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chronic hypoxia. The study was conducted on hearts of rat embryos obtained after intraperitoneal administration
of sodium nitrite at a dose of 50 mg/kg daily to pregnant females from day 10 to day 20 of gestation. The material
was analyzed using transmission electron microscopy in 12 topographical regions of the myocardium. Hypoxia
was found to impair sarcomere formation, lead to disorganization of myofibrils, and cause mitochondrial damage.
Starting from day 17 of development, progressive destruction of contractile structures was observed, including
fragmentation of myofibrils, disruption of intercalated discs, and disintegration of filaments. The most pronounced
changes were detected in the intramural and subendocardial zones of the ventricles. In the atrial myocardium,
chronic hypoxia does not lead to the destruction of myofibrils and does not significantly affect the ontogenetic
dynamics of their accumulation until the 17th day of embryogenesis. During further prenatal development, there is
a significant inhibition of sarcomerogenesis and a restriction of myofibril ordering in the sarcoplasm of typical atrial
cardiomyocytes, which is accompanied by the formation of defective intercalated discs and spatial disintegration of
myofibrils with mitochondria.

Chronic prenatal hypoxia leads to inhibition of sarcomerogenesis and disorientation of myofibrils against the
background of crystolysis and swelling of mitochondria of typical cardiomyocytes mainly in the subendocardial zone
of both ventricles and the interventricular septum. Starting from the 17th day of prenatal ontogenesis, the effect of
chronic hypoxia is accompanied by fragmentation of newly formed myofibrils, dissociation of sarcomeres, splitting
of telophragms and intercalated discs in the intramural and subepicardial zones of both ventricles.
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One of the key links in the formation of the brain's neuroendocrine adaptation to stress is the hypothalamic
paraventricular nuclei, which determine the reactivity of all parts of the hypothalamic-pituitary-adrenocortical sys-
tem and ensure the development of adaptive responses to the formation of the body's resistance to stress factors,
in particular prolonged illumination. In view of this, it is important to determine the effects of melatonin on the
morphodensitometric parameters of the medial parvocellular subnuclei of the rat’s hypothalamic paraventricular
nuclei under light stress. The study was performed on 36 male outbred white rats aged 24-27 months, divided into 3
groups. Quantitative parameters of the area of neurons, their nuclei and nucleoli, and RNA content in the cytoplasm
of cells, their nuclei and nucleoli were obtained in a semi-automatic mode using licensed software. Based on the
studies, it was found that the morphodensitometric parameters of the medial parvocellular subnuclei of the rat’s hy-
pothalamic paraventricular nuclei at 14:00 were significantly higher than during the night observation period (2:00).
The administration of melatonin against the background of constant illumination did not significantly change the
dynamics of the activity of the studied structures, which remained higher during the daytime observation period and
was similar to that of animals under the conditions of 12.00L:12.00D and 24.00L:00D. This picture can be argued by
the fact that stressful exposure during the light period of the day is accompanied by an increase in the level of mel-
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atonin in the blood. This provides a corrective suppression of the hypothalamic-pituitary-adrenocortical system in
order to bring the hormonal status in line with the strength of the stressor effect and is considered one of the factors
of the stress-limiting mechanism activated in response to the mobilization of the stress-realizing system.

Key words: paraventricular nucleus, constant illumination, melatonin.

Connection of the publication with planned re-
search works.

The research is performed following the approved
research projects of the department of medical biolo-
gy and genetics of Bukovinian State Medical University:
“Morphofunctional and biochemical basis of dysfunction
of neurosecretory structures of cerebrum, endocrine
glands and hepatorenal system of rats in experimental
pathology, in age-related aspect, and approaches of its
correction” (state registration number 0119U101346)
and “Morphofunctional reorganization of the structures
of nervous and endocrine systems at different stages of
postnatal ontogenesis, and biochemical mechanisms of
metabolism of signal molecules, the condition of oxi-
dant and antioxidant systems in experimental pathology
and under the influence of glutathione and melatonin
(experimental research)” (state registration number
0124U002513).

Introduction.

Hypothalamus is a higher subcortical center provid-
ing the support of homeostasis as well as integration of
autonomic, emotional and motor components of adap-
tive behaviour [1-3]. Its paraventricular nuclei have a
complex cellular organization and contain magnocellular
and parvocellular subnuclei, the neurons of which vary
not solely in size and efferent innervation, but also in
the spectrum of synthesized neuropeptides [4, 5]. These
exact peculiarities define an important role of paraven-
tricular nuclei of hypothalamus in not just endocrine
regulation of tropic function of the anterior pituitary
but also in mediation of organism’s neuroendocrine re-
sponse to stress of various origins [6, 7]. During study-
ing of stress responses and the action of stress-limiting
factors (melatonin in particular) it is important to re-
search the aforementioned subpopulations of neurons
of paraventricular nuclei of hypothalamus synthetizing
stress-releasing hormones which initiate organism’s sen-
sory response [8]. The principal peptides showing com-
bined effect in the regulation of the secretion of ACTH
are corticotrophin-releasing hormone (CRH) and vaso-
pressin. CRH-immunoreactive tag was noticed mainly in
paramedian parvocellular subnucleus, while vasopressin
immunoreactive tag — in posterolateral magnocellular
subnucleus [3, 9].

In a broad spectrum of the parameters of the envi-
ronment photoperiodism is considered a reliable and
consistent synchronization factor for homeothermic
[10]. Disruption of lighting regime (constant light or
constant darkness) is on of stress factors causing desyn-
chronosis [11, 12]. Nowadays the effect of melatonin
(hormone secreted by pituitary gland) is actively stud-
ied. This hormone was proved to possess adaptogenic,
biorhythmogenic, hypnotic, geroprotective, immuno-
stimulatory, and antioxidant effect. At the same time,
despite the large number of publications devoted to the
study of the structural and functional state of these hy-
pothalamic structures in response to stress, the effect
of melatonin on the morphodensitometric state of the
medial parvocellular subnuclei of the paraventricular

nuclei of the hypothalamus in old rats under light stress
remains unclear.

The aim of the study.

To determine the effects of melatonin on the mor-
phodensitometric parameters of the medial parvo-
cellular subnuclei of the paraventricular nuclei of the
hypothalamus in aged rats under the influence of
light-induced stress at different times of the day.

Object and research methods.

The experiment was conducted on 36 male outbred
white rats aged 24-27 months. The animals were divid-
ed into three groups, each of which consisted of 2 sub-
groups (6 animals each). The rats from the first group
(intact) were kept for 14 days under normal light con-
ditions (12-hour illumination, 12-hour darkness, LD, the
light was on from 8:00 till 20:00, the level of illumination
in the animal cages provided by fluorescent lamps was
500 Ix). The animals from the second group were kept
under constant illumination (24 hours) for 14 days (LL,
induction of hyperfunction of pineal gland). The rats in
the third group were kept under the same conditions as
the ones in the second group. At 19:00 they were given
daily intraperitoneal injections of melatonin (Sigma,
USA, degree of purification —99,5%) at a dose of 1,5 mg/
kg, in 1,0 ml of solvent (0,9% ethanol solution in saline)
(LL + melatonin).

After completing the 14-day experiment the animals
were withdrawn from the experiment the following day
at 14:00 and 2:00 by means of euthanasia through de-
capitation under sodium barbital anesthesia (40,0 mg/
kg intraperitoneally). The chosen timing of the experi-
ment was determined by different functioning of thyroid
gland during the chosen times of the day. The brains
of animals were immediately removed and fixed for 20
hours at a room temperature in 10.0% formalin solution
in 0.1 M phosphate buffer (pH 7,2). Later, after conduct-
ing a standard procedure of dehydration and impregna-
tion with chloroform and paraffin, the brains were put
into paraffin.

In order to study the morphometric characteristics
of rat hypothalamic neurons, histological sections 7 um
thick were deparaffinized in xylene, rehydrated in de-
scending concentrations of ethanol (100%, 96%, 70%),
and then washed three times in distilled water and
stained for 48 hours according to Einarson in a solution
of gallocyanin-chromium alum, which allowed the de-
tection of nucleic acids (RNA) in the studied neurons.
Subsequently, the sections were washed three times in
distilled water, dehydrated in ascending concentrations
of ethanol (70%, 96%, 100%), xylene, and placed in Ca-
nadian balsam.

Morphometric analysis of rat hypothalamic neurons
was performed using a VIDAS-386 series computerized
digital image analysis system (Kontron Elektronik, Ger-
many) in the visible spectrum. The image obtained on
the AXIOSKOP microscope using a COHU-4922 series
video camera (COHU Inc., CWWA) was entered into the
VIDAS-386 series digital image analysis computer sys-
tem (Kontron Elektronik, Germany). Image analysis was
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performed in semi-automatic mode using the VIDAS-2.5
application package (Kontron Elektronik, Germany): the
boundaries of the neuron body, as well as its nucleus
and nucleolus, were determined interactively.

The scientific research was carried out in compli-
ance with the main provisions of the Law of Ukraine No.
3447-IV ‘On the Protection of Animals from Cruelty,” the
Council of Europe Convention for the Protection of Ver-
tebrate Animals Used for Experimental and Other Scien-
tific Purposes (18.03.1986), Directive 2010/63/EU of the
European Union, as well as decrees of the Ministry of
Health of Ukraine No. 690 of 23.09.2009 and No. 944 of
14.12.2009, and decree of the Ministry of Education and
Science of Ukraine No. 249 of 01.03.2012.

The experimental data were processed on personal
computers using the package of applied and statistical
software VIDAS-2.5 (Kontron Elektronik, Germany) and
EXCEL-2010 (Microsoft Corp., USA). For all indicators,
the arithmetic mean of the sample (x), its variance and
the mean error (Sx) were calculated. In order to estab-
lish the reliability of the differences in the experimental
results in the experimental and control groups of rats,
the Student’s t-coefficient (t) was determined. After
that, the probability of difference in sample values (p)
and the confidence interval of the mean were found
using Student’s distribution tables. Values p<0.05 were
considered substantial.

Research results and their discussion.

The variations of morpo- and densitometric param-
eters of medial parvocellular subnucleus of paraven-
tricular nucleus of hypothalamus. In the samples taken
during the day the area of the neuron’s body was be-
tween 60,71+0,736 um?, nucleus — 34,540,563 um?, nu-
cleolus—5,15+0,143 um?, cytoplasm —26,17+0,347 um>.
During the observation conducted at 14:00 the specific
volume of the nucleus was 57,69+0,940% and cytoplasm
—42,3140,564% from the general volume of the stud-
ied neuron of medial parvocellular subnucleus of para-
ventricular nucleus of hypothalamus of rats. Regarding
the nucleocytoplasmic ratio of the neurosecretory cell,
this indicator was within the range of 1.36+0.021 units
during this period of the day. When determining the
concentration of RNA in the components of a neuron, it
was established that in the nucleus it was 0.182+0.0014
OD units, in the nucleolus — 0.296+0.0020 OD units, and
in the cytoplasm —0.131+0.0010 OD units.

Analysis of the morphometric parameters obtained
at 2:00 shows a probable decrease in the area of the
neuron body by 9.3%, which was due to a decrease in
the area of its nucleus by 6.9% and cytoplasm by 12.5%
compared to the values in samples taken for study at
14:00. At the same time, the nucleus-cytoplasm ratio
was 1.44+0.018 units, it increased by 6.2% relative to the
value at 14:00. The decrease in the area of the studied
neurosecretory cell was reflected in a reliable decrease
in the concentration of RNA in the cytoplasm by 3.1%,
while the concentration of RNA in the nucleus and nu-
cleolus of the hypothalamic neuron did not change sig-
nificantly compared to intact animals in the previous
time period.

To draw conclusion out of the aforementioned in-
formation, it was revealed by means of morpho- and
densitometric analysis that under the conditions of LD
illumination there is an increase of morpho functional
activity of neurotransducers of hypothalamus — medi-

al parvocellular subnuclei of paraventricular nucleus —
during the day (14:00).

Circadian fluctuations of day and night are one of
the leading activators of the periodicity of daily rhythms
of organs and systems in mammals. It has been proven
that melatonin is a biorhythmogenic hormone, more
than 80% of which is synthesized by the pineal gland
(epiphysis of the brain). Constant darkness (light depri-
vation) stimulates, and prolonged illumination inhibits
the synthesis of melatonin by the pineal gland, and thus
these factors cause desynchronization of the circadian
pacemaker —the suprachiasmatic nuclei of the hypothal-
amus. In order to establish the location of neurons in the
paraventricular nucleus of the hypothalamus of rats in
ensuring temporal organization, we used morphometric
and densitometric studies to analyze these structures
under constant illumination, as well as the administra-
tion of melatonin under conditions of light stress.

In order to study the effect of constant lighting on
the morpho-functional organization of the studied struc-
tures, the next stage of the experiment was conducted
by simulating light-induced stress by keeping the exper-
imental rats under LL lighting conditions for 14 days. At
14:00, we did not detect any substantial changes in the
morphometric parameters of the hypothalamic neu-
rotransducers of animals under light stress conditions. A
tendency towards an increase in the size of the neuron
body, its nucleus and cytoplasm was noted, but with-
out significant changes in these indicators compared to
those in the LD group of rats. No significant differences
in the nuclear-cytoplasmic ratio, specific volumes of the
nucleus and cytoplasm were observed in relation to the
specified comparison group.

Regarding the RNA concentration in the studied neu-
ron structures, it is necessary to point out its significant
increase only in the nucleolus of the neurosecretory cell
which at 14:00 was 0,303+0,0023 OD units and was 2.5%
higher than the values for rats in LD group.

At 2:00 no significant differences were found be-
tween the area of the neuron and its structures relative
to the values under a standard lighting regime. A similar
pattern was also observed at 14:00. In the cytoplasm
and nucleus of neurosecretory cells of the median par-
vocellular subnuclei of the paraventricular nuclei of the
hypothalamus, the RNA concentration did not undergo
significant changes, while in the nucleolus it was 2.8%
relative to the value for rats in the LD group.

Prolonged light-induced stress has led to a probable
increase in the neuron body area by 7.4% at 14:00 due
to an increase in the cytoplasm area by 14.1% compared
to the indicator at 02:00. Calculation of the nuclear-cyto-
plasmic ratio in the paracentral parvocellular subnuclei
of the hypothalamic paraventricular nuclei at 2:00 re-
vealed that it remained within the range of 1.46+0.030%
and indicated a probable increase (by 13.2%) compared
to the values in the samples taken for study at 14:00.

In summary, analysis of the data from this stage,
including circadian variations in hypothalamic neuron
activity under light-induced stress, revealed no signifi-
cant differences compared to the values in intact rats.
Although prolonged intense lighting is a powerful stress-
or and trigger for the development of desynchronosis, in
this situation, it does not significantly affect the neuro-
secretory cells of the paraventricular nuclei of the hypo-
thalamus in animals.
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nucleus of the hypothalamic paraventricular nucleus in light-stressed animals after melatonin administration.

Figure — Daily variations in the mean values of the body area (A), nucleus (B), and nucleolus (C) of neurons of the medial parvocellular sub-
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During modelling of the light-induced stress, mela-
tonin injection caused significant variations in the mor-
phometric parameters of the components of the com-
ponents of the neuron of the paraventricular nucleus of
the hypothalamus at 14:00. Thus, the neuron area was
69,370,938 um?, and the cytoplasm was — 28,30+0,410
um?. These values substantially exceeded the analogous
ones in rats that did not receive melatonin injections
under light-induced stress conditions (by 12.7% and
5.1% respectively).

Measurement of RNA concentration in the neuronal
structures of the studied neurons of the paraventricular
nucleus of the hypothalamus showed that during the day
its content in the nucleus was 0.120+£0.0013 OD units, in
the nucleolus —0.199+0.0019 OD units, and in the cyto-
plasm — 0.083+0.0010 OD units, which was significantly
lower than that in rats exposed to light-induced stress
without melatonin administration. Under conditions of
simulated light-induced stress and melatonin adminis-
tration at 02:00, we observed a significant decrease in
the area of the neuron, its nucleus and cytoplasm com-
pared to the previous time interval (fig.).

At the same time, a decrease in RNA concentration in
the nucleus by 20.2% and in the cytoplasm by 22.1% was
observed in rats under prolonged light exposure. During
this period, the nuclear-cytoplasmic ratio was within the
range of 1.23+0.017 units, which was 16.5% lower than
in rats exposed to light-induced stress. Thus, melatonin
injections under light-induced stress at 2:00 cause inhi-
bition of the functional activity of the subnuclei of the
paraventricular nucleus of the hypothalamus in old rats.

When analysing the indicators of daytime and night-
time observation during melatonin administration under
conditions of light-induced stress, it is worth paying at-
tention to individual fluctuations in the parameters of
the functional state of the subnuclei of the paraventricu-
lar nucleus of the hypothalamus. In particular, at 14:00,
the neuron area in animals increased by 17.4% due to
an increase in the area of the nucleus (by 26.4%) and
cytoplasm (by 6.4%). While the night-time study showed
a marked decrease in the area of the nucleolus by 10.2%
against the background of an increase in the volume of
the cytoplasm by 15.1%, at 14:00, the nucleolus area
was 5.71+0.199 um? and was 14.0% larger than in ani-
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mals kept under constant 24-hour illumination without
melatonin administration.

Overall, after the analysis of 14:00 and 02:00 obser-
vations it was revealed that melatonin administration
during constant illumination did not lead to significant
changes in the dynamics of the morpho-functional ac-
tivity of neuroendocrine transducers — medial parvocel-
lular subnuclei of the paraventricular nuclei of the hy-
pothalamus, which remained higher during the daytime
observation period and was similar to that in animals
kept under 12-hour illumination and 12-hour darkness
and 24-hour illumination. This pattern can be explained
by the fact that stress during the light-induced period
of the day is accompanied by an increase in blood mel-
atonin levels [13, 14]. This, in turn, provides corrective
suppression of the hypothalamic-pituitary-adrenocorti-
cal system in order to bring the hormonal status in line
with the strength of the stress effect and is considered
one of the factors of the stress-limiting mechanism ac-
tivated in response to the activation of the stress-re-
sponse system [15-17].

Conclusions.

1. Under conditions of constant illumination (24-
hour), the morphometric and densitometric parameters
of the medial parvocellular subnuclei of the paraventric-
ular nuclei of the hypothalamus in old rats reach their
highest values during the daytime observation period
(14:00) compared to the nighttime (02:00).

2. The administration of melatonin against a back-
ground of constant illumination did not significantly alter
the dynamics of activity in the structures under study,
which remained higher during the daytime observation
period and was similar to that in animals kept under 12-
hour illumination and 12-hour darkness and 24-hour il-
lumination conditions.

Prospects for further research.

In the future, it is planned to investigate the morpho-
functional state of the posterior magnocellular subnu-
clei of the paraventricular nuclei of the hypothalamus in
old rats under different photoperiods to gain a deeper
understanding of the mechanisms of involvement of
brain structures in the regulation of neuroendocrine
processes in the context of ageing.

EDEKTU MEJIATOHIHY HA CTAH HEMPOHIB NPULL/TYHOYKOBUX ALEP
MNOTAZTAMYCA LLYPIB 3A NOCTIMHOIO OCBIT/IEHHA

BYKOBMHCbKUIA Aiep>KaBHUI MeguuHuii yHiBepcuteT (M. YepHiBu,i, YKpaiHa)
bulyk@bsmu.edu.ua

OO0Hi€o 3 KA40o8UX AIGHOK (hOpMyB8aHHSA HelipoeHOOKPUHHOI adanmayii Mo3Ky Ha cmpec € npuliayHOYKosi
A0pa einomanamyca, AKi BU3HAYAOMb PEAKMUBHICMb YCiX IAHOK 2inomasnamo-2inogizapHo-adpeHoKoOPMUKAAbHOI
cucmemu i 3a6e3ne4yroms po3sUMOK adanmauiliHux peakyili Ha hOpPMyB8aHHA pe3ucmeHmMHoOCcmi op2aHiamy 0o
0ii cmpecosux YUHHUKI8, 30KpeMa mpueaano2o oceimseHHsA. 3 027140y HA Ue 8aXAUBUM € 3’ACYBAHHA epeKkmis
MesIaMOHIHY Ha MopghodeHcumomMempuUYHi napamempu npucepeoHix Opib6HOKAIMUHHUX cy6’a0ep NpuwayHOYKOB8UX
A0ep einomanamyca wypis 3a cgimmaosozo cmpecy. [ocnioieHHa 8UKOHAHO Ha 36 camusax 6e3mnopodHux binux
wypie sikom 24-27 mic, nodineHux Ha 3 epynu. KinbkicHi napamempu naow,i HelipoHis, ixHix sdep ma Adepeys,
emicmy PHK y uumonnaasmi KaimuH, ixHix a0pax i adepysx ompumyeasau 8 HarnisasmomamuyHOMy Pexcumi 3a
00rMomo20t0 MiyeH308aH020 NMpPoepamHo2o 3abesneyeHHA. Ha nidcmasi nposedeHuUx 00Cni0HeHb 8CMAHOB/EHO,
wo MopgodeHcumomempuyHi napamempu npucepedHix OpibHOKAIMUHHUX cyb’adep npuwayHoYKosux sdep
einomanamyca wypie o 14.00 200 6yau 8ipo2iOHO BUWUMU, HiXC Mpu HiYHOMY nepiod criocmepexceHHa (02.00
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200). YeedeHHs MesiamoHiHy HA ¢oHi mocmiliHo2o oceimseHHs 8ip02iOHO He 3MiHHB8a/10 OUHAMIKY aKmMugHocmi
00Cn1i0HCy8aAHUX CMPYKMYP, AKA 30AUWAAACA 8UU00 8 OeHHUll nepiod cnocmepexceHHs i 6yaa nodibHoo 0o makoi
Yy meapuH, wo nepebysanu 3a ymos pexcumy ocgimaeHHA 12.00C:12.00T ma 24.00C:00T. TaKy KapmuHy MOXCHA
apaymeHmysamu mum, wo cmpecopHuli enaue y ceimaosuli nepio0 60b6u cyrnposooxcyemoca Mio8UWEHHAM
pisHA MmenamoHiHy 8 Kposi. Lle, y ceoro yepey, 3a6e3neyye KopeaysasnbHe npueHiyeHHs 2inomanamo-einogizapHo-
a0peHOKOPMUKAAbHOI cucmemu 3 Memoto MpusedeHHA 20PMOHA/AbHO20 cmamycy y 8i0nosidOHicme 0o cunau
CMpecopHo20 epekmy i po32a1a0aEMbCA AK OOUH 3 YUHHUKIB cmpec-1iMmimysanbH020 MEXAHI3MY, W0 AKMUBYEMbCA

y 8i0noeidb Ha Mobinizayito cmpec-peanizyoyoi cucmemu.

Knroyosi cnoea: npuwnyHo4kose A0po, mpusase 0c8imsaeHHs, MeaamoHiH.

3B’A30K ny6aikauii 3 nhaHoBMMKM HayKoBO-goCNig-
HUMU poboTamu.

Jocnif)eHHA BMKOHAHI B pamKax 3aTBepAMKeHUX
TeM HayKoBO-AOCNIAHUX PobIT Kadedpn meanyHoi 6i-
oNorii Ta reHeTMKn ByKOBUHCBKOro AepaBHOro Mme-
An4yHoro yHisepcutety «MopdodyHKLUioHanbHe i Bioxi-
MiyHe Ob6rpyHTYBaHHA AMCOYHKUIT HEMPOCEKPETOPHUX
CTPYKTYP FO/IOBHOFO MO3KYy W €HZAOKPUHHMX 3as03 Ta
renaTopeHanbHOI CUCTEMM LLLYPIB NPU eKCnepuMeHTab-
Hi naTonorii, y BIKOBOMY acnekTi Ta WAsxXu i KopeKLu,ii»
(nepkaBHU peecTpauiliinii Homep 0119U101346) Ta
«MopdodyHKLioHanbHi NepebyaoBu CTPYKTYp HepBo-
BOi Ta @HAOKPUHHOI CUCTEM Y Pi3Hi Nepioan NocTHaTaAb-
HOro OHTOreHesy Ta 6ioximiuHi MexaHizamn metaboniamy
CUTHANIbHUX MOMIEKYA, CTaH OKCUAAHTHOI Ta aHTUOKCU-
OAHTHOI CMCTeM 32 YMOB eKCnepMMeHTaIbHUX NaTO/Ori N
i BMAWBY rNYTaTiOHY Ta MENATOHIHY (eKcnepuMeHTabHe
OOCNIAXKEHHR)» (OepKaBHUM pPeeCTpaLinHUil Homep
0124U002513).

Bcryn.

BULLMM NiAKIPKOBMM LLEHTPOM, LLLO 3abe3neyye iHTe-
rpaLito BereTaTMBHUX, EMOLLIMHUX Ta MOTOPHUX KOMMNO-
HEHTIB a4anTUBHOI NOBEAiIHKU, @ TAKOX OCHOBHUM LEH-
TPOM MiATPUMKM romeocTasy € rinotanamyc [1-3]. Moro
NPULLNYHOYKOBI AZ4pa MatoTb CKNAAHY KNITUHHY OpraHi-
3aLito | MICTATb BE/IMKOKNITUHHI Ta APiOHOKAITUHHI cy6’s-
[pa, HEMPOHU AKUX PI3HATLCA He TiIbKM PO3Mipamu Ta
edepeHTHO iHHEePBALLED, a 1 CNEKTPOM CUHTE30BAHMX
HenponenTtugis [4, 5]. Came Li 0cob6MBOCTI BU3HAYatOTb
BaXX/IMBY POJib MPULLIYHOYKOBUX AZEP rinoTanamyca He
TiIbKM B @HOOKPUHHIN perynauii TponHoi GpyHKLiT ageHo-
rinogisa, a i1 y peanisauii HeipoeHAOKPUHHOI BiANOBIAi
opraHiamy Ha cTpec pi3Horo reHesy [6, 7]. Mpy BUBYEHHI
CTPECcoBUX peakKuii i aii cTpec-nimiTyBasbHUX PaKTopiB
(30Kpema, MenaToHiHy) Ba*KAMBUMW € [OCNIOANKEHHS
3a3HavyeHux cybnonynauiin HeMpPOHiB NPULLNYHOUYKOBUX
Anep rinoTanamyca, WO CUHTE3YTb CTPec-punisuHr
rOPMOHM, AKi iHILiIOIOTb CTPECOpPHi peaKuii opraHiamy
[8]. MpoBigHMMM NeNTUAAMM, LLO BUABAAOTbL CMiZIbHUI
edekT y perynauii cekpeuii AKTT, € KOpTUKOTPONiH-pK-
nisnHr ropmoH (KPT) i BasonpecuH (BM). KPT-imyHo-pe-
aKTMBHA MiTKa BUABNEHA 34e6in1bWwOro B npucepeaHbo-
My Api6HOKAITMHHOMY cy6’aapi, a BM-imyHopeaKTUBHa
MiTKa — Y 3a4HbO6IYHOMY BENIMKOKAITUHHOMY cy6’aapi
[3,9].

Momix LWKMPOKOro CNekTpy napameTpiB cepenoBu-
wa dorvonepiogmMsm € HagiMHUM i cTabinbHUM CUHXpPO-
Hi3yBa/ibHUM GAKTOPOM A1 TOMOMOTEPMHMX OpPraHis-
mie [10]. MopyweHHA pexumy OCBiTAeHHA (TpuBane
OCBIT/IEHHA, NOCTiiHa TeMpABa) € OAHWM 3 CTPECOBMX
UMHHUKIB, AKUIA CNpUYMHAE aecuHxpoHo3 [11, 12]. Ha
AaHWIM Yac NPOJOBIKYETLCA aKTUBHE BMBYEHHA edeKTiB
MeNaToHiHY — FTOPMOHY WuwKonoaibHoi 3ano3n. Jose-
[AEHO 110ro afanToreHHy, 6iopUTMoreHHy, CHogiliHy, re-

PONPOTEKTMBHY, iIMyHOCTUMYNIOBA/IbHY, aHTUOKCUAATHY
Aii. Mpy ubomy, HE3BaXKalouM Ha BENINKY KiNbKiCTb ny-
6iKauin, NPUCBAYEHUX BMBYEHHIO CTPYKTYPHO-OYHKL-
OHA/NIbHOTO CTaHYy BKA3aHWUX rinoTasaMidyHUX CTPYKTYp Y
Bi4NOBiAb Ha CTpec, He3’ACOBaHMM 3a/MLLAETHCA BNANB
MENATOHIHY Ha MOPHOAEHCUTOMETPUYHUIA CTaH Npuce-
peaHix ApiOHOKNITUHHUX cyb’aaep NPULAYHOUYKOBUX
Anep rinotanamyca CTapux LLypiB 3a CBITN10BOro CTpecy.

Merta gocnigKeHHs.

3’AcyBaT edeKTM MenaToHiHy Ha mopdo-geHcuTo-
METPUYHI NapameTpu npucepeaHix ApPiOHOKAITUHHUX
cyb’agep NpPULLIYHOUYKOBUX AZep rinoTasamyca CTapumx
LLypiB 3a CBIT/IOBOrO CTPecCy y pi3Hi nepioan fobwu.

O6’eKT i meTOaU AoCNiAXEeHHA.

PoboTy BMKOHAHO Ha 36 camusax 6e3nopogHux 6inmx
LypiB Bikom 24-27 mic. TBapuH NOAiINEHO HA TPU rpynu,
KOKHa 3 AKMX CKNaganaca 3 ABOoX Niarpyn (y KOXHili no
wictb TBapuH). Lypn nepwoi rpynu (iHTakTHi) nepeby-
Banu 14 fi6 B ymoBax 3BMYAMHOIO CBIT/IOBOFO PeXUMY
(cBiTno/Tempnasa 12.00C: 12.00T, no 12 roa, LD, ocsit-
neHHsa 3 08.00 go 20.00, piBeHb OCBITNEHOCTI AHOMiHEC-
LEeHTHUMM NamMnamu B KNIiTKax i3 TBApUHAMM CTAaHOBMB
500 nkK). TBapuHKU Apyroi rpynv nepebysanu BNPOAOBK
14 pi6 B ymoBax nocTilHOT ocsitneHocTi (LL, iHayKuis
rinodyHKLii WuwKonoaibHoi 3anosu). Lypu TpeTboi
rpynu 3HaXoAnNCA 32 YMOB EKCNEPUMEHTY, AK i Lypwn
rpynu Ne2. Tm wogeHHo o 19.00 rog, iHTpaneputoHeans-
HO yBOAMAN MenaToHiH (Sigma, CLUA, cTyniHb O4YMLLIEHHA
—99,5%) y nosi 1,5 mr/kr, y 1,0 mn posumHHuka (0,9%
PO34MH eTaHoNY Ha ¢i3. po3unHi) (LL+menaToHiH).

Micna 3akiHYeHHA 14-4eHHOrO eKCnepuMeHTy Ha-
ctynHoro aHA o 14.00 i o 02.00 rog nig eTamiHanoBUM
Hapko3om (40,0 mr/Kr iHTpanepuUTOHeaNbHO) NPOBOAM-
NV BUBEAEHHA TBAPUH 3 EKCMEPUMEHTY LUIAXOM OHO-
MOMEHTHOI AeKanitauii. ObpaHi TepMiHM NpoBeAeHHS
EeKCNePMMEHTY 3yMOB/EHI Pi3HOK PYHKLIOHA/bHO aK-
TUBHICTIO WNLWIKONOAiIOHOT 331031 Y BKa3aHi Yacosi ne-
piogn fobu. 3roLoM HeramHo BMUAYYaNM MO3OK TBAPUH
i Ha 20 roauH Npu KiMHaTHIM TemnepaTypi Nomiwanu B
10,0% po3umnH dopmaniny y 0,1 M dochatHomy bydepi
(pH 7,2). Y noganbwomy, nicna npoBeAeHHA cTaHAapT-
HOI Npoueaypv 3HEBOAHEHHA | NPOCOYEHHA xnopodop-
MOM Ta napadiHoOM, MO30K 3aamBanu B napadiH.

3 MeTo BMBYEHHA MOPDOMETPUYHUX XapaKTepuc-
TUK HEMpOHIB rinoTasamyca wWypiB FiCTOMOrYHI 3pi3n
3aBTOBLUKM 7 MKM aenapadiHyBanu B KCUNOAI, 34iNCHIO-
Ba/IM perigpaTaLiito B HU3XiAHMX KOHLLEHTpaLifX eTaHOoNy
(100%, 96%, 70%), a y noganbwomy Tpuui BigMmmnsanu y
OVCTUNbOBAHINM Bogj i BNpoaoB:K 48 rog, 3abapsatoBanu
3a EMHaApCcOHOM Yy pO34MHI ranouiaHiH-XpOMOBUX rany-
HiB, WO 03BO/INIO BUABUTU HyKAEiHOBI Kncnotu (PHK)
Y AOCNiAKYBaHUX HEMPOHAX. 3rogoM 3pi3u TpUdi Biamu-
Ba/N Y ANCTUNbOBAHIN BOAi, AeriapyBann y BUCXIAHUX
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KOHLEeHTpauiax etaHony (70%, 96%, 100%), kcunoni Ta
NOMILLANN Y KAHAACbKUI Banb3am.

MopdomeTpUYHUIN aHani3 HeMpoHIB rinoTanamyca
LLypiB NPOBOAMAN 3BUKOPUCTAHHAM KOMM OTEPHOI CUC-
Temu unMdpoBoro aHanisy 3o6parkeHHs cepii VIDAS-386
(Kontron Elektronik, HimeuyunHa) y Buammomy cnekrpi.
306paxeHHA, OoTpMMaHe Ha mikpockoni AXIOSKOP,
3a gonomoroto Biaeokamepu cepii COHU-4922 (COHU
Inc., CLLA) 3aHOCHAK B KOMN'IOTEPHY cUcTemy Umndpo-
BOro aHanisy 3o6paxkeHHs cepii VIDAS-386 (Kontron
Elektronik, HimeuyumHa). AHani3 306parkeHHA 34i1cHio-
Ba/M Yy HaniBaBTOMATUYHOMY PEXMMI 3 BUKOPUCTaH-
HAM MakeTy npuknagHux nporpam VIDAS-2.5 (Kontron
Elektronik, HimeuunHa): iHTEPAKTUBHO BM3HaYaAn MexXi
Tina HelipoHa, a TaKoX Moro sapa n agepus.

HayKoBi [ocCnig)KeHHA BWKOHAHI 3 [OTPMMaHHAM
OCHOBHMX NOMOXeHb 3akoHy YKpaiHn Ne 3447-1V «[po
3aXMCT TBAapUH Bif, }KOPCTOKOTO NOBOAKEHHA», KOHBEH-
uii Pagm €EBponu Npo OXopoHy XpebeTHUX TBapuH, WO
BMKOPUCTOBYHOTb B EKCMEPMMEHTAX Ta iHLWWX HAYKOBUX
uinax (sig 18.03.1986 p.), AMpeKkTMBM EBPONENCHKOrO
Coto3y 2010/63/EU Ta Hakasis MO3 Ykpainu Ne 690 Big,
23.09.2009 p., Ne 944 Big 14.12.2009 p. i Haka3zy MOH
Ne 249 Big 01.03.2012 p.

EKcnepumeHTanbHi AaHi 06pobasnn Ha nepcoHanb-
HWX KOMN'tOTEPAX 33 AOMOMOrOH0 NAKETY MPUKNALHUX Ta
cTaTUCTUYHKUX nporpam VIDAS-2.5 (Kontron Elektronik,
HimeyumHa), a Takox EXCEL-2010 (Microsoft Corp.,
CLUA). Ana BCiX MOKa3HMKIB NpoOBOAMAM PO3PaxyHOK
3HAYeHHA K cepeaHboi apudPmeTUUHOT BUBIPKK (X), Tak
il gucnepcii i NnOoMUAKK cepegHboi (Sx). 3 meToto BCTa-
HOB/IEHHSA BiPOriAHOCTI BiAMiIHHOCTEN pe3ynbTaTiB eKc-
NepUMEHTY B AOCNIAHUX i KOHTPONBbHUX Fpynax LUypiB
BM3Hayanu KoediuieHT CTblogeHTa (t). Micna uboro 3Ha-
XOAMNM BipOTiAHICTb BiAMIHHOCTI 3HaYeHHA BUBIPOK (p)
i 4OBipuYMiA iHTEPBAN cepeaHbOi, 3aCTOCOBYOUYM Tabauu,i
po3noginy CtbtogeHTa. BiporiaHMmMmKn BBaXKanm 3Ha4YeH-
HA, onAa akux p<0,05.

Pe3ynbTatv gocnigiKeHHA Ta ix 06roBopeHHs.

YNpoaoBsK nepiosis cnoctepexkeHHsa Hamn BUABIEHO
BapiaLii Mopdo-Ta AeHCUTOMETPUYHMX NapaMeTpiB Npu-
cepeaHboro ApibHOKAITUHHOTO cy6’aapa NPULLIYHOYKO-
BOro aapa rinotasamyca. Y 3paskax, BigibpaHux y aeH-
HWI nepiog NaoLwwa Tina HelpoHa nepebyBana y mexax
60,71+0,736 mKM?, agpa — 34,54+0,563 mMKM?, agepus
— 5,150,143 mKm?, untonnasmm — 26,17+0,347 mKm?.
MNig yac cnocteperkeHHs, nposegeHoro o 14.00 ropg
nutomuii o6’em sagpa ctaHosms 57,69+0,940%, a unto-
nnasmu — 42,31+0,564% Big 3aranbHoro o6’emy gocni-
[O)KYBAHOTO HeWpOHa npucepesHboro ApiOHOKAITUH-
Horo cy6’sapa MpuULWAYHOYKOBOro AApa rinotasamyca
wypis. Woao agepHO-UMTONNA3MATUYHOIO CNiBBIAHO-
LIEHHA HEMPOCEKPETOPHOI KNITUHK, TO Y LIbOMY NMPOM K-
Ky 006U nokasHMK nepebysasB y mexax 1,36+0,021 oga,.
Mpn BM3HAYeHHiI KoHueHTpauii PHK y kKomnoHeHTax
HEMpPOHa BCTAaHOB/IEHO, WO B AAPIi BOHA CTaHOBM/A
0,182+0,0014 o.0.ww, agepui —0,296+0,0020 o.0.w., Un-
Tonnasmi—0,131+0,0010 o.0.wu.

Mpu aHani3i mopdomeTpUYHUX NapameTpiB, OTPUMa-
Hux 0 02.00 rog NOKasaHO BiporigHe 3HWMMKEHHSA NAoL
Tina HelpoHa Ha 9,3%, WO 3yMOB/NEHO 3MEHLIEHHAM
naoLui oro agpa Ha 6,9% i umTonnasmum Ha 12,5% wopao
BE/IMYMH Yy 3pasKax, AKi BigibpaHi Ha [OCNiAXKEHHA O
14.00 roa. BogHo4yac AgepHO-UMTONAA3MaTUYHE ChiB-
BigHOWeHHA cTaHosmao 1,44+0,018 oa. Ta BiporigHo

3pocTano Ha 6,2% sigHocHO BenmumHu o 14.00 roga.
3MeHLUeHHA NAoLLi AOCANIAKYBAHOI HEMPOCEKPETOPHOI
KNITUHU BiAA3€PKaNNUNOCA BiPOTiAHUM 3HUMKEHHAM KOH-
ueHTpauii PHK y uutonnasmi Ha 3,1%, npu LbOMYy KOH-
ueHTpauia PHK B aapi i agepui HelpoHa rinotanamyca
BipOriAHO He 3MiHIOBaNAcA BIAHOCHO iIHTAKTHUX TBAPUH
nonepeaHbOro YacoBOrO MPOMIKKY.

Y3aranbHIOOUYM  BUKNALEHE, MOXHA AiNTM npo-
Mi>)KHOFO BWMCHOBKY, LWO 33 pexumy ocBiTieHHA LD,
wnaxom mopdo- Ta AEHCUTOMETPUYHONO aHanisy BU-
ABNIEHO 3POCTaHHA MOPPOPYHKLIOHANBbHOI aKTUBHOC-
Ti HEMpPOTPaAHCAYKTOPIB rinoTasamyca — npucepeaHix
APIGHOKNITUHHMX cyb’Aagep NPULWAYHOYKOBOrO Aapa Y
OeHHWI nepiog cnoctepexkeHHn (14.00 rog,).

Barome micue cepes npoBigHMX aKTMBATOPIB Nepio-
ANYHOCTI £060BMX PUTMIB OpraHiB i cMcTeM y ccaBLiiB Mo-
CigatoTb LMpPKagiaHHI KONIMBAHHA AHA | Hovi. [loBeaeHo,
Wo 6iopUTMOreHHMM TOPMOHOM € MENATOHIH, MOoHag,
80% AKOro CWMHTE3YETbCA LWMLIKONOAIBHOW 3an1030t0
(enidizom mo3Ky). MocTiliHa TempABa (cBiTI0Ba Aenpu-
BaLLif) CTUMYAIOE, @ TPMBANE OCBITIEHHSA, MPUTHIYYE CUH-
Te3 MenaToHiHY LWMLWKONOAI6HO 33103010, a, OTXKeE, i
CNPUYMHAIOTb AECUHXPOHO3 LIMPKaZiaHHOrO nericmeke-
pa — HaA30pOBUX A4eEp rinoTanamyca. 3 MeToH BCTaHOB-
JIEHHA MicuA HEeNpPOHIB npucepeaHix APiIGHOKNITUHHMX
cy6’saep NpuULWNYHOYKOBOrO AApa rinoTanamyca Liypis
y 3abe3neyeHHi 4acoBoi opraHisaLii HAMW BUKOPUCTaHI
MOpdO- Ta AEHCUTOMETPUYHE AOCNIAKEHHA ANA aHaANi3y
BKa3aHMX CTPYKTYp 3a MOCTINHOIO OCBITIEHHA, @ TAaKOX
yBeZEeHHA MeNaToHiHY 32 YMOB CBIT/I0BOTrO CTpecy.

332419 BUBYEHHSA BN/MBY MOCTIMHOMO OCBITIEHHA HA
mopdo-dOyHKLIOHaNbHY OpraHisauilo  AoCAiaKyBaHUX
CTPYKTYP, HAcCTynHUI eTan eKCnepumeHTy MpoBOAUAN
MOZENOYN CBITNIOBUI CTPEC LWAAXOM YTPUMYBaHHA
[OCNiAHMX WypiB 3a cBiTA0BOro pexmmy LL BnpoaosiK
14 pi6. O 14.00 rog BiporigHUX 3MiH MOpPhOMETPUYHUX
napameTpiB HEMPOTPAHCAYKTOPIB rinoTasiamyca TBapmH,
L0 NnepebyBanv 32 YMOB CBITN0BOrO CTPECY HAMU He BU-
ABNEHO. BigmiyeHO TeHAEHLiIO 40 3POCTaHHA PO3MipiB
Tina HeMpoHa, Moro aapa Ta uMTonaasmu, ogHak bes ic-
TOTHMX 3MiH LIUX MOKA3HMKIB LLOAO TaKMX Y LLYypPiB rpynu
LD. He cnocTtepiranu i BiporigHoi BigmiHHOCTI agep-
HO-LMTONNA3MATUYHOIO  CMNiBBIAHOWEHHA, MNUTOMMUX
o06’emiB AApa Ta LUTONIA3MM BiIZHOCHO BKa3aHOI rpynu
NOPIBHAHHA.

Lloao KoHueHTpauii PHK y gocnigxKyBaHux CTpyK-
Typax HehpoHa, HeobxiAHO BKas3aTW Ha ii BiporigHe
3POCTaHHA TiINIbKK B AAEpPL HEPOCEKPETOPHOT KAITUHM,
AaKka o 14.00 rog ctaHosuna 0,303+0,0023 o.0.u1. Ta Ha
2,5% 6yna 6inbluoto 32 NOKa3HWMKM LWypis rpynu LD.

0O 02.00 rog, BiporigHUX BiAMIHHOCTEN MiXK NAOLLED
HelpoHa Ta MOro CTPYKTYp WOAO BENYMH MPU CTaH-
OAPTHOMY pPEeXKMMIi OCBIT/IEHHS, He BCTaHOB/EHO. oai6-
HY KapTuHY cnocTepiranan Takox o 14.00 rog, Y umton-
Na3mi Ta s4pi HEMPOCEKPETOPHUX KNITUH NpucepesHix
OPIGHOKNITUHHUX cyb’agep NPULLNYHOYKOBUX AAep ri-
noTasnamyca NOKasHWK KoHueHTpauii PHK He 3a3HaBas
iCTOTHMX 3MiH, BogHOYAC Yy aAepui BiH OyB MEHWWM Ha
2,8% w040 BennUYMHK Y Wwypis rpynu LD.

TpuBanuii cBiTNOBUIA CTpec npu3BiB [0 Bipo-
rigHOro niABMULEHHA n/owi Tina HelpoHa Ha 7,4%
o 14.00 roa BHacNiAOK 36iNblUeHHA NAOLL  LWUTO-
nnasmu Ha 14,1% wopo nokasHuka o 02.00 roga.
O6umcneHHAM AAEPHO-LUTOMIA3MATUYHOTO
CNiBBiAHOWEHHA B nNpuUcepegHix APiOHOKAITUHHUX
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cyb’agpax  NpUWAYHOYKOBUX  Adep  rinoTasamyca
o0 02.00 rog cnocTepexKeHHA BCTAHOB/EHO, WO BOHO
npebysano y mexax 1,46+0,030% i BKasyBasio Ha Bipo-
rigHe 36inblweHHs (Ha 13,2%) WoAo BeAMYMH Y 3pas3Kax,
BigibpaHux ana gocnigxkeHHa o 14.00 rog,

TakMM YMHOM, NiACYMOBYHOYN OAepPXKaHi pe3ynbratu
NPoOBeAEHOro eTany eKCnepmMeHTy, aHasi3ylum ump-
KafjaHHi KO/IMBaHHA Ta PUTMIYHICTb QYHKLIOHYBaHHA
OOCNIAKYBAaHUX HEMPOHIB rinoTasamyca LWypis, AKi ne-
pebyBanv 3a yMOB CBIiTI0BOro CTPECY, HAMW He BCTAHOB-
JIEHO iCTOTHUX PO36iXKHOCTEN MOPIBHAHO 3 BE/IMUMHAMM
B iHTAKTHMX LLypiB. | Xo4a TpuBane iHTEHCUBHE OCBITNEH-
HA € MOTYXHUM CTPECOBUM i MYCKOBUM GaKTOPOM po3-
BUTKY OECUMHXPOHO3Y, Le, Y AaHIN cuTyaLii, He 3Ha4YHO
TOPKAETbCA HEMPOCEKPETOPHUX KNITUH NPULLAYHOYKO-
BMX AZep rinoTasamyca TBapuH.

3a mopentoBaHHA CBITIOBOro CTpecy iH’eKUil mena-
TOHIHY BMKAMKanW BiporigHi Bapiauii mopdomeTpuy-
HUX TMOKA3HWKIB CKAALOBMX HEMpoHa MNPULIAYHOY-
KoBOro agpa rinotanamyca o 14.00 roa. Tak, naowa
HellpoHa cTaHoBMaa 69,370,938 MKM?, UuMTOMN/Ia3MU
— 28,30+0,410 MKm2. BKasaHi Be/IMUMHK BiporigHO ne-
pPEeBULLYBAAM AHANOTIYHI Y LLYypiB, AKUM HE BUKOHYBa-
W iH’ €Kil MenaToHiHY 3a YMOB CBiT/I0BOro cTpecy (Ha
12,7% Ta 5,1% BignosigHo).

Bu3HaueHHA KoHueHTpauii PHK y cTpyKktypax po-
CNiAXKYBaHUX HEMPOHIB NPULLIYHOYKOBOrO A4pa rino-
Tanamyca MoOKasano, Wo BAEHb B A4pi ii yMiCT cKnas
0,120+0,0013 o.0.w,, B agepui —0,199+0,0019 o0.0.1y,, y
ymTonnasmi — 0,083+0,0010 o0.0.u. | 6yB BiporigHO MeH-
MM Bif, TAKOrO Y LLYpIB, L0 3a3HaNM CBITI0BOrO CTpecy
6e3 3acToCcyBaHHA MENATOHiHY. 3a YMOB MOAENOBAH-
HA CBIT/IOBOrO CTpecy Ta 3aCTOCyBaHHA MeNaTOHiHY O
02.00 rog, Hamu BigMmiveHO BiporigHe 3HUXKEHHA NOLL
HeWpoHa, Moro Aaapa Aepua i LMTonaasMu Wwoao none-
peAHboro Yacosoro iHTepsany (puc.).

BoaHouac cnocTepirannM 3mMeHLEeHHA KOHUEeHTpaLil
PHK y agpi Ha 20,2% i yutonnasmi — Ha 22,1% woano
wypiB, AKi nepebysanu 3a TpuBanoi CBIT/IOBOI eKcno-
3MUii. Y 3a3HaYyeHMin NPOMIKOK A0bu saepHO-uMTOMN-
Nla3smaTMyHe ChiBBiAHOWEHHA nepebyBano y Mexax
1,23+0,017 oa,, i 6yno meHwmm Ha 16,5% Big BeNNUMHMU
y WypiB, AKi 3a3Hann BNAIMBY CBITA0BOro cTpecy. Takum
UYMHOM, iH’€KLii MenaToHiHy 3a YMOB CBIT/IOBOrO CTpecy
0 02.00 rog, BMKANKAIOTb rasibMyBaHHS GyHKLiOHANbHOT
aKTUBHOCTI cyb’saep NpULWNYHOYKOBOrO A4pa rinoTtana-
MycCa CTapuXx LLypiB.

AHani3yr4mM NOKA3HMKM AEHHOTO i HIMHOrO cnocTepe-
YKEHHSA NPW 3aCTOCYBaHHI MeNaToHiHY 3a YMOB CBiT/10BO-
ro CTpecy BapTo 3BEPHYTU yBary Ha OKpeMmi Ko/IMBaHHA B
napameTpax GyHKLiOHANbHOrO cTaHy cyb’saep npuwnay-

HOYKOBOTO AApa rinotanamyca. 3okpema, o 14.00 rog, y
TBapUWH naola HelpoHa 3b6inbwmnnaca Ha 17,4% sHachi-
[OK 3pOCTaHHA naowi aapa (Ha 26,4%) Ta uMTonaasmm
(Ha 6,4%). AKWO Npu HIYHOMY AOCANIAMXKEHHI BiA3HaYanu
BiporiaHe 3meHwWweHHA naowi agepua Ha 10,2% Ha Thi
3pocTaHHsA 06’emy umTonnasmm Ha 15,1%, To 0 14.00 rog,
naouwa sagepus craHosuaa 5,71+0,199 mkm? i 6yna Ha
14,0% 6inbLioto WoA0 TBAPUH, SIKi NnepebyBanu 3a ymoB
24.00C:00T 6e3 yBeaeHHsA MeNnaToHiHYy.

Y3aranbHIOUYM  OTPMMaHI  pe3ynbTatu  crnocTepe-
KeHb, nposegeHmnx o 14.00 ta 02.00 rog cnig 3aysa-
XUTW, WO YBEAEHHA MenaToHiHy Ha ¢OoHi nocTilHoro
OCBITNI€HHA BIpOrigHO He 3MiHBaAW AWMHAMIKY MOp-
$O-PYHKLIOHANbHOI  aKTUBHOCTI  HEMPOEHAOKPUHHUX
TPAHCAYKTOPIB — MeajasibHUX APiOHOKAITUHHUX cyb’s-
Aep NPULLNYHOYKOBMX AZep rinotasamyca, fka 3aau-
LIanaca BULLOK B AEHHUI Nepiof, CNOCTePeXeHHs i
6yna noaibHoto A0 TaKoi y TBapuH, Wo nepebysann 3a
YMOB pexunmy ocsitneHHa 12.00C:12.00T ta 24.00C:00T.
TaKy KapTUHY MOKHA aprymMmeHTyBaTW TUM, LLLO CTPecop-
HWI BNAKUB Yy CBITZI0BUI Nepiog A06W CynpoBOAKYETHCA
NiABULLEHHAM PiBHA MeNaToHiHy B Kposi [13, 14]. Ue, vy
CBOIO Yepry, 3abesneyye KoperysasbHe NPUTHIYEHHS Fi-
noTtanamo-rino¢isapHo-aApPeHOKOPTUKANBbHOI CUCTEMU
3 MeTOol NpuBeAEeHHA TOPMOHA/IbHOTO CTaTyCy Yy Biano-
BiAHICTb [0 CMAKM cTpecopHOro edeKTy i po3rnagaeTben
AK OOAMH 3 YUNHHMUKIB CTPEC-/1iMiTYBa/JIbHOrO MexaHi3my,
LLLO aKTMBYETbCA Y BiAMOBiAb Ha Mobinisaujto cTpec-pe-
anisyroyoi cuctemu [15-17].

BucHoBKM.

1. 3a ymoB nocTiliHoro ocsitTneHHs (24.00C:00T)
mopdo- Ta AEHCUTOMETPUYHI NapamMeTpu npucepesHix
OPIGHOKNITUHHUX cyb’aaep NPULLIYHOYKOBUX faep ri-
notanamyca CTapux LypiB HalbinblMx 3HAYeHb cAra-
I0Tb Y AleHHUI nepioa cnocTepexkeHHA (14.00) nopiBHA-
HO 3 HiYyHuMMm (02.00).

2. YBefeHHs MenaToHiHy Ha GOHi NOCTIMHOro OCBIT-
JIEHHA BipOrigHO He 3MiHIOBANO AMHAMIKY aKTUBHOCTI
OOCNiAXKYBaHUX CTPYKTYpP, AKa 3a/ullanaca BULLOK B
OEHHWI nepiog, cnocTeperkeHHs i 6yna nogibHow go
TaKoi y TBapuH, WO nepebyBanu 3a yMOB PeXMMY OCBIT-
neHHa 12.00C:12.00T Ta 24.00C:00T.

MepcnekTMBM NOAANBLUNX [OCNIAMKEHD.

Y noganbwomy naHyeTbca 3’AcoByBaTM Mopdo-
dYHKUiOHaNbHUIA CTaH 3a4HbOBIYHNX BENMKOKAITUHHUX
cyb’agep NpPULLAYHOUYKOBUX Agep rinoTanamyca CTapux
LypiB 3a pi3Hoi TpuBanocTi oTonepioay Ans rMMbLIOro
Ni3HaHHA MEXaHi3MiB 3a/ly4EHHA MO3KOBUX CTPYKTYp Y
perynsauilo HeMPOeHOOKPUHHUX NPOLECIB Y BIKOBOMY
acrnekTi.
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EDEKTU MENATOHIHY HA CTAH HEXPOHIB NPULLNYHOYKOBUX AAEP MNMOTAIAMYCA LLYPIB 3A MOCTINO-
O OCBIT/IEHHA

depopsk l. B., bynuk P. €., CmeTaHioK O. B.

Pestome. OfHI€EO 3 KOYOBUX TAHOK GOPMYBaHHA HEMPOEHAOKPUHHOI aganTaLii MO3Ky Ha CTPec € NPULLIYHOY-
KOBIi Agpa rinoTanamyca, AKi BU3HAYalOTb PEAKTUBHICTb YCiX 1AHOK rinoTasamo-rinodizapHoO-aapeHOKOPTUKANbHOT
cuctemu i 3abesneyytoTb PO3BMTOK afanTauiiHMX peaKLii Ha popMyBaHHA PE3UCTEHTHOCTI OpraHiaMmy 4o cTpecy.
MOpYyLIEHHA PeXKMMY OCBITIEHHA (TPUBANE OCBITNIEHHSA, NOCTIHA TEMPABA) € OAHUM 3 CTPECOBUX YMHHUKIB, AKUIA
CNPUYNHAE ancbanaHC CMHTE3y MeNaToHiIHY Ta PO3BUTOK AECUHXPOHO3Yy. BogHouac, He3'ACOBaHMM 3a/MLLAETHCA
BM/IMB MENATOHIHY Ha MOPDOAEHCUTOMETPUYHUI CTaH NpucepesHix ApPiOHOKNITUHHMX cyb’saep NPULLNYHOYKOBUX
Anep rinotasiamyca CTapux LWypiB 3a CBIT0BOro CTpecy.

MeTa faHOro focnigyKeHHs nonarana y 3'acysaHi edekTiB MenaToHiHy Ha MopdoaeHCUTOMETPUYHI NapameTpu
npucepeaHix gpibHOKNITUHHNUX cyb’aaep NPULLIYHOUYKOBOTO A4pa FinoTasamyca CTapux LLypiB 3a CBIT/I0OBOrO CTpecy
Yy pi3Hi nepiogn nobu.

EKcnepumMeHT npoBeaeHo Ha camuax 6esnopoaHux 6inmx wypis Bikom 24-27 mic. TBApWH MNOAINEHO Ha Tpwu
rPynu, KoXKHa 3 SKUX CKiaganaca 3 ABox nigrpyn (y KOXHin no wicte TBapuH). LLlypw nepuioi rpynu (iHTaKTHI) nepe-
6yBanu 14 ai6 B ymoBax 38M4aiMHOro CBIT0BOro pexumy (csitno/Tempasa 12.00C: 12.00T, no 12 roa, LD, ocsitneH-
Hs 3 08.00 go 20.00, piBeHb OCBITIEHOCTI NOMIHECLEHTHUMM NaMMamMm B KAITKax i3 TBApMHamm ctaHoBmB 500 /iK).
TBapuHW Apyroi rpynu nepebysann Bnpoaosx 14 ai6 B ymosax nocTinHoi ocsitTaeHocTi (LL, iHayKuia rinodyHKL,i
WuwWKonoaibHoi 3an1031). LLypu TpeTboi rpynu 3HaXOAMAKUCA 38 YMOB €KCNepUMEHTY, AK i wypu rpynun Ne2. Tm wo-
AeHHo o0 19.00 rog, iHTpanepuToHeanbHO yBOAMAN MenaToHiH (Sigma, CLUA, cTyniHb ounweHHa — 99,5%) y nosi 1,5
mr/Kr, y 1,0 mn po3unHHuKa (0,9% po3umH eTaHoNy Ha di3. po3unHi) (LL+menaToHiH). 3abip biomaTepiany 3aiicHio-
BaBcsA 0 14.00 rog i 0 02.00 roa. O6paHi TepmiHM NpPoBeAEHHS eKCNEPUMEHTY 3yMOBJ/IEHI Pi3HOI GYHKLLIOHAaNbHO
AKTUBHICTIO WIMLWKONOAiIBHOI 331031 Y BKa3aHi 4yacosi nepioan 0obu. MopdpoaeHCUTOMETPUUYHUIA aHaNi3 HEWPOHIB
rinoTanamyca Wwypis NPoOBOANAN 3 BUKOPUCTAHHAM KOMN'IOTEPHOT cucTeEMM LMPPOBOro aHanily 306parkeHHs cepii
VIDAS-386 (Kontron Elektronik, HimeyunHa) y Buavmomy cnektpi. KinbKicHi napameTpu naoLLi HepoHiB, iXHiX aaep
Ta agepeub, BMicTy PHK y untonnasmi KNiTuH, ixHix agpax i Agepuax oTpumyBanum B HaniBaBTOMATUYHOMY PEXUMI
3a 4OMNOMOrOHO NiLEeH30BaHOro NPOrpaMHoro 3abesneyeHHs.

Ha niactasi nposegeHux AOCNIAMKEHb BCTAHOBNEHO, WO MOPPOAEHCUTOMETPUYHI MapameTpu npucepesHix
OPIOHOKNITUHHUX cyb’saep NPULLNYHOYKOBMX A4ep rinoTanamyca wypis o 14.00 rog 6ynu BiporigHO BULLMMU, HiXK
npw HiYHomy nepiod cnoctepexkeHHn (02.00 roa). YBeAeHHs menaToHiHy Ha ¢GOHi NOCTIMHOro OCBITAEHHA Biporia-
HO He 3MiHIOBANO AMHAMIKY aKTMBHOCTI A0CANIAKYBAaHUX CTPYKTYP, KA 3a/MLLaNaca BULLOK B AeHHUI nepiod crno-
cTeperkeHHs i 6yna noaibHow 40 Takoi y TBApuWH, Wo nepebyBanu 3a yMOB perumy ocBitieHHs 12.00C:12.00T Ta
24.00C:00T. O 14.00 rog, nnowa HeilpoHa ctaHoBuAa 69,37+0,938 Mkm?, untonnasmu — 28,30+0,410 mKm?, BKasaHi
Be/IMYMHM BipOriAHO NepeBuLLyBaaN aHANOTIUYHI Y LLYPIB, AKMM He BUKOHYBaW iH €KL MeNaToHiHy 3a YMOB CBIT/10-
Boro ctpecy (Ha 12,7% T1a 5,1% BianoBigHo). BU3sHaueHHA KoHUeHTpauii PHK y cTpyKTypax AocnigKyBaHUX HEMpPOHIB
NPULWIYHOYKOBOTO A4pa rinoTasnamyca nokasano, Wwo BAeHb B A4pi ii ymict cknas 0,120+0,0013 o.0.uL., B Agepui —
0,199+0,0019 o.0.w,., y untonnasmi —0,083+0,0010 0.0.w,. Taky KapTUHY MOXKHA apryMmeHTyBaTh TUM, LLLO CTpecop-
HWI BNAKMB Y CBITI0BWI Nepiod f,o06m cynpoBOAKYETLCA MiABULLEHHAM PIBHA MeNaTOHIHY B KpoBi. Lie, y cBOtO Yepry,
3abe3neuye KoperyBasibHe NPUrHiYeHHA rinoTasnamo-rinodisapHo-aApPeHOKOPTUKANbHOI CUCTEMM 3 METOIO NpuBe-
OEeHHA rOPMOHAIbHOTO CTaTycy Y BiANOBIAHICTb A0 CUIM CTPECOPHOTO edeKTy | PO3MMALAETLCA AK OAMH 3 YUHHUKIB
CTPec-NiMiTyBa/IbHOTO MexXaHi3My, LLLO aKTMBYETbCA Y BiZAMNOBiAb Ha Mobini3aujito cTpec-peanisytoyoi cuctemu.

KntouoBi cnoBa: npuLLNYyHOYKOBE AAPO, TPMBAAE OCBITNIEHHA, MENATOHIH.
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MELATONIN EFFECTS ON THE STATE OF NEURONS IN THE HYPOTHALAMUS PARAVENTRICULAR NUCLEI OF
RATS UNDER CONSTANT ILLUMINATION

Fedoriak I. V., Bulyk R. Ye., Smetaniuk O. V.

Abstract. One of the key links in the formation of neuroendocrine adaptation of the brain to stress is the hy-
pothalamus paraventricular nuclei, which determine the reactivity of all parts of the hypothalamic-pituitary-adre-
nocortical system and ensure the development of adaptive responses to the formation of stress resistance. Dis-
turbance of the lighting regimen (prolonged lighting, constant darkness) is one of the stress factors that causes an
imbalance in melatonin synthesis and the development of desynchronosis. At the same time, the effect of melatonin
on the morphodensitometric state of the medial parvocellular subnuclei of the hypothalamic paraventricular nuclei
of old rats under light stress remains unclear.

The aim of the study was to determine the effects of melatonin on the morphodensitometric parameters of the
medial parvocellular subnuclei of the hypothalamic paraventricular nucleus of old rats under light stress in different
periods of the day.

The experiment was carried out on male outbred white rats aged 24-27 months. Animals were randomly as-
signed to three groups, each comprising two subgroups of six rats. The first group (intact control) was maintained
for 14 days under standard light conditions (12L:12D cycle, lights on from 08:00 to 20:00, illumination level 500 lux
at cage level with fluorescent lamps). The second group was exposed to constant illumination for 14 days (LL, model
of pineal hypofunction). The third group was kept under the same LL conditions but additionally received intraper-
itoneal injections of melatonin (Sigma, USA, purity — 99.5%) at 19:00 at a dose of 1.5 mg/kg, in 1.0 ml of solvent
(0.9% ethanol solution in saline) (LL+melatonin). The tissues were collected at 14:00 and at 2:00. The chosen time
of the experiment was due to the different functional activity of the pineal gland at the indicated time periods of
the day. Morphodensitometric analysis of rat hypothalamic neurons was performed using a computer system for
digital image analysis of the VIDAS-386 series (Kontron Elektronik, Germany) in the visible spectrum. Quantitative
parameters of the area of neurons, their nuclei and nucleoli, RNA content in the cytoplasm of cells, their nuclei and
nucleoli were obtained in a semi-automatic mode using licensed software.

Based on the studies, it was found that the morphodensitometric parameters of the median parvocellular sub-
nuclei of the hypothalamic parietal nuclei of rats at 14:00 were significantly higher than during the night observation
period (2:00). The administration of melatonin against a background of constant illumination did not significantly
alter the activity dynamics of the studied structures, which remained higher during the daytime observation period
and was similar to that in animals kept under a 12:00L:12:00D and 24:00L:00D lighting regime. At 14:00, the area
of the neuron was 69.37+0.938 um?, and that of the cytoplasm was 28.30+0.410 um?. These values significantly
exceeded those in rats that did not receive melatonin injections under light stress conditions (by 12.7% and 5.1%,
respectively). Assessment of RNA concentration in the structures of the studied neurons of the paraventricular nu-
cleus of the hypothalamus showed that during the day its content in the nucleus was 0.120+0.0013 OD units, in the
nucleolus — 0.199+0.0019 OD units, and in the cytoplasm — 0.083+0.0010 OD units. This picture can be explained
by the fact that stress during daylight hours is accompanied by an increase in melatonin levels in the blood. This, in
turn, provides corrective suppression of the hypothalamic-pituitary-adrenocortical system in order to bring the hor-
monal status in line with the strength of the stress effect and is considered one of the factors of the stress-limiting
mechanism activated in response to the engagement of the stress-response system.

Key words: paraventricular nucleus, constant illumination, melatonin.
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