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ABSTRACT

Introduction: Important changes in human dietary pattern occurred in recent decades.
Increased intake of processed foods leads to obesity, which is related with the
development of chronic diseases such as type 2 diabetes mellitus, hypertension, as
well as cardiovascular and chronic kidney diseases. The prevalence of hypertension
has also dramatically increased in recent years, and high sodium intake contributes to
this scenario. In healthy individuals, kidneys are the primary end-organs that regulate
sodium homeostasis. This study aims to evaluate renal function parameters and
systolic blood pressure measurements in an animal model of obesity.

Methods: Sixty-day-old male Wistar rats (n=30) were divided into two groups: standard
(SD) and cafeteria diet (CD). Cafeteria diet was altered daily and was composed by
crackers, wafers, sausages, chips, condensed milk, and soda. All animals had free
access to water and chow and the experiment was carried out for 6 weeks. Weight
gain, sodium and liquid intake control, systolic blood pressure measurements, and
renal function parameters were evaluated.

Results: Animals exposed to cafeteria diet had an increase of 18% in weight
compared to the control group. Sodium intake was increased by cafeteria diet and
time (F, ,,,=773.666, P=0.001 and F(s’28 =2.859, P=0.02, respectively) and by the
interaction of both factors (F(6‘28)=2.859, P=0.02). On liquid intake occurred only
effect of cafeteria diet and time (F , ,,=147.04, P=0.001 and F ; ,,=3.996, P=0.003,
respectively). Cafeteria diet exposure also induced an increase on creatinine serum
levels (P=0.002), however this effect was not observed on creatinine urine levels
(P>0.05) nor on systolic pressure measurements (Students’ t test, P>0.05).

Conclusions: Obesity induced by cafeteria diet exposure increases liquid intake
and alters creatinine serum levels, an important renal function marker. Considering
the high consumption of hypercaloric food currently in the world, further studies are
required to elucidate the modifications on renal function triggered by this diet over time.
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Overweight and obesity are defined as abnormal or excessive fat
accumulation that may impair health. In 2014, more than 1.9 billion adults,
18 years and older, were overweight. Among these, over 600 million were
obese'. The major cause of obesity and overweight is an energy imbalance
between calories consumed and calories expended, including the increased
intake of energy-dense and nutrient-poor foods which are high in fat and
calories. 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, and hypertension, among others2.
In rats, a palatable diet was adapted from a diet known as cafeteria diet or
Western diet®, which represents an animal model of obesity. This type of
diet includes crackers, wafers, sausages, chips, condensed milk, and soda*.
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Moreover, hypertension is a major worldwide risk
factor for cardiovascular diseases (CVDs) such as
heart attack, heart failure, stroke, and peripheral
vascular disease. The prevalence of hypertension has
dramatically increased in recent years?®. Furthermore,
it is important to note that the combination of obesity
and hypertension is related to high morbidity and
mortality because it leads to cardiovascular and kidney
disease®. It has been demonstrated that potential
mechanisms linking obesity to hypertension include
dietary factors, metabolic, endothelial and vascular
dysfunctions, as well as neuroendocrine imbalances,
sodium retention, glomerular hyperfiltration, and
proteinuria®. In addition, high dietary sodium intake
is associated with elevated blood pressure, a major
risk factor for CVDs’-.

Due to its importance, the control of sodium
balance is tightly regulated by several neurohormonal
axes in order to maintain the constancy of the
internal environment'. The major hormones that
are involved in sodium and water balance are the
antidiuretic hormone (ADH), the aldosterone and
the atrial natriuretic hormone (ANH). The first one
acts on the kidney promoting water reabsorption,
while aldosterone promotes sodium reabsorption
and ANH stimulates sodium excretion. In healthy
individuals, kidneys are the primary end-organs that
regulate sodium homeostasis'?. High dietary salt
intake presents a major challenge for the kidneys
to excrete the large amounts of salt administered’s.

Considering that obesity induced by cafeteria
diet ingestion contains high sodium levels and may
increase liquid intake, this study aims to evaluate
renal function parameters and systolic blood pressure
measurements in animals submitted to this model
of obesity.

METHODS

Animals

A total of 30 male Wistar rats (60-day old;
weighing 200-250g at the beginning of the treatment;
supplied by the Centre for Reproduction and Animal
Experimentation (CREAL) of the Institute of Basic
Health Sciences (ICBS), Universidade Federal do Rio
Grande do Sul (UFRGS)), randomized by body weight
and housed in groups of 5 rats per polypropylene cage
(49 x 34 x 16 cm). 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 N° 09231) and were compliant
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with Brazilian guidelines involving use of animals in
research (Law N° 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.

Experimental Design

Rats were habituated to the maintenance room
for 1 week before the beginning of the experiment
and they were divided into 2 groups according to
the type of diet provided: standard diet (SD), which
received standard chow, and cafeteria diet (CD),
which received hypercaloric diet. The animals were
weighed weekly, and the food and the liquid intake
were recorded daily. The experiment was performed
over 6 weeks.

Obesity Model

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); totaling 2.93 kcal/g (information
provided by the manufacturer). The cafeteria diet
consisted of about 60.0% carbohydrates, 20.0% lipids,
15.0% protein, and 5.0% other constituents (sodium,
calcium, vitamins, preservatives and minerals);
totaling 4.18 kcal/g (including soda - 0.42 kcal/mL).
The constituents of each diet are described in Table 1.
Calories calculations were based on information
provided by the manufacturer on the package’s label.
The palatable high-calorie diet (cafeteria diet) was
chosen because it mimics modern patterns of human
food consumption and it has been used successfully
in experimental studies to induce obesity in lean
animals®. This diet was adapted from a diet known
as the cafeteria diet or Western diet, previously
described by Estadella et al. The cafeteria diet
was altered daily; and was composed of crackers,
wafers, sausages, chips, condensed milk, and soda.
Both the standard chow and the experimental diet
were replaced daily with fresh food. All animals had
free access to standard chow and water, including
the ones that received cafeteria diet.

Table 1: Experimental diets composition.
Standard diet

Cafeteria diet

(%) (%)
Carbohydrates 55 60
Protein 22 20
Lipids 4.5 15
Other
constituents 18.5 5

(fibers, vitamins)
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Obesity, Sodium and Liquid Intake

The consumption per cage of standard chow
and cafeteria diet were evaluated weighing daily
ingredients from both diets (g). Also, animals were
weighed weekly to confirm the presence of obesity
induced by the model proposed (g). Values from
sodium intake were calculated based on information
provided by the manufacturer on foods’ labels (mg).
The liquid intake was measured daily in graduated
cylinder discounting the value of the consumed
amount offered to the animals (mL).

Systolic Blood Pressure Measurements

The systolic pressure was measured in a
non-invasive method using a photoelectric sensor
attached to a signal amplifier (Il TC Life Science
Inc., Woodland Hills, CA) connected to a computer,
which allows to measure the pressure in the caudal
artery in rats™. Animals were habituated to the
equipment for 1h/day for 3 days before the test
and placed in a heated restrainer at 37 + 1°C for
10 minutes. Blood pressure reading was given by
the detection of the first artery pulsation during
gradual cuff deflation. Each measure was obtained
by averaging five individual readings from each
animal and results were shown as mmHg.

Renal Function Parameters

Renal function was evaluated by the determination
of creatinine in urine and blood samples (serum).
Therefore, this metabolite was measured using a
Labtest® kit (Creatinina, ANVISA — 10009010034,
MG, Brazil) and following its protocol, through a
colorimetric and fluorometric method. Urine samples
were collected by cystocentesis, puncturing the bladder
with a suitable syringe. Serum samples were obtained
by trunk blood centrifugation (5000 x g / 5min, room
temperature) after decapitation. All samples were
collected at the end of the experiment. Results were
showed as mg/dL.

Statistical Analysis

Results were expressed as the mean * standard
error of the mean (S.E.M.). The data analysis and
interactions was evaluated using Student’s {-test or
Paired-Samples T test when necessary. Repeated
measures were submitted to ANOVA followed by
Bonferroni’s test (effect of cafeteria diet, effect of time
or effect of cafeteria diet x time) when necessary.
Differences were considered statistically significant
if P<0.05.
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RESULTS

Obesity, Sodium and Liquid Intake

Results of repeated measures ANOVA followed by
Bonferroni, (effect of time or cafeteria diet) demonstrated
that cafeteria diet increased animals’ weekly weight
(F (6,28)=2.249, P=0.001) from the third week of
treatment. This result reflects an increase of 18% in
the weight of the animals exposed to the cafeteria diet
compared to the control group. Moreover, animals’
weight increased over time, showing interaction between
time and cafeteria diet (F (6,28)=9.967 P=0.004).
This effect suggests that both factors (time and cafeteria
diet) contribute to the increase of the animals’ weight
(Figure 1: panel A). The results of repeated measures
ANOVA followed by Bonferroni test demonstrated an
effect of cafeteria diet (F(1,28)=773.666, P=0.001), of
time (F(5,28)=2.859, P=0.02) and interactions between
time and cafeteria diet (F(6,28)=2.859, P=0.02) with
both factors increasing sodium intake (Figure 1: panel
B). On liquid intake occurred effect of cafeteria diet
(F(1,28)=147.04, P=0.001) and time (F(5,28)=3.996,
P=0.003) (Figure 1: panel C). No interaction between
time and cafeteria diet was observed (P>0.05).

Renal Function Parameters

Cafeteria diet exposure induced an increase on
creatinine serum levels (P=0.002), however, this
effect was not observed on creatinine urine levels
(P>0.05) (Figure 2: panels A and B).

Systolic Blood Pressure Measurements

There were no differences between groups on systolic
pressure measurements (Students’ t test, P>0.05)
(Figure 3).

DISCUSSION

In this study, we confirmed that rats exposed
to cafeteria diet increased the weight over time.
In addition, obesity induced by the cafeteria diet
increases liquid intake, which can be attributed to the
high sodium intake present in this diet. Despite the high
consumption of sodium, and consequently of liquids,
no differences were observed in the measurement of
systolic pressure. Also, obese animals had creatinine
serum levels increased, but no difference was found
in urine creatinine levels.

In previous studies our group also showed that
the same cafeteria diet protocol achieved obesity
and changed parameters that lead to hyperphagia,
increase of fat mass and weight gain in rats*. It shows
that this cafeteria diet protocol may be used as an
animal obesity model. This diet consists of a simple
exchange of carbohydrate-derived with fat-derived
calories when compared to low fat or chow control
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Figure 1: Animals’ weight gain (Panel A), sodium (Panel B),
and liquid intake (Panel C). SD: standard diet (receiving
standard chow) and CD: cafeteria diet (receiving cafeteria
diet). (*) Significant effect of cafeteria diet (P<0.05).
(#) Significant effect of time (P<0.05). Data expressed as
mean = SEM (repeated measures ANOVA/Bonferroni’s
test for weekly weight, sodium intake and liquid intake,
n= 15 animals/group).

diets. This model accurately reflects the variety of
highly palatable and energy dense foods that are
prevalent in Western society and associated with
the current obesity pandemic. Animals were allowed
to have free access to standard chow and water
while concurrently offered highly palatable, energy
dense and unhealthy human foods ad libitum?®.
Several studies agree that this dietary pattern has
contributed with overweight and obesity incidence
around the world and provide poor eating habits.
Moreover, this palatable diet due to its pleasurable
experience leads to satisfaction and makes it prone to
abuse'®'”. Besides food ingestion, many genetically
modified obesity models have been adopted in the
literature, such as ob/ob mice, db/db mice, Zucker
fa/fa obese rats, Agouti yellow mice, and melanocortin
4 receptor knockout mice'®18-20,
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Figure 2: Animals’ creatinine serum (Panel A) and urine
(Panel B) levels. SD: standard diet (receiving standard
chow) and CD: cafeteria diet (receiving cafeteria diet).
(*) Significant effect of cafeteria diet. Data expressed as
mean = SEM (Student’s T test, n= 7 animals/group).
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Figure 3: Animals’ systolic blood pressure measurements.
SD: standard diet (receiving standard chow) and CD: cafeteria
diet (receiving cafeteria diet). Data expressed as mean
+ SEM (Student’s T test, n= 5 animals/group, P> 0.05).

The obesity model applied in this study contains high
sodium content that exceeds the limits recommended
by the guidelines?'. High sodium intake is associated
with the development of cardiovascular diseases
including hypertension??%. The association between
sodium intake and thirst is well established. Sodium
intake increases the plasma sodium, and then thirst
is stimulated in order to maintain homeostasis?*?.
This phenomenon was shown in our study, where
animals exposed to the cafeteria diet consumed
more sodium and consequently higher liquid intake.
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Obesity is a great risk factor for hypertension
and other comorbidities that may contribute to
the development of chronic renal damage?®?7.
High sodium intake increases blood pressure,
induces glomerular hyperfiltration and affects renal
function?®. Obesity causes vasodilatation and renal
glomerular hyperfiltration that act as a compensatory
mechanism to maintain the body’s homeostasis, in
order to keep sodium balance despite the increased
tubular reabsorption. This mechanism becomes
vicious because these offsets with blood pressure
increase can lead to glomerular injury?. Although there
is a strong relationship between sodium intake and
hypertension, animals exposed to cafeteria diet for
6 weeks did not show increase in blood pressure.
This was probably due to the small number of sample
size selected to evaluate systolic blood pressure
measurements (n=5), which we consider one of
the main limitations of our study. We speculate that
the duration of the treatment was also insufficient to
trigger hypertension in these animals, considering that
another study showed a robust increase in systolic
blood pressure with animals exposed to cafeteria
diet for 10 weeks?°.

The most important function of the kidney is
filtration and excretion of nitrogenous compounds
from blood*°. Creatinine is a good parameter for
assessing renal function, since its production only
depends on the muscle cell metabolism and is almost
entirely eliminated by glomerular filtration®°-%2, and
by poor tubular secretion®?, that may be considered
insignificant. Therefore, the intensity of creatinine
excretion corresponds to the rate of glomerular
filtration, so if glomerular filtration decreases, its
excretion also decreases transiently, increasing its
levels in body fluids and plasma until the creatinine
excretion returns to normal®*. In our study, animals
exposed to cafeteria diet had higher serum creatinine
levels. Urinary creatinine levels were higher than
serum levels in both groups; in spite of this, there was
no difference between the groups under study. It is
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