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The prevalence of obesity among adults and children has increased steadily over the last few years worldwide, reaching epidemic pro-
portions. Particularly alarming is the link between obesity and the development of chronic disorders such as heart disease, type 2 diabetes,
hypertension and some cancers (Bjorntorp, 1997). Environmental causes of obesity are thought to include a sedentary lifestyle and an
abundance of highly palatable energy-dense foods (Hill et al. 2003). Genetic factors also contribute to susceptibility to obesity, although
the genetic basis of most human obesities is thought to be polygenic (Comuzzie & Allison, 1998; Barsh et al. 2000). The present paper
considers some of the animal models used to infer aspects of human obesity, with an emphasis upon their usefulness.

Animal models: Energy metabolism: Energy homeostasis

What constitutes an appropriate animal model?

An animal model ideally mimics in as close a manner as
possible a particular behavioural or physical trait of man.
Hence, animals that might serve the purpose are those
with comparable neuroendocrine controls over food
intake or energy expenditure, variables of adipocyte physi-
ology and metabolism, digestive systems, susceptibility to
metabolic disorders or other traits thought to be important
in man. That said, it is a historical fact that small rodents,
rats and mice have been the predominant models of human
energy homeostasis and obesity.

Phylogenetically, rats and mice are not closely akin to
man. They are not as closely related as, for example,
social carnivores that might mimic hunting early man
(Alcock, 1979), nor as close as the savannah primates,
which, like early man, were gatherers (De Vore, 1971).
On the other hand, rats and mice, like man, are general
omnivores, eating and deriving energy from a broad spec-
trum of possible foods. Consistent with this, they share
similar complex taste and digestive systems for identifying
and utilizing a wide range of edibles. They are also similar
neuroanatomically, especially with regard to hypothalamic,
limbic and brainstem systems. For the most part, manipula-
tions of hormones or neurotransmitters, or damage to
specific brain areas, elicit comparable changes in food
intake and body weight of human subjects and these
small rodents. That said, there are certainly differences as
well. Rats, for example, have no gall bladder and are
unable to store bile, and they cannot vomit to expel toxic
substances from the stomach, but these are generally con-
sidered to be minor differences. If one wished to model

vomiting, for example, there are more suitable animal
models, such as the ferret.

There is another distinct advantage to the use of small
rodents and especially mice. In this age of molecular
biology, it is relatively easy to manipulate a gene in a
mouse that is thought to have a homologous role in man.
Their short generation time coupled with the vast know-
ledge of their genome makes them an especially valuable
tool at the present time (Seeley & Moran, 2002). In fact,
the field of molecular genetics has advanced to the point
that other quite different species, such as fruit flies (Garo-
falo, 2002) and roundworms (Guarente & Kenyon, 2000),
are even being used as models of certain metabolic pro-
cesses in man.

An important question, therefore, is whether the species
that are used are the most appropriate. To address this
issue, one should ideally examine as many species as poss-
ible, from invertebrates to cold-blooded vertebrates (fish,
reptiles) to mammals, from continuous to seasonal eaters
(hibernators, migrators), and so on. While difficult to do,
such a project could suggest physiological or psychological
processes that might be unique or universal. The point is
that we can learn as much from those animals that differ
from man as from those that are similar. The more species
we study, the more robust the general principles that are
likely to emerge.

Animal models of human obesity

Human obesity is defined using the BMI (body weight
(kg)/height (m)2). Subjects with BMI ^25 kg/m2 are
classed as overweight; BMI ^30 kg/m2 is classed as
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obese; BMI .35 kg/m2 is generally termed morbid obes-
ity due to the high percentage of body fat (World Health
Organization, 1998). All of the metabolic complications of
obesity directly correlate with the BMI, including the risk
for CHD, hypertension, type 2 diabetes and many cancers
(Lebovitz, 2003). An important aspect of human adiposity
is that fat is differentially distributed in and beneath the
skin (subcutaneous fat) and in the abdomen (visceral
fat). Females/males have relatively more subcutaneous
fat and have relatively more visceral fat (Wajchenberg,
2000), and it is visceral fat that is correlated with the com-
plications of being obese (Bjorntorp, 1997; Wajchenberg,
2000). Hence, indices other than BMI are important as
health predictors in man, such as the waist circumference
and/or the waist:hip ratio (Lafontan & Berlan, 2003). An
increase in either of these measures correlates highly
with the risk of metabolic problems associated with
obesity.

Evaluating animal models by the same criteria is not
valid (i.e. there is no validated BMI or waist:hip ratio in
rats or mice). Generally, animal obesity is measured by
total body fat, although visceral and subcutaneous fat are
more commonly assessed. Importantly, recent analyses
have revealed that, as in human subjects, female rats
have relatively more fat and especially more subcutaneous
fat and male rats have more visceral fat (Clegg et al.
2003b,c). In addition, as is the case with human subjects,
the levels of hormones related to adiposity differ in male
and female rats. Female rats have higher levels of circulat-
ing leptin and male rats have higher levels of circulating
insulin, and the levels of both hormones correlate directly
with body fat (Dua et al. 1996; Wajchenberg, 2000). How-
ever, in man, insulin but not leptin is a risk factor for the
complications of obesity and the insulin resistance syn-
drome (Cigolini et al. 1995). Finally, the brain of female
rats is more sensitive to the negative feedback control of
leptin on food intake and body weight, whereas the
brains of male rats are more sensitive to the negative feed-
back control of insulin on food intake and body weight
(Clegg et al. 2003c). Rats, however, differ considerably
from man in their pattern of growth. Male rats continue
to gain weight throughout their lives until they are very
old, whereas the body weight of female rats becomes
stable in early adulthood. Human subjects of both genders
have a pattern more like that of female rats.

Human obesity is a complex multifactorial condition that
has been related to excessive food consumption, low
energy expenditure, genetics, gender, age, socio-economic
status, ethnicity, educational level, smoking status and
many other factors. Intricate interactions may occur
among these factors. As an example, in industrialized
countries, obesity in women is more prevalent in lower
than in higher socio-economic groups, whereas the oppo-
site situation occurs in developing countries (e.g. Goodman
et al. 2003). Modelling contexts or factors such as these is
not easy, especially in animals.

Excessive energy intake and weight gain can be induced
by the use of highly palatable, energy-dense foods and
diets in rats and mice as well as human subjects (e.g.
Woods et al. 2003). Likewise, changes in the brain are
comparable in these species. For example, lesions near

the ventromedial hypothalamus in a rat’s brain induce
hyperphagia and massive weight gain, paralleling what
happens in human subjects with a tumour or stroke in the
ventromedial hypothalamus (Bray, 1976). Lesioned rats
also have lower activity levels, overeat only if the food
is palatable, and are less willing to work for food than con-
trols (for reviews, see Powley, 1977; Bray, 1984; Logue,
1991). Many of these traits appear analogous to those of
some obese people. Industrialized societies often promote
a sedentary lifestyle, and are characterized with a ready
availability of foods geared to the preferences of the popu-
lation (palatable and widely and cheaply available). There
is also evidence that supports an unwillingness to work for
food by obese human subjects. A series of experiments by
Stanley Schachter et al. indicated that obese subjects ate
more food when it was freely available, but less than
lean controls when they had to perform some task to get
it (Rodin & Marcus, 1982; Schachter, 1968, 1974). The
important point is that some complex behavioural traits
of obese human subjects may have animal analogues.

When rats or mice are used as subjects, they are typi-
cally from controlled strains and specific breeders, and
they are individually housed in small cages that limit
physical activity and preclude most social interactions, in
rooms controlled for temperature and humidity, and gener-
ally for the noise level as well. The room has a fixed light–
dark cycle, usually 12 h, to limit environmental stress. In
most studies, food is close by and readily available all
the time, so the animals do not have to work for food.
Because of these conditions, the experimenter is in essen-
tially complete control with regard to environmental fac-
tors and genetic background. While these conditions are
ideal for enabling experimental control, they do not necess-
arily mimic the normal human condition.

The ethics of using animal models of obesity

Committees that are responsible for the ethical treatment of
animals in research impose strict standards and ultimately
help to establish the tight environmental control researchers
impose on laboratory animals. Hence, the ethics of animal
well-being help to assure healthy and stable environmental
conditions, hygienic animal care, access to nutritionally ade-
quate food and water, proper handling, pain management,
and so on. Protocols that deviate from these conditions are
closely scrutinized and must be justified on the basis of
sound experimental need to be approved.

As the standards for animal care change, accepted con-
clusions based upon studies assessing food intake might
also change. That is, requirements for environmental enrich-
ment (such as placing an object in the cage, which animals
can chew or play with, placing a cylinder in rodent cages to
allow animals to hide or using tub or shoebox cages instead
of cages with wire-mesh floors) or for group-housing animals
(as opposed to maintaining them in individual cages), except
in certain conditions, are changing and might lead to new
insights. Although some of these environmental enrichment
measures may be perceived as troublesome in feeding experi-
ments, they lead to systematic investigation of some of these
factors. For example, group housing promotes social inter-
action as well as increased physical activity. Indeed, social
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influences on eating are recognized in human subjects (for
reviews, see De Castro, 1988; de Castro & Stroebele,
2002), and physical activity has direct effects on energy
balance.

The increasing pressures applied by animal care and use
committees have other effects as well. Researchers must
now explicitly justify the use of animals as opposed to
using in vitro models. However, when understanding
behaviour, such as food intake, is the goal of the research,
in vitro or computer-modelled approaches have only very
limited utility. The choice of species is also being
influenced. The use of rats and mice appears to be less con-
troversial than the use of cats and dogs, or non-human
primates, thus perpetuating the trend that already exists.

A major advantage of using animal models is of course
to pursue research avenues that are impossible with human
subjects. For example, invasive procedures, such as gaining
access directly to brain areas by means of cannulas or elec-
trodes in order to address questions on the neural circuitry
or neuropharmacology of ingestive behaviour, can only be
done with animals. While less invasive techniques, such as
the systemic administration of drugs like fenfluramine and
amphetamine that affect food and water intake similarly to
when the drugs are administered centrally (for reviews, see
Thibault & Booth, 1999b), are used in research on human
subjects, most neurotransmitters and hormones do not
easily penetrate the blood–brain barrier.

Most regulatory agents decree that drugs should be
tested first in animals before approval is given for human
trials. However, the scope of the requisite animal research
may not always be sufficient to understand nuances that
apply to human subjects. As an example, although a drug
might be approved for human use, little might be known
regarding gender or macronutrient selection effects. This
was the case for Meridia (sibutramine), a drug approved
by the Food and Drug Administration to treat human
obesity in the USA in 1998. Only after it had been
approved did human trials determine that sibutramine
changes macronutrient selection, changing the relative
fat:carbohydrate intake at certain times of the day (Rolls
et al. 1998; Chapelot et al. 2000). This has now been repli-
cated in male and female rats (M Leblanc and L Thibault,
unpublished results), despite the fact that human subjects
had a choice of food, each food containing more than
one macronutrient, while the animals ate macronutrient-
rich dishes. Such nuances are important to identify and
understand, since pharmacotherapy should be an adjunct
to diet and other treatments. Man eats food for many
reasons other than energy balance, and this example
demonstrates how animal and human research can be coor-
dinated to understand some of the environmental and
emotional influences that can occur in man.

Can animals tell us anything about what is going on in
the mind of obese individuals? On the one hand, a
symptom such as overeating can be seen by direct obser-
vation and measured precisely in laboratory animals. In
fact, accurate assessment of variables of intake (e.g. the
precise energy contents of meals, macronutrient intake
and patterns of intake) is not easy in human subjects and
is subject to biases (De Castro, 1988; de Castro &
Stroebele, 2002). What cannot be easily inferred from

animals is a change in the motivation to eat, although
certain paradigms using animals purport to do this (Grill
et al. 1996; Grill & Kaplan, 2002; Berridge, 2004). On
the other hand, most psychological attributes of human
subjects can only be obtained verbally, such that language
is often used to set human subjects apart in studies of
ingestive behaviour.

Animals enter experiments on ingestion with limited or
no experience in diverse environments or foods. Human
subjects, on the other hand, enter experiments with
considerable experience, and learned responses often
influence their behaviour in a test situation. Learned
approaches to certain situations, such as over- or under-
eating when one is stressed or depressed, could contribute
to altered intake. For the most part, findings from animal
and human investigations on the effects of learning on
meal initiation have concurred (for reviews, see Logue,
1991; Woods & Strubbe, 1994; Sclafani, 1997; HP
Weingarten, unpublished results).

Factors that influence food intake and obesity

Developmental factors

Human obesity develops in the context of environmental
pressures and learned food preferences, factors that are
not present or minimized in animal models. In man, the
development of food preferences in childhood is greatly
influenced by their parents and their peers (Birch &
Fisher, 1998). When they are young, children regulate
their food intake quite precisely, but this regulation
becomes less accurate as children age (Birch et al. 1991;
Rolls et al. 2000). Animal models that examine the factors
involved in the acquisition of food and nutrient preferences
are thus important, as earlier work has provided compre-
hensive physiological and behavioural analyses concerning
the acquisition of the control of food intake in animals
(Thibault & Booth, 1999a), especially the modelling
done by parent animals (Galef & Giraldeau, 2001).

Patterns and rhythms of intake

Feeding is periodic in man and animals, with circadian
influences predominating (Le Magnen & Devos, 1982;
Strubbe & Woods, 2004). Circannual rhythms of food
intake are also important, especially in hibernators and
migrators (Mrosovsky & Melnyk, 1982), and seasonal
changes in intake have also been described in human
subjects (De Castro, 1991). Hence, investigating the under-
lying phenomena in animals may help us to understand
why human subjects choose to eat and drink at different
times of the day, and the amounts ingested. Although
some of the origins of eating and drinking patterns lie in
individual habits and social norms, some reflect endogen-
ous oscillatory drives and metabolic factors (Waterhouse
et al. 1997; Strubbe & Woods, 2004).

Food choice

In the majority of studies, animals are offered laboratory
chow as their sole food source. To make a comparable
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clinical trial, subjects would have to be offered a diet
consisting solely of bran cereals and milk, vitamin pills
and water (or some other non-variant formula). While
these diets may meet the nutritional requirements in both
species, convincing human subjects to consume such a
constant diet day after day would probably be met with
considerable resistance. One approach has been to create
more human-like experimental diets to present to animals,
with two or more dietary constituents differing in nutrient
content. These ‘dishes’ can vary in macronutrients, texture,
flavour and other properties (Sclafani, 1989; Thibault &
Booth, 1999b). What is key is that whatever diet is used
must ensure the nutritional adequacy of the diets used
(Thibault, 2003). As an example, in rats, the protein level
in the diet must be adjusted to meet maintenance and
growth needs, while a minimum fat level is required to
provide the essential fatty acids. Diets that induce nutrient
imbalances or deficiency frequently lead to under-
consumption (Gietzen & Magrum, 2001).

Genetic factors

Obese individuals can modify their lifestyle, but they
cannot change their genes. Inherited genetic predisposition
has been implicated in almost all aspects of energy
homeostasis, including the maintenance of body weight
and the effectiveness of dietary and physical activity
interventions to cure obesity (Bouchard, 1995; Rankinen
& Bouchard, 2002). However, all of these genetic factors
involve multiple genes, whereas the classic animal
models of genetic obesity are the ob/ob and the db/db
mouse, the Zucker fa/fa rat, and a few others, all of
which have a single gene mutation and most of which
were first described several years ago (Ingalls et al.
1950; Zucker & Zucker, 1961; Coleman, 1978). With the
identification of the obese gene and the protein leptin
(Zhang et al. 1994), studies on the genetics of human
obesity shifted, and leptin-resistant and leptin-deficient
obese children were soon identified. Animal research
rapidly identified other genes involved in the control of
energy homeostasis, including the role of melanocortins
and their receptors in the hypothalamus (Cone 1999) that
also have human homologues (Comuzzie & Allison,
1998; Yeo et al. 1998). Identifying central neural circuits
that influence all aspects of energy homeostasis is a very
active area of animal research with the promise that
newly created animal models will greatly help in
understanding the biology of human obesities (Woods
et al. 1998; Schwartz et al. 2000).

Summary

In summary, animal models for ingestive behaviour and
obesity are necessary and important. While they have
limitations for understanding many aspects of human
behaviour, they nonetheless provide valuable insights and
lead the way to potentially novel therapeutic approaches
in human subjects. To quote Mary Midgley: ‘We are not
just rather like animals; we are animals. Our differences
from other species may be striking, but comparisons with

them have always been, and must be, crucial to our view
of ourselves’ (Midgley, 1979).
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