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Treating obesity has become very challenging despite behavioral, pharmacological
and surgical approaches are being available. In recent years, especially after
confirming the presence of functionally active brown fat cells in the adult humans,
exposing obese individuals to cold environment has attracted a lot of attention to treat
obesity using it as a simple and physiological means. Brown fat with two major roles
in energy regulation and thermoregulation is a unique tissue present in almost all
mammalian species. It is distributed diffusely in the body as small depots. It works on
the principle of activation of brown fat during such cold exposure via the sympathetic
nerves mediated by beta-3 adrenergic receptors in those cells. Such activation results
in regulatory heat production in the brown fat by burning the energy substrates as heat
rather than generating energy and storing it as fat. With the current advancement in
the knowledge of adipose tissue in general and brown fat in particular, the aim of this
article is to provide a clear insight into various aspects of brown fat function control
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that could be used as a simple treatment of obesity.
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Introduction

Human obesity is a serious health issue as it affects cardiovascular,
respiratory, reproductive, digestive, musculoskeletal and other
systems of the human body along with metabolic dysfunctions such
as lipotoxicity and diabetes mellitus in addition to development of
various types of cancers and has drawn the attention worldwide to
understand its pathophysiology and treatment.! Obesity is considered
as a disease of hedonistic life style and also as a mild inflammatory
state associated with an increase in certain adipokines such as tumor
necrosis factor-o. (TNF-a), interleukins 1a and 6 (IL-1a, IL-6) secreted
by white adipose tissue (WAT). Innumerable secretions from WAT
(adipokines) have been recognized that play a vital part in obesity and
its disorders. Several factors such as transcriptional, hormonal and
signaling regulators that govern the thermogenic functions of brown
adipose tissue (BAT) have given more insights to the understanding
of its role in obesity. Based on these findings, strong suggestions
have been made for treating obesity specially by targeting the brown
fat as it plays a key role in energy expenditure through regulatory
thermogenesis. The aim and objective of this communication is to
provide in a nutshell the treatment for obesity with an emphasis on
cold exposure as a tool to treat obesity via brown fat activation that
has a key role in body weight control and body temperature regulation
especially in the new born.

Physiologically, obesity results from a disparity in energy balance
either by an increased energy intake and/or by a decrease in energy

Table | Biological effects of some adipokines.>”#

expenditure.? Obesity is usually attributed to poor life style practices
that includes unhealthy food consumption, increased caloric intakes
and altered diet composition, sedentary life, particularly reduced
occupational physical activity or without much physical activities
or both.? The energy expenditure components include resting/basal
metabolic rate (RMR/BMR), regulatory/adaptive thermogenesis and
the energy spent on physical activity.?

As referred earlier, obesity though is a mismatch between energy
intake and energy output, it results basically from dysfunctions of
both WAT and BAT. Adipose tissue, particularly WAT that contributes
to about 20-25% of body weight is now recognised as more than
just a passive fat store house because of its endocrine secretions and
is recognized as the biggest endocrine gland in humans.**> Adipose
tissue physiology has attained greater importance in research in the
last two decades to address problems associated with obesity, diabetes
mellitus, insulin resistance, cancer and metabolic syndrome etc.® WAT
secretes more than 100 compounds called as adipokines. The locations
of adipose tissue (subcutaneous or visceral) itself affect the secretion
profile of adipokines indicating a high degree of heterogeneity and
thereby contributing to disease processes. Such findings may suggest
that adipose tissue is perhaps a group of similar but unique endocrine
organs.” Some of these secretions act through autocrine, paracrine and
endocrine routes. Many functions such as the metabolic, immunologic,
energy balance, cardiovascular, inflammatory and hormonal signaling
have been ascribed to these adipokines.® Major physiological roles of
a few important adipokines are given in Table 1.

Adipokines Role

Leptin, Interleukin-1 and 6. (IL-1,6)
Adiponectin, Resistin, Adiponutrin,Visfatin, Omentin.

Tumor necrotic factor-a, IL-6, Resistin.

Energy balance, food intake, reproduction and body weight control.
Glucose homeostasis.

Insulin resistance
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Adipokines Role

Retinol-binding protein, Cholesterol ester transfer protein.
Angiotensinogen.

Resistin.
TNF-a, IL-6

Vascular endothelial growth factor, Angiotensinogen, Monobutyrin

Plasminogen activator inhibitor-|
Transforming growth factor-(

Insulin like growth factor-1, Hepatocyte growth factor.

Macrophage migrating inhibitory factor.
Apelin stores.

Vaspin

Leptin, Adinopectin, ASP, Visfatin, Resistin, Ghrelin

Lipid metabolism
Hypertension
Increases insulin resistance and contributes to cardiovascular diseases.

Lipolytic, increases energy consumption, reduces sensitivity to insulin, has
immunological, pro/anti-inflammatory effects.

Angiogenesis and Vascular homeostasis
Fibrinolytic system

Regulates proliferation of preadipocytes and differentiation of WAT, development and
apoptosis of adipocytes.

Stimulates proliferation development and differentiation of adipocytes.
Immunoregulator with paracrine action in WAT and pro-inflammatory.

Biological actions not very clear yet but are related to reducing the body’s energy

A biomarker for inflammation and cardiovascular diseases.

These adipokines have some role to play in pineal gland function and alcohol
consumption induced obesity

Overall, majority of the adipokines from WAT affect insulin
functions, glucose metabolism and lipid metabolism negatively
resulting in the development of metabolic syndrome features such
as higher adiposity, hypertension, diabetes mellitus, cardiovascular
effects and inflammatory process with other manifestations.® Since
obesity, hypertension and diabetes mellitus are closely intertwined,
the sequence of events leading obesity to insulin resistance and
hypertension could be explained as follows. Adipocyte hypertrophy
in obesity leads to adipocyte stress, possibly involving hypoxia that
favours the production of chemo-attractants. This further promotes
infiltration of macrophages into the adipocytes which may lead to the
death of adipocytes. Chronic reabsorption of adipocyte remnants by
macrophages is then favoured accompanying a massive production
of cytokines by macrophages such as TNFa, resistin, leptin and a
decrease in adinopection resulting in reduced insulin sensitivity,
endothelial dysregulation leading to atherosclerosis, thrombosis,
sodium retention and increased sympathetic activation.”!® These
changes will contribute to the development of hypertension and
insulin resistance in peripheral tissues.

Brown adipose tissue

BAT contributes to about 5% of body weight in infants and
less than 2% in adults. It is usually found mainly in inter-scapular
space, nape of the neck, along the great vessels in the thorax and
abdomen and other areas embedded with muscles in the neck and
other structures.!" Microscopically, it is different from the white fat
that it is darker in color, smaller in size of 60-80micron, have many
fat globules and mitochondria. Its key role is thermogenesis (heat
production) that is concerned with body temperature regulation
especially in the new born and infants, arousal from hibernation in
small mammals, energy regulation and body weight control in adult
humans.'? This heat production from BAT is sometimes referred to
as adaptive thermogenesis or metaboloregulatory thermogenesis that
primarily includes nonshivering thermogenesis (NST), diet induced
thermogenesis (DIT) and cold induced thermogenesis (CIT). BAT has
rich sympathetic nerve supply and blood flow that helps to a large
extent in BAT recruitment and stimulation during CIT."* BAT also

secretes a few hormones like substances (for example IL-6) called
‘batokines’ just as the WAT secretes adipokines.'* BAT is of two types;
i) classical one found in the above mentioned areas and ii) inducible/
brite/beige/recruitable brown fat cells scattered within the WAT depots
which can be found under different conditions such as chronic cold
exposure, B-adrenergic receptor agonists treatment or peroxisome
proliferator activated receptor gamma (PPAR gamma) treatment or
chronic high fat diet feeding.'* However, it is important to note that the
adipose tissue has the ability of plasticity and trans-differentiation that
contributes to the above phenomenon. Physiologically, sympathetic
activation is considered the ultimate route of BAT activation in its
thermogenic functions.'*!'® In the BAT mitochondria, inward proton
conductance that generates ATP (oxidative phosphorylation) takes
place as usual, but in addition there is a second proton conductance that
does not generate ATP. This ‘short-circuit’ conductance depends on a
32-kDa uncoupling protein-1 (UCP1), located in the inner membrane
of the mitochondria. This protein causes more heat production by
uncoupling of metabolism and generation of ATP."”

Recent contributions in BAT research such as the identification of
1) active and functional BAT in adult humans, ii) classical and beige/
brite types of BAT cells, iii) a number of regulatory factors involved
in the control of BAT development and function and iv) a cross-talk
between BAT and other peripheral tissues such as skeletal muscle,
liver, heart, gut etc, have generated great interests and hopes in the
treatment of obesity and associated co-morbidities.'>'® Thus, both
WAT and BAT has become the target to explore the pathophysiology
of obesity and its related metabolic disturbances.

Control of BAT function

BAT metabolism is affected by various physiological factors such
as age, gender, BMI, body fat levels, hypoxia and most importantly
ambient temperature (cold exposure) and other disease conditions such
as diabetes mellitus.'®! The factors that regulate BAT development
and functions can be broadly divided into

1. Transcriptional factors
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2. Signaling pathways

3. Endocrine factors.

Table 2 Transcriptional factors
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In addition, BAT mediated inter organ networking or cross talks in
understanding the functional control of BAT are another interesting
facet. More details are available elsewhere!'>?*> (Table 2-5).

Transcriptional factors, 2202223

Role

PPAR-y

CCAAT enhancing binding proteins (C/EPB) y,  and .

Forkhead box C2 (FoxC2).
PGC-la.
Receptor-interacting protein |40 (RIP140).

PRDI-BF-1-RIZI homologous domain-containing
protein 16 (PRDMI6).

Early B cell factor 2 (EBF2) and microRNAs such as
miR-133 and miR-193b

PPAR-y is a key factor required unconditionally for adipogenesis.
C/EBPa is required for WAT formation. C/EBPp controls thermogenic gene expression in BAT.
Increases mitochondria, thermogenic genes and UCPI. Induces the formation of brite cells in WAT.

A cold inducible transcriptional co-activator of PPAR-y. Regulates mitochondrial biogenesis and
oxidative metabolism in BAT.

Modulate the activity of PGC-la.

Acts as a molecular switch between myocytes and brown adipocytes. Increases the transcriptional
activities of PGC-la and PPAR-y and the C/EPBs. Promotes brown fat gene expression and
mitochondrial biogenesis.

Influence PRDM I 6 activities.

Table 3 Signaling pathways

Signaling pathways'>* Role

Norepinephrine.

Nitric oxide.

Transient receptor potential
vanilloid (TRPV) signaling.

Influences proliferation of classical brown adipocyte precursors and mediates thermogenic function via -1
and (-3 adrenergic receptors, respectively.

Activates cGMP dependent protein kinase in brown adipocytes thereby induces UCP| expression.

Involves ion channels activated by heat greater than 430C and pungent compounds in chilli peppers, non-
pungent (capsinoids) capsaicin analogs activate BAT thermogenesis in humans and rodents.

Table 4 Endogeneus hormones

Endogenous hormones?-3!

Role

Transforming growth factors (TGF), including bone

morphogenetic proteins (BMP).

Myostatin.

Fibroblast growth factors (FGFs) , FGF-19, FGF-21 and

FGF-23.

Irisin.

Cardiac natriuretic peptides (CNP) from atria and
ventricle of the heart (ANPVNP, respectively) and brain

natriuretic peptides (BNP).

Prostaglandins (PGs) and vascular endothelial growth

factor (VEGF).

Promote BAT thermogenic functions and increase the energy expenditure and
reduce body fat mass. Induces brite cells in WAT.

Negatively regulate BAT differentiation and thermogenesis.

It appears that PPAR-gamma transcriptionally controls FGF-21 and thereby BAT
functions.

Released by skeletal muscle through increased PGC-1a expression following
exercise. Irisin treatment induces a thermogenic gene program in BAT and protects
the animals from diet induced obesity.

Regulators of fluid and hemodynamic functions. Cold exposure seems to improve
the circulating levels of ANP and BNP and administration of BNP activates the BAT
thermogenic functions.

Also plays an important role in cold induced brite cell formation, BAT
thermogenesis and energy expenditure.

Table 5 Interorgan network

Interorgan network®'22!:32-34 Role

Norepinephrine produced in the CNS and
by the macrophages in the adipose tissue.

TGF- B from the skeletal muscle.

Activate the brown fat development and thermogenic function.

Negatively controls BAT function.

Norpeinephrine via -3 receptors increases BAT thermogenic functions. High endogenous expression

Cold induced tri-iodothyronine (T3)
secretion and norepinephrine in BAT.

and activity of intracellular type-2 5’-deiodinase (D2) in BAT increases substantially the intracellular
concentrations of T3 without affecting its circulating concentrations.This increases UCP| which facilitates

BAT thermogenesis.

Bile acid from liver

Reported to activate D2 in BAT thereby promoting thermogenesis thus acting as an endocrine signaler.
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Treating obesity

The management of obesity through lifestyle practices is quite
challenging. Several approaches for treating obesity such as diet
modification, increasing physical activity levels (behavioral approach),
use of weight loss medications (pharmacological approach), exposure
to lower ambient temperature/cold environment (physiological
approach) as well as surgical procedures in appropriate patients could
be considered.’*3* Recently, sibutramine and rimonabant (anti-obesity
drugs) are withdrawn for safety concerns.®® and bariatric surgery is
only applicable to a sub-group of obese patients.*>* It has been reported
that transplantation of BAT corrected type 1 diabetes in immune-
competent mice as was evident by reversal of diabetes symptoms,
improved insulin sensitivity, weight regain and normalization of
glucose tolerance.*! Therefore, it becomes a necessity to identify
new and effective therapeutic options for obesity. Increasing energy
expenditure through a physiological mechanism appears to be the
most logical and a very lucrative one. Animal studies have shown that
by activating BAT, triglyceride stores within WAT could be utilized
for heat production by modulating adaptive thermogenesis.*?

As referred before, transcriptional factors such as PRDM16 and
other associated co-regulators PGC -10.and C-terminal binding protein
(CtBP1/2) which controls the switch from WAT to BAT are potential
targets for the development of obesity related treatments.”# BAT
development and functions are also influenced by several hormonal
factors derived from various tissues such as liver, skeletal muscle,
heart, and immune cells. BAT in adult humans can be recruited by
chronic cold exposure and TRPV1 agonists. The observation that
cold exposure stimulates BAT thermogenesis has become very handy
when other forms of obesity treatment (behavioral, pharmacological
and surgical) have not found much success.!>?!*>3 Therefore, cold
stimulation is considered as the safest, best and potent activator of BAT
as of date compared to B-agonist or symapthomimetic stimualtions.'**
BAT makes use of carbohydrates and lipids during cold exposure to
enhance heat production via B-3 adrenergic receptor. Experimental
findings on cold exposure in BAT research is quite varied and and
less standardized. Different cold exposure methods used include
air exposure in environmental chambers, water immersion, liquid-
conditioned suit, water perfused mattress and limb cooling methods
on fixed cooling and individualized cooling protocols.

Cold treatment basically consists of exposing subjects at 16°C
t019°C for 2hours in a cold room.* Air fans and cooling’s vests can
be used to achieve the required temperatures.”’” This type is know
as fixed type cooling protocol. While using this protocol, obese
subjects may be exposed to an insufficient temperature because of
the extra subcutaneous fat that provides better insulation.*® Therefore,
obese subjects are cold exposed until shivering occurs and then the
temperature is set at 1°C-2°C above that temperature that causes onset
of shivering. This will ensure maximal stimulation of BAT activity.*’
This type of cooling is called individualised cooling protocol.
When obese subjects are studied, air cooling even up to 9°C is not
sufficient to maximally stimulate BAT and hence water cooling is
recommended as a preferred and promising approach.*® Some adverse
effects of cooling have been pointed out which may blunt the brown
fat response. These include shivering and stimulation of pain sensitive
receptors. Care should be taken avoid these responses or make sure
that shivering is non-existent or minimal during cold exposure. To
evaluate shivering electromyogram can be used. Therefore, this area
of cold exposure treatment looks though a natural way, it requires
proper design and standardized protocols to optimize the benefits
before conclusively pronouncing it as an efficient method.!®
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Exercise and use of nonpungent capsaicin in diet are known to
stimulate BAT thermogenesis by enhancing mitochondrial UCP1
production to promote the heat production just like cold exposure.
The role of gut microbiome in energy balance reported very recently
is very interesting. It has been shown that there is an intimate
relationship between the gut flora and BAT thermogenesis. It is
possible that the bacteria in the gut flora is affected by the diet and
may alter the metabolic functions of the host. Cold exposure in such
situations can influence the microbial flora and help losing the extra
fat as well as improve the gastrointestinal absorptive functions.’>
Therefore, it appears that several communication pathways linking
the brain, skeletal muscle, gut and other organs including the heart and
liver involve short-term and long-term signals that may help to balance
the energy intake and expenditure. Thus, BAT being a major site for
mammalian non-shivering thermogenesis could be a promising target
for prevention and treatment of human obesity.20222333:36

Conclusion

The important strategy for addressing obesity and related problems
seems to be reducing total adipose tissue mass which may be achieved
by several means. For example, an in-depth understanding of
molecular actions of adipokines would certainly provide some ways
of dealing with the problem. The major challenges will be to identify
all of the secreted proteins by WAT to establish the function of each
secreted protein and to assess the pathophysiological consequences
of changes in their production. Recent observations of BAT being
functional in adult humans provides a rationale for its stimulation
to increase energy expenditure through adaptive thermogenesis
for an anti-obesity strategy. A large body of data available suggest
that targeting endocrine hormones for BAT modulation can yield a
positive answer for successful prevention and management of human
obesity. Therefore, further understanding of the physiological link
between various endocrine/autocrine/paracrine hormones and BAT is
necessary for the development of new therapeutic options.

All in all, obesity is a multidimensional metabolic disorder and
is rarely cured once it sets in. Hence, long term treatment should
be planned with combined therapy that involves behavioural and
physiogical approaches for effectiveness. It may be good to avoid
pharmacological and surgical approaches in such situations. The
scientific world eagerly awaits further advanced studies to document
possible metabolic interventions using BAT as a primary target to
prevent and manage obesity.
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