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ABSTRACT
Obesity appears as fat accumulation in adipose tissue from high energy intake and insufficient energy
consumption. It is accompanied by several factors such as genetics, environmental, fetal nutrition,
energy intake and expenditure, and culture. These factors stimulate several other mechanisms that
contribute to obesity and obesity-related disorders such as hypertension, diabetes, arthritis,
hyperlipidemia, coronary heart disease, etc. In the present article, we have examined the main factors,
symptoms, and special problems associated with obesity, mechanisms of obesity, and the relation of
important parameters with obesity. We have also depicted the various animal models for obesity
research. Lastly, we have described the management of obesity.
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1. Introduction
The World Health Organization (WHO) defines obesity as "an
abnormal condition" or unnecessary fat deposition in fatty
tissue, to the extent that health may be impaired. The most
common association of fatty acids with adipose tissue is
related to their storages as triglycerides in mature adipocytes
and the consequences of excess accumulation in obesity
(Switzer et al., 2013; Han and Leel, 2021). Obesity accelerates
morbidity and mortality and has been described by the WHO
as an epidemic in many industrialized nations. Health
agencies have proposed that obesity should be defined based
on the weight in kg expressed over height in m2, the so-called
body mass index (BMI), initially described by Queteletin, 1869
(Després et al., 2001). In the adult, the normal range of the
BMI is about 20-25; a BMI of 25 to 29.9 is overweight, and a
BMI of 30 and above is obese (Cheah, 1996; Peter, 2000).
Despite these shortcomings in the calculation, there is a close
relationship between BMI and the incidence of several chronic
conditions caused by excess fat, including type-2 diabetes,
hypertension, coronary heart disease (CHD), and
cholelithiasis. This relationship is approximately linear for a
range of BMI indexes less than 30 (kg m–2), but all-risks are
significantly increased for those subjects with a BMI above 29
(kg m–2) (Willett et al., 1995; Willett et al., 1999). Waist
circumference shows a relationship with measures of risk for
CHD like hypertension or blood lipid levels. The selection of
cut-off points on the waist circumference continuum involves
https://doi.org/10.54059/2021.4(2)crjpas_192
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swapping between sensitivity and specificity, almost like BMI.
Gender-specific cut-off points for waist circumference may be
of guidance in interpreting values for adults: proposed cut-off
levels are shown in Table 1, with level 1 being intended to
alert clinicians to potential risk, whereas level 2 should
initiate therapeutic action (Han et al., 1995). Obesity has
become a worldwide health problem beyond individual health
concerns because it is closely related to the increased
prevalence of chronic diseases, such as hypertension,
dyslipidemia, CHD, stroke, type 2 diabetes, and some types of
cancer (Han and Leel, 2021). Therefore, in the present article,
we have reviewed all the aspects of obesity, such as to cause of
obesity (factors), mechanism, animal model for research
purposes and management of obesity.
2. Measurement of obesity
2.1. BMI: Weight in kg divided by square of the height in
meters
2.2. Waist circumference: Measured (in centimetres) at the
midpoint between the lower border of ribs and upper border
of the pelvis
2.3. Skinfold thickness: Measurement of skinfold thickness
(in centimetres) with callipers provides a more precise
assessment if taken at multiple sites.
2.4. Bioimpedance: Based on the principle that lean mass
conducts current better than fat mass because it is primarily
an electrolyte solution. The estimation of resistance to a weak
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Table 1: Classification of overweight as per WHO expert committee
(Kopelman, 2000)

BMI (kg m–2)

WHO
classification

Popular description

<18.5

Underweight

Thin

18.5–24.9
25.0–29.9
30.0–39.9
≥40.0

Healthy, normal acceptable
Grade 1
overweight
Grade 2
overweight
Grade 3
overweight

Overweight
Obesity
Morbid obesity

Waist circumference predicts risk of metabolic complications

obesity treated with subcutaneous injections of leptin have
shown a significant and impressive weight loss without any
change in energy expenditure over a 24-h period. A reduction
in basal metabolic rate (BMR) was counterbalanced by
increased physical activity (Farooqi et al., 1999). The chief
effect of leptin in inducing weight loss is mediated via its
suppressive effect on food intake. These findings raise
important questions about the primary role of leptin in
humans and demonstrate the complexity of human
hypothalamic function compared to rodents (Bouchard et al.,
1990).
3.2. Environmental factors

current (impedance) applied across extremities estimates
body fat using an empirically derived equation.

Implicit to the susceptible-gene hypothesis is the role of
environmental factors that unmask latent tendencies to
develop obesity. However, predictions about possible
interactions between genes and the environment are difficult
because there may be a delay in an individual's exposure to an
'obesogenic environment, and/or alteration in lifestylerelated to living circumstances and uncertainty about the
precise timing of the onset of weight gain (Kopelman, 2000;
Lee et al., 2013).

3. Factors influencing the development of obesity

3.2.1. Energy expenditure

3.1. Genetic factors

The most variable component of energy expenditure is
physical activity, representing 20–50% of total energy
expenditure. The analysis of the level of physical activity is
similar in groups of subjects with a BMI of < 20, 20–25, and
25–35, which indicates similar levels of habitual activity. The
measurement of energy expenditure within the home, using
doubly labelled water, also shows comparable values between
obese and lean subjects when corrected for different body
sizes (Prentice et al., 1996).

Gender

Increased
risk

Substantially increased
risk

Women

≥ 88 cm

≥ 88 cm

Men

≥ 94 cm

≥ 102 cm

Obesity risk is amplified within the presence of obese relatives
yet doesn't usually follow classic Mendelian inheritance
patterns. A combination of gene mutations, deletions, and
single nucleotide polymorphisms are all known to contribute
to obesity. Most cases are polygenic, the results of multiple
genes interacting with a changing environment. Each "obesity
gene" only makes a small contribution to phenotype, but
collectively, inherited genetic variations play a serious role in
determining body mass and how the body responds to
physical activity and nutrition. While obesity is most
ordinarily related to polygenic inheritance, there are other
instances during which the cause is monogenic or syndromic.
Monogenic obesity typically is caused by a one-point mutation
with severe obesity because of the main symptom. Syndromic
obesity, on the other hand, has many characteristics, of which
obesity is one symptom (Bouchard et al., 1990; Lee et al.,
2013). Candidate genes for obesity are often selected for
possible effects on body fat composition, anatomical
distribution of fat, food intake, and energy expenditure.
Monogenic rodent models of obesity are all characterized by
early onset of obesity, hyperinsulinemia, and insulin
resistance (Zhang et al., 1994). Replacement of leptin by
intraperitoneal injections in the animals results in a
diminution in weight, body fat, food intake, and serum insulin.
Leptin introduced into the lateral or third ventricle of the
brain effectively reduces weight, indicating a probable central
effect (Campfield et al., 1995). The early hypothesis that
obesity in humans results from a relative or absolute deficit of
leptin has not been borne out. Paradoxically, most obese
humans have high circulating levels of leptin raised in
proportion to fat mass (Maffei et al., 1995). In contrast, only a
couple of people with severe obesity are identified either with
congenital deficiency or a mutation within the leptin-receptor
gene. Detailed observations of a child with severe, early-onset

3.2.2. Energy intake
Surprisingly, no direct correlation has been reported between
the prevalence of obesity and increased energy intake in
developed nations, given the ready availability of highly
palatable foods. The understanding of the role of energy
intake in the aetiology of obesity is confounded by the failure
to report food intake accurately. Under-reporting is widely
known as a feature of obesity, with comparisons of energy
intake and expenditure in obese subjects showing a uniform
shortfall in self-reported food intake of roughly 30% of the
energy requirements (Lichtman et al., 1993; Poppitt et al.,
1998; Ferguson et al., 2013). There is good evidence that
individual macronutrients (protein, fat, and carbohydrate)
exert differing effects on eating behaviour predominantly due
to their impact on satiety. Fat features a weak satiating
capacity, particularly protein, and subjects in experimental
situations readily overeat when presented with high-fat foods
(Lawton et al., 1993, Ferguson et al., 2013). It seems likely that
environmental influences act through increasing energy
intake and/or decreasing energy expenditure. There is some
evidence that high-fat diets are related to an increased risk of
obesity within populations. Still, cross-cultural dietary studies
have not shown any consistent relationship between
nutritional factors and relative weights (Blundell and
Macdiarmid, 1997, Ferguson et al., 2013).
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Table 2: Medications that may support weight gain and suggested treatment substitutes (Aronne et al., 2001)

Treatments

Drugs that may support weight gain

Alternative drugs that may promote
weight loss or be weight neutral

Psychiatric/neurolo
gic treatments

Antipsychotics:olanzapine, clozapine,risperidone,
Antidepressants:selectiveserotoninreuptakeinhibi
tors,tricyclicantidepressants, Antiepileptic drugs:
valproate, gabapentin, carbamazepine

Ziprasidone, quetlapine
bupropion,
nefazodone
Topiramate,lamotrigine,zonisamide

Diabetes treatments

Insulin
Sulfonylureas
Thiazolidinediones
Hormonal contraceptives
Corticosteroids
Progestational steroids
Antihistamines
α-Blockers, β- bblockers

Metformin
Acarbose, miglitol
Orlistat, sibutramine
Barrier methods
Nonsteroidal anti-inflammatory drugs
Decongestants, inhalers
Angiotensin-converting enzyme inhibitors,Ca2
channel blockers

Steroid hormones
and miscellaneous
agents

3.2.3. Culture
Evidence for the serious role of environmental factors in the
development of obesity comes from migrant studies and the
'westernization' of food and lifestyles in developing countries.
The pronounced increase in age-standardized prevalence of
obesity (> 60% in men and women) in the Nauruans in
Micronesia and Polynesians in Western Samoa is closely
paralleled by alterations in diet and lifestyle (James, 1995;
Ferguson et al., 2013). A marked change in BMI is frequently
witnessed in migrant studies, where populations with a
standard genetic heritage live under new and different
environmental circumstances. Pima Indians, for example,
living in the United States is on average 25 kg heavier than
Pima Indians living in Mexico.
3.2.4. Fetal nutrition
Evidence indicates that under-nutrition of the fetus during
intrauterine development may determine the later onset of
obesity, hypertension, and type 2 diabetes independent of
genetic inheritance. Such a phenomenon suggests the
possibility of long-term gene expression programming due to
altered intrauterine growth (Barker, 1995, Ferguson et al.,
2013).

3.3. Medications that may promote weight gain (Aronne et
al., 2001)
Van der Ploeg (2000) reported that the leading cause of
obesity is an imbalance between intake and outflow of fat. He
also reported some factors responsible for the causes of
obesity such as insufficient sleep, food substances interfere
with lipid metabolism, decreased variability in ambient
temperature, increased rates of smoking, which suppresses
appetite, increased use of medication that leads to weight gain,
increased distribution of ethnic and age groups that tend to
heavier, pregnancy at a later age, intrauterine and
intergenerational effects and people with a higher BMI
Foster et al. (2003) investigated that 11 factors are
responsible for the development of obesity, those are physical
inactivity, overeating, high-fat diet, genetic factor, poor
nutritional knowledge, psychological problems, repeating
dieting, restaurant eating, lack of willpower, metabolic defect,
endocrine disorder
Foster et al. (2003) found that among 11 factors, physical
inactivity is significantly more important than other factors for
the development of obesity. Two different behavioural
factors— overeating and a high-fat diet—received the next
highest causing factors.

Table 3: Symptoms and special problems associated with obesity (Frood et al., 2013)

Systems

Symptoms and special problems

Circulatory system
Digestive system
Integumental system

Coronary heart disease, hypertension, pulmonary embolism, varicose veins
Cholelithiasis, gastroesophageal reflux disease (GERD) col hepatic steatosison cancer,
hernias, nonalcoholic steatohepatitis (NASH)
Cellulitis, carbuncles, hygiene problems, intertrigo, venous stasis of legs

Musculoskeletal system

Immobility low back pain, osteoarthritis

Genitourinary system

Hypogonadism, prostate cancer, urinary stress incontinence

Neurologic system

Idiopathic intracranial hypertension, meralgia paresthetica, stroke

Psychosocial

Depression, social/employment discrimination, work disability

Reproductive/endocrine systems

Amenorrhea, breast cancer, Cushing syndrome, type 2 diabetes, dyslipidemia, glucose
intolerance, hypothyroidism, infertility, insulin resistance, uterine cancer, polycystic ovary
syndrome (PCOS)

Respiratory system

Dyspnea and fatigue obesity-hypoventilation syndrome, (pickwickian syndrome)
obstructive sleep apneas (OSA)
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4. Symptoms and special problems associated with
obesity

orexigenic signals or factors (those that stimulate energy
intake).

Obesity is accompanied by excess lipid accumulation,
impaired glucose tolerance, and elevated serum
triacylglycerol (TG) concentration; thus, it is positively
associated with the progression of various chronic diseases
such as type 2 diabetes mellitus, dyslipidemia, insulin
resistance, cardiovascular diseases (hypertension, stroke, and
atherosclerosis), osteoarthritis, sleep apnea, gallstones, fatty
liver disease, reproductive and gastrointestinal cancers
(Frood et al., 2013). The detailed symptoms, diseases, and
special problems associated with obesity are described in
Table 3.

5.2. Blocking nutrient absorption

5. Strategies for primary drug action that might lead to
significant weight loss
George et al. (2000) reported that five strategies for primary
drug action might lead to significant weight loss. Strategies for
molecules targeted against obesity are shown in figure 1.
5.1. Decrease food intake
Either by magnifying inhibitory effects of anorexigenic signals
or factors (those that suppress energy intake) or by blocking

Food intake central
Monoamines
(noradrenalin; 5HT,
Dopamine,
histamine) Peptides
(NPY; AGRP;
POMC; CRAT;
CRH; Insulin

(Especially fat) in the gut. Enhancing thermogenesis by
uncoupling of fuel metabolism from the generation of ATP,
thereby dissipating food energy as heat
5.3. Modulating fat or protein metabolism storage by
regulating fat synthesis/ lipolysis or adipose
differentiation/ apoptosis.
Increased fat or protein turnover might reduce body weight
by affecting either energy intake or energy expenditure
5.4. Modulating the central controller regulating body
weight
5.4.1. By changing the internal reference value sought by the
controller
5.4.2. By modulating the remarry afferent signals regarding fat
stores that the controller analyzes. This strategy would have
the effective benefits of forcing the endogenous controller to
control multiple pathways of energy balance and minimize
compensation

Leptin

Vagus

Food intake
peripheral
G1 Peptide (CCK,
Apo A-IV)
Pancreatic peptides
(amylin,
enterostatin)

Obesity
Thermo
genesis
Thyroid
hormones
β3-adrenergic
agonist

Fat absorption
Lipase
inhibitor
(Orlistat)
Fatty acid
transporters
Fat
metabolism
DGAT,
Adipocyte
differentiation

Figure 1: Diagram of strategies for molecules targeted against obesity
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6. Relation of important parameters with obesity
6.1. Nutritional lipids
An adult ingests about 60-150 g of lipids per day, of which
more than 90% are triacylglycerols; the remainder is made up
of cholesterol, cholesteryl esters, phospholipids, and free fatty
acids (Champe and Harvey, 1994). The digestion of lipids
begins in the stomach by an acid-stable lipase and continues
in the small intestine (duodenum) through emulsification by
bile salts and degradation by pancreatic enzymes.
Triacylglycerols are degraded by the action of an esterase
which removes the fatty acids at carbons 1 and 3. Cholesteryl
esters are hydrolyzed by pancreatic cholesteryl ester
hydrolase. Triacylglycerols and cholesterol are transported
from the intestine to tissues by packaging them into lipid
droplets surrounded by a thin layer of protein, phospholipids,
and unesterified cholesterol, called chylomicrons (Toplak et
al., 2002). Most lipids are transported in the blood as
triglycerides within lipoproteins. Lipoproteins are particles
containing a core of hydrophobic lipids surrounded by a shell
of proteins, phospholipids, and cholesterol. The four major
groups of lipoproteins are chylomicrons, high-density
lipoprotein (HDL), low-density lipoproteins (LDL), and verylow-density lipoproteins (VLDL). Chylomicrons transport
lipids away from the small intestine, while VLDL transports
triglycerides from the liver to extrahepatic tissues; cholesterol
is carried by both HDL and LDL. HDL transports cholesterol
from tissue to the liver for excretion or bile acid synthesis,
while LDL transports cholesterol to the tissues.
The lipids related to obesity are mainly triglycerides,
cholesterol and their transport forms HDL and LDLcholesterol Structure, regulation, and processing of
triglycerides. Triglycerides are the so-called neutral fats and
are esters of alcohol, glycerol with fatty acids. They are nearly
all mixed acylglycerols with three different fatty acids. The
proportion of triglycerol molecules containing the same fatty
acid residue in all three ester positions is small (Mayes, 1988).
Triglycerides are the chemical form of lipids that exist in food
as well as in the body. They are also present in blood plasma
and are associated with cholesterol from the plasma lipids.
Triglycerides in plasma are derived from fats eaten in food
(triglycerides are found in both plant and animal sources,
mainly in meat and fats like Crisco and puritan oil) or
formation in the body from other energy sources like
carbohydrates. Calories ingested in a meal and not used
immediately by tissues are converted to triglycerides and
transported to adipocytes to be stored (Mayes, 1988; Ganesh
et al., 2010). There are two sources for triglycerides: dietary
and endogenous sources. The level of triglycerides is
regulated by hormones, which regulate the synthesis and
release of triglycerides from fat tissue to meet the body's
needs for energy between meals. Dietary triglycerides mainly
come from eating animal products and saturated fat. In the
body, triglycerides are synthesized primarily in the liver by
two pathways. The first is initiated by synthesizing glycerol
phosphate from glucose and in the second, glycerol is
converted to glycerol phosphate by glycerol kinase (Champe
and Harvey, 1994). This includes converting fatty acids to
their active form using coenzyme A, then three sequential

additions of two fatty acids from fatty acyl CoA, and the
removal of phosphate. The addition of a third fatty acid
produces a molecule of triglycerol. These dietary lipids are
absorbed through the gut, assembled into chylomicrons, and
delivered through the bloodstream to the liver, where they are
processed (Mayes, 1988; Ganesh et al., 2010). One of the
liver's main functions is to make sure that all the tissues of the
body receive the cholesterol and triglycerides they need to
function.
Whenever possible, the liver takes up dietary cholesterol and
triglycerides from the chylomicrons produced in the intestine,
particularly when dietary lipids are not available. The liver
and other tissues produce cholesterol and triglycerides
themselves. The lipoproteins are released into the circulation
and are delivered to the cells of the body. The cells remove the
needed cholesterol and triglycerides from the chylomicrons.
The chylomicrons are released from the intestinal mucosal
cells by exocytosis (Champe and Harvey, 1994; Ganesh et al.,
2010). Triglycerides are released from the chylomicrons in
skeletal muscle and adipose tissue and degraded to free fatty
acids and glycerol by lipoprotein lipase. Cholesterol in the
form of cholesteryl esters in chylomicrons is taken up by the
liver and hydrolyzed to its parts.
6.2. Triglycerides
Excess triglycerides in plasma are called hypertriglyceridemia.
It is linked to the occurrence of coronary artery disease in
some individuals. Elevated triglycerides may be a
consequence of other diseases, such as untreated diabetes
mellitus, by accumulating in pancreatic β-cells and causing its
dysfunction (Shimabukuro et al., 1997; Ganesh et al., 2010).
Very high triglycerides can cause pancreatitis, an enlarged
liver and spleen, and fatty deposits in the skin called
xanthomas
6. 3. Cholesterol
Cholesterol is a 27 carbon atom compound designated as 3hydroxy-cholestene. It consists of four fused rings with the
carbons numbered in sequence and an eight-membered
branched hydrocarbon chain attached to the D ring (Mayes,
1988). Cholesterol is mainly synthesized in the liver (1000
mg/day) and cells lining the small intestine. The precursor of
cholesterol is acetyl CoA and is converted to 27 carbon
cholesterol by a series of complex reactions involving the
following steps:
Acetyl CoA (C2) → mevalonate (C6) → isopentenyl
pyrophosphate (C5) → squalene (C30) → Cholesterol (C27).
All the carbon atoms in cholesterol are provided by acetate
and NADPH provides the reducing equivalents (Champe and
Harvey, 1994). The pathway is driven by the hydrolysis of the
high-energy thioester bond of acetyl CoA and the terminal
phosphate bond of ATP.
Elevated cholesterol levels (hypercholesterolemia) may have
a health-threatening effect because it is a component of
atherosclerotic plaques and elevates the individual's risk of

Page | 15

Haque et al./ Current Research Journal of Pharmaceutical and Allied Science, 2021; 4(2): 11-27
the formation of gallstones (Mendez-Sanchez et al., 2002;
Ganesh et al., 2010). There are two kinds of cholesterol: good
cholesterol carried in HDL and bad cholesterol carried in LDL.
Cholesterol levels and LDL–cholesterol are increased in
obesity due to the high fat intake of these individuals and their
lack of movement, so they are at an increased risk of heart
disease. When LDL levels are too high, the LDL tends to stick
to the lining of the blood vessels, leading to the stimulation of
atherosclerosis or hardening of the arteries. Atherosclerosis
plaques cause narrowing of the arteries and lead to heart
attacks and strokes, whereas increased HDL cholesterol levels
are associated with a lower risk of heart disease. Thus, HDL
cholesterol appears to be a good protector against heart
disease (Anderson et al., 1994). There is some evidence that
the HDL molecule scours blood vessels' walls and cleans out
excess cholesterol, which is transported to the liver for further
processing. Increased cholesterol levels can be caused by the
following factors, including
• Hereditary, e.g. familial hypercholesterolemia.
• A diet high in saturated fat and cholesterol.
• Being overweight increases LDL cholesterol and decreases
HDL cholesterol.
• Being sedentary increases LDL cholesterol and decreases
HDL cholesterol.
• Age: cholesterol levels increase with age, beginning at about
20 years (Mayes, 1988).
• Gender: females before menopause have cholesterol levels
lower than men at the same age, but when menopause occurs,
their LDL cholesterol levels increase, as does the risk of heart
disease.
There are also some secondary causes for elevated levels of
cholesterol. That is, some people have elevated cholesterol
levels as a result of specific diseases or medical conditions. In
these individuals, treating the underlying medical problem
often results in an improvement in cholesterol levels. Thus,
any patient whose cholesterol levels are elevated should be
screened for one of the causes of secondary lipid disorders.
These causes are diabetes, hypothyroidism, obstructive liver
disease, chronic renal failure, and drugs (anabolic steroids,
progesterone, and corticosteroids) (Mayes, 1988). It was
reported that the levels of HDL cholesterol decrease
consistently with increasing BMI. In contrast, the levels of LDL
cholesterol and triglycerides and the ratio of total cholesterol
to HDL cholesterol increased steadily (Mayes, 1988).
6.4. Insulin
Insulin is a peptide hormone secreted by groups of cells
within the pancreas called β-cells of the Islet of Langerhans. It
plays a vital role in maintaining normal glucose levels in the
blood both after a high carbohydrate meal and during a
fasting state. Insulin consists of two polypeptide chains (A & B
chains), linked covalently by disulfide bonds (Rodwell, 1988).
Insulin is synthesized in the ß-cells of the islets of Langerhans
as a pre-pro-insulin, which is stored as proinsulin. In this
molecule, the A and B chains are linked together by C-peptide.
Before the secretion of insulin, the C-peptide is removed, and
the pancreas secretes insulin in the blood in response to an
increase in blood sugar level and other factors (Rodwell,
1988). Most cells of the body have insulin receptors that bind
the insulin and activate a signal transduction pathway. The

insulin receptor is a cell surface receptor of the tyrosine
kinase family.
Insulin resistance, even in diabetes, is associated with central
obesity, hypertension, polycystic ovarian syndrome,
dyslipidemia, and atherosclerosis. In addition, insulin
resistance is coupled with hypertriglyceridemia, low HDL-C,
and enhanced secretion of VLDL, as well as disorders of
coagulation and weight gain, and since obesity is a risk factor
for diabetes, insulin resistance predisposes to obesity and the
development of diabetes (Saltiel, 2000; Hamza et al., 2010;
Alexander et al., 2003).
6. 5. Leptin
Leptin is a peptide hormone secreted by adipose tissue and
made up of 167 amino acids with an amino-terminal secretory
signal sequence of 21 amino acids. (Glaum et al., 1996). It is a
globular protein with a tertiary structure similar to a
hemopoietic cytokine (Mantzoro, 1998). It regulates food
intake, body adiposity, and reproductive competence and
plays a role in fetal growth, gut-derived satiety, immune or
proinflammatory responses, angiogenesis, and lipolysis
(Miczke et al., 2000). Leptin is a 16 kDa molecule made up of a
single subunit of 146 amino acids. It has a four-helical
structure that exhibits an up-up-down-down folding pattern.
Each of the four helices is about 5-6 turns long, and due to the
up–up–down–down arrangement, a two-layer packing of the
helices is formed (Zhang et al., 1997). There are two long
loops connecting helices B to C, and the connecting loops wrap
around the BD face of the helix bundle and the interhelical
angles (Imagawa et al., 1998). The features of the loops are
similar to those found in the long-chain helical cytokine family
(Kline et al., 1997). Hence, leptin is a globular protein with a
tertiary structure (Isse et al., 1995). Leptin is synthesized
mainly in white adipose tissue and is the gene product of the
ob gene. White adipose tissue stores energy in the form of
triglycerides and releases energy in the form of free fatty acids
(Pankov, 1996). On the other hand, brown adipose tissue is
responsible for the expenditure of fatty acids-derived energy
to maintain the organism's thermal stability, dissipating
energy as heat (Fielding et al., 1997).
A direct correlation has been reported between adipocyte
tissue mass and leptin levels. Leptin biosynthesis also occurs
in other body tissues, including the placenta, fetal tissues, and
gastric mucosa. The secretion of leptin is affected by food
intake, total body fat, and serum levels of several hormones
(Mantzoros et al., 1998). Insulin, and to a lesser extent, other
peptide hormones such as pancreatic hormones, including
glucagon, amylin, and pancreatic polypeptide, which reduce
food intake, influence leptin secretion. Insulin is the major
regulator of leptin production by adipose tissue. Infusions of
insulin increase circulating leptin levels in humans (Flier,
1998), and leptin levels are markedly decreased in insulindeficient diabetic rodents (Mueller et al., 1998). Based on in
vitro studies, the effect of insulin in stimulating leptin
production appears to involve increased glucose metabolism
(Jackie et al., 2013; Fourati et al., 2013). A blockade of glucose
transport or glycolysis inhibits leptin expression and
secretion in isolated adipocytes (Mueller et al., 1998). Changes
in insulin-mediated glucose metabolism in fatty tissue are
likely to mediate the effects of energy restriction to decrease
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and refeeding to increase circulating leptin levels (Havel,
2000). Changes in glucose metabolism may also explain the
observation that high-fat meals lower 24 h circulating leptin
levels relative to high carbohydrate meals in humans,
suggesting a mechanism that may contribute to the effects
that high-fat diets have in promoting increased food intake,
weight gain, and obesity (Havel, 2000). The reduced
circulating leptin levels observed during energy restriction
are associated with enhanced sensations of hunger in human
subjects (Mantzoros et al., 1998).
Thus, a decrease in leptin during energy- restriction and
weight-loss regiments might contribute to the strong
propensity for weight gain (Flier, 1998). Hence, adipocytes
secreted leptin into the bloodstream and crosses to specific
regions in the brain involved in regulating energy balance in
the hypothalamus. To reach its target areas, leptin crosses the
brain-blood barrier (Burguera et al., 2002). Leptin circulates
in blood serum in both free and bound forms (Mantzoro,
1998). The free form is the biologically active form, while the
bound form is bound to a carrier protein. Thus, the balance
between free and bound leptin is a potential regulator of
leptin bioavailability (Lahlou et al., 2007).
The action of leptin is mediated by binding to various isoforms
of the leptin receptor (LepR) that are expressed in a variety of
tissues, including the brain, ovaries, and hematopoietic stem
cells (Burguera et al., 2002; Jackie et al., 2013; Fourati et al.,
2013). After binding to its receptors, leptin alters the release
of several neuropeptides, especially neuropeptide Y (NYP),
from the hypothalamus (Baskin et al., 1999). In the
hypothalamus, leptin inhibits the expression of NPY.
Neuropeptide Y is a 36 amino acid protein from the pancreatic
peptide family, which acts as a transmitter in the nervous
system. It is important due to its appetite-stimulating effect.
High hypothalamic concentrations of neuropeptide Y elicit
food intake, whereas low concentrations have the opposite
effect (Wang et al., 1997).
Since body weight is regulated by complex mechanisms
involving numerous metabolic and hormonal signals, leptin's
mode of action and its interactions with other molecules
regulating energy homeostasis have been the focus of several
studies to provide the long-needed answers to the
pathogenesis of obesity. The result of a recent study was that
initially, low plasma leptin levels might predispose to future
weight gain due to the lack of control of food intake and
energy expenditure by leptin (Mantzoros et al., 1998; Jackie et
al., 2013; Fourati et al., 2013). Other factors which have the
potential of causing a positive energy balance which in turn
lead to an increase in body weight, include a high-fat diet and
a low level of physical activity, as well as a low resting
metabolic rate (Jackie et al., 2013; Fourati et al., 2013). The
role of leptin in regulating body weight lies in the fact that
leptin sends signals to the brain about the body's energy
status and affects food intake and satiety (Jackie et al., 2013;
Fourati et al., 2013). Leptin's effect on fat metabolism reduces
the synthesis of free fatty acids and triglycerides and increases
lipolysis. This effect is brought about by an inhibitory effect on
acetyl CoA carboxylase, the rate-limiting enzyme in fatty acid
synthesis (Marik, 2000). Since obesity was found to be a leptin

-resistant state and not a leptin-deficient one as first believed
(very rare), obese individuals tend to have normal or even
higher levels of leptin when compared to normal-weight
individuals, so this resistance gave reason to believe that the
defect lies at the level of the leptin receptor (Jackie et al.,
2013; Fourati et al., 2013). The leptin gene and the leptin
receptor gene are, therefore, candidate genes for the
development of obesity (Chagnon et al., 2003). Mutations in
the leptin gene, which leads to the development of obesity, are
reported in a few rare cases. One example is two morbidly
obese children belonging to a Pakistani pedigree with a high
rate of consanguinity. These children had a mutation in the OB
gene, which resulted in deleting a single guanine nucleotide in
codon 133. Another leptin gene mutation was found at
nucleotide number 26 of the first untranslated exon
(Montague et al., 1997). Whereas for the leptin receptor gene,
it was noticed that a homozygous mutation of the leptin
receptor causes early-onset morbid obesity since there was
reduced energy expenditure and no feeling of satiety which
leads to increased food intake (Clement et al., 1998).
6.6. Pancreatic lipase activity
Pancreatic lipase is the key enzyme for lipid absorption that
hydrolysis triacylglycerols into the gastrointestinal tract.
Pancreatic lipase inhibitor, which helps to limit intestinal fat
absorption at the initial stage, has been proved a useful
medication for treating hyperlipidemia and has great promise
as an anti-obesity agent (Sharma et al., 2005; Birari et al.,
2011).
6.7. Liver, heart, and kidney
Very high triglycerides can cause the enlargement of the liver,
and fat deposits in the liver cause fatty liver hepatitis and
cirrhosis in obese patients (liver fatty syndrome) (Ying et al.,
2013; Hasan et al., 2014). Any necrosis or membrane damage
to the liver and heart leads to leakage of enzymes (AST, LDH,
and ALT) into the blood circulation increase its concentration
in serum. Any necrosis or membrane damage to the kidney
results in increased BUN and creatinine concentration in
serum (Nazmi et al., 2011).
7. Animal models for obesity research
Obesity is often induced in animals by neuroendocrine,
dietary, or genetic changes. The most widely used models to
cause obesity in animals are a ventromedial hypothalamic
nucleus (VMH) lesion by administering monosodium
glutamate (MSG) or an immediate electrical lesion,
ovariectomy feeding on hypercaloric diets, and genetic
manipulation for obesity. Diet-induced obesity models are
best suited and simplest obesity induction models and
possibly the one that the majority closely resembles the
certainty of obesity in humans. Animal models for obesity
research can be divided into the following class.
7.1. Diet-induced models
The diet-induced obesity model is the best suited and simplest
obesity induction model and possibly the one that most
closely resembles the reality of obesity in humans. Hyper
caloric value diets varying between 3.7Kcal/g and 5.4Kcal/g
have proved effective for the induction of obesity. The
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environmental conditions, including temperature, duration of
light and dark period, number of animals per cage, or the
feeding system used for the cages, are essential to developing
these models. Hence, it is essential to control the
environmental conditions (Zhang et al., 2020). Another factor
that has to be considered is the age of the animals at which the
study is conducted. It is most effective to start HFD feeding at
a young age, but it is also important to consider that the
energy balance differs in young compared to older animals.
For example, rats in their pubertal age rapidly gain lean mass
and show completely different BMR than aged rats, which
may, in turn, lose lean mass and gain fat mass. Another
important variable is the duration of an obesity producing
diet; that is, the longer the feeding period, the greater the
increment of body weight gain and presumably body fat
(Diemen et al., 2006; Zhang et al., 2020).
7.1.1. High-fat diet (HFD) induced models
High-fat diet (HFD-)-induced rats model becomes obese,
hyperphagic,
hyperleptinemic,
hyperinsulinemic,
hyperglycemic, and hypertriglyceridemic (Haque et al., 2013).
The obese phenotype results from hyperphagia caused by an
increase in meal size and increased energy efficiency. The DIO
rat displays a central resistance to circulating leptin,
indicating that reduced central leptin signalling may be
involved in the aetiology of hyperphagia in obesity proneness.
The physiological aspects of this model repeat many of the
characters observed with the human obesity syndrome (Gaiva
et al., 2001).
7.1.2. Cafeteria diet
The mixture of palatable commercially available supermarket
food can act as a diet to stimulate energy intake in rodents.
This diet is known as the cafeteria diet. It is the combination of
high-fat content with a high carbohydrate content. These diets
can be implicated in the development of obesity, leading to
significant body weight gain, fat deposition, and insulin
resistance. It has been suggested that rats become more obese
with cafeteria diets than pure high-fat diets, indicating greater

hyperphagia arising from the food variety, texture, and
palatability (Rothwel et al., 1988; Prats et al., 1989).
7.1.3. High fructose-fed animal models
Fructose has several unfavourable metabolic effects, including
hypertriglyceridemia, hyperinsulinemia, and hypertension in
rodents, and induces moderate obesity. The abnormalities and
the disease progression in fructose-fed rats resemble the
human condition of metabolic syndrome and are important
risk factors for coronary heart disease (Rajesh and Venugopal,
2021). As to the metabolic mechanisms underlying the effects
of dietary fructose, the general notion is that hepatic
intermediary metabolism is more affected by ingestion of
fructose
than
glucose.
Fructose
bypasses
the
phosphofructokinase regulatory step and enters the pathway
of glycolysis or gluconeogenesis at the triose phosphate level,
resulting in increased hepatic triglyceride production. Recent
findings also provide a novel hypothesis: Fructose raises uric
acid, which inhibits nitric oxide availability. Since insulin
requires nitric oxide to stimulate glucose uptake, it can be
speculated that fructose-induced hyperuricemia may have a
pathogenic role in promoting insulin resistance and metabolic
syndrome (Zavaroni et al., 1980, Park et al., 1990).
7.2. Venteromedial hypothalami (VMH) nucleus lesion
7.2.1. Monosodium glutamate (MSG)
The ventromedial hypothalamic and arcuate nuclei are
considered the area that controls food intake and energy
expenditure. The administration of MSG to newborn rats is
responsible for the destruction of the ventromedial
hypothalamic and arcuate nuclei, which leads to the
development of obesity. The subcutaneous or intraperitoneal
route can be used for the administration of MSG. The dose that
varies by 2-4 g/kg of body weight of the rat five times every
other day during the neonatal period of the rat causes obesity.
Overeating is not responsible for obesity in neonatal MSGtreated rodents. MSG obesity is associated with a high level of
corticosteroids. The increase in the level of glucocorticoids is
due to the chronic exposure of the adrenal gland to high

Table 4: Different types of diet-induced model (DIM)

DI M

Best use of model

References

DIO mouse (male C57BL/6J mouse)

Investigation of the anti-obese and anti-diabetic potential of novel
therapeutics

(Prats et al.,
1989)

DIO rat

Study of genetic and influences in the development of obesity and
insulin resistance

(Dolnikoff et
al., 2001)

High fat/STZ rodent models

Investigation of the anti-diabetic potential of novel therapeutics

(Meli et al.,
2004)

High fructose fed models

Investigation of aspects regarding the development and progression of
metabolic syndrome

(Zavaroni et
al., 1980)

Cafeteria rats

Investigation of anti-obese therapeutic potential of novel drugs

(Prats et al.,
1989)

High fat fed hamster

Investigation of dietary influences on dyslipidemias, well suitable for
testing novel therapeutics

(Meli et al.,
2004)

High fat fed dog

Physiological investigations of dietary influences on obesity and insulin
resistance

(Meli et al.,
2004)

Obese diabetic cat

Physiological investigations of dietary influences on obesity and insulin
resistance

(Meli et al.,
2004)

Page | 18

Haque et al./ Current Research Journal of Pharmaceutical and Allied Science, 2021; 4(2): 11-27
serum levels of leptin, which occurs in rats treated with MSG
(Dolnikoff et al., 2001).

The occurrence of spontaneous obesity has been reported in
several strains of rats.

7.2.2. Electrical VMH lesion

7.4.1. 1. WBN/KOB rat

The Electrical VMH lesion can be used to induce obesity.
Bilateral destruction of hypothalamic nuclei, which leads to
obesity, can be caused by passing a current of 1.2 mA for 4
seconds, repeated thrice at an interval of 30-second each after
adjusting the position of electrodes. The stereotactic
instruments may be utilized to cause injury with a single
electrical current of 2.5 mA for 15 seconds by 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 0.5mm. The irritative theory
suggests that the hypothalamic nuclei get destroyed due to the
deposition of iron ions in the hypothalamus with the
introduction of electrodes. The ablative theory is of the view
that the cause of injury is electric current only. Studies are
performed comparing electric injury with radiofrequency
(without ion deposition) using the old technique and the
results obtained are a lower index of obesity using
radiofrequency. Therefore, both mechanisms are involved in
developing obesity (Dube et al., 1999, King et al., 1985).

Spontaneous hyperglycemia, glucosuria, and glucose
intolerance have been observed in aged males of an inbred
Wistar strain (WBN/Kob rat). WBN/Kob rats exhibit impaired
glucose tolerance and glucosuria at 21 weeks of age.
Noticeable reductions in the number and size of islets are
found already after 12 weeks of age (Speakman et al., 2007).

7.3. Ovariectomy
The early leptin level drops by removing gonads from female
rats, which causes hyperphagia and marked obesity. Seven
weeks after ovariectomy, the leptin levels rise again, reaching
much higher than preoperative ones. It is not known whether
this increase is due to leptin resistance and could involve
hypothalamic receptors. More recent studies have tried to find
changes in the expression of genes associated with energy
expenditure in ovariectomized rats to account for obesity. It
appears that leptin and estradiol do not regulate themselves
directly because the administration of these in intact female
rats did not show that it altered either of them, and the
reciprocal is true. Therefore, there is a factor responsible for
alerting the hypothalamus to the fact that estrogen production
has ceased. It appears to serve as a signal to the hypothalamus
when the estrogen levels have dropped since it would be
raised after ovariectomy and would remain at the same levels
of hormone replacement that occurred in the female rats
(Shimizu et al., 2003, Meli et al., 2004)

7.4.1. 2. Zucker-fatty rat (ZFR)
The ZFR is a classic model of hyperinsulinemic obesity. Weight
gain(obesity) is due to a simple autosomal recessive (fa) gene
and develops early. ZFR manifests mild glucose intolerance,
hyperinsulinemia, and peripheral insulin resistance similar to
human NIDDM. However, the blood sugar level in ZFR is
usually normal throughout life) (Speakman et al., 2007).
7.4.1. 3. WDF/TA-fA rat/WFR
The WDF/Ta-fa rat, commonly referred to as the Wistar fatty
rat (WFR), is a genetically obese, hyperglycemic rat
established by the transfer of the fatty (fa) gene from the
Zucker rat to the Wistar Kyoto rat. The WFR shows obesity,
hyperinsulinemia, glucose intolerance, hyperlipidemia, and
hyperphagia similar to ZFR being, however, more glucose
intolerant and insulin resistant than ZFR. Hyperglycemia is
usually not observed in females but can be induced by adding
sucrose to the diet. The WFR strain is widely used for research
in type 2 diabetes because aged WFR displays diabetic
complications such as nephropathy and neuropathy
(Speakman et al., 2007).
7.4.1. 4. Otsuka long Evans Tokushima fatty (OLETF) rat
OLETF is a spontaneously diabetic rat with polyuria,
polydipsia, and mild obesity. A strain of rats developed from
this rat by selective breeding has been maintained at the
Tokushima Research Institute (Otsuka Pharmaceutical,
Tokushima, Japan) and named OLETF. The characteristic
features of OLETF rats are: (1) late onset of hyperglycemia
(after 18 weeks of age), (2) a chronic course of the disease, (3)
mild obesity, (4) inheritance by males, (5) hyperplastic foci of
pancreatic islets, and (6) renal complications (nodular
lesions) (Speakman et al., 2007).

7.4. Genetic models

7.4.1. 5. Obese SHR rat

Polygenic obesity is the result of multiple genes interacting
with a changing environment. Monogenic obesity normally is
caused by a one-point mutation with severe obesity as the
chief symptom. Although the monogenic model provides
important information on the biology of obesity, human
obesity is most likely mediated by multiple genes. Therefore,
polygenic models could be much more relevant to human
obesity. The genetic models of obesity are very useful and can
be easily developed. The use of these models to study obesity
increased in the 1990s because of cloning and identification of
the product of five different genes causing obesity (Chagnon et
al., 1996).

The strain of obese SHR rats was developed by Koletsky
(1973, 1975) by mating a spontaneous hypertensive female
rat of the Kyoto-Wistar strain with a normotensive Sprague
Dawley male. Obese SHR rat exhibits obesity, hypertension,
and hyperlipidemia after several generations of selective
inbreeding. In addition, some rats developed hyperglycemia
and glucosuria associated with giant hyperplasia of pancreatic
islets (Speakman et al., 2007).

7.4.1. Rat genetic model

7.4.1. 6. JCR: LA-corpulent rat
Compared to ZFR, the JCR: LAcorpulent rats have higher
insulin-releasing hormone gastric inhibitory polypeptide
levels and higher insulin levels (Speakman et al., 2007).
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7.6.4.1. 7. Growth hormone-deficient dwarf rat
It was described in various documents, the obese growth
hormone-deficient dwarf rat as a new model of obesity.
7.4.2. Mouse genetic model
7.4.2. 1. Yellow obese (AYA) mouse/ lethal yellow mutant
mouse
The yellow obese mouse is the only example of obesity
inherited through a dominant gene and was described as early
as 1883 by Lataste and in 1905 by Cuenot. Since the genes
controlling obesity and the agouti coat colours are so closely
linked, obesity is associated with pigmentation change from
black to yellow. Such an association allows the early
identification of pre-obese mice as soon as the coat hair begins
to grow (Perusse et al., 1999; West et al., 1992).
7.4.2. 2. KK-AY mouse
Taylor et al. (1999) reported on yellow KK mice (also named
KK-Ay mice), carrying the yellow obese gene (Ay). These mice
develop marked adiposity and diabetic symptoms in
comparison with their littermates, black KK mice. Renal
involvement is uniquely marked by early onset and rapid
glomerular basement membrane thickening (Taylor et al.,
1999; West et al., 1992).
7.4.2. 3. Obese hyperglycemic (Ob/Ob) mice
Exhibited uncontrollable food intake, obesity, type 2 diabetes,
and insulin resistance with hyperinsulinemia. The diabetic
condition of this and other strains of obese hyperglycemic
mice is different from that of the human diabetic patient
(Perusse et al., 1999; West et al., 1992).
7.4.2. 4. BL/6 obese mice
BL/6 obese mice are characterized by marked obesity,
hyperphagia, transient hyperglycemia, and markedly elevated
plasma insulin concentrations associated with an increase in
the number and size of beta cells in the islets of Langerhans.
Obese mutants are obtained by mating known heterozygotes
(Taylor et al., 1999; West et al., 1992).
7.4.2. 5. NZO mouse
An NZO mouse develops obesity, mild hyperglycemia, glucose
intolerance, hyperinsulinemia, and insulin resistance. The
adult NZO mouse normally attains a bodyweight of 50–70 g by
6–8 months, although weight gain continues slowly after this
age. Hyperglycemia and glucose intolerance increase
continuously with the advancing age of the animals (West et
al., 1992).
7.4.2. 6. Diabetes obesity syndrome in CBA/CA mice
A CBA/Ca mice show spontaneous maturity-onset diabetes
obesity. It occurs at 12–16 weeks of age and is characterized
by hyperphagia, obesity, hyperglycemia, hypertriglyceridemia,
hyperinsulinemia, and impaired glucose tolerance. The mice
are also resistant to exogenous insulin. The male obese
diabetic mice have an average life expectancy (Perusse et al.,
1999; West et al., 1992).
7.4.2. 7. FAT/FAT mice
A FAT mouse carries an autosomal recessive mutation and
exhibits a range of abnormalities, including progressive adultonset obesity, hyperinsulinemia, and infertility (Perusse et al.,

A FAT mouse carries an autosomal recessive mutation and
exhibits a range of abnormalities, including progressive adultonset obesity, hyperinsulinemia, and infertility (Perusse et al.,
1999; West et al., 1992).
7.4.2. 8.Tubby mice
Tubby is an autosomal recessive mutation in mice that display
a tripartite blindness, deafness, and maturity-onset obesity
phenotype. The progressive retinal degeneration in tubby
mice results from apoptotic loss of photoreceptor cells, with
abnormal electroretinograms detected as early as 3 weeks of
age (Perusse et al., 1999; West et al., 1992).
7.5. Transgenic models of obesity
Transgenic animals will offer a new approach to the study
development of obesity and therapeutic possibilities. Leibel et
al., (1997) used a transgenic toxigenic approach to create
transgenic mice with a primary deficiency of brown adipose
tissue. The potential for inserting new genetic material into
mammals has produced numerous transgenic mice with
increased or decreased quantities of body fat reported
prevention of diet-induced obesity in transgenic mice
overexpressing skeletal muscle lipoprotein lipase (Leibel et
al., 1997).
7.6. Β3-adrenoreceptors
The β3-adrenergic receptor (ADRβ3) is a seven-membrane
spanning, G-protein-linked receptor expressed in brown
adipose tissue in rodents and visceral adipose tissue in
humans. In rodent models of obesity and diabetes,
administration of β3-agonists results in weight loss and
improved glucose tolerance.
Rhesus monkeys (Macaca
mulatta) would provide an excellent animal model to study
the role of the ADRβ3 in the development of obesity and
diabetes and assess the therapeutic efficacy of β3-agonists.
The rhesus ADRβ3 is more similar to the human ADRβ3 than
the rodent ADRβ3 (Leibel et al., 1997).
8. Management of obesity
The diagrammatic representative for the management of
obesity is shown in figure 2.
8.1. Surgical therapy
In severe obesity or morbid obesity (BMI > 40), when all
attempts at weight reduction have failed, surgery is the only
option left (Cheah, 1996).
8.2. Medical Therapy
8.2.1. Diet Therapy
Caloric restriction is the cornerstone of weight reduction. If
energy intake is less than energy expenditure, weight loss will
occur. Any adult truly eating 1,000 calories or less daily will
lose weight (Cheah, 1996). Low-calorie diets (LCDs)
consisting of 1000–1200 kcal/day can reduce total body
weight by an average of 8% over 3–12month (Cheah, 1996).
8.2.2. Exercise Therapy
The reduction in average daily energy expenditure favours the
development of obesity (James, 1995). Although physical
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Figure 2: Diagrammatic representative of management for the obesity

activity and exercise are critical factors in successful weight
reduction programs, the contribution of exercise to weight
loss is modest at best. Therefore, the development of a
consistently achievable exercise program for each overweight
patient is essential. Although it is difficult, even the most
obese patients may participate in some form of appropriately
designed physical activity (Edward et al., 2001).
8.2.3. Behavior Therapy
Behavioural therapy is based on the assumption that weight
loss can be produced by changing an individual's diet and/or
exercise behaviours. Behavioural therapy may be either a
psychiatrist or a psychologist (Cheah, 1996).
8.2.4. Anti-obesity drugs
8.2.4.1. Synthetic anti-obesity drugs
8.2.4.1.1. Current status of synthetic drugs for the
treatment of obesity
The current recommendation for the treatment of obesity is
increased physical activity and reduced calories intake. When
the medical therapy is not sufficient, pharmacologic treatment
is recommended. Most of the anti-obesity drugs that were
approved and marketed have now been withdrawn due to
se¬rious adverse effects (Kang et al., 2012). In the 1990s,
fenfluramine and dexfen¬fluramine were withdrawn from the
market because of heart valve damage (Connolly et al., 1997).
In 2000, the European Medicines Agency (EMA)
recommended the market withdrawal of several anti-obesity
drugs, including phentermine, diethylpropion, and mazindol,
due to an unfavorable risk-to-benefit ratio (Glazer, 2001). The
first selective CB1 receptor blocker, rimonabant, was available
in 56 countries from 2006 but was never approved by the U.S.
Food and Drug Administration (FDA) due to an increased risk
of psychiatric adverse events, including depression, anxi¬ety,
and suicidal ideation (Christensen et al., 2007). Subsequently,
rimonabant was withdrawn from the European market in
2009. Synthetic anti-obesity drugs can classify into three
categories based on current FDA status.
• Antiobesity medications withdrawn

• Commonly used anti-obesity medications
 Medications for short-term weight management
 Medication for long-term weight management
• Therapies currently under investigation
 Monotherapy
 Combination therapy
8.2.4.2. Phytotherapy
Synthetic anti-obesity drugs treatment of obesity has been a
particularly challenging task. Most drugs have failed and fallen
into disrepute either due to ineffectiveness or adverse effects
(Tsigosa et al., 2008). Because of the adverse effects of these
anti-obesity drugs, many trials have been recently conducted
to find and develop new anti-obesity drugs through herbal
medicines that would minimize the side effects. Numerous
animal and clinical studies with various herbal medicines have
been performed and some studies reported significant
improvements in controlling body weight without any
noticeable adverse effects (Choi et al., 2013; Qi & Zhou, 2013;
Bhandari et al., 1998; Karmase et al., 2013, Joo et al., 2013,
Haque et., 2018). Herbal drugs may be an excellent alternative
strategy for developing effective and safe anti-obesity drugs in
the future. A variety of natural products, including crude
extracts and isolated compounds from plants, have been
widely used traditionally to treat obesity (Nakayama et al.,
2007; Kuo et al., 2009; Gupta et al., 2012; Perry et al., 2013,
Haque et al., 2014, Haque et al., 2019). A wealth of information
indicates that several bioactive components from herbs are
potentially useful in obesity treatments. A good example of
this is phenolic compounds which show strong anti-obesity
activity, including apigenin, genistein, catechins, quercetin and
kaempferol, and thymol (Ying et al., 2013. Sergent et al., 2012,
Haque et al., 2018).
The demand for the herbal drug is ever-growing with less or
no adverse effects. Indian traditional herbal medicine, which
provides an effective solution without side effects for this
possible risk, is preferred here. Interest in traditional systems
of medicine and particular herbal medicines has increased
substantially in both developed and developing countries over
the past two decades. In pre-historic times, people used plants
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Table 5: Classification of obesity as per FDA status (Kang et al., 2012)

Drug

Mechanism

FDA status

Antiobesity medications withdrawn
Fenfluramine

Sympathomimetic amine (appetite
suppression)

Withdrawn 1997: valvular heart disease, pulmonary
hypertension

Dexfenfluramine

Sympathomimetic amine (appetite
suppression)

Withdrawn 1997: valvular heart disease, pulmonary
hypertension

Rimonabant

Selective CB1 receptor blocker

Not approved in U.S.: concern over psychiatric side effects
Withdrawn 2009: potential of serious psychiatric disorders
Temporarily withdrawn 2002

Sibutramine

Selective combined serotonin and
noradrenaline reuptake inhibitor
(appetite suppression)

Withdrawn 2010: increased risk of heart attack and stroke in
high-risk cardiac patients

Medications for short-term weight management
Phentermine

Sympathomimetic amine (appetite
suppressant)

Diethylpropion

As above

Currently approved drug for short-term weight management
(≤12 weeks) in U.S., Korea and some countries, withdrawn
2000 in U.K.
Currently approved drug for short-term weight management

Zonisamide

Anti-convulsant agent

Used off-label

Topiramate

As above

Used off-label

Medication for long-term weight management
Orlistat

Pancreatic lipase inhibitor

Only approved drug for long-term weight managemen

Monotherapy
Lorcaserin

Highly selective 5HT-2C receptor
agonist

Not approval in 2010 due to concerns over carcinogenicity
observed in animal

liraglutide

GLP-1 analogues

Phase 3

Tesofensine

Anti-convulsant agent

Phase 3

Cetilistat

Anti-convulsant agent

Phase 3

Combination therapy
Qnexa (phentermine
and topiramate)

Sympathomimetic amine and anticonvulsant agent

Not approval in 2010 due to concerns over teratogenic
potential

Contrave (bupropion
and naltrexone)

Norepinephrine/ dopamine reuptake
inhibitor and opioid receptor antagonist

Not approval in 2011 due to concerns over cardiovascular
risks

intuitively for food, shelter, and even during their many bodily
disorders and thereby kept their health in a perfect state of
fitness and lived a long life. Therefore, medicinal plants played
a very important role from times immemorial (Shankar,
1997). There are many formulations mentioned in the
national formulary of Ayurvedic (NFAM), and the national
formulary of Unani medicine (NFUM) used to treat obesity.
9. Conclusion
The paradigm shifts from thinking of obesity as a personality
flaw to an understanding that it's a disease is monumental.
Hopefully, this might motivate healthcare professionals to be
proactive and intervene sooner when individuals are
identified as at-risk or meet the definition of obesity.
Prescribers and pharmacists should remember the
pathophysiology of obesity to know the rationale for
medication therapy. Awareness of the danger factors of
obesity, especially preventable people, is vital so that

clinicians can counsel patients on avoiding or minimizing
them. Obesity may be a serious public health concern, and
therefore the associated financial and health consequences.
Obesity may be a complex interaction between multiple
genetic, socioeconomic, and cultural factors related to existing
or resulting comorbidities and their treatments. The
occurrence of obesity continues to be high, as are associated
comorbidities and healthcare costs. Early intervention and
effective treatment of obesity are needed to scale back costs
and improve outcomes for these patients.
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