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ABSTRACT

Aim. To study pathohistological changes in the myocardium of rats with chronic alcohol intoxication (CAI) after
treatment with a new glutamic acid derivative glufimet (compound RSPU-238) and a new gamma-aminobutyric
acid (GABA) derivative (compound RSPU-260).

Materials and methods. Experiments were performed on female Wistar rats aged 10 months. The rats were
divided into the following groups: group 1 — intact females; group 2 —a control group which included animals after
CAI simulated by replacing drinking water with 10% ethanol solution for 24 weeks; groups 3 and 4 — experimental
groups, in which females were intraperitoneally administered with glufimet at a dose of 28.7 mg / kg and RSPU-
260 at a dose of 25 mg / kg once a day for 14 days after cessation of alcohol solution consumption; group 5 —a
group of animals receiving a reference listed drug mildronate at a dose of 50 mg / kg according to a regimen similar
to that of the studied compounds. Changes in microstructural and morphometric parameters of the left ventricular
myocardium were assessed using light microscopy.

Results. In animals after CAI the cardiomyocyte volume fraction decreased, while the interstitial and vascular
volume fractions increased. Degeneration of cardiomyocytes, such as their wave-like deformation, loss of
transverse striation, foci of plasmolysis, and fragmentation of muscle fibers were revealed. In rats treated with
glufimet, the structural changes in cardiomyocytes were minimal. Lower vascular plethora was observed; blood
vessels were characterized by single stasis and sludge. The cardiomyocyte volume fraction was 9.7% greater than
in control animals, while the interstitial and vascular volume fractions were 66.0 and 70.0% smaller, respectively.
The animals treated with the RSPU-260 compound had no significant degenerative changes in cardiomyocytes
and small vessels similar to the experimental animals injected with glufimet. Mildronate had a less pronounced
cardioprotective effect.

Conclusion. Administration of new GABA and glutamic acid derivatives to animals with simulated chronic
alcohol intoxication leads to improvement of the microstructure in cardiomyocytes compared with control rats.
This indicates pronounced cardioprotective effects of the studied neuroactive amino acid derivatives.
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Mopdonornyeckme nsmeHeHnNA MMoKappaa Kpbic Nocne XpoHn4eckon
aNIKOroJsIbHOM MHTOKCMKaLMn Ha poHe NeYeHNA HOBbIMY NPON3BOAHBIMI
FAMK n rnyTaMrMHOBOW KNCNOTbI

HectrepoBa A.A.', NMpokodbes U.W.', Mepdunosa B.H.’, Eeciokos 0.10.%, KyctoBa M.B.",
TiopeHkoB U.H.'
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PE3IOME

Heap — usydeHne naToMopdoaornueckux N3MEHEHUH MUOKap/a KPbIC ITOCIe XPOHHUECKOW aIKOroJbHONH HHTOK-
cukanuu (XAHW) Ha hoHe Je4eHnst HOBBIMH ITPOU3BOIHBIMH INIyTAMUHOBOW KUCIIOTHI — IIIy(hUMETOM (COeMHEHUE
PI'TIY-238), ramma-amunomacisiHon kucinoTsl (I'AMK) — coennnennem PITIY-260.

Marepuajbl ¥ MeTObl. DKCIICPHMEHTHI TIPOBEJCHBI Ha caMKax Kpblc jmHuu Wistar, B Bo3pacte 10 Mmec, pas-
JIETICHHBIX Ha IPYNIBL | — MHTAKTHBIE CaMKH; 2 — KOHTPOJIbHAs IPYIIa, )KUBOTHBIE rocie XAU, kotopas moze-
JIMpOBajach 3aMEHOU NUTheBOU BoAbl HA 10%-i pacTBOp 3TaHONA B TeueHUE 24 Hel; 3 U 4 — HKCIEPUMEHTAIIb-
HBIE TPYIIIBI, B KOTOPBIX CaMKaM BBOJMIIM, COOTBETCTBEHHO, Mry(umMeT B jro3e 28,7 mr/kr n PI'TIV-260 B no3e
25 Mr/Kr BHYTPHOPIOIIMHHO, OJHOKPAaTHO B TeUeHHE 14 CyT mocie HpekpamieHus ankoronm3anuu. JKUBOTHbIE
TPYHIBl 5 MOJyYaiH HperapaT CpaBHEHHS MIIIJIPOHAT B 03¢ 50 MI/KI B aHAJIOTMYHOM C HCCIEAYEMBIMH COe-
JMHEHUSIMA peknme. OIeHNBaIN N3MEHEHHE MUKPOCTPYKTYPHBIX B MOP()OMETPHIECKHX ITapaMeTpOB MHOKapa
JIEBOTO JKEITyZ0UKa C MCIIOJIb30BAaHUEM CBETOBOI MHUKPOCKOIIHH.

Pe3yabTathl. Y xuBOTHBIX nocie XAW BBISBICHBI YMEHBIICHHE O0BEMHOM 0N KapJHOMHOIIUTOB C YBEIUYe-
HUEM TaKOBOW MHTEPCTHLIUS U COCYIOB, a TAKKE IECTPYKTHBHBIC U3MCHEHHS KapJHOMHOIIUTOB B BUJIC HX BOJIHO-
00pa3Hoii nedopMalnu, IOTEpH MONEPEYHON NCUSPYCHHOCTH, 0YaroB IUIa3Moiu3a 1 (pparMeHTaluy MBIIICYHBIX
BOJIOKOH. Y KpbIC ¢ Tepanuei rimydumerom mocie XAU cTpyKTypHbIE H3MEHEHHS MBIIICYHBIX KIETOK OBLUTH MH-
HUMAJIbHBI, COMPOBOKIATNCH HE3HAYUTEIBHBIM OTEKOM, COCY/IBI MEHEE MOJTHOKPOBHBI ¢ €IMHIYHBIMH CTa3aMU 1
cltapKamMu, 00beMHast I0JIs KapAHOMHOLUTOB Oblia Ha 9,7% BeINIe, a HHTEPCTUIHA U cocynoB — Ha 66,0 u 70,0%
COOTBETCTBEHHO HIKE. Y KHBOTHBIX, MoTy4aBIIHX coequHenne PITIY-260 mocie aakoronu3amnym, OTCYyTCTBOBa-
JIW BBIPQ)KECHHBIC JETCHEPATUBHBIC M3MEHEHUs KapJIMOMHOIMTOB W HAPYUICHUS MUKPOIMPKYJISIUU B MUOKapJe
aHAJIOTMYHO CaMKaM, KOTOPBIM BBOIMJIH Ty(uMeT. MUIIpOHAT OKa3bIBAI MEHEE BBIPAKEHHOE KapIUOMPOTEK-
TOpPHOE JICHCTBHE.

3axiroyeHue. BeeeHne )UBOTHBIM C MOJICITUPOBAHHON XPOHNYECKON aJIKOTOJIbHON HHTOKCHKALIUEH HOBBIX IPO-
n3BoHbIX [AMK M TiIyTaMMHOBO#H KHCIIOTBI BBI3BAJIO YJIYYIICHHE MUKPOCTPYKTYPHBIX M MOP()OMETPHYECKHUX
XapaKTepPUCTUK MUOKap/a M0 CPAaBHEHHIO C KOHTPOIBHBIMH KPbICAMH, YTO CBUAETEILCTBYET O BHIPAKEHHBIX Kap-
JIOTIPOTEKTOPHBIX 3P PEKTaX U3ydaeMbIX MPOU3BOHBIX HEHPOAKTUBHBIX AMHHOKHCIIOT.

KnrodeBble ciloBa: XpoHHYECKasi aIKOTONIbHAS MHTOKCHKAIWS, KapAHOMPOTEKTOPHOE JAeHCTBHE, TPOU3BOTHEIC
I'"AMK u rimyTaMuHOBOM KHCIIOTBI

KOHq)J’IHKT HHTEPECOB. ABTOpI)I JACKIApUPYIOT OTCYTCTBUE SIBHBIX U INOTCHIUAJIBHBIX KOHq)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6J'II/IKaIII/IeI71 HaCTOHIJ.[efI CTaTbU.

Hcrounuk ¢puHaHCHPOBAHHUA. ABTOPHI 3asBISIIOT 00 OTCYTCTBHN (\MHAHCHPOBAHUS IPH NMPOBEICHHN HUCCIENO0-
BaHMSI.

CooTBeTcTBHE NMPHHIMIIAM 3THKH. VcciienoBanue 0100peHo PernoHaibHbIM HCCIIEIOBATENBCKAM 3THYECKUM
komuTeToM Bosrorpaackoit obmactu (mporokon Ne 2034-2017 ot 15.09.2017).

Jlis nutupoBanusi: Hecreposa A A., IIpoxodses N.1., [Tepdumosa B.H., Esciokos O.10., Kycroa M.B., Tio-
perkos 1.H. Mopdonornueckne n3MeHeHUsI MHOKap/a KPBIC MOCIIE XPOHUIECKOH aKOTOJIBHOW HHTOKCHKAIIUK
Ha (hoHe JIeueHNsI HOBBIMH TTpon3BoHbIMU ["AMK 1 rimyTaMHHOBOM KUCIIOTEL. broement cubupckoll Meouyumbl.
2023;22(1):73-80. https://doi.org/10.20538/1682-0363-2023-1-73-80.
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INTRODUCTION

Diseases associated with alcohol consumption
remain some of the most studied pathological
conditions due to their high social significance.
According to the World Health Organization (WHO),
alcohol consumption is a leading risk factor for
premature death and disability among middle-aged
and young people [1]. Recently, an increase in the
consumption of ethyl alcohol has been recorded,
especially during the COVID-19 pandemic [2].

The consequences of alcohol consumption are
associated with cardiovascular and neuropsychiatric
diseases, cancer, as well as with liver, kidney, and
endocrine diseases [3]. According to numerous studies,
ethanol exerts one of the most damaging effects on the
heart. Alcoholic cardiomyopathy (ACM) is the most
prevalent form of ethanol-induced heart damage in
chronic alcohol intoxication (CAI) [4].

Ethanol has negative effects on cardiomyocytes
(CMs) damaging their membrane, receptors,
mitochondria, ribosomes, cytoskeleton, and DNA.
This is due to the small size of the ethanol molecule,
its high reactivity and large volume of distribution in
the body. Ethanol causes impairment of the plasma
membrane, activation of lipid peroxidation and
apoptosis, and disruption of signaling mechanisms
[5]. Ethanol affects the structure of the myocyte
cytoskeleton, connexons, and desmosomes, which
causes structural instability of cells [6].

As aresult, swelling and destruction of mitochondria
lead to energy deficiency in CMs. These processes are
accompanied by disorders of lipid metabolism and fatty
degeneration of the heart. lon exchange disorders cause
fragmentation of myofibrils. Hypoxia, energy deficiency,
electrolyte imbalance, and oxidative stress lead to
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severe atrophy and death of CMs and compensatory
replacement of myofibrils with connective tissue [7]. A
decrease in the volume fraction of CMs and changes
in their microstructure as well as disorders of the
excitation — contraction coupling and contractile protein
synthesis cause a decline in myocardial contractility and
development of heart failure (HF).

Currently, the principles of treatment for ACM
mainly include metabolic therapy (meldonium,
mexidol, etc.) and are directed to compensation
for already developed HF. However, there is still
no pathogen-specific correction of morphological
and functional disorders. In this regard, search for
pharmacological agents which exert cardioprotective
effect in CAI remains relevant.

New derivatives of glutamic acid and gamma-
aminobutyric acid (GABA) can be considered
as such agents. Previous studies have shown
cardioprotective effects of the glutamic acid derivative
glufimet (dimethyl ester of 3-phenyl glutamic
acid hydrochloride, RSPU-238 compound, Fig.
1, a) and the GABA derivative compound RSPU-
260 (a two-component composition of methyl-4-
amino-3- phenylbutanoate (mefebut) and L-arginine
hydrochloride in the ratio of 1:1, Fig. 1, b) in CAL
Recently, glufimet and RSPU-260 have demonstrated
their membrane-protective and antihypoxic effects.
Application of these compounds contributes to an
increase in inotropic myocardial reserve, improves
endothelium-dependent vasodilation, and reduces
lipid peroxidation [8, 9].

In this regard, the aim of the study was to assess
the alcohol-induced pathohistological changes in the
rat myocardium after treatment with glufimet and
RSPU-260.

COOCH; HZN\/COOH
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Fig. 1. Structural formulae of: a— glufimet, b — the compound RSPU-260

MATERIALS AND METHODS

Experiments were carried out on female Wistar
white rats, aged 10 months and weighing 280-320
g. The rats were delivered from the Stolbovaya

animal resource center (Russia, Moscow region).
The animals were housed and maintained under the
standard vivarium conditions with free access to food
and water in 12 : 12 light / dark cycle. The study was
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carried out in compliance with the Good Laboratory
Practice (GLP) requirements for preclinical trials in
the Russian Federation (Ministry of Health of the
Russian Federation, order no. 199n of April 1, 2016
“On the Adoption of Rules of Good Laboratory
Practice”), the International Recommendations of the
European Convention for the Protection of Vertebrate
Animals Used in Experiments or for Other Scientific
Purposes (1986), and the European Union Directive
2010/63/EU 22.09.2010 on the protection of animals
used for scientific purposes.

To simulate CAI, the rats were provided with a
10% (v/v) ethanol solution (RFK, Russia) sweetened
with sucrose (50 g / 1) as the only source of drinking
for 24 weeks [10].

The rats were divided into the following groups:
group 1 — intact females (n = 7); group 2 — control
group, females after CAI (n="7) receiving 0.1 ml saline
solution per 100 g of weight after discontinuation
of alcohol consumption; groups 3 and 4 — two
experimental groups in which the female rats after
CAI were administered with glufimet (n = 7) at a dose
of 28.7 mg / kg and RSPU-260 (n = 7) at a dose of
25 mg / kg; group 5 — a group of animals receiving
the reference listed drug mildronate (Grindex, Latvia)
at a dose of 50 mg / kg (n = 7). Glufimet and RSPU-
260 were synthesized at the Department of Organic
Chemistry, Herzen Russian State Pedagogical
University, St. Petersburg, Russia. Saline solution,
the studied compounds (dissolved in saline), and the
reference listed drug were injected intraperitoneally
once a day for 14 days, starting from the day following
CAI cessation.

The hearts were obtained from the lethally
narcotized animals (chloral hydrate, 400 mg / kg).
The muscle tissue blocks (0.5 x 0.8 cm) obtained from
the left ventricle were fixed in 10% neutral buffered
formalin for 24 hours. After being washed in running
tap water for 6 hours, the tissue blocks were dehydrated
and subsequently treated with xylene and placed in the
HISTOMIX medium (Biovitrum, Russian Federation).
Sectioning of the myocardial blocks was performed
with the rotatory microtome HM340E (Thermo Fisher,
USA), followed by mounting of the 5—6-um slices
on Polysine microscope adhesion slides (Thermo
Scientific, USA). Subsequent to deparaffinization
and rehydration, the myocardial sections attached to
the microscope slides were stained with hematoxylin
(NPF Abris+, Russia) and 0.5% alcoholic solution of
eosin (Labiko LLC, Russian Federation). The stained
sections on coverslips were mounted in the VitroGel

medium (ErgoProduction LLC, Russian Federation)
[11].

The morphometric examination involved the
assessment of the digitized microphotographs of the
rat myocardium processed with MCview software
(LOMO-microsystems, Russian Federation). For the
quantitative assessment of changes in the sections,
we determined the volume fraction of CMs, vessels,
and interstitium, thickness of CM wall, CM nuclear
area in the longitudinal section, and CM cross-
sectional area. To meet the data representativeness
criterion, the morphometric measurements were
taken in 10 randomly chosen fields of view for each
section. The qualitative analysis of microstructural
changes included the assessment of the following
pathohistological features: the presence of focal and
perivascular sclerotic lesions, atrophy (hypertrophy)
of individual muscle fibers or their groups, wave-
like deformation of CMs, foci of CM disintegration,
foci of interstitial accumulation of lymphoid and
lymphohistiocytic  infiltrates, microhemorrhages,
stasis and sludge in arterioles and venules, uneven
coloration of CMs and their nuclei. We used the semi-
quantitative method with a 1-4-point scale to assess
the pathohistological changes [12].

The statistical analysis was performed using the
Statistica 12.5 software. The Shapiro — Wilk test was
used to evaluate the normality of data distribution.
The Student — Newman — Keuls test was applied
for pairwise comparison. The quantitative variables
were presented as M + SD, where M is the mean, and
SD is the standard deviation. The differences were
considered statistically significant at p < 0.05.

RESULTS

The microscopic examination of the intact rats
revealed no pathological changes in the myocardium.
The cross-striated sarcoplasm of muscle fibers was
well defined, the nuclei with weak polymorphism
were located in the central compartment of CMs which
were surrounded by a thin layer of loose connective
tissue with single erythrostasis (Fig. 2, a).

CALI resulted in degenerative changes in the rat
myocardium, such as perivascular and intermuscular
edema with moderate hypertrophy and wave-like
deformation of CMs, loss of cross-striation, foci of
plasmolysis, and fragmentation of muscle fibers.
Round and oval nuclei were hyperchromic (Fig. 2, b).
Disturbances of microcirculation were manifested by
plethora of the vessels, aggregation of erythrocytes,
and petechial hemorrhages. Pronounced leukocyte
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infiltration was observed in the muscle tissue. The
morphometric analysis revealed an increase in the CM
cross-sectional area by 9.2% (p < 0.05), a significant
decrease in the CM volume fraction, and an increase
in the volume fractions of the interstitium (by 98.0%,
p < 0.05) and vessels (by 11.1%) in the female rats
with CAI compared with the intact animals (Table).

The animals receiving glufimet showed less
pronounced changes (Fig. 2, c¢). Cross-striation of
muscle fibers was preserved, no edema and wave-
like deformation were noted in CMs separated by thin
layers of loose connective tissue. We also found less
plethoric vessels and insignificant phenomena of stasis
and sludge of erythrocytes in the microvasculature.
The mean cross-sectional area of left ventricular CMs
in this group of animals was close to the value in the
intact rats and by 9.5% smaller than in the control rats
(p < 0.05) (Table). It is worth noting that treatment
with glufimet after CAI resulted in the greater volume
fraction of CMs (by 9.7%, p <0.05) and reduced volume
fraction of the interstitium and vessels (by 66.0 and
70.0%, respectively, p < 0.05). In addition, the mean
nuclear area in CMs significantly increased by 26.2%
(» <0.05) compared with the female rats after CAL

The compound RSPU-260 had pronounced
cardioprotective effects. After treatment with
RSPU-260, minimal pathological changes in CMs
and microcirculation, such as minor petechial
hemorrhages and stasis of erythrocytes, were noted
(Fig. 2, d). The interstitial volume fraction was
by 42.3% (p < 0.05) smaller, and the CM volume
fraction was significantly increased compared with
the control group.

In the animals treated with the reference listed
drug mildronate, the pathomorphological changes
were more pronounced than in the groups which
were injected with the experimental compounds
(Fig. 2, e). The microscopic examination revealed
hypotrophy of muscle cells, which was confirmed
by the morphometric analysis data — the mean cross-
sectional area of CMs was by 17.8% smaller than
in the rats after CAI and by 10.2% smaller than in
the intact animals. In the microvasculature, stasis
and sludge of erythrocytes and minor petechial
hemorrhages were noted. However, the CM volume
fraction was significantly greater and the interstitial
volume fraction was significantly smaller than in the
controls (p < 0.05) (Table).

Table

Changes in the morphometric parameters of the left ventricular myocardium in the experimental rats after CAI in the context
of treatment with the new GABA and glutamic acid derivatives, M + SD

Animal eroups CM cross-sectional CM nuclear CM thicknesses, CM volume Vascular volume Interstitial volume
group area, pm?2 area, pm?2 pm fraction, % fraction, % fraction, %
Intact group 241.4+£11.2 32.1+£2.7 128+ 1.6 924+14 27+1.1 49+0.8
CAI + saline 263.6 143 * 33.6+ 1.6 125+1.3 873+1.2%* 3.0+£0.9 9.7+1.1%
CAI + glufimet 2385+9.2% 424+46# 12.7+0.9 95.8+0.97 09+0.5% 33£0.77
CAI + RSPU-260 2453+ 133 % 30.7+5.0 11.6 +0.7 922+14% 22+09 56+1.17
CAI + mildronate 216.7+13.67 28.7+23" 11.1+1.2% 92.5+2.7% 24+0.6 S50+£1.17

* p <0.05 relative to the group of intact animals (Student’s  test);

# p <0.05 relative to the control group of animals with CAI receiving saline (Newman — Keuls test).

DISCUSSION

Replacing drinking water with 10% ethanol solution
for 24 weeks caused pathohistological changes in the
left ventricular myocardium of the experimental rats.
The morphometric analysis demonstrated a decrease
in the CM volume fraction, which indicates a decrease
in the number of functioning muscle cells and a rise
in the interstitial volume fraction due to proliferation
of fibroblasts and perivascular and intermuscular
fluid accumulation. In the control group of animals
after CAIl, destructive changes in the CMs were
revealed: they lost their cross-striation and had foci
of plasmolysis and fragmentation of muscle fibers.

Ethanol has damaging effects by directly affecting
cellular structures and via production of reactive
oxygen species and disruption of lipid metabolism and
intracellular calcium homeostasis [13].

Ethyl alcohol impairs cell membrane integrity,
increasing mobility and permeability of the phospholipid
bilayer. These changes lead to disruption of membrane-
associated proteins, resulting in disruption of their
transport and signaling. Ethanol easily diffuses through
the cell membrane and affects organelles in CMs,
especially mitochondria. Ethyl alcohol reduces the
membrane potential and activity of membrane respiratory
chain complexes, which also damages mtDNA.
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Fig. 2. Microscopic images of the left ventricular myocardium: a — in the intact rats, b — in the control group, ¢ — after treatment
with glufimet, d — after treatment with RSPU-260, e — after treatment with mildronate. Staining with hematoxylin and eosin, x400.

The described changes contribute to the
development of hypoxia and ATP deficiency in
alcohol-damaged cells. In support of this, the
presented study showed a trend toward an increase in
the vascular volume fraction which can be explained
by stimulated angiogenesis under hypoxic conditions.
Also, an increase in the cross-sectional area of CMs
was revealed, indicating compensatory myocardial
hypertrophy. In addition, mitochondrial dysfunction
leads to active production of reactive oxygen species
(ROS) involved in apoptosis of CMs [14], causing
fragmentation of contractile proteins and dysfunction
of the sarcoplasmic reticulum [15, 16].

In CAI, synthesis of CM structural proteins
changes and the excitation — contraction coupling
reduces [17]. Chronic alcohol consumption enhances
expressionoftypelandIll collageninthemyocardium,
leading to fibrosis of the cardiac muscle tissue [18].
In addition, ethanol induces Ca’" leakage from the
sarcoplasmic reticulum and decreases sensitivity of
myofilaments to calcium [19, 20]. The described
processes exacerbate hypoxia and induce the
development of fatty infiltration in the myocardium,
fragmentation of myofibrils, compensatory CM
hypertrophy, as well as necrosis and apoptosis with
the compensatory growth of connective tissue. As a
result, the contractile function of the myocardium

decreases and chronic HF develops leading to severe
disability and death.

The new glutamic acid derivative glufimet limited
the negative effects of ethanol on the myocardium. In
the rats treated with glufimet, degenerative changes
in CMs were minimal; they were accompanied by
minor edema. The microvasculature was less plethoric
with insignificant phenomena of stasis and sludge.
The mean cross-sectional area of CMs treated with
glufimet was significantly smaller than that in the
control rats with CAI and similar to that in the intact
animals. Cardioprotective effects of glufimet are
probably associated with incorporation of glutamate
and glycine fragments in its chemical formula.

Glutamic acid has a wide range of metabolic
effects. This amino acid can improve myocardial
tolerance to hypoxia due to intensification of
anaerobic glycolysis in the cytosol and regeneration
of NAD", participation in the malate — aspartate
shuttle, and activation of the electron transport chain
in mitochondria. In addition, glutamate probably
contributes to restoration of oxidative metabolism
due to replenishment of Krebs cycle intermediates,
for example, a-ketoglutarate [21]. It is known that
glycine is involved in detoxification reactions and
reduces the intensity of lipid peroxidation, being
a part of glutathione, a tripeptide with pronounced
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antioxidant activity. It also has cytoprotective and
anti-inflammatory effects [22].

The new GABA derivative RSPU-260 was as
effective as glufimet. In the animals treated with
RSPU-260 after 24-week alcohol consumption,
no pronounced degenerative changes in CMs and
disorders of myocardial microcirculation were
revealed. GABA, like glutamic acid, has metabolic
effects, being a precursor of succinate, a Krebs cycle
intermediate. Therefore, an increase in succinate,
the substrate of complex II of the electron transport
chain, stimulates ATP synthase and formation of ATP
in the cell [23]. In addition, GABA limits excessive
sympathetic influences on the heart, supporting
functional reserves of the myocardium. The RSPU-
260 compound contains L-arginine, a substrate for
synthesis of nitric oxide, a bioactive molecule with a
number of cardio- and endothelium-protective effects.

Mildronate had a less pronounced cardioprotective
effect. In the rats treated with the reference
listed drug, muscle fiber atrophy and minor
microcirculation disorders were observed. Mildronate
regulates energy metabolism by reducing synthesis
and biological activity of L-carnitine, stimulating
glucose metabolism [24].

CONCLUSION

The new GABA and glutamic acid derivatives
stabilized the microstructural and morphometric
parameters of the myocardium after CAI in the
experimental animals. The results can be used for
further research and development of new drugs to
optimize pharmacotherapy of heart diseases associated
with CAL

REFERENCES

1. World Health Organization. Global status report on alcohol
and health 2018 [Online]. 2018. URL: https://www.who.int/
substance abuse/publications/global alcohol report/en/

2. Grossman E.R., Benjamin-Neelon S.E., Sonnenschein S. Alco-
hol consumption during the COVID-19 Pandemic: a cross-sec-
tional survey of US adults. Int. J. Environ. Res. Public Health.
2020;17(24):9189. DOI: 10.3390/ijerph17249189.

3. Iranpour A., Nakhaee N. A review of alcohol-related harms:
a recent update. Addict. Health. 2019;11(2):129-137. DOI:
10.22122/ahj.v11i2.225.

4. Day E., Rudd J.H.F. Alcohol use disorders and the heart. Ad-
diction. 2019;114(9):1670-1678. DOI: 10.1111/add.14703.

5. Fernandez-Sola J. The Effects of ethanol on the heart: alcohol-
ic cardiomyopathy. Nutrients. 2020;12(2):572. DOI: 10.3390/
nul2020572.

6. Noritake K., Aki T., Funakoshi T., Unuma K., Uemura K. Direct
exposure to ethanol disrupts junctional cell-cell contact and hip-

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

po-YAP signaling in HL-1 murine atrial cardiomyocytes. PLoS
One. 2015;10(8):¢0136952. DOI: 10.1371/journal.pone.0136952.

. Paukov V.S., Kirillov Yu.A., Erokhin Yu.A., Chernov L.A.

Cardiac and vascular changes in the patho- and morphogen-
esis of alcohol use disorder. Cardiovasc. Ther. Prevention.
2020;19(5):2436. DOI: 10.15829/1728-8800-2020-2436.

. Perfilova V.N., KustovaM.V., Popova T.A., Khusainova G.H.,

Prokofiev L.I., Nesterova K.I. et al. Cardioprotective effects of
anew glutamic acid derivative in chronic alcohol intoxication.
Alcohol. 2021;93:1-10. DOI: 10.1016/j.alcohol.2021.01.006.
Kustova M.V, Perfilova V.N., Prokofiev LI., Tyurenkov L.N.
Effect of RGPU-260, a novel GABA derivative, on functional
reserves of rat heart after chronic alcohol intoxication. Bull.
Exp. Biol. Med. 2021;170(5):631-635. DOI: 10.1007/s10517-
021-05121-7.

Kryzhanovskii S.A., Tsorin 1.B., Kolik L.G., Stolyaruk V.N.,
Vititnova M.B., Ionova E.O., et al. Translation model of alco-
holic cardiomyopathy. Molekulyarnaya Meditsina — Molecu-
lar Medicine. 2015;3:40—47 (in Russ.).

Mondal S.K. Manual of histological techniques; 2™ ed. Delhi:
JP Brothers, 2019: 296.

Avtandilov G.G. Medical morphometry. Guidelines. M.: Me-
dicina, 1990:384 (in Russ.).

Li S., Korkmaz S., Loganathan S., Weymann A., Radovits T.,
Barnucz E. et al. Acute ethanol exposure increases the suscep-
tibility of the donor hearts to ischemia/reperfusion injury after
transplantation in rats. PLoS One. 2012;7(11):e49237. DOI:
10.1371/journal.pone.0049237.

Rodriguez A., Chawla K., Umoh N.A., Cousins V.M., Ketegou
A.,Reddy M.G. et al. Alcohol and apoptosis: friends or foes? Bio-
molecules. 2015;5(4):3193-3203. DOI: 10.3390/biom5043193.
Steiner J.L., Lang C.H. Etiology of alcoholic cardiomyop-
athy: mitochondria, oxidative stress and apoptosis. Int. J.
Biochem. Cell Biol. 2017;89:125-135. DOI: 10.1016/j.bio-
cel.2017.06.009.

Piano M.R. Alcohol’s effects on the cardiovascular system.
Alcohol Res. 2017;38(2):219-241.

Fernandez-SolaJ., Porta A.P. New treatment strategies for alco-
hol-induced heart damage. Int. J. Mol. Sci. 2016;17(10):1651.
DOTI: 10.3390/ijms17101651.

McCalister A., Mouton A., Kay Mc., Gardner J. Excess al-
cohol consumption and cardiac fibrosis. FASEB Journal.
2015;29(S1). DOI: 10.1096/faseb;j.29.1_supplement. 1b604.
Mustroph J., Wagemann O., Lebek S., Tarnowski D., Acker-
mann J., Drzymalski M. et al. SR Ca2+-leak and disordered
excitation-contraction coupling as the basis for arrhythmo-
genic and negative inotropic effects of acute ethanol expo-
sure. J. Mol. Cell. Cardiol. 2018;116:81-90. DOI: 10.1016/j.
yjmecc.2018.02.002.

Alleyne J., Dopico A.M. Alcohol use disorders and their
harmful effects on the contractility of skeletal, cardiac and
smooth muscles. Adv. Drug Alcohol. Res. 2021;1:10011. DOI:
10.3389/adar.2021.10011.

Jiang H., Holm J., Vidlund M., Vanky F., Friberg O.,
Yang Y. et al. The impact of glutamate infusion on postopera-
tive NT-proBNP in patients undergoing coronary artery bypass
surgery: a randomized study. J. Transl. Med. 2020;18:193.
DOI: 10.1186/s12967-020-02351-7.

Bulletin of Siberian Medicine. 2023; 22 (1): 73-80 79



Nesterova A.A., Prokofiev L1., Perfilova V.N. et al. Morphological changes in the myocardium of rats with chronic alcohol

22. Pérez-Torres 1., Zuniga-Munoz A.M., Guarner-Lans V. Bene- Res. 2022;47(2):470—480. DOI: 10.1007/s11064-021-
ficial effects of the amino acid glycine. Mini Rev. Med. Chem. 03463-2.
2017;17(1):15-32. DOI: 10.2174/1389557516666160609081 24. Dambrova M., Makrecka-Kuka M., Vilskersts R., MakarovaE.,
602. Kuka J., Liepinsh E. Pharmacological effects of meldonium:
23 Cavalcanti-de-Albuquerque J.P., de-Souza-Ferreira E., de Biochemical mechanisms and biomarkers of cardiometabolic
Carvalho D.P., Galina A. Coupling of GABA metabolism activity. Pharmacol. Res. 2016;113:771-780. DOI: 10.1016/j.
to mitochondrial glucose phosphorylation. Neurochem phrs.2016.01.019.

Authors contribution

Nesterova A.A., Prokofiev LI. — collection, processing, analysis, and interpretation of the data, drafting of the article. Perfilova V.N. —
conception and design, analysis and interpretation of the data. Evsyukov O.Yu. — analysis and interpretation of the data. Kustova M.V. —
collection, processing, and analysis of the data. Tyurenkov I.N. — conception and design, critical revision of the manuscript for important
intellectual content, final approval of the manuscript for publication.

Authors information

Nesterova Alla A. — Cand. Sci. (Med.), Associate Professor, Department of Theoretical Biochemistry with a Course in Clinical
Biochemistry, VolgSMU, Volgograd, aanesterova2013@gmail.com, https://orcid.org/0000-0001-7249-3906

Prokofiev Igor I. — Cand. Sci. (Med.), Associate Professor, Department of Forensic Medicine, VolgSMU, Volgograd, igor.prokofiev@
mail.ru, https://orcid.org/0000-0002-7939-8212

Perfilova Valentina N. — Dr. Sci. (Biology), Professor, Department of Pharmacology and Pharmacy, Institute of Continuing Medical
and Pharmaceutical Education, VolgSMU, Volgograd, vnperfilova@mail.ru, https://orcid.org/0000-0002-2457-8486

Evsyukov Oleg Yu. — Cand. Sci. (Med.), Associate Professor, Department of Pathological Anatomy and Clinical Pathological
Anatomy, Faculty of Pediatrics, Pirogov Russian National Research Medical University, Moscow, evs-ol@mail.ru, https://orcid.org/0000-
0003-4880-7367

Kustova Margarita V. — Teaching Assistant, Department of Theoretical Biochemistry with a Course in Clinical Biochemistry,
VolgSMU, Volgograd, kustoval3@gmail.com, https://orcid.org/0000-0002-6287-4120

Tyurenkov Ivan N. — Dr. Sci. (Med.), Professor, Corresponding Member of RAS, Head of the Department of Pharmacology and
Pharmacy, Institute of Continuing Medical and Pharmaceutical Education, VolgSMU, Volgograd, fibfuv@mail.ru, https://orcid.org/0000-
0001-7574-3923

(B<) Prokofiev Igor L., igor.prokofiev@mail.ru
Received 11.08.2022;

approved after peer review 06.09.2022;
accepted 08.09.2022

80 BionneTteHb cMbupckon megmumHbl. 2023; 22 (1): 73-80



