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In connection with the prevalence and continuous progression of cardiovascular pathology in recent years, many
clinicians and scientists have been directed to the search for effective means of preventing irreversible necrobiotic
processes in the myocardium, including during anesthesiological support of cardiac surgical operations. Therefore,
the conducted research aimed to give a morpho-functional justification of the cardioprotective properties of suc-
cinic acid, sodium oxybutyrate and quercetin to correct experimental heart failure. Experiments were carried out on
white laboratory rats simulating adrenaline-induced myocardial dystrophy. Medication correction was carried out
by intragastric administration of each specified drug separately. The exposure for introduction was 15 minutes from
the beginning of the simulation of myocardial dystrophy. Histological studies were performed 2 and 24 hours after
the injection of adrenaline. The use of these drugs (succinic acid, sodium oxybutyrate and quercetin) for preventing
and correcting dystrophic changes in the myocardium is based on their common antihypoxic, cardioprotective and
metabolic properties. The obtained morphological data indicate a positive effect of their application both in the early
(after 2 hours from the experiment) and in the long term (after 24 hours from the start), which is fully consistent with
the results of other studies. All this makes it possible to recommend them for use in clinical practice. At the same
time, slightly more pronounced angioprotective properties were noted in quercetin compared to succinic acid and
sodium oxybutyrate.
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Connection of the publication with planned re-
search works.

The study was carried out as part of the scientific
work of the Department of Anesthesiology and Inten-
sive Care of I. Horbachevsky Ternopil National Medical
University of the Ministry of Health of Ukraine “Optimi-
zation of diagnostics and intensive therapy of patients
with oxygen balance disorders”, state registration num-
ber 0122u000160.

Figure 1 — Histological section of the heart wall of a rat 2 hours after
the simulation of adrenaline myocardiodystrophy. Staining with
hematoxylin and eosin. Magnification: x200. Designation:

1 —the lumen of the intramural branch of the coronary artery,

2 - erythrocytes in the lumen of the branch of the coronary vein.

Cardiovascular diseases, despite significant progress
in the development of new methods of their diagnosis
and treatment, not only continue to be one of the most
widespread pathologies but also acquire a tendency to
increase, threatening to take a leading position among
the causes of death, including among people of working
age [1].

Therefore, in recent years, many clinicians and ex-
perimenters have directed their efforts to search for
effective means of preventing the development of ir-
reversible necrobiotic processes in the myocardium, in-
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Figure 2 — Histological section of the heart wall of a rat 2 hours after
the simulation of adrenaline myocardiodystrophy. Staining with
hematoxylin and eosin. Magnification: x200. Designation:

1 - erythrocytes in the lumen of the branch of the heart vein,

2 - erythrocytes in the lumen of the venules, 3 - capillarostasis.
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cluding increasing the effectiveness of anaesthetic sup-
port during cardiac surgery [1, 2].

However, most modern scientific research devoted
to the study of the effect of corrective measures on the
heart in its pathology is functional. At the same time,
the number of works with morphological studies of
their effectiveness, in particular, based on quantitative
characteristics that provide objective confirmation of
structural changes occurring in the myocardium, contin-
ues to be insufficient [3].

The aim of the study.

To provide a morpho-functional rationale for the car-
dioprotective properties of succinic acid, sodium oxybu-
tyrate, and quercetin to correct experimental cardiac
pathology.

Object and research methods.

The experiments were conducted on 54 white labo-
ratory outbred young rats weighing 180-250 g.

Modelling of myocardial damage with the develop-
ment of signs of cardiovascular failure was carried out
according to the well-known method of 0.0. Markova.
[4]. Correction of violations was carried out by using
succinic acid (at the rate of 15 mg/kg), sodium oxybutyr-
ate (at the rate of 100 mg/kg) and quercetin (at the rate
of 1.33 ml/kg). All drugs were administered intragastri-
cally 15 minutes after the beginning of the simulation
of the pathological process. Morphological studies were
carried out 2 and 24 hours after introducing corrective
agents, corresponding to the onset and peak of dystro-
phic myocardial lesions [5]. Histological sections were
stained with hematoxylin and eosin and according to
Van Gieson-Weigert.

All experimental studies were conducted in compli-
ance with the main provisions of the Resolution of the
First National Congress on Bioethics “General Ethical
Principles of Animal Experiments”, the Council of Europe
Convention on the Protection of Vertebrate Animals
Used in Experiments and Other Scientific Purposes, and
the Declaration of Helsinki.

Research results and their discussion.

Two hours after injecting a toxic dose of adrenaline
in the histological sections of the myocardium of the ex-
perimental animals, both venous and arterial hyperae-
mia were noticeable. At the same time, the lumen of the
vessels looked expanded, and their walls were thinned.
Internal elastic membranes of arteries were smoothed.
Perivascular spaces were practically undetermined (fig.
1), indicating increased blood flow to the myocardium.

At the same time, signs of coronary blood circulation
insufficiency were registered, manifested by increased
blood filling not only of small veins and venules but also
by widespread capillarostasis (fig. 2).

At the same time, no particular morphofunctional
changes were observed on the part of cardiomyocytes.
Their cytoplasm sufficiently accepted the dyes and had
the usual colour, and the nuclei were clearly contoured.

As for animals that were injected with corrective
agents after adrenaline, a positive effect of their use was
observed in all cases. Blood filling of both venous and
arterial vessels was much smaller. Their walls were of
normal thickness, and the internal elastic membranes
were moderately torturous. Small clusters of erythro-
cytes were determined in the lumens.

Twenty-four hours after the beginning of the simu-
lation of the studied cardiac pathology and its medical

Figure 3 — Histological section of the heart wall of a rat 24 hours
after the start of simulation of adrenaline myocardiodystrophy.
Staining with hematoxylin and eosin. Magnification: x120.
Designation: 1 — erythrocytes in the lumen of the branch of
the coronary artery, 2 — paravasal oedema with peridiapedic
haemorrhage.

Figure 4 — Histological section of the heart wall of a rat 24 hours
after the start of simulation of adrenaline myocardiodystrophy.
Increased wall tone with corrugation of the internal elastic
membrane and increased coronary artery branch blood filling.
Staining according to Weigert. Magnification: x120.

Figure 5 — Histological section of the heart wall of a rat 24 hours
after the start of simulation of adrenaline myocardiodystrophy.
Interstitial oedema with the expansion of the spaces between the
fibres of cardiomyocytes. Staining with hematoxylin and eosin.
Magnification: x120.
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Figure 6 — Histological section of the wall of the rat heart 24 hours
after the start of the simulation of adrenaline myocardiodystrophy
with succinic acid correction. Staining with hematoxylin and
eosin. Magnification: x140. Designation: 1 — open smooth muscle
sphincters at the openings of small veins when they flow into the
collector of the following order.

Figure 7 — Histological section of the heart wall of a rat 24 hours
after the start of simulation of adrenaline myocardiodystrophy
corrected with quercetin. Staining according to Weigert.
Magnification: x120. Designation: 1 — arterio-arterial anastomosis.

Figure 8 — Histological section of the heart wall of a rat 24 hours
after the simulation of adrenaline myocardiodystrophy with
sodium oxybutyrate correction. Staining according to Weigert.
Magnification: x120. Designation: 1 — arterio-venous anastomosis.

correction, changes in the blood flow of the heart and
myocardium in general in all experimental animals were
significantly greater than in animals with a 2-hour ex-
posure. At the same time, in animals using corrective
agents and for the current observation period, such
changes were comparatively less pronounced than in
animals without correction.

In rats exposed only to a toxic dose of adrenaline,
pronounced violations of cardiomyocyte trophicity were
noted, which developed against the background of
gross disorders of coronary blood circulation. The intra-
mural branches of the coronary arteries were in differ-
ent functional states. Their lumen was often filled with
significant accumulations of formed blood elements.
The perivascular spaces expanded due to oedema. They
often showed accumulations of erythrocytes of peridi-
apedic origin (fig. 3).

At the same time, vessels with an increase in the
tone of their wall and a corresponding narrowing of the
lumen were quite often encountered, which led to a de-
crease in the intensity of blood flow and was confirmed
by the corrugated tortuosity of their internal elastic
membranes (fig. 4).

Dystrophic changes were noted in cardiomyocytes
as a result of insufficient blood supply. In the field of vi-
sion, foci with illuminated cytoplasm, or even with its
homogenization and karyolysis, were often found. The
spaces between the cardiac fibres were widened due to
interstitial oedema (fig. 5).

Similar phenomena were observed in the myocar-
dium of animals with the correction of simulated heart
pathology. However, according to the degree of severity
both when using succinic acid and sodium oxybutyrate
and quercitin, they occupied an intermediate position
between the condition of the myocardium of control
animals and the myocardium of rats with the simulation
of adrenaline myocardiodystrophy. In addition, during
the application of the corrective effect, several adaptive
structures could be observed in the histological sections
of the hearts of animals of these groups more often than
in controls or rats with myocardial dystrophy. These in-
clude: opened smooth muscle sphincters of small veins
when they flow into venous collectors of the next order
(fig. 6).

Opened arterio-arterial and arterio-venous anas-
tomoses could also be compensatory (fig. 7-8). At the
same time, it should be noted that slightly better angio-
protective effects were reported when using quercetin
compared even with succinic acid and sodium oxybutyr-
ate.

Thus, the obtained morphological data testify to the
positive effect of using the medicinal agents we selected
for the correction of heart failure, which is entirely con-
sistent with the results of other studies. In particular, the
protective effect of corvitin, the main active substance
of which is quercitin, was confirmed by the results of
previously conducted functional studies [2].

Regarding the choice of agents such as succinic acid
and sodium oxybutyrate, we relied on the fact that myo-
cardiodystrophy is a consequence of the influence of
a whole complex of factors on the heart muscle: veg-
etative, dysmetabolic, enzymatic, electrolyte and neu-
rohumoral. At the same time, the basis of metabolic
maladaptation is a decrease in the content of adenyl
nucleotides — the primary source of macroergic phos-
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phates. It is associated both with the inhibition of their
synthesis and with excessive utilization [6].

It is succinates (salts of succinic acid) that can posi-
tively affect metabolic acidosis, increase oxygen con-
sumption and activate anaerobic oxidation. They have
antihypoxic and antioxidant effects [7, 8]. Therefore,
one of the promising directions for the correction of tis-
sue hypoxia is the use of substrate antihypoxants-anti-
oxidants, including succinic acid, which is confirmed by
several studies [9, 10].

The third drug, sodium oxybutyrate, belongs to clas-
sical antihypoxants. It also has elements of nootropic
activity and exhibits a sedative, hypnotic, narcotic, and
muscle relaxant effect and, what is essential in this case,
increases the resistance of the body, including the brain,
heart, and retina, to hypoxia due to the activation of oxi-
dative processes [11].

Summarizing what has been said, it can be noted
that all the drugs used (succinic acid, sodium oxybu-
tyrate and quercetin) are united by their antihypoxic,
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cardioprotective and metabolic properties, which gave
reason to use them in the experiment to prevent and
correct dystrophic changes in the myocardium.

Conclusions.

1. A cardiotoxic dose of adrenaline causes dystro-
phic changes in cardiomyocytes, in the development of
which coronary circulation disorders play an important
role.

2. Each of the agents used: succinic acid, sodium
oxybutyrate and quercetin — have a cardioprotective
effect due to a positive regulatory effect on coronary
blood circulation and a corresponding decrease in myo-
cardial hypoxia.

3. Quercetin has more pronounced angioprotective
properties than succinic acid and sodium oxybutyrate.

Prospects for further research.

The obtained results indicate the expediency of fur-
ther study of cardioprotective agents with the morpho-
logical justification of their effectiveness.

MOP®ODPYHKLUIOHAJIbHA XAPAKTEPUCTUKA KAPAIOMNPOTEKTOPHUX
B/IACTUBOCTEN B.YPLI.ITI/IHOBO'I' KNCNOTU, OKCUBYTUPATY HATPIHO | KBEPLETUHY
NPU KOPEKLII AAPEHANIHOBOI MIOKAPAIOAUCTPO®II B EKCNEPUMEHTI

TepHONINbCbKUIA HaLiOHaNbHUIA MeaUYHUIA YHiBepcuTeT imeHi |.fl. Topb6aueBcbKkoro MO3 YKpaiHu
(m. TepHoninb, YkpaiHa)
herasymyuk@ukr.net

Y 36’A3Ky i3 nowupeHicmio ma He8nUHHUM [pPo2pecys8aHHAM 30X80PHOBAHOCMI HA cepuyeso-CyOUHHY
namosio2ito 30 OCMAHHI POKU 3ycunns 6a2ambox KAiHIyUCmie ma HAayKosyie CrpaMOo8aHi HA MowyKu
egekmusHux 3acobie nonepedxreHHAa He0bopPoOMHUX HeKpobiomuyHUX npouecie y miokapdi 8 momy yvucai i npu
aHecmesiosno2iyHomMy 3a6e3neyeHHi KapoioxipypaiyHux onepayili. Tomy memoro nposedeHo20 00CAiOHeHHS i byno
damu mopgopyHKUiOHAIbHE 062pyHMYBAHHSA KAPOioNpomeKmopHuUx esaacmusocmeli 6ypwmuHoeoi Kucaomu,
OKcubymupamy Hampito | KeepuemuHy siK 3acobie 0718 KopeKyil ekcriepumeHmasnsHol cepuyesoi HedocmamHocmi.
ExcniepumeHmu rnpogeodeHo Ha binux 1a6opamopHUX Wypax 3 MOOento8aHHAM adpeHaniHosoi miokapdioducmpodii.
MedukameHmMOo3Hy KopeKuito 30ilicHI08anU WAAXOM 00WAYHKOBO20 88E0EHHSA KOXHOR20 i3 8KA3AHUX npenapamie
OKpemo. EKcrio3uyis 018 eeedeHHsA cKknaodana 15 xe. 8id0 noyamxy moodesto8aHHA miokapdiooucmpodii. FicmosnoaiuHi
00cnionceHHa nposodunu vepes 2 i 24 200UHU nicas 8eedeHHA adpeHasiHy. 3acmocy8aHHA 8KA3AHUX npenapamis
(6ypwmuHo8a Kuc10ma, OKCubymupam Hampiro i KeepuyemuH) 0715 rnornepeodxeHHA ma KopeKkuii oucmpogiyHUX 3MiH
Y MiOKapOi 2pyHMyemMbCA HA iX CiAbHUX AHMUR2IMNOKCUYHUX, KapoiorpomeKkmopHUX i MemaboniyHux 810cmu8ocmsx.
OmpumaHi mopgponoziyHi OaHi ceidyams nNpo no3umusHuli egpekm ix 3acmocy8aHHsA AK Y PaHHil (yepe3 2 200 gid
noYamky ekcriepumeHmy), mak i y giodaneHuli mepmiH (4epe3 24 200 8i0 MoYamkKy eKcriepumeHmy), Wo Yinkom
Y3200MYEMbBCA 3 Pe3ysaAbmamamu [HWUxX 00cnioxeHb. Bce ue 00360sae pekomeHdysamu ix 071 30CMOCY8AHHS
y KniHiyHil npakmuui. Mpu ybomy dewo binbw suUpaxceHi aH2ionpomeKmopHi enacmusocmi 6yno siomiyeHo y
KeepuemuHy 8 nopieHAHHI 3 6YpWMUHOBO0K KUC/A0MOK ma OKCubymupamom Hampito.

Knw4oei cnosa: miokapdioducmpodgisi, KopeKuis, apmepii, 8eHuU, Kapdiomioyumu.

38’A30K ny6niKaujii 3 nnaHOBMMU HayKOBO-40CNiIA-
HUMM poboTamu.

JocnigKeHHs BMKOHaHe B paMKax HayKoBoi poboTu
Kadenpw aHectesionorii Ta iHTeHcUBHOI Tepanii TepHo-
NiNbCbKOTO  HALOHANbHOTO MEAUYHOro YHiBepcuTeTy
imeHi |.fl. TopbaueBcbkoro MO3 YkpaiHm «OnTumisauin
[iarHOCTMKM Ta IHTEHCMBHOI Tepanii XBOPMX i3 NOpyLUeH-
HAMW KuUcHeBoro 6anaHcy», Ne aeprkaBHOI peecTpaui
0122u000160.

Bcryn.

CepLeBO-CYAMHHI  3aXBOPHOBAHHA He3BaXKalouu Ha
3HaYHWUI nporpec y po3pobLi HOBUX MeToAiB ix AjarHoc-

TUKW Ta NiKYBAHHA He TiZIbKM NPOLOBXKYIOTb 3a/1MLLATUCA
OfHi€l0 3 HaMbINbLL PO3NOBCHOAMKEHUX NATONOrIN, ane 1
HabyBalOTb TEHAEHLT 4O HAPOCTaHHA, 3arpoXKyOUM 3a-
MHATU Nigupytodi no3uuii cepes, NpUYMH CMEPTi Y TOMy
yncni y ntogen npauyesgatHoro Biky [1].

Tomy 3a OCTaHHi poKM 6araTo KAiHILMCTIB Ta eKcnepu-
MEHTATOPIB CNPAMOBYOTb CBOT 3yCU/IA HA NOLLYKN edek-
TUBHUX 3acobiB NonepearKeHHA PO3BUTKY HEODOPOTHUX
HEKpPOBIOTMYHMX NpoLLeciB Y MioKapai B TOMy Ymnchi i gns
niaBULLLEHHA epEKTUBHOCTI aHecTesionoriyHoro 3abesne-
YeHHA Npu KapaioxipypriyHnx onepadisx [1, 2].
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OpfHak, B6inblUicTb Cy4aCHUX HAYKOBMX AOC/iIOMKEHD,
O MPUCBAYEHi BUBYEHHIO BMAMBY 3acobiB KopeKLii Ha
cepue npu Moro naTtonorii, HocATb GYHKLiOHANbHUIA Xa-
pakTep. Mpu uboMy KinbKicTb pobiT 3 mopdonoriyHMmm
[OCNiAKEHHAMM X ePpEeKTUBHOCTI, 30KPeMa 3a KiZlbKiCHU-
MW XapaKTEPUCTMKAMM siKi AatoTb 06’eKTMBHE niaTBep-
[OMKEHHSA CTPYKTYPHMX 3MiH, L0 BiAOYyBatOTbCA B MiOKapAi,
NPOLOBIKYE 3a/IMLLIATUCA HeA0CTaTHbOLO [3].

MeTta gocnipyeHHs.

[atn mopdodyHKLioOHanbHe OBrpyHTYBaHHA Kapai-
OMNPOTEKTOPHUX BNACTMBOCTEN BYPLUTMHOBOI KUC/IOTH,
OKCMBYTMPATY HATPIlO | KBEPLETUHY NPU KOPEKLi eKcre-
PUMEHTa/IbHOI cepLLeBOoi NaToNorii.

O6’eKT | meTOAMN AOCNIAMKEHHS.

EKcnepvmeHTM npoBeaeHo Ha 54 6innx nabopatop-
HUX 6e3NopPoAHMX MOIOAMX LLypax 3 Macoto Tina 180-250
r.

MogentoBaHHsA NOLWKOAXKEHHA MiOKapAa 3 PO3BUTKOM
03HaK CcepLEeBO-CYAMHHOT HeAO0CTAaTHOCTI 34iMCHIOBANN 33
Bigomoto metoamkoto Mapkosoi 0O.0. [4]. Kopekuito no-
pyWeHb 34iMCHIOBANIM WAAXOM 3acTOCyBaHHA OypliTu-
HOBOI KMCNOTH, (3 po3paxyHKy 15 mr/Kr), okcubyTmpaTty
HaTpito (3 po3paxyHKy 100 mr/Kr) i KBepueTuHy (3 po3pa-
XyHRy 1,33 mn/Kr). Yci npenapatv BBOAWAW AOLWAYHKOBO
yepes 15 xB. Big, MOYaTKy MOAENOBaHHA NaTONOMNYHOIO
npouecy. MopdonorivHi AocnigKeHHA NpoBoANAN Yepes
2 i 24 roguHW NicnA BBeAEHHA KOPUTYOYMX CepeaHUKIB,
LLO BiAMOBIAAE MOYATKY Ta NiKy ANCTPODIUHUX YparKeHb
MmioKapaa [5]. Fictonoriuni 3pisv 3abapsatoBaiv remaTok-
CUNiHOM | e03MHOM Ta 3a BaH li30H-Belireptom.

Bci ekcnepvmeHTanbHi A0OCNioKEHHA NPOBOAUANCH
3 JOTPUMAHHAM OCHOBHUX MNONOXeHb YxBanu [leplio-
ro HaLioHa/IbHOrO KOHrpecy 3 6ioeTuKM «3arasbHi eTny-
Hi MPUHLMMNM eKCNePUMEHTIB Ha TBapuHax», KoHBeHU;ji
Pagu EBponu Npo OXOPOHY XPeBEeTHNX TBAPUH, LLO BUKO-
PUCTOBYIOTb B €KCMEPUMEHTAX Ta iHLWMWX HAYKOBUX LiNAX
Ta lenbciHcbKoTl [leknapadii.

Pe3ynbTati gocnigKeHHs Ta ix 06ropopeHHs.

Yepes 2 roavHW nicnAa BBeAEHHA TOKCMYHOI [03MU
aZpeHaniHy B TiCTONOrYHMX 3pi3ax MioKapha ekcnepwu-
MEHTaNbHUX TBApPUH 3BepTano Ha cebe yBary BUpaXKeHe
AIK BEHO3HE, TaK i apTepiasbHe NOBHOKPOB's. Mpu Lbomy
NPOCBIT CYAMH BUINAAAB PO3LUMPEHMM, A iX CTIHKM NOTOH-
LUEHUMMN. BHyTpILLIHI eNacTUYHI MeM6paHM apTepin 6yan

4

PucyHoK 1 — lictonoriuHmii 3pi3 CTIHKKM cepus Wwypa yepes 2 roguHu
BiZ, NOYATKy MoAeNtoBaHHA aApeHaniHoBoi miokapaioauctpoddii.
3abapBneHHA remaToKcuNiHOM i eo3uHOM. 36.: x200. Mo3HaueHHA:
1 — nNpocBiT iHTPamMypanbHOI rinKK BiHLEBOI apTepii,

2 — epUTPOLUTM Y NPOCBITI FiJIKN BiHL,EBOI BEHWU.

3r1aaKeHuMu. MepuBacKynApHI NPOCTOPU NPAKTUYHO He
BM3Havanuca (puc. 1). Lie cBigumao npo nocuneHuin npm-
NAMB KPOBI A0 MiOKapAa.

Pasom 3 TMM peecTpyBannca 03HaKM HeZOCTATHOCTI
KOPOHapHOro KpoBoobiry, AKi NPoABAAAMCA NOCUNEHUM
KPOBOHAMOBHEHHSAM He TiZIbKW APiOHMX BEH | BeHyA, ane
" noBcemicHMMM Kaninapocrasamu (pmc. 2).

Mpn ubomy ocobnBMX MOpd)Od)yHKLI,IOHaanMX 3MiH
3i CTOPOHM KapajomioumTis He cnocTepiranoca. Ix umTo-
niasma [0CTaTHbO cnpuiimana 6apBHUKM i Mana 3BUYHe
3abapBieHHsn, a Aapa 6yan YiTKO KOHTYPOBAHUMMU.

LLloao TBapwH, AKMM MicnA afpeHaniHy BBOAUAWN KO-
pUrytodi cepegHMKKM, TO B YCiX BMMagKax CnocTepiraca
No3UTUBHUIM edEKT Bif, IX 3aCTOCYBAHHA. 3HAYHO MEHLLIMM
6y/10 KPOBOHAMOBHEHHA IK BEHO3HMX, TaK i apTepiasibHMX
cyauH. Ix cTiHKM Byamn 3BMYaIHOT TOBLLMHM, @ BHYTPILHI
enacTUyHi membpaHM NOMIpHO 3BMBUCTI. Y NPOCBiTax Bu-
3HAYaINCA HEBE/INKI CKYMUYEHHA epUTPOLUTIB.

Yepes 24 roanHK Big, NOYATKY MOAENMOBAHHA AOCAI-
[O)KYBaHOI cepLeBOoi NaToNorii Ta il MeaMKaMeHTO3HOI KO-
peKujii 3MiHM Yy KPOBOHOCHOMY pyc/i cepud i miokapai B
Linomy B yCiX eKCnepMMeHTanbHUX TBapuH Byn 3HAYHO
6iNbWMMM, HiXK Y TBAPUH 3 2-X TOAUHHOK EKCMO3ULLED.
BogHouac y TBapuH i3 3aCTOCYBaHHAM KOPUTYHOUMX ce-
peaHUKIB i Ha AaHMI TEPMIH CroCcTepeXeHHs TaKi 3MiHK
6y NOPIBHAHO MEHLU BUPAXKEHUMMU, HiX Yy TBapuH 6e3
KOpeKu,jii.

Y wypis, AKi nigaasannca nvwe BNAMBY TOKCUYHOI
0031 agpeHaniHy, BigmivYanuca BUparkeHi NopyLlleHHA
TpodikM KapaiomioumTis, AKi po3BMBaNUCA Ha T/ AOCUTb
rpybux posnagis KopoHapHOro Kposoobiry. IHTpamy-
panbHi TiNKM BIHUEBMX apTepit nepebyBann y pisHOMY
dYHKLiOHaNLHOMY CTaHi. IXHilt npocsit yacto 6yB 3ano-
BHEHMWI 3HAYHUMW CKYNYEHHAMU GOPMEHUX e/IeMEHTIB
Kposi. epnBacKynApHi MPOCTOPWU PO3LIMPIOBAIUCA 33
paxyHOK HabpsKy, Y HUX HEePIAKO BUABNANNCA CKYNYEHHSA
epuUTPOLMTIB Nepajanese3Horo noxoasKeHHs (puc. 3).

Pazom 3 TMm, ZOCUTb YacTo 3yCTPiYanUCA CYAUHM i3
NiABULLEHHAM TOHYCY iX CTIHKM Ta BiANOBIAHUM 3BYXKeH-
HAM NPOCBITY, WO MNPU3BOAUNO A0 3HUKEHHA IHTEHCUB-
HOCTI KPOBOTOKY i MigTBEPANKYBANOCA roppoBaHOO 3BU-
BUCTICTHO IX BHYTPILLHIX en1acTUYHMX MembpaH (puc. 4).

Y pe3ynbTaTi NopyLEeHH:A KPOBOMOCTAa4YaHHA Y Kapaio-
MIOLI,VITaX Bl,u,rvuqanwcn 3MiHK ,u,MCTpodJNHoro xapaKTepy

PucyHoK 2 — lFicronoriuyHmii 3pi3 CTIHKM cepua wypa Yyepes 2 roguHn
BiZ, NOYaTKy MmoAeNtoBaHHA aApeHaniHoBoi miokapaioauctpoddii.
3abapBneHHA reMaToKCUIiHOM i e03uHOM. 36.: x200. Mo3HaYeHHA:
1 — epUTPOLMTU Y NPOCBITI FiNIKKN cepLLeBOi BEHU, 2 — ePUTPOLUTU Y
NpoCBiTi BeHynn, 3 - KaninAapocrasu.
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PucyHoK 3 — FictonoriuHmii 3pi3 CTiHKM cepus wypa yepes
24 roguHM Bif NOYATKY MOAENOBaHHA agpeHaniHoBol
miokapaioguctpodii. 3a6apBaeHHA reMaToOKCUATHOM | €03UHOM.
36.: x120. Mo3HayeHHA: 1 — epUTPOLUTH Y NPOCBITI riNKK
BiHLeBOI apTepii, 2 — napaBa3anbHuii HAbpAK 3 NnepaianegesHUm
KpOBOBU/IUBOM.

Y noni 30py HepiAKo 3yCcTpiYanmca BOrHULLLA 3 NPOCBiT/Ie-
HOI LMTOMa3Moto, a To 1 3 il romoreHisau,ito i Kapioni-
30M. MPOMIKKM MiXK cepueBnmmM BOIOKHaMK Byan pos-
LUMPEHNMM 33 PAXYHOK iHTEPCTULiaIbHOro HabpAaKy (puc.
5).

MogibHi ABMLLA cnocTepiranncs i y mioKapAai TBapuH
3 KOpPEKLielo MoAenboBaHoi cepueBoi natonorii. OaHak,
3a CTyneHem BUPAXKEHOCTi K NPU 3acTOCyBaHHi bypLuTy-
HOBOI KUC/I0TH, TaK | OKCMBYTMPATY HATPIO | KBEPLUTUHY,
BOHM 3alMann NMPOMIKHE MOJIOKEHHA MiXK CTAaHOM Mio-
KapAy KOHTPOJIbHUX TBAPWH | MiOKapAy LLypiB 3 moaento-
BaHHAM aJpeHaniHoBoi miokapaioguctpodii. Kpim Toro,
NpW 3aCTOCYBaHHi KOPUIYOYOro BMAUBY Y TiCTONOMYHUX
3pi3ax cepua TBApWH AaHMX rpyn MoxHa byno vacTiwe,
Hi’)K Y KOHTPOJIbBHUX 4K LWypiB 3 MioKapAaioamcTpodi-
€10 crnocTepirat™m OYHKLIOHYBaHHA pAgy afanTauiiHuX
CTPYKTYp. J1O0 HMX HanexaTb: PO3KPUTI rnaaKom’asosi
cdiHKTEepM B yCTAX APIOHUX BEH Npw iX BNaAiHHI Y BEHO3HI
KOJIEKTOPM HAcTyNHOro nopsaaky (puc. 6).

KomneHcaTopHy po/sib MOIM/IM TaKOX BiAjirpiBati pos-
KpUTI K apTepio-apTepianbHi, TaK i apTepio-BeHO3i aHac-
ToMo3K (puc. 7-8). Cnig BogHoO4Yac BigMiTUTH, WO Aewo
KpaLlj aHrionpoTeKTOPHI BN/IMBM BY/10 BiAMIYEHO Npu 3a-

A - -

PuUcyHoOK 5 — FicTonoriuHuii 3pis CTiIHKA cepusa Wwypa yepes
24 rogvHU BiA NOYaTKy MOAE/NIOBaHHA agpeHaNiHOBOI
MmioKapgioguctpodii. IHTepcTULianbHUIA HABPAK 3 PO3LIMPEHHAM
NPOMIXKKiB MiXK BONOKHamM KapgiomiouuTis. 3abapsaeHHA
remaTtokcuniHom i eoamHom. 36.: x120.

PucyHoK 4 — lFictonoriuHmii 3pi3 CTIHKM cepus wypa yepes
24 rogvHU Bif, NOYATKY MOZeNoBaHHA agpeHaniHoBol
Mmiokapaioauctpoddii. MiaBULLEHHA TOHYCY CTIHKM 3
roppoBaHICTIO BHYTPILWHbOI e1acTUUHOT MembpaHu Ta nocuneHe
KPOBOHAMNOBHEHHS Ti/IKK BiHUEeBOI apTepii. 3a6apBneHHA 3a
Beiireptom. 36.: x120.
CTOCYBaHHi KBEPLETUHY Y MOPIBHAHHI HaBiTb 3 BYPLUTUHO-
BOO KMUC/IOTOHO | OKCMBYTMPATOM HaTpItO.

TaKMM YMHOM, OTPUMaHI MOPOIOTiIYHI AaHi cBigYaTb
Npo NO3UTUBHUI e(deKT 3acTOoCyBaHHS OOPaHUX Hamu
MeaVKAMEHTO3HUX CepeaHUKIB oA KopeKLii cepueBoi
He[0CTaTHOCTI, LLO LLIIKOM Y3rOAXYETbCA 3 pe3ybTaTaMu
iHWWX gocnigrKeHb. 30Kpema, NPOTEKTOPHA AiA KOPBITU-
HY, OCHOBHOO Ail04OK PEYOBUHOK AKOTO € KBEPLUTUH,
6yna niaTBeparKeHa pe3ynstaTamMmu nonepesHbo Npose-
AeHUX GYHKUIOHaNbHUX AocniaxKeHb [2].

LLlogo Bubopy Takmx cepefHUKIB AK BYPLUTUHOBA KUC-
NoTa i OKCMBYTUPAT HATPIlD, TO MM ONUPANUCA Ha Te, WO
Mmiokapaioguctpodis € HacnigKom BM/MBY Ha cepueBui
M’3 LiNoro Komnaekcy GaKkTopis: BeretaTMBHWX, AWC-
MeTaboNiYHNX, GEPMEHTATUBHUX, ENEKTPONITHUX | He-
MporymopanbHux. Mpu UupboMy B OCHOBI MeTaboniyHoi
Ae3afanTauii NeXkUTb 3MeHLWEeHHA BMICTY afeHINoBUX
HYK/1€0TUAiB — OCHOBHOTO AXKepena makpoepriuHnx poc-
daris. Lie NoB’A3yI0Tb K 3 NPUrHIYEHHAM iX CUHTE3Y, TaK i
3 HaZMipHoto yTuAisauieto [6].

Came cyKLUMHaTK (coni BypLUTMHOBOI KUCAOTM) MatoTb
34aTHICTb MO3UTUBHO BMNAMBATM Ha MeTaboniyHMI aum-
[03, 36i/bllyBaTM CMNOMKMBAHHA KUCHIO Ta aKTMBYBATU

T~ T

PucyHoK 6 — lFictonoriuHmii 3pi3 CTiIHKM cepus Wypa yepes
24 rogvHM BiA NOYATKY MOAENOBaHHA agpeHaniHoBol
miokapaioguctpodii 3 KopeKLieto 6ypLITUHOBOIO KUCNOTOIO.
3abapBneHHA reMaToKCUAiHOM i e03uHOM. 36.: x140. Mo3HaYeHHA:
1 - BiaKpUTI Magkom’a308i chiHKTEpPU B ycTAX APiIGHUX BEH NpwM ix
BMAAiHHI Y KONIEKTOP HACTYMHOro NopsAAKY.
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PuUcyHoOK 7 — FicTonoriuHuii 3pi3 CTiHKK cepus Wwypa yepes
24 roAMHM Bif, NOYATKY MoAeNtoBaHHA agpeHaniHoBoT
mioKapaioguctpodii 3 KopeKui€o KBeLeTMHOM. 3a6apBneHHs 3a
Beiireptom. 36.: x120. Mo3HaueHHA: 1 — apTepio-apTepianbHUii
aHacTomos.

aHaepobHe OKUCHeHHA. TobTo, BOHW MatoTb aHTUFINOK-
CUYHY Ta aHTMOKCUAAHTHY Aito [7, 8]. Tomy ogHUM i3 nep-
CNEKTUBHUX HAaMPAMKIB KOPEKL,ii TKAHWHHOI TiNOKCii AKpa3
i € BUKOPUCTAHHSA CybCTPATHUX aHTUTINMOKCAHTIB-aHTUOK-
CUAAHTIB, A0 AKUX | HANEXNUTb BYPLUTMHOBA KMCNOTA, WO
TAKOX NiaTBEpArKeHa pAaom AocniaxkeHs [9, 10].

TpeTiit npenapaTt, HaTpito OKCMOYTMPAT, HaANEHKMUTb
0,0 KaTeropii KNaCMYHUX aHTUTINOKCaHTIB. BiH Mae Takox
€/1eMeHTU HOOTPOMHOI aKTUBHOCTI Ta BUABNAE CefaTUB-
HWW, CHOAIMHWI, HAPKOTUYHUIA | MiOpenakcyouuii BNavB
i, WO y AaHOMY BMMAZKY BaXK/IMBO — MOCWUJIIOE CTIMKICTb
OopraHiamy, y TOMy Y1CAi rOI0BHOMO MO3KY, cepuA, CiTKiB-
KM OKa OO0 FiNOKCii 32 paxyHOK aKTMBI3aL,ii OKMCAOBaNb-
HuUx npouecis [11].

MNigcymoByroun cKasaHe, MOXHA BIAMITUTW, WO BCi
3aCTOCOBAHI NpenapaTh (bypLITUHOBA KUC/IOTA, OKCUBY-
TUPAT HaTPIto | KBEPLETMH) 06’€aHAHI IX aHTUTINOKCUYHK-
MW, KapA4ionpOTEKTOPHUMM | MeTaBONIYHMMM BAACTUBOC-
TAMM, WO AaN0 NiACTaBM 3aCTOCYBATU iX B €KCMEePUMEHTI

PucyHok 8 — FicronoriuHnii 3pi3 CTiHKKM cepus wypa yepes
24 roAuHM Bif, NOYATKY MoAeNoBaHHA agpeHaniHoBoi
mioKapaioguctpodii 3 KopeKLielo oKcbyTupaTom HaTtpito.
3abapBneHHsA 3a Beiireptom. 3§.: x120. Mo3HaueHHsa: 1 — apTepio-
BEHO3HUU aHACTOMO3.
ONA nonepeayKeHHA Ta Kopekuii ANCTpodiuHMX 3MiH Y
mioKapa,i.

BucHoOBKMU.

1. KapgioToKcnyHa [o03a agpeHaniHy CnpUYUHAE
3MiHM AUCTPOdIYHOrO XapaKTepy B KapZiomioumTtax, y
PO3BUTKY AKX BaX/JIMBY POJb BifirpatoTb po3naam KOpo-
HapHOro KPoBoobiry.

2. KoxKeH i3 3aCcToCOBaHMX cepefHuKiB: byplwTMHOBA
KMCNOTa, OKCMOYTMPAT HaTPIto | KBEPLLETMH — MAtOTb Kap-
OiONpPOTEKTOPHUI edeKT 3a paxyHOK MO3UTUBHOIO pery-
JIOK0YOr0 BMJ/IMBY Ha KOPOHApPHMUIA KpoBOODGIr i BianoBia-
HOTO 3HU}KEHHA CTYMeHs rinoKcii MioKapay.

3. binbw BMpaxKeHi aHrionpPoOTEKTOPHI BAACTMBOCTI
BigMiYE€HO y KBEPLETUHY B MOPIBHAHHI 3 BYpLUTUHOBOMO
KMC/IOTOIO | OKCMBYTUPATOM HaTpilo.

MepcnekTMBM NOAANBLUNX BOCAIAMKEHD.

OTpuMaHi pesynbTaTn ceigvaTb NPO AOLINABLHICTL NOo-
[ANbLUOro BUBYEHHA KapAioNnpOTEeKTOPHUX CepeaHUKIB 3
MopdoNoriYHMM 06rpyHTYBaAHHAM iX e(EKTUBHOCTI.
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Pestome. CepueBO-CyAMHHI 3aXBOPIOBAHHA NPOAOBXKYIOTb HANEXaTU A0 HalbiNbLL PO3NOBCIOAXKEHMX NATONOFIN 3
TEHAEHLIEI [0 HAPOCTaHHSA, 3arPOXKYOUM 3aMHATK iaMPYIOYi NO3KLLT cepes NPUYUH CMepTi.

MeTa gocnigsKeHHa: 4atm mopdodyHKLIOHaNbHE 0BrPyHTYBAHHSA KapLiONpPOTEKTOPHMUX BAACTUBOCTEN BYpPLUTUHO-
BOT KUCIOTU, OKCMBYTUPATY HaTpIto | KBEPLETUHY NPU aapeHaNiHOBI MioKapaioamcTpodii.

EKCneprMmeHTV NpoBeaeHo Ha Binnx Lypax 3 MOAeNt0BAHHAM aApeHaniHoBOI MioKkapaioguctpodii. KopeKuito no-
pyLUEHb 34iAICHIOBaNV LUAXOM 3aCTOCYBaHHA BYPLUTMHOBOT KUCIOTU, OKCUBYTUPATY HaTpIto | KBepLEeTUHY. MicTonoriyHi
OOCNiAXKEHHA NPOBOAMAN Yepes 2 i 24 roanHK NicnA BBEAEHHA afpeHaniHy.

Yepes 2 rogMHKU B TiCTONOTMYHUX 3pi3ax MiOKapaa Biamidanoca BMparkeHe BEHO3He i apTepia/ibHe NOBHOKPOB'A,
Kaninapocrasu. MpocsiT cyanH BUMAAAB PO3LNPEHUM, IX CTIHKM NOTOHLLEHWMM, BHYTPILWHI enacTUYHi membpaHu ap-
Tepivi 3raAKEHUMU, NEPUBACKYAAPHI MPOCTOPU 3BYKEHUMMU.

LLlofo TBapuH, AKMM nicnsa agpeHaniHy BBOAMIN KOPUTYIOYi CEPeaHMKN, TO B YCiX BUMAZKax CnocTepirasca nosu-
TUBHUIA edeKT Bif, ix 3acTocyBaHHA. MeHLUM 6yN10 KPOBOHAMOBHEHHS CYAMH, iX CTIHKM Byan 3BMYAHOT TOBLUMHMK, a
BHYTPILLHI €1aCTUYHi MembpaHM NOMIPHO 3BUBMUCTI.

Yepes 24 roguHu 3MiHM Y KPOBOHOCHOMY pyC/i cepua i mioKapai B winomy 6ynm 3HauHO BinblLIMMK, HiXK Y TBAPUH
3 2-X FOAMHHO eKcno3uLieto. BogHouac y TBapuH i3 3aCTOCYBaHHAM KOPUIYHOUNX CEPEAHUKIB Ha AaHMIA TEPMIH cro-
CTepEeXKEeHHSA TaKi 3MiHM ByM NOPIBHAHO MEHLL BUPAXKEHUMMU, HixK Y TBAPUH H6e3 Kopeku;i.

Y wWwypis, AKi niggaBanmca nvwe BNAMBY TOKCUMYHOI 403U agpeHaniHy BUParKeHi NopyLweHHA Tpodiku Kapaiomi-
OoUMTiB PO3BMBANUCA Ha TNi rpybux po3naiB KOPOHAPHOro KpoBoobiry. MepuBacKyAspHi NPOCTOpU apTepii po3LLK-
ptoBannCA 38 paxyHOK HabpAKY, Y HUX BUABNANCA CKYNYEHHA epUTPOLUTIB nepaianefe3Horo noxoasKeHHs. Y noni
30py 3yCTPiYaNINCA KApAIOMIOLUTM 3 FOMOTEHI3aLLito LUTONAa3MHU i Kapionizom. MNpomixKKM mMixK cepLeBUMM BOTOKHAMM
PO3LWMPIOBANNCA 33 PaXyHOK iHTEePCTMLIaNbHOIO HabpaKy. MoaibHi ABULLA Yy MiOKapAi TBApMH 3 KOPEKLIE 3a CTyne-
HEM BMPAXKEHOCTiI 3alMMann NPOMIXKHE NOJIOXKEHHS MiXK CTAHOM MiOKapAy KOHTPOJbHUX TBApUH i MioKapay Lypis 3
MoZentoBaHHAM MioKapaioguctpodii.

Knrouosi cnoBa: miokapaioguctpodis, Kopekuin, apTepii, BEHU, KpaiomioynTu.

MORPHOFUNCTIONAL CHARACTERISTICS OF THE CARDIOPROTECTIVE PROPERTIES OF SUCCINIC ACID, SODIUM
OXYBUTYRATE AND QUERCETIN IN THE CORRECTION OF EPINEPHRINE MYOCARDIODYSTROPHY IN AN EXPERIMENT

Herasymiuk K. O.

Abstract. Cardiovascular diseases continue to belong to the most widespread pathologies with a tendency to
increase, threatening to take the leading positions among the causes of death.

The purpose of the study: to provide a morpho-functional reasoning for the cardioprotective properties of succinic
acid, sodium oxybutyrate, and quercetin in epinephrine myocardiodystrophy.

Experiments were carried out on white rats simulating adrenaline-induced myocardial dystrophy. Correction of vio-
lations was carried out by using succinic acid, sodium oxybutyrate and quercetin. Histological studies were performed
2 and 24 hours after the injection of adrenaline.

After 2 hours, the histological sections of the myocardium showed marked venous and arterial plethora, capillary
stasis. The lumen of the vessels looked expanded, their walls were thinned, the internal elastic membranes of the
arteries were smoothed, and the perivascular spaces were narrowed.

As for animals that were injected with corrective agents after adrenaline, in all cases a positive effect of their use
was observed. The vessels were less filled with blood, their walls were of normal thickness, and the internal elastic
membranes were moderately twisted.

After 24 hours, changes in the blood flow of the heart and myocardium as a whole were significantly greater than
in animals with a 2-hour exposure. At the same time, in animals with the use of corrective agents for the current period
of observation, such changes were comparatively less pronounced than in animals without correction.

In rats that were exposed only to a toxic dose of adrenaline, pronounced disorders of cardiomyocyte trophism
developed on the background of expressed disorders of coronary blood circulation. The perivascular spaces of the
arteries were expanded due to edema, and there were clusters of erythrocytes of perdiapedic origin. Cardiomyocytes
with cytoplasmic homogenization and karyolysis were noticed. The spaces between the cardiac fibers were widened
due to interstitial edema. Similar phenomena in the myocardium of animals with correction for the degree of severity
occupied an intermediate position between the condition of the myocardium of control animals and the myocardium
of rats with a model of myocardial dystrophy.

Key words: myocardiodystrophy, correction, arteries, veins, cardiomyocytes.

ORCID and contributionship / ORCID asTopa Ta ii0ro BHecoK 4o cTaTri:
Herasymiuk K. O.: 0000-0002-9213-1037 ABCPEF

Corresponding author / Aapeca gna KopecnoHaeHu;ji

Herasymiuk Kateryna Oleksandrivna / lfepacumiok KatepuHa OneKkcaHapisHa

I. Horbachevsky Ternopil National Medical University of the Ministry of Health of Ukraine / TepHoninbcbKuit Haljo-
HaNbHWI MefnYHUI yHiBepeuTeT iMmeHi |. fl. Topbayescbkoro MO3 YkpaiHu

Ukraine, 46001, Ternopil, 1 Maydan Voli str. / Aapeca: YkpaiHa, 46001, m. TepHoninb, Bys1. MaigaH Boni 1

Tel.: +380637156401 / Ten.: +380637156401

E-mail: herasymyuk@ukr.net

A — Work concept and design, B — Data collection and analysis, C — Responsibility for statistical analysis, D — Writing the article, E — Critical

review, F — Final approval of the article / A — KoHuenuis po6oTK Ta An3aitH, B —36ip Ta aHani3 gaHux, C — BigNOBIAANbHICTb 32 CTaTUYHMIA aHaNI3,
D — HanucaHHA cTaTTi, E — KpuTUYHMIA ornag, F — octaTouHe 3aTBepAKEHHA CTaTTi.

Received 27.11.2022 / Cmammas Hadiliwna 27.11.2022 poky

Accepted 05.05.2023 / CtaTTa npuiiHATa 40 ApyKy 05.05.2023 poky

ISSN 2077-4214. Bicuuxk npo6nem 6ionorii i meauuuxu — 2023 — Bun. 2 (169) / Bulletin of problems in biology and medicine — 2023 - Issue 2 (169) 367



