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ABSTRACT

The article presents an analysis of literature data on the effect of cold on human health, the structure of the immune system, and the properties

and effects of natural adaptogens.

In general, the general cryogenic climatic parameters of the Far North create uncomfortable conditions for human existence and affect people’s
health. In extreme conditions, protective mechanisms and adaptive alteration of the body can lead to disruption — maladaptation. A whole series of

pathological phenomena develops.

In modern conditions, the development of adaptogens from local raw materials for enhancing the body’s resistance, prevention and treatment
of immune response disorders in low temperature conditions of the Sakha (Yakutia) Republic is a priority area.
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The territory of the Sakha (Yakutia)
Republic is located in the zone of extreme
natural and climatic factors (permafrost
with a large annual temperature range
from +35°C in summer to -67°C in winter,
anticyclonic regime and low oxygen
partial pressure in winter, etc.) and is the
coldest inhabited region in the northern
hemisphere of the Earth, which is due
to the considerable remoteness and
isolation of mountain massifs affected
by moist and warm air masses from the
Atlantic and Pacific Oceans and proximity
to the cold seas of the Arctic Ocean [11,
17, 42].

Despite the success of mankind in
creating technical means of protection
against unfavorable factors of the external
environment, a person is still vulnerable
to the harsh power of the Arctic. For
Yakutia, the extra continental climate
against the background of a constantly
operating cooling screen from the
surface of the earth is the main external
factor that negatively affects the health of
the northerner. The results of numerous
studies have identified two important
aspects of this problem: 1) the change
in the structure of northern populations
by constitutions, psychological makeup,
adaptive types is the result of natural
selection of people most effectively
adapting to the North, i.e. having good
prerequisites for adaptation in these
conditions (preadaptation); 2) cost of
adaptation is manifested in a decrease in
functional reserves and efficiency at the
organismic level and in life expectancy at
the population level [21].

In general, these general cryogenic
climatic parameters of the Far North
create uncomfortable conditions for
human existence and affect people’s
health [1, 9, 37]. In extreme conditions,
protective mechanisms and adaptive

alteration of the body can lead to
disruption — maladaptation. A whole
series of pathological phenomena

develops [7, 31].

It is known that the human body to the
negative impact of various environmental
factors corresponds to a violation of
the immune system, especially local
immunity. Damaged morphologically and
functionally the organs of the immune
system are not able to protect the human
body from foreign influences, external
or internal [32]. A consequence of the
disturbance of the normal functioning of
the immune system in the regions of the
Far North is the widespread occurrence
among residents of acute and chronic
infectious and inflammatory diseases
of the respiratory tract, allergic and
autoimmune processes, and malignant
neoplasms of certain localization [18]. The
most common diseases characterized
by sensitivity to climatic factors include
respiratory diseases. The prevalence of
respiratory diseases among children in
the northern regions of the country is 1.5
to 2 times higher than the average for the
Russian Federation [31].

A number of studies have shown that
people arriving to the Far North from
central regions of Russia and other
countries (temperate latitudes) have
a violation of adaptive mechanisms,
characterized by a decrease in the
adaptive capabilities of the body and the
development of pathological conditions.
In this regard, for the regions of the Far
North, it remains relevant to study the
mechanisms of adaptation, as well as
the regulation of adaptive responses.
[26]. In the studies of L.K. Dobrodeey,
E.M. Dyuzhikova, L.V. Schegoleva et al.
[36] showed that residents of the polar
regions (Nenets Autonomous Okrug)
have low rates of phagocytic activity. In

the inhabitants of the North, the switching
of macrophages to other functions (the
exchange of blood lipoproteins) reduces
their role in the formation of an immune
response. For example, in the North, this
leads to a “breakthrough” of the antigens
of the intestinal microflora in the body’s
lymphoid system, followed by an increase
in the immune response.

The extreme stage of the effect of
cold on the human body is frostbite,
which is aggravated by factors such as:
alcohol, exhaustion, inactivity. In Russia,
more than 1.5 thousand people die from
frostbites annually. They are mostly men
over 20, which is clearly associated with
the consumption of alcohol [31].

The immune system is one of the most
complex systems of the body, about the
work of which scientists still do not have
a comprehensive understanding.

It is a wunique, natural defense
mechanism. Thanks to the coherence of
the entire functional system of immunity,
the body is able to withstand many
factors that have a negative impact. The
uniqueness of the immune system lies in
the fact that it contains such regulatory
functions that allow, in the presence of
each specific antigen being the starting
point, to bring a huge machine called the
immune systemintoactionandreactwitha
specific immune response in accordance
with its individual characteristics [29].
Only two types of biological systems
— nervous and immune — have the
capacity for “intelligent” information
processing, including memory, learning,
recognition and decision-making in
previously unknown situations. A new
interdisciplinary approach to the study of
the immune system will require additional
information describing the interaction ofits
components, which should be presented
in quantitative terms. In this form it will
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be available not only to immunologists,
but also to specialists from other fields
of science - mathematicians, physicists,
engineers and other researchers [4].
The computational capabilities of the
immune system have only recently been
evaluated as a new promising direction,
called immunocomputing (IC) [43]. In
this case, each cell of the body is subject
to control of its own immune system
(IMC) — an information security system
that for each cell solves the problems of
integrity, confidentiality and accessibility
of information [4].

In recent years, interest in the immune
system, its structure and functions has
increased significantly. The cellular and
subcellular levels of studying the organs
of the immune system, in particular
lymphoid tissue, are of particular
importance in the development of
the problems of immunomorphology.
Structures of the immune system are
present in virtually all organs and tissues.
Some structures are located on the
pathways of possible introduction into
the body of foreign substances, others
on the way of following them in the body.
Located at the surface of the respiratory
tract, lymphoid tissue serves as the
first specific barrier to the penetration
of foreign antigens. They are the first
“target” on the way of penetration of cold
air into the respiratory system [19, 31].
In connection with this, the resistance
of the organism to the action of low
temperatures, the formation of adaptive
processes in it, depends on the functional
activity of immune structures [12, 31].

Lymphoid tissue, being the main
polygon of development of specific
immunological reactions, contains the
basic cellular populations (lymphocytes,
macrophages, plasmatic, fat, reticular
cells) involved in ensuring genetic
consistency of the internal environment
of the body. Carrying out a lifelong
monitoring of the maintenance of antigen
homeostasis, the immune system is in
strict interaction with other functional
systems (nervous, endocrine, etc.)
involved in the processes of adaptation of
the organism to the changing factors of the
external and internal environment. The
immune system protects the body from
the effects of various damaging factors
of exogenous and endogenous origin,
provides protection against pathogens,
viruses and fungi, performs antitumor
protection, and participates in processes
of elimination of tissue structures
that have become due to mutation or
alienation processes. The adequacy of
the body’s response to genetically alien
agents and the likelihood of developing
allergic, infectious, autoimmune and

oncological diseases depend on the
state of the immune system, its adaptive
capabilities [32, 34, 38].

Lymph nodes are the most numerous
peripheral organs of the immune system
that serve as biological filters. Lymph
nodes are located on the path of lymph
flow (tissue fluid) from organs and tissues.
Alien substances enter the sinuses of the
lymph node, where they are recognized
by lymphocytes and destroyed with
the help of macrophages. Through the
lymph nodes, which together with the
lymphatic capillaries, vessels and trunks
form the lymphatic system, the tissue
fluid is filtered and again returns to the
bloodstream from all regions of the body.
Therefore, the importance of lymph
nodes and lymphatic system in general in
the performance of protective functions in
the body is great. The lymphatic system
is considered as the most important
component of the immune system [3, 6,
23, 28, 41].

As a result of exposure to the human
body of various unfavorable factors of
the external environment, the body’s
defenses are weakened. Damaged
morphologically and functionally the
organs of the immune system are not
able to protect the human body from
foreign influences, external or internal.
Depending on the degree of damage,
disruption of the structure and function
of the immune system, a person is more
often and heavier sick [32].

Currently, the study of various organs
of animals and humans subjected to
cold exposure draws the attention of
researchers. Influence of low natural
temperatures in  Sakha (Yakutia)
Republic causes depletion of diffuse
lymphoid tissue of the laryngeal mucosa,
which is expressed by a decrease in the
number of cells of the lymphoid series, in
particular T-lymphocytes, B-lymphocytes,
plasma cells, and a significant increase in
the number of destructively altered cells,
and as a consequence, macrophages [5].
Changes in diffuse lymphoid tissue in the
mucous membrane of the larynx under
the influence of low natural temperatures
are characterized by a significant
decrease in lymphopoietic processes,
which is expressed in a decrease in the
percentage of lymphoblastic cells and
cells in mitosis [5, 8].

Complex morphological changes in
the trachea of rats with cooling according
to O.N. Lee et al. [25] showed changes
characteristic for the stage of adaptive
stress, at which destructive changes of
ciliate cells, goblet cells, and expressed
migration of mast cells occur. Under the
action of low temperatures in the lungs
of experimental animals, foci of fibrosis

and edema, dilatation of blood vessels,
increased migration of mast cells and
eosinophils to the bronchial epithelium
appear [13]. The results of the studies
N.P. Krasavin, V.A. Dorovskikh, S.S.
Celuyko [20] showed that unfavorable
factors of the air environment quite often
have a negative effect on the airways,
especially when the body stays in a
low temperature for a long time. When
the cold factor influences the organism,
protective and compensatory processes
at the subcellular and cellular levels are
first mobilized [35].

According to the results of research
L.A. Obukhova [27], O.V. Matkina
[24], structural transformations in the
thymus, revealed during experimental
cooling, can be characterized as a
pronounced accidental involution of
the thymus in the stage of hypotrophy,
the main manifestations of which are
a decrease in the mass and volume of
the organ, a decrease in the size of the
cortical substance; oppression of the
lymphopoietic function and an increase
in the death of lymphocytes by the type
of apoptosis, leading ultimately to a
decrease in the number of lymphoid
populations in the thymus. From the
side of the lymph nodes during extreme
cooling, changes characterized by
activation of B-dependent zones
with the formation of new ones and
stimulation of pre-existing germinal
centers, hypertrophy of the brain strands,
development of plasmacytic, eosinophilic
and mast cell responses were noted.

O.T. Devonayev [15] studied lymphoid
structures of the urinary organs of rats
susceptible to cold stress and high
altitude conditions. With the action of
cold for 7 days, the author observed a
decrease in the length, width and area
of lymphoid nodules, the number of
lymphoid cells in the ureter and bladder,
and the size of the glands of the bladder.
The decrease in the amount of lymphoid
tissue, the increase in degenerative
processes in it, and the decrease in
lymphocytopoiesis were maximal on day
14 of the experiment, after which gradual
quantitative and qualitative normalization
were observed.

Hypothermia has a depressing effect
on the severity of the cellular and humoral
immune response [10, 14, 16, 39]. The
research of V.M. Nikolaev showed
a change in the phagocytic activity
of leukocytes when exposed to low
temperatures. Reduction of the number
of absorbed particles by leukocytes
testifies to the suppression of nonspecific
cellular immunity in hypothermia [26].

At the same time, structural changes
in various organs and systems of the



organism in the extreme conditions of
the North have not yet been studied.
In this regard, in modern conditions,
increasing unfavorable environmental
and professional impacts, morphological
studies of the immune system organs
remain adaptable and promising, and
maladaptation of the organism to the
action of extreme factors. The data
obtained will provide the basis for
establishing the state of protective,
adaptive capabilities of organs, taking
into account the temperature regime of
Yakutia.

The tasks of today are to find ways
to preserve the health of workers in
the Arctic region by modern means of
medical and biological science. The
search for solutions is seen in the
prevention of psychoemotional stress,
sleep and desynchronosis disorders,
physical stress (cold, hypoxia, etc.) [21].
One of the most effective ways of healing
is the use of natural stimulants for the
functions of organs and systems of the
human body [40]. In these conditions,
the task of restoring the working
capacity of the human body systems
responsible for adaptation to unfavorable
environmental factors is urgent. One
of the ways of healing is the use of
natural stimulants of the functions and
systems of the human body. There are
two approaches to solving the problem
of adaptation (adaptation) of a person
to a new environment. The first is strict
environmental protection and at least the
preservation of its condition. The second
is to increase the stability of the human
body itself to harmful environmental
factors. In connection with the second
approach, substances that stimulate the
body’s resistance are of great interest,
capable of mobilizing its unused reserve
mechanisms under normal conditions.
These compounds include stimulants and
adaptogens (from the Latin “adaptation”
— adaptation), differing in the mechanism
of their impact. When adaptogens
are used, all human protective forces
are harmoniously mobilized, because
these substances directly affect tissue
metabolism, increase mental and
physical performance, and also prevent
disorders caused by emotional stress
and other extreme effects [2].

Adaptogens have a specific
immunostimulating and anabolic
effect on the condition of the central
nervous system, hemopoietic organs
and hormones, causing a humoral
response by sensitizing B-lymphocytes
(immunoglobulin synthesis) and
T-lymphocytes (thymus-dependent
cells), the result of which is the cellular
response [3, 22]. In conditions of general

body cooling, timely and targeted
correction can help reduce the effect of
cytotoxic factors. Addition to the main
treatment application of adaptogen will
prevent the development of chronic
inflammation and optimize the quality
of therapy for patients with respiratory
diseases [13]. In the climatic conditions
of the Far North, chronic lung diseases
are characterized by a protracted
course, and often accompanied by
exacerbations, in connection with which
the need for individualization of treatment
and the selection of means of prevention
becomes apparent. Therefore, one of
the leading places is the use of drugs of
natural origin, allowing to reduce the level
of negative influence of low temperatures
on the body [8, 29, 30].

Immunotropic or immunomodulating
drugs are used to correct immunity. In
the work of L.A. Obukhova [27] it was
shown that when polyphenol compounds
were introduced from the overground
part of the cuff ordinary under conditions
of physiological norm, tendencies were
revealed in the structural transformations
of lymphoid organs, indicating an
increase in their functional activity and
an increase in structural reserves. In
the thymus - increased proliferation
of lymphoid and epithelial cells,
accompanied by an increase in the
number of lymphocytes in the organ and
the formation of additional endocrine
structures (glandular formations); the
formation of additional elements of the
microcirculatory bed; activation of the
mast cell population carrying out local
regulatory functions; Enrichment of
epithelial cells with subcellular structures
responsible for protein synthesis and
energy supply. In lymph nodes — an
increase in the size of B-dependent
zones and increased proliferation of cells
of different specializations. Prophylactic
and early pathogenetic correction by
polyphenolic compounds from the
overground part of the cuff of the ordinary
leads to a decrease in the loss of body
weight and lethality of animals during the
period of extreme cooling, a decrease in
the manifestation of involutive changes in
the thymus, a decrease in the reactivity of
the lymph nodes, not associated with the
development of destructive processes
in them, and full restoration lymphoid
organs during the period of readaptation.

According to domestic and foreign
studies, currently up to 30% of patients
suffering from various diseases need
the appointment of immunomodulatory
therapy. The syndrome of secondary
immune deficiency, accompanied, as
a rule, by reversible disturbances in
the functioning of the immune system,
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its adaptive mechanisms and other
functions, significantly complicates the
course of any diseases. Violation of the
normal functioning of the immune system
not only determines the more severe,
prolonged course of any illnesses, but
also contributes to the generalization of
inflammatory processes, the development
of complications, to a decrease or lack of
clinical effect from basic therapy, to an
increase in lethality [33].

Thus, in modern conditions, the
development of adaptogens from local
raw materials for enhancing the body’s
resistance, prevention and treatment
of immune response disorders in
low temperature conditions of Sakha
(Yakutia) Republic is a priority area.
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