Bl010r1A / BIOLOGY

DOI 10.29254/2077-4214-2024-1-172-111-120
UDC 616.092.18
Sribna V. O., Voznesenska T. Yu., Blashkiv T. V.

GENOME AVAILABILITY: CHANGES IN THE CHROMATIN OF CELLS OF THE FOLLICULAR

ENVIRONMENT OF OOCYTES UNDER CONDITIONS OF OXIDATIVE STRESS IN VITRO
Bogomolets Institute of Physiology of NAS of Ukraine (Kyiv, Ukraine)
valia-z@ukr.net

In this work, new data on the effect of H202 (5 min, 250 mM) on the cells of the follicular environment of oocytes
were obtained, which give grounds to assert that such changes in the values of cytological parameters, namely a
decrease in the chromatinization index (Chl) as a decrease in genome activity due to a decrease in its accessibility
("openness"), an increase in the nucleolar index (NI) as an increase in the activity of the translational apparatus
- the reaction of cells to stress, an increase in the index of morphologically altered nuclei (MINI) as a decrease in
the integrity of the karyoplasm - the functioning of the genome is suppressed, together reflect chromatin damage
characteristic of oxidative stress. The same changes are observed under the influence of a PARP (poly(ADP-ribose)
polymerase) blocker and an iNOS blocker.

The use of NOS substrate and SIRT-1 activator, under the influence of a PARP blocker, an iNOS blocker and, to-
gether, a PARP blocker and an iNOS blocker, led to: an increase in Chl - as an increase in genome activity due to an
increase in its accessibility ("openness"), a decrease in NI - as a decrease in the activity of the translational apparatus
- a decrease in the cellular response to stress, a decrease in MINI - as an increase in the integrity of the karyoplasm -

the functioning of the genome is restored, together reflecting the restoration of chromatin activity.
The data obtained suggest that nitric oxide and SIRT-1 are involved in maintaining the functional state of chro-
matin availability in the cells of the follicular environment of oocytes.
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Introduction.

Access to the genome (DNA) is a prerequisite for ex-
ecuting basic cellular processes, including transcription,
replication, chromosomal segregation, and DNA repair.
Over the past decade, whole-genome studies and new
imaging approaches have provided a better under-
standing of how genome access is regulated. How the
proteins that regulate these processes function in the
context of chromatin and its dynamic architecture is the
subject of intense research [1].

Sirtuin-1 (SIRT-1) plays a key role in the adaptive re-
sponse of mouse oocytes to oxidative stress (OS) and
contributes to the signaling cascade leading to the ac-
tivation of the MnSod gene. In response to OS, specific
changes in the intracellular localization of SIRT-1 gene
and the increase in the SIRT-1 gene were detected in
mouse oocytes. In addition, an increase in intracellular
reactive oxygen species was observed when Ex527 in-
hibited SIRT-1 activity. SIRT-1 may be an excellent phar-
macological target for improving oocyte quality and in
vitro fertilization outcome in aging or aging-like diseases
[2-5].

Further study is required to determine the role of
the nuclear protein sirtuin-1 in oxidative stress-induced
changes in chromatin activity in the follicular surround-
ing cells of oocytes, which play a major role in follicle
and oocyte differentiation.

The aim of the study.

To investigate changes in the cytological parameters
(chromatinization index, nucleolar index and index of
morphologically altered nuclei) by changes in the func-
tional state of chromatin of cells of the follicular envi-
ronment of oocytes under conditions of oxidative stress
in vitro, as well as under the influence of SIRT-1 activa-
tor, PARP (poly(ADP-ribose) polymerase) blocker, NOS
substrate and iNOS blocker, which has not been studied
before.

Object and methods of the study.

The experiments were conducted using 89 mature
female mice of the CBA line (weighing 18-22 g) in com-
pliance with the requirements of the European Conven-
tion for the Protection of Vertebrate Animals Used for
Research and Other Scientific Purposes (Strasbourg,
1986) and the Law of Ukraine “On the Protection of Ani-
mals from Cruelty” (2006).

Isolation of the cells of the follicular environment of
oocytes (FEO). Oocyte follicular environment cells were
isolated non-enzymatically (mechanically) from mouse
ovarian follicles and cultured for 4 h in separate cham-
bers with 400 uL of DME culture medium containing 15
mM HEPES, a Ca?* concentration of 1.71 mM, and a tem-
perature 37°C.

Assessment of cell viability. After FEO cells were
isolated from the ovary, they were morphologically as-
sessed by the routine method of dye exclusion — trypan
blue (0.2% solution in 0.9A% NaCl). Live and dead cells
were counted in a Goryaev chamber. Viable cells re-
mained unstained, while non-viable cells were stained
blue. The ratio of viable cells to the total number of
counted cells was calculated as the viability percentage
for each sample. The average number of 15.6% of non-
viable (trypan blue-stained) and 81.6% of viable (non-
trypan blue-stained) FEO cells was determined.

Modeling of oxidative stress. Oxidative stress was
modeled using H,0,. The addition of the calculated

ISSN 2077-4214. Bichuxk npo6nem 6ionorii i meanuunn — 2024 — Bun. 1(172) / Bulletin of problems in biology and medicine — 2024 - Issue 1(172)

111



BION10r1A / BIOLOGY

amounts of H,0, (88597, Sigma-Aldrich, USA) to phos-
phate-buffered saline (PBS), pH 7.4, was used to ob-
tain the following oxidative stress: “weak”; “medium”;
“strong”. The ratio of viable cells to the total number
of counted cells was calculated as the viability percent-
age for each sample. The average number of non-living
(stained with trypan blue) and living (not stained with
trypan blue) FEO cells was evaluated after incubation
at 37°C for 60 min, 30 min, 15 min and 5 min. It was
found that the number of live (not stained with trypan
blue) and non-live (stained with trypan blue) FEO cells
decreased with both an increase in the concentration
of H,0, and an increase in the duration of incubation of
FEO cells at 37°C. For all subsequent experiments, the
OS was used — “medium”, 5 min at 37°C — the average
number of living cells was 56%, not alive — 44%.
Cytological examination of FEO cells (by Follgen). For
the cytological study, preparations were made, which,
after drying and fixation, were stained by Follgen in our
modification [6]. In each preparation, 100 interphase
nuclei were studied with the following assessment of
their structural characteristics: 1) chromatinization
index (Chl) — the ratio of the number of nuclei with a
predominance of euchromatin to those with a predomi-

Table — Chromatization index, nucleolar index and index of morphologi-
cally altered nuclei of cells of the follicular environment of oocytes under

different experimental conditions

mM — a specific iNOS blocker — in concentrations that
were selected according to the literature and in some
preliminary experiments.

The results were processed statistically in the Graph
Pad Prism version 5.00 for Windows (GraphPad Soft-
ware, California, USA). After checking for normal dis-
tribution, the analysis of data groups was performed
using one-way ANOVA followed by multiple compari-
sons using the Newman-Keuls post-hoc test. Differences
were considered statistically significant at p<0.05. The
results were expressed as M+m (mean * standard error).
All experiments were performed at n=4 — the number of
series of experiments with 4 independent replicates.

Results of the study and their discussion.

The data on the effect of the SIRT-1 activator (RES),
PARP blocker (4-H), NOS substrate (L-ARG) and iNOS
blocker (AG) on the cytological parameters of Chl, NI
and MNI of FEO cells are presented in the table.

Chromatin condensation index. Chromatin is com-
posed of DNA (packaged in nucleosomes), associated
proteins, and RNA. Its variable composition, structure,
and dynamics can regulate genomic processes ranging
from the molecular scale, affecting transcription factor
binding, to functional outcomes such as DNA repair and
replication. In the nucleus, there
is a spectrum of DNA accessibil-
ity states, from hyper-accessibility,
often referred to as “open” chro-

FEO cell Chromatization |Nuclear index,| Morphologically matm_' to more inaccessible or re-
cell group index, units %. altered nuclei, %.| pressive states and referred to as
Negative control 0,88+0,04 4,82+0,51 5,2210,37 closed” chromatin [7]. L
Positive control (H,0, - 5min, 250 mM)|  0,58+0,03 * | 19,1440,54 * | 15,42+0,41 * Open states are transcription-
4-H (1,0 mM) 0,620,04 * | 8,83+0,74* | 12,72+0,34 * ally active chromatin and are often
it oassons - s s Sedmerchongeatyuih heter
L-AGH (0,04 mM) 0,83+0,06 5,04£0,53 5,7440,47 g P
TRy 0852007 54310 58 59350 42 are usually referred to as “hetero-
(2,0 pM) A Ay e chromatin”. The state of chromatin
4-H+ AG 0,640,05 ° 12'38—1'48* 16'57—0'73* — compactification reflects the func-
4-H+L-APT 0,79£0,06° | 6,4840,58 % | 7,23t043% % | tjon of the genome, in particular
o o o . . .
4-H+ RES 0,79+0,072 | 514%0,34 © | 6,42#0,48° | the first stage of the realization of
4-H+ AG + L-AGH 0,77+0,08 # 6,23+0,43 # 6,360,342 # hereditary information [8-10].
4-H+ AG + RES 0,76£0,09# | 6,48+0,64# | 582+0,46°# We evaluated Chl — the ratio
4-H+ L-AGH + RES 0,78+0,07 # 5,18+0,35°#| 5,53+0,52°# of the number of FEO cells with

Notes: * — p<0.05 - significance of differences in the average data groups compared to those in
the control (negative control); @ — p<0.05 — significance of differences in the average data groups
compared to those in the 4-H group (1.0 mM); # — p<0.05 — significance of differences in the

average data groups compared to those in the 4-H+AG group.

nance of heterochromatin (genome activity); 2) nucleo-
lar index (NI) — the proportion of cells with a nucleus
(gene transcription); 3) morphologically altered nuclei
index (MNI) — the proportion of cells with morphological
changes in the karyoplasm and/or karyolemma (karyo-
lemma integrity); N=8 — the number of preparations for
each of the 12 different experimental conditions (table).

According to the methodology, FEO cells were used
as a positive control and were exposed to H,0, (250
mM, 5 min) after the cultivation period (4 h). Negative
control — FEO cells cultured for 4 h in DME medium with
15 mM HEPES.

Substances used: resveratrol (RES, Sigma-Aldrich,
USA): 2.0 uM — activator of SIRT-1; 4-hydroxyquinazoline
(4-H, Sigma-Aldrich, USA): 1.0 mM — blocker of PARP-1
(poly(ADP-ribose) polymerase); L-arginine hydrochlo-
ride (L-AGH, Sigma-Aldrich, USA): 0.04 mM — NOS sub-
strate; aminoguanidine (AG, Sigma-Aldrich, USA): 0.02

euchromatin predominant in their
nuclei to the number of cells with
heterochromatin  predominance
— a marker of genome activity.
Thus, under exposure to H,0, (5 min, 250 mM), FEO
cells showed a 1.52-fold decrease in Chl compared to
the control (negative control). Under the conditions of
exposure to both 4-H (1.0 mM) and AG (0.02 mM), Chl
decreased by 1.37 and 1.33 times, respectively, while
L-arg (0.04 mM) and RES (2.0 uM) had no effect on Chl
of FEO cells compared to the control (negative control).
Also, under the conditions of 4-H+AG exposure, there is
a 1.38-fold decrease in Chl value compared to the value
of 0.88+0.04 in the control (negative control), while
under the conditions of 4-H+L-ARG and 4-H+RES expo-
sure, there is an increase in Chl value, respectively, by
1.27 and 1.26 times compared to the value under 4-H
exposure. In the experimental conditions of 4-H+AG+L-
ARG and 4-H+AG+RES exposure, the Chl value increased
by 1.20 and 1.19 times, respectively, compared to the
value in the conditions of 4-H+AG exposure. Under the
experimental conditions of 4-H+L-ARG+RES exposure,
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the Chl value of FEO cell chromatin increased by 1.22
times compared to the value under 4-H+AG exposure.

Nuclear index. 1t is known that the activity of the
nucleolar apparatus is an indicator of translation as a
synthesis of a protein molecule. We evaluated the NI —
the proportion of cells with a nucleus. Thus, under the
H,O, (5 min, 250 mM) exposure conditions, the NI in-
creased by 3.97 times compared to the control (nega-
tive) control value. Under the conditions of exposure
to both 4-H (1.0 mM) and AG (0.02 mM), the NI value
increased by 1.83 times and 1.52 times, respectively,
while L-arg (0.04 mM) and RES (2.0 uM) had no effect
on the NI of FEO cells compared to the control (nega-
tive control). Also, under the conditions of exposure to
4-H+AG, there is a 2.57-fold increase in the value of NI
compared to the control (negative control). Under the
conditions of 4-H+L-ARG exposure, there is a 1.43-fold
increase in the value of NI compared to the value in the
control (negative control). Meanwhile, under the condi-
tions of exposure to 4-H+RES, there is a 1.72-fold de-
crease in the value of NI compared to the value under
the conditions of exposure to 4-HC. Under the experi-
mental conditions of exposure to 4-H+AG+L-ARG and
4-H+AG+RES, the value of NI decreases by 1.98 times
and 1.91 times compared to the value under exposure
to 4-HC+AG. And under the experimental conditions of
4-G+L-ARG+RES exposure, the value of chromatin NI
of FEO cells decreased by 2.40 times compared to the
value under the conditions of 4-H+AG exposure.

Index of morphologically altered nuclei. It is known
that the function of the genome/genotype (consisting of
individual genes (discrete) but functioning as a whole)
directly depends on the integrity of the karyolemia, the
presence of intranuclear vacuoles, i.e., on morphological
changes in the nucleus components. We evaluated MNI
—the percentage of FEO cells with morphological chang-
es in the caryoplasm. Thus, under exposure to H.,O, (5
min, 250 mM), FEO cells showed a 2.95-fold increase in
the MNI index compared to the control value (negative
control). Under the conditions of exposure to both 4-H
(1.0 mM) and AG (0.02 mM), the MNI value increased
by 2.44 times and 1.80 times, respectively, while L-arg
(0.04 mM) and RES (2.0 uM) had no effect on the MNI
of FEO cells compared to the control (negative control).
Also, under the conditions of 4-H+AG exposure, there
is a 3.17-fold increase in MNI compared to the control
(negative control) and 2.44-fold increase compared to
the value under 4-H exposure. And under the influence
of 4-H+L-ARG, there is a decrease in the value of MNI by
1.76 times compared to the value under the influence of
4-H and by 2.29 times compared to the value under the
influence of 4-H+AG. And in the conditions of 4-H+RES
exposure, there is a decrease in the value of MNI by 2.58
times compared to the value in the conditions of 4-H
exposure. In the experimental conditions of exposure
to 4-H+AG+L-ARG and 4-H+AG+RES, there is a decrease
in the value of MNI, 2.0 times and 2.19 times, respec-
tively, compared to the value under 4-H exposure and
2.61 times and 2.85 times compared to the value under
4-H+AG exposure. And under the experimental condi-
tions of 4-H+L-arg+RES exposure, the value of chromatin
MNI of FEO cells decreased by 2.30 times compared to
the value under 4-H exposure and by 2.99 times com-
pared to the value under 4-H+AG exposure.

Thus, the data obtained on the effect of H,0, (5 min,
250 mM) on FEO cells suggest that such changes in cyto-
logical parameters, namely: a decrease in Chl — as a de-
crease in genome activity due to a decrease in its acces-
sibility (“openness”), an increase in Nl —as an increase in
the activity of the translational apparatus — the reaction
of cells to stress, an increase in MNI — as a decrease in
the integrity of the karyolemia — the functioning of the
genome is suppressed, together reflect chromatin dam-
age characteristic of oxidative stress.

In our experiments, under the influence of a PARP
blocker and an iNOS blocker, a decrease in Chl —as a de-
crease in genome activity due to a decrease in its acces-
sibility (“openness”), an increase in Nl —as an increase in
the activity of the translational apparatus — the reaction
of cells to stress, an increase in MNI — as a decrease in
the integrity of the karyolemma — genome functioning
is suppressed, together reflect chromatin damage that
can be compared with those under conditions of oxida-
tive stress modeled using H,0.,.

The use of the NOS substrate and SIRT-1 activator,
under the influence of a PARP blocker, an iNOS block-
er, and, together, a PARP blocker and an iNOS blocker,
caused an increase in Chl —as an increase in genome ac-
tivity due to an increase in its availability (“openness”),
a decrease in NI — as a decrease in the activity of the
translational machinery — a decrease in the cellular re-
sponse to stress, a decrease in MNI — as an increase in
the integrity of the karyoplasm — the functioning of the
genome is restored, together reflecting the restoration
of chromatin activity.

Taken together, the data obtained suggest that nitric
oxide and sirtuin-1 are involved in maintaining the func-
tional state of chromatin availability in FEO cells.

In our experiments, to assess the functional state of
chromatin in FEO cells, we confirmed the importance of
assessing genome activity, as “openness” or “genome
accessibility”, by the value of Chl, as well as the value
of MINI as a marker of karyoplasmic integrity, which is
important for DNA repair (single- and double-strand
breaks).

Visualization of chromatin accessibility. Using oligo-
peptide probes and fluorescence microscopy [11, 12], it
has been shown that the nuclear localization of accessi-
bility depends on the cell type [13-15]. It is worth noting
that despite this technique’s advantages in determining
the fundamental structures of chromatin, including the
accessible regions, the resolution is still insufficient.

DNA repair. Depending on the form of DNA dam-
age, different repair pathways are triggered, so there
is likely a wide variation in the role of chromatin avail-
ability in the sensitivity to DNA damage. For example,
double-strand breaks (DSBs) form a “broken DNA poly-
mer”, and such a “broken link” in the DNA chain is de-
termined by proteins such as PARP-1 (poly(ADP-ribose)
polymerase-1) [16].

A different picture is observed in case of single-
stranded DNA breaks or damage to DNA bases, DNA
adducts (covalent complexes), depurination, or cross-
linking, where damage is detected by various DNA scan-
ning enzymes [16-20].

It is known that to initiate repair, neighboring nu-
cleosomes need to be remodeled and removed. This
process can be simplified by combining damage sens-
ing with nucleosome remodeling. For example, PARP-1,
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a nuclear enzyme activated by DNA damage, synthe-
sizes negatively charged ADP-ribose polymer chains
from NAD+ and attaches them to DNA repair proteins
(histones), transcription factors, etc. This process can di-
rectly modify histones and induce nucleosome unwind-
ing [21].

Studying genome-wide chromatin availability in the
context of DNA damage and repair can be even more
challenging because repair pathways, unlike transcrip-
tion, target DNA damage sites that are not usually an-
chored to transcriptional sites. The anchored sites that
do exist within the framework of DNA repair are usually
called “hot spots” that correlate with different genomic
sequences, secondary structures that are able or unable
to interact under conditions of chromatin availability
[22, 23].

Thus, chromatin availability may play an essential
role in DNA damage repair, depending on the type of
damage (single- or double-stranded DNA breaks), and
additional research in this area will increase our under-
standing of how chromatin (nucleosome) remodeling
occurs.

Our data are consistent with [2, 24-28]. It has been
suggested that SIRT-1 may play a vital role in the termi-
nal differentiation of FEO cells [25], and that the viability
of FEO cells depends on the balance between the inhibi-
tory and stimulatory effects on SIRT-1 [25, 27]. Resvera-
trol attenuates the OS to protect H,0_-induced damage
and apoptosis of ovarian granular cells in rats [29], that
a certain level of SIRT-1 activity can protects oocytes
from oxidative damage caused by stress associated with
their culture in vitro [2, 26].

Conclusions.

In this work, we have obtained new data on the ef-
fect of H,0, (5 min, 250 mM) on the cells of the follicular
environment of oocytes, which gives grounds to assert
that such changes in the values of cytological param-
eters (Chl, NI, MNI), namely decrease in chromatiniza-
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tion index (Chl) — as a decrease in genome activity due
to a decrease in its accessibility (“openness”), increase
in NI — as an increase in the activity of the translational
apparatus — the reaction of cells to stress, increase in
MNI — as a decrease in the integrity of the karyolemma
—the functioning of the genome is suppressed, together
reflect chromatin damage characteristic of oxidative
stress.

In our experiments, under the influence of a PARP
blocker and an iNOS blocker, we observed a decrease in
Chl, which is a decrease in genome activity due to a de-
crease in its accessibility (“openness”), an increase in NI,
which is an increase in the activity of the translational
machinery (cellular stress response), and an increase in
MNI, which is a decrease in the integrity of the karyo-
lemma (genome functioning is suppressed). All of this
together reflects chromatin damage that can be com-
pared to that which occurs under oxidative stress condi-
tions, which was modeled using H,0,.

The use of NOS substrate and SIRT-1 activator, expo-
sure to PARP blocker, iNOS blocker and, in combination,
PARP blocker and iNOS blocker, causes an increase in Chl
—as an increase in genome activity due to an increase in
its accessibility (“openness”), a decrease in NI —as a de-
crease in the activity of the translational machinery — a
decrease in the cellular response to stress, a decrease in
MNI — as an increase in the integrity of the karyoplasm
— the functioning of the genome is restored, together
reflect the restoration of chromatin activity.

Taken together, the data obtained suggest that nitric
oxide and sirtuin-1 are involved in maintaining the func-
tional state of chromatin availability in the cells of the
follicular environment of oocytes.

Prospects for further research.

In the future, we plan to join the study of DNA integ-
rity by assessing changes in the distribution of single-
stranded DNA breaks in FEO cells under different experi-
mental conditions.

AOCTYNHICTb TEHOMY: 3MIHU XPOMATHUHY KNITUH ®ONIKYNIAPHOIO OTOYEHHA
OOouUnTIB B YMOBAX OKUCHOIO CTPECY IN VITRO

IHcTUTYT disionorii im.0.0.boromonbua HAH Ykpainu (m. Kuis, YkpaiHa)
valia-z@ukr.net

Y yiti pobomi ompumaHo Hogi daHi npo enaue H202 (5x8, 250 mMM) Ha KAiMUHU oniKyAAPHO20 OMOYEHHS
ooyumis, AKi 0arome nidcmasu cmeepoXysamu, W0 MakKi 3MiHU 8enU4YUH YUMmOs02iYHUX MOKA3HUKIi8, a came:
3MeHWeHHA iHOeKcy xpomamu3auii (IX) — AK 3HUMCEHHA aKmu8HocMi 2eHOMYy, Yepe3 3MeHWeHHA (io2o docmynHocmi
(«8i0kpumocmi»), 3pocmarHA Adepyesoao iHOeKcy (fl) — AK 3pocMaHHA akmusHocMi MpaHcAayiliHozo anapamy
— PeaKuisl KAIMUH Ha CMpec, 3pOCMAHHSA IHOEKcy MopgonoeiuHo 3miHeHuUx A0ep (M3A) — Ak 3MeHWeHHSA yinicHocmi
Kapionnasmu - pyHKYiOHYB8AHHA 2eHOMY MpPU2HiYyeEMbCA, pa3om 8i00bpamarome MOWKOOHEHHA XPOMAMUHY
XapakmepHi 0719 o0KUCHO20 cmpecy. TaKi ¥ cami 3miHu sidmiyaromecs 8 ymoeax eraugy 6aokamopa AP (noni
(AA®-pubo3sa) nonimepasu) i briokamopa iNOS.

3acmocysaHHa cybcmpamy NOS i akmusamopa CIPT-1, 8 ymosax eriaugy 6aokamopa API1, 6anokamopa iNOS
i, pazom 6aokamopa APl i 6aokamopa iNOS, npuzeodusno 0o: 36inbweHHA IX — AK 36inbWeHHa akmugHocmi
2eHomy, Yepes 36inoweHHA lioeo docmynHocmi («8idkpumocmi»), 3meHwWeHHA Al — AK 3MeHWeHHs aKkmueHocmi
MpaHcAayiliHo2o anapamy — 3MeHWeHHsA Peakyii KaimuH Ha cmpec, 3meHweHHA M35 — sk 36inbweHHsA yinicHocmi
Kapionaasmu - PyHKUYiOHYyB8AHHA 2eHOMY Bi0HOB/I0EMbCSA, PA30M 8i00bpaxaroms 8i0HOB/AEHHA AKMUBHOCMI
XPOMAMUHY.
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Pazom, ompumaHi 0aHi darome nidcmasu cmeepoxcysamu, wo i okcud aszomy, i CIPT-1 bepyms y4yacme y
MiOMPUMAHHI PyHKYiOHAAbHO20 CMAHy 00CMYnHOCMI XpOMAMUHY 8 KAiMUHAX (hONiKyA9pHO20 0MOYeHHS ooyumis.

Knro4oei cnoea: KnimuHu gonikyaapHo20 0moYeHHA 00yumis, XpoOMamuH, OKUCHUl cmpec, cipmyin_1.

38’A30K nyb6aikauii 3 n1aHOBMMM HAyKOBO-4OCNIA-
HUMU poboTamu.

PoboTy BMKOHaHO Yy Biagaini imyHodisionorii IHCTU-
TyTY @isionorii im. O.0.boromonbua HAH YkpaiHu vy
2021-2023 pp. B paMKax BUKOHAHHA HayKoBoOi poboTu
Nelll-15-20 «JocnigXeHHA KAITUHHO-MOIEKYNAPHUX
MEXaHi3MiB iIMYHOIHAYKOBaHMX PO3/1ajiB XiHOYoi pe-
NPOAYKTUBHOI CUCTEMW | KOPEryr4oro BM/AMBY HaHO-
YaCTUHOK MeTanis»/aepaBHMiN peecTpaLinHniti Homep
po6oTtn 0119U103964 (Bisomua).

Bctyn.

Ooctyn go reHomy (AHK) € HeobxigHOl ymOBOM
0N BUKOHAHHA OCHOBHUX KNITUHHUX NPOLLECiB, 30Kpe-
Ma TPaHCKPUNLIi, penaikayii, XxpoOMOCOMHOI cerperau,ii
Ta penapayii AHK. 3a ocTaHHE AecATUANITTA NoBHOre-
HOMHI AOCNiAXEeHHA Ta HOBI NiaxoAwn Ao Bidyanisauii 4o-
3BO/IMNIN KpaLle 3p03yMiTH, AK PeryateTbca AOCTyn A0
reHomy. Te, AK BiIKK, AKi perynowoTb Ui npouecu, GyHK-
LiOHYIOTb Y KOHTEKCTI XpOMaTUHY Ta MOro AMHamiuHoi
apXiTEKTYPU € NpeaMETOM IHTEHCUBHUX AoCAiaxeHb [1].

Biaomo, wo ciptyiH-1 (CIPT-1) Bigirpae Knwo4oBy
poNb B afanTUBHIM BiAMNOBIAI OOUMTIB MULLII Ha OKMUC-
Hul ctpec (OC) i cnpuAe curHanbHOMY Kackagy, LWo
Bede A0 akTuBauii reHa MnSod. CneuundidHi 3miHK y
BHYTPILUHbOKANITUHHIM nokanisauii CIPT-1 Ta nocuneHHA
reHa CIPT-1 BuABneHi B oouMTax MuLWi y BigNoBiAb Ha
OC. Kpim TOro, cnocrepiranoca nigBULEHHA BHYTpILU-
HbOKNITUHHUX aKTUBHUX POPM KUCHIO, KOJIM aKTUBHICTb
CIPT-1 npwurHiyyBanaca Ex527. BeakatoTb, wo CIPT-1
MOXKe byTM Yya0BOO GapMaKONONYHOK MilleHHIO ANA
NOKpPaLLEeHHA AKOCTI OOLMTIB i pe3ynbTaTy eKCTpakopno-
panbHOrO 3anaigHEeHHs NpW cTapiHHi abo nogibHux Ao
CTapiHHA 3aXBOplOBaHHAX [2-5].

Ponb AgepHoro 6inka cipTyiHa-1 y 3miHi akTUBHOCTI
XPOMATUHY, BUKIMKAHOI OKUCHUM CTPECOM, Y KAiTMHaX
$ONIKYNAPHOro OTOYEHHS OOLUTIB — KAITUHAX, LWO Bigi-
rpatTb rOIOBHY Posib Yy AndepeHLitoBaHHi Gonikynis Ta
oouuTie, NoTpebye NOAANbLIOFO BUBYEHHS.

MeTta gocnigeHHs.

3a 3MiHaMM BE/IMYMH LUTONOTIYHUX MOKA3HMKIB (iH-
OEeKcy XpomaTusauii, AfepLeBoro iHAeKCy Ta iHAeKcy
MOPONOriYHO 3MIHEHUMX A4EepP) AOCNIANTU 3MiHU DYHK-
LiOHa/NIbHOrO CTaHy XPOMATUHY KAITUH PONiKynsapHoOro
OTOYEHHA OOLUMTIB B YMOBAX OKMCHOTO CTpecy in vitro, a
TaKOX B yMoBax BnamBy akTneaTtopa CIPT-1, 6n10kaTopa
MAPM (noni (AO®-pnbo3a) nonimepasn), cyberpata NOS
i 6nokaTtopa iNOS, wo paHiwe He 6yn0 BUBYEHO.

O6’eKT i meTOaU AOCNiAXEHHA.

[ocnign nposoaunun 3 BUKOpUCTAHHAM 89 craTe-
BO3pPiNX camunub muwen ninii CBA (macoto 18-22 1) 3
OOTPUMaHHAM BMMOT EBpONencbKoi KOHBEHLT Npo 3a-
XUCT XpebeTHUX TBAPWH, WO BMKOPUCTOBYHOTLCA ANA
OOCNiAHMX Ta iHWWX HayKoBuMX Linel, (Ctpacbypr, 1986)
Ta 3aKoHY YKpaiHu «1po 3aXMCT TBAPUH Bif, }KOPCTOKOro
nosoaskeHHa» (2006).

BudineHHA KAimMuH ¢oniKynsapHo020 0moYeHHs 00yu-
mig (®00). KnitnHu GponikynspHOro oTOYEHHs 0oUMTIB
HedepMeHTaTUBHO (MexaHiyHOo) BMAINAAn 3 donikynis
AEYHUKIB MULLIEN Ta KyAbTUBYBaAM NpoTArom 4 roa B
oKkpemmnx Kamepax 3 400 MKA KynbTypanbHOro cepea-

osuwa DME 3 15 mM HEPES, KoHueHTpauia CaZ+ 1,71
mM, TemnepaTypa 37°C.

OuiHKa cummesodamHocmi KaimuH. Nicna suaineH-
HA KNiTMH POO 3 AeYHUKa NpoBOAMAN iX Mopdonoriy-
HY OLLIHKY PYTMHHUM METOLOM BUKAOUYEHHA HGapBHUKA
— TpunaHoBoro cuHboro (0,2% po3unH Ha 0,9% NaCl).
KurBi Ta MepTBi KNITUHKU NigpaxoByBanu B kKamepi fopsa-
€Ba. XKUTTE3aTHI KNITUHM 3anMWannca He 3abapsieHu-
MW, TOAi SIK HE }KUTTE3AATHI KNiTUHM PapbyBannca cMHim
KONbOPOM. BupaxoByBanu BigHOLIEHHA KUTTE3ZATHUX
KNITUH A0 3ara/ibHOI KiIbKOCTi MiAPAax0BaHUX KNITUH AK
BiZLCOTOK KWUTTE3LATHOCTI A/N1A KOXXHOro 3pas3Ka. Bcrta-
HOB/IEHO CepeaHio KinbKicTb 15,6% He xunsux (3abaps-
JIEHUX TPUNAHOBUM CUHIM) i 81,6% KuBux (He 3abaps-
JIEHUX TPMNAHOBUM CUHIM) KNiTUH ©OO0.

MoodentosaHHA oKucHozo cmpecy. OC moaentoBanu
3 BuKopuctaHHAM H,O,. [logaBaHHAM pO3paxoBaHWX
Kinbkocten H O, (88597, Sigma-Aldrich, USA) po ¢oc-
¢daTHo-b6ydpepHoro conboBoro posunHy (PBS), pH 7,4
oTpumyBanu OC: «cnabui»; «cepeaHinm»; «CUNbHUNY.
BupaxoByBann BiAHOWEHHA MKUTTE3JATHUX KNITUH [0
3arasibHOI KiZIbKOCTi NigpaxoBaHUX KAITUH AK BigCOTOK
YKUTTE3OATHOCTI ANA KOXHOTrOo 3paska. OuiHoBanu ce-
pefHI0 KiNbKICTb He KMBUX (3abapBNEHNX TPUMAHOBUM
CUHIM) i XUBUX (He 3abapBNeHUX TPUNAHOBUM CUHIM)
KnituH ®00 3a ymoB ix iHKyb6auii npu 37°C npotarom
60 xB, 30 xB, 15 xB i 5 xB. BCTAaHOB/IEHO 3MEHLUEHHA
KiNIbKOCTi KKnBMX (He 3abapBaeHUX TPMNAHOBUM CUHIM)
i 36inbWweHHA He XuBWX (3abapBAeHUX TPUMAHOBUM
CUHIM) KNiTMH POO 3a yMOB AK 30iNbLUEHHA KOHLEH-
Tpauii H,0,, TaKk i 36inblieHHA TpUBanocTi iHKybyBaHHS
KnitnH ®00 npu 37°C. Ons BCiXx noganbwmnx Aocnigis
BuKopucTosysascs OC — «cepegnHii», 5 x8 npu 37°C —
cepeaHaA KiNbKicTb }XnBnMx 56%, He Kusmnx — 44%.

LumonoeiuHe 0OocnidnceHHs knimuH @O0 (3a
dbonbreHom). ANA UUTONONYHOTO AOCAIAMKEHHS BUTO-
TOBAS/IM NpenapaTtu, AKi nicna BUCylwyBaHHA i dikcauil
3abapsntoBanu 3a GPbosIbreHOM Yy BAACHIM Moandikauii
[6]. Y koxkHOMY npenapaTi BuB4anu no 100 iHTepdasHUx
A4ep 3 HACTYMHOM OLIHKOK X CTPYKTYPHWUX XapaKkTe-
puctuk: 1) iHaekc xpomatm3sauii (IX) — cniBBigHOWEHHS
KiNbKOCTI AAep i3 nepeBarold eyxpomaTuHy A0 TaKuX
i3 nepeBaroto reTepoxpomMaTUHy (aKTUBHICTb FreHomy);
2) apepuesnin iHaekc (Al) — yacTka KniTuH i3 agepuem
(TpaHckpunuin rexis); 3) iHAEKC MopdoNoriYHO 3miHe-
Hux agep (M3A) — yacTKa KAiTMH i3 mopdonoriyHMmm
3MiHamMK Kapionnasmu Ta/abo Kapionemm (uinicHicTb
Kapionemu); N=8 — KinbKicTb npenapaTiB A8 KOXKHOI 3
12 pi3HUX eKcneprMeHTaNbHUX yMOoB (Tabnuua).

3rigHO MeTogMmui 3a NO3UTUBHUIA KOHTPOAb BUKO-
puctosyBann KaitnHn ®OO, AkKi nicna TepMiHy KynbTu-
ByBaHHA (4 roa) ninaasanu snamsy H,0, (250mM, 5 xs).
HeraTMBHUIM KOHTPO/Nb — KyNBTUBOBAHI NPOTArom 4 rop,
KniTnHu @00 B cepegosuili DME 3 15 mM HEPES.

BuKkopucmaHi peyosuHu: pecsepatpon (PEC, Sigma-
Aldrich, USA): 2,0 muM —aktusatop CIPT-1; 4-riapoKcuK-
BiHazoniH (4-I, Sigma-Aldrich, USA): 1,0 mM — 610KkaTop
MAPM-1 (noni (AO®-pwnbo3a) nonimepaswu); Jl-apriHiH
rigpoxnopug (L-APl, Sigma-Aldrich, USA): 0,04mM —
cybcTpat NOS; amiHoryaHiguH (Al, Sigma-Aldrich, USA):
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0,02 mM — cneundiyHunit 6nokatop 6aokaTop iINOS — B
KOHLEHTpauinx, saKi bynun nigibpaHi 3a aaHMmM nitepaTty-
puv i B OKpemmx nonepesHix gocnigax.

Pesynbtat 06p0obAANM CTAaTUCTMYHO B MNporpami
Graph Pad Prism version 5.00 for Windows (GraphPad
Software, California USA). Micna nepesipkn Ha Hop-
Ma/bHICTb PO3MOAiINY aHani3 rpyn AaHUX NPOBOAUAM 3
BUMKOpUCTAHHAM one-way ANOVA 3 noganblimm MHO-
KUHHUM MNOPIBHAHHAM 33 AOMOMOTOK MOCT-XOK TecTy
Newman-Keuls. BiamiHHOCTi BBaa/iM CTaTUCTUYHO 3Ha-
yywmmu npu p<0,05. Pe3ynbtatn Buparkanm ak Mim
(cepenHe + cTaHpgapTHa noxmbka). Beci gocnian npose-
OeHOo npu n=4 — KinbKicTb cepit gocniais 3 4-ma Hesa-
NEeXXHUMWU NOBTOPaAMMU.

Pe3ynbTatv foCnigKeHHA Ta ix 06roBopeHHs.

[JaHi npo Bnaue aktueaTopa CIPT-1 (PEC), 6n10KaTO-
pa MNAPI (4-T), cybctpaTa NOS (L-APT) i 610okaTopa iNOS
(AT) Ha uwmTonoriyHi nokasHukm IX, Al Ta M3A KniTuH
®00 npeacTaBneHo B Tabnuu,i.

IHOeKc KoHOeHcayii xpomamuHy. XpOMaTUH CKna-
naetbea 3 [IHK (ynakoBaHOI B HYK/e0COMM), acoLiiio-
BaHWX 6inkis Ta PHK. Moro 3miHHMIA cknag, CTpyKTypa
Ta AMHAMIKa MOXYTb peryaioBaTy reHOMHiI npouecu B
[ianasoHi BiA MONEKyNAPHOro macliTaby, Wo BNAMBaE
Ha 3B’A3yBaHHA ¢akKTopa TpaHcKpunuii, Ao ¢yHKuio-
HaNbHUX Pe3yNbTaTIB, TAKMX AK penapalia Ta penaikauia
LOHK. Y agpi icHye cnekTp cTaHis goctynHocti AHK, Big
rinepaoCTynHOCTI, AKY 4acTo Ha3WBalOTb «BIAKPUTUM»
XPOMATUHOM, 0 B6iNbll HeEAOCTYNHMX ab0 penpecnBHUX
CTaHIB i NO3HAYAETbCA AK «3aKPUTUIN» XPOMATUH [7].

BiZKPWTI CTaHW € TPAHCKPUNLINHO aKTUBHUM XpOMa-
TMHOM i YaCTO B3aEMO3aMiHHO BUKOPUCTOBYIOTbCA 3 TEP-
MIHOM «eyXPOMATWHY», TOAi AIK 3aKPUTI CTaHW 3a3BMYaN
Ha3MBalOTb «reTepoxpomatvHom». CTaH KOMMaKTM3a-
Lii xpomaTuHy Bigobparkae yHKLiO reHomy, 30Kpema
nepLioro eTany peanisauii cnagkosoi iHpopmalii [8-10].

Mwu ouiHtoBanu IX — BigHOLWEHHA KiNbKOCTI KNITUH
@00, B Agpax AKMX NepeBarkaB eyXpoMaThH A0 KilbKoc-
Ti KNITUH, 3 NepeBaXaHHAM reTepoOXpoOMaTUHY — MapKep
aKTMBHOCTI reHomy. Tak, B ymosax snausy H.O, (5 xs,

Tabnuusa — IHgeKc xpomaTusauii, agepuesnit

iHAeKc Ta iHAeKC Mop¢OoNoriYHO 3MiHEHUX Aaep
KNITUH PONIKYNAPHOro OTOYEHHA OOLMTIB 32 Pi3HUX

eKCnepmmMmeHTa/ibHUX ymos

250 mM) Ha KaitTnHn ®O0 BiAOYBAETbCA 3MEHLLEHHS
B8 1,52 pasu IX y NOpiBHAHHI 3 BEAMYMHOO B KOHTPOAI
(HeraTMBHWMI KOHTpOAb). B ymoBax Bnausy, sk 4-I (1,0
mM), Tak i Al (0,02 mM) BiabyBaeTbCcA 3MEHLLEHHSA Be-
nnyumHK X, BignosigHo, B 1,37 pasu i 1,33 pasu, Togi Ak
L-APT (0,04 mM), Tak i PEC (2,0 uM) He YMHATbL BNAMB
Ha IX KnituH @O0 y NOpiBHAHHI 3 BE/IMYNHOKO B KOHTP-
o/ (HeraTUBHUI KOHTPO/b). A TaKOXK B yMOBax BMJIMBY
4-T+AT BiabyBaeTbcA 3meHWweHHA B 1,38 pasu Bennuu-
HU IX y nopiBHAHHI 3 BenmnymHoto 0,88+0,04 B KOHTpOSI
(HeraTMBHWIA KOHTPOAB), TOAi AK B yMOBaXx BNAMBY 4-T+L-
APT i 4-T+PEC BiabyBa€eTbca 36inblueHHA BEUUYNHM IX,
BiAnoBiAHO, B 1,27 pa3un i 1,26 pasn y NOPiBHAHHI 3 Be-
JINMMHOIO B YMOBax BNAuBY 4-I. B ekcnepmmeHTanbHUX
ymoBax Bnausy 4-M+Ar+L-APT i 4-T+Al+PEC BigbyBa€Th-
cA 36inblueHHA BennunHK IX, BignosigHo, B 1,20 pasu
i 1,19 pa3n 4o y NOpPiBHAHHI 3 BE/MYMHOIO B YMOBaX
snausy 4-M+Al. | B ekcnepMmeHTaNbHUX YMOBAX BNANBY
4-T+L-APT+PEC BiabyBaeTbca 36inblueHHA BeAMUYMHU IX
XpOmaTtuHy KnitnH @00 B 1,22 pasun y NOPiBHAHHI 3 Be-
JINMMHOIO B yMOBax Bnaney 4-M+AT.

Adepuesuli iHOeKc. Bifomo, O NOKA3HUKOM TpaH-
cnauii, AK cMHTe3y OINIKOBOI MOJIEKY/IM € AKTUBHICTb
agepueBoro anapaTy. Mu oujiHtoBanu Al —4acTky KNiTUH
@00 i3 agepuem. Tak, B ymosax snimsy H,0, (5xs, 250
mM) Ha KnitnHn ®00 BigbyBaeTbCA 3pocTaHHA B 3,97
pa3u Al y NopiBHAHHI 3 BEIMYMHOI B KOHTPOI (Heratme-
HWI) KOHTpONb. B ymoBax Bnauay, Ak 4-I (1,0 mM), Tak
i Al (0,02 mM) BigbyBa€eTbCcA 3pOCTaHHA BeANUYUHK fAl,
BignosiaHo, B 1,83 pasu i 1,52 pasu, Toai ak L-APT (0,04
mM), TaKk i PEC (2,0 UM He 4MHATb BNAMB Ha Al KNiTUH
®0O0 y NopiBHAHHI 3 BEIMYMHOI B KOHTPOAi (HeraTums-
HUI KOHTPO/Ib). A TaKOX B ymoBax Bnaunsy 4-I+Al Biaby-
BA€ETbCA 36i/bleHHs BennMunHK Al B 2,57 pasu y nopis-
HAHHI 3 BE/IMYMHOIO B KOHTPOAi (HEraTUBHUI KOHTPOAD).
| B ymoBax BnauBy 4-I+L-APl Big6yBaeTbca 36inblueHHA
sennunHm Al B 1,43 pasun y NOpPiBHAHHI 3 BEIMYNHOO
B KOHTpOAi (HeraTMBHMI KOHTPOAb). Toadi K B ymoBax
snausy 4-M+PEC BigbyBaeTbCsA 3MEHLLEHHA BeNnYmHK Al
B8 1,72 pa3u y NOPIBHAHHI 3 BE/IMYMHOIO B YMOBAX BNAN-
By 4-TK. B eKkcrnepMmeHTasibHUX YMOBax BNAMBY
4-T+AT+L-APT i 4-T+AT+PEC BiabyBa€eTbCcA 3MeEH-
weHHA BennuuHn Al, BignosigHo, B 1,98 pasu i
1,91 pa3n y NOpPiBHAHHI 3 BEIMYMHOKO B YMOBAX
snauBy 4-FK+AT. | B ekcnepMmeHTaIbHUX YyMOBaXx

oyna kAiTHH GO0 Xpo"\;*:fw";u“, Anepuesuii | Mopdonoriuso | BAMBY 4-T+L-APM+PEC Bia6yBaeTbca 3MeHLeH-
ym.on " | iHAeKc, % | 3miHeHiaapa, % | HA BeAnYMHKM Al XxpomaTuHy KnitnH @00, B 2,40
HeraTusHMit KoHTponb | 0,88+0,04 4,8240,51 5,2240,37 paa;lmry Zl‘fp'BH"””' 3 BE/IMYMHOLO B ymOBaXx Br/in-
" By 4-T+AT.
MO3UTUBHUI KOHTPOJIb 3 . .
(H.0. — 5x8, 250 m?w) 0,58+0,03 * | 19,14+0,54 * | 15,42+0,41 * IHOeKc mopgponozidHo 3miHeHUx Adep. Bipo-
4-T (1,0 mM) 0,6210,04 * 8,83+0,74 * 12,7240,34 * MO, Wo d)yHKLl,iﬂ reHOMV/FEHOTMI'Iy (CKnap,aETbCﬂ
AT (0,02 mM) 0,6450,05* | 7,34+0,57 * 9,42£0,43 * 3 OKPEMMUX TEeHIB (AMCKPETHUIM), ane PyHKLioHYE
LAPT (0,04 mM) 0,8340,06 5,0440,53 5,7440,47 AK €AMHe uine) 6esnocepenHbO 3aNeXKUTb i Bif
PEC (2,0 uM) 08540 07 5 43+0 58 5934042 LiNiCHOCTI Kapionemu, HaABHOCTI BHYTPIHbO-
A-THAT 0,6450,05% | 12,38+1,48 % | 16,5720,73 * o | "ACPHUX Bakyoneii, 10670 8ia mopdonoriunyx
AT+ LLAPT 0792006 | 6482058 * | 7231043 *¢ | SMIH KOMMOHEHTIB AApa. Mwu ouiHioBann M3A
ATHPEC 0'79;0’07 5 5’14;0’34 5 '6 42‘+(’) 150 — BiZICOTOK KAiTMH P00 i3 mopdosoriyHMmm 3mi-
A-T+AT+L-APT 0177;0‘08 # 5123;0’ 43# | 6 §6+_0 ‘34 oy | pomv Kaplonniashi. Tax, & ymogax en/uey H,0,
e 1E2= SSOPaae (5xB, 250 mM) Ha KnituHu ®OO BiabyBaeTbcA
4-T+AT+PEC 0,76+0,09 # 6,48+0,64# | 5,82+0,46°# 3pocTaHHs B 2,95 pasu iHaekcy M35 y nopisHaH-
4-T+L-API+PEC 0,78%0,07 # |5,1840,35°#| 553+0,52°# | i 3 geninunHOIO B KOHTPONI (HEraTUBHMI KOHTP-

Npumitkn: * — p<0,05 — BiporigHicTb BigMiHHOCTeN cepeaHix rpyn AaHuX y no-
PiBHAHHI 3 TAKMMM B KOHTPOAI (HEraTUBHMUI KOHTPOAL); 2 — p<0,05 — BiporigHicTb
BiAMIHHOCTE cepefHix rpyn AaHWX y NOPIBHAHHI 3 Takumu B rpyni 4-1(1,0 mM);
# — p<0,05 — BiporigHicTb BigMiHHOCTEN cepefHix rpyn AaHUX Y NOPIBHAHHI 3 Ta-

Kumu B rpyni 4-T+AT.

onb). B ymoBax Bnausy, sk 4-I (1,0 mM), Tak i AT
(0,02 mM) BigbyBa€eTbCA 3POCTAHHA BEAUUYNHM
M31, signosigHo, B 2,44 pa3u i 1,80 pa3n, Toai
Ak L-APT (0,04 mM), TaKk i PEC (2,0 UM) He 4MHATb
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BnAmB Ha M3A knituH @O0 y NopiBHAHHI 3 BEIMYMHOO
B KOHTPOAI (HEraTUBHMIA KOHTPOAb). A TaKOXK B YMOBaXx
Bnausy 4-M+Al BigbyBaeTbcAa 36iNblEHHA BENUYUHU
M3A 8 3,17 pa3n y NOPiIBHAHHI 3 BEIMYMHOK B KOHTP-
oni (HeraTMBHWMIN KOHTPOAbL) i B 2,44 pa3un y NOPiBHAHHI
3 Be/INYMHOIO B ymoBax Bnamey 4-I. | B ymoBax BNamBy
4-T+L-APT BiabyBaeTbcA 3meHLeHHA BennunHn M31 B
1,76 pa3un y NOpiBHAHHI 3 BEZIMYMHOIO B YyMOBaX BM/IMBY
4-T i B 2,29 pa3n y NOPiBHAHHI 3 BEIMYMHOO B YyMOBAX
snausy 4-T+Ar. | B ymosax Bnausy 4-I+PEC BinbyBaeTh-
CA 3MeHLWeHHA BenninHm M31 B8 2,58 pasu y nopiBHAHHI
3 BEJINYNHOIO B YMOBax BNAuBY 4-I. B ekcnepumeHTasib-
HUX ymoBax snamusy 4-M+Al+L-APl i 4-T+Al+PEC Bigby-
BAETbCA 3MEHLEeHHA BennyinHn M34, 8 2,0 pa3m i 2,19
pasu BigNOBIAHO, A0 Y NOPIBHAHHI 3 BE/IMMMHOKO B YMO-
Bax BnamBy 4-I'i B 2,61 pa3un i 2,85 pa3u y nopiBHAHHI 3
Be/IMYMHOIO B ymoBax Bnausy 4-M+Al. | B ekcnepumeH-
TaNbHUX ymoBax Bnamsy 4-M+L-APIM+PEC BinbyBaeTbca
3MeHLEeHHsA BennymHn M3A xpomaTuHy KnitnH @00, B
2,30 pasu y NOpPiBHAHHI 3 BE/IMYMHOIO B YMOBAX BNAMU-
By 4-T iy 2,99 pa3u NopiBHAHHI 3 BEIMYMHOKO B YMOBAX
snausy 4-M+Arl.

Takum YMHOM, OTpuMaHi AaHi npo snaus H,0, (5xs,
250 mM) Ha KnitTnHn @00 aatoTb NiACTaBU CTBEPAKYBA-
TN, LLO TaKi 3MiHM BEIMYNH LUTONOTIYHMX MOKA3HMKIB, a
came: 3MeHLeHHA IX — AK 3HUXEHHA aKTUBHOCTI reHo-
MY, Yepes 3MeHLUEHHA MOoro AOCTYnHOCTI («BigKpuTOC-
Ti»), 3pocTaHHA Al — AK 3pOCTaHHA aKTUBHOCTI TPaHCASA-
LiMHOro anapaTty — peakLis KAiTUH Ha CTPEeC, 3pOCTAHHA
M3f — AK 3MeHLWeHHA LinicHOCTI Kapionemn — QyHKLiO-
HYBaHHA reHOMY MPUTHIYYETLCA, PAa30OM Bif0bpPaKaloTb
NOLUKOAXKEHHA XPOMATMHY XapaKTepHi A8 OKUCHOro
cTpecy.

B Hawwux gocnigax B ymoBax BMAMBY OioKaTopa
MAPM i 6nokaTopa iNOS cnocTepiraeTbcs 3meHLeHHs IX
— K 3HUMXKEHHA aKTUBHOCTI reHOMY, Yepe3 3MeHLIEeHHA
MOro AO0CTYNHOCTI («BiAKPUTOCTI»), 3pocTaHHA Al — Ak
3POCTAHHA aKTUMBHOCTI TPaHCAALiIMHOrO anapaty — pe-
aKLifa KNITUH Ha cTpec, 3pocTaHHA M3 — AK 3MeHLeH-
HA UinicHOCTi Kapionemu — ¢yHKUIOHYBAHHA reHomy
NPUrHIYYETbCA, Pa3om BifOOPaAXKAOTL MOLIKOAKEHHS
XPOMATUHY, AKi MOXKYTb OyTU MOpPIBHIOBAHI 3 TaKUMK B
YMOBAX OKUCHOTO CTPecy, KUK MOAE/Nt0BABCA 3 BUKO-
puctaHHam H,0,.

3actocyBaHHA cybectpaty NOS i aktmBaTtopa CIPT-1,
B ymoBax BniuBy 6nokaTopa MAPI, 6nokatopa iNOS
i, pasom 6nokaTopa MAPI i 6n0kaTtopa iNOS, 3ymos-
ntoBano 36inbweHHs IX — AK 36iNbleHHA aKTUBHOCTI
reHomy, 4yepes 36inblleHHA MOro AOCTYMHOCTI («BiA-
KPUTOCTi»), 3MeHLLEHHSA Al — AK 3MEHLIEeHHA aKTUBHOCTI
TPaAHCNALIMHOrO anapaTty — 3MeHLIeHHA peakKLii KNiTuH
Ha cTpec, 3MeHLWeHHA M3 — AK 36inblUeHHS LinicHOCTI
Kapionnasmu — GyHKLIOHYBaHHA FeHOMY BiAHOB/OETb-
€A, pa3oM BifobpakatoTb BiAHOBAEHHS aKTUBHOCTI XPO-
MaTUHY.

Pasom, oTpumaHi gaHi faroTb NiACTaBU CTBEPLAKYBA-
T, WO i OKCKA a30Ty, i CipTyiH-1 6epyTb yyacTb y NiaTpU-
MaHHi GYHKLIOHa/IbHOrO CTaHY AOCTYNHOCTI XPOMATUHY
B KniTnHax ®00.

B Hawwux gocnigax ana OLiHKM OYHKLiOHANbHOTO
CTaHy XpOMaTMHYy KaituH ®OO0 niaTBepAKeHo 3Hauyu-
MiCTb OLLiHKM aKTUBHOCTI TEHOMY, SIK «BiAKPUTOCTI» abo
«O0CTYMHOCTI TEHOMY», 32 Be/MinHoto IX, a Takox Be-
nmunHn M3f, AaK MapKepa LiliCHOCTI Kapionaasmu, Lo

3HauMmo gna penapauii AHK (oaHo- Ta 4BOX-HUTKOBUX
po3pusiB).

Bizyanizauis docmynHocmi xpomamuHy. 3 A0NOMO-
rol0 METOAMKMN 3 BUKOPUCTAHHAM ONirONEeMHTUX 30HAIB
Ta ptoopecueHTHOT Mmikpockonii [11, 12] BcTaHOBNEHO,
LLLO AAePHa JIOKaNi3aLia 4OCTYNHOCTI 3a1€XNTb Came Bif,
TUNY KNiTKH [13-15]. BapTo BigMiTUTH, WO He3Baxatoun
Ha nepeBaru Liei MeToaMKn BU3HaA4aTU 6a30Bi CTPYKTY-
PU XPOMATUHY, BK/IKOYAKOUU | JOCTYMHI 30HUM, PO3Ai/ibHa
3[aTHICTb BCE LUe 3a/IMLAETbCA HEeA0CTaTHbOIO.

Penapauis [JHK. 3anexHo Big, Toro B sikMx popmax
BinbyBaeTbcA nolwKkoaxeHHa OHK, 3anyckatoTbca pisHi
WAAXM penapaLii, Tomy, MMOBIpPHO iCHYE LUMpPOKa Bapi-
abenbHicTb poni AOCTYMHOCTI XPOMATUHY B YyTIIMBOCTI
40 nowkogkeHb AHK. Tak, ABoHWUTKOBI po3pusu (O/1P)
dopmytoTb «posipsaHuin AHK-nonimep», i Taka «posi-
pBaHa naHka» B naHutosi AHK BM3HavaeTbesa Binkamuy,
Takumm Ak MAPM-1 (noni(AAd-pmnboso)nonimepasa-1)
[16].

IHaKWa KapTWHA BiA3HAYAETLCA MPU OAHOHUTKOBUX
po3pusax [HK abo nowkogxeHHAX ocHoB [JHK, aayKTiB
(koBaneHTHi Komnnekcn) AHK, aenypuHauii abo 3wu-
BaHHI, Ae MOWKOAXKEHHA BUABNAOTLCA PisHUMKU dep-
MeHTamM, sKi ckanytoTb AHK [16-20].

Bigomo, Wo ana iHiyiauii penapauii HeobxigHo pe-
MOAEeNtoBaT Ta BMAYyYaTU cycigHi Hykneocomu. Llei
npowec moxe 6yTM CNpoLEeHO 3a AOMNOMOrol MNOEA-
HaHHA 30HAYBAHHA MOLIKOAMKEHD i3 peMoAeNtOBaHHAM
HyKnieocom. Tak, MAPM-1 — agepHuii GepMeHT, WO ak-
TUBYETbLCA NPU yKoaXKeHHI JHK — cMHTe3ye HeraTuBHO
3apagXeHHi nadutrm nonimepy AAd-pubosn is HAO*
Ta npueaHye ix go 6inkiB penapauii AHK (ricToHis),
TPaHCKPUNUiHUX daKTopiB Ta iH. Llei npouec 3pateH
6e3nocepeaHbO MOAMPIKYBATM TCTOHW Ta iHAYKYBATK
PO3Kpy4YyBaHHA HyKneocom [21].

LocnigKeHHA 3araNbHOreHOMHOI AOCTYMHOCTI Xpo-
MaTUHY B pamKax ywKogxeHHa AHK Ta ii penapauii
MoXKe byTh Wwe binbl cknagHum, 6o waaxm penapauii
Ha BigMIHY Bif, TPAHCKPWNUii HanpaBneHi Ha AiNnAH-
KM ywkogxeHHa AHK, aki 3a3Buuali He npue’asaHi 4o
TPAHCKPUNUiMHMX canTiB. 3aKpinaeHi cantu, aki giicHo
iCHytOTb y pamkax penapauii AHK, 3a3Buyali HasuBa-
I0Tb «FapPAYUMM TOUKAMU», AKI KOPENtorTb i3 Pi3HUMMU
reHOMHMMMU MOCNILOBHOCTAMM, BTOPUHHUMM CTPYKTY-
pamu, AKi 3aaTHi abo He 34aTHI B3aeMoAiaTM B yMOBax
[OOCTYNMHOCTI XpomaTuHy [22, 23].

TakKMM YMHOM, AOCTYMHICTb XPOMATMHY MOMKe Bi-
AOirpaBaTy BaXAMBY pPOJib Yy penapauii NOWKOAMKEHHSA
[OHK, 3anexHo Big TMNY NOWKOAMKeEHHA (04HO- YM ABOX-
NaHutorosi pospueu OHK), i 4oaaTKOBI AOCNIAMKEHHS B
LbOMY HaMpAMKY 36inblyBAaTUMYTb PO3YMIHHA Te, AK
BifOYyBa€ETbCA pPEeMOAEeNtOBAHHA XPOMATUHY (HyKaeo-
com).

OTpumaHi Hamu AaHi ysrogxywotbea [2, 24-28]. B
Tomy, wo CIPT-1 mosKe BigirpaBaTu KNKOYOBY PO/b Y TEP-
MiHanbHiM gudepeHuiayii KnitnH @O0 [25], a Takox,
LLLO *KMTTE3AATHICTb KAITMH ®OO 3anexunTb Big 6anaHcy
MiXK MPUTHIYYIOYMM Ta CTUMYNIOKOYMM BNAnMBOM Ha CIPT-
1 [25, 27]. PecBepaTpon nocnabntoe OC, w06 3axnctuTu
cnpuymHere H,O, NOLWKOAXEHHSA i anonTo3 rpaHynsp-
HUX KNITUH AEYHMKIB Y WypiB [29], WO neBHWUI piBeHb
aKTMBHOCTI CIPT-1 moKe 3axunLLatv OOLMUTH Bif, OKMCHO-
o YLWKOAMKEHHS, BUKIMKAHOIO CTPECOM, MOB’A3aHMM 3
X KyZIbTUBYBAHHSAM in vitro [2, 26].

ISSN 2077-4214. Bichuxk npo6nem 6ionorii i meanuunn — 2024 — Bun. 1(172) / Bulletin of problems in biology and medicine — 2024 - Issue 1(172)

117



BION10r1A / BIOLOGY

BucHoBKM.

Y uit poboTi HaMK OTPUMaHO HOBI AaHi NpPo BNAUB
H,0, (5xB, 250 mM) Ha KNiTUHKU PONIKYNAPHOTO OTOUEH-
HA OOLMTIB, AKI AAOTb NiACTABU CTBEPAKYBATH, LLO TaKi
3MiHM BEIMUYMNH LMTONOTIYHUX NoKasHuKis (IX, Al, M31),
a came: 3MeHLIEeHHS iHAeKcy XpomaTtum3aaii (I1X) — AK 3HK-
YKEHHA aKTUBHOCTI FeHOMY, Yepes3 3MeHLUeHHSA oro Ao-
CTYNHOCTI («BiAKPUTOCTI»), 3pocTaHHA Al — AK 3pOCTaHHA
AKTUMBHOCTI TPaHCAALIMHOrO anapaTty — peakuia KAiTuH
Ha CTpec, 3pocTaHHA M3A — AK 3MeHLeHHA LiNiCHOCTI
Kapionemun — OYHKLiOHYBaHHA reHOMY MPUIHIYYETbCA,
pasom Bigob6paXkatoTb MOLWKOAKEHHA XPOMATUHY Xa-
paKTepHi 4NA OKUCHOTO CTpecy.

B Hawux pocnigax B ymoBax BnivBy 6nokaTopa
MAPIM i 6nokaTopa iINOS BiamiuyaeTbca 3meHLlLeHHs IX
— K 3HUXKEHHA aKTUBHOCTI FEHOMY, Yepes3 3MeHLLIEHHA
Moro gocTynHocTi («BiAKpPUTOCTI»), 3pocTaHHA Al — Ak
3POCTaHHA aKTUBHOCTI TPAHCAALIMHOrO anapaTy — peak-
Lif KAITWMH Ha cTpec, 3pocTaHHA M3A — AK 3MeHLeHHA
LinicHocTi Kapionemu — PyHKLiOHYBaHHSA reHOMY npu-
rHiYyeTbca. Bce ue pa3om Bigobparkae MOLIKOAMKEHHN

LLLO BUHMKAE B YMOBAX OKMCHOTO CTPECY, AKWI Moaento-
BaBcA 3 BUKopUcTaHHAM H,0,.

3actocyBaHHsA cybctpaTy NOS i aktuBaTopa CIPT-1,
ymoBax BnivBy 6no0kaTopa MMAPI, 6nokatopa iNOS i,
cymicHo 6nokaTopa MAPIT i 6iokaTopa iNOS, 3ymasntoe
36inblWeHHs IX — AK 36iNblUeHHA aKTUBHOCTI reHomy,
yepes 36inbleHHA MOro AOCTYNHOCTI («BigKpUTOCTI»),
3MeHLWeHHA Al — AK 3MeHLWeHHA aKTUBHOCTI TpaHCAA-
LiMHOro anapaTty — 3MeHLEeHHA peaKLii KNiTUH Ha cTpec,
3aMmeHweHHA M3l — AK 36inbleHHA UiniCHOCTI Kapio-
nnasmu — QyHKLIOHYBaHHA FeHOMY BiJHOB/IOETLCA,
pa3om Bifo06paKatoTb BiLHOBNEHHA aKTUBHOCTI XpOMa-
TUHY.

Pasom, oTpumaHi gaHi gatoTb NiACTaBU CTBEPAKYBA-
TH, WO | OKCKUA a30Ty, i CipTyiH-1 6epyTb yyacTb y NiaTpU-
MaHHi PYHKLiOHaNbHOrO CTaHy AOCTYNHOCTI XPOMaTUHY
B KNiTUHAX GONIKYNAPHOrO OTOYEHHA OOLMUTIB.

MepcneKkTMBM NOAANbLUIUX [OCNIAMKEHD.

B ManbyTHbOMY MW MAAHYEMO LOAYYUTUCA [0 [0-
cnigeHb winicHocTi AHK, yepes ouiHKy 3miHKM po3nog,i-
ny ogHo-HUTKoBMX po3pusis AHK KnitnH ®OO B pisHMX

XPOMATUHY, fKe MOXKYTb OYyTW MOPiBHIOBAHE 3 TAKUM,  E€KCMEepPUMEHTa/IbHUX YMOBaAX.
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OOCTYNHICTb TEHOMY: 3MIHU XPOMATUHY KNITUH ®ONIKYNIAPHOIO OTOYEHHA OOLIUTIB B YMOBAX
OKUCHOIO CTPECY IN VITRO

Cpi6Ha B. O., BosHeceHcbKa T. 0., bnawkis T. B.

Pestome. [loctyn o reHomy (OHK) € HeobxigHO YyMOBOW A1 BUKOHAHHA OCHOBHUX KAITUHHUX NPOLLECiB, 30-
Kpema TpaHCKpunu,ii, penikauii, XxpoMocoMHOi cerperauii Ta penapauii HK. 3a ocTaHHE AecATUAITTA NOBHOTEHOMHI
OOCNiAXEeHHA Ta HOBI NigxoAu A0 Bi3yanisauii 4O3BOMMAN Kpalle 3pO3YMiTH, AK PEryatoeTbCA AOCTYN A0 reHoMmy.
Te, AK BiNKKM, AKI peryntooTb Ui npoueck, GyHKLIOHYOTb Y KOHTEKCTI XPOMaTUHY Ta MOro AMHAMIYHOT apXiTEKTYpU, €
npeamMeToM iHTEHCUBHUX A0CNiIAXKEHb.

MeTa gocnigKeHHa — 3a 3MiHaMW BEIMYMH LUMTONOTIYHUX NOKA3HUKIB (iHAeKcy xpomaTtusadii (IX), agepuesoro
iHaekcy (A1) Ta iHaekcy mopdosnoriyHo 3miHeHUx agep (M3A)) ouiHUTU 3MiHM QYHKLiIOHANbHOMO CTaHY XPOMATUHY
KNITUH GONIKYNAPHOTrO OTOYEHHA OOLMTIB B PISHUX EKCMEPUMEHTANIbHUX YMOBAX, @ CAamMe B YMOBAX OKMCHOIO CTpecy
in vitro, a Takox BnauBy akTMBatopa CIPT_1, 6510katopa MAPN (noni (AO®-prbo3a) nonimepasu), cyberpata NOS i
6nokaTtopa iNOS, wo paHiwe He 6yn10 BUBYEHO.

Y Uit poboTi HaMM OTPUMAHO HOBI AaHi NpPo BNANB H,O, (5 xB, 250 mM) Ha KAITUHWU ONIKYNSAPHOrO OTOUYEHHS
oOoUMTIB Aal0Tb NiACTaBU CTBEPAKYBATH, LLLO TaKi 3MiHM BEIMYMH LMTONOTIYHUX MoKasHuKiB (IX, Al, M31), a came:
3MEHLEHHA iHAeKcy xpomaTusauii (IX) — AK 3HUNKEHHA aKTUMBHOCTI reHOMY, Yepe3 3MEeHLLEeHHSA MOoro A0oCTynHOCTI
(«BiaKpUTOCTI»), 3pocTaHHsA Al — AK 3pOCTAHHA aKTUBHOCTI TPAHCAALIMHOMO anapaTy — peakKLisa KAiTUH Ha cTpec, 3poc-
TaHHA M3l — AK 3MeHLLEeHHSA LiNicHOCTI Kapioniasmu — GyHKLiOHYBaHHA reHOMY NMPUTHIYYETLCA, Pa30M Bigobparka-
I0Tb MOLUKOAMKEHHA XPOMaTUHY XapaKTepHi 418 OKUCHOTO CTpecy.

B Hawwux gocnigax B ymosax BnimBy 6nokatopa MAPT i 6nokaTopa iNOS BigbyBa€eTbcs: 3MEHLLEHHS iHAEKCY XpO-
maTtusauii (IX) — AK 3HUKEHHS aKTUBHOCTI FreHOMY, Yepe3 3MEHLLEHHA MOro AOCTYNHOCTI («BiAKPUTOCTI»), 3pOCTaHHSA
Al — AK 3pOCTaHHA aKTUBHOCTI TPAHCAALIMHOIO anapaTy — peakL,ia KAiTUH Ha cTpec, 3pocTaHHA M3A — AK 3MeHLeHHA
uinicHocTi Kapioniasmu — GYHKLiOHYBaHHSA reHOMY NMPUTHIYYETLCA, Pa30M BiZlo6pPaXkatoTb MOLIKOAMKEHHSA XpOMaTH-
HY, AIKi MOXYTb 6yTV NOPIBHIOBAHI 3 TAKMMW B YMOBAX OKMCHOTO CTPECY, AKMI MOAENI0BABCA 3 BUKOPUCTaHHAM H,O,.

3actocyBaHHsA cybeTpaty NOS i aktneaTtopa CIPT 1, ymoBax snauy 610kaTtopa MAPI, 6nokatopa iNOS i, pazom
6nokaTopa MAPI i 6aokaTopa iINOS, Wwo npusBoamMno: 36inblleHHs iHAeKCcy XpomaTum3auii (IX) — AK 36inbleHHA ak-
TUBHOCTI reHoMmy, Yepes 36inbleHHA M0ro A0CTYNHOCTI («BiAKPUTOCTI»), 3MeHLWWEHHA Al — AK 3MeHLLeHHS aKTUBHOCTI
TPaHCAALUIMHOrO anapaTty — 3MEeHLLEeHHS peakLji KNiTUH Ha cTpec, 3MmeHweHHA M3f — K 36inblueHHS LinicHOCTI Ka-
pionnasmu — GyHKLIOHYBaHHA reHOMY BiZlHOB/IOETbCA, Pa30M BigobparKatoTb BiAHOBNEHHS aKTUBHOCTI XPOMaTUHY.

Pa3om, oTpuMaHi AaHi 4atoTb NiAcCTaBM CTBEPAXKYBATH, LLLO i OKCMA a30Ty, i cMpTyiH_1 6epyTb yyacTb y NiaTpu-
MaHHi PYHKLiOHANIbHOIO CTaHy AOCTYMHOCTI XPOMaTUHY B KAiTMHax ®OO0.

Knrouosi cnosa: KNiTMHM GONIKYNAPHOIro OTOYEHHSA OOLMUTIB, XPOMATUH, OKUCHUI cTpec, CipTyiH_1.

GENOME AVAILABILITY: CHANGES IN THE CHROMATIN OF CELLS OF THE FOLLICULAR ENVIRONMENT OF
OOCYTES UNDER CONDITIONS OF OXIDATIVE STRESS IN VITRO

Sribna V. 0., Voznesenska T. Yu., Blashkiv T. V.

Abstract. Access to the genome (DNA) is a prerequisite for basic cellular processes, including transcription,
replication, chromosome segregation, and DNA repair. Over the past decade, genome-wide studies and new imaging
approaches have provided a better understanding of how access to the genome is regulated. How the proteins that
regulate these processes function in the context of chromatin and its dynamic architecture is the subject of intense
research.

The purpose of the study is to evaluate changes in the functional state of the chromatin of the cells of the
follicular environment of oocytes under different experimental conditions, namely under conditions of oxidative
stress, based on changes in the values of cytological indicators (chromatization index (Chl), nuclear index (NI) and
morphologically altered nuclei index (MNI)), as well as the influence of the activator of Sirtuin_1, the PARP (Poly
(ADP-ribose) polymerase) blocker, the NOS substrate, and the iNOS blocker, which had not been studied before.

In this work, we have obtained new data about the effect of H,0, (5 min, 250 mM) on the cells of the follicular
environment of oocytes, which allowed us to asserting that such changes in the values of cytological indicators (Chl,
NI, MNI), namely: a decrease in the chromatization index (Chl) — as decrease in the activity of the genome, due
to a decrease in its accessibility (“openness”), the growth of NI — as an increase in the activity of the translational
apparatus —the response of cells to stress, the growth of MNI —as a decrease in the integrity of the karyoplasm —the
functioning of the genome is suppressed, together they reflect damage to the chromatin characteristic of oxidative
stress.

The use of the NOS substrate and the activator of Sirtuin_1, under conditions of exposure to the PARP blocker, the
iNOS blocker and, together, the PARP blocker and the iNOS blocker, which led to: an increase in the chromatization
index (Chl) — as an increase in the activity of the genome, due to an increase in its accessibility (“openness”), a
decrease in NI — as a decrease in the activity of the translational apparatus — a decrease in the reaction of cells
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to stress, a decrease in MNI — as an increase in the integrity of the karyoplasm — the functioning of the genome is
restored, together they reflect the restoration of chromatin activity.

Together, the obtained data provide grounds for asserting that both nitric oxide and sirtuin_1 are involved in
maintaining the functional state of chromatin availability in cells of the follicular environment of oocytes.

Key words: cells of the follicular environment of oocytes, chromatin, oxidative stress, sirtuin_1.
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The study focuses on the impact of myopia on the nervous system's reactions to stimuli addressed to different
signalling systems. Since modern society is information and cyber-based and people have to process significant
amounts of information, there has been a tendency in recent decades to increase the number of people with ac-
quired myopia. Our study aims to determine the peculiarities of neurodynamic functions, perception and processing
of stimuli addressed to the | and Il signalling systems in people suffering from acquired myopia. The study partici-
pants were divided into groups with and without myopia. The Makarenko method was used to study neurodynamic
functions. All experiments were conducted following international bioethical standards. Each participant gave writ-
ten consent to participate in the study. The study considered changes in mental performance at the beginning of the
working day and week, carried out on days of high mental performance. To avoid the subjective factor, the state of
neurodynamic properties was tested three times. Separate stimuli were selected for each signalling system.

The study of neurodynamic functions revealed that people with myopia have shorter latent periods of choice
reaction to stimuli addressed to the | and Il signalling systems, and an increase in the functional mobility of nervous
processes was observed. The slight differences in the values of SVMR and LPRC1-3 are due to their simplicity. The
data obtained in the study confirm that myopia can affect the perception and processing of information, depending
on the type of stimuli. Such findings are essential for understanding the relationship between visual function and the
central nervous system in people with different degrees of myopia.
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Introduction.

Modern society is considered an information and cy-
bernetic society, a characteristic feature of which is an
increased flow of information stimuli addressed to the
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sensory systems of the human body. The leading role
in sensory signal perception is the visual system, which
processes and perceives 80% of the information flow.
Physiological and morphological disorders in the eye ac-
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