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As doengas cardiovasculares (DCV) lideram as causas de morte em todo o mundo, sendo a
dislipidemia o principal fator de risco. A alimentagéo € reconhecida como a intervengdo mais
importante na prevencdo de patologias e as plantas sdo consideradas a melhor fonte de
antioxidantes naturais. Entre elas, um alimento funcional que tem se destacado é o Yacon, uma
raiz tuberosa, originaria da regido Andina que possui frutooligossacarideos (FOS) como
principal carboidrato de reserva, diferenciando-se da maioria das espécies tuberosas que
estocam energia na forma de amido. Além desses compostos, 0 Yacon apresenta polifendis em
quantidade significativa tanto nas raizes como nas folhas. Estudos demonstram que o Yacon
possui atividade hipoglicémica, entretanto pouco se sabe sobre outras propriedades. Assim, 0
objetivo deste estudo foi investigar os efeitos hipolipémico e antioxidante in vivo dos extratos
hidroalcodlicos da folha e raiz do Yacon (Smallanthus sonchifolius). Foram utilizados ratos
Wistar, machos, divididos em: G1 (controle dieta normal), G2 (controle dieta hipercalérica)
(NaCl 0,9%), G3: suspensao oral de sinvastatina 10 mg/Kg (SIM), G4: extrato folha Yacon 20
mg/kg (EFY20), G5: extrato folha Yacon 40 mg/kg (EFY40), G6: extrato folha Yacon 20 mg/kg
+ sinvastatina (EFY20+SIM), G7: extrato folha Yacon 40 mg/kg + sinvastatina (EFY40+SIM),
G8: extrato raiz Yacon 20 mg/kg (ERY20), G9: extrato raiz Yacon 40 mg/kg (ERY40), G10:
extrato raiz Yacon 20 mg/kg + sinvastatina (ERY20+SIM) e G11: extrato raiz Yacon 40 mg/kg
+sinvastatina (ERY40+SIM). As formulagdes foram administradas uma vez ao dia por gavage
durante 14 dias consecutivos. Os parametros hematol6gicos, bioquimicos e de estresse
oxidativo foram determinados através de metodologias classicas. Os grupos que receberam o

extrato de Yacon apresentaram melhora do perfil glicémico e lipidico. A dieta



hipercolesterolémica aumentou os niveis séricos da creatina-quinase, CK-MB, homocisteina e
LDH porém a administracdo do extrato diminuiu significativamente os niveis destes
marcadores quando comparado ao grupo ndo tratado. Alem disso, o extrato, reduziu a
peroxidacdo lipidica, a carbonilacdo proteica, e frequéncia de micronicleos induzida por
hipercolesterolemia e aumentou as defesas antioxidantes (CAT, SOD, GPx, GSH, vitamina C
e polifendis) no sangue. Verificou-se ainda que, a suplementacdo do Yacon ndo mostrou efeito
hepatotdxico ou nefrotoxico. A dieta hipercolesterolémica aumentou o processo inflamatorio,
avaliado através de seus marcadores, e a administracdo do extrato melhorou esse parametro.
Além disso, a suplementacdo com a raiz do Yacon controlou o ganho de peso dos animais.
Assim, os resultados sugerem que o extrato liofilizado do Yacon apresentou uma atividade
hipoglicémica, hipolipémica e antioxidante, possivelmente devido ao seu alto conteudo de

compostos fendlicos.

Palavras-chave: Yacon, glicemia, antioxidante, lipideos sanguineos, estresse oxidativo
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Cardiovascular diseases (CVD) are the leading cause of death worldwide, and dyslipidemia a
major risk factor. Feeding is recognized as the most important intervention in the prevention of
diseases and plants are considered the best source of natural antioxidants. Among them, a
functional food that has been highlighted is the Yacon, a tuberous root, originate in the Andean
region with fructooligosaccharides (FOS) as the main reserve carbohydrate, differing from most
tuberous species which store energy in the form of starch. In addition to these compounds,
Yacon presents significant amount of polyphenols in both roots and leaves. Studies show that
Yacon has hypoglycemic activity, however little is known about other properties. The objective
of this study was to investigate the hypolipemic and antioxidant effects in vivo of
hydroalcoholic extracts of leaf and root of Yacon (Smallanthus sonchifolius). Male Wistar rats
were used, divided into: G1 (normal control diet), G2 (control calorie diet) (NaCl 0.9%), group
3: oral suspension of simvastatin 10 mg/kg (SIM), group 4: Yacon leaf extract 20 mg/kg
(YLEZ20), group 5: Yacon leaf extract 40 mg/kg (YLES5O0), group 6: Yacon leaf extract 20 mg/kg
and simvastatin 10 mg/kg (YLE20+SIM), group 7: Yacon leaf extract 40 mg/kg and simvastatin
10 mg/kg (YLE40+SIM), group 8: Yacon root extract 20 mg/kg (YREZ20), G9: Yacon root
extract 40 mg/kg (YRE40), G10: Yacon root extract 20 mg/kg and simvastatin 10 mg/kg
(YRE20+SIM), G11: Yacon root extract 40 mg/kg and simvastatin 10 mg/kg (YRE40+SIM),
The formulations were administered once daily by gavage for 14 consecutive days.
Hematological, biochemical and oxidative stress parameters were determined by classical
methods. The groups that received the Yacon extract showed improvement of glycemic and
lipid profile. The hypercholesterolemic diet increased serum levels of creatine kinase, CK-MB,



homocysteine and LDH, but the extract administration decreased the levels of these markers
significantly when compared to the untreated group. Moreover, the extract, reduced lipid
peroxidation, protein carbonylation and frequency of micronucleus induced by
hypercholesterolemia and increase antioxidant defenses (CAT, SOD, GPx, GSH, vitamin C,
polyphenols) in the blood. Moreover, supplementation of Yacon showed no hepatotoxic or
nephrotoxic effect. The hypercholesterolemic diet increased the inflammatory process,
evaluated through your markers, and extract administration has improved this parameter.
Furthermore, supplementation with the root of Yacon controlled weight gain of animals. Thus,
the results suggest that the lyophilized Yacon extract showed a hypoglycemic, hypolipemic and
antioxidant activity, possibly due to its high content of phenolic compounds.

Keywords: Yacon, glycemia, antioxidant, blood lipids, oxidative stress.
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APRESENTACAO

A presente dissertacdo foi dividida em trés partes principais. Na parte | encontram-se a
INTRODUCAO, o REFERENCIAL TEORICO e o0os OBJETIVOS. As secdes
MATERIAL E METODOS, RESULTADOS e DISCUSSAO e as respectivas
REFERENCIAS estfo apresentadas sob a forma de manuscritos, os quais encontram-se nos
itens MANUSCRITO | e MANUSCRITO Il, compondo a parte Il deste trabalho e
representando a integra deste estudo. As secdes CONCLUSAO, PERSPECTIVAS e
REFERENCIAS encontram-se na parte |11 desta dissertacdo, sendo que as referéncias
referem-se somente as citacOes utilizadas na introducdo e referencial teérico desta dissertacéo.
As perspectivas correspondem aos possiveis estudos que podem ser realizados para dar

continuidade a este trabalho.
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PARTE I

1 INTRODUCAO

A doenca cardiovascular (DCV) é a maior causa de morbimortalidade a nivel mundial,
sendo responsavel por milhares de mortes a cada ano (HE et al., 2005; STRONG et al., 2005;
NICHOLS et al.,, 2014). O Brasil acompanha este fenémeno internacional, apresentando
estatisticas (MANSUR, & FAVARATO, 2012), pois segundo o Banco de Dados do Sistema
Unico de Saude (DATASUS) a taxa de mortalidade especifica por doencas do aparelho
circulatério foi de cerca de 335.213 s6 no ano de 2011, responsavel por quase 30% das mortes
no Pais (MINISTERIO DA SAUDE, 2012).

Séo varios os fatores de risco associados ao desenvolvimento das DCV como tabagismo,
obesidade, hipertenséo arterial sisttmica (HAS) e dislipidemia (EZZATI et al., 2005;
MOREIRA, et al., 2013). Porém a dislipidemia vem sendo apontada como a principal causa no
desenvolvimento da aterosclerose (BERBEE et al., 2015). A dislipidemia ocorre da alteracéo
do metabolismo lipidico e é caracterizada por altos niveis plasmaticos de colesterol total (CT),
lipoproteinas de baixa densidade (LDL) e triglicerideos (TG), associados a baixas
concentracdes de lipoproteinas de alta densidade (HDL) (ASCASO et al., 2007).

Estudos apontam que o0 estresse oxidativo estd envolvido na progressdo de inumeras
patologias como diabete mellitus (MANFREDINI et al., 2010), doengas neurodegenerativas
(YAN et al., 2013), cancer (KAUR et al.,2013), no envelhecimento humano (SREENA et al,
2012) e também, nas doencas cardiovasculares (SCHWERTZ et al., 2012). O estresse oxidativo
é consequéncia do desequilibrio no estado redox do organismo, com a producdo excessiva de
radicais livres (RL) (HALLIWELL, 2006). Os RL sdo definidos como quaisquer espécies que
contém um ou mais elétrons desemparelhados na altima camada molecular (HALLIWELL
2011). Este elétron ndo emparelhado torna o RL altamente instavel e muito reativo, sendo 0s
derivados de oxigénio os representantes mais importantes das espécies de radicais gerados em
sistemas vivos (VALKO et al., 2007).

Esses RL buscam a estabilidade através do emparelhamento de elétrons com biomoléculas
resultando na oxidagéo de lipidios, proteinas e &cido desoxirribonucléico (DNA) (FERREIRA
etal., 2011).

Os antioxidantes sdo cruciais nesses processos, pois sdo moléculas que protegem o alvo
biolégico do dano oxidativo causado pelos RL (GOMATHI, 2013), e sdo classificados em

enzimaticos, como a catalase (CAT), glutationa peroxidase (GPx) e superoxido dismutase
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(SOD), e ndo enzimaéticos, como glutationa reduzida (GSH), vitamina E, vitamina A, vitamina
C, B-caroteno, polifendis, etc. (HALLIWELL, 2011).

O consumo de antioxidantes naturais vem sendo associado com reducdo da incidéncia de
varias doencas (GOMATHI, 2012). Diante destas constatacGes, cresce 0 interesse pelo
desenvolvimento e pesquisas de “novos produtos com propriedades funcionais”. Neste
contexto, surge o Yacon (Smallanthus sonchifolius), que vem despertando interesse
principalmente por suas propriedades medicinais, sendo utilizado popularmente como auxiliar
no tratamento do diabetes (VILHENA et al., 2000).

Suas raizes tuberosas apresentam aspecto da batata doce, possuem gosto adocado e polpa
consistente, sendo muito consumidas na forma in natura, e as folhas sdo popularmente
consumidas na forma de infusdo (MARTINS et al., 2011). A ingestdo do Yacon foi ignorada
até por volta dos anos 80, quando foram descobertas particularidades em sua composi¢do
quimica que poderiam trazer beneficios a salide humana. A raiz apresenta alto contetido de agua
e baixo valor caldrico e, se caracteriza por possuir frutooligossacarideos (FOS) como principal
carboidrato de reserva diferenciando-se da maioria das espécies tuberosas que estocam energia
na forma de amido. Esses FOS tém sido motivo de destaque por exercerem atividade
bifidogénica (SANTANA & CARDOSO; 2008).

Além disso, estudos apontam que as propriedades benéficas do Yacon se devem a presenca
de antioxidantes e compostos fendlicos (OLIVEIRA et al., 2009), que embora sua concentragdo
nas raizes seja alta, a concentracao se apresenta ainda mais elevada em outros 6rgaos da planta,
como as folhas e a cepa (ARNAO et al., 2012). Estudos fitoquimicos confirmaram a presenca
de compostos fendlicos como acido clorogénico, acido fertlico e acido caféico, tanto nas folhas
como nas raizes tuberosas de Yacon (SIMONOVSKA et al., 2003). Sendo assim, estudos que
demonstrem os efeitos hipolipémico e antioxidante in vivo dos extratos hidroalcoolicos da folha
e raiz do Yacon séo escassos na literatura internacional, o que justifica o desenvolvimento desta

pesquisa.


http://pt.wikipedia.org/w/index.php?title=Infuso&action=edit&redlink=1
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2 REVISAO BIBLIOGRAFICA
2.1 Doenca Cardiovascular

A doenga cardiovascular (DCV) é considerada principal causa de morte ho mundo
(BERBEE et al., 2015). De acordo com a | Diretriz Brasileira de Prevencdo Cardiovascular os
principais fatores de risco para o desenvolvimento das doengas cardiovasculares sdo tabagismo,
obesidade, hipertensdo arterial sisttmica (HAS), diabetes mellitus, e dislipidemias. Além disso,
outros fatores de risco vém sendo associados com as DCV, como a concentracdo de
homocisteina e de lipoproteina A no sangue, fibrinogénio, periodo p6s menopausa, estresse

oxidativo da LDL, e fatores psicossociais.

Existem vérios tipos de lipoproteinas, tais como quilomicron, lipoproteina de muito
baixa densidade (VLDL), intermediaria lipoproteina de baixa densidade (IDL), lipoproteinas
de baixa densidade (LDL) e lipoproteina de alta densidade (HDL), todos desempenham funcdes
diferentes. IDL forma um intermediario entre VLDL e LDL, o nivel de IDL na prética € muito
baixo. LDL é a forma mais relevante de lipoproteina encontrada na corrente sanguinea e tem
como funcdo transportar o colesterol do figado para os tecidos periféricos (McLAREN et al.,
2011) enquanto o HDL tem a funcéo de coletar, esterificar e transportar o colesterol indesejado
dos tecidos periféricos para excrecdo através do figado, esse processo € conhecido como
transporte reverso do colesterol, devido a essa funcdo fundamental, o HDL é considerado um
bom colesterol (WAN AHMAD et al., 2015).

O perfil lipidico, segundo V Diretriz Brasileira de Dislipidemias e Prevencdo da
Aterosclerose constitui na avaliacdo do colesterol total (CT), triglicerideos (TG) e colesterol-
HDL e célculo do colesterol-LDL através da formula de Friedwald. A partir dos resultados
destes parametros, pode-se estabelecer a classificacdo laboratorial das dislipidemias:
hipercolesterolemia isolada, hipertrigliceridemia isolada, hiperlipidemia mista e colesterol-
HDL baixo. As principais doencas cardiovasculares, incluem a aterosclerose, insuficiéncia
cardiaca (IC), infarto do miocardio (IM), e hipertrofia cardiaca (SCHIANO et al., 2015).

2.1.1 Aterosclerose

Dentre as patologias pertencentes ao grupo das doencgas cardiovasculares, a

aterosclerose é indiscutivelmente, um problema de satde publica no Brasil sendo responsavel
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por milhares de morte a cada ano (OLIVEIRA et al., 2010). E caracterizada por uma resposta
inflamatoria cronica da parede arterial em resposta a uma agressdo endotelial, e possui carater
multifatorial, porém o papel das dislipidemias é fundamental na génese da doenca
aterosclerotica, e nos consequentes riscos cardiovasculares e cerebrovasculares (DE SOUZA et
al., 2003).

Dislipidemia aterogénica se caracteriza pela diminuicdo dos niveis de colesterol-HDL e
pelo aumento de triglicerideos e colesterol-LDL, que sdo menores e mais densos (PLANA et
al., 2014). A abundancia da LDL no plasma pode ser consequéncia de uma dieta ndo balanceada
e rica em gorduras, da sintese enddgena de colesterol ou mesmo pela redugédo do catabolismo
da LDL pelo figado, ocasionado por um defeito génico que provoca deficiéncia na expressao
ou na funcdo dos seus receptores, resultando na hipercolesterolemia. Os sintomas da doenca
aterosclerdtica frequentemente atingem as artérias que irrigam o coragdo, o cérebro, 0s rins, as
extremidades e o intestino delgado. (CORREA-CAMACHO et al., 2007).

A palavra aterosclerose deriva do grego atero, que significa caldo ou pasta, e esclerose,
que corresponde a endurecimento, assim o termo se refere ao espessamento da camada intima
das artérias pelo acimulo de gordura na mesma (RAFIEIAN-KOPAEI et al., 2014).

Em adicdo a dislipidemia, o estresse oxidativo vem sendo associado com a progressao
da aterosclerose (GRADINARU et al., 2015). Existem muitos indicios sobre o importante papel
da lipoproteina de baixa densidade oxidada (LDL-0x), na aterosclerose participando de todas
as etapas do processo, desde a disfuncdo endotelial até a formacéo das placas ateroscleréticas
(SIQUEIRA et al.,, 2006). A disfuncdo endotelial é caracterizada por uma reducdo da
biodisponibilidade de vasodilatadores, em especial, o 6xido nitrico (NO) (BONETTI et al.,
2003). A LDL-ox tem varios efeitos biologicos; é pro-inflamatdria, provoca a inibicdo da 6xido
nitrico sintase endotelial (eNOS), promove vasoconstricdo e adesdo, estimula citocinas tais

como a interleucina-1 (IL-1) e aumenta a agregacgdo plaquetaria (BONOMINI et al., 2008).

Com a elevacéo dos niveis de LDL, essas particulas sdo depositadas nas artérias sendo
oxidadas e formando a LDL-ox. A modificagdo oxidativa da LDL acontece na intima do vaso
e aparenta ocorrer em duas fases. Na primeira fase, ou fase inflamatoria, os lipideos da LDL
sofrem oxidacao, formando a LDL minimamente oxidada (MM-LDL-0x) ndo havendo grandes
modificagdes, o colesterol ainda € o esterol predominante e apolipoproteina B ainda se liga ao
receptor de LDL (LDL-R). Nesta fase, a MM-LDL-ox contribui para o estado inflamatorio da

parede vascular, pois estimula a producdo de glicoproteinas que promovem a quimiotaxia de
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mondcitos circulantes (BONOMINI et al., 2008). Mondcitos circulantes sdo componentes da
imunidade inata, e muitas citocinas pré-inflamatorias e moléculas de adesdo facilitam a sua

aderéncia e migracdo para a parede vascular endotelial (PAMUKCU et al., 2010).

Os mondcitos penetram na parede vascular e diferenciam-se em macrofagos, sendo
responsaveis pela conversdo de MM-LDL-ox em LDL-ox caracterizando, assim, a segunda fase
da modificacdo oxidativa da LDL. (ABDALLA & DE SENA, 2008). As LDL-o0x passam a ser
reconhecidas pelos receptores do tipo “scavenger” dos macrdfagos, sendo captadas
indiscriminadamente, levando ao acimulo de colesterol nos macréfagos, formando assim, as
células espumosas (DUARTE et al., 2008).

As células espumosas contribuem para resposta imune inata e adaptativa a aterosclerose,
e também acumulam-se originando estrias gordurosas que € a lesdo inicial da aterosclerose
(McLAREN etal., 2011). As estrias levam a inflamacéo e espessamento da parede arterial. Essa
lesdo inicial pode progredir a medida que ocorrem ciclos de acimulo de células mononucleares,
migracao e proliferacdo das células musculares lisas e formacao de um tecido fibroso, formando
assim uma capa fibrosa ao redor de um nucleo lipidico e de tecido necrotico, caracterizando a
lesdo avancada (ROSS, 1999). Essas placas ou estrias gordurosas frequentemente levam a
obstrucdo das artérias, e sdo chamadas de ateromas. A formacéao de trombos € consequéncia do
rompimento de placas (GOTTLIEB et al., 2005), sendo estes frequentemente 0s responsaveis
pelos acidentes vasculares e pelos infartos, as consequéncias mais graves da aterosclerose
(DUARTE et al., 2008).

Atualmente, as estatinas sdo uma das classes de medicamentos mais prescritas a nivel
mundial e a terapia leva a um decréscimo dos eventos cardiovasculares em 25% a 45%, sendo
normalmente bem toleradas e os efeitos adversos sd&o minimos (JUKEMA et al., 2012).
Originalmente descoberta na década de 1970, as estatinas inibem potencialmente a 3-hidroxi-
3-metil-glutaril-CoA redutase (HMG-CoA redutase), uma enzima chave na biossintese do
colesterol. Além da capacidade de reduzir os niveis de colesterol-LDL do plasma, as estatinas
também podem atenuar diretamente na formacéo de células espumosas, captagdo de LDL-ox e
no efluxo de colesterol (MCLAREN et al., 2011).

2.2 Estresse Oxidativo

O estresse oxidativo ocorre quando ha um desequilibrio entre a producgéo de espécies
reativas e defesa antioxidante (HALLIWELL & WHITEMAN 2004)



25

A oxidagdo é parte fundamental da via aerdbica e do metabolismo e, assim, os RL s&o
produzidos naturalmente ou por alguma disfuncdo bioldgica. (BARREIROS et al., 2006).
Segundo HALLIWELL (2011), RL é qualquer espécie capaz de existéncia independente, que
contém um ou mais elétrons desemparelhados na ultima camada. Esses RL, cujo elétron ndo
emparelhado se encontra centrado nos 4tomos de oxigénio ou nitrogénio, sdo denominadas
espécies reativas de oxigénio (ERO) de maior importancia, ou espécies reativas de nitrogénio
(ERN) (VALKO et al., 2006).

Os radicais séo caracterizados por grande instabilidade e elevada reatividade e tendem
ligar o elétron ndo-pareado, doando (redutores) ou retirando (oxidantes) elétrons a partir de
outras moléculas proximas da sua formacdo (REIS et al., 2008 ; YOUNG & WOODSIDE,
2001).

Os mecanismos de geragdo de RL, acontecem principalmente nas mitocondrias,
podendo ocorrer também em membranas celulares e no citoplasma. Na mitocondria, o oxigénio
sofre reducdo tetravalente, com aceitacdo de quatro elétrons, resultando na formacéo de agua.
A enzima catalisadora dessa reacdo é a citocromo oxidase. Aproximadamente 2% a 5% do
oxigénio metabolizado nas mitoc6ndrias sdo desviados para outra rota metabdlica, e reduzidos
de forma univalente, originando os RL como o anion superéxido (BARBOSA et al., 2010). Eles
também podem derivar de fontes externas, tais como a exposicdo aos raios X, o0zénio,
tabagismo, alcool e produtos quimicos industriais (OTUNOLA et al., 2014).

No organismo, a geracdo de RL est4 envolvida em processos fisioldgicos importantes
como a producdo de energia via adenosina trifosfato (ATP), fagocitose, regulacdo do
crescimento celular, sinalizacdo intercelular e sintese de substancias bioldgicas importantes
(BARREIROS et al., 2006). Porem em altas concentraces, essas espécies reativas (ER) podem
conduzir ao estresse oxidativo resultando em dano oxidativo em macromoléculas celulares,
incluindo DNA, proteinas e lipidios, podendo levar a morte celular subsequente.
(GASPAROTTO et al., 2014). Devido a essa capacidade de oxidar diretamente biomoléculas,
estudos vem demonstrando que o estresse oxidativo contribui para o desenvolvimento de varias
patologias, entre elas o cancer, aterosclerose, doencas cardiovasculares e inflamatorias,
diabetes, obesidade, doencas neurodegenerativas e também para o envelhecimento humano
(BARBOSA et al., 2008; YOUNG & WOODSIDE, 2001).

As principais ERO dividem-se em dois grupos, os radicalares (com um ou mais elétrons
desemparelhados): hidroxila (OH®) superdxido (O2"), peroxila (ROO") e alcoxila (RO"); e os

ndo-radicalares: oxigénio (O), perdxido de hidrogénio (H202) e acido hipocloroso (HCIO).
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Dentre as ERN incluem- se o éxido nitrico (NO*), 6xido nitroso (N20), acido nitroso (HNO),
nitritos (NO2"), nitratos (NO3z") e peroxinitritos (ONOO™). Enquanto alguns deles podem ser
altamente reativos no organismo atacando lipidios, proteinas e DNA, outros séo reativos apenas

com os lipidios (ARUOMA, 1998).
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Figura 1 — Fontes e respostas celulares as Espécies Reativas (ER).
Fonte: Adaptado de VASCONCELOS et al., 2007.

Muitos sistemas enzimaticos parecem ser importantes neste processo como a NADPH

oxidase, xantina oxidase, mieloperoxidase, cicloxigenase, lipoxigenase e 6xido nitrico sintase



28

(NOS) e, também contam com a participacdo dos ions ferro e de cobre (SILVA et al., 2011).
Em resumo, estas enzimas utilizam varios substratos como fontes de elétrons que,
posteriormente, reduzem o oxigénio molecular para formar uma variedade de ERO
(CIPOLLONE et al., 2007).

A reducdo de um elétron de oxigénio leva a producdo do radical O2" (Reacdo 1). O
mecanismo importante pelo qual o O é toxico para as celulas é de liberar o ferro necessario
para a reacdo de Fenton. Outro mecanismo de destaque é a sua rapida reacdo com o NO* para
gerar o ndo radical ONOO™. (YOUNG & WOODSIDE, 2001.; HALLIWELL, 2012)

(1) Oz + 6 > O™

O radical O2" recebe ions de hidrogénio, formando H202, essa reacdo é catalisada pela
enzima SOD (Reagdo 2). O H20> € pouco reativo frente as moléculas organicas na auséncia de
metais de transicdo. No entanto, exerce papel importante no estresse oxidativo por ser capaz de

transpor as membranas celulares facilmente e gerar o OH* (BARREIROS et al., 2006).

(2) 202~ + 2H * > H.0

O radical OH" ¢ gerado principalmente pela reagdo de H20, com ions ferro (Fe?*) ou cobre
(Cu®), reacdo é conhecida como Reacgdo de Fenton (HALLIWELL, 2012) (Reacdo 3). O radical
OH* por meio da retirada de um atomo de hidrogénio dos acidos graxos poliinsaturados da
membrana celular, desempenha importante papel na lipoperoxidagédo, sendo considerado o
principal causador desse processo (HALLIWELL & CHIRICO, 1993).

O radical OH* é o mais deletério ao organismo, pois devido a sua meia-vida muito curta
dificilmente pode ser sequestrado in vivo (BARREIROS et al., 2006).

(3) Fe #*/Cu* + H,02 > OH- + OH" + Fe**/Cu?*

fons Fe?+ ou Cu* também podem catalisar a reacéo entre H202 e O2 originando igualmente
OH-’ essa reacdo é chamada de Haber-Weiss (Reagédo 4) (BARBOSA et al., 2010).

(4) H202+02>0OH: +OH + O
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O produto da reacéo do radical O->com NO é 0 ONOO" (Reagdo 5). O NO é lento em suas
reacfes com a maioria das biomoléculas, mas muito reativo com os radicais livres, incluindo
superdxido (HALLIWELL, 2012). NO é produzido por varios tipos de células (especialmente
fagocitos e células endoteliais vasculares) atua sobre células do musculo liso nas paredes dos
vasos para produzir relaxamento. J& o O, age em oposi¢cdo ao NO pode atuar como um
vasoconstritor, levando a efeitos nocivos em algumas circunstancias clinicas (HALLIWELL &
CHIRICO, 1993). O peroxinitrito € um poderoso agente oxidante e de nitracdo que pode
danificar diretamente proteinas, lipidios e DNA (HALLIWELL, 2006).

(5) Oz +NO > ONOO
2.2.1 Dano Oxidativo a Biomoléculas

A peroxidacdo lipidica é um processo complexo que envolve a interagdo de ERO com
acidos graxo poliinsaturados, o que resulta em uma grande variedade de aldeidos eletrofilos
altamente reativos. O malondialdeido (MDA) é um dos principais subprodutos da
lipoperoxidagdo (HALLIWELL & CHIRICO, 1993). Tem como resultado a alteragcdo na
fluidez e na permeabilidade da membrana (SHARMA et al.,2012). J& a carbonilacdo de
proteinas € um tipo de oxidacdo proteica que pode ser mediada por ERO. Ela normalmente se
refere a um processo que forma cetonas ou aldeidos reativos, nos quais sdo produzidos quando
as cadeias laterais das proteinas sdo oxidadas, e estes podem reagir com 24
dinitrofenilhidrazina (DNPH) para formar hidrazonas, produto detectavel (STADTMAN &
LEVINE, 2000). O aumento da susceptibilidade a proteolise e a inativacdo enzimatica sdo
algumas das principais consequéncias da oxidacdo proteica SHARMA et al.,2012).

Também pode ocorrer oxidacdo direta dos acidos nucleicos, levando a dano no DNA
pela quebra das cadeias ou por ligacGes cruzadas. Quando os mecanismos celulares essenciais
sdo afetados pode levar a morte celular, ou mutagdes gendémicas sendo transmitidas para as
geragBes futuras. Além disso, essas mutacGes podem gerar efeitos genotoxicos graves e,
consequentemente, gerar instabilidade genémica e até aparecimento de cancer (BERRA &
MENCK, 2006). Uma das formas de avaliar o dano no DNA ¢é atraves da frequéncia de
micronucleos, que sdo cromossomos ou fragmentos de cromossomos que ficam para tras
durante a anafase e ndo estdo incluidos no nuacleo principal, sendo menores, porém
morfologicamente semelhantes (SCHMID, 1975; MILIC et al., 2015).


http://www.ncbi.nlm.nih.gov/pubmed/?term=Halliwell%20B%5BAuthor%5D&cauthor=true&cauthor_uid=15155533
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Figura 2 — Espécies reativas de oxigénio (ROS) induzem dano oxidativo em lipidios, proteinas e DNA.
Fonte: Adaptado de SHARMA et al., 2012.

2.3. Defesas Antioxidantes

O excesso de RL no organismo é combatido por mecanismos de defesas antioxidantes
que séo produzidos in vivo ou absorvidos da dieta (Halliwell, 2008). Os antioxidantes impedem
danos nos tecidos induzidos por RL prevenindo a formacéo desses radicais, através da atividade
sequestradora ou promovendo a sua decomposicdo (YOUNG & WOODSIDE, 2001).
Antioxidante é definido como qualquer substancia que, quando presentes em baixas
concentragdes em comparacdo com as de um substrato oxidavel, atrasa significativamente ou
evita a oxidacao do referido substrato. (HALLIWELL & GUTTERIDGE, 1999). O sistema de
defesa antioxidante enzimatico e ndo enzimatico minimiza o efeito nocivo das ERO por varios

mecanismos antioxidantes (SEN et al., 2010).
2.3.1 Sistema enzimatico

Dentre os antioxidantes enzimaticos mais importantes estdo SOD, CAT e GPX
(SHARMA et al.,2012). O sistema antioxidante enzimatico e a GSH estdo presentes,
predominantemente, no meio intracelular, utilizando o eritrocito para sua analise.
(VASCONCELOS et al., 2007).



31

A SOD foi descoberta por MacCord e Fridovich em 1968, sendo identificada como a
primeira enzima conhecida por atuar em um substrato de RL (GUTTERIDGE & HALLIWELL,
2000). As principais formas de SOD encontradas em humanos sdo a Cu/ZnSOD localizada no
citosol, e a MnSOD encontrada na mitocondria (VASCONCELOS et al., 2007). A SOD é uma
importante enzima antioxidante endégena atuando como o primeiro sistema de linha de defesa
contra ERO, pois catalisa a dismutagdo do O2™ a H202 e Oz (Reag&o 6) (SEN et al., 2010).

(6)20z +2H* _SOD, H:02+02

A CAT é uma enzima antioxidante localizada principalmente em peroxisomos celulares

e citoplasma, e catalisa a converséo de H202 a Oz e H20 (Equagéo 7) (CHEN et al., 2012).
(7) 2 H202 CAT . 2H0+0;

A GPx é uma das 25 classes conhecidas de selenoproteinas (BATTIN &
BRUMAGHIM, 2009). Elas catalisam a reducdo de perdxidos em geral a agua ou alcoois
utilizando GSH como um doador de elétron sendo oxidada a dissulfeto da glutationa (GSSG).
Os elétrons podem ser regenerados através glutationa redutase (GR) que promove a
transferéncia de hidrogénio do NADPH (MARGIS et al., 2008)

2 GSH + H202 _GPx , 2H.0 + GSSG

GSSG + NADPH + H* 2 GSH + NADP*

GR

2.3.2 Sistema Nao Enzimatico

O sistema antioxidante ndo enzimatico é formado por muitas substancias, com destaque
para a GSH, sintetizado no organismo, e os antioxidantes ingeridos pela dieta como, ascorbato,
tocoferois e compostos fenolicos (SHARMA et al., 2012). Sistema antioxidante ndo enzimatico
localiza-se, principalmente, no meio extracelular, sendo por isso analisado em plasma e soro
(VASCONCELOS et al., 2007).

A GSH é um tripeptideo (y-L-glutamil-L-cisteinil-glicina), que existe no organismo em

suas formas reduzida e oxidada, atuando direta ou indiretamente em muitos processos


http://www.ncbi.nlm.nih.gov/pubmed/?term=Margis%20R%5BAuthor%5D&cauthor=true&cauthor_uid=18616466
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bioldgicos importantes, (ROVER-JUNIOR et al., 2001), destacando-se na funcéo de cofator da
familia de enzimas GPx, em que desempenha papel protetor contra o estresse oxidativo, com
sua oxidacdo a GSSG. A GSH é o Unico tiol ndo proteico presente em espécies aerdbias e seu
papel intracelular antioxidante inclui a desintoxicacdo de xenobioticos e de ERO, muitas das
suas reagdes envolvem o grupo sulfidrila (SH), que é altamente polarizavel (HUBER et al.,
2008).

Vitamina C (&cido ascorbico) é definida como o principal antioxidante hidrossoluvel
que desempenha um papel importante na defesa do hospedeiro contra o dano oxidativo
(PUERTOLLANO et al.,, 2011). Em pH fisiologico nos sistemas bioldgicos, 99,95% da
vitamina C encontra-se na forma de ascorbato (Asc-), que é a forma que atua como antioxidante,
ao doar um He ou [H* + €] para um radical. Atua eficientemente sobre o Oz¢-, 0 H202, 0
hipoclorito (ClO") e os radicais OH*e ROO*. O Asc™ pode atuar diretamente nas membranas
celulares, por impedir a iniciagdo da peroxidacdo lipidica ou indiretamente por regenerar a
vitamina E, que atua como antioxidante na face lipofilica da membrana (VASCONCELOS et
al., 2007).

A vitamina E é constituida, principalmente, por quatro tocoferdis, e secundariamente
por quatro tocotriendis, sendo o a-tocoferol o mais ativo. A vitamina E é um antioxidante
lipossoltvel e um potente inibidor da peroxidacdo lipidica dos acidos graxos poliinsaturados
das membranas e lipoproteinas (BARREIROS et al., 2006). Estas substancias agem como
doadores de H para o radical ROO", resultante com formacdo do radical tocoferila, que pode
ser regenerado por outros antioxidantes como ascorbato, GSH a tocoferol (HAMID et al.,
2010).

Os polifendis ou compostos fendlicos sdo os antioxidantes mais abundantes na dieta.
(SCALBERT et al., 2005). E sdo produtos do metabolismo secundario de plantas. A expressao
"compostos fendlicos" se deve as substancias que possuam um anel aromatico tendo um ou
mais substituinte hidroxila (Figura 3) (URQUIAGA & LEIGHTON, 2000). Séo divididos em
varias classes diferentes sendo os flavonoides uma das mais importantes e diversificadas
(GELEIJNSE & HOLLMAN, 2008).

Os flavondides tém poderosas atividades antioxidantes in vitro, sendo capaz de inibir
uma ampla variedade de ERO e ERN. Os flavonéides também podem quelar ions metalicos,
diminuindo atividade pré-oxidante desses metais (HALLIWELL, 2008).
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Estudos sugerem fortemente uma contribuicéo de polifendis para a prevencao de vérias
doencas, entre elas esta a capacidade de inibir a oxidacdo do LDL, mostrando um importante
potencial na prevencao da aterosclerose (URQUIAGA & LEIGHTON, 2000).

Figura 3 - Estrutura quimica geral das polifendis apresentando anel aromatico podendo ter um ou mais substituintes
hidroxila.

Adaptado de: SIMOES et al. Farmacognosia: da planta a0 medicamento. 62 ed. Porto Alegre: Editora da UFSC,
2007.

2.4 Yacon
2.4.1 Origem

O Yacon possui grandes raizes tuberosas, e € originario da regido Andina, cultivada
principalmente na Coldmbia, Equador, Peru, Bolivia e noroeste da Argentina. Nessa regido, é
cultivado desde a antiga civilizagdo Inca, e utilizado como alimento e como planta medicinal
para a populacdo local. Também é conhecido como “llagon”, “llacum”, “llacuma”,
“yacumpi”,“aricoma”, “Chicama”, “jiquima” e “jiquimilla” nos Andes , além de poire de terre
(francés) e Yacon strawberry (Estados Unidos) (OJANSIVU et al., 2011).

Essa planta pertence a familia Asteraceae — também denominada de Compositae — e seu
nome cientifico € Smallanthus sonchifolius (Poepp. & Endl.) H. Robinson. Na literatura
cientifica, também é utilizado Polymnia sonchifolia Poepp. & Endl. e Polymnia edulis Wedd
(SANTANA & CARDOSO, 2008). E uma planta que cresce em 3500 metros de altitude, em
uma faixa ideal de temperatura de 18 a 25 °C, nédo requer fertilizantes, pesticidas ou mais
cuidados, estas facilidades permite o cultivo agrondmico em diferentes localidades (ARNAO
et al., 2012) tendo seu cultivo expandido para diversas regides do mundo (Nova Zelandia,
Japdo, Republica Checa, Coreia do Sul, Tailandia, Filipinas, Russia, Estbnia, Eslovaquia,
China, Taiwan, dentre outros) (BORGES, et al., 2012). No Brasil, a espécie foi introduzida por
volta de 1989, na regido de Capédo Bonito (SP), por imigrantes japoneses, que utilizam suas
folhas e raizes tuberosas (OLIVEIRA et al., 2009).
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2.4.2 Aspectos Agrondmicos

O Yacon é uma espécie do tipo perene, cujos caules aéreos sao cilindricos, de coloracao
esverdeada, apresentam pilosidade em toda superficie, e chegam a medir até 2 a 3 m de altura.
A planta apresenta eixos aéreos, com folhas (Figura 4) e gemas vegetativas e florais (DUARTE
et al., 2008). O sistema subterraneo é constituido de trés partes distintas: os rizéforos que séo
ricos em frutanos e fibras ndo digeriveis, dos quais originam-se gemas que dardo origem a uma
nova planta; as raizes de absorc¢éo e fixacao; e as raizes tuberosas ou de reserva, também ricas
em frutanos, porém menos fibrosas, mais suculentas, translucidas (VILHENA et al., 2000).

Por ter sabor doce na parte comestivel é considerado um fruto, porém um estudo
anatdmico realizado por Machado e seus colaboradores em 2004 demostrou que a organizagédo
do sistema vascular desta planta é tipica de raiz, e com isso justifica-se apenas a utilizacdo do

termo raiz tuberosa (Figura 5).
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Figura 4- Folhas do Yacon

Fonte: o autor

Figura 5- Raizes do Yacon

Fonte: o autor

Estudos tém demonstrado que o melhor periodo para a colheita de Yacon em regides
tropicais é entre 31 e 35 semanas apds o cultivo, devido & uma maior quantidade de frutanos
(OLIVEIRA & NISHIMOTO, 2004).
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Em varios paises existe uma grande variedade de produtos derivados das raizes de

Yacon, como farinha, produtos desidratados, fatias ou "Chips", cha (folhas secas), sucos, purés
e adogantes na forma de xarope com um alto teor de FOS (DELGADO et al., 2013).
Durante o processamento destes produtos, € preciso controlar o escurecimento enzimatico que
esta relacionada com a oxidacéo de compostos fendlicos principalmente pela enzima polifenol
oxidase (PPO), sendo este, 0 maior responsavel pela perda da qualidade do produto, atualmente
as principais alternativas para contornar esse problema é por tratamento térmico, uso de
antioxidantes ou ambos (NEVES & SILVA, 2007). A desidratacdo é o mais indicado, sendo
realizada o mais rapido possivel apés a colheita (SCHER et al., 2009).

2.4.3. Composicao Nutricional

As raizes tuberosas vém sendo consideradas um alimento funcional devido a grande
quantidade de frutanos (inulina e frutooligossacarideos) (MOURA et al., 2012). Alimentos
funcionais, sdo aqueles que podem contribuir para a manutencdo da satde além de desempenhar
um papel potencialmente benéfico na reducdo do risco de doencas (MORAES & COLLA
2006).

As raizes tuberosas do Yacon podem pesar de 0,1 a 2 Kg cada, sendo composto
principalmente por dgua e carboidratos. O contetdo de agua geralmente excede 70% do peso
fresco. Na matéria seca das raizes o principal componente (40 a 70%) é FOS, que séo polimeros
curtos de frutose com uma polimerizacdo de 3 alO frutanos, diferentemente da maioria das
outras raizes tuberosas no qual o principal carboidrato de reserva é o amido (OJANSIVU et al.,
2011). A inulina é diferente dos FOS, pois apresenta longas cadeias, ¢ menos soltvel e pouco
doce (DA SILVA et al., 2007).

Os FOS séo designados como fibras alimentares solUveis e prebioticos, (BORGES et
al., 2012). Prebioticos foi definido por Gibson e Roberfroid (1995) como "Ingredientes
nutricionais ndo digeriveis que afetam beneficamente o hospedeiro estimulando seletivamente
o0 crescimento e/ou atividade de um numero limitado bactérias benéficas do co6lon, melhorando
a saude do seu hospedeiro™.

Um estudo demonstrou que o contetdo de carboidratos em 1 g de Yacon € de 750 mg
sendo que 58% desses carboidratos sdo FOS, 24,7% frutose, 8,5% glicose e 7,6% de sacarose
(GENTA et al., 2005).

Os FOS, vem despertando interesse devido a presenca das ligagdes p — (2 —1) e a

auséncia de enzimas capazes de quebrar essas ligacdes em humanos, resistem a hidrélise das
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enzimas digestivas sendo fermentados no célon (TEIXEIRA et al., 2009). Esse processo
fermentativo leva estimulo seletivo do crescimento e atividade de bactérias ndo patdgenas
produtoras de acidos graxos de cadeia curta (acetato, propionato e butirato) que podem interferir
no metabolismo lipidico (ROLIM et al., 2010). Estudo demonstrou seletividade por
bifidobactérias e lactobacilos (CAMPOS et al., 2012)

Em geral, os FOS tém sido relacionados a efeitos benéficos na saide humana, como
baixo valor energético, aumento da absorcdo de minerais como calcio, magnésio e ferro,
inibicdo dos estagios iniciais do cancer de colon, e também reducdo de lipidios plasmaticos
(COUNDRAY et al.,, 2003; MARTINS et al.,2011). Um dos mecanismos possiveis para
explicar a reducdo de lipidios, € que esses compostos reduzam a absorcdo intestinal do
colesterol (ROSELINO et al., 2012).

2.4.4 Atividades Bioldgicas

O Yacon possui varias atividades bioldgicas descritas. Estudos desenvolvidos por Genta
et al. (2005) analisou os efeitos subcrdnicos (4 meses) do consumo da raiz de Yacon em ratos
normais, duas doses diarias foram utilizadas equivalente a 340 e 6800 mg FOS/ peso corporal,
ndo havendo resposta negativa, toxicidade ou efeitos adversos nessas doses, apenas foi
observado hipertrofia do ceco nos animais que receberam a maior dose. Outro estudo realizado
por Genta et al. (2009) avaliou o consumo diario de xarope do Yacon em mulheres
dislipidémicas e obesas na pré-menopausa, esse xarope é obtido pela concentracdo do suco de
raizes de Yacon, suas caracteristicas fisicas e sensoriais sdo semelhantes aos de mel. Nesse
estudo, observou-se que o consumo diario recomendado do xarope do Yacon é de 0.14 g
FOS/kg, havendo decréscimo no peso corporal, aumento da frequéncia de defecagéo, sensacéo
de saciedade e melhora na resisténcia a insulina desses pacientes.

Um estudo realizado por Honoré et al. (2012) verificou que a decoc¢édo das folhas do
Yacon (10%) administradas uma vez ao dia por 4 semanas em ratos diabéticos induzidos por
estreptozotocina, apresentou efeito protetor contra a leséo renal na nefropatia diabética, alem
de diminuir a glicose plasmatica e melhorar a producéo de insulina.

Na medicina popular, raizes tuberosas do Yacon sdo consumidas in natura ou cozidas e
as folhas secas sdo consumidos na forma de infuséo por pessoas diabéticas, com disturbios do
colesterol, digestivos ou renais (VALENTOVA et al., 2006).

Além disso, 0 Yacon é rico em compostos fendélicos, estudos fitoquimicos com a raiz e

suas folhas demonstraram que 0s principais compostos antioxidantes presentes sdo o acido
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clorogénico, ferulico, caféico e triptofano (SIMONOVSKA et al., 2003; TAKENAKA et al.,
2003; ARNAO et al., 2012). O contelido de compostos varia de acordo com o tipo de extragio
(VALENTOVA et al., 2003).

Devido ao exposto acima, o Yacon vem sendo considerado um alimento com multiplas
funcbes, uma vez que possui compostos bioativos que apresenta atividade antimicrobiana,
antidiabética, antioxidante e prebidtica (PAULA et al., 2015).
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3 OBJETIVOS
3.1 Geral

Avaliar os efeitos hipolipémico e antioxidante in vivo dos extratos hidroalcodlicos da folha e

raiz do Yacon (Smallanthus sonchifolius).

3.1 Especificos

- Obter o extrato liofilizado das folhas e raizes de Smallanthus sonchifolius;

- Obter o perfil antioxidante in vitro do extrato da folha e raiz do Yacon através do radical
DPPH, e contetdo de polifendis totais;

- Realizar a anélise hematoldgica e contagem total de plaquetas;

- Tracar o perfil glicémico e lipidico (colesterol total e fracdes e triglicerideos), antes e apds
14 dias de suplementacéo;

- Determinar marcadores de funcdo hepatica, renal e cardiaca;

-Determinar os niveis da homocisteina;

-Determinar a atividade das enzimas antioxidantes em eritrocitos: catalase (CAT), superéxido
dismutase (SOD) e glutationa peroxidase (GPx);

- Obter os niveis de vitamina C, GSH e polifendis;

- Determinar o dano oxidativo em proteinas, lipidios e no material genético.
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Abstract

Background / Objectives: Cardiovascular diseases (CVD) are the leading cause of death
worldwide, and dyslipidemia is one of the main risk factor. Feeding is recognized as the most
important intervention in the prevention of pathologies. A food which has been highlighted is
the Yacon (Smallanthus sonchifolius) a tuberous root that has large amounts of
fructooligosaccharides (FOS) and polyphenols, substances that can bring benefits to human
health. The aim of this study was to evaluate the hypolipemic and antioxidant effects in vivo of

the Yacon roots extract.

Methods: For this study it were used male wistar rats, divided into 7 groups of 6 rats each: G1:
normal diet (NaCl 0,9%); G2: hypercaloric diet (control) (NaCl 0,9%); G3: oral suspension of
simvastatin 10 mg/Kg (SIM); G4: Yacon extract 20mg/Kg (YE20); G5: Yacon extract
40mg/Kg (YE40); G6: YE20 + SIM; G7: YE40 + SIM. The lyophilized extracts were
administered once daily by gavage for 14 consecutive days. The hematological and biochemical
parameters of oxidative stress were determined by classical methodologies. The extract
administration (40 mg / kg) of the Yacon root improved lipid and glycemic profile, decreased
weight gain and levels of cardiac markers (CK, CK-MB, LDH, homocysteine). It also showed
a decrease in lipid peroxidation, protein carbonyls, and frequency of micronucleus, as well as
an increase in antioxidant defenses (CAT, SOD, GPx, GSH, vitamin C, polyphenols) in the
blood. Moreover, supplementation of Yacon showed no hepatotoxic or nephrotoxic effect
during the study period.

Conclusions: The results suggest that the lyophilized Yacon roots extract has hypoglycemic,

hypolipidemic and antioxidant activity, showing a promising food.

Keywords: Yacon, root, lipid profile, glycemia, antioxidant.
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1. Introduction

Cardiovascular disease (CVD) is considered the main cause of death worldwide.
Dyslipidemia is a major risk factor for the development of atherosclerosis, the main cause of
CVvD [1].

Feeding is recognized as the most important intervention in the prevention of diseases
and plants are considered the best source of natural antioxidants. Among them, a functional
food that has been highlighted due to its medicinal properties is the Yacon, a tuberous root,
originated from Andean regions, which has been used in folk medicine as an aid in the treatment
of type 2 diabetes [2].

Yacon has fructooligosaccharides (FOS) as its main reserve of carbohydrate, which
have links B - (2 — 1) resisting the hydrolysis of digestive enzymes and fermented in the colon.
In general, the FOS have been linked to beneficial effects on human health. In addition to the
FOS and other compounds, Yacon presents significant amount of polyphenols in leaves and
roots [3].

Studies have shown that the Yacon roots have hypoglycemic activity [4], however little
is known about other properties. Thus, the objective of this study was to investigate the
hypolipidemic and antioxidant effects of Yacon root hydroalcoholic extract (Smallanthus

sonchifolius) in rats with hypercholesterolemia.

2. Materials and Methods

2.1 Chemicals
All the chemicals were from Sigma Chemical Co. (St. Louis, MO, USA) and of
analytical grade. Solvents for UPLC analysis were purchased from Tedia Company (OH, EUA).

2.2. Sample plant
The Yacon roots were provided by the Emater/RS, and cultived in a property in
Alegrete/RS. The roots were duly transported fresh to Uruguaiana/RS, Brazil, where they were

processed immediately.
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2.3 Preparation of the extract

The Yacon root hydroalcoholic extract, obtained from 70% ethanol (v / v). The roots
were washed, peeled and dried at 37 ° C for 72 hours and placed in contact with the solvent for
7 days in the dark, according to a slightly modified method previously described by Baroni et
al. [5]. After the extract was filtered and concentrated under reduced pressure using a rotary
evaporator at 40 °C, and the remaining water portion was lyophilized. The lyophilized was

stored at -70 °C until further use.

2.4 Phytochemical analysis

Ultra-performance liquid chromatography with diode array detection (UPLC-DAD) was
performed to evaluate the main components of the Yacon. The chemical reference substances
used in this study were rutin hexahydrate, quercetin, kaempferol, gallocatechin, epicatechin,

luteolin, gallic acid and chlorogenic acid (Sigma-Aldrich, St. Louis/EUA).

2.5 Animal Experimentation

For this study it was used male Wistar rats (60-65 g), 30 days old, obtained from the
Central Animal Laboratory of the Federal University of Santa Maria, Rio Grande do Sul, Brazil.
During treatment, rats were housed at a constant room temperature, humidity, and light cycle

(12:12h light-dark), free access to tap water and fed with standard chow ad libitum.

2.6 Ethical issues

All experiments were conducted in compliance with the guidelines for biomedical research
stated by the Brazilian Societies of Experimental Biology and approved by the Ethics
Committee on Animal Use Experimentation of the Federal University of Pampa, CEUA,
Uruguaiana, Rio Grande do Sul, Brazil (Protocol 034/2013).

2.7 Preparation of feed and Induction of hypercholesterolemia

The rats had free access to water and a hypercholesterolemic diet for 30 days as
described by Fietz and Salgado [6].

After 30 days of induction, blood samples were collected (puncture in the rat tail), before
the start of experiments to confirm hypercholesterolemia, and then initiating treatment with the
extracts. After inducing hypercholesterolemia, the groups continued to receive the same diet

until the end of the experiment.
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2.8 Experimental Desing

Forty-two rats were divided into 7 groups of 6 animals each: Group 1 (normal diet) and
group 2 (hypercaloric diet control) received saline at a dose of 1 ml, group 3: oral suspension
of simvastatin 10 mg/kg (SIM), group 4: Yacon extract 20 mg/kg (YEZ20), group 5: Yacon
extract 40 mg/kg (YES50), group 6: Yacon extract 20 mg/kg and simvastatin 10 mg/kg
(YE20+SIM), group 7: Yacon extract 40 mg/kg and simvastatin 10 mg/kg (YE40+SIM). All
treatments were administered daily by gavage. Only G1 received normal diet, while the other
groups received hypercholesterolemic diet until the end of the experiment.

Body weight registration of the animals was performed during all experimental period.

2.9 Yacon extract prepare and administration

The Yacon-based solution was obtained by the dissolution of the lyophilized extract in
water. The solutions were daily prepared immediately before the administration. The extracts
were administered by gavage for 14 consecutive days. Animals were euthanized 24 h after the

last treatment, in fasting, to obtain the whole blood.

2.10 Parameters analyzed

2.10.1 Evaluation of antioxidant potential from Yacon extract in vitro

The antioxidant activity in vitro was determined by the classical method of DPPH and
content of total polyphenols was measured in six different concentrations (0,05mg/mL, 0,10
mg/mL, 0,25 mg/mL, 0,50 mg/mL, 1,0 mg/mL, 2,0 mg/mL) of the extract.

2.10.1.1 Determination of total polyphenols content

The concentration of total polyphenols in Yacon extract was measured
spectrophotometrically using the Folin-Ciocalteu [7], with modifications. Briefly, 125 pL of 1
N Folin-Ciocalteu reagent was added to a 125 pL of sample, and this mixture was allowed to
stand for 6 min before the addition of 1,25 mL of 7% Na2CO3. The solution was then allowed
to stand for 90 minutes before reading at 760 nm in Spectrophotometer (UV-1800 Shimadzu,
Japan).

The standard curve of gallic acid was prepared in the same manner and total
polyphenolic content was expressed in milligram of gallic acid equivalent per milliliter (mg
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GAE mL-1). The equation obtained for standard curve of gallic acid in the range of 0.001 —
0.020 mg/mL was y = 40.112x + 0.0581 (R2 = 0.9994).

2.10.1.2 DPPH radical scavenging activity

The DPPH (2,2-diphenyl-1-picrylhydrazyl) radical-scavenging activity of Yacon
extract was determined as described by Sharma and Bhat [8]. The DPPH radical solution (50uL)
was dissolved in methanol and added to a medium containing Yacon extract at different
concentrations. The medium was incubated at room temperature for 30 min. The decrease in
absorbance was measured at 517 nm, which depicted the scavenging activity of Yacon extract

against DPPH. The DPPH scavenging capacity of the compound was calculated as

DPPH radical scavenging activity= 100 — [(ABSsampLe — ABSgLANK) / ABSconTtroL) X 100]

Where, ABSsawpLe is the absorbance of the test compound, ABSgLank is the absorbance of the
blank and ABSconTroL is the absorbance of the control reaction. IC50 value (concentration of
sample where absorbance of DPPH decreases 50% with respect to absorbance of blank) of the
sample was determined. Ascorbic acid was used as positive control.

2.10.2 Evaluation of Yacon extract in vivo

2.10.2.1 Biochemical and hematological analysis

The hemograms (complete blood count) were determined using an automated
hematology analyzer Cell-Dyn 3200 (Abbott Diagnostic, Abbot Park, IL, USA). Total
cholesterol, HDL-cholesterol, triacylglycerol total, and glucose levels were carried out using
automatic analyzer A-25 Biosystems (Biosystems SA, Barcelona, Spain) for in vitro
diagnostics. LDL cholesterol values were computed according to the Friedewald formula.

Enzymatic markers for liver function (aspartate transaminase - AST, alanine
transaminase - ALT), renal (creatinine, uric acid) and heart (creatine kinase - CK, its isoform
CK-MB and lactate dehydrogenase - LDH) were determined by automated equipment (A25
Biosystem) for in vitro diagnostics. Homocystein levels were measured by high performance
liquid chromatography coupled to mass spectrometry (LC-MS/MS), according to Nelson et al.

[9]. All biochemical assays were carried out in triplicate.

2.10.2.2 Evaluation of oxidative stress parameters
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2.10.2.2.1 Oxidative damage
The oxidative parameters, lipid peroxidation [10] and protein carbonyls [11] in plasma
were measured using spectrophotometric methods. The assessment of DNA damage was made

by frequency of micronucleus [12] in leukocytes.

2.10.2.3.2 Antioxidants defenses

The levels of polyphenols [7], vitamin C [13] in plasma were quantified by
spectrophotometry.

The levels of reduced glutathione (GSH) [14], the activity of superoxide dismutase
(SOD) (kit RANSOD - RANDOX Brasil LTDA), catalase (CAT)[15] and glutathione
peroxidase (kit RANSEL - RANDOX Brasil LTDA) were determined in erythrocytes. All

assays were carried out in triplicate.

2.11 Statistical Analysis

Data were expressed as mean = standard deviation (SD). Comparisons between groups
were performed using two-way analysis of variance (ANOVA), followed by Bonferroni’s
Multiple Comparison test for post hoc analysis. Results were considered statistically significant
when p<0.05. The statistical analysis was performed using GraphPad Prism (version 5.0,
GraphPad Software, Inc., La Jolla, CA, USA).

3. Results

3.1 Totals Polyphenols content

It was observed that the content of total phenolic in Yacon root hydroalcoholic extract

ranged from 0,087 a 16,49 mg GAE/mL, showing dose-dependent behavior.

3.2. DPPH assay

The Yacon root extract obtained a percentage of inhibition of 12.20% to 77,67% against
the DPPH radical.

3.3 Phytochemical analysis
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Analyzing the spectral profiles of the major peaks in the chromatogram it was observed
compounds with characteristics of flavonoids and phenolic acids.

3.4 Effects of YE on body weight gain

At the end of the experiment, all groups showed body weight gain. In G1, G2, G3, G4,
G5, G6, G7 weight gain was 33%, 91%; 43%; 46%; 40%; 38%; 34% respectively. In G6, G7

there was a small reduction in body weight at week 6. Results are shown in Table 01.

3.5. Effect of the YE treatment on Hematological Profile

Table 02 shows that after 14 days of supplementation, there was a significant decrease
in the number of leukocytes in all groups treated with the Yacon extract (G4, G5, G6, G7) when
compared to the control group (G2), whereas the groups that received the extract at the highest
dose with or without simvastatin (G5, G7) had the greatest reduction. There was a statistically
significant difference in monocyte count in the control group (G2) compared to other groups.

The same happened to platelet count, the groups that received supplementation showed
the number of platelets significantly lower (p<0.05) compared to the control group (G2).

The other parameters evaluated were not significant.

TABLE 2

3.6 Effect of the YE treatment on Biochemical Profile
3.6.1Lipid and glycemic profiles

There was a significant decrease (p<0,05) in plasma glucose in groups G5, G6, G7 in
relation to the control group (G2) (Figure 01A).

After 14 days of extract administration there was a significant reduction (p <0.05) in the
total of serum cholesterol levels (Figure 01B), triacylglycerol levels (Figure 01C), LDL
cholesterol levels (Figure 01D), as well as increase significant (p <0.05) of HDL-cholesterol
levels (Figure 01E) in relation to the control group (G2).

FIGURE 1

3.6.2 Markers of renal and hepatic function
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Serum biochemical markers that evaluated hepatic function (Figure 02A, 02B) and renal
(Figure 02C, 02D) of the animals, are within normal limits. There were no significant
differences (p<0.05) in these parameters.

FIGURE 2
3.6.3 Markers of cardiac damage

The hypercholesterolemic diet induced an increase in CK, CK-MB, homocysteine and
LDH in the control group (G2). The groups receiving Yacon extract showed a decrease (p
<0.05) in the levels of these markers when compared with G2 and the groups receiving the
extract associated with simvastatin (G6, G7), they obtained a greater reduction of these levels.
Results shown in Figure 03 A, B, C and D.

FIGURE 3

3.7. Evaluation of oxidative stress parameters
3.7.1 Oxidative damage

Figure 04A shows the results of lipid peroxidation and Figure 04B shows carbonylation
of proteins. The groups receiving Yacon extract showed a significant reduction (p <0.05) in the
levels of MDA and oxidation of the protein in relation to G2.

Figure 04C shows the frequency of micronucleus in peripheral blood leukocytes. The
results showed that G2 had a higher frequency of micronucleus compared with other groups (p
<0.05).

FIGURE 4

3.7.2 Antioxidants defenses

Figure 05 shows the results of the biomarkers of antioxidant defenses.

Figures 05A, B, and C, show the results of SOD, CAT, GPx. There was a significant
increase (p<0,05) of activity on these enzymes in the groups treated with Yacon extract
compared to G2.

It is possible to observe in Figure 5 D, E and F an increase in GSH, polyphenols and

vitamin C levels in the groups treated with Yacon.

FIGURE 5
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4. Discussion

Atherosclerosis is the major cause of cardiovascular disease [1]. Studies have shown
that atherosclerosis is a consequence of hyperlipidemia and lipid oxidation and good control of
dyslipidemia is crucial in the prevention of CVD [16].

Yacon (Smallanthus sonchifolius) has been considered a food with multiple functions,
since it has bioactive compounds that may have beneficial effects on human health [17]. Most
of the benefits of consuming Yacon, have been attributed to its content of phenolic compounds,
antioxidants and prebiotics (FOS) [3].

There was a small weight gain in animals supplemented with the Yacon root compared
to G2, it was also observed by Genta et al. [18] which evaluated daily consumption of Yacon
syrup in dyslipidemic and obese premenopausal women, there was a decrease in body weight
of these patients, suggesting that this effect is due to the high content of FOS, which may
modulate the production of gastrointestinal peptides, leading to suppression of glucagon
secretion, delay gastric emptying and regulate food intake.

Studies have shown that inflammation plays a major role in the pathogenesis of
atherosclerosis, and platelets, which are formed in response to inflammation, they are
responsible for the occurrence of atherothrombotic events, both determinants of CVD [19]. This
study demonstrated that there was a decrease in the total leukocyte count and platelet counts in
hypercholesterolemic rats receiving the Yacon extract. There was a statistically significant
difference in the monocyte count in G2 in relation to the groups supplemented with Yacon.
Monocytes are cells extremely involved in the atherosclerotic lesion process, as they
accumulate lipids forming foam cells rich in cholesterol, and they may also promote the growth
of atherosclerotic plaques [20]. Therefore, these results showed that administration of Yacon
extract in hypercholesterolemic rats reduced the inflammation and thrombotic complications,
consequently the risk of developing atherosclerosis.

Plasma glucose levels were elevated in G2. Supplementation with Yacon decreased
these levels, and the groups associated with simvastatin evidenced a greater reduction (p <0.05).

This study demonstrated that the administration of Yacon root extract in
hypercholesterolemic rats could improve lipid and glucose profile. These findings corroborate
with a study by Oliveira et al. [21], which evaluated the effect of aqueous extract of Yacon roots
in healthy and diabetic rats at 7-day intervals, for 30 days and it was observed a decrease in the
levels (p <0.05) of blood glucose, total cholesterol, VLDL-C (very low-density lipoprotein),
LDL-C and triacylglycerol in the diabetic rats. Another study by Habib et al. [22] analyzed the
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beneficial effects of subchronic oral consumption Yacon root flour as a diet supplement in
diabetic Wistar rats. There was a significant decrease in plasma levels of triacylglycerol and
VLDL.

The analysis of serum biochemical markers that evaluated the renal and hepatic function
of the animals demonstrated, during the study period, that this extract is not hepatotoxic and
nephrotoxic.

CK, CK-MB, homocysteine and LDH are biomarkers of heart disease and are associated
with increased risk of atherothrombotic events [23,24,25]. The results of the study showed that
the hypercholesterolemic diet induced a significant increase (p <0.05) in the levels of these
markers in the control group (G2). The groups receiving Yacon extract evidenced a decrease (p
<0.05) in the levels of these markers, not only when compared to G2 (hypercaloric diet), but
also in relation to G1, and the groups which received the extract associated with simvastatin
(G6, G7) obtained a greater reduction of these levels. The reduction in the levels of cardiac
markers in the groups treated with the Yacon extract indicates a probable reversal of damage
caused by the hypercaloric diet.

Oxidative stress has been associated with the progression of numerous pathologies,
including CVD, and occurs when there is an imbalance in redox status of the organism,
producing an excess of free radicals (FR). These FR oxidize biomolecules [26]. The results
show that in the control group (G2), there was a significant increase in the content of protein
carbonyls in the levels of lipid peroxidation and frequency of micronucleus. Groups (G4, G5,
G6, G7) which received the Yacon extract showed a significant reduction (p <0.05) in protein
oxidation levels compared to G2, and groups (G4, G6) which received the lowest dose of the
extract with or without simvastatin showed better results, being similar to the G1.

It has also been observed in the evaluation of the levels of lipid peroxidation that the
groups treated with Yacon extract demonstrated significant decreases (p <0.05) in MDA levels
in plasma, when compared to the G2, and the groups (G4, G5) which were not associated to
simvastatin showed the greatest decrease in these levels. Assessing the frequency of
micronucleus, it was observed that all the groups supplemented with Yacon had a decrease in
the frequency of micronuclei while G4 and G7 obtained values similar to the healthy group
(G1).

The body has a system of antioxidant defense against reactive species. These are
molecules that protect the biological target from the oxidative damage and may be classified as
enzymatic and non-enzymatic [27]. The antioxidant enzymes SOD, GPx, CAT, demonstrated
low activity in G2. However SOD and GPx activity increased significantly (p <0.05) in the
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supplemented groups with Yacon, similar to the G1. The catalase activity also demonstrated a
significant increase compared to G2. A study by Habib et al. [28] evaluated the antioxidant
activity of Yacon using a model of streptozotocin-induced diabetic rats, and supplemented with
Yacon root flour for 90 days, oxidative stress markers were measured in homogenates of liver
and kidney, there was a high antioxidant activity in vivo through its markers (CAT, SOD, GPx
and GSH) as well as a reduction in lipid peroxidation in both organs.

After supplementation for 14 consecutive days, the groups treated with Yacon extract
showed high levels of GSH, significant increase in the levels of ascorbic acid when compared
to G2 and similar to the healthy group (G1). Plasma polyphenol levels also increased
significantly compared to G2, and G7 was similar to G1. These results show that
supplementation of the Yacon has the ability to enhance antioxidant defenses in
hypercholesterolemic rats. This study shows for the first time that supplementation of Yacon
root extract improves biochemical parameters and oxidative stress in hypercholesterolemic rats.
It also demonstrated that the Yacon root extract has high antioxidant activity in vitro, which
may be related to the large amount of phenolic compounds. Since the majority of root
compounds have characteristics of flavonoids and phenolic acids, however, none of the
compounds showed retention time or spectral profile of the standards used. These results differ
from those presented by Simonovska et al. [29] and Campos et al. [3] demonstrating the
presence of caffeic acid, ferulic acid, quercetin, among others. The different forms used in the
extraction studies or the origin of the plant material can explain this.

In conclusion, the results indicate that supplementation with Yacon roots extract in
hypercholesterolemic rats improved the glycemic and lipid profile, offered protection against
heart damage and showed no hepatotoxicity and nephrotoxicity. This study also showed a
reduction in inflammation, oxidative damage to biomolecules, and an increase in the antioxidant
defenses in the groups treated with Yacon. Thus, supplementation with Yacon root is a

promising alternative in the treatment of dyslipidemia.
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FIGURE LEGENDS

FIGURE 1. Biochemical profile of hypercholesterolemic rats supplemented with Yacon. In
A: glucose levels; B: serum total cholesterol levels; C: triglycerides levels; D: LDL-cholesterol
levels; E: HDL-cholesterol levels. Data are expressed as means+S.D. Comparisons were made
as a: Significantly different from Group 1; b: Significantly different from Group 2; c:
Significantly different from Group 3; d: Significantly different from Group 4; e: Significantly
different from Group 5; f: Significantly different from Group 6. P<0.05 was considered

significant.

FIGURE 2. Biochemical markers of liver and kidney function. A: AST; B: ALT; C: Urea D:

creatinine. Data are expressed as means+S.D.

FIGURE 3. Markers of cardiac damage in the hypercholesterolemic rats exposed to different
treatments. A: CK-Total; B: CK-MB; C: Homocysteine; D: LDH Comparisons were made as
a: Significantly different from Group 1; b: Significantly different from Group 2; c: Significantly
different from Group 3; d: Significantly different from Group 4; e: Significantly different from

Group 5; f: Significantly different from Group 6. P<0.05 was considered significant.

FIGURE 4 - Biomarkers of oxidative damage in hypercholesterolemic rats after treatment of
Yacon extract. In A: lipid peroxidation levels; B: carbonyl protein contents; C: frequency of
micronucleus; Comparisons were made as a: Significantly different from Group 1; b:
Significantly different from Group 2; c: Significantly different from Group 3; d: Significantly
different from Group 4; e: Significantly different from Group 5; f: Significantly different from

Group 6. P<0.05 was considered significant.

FIGURE 5 - Antioxidant defenses markers in hypercholesterolemic rats after treatment of
Yacon extract. In A: SOD activity; B: CAT activity; C: GPx activity; D: GSH levels; E:
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ascorbid acid contents; F: polyphenols contents. Comparisons were made as a: Significantly
different from Group 1; b: Significantly different from Group 2; c: Significantly different from
Group 3; d: Significantly different from Group 4; e: Significantly different from Group 5; f:

Significantly different from Group 6. P<0.05 was considered significant.



TABLE 1 - Body weight of rats during the induction of hypercholesterolemia (weeks 1-4) and during treatment (weeks 5-6).

BODY WEIGHT

Groups INDUCTION OF HYPERCHOLESTEROLEMIA TREATMENT
Week 1 Week 2 Week 3 Week 4 Week 5 Week 6
G1=Normal Diet 269 +9.2 303+5.8 321+2.7 336 +5.1 344+ 75 358+ 7.7
G2=Calorie Diet 201+14 .4 242 +19.1 305+30.9 347 £ 35.3 359 + 38.6 385+30.4
G3=SIM 208 +4.4 229 +24.9 240+ 24.0 262 +28.0 270 +55.5 298 +50.3
G4=YE20mg/kg 299 +17.3 341+175 378 £18.3 407 £ 20.2 425 + 28.4 439+ 28.6
G5=YE40mg/kg 284+79 322 +8.8 347 +7.3 375 +12.8 394+12.1 399 +17.4
G6=YE20mg/kg+Sim 292 + 10.7 337+126 364 +14.0 394 +15.6 406 +18.4 404 +19.6
G7=YE40mg/kg+Sim 260 + 15.9 297 +18.8 322+222 349+24.0 356 + 26.5 350+9.2

Values are expressed as Mean + SD of each group (n=6).



TABLE 2 - Hematological parameters of the hypercholesterolemic rats exposed to different treatments

60

PARAMETERS

Hemoglobin (g/dL)
Hematocrit (%6)

MCV/(fL)

MHC (pg)
MCHC (%)
RDW
Erythrocytes (108/mm3)
Leukocytes (10%/mms3)
Lymphocytes (%)
Neutrophils (%)
Monocytes (%)
Eosinophils (%)
Basophil (%0)

Platelets (10%/mm?)

GROUPS
G1=CONTROL G2=CONTROL  G3=SIM  G4= YE20mg/kg G5=YE40mg/kg G6=YE20mg/kg+SIM G7=YE40mg/kg+
(ND) (HD) SIM
15+04 14+06 13+15 14+04 14+04 14+05 14+04
50+1.3 39+1.0 40 +4.2 44+2.2 46 +1.0 47+11 47 +£2.2
57 +0.4 57 +1.2 54+0.8 54+0.3 55+0.5 54 +0.7 55+1.1
18+0.4 20+0.5 18+0.4 17404 17+05 17+05 17+0.3
31+0.4 35+0.8 34+0.4 31+05 31+0.7 31+05 31+0.2
13+0.2 14 +0.4 13+0.8 13+0.2 13+0.4 13+0.7 12+0.4
8+0.4 6+05 7+08 8+0.4 8+0.1 8+0.3 8+0.3
6+0.2 8+ 0.5 6+0.5 7 +0.1 5+0.8 6+0.1 5+0.4
69+25 67 +10.5 69+7.2 74+5.2 69+6.3 68+6.1 64+3.8
26+15 26+ 6.2 25+7.1 17+15 24+38 19+2.58 26+ 4.5
7+17 12 +5.8* 45+0.7 4 +18 5+3.2 7429 6+3.7
1+0.3 1+05 2+04 1+05 1400 1+04 1+05
0+0 0+0 0+0 0+0 0+0 0+0 0+0
392 +23.1 531 + 12.5* 400 + 18.2 405 +72.0 391+9.4 445 +35.9 291 +37.6

Data are expressed as means+SD Asterisks indicate statistically significant differences (p<0.05) between the groups by two-way ANOVA followed by Bonferroni's comparison

pos hoc test.
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5. MANUSCRITO 11

14-days of supplementation with Yacon leaf extract (Smallanthus sonchifolius) shows
antioxidative properties and improved lipid profile and oxidative parameters in

hypercholesterolemic rats model

Patricia Martinez Oliveira, Ritiele P. Coelho, Bruna C. Pilar, Alessandra M Golke, Angélica
A Gullich, Vanusa Manfredini.
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Abstract

The Yacon leaves (Smallanthus Sonchifolius) are rich in phenolic compounds which have
antioxidant activity. The objective of this study was to evaluate the hypolipidemic and
antioxidant effects of Yacon leaves hydroalcoholic extract in hypercholesterolemic rats. It were
used male wistar rats, divided into 7 groups: G1: normal diet (NaCl 0,9%); G2: hypercaloric
diet control (NaCl 0,9%); G3: oral suspension of simvastatin 10 mg/Kg (SIM); G4: Yacon
extract 20mg/Kg (YE20); G5: Yacon extract 40mg/Kg (YE40); G6: YE20 + SIM (YE20+SIM);
G7: YE40 + SIM (YE40+SIM). The lyophilized extracts were administered once daily by
gavage for 14 consecutive days. The hematological, biochemical and oxidative parameters were
determined by classical methodologies. The groups that received the Yacon extract showed a
decrease in glucose and lipid levels. The extract administration significantly decreased serum
levels of cardiac markers and showed a reduction of the inflammatory process. Moreover, it
reduced lipid peroxidation, protein carbonylation, frequency of micronucleus and increased
antioxidant defenses. Thus, the results suggest that the lyophilized Yacon extract showed a
hypoglycemic, hypolipemic and antioxidant activity, possibly due to its high content of

phenolic compounds.

Keywords: Yacon, leaves, lipid profile, antioxidant.
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1. Introduction

Oxidative stress is involved in the progression of several diseases, including
cardiovascular disease (CVD) (Singh & Jialal, 2006), and is the consequence of an imbalance
in redox status of the organism, with excessive production of free radicals (FR). The FR may
be defined as any species containing one or more unpaired electrons in the last molecular layer
(Halliwell, 2006). This unpaired electron make the FR highly unstable and very reactive and
may oxidize directly biomolecules (Valko, et al., 2007).

The body, in turn, has an antioxidant defense system against reactive species.
Antioxidants are molecules which protect the biological target of oxidative damage and can be
classified in enzymatic such as catalase (CAT), glutathione peroxidase (GPx) and superoxide
dismutase (SOD) and nonenzymatic as reduced glutathione (GSH), vitamin E, vitamin A,
vitamin C, polyphenols, among others (Halliwell, 2011).

The intake of natural antioxidants is associated with decreased incidence of various
diseases (Gomathi, Ravikumar, Kalaiselvi, Vidya, & Uma, 2012). In this context, arises the
Yacon (Smallanthus sonchifolius) that is attracting interest especially for its medicinal
properties. The Yacon is a tuberous root that has fructooligosaccharides (FOS) as a reserve
carbohydrate, these have links f - (2 — 1) that resist hydrolysis of digestive enzymes being
fermented in the colon, exercising bifidogenic activity (Campos, et al., 2012). Moreover, studies
have investigated that the beneficial properties of Yacon are due to the presence of phenolic
compounds (Ojansivu, Ferreira, & Salminen, 2011), while the concentration in the roots is high,
it is even higher in the leaves (Arnao, Suarez, Cisneros, & Trabucco, 2012).

Studies have shown that Yacon leaves (Smallanthus sonchifolius) have antimicrobial
(Lin, Hasegawa, & Kodama, 2003), antifungal (Inoue et al., 1995), anti-hyperglycemic (Aybar,
Riera, Grau, & Sanchez, 2001) and antioxidant activity (Lachman, Fernandez, Viehmannova,
Sulc, & Eepkova, 2009), however studies that evaluate other effects in vivo are rare in the
literature. Thus, the objective of this study was to evaluate the hypolipidemic and antioxidant

effects of Yacon leaves hydroalcoholic extract in hypercholesterolemic Wistar rats.
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2. Materials and Methods

2.1 Chemicals
All the chemicals were from Sigma Chemical Co. (St. Louis, MO, USA) and of
analytical grade. Solvents for UPLC analysis were purchased from Tedia Company (OH, EUA).

2.2. Sample plant
The Yacon roots were provided by the Emater/RS, and cultived in a property in Alegrete
/ RS. The leaves were duly transported fresh to Uruguaiana, RS, Brazil, where they were

processed immediately.

2.3 Preparation of the extract

The Yacon leaves hydroalcoholic extract was obtained from 70% ethanol (v / v). The
leaves were washed, peeled and dried at 37 ° C for 5 hours and placed in contact with the solvent
for 7 days in the dark, according to a slightly modified method previously described by Baroni
et al., (Baroni, Suzuki-Kemmelmeier, Caparroz-Assef, Cuman & Bersani-Amado, 2008). After
the extract was filtered and concentrated under reduced pressure using a rotary evaporator at 40
°C, and the remaining water portion was lyophilized. The lyophilized was stored at -70 °C until

further use.

2.4 Phytochemical analysis

Ultra-performance liquid chromatography with diode array detection (UPLC-DAD) was
performed to evaluate the main components of the Yacon. The chemical reference substances
used in this study were rutin hexahydrate, quercetin, kaempferol, gallocatechin, epicatechin,
luteolin, gallic acid and chlorogenic acid (Sigma-Aldrich, St. Louis/EUA).

2.5 Animal Experimentation

For this study it was used male Wistar rats (60-65 g), 30 days old, obtained from the
Central Animal Laboratory of the Federal University of Santa Maria, Rio Grande do Sul, Brazil.
During treatment, rats were housed at a constant room temperature, humidity, and light cycle

(12:12h light-dark), free access to tap water and fed with standard chow ad libitum.
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2.6 Ethical issues

All experiments were conducted in compliance with the guidelines for biomedical research
stated by the Brazilian Societies of Experimental Biology and approved by the Ethics
Committee on Animal Use Experimentation of the Federal University of Pampa, CEUA,
Uruguaiana, Rio Grande do Sul, Brazil (Protocol 034/2013).

2.7 Preparation of feed and Induction of hypercholesterolemia

The rats had free access to water and a hypercholesterolemic diet for 30 days as
described by Fietz and Salgado (Fietz & Salgado, 1999).

After 30 days of induction, blood samples were collected (puncture in the rat tail), before
the start of experiments to confirm hypercholesterolemia, and then initiating treatment with the
extracts. After inducing hypercholesterolemia, the groups continued to receive the same diet

until the end of the experiment.

2.8 Experimental Desing

Forty-two rats were divided into 7 groups of 6 animals each: Group 1 (normal diet) and
group 2 (hypercaloric diet control) received saline at a dose of 1 ml, group 3: oral suspension
of simvastatin 10 mg/kg (SIM), group 4: Yacon extract 20 mg/kg (YEZ20), group 5: Yacon
extract 40 mg/kg (YES0), group 6: Yacon extract 20 mg/kg and simvastatin 10 mg/kg
(YE20+SIM), group 7: Yacon extract 40 mg/kg and simvastatin 10 mg/kg (YE40+SIM). All
treatments were administered daily by gavage. Only G1 received normal diet, while the other
groups received hypercholesterolemic diet until the end of the experiment.

Body weight registration of the animals was performed during all experimental period.

2.9 Yacon extract prepare and administration

The Yacon-based solution was obtained by the dissolution of the lyophilized extract in
water. The solutions were daily prepared immediately before the administration. The extracts
were administered by gavage for 14 consecutive days. Animals were euthanized 24 h after the

last treatment, in fasting, to obtain the whole blood.

2.10 Parameters analyzed

2.10.1 Evaluation of antioxidant potential from Yacon extract in vitro
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The antioxidant activity in vitro was determined by the classical method of DPPH and
content of total polyphenols was measured in six different concentrations (0,05mg/mL, 0,10
mg/mL, 0,25 mg/mL, 0,50 mg/mL, 1,0 mg/mL, 2,0 mg/mL) of the extract.

2.10.1.1 Determination of total polyphenols content

The concentration of total polyphenols in Yacon extract was measured
spectrophotometrically using the Folin-Ciocalteu (Singleton, Orthofer, & Lamuela-Raventos,
1999), with modifications. Briefly, 125 pL of 1 N Folin-Ciocalteu reagent was added to a 125
pL of sample, and this mixture was allowed to stand for 6 min before the addition of 1,25 mL
of 7% Na2CO3. The solution was then allowed to stand for 90 minutes before reading at 760
nm in Spectrophotometer (UV-1800 Shimadzu, Japan).

The standard curve of gallic acid was prepared in the same manner and total
polyphenolic content was expressed in milligram of gallic acid equivalent per milliliter (mg
GAE mL-1). The equation obtained for standard curve of gallic acid in the range of 0.001 —
0.020 mg/mL was y = 40.112x + 0.0581 (R2 = 0.9994).
2.10.1.2 DPPH radical scavenging activity

The DPPH (2,2-diphenyl-1-picrylhydrazyl) radical-scavenging activity of Yacon
extract was determined as described by Sharma and Bhat (Sharma & Bhat 2009). The DPPH
radical solution (50uL) was dissolved in methanol and added to a medium containing Yacon
extract at different concentrations. The medium was incubated at room temperature for 30 min.
The decrease in absorbance was measured at 517 nm, which depicted the scavenging activity
of Yacon extract against DPPH. The DPPH scavenging capacity of the compound was

calculated as:

DPPH radical scavenging activity= 100 — [(ABSsampLe — ABSgLANK) / ABSconTtroL) X 100]

Where, ABSsawmpLE IS the absorbance of the test compound, ABSgLank iS the absorbance of the
blank and ABSconTroL is the absorbance of the control reaction. IC50 value (concentration of
sample where absorbance of DPPH decreases 50% with respect to absorbance of blank) of the

sample was determined. Ascorbic acid was used as positive control.

2.10.2 Evaluation of Yacon extract in vivo

2.10.2.1 Biochemical and hematological analysis
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The hemograms (complete blood count) were determined using an automated
hematology analyzer Cell-Dyn 3200 (Abbott Diagnostic, Abbot Park, IL, USA). Total
cholesterol, HDL-cholesterol, triacylglycerol total, and glucose levels were carried out using
automatic analyzer A-25 Biosystems (Biosystems SA, Barcelona, Spain) for in vitro
diagnostics. LDL cholesterol values were computed according to the Friedewald formula.

Enzymatic markers for liver function (aspartate transaminase - AST, alanine
transaminase - ALT), renal (creatinine, uric acid) and heart (creatine kinase - CK, its isoform
CK-MB and lactate dehydrogenase - LDH) were determined by automated equipment (A25
Biosystem) for in vitro diagnostics. Homocystein levels were measured by high performance
liquid chromatography coupled to mass spectrometry (LC-MS/MS), according to Nelson et al.
(Nelson, Pfeiffer, Sniegoski, & Satterfield, 2003). All biochemical assays were carried out in

triplicate.

2.10.2.2 Evaluation of oxidative stress parameters
2.10.2.2.1 Oxidative damage

The oxidative parameters, lipid peroxidation (Ohkawa, Ohishi, & Yagi, 1979) and
protein carbonyls (Levine, 2002) in plasma were measured using spectrophotometric methods.
The assessment of DNA damage was made by frequency of micronucleus (Schmid, 1975) in

leukocytes.

2.10.2.3.2 Antioxidants defenses

The levels of polyphenols (Singleton, Orthofer, & Lamuela-Raventos, 1999), vitamin C
(Jacques-Silva, Nogueira, Broch, Flores, & Rocha 2001) in plasma were quantified by
spectrophotometry.

The levels of reduced glutathione (GSH) (Akerboom & Sies, 1981) the activity of
superoxide dismutase (SOD) (kit RANSOD - RANDOX Brasil LTDA), catalase (CAT) ((Aebi,
1984), and glutathione peroxidase (kit RANSEL - RANDOX Brasil LTDA) were determined
in erythrocytes. All assays were carried out in triplicate.

2.11 Statistical Analysis

Data were expressed as mean * standard deviation (SD). Comparisons between groups

were performed using two-way analysis of variance (ANOVA), followed by Bonferroni’s


http://pubs.acs.org/action/doSearch?ContribStored=Pfeiffer%2C+C+M
http://pubs.acs.org/action/doSearch?ContribStored=Sniegoski%2C+L+T
http://pubs.acs.org/action/doSearch?ContribStored=Satterfield%2C+M+B
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Multiple Comparison test for post hoc analysis. Results were considered statistically significant
when p<0.05. The statistical analysis was performed using GraphPad Prism (version 5.0,
GraphPad Software, Inc., La Jolla, CA, USA).

3. Results and Discussion

3.1 Totals Polyphenols content and DPPH assay

Figure 1A shows that total phenolics in Yacon leaves hydroalcoholic extract range from
2.28 10 49.26 mg of GAE/mI, showing a dose-dependent behavior.
The Yacon leaf extract obtained a percentage of inhibition of 18.15% to 86.84% against the
DPPH radical (Figure 1B).

A study by Arnao et al. (Arnao, Seminario, Cisneros, & Trabucco, 2011), showed that
hydroalcoholic extracts leaves obtained an 1C50 for the capture of DPPH radical, between 44.2
and 110.3 ug dry leaf/mL and its total phenols range from 7.7 to 22.7 mg GAE/qg.

Thus, it is suggested that the Yacon leaf extract has high antioxidant activity in vitro,

which may be related to the large amount of phenolic compounds.

3.2 Phytochemical analysis

In the analysis of the spectral profiles of the major peaks in the chromatogram it were
observed compounds with characteristics of flavonoids and phenolic acids, however, none of
the compounds showed retention time or spectral profile of the standards used. These results
differ from those presented by Simonovska et al. (Simonovska, Vovk, Andrensek, Valentov4,
& Ulrichov4, 2003), and Valentova et al. (Valentova, Cvak, Muck, Ulrichova, & Simanek,
2003), which revealed the presence of caffeic acid, ferulic acid, chlorogenic acid,
protocatechuic, among others. The different forms of extraction and/or origin of the plant
material, can explain this difference.

The rutin flavonoid was identified in the chromatogram obtained from the leaves extract.

The average content of rutin in the extract of the leaves was approximately 0.81 pg/mL.

3.3 Effects of YE on body weight gain

Table 1 shows that G1, G2, G3, G4, G5, G6, G7 had a weight gain 33%, 91%; 43%,
87%, 73%, 64%, 76% respectively.
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3.4. Effect of the YE treatment on Hematological Profile

After 14 days of supplementation it was observed a significant decrease in leukocyte
and platelet counts in all groups treated with Yacon leaf extract both in relation to G2 control
group and the healthy control G1 (Table 2).

There was a statistically significant difference in monocyte count in the G2 control
group compared to groups supplemented with Yacon.

Inflammation is highly associated with the development of atherosclerosis, the main
cause of cardiovascular disease (Berbée, et al. 2015). Monocytes are key cells in the formation
of atherosclerotic plaques (McLaren, Michael, Ashlin, & Ramji, 2011).

Thus, these results demonstrated that the administration of Yacon extract decreased the
inflammatory process and hence the risk of developing atherosclerosis in hypercholesterolemic
rats. A study by Oliveira et al. (Oliveira et al., 2013) observed anti-inflammatory topical effect
of Yacon leaves, suggesting that this effect is mainly due to its phenolic compounds.

The other parameters evaluated were not significant.

3.5 Effect of the YE treatment on Biochemical Profile

3.5.1Lipid and glycemic profiles

Figure 2A shows that there was a significant reduction in plasma glucose in all groups
receiving the Yacon extract with or without combination with simvastatin compared to the
control group (G2). Although this study used lower dose and for a shorter period, these findings
corroborate a study by Honoré et al. (Honoré, Cabrera, Genta, & Sanchez, 2012) where the
administration of the Yacon leaves extract (dry extract 70mg/kg body weight) for 4 weeks
significantly reduced hyperglycemia in rats with streptozotocin-induced diabetes. In another
study by Aybar et al. (Aybar, Riera, Grade, & Sanchez, 2001) it was evaluated the
hypoglycemic effect of aqueous extract of the leaves of Yacon normoglycemic rats transiently
hyperglycemic and streptozotocin-induced diabetic (STZ), where the administration of Yacon
extract 2% for 30 days also showed a significant hypoglycemic effect in rats with STZ-induced
diabetes.

An abnormal lipid profile is the major cardiovascular risk factor and is characterized by
elevated levels of total cholesterol, triacylglycerol and low-density lipoprotein cholesterol
(LDL-C) and a decrease in high-density lipoprotein cholesterol (HDL-C) (Plana,
Ibarretxe, Cabré, Ruiz, & Masana, 2014).


http://www.ncbi.nlm.nih.gov/pubmed/?term=Plana%20N%5BAuthor%5D&cauthor=true&cauthor_uid=24931442
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ibarretxe%20D%5BAuthor%5D&cauthor=true&cauthor_uid=24931442
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cabr%C3%A9%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24931442
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ruiz%20E%5BAuthor%5D&cauthor=true&cauthor_uid=24931442
http://www.ncbi.nlm.nih.gov/pubmed/?term=Masana%20L%5BAuthor%5D&cauthor=true&cauthor_uid=24931442
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There was a significant reduction (p <0.05) in the serum levels of total cholesterol (G4,
G5, G6, G7) in relation to G2 (Figure 2B). Triacylglycerol (Figure 2C) and LDL-cholesterol
levels (Figure 2D) had a significant reduction compared to G2, and similar values G1. It was
also observed a significant increase (p <0.05) of HDL-cholesterol levels (G4, G5, G6, G7)
(Figure 2E) in comparison to the control group (G2), and the groups associated with
simvastatin (G6, G7) were significantly higher than the healthy control group (G1). This study
demonstrated that the administration of Yacon leaf extract in hypercholesterolemic rats,
improved lipid profile, thus suggesting a possible protective effect on the progression of CVD.

A study by Miura et al. (Miura, Itoh, & Ishida, 2004) noticed that the administration of
the aqueous extract of Yacon leaves (500mg/kg) for 6 weeks reduced hyperglycemia and

hyperlipidemia in type 2 diabetic mice.

3.5.2 Markers of renal and hepatic function
The results showed that serum biochemical markers that evaluated hepatic (Figure 3A,
3B) and renal functions (Figure 3C, 3D) of animals, are within normal limits, with no

statistically significant difference (p> 0 .05) between groups.

3.5.3 Markers of cardiac damage

Creatine kinase (CK) and its isoform CK-MB are used as a marker of heart disease
(Ghormade, Kumar, Tingne, & Keoliya, 2014). Homocysteine is an sulfhydryl amino acids
formed from the liver methionine. The elevation of homocysteinemia have been associated with
increased risk of atherothrombotic events (Kalra, 2004). The lactate dehydrogenase (LDH) is a
key enzyme in the metabolism of carbohydrates that can be found in many tissues. The serum
levels of LDH are elevated in a variety of disorders, especially in cardiac and hepatic disease
(Huijgen, Sanders, Koster, Vreeken, & Bossuyt, 1997). The hypercholesterolemic diet
induced an increase in the levels of CK (Figure 4A), CK-MB (Figure 4B), homocysteine
(Figure 4C) and LDH (Figure 4D) in the G2. The groups receiving Yacon extract showed a
decrease (p <0.05) in the levels of these markers when compared to the G2, and the groups

being associated with simvastatin (G6, G7) had lower levels than G1.

3.6. Evaluation of oxidative stress parameters
3.6.1 Oxidative damage
The FR directly oxidize lipids (lipid peroxidation), proteins (carbonylation and/or

nitration) and genetic material (DNA) (oxidation of nitrogenous bases) (Halliwell, 2006). Lipid


http://www.ncbi.nlm.nih.gov/pubmed/?term=Ghormade%20PS%5BAuthor%5D&cauthor=true&cauthor_uid=25440147
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peroxidation is a complex process that involves interaction of reactive oxygen species (ROS)
with poly-unsaturated fat acids, resulting in a wide variety of highly reactive electrophiles
aldehydes and malondialdehyde (MDA), the main product (Halliwell, & Chirico, 1993). Figure
5A shows that the control group (G2) has high levels of MDA. However, the groups treated
with Yacon extract showed significant decreases (p <0.05) in MDA levels in plasma (p <0,05)
compared to the control group (G2). The decrease in MDA levels in plasma indicates the
reduction of the lipid peroxidation. The groups supplemented with Yacon also showed a
significant reduction (p <0.05) in protein carbonyls and frequency of micronucleus in relation

to G2. Figure 5B, 5C, respectively.

3.6.2 Antioxidants defenses

The ER continuous production by metabolic processes resulted in the development of
various antioxidant defense mechanisms to protect the biomolecules from oxidative damage
(Sies, 1993).

The biomarkers of enzymatic antioxidant defenses (SOD, CAT, GPx) and non-
enzymatic (vitamin C, GSH, and polyphenols) are shown in Figure 6A, B, C, D, E, and F,
respectively.

The G2 demonstrated low activity of antioxidant enzymes and reduced levels of vitamin
C, GSH, and polyphenols. After 14 days of supplementation the enzymatic activity increased
significantly (p <0.05) (SOD, CAT, GPx) in the groups treated with Yacon compared to G2,
and the GPx levels were similar to G1. The levels of GSH, vitamin C and polyphenols were
significantly higher in the supplemented groups compared to G2, polyphenols levels in the
groups supplemented with Yacon which received the highest dose (G5, G7) with or without
simvastatin had values similar to G1. These results show that Yacon is capable of increasing

the antioxidant defenses in hypercholesterolemic rats.

5. Conclusion

Administration of the Yacon leaves extract in hypercholesterolemic rats improved
glycemic and specially lipid profiles. Moreover, the extract supplementation offered protection
against heart damage, and it was not hepatotoxic or nephrotoxic. It also showed a reduction in
the oxidative damage to lipids, proteins, DNA and was able to enhance antioxidant defenses.
The extract of the leaves showed a high antioxidant activity in vitro, possibly due to its high
content of polyphenols, including rutin, it may be the main metabolite responsible for the

positive effects of this plant.
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FIGURE LEGENDS

FIGURE 1 - In vitro tests determined at different concentrations extract of Yacon leaves. A -

Polyphenols content; B- DPPH radical-scavenging activity.

FIGURE 2 — Effect of Yacon extract in hypercholesterolemic rats after treatment. In A: glucose
levels; B: serum total cholesterol levels; C: triglycerides levels; D: LDL-cholesterol levels; E:
HDL-cholesterol levels. Data are expressed as meanstS.D. Comparisons were made as a:
Significantly different from Group 1; b: Significantly different from Group 2; c: Significantly
different from Group 3; d: Significantly different from Group 4; e: Significantly different from

Group 5; f: Significantly different from Group 6. P<0.05 was considered significant.

FIGURE 3 - Biochemical markers of liver and kidney function. A: AST; B: ALT; C: Urea D:

creatinine. Data are expressed as meanszS.D.

FIGURE. 4 - Markers of cardiac damage in the hypercholesterolemic rats exposed to different
treatments. A: CK-Total; B: CK-MB; C: Homocysteine; D: LDH. Comparisons were made as
a: Significantly different from Group 1; b: Significantly different from Group 2; c: Significantly
different from Group 3; d: Significantly different from Group 4; e: Significantly different from

Group 5; f: Significantly different from Group 6. P<0.05 was considered significant.

FIGURE 5 - Biomarkers of oxidative damage in hypercholesterolemic rats after treatment of
Yacon extract. In A: lipid peroxidation levels; B: carbonyl protein contents; C: frequency of
micronucleus; Comparisons were made as a: Significantly different from Group 1; b:
Significantly different from Group 2; c: Significantly different from Group 3; d: Significantly
different from Group 4; e: Significantly different from Group 5; f: Significantly different from

Group 6. P<0.05 was considered significant.

FIGURE 6 - Antioxidant defenses markers in hypercholesterolemic rats after treatment of
Yacon extract. In A: SOD activity; B: CAT activity; C: GPx activity; D: GSH levels; E:
ascorbid acid contents; F: polyphenols contents. Comparisons were made as a: Significantly
different from Group 1; b: Significantly different from Group 2; c: Significantly different from
Group 3; d: Significantly different from Group 4; e: Significantly different from Group 5; f:

Significantly different from Group 6. P<0.05 was considered significant.
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Table 1- Body Weight of rats during the induction of hypercholesterolemia (weeks 1-4) and during treatment (weeks 5-6).

Groups Induction of Hypercholesterolemia Treatment
Week 1 Week 2 Week 3 Week 4 Week 5 Week 6

G1=Normal Diet 269 +9,2 303+5,8 321+ 2,7 336 5,1 344+75 358+ 7,7
G2=Calorie Diet 201,144 242 +£19,2 305+ 30,9 347 +35,3 359 + 38,6 385+30,4
G3=SIM 208 + 4.4 229 +24.9 240+ 24.0 262 + 28.0 270 £ 55.4 298 +50.3
G4=YE20mg/kg 198 + 8,0 242 +9,2 208 £ 10,0 352 +19,6 361 + 22,2 372+ 23,4
G5=YE40mg/kg 206 + 14,7 246 + 20,2 293 +14,5 341 +21,2 347 + 26,7 357 + 25,0
G6=YE20mg/kg+Sim 222+ 34,0 246 £ 12,9 309 +23,1 357 +18,7 357 +£25,3 365 + 30,7
G7=YE40mg/kg+Sim 205+ 13,9 249 +17,8 297+ 12,6 344 +14,3 353 +13,7 362+9,3

Values are expressed as Mean + SD of each group (n=6).
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Table 2 — Hematological parameters of the hypercholesterolemic rats exposed to different treatments.

PARAMETERS GROUPS
G1=CONTROL G2=CONTROL  G3=SIM  G4= YE20mg/kg G5=YE40mg/kg G6=YE20mg/kg+SIM G7=YE40mg/kg+
(ND) (HD) SIM
Hemoglobin (g/dL) 15+0.4 14+0.6 13+15 14+05 14+05 14+0.4 14+0.6
Hematocrit (%0) 50+1.3 39+£1.0 40+£4.2 39+1.2 39+£0.9 39+£0.9 39+14
MCV(fL) 57+04 57 £1.2 54+ 0.8 58+1.1 58+1.1 58 +0.9 58 +1.3
MHC (pg) 18+ 0.4 20+05 18 +0.4 20+05 20+ 0.4 20+0.7 19+05
MCHC (%) 31+04 35+0.8 34+04 35+0.8 35+0.8 35+0.8 34+0.6
RDW 13+0.2 14+0.4 13+0.8 14+05 14+0.6 14+05 14+0.3
Erythrocytes (10%/mm3) 8+04 6+05 7+08 6+04 6+ 04 6+04 6+0.3
Leukocytes (103/mm3) 6+0.2 8 +0.5% 6 £05 5+04 4+0.6 4+03 3x0.2
Lymphocytes (%) 69 +2.5 67 +10.5 69 +7.2 6+9.9 63 +10.5 63+5.5 59 +9.8
Neutrophils (%6) 26+15 26 +6.2 25+7.1 34+10.1 25+9.3 31+6.1 31+10.8
Monocytes (%) 717 12 +5.8* 4+0.7 4+09 847 3+05 6+5.6
Eosinophils (%) 1+£03 1+£05 2x04 04+0.8 0,3+0.5 05+£05 02+04
Basophil (%) 0+0 0+0 0+0 0+0 00 0+0 0+0
Platelets (103%/mm3) 392 +23.1 531 +12.5* 400 + 18.2 318+5.1 306+7.0 307 +6.1 295+ 2.7

Data are expressed as means+SD Asterisks indicate statistically significant differences (p<0.05) between the groups by two-way ANOVA followed by Bonferroni's comparison
pos hoc test.
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PARTE I

6. CONCLUSOES

Estes resultados indicam que o extrato das folhas e raizes do Yacon:

- possui atividade antioxidante in vitro, evidenciada pela atividade sequestradora do
radical DPPH, o que pode ser atribuido ao seu elevado teor de compostos fenolicos totais;
- reduziu o processo inflamatorio através da contagem de leucdcitos totais;

- melhorou perfil lipidico e glicémico;

- diminui os niveis dos marcadores de dano cardiaco;

- ndo se mostrou hepatotoxico nem nefrotdxico;

- melhorou pardmetros de estresse oxidativo, tais como peroxidacao lipidica, carbonilacdo
proteica, e frequéncia de micronucleos;

- aprimorou as defesas antioxidantes enzimaticas e ndo enzimaticas;

- a administracdo do extrato da raiz diminuiu o0 ganho de peso dos animais.

Assim, 0 Yacon se mostrou uma planta medicinal de futuro promissor, pois nossos
resultados demonstraram ter efeito benéfico sobre varios parametros importantes da saude

humana.
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7. PERSPECTIVAS

- Determinar marcadores inflamatorios como proteina C reativa ultrassensivel, TNF-a,
IL-1, 11-6 em plasma

- Realizar a andlise histopatoldgica das artérias, figado e rim nos grupos ja estudados;

- Avaliar os efeitos do extrato bruto e fraces da folha e raiz do Yacon em modelo animal

com sindrome metabdlica.
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