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BianosigHo po «lMepeniky HaykoBux dhaxoBrx BUAAHb YKpaiHu, B AKMX MOXYTb MybnikyBaTucs pesynsratv guceprauinHnx pobiT Ha 3000yTTs HayKoBMX
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3a Ne 148/21600, BuaaHHs BHeceHo Ao Mepeniky HaykoBmx haxoBux BuAaHb YKpaiHW, B SKUX MOXYTb MyOnikyBaTUCsA peaynbraTv AMcepTauiiHix pobiT Ha
3000yTTS HAyKOBMX CTyNeHiB AOKTOpa HayK, kaHAmAaTa Hayk Ta CTyneHs goktopa dinocodii, Kateropis «b».

- Hakasom MiHicTepcTBa ocBiTv i Hayku Ykpainu Big 23.08.2023 poky Ne 1035 BugaHHs nepeHeceHe 3 Kateropii «b» o Karteropii «A».
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UDC: 612.826.4:612.017.2 CHANGES IN MORPHODENSITOMETRIC
DOI: 10.24061/2413-4260. X V.2.56.2025.22 PARAMETERS OF THE PARAVENTRICULAR
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Summary

Paraventricular nuclei of the hypothalamus play the important role in both endocrine regulation of the tropic function of the
adenohypophysis and the organism s neuroendocrine response to stress of various origins, particularly sustained photoperiod
disturbances. However, morphodensitometric properties of the medial parvocellular subnuclei within the rat hypothalamic
paraventricular nuclei across varying photoperiod durations have yet to be investigated.

Aim of the study. To investigate the morphodensitometric parameters of the medial parvocellular subnuclei of the
hypothalamic paraventricular nuclei in rats across diurnal time points under altered photoperiodic conditions.

Materials and methods. The study was performed on 36 sexually mature, male outbred white rats. The animals were
divided into three groups, each comprising two subgroups of six rats. The rats were maintained under a different light-dark
cycle for 14 days (light/dark 12:00L:12:00D, 12 hours each, LD), (dark/dark 00L:24:00D, DD), (light/ light 24.:00L.:00D, LL).
Morphodensitometric analysis of hypothalamic neurons in rats was performed using the VIDAS-386 digital image analysis system
(Kontron Elektronik, Germany) within the visible spectrum. Quantitative data on the area of neurons, their nuclei and nucleoli,
the content of RNA in the cell cytoplasm, nuclei and nucleoli were obtained in a semi-automatic mode.

Scientific research was conducted in compliance with the main provisions of Ukrainian Law No. 3447-1V «On Protection
of Animals from Crueltyy, the European Convention for the Protection of Vertebrate Animals Used for Experimental and Other
Scientific Purposes (18.03.1986), EU Directive 2010/63/EU, Orders of the Ministry of Health of Ukraine No. 690 (23.09.2009),
No. 944 (14.12.2009), and Order of the Ministry of Education and Science of Ukraine No. 249 (01.03.2012). The research
protocol was approved by the Biomedical Ethics Commission of [BDMU] (24.02.2019).

Statistical analysis was performed using the «STATISTICA» software (StatSoft Inc., USA, Version 10). Quantitative indicators
with normal distribution were compared using Student s t-test. Differences were considered statistically significant at p<0.05.

The research was conducted within the framework of approved research projects of the Department of Medical Biology and
Genetics: «Morphofunctional and Biochemical Basis of Dysfunction of Neurosecretory Brain Structures and Endocrine Glands
and Hepatorenal System in Rats in Experimental Pathology, in Age Aspect and Ways of Its Correctiony (state registration number
0119U101346, implementation period 01.2019-12.2023) and «Morphofunctional Reorganization of Structures of Nervous and
Endocrine Systems in Different Periods of Postnatal Ontogenesis and Biochemical Mechanisms of Metabolism of Signaling
Molecules, State of Oxidative and Antioxidant Systems under Conditions of Experimental Pathologies and Influence of Glutathione
and Melatonin (Experimental Study)» (state registration number 0124U002513, implementation period 01.2024-12.2028).

Results and discussion. Under the LD lighting regime, morphodensitometric analysis revealed a circadian rhythm in the
morphofunctional activity of the medial parvocellular subnuclei of the paraventricular nucleus. Peak values were recorded
during the daytime interval (14:00 h).

In rats from the DD group that were decapitated at 14:00 h, the neuronal soma area was 54.77+0.605 um? amounting to
a 9.7% decrease compared to the LD group. At the same time, its cytoplasmic area measured 28.91+0.427 um? representing
a 10.4% increase relative to the LD group. A significant reduction was observed in the concentrations of RNA in the nucleus and
nucleolus of the studied structures (by 14.4% and 12.1%, respectively) at 14:00 h.

Investigations conducted on samples collected at 02:00 h revealed a 10.4% increase in neuronal soma area compared to the control
values, and a 10.9% increase compared to animals from the previous time interval exposed to the same experimental conditions.
Nevertheless, the nucleus showed a significantly lower RNA concentration (by 31.8%), attributed to a reduction in the nucleolus (by 21.7%).
Additionally, a significant decrease in RNA content was observed in the cytoplasm, where its concentration was 0.10+0.001 o.u.

In rats from the LL group at 14:00 h, no significant changes in the morphometric parameters of the mpsPN were observed.
Regarding RNA concentration in the studied neuronal structures, a significant increase was detected only in the nucleolus of
neurosecretory cells, where it measured 0.303+£0.0023 o.u. at 14:00 h — 2.5% higher than in rats maintained under standard
photoperiod conditions. At 02:00 h, no significant differences in neuron size or its structural parameters were found compared
to those in the LD group. RNA concentration in the cytoplasm and nucleus of the neurosecretory cells of the mpsPN remained
stable, whereas in the nucleolus it was 2.8% lower than in the LD group.

Conclusions: 1. Morphodensitometric parameters of the medial parvocellular subnuclei of the hypothalamic paraventricular
nuclei in rats exhibit fluctuations, with peak values occuring during the daytime observation period.

2. Light deprivation induces a disruption in the rhythm of functional activity of the studied hypothalamic neurons and a shift
of peak values from the daytime to the nighttime period, likely attributable to increased levels of melatonin, the primary pineal
chronobiotic, in the bloodstream during this phase of the day. As a stress-limiting factor, melatonin suppresses CRH production
in the mpsPN of the hypothalamus.

3. Prolonged exposure to constant illumination (light stress) did not elicit significant changes in the studied morphodensitometric
parameters compared to those in rats maintained under LD and DD photoperiods. This suggests a remarkable plasticity of the
mpsPN of the hypothalamus in response to experimental conditions.

Key words: Paraventricular Nucleus, Hypothalamus, Medial Parvocellular Subnuclei; Photoperiod; Prolonged Lighting;
Constant Darkness; Melatonin,; Photoperiod.
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Introduction

The hypothalamus serves as the supreme subcortical
center integrating autonomic, emotional, and motor
components of adaptive behavior, while functioning
as the primary homeostatic regulator [5, 8, 24]. Its
paraventricular nuclei (PVN) have a complex cellular
organization comprising magnocellular and parvocellular
subnuclei, whose neurons differ not only in size and
efferent innervation but also in the spectrum of synthesized
neuropeptides [6, 10]. These characteristics determine
the essential role of hypothalamic paraventricular nuclei
in both endocrine regulation of adenohypophyseal tropic
function and neuroendocrine stress response mediation [9,
19]. Of particular relevance in studying stress responses
and the effects of stress-limiting factors (e.g., melatonin)
are investigations of the specific subpopulations of PVN
neurons involved in the synthesis of stress-releasing
hormones that initiate stressor responses [1-4, 7, 11, 20].
The principal peptides jointly regulating ACTH secretion
are corticotropin-releasing hormone (CRH) and vasopressin
(VP). CRH-immunoreactive labeling predominantly
localizes to mpsPVN, while VP-immunoreactivity appears
in posterolateral magnocellular subnuclei [12, 13, 25].

Among environmental parameters, photoperiodism
represents the most reliable and stable synchronizing factor
for homeothermic organisms [14, 21-23].]. Light regime
disruptions (prolonged illumination, constant darkness)
constitute stressors inducing desynchronosis [15-18]. Despite
numerous publications examining structural-functional
changes in these regions during stress responses, the
morphodensitometric reorganization of medial parvocellular
subnuclei in rat hypothalamic paraventricular nuclei under
varying photoperiods remains unexplored.

Objective. To investigate photoperiod modification
effects on morphometric parameters of medial parvocellular
subnuclei in rat hypothalamic paraventricular nuclei across
different circadian periods.

Materials and methods

The study was conducted on 36 sexually mature male
outbred white rats weighing 150-180 g. The animals were
divided into three groups, each consisting of two subgroups
(six animals per subgroup). Rats of the first group (intact)
were maintained for 14 days under standard lighting
conditions (12:00 light (L):12:00 dark (D), LD, illumination
from 08:00 to 20:00, with 500 Ix fluorescent lighting
intensity in animal cages). Animals of the second group
were kept in constant darkness for 14 days (light deprivation,
DD, inducing epiphyseal hyperfunction). Rats of the third
group were maintained under constant illumination of the
same intensity as the first group (LL, inducing pineal gland
hypofunction).

At the end of the 14-day experiment, on the following
day at 14:00 and 02:00 h, the animals were anesthetized with
intraperitoneal injection of etaminal sodium (40.0 mg/kg)
and sacrificed by immediate decapitation. Brains were
immediately extracted and fixed in 10.0% formaldehyde
solution in 0.1 M phosphate buffer (pH 7.2) at room
temperature for 20 hours. Following standard dehydration
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in chloroform and paraffin impregnation, brains were
embedded in paraffin.

For hypothalamic neuron morphometric analysis, 7-um
thick histological sections were deparaffinized in xylene,
rehydrated through a graded ethanol series (100%, 96%,
70%), rinsed three times in distilled water, and stained with
Einarson’s gallocyanin-chrome alum solution for 48 hours
to visualize neuronal nucleic acids (RNA). Sections were
then rinsed in distilled water, dehydrated through ascending
ethanol concentrations (70%, 96%, 100%), cleared in
xylene, and mounted in Canada balsam.

Hypothalamic neuron morphometry was performed
using the VIDAS-386 digital image analysis system
(Kontron Elektronik, Germany) in the visible spectrum.
Images acquired through an AXIOSKOP microscope with
a COHU-4922 series video camera (COHU Inc., USA)
were processed by the VIDAS-386 system. Semi-automated
image analysis was conducted using VIDAS-2.5 software
(Kontron Elektronik, Germany), with interactive delineation
of neuronal soma, nucleus, and nucleolus boundaries.

Scientific research was conducted in compliance
with the main provisions of Ukrainian Law No. 3447-1V
«On Protection of Animals from Cruelty», the European
Convention for the Protection of Vertebrate Animals Used for
Experimental and Other Scientific Purposes (18.03.1986),
EU Directive 2010/63/EU, Orders of the Ministry of Health
of Ukraine No. 690 (23.09.2009), No. 944 (14.12.2009),
and Order of the Ministry of Education and Science of
Ukraine No. 249 (01.03.2012). The research protocol was
approved by the Biomedical Ethics Commission of [BDMU]
(24.02.2019).

Statistical analysis was performed using the
«STATISTICA» software (StatSoft Inc., USA, Version
10). Quantitative indicators with normal distribution
were compared using Student’s t-test. Differences were
considered statistically significant at p<0.05.

The research was conducted within the framework
of approved research projects of the Department of
Medical Biology and Genetics: «Morphofunctional and
Biochemical Basis of Dysfunction of Neurosecretory
Brain Structures and Endocrine Glands and Hepatorenal
System in Rats in Experimental Pathology, in Age Aspect
and Ways of Its Correction» (state registration number
01190101346, implementation period 01.2019-12.2023)
and «Morphofunctional Reorganization of Structures of
Nervous and Endocrine Systems in Different Periods of
Postnatal Ontogenesis and Biochemical Mechanisms of
Metabolism of Signaling Molecules, State of Oxidative
and Antioxidant Systems under Conditions of Experimental
Pathologies and Influence of Glutathione and Melatonin
(Experimental Study)» (state registration number
01240002513, implementation period 01.2024-12.2028).

Results and discussion

During observation periods, we identified variations in
densitometric and morphometric parameters of the medial
parvocellular subnucleus of the hypothalamic paraventricular
nucleus (mpsPVN). In samples collected during daytime,
neuronal soma area measured 60.71£0.736 um?, nucleus
area 34.54+0.563 pm?, nucleolus area 5.15+0.143 pm?, and
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cytoplasm area 26.17+0.347 um?2. At 14:00 h observation,
nuclear specific volume constituted 57.69+0.940% of
total neuronal volume, while cytoplasmic volume was
42.31+0.564% of mpsPVN. The nucleocytoplasmic
ratio of neurosecretory cells measured 1.36+0.021 AU
during this period. RNA concentrations were: nucleus
0.182+0.0014 AU, nucleolus 0.296+0.0020 AU, and
cytoplasm 0.131+£0.0010 AU.

Analysis of morphometric parameters at 02:00 h
revealed a significant reduction in neuronal soma area
(by 9.3%), primarily due to decreased nuclear (—6.9%) and
cytoplasmic areas (—12.5%) compared to the values observed
at 14:00 h. The nucleus-to-cytoplasm ratio increased to
1.44 £+ 0.018 units (6.2% higher vs 14:00 h). A statistically
significant 3.1% decrease in RNA concentration was found
in the cytoplasm, while nuclear and nucleolar RNA levels
in mpsPVN hypothalamic neurons showed no significant
changes versus intact animals from the previous time
interval.

In summary, under LD conditions, morphometric and
densitometric analysis demonstrated diurnal rhythms in
hypothalamic neurotransducer activity — specifically in
mpsPVN — with peak values occurring during daytime
observation (14:00 h).

Circadian day-night oscillations represent a principal
activator of diurnal rhythms in mammalian organs and
systems. Melatonin, the key chronoregulatory hormone,
is synthesized predominantly (>80%) by the pineal
gland (epiphysis cerebri). Constant darkness (light
deprivation) stimulates, while prolonged illumination
suppresses pineal melatonin synthesis, consequently
inducing desynchronosis of the circadian pacemaker — the
hypothalamic suprachiasmatic nuclei. To elucidate the
role of mpsPVN for temporal organization, we conducted
combined densitometric and morphometric analyses under
modified lighting conditions.

Light deprivation is known to enhance pineal gland
functional activity regarding melatonin synthesis.
Accordingly, one experimental rat group was maintained
under such conditions (DD) for 14 days. In subgroup 1
animals decapitated at 14:00 h, neuronal soma area measured
54.77+0.605 pm? (9.7% lower vs LD group, p<0.05),
attributable to 25.2% nuclear and 20.2% nucleolar area
reductions versus LD controls. Notably, despite decreased
mpsPVN area, cytoplasmic area increased significantly to
28.9140.427 um? (10.4% higher vs LD).

Cytoplasmic expansion correlated with increased
cytoplasmic specific volume relative to soma and decreased
nuclear specific volume against 29.2% reduction in
nucleocytoplasmic ratio (0.924+0.014 AU vs LD at 14:00 h).

Simulating pineal hyperactivity, we observed significant
decreases in nuclear RNA concentration (14.4%), nucleolar
RNA concentration (12.1%) at 14:00 h. These findings
indicate reduced functional and synthetic capacity of rat
mpsPVN at 14:00 h during light deprivation.

Analysis of samples collected at 02:00 h, corresponding
to peak physiological melatonin concentration, demonstrated
significant morphological changes. The neuronal soma area
increased by 10.4% compared to control values and by 10.9%
relative to animals from the previous time interval under

identical experimental conditions. In the first case, these
alterations were driven by a 27.2% expansion of mpsPVN
cytoplasmic area, and increases in nuclear 22.3%, r=0.88)
and nucleolar 16.5%, r=0.85) areas in the second case.

Quantitative analysis revealed a nucleocytoplasmic
ratio of 1.11+0.019 AU, with nuclear specific volume
measuring 52.01+£0.907%, representing 21.3% and 10.8%
reductions respectively compared to 12L:12D controls.
Quantitative analysis revealed a nucleocytoplasmic ratio
of 1.11+0.019 AU, with nuclear specific volume measuring
52.01+£0.907%, representing 21.3% and 10.8% reductions
respectively compared to 12L:12D controls (p<0.05).
Specific cytoplasmic volume constituted 47.93+0.839% of
total cell volume, showing no significant deviation from
intact animals.

Despite overall size increases in neuronal soma and
neuronal components at 02:00 h versus 14:00 h observations,
we detected a 31.8% decrease in nuclear RNA concentration,
attributable to a 21.7% reduction in nucleolar content, along
with significantly diminished cytoplasmic RNA levels
(0.10+0.001 AU).

These findings indicate disrupted rhythmicity in
hypothalamic mpsPVN functionality, characterized by
shifted peak activity from daylight to nighttime periods
under light deprivation conditions, likely mediated by
elevated melatonin acting as a stress-limiting factor that
suppresses CRH production in hypothalamic mpsPVN.

In order to study the effect of constant illumination
on the morphological and functional organisation of the
studied structures, the next stage of the experiment involved
modelling light stress by keeping the experimental rats in
the LL regime for 14 days. Under constant illumination
(LL) conditions maintained for 14 days, experimental
animals exhibited no significant morphometric alterations in
mpsPVN at 14:00 h, though trends toward increased soma,
nuclear and cytoplasmic dimensions were noted without
reaching statistical significance versus LL controls.

The nucleocytoplasmic ratio and specific volumes
of nucleus and cytoplasm remained stable, while RNA
concentration showed selective elevation exclusively in
nucleoli (0.303+0.0023 AU at 14:00 h), measuring 2.5%
higher than LD group values (Figure).

At 02:00 h, no significant differences were observed
in neuronal area or structural parameters compared to
standard lighting conditions, mirroring findings from
14:00 h observations. While RNA concentrations remained
stable in both cytoplasm and nuclei of mpsPVN, nucleolar
RNA showed a 2.8% decrease relative to LD group values.

Prolonged light stress induced significant increases in
neuronal soma area (7.4% at 14:00 h) driven by 14.1%
cytoplasmic expansion relative to the figure at 14:00 h. The
02:00 h nucleocytoplasmic ratio in hypothalamic mpsPVN
measured 1.46+0.030 AU, reflecting a 13.2% increase versus
14:00 h samples.

Collectively, analysis of circadian fluctuations in rat
hypothalamic mpsPVNs under light stress revealed no
substantial deviations from intact controls. Although chronic
intense illumination represents a potent desynchronosis
trigger, these conditions minimally impacted mpsPVN
neurosecretory cells in our experimental paradigm.
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Figure. RNA concentration index (AU) in the mpsPVN neuron in rats under light stress.

Conclusions to nighttime periods, likely mediated by elevated melatonin
1. Morphodensitometric parameters of hypothalamic levels which suppress CRH production in hypothalamic
mpsPVN in rats exhibit diurnal variations with peak values mpsPVN as a stress-limiting mechanism.
during daytime observation periods.

2. Continuous illumination (light stress) produced no Research prospects
significant alterations in measured parameters compared to Future investigations will examine exogenous melatonin
LD and DD regimes, suggesting remarkable hypothalamic  effects on morphofunctional activity in rat hypothalamic
mpsPVN plasticity under experimental conditions. paraventricular nucleus neurons, aiming to elucidate deeper

3. Light deprivation disrupted hypothalamic neuron mechanisms of neuroendocrine regulation involving these
activity rhythms, shifting peak performance from daytime  structures across varying photoperiod durations.
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3MIHU MOP®OJEHCUTOMETPUYHUX NOKA3ZHUKIB NPUIITYHOUYKOBOTI' O AAAPA I'TINIOTAJTAMYCA
IIYPIB 3A YMOB CTPECY PI3HOI TPHBAJIOCTI

1. B. @eoopsk, P. €. Bynux

BykoBHHCBHKHIi Aep:kaBHHIT MeTUYHUIT YHiBepcUTET
(M. YepHiBui, Ykpaina)

Pesiome.

[IpHIITYHOYKOBI siTpa rimoTaiamyca BiJirpaloTh BaXKJIMBY pOJIb HE TINBKU B €HAOKPUHHIN peryisii TponHoi $yHKuii ageHorimno-
¢biza, a it y peanizanii HelipoeHIOKPHHHOI BiIIOBI/Ii OPraHi3My Ha CTpeC pi3HOro reHesy, 30KpeMa TpUBaje HopylieHHs GoTonepiony.
He3’sicoBaHMMM 3aJIMIIAIOTHCSE MOP(YOICHCUTOMETPHYHI TApaMeTPH MPUCEPEIHIX IPIOHOKITITHHHHUX Cy0’siAep MPUIIUTYHOUYKOBHX Siep
rinoTajgamyca IIypiB 3a pi3HOI TPUBAJIOCTI (oTomepiony.

Merta pociimkenHsi. 3’sicyBat MOp(OICHCUTOMETPHYHI MOKa3HUKHU MTPUCEPEAHIX APIOHOKITITHHHHX Cy0’siAep MPUILTYHOYKOBUX
s7Iep TinoTajgamyca ypiB y pi3Hi nepionu no6u 3a moaudikaniit portomnepiony.

Martepias Ta MeToau 1ociaimkeHHs1. Po60Ty BUKOHaHO Ha 36 CTaTeBO3PIIMX caMIlsiX Oe3M0poAHKX OLTHX 11ypiB. TBapuH noaineHo
Ha TPU IPYIH, KOXKHA 3 IKHUX CKJIafanacs 3 ABOX miarpyn (y KoxHid no micts TBapuH). Llypu nepedysanu 14 ni6 B ymoBax pi3HHX
ceiTioBuX pexumis (12:00C: 12:00T, LD), (00C:24:00T, DD), (24:00C:00T, LL). MopdoaeHcHTOMETpUYHUIA aHAai3 HEHPOHIB TiIo-
Tajamyca IIypiB MPOBOAMIN 3 BUKOPUCTAHHSIM KOMIT FOTEpHOT CHCTeMH HU(poBoro aHaiizy 300paxenns cepii VIDAS-386 (Kontron
Elektronik, HimeuunHa) y BugumMomy criektpi. KinbkicHi mapameTpH Iuioli HeWpoHiB, iXHiX siaep Ta saepelib, BMicTy PHK y niutomasmi
KJTITHH, TXHIX sIpaXx i SAEpIsIX OTPUMYBAJIH B HAITIBABTOMAaTHYHOMY PEXKUMI 32 JJOIIOMOTOFO JIILIEH30BaHOTO MPOTPAMHOT0 3a0€3MeYeHHSI.

HaykoBi ocitipkeHHs BUKOHAHI 3 TOTPUMaHHSIM OCHOBHHX TONIOKeHb 3akoHy Ykpaiuu Ne 3447-1V «IIpo 3axucT TBapHH Bij KOp-
CTOKOTO MOBOKeHHs1», KonBeHwii Pagu €Bponu npo oXopoHy XpeOeTHUX TBapuH, 110 BUKOPHCTOBYIOTh B EKCIIEPUMEHTAX Ta 1HIIHX
HayKkoBuX Lisx (Bix 18.03.1986 p.), AupexruBu €sponeiicskoro Corosy 2010/63/EU Ta Hakazie MO3 Ykpaiuu Ne 690 Bix 23.09.2009 p.,
Ne 944 Bin 14.12.2009 p. i nHakazy MOH Ne 249 Bix 01.03.2012 p.. [TpoTokoi HayKoBOTO TOCIiIKEHH 3aTBepmxkeHnii Komiciero 3 nutanb
6iomenuunoi etuku BJIMY Bix 24.02.2019 poky.

CraructiyHa 06poOKa pe3ysbTaTiB 3AiHCHIOBaACS 3 BAKOPUCTaHHAM mporpaMHoro 3abe3neuenHs «STATISTICA» (StatSoft Inc.,
USA, Version 10). [TopiBHSHHS KiTBKICHUX HOKa3HUKIB 3 HOPMaJIbHUM PO3IOAIJIOM ITPOBEIEHO 3a I0MOMOTolo t-kputepiro CThiofeHTa,
BIpOTiIHICTH BiIMIHHOCTEH BBa)KaJIM CTATHCTUYHO 3HauyIoo npu p<0,05.

JocmipkeHHs. BUKOHYBAIM B paMKaX 3aTBEPIXKCHUX TEM HayKOBO-IOCIIAHUX pobiT kadeapn meauyHoi Gionorii Ta reHeTHKH
«MopodoodyHkuioHanbHe i GioxiMiuHe 0OIpyHTYBaHHs TUC(YHKIT HEHPOCEKPETOPHUX CTPYKTYP TOIOBHOTO MO3KY 1 €HJOKPHHHHX
3aJ103 Ta renaropeHaIbHOI CHCTEMH LY PiB IIPU eKCIIEPUMEHTabHI TaTOJIOTI1, Y BIKOBOMY aCHeKTi Ta IULSIXH 11 KopeKLii» (1epkaBHHUI
peectpauiitaunit Homep 0119U101346, tepmin Bukonauns 01.2019 p.—12.2023 p.) ta «MopdodyHkIiioHaIbHI IEpeOyI0BH CTPYKTYP
HEPBOBOI Ta SHJOKPUHHOI CUCTEM Yy Pi3Hi Mepioy MOCTHATAIBHOTO OHTOreHe3y Ta 0i0XiMIUHI MeXaHi3MH MeTaboi3My CHTHAIBHUX
MOJIEKYJI, CTaH OKCHJIAHTHOT T2 aHTHOKCHAAHTHOI CHCTEM 33 YMOB €KCIIEPUMEHTAJIbHUX IaTONOTIH 1 BIUIMBY IIyTaTiOHY Ta MEJIATOHIHY
(excriepuMeHTaNbHE TOCIIDKeHH)» (IepkaBHUi peecTpauiitnuit Homep 0124U002513, tepmin BukoHanHs 01.2024 p.—12.2028 p.).

Pe3ynbraTn Ta ix odroBopennsi. 3a pexxumy ocBiTierHs LD BusiBieHo 1000Buii put™M MOphOQyHKI[IOHATEHOT aKTUBHOCTI IpHCe-
penHix ApiOHOKITITHHHUX Cy0’siep npuiutyHoukoBoro sapa (nacllf) rinoranamyca 3 HailGiTbIIMMU MOKa3HUKAMHU Y ACHHUH mepion
crioctepexxerns (14.00 rox).

VY mtypis rpynu DD, sikum npoBoauiu Aekariraiito o 14.00 rox, miomma coMu Helipona cranoBuia 54,77+0,605 mxm? i Oyna Bipo-
TiIHO HIKYOFO Ha 9,7% 1ioz10 Takoi B TBaprH LD. BogHoYac, rmioia Horo [uToniasMu 3Haxoaunacs y Mexax 28,91+0,427 mxm? i Gyna
Ha 10,4% OGinbioto BigHOCHO TBapuH rpynu LD. Hamu BiaMmiueHo BiporigHe 3MEHIICHHS TaKUX MapaMeTpiB, sk koHueHtpaunii PHK
B SI7IPi Ta siIepIli JOCIiDKyBaHUX CTPYKTyp (Ha 14,41 12,1% Bignosigno) o 14.00 rox. J{ocnimkeHHs, poBe/ieHi Ha 3pa3Kax, BitiOpaHHuX
0 02.00 roa, BUSIBHIHM 3pOCTaHHS TUIONII Tija Heiipona Ha 10,4% 1110710 KOHTPOJIBHUX BEIHYHH, a Takok Ha 10,9% BiIHOCHO TBapuUH
HOIEPeHbOTO YaCOBOTO MPOMIXKKY, SIKi epeOyBay 3a aHaJIOTiYHUX YyMOB eKcriepuMeHTy. He 3Bakarouu Ha 11e, B pi BUSIBJICHO Bipo-
rigHo Hmwxk41y koHuentpauito PHK (na 31,8%), mio BukiikaHo ii 3MeHIeHHsM y siaepui (Ha 21,7%). BogHouac BcTaHOBJIEGHO BiporinHe
3meHireHHs Bmicty PHK i B inTomnaswmi, ge ii konuentpauis cranosmia 0,10+ 0,001 o.o0.111.

V urypiB rpynu LL o 14.00 rox BiporigHux 3min MopdomeTpruaHux napamerpis nacllSl namu ve BusieieHo. lllono konmenrparii PHK
y IOCHIKYBaHUX CTPYKTypax HelpoHa, HeoOXiTHO BKa3aTH Ha il BipOTiJiHEe 3pOCTaHH TINBKHU B SepLi HEHPOCEKPETOPHOT KIIITHHH,
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sika 0 14.00 ron cranoBmia 0,303+0,0023 o0.0.11. Ta Ha 2,5% Oya OUIBIIO 3a MOKa3HHUKU LIYPiB, SIKi MepeOyBain 3a CTaHIAPTHOTO
¢otonepiony. O 02.00 rox BiporiiHUX BiIMIHHOCTEH MK IUIOIIEIO HEHpoHa Ta HOTo CTPYKTYp INOAO BEIWYMH Yy TBapuH rpymu LD,
HE BCTaHOBJICHO. Y IUTOILIA3Mi Ta spi HelipocekpeTopHuX KiaiTuH nacllf rimoramamyca nokasHuk konneHrparii PHK ne 3a3HaBas
ICTOTHHX 3MiH, BOAHOYAC Y siieplli BoHa Oyiia MeHIIo0 Ha 2,8% Iomo BeMHYHH y mypiB rpynu LD.

BucnoBku: 1. MopdonencuToMeTpuyHi TapaMeTpy NpHCEpeHiX ApiOHOKIITHHHUX Cy0’siaep NPUILTYHOUKOBHX sep TiloTana-
Myca IIypiB 3a3HAIOTh KOJIMBAHb 3 HAHOUIBIIMMH ITOKAa3HUKAMH y JIEHHHH Iepio]] CIocTepesKeHHs. 2. 3a yMOB CBITJIOBOI JenpuBarii
CIIOCTEPIraeThCs MOPYIICHHS PUTMY (YHKIIOHAJIBHOI aKTHBHOCTI JOCIIKyBaHUX HEHPOHIB riloTajgaMyca Ta 3MileHHsS HallOUIbIIX
MIOKA3HMKIB 3 IGHHOTO Ha HIYHUH Nepiofl COCTEepEeKeHHS, 110, HMOBIPHO, BUKIIMKAHE 3pOCTaHHSIM B I[bOMY HPOMIDKKY JOOU KIJIBKOCTI
B KPOBi IIPOBIAHOTO emi(hi3apHOro XpOHOOI0THKA — MEJIATOHIHY, IO SIK CTPEC-JIIMITYBaJIbHUI YMHHUK NpurHidye npoxykuito KPT" mx-
cII4 rinoranamyca. 3. YTpuMyBaHHS TBapHH 32 YMOB TPHUBAJIOTO OCBITJICHHS (CBITIIOBUH CTpec) HE NPH3BOAMIO 0 BIPOTiMHHUX 3MiH
JOCIIKYBaHIX MOP(OIEHCUTOMETPHYHUX ITapaMeTpiB IOPIBHAHO 3 TAKUMH Y IIypiB, sIKi epeOyBaiy 3a cBITIOBUX pexuMiB LD ta
DD. Ile nae migcraBu 3p0OHUTH IPHITYIIEHHS PO MIUPOKI MexXi miacTuaHocTi nacllfl rinoTanamyca 3a TaKMX yMOB €KCIIEPUMEHTY.

KurouoBi cj1oBa: npuminynoukose s1po, rinoranamyc, npucepe/iHi JpiGHOKIITHHHI cy6’si1pa, GoTonepio, TpUBasie OCBITICHHS,
IoCTiiHa TEeMpsIBa, MEJIATOHIH, (POTOIEpio.
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