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The article deals with morphological and functional changes in the adrenal glands under various exogenous fac-
tors. Particular attention is paid to the role of nutritional supplements, stress and thermal injury on the functional
activity of the adrenal glands. Changes in the structure of the cortex and medulla of the adrenal glands under the
influence of irritating factors are analysed. The consequences of such changes are analysed, in particular, the im-
paired synthesis of adrenal hormones: corticosteroids, adrenaline and norepinephrine, which can lead to metabolic
disorders, immune response disorders and the overall adaptive potential of the body.

The adrenal glands are not only a part of the hypothalamic-pituitary-adrenal system but also essential organs of
the endocrine system. They target organs not only for exogenous influences but also as indicators of the state of the
body's adaptive system, which is relevant for studying and understanding the pathogenesis of various diseases of the
endocrine system and developing effective preventive and therapeutic strategies.

The study aimed to determine the mechanisms of exogenous factors' influence on the morphological and func-
tional state of the adrenal glands. In particular, it investigated structural and functional changes that occur under
the influence of chemical, physical, and stress factors. It also substantiated approaches to minimise their negative
impact on maintaining the normal functioning of the body as a whole.

There is a need for further research into the impact of various stimuli on the adrenal glands, as modern lifestyles,
environmental pollution, and stress can cause new irreversible changes. Understanding these mechanisms will allow
us to develop effective strategies for preventing and treating endocrine disorders, in particular by minimising the
impact of external factors and optimising nutrition.
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Connection of the publication with planned re-
search works.

The work is a fragment of the research work of the
National University of Physical Education and Sports of
Ukraine ‘Influence of exogenous and endogenous fac-
tors on the course of adaptive reactions of the body to
physical activity of different intensity’ (state registration
number 012U108187).

Introduction.

The adrenal glands are a part of the endocrine
system that is exceptionally responsive to exogenous
factors [1]. Their action can lead to structural and
functional changes in the adrenal glands, which results
in impaired water and salt metabolism, metabolic
processes, immunity and endocrine functions. Constant
exposure to damaging factors causes the development
of glandular diseases and their irreversible destructive
changes [2]. An unhealthy diet, low-quality foods, and
chronic stress affect the hypothalamic-pituitary-adrenal
system, namely the adrenal glands, among the first
to adapt to stress. During chronic stress, the adrenal
glands work to their limit. This condition is accompanied
by impaired hormone synthesis, reduced adaptive
properties and depletion of the body’s defences [3].

In modern life, when stress factors become a part
of life, understanding the mechanisms of damaging
factors on the adrenal glands is extremely important for
the development of preventive measures and methods
of correcting disorders of the hypothalamic-pituitary-
adrenal system and for timely detection of diseases [4].

The aim of the study.

Determination of morphological and morphometric
changes in the cortex and medulla of the adrenal glands,

as well as changes in the microcirculatory system under
the influence of exogenous factors.

Object and research methods.

The study offers a detailed literature review on the
impact of exogenous factors on the adrenal glands. To
search for scientific literature, the scientometric data-
bases Scopus, Web of Science, PubMed, Google Scholar,
and local sources were used. The keywords used in the
selection of scientific sources were food supplements,
adrenal glands, thermal injury, rats, microcirculatory
bed, capillaries, and stress.

Main part.

In recent years, the understanding of the morphology
and functions of the adrenal glands, which occupy one
of the central places in the regulation of physiological
processes in the body, has significantly expanded [5]. The
adrenal glands are critical elements of the hypothalamic-
pituitary-adrenal system. They play a key role in stress
adaptation, metabolic regulation, and homeostasis
[6]. The adrenal glands produce cortisol, epinephrine,
norepinephrine and aldosterone, which affect blood
pressure, water and salt balance and energy processes.

The adrenal glands have become the subject of
active scientific research, as they can be a source of stem
cells and progenitor cells that can regenerate cortical
cells [7]. Stem cells can regenerate adrenal tissue after
damage or various pathological processes, making them
not only endocrine organs but also key elements of
recovery. This aspect of the adrenal glands’ functional
plasticity opens up new perspectives in the treatment
of pathologies associated with their dysfunction, such as
Addison’s disease or Cushing’s syndrome [8].
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The diagnosis and treatment of adrenal diseases
remain a significant medical and social problem,
as disorders of their functions can have serious
consequences for human health, including metabolic
disorders, waterandsaltimbalance,andthe development
of chronic cardiovascular diseases [9]. The complexity of
differential diagnosis accompanies the problems of early
detection and effective therapy, as clinical symptoms are
often not specific. In addition, numerous exogenous and
endogenous factors, such as stress, toxins, infectious
agents and poor nutrition, which can affect the adrenal
glands, complicate treatment [10].

Many studies have highlighted the impact of chronic
stress on the development of migraines. The nociceptors
of the trigeminal nerve become sensitive to aseptic in-
flammation of the brain membranes caused by factors
such as poor nutrition, hormonal weapons and chronic
stress [11]. During migraines, stress causes degranula-
tion of intracranial mast cells. Chronic stress is associat-
ed with stress-related mental illnesses, but the biological
mechanisms remain a challenge to fully understand [12].
Chronic stress affects mental health, which contributes
to the further development of major depressive disor-
der. The interaction mediates this relationship between
the immune, nervous and endocrine systems [13].

Thanks to modern imaging methods, timely detec-
tion of adrenal diseases has become more accessible
and possible at early stages. Magnetic resonance imag-
ing is one of the main methods used in clinical practice
to determine adrenal pathology. This method provides
high-resolution images that show changes in the glan-
dular tissues. One of the advantages of modern imaging
methods is the possibility of early detection of diseases
even before the onset of clinical symptoms [14]. Scintig-
raphy and angiography can detect functionally inactive
tumours, essential for differential diagnosis and treat-
ment. This indicates significant progress in diagnosing
adrenal diseases when they can be detected at the initial
stages, which allows for effective treatment methods to
be applied, minimising the risk to the patient’s health.
Thanks to modern imaging methods, timely detection of
adrenal diseases has become more accessible and possi-
ble at early stages. Magnetic resonance imaging is one of
the main methods used in clinical practice to determine
adrenal pathology. This method provides high-resolu-
tion images that show changes in the glandular tissues.
One of the advantages of modern imaging methods is
the possibility of early detection of diseases even before
the onset of clinical symptoms. Scintigraphy and angi-
ography can detect functionally inactive tumours, which
is essential for differential diagnosis and treatment [15].
This indicates significant progress in diagnosing adrenal
diseases when they can be detected at the initial stag-
es, which allows for effective treatment methods to be
applied, minimising the risk to the patient’s health [16].

Population growth, accelerated pace of life and in-
creased demands for food have led to an increase in
demand for products that can meet the needs of a mod-
ern, demanding person. These processes have led to the
massive use of food additives. Every day, a person con-
sumes a certain amount of them, even without aware-
ness. One of the most common additives is monosodium
glutamate (E 621) [17, 18].

In studies with monosodium glutamate in rats, it was
found that the cells of the adrenal fascicle lost their par-

allel arrangement, which led to their uneven distribution
[6]. Many cells had dark nuclei, and the cytoplasm was
pale, with an above-normal amount of lipid inclusions.
Capillaries were dilated and congested. Some cells had
apoptotic nuclei. The cortical thickness was very low
compared to the control group. Loss of membrane in-
tegrity and cell degeneration were the consequences
of oxidative stress. The number of reticular fibres was
increased in response to neutralising the pathogenic fac-
tor. Vacuolation of cells and dilated sinusoidal capillaries
were observed in the fascicular zone. The ratio between
the width of the fascicular zone and the glomerular zone
was disturbed, and the cortex was dilated. Macroscopi-
cally, the glands were enlarged with rounded edges [19].

After the experimental effect of thermal injury on the
adrenal glands of rats, significant changes in the struc-
tural and functional state of the medulla were observed.
At the beginning of the study, an increase in the lumen
of sinusoidal haemocapillaries was noted, and the endo-
thelium was swollen [20]. A decrease in the number of
organelles and increased epinephrocyte granules were
observed in the cytoplasm of endothelial cells. This in-
dicates that the adrenal medulla responds to burn with
a rapid degranulation of epinephrocytes and increased
synthesis of adrenaline as a reaction to severe stress.
Subsequently, cell necrosis products were observed,
which means the development of dystrophic changes,
impaired blood vessel integrity, matrix edema, and mito-
chondrial destruction, which were increased in size [21].
In the later stages, endocrinocyte depletion was noted.

The thickness of the adrenal cortex was increased.
The glomerular zone was also enlarged. The area of
endocrinocytes and their nuclei increased [22]. The nu-
clear-cytoplasmic ratio increased, and single cells with
signs of dystrophy appeared. Thermal burns cause hae-
modynamic disorders due to interstitial edema, stasis of
venous capillaries and haemocapillaries of the brain and
cortical substance. Acute disturbance of cerebral hae-
modynamics was accompanied by cell necrosis.

The body’s response to stress involves activating the
hypothalamic-pituitary-adrenal system, which leads to
the release of adrenocorticotropic hormone, which in
turn stimulates the release of cortisol. It mobilises en-
ergy reserves, increases blood glucose levels, and en-
hances the cardiovascular system. Cortisol suppresses
the immune response and disrupts systemic haemosta-
sis. Chronic and prolonged stress can disrupt the mech-
anism of the hypothalamic-pituitary-adrenal system.
Changes in cortisol concentrations can disrupt the bal-
ance of neurotransmitters involved in regulating aggres-
sion. The adrenal glands play a unique role in the stress
response. Stress causes not only morphological changes
in the adrenal glands but also microcirculatory disorders
in the vessel walls, causing their thickening, haemor-
rhage, erythrocyte stasis and diapedesis, and throm-
bus formation. Hypertrophy of myocytes of the middle
vessel membrane, sludge phenomenon and infiltration
of the adventitia with lymphocytes were observed. The
internal elastic membrane of the arteries was unclear
and pathologically altered, and the basal membrane was
thickened. The walls of the cerebral vessels were thick-
ened [23].

Physical activity stimulates the sympathetic nervous
system, activating the adrenal medulla. The hormones
adrenaline and norepinephrine increase heart rate, pro-
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mote glucose mobilisation and improve the delivery of
oxygen molecules to cells. Regular physical activity re-
duces the release of stress hormones, helping the body
to adapt to stressful factors. However, excessive physical
activity or constant exertion without recovery process-
es is accompanied by adrenal function depletion, de-
creased cortisol secretion, and chronic fatigue.

Severe COVID-19 can lead to the development of
corticosteroid deficiency. SARS-CoV has been shown to
suppress the adrenal response to stress [24]. Relative
adrenocortical insufficiency occurs, which causes clin-
ical manifestations of the disease. Degeneration and
necrosis of adrenal cortical cells were observed, indicat-

Conclusions.

As a result of the analysis of literature sources, it was
found that exogenous factors hurt the adrenal glands.
Damaging factors affect the morphological and func-
tional state of the glands, causing organ dysfunction.
Chronic stress directly impacts the hypothalamic-pitu-
itary-adrenal system, causing hyperplasia of the adrenal
cortex and increased levels of stress hormones. This, in
turn, leads to adverse effects on the body’s metabolism,
suppression of the immune system and depletion of the
cardiovascular system. Particular attention should be
paid to the role of nutrition, as foods can contain many
harmful additives.

Understanding the principles of exogenous factors’
impact on the adrenal glands is important for developing

preventive and therapeutic measures.

Prospects for further research.

In the future, it is necessary to identify the main mo-
lecular pathways underlying the processes of exogenous
adrenal damage to improve current diagnosis and treat-
ment methods.

ing a cytopathic effect of the virus. In addition, vascular
thrombosis, haemorrhage and focal inflammation were
observed. SARS-CoV affects the glomerular and fascic-
ular zones of the adrenal glands, affecting the level of
circulating hormones in the blood [25].
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Y cmammi po3anadaromescs moppohyHKYioOHAAbHI 3MiHU HAOHUPKOBUX 30s103 Mi0 8M/AUBOM Pi3HOMAHIMHUX
eK302eHHUX YUHHUKIi8. Ocobnusy ysazy npudineHo posi xap4yosux 006a80K, cmpecy ma erausy mepmiyHoi mpasmu
HO PyHKUIOHA/bHY GKMUBHICMb HAOHUPKOBUX 30103. [1p0aHA1i3080HO 3MIHU Y CMPYKMYypi KipKo8oi ma mMo3Ko8oi
pevyosuUHU HAOHUPKOBUX 30103 Mi0 8M/1UBOM MOOPA3HKOYUX YUHHUKIE. [TpOaHAi308aHI HACAIOKU MAKUX 3MiH,
30KpeMa rnopyweHHsa CuHmMe3y 20pMOHI8 HAOHUPKOBUX 30/103: KOPMUKocmepoidis, adpeHasniHy ma HopadpeHasiHy,
wo mMoxe npuzsooumu 0o memabosniyHux po3snadis, nopyuweHo imyHHoOI 8idnosidi ma 3azasom adanmauiliHo2o
rnomeHuiany op2aHiamy.

HaOHupKosi 3a7103U - He AuwWe YacmuHa 2inomasaamo-2inogizapHo-HAOHUPKOBOI cucmemu, 80HU CaAy2yromb
B8AHIUBUMU OP2AHAMU eHOOKPUHHOI cucmemu. BoHuU esucmynarome He mMminbKu Op2aHAMU-MiWeHAMU 074
eK302eHHUX erisausis, ane U iHOukamopamu cmaHy adanmayiliHoi cucmemu op2aHiamy, Wo € aKmMyasbHUM 075
BUBYEHHA MA PO3YMIHHA ramozaeHe3y Pi3HOMAHIMHUX 30X80pH08AHb €HOOKPUHHOI cucmemu ma po3pobKu
eghekmuBHUX NPOginakKMu4HuUX | mepanesmuyHUx cmpameaid.

Memoro pobomu 6ys10 8USHAYEHHA MEXAHI3MI8 8M/UBY eK302eHHUX YUHHUKI8 Ha MOp@Oo@yHKUioHaAbHUU cmaH
HOOHUPKOBUX 307103, 30KPeMa OO0CAIOHeHHA CMPYKMYPHUX | (DyHKUIOHAAbHUX 3MiH, AKi 8UHUKAOMb Mi0 Oi€to
arausy 01 NiOMPUMAHHA HOPMAMbHO20 (PYHKUIOHYBAHHA OP2aHI3MY 8 UinloMy.

HaodHupKosi 3a7103u - ye Ka4osi enemMeHmMu eHOOKPUHHOI cucmemu, AKi BUKOHYIOMb 8aX(AUBI pe2ynamopHi
yHKUiT. Ix pyHKUiOHaNbHUL cmaH 3anexcums 8i0 8nau8y eK302eHHUX YUHHUKI8, nocmiliHull enaue AKUX Moce
npu3eooumu 00 NopyuweHHs ix Mopgo@dyHKYIOHAbHO20 CMAHY, WO MOX(e 8UKAUKAMU 20pPMOHAAbHI ducbanaHcu
ma po38UMOK Pi3HOMAHIMHUX namosoaid.

IcHye HeobxioHicmb nodansbwux 00CniOHeHb 8rauU8Y PIBHOMAHIMHUX MOOPA3HUKI8 HO HAOHUPKOSI 30s103U,
OCKinbKU cy4acHull crnoci6 wumms, pigseHo 306pyOHEHHA HOBKOAUWHbLO20 cepedosulwd, CmMpec - MOMYymb
BUK/IUKAMU HOBi HE380POMHI 3MiHU. PO3yMiHHA Yux mMexaHiamie 0038071Umb po3pobumu eghekmusHi cmpameaii
MpoginaKmMuKu ma aiKky8aHHA nopyweHs eHOOKPUHHOI cucmemu, 30Kpema WASXom MiHiMi3ayii ersusy 308HilUHIX
hakmopie ma onmumizayii xap4yyeaHHs.

Knroyoei cnosa: xap4yosi 006a8KuU, HAOHUPKOBI 30103U, MEPMIYHA MPasma, Wypu, MiKpOUUPKYASMOpPHE Pycro,
Kaninapu, cmpec.
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3B8’A30K nyb6aiKauii 3 n1aHOBMMM HayKOBO-AOCAIg-
HUMMK poboTamu.

PoboTa € pparmeHtom HAP HauioHanbHOro yHisep-
cuTeTy $isMYHOro BUXOBAHHS i cnopTy YKpaiHu «Bnave
€K30reHHWX Ta eHAoreHHMx ¢akTopis Ha nepebir agan-
TaLiMHMX peakLilt opraHiamy Ao ¢isMYHMX HaBaHTaXeHb
Pi3HOT IHTEHCWMBHOCTI» (LepsKaBHUI peecTpaLinHuii
Homep 012U108187).

Bcryn.

HagHupKoBi 3371031 — e YacTMHA eHAOKPUHHOI cuC-
TemMu, fAKi 0co6AMBO pearyoTb Ha BMAUB E€K30reHHUX
dakTopis [1]. Ix Aia Moxe nNpM3BOAWTM OO CTPYKTYp-
HUX | QYHKLIOHANbHMUX 3MiH HAagHUPKOBUX 3a/103, LWO
NpW3BOAMTbL A0 NOPYLIEHHA BOAHO-CO/IbOBOTO OOMIHY,
MeTaboniyHUX NpPOLECiB, IMYHITETY Ta EHAOKPUHHUX
bYHKUIN. MOCTIMHUIN BNAWB yparkytOUMX YUHHUKIB CNpK-
UYMHAE PO3BUTOK 3aXBOPHOBAHb 3a/103 Ta iX HE3BOPOTHUX
OEeCTPYKTUBHUX 3MiH [2]. HepaLioHanbHe XapuyBaHHA,
BXMBaHHA HEAKICHUX NPOAYKTIB, XPOHIYHWI CTpPEC BNAK-
BalOTb Ha rinotanamo-rinodisapHo-HaAHUPKOBY cucTe-
My, @ Came Ha HaZHWPKOBI 3a7103M, AKi OOHI i3 nepLmnx
Bi4NOBI4AOTb 32 aganTauito opraHiamy ao crpecy. Mg
Yac XpPOHIYHOro CTpecy HaAHUPKOBI 321031 NpaLOTbL
Ha CBOE BUCHaXeHHSA. Liei cTaH cynpoBOAXKYETLCA NOPY-
LWEHHAM CUHTE3Y FOPMOHIB, 3HUMKEHHAM aAanTaLitHMX
BNACTUBOCTEN Ta BUCHAXKEHHAM 3aXMCHUX CU/1 OpraHis-
my [3].

B yMmOBax cy4aCHOro »KUTTA, KONK CTpecoBi GpakTopu
CTatOTb YACTMHOM KUTTA, PO3YMIHHA MEXaHi3MiB yLu-
KOOMKYHOUMX YMHHUKIB Ha HaZHWPKOBI 331031 € BKpaW
BAXK/IMBUM 151 PO3PO6KM NpodinakTMUYHUX 3axosis
Ta MEeTOZAiB KOpeKLUil nopyweHb rinotanamo-rinodi-
3apHO-HAAHWPKOBOI CUCTEMM, @ TAKOXK CBOEYACHOTO BU-
ABNEHHSA 3aXBOpPOBaHb [4].

Merta gocnigeHHs.

Br3HauyeHHA MOPGONOriYHUX | MOPPOMETPUYHUX
3MiH KipKOBOi, MO3KOBOi pe40BUHMN HaAHUPKOBUX 3103,
a TAaKOX 3MiHM MIKPOLIMPKY/IATOPHOrO pycaa nig Bhauv-
BOM €K30reHHMX YNHHUKIB.

O6’eKT i meTOaU AoCNiAXKEeHHSA.

Y pocnifrKeHHi NponoHYETbCA AeTanbHUI ornsg Ni-
TepaTypHUX AKepen, WO CTOCYHTbCA BMNMBY €K30reH-
HUX paKTopiB Ha HAaZHWPKOBI 3a103U. [1NA NOLWYKY Ha-
YKOBOI NliTepaTypyn BUKOPUCTOBYBANNCA HAaYKOMETPUYHI
6a3u gaHux Scopus, Web of Science, PubMed, Google
Scholar Ta nokanbHi gepena. AKTyanbHUMK Yy Bigbopi
HaYKOBMX gyKkepen byan KNoyoBi CloBa: Xxapyosi gobas-
K1, HAAHVPKOBI 3371031, TEPMiYHA TPABMA, LLypU, MIKpO-
LMPKYNATOPHE pPyc/o, Kaninapu, cTpec.

OCHOBHa YacTuUHa.

MpOoTArom OCTaHHIX POKiB 3HAYHO PO3LINPUIOCH PO-
3yMiHHA Mopdonorii Ta QyHKUiN HaZHUPKOBMX 33103,
AKi 3aliMaloTb OAHE i3 LUEHTPasbHUX Miclb B peryasauii
disionoriyHnx npouecis opraHiamy [5]. HagHMpKoBI 3a-
N031 — e KPUTUYHO BAK/IMBi €1eMEeHTH rinoTanamo-ri-
nodisapHo-HagHMpPKoOBOI cuctemn. BoHM BigirpatoTb
KNoYoBy ponb y 3abesneyeHHi cTpecoBoi aganTali,
perynauii metabonismy Ta niaTpumui romeocrtasy [6].
HagHupKoBi 3a103M BigNOBIfAOTE 3@ NPOAYKL,iIO KOp-
TU30/Y, aipeHaniHy, HOpaZpeHaiHy Ta a/fibaOCTEPOHY,
LLLO BMN/IMBAOTb Ha apTepiasibHUIN TUCK, NIATPUMKY BOA-
HO-CONbOBOro 6anaHcy Ta eHepreTUYHI NpoLecu.

HagHuWpKoBi 3a103M CTann 06’€KTOM aKTUBHUX Hay-
KOBUX AOCNIAKEHD, 34Ke BOHMU MOXKYTb OYTU AXKepesom
CTOBOYPOBMX KNITUH Ta KAITUH-NONepeaHULb, AKi 30aTHI

BiZLHOB/OBATU KAITUHW KipKOBOi pevyoBuHu [7]. CTosby-
POBi KAITUHM MOXKYTb 3abe3neuyBaTi pereHepaLito TKa-
HWUH HAAHWPKOBMX 3a/103 MiCAA YLWKOAKEeHb abo nicns
Pi3HOMaHITHMX NATONOFYHMX MPOLLECIB, WO PobUTb ix
He Nnwe eHAOKPUHHUMMK OpraHamm, ane i KNo4oBUMM
efemeHTamu BigHoBneHHA. Llei acneKkT ¢yHKLUioHanb-
HOi NAACTUYHOCTI HAaZHWPKOBMX 3aN103 BiAKPUBAE HOBI
nepcrneKkTMBM B JliKyBaHHI NATONOriN, MOB’A3aHMX i3 iX
OMCOYHKLIEI, 30KpemMa TaKux AK xBopoba AgaicoHa abo
cuHapom KywimHra [8].

[iarHocTMKa Ta NiKyBaHHA 3axBOPIOBaHb HAOHU-
PKOBMX 327103 3a/IMWAOTLCA BaX/IMBOK MELUYHOI
Ta couianbHoO MPobaemoto, OCKiNIbKM MOpYLUEHHs X
bYHKLIN MOXKYTb MaTW CepMo3Hi HAaCcNiAKM ANA 300p0B’A
NOAMHK, BKAOYatouM meTabonivyHi posnaam, nopylleH-
HS BOAHO-CONbOBOrO 6anaHCy, a TaKoX PO3BUTOK XPO-
HiYHMX 3aXBOpPIOBaHb CepLEeBO-CYAUHHOI cuctemun [9].
Mpobnemn paHHbLOrO BUABMEHHA Ta edeKTUBHOI Tepanii
CYNpOBOAKYIOTbCA CKNAAHICTIO AndepeHUianbHoi Aaia-
FHOCTUKMW, OCKINbKK KNiHIYHI CMMNTOMM YAcTo He € crne-
undiyHMmmM. Kpim TOro, HaaBHICTb YNCNIEHHUX EK30reH-
HUX | eHAoreHHMX GaKTOpiB, TaKMX K CTPEC, TOKCUHM,
iHpEKLiMHI areHTM Ta HesAKiCHe Xap4yyBaHHA, L0 MOXKYTb
BM/IMBATW Ha CTAH HAZHWPKOBMX 3a/103, YCKAALHIOE Ni-
KyBaHHA [10].

Yumano gocnigKeHb nigKpecntorTb BNANB XPOHIY-
HOrO CTpecy Ha pPO3BUTOK MirpeHi. Hounuentopu Tpii-
4YaCcTOro HepBa CTalOTb YYT/IMBMMM [0 ACENTUYHOIO 3a-
naneHHs 060NOHOK MO3KY, LLO BUK/AMKAKOTLCA TaKUMMMU
dbaKkTopamum AK HenpaBWJIbHE XapyyBaHHA, FOPMOHaNbHI
36poi Ta xpoHiuHui cTpec [11]. Mig yac mirpeHi cTpec Bu-
KNMKAE AerpaHyNALito BHYTPILHbOYEPENHUX TYHHUX Ki-
TUH. XPOHIYHWI CTpec NoB’s3aHMUM i3 NCUXIYHMMM 3aXBO-
proBaHHAMM, LLLO NOB’A3aHi i3 cTpecom, npoTe BionoriyHi
MEXaHi3MM A0 CUX Nip 3anuWwalTbca npobaemoto ana
OCTaTOYHOro PO3yMiHHA [12]. XpOoHiuHWMIA cTpec BNANBAE
Ha NCUXiYHe 340pOB’A, Lo CNPUAE NOAA/bLIOMY PO3BUT-
Ky BE/IMKOrO AenpecusHoro posnasy. Llei 38’asok ono-
cepeaKoBaHUI B3aEMOZEI0 MiXK iIMYHHOO, HEPBOBOIO Ta
€HAO0KpPUHHO cuctemamu [13].

3aBAAKM 3aCTOCYBAHHIO Cy4YaCHMX MeTOAiB Bi3yani-
3auii, BYaCHe BMAB/JIEHHA 3aXBOPIOBaHb HAaAHMPKOBUX
327103 CTaNo BiNbll AOCTYNMHUM Ta MOXKIMBUM Ha PaHHiX
cTagiax. O4HMM i3 OCHOBHUX METOZAIB, WO BUKOPUCTOBY-
€TbCA B KAIHIYHIN NpaKTULi AN BM3HAYEHHA naTonorii
HaJHWPKOBWX 33103, € MarHiTHO-pe30HaHCHa TOMOrpa-
ois. Llel meTon 003BONAE OTPUMATH BUCOKY PO34i/bHY
30aTHICTb 306pakeHb, L0 MOKa3ye 3MiHM Yy TKaHMHaxX
3an03. OfHieto i3 mepeBar Cy4acHUX MeTOAIB Bi3yanisaLii
€ MOX/IMBICTb PAHHbLOrO BUABNEHHA 3aXBOPKOBAHb Ha-
BiTb A0 MOABM KNiHIYHUX cumnTomis [14]. BUKOpuUCTaH-
HA cumHTUrpadii Ta aHriorpadii, 4O3BONAOTb BUABUTHU
OYHKLIOHAIbHO HEAKTUBHI MyX/IMHK, LLO € BaXK/JMBUM
Ana andepeHUianbHOi AiarHOCTMKM Ta NikyBaHHA [15].
Lle cBiZUNTb NPO 3HAYHWI Nporpec y AiarHoCTUL, 3aXBO-
plOBaHb HAaAHWPKOBMX 33103, KOJIM iX MOXHA BMABUTH
Ha MOYaTKOBMX eTanax, WO [a€E 3MOry 3acTOCOBYyBaTw
edeKTUBHI MeToaMn NiKyBaHHSA, MiHIMI3ylOuM PU3KUK ANA
340poB’A naujieHTa [16].

3poCcTaHHA YMCeNbHOCTI Hace/leHHA, MPUCKOPEHHA
TEMMIB XKUTTA Ta 3aBULLEHHA BUMOF 0 NPOAYKTIB Xap-
YyBaHHA — BCE Le Npu3Beno Ao 36iNblueHHA NonuTy Ha
BMPOOHULTBO MPOAYKTIB, AKi 34aTHI 3a40BO/IbHUTU MO-
Tpebu cyyacHoi Bubarnmeoi ntoanHu. Li npouecn 3ymo-
BWJIM MACOBe 3aCTOCYBAHHA Xap4yoBux Ao6aBokK. LLogHA
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NOAMHA CNOXKMBAE MEBHY iX KiNIbKICTb, HaBiTb YacToO NpPo
Le He 3Hatouun. Cepef, HaWnowmMpeHiwmx Ao06aBOK € ry-
Tamar HaTpito (E 621) [17, 18].

Y [OCNIAXKEHHAX i3 BXKMBAHHAM ryTamaTy HaTpito Ha
Lypax 6yno BUABNEHO, KAITUHM NMYYKOBOT 30HWU HAAHWUP-
KOBWX 32/103 BTPA4a 1M CBOE NapasiefibHe po3TallyBaHHA,
Le NpM3BoANIO A0 iX HepiBHOMIpHOTo po3nogainy [6]. Be-
JIVKUI BiACOTOK KAITUH Manu TeEMHI A4pa, a uutonaasma
byna 6nia0to, a i KiNbKICTb BULLLE HOPMU i3 YNCIEHHUMMU
BK/IIOYEHHAMM niniais. Kaninapu 6ynun poswmnpeHi Ta ne-
penoBHeHi. JeakKi KAiTMHM Byan i3 anonTUYHUMUK Aapa-
Mu. ToBLIMHA KiPKOBOT pevyoBUHM Byna AyXe HU3bKO Y
NOPIBHAHHI i3 KOHTPONLHOM rpynot. BTpaTta uinicHocTi
membpaHu Ta AereHepauii KNiTUH CTanan Hachnigkamu
OKWCItOBaNbHOrO cTpecy. KiNbKicTb peTUKYNAPHUX BOSIO-
KOH byna 36inblieHOto, AK BiANOBIAb Ha HelTpanisay,ito
naTOreHHOro YMHHMKA. Y My4YKOBIiW 30HI cnocTepiranoca
BaKyOi3aLia KNiTUH Ta PO3LUMPEHi CUHYCOIAHI Kaninapw.
Bynio nopylueHe cniBBiAHOLWEHHA MiX LLMPUHOIO MYYKO-
BOi 30HM A0 KAyH60O4YKOBOi, a Kopa byna poswmpeHoto.
MakpocKoniyHo 331031 Bynu 36inblieHi i3 oKpyrIMmm
Kpasmu [19].

Micna ekcnepuMeHTaNbHOTO BN/NMBY TEPMIYHOI TPaB-
MM Ha HAaZHWPKOBI 3a/103M LWYpPiB CNOCTEPIraINCA 3HAYHI
3MiHW CTPYKTYPHO-GYHKLIOHANbHOMO CTaHy MO3KOBOI
peyoBMHWU. Ha noyaTky gocnigrkeHHs 6yno BiamiueHo
36iNblUIEHHA NPOCBITY CUHYCOIAHUX remokKaninapis, a
eHgoTeni byes Habpakaum [20]. B uutonnasmi eHgo-
TeNiounTiB CNOCTEPIranoca 3HUMKEHHA KiNbKOCTI opra-
Hen Ta 36iNblUeHHA KiNbKOCTI rpaHyn eniHedpoumTiB.
Lle BKa3ye Ha Te, LLLO MO3KOBA peYOBMHA HAAHUPKOBUX
3a/103 pearye Ha oniK pi3Koto gerpaHynauieto eniHeppo-
LMTIB Ta NiIABULLEHOMY CMHTE3i aApeHaniHy AK peakLieto
Ha CUNbHUI CTpec. 3rofoM CNoCTepirainca NPoAyKTH
HEKPO3Yy KAITWH, L0 O3HAYa€E PO3BUTOK AUCTPODIYHMX
3MiH, NMOPYLIEHHA LiNICHOCTI KPOBOHOCHMUX CYAWH, Ha-
BpAK MaTPUKCYy Ta OECTPYKLia MITOXOHAPINA, aKi Byau
36inbweHnMm B po3mipi [21]. Y ni3Hi TepmiHn 6yno Bia-
MIiY€HO BUCHAXKEHHA eHAOKPUHOLUTIB.

ToBLMHA KipKOBOiI PEYOBMHU HAOHWPKOBMX 3a/103
6yna 36inbweHa. KnyboukoBa 30Ha Takox Byna poswu-
peHoto. 36inbliMnaca naoLwa eHAOKPUHOUMTIB Ta iX Aagep
[22]. 36inbwmnnocs aaepHoO-UMTONIA3MaTUYHE CMiBBIA-
HOLWEHHSA, 3’ABNSANNCA NMOOAUHOKI KNITUHM 3 03HAaKaMu
anctpoodii. TepmiyHMIA OMiK CPUYMHAE MOPYLUEHHS re-
MOZMHAMIKM Yyepe3 HabpAK iHTepcTUuilo, CTasy BEHO3-
HUX KanifapiB Ta remMoKaninapis MO3KOBOI Ta KipKOBOi
peyoBMHW. [OCTpe NOpyLEeHHA reMoANHAMIKM MO3KOBOI
PEYOBMHM CYNPOBOAKYBAIOCA HEKPO3OM K/ITUH.

PeaKkuia opraHiamy Ha CTpec BK/AKOYAE aKTMBALLO
rinotanamo-rino¢isapHo-HagAHUPKOBOT CUCTEMM,  LIO
NpPU3BOAUTL BUBIIbHEHHA AAPEHOKOPTUKOTPOMHOTO
rOPMOHY, fIKUI B CBOIO Yepry CTUMY/IOE BUBIIbHEHHSA
KopTusony. BiH mobinisye 3anacu eHeprii, nigsuilye
piBEHb INMOKO3W B KPOBi, MOCMIOE POBOTY cepLeBo-cy-
OMHHOI cuctemMun. KopTnson NpurHivye imyHHy Bignosiab
Ta NOPYLUYE CUCTEMHUI remocTas. XpOoHiYHMI Ta TpuBa-
JINI CTPEC MOXKe MOPYLUNTM MeXaHi3M rinotanamo-rino-
di3apHO-HAAHMPKOBOI cUCTEMU. 3MiHM KOHUEHTpaLil
KOPTU30/1y MOKYTb NOPYLIYBaTN BanaHc HelMpomesiaTo-

piB, AKi 6epyTb yyacTb y perynsauii arpecii. HagHWpPKoOBI
3a103u rpatoTb 0cobnMBY ponb y peakLii Ha cTpec. CTpec
BMK/IMKAE He ivwe MOopdOOriYHi 3MIHWU HaZHUPKOBUX
337103, asie 1 MOPYLWEHHA MIKPOLMPKRYAALIi B CTiHKax
CYAMH, CMIPUYMHAIOYM TX NMOTOBLLEHHA, MOBHOKPIB'A, Ha-
ABHICTb CTa3y Ta Aianenesy epuTPOLMTIB, @ TAKOXK YTBO-
peHHs Tpombis. CnocTepiranaca rineptpodia mioumTis
cepeHboi 060/10HKN CyANH, cnagK-peHoMeH Ta iHdinb-
Tpauis nimboumTammn agBeHTULii. BHyTpilwHA enacTMyHa
membpaHa apTepin byna HeYiTKOK Ta NaTONOMYHO 3Mi-
HeHolo, a 6asanbHa MembpaHa NOTOBLLEHOW. CTiHKM
CyAMH MO3KOBOI pe4oBUHK Bynun noToBsLieHi [23].

@i3nyHa aKTUBHICTb CTUMY/IHOE CUMMNATUYHY HEPBOBY
CUCTEeMY, LLLO B CBOIO Yepry aKTMBI3YE AiANbHICTb MO3KO-
BOI PEYOBMHM HAAHMPKOBMX 3a0103. [OPMOHM aZpeHaniH
Ta HOpaapeHaniH NiABULLYIOTb YAaCTOTy CepLeBUX CKO-
poueHb, CnpuAoTb MobiNi3aL|ii IOKO3M Ta MOKPaLLYTb
[0CTaBKY MONEKYN KUCHIO A0 KNITUH. PerynapHi ¢isnyHi
HaBaHTAXXEHHA 3MEHLUYIOTb BUAIIEHHA TOPMOHIB CcTpe-
Cy, CNpMAIOYM afanTalii opraHiamy A0 CTPECOBUX YMH-
HUKiB. MpoTe HagmipHe @isnyHe HaBaHTa)KeHHA abo
NnocTiMHe HaBaHTaXKeHHA 6e3 NpoLLeciB Bi4HOBNEHHSA Cy-
NPOBOAKYETbCA BUCHAKEHHAM YHKLiIA HAaAHWUPKOBUX
337103, 3HMKEHHAM CeKpeLii KOPTU30/ly Ta XPOHIYHO
BTOMOIO.

Baxka dpopma COVID-19 moxKe CNpUYMHATU PO3BU-
TOK aediunTy KOpTUKOCTepoiniB. byno gosegeHo, Wo
SARS-CoV npurHivyye peakuito HaZHUMPKOBMX 337103 Ha
cTpec [24]. BUHMKaE BifHOCHA aApPEHOKOPTUKAIbHA He-
[OOCTaATHICTb, AKQ BUK/IMKAE KANiHIYHI NPOABM 3axBOpPIO-
BaHHA. CnocTepiranacAa pereHepalia i HEKPO3 KAITUH
KipKOBOI pPEYOBWMHU HAAHMPKOBUX 33103, LLO FOBOPUTb
npo uMTONaTUYHy Aito Bipyca. OKkpim Toro 6ynu Biami-
YyeHi TPomb03 CyaAMH, KPOBOBU/IMBK Ta BOTHULLEBI 3ana-
neHHA. SARS-CoV Bpaykae Knybo4KoBY Ta My4KOBY 30HY
HaJHWPKOBWX 327103, BM/IMBAOYM HA PiBEHb LIUPKY/OHO-
YMX TOPMOHIB y KpoBi [25].

BucHoBKM.

B pesynbTaTi aHanisy askepen nitepatypu byno BcTa-
HOBJ/IEHO, L0 €K30reHHi GakTopu MatoTb LWKIAANBY Ajto
Ha HAagHWPKOBI 3a/103U. YIWWKOOKYIOUI YAHHUKKN BNIMBA-
10Tb Ha MopdOoNOriYHNIM Ta GYHKLIOHANbHWUI CTAH 3a/103,
BUK/IMKAOUYM MOpPyLIEeHHA poboTU opraHiB. XpOHiYHUNA
cTpec 6e3nocepeAHbO BMN/IMBAE Ha rinoTanamo-rino-
¢di3apHO-HaAHUPKOBY CUCTEMY, CMPUYMHAIOYM Finepn-
Nasito KOpM HASHWPKOBUX 33103 Ta NiABULLEHHA PiBHA
CTPecoBMX rOpMOHiIB. Lie B cBOK yepry npus3BoanTb 0
HeraTMBHMX BNANBIB Ha MeTaboniam opraHiamy, NPuUrHi-
YeHHSA iIMYHHOI Ta BUCHAXEHHA CepL.eBO-CYANHHOI CUC-
Temn. OcobamBy yBary BapTO AaTh POAi XapyyBaHH!O,
OCKIi/IbKM MPOAYKTU MOXKYTb MICTUTU BENUKY KiJbKICTb
WKigAmsmx Ao6aBok.

PO3yMiHHA NPMHLUMNIB BNANBY €K30T€HHUX YNHHUKIB
Ha HaZHMPKOBI 331031 € BaX/IMBUM A/1A PO3pobKM npo-
diNaKTUYHMX Ta NliKyBaNbHUX 3aX0Z4,iB.

MepcnekTUBM NOAANbLUUX [OCNIAMKEHD.

B noganbwomy HeobxigHO BM3HAYUTU OCHOBHi MO-
NIEKYNAPHI LWAXM B OCHOBI NPOLLECiB EK30reHHOro YLUIKO-
OYKEeHHA HaAHWPKOBUX 3a/103, AN TOro Wob BAOCKOHa-
JNINTU CyYacCHi MeToam AiarHOCTUKM Ta NiKyBaHHA.
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MEXAHI3MW BM/IUBY EK3OTEHHUX GAKTOPIB HA MOP®O®YHKL,IOHA/IbHWUI CTAH HALLHUPKOBUX 3AN103

MacryxoBa B. A., OniiiHiueHko M. O.

Pe3stome. HagHWPKOBI 3a/103U, KNOYOBUI e1eMeHT eHA0KPUHHOI CUCTEMM, YYTIMBO PearytoTb Ha BM/IMB 30BHiLL-
HiX YMHHMKIB. EK30reHHi GaKTopu, AK-OT HepaLioHaNbHe XapyyBaHHA, XPOHIYHUI CTpecC i HeAKICHI NPOAYKTU, MOXYTb
CNPUYMNHATU CTPYKTYPHI 1 PYHKLIOHANbHI 3MiHM, LLO NOPYLIYIOTb BOAHO-CONbOBUIM HBanaHc, meTaboniam, iMyHiTeT i
FOPMOHasIbHY peryaaLito. XpoHiUHWI cTpec 0cob6IMBO BUCHAXKYE HAaAHUPKOBI 331031, 3HUKYIOUM CUHTE3 TOPMOHIB
i nocnabnoouM aganTauiiHi MOXKAMBOCTI opraHiamy. PO3yMiHHA MeXaHi3MiB LbOro BMN/MBY € BaXKAUBMM AN1A PO3-
pPo6KM NpodinakTUUHMX 3aX0/iB, KOPEKLLi NopyLUeHb rinoTasamo-rinodisapHo-HaAHNUPKOBOI CUCTEMM Ta PaHHbOIO
BMAB/NEHHA 3aXBOPIOBAHb.

Memoto 0ocniorneHHA 6yno BU3HAUYEHHA MEXaHi3MiB BMNAMBY 30BHILLIHIX YNHHMKIB Ha MOPDODYHKLiOHANbHUIA
CTaH HaZLHMPKOBUX 3a/103.

06’ekm i MemoOu docnidxeHHA. Y poboTi NpeacTaBAeHO AeTaNbHUI OMNAA NiTepaTypu, AKa NPpUCBAYEHA BNANBY
30BHILWHIX daKTOpiB Ha OYHKLiIOHANBbHWUIA CTaH HAaAHUPKOBUX 3a/103. [1NA NOLYKY HAaYKOBMX MaTepianis BUKOPUCTO-
ByBanmca 6a3u gaHux Scopus, Web of Science, PubMed, Google Scholar, a TakoK nokanbHi axkepena.

OcHog8Ha YacmuHa. HagHWPKOBI 3271031 € KAKOYOBMMW OpraHamu rinotasamo-rinodizapHo-HagHUPKOBOI cucC-
TEeMMU, LLO PeryntoroTb CTPECOBY aAanTalito, MeTaboniam i romeocTas yepes NPoAyKL,it0 BaXK/JIMBUX FOPMOHIB, TaKMX
AK KOPTM30/, agpeHaniH i HopagpeHaniH. JocaigKeHHAa NigKpecatoTb iX 34aTHICTb 40 pereHepaLii 3aB4AKM CTOB-
6ypOoBUM KNiTUHAM, IO BiAKPMBAE NEPCNeKTUBU Yy NiKyBaHHI NaTonoril, AK-oT xBopoba AajicoHa Ta cuHgpom Ky-
WKMHra. BUKOPMCTaHHA Cy4aCcHUX METOZAiB AiarHOCTUKM, 30Kpema MPT, 103BONIAE BUABNATN 3aXBOPIOBAHHA HA PaHHIX
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CTafifAX. XPOHIYHMI CTpec, TOKCMHM Ta iHLWIi GaKTOPU CNPUYMHAOTD CTPYKTYPHO-GYHKLiOHANbHI NOpyLUeHHA. Takox
BuByeHo Bnane COVID-19 Ha HagHMPKOBI 321031, LLO CYyNPOBOAKYETLCA a4 PEHOKOPTUKAIbHOK HEAOCTATHICTIO Ta
OUCTPOdIED TKAHMH. Pe3ynbTaTM aKUEHTYIOTb BaK/MBICTb MIATPUMKM PYHKLIOHANAbHOI LiNICHOCTI HagHWUPKOBUX
3a/103 /15 34,0POB’A NOANHU.

Kntovosi cnosa: xapyosi fo6aBKuM, HALAHMPKOBI 3a103K, TEPMIYHA TPaBMa, LLYPU, MIKPOLMPKYNATOPHE pycno,
Kaninapwu, cTpec.

MECHANISMS OF INFLUENCE OF EXOGENOUS FACTORS ON THE MORPHOLOGICAL AND FUNCTIONAL STATE
OF THE ADRENAL GLANDS

Pastukhova V. A., Oliinichenko M. O.

Abstract. The adrenal glands, a key element of the endocrine system, are sensitive to the influence of external
factors. Exogenous factors, such as poor nutrition, chronic stress and poor-quality foods, can cause structural and
functional changes that disrupt water and salt balance, metabolism, immunity and hormonal regulation. Chronic
stress significantly depletes the adrenal glands, reducing hormone synthesis and weakening the body’s adaptive
capacity. Understanding the mechanisms of this effect is important for developing preventive measures, correcting
hypothalamic-pituitary-adrenal disorders, and early detection of diseases.

The study aimed to investigate the mechanisms by which external factors influence the morphological and
functional state of the adrenal glands.

Object and research methods. The paper presents a detailed review of the literature on the impact of external
factors on the functional state of the adrenal glands. Scientific materials were searched for using the databases
Scopus, Web of Science, PubMed, Google Scholar, and local sources.

Main part. The adrenal glands are key organs of the hypothalamic-pituitary-adrenal system that regulate
stress adaptation, metabolism and homeostasis by producing essential hormones such as cortisol, adrenaline and
norepinephrine. Studies have highlighted their ability to regenerate through stem cells, which opens up prospects for
treating pathologies such as Addison’s disease and Cushing’s syndrome. Modern diagnostic methods, such as MRI,
allow us to detect diseases at early stages. Chronic stress, toxins and other factors cause structural and functional
disorders. We also studied the impact of COVID-19 on the adrenal glands, which is accompanied by adrenocortical
insufficiency and tissue dystrophy. The results emphasise the importance of maintaining the functional integrity of
the adrenal glands for human health.

Key words: food supplements, adrenal glands, thermal injury, rats, microcirculatory bed, capillaries, stress.
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