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1. RESUMO



1. RESUMO

Objetivo: Sabe-se que trabalhadores noturnos tem preferpacianches com maior
concentracdo de gordura saturada. Trabalhadores tudeo, particularmente
trabalhadores noturnos, apresentam mais frequentemRipertrigliceridemia e
hiperglicemia, bem como menores niveis de HDL-t¢etes quando comparados a
trabalhadores diurnos, devido a alteracdes cirnadi@ estilo de vida, sugerindo uma
predisposicado para o desenvolvimento de doencasocasculares. Estas alteracdes
sdo conhecidas como Sindrome Metabdlica (SM). Rortapara entender as
consequéncias de uma dieta hiperlipidica é impttanpadronizacdo de dietas para
modelos animais que mimetizem a alimentacdo daltralor de turnoMateriais e
Método: estudo experimental com 20 ratos Wistar dos quaisram controle (CG) e
10 submetidos a dieta hiperlipidica (HFD). Utilaar-se trés dos cinco critérios do
NCEP-ATP Ill para diagndstico de SMglicose, triglicerideos (TG) e HDL-col. A
guantidade de tecido adiposo visceral (TAV) foilesa bem como o peso do figado e
das glandulas adrenais. O peso ponderal foi aval&inanalmente e o a ingestéo
alimentar e hidrica diariamente. Foi utilizadot-test de Student’s para amostras
independentesResultados: ndo houve diferenga significante entre 0os grupas p
glicose, HDL-col e TG na medida basal. Apos 15 sewale intervencao, grupo HFD
mostrou um aumento dos niveis de TG (p=0,01) es#iqp=0,01) e diminuicdo de
HDL-col (p=0,009) quando comparados com CG. Grup®tpresentou maior TAV
(p=0,005) e peso do figado (p=0,01). CG mostrouaumento de ingestdo alimentar e
hidrica (p<0,001 e p<0,001 respectivamente) enquané o consumo energético foi
maior no grupo HFD (p<0,001). Nao foi encontradi@rénca no peso das glandulas
adrenais (p=0,07) e peso ponderal (p=0,68ncluséo:os animais submetidos a dieta
hiperlipidica apresentaram alteracdes metabdligeesast da manutencdo do peso
corporal. N&o foi encontrada correlagdo entre pmgporal e quantidade de TAV,
sugerindo que o peso corporal ndo é preditor pamatglade de gordura corporal e que

a composicao da dieta influi diretamente nos maneadde SM.

Palavras-chave: dieta hiperlipidica, sindrome nidizdy doenca cardiovascular, peso
corporal, tecido adiposo visceral.
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ABSTRACT

Background and Aim: Shift workers, particularly night workers, moresduently
present metabolic changes when compared to dayensoduggesting a predisposition
for cardiovascular disease. These changes are kiaswMetabolic Syndrome (MS).
Therefore, to increase understanding of the coressemps of a high-fat diet it is
important to standardize a diet for experimentainafs that mimics the shift workers’
diet and its effectsMethods and Results:experimental study with 20 Wistar rats of
which 10 were control group (CG) and 10 high-faatdgroup (HFD). Three of five
criteria for MS diagnosis from NCEP-ATP Il weresassed. The amount of visceral
adipose tissue was determined (VAT). Body weighs wssessed weekly and food and
water intake were measured daily. Studentasst for independent samples was used.
The groups were similar at baseline. After fiftegeeks of intervention, HFD group
showed an increase in serum TG (p=0.01) and gluge<®01) levels and a decrease in
HDL (p=0.009) compared to CG. HFD showed increagéd (p=0.005) and liver
weight (p=0.01). Food intake and water intake wegher in CG (p<0.001 and p<0.001
respectively) while energy intake was increasetiiiD (p<0.001). No difference was
found in adrenal glands weight (p=0.07) and bodyghte (p=0.63). Conclusion:
Animals submitted to HFD present significant metabalterations in spite of the
maintenance of body weight. Body weight is not edpotive factor for the amount of
VAT and that the quality of diet composition diréctiluences MS markers.

Keywords: high fat-diet, metabolic syndrome, cavdicular disease, body weight,

visceral adipose tissue
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2.INTRODUCAO

Nos ultimos anos, a prevaléncia de doencas comsidzuke, Diabetes Mellitus
(DM) e doencas cardiovasculares tem apresentadufisaivo aumento. Fatores
como habitos nutricionais inadequados e estilo d#a vsdo, muitas vezes,
determinantes no aparecimento dessas patologias.

De acordo com a Organizagdo Mundial de Saude (OMEHE% da populacdo
brasileira tem indice de Massa Corporal (IMC) ignaimaior a 25 kg/m?, enquanto que
os Estados Unidos da América apresentam 66,9% pagudio nesta faixa. Nos EUA
estima-se que 35% da populacdo sdo diabéticosédigivéticos e, mundialmente, o
namero chega a 150 milh6es. Em um estudo realizatte 1994 e 2004 também nos
EUA com mais de 8000 adultos foi encontrada a péeceé de 23,9% de SM de acordo
com parametros do NCEP. Os dados séo alarmanseg@ndo a OMS, o numero de

diabéticos deve duplicar nos préximos 20 anos.

Alteracdes metabdlicas

A partir da década de 80, estudos envolvendo aidszs central e alteracdes
metabodlicas como hiperglicemia e resisténcia alimsyRI) foram aprofundados e
formulou-se um novo conceito associando diversdsrda de risco para doencas
cardiovasculares e DM. A esse conjunto de fatoeessdo deu-se o nome de Sindrome
X e, posteriormente, Sindrome Metabdlica (SM).

SM é um transtorno complexo representado por urjustinde fatores de risco
cardiovascular relacionados a deposicao centrajoddura e a Rl (I-DBSM, 2005).
Apesar de nao avaliar a resisténcia a insulinarit&ios utilizados para diagnostico do
NCEP-ATP 1l (quadro 1) (NCEP, 2001) sao recomendgukla | Diretriz Brasileira de
Diagnostico e Tratamento da Sindrome MetabdlicBEM) em razdo de sua
simplicidade e praticidade. O diagnostico é firmaedba alteracdo dos niveis de trés
dentre quaisquer dos cinco componentes adotadosaquecircunferéncia abdominal,
triglicerideos, lipoproteina de alta densidade (HDdlicemia em jejum e presséo
arterial (I-DBSM, 2005).
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GQuadro 1 - Componentes da sindromse metabilics segundo o
NCEP-ATP LI

Companantss Niweiz

Cbesidada abdominal por meio da
circunfersncia abdominal

Homens = 10Zam
Mulherss = BEcm
Trigliceridecs & 150 mgfdL
HOL Colestarl
Hzmens = 40 mgdlL
Mulherss = 50 mgdL
Preszis arterial =130 rimHg 20 = 85 mmHZ
Glicemia de jgjum = 110 mg/dL

& presanga de Diabedes meliitus ndo exclui o diagndstico d= 5M

Quadro 1 Fonte: I-DBSM, 2005

A presenca da gordura visceral, verificada por rdeionedida de circunferéncia
abdominal, tem sido considerada melhor marcador pateracdes metabdlicas
presentes na SM que a gordura corporal total (Besgtral., 2006; Rexode et al., 1998).
O perfil lipidico da SM é caracterizado por hipgticeridemia e diminuicdo de HDL.
A insulina tem acdo anti-lipolitica e de estimulo Ipase lipoproteica.
Consequentemente, a resisténcia a este hormoéretegminante de lipdlise e aumento
de acidos graxos livres (AGL) (Pankow et al., 2004)

Outro fator importante é a alteracdo na expressficfuncionamento dos
transportadores de glicose (GLUT) que podem estaoleidos (Shepherd e Kahn,
1999). No tecido adiposo, ocorre uma reducao neessfo de proteina transportadora
de glicose 4 (GLUT4) que esta associada a obesidadenvolvimento de RI, DM2 e
também SM (Shepherd e Kahn, 1999). Associada at&kheém pode ser observada a
ativacdo do eixo do sistema renina-angiotensinggrianando aumento de pressao
arterial PA (Lopes e Egan, 2006).

Adipdcito e Sindrome Metabdlica

O adipécito recebe a influéncia de diversos simasyo a insulina, cortisol e
catecolaminas e, em resposta, secreta uma granddade de substancias que atuam
tanto local como sistemicamente, participando dalegdo de diversos processos como
a funcdo endotelial, aterogénese, sensibilidadasalina e regulacdo do balanco
energético (Ribeiro Filho et al., 2006). Algumasss#s substancias secretadas

essencialmente pelo tecido adiposo como leptimdingre fator de necrose tumoral alfa
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(TNF-a), apresentam papel fundamental na sensibilidaiguie & insulina (Mohamed-

Ali et al., 1998; Harmelen et al., 1998). Aléem diss adipdcito, de acordo com sua
localizacdo, apresenta caracteristicas metabdtifasentes, sendo que a adiposidade
intra-abdominal é a que apresenta maior impacteesabeterioracdo da sensibilidade a

insulina (Giorgino et al., 2005).

Alimentacgéo e Sindrome Metabdlica
A SM afeta uma proporcao substancial de adultosingerem calorias em
excesso (Lopes, 2005). Habitos alimentares inadiegueonstituem a principal causa
do surgimento de dislipidemias, sendo que a gordatarada leva ao aumento do
colesterol e de TG (Fagherazzi et al.,, 2006). Estudemonstram que gorduras
saturadas e monoinsaturadas presentes na dietaemfara também significativa
correlacéo entre adiposidade visceral e percedaugbrdura total (Pereira et al., 2003).
Os profissionais que trabalham em turnos, espeeide o trabalho
noturno estdo mais propensos a manifestar fadigaicar, disturbios digestivos e
cardiovasculares (Duarte, 2001). Individuos conbaténos de idade, que trabalham a
noite possuem niveis mais elevados de TG e denghceassim como niveis mais
baixos de HDL colesterol, quando comparados aosithubs que trabalham apenas
durante o dia (Christi et al., 1996). Sabe-se cpleathadores noturnos tem preferéncia
por lanches que possuem maior concentracao derggffdamon et al., 1993). Estudos
prévios apontam que uma dieta com alta quantidadmriura pode levar a hiperfagia,
ganho de peso, aumento da adiposidade e a supressBmuada da producdo de
glicose hepatica estimulada pela insulina, levando desenvolvimento de
hiperinsulinemia, RI e hiperglicemia. Este tipodieta altera tanto a atividade basal do
eixo hipotdlamo-hipéfise-adrenal quanto a induziglar estresse, aumentando a
producdo de glicocorticoide nas glandulas adremais ratos. Este aumento de
glicocorticéides pode levar a hipertrigliceridemela diminuicdo de lipase lipoproteica
(Ghibaudi et al., 2002). Neste contexto se faz nt@mbe o estimulo a estudos que
possibilitem a padronizacdo de dietas para modalusiais que mimetizem a

alimentacé&o do trabalhador noturno.
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3. REVISAO DA LITERATURA
Estratégias para localizar e selecionar informacgées

Para a introducdo do tema central deste trabathioreflizada uma revisao
sistematica na literatura. Os delineamentos estmdhfioram os estudos experimentais,
observacionais, ensaios clinicos randomizados etg@os, revisdes sistematicas e
metanalises. As bases de dados MEDLINE e COCHRAM&NT utilizadas. Adotaram-
se artigos elaborados nos seguintes idiomas: ingl@gugués; italiano; francés e
espanhol. Ao compilar esta dissertacdo, empregaeagiescritores como “high fat-
diet”, “high fat-diet and Metabolic Syndrome”, “ligfat-diet and cardiovascular
disease”, “high fat-diet and body weight”, “hight-tiiet and visceral adipose tissue”.
Foram encontrados 352 artigos baseados na estra@@iusca acima descrita. Um total
de 103 artigos foram selecionados por conter t@fa®specificacdes tracadas nos
critérios de inclusdo adotados, uma vez que, doriganente, deveria constar no
resumo a relagéo entre dieta hiperlipidica e ajfeya metabdlicas.

Os passos adotados para a estruturacao dessa r@aib@ratura estdo presentes

na figura 1.

High fat-diet, Metabolic
Syndrome, Cardiovascular
Disease, Body weight, Visceral
Adipose Tissue.

MEDLINE
PubMed

COCHRANE
SUMsearch

\ 4

National Guideline . . -
<+ - 50 —|—» | 06
Clearinghouse High fat-diet revisoes
v
v . .
. ngh fat-diet and I » | 28artigos —»p 29 |—
8 artigos Metabolic Syndrome 11 revisbes
H_igh fat-diet a_nd > 138 ar.tigos | > 33 |—
Cardiovascular disease 22 revisdes
v
High fat-diet and _ _
Listas de referéncias gBOdy weight —» | 48artigos [—» | 09
v . -
High fat-diet and 24 arti 10 |—
Livros textos Visceral adipose tissue > ar '903 >
3 revisbes

» Estudos Experimental - observacionais |«

Figura 2: estratégias de busca de referéncidisdpificas
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Modelos de dieta hiperlipidicas

A literatura descreve alguns modelos de dietas@ni conhecidas comntagh-
fat diet, que induzem a um fendtipo de obesidade associadipeitrigliceridemia
(Buettner et al., 2006), hipercolesterolemia e tgmsao. Estes modelos de dietas
podem variar em quantidade (15% a 60% de lipidiggalidade dos ingredientes e
duracdo de experimento. A gordura utilizada vanaeefonte animal e vegetal tais
como toucinho, banha, margarina, gordura de batjuya de coco, 6leo de palma e
outros. Diversas dietas para induzir fatores deorigara cardiopatias e obesidade
preconizam o aumento ndo s de lipideos na ingesé@ de modelos animais de
experimentacdo como também a adicdo de cloreto ddio,sfrutose, sacarose,
colesterol, farmacos e outros ingredientes e corarsths composicdes (Gajda et al.,
2007). Estudos utilizando dietas hiperlipidicas teproduzido modelos experimentais
de obesidade ou de fatores de risco a partir dest¥anas e a duracdo do experimento
depende de quais fatores se quer manipular. Sadpgese tipo de gordura utilizada tem
influencia direto sob os marcadores que se deastgdarir.

Consequencias da dieta hiperlipidica

Ha relatos de que em pouco tempo de intervencé@® ggmanas, por exemplo),
ja h4 uma resposta positiva para o aumento da idaeert dos tecidos adiposos
retroperitoneal e epididimal (Duarte et al., 20040 se deve ao fato de que o0 excesso
de energia consumida na forma de lipidios € maigeatemente armazenado na forma
de gordura corporal (Kirk et al., 2000). Estes alosl de dieta levam também a
distarbios no perfil lipidico (Estadela et al., 20@ alteracdes nas etapas iniciais da
sinalizacao de insulina (Prada et al., 2005).

Estudos vem demonstrando o papel maléfico que @ugorsaturada pode ter
também sobre memodria e doencas psiquidtricas. Giongos recém nascidos
alimentados com uma dieta rica em banha por nowearsas tiveram aumento de
colesterol total e LDL-col e tiveram afetadas a mean e a capacidade de
aprendizagem quando comparados com o grupo confvaie 2009). A depressao
também tem sido associada a habitos alimentareBuenanos. Em um estudo com
aproximadamente 3.400 individuos de uma populagéditerranea foi constatado que
um consumo de alimentos processados pode levapr@ss@o (Akbaraly, 2009). A

dieta rica em gordura saturada tem capacidade gaar a composicdo dos acidos
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graxos no cérebro, mostrando um aumento dos acpsitico e estearico,
prejudicando as habilidades cognitivas.

A gordura vegetal tem sido utilizada em estudos g@mpulséo alimentar.
Davis et al encontrou diferenca significativa nes@eorporal entre os grupos de
animais alimentados com dieta hiperlipidica e ditaGV hidrogenadad libitum em
comparagao com o grupo controle ao final dos 68 dm estudo e especula que 0s
animais alimentados com a dieta hiperlipidica etadieom GV apresentaram
comportamento alimentar compulsivo. A dieta hipédica também pode agir como um
fator de estresse pois pode aumentar a liberac&gliaecorticoides pelas glandulas
adrenais através da estimulacdo do eixo hipotakipifise-adrenal, levando a
hipertrigliceridemia através da diminuicdo da lpépoproteica.

LimitagOes do estudo

A espécie de animal a ser escolhido depende dovabpa pesquisa e, muitas
vezes, pode influencia-lo. Sabe-se que ratos decespwiss tem pré-disposicao para
obesidade, DM e RI quando expostos a dieta hipditia. Os ratos da espécie Zucker
tem propensdo a desenvolver obesidade, Rl e DMasi@iDM tipo 2 dos humanos
pois apresentam mutacdo no gene que codifica qtoecde leptina (Cintra et al.,
2011). Para esta pesquisa, preferimos utilizasrélstar que apresentam-se resistentes
a alteracbes na insulinemia e portanto na glicertoapando o resultado mais
interessante da ponto de vista do desenvolvimeatéistbpatologia da SM induzida
unicamente por dieta. Talvez a essa resisténaa\se o tempo de estudo alcancado, ja
que ratos Wistar podem levar mais tempo que oespécies para mostrar as alteracdes

metabodlicas.
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4. JUSTIFICATIVA

Nos ultimos anos, houve um aumento significativwo rdimero de doencas
cronicas como obesidade, diabetes, doencas casdidages. Alimentac&o inadequada
e estilo de vida podem ser fatores determinantespaocecimento dessas doencas. Os
trabalhadores de turno estdo predispostos a hipiegridemia e hiperglicemia, assim
como niveis mais baixos de HDL-colesterol, deviddtaracdes circadianas e estilo de
vida. Essas alteragfes metabdlicas compdem osiasifgara diagnostico de Sindrome
Metabdlica, manifestacdo comum nessa populacdan&se que a prevaléncia da
Sindrome Metabdlica (SM) seja de 23,9% da populachidta dos Estados Unidos. A
SM atingiu proporcdes de epidemia e, provavelmevde,se tornar endémica nos
préximos anos em razao do aumento rapido na prmial@e obesidad&ldo menos
importante € o alerta de uma possivel pandemi@ jaetais fatorestambém tém
ocorrido em paises em desenvolvimento como o Bfhspes e Egan, 2006). Deste
modo, a prevaléncia, as tendéncias futuras, o ifminico e o significado econémico
da SM, constituem grande problema de salde eatgtdmente, em franco crescimento
(Lopes e Egan, 2006). Em razdo da gravidade dedtdogia, devem-se investigar
primeiramente suas causas e, posteriormente, nsewamipara evitar sua progressao.
Considerando a crescente prevaléncia da SM e Rgioecom morbimortalidade, faz-
se importante a padronizacdo de uma dieta modwdagacifica para indugcdo desta
patologia que podera ser utilizada no desenvohimée estudos que abordem o seu
aparecimento e a associacao entre os principaisanh@es envolvidos na regulacéo do
balanco energético. Baseado neste entendimenti, grdrtir para o desenvolvimento
de novas estratégias terapéuticas tanto farmaca®gjuanto nao-farmacoldgicas que

visem diminuir a incidéncia de patologias relacaasma Sindrome Metabdlica.
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5. OBJETIVO

Objetivo Geral
Avaliar o modelo de dieta para inducéo de sindrorabdlica em ratos Wistar.

Objetivos especificos
Avaliar niveis de peso ponderal, quantidade dewgardisceral, triglicerideos, glicose,

HDL, peso do figado, peso das glandulas adrenaigesta caldrica.
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ABSTRACT

Background and Aim: Shift workers, particularly night workers, moreeduently
present metabolic changes when compared to dayenssuggesting a predisposition
for cardiovascular disease. These changes are kaswdetabolic Syndrome (MS).
Therefore, to increase understanding of the coresemps of a high-fat diet it is
important to standardize a diet for experimentaias that mimics the shift workers’
diet and its effectsMethods and Results:iexperimental study with 20 Wistar rats of
which 10 were control group (CG) and 10 high-fattdygroup (HFD). Three of five
criteria for MS diagnosis from NCEP-ATP Ill weresassed. The amount of visceral
adipose tissue was determined (VAT). Body weight wssessed weekly and food and
water intake were measured daily. Studetitsst for independent samples was used.
The groups were similar at baseline. After fiftegeeks of intervention, HFD group
showed an increase in serum TG (p=0.01) and glugss®e01) levels and a decrease in
HDL (p=0.009) compared to CG. HFD showed increagdd (p=0.005) and liver
weight (p=0.01). Food intake and water intake whigher in CG (p<0.001 and
p<0.001 respectively) while energy intake was iasesl in HFD (p<0.001). No
difference was found in adrenal glands weight (p#P.and body weight (p=0.63).
Conclusion: Animals submitted to HFD present significant metab alterations in
spite of the maintenance of body weight. Body weigmot a predictive factor for the
amount of VAT and that the quality of diet compmsitdirect influences MS markers.

Keywords: high fat-diet, metabolic syndrome, cavdicular disease, body weight,

visceral adipose tissue
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INTRODUCTION

Over the last few years, there has been a signtficarease in the prevalence of
chronic diseases such as obesity, diabetes, adieascular diseases, and also in risk
factors associated with inadequate nutrition. Qentaetabolic changes comprise a set
of risk factors for cardiovascular disease relatedisceral fat deposition and insulin
resistance, which are known as Metabolic Syndrokh®){ however, their criteria for
diagnosis is still under discussidn MS is defined as the presence of three of five
criteria which include hyperglycemia, hypertriglyceemia, hypertension, decreased
high density lipoprotein-cholesterol (HDL-cho) aindreased abdominal circumference
2.

According to the World Health Organization (WH®)n Brazil 40.6% of the
population has a body mass index (BMI) equal tgreater than 25 kg/m?, while in the
USA 66.9% of the population fall into this categoieanwhile, 23.9% of the
American population was diagnosed with MS accordimghe National Cholesterol
Education Program (NCEP) parametérs-urthermore, 35% of the same population is
in a diabetic or prediabetic state Metabolic alterations related to diet affect a
considerable proportion of adults. Inadequate gdtmbits constitute one of the causes
of dyslipidemia and a high intake of saturated|éads to increased cholesterol and
triglycerides, which are significantly correlateithwisceral adiposity.

One particular population affected by inadequaté&itan is shift workers,
particularly night workers, who more frequently ggat hypertriglyceridemia and
hyperglycemia, as well as lower levels of HDL-cisdven compared to day workers
and this population is subject to an increased o$kobesity, MS, diabetes and

cardiovascular disease. These diseases might émult of physiological maladaptation
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to chronically sleeping and eating at abnormalacdian times3. It is known that night
workers prefer snacks that contain high concewotnatof saturated fét, 10.Previous
studies have linked a high-fat diet with hyperphagveight gain, increased adiposity
and inadequate suppression of hepatic glucose ghiodustimulated by insulin. Later,
such conditions may lead to hyperinsulinemia, imsulesistance (IR) and
hyperglycemia. Furthermore, diets rich in unsatddiatty acids can contribute to an
increased risk of developing depression in humahs12. Thus, it is important to
encourage studies that seek to develop a standdrdiet for experimental animals that
mimics the food intake of shift workers.

The aim of this study was to create an animal modedhich the composition of
the diet was similar to the snacks consumed byt slofkers in order to analyze the

effects of such a diet on metabolism.
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METHODS AND PROCEDURES

Animals

Twenty male Wistar rats were used, aged 2 monttieedbeginning of the study,
obtained from CREAL Centro de Reproducdo e Experimentacdo de Animais de
Laboratérig, Universidade Federal do Rio Grande do)STihe animals were housed in
polycarbonate cages, 5 animals per cage and maedtat 22 + 2 °C with a 12:12 h
light:dark cycle (lights on 07.00) according to tliide to the Use and Care of
Laboratory Animalsl3, 14.0ne animal died during the experiment. The studg w
approved by the Ethics Committee of the HospitaCtlaicas de Porto Alegre, and was
carried out in the Animal Experimental Unit of te@me institution. All the procedures
were performed in such a way as to minimize pashdiacomfort.
Diet

All rats were allowed accessl libitumto food and water. The high-fat diet
(HFD) consisted of 45.5% standard chow, 22.7% |a&l7% vegetable shortening and
9% sucrose, while the standard diet (control groGg) comprised 100% chow
Nuvital™. HFD was prepared every 4 days and storedrefrigerator under controlled
temperature (7°C 2).
Experimental Procedures

The rats were randomized and allowed a 1l-weelogeri adaptation to the
laboratory conditions and chow diet. After thisg #inimals were divided in two groups
of 10 animals each: HFD and CG. The treatment dadte weeks. Food and water
intake were measured daily. The body weight wasrdehed weekly. At the beginning
of the treatment period blood samples were coltetbeestablish baseline values. The

samples were obtained from the retro orbital plexfter sedating the animals with
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inhaled isoflurane. At the end of the treatmeng thts were killed by decapitation to
facilitate blood collection and no drugs were ubedore this procedure. Epididymal
and retroperitoneal fats forming visceral adipassue (VAT), liver and adrenal glands
were removed and weighed on a Marte balance mo88bA0C, which was also used
to determine food, water and animal body weightunkr blood was collected for
analysis of the glucose, HDL-cho and triglycerides.
Metabolite Determinations

The diagnosis of Metabolic Syndrome was made ugirge of the five criteria
of NCEP-ATP IllI: serum levels of glucose, high-déndipoprotein cholesterol (HDL-
cho) and triglycerides (TG). Serum from trunk blosds assayed for TG and glucose
using assay kits from Roche Diagnostics (Mannhefdgrmany) by enzymatic
colorimetric assay. Levels of HDL-cho were detemwirby homogeneous enzymatic
colorimetric assay using kits also from Roche Dasjits.
Statistical Analysis

Data were expressed as mearsEM and analyzed using Student‘test for
independent samples. R-value of less than 0.05 was considered to besttatily

significant. All of the statistical analysis wagmed out with the software SPSS 16.0.
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RESULTS

This study examined two groups of rats (n=20),clvhivere maintained for 15
weeks on a HFD (45.5% chow) diet that sought to imittme diet of shift workers, or
Control (100% chow).

Baseline - Data for serum glucose, TG and HDL-cho (mesiEM) are shown in
Table 1. No significant difference was observedveen the control and HFD groups at
baseline for body weight (CG=224.10+6.21, HFD=20ZR55; p=0.53), serum
glucose (CG=152.40+4.11, HFD=166.30£7.13; p=0.HL-cho (CG=49.60+1.40,
HFD=47.20+1.32; p=0.23) and TG (CG=88.40+8.68, HEDB:00+9.21; p=0.14).

Metabolic Parameters - Data for serum glucose, TG and HDL-cho
(meanSEM) after 15 weeks of intervention are presenteddble 2. The HFD group
showed a significant increase in levels of serunucagge (CG=166.88+3.64,
HFD=183.40+4.89; p=0.01), TG (CG=157.33+21.51, HEP&.10+42.36; p=0.01) and
a significant decrease in HDL-cho (CG=49.66+2.1BDH40.40+2.22; p=0.009).

Organs and Tissues — The weights of VAT, liver and adrenal glands
(meanSEM) can be seen in Table 2, while the body weiglitshe CG and HFD
groups are compared in Figure la. In the HFD grthe VAT (CG=17.12+1.76,
HFD=34.22+4.70; p=0.005) and liver weight (CG=1%B83%0, HFD=13.17+0.52;
p=0.01) were found to be significantly higher tharthe CG. No difference was found
between the HFD and CG groups regarding body wei®=402.73+£13.48,
HFD=391.24+19.08; p=0.63) and the weight of adregknds (CG=0.05%0.005,
HFD=0.07+0.005; p=0.07).

Food, Water and Energy I ntake — Food and water intake in the two groups are
shown in Figures 1b and 1c. Both food and watekmin the HFD group (151.16+2.77

and 226.56+4.71, respectively; p<0.001) were lowlean control (239.60+3.26,
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390.045.64; p<0.001). The energy intake was sigaifily higher in the HFD group

(CG=78.8+1.20, HFD=91.4+2.75; p=<0.001).

34



DISCUSSION

In this study the model diet caused metabolic ghanAs far as we are aware
this is the first study designed to create an ahimadel diet containing lard and
shortening, both saturated fatty acids, which heettvo most commonly found types of
fat in processed food. In this diet, 45% of enengs supplied by fat. The metabolic
changes found matched with the MS diagnostic caiteonfirming that the quality of
diet composition can have a direct influence os¢hmarkerd5, 16

It is interesting to note that body weighgr semay not be a good predictor for
metabolic change. Thus, there was no significafiergince between the two groups
concerning body weight, although there was an aszein VAT. Since the animals
showed no correlation between body weight and theuat of VAT, they demonstrated
that there is a non-causal relationship betweesgetivariables. Controversy surrounds
the results from studies in the literature thatvglam increase in body weight on a high-
fat diet. In Sampey et al.7 Wistar rats were fed for 15 weeks with a lard-bla48% fat
diet and had higher food intake than the standaatdgtoup, as well as higher body
weight. It may be that the variety of ingrediensed in manipulated, high fat diets, and
their flavors, are important in determining higleerower food intake and weight gain.
Therefore, we propose that, in animal experimeths,amount of VAT might be used
as another criterion for MS diagnosis, especiallyces studies suggest that intra-
abdominal adiposity is a better risk marker for Bl cardiovascular disease than body
weight 18.

In our study animals on the high-fat diet did sbow hyperphagia because they
not only maintained their body weight the samehas of the CG, but also had a lower

food intake, in contrast with what was seen in p#iadies in which rats were fed with
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a HFD19, 20 The HFD group ate a lower amount of food (~15%ag/cht) than CG (~26
g/day/rat). However, the energy intake was highddfD, demonstrating that a high fat
and low sucrose diet does not cause addictiverigdzghavior. These data suggests that
despite the fact that sucrose is considered patatdis model diet does not lead to
compulsive-like feeding behavioSuch behavior has been described in studies with
obese rats where striatal dopamine D2 receptorR¢P2vere downregulated by a
palatable high-fat food, triggering food addictiam the same way as drugsl.
Moreover, we found that a higher energy densitg meal can decrease the food intake,
and the key to this mechanism may be linked toraeand peripheral satiety factors.
According to Erlanson-Albertssat? a high-fat diet can up-regulate the expression of
hunger and satiety signals and at the same tinmg thle response to satiety signals. On
the other hand, it has been reported that ratsnviéid a higher calorie diet than that
required spontaneously increase basal energy eipexndtimulating thermogenesis as
a compensatory mechanism in an attempt to maibtady weight?3, 24

In this study the experimental group presentedearehse in water intake
(HFD~26 ml/day/rat and CG~39 ml/day/rat). More $&gdon water intake and satiety
mechanisms are needed especially regarding theotmitdiabetesCholecystokinin
(CCK) is related to satiety for food and water ketain addition, a decrease in the
proopiomelanocortin (POMC) level has been repottedecrease water intake, and one
or both of these mediators may be involved in cudihgs25, 26.

In this study the experimental group presented tasgeum HDL-cho and higher
triglycerides concentrations than the control grofe can raised to hypothesis linked
to these results. First, lipoprotein lipase (LPlkeduction activity may explain the
decreased HDL-cho in these animals because LPLIlisgpipid components from

chylomicrons and very low density lipoprotein (VLEho) for HDL-cho generation
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and maturation. HDL-cho is seen to be increasedhvehdiet rich in unsaturated fatty
acids is supplied?7. Second, the fact that glucocorticoids can proniiptegenesis,
other peripheral regulators are also involved iergn balance, such as leptin, which
activates lipolysis but appears to cause hypereptia in animals that consumed HFD,
and insulin, which is capable of affecting the bedsight and is affected by the amount
of VAT.

The deposit of TG commences in subcutaneous adtfEsse, increasing IR and
leading to its accumulation in the visceral are@ntthere, TG will migrate to other
organs causing IR in ectopic sitéS. The adipocytes from visceral tissue produce
higher amounts of free fatty acids (FFA), overlogdihe capacity of the liver. This
increased FFA flow to the liver stimulates TG sw#is. Thereafter, TNE-and IL-6,
produced by adipose tissue, can inhibit LPL, whietluces TG hydrolysis leading to
the onset of hypertriglyceridemia.

This TG is accumulated in the liver and can cawsgatomegaly. Steatosis and
hepatic insulin resistance can lead to nonalcohfaity liver disease (NAFLD), a
hepatic manifestation of MS. Also, a HFD can act asstressor, increasing
glucocorticoid levels through stimulation of theplayhalamus—pituitary—adrenal (HPA)
axis, which leads to hypertriglyceridemia by desneg LPL 29, 30 Lard can increase
the plasma level of corticosterone more than ahgrofat source31 because this fat is
rich in stearic fatty acid and this stimulates #drenal cortex, thereby inducing an
increase in corticosterone release. In such a way-D can act as a stress factor and
increase the weight of the adrenal glaB@dsThe animals in our study did not present a
significant change in this parameter, althoughdhgas a trend towards an increase.
With this in mind it should be considered that lgngf exposure to the diet may have

been insufficient to bring about an increase invilegght of the adrenal glands.
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VAT secretes many adipokines and is chronicallyamed 33. Inflammatory
signals can damage the insulin response througlt-then N-terminal kinase (JNK),
which acts as central mediator of IR, or adipossug macrophages (ATM), which can
promote IR and through the deficiency of chemokirezeptors reduces ATM
accumulation, while T lymphocytes, natural killerc&lls, mast cells, and B cells may
be involved in the physiology of macrophages angpaytes34, 35 Consequently,
these immune cells may play an important role iangfes in VAT and the development
of MS.

In other work a diet designed to induce obesity diabetes mellitus6 reached
its aim within a few weeks, although those authasd a high-fat diet combined with
streptozotocin injection. In our research the leyeto the development of MS was 15
weeks due to our attempt to trigger the most nhtesponse in MS parameters. This
longer period allows a longer exposure to this tgpéood, as is seen in shift workers.
The length of the study is supported by the latsponse of HDL, since rats hgver se
higher levels of this lipoprotein compared to husian We chose to feed the rats on a
diet that was not high in sucrose, demonstratiraj the increase in glucose levels
maybe was due to the IR caused by a high fat bhetontrast to the above-mentioned
study 36, hyperglycemia was induced only by food, which nsakleis model most
similar to the natural course of MS physiopatholdggrd and shortening are saturated
fatty acids (SFAs) and these SFAs appear to be haraful than polyunsaturated fatty
acids (PUFAs) since in this study SFAs significanticreased the VAT. SFAs are
poorly used for energy production, being acylatgd iTG and stored in adipose tissue
whereas PUFAs and monounsaturated fatty acids (Mi)afe quickly used for energy

and stored les38 besides presenting antiinflammatory propertiexdntrast, fat stored
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in the visceral area promotes an increase in tlease of proinflammatory cytokines
such as IL-1 and TNE-

This study shows that feeding experimental aniffala sustained period with a
high-fat diet can lead to changes in metabolic ipatars, in spite of there was no
significant increase concerning body weight, altffothere was an increase in VAT.
The body weightper semay not be a good predictor for metabolic changeese
metabolic changes underlie the development of ¢birdiseases such as a prediabetic
state, type 2 diabetes, obesity and nonalcohotiy fever disease (NAFLD). Since
meal composition may be involved in the genesismatabolic syndrome, studies
employing such a diet can contribute to a bettedewtanding of the MS
physiopathology. This hypothesis is robust as rfterdince was observed between
control and HFD groups at baseline, indicating that animals were a homogeneous
group at the beginning of the study. In conclusite proposed experimental diet is
effective for MS induction, measured by changesarum glucose, triglycerides and

HDL-cho levels according to NCEP-ATP lI1.
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TABLES
Table 1. Sample characteristics at baseline. Datsepted as mean (xSEM). Student’s
t-test for two independent samples.

Control group HFD group T P
(n=10) (n=10)
Body weight (g) 224.10 (£6.21) 217.90 (x7.55) 0.63 0.53

Serum glucose (mg/dL) 152.40 (x4.11) 166.30 (x7.13)-1.68 0.11
HDL-cholesterol (mg/dL) 49.60 (+1.40) 47.20 (x1.32) 1.24 0.23
Triglycerides (mg/dL) 88.40 (+8.68) 108.00 (x9.21) -1.54 0.14
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Table 2. Sample characteristics after fifteen wedkatervention. Data presented as
mean ( +SEM). Studentistest for two independent samples.

Control group HFD group T P
(n=09) (n=10)
Serum glucose (MQ/dL) 166 88 (+3.64)  183.40 (+4.89) -2.65  0.01%

HDL-cholesterol
(mg/dL)
Triglycerides (mg/dL) 157,33 (+21.51)

49.66 (+2.19)

Visceral adipose tissue  17.12 (£1.76)

(9)
Liver weight (g) 11.33 (£1.50)

Adrenal gland
weight(g) 0.05 (x0.005)

Body weight (g) 402.73 (+13.48)

Food intake (g) 239.60 (+3.26)

Water intake (mL) 390.0 (£5.64)

Energy intake
(kcal/day/rat) 78.8 (x1.20)

40.40 (+2.22)
299.10 (+42.36)

34.22 (+4.70)

13.17 (+0.52)

0.07 (+0.005)

391.24 (+19.08)
151.16 (+2.77)

226.56 (+4.71)

91.4 (+2.75)

2.95 0.009**

-2.88 0.01*
-3.26  0.005**
2.62 0.01**
1.89 0.07
0.48 0.63

20.62 <0.001***

22.23 <0.001***

-4.22  <0.001***

For significant p values: *p<0.05; **p<0.01; ***p<001.
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FIGURE 1
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Legend: figure 1.a shows HFD group and CG body tgigrough 15 weeks; 1.b shows
HFD group and CG food intake through 15 weeksshaws HFD group and CG water
intake through 15 weeks. HFD=high-fat diet, CG=colngroup
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7. CONCLUSAO

Os animais submetidos a dieta hiperlipidica dedeataam SM em 15 semanas
e as alteracbes metabdlicas encontradas compatfeses o diagnostico de SM
evidenciaram que a qualidade da composicdo da deete influéncia direta nos
marcadores desta patologia. Também podemos refidgia de que a quantidade de
gordura abdominal parece estar mais intimamengéeicglada com o risco aumentado
para doencas cardiovasculares do que o IMC sertdp martanto, melhor marcador
para ser utilizado como critério em estudos conmais que estejam relacionados a

saude cardiovascular.
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9. PERSPECTIVAS FUTURAS

Sabemos que a dessincronizacdo circadiana a quab esxpostos 0s
trabalhadores de turno por si so traz efeitos nealef satde. Estudos indicam que um
desajuste do ritmo circadiano pode ser fator capaa uma relacdo positiva entre o
trabalho noturno e SM, obesidade e DM. O trabalbimmo tem sido relacionado a
desajustes nos biomarcadores de doencas carditarasctais como indice de massa
corporal (IMC), PA diastdlica, TG e circunferéneladominal. Hormonios envolvidos
no balangco energético parecem estar envolvidos estas patologias, porém poucos
estudos abordam esta associacdo levando em cagsiderlteragcbes do ritmo
provocadas por uma inversdo do claro-escuro. Hesgante analisar a relagcdo do
trabalhador de turno em relacdo a sua alimentgg@ape esta pode potencializar esses

reflexos nocivos.
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