260

REVIEWS Kazan Medical Journal 2024, Vol. 105, No. 2

DOI: https://doi.org/10.17816/KMJ623568 .sigl
Neurochemical markers of coping intelligence el

Irina 0. Kuvaeva'?, Elena V. Volkova?

1Ural Federal University, Ekaterinburg, Russia;
Z|nstitute of Psychology of the Russian Academy of Sciences, Moscow, Russia

ABSTRACT

Coping intelligence is associated with an individual's ability to overcome stressful situations, maintaining health potential and
increasing the potential for personal development. This study is a systematic review of biochemical and neuronal markers of
different levels of coping intelligence, which determine different lines of human development in stressful situations. 45 publica-
tions selected from the Nature and RSCI electronic databases were analyzed, the results were summarized in three sections:
(1) genetic and epigenetic correlates of individual differences in coping intelligence; (2) neurochemical systems of coping
intelligence (glucocorticoids, interleukins, brain-derived neurotrophic factor, monoamines); (3) manifestations of stable and
regressive lines of development of the subject in stressful situations. Molecular genetic determinants of coping intelligence
were systematized according to the following systems: serotonergic, dopaminergic, noradrenergic, etc. The interaction of neu-
rochemical systems (catecholamines, glucocorticoids, interleukins, brain-derived neurotrophic factor, monoamines) reflects
the peculiarities of the stress reaction in humans and determines the development line of the subject in stressful situations.
Genetic predisposition, unfavorable epigenetic factors and chronic stress increase the risk of developing stress-related di-
seases (regressive line of development). A stable stress-coping system is associated with a balance of mineralocorticoid and
glucocorticoid receptors, pro-inflammatory and anti-inflammatory cytokines, an optimal ratio of cortisol and dehydroepian-
drosterone sulfate, a sufficient level of brain-derived neurotrophic factor, and a healthy microbiota (stable line). A review of
the literature indicated the need to analyze neurochemical systems (monoamines, opioid receptors, acetylcholine, microbiota)
that determine a high level of coping intelligence (a progressive line of human development in stressful situations). The study
of neurochemical markers of coping intelligence should be accompanied by personality analysis (mental representations of
stress, coping strategies) to provide personalized medical care and preserve a person’s health potential.
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HEﬁpOXMMM‘IECKME Mapl(épbl coBslajalollero UHTeJNJIeKTa

1.0. Kysaesa'?, E.B. BonKkosa?

1 YpanbcKuit henepanbHblit yuusepeuterT, r. EKatepunbypr, Poccus;
ZWHeTuTyT neuxonorun Poccuitckoil akapemMum Hayk, r. Mocksa, Poccus

AHHOTALMA

CoBnapatoLLuii MHTENNEKT CBA3aH CO CMOCOBHOCTBIO IMYHOCTY NPEOA0/EBATb CTPECCOBLIE CUTYaLWM, COXPaHSAS NOTeHLMan 340-
POBbS W NPEYMHOas NOTEHLMaN pa3BUTUS NMYHOCTU. [laHHoe uccnefoBaHue NpeLcTaBnseT coboi cucTeMaTuyeckui 063op
BMOXMMUYECKUX U HEMPOHANBHBLIX MapKEPOB Pa3HbIX YPOBHEN COBNAJAIOLLErO MHTENNEKTA, 00YCNOBIMBAOLLMX Pa3HbIE JIMHUM
pa3BUTHA YenoBeKa B CTPeccoBbiX cuTyaumsx. NpoaHanu3npoBaHo 45 nybnuKaumii, 0TobpaHHbIX 13 aNEKTPOHHbIX 6a3 Nature
1 PUHLL, pe3ynbTathbl 0606LLeHbI B TP pasaena: (1) reHeTMYecKue W aNureHeTMYeckne KoppensThl MHAVBUAYaNbHBIX Pasuymnii
COB/AJAIOLLEr0 MHTENNIEKT]; (2) HEMPOXMMUYECKUE CMCTEMBI COBNAAAIOLLET0 MHTEMIEKTA (ITIIOKOKOPTUKOWAbI, UHTEPNEHKUHBI,
HelpoTpodMYECKMiA (haKTop roNIoBHOTO MO3ra, MOHOaMWUHBI); (3) NposiBNeHns cTabunbHOWM U perpeccUBHON JIMHWIA PasBUTUSA
cybbeKTa B CTPECCOBbIX CUTyaLusX. MoneKynsipHO-reHeTUYeCKMe LEeTEPMUHAHTBI COBNAJAIOLLENO MHTENNIEKTA CUCTEMATU3MPO-
BaHbl M0 CUCTEMaM: CEPOTOHMHEpPTMYECKas, AodaMUHEpTrUYecKasl, HOpaApeHepruieckas 1 ap. BaauMopeiicTeue HelpoxuMmye-
CKUX CUCTEM (KaTexonaMuHbl, FOKOKOPTUKOMUAb!, UHTEPNEMKMHDI, HEMPOTPODUUECKUA (aKTOp FONIOBHOMO MO3ra, MOHOGMWUHbI)
oTpaXaeT 0co6eHHOCTM NPOTEKAHUS CTPECCOBOM peaKLmm y YeNOBeKa U OMPeAENAeT IMHUK Pa3BUTMA CyDbEKTa B CTPECCOBLIX
cuTyaumsix. [eHeTMUecKas npeapacnonoKeHHOCTb, HebnaronpuUsTHbIE ANMreHeTUYeCKMe GaKTopbl U XPOHUYECKUA CTPECC NOBbI-
LLIAKT PUCK Pa3BMUTHSA CTPECC-COMPSIKEHHBIX 3aboneBaHuii (perpeccuBHas IMHUA pa3BuTKA). YcToNuMBasn CTpecc-coBNajarLLas
cucTeMa conpsixeHa ¢ 6anaHcoM MUHepanoKOPTUKOMAHbIX W FHKOKOPTUKOUAHBIX PELLENTOpOB, NPOBOCMANIUTENBHBIX U MPOTH-
BOBOCMANUTENbHBIX LMTOKUHOB, ONTUMAsbHBIM COOTHOLLIEHUEM KOPTM30M1a U Leryapo3anMaHapocTepoHa cynbdarta, LocTatoy-
HbIM YPOBHEM HeApOTPOdMUECKOro (haKTopa FroIOBHOIO MO3ra, 3L,0poBOM MUKpobMoTON (CTabunbHas inHus). 0630p nuTepaTyphl
yKasan Ha HeobX0AMMOCTb aHanM3a HeMPOXMMMYECKUX CUCTEM (MOHOAMMHBI, OMMOMAHBIE PeLIenTopbl, aLUeTUIIX0IUH, MUAKPO-
buota), 06ycnoBMBaloLLMX BbICOKWI YPOBEHb COBMAAAIOLLIET0 MHTEMIEKTA (MPOrpeccMBHas IMHUS Pa3BUTHSA YeNoBEKa B CTPeC-
COBbIX CUTYaUMsAX). M3yueHne HelpoXMMUYECKMX MapKEPOB COBNAAAtOLLIEr0 MHTENIEKTA [OKHO COMPOBOXAATLCA aHaIN30M
JIMYHOCTU (MeHTanbHble Penpe3eHTaLun CTPecca, CTpaTeru CoBafaHus) 1A 0Ka3aHWs NepcoHaNU31poBaHHON MeAULIMHCKOM
MOMOLLY 1 COXPaHEHMs NOTEHLMANa 340p0BbA YeN0BeKa.

KnioueBble cnoBa: IMYHOCTL GOMBHOMO; CTPECC-COMPSEHHbIE 3aboNeBaHus; CTPeCccoyCToNYMBOCTb; NEPCOHaNN3MpoBaHHas
MeauLmMHa.
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Stressful situations commonly occur in our lives. According
to R. Sapolsky, a prominent neuroendocrinologist and stress
specialist, humans frequently activate a physiological sys-
tem that is intended to respond to acute physical emergen-
cies [1]. Prolonged or excessive stress can overload an or-
ganism’s regulatory capabilities and adaptive resources,
and the resulting general adaptation syndrome becomes
a pathogenic factor [2] and contributes to the development
of stress-related diseases.

Stress is defined as a state of threat to the homeosta-
tic equilibrium caused by various internal or external stres-
sors, whether real or perceived [3]. To maintain optimal ho-
meostasis within physiological limits, the organism has
developed a complex stress-adaptive system that enables
self-regulation, adaptation, and energy redistribution in re-
sponse to situational demands and needs [4].

During stress, cognitive programs shift from complex
associative operations to quickly develop effective strate-
gies. Monoamines, cytokines, glutamate, y-aminobutyric
acid, and other central mediators play key roles in provi-
ding normal stress responses [4]. The degree and duration
of the activation of stress-realizing and -limiting systems
vary depending on the quality, strength, and duration of ex-
posure to the stressor [5].

Physiological and biochemical reactions to challenging
life situations are common. However, psychological reac-
tions vary after the activation of defense mechanisms during
threat-level assessment [6].

According to A.V. Waldman, the organism’s subsequent
complex reaction is qualified as emotional and stressful
when a signal is evaluated as negative and rejected (aver-
sive), and it is impossible to get rid of it or when unprepared
stereotyped mechanisms of “shielding avoidance” are acti-
vated [2]. Attitude, i.e., perception and evaluation of this ef-
fect as harmful, is determined not so much by innate, bi-
ologically fixed mechanisms but by the whole complex of
stable properties of an individual, formed during the deve-
lopment and activity of this person in a certain social envi-
ronment [2].

In psychology, the term “ability” refers to a set of stable
human properties. Coping intelligence (Cl) is a type of abi-
lity that explains individual differences in psychological and
physiological reactions to a threat. However, E. Libina inter-
preted Cl solely in terms of effective or ineffective strate-
gies and psychological defenses. According to A.V. Wald-
man, the ability to effectively manage stressful situations
without compromising one’s health should be studied com-
prehensively, and Cl should be viewed as a biopsychosocial
phenomenon.

This study aimed to identify neurochemical markers that
indicate Cl levels. The latest genetic, biochemistry, immu-
nology, and medicine data will be used to examine the Cl
phenomenon in a new way. Collected data will help identify

1RSCl is the Russian Science Citation Index.
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biochemical correlates of individual differences in Cl and an
organism’s development in stressful situations.

The correlation between an organism’s developmen-
tal trajectory in stressful situations and its vulnerability to
difficulties and high risk of stress-related diseases is re-
gressive. Conversely, stability in stressful situations is as-
sociated with a low risk of stress-related diseases, where-
as a progressive trajectory is linked to the preservation of
health potential and increase of personal development po-
tential in unstable living conditions [7].

The study of human developmental lineages during
stress requires an examination of the molecular genetic ba-
sis of Cl, role of epigenetic factors, biochemistry of acute
stress, neurochemical markers of stress tolerance, and
stress-related diseases. This passage explores the cause-
and-effect relationship of the formation of different Cl levels
(low, medium, and high) and their effect on human deve-
lopment (regressive, stable, and progressive) [7]. The data
presented suggest that health and productivity are markers
of Cl.

This study included review articles and empirical studies
published from 2006 to 2023. The publication search devo-
ted to the presentations of the biological level of Cl was con-
ducted in the database of the electronic journal Nature (na-
ture.com) and the Russian information and analytical portal
in the field of science RSCI' (elibrary.ru).

Criteria for the inclusion of articles:

1. Biochemical changes in the body in response to acute
and chronic stressors

2. Biochemistry of stress-related diseases

3. Biomarkers of stress resistance

4. Biomaterials such as blood, saliva, hair, and microbiota

This review presented various neurochemical markers
of Cl, including cortisol, interleukins (ILs), brain-derived
neurotrophic factor (BDNF), catechol-0-methyltransferases
(COMTs), and monoamines. The study analyzed and sum-
marized 23 articles in English and 20 articles in Russian.
The findings are presented in three sections: genetic and
epigenetic predictors of Cl levels, neurochemical markers
of acute and chronic stresses, and neurochemistry of stress
resistance and stress-related diseases.

The publication search included criteria and keywords.

— Qutcome: Biological ClI levels (keywords included
stress, coping, and cortisol; stress, coping, and BDNF;
stress, coping, and IL-6; stress, coping, and IL-4; stress,
coping, and IL-10; stress, coping, and COMT; stress, cop-
ing and CDH1; stress, coping and HTR3; stress, coping and
TNF-aq; stress, coping and TLRY; stress, coping and ADRA2A;
stress, coping and OPRM1).

— Participants: humans, rodents, and fish. Since experi-
ments on humans leading to health deterioration are inadmis-
sible, laboratory and experimental data on the biochemistry
of acute and chronic stresses in animals were analyzed.
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— Subjects: health or resilience, disease or irritable
bowel syndrome, cardiovascular disease or oncology, post-
traumatic stress disorder (PTSD), anxiety disorder, depres-
sion, microbiota, acute stress, and chronic stress.

The search strategy for both review and empirical stud-
ies differed significantly between foreign and Russian da-
tabases. The PRISMA strategy, traditionally used in review
preparation, was used on the electronic resource Nature
(https://www.nature.com/). The selected articles main-
ly contained data on the biochemistry of stress-related di-
seases (10 articles) and stress resistance (5 articles).

The use of the PRISMA strategy is not possible in the
RSCI publication database (elibrary.ru) because of differ-
ences in capabilities [12]. Finding relevant publications is
challenging because highly rated journals in genetics, bio-
chemistry, psychophysiology, and medicine cannot be fil-
tered. A keyword search in the RSCI system produced a list
of 3106 publications, each of which was evaluated for rele-
vance based on titles and abstracts. Only 16 reviews in the
Russian language focused on the biochemistry of stress and
coping, which is a limited number.

Moreover, 41 empirical studies were analyzed to con-
firm the existence of Cl biomarkers and expand upon the
data presented in the review articles, providing further clar-
ification and disclosure of the review papers. Data on corti-
sol (1211 publications) and IL (1537 publications) studies are
more frequently presented in the Russian language than in
studies of other stress response markers.

GENETIC AND EPIGENETIC
CORRELATES OF INDIVIDUAL
DIFFERENCES IN CI

Genetics is the study of the regularities of heredity and vari-
ability, which refers to the ability of living organisms to pre-
serve and transmit the features of their structure and deve-
lopment to the next generation and ensure the diversity of
traits within a species. Stress can affect gene expression
by altering deoxyribonucleic acid methylation, which contri-
butes to the accumulation of “epigenetic memory” regarding
stressful events [13]. Gene variants involved in regulating
the hypothalamic—pituitary—adrenal axis (HPAA) can direct-
ly or indirectly affect the activity of this system [14], which
determines human Cl. Because of natural selection, a range
of genetically determined sensitivities to environmental sig-
nals and corresponding responses are preserved [15].

Studies [6, 14, 16—21] have indicated that many of the
described genes/polymorphisms are associated with human
predisposition to stress-related diseases in the regressive
lineage. However, no studies have examined stable and pro-
gressive lines of human development in stressful situations.

Based on the work of [6], molecular genetic determi-
nants of Cl can be described by systems.

KasaHckui MeamumnHeKini xypHan, 2024, Tom 105, N° 2

— The serotoninergic system modulates the HPAA during
acute and chronic stress.

— Polymorphisms in dopaminergic system genes are as-
sociated with anxiety—depressive disorders.

— Adrenergic receptor genes are associated with mo-
tivation, anxiety, depression, and suicidal tendencies and
development of irritability and hostility.

— Hyperfunction of the noradrenergic system causes
arousal and increased search activity.

— The arginine—vasopressin system is involved in HPAA
activation, learning processes, and regulation of social be-
havior.

- Oxytocin system gene polymorphisms can act as
a protective factor in stressful situations, promoting posi-
tive social interaction.

Data on the genetic prerequisites for the formation of
different personality types depending on the variations in the
COMT gene, which correlates with high stress resistance [22],
are noteworthy. There are two personality types: the “anxious
person” type that is characterized by increased sensitivity to
pain and an advantage in memory and attention tasks and
the “fighter” type that is characterized by the ability to tole-
rate severe pain and cope with anxiety. A study [22] revealed
that increased dopamine release can enhance performance
in individuals classified as fighters, whereas those classi-
fied as anxious may experience a decrease in performance.

Early-life difficulties can lead to neurochemical changes
in the body. For example, maternal separation experienced
by young primates and rats at an early age can contribute
to an increase in the levels of proinflammatory cytokines
IL-1B and IL-6 in adulthood [23]. Conversely, good maternal
care in the absence of a stressor can ensure low basal cor-
ticosterone levels in rodent cubs, whereas threatening si-
tuations can lead to high corticosterone levels. Rats raised
under conditions of poor maternal care exhibit a deficiency
of glucocorticoid receptors in the hippocampus, stably high
corticosterone levels, and impaired shutdown of the stress
response. Chronic stress in these rats is associated with in-
flammation and an initial decrease in BDNF [24]. Early-life
stress increased susceptibility in adult female mice [25].

Children from families with low socioeconomic status
exhibit higher levels of cortisol and inflammation. High cor-
tisol levels in children aged 6—8 years are associated with
higher body mass index in girls and somatic complaints in
boys [26]. In addition, children who grow up in orphanages
have a larger amygdala, which may serve as a biomarker
for the complexity of emotional regulation when coping with
stressful situations [27].

The analysis of reviews and empirical publications has
clarified some genetic and epigenetic correlates of the in-
dividual differences in Cl. Basic processes in human de-
velopment are genetically programmed; however, gene
expression in stressful situations is influenced by both so-
cio-environmental factors and human experience [7].
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Table 1. The cortisol as a “switch” between vulnerability and resilience

Kazan Medical Journal 2024, Vol. 105, No. 2

Ta6nuua 1. Koptnson Kak «nepexsitoyaTesib» Mexay y3BUMOCTbI0 U MU3HECTONKOCTbIO

Criteria

Mineralocorticoid receptors

Glucocorticoid receptors

Purpose Low-cost coping

Affinity (cortisol binding strength)
Cortisol loading

High
Resting state

Long-term memory stressful events

Coping iar patterns

Mode of resource use Energy-saving

Retrieval of coping strategies for similar

Search, proactive risk assessment, and famil-

Containment of primary stress reactions, and
cognitive control over emotional reactivity

Low
Circadian rhythm and post-stress condition

Retaining new experiences to cope with fu-
ture stressful events

Cognitive control and contextualization

Expensive

CONJUGATION OF NEUROCHEMICAL
MARKERS AND MANIFESTATIONS
OF Ci

Glucocorticoids: Glucocorticoids are believed to have protec-
tive biological effects by mobilizing the organism to respond
adequately to stressors. During acute stress, cortisol levels
increase in humans [28], animals [18, 29], and juvenile dora-
do [30]. Cortisol plays a vital role in the stress response and
acts on the feedback principle to protect the stress-respon-
sive system from overload. Compared with animals with
passive behavior, animals with active responses to stres-
sors exhibit a lower glucocorticoid response [18].

Prolonged exposure to a stressor can both increase and
decrease HPAA activity, which can lead to ambiguous chan-
ges in cortisol levels [28]. Chronically low or high levels of
glucocorticoids suggest suboptimal adaptation, while mo-
derate or controlled increases indicate good physical and
mental health [31].

To exert its protective effect, cortisol activates miner-
alocorticoid and glucocorticoid receptors. Increased circula-
ting cortisol concentration after a stressful event enables
the “shutdown” of the stress response mediated by gluco-
corticoid receptors and the restoration of homeostasis [32].

Table 1 summarizes the results of previous publications
[14, 32], suggesting the important role of cortisol in main-
taining circadian rhythms, coping with stress, and promo-
ting health. Impaired switching of mineralocorticoid and
glucocorticoid receptors can alter HPAA activity, leading to
chronic stress and increased vulnerability to stress-related
diseases.

The buffered form (dehydroepiandrosterone sulfate
[DHEA-S]) of the endogenous steroid dehydroepiandros-
terone has pronounced antiglucocorticoid activity [28]. A de-
crease in the cortisol/DHEA-S index leads to an increase in
the severity of depressive illness [28]. A higher cortisol/
DHEA-S index and decreased circulating DHEA levels are
characteristic of people experiencing emotional stress at
work [33].

Interleukins: The body’s immune system responds to ex-
posures to both acute and chronic stresses. The develop-
ment of acute stress through neurocytokine mechanisms is
associated with the implementation of syntoxic and catato-
xic adaptation programs. The syntoxic program of adap-
tation, which is activated by acetylcholine and is associa-
ted with cytokines IL-2 and IL-12, focuses on reproduction
and is characterized by high levels of DHEA and fertile fac-
tors. To promote the survival of the organism, the catatoxic
program is activated by extreme and psychosocial stimu-
li. This is achieved by triggering the stress response, which
involves the release of catecholamines, IL-1, IL-4, IL-6, IL-
10, adrenocorticotropic hormone, and cortisol [34]. The re-
lationship among stress, inflammation, and coping strate-
gies was discussed in detail in a review [35] that covered
both the general mechanisms and specific manifestations of
this relationship in patients with rheumatologic disorders.

Circulating immune cells support hippocampal neuroge-
nesis, spatial memory, BDNF expression, and stress tolerance
[36]. The immune system retains the memory of the stressor
and offers protection against similar stressors in the future [37].

The brain—gut—-microbiota axis regulates the immune
system, mood, and behavior [38, 39]. A comparison be-
tween the microbiota of patients with PTSD and healthy sub-
jects exposed to a single stressor showed a decrease in the
abundance of the Actinobacteria, Lentishaerae, and Veruco-
microbia genera in patients with PTSD [38]. The activation of
HPAA is associated with a local increase in the amount of
proinflammatory cytokines IL-1B, IL-18, and tumor necrosis
factor (TNF)-a in the microbiota [39].

BDNF affects choline, serotonin, and dopaminergic neu-
rons and is involved in neuronal growth, synapse forma-
tion, and modification. At the organismal level, BDNF regu-
lates body weight and energy homeostasis [40]. According
to a previous study, serum BDNF levels of <300 pg/mg af-
ter a brain injury increased the risk of depression in the long
term, whereas levels of >600 pg/mL indicated a sufficient
potential for cognitive recovery [41].

According to Linz et al. [42], serum BDNF levels in-
crease during the trier social stress test (TSST) and return

DOI: https://doi.org/10.17816/KMJ623568
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to baseline levels after the test. The results of the analy-
sis of the interaction between cortisol and BDNF expression
during the TSST suggest an antagonistic relationship be-
tween the two indicators. Higher BDNF levels after the test
were found to be associated with a faster recovery of corti-
sol levels, whereas the magnitude of the cortisol response
to the TSST correlated with a faster recovery of BDNF after
the test [42].

Glucocorticoids affect the neurotrophin system [40, 43,
44]. The duration of the stressor determines the change in
BDNF expression (43). Stress negatively affects BDNF le-
vels: high cortisol levels reduce BDNF expression, and
chronic glucocorticoid concentration impairs neuroge-
nesis, suppresses cell proliferation, and weakens nega-
tive feedback between the hippocampus and the HPAA [40].
The repression of the BONF gene, which occurs because of
prolonged exposure to proinflammatory cytokines and glu-
cocorticoids, can lead to brain atrophy and development of
mental disorders in susceptible individuals [44].

Neuroplasticity helps promote neuronal development
and enhance the adaptive capacity of the organism [45].
However, decreased neuroplasticity is associated with HPAA
dysfunction and development of various neurological pa-
thologies [46].

Monoamines: Monoaminergic systems are significant in
the integrative functions of the body, determining the orga-
nism’s adaptive abilities [47]. Studies have shown that acute
stress in humans, animals, and fish is associated with high
levels of serotonin, noradrenaline, and dopamine [18, 30].

STABLE DEVELOPMENT
OF AN ORGANISM IN STRESSFUL
SITUATIONS

Analysis of the literature indicates the presence of rhythms,
cycles, and synchronization of the systems at the biological
level of the stress-survival system [18]. Cortisol synthesis
has a pulsating characteristic and follows daily rhythms. The
concentration of cortisol in the blood is the highest during
wakefulness and significantly decreases during sleep. The
amount of cortisol is at its maximum upon awakening and
decreases to the basal level within an hour [14]. BDNF syn-
thesis follows circadian and seasonal rhythms, with higher
levels observed in spring and summer and lower levels in
fall and winter. Full sleep and rest can correct BDNF levels
in humans [41]. Disturbances to the circadian rhythm can
be a stress factor that increases the allostatic load in both
adult humans [45] and rodents [48].

The stress-coping system is a cycle between respond-
ing to stressors and recovering resources. Adrenaline and
noradrenaline are released, rapidly mobilizing the body for
“fight or flight” responses. Adrenaline also triggers insulin
release, which enhances glucose uptake in active organs.
Consequently, adrenaline levels in the blood decreased.

KasaHckui MeamumnHeKini xypHan, 2024, Tom 105, N° 2

If the body does not actively respond and high adrena-
line levels remain in the blood, the HPAA is triggered. The
release of glucocorticoids promotes prolonged mobiliza-
tion of the body and maintains high energy levels while sup-
pressing the immune and reproductive systems and slowing
the body’s development. The stress response is terminated
by activated glucocorticoid receptors, which reduce HPAA
activity through negative biofeedback. To prevent a stress
state, high levels of endogenous opioids are produced [49].

The excessive production of reactive oxygen species is
the final stage of the damaging effect of stressors. Anti-
oxidant systems are then activated to prevent this effect
[50]. The HPAA, autonomic nervous system, and immune
system interact to regulate the hormonal and inflammatory
response to stressors [37]. The maintenance of organismal
resistance is achieved through the optimal ratio of neuro-
peptide Y and corticotropin-releasing hormone and the ba-
lance of glucocorticoid and mineralocorticoid receptors [18].

REGRESSIVE LINE OF AN ORGANISM’S
DEVELOPMENT IN STRESSFUL
SITUATIONS

Chronic and repetitive stressors and prolonged anticipation
of stress exposure can prolong the action of glucocorticoids,
impair HPAA regulation, and cause depletion of resources
[28]. Stress caused by living in a crowded city and a lack
of personal space can lead to immune system dysfunction,
chronic inflammation, and development of various disea-
ses, including autoimmune, allergic, cardiovascular disea-
ses and cancer [51].

The cardiovascular system is a universal indicator of an
organism'’s adaptation and adaptive reactions. Excessive se-
cretion of mineralocorticoids and hyperaldosteronism cor-
relate with increased blood pressure and development of
myocardial necrosis [52]. Cortisol levels were significantly
higher in patients with hypertension and patients with panic
disorders than in controls [33].

Irritable bowel syndrome (IBS) is linked to impaired im-
mune function, changes in microbiota composition, and in-
creased levels of serotonin and BDNF in the plasma [53].
During the exacerbation stage, patients with IBS have signi-
ficantly lower levels of serotonin (151.91 + 12.46 ng/mL) and
higher levels of serum cortisol (656.96 + 25.86 nmol/L) com-
pared to healthy controls [54]. IBS is associated with mental
disorders such as neuroticism, anxiety, and depression [55].

An analysis of biochemical studies on major depres-
sive disorder revealed high levels of cortisol [26, 28], IL-
1B, IL-6, and TNF-a [37]. In addition, low BDNF levels [56]
and maximal activation of the HPAA, corticotropin-releasing
hormone, and noradrenergic system [2] were observed.
Persistent HPAA hyperactivation is associated with a high
probability of Alzheimer’s disease progression [57]. Per-
sistent HPAA hyperactivation is associated with a high risk
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of Alzheimer’s disease progression [57]. Chronically high
levels of catecholamines, corticotropin-releasing hormone,
and inflammatory markers and reduced cortisol levels were
found to correlate with PTSD [58].

PROGRESSIVE LINE
OF AN ORGANISM’S DEVELOPMENT
DURING STRESSFUL SITUATIONS

Publications found through keyword searches in Nature and
RSCI databases did not meet our scientific criteria and did
not provide sufficient information on the signs of progres-
sive development in a stressful situation. Our future re-
search will focus on analyzing other neurochemical sys-
tems, such as monoamines and opioid receptors that affect
the energetic and emotional aspects of human behavior in
challenging life situations, including those associated with
various stresses, such as physical, intellectual, and emo-
tional stress.

The maintenance of intellectual processes in Cl realiza-
tion is likely caused by the neurochemical systems of ace-
tylcholine and serotonin. The biochemistry of the emotional
aspects of Cl should be sought in the area of opioid recep-
tors (k, 6, and p) and microbiota that influence emotional
dispositions, emotional state, and human behavior.

CONCLUSIONS

This study was conducted to search for neurochemical mar-
kers indicative of different Cl levels. The identification of Cl
biomarkers allows us to describe some aspects of the re-
gressive and stable line of human development in stress-
ful situations.

Genetic predisposition refers to an organism's sensitiv-
ity to certain stressful influences. Exposure to stressful sit-
uations increases the risk of developing stress-related dis-
eases, which can be linked to a propensity for regressive
lineage. During early childhood and current life, epigene-
tic factors can also establish certain trajectories of physio-
logical and behavioral reactions in relation to future events.
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