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PE3IOME

AKTyaJbHicTb. HecBoedacHe 3BepHEHHs MO MEAWYHY JOIOMOTY, oOMe-
JKeHa KUIBKICTh KapAioXipypriuHUX CTaI[lOHApIiB Ta HE 3aBKIM Pe3yibTa-
THBHA KOHCEPBATHBHA TEPAIlisi CTUMYIIOTH IOIIYK HOBUX, OUIbII edek-
THUBHHX METOJIB JIIKyBaHHs roctporo iHdapkry miokapaa (IM). Ocrannaim
4acoM BENUKY YBary JOCHITHHKIB TPUBEPTAIOTh ME3CHXIMaJIbHI CTPO-
ManpHi KiiTHHA (MCK) 3aBIsiku iX TEepCHEeKTHBHOCTI JUIS KIIIHIYHOTO
3aCTOCYBaHHs. 3 1HIIOrO OOKy, 3a pe3ylbTaTaMHu 0araToleHTPOBUX JO-
CJIIIKEHB JTOBEICHO, 10 TepanesTryHa rinotepMis (TI7) mae Helipo- 1 kap-
JIOTIPOTEKTOPHY 110 1 BUKOPUCTOBYETHCS SIK OJTMH 13 HEB1IKJIATHIX METO-
JIiB TIpU HAaJJaHHI ICPBUHHOT METUYHOT JJOTTOMOTH.

Meta po0doTH — TPOBEACHHS Ta aHaTi3 YABTPA3ByKOBOTO JIOCIIKEHHS
cepls IIypiB 3 eKCIepUMEHTANBHUM IM Ui BH3HAYEHHS XapakTepy pe-
MOJICTIIOBAHHS Cepls IiJ] BIUTHBOM IO€IHAHOTO BHKOopucTaHHsA 11 1 BBe-
nenHs anorennux MCK.

Martepiaan ta metonu. JlocmimpkenHs Oyno mposeneHo Ha 90 Ge3mopin-
HUX Oinmx mrypax macoio 240-270 r. Indapkr Miokapna BiITBOpIOBaId
IUISTXOM TIepeB’sI3KM HU3X1MHOI TIKH JIiBOI KOpOHApHOI apTepii Ha Mexi
BEPXHBOI Ta CEPENHBOI TPETHHU CyIUHH. TepareBTUYHY TiOTEPMII0 IIPOBO-
JIWIIM B XOJIOMOBiN kKamepi mpotsroM 60 xB. JlokampHa Temmeparypa MmKipu
KOMIpIIEBOI 30HHM MiATpUMYBanacs Ha piBHI + 4 °C, Ipy IbOMY peKTaJIbHa
1 TUMITaHI9HA TemIiepatypa 3HmKkyBanacs 10 + 25 °C. CycneHsito aaoreH-
Hux kpiokoHcepBoBanux MCK muanentu 3 koHienTparieto 1,2 X 10 k-
THH/MJI OIHOPA30BO BBOAMJIM BHYTPIIIHROBEHHO uyepe3 V. saphena magna.
CoHorpadivHe JTOCITIIKESHHS cepIsl MPOBOIMIN Ha YIBTPAa3BYKOBOMY €XO-
toMockori «Conomen 500» («CITEKTPOME]/ly, Pocis) y B- i M-pexxumi
3 BUKOPUCTaHHSIM JIiHiiHOTO Mardnka 7,5L.38 3 wactororo 7,5 MIw.
Pe3yabratu Ta iX 00roBopeHHsi. Y KOHTPOJBHIN TPy 3 €KCIIepUMEH-
TaxbHUM [M BCTaHOBIICHO 3HAYHE MPUTHIYCHHS (YHKIIIT JIIBOTO ITYHOUKA
(JILLD). ITe BimoOpaxanock y 3HmxkeHHI YO Ta XO 1 B MiACYMKY CBiTUHIO
mpo 3menmieHHss ®B no 46,04 %, mo Ha 35 % MeHIe BiIOBIIHOTO TMO-
Ka3HUKa HOPMHU.
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Ha mincrasi nokasuukie BTC ta MJII wa 7-my Ta Ha 30-Ty 100y micis
nepeB’sI3KU JIiBOI KopoHapHOi aprepii, pemoxemoBanns JIIII mpoxommino
3a paXyHOK eKCIIeHTpH9HO1 epedymonu JILLI.

3acTocyBaHHS TEPANEBTUYHOI TIMOTEpMii HE 3MOTJIO B IOBHOMY 00Cs31 3y-
MUHUTH TATO(i1310JIOTIYHI MPOIIECH, OB’ sI3aHi 3 MepeB’sI3K0I0 KOPOHAPHOT
cynunau. @B 10CTOBIpHO HE BiAPI3HSIACH Bifl KOHTPOJIBLHOT IPYIH 1 CKIla-
nmana 51,08 + 2,68 %. Ha 7-my 100y eKCIIEpUMEHTY PEMOJICITFOBAHHSI CEPIIs
B I[iif TpyIi MPOXOAMIIO 32 MOJACIUI0 HOpMAalbHOI reomerpii, a Ha 30-Ty
100y — 32 eKCLIEHTPUYHOIO MOJIEILIIO.

HesBaxxatoun Ha 00’€MHE NepeHaBaHTaKEHHsI, SIKe BUKJIMKAE MOCTIH(apKT-
He posmupenHs nopokauau JII, y rpymi 3 yBenennsim MCK Ha 7-my
00y BiIMivalmy KOMIEHcaTopHe 301IbIIeHHs yaapHoro o0’emy B 1,8 pasy
BITHOCHO Tpynu HOpPMH 1 B 2,3 pa3y BIJHOCHO KOHTPOJIbHOI TpPYIH.
OB 6yna Ha 17 % MeHIIe HOpMH, aje CTaTUCTUYHO JOCTOBIPHO BHUIIA, HIXK
BiJITIOBIAHM TTOKa3HHUK TPYITH KOHTPONIIO I[HOTO TEPMIHY CIOCTEPESKCHHS.
PemonemoBanns cepus micas BBemeHHs anoreHHnx MCK ma Tii IM
Ha BCIX CTPOKAX CIIOCTEPEKECHHSI NMPOXOAHUIIO IIIIXOM EKCLIEHTPUYHOI Ti-
neptpodii JILI.

VY rpymi miciisi BUKOPUCTaHHs TepaneBTHYHOI rinorepmii Ta BBenenHst MCK
Ha (OHI eKClIepUMEeHTaIbHOTO iH(ApKTy Miokapaa Ha 7-my Ta Ha 30-Ty
o0y peecTpyBalM HAWIMIN 3HAYCHHS CXOMOKA3HHUKIB aHATOMIUHHX
crpykryp JIII, mio cBigumio mpo BiICYTHICTh OWiIATallii Ta HasIBHICTh
nomipHoi rineprpodii miokapra. ®Ppaxiiis BUKHIY NEMOHCTpyBaja Haii-
Kpammit pesynsrar — 58,78 %, a pemonemoanss JIL Oyno miHiMaibHEM
1 BimOyBasiocs 3a HOpMaIbHOI TeOMETPii cepIis.

BucnoBku. BukopucranHs exokapmiorpadii y mypiB € mocuts iH(pOp-
MaTHBHUM METOJIOM JIaTHOCTHKH, IO Ja€ 3MOTY OXapaKTepH3y-
BaTW THUI CTPYKTYpHO-(QYHKIIIOHATBHOI TepeOymoBu Miokapma Ha (oHi
iH(papKTy B paHHI Ta Mi3HI CTPOKM CIOCTEpe)XEHHS. 3a MaHuMH Y3-
JIOCIIZPKSHHsI, HAHOLIbII OJM3bKOIO JI0 MOKa3HUKIB HOPMHU Oylia rpyra TBa-
PHH i3 IO€IHAHUM BUKOPHCTAHHSM TEpPareBTUYHOI TillOTepMii i TpaHCc-
rianraniero MCK. 3a nokaznukamu macu JIII 1 BTC y utypiB wi€i rpynu
Ha 7-My Ta Ha 30-Ty 100y excniepuMenTy pemoneitoBanus JILI mpoxomamino
3a HOpMaJIbHOT reOMeTpii.

ABSTRACT

Background. Late seeking medical advice, limited number of cardiac
surgery hospitals and conservative treatment, which does not seem to
be always efficacious, trigger the search for new, more effective mode
therapy of acute myocardial infarction (MI). Recently, mesenchymal
stromal cells (MSCs) have come into sharp focus of scientists due to the
prospects for clinical use. On the other hand, multicenter studies have
proved that therapeutic hypothermia (TH) has neuro- and cardioprotective
effects, and it is administered as one of the urgent methods in providing
primary health care.

Purpose — providing and analyzing ultrasonography (US) of rat
hearts with experimental MI in order to determine the nature of heart
remodelling under combined use of TH and introducing allogeneic MSCs.
Materials and methods. The study involved 90 outbred white rats
weighing 240-270 g. Myocardial infarction was reproduced by ligating
the descending branch of the left coronary artery on the border of
the upper and middle third of the vessel. Therapeutic hypothermia
was performed in a cold chamber, 60 minutes long. The local skin
temperature of the neck area was maintained at +4 °C, while the rectal and
tympanic temperature decreased to + 25 °C. A suspension of allogeneic
cryopreserved MSCs of the placenta with a concentration of 1.2 x
x 10° cells/ml was administered once intravenously through v. saphena
magna. Heart sonography was carried out by means of «Conomen 500»
(«CTIEKTPOMEl», Russia) ultrasound scanner in B- and M-mode using
a linear sensor 7.5L38 with frequency of 7.5 MHz.

OpuriHaiabHI J0CITiKCHHS

223 Original research



YkpalHCcbkui pamionoriyauid Ta oHKomorigHni xypHai. 2020. T. 28. Ne 3. C. 191-328
Ukrainian journal of radiology and oncology. 2020;28(3):191-328

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

Results and discussion. The control group with experimental MI showed
significantly suppressed function of the left ventricle (LV). It resulted in
decreasing stroke volume (SV) and cardiac output (CO) and on the whole
indicated reduced ejection fraction (EF) to 46.04 %, that was 35 % less
than the corresponding normal range. According to the values of relative
wall thickness (RWT) and left ventricular mass (LVM) on day 7 and day
30 after ligating the left coronary artery, LV remodelling was proceeding
via eccentric mode of LV alteration.

Therapeutic hypothermia was not able to completely stop the
pathophysiological processes associated with coronary ligation. EF
was not significantly different from the control group, and was 51.08 +
+ 2.68 %. On day 7 of the experiment, heart remodelling in this group
was proceeding according to the normal geometry model, and on day 30 —
according to the eccentric model.

In spite of the volume overload causing post-infarction extension of
the left ventricular cavity, in the group with applying MSCs, on day
7 there was a compensatory increase of the stroke volume, 1.8 times
over compared to the group with normal range values and 2.3 over
compared to the control group. The ejection fraction was 17 % less
than the normal range, but statistically significantly higher than the
corresponding indicator of the control group of this observation period.
Heart remodelling after applying allogeneic MSCs associated with MI at
all stages of observation was proceeding by eccentric LV hypertrophy.
After therapeutic hypothermia and applying MSCs associated with
experimental myocardial infarction on day 7 and day 30, the group
recorded the best values of echo params of LV anatomical structures,
indicating no dilatation along with occuring moderate myocardial
hypertrophy. The ejection fraction showed the best outcome, i. e. 58.78 %,
while LV remodelling was minimal, occurring according to normal heart
geometry.

Conclusions. Applying echocardiography in rats is a very informative
diagnosis method which makes it possible to describe the type of
structural and functional remodelling of the myocardium associated
infarction at early and late observation stages. The ultrasound study
showed that the closest to the normal range was the group of animals
exposed to therapeutic hypothermia and MSC transplantation. According
to LVM and RWT values, in the rats of that group on day 7 and day 30 of
the experiment, LV remodelling was characterized by normal geometry.
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The study has been carried out in the scope of the re-

PoboTa BukoHaHA B paMKax HaykoBoi pobotu [HCcTH-
TyTy Tipobiem kpiobiosorii i kpiomenumnuan Hartionas-
HOI akajemii Hayk Ykpainu «JlecTpyKTHBHI Ta BiTHOBHI
MIPOIECH B TKAaHUHAX in ViVo Micis il HU3BKUX TeMIIepa-
Typ Ta 010JIOTIYHO aKTHBHUX PEUOBHHY, AEP’KaBHUI pee-
crpauiitanii Homep 0117U000849.

BCTYII

OnHUM 13 HaWMONIMPEHININX 3aXBOPIOBaHb Cy4acHOT
kapziosnorii € inemiuna xBopoda cepus (IXC). IMommu-
PEHICTD 11i€i MaTONOTIi MBUAKO 30UIBIIYETHCS, & BUCOKA
JeTaJIbHICTh 3yMOBJICHA OJHUM 3 ii TPI3HHX YCKIIAA-
HeHb — iHQpapkTom Miokapaa (IM). Illopoxy B VYkpa-
THI peecTpyeThCsl ONM3BbKO 45 THC. HOBHUX BHUIIAJIKIB
IM [1]. Ctpecu, HampyXeHHUH PHUTM XHUTTS, 3aJaBHEHI

search project of Institute for Problems of Cryobiology
and Cryomedicine of the National Academy of Sciences
of Ukraine “Destructive and Regenerative Processes
in Tissues in vivo after effect of Low Temperature and
Biological Active Substances”, state registration No
0117U000849.

INTRODUCTION

One of the most common disorders of modern cardi-
ology is coronary heart disease (CHD). The prevalence
of this pathology is rapidly increasing and high mortal-
ity rate results from one of its severe complications, i.e.
myocardial infarction (MI). Annually, about 45 thous
new cases of MI are recorded in Ukraine [1]. Stress, busy
lifestyle, long-standing diseases of the cardiovascular
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3aXBOPIOBAHHS CEPIEBO-CYIMHHOI CHUCTEMH 1 HECBOE-
YacHe JIIKyBaHHA — yce 1€ CTa€ MPUYNHOIO TOYACTIIAHHS
1 «OMOJIOJUKEHHSD) TOCTPOTO KOPOHAPHOT'O CHHAPOMY.

BukopucranHsl iHTEpBEHIIIHUX TEXHOJOTIH B mep-
IMH «30JI0TUH 9acy» Micns iH(apKTy NPUBOANUTE 0 YCY-
HEHHS MEXaHIYHOI mepemkonu (Tpomba) B KOPOHApPHIN
CYJIMHI, @ BCTaHOBJICHHSI CTEHTa CHPUSE BIJHOBJICHHIO
KpoBorocTadanHs cepiis [2]. Ha sxanb, B YKpaiHi Kifb-
KiCTh KapIiOJOTiYHUX IIEHTPiB OOMEKeHa, a KUIBKICTh
BTpy4YaHb 31 CTCHTYBaHHs, Hampukian, 3a 2018 pik,
ckiagae numnie 286 BUMAAKIB Ha 1 MIH HaceleHHS [2,
3]. HecBoeuacHe 3BEpHEHHS MO MEIUYHY JIOIOMOTY,
oOMeXeHa KUIBKICTh KapAioXipypridyHuUX CTallioHapiB
Ta HE 3aBXKAM pPe3ylIbTaTHBHA KOHCEPBATHBHA TEparlist
CTHUMYJIFOT TIOITYK HOBHX, OLIbII e()eKTUBHUX METOIIB
JiKyBaHHS rocTporo IM.

OcTaHHIM 9acoM BENHKY yBary JOCHITHUKIB MPUBEp-
TalOTh Me3eHXiMalbHI crpoManbHi KinithHH (MCK) 3a-
BSIKH 1X TIEPCHEKTHBHOCTI JJIsl KIIIHIYHOTO 3aCTOCYBaHHSI.
MCK - me KITHHH, sIKi MalOTh MOTEHIAN 10 TudepeH-
miamii Ta GopMyBaHHS TKaHWH Pi3HUX THIIIB. YHACIIIOK
CBOTO YHIKAJIBbHOTO IMYHOPETYJISITOPHOTO TOTEHI[ATY
1 37aTHOCTI JI0 CEKpeIlii MMPOKOTO CHEKTpa TPODITHUX
i poctoBux (akropiB, MCK po3risaaroTses sk ineaibHnit
IHCTPYMEHT T€HHOI 1 pereHepaTuBHOI Tepartii ilmeMiqHIX
YIIKO/KEHB Miokapra [4].

3 iHmoro OOKy, 3a pe3yJbTaTaMH 0araTOLEHTPOBHX
JIOCJTIZPKEHB I0BEJICHO, 110 TepaneBTuyHa rimorepmis (TT7)
Mae HeHpo- i KapHAiOmpOTEKTOPHY MHif0, i1 BUKOPHUCTOBY-
€ThCA SIK OIWH 3 HEBIIKIAIHUX METOJIB TPH HATaHHI
NnepBUHHOI MeauyHOi gomomoru [5]. IlepcrexTuBHUM
y IIbOMY HampsiMi BOQYA€ThCS MOETHAHHS BUKOPUCTAHHS
TT i3 TpancmianTamiero MCK.

VY kiiHiuHIA npakTHni yneTpasBykoe (Y3) mocii-
JOKGHHSI Ccepls, 3aBAJKM HEiHBa3MBHOMY Ta 0e30odic-
HOMY criocoOy IpOBE/IEHHS, 3aliMae O/HE 3 HaWBaXKIIH-
BIIIIMX MICI[b Yy JIIAaTHOCTHUII Ta KOHTPOJi e()eKTUBHOCTI
JIKYBaHHS XBOPHUX 3 TOCTPUM KOPOHAPHUM CHHIPOMOM.
Ipu IM muchynkmis niBoro mnryHouka (JIIII) cympo-
BOJUKYEThCS BKIIFOUCHHSIM KOMIUIEKCY KOMIICHCATOP-
HUX MEXaHi3MIB, CHPSIMOBAHHX Ha MIATPUMKY cCepIie-
BOrO BHUKHJy Ha a/JIeKBaTHOMY piBHI. PemojenroBanHs
cepIsl, po3mouare IMiJl 4Yac MPUIMHEHHS KPOBOIOCTa-
YaHHA B KOPOHAPHIM CyIWHI, TPUBAE MPOTATOM YCHOTO
Mepiofy JIKYBaHHS i MOXE MaTH sK aJalTHBHHN, TaK
1 JIe3aJanTUBHUI XapakTep. ANANTHUBHI 3MIHH B CepIli
CHpSMOBaHI Ha MATPUMKY HOPMAJIBHOTO CEPLEBOTO BH-
kuay. JlesamanTUBHMN XapakTep PEeMOIETIOBAHHS IIPO-
SBISIEThCS Tporpecytodoro aunarariero JI, 3HayHuM
MOPYUICHHAM MOTro TreoMeTpii 1 3HIKEHHSM HACOCHOI
(hyHKIIT, 10 B MiICYMKY MPHU3BOIAMUTE 10 XPOHIYHOI cep-
1eBOI HENOCTaTHOCTI [6], i TOMYy JiarHOCTHKa MOCTiH-
(dhapxrHoro pemozaemoBanus JIIII i nuHamiuee cmocte-
PeKEHHS 3 OINHKOI eXOKapaiorpadiuyHuX MapaMeTpiB
JIO3BOJISIIOTH CBOEYACHO BCTAHOBUTH O3HAKH CEpIEBOT
HEIOCTATHOCTI.

Meta po60TH — ITPOBEJCHHS Ta aHAIII3 YABTPA3BYyKO-
BOTO JIOCIIJDKEHHS Ceplis LIypiB 3 eKCIePUMEHTAIbHUM
IM nis BU3HAYEHHSI XapakTepy PEMOJIEIIOBAHHS CEpLis
i1 BINIMBOM To€HaHoro Bukopuctanus TI' 1 BBeJeHHs
anoreannx MCK.

system and late treatment — all these factors lead to in-
creasing frequency of acute coronary syndrome as well
as affecting the youthful population.

Applying interventional technologies immediately
during 1 “golden” hour after infarction results in the re-
moval of a mechanical obstruction (thrombus) in the
coronary vessel, and installing a stent helps to restore
blood supply to the heart [2]. Unfortunately, the number
of cardiac centers in Ukraine is limited, and the number
of stenting interventions, for example, in 2018 is only
286 cases per 1 million population [2, 3]. Late seeking
medical advice, limited number of cardiac surgery hos-
pitals and conservative treatment, which does not seem
to be always efficacious, trigger the search for new, more
effective mode therapy of acute myocardial infarction
(MI).

Recently, mesenchymal stromal cells (MSCs) have
come into sharp focus of scientists due to the prospects
for clinical use. MSCs are the cells which have a poten-
tial to differentiate and form tissues of different types.
Due to unique immune regulatory potential and ability to
secret a wide range of trophic and growth factors, MSC
are considered to be a perfect tool of gene and regenera-
tive therapy of ischemic injuries of the myocardium [4].

On the other hand, multicenter studies have proved
that therapeutic hypothermia (TH) has neuro- and cardio-
protective effects, and it is administered as one of the ur-
gent methods in providing primary health care [5]. Com-
bining TH along with transplanting MSC seems to have
good prospects in this regard.

In clinical experience, ultrasonography (US) of the
heart, as a non-invasive and painless study, is an essen-
tial in diagnosis and control of the effectiveness of treat-
ing patients with acute coronary syndrome. In MI, LV
dysfunction is accompanied by involvement of compen-
satory mechanisms aimed at maintaining cardiac output
at an appropriate level. Cardiac remodelling, initiated
during the cessation of blood supply to the coronary ves-
sel, lasts throughout the treatment period and can be both
adaptive and maladaptive. Adaptive changes in the heart
aid to maintain normal cardiac output. The maladaptive
nature of remodelling is characterized by progressive
dilatation of the left ventricle, a significant change of ge-
ometry and reduced pumping function, which ultimately
leads to chronic heart failure [6] and therefore, diagnos-
ing postinfarction left ventricular remodelling and case
monitoring along with assessing echocardiographic pa-
rameters make it possible to detect cardiac failure signs.

Purpose — providing and analyzing ultrasonography
(US) of rat hearts with experimental MI in order
to determine the nature of heart remodelling under
combined use of TH and introducing allogeneic MSCs.

MATERIALS AND METHODS

The study involved ninety 7-month-old outbred white
rats weighing 240-270 g. The experiments were run as
per the regulations approved by the Bioethics Commit-
tee of the Institute for Problems of Cryobiology and
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MATEPIAJIM TA METOAU JOCJLKEHHS

Hocmimkenas mnpoeneHe Ha 90 Oe3mopimHUX OLTHX
mrypax macoro 240-270 r, Bikom 7 wmicsuiB. Excriepu-
MEHTH TIPOBEJCHI 3a periaaMeHToM, 3arBepikeHnM Ko-
miterom 3 Oioetuku ITIKiK HAH Ykpainu, po3podiennm
BIIMIOBIZIHO 0 3arajbHUX MPUHIIMIIB EKCIICPUMCHTIB
Ha TBapuHax, cxBaseHux III HarioHaapHUM KOHTpecom
3 Gioetuku (Kuie, 2007) 1 y3ropkeHUX 3 MOJIOKECHHIMHA
€Bporeiichbkol KOHBEHIIIT 3 3aXUCTy XPEeOETHHX TBapHH,
10 BUKOPUCTOBYIOThCS B €KCIIEPUMEHTAIBHUX Ta 1HIINX
HaykoBux nuax (CtpacOypr, @panmis, 1986).

IndapkT Miokapsa BiJTBOPIOBAIIN IIUISIXOM IEPEB’SI3KH
HU3X1IHOT T1TIKK JIiIBOT KOPOHApHOI apTepii Ha MexXi BepX-
HbOI Ta CepeHbOl TPeTUHHU cyauHu [7]. TepaneBTHUUHY
rioTepMilo MPOBOJWIM B XOJIOAOBI Kamepi MpoOTSIroMm
60 xB. TemmepaTypa mKipu KoMipueBoi 30an — +4 °C,
peKTanbHA 1 THUMIIAHIYHA TEeMIeparypa 3HIKyBajacs
Jo +25 °C [8].

Cycnensito anoreHHUX KpiokoHcepBoBanux MCK
TUTAIEHTH 3 KOHIIEeHTpartiero 1,2 x 10° KIiTHH/MIT oxHOpa-
30BO BBOJIWJIM BHYTpIIIHLOBEHHO 4Yepe3 V. saphena magna.
MesenxiManbHi CTPOMaJIbHI KIIITHHH TUIAIIGHTH MIYPiB
oTpuMmyBany i heHOTHITYBaNM 3a Meronukoto ['. M. Caiti-
HOI Ta cmiBaBT. [9].

ITicns momemoBanHs IM Bci TBapuHM Oynm po3-
monieHi Ha 5 Tpym mo 15 TBapuH y KoxHii. KoHT-
posbHy rpymny (IM) ckianu urypu 3 eKCriepuMeHTaTbHIM
IM 06e3 mikyBanus. Illypu 3 ingykoBanoto TI' Ha ¢oni
excniepuMenTanpHoro IM yBitimmmm y rpymy 2 (IM + TT).
VY rpyni 3 Oynu mrypu mnicist Beegennss MCK na ¢oni IM
(IM + MCK). I'pyny 4 ckjiany TBapyHH IICISI TTO€THA-
soro Bukopuctanus TI' ta BBexenns MCK Ha ¢oni IM
(IM + TT" + MCK). I'pyna Hopmu — 15 iHTaKTHHX HI1ypiB.

CoHorpadiuae JOCHIDKEHHS Cepist POBOIUIN
Ha yIbTpa3BykKoBoMy exoToMockomi «Conomen 500»
(«CITEKTPOME1», Pocis) y B- i M-pexumi 3 BUKOpHC-
TaHHSM JiHiIiHOTO maturka 7,5L.38 3 wactororo 7,5 MI11.
VYIbTpa3ByKoBEe CKaHYBaHHS IPOBOMMIM B IUIOIINHI,
TIepPIEHIMKYJISIPHIA  TIOBEPXHI TPYAHOI KIITKM 3 Tmapa-
CTepHAILHOTO JIOCTYITY IO JOBTii oci cepris. [Ipu mocri-
JUKEHHI B M-MOZadbHOMY PEKHMi BHMIPIOBAIH CTPYK-
TYpU TIOPOKHMH cCepusi — JiaMeTpu Ta JMCTaHLIl:
KiHmeBo-miacromiyauid  giamerp JIII, KiHIEBO-CHUCTO-
miganid giamerp JIII, TOBIMWMHY MUKIITYHOYKOBOI Tepe-
TOPOJIKM B JiacToJy, TOBLIMHY MDKILTYHOYKOBOI Iepe-
TOPOJKH B CHCTONY, TOBIIMHY 3aJHBOI CTIHKH JIIBOTO
IITyHOUKa B AIACTONY, TOBIIMHY 3aJHBOI CTIHKH JIIBOTO
LIJTYHOUYKa B CUCTOJIY Ta YAaCTOTY CEPIIEBUX CKOPOUCHB.

[Ticnst BUMiprOBaHHS aHATOMIYHUX CTPYKTYp Mporpa-
Ma aBTOMAaTH30BaHOi OOpPOOKM JaHMX, 3aKiajJeHa B Yib-
TPa3ByKOBY CHCTEMY, JI03BOJISIE PO3pPaxyBaTH OCHOBHI
TOKa3HUKU 00’ €MHO-IIBUAKICHUX XapaKTEPUCTHK CEPILs
Ta TOKa3HUKH CKOpoTimBOi (yHKIiT Miokapma JIII
3a hopMyniamu, sIKi TIpeCTaBICHI B Ta0umI 1.

Ha mincragi ckpuninrororo EKX nocnimkeHHs Ha MO-
JIeTTi TIepeB’s3KH JIiBOI KOPOHApHOI apTepii oOpaHO aBa
CTPOKHU CIIOCTEPEIKEHHS, sIKi O BiZoOpakaik MpOoLeCH pe-
MOJICITIOBAHHS CEPIlS Ha PI3HUX CTAllisfAX 3aXBOPIOBAHHSI.
VY rocrpiii cranii nepebiry IM Y31 mpoBoanmu Ha 7 100y,
KOJIN €XOIOKA3HWKH BiIOOPaKalOTh MPOLEC MPUCTOCY-
BaHHS CEPIIEBOTO M’si3a N0 (DYHKIIIOHAILHOTO HaBaH-
TakeHHs, 1 Ha 30 100y eKCHepruMEeHTy — y CTPOK, KOJI

Cryomedicine of the National Academy of Sciences
of Ukraine, which were developed in accordance with
“General ethical principles of experiments on animals”,
adopted by the III National Congress on Bioethics
(Kiev, Ukraine, 2007) and confirmed with the regula-
tions of the European Convention for the protection of
vertebrate animals used for experimental and other sci-
entific purposes (Strasbourg, France, 1986).

Myocardial infarction was reproduced by ligating the
descending branch of the left coronary artery on the bor-
der of the upper and middle third of the vessel [7].

Therapeutic hypothermia was performed in a cold
chamber, 60 minutes long. The local skin temperature of
the neck area was maintained at +4 °C, while the rectal
and tympanic temperature decreased to +25 °C [8].

A suspension of allogeneic cryopreserved MSCs of
the placenta with a concentration of 1.2 x 10 cells / ml
was administered once intravenously through v. saphena
magna. Mesenchymal stromal cells of the placenta of
rats were obtained and phenotyped according to the ap-
proach of G.M Svitina et al. [9].

After MI modelling, all animals were divided into
5 groups, represented by 15 animals each. The control
group (MI) consisted of rats with experimental MI with-
out treatment. Rats with induced TH associated with
experimental MI were included in Group 2 (MI + TH).
Group 3 there was represented by rats after administer-
ing MSCs associated with MI (MI + MSC). Group 4
consisted of animals after combined use of TH and ap-
plying MSCs associated with MI (MI + TH + MSC).
The group with normal range values enrolled 15 intact
rats.

Heart sonography was carried out by means of
«Conomen 500» («CITEKTPOME/]», Russia) ultrasound
scanner in B- and M-mode using a linear sensor 7.5L.38
with frequency of 7.5 MHz. Ultrasound scanning was
performed on the area perpendicular to the chest surface
with parasternal access along the long axis of the heart.
When researching in M-modal mode, the structures of
heart cavities, i.e. diameters and distances, were mea-
sured: end-diastolic diameter of LV (EDD), end-systolic
diameter of LV (ESD), interventricular septum thickness
at end-diastole (IVSd), interventricular septum thick-
ness at end-systole (IVSs), left ventricular posterior wall
thickness at end-diastole (LVPWd), left ventricular pos-
terior wall thickness at end-systole (LVPWs) and heart
rate (HR).

After measuring the anatomical structures, automated
data processing software, embedded in the ultrasound
system, allows, on the basis of the obtained values, to
calculate the main values of volume-velocity properties
of the heart and LV myocardial contractile function ac-
cording to the formulas presented in Table 1.

Based on the screening electrocardiographic study
on a left coronary artery ligation model, we selected two
observation periods that would reflect the processes of
heart remodelling at different stages of the disease. At the
acute stage of MI, ultrasound examination was carried
out on day 7, when the echo params were reflecting the
process of adaptation of the heart muscle to functional
load, and on day 30 of the experiment, in the period
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IPOLEC PEMOAENIOBAHHS CEPLEBOrO M’f3a 3HAXOAUBCH
B 3aBepIIANIbHIN (a3l (cTazis pyOLroBaHHS).

Hudposi mani HaBeneni y Burimigi «M + m» (M =
+ SE), ne M — cepenne apudmermaae 3HadeHHs, m (SE) —
CTaHjapTHa NoxuoOka cepeqHboro apudmeruynoro. Cra-
TUCTUYHY OOpOOKY pe3yJbTaTiB MPOBOAMIN, BHKOPHC-
ToByroun kputepiii Kpackena — Yosrtica 3a 10omoMororo
maketa porpam STATISTICA 6.0 («StatSoft», USA).

when the process of remodelling the heart muscle was at
the final stage (scarring stage).

The numeric data are presented in the form of “M +
m”, where M is the arithmetic mean, m (SE) is the stan-
dard error of the arithmetic mean. Statistical processing
of the outcomes was performed according to the Kruskel-
Wallis test by means of STATISTICA 6.0 software pack-
age (StatSoft, USA).

Taoauusa 1. O6’eMHO-IIBUIKICHI XapaKTEPUCTHKH Ta TIOKA3HUKU CKOPOTINBOI (pyHKii Miokapma JILII

Table 1. Volume-velocity properties and LV myocardial contractile function params

IToka3uuku
Parameters

OnuHUL BUMIpY
Unit

DopMmyiia po3paxyHKy
Calculation formula

OO0’ eMHO-IIBUJIKICHI XapaKTePHCTHKN
Volume-velocity properties

KinneBo-aiacromiunuii 00’ em K0, mn (7 % (0,1 x KIIJ1)*) / (2,4 + 0,1 x KIIJT)
End-diastolic volume EDV, ml (7 x (0.1 x EDD)?) / (2.4 + 0.1 x EDD)
Kinneo-cucroniunuii 06’ em KCO, mn (7 x (0,1 x KCO)*) / (2,4 + 0,1 x KJIC)
End-systolic volume ESV, ml (7 x (0.1 x ESD)®) / (2.4 + 0.1 x ESD)
VYnapuuii 06’em VO, M YO =K/10 - KCO
Stroke volume SV, ml SV =EDV - ESV
XBUIMHHHE 00’ €M XO, mi1/xB XO=YO x4CC
Cardiac output CO, ml/min CO =SV x HR
Dpaxkiist BUKULY DB, % OB =VYO /KO
Ejection fraction EF, % EF =SV /EDV

[MToka3HukHu cKOpOTIMBOI QyHKIIT MiOoKapia
Myocardial contractile function parameters

IIponenT cucroniuHoro

MOTOBIIEHHS MIKIILTYHOYKOBOT IIEPETOPOIKH CIIMILII, % CIMIT= (TMIIC —TMILIT) / TMIIJL x 100 %
. . IVSsT, % IVSsT = (IVSs — IVSd) / IVSd x 100 %
Interventricular septum systole thickness, %
ITpOIeHT CHCTONIYHOTO TIOTOBIIECHHS
3aHb01 cTiHku JIIII CII3CII, % CII3CHI = (T3CC — T3CJT) / T3CJI x 100 %
Left ventricular posterior wall systole LVPWsT, % LVPWsT = (LVPWs — LVPWd) / LVPWd x 100 %
thickness, %
ODpaxirist CKOpoueHHS DC, % (KOO — KCI) / KOO x 100 %
Fractional shortening FS, % (EDD — ESD) / EDD x 100 %
BinnocHa toBiuHa crinku JIIIT BTC BTC = (T3CH x 2) / K]
LV relative wall thickness RWT RWT = (LVPWd x 2) / EDD
Maca JIII MJIII, r MUJIII = 0,832 x ((TMIIJI + KT + T3CH)’ — (KJJT)%) + 0,6
LV mass LVM, g LVM = 0.832 x ((IVSd + EDD + LVPWd)? — (EDD)*) + 0.6

PE3YJIBTATH TA iX OBTOBOPEHHSA

Exoxapaiorpagiuni mnokasHHMKH cepus IIypiB
Ha 7-My /100y eKCIIepMMEHTAJIbHOr0 iH(papKTy Mio-
kapaa. [Ipu nposenenHi Y3-m0ciipkeHHsT IypiB ycTa-
HOBJICHO, 1110 B HOPMIi MIOPOXXHMHA JIBOTO IILTYHOUYKA MAE
OBaJIbHY (KOHYCOMOAiIOHY) (GOopMy, PyX MIKILTYHOUYKO-
BOI TIEPETOPOAKH Ta 3aJHBOI CTIHKH B CHCTOIY B3a€MHO
CHpSIMOBaHI, MepeHs 1 3aJ(HsI CTYJIKH MITpaJbHOrO Kila-
IaHa pyxaroTecsi B mpotudasi (puc. 1). OcHOBHI ynbTpa-
3BYKOBI ITOKa3HUKU BIMIipiB IPEICTaBICHI B TaOMwHIIi 2.

Sk BumHO 3 Tabammp 1 Ta 2, Beauke KIHIYHE 3HA-
YeHHS Ma€ PI3HUI MK CHCTONIYHUMH Ta JiacTONid-
HUMH PO3MIpamMH CTPYKTYp CepLsl, IO B IOAAJIBIIOMY
BiZirpae poiib Ipu 004YMCIeHHI 00°eMiB Ta OiibII iHTE-
TPaTUBHHUX ITOKAa3HUKIB (yHKIioHANEHOTO crany JIII:
(pakmii BUKUAY, (Qpakiii CKOPOUEHHsS, a TaKOoX IIpO-
LEHTY CHCTOJIIYHOTO MOTOBIICHHS MIKILTYHOYKOBOI I1e-
peropojku ta 3anub0i crinku JIII i BiTHOCHOT TOBIIMHM
crinku JIII.

[Moxazuuk ®B JIIII y wOpMmi mopiBHIOBaB 71,82 +
+ 1,29 % 1 ®C JII - 36,16 = 1,01 %, mo cBIIYUTH

RESULTS AND DISCUSSION

Echocardiographic params of rat hearts on day
7 of experimental myocardial infarction. Ultrasound
examination of rats showed that normally the left ven-
tricular cavity has an oval (conical) shape, the move-
ment of the interventricular septum and posterior wall in
at end systole is mutually directed, the anterior and pos-
terior mitral valve leaflets are moving in antiphase (Fig.
1). The main ultrasonic measurements are presented in
Table 2.

Table 1 and Table 2 show that the difference between
systolic and diastolic dimensions of the heart structures is
of a great clinical importance; further, this fact is an es-
sential for calculating volume and more integrative val-
ues of LV functional status: ejection fraction, fractional
shortening as well as percentage of systole thickness of
LV posterior wall and interventricular septum as well as
LV relative wall thickness.

The value of LV EF under normal condition was
71.82 + 1.29 % and LV FS was 36.16 + 1.01 %, sug-
gesting pretty high capacity of contractile function of
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Puc. 1. Exoxapaiorpama nrypa B Hopmi. B- 1 M-pexum. 1 — KIJ1; 2 — KCI; 3 — TMILJL; 4 — TMIIC; 5 — T3CA; 6 — T3CC

Fig. 1. Echocardiogram of a rat under normal condition. B- and M-mode. 1 — EDD; 2 — ESD; 3 — IVSd; 4 — IVSs; 5 - LVPWd;
6 — LVPWs

Tadauns 2. BuMipy aHaTOMIYHUX CTPYKTYp IPH eX0oKapaiorpadiuHOMYy JOCTIDKEHHI B M-peskiMi Ticist epeB’ si3Ku
JIiBOT KOpOHApHOT apTepii Ha 7-My 100y, MM

Table 2. Measurements of anatomical structures in echocardiographic examination in M-mode after ligating the left
coronary artery on day 7, mm

INoxa3Huk Hopma IM KonTpons IM+TC IM + MCK IM + TT + MCK
Parameters Normal range MI Control MI + TH MI + MSC MI +TH + MSC
KIZ, mm 6,03+0,16 6,47+0,2! 6,70 +0,2! 8,16+ 0,381 6,67 +0,25!
EDD, mm
KCA, mm 3.84+0,10 5,194 0,18! 5,19+ 0,22! 6,144 0,35"2 5,00%0,2!
ESD, mm
TMIII, mm 0,68 + 0,08 0,85 + 0,03 0,70 + 0,06 0,76 £ 0,06 0,65+ 0,02
IVSd, mm
TMIIC, mv 1,17+0,11 1,26+ 0,03 1,06 = 0,09 1,13+ 0,09 0,93 + 0,06
IVSs, mm
T3C/, mm 1,2
LVPWd, mm 1,03 £0,05 0,95+ 0,05 1,09 + 0,05 1,39 + 0,06 1,16 + 0,07
T3CC, mm 12
LVPWs, mm 1,46 = 0,05 1,65 £ 0,05 1,42 £ 0,06 1,83 £ 0,08 1,38 £ 0,09
YCC cxop/xB
HB, contractions 374 +£16,8 430+ 16,8' 436+ 11,7 427 +13,5! 441 £ 17,9
per minute
MpumiTku:

BinminHocTi cratuctrano goctoBipHi (p < 0,05): 1 — y mopiBHSHHI 3 IHTAKTHUMH TBapHUHAMM; 2 — y MOPIBHSHHI 3 KOHTPOJIBHOK IPYIIOK.

Notes:

Differences are statistically significant (p <0.05): 1 — in comparison with intact animals; 2 — in comparison with the control group.

PO JJOCHTH BUCOKI MOKJIMBOCTI CKOPOTIIMBOI (DYHKIIIT cep-
nesoro m’si3a JIL y miypis, siki € Maibke Ha OJJHOMY piBHI
3 QHAJIOTIYHHUM ITOKa3HUKOM Y Jroauau [ 10, 11].
Mopdoioriuni 3miHE ceprieBoro M’si3a npu IM mpu-
3BO/IATH JI0 TOSIBM OCOOJMBOCTEH BHYTpIIIHBOCEpPIIE-
BOI TeMOAWHAMIKH, TIOB’53aHOi 3 00’€MHUM TepeHaBaH-
TaKEHHSIM. 3aBJSIKM I[bOMY 30Ha iH(ApKTy uepe3 pi3Hi
MPUYMHE MOKE TOTOHIIYBAaTHCS Ta PO3MIMPIOBATHCA,
mo crpuse pemoxentoBanuaro JIII i, sk HacHmigOK, mO-
PYLICHHIO iacTONIYHOTO pPO3CTa0IeHHS 1 CHCTONIY-
Hoi ¢ynkuii JIII [11]. ¥V koHTponbHi# rpyni ne min-
TBEPAKYBAJIOCH THM, IO Ha 7-My 10Oy €KCHEepHMEHTY

LV heart muscle of rats that was almost at the same level
with this figure in human [10, 11].

Morphological changes in the heart muscle in case of
MI result in occurring features of intra-cardiac hemody-
namics associated with volume overload. Thus, due to
various reasons, the MI area can grow thinner and ex-
pand contributing to remodelling the left ventricle and, as
a consequence, to disturbing diastolic relaxation and sys-
tolic function of the LV [11]. In the control group, this
was confirmed by the fact that on day 7 of the experiment,
a statistically significant increase of EDD and ESD com-
pared to the normal range by 8 % and 35 %, respectively,
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CTaTUCTUYHO 3Ha4ylle 30UTbLICHHS BIAHOCHO HOPMH
KIJ i KCOA na 8 % 1 35 % BiANOBIIHO BigOMBAIOCH
Ha 3pOCTaHHi 00’ eMHO-IIBUIKICHUX XapakTepucTuk JII1I:
K0, KCO (tabm. 2, 3).

SIK BiZJOMO, YCYHEHHS i3 3arajJbHOr0 CKOPOUYBAILHOTO
TIPOIIECY YACTHHH JKUTTE3NATHUX KapIiOMIOIHTIB TIpH-
3BOJIUTH JIO BUPKEHOI KIHETHMYHOI HEOIHOPITHOCTI MIXK
TIOIIKOKCHUMHE TIPAKOPJOHHAMH 1 BiATaJICHUMH BiIIi-
JIaMH CTIHKHM JIIBOTO IUTyHOYKa. lrremizoBaHi i 30epexeHi
30HH 3HAYHO BiJPI3HAIOTBCS 3@ PIBHEM CHCTOJNIYHOTO
MOTOBIIECHHS. 1 XPOHOJIOTIYHOIO TOCIHIOBHICTIO CKOPO-
YeHHS — po3cialieHHs BOJOKOH MiOKapja. 3HIKECHHS
CWJIM, IO PO3BUBAETHCSI MIOKap/ialbHUIMHU CErMEHTaMHU
B yYMOBax IX KIHETWYHOIi HEOJHOPIMHOCTi, MEHIIe, HiXK
y pa3i CHHXpOHHOT'O CKOPOYEHHSI, 1[0 TIOTEHIIIOE Ma {iHHS
CKOPOTIUBOCTI Ta HacocHOiI ¢ynkiii JIUI y mimomy [11].

affected volume-velocity properties of the left ventricle:
EDV, ESV (Tables 2, 3).

As far as is known, the removal of a part of viable car-
diomyocytes from the general contractile process leads
to a pronounced kinetic heterogeneity between the dam-
aged, borderline and distant parts of the left ventricular
wall. Ischemic and preserved areas differ significantly in
terms of the level of systolic thickening and chronological
sequence of contraction — relaxation of myocardial fibers.
The decreased force developing by myocardial segments
under their kinetic inhomogeneity is less than in the case
of synchronous contraction, which potentiates the drop in
contractility and pumping function of the left ventricle as
a whole [11]. Significant suppression of LV function in
the control group led to decreased SV and CO, and as a
result, suggested a reduced ejection fraction to 46.04 %,

Tadmuns 3. O6’€eMHO-IIBHAKICHI XapaKTEPUCTHKH JIIBOTO NITYHOUKA IIypPiB Ha 7-My 100y
TICJIS IepeB’ sI3KU JIiBOT KOPOHAPHOT apTepil

Table 3. Volume-velocity properties of the LV of rats on day 7 after ligating the left coronary artery

[oxazHuk Hopma IM KonTtpons IM+TI IM + MCK IM + TI'+ MCK
Parameters Normal range MIControl MI+TH MI + MSC MI + TH + MSC
KO, M 0,52 + 0,03 0,64 £ 0,05! 0,71 +0,06! 1,23 £0,14!? 0,71 £ 0,08!
EDV, ml
KCO, mn . ) - .
0,14 +0,01 0,35+0,03 0,36 +£0,05 0,57 £0,08" 0,31 £0,04
ESV, ml
SS/(\)/’ II\I/IIT 0,37+ 0,03 0,29 £+ 0,03! 0,35+ 0,03 0,66 +0,07'2 0,39 + 0,04
XO, m 137,9+10,5 122,5+8,6 153,1 £ 12,712 282,4 +32,5%2 155,9 +19,7!
CO, ml
®B’ % 1 1 2 1,2
EE. % 71,8+ 1,2 46,04 £ 1,74 51,08 + 2,68 54,81 £2,26 55,20+ 1,33"
HpumiTkn:
BinminHOCTI cTaTncTHYHO 10cTOBIpHI (p < 0,05): | — y NOpiBHSHHI 3 IHTAKTHUMU TBapUHAMU; 2 — Y HOPIBHSIHHI 3 KOHTPOJIBHOIO IPYIIOIO.
Notes:

Differences are statistically significant (p < 0.05): 1 — in comparison with intact animals; 2 — in comparison with the control group.

3nayne npurdiveHHs ¢yHkuii JIII y xoHTposbHINA rpymi
BijloOpaxanoch y 3HmkeHHl YO ta XO 1 B miiIcyMKy
CBiTUMIIO TIpo 3MeHIIeHHS (pakuii Bukumy 1m0 46,04 %,
mo Ha 35 % MeHIe 3a BiAMOBITHHUN IMOKa3HUK HOPMH
(tabn. 3). Came (paxilist BUKHIY SIBJII€ COOOKO IHTErPajib-
HHI noka3HUK HacocHOT ¢yHkuii JIII i mae BaxxuBe 3Ha-
YEHHSI TSl IPOTHO3Y 3aXBOPIOBAHHSL.

V wiif cutyartii Ik KOMIEHCATOPHUI MEXaHi3M I J10-
CTaBKHM KHUCHIO, TOXXMBHHMX DPEUOBHH 1 BiJHOBJICHHs Oa-
JaHcy 00’ €My Ta HIBUJIKOCTI KPOBOTOKY YacTOTa CEPLEBUX
CKOpoYeHb 30uTbImiack g0 430 ckop./xB. OnHAK XBHIH-
HU 00’eM KpoBi, moB’s3anuit 3 UCC, BigcTraBaB Bijg mmo-
kazHuka Hopmu Ha 10 % (Tabm. 3).

ToBIIMHA MIKIUTYHOYKOBOI HEPETOPOJKH Ta 3aJHbOT
CTIHKH TaKO0’X MaJIM TEHJIEHIIO 10 30UIBIIEHHS SIK B Jia-
CTOINy, TaK i B cucromy (tad:m. 2). Lle BigOmuBamock Ha mo-
Ka3HMKax CKOpOTIMBOI (yHKIIT Miokapaa 1 CBIIYMIO
PO 3HIKEHHSI CUCTONIYHOT (pyHKIIT cepiist (Tadu. 4).

[Ipn po3paxyHKy MNpOLEHTa CKOPOTIMBOCTI MiX-
nutyHoukoBoi mieperoponku (CIIMII) Bimmivann 3HH-
KEHHs 1IbOr0 Toka3Huka Ha 20 % BIJHOCHO TBapuH
IHTAKTHOI I'PyIH, NMPU [LOMY HPOLEHT CKOPOYECHHS 3a]l-
HBOI CTIHKH JIIBOTO IIUTyHOUYKa OYB Ha piBHI NMOKA3HHKIB
HOpMH (TaOu. 4).

which was 35 % less than the corresponding normal range
(Table 3). It is the ejection fraction that is an integral pa-
rameter of the pumping function of the left ventricle and
is important in the prognosis of the disease.

In this case, as a compensatory mechanism for the de-
livery of oxygen, nutrients and restoring the balance of
volume and blood flow, the heart rate increased up to 430
contractions per minute. However, the cardiac output as-
sociated with heart rate is falling behind the normal range
by 10 % (Table 3).

The thickness of the interventricular septum and pos-
terior wall also tended to increase at end diastole as well
as at end systole (Table 2). This had an impact on the
values of myocardial contractile function and indicated
decreased systolic heart function (Table 4).

When calculating the percentage of contractility of
the interventricular septum (IVSsT), a decrease of this
value by 20 % compared to animals of the intact group
was observed, while the percentage of contraction of the
posterior wall of the left ventricle was within normal
range (Table 4).

In addition, fractional shortening (FS), which is di-
rectly related to EDD and ESD, was 1.8 times decreas-
ing compared to the group with normal range values,
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Tadmuns 4. [ToxkazHuky ckopoTMBOi (yHKIIT MioKap/a JIIBOroO ITYHOYKa Y IIypiB Ha 7-My 100y
ITiCIIs TIePEeB’sI3KH J1iBOT KOPOHAPHOT apTepil

Table 4. Parameters of contractile function of LV myocardium in rats on day 7 after ligating the left coronary artery

[Mokazuuk Hopwma IM KonTpoib IM+TC IM + MCK IM +TI' + MCK
Parameters Normal range MI Control MI + TH MI + MSC MI +TH + MSC
CIIMII, %
IVSsT ’(yo 70,6 +5,4 50,77 £7,3! 53,12+ 7,09! 49,08 + 5,25 42,87 + 8,2m
, /0
TI3CIL, ¢
EVI?\S/ST’ 0//0 41,5+5,98 42,3 +3,07 33,57+ 7,6 32,48 + 6,032 20,14 + 3,42
, /0
(DC’ % 1 1 1,2 1,2
FS. % 36,16 £ 1,0 19,86 + 1,84 22,84+ 1,4 25,08 +1,3" 24,99 +0,8"
BTC 1
RWT 0,34 +0,02 0,29 + 0,01 0,33 +0,01 0,34+0,01 0,35+ 0,02
1\5313[1; 0,81 +0,02 0,85+ 0,02! 0,86 + 0,02! 1,07 +£0,05"2 0,87 +0,03'
Mpumirku:

BinminHocTi cTatuctiaHO JoCcTOBipHI (p < 0,05): 1 — y NOpiBHSAHHI 3 iIHTAKTHUMH TBapHHAMU; 2 — y HOPIBHSAHHI 3 KOHTPOJIBHOIO IPYIIOI0.

Notes:

Differences are statistically significant (p < 0.05): 1 — in comparison with intact animals; 2 — in comparison with the control group.

Kpim Toro, ¢pakuist ckopouenns (PC), sxa Ha-
mpsamy noB’s3ana 3 KJIJI ta KCJ, y mopiBHsHHI 3 Tpy-
MO0 HOPMH, 3HIKYyBajach y 1,8 pasy, 110 MmiATBEpIKY-
BaJIO PO3BHTOK cucroiiynoi auchynkmii JII micns
TepeB’ I3Ku KOPOHAPHOI apTepii.

IpyHTYIOUMCh HA pe3yJIbTaTax pPO3PaxyHKY iHJEKCY
Macu miokapaa JIII Ta BimHOCHOI ToBIWMHM crinku JIIII,
ouiaroBamcss reomerpuaHi mozenm JIII (tumm pemone-
moBanHs). BianosigHo no kimacudikanii Ganau A et al.
(1992), Buapinsroth 4 THIHM CTPYKTYPHO-(YHKI[IOHATBHOT
nepe0yIoBH MiOKapZa: KOHIICHTPHYHA TIimepTpodis, exc-
UCHTPUYHA TINepTPOodisi, KOHICHTPHYHE PEMOJICITFOBAHHS
i HopmasbHa mozenb JIII [12]. Ipu ananizi excriepumMeH-
TaJbHHUX JIAHUX YCTaHOBJICHO, IO TNOKAa3HHK BiHOCHOTO
MOTOBIICHHSI 331HbO1 cTiHKH JIIII cTaticTUYHO AOCTOBIPHO
BIIpI3HSABCS BiJl TIOKa3HWKa HOpMHM 1 jopiBHIOBaB 0,29 +
+ 0,01. 3aBasKN HEBENMMKOMY 30UTBIICHHIO B 1iaCTOITy TOB-
IIMHA MDKIIUTYHOUKOBOT NEPEropoJIKK Ta 3aJIHBOI CTIHKH
JIBOTO HITYHOYKA, Maca JIIBOTO IUTYHOUKA TAKOXK 301IBIIH-
nack 1 Oyna Ha piBai 0,85 + 0,03 1 (Tabm. 4).

Ha mincraei nokasuukis BTC ta MJIII moxHa 3po-
OWUTH BICHOBOK, 1110 Ha 7-My 100y Ticis IepeB’ sI3KH JIiBOT
KOPOHApHOI apTepii, peMOeNOBaHHS JTiBOTO MLTYHOYKA
nrypiB 3rimHo 3 Kiacudikaiiero Mmopenei rimeprpodii
JII [12] mpoxommiio 3a paXyHOK €KCIIEHTPHYHOI miepedy-
nosu JIII.

3acTocyBaHHs TEpareBTHYHOI TinoTepmii HE 3MOIIIO
B MOBHOMY 00C$31 3yNMHUTH 11aTO(i310JI0TIUHI ITPOLECH,
MOB’s13aHI 3 TIEPeB’sI3KOI0 KOPOHAPHOI CYIAWHH. 3poc-
tanHs Ha 7-My o0y KJIJI ra KCJ] Ha 11 % Ta 35 % Biz-
MOBITHO BimoOpakanock Ha 30imemreHHi K10 Ha 36,5 %
BiTHOCHO MOKa3HUKIB HOPMH, TIpH [IboMY moKa3HIK KCO
30ubIIMBCS B 2,6 pa3y (tabm. 2, 3).

Sk BiIOMO, TepareBTUYHA TITOTEpMisi Mae BHPAXKEHY
HEWPONIPOTEKTOPHY Mil0, SIKa HPOSIBISIETHCS 3HIDKCHHAM
epeOpanbHOro MeTabomizMy (6—8 % mpu 3HMKECHHI TeM-
neparypu siapa tina #Ha 1 °C); 3HIKEHHI MpoayKiii 30y-
JDKYIOUMX HEHpOTPaHCMITEpIB, BUIBHUX KHCHEBUX pajy-
KaJIiB 1 MepOKCHAALIT JIiMiiB; iHriOyBaHHI TECTPYKTHBHUX
eH3MMAaTHYHUX peakuiii (Ha 1,5 % 1pu 3HIKEHHI Temrie-
parypu sapa tina Ha 1 °C); mpoTeKii IIacTUYHOCTI Ji-
MOTIPOTETHIB NUTOIUTA3MATHYHUX MeMOpaH; 3HIDKCHHI

confirming the development of systolic dysfunction of
the LV after ligating the coronary artery.

Based on calculation data on left ventricular mass in-
dex and LV relative wall thickness, geometric models of
the LV (remodelling types) were being assessed. Accord-
ing to the classification of Ganau A, et al. (1992), there
are 4 types of structural and functional remodelling of
the myocardium: concentric hypertrophy, eccentric hy-
pertrophy, concentric remodelling and normal L'V model
[12]. In the analysis of experimental data, it was found
that the relative thickness of the posterior wall of the left
ventricle was statistically significantly different from the
normal range value and was equal to 0.29 + 0.01. Due
to a minor increase of thickness of the interventricular
septum and posterior wall of the left ventricle at end di-
astole, the mass of the left ventricle also increased and
reached the level of 0.85 + 0.03 g (Table 4).

According to RWT and LVM values, we could con-
clude that on day 7 after ligating the left coronary artery,
the remodelling of the LV of rats as per the classification
of LV hypertrophy models was proceeding due to eccen-
tric remodelling mode of the LV.

Therapeutic hypothermia was not able to completely
stop the pathophysiological processes associated with
coronary ligation. Increasing EDD and ESD by 11 % and
35 %, respectively, on day 7 resulted in increased EDV
by 36.5 % compared to normal range values, while the
ESV value was 2.6 times increased (Tables 2, 3).

As far as is known, therapeutic hypothermia has a
pronounced neuroprotective effect, which is expressed
in decreased cerebral metabolism (6—8 % when the core
temperature decreases by 1 °C); reduced production of
excitatory neurotransmitters, free oxygen radicals and
lipid peroxidation; inhibition of destructive enzymatic
reactions (by 1.5 % in decreasing the core temperature
by 1 °C); protecting the plasticity of lipoproteins of cy-
toplasmic membranes; reduction of intracellular lactic
acidosis. These properties of therapeutic hypothermia
spread affecting the heart as well. A cardioprotective ef-
fect of hypothermia on the myocardium is associated
with a decrease in oxygen consumption and improved
myocardial energy metabolism; reducing the flow of
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BHYTPIIIHBOKIIITHHHOTO  JIakTatanuaody. Ll Biactu-
BOCTI TEpaNeBTHYHOI TIMOTEpMii MOMIMPIOIOTECS B TOMY
gucni i Ha cepre. KapmiompoTeKTopHY mir0 Timorepmii
Ha MIOKap/l TOB’S3yIOTh 31 3HIKEHHSM CHOKUBaHHS
KHCHIO 1 TIOMNIICHHSM MiOKapIialbHOTO EHEepreTHd-
HOTO MEeTaboJIi3My; CKOPOUYCHHSM MTOTOKY i0HIB KaJIBIIIIO;
Kopekiliero Merabomizmy riyramary [13]. Kpim Toro,
MIPH TEPANEBTUYHIN TOTEpMii KapAIOTOHIYHA MiATPUMKA
mojisira€ B IIBHAKIM crTabimizamii KHUCIOTHO-ITY>KHOTO
cTaHy Miokapna [14].

HesBakaroun Ha 3MiHH B apXiTEKTOHII CepIls, 10 Cy-
MIPOBOKYIOTECS amnataniero nopokauan JIII, ymap-
HUWA Ta XBWIMHHHA 00’€Mu OynM Ha pIiBHI MOKa3HUKIB
HopMH (Tabi. 3). Tum He MeHIIe, HpaKiis BUKUAY T0CTO-
BIpHO HE BIIPi3HsIACH BiJl KOHTPOJIBHOI IPYIIA 1 CKIIaaa
51,08 + 2,68 % (tabn. 3). [Ipu npomy (pakiiis CKOpo-
yeHHs Oyna B 1,6 pa3y MeHIIE 3a MOKa3HUK HOPMH 1 Ta-
KOXK JIOCTOBIPHO HE BIJpI3HSIACH BiJ ITOKa3HHKA KOHT-
pousbHOT rpymu (Tada. 4).

Bignocna ToBmuHa ctinku JIII ta mMaca miBoro moty-
HOYKAa JOCTOBIPHO HE BIAPI3HAINCH BiJ BIAITOBIIHIX
MOKa3HHUKIB TPYNH HOPMH, IO CBIIYWIO MPO peMoje-
JIIOBaHHS CEpIEBOTO M’s3a y IIypiB Ii€l rpymH 3a Mo-
JIEIUTF0 HOPMAJIBHOI TeOMeTpii, i, SK HACTiJOK, IOKa3-
HHUKH yJapHOTO Ta XBWJIMHHOTO 00’€My HE BIAPI3HSINCH
BiJl TOKQ3HUKIB IHTAKTHUX TBapHWH. AJie CIiJI 3a3HAYNTH,
mo Ha 7-My 100y EeKCIIEpUMEHTAIBHOrO iH(papKTy Mio-
Kap/ia BUKOPHCTAaHHS TEpareBTUYHOI rirnorepmii sk cro-
co0y, SIKUI MOJIMIITy€e eHePreTHIHNI MeTaboi3M y Mio-
Kap[li, He 03BOJIIE€ TIOBHOKO MipOI0 3allO0ITTH PO3BUTKY
nutararii JII.

[MocTindapkTHa 3MiHAa TeoMeTpii JIBOrO OUTYHOYKA —
I[e KOMIICHCATOPHHUU IIPOLIEC, HACIIAKOM SIKOTO € TIij-
TpuMKa ckopouyBasibHOT QyHKil JIILI, sika mocsiraeTbest
OamaHCyBaHHAM MK rinepTpodiero Miokapaa i auma-
TaIli€el0 KaMep cepri. BimbImor Mipo IIe CTOCYEThCS
Ipynu LIypiB, SIKHM BBOJMJIM QJIIOTEHHI KPIOKOHCEPBO-
Bani MCK.

3MiHM apXiTEeKTOHIKM cepus Ha 7-My 100y, B IepIry
4epry, 3yMOBJICHI 30UTbIICHHSIM exornoka3nukiB KJ[J1 ta
KCI, sxi B 1,35 i 1,6 pa3y mnepeBHILyBaIl HOPMY,
mo cBimumio npo munarariro JIII (tadn. 2). HesBaxa-
1041 Ha 00’ €MHE TTepeHaBaHTAXKEHHSI, SIKE BUKJIMKAE TOCT-
iHhapkTHe po3muperHs nopoxkuuHau JIII, Bigmivamm
KOMITEHCATOpHE 30LTBIICHHS yaapHOTro 00’ emy B 1,8 pasy
BIZIHOCHO Tpynu HOPMH 1 y 2,3 pa3y BIJIHOCHO KOHT-
pornbHOI Tpymu (Tadm. 3). Cmig 3a3Ha4MTH, MO (HpaKis
BUKHIy y TBapuH rpynu 3i BBeaeHHsM MCK wa 17 %
MEHIIE HOPMH, aJie CTATUCTHYHO JIOCTOBIPHO BHIIE, HIXK
BiJIITOBIAHUI MMOKA3HUK TPYIH KOHTPOIIO FOTO TEPMiHY
CIIOCTEPEIKCHHSI.

BumiproBaHHs aOCOJIIOTHHX TOKA3HUKIB TOBIIMHHU
crinok JIIII mokaszano, IO TOBIIMHA MIKIDTYHOYKOBOI
MIEPETOPOAKH JIOCTOBIPHO HE BIAPI3HSIACH Bill HOPMH,
a ToBIMHA 337Hb01 cTinku JIIII 30inbIIeHa K y 1iacTomy,
TaK i B cucroiy — 1,39 = 0,06 mm Ta 1,83 £+ 0,08 mMm Big-
noBiiHO (Ta0u. 2). 301IbIIEHHS TOBIIMHH 3aJTHBOI CTIHKH
JII, 3ymomnene BrumBoM MCK Ha pemapaTuBHi Ipo-
[ec B MIOKapi, CBIMYMIO MpO TinepTpodiro cepiie-
Boro M’s3a. Lle miaTBepKyeThess THM, IO HA 7-My 00y
30ubItacy Maca JIII BigHOCHO rpynu HOpMmu Ha 32 %.
JlaHi ekcrepuMeHTaIbHUX 1 KIHIYHUX JIOCIiIKEHb

calcium ions; correction of glutamate metabolism [13].
In addition, under therapeutic hypothermia, cardiotonic
support consists in rapid stabilizing the acid-base state of
the myocardium [14].

Despite the changes in the heart architecture, accom-
panied by dilatation of the left ventricular cavity, stroke
volume and cardiac output were within the normal range
(Table 3). However, the ejection fraction did not sig-
nificantly differ from the control group, and was 51.08 =
2.68 % (Table 3). At the same time, fractional shorten-
ing was 1.6 times less than the normal range values, and
also it did not differ significantly from the control group
(Table 4).

The relative wall thickness of the left ventricle and
left ventricular mass did not differ significantly from
the corresponding parameters of the normal group sug-
gesting remodelling of the heart muscle in rats of this
group according to the model of normal geometry, and
as a consequence, the values of stroke volume and car-
diac output did not differ from the values of intact ani-
mals. However, it is worth noting that on day 7 of experi-
mental myocardial infarction, therapeutic hypothermia
as a method improving energy metabolism in the myo-
cardium, does not fully prevent the development of LV
dilatation.

Post-infarction change in the geometry of the left
ventricle is a compensatory process resulting in the main-
tenance of LV contractile function, which is achieved
by balancing between myocardial hypertrophy and dila-
tation of the heart chambers. This is especially true for
the group of rats injected with allogeneic cryopreserved
MSCs.

Changes in the architecture of the heart on day 7 were
primarily associated with increasing echo parameters of
EDD and ESD, which were 1.35 and 1.6 times higher
than the normal range suggesting dilatation of the left
ventricle (Table 2). Despite the volume overload causing
postinfarction enlargement of the left ventricular cavity,
there was a compensatory increase in stroke volume 1.8
times over vs the normal group and 2.3 times over vs the
control group (Table 3). It should be noted that the ejec-
tion fraction in animals of the group where MSCs are ad-
ministered is 17 % less than the normal range, but statis-
tically significantly higher than the corresponding value
of the control group of this observation period.

Measuring the absolute values of LV wall thickness
showed that the thickness of the interventricular septum
did not differ significantly from the normal range, and the
thickness of the posterior LV wall was increased at end
diastole as well as at end systole: 1.39 £ 0.06 mm and
1.83 = 0.08 mm respectively (Table 2). The increase in
the thickness of the posterior wall of the left ventricle,
caused by the influence of MSCs on reparative processes
in the myocardium, indicated hypertrophy of the heart
muscle. This is confirmed by the fact that on day 7 the
LV mass increased by 32 % vs the group with normal
range values. Experimental and clinical outcomes show
that when MSCs reach the lesion, they help to restore
myocardial function and have a positive effect on LV re-
modelling [4]. It is known that after administering MSCs,
the functional reserve of the myocardium increases due
to stimulation of angiogenesis, development of collateral
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JIEMOHCTPYIOTb, 1110 1ipH JtoctaBii MCK o Boruuma ypa-
JKCHHSI, BOHH CHPHUSIOTH BIAHOBICHHIO (YHKIIT Miokapaa
1l IO3UTUBHO BIUIMBaIOTh Ha pemoentoBanns JILLI [4].

Bigomo, mo micns Beeaens MCK  ¢yHkmioHa b-
HUHA pe3epB MiOKapaa MiJABUIIYETHCA 3a PaXyHOK CTHUMY-
TSI aHTIOreHe3y, PO3BUTKY KOJIATEPAbHOIO KPOBOTOKY,
a TaKoXX 3a PaxyHOK IJBHUIIEHHS SIKOCTI poOoTH 30epe-
JKCHUX CKOPOYYBAJIBHHUX €JIEMEHTIB KapaiomionwutiB [15].
Ha mifcraBi mpoBeieHOro TOCiHKEHHS Ha 7-My 100y eKc-
TIEPUMEHTY BCTAHOBJICHO, 1110 PEMOJICITFOBAHHSI CEPLIS MICIIs
TIepeB’sI3KM JIIBOI KOPOHAPHOT apTepii i BBEJACHHS aJIOTeH-
Hrux MCK npoxoamio nuisixoM eKCLUEHTPUYHOI TirnepTpo-
¢ii JILL, npm sixid 36insimenns macu JILL 3ymoBnene ioro
JIATIATAIEI0 3 PO3BUTKOM MiOKapAiaJIbHOI HEIOCTATHOCTI
IpU HOpMaJThHIH BiMHOCHIH ToBIwHI cTinku JIII.

3a maHuMH Y3-A0CHTIKEHHS, HAWOLIBII OIM3HKOIO
JI0 TIOKA3HUKIB HOPMH OyJa Tpymna TBapuH i3 MOETHAHUM
BHKOPUCTAHHIM TEPANeBTUYHOI TOTEpMil 1 TpaHCIUIaH-
tariero MCK. Tokasuuku KJIJT 1 KCJ] Ha 10 % i 30 %
TIEPEBUIYBAJIM BiANOBIAHI TMOKA3HUKHA TPYHNH HOPMH.
HeszBaxaroun Ha 1e, KO i KCO, moka3HUK ymapHOTO
00’eMy OyB MaKCHMaJIbHO HAOJMKCHUI 0 BIIMOBIMI-
HOTO TMOKa3HMWKA IHTAaKTHUX TBapuH i nopiBHIOBaB 0,39 +
+ 0,04 v (Tabm. 3). [Tokasauku Qpaximii BUKHIY 1 Gpakiii
CKOPOYEHHSI TaKO)X MaKCUMAaJIbHO HaOIFKEHI 10 HOPMHU.
Bonu 1ocToBipHO HE BiIpPI3HANUCS B MOKa3HUKIB TPyIH
BBegeHHs MCK (tabm. 3, 4).

BimnocHa ToBimHa crinku JIIII Takox He mepeBu-
IIyBasa MoKa3sHUK HOpMHU i ckimamama 0,35 + 0,02, a maca
JIII ckmamama 0,87 + 0,03 1. [licmsa amamizy pe3yib-
TaTiB MOXKHa 3pOOWTH BHCHOBOK, IO TOEJHAHE BUKO-
pUCTaHHsI TepamneBTUYHOI rimorepmii 1 amoreHnx MCK
3a nokazaukamu Macu JIII i BTC na 7-my no0y ekcne-
puMeHTy crpusio pemonentoBanHio JIII 3a HopmanbHOT
reoMeTpii. 3a 00’ €MHO-IIIBUIKICHUMH XapaKTEPUCTHKAMHU
€XOIIOKa3HUKH Ii€] Tpyny OyIId MaKCUMAITbHO HAOJMKEH]
JI0 TIOKA3HUKIB HOPMH, 1 TOMY O3HAK BHPa)KCHOI JUIaTa-
uii JIII me BigMivamm.

Exokappiorpadiuni mnoxkasHuku cepusi uypiB
Ha 30-Ty 100y eKkclnepHMEHTAJbLHOro iHdapkTy Mio-
Kapaa. 3a pe3ynbTaTaMH yIbTPAacOHOTpadigHOrO 10-
CNIJDKEHHsSI BCTaHOBICHO, mo Ha 30-ty mo0y micis
TepeB’sI3KM  JIiBOi KOpOHAapHOI aprepii B KOHTPOJIb-
Hiil Tpyni mypiB peectpyBanu 36impmenas K/J{ y mo-
PIBHSHHI 3 TIONIEPEIHIM CTPOKOM CIIOCTEPESIKEHHS Ha (poHi
30epesxenoro KCJI (tabum. 5).

36impmenas K[, y cBoioo dYepry, NIpHU3BOIMIO
1o 3poctranHs KJ1O Ha 17 % BiZHOCHO BOTO TIOKa3HUKA
Ha 7-My 00y, IO CBIAYIIO MPO 30UTHIICHHS MOPOXK-
wunu JII, To6TO Horo ammatarnito (Tabmn. 6), 1 miaTBep-
JUKyBaJIO TOH (hakT, IO TpUBaie, OE3MepepBHO 3pOC-
Taroue MEepeBaHTAXEHHS 00’eMOM Bele J0 Harpyru
KOMIICHCATOPHUX MEXaHI3MIiB 1 AMHAMIYHOTO IPOTpPECy-
BaHHs qutartanii [16].

BimnoBigHO 10 1MX 3MiH 30UThIIYBaBCS YAapHUUN
00’em, sikuii gopiBHioBaB 0,38 + 0,03 mu. Lle BinOuBamoch
Ha (pakiii BUKHUIY, SKa IpoTsAroM 23 mid BUpoca TUTBKH
Ha 5 % 1 ckimamama 50,95 £ 1,92 %, ane Oyna 1me Jo-
CTaTHbO HHU3HKOIO BITHOCHO HOPMH Ta iHINWX EKCIEepH-
MEHTaJbHUX TPYIL. 3pOCTaHHSA yNApHOTO 00’€My TaKOX
MMO3HAYMIIOCS HA IIBHIKOCTI CEPLEBOIO BHKHIY, SKHA
30impmmMBCeA y 1,45 pa3sy BIZHOCHO MOMEPETHHOTO CTPOKY

blood flow, as well as due to improved activities of the
preserved contractile elements of cardiomyocytes [15].
According to the study, on day 7 of the experiment, it
was ascertained that heart remodelling, after ligating the
left coronary artery and administering allogeneic MSCs,
was proceeding via eccentric left ventricular hypertro-
phy, where the increase in left ventricular mass was due
to its dilatation with myocardial insufficiency develop-
ment at normal relative wall thickness of the LV.

Ultrasonography showed that the group of animals
exposed to combination of therapeutic hypothermia and
MSC transplantation was the closest to the normal range
values. EDD and ESD values exceeded the correspond-
ing values of the group with normal range by 10 % and
30 %. In spite of this fact, EDV and ESV, stroke volume
value was max close to that one of intact animals,, 0.39
+ 0.04 ml (Table 3). The ejection fraction and fractional
shortening were also max close to the normal range.
They did not differ significantly from the values of the
group exposed to administering MSC (Tables 3, 4).

The relative wall thickness of the left ventricle also
did not exceed the normal range, 0.35 + 0.02, while the
mass of the left ventricle was 0.87 + 0.03g. Having ana-
lyzed the outcomes, we can conclude that the combined
use of therapeutic hypothermia and allogeneic MSCs in
terms of LV mass and RWT on day 7 of the experiment
contributed to the remodelling of the LV under normal
geometry. Regarding volume-velocity properties, the
echo values of this group were max close to the normal
range and, therefore, no signs of severe LV dilatation
were observed.

Echocardiographic values of the heart of rats on
day 30 of experimental myocardial infarction

Ultrasonography findings showed that on day 30 after
ligating the left coronary artery in the control group of
rats, increased EDD in comparison with the previous ob-
servation period in the setting of the preserved ESD was
observed (Table 5).

The increase in EDD, in its turn, led to increasing
EDV by 17 % compared to this value on day 7, suggest-
ing the enlargement of the left ventricular cavity, i.e. its
dilatation (Table 6), and confirming the fact that long-
term, continuously volume overload was causing the
stress of compensatory mechanisms and dynamic pro-
gression of dilatation [16].

According to those changes, the stroke volume was
increasing, 0.38 + 0.03 ml. It affected the ejection frac-
tion which within the period of 23 days increased only
by 5 % and reached 50.95 + 1.92 % being at the time
quite low in comparison to the normal range and other
groups involved in the experiment. The increase in stroke
volume also influenced cardiac output velocity which in-
creased 1.45 times compared to the previous observation
period and exceeded the normal range by 10 % (Table
6). Due to the increased heart rate, cardiac output was
increasing and so exceeding the normal range values by
26 % and 41 % compared to the previous observation
period. Despite the increase in stroke volume, the low-
est fractional shortening was observed among the groups
(Table 7).

Adaptive tonogenic dilatation, under normal con-
ditions, was combined with increasing muscle mass
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Tadauns 5. Bumipn aHaTOMIYHUX CTPYKTYp IpH exoKapiorpadiyHoMy JOCTipKeHHI B M-pekuMi
TIiCIIst IepeB’sI3KM J1iBoT KopoHapHoi aprepii Ha 30-Ty 100y

Table 5. Measurements of anatomical structures in echocardiographic examination in M-mode
after ligating the left coronary artery on day 30

TToxazHuku Hopwma IM xoHTpOIH IM +TI' IM + MCK IM +TI' + MCK
Parameters Normal range MI Control MI + TH MI + MSC MI + TH + MSC
K
AL, 6,03 +0,16 6,92 +0,12! 7,05 +0,32! 7,7 +0,52"2 6,52 £ 0,1
EDD, mm
KCL, nan 3,84+0,10 536+ 0,11 5,31+ 0,38' 6,05+ 0,55 4,74 % 0,08"
ESD, mm
TMIIZ, mv 0,68 + 0,08 0,96 + 0,06' 0,60 + 0,06 0,68 +0,12 0,73 £ 0,032
IVSd, mm
TMIIC, am 1,17 40,11 1,20 + 0,06 0,85+ 0,13 0,97+ 0,112 0,91 % 0,042
IVSs, mm
T3CH, mm
> + + + + 2 +
LVPWd, mm 1,03 £ 0,05 1,0+0,12 0,98 + 0,04 1,19+0,14 1,15+ 0,06
T3CC, mm
’ + + ! + ! + 2 + 2
LVPWs. mm 1,46 + 0,05 1,38 + 0,05 1,30 + 0,05 1,51 +0,09 1,52 +£0,03
YCC, cxop/xB
HB, contractions per 374 +16,8 454 +18,8! 422 £22,0'2 390 £ 7,12 422 £14,9?
minute
HpumiTkn:

BigminHOCTI cTatncTudHO 10cToBipHi (p < 0,05): 1 — y mopiBHSAHHI 3 iHTAKTHUMH TBAPHHAMU; 2 — y HOPIBHSIHHI 3 KOHTPOJILHOIO IPYIIOIO.

Notes:

Differences are statistically significant (p <0.05): 1 — in comparison with intact animals; 2 — in comparison with the control group.

Taoauus 6. O0’eMHO-IIBUIKICHI XapaKTEPUCTHKH JIIBOTO IIUTYHOYKA IIypiB Ha 30-Ty 100y
TTiCIIs TIepeB’ I3KM J1iBOT KOPOHAPHOI apTepii

Table 6. Volume-velocity properties of the LV of rats on day 30 after ligating the left coronary artery

IToka3HuKH Hopma IM koHTpOIH IM+TC IM + MCK IM + TI" + MCK
Parameters Normal range MI Control MI + TH MI + MSC MI + TH + MSC
KAO, wn 0,52+ 0,03 0,75 + 0,04! 0,80 = 0,10" 1,01 +0,212 0,64 + 0,032
EDV, ml
KCO, 0,14+ 0,01 0,37 +0,02! 0,37 +0,07" 0,51+0,1'2 0,26+ 0,012
ESV, ml
YO, mn
0,37+0,03 0,38 +0,03 0,43 + 0,032 0,57 0,12 0,38 £ 0,04
SV, ml
XO, mi
137,9+ 10,5 1732+ 11,2 181,6 £ 17,1 225,0 +22,8! 159,5+ 18,6
CO, ml
0,
B, % 71,8+£1,2 50,9+ 1,9 54,9 + 3,6 574+25"2 58,8 £3,4!2
EF, %
HpumiTkn:

BigminHocTi cratnctudHO 1octoBipHi (p < 0,05): 1 — y mopiBHSHHI 3 iIHTAKTHUMH TBAPHMHAMU; 2 — y HOPIBHSIHHI 3 KOHTPOJILHOIO IPYIIOIO.

Notes:

Differences are statistically significant (p <0.05): 1 — in comparison with intact animals; 2 — in comparison with the control group.

CIIOCTEPE)KEHHSI 1 IepEeBUIITyBaB MMOKa3HUK HopMmHu Ha 10 %
(tabm. 6). 3aBuaku 30umbmenHo YCC 3pocTaB XBUIIMH-
HUHA 00’€M 1 TNEpeBHIIYyBaB IMOKa3HUK HOpMH Ha 26 %
i Ha 41 % BIIHOCHO TONEPETHHOTO CTPOKY CIOCTEpe-
keHHA. He3Bakarouu Ha 301IbIICHHS YAApHOTO 00’eMy,
BiIMiYany HAWHIKYUI cepel TPy MOKa3HHWK (pakiii
cKkopoueHHs (Tadum. 7).

AJllanTUBHA TOHOTEHHA JWJIATaIlisl TPU HOPMAaIIb-
HOMY TMepebiry mpolecy MOenHyBagach 31 3011b-
IMIEHHSIM M’s30BOT Macu 0€3 TOTOBIICHHS CTiHKH.
Tak, Ha 30-Ty 100y EKCHEPUMEHTY IOKAa3HHUK MOTOB-
MIEHHS MDKIITYHOYKOBOI ITI€PEropoJiku OyB 3HIDKEHUI
y 2,8 pazy, a notoBmeHHs 3aaab01 crinku JIII — Ha 9 %,
1, SIK HACINIJOK, BigHOcHa ToBImuHA criHku JIIII mopis-
moBana 0,29 + 0,03, mo Ha 14 % MeHIIe Big HOPMH,
npu 1mpomy wmaca JIII nopiBrroBama 0,91 + 0,03 1,
mo Ha 11 % mnepeBuiryBaia MOKa3HUK HOPMH 1 MiATBEp-
JUKyBaJla pO3BUTOK TimepTpodii miokapaa.

without wall thickening. Thus, on day 30 of the experi-
ment, the value of thickening of the interventricular sep-
tum was 2.8 times reduced, the thickening of the poste-
rior wall of the left ventricle was increased by 9 %, and
as a consequence, the relative wall thickness of the left
ventricle was 0.29 + 0.03, that was 14 % less in com-
parison with the normal range, while the mass of the left
ventricle was 0.91 + 0.03 g, that was 11 % higher than
normal range and it confirmed the development of myo-
cardial hypertrophy.

Long-term, continuously increasing volume over-
load leads to stressing compensatory mechanisms and
dynamic progression of dilatation. Despite a significant
impact of myocyte hypertrophy on maintaining the tone
of the LV walls and compensation of the pumping func-
tion of the heart, in case of myocardial damage, the de-
gree of cavity extending is often disproportionate to the
increase of its mass [16, 17]. This is evidenced by the
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Taomanus 7. [loka3HUKH CKOPOTIHUBOT (PyHKIIT MiOKap/ia JIiBOTO MIUTyHOUYKA Y 1ypiB Ha 30-Ty 100y
ITiCIIs TIePEeB’sI3KH J1IBOT KOPOHAPHOT apTepil

Table 7. Parameters of contractile function of LV myocardium in rats on day 30 after ligating the left coronary artery

TTokasHuku Hopma IM xouTpOIB IM+TT IM + MCK IM +TI' + MCK
Parameters Normal range MI Control MI + TH MI + MSC MI + TH + MSC
CIIMII, %
s + + 1 + 1,2 4+ 1,2 + 1,2
IVSST, % 70,6 £5,4 25,1+59 40,2+9,3 41,6 +£9,9 26,79 = 8,6
CII3CI, %
§ + + + + 8,212 +
LVPWST, % 41,5+5,98 37,8 £6,08 32,6+7.8 26,4+8,2 33,05+8,31
(I)C’ % 1 1 1 1
FS. % 36,16+ 1,01 22,54+ 1,08 24,01 +2,13 26,53 + 1,45 27,22 +2,17
BTC
0,34 +0,02 0,29 +0,03! 0,28 +0,02! 0,34+ 0,01 0,35 + 0,022
RWT
MIIIL, r 0,81+ 0,02 0,91 +0,03! 0,85+0,03 0,96 + 0,04! 0,86+ 0,01
LVM, g
MpumiTku:

BinminHOCTi cTatuctHaHO NoCcTOBipHI (p < 0,05): 1 — y NOpiBHSAHHI 3 iIHTAKTHUMH TBapHHAMU; 2 — y HOPIBHSAHHI 3 KOHTPOIBHOIO IPYIIOI0.

Notes:

Differences are statistically significant (p < 0.05): 1 — in comparison with intact animals; 2 — in comparison with the control group.

Tpusane, 6e3nepepBHO 3pOCTarOUe INEPEBAHTAKCHHS
00’€MOM Bejie 10 HANPYr'W KOMIICHCATOPHUX MEXaHi3-
MIB 1 IMHAMIYHOTO TporpecyBaHHs amnataiii. He3paxa-
[OYM Ha 3HAYHWH BIUIMB TinmepTpodii MIONWTIB Ha Mif-
TPUMKY TOHYCY CTIHOK JIIBOTO IIUTyHOYKA 1 KOMIIEHCALIII0
HacocHOi (yHKIIT ceplis, MpU IMONIKO/KEHHI MioKapJa
CTYMiHb PO3UIMPEHHS MOPOKHUHU YacTO HEMpOIOpHii-
HUH 30UTbIICHHIO Horo macu [16, 17]. Tlpo ue cBia-
yuTh 30unbIneHHsT YO BimHocHO g0 Macu JIII y mrypis
KOHTPOJIbHOT TpynH. OCKIJIbKY MIMPHUHA 30HH ypPasKeHHS
1 BHPaXXEHICTh KIHETHYHOI'O JUCOanaHCy acoliiioBaHa
31 CTYNEHEM 1 HIBHUIKICTIO PO3BHUTKY TIITOKOHTPAKTHIIb-
HOCTI BCHOTO MiOKapja — MPOBIAHOI MPUYKUHH IT0/1aJTh-
I0i JICKOMITEHCallii cepueBol misuibHOCTI. | Tomy came
B Li{ rpymi € BeluKa BIPOTiAHICTh PO3BHUTKY 1 mporpe-
CyBaHHS KIIHIKH XpOHIYHOI CepIeBOi HETOCTaTHOCTI
(XCH) [16].

TakuM 4yMHOM, Ha eTami pyOIllOBaHHA IIiCHsA Tepe-
B’S3KM KOPOHAPHOI apTepii BiAMIYaTM MPOIOBKEHHS
munaranii JIII, 3HVKeHHST CKOPOTJIMBOCTI Ta O3HAKH pe-
mojemoBanHa JIII 3a eKCueHTpUYHUM THIOM. Y Tpo-
THOCTHYHOMY acCIeKTi Bci I exokapziorpadidi mo-
Ka3HUKH CBiJYaTh NP0 BIPOTIHICTH PO3BUTKY Yy WIypiB
i€l TPy XPOHIYHOI CEepIIeBOI HEIOCTATHOCTI, Y TOMY
quCHi 0 cTamil JeKOMITEH carlii.

[ToMiTHUX BIIMIHHOCTEH €XONOKa3HUKIB aHAaTOMiy-
HUX CTPYKTYp y TPYIIi MicCis BUKOPUCTAHHS TepareBTHY-
HOI TimorepMii Ha (OHI TepeB’sI3KU KOPOHAPHOI apTepii
BIZTHOCHO KOHTpOJIbHOI rpynu Ha 30-Ty 100y He BigMmi-
yeHo. [lep 3a Bee, 1e crocyersest KCJI, Tomy 1 KCO 6yB
Ha piBHI KOHTPOJBHOI Tpymu (Tadm. 5, 6). dpakuis BU-
KUy JgopiBHIOBana 55 %, mo Ha 4 % Ouibime, HiX
y KOHTpOJBHIN rpymi, ane B 1,3 pa3y MeHIIe BiJIHOCHO
HOpMH (TabII. 6).

Moo BimHOCHOT ToBIMHM cTiHku JIIII, To BoHa Oyna
HaAMEHIIIOI Ccepejl eKCIIEPUMEHTAIbHUX T'PYyIl, a maca
JIII ctaTHCTUYHO 3HAYYIIE HE BiIPI3HAIACH Bil HOPMH.
Tomy Ha 30-ty noOy pemonemtoBanns JIII y wiit rpymni
MIPOJIOBXKYBAJIOCh, TIIBKM HE 32 HOPMAJILHOI TE€OMET-
pi€ro, a 3a eKCICHTPUYHOK Moneintro. Lli 3MiHM 3yMOB-
JIeHI KOPOTKOYacCHUM e(EeKTOM TepareBTHYHOI rirmorep-
Mii. [IpoBeieHHs MPOIEypH TEpareBTHYHOI TirnoTepmil
nporsroM 60 XBWJIMH IOBHOIO MIpOI0  CIIPHSIIO

increase in stroke volume compared to the mass of the
left ventricle in rats of the control group. Since the width
of the affected area and the severity of the kinetic imbal-
ance is associated with the degree and rate of develop-
ment of hypocontractility of the entire myocardium, e.i.
the leading cause of further decompensation of cardiac
activity. Consequently, the probability of development
and progression of chronic heart failure (CHF) is high in
this very group [16].

Thus, at the stage of scarring, after ligating the cor-
onary artery, there was continuing LV dilatation, de-
creased contractility and signs of LV remodelling by
eccentric type. In terms of prognosis, all these echocar-
diographic parameters suggest the likelihood of develop-
ment of chronic heart failure, including the stage of de-
compensation, in rats of this group.

No pronounced differences in the echo parameters of
anatomical structures in the group after therapeutic hypo-
thermia associated with ligating coronary artery in com-
parison with the control group on day 30 were observed.
First of all, it concerns ESD, so ESV was at the level
of the control group as well (Tables 5, 6). The ejection
fraction was 55 %, that was 4 % higher than the normal
range (Table 6).

Regarding the relative wall thickness of the left ven-
tricle, it was the smallest among the experimental groups,
and the mass of the left ventricle did not differ statisti-
cally significantly from the normal range. Therefore, on
day 30, LV remodelling was progressing in this group,
not according to the normal geometry, but according to
the eccentric model. Those changes resulted from the
short-term effect of therapeutic hypothermia. Providing
therapeutic hypothermia procedure for 60 minutes was
fully aiding in short-term reduction of oxygen consump-
tion in the area of ischemia and suppression of free radi-
cal reactions, that affected the echo parameters on day 7
of the experiment.

Subsequently, at the scarring stage, remodelling pro-
cess did not differ significantly from the control, but the
gradual recovery of the ejection fraction suggested de-
creased systolic dysfunction compared to the control

group.
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KOPOTKOYAaCHOMY 3HM)KECHHIO CITOYKMBAHHS KUCHIO B 30H1
imewmii i cympecii BITbHOpPaIUKATBHAX PEaKIiii, Mo Bia-
OMBaJIOCh Ha €XOIMOKa3HUKaxX Ha 7-My 100y eKCcIepH-
MEHTY. Y MOJaJbIIIOMY Ha €Tari PyOIFOBaHHS IMPOLEC
pEMOJIeNIIOBaHHS JTIOCTOBIPHO HE BiApI3HSABCS BiJ KOHT-
pOJIO, ale TOCTYNOBE BiTHOBICHHA (pakilii BUKHIY
CBITUMJIO TIPO 3MEHINCHHS CHCTOJIYHOI AUCHYHKINT TO-
PIBHSIHO 3 KOHTPOJIBHOIO TPYIIOH0.

JlocuTh BHUCOKiI TOKAa3HWUKH aHATOMIYHUX CTPYK-
TYp cepus IMiCis BBEICHHS allOTEeHHHX MeE3eHXIMajb-
HuX MCK Ha QoHI ekcriepruMeHTaIbHOTO iH(MAPKTY Mi-
okapra Ha 30-Ty 100y HEMOHCTpyBaJld HE3HAYHE IX
3MEHILCHHSI BIJHOCHO IIONEPEJHBOrO CTPOKY CIIOCTE-
pesxenns (tabn. 5). He3Bakaroun Ha 11e, BOHH OynH J10-
CUTh BHUCOKHMH BITHOCHO TIOKa3HHKIB HOpMH. Tax,
KO ta KCA B 1,27 ta 1,6 pa3y BiANOBIAHO MEpPEBH-
IryBanu HopMmy (Tabm. 5). YV 3B’s3Ky 3 IHMM 3pOCTaHHS
KJO ta KCO B 2 i 3 pa3su BuIe HOPMHU HPUBOIMIO
10 301IbIIeHHS yaapHOro 00’emy o 0,57 + 0,1 mut. Crin
3a3HauuTH, 1m0 came B il rpymi YCC craTHCTHYHO 3HA-
4yymie He BiJpi3HsIach BiJ TNOKa3HWKIB HOPMH 1 CKJa-
nmana 390 + 7,1 ckop./XB, IO CBITYHIIO PO JOCUTH CKO-
HOMHY POOOTY cepis 3aBASKH 301BIICHHIO XBIJINHHOTO
00’emy. ®Dpakuis Bukuay pocsarana 57,45 %, a dpakiis
ckopoueHHs 26,53 % (tabn. 6, 7). PemonemtoBanns JIII
MIPOIOBKYBAJIOCH 33 EKCIICHTPUYHUM THIIOM TilepTpo-
(hii, PO IO CBIAYUTH CITIBBITHOIICHHS MOKA3HUKIB BiJI-
HOCHOI TOBIMHYU cTiHKA Ta Macu JIIII. HeoOxigHo miz-
kpeciuta, o MCK cripaBisitoTh mapakpuHHUR e]exT,
TOOTO 32 PaxyHOK BHIIIICHHS HU3KH OIOJOTIYHO aKTHB-
HUX PEYOBHH BiJIOYyBA€THCS PEryJSlisi HE TUIBKU aHTIO-
TeHe3y, aje i BIAHOBHOTO Mopdorene3y Miokapaa [15].

TakuM 9uHOM, HaWOIMBII BupakeHa mwnatamis JIII,
CIpHYHMHEHA TIEPEB’sI3KOI0 JIIBOI KOpOHApHOI aprepii,
Oyna 4YacTKOBO KOMIICHCOBaHAa BBEICHHSIM AallOTCH-
Hux MCK, mo copusuto KOoMIleHCaTOpHIW rimepTpodii
crinku JIII, mo BigOuWiaocs Ha BiZHOBIEHHI 00’€MHO-
mBuAKicHUX xapaktepuctuk JIIII. 30inbmieHHss macu
JIII Ha ¢oHI HOpPMANBHOI BITJHOCHOI TOBIIWHH CTiHKH
JIII migTBEepIKyBaso, IO Y TBAPUH L€l TPy PEMO/IC-
JIFOBaHHS CEpIlsl MPOXOAMIO 32 MOJCIIII0 €KCIEHTPHYHOI
rineptpodii JIII.

[loenHaHe BUKOPUCTAHHS TEPANEBTHYHOI TiMOTEp-
Mii Ta BBegeHHs aorennx MCK crpusuto HaiOIbI BU-
paKEHOMY BIJHOBIICHHIO €XOITOKa3HHKIB Ha 30-Ty m0o0y
EKCIIEpUMEHTY. Y TIOpIBHSHHI 3 IIONEPEAHIM CTPOKOM
croctepekeHHs 1 KoHTpoibHOI Tpymu KJIJI ta KCJ|
3HM3WIMCH (Tabn. 5). YHACHiIOK mHUX 3MiH TOKa3HUKU
KO ta KCO 6ymu Ha 14 % Ta 29 % HmKYe BiJ KOHT-
POJIBHOI TPYNH 1 MaKCHUMAaIbHO HAOMIKAIHUCH 10 IOKa3-
HUKIB HOpMHU (TaOu. 6). YmapHW Ta XBHJIMHHUHA 00’€M
CTaTUCTUYHO 3HAYYIIC HE BIIPI3HIBCS BiJ] MOKA3HUKIB
HopMu. Hopmamizamiss 1MX ITOKa3HUKIB BigOWBamacs
Ha (paxiii BUKHUIY, SKa TMEPEBHUIYBaTa MOKa3HUK KOHT-
posbHOT rpynu Ha 8 % 1 JeMOHCTpyBaja HallKpauyi pe-
3ymbrat — 58,78 %, a dpaxmis ckopoyenHs — 27,2 %
(tabm. 7).

Bignocue mnorosmenus crinku JIIII ta ioro Maca
JIOCTOBIPHO HE BIPI3HSUIMCH BiJl TIOKa3HWKAa HOPMH,
1 TOMY PEeMOJICIIOBAHHS CepIls BiOYBaJOCs 32 HOpMaJb-
HOIO reometpiero. OO’ €MHO-IIBUAKICHI XapaKTEPUCTUKU
MiATBEPKYBaIH 30epexeny cuctoiiuny ¢ynxiiro JIII.

Quite high measurements of the anatomical structures
of the heart after administering allogeneic mesenchymal
MSCs associated with experimental myocardial infarc-
tion on day 30 showed a minor decrease compared to the
previous observation period (Table 5). Despite this, they
were quite high compared to the normal range. Thus,
EDD and ESD were 1.27 and 1.6 times, respectively,
higher than the normal range (Table 5). In this regard, in-
creasing EDV and ESV 2 and 3 times over than the nor-
mal range lead to increasing stroke volume up to 0.57 +
0.1 ml. It is worth noting that in this group the heart rate
did not differ statistically significantly from the normal
range, 390 + 7.1 contractions per minute, that indicated
rather saving activity of the heart due to the increase in
cardiac output. The ejection fraction reached 57.45 % as
well as the fractional shortening reached 26.53 % (Tables
6, 7). LV remodelling was progressing according to the
eccentric type of hypertrophy, as evidenced by the ratio
of the relative wall thickness and LV mass. It should be
emphasized that MSCs have a paracrine effect, i.e. due to
the release of a number of biologically active substances,
there is the regulation not only of angiogenesis but also
restorative morphogenesis of the myocardium [15].

Thus, the most pronounced dilatation of the left
ventricle, caused by ligating the left coronary artery,
was partially compensated by administering allogeneic
MSCs, which aided in compensatory hypertrophy of the
left ventricular wall affecting the restorating volume-ve-
locity properties of the left ventricle. The increased LV
mass in the setting of normal relative LV wall thickness
confirmed that in animals of thas group, heart remodel-
ling was progressing according to the model of eccentric
LV hypertrophy.

Combination of therapeutic hypothermia and admin-
istering allogeneic MSCs aided in the most pronounced
recovery of echo params on day 30 of the experiment. In
comparison with the previous observation period and the
control groups, EDD and ESD decreased (Table 5). As
a consequence of these changes, EDV and ESV values
were 14 % and 29 % lower than the control group and
were max close to the normal range values (Table 6).

Stroke volume and cardiac output did not differ sta-
tistically significantly from the normal range. Normal-
ization of these params affected the ejection fraction ex-
ceeding the control group by 8 % and showing the best
outcome — 58.78 %, while the fractional shortening was
27.2 % (Table 7).

The relative thickening of the left ventricular wall
and the mass of the left ventricle did not differ signifi-
cantly from the normal range, and therefore the remod-
elling of the heart was proceeding according to the nor-
mal geometry. Volume-velocity properties confirmed the
preserved LV systolic function. MSCs act as inducers
of regeneration processes in remodelling the damaged
myocardium, providing reparative morphogenesis and
increasing the adaptive reserves of the preserved myo-
cardium. Increasing efficiency of myocardial reparative
morphogenesis is enhanced by the production of MSCs
of nonspecific and tissue-specific regulatory peptides, the
action of which is aimed at optimizing the functioning of
the preserved viable myocardium and reducing the vol-
ume of secondary myocardial damage.
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MCK BuCTYyNaroTh y poJji iHAYKTOpIB IPOIECIB pereHe-
pauii mpu pemMoeNoBaHHI YIIKO/PKEHOTO0 MioKapJa, 3a-
Oe3redyroun penapaTuBHUNA MOpQOreHe3 i MiBHIIEeHHS
aJanTamifHuX pe3epBiB 30epekeHoro miokapna. IlinBu-
MICHHIO €(PEKTHUBHOCTI PerapaTuBHOTO MOP(OTreHe3y Mi-
okapza crpusie npoaykuis MCK mecnermdivnmx i Tka-
HUHHOCTICTIN()IYHUX PETYISITOPHUX TMENTHIIB, Mis SKUX
CHpsSMOBaHA Ha ONTHMIi3amito (GyHKITIOHYBaHHS 30epee-
HOTO XHUTTE3IaTHOTO MiOKap/ia i Ha 3MEHIICHHS 00CSTiB
BTOPHHHOTO ypa)kKeHHS MiOKap/a.

BUCHOBKU

1. Bukopucranus exokapiorpadii y mypiB € JOCUTb
iHpOPMATUBHUM METO/OM JarHOCTUKH, SIKHH JIO3BOJISIE
BUMIPIOBaTH aHATOMIUHI CTPYKTYpH MOPOXKHHUH 1 CTIHOK
cepIs 3 MOJAIBIINM OOYHMCIEHHSIM OCHOBHUX 00’€MHO-
MIBHJKICHUX XapaKTEPUCTUK CepIlsl Ta ITOKa3HUKU CKO-
pOTIHMBOI (PYHKINT MioKapaa JiBOTO NUTYHOYKA, IO Ja€
3MOTY OXapaKTepWU3yBaTH THUI CTPYKTYPHO-(YHKIIi-
OHaJbHOI TepedyAoBHM Miokapaa Ha QoHI iH(MapKTy
B paHHi Ta MMi3HI CTPOKH CIIOCTEPEKEHHS.

2. Ileper’si3ka JiBOi KOpOHAPHOT apTepii K Ha 7-My,
Tak 1 Ha 30-Ty 100y EKCIIEPUMEHTY MPU3BOAMIA J0 3MiH
apXITEKTOHIKHM CepLs i CBIAYMTH NPO PO3BUTOK JHJIaTa-
wii Ta 3HW)KEHHS CKOpOTIIMBOI (yHKIIT miokapaa JIILI,
a Horo peMojientoBaHHs BiJ0OyBalIoCh 32 MOJEIUIIO EKC-
LEHTPUYHOI rinepTpodii Ta 03HaAKaMH CHCTOJIYHOI Jc-
¢ynkuii JIL. ®pakuis Bukuay B 1ild rpymi Oyia MiHi-
MaJbHOIO 1 Ha 7-My o0y ckmamana 46 %. Ile Ha 35 %
MEHIIE BiATOBITHOTO MTOKa3HUKA HOPMH, IO CIIPHSIE PO3-
BHUTKY XPOHIYHOI CEpPIIeBOi HETOCTATHOCTI.

3. BuxopucraHHS  TepameBTHYHOI  TimoTepmii
AK c1oco0y, KWW MOJIMIIy€e eHePreTHIYHNH MeTaboIi3M
y MioKapi Ha MOJelli eKCIePUMEHTAILHOTO 1H(AapKTy
HE JI03BOJISIE TIOBHOIO MIpOIO 3aro0irTd po3BUTKY JWJIa-
tauii JIL. [Tpn upomy peMojiestoBaHHs CEpLEBOro M’si3a
Ha 7-My 100y BiOyBaJoCh 3a HOPMAaJBHOIO MOJIEILIIO,
asie B nmojanpioMy Ha 30-Ty 100y €KCIepHMEeHTy pemMo-
nemoBanHs JIII y il rpymni npomoBkyBanocs 3a eKc-
LECHTPUIHOIO MOJEIIIIO.

VY rpyni micis BHKOPHCTAHHS TEPANCBTHYHOI Timo-
tepmii Ta BBemeHHss MCK Ha (hoHI eKcTiepiIMeHTaTFHOTO
iHpapkTy Miokapaa Ha 7-my Ta Ha 30-Ty m0o0y peectpy-
BaIM HAWINII 3HAYEHHS €XONOKA3HHKIB aHATOMIUYHHX
ctpyktyp JILUI, mo cBigumiao mpo BiACYTHICTH AWMJIATa-
1ii Ta HasBHICTH MOMipHOT TinepTpodii Miokapaa. dpak-
Lisl BUKHJY JEMOHCTpyBaja HaWKpalmiuil pe3yiabraT —
58,78 %, a pemopentoBanus JIIII Oyno MiHIMaTbHUM
1 B11OyBaJIOCh 32 HOPMaJIbHOT TeOMETPil cepIrs.

CONCLUSIONS

1. Applying echocardiography in rats is a very in-
formative method of diagnosis, which makes is possible
to measure the anatomical structures of the cavities and
walls of the heart with further calculating the basic vol-
ume-velocity properties of the heart and contractile func-
tion of the left ventricular myocardium, which allows to
describe the type of structural and functional remodelling
of the myocardium associated with MI at early and late
observation stages.

2. Ligating the left coronary artery, both on day 7 and
day 30 of the experiment led to changes in the architec-
ture of the heart indicating the development of dilata-
tion and decreased contractile function of the left myo-
cardium, along with its remodelling based on eccentric
hypertrophy and signs of systolic dysfunction of the LV.
The ejection fraction in this group was minimal and on
day 7 it was 46 %, which was 35 % less than the corre-
sponding normal range value, contributing to the devel-
opment of chronic heart failure.

3. Therapeutic hypothermia, as a method improving
energy metabolism in the myocardium on experimental
infarction model did not completely prevent the develop-
ment of left ventricular dilatation, while remodelling of
the heart muscle on day 7 was proceeding according to
the normal model, but later, on day 30 of LV remodelling
experiment in this group it was progressing according to
the eccentric model.

In the group, after therapeutic hypothermia and ad-
ministering MSC associated with experimental myocar-
dial infarction on day 7 and day 30, the best values of
echo params of anatomical structures of the left ventricle
were recorded, suggesting no dilatation along with oc-
curing moderate myocardial hypertrophy. The ejection
fraction showed the best outcome, i.e. 58.78 %, while LV
remodelling was minimal proceeding at normal heart ge-
ometry.

OpuriHanabHi JOCITiIKCHHS

236

Original research



VYkpaiHChKH# pagionorianuii Ta oHkomorigamid xKypHai. 2020. T. 28. Ne 3. C. 191-328
Ukrainian journal of radiology and oncology. 2020;28(3):191-328

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

10.

CIIUCOK BUKOPUCTAHOI JIITEPATYPH

. URL: https://interfax.com.ua/news/pharmacy/558941.

html

2. Topenna H. O. BrnpoBamkeHHS METOAY CTEHTY-
BaHHS KOPOHapHUX aprepil B Ykpaiui. Bicnux co-
YianbHOI 2ieienu ma opeanizayii 0OXOpoHu 300p06 s
Vrpainu. 2016. T. 70, Ne 4. C. 12-17. DOL: https://
doi.org/10.11603/1681-2786.2016.4.7543
https://www.kmu.gov.ua/news/moz-rozpochalo-
informacijnu-kampaniyu-pro-svoyechasne-

bezoplatne-likuvannya-infarktu ~ mata  3BepHEHHS
07.11.2020
Xyanyn I. S, Macrunkas C. 0., 3adpan-

ckast M. M. luddepeHrpoBoyHbIE 1 IMMYHOMO/TY-
JUPYIOIINE CBOWCTBA ME3CHXMMAIIBHBIX CTBOJIOBBIX
KJIETOK KaK MOTEHIHAIbHBIC MEXaHH3MBI MOJIOXKH-
TENBHOTO ACUCTBUS NpH HH(papKTe MUOKapaa. Becm-
HUK Bumebckoeo eocyoapcmeennoco meouyurHckozo
yuusepcumema. 2009. T. 8, Ne 1. C. 12-23. URL:
https://cyberleninka.ru/article/n/differentsirovochnye-
i-immunomoduliruyuschie-svoystva-mezenhimalnyh-
stvolovyh-kletok-kak-potentsialnye-mehanizmy-
polozhitelnogo (nara 3Bepuensst: 15.11.2020).

Rech T. H., Vieira S. R. Mild therapeutic hypother-
mia after cardiac arrest: mechanisms of action and
protocol development. Rev. Bras. Ter. Intensiva.
2010. Vol. 22, Ne 2. P. 196-205. DOI: http://dx.doi.
org/10.1590/S0103-507X2010000200015.
Abnymnnaes P. 5., Hukonos B. B. Ocobennoctu pan-
HEro pEeMOJICIIMPOBaHMsI JIEBOTO JKENyJOouKa W Jie-
BOrO Tpeicepauss y OOJbHBIX C OCTPbIM HH(papK-
tom wmuokapma. URL: http://www.emergencymed.
org.ua/index.php?option=com_content&v
iew=article&id=1195:2009-11-08-13-50-
40&catid=100:7&Itemid=148  (mata  3BepHEHHS:
15.11.2020).

Crioci6 MopnemoBaHHs iH(apkTy Miokapnaa: Tiar.
Ha K/M Ne 65535 Vkpaina; 3assi. 10.05.2011, omy0:
12.12.2011. Brosr. Ne 23. 2 c¢. URL: https://uapatents.
com/2-65535-sposib-modelyuvannya-infarktu-
miokarda.html (maTa 3Beprenns: 15.11.2020).
Trofimova A. V., Chizh N. A., Belochkina I. V.
et al. Cardiomyocyte ultrastructure of rats with ex-
perimental myocardial infarction after therapeutic
hypothermia and mesenchymal stromal cell adminis-
tration. Problems of cryobiology and cryomedicine.
2017. Vol. 27, Issue 4. P. 334-347. DOI: https://doi.
org/10.15407/cry027.04.334

Cgitina I'. M., Kanmukosa O. O., Ilenect . B.
ta iH. KimiTiHHA iMyHHA BiAmoBine y mrypis 3 1,2-am-
METHITiIpa3uH-1HAYKOBAaHUM PaKOM TOBCTOI KHIIKH
michsl  TpaHCIUIAHTalii MYJBTHIIOTEHTHUX —KIITHH
miaueHty. Knimunna ma opeanna mpancniau-
monoeis. 2016. T. 4, Ne 1. C. 48-54. URL: http:/
transplantology.org/wp-content/uploads/2016/06/
KOT 6 tom4 1 block web print 04 1 UA 47-
54 .pdf (mata 3Bepuenns: 15.11.2020).

AtpkoB O. 1O. m 1p. VYibTpa3BykoBoe HCCIe-
JOBaHHE cepAaua H cocymoB. MockBa: DKCMO,
2015. 456 c. URL: https://www.booksmed.com/

REFERENCES

. URL: https:/interfax.com.ua/news/pharmacy/558941.

html (date of the application: 15.11.2020).

. Torenda NO. Vprovadzhennia metodu stentuvannia

koronarnykh arterii v Ukraini. [Introduction of the
method of coronary artery stenting in Ukraine]. Bul-
letin of Social Hygiene and Health Protection Orga-
nization of Ukraine. 2016;70(4):12—7. (In Ukraine).
DOI: https://doi.org/10.11603/1681-2786.2016.4.7543

. URL: https://www.kmu.gov.ua/news/moz-rozpochalo-

informacijnu-kampaniyu-pro-svoyechasne-bezoplatne-
likuvannya-infarktu qara 3sepaenns 07.11.2020

. Hulup GYa, Mastitskaya SYu, Zafranskaya MM.

Differentsirovochnyie 1  immunomoduliruyuschie
svoystva mezenhimalnyih stvolovyih kletok kak po-
tentsialnyie mehanizmyi polozhitelnogo deystviya
pri infarkte miokarda. [Differentiation and immuno-
modulatory properties of mesenchymal stem cells as
potential mechanisms of positive action in myocardial
infarction]. Vestnik of Vitebsk state medical university.
2009;8(1):12-23. (In Russian). URL: https://cyberlen-
inka.ru/article/n/differentsirovochnye-i-immunomod-
uliruyuschie-svoystva-mezenhimalnyh-stvolovyh-
kletok-kak-potentsialnye-mehanizmy-polozhitelnogo
(date of the application: 15.11.2020).

. Rech TH, Vieira SR. Mild therapeutic hypother-

mia after cardiac arrest: mechanisms of action and
protocol development. Rev. Bras. Ter. Intensiva.
2010;22(2):196-205. (In English). DOI: http://dx.doi.
org/10.1590/S0103-507X2010000200015.

. Abdullaev RYa, Nykonov VV. Osobennosty ranneho

remodelyrovanyia levoho zheludochka y levoho pred-
serdyia u bolnykh s ostrym ynfarktom myokarda. [Fea-
tures of early remodeling of the left ventricle and left
atrium in patients with acute myocardial infarction].
(In Russian). URL: http://www.emergencymed.org.ua

. Sposib modeliuvannia infarktu miokarda. [Method for

myocardial infarction simulation]. Patent of Ukraine
Ne 65535 Ukraine; declared. 10.05.2011, publ
12.12.2011, Bulletin. Ne 23. 2 p. URL: https://ua-
patents.com/2-65535-sposib-modelyuvannya-infarktu-
miokarda.html (date of the application: 15.11.2020).

. Trofimova AV, Chizh NA, Belochkina IV. et al.

Cardiomyocyte ultrastructure of rats with experi-
mental myocardial infarction after therapeutic hy-
pothermia and mesenchymal stromal cell adminis-
tration. Problems of cryobiology and cryomedicine.
2017;27(4):334-47. (In English). DOI: https://doi.
org/10.15407/cryo027.04.334

. Svitina HM, Kalmykova OO, Shelest DV. ta in.

Klitynna imunna vidpovid u shchuriv z 1,2-dym-
etylhidrazyn-indukovanym rakom tovstoi kyshky
pislia transplantatsii multypotentnykh klityn plat-
senty. [Cellular immune response in rats with
1,2-dimethylhydrazine-induced colon cancer after
transplantation of multipotent placental cells]. Cell
and organ transplantology. 2016;4(1):48-54. (In
Ukraine). URL: http://transplantology.org/wp-con-
tent/uploads/2016/06/KOT 6 tom4 1 block web
print 04 1 UA 47-54 .pdf (date of the application:
15.11.2020).

OpuriHaiabHI J0CITiKCHHS

237

Original research



YkpalHCcbkui pamionoriyauid Ta oHKomorigHni xypHai. 2020. T. 28. Ne 3. C. 191-328
Ukrainian journal of radiology and oncology. 2020;28(3):191-328

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

I1.

12.

13.

14.

15.

16.

17.

luchevaya-diagnostika/2842-ultrazvukovoe-
issledovanie-serdca-i-sosudov-atkov.html (narta 3Bep-
HeHHs: 15.11.2020).

Dushina A. G., Lopina E. A., Libis R. A. Features
of chronic heart failure depending on the left
ventricular ejection fraction. Russian Journal of
Cardiology. 2019. Ne 2. P. 7-11. DOI: https://doi.
org/10.15829/1560-4071-2019-2-7-11

Vckosa O. B., Cobones K. O., Cropoxakos I'. . T'u-
nepTpoust JIEBOro )Key0uKa Cep/a: TMarHocTHKa,
MOCNEACTBUSL U TPOTHO3. Jleuebnoe odeno. 2012.
Ne 2. C. 4-8. URL: https://cyberleninka.ru/
article/n/gipertrofiya-levogo-zheludochka-serdtsa-
diagnostika-posledstviya-i-prognoz (nata 3BepHCHHS:
15.11.2020).

Hapes A. B. IleneBoii TemnepaTypHbIi MEHE)KMEHT
B KIIMHUYECKOW MpPaKTHKE WHTEHCHBHON Tepanuu
KPUTHYECKHX COCTOSIHUHA. Meouyuna HeomnodicHwix
cocmosnun. 2014, T. 63, Ne 7. C. 186-191.
URL: https://cyberleninka.ru/article/n/tselevoy-
temperaturnyy-menedzhment-v-klinicheskoy-
praktike-intensivnoy-terapii-kriticheskih-sostoyaniy
(mara 3BepuenHs: 15.11.2020).

Tiainen M., Parikka H., Makijarvi M., Takkunen O.,
Sarna S., Roine R. Arrhythmias and heart rate
variability during and after therapeutic hypothermia
for cardiac arrest. Critical. Care. Medicine. 2009.
Vol. 37, Ne 2. P. 403-409. DOI: https:/doi.
org/10.1097/CCM.0b013e31819572c4
Muxaitmmaerko B. 1O, ITmmmmayk A. A., Camapua C. A.
[Naropusmonornueckne acrekTbl MOJCIUPOBAHHS
nH(papKTa MHOKapAa Y KPBIC B SKCIIEPUMEHTE (JTaHHBIE
aQHTMOT€HEe3a M yIbTPa3BYKOBOIO HCCIICIOBaHUS
cepaua). International journal of applied and
fundamental research. 2016. Ne 11. P. 260-263.
URL: https://applied-research.ru/ru/article/view?id=
10477 (nata 3Bepuenns: 16.11.2020).

ITerpoBa E. b., CrarkeBuu T. B., [Tonomapenko U. H.,
MurskoBekass H. II. IloctuHdapkrHoe pemopenu-
pOBaHME JICBOTO JKENyJJOYKa: HEKOTOphIE IaTore-
HETWYEeCKUE acmleKThl. Boewnas meouyuna. 2015.
Ne 1. C. 116-122. URL: http://rep.bsmu.by/handle/
BSMU/4398

Heugecora T. A., Kopobxo U. 1O., Ky3uenosa H. .
PemonenupoBaHue JICBOTO KEITyJOYKa: I1ATOTCHE3
U METOABl OLEHKU. Meouyunckue nosocmu. 2008.
Ne 11. C. 7-13. URL: http://www.mednovosti.by/
journal.aspx?article=4028

10. Atkov OYu. y dr.

11.

12.

13.

Ultrazvukovoe yssledovanye
serdtsa y sosudov. [Ultrasound examination of the
heart and blood vessels]. M: Eksmo. 2015;456. (In
Russian). URL: https://www.booksmed.com/luche-
vaya-diagnostika/2842-ultrazvukovoe-issledovanie-
serdca-i-sosudov-atkov.html (date of the application:
15.11.2020).

Dushina AG, Lopina EA, Libis RA. Features of
chronic heart failure depending on the left ventricu-
lar ejection fraction. Russian Journal of Cardiol-
ogy. 2019;(2):7-11. (In English). DOI: https://doi.
org/10.15829/1560-4071-2019-2-7-11 (date of the ap-
plication: 15.11.2020).

Uskova OV, Sobolev KO, Storozhakov HY. Hyper-
trofyia levoho zheludochka serdtsa: dyahnostyka, po-
sledstvyia y prohnoz. [Left ventricular hypertrophy:
diagnosis, consequences, and prognosis]. Lech. delo.
2012;2:4-8. (In Russian). URL: https://cyberleninka.
ru/article/n/gipertrofiya-levogo-zheludochka-serdtsa-
diagnostika-posledstviya-i-prognoz (date of the appli-
cation: 15.11.2020).

Tsarev AV. Tselevoi temperaturnyi menedzhment
v klynycheskoi praktyke yntensyvnoi terapyy kry-
tycheskykh sostoianyi. [Target temperature manage-
ment in clinical practice of intensive care for criti-
cal states]. Emergency medicine. (In Russian). URL:
https://cyberleninka.ru/article/n/tselevoy-temper-
aturnyy-menedzhment-v-klinicheskoy-praktike-in-
tensivnoy-terapii-kriticheskih-sostoyaniy (date of the
application: 15.11.2020).

14. Tiainen M, Parikka H, Makijarvi M, Takkunen O,

15.

Sarna S, Roine R. Arrhythmias and heart rate vari-
ability during and after therapeutic hypother-
mia for cardiac arrest. Critical. Care. Medicine.
2009;37(2):403-9. (In English). DOI: https://doi.
0rg/10.1097/CCM.0b013e31819572c4
Mykhailychenko VYu, Pylypchuk AA, Samaryn SA.
Patofyzyolohycheskye aspekty modelyrovanyia yn-
farkta myokarda u krys v eksperymente (dannye an-
hyoheneza y ultrazvukovoho yssledovanyia serdtsa).
[Pathophysiological aspects of modeling of myocar-
dial infarction in rats in experimentation (the ma-
terials of angiogenesis and ultrasound studies of the
heart)]. International journal of applied and funda-
mental research. 2016;11:260-3. (In Russian). URL:
https://applied-research.ru/ru/article/view?id=10477
(date of the application: 15.11.2020).

16. Petrova EB, Statkevych TV, Ponomarenko YN, Myt-

17.

kovskaia NP. Postynfarktnoe remodelyrovanye le-
voho zheludochka: nekotorye patohenetycheskye
aspekty. [Postinfarction left ventricular remodel-
ing: some pathogenetic aspects]. Military medicine.
2015;1:116-22. (In Russian). URL https://www.
bsmu.by/militarymedicine/category59/ (date of the
application: 15.11.2020).

Nechesova TA, Korobko YYu, Kuznetsova NY. Re-
modelyrovanye levoho zheludochka: patohenez y
metody otsenky. [Left ventricular remodeling: patho-
genesis and assessment methods]. Med. novosti.
2008;11:7-13. (In Russian). URL: http://www.med-
novosti.by/journal.aspx?article=4028

OpuriHanabHi JOCITiIKCHHS

238

Original research



VYkpaiHChKH# pagionorianuii Ta oHkomorigamid xKypHai. 2020. T. 28. Ne 3. C. 191-328
Ukrainian journal of radiology and oncology. 2020;28(3):191-328

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

IlepcneKkTHBY MOAANBIINX AOCTiIKEHD

[lepcrieKTUBHUMH € TOAATBINI Y 3-HOCIHIIHKESHHS
ceplsl LIypiB MiJ BIUIMBOM TEPaleBTUYHOI TiroTep-
mii Ta 3 yBeneHHsM MCK Ha Mozeni iHapKTy Miokapaa
JUISl OL[IHKM CTaHy KPOBOTOKY B aOpTi 3 BUKOPHCTaHHSIM
edpexry [ommuiepa, skuil € epeKTHBHHM 3aco00M He-
IHBA3WBHOTO [TOCTI/DKCHHS XapaKTEPUCTHK PyXy KpPOBI.
BusHaueHHS KITBKICHUX ITOKAa3HHUKIB ITyJICOBOI XBHWII
1 cTaHy CyZIMHH, a caMe: 1HACKCY Mepu(eprHIHOro Omopy
[Typceno, mynbcariitnoro ingexcy ['ocninra Ta iHIeKcy
crieKTpaibHOro posmupenHs Crioapra, JO0NOMOXE J0-
JIATKOBO OXapaKTEpU3yBaTH CKOPOTIUBY (YHKIIIO Mio-
Kapna Ha (hOHI TCPANICBTHYHHX 3aXO/IiB.

Konduikr inTepecis
ABTOpH 3asBIISIIOTH PO BiJCYTHICTh KOH(IIKTY iH-
TepeciB.

Indopmanist npo pinancyBaHHs
Pobota ¢dinancyerscs Bumatkamu [lep:xaBHOTO OF0-
JUKETY YKpaiHH.

Prospects for further research

Further ultrasound studies of the rat heart, exposed
to therapeutic hypothermia and administering MSC on
a model of myocardial infarction to assess blood flow
in the aorta using the Doppler effect, which is an effec-
tive means of non-invasive study of blood flow, has great
potential. Calculating the score of the pulse wave and
vascular status, i.e. the resistive index (Pourcelot index),
Gosling’s pulsatility index and Stuart spectral dilation in-
dex, will further aid in describing myocardial contractile
function in the setting of therapeutic interventions.
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