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ABSTRACT
Obesity is defined by an imbalance between energy expenditure and energy consumption. Presently, it 

is considered a global problem because people are consuming junk food and doing less physical activity in 
every country of the world. It is all due to sedentary life style. The currently available drugs for the treatment 
of obesity are not giving satisfactory results as they have many adverse effects along with rebound obesity 
complications. To evaluate new drug in pre-clinical study, we need to have better supportive animal models. 
Obesity can be induced by giving drugs, fat food, surgical procedures, and by genetic modifications. In 
the present review, various obesity induced models have been explained to evaluate new compounds. In 
experimental animal models, monogenic and polygenic obesity models have been reviewed, with a proper 
pathway to prepare new drugs being given. While in the existing models, genetic obesity models were not 
explained so far, here genetic engineered transgenic models were described to evaluate new anti-obesity 
drugs. This short review on chemically and surgically induced obesity models aimed to provide a better 
understanding of the experimental design of obesity.

Keywords: obesity, monogenic, polygenic, genetic engineered, surgical obesity models.

INTRODUCTION

Obesity is a term applied to excess 
body weight with an abnormally 
high proportion of body fat. Ther-
modynamically speaking, it is an 
imbalance between energy intake 

and energy expenditure that presents a risk to 
health, leading to reduced life expectancy 
(WHO-2022). Obesity is a global health problem 

and its prevalence has been increasing alarmingly 
in developing and developed countries. Obesity 
is termed as a “new world syndrome” because it 
causes many non-communicable diseases such as 
diabetes and metabolic syndrome, and adversely 
affects the body homeostasis (1). It is considered a 
disarray of energy balance and fundamentally a 
disorder of lipid metabolism (2). Sedentary life-
style and consumption of junk food are the major 
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reasons for the increase in obesity prevalence. 
The body mass index (BMI) is commonly used to 
assess overweight and obesity in adults (1, 3) and 
it exceeds 30 in people with obesity and over-
weight, which are the major risk factors for 
non-co mmunicable diseases such as cardiovascu-
lar diseases, diabetes, musculoskeletal disorders 
and cancer. Obesity linked hyperlipidemia can 
increase systemic oxidative stress (4). Hence, the 
management of obesity is a herculean task for cli-
nicians as it is the underlying cause of many di-
seases (5). According to World Health Organiza-
tion (WHO) reports, more than one billion people 
worldwide are obese, including 650 million 
adults, 340 million adolescents and 39 million 
children; this number is still increasing, with 2.8 mi-
llion deaths occurring throughout the world due 
to complications arising from obesity and over-
weight as per WHO report 2022 (6). Interestingly, 
the prevalence of obesity is higher in women 
(about 297 million) than men (205 million) (7). 
On the occasion of the World Obesity Day 2022, 
WHO is urging countries to do more to reverse 
this predictable and preventable health crisis. 

Globally, by 2030, an estimated number of 
one billion people will live with obesity, which is 
double the number reported in 2010. The rates of 
obesity, an important risk factor for diabetes, con-
tinue to rise. While lack of progression on redu-
cing obesity is a global issue, each region has its 
own story. In parts of Europe and North America, 
obesity is starting to plateau, albeit at high rate, 
while it is rising fastest in low and middle income 
countries as well as small island developing states, 
and adding pressure to many countries, also grap-
pling with malnutrition. Prevention of obesity as 
well as early intervention and treatment through 
government policy is vital (8, 9).

The present available drugs can control and 
prevent weight gain by their pharmacological ac-
tions, e.g., inhibition on fat absorption from GIT 
and accelerate fat metabolism. However, the use 
of drug use is linked to their considerable, both 
tolerable and intolerable, side effects, including 
hypertension, heart-related complications, psy-
chiatric problem (mental illness), and constipation 
(10, 11). The most commonly used drug in the 
management of obesity is orlistat, which reduces 
fat absorption by inhibiting lipase activity. How-
ever, orlistat is also associated with side effects 
such as gastrointestinal complications, abdominal 
pain, bloating, flatulence, and diarrhoea, and it 

may also lead to dyspepsia and liver damage (12). 
Hence, there is a need for developing safer alter-
natives to orlistat which are effective and associ-
ated with minimum or fewer side effects. 

To develop a new drug for a better treatment 
of obesity with fewer side effects, various models 
should be used to evaluate the potency of up-
coming drugs. The study and understanding of 
various mechanisms and physiological pathways 
in obesity are very important to establish new 
drug development methods. Hence, different ani-
mal models have been discussed in a systematic 
manner. Diet induced obesity, drug induced obe-
sity, and various genetic models are discussed 
here. The overweight or obesity of an individual is 
determined by his/her BMI. The classification of 
BMI is described in Table 1 (13). q

OBJECTIVES OF THE STUDY

Our study had the following objectives: to re-
view and draw an inference from issues re-

garding drug induced obesity; to review and de-

A Review of AnimAl models of obesity And mAin CAuses of HumAn obesity

TABLE 1. Classification of BMI

FIGURE 1. Factors precipitating obesity
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monstrate an experimental rodent model of 
obe sity; to review the existing genetic engineered 
transgenic models; to review and demonstrate 
surgical and chemical induced obesity in animals. 

Several etiological factors of overweight or 
obesity have been reported, including hormonal 
dysregulation, genetic polymorphism and envi-
ronmental factors. It may be due to either a single 
factor or multiple factors or even to complex in-
teractions between the above stated. q

DRUG INDUCED OBESITY

Drug induced obesity is seen in patients treated 
with corticosteroids, antidiabetic drugs, anti-

psychotic drugs, antidepressant drugs, mood sta-
bilizers, antiepileptic drugs, and antihypertensive 
drugs. The mechanism of induction by glucocorti-
coids includes up-regulation of phosphokinases 
activated by adenosine monophosphate and exa-
ggerate HPA axis progressively. This in turn causes 
dysregulation of endocannabinoid receptor acti-
vity resulting in obesity (14, 15). Antidiabetic 
drugs like thiazolidinediones and sulfonylureas 
lead to weight gain as a result of anabolic effects 
of insulin. b-blockers will also induce weight gain 
due to their genetic variations in b receptor genes. 
The other drugs are shown in Table 2. q

EXPERIMENTAL MODELS OF OBESITY  
IN ANIMALS

Mostly rodent models are used for obesity 
studies. The common ones are described 

below.
 

1. Monogenic models
Leptin-deficient model
Leptin-deficient ob/ob mouse model has been 
used by many studies. Ku S K et al (2016) con-
ducted a study using five C57BL/6JJms mice aged 

five weeks and 25 male (C57BL/6JHam-ob/ob) 
genetically-obese mice aged five weeks after ac-
climatization of 28 days. Equal quantities of food 
(150 g) were provided per cage and residual food 
was measured after 24 hours with an automated 
electronic balancing system. Body weight mea-
surements were done weekly for three weeks af-
ter baseline. During the fourth week, body-weights 
were measured three times. The ob/ob-mice ex-
hibited a significantly elevated body weight in 
comparison to wild-type mice prior to the start of 
study product administration. Also, in all ob/ob-
mice, a significant rise in mean food intake per 
day was observed relative to wild-type mice (23).

Koffi C et al (2019) research comprised 
3-4-month-old ob/ob or ob/+ mice with one 
week acclimatization of both sexes. Mice were 
fed daily for four weeks and their body weight 
increased tremendously. In contrast with lean 
mice, ob/ob mice showed a higher body weight 
and lower food consumption (24). Bruno R S et al 
(2008) contrasted male leptin-deficient-mice 
(ob/ob) with their lean-littermates of C57BL/6J. In 
line with their phenotypic tendency to be obese 
at young ages, five-week-old ob/ob mice weighed 
34% much as their lean-mates at the start of the 
study. As predicted, obese-mice (ob/ob) showed 
increased body-weight than lean-mice at the end 
of the experiment (25). 

Leptin-receptor deficient mouse
A study by Zhao R et al (2014) used wild-type and 
db/db mice, which were fed with chow, and re-
ported an increased body weight in db/db mice in 
comparison to wild-type mice (26). Another study 
also reported increased body weight along with 
the incidence of hepatic steatosis in db/db mice 
(27). The increased body weight was linked to 
up-regulated AMPK signalling and down-regula-
tion of mTOR in the liver (28).

A Review of AnimAl models of obesity And mAin CAuses of HumAn obesity

TABLE 2. Drug 
induced obesity
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There are no major variations in the lipid pro-
file in T2DM human subjects with regard to sex, 
besides a higher level of HDL-cholesterol in females. 
This lipid profile is distinct to the above-men tioned 
animal models. Drawn collectively, the obesoge-
nic phenotype found in T2DM leptin-based ro-
dent-models does not properly mimic human 
causal factors, history or pathology (29).

Zucker rat
Various mechanisms of obesity and therapeutic 
mechanisms have been demonstrated using 
Zucker rats in anti-obesity drug screening. Y Li 
et al (2005) also demonstrated up-regulation of 
α-glucosidase activity in Zucker rats (30). De-
railed gastric lipase activity was shown by Vaque-
ro M R et al (2012) in Zucker rats, which were 
compared with lean (fa/+) rats after a feeding 
period of 64 days (31). Another six-week study 
demonstrated the activity of uncoupling-pro-
tein-1, PP-ARα, and PP-ARγ-coactivator-1α in 
obese Zucker rats. The role of peroxisome proli-
ferators-activated receptor-α in obesity was 
stressed in a study conducted by Kim Y J et al 
(2006) using Zucker rats (32). Lemaure B et al 
(2007) suggested the role of b adrenoceptor ac-
tivity in obese Zucker rats (33). Zucker rats exhi-
bited increased levels of lipids, glucose, insulin, 
nitric-oxide synthase, TNF-α and adiponectins, 
which partly resembles obesity in humans (34). 
The disadvantages with this strain include ex-
pensive and sophisticated maintenance, high 
mortality, insulin requirements after certain ages, 
which are differing from obesity in humans (35).

Wistar Kyoto fatty rat
This strain was used by many studies to screen 
anti-obesity properties of various phytochemicals, 
plant extracts and drugs. Apart from acquiring 
obesity, this strain also exhibited a binge-eating 
behaviour (36). Zawistowski J et al (2009) demons-
trated the occurrence of hypercholesterolemia in 
Wistar Kyoto fatty rats fed with experimental diets 
for 10 weeks (37). Hepatic and renal injuries 
along with raised oxidative markers were shown 
in these rats by the study of JM Jaffri et al (2011) 
(38). Reduced gastric and increased small intesti-
nal transit along with altered intestinal flora was 
found by Dalziel JE et al (2017), with high esters of 
cholesterol and low glycerophospholipids in this 
rat strain (39). Wistar Kyoto rats were used as con-
trols in few studies evaluating spontaneous-hyper-

tensive rats, which showed a significant rise in the 
body-weight of Kyoto rats (40, 41).

Otsuka Long-Evans Tokushima fatty rat
This strain was bred from Long-Evans rats and 
showed features of obesity and insulin resistance, 
which exhibited characteristic abdominal fat, as 
well as development of diabetes at the age of one 
year (42). It has also shown up-regulation of neu-
ropeptide-Y and discrepancy of cholecystokinin-1 
receptor gene (43).

2. Polygenic models
Diet-induced obese (DIO) and diet-resistant 
(DR) Sprague-Dawley rats
Sprague-Dawley rats are used to produce diet-in-
duced obese rats and about 33% of them acquire 
diet-resistant obesity, which may be considered as 
a drawback of this model. But if the state is esta-
blished, it continues with the same. The beha-
viour of hyperphagia is unique as they have large 
meals rather than more frequent meals (44). The 
DIO rats develop glucose-intolerance and insulin 
resistance. They exhibit raised NPY protein and 
leptin levels. These models resemble to humans 
when they develop resistance to leptin and re-
duced abdominal fat in restricted food intake 
(45).

Cafeteria diet-induced obesity (CIO)
Compared to DIO rats, CIO rats were consi-
dered as robust obesity model. The weight-gain 
in CIO rats was double to that observed with 
DIO rats. Food intake was greater (30%) in 
CIO rats than DIO rats, which implied that 
CIO rats were more hyperphagic. These rats ex-
hibited obe sity with chronic low-grade inflam-
mation, vis ceral fat, macrophage infiltrated-adi-
pose, increased TNF-α, and insulin resistance. 
Insulin resistance was high in CIO rats compared 
to DIO rats. Lipid accumulation in droplets was 
observed profoundly in structures closely related 
to vascular components in comparison to 
DIO rats. Fatty liver associated with hepatoste-
atosis inclu ding microvesicular events (portal-tri-
ad and cen tral vein) was observed only in 
CIO rats, which resembles obesity in humans. 
Characteristics of Kupffer cells in CIO rats resem-
bled human pathology of obesity, which was not 
seen DIO rats.

Gil-Cardoso K et al (2017) compared CIO rats 
with genetic rat models in their extensive study. 

A Review of AnimAl models of obesity And mAin CAuses of HumAn obesity
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They inferred increased gut inflammation in 
CIO rats compared to genetic obese-rats, which 
showed the severity of obesity and metabolic de-
railments. They also evaluated gut flora of both 
models, but could not obtain any significant 
events. Their study was different in approach to 
indicate the necessity of drugs altering the gut per-
meability and inflammation in treatment of obe-
sity, as many studies were focusing on the inflam-
matory events in the liver (46). 

Barber T et al (1985) revealed an increased 
body weight of CIO rats associated with a reduc-
tion in uptake of amino-acids by the liver and 
other enzymes of the cell-cycle. They also showed 
a decreased excretion of urea in urine samples of 
CIO rats, which was a peculiar aspect of this mo-
del in comparison to other models.

Lopez IP et al (2003) analysed the genetic abe-
rrations in CIO rats. They reported that the genes 
related to macronutrient metabolism (6-phos-
phofructo-2-kinase/fructose-2, 6-bisphosphatase, 
alanine-aminotransferase, aldose reductase, apo-
lipoprotein B, beta-3-adrenergic receptor, 
fatty-acid transporter, glycerol 3-phosphate dehy-
drogenase, leptin ob, low-molecular-weight FABP, 
lysosomal acid-lipase, uncoupling protein-3), 
transcription factors (C/EBP-related transcrip-
tion-factor, DNA-binding protein-C/EBP, NF-1-like 
DNA-binding protein, nuclear receptor-binding 
factor-1, PPAR-gamma protein, small nucle - 
ar-RING-finger-protein), hormone receptor and 
signal transduction (adenylyl cyclase-type-V, cy-
clic-GMP-stimulated-phosphodiesterase, GM2 
activator-protein, growth hormone-receptor, in-
sulin receptor substrate-3 (IRS-3), insulin-induced 
growth-response-protein, insulin-like growth fac-
tor-I (IGF-I), neuroendocrine-specific-protein, 
oxytocin receptor, scavenger receptor-class-B, 
and cellular cytoskeleton (alpha B-crystallin, se-
creted protein acidic rich in cisteine (SPARC), sy-
naptic density protein PSD-93) were all up-regu-
lated. 

The down regulated genes related to macro-
nutrient metabolism (acyl-CoA hydrolase,  
aldehyde dehydrogenase (ALDH), apolipopro-
tein E, aspartate aminotransferase, GLUT1, glyco-
gen storage disease type 1b protein, phospho-
fructokinase C, squalene epoxidase), redox 
proteins (glutathione S-transferase-P-subunit, 
gluta- thione-S-transferase-subunit-8, metallothio-
nein-1), transcrip tion factor (Homeobox-protein 
(Hox-1.11), Krox20-6-EGR-2 (early growth res-

ponse protein 2), hormonal and signal transduc-
tions (acidic calcium-independent phospholipase 
A2, estrogen-responsive uterine, FGF receptor 
activating protein FRAG1, fibroblast growth factor 
receptor subtype 4, MAP kinase kinase kinase 1 
(MEKK1), vitamin-D binding-protein), and cellu-
lar cytoskeleton (beta-A4 crystallin, connexin-31) 
were also demonstrated (47).

Macedo IC et al (2012) showed that CIO rats 
were non-inferior to other rats in gaining body 
weight associated with increased leptin levels and 
hyperlipidemia (48). A study by Jindal V et al 
(2011) showed that CIO rats significantly differed 
from sulpiride-induced obese (SIO) rats in weight 
gain when fed for 40 days. The CIO rats exhibited 
increased levels of cholesterol, triglycerides, glu-
cose and HDL-cholesterol (49). 

New Zealand obese mice
These mice were developed from agouti mice. 
They present the polygenic syndrome with mani-
festations of hyperphagia, hyperglycemia, in-
creased body weight, and insulin-resistance. 
Igel M et al (1997) demonstrated the existence of 
polymorphic leptin-receptors and leptin resis-
tance in these mice models (50). The limitations 
with this model include fertility problems, and 
more susceptibility to diabetes (51).

Age-related obesity model
This model was studied using both mice and rats. 
The rat models exhibited leptin derailments. Scar-
pace PJ et al (2000) showed impaired leptin-signal 
transduction in aged rats with obesity (52). Scar-
pace PJ et al (2001) demonstrated the occurrence 
of leptin resistance by evaluating leptin levels in 
aged obese rats (53). Reduced oxidation was also 
observed in association with obesity in age-rela-
ted obesity models (54). Increased IL6 levels and 
hyperlipidemia were reported in another study 
(55).

3. Genetic engineered transgenic models
Transgenic corticotropin-releasing factor 
(CRF)-overexpressing animals
With the metallothionein-1 enhancer, which truly 
mirrors chronic modulation of brain CRF mecha-
nisms, CRF-overexpressing mice were established 
(56). Corticotropin-releasing factor modifies the 
behaviour of food intake-regulators like neuro-
peptides Y (NPY) and leptin (57). Stengel A et al 

A Review of AnimAl models of obesity And mAin CAuses of HumAn obesity
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(2009) demonstrated the dysfunction of NPY 
pathway due to CRF overexpression (58).

Glucose transporter subtype 4
The up-regulated insulin-mediated glucose distri-
bution of adipocytes in young-obese Zucker rats 
is associated with an upsurge in cytochalasin-B 
binding as opposed to lean-rat adipocytes. The fa 
gene imposes differential regulation over the di-
stribution of GLUT 4 in adipose-tissue and sup-
ports the idea that the genotype is a key meta-
bolic factor of GLUT 4 expression in this tissue, 
autonomous of hyperinsulinemia in obesity (59).

Beta-3 adrenergic receptor knockout
ADR-B3 KO mice confirmed that by facilitating 
adrenergic activation of white-adipose-tissue li-
polysis, especially once the adipocytes are packed 
with triglycerides, ADR-B3 is the key regulator of 
body weight. This model resembles the DIO one 
as ADR-B3 KO increases predisposition to DIO 
(60).

Serotonin 5-HT-2c receptor knockout, neuro-
peptide-Y 1 receptor (NPY1R) knockout mouse, 
NPY2R knockout mice, bombesin 3 receptor 
knockout mice, neuronal insulin receptor knock-
out models target specific pathway and may not 
resemble human obesity as it is multifactorial. 
Apart from this limitation, they are more expen-
sive to use in research. 

4. Surgical (or) chemical induced obesity  
models
Obesity can be induced by surgical procedures as 
well as by giving some chemicals which can cause 
obesity. In rats, obesity can be induced by making 
ventromedial hypothalamus (VMH) lesions, hypo-
thalamic paraventricular nucleus lesions, and by 
arcuate nucleus lesions. Ovaries can be removed 
(ovariectomy) by surgical procedures in female 
rats to induce obesity. Ovariectomy rat models of 
obesity resemble human obesity, but the drawback 
of these models is that they require surgical inter-
ventions and have a high mortality.

In 2014, Gaur A et al demonstrated that after 
VMH lesion, serum cholesterol in rats was consi-
derably greater, suggesting that VMH had a lipid 
lowering effect on DIO. Food intake increased 
even more after VMH-lesions, perhaps in the ex-
perimental rodents. Plasma glucose and total cho-
lesterol also increased (61).

Leibowitz SF et al (1981) demonstrated that, in 
both gender rats, small lesions basically confined 
to the PVN were reported to produce binging and 
elevated body weight (62). Tokunaga Katsuto et al 
(1986) compared the VMH and PVN models, and 
concluded that PVN was less effective than VMH. 
The features of obesity caused by PVN lesions 
vary from all due to damage to VMH. In rats fee-
ding ad libitum, nocturnal food consumption was 
smaller in the VMH-lesioned rats. The presence of 
an independent pathway in hypothalamic NPY 
gene expression that regulates the regular rhythm 
and suggests that leptin reinforcement action re-
quires a preserved VMH (63, 64). Arcuate nucleus 
lesioned rodent model showed an increased body 
weight and reduced NPY-mRNA (64).

Ovariectomy rat models exhibit obesity due to 
estrogen deficiency, and not leptin resistance. In 
ovx-rats, the concurrence of bone calcium dys-
regulation and obesity was found related to a sig-
nificant rise in adiposity, bone loss, reduction in 
the normalized muscle-mass to body weight ratio 
and a significant decrease in motor activity (65). In 
OVX-rats, high weight gain and BMI have been 
inversely related with serum estradiol (66). 
OVX-rats also exhibited hyperphagia (67).

The cafeteria induced obese mimics diet of 
people living in Western countries, which is influ-
encing the Indian diet too. Cafeteria diet results in 
hyperphagia, thermogenesis and also affects meal 
size inducing obesity (68). This model has the 
highest similarity to human eating patterns (69). 
Genetic models have contributed for underlying 
gene mechanisms controlling energy balance in 
the body, but other mechanisms were revealed 
using diet induced models. Obesity, a true pan-
demic now, is mainly due to cafeteria diet. It re-
veals the physiological, biochemical and patho-
logical including genetic mechanisms of obesity. 
This is the reason why this model holds more sig-
nificance than others (70). q

CONCLUSION

Evaluation of various reasons and consequences 
of obesity may be helpful in discovering new 

drugs for the treatment of obesity. The best model 
to induce a disease is the one which best repli-
cates its pathophysiological characteristics. The 
multifactorial causes of obesity provide several 
options for the development of experimental 
models to induce obesity. Several animal studies 

A Review of AnimAl models of obesity And mAin CAuses of HumAn obesity
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promoting neuroendocrine, dietary and genetic 
alterations have been performed. It is necessary to 
choose the model which is best adapted to the 
characteristics to be researched, be they environ-
mental or genetic. The best results were obtained 
based on choosing the appropriate obesity mo-
dels to prepare the best drugs for obesity 
treatment. q
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