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HUMORAL ASPECTS OF BROWN
ADIPOSE TISSUE THERMOGENESIS
AS A PHYSIOLOGICAL STRATEGY OF
ADAPTATION TO COLD

The review is devoted to the study of humoral factors that directly affect the processes of non-contractile thermogenesis and the activity of brown
adipose tissue. The review is based on research conducted in various research laboratories.
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Exposure to cold stimulates heat pro-
duction through muscle tremors caused
by contraction of skeletal muscles, as
well as the influence of non-contractile
thermogenesis. The concept of non-con-
tractile thermogenesis was first proposed
in Voight's research in 1878, the occur-
rence of non-contractile thermogenesis
in the human body was accurately de-
scribed by W. Cannon et al. [5] in 1927,
who argued that the medulla oblongata
of the adrenal glands plays a significant
role in non-contractile thermogenesis.
Currently, a number of studies have es-
tablished that metabolic acclimatization
to cold is characterized by an increase
in non-contractile thermogenesis in the
human body as a more effective way of
obtaining heat than muscle contractions,
and the main source of non-contractile
thermogenesis is a unique brown adi-
pose tissue (BAT), which is exclusively
differentiated for thermogenesis and is
the only known tissue whose main func-
tion is to produce heat. Enough works
have been devoted to the biochemical
and physiological mechanisms of the
functioning of non-contractile thermogen-
esis and the role of BAT [3, 15, 40, 46].

Cold acclimatization enhances not
only the metabolic activity of BAT, but
also significantly proliferates this tissue.
The degree of hyperplasia in the BAT is
greater than in any other tissues or or-
gans under various physiological stimuli.
It is assumed that such features of BAT
are under the control of numerous neu-
roendocrine factors. However, the mech-
anisms involved in this process have not
been fully clarified. This review is devot-
ed to the study of humoral factors that
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directly affect BAT, mainly on the basis
of studies conducted in various research
laboratories.

Humoral regulation of brown adi-
pose tissue. Norepinephrine is the main
regulator of the BAT function during accli-
matization to cold. It is known that some
hormones, such as adrenaline, gluco-
corticoids and thyroid hormones, are
involved in the regulation of this tissue,
enhancing its thermogenesis directly [40,
41]. Pancreatic hormone glucagon plays
the role of an energy-supplying hormone,
satisfying the increased need for energy
and fuel during physical activity, fasting
[17], pain syndrome, the influence of
noise and fever [2]. What is of interest in
studying the role of glucagon in the func-
tioning of BAT during cold acclimatiza-
tion.

Exposure to cold increases the level of
glucagon in the blood plasma of rats at
an early stage for 2 weeks at a tempera-
ture of 5 °C [21, 22], when the animals
develop an almost maximum phase of
non-shivering thermogenesis [15]. There
is also a significant positive correlation
between the concentration of glucagon
and the level of free fatty acids in blood. It
has been shown that the main substrate
for non-shivering thermogenesis is fatty
acids [28]. It was also found that the level
of glucagon in blood plasma in men has
significant seasonal fluctuations, so the
level of glucagon is significantly higher
in winter than in summer, and there is a
positive correlation between the level of
glucagon and the concentration of free
fatty acids in blood plasma in general
during the year [18]. These data suggest
that glucagon may play a role in the de-
velopment of cold acclimatization due to
its lipolytic effect. However, the level of
glucagon in blood plasma does not dif-
fer from the control value after prolonged
cold acclimatization for 4 weeks, while
it was noted that the glucagon-induced

increase in oxygen consumption by the
whole body, as well as intraperitone-
al temperature and BAT temperature is
greater in cold-acclimatized rats than in
heat-acclimatized [20], and an increase in
consumption oxygen and BAT tempera-
ture are positively correlated with BAT
mass. A similar phenomenon is observed
in the reaction to norepinephrine, as pre-
viously reported [15, 41]. Such an altered
reaction of the body to biogenic factors
such as norepinephrine and glucagon
can provide a kind of adaptation effec-
tiveness. This concept can be described
as a "mechanism for saving on adapta-
tion." Moreover, chronic administration of
glucagon causes an increase in tolerance
to cold and to non-shivering thermogene-
sis, possibly due to an increase in weight
and an increase in the thermogenic ability
of BAT [49]. Cold acclimatization increas-
es the level of glucagon in BAT when the
level of glucagon in plasma is the same
as in rats in heat [ 12]. These data sug-
gest that BAT is a target tissue for gluca-
gon, and glucagon serves as one of the
members of the humoral team, which is
responsible for enhancing the process-
es of non-shivering thermogenesis in
BAT during cold acclimatization. It is well
known that an enhanced thermogenic
reaction to norepinephrine, in addition to
increased secretion of this sympathetic
factor, is caused by cold acclimatization
[15], and BAT is the dominant anatomical
site of enhanced norepinephrine-induced
non-contractile thermogenesis during
cold acclimatization [10]. It is believed
that such a contribution of BAT is mediat-
ed by an increase in mass (hyperplasia)
[21], blood flow [10] and metabolic activ-
ity, estimated by the mitochondrial ther-
mogenic ability of this tissue (an increase
in the thermogenin protein UCP1) [45].
Thus, it can be concluded that in com-
bination with norepinephrine and other
hormonal factors, glucagon functions as



a thermogenic hormone and participates
in the regulation of non-contractile ther-
mogenesis through the activation of BAT.

In vivo research. BAT in cold-adapt-
ed rats exhibits a greater thermogenic
response to cold [9], norepinephrine [8,
24] and glucagon [8]. Increased non-con-
tractile thermogenesis is associated with
increased metabolism of free fatty acids
and a decrease in respiratory metabolism
[28]. The level of triglycerides decreas-
es in the cells of the BAT of rats during
acute exposure to cold and adaptation
to cold [34]. It is assumed that the oxi-
dation of fatty acids accounts for a large
part of the thermogenesis of BAT during
norepinephrine infusion [32]. It has been
shown that the rate of fatty acid synthesis
is more than ten times higher in rats with
cold acclimatization compared with con-
trols that were not exposed to cold [46].
These results indicate that fatty acids are
the main energy substrates for BAT ther-
mogenesis. In this context, it is interest-
ing to note a lower venous drainage of
free fatty acids from the BAT of cold-ac-
climated rats compared with the control
group after infusion of norepinephrine
[36] or glucagon [18, 21]. This may be
due either to a decrease in lipolysis or to
an increase in the utilization of free fatty
acids in the BAT. When norepinephrine
was administered to cold-acclimated rats
and the control group, the concentration
of glycerin did not have significant differ-
ences. Glycerol release is an indicator of
the intensity of the lipolysis process, since
glycerol is less utilized in adipocytes of
white adipose tissue and BAT compared
with free fatty acids [36]. Therefore, a low
concentration of free fatty acids from the
BAT adipocytes of rats acclimated to cold
may be the result of increased utilization
of free fatty acids under the influence of
norepinephrine or glucagon. Since gluca-
gon is known to stimulate the secretion
of catecholamines, it is possible that an
increase in the level of fatty acids in the
blood and BAT is secondary to an in-
crease in circulating norepinephrine lev-
els. However, this is unlikely, since the
response to glucagon does not change
under the action of the propranolol Q
blocker, which suppresses the lipolytic
and calorigenic effects of catecholamines
[19].

It is also suggested that the activation
of BAT contributes to increased glucose
consumption for thermogenesis, since
this tissue has a high concentration of
key glycolytic enzymes, hexokinase and
6-phosphofructokinase, and the activity
of these enzymes doubles when adapt-
ing to cold [6]. In addition, it is believed
that BAT can play an important role in

glucose excretion after a carbohydrate
load by controlling the concentration of
glucose in the blood. It was found that
the glycogen level in the BAT of cold-ac-
climated rats is lower [20], and glucagon
infusion does not increase the glucose
level in the venous drainage from the
BAT, despite the increased glucose level
in the systemic venous blood [24]. The
data obtained show that glucose may be
one of the exogenous substrates used
by BAT, although its contribution to BAT
thermogenesis may be relatively small
[14, 32]. At the same time, glucose may
be an important substrate for lipogenesis
in BAT. It is known that the main fuel for
thermogenesis in BAT are lipids synthe-
sized de novo and stored in multilocular
fat droplets in the cytoplasm of BAT adi-
pocytes [14]. It has also been established
that BCT has a high activity in lipogene-
sis, especially in animals acclimatized to
cold. Thus, in the study Trayhurn P, 2018,
it was shown that the total synthesis of
fatty acids is three times higher than the
total hepatic synthesis in rats with ac-
climatization to cold [46]. Another pan-
creatic hormone, insulin, is a powerful
anabolic hormone, as well as an anti-li-
polytic factor and stimulates lipid synthe-
sis. Therefore, the action of insulin would
be a necessary condition for maintaining
a high thermogenic capacity of BAT. It
has also been proven that glucose is the
predominant substrate for the synthesis
of fatty acids in BAT, and this process is
stimulated by insulin [39]. In addition, it
has been shown that tolerance to cold
and to non-oxidative thermogenesis are
markedly reduced in rats with streptozo-
tocin diabetes mellitus [11], which may be
due to some disorders in BAT caused by
insulin deficiency, such as tissue atrophy,
decreased ability to Q-oxidation of fatty
acids and a decrease in the amount of mi-
tochondrial uncoupling protein (UCP 1). A
recent study [35] showed that insulin is
involved in the regulation of the function
of BAT in cold weather, directly demon-
strating changes in the binding sites of
insulin, as well as its content in BAT. The
concentration of insulin in the BAT was
increased both in rats exposed to acute
exposure to cold, as well as in the group
of rats exposed to prolonged exposure to
cold, but it should be noted that insulin
receptors were elevated in the first group
of animals and were significantly lower in
the second group. The exact mechanism
of increasing the insulin content in adi-
pose tissue remains unknown. However,
there is an assumption that an increase
in insulin in the tissue is associated with
increased lipogenesis to meet the in-
creased need for energy fuel in the cold.
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It has been shown that the internalized
insulin receptor complex releases insulin
and places it in cellular organelles such
as lysosomes, Golgi apparatus [37] and
nuclei [41, 42]. Moreover, several proofs
indicate that intracellular insulin is asso-
ciated with the proliferation and differen-
tiation of BAT during adaptation to cold.
Taken together, these data indicate that
insulin may be closely related to the reg-
ulation of BAT function in many aspects.
The authors of the study showed that
the systemic caloric effect of glucagon
decreases with a deficiency of adreno-
corticoids [7]. In thyroidectomized or ad-
renalectomized rats, glucagon infusion
does not lead to an increase in the level
of free fatty acids in the venous drainage
from the BAT [19]. It is possible that the
lipolytic and thermogenic effect of gluca-
gon in BAT depends on the presence of
thyroid and adrenocortical hormones.
Thus, in L. Jansky study, when nor-
epinephrine is infused at a dose of 40 g
intravenously / 100 g of body weight, it
causes non-contractile thermogenesis in
the body of rats [15]. Studies have shown
that the administration of norepinephrine
also increases the level of glucagon in
both plasma and BAT adipocytes. The
degree of increase of glucagon in plasma
is higher, and the initial level of glucagon
in BAT, as well as the level of glucagon
induced by noradrenaline, is higher in
cold-acclimatized rats than in the control
group [25]. The results show that norepi-
nephrine stimulates glucagon secretion,
and cold acclimatization enhances this
effect of norepinephrine, suggesting that
the glucagon released by norepineph-
rine will interact with norepinephrine to
enhance the process of non-contractile
thermogenesis in BAT in the cold. How-
ever, exposure to cold stimulates gluca-
gon secretion in adrenodemidulated and
chemically sympathectomized rats to the
same extent as in rats in control groups,
which indicates that cold-induced gluca-
gon release is at least partially indepen-
dent of the sympathoadrenal system [13].
In vitro research. In vitro studies have
been conducted in order to directly learn
the regulatory mechanisms of the func-
tion of BAT. Isolated BAT cells, thin tissue
sections or finely ground tissue blocks
were used for in vitro studies. Norepi-
nephrine and glucagon provide a compa-
rable maximum response in the in vitro
oxygen consumption by cells and tissue
blocks of the BAT of rats [25, 26]. Thus,
in vitro experiments revealed that the
concentrations of glucagon and norepi-
nephrine necessary for the effect were
increased compared to concentrations
in blood plasma. The thermogenic re-
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sponse to glucagon in vitro is suppressed
by thyroidectomy or adrenalectomy, as
well as the lipolytic effect of animals ac-
climated to cold has increased metabolic
activity, which is estimated by biochemi-
cal parameters associated with the mito-
chondrial thermogenic mechanism, such
as the UCP1 protein [47].Therefore, it is
expected that the BAT of cold-climatized
animals will demonstrate an enhanced
thermogenic response to norepinephrine
or glucagon at the tissue or cellular level.
Thus, in BCT adipocytes [33], BAT frag-
ments [27] and BAT blocks [26] exposed
to cold, a low reaction was detected,
estimated by oxygen consumption and
lipolysis processes stimulated by norepi-
nephrine and glucagon, compared with
the control. These in vitro results contra-
dict the aforementioned in vivo data and
biochemical results. An increase in the
thermogenic response of BAT in cold-cli-
matized animals may be caused by BAT
hyperplasia [3], accompanied by an in-
crease in the supply of energy substrates
and oxygen due to increased blood flow
through this tissue [10, 51]. Indeed, a pos-
itive correlation was noted between the
mass of BAT and in vivo norepinephrine
and glucagon-induced thermogenesis in
BAT [8]. Another possible factor in the dif-
ferences between in vivo and in vitro re-
sults is that the preparation of BAT cells or
tissues has not yet been optimized. How-
ever, under the same in vitro incubation
conditions, the tissue blocks of the BAT
of guinea pigs acclimated to cold show
an enhanced norepinephrine and gluca-
gon-induced respiratory response, while
rats acclimated to cold show a weakened
one [26]. Oxygen consumption by brown
adipocytes during norepinephrine stimu-
lation was higher in guinea pigs acclimat-
ed to cold compared with controls [31,
38]. It has been shown that BAT is the
main factor in enhancing non-contractile
thermogenesis in guinea pigs exposed
to cold. Therefore, it can be said that
the in vitro BAT reaction well reflects the
thermogenic function of tissues in vivo in
guinea pigs, but not in rats. Such a dis-
crepancy between the results in vivo and
in vitro in rats suggests that in the BAT
of cold-climatized rats there is a certain
mechanism for protecting tissue with high
thermogenic ability from excessive heat
release and subsequent self-destruction
during cold acclimatization. At the same
time, the constant heat production of BAT
in the cold is provided by an enhanced
biochemical mechanism, such as activa-
tion or induction of the uncoupling protein
UCP1 in tissue mitochondria [47]. An in-
crease in the virothermogenesis of BAT
in rats occurs mainly due to extensive hy-

perplasia [ 3, 4] and increased blood flow
to the tissue [10, 51]. Prolonged infusion
of norepinephrine [39] and glucagon [1,
49] in rats simulates cold acclimatization,
increasing tolerance to cold due to stim-
ulation of BAT. However, the BAT of rats
with glucagon and norepinephrine infu-
sion does not demonstrate an enhanced
thermogenic response in vitro, as does
the BAT of rats acclimatized to cold [3].

Conclusion. Activation of the sym-
pathetic nervous system in BAT is me-
diated by central stimulation by humoral
factors that have been proven to act di-
rectly on this tissue, such as insulin and
glucagon. Therefore, it is appropriate to
conclude that the function of BAT is reg-
ulated by numerous neuroendocrine fac-
tors through their peripheral and central
action.

Brown adipose tissue, whose main
function is to produce heat by dissipating
energy, serves as a specific organ of ad-
aptation to changes in ambient tempera-
ture. Numerous studies have proven that
this unique tissue has cross-adaptability
and is regulated by numerous neutro-
endocrine factors. But at the same time,
there are still some gaps in the under-
standing of the mechanisms of regulation
of this tissue. Therefore, further clarifica-
tion of the processes and factors involved
in the functioning of brown adipose tissue
will contribute to our understanding of the
adaptability of the body in cold conditions.
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BIOETHICAL PRINCIPLES

AND APPLIED BIOETHICS IN THE FIELD
OF NEURODEGENERATIVE DISEASE
RESEARCH IN YAKUTIA

Applied bioethics is a field of knowledge, the subject of which is practical moral problems. The ethical principles that form the basis for applied
bioethical research related to neurodegenerative disease in Yakutia are discussed. Applying the basic four ethical principles as starting points can
lead to different answers regarding specific bioethical problems, in our case the moral problems of providing medical care to patients with neuro-

degenerative diseases.

Keywords: bioethics, applied ethics, neurodegenerative diseases, Republic of Sakha (Yakutia)

Introduction. Bioethics arose from
the need to assess the positive and
negative effects of new methods and
technologies. Can bioethics prevent the
unfair distribution of medical resourc-
es, treatments, and medicines among
those in need? Bioethics acts as a kind
of discussion platform, where scientists
themselves, who have created break-
through technologies, discuss the pos-
itive and negative consequences of in-
ventions for both patients and society,
and positive and negative criteria de-
pend on knowledge, cultural level and
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prejudices of the era and society as a
whole [8,9,11,46].

Perhaps it is bioethics that is the field
of human knowledge where many areas
of research have become entrenched
and there are many directions for re-
search: the philosophical study of the
ethics of medicine, medical law, medical
anthropology, medical genetics, medical
sociology, health policy, health econom-
ics. Philosophers believe that bioethics
is one of the branches of practical (or ap-
plied) ethics, which, in turn, is one of the
branches of philosophy [5,12,45].

On the other hand, there is undoubt-
edly a problem that the philosopher Be-
natar (2006) calls the problem of "disci-
plinary slip", when a person moves from
working in his own discipline, in which he

is trained, to working in another, in which
he is not trained. There are fewer obsta-
cles for health care workers or scientists
to engage in moral philosophy than there
are for philosophers who would like to
practice medicine. This does not prevent
lawyers, doctors and scientists of various
profiles from cooperating with philoso-
phers on practical ethical issues or work-
ing independently to answer questions
that are crucial for making ethical deci-
sions [22,24,26,43].

According to Husseinov (2004), ethics
is initially a practical science. In his opin-
ion, ethics is a practical science, since it
considers human actions and behavior
from the point of view of their fundamen-
tal principles, and it is the point at which
philosophy connects with practice, there-



