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PE3IOME

AkTyanbHicTb. [lokcopy6iunH € HalyXmBaHiLUMM npenapaTtoM 3 aHTpauMKniHiB, npoTe,
He3BaXKaloun Ha Moro KNiHiYHy edPeKTUBHICTb, ¥ 6nnabko 25,0% nauieHTiB cnoctepiraeTbes
KapAioTOKCUYHa fis, WO oOMexXye MOoro BUKOPWUCTaHHSA. [lonpu 3HayHi OOCArHEHHs
Yy PO3yMiHHi OKpeMMX NaTOreHeTUYHWX NaHOK KapAioTOKCWUYHOI Aii uporo npenapary,
Ha CbOrOAHILLHIN OeHb XBOPUX Ha pak, siki MaloTb iHOyKOBaHi [OKCOPYOILMHOM cepLeBi
YCKNagHeHHs, NMiKyloTb NepeBaXHO npenapatamu Bi cepueBoi He4oCTaTHOCTI, OCKiNbKM
cneumndiyHe nikyBaHHS aHTpaUMKNIHOBOI KapAiomionarii BiACYTHE.

MeTta po6GoTu. oxapakTepusyBaTh BMMB KPiOEKCTPaKTy MnauLeHTU Ha nepebir Jokco-
pybiLMHOBOrO YLUKOKEHHS MiokapAaa Ha Mopgeni XPOHiYHOI JokcopybiumHOBOI Kapaio-
Mmionarii y nopiBHSAHHI 3 pedepeHc-npenapaTtoM BiIHOOPOHOM 3a AaHWMK GioXiMiYHUX
OOCrifpKeHb TKaHUH cepus.

Matepianu Ta MeToaun. XpoHiyHy Aokcopy6iuuHoBy kapaiomionarito (AKMIT) mogentoBanu
Ha Lypax LUMsXOM BBEAEHHS AOKCOpYbiLMHy rigpoxnopuay 3 po3paxyHKy 5 Mr/kr macu
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AAS LUTYBAHHS:

Tina ogvH pa3 Ha TWXKAeHb BMpoaoBX 4 TwxHIB (Ha 7, 14, 21, 28 pgHi). KpioekcTpakT
nnaueHTu sBogunu Ha 1, 7, 14, 21, 28 gHi. TsapuH BUBOAUNN 3 eKCNEPUMEHTY Ha 35 AeHb.
Y romoreHaTax TKaHWH cepusi AOCHiAXyBanu BMICT afeHINoBUX HYKNeoTUAIB, rMiKOreHy,
nipyBaTy, nakTaTy Ta peakTaHTiB 3 Tiobap6iTypoBO KUCIOTOH.

Pe3synbraTi Ta ix obroBopeHHs. Po3BUTOK AoKCOPYGiLMHOBOI Kapaiomionarii cynpo-
BOKYETbCS MOPYLUEHHSIM eHepreTu4yHoro obmiHy B Miokapdi TBapwH, Ha LO BKa3sye
CTaTUCTUYHO BipOrifHEe 3HWXEHHS BMICTY apeHo3uHTpudocdopHoi kucnotn (p < 0,01)
y TKaHuWHax Miokapaa Ha 42,4% Ta 306inbleHHA BMICTY afeHo3MHAMMOCHOpPHOT
kucrotn (p < 0,05) Ta apeHoanHMoHodocdopHoi kucnotn (p < 0,001) Ha 45,4% Ta
y 2,2 pasu, BiAnNoBiAHO, BiAHOCHO MOKa3HWKIB IHTAKTHUX LLYypiB. PO3BUTOK eHepreTMyHoro
ancbanaHcy CynpoBOMXYETbCA CTAaTUCTMYHO BiporigHum (p < 0,001) 3HWXEHHSM BMICTY
rmnikoreHy y romoreHaTax TKaHuH cepus y 2,6 pa3u Ta ctatucTuyHo BiporigHum (p < 0,001)
3pOCTaHHAM BMICTY peaKTaHTiB 3 TiobapbiTypoBoOto KMCNOTOM.

3acTocyBaHHsI KpiOEKCTPakTy nnaueHTU NpUBOAMTbL A0 HiBEMoBaHHS eHeprogediuuty
y Miokapgi TBapuH 3 Jokcopyb6iuMHOBOK KapgiomionaTtielo — piBeHb afeHOo3UHTpudoc-
OpPHOT KMCNOTW Ha TNi BBEAEHHS AOCNIAXYBaHOro KpPiOEKCTPaKTy CTaTUCTUYHO BiporigHO
(p < 0,001) 3pic Ha 72,7%. Kpim Toro, Ha Tni 3acTOCyBaHHS BKa3aHOrO KPiOEKCTPaKTy
CniBBIQHOLLEHHS «NakTaT/mipyBaT» cTaTMcTUyHO BiporigHo (p < 0,001) 3Hn3unock Ha 51,9%
BiJHOCHO MOKa3HWKIB TBapWH 3 [OKCOPYOiLMHOBOW Kapaiomionaticlo 6e3 nikyBaHHs,
piBEHb MMiKOoreHy Ha Tni BBeAEHHS AOCMiAXYBaHOro KPiOEKCTPaKTy CTaTUCTUYHO BipOrigHO
(p < 0,01) 3pic y 2,0 pa3u BigHOCHO Moka3HukiB wypis 3 JKMI1 6e3 nikyBaHHs,, a BMICT
peakTaHTiB 3 TiobapbiTypoBoto kucnoTor 3HM3nBecs (p < 0,05) Ha 38,9%.

BucHoBku. KpioekcTpakT nnaueHTV BUSBNSE 3icTaBHY 3 BIHOOPOHOM KapAionpoTeKTOpHY
aKTUBHICTb Ha Mopgeni Aokcopy6iunHoBOi kapaiomionartii. OgHMM 3 MexaHi3miB 3a3Ha-
YeHOi aKTUBHOCTI BUCTyMae 3AaTHICTb OOCHIAKYBaHOrO KPiOEKCTPaKTy YUHUTU eHepro-
cTabini3younin BNvB Ha KapAioMioLmnTL, a TakoX NOro aHTUOKCMAAHTHA aKTUBHICTb.

Mapkmx ®.B., Ynmx M.O., Kowypba I.B., BenoukiHa |.B., Komoposcbkuin PP, MapyeHko M.M., Kowypb6a HO.B.
AHTPaLMKIIHOBI YLWKOMKEHHSI Cepusi Ta BMNMB KPIOEKCTPaKTy MraueHTW Ha cTaH MiokapAaa npu AOKCOpYOiLMHOBIN
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ABSTRACT

Background. Doxorubicin is the most widely used drug among anthracyclines.
However, despite its clinical effectiveness, the cardiotoxic effect is observed in
approximately 25,0% of patients, thus limiting its use. Although significant success
in understanding individual pathogenetic elements of the cardiotoxic effect of this drug
has been achieved, cancer patients who have doxorubicin-induced cardiac complications
are currently treated mostly with drugs for cardiac insufficiency because there is
no specific treatment for anthracycline cardiomyopathy.

Purpose — to characterize the effect of placenta cryoextract on the course of doxorubicin
myocardial injury on the model of chronic doxorubicin cardiomyopathy compared to
reference drug vinboron according to the data of biochemical analyses of the heart tissues.
Materials and methods. Chronic doxorubicin cardiomyopathy was modeled by the means
of injection of doxorubicin hydrochloride at the rate of 5 mg/kg of body weight once
a week for 4 weeks (on days 7, 14, 21, 28). The placenta cryoextract was injected
on days 1, 7, 14, 21, 28. The animals were withdrawn from the experiment on day 35.
The content of adenylic nucleotides, glycogen, pyruvate, lactate, and reactants with
thiobarbituric acid was studied in the homogenates of the heart tissues.

Results and discussion. The development of doxorubicin cardiomyopathy is accom-
panied with impaired energy metabolism in the myocardium of animals, as indicated
by a statistically significant decrease in the content of adenosine triphosphoric
acid (ATP) (p < 0,01) in myocardium tissues by 42,4% and an increase in the content
of adenosine diphosphoric acid (ADP) (p < 0,05) and adenosine monosphoric
acid (AMP) (p < 0,001) by 45,4% and by 2,2 times respectively relative to the
parameters of intact rats. The development of energy disbalance is accompanied
with a statistically significant (p<0,001) decrease in the content of glycogen in the
homogenates of the heart tissues by 2,6 times and a statistically significant (p < 0,001)
increase in the content of reactants with thiobarbituric acid.

The use of placenta cryoextract leads to nullifying the energy deficit in myocardium
of animals with doxorubicin cardiomyopathy — the level of ATP in the setting of injection
of the studied cryoextract increased statistically significantly (p < 0,001) by 72,7%.
In addition, in the setting of injection of the studied cryoextract, the «lactate/pyruvate»
ratio decreased statistically significantly by 51,9% relative to the parameters of
the animals with doxorubicin cardiomyopathy which did not receive treatment and the
level of glycogen increased statistically significantly (p < 0,01) by 2 times relative to the
parameters of the rats with doxorubicin cardiomyopathy which did not receive treatment,
but the content of reactants with thiobarbituric acid decreased (p < 0,05) by 38,9%.
Conclusions. Placenta cryoextract shows cardioprotective activity, which is compared
to is meant to be used when you’re highlighting similarities, while compared with is
supposed to be used when you're focusing on the differences vinboron, on the model
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of doxorubicin cardiomyopathy. One of the mechanisms of the mentioned activity
is the ability of the studied cryoextract to produce an energystabilizing effect on cardio-
myocytes, and also its antioxidative activity.

For citation:

Hladkykh FV, Chyzh MO, Koshurba 1V, Belochkina IV, Komorovsky RR, Marchenko MM, Koshurba YuV. Anthracycline-
induced cardiac injuries and the effect of placenta cryoextract on the myocardium in doxorubicin cardiomyopathy.
Ukrainian journal of radiology and oncology. 2023;31(2):190-205. DOI: https://doi.org/10.46879/ukroj.2.2023.190-205

3B’'5130K pO6OTH 3 HQAYKOBMMM NPOrPAMAMM,
NAGHAMMU | TEeMaMHU

Ctatta € hparMeHTOM MNaHOBOI HayKOBO-AOCHIAHOI
poboTu BiOAiINy ekcnepyMeHTanbHOI KpioMeauumnHn IHCTu-
TyTy npobnem kpioGionorii i kpiomegmumHn HauioHanbHOI
akagemii Hayk YkpaiHn «OcobnmBocTi nepebiry necTpyk-
TMBHO-3anasnbHVX Ta penapaTtuBHUX NPOLECIB Mif BMIIMBOM
HMU3bKNX TemnepaTtyp Ta KpiOeKCTPaKTiB opraHiB ccaBLiB,
HOMep JepxaBHoi peecTpauii 0121U113328, wudp
2.2.6.147, TepMiH BUKOHaHHA: 2022—2026 pp., KEPIBHUK —
BMKOHYIOUMIA 0OOB’sI3KM 3aBigyBaya Bifgdiny ekcnepuMeH-
TanbHOi KpioMeauuuHu [HCTUTYTY, KaHauaat MeanyHUX
Hayk, cTapwumin gocnigHuk M.O. Yux.

BCTYN

AHTpaumnknivm  (gokcopybiuuH, enipybiuvH, AayHopy-
OiUuMH Ta iH.) — Ue Kkrac ximioTepaneBTMYHUX Npenaparis,
SKi 3aCTOCOBYKOTb Y AOPOCNMX Ta AiTel Ans niKyBaHHS
3MOSKICHMX HOBOYTBOPEHb, TakuX sK nimdobnacTHui nen-
KO3, capkoma, pak MOMOYHOI 3anosu Ta iH. [1]. HayxuBaHi-
LWMM MpenapaToM 3 LMX aHTPauMKIiHIB HA CbOrOAHILLHIN
AeHb BrucTynae gokcopybiumH (gani — JOKC; iHwa Hasea —
agpiaMmiumH), npoTe, HEe3BaXaktuu Ha WOro  KIliHiYHY
edeKTUBHICTb, ¥ Bnusbko 25,0% nauieHTiB Big3Ha4YaeTbCA
KapaioTOKCMYHA [fis, WO OOMEeXye BUMKOPUCTAHHA LbOro
nikapcbkoro 3acoby [1, 2]. KniHiyHO pokcopybiunHoBa
kapgiomionatia  (OKMI) xapaktepmusyetbca abepaHT-
HAMMW apuUTMISMKU, OUCEHYHKLIEID LUMYHOYKIB (3MEHLLEHHAM
dpakuii BUKMAY MIBOro LUMAYHOYKA, 30iNbLUEHHSM TOBLUM-
HW CTiHKW LUITYHOYKA) Ta 3acTilHOK CepueBOol HepocTar-
HICTIO, HaBiTb 4Yepe3 poKM MiCNa NPUMNUHEHHS  XiMio-
Tepanii [1, 2]. OcKinbKM KiNbKiCTb TUX, XTO NEPEXMB pak,
MOCTINHO 3pocTae, OOBrocTpPokoBi MNobiuHi edbekTn Big
3actocyBaHHe IOKC cratoTb Bce binbLu oveBnaHnumu [3, 4].

HesBaxalounm Ha ekcrnoHeHUianbHe 3pOCTaHHA Kinb-
KOCTi [OCnifKeHb, MPUCBAYEHWX MOLUYKY LUMAAXiB MOAdo-
naHHsa kapgiotokemnyHoi aii JOKC, monekynsipHi mMexa-
Hiamu [JOKC-iHOyKOBaHOrO ypaXkeHHA Miokapda, e
He 3’AcoBaHi NoBHOO Mipoto [3, 5]. MNpoBigHMM MexaHi3amom
kapaiotokcnyHoi  aii JOKC posrnagaetbca  B3aemogid
3 Tonoizomepasot-2 (TOP2-B/A), sika ekcnpecyeTbecst
B kapgiomioumTax. Komnnekc « TOP2B-gokcopy6iunH-OHK»
BUKNuKae nowkomkeHHsa OHK, wo npu3sogute go anon-
TO3y KNiTWH [6]. He MeHWw BaxnvMBMM MexaHi3MOM Kapgio-
TokcmyHocTi IOKC € MoLKOmKeHHA MITOXOHAPIN Ta po3-
BMTOK MITOXOHApIanbHOi ANCAYHKLII, agxe Li opraHenwu
cknagatotb 6rnm3bko 50,0% o6’emy kapgiomioumTiB [7].
LLle ogHum wnaxom ypaxeHHs miokapga OOKC posrnsga-
€TbCS MOPYLIEHHA KMiTMHHOrO MmeTaboniamy  3anisa,
sIK OCHOBHOIO [pKepena akTMBHUX OpM KuCHIO [8].
Came TOMY aKkTMBHO [OCHIOXYylOTbCA CTparerii 3MeH-
weHHa JOKC-iHoyKkoBaHOrO HaKOMWUYEHHs 3aniza B MiTo-
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INTRODUCTION

Anthracyclines (doxorubicin, epirubicin, daunorubi-
cin, etc.) — are a class of chemotherapeutic drugs that
are used in adults and children for treating malignant
tumors such as lymphoblastic leukosis, sarcoma, breast
cancer, etc. [1]. As of today, the most commonly used
drug out of anthracyclines is doxorubicin (alternative
name — adriamycin), however, despite its clinical effective-
ness, the cardiotoxic effect is observed in approxi-
mately 25,0% of patients, thus limiting its use [1, 2].
Clinically doxorubicin cardiomyopathy is characterized
by aberrant arrhythmias, ventricular dysfunctions
(decrease in left ventricular ejection fraction, increase
in ventricular paries thickness) and congestive cardiac
failure, even years after chemotherapy cessation [1, 2].
Due to the fact that the number of cancer survivors
constantly increases, the long-term side effects from
doxorubicin become more and more evident [3, 4].

Despite the exponential growth of the number of
studies dedicated to the search of ways of overcoming
cardiotoxic effect of doxorubicin, molecular mechanisms
of doxorubicin-induced myocardial damage have not been
studied to the full extent [3, 5]. The leading mechanism
of the cardiotoxic effect of doxorubicin is considered
to be the interaction with topoisomerase 2 (TOP2-B/A)
which is expressed in cardiomyocytes. «TOP2B-doxo-
rubicin-DNA» complex causes DNA damage which
leads to cell apoptosis [6]. A no less important mecha-
nism of doxorubicin cardiotoxicity is mitochondrial damage
and development of mitochondrial dysfunction because
these organelles comprise about 50,0% of cardiomyo-
cyte volume [7]. Another way of doxorubicin-induced
myocardial damage is considered to be the cellular
iron metabolism disorder as the main source of active
forms of oxygen [8]. That is why the strategies of
decreasing doxorubicin-induced iron accumulation in
mitochondria are being actively studied using iron chela-
tors (deferiprone, deferoxamine, deferasirox, etc) [9].

XOHAPISX, LNAXOM BWKOPWCTaHHA XenaTopiB  3anisa Although significant success in understanding indi-
(oedbepunpoH, aedepokcamin, aedepacnpokc Ta iH.) [9]. vidual pathogenetic elements of doxorubicin cardio-
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[Monpn 3HayHi [OOCArHEHHA Yy PO3YMiHHI OKpeMuX
naToreHeTU4HMX naHok po3suTky OKMI1, Ha cborogHiLlHin
JeHb He icHye crneumdiyHuX MeTOAiB KOpekuii Kapgio-
TponHux nobiyHmx edekTie JOKC, Tomy XBOpUMX Ha pak, siKi
matoTe JOKC-iHoykoBaHi cepueBi ycknagHeHHs, FiKylTb
nepeBaXxHO MpenapatamMu Bi4 cepueBOi HeaoCTaTHOCTI,
TakMMyn Sk Griokatopy peHiH-aHrOTEH3MHOBOI CUCTEMM
Ta B-6nokatopamu [3].

B sdkocTi noTeHuinHoro metabonoTponHoro 3acoby,
30aTHOro MokKpallyBaTtu TpodpiuHi Npouecy Ta MoaynoBaTu
06MiHHI po3nagu, Hally yBary NpuBepHyB BiTYM3HAHWI Bio-
TEXHOINOrYHMI Npenapat — KpioekcTpakT nnaueHtn (KEM).
3a3HayvyeHnn eKCTpakT OTPMMaHO HayKoBUSAMU IHCTUTYTY
npobnem kpioGionorii i kpiomeaMumMHn HauioHanbHOT
akagemii Hayk YkpaiHu, siki po3pobunu Ta BnpoBagunu
B MPaKTUKy METOAMKY Moro 36epiraHHs y HU3bKoTemnepa-
TypHOMy cepenoBuLi [10—12]. Jobpe Bigomo, Lo nnaueHTa
€ MPUPOAHUM «Aeno» Ta NPoAYyLEHTOM MPaKTUYHO BCbOro
cnekTpa 6ioNnoriYyHO aKTUBHUX PEYOBUH, AKi 3a6e3nevyroTb
picT Ta pO3BWUTOK Moy nig 4ac BHYTPILIHbOYTPOGHOro
po3BuTky. BoHa peanisye npouecu Tpodpikn Ta OinkoBui
CWHTE3, ra3000MiH, TOPMOHOBUWAINEHHS Ta FOPMOHOpPEryns-
Lito, NiATPMMKY KPOB’SIHOrO TUCKY, OCiflaHHS KPOBi, aHTUTOK-
CUYHY byHKUilO Ta BuAineHHa MetaboniTiB, AenoHyBaHHS
6ioNOriYHO aKTUBHMX PEYOBVH, IMyHHY perynsdito, peryns-
Llit0 NpoLIeCiB NEPEKMCHOIO OKUCHEHHS ninigis Ta iH. [13, 14].

Meta poGotu. OxapakTepusyBaTu BMIIMB  Kpio-
eKCTpakTy nnaueHTM Ha nepebir aokcopyO6iluMHOBOro
YWKOMKEHHS MioKapda Ha MoAeni XPOHIYHOI [OoKCOo-
pybiuMHOBOT KapaiomionaTii y MOpPIBHAHHI 3 pedepeHc-
npenapatom BiHOOPOHOM 3a JaHUMKU  BiOXiMIYHMX
[ocrnigaXeHb TKaHWH cepust.

MATEPIAAU TA METOAU AOCAIAXXEHHA

[ocnigXeHHs npoBedeHO Ha 28 HeniHiiHMX nabopa-
TOpHUX LWypax-camusax macow 200-220 r Ha 6asi Bigainy
eKcrneprvMeHTanbHoi  KpioMeauumHu  IHCTUTyTy npobnem
KpioGionorii i kpiomeguumMHu HauioHanbHOT akagemii Hayk
YkpaiHn Ta HaB4anbHO-HAYKOBOroO iHCTUTYTY Gionorii,
ximii Ta GiopecypciB YepHiBeLbkoro HalioHanbHOro yHi-
BepcuTeTy imeHi HOpia ®eppkoBuya MiHicTepcTBa ocCBiTU
i Hayku YkpaiHu.

XpoHriyny QKMIT mogentoBanu WASXOM BHYTPILLUHLO-
o4epeBuHHOrO (B/0) BBEAEHHSI OOKCOPYOILUMHY rigpoxno-
puay («EBEBE», ABcTpifl) 3 pospaxyHKy 5 mr/kr macwu
Tina ogvH pa3 Ha TWXOEHb BNPOAOBX 4 TWXHIB (CymMapHa
posa JOKC craHosuna 20,0 mr/kr) [15, 16]. MNigoocnigHmx
TBapwH paHaomidyBanu Ha 4 rpynu (puc. 1):

| — iHTakTHI Wypwn (n = 7), akum Ha 0, 7, 14, 21, 28 gHi
BHYTpilWHbOM'5i30B0 (B/M) BBOAMNM 0,9% posunH NaCl
(5 mn/kr macu Tina), i Takox Ha 7, 14, 21, 28 gHi B/0 BBOAWMM
0,9% po3umH NaCl (10 mn/kr macu Tina);

Il — koHTponbHa rpyna wypu (n = 7) i3 3mogensoBa-
Hoto OKMI, skum Ha 0, 7, 14, 21, 28 aHi B/M BBOAUNMK
0,9% po3umH NaCl;

Il — wypn (n = 7) i3 3mopenboBaHoo OKMI, skum
oavH pas 3a 7 gHie go BeefeHHs JOKC («0» aeHb ekcne-
puMeHTy) Ta 4epe3 60 xB. nicnsi koxHoro BeegeHHst JOKC
(7, 14, 21, 28 pHi ekcnepumeHTy) B/M BBOaMnu KEI
«Kpiouenn-kpioekcTpakt nnaueHTny» (HepxasHe nidnpu-
emcmeo «Mixeidomyuli Haykosull ueHmp Kpiobionoail
i kpiomeduyuHu HauioHanbHoi akademii Hayk, HauioHanbHoT
akademii medu4Hux Hayk ma MiHicmepcmea 0OXOpoHU
300poe’s YkpaiHu») y nosi 0,16 mn/kr macwu Tina [17, 18];

myopathy has been achieved, as of today, there are no
specific methods of correction of cardiotropic side effects
of doxorubicin, so cancer patients who have doxorubicin-
induced cardiac complications are treated mostly with
drugs for cardiac insufficiency, such as angiotensin-renin
blockers and B-blockers [3].

As a potential metabolotropic drug capable of impro-
ving trophic processes and modulating metabolic disor-
ders, our attention was claimed by a domestic biotechno-
logical drug — placenta cryoextract. This extract was
obtained by the scientists of Institute for Problems of
Cryobiology and Cryomedicine of the National Academy
of Sciences of Ukraine who invented and put into practice
the methodology of storing it in a low-temperature
environment [10-12]. It is a well-known fact that placenta
is a natural «depot» and a producer of almost entire
spectrum of biologically active substances that provide
fetal growth and development during intrauterine deve-
lopment. It carries out trophic processes and protein
synthesis, gas exchange, hormone production and regu-
lation, maintenance of blood pressure, blood coagulation,
antitoxic function and excretion of metabolites, deposition
of biologically active substances, immune regulation,
regulation of processes of lipid peroxidation, etc [13, 14].

The objective of the work is to characterize the effect
of placenta cryoextract on the course of doxorubicin
myocardial injury on the model of chronic doxorubicin
cardiomyopathy compared to reference drug vinboron
according to the data of biochemical analyses of
heart tissues.

MATERIALS AND METHODS

The research was conducted on 28 non-linear labora-
tory male rats with the body weight of 200-220 g at the
premises of Experimental Cryomedicine Department of
Institute for Problems of Cryobiology and Cryomedicine
of the National Academy of Sciences of Ukraine and
Educational and Scientific Institute of Biology, Chemistry
and Bioresources of Yuri Fedkovich Chernivtsi National
University of the Ministry of Education and Science
of Ukraine.

Chronic doxorubicin cardiomyopathy was modeled
by the means of intraperitoneal injection of doxorubicin
hydrochloride (<kEBEWEp», Austria) at the rate of 5 mg/kg
of body weight 1 time a week for 4 weeks (total dose of
doxorubicin was 20,0 mg/kg) [15, 16]. The test animals
were randomized in 4 groups:

| — intact rats (n=7) that were intramuscularly injected
with 0,9% NaCl solution (5 mi/kg of body weight) on days O,
7,14, 21, 28 and with 0,9% NaCl solution (10 ml/kg of body
weight) on days 7, 14, 21, 28;

Il — rats (n=7) with modeled doxorubicin cardiomyo-
pathy (control group) that were intramuscularly injected
with 0,9% NaCl solution on days 0, 7, 14, 21, 28;

Il — rats (n=7) with modeled doxorubicin cardiomyo-
pathy that were intramuscularly injected with «Cryocell
placenta cryoextract» (State Enterprise «Interdepart-
mental Research Center of Cryobiology and Cryo-
medicine of National Academy of Sciences, National
Academy of Medical Sciences and Ministry of Health
of Ukraine») at a dose of 0,16 ml/kg of body weight 1 time
7 days before injecting doxorubicin (day «O» of the
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IV — wypu (n = 7) i3 3amogensoBaHoto OKMI1, skum
OoAuH pa3s 3a 7 gHiB Ao BBedeHHs [JOKC Ta yepes 60 xB.
nicna koxkHoro BBefeHHs OOKC (7, 14, 21, 28 gHi ekcne-
pvmMeHTy) B/O BBOAWNM pedbepeHc-npenapat BiHOOPOH
(Haykoeo-supobHuyull yeHmp «bopuwaziecbkull  Ximiko-
gapmayesmuyHuli 3ae800», YkpaiHa) y posi 5,0 wmr/kr
mMacu Tina [19].

TBapuH BUBOAMNM 3 eKcnepumeHTy Ha 35 poby
(ovB. puc. 1). EBTaHasiio LwypiB 34iNCHIOBANu LUMSIXOM
uepebpanbHoi gncnokauii nig iHransauinHUM HapKo30oM.

experiment) and 60 minutes after every injection of
doxorubicin (days 7, 14, 21, 28 of the experiment)
(Fig. 1) [17, 18];

IV — rats (n=7) with modeled doxorubicin cardiomyo-
pathy that were intraperitoneally injected with a reference
drug vinboron (Research and Production Center «Bor-
shchahivskiy Chemical Pharmaceutical Plant», Ukraine)
at a dose of 5,0 mg/kg of body weight 1 time 7 days before
injecting doxorubicin and 60 minutes after every injection
of doxorubicin (days 7, 14, 21, 28 of the experiment) [19].

The animals were withdrawn from the experiment
on day 35 (Fig. 1). The rats were euthanized via cerebral
dislocation under inhalation anaesthesia.
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Puc. 1. Ouzaiin gocnigxeHHs snnuey KEMN Ha po3BMTOK AoKcopy6GiLMHOBOI Kapaiomionarii y wypis
Fig. 1. Design of the study of the effect of placenta cryoextract on development of doxorubicin cardiomyopathy in the rats

Y sakocTi pedepeHc-npenapaty obpaHO BiTYM3HSHWNA
nikapcbknii  3acidé BIHOOPOH, SKUN € PEecUHTEe30BaHUM
heHikabepaHom (2-ceHin-3-kapbeTokcn-4-aumeTmnamiHo-
mMeTun-5-okcnbeHsodypany rigpoxnopua). JlikysanbHa aist
BIHOOPOHY JoBegeHa Ha Mogensax FinoOKCUYHO-iLLEMIYHOro
YPaXKEHHs1 cepusl Ta TONMOBHOMO MO3KY Pi3HOro reHesy —
eKcrnepuMeHTanbHUn  iHbapkT  Miokapga, ankorosibHa
Kapgiomionartisi, rocTpi NOpyLUEHHs1 MO3KOBOrO KpoBOOGiry,
a TaKoX Ha MoAensix ekcnepuMeHTanbHoi gucninonpoTei-
HeMii Ta ynblLeporeHesy, 3yMOBMEHOMO 3aCTOCYBaHHSIM
HecTepoigHNX NpoTusananbHux 3acobis [20].

BioXiMi4Hi ME@TOAMKU AOCAIAXKEHHS

BupganeHe 3 rpygHOi MOPOXHWHM TBapuH cepue
BigMMBanNu Big KpoOBi Ta romoreHizyBanu (TedroH/CKro)
y cepeposuwi 1,15% posumHy KCI y cniBBigHOLEHHI
1:10 (maca/o6’em) npu TemnepaTypi 4—6°C. lomoreHat
ueHTpudpyrysanm 30 x8 npu 600 g, BigGupanu anikeoTtu
B Mikponpobipkn «Eppendorf» Ta go npoBedeHHs Oo-
cnigxeHb 36epiranu npu Temnepatypi —20°C. [decmoni3
TkaHuHM cepusa BukoHyBanu 30,0% po3unHOM rigpo-
kengy kanito (KOH) 3 gogaBaHHSIM €TUIIOBOroO CrvpTy
(C,H,OH) [21].

Bmicm adeHinoeux Hykneomudie: afeHO3VHMOHO-
docdopHoi  kucnotn (AM®P), apeHo3MHANDOCHOPHOT
kucnotn (AQ®P), ageHosnHTpudoctopHoi kucnotu (ATP)
Jocnigxysanu y genpoTeiHi3oBaHOMY romoreHari Xxpomaro-
rpaciuHm metogom 3a Atkinson D.E. et al. [22].

We chose a domestic drug vinboron as a reference
drug which is a resynthesized phenicaberan (2-phenyl-
3-carbethoxy-4-dimethylaminomethyl-5-oxybenzofuran
hydrochloride). The curative effect of vinboron was proved
on the models of hypoxic-ischemic heart and brain
injuries of different nature — experimental myocardial
infarction, alcoholic cardiomyopathy, acute cerebro-
vascular disorders, and also on the models of experi-
mental dyslipoproteinemia and ulcerogenesis caused
by the use of the non-steroidal anti inflammatory drugs [20].

Biochemical methods of the study

The heart, which had been previously removed
from the chest cavity of animals, was washed from blood
and homogenized (teflon/glass) in 1,15% KCI dissolution
medium at the ratio of 1:10 (weight/volume) at a tempe-
rature of 4-6°C. The homogenate was centrifuged
at 600 g for 30 minutes, aliquots were sampled into
«Eppendorf» microtubes and kept at a temperature
of —20°C before conducting the study. Desmolysis of
heart tissue was conducted with 30,0% potassium
hydroxide (KOH) solution with the addition of ethyl
alcohol (C,H,OH) [21].

Content of adenylic nucleotides (adenosine mono-
sphoric acid (AMP), adenosine diphosphoric acid (ADP),
adenosine triphosphoric acid (ATP)) was determined in
the deproteinized homogenate using chromatographic

EHnepcemuyHuli 3apsio (E3) pospaxoByBanu 3a method according to Atkinson D.E. et al. [22].

dopmynoto [22]: Energy charge was calculated by the formula [22]:
_ 2ATO+AD 2ATP+ADP
= Energy charge =
EHepreTuyHmiA 3apag, 2(AT¢+A,EI¢>+AMCD] ay g 2(ATP+ADF'+ANIP)

Bmicm anikozeHy Bu3Hayanu [MOKO300KCUAA3HNM Content of glycogen was determined using glucose
meTogom [23]. oxidase method [23].
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Bmicm nipysamy Bn3Havanu cnekTpooTOMETPUYHUM
METOAOM 3a peakuieto 3 2,4-auHiTpodbeHinrigpasnHom [24].

Bmicm nakmamy Bu3Havanu CnekTpooToMeTpuy-
HUM METOOOM 3a peakuieto 3 n-okcuandeHinom [25].

Bmicm peakmaHmie 3 mio6ap6imypoeoro Kucs10moro
(TBK-PIT) Bu3Ha4anu cnekTpoOTOMETPUYHO 3a METOAO0M
Asakawa T. Et al. [26].

MeToAM CTATUCTUYHOI 06POBKM

CratuctnyHy o6pobKy opepxaHux pesynsraTiB npo-
BEJEHO 3 BWKOPWUCTaHHAM MpUKNagHoOi nporpamu Ans
pobotn 3 enekTpoHHuMn Tabnuuamn «Microsoft Office
Excel 2003; 2013» (Microsoft Corporation, CLUA)
3a A0MOMOroH PO3LLMPEHHA «Real Statistics»
(http://www.real-statistics.com/) y cepenosuwii Widows 10
(Microsoft Corporation, CLA). OuiHky xapakTtepy pos-
noginy BenWYMH B KOXHIN rpyni BMOIPKOBOI CyKYMHOCTI
nposogunu 3 BukopuctaHHam W-kputepito LWanipo—-Binka.
OpHopigHicTb  gucnepcin  BM3Ha4YanM 3a  KpUTEPIiEM
JleBeHa. Npn HopManbHOMY PO3MOAINI He3anexHUX Benu-
YMH BIOMIHHOCTI MK rpynamMu Bu3Hayanu nonapHo
3a t-kputepiem CtbtogeHTa. [Npy HeHopManbHOMY po3mno-
Oini NpuHanMHI  odHiEl 3 rpyn He3anexHux BenuyuH
BIOMIHHOCTI MDK HMMM BW3Ha4anu MonapHoO 3a Henapa-
MeTpU4HMM paHrosum U-kputepiem MaHHa—YiTHi. Lindposi
JaHi y pasi HopMarnbHOro po3noAiny BenuYMH HasedeHi
y Burnagi «<M = m» (M = SE), ne M — cepeaHe apudme-
TUYHe 3HayeHHsi, m (SE) — crtaHpgapTHa noxubka cepegn-
Hboro apudmetnyHoro abo M (95% [Al: 5% — 95%),
ne 95% [lI: — 95% posipuun iHTepean. Npu HeHopmarnb-
HOMY pO3noAini OTPMMaHWX BENWYUH OaHi NpeacTaBreHo
y sumagi Me [LQ; UQ], ne Me — megiaHa, [LQ; UQ] —
BEPXHA Mexa HwxHboro kBaptuns (lower quartile — LQ)
Ta HWXKHSA Mexa BepXHboro kBaptuns (upper quartile — UQ).

bioeTH4HIi acnekTu AOCAIAXEHHS

Bci ekcnepumeHTanbHi gocnigkeHHs Hag nabopartop-
HAMW TBapuHamMu BWMKOHAHO 3 ypaxyBaHHAM BMMOI Ha-
nexHoi nabopaTopHOi MpakTUKM Ta 3 OOTPUMAHHAM
OCHOBHMX nonoxeHb KoHBeHuii Pagu €sponn npo
OXOpPOHY XpeBEeTHMX TBapWH, WO BUKOPUCTOBYHOTHCS
B eKCMepuMeHTax Ta B iHWMX HayKOBWMX UiNSAX, 3aKoHy
Ykpaiuum Big 21 nmotoro 2006 p. Ne 3447-IV «[1po 3axuct
TBapuH Bi  JXOPCTOKOrO  MNOBOMXEHHSA». [Mporpamy
JocrigkeHb noromkeHo KomiteTom 3 GioeTukn npwm
lHcTuTyTi  nNpobnem  kpioGionorii i KpiomeguuuHK
HaujioHanbHOi akapgemii Hayk Ykpainu ([poTtokon Ne 4
Big 16.09.2021 p.).

PE3YABTATU TA iX OBrOBOPEHHS

Cepuesuii meTaboniam Mae CKNagHUN MexaHi3M, KU
y @i3ionoriyHnx ymoBax BUKOPWUCTOBYE >KMPHI KUCNOTK
SIK OCHOBHE [pKepero And kataboniyHux peakuin, nepe-
MUKauMCb Ha [Mikoni3 y BignoBiAb Ha Ail0 CTPecoBUX
YMHHKKIB [3, 27]. HesBaxatoun Ha rmikoniTuyHe nepemmu-
KaHHS, SIke € paHHbOK KOMMNEHCATOPHOIO NoAJieto, NOCTiNHe
BMKOPWUCTaHHA [TOKO3W BpELUTI-pellT cTae nes3aganTuB-
HAM Ta nNpu3BOAUTb A0 EHepreTUYHOi HeaoCTaTHOCTI,
KONw rnikoni3 i NopyLeHHs yHKUIT MITOXOHAPIN He [03-
BOMSAOTb KapAiomiouutam 3agoBOfbHUTM noTpeby  Kni-
TUHHOI eHeprii [3, 28].

lMpoBegeHe pocnigXeHHA nokasano, WO pPO3BUTOK
OKMIT  cynpoBOOXyeTbCA MNOPYLUEHHAM  E€HEepreTUYHOro
0bMiHy B Miokapai TBapwH, Ha WO BKasye CTATUCTUYHO

Content of pyruvate was determined using spectro-
photometric method by the reaction with 2,4-dinitrophenyl-
hydrazine [24].

Content of lactate was determined using spectro-
photometric method by the reaction with n-oxydiphenyl [25].

Content of reactants with thiobarbituric acid
was determined using spectrophotometric method studied
by Asakawa T. et al. [26].

Methods of statistical processing

Statistical processing of the obtained results was
performed in an application program for working with elec-
tronic spreadsheets «Microsoft Office Excel 2003; 2013»
(Microsoft Corporation, USA) using «Real Statistics»
add-in (http://www.real-statistics.com/)in Windows 10 opera-
ting system. The assessment of the character of para-
meter distribution in every group of set sample was
performed using the Shapiro-Wilk test. Homogeneity of
variance was determined according to the Levene’s test.
In a normal distribution of independent parameters,
the differences between groups were determined in pairs
by Student's t-test. In a non-normal distribution of
at least one group of independent parameters, the
differences between them were determined in pairs
using the non-parametric Mann-Whitney U-rank test.
In a normal distribution, the numerical data are given
as «M £ m» (M = SE), where M is the arithmetic mean,
m (SE) is the standard error of the arithmetic mean
or M (95% CI: 5% — 95%), where 95% CI is a 95%
confidence interval. In a non-normal distribution of the
obtained parameters, the data are presented in the form
of Me [LQ; UQ], where Me is the median, [LQ; UQ]
is the upper border of the lower quartile (LQ) and the lower
border of the upper quartile (UQ).

Bioethical aspects of the study

All experimental studies on laboratory animals were
performed with the consideration of requirements of
proper laboratory practice and with adherence to funda-
mental guidelines of The Council of Europe Convention
for the Protection of Vertebrate Animals used for Experi-
mental and other Scientific Purposes, the Law of Ukraine
of 21.02.2006 Ne 3447-IV «On Protection of Animals
from Cruel Treatment». The research programme was
agreed upon with the Bioethics Committee of Institute
for Problems of Cryobiology and Cryomedicine of the
National Academy of Sciences of Ukraine (Protocol Ne 4
of 16.09.2021).

RESULTS AND DISCUSSION

Cardiac metabolism has a complicated mechanism
that uses fatty acids in physiological conditions as the
main source for catabolic reactions, switching to glyco-
lysis in response to the effect of stress factors [3, 27].
Despite the glycolytic switching, which is an early com-
pensatory event, constant use of glucose eventually
becomes maladaptive and leads to energetic insufficiency
when glycolysis and impaired mitochondrial function
do not allow cardiomyocytes to satisfy the need of cellular
energy [3, 28].

The conducted study showed that development of
doxorubicin  cardiomyopathy was accompanied with
impaired energy metabolism in the myocardium of
animals, as indicated by a statistically significant decrease
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BiporigHe 3HWXeHHst BmicTy AT® (p < 0,01) y TkaHuHax
miokapaa Ha 42,4% Ta 36inblweHHsa Bmicty A (p < 0,05)
Ta AM® (p < 0,001) Ha 454% Ta y 2,2 pasu, Bigno-
BiHO BiAHOCHO MOKAa3HWKIB iHTAKTHWX LypiB (Tabn. 1).

in the content of ATP (p<0,01) in the myocardium tissues
by 42,4% and an increase in the content of ADP (p<0,05)
and AMP (p<0,001) by 45,4% and by 2,2 times respecti-
vely relative to the parameters of intact rats (Table 1).

Tabnuua 1. Bnnume KpioekcTpakTy nnaueHTn Ta BIHOOPOHY Ha BMICT afeHINnoBMX HyKneotTuais
y romoreHartax TKaHVH cepus LypiB Ha Tni AokcopybiumHoBoi kapgiomionatii (M+m (95% [l), n = 28)
Table 1. Effect of placenta cryoextract and vinboron on the content of adenylic nucleotides
in the homogenates of the heart tissues of the rats in the setting of doxorubicin cardiomyopathy (Mt+m (95% ClI), n=28)

YmoBu ekcnepumeHTy / Conditions of the experiment
[HocnigpkyBaHuii NoKa3HUK, oguHuuA BumiptoBaHHs | | rpyna/ Group | | 1l rpyna / Group Il | 11l rpyna / Group |l | IV rpyna / Group IV
The studied indicator, units of measurement IHTaKTHI Ly T [KMI + KEM KM + BB
Intact rats DCMP + CEP DCMP + VB
n 7 7 7 7
3,6+0,16 2,2+0,30 3,8+0,10 3,2+0,15
AT®, MIMONb/I CyXoi TKAHUHI (95% Al: 3,2-3,9) | (95% Al: 1,7-2,8) | (95% AI: 3,6-4,0) | (95% AI: 2,9-3,5)
ATP, ymol/g of dry tissue P, < 0,01 P.,=028 P4 =013
P, < 0,001 p,, <0,05
p,, <0,01
1,1+0,14 1,6 +0,12 1,1+£0,08 1,4+ 0,09
ALID, MKMONLI CyXoT TKAHMHY (95% Al: 0,9-1,4) | (95% Al: 1,4-1,8) | (95% AOl: 1,0-1,3) | (95% Al: 1,2-1,6)
ADP’pmoI/g of dry tissue P, <005 P, =093 P4 =0,10
’ p,, < 0,05 p,, =0,31
p,, <0,05
0,5+0,06 1,1+ 0,06 0,6 £ 0,06 0,7 £ 0,06
AM®, MKMOMb/F CyxOi TKaHMHN (95% [l: 0,4-0,6) | (95% Al: 0,9-1,2) | (95% AI: 0,4-0,7) | (95% AI: 0,6-0,8)
AMP,pmoI/g of dry tissue P, < 0,001 P, =064 P4 <005
’ P, < 0,001 p,, <0,01
p,,=0,13

lMpumimku:

IHgekcamu 1, 2, 3, 4 BKa3aHO HOMeEp rpynu, MiXk NOKa3HMKaMM SKUX NPOBEAEHO MOPIBHSHHS.
P,., — PiBEHb CTATUCTUYHOI BiPOriAHOCTI PO3GIKHOCTI NOKA3HUKIB.

Notes:

Indices 1, 2, 3, 4 show number of the groups, the parameters of which were compared between each other.
p,, — the level of statistical significance of difference between parameters.

3HmkeHHs1 BmicTy AT® 3ymoeneHe Bnnveom [JOKC
Ha MiToXoHApii KNiTMH Ta aktuBadieio AT®das, wo
npu3BoAMTb OO MpPUCKOpeHoro posnagy AT® y kniTvHax.
36inbwerHa Bmicty AP € Hacnigkom posnagy AT®,
apxke ALI® yTBOpHOETLCA B pe3ynbTarti rigponidy Monekynm
AT® Ha AP i HesanexHy doccaTHy rpyny. 3a gaHumm
nitepatypy [29] y BignoBiab Ha PO3BUTOK eHepropedi-
uMTY Yy KniTMHax BigOyBaeTbcsi akTuBaudia 5-AM®-
aKTMBOBaHOI npoTeiH-kiHasn (AMPK-AMP — activated
protein kinase). ®occopwuntoBaHHa gk AMOK, Tak i 1oro
perynstopa  auetun-KoA-kapbokcunasu,  cnocTepira-
€TbCA Micna BUCHaXKeHHA AT® abo 36inblieHHs cniB-
BigHoWeHHs AMD/ATO [30].

BpaxoBytoun TepaneBTUYHI CnpuaTnmBi edekTn, NoB’s-
3aHi 3 akTtuBauieto AMPK, He OMBHO, WO HU3Ka Aocnig-
HVKIB pO3rMagalTb came Lew CUrHanbHUN LWNaxX K O4uH
3 miaxoAdiB A0 kapgionpoTekuii. binbwicTb npenapartie, skKi
akTmBytoTb AM®K, nigBuiytoum KnitMHHI piBHi AM®/ALP,
Oil0Tb Ha Ue LWNAXOM MPUrHIYEHHA OMXaHHS MITOXOHAPIN
Ta BUpobneHHst Hummn AT®. Hanpuknag GiryaHiau, siki BKIo-
yaoTb MeTopMiH Ta Moro 6Ginbll MOTY>XHUWA  aHanor
deHdopmiH, aktuBytoTb AMPK 3a gonomoroi  Lboro
mexaHiamy [31]. 3a ganumu Li C. Ta cnieaBr. [32] meTdop-
MiH MpPOSIBNSAE  KapQionpOTEKTOPHI  BRacTMBOCTI,  LWO
y3rogkyetTbes 3 AaHumu Timm K.N. Ta cnieaBT. [33] npo
ponb akTtuBauii AMPK ans kapgionpoTekuii npu ToKcuy-
HOCTIi, CNPUYMHEHIN [OKCOPYOBiLMHOM.

3MiHM y ChiBBIOHOLLEHHI afeHINoBUX HyKNeoTuais
y romMoreHatax TKaHWH cepus Ha Tni po3suTky OKMII
npv3Berno Ao craTtuctudHo BiporigHoro (p < 0,001) 3Hu-

The decrease in the content of ATP is caused by
the effect of doxorubicin on the cellular mitochondria
and activation of ATPases which results in a faster decay
of ATP in cells. The increase in the content of ADP is
a consequence of decay of ATP because ADP forms
as a result of hydrolysis of an ATP molecule to ADP
and an independent phosphate group. According to
literature data [29], the activation of 5-AMP-activated
protein kinase (AMPK) occurs in response to develop-
ment of energy deficit in cells. Phosphorylation of
both  AMPK and its regulator acetyl-CoA-carboxylase
is observed after ATP exhaustion or an increase in
AMP/ATP ratio [30].

Taking into account therapeutic benign effects of
AMPK activation, it is no wonder that a number of
researchers consider exactly these signal pathways as
one of approaches to cardioprotection. Most drugs
that activate AMPK, thus increasing the cellular levels
of AMP/ADP, do so by suppressing mitochondrial respi-
ration and production of ATP. For instance, biguanides,
which include metformin and its more powerful analogue
phenformin, activate AMPK via this mechanism [31].
According to Li C. et al. [32], metformin manifests cardio-
protective features, and these data conform with the data
of Timm K.N. et al. [33] on the role of AMPK for cardio-
protection in the doxorubicin-induced toxicity.

The changes in the ratio of adenylic nucleotides in
the homogenates of the heart tissues in the setting of
development of doxorubicin cardiomyopathy resulted
in a statistically significant (p<0,001) decrease in energy
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XeHHs piBHS E3 Ha 22,8% BiQHOCHO MOKa3HWKIB IHTAKTHMX
TBapuH (puc. 2).
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charge level by 22,8% relative to the parameters of
intact animals (Fig. 2).

lMpumimku:

Posnopain BenuymH KoXHOI rpynu BUBIPKOBOI CYKYNMHOCTi HOpMarb-
HWUA. BOKCK BKMIOYAKOTb 3HAYEHHSI CTAHOAPTHOI NMOXMOKWM cepen-
HbOro apnMETNYHOTO, BepTUKanbHi MiHii 3a mexamu 6okcis — 95%
JoBipunii iHTepBan. [opusoHTanbHa niHia BcepeauHi Gokcy —
cepeHe apumMeTNyHE 3HaYEHHS.

e — p < 0,05 BiAHOCHO NOKA3HUKIB iIHTAKTHUX LLYPIB;

m — p < 0,05 BigHOCHO Moka3HuKiB LLypiB 3 rocTpm JKMIT 6e3 nikyBaHHs;
A —p < 0,05 BigHOCHO nokasHuikiB Lwypis 3 AKMIT, sikum BBoaunu KEI.

Notes:

Parameter distribution of every group of set sample is normal.
Boxes include the value of standard error of arithmetic mean,
vertical lines outside the boxes are 95% confidence interval.
Horizontal line inside the box is an arithmetic mean.

e — p < 0,05 relative to the parameters of intact rats;

m — p < 0,05 relative to the parameters of rats with acute doxo-
rubicin cardiomyopathy which did not receive treatment;

A — p < 0,05 relative to the parameters of rats with doxorubicin
cardiomyopathy which were injected with placenta cryoextract.

Puc. 2. Bnnue kpioeKkCcTpakTy nnaueHTn Ta BIHGOPOHY Ha piBeHb eHepreTuyHoro 3apsigy 3a David E. Atkinson
y roMoreHaTax TKaHWH cepus LWypiB Ha Tni AokcopybiumHoBOI kapgiomionartii
Fig. 2. Effect of placenta cryoextract on the level of energy charge according to David E. Atkinson
in the homogenates of the heart tissues of the rats in the setting of doxorubicin cardiomyopathy

[TatupasoBe BBegeHHss KEM, nopibHo [o BiHOOpPOHY
npusseno no HieentoBaHHs [OKC-iHaykoBaHOro eHepro-
JeqiumTty y Miokapdi TBapuH, NpuM YoMy OOCHigKyBaHUN
KpiOEKCTpaKT uYMHMB Oinbll BMpasHy eHeproctabinisytouy
aito. Tak, piBeHb AT® Ha Tni BBeaeHHsa KEI ctatnuctnyHo
BiporigHo (p < 0,001) 3pic Ha 72,7% BiZHOCHO MOKa3HWKIB
TBapuH 3 OKMI 6e3 nikyBaHHA Ta CTaHOBMB BifnoBiAHO
3,8+0,10 MKmonb/r cyxoi TkaHuHu (Tabn. 1), B TOM Yac sk
3acTOCyBaHHS BiHOOPOHY MpPMBENO A0 3pPOCTaHHS BMICTY
3a3HayeHoro Hykneotugy (p < 0,05) nuwe Ha 45,5% Ta
CTaHoBUIO BignoBiaHo 3,2 + 0,15 MKMONb/I Cyxoi TKaHWUHM.
3HmkeHHs1 BMicTy ALI® Ta AM® Ha Tni 3actocyBaHHs KEI
nepeBULLYBano aHanoriyHy TEeHAEHLi0 Npy 3acTOCyBaHHI
BiHOOpOHyY. Tak, BmicT A 3HM3mBcsA Ha 31,3% (p < 0,05),
a BmicT AM® —y 1,8 pasu (p < 0,001) Ha Tni BBeaeHHs KEIM,
B TOW Yac sk MpuW 3acToCyBaHHs BiHOOpoHy BMicT ALD
3HM3MBCA nuwe Ha 12,5% (p = 0,31), a Bmict AM® —
y 1,6 pasam (p < 0,01) BiGHOCHO MOKa3HMWKIB TBapPWH
3 OKMI 6e3 nikyBaHHs. HaBepeHi Bue 3miHM npuBenu
[0 cratucTmyHo BiporigHoro (p < 0,01) 3pocTtaHHs E3
Ha 31,1% Ta 19,7% Ha Tni 3actocyBaHHs KEI Ta BiHOOpOHY
BiANOBIAHO (amB. puc. 2).

Ak BiQOMO, KapOioMioLMTM YTURI3YHOTb BEMNUYE3HY
Kinbkictb AT®, nepebyBatoun B NOCTINHOMY eHeproBuTpar-
HOMY cKopoudyBanbHoMy cTaHi. LUWo6 nigTpumysBatn
nocTinHe BUPOONeHH AT®, MiTOXoHApIT NOCTIMHO 3aMiHto-
I0TbCSI HOBUMW CMHTE30BaHMMW OpraHenamu 3a AOmnomo-
rol npoLeciB, WO BKOYaTb MIiTOXOHApianbHui Gio-
reHes i pennikaudito Ta aytodparito/miTodarito [34, 35].
Y pocnipxenHi [36] nokasaHo, wo OOKC npurHiyye ekc-
npecito 6inka AMPK Ta coccopuntoBaHHs B cepui Yepes
iHOykoBaHy nowkomkeHHamM [OHK nepepayy curHanis
Akt (npoteiHkiHasa B), ska akTuBye nepegady curHanis
mTOR (mammalian target of rapamycin) y unkni 3BopoT-
HOro 3B’13Ky Ta NPU3BOAUTb 40 PEMOAENMOBAHHS CepLs.

BctaHoBneHa 3patHicTe KEI BigHOBMNOBaTU eHepre-
TUYHWIA 0OMIH Y Miokapai wypie Ha Tni AKMI, Ha wo Bka3ye
nigBuLeHHs piBHsa E3, BUCTynae ogHMM 3 KOMMOHEHTIB
MOro KapAionpoTEKTOPHOI aKTMBHOCTI, @ 34aTHICTb Moay-
noBatM  BMICT afeHINoBMX HyKNeoTuAiB BKasye Ha
KOMMMEKCHUIA eHeprocTabinisytoumin BNAMB JOCHiaXyBa-
HOrO KPIOEKCTPaKTy Ha Kap4ioMiounTu.

Similarly to vinboron, the five-time injection of placenta
cryoextract led to nullifying the doxorubicin-induced energy
deficit in the myocardium of animals, moreover, the resear-
ched cryoextract had a more expressed energy-stabilizing
effect. Indeed, the level of ATP in the setting of injection
of placenta cryoextract increased statistically significantly
(p<0,001) by 72,7% relative to the parameters of animals
with doxorubicin cardiomyopathy which did not receive
treatment and was 3,8+0,10 umol/g of dry tissue respecti-
vely (Table 1), whereas the use of vinboron resulted in the
increase in the content of the mentioned nucleotide (p<0,05)
only by 45,5% and was 3,2+0,15 pmol/g of dry tissue
respectively. The decrease in the content of ADP and AMP
in the setting of the use of placenta cryoextract exceeded
analogical tendency when vinboron was used. Indeed,
the content of ADP decreased by 31,3% (p<0,05), and the
content of AMP — by 1,8 times (p<0,001) in the setting of
injection of placenta cryoextract, whereas when vinboron
was used, the content of ADP decreased only by 12,5%
(p=0,31), and the content of AMP — by 1,6 times (p<0,01)
relative to the parameters of animals with doxorubicin
cardiomyopathy which did not receive treatment.
The abovementioned changes led to a statistically signi-
ficant (p<0,01) increase in energy charge by 31,1%
and 19,7% in the setting of the use of placenta cryoextract
and vinboron respectively (Fig. 2).

As it is known, cardiomyocytes utilize an enormous
amount of ATP when they are in a constant energy-con-
suming contractive state. In order to maintain continuous
production of ATP, mitochondria are constantly replaced
with new synthesized organelles through processes that
include mitochondrial biogenesis and replication and also
autophagy/mitophagy [34, 35]. It is shown in the study [36]
that doxorubicin suppresses expression of AMPK protein
and phosphorylation in the heart through DNA damage-
induced transmission of Akt signals (protein kinase B)
that activates transmission of mMTOR (mammalian target
of rapamycin) signals in a feedback loop and results
in heart remodeling.

The discovered ability of placenta cryoextract to recover
energy metabolism in the myocardium of rats in the setting
of doxorubicin cardiomyopathy, as indicated by the in-
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OTpuMaHi faHi y3rogxyloTbCs 3 pesynsratamu none-
penHix gocnigxeHb, B SKMX BcTaHoBneHo, wo KEIM npo-
SBMSE eHeprocTabinidylody Ailo KNiTMHW 32 NaTonoriyHux
3MiH. Tak, BCTaAHOBMEHO, WO Yy TBapWH, NigaaHuX BOAHO-
iMMoGinisauinHomy ctpecy, skum Beogunu KEN, BigmiyeHo
ctatuctnyHo BiporigHe (p < 0,001) nigBuLLEHHA BMICTY
AT® Ha 73,3% Ta 3HwkeHHA BmicTy AM® (p < 0,001)
Ha 47,6%, ski npussenu go nigsuweHHa E3 (p < 0,001)
Ha 35,1% BigHOCHO nokasHukiB LWypiB, Skum KEI He BBO-
avnu [37]. HaBepgeHi BigomocTi npo eHeprocTabiniytody
aito KEIN posrnsgaloTbCa K OAWH 3 MeXaHi3MiB npoTu-
BMPA3KOBOI aKTUBHOCTI BKa3aHOro KPIiOEKCTPAKTY, 30Kpema
npy MegukameHTo3HOMY ynbLeporeHesi [38, 39].

BctaHoBrneHi 3MiHM  CRiBBiQHOLUEHHSA  afeHinoBux
Hykneotugis y Miokapgi TBapuH Ha Tni OKMIT MoxyTb
BKa3yBaTW Ha nepexif Bif, OKWCHEHHS >XWPHWUX KWCIOT
ans otpuMaHHsa AT® o rnikonitTuyHoro metaboniamy, Lo
€ niarpyHTAM OO0 noganblumx AochigpkeHb MeTabonivyHux
3MiH Yy KapgiomiouuMTax. £k BiJOMO, Yy MITOXOHAPIAX
nipysat Moxe OyTW MOBHICTIO OKMCHEHWI 3a [OMOMOrOH
nipyBataerigporeHa3n Ta BKIHOYEHUA B LMKN Tpukapbo-
HOBWX KUCMOT AN NOAanbLIOro oKMcHeHoro cpocdopunio-
BaHHA Ta oTpumaHHsa AT®. Kpim Toro, nipysat meTtaboni-
3yETbCS B LMTO30nMi, Nepw 3a Bce A0 MaktaTy, a TaKoxX
00 iHWux MeTaboniTiB, TakMx Ak amiHokucrnotn [40].
Xoya naktaT i BucTynae nobiyHMM MpoaykTOoM MeTabo-
ni3amy nipyBaTty, BapTO BKa3aTy, LU0 BiH MOXe NepeTBopio-
BaTUCb Ha MipyBaT 3a [JOMOMOrow pepmeHTy nakrar-
JOerifiporeHasn i TakumM YYHOM >XUBUTU LIMKI TpUKapOOHOBKMX
kncnot ans BupobrneHHs AT® [40-42]. 3a paHumn
niTepaTtypu rnioko3a 3aaTHa niagTpumyBaTy LMK TpUKap-
OOHOBMX KMCMOT camMe 4Yepe3 UMPKYSIOYUA  NakTar,
WO BKa3ye Ha Te, WO NaKTaT € BaXIIMBUM [HKEPENIOM
eHeprii anga miokapga [40, 41].

Hamn BcTaHoBneHo, wWwo Ha TNi po3suTtky [OKMI
y TBapuH BigMiyanocb ctatucTuyHo BiporigHe (p < 0,001)
3pocTaHHs BMICTy naktaty Ha 88,0%, Ta 3HWXKEHHS BMICTY
nipysaty (p < 0,01) y 2,0 pa3u BigHOCHO NOKa3HWKIB
iHTakHMX Wwypie (Tabn. 2). BkasaHi 3miHM npu3Benu [o
cTatucTnyHo BiporigHoro (p < 0,001) 3pocTaHHsA 3Ha4YeHHs
cniBBigHOLWEHHS «nakTat/nipyBat» y 3,9 pasu BigHOCHO
3HayeHb Yy iHTaKTHUX TBapuH (puc. 3). HaBegeHi 3MiHu
MOXYTb BKasyBaTW Ha PO3BUTOK [OKCOPYOIiLMH-iHOyKO-
BaHOI AUCOYHKUIT MiToxoHapin npwu  OKMI, 3okpema
00 3HWKEHHSA akTMBHOCTI nipyBaTaerigporeHasu.

Ha tni 3actocyBaHHs KEI Ta BiHGOpOHY BigmiyeHO
sictaBnioBaHe cTaTucTuyHo BiporigHe (p < 0,001)
3HWKEHHS BMICTY naktaty Ha 36,2% Ta 31,9% BignoBigHo
(omB. Tabn. 2). MNpoTe, guHamika 3MiH BMIiCTy mipyBaTy y
romoreHaTtax TkaHuH cepus TBapuH 3 KMl Ha Tni BBeaeHHs
KEM Tta BiHGOpOHY pi3HUTbLCA. Tak, Ha Tni BBEOEHHSA
BIHOOPOHY NPaKTUYHO He BiAMIYaNochb 3MiH y BMICTi mipy-
Baty, BignosigHo 0,20 [0,20; 0,28] MKMOnNb/T Cyxoi TKaHWUHN
BiOHOCHO nokasHukiB wWwypiB 3 [JKMI1 6e3 nikyBaHHSA
(0,20 [0,18; 0,20] MKmonb/r cyxoi TkaHuHW). B Tow wyac,
K Ha Tni BBegeHHa KEI, piBeHb nipyBaTy y romoreHatax
cTatucTnyHo BiporigHo (p < 0,05) 3pic Ha 50,0% Ta cTaHo-
BuB BignosigHo 0,30 [0,20; 0,35] MkMonb / I Cyxoi TKaHWUHM
(amB. Tabn. 2). Takum YMHOM, came 3MiHM Y BMICTi nipyBaTy
y romoreHartax TkaHuH cepus wypis 3 KMl Ha Tni BBe-
nenHsa KEI Ta BiHOOpOHY npu3seny Ao po3biKHOCTI y 3MiHi
CNiBBIOHOLWIEHHS «IikTaT/MmipyBaT» Ha TNi 3acTOCyBaHHS
BKa3aHWx npenapariB. BctaHOBMEHO, WO Ha TNi BBEOEHHS
BiHOOpoHy y TBapuH 3 OKMI cniBBigHOLWeEHHA «nikTaT/
nipyBar» cratuctnyHo BiporigHo (p < 0,001) 3HM3nnocb
Ha 43,0%, B ToM 4ac ik Ha Tni 3actocyBaHHs KEI

crease in the level of energy charge, is one of the compo-
nents of its cardioprotective activity, and the ability to
modulate the content of adenylic nucleotides indicates
the complex energy-stabilizing effect of the researched
cryoextract on cardiomyocytes.

The obtained data conform with the results of the
previous studies in which it was found that placenta cryo-
extract manifested the energy-stabilizing effect of a cell in
pathological changes. Indeed, it was found that in animals
that were exposed to water-immobilization stress and
were injected with placenta cryoextract a statistically signi-
ficant (p<0,001) increase of the content of ATP by 73,3%
and a decrease in the content of AMP (p<0,001) by 47,6%
were observed, and these factors led to the increase in
energy charge (p<0,001) by 35,1% relative to the para-
meters of rats which were not injected with placenta
cryoextract [37]. The represented data on the energy-
stabilizing effect of placenta cryoextract are considered as
one of the mechanisms of antiulcerogenic activity of this
extract, particularly in drug-induced ulcerogenesis [38, 39].

The found changes in the ratio of adenylic nucleotides
in the myocardium of animals in the setting of doxorubicin
cardiomyopathy may indicate switching from fatty acid
oxidation for generating ATP to glycolytic metabolism
that constitutes a ground for further research of metabolic
changes in cardiomyocytes. As it is known, pyruvate in
mitochondria can be completely oxygenated via pyruvate
dehydrogenase and included in the cycle of tricarboxylic
acids for further oxygenated phosphorylation and ATP
generation. Besides, pyruvate may be metabolized in the
cytosol primarily into lactate and into other metabolites
such as amino acids [40]. Although lactate is a by-product
of pyruvate metabolism, it is worth mentioning that it can
transform into pyruvate through the lactate dehydroge-
nase ferment, and thus maintain the cycle of tricarbo-
xylic acids for ATP production [40-42]. According to
literature data, glucose is able to maintain the cycle of
tricarboxylic acids particularly through circulating lactate,
and this fact indicates that lactate is an important energy
source for myocardium [40, 41].

We found that in the setting of development of doxo-
rubicin cardiomyopathy in animals a statistically significant
(p<0,001) increase in the content of lactate by 88,0%
and a decrease in the content of pyruvate (p<0,01) by
2 times relative to parameters of intact rats were observed
(Table 2). These changes caused a statistically significant
(p<0,001) increase in the value of «lactate/pyruvate» ratio
by 3,9 times relative to the parameters of intact animals
(Fig. 3). The abovementioned changes may indicate
development of the doxorubicin-induced mitochondrial
dysfunction in doxorubicin cardiomyopathy, in particular
lowered activity of pyruvate dehydrogenase.

In the setting of the use of placenta cryoextract and
vinboron, a comparable statistically significant (p < 0,001)
decrease in the content of lactate by 36,2% and 31,9% res-
pectively was observed (Table 2). However, the dynamic
of changes in the content of pyruvate in the homogenates
of the heart tissues of animals with doxorubicin cardio-
myopathy in the setting of injection of placenta cryo-
extract and vinboron is different. Indeed, almost no changes
in the content of pyruvate was observed in the setting
of injection of vinboron: 0,20 [0,20; 0,28] pymol/g of dry
tissue relative to the parameters of rats with doxorubicin
cardiomyopathy which did not receive treatment
(0,20 [0,18; 0,20] pymol/g of dry tissue), whereas in the
setting of injection of placenta cryoextract, the content
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of pyruvate in the homogenates increased statistically
significantly (p < 0,05) by 50,0%: 0,30 [0,20; 0,35] uymol/g
of dry tissue (Table 2).

BKasaHe CniBBiAHOLIEHHSA CTaTUCTUYHO BiporigHo
(p < 0,001) 3HM3unoce Ha 51,9% BIQHOCHO MNOKa3HWKIB
TBapuH 3 AKMI1 6e3 nikyBaHHs (guB. puc. 3).

Tabnuus 2. Bnnue KpioekCTpakTy NnaueHTy Ta BIHOOPOHY Ha BMICT nakraTy Ta nipysary
y roMoreHaTax TKaHWH cepus LWypiB Ha Tni gokcopybiumHoBoi kapgiomionartii (Mtm (95% [l abo Me [LQ; UQ], n=28)
Table 2. Effect of placenta cryoextract and vinboron on the content of lactate and pyruvate
in the homogenates of the heart tissues of the rats in the setting of doxorubicin cardiomyopathy (M+m (95% CI or Me [LQ; UQ]), n=28)

YmoBu ekcnepumeHTy / Conditions of the experiment
HocnimKyBaHuii Noka3HuK, oavHuLA BumiptoBaHHs | | rpyna / Group | | Il rpyna / Group Il | Ill rpyna / Group Il | IV rpyna / Group IV
The studied indicator, units of measurement IHTaKTHi LypW e [IKMI + KEN [IKMI + BB
Intact rats DCMP + CEP DCMP + VB
n 7 7 7 7
25+0,12 4,7 £0,26 3,0+£0,11 3,2+0,10
0, . . 0, . _ 0, . = 0, . —
FIAKTAT, MIMONLIT CYXOT TKAHMHM (95% Al: 2,3-2,8) | (95% OI: 4,2-5,2) | (95% QAl: 2,8-3,2) (95% [Al: 3,0-3,4)
Lactate, pmol/g of dry tissue P, < 0,001 P, <005 P.4<001
’ p,, < 0,001 p,, < 0,001
p,,=0,19
0,40 [0,38; 0,50] | 0,20 [0,18; 0,20] 0,30 [0,20; 0,35] 0,20 [0,20; 0,28]
MipyBat, MKMOMb/I CyXOi TKaHUHW p,, <0,01 p,,<0,05 p,,<0,01
Pyruvate, pmol/g of dry tissue p,, < 0,05 p,, =0,09
p,, =017

lMpumimku:

IHOekcamu 1, 2, 3, 4 BKa3aHO HOMeEp rpynu, MK NOKasHUKaMu SIKMX NPOBEAEHO MOPIBHAHHSA.
P,., — PiBEHb CTATUCTUYHOI BiPOriAHOCTI PO3GIKHOCTI NOKA3HUKIB.

Po3nogin BenuuuH HeHopmanbHWiA. Bokcn BknoYaoTh pesynsrati
Big 25-ro #0 75-ro mepueHTWmnio, BepTMKanbHi NiHii 3a mMexamu
OoKciB — MiHIManbHe Ta MakcumarbHe 3HavyeHHsl. [opu3oHTanbHa
niHiA BcepeauHi bokcy — mediaHa.

e — p < 0,05 BiAHOCHO NOKA3HUKIB iIHTAKTHUX LLYPIB;
m — p < 0,05 BigHOoCHO nokasHukiB WypiB 3 IKMIT 6e3 nikyBaHHs.

Parameter distribution of every group of set sample is normal.
Boxes include results from the 25th to the 75th percentile, vertical
lines outside the boxes are minimal and maximal values. Horizontal
line inside the box is a median.

e — p < 0,05 relative to the parameters of intact rats;
m — p < 0,05 relative to the parameters of rats with doxorubicin

Notes:
Indices 1, 2, 3, 4 show number of the groups, the parameters of which were compared between each other;
p,, — the level of statistical significance of difference between parameters.
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cardiomyopathy which did not receive treatment.

Puc. 3. Bnnus kpioekCTpakTy nnaueHTn Ta BiHOOPOHY Ha CMiBBIAHOLLIEHHS «nakTar / nipyBat»
y roMoreHaTax TKaHVH cepus LypiB Ha Tni AokcopybilumHOBOI kapaiomionarTii
Fig. 3. Effect of placenta cryoextract and vinboron on the «lactate/pyruvate ratio»
in the homogenates of the heart tissues of the rats in the setting of doxorubicin cardiomyopathy

OTpuMmaHi gaHi npo cTtaH Mertaboniamy y Miokapai
wypie Ha Tni OKMI  ysrogxyloTbcs 3i CTaTUCTUYHO
BiporigHum (p < 0,001) 3HWXEHHAM BMICTY [NiKOreHy
y roMoreHaTax TKaHWH cepus y 2,6 pasu BiOHOCHO
NMOKa3HMWKIB iHTAKTHUX TBapWH Ta CTaHOBMB BIigMOBIAHO
5,0 [4,5; 7,0] mr/r cyxoi TkaHuHu (puc. 4). 3acTtocyBaHHs
pedepeHc-npenaparty BiHOOPOHY He MpuU3BeEno A0 3MiHW
BMICTY rMiKOreHy y TKaHMHax mMiokapga, B TOM 4ac, sk Ha Thi
BBedeHHA KEI, piBeHb rmikoreHy CTaTUCTUYHO BiporigHo
(p < 0,01) 3pic y 2,0 pa3u BiQHOCHO MOKA3HWKIB LLypiB
3 OKMI 6e3 nikyBaHHs (ouB. puc. 4). OTpumaHi OaHi
Y3rOKYIOTbCA 3 JAaHUMU NiTepaTypu Npo BMICT aKTUBHUX
komnoHeHTiB KEI1, 30kpema ropmoHiB Ta ¢hakTopiB pocCTy,

Therefore, it is the changes in content of pyruvate in the
homogenates of the heart tissues of rats with doxorubicin
cardiomyopathy in the setting of injection of placenta
cryoextract and vinboron which led to difference in change
of the «lactate/pyruvate» ratio in the setting of the use of
the mentioned drugs. It was found that in the setting of
injection of vinboron in animals with doxorubicin cardio-
myopathy, the «lactate/pyruvate» ratio decreased
statistically significantly (p < 0,001) by 43,0%, whereas
in the setting of the use of placenta cryoextract this ratio
decreased statistically significantly (p < 0,001) by 51,9%
relative to the parameters of animals with doxorubicin
cardiomyopathy which did not receive treatment (Fig. 4).
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AKi MOXYTb BNNMBaTM Ha aKTUBHICTb PEPMEHTIB, BKIHO-
YeHuX y rmikoreHoBui meTaboniam [13, 37].

3a gaHvMK niTepaTtypu YTBOPEHHS BIiNbHWUX pagukanis
€ OCHOBHOK MpobnemMolo, ska BUKIIMKAE pPO3BUTOK
OoKcopyOBiUMH-IHOYKOBAHOIO  YpaXeHHs  KapAiomiouuTis,
LLIO NPM3BOANTDL 4O rinepakTnaeaLii NepeKUCHOro OKUCHEHHS
ninigis [43].

HocnipgxeHHa Bmicty TBK-PI1 y romoreHaTax TKaHWH
cepusa nokasano, wo possutok OKMI cynpoBog)xyBaBscs
cTatuctnyHo BiporigHum (p < 0,001) 3pocTaHHAM BMICTY
BkaszaHux npoaykTie Ha 80,0% BiOHOCHO MOKa3HWKIB
iHTakTHUX WwypiB Ta ctaHosuB 18,0 [15,5; 19,5] Mkmonb/r
TKaHuWH (puc. 5). Ha Tni BBegeHHs BIHOOPOHY BMiICT
TBK-PIM y wypis 3 AKMI ctatnctuyHo BiporigHo (p < 0,01)
3HM3MBCA Ha 16,7%, Ha Tni BBeaeHHs KEIM BkasaHun
nokasHuk 3Hu3mBcsa (p < 0,05) Ha 38,9% Ta cTaHOBMB
11,0 [10,0; 16,0] MkMonb/r TKaHUH (auB. puc. 5)

mg [ g of dry tissue

M T EYROl TREHHHA

AEMN OKMN + KEM  OKMN + BB
DCMP DCMP + CEF  DCMP + VB

IHTBETH LYEH
Intact rats.

The obtained data on metabolic condition in the
myocardium of rats in the setting of doxorubicin cardio-
myopathy conform with a statistically significant (p < 0,001)
decrease in the content of glycogen in the homogenates
of the heart tissues by 2,6 times relative to the parame-
ters of intact animals: 5,0 [4,5; 7,0] ymol/g of dry tissue
(Fig. 4). The use of reference drug vinboron did not cause
any change in the content of glycogen in the myocardial
tissues, whereas in the setting of injection of placenta
cryoextract, the level of glycogen increased statistically
significantly (p < 0,01) by 2 times relative to the para-
meters of rats with doxorubicin cardiomyopathy which
did not receive treatment (Fig. 4). The obtained data
conform with literature data on the content of active com-
ponents of placenta cryoextract, particularly hormones
and growth factors that can have an impact of activity
of ferments involved in glycogen metabolism [13, 37].

Mpumimku:

Po3nogin BennunH HeHopmanbHWUA. Boken BknoYaoTb pesynsraTti
Big 25-ro oo 75-ro nepueHTUNio, BepTUKarbHi NiHii 3a mexamun
6okciB — MiHiManbHe Ta MakcumarsibHe 3HayeHHsl. fopu3oHTanbHa
niHis BcepeaunHi 6okcy — MediaHa.

¢ — cepefHe 3HaYEeHHSs;

e — p < 0,05 BiAHOCHO NOKA3HUKIB iIHTAKTHUX LLYPIB;

m — p < 0,05 BigHOCHO noka3sHukiB Lwypie 3 JIKMI1 6e3 nikyBaHHs;
A —p <0,05 BigHOCHO nokasHukis Wwypis 3 AKMIT, sikum seogunu KETT.

Notes:

Parameter distribution of every group of set sample is normal.
Boxes include results from the 25th to the 75th percentile, vertical
lines outside the boxes are minimal and maximal values. Horizontal
line inside the box is a median.

4 — the mean value;

e — p < 0,05 relative to the parameters of intact rats;

m — p < 0,05 relative to the parameters of rats with doxorubicin
cardiomyopathy which did not receive treatment;

A — p < 0,05 relative to the parameters of rats with doxorubicin
cardiomyopathy which were injected with placenta cryoextract.

Puc. 4. BnnuB KpioekcTpakTy nnaueHTn Ta BIHOOPOHY Ha BMICT rrikoreHy
y roMoreHartax TKaHvH cepus LypiB Ha Tni AokcopybiLmHOBOI kapaiomionarTii
Fig. 4. Effect of placenta cryoextract and vinboron on the content of glycogen
in the homogenates of the heart tissues of the rats in the setting of doxorubicin cardiomyopathy

el f g lissue

WEMONE [ T TEEHWHH

AEMN OKMN + KEM  OKMN + BB
DCMP DCMP + CEF  DCMP + VB

IHTBETH LYEH
Intact rats.

lMpumimku:

Posnopain BennunH HeHopmanbHuiA. Bokcy BkntovaloTe pesynsraTtu
BiA4 25-ro Ao 75-ro nepueHTUnio, BepTUKanbHi MiHil 3a Mexamu
BOKCiB — MiHIMarnbHe Ta MakcuMarnbHe 3HavyeHHs. [opn3oHTanbHa
niHia BcepeaunHi 6okcy — mediaHa.

¢ — cepefHe 3HaYeHHs;

e — p < 0,05 BiAHOCHO NOKA3HUKIB iIHTAKTHUX LLYPIB;

m — p < 0,05 BigHOCHO nokasHukis Lypis 3 IKMI1 6e3 nikyBaHHS.

Notes:

Parameter distribution of every group of set sample is normal.
Boxes include results from the 25th to the 75th percentile, vertical
lines outside the boxes are minimal and maximal values. Horizontal
line inside the box is a median.

¢ — the mean value;

e — p < 0,05 relative to the parameters of intact rats;

m — p < 0,05 relative to the parameters of rats with doxorubicin
cardiomyopathy which did not receive treatment.

Puc. 5. BnnuB KpioekcTpakTy nnaueHTu Ta BIHOOPOHY Ha BMICT peakTaHTiB 3 TiobapbiTypoBoto KMCNOTO
y roMoreHaTax TKaHWH cepus LwypiB Ha Tni AokcopybiunHoBOT kapaiomionartii
Fig. 5. Effect of placenta cryoextract and vinboron on the content of reactants with thiobarbituric acid
in the homogenates of the heart tissues of the rats in the setting of doxorubicin cardiomyopathy

According to literature data, free radical formation is
the main problem that causes development of doxorubicin-
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BUCHOBKMU

Possutok [OKMI1 cynpoBOAXYETbCA  MOPYLUEHHAM
eHepreTMyHoro obmiHy B MioKapAi TBapuH, Ha LLO BKasye
CTATUCTMYHO BiporigHe 3HWxXeHHs BMicTy AT® (p < 0,01)
y TKaHuMHax Miokapga Ha 42,4% Ta 30inblueHHA BMICTY
AO® (p <0,05) Ta AM® (p < 0,001) Ha 45,4% Ta y 2,2 pa3u
BiQMOBIAHO, BIAHOCHO MOKa3HWKIB iHTAKTHUX LWypiB. Pos-
BUTOKEHepreTuyHoroamchanaHcy CynpoBOAKYETLCACTATUC-
Tn4Ho BiporigHum (p < 0,001) 3HWXKEHHSM BMICTY rMiKOreHy
y romoreHartax TKaHWH cepud y 2,6 pa3u Ta CTaTUCTUYHO
BiporigHum (p < 0,001) 3pocTtaHHsm BMmicTy TBK-PI1.

3actocyBaHHs KEI npu3BoguTe OO HiBENMOBaHHA
eHeprogediuuty y miokapgi TBapuH 3 KM — piseHb AT
Ha Tni BBEAEHHHA OOCNIOXYBaHOrO KpiOEKCTPaKTy cTaTuc-
Tn4Ho BiporigHo (p < 0,001) 3pic Ha 72,7%. Kpim Toro, Ha Tni
3actocyBaHHsa KEI cniBBigHOWEHHS «nakTat/nipysar»
cTatucTnyHo BiporigHo (p < 0,001) 3Hm3unoce Ha 51,9%
BIOHOCHO nokasHukiB TBapuH 3 JKMI1 6e3 nikyBaHHS.
PiBeHb rnikoreHy Ha Tni BBeaeHHa KEI ctatnctuyHo Bipo-
rigHo (p < 0,01) 3pic y 2,0 pasu BiGHOCHO MNOKa3HWKIB
wypis 3 AKMI 6e3 nikyBaHHs, a BmicT TBK-PI1 3HM3nBCA
(p < 0,05) Ha 38,9%.

3a 3gartHicTio ocnabnosatu JOKC-iHoykoBaHy kapgio-
TokcmyHicTe KEI nepesullyBaB 3a edekTUBHICTIO pede-
peHc-npenapar BiH6opoH. Tak E3 y pasi 3actocyBaHHsA KET
3pic (p < 0,001) Ha 11,4% 6inbwe, HiX Ha TNi 3acTocy-
BaHHA BiHOOpPOHY, a piBeHb TBK-PI Ha 22,2% 6inbwe
3HM3MBCA y TBapuH, akum Beogunu KEI, Hix Ha Tni
3aCTOCYBaHHS BiHOOPOHY.

CMNUCOK BUKOPUCTAHOI AITEPATYPU
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induced damage of cardiomyocytes which leads to
hyperactivation of lipid peroxidation [43].

The research of the content of reactants with thiobarbi-
turic acid in the homogenates of the heart tissues showed
that development of doxorubicin cardiomyopathy was
accompanied with a statistically significant (p < 0,001)
increase in the content of these products by 80,0% relative
to the parameters of intact rats: 18,0 [15,5; 19,5] ymol/g
of dry tissue (Fig. 5). In the setting of injection of vinboron,
the content of reactants with thiobarbituric acid in rats
with doxorubicin cardiomyopathy decreased statistically
significantly (p < 0,01) by 16,7%, whereas in the setting
of injection of placenta cryoextract, this parameter
decreased (p < 0,05) by 38,9%: 11,0 [10,0; 16,0] ymol/g
of dry tissue (Fig. 5).

CONCLUSIONS

The development of doxorubicin cardiomyopathy is
accompanied with impaired energy metabolism in the
myocardium of animals, as indicated by a statistically
significant decrease in the content of ATP (p < 0,01) in the
myocardium tissues by 42,4% and an increase in the
content of ADP (p < 0,05) and AMP (p < 0,001) by 45,4%
and by 2,2 times respectively relative to the parameters
of intact rats. The development of energy disbalance
is accompanied with a statistically significant (p < 0,001)
decrease in the content of glycogen in the homogenates
of the heart tissues by 2,6 times and a statistically signi-
ficant (p < 0,001) increase in the content of reactants
with thiobarbituric acid.

The use of placenta cryoextract leads to covering
the energy deficit in the myocardium of animals with doxo-
rubicin cardiomyopathy — the level of ATP in the setting of
injection of the studied cryoextract increased statistically
significantly (p < 0,001) by 72,7%. In addition, in the setting
of injection of placenta cryoextract, the «lactate/pyruvate»
ratio decreased statistically significantly (p < 0,001) by
51,9% relative to the parameters of the animals with doxo-
rubicin cardiomyopathy which did not receive treatment
and the level of glycogen increased statistically signifi-
cantly (p < 0,01) by 2 times relative to the parameters of
the rats with doxorubicin cardiomyopathy which did not
receive treatment, but the content of reactants with
thiobarbituric acid decreased (p < 0,05) by 38,9%.

Placenta cryoextract was more effective than reference
drug vinboron in terms of being able to weaken doxo-
rubicin-induced cardiotoxicity. Energy charge increased
(p < 0,001) by 11,4% more in the setting of the use of -
vinboron, whereas the level of reactants with thiobarbituric
acid decreased by 22,2% more in animals which were
injected with placenta cryoextract compared to rats that
were injected with vinboron.
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Prospects for further research

The obtained results show that is relevance to study in depth
the mechanisms of the protective action the cryoextract of
the placenta on the myocardium, in particular, in the case of
radiation damage to the heart in cancer patients.

OpuwuriHanbHi gocnigpkeHHs

203

Original research


https://doi.org/10.1155/2020/3419034
http://doi.org/10.1038/s41569-018-0044-6
http://doi.org/10.3390/ijms21072641
http://doi.org/10.1016/j.molcel.2017.05.032
http://doi.org/10.2337/db13-0368
http://doi.org/10.1111/acel.13096
http://doi.org/10.1007/s10557-020-06941-x
http://doi.org/10.1152/ajpheart.00554.2015
http://doi.org/10.1016/j.bbadis.2014.06.030
http://doi.org/10.1093/cvr/cvs134
https://doi.org/10.22141/2308-2097.56.3.2022.503
https://doi.org/10.22141/2308-2097.55.3.2021.241587
https://doi.org/10.2478/cipms-2022-0017
http://doi.org/10.1016/j.cmet.2020.12.003
http://doi.org/10.1038/nature24057
http://doi.org/10.1016/j.amjcard.2018.04.053
http://doi.org/10.1016/j.biopha.2021.111708
https://doi.org/10.1155/2020/3419034
http://doi.org/10.1038/s41569-018-0044-6
http://doi.org/10.3390/ijms21072641
http://doi.org/10.1016/j.molcel.2017.05.032
http://doi.org/10.2337/db13-0368
http://doi.org/10.1111/acel.13096
http://doi.org/10.1007/s10557-020-06941-x
http://doi.org/10.1152/ajpheart.00554.2015
http://doi.org/10.1016/j.bbadis.2014.06.030
http://doi.org/10.1093/cvr/cvs134
https://doi.org/10.22141/2308-2097.56.3.2022.503
https://doi.org/10.22141/2308-2097.55.3.2021.241587
https://doi.org/10.2478/cipms-2022-0017
http://doi.org/10.1016/j.cmet.2020.12.003
http://doi.org/10.1038/nature24057
http://doi.org/10.1016/j.amjcard.2018.04.053
http://doi.org/10.1016/j.biopha.2021.111708

YKpaiHCbKWI pafionoriyHWin Ta oHKonorivyHWi >xypHan. 2023. T. 31. Ne 2. C. 190-205
Ukrainian journal of radiology and oncology. 2023;31(2):190-205

ISSN 2708-7166 (Print)
ISSN 2708-7174 (Online)

KoHAIKT iHTepeciB

ABTOpU pyKOMMUCY CBIAOMO 3acCBiAYylOTb BiACYTHICTb (DAKTUYHOIO
abo mnoTeHUinHOro KOHMMIKTY iHTepeciB LWoAO pesynbraTtiB
uiei pobotn 3 hapmaueBTUYHMMKM KOMMaHIAMK, BUMPOOHUKaMM
6ioMeanyYHUX NPUCTPOIB, HWMMK OpraHisauismMu, Yni NPOAYKTH,
nocnyru, iHaHcoBa MiATPMMKa MOXyTb OyTM MoB’A3aHi
3 npegMeToM HajaHux matepianiB abo ski  cnoHcopysanu
nNpoBeaeHi AOCMiAKEHHS.

IHdbopmaLis Nnpo chiHAHCYBAHHS

®iHaHcyBaHHs BuaaTkamu [lepxaBHoro GlogkeTy YkpaiHu.

BIAOMOCTI NPO ABTOPIB

Mapknx ®egip BonogummupoBuY — kaHaMAAT MeEQUYHUX
Hayk (gokTop dinocodii B ranysi OXOpOHM 300pOB’S 3a
cneuianbHicTio «MeguumHay), MONOAWNIA HAyKOBUIA CMiBPOBITHUK
rpynu MnpoMeHeBOi naTonorii i nanmiaTMBHOI MeauuMHW BipAiny
pagionorii [lepxaBHOi ycTaHOBU «IHCTUTYT MeaudHOI pagionorii
Ta oHkonorii im. C.T. Mpurop’eBa HauioHanbHOT akagemii MeguyHmnx
Hayk YkpaiHu»; Byn. lywkiHcbka, 6ya. 82, m. Xapkis, YkpaiHa,
61024,

e-mail: fedir.hladkykh@gmail.com

Mo6.: +38 (099) 782-78-72

BHecok aemopa: ides docnidxeHHs, po3pobka Ou3aliHy,
niébip nimepamypHuUx Oxeper, HanucaHHsa mekcmy
cmammi.

Yumx Mukona OnekcinoBUY — KaHOMOAT MEOUYHUX Hayk,
cTapLni OOCNIAHUK, BMKOHYHOUMA ODOB’A3KM 3aBigyBaya Bigainy
eKkcrnepuMeHTasnbHOi KpioMeauumHn [HCTMTyTy npobnem kpiobio-
norii i kpiomeavMuuHu HauioHanbHOI akagemii Hayk YkpaiHu;
Byn. MNepescnascbka, bya. 23, M. Xapkis, YkpaiHa, 61016;

e-mail: n.chizh@ukr.net

M06.: +38 (097) 361-68-61

BHecok aemopa: ¢hopMynosaHHs Memu ma 8UCHOSKI8
pobomu, pedazysaHHs1 mekcmy cmammi.

Kowypb6a Inna BacunboBuY — acnipaHT Bigainy ekcnepu-
MEHTanbHOI  KpiomMeauunHn  |HCTUTYTY npobnem  kpioGionorii
i kpiomeguumHn HauioHanbHOi akagemii  Hayk  YkpaiHu;
Byn. [lepescnaBcbka, 6ya. 23, M. XapkiB, 61016, YkpaiHa;
MeaunYHUI AMPEKTOP 3 HeOHATOMNOori4YHOI gonomMorn KomyHansHoro
HeKoMepLiHOro nianpueMcTBa «YepHiBelbkuii obnacHuii nepwu-
HaTanbHWA UeHTp», Byn. bykoBuHcbka, Gya. 1a, m. YepHisui,
Ykpaina, 58000;

e-mail: illia.koshurba@gmail.com

M06.: +38 (095) 417-80-06

BHecok aemopa: posedeHHsI eKcrnepuMeHmarnbHUX
docnidxeHb, cmamucmu4yHe orpaylo8aHHss OmMpPUMaHUX
OGaHux, nidbip nimepamypHux dxeper.

BenoukiHa IpvHa BnagucnaBiBHa — kaHauaat GionoriyHnx
HayK, CTapluMi HaykoBWI CMiBPOBGITHUK BiOAiNy ekcnepumeH-
TanbHOi  kpioMeauMumHn  [HCTUTYTY  npobnem  kpiobionorii
i kpiomeguumHn HauioHanbHOi akagemii  Hayk  YkpaiHu;
Byn. MNepescnascbka, bya. 23, M. Xapkis, Ykpaina, 61016;

e-mail: ibelochkina@ukr.net

Mo6.: +38 (097) 252-55-12

BHecok aemopa: cmamucmuyHe  Orpayto8aHHs
ompumarux 0aHux, pedacysaHHs meKkcmy cmammi.

Conflict of interest

The authors declare no conflict of interest and no financial interest
in the preparation of this article.

Funding information

The work is financed by the State Budget of Ukraine.

INFORMATION ABOUT AUTHORS

Hladkykh Fedir Volodymyrovych — Doctor of Philosophy
in Health Care in specialty «Medicine» (Candidate of Medical
Sciences), Junior Research Fellow of the Group of Radiation
Pathology and Palliative Medicine at the Radiology Department
of State Organization «Grigoriev Institute for Medical Radiology
and Oncology of the National Academy of Medical Sciences
of Ukraine»; 82, Pushkinska Str., Kharkiv, Ukraine, 61024;

e-mail: fedir.hladkykh@gmail.com

tel.: +38 (099) 782-78-72

Author’s contribution: idea of the work, development
of the study design, selection of literature sources, writing
the text of the article.

Chyzh Mykola Oleksiiovych - Candidate of Medical
Sciences, Senior Researcher, Acting Head of Experimental
Cryomedicine Department of Institute for Problems of Cryobiology
and Cryomedicine of the National Academy of Sciences of Ukraine;
23, Pereyaslavska Str., Kharkiv, Ukraine, 61016;

e-mail: n.chizh@ukr.net

tel.: +38 (097) 361-68-61

Author’s contribution: formulation of the purpose
and conclusions of the work, editing the text of the article.

Koshurba lllia Vasylovych — Postgraduate Student of
Experimental Cryomedicine Department of The Institute for
Problems of Cryobiology and Cryomedicine of the National
Academy of Sciences of Ukraine; 23, Pereyaslavska Str., Kharkiv,
61016, Ukraine; Medical Director for Neonatology of Municipal
Non-Profit Enterprise «Chernivtsi Regional Perinatal Center»;
1a, Bukovynska Str., Chernivtsi, Ukraine, 58000;

e-mail: illia.koshurba@gmail.com

tel.: +38 (095) 417-80-06

Author’s  contribution:  conducting  experimental
research, statistical processing of the obtained data,
selection of literature sources.

Belochkina Iryna Vladyslavivna — Candidate of Biological
Sciences, Senior Researcher of Experimental Cryomedicine
Department of Institute for Problems of Cryobiology and Cryo-
medicine of the National Academy of Sciences of Ukraine;
23, Pereyaslavska Str., Kharkiv, Ukraine, 61016;

e-mail: ibelochkina@ukr.net

Mo6.: +38 (097) 252-55-12

Author’s contribution: statistical processing of the
obtained data, editing the text of the article.

OpuwuriHanbHi gocnigpkeHHs

204

Original research


mailto:fedir.hladkykh@gmail.com
mailto:n.chizh@ukr.net
mailto:illia.koshurba@gmail.com
mailto:ibelochkina@ukr.net
mailto:fedir.hladkykh@gmail.com
mailto:n.chizh@ukr.net
mailto:illia.koshurba@gmail.com
mailto:ibelochkina@ukr.net

YKpaiHCbKWI pafionoriyHWin Ta oHKonorivyHWi >xypHan. 2023. T. 31. Ne 2. C. 190-205
Ukrainian journal of radiology and oncology. 2023;31(2):190-205

ISSN 2708-7166 (Print)
ISSN 2708-7174 (Online)

KomopoBcbkuit PomaH PocTucnaBoBMY — [OKTOp Meauwy-
HWUX Hayk, npodecop, npodpecop kadeapu BHYTPIWHLOI Meau-
UnHM Ne 2 TepHONinNbCbKOro HauioHanbHOro MeAWYHOro yHisep-
cutety M. |.A. Nopbavescbkoro MiHicTepcTBa OXOPOHWU 3[4,0POB’S
Ykpainu; Maingan Boni, 6ya. 1, TepHonine, YkpaiHa, 46001;

e-mail: komorovsky@tdmu.edu.ua

Mo6.: +38 (093) 844-28-29

BHecok aemopa: nidbip nimepamypHux Oxeper,
HarnucaHHs mekcmy cmammi.

MapueHko Mwuxanno MapkoBu4 — [OKTOp GioNOriYHMX
Hayk, npodecop, akagemik AkageMii Hayk BULLOT LWKOMK YKpaiHu,
3acnyxeHuin gisy Hayku i TexHikv Ykpainu, aupektop Hae4yanbHo-
HayKoBOro iHCTUTYTY Gionorii, Ximii Ta 6iopecypciB YepHiBeLbkoro
HauioHanbHoro  yHiBepcuteTy imeHi  HOpis  ®egbkoBuya;
Byn. KoutobuHcekoro, bya. 2, m. YepHisui, YkpaiHa, 58012;

e-mail: m.marchenko@chnu.edu.ua

Mo6.: +38 (037) 258-48-49

BHecok aemopa: posedeHHs1 eKcrepuMeHmarbHUX
docriidxeHb, pedazysaHHs mekcmy cmammi.

Kowyp6a HOpin BacunboBuy — nikap-HeoHatonor Komy-
HanbHOrO  HeKkomepuinHoro  nignpuemcTBa  «YepHiBeubkun
obnacHuin nepuHaTanbHUiA LeHTp»; Byn. bykoBuHcbka, bya. 1a,
M. YepHiBui, Ykpaina, 58000;

e-mail: koshurba@gmail.com

Mob6.: +38 (068) 678-22-53

BHecok aemopa: posedeHHs eKcriepuMeHmarbHUX
docrniidxeHb, nidbip nimepamypHux Oxepern.

Komorovsky Roman Rostyslavovych — Doctor of Medical
Sciences, Professor, Professor of Internal Medicine Depart-
ment No. 2 of |. Horbachevsky Ternopil National Medical
University of the Ministry of Health of Ukraine; 1, Maidan Voli,
Ternopil, Ukraine, 46001;

e-mail: komorovsky@tdmu.edu.ua

Mo6.: +38 (093) 844-28-29

Author’s contribution: selection of literature sources,
writing the text of the article.

Marchenko Mykhailo Markovych — Doctor of Biological
Sciences, Professor, Academician of the Academy of Sciences
of the Higher School of Ukraine, Honored Science and Techno-
logy Figure of Ukraine, Director of the Educational and Scientific
Institute of Biology, Chemistry and Bioresources of Yuri Fedkovich
Chernivtsi National University; 2, Kotsyubinsky St., Chernivtsi,
Ukraine, 58012;

e-mail: m.marchenko@chnu.edu.ua

Mo6.: +38 (037) 258-48-49

Author’s  contribution:  conducting
research, editing the text of the article.

experimental

Koshurba Yurii Vasylovych — Neonatologist of Municipal
Non-Profit Enterprise «Chernivtsi Regional Perinatal Center»;
1a, Bukovynska Str., Chernivtsi, Ukraine, 58000;

e-mail: koshurba@gmail.com

mo6.: +38 (068) 678-22-53

Author’s  contribution:  conducting
research, selection of literature sources.

experimental

Pykonuc Haginwos
Manuscript was received
20.04.2023

Received after review
07.05.2023

OTpumMaHo nicns peueHsyBaHHs

MpuiHATO [0 APYKY Ony6nikoBaHo
Accepted for printing Published
30.05.2023 15.06.2023

OpuwuriHanbHi gocnigpkeHHs

205

Original research


mailto:komorovsky@tdmu.edu.ua
mailto:m.marchenko@chnu.edu.ua
mailto:koshurba@gmail.com
mailto:komorovsky@tdmu.edu.ua
mailto:m.marchenko@chnu.edu.ua
mailto:koshurba@gmail.com

