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Abstract: In this paper presented current state about hormonal changes in sympathetic-adrenal,
hypophysis-adrenal, hypophysis-gonads and thyroid levels from extreme environment factors.
It’s shown that hypophysis gonads and thyroid endocrine links along with sympathetic adrenal,
hypophysis adrenal axes are very important relevance in response to extreme environment
factors and organism adaptation. In this time a hormonal secretion changes corresponds as
interrelated reactions cascade in mechanisms of homeostasis maintenance. A studying of this
mechanisms and revealing of its role in stress pathogenesis is fundamental biomedical
investigation task. A problem solving allow to perfect prophylactic and treatment methods
against stress diseases.
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Environmental factors cause a complex range of neurohumoral signals in a multicellular
organism. In the formation of the regulation of the compensation mechanism for various extreme
factors affecting the body, the endocrine system is assigned one of the leading roles. The
adequacy and nature of adaptive changes in the body, which ensure the restoration and
maintenance of the constancy of the internal environment of the organism as a whole, depend on
changes in hormonal secretion [1, 2]. The activity of any endocrine gland depends on the content
of its hormone secreted and circulating in peripheral tissues, which forms the general principle of
homeostasis in relation to endocrine glands [3, 4]. Excessive increase in hormone concentration
in the peripheral circulatory system inhibits the activity of trophocytes and tropocytes in the
hypothalamus and pituitary gland with a corresponding decrease in the secretion of stimulating
tropic hormones (the principle of negative feedback in the regulation of the endocrine system)
[5].

Various extremal factors affecting the body trigger compensatory-adaptive mechanisms that
accordingly change the metabolism and functional state organs and tissues. A single or short-
term exposure to these factors, as a rule, does not lead to a stable restructuring of the
mechanisms of regulation of homeostasis, while prolonged and repeated stress can become the
basis of stress-induced development of pathology [6].

It is known that, in response to external influences and the formation of an organism’s
adaptation, one of the main endocrine units includes activation of the sympathoadrenal and
hypothalamic-pituitary-adrenocortical systems [7, 8]. However, other links of endocrine
regulation (gonadal, thyroid) play an important role in providing the body's adaptive response to
stressful effects [9, 10].

Purpose: The aim of this study is to investigate the hormonal changes that occur in the key
endocrine systems—sympathoadrenal, hypothalamic-pituitary-adrenal, hypothalamic-pituitary-
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gonadal axes, and the thyroid gland—in response to extreme environmental conditions. The
paper analyzes the interrelations among these systems during stress, their role in maintaining
homeostasis, and their significance in the pathogenesis of stress-related diseases.

Materials and Methods: his article is designed as a literature review based on the analysis of
current fundamental and clinical research. The study utilizes a wide range of modern scientific
sources to examine the impact of various stress factors on endocrine regulation, changes in
hormonal secretion, and their adaptive significance. The reviewed data focus on physiological
responses within the hypothalamic-pituitary-adrenal system, the hypothalamic-pituitary-gonadal
axis, and the thyroid gland during stress, as reported in clinical and experimental studies.

Reactions of the sympathoadrenal and hypothalamic-pituitary-adrenal link of endocrine
regulation under stress

The sympathoadrenal link (active substances — catecholamines, serotonin-like substances)
affects the metabolism and energy and forms the processes of short-term (urgent) adaptation.
Catecholamines belong to the stress-relieving part of this link, and serotonin — to the stress-
limiting part. An imbalance between the secretion of these substances serves as one of the
pathogenetic mechanisms for disrupting the implementation of adaptive processes. The
hypothalamic-pituitary-adrenocortical link (active substances — corticotropin-releasing
hormones, adrenocorticotropic hormone, glucocorticoids) activates long-term adaptation
processes in the body [11, 12]. If excessive long-term exposure to damaging environmental
factors, there are violations of functioning in these systems. Among the main manifestations of
their excessive activation are the following: hypersecretion of biologically active substances, the
emergence of resistance to them of target cells, damage to the feedback mechanism in regulation
[13].

From the point of view of physiology, each individual stimulus triggers a complex
neuroendocrine response aimed at overcoming extraordinary circumstances. To date, it is known
that the SIM-pathoadrenal and pituitary-adrenal axis form a non-specific response to exposure,
are common and necessary elements in a wide range of stimuli [14]. However, the very nature of
the stressor, individual assessment of the stressful situation, and the strategy of the subject's
behavior during stress still determine the presence of a specific component in the body's response
[15, 16].

Under the influence of a stressor, there is an active release of hypothalamus corticoliberin, which
leads to increased secretion of adrenocorticotropic hormone (ACTH) from the pituitary and,
accordingly, glucocorticoids from the adrenal glands. At the same time, under the influence of a
psychological component, the activation of the cortico-liberin system of the amygdala complex
occurs when a stressor is perceived [17]. Thus, at the primary stage of stress development,
corticoliberin plays a key role, triggering a cascade of biochemical reactions and integrating
further protective adaptive processes by interacting with all mediators and hormonal mediators
that form the stress-activating and stress-limiting systems [18].

ACTH is a peptide which is produced by cells of the anterior pituitary in response to action
corticata - pin-releasing hormone. The effect of corticotropin-releasing hormones on the release
of ACTH is increased by other hypothalamic hormones (vasopressin), whose activity depends on
the stimulating or inhibiting action of such active substances as acetylcholine, catecholamines,
dopamine, serotonin, and cytokines. On the periphery, the effector organ - the target of ACTH
are cells of the adrenal cortex. ACTH stimulates the synthesis and secretion of glucocorticoids
(ha) and, to a lesser extent, mineral corticoids and adrenal androgens [19].

The final hormones of the hypothalamic-pituitary-adrenal system (GGAS) — GC — in a
stressful situation play a key modulating role, leading the body to the most appropriate state for
this situation. They regulate many Central and peripheral functions. At the level of the Central
nervous system (CNS), GC is inhibited by the feedback mechanism of corticoliberin. The
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metabolic effect of ha is provided by preparing the body to mobilize energy resources. GC
changes the processes of carbohydrate, lipid, protein and electrolyte metabolism.

In addition, GC regulates the development and differentiation of cells, changes in gene activity,
and has a modulating effect on the immune system and many specific reactions that develop in
response to stimuli [20].

It is shown that the balanced activation of stress-implementing (sympathoadrenal and
hypothalamic-Hypo-physical-adrenal) and stress-limiting (dopamine and serotonergic,
antioxidant) systems determines the development of an adequate adaptive response to external
influences [21].

Reactions of the hypothalamic-pituitary-gonadal system under stress

Endocrine regulation of the reproductive function is performed by the hypothalamic-pituitary -
gonadal system (GGGS). The Central link of regulation is represented at the hypothalamic
(gonado - Tropin-releasing hormones, dopamine) and pituitary levels (luteinizing and follicle —
stimulating hormones, prolactin), and the peripheral link - steroid-producing glands (gonads,
adrenal glands), which synthesize and secrete testosterone, estradiol and progesterone. In turn,
the secretion of gonadotropin-releasing hormones depends on neuroamines (noradrenaline,
serotonin, acetylcholine) or on the content of sex steroid hormones in the blood [22].

In addition to the main purpose of the hypothalamic-pituitary-gonadal system, which is to
regulate reproductive function, GGGS plays an important role in ensuring the adaptation of the
body in response to extreme environmental factors. Reducing or increasing the biosynthesis,
secretion, and, consequently, the content of GGGS hormones in response to extreme exposures
has a certain functional significance in supporting an adequate response of the body [23].

GGGS has a close relationship with GGAS. GGAS, which is activated under stress, has a direct
effect on GGGS, entering into reciprocal relations with it [24]. On the other hand, sex steroids
have been shown to modulate the action of norepinephrine, dopamine, and serotonin. The joint
participation of monoamines and sex steroids regulates the activity of the cyclic center of
gonadotropin secretion and release, forming the basis for the formation of adaptive (sexual, food,
and aggressive-defensive) behavior, including stress reactions [25]. Thus, synergistic and
antagonistic correlations between GGGS and GGAS determine changes in reproductive function
and the implementation of adaptation under stress [26].

Gonadotropins LH and FSH. Activation of the secretion of luteinizing (LH) and follicle-
stimulating (FSH) hormones in the pituitary gland is performed by the corresponding
hypothalamic releasing hormones: LH - (LH-RG) and folliculoliberin (FSH-RG), and it is known
that LH-RG can stimulate the production of not only LH, but also FSH [27].

In stressful conditions of various Genesis, the initial concentration of LH and FSH increases,
probably due to the stimulating effect of corticotropin-releasing hormone [28]. Among other, no
less significant hormones that modulate the initial increase in gonadotropi

now, prolactin and thyrotropin-releasing hormone should be isolated [12]. However, in the
future, the secretion of LH and FSH is suppressed by increasing the content of ha in the blood.
The mechanism of action is related to the influence of steroids (including sexual ones) on the
differentiation of pituitary gonadotrophs indirectly through catecholamines [13].

Prolactin is one of the most ancient pituitary hormones, whose main function is to stimulate
lactation. However, prolactin is present in quite large quantities in the male body. Prolactin
receptors are present in the cells of most tissues, therefore, its role in the body is extremely
multifaceted: prolactin participates in almost all regulatory processes, exerting a synergistic or
antagonistic effect on biologically active substances [13].

It is known about the antistress role of prolactin. It prevents the development of stress-induced
catabolic reactions mediated by hypersecretion of ha. Under extreme influence of various factors
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that contribute to the development of stress, the content of prolactin in the blood changes, and its
dynamics largely depends on the duration and intensity of this impact [2]. When modeling a
stressful state, there is a significant increase in the concentration of prolactin, which levels the
catabolic effect of ha. However, with continued exposure to the stressor, ha, intensively
produced due to activation of GGAS, suppress the secretion of prolactin until it is completely
blocked [3]. Thus, one of the most important compensatory links with the corresponding
prerequisites for the development of stress is switched off.

Such dynamics of prolactin content (initially expressed in an increase in the level of the hormone
against the background of stress factors and its subsequent decrease under the continued
influence of the damaging factor) was registered in the study of pathogenic stress States of
various Genesis, such as overheating, Smoking, the effect of ethanol, injuries and diseases of
internal organs, immobilization, excessive physical exertion [4, 5].

There is strong evidence that in increasing prolactin secretion at the initial stages of response to a
stressful situation, one of the exceptional links is the action of thyroxine together with serotonin
[16].

GC have a dose-dependent effect on the concentration of prolactin in the blood: low doses of
cortisol stimulate the release of prolactin, and high — depress. The mechanism of action here is
related to the influence of ha via catecholamines, which activate receptors for steroids under
stress, on the differentiation of pituitary lactotrophs and, accordingly, the synthesis of prolactin
[17].

On the other hand, increasing the level of prolactin increases the release of corticotropin-
releasing factor by hypothalamus cells with the corresponding synthesis of ACTH and
subsequently ha, necessary for the formation of the body's response to extreme effects [18]. A
stimulating role of prolactin in corticosterone production was also found by direct direct action
on cells of the reticular zone of the adrenal cortex [19]. Thus, prolactin maintains a certain,
balanced level of the main stress hormones (ha) for the formation of adaptation.

Prolactin has a pronounced immunomodulatory effect, which is due to the presence of receptors
for this hormone on almost all cells of the immune system [4]. The role of prolactin in increasing
the phagocytic activity of macrophages and stimulating humoral and cell-mediated immune
response is known within the link of antigen protection of the immune system [4,5]. On the other
hand, prolactin affects the proliferation of immunocompetent cells and their production of
cytokines (in particular, interleukin 1, 10, and tumor necrosis factor a), which are involved in the
response to extreme stress factors and adaptive processes of the body [12]. It is known about the
exclusive role of prolactin in some parts of the anti-and nociceptive response in various
damaging effects [13]. In traumatic injuries, prolactin is actively involved in reparative and
plastic processes [4]. Prolactin is one of the links in the processes of thermoregulation under
stress. Increasing its content balances the work of the thermoregulation center, preventing the
development of hyperthermia [15].

Sex steroid hormones play one of the most important roles in the system of normal functioning
of the body as a whole. In addition to ensuring the functioning of the reproductive system, they
determine the growth and development of the body, participate in the processes of differentiation
of various tissues, have a protective effect against cells, slow down the aging process. The sphere
of action of sex steroids involves such systemic reactions as mood, the manifestation of mental
abilities, memory state, physical activity and endurance [16].

Conclusion

Analysis of the literature data has shown that the hormones of the hypothalamic-pituitary-
gonadal and thyroid axis of endocrine regulation, along with the sympathoadrenal and
hypothalamic-pituitary- adrenal link of EN- endocrine regulation , play a crucial role in the
response to extreme environmental influences and adaptation of the body.
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