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The purpose of the study was to investigate the pathogenetic significance of the correlation between disturbances in the
energy balance of connective and muscle tissue cells and changes in collagenolysis after y-irradiation. Male sexually mature Wistar
rats were exposed to ionizing radiation at doses of 1.0 Gy and 4.0 Gy. The content of total oxyproline and its fractions, total
glycosaminoglycans, adenyl nucleotides, and alanine- and aspartate aminotransferase activity were determined in animals’ skin, blood,
skeletal, and cardiac muscles. The data obtained indicated activation of collagen breakdown and structural destabilization of the matrix
in response to y-radiation. Both alanine- and aspartate aminotransferase activities decreased in muscle tissue, paralleled by decreased
blood levels in these conditions, indicating membrane damage and enzyme release into the extracellular space. The post-radiation
decrease in ATP concentration and the accumulation of ADP and AMP in cardiac and skeletal muscles outline the cellular energy
deficit. The authors declare that y-radiation initiates a complex, dose-dependent set of changes in the “energy metabolism —
extracellular matrix” system, manifested by simultaneous disruption of collagen and mitochondrial metabolism, interpreted as post-
radiation energy-matrix disintegration and considered a universal mechanism. The data obtained confirm the reasonability of the
integral index of energy-matrix condition creation for early diagnosis of radiation-induced tissue damage.
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PO3BUTOK BHYTPIIIHbOKJITHHHOI'O EHEPTETUYHOI'O JE®ILUTY TA PO3MAJL
CIHOJIYYHOI TKAHUHU SIK TPOBIITHUM MATO®I3IOJIOITYHUMA MEXAHI3M
INOCTIPOMEHEBOI EHEPTETUKO-MATPAYHOI JTE3IHTEI PAIIII

Meroro nocmimpKeHHs1 Oy0 BU3HAYEHHS MTaTOreHETHYHOI BaXKIIMBOCTI B3a€MO3B’ 3Ky HMOPYILICHHS €HEPTeTHYHOro OaaHcy
KJTITHH CHIOJTyYHOT Ta M’5130BO1 TKAaHKH Ta 3MiH IPOLIECIB KOJAreHOMI3y ITiCiIs Y-ONpOMiHeHHS. ExcriepuMeHT poBeIeHO Ha CTaTEBO3PLTHX
IIypax micist y-onpominroBaHes no3amu 1.0 ta 4.0 I'p. V mkipi, B ckeneTHOMY i cepIieBoMy M’si3aX 1 y KpOBI TBapHH BH3HAYAIH BMICT
3araJbHOTO OKCHIIPONIHY Ta Horo ¢paximii, 3aradpHUX DIIKO3aMIHODIIKAaHIB, aACHUIOBMX HYKJICOTHAIB, aKTHBHICTh allaHiH- Ta
acnapraraminorpancdepasy. OTpuMaHi JaHi CBiT4aTh, 10 Y-ONPOMIHEHHS CIIPUYMHSE aKTHBALIO IPOLECIB PyHHYBAaHHs KOJIareHy Ta
CTPYKTYpHY ZecTadili3allilo MaTpuKcy. 3HYDKEHHs aKTMBHOCTI ajlaHiH- Ta acmapraramiHoTpaHc(epasy y M’SI30BUX TKaHWHAX IIpU
I IBUILIIEHHI iX PiBHS B KPOBI 32 BKA3aHUX YMOB CBITYUTH PO MEMOPAHHE MOIIKODKESHHSI i BUXi (hepPMEHTIB y MO3aKIITHHHUIA TPOCTIp.
IMocrpamiamiiine 3menmenns konuentpauii AT® i nakormmuenus AJI® ta AM® y cepreBoMy Ta CKEIETHOMY M’s3aX BHCBITIIIOE
(hopMyBaHHS €HEPreTHIHOTO AeHiUTY KITITHH. ABTOPH CTBEPIKYIOTb, IO BIUTHB Y-ONPOMIHEHHS 1HILIFOE€ KOMIDTEKC J0303aJICKHUX 3MiH
Y CHCTEMI «EHEepreTHIHNIT 0OMiH — O3aKJIITHHHUI MaTPHKC 10 BU3HAYAETHCS SIK TOCTIPOMEHEBA CHEPTeTHKO-MaTpUYHa IC3IHTEr parlis
1 pO3DIINAETBCS B SIKOCTI YHIBEPCAJIPHOTO MEXAHi3My IIOIIKO/DKEHHS TKAHHH TP 1OHI3yrodoMy BIUMBL. OTpHMaHi pe3ynsraru
OOTPYHTOBYIOTH JOLIBHICTE CTBOPSHHS IHTETPAIBHOTO ITOKa3HHUKA €HEPro-MaTpHIHOIO CTaHy, SIKHH Moxke OyTH BHKOPUCTAHMH JUIS
PaHHBOI JIIArHOCTUKY CTYIIEHS TKAHWHHOTO YILIKODKESHHSI IIPY pajiialliiHoMy BILTHBI.

KorouoBi ciioBa: ioHi3yroue ONPOMIHEHHS, CIIOJNyYHA TKAHWHA, CKEJICTHUH M’S13, CEpLEBUH M’53, OKCHIIPOJIH,
DIiKO3aMiHOITIKaHY, ajlaHiHaMiHOTpaHcdepasa, acapraraMiHOTpaHCc(epasa, aeHIIOBI HyKICOTH TN, TATOTeHETHYHI MEXaHI3MH.

The study is a fragment of the research project “Mechanisms of epigenetic disorders of the leading links of bioenergetics
and nitrogen metabolism in irradiated animals and their descendants”, state registration No. 0121U114601.

Ionizing radiation is a decisive exogenous factor that disrupts the structural and metabolic integrity
of body tissues and induces complex changes in the energetic, signalling, and matrix systems [4, 13, 15].
Cells after irradiation initiate a complex cascade of pathophysiological reactions, including oxidative stress,
cytokine and growth factor responses, excessive collagen synthesis, activation of transforming growth
factor B and SMAD-dependent pathways, leading to excessive collagen synthesis of types I and III and
fibrosis development [8, 10, 15]. These processes are accompanied by changes in mechanical properties,
increased matrix rigidity, failure of cell-matrix interactions, and stable post-radiation dysfunction [6].

Hyaluronic acid (HA), a key glycosaminoglycan that regulates hydration, metabolite diffusion, and
cell signalling, plays a special role in the early and delayed phases of radiation-induced cell damage [14].
Low-molecular-weight hyaluronic acid fragments after irradiation are well known to accumulate together
with hyaluronidases and metalloproteinases (of the 2nd and 9th types), leading to their activation and the
initiation and intensification of an inflammatory microenvironment, resulting in collagen structural
degradation and fibrosis progression [1, 14]. A staged reorganization of energy metabolism occurs
simultaneously in non-epithelial tissues.
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Glycolysis and oxidative phosphorylation are activated, and ATP production increases in the early
stages of radiation exposure, demonstrating the cellular adaptive response. The postponed period is
characterized by hypoxia, decreased mitochondrial respiratory reserve, increased mitochondrial acidification,
reduced ATP production, and mitochondrial morphological disturbances; therefore, one could observe signs of
energy depletion and oxidative damage [2, 13].

These changes in energy homeostasis are accompanied by activation of transamination enzymes
(alanine aminotransferase (ALT) and aspartate aminotransferase (AST)) and accumulation of intermediate
metabolites, reflecting a catabolic reorientation of cellular metabolism. Taken together, this leads to an
energy-matrix imbalance, in which extracellular matrix degradation is combined with a decline in cellular
energy potential. The integrated analysis of collagen metabolism markers (hydroxyproline,
glycosaminoglycan) and energy status markers (ATP, ADP, and AMP content, ALT/AST activity) enables
the identification of early, dose-dependent biomarkers of tissue destabilization after irradiation [6, 8].

The purpose of the study was to investigate the pathogenetic significance of the correlation
between disturbances in the energy balance of connective and muscle tissue cells and changes in
collagenolysis after y-irradiation. Developing an integral index of the energy-matrix state in the post-
radiation period was an additional task of the experimental study.

Materials and methods. The studies were conducted on 30 male Wistar rats aged 6 months,
weighing 190-250 g, maintained at a constant temperature of 23 °C and 60 % relative humidity on a 12-
hour light/dark cycle. Male rats were chosen to avoid the endocrine influences typical of females on
ionizing radiation. The animals underwent a seven-day adaptation period before the start of the trials. Rats
were housed in plastic cages with metal mesh lids, six animals per cage, with free behaviour and free access
to food and water. Wood shavings were used as bedding, which was changed at least once every 48 hrs.
The cages were not equipped with any additional materials. The basic requirements of the International
Animal Research Reporting Protocols ARRIVE 2.0 were used in these experimental trials.

The maintenance, handling and manipulation of animals were carried out in accordance with the
“General Ethical Principles of Animal Experiments” approved by the Fifth National Congress on Bioethics
(Kyiv, 2013), while being guided by the recommendations of the European Convention for the Protection
of Vertebrate Animals for Experimental and Other Scientific Purposes (Strasbourg, 1985), the
methodological recommendations of the State Clinical Research Center of the Ministry of Health of
Ukraine “Preclinical Studies of Drugs” (2001) and the rules for the humane treatment of experimental
animals and conditions approved by the Bioethics Commission of Odesa National Medical University (No
19, September 14, 2023).

For the experiment, sexually mature animals were subjected to total single-time gamma irradiation
with ®Co in special chambers made of organic glass, in the morning on an empty stomach on the “Agat”
telegammatherapy device. The distance to the absorption source was 75 cm, and the dose rate was 0.54
Gy/min. The animals were randomized as follows: group 1 — intact rats; group 2 — rats with the absorbed
dose of 1.0 Gy; group 3 — rats with the absorbed dose of 4.0 Gy. There were 10 animals in each group.

1 rat in each group (2 and 3) died after exposure to ionizing radiation; however, there were 10
animals in each group in the final analysis, and mortality was not accounted for in the statistical analysis.

For biochemical studies, the animals were removed from the experiment by euthanasia under
propofol (iv, 60 mg/kg) anesthesia. After the animals were dissected, blood from the tail vein was collected
and centrifuged at 3000 rpm for 10 min to obtain serum.

To determine biochemical parameters in tissues, the liver, heart, and anterior thigh muscle group
were removed, washed with chilled saline, ground, and homogenized in a 9—fold volume of 0.32 mol
sucrose in 0.05 mol Tris buffer, pH=7.36, in a homogenizer with Teflon surfaces and subjected to
differential centrifugation.

To determine biochemical parameters in the tissues, the skin, heart, and the fronto-thigh muscle
group were removed. Skin samples with the long side along the back were cleaned of subcutaneous fat and
hair. Tissue samples were immersed in liquid nitrogen and ground into a powder. Our attention was focused
on determining the content of total oxyproline and its fractions, total glycosaminoglycans, ALT, AST, and
adenyl nucleotides.

Serum level of total, free, and bound oxyproline was determined by a modified spectrophotometric
method (spectrophotometer V-1200, spectral range 325-1000 nm, spectral bandwidth 4 nm, “Shanghai
Mapada Instruments Co., Ltd”, China) [9]. Oxyproline calibration solutions were prepared using Pierce
reagents (Netherlands). Results were expressed in mg/day for urine and in umol/I for serum.

The quantitative content of glycosaminoglycans was determined after enzymatic hydrolysis using
Clostridium histolyticum collagenase (600 units). The results were expressed as pmol of HA per 1 mg of
tissue, using HA as a standard to create a calibration curve [12].
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Both ALT and AST activity in tissues and blood serum, as well as the determination of adenine
nucleotide (ATP, ADP, AMP) content, were performed spectrophotometrically [3]. The activity of ALT
and AST in tissues is expressed in pmol of pyruvate/gehr, in blood in umol of pyruvate/I«hr.

The power analysis conducted before the start of the experimental trial allowed for determining a
sufficient sample size for adequate statistics and convincing results. Statistical analysis of the results was
conducted, accounting for the sample distribution. Normality of distribution was tested using the Shapiro-Wilk
test. The parametric one-way ANOVA was used to compare groups when the data were normally distributed.
The nonparametric Mann-Whitney test was used if the distribution deviated from normality. The minimum
statistical probability was determined at p<0.05.

Results of the study and their discussion. Significant dose-dependent changes in connective
tissue metabolism indices were detected after exposure to ionizing radiation. The total content of
oxyproline in intact animals' blood serum was equal to 121.4+6.15 umol/l (Table 1). This index shows
a moderate increase after irradiation with 1.0 Gy, indicating activation of collagenolysis and
mobilization of the amino acid pool. After irradiation at 4.0 Gy, this index decreased to 114.6+5.81
umol/l, indicating exhaustion of the collagen reserve and suppression of fibroblast synthetic activity
due to matrix damage.

Table 1
Blood hydroxyproline and skin glycosaminoglycans content in intact
and sexually mature animals irradiated by different doses (M+m)
Investigated indexes Tissues Group 1 Groups (;)rfoz:;l?als (n=30) Group 3
Total oxyproline, umol/l Blood 121.44+6.15 132.43+6.52 114.64+5.81
Free oxyproline, pmol/l Blood 12.11+0.36* 14.51+0.68*# 17.22+0.82*##
Bound oxyproline, pmol/l Blood 112.34+5.36 117.92+5.86 95.424+4.15#
Glycosaminoglycans, pmol/g Skin 463.18+28.10 476.78+ 28.50 559.73+29.41#

Notes: * — p<0.001 — statistical differences of the investigated indexes compared with the corresponding indexes of total
oxyproline; # — p<0.05; ## — p<0.01 — statistical differences of the investigated indexes compared with the corresponding indicators in
intact animals.

The free fraction of oxyproline showed a clear dose-dependent increase up to 14.5+0.68 umol/I
(p<0.05) and 17.0+0.82 pmol/l (p<0.01) after irradiation with 1.0 Gy and 4.0 Gy, respectively. The bound
oxyproline content in animals irradiated by a dose of 1.0 Gy increased slightly, but after irradiation with a
dose of 4.0 Gy, it decreased by 15.3 % when compared with the analogous control indicator (p<0.05).

An increase in glycosaminoglycan content was observed in the skin, and only after irradiation with
the maximum dose did the studied index turn out to be significantly (by 20.8 %) higher than in intact rats
(p<0.05).

ALT and AST activity in muscle tissue of intact animals indicated a stable level of reamination
necessary for maintaining energy homeostasis. A moderate decrease in both enzymes' intramuscle activity
with a slight increase in the blood was observed after irradiation with a dose of 1.0 Gy, which had an
adaptive nature. A significant ALT (by 2.2 times) and AST (by 1.4 times; in both cases p<0.05) activity
inhibition in cardiac muscle was observed at a higher irradiation dose of 4.0 Gy (Table 2).

Table 2

ALT, AST, and nucleotide content in tissues of intact and sexually mature animals irradiated

by different doses (M+m)

Inyestigated Tissues Groups of animals (n=30)
indexes Intact animals Irradiated at a dose of 1.0 Gy | Irradiated at a dose of 4.0 Gy

ALT 8.12+0.71 6.35+0.42 3.62+0.21%*
AST 11.03+0.98 9.25+0.73 7.96+0.69*
ATP, pmol/g Cardiac muscle 5.312+0.483 4.368+0.351 3.022+0.260*
ADP, umol/g 0.282+0.043 0.341+0.049 0.186+0.016
AMP, umol/g 0.163+0.026 0.189+0.029 0.474+0.042**
ALT 8.11+0.64 6.94+0.51 7.12+0.48
AST 10.23+0.92 8.41+0.67 9.04+0.71
ATP, umol/g Skeletal muscle 3.234+0.276 2.742+0.243 1.658+0.154**
ADP, umol/g 0.463+0.054 0.518+0.058 0.356+0.032
AMP, umol/g 0.289+0.032 0.324+0.038 0.765+0.064**
ALT Blood 3.14+0.31 3.46+0.37 5.97+0.42%*
AST 3.42+40.39 3.97+0.46 4.98+0.35%

* — p<0.05 and ** — p<0.01 — statistical differences of the investigated indexes compared with the corresponding indicators in
intact animals.
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Similar, but less expressed, changes were observed in skeletal muscle. In addition, a significant
increase in blood transaminase activity was observed compared with intact animals, suggesting a
disturbance in plasma membrane permeability.

The ATP content was significantly reduced in cardiac muscle of intact animals only after irradiation
by a dose of 4.0 Gy (by 1.8 times; p<0.05). A gradual ADP and AMP concentration was recorded, also
accompanied by the ATP/ADP ratio. Similar trends were also observed in skeletal muscle, where the decrease
in ATP content was accompanied by ADP and AMP accumulation, indicating a disturbance in mitochondrial
phosphorylation capacity.

Thus, the data obtained allow us to state that y-radiation initiates a complex dose-dependent set of
changes in the system “energy metabolism-extracellular matrix,” manifested by simultaneous alterations
in collagen and mitochondrial metabolism. Among all the data received for further discussion, we consider
it appropriate to outline the following three positions.

Firstly, the established free hydroxyproline and glycosaminoglycan levels increase, coupled with
a decrease in the bound hydroxyproline fraction, indicating collagen destruction, collagen fiber
degradation, and the release of their breakdown products into the blood, a characteristic sign of ionizing
irradiation. The dynamics of bound hydroxyproline levels indicate the presence of mature collagen fibers
and the loss of connective tissue structural integrity. Glycosaminoglycan levels are expected to be
associated with hyaluronate-dependent hyperhydration and compensatory remodeling of the extracellular
matrix aimed at osmotic and colloidal homeostasis after collagen framework damage. The detected changes
indicate a disruption in the balance between the processes of connective tissue component synthesis and
degradation. One could see adaptive-reparative reactions prevail at moderate radiation exposure (1.0 Gy),
whereas at higher doses, a catabolic type of remodeling develops, reflecting matrix structural-metabolic
destabilization and the background for fibrogenesis.

Secondly, the ALT and AST activities decrease in muscle tissue, with their levels increasing in
blood after ionizing radiation, indicating membrane damage and the release of these enzymes into the
extracellular space. We are confident that the opposite trends in compatibility — ALT/AST activity
decreasing in tissues while increasing in serum — highlight the disconnection of tissue energy metabolism
and are a systemic marker of damage. Intratissue transamination suppression indicates a catabolic shift and
energy deficiency, while elevated serum transaminases indicate structural damage and disrupted membrane
integrity. All together, these data confirm the formation of post-radiation energy-matrix disintegration.

The third, the post-radiation decrease in ATP concentration and the accumulation of ADP and
AMP in cardiac and skeletal muscles, outlines the process of cellular energy deficiency, which is consistent
with protein catabolic restructuring. Such energy balance shifts, a marker of intracellular energy deficiency,
occur in parallel with suppression of transaminase activity and activation of catabolic processes.

ATP levels decrease concomitantly with increases in GAG and oxyproline, demonstrating the unity
of energy and matrix mechanisms in the pathogenesis of post-radiation remodeling. These changes result
in energy-matrix discoordination, a universal mechanism of tissue damage during ionizing radiation.

The revealed correlations among adenine nucleotide levels, transaminase activity, and markers of
collagen metabolism indicate a close functional relationship between the energetic and matrix mechanisms
of organisms’ adaptation to radiation [11], which also included modulation of specific neurotransmitter
systems [3].

To perform a comprehensive analysis of the data obtained, we suspected that the scientific
investigation of radiation-induced connective tissues in both experimental and clinical settings was limited.
With this aim, we provided literature searches with PubMed from January 2000 to December 2024 using

LIS LT 9 <

the keywords “radiation”, “ionizing radiation”, “gamma irradiation”, “ultraviolet radiation”, “visible light”,
“skin’, “muscle tissue”, connective tissue”, and “pathogenesis”. The search was limited to English, Italian,
and Spanish language articles. Articles were selected depending on their relevance.

The data we found indicated that specialists' attention, in the majority of cases, was limited to
visible epidermal damage in response to both ultraviolet and visible high-energy radiation exposure.
Possible muscle activity pathologies were ignored in these conditions. It’s worth noting that intensive
pathobiochemical studies focused on bone pathology following y-irradiation [4]. Moreover, data similar to
our results, showing increased muscle tissue catabolism, were obtained in experimental conditions in
response to low-dose ionizing radiation [11].

After a particularly high-energy visible light impact, as well as in combination with infrared
radiation, reactive oxygen species are generated, matrix metalloproteinases are expressed, collagen
degradation is increased, and even DNA molecules are damaged in the upper layers of the skin, especially
in keratinocytes [7]. These data are generally consistent with ours and emphasize the leading pathogenic
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role of inflammation, with pathobiochemical catabolic reactions strengthening and ultimately leading to
subsequent cellular death in response to ionizing radiation.

Studies have reported increased matrix metalloproteinase-1 activity in fibroblasts, which mediates
collagen synthesis under normal conditions and serves as a marker of cellular death following y-irradiation [7].

The increase in expression of proteins associated with apoptosis, the increase in mast cell numbers,
the increase in tryptase expression, the increase in reactive oxygen species and heat shock proteins, together
with a decrease in type I procollagen synthesis, are also considered markers of radiation-induced tissue
damage [5]. It should be noted that the data available in the scientific literature are consistent with our
results and indicate a complex cascade of interrelated pathophysiological reactions, whose consequences
include an inflammatory response, restructuring of biochemical metabolism, energy deficiency, and cell
death via necrosis and/or apoptosis.

To resume, we note that damage from ionizing radiation causes post-radiation energy-matrix
disintegration, characterized by energy resource depletion, enhanced connective tissue degradation, and loss of
metabolic coordination between tissue systems. The sequence of pathophysiological mechanisms is a universal
mechanism of tissue damage induced by ionizing radiation. The proposed approach to simultaneous evaluation
of energy and collagen indexes can serve as the basis for an integrated energy-matrix condition appropriate for
early diagnosis of radiation-induced tissue damage.

Conclusions

1. Free hydroxyproline and glycosaminoglycan content increase, combined with the bound
hydroxyproline level decrease, indicate the collagen breakdown activation and structural destabilization of
the matrix in response to y-radiation.

2. Both alanine aminotransferase and aspartate aminotransferase activity decrease in muscle tissue,
coupled with their blood levels in response to ionizing radiation, indicating membrane damage and enzyme
release into the extracellular space.

3. The post-radiation ATP concentration decrease and both ADP and AMP accumulation in cardiac
and skeletal muscles outline the cellular energy deficit.

4. The influence of y-radiation initiates a complex of dose-dependent changes in the “energy
metabolism — extracellular matrix” system manifested by collagen and mitochondrial metabolism,
simultaneous disruption, which we interpret as post-radiation energy-matrix disintegration and consider to
be a tissue damage universal mechanism.

5. Such an approach to energy and collagen index simultaneous evaluation can serve as the basis
for integrated energy-matrix condition creation appropriate for radiation-induced tissue damage early
diagnosis.

Prospects for further research include additional studies to establish the prognostic efficacy of
connective tissue metabolism dysregulation markers for evaluating possible systemic dysfunctions
following ionizing radiation exposure.
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EFFECT OF HYPOTHALAMIC PREOPTIC NUCLEUS ELECTRICAL ACTIVITY CHANGES
ON GONADAL HORMONE REGULATION IN NORMAL AND EXTREME STATES

e-mail: mic_amu@mail.ru

With the purpose to examine the changes in the activity of gonadal hormones resulting from the effects of hydrogen
sulfide gas and electrode implantation on the preoptic nucleus of the hypothalamus 35 female rabbits were observed. The activity
of follicle-stimulating hormone, luteinizing hormone, and estradiol in the blood were evaluated after stress. On the 5th day follicle-
stimulating hormone decreased by 0.26 IU/l; luteinizing hormone decreased by 0.18 IU/1, estradiol increased by 207.4 pg/ml
(P<0.001) from the normal value. In the post-model period, electroencepfalografic waves and hormones do not return to normal
levels. On the 30th day of gas exposure, follicle-stimulating hormone, luteinizing hormone, and estradiol decreased significantly
(P<0.001). Thus, the preoptic nucleus of the hypothalamus has a complex structure that plays a key role in the regulation of the
biological functions of the body and occupies an essential place in the endocrine regulation of the pituitary-gonadal system.

Key words: hypothalamus, preoptic nucleus, hormone, hydrogen sulfide, toxic and mechanical stress.
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T.X. Kepimosa, T.H. I'acum3ane

BILJIMB 3MIH EJTEKTPUYHOI AKTUBHOCTI IPEONITUYHOT' O
AAPA I'ITIOTAJIAMY CA HA PEI'VISIHIIO CTATEBUX I'OPMOHIB Y HOPMI
TA B EKCTPEMAJIBHUX CTAHAX

3 METOI0 BUBYEHHS 3MiH aKTUBHOCTI CTAaTEBUX TOPMOHIB, 3yMOBJICHUX BIUIMBOM CIPKOBOJIHIO Ta IMIUIAHTALIIEI0 €JIEKTPO/IIB
y MIPEONTHYHE SAIPO TiNoTanamyca, Oyiio IpOBEJCHO CIIOCTEPEKEHHS 3a 35 caMKaMu KpoiuKiB. [1icis cTpecy ouiHOBaIu akTHBHICTh
(hOITIKYIOCTUMYJTIOI0YOTO TOPMOHY, JIFOTETHI3y0U0ro ropMOHY Ta ecTpaiony B KpoBi. Ha 5-y 100y piBeHb (OITiKyIOCTUMYITIOI0M0r0
ropMoHy 3Hu3uBcs Ha 0,26 MO/n, moteiHizytouoro ropmony — Ha 0,18 MO/x, ectpaniony — 36inbmmBest Ha 207,4 nr/mon (P<0,001)
BiZl HOpMU. Y TTOCTMOZETBHUM MEPioz eNeKTpoeHIe(aIorpama i piBeHb TOPMOHIB He moBepTaimcs 10 Hopmu. Ha 30-i neHs ra3oBoro
BIUIMBY piBHi (DOMTIKYJIOCTHMYITIOI0OMOTO TOPMOHY, JTIOTEIHI3YI040r0 FOPMOHY 1 ectpaiony nocrosipHo 3um3mucs (P<0,001). Takum
YUHOM, IPEONTHYHE SAPO TiNoTalamyca Mae CKIAJHy CTPYKTYpY, Biflirpac KIIIOUOBY pOJIb Yy peryisiii OioioriyHux QyHKii
opraHi3My 1 3aliMae Ba)KJIMBE MicIle B eHIOKPHUHHIN peryisii rinogizapHO-roHaIHOI CHCTEMH.

KrouoBi ci1oBa: rinoranamyc, IpeonTHYHE AP0, TOPMOH, CipKOBO/ICHb, TOKCUYHHUI i MEXaHIYHUI1 BILTHUB.

From the perspective of modern directions of neurophysiology and neuroendocrinology, the
investigation of the role of the integrative activity of the hypothalamus and the study of the mechanism of
interaction between the hypothalamic-pituitary-gonadal system in various functional states of the organism
remains one of the most pressing issues for the science of physiology. Thus, in extreme situations, the
manifestation of stress reactions occurs with the participation of the integrative centers of the hypothalamus
[6]. Since these centers regulate homeostatic processes and adaptive reactions, it is important to study the
neurohormonal relationships of the organism in extreme situations of various origins. However, in the
modern globalized world, the interaction between the monoaminergic functional activity of the organism
and the neuroendocrine system, as well as the neurophysiological mechanisms underlying this relationship,
remains insufficiently studied [1, 6, 11].

On the other hand, when harmful environmental substances enter the body in inadequate quantities,
they not only cause the development of serious functional disorders, but also have a significant negative
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