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Cafeteria diet intake for fourteen weeks
can cause obesity and insulin
resistance in Wistar rats

Dieta de cafeteria por quatorze semands
pode causar obesidade e resistéencia
insulinica em ratos Wistar

Danilo Anténio Corréa PINTO JUNIOR!
Patricia Monteiro SERAPHIM'

ABSTRACT

Objective

Obesity is a strong predictor of some kinds of diseases. High intake of high-fat foods contributes significantly
to the growth of the obese population globally. The aim of this study was to verify if consumption of a cafeteria
diet for fourteen weeks could increase white fat mass, body weight and skeletal muscle mass and promote
insulin resistance in male Wistar rats.

Methods

Twenty animals were divided into two groups: control and obese. Both were fed standard chow and water ad
libitum. Additionally, a cafeteria diet consisting of bacon, bologna sausage, sandwich cookies and soft drink
was given to the obese group.

Results

The obese group was significantly heavier (p<0.0001) than controls from the second week until the end of the
cafeteria-diet intervention. Absolute and relative fat mass, liver weight and Lee Index increased significantly
(p<0.05) in the obese group. Furthermore, the obese group had lower (p<0.05) insulin sensitivity than the
control group.

Conclusion

In conclusion, fourteen weeks of cafeteria diet promoted a progressive increase of fat mass and insulin resistance.
Therefore, this is a great and inexpensive diet-induced insulin resistance model.

Indexing terms: Cafeteria diet. High-fat food. Insulin resistance. Obesity.

* Universidade Estadual Paulista Julio de Mesquita Filho, Faculdade de Ciéncias e Tecnologia de Presidente Prudente. R. Roberto
Simonsen, 305, 19060-900, Presidente Prudente, SP, Brasil. Correspondéncia para/Correspondence to: DAC PINTO JUNIOR.
E-mail: <patricia@fct.unesp.br>.
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RESUMO

Objetivo

A obesidade é um forte preditor de alguns tipos de doencas. A grande oferta de comida e a predominancia de
acidos graxos presentes na maioria dos alimentos contribuem diretamente para o aumento da populacao
obesa no mundo. O objetivo do estudo foi verificar se uma dieta de cafeteria durante um periodo de catorze
semanas pode causar aumento dos pesos de tecido adiposo branco, corporal e muscular e provocar um quadro
de resisténcia insulinica em ratos machos Wistar.

Meétodos

Vinte ratos machos Wistar foram divididos em dois grupos: controle e obeso. Os dois grupos foram alimentados
com racdo padréo e agua ad libitum. Ao grupo obeso foi ofertada dieta ocidental, composta por salsicha,
mortadela, bolacha recheada, bacon e refrigerante.

Resultados

Os animais do grupo obeso estavam significantemente mais pesados a partir da sequnda semana de tratamento
e essa diferenca permaneceu até o final do estudo (p<0,0001). O peso absoluto e relativo do tecido adiposo
branco e do figado, e o Indice de Lee foram maiores no grupo obeso (p<0,05), que apresentou uma menor
sensibilidade a insulina no final do estudo quando comparado ao grupo controle (p<0,05). Podemos observar
que a dieta cafeteria promoveu um aumento progressivo e significativo da massa de gordura corporal associada
a disfuncédo da acao da insulina.

Conclusao

Conclui-se que uma dieta de cafeteria por um periodo de catorze semanas é capaz de promover aumento
progressivo da massa adiposa associada a disfuncdo da insulina, sendo ¢timo e facil modelo de para induzir

resisténcia a insulina.

Termos de indexacao: Dieta de cafeteria. Alimento hipercaldrico. Resisténcia a insulina. Obesidade.

INTRODUCTION

Revista de Nutricao

Obesity is generally associated with high
food intake (junk food) and many diseases.
According to the World Health Organization
(WHO), there are 1.5 billion adults with excess
weight in the world, of which 200 million are
obese. This metabolic state affects increasingly
younger people. Roughly, 22 million children
under 5 years of age are overweight'.

Obesity is multifactorial and the causes
may be genetic, environmental, metabolic and/
or behavioral®.

Today, because of the high fat content in
foods, obesity does not affect only individuals in
developed countries, but also those in developing
countries. Bad quality food and the ease of
making high-fat foods further contribute to the
increase in the number of obese individuals
worldwide. Pan et al.? followed 3 cohorts (about
200,000 people) and found that people who eat
red meat are more likely to develop Type-2

Diabetes (T2D). It is noteworthy that processed
meats (sausage, bologna sausage and bacon)
contribute more to the onset of T2D, because of
their saturated fat, sodium and nitrite contents.
The authors of this study believe that at least one
of these compounds, used for preserving
processed meats, can be converted to
nitrosamines, which are toxic to the pancreatic
beta cells, and so increase the risk of diabetes.

In addition to increasing the body’s fat
reserves, obesity contributes to the development
of some conditions, such as high blood pressure,
dyslipidemias, T2D and insulin resistance®. Insulin
resistance involves impaired insulin signaling and/
or glucose transporter, especially isoform Glucose
Transporter 4 (GLUT-4), which is found in skeletal
muscle and adipose tissue, and results in
hyperglycemia and sometimes in compensatory
hyperinsulinemia. Insulin resistance is the
pathophysiological basis of type-2 diabetes (T2D)®.

According to the literature, obese individuals
consume high-fat diets®’. This kind of diet is

Rev. Nutr., Campinas, 25(3):313-319, maio/jun., 2012



known as cafeteria diet because of the large
amount of fats present in its foods, leading to
significant weight gain and insulin resistance®.
There are few studies in the literature that fed
rats the cafeteria diet and chow simultaneously.
In general, most studies offer pellets containing a
mixture of dissolved high-fat foods and standard
chow®™. This study aimed to create an
inexpensive and easily reproducible animal model
of obesity using a high-fat diet consisting of
common high-fat foods, that is, the cafeteria diet.

The present study verified whether
fourteen weeks of the cafeteria diet could increase
body weight, fat mass and skeletal muscle mass
and cause insulin resistance in male Wistar rats.

METHODS

Twenty adult, male Wistar rats were
randomized into two groups, Control (C) and
Obese (0). Both groups had free access to water
and rodent chow. Temperature, light and humidity
were controlled (Mean-M=22, Standard-Error-
SE=2°C, 12h light - dark cycle and 45% relative
humidity). The experimental protocol followed the
ethical principles for animal research set forth by
the Brazilian College of Animal Experimentation
and was approved by the local Ethics Committee
for Research on Animals (Process # 79/2009).

The obese group was given a cafeteria diet
consisting of sandwich cookies, bologna sausage,
sausage, bacon and a soft drink'>'3. The cafeteria
and standard diets were weighed before and after
consumption. The daily consumption was
calculated by subtracting the leftovers from the
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total amount of food offered per day. The
cafeteria diet consisted of bacon (8.04g of protein,
62.81g of fats and 2.93g of carbohydrates totaling
609kcal), cookies (20.03g of fats and 70.39g of
carbohydrates totaling 487kcal), bologna sausage
(17.6g of protein, 17.18g of fats and 19.09g of
carbohydrates totaling 301kcal), soft drink
(10.48g of carbohydrates totaling 41.67kcal),
sausage (10.18g of protein, 22.55g of fats and
5.45g of carbohydrates totaling 265kcal) and
standard show (23g of protein, 4g of fats and
49g of carbohydrates totaling 378kcal). All values
are for 100g of food or 100 mL of soft drink.

The animals were weighed weekly to map
weight gain over time.

In the eighth week of the intervention, the
insulin tolerance of the animals was determined
by the Insulin Tolerance Test (ITT) after a 6-hour
fast. All rats received an intraperitoneal injection
of regular insulin (11U/kg body weight) and blood
glucose was measured at baseline (before insulin
injection) and after the injection at 5 minute
intervals, until the thirtieth minute™.

The Lee Index was calculated by dividing
the cube root of the body weight in grams by the
naso-anal length in centimeters and multiplying
by 1007516,

At the end of the intervention, the animals
were anesthetized intraperitoneally by sodium
thiopental (60mg/kg body weight). When the
animal’s cornea and paw no longer responded to
pain, a median laparotomy was done to remove
the periepididymal adipose tissue and skeletal
muscles soleus and Extensor Digitorum Longus
(EDL). All tissues were weighed.

Table 1. Morphometric data of control and obese animals and glycemia level.

Morphometric Data

oD Body A. Tissue Soleus EDL Liver Index Fasting Relation of
Weight Weight Weight Weight Weight of Lee Glycemia AT/BWx100
M SE M SE M SE M SE M SE M SE M SE M SE
Control 467 147 52 0.7 0.195 0.01 022 0.02 76 05 298 04 105.1 3.1 1.18 0.06
Obese 528 247 98 357 0211 0.01 0.221 0.03 135 0.5# 306 05" 1268 257 247 024
n 6 6 5 5 6 5 5 6

Data are Mean (M) e Standard Error (SE). AT/BW (AT: Adipose Tissue, BW: Body Weight); EDL: Extensor Digitorum Longus.
*Values different significantly (p<0.05); ** Values different significantly (p<0.01); # Values different significantly (p<0.0001).
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Table 2. Weekly consumption and energy intake.

A between
Control Obese Control and
Obese
Weeks  how (@ Chow (kcal) Chow (g) Chow (kcal) Diet (g) Diet (kcal) ~ Food Food A A
M SE M SE M SE M SE M SE M SE @ (keal) (g (kcal)
1 143 3 429 9 95 6" 285 18" 65 B 278 31 160 563 -17  -134
2 122 4 366 12 88 8" 264 367 62 5 294 33 150 558 28  -192
3 146 2 438 6 98 7™ 294 217 77 7 334 49 175 628 29 -190
4 176 15 528 45 58 o 174 18" 87 8 347 55 145 521 31 7
5 185 7 405 21 71 15 213 457 105 12 446 89 176 659 -41 -254
6 229 21 687 63 149 317 447 93" 81 11 282 27 230 729 -1 -42
7 151 7 453 21 122 16 366 48 122 10 474 61 244 840 93 -387
8 189 20 567 60 86 12" 258 367 91 10 297 22 177 555 12 12
9 174 26 522 78 74 16" 222 48 93 9 325 31 167 547 7 -25
10 187 34 561 102 661 217 198 63" 101 11 370 47 167 568 20 -7
11 179 33 537 99 74 19” 222 577 91 14 294 30 165 516 14 21
12 185 36 555 108 70 18" 210 547 96 14 457 101 166 667 19 -112
13 208 50 624 150 93 26 279 78 128 6 477 71 221 756 13 -132
14 239 30 717 90 85 16" 255 48" 125 21 614 167 210 869 29 -152

* p<0.05 vs Control; ** p<0.001 vs Control; M: Mean; SE: Standard Error.

Descriptive statistics was used to compare
the means and the results were shown as mean e
standard error. The data were treated by one-way
Analysis of Variance (ANOVA) and the post-hoc
test Bonferroni correction. The significance level
was set at 5% (p<0.05).

RESULTS
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Table 1 below shows the animals’
morphometric profiles on the day they were killed.
The two groups differed significantly in all study
variables (body weight, white fat tissue weight
and Lee Index).

The graph below shows the weekly weight
of the animals. The animals that received the
cafeteria diet became significantly heavier than
the control group after two weeks of the diet
(Figure 1).

The amount of chow and cafeteria diet
consumed daily was monitored for estimating
food intake, expressed in grams and kcal. Food
intake in grams was very similar, but not in Kcal:
the obese group consumed more energy than the
control group. Sometimes the control group
consumed more food in grams than the obese

group, but the obese group always consumed
more energy (Table 2).

The Insulin Tolerance Test was performed
twice: eight weeks after baseline (Time 1) and
right before euthanasia (Time 2). At Time 1, the
behavior of the Decay Constant of Glycemia on
Insulin Tolerance Test (kITT) curve (glucose decay
constant represented by percentage of glucose
decay per minute) of the two groups was very

Body Weight Evolution
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Figure 1. Body weight evolution during 14 weeks.

Note: Weight on 2™ week: # p<0.05 vs Control; Weight on 3" week
until the end of the study: * p<0.0001 vs Control. n=10.
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Figure 2. Insulin Test Tolerance (decay glycemia curve) in Moment 1(8t" week) and in Moment 2 (before euthanasia).
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Figure 3. In 8" week and 1 week before euthanasia animals were
submitted to an insulin tolerance test, which animals
received an intraperitoneal dose of human regular
insulin (11U/Kg body weight) and the decay of glycemia
was monitored every five minutes until 30.

Note: Results were expressed in a constant decay (kITT). kITT in the 8
week (Moment 1) and kITT before euthanasia (Moment 2): *
p<0.05 vs Control; n=10.

similar. However, at Time 2, the slope of the
glucose decay curve of the obese group was
less steep than that of the control group (Figures
2e3).

DISCUSSION

The obese population has grown
significantly because of poor food habits (junk
food), inactivity and/or genetic disorders. There

Rev. Nutr., Campinas, 25(3):313-319, maio/jun., 2012

have been recent reports in the literature that
insulin resistance is associated with subclinical
inflammatory state, which is associated with
proinflammatory cytokine production especially
in obese or T2D individuals'.

A classical model that impairs the entire
insulin signaling machinery is Insulin Receptor
Substrate-1 (IRS-1) serine 307 phosphorylation™®.
This strongly inhibits insulin signaling because it
prevents IRS-1 tyrosine kinase activity, causing a
state of insulin resistance, and promotes the
activity of two serine kinases, c-Jun N - terminal
Kinase 1 (JNK1) and Inhibitor of Kappa [ (IKK)'®2°.

Serine kinases in the endoplasmic
reticulum can be activated by stress and reactive
oxygen species?’?%. Another factor directly
involved in high IRS-1 serine phosphorylation is
high proinflammatory cytokine levels, such as
interleukin-6 (IL-6) and Tumor Necrosis Factor-
alpha (TNF-o), because of the interaction between
these cytokines and their respective receptors?>2°.
Toll-like receptors can be related to serine kinase
activity, because they are activated by bacterial
lipopolysaccharides and saturated fatty acids?’2°.

The morphometric profile analysis of the
present study clearly showed that the cafeteria
diet affected some variables, promoting significant
increase of body and white fat tissue weights and
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Lee Index, confirming the data above. Based on
the relative weights, the higher body weights of
the animals at the end of the diet were due to fat
mass gain. Additionally, the liver was also heavier
in the obese group and lighter in color, suggesting
higher content of fat droplets as observed by
Sampey et al.3® ten weeks after introducing a
cafeteria diet, which was associated with severe
hepatic inflammation.

Figure 1 shows the significant weight gain
of the obese group. The graph shows the weekly
weight of the animals and the different weights
of the obese and Control groups, which started
differing on the second week and remained until
the end of the study. Table 2 explains this weight
gain, as it shows food intake in grams and kcal.
Sometimes the control animals consumed more
food in grams than the obese group, but the
energy intake was always higher in the Obese
group. Rats given free access to a mixed diet
(chow and cafeteria) evidently consumed less
chow and liked the cafeteria food more and more
over time, suggesting that fourteen weeks of
cafeteria diet were not enough for the body to
adapt to the energy density of the new food.

Regarding KkITT assessment, the insulin
sensitivity of both groups at Time 1 was similar,
but at Time 2 the kITT of the Obese group had
changed (Figure 3). Probably at Time 1, insulin
resistance was not yet well established,
corresponding to a stage where fat mass was
increasing because of higher glucose uptake and
quick conversion of serum glucose to fat. At Time
2, insulin resistance was already well established
and some cytokines secreted by the greater fat
mass could have impaired glucose uptake by
peripheral tissues, such as skeletal muscle®'. This
rise in blood glucose overstimulates pancreatic
beta cells, making them release more insulin
(compensatory hyperinsulinemia), but the effect
on blood glucose level is negligible®. In fact blood
glucose levels in the obese animals increased,
corroborating the ITT results. However, serum TNF-o.
was undetectable in all groups (data not shown),
suggesting absence of inflammatory state.

In conclusion, fourteen weeks of a cafeteria
diet consisting of sausage, bologna sausage,

bacon, sandwich cookies and soda was enough
to make the animals obese and significantly
decrease insulin sensitivity. This is a great and
inexpensive animal model of diet-induced insulin
resistance.
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RESUMO

Objetivo

Este estudo investigou o perfil lipidico e a atividade elétrica dos nervos parassimpatico (vago superior) e simpatico
(localizado na regido esplancnica) de ratos obesos oriundos de ninhada reduzida.

Métodos

Foram pesquisados dois grupos distintos, com 12 animas cada um: ninhada padrao, padronizado em nove
filhotes por ninhada, e ninhada reduzida, trés filhotes por ninhada. O consumo de racao e peso corporal foi
acompanhado do desmame até o final do protocolo experimental. Aos 90 dias de idade, os animais foram
anestesiados com (Thiopental®) e submetidos ao registro da atividade elétrica dos nervos simpético (vago) e
parassimpdtico (da regido esplancnica); em seguida, foram sacrificados e retiradas e pesadas as gorduras retrope-
ritoneal e periepididimal. Amostras de sangue foram coletadas para dosagens de glicemia, insulinemia, colesterol
total, triglicerideos e lipoproteina de alta densidade colesterol.

Resultados

Os ratos de ninhada reduzida apresentaram aumento da ingestao alimentar, peso corporal e tecido adiposo
branco, quadros de hiperglicemia, hiperinsulinemia e hipercolesterolemia, aumento dos triglicérides e redugao
do lipoproteina de alta densidade colesterol.

? Universidade Estadual de Maringa, Centro de Ciéncias Biologicas, Programa de Pos-Graduacio em Educagao Fisica. Av. Colombo,
5790, 87020-900, Maringa, PR, Brasil. Correspondéncia para/Correspondence to: W RINALDI. E-mail: <wrinaldi@uem br>.
2 Universidade Estadual de Maringa, Centro de Ciéncias Biologicas, Departamento de Biologia Celular e Genética. Maringa, PR,

Brasil.
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Conclusao

Quanto & atividade do nervo vago, os ratos ninhada reduzida apresentaram um aumento significativo em
relacao aos ratos ninhada padrdo, e mesmo nao havendo diferenca na atividade simpética, 0 modelo ninhada
reduzida mostrou-se eficaz para inducido da obesidade, dislipidemia, hipercolesterolemia, hiperinsulinemia,
hiperglicemia e desequilibrio autonémico em roedores.

Termos de Indexacdo: Glicemia. Insulina. Obesidade. Sistema nervoso autonémico.

ABSTRACT

Objective

This study investigated the lipid profile and electric activity of the parasympathetic (vagus nerve) and sympathetic
(located in the splanchnic region) nerves of obese rats from small litters.

Methods

Two distinct groups were studied, each with 12 animals: normal litter with nine pups per litter and small litter,
with three pups per litter. Chow intake and body weight were monitored from weaning until the end of the
experimental protocol. At age 90 days, the animals were anesthetized with Thiopental® for investigation of the
electric activity of the sympathetic and parasympathetic nerves. They were then sacrificed for removal and
weighing of the retroperitoneal and epididymal fat pads. Blood samples were collected for determination of
blood glucose, insulin, total cholesterol, triglycerides and high-density lipoprotein cholesterol.

Results

The small litters rats had high food intake, body weight, white fat tissue, blood glucose, blood insulin, total
cholesterol and triglycerides, and low high-density lipoprotein cholesterol levels.

Conclusion

The vagus nerve of the small litters rats was significantly more active than that of the normal litter rats.
Sympathetic activity did not differ between the groups but the small litters model effectively promoted obesity,
dyslipidemia, hypercholesterolemia, hyperinsulinemia, hyperglycemia and autonomic imbalance in rats.

Indexing terms: Blood glucose. Insulin. Obesity. Autonomic nervous system.

INTRODUCAO cas coronarianas, tanto em adultos quanto em
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criancas’®.
A obesidade esta sendo considerada uma

epidemia mundial, atingindo individuos de todas
as faixas etérias e de diferentes niveis sociais, e
acarretando um grande fator de risco para varias
doencas degenerativas nao-transmissiveis, como
diabetes Mellitus tipo Il, doencas cardiovasculares
e hipertensao arterial¢. E frequente as alteracoes

O ganho de peso, geralmente, tem relacdo
direta com o aumento da ingestdo energética,
sendo a regulacdo do metabolismo realizada pelo
Sistema Nervoso Central (SNC). O descontrole ali-
mentar é capaz de afetar regides cerebrais que
podem modificar a regulacdo do peso corporal,

principalmente as alteracdes na regiao hipotala-
no perfil lipidico, com aumento nos niveis plasma- mica, que estdo associadas a mudancas no com-

ticos de Colesterol Total (CT), Triglicérides (TG),
Lipoproteina de Baixa Densidade-colesterol (LDL-c)
e diminuicdo nos niveis de Lipoproteina de Alta
Densidade-colesterol (HDL-c), de pessoas que
apresentam excesso de gordura corporal. As
alteracoes nos niveis circulantes dessas biomo-
léculas podem levar ao desenvolvimento de doen-

portamento alimentar e metabdlico®. Algumas re-
gides especificas do hipotalamo tém por finalidade
controlar a fome e a saciedade por meio da inte-
gracao de sinais periféricos, incluindo a sinalizacdo
por hormodnios gastrintestinais, leptina, insulina,
citocinas, entre outros®. A partir desses sinais, sdo
enviadas as aferéncias ao SNC, que envia a
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periferia as respostas necessarias para o controle
da alimentacdo e da homeostase energética’*.

Ainda no hipotalamo, mais especifica-
mente no Nucleo Arqueado (ARC), encontram-
-se atividades importantes para o controle do me-
tabolismo. Nesse nucleo, existem varias popula-
¢Oes distintas de neurdnios' que produzem: a) o
Neuropepitideo Y (NPY) e 0 Agouti-related Peptide
(AgRP), ambos neurotransmissores que agem em
outras regides do hipotalamo, promovendo
aumento da ingestao de alimentos e ao mesmo
tempo estimulando o armazenamento de nutrien-
tes, e, dessa forma, fazendo a integracdo dos
sinais anabdlicos; b) a Pro-Opio-Melano-Cortin
(POMC) e o Cocaine-and Amphetamine-
Requlated-Transcript (CART), os quais inibem o
apetite e estimulam o gasto energético, integran-
do assim os sinais catabolicos'®"2.

O controle alimentar e metabdlico é reali-
zado através do Sistema Nervoso Auténomo
(SNA), subdividido em Sistema Nervoso Simpatico
(SNS) e Sistema Nervoso Parassimpatico (SNP),
com funcao predominantemente anabdlica e
catabdlica, respectivamente’" '3,

Estudos recentes sugerem que o SNS seja
um dos mais importantes sistemas reguladores
do balanco energético. Oscilagdes da atividade
simpatica podem afetar a quantidade de tecido
adiposo em humanos, e a baixa atividade esta
presente em individuos adultos obesos'®'3. Esses
dados levam a hipotese de que alteragcdes auto-
noémicas devem originar a instalacao da obesida-
de, ou pelo menos participar do seu desenvolvi-
mento.

Além dos estudos epidemioldgicos e clini-
cos, 0 uso de modelos experimentais de animais
tem contribuido para o entendimento da fisiopa-
tologia da obesidade. Esses modelos concentram-
-se, sobretudo, em roedores, principalmente ratos
e camundongos, oriundos de linhagens seleciona-
das geneticamente e tratados com dietas ricas
em gordura, excesso de alimentacao e lesées no
SNC'S.

Um dos modelos experimentais de obesi-
dade central, amplamente estudado, é obtido por
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meio da Reducao de Ninhada (NR). Normalmente,
as ratas parem em torno de Média (M)=12, Erro-
-Padrao Médio (EPM)=4 filhotes'”'¢: padroniza-
-se a ninhada para 9 animais por rata. A reducao
de ninhada acontece no terceiro dia de vida,
quando apenas trés animais permanecem com a
mae. Essa reducao promove uma programacao
metabdlica que leva os filhotes a hiperalimenta-
¢ao. Apos o desmame, aos 21 dias, mesmo sendo
alimentados com racéo balanceada com 18%-24%
de proteina (racdo comercial para roedores), eles
tém maior consumo alimentar e ganham mais
peso quando comparados aos filhotes oriundos
de ninhadas normais. Esses animais na vida adulta
apresentam hiperfagia, hiperinsulinemia, resis-
téncia periférica a insulina e obesidade™. Foi
observado ainda que a reducdo da ninhada
provoca alteragdes na estrutura e funcao de areas
hipotalamicas, como, por exemplo, baixa respos-
ta a estimulos anorexigenos no hipotalamo
Ventromedial (VMH)'”'° | Sabe-se também que
alteracdes nas estruturas hipotaldamicas que-
bram o equilibrio autonémico, e lesées no VMH
aumentam a atividade aferente do nervo vago
subdiafragmaético?’?2.

O objetivo do presente trabalho foi veri-
ficar se a obesidade induzida por reducdo de
ninhada modifica a atividade autonémica, o perfil
lipidico e o controle glicémico dos ratos adultos.

METODOS

Animais e modelo experimental

Para este estudo, foram utilizados ratos
Wistar, transferidos do Biotério Central da Univer-
sidade Estadual de Maringé para o Biotério Seto-
rial do Laboratério de Biologia Celular da Secre-
cao. Os animais foram submetidos a um periodo
de cruzamento, na proporcao de trés fémeas para
cada macho. Ao constatar a prenheés, as ratas fo-
ram subdividas e acomodadas em caixas indivi-
duais. O nimero de filhotes foi padronizado com
nove animais para Ninhada Padrao (NN) e trés
para NR?3. O desmame foi realizado aos 21 dias'®
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e os grupos foram padronizados na propor¢ao
de trés animais para cada caixa (Figura 1).

O consumo de racao e o peso corporal fo-
ram medidos semanalmente, do desmame até os
91 dias de vida. Durante todo o periodo expe-
rimental, os animais permaneceram em condicdes
controladas de luminosidade (12h claro - 12h
escuro) e temperatura constante (M=22,0,
EPM=2°C), recebendo agua e racdo comercial
(Nuvital-Curitiba) ad libitum.

Glicemia e insulinemia de jejum

Aos 91 dias de vida, os animais foram
anestesiados com ketamina (3,0mg) e xilazina
(0,6mg) para cada 100 gramas de massa corporal
e submetidos a um processo cirdrgico de implan-
tacdo de uma canula de silicone na veia jugular
direita. Apds 12 horas de jejum, foi realizado o
Teste de Intolerancia a Glicose Intravenoso (ivGTT).
Amostras de sangue (0,200mL - 0,300mL) foram
retiradas, via canula. Apés a retirada do tempo O,
administrou-se uma carga de glicose 1g/kg de
peso corporal. As amostras de sangue foram cole-
tadas nos tempos 5, 15, 30 e 45 minutos. O san-
gue foi centrifugado (3000rpm por 10 minutos)
e retirado o plasma para dosagem de glicose pela
técnica da glicose-oxidade (Gold Analisa®)?.

A insulina foi dosada através da técnica
por Radioimunoensaio (RIA). Os resultados foram
expressos em mmol/L para glicemia e ng/mL para
insulinemia. Para avaliar a resisténcia a insulina
periférica, foi utilizada a &rea sob a curva de toda
insulinemia, e para o célculo do indice insulino-

NR: 3 filhotes

l

I
NN - pés-desmame NR - pés-desmame
n=12 n=12

LACTACAO
NN: 9 filhotes

Figura 1. Fluxograma da padronizacao das ninhadas de animais
de Ninhada Padao (NN) e Ninhada Reduzida (NR) no
periodo da lactagdo e pés-desmame.

génico, utilizou-se a glicemia durante o ivGTT. O
indice Homeostatic Model Assessment for Insulin
Resistance (HOMA-IR) foi expresso pela equagao:
insulina basal (ng/mL) x glicose basal (mg/dL)/22,5.

Perfil lipidico

O plasma coletado em jejum de 12 horas
foi utilizado para as dosagens do colesterol total,
colesterol HDL-c e triglicérides, pelo método enzi-
maético colorimétrico (Gold Analisa®). Os resul-
tados foram expressos em mg/dL?.

Atividade do SNA

SNP: Apos 2 dias, os mesmos animais
submetidos ao ivGTT de ambos os grupos foram
anestesiados com tiopental sédico (45mg/1000g
de peso animal), sendo submetidos a uma incisao
cirdrgica longitudinal na face anterior cervical para
possibilitar a dissecacdo do ramo superior vagal
direito. Apds o nervo ser isolado, o animal foi colo-
cado em uma gaiola de Faraday para evitar inter-
feréncias eletromagnéticas externas que pu-
dessem alterar os registros elétricos. Com o auxilio
de um fio de algodao transpassado sob o nervo,
o filamento neural isolado foi assentado sobre um
par de eletrodos de prata (0,6mm) e conectado a
um sistema eletrénico que transformava o sinal
elétrico em sinal sonoro. O sinal foi filtrado para
excluir ruidos abaixo de 1KHz e acima de 80KHz,
e foi amplificado 10 mil vezes. Os registros foram
convertidos para sistema digital e armazenados
em arquivos eletrénicos (Insight®, Ribeirao Preto,
SP, Brasil) para posterior andlise. Apds dois minutos
iniciais, o registro da atividade do nervo foi toma-
do por dez minutos. Aleatoriamente foi escolhido
de cada registro/animal de 5 a 7 setores com 15
segundos para a contagem de espiculas de mV
gue superavam o zero. Os resultados da atividade
elétrica do nervo foram expressos em ndmero de
espiculas por 5 segundos (spikes/5s)?.

SNS: Apos encerrado o registro da ativi-
dade elétrica do nervo vago, com o animal ainda
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