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Chronic ethanol consumption is associated with a range of harmful effects on different systems of
the body, including the heart. Coordination complexes of bioactive compounds based on non-toxic metals
are attracting interest in biomedical research due to their potential therapeutic properties. The study aimed
to evaluate the influence of the germanium-nicotinic acid complex (MIGU-1) on apoptosis and endoplasmic
reticulum (ER) stress indicators in the myocardium of rats under chronic alcohol exposure. Female Wistar
rats were divided into three groups of 6 animals each: intact animals; rats that received 20% ethanol as the
sole source of liquid for 110 days; animals with chronic consumption of 20% ethanol, which from the 90™
day until the end of the experiment were intraperitoneally administered MIGU-1 solution (10 mg/kg/day).
Biomarkers related to apoptosis, ER stress autophagy were assessed by Western blot analysis. It was shown
that chronic ethanol consumption significantly activated apoptotic pathways in rat myocardium tissue, evi-
denced by increased levels of cleaved caspase-3 and BAX proteins alongside Beclin-1 level elevation, indi-
cating enhanced autophagy. A significant decrease in the content of the protein IREI] and its phosphorylated
form in myocardial with no changes in GRP78 protein level was detected. Treatment with MIGU-1 resulted
in both ethanol-induced apoptosis reduction and ER stress attenuation in cardiomyocytes with the level of
Beclin-1 and GRP78 proteins remaining unchanged. Our findings demonstrate that the MIGU-1 complex
promotes cardiomyocyte survival by balancing apoptosis and unfolded protein response, thus preventing
alcohol-related cardiac injury.

Keywords: nicotinic acid, germanium, MIGU-1, alcohol intoxication, rat cardiomyocytes, apoptosis, ER
stress, autophagy.

debated the impact of controlled alcohol con-

sumption (ethanol) on the human body. Despite
several epidemiological studies indicating that al-
cohol consumption in small or moderate amounts
reduces the risk of major adverse cardiovascular
events (MACE), there is still insufficient scientific
evidence to explain this phenomenon conclusively
[1, 2]. The vast majority of studies on the effects of
alcohol on the human body have shown that acetal-
dehyde and other compounds formed during the bio-
transformation of ethanol in the human body lead to
the activation of reactive oxygen species, oxidative

I n recent years, the scientific literature has widely

stress, and disruptions in proteostasis [3]. This re-
sults in changes in the metabolism of cardiac muscle
cells, damage to cardiomyocytes, and their death.
The ethanol intake correlates with a decrease in the
synthesis of ribosomal proteins, particularly actin,
myosin, troponin, and titin, impairing the contractile
ability of cardiac muscle. Moreover, acetaldehyde
can interact with cellular proteins and form protein
adducts, disrupting the structure and/or function of
these proteins [4, 5].

The mechanisms by which alcohol and its
metabolites influence the intricate system of intra-
cellular signal transduction are still insufficiently
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studied. Future research aimed at uncovering the
internal mechanisms regulating cell death may en-
hance our understanding of the contradictory data
regarding the effects of alcohol on the cardiovas-
cular system [6]. It should be noted that excessive
alcohol consumption causes numerous pathological
stress reactions, one of which is the endoplasmic re-
ticulum (ER) stress response. The specified patho-
genetic mechanism leads to unfolded/misfolded pro-
tein accumulating in the ER lumen, contributing to
alcohol-related disorders of major organs such as the
liver, pancreas, heart, and brain [7]. This could also
identify new drug targets for delaying or preventing
diseases caused by chronic alcohol consumption.

Considering their low toxicity to the organism,
germanium nano- and coordinative compounds
have been shown to exhibit significant residual
tumor elimination, sterilization, and potential
wound-healing effects, also making them promising
candidates for pharmacological treatment of cardio-
vascular, immune and neurodegenerative diseases
[8-10]. One of the critical factors in accelerated cell
death and ER stress is considered to be the deple-
tion of the intracellular pool of NAD, the coenzyme
form of vitamin B, (nicotinic acid) [11, 12]. Given
the above and the great research interest in complex
compounds of vitamins (especially group B) with
metals [13-15], our focus was established on the pro-
tective effects of the germanium complex with nico-
tinic acid (MIGU-1) in alcohol intoxication. The aim
of this study was to evaluate the potential therapeu-
tic effects of the coordination compound germanium
with nicotinic acid (MIGU-1) in the regulation of ER
stress and apoptosis in cardiomyocytes of rats with
chronic ethanol consumption.

Materials and Methods

The animals were kept in the vivarium of the
Bogomolets National Medical University (Kyiv,
Ukraine) with compliance with bioethical norms
when conducting experimental research on animals,
which was confirmed by the Commission on Bioethi-
cal Expertise and Ethics of Scientific Research of
Bogomolets National Medical University (protocol
No. 177 dated 23.10.2023). All animal procedures
were performed in compliance with the require-
ments of the European Convention for the Protection
of Vertebrate Animals Used for Experimental and
Other Scientific Purposes (Strasbourg, 1986).

The study was conducted on female Wistar rats
(average weight 197.7 = 3.1 g and 10 weeks old at
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the beginning of the experiment). The animals were
selected based on the results of a two-bottle alco-
hol choice test [16], and they were divided into three
groups: Group 1 — intact animals (n = 6), Group 2 —
a model of chronic alcohol exposure - rats received
20% ethanol as the sole source of liquid, equivalent
to ~9.0-10 g/kg/day, for 110 days (n = 6), Group 3 —
the experimental group, animals with chronic con-
sumption of 20% ethanol, which from the 90" day
until the end of the experiment were intraperito-
neally administered a solution of MIGU-1 (10 mg/
kg/day) (n = 6) according to [17]. Note that groups
2 and 3 were consuming ethanol until the end of the
experiment.

The research studied the regulatory properties
of the coordination complex of germanium with nic-
otinic acid (laboratory code MIGU-1), synthesized
for the first time in the laboratory of the department
of inorganic chemistry and chemical education of
the Odessa I. I. Mechnikov National University.
This complex was characterized by IR and NMR
spectroscopy, which allowed its structural chemical
formula to be deciphered (Fig. 1). MIGU-1 synthe-
sis was carried out by a uniform method. Weighed
portions of ligands were dissolved in 10 ml of ace-
tic acid, acetonitrile or tetrahydrofuran and GeCl,
was added in molar ratios of metal:ligand = 1:4. The
resulting precipitates were filtered using a vacuum
manifold, washed with appropriate solvents and
diethyl ether, dried to constant weight at ~100°C for
3h18].

The rats were sacrificed on day 110 after the be-
ginning of the experiment using thiopental anesthe-
sia (20 mg/kg). The heart was immediately removed,
resuspended with saline buffer, and the myocardium

i |Cl,

Fig. 1. Chemical structure of the germanium-nico-
tinic acid coordination complex (MIGU-1)
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tissue was homogenized in the presence of liquid
nitrogen until a homogeneous state was achieved.
Myocardial proteins were extracted using RIPA (ly-
sis) buffer with the addition of a protease inhibitor
cocktail (PIC) (Sigma, USA) for 20 min in an ice
bath and processed using an ultrasonic disintegrator
Labsonic M (Sartorius, Germany). The homogenates
were centrifuged at 16,000 g for 20 min at 4°C. The
concentration of total protein in the supernatant was
measured using the Total Protein test system (High
Technology, USA) on a semi-automated biochemical
analyzer BioChem SA (High Technology, USA).

The level of apoptosis, autophagy, and endo-
plasmic reticulum stress markers in the myocardial
tissue of rats was determined using Western blot
analysis [19]. The proteins from the lysates (50 pg/
sample) were separated into fractions using SDS-
PAGE in a vertical chamber (BioRad, USA), utilizing
Tris-glycine buffer, pH 8.3 at a voltage of 50V (sam-
ple concentration) and 160 V (sample separation).
For the identification of protein molecular weights, a
mixture of colored protein markers (PageRuler, cat.
#26616, Fermentas, Lithuania) was used.

Proteins were transferred from the AA gel
to nitrocellulose membranes with a pore size of
0.45 um (GE Healthcare, Amersham, UK) for 1 h
at 4°C. Non-specific binding sites for antibodies
were blocked with a 5% solution of skim milk
powder (Carnation, USA) in PBST for 2 h at room
temperature. After blocking, membranes were in-
cubated with specific antibodies in PBST for 16 h
at 4°C. The antibodies used in this study included
anti-BAX (1:500, Invitrogen, USA, #UA2671705),
anti-Caspase-3 (1:2500, Abcam, USA #ab208161),
GRP78 (1:1000, #PA5-34941, Invitrogen, USA), an-
ti-IRE1 (1:800, #PA5-79193, Invitrogen, USA), anti-
Beclin-1 (1:1500, Invitrogen, USA, #PA5-20171),
anti-beta-Actin (1:5000, Loading Control Mono-
clonal Antibody (BA3R) (#MAS5-15739, Invitrogen,
USA). After incubation, membranes were washed in
PBST six times for 5 min each and incubated with
corresponding secondary antibodies conjugated with
horseradish peroxidase for 90 min at room tempera-
ture. Non-specifically bound secondary antibodies
were washed away with PBST six times. The spe-
cific antigen-antibody complex was detected using
Enhanced Chemiluminescence (ECL). Visualiza-
tion of specific staining was performed on Konica
Minolta (Medical & Graphic, Inc, Japan) X-ray
films. Scanned results of the immunoblotting were
subjected to densitometry using the TotalLab TL120

program (Nonlinear Inc., USA). The relative protein
content was expressed in arbitrary units (a.u.).

Statistical analysis was performed using Prism
10.2.2 (GraphPad Software Inc., USA) employing
one-way ANOVA. Data are presented as mean (M)
and standard error of the mean (+SEM). Differences
between groups were considered statistically signifi-
cant at a probability level of P < 0.05.

Results and Discussion

A broad research interest in the chemical
properties and potential therapeutic effects of coor-
dination complexes and supramolecular compounds
is fully justified today due to the high demand for
the development of new methods and approaches in
the treatment of common diseases and pathological
conditions. Considering that germanium (a transition
metal) and its compounds have low overall toxicity
and do not exhibit carcinogenic and teratogenic prop-
erties [20, 21], the ability to form coordination bonds
makes it a convenient platform for the delivery in the
organism of other biologically active compounds in
the form of nontoxic coordination complexes. Our
recent study on the effects of the nicotinic acid and
MIGU-1 on ER stress, autophagy, and apoptosis
in the cerebral cortex of rats with chronic ethanol
consumption demonstrated that MIGU-1 alleviates
ER stress by selectively inhibiting specific apoptotic
pathways through the regulation of the autophagy
modulator protein Beclin-1 levels [22]. Given the
widespread use of NAD" in the treatment of cardio-
vascular diseases [23], we aimed to investigate the
potential regulatory effects of MIGU-1 on apoptosis
and EP stress in cardiomyocytes in rats with chronic
alcohol intoxication.

As is known, the dynamic balance between the
synthesis, folding, interaction, and degradation of
proteins in a cell is essential for maintaining proper
cellular metabolism. The accumulation of misfolded
proteins leads to ER stress and the activation of in-
tracellular signaling pathways of the unfolded pro-
tein response (UPR) [24]. The UPR's reaction to ER
stress plays a protective role in cell survival. UPR
removes misfolded proteins through ER-associated
degradation (ERAD) or lysosomal degradation.
However, under prolonged stress conditions, such as
proteotoxicity, UPR sequentially triggers autophagy
or apoptosis, which can ultimately lead to the devel-
opment of various diseases, including cardiovascular
diseases, at the organism level [25]. Therefore, in our
study, we focused on the ER/UPR signaling path-
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way as a mechanism for regulating the survival of
cardiomyocytes under conditions of chronic alcohol
intoxication.

A key regulator of the UPR system is glucose-
regulated protein 78 (GRP78), also known as binding
immunoglobulin protein (BiP) [26]. GRP78 func-
tions as a permanent chaperone, facilitating proper
protein folding and preventing their aggregation on
the one hand. On the other hand, it activates the UPR
during the development of ER stress. The activation
of the UPR involves three signaling pathways: RNA-
dependent protein kinase-like ER kinase (PERK),
activating transcription factor 6 (ATF6), and inosi-
tol-requiring enzyme 1 (IRE1) pathways [27].

Considering that chronic alcohol consumption
is associated with a high risk of developing cardiac
hypertrophy and that the level of unprocessed pro-
teins in the ER lumen significantly increases, we in-
vestigated the levels of chaperones GRP78 and IRE1
in the myocardium of experimental rats. The study
showed that there was no significant difference in the
expression levels of GRP78 protein in the myocar-
dium between the control and experimental groups
of rats (Fig. 2). The lack of dynamics in the change
of GRP78 protein levels in the myocardium of rats
may be viewed as a compensatory-adaptive protec-
tive mechanism, as the basal expression of GRP78 is
crucial for the survival of cardiomyocytes and heart
function. Moreover, large fluctuations in GRP78
levels could have critical consequences for cellular
metabolism [28].

Among the proteins associated with the UPR,
IRE!1 is considered the most universal and well-
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intact animals
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20% ethanol +
MIGU-1

studied branch of the UPR. Recently, IRE1 has been
proposed as the main regulator in determining the
future fate of the cell under conditions of ER stress
[29]. After the accumulation of misfolded and un-
folded proteins in the endoplasmic reticulum, the
GRP78 protein shifts towards these proteins, chang-
es its spatial conformation and thereby activates the
transmembrane protein IRE1. Trans-autophospho-
rylation of IREI is an important regulatory mecha-
nism that controls the activity of this enzyme and
its involvement in the cellular response to ER stress
[30].

As demonstrated in Fig. 3, B, the level of the
transmembrane sensory-signaling enzyme IRE1
from the UPR pathway in the myocardium of rats in-
creased by 8.67 times in response to chronic alcohol
consumption compared to control rats. The myocar-
dial IRE1 protein level in rats that received MIGU-1
therapy during chronic alcohol intoxication showed
a tendency to decrease compared to the pathology
group; however, there was no statistically significant
difference. At the same time, no differences in the
levels of phosphorylated IRElp protein in the myo-
cardium of animals across all study groups were ob-
served (Fig. 3, C).

To investigate the effect of ethanol and MIGU-1
on the IREl-associated pathway in the myocardium
of rats, we analyzed the ratio of phosphorylated
IRE1 (IRElp) to total IREI. The results of the IRElp
to IREI ratio in the myocardium of rats are present-
ed in Fig. 3, D. The analysis showed that chronic
ethanol consumption reduced the IRE1p/IRE] ratio
by 6.8 times compared to control rats. In the group
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Fig. 2. The GRP7S level in cardiomyocytes of rats with chronic ethanol consumption (20% ethanol) and
MIGU-1 treatment (20% ethanol+MIGU-1). A — representative immunoblotogram; B — a quantitative expres-
sion of GRP7S level in myocardial lysates relative to the [-actin level. Results are shown as mean = SEM and
representative of three independent experiments done in triplicate
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of animals that were administered MIGU-1 during
chronic ethanol consumption, the IRE1p/IRE1 ratio
in the myocardium was 6.3 times lower compared to
control animals (Fig. 3, D).

Open scientific sources show that there is a
close connection between ER stress and autophagy
in the regulation of protein homeostasis and cell sur-
vival. On the one hand, ER stress can support intra-
cellular proteostasis by initiating autophagy through
signaling molecules of the UPR, such as IRE1 and
PERK. On the other hand, the activation of auto-
phagy can reduce the negative effects of ER stress
by removing accumulated intracellular protein ag-
gregates and abnormal proteins, thereby promoting
cell survival [31]. We investigated the levels of the
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autophagy marker Beclin 1, which plays a central
role in the regulation of autophagy and is a crucial
factor in the pathogenesis of cardiac hypertrophy
and heart failure [32, 33]. The Beclin-1 level in-
creased 1.59 times in the myocardium of rats after
prolonged ethanol consumption compared to control
rats (Fig. 4). Administration of MIGU-1 to animals
with chronic consumption of 20% ethanol did not
affect the Beclin-1 protein level in the myocardium.
These results suggest the activation of autophagy as
an important protective mechanism for cardiomyo-
cytes against decompensated ER stress in chronic
alcohol intoxication. Beclin-1 is a regulator and
molecular switch for both autophagy and apoptosis
[34]. Cleavage of Beclin-1 by caspase-3 may lead to
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Fig. 3. The level of IREI protein and its phosphorylated form IRElp in cardiomyocytes of rats with chronic
ethanol consumption (20% ethanol) and MIGU-1 treatment (20% ethanol+MIGU-1). A — representative im-
munoblotogram; B — a quantitative expression of IREI level in myocardial lysates relative to the S-actin
level; C — a quantitative expression of IRElp level in myocardial lysates relative to the -actin level;, D —IREI1/
IREIp ratio. Results are shown as mean + SEM and representative of three independent experiments done in
triplicate; *P < 0.001 vs. control, *P < 0.05 vs. chronic 20% ethanol consumption
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the inactivation of autophagy, resulting in enhanced
apoptosis. Interestingly, caspase-mediated cleavage
of Beclin-1 contributes to the cross-talk between
apoptosis and autophagy [35].

The level of caspase-3 in the rat myocardial
tissue from all experimental groups did not differ
significantly from each other (Fig. 5, B). However,
the level of cleaved caspase-3 in the rat myocardial
tissue in response to ethanol consumption increased
4.39 times compared to control group (Fig. 5, C).
Administration of MIGU-1 resulted in a correc-
tion of the cleaved caspase-3 level compared to the
group with chronic ethanol consumption. Western
blot analysis showed that chronic consumption of
20% ethanol and the administration of MIGU-1 in
the context of ethanol intake significantly decreased
the ratio of cleaved caspase-3 to procaspase-3 in the
myocardial tissue of the rats (Fig. 5, D).

Considering that ethanol induces mitochondria-
dependent apoptosis pathways by causing overex-
pression of the pro-apoptotic protein BAX and acti-
vation of caspase-3, we examined the levels of BAX
dimer in the myocardium of rats [36]. The levels of
BAX dimer in the myocardium of rats with chronic
ethanol consumption were 1.36 times higher com-
pared to the control group, Fig. 6. Administration
of MIGU-1 did not significantly affect the level of
BAX dimer in the myocardium of rats with chronic
ethanol consumption (Fig. 6).

In summary, the chronic alcohol intoxication
induced ER stress-associated activation of both

A

20% ethanol + MIGU-1

intact animals
20% ethanol

apoptotic factors (cleavage of caspase-3 and accu-
mulation of Bax protein) and overexpression of Be-
clin-1, indicating an enhancement of autophagy in
rat cardiomyocytes. The interaction between auto-
phagy and apoptosis plays a crucial role in over-
coming the consequences of endoplasmic reticulum
stress and ensuring cell survival, which does not
preclude either individual or simultaneous activa-
tion of these processes [37, 38]. It is also noteworthy
that the expression level of GRP78, a key marker
of endoplasmic reticulum stress and a regulator of
UPR signaling activation, remained significantly un-
changed in the rat myocardial tissue of rats subjected
to chronic ethanol administration. Furthermore, the
ratio of IREIp to IRE1 was significantly lower in
alcoholized rats, indicating a reduction in the acti-
vation of the IREI signaling pathway of the UPR
(Fig. 3, D).

It is known that nicotinic acid is viewed not
only as a functional water-soluble coenzyme but also
as a cardioprotective agent [39]. The complexation
of nicotinic acid with germanium in the form of a
coordination compound has enhanced the activity of
nicotinic acid and opened up new potential effects
for cytoprotective activity under various types of in-
toxication. Our earlier studies on the pharmacologi-
cal effects of MIGU-1 demonstrated the antioxidant
properties of the nicotinic acid-germanium complex
in a model of doxorubicin-induced cardiomyopathy
[40] and its neuroprotective effects under conditions
of chronic ethanol consumption [22]. Similar to its
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Fig. 4. The Beclin-1 level in cardiomyocytes of rats with chronic ethanol consumption (20% ethanol) and
MIGU-I treatment (20% ethanol+MIGU-1). A — representative immunoblotogram; B— a quantitative expres-
sion of GRP78 level in myocardial lysates relative to the f-actin level. Results are shown as mean = SEM and
representative of three independent experiments done in triplicate; *P < 0.05 vs. control
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effects on the nervous tissue of rats with chronic al-
cohol intoxication, this study showed that MIGU-1
minimizes ethanol-induced impairments in the car-
diomyocytes of alcoholized animals by inhibiting
the activation of caspase-3. In our opinion, the anti-
apoptotic action of MIGU-1 under chronic toxic ex-
posure to alcohol in both nervous tissue and myo-
cardium is due to the synergistic effect of nicotinic
acid and germanium in protecting cells from pro-
grammed cell death. Nicotinic acid is known for its
antioxidant properties, which aim to reduce reactive
oxygen species, stabilize mitochondrial membranes,
and inhibit the activation of executioner caspases
[41, 42]. Germanium, in its simple compounds, pre-
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vents the development of tissue hypoxia, positively
affecting energy metabolism and preventing cellular
energy depletion [8, 43]. MIGU-1 may serve as an ef-
fective tool in the prevention and adjunct therapy of
various diseases, including cardiovascular and neu-
rodegenerative disorders. Future research will help
further elucidate the regulatory potential and thera-
peutic effects of MIGU-1 in correcting pathological
changes in cardiac muscle induced by the toxic ef-
fects of ethanol.

Conclusions. Chronic ethanol consumption
leads to an apoptotic switch in UPR function by
blocking the phosphorylation of IRE1 in cardiomyo-
cytes, which was accompanied by an increase in
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Fig. 5. The level of caspase-3 protein and cleaved caspase-3 proteins in cardiomyocytes of rats with chronic
ethanol consumption (20% ethanol) and MIGU-1 treatment (20% ethanol+MIGU-1). A — Representative im-
munoblotogram; B — a quantitative expression of caspase-3 level in myocardial lysates relative to the f-actin
level; C — a quantitative expression of cleaved caspase-3 level in myocardial lysates relative to the p-actin
level; D — cleaved caspase-3/caspase-3 ratio. Results are shown as mean + SEM and representative of three
independent experiments done in triplicate; *P < 0.001 vs. control, P < 0.05 vs. chronic 20% ethanol con-

sumption
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Fig. 6. The BAX-dimer level in cardiomyocytes of rats with chronic ethanol consumption (20% ethanol) and
MIGU-I1 treatment (20% ethanol+MIGU-1). A — representative immunoblotogram; B — a quantitative expres-
sion of BAX dimer level in myocardial lysates relative to the f-actin level. Results are shown as mean + SEM
and representative of three independent experiments done in triplicate; *P < 0.05 vs. control

the level of BAX protein and cleaved caspase-3. In
parallel, we found an ethanol-associated evalua-
tion in the Beclin-1 level and the absence of a dif-
ference in the content of the protein GRP78 in the
myocardium of all studied groups of animals, which
indicated an increase in the role of autophagy in car-
diomyocytes in a condition of alcohol intoxication.
The nicotinic acid-germanium complex (MIGU-1)
exhibits anti-apoptotic effects and promotes car-
diomyocyte survival, reducing ER stress while
regulating the balance between apoptotic and au-
tophagic factors in prolonged consumption of 20%
ethanol. Further investigation into the effects of
MIGU-1 on cell survival mechanisms in the pres-
ence of ethanol will contribute to the search for new
approaches to the prevention and adjunct therapy of
diseases associated with the toxic effects of chronic
alcohol consumption.
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XpOHiYHE CIIO)KMBaHHS E€TaHONYy TIOB’sI3aHe
3 HU3KOKO IIKIITMBUX BIUIMBIB Ha Pi3HI CHCTEMH
oprasizmy, BKJto4aroun cepre. KoopnuHamiitHi
KOMIIJIEKCH 010aKTHBHHUX CIOIYK Ha OCHOBI HETOK-
CUYHUX METalliB BUKJIUKAIOTh iIHTEepeC y Oiomennd-
HHUX JOCIHIKEHHIX 3aBISIKH 1X MMOTSHITIHHUM Tepa-
MEBTUYHUM BJIACTUBOCTAM. METOI0 IOCIHIiIKEHHS
Oyna oIliHKa BIUIMBY KOMIUIEKCY TepMaHili-HiKO-
trHOBOI Kuciaotu (MII'Y-1) Ha MOKa3HUKHU aror-
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TO3y Ta CTpeCy €HAOMIa3MaTHYHOTO PETHUKYIyMa
(EP) y miokapmi mypiB 3a XpOHITHOI il €TaHOMTY.
Camunp mypis JgiHii Bictap Oyno noaineno nHa 3
rpynu 1mo 6 TBApUH y KOKHIN: IHTaKTHI TBapHHU;
mypH, ki orpumyBanu 20% eTaHON SIK €JUHE
JoKepeno pinuHu npotaroM 110 qHiB; TBapuHaM i3
XPOHIYHUM crnokuBaHHAM 20% eTaHOdy, AKUM 3
90-i mo0u 0 KiHIIS JOCIiy BHYTPIIIHLOYESPEBHO
BBoauiK po3und MIT'Y-1 (10 mr/kr/mo6y). biomap-
KepH, TOB’s13aHi 3 amornto3oM, aytodarietro ta EP
CTpecoM, OLIIHIOBAIIU 3a JIOIOMOTror Becrepr-0ior
aHauizy. [lokazaHo, 1110 XpOHIYHE BXKMBAHHS €TaHO-
7y 3HaYHO aKTHBI3yBaJIO MTPOANONTOTHYHI IIJISXH Y
TKaHWHI MiOoKapa MIypiB, IPO M0 CBIAIUB ITiTBU-
LIEeHUH BMICT NPOTeiHIB po3ienieHoi Gpopmu Kac-
nasu-3 Ta BAX, y Toif ac sik 3pocTaHHs piBHS ITPO-
teiny Beclin-1 Bka3yBao Ha mocuieHHs ayTodarii.
BusBiieHO 10cTOBiIpHE 3HMKEHHS! BMICTY MPOTEIHY
IREI Ta tioro ¢ochopnunboBanoi opMu y MioKapIi
0e3 3miH piBHa nporeiny GRP78. 3a tepaneBTnu-
HOTO BBeneHHs komIuiekcy MII'Y-1, crocrepiranu
SIK 3HM)KGHHSI IHTEHCHBHOCTI iHJyKOBaHOTO eTa-
HOJIOM arornTo3y, Tak i ocnabnenns ER-ctpecy B
KapaioMionuTax, MPoTe piBeHBb IMpoTeiHiB Beclin-1
i GRP78 3anumascs ctaauM. 3poOaeHO0 BUCHOBOK,
mo komiuieke MII'V-1 cnpusie BUKHMBaHHIO Kap-
JIOMIOIUTIB TUISIXOM OajaHCyBaHHS aKTHBHOCTI
arnonTo3y Ta CHCTEMH BiJIMOBIJlI HE3TOPHYTHM IPO-
TeiHaM 1 3amo0irae yHIKOKEHHSIM cepIsl y pasi
HaJAMIPHOTO CIIOKUBAHHSI aJIKOT OJIIO.

KnmouoBi caoBa: HIKOTUHOBA KHCJIOTA,
repmaniif, MII'V-1, iHTOKCHKAIIisT aJIKOTOJIEM, Kap-
JIIOMIOIUTH Iy piB, aronTo3, ctpec EINP, ayrodaris.
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