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RESUMO

A utilizacdo de alimentos funcionais parece ser uma estratégica favoravel a prevencéo
de doengas. As uvas e seus derivados, vinhos e sucos sao ricos em compostos bioativos, entre
eles, os compostos fenolicos e seu consumo vem sendo associado a efeitos positivos na
prevencédo e no tratamento de doencas cardiovasculares (DCV). O presente estudo analisou o
efeito do suco de uva, cultivar Isabel (Vitis labrusca L.), na dislipidemia, na resisténcia
insulinica e na HVE, em camundongos homozigotos, para a auséncia do gene do receptor de
LDL (LDLr-/-), alimentados com dieta hiperlipidica. Foram utilizados 30 camundongos
LDLr-/- machos com 3 meses de idade, pesando 22+2g. Divididos em trés grupos (n=10),
Grupo HL recebeu racéo hiperlipidica; Grupo HLU recebeu racdo hiperlipidica e 2g/kg/dia de
suco de uva; Grupo HLS recebeu ragio hiperlipidica e 20mg/kg/dia de sinvastatina. Agua e
racdo foram fornecidos “ad libitum”. Ap6s 60 dias, os animais foram anestesiados por via
intraperitoneal, e o sangue foi coletado para as analises dos niveis séricos de glicose, insulina,
proteina C reativa (PCR), triglicérides (TG), colesterol total (CT) e suas fracdes. Apds a
toracotomia, o coracdo foi removido e o ventriculo esquerdo (VE) foi separado, para as
analises da proporcdo do peso ventricular (mg) pelo peso corporal (g), didametro dos
cardiomidcitos, porcentagens de depdsito de colageno e da area imunorreativa para CD40L.
Os dados foram expressos como média + erro padrdo da média (EPM). A analise de variancia
(ANOVA), seguida do teste Tukey, foi utilizada para a comparacdo das médias que foram
consideradas significativas quando o valor de p<0,05. O uso dos animais e 0 protocolo
experimental foram aprovados pelo Comité de Etica no uso de animais (CEUA-
IFSULDEMINAS), sob o parecer n° 03/A 2014. O grupo HL, quando comparado aos grupos
HLU e HLS, apresentou aumento dos niveis séricos de CT, LDLc e TG, acompanhado da
reducdo dos niveis de HDLc, além disso, apresentou aumento dos niveis de insulina,
resisténcia insulinica e HVE. O suco de uva apresentou resultados similares a sinvastatina,
visto gque preveniu o aumento de CT, LDLc, TG, insulina e resisténcia insulinica e, ainda,
promoveu um aumento expressivo dos niveis de HDLc. A associag¢do do poder antioxidante
dos compostos fenolicos com o aumento dos niveis do HDLc, nos camundongos do grupo
HLU, preveniu o desenvolvimento da HVE, uma vez que inibiu a resposta inflamatdria
ventricular induzida pela via CD40 e seu ligante CD40L. Esses efeitos podem ocorrer por
diferentes mecanismos, prevenindo o depdsito de colageno no tecido ventricular, a HVE e o
aumento dos niveis séricos de PCR. Em conclusdo, o suco de uva é um hipolipemiante e
protetor cardiaco, que apresentou efeito muito proximo ao da sinvastatina, prevenindo a
resisténcia insulinica por acdo antioxidante direta dos compostos fendlicos, ou indireta, via
acdo antioxidante e anti-inflamatéria da molécula de HDLc, demonstrando ser um alimento
funcional com potencial para prevenir doencas cardiovasculares.

Palavras-chave: Resisténcia insulinica. Compostos fendlicos. Lipidios. Dislipidemia.
Alimentos funcionais. Vitis labrusca.



ABSTRACT

The use of functional foods seems to be a favorable strategy for disease prevention.
Grapes and their derivatives, wines and juices, are rich in bioactive compounds, among them
phenolic compounds, and their consumption has been associated with positive effects in the
prevention and treatment of cardiovascular diseases (CVD). The present study analyzed the
effect of grape juice, cultivar Isabel (Vitis labrusca L.), in the dyslipidemia, insulin resistance
and LVH on mice homozygous for the absence of the LDL receptor gene (LDLr -/ -) fed with
hyperlipidic diet. Thirty male LDLr -/ - mice weighing 22 + 2 g were used. Divided into three
groups (n = 10), Group HL received hyperlipidic ration; Group HLU received hyperlipid
ration and 29 / kg / day of grape juice; Group HLS received hyperlipid ration and 20mg / kg /
day of simvastatin. Water and feed were provided "ad libitum". After 60 days the animals
were anesthetized intraperitoneally and blood was collected for the analysis of serum levels of
glucose, insulin, C-reactive protein (CRP), triglycerides (TG), total cholesterol (TC) and their
fractions. After thoracotomy, the heart was removed and the left ventricle (LV) was separated
for analysis of the ventricular weight ratio (mg) by body weight (g), cardiomyocyte diameter,
percentages of collagen deposition and CD40L immunoreactive area. Data were expressed as
mean * standard error of the mean (SEM). The analysis of variance (ANOVA) followed by
the Tukey test were used to compare the means that were considered significant when the
value of p <0.05. The use of the animals and the experimental protocol were approved by the
Ethics Committee on the use of animals (CEUA-IFSULDEMINAS), according to the opinion
n°® 03/A 2014. The HL group, when compared to the HLU and HLS groups, presented
increased levels serum levels of TC, LDLc and TG, accompanied by the reduction of HDLc
levels, also showed increased levels of insulin, insulin resistance and LVH. The grape juice
presented similar results to simvastatin, since it prevented the increase of TC, LDLc, TG,
insulin and insulin resistance, still promoted an expressive increase of HDLc levels. The
association of the antioxidant power of phenolic compounds with the increase of HDLc levels
in HLU mice prevented the development of LVH as it inhibited the inflammatory response
induced by the CD40 pathway and its CD40L ligand. These effects may occur through
different mechanisms, preventing the deposition of collagen in ventricular tissue, LVH and
increased serum levels of CRP. In conclusion, grape juice is a hypolipidemic and cardiac
protector, which has a very close effect to that of simvastatin, preventing insulin resistance by
direct antioxidant action of the phenolic compounds, or indirectly, via antioxidant and anti-
inflammatory action of the HDLc molecule, proving to be a functional food with potential to
prevent cardiovascular diseases.

Key words: Insulin resistance. Phenolic compounds. Lipids. Dyslipidemia. Functional food.
Vitis labrusca.
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CAPITULO 1

1 INTRODUCAO

Segundo dados da Organizacdo Mundial da Saude, as doencas cardiovasculares
(DCV) sdo a principal causa de morte no mundo. Estima-se que 17,9 milhdes de pessoas
morreram por DCV em 2016 (WORLD HEALTH ORGANIZATION - WHO, 2017). Um
importante fator de risco para seu desenvolvimento € a dislipidemia (LIBBY; RIDKER,;
MASERI, 2002), além do estresse oxidativo (MADAMANCHI; VENDROV; RUNGE,
2005), da resisténcia insulinica, do aumento de marcadores inflamatérios (LUSIS, 2000) e da
hipertrofia ventricular esquerda (HVE) (GARCIA et al., 2008).

O risco de desenvolvimento de DCV est4 relacionado diretamente com os niveis
plasmaticos de lipoproteinas de baixa densidade colesterol (LDLc) e inversamente com a
concentracdo de lipoproteinas de alta densidade colesterol (HDLc) (CASTELLI et al., 1977).
Os inibidores da hidroximetilglutaril-coenzima-A redutase (HMG-CoA redutase), também
conhecidos como estatinas, sdo o grupo de farmacos mais potentes e eficazes para reduzir o
colesterol total (CT) e o LDLc (KASTELEIN et al., 2008). Entretanto pelo elevado custo
desses medicamentos, a perspectiva de seu uso prolongado associado ao aparecimento de
efeitos colaterais, torna-se importante a descoberta de tratamentos alternativos para o controle
das dislipidemias (CALDERON et al., 2011).

Os alimentos funcionais, como a uva e seus derivados, sdo capazes de proporcionar
beneficios a salde, além das fun¢bes nutricionais basicas, por isso, seu consumo vem sendo
associado ao risco reduzido de eventos coronarios (GIEHL et al., 2007), ao aumento de
antioxidantes e a defesa contra o estresse oxidativo (TOALDO et al., 2016). As uvas da
espécie Vitis labrusca L. sdo ricas em compostos fendlicos, especialmente as antocianinas
(RAMSAY et al., 2017), que sdo associadas a propriedades antioxidantes, anti-inflamatorias,
inibicdo da oxidacdo do LDLc, diminuicdo dos riscos de DCV e de cancer (CARDOSO;
LEITE; PELUZIO, 2011).

O objetivo deste trabalho foi analisar a influéncia do suco de uva, cultivar Isabel (Vitis
labrusca L.), na dislipidemia, na resisténcia insulinica e na HVE, em camundongos

hiperlipidémicos.



10

2 REVISAO DE LITERATURA
2.1 Doencas cardiovasculares (DCV)

As DCV lideram as causas de morte no mundo, segundo dados da Organizacédo
Mundial da Salde e, preocupantemente, apesar dos avancos cientificos e tecnolégicos para
seu combate, elas continuam apresentando aumento na sua incidéncia (WHO, 2017). Tais
doencas sdo responsaveis por um namero expressivo de mortalidade prematura em adultos e,
mesmo quando ndo sdo mortais, podem levar a invalidez parcial ou total do individuo,
repercutindo também na familia e na sociedade (SIMAO, 2002).

De acordo com o Ministério da Salde, no Brasil, 300 mil pessoas sofrem infartos
todos 0s anos, no entanto, 80% das ocorréncias poderiam ser evitadas com habitos saudaveis
(BRASIL, 2017). O tabagismo, a méa alimentacdo, o sedentarismo e 0 uso nocivo do alcool
podem desencadear DCV, principalmente, em individuos com pressdo arterial elevada,
hiperglicemia, sobrepeso e obesidade (WHO, 2017).

As DCV tém origem multifatorial e seus fatores de risco estdo divididos em ndo
modificdveis e modificaveis. Os ndo modificaveis incluem a idade, sexo e a historia familiar
positiva para DCV, e os modificaveis incluem a dislipidemia, o diabetes, o tabagismo, o
sedentarismo, a alimentacdo, a hipertensdo arterial e a obesidade. A prevencdo é realizada

pelo controle dos fatores de risco modificaveis (PREDIGER, 2009).
2.2 Dislipidemia

A dislipidemia é um importante fator de risco, para o desenvolvimento de DCV
(SANTOS et al., 2017) e é caracterizada pela presenca de niveis elevados ou anormais de
lipidios e/ou lipoproteinas e suas fracBes no sangue (BAYNES; DOMINICZAK, 2007). As
dislipidemias podem ser classificadas em genotipicas e fenotipicas. As genotipicas sdo
chamadas monogénicas (quando causadas por mutacdes em um sO gene) e poligénicas
(quando causadas por multiplas mutagdes). As fenotipicas consideram os valores de colesterol
total (CT), LDLc, triglicerideos (TG) e HDLc e sdo divididas em quatro tipos:
hipercolesterolemia isolada, hipertrigliceridemia isolada, hiperlipidemia mista e HDLc baixo
(SPOSITO et al., 2007).

Os lipidios sdo moléculas gordurosas e, por isso, insolUveis no sangue, portanto, para

percorrerem a circulacdo, precisam ser transportados por proteinas chamadas apoproteinas
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que, ao se ligarem, formam as lipoproteinas (BAYNES; DOMINICZAK, 2007). Estas séo
responsaveis pelo transporte de colesterol no plasma sanguineo e podem ser classificadas em
cinco diferentes classes: quilomicrons, lipoproteinas de muito baixa densidade colesterol
(VLDLc), lipoproteina de densidade intermedidria colesterol (IDLc), LDLc e HDLc
(SICCHIERI, 2012). Os quilomicrons transportam os lipidios provenientes da dieta aos
tecidos periféricos e figado; a LDLc transporta lipidios de sintese enddgena do figado aos
tecidos periféricos, sendo a maior carreadora de colesterol para as células e seu aumento esta
associado ao inicio e a aceleracdo de processos inflamatérios cardiovasculares (FARRET,
2005; ISOSAKI; CARDOSO, 2004; PREDIGER, 2009); a HDLc é responsavel pelo
transporte reverso de colesterol, dos tecidos periféricos ao figado, para ser excretado na bile
(PREDIGER, 2009).

A LDL ¢ subdividida em subespécies maiores e menos densas e menores e mais
densas, que as diferenciam na susceptibilidade a modificagbes oxidativas e comportamento
aterogénico (PRASSL; LAGGNER, 2009). A oxidacdo da particula de LDL que ocorre,
principalmente, por meio da peroxidacdo lipidica, estd altamente relacionada ao
desenvolvimento de DCV (HALLIWELL, 2000). A modificacdo da particula de LDL in vivo
envolve especies reativas de oxigénio, produzidas por células endoteliais, macrofagos e
algumas enzimas como: mieloperoxidases, lipoxigenases e hemeoxigenases 1 presentes na
intima da artéria (DAUGHERTY et al., 1994). Acredita-se que a oxidagdo da LDL ocorra na
parede arterial e ndo na corrente sanguinea pela alta concentracdo de antioxidantes ali
presentes (STEINBERG, 2009).

O papel protetor cardiovascular da HDLc é atribuido as suas atividades anti-
inflamatéria, antitrombdética e antioxidante, além do transporte reverso de colesterol
(LEANCA et al., 2010), ela remove o excesso de colesterol dos tecidos periféricos e também
age inibindo a oxidacdo da LDL (STEINBERG, 2009). O acompanhamento dos niveis séricos
de HDLc, em individuos dislipidémicos, deve ser rigoroso, uma vez que sua reducdo pode
facilitar o desenvolvimento de processos inflamatorios e oxidantes cardiovasculares e

desenvolvimento da resisténcia insulinica com hiperinsulinemia (GARCIA et al., 2011).

2.3 Estresse oxidativo e marcadores inflamatdrios

Dentre 0s mecanismos propostos sobre o papel dos lipidios na génese das DCV,
destaca-se a sua associagdo com o estresse oxidativo, um estado em que 0 excesso de espécies
reativas supera o efeito dos sistemas antioxidantes (ALBUQUERQUE, 2014). O estilo de
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vida sedentério, as dietas ricas em gorduras e fatores genéticos contribuem para o excesso da
producdo ou menor defesa de espécies reativas de oxigénio (EROs), no sistema vascular,
ocasionando um estresse oxidativo, que tem papel fisiopatoldgico fundamental em diversas
DCV (SANTOS, 2015).

Os radicais livres s8o atomos ou moléculas reativas que apresentam elétron
desemparelhado, em sua Grbita mais externa, resultando em instabilidade e conferindo uma
caracteristica reativa, de modo que o atomo precisa receber ou doar elétrons para se estabilizar
(PHANIENDRA,; JESTADI; PERIYASAMY, 2015). Em condicdes fisioldgicas normais, as
EROs sdo consideradas agentes reguladores fundamentais, na sinalizacdo celular, além de
desempenhar um importante papel no crescimento e diferenciacdo celular, nas adaptacfes as
tensdes fisioldgicas e metabolicas, na resposta imune, bem como na protecao contra a invasao
de patogenos (PANIERI et al., 2013). No entanto, quando a producdo de especies reativas é
exacerbada, causa danos ao DNA mitocondrial, oxidacdo de lipidios, agucares e proteinas
resultando em alteracdes na estrutura e funcionalidade celular (GOMES; SILVA; OLIVEIRA,
2012).

A combinacéo de processo inflamatdrio, disfuncdo endotelial e estresse oxidativo, no
ambiente cardiovascular, é considerada o denominador comum dentre as condi¢des que
promovem e sustentam a hipertrofia cardiaca (GARCIA; INCERPI, 2008). Neste sentido, a
proteina C reativa (PCR) tem sido o marcador de inflamag&o mais utilizado na préatica clinica
e considerado como fator de risco independente de DCV (RIDKER, 2003). Além disso, a
interacdo entre a proteina CD40L e seu receptor CD40 também é um biomarcador
inflamatorio utilizado, para acompanhar a evolugdo das DCV, uma vez que essa interacdo esta
relacionada com o desenvolvimento da aterosclerose (HENN et al., 1998), da sindrome
coronariana aguda (VISHNEVETSKY; KIYANISTA; GANDHI, 2004) e da hipertrofia
cardiaca (VELLAICHAMY; SOMMANA; PANDEY, 2005).

2.4 Resisténcia insulinica

A resisténcia insulinica pode ser definida como uma resposta diminuida as acdes
bioldgicas da insulina. Esta associada ao excesso de gordura corporal e alteracdes
metabdlicas, como diabetes, dislipidemias, hipertensdo arterial, que, em conjunto, constituem
a sindrome metabolica (FARIA et al., 2014). O aumento de espécies reativas de oxigénio e
nitrogénio (EROs e ERNSs) pode levar a ativagdo de serina-quinases que fosforilam os

receptores de insulina, ocasionando a resisténcia a insulina. Além disso, esse aumento pode
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estimular uma sinalizacdo pré-inflamatéria por ativacdo de lIkappap kinase (IKKB) que
também leva a resisténcia insulinica (GRATAS-DELAMARCHE et al., 2014).

Segundo Pauli et al. (2009), acidos graxos provenientes da dieta, principalmente os de
origem animal, sdo capazes de ativar proteinas de membrana celulares denominadas TLR-4
(toll like receptors) que funcionam como mediadores da via inflamatéria que influencia
negativamente na acdo da insulina em tecidos metabolicos (Figura 1). Ao se ligarem a esse
receptor de membrana celular, alguns &cidos graxos acionam proteinas de resposta
inflamatoria, incluindo a JNK (c-jun N-terminal kinase) e IKKp, que bloqueiam a acdo da
insulina (DANDONA; ALJADA; BANDYOPADHYAY, 2004).

Em situagcdes normais, a insulina ativa a producdo de 6xido nitrico, com consequente
efeito vasodilatador e antiapoptético, em células endoteliais por um mecanismo dependente
da fosfatidil inositol 3-quinase (PI3K) (GARCIA; INCERPI, 2008). A hiperinsulinemia
decorrente da resisténcia a insulina favorece o desenvolvimento da HVE via ativacdo de
quinases que fosforilam o substrato do receptor de insulina, inibindo sua funcéo, ocasionando
a inibicdo da via fosfatidil inositol 3-quinase (PI3K), proteina quinase B (akt) e a ativacdo da
via da quinase ativada por mitégenos (MAPK), induzindo estresse oxidativo e crescimento
celular, contribuindo para o desenvolvimento da HVE e aumento do risco cardiovascular,
associado a hiperinsulinemia e resisténcia a insulina (BROWNSEY; BOONE; ALLARD,
1997).
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Figura 1 - Inflamag&o e resisténcia a insulina. A ativacdo de quinases, especialmente IKappaf Kinase
(IKK) e c-jun aminoterminal kinase (JNK), ressalta a sobreposicdo das vias metabolicas e
inflamatorias: essas sd0 as mesmas quinases ativadas na resposta imune inata pelo TLR
(toll-like receptor) em resposta aos lipopolissacarideos (LPS) e aos acidos graxos (AGS). A
IKKp pode interferir na sinalizagdo de insulina por pelo menos duas vias: primeiro, ela
pode fosforilar diretamente os substratos do receptor de insulina (IRS-1 e IRS-2) em
residuos de serina; segundo, ela pode ativar indiretamente o NFkf, um fator de transcri¢ao
que, entre outros alvos, pode estimular a produgdo de varios mediadores inflamatorios,
incluindo 0 TNF-a, iNOS e COX2. A JNK ativada tanto pela via do TLR-4 como pelo
TNF-a também pode interferir negativamente na sinalizagdo da insulina, fosforilando o
IRS-1 e 0 IRS-2 em serina. (A) via de sinalizacdo da insulina; (B) via de sinaliza¢do do
TLR-4; (C) via de sinalizacdo do TNF-q.
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Fonte: Pauli et al. (2009).

2.5 Hipertrofia Ventricular Esquerda (HVE)

A HVE ocorre em reposta a uma sobrecarga hemodinamica relatada em varias
condigdes fisioldgicas e patologicas (GARCIA; INCERPI, 2008). E caracterizada por

alteracGes estruturais decorrentes do aumento das dimensées dos cardiomidcitos, proliferacdo
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do tecido conjuntivo intersticial e rarefacdo da microcirculacdo coronariana (WOLLERT;
DREXLER, 2002). Marcador de alto risco cardiovascular, independente de comorbidades,
sem distin¢do quanto a etnia, presenca ou auséncia de hipertensao arterial sistémica ou doenca
coronariana, a HVE é um dos mais importantes fatores de risco para angina de peito, infarto
do miocardio, insuficiéncia cardiaca, acidente vascular cerebral e morte stbita (COLOSIMO
etal., 2011).

Segundo Garcia e Incerpi (2008), dentre os fatores que induzem a HVE estdo os
fatores hemodindmicos, o aumento da necessidade metabdlica e os fatores neuro-humorais
incluindo catecolaminas, angiotensina Il, insulina, estresse oxidativo e hipercolesterolemia.
Esses fatores sdo capazes de promover alteragdes no funcionamento dos canais ionicos do
sarcolema, levando a variacdes da concentracdo ibnica intracelular e promovendo um
estimulo inicial para a ativacdo de proteinas quinases ativadoras mitogénicas (MAPK), dentre
elas, a quinase regulada por sinal extracelular (ERK), a quinase c-jun NHz-terminal (JNK) e a
quinase p38 que sdo mediadores da sinalizacdo hipertrofica, uma vez que induzem a
transcricao de genes associados a hipertrofia (SUSSMAN; MCCULLOCH; BORG, 2002).

Apesar de as MAPK se organizarem de maneira semelhante, ha indicacdes de certas
especializacbes em sua regulacdo: as ERKs sdo primariamente ativadas por estimulos
anabolicos como agonistas de receptores acoplados a proteinas G (GPCR) e estiramento
(SUGDEN; CLERK, 1997). As JNKs e as p38 respondem a estresse, pois, além de serem
ativadas por estimulos anabdlicos, como os agonistas GPCR e estiramento, sdo também
ativadas por agentes citotoxicos (SUGDEN; CLERK, 1998).

Diversas vias de sinalizacdo celular parecem estar envolvidas na inducdo dos
diferentes aspectos da resposta hipertréfica do miocardio e cardiomidcito a sobrecarga
hemodindmica crénica. Pesquisas com animais knock-out que reproduzem a hipertrofia
cardiaca tém permitido maior esclarecimento sobre a contribuicdo de mecanismos especificos

que determinam o crescimento hipertrofico (FRANCHINI, 2001).

2.6 Estatinas

A reducdo dos niveis séricos de CT e LDLc por inibidores da hidroximetilglutaril-
coenzima-A redutase (HMG-CoA redutase), também conhecidos como estatinas, permanece a
terapia mais validada para reduzir a incidéncia de eventos cardiovasculares (KASTELEIN et
al., 2008). A deplecdo intracelular de colesterol estimula a liberagdo de fatores de transcri¢cdo

e, consequentemente, sintese e expressdo na membrana celular de receptores como o LDLr,
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com isso, as estatinas podem influenciar as lipoproteinas circulantes que interagem com esse
receptor, como a LDLc, a VLDLc e remanescentes de quilomicrons (XAVIER et al., 2013). A
inibicdo da HMG-CoA redutase reduz também a formacdo de mevalonato e de radicais
isoprenil, diminuindo a ativagdo de proteinas fundamentais a resposta inflamatéria e
aumentando um importante fator vasodilatador e antitromboético, o 6xido nitrico (NO)
(SPOSITO; CHAPMAN, 2002).

Uma meta-analise realizada pelo Cholesterol Treatment Trialists’ Collaboration
(CTT, 2010), com 170.000 participantes, em 26 estudos randomizados, mostrou que a
reducdo do LDLc com a utilizagdo de estatinas reduz o risco de infarto do miocardio, morte
coronariana e acidente vascular cerebral isquémico, em uma ampla gama de pessoas.
Entretanto o tratamento com estatinas em longo prazo estd associado a queixas musculares,
comprometimento renal e hepatico, hipotireoidismo, diabetes, polineuropatia e outros efeitos
colaterais (THOMPSON; CLAKSON; KARAS, 2003).

Em razdo do elevado custo desses medicamentos e a perspectiva de Seu uso
prolongado associado ao aparecimento de efeitos colaterais tém ganhado importancia a busca
por tratamentos alternativos para o controle das dislipidemias e prevencdo de DCV
(CALDERON et al., 2011).

2.7 Camundongos

Naturalmente, quando comparados aos humanos, os camundongos selvagens
apresentam niveis elevados de HDLc e niveis reduzidos de LDLc, condi¢Ges que exercem um
papel protetor cardiovascular (BRESLOW, 1996). Camundongos também apresentam a
auséncia da lipoproteina A, uma lipoproteina pro-aterogénica presente em humanos. Ainda
que existam diferencas no transporte e metabolismo de lipidios entre camundongos e
humanos, alteracbes em partes especificas das vias tornam similares as duas espécies
(SMITHIES; MAEDA, 1995).

Em seres humanos e camundongos, 0 gene da apolipoproteina E (apoE) ¢ um dos
principais determinantes dos niveis de lipidios no plasma (HOFKER; VAN VLIIMEN;
HAVEKES, 1998). Estudos mostram que camundongos knockout (-/-), para a apoE ou para o
receptor de LDLc (LDLr), podem desenvolver leses cardiovasculares semelhantes as lesdes
humanas avancadas (CALARA et al., 2001; JOHNSON; JACKSON, 2001; SONG; LEUNG;
SCHINDLER, 2001). Camundongos LDLr-/- desenvolvem hiperlipidemia espontanea

moderada, no entanto sdo mais resistentes ao desenvolvimento de lesdes neointimais, na
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artéria carétida, quando alimentados com dieta-padrdo para roedores, mas, quando
alimentados com dieta hiperlipidica, apresentaram-se susceptiveis as lesdes neointimais
(TIAN et al., 2006), significativo estresse oxidativo arterial com desenvolvimento da placa
aterosclerdtica e HVE, conforme descrito por Garcia et al. (2008) e Krieger et al. (2006).

Portanto, para a inducdo de DCV no camundongo LDLr-/-, a dieta hiperlipidica
consiste em adequado modelo experimental para o estudo das complica¢bes encontradas na
doenca avangada (SANTOS, 2015).

2.8 Alimentos Funcionais

O conceito “Alimentos Funcionais” foi desenvolvido pela primeira vez, no Japdo, na
década de 1980, onde pesquisas apoiadas pelo governo japonés mostravam as potencialidades
de alguns alimentos de influenciarem funcdes fisiologicas humanas. O Ministério da Saude e
Bem-Estar do Japéo iniciou, entdo, um sistema regulatorio, para aprovar certos alimentos com
beneficios de salude documentados, na esperanca de melhorar a qualidade de vida durante o
envelhecimento da populagdo japonesa (HASLER, 2002). Este conceito difundiu-se
mundialmente e, em geral, os alimentos que apresentam componentes biologicamente ativos,
capazes de modular a fisiologia do organismo, proporcionando beneficios a saude, além das
fungdes nutricionais basicas, sdo definidos como alimentos funcionais (HENRY, 2010).

Diversos alimentos considerados funcionais séo citados como auxiliares no tratamento
e na prevencao das dislipidemias e do risco cardiovascular, por exemplo, as fibras soltveis
(farelo de aveia e psyllium), a proteina de soja, os acidos graxos 6mega-3, 0 cacau, o0 cha-
verde, o café, o alho, a levedura de arroz vermelho, a goma guar (Cyamopsis tetragonolobus),
0 Gleo de primula, a alcachofra, a canela, as algas marinhas, o leite fermentado, a linhaca, as
frutas vermelhas, o farelo de milho (PASCHOAL; NAVES, 2014), as uvas e seus derivados
(GIEHL et al., 2007; TOALDO et al., 2016).

As uvas sdo consideradas uma das maiores fontes de compostos fendlicos, quando
comparadas a outras frutas e vegetais (MACHEIX; FLEURIET; BILLOT, 1990),
principalmente flavonoides (antocianinas e flavonois), estilbenos (resveratrol), &cidos
fenolicos (derivados dos é&cidos cinamicos e benzoicos) e uma variedade de taninos
(FRANCIS, 2000). Estudos demonstram que esses fendlicos da uva possuem alta capacidade
antioxidante e de inibicdo da proliferacdo celular (FARIA et al., 2006; MITJANS et al.,
2004), reduzem a oxidacdo do LDLc e a agregacdo plaquetaria (HAYEK et al., 1997),

promovendo beneficios & saude.
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2.8.1 Suco de uva

A cultura de videiras é bastante difundida no Brasil, com destaque para o cultivo das
espécies Vitis vinifera L., de origem euroasiatica e Vitis labrusca L., originaria da América
Setentrional (EMPRESA DE PESQUISA AGROPECUARIA E EXTENSAO RURAL DE
SANTA CATARINA - EPAGRI, 1999). A produgéo de uvas, no Brasil, em 2017, foi a maior
ja registrada, com destaque para os estados de Pernambuco e Rio Grande do Sul, sendo que,
neste Ultimo, a producdo de uvas se aproximou de um milhdo de toneladas (MELLO, 2018).
A espécie Vitis labrusca L. é amplamente cultivada nessa regido e representa mais de 80%
das uvas processadas, destinadas, sobretudo, a producdo do suco de uva. Entre as variedades
mais cultivadas destacam-se a Bordd e a lIsabel, que correspondem a 50% da producéo
nacional de uvas (OLIVEIRA et al., 2008).

No Brasil, a Lei que dispde sobre a producéo, circulacdo e comercializa¢do do vinho e
derivados da uva e do vinho é a Lei n° 7.678, de 8 de novembro de 1988, que define suco de
uva como a bebida ndo fermentada, obtida do mosto simples, sulfitado ou concentrado de uva
s&, fresca e madura (BRASIL, 1988). Das etapas de producgéo do suco destacam-se: o controle
da cultivar que ¢é determinante para a qualidade do suco; a separacdo da raquis, que imprime
gosto amargo ao suco pelo seu baixo teor de agUcares; o esmagamento da uva, que contribui
na extracdo da cor por meio do aumento da superficie de contato entre 0 mosto e a parte
solida; o aquecimento da uva esmagada no minimo a 65°C, para a extragdo de substancias
presentes na pelicula, como compostos fenolicos, responsaveis pela cor; a separacao da parte
solida (pelicula e sementes); a refrigeracdo, além das Boas Praticas de Fabricacdo para
assegurar um produto final de qualidade (RIZZON; MENEGUZZO, 2007).

O suco integral de uva é rico em flavonois, antocianinas, acidos fendlicos, acidos
hidroxicinamico e hidroxibenzoico, resveratrol, glicose, frutose, aminoacidos, polipeptidios,
proteinas, acidos tartarico, méalico e citrico, vitaminas como tiamina, riboflavina, niacina,
acido ascorbico e inositol e elementos minerais, como potassio, sodio, calcio, magnésio,
fosforo, ferro, manganés, cobre, zinco, litio e rubidio (DUSMAN et al., 2017).

Seu consumo vem sendo associado a efeitos positivos a salide, como o aumento da
capacidade antioxidante (GIEHL et al., 2007), reducdo dos niveis de colesterol e de
marcadores pro-inflamatorios (BUB et al.,, 2001; CASTILLA et al., 2006), beneficios
cardiovasculares e redox, em ratos Wistar hipertensos, mesmo quando a sintese de Oxido
nitrico estava bloqueada (DILLENBURG, 2012), reducdo significativa de indice de massa

corporal (IMC), circunferéncias abdominal e da cintura e um aumento de HDLc em mulheres
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(ZUANAZZI, 2017), melhora do desempenho fisico, aumento da atividade antioxidante e
reducdo da inflamacdo sistémica em corredores recreacionais (TOSCANO, 2015), efeitos

atribuidos, em especial, aos compostos fendlicos presentes (SOUZA, 2008).

2.8.2 Compostos fendlicos

Os compostos fendlicos sdo encontrados em diferentes concentraces em uma
variedade de fontes alimentares a base de plantas, como leguminosas, frutas, vegetais,
extratos de ervas, especiarias, café, cha e cacau. Estes compostos sdo agrupados em acidos
fendlicos, estilbenos, lignanas e flavonoides com base no nimero de anéis de fenol. Os
flavonoides sdo sub-classificados em flavondis, flavonas, isoflavonas, flavanonas,
antocianidinas e flavano-3-ols em funcdo de sua complexidade estrutural (RAMSAY et al.,
2017).

Frutos de baga representam uma rica fonte de fendlicos, que estdo relacionados a uma
série de beneficios a satde, incluindo modulacéo da inflamag&o, redugdo no risco de doenca
cardiovascular, efeito anticancerigeno e protecdo contra doengas neurodegenerativas
(FRANCIS, 2000). As uvas da espécie Vitis labrusca L. contém uma mistura Unica de
flavano-3-ols, esteres tartaricos de hidroxicinamatos e antocianinas, sendo as antocianinas
responsaveis por 46% do seu contetdo fenolico total (RAMSAY et al., 2017).

As antocianinas, do grego: anthos = flores; kianos = azul, s&o o0s pigmentos
responsaveis pela coloracdo azul, violeta, vermelha e rosa exibida em flores e frutos. Todas as
antocianinas sdo derivadas da estrutura basica do cation flavilium, deficiente em elétrons e,
portanto muito reativo (GUIMARAES; ALVES; FILHO, 2012). Sio atribuidos as
antocianinas beneficios a salde por suas atividades bioldgicas, que incluem propriedades
antioxidantes, anti-inflamatdrias, inibicdo da oxidagdo do LDLc, diminuicdo dos riscos de
doencas cardiovasculares e de cancer, sendo que varios mecanismos podem estar envolvidos
nesse processo (CHANG et al., 2006; Yl et al., 2010).

A presenca de altas concentragdes de polifendis antioxidantes, em uvas tintas, tem sido
relacionada a beneficios cardiovasculares observados em populagdes que consomem a fruta
ou seus derivados como vinho ou suco (HASLER, 2002). No entanto os tratamentos com
alimentos funcionais tém sido utilizados de forma empirica, carecendo de metodologia de

estudo que permita conclusdes mais confiaveis (CALDERON et al., 2011).
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Abstract

In the present study the effects of grape juice from Isabel cultivar (Vitis labrusca L.) on dyslipidemia, insulin
resistance, and left ventricular hypertrophy (LVH) in homozygous mice for LDL receptor gene absence (LDLr -/
-) under a hyperlipidemic diet were evaluated. A total of 30 male LDLr-/- mice (3 months old), were divided into
three groups (n = 10). Group HL received hyperlipidic feed; Group HLU received hyperlipid feed and 2
g/kg/day of grape juice; Group HLS received hyperlipid feed and 20 mg/kg/day of simvastatin. After 60 days of
the experiment, the mice treated with grape juice presented similar results to the group treated with simvastatin,
since it’s use attenuate dyslipidemia and insulin resistance, besides to promoting a significant growth of
cholesterol high-density lipoproteins (HDLc) levels. The association of the antioxidant power of phenolic
compounds with the rise of HDLc levels in HLU mice prevented the development of LVH as it inhibited the
inflammatory response induced by the CD40 pathway and its CD40L ligand. These effects can occur through
different mechanisms, preventing the deposition of collagen in ventricular tissues, development of LVH, and the
increase of serum levels of C-reactive protein (CRP). As a conclusion, grape juice is a hypolipidemic and
cardiac protector, which had a very close effect to simvastatin by direct antioxidant action of phenolic
compounds, or indirectly via antioxidant action and anti-inflammatory activity of the HDLc molecule. These
results suggest that grape juice is a functional food with great potential to prevent cardiovascular diseases.

Keywords: insulin resistance; phenolic compounds, lipids; dyslipidemia; functional foods; Vitis labrusca.

INTRODUCTION

Cardiovascular diseases (CVD) represent 30% of all causes of death worldwide!. According to the
Ministry of Health, in Brazil, 300,000 people suffer heart attacks every year2. Dyslipidemia is a
significant risk factor for CVD? and its development is directly related to serum levels of low-density
lipoprotein cholesterol (LDLc) and triglycerides (TG) and, inversely associated with serum levels of
high-density lipoprotein cholesterol (HDLc)*. In addition, oxidative stress has been associated with its
onset®, accompanied by insulin resistance, increased inflammatory markers®, and left ventricular
hypertrophy (LVH)".

The Inhibitors of hydroxymethyl glutaryl-coenzyme-A reductase (HMG-CoA reductase), better known
as statins, are the most validated clinically therapy to reduce cardiovascular events by lowering plasma
levels of LDLc, very-low-density lipoprotein cholesterol (VLDLc), inflammatory markers and
increase the levels of nitric oxide®. However, long-term treatment with statins is associated with
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muscle complaints, renal and hepatic impairment, hypothyroidism, diabetes, polyneuropathy, and
other side effects®.

The lipid metabolism regulation through diet is an essential target for therapeutic intervention in order
to reduce the risk of CVD?. The consumption of grape products such as red wine and red grape juice
has been shown to have positive effects on human health by increasing the antioxidant capacity?,
reducing the cholesterol levels and pro-inflammatory markers. These effects are attributed mainly to
the presence of phenolic compounds!**3,

Grapes (Vitis labrusca L.) are rich in phenolic compounds and, according to Ramsay*4, about 46% are
anthocyanins. Anthocyanins have great health benefits due to their biological activities, which include
antioxidant, anti-inflammatory properties, inhibition of LDLc oxidation, reduction of CVD, and cancer
risks®.

Studies with LDL receptor-deficient mice (LDLr - / -) showed that when these animals are fed with a
hyperlipidic diet, they became susceptible to neointimal lesions'®, with increased arterial oxidative
stress with development of atherosclerosis plaque'’. It also causes LVH with a larger immunoreactive
area for CD40L7, severe mixed dyslipidemia with reduction of serum levels of HDLc, and insulin
resistance'®. In the present study, the effects of grape juice on dyslipidemia, insulin resistance, and
LVH in LDLr - / - mice submitted to a hyperlipidemic diet were evaluated.

MATERIAL AND METHODS

Grape Juice (Vitis labrusca L.)

To prepare the juice we used red table grapes from Isabel cultivar (Vitis labrusca L), harvested in the
Federal Institute of Education, Science and Technology of South Minas Gerais (IFSULDEMINAS), in
the Muzambinho Campus. The juice was developed by the sector of Agroindustry Vegetables of the
same institution, using a steam drag juice extractor, without the addition of any solute, preservative,
and/or water. The juice was kept in a ambar glas vessel under 5°C during all he experiment.
Physicochemical analyzes were carried out in the grape juice to analyze the moisture content, the
presence of ashes or mineral material, the amount of total lipids, crude protein, pH and soluble solids.
The moisture content was obtained by direct drying in an oven at 105°C; the percentage of ash was
obtained by heating to 550 ° C; the amount of crude protein was calculated by the Kjeldahl method
adopting the correction factor of 6.25; the pH analysis was performed using pHmeter and the content
of soluble solids (°Brix) was obtained by reading a benchtop refractometer with automatic temperature
correction. All the analyses were performed according to the methodology described by Pregnolatto
and Pascuet, 198519,

To analyse the total lipids content we used the Bligh and Dyer techinique?.

The analysis of total phenolic content was carried out at in the Agricultural Research Company of
Minas Gerais (EPAMIG) in Caldas/MG, using the Folin Ciocalteau method with gallic acid as the
reference standard®. All the analysis were conducted in triplicate.

ANIMAL PROTOCOL

A total of 30 male mice (3 months old), which were homozygous for the absence of the LDL receptor
gene (LDLr -/-) generated in background C57BL6 and weighing 22 + 29, were studied. The animals
were purchased at the Jackson Laboratory (USA) and maintained at the José do Rosario Vellano
University (UNIFENAS), Alfenas/MG, with temperature control and light/dark cycle (12h).

The mice were divided into three experimental groups (n = 10)

Group HL: The mice received hyperlipid feed with 20% total fat, 1.25% cholesterol, and 0.5% cholic
acid; Group HLU: The mice received hyperlipid feed with 20% total fat, 1.25% cholesterol, 0.5%
cholic acid, and treated with grape juice at a dosage of 2 g/kg administered via gavage once a day.
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HLS Group: The mice received hyperlipidemic feed with 20% total fat, 1.25% cholesterol, 0.5%
cholic acid and treatment with simvastatin (commercially available) at a dose of 20 mg/kg
administered via gavage once a day.

All animals received their respective diets and were treated with water ad libitum.

After 60 days of the experiment, all the animals were anaesthetized intraperitoneally using
Xylazine/Ketamine (Bayer AS and Parke-Davis®), respectively, at the concentration of 6-40 mg/kg.
After anaesthesia, blood samples were collected via retro-orbital, using heparinized capillaries, and
analyzed for glucose, insulin, C-reactive protein (CRP), TG, total cholesterol (TC) and its fractions.
After the thoracotomy, the left ventricle (LV) was removed and freshly weighed to perform the
calculation of ventricular weight (mg) by the animal weight (g)’. The procedures were approved by the
Committee on Ethics in the Use of Animals - CEUA / IFSULDEMINAS, n° 03A/2014.

SERUM ANALYSIS

Serum levels were obtained by blood sample centrifugation and serum glucose concentration was
measured by the enzymatic colourimetric method, according to the technique proposed by Trinder?2.
The concentration of insulin was measured using a commercial ELISA (Enzyme-Linked
Immunosorbent Assay) kit. The Homa index (HOMAIr) to determine the insulin resistance was
calculated by the formula: {HOMAIr = fasting insulinemia (mU/L) x fasting blood glucose
(mmol/L)}/22.5}. For the measurement of serum lipids (TG, TC, and HDLc), an enzymatic assay was
used according to Hedrick et al?3. The levels of LDLc were determined by the formula proposed by
Friedewald et al?*. The quantitative determination of CRP was done by turbidimetry and photometry
(Humastar 300® apparatus) and the results were expressed in mg/dL?®.

MORPHOMETRIC AND HISTOLOGICAL ANALYSIS

The left ventricle (LV) was fixed for 48 hours in formalin (10%) and histologically processed
according to Junqueira et al.?. The ventricles histological sections were treated with 3% hydrogen
peroxide to block endogenous peroxidase activity. The samples were incubated for 12 hours with
polyclonal antibody produced in rabbit anti-CD40L (Santa Cruz® 1:50) in a humid chamber. After
incubation with the primary antibody, a second incubation with biotinylated secondary antibody
(Dako® LSAB kit) was performed for 1 hour at 37 °C. In order to demonstrate the immunoreactive
areas, the sections were incubated with peroxidase-conjugated complex (Dako® LSAB kit) for 45
minutes at 37 °C and placed in chromogen solution (50 mg DAB in 50 mL PBS with 3 mL of 10%
hydrogen peroxide) for 3 minutes. After counterstaining with Harris hematoxylin (Sigma®) for 25
seconds, the blades were mounted and analyzed under an optical microscope and the fractional
percentages of the immunoreactive area for LV CD40L were acquired®’.

The ventricles histological sections were stained with Picrosirius red to evaluate and quantify the
collagen of cardiac tissue by means of polarized light and with HE (hematoxylin/eosin) for
morphometric analysis of cardiomyocytes.

STATISTICAL ANALYSIS

The obtained data were expressed as the mean * standard error of the mean (SEM). The analyses of
variance (ANOVA), followed by the Tukey test, were used to compare the average between the
different groups. The differences were considered significant when p < 0.05. All statistical treatments
were performed using GraphPad Instat statistical software, version 3.05, for Windows (GraphPad
InstatTM, San Diego, CA, USA).
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RESULTS

In the present study, the grape juice presented an average of total phenolic concentration of 1029 + 24
mg/L. The pH average found was 2.96 and the average of soluble solids was 11.7° Brix. The
percentages of moisture, ash, lipids and proteins found were 89.88; 0.16; 0.38 and 0.58, respectively.
In the analysis of the lipid profile, grape juice prevented the increase of TC, LDLc and TG in 42, 46,
31% respectively, in the HLU group, when compared to the HL group. In addition, its use promoted a
significant rise in HDLc levels. Similar results were found in the mice in the simvastatin-treated group
(HLS) (Table 1). The serum levels of TC and LDLc in the HLS group were lower when compared
with the HLU group.

The use of simvastatin and grape juice prevented the increase in the serum insulin levels when
compared to the HL group. Serum glucose levels did not change significantly between groups.
Regarding the HOMAIr, the HL group presented an increase in this index compared to the other
groups, while the HLU group presented a similar result to the HLS group, indicating the positive effect
of grape juice on the prevention of insulin resistance. The HL group presented an increase in the CRP
levels, whereas the HLU group showed no significant difference when compared with the HLS group.
These results show that grape juice prevented the increase of this circulating inflammatory indicator
(Table 1).

Table 1 — Comparison of serum levels of lipids, glucose, insulin, Homa index (Homai;), and CRP of LDLr - / -
mice of the HL, HLU, and HLS groups.

HL HLU HLS
TC (mg/dL) 681 + 38.2° 398 + 15.0° 330 £8.0°
HDLc (mg/dL) 27 £ 2.7 37+5.2° 36+1.9°
LDLc (mg/dL) 608 + 32.0° 329 +13.3° 264 £ 23.1°
TG (mg/dL) 230 +5.70 159 + 8.0° 158 +6.3°
Glucose (mMol/L) 5.6 £0.2° 53+0.1° 53+0.2?
Insulin (ug/dL) 6.3+0.6% 3.6+0.2° 3.2+04°
Homaj; 1.6+0.2? 0.8 +0.05° 0.7 +£0.06°
CRP (mg/dL) 152 +1.0° 6.3 + 1.5 5.2+1.2°

Values expressed as mean + standard error of the mean. Different letters indicate significant
differences between groups for each variable (p <0.05).

Regarding the left ventricular weight (mg) by animal weight (g), the HL group showed an increase in
this proportion, followed by increased cardiomyocyte diameter, tissue collagen deposition, and CD40L
immunoreactive area in LV when compared to the HLS and HLU groups (Table 2 and Figure 1).
However, the use of grape juice attenuates the increase of these indicators when compared to the HLS
group, with an anti-inflammatory effect similar to the HLS group (Table 2 and Figure 1).

Table 2 - Comparison of left ventricular weight (mg) per animal weight (g), cardiomyocyte diameter (um),
percentage of collagen deposition in LV (%) and CD40L immunoreactive area in LV (%) in the mice groups:
HL, HLU, and HLS.

HL HLU HLS
Proportion of LV weight (mg)/ animal weight (g) 4.2 +0.082 3.6 +0.01° 3.1+0.09°
Cardiomyocyte diameter (um) 25.0+0.8% 225+1.0° 19.0+1.0¢
LV Collagen deposition (%) 9.8+1.22 42+1.0° 41+1.1°
LV CD40 immunoreactive area (%) 7.0 +0.5% 3.0+0.3° 2.6+1.0°

Values expressed as mean * standard error of the mean. Different letters indicate significant
differences between groups for each variable (p <0.05).
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Figure 1 - Photomicrograph of transverse histological sections of the left ventricle of mice showing the
immunoreactive area for CD40L, cardiomyocyte diameter, and collagen deposition (marked in red). Group HL:
received hyperlipid ration; Group HLU: received hyperlipid feed and grape juice; Group HLS: received
hyperlipidic ration and simvastatin.

DISCUSSION

Grapes are considered one of the main sources of phenolic compounds when compared to other fruits
and vegetables?’. The total phenolic content in grape juice varies from 400 to 3000 mg/L on average
and depends on the grape variety, its maturation stage, the geographical origin of the grapes, the soil
type where they are cultivated, the amount of sun exposure, and the juice processing technology?®. The
grape juice used in this study presented an average of total phenolics corresponding to the average
found in juices of different grape varieties?®*°. The average pH found in this study corroborates with
the analyzes of grape juices of Gurak et al.*’. Regarding the soluble solids content, this content was
below the minimum value recommended by the legislation, which is 14 °Brix3!. The percentage of
moisture, ashes, lipids, and proteins found in these samples resembles the analyzes performed by
Santana et al.®? in whole-grape juice.

The treatment with grape juice prevented mixed dyslipidemia and reduced serum HDLc levels in mice
of the HLU when compared to the HL group. In addition, it prevented insulin resistance, LVH and
ventricular inflammatory process, which were demonstrated by the smaller immunoreactive area for
CDA40L, lower collagen deposition in the ventricular tissue, and lower serum levels of CRP. These
effects are correlated with the content of phenolic compounds and their antioxidant capacities.®®

The hypolipidemic effect of grape juice on mice of the HLU group might have occurred due to the
presence of phenolic compounds, which reduced the absorption of cholesterol by their ability to bind
to this lipid, preventing its absorption and causing a greater faecal excretion of cholesterol, bile acids,
and other dietary lipids®. In addition, phenolic compounds increase the activity of lipoprotein lipase
(LPL), promoting the hydrolysis of TG molecules found in the lipoprotein particles, causing their
greater plasma removal® and, consequently, reducing the TG levels in the HLU group. These results
are consistent with other studies that demonstrated that red wine phenolics, with or without alcohol,
had a lipid-lowering effect in LDLr -/- mice and in hyperlipidemic hamsters®*®2”. On the other hand,
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the use of simvastatin by the HLS group prevented the endogenous production of lipids, inhibiting the
functioning of the enzyme HMG-CoA reductase®®, reducing serum lipid levels in the HLS group.

The main phenol molecules present in grapes are flavonoids (anthocyanins and flavonols), stilbenes
(resveratrol), phenolic acids (derived from cinnamic and benzoic acids), and a wide variety of
tannins®°,

Different studies have shown that these grape phenolics compounds can promote health benefits such
as high antioxidant capacity and cell proliferation inhibition*®*!, can also reduce the oxidation of
LDLc and platelet aggregation, contributing thus, to the reduction of atherosclerotic lesion
progression®?, In hypertensive Wistar mice, the treatment with grape juice demonstrated
cardiovascular and redox benefits, even when the nitric oxide synthesis was blocked*:. Women
supplemented with grape juice had a significant reduction in the body mass index, waist
circumferences and showed a 16% increase in the HDLc levels*. Recreational joggers, when
supplemented with grape juice, showed an improvement in their physical performance together with
an increase in the antioxidant activity and a reduction in the systemic inflammation®.

In the present study, the phenolic compounds in grape juice prevented the decrease in serum levels of
HDLc and their oxidation, which consequently decreased their hepatic removal“. Thus, the use of
grape juice in this studied models equilibrated the balance between LDLc and HDLc, protecting the
cardiac tissue.

The role of the CD40 receptor and its CD40L binder as inflammatory markers involved in cardiac
hypertrophy’ and atherosclerosis*’ is evident at different stages. CD40L is a transmembrane protein
that exerts a pro-oxidant effect. The interaction with its CD40 receptor induces the inflammatory
response, facilitating the development of acute coronary syndrome*, the activation of the NFkappa p*°
pathway and the phosphorylation of the IKK (Kappa  kinase inhibitor), triggering genes involved in
inflammation and cardiac hypertrophy®®, which was observed in the mice of the HL group in this
study.

The equilibrium of LDLc/HDLc balance associated with the antioxidant effect of grape juice phenolic
compounds prevented oxidation and ventricular inflammation, as verified in the HLU group since they
inhibited the inflammatory response induced via the CD40 pathway and its CD40L binder. These
effects may occur through different mechanisms: inhibition the NFkappa B! pathway; reduction in the
production and activity of matrix metalloproteinases and suppression of MAPK activation (mitogen-
activated protein kinases), JNK, and p38°; as well as prevention of collagen deposition in ventricular
tissue. The prevention of the reduction of serum levels of the HDLc molecule was crucial in the
cardiac protection because, besides the reverse cholesterol transport function®, it has an antioxidant
effect'®>* due to its ability to destroy lipid hydroperoxides that oxidize LDLc phospholipids, by the
action of the enzymes paraoxonase-1°° and paraoxonase-3°¢. The HLU and HLS groups showed
elevated levels of HDLc and lower levels of CRP. This increase in the HDLc level may have played
an anti-inflammatory role in these animals®’, preventing LVH.

The HL group showed an increase in serum insulin levels and in insulin resistance. Insulin causes
tyrosine phosphorylation of the insulin receptor substrate (IRS-1). However, insulin-inducing agents
such as free fatty acids, oxidative stress, and inflammations promote the activation of IRS-1
phosphorylating kinases in serine, inhibiting its function®®. The mice of the HL group did not present
hyperglycemia. The insulin resistance without hyperglycemia found in the HL group in this study may
have occurred because of the ability of the IRS-2 to compensate for the absence of the IRS-1°°
partially.

The HLU and HLS groups that presented high levels of HDLc did not show an increase in insulin
levels and insulin resistance when compared to the HL group. In the HLU group, in addition to the
antioxidant action of the HDLc molecule, phenolic compounds, especially the anthocyanins present in
grape juice, may also have exerted this function, since anthocyanins can attenuate oxidative stress.
This can happen through the oxidation inhibition of LDLc due to its chemical structure, such as
glycosylation degree and number of hydroxyl groups®. Insulin resistance associated with
hyperinsulinemia was not observed in mice of the HLU and HLS groups, showing that the
antioxidant/anti-inflammatory effect of HDLc and phenolic compounds in these animals may have
prevented the oxidation of insulin receptor substrates. Both in vitro and in vivo studies have shown
that several proinflammatory cytokines®® are involved in the pathogenesis of insulin resistance, and
many anti-inflammatory strategies have been shown to improve insulin sensitivity®2.
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CONCLUSION

Grape juice (Vitis labrusca L.) is a hypolipidemic and cardiac protector, which had a very close effect
to simvastatin, preventing insulin resistance by direct antioxidant action of phenolic compounds, or
indirectly via antioxidant action and anti-inflammatory activity of the HDLc molecule, demonstrating
to be a functional food with great potential to prevent cardiovascular diseases.
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