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ACTIVATION OF BROWN ADIPOSE TIS-
SUE IN THE HUMAN BODY

This literature review presents current data on the influence of physiological factors such as cold, nutrition, and fasting on the
activation of brown adipose tissue in the adult body, since the activation of this tissue stimulates human metabolism and can be a
potential therapeutic method in the fight against obesity and concomitant diseases.
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Introduction. Obesity is a major
public health problem in this decade,
reaching epidemic proportions not only
in high-income countries, but also in mid-
dle-income countries.

According to the WHO, the number
of obese people has more than doubled
worldwide [37]. So, from 1980 to the
present time, overweight and obesity are
more frequent causes of death in 65%
of people than underweight [10]. Obesi-
ty was found in approximately 1/3 of the
adult population, the same number of
people were found to be overweight [37].

Brown adipose tissue (BAT) is a unique
adipose tissue whose main function is to
generate heat by dissipating chemical
energy. This tissue has been extensive-
ly studied in the past in small mammals
and until recently it was believed that in
humans, BAT is present only in newborns
[6]. In addition, many studies have shown
that BAT thermogenesis increases ener-
gy expenditure in mammals, affects ex-
cess lipids and fat accumulation. Active
BAT is controlled by the sympathetic
nervous system, in which the adrenergic
response initiates the absorption of ener-
gy in fatty acids and carbohydrates in the
BAT and stimulates thermogenetic activi-

EFREMOVA Agrafena Vladimirovna — Can-
didate of Biological Sciences, Phd, Senior
Researcher, Yakutsk Scientific Center for
Complex Medical Problems, a.efremova01@
mail.ru; ALEKSEEV Vladislav Amirovich —
junior researcher, Yakutsk Scientific Center
for Complex Medical Problems; KONSTANTI-
NOVA Lena Ivanovna - research assistant,
Yakutsk Scientific Center for Complex Medical
Problems; OKHLOPKOVA Elena Dmitrievna
— Candidate of Biological Sciences, Leading
Researcher - Head of Laboratory, Yakutsk Sci-
entific Center for Complex Medical Problems;
OLESOVA Lyubov Dygynovna — Candidate
of Biological Sciences, Leading Researcher,
Yakutsk Scientific Center for Complex Medical
Problems, SEMENOVA Evgeniya Ivanovna
— Ph.D., Senior Researcher, Yakutsk Scientific
Center for Complex Medical Problems

ty. This activity is associated in particular
with the hypothalamus and is regulated
by a wide range of transcription factors
and regulators. Currently, it is believed
that BAT is active not only in small mam-
mals and newborns, but also in adults.
By scanning including recognizing and
measuring the mass and activity of BAT
in humans, current research has expand-
ed the understanding of the prevalence,
clinical correlations, activators and reg-
ulators of BAT systems. These findings
prove the ability of BAT to be metabol-
ically active in adults, and it is possible
that this tissue could be a potential ther-
apeutic option in the fight against obesity
and metabolic disease. Cold activation of
brown adipose tissue

In the human body, during fasting and
at room temperature, the functions of
brown adipose tissue are neutral in meta-
bolic activity and are comparable to white
adipose tissue [19, 32]. Cold is one of the
most effective natural and physiological
activators of human BAT [32]. In persons
with active BAT during acute exposure
in the cold, the temperature of the skin
does not decrease in the supraclavicular
region, in this area is the most significant
depot of BAT in humans [35]. A number
of studies have shown that the effect of
cold increases energy expenditure at rest
in the human body [14, 22, 27, 32], es-
pecially in individuals with high metabolic
BAT activity in the cold [35].

A non-invasive combined PET/CT
(positron emission tomography / com-
puted tomography) imaging technique is
used to determine tissue-specific BAT ac-
tivity in humans in vivo. The physiological
and metabolic functions of BAT can be
determined using various indicators. The
most commonly used BAT assay is quan-
titative tissue-specific glucose uptake
or semi-quantitative 18FDG (18F-fluo-
ro-D-deoxyglucose) uptake. The 18FDG
indicator is a glucose analogue and its
uptake provides an overall assessment
of the metabolic activity of a tissue.

Acute exposure to cold increases the
probability of detecting the metabolic
activity of BAT, so in people with normal
weight, this probability can be 60-90%
[14,19]. In the absence of exposure to
cold, increased metabolic activity of BAT
can be detected only in 0,6-25% of pa-
tients [8, 12]. With regular daily exposure
to the cold in the study group, the level of
metabolic activity of BAT was increased
[2, 9, 36], which was characteristic of nat-
ural seasonal acclimatization during the
thermal winter.

Oxidative metabolism with active
brown adipose tissue

Oxidative metabolism in BAT can
be measured indirectly using 11C-ace-
tate-PET or radio guides, as well as di-
rectly by measuring oxygen absorption in
BAT using "®O-O2%-PET [19, 22, 30]. Indi-
cators of oxidative metabolism are more
descriptive indicators of thermogenesis
and oxidation of the mitochondrial sub-
strate than the absorption of the substrate
itself, since exposure to cold significantly
activates oxidative metabolism [22]. Also,
the perfusion of BAT significantly increas-
es during cold weather, approximately
twofold [19], which further confirms the
increased oxidative role of brown adipose
tissue when exposed to cold.

Thus, it was revealed that oxygen
consumption was 50% higher in subjects
with functionally active BAT - their tissue
oxygen consumption was also high at
rest compared to the control group with
non-functional BAT [15]. In general, the
oxygen uptake of BAT doubles during
acute cold exposure along with double
perfusion [30], and oxygen consumption
and perfusion are interrelated. Taken
together, they indicate the activation of
thermogenesis in human FAT during ex-
posure to cold.

Tissue-specific oxygen consumption
can also be used to estimate the energy
expenditure in BAT, which is strongly as-
sociated with the absorption of fatty acids
by brown tissue both at cold and at room
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temperature [30]. Fatty acid absorption in
FAT is measured using PET and 18F-flu-
oro-TIA-heptadecanoic acid (18F-FTHA),
a palmitate analog that can enter either
the intracellular lipid pool or directly into
the mitochondria. During cold weather,
activated BAT uses both glucose and fat-
ty acids, but if intracellular triglyceride lip-
olysis is inhibited by nicotinic acid during
cold weather, oxidative metabolism in
BAT slows down and muscle tremors in-
crease [4]. The importance of intracellular
lipolysis for oxidative metabolism in BAT
is additionally confirmed by the data that
the radiodensity of BAT does not change
with the introduction of nicotinic acid [4].

The X-ray density of tissue is mea-
sured by computed tomography (CT),
which is measured in Hounsfield units
(HU) for tissue as an indirect measure
of triglyceride content. It was shown that
after a 3-hour exposure to the cold, the
subjects were found to have an increased
level of HU, reflecting the degree of oxi-
dation of one third of the intracellular lipid
pool [22].

In mild cold (- 4C°), a high consump-
tion of fatty acids in BAT was observed
[3]. In addition, other methods such as
magnetic resonance imaging (MRI) and
proton spectroscopy (PS) can be used
to assess the content of lipid profile and
triglycerides in tissue. The content of tri-
glycerides in BAT, measured using PS, is
significantly lower in subjects with func-
tionally active BAT compared to subjects
with inactive BAT and is associated with
the sensitivity of the whole organism to
insulin [25].

Interestingly, when exposed to cold for
2 to 3 hours, lipid oxidation predominates
[30], while prolonged exposure to cold (5
to 8 hours) in patients with functionally
active BAT and increased insulin sensi-
tivity increases glucose consumption [ 7].

Insulin-stimulated glucose uptake
in brown adipose tissue. Despite the
fact that cold is a powerful activator of
BAT function, people do not currently
spend significant time in the cold. A num-
ber of authors have found that nutrition
and physical activity directly affect the
activation of this tissue [5, 26].

Food intake is a complex chain of re-
actions in which the first signals of met-
abolic changes and the body's prepara-
tion for food intake and nutrient utilization
occur even before the meal begins. The
head phase of appetite and eating begins
with the thought of food or the smell of
food, accelerating the secretion of saliva.
During this phase, a number of hormonal
signals are transmitted, and among oth-
ers, early release of insulin and peak in-
sulin concentration are recognized [28].

Insulin also plays an important role af-
ter meals, in the postprandial state. After
the first phase of increasing insulin, the
concentration is gradually increased to
facilitate digestion. Typically, in healthy
people, the fasting plasma insulin level is
approximately 3-10 IU/L (20-60 pmol / L),
and in the postprandial state, the insulin
level rises to 70-100 IU / L (420-600 pmol
/'L).

The postprandial level reflects the
fasting level; the higher the fasting insulin
concentration, the higher the postprandi-
al concentration. Knowledge of postpran-
dial insulin concentrations is used in an
experimental setting, and the stimulation
of insulin produced by the euglycemic hy-
perinsulinemic clamp is aimed at achiev-
ing an insulin concentration of 70-100
IU/L similar to postprandial clamping lev-
els. During this type of insulin stimulation,
the uptake of tissue-specific substrate
can be measured by PET, and especially
the rate of glucose uptake increases [17].
In part, the clamping stimulation of insu-
lin can be viewed as mimicking the post-
prandial state, at least in terms of plasma
insulin concentration.

Like cold, insulin activates the sympa-
thetic nervous system (SNS), and through
SNS activation, insulin can increase BAT
thermogenesis. However, during steady
state hyperinsulinemic clamping, BAT
perfusion does not increase in the same
way as when exposed to cold [19], sug-
gesting that insulin may not have a direct
effect on BAT thermogenesis. It is note-
worthy that the steady state in hyperin-
sulinemic clamping is usually achieved
45-60 minutes after the start of the insulin
infusion, and the acute effect of insulin
may have already passed.Thus, BAT can
be considered an insulin sensitive tissue
type. Despite the fact that BAT is a small
tissue in size and the contribution of this
tissue to glucose consumption and to the
sensitivity of the whole body to insulin is
small, the rate of glucose uptake by in-
sulin in BAT correlates with the M-value,
a measure of the sensitivity of the whole
body to insulin [19].

The effect of cold and insulin stimu-
lation on BAT metabolism is somewhat
different. Both stimulations increase the
absorption of glucose by BAT and en-
ergy expenditure throughout the body
[19], while the concentration of glucose
in the blood plasma remains unchanged.
However, with cold sympathetic acti-
vation results in high plasma fatty acid
concentrations, and with insulin stimu-
lation, a decrease to low fatty acid con-
centrations is observed. So, when ex-
posed to cold, lipolysis predominates in
adipocytes of white adipose tissue, and

with insulin stimulation, it is suppressed
by a high concentration of insulin. This is
due to high plasma norepinephrine levels
during cold periods, but such changes
in norepinephrine concentration cannot
be detected during insulin stimulation.
Plasma insulin concentration is evidently
high during hyperinsulinemic clamping,
but during cold exposure, insulin levels
decrease in all subjects, even those with
higher fasting levels (obese and insu-
lin-resistant subjects) [19]. The levels of
thyroid hormones, thyroxine (T4) and es-
pecially triiodothyronine (T3), decrease
during exposure to cold in patients with
functionally active BAT [19]. No changes
in the content of thyroid hormones were
detected with insulin stimulation.Activa-
tion of brown adipose tissue through food
intake and fasting

Food-induced thermogenesis re-
fers to the production of heat that oc-
curs in response to food intake. Ther-
mogenesis reflects tissue respiration, in
which mitochondria play a key role. Thus,
tissues with a higher content and function
of mitochondria have a greater contribu-
tion to thermogenesis of the whole organ-
ism.

The role of human BAT, which con-
tains a large number of mitochondria,
has been the focus of this debate, and
it has been questioned whether BAT
thermogenesis has any role in ener-
gy balance, especially in obesity. In the
1980s, results from studies in mice [26]
prompted researchers to hypothesize
that thermogenesis induced by fasting or
food intake may explain why some peo-
ple gain weight more easily than others
[13]. However, the question of whether
food-induced thermogenesis plays a role
in human metabolism remains poorly un-
derstood.

During a diagnostic 18FDG-PET scan
for tumor detection, the goal is to reduce
the accumulation of the indicator by other
metabolically active tissues. Such tissues
include, in particular, skeletal muscle and
brown adipose tissue. The accumulation
of 18FDG tracer in BAT in diagnostic
scans has been successfully reduced
with beta-blockers [23], but equally effec-
tive results can be achieved by keeping
the patient warm before and during the
scan. In addition to premedication and
controlled ambient temperature during
scans, fatty foods have been used to
reduce the uptake of 18PDHv BAT [34].
One group of patients (n = 741) prepared
for a high-fat, very low-carb, protein-free
diet scan, and another group of patients
(n = 1229) was on an empty stomach.
The high-fat group had a lower incidence
of high uptake of 18FDG in BAT [34].



Thus, food composition can influence
substrate preference in FAT, and the
Randle cycle appears to function in FAT
as well, in addition to other tissues such
as myocardium and skeletal muscle [16].
Provided that a healthy person is given a
high-calorie, carbohydrate-rich food, the
postprandial uptake of 18FDG in BAT is
higher than in subcutaneous or visceral
adipose tissue [33], but it is not known
whether the uptake of 18FDG after a
meal is increased compared to the fast-
ing state prior to a meal. In general, post-
prandial uptake of 18FDH remains lower
than during acute cold exposure [33].

With oral glucose after 3,5 hours at
ambient temperatures of 20 °C and 25
° C, the insulin response appears to be
higher at 20 ° C, based on the higher ratio
of insulin to glucose at 2 hours of GTT
(glucose tolerance test) [ 24]. At a tem-
perature of 20 °C, the concentration of in-
sulin in the blood of the subjects decreas-
es, since the lipolysis process is activated
by catecholamines, the glucose load can
cause a pronounced and compensatory
release of insulin in favor of glucose ox-
idation after exposure to moderate cold.
However, insulin concentrations at vari-
ous temperatures have not been shown,
nor have the levels of catecholamines or
fatty acids been measured, and therefore
the previous assumption remains validat-
ed under controlled conditions.

Thus, postprandial FAT substrate up-
take may be influenced by food compo-
sition, although postprandial insulin lev-
els can be expected to be sufficient to
increase glucose uptake by this tissue.
Since glucose uptake is not an ideal in-
dicator of thermogenesis, postprandi-
al oxidative metabolism may provide a
better understanding of food-induced
thermogenesis. Thus, eating food with a
caloric content within the normal range,
with a predominance of carbohydrates,
increases blood supply and oxygen ab-
sorption in the BAT as well as during cold
exposure [29].Prolonged fasting for 54 h
leads to a decrease in the cold-induced
rate of glucose uptake in the BAT, which
is approximately half the rate measured
under normal ambient temperature [15].
In addition, obesity reduces the likelihood
of detecting metabolically active BAT,
and only 30% of obese patients have
shown a significant increase in cold-in-
duced absorption of glucose in BAT [20].
The metabolic activity of BAT in obesity is
impaired, and insulin-stimulated glucose
uptake is less than half of the absorp-
tion measured in subjects with normal
weight [20]. It is possible that the brown
adipocytes of obese subjects are trans-
differentiated into white adipocytes com-

pletely filled with triglyceride, or isolation
by thick subcutaneous adipose tissue in
obesity is effective enough to prevent a
similar degree of FAT activation than in
lean subjects. On the other hand, some
people may be prone to obesity due to
poorly functioning BAT.

Recruiting BAT (browning) to other fat
depots, such as visceral white fat depots
or perirenal white fat depots, may be
beneficial in the fight against obesity. Pa-
tients with morbid obesity have a lower
content of uncoupling protein 1 (UCP1) in
intraperitoneal adipose tissue than lean
subjects [18]. Weight loss predominant-
ly targets intra-abdominal fat, and thus
UCP1 expression and function can be
increased following weight loss at these
depots. Routine weight loss through diet
and exercise for 5 months results in a
12% reduction in baseline weight, while
cold-induced metabolic activity of BAT
tends to be higher than before weight
loss [20].

It was found that in patients with se-
vere obesity, bariatric surgery leads to
a noticeable weight loss (by about 30%
of the initial weight), and one year after
surgery, the metabolic activity of BAT in
these patients increases [31].

Conclusion. Modern studies on the
physiology of brown adipose tissue have
shown that the effect of cold increases
energy expenditure at rest in the human
body, especially in persons with a high
metabolic activity of this tissue, which
contributes to a decrease in body weight.
The activation of brown adipose tissue
most effectively occurs during exposure
to cold, but in the modern world we spend
less time in natural cold conditions, there-
fore nutritional factors can serve as in-
hibitors for the activation of this tissue.
Short-term regulation of the functional ac-
tivity of brown adipose tissue by nutrition-
al factors is possible mainly due to insu-
lin. Insulin helps to reduce the absorption
of glucose in brown adipose tissue by 5
times under fasting conditions.The acti-
vation of brown adipose tissue most ef-
fectively occurs during exposure to cold,
but in the modern world we spend less
time in natural cold conditions, therefore
nutritional factors can serve as inhibitors
for the activation of this tissue. Short-
term regulation of the functional activity
of brown adipose tissue by nutritional
factors is possible mainly due to insulin.
Insulin helps to reduce the absorption
of glucose in brown adipose tissue by 5
times under fasting conditions.

The activation of brown adipose tissue
most effectively occurs during exposure
to cold, but in the modern world we spend
less time in natural cold conditions, there-
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fore nutritional factors can serve as in-
hibitors for the activation of this tissue.
Short-term regulation of the functional
activity of brown adipose tissue by nutri-
tional factors is possible mainly due to in-
sulin. Insulin helps to reduce the absorp-
tion of glucose in brown adipose tissue
by 5 times under fasting conditions.
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