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ABSTRACT
The etiology of obesity is multifactorial and is becoming a problem of public health, due to its increased prevalence and the
consequent repercussion of its comorbidities on the health of the population. The great similarity and homology between
the genomes of rodents and humans make these animal models a major tool to study conditions affecting humans, which
can be simulated in rats. Obesity can be induced in animals by neuroendocrine, dietary or genetic changes. The most
widely used models to induce obesity in rats are a lesion of the ventromedial hypothalamic nucleus (VMH) by administering
monosodium glutamate or a direct electrical lesion, ovariectomy, feeding on hypercaloric diets and  genetic manipulation
for obesity.
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RESUMO
A obesidade tem etiologia multifatorial e está se tornando um problema de saúde pública devido ao aumento da sua
prevalência e a conseqüente repercusão das suas comorbidades na saúde da população. A grande similaridade e homologia
entre os genomas dos roedores e dos humanos tornam esses modelos animais uma importante ferramenta para o estudo de
condições que afetam os humanos e que podem ser simuladas em ratos.  A obesidade pode ser induzida em animais com
alterações neuroendócrinas, dietéticas ou genéticas. Os modelos mais utilizados para indução de obesidade em ratos são
lesão do núcleo hipotalâmico venteromedial (VMH) através da administração de glutamato monossódico ou lesão elétrica
direta, ooforectomia, alimentação com dietas hipercalóricas e manipulação genética para obesidade.
Descritores: Obesidade. Modelos Animais. Metabolismo. Ratos.

13  -  EXPERIMENTAL  MODEL

Introduction

The etiology of obesity is multifactorial, and it is
reaching epidemic proportions. Even at low levels it has
evil effects on health and is associated with a shorter life
expectancy1.  The adverse clinical consequences of obesity
are so harmful that a 20% increase above the ideal weight is
associated with a 20% increase in the mortality rate2.

Obesity may be defined as excess weight with a body
mass index (BMI) greater than 30 kg/m2. Morbid obesity is
a more serious condition, which is correlated with a weight
170% greater than the ideal weight, or overweight greater
than 45.360 Kg (100 pounds), or, else, a BMI greater than 40
kg/m2.1 The induction of obesity may be performed in animals
by neuroendocrine, dietary or genetic changes. The study
of these models has shown that it is the central nervous
system that regulates energy expenditure and food intake,
and it has also identified interrelationships among adrenal
glucocorticoids, the autonomic nervous system and dietary
behavior in the development of obesity3,4. The great
similarity and homology between the genomes of rodents
and humans make these animal models a major tool to study

obesity. The animals enable us to obtain answers in a short
time, since 10 days in the life of a rat are approximately 1
year in humans when comparing changes in body weight.
Some obesity-induction models in rats are found in the
literature and among them all, the main ones are a lesion of
the ventromedial hypothalamic nucleus (VMH) which can
be achieved mainly in two ways (administration of
monosodium glutamate or direct electrical lesion)5,6,
ovariectomy7, feeding on hypercaloric diets8,9 and genetic
manipulation for obesity.

Models

1. Ventromedial hypothalamic nucleus (VMH) lesion

1.1 Monosodium Glutamate (MSG)

The administration of monosodium glutamate to
newborn rats causes the destruction of the ventromedial
hypothalamic and arcuate nuclei, leading the rats to develop
obesity due to the lack of control between absorption and
energy expenditure.  The real mechanism by which this
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hypothalamic injury leads to obesity is not known, but what
is known is that it is not because of increased food intake.
In a single dose during the neonatal period, although it did
not develop obesity, MSG caused a drop in the hypothalamic
dopamine10. The involvement of enzyme activity of the small
bowel in the induction of obesity after the use of MSG and
the influence of the adrenal gland have been researched11-

13. MSG has shown a number of changes related to the lack
of control of the hypothalamo-pituitary axis with a dose-
dependent curve including hypophagia, obesity,
hypoactivity, reduction of ovarian weight, late puberty and
high serum levels of corticosteroids14,15. There is evidence
that chronic exposure of the adrenal gland to high serum
levels of leptin, which occurs in rats treated with MSG, is
involved in the loss of the inhibitory regulatory effect that
leptin exerts on the adrenal gland. Therefore,  it is
responsible, at least in part, for the increase of
glucocorticoids found in these adult rats16,17. MSG can be
administered subcutaneously or intraperitoneally18,19 at
doses that  vary  by  2-4 mg/g of body weight of the rat
during the neonatal period and for periods ranging  by 4-10
doses causing obesity 20-24. Since MSG is a substance found
in several foods consumed daily, it has been targeted by
studies on its effects when taken orally. Diniz et al, in a
recent publication, compared 4 groups of rats, one fed
standard chow, another standard chow added to 100g of
MSG/kg of weight, a fiber-rich diet and another with a fiber
rich diet added to 100g of MSG/kg of weight. In this study,
MSG increased food intake, induced metabolic disorders
associated with oxidative stress (prevented in the group
with a fiber-rich diet), even in the absence of obesity, and
also presented a rise in the glucose, trialglycerol, insulin
(with increased peripheral resistance)25 and leptin26 levels.

1.2 Electrical VMH Lesion

The VMH lesion was described by Saito et al (1985)
and now, with a few changes, it can be used to induce
obesity. A 1.2 mA current lasting 4 seconds, repeated 3
times at 30-second intervals after positioning the electrodes,
can cause bilateral destruction of the hypothalamic nuclei,
leading to obesity. The tip of the guinea pig’s nose is
positioned 5mm above the interaural line in a stereotactic
instrument, and the electrode tip is placed 0.6 mm lateral to
the bregma and 9 mm below the cranium6. As described by
Dube et al the injury can also be caused with a single electrical
current of 2.5 mA for 15 seconds using stereotactic
instruments placing the tip of the rat nose 3.3 mm below the
interaural line and positioning the tip of a stainless steel
electrode 2.6 mm behind the bregma, 0.5-0.6 mm lateral to
the midline and below the base of the  brain and raised 0.5
mm 27. Paradoxically, concerning what was found in the
hypothalamic lesiong by MSG, this electrical ablation causes
obesity by hyperphagia. The real mechanism involved in
this process is not known. Initially the irritative theory was
believed, in which the deposition of iron ions caused by
the introduction of electrodes in the hypothalamus would
destroy the hypothalamic nuclei over the long term.. Other
authors suggested that the injury was caused only by the
electric current, the ablative theory. Studies were performed
comparing electric injury with radiofrequency (without ion

deposition) using the conventional technique and the results
obtained were a lower index of obesity using radiofrequency.
Therefore, the most widely accepted theory is ablative/
irritative , i.e. both mechanisms are involved in the
development of obesity  28-31. More recent studies have
shown involvement of the participation of leptin, insulin
and neuropeptide Y, and their interrelations in the
hypothalamus, causing weight gain after this type of lesion
32,33.  It is known that the electric lesion of the hypothalamus
causes an increased level of leptin, reduction of the total
neuropeptide Y, maintaining the fluctuations of the circadian
rhythm and there appears to be a loss of the feedback
mechanism between insulin and leptin 34.

2. Oophorectomy

The obesity induction model in rats through
oophorectomy, on the contrary of the previous ones, results
from  the observation of women who, after menopause,
present a number of metabolic changes, including weight
gain. This model is used in order to achieve a better
understanding of these modifications in women after the
end of their fertile age and also to study interventions that
could alter the impact of hormone reduction in a woman.
The removal of gonads from female rats causes a drop in
the initial leptin levels, which is correlated with a period of
hyperphagia and marked weight gain. Seven weeks after
ovariectomy, the leptin levels rose again reaching much
higher levels that the preoperative ones. It is not known
whether this increase is due to resistance to leptin, and
could involve hypothalamic receptors, o to the increased
production due to weight gain itself, since the studies are
conflicting35-40.  More recent studies have tried to find
changes in the expression of genes related to energy
expenditure in ovariectomized rats to account for weight
gain41. It appears that leptin and estradiol do not regulate
themselves directly, because both administering the former
and the latter in intact female rats did not show that it altered
either of them, and the reciprocal is true42,43. Therefore it is
believed that there is a factor responsible for alerting the
hypothalamus to the fact that estrogen production has
ceased. A few studies speculate on the participation of
neuropeptide Y. It appears to serve as a signal to the
hypothalamus that the estrogen levels have dropped, since
it would be raised after ovariectomy and would remain at
the same levels if hormone replacement occurred in the
female rats44-46.

3. Hypercaloric diets

This is the simplest obesity-induction model, and
possibly the one that most closely resembles the reality of
obesity in humans. There are several types of diets to induce
obesity that have proved effective. A few diets attain
hypercaloric values by adding carbohydrates and others
by fats, and most of them vary between 3.7 Kcal/g and 5.4
Kcal/g. All of them are highly palatable and induce obesity.
In order to provide an idea of these diets, two models will
be mentioned next, based on carbohydrate addition, and
two others with fat addition. Naderali et al, in an experimental
study with male Wistar rats, used a diet containing 33%
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standard chow, 33% Nestlé®, condensed milk, 7%
saccharine and 27% water for 15 weeks, reaching a mean
weight of 680.2 grams with a standard deviation of 8.7 grams.
During this same period, rats fed pure chow weighed an
average of 570.2 grams47. Another author, studying gastric
“bypass” models in Sprague-Dawley rats, induced obesity
with food consisting of 48% chow, 8% maize oil and 44%
condensed milk for 7 to 12 weeks48. In a hypercaloric diet
model with fat, a diet was used containing 17.4%
carbohydrate, 42.9% protein and 39.7% fat 9. Another model
used 55% fat, 21% carbohydrate and 24% protein.

4. Genetic models

The genetic models to study obesity began to be used
increasingly in the 1990s because of cloning and
identification of the product of five different genes causing
obesity. Furthermore, it was discovered that by crossing
(QTL) with known genes, i.e., obese phenotypes vs
identified genotype, the influence of quantitative gene loci,
and its penetrance in the quantity of body fat and its
distribution49,50. Furthermore, in the last few years, genetically
modified or knockout animals have been produced to study
new genes that are candidates to influence the rate of
obesity49. There are over 50 different types of genetic models
of obesity in rodents 51. The first five monogenic models of
obesity were diabetic (db/db), obese(ob/ob) – these two in
the same metabolic pathway, Tubby (tub), “Agouti” yellow
(Ay) and fat (fat). The “Agouti” rat was described for the
first time over a century ago, and it was the first obesity
gene to be cloned and characterized at the molecular level
in1992. Today there are over 25 mutations in rodents known
with “Agouti”, 5 of them dominant genetic mutations. This
rat, also known as yellow rat, expresses a very high amount
of agouti protein coded by chromosome 2. This leads to
later obesity and hyperphagia. The function of this gene is
to antagonize the melanocortin receptor with homology in
our chromosome 20(20q11.2). This discovery led to finding
that neural circuits were involved in regulating the energy
balance. In humans agouti is expressed in several tissues,
including adipose tissue, suggesting that it could be
involved in regulating the energy balance. In studies on
genetically modified rats with overexpression of agouti in
adipose tissue, they were significantly heavier than the non-
genetically modified ones, without any change in the amount
of intake. This suggest that the increase of fatty mass in
these rats could be the result of changes in energy
expenditure49,50;52-55. At the end of 1994 the gene of the obese
rat (ob/ob) was cloned, followed a year later by cloning the
diabetic one (db/db). In experimental studies, it was found
that a circulating factor of a normal rat or a db/db rat, when
administered in an ob/ob rat, normalized its weight. But
when this factor of a normal rat or an ob/ob was placed in a
db/db rat, there was no weight change. These results
strongly suggested that both genes were from the same
metabolic pathway, and that db/db could be an ob/ob
receptor, which was later proved. This factor was called
leptin, i.e., a hormone produced by  the ob/ob gene, that
was responsible for communicating with the brain
concerning the level of energy stored in adipose tissue in
the form of fat. The ob/ob rats present a mutation in

chromosome 6 and develop a syndrome together with
hyperphagia, diabetes and obesity, whose origin is due to
the absence of leptin or to the presence of non-functional
leptin. In humans this gene is found in chromosome 7
(7q31.1). Afterwards it was discovered that gene db/db was
responsible for coding the leptin receptor and located in
chromosome 1 (1q31) in humans.  The db/db rats presented
a mutation in chromosome 4, causing resistance to leptin.
These animals showed hyperinsulinemia, glucose
intolerance and neuroendocrine and thermogenic changes,
besides hyperphagia and infertility49,50,54,55. Later the Tubby
(tub) rat was cloned in a joint venture between the Jackson
Laboratory, Sequana Therapeutics and the Millenium Group,
But this line of tub rats came from a spontaneous mutation
in 1977 in the Jackson laboratory, and presented as a
recessive autosomal inheritance. They showed that the
break in a protein sequence prevented a biochemical
pathway that controls appetite and the processing of food.
Later it was identified as an insulin-signaling protein. This
mutation is located on chromosome a 7 of the rats and leads
to slow onset obesity (age 3-4 months in males and 4-6
months in t\females) and moderate hypoglycemia, or even
normoglycemia. But they have a high level of insulin and
leptin. Its homology in humans is in chromosome 11
(11p15.5)49,50,54,55. The fat rat has a mutation in chromosome
8 and its phenotype is late obesity with infertility and
hyperinsulinemia, and was identified in 1973. This gene
produces the carboxypeptidase E enzyme, which has the
function of producing biologically active forms of pro-
insulin and pro-opiomelanocortin. It homologue in humans
is in chromosome 4 (4q32)49,50,54,55. Experimental models are
important to evaluate specific causes and effects of obesity,
but the study and extrapolation to humans is limited, since
in most cases of human obesity it is the result of specific
characteristics of individuals and interaction with the
environment.

Conclusion

Investigating the causes and effects of obesity induced
in experimental models may provide a better understanding
of the physiopathogeny of obesity, which would mean new
options for prevention and treatment.  The best model to
induce a disease is the one which best reproduces its
pathophysiological characteristics. The multifactorial
etiology of obesity provides several options for the
development of experimental models to induce obesity.
Animal studies have been performed, promoting
neuroendocrine, dietary and genetic alterations. It is
necessary to choose the model that is best adapted to the
characteristics to be researched, whether they be
environmental or genetic.
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