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ABSTRACT

Objective: Obesity is the major problem which may lead to many other health ailments such as atherosclerosis, stroke, and depression. Both the
cause as well as the treatment lies in the adipose tissue. The two main adipocytes, white adipose tissue (WAT) and brown adipose tissue (BAT) are
responsible for the accumulation of fat and transformation of fat into heat, respectively. This review discusses the induction of BAT and browning of
WAT by different pathways and activators to decrease the rate of obesity.

Methods: Understanding the regulators, activators and secreted proteins which induce browning of WAT to BAT, as the BAT engage in thermogenesis
process and transform fat into heat rather than storing it (WAT). Some of the core regulators are peroxisome proliferator-activated receptor-y,
PRDM16, PGC-1a.

Results: A basic study explained about the origin of BAT and its functions, the function of hormones in BAT growth and its regulations. These studies
provided the platform to understand about the mechanism of regulators, activators and secreted proteins which help in treating obesity and its
related disorders by inducing the amount of BAT.

Conclusion: The major health ailments caused by obesity can be reduced by increasing the activity of BAT and transforming WAT into BAT.
A challenging way to treat these ailments is by regulating the activators and hormones responsible for the induction of BAT, so it transforms the excess
fatinto heat and avoiding the accumulation of fat. By understanding the role of regulators in the adipose tissue can provide various methods to reduce
the chance of obesity and enhance efficient treatment in both children and adults.

Keywords: Brown adipose tissue, White adipose tissue, uncoupling protein-1, Irisin hormone, Thermogenesis, peroxisome proliferator-activated
receptor-y, PRDM16, PGC-1a.
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INTRODUCTION

The highest threat to the adults as well as the children is obesity and
overweight caused by the intake of high-calorie food and leading a
deskbound way of life [1]. As the energy intake and energy expenditure
are not allied with each other, the energy gets transformed and gets
stored as fat. Obesity is a major risk factor for many other disorders
including cardiovascular disease, stroke, hypertension, arthritis, type 2
diabetes, and various types of cancer [1]. A challenging way to treat this
is by brown adipose tissue (BAT). There are two types of adipose tissue:
White adipose tissue (WAT) and BAT [2,3]. The main function of WAT is
to store the excess energy left after the energy expenditure, in the form
of triacylglycerols (TAGs), this differs from every individual. Whereas,
the BAT releases energy in the form of heat through uncoupling reaction
with the help of Uncoupling protein-1 (UCP1) expression [4,7]. When
total energy intake exceeds the total energy expenditure, the obesity
develops [4]. As some theories of human obesity have postulated a
thermogenic defect carried out by the BAT as a primary factor (James
and Trayhurn, 1976), these theories have given rise to the speculation
that a defect in BAT may be an important cause of obesity in human
(James and Trayhurn, 1981). BAT constitutes about 1% of total body in
human infants, which is about 30 g of BAT and the amount gets reduced
as they grow [4]. The quantity and activity of BAT are correlated to the
capability of humans to defy body fat buildup [6]. Recently, studies have
shown that even adults have the BAT which can be stimulated when
exposed to cold temperature; hence, BAT falls in the non-shivering
thermogenesis process [5]. The non-shivering thermogenesis process
protects the vital body parts from the extremely cold temperature [5].
The cold temperature stimulates the action of BAT and initiates the
thermogenesis process with the help of the UCP1; This also induces
the browning of WAT. Hence, these are the main factors responsible

to convert the fat into heat. UCP1, which is present in the BAT and
is responsible for the thermogenic activity. Hence, this reduces the
accumulation of fat in the tissues and the thermogenesis process occurs
to transform excess fat into heat. Other than the WAT and BAT, the beige
adipocytes are also present. The regulators which are present as the
specific gene can be stimulated to produce beige adipocytes which have
both properties of brown and white adipocytes. Beige adipocytes are
an inducible form of thermogenic adipocytes. Normally, it has low UCP1
content in basal conditions but when it gets induced with the help of
regulators UCP1 level gets increased as in brown adipocytes [8]. In this
review, we are going to look at the factors or regulators responsible
for the browning of WAT-BAT, the formation of beige adipocytes (high
UCP1 content).

Understanding the function of adipose tissue and its types

Earlier, adipose tissue was not considered as important as now. Recent
studies have stated that the adipose tissue as an endocrine organ as it
releases many complex products for the energy metabolism. Released
products are adipokines such as leptin, adiponectin, and other
cytokines, retinol binding protein-4 (RBP-4) and interleukin-6 (IL-6).
This is also an important site for the metabolism of glucocorticoids and
sex steroids [9,10]. The released products act on other tissues such
as tissues in liver, brain, and muscle to regulate the fat accumulation,
insulin sensitivity, energy metabolism, and reproduction [9,10]. There
are two main types of fat found in the body; They are subcutaneous
fat and visceral fat. The subcutaneous fat is found in the skin which is
mainly functions to provide insulation and the other is the epididymal/
visceral fat, which is found in the organs (hard to remove). BAT is one
of the two types of adipose tissue which involve in heat generation by
a process called as thermogenesis. BAT mainly occurs within the thigh,
back, abdomen, axillae, mediastinum, and neck [5]. The other type is
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WAT which is primarily a storage site which stores fat in the form of
TAGs. BAT transforms the fat into heat by various factors and enhances
leanness. The other type is the beige adipocytes which are also called
as an inducible form of thermogenic adipocytes. Beige adipocytes do
not have similar cell lineage with the BAT. Beige and white adipocytes
develop from the WAT precursor cells with the inducement by 33-
adrenergic agonists [11]. BAT is present in newborns and other
hibernating mammals in the higher amount. It appears brown in color
due to the presence of mitochondria in it. This mitochondrion does
not produce ATP due to the presence of UCP in their inner membrane.
This BAT takes calorie from other normal fats and converts them
into heat, thus leading to weight loss. UCP1 plays a major role in
maintaining weight. Besides this, BAT is used as a potential source to
treat diabetics [12,13].

Brown, white, and beige adipocytes

As the name explains, BAT contains more mitochondria which do
not involve in energy production rather uncouples the oxidative
phosphorylation from ATP production [7,8]. They have multilocular
fat droplets and an elevated level of UCP1 within the inner membrane
of mitochondria [8]. The UCP1 which is present in the BAT release the
electrons produced during the electron transport chain rather than
storing for the energy production, this result in heat release. The factor
influencing the brown adipocytes activity is norepinephrine [14,15].
The sympathetic nervous system involves the regulation of the
thermogenic activity of BAT. Norepinephrine is released to activate
the thermogenesis process [16]. This leads to the breakdown of
triglycerides and discharge of free fatty acids which are the regulators
of UCP1 expression and the substrates for thermogenesis [8]. This
stimulates the activity of UCP1. When BAT gets activated it can release
chemical energy stored as triglycerides by introducing fatty acids into 8
oxidation [8]. UCP1 functions to uncouple electron transport from ATP
production instead it produces heat through BAT [8].

The development of BAT initiates at the embryonic stage. The main
BAT depots in human infants are present in the interscapular region,
whereas it is absent in the adults. Majority of the brown cells originate
from their own precursor cells in the embryonic mesoderm where these
precursor cells briefly express Pax7 and Myf5, two genes that were
previously misunderstood as the genes of the skeletal myogenic cells in
the mesoderm [11]. When the relationship between muscle and BAT is
noted, brown fat precursor cells express a muscle-like gene type [4,6].

White adipocytes have unilocular fat droplets, few mitochondria
compared to BAT and its function is to store fat. When considering
the other type of adipose tissue, beige adipose tissue does not have
the account of Myf5 expression (BAT), as this arises from the WAT,
where WAT with large locules gets transformed into beige cells in
response to cold or B3-adrenergic agonists and WAT does not respond
to these agonists [4]. The thermogenic activity gets induced in colder
temperatures, and it is reversible that is losing their UCP1 expression
when exposed to warmer climates [4,7,8]. The beige adipocytes require
constant stimulation to regulate the thermogenic activity. The white
and the beige adipocytes develop from the precursors called bipotent
precursors (as they give rise to both type adipocytes) which express
platelet-derived growth factor receptor-a (PDGFR-a) which are
intimately linked with blood vessels. When they are introduced with 33
agonists, it loses the PDGFR-a expression and differentiates into UCP1
containing adipocytes. In converse, PDGFR-a differentiates into white
adipocytes when the high-fat diet is introduced [11].

Evolution of beige adipose tissue

Brown adipocytes are positioned in their specific depots which express
elevated levels of thermogenic genes, whereas the beige adipocytes
develop in white fat in response to activator/inducers. The UCP1
expressing fat tissues also get expressed in WAT in response to various
stimulations by regulators and other stimulators [11,16]. These
adipocytes are called as, recruitable BAT, white adipose BAT, beige or
induced BAT. A prominent difference between the two cell types is
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that brown adipocytes develop thermogenic genes and high levels of
UCP1 even under unstimulated conditions, whereas beige adipocytes
express these properties only in the presence of some activators such as
peroxisome proliferator-activated receptor-y (PPAR-y) agonists of the
-adrenergic receptor and other regulators such as PRDM16, PGC-1a,
and irisin hormone [11].

Need for inducing the action of BAT
The functions of BAT are to reduce the fat which causes
obesity by mitochondrialuncouplingwasinitiallybeentriedasthetherapy
for weight loss [11]. There are various factors affecting obesity such as
heredity, food intake, lifestyle, environmental factors, and the risks in
obesity are also very high such as hypertension, diabetes, cardiac
alterations, cancer, and other neurological disorders [62]. Brown
adipocytes consist of abundant mitochondria which contain UCP1. UCP
lay in the class of mitochondrial anion carrier proteins. These UCP’s
split-up oxidative phosphorylation from ATP synthesis with the
energy released as heat called the mitochondrial proton
leak [11,19]. The uncoupler 2,4-dinitrophenol (DNP) helps the
protons to pass across the mitochondrial membrane, which is same
as the effect of activated UCP1. Before, DNP was used as an effectual cut
down (diet) pill for obesity, which clearly provides the proof for the
mitochondrial uncoupling as an approach for obesity. However, DNP
led to the severe side effects when high doses are introduced to the
body, which includes tachypnea, hyperthermia, diaphoresis, tachycardia,
and even death [11,17]. Thus, the objective is to build up
strategies that improve respiratory uncoupling, particularly in
adipocytes by exploiting the processes that evolved naturally to do this
in BAT and beige adipocytes [11]. BAT is a prominent thermogenesis
site in mammals which is the target to enhance weight loss.
The heat released by the process of thermogenesis through BAT is
necessary for the hibernators for enduring the cold environments. The
UCPs helps in the transmission of anions from the inner mitochondrial
membrane to the outer and vice versa [11,18]. UCP1, when
triggered, it bypasses the electrochemical gradient that drives ATP
synthesis and therefore stimulates respiratory chain activity. Heat,
which is being produced as the by-product, is from the combustion of
accessible substrates and distributed all over the body by circulation
[11,18,19].
Currently available antiobesity drugs
Another targeted region for the obesity control is pancreatic lipase (PL)
which be the vital enzyme secreted by the pancreas, responsible for
the metabolism of fat. PL breaks down the fat molecules (triglycerides)
into smaller substances (monoglycerides) for the absorption of fat in
small intestines [56]. There are many antiobesity agents which have
been discovered over decades, inhibit the PL activity to reduce the
intestinal absorption of fat. Some examples of PL inhibitors are orlistat,
fluoxetine, and sibutramine to reduce or control weight. Orlistat which
is the natural PL inhibitor and has been isolated from bacterial species,
Streptomyces toxytricini [56,57]. The effect of the drug also induces
some side effects such as loose stool, fecal urgency, and increase in
blood pressure. These drugs work on suppressing the amount of food
intake by controlling the appetite and cause some side effects such as
dry mouth and insomnia [57]. Resveratrol, a stilbenoid produced by the
plant’s works against the effects of obesity by activating the gene called
SIRT1 gene and side effect include bleeding [58].

DISCUSSION

BAT thermogenesis takes place in its compactly packed mitochondria
which contains the BAT-specific protein (UCP1). Norepinephrine
activates a signaling flow that activates UCP-1, which then uncouples
aerobic respiration by stimulating the mitochondrial proton leak,
thus generating heat instead of ATP [3,7]. There are many signaling
pathways, activators, and regulating factors which induce the formation
of beige adipocytes/BAT [8].

Novel factors and signaling pathway

Important pathways and factors that can induce the formation of BAT
and beige are fibroblast growth factors 21 (FGF21), retinaldehyde
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(Rald), cAMP-mediated PKA, and p38 MAPK signaling pathway. The
other factors are the major classes such as bone morphogenetic proteins
(BMPs) and cardiac natriuretic peptides (NPs) which are secreted to
induce browning in WAT [8].

FGF21 overexpression leads to weight loss by increasing the energy
expenditure irrespective of food intake and FGF21 be the important
regulator in metabolic processes [29,31,32]. The fat targeted by FGF21
is epididymal WAT and induced when exposed to cold environments.
Expose to cold environments also induces an increase in plasma FGF21
level [21]. FGF21 also stimulates the UCP1 gene expression in both WAT
and BAT [32]. FGF21 is also considered as an endocrine factor secreted
in BAT, muscle, and liver. Exposure to cold conditions releases FGF21
in BAT through p38 MAPK activation [30]. Lack of FGF21 will result
in an inability to adapt to cold environments and browning of WAT is
reduced [8].

The cardiac NPs and atrial NP are the key hormones in hemodynamic
homeostasis which are expressed in adipocytes to increase the
breakdown of lipids (lipolysis) [33]. The NPs promote browning of
WAT and enhance thermogenic gene expression in BAT [34]. There are
two classes of NPs, ANP, and BNP which activate UCP1 expression and
PGC-1a expression in WAT and BAT (causes of browning). NP binds
to NP receptor A which sustain guanylyl cyclase activity to produce
cyclic guanosine monophosphate (cGMP). This production leads to
the activation of PKG (cGMP-dependent protein kinase), which works
parallel to PKA pathway [34].

BMPs are the members of growth factor § which play a major role
in differentiation of adipocytes and energy expenditure [35]. BMP4
promotes differentiation in WAT and BMP7 regulates BAT differentiation
and energy expenditure. BMP7 is required for promoting BAT quantity
and elevation in UCP1 for thermogenesis process. Expression of BMP7
results in an increase in the amount of BAT accumulation, elevation in
energy expenditure, and weight loss [36]. Expression of BMP4 in WAT
results in WAT browning (regulated by PGC-1a) and promotes insulin
sensitivity as there is an elevation in metabolic rate [37].

Retinaldehyde induces browning of WAT protecting from diabetes and
obesity. Originally, retinaldehyde dehydrogenase 1 enzyme converts
retinaldehyde to retinoic acid which is found in visceral fat (deep fat).
This enzyme reduces the browning process and induces weight gain.
Retinaldehyde promotes UCP1 expression and PGC-1a [38].

By core regulators
PPARy

The treatment with PPARY rosiglitazone activator induces the UCP1
expression, accountable for thermogenesis in WAT of both human
and mouse. The activation of PPARy induces beige adipocytes in
mouse which is derived from white preadipocytes differentiated
to mature adipocytes. PPARy plays an important role in adipocyte
transdifferentiation as it is the essential factor responsible for the
survival of mature adipocytes [27]. As the recent immunocytochemical
studies state that, the PPARy-derived mature adipocytes (WAT to BAT)
are with the UCP1 expression in at least 10% of the cells [4]. These
cells also have increased PGC-1a expression and Hoxc9 (homeobox C9)
which is a WAT-specific gene marker, not present in the standard brown
adipocytes and the cells do not express BAT-specific transcription
factors Meox (mesenchyme homeobox), Lhx8 (LIM homeobox 8), and
Zic1 (zinc finger protein of the cerebellum 1) [4]. The main types of fat
found are subcutaneous (beneath the skin) and visceral/epididymal
fat (around the organ). Subcutaneous is highly prone to browning and
epididymal fat is difficult to target and less susceptible to browning.
PPARYy targets the visceral/epididymal WAT [4]. It also functions as
the receptor for the class called thiazolidinediones; These drugs are
employed for treating type 2 diabetes mellitus [22].

PPARy gets activated by both synthetic and natural ligand binding
such as 15-deoxy-12, 14-prostaglandin ], 9- and 13-HODE, and
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linoleic acid [23-26]. PPARy plays an important role in adipocyte
transdifferentiation as it is the essential factor responsible for the
continued existence of mature adipocytes [27]. The adipocytes which
are PPARY deficient die very soon which are replaced by the adipocytes
expressing PPARy derived from fibroblast-like preadipocytes [27]. The
studies including the expression of PPARy in adipocytes states that the
PPARY overexpression in fibroblasts causes adipogenesis and the SC
cells lacking PPARy cannot differentiate into adipocytes.

Recent studies prove that the ebf2 (early B cell factor-2) functions as
the cofactor which regulates PPARy binding activity to WAT to initiate
browning. In in vivo conditions, the ebf2 is required for the BAT
development [4,20,55].

The browning process involves the BAT genes induction and WAT genes
repression [4]. The other regulator of browning process is the PRDM16
which is involved in the development of brown fat, is associated with
the PPARYy ligand binding, i.e., to induce browning process, the PPARy
ligands require full agonism, which is satisfied by the activation of the
PRDM16 pathway [28].

PRDM16

PRDM16 is a protein and encoded by PRDM16 gene is essential and
sufficient to encourage brown adipogenesis in WAT, which is the
determinant factor of BAT development [39]. The specific role of
PRDM16 is the WAT selective cofactor [4]. It is a zinc finger protein
which induces the browning fat differentiation [43]. It is also required
for the activity of PPARy regulator. Unlike PPARy, browning occurs
in subcutaneous WAT. Similar to PPARy, PRDM6 is involved in the
induction of BAT genes and the repression of WAT genes [39]. PRDM16
functions by associating with the coactivators PGC-1a and PGC-1f can
suppress the other binding proteins like CtBPs to enhance the browning
of WAT [42].

PRDM16 and PPARYy are correlated with each other. PRDM16 functions
with PPARYy to initiate the browning in WAT. As the visceral WAT are
less prone to browning [43]. When the PRDM16 is overexpressed,
the browning of primary visceral preadipocytes gets transformed
into mature adipocytes [4,28]. Cells switch from myoblasts to BAT
cells which are controlled by the action of PRDM16 by forming a
transcriptional complex with C/EBP-B (which contains activation
domains and regulatory domains) [43].

Expression of PRDM16 controls the binding of PPAR ligands with
the subcutaneous WAT. These also determine the browning of WAT
[28]. The effects of browning in subcutaneous WAT can be seen with
the increase of energy expenditure and elevated glucose tolerance
level [39,40].

PGC-1a

PGC-1a is also correlated with PRDM 16. The expression of PGC-1a gets
elevated during the cold exposure. This plays a major role in adaptive
thermogenesis by linking nuclear receptors to the transcription process
of the adipocytes [44]. The recent studies stated in subcutaneous
WAT, expression of PGC-1a leads to the amplified expression of UCP1,
fatty acid oxidation enzymes, CIDEA mRNA, and respiratory chain
proteins [4]. The expression of PGC-1a is required for inducing UCP1 and
other BAT-specific genes to enhance browning process in WAT [45]. The
browning does not occur with the help of single regulator, the PGC-1a
with muscle-secreted myokine (irisin) engage in the browning process
of WAT. The expression of PGC-1a stimulates the secretion of irisin
hormone which is derived from fibronectin-type 3 domain-containing
5 (FNDC5) (membrane protein) [46]. The browning process is proved
by the immunohistochemistry study which reveals that the presence of
multilocular cells with UCP-1 positive is a sign of browning [46].

The protein called pRb (retinoblastoma protein) and Rb family member

p107 acts as the coregulator for the expression of PGC-1a [47]. However,
the recent study proved that these regulators have turned into negative

474



Sagayaraj et al.

regulators and repressed the PGC-1a expression. In contrast, FGF21
enhances the PGC-1a expression and be a positive regulator which
enhances the browning process [32].

Browning of WAT by irisin (exercise)

Irisin, a recently identified hormone encoded by the gene FNDC5 , which
is secreted by the skeletal muscles and lies in the category of muscle-
secreted myokine, promotes browning of WAT [4]. PGC-1a with muscle-
secreted myokine (Irisin) engages in the browning process of WAT. The
expression of PGC-1a stimulates the secretion of irisin hormone which is
derived from FNDC5 (membrane protein) [46]. By the mitogen-activated
protein kinase P38 (MAPK) and ERK MAPK signaling, irisin stimulates
the WAT browning [6]. It reduces the diet-induced obesity as it mainly
concentrates on WAT browning and mediates the useful effects of
exercises [6]. This also targets the subcutaneous WAT. Irisin is a myokine
which is induced by physical activities (exercise) and secreted into the
circulation by the proteolytic cleavage of its cellular form [21].

Irisin stimulates thermogenesis process in rodents through increasing
the beige adipocytes in WAT. This reduces the effect of diet-induced
obesity and diabetes [4,6]. Exercise increases the levels of serum irisin
in humans. Shivering of the body is the signal of irisin secretion [21].
The recent study provided sufficient information about the effect of
irisin hormone in weightloss therapies, i.e., it decreases the body weight
and enhances the glucose homeostasis [6]. Also, the Irisin hormone
upregulated the expression of UCP-1. This process is possibly mediated
by ERK signaling pathways and irisin-induced phosphorylation of
the P38 MAPK [6]. In addition to the enhancement of thermogenesis
process, irisin also promotes the betatrophin expression, a hormone
which improves the glucose tolerance and pancreatic 3-cell proliferation

[6].

Cold exposure

The longtime exposure to cold environment stimulates the action of
BAT and initiates the browning of WAT. The coldness is sensed by the
thermoreceptors (specialized nerve cells that are able to detect the
difference in temperature) [8,48]. Cold condition acts as a stimulus to
produce beige fat. BAT sympathetic premotor neurons in the rostral
ventromedial medulla are activated by thermosensory neurons sensing
to the cold exposure. This leads to the BAT thermogenesis [48].

As a result, the norepinephrine is released, which activates the action of
BAT by releasing the inducers of the UCP1. Recent studies have elucidated
that the catecholamine and tyrosine hydroxylase are the factors
responsible for the browning of subcutaneous WAT when exposed to
cold environments [8]. The beige fat (eosinophils) consisting of type 2
cytokines IL, alternatively activated macrophages and the eosinophils
regulate the cold-induced beige fat development [49]. Introduction of
type 2 cytokines IL-4/3 leads to the increase in the beige fat amount and
enhances its thermogenic property [49]. The regulation of the beige fat
development leads to the production of catecholamine and expression
of tyrosine hydroxylase; these expressions lead to the subcutaneous
WAT browning [8]. For long period adaptations to cold environments,
meteorin-like (Metrnl) is a hormone which gets secreted on the cold
environment and stimulates the browning process by inducing M2
macrophage activation and IL-4/13 [8,50]. The secretion of Metrnl leads
to the enhancement of glucose tolerance level and increases in energy
expenditure and expression of BAT-specific genes [50].

Exercise

When the exercise is considered, it deals with the body metabolism
(glucose, lipids metabolism, and energy expenditure). The studies have
stated that it increases the browning of WAT and elevates the energy
expenditure. As the skeletal muscles and adipocytes are interrelated
with each other, PGC-1a is induced in the muscle which leads to
browning process [46]. IL-6 is the myokine produced by exercise with
exposure to very cold conditions. Expression of UCP1 is enhanced
which play a major role in the browning of WAT [52].
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As PGC-1a is correlated with the secretion of irisin hormone, the
browning process by the hormone is also activated by transforming
the membrane protein FNDC5 into irisin [51], and Metrnl (myokine) is
induced by the PGC-1a4 which promotes browning of WAT [50].

Treatment for obesity and its related disorders

Triglycerides are targeted by the BAT which plays a major role in
obesity conditions and cardiovascular conditions. BAT activity can
trigger plasma clearance of triglycerides by exposing to cold conditions.
Increase in the activity of BAT and WAT browning leads to increase
in energy expenditure. BAT thermogenesis leads to improved insulin
resistance and corrected hyperlipidemia. BAT can also clear up the
triglycerides from the circulation [53].

BAT transplantation can be done to the visceral regions to induce
weight loss and improves glucose tolerance level. Increase in amount
of BAT to be transplanted varies according to the metabolic conditions.
Reversal of HFD-induced insulin resistance is achieved by the BAT
transplantation. IL-6 is required to enhance the effects of BAT
transplantation [54]. Thus, these specific cell types are the therapeutic
target for obesity and related disorders.

CONCLUSION

Obesity in children provides a unique set of challenges, leading to
major health ailments. The cause and the treatment lie in the same
surrounding. As the cause of obesity and their related ailments lies in
the WAT and the treatment for the ailments is in the BAT. BAT which
transforms fat into heat and avoids accumulation of fat, occurs to be
an attractive therapeutic target for controlling obesity. By the process
called adaptive thermogenesis, BAT regulates the energy expenditure
where the chemical energy is converted to heat. Adipocytes open a
diverse range of therapeutic interventions, hormones, regulators,
and inducers which could induce browning process. This process
reduces the complications of obesity and its related problems. There
are some drawbacks to overcome to obtain the maximum efficiency
of the different therapies. There are some depot differences found
between subcutaneous WAT and visceral WAT, as the subcutaneous is
more prone to browning process than the epididymal WAT, the cause
for the major health ailments in the body. Epididymal WAT has to be
reduced by the specific regulators targeting specific WAT. However,
there are many processes and concepts which are a bit confusing, like
whether browning is a result of transdifferentiation of WAT or the beige
adipocytes possess inherent characteristics to browning process. These
are the future directions in the field of clinical cell biology to understand
the adipocytes morphology and functions. If these drawbacks are
overcome by further studies, the stimulation of BAT is the successful
treatment for obesity and obesity-related disorders.
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