELL; WHITEMAN,
2004). A cronicidade desse processo tem relevantes implicagcdes sobre a etiologia de numerosas
enfermidades cronicas ndo transmissiveis como a aterosclerose, diabetes, obesidade, transtornos
neurodegenerativos e cancer (GREEN; BRAND; MURPHY, 2004; BARBOSA et al., 2010).

Anaélises efetuadas com agai provenientes de municipios dos estados do Para e Amazonas
revelam que a concentracdo de antocianina (ANC) variou de 128,4 a 868,9 mg/ 100 g-* na base
seca (Tabela 2), condicéo justificada em funcdo da presenca de pigmentos entre as populacGes de
acai, assim como a possivel instabilidade da antocianina durante o processamento (COHEN et al.,
2006; YUYAMA et al., 2011).

Pesquisas confirmam que as antocianinas se tornaram conhecidas por suas diversas
propriedades farmacolégicas e medicinais, incluindo anticarcinogénica, anti-inflamatoria e
antimicrobiana, prevenindo a oxidacdo de proteinas de baixa densidade (LDL-c), enfermidades
cardiovasculares e doencas neuroldgicas (KUSKOSKI et al., 2002; ALASALVAR et al., 2005;
MENEZES et al., 2008).

Ocorrem naturalmente em uma ampla variedade de plantas, e a associagdo entre 0 consumo
de frutas com a reducédo de certas doencas crénicas tem pelo menos em parte, sido relacionado a

presenca de ANC e outros polifendis (CARDONA; MERTENS-TALCOTT; TALCOTT, 2014).
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Tabela 2 - Teores de ANC e qualidade da cor em relacdo aos parametros L, a, b. nas diferentes
populacdes de acai.

Procedéncia Antocianinas L A B C
(mg 100g-*.)

Manaquiri 868.9: 39.58 61.25 3.99 61.38
Benjamim Constant 631.04° 51.49 57.20 -2.66 57.26
Ilha das Ongas (Para) 544,59 45.29 56.22 2.56 56.28
Barcelos 468.00°d 51.77 49.47 -3.25 49.58
Anama 464.61°« 49.92 51.05 4.38 51.24
Atalaia do Norte 453.51° 58.83 46.09 -2.42 46.75
Tabatinga 399.45% 61.84 39.22 3.05 39.34
Tabatinga 3 313. 09¢ 57.71 36.42 15.09  39.42
Parintins 128.40° 73.04 18.10 2.03 18.21
Correlacdo -0.900 -0.900 - 0.219 0.915

L (luminosidades de 0 a 100 - preto e branco), a (eixo da cromaticidade, verde — a ao vermelho +a) e b (eixo da
cromaticidade, azul - b ao amarelo + b) por meio do colorimétrico de Hunter Color QUEST II. A correlagéo entre
antocianinas presentes na solucdo a versus C (croma) caracterizou a saturacdo ou intensidade da cor.

Fonte: Yuyama et al., (2011).

No entanto, a absor¢do de ANC € limitada (cerca de 1%), condicdo associada a sua alta
polaridade, devido a glicosilacdo que ocorre dada a presenca de multiplos grupos hidroxilas que
fazem parte de sua estrutura (KREWER et al., 2006; ICHIYANAGI et al., 2008; JAHREIS et al.,
2008, COELHO; SALAS-MELLADO, 2014).

As antocianinas presentes no acai sdo pigmentos naturais importantes, com interessantes
propriedades antioxidantes comprovadas. No entanto, é importante seu adequado armazenamento
para preservar a sua atividade antioxidante, uma vez que as antocianinas sdo instaveis quando
expostos a luz e temperaturas de congelamento (WANG et al., 1996; DEL POZO-INSFRAN et
al., 2004; KUSKOSKI et al., 2006; PACHECO-PALENCIA et al., 2007; SANABRIA;
SANGRONIS, 2007; CASTANEDA-OVANDO et al., 2009; PACHECO-PALENCIA;
TALCOTT, 2010; GONCALVES; SANTOS; SREBERNICH, 2011).

No entanto, no sentido de identificar formas de prevenir aterosclerose e outras doencas, as
recentes pesquisas tem procurado identificar formas de prevenir aterosclerose e entre outras
enfermidades por meio da dieta, uma vez que o alto teor de frutos e vegetais pode inibir o
desenvolvimento de DCVs. Os efeitos benéficos destes alimentos tém sido relacionados a presenca

de polifendis e outros nutrientes, tais como &cidos graxos insaturados, fibras e fitosterois, pois
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além dos seus efeitos antioxidantes, estes alimentos tém a capacidade de alterar os niveis de
colesterol, especialmente o LDL- ¢ no sistema circulatorio (SOUZA et al., 2010b).

Segundo dados da Sociedade Brasileira de Cardiologia (2013), quanto mais elevado o
LDL-c, mais frequente a doenca aterosclerética do coracdo que acomete principalmente a camada
intima de artérias de médio e grande calibre, formando a placa ateroscleroética que inicia com
agressao ao endoteélio vascular, e essa disfungdo endotelial aumenta a permeabilidade da camada
intima as lipoproteinas plasméticas favorecendo a retencdo das mesmas no espaco subendotelial.

Nesse sentido, todos os fatores que exercem uma acdo inibidora sobre
influxo de colesterol e/ou para melhorar o efluxo de colesterol pode efetivamente prejudicar sua
absorcdo no organismo ou modular a homeostase do colesterol e servir principalmente como um
tratamento para dislipidemia e doengas cardiovasculares (ZHAO, 2016).

Assim, além das propriedades dos polifenois, trabalhos de Pacheco-Palencia, Mertens-
Talcott e Talcott (2008) comprovam que o 6leo da Euterpe oleracea Mart (OFEO) é composto de
acido oleico 60%, &cido palmitico 22%, &cido linoleico 12% e 6% de acidos palmitoléico e
estearico, além de tracos de outros &cidos graxos. Pelo menos cinco esterdis também foram
identificados, incluindo o p-sitosterol (78%), estigmasterol (6,5%), d65-avenasterol (6,5%),
campesterol (6,0%), e o colesterol (2,0%), mostrando assim que sua composicdo quimica torna

este 6leo uma alternativa promissora para alimentos, suplementos, cosméticos e medicamentos.

HO ~
7 OH

Acido Oleico

Acido Linoleico 0

/\/\/\/\/\)LOH

Acido Laurico

Figura 1. Estruturas quimicas dos AGI (Oleico e Linoleico) e AGS (Laurico)
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2.2.3 Oleo fixo da Euterpe oleracea Mart. (OFEO)

O estudo de Silva e Rogez (2013) refere que o OFEO contido nos frutos do agaizeiro
(Euterpe oleracea Mart), representa aproximadamente 50% da matéria seca total da polpa e
apresenta perfil lipidico rico em acidos graxos mono e poli-insaturados, configurando
caracteristica que o assemelha ao azeite de oliva. Dessa forma, o 6leo do acgai apresenta-se como
um subproduto valioso dado as suas propriedades sensoriais Gnicas e 0s seus potenciais beneficios
a saude.

Esse perfil lipidico do acai demonstra tratar-se de alimento fonte de &cidos graxos
monoinsaturados, principalmente o oleico, e quantidades consideraveis dos acidos graxos
essenciais poli-insaturados como linoleico e linolénico, fato considerado de relevancia para os
estudos que avaliam o impacto desses acidos graxos na reducdo de colesterol total, LDL-c e
triacilglicerois sanguineos sem alterar o HDL-c e a VLDL (AVIRAM; ELIAS 1993; LIMA et al.,
2000; LIMA et al., 2007; YUYAMA et al., 2011).

Estudos comparativos do 6leo de acai, com outros 6leos demonstram que sua constitui¢do
em acidos graxos monoinsaturados (60%), e poli-insaturados (14%), assemelha-se ao 6leo de oliva
e abacate, (Tabela-3) (ROGEZ, 2000; CARRAPEIRO 2010).

Tabela 3. Composicao em acidos graxos dos 6leos de oliva, acai e abacate.

Acidos graxos (%) Oleo de oliva* Oleo de agai** Oleo de abacate***
C16:0 Palmitico 20 22.0 28.1
C16:1 Palmitoleico 3.5 2.0 9.1
C18:0 Esteéarico 5.0 2.0 0.8
C18:1 Oléico 83.0 60.0 45.7
C18:2 Linoléico 21.0 12.0 154
C18:3 Linolénico 0.9 Tracos 0.8
C20:0 Araquidico 0.6 2.5 Nd

nd- N&o-detectado.  Fontes: * BRASIL (1999), **ROGEZ (2000), ***FREITAS et al., (1993);

2.2.4 Estudos farmacolégicos com OFEO

Recentemente muita atencdo tem sido dispensada a capacidade antioxidante do agai, como
alimento funcional, nutracéutico e em dermocosmeticos (COISSON et al., 2005;
LICHTENTHALER et al., 2005; AGRA et al., 2007).
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Entretanto a composi¢do quimica do OFEO, em conjunto com 0s mecanismos ja descritos
na literatura, sugere sua acdo no processo inflamatério agudo e crénico atraves da inibicdo de
mediadores derivados a partir de &cido araquiddnico. Infere também que essa atuagdo ocorre na
fase aguda e cronica dos processos inflamatorios (FAVACHO et al., 2011).

Estudo conduzido por Pacheco-Palencia et al. (2008), demonstrou que o 6leo acai teve
influéncia significativa sobre a proliferacao celular, sugerindo propriedades anti-proliferativa para
polifendis em culturas de células de cancer.

EmulsGes multiplas contendo 6leo de acai podem ter aplicacfes potenciais, como fixagdo
de protetores solares, veiculo importante para uso topico, mas nao indicado como filtro solar
natural, pela ndo absorcdo da radiagcdo UV, e por ndo aumentar o valor do fator de protecédo solar
(SPF). No entanto, é de relevancia sua utilizagdo em cosmético por possuir propriedades
antioxidantes, antienvelhecimento e atividades anti-inflamatorias (FERRARI; ROCHA-FILHO,
2011).

O 6leo do fruto do acai tem acdo antidiarreica (PLOTKIN BALICK, 1984; FAVACHO,
2011). E sua raiz, combinada com Carica papaya, Citrus sp. (Limao) e Quassia amara apresenta
potencial antimalarico (VIGNERON et al., 2005).

Para Casa Nova e Medeiros (2010), os beneficios atribuidos ao consumo de acidos graxos
poli-insaturados ®-3 englobam o efeito hipotensor, acdo antitrombotica e anti-inflamatoria, a
melhora do perfil lipidico e da funcéo vascular.

Mas, necessario se faz a observancia da estabilidade oxidativa de 6leos alimenticios, pois
sua acdo depende de fatores como estrutura quimica dos acidos graxos, teor e tipo de compostos
pré-oxidantes e/ou antioxidantes, condi¢fes e tempo de armazenamento.

Tais fatores em conjunto afetam a oxidacdo de Oleos, sendo complexo identificar seus
efeitos individuais. Assim, torna-se premente considerar os riscos da oxidacao lipidica, processo
de deterioracdo responsavel por provocar alteracdes que afetam as qualidades sensoriais e
nutricionais dos 6leos alimenticios, devido a degradacao das vitaminas lipossoltveis e dos acidos
graxos essenciais, comprometendo a integridade e seguranca deste alimento, através da formacéo

de compostos potencialmente toxicos.

2.2.5 Acidos graxos e suas propriedades

Os é&cidos graxos sdo estruturas quimicas com funcdo organica de &cido carboxilico,
formados por cadeias hidrocarbonadas longas, que constituem uma das unidades fundamentais dos

lipidios. Séo classificados de acordo com o numero de atomos na cadeia carbdnica, nimero de
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duplas ligacbes e quanto a posi¢édo da primeira dupla ligacao, e estdo presentes nas mais diversas
formas de vida, desempenhando importantes fungdes na estrutura das membranas celulares e nos
processos metabolicos. Em humanos os acidos linoleico (w-6, CLA) e alfa-linolénico (-3, ALA)
mantém sob condi¢bes normais as membranas celulares, as func¢des cerebrais e a transmissdo de
impulsos nervosos. Participam também da transferéncia do oxigénio atmosférico para o plasma
sanguineo, da sintese da hemoglobina e da diviséo celular, sendo denominados essenciais por nao
serem sintetizados pelo organismo a partir dos &cidos graxos provenientes da sintese do novo
(MARTIN et al., 2009).

Além de serem utilizados como substratos energéticos, alguns AG sédo incorporados nas
membranas celulares, participam da sinalizacéo intracelular, influenciam a atividade de fatores de
transcricdo e a expressdo de diversos genes e sdo precursores da sintese de eicosanoides (como o
acido araquidénico e o eicosapentaendico), podendo regular a resposta inflamatoria. Novos
estudos descrevem que o sistema nervoso central (SNC) tem papel chave na regulacdo da
inflamacg&o. Segundo alguns trabalhos, o consumo de determinados lipidios, pode contribuir na
resolucdo da fase inflamatoria presente durante o processo de cicatrizagdo de feridas (FAVACHO
etal., 2011)

Os éacidos graxos insaturados, acidos linoleico e linolénico apesar de apresentarem
importantes funcbes no metabolismo humano, ndo podem ser sintetizados pelos mamiferos, por
ndo possuirem a enzima A9-dessaturase, sendo assim chamados de acidos graxos essenciais - AGE
(FERREIRA et al., 2012; RODRIGUES, 2013).

Nesse sentido, 0 w-3 é mais relevante quanto ao efeito cardioprotetor por apresentar trés
mecanismos principais: anti-inflamatdrio, antitrombotico e antiarritmico, reduzindo o namero de
moléculas pré-inflamatdrias (RALLIDIS et al., 2003), 0 ®-3 e 0 ®- 6 reduzem a producdo de
prostaglandinas e leucotrienos pro-inflamatérios originados pelo acido araquidénico (DENISE et
al., 2015)

Os efeitos cardioprotetores dos AG (20:4n-6), especialmente o acido o—Linolénico (ALA),
acido Eicosapentaendico (EPA) e o &cido Decosahexaenodico (DHA), tem sido definidos por
estudos epidemiol6gicos em humano, animais, e por estudos em cultura de células. Apesar de
ALA, EPA, e DHA estarem agrupados em conjunto como acidos graxos poli-insaturados-PUFA
(w-3), h& evidéncia sugerindo que os &cidos graxos individuais podem ter seletividade e efeitos
potencialmente independentes sobre a satde cardiovascular. ALA é geralmente derivado de fontes
botanicas (sementes de chia e de linho), ja 0 EPA e o DHA s&@o encontrados em peixes,

suplementos de Gleo de peixe e outros produtos do mar. Os peixes ndo sintetizam estes acidos
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graxos de cadeia longa, mas acumulam EPA e DHA pelo consumo plancton e algas da cadeia
alimentar marinha (POUDYAL et al., 2011).

Segundo Lottenber, (2009), Oliveira, Costa e Rocha, (2015), a LDL em seu estado nativo
ndo apresenta propriedades aterogénicas, sendo necessaria a modificacdo oxidativa dessa
lipoproteina para que ela se torne altamente lesiva ao endotélio vascular, e as gorduras
monoinsaturadas sdo mais resistentes ao estresse oxidativo, assim uma dieta rica nestes acidos
graxos faz com que as particulas de LDL-c tornem-se menos susceptiveis a oxidacdo. Na
substituicdo de gorduras saturadas por monoinsaturadas, as concentracdes de colesterol total séo
possivelmente reduzidas e HDL-c aumentadas.

Estudos com ratos obesos suplementados com ®-3 do tipo EPA e DHA, mostram melhora
do perfil lipidico, com diminuicdo dos triglicerideos e aumento do HDL-c. Estes tipos de ®-3,
presentes no 6leo de peixe ou de krill, agiram diminuindo a concentracdo hepatica de triacilglicerdis
e da LDL-c e ainda a secrecdo de fator de necrose tumoral alfa (TNF-a). Tratando-se assim de 6leos
com capacidade de modular a concentracao de endocanabinoides no tecido adiposo visceral, figado
e coracdo, diminuindo sua concentracdo nos tecidos e 0s substratos disponiveis para sua biossintese
(BATETTA et al., 2009; MOLENA-FERNANDES et al., 2010; LEITE; JAMAR; CARANTI,
2014).

A fracdo HDL-c, possui a capacidade de interagir com as células na vascularizacdo
sistémica, revertendo a disfuncdo celular do endotélio, estimulando a producédo de prostaciclinas,
diminuindo a agregacao plaquetaria, com inibicao da apoptose celular do endotélio e da oxidacao
do LDL-c, apresentando assim entre outras funcdes, efeito antiaterogénico (TOTH, 2004).

Niveis séricos aumentados de HDL-c diminuem o risco relativo para as DCVs. O
mecanismo para esse efeito protetor ocorre pela habilidade de o HDL-c fazer o transporte reverso
do colesterol, ou seja, de remové-lo das células e transporta-lo para o figado para posterior
excre¢do. O HDL-c também previne a oxidacdo e agregacdo das particulas de LDL-c na parede
arterial, diminuindo o potencial aterogénico dessa lipoproteina (SANTOS et al., 2007).

Para Bevilacqua et al. (2007), as hiperlipidemias apresentam-se como alteragdes
metabolicas que ocorrem quando os niveis de lipidios circulantes estdo aumentados na corrente
sanguinea. Assim, a proeminéncia da hiperlipidemia como problema de satde publica esta na sua
relacdo com as doencas cardiovasculares, principalmente o (AVC) e a doenga aterosclerotica
coronariana - raz6es importantes de morte e incapacidade fisica em nosso meio, com repercussoes
importantes nos custos da assisténcia médica no Brasil.

As doencas cardiovasculares sdo causa crescente e relevante de o6bitos em todo 0 mundo e

as dislipidemias constituem importantes fatores de risco para seu desencadeamento, uma vez que
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ndo sao passiveis de monitoramento direto pelo paciente, e as complicacGes das dislipidemias
surgem de forma insidiosa (CELESKI et al., 2013).

No contexto, das doencas que cursam com a dislipidemia situa-se também a sindrome
metabolica, considerada a anormalidade metabolica que se caracteriza pelo aparecimento
simultaneo no individuo de um conjunto de fatores de risco cardiovascular como obesidade central,
dislipidemia, hipertensdo arterial, resisténcia a insulina, hiperinsulinemia, intolerancia a glicose e
Diabetes tipo Il. Estudos mostram que 20% a 25% da populacdo mundial, vém apresentando
comportamento crescente dessa patologia nas ultimas décadas. (FELIPE-de-MELO et al., 2011).

Assim, considerando a composi¢do quimica do OFEO, aliada a grande disponibilidade
dessa espécie Euterpe oleracea na regido amazonica, ao grande impacto das DCVs decorrentes
das dislipidemias, na satde publica, bem como a falta de estudos com o OFEO, na prevencéo e
controle das dislipidemias, o presente trabalho prop6s investigar a acdo do OFEO sobre as
dislipidemias em ratos, induzida pela GSC e pelo Triton — TRT, e na sindrome metabdlica de ratos

com diabetes induzida por aloxana.
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3 OBJETIVOS

3.1 GERAL

Estudar a acdo do oleo fixo da Euterpe oleracea Mart. (OFEO) sobre dislipidemia em

ratos Wistar.
3.2 ESPECIFICOS

» Determinar a composicao quimica do OFEO e da GSC;

» Determinar as propriedades fisico-quimicas do OFEQ;

» Investigar possiveis alteragdes no perfil bioquimico de animais que tiveram a
dislipidemia induzida por GSC e foram tratados com OFEOQ;

» Avaliar possiveis efeitos do OFEO, sobre parametros de peso corporal, ingestdo
alimentar, percentual de gordura abdominal e peso dos 6rgdos, de animais com
dislipidemia induzida por GSC;

» Investigar o efeito do OFEO sobre a formagdo de processo aterogénico na artéria
aorta de ratos com dislipidemia induzida por GSC utilizando MEV;

« Avaliar o efeito do tratamento com OFEO sobre o perfil lipidico de ratos com
dislipidemia induzida pelo TRT;

+ Investigar o efeito do tratamento com OFEO na sindrome metabdlica de ratos com

diabetes induzida por Aloxana.
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Effect of Euterpe oleracea Mart. (Acai) oil on Cocos nucifera L.
saturated fat induced dyslipidemia in Wistar rats
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ABSTRACT Dyslipidemia is caused by disturbances in lipid metabolism that lead to chronic
elevations of serum lipids, especially LDL-cholesterol and triglycerides, increasing the risk of
metabolic syndrome, obesity, diabetes, atherogenic processes and cardiovascular diseases. The oil
from the fruits of Euterpe oleracea (OFEQ) is rich in unsaturated fatty acids with potential for
treating alterations in lipid metabolism. Here we aimed to investigate the effect of OFEO on
hyperlipidemia induced by Cocos nucifera L. saturated fat (GSC) in Wistar rats. Chromatographic
data showed that unsaturated fatty acids account for 66.08% in the OFEO, predominating the Oleic
acid (54.30%) and 33.92% of saturated fatty acids (palmitic acid 31, 6%). GSC-induced
dyslipidemia resulted in an increase in total cholesterol, LDL-cholesterol, triglycerides, glucose
and liver and abdominal fat, as well as atherogenic processes in the thoracic aorta. OFEOQ treatment
did not reduce hypertriglyceridemia but did reduce total cholesterol and LDL-cholesterol, thus
contributing to the anti-atherogenic action of the OFEO. OFEOQ treatment inhibited the formation
of atheromatous plaques in the vascular endothelium of the treated rats, as well as those who were
treated with simvastatin. Our findings suggest that OFEO has anti-hyperlipidemia and anti-
atherogenic effects in a rat model of dyslipidemia.

KEY WORDS: Euterpe oleracea Mart., oil, agai, Fatty acids, Dyslipidemia, Cocos nucifera L,
Atherosclerosis.
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INTRODUCTION

Dyslipidemia disorders are a result of disturbances in lipid metabolism that can cause
chronic elevations of serum lipids, especially LDL-cholesterol and triglycerides, and thus increase
the risk of various complications, including metabolic syndrome, obesity, diabetes, atherogenic
processes and cardiovascular disease.? Atherosclerosis is a progressive degenerative disease of the
blood vessels due to deposition of LDL-cholesterol molecules.? Atherosclerosis has a progressive-
insidious character and promotes occlusion of blood vessels that can lead to various cardiovascular
complications.®#

These lipid abnormalities are responsible for 56% of heart disease and are associated with
a third of mortality worldwide. Thus, many studies have addressed various treatments to prevent
and control this metabolic condition.® The biodiversity of the Amazon provides many plants rich
in bioactive compounds. The polyphenols and antioxidant unsaturated fatty acids (UFAS) present
in Acai (Euterpe oleracea Mart) has been widely studied in the control of metabolic parameters,®
metabolic syndrome,” atherosclerosis,® oxidative stress,® hypercholesterolaemia,'® and
inflammatory processes, among others.!

The E. oleracea Mart is a member of the family Arecaceae and is commonly known as acai
or "iga-ica" by the Indians, which translates as the fruit that cries. E. oleracea is a typical palm of
lowland rainforest from the Amazon region, but can also be grown in upland soils and
predominates spontaneously in the states of the northern region of Brazil, extending up the
Guianas, Colombia, Ecuador and Venezuela.!? E. oleracea Mart has high agronomic,
technological, nutritional and therapeutic potential .3

The agai berry fruit is composed of about 13% protein, 48% fat and 1.5% total sugars, is
rich in phenolic compounds (mainly anthocyanins), mono- and poly-UFAs and dietary fiber, as
well as being a good source of minerals such as potassium, magnesium, calcium, phosphorus,
sodium and vitamins E and B1.1°

The oil contained in the acai fruit accounts for approximately 50% of its total dry matter,
and its lipid profile is rich in mono- and poly-UFAs, which account for more than 75% of its lipid
composition, with oleic and linoleic fatty acids being major components.4

Several studies have described the potential of UFASs in the treatment and prevention of
lipid metabolism disorders, especially hyperlipidemia and dyslipidemia.'>!® Here we aimed to
investigate the effect of E. oleracea Mart oil treatment in rats with Cocos nucifera L. saturated fat

induced dyslipidemia.
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MATERIALS AND METHODS

Obtaining the Euterpe oleracea Mart. oil (OFEQ)

The oil from the fruits of Euterpe oleracea (OFEQO) was obtained from an Acai Amapéa
Agro-Industrial Company (Sambazon), located in the city of Macapa, State of Amapa, Brazil. The
extraction method has been standardized by the company and cannot be described here because of

patent protection.

Obtaining of Cocos nucifera L. saturated fat (GSC)

The GSC was obtained from the Cocos Empire Company - Belo Horizonte Municipal
Market, State of Minas Gerais, Brazil. The GSC extraction method was performed by mechanical
pressing of endocarp, followed by the addition of water (1:1 [w/v]) and separation of the fat by

heating at 80°C, as described in Handayani et al.!’

Transesterification of OFEO and GSC by enzymatic catalysis

OFEO or GSC (150 mg) were added to 5 ml vial bottles, followed by 475 uL of ethanol
and 15 mg of acrylic resin of Candida antarctica lipase (CAL-B > 5,000 U/g). The reaction was
maintained at 32°C under orbital shaking (130 rpm) (Tecnal model TE-421-Brazil) for 24 h. The
enzyme reaction was then transferred to a separator funnel and the lower phase (glycerol) was
separated, and the upper layer (monoester) was washed with distilled water (2 x 5 mL). The
organic phase was dried over anhydrous sodium sulfate and filtered. Finally, the product was
purified by column chromatography on a flash silica gel with a mixture of ethyl acetate and n-

hexane (9:1) as eluent.®

Analysis of OFEO and GSC by GC-MS

Coupled gas chromatography-mass spectrometry (GC-MS) analyses were performed on a
Shimadzu system/GC 2010 coupled to a self-gun Shimadzu/AOC-5000 and mass detector
(Shimadzu MS2010 Plus) with electron impact (70 eV), equipped with a fused silica column of
DB-5MS (Agilent Advanced J & W 30 m x 0.25 mm x 0.25 pm.). The parameters were as follows:
split ratio, 1:20; helium as carrier gas (65 kPa); injection volume, 1.0 ul; injector temperature,
250°C; detector temperature, 250°C; initial column temperature, 50°C for 1 min; heating rate, 5°C

min to 250°C. The total analysis time was 35 min.®
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Animals
This study was approved by the Ethics Committee on Animal Use of Amapa Federal
University - UNIFAP under Protocol No. 013/2015 on 17 September 2015 — CEUA/UNIFAP.
Thirty-five male Wistar rats weighing 210 £ 20 g were used. The rats were kept in standard
cages for rodents in an air-conditioned environment with a controlled temperature of 25 + 2°C,
humidity of 50 + 10% and a photoperiod of 12 h, with free access to standard rodent food and

water ad libitum.

Treatments and induction of hyperlipidemia

The animals were divided randomly into five groups (n = 7 per group): (1) treated with
1226 mg kgt OFEO daily for 40 days (OFEO group);! (2) treated with 1226 mg kg™* OFEO daily
for 40 days, plus 2 ml day* GSC from the 20" to the 40" day (OFEO+GSC group); (3) treated
with 0.5 ml of distilled water for 40 days and, from the 20™" to the 40" day, 2 ml day* of GSC
(GSC group); (4) treated with 20 mg kg™ day™* simvastatin for 40 days and, from the 20" to the
40" day, 2 ml day* GSC (SIN+GSC group); and (5) the DW group, treated with only 0.5 ml of
distilled water daily for 40 days.?

Body mass changes and caloric consumption of the animals

Animal body weight was measured every four days throughout the treatment period.
Variation in weight increase (VWI) was calculated by subtracting the final animal weight (F1)
from the initial animal weight (F0). The power consumption value was calculated by dividing the
food intake by the consumption of OFEO and GSC; these values were expressed in kilocalories

(Kcal) according to the energetic properties of the lipids, carbohydrates and proteins.

Biochemical analysis

After 41 days, the animals were fasted for 12 h and then anesthetized with sodium
thiopental 45 mg kg intraperitoneally. Blood (1.5 ml) was then collected via the retro-orbital
plexus and centrifuged for 10 min at 5,000 rpm. The collected blood was then subjected to
biochemical analyses (glucose, triglycerides, total cholesterol and fractions, aspartate
aminotransferase [AST] and alanine aminotransferase [ALT], urea and creatinine). All tests were
performed using reagents and kits from Doles Reagents and Equipment Lab Industry Co. (Goiania,
GO, Brazil), and samples were analyzed using a UV-VIS UVmini-1240 model spectrophotometer

(Shimadzu Corporation, Kyoto, Japan).?*
46




Removal of organs and aortic analysis by Scanning Electron Microscopy (SEM)

On the 41% day, the animals were euthanized and their organs (liver, kidney, pancreas,
spleen, heart, lungs, and abdominal fat) removed and weighed on an electronic analytical balance
(Model Bioprecisa FA-2104N). The isolation of the aorta was performed from the aortic arch to
the iliac bifurcation. The thoracic region was divided into 0.5 cm sections and analyzed by
scanning electron microscopy (SEM, Hitachi Model-TM3030PLUS) for detecting atherogenic
processes.

Statistical analysis

Value are presented as mean + standard error of the mean (SEM). Analysis of variance

(ANOVA, one way) followed by Tukey tests for multiple comparisons were used to identify

statistically significant (p < 0.05) differences between groups.

RESULTS AND DISCUSSION

Excessive consumption of lipids can promote increased plasma free fatty acid (FFA)
content and thus can contribute to the dyslipidemia process, a main risk factor associated with
atherogenesis and cardiovascular disease. Saturated fatty acids (SFA) are among the main lipids
that contribute to hyperlipidemia, are these are partly responsible for the elevated serum
triglycerides and LDL-cholesterol levels seen in dyslipidemia, and have close correlation with the
development of atherosclerosis and chronic inflammation in blood vessels.?22

Our chromatographic data (Table 1, Fig. 1) indicate that the GSC used in this study to
induce dyslipidemia contains 92.64% SFA, especially lauric acid (57.8%), myristic acid (17.30%)
and palmitic acid (9.40%). These data are consistent with those obtained in other studies, where
GSC is reported as being greater than 90% saturated fats and to include large amounts of lauric
and myristic acid.?**

Animal models of induced hyperlipidemia by GSC administration have been described.
The high saturated fat content of GSC can greatly increase the rate of cholesterol production, as
well as the proportion present as triglycerides.?%%

OFEO chromatographic data show a 66.08% UFA content, of which oleic and linoleic acid
accounted for 54.30% and 4.9% respectively (Table 1, Fig. 1). The remaining SFA (33.92% of
total) was rich in palmitic acid (31.6%). These results are consistent with other analyses of
OFEO.1!
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Various data has suggested that UFAs have beneficial effects on lipid profile, and that
dietary UFA can contribute to a reduction of adipose tissue formation.* This is consistent with our
body weight data. The OFEO group had a lower body weight than the GSC group (130.2 + 11.65
gvs. 148.9 £ 8.2, p<0.001) (Fig. 2). This reduction in body weight in the OFEO group may be due
to the high UFA content of the OFEO, since UFA supplementation is associated with reduced
hyperplasia and hypertrophy of adipocytes. UFAs reduce adipose tissues by modulating the
metabolism through a stimulation of B-oxidation, which leads to an induction of PPAR-a,
ultimately controlling the differentiation and proliferation of adipose cells.?’

The DW and SIN+GSC groups were also significantly different from the GSC group (both
p<0.001). The increase in body mass observed in the OFEO+GSC and GSC groups is partly related
to the increased daily calorie consumption of these rats; diets rich in SFAs provide considerable
amounts of energy and contribute to the increase of adipose tissue.?? Of the five groups studied
here, the GSC (657.4 + 24.8 Kcal day™) and GSC+OFEO (632.1 + 18.7 Kcal day™) groups had
the highest caloric consumptions (Fig. 3). The OFEO group consumed significantly less than the
GSC group.

UFAs can reduce food intake and thus prevent body weight increases. Increased UFA
plasma concentration can also modify lipid metabolism, stimulating the expression of
mitochondrial proteins involved in thermogenesis, thus greatly increasing daily energy
expenditure and promoting the reduction of adipose tissue.?82

We found that the groups with the highest body mass gain and caloric intake (the GSC and
OFEO+GSC groups) also showed a significant increase in liver and abdominal fat mass compared
to the other groups (p < 0.001) (Table 2). This increase in the absolute mass of the organs may be
due to excess SFA contained in the GSC. This is supported by studies showing that excess
administration of SFA leads to lipid biosynthesis in the liver and increased hepatic flow of free
fatty acids (FFA), which contributes to the accumulation of lipids in the liver and lipogenesis.?®

The GSC induced hyperlipidemia group had a significantly higher glycemic value than the
DW and OFEO groups (p<0.01), since the OFEO + GSC group although it had reduced blood
glucose, was not statistically significant when compared to the GSC group, showing that treatment
with OFEO had no effect on blood glucose, as well as the group treated with SIN + GSC (Table
3).

The increased blood glucose of the GSC group may be due to increased SFA intake, which
contributes to the accumulation of body fat; an excessive intake of energy from carbohydrates and
lipids can contribute to resistance to insulin action, thereby leading to a chronic and gradual

increase in glycaemia.3%:3!
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The GSC and OFEO+GSC groups had significantly higher total cholesterol than the DW
group (p<0.001), however, the OFEO+GSC group had significantly lower total cholesterol than
the GSC group. These data show that OFEO acts to prevent GSC induced hyperlipidemia. The
SIN+GCS had significantly lower total cholesterol than the GSC group. The total cholesterol of
the OFEO group was similar to that of the DW group, suggesting that OFEO alone does not
promote an increase in cholesterol (Table 3). These findings are in line with other studies involving
E. oleracea species.®"1

The OFEO group had higher triglyceride levels than the DW (p<0.05) and GSC groups
(p<0.001). The triglyceride levels of the SIN+GCS group were not significantly different from the
DW group, however, the OFEO+GSC group had the highest triglyceride levels (242.1 + 8.4 mg
dIY). These data indicating that OFEO+GSC can contribute to increasing triglyceride levels. These
are in line with Celeski et al.,?° where GSC administration in rats produced a 171% increase in
triglyceride levels (Table 3).

The OFEO group had the highest HDL-cholesterol levels (24.7 + 2.9 mg dI) but these
were not significantly different from the GSC group. The GSC group had the highest LDL-
cholesterol levels (55.5 + 2.2 mg/dl), and the OFEO and OFEO+GSC groups showed reduced and
significant amounts compared GSC group, indicating that OFEO treatment was able to prevent
LDL-cholesterol increases in our disease model. Urea, creatinine and transaminases did not differ
significantly between the groups, indicating that none of the treatments were harmful to the kidney
or liver systems (Table 3).2

On the positive results of the lipid profile of the SIN + GCS group, highlights that are
related to the mechanism of action of statins. Statins act by inhibiting HMG-CoA reductase
enzyme activity, thereby preventing the formation of mevalonate, contributing to a reduction in
hepatic synthesis of cholesterol and, consequently increasing synthesis of LDL-cholesterol
receptors in hepatocytes, thus increasing their capitation of the circulation to restore the
intracellular cholesterol.>32

Our biochemical data show that OFEO treatment was unable to prevent GSC induced
hypertriglyceridemia in the rats, however, OFEO was able to reduce total and LDL-cholesterol
levels, possibly due to the lipid profile of OFEO, which includes a rich composition in UFAs,
including oleic and linoleic acid.3*3

Free radicals, particularly reactive oxygen species (ROS) and reactive nitrogen species
(RNSS), are responsible for the oxidation of LDL. ROS include the superoxide anion, the hydroxyl
radical and hydrogen peroxide. RNSs are mainly nitric oxide and peroxynitrite.3>3® UFA can act

as an antioxidant, primarily preventing lipid peroxidation; since UFA molecules containing more
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double bonds they are more susceptible to loss of hydrogen to ROS and RNSs.® In vitro treatment
with UFAs significantly reduces free radical levels and has a beneficial effect on lipid profile,
mainly by reducing LDL-cholesterol levels.*3’

The formation of atherosclerotic plaques begins with the aggression against vascular
endothelium due to various risk factors, including an increase in plasma LDL-lipoprotein
concentrations, which after entering in the intima of arteries, undergo oxidation in the pro-
oxidizing environment, causing the exposure of multiple neo-epitopes that make immunogenic
and trigger inflammation and the recruitment of immune cells, particularly monocytes, which
migrate into the subendothelial space where they differentiate into macrophages and capture the
oxidized LDL, are filled with lipids and begin to They are called foam cells, the main component
of the fatty matrix in the formation of atheroma, 383940

In the formation of atherosclerosis in animal models, the development of atherosclerotic
lesions is accelerated when the animals are given a high SFA content diet. The thoracic and
abdominal aorta are the most commonly affected arteries during atherosclerosis.**? This is in line
with our data, which shows the formation of atherosclerotic plaques in the vascular endothelium
of the GSC group (Fig. 4 and 5). Analyses of the OFEO and OFEO+GSC groups show that OFEO
has anti-atherogenic properties; there were no atheromatous plaques in the vascular endothelium.
This can be accounted for by the ability of OFEO to lower LDL-cholesterol; LDL is the key
lipoprotein in early atherogenesis process The GSC+SIN and DW animals did not form

atherosclerotic plaques. 4344

CONCLUSION
Here we found that OFEO reduces total cholesterol and LDL-cholesterol and prevents the
atherogenic process in rats with Cocos nucifera L. saturated fat induced hyperlipidemia. Thus we

propose that OFEO has anti-hypercholesterolemic and anti-atherogenic properties.
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FIG. 1. Gas chromatograms (GC-MS) of ethyl ester derived from GSC (A) and OFEO (B) oils
via CAL-B catalysis.
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FIG. 2. Body weight variation of the animals after the period of treatment and induction of
hyperlipidemia by GSC. The bars represent mean + SEM (n = 7/group). *** (p < 0.001)
statistically significant results compared with GSC. One-way ANOVA followed by Tukey test.
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FIG. 3. Average values of daily caloric intake of different groups during the period of treatment
and induction of hyperlipidemia by GSC. The bars represent mean + SEM (n =7/ group). ** (p <
0.01) statistically significant result compared to the GSC. One-way ANOVA followed by Tukey
test.
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FIG. 4. SEM photomicrographs of cross-section of the thoracic aorta. (Red arrows) indicate the
formation of atheromatous plaques in the arterial endothelium. Were: (A) Group GSC, (B) OFEOQ,
(C) OFEO+GSC, (D) SIN+GSC e (E) DW.
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FIG 5. SEM photomicrographs of longitudinal section of the thoracic aorta. (Red arrows) indicate
the formation of atheromatous plaques in the arterial endothelium. Were: (A) Grupo GSC, (B)
OFEOQ, (C) OFEO+GSC, (D) SIN+GSC e (E) DW.

TABLE 1. ETHYL ESTER COMPOSITION OF SAMPLES DERIVATIVE OF ACAI AND
COCONUT OILS DETERMINED BY GC-MS ANALYSIS?

Fatty acid® Retettion time Concentration (%)
(min)
OFEO GSC
Valeric 3.75 *x 4.03
Capric 6.70 ** 4.11
Lauric 10.25 *x 57.80
Miristic 13.81 *k 17.30
Palmitoleic 16.75 2.62 **
Palmitic 18.07 31.6 9.40
Linoleic 19.68 4.9 ke
(2)-Oleic 19.78 54.30 7.36
(E)-Oleic 19.84 4.26 faied
Stearic 20.12 2.32 *x
> Saturated ** 33.92 92.64
> Monounsaturated ** 61.18 7.36
> Polyunsaturated ** 4.9 *x

aMS database (NIST 5.0); ®% of FAEE corresponding fatty acid.
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TABLE 2. INFLUENCE IN ABSOLUTE MASS VARIATION OF ORGANS OF THE
ANIMALS AFTER OF THE TREATMENT AND HYPERLIPIDEMIA INDUCED WITH GSC.

Organs OFEO OFEO+GSC GSC SIN+GSC DW
Liver 20,97+1,3# 25,03+1,21 26,07£1,56  21,20+1,05# 18.71+1.24#
Kidneys 3,52+0,19 3,63+0,39 3,57+0,46 3,78+0,66 3,45+ 0.60
Pancreas 1,35+0.07 1,11+0,13 1,77+0,08 1,55+0,19 1,14+0,42
Heart 1,65+0,9 1,79+0,14 1,87+0,01 1,51+0,05 1,34+0,61
Lung 3,8+0,28 3,58+0,34 3,22+0,33 2,69+0,10 3,170,21
Spleen 1,07+0,07 1,04+0,05 0,99+0,08 1,16+0,04 1,06+0,05
Abdominal 20,16+2,59** 24,63+3,13 26,86+3,46  15,49+3,19# 16,13+2,71#
Fat

The values represent the media £ SEM (n = 7/group). # (p < 0,001) and ** (p < 0.01) represent statistically significant
results compared to GSC. One-way ANOVA followed by Tukey test.

TABLE 3. EFFECT OF THE TREATMENTS WITH OFEO, OFEO+GSC, SIN+GCS AND DW
ON THE BIOCHEMICAL PARAMETERS AND DYSLIPIDEMIA INDUCED FOR GSC IN

RATS.

Parameters OFEO OFEO+GSC GSC SIN+GCS DW
Glucose (mg/dl) 102,7+5,7 116,3+5,3 136,445 2%*%e  124,3+7,1 101,5+6,5
Total 60,6:+4,8%¢ 82,815 6%¢ 119,2+5,1% 61,447 4% 52,8+38
Cholesterol

(mg/dl)

Triglycerides 170,9£17,9% 242 1+84%de 226 6+14,7% 137,7+12,2 113,4+99
(mg/dl)

HDL-C (mg/dl) 24,7429 18,6%1,2 16,4+1,7 18,142,9 21,1436
LDL-C (mg/dI) 4,8+1,5% 11,8+1,7% 55,5+2,2 13.8+4 0% 9143 4%
Urea (mg/dl) 48,5+1,9 41,0+1,9 43,3+2,0 44,1+1,6 418+24
Creatinine 0,87+0,06 0,90+0,03 0,92+0,06 0,86+0,02 0.91+0,02
(mg/dl)

AST (U/dI) 17,6+3,1 19,3+1,9 22,0£1,6 21,3+1,3 15,17+3,8
ALT (Urdl) 34,4420 41,4431 43,4+1,9 39,7+2,1 37,13,2

The values represent the mean + SEM (n =7/ group). *p < 0.05, ** p < 0,01 and # p < 0.001 represents a statistically
significant results, ®compared with OFEO, ’compared with OFEO + GSC, ‘compared with GSC, Y%compared with SIN
+ GSC, and compared with ¢ DW. Test One-way (ANOVA) followed by Tukey test.
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ABSTRACT

Dyslipidemias are defined as changes in lipid metabolism that have abnormal concentrations of
lipids or lipoproteins in the bloodstream. Chronic increase in triglyceride and LDL levels are
known as risk factors for the atherogenesis process as well as other cardiovascular diseases
(CVDs). The magnitude of the problems caused by dyslipidemias impels research by new agents
that act in the prevention and control, thus products from the Amazonian biodiversity, such as
Euterpe oleracea oil (OFEOQ) rich in unsaturated fatty acids, constitutes a study source for the
treatment of Changes in lipid metabolism. The present study aims to investigate the effect of OFEO
treatment in rats with Triton-induced dyslipidemia (Tyloxapol WR1339). The physicochemical
and chromatographic results confirmed the chemical composition of OFEO with a predominance
of unsaturated fatty acids (67.83%), with Oleic acid being the majority (54.32%). At Triton-
induced dyslipidemia, the animals treated with OFEO and Simvastatin showed a significant
reduction in total cholesterol levels, with values of 121.7 + 29.5 (p < 0.01) and 96.6 + 17.6 mg /
dL (p < 0.001), respectively. OFEO also significantly reduced LDL-cholesterol levels (p < 0.01)
and triglycerides (p < 0.001). OFEO and Simvastatin improved the lipid profile by significantly
increasing (p < 0.05) the HDL values. Therefore, it is concluded that the OFEQ treatment used in
the conditions of this study had a beneficial effect on dyslipidemia, acting as
antihypercholesterolemic and antihypertriglyceridemic, thus possibly contributing as a preventive
agent for CVDs.

Keywords: Euterpe oleracea Mart .; Oil; Fatty acids; Dyslipidemia; Triton
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1. Introduction

Dyslipidemias are defined as alterations in lipid metabolism that have an abnormal
concentration of lipids or lipoproteins in the bloodstream and can be triggered by environmental
or genetic factors, and have a repercussion on lipoprotein levels in the blood circulation, as well
as on the concentrations of its different components [1,2].

Elevated LDL-c low-density lipoprotein levels in the blood are recognized as one of the
most important risk factors for cardiovascular diseases (CVDs). CVDs affect the heart, blood
vessels and vascular circulation of the brain, being the most common, myocardial infarction, stroke
and peripheral arterial disease, all these CVDs are a consequence of the atherosclerosis process,
which is a chronic inflammatory disorder that occurs in response to endothelial aggression, lipid
deposition, migration of muscle cells and calcification, which mainly affects the intima layer of
the medium and large caliber arteries [3,4].

These diseases represent one of the major public health problems since they reduce the
individual's productive years of life beyond early mortality. They are the major causes of morbidity
and mortality in the world, about 12 million people have CVDs each year [5,6].

Thus, plasma cholesterol reduction and endothelial protection are important measures for
the control of atherosclerotic disease and its complications such as acute myocardial infarction and
systemic arterial hypertension [7,8].

Due to the impact of CVVCs on morbidity and mortality, the scientific community has been
extensively developing dietary, metabolic and toxicological studies in the attempt to elucidate the
risk factors for dyslipidemia and its pathological consequences, such as injuries to the
cardiovascular system, brain, among others [9,10].

The advantages of the induction of experimental dyslipidemias are the production of
lipoprotein disorders in a short period, with adequate dietary control and environmental factors,
thus enabling non-clinical trials of substances with hypolipidemic potential [10,11].

In this context, Amazonian biodiversity stands out as a great source of natural resources
due to its great variety of species of plants that are rich in bioactive compounds, with potentials
for the prevention and treatment of several pathologies, including dyslipidemias. Among the
bioactive components are those with antioxidant properties such as polyphenols, mono and
polyunsaturated fatty acids present in the Acai (Euterpe oleracea Mart), which has been the subject

of studies in the control of dyslipidemias [12-14].
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Euterpe oleracea Mart. is a palm tree belonging to the family Arecaceae, commonly known
as acai, acai, or "ica-cai" by the Indians, which means the fruit that cries, of spontaneous
predominance in the northern Brazilian states, Ecuador, and Venezuela [15].

In this sense, chemical studies with Euterpe oleracea fruit pulp, Mart, showed a diverse
composition that includes polyphenolic antioxidants, flavonoids, and anthocyanins, the
predominance of 3-O-rutinosidium cyanidin and 3-O-glucuronide cyanidin. Fixed oil can also be
extracted from the fruit with a composition rich in unsaturated fatty acids mainly oleic acid,
linoleic acid, linolenic acid, palmitoleic acid and along with others of reduced percentage [16,17].

The beneficial effects attributed to the consumption of unsaturated fatty acids include the
hypotensive effect, antithrombotic, anti-inflammatory action, acts on the improvement of the lipid
profile due to dyslipidemias, insulin resistance and vascular function [18,19].

Thus, in view of the importance of CVDs and the search for new bioactive components of
natural origin that act as a preventive and mitigating agent for dyslipidemia, this study aims to
evaluate the effect of fixed oil of Euterpe oleracea Mart. fruits in Wistar rats with Triton-induced
dyslipidemia.

2. Material and methods

2.1. Obtaining the oil of Euterpe oleracea Mart. (OFEOQ)
The oil of Euterpe oleracea Mart. (OFEQ) was obtained from the company Ac¢ai do Amapéa

Agro-Industrial Ltda - Sambazon, located in the city of Santana, Amapé State, Brazil.

2.2. Characterization of the physicochemical properties of OFEO

The physicochemical characterization of density, color, acidity index (Cd3d-63),
saponification index (Cd 1c-85) and iodine index (Cd 3a-94) was performed according to the
methodologies described by AOCS [20].

2.3. Transesterification of OFEO by enzymatic catalysis

In a5 mlvial, 150 mg of OFEO, 475 pl of ethanol and 15 mg of Candida antarctica lipase
acrylic resin (CAL-B > 5,000 U / g) were added. The reaction was maintained at 32°C under orbital
shaking of 130 rpm (Tecnal model TE-421-Brazil) for 24h. Subsequently, it was transferred to a
separator funnel, the lower (glycerol) phase was separated, while the upper (monoester) phase was

washed with distilled water (2 x 5 mL). The organic phase was dried over anhydrous sodium
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sulfate and filtered. Finally, the product was purified by flash silica gel column chromatography

with a mixture of ethyl acetate and n-hexane (9:1) as the eluent.

2.4. Chemical characterization of OFEO by gas chromatography

Gas chromatography coupled to mass spectrometry (GC-MS) was performed on a
Shimadzu/GC 2010 apparatus coupled to a Shimadzu/AOC-5000 auto-injector and an electron
beam impact detector (Shimadzu MS2010 Plus) (70 eV), Equipped with DB-5MS fused silica
column (Agilent J & W Advanced 30m x 0.25mm x 0.25um) (65kPa). The parameters were: 1:20
split ratio, Helium as drag gas, 1.0 uL injection volume, injector temperature: 250°C, detector
temperature at 250°C, initial column temperature: 50°C, remaining for 1 minute, Heating rate from
5°C/min to 250°C. The total analysis time was 45 minutes. Identification of the fatty acid esters
was identified by comparison of the fragmentation spectrum with those contained in the CG-MS
library (MS database, NIST 5.0).

2.5. Animals

Thirty - five male Wistar rats weighing 210 + 20 g, purchased from CEMIB UNICAMP -
Sdo Paulo, were kept in standard polypropylene cages for rodents in an air - conditioned
environment with a controlled temperature of 25 + 2°C, 50 + 10% humidity and obeying the
photoperiod of Light / dark 12/12 hours, with standard feed for rodents and water ad libitum. The
project was approved by the Animal Use Ethics Committee of the Amapa Federal University -
UNIFAP-CEUA, on September 17, 2015, with Protocol No. 013/2015.

2.6. Treatment and induction of dyslipidemia

The animals were randomly divided into five groups (n = 7) and treated orally for 10 days
at the effective dose described by Favacho et al. [21]. On the 7th day of treatment, dyslipidemia
was induced by intraperitoneal administration of Triton WR1339 (Tyloxapol, Sigma-Aldrich
Chemical Co. St. Louis, MO, USA), 150 mg/kg dissolved in 0.9% NacCl.
Normal Group - Treated with 0.5 mL of distilled water/animal (Normal)
Normal Group - Treated with a dose of 1226 mg/kg OFEO (N-OFEQ)
Triton Group- Treated with a dose of 1226 mg/kg OFEO (T-OFEOQ)
Triton Group- Treated with 20 mg/kg dose of Simvastatin (T-SIN)
Triton Group- Treated with 0.5 mL distilled water/animal (Triton)
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2.7. Biochemical analysis

On the 10th day of treatment, the animals were anesthetized with thiopental sodium 45
mg/kg intraperitoneally and submitted to a collection of 1.5 ml of blood via retro-orbital plexus,
after which the collected blood was centrifuged for 10 minutes at 5,000 RPM. The biochemical
analysis of triglycerides, total cholesterol, low-density lipoprotein (LDL), high-density lipoprotein
(HDL) and very low-density lipoprotein (VLDL) were performed. The tests were run using
reagent kits Doles® Reagents and Equipment Lab industry. Ltda. (Shimadzu Corporation, Kyoto,
Japan) [22]. The samples were analyzed using the UVmini-1240 UV-VIS spectrophotometer
(Goiania, GO, Brazil).

2.8. Statistical analysis
One-way ANOVA was used, followed by the Tukey's test for multiple comparisons.
Results with significant levels of p < 0.05 were considered statistically significant. The statistical

programs used were GraphPad Instat and Prism (version 5.03).

3. Results and discussion

The physicochemical parameters of OFEO (Table 1) demonstrated that the oil is a viscous
liquid of greenish-dark color and density of 0.976 + 0.008 g/cm?®. These results are in accordance
with those described by Pacheco-Palencia et al. [16].

The saponification index is an indication of the relative amount of high and low molecular
weight fatty acids. Low molecular weight esters require more potassium hydroxide for
saponification, so the saponification index is inversely proportional to the molecular weight of the
fatty acids present in the triglycerides. The OFEO saponification index was 180 + 4.1 mg KOH/qg.
A similar result was described by Da Silva and Rogez [17]. The saponification index of OFEO in
comparison to other vegetable oils is relatively small, possibly due to its constitution by high
molecular weight and fatty acids.

As for acidity index, OFEO presented a value of 2.2 + 0.05 mg KOHY/qg, this value was
higher than that described by Da Silva and Rogez [17], which was 0.46 mg KOH/g. The acid index
is indicative of the formation of free fatty acids, which results from the decomposition of the
triglycerides by processes of exposure to light and heat. However the acidity is a variable that also
depends on the processing and extraction of the lipids, because during the process of extracting
vegetable crude oil, some species may contain high levels of phenolic compounds, mainly organic
acids that can contribute to the acidity process, stability and antioxidant potential [23,24], this fact
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may explain the high acid value, since OFEO is a crude oil and during its extraction process
phenolic components are extracted.

The iodine index is a parameter used to predict the presence of fatty acid ester not being
saturated, since it is an halogenation reaction that assumes that each double bond present in AGIs
can easily react with two halogen atoms, producing trans-saturated derivate, then, the results
obtained for OFEO were 72 * 4.3g 12/100g, showing that this vegetable oil has a high content of
unsaturated fatty acids.

Chromatographic results (Table 2 and Figure 1) show that the OFEO fatty acid profile (AG)
consists of 32.83% saturated GA, 67.83% unsaturated fatty acids (AGI), 61.27% of which are
acids AG monounsaturated with predominance of oleic acid (54.32%) and 5.90% polyunsaturated
AG (linoleic acid). In the present work, it is possible to show that this oil has an AGI content
ranging from 60 to 70%, and oleic acid is the majority AG, in the 50-60% concentration [17,21,25].
The content of polyunsaturated AG found in OFEO is less than 10%, studies consider this range
as optimal since vegetable oils composed of polyunsaturated fatty acids which are more prone to
oxidative processes and are therefore responsible for causing changes which affect the sensory and
nutritional qualities of food oils [26].

Triton is a non-anionic surfactant of polymeric structure that has been successfully used in
several works to induce dyslipidemias in animal models [8], its mechanism of action involves the
ability to inhibit the enzyme lipoprotein lipase (LPL), responsible for the hydrolysis of
triglycerides present in plasma lipoproteins, especially in chylomicrons and very low density
lipoproteins (VLDL), as well as stimulates the enzyme hydroxymethyl glutaryl coenzyme A
reductase (HMG-Coa reductase), considered a key intracellular enzyme for synthesis of hepatic
cholesterol. Thus, the hydrolysis of triglycerides (TG) from chylomicrons and VLDL occurs and
increases cholesterol biosynthesis in the liver, and the consequent increase in plasma lipids [27].

The Triton induction of dyslipidemia was effective because it significantly increased TG
levels (245.7 + 26.6 mg/dL) in the treated animals with distilled water (Figure 2), it was observed
that the animals treated with OFEO (T-OFEQ) and Simvastatin (T-SIN) presented a significant
reduction (p < 0.001) in plasma TG levels, with values of 159.9 + 19.5 and 141.3 £ 12.1 mg/dL,
respectively. The group of normal animals treated with OFEO (N-OFEQ) showed that this oil
increased the plasma levels of TG when compared to the group of normal animals, but it was not
significant.

Regarding the total cholesterol levels (TC) (Figure 3), it was possible to observe that the
group of normal animals presented a mean value of 64.30 + 9.4 mg/dL and when compared to the

N-OFEO group, these groups presented mean values near, demonstrating that OFEO does not
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contribute to the increase in TC. The group with dyslipidemia and treated with distilled water
(Triton) presented a mean CT value of 172.8 + 21.6 mg/dL and, when compared to the OFEO-
treated group (T-OFEOQ), the treatment was able to reduce significantly (p < 0.01), as well as the
T-SIN group, which also presented a significant reduction (p <0.001) with a value of 96.6 + 17.6
mg/dL.

The results observed in the reduction, both in TG and CT levels corroborate with studies
that have demonstrated the potential of vegetable oils to improve the lipid profile, being able to
reduce TG, CT and LDL-cholesterol levels [28,29].

The mechanism that may be related to the action of these vegetable oils is related to the
presence of unsaturated fatty acids (IFASs) in their chemical composition, mainly oleic acid and the
essential acids in the human diet such as linolenic acid and linoleic acid, which have the ability to
reduce plasma lipid levels and consequently decrease the possibility of CVD incidence [30].

The mechanisms of AGlIs in lipid profile reduction involve the activation of the isoforms
of peroxisome proliferator-activated receptors (PPAR) a, B and y, where affinity dependence
occurs by subtypes, AGIs in general that have affinity for PPARGa, are effective in reducing plasma
TG levels, since activation of PPARa increases intravascular lipolysis and clearance of TG-rich
particles due to regulation of the LPL gene mediated by inhibition of apolipoprotein (Apo) C-III.
In addition, PPARa also participates in the control of transport and uptake of fatty acids by
stimulating the Fatty Acid Transport Protein (FATP) and Fatty Acid Binding Protein (FABP)
genes. It also enhances the activity of B-oxidation enzymes in mitochondria and peroxisomes, as
well as promoting the reduction of the synthesis and esterification of fatty acids and VLDL
secretion [19,31-34].

The PPARY nuclear receptor has an affinity for some types of AGls, for example, linoleic
acid, which, by activating PPARYy, acts to reduce plasma lipid levels by increasing the hydrolysis
of triglyceride-rich lipoproteins by LPL, with concomitant increases in gene transcription (AOP2)
and FATP [34-36].

Lipoproteins with marked importance in the lipid profile are LDL and HDL, both of which
play a fundamental role in cholesterol transport. LDL are is the main lipoprotein carriers of
cholesterol from the liver to the peripheral tissues; however, when LDL is increased in the
bloodstream, its oxidation intensifies and they participate substantially in the formation of the
atherogenic process of the arteries, contributing to the emergence of CVDs [2,37].

In the evaluation of the LDL values (Figure 4), it was possible to observe that the group
with Triton dyslipidemia had a high mean value (96.5 £ 11.6 mg / dL). On the other hand, the N-

OFEO group had a similar mean value Group of normal animals, evidencing that OFEO does not
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contribute to the increase of this lipoprotein. It was also observed that the animals treated with
OFEOQO (T-OFEO) and Simvastatin (T-SIN) had a significant reduction (p <0.001) in serum LDL
levels, with values of 58.3 £ 11.2 and 41.9 + 13.4 mg / dL, respectively.

Studies have shown that the administration of oils containing high IFAs significantly
increase the antioxidant response and have a beneficial effect on the lipid profile, especially on the
reduction of LDL-cholesterol levels [28,38,39], this fact attenuates the vascular atherosclerotic
lesion process, because reduced LDL levels minimize its oxidation and entry into the macrophages,
preventing the formation of foam cells [40].

The effects observed on the lipid profile in the group treated with simvastatin (T-SIN) is
due to the fact that this drug reduces the serum values of CT and LDL-cholesterol, by inhibiting
the activity of the enzyme HMG-CoA reductase, not allowing the formation of mevalonate,
contributing to the reduction of hepatic synthesis of cholesterol and, consequently, an increase in
the synthesis of LDL-cholesterol receptors in hepatocytes, thus increasing their uptake of
circulation to replace intracellular cholesterol [4,41].

HDLs are responsible for the reverse transport of cholesterol, they act by removing
cholesterol from peripheral tissues and other lipoproteins by sending them to the liver, it also has
the ability to remove cholesterol from the interior of macrophages and antioxidant capacity, thus
helping to avoid the process of atherogenesis in blood vessels.

In this study, it was possible to observe that the mean HDL values (Figure 5), both normal
group of animals (29.4 + 6.1 mg / dL) and the group with dyslipidemia treated with OFEO (32.3
+ 6.0 mg/dL) presented values (p < 0.05) when compared to the Triton group. The simvastatin
group (SIN) also presented a significant increase (31.8 + 3.1 mg/ dL, p < 0.05). Results evidenced
that the treatment with OFEO and SIN were able to improve the lipid profile by significantly
increasing the HDL concentration in the animals. This effect is possibly due to the high content of
oleic and linoleic acid in OFEO since studies have shown that treatments containing these AGs
contribute to the increase of HDL levels [42,43].

4. Conclusion

Based on the results obtained in this study, the oil of Euterpe Oleracea Mart. (OFEQO), was
able to reduce the levels of total cholesterol, triglycerides and LDL-cholesterol, as well as
contributing to the increase of HDL, such effects, possibly are related to its composition of IFAS,
which contribute considerably to the improvement of the lipid profile. Therefore, it is concluded
that OFEO has an effect on dyslipidemia, acting as antihypercholesterolemic and

antihypertriglyceridemic in the conditions employed in this study.
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Table 1. Physicochemical parameters of the Euterpe oleracea oil

Parameters Value/Feature
Condition at 20°C Viscous liquid
Color Dark green
Density (g/cm?®) 0.976+0.008
Saponification Index (mgKOH/q) 180+4.1
Acidity Index (mgKOHY/qg) 2,2+0,05
lodine Index (gl2/1009) 72+4.3

(mgKOH) = Milligram of Potassium Hydroxide; (gl2) = Gram of iodine
The numbers represent the mean + standard deviation of n = 3 replicates

Table 2. Determination of equivalent fatty acid ethyl ester (EEAG) of the Euterpe oleracea oil
analyzed by GC-MS

aFatty acid (n:i) Peaks Retettion Concentration
time (min) (%)
Palmitoleic (16:1) 1 16.75 2.62
Palmitic (16:0) 2 18.07 30.0
Linoleic (18:3) 3 19.68 5.9
(2)-Oleic (18:1) 4 19.78 54.32
Ethyl-Oleic (18:1) 5 19.84 4.29
Stearic (18:0) 6 20.12 2.29
> Monounsaturated fole *x 61.27
> Polyunsaturated *x *x 5.9
> Unsaturated ** *x 67.83
> Saturated *x *x 32.83

4EEAG Equivalent to the respective fatty acids and (n:i) number of
carbon and unsaturations.

70




{11000,000
T

60 “
504
40
2
304
204
5
10 3 f
1 e
| [ | li [ ITA | | [
L | L T T T T ‘ T T T T T T T | T T T LI T T 0 T T D O T O ‘ i i T O T DL | L T
50 15 100 125 150 175 20 05 20 275 00 5

Figure 1. Chromatogram of the profile of the ethyl esters corresponding to fatty acids of the
Euterpe oleracea oil analyzed by CG-MS.
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Figure 2. Effect of the treatment with Euterpe oleracea oil (OFEQ) on triglycerides levels in
normal rats and with Triton-induced dyslipidemia. The bars represent the mean + SD (n =7/
group), whereas *** (p < 0.001) represent statistically significant results compared to the Triton
Group. One-way ANOVA test followed by Tukey test.
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Figure 3. Effect of the treatment with Euterpe oleracea oil (OFEO) on total cholesterol levels of
normal rats and with Triton-induced dyslipidemia. The bars represent the mean = SD (n = 7/group),
with ** (p < 0.01) and *** (p < 0.001) representing statistically significant results compared to the
Triton Group. One-way ANOVA test followed by Tukey's test.
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Figure 4. Effect of the treatment with Euterpe oleracea oil (OFEO) on the LDL-Cholesterol levels
of normal rats and with Triton-induced dyslipidemia. The bars represent the mean + SD (n =
7/group), whereas *** (p < 0.001) represents statistically significant results compared to the Triton
Group. One-way ANOVA test followed by Tukey's test.
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Figure 5. Effect of the treatment with Euterpe oleracea oil (OFEQ) on the levels of HDL-
Cholesterol in normal rats and with Triton-induced dyslipidemia. The bars represent the mean +
SD (n = 7/group), with * (p < 0.05) representing statistically significant results compared to the
Triton Group. One-way ANOVA test followed by Tukey's test.
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OBJECTIVE: The metabolic syndrome (MS) is characterized by a set of disorders, such as
diabetes mellitus (DM) and obesity, leading to changes in the lipid metabolism and antioxidant
defense of the body, favoring the establishment of cardiovascular diseases (CVD), mainly
hypertension, atheromas, acute myocardial infarction, and stroke. The fixed oil of Euterpe
oleracea (OFEO), is composed of unsaturated fatty acids and is of great importance in the
treatment of alterations in lipid metabolism. Thus, this study aimed to investigate the effect of the
treatment with OFEO on SM of rats with DM induced by Aloxan.

RESULTS: The results demonstrated that with the induction of DM, it was possible to reproduce
the metabolic disorder’s characteristic of MS, such as increased abdominal fat, hyperglycemia,
hypertriglyceridemia, hyperlipidemia with a decrease in HDL-cholesterol levels, and it was
observed that animals treated with OFEO and simvastatin presented a significant reduction of
clinical and glycemic parameters (p < 0.001). The OFEO was able to reduce significantly (p <
0.001) abdominal fat, as well as triglyceride levels (156.6 £ 13.5 mg/dl). OFEO significantly
reduced total and LDL-cholesterol levels and performed a significant (p < 0.01) increase in HDL
levels (47.12 + 6.9 mg/dI).

CONCLUSION: The treatment with OFEO under the conditions of this study had an effect
capable of attenuating the complications resulting from MS in diabetic animals and in this aspect
contribute to the control and also as a preventive agent of CVDs.

Keywords: Euterpe oleracea Mart .; Diabetes; metabolic syndrome; Fatty acids.
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INTRODUCTION

The metabolic syndrome (MS) consists of a group of disorders that include insulin
resistance, abdominal and visceral obesity, diabetes mellitus (DM), increase in triglyceride levels
and hyperlipidemia with a decrease in HDL-cholesterol levels, such disorders also contribute to
the installation of hypertension and atherosclerosis, increasing the risk of cardiovascular events,
mainly acute myocardial infarction and stroke.>?3

SM usually occurs predominantly in globalized countries, it is estimated that it affects
about 20% to 30% of the population in middle and advanced age, its main risk factor is associated
with eating habits and sedentary lifestyle, favoring obesity and DM. DM is a chronic disease that
alters the metabolism of carbohydrates, fats and proteins, resulting from the deficiency in the
production of insulin by pancreatic B-cells or by the reduction of tissue sensitivity to insulin, the
chronic hyperglycemia present in DM leads to metabolic complications that triggers the SM.*®

Euterpe oleracea Mart., (Acai) belonging to the family Arecaceae is a species native from
the Amazon region, mainly in the northern region of Brazil, Guianas, Colombia, Ecuador, and
Venezuela. The pulp extracted from agai fruits is known worldwide for its nutritional, functional
and therapeutic properties. Such properties are due to its chemical composition which consists of
flavonoids, polyphenols and unsaturated fatty acids.®"®

The fixed oil of Euterpe oleracea (OFEOQ) is extracted from the fruits and has a high content
of polyphenolic compounds and a lipid profile rich in monounsaturated and polyunsaturated fatty
acids, representing more than 75% of the composition. Presenting as major components oleic and
linoleic fatty acids.®

Pharmacological studies on this species using pulp or fruit extract showed that it has
significant effects on the control of metabolic parameters and oxidative stress, 1% and has shown
anti-hypercholesterolemic properties and anti-atherogenic.'> 3 Pharmacological studies using
OFEO are still not very expressive, however, some researchers have demonstrated that OFEO has
anti-inflammatory and anti-nociceptive properties,’ in vitro inhibition of colon adenocarcinoma
cells, did not present genotoxicity in rat cells. 8 14

Given the context of the great pharmacological potential of acai on metabolic parameters
and the need to explore research using OFEOQ, this study aimed to investigate the effect of the

treatment with OFEO on the metabolic syndrome in rats with DM induced by Aloxan.

MATERIAL AND METHODS
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Obtaining the fixed oil of Euterpe oleracea Mart. (OFEQ)

OFEO was obtained from Acai do Amapa Agro-Industrial Ltda - Sambazon, located in the

city of Macapa, State of Amapa, Brazil.

Chemical characterization of OFEQO by gas chromatography

Gas chromatography coupled to mass spectrometry (GC-MS) was performed on a
Shimadzu/GC 2010 apparatus coupled to a Shimadzu/AOC-5000 auto-injector and an electron
beam impact detector (Shimadzu MS2010 Plus) (70 eV), Equipped with DB-5MS fused silica
column (Agilent ] & W Advanced 30m x 0.25mm x 0.25um) (65kPa). The parameters were: 1:20
split ratio, Helium as drag gas, 1.0 uL injection volume, injector temperature: 250°C, detector
temperature at 250°C, initial column temperature: 50°C, remaining for 1 minute, Heating rate from
5°C/min to 250°C. The total analysis time was 45 minutes. Identification of the fatty acid esters
was identified by comparison of the fragmentation spectrum with those contained in the CG-MS
library (MS database, NIST 5.0).

Animals

The present study was submitted to the Committee on Ethics in the Use of Animals of the
Federal University of Amapa - UNIFAP and approved on September 17, 2015, Protocol No.
013/2015.

Twenty-eight male wistar rats, weighing 210 + 20g, were kept in a climatized environment
with a controlled temperature of 25 + 2°C, 50 £ 10% humidity and 12-hour light/dark photoperiod,

in standard rodent cages with free access to feed for rodents and water ad libitum.

Induction of DM and treatments

The induction of DM was performed in the rats in 16 hours fasting by intraperitoneal
injection of 150 mg/kg Aloxana (Sigma-Aldrich Inc., St. Louis, MO, USA) dissolved in
physiological solution. The animals were randomly divided into four groups (n = 7/group) and
orally treated for 30 days, according to the effective dose described by Favacho et al. for OFEQ.’

Non-diabetic group - Treated with 0.5 mL distilled water/animal (Normal)

Diabetic Group - Treated with a dose of 1226 mg/kg OFEO (OFEO)

Diabetic Group - Treated with a dose of 5 mg/kg Glibenclamide (GBC)
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Diabetic Group - Treated with 0.5 mL distilled water/animal (DTC)

Experimental design and biochemical analysis

Diabetic animals were kept in metabolic cages during 30 days of treatment, where they
were evaluated daily, body weight, water intake, feed intake and urine volume. Blood samples
were collected for blood glucose measurement every 5 days. On the 30th day of the treatment,
blood was collected to carry out the remaining biochemical tests; triglycerides, total cholesterol,
low-density lipoprotein (LDL), high-density lipoprotein (HDL), aspartate aminotransferase
(AST), alanine aminotransferase (ALT), urea and creatinine. Blood collection (1.5 ml) was
performed via the retrorbital retroorbital plexus, after which the collected blood was centrifuged
for 10 minutes at 5,000 RPM, then the analysis was performed using reagent kits Doles® Reagents
and Equipment for Lab. Ltda. (Goiania-GO, Brazil), the samples were analyzed in UV-VIS model
UVmini-1240 spectrophotometer (Shimadzu Corporation, Kyoto, Japan).®

Statistical analysis

One-way ANOVA was used to analyze the obtained results, followed by the Tukey's test
for multiple comparisons. The results with p < 0.05 were considered statistically significant. The
statistical software used were GraphPad Instat and Prism (version 5.03).

RESULTS AND DISCUSSION

Chromatographic results (Table 1 and Figure 1) show that the OFEO fatty acid profile (AG)
consists of 32.83% saturated GA, 67.83% unsaturated fatty acids (AGI), 61.27% of which are
acids AG monounsaturated with predominance of oleic acid (54.32%) and 5.90% polyunsaturated
AG (linoleic acid). In the present work, it is possible to show that this oil has an AGI content
ranging from 60 to 70%, and oleic acid is the majority AG, in the 50-60% concentration.>6:17
The content of polyunsaturated AG found in OFEO is less than 10%, studies consider this range
as optimal since vegetable oils composed of polyunsaturated fatty acids which are more prone to
oxidative processes and are therefore responsible for causing changes which affect the sensory and
nutritional qualities of food oils.8

DM chemically induced with B-cytotoxic drugs in experimental animals has been widely

used as a model for studies of therapeutic and preventive agents of diabetes, in addition, making
78




possible the evaluation of determinants parameters of the metabolic syndrome triggered by the
event of induction of the diabetic state, mainly the biochemists and clinicians.!® 2

In this study, the clinical parameters evaluated in the groups of diabetic animals (Table 1),
allowed to observe that the DTC group presented a significant increase (p < 0.001) in all
parameters when compared to the Normal group, except for body weight, that reduced. The groups
of diabetic animals treated with OFEO and GBC significantly reduced feed intake (p < 0.001),
water and urinary excretion volume, and significantly increased body weight gain when compared
with the DTC group (p < 0.001).

The results obtained in this study, show that in the diabetic rat the change in clinical
parameters, due to the lack or reduction of insulin action, is remarkable. The lack of insulin induces
the catabolism of structural proteins, hydrolysis of lipids and (-oxidation of fatty acids forming
sub products for gluconeogenesis and energy expenditure, thus promoting the reduction of body
mass,?" 22 this fact may explain the significant reduction of body weight in the DTC group.

The increase in dietary intake by the DTC group may be related to the leptin pathway
because insulin stimulates gene transcription and leptin production by adipocytes acting directly
on the actions of neurons in the arcuate nucleus of the hypothalamus by suppressing orexigenic
activity mediated by neuropeptide Y (NPY).? 24 Eventually, the reduction of insulin production
observed in diabetic rats (DTC) contributed to the reduction of plasma leptin and thus, blocking
the neurons releasing NPY, thereby increasing the orexigenic effect (food consumption).

The increase in water consumption and polyuria observed in the CTD group occurred
possibly due to the imbalance of the blood osmolality that, due to the high glucose levels, causes
the water to pass from the intracellular to the extracellular medium in order to maintain this
balance, in this way, the brain osmoreceptors generate a response in reaction to intracellular
dehydration-promoting intense thirst, however, as the individual ingests water the tendency is that
the volume of urinary excretion will be increased.?? 2

All the clinical reactions observed in the DTC group are aggravating situations of MS
generated by DM, because, in a way, they are responsible for the complication of this comorbidity
since both osmotic disequilibrium and mainly lipid hydrolysis promotes the onset of hypertension
arterial and other CVDs (Suplicy, 2000). In view of this, it is possible to infer that treatment with
OFEO was able to improve clinical parameters and, in part, could delay CVD indexes.

In the evaluation of the relative mass of the organs of the animals (Table 2), it can be
observed that the DTC group presented a statistical difference in relation to the other groups,

mainly in the organs considered key for the metabolism. Both the OFEO and GBC presented a
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significant reduction (p < 0.001) in the relative liver mass and abdominal fat when compared to
the DTC group.

The liver is the main organ responsible for the metabolism of the body, in the SM the liver
plays a major role in the synthesis of glucose (glycogen) through non-glyceride precursors,
however, lack of insulin or resistance to insulin, that the tissues use the lipids as a source of energy,
thus increasing the triglycerides and free fatty acids, this increase contributes considerably to the
accumulation of lipids in the liver and abdominal lipogenesis.?® " This fact may explain the
increase in relative liver and abdominal fat values observed in the DTC group. On the other hand,
the reduction of these values observed in the OFEO and GBC groups was possibly due to the
capacity of these treatments to improve the MS.

The OFEO and GBC groups also showed a significantly increased relative weight of the
pancreas when compared to the DTC group, but there was no significant difference for the kidneys,
lungs, and heart. The reduction of the relative weight of the pancreas found in the DTC group is
possibly due to the effect of DM induction since both alloxan and other cytotoxic drugs for -
pancreatic cells are able to promote the high destruction of pancreatic tissue.?% 28

The SM triggered by a diabetic condition can accelerate the process of damage in both the
liver and Kkidneys, since these organs, besides their importance in the metabolism, act in the
excretion of substances, and due to the chronic increase of the glycemic levels, it leads to the
formation of reactive species (ROS) and advanced non-enzymatic glycation (AGE) products,
which accumulate mainly in the kidneys, liver and blood vessels and are the main cause of damage
to cell membranes.?® In a short time, these organs begin to present dysfunctions accompanied by
modifications of the biochemical parameters, being the transaminases AST and ALT determinants
of damage in the hepatocytes and the elevation of creatinine, urea, and reduction of total proteins
that are indicative of nephropathy.30: 3

The results of the biochemical parameters (Table 3) show that the DTC group, when
compared to the Normal group, showed a significant increase (p < 0.001) in most of these
parameters, except for total proteins. With these results, there are strong indications that the DTC
group presented both renal and hepatic dysfunction. However, treatments of OFEO and GBC were
able to significantly reduce (p < 0.001) levels of urea and creatinine, as well as levels of AST and
ALT transaminases and triggered a significant increase in serum levels of total proteins.

The results observed in the treatment with OFEO indicate that the oil was able to minimize
renal and hepatic damage caused by MS in diabetic animals. This effect is possibly due to the high
content of unsaturated fatty acids (UFA) present in OFEO since these compounds have the

capacity to inhibit the oxidative damage caused by ROS and AGE in the cells, thus restoring renal
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and hepatic functions. This study describes that UFA act as important antioxidants, mainly in order
to avoid the lipid peroxidation, since, in the chemical structure of the UFA, they have one or more
double bonds that are susceptible to the loss of hydrogen to ROS.3? Other studies report the
importance of the potential of natural antioxidant substances on the metabolic status in diabetic
animals.?% 33

The mechanism by which alloxan produces chronic hyperglycemia in diabetic animals is
by action in the pancreas, where its rapid absorption and accumulation in the B-pancreatic cells of
the islets of Langerhans produces a high rate of uptake of the drug via glucose transporter GLUT
2, then the influx of calcium ions into the cytosol leads to suppression of pancreatic islet response
to glucose and ROS formation from reducing agents such as glutathione and cysteine triggering
cellular necrosis. 34353637

In the evaluation of glycemia (Figure 1), it was observed that during the treatment, the
normal group presented glycemia of 104.01 + 13.60 mg/dl, while as for the DTC group the
glycemic levels were elevated during the 30 days analyzed, with a mean of 321,60 + 19.6 mg/dl,
and when compared to the OFEO and GBC groups, it was observed that there was a significant
reduction (p < 0.001), with mean values of 257.20 + 16.50 and 172.80 + 13.20 mg/dl, respectively.

The reduction of glycemia observed in the OFEO group may be related to the high content
of monounsaturated fatty acids, mainly oleic acid, because its antioxidant potential is relevant in
the treatment of MS caused by DM, since the complications of DM are related in part to damage
caused by ROS and AGEs in various organs and possibly the antioxidant capacity of OFEO may
have partially restored p-pancreatic cells. These results corroborate with those described by other
authors who describe the effect of vegetable oils on glycemic control.®® % In a study released by
Da Silva and Rogez,® the great antioxidant potential of OFEO was demonstrated and the
quantification of oleic acid was very expressive (63.9%), another study by Carvalho et al. (2016)
showed that the antioxidant potential of an Amazonian plant species was able to restore -
pancreatic cells and contribute to the reduction of glycemic levels.

MS is directly associated with elevated serum lipid levels, especially triglycerides. It is
considered that due to hyperglycemia, intense lipolysis occurs in adipose tissue, in this way there
is an excess of free fatty acids in the blood, which when captured by the liver are converted into
triglycerides.*

Regarding triglyceride levels (Figure 2), the results show that the DTC group increased
significantly (p < 0.001) when compared to the Normal group (231.60 + 18.8 mg/dl). The group

treated with OFEO presented a very low value (156.6 + 13.5 mg/dl) and was extremely significant
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(p < 0.001) when compared to the DTC group, indicating that the treatment with OFEO was able
to inhibit the increase of triglycerides in diabetic animals, as well as the group treated with GBC.

The reduction of triglyceride levels in the OFEO and GBC groups can be explained by the
fact that these groups have reduced glycemic levels, this implies a reduction in the use of fatty
acids from lipolysis and a concomitant reduction of triglycerides.* Other studies using oils rich
in unsaturated fatty acids demonstrate the ability to reduce triglyceride levels.*?%3

Regarding total cholesterol levels (Figure 3), based on the Normal group, it was observed
that there was a large increase in cholesterol levels in the DTC group. However, treatment with
OFEO and GBC presented a significant reduction (p < 0.001), with values of 113.2 + 15.5 and
108.3 + 14.6 mg/dl, respectively.

In MS, hypercholesterolemia is one of the conditions that promotes the development of
CVDs, and the reduction of plasma cholesterol, especially the LDL fraction, contributes to the
protection of the endothelium and is one of the important measures for the control of
atherosclerotic disease and its complications, such as, acute myocardial infarction and systemic
arterial hypertension. In this study, it was possible to observe that the DTC group had a high total
cholesterol level when compared to the Normal group, the OFEO and GBC treatments, presented
a significant reduction (p < 0.001), with values of 113.2 + 15.5 and 108.3 + 14.6 mg/dl,
respectively.

The results show that OFEO treatment produced a reduction in cholesterol. Other studies
have also shown that vegetable oils containing UFA have the ability to reduce total cholesterol
levels.***® this action is related to the fact that vegetable oils containing UFA have the ability to
activate (PPARYy), which, by activation of PPARY, reduce plasma lipid levels by increasing
lipolytic lipoprotein hydrolysis by the lipase enzyme lipase, with concomitant increases in the
transcription of genes involved in the uptake of fatty acids.*® Activation of PPARY is involved in
the stimulation of glucose oxidation and improvement in insulin resistance, consequently in the
reduction of hyperglycemia, a fact that can be observed in the group treated with OFEO. In
addition, its contribution to the improvement of the clinical manifestations of MS favor the control
of blood pressure, endothelial function, as well as minimizing the formation of atherosclerotic
plaques.*’

Atherogenesis presents one of the main complications of DM associated with MS; the
accumulation of atheromatous plaques on the inner surface of the arteries can cause a marked
reduction of blood flow and lead to arterial lumen occlusion. The formation of atherosclerotic
plague in the arterial endothelium is originally mediated by the elevation of plasma LDL levels,

as these lipoproteins are absorbed into the subendothelial space, they find a pro-oxidant
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environment favored by elevation of ROS and AGEs that oxidize LDL in LDL-oxidized (LDLoX).
LDLox has deleterious effects on the endothelium and its elimination is mediated by the
recruitment of phagocytic cells, mainly monocytes that migrate to the sub-endothelial space where
they differentiate into macrophages and phagocytose LDLoxes. The interior of the macrophages
that is getting full of lipids are now called foam cells, being the main component of the fatty matrix
in the formation of atherosclerotic plague volume. 48495051

The levels of LDL and HDL-cholesterol (Figures 4 and 5), when compared with the Normal
group to the group of diabetic animals (DTC), showed a significant increase (p < 0.001), with a
mean LDL of 90.20 + 9.36 mg/dl and reduced HDL (23.40 = 5,03 mg/dl). The treatment with
OFEO significantly reduced (p < 0.001) LDL levels (45.20 + 7.2 mg/dl) and significantly increased
HDL levels (47.12 £ 6.9 mg/dl). Similar results were observed in the GBC. Studies report that
high levels of HDL play a fundamental role as antiatherogenic since they contribute to reducing
cholesterol levels by the reverse transport mechanism and avoid the process of oxidation of LDL
in the arterial wall.52°354

Chinnadurai et al.>® demonstrated that the treatments with UFA, for example, conjugated
linoleic acid, showed an increase in antioxidant and antiatherogenic activity. In another study
developed by Nestel et al.,*® it has been shown that UFAs are able to reduce triglyceride levels and
increase HDL levels.

In this study, it can be observed that treatment with Glibenclamide (GBC) was able to
significantly improve the clinical and biochemical profile of diabetic animals. This fact is due to
profile that GBC is a hypoglycemic drug of the sulfonylurea class, which acts directly on -
pancreatic cells stimulating insulin secretion, thereby reducing plasma glucose levels.
Sulfonylureas bind to specific sites (subunit SUR-1) of the sulfonylurea receptor in the KATP
channels, activation of this receptor leads to the opening of the calcium channels that results in the
release of insulin by exocytosis.>” This possible increase in insulin release by p-pancreatic cells
remaining from the induction process by Aloxan may in part explain the improvement in the
situation presented in this group.

In MS developed by DM, all metabolism is impaired. Insulin, directly, and indirectly
influences both lipid and protein metabolism. Insulin resistance and deficiency causes the body to
use alternative routes to supply energy expenditure and other physiological needs, but this process
becomes unrestrained and culminates with the modification of several metabolic parameters,
examples being: levels of triglycerides, total cholesterol and LDL, reductions of HDL and the

antioxidant defense that provides the formation of ROS and AGEs. All this context is the key point
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in the development of CVDs and it leads to the aggravation of these comorbidities over the

years.>20

CONCLUSION

Based on the results obtained in this study, the fixed oil of Euterpe oleracea Mart. (OFEO),
was able to improve clinical and biochemical parameters with a reduction of total cholesterol,
triglyceride, and LDL-cholesterol, and an increase of HDL. Such effects are possibly due to its
composition in UFAs that contribute considerably to the improvement of the lipid profile.
Therefore, it is concluded that the OFEO treatment used in the conditions of this study had an
effect capable of attenuating the complications resulting from MS in diabetic animals and, thus,

may contribute to the control and as a preventive agent for CVDs.
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Table 1. Determination of equivalent fatty acid ethyl ester (EEAG) of the Euterpe oleracea oil
analyzed by GC-MS

aFatty acid (n:i) Peaks Retettion Concentration
time (min) (%)
Palmitoleic (16:1) 1 16.75 2.62
Palmitic (16:0) 2 18.07 30.0
Linoleic (18:3) 3 19.68 5.9
(2)-Oleic (18:1) 4 19.78 54.32
Ethyl-Oleic (18:1) 5 19.84 4.29
Stearic (18:0) 6 20.12 2.29
> Monounsaturated el wx 61.27
> Polyunsaturated *x wx 5.9
> Unsaturated ** ** 67.83
> Saturated kel ** 32.83

4EEAG Equivalent to the respective fatty acids and (n:i) number of
carbon and unsaturations.

Table 2. Effect of the treatment with OFEO (1226 mg / kg, p.o) and GBC (5 mg/kg, p.0) on the
clinical parameters of diabetic rats.

Parameters Normal DTC OFEO GBC

Weight (g) 283+6.3# 234+7.9 279+6.9# 259+4.5#
Food (g) 29+3.7# 42+5.2 30+3.8# 3415.4*
Water (ml) 53+3.9# 129+9.7 71+7.2# 71+11.4#
Urine (ml) 14+2.7# 101+7.1 T7+5.7# 61+6.2#

The numbers represent the Mean + Standard Deviation (n = 7/group). *p < 0,05 and #p < 0,001 represent statistically
significant results compared to the DTC group.
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Table 3. Effect of the treatment with OFEO (1226 mg / kg, p.0) and GBC (5 mg/kg, p.0) on the

relative mass variation of organs of diabetic rats.

Organs Normal DTC OFEO GBC
Liver 6.06+0.24# 10,80+0,39 7.51+0.27# 8.18+0,41#
Kidneys 1.22+0.12 1.29+0,19 1.26+0,14 1.45+0,19
Pancreas 0.68+0,06# 0.41%0,05 0.53+0.07**  0.59+0.06#
Heart 0.51+0,05# 0.59+0,17 0.59+0,09 0.58+0.07
Lungs 1.21+0,11 1.43+0,19 1.36+0,22 1.23+0.13
Abdominal 5.93+0,53# 12,060,64 7.22+0,51#  7.98+0,39#
fat

The numbers represent the Mean + Standard Deviation (n = 7/group). *p < 0,05, **p < 0,01 and #p < 0,001 represent

statistically significant results compared to the DTC group.

Table 4. Effect of the treatment with OFEO (1226 mg / kg, p.0) and GBC (5 mg/kg, p.0) on the

biochemical parameters of diabetic rats.

The

Parameters Normal OFEO GBC

Total Proteins (g/dl) 6.660.16# 5.70+0.13#  6.34x0.11#
Urea (mg/dl) 49,6+3,4# 66,7+2,9% 61,1+3,6#
Creatinine (mg/dl) 0,57+0,04# 0,71+0,04# 0,64+0,07#
AST (U/dl) 31,2+3,6# 49,3+2,1# 41,5+3,3#
ALT (U/dl) 42,4+3 9% 63,22 44 59,8+3,7#

numbers represent the Mean * Standard Deviation (n = 7/group). #p < 0,001 represent statistically significant results

compared to the DTC group.
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Figure 1. Chromatogram of the profile of the ethyl esters corresponding to fatty acids of the
Euterpe oleracea oil analyzed by CG-MS.
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Figure 2. Effect of the treatment with OFEO (1226 mg/kg, p.0) and GBC (5 mg/kg, p.o) on glucose
level of diabetic rats. The bars represent the Mean + Standard Deviation (n = 7/group). ***p <
0,001 represent statistically significant results compared to the DTC group.
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Figure 3. Effect of the treatment with OFEO (1226 mg/kg, p.o) and GBC (5 mg/kg, p.o) on
triglycerides level of diabetic rats. The bars represent the Mean + Standard Deviation (n = 7/group).
***p < 0,001 represent statistically significant results compared to the DTC group.
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Figure 4. Effect of the treatment with OFEO (1226 mg/kg, p.o) and GBC (5 mg/kg, p.0) on total
cholesterol of diabetic rats. The bars represent the Mean £ Standard Deviation (n = 7/group). ***p
< 0,001 represent statistically significant results compared to the DTC group.
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Figure 5. Effect of the treatment with OFEO (1226 mg/kg, p.0) and GBC (5 mg/kg, p.0) on LDL-
Cholesterol level of diabetic rats. The bars represent the Mean + Standard Deviation (n = 7/group).
***p < 0,001 represent statistically significant results compared to the DTC group.

o)
F

N
o
L
*
*

é’é

HDL- Cholesterol (mg/dL)

o

Figure 6. Effect of the treatment with OFEO (1226 mg/kg, p.o) and GBC (5 mg/kg, p.0) on HDL-
Cholesterol level of diabetic rats. The bars represent the Mean + Standard Deviation (n = 7/group).
*p < 0,05 and ***p < 0,001 represent statistically significant results compared to the DTC group.
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7 DISCUSSAO GERAL

Com base nos resultados fisico-quimicos descritos no capitulo 2, foi possivel demonstrar
que 0 OFEO é um liquido viscoso de cor esverdeada-escura com densidade de 0.976+0.008 g/cm?®.
Esses resultados estdo condizentes com os descritos por Pacheco-Palencia et al., (2008). O valor
de indice de saponificacdo (180 + 4.1 mgKOH/q) apresentado pelo OFEQ é indicativo de que este
6leo vegetal apresenta quantidade elevada de acidos graxos de médio e alto peso molecular, pois
o valor reduzido do indice de saponificacdo como o descrito neste estudo, é devido ao fato de que
quanto maior a cadeia dos acidos graxos, menor a quantidade requerida de Hidréxido de Potéssio
para a saponificacdo. Estudos realizados por da Silva e Rogez (2013), obtiveram valor de indice
de saponificacdo para o OFEO de 175,69 mgKOHY/g, esse achado esta de acordo com o obtido em
nossos estudos.

O valor do indice de acidez (2,2+0,05 mgKOH/g) obtido do OFEOQ foi relativamente
elevada, indicando possivelmente a formacdo de acidos graxos livres, que decorre da
decomposicdo dos triglicerideos por processos de exposicdo a luz e calor, no entanto a acidez é
uma variavel que depende também do processamento e extracdo dos lipideos, pois durante o
processo de extracdo de 6leo bruto vegetal, algumas espécies podem conter altos teores de
compostos fendlicos, principalmente &cidos organicos que podem contribuir para o processo de
acidez, estabilidade e potencial antioxidante (CARRASCO-PANCORBO et al., 2005;
FARHOOSH et al., 2009), tal fato pode explicar o valor elevado de acidez, pois 0 OFEO é um
6leo bruto e durante o seu processo de extragdo componentes fendlicos sdo extraidos.

Os resultados cromatograficos (Capitulos 1 e 2) demonstraram que o perfil de &cidos
graxos (AG) do OFEO ¢ constituido por 32.83 % de &cido graxos saturado (AGS), 67.83 % de
acidos graxos insaturados (AGI), sendo que destes, 61.27 % é de AG monoinsaturados com
predominancia do acido oleico (54.32 %) e 5.90 % de AG poliinsaturado (&cido linoleico).

Esses resultados reforcam o elevado indice de lodo (72+4.3 gl./100g) obtido na anélise
OFEO, pois o indice de lodo é um parametro usado para prever a presenca de insaturacfes em
éster de acido graxo, pois € uma reacdes de halogenacdo que parte do principio de que cada dupla
ligacdo presente em AGIs pode facilmente reagir com dois 4&tomos de halogénios, produzindo
derivados trans-saturados.

Estudos envolvendo a composicdo quimica do OFEO demonstraram que este 0leo fixo
possui teor de AGI bastante semelhante com o obtido neste trabalho, variando entre 60 e 70 %, e

0 4cido oleico sendo o AG majoritariamente encontrado com teor entre 50-60%. (NASCIMENTO
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etal., 2008, FAVACHO et al., 2011; DA SILVA E ROGEZ, 2013). O teor de AG poliinsaturados
encontrado no OFEO geralmente € inferior 10%, estudos consideram esta faixa como 6tima, uma
vez que, Oleos vegetais compostos por AGs que apresentem poliinsaturacdes sdo mais propensos
a processos oxidativos e dessa forma sdo responsavel por provocar alteracdes que afetam as
qualidades sensoriais e nutricionais dos 6leos alimenticios (ANTONIASSI, 2001).

Os resultados cromatogréficos (Capitulo 1) indicaram que a gordura saturada de Cocos
nucifera L. (GSC) utilizada neste estudo para induzir a dislipidemia, contém 92,64% de AGS,
principalmente acido laurico (57,8%), acido miristico (17,30%) e acido palmitico (9,40%), estes
resultados condizem com os obtidos em outros trabalhos, onde GSC possui teor acima de 90% de
gorduras saturadas e apresenta como destaque os &cidos graxos, acido Laurico e miristico
(LAURELES et al., 2002; ASSUNCAO et al., 2009).

Estudos ja vém utilizando modelos de inducdo de hiperlipidemia em ratos com base na
administracdo da GSC, sua rica composicdo em gordura saturada é capaz de aumentar
consideravelmente tanto a taxa de colesterol e fragdes quanto a de triglicerideos (JUN et al 2007,
CELESKI et al., 2013).

Os resultados bioquimicos da inducdo da dislipidemia com GSC em ratos Wistar
mostraram aumento significativo nos niveis de colesterol total, LDL-colesterol, triglicerideos e
glicemia. J& o tratamento com OFEO foi capaz de reduzir significativamente o colesterol total e o
LDL-colesterol quando comparado ao grupo GSC, evidenciando assim que o OFEO atuou
prevenindo a hiperlipidemia induzida pela GSC. O tratamento com OFEO associado a GSC, nao
foi capaz de reduzir a hipertrigliceridemia e hiperglicemia, também nédo houve diferenca estatistica
entre 0s grupos para os valores de HDL-colesterol.

Assim 0s resultados bioquimicos demonstram que OFEO nédo foi capaz de reduzir a
hipertrigliceridemia, no entanto, foi capaz de reduzir significativamente os niveis de colesterol
total e LDL-colesterol, esse efeito possivelmente se deve ao perfil lipidico do (OFEQ), pois sua
rica composicdo em AGI principalmente o acido oleico e linoleico, atuam reduzindo os niveis de
LDL-colesterol e evitando a sua oxidagédo (LOTTENBERG, 2009; YUYAMA et al., 2011).

O aumento da glicemia evidenciado pelo grupo GSC, pode ser devido ao aumento da
ingestdo de AGS que contribui para o acimulo de gordura corporal, uma ingestdo alimentar
excessiva em energia proveniente de carboidratos e lipideos pode contribuir para a resisténcia na
acdo dainsulina na captacgéo de glicose pelo tecido adiposo e muscular levando ao aumento crénico
e gradativo da glicemia (ZIVKOCIC et al., 2007; BASARANOGLU et al., 2014).

Considerando os demais parametros bioguimicos como ureia, creatinina e transaminases

constatou-se que as mesmas nédo apresentaram alteragdes significativas, evidenciando que nenhum
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dos tratamentos ocasionou resultados lesivos sobre os sistemas renal e hepatico dos animais
(CARVALHO et al., 2016).

A indugdo da dislipidemia com GSC apresentou aumento do figado e de gordura
abdominal, no entanto, o tratamento com OFEO foi capaz de evitar o aumento da massa do figado
assim como contribuiu na reducéo da gordura abdominal.

O aumento da massa absoluta do figado e de gordura abdominal pode ser devido ao excesso
de AGS contidos na GSC, pois estudos ja& evidenciaram que o0 excesso de AGS leva a biossintese
de lipideos no figado e aumento do fluxo hepatico de (AGL) contribuindo consideravelmente para
0 acumulo de lipideos no figado e na lipogénese (JUN et al., 2007).

A reducéo observada no peso do figado e da gordura abdominal dos animais tratados com
OFEO deve-se possivelmente em funcédo do elevado teor de AGI na composi¢do do OFEO, pois
estudos mostram gue a suplementacdo de AGI esta associado a reducao da hiperplasia e hipertrofia
de células adiposas (QUEIROZ, 2009). Para Hensler et al., (2011), a atuacdo dos AGI na reducao
do tecido adiposo envolve os mecanismos de modulacdo do metabolismo por estimulo a f-
oxidagéo por indugdo do PPAR-a, controle na diferenciacdo e proliferacdo de células adiposas.

Os niveis elevados de LDL-colesterol no sangue sdo reconhecidos como um dos fatores de
risco mais importantes para as doencas cardiovasculares (DCVs). As DCVs afetam o coragdo, 0s
vasos sanguineos e a circulagdo vascular do cérebro, sendo as mais comuns, infarto do miocérdio,
acidente vascular cerebral e doenca arterial periférica, todas essas DCVs sdo consequéncia do
processo de aterosclerose, que € uma desordem inflamatoria crénica que ocorre em resposta a
agressdo endotelial, deposicdo lipidica, migracdo de células musculares e calcificacdo, que
acomete principalmente a camada intima de artérias de médio e grande calibre (GOTTLIEB et al.,
2005; BONFIM et al.; 2015).

O acumulo de placas ateromatosas na superficie interna das artérias pode ocasionar a
reducdo acentuada do fluxo sanguineo e levar a oclusdo do lumen arterial. A formacao da placa
aterosclerdtica no endotélio arterial é originalmente mediada pela elevagdo dos niveis plasmaticos
de LDL-colesterol, na medida em que essas lipoproteinas sdo captadas para o espaco sub-
endotelial, encontram ambiente pré-oxidante favorecido por elevacdo das espécies reativas de
Oxigénio (ROS) que oxidam a LDL-colesterol em LDL-oxidada (LDLox). A LDLox possui
efeitos nocivos ao endotélio e sua eliminagdo é mediada pelo recrutamento de células fagocitarias,
principalmente monadcitos que migram para o espaco sub-endotelial onde se diferenciam em
macrofagos e fagocitam as LDLox. O interior dos macréfagos fica repleto de lipideos e passam a

ser chamados de células espumosas, sendo o principal componente da matriz gordurosa na
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formacéo do volume da placa aterosclerética (SANCHEZ-QUESADA et al., 2004; SIQUEIRA et
al., 2006; SPOSITO et al., 2007; BLASI, 2008).

No que concerne a formacéo da aterosclerose nos modelos animais deste estudo, resultados
das fotomicrografias obtidas por microscopia eletrénica de varredura (MEV) da artéria aorta
tordxica mostraram que o grupo GSC apresentou a formacdo de placas ateroscleréticas no
endotélio vascular, resultado que condiz com outros estudos acerca da tematica, pois o
desenvolvimento da lesdo aterosclerdtica é acelerado quando os animais sdo induzidos a uma dieta
com alto teor de AGS, e as principais artérias acometidas sdo a aorta toraxica e abdominal
(JACKSON et al., 2007; DUCKWORTH et al., 2009).

O grupo tratado com OFEO apresentou propriedades anti-aterogénicas, pois ndo se
observou placas de ateroma no endotélio vascular. Esse efeito pode ser explicado pelo fato do
OFEO ter apresentado potencial redutor significativo de LDL-colesterol, visto que essa
lipoproteina é a chave no inicio do processo da aterogénese, e tal processo ocorre de maneira
proporcional a concentracdo dessas lipoproteinas no plasma (HANSSON, 2005; XAVIER et al.,
2013). O grupo tratado com sinvastatina (SIN) também ndo apresentou formacdo de placas
ateroscleroticas. A SIN € um farmaco bastante reconhecido pela propriedade de reduzir os valores
séricos da LDL-colesterol, pois atuam promovendo a melhora da funcdo endotelial e diminuigdo
do estresse oxidativo, contribuindo assim na reducdo da aterosclerose, independentemente das
alteracdes nos niveis plasmaticos do colesterol (FONSECA et al., 2003).

O Triton é um surfactante ndo anidnico de estrutura polimérica que vem sendo utilizado
com sucesso em diversos trabalhos para induzir dislipidemias em modelos animais, seu
mecanismo de acdo envolve a capacidade de inibir a enzima lipoproteina lipase (LPL), responsavel
pela hidrolise dos triglicerideos presentes nas lipoproteinas plasmaéticas, principalmente nos
quilomicrons e nas lipoproteinas de muito baixa densidade (VLDL), assim como estimula a enzima
hidroximetil-glutaril coenzima A redutase (HMG-Coa redutase), considerada enzima-chave
intracelular para sintese do colesterol hepatico. Como resultado, ocorre a diminuicdo da hidrélise
dos triglicerideos provenientes dos quilomicrons e VLDL e aumenta a biossintese de colesterol no
figado, e a consequente elevacdo dos lipideos plasmaticos (MANDUKHAIL et al., 2010;
BERTGES et al., 2011)

Esse modelo de inducdo de dislipidemia foi bastante eficaz, pois aumentou
significativamente os niveis de triglicerideos (245.7+£26.6 mg/dL), colesterol total (172.8+21.6
mg/dL) e LDL-colesterol (96.5+11.6 mg/dL), em contrapartida promoveu a reducdo dos niveis de
HDL-colesterol.
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Os animais tratados tanto com OFEQO quanto com SIN apresentaram significativa reducéo
dos niveis de colesterol total, com valores de 121.7 + 29.5 (p < 0.01) e 96.6 + 17.6 mg/dL (p <
0.001) respectivamente. O OFEO também reduziu significativamente os niveis de LDL-colesterol
(p < 0,01) e triglicerideos (p < 0,001).

Estudos mostram que a administracdo de 6leos contendo alto teor de AGIs aumentam
significantemente a resposta antioxidante e apresentam efeito benéfico sobre o perfil lipidico,
principalmente sobre a reducéo dos niveis de LDL-colesterol (SANTOS et al., 2013; DJERROU,
2014; RINCON-CERVERA et al., 2016).

Resultados evidenciam que o tratamento com o OFEO e com SIN foram capazes de
melhorar o perfil lipidico incrementando de forma significativa a concentra¢do de HDL-colesterol
nos animais. Esse efeito possivelmente é devido ao elevado teor de acido oleico e linoleico no
OFEO, pois estudos demonstraram que tratamentos contendo esses AGIs contribuem para o
aumento dos niveis de HDL-colesterol (NESTEL et al., 2006; BERMUDEZ et al., 2011;
CHINNADURAI et al., 2013).

O mecanismo dos AGls na reducao do perfil lipidico envolve a ativacdo das isoformas dos
receptores nucleares ativados por proliferador de peroxisomos (peroxisome proliferator-activated
receptors - PPAR) a, f e y, onde ocorre uma dependéncia de afinidades pelos subtipos, os AGIs
em geral que apresentam afinidade pelo PPARa, sdo efetivos na reducdo dos niveis plasmaticos
de TG uma vez que, a ativagdo do PPARa aumenta a lipolise intravascular e o clearance das
particulas ricas em TG devido a regulacdo do gene da LPL mediada por inibicao da apolipoproteina
(Apo) C-III. Além do que o PPARa também participa do controle do transporte e da captagido de
acidos graxos por estimular os genes das proteinas Fatty Acid Transport Protein (FATP) e Fatty
Acid Binding Protein (FABP). Aumenta também a atividade de enzimas da pS-oxidagdo em
mitocéndrias e em peroxissomos, assim como promove a reducdo da sintese e esterificacdo de
acidos graxos e da secrecao de VLDL (SCHOONJANS et al., 1996; MICHALIK; WAHLI, 1999;
MCKENNEY E SICA, 2007; RAPOSO, 2010; ECHEVERRIA et al., 2016).

O DM quimicamente induzido com drogas B-citotdxicas em animais de experimentacao
tem sido amplamente empregado como modelo para os estudos de agentes terapéuticos e
preventivos da diabetes, além disso, possibilitando a avaliacdo de parametros determinantes da
SM desencadeada pelo evento da indugdo do estado diabético, principalmente os bioquimicos e
clinicos.

O mecanismo pelo qual a aloxana produz a hiperglicemia cronica nos animais diabéticos é
por acdo no pancreas, onde sua rapida absorcéo e acimulo nas celulas B-pancreéticas das ilhotas

de Langerhans produz uma elevada taxa de captacdo da droga via transportador de glicose GLUT
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2, em seguida ocorre o influxo de ions célcio ao citosol promovendo a supressdo da resposta das
ilhotas pancredticas a glicose e a formacdo de ROS a partir de agentes redutores como a glutationa
e a cisteina desencadeando necrose celular (SZKUDELSKI, 2001; ZANOELLO et al., 2002;
CAVALLI etal., 2007; LENZEN, 2008).

Neste modelo de estudo, foi possivel observar que a inducdo da DM provocou nos ratos
um quadro de SM idéntica a observada em humanos, com modificacGes tanto de pardmetros
clinicos quanto bioquimicos.

Os resultados obtidos demostram que no rato diabético é notavel a mudanca nos parametros
clinicos, decorrente em principio, pela falta e/ou reducéo da acéo da insulina. A falta de insulina
induz o catabolismo de proteinas estruturais, hidrolise de lipideos e a f-oxidacao de &cidos graxos
formando subprodutos para a gliconeogenese e para 0 gasto energético, dessa forma promove a
reducdo da massa corporal, o desequilibrio osmotico decorrente da hiperglicemia promove
aumento do consumo de agua e elevacao do volume de urina. (RAMESH; PUGALENDI, 2006;
MAHENDRAN et al., 2014). Todos esses parametros clinicos foram alterados nos animais
diabéticos, no entanto o tratamento com OFEO foi capaz de atenuar e reverter esse quadro clinico.

Todas essas modificacdes clinicas observadas no grupo diabético (DTC) sédo situacdes
agravantes da SM gerada pela DM, pois de certa forma, sdo responsaveis pela complicacdo desta
comorbidade, uma vez que tanto o desequilibrio osmético e principalmente a hidrolise de lipideos
favorece com maior rapidez o aparecimento da hipertensdo arterial e outras DCVs (SUPLICY,
2000). Diante disso, é possivel inferir que o tratamento com OFEO foi capaz de melhorar os
parametros clinicos e, em parte, pode retardar os indices de DCVs.

A SM esta diretamente associada a elevacdo dos niveis séricos de glicose e lipideos,
principalmente os triglicerideos. Considera-se que devido a hiperglicemia, ocorra intenso processo
de lipdlise no tecido adiposo, dessa forma ocorre excesso de acidos graxos livres no sangue, que
ao serem captados pelo figado sdo convertidos em triglicerideos (NOGUEIRA-JUNIOR et al.,
2005). Na SM, a hipercolesterolemia é uma das condi¢es que também propicia o surgimento de
DCVs e, a reducdo do colesterol plasmatico, principalmente a fracdo LDL, contribui para a
protecdo do endotélio e € uma das importantes providéncias para o controle da doenca
aterosclerdtica e de suas complicacGes tais como, o infarto agudo do miocérdio e a hipertenséo
arterial sistémica (Watts et al., 1994; Ardestani et al., 2008).

O tratamento com o OFEO foi capaz de reduzir significativamente (p<0.001) tanto a
hiperglicemia quanto a hipercolesterolemia e hipertrigliceridemia ocasionadas pelo quadro de SM.
A reducgéo da glicemia, pode estar relacionada com o elevado teor de AG monoinsaturados,

principalmente o &cido oleico, pois 0 seu potencial antioxidante é relevante no tratamento da SM
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ocasionada pela DM, uma vez que as complicacfes do DM estdo relacionadas em parte a danos
provocados por espécies reativas de Oxigénio (ROS) nos diversos 6rgdos e possivelmente, a
capacidade antioxidante do OFEO pode ter restaurado parcialmente as células B-pancreéticas.
Esses resultados corroboram com os descritos por outros autores que descrevem o efeito de dleos
vegetais no controle glicémico (ESMAILLZADEH; AZADBAKHT, 2011; HUANG et al., 2012).
Em estudo realizado por DA SILVA; ROGEZ (2013) demonstrou o grande potencial antioxidante
do OFEO e a quantificacdo de acido oleico foi bastante expressiva (63,9%).

A reducdo dos niveis de triglicerideos observado no grupo OFEOQ, pode ser explicada pelo
fato desses grupos terem apresentado reducdo dos niveis glicémicos, isso implica na reducéo da
utilizacdo de &cidos graxos provenientes da lipolise e redugdo concomitante de triglicerideos
(CARDOSO et al., 2011). Outros estudos utilizando 6leos ricos em AGI, demonstram a capacidade
de reducdo dos niveis de triglicerideos (DITTRICH et al., 2015; SALAR et al., 2016). J4 a reducao
dos niveis de colesterol total, estd relacionada ao fato de que dleos vegetais contendo AGI,
possuem a capacidade de ativar receptores nucleares PPAR, onde por ativagdo do PPARy reduzem
os niveis de Lipideos plasmaticos por aumentar a hidrolise de lipoproteinas ricas em triglicerideos
pela enzima lipoproteina Lipase, com aumentos concomitantes na transcri¢do de genes envolvidos
na captaco celular de Ags (ECHEVERRIA et al., 2016). A ativa¢io do PPARY esta envolvido na
estimulacdo da oxidacdo da glicose e melhora na resisténcia a insulina, consequentemente na
reducdo da hiperglicemia, fato que pode ser observado no grupo tratado com OFEQO. Além disso,
sua contribui¢do na melhora do quadro da SM favorecem o controle da pressao arterial, funcéo
endotelial, bem como minimizam a formacéo de placas ateroscleréticas (JAY; REN, 2007). Outros
estudos também demonstraram que 6leos vegetais contendo AGI possuem a capacidade de reduzir
os niveis de colesterol total (NAGARAJU; LOKESH, 2007; DJERROU, 2014).

Nos animais diabéticos com SM, foi observado um grande aumento nos niveis de LDL-
colesterol (90,20+9,36 mg/dl) e reducdo de HDL-colesterol (23.40 + 5,03 mg/dl). Observou-se
também que o tratamento com OFEO reduziu significativamente (p<0,001) os niveis de LDL
(45.20 + 7.2 mg/dl), e aumentou com extrema significancia os niveis de HDL (47.12+6.9 mg/dl),
resultados semelhantes foram observados no grupo tratado com Glibenclamida (GBC). Estudos
relatam que niveis elevados de HDL possuem papel fundamental como antiaterogénico, pois
contribuem reduzindo os niveis de colesterol pelo mecanismo de transporte reverso e evitam o
processo de oxidacdo da LDL na parede arterial (KONTUSH et al., 2003; LEWIS; RADER, 2005;
LEANCA et al., 2010).

Na SM desencadeada pela DM, todo o metabolismo encontra-se prejudicado. A insulina

exerce influéncia direta e indiretamente tanto no metabolismo lipidico quanto no proteico. A
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resisténcia e/ou deficiéncia de insulina faz com que o organismo utilize vias alternativas para suprir
0 gasto energético e outras necessidades fisioldgicas, no entanto esse processo torna-se
desenfreado e culminam com a modificacdo de diversos parametros metabolicos, exemplos séo:
as elevacOes nos niveis de triglicerideos, colesterol total e LDL, reducdes de HDL e da defesa
antioxidante que propicia a formacéo das ROS e de AGEs. Todo esse contexto é o ponto chave no
desenvolvimento de DCVs e que leva ao agravo dessas comorbidades ao decorrer dos anos (KIM
etal., 2016; CARVALHO et al., 2016).

Com base nos resultados obtidos dos diversos modelos de inducgéo de dislipidemia, o 6leo
fixo de Euterpe Oleracea Mart. (OFEQ), foi capaz de apresentar atividade sobre o perfil lipidico,
observou-se a capacidade do OFEO em reduzir de forma significativa os niveis de triglicerideos e
colesterol total, assim como acéao redutora dos niveis de LDL-colesterol e aumento de HDL. Além
disso, foi comprovado que o OFEO possui propriedades anti-aterogénicas. Tais efeitos sdo
descritos em diversos trabalhos como sendo os principais fatores que contribuem na reducéo de
DCVs. Essas doengas representam um dos principais problemas de satde publica, uma vez que
diminuem os anos de vida produtiva do individuo além da mortalidade precoce. Constituem as
maiores causas de mortalidade no mundo, cerca de 12 milhdes de pessoas apresentam DCVs a
cada ano (SUNIL et al., 2012; DURAIPANDIYAN, 2016).

Assim, tratamentos alternativos e dietas contendo componentes que venham a contribuir
na melhora do perfil lipidico e na protecéo endotelial, colocam-se como importantes providencias
para o controle das DCVs, principalmente a doenca aterosclerética e de suas complicaces.
(WATTS et al., 1994; BERTGES et al., 2011). Portanto conclui-se que o tratamento com OFEO
empregado nas condi¢Oes deste estudo, apresentou efeito capaz de atenuar as complicacfes
decorrentes da SM em animais diabéticos e melhorou o perfil lipidico dos animais com
dislipidemias, dessa forma pode-se inferir que 0 OFEO contribui no controle e como agente

preventivo das DCVs.
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8 CONSIDERACOES FINAIS E PERSPECTIVAS

Nos ultimos anos observou-se grande aumento no nimero de estudos envolvendo a espécie
Euterpe Oleracea Mart. (EOM) sendo a maioria relacionados a patologias associadas a disturbios
metabdlicos mediados por processos oxidativos celulares, realizados com a finalidade de
identificar compostos bioativos capazes de proteger contra os radicais livres, revertendo processos
oxidativos, pois a producdo em excesso de radicais livres pode causar danos graves ao organismo.

Nesse contexto, a ingestao de alimentos que contenham propriedades antioxidantes séo de
grande relevancia no sentido de combater o desenvolvimento de doencas desencadeadas pela
geracéo de radicais livres.

Constatou-se numero muito reduzido de trabalhos farmacoldgicos publicados utilizando o
6leo fixo extraido dos frutos, e a principal fonte dos estudos com a EOM foram realizados a partir
dos extratos e sucos preparados utilizando os frutos desta espécie. Assim, considerando todos esses
aspectos, o presente trabalho teve o propdsito de explorar algo inovador, como a possivel acéo
farmacoldgica do 6leo fixo de E. Oleracea (OFEO) em diversos modelos de dislipidemia. Nessa
perspectiva utilizou-se também equipamentos com tecnologia de ponta, exemplo, a microscopia
eletronica de varredura - MEV que possibilitou comprovar as propriedades anti-aterogénicas do
OFEO.

Neste estudo foi possivel demonstrar que o OFEO teve a capacidade de atuar na melhora
do perfil lipidico testado em diversos modelos experimentais de inducédo de dislipidemia.

O efeito encontrado foi correlacionado com a composi¢do majoritaria de acidos graxos
insaturados presentes no OFEQ, principalmente no acido oleico. Entretanto, ndo foram executados
testes para definir experimentalmente o real mecanismo de ag&o envolvido na melhora do perfil
lipidico ocasionado pelo OFEO.

Espera-se dessa forma que os resultados demonstrados neste trabalho possam servir como
fonte de novos conhecimentos, bem como de subsidios para estudos posteriores, esclarecendo o(s)
mecanismo(s) que envolve(m) a acdo do OFEO sobre a dislipidemia. E nesse sentido possa
contribuir na realizacdo de pesquisas clinicas com perspectivas de avaliagdo farmacoldgica do
OFEO em pacientes com disturbios no metabolismo lipidico, principalmente aqueles que
apresentam riscos de desenvolvimento de doencas cardiovasculares mediado por altos niveis de

LDL-c e triglicerideos.
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