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RESUMO

A transicdo nutricional é caracterizada principalmente pela mudanga de habitos alimentares
onde individuos passaram a ingerir alimentos processados e ultraprocessados ricos,
principalmente, em &cidos graxos saturados. Tal fato é capaz de promover aumento
significativo de peso ponderal e principalmente, do tecido adiposo visceral associado a
complicagBes cardiometabdlicas. Com isso, 0 objetivo desse estudo foi avaliar os efeitos de
uma dieta hiperlipidica com alta concentracdo de acidos graxos saturados sobre o crescimento
somatico, balanco oxidativo e metabolismo lipidico do tecido adiposo, além de parametros
cardio-metabdlicos de ratos machos Wistar. Durante o periodo de gestacdo e lactacdo, ratas
virgens receberam dieta padrdo de laboratério. Ap6s o desmame, os filhotes foram divididos
em dois grupos, de acordo com a dieta ate os 90 dias de vida: Controle (18,6% de lipideos
[sendo 17,32% é&cidos graxos saturados, 29,93% monoinsaturados e 52,76% poliinsaturados]
20,2% de proteinas, 61% de carboidratos; densidade energética de 3,69kcal/100g) e
hiperlipidica (31% de lipidios [sendo 29,59% acidos graxos saturados, 34,77%
monoinsaturados e 35,64% poliinsaturados]. Realizou-se medi¢6es murinométricas, analises
bioguimicas, avaliacdo da pressdo arterial e frequéncia cardiaca, analise da composicdo de
tecido adiposo total, atividade de enzimas-chave do metabolismo lipidico e biomarcadores de
estresse oxidativo e atividade de enzimas antioxidantes participantes do balango oxidativo do
tecido adiposo. Os resultados foram expressos em média £ epm, e para comparagao entre 0s
grupos Controle (C) e grupo Hiperlipidico (HL) foi utilizado o teste “t” de Student e para
dados ndo parametricos foi utilizado o teste de Mann-Whitney com nivel de significancia
p<0,05. Ndo foram observadas diferenca entre 0s grupos quanto a composic¢do corporal,
parametros bioquimicos, pressao arterial, frequéncia cardiaca e distribuicdo de tecido adiposo.
Porém, o grupo HL mostrou maior circunferéncia abdominal aos 30 dias de vida, maior
sintese e menor oxidacdo de acidos graxos no tecido adiposo, fatores estes propiciadores de
um estado de estresse oxidativo. A ingestdo da dieta rica em acidos graxos saturados até os 90

dias apresentou ser um potente carreador de alteracdes metabdlicas relacionadas a obesidade.

Palavras-chave: Gordura Saturada. Tecido adiposo. Alteracbes metabolicas. Estresse

oxidativo.



ABSTRACT

The nutritional transition is characterized mainly by the change in eating habits where
individuals started to eat processed and ultra-processed foods rich, mainly in saturated fatty
acids. This fact is capable of promoting a significant increase in weight and especially in
visceral adipose tissue associated with cardiometabolic complications. Thus, the aim of this
study was to evaluate the effects of a high-fat diet with a high concentration of saturated fatty
acids on the somatic growth, oxidative balance and lipid metabolism of adipose tissue, in
addition to cardio-metabolic parameters of male Wistar rats. During the gestation and
lactation period, virgin rats received a standard laboratory diet. After weaning, the pups were
divided into two groups, according to the diet until 90 days of life: Control (18.6% lipids
[17.32% saturated fatty acids, 29.93% monounsaturated and 52, 76% polyunsaturated] 20.2%
protein, 61% carbohydrates; energy density of 3.69kcal / 100g) and hyperlipidic (31% lipids
[29.59% saturated fatty acids, 34.77% monounsaturated and 35, 64% polyunsaturated].
Murinometric measurements, biochemical analyzes, blood pressure and heart rate assessment,
analysis of the total fat tissue composition, activity of key enzymes of lipid metabolism and
oxidative stress biomarkers and activity of antioxidant enzymes participating in the study
were carried out. oxidative balance of adipose tissue.The results were expressed in mean +
epm, and for comparison between the Control (C) and Hyperlipidic (HL) groups, Student's “t”
test was used and for non-parametric data the Mann-Whitney with level of significance p
<0.05. No difference was observed between groups regarding body composition, biochemical
parameters, blood pressure, heart rate and adipose tissue distribution. However, the HL group
showed greater abdominal circumference at 30 days of life, greater synthesis and less
oxidation of fatty acids in the adipose tissue, factors that provide an oxidative stress state. The
intake of a diet rich in saturated fatty acids up to 90 days proved to be a potent carrier of

metabolic changes related to obesity

Keywords: Saturated fat. Adipose tissue. Metabolic changes. Oxidative stress.
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1 APRESENTACAO

A partir da segunda metade do século XX em todo o mundo foi evidenciada mudangas
demograficas, socioecondmicas e epidemiolégicas, intimamente relacionadas a transicao
nutricional. Essa transicdo € caracterizada principalmente pela mudanca de habitos
alimentares (maior consumo de alimentos processados e ultraprocessados, ricos
principalmente em gorduras saturadas) e inatividade fisica (POPKIN; GORDON, 2004;
BATISTA FILHO; BATISTA, 2010).

No Brasil, segundo o Relatério recente do Instituto Brasileiro de Geografia e
Estatistica, familias brasileiras apresentam um consumo de alimentos com elevado teor de
gordura em sua dieta (IBGE, 2013), este padrao alimentar ¢ denominado ‘“dieta ocidental”,
particularmente caracteristica nos paises desenvolvidos/subdesenvolvidos (POPKIN, 2001;
BATISTA; RISSIN, 2003; FERREIRA, 2006). Tal fato € capaz de promover o aumento
significativo de peso ponderal e principalmente, do tecido adiposo visceral, que tem sido
fortemente associado em diversas pesquisas mundiais a complicacdes cardiometabdlicas
(MARCHI-ALVES et al., 2010; RINALDI et al., 2016).

Atualmente, estudos realizados em roedores observaram que a dieta hiperlipidica,
independente da composicdo de &cidos graxos, apresentam dilatacdo ventricular e aumento de
massa ventricular (PANCHAL et al., 2011), aumento da pressao arterial sistémica (MAYYAS
et al., 2015), ganho de peso e promove alteracdes em agentes chave do metabolismo lipidico
(FERRON et al., 2018), desregulacdo do estado redox (KHAKI et al., 2011; FARHANGI et
al., 2013), dentre outras alteracdes.

Em humanos, hd evidéncias de que o consumo elevado de gorduras causa
comprometimento do perfil lipidico (FERRE; FOUFELLE, 2007), dislipidemia (MICHA;
MOZAFFARIAN, 2010) e acumulo de tecido adiposo visceral, em especial o epididimal
(TCHKONIA et al., 2013). Boden e colaboradores (2015) sugerem ainda que, 0 consumo de
dieta hiperlipidica resulta em estresse oxidativo no tecido adiposo abdominal, produzindo um
quadro de resisténcia a insulina, fortemente associada ao desenvolvimento de obesidade,
hipertenséo e dislipidemia (BODEN et al., 2015).

No entanto, muitos destes estudos aqui citados sub ou superestimaram os valores de
lipideos na dieta que vai muito além do real consumo da populacdo brasileira e mundial ou

ndo descrevem bem qual a composicdo lipidica da dieta. Assim sendo, nosso grupo de



16

pesquisa tem se debrucado incessantemente para desvendar os efeitos de uma dieta
hiperlipidica rica em 4cidos graxos saturados.

Desta forma, o objetivo desse trabalho foi avaliar os efeitos de uma dieta hiperlipidica
(rica em &cidos graxos saturados) pos-desmame sobre a composicdo corporal, consumo
alimentar, pressao arterial, balanco oxidativo e metabolismo lipidico no tecido adiposo de

ratos machos de linhagem Wistar a curto e longo prazo.

1.1 MUDANCAS NOS HABITOS ALIMENTARES

Nas ultimas décadas observa-se a evolucdo de questbes econbmicas, sociais e
demogréficas interdependentes. Tais mudangas mundiais sdo conhecidas como transi¢éo
demografica, transi¢do nutricional e epidemiologica (DELISLE, 2018).

A transicdo nutricional é um processo caracterizado pela mudanca de habitos
alimentares e atividade fisica (POPKIN; GORDON, 2004; BATISTA FILHO; BATISTA,
2010). Popkin (1994) inventou o termo no inicio dos anos 90 para descrever a mudanga que
ocorria dentro de uma sociedade com alta prevaléncia de desnutricdo a prevaléncia dominada
pelo consumo excessivo de alimentos ricos em gorduras, agucar e sal. A mudanca resultante a
partir da globalizacdo foi uma maior disponibilidade destes alimentos (processados e
ultraprocessados) e convergéncia para uma dieta "ocidental™ (rica em acidos graxos saturados
— gordura saturada), particularmente caracteristica nos paises desenvolvidos/subdesenvolvidos
(POPKIN, 2001; FERREIRA, 2006; BEZERRA et al., 2012).

Estudos em diversos paises mostram que alimentos ultraprocessados (ricos em gordura
saturada), em particular, normalmente apresentam propriedades condutoras ao seu consumo
excessivo: sdo frequentemente hiper-palataveis e vendidos em grandes porcdes; sdo duraveis
e faceis de transportar e, portanto, susceptivel de ser consumido como lanches a qualquer
momento e em qualquer lugar; e sdo frequentemente comercializados de forma intensiva e
persuasivamente (MONTEIRO; GOMES; CANNON, 2010; LUDWIG, 2011; MOUBARAC,
2012).

No Brasil, o processo de transicdo nutricional ndo foi diferente. As principais
mudancas ocorreram nas Ultimas duas décadas, em regibes economicamente mais
desenvolvidas (Sul, Sudeste e CentroOeste), com o desbalanco energético entre 0 consumo e
0 gasto de calorias associado ao aumento da ingestdo de alimentos com elevada densidade
calorica e ricos em gorduras saturadas. Soma-se ainda uma reducdo dos niveis de atividade
fisica (COUTINHO; GENTIL; TORAL, 2008; FIELD, 2014).
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Assim, o Guia Alimentar para a Populacdo Brasileira (2006) preconizou que o
consumo de gorduras saturadas para adultos e criancas deve ser inferior a 10 % do consumo
calorico total diario (BRASIL, 2006). Contudo, a Sociedade Brasileira de Cardiologia no
intuito de complementar a recomendacéo ja vigente, prop6s | Diretriz sobre o consumo de
gorduras e saude cardiovascular com ingestdo mais especifica, destinada a individuos que
apresentassem fatores de risco associados a doenga cardiovascular, como: hipertensdo arterial
sistémica, diabetes, sobrepeso ou obesidade, circunferéncia da cintura aumentada (acima de
88 cm ou homem com mais de 102 cm), hipercolesterolemia, hipertrigliceridemia, sindrome
metabdlica, intolerancia a glicose ou aterosclerose significativa; o consumo deve ser < 7% do
valor energético total diario (SANTOS et al., 2013).

A Pesquisa de Orcamentos Familiares (POF) de 2008-2009 observou que, cerca de
82% da populacdo geral consome um percentual de gorduras saturadas de aproximadamente
9% das calorias totais necessarias no dia, acima do limite recomendado (IBGE, 2011). Este
consumo tende a aumentar de acordo com a renda familiar, segundo o Instituto Brasileiro de
Geografia e Estatistica (2011), o limite para esse nutriente (inferior a 10% das calorias totais)
é alcancado na classe de renda mensal entre 10 e 15 salarios minimos (9,5%), e ultrapassado
na classe de mais de 15 salarios minimos (10,6% das calorias totais).

Desta forma, nosso grupo de pesquisa tem procurado compreender a relacao entre os
efeitos adversos sobre o controle cardiometabdlico do consumo de dieta rica em acidos
graxos, especificamente os saturados, adaptada do estudo de Ferro Cavalcante et al. (2013).

Para a composicdo desta dieta experimental ocidentalizada Ferro Cavalcante et al.
(2013) basearam-se na Pesquisa de Orcamento Familiar (IBGE / Brasil, SFB 2002/2003 e do
Instituto Americano de Nutricdo Roedor Diet-AIN-93G), com ajustes feitos ha composicdo da
proteina, a fim de manter um percentual proteico adaptado para o estagio de crescimento de
ratos. A dieta controle utilizada pelos autores foi AIN93G com + 7% de gordura (REEVES,
1993), cuja composicao é recomendada para roedores nas fases reprodutiva e de crescimento.
Comparado com a dieta controle, o conteldo da dieta experimental foi maior em acgucares

simples, cloreto de sodio e lipidios com 14,5% de gordura, mas proteina padrdo para roedores.

1.2 LIPIDEQS: CLASSIFICACAO E METABOLISMO

A gordura desempenha papel importante na alimentacdo humana e suas repercussdes
vem sendo amplamente discutidas sob 6tica cientifica. De forma geral, estes macronutrientes

contribuem efetivamente como sucessores na sintese de hormdnios, constituem estrutura de
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membranas celulares, compbe a bile, participam do sistema de defesa imunoldgica e
transporte de vitaminas lipossollveis e representa a maior parte do aporte calérico da dieta
(LOTTENBERG, 2009).

Dentre os tipos de lipideos conhecidos, existem alguns que desempenham papeis
importantes, sob os aspectos fisioldgicos e clinicos. Os fosfolipides sdo responsaveis por
formar a estrutura da membrana das células, o colesterol atua como precursor na sintese de
hormdnios esteroidais, da vitamina D e dos acidos que comp®e a bile, participa da ativacdo de
enzimas e garante fluidez das membranas celulares; e os triglicerideos, formados a partir da
ligacdo de trés &cidos graxos e uma molécula de glicerol, constituem a forma mais importante
de armazenamento de energia no organismo, depositam-se nos tecidos adiposo e muscular
(XAVIER et al., 2013).

Os acidos graxos sdo acidos carboxilicos com cadeias hidrocarbonadas de
comprimento variando de 4 a 36 carbonos (C4 a C36). Em alguns acidos graxos, essa cadeia €
totalmente saturada (ndo contém ligacdes duplas) e ndo ramificada; em outros, a cadeia
contém uma ou mais ligacdes duplas. Alguns poucos contém anéis de trés carbonos, grupos
hidroxila ou ramificagdes de grupos metila (WAITZBERG, 2004; CALDER;
DECKELBAUM, 2008).

A partir destas especificagdes podem-se ser classificados como acidos graxos poli-
insaturados, monoinsaturados e saturados. Os acidos graxos poliinsaturados (AGP) conforme
a localizacdo da primeira dupla ligacdo entre os carbonos a partir do grupo hidroxila, possuem
duas ou mais duplas ligacbes denominando-se 6mega 3 (®-3) composto pelos acidos
eicosapentaenoico, docosaexaenoico ¢ linolénico, ou dmega 6 (®-6) composto pelo acido
linoléico. Ja os acidos graxos monoinsaturados (AGM) possuem apenas uma dupla ligacdo, o
mais comum encontrado na dieta ¢ o acido oléico ou dmega 9 (w-9), com 18 atomos de
carbono (XAVIER et al., 2013).

Por fim, aqueles que ndo possuem dupla ligacdo na molécula, os acidos graxos
saturados (AGS) que podem ser divididos em trés grupos: cadeia curta (de 1 a 6 atomos de
carbono na cadeia), cadeia média (entre 8 e 12 atomos de carbono na cadeia) e cadeia longa
(acima de 14 atomos de carbono). Os acidos graxos de cadeia curta (AGCC) sdo os produtos
finais da fermentacdo de carboidratos produzidos pela microbiota intestinal, sendo este a
principal fonte, como por exemplo o acido butanoico (4:0). Ja os &cidos graxos de cadeia
média (AGCM) e longa (AGCL) mais comuns advindos da alimentagdo sao: miristico (14:0),
encontrado no leite e seus derivados; palmitico (16:0), cujas principais fontes sdo a gordura

animal e o 6leo de palma; estearico (18:0), presente em produtos lacteos e carnes vermelhas.
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O é&cido palmitico e esteéarico sdo os mais abundantes na alimentacdo humana (PEARSON,
1993; ISMAIL et al., 2018).

Com o intuito de atribuir nomenclatura aos acidos graxos saturados, a International
Union of Pure and Applied Chemistry (IUPAC) preconiza um sistema onde s&o nomeados 0s
hidrocarbonetos pertencentes ao acido graxo com base no numero de carbonos, exemplificado
na Tabela 1 (FENNEMA, 2010).

Tabela 1 - Exemplos de nomenclatura dos &cidos graxos saturados.

Acido graxo Nome quimico do &cido
saturado graxo
Butirico (C4:0) Butanoico
Capradico (C6:0) Hexanoico
Caprilico (C8:0) Octandico
Caprico (C10:0) Decanoico
Laurico (C12:0) Dodecanoico
Miristico (C14:0) Tetradodecanoico
Palmitico (C16:0) Hexadodecandico
Estearico (C18:0) Octadecandico
Araquidico (C20:0) Eicosandico
Behenico (C22:0) Docosanoico
Lignocérico (C24:0) Tetradocosandico

Fonte: Adaptado de Melo (2010).

Os nimeros que se apresentam ao lado da letra “C” mostra a quantidade de carbonos
presentes na cadeia do acido graxo, ja 0 segundo nimero ap0s 0s dois pontos representa o
namero de insaturagcdes, como é o caso dos &cidos graxos insaturados, 0 numero é referente
ao carbono onde esta localizada a insaturacdo (FENNEMA, 2010).

Os triacilglicerdis (TG), também chamados de triglicerideos, gorduras ou gorduras
neutras, sdo os lipideos mais simples construidos a partir de acidos graxos. Os adipdcitos,
células do tecido adiposo, sdo capazes de armazenar grandes quantidades de TG em forma de
goticulas de gordura que quase preenchem toda a célula, servindo como reserva energética
(CERK; WECHSELBERGER; OBERER, 2018). Assim, a oxidacdo de um grama de
triacilglicerois libera mais do que o dobro de energia comparado a oxida¢do de um grama de
carboidratos. Para que ocorra a mobilizacdo do depdsito de triacilglicerdis é necessario a acdo
das lipases dos adipdcitos, que sdo enzimas sujeitas a regulacdo hormonal, que hidrolisa os

triacilglicerois a acidos graxos e glicerol, podendo estes produtos serem oxidados por vias
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diferentes (WANG; AIROLA; REUE, 2017).

A liberacdo de energia a partir dos acidos graxos ocorre por um processo catabolico
chamado 3 oxidagéo, que consiste na sua oxidagcdo mitocondrial. Durante todo 0 processo,
eles sofrem remocéo, por oxidacdo, de sucessivas unidades de dois &tomos de carbono na
forma de acetil-CoA. Como exemplo pode ser citado o &cido palmitico (&cido graxo de 16
carbonos), que vai sofrer sete reagdes oxidativas, perdendo em cada uma delas dois &tomos de
carbono na forma de acetil-CoA. Ao final desse todo esse processo os dois carbonos restantes
estardo na forma de acetil-CoA (NAKAMURA,; YUDELL; LOOR, 2015).

Como a membrana da mitocéndria ndo permite a entrada direta de &cidos graxos, estes
passam por uma etapa de ativacdo. Nesta etapa, 0 grupo carbonila do &cido graxo se liga ao
grupo SH da Coenzima A formando uma ligacdo tioéster entre estes grupos. Em seguida, pela
acdo das acil-CoA sintetase, presentes na membrana externa da mitocondria, os acidos graxos
sdo convertidos a acil-CoA. O processo de ativacdo do acido graxo a acil-CoA ¢é irreversivel
(NELSON; COX, 2014).

Para permitir a entrada do acido graxo ativado (acil-CoA) no interior da matriz
mitocondrial é necessario mobilizar o sistema especifico de transporte da carnitina (FOSTER,
2004). O acil-CoA dentro da matriz mitocondrial tera agora seu carbono 3 oxidado. Essa via
metabolica é constituida por quatro reacfes que se repetem ao longo da cadeia carb6nica do
acido graxo até que esse esteja totalmente oxidado. As quatro reacdes, de forma resumida,
sdo: I. Converte-se um FAD em FADH2 levando a oxidagdo do acil-CoA em enoil-CoA em
sua forma trans, por meio da acil-CoA desidrogenase; Il. Hidrata-se a dupla ligacao,
produzindo a B-hidroxiacil-CoA, por meio da enoil-CoA hidratase; Ill. Converte-se
um NAD em NADH levando a oxidacao do grupo hidroxila a carbonila, formando um f3-
cetoacil-CoA, por meio da B-hidroxiacil-CoA desidrogenase (B-HAD); IV. O [B-cetoacil-
CoA sofre cisdo com auxilio de um CoA, por meio da tiolase, formando acetil-CoA e outro
acil-CoA com menos dois carbonos, que volta para o comeco do ciclo (NELSON; COX,
2014).

A energia contida na acetil-CoA mitocondrial pode ser estocada como gordura pela
sintese de acidos graxos. Essa biossintese ocorre no citosol, onde a principal enzima é a acido
graxo sintase (FAS), que é um complexo enzimatico multifuncional homodimérico
responsavel pela sintese enddgena de acidos graxos saturados de cadeia longa, especialmente
palmitato, usando acetil-CoA como iniciador, o malonil-CoA como doador de dupla de
carbonos e NADPH como equivalente redutor (LIU; CZAJA, 2013). Com isso, é possivel

perceber que tanto a biossintese quando a degradagcdo de &cidos graxos sd0 processos
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relativamente simples, a esséncia de um é o reverso do outro.
1.3 BIOLOGIA DO TECIDO ADIPOSO

Junqueira e Carneiro (2008) descrevem que tecido adiposo (TA) é um tipo especial de
tecido conjuntivo em que se observa predominancia de células adiposas, denominadas
adipocitos. Essas células podem ser encontradas isoladas ou em pequenos grupos no tecido
conjuntivo frouxo, porém a maioria delas formam grandes agregados, constituindo o tecido
adiposo distribuido pelo corpo.

Por décadas o desenvolvimento do TA e a bioquimica do adipdcito sdo areas de
pesquisa que tém intrigado muitos investigadores. Originalmente, esse tecido era considerado
como um simples orgdo de estoque. Contudo, avancos recentes tém demonstrado que o
adipdcito ndo € apenas um estoque passivo de lipideos, mas também uma célula secretora,
extremamente dindmica que desempenha um papel fundamental no balanco energético e,
sobretudo, na homeostase corporal (WAJCHENBERG et al., 2009). De fato, o TA vem sendo
considerado a maior glandula enddcrina no corpo, exercendo fung¢des autdcrina, paracrina e
enddcrina e desempenhando papéis multiplos na regulacdo de processos sistémicos que
modificam a disponibilidade de nutrientes (CASTRO et al., 2014).

Por ser o mais prevalente tecido do corpo humano ndo representa um Unico
compartimento homogéneo, mas sim tecido com depositos regionais especificos que possuem
diferentes funcbes biologicas, além de estar associado mais fortemente com processos
fisiologicos e patologicos do que a massa total de tecido adiposo (SHEN et al., 2007). Além
dos adipdcitos, células que correspondem ao tecido adiposo em quase sua totalidade e sédo
capazes de sintetizar triglicérides, em um processo denominado lipogénese e oxidar &cido
graxos para obtencdo de energia, através da lipdlise, existem varias outras células
constituintes, tais como as células tronco multipotentes, pré-adipécitos, fibroblastos, células
musculares lisas, células endoteliais e macrofagos, sendo também irrigado por capilares e
vasos sanguineos (ARMANI et al., 2010).

Segundo Ouchi et al. (2011), no corpo humano existem dois principais tipos de
adipdcitos, os do TA branco (TAB) e os dos TA marrom (TAM) podendo coexistir em todos
os locais de distribuicdo de TA. O TAM é formado por adipocitos multiloculares e que
contém numerosas goticulas lipidicas e muitas mitocéndrias, encontrado principalmente em
recém-nascidos, com localizacdo na regido em torno do ombro (GESTA et al., 2007; SETHI;

VIDAL-PUIG, 2007). Ja os adipécitos do TAB ou comum ou amarelo, sdo uniloculares,
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contendo apenas uma goticula de gordura que ocupa quase todo o citoplasma, quando
completamente desenvolvidos. O TAB estad amplamente distribuido e sua fun¢do primaria é
estocar triacilglicerdis (TG) em periodos de excesso de energia e liberar energia na forma de
acidos graxos livres durante deprivacdes de energia (GREGOIRE et al., 1998). Além disso,
modela a superficie corporal, protege contra choques mecéanicos, contribui para o isolamento
térmico do organismo, além de preencher espagos entre outros tecidos e auxiliar a manter
certos 6rgaos em suas posicoes normais (CINTI et al., 2012).

O TA branco € considerado um 6rgdo complexo com distribuicdo de mdaltiplos
depdsitos subcutaneos e viscerais em todo o corpo (SORISKY et al., 2013). Em humanos, 0s
depdsitos estdo localizados abaixo da pele e com quantidades proeminentes no abdémen e nas
pernas. Os principais locais de tecido adiposo visceral em humanos e roedores sdo 0S
depdsitos abdominais, mesentérico e omental. O depésito omental compreende uma fragéo
maior de gordura corporal em humanos comparado com roedores, podendo ser o epididimal
em roedores machos, funcionalmente equivalente ao omental em humanos (TCHKONIA et
al., 2013). Outros depdsitos de TAB frequentemente estudados em roedores sdo o
mesenteérico e o retroperitoneal (DISPIRITO; MATHIS, 2015).

Quando em excesso, o0 TAB que se dispde na regido visceral associa-se a
complicacbes metabdlicas e com anormalidades de fatores humorais, que regulam as
quantidades circulantes de glicose, insulina e lipidios. Consequentemente, quanto maiores 0s
estoques de lipideos viscerais, maiores 0s riscos de possiveis doencas cardiometabdlicas
(MAURIEGE et al., 1999; FONSECA-ALANIZ et al., 2007).

Devido a habilidade de se remodelar em resposta ao estado nutricional, o TAB a partir
de uma série de mecanismos é capaz de alterar seu tamanho, funcéo, estado inflamatorio e
distribuicdo corporal. A nivel celular, o tecido modifica a composicdo da sua matriz
extracelular, vascularizacdo, tamanho e nimero de adipdcitos, nivel de estresse oxidativo e
secrecdo de adipocinas, por exemplo (SUN, et al., 2011).

Em individuos obesos, a sobrecarga lipidica no TAB pode torna-lo severamente
disfuncional tornando-o falho em se expandir apropriadamente para armazenar a energia
excedente (Figura 1). Em nivel sistémico, esta disfuncédo resulta em deposicado desordenada de
gordura em outros tecidos que regulam a homeostase metabdlica (figado, musculo
esquelético, pancreas endocrino, por exemplo), resultando em progressiva resisténcia a
insulina e aumento do risco para diabetes do tipo 2 (KUSMINSKI et al., 2016).
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Figura 1 - Modulacdo fenotipica do tecido adiposo branco.
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Fonte: (OUCHI et al., 2011).

Assim sendo, a hipertrofia dos adipocitos devido ao estoque excessivo de lipideos
mais a hiperplasia devido a diferenciacdo dos pré-adipocitos em adipdcitos maduros, conduz a
uma serie de alteracdes disfuncionais nessas celulas que pode levar a morte eventual do
adipdcito ou induzir as respostas inflamatorias (ARKAN et al., 2005).

Ordovas e Corella (2004) apontam a alimentagdo como principal fator ambiental
envolvido na resposta inflamatoria do TA, modulacdo de expressdes génicas e, segundo De
Busk et al. (2005), um fator de risco para o desenvolvimento de doencas. Algo que Crewe e
colaboradores (2017) puderam observar em roedores alimentados com dieta hiperlipidica que
apresentaram correlacdo positiva entre fator de necrose tumoral (TNF-a) e nivel de
composicdo corporal. Outro estudo observou roedores durante vinte semanas alimentados
com dieta rica em gordura e outro grupo s6 com dieta rica em carboidratos. Animais
alimentados com dieta hiperlipidica apresentaram maior peso corporal, maior peso do TA
epididimal e maior infiltracdo de macréfagos no TA (TANG et al., 2014). Outro estudo
observa que o consumo exagerado de gordura induziu ao aumento significativo do nivel de
inflamacdo do TA tanto visceral quanto subcutédneo, além de promover alteracdes no
metabolismo lipidico e glicidico (FORNEY et al., 2018).

Como muitas funcGes celulares relacionadas a homeostase energética sdo reguladas
pela expressdo de genes e por interagdes entre genes e ambiente, as varia¢oes interindividuais
de peso e de composicdo corporal, bem como as diferencas no metabolismo do tecido

adiposo, podem ser influenciadas pela ingestdo de nutrientes (DOO; KIM, 2015).
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1.4 RELACAO DO CONSUMO DE ACIDOS GRAXOS SATURADOS E RISCO DE
DOENCAS CARDIOVASCULARES E METABOLICAS

J& é bem elucidado na literatura que o excesso global de gordura corporal é
reconhecido como um fator de risco para doengas cardiovasculares (DCV) e fatores de risco
para doencgas a ela associados como Diabetes Mellitus tipo 2 (DM2), dislipidemias, entre
outras (TCHERNOF; DESPRES, 2013; GUEBRE-EGZIABHER et al., 2013). Apesar do
muito que se sabe sobre essas doencas e seus fatores de risco serem baseadas nas dosagens
dos marcadores do metabolismo lipidico em jejum (THALES et al., 2012; GUEBRE-
EGZIABHER et al., 2013; JANZ, 2017), atualmente vive-se a maior parte do tempo em um
estado fora do jejum, e, com isso, ha uma varia¢do continua no grau de lipemia (SANTOS et
al., 2013; LOPES; PELUZIO; HERMSDORF, 2016).

Uma sobrecarga lipidica advinda da dieta € um fator importante a ser considerado nas
alteracOes que ocorrem no metabolismo ndo observadas em jejum (LOZANO et al., 2013).
Ao consumir lipidios em excesso em uma refeicdo, especialmente gordura saturada, o corpo
se depara com excesso de triacilglicerdis (TG) e a remogdo destes se torna ineficiente,
resultando em um estado de lipemia pos-prandial (CHAN et al., 2013), que esta associado a
DCV (KATSANOS, 2014).

Desde 2003, o relatorio da Organizacdo Mundial de Saude ja afirmava que havia
evidéncias convincentes de que o consumo de &cidos graxos saturados, como por exemplo o
Oleo de palma (45% acido palmitico e 5% acido estearico) contribui para um aumento do
risco de desenvolvimento de DCV (WHO, 2003). Avancos nas pesquisas nas ultimas décadas
fornecem um corpo substancial de evidéncias sobre os efeitos dos acidos graxos saturados
(AGS) na saude de um individuo e na génese de doencas cardiometabolicas. A partir de meta-
analises de estudos clinicos americanos, para cada 1% de energia advinda de acidos graxos
saturados, as concentracdes de LDL-colesterol e HDL-colesterol aumentam em ~12.7-17.4
mg/ L e 4.3-5.0 mg / L, respectivamente (KRIS-ETHERTON; FLEMING, 2015).

Mais recentemente Micha e Mozaffarian (2010) realizaram ensaios clinicos
randomizados (ECRs) sobre fatores de risco lipidico e ndo-lipidico, estudos de coorte
prospectivos de desfechos de doenca e ECRs de desfechos de doenca para efeitos
cardiometabdlicos do consumo de AGS em humanos, incluindo se os efeitos variam
dependendo do comprimento da cadeia de acidos graxos especificos. Entre os AGS de cadeia
média, o &cido laurico (12: 0) tem o maior efeito no aumento do colesterol LDL, mas aumenta
0 colesterol HDL, diminuindo a relacdo colesterol total (CT):HDL-colesterol (p<0,001). Os

acidos miristico (14: 0) e palmitico (16: 0) aumentam comparativamente o colesterol LDL e
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HDL (p = 0,832); no entanto, ha pouco efeito na relacdo CT:HDL-colesterol (p = 0,019)
(MOZAFFARIAN; MICHA, 2010; MOZAFFARIAN; MICHA; WALLACE, 2010).

Estudos com modelos animais tambem avaliaram os efeitos de uma dieta rica em
acidos graxos saturados sobre pardmetros pressoricos. Mayyas et. al. (2015) observaram a
resposta cardiometabdlica que camundongos alimentados a 25% de gordura total na dieta
durante dez semanas apresentariam a partir da pletismografia, sistema ndo invasivo que
permite monitorar a pressao arterial e onda de pulso. Observou-se que a dieta foi associada a
um possivel dano oxidativo aumentando levemente a pressao arterial sistémica.

Panchal et al. (2011) mostraram dilatagdo ventricular, aumento do volume sistélico e
aumento da massa ventricular esquerda estimada em ratos alimentados com dieta rica em
gorduras durante oito e dezesseis semanas. Mais recentemente, Ferron et al. (2018)
observaram que por 20 semanas, ratos alimentados com modelo de dieta semelhante a citada
anteriormente, apresentaram um comprometimento estrutural atrial-ventricular e disfuncédo
sistolica-diastolica, além de ganho de peso, ingestdo calorica, eficiéncia alimentar, glicose e
comprometimento do perfil lipidico (maiores TG, colesterol e LDL e menor HDL). Muitos
destes estudos até aqui citados sub ou superestimaram os valores de lipideos na dieta que vai
muito além do real consumo humano ou ndo descrevem bem qual o tipo e concentracdo de
acido graxo ofertado. Porem, este processo de remodelamento cardiaco nos achados
cientificos pode ser o primeiro passo na sequéncia de respostas adaptativas a dieta rica em
gorduras, de maneira direta ou indireta, seguidas por outras alteracdes metabdlicas.

Concomitantemente a estas alteracGes, a dieta hiperlipidica pode estar associada ao
aumento da gordura corporal, que € capaz de alterar niveis de triglicerideos e colesterol
circulantes, que quando em excesso na corrente sanguinea caracteriza-se um quadro de
hiperlipidemia associados também a riscos cardiovasculares (HU et al., 2000;
DREWNOWSKI; SPECTER, 2004). O acumulo desordenado de lipideos nas células do
tecido adiposo caracteriza-se em um quadro denominado inflamacéo cronica de baixo grau ou
lipotoxicidade, iniciando localmente até se tornar sistémico e piorar o estado metabdlico do
adipdcito (WU et al., 2010).

A lipotoxicidade seria uma possivel explicacdo sobre o comportamento inflamatério
que, especificamente, o tecido adiposo branco (TAB) possui. Como o TAB é o maior
reservatorio de energia e combustivel metabdlico para o organismo, essa reserva se encontra
na forma de triacilglicerol ou triglicerideos. Os fatores que controlam a mobilizacéo e estoque
de triacilglicerdis sdo reguladores importantes de acumulo de lipideos. Com estimulo

especifico, rapidamente sdo liberados acidos graxos ndo esterificados (AGNE’s) por lipases a
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partir de triacilglicerol, utilizados pelas células para gerar energia (LAFONTAN; LANGIN,
2009). Quando ha uma liberagdo exagerada de AGNE’s sem demanda tecidual, pode ocorrer
acumulo de metabdlitos toxicos em outros tecidos ndo adiposos como musculo esquelético,
células B pancredticas e figado, induzindo a um estado inflamatorio cronico com infiltragdo e
ativacdo de macrdfagos, e logo em seguida disfuncdo e morte celular gerando um processo
chamado lipotoxicidade (WANG et al., 2008; RIAL et al., 2010). Metabdlitos lipidicos que
causam disfungdo sdo LDLs oxidadas e glicadas, colesterol livre (CL), excesso de
triacilglicerol ou diacilglicerol (RIAL et al., 2010).

Para obter mais explicacdes, estudos foram desenvolvidos com base no consumo de
uma dieta ocidental rica em gorduras saturadas tanto em adultos como em criangas, quanto
em modelos animais (WELSH et al., 2010; REEDY; KREBS-SMITH, 2010; DUVAL et al.,
2010; LUO et al., 2015), e visto que ha uma estreita relacdo entre a expansdo do tecido
adiposo branco epididimal e o desenvolvimento de hiperlipidemia e um estado inflamatério
generalizado. Desta forma, observa-se que a obesidade visceral foi estabelecida como parte de
um fendtipo complexo incluindo disfuncdo de armazenamento de tecido adiposo e
acumulacio ectopica de triglicerideos (TCHERNOF; DESPRES, 2013).

Além da forte relacdo entre hipertensdo, hipertrigliceridemia e dislipidemia que foram
apresentados até agora, disturbios estes semelhantes as comorbidades associadas a obesidade
humana, a dieta com alto teor de gorduras, sejam elas saturadas ou ndo, também interferem na
susceptibilidade de um organismo a danos oxidativos. Esses danos sdo gerados por um quadro

de estresse oxidativo.

1.5 ESTRESSE OXIDATIVO E ASSOCIACAO A DIETAS HIPERLIPIDICAS

Um dos processos fisiologicos continuos de funcdo bioldgica relevante consiste na
producdo de radicais livres. Sdo regulados por diferentes processos e vias metabdlicas, na
intencdo de atuarem como mediadores na sinalizacdo extra e intracelular. No entanto, quando
existe uma producdo excessiva de radicais livres pode resultar em danos oxidativos no
desenvolvimento de um mecanismo intrinseco de defesa antioxidante (CUNNINGHAM et al.,
2012). Estes tém o objetivo de limitar os niveis intracelulares de tais espécies reativas e
controlar a ocorréncia de danos decorrentes dos mesmos (SHAMI; MOREIRA, 2004).

Assim, 0 estresse oxidativo constitui-se um desequilibrio entre os sistemas de defesa
antioxidantes e a producdo de espécies reativas de oxigénio (ERQOS), estes agentes oxidantes,

0s quais sdo produzidos constantemente a partir das reagGes quimicas e pela cadeia
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transportadora de elétrons nas mitocondrias, e que em quantidades excedentes e incompativeis
para o funcionamento adequado dos sistemas fisiologicos levam a injaria tecidual
(BETTERIDGE, 2000; BARBOSA et al., 2010; BIRBEN et al., 2012). EROS sdo conhecidas
como radicais livres contendo elétrons desemparelhados que reagem, podendo provocar
reacOes em cadeias, oxidando biomoléculas e favorecendo o desenvolvimento de patologias
como cancer, aterosclerose, hipertensdo, diabetes, doencas pulmonares, distarbios
neurolégicos e complicagdes de agravos ja instalados (BARBOSA et al., 2010; BIRBEN et
al., 2012).

Os radicais livres mais conhecidos sdo: radical hidroxila (OH-), &nion superoxido (O2-
), metais de transicdo como ferro e cobre, 6xido nitrico (NO3-) (PRUCHNIAK et al., 2015) e
peroxinitrito (ONOO-) (BETTERIDGE, 2000; FRANCA et al.,, 2013). Como dito
anteriormente, o organismo possui um complexo e integrado sistema defesa antioxidante,
capaz de retardar ou inibir a oxidacdo de uma forma eficaz (BARBOSA et al., 2010). Pode
ser classificado em ndo enzimatico, fazendo parte deste as vitaminas A, C, E, o beta caroteno
e a glutationa (BIRBEN et al., 2012) e o enzimatico, constituido por enzimas como a
superdxido dismutase (SOD), catalase, glutationa peroxidase (GPx) (BETTERIDGE, 2000;
BARBOSA et al., 2010) e glutationa-s-transferase (GST) (BIRBEN et al., 2012).

A SOD, presente no citosol (acoplada ao cobre e zinco) e na mitocdndria (contendo
manganés), representa a primeira linha de defesa antioxidante e constitui 0 maior sistema de
defesa do organismo contra o anion superoxido por catalisar a dismutacdo do anion
superdxido (*O2-) em oxigénio (O2) e peroxido de hidrogénio (H202) (STAGNARO-
GREEN et al., 2011; SCHNEUER et al., 2012). O peroxido de hidrogénio (H202) formado

pela dismutagdo do *O2- pela SOD é convertido em agua (H20) e O2 pela catalase, outra

enzima antioxidante encontrada em peroxissomos celulares (BIRBEN et al., 2012).

Além da catalase, a enzima glutationa peroxidase (GPx), presente no citosol e na
mitocdndria, também é capaz de neutralizar o H202 por acoplar sua reducéo com a oxidagéo
da glutationa reduzida (GSH). Ja a glutationa-s-transferase (GST) participa da inativacdo de
metabolitos secundarios como aldeidos insaturados, epoxidos e hidroxiperoxidos. A partir dos
produtos finais das reacbes de peroxidacdo lipidica, oxidacdo do DNA e oxidacdo de
proteinas, o estresse oxidativo pode ser detectado e mensurado (BIRBEN et al., 2012). Os
componentes da dieta podem contribuir para a integridade deste sistema ou favorecer um
desequilibrio no estado redox (producdo de espécies reativas de oxigénio versus sistemas

antioxidantes).
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Farhangi et al. (2017) objetivaram avaliar os efeitos da ingestdo de uma dieta
hiperlipidica (59% de lipideos), em ratos machos durante 16 semanas sobre pardmetros
inflamatorio e estresse oxidativo no tecido adiposo abdominal (epididimal, perirrenal,
retroperitoneal e mesentérico). Ndo observaram diferenca na atividade enzimatica da SOD e
GPx entre 0s grupos, no entanto a atividade da catalase foi significantemente maior no grupo
que recebeu dieta hiperlipidica, além de apresentarem uma maior producdo de citocinas pro-
inflamatorias. Juntamente com estes resultados, observaram uma forte associacdo negativa
entre citocinas pro-inflamatérias com a GPx e associacdo positiva com concentragfes de
MDA, indicando o papel do tecido adiposo abdominal em um possivel envolvimento no
estresse oxidativo potencializado pela dieta hiperlipidica, como observado anteriormente em
outros estudos (KHAKI et al., 2011; FARHANGI et al., 2013).

Outro estudo realizado em humanos mostrou que, homens saudaveis que ingeriram
durante 1 semana uma dieta hipercalorica, sendo das 6000 kcal/dia (dieta comum dos EUA)
onde 35% corresponde a gordura, produziu um rapido ganho de peso de inicio rapido (apos 2
a 3 dias) e estresse oxidativo. No tecido adiposo, esse estresse oxidativo resultou em extensa
oxidacdo e carbonilacdo de vérias proteinas, uma delas responsavel pelo transporte de
glicose. Esses resultados sugerem que um dos eventos iniciais causado pela dieta pode ser o
estresse oxidativo, que produz resisténcia a insulina fortemente associada ao desenvolvimento
de obesidade, hipertensao e dislipidemia (BODEN et al., 2015).
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2 HIPOTESE

A exposicdo a uma dieta rica em acidos graxos saturados em ratos machos Wistar do
periodo pds- desmame até os 90 dias de vida, induz: I. Acumulo do tecido adiposo, em
especial o visceral; Il. Alteracdo nos niveis de lipideos séricos; Ill. Desbalango no

metabolismo lipidico e estresse oxidativo no tecido adiposo; IV. Aumento da Pressdo Arterial.
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3 OBJETIVOS

3.1 OBJETIVO GERAL

Avaliar o efeito de uma dieta hiperlipidica (rica em &cidos graxos saturados) pos-
desmame sobre a composi¢cdo corporal, consumo alimentar, pressdo arterial, metabolismo

lipidico e balanco oxidativo em ratos machos de linhagem Wistar aos 30 e 90 dias de vida.
3.2 OBJETIVOS ESPECIFICOS

Avaliar os efeitos de consumo de uma dieta rica em acidos graxos saturados sobre:

e A massa corporal, crescimento somatico e consumo alimentar;

e Os niveis sericos de proteinas totais, alouminas, glicose, colesterol total, triglicerideos
(TG);

e Os niveis de pressdo sistdlica, diastolica e média, além da frequéncia cardiaca;

e Tecido adiposo total e indice de adiposidade corporal;

e As atividades de enzimas relacionadas ao metabolismo lipidico, tais como acido graxo
sintase (FAS) e B-hidroxiacil-CoA desidrogenase (B-HAD) no tecido adiposo
epididimal;

e Determinar a atividade enzimas (SOD, catalase e GPx) e biomarcador (MDA)

relacionados ao estresse oxidativo no tecido adiposo.
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4 MATERIAIS E METODOS

4.1 QUESTOES ETICAS

Este projeto foi aprovado pelo Comité de Etica para Uso Animal (CEUA) da
Universidade Federal de Pernambuco (UFPE), sob protocolo n°® 23076.046459/2018-17, e
seguiu as normas e padrées de manipulacdo de boas praticas no manejo de animais de

laboratorio.

4.2 ANIMAIS

Foram utilizadas ratas albinas primiparas da linhagem Wistar com peso acima de 200g
e 90 dias de vida provenientes do biotério do Centro Académico de Vitoria (CAV),
Universidade Federal de Pernambuco. As ratas foram acasaladas com ratos machos férteis na
proporcdo de 3:1 e ap0Os a confirmacdo da prenhez, com a observacdo da presenca de
espermatozoides no esfregaco vaginal, foram entdo transferidas para gaiolas individuais e
mantidas a uma temperatura ambiente de 22 £ 1 ° C com um ciclo de claro-escuro controlado
(claro 18:00-06:00 h) e sendo ofertado dieta padrdo de laboratério até o final da lactacéo.
Apos o nascimento dos filhotes, a prole foi reduzida para oito filhotes machos por rata. Apos
o desmame, os filhotes receberam uma dieta normolipidica equilibrada (grupo Controle - C)
ou uma dieta hiperlipidica e rica em acidos graxos saturados (grupo Hiperlipidico - HL)

melhor descritas no tépico a seguir.

4.3 MANIPULACAO NUTRICIONAL

As dietas utilizadas foram confeccionadas no Laboratério de Técnica Dietética do
Centro Académico de Vitoria, dentro das especificacdes, normas e padrdes de manipulacao
alimentar, conforme a Tabela 1. Foi quantificada a composicdo centesimal de todas as dietas
experimentais (Tabela 2) e a composicdo de acidos graxos das dietas pos desmame (Tabela
3). As dietas foram pesadas por gaiola e ofertadas diariamente, assim como o rejeito, para

quantificacdo do consumo alimentar diario.
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Tabela 2 - Composicdo quanto aos ingredientes utilizados na formulagdo das dietas

experimentais.

Ingredientes Normop_rofeica/ Hiperlipidica
(g por 100g de dieta) Normolipidica (adaptada FERRO
(AIN-93G) CAVALCANTE et al., 2013)
Amido de milho 39,7 15
Amido dextrinizado 13,2 -
Farinha de trigo - 12
Biscoito maisena - 5
Farinha de soja - 6
Banha de porco - 5,3
Creme de leite - 4
Margarina (65% lipidios) - 4
Caseina (>85%) 20 20
Goma guar - 0,5
Sacarose 10 18
Oleo de soja
Fibra (celulose)
Vitaminas 0,7
Mineral mix 3,5 2,5
DL-metionina 0,3 0,25
Bitartarato de colina 0,25 0,25
BTH 0,0014 0,014
Glutamato monossodico - 0,2
(12,3%)
Cloreto de sodio - 0,3
Total () 100 100
Kcal /100g 3,69 4,46
% Gorduras totais 18,6 31
% Proteinas 20,2 20
% Carboidratos 61 49

RODRIGUES, 2019. A dieta AIN-93G foi confeccionada de acordo com o preconizado por Reeves et al.
(1993); a dieta hiperlipidica foi adaptada do estudo de Ferro Cavalcante et al. (2013). A analise da
quantidade de calorias foi determinada a partir de analise centesimal, realizada no Laboratério de
Bromatologia do Centro Académico de Vitéria da Universidade Federal de Pernambuco.



33

Tabela 3 - Composicgéo centesimal de nutrientes das dietas experimentais formuladas.

Hiperlipidica
lacronutrientes (g/100g) proteica/Normolipidica (AIN-93G) (FERRO-CAVALCANTE et al., 2013)

Umidade 3,5 4,4
Lipidios 6,1 15,3
Proteinas 18,6 22,5
Carboidratos 68,6 54,7
Cinzas 3,3 31

RODRIGUES, 2019. A dieta AIN-93G foi confeccionada de acordo com o preconizado por Reeves et al.
(1993); a dieta hiperlipidica foi adaptada do estudo de Ferro Cavalcante et al. (2013). A analise de composicao
centesimal foi realizada no Laboratério de Bromatologia do Centro Académico de Vitdria da Universidade
Federal de Pernambuco, de acordo com a metodologia de determinagdo de umidade, proteinas, lipidios e cinzas
da AOAC (1995). A quantidade de carboidrato presente na amostra foi obtida por diferenca dos demais
macronutrientes.

Tabela 4 - Composicao percentual de acidos graxos quanto a presenca de dupla ligacao
na cadeia carbonica nas dietas experimentais pos-desmame formuladas.

ACIDOS GRAXOS

Normoproteica/
Normolipidica

Hiperlipidica

(FERRO-CAVALCANTE et al., 2013)

(AIN-93G)
Saturados
Acido octanoico (C8:0) 0 0
Acido decanoico (C10:0) 0 0
Acido laurico (C12:0) 0 0
Acido miristico (C14:0) 0 1,09
Acido pentadecanoato (C15:0) 0 0
Acido palmitico (C16:0) 11,97 19,1
Acido heptadecanoato (C17:0) 0 0
Acido esteérico (C18:0) 4,62 9,4
Acido araquidico (C20:0) 0,36 0
Acido behénico (C22:0) 0,37 0
Total 17,32 29,59
Monoinsaturados
Acido miristoleico (C14:1) 0 0
Acido palmitoleico (C16:1) 0 0
Acido heptadecanoico (C17:1) 0 0
Acido oleico (C18:1) 29,93 34,77
Acido eicosenoico (C20:1) 0 0
Total 29,93 34,77
Poliinsaturados
Acido linolénico (C18:3) 3,89 5,11
Acido linoleico (C18:2) 48,87 30,53
Total 52,76 35,64
Omega 3 (g/100g) 0,27 0,78
Omega 6 (g/100g) 3,42 4,66

RODRIGUES, 2019. Os acidos graxos foram identificados segundo padrao externo (FAME Supelco™ mix C4-
C24, Bellefonte, PA, USA) e o percentual (%) calculado conforme normalizacdo das areas dos picos pelo
método de cromatografia gasosa no Laborat6rio de Fitoquimicos e processos do Centro de Tecnologias e
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Estratégias do Nordeste. A partir da determinacdo percentual de &cido linolénico (6mega 3) e linoléico (6mega
6) foram calculadas as quantidades (g/100g de dieta) desses &cidos graxos e obteve-se a razdo de démega 6 / 3.

4.4 AVALIACAO DA MASSA CORPORAL, GANHO PONDERAL, CRESCIMENTO
SOMATICO, CONSUMO E EFICIENCIA ALIMENTAR

A massa corporal dos animais foi acompanhada diariamente até o desmame da prole
(21 dias de vida), em seguida a cada 10 dias até os 90 dias de idade, como previamente
descrito por Brito-Alves et al. (2014). O ganho ponderal foi aferido a partir do delta do peso
corporal referente aos periodos de 21 a 30 dias de vida e de 30 a 90 dias de vida.

A circunferéncia abdominal, comprimento caudal e comprimento naso-anal (aqui
considerado tamanho corporal — TC) dos filhotes foram mensurados semanalmente, como
previamente descrito por Bayol et al. (2004) e Barker et al. (2002), do nascimento até o 90°
dia de vida.

Foi avaliada a eficiéncia alimentar dos animais, calculada a partir da formula
(CEA%)= [media do ganho de massa corporal do periodo x 100 (g)/consumo
caloricodoperiodo(g)], segundo Novelli et al. (2007). A avaliagido equivale aos periodos de
22-30 e 31-90 dias de vida.

4.5 NIVEIS SERICOS DE PARAMETROS BIOQUIMICOS

A analise foi realizada a partir do soro, coletado via veia caudal dos animais
anestesiados por ketamina (80 mg/kg i.p.) e xilazina (10 mg/kg i.p) apés um jejum de 6 horas
aos 21, 30 e 90 dias de vida. As amostras de sangue foram condicionadas em tubos sem anti-
coagulante, centrifugadas a 3500 RPM por 10 minutos para obtengdo do soro. O sobrenadante
foi coletado com auxilio de pipeta e transferido para um tubo Eppendorf, e encaminhado para
analise do conteudo sérico de albuminas, proteinas totais, colesterol total, triglicerideos (TG)
e glicose utilizando seus respectivos Kits padrdo de laboratério (Labtest Diagnostico AS, MG,
Brasil). A partir da dosagem de triglicerideos foi obtido o valor de VLDL- colesterol pela
formula de Friedewald = TG/5, conforme estabelecido na IV Diretriz Brasileira sobre
Dislipidemias e Prevencdo da Aterosclerose: Departamento de Aterosclerose da Sociedade
Brasileira de Cardiologia (SPOSITO et al., 1997).

4.6 AVALIA(;AO DOS NIVEIS DE PRESSAO ARTERIAL (PA) E FREQUENCIA
CARDIACA (FC)

Aos 89 dias de vida, os animais foram anestesiados com ketamina (80 mg/kg i.p.) e

xilazina (10mg/kg i.p) para procedimento cirdrgico com a inser¢do um cateter de polietileno
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na artéria femoral, para registro da PA, logo em seguida o cateter foi exteriorizado
subcutaneamente até a altura das escapulas como descrito por Brito-Alves et al. (2014). Apos
a cirurgia, os animais receberam uma dose intramuscular de cetoprofeno (5mg/Kg/min). O
registro da presséo arterial e da frequéncia cardiaca foi realizado nos animais ndo anestesiados
apo6s um periodo de 18 a 24 horas de recuperacdo durante o ciclo claro por meio da conexao
da cénula da artéria femoral com o transdutor mecanoelétrico de pressdo (MLB866/P,
ADInstruments, Power Lab, Bella Vista, NSW, Australia), cujo sinal foi amplificado,
digitalizado e amostrado em 2000 Hz em um microcomputador equipado com um software
apropriado (ChartTM Pro, ADInstruments, Bella Vista, NSW, Australia). O registro da
pressao arterial foi selecionado a partir de um trecho estavel del0 minutos com o animal em
repouso apos um periodo de adaptacdo de trinta minutos, realizando o registro por cerca de

duas horas para cada animal, que nesse periodo nédo tinha acesso a dieta comercial padrao.

4.7 PESAGEM DE TECIDO ADIPOSO TOTAL E INDICE DE ADIPOSIDADE

Aos 90 dias e ap0s a avaliagdo da pressdo arterial, os animais foram anestesiados para
sacrificio e realizacdo da coleta e pesagem do tecido adiposo (epididimal, retroperitoneal,
mesentérico e subcutaneo). A quantidade de gordura total foi medida pela soma dos tecidos
adiposos coletados no 90° dia de vida. O indice de adiposidade foi calculado pela seguinte
formula: indice de adiposidade (%) = (gordura corporal total/massa corporal) x 100
(TAYLOR; PHILLIPS, 1996). Por fim, realizou-se correlagdes entre a massa total dos tecidos

adiposos em grama com 0s parametros bioquimicos aos 90 dias.

4.8 AVALIAQAO DA ATIVIDADE DE ENZIMAS CHAVES NO METABOLISMO
LIPIDICO, ENZIMAS ANTIOXIDANTES E BIOMARCADOR DE ESTRESSE
OXIDATIVO
4.8.1 Preparo do homogeneizado do tecido adiposo

O tecido adiposo foi homogeneizado em tampdo de extracdo (Tris base 50 mM e
EDTA 1 mM, pH 7,4; com adicdo de ortovanadato de sédio 1 mM e PMSF 2 mM e nodinet
1%). ApoOs a homogeneizacdo, as amostras foram centrifugadas a 1180 RPM, a 4° C, por 10

minutos e os sobrenadantes submetidos a quantificacdo proteica.

4.8.2 Dosagem de proteina

A concentragdo de proteina foi determinada pelo método de BRADFORD
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(BRADFORD, 1976). O principio do método baseia-se na determinacdo da concentracdo de
ligacOes peptidicas através da medida da absorbancia do complexo proteina-corante. Este
complexo absorve em comprimento de onda de 595 nm. A absorbancia é considerada
diretamente proporcional a concentracdo de proteina na solucéo analisada, onde uma solucéo

de BSA (2mg/mL) foi utilizada como padrao.

4.8.3 Determinagdo da atividade da p-hidroxyacil-CoA desidrogenase ($-HAD)

A atividade da B-HAD foi determinada segundo ITO (ITO et al., 2010). Essa enzima
possui especificidade absoluta para o isomero L do substrato com a hidroxiacila, converte a
hidroxila em C-3 em uma cetona e gera NADH. Sua atividade foi avaliada em
espectrofluorimetro a um comprimento de onda de 340nm, volume final de 0.25mL.
Preparou-se uma solucéo de Imidazol a 50 mM, depois um mix de reacdo (Imidazol 50mM +
EDTA 12mM + NADH 0.18mM). Incubou-se por um minuto o mix de Reagdo com 100[]g
de proteina de cada amostra e colocou-se Acetoacetil-CoA 0.1mM para iniciar a reacdo e
efetuou-se a leitura a 340nm de absorbancia em espectrofluorimetro modelo FLUOstar

Omega (BMG Labtech, USA). Os resultados foram expressos como pmol/min/mg prot.

4.8.4 Avaliacéo da atividade da Acido Graxo Sintetase (FAS)

A atividade da enzima &cido graxo sintetase foi medida seguindo a diminuicdo na
absorbancia a 340 nm resultante da oxidacdo de NADPH dependente da adicdo de malonil-
CoA, resistrada durante 3 minutos, a 25°C em espectrofluorimetro modelo FLUOstar Omega
(BMG Labtech, USA). Cada reacdo contem 0,1 M de fosfato de potassio, 0,025 mM de acetil-
CoA, 0,18 mM de NADPH, 3 mM de EDTA, 24 mg de albumina e malonil-Coa 0.2 mM. A
reacdo foi iniciada pela adicdo do substrato da enzima. (Goodridge A. JBC 1972, 247:6946-

52). Os resultados foram expressos como pmol/min/mg prot.

4.8.5 Avaliacao dos niveis de peroxidacao lipidica pela metodologia da substancia Reativa

ao Acido Tiobarbitrico

Para a dosagem de TBARS foi utilizada a técnica colorimétrica de BUEGE e AUST
(BUEGE; AUST, 1978), sendo uma técnica muito utilizada para avaliar a lipoperoxidagé&o,

pois 0 acido tiobarbittrico reage com os produtos da LPO, entre eles o malondialdeido e
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outros aldeidos. Adicionou-se a uma aliquota (300 [1g proteina) do homogeneizado ao acido
tricloroacético (TCA) a 30%, o material foi centrifugado a 1180g por 10 minutos, o
sobrenadante retirado e adicionado ao &cido tiobarbitirico a 0.73% que reage com 0s produtos
da lipoperoxidacdo formando um composto de coloracdo rosada. A mistura foi incubada por
15 minutos a 100°C e em seguida resfriada, utilizada para a leitura da absorbancia a 535nm
em espectrofotdmetro (Biochrom Libra S12 Visible, USA), utilizando cubetas de quartzo. Os
resultados foram expressos em mMol/mg de proteina.

4.8.6 Avaliacdo da atividade enzimatica da Superdxido dismutase (SOD)

A determinacéo da atividade de SOD foi feita de acordo com MISRA e FRIDOVICH
(MISRA; FRIDOVICH, 1972). Homogenato de figado (100 ug de proteina) foi incubado no
tampao carbonato de sédio (0,05 %, pH 10.2, 0.1 mM de EDTA) em banho-maria a 37°C,
antes da avaliagdo da atividade enzimadtica. A reagdo teve inicio pela adicdo de 20 uM de
epinefrina (150 mM), em &cido acético (0.05 %). A absorbancia foi lida a 480nm por 3 min
em espectrofotémetro (Biochrom Libra S12 Visible, USA). Os resultados foram expressos em
U/mg de proteina. Uma unidade de SOD foi definida como a quantidade de proteina requerida

para inibir a auto-oxida¢do de 1Jmol de epinefrina por minuto.

4.8.7 Avaliacao da atividade enzimatica da Catalase

A atividade da catalase foi monitorada de acordo com AEBI. O principio do ensaio é
baseado na determinacdo da constante k de decomposicéo de H202, que nas nossas condicdes
de temperatura e pH foi definido como 4.6 x 10’. Assim, 0,3M de H202 foi adicionado a
amostra (100]g de proteina), seguido de adi¢do do tampao fosfato SOmM, pH 7.0 a 20°C, a
absorcdo de decaimento foi monitorizada por 4 min a 240nm em espectrofotdmetro
(Biochrom Libra S12 Visible, USA). Os resultados foram expressos em U/mg de proteina
(AEBI, 1984). Uma unidade de catalase foi definida como quantidade de proteina requerida

para converter 1umol de H202 em H20 por minuto.

4.8.8 Avaliacao da atividade enzimatica Glutationa Peroxidase (GPx)

As amostras foram previamente preparadas, adicionando-se uma mistura de cianetos

para inibir a atividade pseudo-peroxidase da hemoglobina, transformando-a em
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cianometaemoglobina. A atividade da glutationa peroxidase (GPx) foi monitorada pela
diminuicdo de absorbancia do NADPH a 340 nm, em um meio contendo: tampdo fosfato
(50mM) e EDTA (5mM), NADPH (0.28mM), Azida sodica (3.75mM), GSH (5mM) e
Glutationa redutase (GR). A reacdo comegou com 2.2mM de H202. A absorbancia foi
registrada por um periodo de 3 minutos, a 37°C, em espectrofluorimetro modelo FLUOstar
Omega (BMG Labtech, USA). O consumo de NADPH foi monitorado por aproximadamente
5 minutos, com os resultados expressos em U/mg de proteina. Uma unidade de GPx foi
definida como quantidade de proteina requerida para oxidar 1umol de NADPH por minuto
(PAGLIA, 1967).

4.9 ANALISE ESTATISTICA

Os resultados foram expressos como médiatepm (erro padrdo da média). Para
comparacao entre os grupos Controle (C) e grupo Hiperlipidico (HL) foi utilizado o teste “t”
de Student e para dados ndo paramétricos foi utilizado o teste de Mann - Whitney. O nivel de
significancia foi considerado quando p<0,05. Para as correlagdes entre os tecidos adiposos e
parametros bioquimicos foi utilizado o teste de Correlacdo de Pearson, os valores foram

expressos em coeficiente de correlacdo e nivel de significancia considerado quando p<0,05.



39

5 RESULTADOS

5.1 ARTIGO ORIGINAL

HYPERLIPIDIC DIET RICH IN SATURATED FATTY ACIDS AND THEIR
MORPHOLOGICAL, CARDIOMETABOLIC AND BIOCHEMICAL EFFECTS IN
RODENTS

Tais Helena Gouveia Rodriguest!
Talitta Ricarlly Lopes de Arruda Lima?
Mariana Pinheiro Fernandes?

Almir Gongalves Wanderley*

Jodo Henrique da Costa Silva®

1 Master student in Nutrition, Physical Activity and Phenotypic Plasticity - UFPE Vitoria de
Santo Antdo / Pernambuco - Brazil
taishgrodrigues@gmail.com / (81) 99808-1358

2 Master student in Nutrition, Physical Activity and Phenotypic Plasticity - UFPE Vitéria de
Santo Antdo / Pernambuco - Brazil
taishgrodrigues@gmail.com / (81) 99808-1358

3 PhD in Medical Pathophysiology by the State University of Campinas- UNIFESP

Adjunct Professor IV of the Physical Education and Sports Sciences Center - UFPE Vitoria de
Santo Antdo / Pernambuco - Brazil

marianapfernandes@yahoo.com.br/ (81) 99948-2243

# PhD in Pharmacology from the Federal University of S&o Paulo - UNIFESP Full Professor,
Department of Physiology and Pharmacology - UFPE

Recife / Pernambuco - Brazil almir.wanderley@gmail.com / (81) 99948-2243

% PhD in Physiology from the University of Sdo Paulo - USP
Adjunct Professor IV of the Physical Education and Sports Sciences Center - UFPE Vitoria de

Santo Antdo / Pernambuco - Brazil
joaohenrig@hotmail.com/ (81) 98155-9171


mailto:taishgrodrigues@gmail.com
mailto:taishgrodrigues@gmail.com
mailto:almir.wanderley@gmail.com
mailto:joaohenriq@hotmail.com

40

! Federal University of Pernambuco, Academic Center of Vitoria, Laboratory of Nutrition,
Physical Activity and Phenotypic Plasticity. R. Alto do Reservatorio, s / n., Bela Vista,
55608-680, Vitoria de Santo Antdo, PE, Brazil.

Article based on the dissertation of THG RODRIGUES, entitled “Evaluation of the effects of
a diet rich in saturated fatty acids on body composition, lipid metabolism and blood pressure
in rats”. Federal University of Pernambuco; 2020.



41

ABSTRACT

The aim of this study was to evaluate the effects of a high-fat saturated fatty acid diet
on lipid and adipose tissue metabolism and cardio-metabolic parameters of male Wistar rats.
During gestation and lactation virgin rats received standard laboratory diet. After weaning, the
pups were divided into two groups, according to the diet: balanced normolipid diet (Control -
C group) and hyperlipidic diet rich in saturated fatty acids (Hyperlipidic group - HL).
Murinometric measurements, biochemical analyzes, assessment of blood pressure and heart
rate, analysis of total adipose tissue composition and oxidative stress were performed. Results
were expressed as mean = epm, with significance level p <0.05. No differences were observed
between groups regarding body composition, biochemical parameters, blood pressure and
heart rate and fat distribution. However, the HL group showed higher abdominal
circumference at 30 days of life, a tendency to a state of oxidative stress, greater synthesis and
less fatty acid oxidation. Ingestion of the reproduced diet rich in saturated fatty acids up to 90

days proved to be a potent carrier of obesity-related metabolic changes.

Keywords: Saturated fat, Adipose tissue, Metabolic changes, Oxidative stress.

INTRODUCTION

From the second half of the 20th century around the world, demographic, socioeconomic
and epidemiological changes were evidenced, closely related to the nutritional transition. This
transition is mainly characterized by changes in eating habits (higher consumption of
processed and ultra-processed foods, mainly rich in saturated fats) and physical inactivity [}
[2]

In Brazil, according to a recent report by the Brazilian Institute of Geography and
Statistics, they showed that Brazilian families consume foods with a high fat content in their
diet Bl this eating pattern is called “western diet”, particularly prevalent in developed /
underdeveloped countries ¥ Bl This fact is capable of promoting a significant increase in
weight and especially visceral adipose tissue, strongly associated in worldwide research with
cardiometabolic complications ©} [7],

Currently, studies carried out in rodents have observed that the high-fat diet, regardless of

the composition of fatty acids, has an increase in systemic blood pressure 1, weight gain,
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changes in key agents of lipid metabolism [, deregulation of the redox state % among other
changes.

In humans, there is evidence that high fat consumption compromises the lipid profile 14,
dyslipidemia 2 and accumulation of visceral adipose tissue, especially the epididymal one
[131 Boden et al. suggest that the consumption of a high-fat diet results in oxidative stress in
the abdominal adipose tissue, resulting in insulin resistance, strongly associated with the
development of obesity, hypertension and dyslipidemia 4],

However, many of these studies cited here underestimate or overestimate the values of
lipids in the diet that go far beyond the actual consumption of the Brazilian and world
population or do not describe well what the lipid composition of the diet is. Thus, our research
group has been working incessantly to unravel the effects of a high-fat diet rich in saturated
fatty acids.

METHODS

This work was approved by the Ethics Committee for Animal Use (CEUA-UFPE), under
protocol n° 23076.046459 / 2018-17 and followed the norms and standards for handling good
practices in the handling of laboratory animals.

Primiparous albino rats of the Wistar strain weighing more than 200g 90 days old from
the vivarium of the Academic Center of Vitéria (CAV / UFPE). The rats were mated with 3: 1
fertile male rats and after confirmation of pregnancy, with the observation of the presence of
sperm in the vaginal smear, they were then transferred to individual cages and kept at an
ambient temperature of 22 + 1 ° C with a controlled chiaroscuro cycle (between 6:00 pm and
6:00 am), being offered a standard laboratory diet until the end of lactation. After the birth of
the puppies, the offspring was reduced to eight male puppies per rat and at 21 days were
divided into groups according to the experimental diet.

The control diet was prepared according to the guidelines of the American Institute of
Nutrition [ and the high fat diet prepared as described by Ferro-Cavalcante et al. 8, with
adaptations. The macronutrient composition of the diets will be arranged as follows (in g /
100g): Control (18.6% lipids [17.32% saturated fatty acids, 29.93% monounsaturated and
52.76% polyunsaturated] 20.2 % protein, 61% carbohydrates; energy density of 3.69kcal /
100g) and hyperlipidic (31% lipids [29.59% saturated fatty acids, 34.77% monounsaturated
and 35.64% polyunsaturated] 20% proteins, and 49% carbohydrates; energy density of
4.46kcal / 100g).
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The animals' body mass was monitored daily until weaning at 21 days of age, then every
10 days until 90 days of age [*71. Weight gain was measured from the delta of body weight for
the periods from 21 to 30 days of life and from 30 to 90 days of life. The abdominal
circumference, caudal length and naso-anal length (here considered body size - CT) of the
pups were measured weekly, from birth to the 90th day of life *8], The feeding efficiency of
the animals was calculated according to the formula described by Novelli et al. ™ in the
periods from 22nd to 30th and 31st to 90th day of life.

The analysis of biochemical parameters was performed from the serum, collected via the
caudal vein of animals anesthetized by ketamine (80 mg / kg ip) and xylazine (10 mg / kg ip)
after a 6-hour fast at 21, 30 and 90 days of life. Serum albumin content, total proteins, total
cholesterol, triglycerides (TG) and glucose were analyzed using their respective standard
laboratory kits (Labtest Diagnostico AS, MG, Brazil). From the dosage of triglycerides, the
value of VLDL-cholesterol was obtained by the formula of Friedewald = TG / 5 2%,

Blood pressure was recorded at 89 days of life, 24 hours after the surgical procedure, so
that the animals recover from anesthesia. The recording of mean arterial pressure, systolic,
diastolic and heart rate (HR) were performed by connecting the femoral artery cannula to a
mechanical pressure transducer and a signal amplifier (ML866 / P, ADInstruments, Power
Lab, Bella Vista, NSW, Australia) 71,

At 90 days the animals were anesthetized for sacrifice and to perform the collection and
weighing of adipose tissue (epididymal, retroperitoneal, mesenteric and subcutaneous). The
amount of total fat was measured by the sum of the collected adipose tissues and the adiposity
index was calculated using the following formula: Adiposity index (%) = (total body fat /
body mass) x 100 211,

To evaluate the activity of the main lipid metabolism enzymes, antioxidant enzymes
and biomarkers of oxidative stress, epididymal adipose tissue homogenate was prepared in an
extraction buffer followed by protein quantification 22, The enzymatic analysis of P-
hydroxyacyl-CoA dehydrogenase (B- HAD) was determined according to Ito 2 and the fatty
acid synthase (FAS) was measured following the decrease in absorbance at 340 nm resulting
from the oxidation of NADPH dependent on the addition of malonyl -CoA, resisted for 3
minutes, at 25 ° C in a FLUOstar Omega spectrofluorimeter (BMG Labtech, USA). The
assessment of lipid peroxidation levels 41 antioxidant enzymes SOD [?°1, catalase[?®! and GPx
271 followed the previously described methodologies.

The results were expressed as mean + epm (standard error of the mean). For comparison

14 ¢

between the Control groups (C) and the Hyperlipidic group (HL), the Student's “t” test was
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used and the Mann - Whitney test was used for non-parametric data. The level of significance was

considered when p <0.05.

RESULTS

In Figure 1A and 1B, the body mass and weight delta of both groups became equivalent over

the course of growth with no significant difference.
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Figure 1. Weight gain in the 21st, 30th and 90th days of life of male Wistar rats
submitted to Control and Hyperlipidic diets rich in saturated fatty acids. In (A) body mass

in grams and (B) weight delta in grams. The bars in black represent the Control group (C) and the ashes the
Hyperlipidic group rich in saturated fatty acids (HL). The graphs were expressed as mean + SEM after the
unpaired Student t-test considering significance level of p <0.05 (*p<0.05) (h = 14-26).

As for the assessment of somatic growth (Figures 2A and 2B), it is noted that at 30 days
of life, the hyperlipidic group had a higher abdominal circumference (C = 10.43 £ 0.16; HL =
11.54 + 0.37, p <0.0099) and flow length (C =9.98 £ 0.20; HL = 10.77 + 0.26, p <0.0289) but
with no difference in the other ages. There was no difference in any of the ages for naso-anal

length as seen in Figures 2C and 2D.
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Figure 2. Somatic growth in the 21st, 30th and 90th days of life of male Wistar rats
submitted to the Control and Hyperlipidic diets rich in saturated fatty acids. In (A)

abdominal circumference, (B) caudal length, (C) naso-anal length and (D) Lee's index. The solid black lines with
filled circles represent the Control group (C) and the dotted lines with empty squares in gray the group
Hyperlipidic rich in saturated fatty acids (HL). The graphs were expressed as mean + SEM after applying the
unpaired Student's “t” test considering the significance level of p <0.05 (* p <0.05) (n =5 - 12).

Table 1 shows the food consumption verified at the ages of 22 to 30 days of life, from 51
to 60 days and 81 to 90 days of life. In the period of 22 to 30 days, the animals of the HL
group had a lower total consumption in grams, calories and carbohydrates when compared to
the control group, except for the consumption of proteins. The consumption of lipids was
higher in the HL group in the period of 22-30 days of life, due to the composition of the high-
fat diet rich in saturated fatty acids, remaining higher in the following periods. The FEC
showed a statistical difference only in the initial period (22-30 days of life). The animals in
the HL group remained consuming less carbohydrates and more lipids in the periods of 51-60
days and 81-90 days of life.
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Table 1. Food consumption in grams, calories and macronutrients and coefficient of food
efficiency in the periods of 22-30, 51-60 and 81-90 days of life of male Wistar rats submitted
to diets Control and Hyperlipidemia rich in saturated fatty acids.

Parameters of Food 22-30 days 51-60 days 81-90 days
Consumption C HL C HL C HL

Total 84.3+37 63,2+502* 183,7+66 1694+79 1913+113 1834+8;3
consumption (g)

Calories (Kcal) 311+12,1 2819+ 678 +243 7556+354 7057+419 818%37,.1

23,5*

Proteins (g) 15,6 +0,6 142+11 34,2+1,2 38,1+1,7 355+2,1 41,2+1,8
Carbohydrates (g) 57,8+22 345+28* 126,1+45 926+43* 131,2+7,7 100,3%4,5*
Lipids (g) 51+0,2 9,6+0,8* 11,2+0,4 259+1,2* 116+0,6 28,1+1,2*
FEC (g diet/ kg 0,58+0,02 0,71+0,01* 041+0,02 037+0,01 0,14%£0,01 0,17+0,01

body weight)

FEC - Food efficiency coefficient; C - Control Group; HL - Hyperlipidic group rich in saturated fatty acids. The
results were expressed as mean + SEM after the unpaired Student t test considering significance level of p <0.05
(*p<0.05) (n=3-12).

There was no statistical difference between the groups regarding the biochemical analysis
of total proteins, albumin, glucose, total cholesterol, VLDL and triglycerides at any age, as

shown in Table 2.

Table 2. Biochemical parameters in the 21st, 30th and 90th days of life of male Wistar rats

submitted to Control and Hyperlipidic diets rich in saturated fatty acids.

3iochemical Parameters 21 days 30 days 90 days
C HL C HL C HL

PTN total (g/dL) 54+0,2 59+0,2 4701 49+01 6,2+0,1 6,04 £0,1
Albumin (g/dL) 31£01 29£02 4,1+0,03 4,2+0,054,2+0,1 42+0,1
Glucose (mg/dL) 111,8+6,3 108 £5,6 107,4+6,0 1131+74 136,9+9,1 136,7 10,9
Cholesterol (mg/dL) 107£6,9 101,3+7,5 88,2+8,2 945+78 86,5+5,3 88,3+2,8
VLDL (mg/dL) 259+2,6 271,627 459+3,9 34547 26,3+2,06 238x14
TG (mg/dL) 1351+125 1304+120 2115+20,8 1974+305 131,5+10,2 1136 +7,3

PTN - proteins; VLDL - very low density lipoprotein; TG - triglycerides. The results were expressed as mean +
SEM after the unpaired Student t test considering significance level of p <0.05 (* p <0.05) (n = 13 - 23).

As well as at 90 days, the animals did not show differences in the values of systolic and
diastolic blood pressure (Figure 3A and 3B), mean arterial pressure (Figure 3C) and heart rate
(Figure 3D); The hyperlipidic diet did not promote a greater accumulation in grams of adipose

tissue and body adiposity index (Table 3).
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Figure 3. Pressure levels at 90 days of Wistar rats submitted to Control and

Hyperlipidic diets rich in saturated fatty acids. In (A) SBP - systolic blood pressure, (B) DBP -
diastolic blood pressure, (C) MAP - mean arterial pressure and (D) FC - heart rate. The bars in black represent
the Control group (C) and the ashes the Hyperlipid group rich in saturated fatty acids (HL). The graphs were
expressed as mean + SEM after the unpaired Student t test using significance level of p <0.05 (* p <0.05) (n =9
- 12).

Table 3. Absolute (g) and relative (g / 100g) mass of adipose tissues and body adiposity index
(%) at 90 days of Wistar rats submitted to Control and Hyperlipidic diets rich in saturated
fatty acids.

Groups
Variable Control Group (C) Hyperlipidic Group (HL) p value
MAT (9) 4,63%0,28 5,17 %0,49 0,33
MAT (g/100g) 1,25+0,83 1,42 £ 0,09 0,19
EAT (9) 4,81+0,31 5,69 + 0,64 0,19
EAT (g/100g) 1,34+0,10 1,56 £ 0,13 0,22
RAT (g) 6,73+0,63 7,05+ 0,78 0,74
RAT (g/100g) 1,82+ 0,17 1,93+0,16 0,64
SAT (g) 4,05+0,32 4,64 +0,53 0,33
SAT (g/100g) 1,10+0,10 1,27+0,11 0,26

TAT (9) 20,40 £1,43 22,58 +2,27 0,41
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Adiposity index (%) 5,53+ 0,42 6,20+ 0,44 0,28
MAT - mesenteric adipose tissue; EAT - epididymal adipose tissue; RAT - retroperitoneal adipose tissue; SAT -

subcutaneous adipose tissue; TAT - total adipose tissue. The results were expressed as mean = SEM after the unpaired
Student t test considering a significance level of p <0.05 (* p <0.05) (n = 10 - 12).

With regard to lipid metabolism, the group of animals fed a high-fat diet showed less oxidation
capacity and greater fatty acid synthesis when compared to the Control group (Figure 4).
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Figure 4. Activity of lipid metabolism enzymes in epididymal adipose tissue at 90 days of

Wistar rats submitted to the Control and Hyperlipidic diets rich in saturated fatty acids. In
(A) Enzyme B-HAD - B-hydroxyacil-CoA dehydrogenase and in (B) Enzyme FAS. The black bars represent the
Control group (C) and the ashes the Hyperlipidic group rich in saturated fatty acids (HL). The graphs were expressed as

mean + SEM after applying the unpaired Student's “t” test considering the significance level of p <0.05 (* p <0.05) (n =
6-7).

The HL group had higher levels of MDA than the Control group. Regarding the antioxidant
system (Figure 5), there was no difference regarding the activity of catalase between the groups,

however, the HL group showed less activity of SOD and GPx.
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Figure 5. Antioxidant enzymes activity and oxidative stress biomarkers in epididymal
adipose tissue at 90 days of Wistar rats submitted to the Control and Hyperlipidic diets
rich in saturated fatty acids. In (A) MDA - Malondialdehyde, in (B) SOD - Superoxide dismutase, in (C)

Catalase and in (D) GPx - Glutathione peroxidase. The black bars represent the Control group (C) and the ashes
the Hyperlipidic group rich in saturated fatty acids (HL). The graphs were expressed as mean + SEM after
applying the unpaired Student's “t” test considering the significance level of p <0.05 (* p <0.05) (n=6 - 7).

DISCUSSION

Studies on the physiological and metabolic consequences of exacerbated fat consumption
early and during life often use Westernized diets [ [28]: [29]. 301 tg try to replicate real human
consumption. However, the quality of the food used and the proportion of macronutrients
vary widely according to the experimental model, with diets produced with a very high intake
of fats (without discriminating their chemical structure) and protein deficits 1,

The present study reproduced the experimental diet of Ferro-Cavalcanti [*®! and offered it
to male rats in the post-weaning period, where the protein content was adapted to the normal
growth of rats, and the amount of ingredients was modified in order to change the proportion

of lipids to resemble a human diet typically known as the Western diet. Thus, monosodium
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glutamate was used because it is a substance used in experimental diets to induce obesity B
21 Lard was the main lipid source, since it represents the most used ingredient for the
composition of high-fat diets in other studies 3} 3411351,

In addition to lard, the lipid composition of the diet was added to margarine, which,
despite having a lower saturated fatty acid profile than that of butter ¢, is produced using the
interesterification method B71. This process is the subject of several studies on the deleterious
effect of fats obtained from it, since the formation of isomers with AGS (mainly palmitic
acid) occurs in the central position of the triacylglycerol molecule (sn-2) allows greater
absorption of these lipids by the body 8. Exaggerated consumption promotes an increase in
atherogenic potential in animal experimentation 9 [401,

Just as excessive fat accumulation is a common feature in rats fed more palatable diets
(rich in fatty acids), so is hyperphagia [“*! [2l. Approximately 12 weeks consuming a high-fat
diet rich in saturated fatty acids, the animals did not show weight gain, fat accumulation and
adiposity index. These results differ from those performed by Bortolin and collaborators, in
which a diet based on the human western diet (42% of lipids) was designed and compared to a
hyperlipidic diet with 60% of lipids commonly used to induce obesity in rodent models, using
as ingredients main to compose the lipid profile of lard and soy oil. After 18 weeks, the rats
fed on these diets showed completely different phenotypes, revealing that the Western diet
more effectively induced obesity and obesity-related disorders 431,

Sampley and colleagues showed that rodents fed a high-fat diet gained weight similar to
the group fed with control diet (similar to the control group in this study), but gained more
weight than rats fed standard laboratory ration, pointing out the importance of diet selection
used as a parameter (441,

It is observed that in the initial period of experimentation there is a reduction in food
consumption expressed in grams and calories of animals fed a high-fat diet, and this seems to
be related to the increase in the amount of energy present in this type of diet (4.46kcal / g),
when compared to the Control diet (3.69kcal / g). Diets with a high fat content reduce feed
efficiency and increase metabolic efficiency “* 151 which may explain that the control of the
weight of our animals occurred independently of food consumption.

It is known that the consumption of high-fat diets in the long term can promote lipid
overload, an important factor to be considered in the changes that occur in serum metabolism
[61 When consuming excess lipids in a meal, especially saturated fat, the body is faced with
excess triacylglycerols (TG) and their removal becomes inefficient, resulting in a postprandial

lipemia state 71, which is associated with diseases cardiovascular diseases P 181,
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In this study, there was no statistical difference between any of the serum values of both
groups, and the time of exposure to the diet or the composition of saturated fatty acids was
insufficient to promote some type of serum overload, especially in relation to the lipid profile,
an end that has already been found in other studies “° B%: or there has been a disorderly
accumulation of lipids in the cells of adipose tissue characterizing a condition called
lipotoxicity or chronic low-grade inflammation, which starts locally until it becomes systemic
and worsens the metabolic state of the adipocyte B,

An association of these results can occur when observing the activity of key enzymes of
lipid metabolism, which showed that there was greater oxidation capacity and less synthesis
in animals fed a diet rich in saturated fatty acids. Excessive consumption of saturated fat is
able to generate changes in lipid metabolism with a homeostatic imbalance due to its ability to
increase the expression of inflammatory pathways, decrease the expression of anti-
inflammatory pathways, alter the permeability of the cell membrane and increase expression
inflammatory cytokines and oxidative stress %2,

When evaluating the parameters of oxidative stress in the epididymal adipose tissue, it
was found that the consumption of a higher content of saturated fatty acids increased the
levels of MDA, which correlates positively with visceral fat because it is a predictor of lipid
peroxidation % in addition to being an indicator of cell damage by the increase in reactive
oxygen species (EROS) B4, In addition, the hyperlipidic diet impaired the antioxidant
capacity by reducing the activity of the enzymes SOD and GPx, and these results may
indicate a greater induction of oxidative stress in visceral adipose tissue.

Inadequate food is the main cause of cardiovascular mortality and the low consumption
of polyunsaturated fat, replacing saturated fat, increases mortality from ischemic heart
disease, as shown by recent research conducted in Brazil 551, However, in this study there is
no difference between the groups regarding blood pressure values, however, regardless of the
diet composition of the control and hyperlipidic groups rich in saturated fatty acids, the SBP
remained higher when compared with data presented by Carvalho and collaborators (119.5

_ 3 mmHg), while DBP and HR remained within the values recommended by the literature

1561 157

CONCLUSION

In this study, note which diet model rich in saturated fat does not cause morphological

changes during the animals' 90 days of life. However, the increase in lipid peroxidation and
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reduction in the activity of antioxidant enzymes led to believe that a hyperlipidic diet is
related to a greater induction of oxidative stress that rapidly amplifies the inflammatory
process caused by visceral adipose tissue. This local inflammatory response promotes long-
term or increased exposure of adipokines with an inflammatory action that plays a crucial role
in triggering peripheral insulin resistance triggered by other obesity-related comorbidities.
Although the deleterious effect of saturated fatty acids has already been elucidated, the
main result of this research is the increased consumption of these fats has many effects,
depending on the type of their composition, the time of exposure and the food source. Our
scientific findings may be the first step in the sequence of adaptive responses to a high-fat

diet, directly or indirectly, followed by other metabolic changes.
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6 CONSIDERACOES FINAIS

A gordura € um nutriente essencial para a manutencdo de funcGes metabdlicas do
organismo. Representa uma das principais fontes de energia da dieta, compde a estrutura das
membranas celulares, participam do transporte de vitaminas lipossolliveis, da resposta
autoimune e compde a bile. Por outro lado, o excesso na ingestdo de gorduras, bem como o
tipo de gordura consumida, associados a outros fatores comportamentais representa um fator
de risco para o desenvolvimento de doencas cronicas tais como as dislipidemias, a obesidade,
o0 diabetes, as doencas cardiovasculares, entre outras.

No presente estudo, sugeriu-se que a ingestdo de elevado teor de gorduras saturadas no
curto e médio prazo nédo foi capaz de provocar alteragcbes morfologicas, no entanto, promoveu
desequilibrio no metabolismo lipidico e um estado de estresse oxidativo. E possivel que o
desbalanco oxidativo e metabdlico possa ser gatilho desencadeador na génese das doengas
crénicas supracitadas relacionadas ao consumo de acidos graxos saturados.

Por fim, pode-se dizer que estudos sobre o consumo de gorduras séo relevantes para o
conhecimento do perfil de consumo deste nutriente que inclui aspectos quantitativos e
qualitativos e que podem auxiliar na construcdo de evidéncias que subsidiem acdes e
estratégias direcionadas a reducdo da producéo e do consumo de alimentos com alto teor de

gorduras.
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ANEXO A - NORMAS DE SUBMISSAO DE ARTIGO CIENTIFICO A REVISTA
CLINICAL NUTRITION EXPERIMENTAL (E-ISSN 2352-9393)

u Introduction

Clinical Nutrition Experimental is the peer-reviewed open-access official journal of
ESPEN, The European Society for Clinical Nutrition and Metabolism. With the aim to
stimulate experimental research activities in the field of Clinical Nutrition, the journal
welcomes the latest and most exciting experimental articles on methodology, nutrient
physiology and metabolism, nutritional neurosciences, nutritional toxicities, nutritional
immunology, nutrigenomics, molecular nutrition, vitamins, trace elements, antioxidants,
genetics and microbiota. Completing the existing journals: Clinical Nutrition and Clinical
Nutrition ESPEN, CNX will promote methodology and basic science in the field of
Clinical Nutrition.

Easy Submission Process

The Editorial Office has implemented an Easy Submission Process. We only ask you that
with initial submission the manuscripts are double-spaced (including references, tables,
and figure legends) and lines are numbered continuously, beginning in the title page and

thus every line has a unique number (Microsoft WORD: /Page Layout>Line Numbers).

All required items below need to be completed in formatting prior to final acceptance of a
manuscript. Before submitting your paper to the journal make sure that you have covered
all relevant items as indicated on this

checklist: https://www.elsevier.com/_data/promis_misc/CNX_Submission_Checklist.docx

Full Length Articles. Should be organized in the following successive sections and
manuscript preparation and format information above to be followed: Title Page, Abstract
(Background & Aims - Methods - Results - Conclusions). Introduction, Materials and
Methods (including statistical considerations and ethical statement), Results, Discussion,
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sources, References; Figure and Table Legends. The Introduction should be limited to 1.5

pages (450 words) and the Discussion to 4 pages (1200 words).

Review Article. Should contain at least 2 Figures and 2 Tables to summarize the most

important data and/or concepts.

(Inter)national Guidelines. Can be submitted after consultation with the Editorial Office

(espenjournals@espen.org).

ESPEN Guidelines. Are submitted in collaboration with the Editorial Office

(espenjournals@espen.org).

ESPEN Endorsed Recommendations. Are submitted in collaboration with the Editorial

Office (espenjournals@espen.org).

Letter to the Editor. Is considered for publication provided it does not contain material
that has been submitted or published elsewhere. The text, not including references, must
not exceed 450 words. The letter must have no more than five references and one figure or
small table and should not be signed by more than three authors. When a letter refers to an
article recently published in Clinical Nutrition Experimental, the opportunity for reply will
be given to the authors of the original article. Such a reply will be published along with the
letter. Start the letter with "Dear Editor".

Editorial. Are submitted by members of the Editorial Board.

Short Communications. Should not contain more than 10 references and organized as

Full Length Articles. Maximum 1500 words.

Opinion Papers. Should be organized as Full Length articles.

Educational Papers. Should be organized as Full Length articles and contain at least 2

Figures and 2 Tables to summarize the most important data and/or concepts.

Invited Editorial. Is by invitation from the Editor-in-
Chief.

Randomized Controlled Trials. Should be organized as Full Length Articles. All
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Randomized controlled Trials submitted for publication in Clinical
Nutrition

Experimental should include a completed Consolidated Standards of Reporting Trials
(CONSORT) 2010 checklist. Please refer to the CONSORT statement website
at http://www.consort-statement.org for more information. The checklist can also be
downloaded from here. You will be asked to upload this completed checklist at the time of
submission and this file is mandatory for submission. Clinical Nutrition Experimental has
adopted the proposal from the International Committee of Medical Journal Editors
(ICMJE) which requires, as a condition of consideration for publication of clinical trials,
registration in a public trials registry. Clinical trials are defined as "biomedical or health
related studies in human beings that follow a defined protocol.” In addition to intervention
studies, this definition encompasses observational, prevention, quality of life, diagnostic,
and screening trials (www.clinicaltrials.gov). Any clinical trial for which subject
recruitment began after July 1, 2008 must be registered in one of the five ICMJE-approved
public trials registries (i.e., www.clinicaltrials.gov, www.isrctn.org, www.umin.ac.jp,
www.trialregister.nl). Is this study appropriately registered? If so, please report the study
ID number and the website where the clinical trial is registered on the title page of the
paper. If the study is not registered, authors must do so before the submitted paper will be
considered for peer-review. If the study began before July 1, 2008, the initial recruitment
date should be reported in the appropriate place in the Materials and Methods section.

Clinical Nutrition Experimental requires prospective registration of all trials.

Report. Should be organized as Full Length Articles and are submitted by chairs of

Special Interest Groups (SIG) or are submitted in collaboration with the Editorial Office.

Meta-analyses. Should be organized as Full Length Articles. All Meta-analyses submitted
for publication in Clinical Nutrition Experimental should also include a completed
uploaded PRISMA Statement. We have adopted the definitions of systematic review and
meta-analysis used by the Cochrane Collaboration. A systematic review is a review of a
clearly formulated question that uses systematic and explicit methods to identify, select,
and critically appraise relevant research, and to collect and analyze data from the studies
that are included in the review. Statistical methods (meta-analysis) may or may not be used
to analyze and summarize the results of the included studies. Meta-analysis refers to the

use of statistical techniques in a systematic review to integrate the results of included
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studies. Downloadable forms are located at http://www.prisma-statement.org/.

g Before You Begin

Studies in humans and animals

If the work involves the use of human subjects, the author should ensure that the work
described has been carried out in accordance with The Code of Ethics of the World
Medical Association (Declaration of Helsinki) for experiments involving humans. The
manuscript should be in line with the Recommendations for the Conduct, Reporting,
Editing and Publication of Scholarly Work in Medical Journals and aim for the inclusion
of representative human populations (sex, age and ethnicity) as per those

recommendations. The terms sex and gender should be used correctly.

Authors should include a statement in the manuscript that informed consent was obtained
for experimentation with human subjects. The privacy rights of human subjects must

always be observed.

All animal experiments should comply with the ARRIVE guidelines and should be carried
out in accordance with the U.K. Animals (Scientific Procedures) Act, 1986 and associated
guidelines, EU Directive 2010/63/EU for animal experiments, or the National Institutes of
Health guide for the care and use of Laboratory animals (NIH Publications No. 8023,
revised 1978) and the authors should clearly indicate in the manuscript that such guidelines
have been followed. The sex of animals must be indicated, and where appropriate, the
influence (or association) of sex on the results of the

study.

All authors must disclose any financial and personal relationships with other people or
organizations that could inappropriately influence (bias) their work using the ICMJE Form
for Disclosure of Potential Conflicts of Interest http://icmje.org/conflicts-of-interest.
Examples of potential conflicts of interest include employment, consultancies, stock
ownership, honoraria, paid expert testimony, patent applications/registrations, and grants
or other funding. If there are no conflicts of interest then please indicate this

in the form. See also https://www.elsevier.com/conflictsofinterest.

Submission declaration and verification
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Submission of an article implies that the work described has not been published previously
(except in the form of an abstract, a published lecture or academic thesis, see 'Multiple,
redundant or concurrent publication' for more information), that it is not under
consideration for publication elsewhere, that its publication is approved by all authors and
tacitly or explicitly by the responsible authorities where the work was carried out, and that,
if accepted, it will not be published elsewhere in the same form, in English or in any other
language, including electronically without the written consent of the copyright-holder. To
verify originality, your article may be checked by the originality detection service Crossref
Similarity Check.

Preprints

Please note that preprints can be shared anywhere at any time, in line with Elsevier's
sharing policy. Sharing your preprints e.g. on a preprint server will not count as prior

publication (see '‘Multiple, redundant or concurrent publication' for more information).

Use of inclusive language

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to
differences, and promotes equal opportunities. Articles should make no assumptions about
the beliefs or commitments of any reader, should contain nothing which might imply that
one individual is superior to another on the grounds of race, sex, culture or any other
characteristic, and should use inclusive language throughout. Authors should ensure that
writing is free from bias, for instance by using 'he or she', 'his/her' instead of 'he' or 'his’,
and by making use of job titles that are free of stereotyping (e.g. ‘chairperson’ instead of

‘chairman’ and 'flight attendant' instead of 'stewardess’).
Author contributions

For transparency, we encourage authors to submit an author statement file outlining their
individual contributions to the paper using the relevant CRediT roles: Conceptualization;
Data curation; Formal analysis; Funding acquisition; Investigation; Methodology; Project
administration;  Resources;  Software;  Supervision;  Validation;  Visualization;
Roles/Writing - original draft; Writing - review & editing. Authorship statements should be
formatted with the names of authors first and CRediT role(s) following. More details and

an example
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Authorship

All authors should have made substantial contributions to all of the following: (1) the
conception and design of the study, or acquisition of data, or analysis and interpretation of
data, (2) drafting the article or revising it critically for important intellectual content, (3)

final approval of the version to be submitted.
Changes to authorship

Authors are expected to consider carefully the list and order of authors before submitting
their manuscript and provide the definitive list of authors at the time of the original
submission. Any addition, deletion or rearrangement of author names in the authorship list
should be made only before the manuscript has been accepted and only if approved by the
journal Editor. To request such a change, the Editor must receive the following from
the corresponding author: (a) the reason for the change in author list and (b) written
confirmation (e-mail, letter) from all authors that they agree with the addition, removal or
rearrangement. In the case of addition or removal of authors, this includes confirmation
from the author being added or removed. Only in exceptional circumstances will the Editor
consider the addition, deletion or rearrangement of authors after the manuscript has been
accepted. While the Editor considers the request, publication of the manuscript will be
suspended. If the manuscript has already been published in an online issue, any requests

approved by the Editor will result in a corrigendum.
Registration of clinical trials

Registration in a public trials registry is a condition for publication of clinical trials in this
journal in  accordance  with International Committee  of  Medical  Journal
Editors recommendations. Trials must register at or before the onset of patient enrolment.
The clinical trial registration number should be included at the end of the abstract of the
article. A clinical trial is defined as any research study that prospectively assigns human
participants or groups of humans to one or more health-related interventions to evaluate the
effects of health outcomes. Health-related interventions include any intervention used to
modify a biomedical or health-related outcome (for example drugs, surgical procedures,
devices, behavioural treatments, dietary interventions, and process-of-care changes).

Health outcomes include any
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biomedical or health-related measures obtained in patients or participants, including
pharmacokinetic measures and adverse events. Purely observational studies (those in
which the assignment of the medical intervention is not at the discretion of the

investigator) will not require registration.
Article transfer service

This journal is part of our Article Transfer Service. This means that if the Editor feels your
article is more suitable in one of our other participating journals, then you may be asked to
consider transferring the article to one of those. If you agree, your article will be
transferred automatically on your behalf with no need to reformat. Please note that your

article will be reviewed again by the new journal. More information.

Copyright

Upon acceptance of an article, authors will be asked to complete an 'Exclusive License
Agreement’ (see more information on this). Permitted third party reuse of open access

articles is determined by the author's choice of user license.
Author rights

As an author you (or your employer or institution) have certain rights to reuse your

work. More information.

Elsevier supports responsible sharing

Find out how you can share your research published in Elsevier journals.

Open access

Please visit our Open Access page from the Journal Homepage for more information.
Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a
mixture of these). Authors who feel their English language manuscript may require editing

to eliminate possible grammatical or spelling errors and to conform to correct scientific

76


https://www.elsevier.com/authors/article-transfer-service
https://www.elsevier.com/about/policies/copyright
https://www.elsevier.com/about/policies/open-access-licenses
https://www.elsevier.com/about/policies/copyright
https://www.elsevier.com/authors/journal-authors/submit-your-paper/sharing-and-promoting-your-article

English may wish to use the English Language Editing service available from Elsevier's

Author Services.
Submit your article
Please submit your article

Via https://www.editorialmanager.com/yclnex/default.aspx?pg=mainpage.html.

u Preparation

NEW SUBMISSIONS

Submission to this journal proceeds totally online and you will be guided stepwise through
the creation and uploading of your files. The system automatically converts your files to a
single PDF file, which is  used in the peer-review  process.
As part of the Your Paper Your Way service, you may choose to submit your manuscript
as a single file to be used in the refereeing process. This can be a PDF file or a Word
document, in any format or lay-out that can be used by referees to evaluate your
manuscript. It should contain high enough quality figures for refereeing. If you prefer to do
so, you may still provide all or some of the source files at the initial submission. Please

note that individual figure files larger than 10 MB must be uploaded separately.

References
There are no strict requirements on reference formatting at submission. References can be

in any style or format as long as the style is consistent. Where applicable, author(s)
name(s), journal title/book title, chapter title/article title, year of publication, volume
number/book chapter and the article number or pagination must be present. Use of DOI is
highly encouraged. The reference style used by the journal will be applied to the accepted
article by Elsevier at the proof stage. Note that missing data will be highlighted at proof

stage for the author to correct.
Formatting requirements

There are no strict formatting requirements but all manuscripts must contain the essential

elements needed to convey your manuscript, for example Abstract, Keywords,


http://webshop.elsevier.com/languageediting/
https://www.editorialmanager.com/yclnex/default.aspx?pg=mainpage.html

Introduction, Materials and Methods, Results, Conclusions, Artwork and Tables
with Captions. If your article includes any Videos and/or other Supplementary material,
this should be included in  your initial  submission  for  peer  review

purposes.  Divide the article into clearly defined sections.
Figures and tables embedded in text

Please ensure the figures and the tables included in the single file are placed next to the
relevant text in the manuscript, rather than at the bottom or the top of the file. The

corresponding caption should be placed directly below the figure or table.
Peer review

This journal operates a single blind review process. All contributions will be initially
assessed by the editor for suitability for the journal. Papers deemed suitable are then
typically sent to a minimum of two independent expert reviewers to assess the scientific
quality of the paper. The Editor is responsible for the final decision regarding acceptance
or rejection of articles. The Editor's decision is final. More information on types of peer

review.
REVISED SUBMISSIONS
Use of word processing software

Regardless of the file format of the original submission, at revision you must provide us
with an editable file of the entire article. Keep the layout of the text as simple as possible.
Most formatting codes will be removed and replaced on processing the article. The
electronic text should be prepared in a way very similar to that of conventional
manuscripts (see also the Guide to Publishing with Elsevier). See also the section
on Electronic artwork. To avoid unnecessary errors you are strongly advised to use the

'spell-check' and ‘grammar- check' functions of your word processor.
Essential title page information

« Title. Concise and informative. Titles are often used in information-retrieval systems.
Avoid abbreviations and formulae where

possible.

78


https://www.elsevier.com/reviewers/what-is-peer-review
https://www.elsevier.com/reviewers/what-is-peer-review
https://www.elsevier.com/authors/journal-authors/submit-your-paper

» Author names and affiliations. Please clearly indicate the given name(s) and family
name(s) of each author and check that all names are accurately spelled. You can add
your name between parentheses in your own script behind the English transliteration.
Present the authors' affiliation addresses (where the actual work was done) below the
names. Indicate all affiliations with a lower-case superscript letter immediately after the
author's name and in front of the appropriate address. Provide the full postal address of
each affiliation, including the country name and, if available, the e-mail
address of each author.

« Corresponding author. Clearly indicate who will handle correspondence at all stages
of refereeing and publication, also post-publication. This responsibility includes answering
any future queries about Methodology and Materials. Ensure that the e-mail address is
given and that contact details are kept up to date by the corresponding
author.

« Present/permanent address. If an author has moved since the work described in the
article was done, or was visiting at the time, a 'Present address' (or 'Permanent address'’)
may be indicated as a footnote to that author's name. The address at which the author
actually did the work must be retained as the main, affiliation address. Superscript Arabic

numerals are used for such footnotes.

Highlights

Highlights are optional yet highly encouraged for this journal, as they increase the
discoverability of your article via search engines. They consist of a short collection of
bullet points that capture the novel results of your research as well as new methods that
were used during the study (if any). Please have a look at the examples here: example
Highlights.

Highlights should be submitted in a separate editable file in the online submission system.
Please use 'Highlights' in the file name and include 3 to 5 bullet points (maximum 85

characters, including spaces, per bullet point).

Abstract

A concise and factual abstract is required. The abstract should state briefly the purpose of

the research, the principal results and major conclusions. An abstract is often presented
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separately from the article, so it must be able to stand alone. For this reason, References
should be avoided, but if essential, then cite the author(s) and year(s). Also, non-standard
or uncommon abbreviations should be avoided, but if essential they must be defined at
their first mention in the abstract itself.

Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more attention
to the online article. The graphical abstract should summarize the contents of the article in
a concise, pictorial form designed to capture the attention of a wide readership. Graphical
abstracts should be submitted as a separate file in the online submission system. Image
size: Please provide an image with a minimum of 531 x 1328 pixels (h x w) or
proportionally more. The image should be readable at a size of 5 x 13 cm using a regular
screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office files. You
can view Example Graphical Abstracts on our information site. Authors can make use of
Elsevier's Illustration Services to ensure the best presentation of their images and in

accordance with all technical requirements.

Keywords
Immediately after the abstract, provide a maximum of 6 keywords, using American

spelling and avoiding general and plural terms and multiple concepts (avoid, for example,
‘and’, 'of'). Be sparing with abbreviations: only abbreviations firmly established in the field

may be eligible. These keywords will be used for indexing purposes.

Abbreviations
Define abbreviations that are not standard in this field in a footnote to be placed on the first

page of the article. Such abbreviations that are unavoidable in the abstract must be defined
at their first mention there, as well as in the footnote. Ensure consistency of abbreviations

throughout the article.

Acknowledgements
Collate acknowledgements in a separate section at the end of the article before the

references and do not, therefore, include them on the title page, as a footnote to the title or
otherwise. List here those individuals who provided help during the research (e.g.,

providing language help, writing assistance or proof reading the article, etc.).
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Footnotes
Footnotes should be used sparingly. Number them consecutively throughout the article. Many

word processors can build footnotes into the text, and this feature may be used. Otherwise,
please indicate the position of footnotes in the text and list the footnotes themselves separately

at the end of the article. Do not include footnotes in the Reference list.
Artwork

Electronic

artwork

General points

» Make sure you use uniform lettering and sizing of your original
artwork.

* Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, Courier.

* Number the illustrations according to their sequence in the text.
*Use a logical naming convention for your artwork files.
* Indicate per figure if it is a single, 1.5 or 2-column fitting
image.

« For Word submissions only, you may still provide figures and their captions, and tables
within a single file at the revision stage.
« Please note that individual figure files larger than 10 MB must be provided in separate

source files.

A detailed guide on electronic artwork is available.
You are urged to visit this site; some excerpts from the detailed information are given
here.

Formats
Regardless of the application used, when your electronic artwork is finalized, please 'save

as' or convert the images to one of the following formats (note the resolution requirements
for line  drawings, halftones, and line/halftone combinations given
below): EPS (or PDF): Vector drawings. Embed the font or save the text as
'graphics’. TIFF (or JPG): Color or grayscale photographs (halftones): always use a
minimum of 300 dpi. TIFF (or JPG): Bitmapped line drawings: use a minimum
of 1000 dpi.

Please do not:


https://www.elsevier.com/authors/author-schemas/artwork-and-media-instructions

« Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the
resolution is too low.

« Supply files that are too low in resolution.
« Submit graphics that are disproportionately large for the content.

Ilustration services

Elsevier's Author Services offers Illustration Services to authors preparing to submit a
manuscript but concerned about the quality of the images accompanying their article.
Elsevier's expert illustrators can produce scientific, technical and medical-style images, as
well as a full range of charts, tables and graphs. Image 'polishing’ is also available, where
our illustrators take your image(s) and improve them to a professional standard. Please

visit the website to find out more.
Figure captions

Ensure that each illustration has a caption. A caption should comprise a brief title (not on
the figure itself) and a description of the illustration. Keep text in the illustrations

themselves to a minimum but explain all symbols and abbreviations used.

Tables

Please submit tables as editable text and not as images. Tables can be placed either next to
the relevant text in the article, or on separate page(s) at the end. Number tables
consecutively in accordance with their appearance in the text and place any table notes
below the table body. Be sparing in the use of tables and ensure that the data presented in
them do not duplicate results described elsewhere in the article. Please avoid using vertical

rules and shading in table cells.
References
Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by
citing them in your text and including a data reference in your Reference List. Data
references should include the following elements: author name(s), dataset title, data

repository, version (where available), year, and global persistent identifier. Add [dataset]
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immediately before the reference so we can properly identify it as a data reference. The

[dataset] identifier will not appear in your published article.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular
reference management software products. These include all products that support Citation
Style Language styles, such as Mendeley. Using citation plug-ins from these products,
authors only need to select the appropriate journal template when preparing their article,
after which citations and bibliographies will be automatically formatted in the journal's
style. If no template is yet available for this journal, please follow the format of the sample
references and citations as shown in this Guide. If you use reference management
software, please ensure that you remove all field codes before submitting the electronic
manuscript. More information on how to remove field codes from different reference

management software.

Users of Mendeley Desktop can easily install the reference style for this journal by
clicking the following link: http://open.mendeley.com/use-citation-style/clinical-nutrition-
experimental

When preparing your manuscript, you will then be able to select this style using the

Mendeley plug-ins for Microsoft Word or LibreOffice.

Reference formatting

There are no strict requirements on reference formatting at submission. References can be
in any style or format as long as the style is consistent. Where applicable, author(s)
name(s), journal title/book title, chapter title/article title, year of publication, volume
number/book chapter and the article number or pagination must be present. Use of DOI is
highly encouraged. The reference style used by the journal will be applied to the accepted
article by Elsevier at the proof stage. Note that missing data will be highlighted at proof
stage for the author to correct. If you do wish to format the references yourself they should

be arranged according to the following examples:

Reference style

References have to be cited in the text by Arabic numerals and numbered in the order in
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which they are cited. The reference section should be typed double-spaced at the end of
the text, following the sample format given below. Abbreviate journal titles according to
the List of Journals Indexed in Index Medicus (available from the Superintendent of
Documents, US Government Printing Office, Washington, D.C. 20402, USA, DHEW
Publication No. (NIH) 91-267; ISSN 0093-3821. Provide all authors' names. Provide
article titles and inclusive pages. 'Unpublished data' and 'personal communications' do not
qualify as References and should be placed in parentheses in the text. Accuracy of
reference data is the responsibility of the author. Refer to the Vancouver style of citation
with your reference manager program or use the  suggestion ~ below. Oguro M,
Imahiro S, Saito S, Nakashizuka T. Mortality data for Japanese oak wilt disease and
surrounding forest compositions, Mendeley Data, v1; 2015.
http://dx.doi.org/10.17632/xwj98nb39r.1.

Sample references

Article in a journal

1.  Cummings J H, MacFarlane G T. Role of intestinal bacteria in nutrient metabolism.
Clin Nutr 1997; 16: 3-11.

Book

2. McLaren D S, Meguid M M. Nutrition and its disorders, 4th edn. Edinburgh:
Churchill Livingstone, 1988.

Chapter in a book

3. Goodwin S C, Liu S. Radiologic techniques for enteral access. In: Rombeau J L,
Rolandelli R H, Eds. Enteral and tube feeding, 3rd edn. Philadelphia: W B Saunders, 1997:
193-206.

Website

4. U.S. positions on selected issues at the third negotiating session of the Framework
Convention on Tobacco Control. Washington, D.C.: Committee on Government Reform,
2002. (Accessed March 4, 2002, at

http://www.house.gov/reform/min/inves_tobacco/index_accord.htm.)
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Online journal article

Tenesa A, Noble C, Satsangi J et al. Association of DLG 5 and inflammatory bowel disease
across human populations. Eur Journal Hum Genet 2006: published online Jan 4.
DOI:10.1038/sj.ejhg.5201516

Supplementary material

Supplementary material such as applications, images and sound clips, can be published
with your article to enhance it. Submitted supplementary items are published exactly as
they are received (Excel or PowerPoint files will appear as such online). Please submit
your material together with the article and supply a concise, descriptive caption for each
supplementary file. If you wish to make changes to supplementary material during any
stage of the process, please make sure to provide an updated file. Do not annotate any
corrections on a previous version. Please switch off the Track Changes' option in

Microsoft Office files as these will appear in the published version.
Research data

This journal encourages and enables you to share data that supports your research
publication where appropriate, and enables you to interlink the data with your published
articles. Research data refers to the results of observations or experimentation that validate
research findings. To facilitate reproducibility and data reuse, this journal also encourages
you to share your software, code, models, algorithms, protocols, methods and other useful

materials related to the project.

Below are a number of ways in which you can associate data with your article or make a
statement about the availability of your data when submitting your manuscript. If you are
sharing data in one of these ways, you are encouraged to cite the data in your manuscript
and reference list. Please refer to the "References™ section for more information about data
citation. For more information on depositing, sharing and using research data and other

relevant research materials, visit the research data page.
Data linking

If you have made your research data available in a data repository, you can link your

article directly to the dataset. Elsevier collaborates with a number of repositories to link

85


https://www.elsevier.com/authors/author-resources/research-data

articles on ScienceDirect with relevant repositories, giving readers access to underlying

data that gives them a better understanding of the research described.

There are different ways to link your datasets to your article. When available, you can
directly link your dataset to your article by providing the relevant information in the
submission system. For more information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your
published article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of
your manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020;
CCDC: 734053; PDB: 1XFN).

Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data (including
raw and processed data, video, code, software, algorithms, protocols, and methods)
associated with your manuscript in a free-to-use, open access repository. During the
submission process, after uploading your manuscript, you will have the opportunity to
upload your relevant datasets directly to Mendeley Data. The datasets will be listed and

directly accessible to readers next to your published article online.
For more information, visit the Mendeley Data for journals page.
Data statement

To foster transparency, we encourage you to state the availability of your data in your
submission. This may be a requirement of your funding body or institution. If your data is
unavailable to access or unsuitable to post, you will have the opportunity to indicate why
during the submission process, for example by stating that the research data is confidential.
The statement will appear with your published article on ScienceDirect. For more

information, visit the Data Statement page.
Submission checklist

The following list will be useful during the final checking of an article prior to sending it
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to the journal for review. Please consult this Guide for Authors for further details of any

item.

u After Acceptance

Online proof correction

To ensure a fast publication process of the article, we kindly ask authors to provide us with
their proof corrections within two days. Corresponding authors will receive an e-mail with
a link to our online proofing system, allowing annotation and correction of proofs online.
The environment is similar to MS Word: in addition to editing text, you can also comment
on figures/tables and answer questions from the Copy Editor. If preferred, you can still
choose to annotate and upload your edits on the PDF version. All instructions for proofing
will be given in the e-mail we send to authors, including alternative methods your article
published quickly and accurately. Please use this proof only for checking the typesetting,
editing, completeness and correctness of the text, tables and figures. Significant changes to
the article as accepted for publication will only be considered at this stage with permission
from the Editor. It is important to ensure that all corrections are sent back to us in one
communication. Please check carefully before replying, as inclusion of any subsequent

corrections cannot be guaranteed. Proofreading is solely your responsibility.



ANEXO B - DECLARACAO DE APROVACAO DO COMITE DE ETICA NO USO DE
ANIMAIS (CEUA) DA UNIVERSIDADE FEDERAL DE PERNAMBUCO (UFPE)

Universidade Federal de Pernambuco
Centro de Biociéncias
Av, Prof. Nelson Chaves, s/n
50670-420 / Recife - PE -~ Brasil
Fones: 2126 8842
cena@ufpebr

\N

Recife, 05 de junho de 2019

Oficio n° 30/19

Da Comissao de Etica no Uso de Animais (CEUA) da UFPE

Para: Prof. Jodo Henrique da Costa Silva
Centro Académico de Vitéria

Universidade Federal de Pernambuco
Processo n° 23076.046459/2018-17

Certificamos que a proposta intitulada “Avaliagdo dos efeitos de uma dieta em
acidos graxos saturados sobre a composigdo corporal, o matabolismo lipidio e a
pressao arterial de ratos submetidos a desnutrigio perinatal.” registrado com o n°®
23076.046459/2018-17 sob a responsabilidade de Prof. Joio Henrique da Costa
Silva o que envolve a produgdo, manutenco ou utilizagdo de animais pertencentes
ao filo Chordata, subfilo Vertebrata (exceto humanaos), para fins de pesquisa cientifica
(ou ensino) - encontra-se de acordo com os preceitos da Lei n° 11.794, de 8 de °
outubro de 2008, do Decreto n® 6.899, de 15 de julho de 2009, e com as normas
editadas pelo CONSELHO NACIONAL DE CONTROLE DE EXPERIMENTACAO
ANIMAL (CONCEA), e foi aprovada pela COMISSAO DE ETICA NO USO DE
ANIMAIS (CEUA) DA UNIVERSIDADE FEDERAL DE PERNAMBUCO (UFPE), em

reunido de 28/05/2019.

Finalidade () Ensino (X) Pesquisa Cientifica
Vigéncia da autorizagdo 28/05/2019 a 01/04/2023
Espécie/linhagem/raca Rato heterogenico

N° de animais 68

Peso/ldade 100g/ 30 dias

Sexo Macho (56 ) Femea (12)

Origem: Biotério de Criagdo Biotério do Departamento de Nutri¢do
Destino: Biotério de Experimentagao Biotério do CAV

Atenciosamente,
s

Prof. Sebastido R. F. Silvz
Vice-Presidents CEUAIUFPE
SIAPE 2345691




