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PErTMCTPALIUA NOHHBIX TOKOB CKBO3b LCC-KAHAIbI ANEPHOW MEMBPAHbI:
XPOHOBUOJIOTMYECKUN ACNEKT

Ha npomsixeHuu cemu siem uccnedosaHuli mpaHCNopMHbIX cucmeM si0epHbIX MeM6paH ¢ npuMeHeHueM memoda patch-clamp Habnrodanacek
onpedesieHHasi 3aKOHOMePHOCMb: 3umoli 3ghgpekmueHocmb pabombl 3mumM MemodoM 3HavyumesibHO CHUXanacb. [lockonbKy pasHble ce-
30HbI/8pemMeHa 200a xapakmepu3yromcsl pas3fiudHbIMU CeemoebIMU U memnepamypHbIMU MOKa3amensamu, Mbl pewunu o6pamumes eHUMaHue Ha
803MoXHOe eo3delicmeue MocsieOHUX Ha ycrewHocmb 6bIMOSIHeHUs1 uccriedosaHuli. Lenbro amoli pabombi cmana npoeepka e/IUsIHUSI MakKux
Ce30HHbIX ¢haKmopoe, Kak usMeHeHue nNPodo/NKUMesIbHOCMU ceemoeo2o OHsl, meMmrnepamypa, ammocgepHoe dassieHuUe, Kou4ecmeo ocadkoe u
obnayHocmb Ha kayecmeo patch-clamp-peaucmpayuli UOHHbIX mokoe 4Yepe3 LCC-kaHanbl si0epHol MemM6paHbl kKapOuoMuouumoe u HelipoHo8
IypkuHbe Mo3xey4ka. bbu1o ebId8UHYMO MPEONosIoKeHUEe, YMO C YyMeHbWeHUEeM MpPodo/HKUMeIbHOCMU c8emoeo20 OHSl U MOHUWXEeHUeM memrie-
pamypbl YMeHbWaromcsi Ka4ecmeeHHble U Kosu4ecmeeHHble rnokasamenu patch-clamp-pecucmpauull. [na nposepku 3moz2o npednosioxeHus
611 NPUMEHEH KoppensiyuoHHbIU aHanu3 lTupcoHa ¢ Ucxo0OHbIMU OaHHbIMU O NMPOJOHKUMENTbHOCMU C8emoe8o20 OHsl, Memeoposi02u4ecKux ycrio-
eusixX u paccyumaHHoU ycrnesaemocmbio peaucmpauuli (%) 3a KOHKkpemHbIl deHb. Ha ocHoge pe3ynbmamoe mako20 aHanu3a 6b1710 yCmaHO8J1eHO,
4mo cywecmeyem npsiMasi 8bipaXkeHHasi JIUHeliHasi 3a8UCUMOCMb Kayecmea u Kosudecmea peaucmpayuii om npodosmkumesnibHocmu ceemoeozo
OHs1 (r = 0,6) u memnepamypsl (r = 0,6), a makxe cnabasi o6pamuasi 3agucumMocmb om obnayHocmu (r = 0,3). Ha ocHoee ducrnepcuoHHO20 aHanu3sa
(ANOVA) noomeepxdeHo docmoeepHo 60/bwyr ycrnewHocms pe2ucmpauyuli, 8 bIMOJIHEHHbIX 8 JlemHuli Nepuod, Mo cpasHeHUro C 3UMHUMU MO20
Xe 200a. lMonyyeHHbIe pe3ysibmambl MO2ym cmamb OCHO80U 0711 onmuMuU3ayuu uccredc nbcKol 3 nbHOCMuU paboyux 2pynn, usy4varo-
wux hyHKYUOHUPOBaHUEe 8HYMPUKIEMOYHbIX MPaHCIIOPMHbIX CUCMEM 371eKMPoghu3u0I02UYeCKUMU Memodamu, 8 YacmHocmu patch-clamp.

Knroyeenle cnoea: 6uopummsbi, XpoHo6uosio2usi, Memeoposio2udeckue ycnoeusi, patch-clamp, si0epHasi MeM6paHa, UOHHbIe KaHasbl,
LCC-kaHansbil.
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ION CURRENTS REGISTRATION THROUGH LCC-CHANNELS OF THE NUCLEAR MEMBRANES:
CHRONOBIOLOGICAL ASPECT

For seven years of researching the transport systems of nuclear membranes using the patch-clamp method, we observed a certain pattern: in
winter, this method's efficiency significantly decreased. Since different seasons are characterized by different light and temperature indicators, we
decided to pay attention to the latter's possible impact on the success of the research. Therefore, the purpose of this work was to test the influence
of seasonal factors such as changes in daylight hours, temperature, atmospheric pressure, precipitation, and cloudiness on the quality of patch-
clamp recordings of ion currents through the LCC channels of the nuclear membrane of cardiomyocytes and cerebellar Purkinje neurons. We
assumed that with decreasing daylength and decreasing temperature, the patch-clamp registrations’ qualitative and quantitative indicators also
decrease. We applied Pearson's correlation analysis with initial data on daylight hours, meteorological conditions, and calculated progress of
registrations (%) for a specific day to test this assumption. Based on the results of this analysis, we found out that there is a direct pronounced
linear dependence of the quality and number of registrations on the length of daylight hours (r = 0.6) and temperature (r = 0.6), as well as a weak
inverse dependence on cloudiness (r = 0.3). Analysis of variance (ANOVA) also confirmed a significantly greater success of registrations performed
in the summer compared to the winter of the same year. The obtained results can become the basis for optimizing the research activities of working
groups studying intracellular transport systems' functioning by electrophysiological methods, in particular, patch-clamp.

Keywords: biorhythms, chronobiology, meteorological conditions, patch-clamp, nuclear membrane, ion channels, LCC channels.
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MORPHO-FUNCTIONAL STATE OF RATS PINEAL GLAND
AND SUPRACHIASMATIC NUCLEUS OF HYPOTHALAMUS AFTER DIFFERENT REGIMES
OF EXOGENOUS MELATONIN ADMINISTRATION

In modern society increase of digitalization associated with grown exceed level of light at night — a new type of pollution.
Presence of light at night inhibited endogenous melatonin synthesis by pineal gland, that influence on circadian system work
cycles, so organism oftenbroken regime of wake/sleep, meals, physical activity. Also, a lack of melatonin in some certain time of
dayand low melatonin concentration both, were shown take some intervention in diseases development through incorrect
regulation of clock-depended genes expression. In connect with this, some latest clinical protocol in therapy or clinical trials of
many different pathologies (for example, insomnia, metabolic syndrome, cardiovascular diseases, central nervous and immune
system trouble, cancer, viral infection, etc.) include exogenous melatonin usage. As melatonin perform his function via endocrine
and paracrine ways in variety types of cell, his application take place in wide range of doses and in different time of day
(chronotherapeutic approach). Therefore, important to control state of circadian system central elements — pineal gland (main
producer of endogenous melatonin) and suprachiasmatic nucleus (SCN) of hypothalamus (central pacemaker of circadian
rhythm) in conditionsof exogenous melatonin treatment. Thus, the main goal of our research were analysis of rats pineal gland
and hypothalamic SCN morpho-functional state after different time (morning, evening and continuously with drinking water)
melatonin daily administration. Melatonin was administered by gavage for 7 weeks in dose 30 mg/kg 1 h before lights-off (M ZT11,
evening), or 1 h after lights-on (M ZT01, morning), or continuously with drinking water during day-night period (MW). After
melatonin use only in MW group pineal gland demonstrates changes in morphology (pinealocytes nucleus had mild basophilic
color) and morphometric (increased cross-sectional area of the pinealocytes nucleus in compare with control group) analysis
data. Besides, some similar changes were observed in SCN: the cross-sectional area of the SCN neurons nucleus grown in case
of usage each of regime melatonin administration, while morphology characteristic remains without any alteration. In general, it
suggesting about having by melatonin non-inhibiting features in context of circadian system feedback loop and supposing wide
potential for melatonin use with absent huge side effect on central elements of above mentioned system.

Keywords: melatonin, feedback loop, chronobiology, pinealocytes, neuron, histology, circadian system, side effect.

Introduction. Melatonin — the main signal molecule of different cells in tissue [1]. This action mediated by both:
circadian system, pineal gland hormone, that has plei- 1) presentation in many cells melatonin's receptors
otropic effect on organism insofar as may influence at most (through membrane receptors 1 MT+1 and 2 types MT2 [2],
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cytosolic receptors 3 MT3[3]); and 2) orchestration of circa-
dian molecular clock machinery work in each individualcell
(through activation RORa1 (retinoid-related orphan recep-
tors), RORa2 and RZRa [4]). Also melatonin and itsderiva-
tives may act directly as antioxidant by bounding active
form of oxygen radicals [5]. In addition, perform a huge role
in sensing and transform signal to organism about season-
al changing during year; thereby regulatingseasonal repro-
duction, migration, metabolic rebuilding etc. [6].

Nowadayshad been approved clinical application of
melatonin for cure the delayed sleep phase disorder (in-
cludingin totally blind or sighted patients), jet-lagin case of
circadian system dysfunction (wake-sleep regimes) [7].
Intriguing, melatonin enter in some critical care COVID-19
management protocol as one of necessary component in
"cocktail" for prophylaxis and mitigation mildly symptomatic
patient [8] (at home and in hospital too, for example, in
Eastern Virginia Medical School).

Due to one of the environment features of modern so-
ciety, characterized by urbanization and infrastructure de-
velopment; there is the appearance of excessive light at
night — the latest type of pollution; most of human had de-
creased endogenous melatonin level [9]. Also violation of
the time regime of meals, wake\sleep, physical activity,
circadian rhythms of the body leads to the destruction of
melatonin synthesis time-pattern — cyclic expression of
temporal genes and, accordingly, genes that are regulated
by them — receptors, enzymes, transcription factors, hor-
mones, cytokines [10]. In this connection these factors con-
tribute to the etiology of development many different pa-
thologies. Therefore now, melatonin action study in clinical
trials and in experimental models for treat obesity and obe-
sity-related disorders [11], mood deviation (depression,
suicide, autism etc.) [12], diabetes [13], cancers [14], car-
dio-vascular diseases [15], central nervous system pathol-
ogies (bipolar disorders, Parkinson disease, Huntington
disease, and Alzheimer's disease) [16], pathologies with
inflammation process [17].

World FDA organization (Food & Drug Administration)
categorized melatonin as dietary supplements, not drugs,
since melatonin can be found in many food products (es-
pecially plants — phytomelatonin), thou melatonin usage
FDA does not regulate [18, 19]. Many researches support-
ed that melatonin had not any side effects in case of usage
wide range of dose (0,1 mg/kg — 100 mg/kg) [20, 21].
Moreover, in case of melatonin use, it's necessary totake
account of melatonin intervention time, because there are-
different sensitivity (density, affinity) of melatonin receptors
during the day — chrobiological approach an integral part in
melatonin therapy [22].

The circadian system for the most partconsists of hypo-
thalamic suprachiasmatic nucleus (SCN) and pineal gland
[23]. Pineal gland is the main source of melatonin synthesis,
also enterochromaffin cells of intestine contributesin basal
melatonin level [24]. The SCN coordinate inputs of environ-
ment inoutputs to organism — central pacemaker [25].

So, the main aim of research were analysis of rats pin-
eal gland and hypothalamic SCN morpho-functional state
after different time (morning, evening and continuously with
drinking water) melatonin daily administration in dose
30 mg/kg during 7 weeks.

Materials and methods. White nonlinear male rats
weighing 100 £ 10 g were used in this study. The light cy-
cle was 12-h light and 12-h darkness, with lights-on at
07:00 h (Zeitgeber time, ZT: ZT00) andlights-off at 19:00 h
(ZT12). All experiments on animals were carried out in
compliance with the international principles of the Europe-
an Convention for the Protection of Vertebrate Animals
used for experimental and other scientific purposes (Euro-

pean Convention, Strasburg, 1986), Article 26 of the Law of
Ukraine "On the Protection of Animals from Cruelty"
(Ne 3447-1V, February 21, 2006) as well as all norms of
bioethics and biological safety.

All  animals received standard rodent chow
(15,27 kJ.g™"). Food and water were available ad libi-
tum. Animals kept under standard vivarium conditions
with constant temperature and humidity. Rats were di-
vided into four groups:

1. Control group without any inductions of melatonin.

2. Group M ZT01 received melatonin in the morning 1
hour after light-on.

3. GroupM ZT11 obtained melatonin administrations1
h before light-off.

4. Group MW (Melatonin Water) consumed melatonin
solutions continuously with drinking water during all period
of experiment.

Thus, the experimental groups are indicated below as:
control, M ZT01, M ZT11 and MW.

Melatonin (Alcon Biosciences, USA) was administered
daily by single peroral by gavage introductions 2 mL as a
solution (group M ZT01 and M ZT11) or constantly with
drinking water (the dose required was dissolved in 25-30 mL
according to the calculated daily average volume of drinking
water consumption per animal [26]) for 7 week (30 mg/kg).

For the treatment of many experimental diseases
models [27] and also in case of clinical trials [28], the use
of different doses, methods and times of melatonin ad-
ministration is shown. For the melatonin adverse effects
testing was chosen the lowest dose of melatonin at the
use of which observed both a simultaneous decrease
obese rat's weight gain and the appearance of beige adi-
pocytes, as we are interested in obesity therapy through-
beige adipocyte activation.

On the last day of the experiment, the animals were
sacrificedby carbon dioxide asphyxiation and decapitated,
and then the pineal gland and hypothalamus was isolated.

Histological examination was performed to characterize
the morphology and functional status of pineal gland and
suprachiasmatic nucleus of hypothalamus (SCN). Pineal
gland were fixed entirely, while whole brain had been col-
lected and previously sectioned in lateral sites throe third
ventricles (for rapid fixation process) to obtain fragments in
the size of 10 x 10 mm. Tissues were fixed in 4 % of para-
formaldehyde in 0.1 M phosphate buffer for 72 hours, after
which they were dehydrated and embedded into paraffin
according to a standard procedure. From the paraffin
blocks, 5 ym sections were performed and stained with
Bemer'shematoxylin and eosin (H&E). Five-um-thick slices
were prepared from such blocks; these slices included the
SCN, borders of which were identified according to the
stereotaxic atlas [29]. Further examination of sections was
performed using a light microscope BX41 (Olympus, Ja-
pan). Microphotographs were taken using the DP20
(Olympus, Japan) digital camera and the QuickPHOTO
MICRO software (Promicra, Czech Republic).

The cross-sectional area of the pinealocytes nucleus
were used as criteria for assessing the morphology and
functional status of the pineal gland; and the cross-
sectional area of the SCN neurons nucleus was used to
evaluation the state of the hypothalamus SCN. All parame-
ters were measured using the ImageJ software (National
Institutes of Health, USA).

Statistical data analysis was performed using the Sta-
tistica 6.0 (StatSoft, USA) and Microsoft Excel 2010 soft-
ware (Microsoft, USA). The obtained data was presented
as mean * standard error of mean (SEM). The distribution
of values was estimated using Shapiro-Wilknormality
W-test. Since the deviation of these values distribution of
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from the normality was minor, to evaluate the differences
between the values was used by one way ANOVA (analysis
of variance) and tested by Dunnet's multiple range test with
control as post hoc test. The differences with probability of
the null hypothesis p < 0.05 were considered significant.

Results and discussion. In order to create a com-
plete picture of the exogenous melatonin action at a dose
of 30 mg/kg in different regimes of daily administration to
important targets onto circadian rhythms regulation sys-
tems of body, the morpho-functional state of the pineal
gland was studied.

The pineal gland consists of 2 types of cells: pinealo-
cytes (synthesizing melatonin) and neuroglial supporting
cells (Fig. 1). Pinealocytes differ from neuroglial cells by
larger size (Fig. 1, red arrow), the presence of long cyto-
plasmic processes reaching the capillaries (Fig. 1, green
arrow). Neuroglial cells have a small dark-colored nucleus
(Fig. 1, triangle), unlike pinealocytes. Pinealocytes are mod-
ified neurons that have rounded or ovoid nuclei with a pale
cytoplasm that contain granules filled with melatonin. With
the melatonin introduction under the conditions of all 3 re-
gimes (M ZT01, M ZT11 and MW) the shape of the nucleus
did not change, there was a constant presence of the nucle-
olus and moderate basophilia (Fig. 2). Cytoplasm conserved
brightacidophilic color in M ZT01, M ZT11 and MWgroup that
similar to control group. Extracellular accumulations of calci-
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fied sediment (brain sand) in the form of conglomerates were
not detected in all experimental groups.In some cases, were
observed difference in pinealocytes nucleus color between
control and MW group: lighter basophilic nucleuses were
commonly found in MW group, while in control there had
frequently medium shade of color. Both population light and
dark pinealocytes had classic morphology and did not
demonstrate marked deviation [30].

Morphometric analysis of the cross-sectional area of pin-
ealocytes nucleus showed no effect after melatonin admin-
istration in groups M ZT01 and M ZT11, but in group MW
this parameter increase by 13,5 % in compare with control
group, which indicates about mild stimulating effect of con-
sume melatonin continuously with drinking water (Fig. 3).

Pinealocytes have autocrine mechanisms activation by
melatonin, as was shown presentence MT+1and MTz in their
own membrane [31]. Weak blocking of morpho-functional
activity by exogenous melatonin is connecting with specific
regulation of melatonin synthesis, which mediated thought
removal of the light blocking action at night [32].

Also, there are no unique data about endogenous
melatonin blood concentration after use exogenous mela-
tonin during short or long administration. Ambiguous data
presented about melatonin maximal plasma/serum concen-
tration after pharmacokinetics analysis due to different
melatonin dose/administration route [33].

Fig. 1. Microphotographs of rats’ pineal gland sections: H&E staining; X 900 magnifications.
Notes: red arrow — pinealocytes nucleus, triangle — nucleus of neuroglial cells, green arrow —blood vessel
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Fig. 2. Microphotographs of rats’ pineal gland sections: H&E staining; X 400 magnifications
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The cross-sectional area of the pinealocytes nucleus
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Fig. 3. The morphometric analysis data of the rats' pineal gland.
Notes: * — a significant difference between the control and experimental groups, p < 0.05

The morpho-functional state of SCN neurons of the
hypothalamus under the conditions of exogenous melato-
nin administration was also analyzed (Fig. 4). The study
of the SCN neurons morphology of the hypothalamus
shown that in all groups M ZT01, M ZT11 and MW, the
shape of the nuclei remained unchanged — rounded with
clear boundaries, the present nucleolus and moderate
slightly light basophilia.The perikaryonscytoplasm of neu-
rons in these groups showed weakly acidophilic proper-
ties in comparison with the surrounding nerve fibers and
glial cells as in control group.

Morphometric calculation of the cross-sectional area of
the SCN neurons nucleus (Fig. 5) revealed an increase in
this parameter after the use of melatonin in M ZT01 by
57 %, in M ZT11 by 21,5 % and in MW by 18,5 % in com-
pare with control group.Also was shown difference be-
tween effects after different mode of administration: in
compare with MW group the cross-sectional area of the
SCN neurons nucleus rise in M ZT01 group by 33 %, while
in M ZT11 this parameter did not differ. Taking into account
the data of morphological observations and morphometric
analysis shows the activating effect of melatonin on the
SCN neurons of the hypothalamus.

Fig. 4. Microphotographs of rats' hypothalamus SCN sections: H&E staining; X 400 magnifications
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Fig. 5. The morphometric analysis data of the rats' SCN neurons of hypothalamus.
Notes: * — a significant difference between the control and experimental groups, p < 0.05;
# — a significant difference between the MW group and M ZT01, M ZT11, p £0.05
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Obtained data are according with SCN-melatonin feed-
back loop mechanism, as SCN has high concentration of
melatonin receptors for entrained and phase-shifting set-
ting own pacemaker working rhythm [34, 35]. Thus, mela-
tonin administrations in dose 30 mg/kg can activate nuclear
synthesis, that manifested in grow cross-sectional area of
the SCN neurons nucleus. Moreover, in group M ZT11 and
MW changes of these parameters did not differ, insofar as
rats are nocturnal animals, which consume water mostly at
night — MW group — and time of exogenous melatonin peak
is approximatelysimilar like in M ZT11 group. While in
M ZT01 group striking increaseof cross-sectional area of
the SCN neurons nucleuscan be explained by the time of
animal's slaughter: they were held in the first half of the day
— shortly after the melatonin introduction. Morphology var-
iation during the day of the SCN neuron happen not only
with nucleus, also was shown changes in total protrusion
and simple dendritic spine density [36]. In the other hand,
rise can be provoked by continuation of the night melato-
ninpeakthrough morning administration [37]. In some cas-
es, out of timechronotherapy can lead to desynchrony and
circadian disruption [38], but in human occur a few chrono-
types: early and late, taking into account is necessary dur-
ing treatment [39, 40]. In according of this, morning admin-
istration takes place to be in patient with early chronotype.

Conclusions. Daily administration of exogenous mela-
tonin (30 mg/kg, 7 weeks) in different time of day did not
inhibitthe activity of such links of the circadian system as
pineal gland and suprachiasmatic nucleus of hypothala-
mus. Furthermore, application melatonin solutions continu-
ously with drinking water during all period of experiment
(group MW) lead to mild activation of morpho-functional
state of pineal gland (pinealocytes nucleus had lighter ba-
sophilic color and cross-sectionalarea of nucleus increase)
and of suprachiasmatic nucleus of hypothalamus (cross-
sectionalarea of SNC neurons nucleus also grown). In ad-
dition, morning (1 hour after light-on, group M ZT01) and
evening (1 hour before light-off, group M ZT11) regimes of
melatonin administrations conduct in enhance the cross-
sectionalarea of SNC neurons nucleus too, but not of pine-
alocytes nucleus. Thereby, different modes of exogenous
melatonin applications rats in dose 30 mg\kg during
7 weeks did not demonstrate negative feedback loop mani-
festation on morpho-function state of pineal gland and su-
prachiasmatic nucleus of hypothalamus.
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0. KanmukoBa, kaHa. 6ion. Hayk,
M. A3epXUHCLKUIA, A-p Gion. Hayk
KuiBcbkui HauioHanbHUM yHiBepcuteT imeHi Tapaca LLleBuyeHka, KuiB, YkpaiHa

MOP®O-®YHKLIOHAINbHUA CTAH ENI®I3A
TA CYNPAXIASMATUYHOI O ALOPA INMOTAJIAMYCA LLYPIB
3A PIBHUX PEXXUMIB YBEOEHHA EK3ONrEHHOIO MEJNTATOHIHY

Y cyyacHomy cycninbcmei 3pocmaHHs yughpoeux mexHosI02ili noe'szaHe 3 nepeeuUWeHHsIM pigHs1 oceimneHocmi @ HiYHy nopy — HoeuM mu-
nom 3abpyOHeHHs1. Ceimno eHo4i NpuaHiyye cuHme3 eHA02eHHO20 MesTamoHiHy enigizom, wo ennueae Ha yuknu po6omu yupkadHoi cucmemu,
momy e op2aHi3Mi 4Hacmo MnopyuwyrombCsi PeXXumMu HecraHHs/CHy, npuliomy ixi, ¢pisu4Hoi akmueHocmi. Kpim mozo, nokasaHo, ujo Hecma4a mena-
MOHiHy 8 nesHuli yac dobu mak caMo, siK i i020 HU3bKa KOHUEHMpayisi, 3yMO8JII0E PO38UMOK 3aX80PLO8aHb WIISIXOM MOPYWEHHS MpasusibHOI
peaynsayii ekcrnpecii 200uHHUX 2eHis. Y 38'A3Ky i3 yum Oesiki ocmaHHiI KniHi4Hi Mpomokonu a6o KniHiYHi eunpobyeaHHs1 Ansi mepanii 6azambox
namonogit (Hanp. 6€3coHHsi, Memabosli4H020 CUHOPOMY, cepyeso-cyOUHHUX 3axeoplo8aHb, NMpobremM yeHmpanbHOi Hepeos8oi ma iMyHHOI cucmem,
paky, eipycHux iHghekuili) ek/ro4aromb 8UKOPUCMAHHSI €K302eHHO20 MeslamoHiHy. OCKinbKU MennamoHiH 8UKOHYE C8010 (PYHKUit0 eHOOKPUHHUMU i
napakpuHHUMU Wirisixamu 8 Pi3HUX munax KJimuH, mo io2o 3acmocyeaHHs1 8idbyeaembcsi 8 wupokomMy Oiana3oHi 003 i pi3HUll Yac 0o6u (XpPOHo-
mepaneemu4Huli nidxid). ToMy eaxiueuM € KOHMPOJb CMaHy yeHmpasabHUX esleMeHmie yupkadHoi cucmemu — enigiza (ocHoeHO20 NpodyyeHma
eHO02eHHO20 MeslamoHiHy) i cynpaxiasmamu4yHozo sidpa (CX5l) czinomanamyca (yeHmpanbHo20 800disi pumMy yupkadHoOl cucmemMu) — 8 ymosax
JliKyeaHHs1 eK302eHHUM MesiamoHiHoM. Omie, Memor Hawo20 AocnidxeHHs1 cmae aHani3 Mopgo-ghbyHKUioHanbHO20 cmaHy enighiza i CXS1 2ino-
manamyca wypie nicnsi Wo0eHHO20 88edeHHsI MeslamoHiHy e pi3Hull Yac Aobu (ypaHui, yeeyepi i 6e3nepepeHo 3 numHoto eodoro). MenamoHin
yeodunu nepopasnbHO Kpi3b 30HO npomsi2oMm 7 muxHie y 003i 30 m2/k2 3a 1 200 0o eumukaHHs1 ceimna (M ZT11, eevipHe esedeHHs1) ab6o 1 200 nicns
lio2o yeimkHeHHs1 (M ZT01, paHkoee), abo 6e3nepepeHO 3 MUMHOI 80000 pomsicom OHs1 | Ho4i (MB). llicnsi 3acmocyeaHHs1 MennamoHiHy minbku 'y
epyni MB enigiz demoHcmpyeae 3mMiHU Mopghbonoeii (sdpa niHeanoyumie manu cnabke 6asoghinbHe 3abapesieHHs)) i 0aHUXx MopghoMempuUYHO20
aHanisy (36inbweHHs1 nnowi nonepe4Ho20 nepepisy sA0pa niHeasoyumie MOPieHsIHO 3 KOHMPOJIbLHOI 2pynoto). Kpim mozo, aHanozi4yHi 3MiHU cno-
cmepizanucs Uy CX51: nnowa nonepeyHozo nepepisy sidep HelipoHie CX51 3pocna Nnpu euKkopucmaHHi KOXXHO20 OKPEMO20 PeXuMy 88e€0eHHSI Me-
J1amoHiHy, a Mopgbosio2idHa xapakmepucmuka 3anuwunacsi 6e3 3MiH. I3 Yb020 MOXXHa NPUNycMUMUuU HasieHiCMb y Me/lamoHiHy HeiH2i6yro4ux ena-
cmueocmell y KOHmMeKcmi nemisii 380POMHO20 38'I3Ky YupkadHoi cucmemu, wjo nepedbavyae wupokuli momeHyian io2o sUKOopucmaHHsi 3a giocy-
mmHocmi 3Ha4HOo20 nobiyHOo20 egheKmy Ha UeHmpasbHi eleMeHmMu suwe32adaHol cucmemu.

Knroyoei crosa: meniamoHiH, nemiisi 360pomHo20 38 's3Ky, xpoHobionoeisi, niHeamoyumu, HelPoH, 2icmorsoeisi, yupkadHa cucmema, nobiyHa Oisl.

0. KanmbikoBa, kaHA. 6uon. Hayk,
H. [3ep>xuHCKui, A-p 6Mon. Hayk
KueBckuit HauMoHanbHbIW YHMBepcuTeT UMeHn Tapaca LLleByeHko, KueB, YkpanHa

MOP®0O-dYHKLUMOHAJIbHOE COCTOAHUE SMUPUIA
N CYNMPAXUASMATUYECKOIO AOPA TMNOTANAMYCA KPbIC
NOCJE PA3HbIX PEXXUMOB BBEAEHUA 3K3ONrEHHOINO MENTATOHUHA

B coepemeHHoM o6uwecmee pocm yugpoebix mexHos102ull cesizaH C rpeebiueHUeM ypo8Hsi 0C8eUW,eHHOCMU 8 HO4YHOe 8PeMsi — HO8bIM Mu-
nom 3azpsisHeHusi. Ceem HOYbIO rModaesisiem cuHme3 3HA02eHHO20 MeJlamoHUHa 3Mugu3oM, 4Ymo eJsiusem Ha Yuknbl pabomsl yupkadHol cuc-
membl, MO3MOMY 8 op2aHU3Me 4Yacmo Hapywaromcsi pexumbl 600pcmeoeaHusi/cHa, npuemMa nuuu, gpuzuyeckoli akmueHocmu. Hedocmamok me-
JlamoHuHa & onpedesieHHOe 8peMsi CYMOK, pagHO KaK U HU3Kasi €20 KOHUeHmpauyusi, efusirom Ha paseumue 3abosiegaHull mymem HenpasusbHoOU
peaynayuu 3KCrnpeccuu 4acoebix 2eHos. B ces3u ¢ amum Hekomopsbie nocnedHue KIUHUYeCKUe MpomoKosbl Ulu KTUHUYeCcKue ucnbimaHusi ons
mepanuu pa3nu4Hbix namosnoaull (Hanp. 6eccoHHUYbl, Memabosiu4ecko20 cuHOpPoMa, cepdeyHo-cocyducmbix 3abosiesaHul, npobaem yeHmpasb-
HOU HepeHoU U UMMYHHOU cucmeM, paka, 8UPYCHbIX UHGheKyull) 8KIF04aom UCMOIb308aHUE 3K302eHHO20 MeslamoHUHa. [TocKonbKy MenamoHuUH
8bIMOoJIHsIem 8010 (hYHKUUIO SHOOKPUHHBLIM U NMapakpUHHbLIM MymMsMu 8 pa3/iudHbIX munax K/1emok, e2o npuMeHsitom & Wupokom duana3oHe 003 U
8 pa3Hoe epeMsi CymokK (XpoHomeparneamud4eckuli nodxod). [Toamomy eaxkeH KOHMPOJIb COCMOSIHUSI UeHmpaJsibHbIX 3/IeMeHMoe yupkadHoli cuc-
membI — anughu3za (0CHo8HO20 npodyyeHma 3HO002eHHO20 MeJlamoHUHa) U cynpaxuasmamuyeckozo sidpa (CX5) ecunomanamyca (UeHmMpaabLHO20
eodumensi pumMa YupkadHoU cucmeMbl) 8 yC/I08UsIX JIeYeHUs] IK302eHHbIM MeslamoHUHOM. Mcxo0s u3 ebllecKka3aHHO020, OCHOBHOU Uesiblo Ha-
wezo uccniedoeaHusi cmais aHanu3 Mopgo-ghyHKYUOHaNIbHO20 cocmosiHUs anugusa u CX5 aunomanamyca Kpbic rnocrie exedHeeHO20 egedeHus
MeslamoHUHa e pa3Hoe epeMsi (ympoMm, ee4epomM U HenpepbieHO ¢ numbeeol eodoli). MenamoHuH eeodusnu nepopasibHO Yepe3 30HO 8 meveHue 7
Hedenb 8 do3e 30 me/ke 3a 1 4ac Ao ebikmoyeHusi ceema (M ZT11, eeuep) unu yepes 1 yac nocne e2o ekmoyeHusi (M ZT01, ympo), unu HenpepbI8HO
¢ numseeoli 8000ii 8 me4yeHue GHs1 u Ho4yu (MB). lMocne npumeHeHus1 MenamoHUHa mosbko e epynne MB anugu3 demoHcmpuposasn usMeHeHust
mMopdghonozuu (A0po nuHeanoyumoe umeso cnabyro 6a3ohusibHy0 OKpacKy) u daHHbIX MopghoMempuYecKo20 aHanu3a (yeenuyeHue naowaou
rnornepe4YyHo20 ceyeHusi 10pa NUHeasIoyUMOS Mo CPasHEHUK ¢ KOHMPOosibHOU epynmnoli). Kpome mozo, aHanoz2u4Hble U3MeHeHus1 Habodanuce U e
CX51: nnow,adb nonepeyHoz20 ceveHus siOpa HelipoHoe CX5 yeenuyunack npu ucnosb308aHuUU Kax90o20 omoesibHO20 pexuma egedeHusi Mesiamo-
HUHa, a Mopghosro2u4eckasi xapakmepucmuka ocmasnack 6e3 usmeHeHul. B yenom amo npednonazaem Hanu4ue y MeslamoHUHa HEUH2UGUPYOUUX
ceolicme 8 KOHmMeKkcme nemnau ob6pamHol ces3u yupkadHoU cucmeMbl U WUPOKUL MoMeHyuasa e2o UCnosib308aHuUsi Mpu omcymcmeuu 3Ha4ume-
JIbHO20 N0604H020 3ghchekma Ha UeHmpasibHble 3/IeMeHMbI 8bIWEYMTOMSIHYMOU cucmemsl.

Kntroyeenie cniosa: MenamoHuH, nemsisi o6pamuoli cesi3u, XxpoHo6uo102Usl, MUHeanoyumbl, HelipoH, 2ucmorioausi, yupkadHasi cucmema, no6o-
YHbIU 3ghghekm.



