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ABSTRACT: Introduction: The brown adipose tissue was first
evidenced in animals and later in humans being its main function
the thermoregulation process. From this, possibilities of this
auxiliary tissue in the control of body mass are investigated, in
order to reach new perspectives in the treatment of obesity, a
pandemic of today. Objective: To understand brown adipose tissue
and address hypotheses that characterize its contribution to the
treatment of obesity and its comorbidities. Materials and Methods:
An integrative review was performed in which the keywords
brown adipose tissue, obesity, thermogenesis, uncoupling protein
1, UCP were used in the PubMed® and Google Scholar databases.
In all, 19 articles and 4 books referring to the histology, cell
biology and physiology sciences support the review. Discussion:
Adipose tissue is present throughout the human body and causes
significant effects on the body’s physiology and pathophysiology.
The adipocytes that compose it present histological, biocellular
and distribution differences and are subdivided into unilocular
and multilocular. Multilocular cells form brown fat that is able
to regulate energy expenditure through adaptive thermogenesis
via an uncoupling protein (UCP). With this knowledge, we look
for relationships between adipose tissue composed of unilocular
cells, which is responsible for the development of obesity, and
brown adipose tissue. In this context, among the study possibilities
there are the factors that influence the tissue expression of the
uncoupling protein and increase the chemical thermogenesis, there
is the control of the energy balance, also, the capacity of brown
adipocytes to sequester the succinate (flavoprotein that has acute
control over thermogenesis) of the circulation. Conclusion: It was
possible to understand the multifunctionality and the physical
and chemical characteristics of the brown adipose tissue, and this
tissue was recognized as one of the potential study targets given
the epidemiological singularity of obesity and its treatment history.

Keywords: Brown adipose tissue; Adipocytes; Thermogenesis;
Obesity.

RESUMO: Introdugao: O tecido adiposo marrom foi inicialmente
evidenciado em animais e posteriormente em humanos tendo sua
funcdo principal a termorregulacdo. A partir disso, pesquisam-
se possibilidades desse tecido auxiliar no controle de massa
corporal, a fim de alcangar novas perspectivas no tratamento da
obesidade, uma pandemia da atualidade. Objetivo: Compreender
o tecido adiposo marrom e abordar hipoteses que caracterizam
a contribui¢do deste no tratamento da obesidade e de suas
comorbidades. Materiais e Métodos: Realizou-se uma revisdo
integrativa na qual foram usados os descritores brown adipose
tissue, obesity, thermogenesis, uncoupling protein 1, UCP nas
bases de dados PubMed® e Google Académico. Ao todo, 19
artigos e 4 livros referentes as ciéncias Histologia, Biologia
Celular e Fisiologia embasam a revisdo. Discussdo: O tecido
adiposo esta presente por todo corpo humano e ocasiona efeitos
significantes na fisiologia e patologia do organismo. Os adipocitos
que o compdem apresentam diferengas histologicas, biocelulares e
de distribuicao e subdividem-se em uniloculares e multiloculares.
As células multiloculares formam a gordura marrom que é capaz
de regular o gasto energético por meio da termogénese adaptativa
via proteina desacopladora (UCP). Com esses conhecimentos,
buscam-se relagdes entre o tecido adiposo composto pelas células
unicelulares, o qual ¢ o responsavel pelo desenvolvimento da
obesidade, ¢ o tecido adiposo marrom. Nesse ambito, dentre as
possibilidades de estudo hé fatores que influenciam a expressdo
tecidual da proteina desacopladora e aumentam a termogénese
quimica, hé o controle do balango energético e, ainda, a capacidade
de adipdcitos marrons de sequestrarem o succinato (flavoproteina
que exerce controle agudo sobre a termogénese) da circulagdo.
Conclusao: Foi possivel compreender a multifuncionalidade e
as caracteristicas fisicas e quimicas do tecido adiposo marrom
e reconheceu-se esse tecido como um dos potenciais alvos de
estudo dada a singularidade epidemiologica da obesidade e seu
histérico de tratamentos.

Palavras-chave: Tecido adiposo marrom; Adipdcitos;
Termogeénese; Obesidade.
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INTRODUCTION

ccording to the Obesity and Comorbidities

Research Center (2018)', brown adipose tissue
(BAT) was initially evidenced in hibernating animals
and rodents and, later, in human newborns. Its function
would be to produce heat, using the energy released by the
oxidation of metabolites, especially fatty acids - uncoupling
capacity - during a period of partial inactivity and extreme
metabolic reduction in order to avoid hypothermia, mainly
in animals®. From this capacity to generate heat that BAT
presents, it is understood a large part of the importance
of brown adipose tissue in thermoregulation of all living
beings that have it, and the relevance of further studies is
evaluated, since its thermogenic activity can contribute for
the control of body mass in mammals> 3.

In this context, the identification of brown adipose
tissue in adults with 18-fluorodeoxyglucose-labeled positron
emission tomography (PET-FDG) was characterized as
an incentive for further research and discoveries in this
area of knowledge*. Thus, since BAT can oxidize fatty
acids up to twenty times faster than white adipose tissue
(TAB) and, consequently, can increase heat production
in cold environments, the relevance of exploring further
evidence of the presence of brown adipose tissue in adults is
understood’. Thus, research on this physiological process of
brown adipose tissue becomes essential, as they can result
in solid scientific advances when it comes to obesity, which
is a severe threat to global public health®’.

Obesity has taken on epidemic proportions
worldwide, for example, Brazilian data presented in
2018 by the Ministry of Health via Surveillance Survey
of Risk and Protection Factors for Chronic Diseases
by Telephone Survey (Vigitel) show that 19, 8% of the
Brazilian population is obese, a problem whose prevention
and control should provide for a wide range of actions that
support individuals®.

This scenario, therefore, justifies the relevance of
understanding the activity of the adipose tissue, essentially
the BAT, given that it is a topic that is currently little
discussed in terms of the topic of obesity related to public
health. Thus, the authors seek to contextualize hypotheses
about this tissue as possible new clinical approaches in the
management and treatment of obesity and its comorbidities.

OBJECTIVE

The objective of this review is to understand and
describe brown adipose tissue in adults, as a study target
in the development of new therapies for the management
and treatment of obesity.

METHOD

For this study, an integrative review (IR) was carried
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out, which followed the six steps proposed by Mendes et
al.’.

In the first stage, the study theme “Brown Adipose
Tissue in Adults and Obesity” was defined, with the guiding
question: “How could brown adipose tissue act for the
possible treatment of obesity?”. The following descriptors
were used: brown adipose tissue, obesity, thermogenesis,
uncoupling protein 1, UCP and the Boolean operator
“and”. The search strategy used consisted of dividing the
descriptors, so that each search had at least one combination
of descriptors. on the theme “adipose tissue” addressing its
morphofunctional characteristics, along with the evolution
of research in the health area focused on the relationship
between obesity and brown fat, as well as the importance
of current hypotheses for the development of an effective
treatment for obesity, both in books and in the PubMed®
and Google Scholar databases.

In the second stage, the criteria for inclusion and
exclusion of articles were established. For inclusion, articles
published from 2010 to 2020 were selected, in Portuguese
and English, complete, free to read, and referring to the
tissue in focus of this work and that addressed methods
for validating the hypotheses about the presence of this
adipose tissue in adult human beings. Articles that were in
another language, duplicated articles and that did not focus
on the functioning, activation or characterization of adipose
tissue, as well as articles that did not address a plausible
theoretical correlation between the treatment of obesity and
brown adipose tissue, were excluded.

In the third stage (Flowchart 1), in PubMed®, 928
articles were found with two searches. After applying a
filter for the period 2010-2020, 636 articles were found.
After the selection of free-read texts, 390 articles remained
and, using the Portuguese and English language filter, 389
remained. In the reading of the abstracts and titles, articles
that did not address the theme of this review were excluded,
that is, they did not include the brown adipose tissue or
its correlation with obesity and associated comorbidities.
Thus, 27 were selected for full reading, among which 11
were chosen that fit the objectives of this review.

In the isolated search in the Google Academic
database, we chose to search for free terms related to the
central theme of this review and, with this strategy, there
was a comprehensive retrieval of references, ensuring the
selection of 4 papers published between 2010 and 2020,
and with essential relevance, from 4 articles that had
dates between 1994 and 2008. With this, 8 articles were
chosen, which are compatible with both the pre-established
language and thematic criteria.

In all, therefore, 19 articles were used in this study,
written in English and Portuguese, the descriptors adopted
for the search were selected through the Descriptors in
Health Sciences (DeCS). Furthermore, books referring to
the sciences Histology, Cell Biology and Physiology were
resources used for the technical-theoretical basis.
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Flowchart 1. Articles Selection

For the fourth stage, the studies were separated
according to the points addressed in the article: definition
of adipose tissue and its general characteristics, its
identification through tests, as well as its cellular and
physiological characterization, the problematization of
obesity in the current scenario and the description of
scientific hypotheses that address how the activation of
brown adipose tissue could be an option for the treatment
of obesity.

The fifth step consisted of reflecting on the analyzed
texts and compiling the articles to formulate the results of
this IR regarding brown fat associated with the treatment

of obesity. Finally, the sixth stage aimed to present the
synthesis of knowledge evidenced in the articles analyzed,
as well as the knowledge produced.

RESULTS

After the selection of articles, a categorization table
of selected materials was built, ordered by publication date,
to assist in the discussion of the work (Table 1). The table
shows the distribution of works according to the first author,
year of publication, type of study, sampling, objective and
its respective category in this article.

Table 1. Distribution of researched works according to the first author, year of publication, type of study, sampling, objective and its

respective category regarding the topic addressed

Articles Year First Author | Abstract

Category

1 1994

Kozak

It investigates the UCP1 mini gene region in detail in brown
adipocyte tumor cells grown in mice. Deletion analysis of two
types of chloramphenicol acetyltransferase genes under control
of the UCP promoter defined the mini gene as an enhancer in an
essential fragment for the specificity of BAT and the inducibility
of noradrenaline

Mitochondria and UCP

2 2004

Cannon

It presents functions of the brown adipose tissue, as well as
its importance for classical thermogenesis without tremors,
with specifications on the UCP1 protein. In addition, it deals
with activation mechanisms of this tissue and, based on that, it
justifies, for example, how large amounts of lipid and glucose
are used by the tissue

The cells and the tissue
Mitochondria and UCP
Obesity and Hypotheses
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Table 1. Distribution of researched works according to the first author, year of publication, type of study, sampling, objective and its
respective category regarding the topic addressed

Articles Year | First Author |Abstract Category
This review addresses functional aspects of adipocytes, such as
metabolism, participation in energy homeostasis, their endocrine
ab¥hty and adlpogenegs, 'understood. as the capacity of Pre- | ils and tissue
. adipocytes to differentiate into new adipocytes and reconstitute . .
3 2006 | Alaniz . o . . . . Mitochondria and UCP
tissue. In addition, studies on the relationship between adipose Thermogenesis
tissue and the pineal gland, a little-known but promising aspect
of adipocyte physiology with possible favorable repercussions
for the treatment of obesity
Taken together, the data sygggst that Qold acclimation mdu.ces Mitochondria and CPU
noradrenergic fiber branching in the adipose organ of adult mice, .
4 2008 Murano . . .”| Thermogenesis
and that these changes may be a precondition for their plastic .
R Obesity and Hypotheses
transformation into a brown phenotype.
This review sought to describe the functioning of brown adipose
tissue in normal individuals and the mechanisms by which its .
3 2012 Broetto deficiency could contribute to the onset of obesity, as well as the Obesity and Hypotheses
possible mechanisms by which its activation could minimize it
Work with the main objective of investigating the importance of
6 2012 Cassolla the thermogenic activity of interscapular brown adipose tissue | Mitochondria and UCP
in the effects induced by the administration of C75 in rats with | Obesity and Hypotheses
24-hour food deprivation
. He comments on fat metabolism, the causes of brown fat uptake Cells.and Tlssue
7 2012 Vicente with FISFDG and some protocols adopted to prevent this uptake Identification
Obesity and Hypotheses
It addresses recent findings suggesting that increased peripheral
serotonin and TPH1 polymorphisms are associated with obesity.
3 2014 Crane It notes that Tphl deﬁ<_:ien.t mige fed.a high-fat diet (HFD) are| G ty and Hypotheses
protected against obesity, insulin resistance and non-alcoholic
fatty liver disease (NAFLD), while exhibiting increased energy
expenditure by BAT
This review discusses how old and new concepts, some
9 2014 | Halpern marginalized for decades, can help to understand diet-induced | Obesity and Hypotheses
thermogenesis in brown adipose tissue.
Study that evaluated the impact of weight reduction after Cells_and _Tlssue
- O . . . . Identification
10 2015 | Vieira bariatric surgery on brown adipose tissue activity and its .
connection with the hypothalamus in humans Therl_nogenesm
Obesity and Hypotheses
An article that evaluated 12 obese, non-diabetic individuals
undergoing gastric bypass and 12 lean, for hypothalamic
11 2015 Rachid activity in response to cold by magnetic resonance, while the | Obesity and Hypotheses
BAT activity was assessed by positron emulsion tomography
by fluorodoxyglucose and PCR in real time
This review discusses the evidence that supports BAT an
12 2015 Wang independent role in brown fat thermogenesis, primarily through | Mitochondria and UCP
the release of secreted factors and its implications for physiology | Thermogenesis
and therapeutic development.
It shows that histone deacetylase 3 (HDAC3) is required to
activate brown adipose tissue enhancers to ensure thermogenic
suitability. Furthermore, it shows that uncoupling protein
13 2017 | Emmett 1 (UCP1) is almost absent in brown adipose tissue without| Thermogenesis

HDACS3, and BAT is also markedly down-regulated by
mitochondrial oxidative phosphorylation genes, resulting in
decreased mitochondrial respiration.
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Table 1. Distribution of researched works according to the first author, year of publication, type of study, sampling, objective and its

respective category regarding the topic addressed

Articles Year | First Author |Abstract Category
This review provides an overview of current knowledge on the
14 2017 | Marzetti regulation of brown adipose tissue function and discusses the | Cells and Tissues
possibility of stimulating it to treat obesity and other metabolic | Thermogenesis
disorders.
Assesses the potential role in stimulating energy expenditure of
15 2017 Marlatt the activation of brown adipose tissue that has become a trending | Obesity and Hypotheses
topic as an anti-obesity treatment
The text summarizes the efficiency of uncoupling protein 1
(UCP1), the mitochondrial uncoupler of brown adipocytes. The
16 2017 | Ricquier research aimed to identify the mechanisms of heat production | Mitochondria and UCP
by brown adipocytes that occur in mammals at birth or during
exposure to cold.
. Reviews the eYldence for regulators of heat product%on in |\ tochondria and UCP
17 2018 | Chouchani thermogenic adipocytes in the context of thermodynamic and .
A R Cells and the Tissue
kinetic principles that have therapeutic utility
Identifies a mechanism by which succinate oxidation leads
18 2018 | Mills to thermogenic respiration, while succinate dehydrogenase| Obesity and Hypotheses
inhibition suppresses thermogenesis
It reviews the potential mechanisms by which glucose might be . .
utilized by BAT in adult humans and the extent to which they Id@ntlﬁcatlo.n
19 2019 | Symonds 3 . . . Mitochondria and UCP
are sensitive to temperature and diet. Including the proportion Thermogenesis
of glucose oxidation that may be independent of UCP1
Source: author, 2021
energy, adenosine triphosphate (ATP) from animal cells,
DISCUSSION in addition to having their own genome, ribosomes and
exclusive carrier RNA (ribonucleic acid)'®!". Given the
Mitochondria and UCP above, to perform their main function, cell respiration,

Mitochondria are substantial organelles to adipose
tissue, so it is important to understand their molecular
and functional characteristics. Mitochondria, in general,
carry out most of the cellular oxidation and produce

outer
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crista space

intermembrane
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inner boundary
membrane
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crista junction
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matrix

Source: AlbertsB, et al.'

mitochondria have two membranes, one external and one
internal (Figure 1). The internal one projects ridges into
the mitochondrial matrix, which have BAT enzymes that
participate in oxidation reactions to produce molecules that
transfer high-energy electrons to the respiratory chain'®!2,

intermembrane outer membrane

inner boundary
membrane

cristae
4

crista junction
(@} crista space

Figure 1. Structure of the mitochondria. Electron microscopy image of a mitochondria (A) and illustrative image (B, C), containing the

identification and location of the main structures of the organelle.
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The respiratory chain (Figure 2) then uses
energy derived from electron transport to produce
an electrochemical proton gradient across the inner
mitochondrial membrane®. Thus, the large amount of free
energy released when protons flow back into the matrix
provides the basis for ATP production by ATP-synthase!®.

FOOD MOLECULES FROM CYTOSOL
1

fatty acids pyruvate
fatty acids pyruvate \
MATRIX /
acetyl CoA
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outer mitochondrial membrane
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ATP

\&

inner mitochondrial membrane

Source: Alberts B, et al.!

Figure 2. Mitochondrial energy production. Pyruvate and fatty
acids enter the mitochondria (top of figure) and are converted to
acetyl-CoA which is metabolized by the citric acid cycle, which
reduces NAD+ to NADH, which then transfers its high-energy
electrons to the first complex in the chain. electron carrier. In
the process of oxidative phosphorylation, these electrons are
transferred along the electron transport chain in the ridges of the
inner membrane to oxygen (O2). Process that generates a proton
gradient, which is used to direct the production of ATP by ATP-
synthase. Electrons from an oxidation process follow a separate
path to the electron transport chain

After this overview of the functioning of
mitochondria in cells, attention is turned to specialized
brown adipose cells, in which mitochondrial respiration
is uncoupled from ATP synthesis by specific proteins. In
these fat cells, most of the oxidation energy is preferentially
dissipated in the form of heat and not by conversion to
ATP'*!5, In the inner membranes of multilocular cell
mitochondria, uncoupling proteins allow protons to move
against the electrochemical gradient without passing
through ATP-synthasel4. Thus, brown fat serves as a
“heating block”, capable of resuscitating hibernating
animals and protecting newborn humans from the cold10.
Thus, the entire process is activated when heat generation
is necessary, causing cells to rapidly oxidize their lipid
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reserves!®>!4. Therefore, it is considered that uncoupled
breathing and thermogenesis are responsible for the
metabolic benefits of brown adipose tissue to mammals'.

In this way, known since 1982 when it was identified
in the brown adipose tissue of rodents, the uncoupling
protein (thermogenin or UCP) is the main source of cellular
heat generation'®. UCP is located in the inner mitochondrial
membrane and its mechanism of action is to uncouple the
oxidative phosphorylation of the adenosine diphosphate
(ADP) molecule'!. Given the findings, the first UCP
that was identified in brown adipose tissue was renamed
UCPI1. Then, in 1997, two new isoforms of this protein
were identified: UCP2, which due to its wide distribution
in tissues, including white adipose tissue, can act in
determining the basal metabolic rate; and UCP3 which
is found only in skeletal muscles!®. Due to the fact that
the UCP works by consuming energy stores and releasing
heat, its presence in a wide variety of tissues has brought
new perspectives regarding its possible role in the clinic
of obesity and related pathologies'”.

As already mentioned, in the ATP synthesis process,
electrons pass through the transport chain, which then
return to the mitochondrial matrix passing through ATP-
synthetase proteins that use energy for ATP synthesis from
ADP and phosphate'®'¢!7. Thus, when UCPI is stimulated
in this process, it serves as an alternative channel for
electrons to cross back to the matrix'2. This protein is
responsible for uncoupling oxidative phosphorylation
from electron transport, thus, part of the oxidation energy
is dissipated in the form of heat and not by conversion into
adenosine triphosphate'®!®. In this sense, this uncoupling
protein is essential for the heat production process, that
is, the facultative thermogenesis independent of tremorS.
Thus, from the exclusive expression of the gene that
encodes the UCP protein, an induction of temperature
response is noted”.

In rodents, it has been shown that UCP is stimulated
in two situations that activate the sympathetic nervous
system: when they are exposed to low temperatures,
in which the extra heat generation maintains body
temperature, and when they consume a caloric amount
above the needs, being a way of expending excess energy
to maintain energy balance. Thus, it is understood that in
these animals the thermogenesis of brown adipose tissue
plays a role both in thermoregulation and maintenance of
body mass'®. Analysis of UCP expression in transgenic mice
provided the information that the gene contained regulatory
information for specific brown fat expression and cold
induction. In this context, the induction of this protein gene
is centrally controlled from the hypothalamus through the
sympathetic nervous system, with evidence suggesting that
noradrenaline, an adrenergic neurotransmitter, binds to
beta receptors to initiate an adenosine signal 3 “,5’-cyclic



monophosphate (cyclic AMP)Y.
Cells and the tissue

Adipocytes are the cells that form adipose tissue
and can be found throughout the human body, whether
isolated, such as in loose connective tissue, or even
grouped, forming adipose tissue!®!'¢. Adipocytes originate
from undifferentiated mesenchymal cells (Figure 3),
that is, undifferentiated embryonic stem cells that later
configure into pre-adipocytes that, under the influence of
several activating factors, completely differentiate into
adipocytes'®!® 20, Therefore, the cells of the classic brown
adipose tissue are specified, which have their origin in a
cell line that expresses the surface antigen Myf-5, which
also gives rise to myocytes, for example?'.

e\ Mesenchymal cell

P

Fibroblast Lipoblast

Lipoblast

Unilocular
adipocyte

Multilocular
adipocyte

Source: Junqueira LCU, et al.'?

Figure 3. Origin and development of adipose cells. The uppermost
cell is an undifferentiated mensenchymal cell that gives rise to
fibroblasts (left) and lipoblasts (right). Lipoblasts differentiate
into fat cells.

Given the above, adipocytes are classified into
two groups (Figure 4), unilocular and multilocular®?. In
unilocular adipose cells, only a single large droplet of lipid
is seen, characterizing white fat. It can be noted that white
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adipose tissue adipocytes are large, spherical cells that
continuously store fat, which can make their cytoplasm and
nucleus peripheral'®. In cells called multilocular, there are
multiple small lipid droplets, which belong to the brown
adipose tissue. Multilocular adipocytes differ from those
mentioned above in that they are more polygonal and, as
they store fat in several spherical droplets, the nucleus
becomes spherical and more centralized'*',

Multilocular adipocyte Unilocular adipocyte

Nucleus ~ Mitochondria

Mitochondria Fat droplet

Source: Neves, N2

Figure 4. Representation of multilocular adipocyte and unilocular
adipocyte.

In addition, brown adipose tissue cells contain
fewer free ribosomes than white fat cells and much more
mitochondria, which exclusively express uncoupling
protein 1 (UCP1), responsible for uncoupling oxidative
phosphorylation from electron transport!®'® 2!,

Given the above, the primary formation of fat in the
developing fetus is also analyzed, in which adipocytes are
distributed and lipid droplets begin to accumulate in the
form of brown adipose tissue!'>'¢. Thus, towards the end of
fetal life, spindle-shaped precursor cells differentiate into
many areas of connective tissue within the fetus and begin
to accumulate lipids that coalesce to form the unilocular
fat cells found in the adult (secondary fat formation).
Therefore, it is understood that brown adipose tissue is
present in the embryo and that white appears after birth!'.
With its formation, adipose tissue causes significant effects
on the physiology and pathophysiology of the human body,
since it conducts one third of the heat conducted by other
tissues®?, The two types of adipose tissue, brown and white,
differ histophysiologically in terms of vascularization
and innervation - these two characteristics are in greater
quantity in BAT - but the literature does not address the
difference between the distribution of these vessels (Chart
I). BAT and TAB also differ in the distribution pattern, as
white is much more abundant than BAT?!22,
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Chart 1. Comparison between unilocular and multilocular cells

CELL TYPE Unilocular Multilocular

TISSUE TAB BAT

REPRESENTATION

Lipid Content Larger amount, one drop Smaller amount, multiple drops
Number of Mitochondria | Few Many

Expression of UCP1 Many Few

Vascularization Adequate, committed to obesity Very vacularized

Location Subcutaneous or intra-abdominal Mainly interscapular and subscapular
Function Lipid reserve and endocrine function Thermogenesis

Source: Adapted from Hildebrand S, et al.>*

Therefore, first, the white adipose tissue (unilocular)
that is present in the subcutaneous layer and accumulates
in characteristic places, such as the abdominal cavity, neck,
shoulders, around the hips, breasts and sides of the skin,
is addressed. thighs, being irrigated by blood vessels that
contemplate the nerve endings of the tissue and that form
networks of capillaries, having their access through the
connective tissue septa'*'®. Secondly, the brown adipose
tissue (multilocular) is described, which is found in the neck
and interscapular regions, which presents its color and may
vary due to its extensive vascularization and also by the
cytochromes of the mitochondria®. In addition, the nerve
fibers penetrate the brown adipose tissue and the axons end
with the vessels and also along with the adipose cells'.

Identification

Adipose tissue is the body’s main energy reservoir
and the identification of the brown phenotype in adults, with
the development and use of 18-fluorodeoxyglucose-labeled
positron emission tomography (PET-FDG), showed how
important this tissue is in human metabolism?' *. PET-
FDG is a test that has the ability to detect metabolically
active areas that absorb FDG, a glucose radioisotope'. This
PET-FDG test began to be used in oncology in the 1990s
to detect tumors and metastases, which generally have a
high metabolic rate and, therefore, high glucose uptake'.

Then, in 2009, with the publication of articles***"-
in the same issue of the New England Journal of Medicine,
the scientific community realized that a fraction of human
adults has brown adipose tissue and it has again attracted
attention in the scientific community. In these studies,
published in The New England Journal of Medicine,
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five healthy adult subjects underwent PET-CT during
cold exposure. All had increased FDG uptake in the
supraclavicular region and three of these individuals
underwent tissue biopsy from this region, which revealed
the presence of brown adipose tissue markers, such as UCP-
1 (Uncoupling protein 1), DIO2 (type II iodothyronine
deiodinase), PGCla (Peroxisome proliferator-activated
receptor-y coactivator 1-a), PRDM16 (PR/SET domain
16) and ADRB3 (Adrenoceptor Beta 3)?627:28,

According to the Brazilian Society of Nuclear
Medicine (2015)%, the heart and brain are also consistently
detected, given that they are organs with marked use of
glucose even during fasting®. Thus, it is seen that, in fact,
before the advent of PET/CT, brown fat uptake could be
misinterpreted as muscle or tumor uptakel8. With this
knowledge, Vieira?!, in his investigative study on the BAT,
showed that, in a fraction of the PET scans performed,
bilateral areas of symmetric FDG uptake were detected
in the supraclavicular, cervical and parasternal regions in
adult individuals. In this context, anatomically, the highly
active areas could not be easily interpreted initially due
to the characteristics described, but with further analysis
these areas were recognized as previously unrecognized
brown adipose tissue, which proliferated under chronic
noradrenergic stimuli in patients, such as exposure to cold
and prolonged fasting?.

Thermogenesis

Functionally, brown adipose tissue is able to regulate
energy expenditure through a process called adaptive
thermogenesis, which depends on the expression of the
UCP1 protein mentioned above®. Thus, it is considered that



the total thermogenic capacity of the tissue is determined
by the total number of brown adipocytes, that is, by the
rates of proliferation and apoptosis plus the degree of tissue
differentiation, including the mitochondrial density and the
amount of UCP1%.

In this sense, among the factors that most significantly
influence the brown adipocyte to stimulate tissue
expression of mitochondrial oxidative phosphorylation
uncoupling protein and increase chemical thermogenesis
or thermogenesis without chills, there are sympathetic
fibers that release norepinephrine and epinephrine'*?!.
From this, the activation of brown adipose tissue leads
to increased energy expenditure and reduced adiposity
to lower plasma glucose and lipid levels, contributing to
better homeostasis'®. Given the above, the main signal
for activation of brown adipocytes is considered to be the
reduction in body temperature below the thermoneutral
(23°C)?'. In this bias, since mammals need to maintain
their temperature, cold is the main physiological stimulus
for this noradrenergic activation'®.

One factor that affects the intensity of chemical

thermogenesis, which is not caused by chills and can serve
as a tampon against obesity, is acclimatization. Whereas
some animals, such as rats, exposed to the cold environment
for several weeks, show a 100% to 500% increase in heat
production when exposed to acute cold, in contrast to the
non-acclimated animal®. Although brown adipose tissue
is a thermogenic organ that dissipates chemical energy in
the form of heat, in adult humans, it is rare for chemical
thermogenesis to increase heat production by more than
10% to 15%. However, in infants, this mechanism has been
proven to increase heat production up to 100%?*, since
pregnant women during this period have a considerable
number of brown fat cells, which is an important factor in
maintaining a normal temperature in newborns?.
In this context, it is important to remember that this elevated
thermogenesis also leads to a corresponding increase in
food intake and after a meal. The thermogenic effect of
food corresponds to 8% of daily energy expenditure in most
people!®?, With food, therefore, when fatty acids reach the
adipocytes, through the -oxidation mechanism, they are
converted into acyl-coenzyme A and later transformed into
acyl-carnitine and forwarded to the mitochondria, where
they serve as a substrate for thermogenesis and regulate
the function of the CPU".

Obesity and Hypotheses

The term obesity means depositing excessive
amounts of fat in the body. It currently represents one of
the biggest public health challenges in the world and is
one of the most prevalent diseases on the planet, affecting
30% of the world population®*?!. In a study published in the
International Journal of Obesity, it was observed that there
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was an inverse correlation between the amount of brown
adipose tissue and the body mass index, which suggested
that brown adipose tissue would play a role of metabolic
control, as mentioned above?'.

The behavioral approach to obese individuals, with
the concomitant use of low-calorie diets and stimulation
of physical activity, leads to a loss of at most 10 to 15% of
the initial weight within 6 months to 1 year, however, there
is often a late failure. Furthermore, with regard to drugs
currently approved for use, the maximum loss in 6 months
hardly exceeds 15% of the initial weight and recurrences
are also recurrent21. In this context, it is known that there
are still no humanly efficient therapeutic approaches to
prevent or reverse obesity, thus justifying the intense search
for new therapeutic targets®.

Thus, even though it may challenge the adipostatic
hypothesis of body weight control, since its activation
generates an energy expenditure that is not compensated
by the increase in food intake, the demonstration of the
presence of brown adipose tissue in adult human beings
generated theoretical expectations regarding its potential as
atarget for therapeutic approaches!'. In order to understand
possible treatment approaches, it is important to recognize
thermogenesis as the most variable component of daily
energy expenditure. Thus, the search for a safe and effective
way to increase the metabolic rate has become increasingly
essential, both to help with weight loss and to neutralize
the metabolic adaptation that occurs with caloric restriction
and weight loss’.

Given the above, it is known that the prevalence
of brown adipocytes in adipose tissue is responsible for
resistance to obesity in small mammals and some recent
data seem to point to a similar mechanism in humans, since
the messenger RNA of UCP1 (uncoupling proteins 1) is
reduced in the visceral adipose tissue of obese patients
and the genes expressed in the brown phenotype are under
expressed in overweight patients with insulin resistance!®.

In this way, several hypotheses are addressed
in the scientific community about how brown tissue
involves genetic and even thermal issues in its functioning.
For example, at the Research Center on Obesity and
Comorbidities at the University of Sdo Paulo (USP)!
researchers have recently discovered that brown tissue
can burn even more fat through interleukin 10 (IL-10)".
This interleukin is produced by cells of the immune
system and usually acts as an immunosuppressant, being
especially useful in inflammatory situations. Althoughitisa
controversial topic and needs further study, studies in mice
showed that the inhibition of IL-10 resulted in an increase
in thermogenesis, energy expenditure and darkening of
white adipose tissue®. IL-10 binds to adipose tissue cells
and reduces the expression of genes that regulate energy
expenditure, promoting a metabolically harmful phenotype.
For this reason, interleukin is a target of research in order
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to prove whether this substance can play a role. similar
in human white fat or whether the contrast with animal
models will remain?.

One possibility involved in the control of energy
balance is the primordial signaling molecule, serotonin,
which, in its majority, is produced by the enzyme TPH1
(tryptophan hydroxylase 1). High levels of central serotonin
(5% of total serotonin) are able to reduce appetite, but
studies report that peripheral serotonin (circulating part in
the blood - 95%), when increased, can reduce the activity
of brown adipose tissue®. It is known, then, that in mice,
if TPH1 is genetically removed or blocked, even if they
are fed a high-fat diet, they are protected from obesity and
insulin resistance, since there is an improvement in the
ability of the multilocular adipose tissue in burning calories.
Thus, the chemical inhibition of small TPH1 molecules
mimics the benefits attributed to its genetic deletion,
effects dependent on UCP 13, Thus, since obesity increases
peripheral serotonin, the inhibition of the signaling of this
substance or its synthesis in the adipose tissue can be a way
of treatment for obesity and its comorbidities®.

The literature still brings the development of drugs
that could increase the formation of brown adipose cells or
even induce the differentiation of white adipose tissue into
brown, increasing thermogenesis. However, development is
dependent on in-depth knowledge of cellular mechanisms
that control the formation and function of brown
adipocytes34. Furthermore, during the development of
obesity, there is a progressive deterioration of hypothalamic
activity, which results in a progressive loss of response to
anorectic and pro-thermogenic substances. Therefore, it is
recognized that brown adipose tissue is one of the potential
targets of the pro-thermogenic action of the hypothalamus
through substances such as leptin, insulin, adiponectin and
the neuropeptide Y?'.

Some hypotheses for the reversal of obesity are
based on the activity of brown adipose tissue in response
to cold, which depends on a neural signal generated in
the hypothalamus, considering that this response can be
modulated during weight loss?'. In mice and rats, exposure
to cold or administration of beta-adrenergic agonists
induces the appearance of brown adipocytes in deposits
considered specific to white fat. It is believed, then, that
the activation of receptors can effect this transformation of
adipocytes and that this conversion could contribute to the
treatment of obesity and diabetes'®.

Therefore, it is reaffirmed that brown adipose tissue
is activated mainly via beta 3 receptors, with noradrenaline
being released by the sympathetic terminals, next to
adipocytes, and inducing the cell machinery to produce
heat, although other adrenergic receptors. can activate it>2!.
A study in healthy humans using indirect calorimetry and
stable isotopes showed that cold exposure resulted in a
14% increase in resting metabolic rate in individuals with
detectable levels of brown adipose tissue and that this

469

increase was fueled by plasma-derived glucose (30%) and
free fatty acid oxidation (70%). Similarly, individuals with
obesity or type 2 diabetes experienced an improvement
in insulin sensitivity after a short-term 10-day cold
acclimatization, which resulted in enhanced brown adipose
tissue activity and whole-body insulin sensitivity (43%) in
overweight men with type 2 diabetes’.

Another study brought the newly discovered
ability of brown adipocytes to sequester succinate from
the circulation, since this flavoprotein exerts acute control
over UCP1-dependent thermogenesis, triggering the
production of reactive oxygen species (mitochondrial ROS)
by oxidation. Thus, in certain physiological contexts, the
accumulation of circulating succinate in the brown adipose
tissue, which is further increased with exposure to 4°C,
suggests that the peripheral tissues supply it to the brown
adipose tissue through the circulation after exposure to
cold®. Thus, in addition to identifying a new molecular
pathway for activating adipocyte heat production, these
data demonstrate that succinate acts as a systemic signal
that exerts profound effects on body metabolism™*.

The correlation of brown adipose tissue with obesity,
therefore, is admitted as a subject of wide possibilities and
of an exploratory nature still under study, since, despite
the high potential of brown adipose tissue as a target
for the treatment of obesity and the role of Sympathetic
nervous system as an activator of its thermogenic function,
clinical studies mostly still fail in humans when trying to
promote changes in the energy balance with drugs with
beta-adrenergic action?. Given the above, therefore, given
the epidemiological uniqueness of obesity, it is understood
the importance of searching for new targets that provide
advances in the prophylaxis and treatment of this problem
and it is understood that the presented hypotheses need
further investigation in order to become scientifically
proven facts.

CONCLUSION

This work presented information regarding a
little explored tissue in the adult human body, the brown
adipose tissue. Given the above, it was possible to see that
the adipose tissue in its broad approach is essential to the
animal kingdom, as it is multifunctional and as a target topic
for further research, since, during the performance of this
IR, the lack was noticed. practical evidence regarding the
theoretical hypotheses made.

Therefore, it was understood the importance of
differentiating brown and white adipose tissues in terms
of their anatomy and physiology, and it is also necessary
to understand the events that characterize the thermogenic
capacity of BAT. Given this understanding, several
hypotheses were observed that correlate the importance
of the physiological role of BAT as the target of studies
that address the development of new therapies for the



management and treatment of obesity.

Finally, with the topics covered in this work and the

construction of microscopic reasoning to the possibility
of a proper clinical approach, it is stated, given the new
technologies and advances in medicine, how significant

Rev Med (Sao Paulo). 2021 Sept-Oct;100(5):460-71.

is the expansion of research in this area. In addition, it is
necessary to expand the search for functional correlations
between brown adipose tissue and obesity in adults, since
this is a worldwide problem in the context of public health.
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