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Revisao bibliografica

Obesidade

De acordo com a Organizacdo Mundial da Saude 1,5 bilhdes de adultos estdo acima do
peso no mundo, dos quais 200 milhdes sédo obesos. Estima-se que até 2015, aproximadamente
2,3 bilhBes de adultos estardo com sobrepeso e mais de 700 milhGes serdo obesos. A
obesidade estd associada a predisposi¢cdo genética, fatores psicologicos, sociais e habitos
alimentares inadequados, sendo considerada uma doenca multifatorial (Pinto Jr et al. 2012;
WHO, 2006). Esse distarbio metabdlico esta associado ao excessivo consumo de alimentos
semi-prontos que sdo altamente caldricos e contém altas quantidades de sédio e baixo valor
nutricional. Nos ultimos 40 anos a ingestédo energética esta acima das necessidades diarias e a
disponibilidade de alimentos altamente palataveis e de alto teor calérico contribuiram com a
epidemia de obesidade (Downs, Chen et al. 2009; McAllister, Dhurandhar et al. 2009; Driessen,
Cameron et al. 2014). A obesidade tem sido reconhecida como um fator que contribui
significativamente para o desenvolvimento de véarias doencas crdonicas como coronariopatias,
diabetes mellitus do tipo Il, doencga renal crdnica, carcinomas (endométrio, mama e célon),
hipertenséo, doencas hepéticas e da vesicula biliar, apneia do sono e problemas respiratorios,
osteoartrite, sindrome dos ovarios policisticos associada a infertilidade entre outras doencas
ainda em estudo (CDC, 2014). Dietas constituidas por alto teor de alimentos processados ou
com um elevado teor calérico normalmente também apresentam um alto conteudo de
sodio(Gray, Petersen et al. 2014).

Por isso é possivel prever que o consumo de alimentos semi prontos e previamente
processados além de contribuirem com a obesidade podem agravar outras comorbidades

ligadas a esta doenca.



Ingestdo de Sodio e Controle da Pressao Arterial

A alta ingestdo de sddio na dieta € um importante fator de risco para muitas doencas nas
sociedades modernas (Doaei and Gholamalizadeh 2014). O sédio € o cétion mais abundante
no meio extracelular, o principal determinante da osmolaridade do plasma e um dos eletrolitos
mais importantes envolvidos no controle da homeostase de volume e pressao arterial. Devido a
sua importancia o balango de sédio € fortemente regulado por varios eixos neuro-hormonais a
fim de manter a constancia do ambiente interno (Mc Causland, Waikar et al. 2013). Em
individuos saudaveis, os rins sao os principais 6rgaos que regulam a homeostase de sédio. O
Centro de Promogédo e Politica Nutricional recomenda uma ingestédo diaria de sddio inferior a
2300 mg/dia para a populagdo em geral e 1500mg/dia entre as pessoas com maior risco de
doencas cardiovasculares (individuos com idade acima de 50 anos, afro-americanos,
hipertensos, diabéticos, ou doentes renais crbnicos) (DiNicolantonio, Niazi et al. 2013). As
necessidades fisiol6gicas de sodio sdo 0,23 a 0,46 g/dia (0,58-1,17 g / sal dia), porém a
ingestao de sédio em todo o mundo excede o preconizado, a maioria das populacdes adultas
tem a ingestao de sédio maior que 2,3 g/dia (maior 5,85 g de sal/dia) (Batcagan-Abueg, Lee et
al. 2013).

A American Heart Association enfatizou recentemente a meta de atingir "A Saulde
Cardiovascular Ideal", em 2020, para que a ingestdo diaria de sodio seja inferior a 1,5g/dia
(DiNicolantonio, Niazi et al. 2013). A capacidade renal para natriurese é ampla, sendo capaz de
se adaptar a variabilidade na ingestdo de sédio ajustando o volume plasmético circulante
efetivo em situacGes de excesso ou deficiéncia de sddio (Mc Causland, Waikar et al. 2013).
Porém a alta ingestdo de sal na dieta representa um grande desafio para os rins excretar
grandes quantidades de sal ingerido (Hall, 2011).

A regulacdo da presséo arterial (PA) é feita momento a momento por mecanismos neurais e

reflexos (barorreceptores), e em longo prazo, por mecanismos neurais e hormonais conhecidos
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como sistema renina angiotensina aldosterona (SRAA). A curto prazo, a PA é regulada pelo
reflexo desencadeado pelos barorreceptores, que detectam o estiramento das artérias carétida
e aortica em resposta a elevagcdo da PA. Os sinais detectados pelos barorreceptores
desencadeiam a inibicdo do centro vasoconstitor bulbar e excitam o centro parassimpatico
vagal. Como resultado ocorre vasodilatagdo das veias e arteriolas periféricas, diminuicdo da

frequéncia e for¢a de contracéo cardiaca, resultando na queda da PA (Hall, 2011) (figura 1).
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FIGURA 1. Regulagdo da pressdo arterial em curto prazo. (adaptado de

http://www.lookfordiagnosis.com/mesh info.php?term=Sistema+Vasomotor&lang=3 acesso em

04 de novembro).

O sistema renina-angiotensina-aldosterona é conhecido por seu papel na regulacdo da
pressdo arterial e de fluidos e eletrélitos a longo prazo (Thethi, Kamiyama et al. 2012).
Anatomicamente este sistema € composto por células especializadas localizadas na arteriola

aferente de cada glomérulo, chamadas células justaglomerulares que secretam uma enzima


http://www.lookfordiagnosis.com/mesh_info.php?term=Sistema+Vasomotor&lang=3

proteolitica, denominada renina. As alteragées plasmaticas na concentracéo do ion Na* sinaliza
para a liberacdo desta enzima. Uma vez na circulagdo ela reage com o angiotensinogénio
formando a angiotensina | que tem poucas acles fisiolégicas até agora descritas. A
angiotensina | é convertida em angiotensina Il (ANG Il) que é fisiologicamente ativa. Esta
reacdo é catalisada pela enzima conversora da angiotensina (ECA) existente na superficie
luminal do endotélio vascular corporal, muito abundante no endotélio pulmonar. Os niveis
aumentados de ANG Il resultam em vasoconstricado, com maior constricdo da arteriola eferente
gue da aferente, com consequente aumento da pressao hidrostatica nos capilares glomerulares
e manutencdo da filtracdo glomerular. Como a ANG Il causa aumento da filtracdo com
consequente elevacao da pressdo oncotica peritubular desencadeia a reabsorcdo de sais e
agua, elevando a presséo. A liberacdo da aldosterona pela adrenal se faz principalmente por
variagdes da osmolaridade do sangue e dos hormdnios adrenocorticotréfico (ACTH) e ANG 1.
Nas células principais desse segmento a aldosterona estimula a reabsorcdo de sodio e a

secrecdo de potassio (Aires, 2008).




Figura 2. Sistema Renina Angiotensina Aldosterona (adaptado de
www.google.com.br/search?g=sistema+renina+angiotensinat+aldosterona, acesso em 04 de
novembro de 2014).

A ativacdo do SRAA é comum na obesidade (Thethi, Kamiyama et al. 2012), que
inicialmente provoca a vasodilatacdo renal e a hiperfiltragdo glomerular, que sdo mecanismos
compensatorios para manter o equilibrio de sédio. Essas compensagfes junto com a pressao
arterial elevada e anormalidades metabdlicas podem desencadear lesdo glomerular e
hipertenséo (Hall, do Carmo et al. 2014).

Os rins sao os 6rgaos responsaveis pela manutencéo do volume e da composicéo do fluido
extracelular do individuo dentro dos limites fisiologicos compativeis com a vida. As funcdes
mais importantes do rim séo a filtragdo e a excrecdo de produtos residuais nitrogenados a partir

do sangue (Basile, Anderson et al. 2012) (figura 3).

Glomérulo Capsula de Bowman
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Figura 3. Processos renais(http://www.biomedicinapadrao.com.br/2013/12/entendendo-0-que-

e-filtracao-reabsorcao.html acesso em 06 de novembro de 2014).



http://www.google.com.br/search?q=sistema+renina+angiotensina+aldosterona
http://www.biomedicinapadrao.com.br/2013/12/entendendo-o-que-e-filtracao-reabsorcao.html
http://www.biomedicinapadrao.com.br/2013/12/entendendo-o-que-e-filtracao-reabsorcao.html

Marcadores de Funcéo Renal

A dosagem da creatinina sérica ou plasmatica é utilizada como método clinico de avaliacdo
renal porque a depuracdo da creatinina apresenta boa correlacdo com a determinacéo da TFG
pela inulina (marcador experimental de funcéo renal, € 100% filtrada, ndo é reabsorvida nem
excretada), sua excrecdo € relativamente constante durante o dia e sua determinacdo da
creatinina sérica ou plasmatica é relativamente simples, bem reproduzivel e realizada na
grande maioria dos laboratérios de analises clinicas (Abensur, 2014). A creatinina € um produto
residual da creatina. A transformacéo de creatina em creatinina acontece no tecido muscular,
no qual 1%-2% da creatina livre se converte espontanea e irreversivelmente em creatinina
todos os dias. Logo, a quantidade de creatinina produzida € dependente da massa muscular e
ndo apresenta grandes variacdes diérias. A creatinina é filtrada livremente no glomérulo e
ativamente secretada em uma pequena parcela. A quantidade secretada ndo é constante e
depende do individuo e da concentracéo plasmatica desse analito, dificultando a determinagéo
de uma constante de secre¢do. Em termos gerais, 7%-10% da creatinina presente na urina €
secretada (Sodré et al. 2007). A dosagem de creatinina é amplamente utilizada na pesquisa
epidemioldgica como marcador de fungéo renal e est4 associada a filtracdo glomerular, sendo
utilizada como parémetro para o calculo da taxa de filtracdo glomerular (Odden, Shlipak et al.
2009). Além do mais os niveis de creatinina na urina pode também fornecer importante
informacé&o progndstica.

A creatinina é gerada a uma taxa constante pelo musculo esquelético e depurado quase
exclusivamente na urina. Assim, em situacdes normais a quantidade de creatinina produzida
pelo musculo deve ser igual a quantidade excretada. A reducdo na taxa de excrecdo de
creatinina na urina estd associada com risco aumentado de mortalidade, eventos
cardiovasculares e progressao da doenca renal cronica (Carter, Gansevoort et al. 2012). Como
a creatinina € um produto metabdlico da degradacdo da creatina-fosfato no musculo, a sua
producédo é relativamente constante e depende da massa muscular. A ingestdo de proteinas
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em quantidade suficientemente grande pode aumentar potencialmente o nivel sérico de
creatinina (Borba et al. 2011).

As proteinas sdo compostos indispensaveis ao funcionamento do organismo,
representando a base da estrutura de células, tecidos e 6rgaos. Funcionam como catalisadores
enzimaticos nas reacgdes bioquimicas, carreadores de muitos constituintes do plasma e na
defesa orgénica como anticorpos (Jain et al. 1993; Kaneko et al. 1997). Pelo significado
biologico e multiplas fungbes exercidas no sistema orgénico, a avaliacdo dos niveis séricos das
proteinas totais representa um importante auxilio ao diagndéstico clinico (Kaneko et al. 1997). O
metabolismo e a quantidade de proteinas presentes no soro podem sofrer influéncia de
diversos fatores (Feldman et al. 2000). As deficiéncias nutricionais e a debilitagdo organica sdo

situagdes que podem ocasionar reducéo das proteinas (Kerr, Southern et al. 2003).

Modelo animal de obesidade

Diversos modelos experimentais sdo utilizados para o estudo da obesidade, entre eles o
emprego de animais geneticamente modificados (Drel, Mashtalir et al. 2006) ou animais que
apresentam predisposi¢éo genética para o desenvolvimento de obesidade e diabetes, como o0s
ratos Zucker (Shang, Chen et al. 2014). Muitos pesquisadores empregam com SucCesso
modelos experimentais de dietas obesogénicas que podem apresentam altos teores de
gorduras e carboidratos (Bartolomucci, Cabassi et al. 2009). Um modelo bastante empregado
para desencadear obesidade é a dieta de cafeteria, que mimetiza as refeicbes humanas
conhecidas como fast food (Dietrich, Muller et al. 2007; Bartolomucci, Cabassi et al. 2009). Os
alimentos que compdem esta dieta experimental sdo normalmente alimentos de consumo
humano como salsicha, bolacha recheada, waffer, leite condensado, salgadinhos e refrigerante
(Estadella, Oyama et al. 2004; Macedo, Medeiros et al. 2012). Este modelo de dieta pode
desencadear hiperfagia e obesidade indexada pelo acumulo de obesidade visceral e o
acentuado ganho de peso. Além disso, desencadeia a desregulacdo nos niveis e no padréo de
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liberacao de leptina, que é um importante hormdnio secretado pelo tecido adiposo para atuar
na homeostase energética (Macedo, Medeiros et al. 2012; de Oliveira, Scarabelot et al. 2014).
Além disso, ja foi demonstrado em modelos animais que a dieta de cafeteria promove
disfuncéo das ilhotas pancreéaticas com desenvolvimento de hiperglicemia, hiperinsulinemia,

inflamacéo e esteatose hepatica (Sampey, Vanhoose et al. 2011).

Tabela 1: Quantidade de sédio em mg de cada 100g de alimento.

Nutrientes em 100g

Coca-cola

Leite Condensado Elegé
Waffer morango Mabel
Salgadinho Fandangos
Salsicha Pena Branca
Biscoito Trakinas

Racao (Nuvilab CR-1)

Considerando os importantes achados relacionados ao consumo de dieta de cafeteria na
desregulacdo metabolica, desencadeamento de obesidade e alto consumo de sodio, este
trabalho de conclusédo de curso tem como objetivo avaliar o consumo de sédio proporcionado
por este modelo de dieta e sua relacdo com o consumo de liquidos, com a pressao arterial

caudal e com marcadores de fungéo renal.
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Abstract

Important changes in human dietary pattern occurred in recent decades, especially in
developing countries characterized by increased intake of processed foods lead to consequently
obesity. This disease is related with development of various chronic diseases such as
cardiovascular disease, type 2 diabetes mellitus, stroke, hypertension chronic kidney disease,
among others. The prevalence of hypertension has dramatically increased in recent years, and
the marked increase in sodium intake contributes for this disease. In healthy individuals, the
kidneys are the primary end-organs that regulate sodium homeostasis. Methods: this study aims
to evaluate the obesity development, sodium and liquid intake, renal function parameters
(creatinine and total protein) and systolic blood pressure in an animal model of obesity. As
obesity parameters was used the weekly weight and the systolic pressure was measured by tail
cuff apparatus. Results: this study showed that cafeteria diet o induced obesity, and lead to
significant increased of sodium intake and consequently increased of liquid intake, although of
increase in this parameters was not observed significant difference on systolic pressure
measure. Moreover, obese animals had increase creatinine serum, but not showed differences

on creatinine urine or total protein serum levels.

Key words: Cafeteria diet; systolic pressure; obesity, creatinine; total proteins.
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Introduction

Important changes in human dietary pattern occurred in recent decades, especially in
developing countries characterized by increased intake of processed foods. This diets were
characterized by excessive consumption of energy-dense, nutrient-poor foods and drinks and it
is a key cause of weight gain and obesity (McAllister, Dhurandhar et al. 2009; Driessen,
Cameron et al. 2014). Obesity has long been acknowledged as a significant contributing factor
in the development of various chronic diseases such as cardiovascular disease, type 2 diabetes
mellitus, stroke, hypertension, among others (Adeboye, Bermano et al. 2012).

Hypertension is a major worldwide risk factor for cardiovascular diseases (CVDs) such
as heart attack, congestion, heart failure, stroke, and peripheral vascular disease. The
prevalence of hypertension has dramatically increased in recent years. High dietary sodium
intake is the most prevalent risk factor in modern societies (Doaei and Gholamalizadeh 2014),
because the high dietary intake of sodium is associated with elevated blood pressure, a major
risk factor for cardiovascular disease (Mozaffarian, Fahimi et al. 2014). Guidelines by the Center
for Nutrition Policy and Promotion recommend a daily sodium intake to be less than 2300 mg/d
in the general population and 1500 mg/d among people at greater risk of cardiovascular
diseases (ie, individuals aged >50 years, African Americans, and those who have hypertension,
type 2 diabetes mellitus, or chronic kidney disease). The American Heart Association has
recently emphasized goals to achieve “Ildeal Cardiovascular Health” by 2020, and one of the
dietary metrics is daily sodium intake of less than 1500 mg/day (DiNicolantonio, Lucan et al.
2014). The body’s physiological need for sodium is 0.23 to 0.46 g/day (0.58 to 1.17 g/day salt),
but sodium intakes around the world exceed this recommendation and most adult populations
have mean sodium intakes >2.3 g/day (>5.85 g/day salt) (Batcagan-Abueg, Lee et al. 2013).

Sodium is the most abundant extracellular cation, the major determinant of plasma
osmolality and one of the most important electrolytes involved in the homeostatic control of
extracellular volume and blood pressure in humans. Due its importance the control of sodium
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balance is tightly regulated by several neurohormonal axes in order to maintain the constancy of
the internal environment. In healthy individuals, the kidneys are the primary end-organs that
regulate sodium homeostasis. Renal capacity for natriuresis varies across a broad range so as
to be able to account for variability in dietary sodium intake and effective circulating volume
status (Mc Causland, Waikar et al. 2013). High dietary salt intake presents a major challenge to
the kidneys to excrete large amounts of salt administered (Ha 2014).

Considering the importance of this issue this study aims to evaluate renal function
parameters (creatinine and total protein) and systolic blood pressure in an animal model of
obesity. The diet used to induce obesity is cafeteria diet, based on the consumption of food for

human rich in sugar, fat and sodium (Macedo, Medeiros et al. 2012).

Materials and methods
Animals and experimental design

Thirty sixty-day-old male Wistar rats (weight 200-250 g) were randomized by weight
and housed in Polypropylene cages (49x34x16cm). The animals were housed in groups of five
animals per cage. All animals were kept on a standard 12-hour light/dark cycle (lights on at 7.00
a.m. and lights off at 7.00 p.m.), in a temperature-controlled environment (22+2°C), and had
access to water and chow ad libitum (standard diet or cafeteria diet). All experiments and
procedures were approved by the Institutional Animal Care and Use Committee (GPPG-HCPA
protocol No. 09231) and were compliant with Brazilian guidelines involving use of animals in
research (Law No. 11.794). Vigorous attempts were made to minimize animal suffering and
decrease external sources of pain and discomfort, as well as to use only the number of animals
that was essential to produce reliable scientific data. Rats were allowed 1 week to acclimate to
their settings before the start of the experiment. The animals were divided into two groups:
standard diet and cafeteria diet. The animals were weighed weekly and food intake was

recorded daily. This experiment was carried for 6 weeks.
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Obesity model

The standard rat diet (Nuvilab CR-1, NUVITAL®, Curitiba, PR, Brazil) was composed of
55.0% carbohydrates, 22.0% protein, 4.5% lipids, and 18.5% other constituents (fiber and
vitamins); the diet totaled 2.93 kcal/g (information provided by the manufacturer). The palatable
high-calorie diet (cafeteria diet) consisted of about 60.0% carbohydrates, 20.0% lipids, 15.0%
protein, and 5.0% other constituents (sodium, calcium, vitamins, preservatives, minerals, etc.);
the diet totaled 4.18 kcal/g (included of soda - 0.42 kcal/mL). The calories calculations were
based on information provided by the manufacturer on the package label). The palatable diet
was adapted based on a diet known as cafeteria diet or Western diet (Estadella, Oyama et al.
2004). Foods in the cafeteria diet are crackers, wafers, sausages, chips, condensed milk, and
soda (Macedo, Medeiros et al. 2012). Both the standard chow and the experimental diet were
replaced daily with fresh food. All the animals had access to standard chow and water, including
one who received cafeteria diet. Comparison between the compositions of the standard diet and

cafeteria diet are the Table 1.

- oo Insert Tablel

Weekly weight (g), sodium intake (mg), Liquid intake (mL) and

The animals were weighed weekly using a semi-analytical balance and the data were
expressed as grams (g). The sodium content was calculated based on information provided by
the manufacturer on the package label and the data were expressed as grams (g). The liquid
intake was recorded daily. The liquid intake was measured every day from the difference found
between the liquid and the leftovers offered. Was considered consumption of water and the

soda and the data were expressed as milliliters (mL).
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Systolic blood pressure (SBP)

The systolic blood pressure measurements were carried out using a photoelectric sensor
connected to a signal amplifier (IITC Life Science Inc., Woodland Hills, CA) connected to a
computer, which allows to measure the pressure in the caudal artery in rats in a non-invasive.
The animals were kept for 30 minutes at acrylic contensores in a room with temperature
between 27-28°C. A blood pressure reading is given by the record pulsations artery flow and
pressure in the cuff placed on separate channels, the systolic pressure is determined as the
pulsations reappear during gradual cuff deflation. Each measure was obtained by averaging five
individual readings and results shown as a measure of systolic blood pressure in mmHg weekly.
The animals were habituated to the equipment for 3 days before the test, for 1 hour per day.

During habituation and testing the retainer was heated to 30°C.

Serum and Urine Creatinine Levels (mg/dL)

Creatinine was measured using a Labtest® kit (Creatinina, Ref. 25, ANVISA -
10009010034, MG, Brazil). The determination of creatinine in urine and blood samples is tests
of renal function. Creatinine and other serum components react with the solution picrate in
alkaline medium to form a red colored complex is measured photometrically. The addition of an
acidulant lowers the pH to 5.0, promoting the decomposition of creatinine picrate, unchanged
color derived from chromogens, which is also measured photometrically. The difference

between the two readings gives the value of creatinine.

Total proteins in serum (g/dL)

Total proteins were measured using a Labtest® kit (Total Proteins, Ref. 99, ANVISA -
10009010080, MG, Brazil). This method uses copper (Cu®), present in the biuret reagent that
reacts with the peptide bonds of the serum proteins, forming a purple color that is measured at a

maximum absorbance wavelength of 545 nm, being proportional to the protein concentrations in
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the sample. The kit contains biuret, which must be stored between 15-30°C, and contains
sodium hydroxide 600mmol/L, copper sulfate 12mmol/L, preservative and antioxidant. The
product is of corrosive nature, and need to be manipulated with care, never using the mouth to
sample it; and a standard 4,0g/dL, that contains bovine albumin 4g/dL and azide sodium 15, 4
mmol/L. The standard must be stored between 15-30°C and sealed to avoid evaporation. The
product must be used with care, as azide sodium is a toxic chemical, and reacts with metals
forming explosive compounds. Thus, discarding it with great volumes of water is recommended.
Samples were read in a spectrophotometer, and the absorbance of the test and standard were
measured in 545 nm or under green filter (430-550 nm), using the blank as zero. The color is

stable for 60 minutes.

Statistical Analysis

The results were expressed as the mean + standard error of the mean (S.E.M.). The
data analysis and interactions was evaluated using Student’s t-test or Paired-Samples T test
when necessary. The repeated measures ANOVA followed by a Bonferroni's test (effect of
cafeteria diet, effect of time or effect of cafeteria diet x time) when necessary. Data and

interactions differences were considered signficant at P<0.05.

Results
Weekly weight (g), sodium intake (mg) and liquid intake (mL)

The weekly weight parameters were used to confirm the presence of obesity induced by
cafeteria diet. The groups were randomized by weight, and the Student’s t-test not showed
significant differences between groups on baseline weight. The results of repeated measures
ANOVA followed by Bonferroni, (effect of time or cafeteria diet) demonstrated that cafeteria diet
increased of weekly weight (F25-2.249, P= 0.001) from third week of treatment. On other hand
the animals play, as expected, increased of weight over time, showed interaction between time
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and cafeteria diet (Fe25-9.967 P=0.004). This effect suggests that both factors (time and
cafeteria diet) contribute to the increase the weight of animals (Figure 1, panel A).

The results of repeated measures ANOVA followed by Bonferroni test demonstrated an
effect of cafeteria diet (F( 25~ 773.666, P=0.001), of time (Fs2s)- 2.859, P=0.02) and interactions
between time and cafeteria diet (F2s)- 2.859, P=0.02) with both factors increasing the sodium
intake (Figure 1, panel B). In liquid intake occurred effect of cafeteria diet (F( 5~ 147.04,
P=0.001) and time (F25-3.996, P=0.003) (Fig. 2 Panel C), and a was not observed

interactions between time and cafeteria diet (P>0.05).

- -- Insert Figure 1, Panel A, B and C

Systolic blood pressure (SBP) (mmHQ)
The Students T test not showed differences between groups on systolic pressure

measure (P>0.05) (Figure 3).

- e Insert Figure2

Total proteins in serum (g/dL), serum and urine creatinine levels (mg/dL)

The Students T test not showed differences between groups on total proteins levels
(P>0.05). While the cafeteria diet exposure lead to increased on creatinine serum levels
(P=0.002), but this effect not was observed on creatinine urine levels (P>0.05) (Figure 3 panel

A, B and C).

- oo Insert Figure 3, Panel A, Band C
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Discussion

This study, showed that cafeteria diet-induced obesity significant increased of sodium intake
and consequently increase of liquid intake, although of increase in this parameters were not
related to difference on systolic pressure measure. Importantly the obese animals not increased
serum levels of creatinine, but not showed differences on urine levels of creatinine or total
protein serum levels.

In this study we show that the rats exposed to a cafeteria diet has significant increase of
weight over time. These results corroborate with a previous study of our group using the same
cafeteria diet protocol for six weeks, which proved that this period was enough to trigger obesity
in the animals and alter parameters that lead to hyperphagia and results in increases fat pad
mass and marked weight gain (Macedo, Medeiros et al. 2012). Several genetic models of
obesity are used, such as ob/ob mice, db/db mice, Zucker fa/fa obese rats, Agouti yellow mice,
and melanocortin 4 receptor knockout mice among others (Drel, Mashtalir et al. 2006; Sampey,
Vanhoose et al. 2011; Li, Zhai et al. 2014). On other hand, studies using rodent models of diet-
induced obesity with administration of high-fat diets or high caloric diets. In this study was used
the cafeteria diet that is the robust model for obesity achievement. This diet consists of a simple
exchange of carbohydrate-derived calories with fat-derived calories when compared to low fat or
chow control diets. This is experimental rodent diet model that more accurately reflects the
variety of highly palatable, energy dense foods that are prevalent in Western society and
associated with the current obesity pandemic. In this model, animals are allowed free access to
standard chow and water while concurrently offered highly palatable, energy dense, unhealthy
human foods ad libitum (Sampey, Vanhoose et al. 2011). Several studies agree that dietary

pattern has contributed with overweight and obesity incidence around the world and provide
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poor eating habits. Moreover, this palatable diet due its pleasurable experience leads to
satisfaction and makes it prone to abuse (Lenard, Zheng et al. 2010) and (Pinto Jr. et al. 2012).

The obesity model used here also shows a high content of sodium that exceeds the limits
recommended by the guidelines. The increased sodium intake is associated with the
development of cardiovascular diseases include increased blood pressure (Wright and
Cavanaugh 2010; McMahon, Bauer et al. 2012). Our study showed that animals that were
exposed to the cafeteria diet consumed more sodium and consequently also had a higher
consumption of liquid. The association between increased sodium intake and thirst is well
established. Sodium intake increases the plasma sodium, and then the thirst is stimulated with
increase in liquid intake in order to maintain homeostasis (Grimes, Riddell et al. 2013; Grimes,
Wright et al. 2013).

Obesity is a great risk factor for hypertension and other comorbidities that may contribute to
the development of chronic renal damage (Thethi, Kamiyama et al. 2012; Hall, do Carmo et al.
2014). High sodium intake increases blood pressure, induces glomerular hyperfiltration and
affects renal function (Koo, Kim et al. 2014). First obesity causes vasodilation and renal
glomerular hyperfiltration that act as compensation mechanisms to maintain homeostasis of the
body, to keep the sodium balance even though the increase tubular reabsorption, this
mechanism becomes vicious because these offsets along with the increase in blood pressure
can lead to glomerular injury (Hall, do Carmo et al. 2014). The renin-angiotensin-aldosterone
system is activated in obesity, which makes it an important mechanism in hypertension (Thethi,
Kamiyama et al. 2012). Although there is a strong relationship between sodium intake and
hypertension our study not showed increased pressure in rats feed with cafeteria diet for 6
weeks. Probably due to small number of sample size (n=5), what we consider one of the main
limitations of our study. We speculate that perhaps the duration of the treatment was

insufficient to trigger hypertension in animals. Another study with cafeteria diet showed a robust
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increase in systolic blood pressure, but at 10 weeks of exposure to cafeteria diet (Pons,
Guerrero et al. 2014).

The most important function of kidney is filtration and excretion of nitrogenous compounds
from blood (Basile, Anderson et al. 2012). Creatinine is a good parameter for assessing renal
function, since their production only depends on the muscle cell metabolism and is almost
entirely eliminated by glomerular filtration (Odden, Shlipak et al. 2009; Basile, Anderson et al.
2012; Carter, Gansevoort et al. 2012), but also by tubular secretion. In our study the animals
underwent the cafeteria diet had higher serum creatinine levels, but this effect was not observed
in urine levels. This result is very important because suggest that obesity can be triggering
incipient kidney damage. In this regard we believe it is an initial process because we did not
observe compensatory tubular secretion, which would lead to increased levels of urinary
creatinine. Importantly, the animals fed with cafeteria diet showed a significant increase in food
consumption (data not shown) with high total protein intake. It is known that the protein intake in
large quantities can lead to decline in renal function with a progressive loss of renal capacity
(Martin, Armstrong et al. 2005). Although that metabolism and the amount of protein present in
the serum may be influenced by several factors (Feldman et al. 2000), in this study the total
protein levels did not show difference between the groups.

In this study the results showed that obesity triggered by exposure to cafeteria diet can
change a important serum marker of renal function (creatinine). Considering that this dietary
pattern shows an increasing and indiscriminate use worldwide, it is important to detect early
problems generated by it. Further studies are required to elucidate the extent of kidney damage

triggered by this type of diet over time.
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Legends

Table 1. Standard diet and cafeteria diet composition

Figure 1, panel A, B and C: Weekly weight, sodium intake (mg), liquid intake (ml) and systolic
pressure (mmHg). SD: standard diet (receiving standard chow) and CD: cafeteria diet (receiving
cafeteria diet). (*) Significant effect of cafeteria diet. (*) Significant effect of time. (%) Interaction
between cafeteria diet and time. Data expressed as mean + SEM (repeated measures
ANOVA/Bonferroni’'s test for weekly weight, sodium intake and liquid intake, n= 15
animals/group; Students T test for systolic pressure, n=5 animals/group). SD: standard diet
(receiving standard chow) and CD: cafeteria diet (receiving cafeteria diet). (*) Significant effect
of diet. (*) Significant effect of time. Data expressed as mean + SEM (repeated measures

ANOVA/Bonferroni’s test, n= 15 animals/group).

Figure 2: Systolic pressure (mmHg). SD: standard diet (receiving standard chow) and CD:
cafeteria diet (receiving cafeteria diet). Data expressed as mean = SEM (Students T test, n=5

animals/group).

Figure 3, panel A, B and C: Creatinine serum levels and creatinine urine levels (mg/dL). Total
proteins serum levels (g/dL). SD: standard diet (receiving standard chow) and CD: cafeteria diet
(receiving cafeteria diet). (*) Significant effect of cafeteria diet. Data expressed as mean + SEM

(Students T test, n= 7 animals/group).
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Table 1

Standard diet (%) Cafeteria diet (%2)

Carbohydrates 55 B0
Protein 22 20
Lipids 45 15
Other constituents (fibers, vitamins) 18 4 g
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Figure 3, Panel A
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