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Role of brown and white adipose tissue in metabolic regulation.
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Introduction

Adipose tissue, commonly known as fat, is not merely a
storage depot for excess energy. Instead, it plays an active role
in metabolic regulation, influencing energy balance, glucose
metabolism, and lipid homeostasis. There are two main types
of adipose tissue in mammals: white adipose tissue (WAT) and
brown adipose tissue (BAT). While both tissues contribute to
overall metabolism, they have distinct structures, functions,
and roles in energy expenditure and storage. Understanding
the differences and functions of WAT and BAT is crucial
to appreciating how adipose tissues contribute to metabolic
health and disease [1].

WAT is the predominant form of adipose tissue in humans and
is primarily responsible for energy storage. White adipocytes,
or fat cells, store excess energy in the form of triglycerides.
When the body needs energy during fasting or exercise, these
triglycerides are broken down and released as free fatty acids
and glycerol into the bloodstream, where they can be used by
other tissues [2].

Excess accumulation of WAT, particularly in the visceral
region, is associated with obesity and metabolic syndrome. In
obesity, WAT expands by increasing both the size and number
of adipocytes. This expansion leads to a state of chronic
low-grade inflammation, where macrophages infiltrate the
adipose tissue, releasing pro-inflammatory cytokines such
as TNF-a and IL-6. These inflammatory mediators disrupt
insulin signaling pathways, contributing to insulin resistance,
a hallmark of type 2 diabetes [3].

In contrast to WAT, brown adipose tissue (BAT) is specialized
for energy expenditure rather than storage. BAT contains a
high number of mitochondria, which gives it a brown color.
These mitochondria express a unique protein called uncoupling
protein 1 (UCP1), which uncouples the process of oxidative
phosphorylation. Instead of generating ATP, BAT generates
heat—a process known as non-shivering thermogenesis [4].

BAT is abundant in small mammals and newborn humans,
where it helps to maintain body temperature in cold
environments. However, recent research has shown that adult
humans also possess active BAT, particularly in regions like
the neck, shoulders, and around the spine. The discovery of
metabolically active BAT in adults has renewed interest in its
potential role in human metabolism and energy balance [5].

One of the most significantroles of BAT is its ability to increase
energy expenditure. Activation of BAT, especially through

cold exposure or certain pharmacological agents, stimulates
thermogenesis, which can lead to increased calorie burning.
This process has attracted attention as a potential therapeutic
target for obesity and metabolic disorders, as enhancing BAT
activity could help counteract the excess energy storage seen
in obesity [6].

Interestingly, a third type of fat, called "beige" or "brite"
adipose tissue, has been identified. Beige adipocytes are
found within WAT but can behave like BAT under certain
conditions, such as cold exposure or stimulation by certain
hormones (e.g., irisin, released from muscles during exercise).
This process, known as "browning" of white fat, transforms
energy-storing WAT into a more metabolically active, energy-
expending tissue [7].

The balance between WAT and BAT plays a crucial role in
metabolic regulation. In obesity, the predominance of WAT,
especially visceral fat, contributes to metabolic dysregulation.
Conversely, higher BAT activity is associated with improved
metabolic profiles, including enhanced glucose metabolism
and insulin sensitivity. Thus, shifting the balance from
WAT to BAT or promoting the browning of WAT could be
beneficial in treating metabolic diseases like obesity, diabetes,
and cardiovascular disease [8].

The activity of both WAT and BAT is influenced by several
hormones and signaling pathways. Insulin, for instance,
promotes fat storage in WAT by stimulating the uptake
of glucose and the synthesis of fatty acids. In contrast,
catecholamines, such as norepinephrine, activate BAT by
stimulating B-adrenergic receptors, leading to thermogenesis

[9].

Thyroid hormones also play a role in regulating BAT
activity. They increase the expression of UCP1 and enhance
thermogenesis, contributing to overall energy expenditure.
Leptin, secreted by WAT, not only regulates hunger but also
stimulates BAT activity, linking the body's energy stores with
energy expenditure [10].

Conclusion

Brown and white adipose tissues play distinct but
interconnected roles in metabolic regulation. WAT primarily
stores energy and influences metabolic health through the
secretion of adipokines, while BAT is involved in energy
expenditure and thermogenesis. The ability to manipulate the
activity of these tissues, whether through lifestyle changes
or therapeutic interventions, holds promise for addressing
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metabolic disorders like obesity, type 2 diabetes, and
cardiovascular disease. As research continues to uncover the
complexities of adipose tissue biology, new strategies for
enhancing metabolic health and treating metabolic diseases
may emerge.

References

1. Jankovic A, Otasevic V, Stancic A, et al. Physiological
regulation and metabolic role of browning in white adipose
tissue. Horm Mol Biol Clin Investig. 2017;31(1).

2. Price NL, Fernandez-Hernando C. miRNA regulation
of white and brown adipose tissue differentiation and
function. Biochim Biophys Acta, Mol Cell Biol Lipids.
2016;1861(12):2104-10.

3. Schulz TJ, Tseng YH. Brown adipose tissue: development,
metabolism and beyond. Biochem J. 2013;453(2):167-78.

4. Luo L, Liu M. Adipose tissue in control of metabolism. J
Endocrinol. 2016;231(3):R77-99.

. Jung SM, Sanchez-Gurmaches J, Guertin DA. Brown

adipose tissue development and metabolism. Brown
adipose tissue. 2019:3-6.

. Bartelt A, Heeren J. Adipose tissue browning and

metabolic health. Nate Rev Endocrinol. 2014;10(1):24-36.

. Saely CH, Geiger K, Drexel H. Brown versus white

adipose tissue: a mini-review. Gerontology. 2011 Dec
7;58(1):15-23.

. Sell H, Deshaies Y, Richard D. The brown adipocyte:

update on its metabolic role. Int J Biochem Cell Biol.
2004;36(11):2098-104.

. Scheja L, Heeren J. Metabolic interplay between white,

beige, brown adipocytes and the liver. J Hepatol.
2016;64(5):1176-86.

10.Klaus S. Adipose tissue as a regulator of energy balance.

Curr Drug Targets. 2004;5(3):241-50.

Citation: Beng D. Role of brown and white adipose tissue in metabolic regulation. Insights Nutr Metab. 2024,;8(6):232

Insights Nutr Metab 2024 Volume 8 Issue 6


https://www.degruyter.com/document/doi/10.1515/hmbci-2017-0034
https://www.degruyter.com/document/doi/10.1515/hmbci-2017-0034
https://www.degruyter.com/document/doi/10.1515/hmbci-2017-0034
https://www.sciencedirect.com/science/article/pii/S1388198116300312
https://www.sciencedirect.com/science/article/pii/S1388198116300312
https://www.sciencedirect.com/science/article/pii/S1388198116300312
https://portlandpress.com/biochemj/article-abstract/453/2/167/46194
https://portlandpress.com/biochemj/article-abstract/453/2/167/46194
https://joe.bioscientifica.com/view/journals/joe/231/3/R77.xml?rss=1
https://link.springer.com/chapter/10.1007/164_2018_168
https://link.springer.com/chapter/10.1007/164_2018_168
https://www.nature.com/articles/nrendo.2013.204
https://www.nature.com/articles/nrendo.2013.204
https://karger.com/ger/article-abstract/58/1/15/147638
https://karger.com/ger/article-abstract/58/1/15/147638
https://www.sciencedirect.com/science/article/pii/S1357272504001554
https://www.sciencedirect.com/science/article/pii/S1357272504001554
https://www.sciencedirect.com/science/article/pii/S0168827816000611
https://www.sciencedirect.com/science/article/pii/S0168827816000611
https://www.ingentaconnect.com/content/ben/cdt/2004/00000005/00000003/art00004

