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PE3IOME

AkTyanbHicTh. Ha chorommimmHiii aeHb 3IIHCHIOIOTBCSA CIPOOH Bij-
HOBJICHHSI TIOIIKO/PKEHOTO MIOKapaa MpH rocTpoMy iH(pApKTI Miokapaa
(IM) moIsIXoM 3acTOCyBaHHS TIpenapariB OiOJOTIYHOTO ITOXOKEHHS,
SIKI CIIPOMO’KHI CTUMYJIIOBATH PEIapaTHBHY pEreHepariio, y TOMy 4HCIi
i BUKOpHCTaHHSI Me3eHXIManbHUX crTpoManbHux KimituH (MCK). 3 iH-
moro 00Ky, 3aCTOCYBaHHsI TePANeBTUYHOI TiMOTepMil B paHHI YacH Mics
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BUHHUKHEHHS MOPYIICHHS KPOBOTOKY y BIHILEBHX apTepisiX CIPHsE 3HU-
JKEHHIO PIBHS MeTaloJi3My y Kap[ioMioIMTax i, BiAMOBITHO, TajbMy-
BaHHIO YTBOPEHHS BUIBHHUX PaJMKaliB, IHIOyBaHHIO arorTo3y.

MeTa po6oOTH — IIPOBEACHHS Ta aHaJi3 fAomnmmuieporpadii BUCXiTHOTO Bij-
IUTy aOpTH TIypiB 3 eKCIepHUMEHTAIbHUM IM Ui OWIHKH CHCTONIYHOI
¢yHKIIT MioKap/a JiBOTO NITYHOUYKA IMiCIIs MOEIHAHOTO BUKOPUCTAHHS Te-
parneBTH4UHOI TinoTepMii 1 BBeaeHHst anoreHHnx MCK.

Martepiaaun Ta metoau. JlocmimkeHnHs Oyio mpoBenaeHo Ha 90 Gesmopin-
HuX Oimmx mrypax macoro 240-270 r. [adapkr miokapaa BiITBOPIOBAIN
[IISIXOM TIepeB’sI3KH J1iBOI KopoHapHOi aptepii. TepameBruuny rimorep-
MiIO TPOBOJIMIIM B XOJIO/IOBiH Kamepi npotsirom 60 xB. JlokanbHa Temmepa-
Typa HIKIpH KOMIpIIeBOi 30HU MiaATpuMyBanacs Ha piBHI +4 °C. Cycnensito
aJloTeHHNX KpiokoHcepBoBaHnX MCK mutameHTH BBOIMIIM OIHOPA30BO
BHYTpIIHEOBeHHO. CoHOrpadiuyHe MOCITIHKEHHS BHCXITHOTO BIIILTY
aoptu Ha 7-my 1 30-Ty noOy micis mepeB’s3KM KOpOHApHOI aprepii mpo-
BOJIMJIM Ha YJIBTPa3ByKoBoMy exoTomockori «Conomen 500» y B-pexumi
3 epexrom Jlommepa (PW pexmm).

Pe3ynbratH Ta ix o0roBopenHHs. J[OCITiDKEHHS aOpTalbHOTO KpPOBO-
TOKY I0Ka3ajo, o Ha 7-My a00y Micisl rmepeB’si3KH KOPOHAapHOI aprepii
y HIypiB BiIMIYaaoCh 3HW)KCHHS MaKCHUMAalbHOI CHCTOJIIYHOI IIBHJIKO-
CTi Ta TEHJEHINSA IO 3POCTAHHS MIACTONIYHOI MIBUIKOCTI KPOBOTOKY. Lli
3MIiHM BiJOMBAINCh Ha ITyJIbCAllifHOMY I1HJEKCI Ta CHCTOJO-IiacToliu-
HOMY CIiBBiJJHOIIeHHI. 3MeHIIeHHs iHnekcy Crioapra Ha 19 % minreep-
JKYBaJIO PO3BUTOK Y IITypiB KOHTPOJIBHOI TPYIIH CUCTOMIYHOT AUCPYHKITIT,
CTYHIiHb AKOi He 3MeHITyBaBcs 10 30-1 100N eKCIIepUMEHTY.
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Brums anorenanx MCK Ha mporiec pemMoneltoBaHHS ceplisl IIypiB IicIst
mepeB’sI3KM JTiBOi KOPOHApHOI apTepii mposBisiBes Ha 7-My m00y (TocTpa
cramia mepebiry iHdapkTy Miokapia) aHOMAIbHO HHU3BKUME (HIKYE
KOHTPOJTIO) TIOKa3HWKaMHU KPOBOTOKY B aOPTi 3 TIOBHUM BiTHOBJICHHSM Te-
MoauHaMiku Ha 30-Ty 100y eKcriepuMeHTy (CTais pyOIfOBaHHS).
[ToenHane BUKOPUCTAHHS TEPAIEBTUYHOI TITOTEpMIl Ta BBEICHHS aJOTeH-
Hux MCK crnpusiio MiHIMaJIBHOMY BiJXWJICHHIO MOKa3HHKIB I'eMOJMHA-
Miku Bijg HOpMu. Ha 7-My noOy Biamiyaiu Jiniie 30UTbIICHHS CEPEIHbOT
IIBUAKOCTI KPOBOTOKY B aopTi Ha 29 % Ta 3HW)KEHHSI CUCTOJIO-1acTOIi4-
HOTO CIiBBiJHOIICHHS Ha 12 % B MOPIBHSHHI 3 BIAMOBIIHUM TOKa3HUKOM
HOPMH, 1[0 CBiTYHJIO PO KOMIICHCAIIIF0 HACOCHOI (DYHKIIIT MioKapaa
BucnoBku. J[lonmieporpadidna omiHKa CHCTONIYHOI Ta MiacTOIIYHOT
IIBUIKOCTEH KPOBOTOKY Y BHUCXIJHOMY BiIIUII aOPTH IIypPiB HO3BOIISE
OTIOCEPEIKOBAHO 3a(iKCyBaTH HAsBHICTh Ta CTYIIHb CHCTONIYHOI JHC-
(yHKIIT JTIBOTO MUTYHOUYKA 1 3MIHCHIOBATH NWHAMIYHUA KOHTPOJb 32 CKO-
poruBoro (yHKIif0 Miokapma Ha (oHi iH(apkTy. [loemHane 3actocy-
BaHHs TepameBTHYHOI rimorepmii 3 yBeaeHHsAM anoreHHHX MCK micms
nepeB’si3KK J1IBOT KOPOHAPHOT aprepii CHpHse MiATPUMAHHIO MOKa3HH-
KiB T€MOJIMHAMIKH B a0PTi Ha PiBHI, OJIM3bKOMY J1O HOPMH, SIK ITiJ] 4ac roc-
Tpoi (aszu po3BUTKY iH]ApKTY MiOKapaa, Tak 1 Ha cTaii pyOLIOBaHHS.

ABSTRACT

Background. At present, there are attempts aimed at repairing the myo-
cardium affected by acute myocardial infarction (MI) via biologically
sourced drugs, which are able to stimulate reparative regeneration, in-
cluding the use of mesenchymal stromal cells (MSCs). On the other hand,
therapeutic hypothermia initially after the occurrence of impaired blood
flow in the coronary arteries aids in reducing the level of metabolism in
cardiomyocytes and, accordingly, suppressing the formation of free radi-
cals and inhibiting apoptosis.

Purpose — performing and analysing Doppler sonography of the ascend-
ing aorta in rats with experimental MI in order to assess the systolic func-
tion of the left ventricular myocardium influenced by the combined use of
therapeutic hypothermia and administering allogeneic MSCs.

Materials and methods. The study involved 90 outbred white rats weigh-
ing 240-270 g. Myocardial infarction was reproduced by ligating the left
coronary artery. Therapeutic hypothermia was performed in a cold cham-
ber, 60 minutes long. The local skin temperature of the neck area was
maintained at +4 °C. A suspension of allogeneic cryopreserved MSCs of
the placenta was administered once intravenously. Sonography of the as-
cending aorta on day 7 and day 30 after ligating the coronary artery was
carried out by means of «Conomen 500» ultrasound scanner in B-mode
with the Doppler (PW-mode).

Results. Studying the aortic blood flow showed that on day 7 after ligat-
ing the coronary artery, rats had a decrease in max systolic velocity and a
tendency to increase diastolic blood flow velocity. Those changes influ-
enced the pulsatility index and systolic-diastolic ratio. A 19 % decrease in
the Stewart index confirmed the development of systolic dysfunction in
the control group, the severity of which did not decrease until day 30 of
the experiment.

The impact of allogeneic MSCs on the process of remodeling the heart
of rats after ligating the left coronary artery was evident on day 7 (acute
stage of myocardial infarction) via abnormally low (below control) blood
flow in the aorta with complete hemodynamics restoring on day 30 of the
experiment.

The combination of therapeutic hypothermia and administering allogeneic
MSCs aided in the minimal deviation of hemodynamic parameters from
the normal range. On day 7, there was only an increase in the average aor-
tic blood flow rate by 29%, and a decrease in systolic-diastolic ratio by
12% compared to the corresponding normal range, suggesting compensa-
tion of the pumping function of the myocardium.
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Conclusions. Doppler assessment of systolic and diastolic blood flow ve-
locities in the ascending aorta of rats makes it possible to indirectly record
the presence and severity of systolic dysfunction of the left ventricle and
follow up myocardial contractile function affected by MI. The combina-
tion of therapeutic hypothermia and administering allogeneic MSCs after
ligating the left coronary artery helps to maintain hemodynamic param-
eters in the aorta at a level close to normal range during the acute phase
of myocardial infarction as well as at the stage of scarring.
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3B’s130K po00OTH 3 HAYKOBMMH IPOrpaMaMu, IJIAHAMHA
i TeMamu

PoGora BukoHaHa B pamKax HaykoBoi poOortu Iuctu-
TYTy npobnem kpiobiosorii i kpiomeauunHu Hario-
HaJbHOI akazneMii Hayk Ykpainu «JlecTpykTuBHI Ta Bin-
HOBHI TmpolecH B TKaHWUHAX 1 Vivo Ticus [ii
HU3BKHUX TeMIeparyp Ta Oi0JIOTIYHO aKTHBHHUX Pe4yo-
BUH» (HOMep jepkaBHOi peectpanii: 0117U000849,
(byHaaMeHTanbHa, KEPIBHUK — KaHAWIAT MEAUIHUX
HayK, CTapliui JOCIiTHUK, B. O. 3aBiyBaya BiIIiTy
eKCIIePUMEHTAIBbHOT KpIOMeIMIMHN [HCTUTYTY TIpoOIIeM
Kpiobionorii i kpiomenunuuu HarmioHanpHOI akagemii
Hayk Ykpainu Yk M. O.).

BCTYII

[memiuna xBopoba cepst (IXC) — ogne 3 Halnommu-
PEHILINX CepLEBO-CYANHHUX 3aXBOPIOBaHb, L0 MPU3BO-
JIITH JT0 BUCOKOI CMEPTHOCTI Ta iHBaNiIU3aIlil HACCICHHS,
y OLIBIIOCTI BUITAAKIB BiJl CepLeBOi MOCTiH(papKTHOT He-
nocraTHOoCTi. B Ykpaini piBeHb TrocmiTamizarlii mepBUH-
HUX MAI€HTIB 13 MPOSBOM TOCTPOrO KOPOHAPHOTO CHH-
npomy miepeBumnye 45 Ttuc. Ha pik [1]. HecBoeuacue
3BEpPHEHHS 32 MEAMYHOIO JIONOMOI0I0, OOMEXEeHa Kijlb-
KICTh KapIioXipypTiYHHX CTaIlliOHAPiB Ta HE 3aBXKAU pe-
3yJIbTaTBHA KOHCEPBAaTMBHA Teparlisi CTUMYJIIOE TOIIYK
HOBUX, OUTBIIT €(EeKTUBHUX METOIB JIIKyBaHHS TOCTPOTO
iHpapkry miokapzaa (IM).

3pocraHHs ceprieBoi MoCTIHPAPKTHOI HEOCTATHOCTI
MIEBHOO MipOI0 00YMOBIICHE HU3BKOO 3IaTHICTIO KapIIio-
MIOLHUTIB 110 Tpodidepartii. 3AiHCHIOIOTLCS CIpoOU Bia-
HOBJICHHS TTOLIKODKCHOTO MiOKap/a IUIIXOM 3acToCy-
BaHHs IpenapariB 0i10JIOTTYHOTO MOXOKEHHS, 30KpeMa
Me3eHXIMaJIpbHUX cTpoMansHuX KiaitnH (MCK), ski cipo-
MOXKHI CTHUMYJIIOBaTH pemnapaTHBHy pereHepauito [2].
[pumyckarots, mo micns TpancmwiadTanii MCK mirpy-
I0Th JI0 30HM TKaHWHHOTO 3allajeHHs 1 i) BIUIMBOM Ha-
BKOJIMITHBOTO CEPEOBUINA BUAUISIIOTE HU3KY (DaKTOpiB,
SIKI 3pEIITOI0 CIPUSIOTH OUIBII IIBUAKOMY IIPOLECY

Connection with scientific programs, plans and topics

The study has been carried out within the scope of the
research 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 Bio-
logical Active Substances” (state registration No:
01170000849, fundamental, led by Candidate of Medical
Science, Senior Researcher, Acting Head of Experimental
Cryomedicine Department of Institute for Problems of
Cryobiology and Cryomedicine of the National Academy
of Sciences of Ukraine Chyzh M. O.).

INTRODUCTION

Coronary heart disease (CHD) is one of the most com-
mon cardiovascular diseases leading to high mortality and
disability of the population, in most cases, due to post-in-
farction heart failure. In Ukraine, the hospitalization rate
of primary patients with signs of acute coronary syn-
drome exceeds 45 thousand per year [1]. Late seeking
medical advice, limited number of cardiac surgery hospi-
tals and conservative treatment, which does not seem to
be always efficacious, trigger the search for new, more
effective therapy of acute myocardial infarction (MI).

The increasing rate of postinfarction heart failure re-
sults, to a certain extent, from the low capability of car-
diomyocytes to proliferate. Attempts are being made to
restore the damaged myocardium via biologically sourced
drugs, including mesenchymal stromal cells (MSCs),
which are capable of stimulating reparative regeneration
[2]. They assume that after transplantation, MSCs migrate
to the tissue inflammation region and, under the influence
of the environment, release a number of factors that, ulti-
mately, contribute to a faster healing process, activation of
neoangiogenesis, and improved microcirculation. Restora-
tion of microcirculation and preservation of cell viability
in the ischemic region, in its turn, leads to decreasing
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3aro€HHs, aKTHBAIlil HEOAHTIOTeHE3y Ta MOJIMIICHHIO Mi-
KpOTeMOIMPKYIALii. BiIHOBICHHA  MIKpOIMPKYIIALIi
1 30epeKeHHS KUTTE3NATHOCTI KIITHH B 1IIEMi30BaHIN
30Hi, Y CBOIO 4epry, NPUBOAUTH JIO 3HIKECHHS 00 €My
30HU HEKPO3y MiCisA iHpapKTy i 3MEHIICHHS IUIONI CII0-
JYYHOTKaHUHHOTO pyo1s [3, 4].

3 iHmoro OOKy, 3aCTOCYBaHHsI TEpareBTHYHOI TiMo-
TepMii B MepIIi TOAWHH MICIA BUHUKHEHHS MOPYIICHHS
KPOBOTOKY B  BIHLEBHX apTepisx CHOpHUsE  3HH-
JKCHHIO PIBHSI METa0oIi3My y KapAioMionuTax i, Biaro-
BiJTHO, TAJIEMYBAaHHIO YTBOPEHHS BUTBHUX PaJHKaJiB, iH-
ridyBanHio amomro3y [5, 6]. Tinmorepmis 3marHa
JiMiTyBaTu abo 3aro0irTi po3BUTKY iIIEMil ITpH emnizoax
MOPYIICHHST a0 MOBHOI BiICYTHOCTI KPOBOTOKY B Opra-
HaX 3a PaxyHOK 3HWKeHHs criokuBaHHSI AT® i HeoOXina-
HOCTI B 3a0C3IMCUCHHI KUCHEM IMOTPIOHUX JJIST KUTTEi-
SUTBHOCT1 TKaHuH [7].

OmiHKa TreMOAMHAMIKM Cepls Ta BEIUKHX CYIUH
€ BOKIIMBUM KPUTEPIEM BH3HAUCHHS MOAAJIBIIOT TAKTUKU
BeZieHHs mamienTa. OIHUM 13 HAaHOUTBIT MOMIUPEHUX He-
IHBa3UBHUX METOJIB BHBYCHHS MOP(HO(]YHKIIIOHATEHOTO
CTaHy cepll 3allMIIaeThesl exoKapJiorpadiuyHe mocii-
JOKSHHSI, SIKE JIO3BOJISIE JOCTOBIPHO OIIHUTH B TUHAMIIT
3MiHY CKOPOTJIHMBOCTI, T€OMETpPii MiOKap/ia, CUCTONIYHOI
qucdynkuii smiBoro nuryHouka (JILI) mpu mocrindapkr-
HOMY peMofiefoBaHH1 cepiist. OcobnuBHil iHTEpeC BUKIH-
Kae JOCII/DKCHHs IIBHIKICHHX IOKa3HUKIB KPOBOTOKY,
CTaHy CTIHKHM aOpTH (€IaCTHYHICTh 1 MPY)KHICTB) [8], xa-
PAKTEPUCTHKA SKUX OINOCEPEAKOBAHO CBIIYMTH IIPO CKO-
pormuBy (yHKIiF0O Miokapma Ha ¢oni IM Ta mix
BIUTMBOM DPi3HUX METO/IIB JIIKyBaHHI.

Meta po00TH — ITPOBEICHHS Ta aHAJI3 JOMILIepOrpa-
(hii BUCXiTHOTO BIIIUTy aOPTH IMypiB 3 €KCICPHMEHTATIb-
HUM IM 1714 oniHKM cucTosiuHOT (DyHKIIT MiOKap/ia J1iBOro
IUTyHOYKA MIiCIA TOEIHAHOTO BUKOPHCTAHHS TEepareBTHY-
HOI rinoTepMii 1 BBeneHHs anoreHHnx MCK.

MATEPIAJIA I METOAU JOCJIIIKEHHSA

Jocnimxenns Oyno mposeneHo Ha 90 6e3mopinHux Oi-
JMX 11ypax, Macoro 240-270 r Bikom 7 micsauis. Excriepu-
MEHTH MPOBEJICHI 32 periiaMeHTOM, 3aTBepkeHnM Kowmi-
TeToM 3 Oioetnku IHCTHTYTY TpoOIeM KpioGiomorii
Ta KpiomenumHu HarioHanbHoi akagemii Hayk YkpaiHu,
SIKUI OyI10 pO3p0o0JIeHO BiIMOBIAHO 10 «3arajbHUX MPHH-
IIUITiB eKCTIICPAMEHTIB Ha TBapuHaxX», cxBayeHux 11 Harri-
OHaJIBHUM KoHrpecoM 3 Oioetuku (Kuis, Ykpaina, 2007)
1 Y3TO/DKEHUX 3 TOJIOKEHHIME «CBPONEHCHKOT KOHBEHITIT
3 3aXHCTy XpeOCTHWX TBApHH, IO BUKOPHUCTOBYIOTHCS
B CGKCIICpUMEHTAIBHUX Ta IHIIMX HAyKOBHX LIISIX»
(CtpacOypr, @paniis, 1986).

[HdapkT MioKkapaa BiATBOPIOBAIIH IUIIXOM IIEPEB’ I3KH
HU3X1HOT I'JIKH JIiBOT KOPOHApHOT apTepii Ha Mexki BepX-
HBOT Ta cepeanboi TpeTuHu cyaunau [9]. Cycnensito aio-
reHHUX KpiokoHcepBoBannx MCK mmamentd BBOAMIH
OJIHOpPa30BO BHYTPIIIHBOBEHHO. TepaneBTHYHY Trinorep-
Mmito (TT) mpoBomwIM B XOJNOMOBIH Kamepi MPOTATOM
60 xB mpu t° +4 °C [10].

[Ticnst monentoBanust IM Bci TBapuHu Oy po3nopi-
neHi Ha 4 Tpynu mo 15 TBapuH y KOXHIiN: 1 — KOHTPOIb,
IM ©e3 nikyBanus; 2 — mypu 3 IM micnsa TT; 3 — mypu
3 IM Ta BBeaenusiM MCK; 4 — nypu 3 IM nicnst TT Ta BBe-
neraasM MCK. I'pyna Hopmu — 15 iHTaKTHUX TIypiB.

volume of the necrosis region after a heart attack and de-
creasing area of the connective tissue scar [3, 4].

On the other hand, therapeutic hypothermia within the
first hours after the onset of impaired blood flow in the
coronary arteries aids in reducing the metabolic rate in
cardiomyocytes and, accordingly, suppressing the forma-
tion of free radicals and inhibiting apoptosis [5, 6]. Hypo-
thermia is able to limit or prevent the development of
ischemia during episodes of impaired or complete ab-
sence of blood flow in organs due to reducing ATP con-
sumption and the need to provide oxygen to the tissues
which is essential for vital activity [7].

Assessment of hemodynamics of the heart and large
vessels is an important criterion for determining the fur-
ther strategy for patient management. One of the most
common non-invasive methods of studying the morpho-
logical and functional state of the heart is echocardio-
graphic examination, which makes it possible to reliably
assess the changes in contractility, myocardial geometry,
systolic dysfunction of the left ventricle (LV) in postin-
farction heart remodeling over time. Studying the veloc-
ity indicators of blood flow, the state of the aortic wall
(compliance and flexibility) [8] is of particular interest;
the characteristic of those ones indirectly indicate the
contractile function of the myocardium associated with
MI and influenced by various methods of treatment.

Purpose — performing and analysing Doppler sonog-
raphy of the ascending aorta in rats with experimental MI
in order to assess the systolic function of the left ventricu-
lar myocardium influenced by the combined use of thera-
peutic hypothermia and administering 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 Committee of the
Institute for Problems of Cryobiology and 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 Con-
gress on Bioethics (Kiev, Ukraine, 2007) and confirmed
with the regulations of the European Convention for the
protection of vertebrate animals used for experimental and
other scientific 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 [9]. A sus-
pension of allogeneic cryopreserved placental MSCs was
injected intravenously once. Therapeutic hypothermia
(TH) was being performed in a cold chamber, 60 min
long at +4° centigrade [10].

After MI modelling, all animals were divided into 4
groups, represented by 15 animals each: 1 — control, MI
without treatment; 2 — rats with MI after TH; 3 — rats with
MI and MSCs administering; 4 — rats with MI after TH and
administering MSCs. The group with normal range values
enrolled 15 intact rats.
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Conorpadivuae JTOCTI/DKCHHS BHCXIJHOTO BIIITY
aopt Ha 7-my 1 30-Ty 100y micist nepeB’si3KM KOpOHap-
HOi aprepii MPOBOAMJIM Ha YIIBTPAa3ByKOBOMY E€XOTOMO-
ckormi  «Conomen 500» («CITEKTPOME/» Pocis)
y B-pexxumi 3 epexrom Hommiepa (PW pexum) 3 BHKO-
pUCTaHHAM JTiHilfHOTO pmatumka 7,5L38 3 wacrororo
7,5MI'. Bi3dyanbHUM 1 aKyCTHYHHM METOAOM BHOH-
pas TOYKY 3 MaKCHMAaJIbHOIO IHTEHCHBHICTIO ay[Iio- 1 Bi-
JICOCUTHAJY 1 peecTpyBald JiHIMHI (CHCTONIYHY Ta Iia-
CTOJIIYHY) HIBUAKOCTI KPOBOTOKY y BHCXIJHOMY BiJyIiii
aoptu (puc. 1). IIporpamne 3abe3neueHHs amapara Jio-
3BOJISUIO B QBTOMaTHYHOMY PEKUMI BU3HAYATH 1HIEKC pe-
3ucteHTHoCTI (iHnekc I[lypcerno), mymbcamiiHui iHAEKC
(inpexc T'ocninra) Ta iHAEKC CHEKTPAIBHOTO PO3LIMPEHHS
(irmexc Crroapra) (Tabm. 1) [11].

Sonography of the ascending aorta on day 7 and day
30 after ligating the coronary artery was performed by
means of «Conomen 500» («CITEKTPOME]l», Russia)
ultrasound scanner in B-mode with Doppler effect (PW
mode) using a linear sensor 7.5L.38 with frequency of 7.5
MHz. The point with the max intensity of the audio and
video signal was selected by visual and acoustic method,
along with recording linear (systolic and diastolic) blood
flow velocities in the ascending aorta (Fig. 1). The device
software made it possible to automatically count the re-
sistivity index (Pourcelot index), pulsatility index (Gos-
ling index), and spectral expansion index (Stewart index)
(Table 1) [11].

The numeric data are presented in the form of “M +
m”, where M is the arithmetic mean, m (SE) is the

Puc. 1. Exokapuiorpadis mypa B Hopmi. B — pexxum (A) 3 edpexrom donmuepa (B)

Fig. 1. Echocardiogram of a rat under normal condition. B — mode (A) with the Doppler effect (B)

Tadauns 1. KinbkicHi mokasHuKH fonmuieporpadii BUCXiIHOTO BiILTy a0pTH

Table 1. Quantitative indicators of Doppler sonography of the ascending aorta

[Toxa3Huk ITo3nauenHst DopMmyia po3paxyHKy
Parameter Symbols Calculation formula
CucToniyHa MBUIKICTh, M/C Vs [TikoBa cHCTOJYHA MIBUIKICTH KPOBOTOKY
Systolic velocity, m/s Peak systolic velocity of blood flow
JliacTomiyHa MBUAKICTH, M/C vd MiHiMaibHa J1iacTOTIYHA MIBHIKICTE KPOBOTOKY
Diastolic velocity, m/s Minimum diastolic blood flow velocity
CepenHst LIBUAKICTD, M/C Vi CepeHst IBUIKICT KPOBOTOKY 33 CEPLEBHI LIUKIT
Mean velocity, m/s Mean velocity of blood flow over the cardiac cycle
Innexe Iypceno _
Pourcelot index RI RI=(Vs - Vd)/Vs
Inpnexc ['ocminra B
Gosling index Pl PI=(Vs—Vd)/Vm
Tugexc CT.}oap ra ISD ISD =Vs/Vd
Stewart index

Hudposi mani HaBeneni y Burwsimi «M £ m» (M +
SE), ne M — cepenne apupmernune 3HaueHHst, m (SE) —
CTaHJapTHA MOXHOKa cepeanporo apupmernyHoro. Cra-
THUCTUYHY OOpOOKY pe3ysbTaTiB MPOBOIMIN, BUKOPHUCTO-
Bytoun kputepiii Kpackema — Yosurica 3a J101OMOroro
naketa mporpam STATISTICA 10.0 («StatSoft», USA).

PE3YJIBTATH TA iX OBTOBOPEHHSI

IIpu mpoBenenni pommuieporpadii B MpoeKii BHCXia-
HOTO BIIUTy aOpTH Yy OIypiB TPYIMH HOPMH PEECTPY-
BaJIM MariCTpaibHU{ THUII KPOBOTOKY, 0€3 reMOANHAMIYHO
3Ha4nMoi maTtonorii. 3a CTPYKTYpOIO BiH TpudasHHA —
CKJIAIA€ThCSl 3 TOCTPOTO CHCTOJIYHOTO MKy, PeTpOrpai-
HOTO ITIKy B II€pioJ] paHHBKOI JiacToNU (ITOB’SI3aHOTO 3 ap-
TepiaJbHUM pPe(IIOKCOM) 1 aHTeTrpagHOTO BiIXHUICHHS

standard error of the arithmetic mean. Statistical process-
ing of the outcomes was performed according to the
Kruskel — Wallis test by means of STATISTICA 6.0 soft-
ware package (StatSoft, USA).

RESULTS AND DISCUSSION

The main blood flow, without hemodynamically sig-
nificant pathology, was recorded on Doppler sonography
in the projection of the ascending aorta in rats of the
group with normal range values. It was three-phase in
structure, i.e. it consisted of acute systolic peak, retro-
grade peak during early diastole (associated with arterial
reflux) and antegrade deviation during mid-diastole. Rats
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B Iepion cepeaHboi maiacronu. [is mypiB XapakTepHUM
€ BEJIMKUI Iepernaj y MIBHIKOCTI KPOBOTOKY MPOTITOM
cepueBoro 1ukiry. CHCTONO-TIacTONIYHE —CITiBBiTHO-
meHHsa (ingekc Ctroapra) y HIypiB y HOpPMI CKIIaJaio
5,95 £ 0 ,48, mo B 2-2,5 pa3y MepeBHIIye BiAMOBIIHUI
MOKa3HUK JUTs ionuHu (tadm. 2) [11].

were characterized by a substantial drop in blood flow ve-
locity during the cardiac cycle. The systolic-diastolic ra-
tio (Stewart index) in rats of the group with normal range
values was 5.95 + 0.48, which was 2-2.5 times higher
than the corresponding indicator in humans (Table 2)

[11].

anud 2. KitbKicHI TOKa3HUKHA KPOBOTOKY B Ti IITYPIB HA 7-MY I MICIIS TIEpeB’ SI3KM KOPOHAPHOT apTepil
Tab 2. Ki CHI TTOKa3 0BOTO aopTi iB Ha 7 00y 1mic epeB’si3 OpOHAPHOI apTepii

Table 2. Quantitative indicators of blood flow in the aorta of rats on day 7 after ligating the coronary artery

[ToxazHuk Hopma IM (xoHTpOIIB) IM+TI IM + MCK IM + TT" + MCK
Parameter Normal range MI Control MI + TH MI + MSC MI + TH + MSC
Vs, m/c 2,43 +0,05 2,12+0,15' 2,68 +0,16"2 1,86 + 0,23 2,53+0,172

Vs, m/s
Vd, m/c 0,42 + 0,04 0,50 + 0,06 0,58 +0,07! 0,57 +£0,10! 0,51 £ 0,06
Vd, m/s
Vm, we 0,92 + 0,05 1,06 + 0,10 1,21+0,10' 0,95+0,12 1,19+0,12!
Vm, m/s
RI 0,82 +0,01 0,78 £ 0,01 0,79 £ 0,01 0,70 +0,03"2 0,80+ 0,01
PI 2,19+0,10 1,68 £ 0,07 1,83 +0,10' 1,37+ 0,09"2 1,90 +0,3
ISD 5,95+ 0,48 4,79 £ 0,32! 5,05+ 0,32! 3,59+ 0,29"2 5,20 +0,28'
Mpumirkn:

1 — BiIMIHHOCTI cTaTHCTUYHO A0cTOBIpHI (p < 0,05) y MOpiBHSHHI 3 IHTAKTHUMU TBapUHAMU;
2 — BIIMIHHOCTI CTaTUCTUYHO J0CTOBIpHI (p < 0,05) y MOpiBHSAHHI 3 KOHTPOIBHOIO IPYIIOLO.

Notes:

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

Crpoku mpoBezeHHsT Jonmieporpadii aopTaibHOTO
KPOBOTOKY IIiCIIs IIepeB’sI3KW KOPOHAPHOT apTepii y mypis
(7-ma i 30-Ta noba) oOupanyu BiIOBITHO O PE3YJbTATIB
CKPUHIHTOBOTO €JIEKTPOKapIiorpadiqHoro J10CiiPKeHHS
Ta Y3-I0CHiDKEHHS, SIKe B1I0Opa)aio MpomecH peMo/ie-
JoBaHHs cepu [12].

Ha 7-my o0y, To6T0 B roctpiii cranii nepediry IM,
€XOIOKa3HUKH BIII3EPKAJIIOIOTh MPOLEC MPHUCTOCYBAHHS
CepueBoro M’s3a 70 (DYHKIIOHAIBHOTO HABaHTAKCHHSI.
[TosiBa AisIHKK HEKPO3Y B CTiHMI J1iBoro nuryHouka (JIL)
ceplist IPUBOJMIIA JIO OPYIIEHHS B TeMOJMHAMIUHIN CHC-
Temi. JlocniypKeHHsS aopTajJbHOrO KPOBOTOKY IOKA3allo,
10 Ha 7-My 2100y micisl nepeB’sI3KM KOPOHApHOI aprepii,
y IIypiB BiIMIYaIHCh 3HIKCHHS MaKCUMAaJIbHOT CHCTOJIY-
HOI IIBHMJKOCTI Ta TEHJCHIsI 10 3pOCTAaHHS AiacTOIIYHOT
MIBUKOCTI KpOBOTOKY. L1i 3MiHM BiOMBajINCh Ha MylIbca-
[IITHOMY 1H/IEKCI Ta CHCTOJIO-JIaCTONIYHOMY CITiBBiIHO-
nieHHi (Tabn. 2). 3a ingekcoM [ociinra 3a3Buyaii xapakTe-
PH3YIOTh €aCTHYHICTh CYMHHOI CTIHKH, TOMY 3HW)KEHHS
myJbcaliiiHoro iHmexkcy Ha 23 % wmomio O CBimYUTH
PO 3MEHIIICHHS €JIaCTUYHOCTI CTIHKK aopTH. [Ipore iimo-
BIPHICTb PO3BHUTKY CTPYKTYPHHMX 3MiH Yy CTIHII CyIWH
y 11ypiB uepe3 7 ai0 micist mepeB’ s3Ku KOpOHapHOi aprepil
Jy’)ke HH3bKa. B yMOBaxX HaHOro €KCIIepUMEHTY MOXKHA
BBa)KaTH, [0 3HIKCHHS MYJILCAIIMHOTO iHACKCY BiIIMOBI-
JIaJIo 3HIKEHHIO THCKY KPOBi Ha CTIHKY aOpTH 4epe3 OIH-
CaHe paHille 3MEHIICHHs! YIapHOTro 00’ €My, BUKIIMKaHOTO
nporecom pemonentoBanns JIIII [12], i omocepenkoBaHO
CBIYUTH PO HASIBHICTh CHCTONIYHOT AuchyHKI1. [H1eke
Crroapra 3MeHuryBascst Ha 19 %, 1110 Takox MOxe po3Iiis-
JlaTHCs SIK MIATBEPKEHHS PO3BUTKY y LIypiB KOHTPOJIb-
HOI TPYNH CHCTONIYHOI AUCOYHKIIT Ha 7-My 0Oy micis
niepeB’sI3KH J1iBOT KOPOHAPHOT apTepii.

VY rpymi 3 BUKOPUCTAHHSM TEPANEBTHYHOI TirnoTepmii
Ha 7-My 100y TiCIIsl TIepeB’si3KH J1iBOi KOPOHApHOI aprepii

The timing of Doppler sonography of the aortic blood
flow after ligating the coronary artery in rats (day 7 and
day 30) was selected according to the findings of screen-
ing electrocardiographic studies and ultrasonography pre-
senting the processes of cardiac remodeling [12].

On 7 day, i.e., at the acute stage of myocardial infarc-
tion, the echocardiography indices reflect the process of
adaptation of the heart muscle to the functional load. Ap-
pearing necrosis region in the wall of the left ventricle
(LV) of the heart led to a disturbance in the hemodynamic
system. The study of aortic blood flow showed that on
day 7 after ligating the coronary artery in rats, there was a
decrease in the max systolic velocity and a tendency to
increasing diastolic blood flow velocity. Those changes
affected the pulsatility index and systolic-diastolic ratio
(Table 2). The Gosling index is usually used to character-
ize the compliance of the vascular wall; therefore, de-
creasing pulsatility index by 23 % could indicate de-
creased compliance of the aortic wall. However, the
probability of developing structural changes in the vascu-
lar wall in rats on day 7 after coronary artery ligation is
very low. Under the experiment, we could conclude that
decreasing pulsatility index corresponded to decreasing
blood pressure on the aortic wall through the previously
described reduction in stroke volume caused by the pro-
cess of LV remodeling [12], and indirectly indicated sys-
tolic dysfunction. The Stewart index was decreased by
19 %, which could also be considered as confirmation of
the development of systolic dysfunction in rats of the
control group on day 7 after ligating the left coronary ar-
tery.

The group exposed to therapeutic hypothermia on day
7 after ligating the left coronary artery showed increased
peak systolic velocity vs the control group by 26 %, vs the
group with normal range values by 10 % (Table 2). At the
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(ikcyBajgM 30UIBIICHHS IMIKOBOI CHCTOJIYHOI IIBHKOCTI
BITHOCHO KOHTPOJIO Ha 26 %, BIAHOCHO TPYIH HOPMH —
Ha 10 % (tabn. 2). IIpm mpoMy croctepirayiu i 3011b-
LIEHHST MiHIMaJILHOI J1lacTONYHOI mBHKOCTI Ha 38 % Bia-
HOCHO HOpMH. [ lynbcariiifHmii iHAeKC 1 CHCTOIO-1acTOIYHe
CHiBBigHOIICHHs Oymu BimmoBimHO Ha 17 % 1 Ha 15 %
HIDKYE HOPMH Ta JOCTOBIPHO HE TIEPEBHUIILYBAJIN MTOKa3HUKU
KOHTpONBHOI rpynu. OTxe, 3a IMMU JaHUMH HE MOXHA
CTBEpIKYBATH, IO BUPAKCHICTh CHUCTONIYHOI TUCHYHKIIT
y IIypiB i€l rpynu Oyja MEHIIOK B MOPIBHSHHI 3 KOHT-
ponpHOIO TpyToto. Lle# pesynsTar BiAoBiae JaHUM, OTPH-
MaHHM y HallloMy ITOIIepPeTHEOMY JIOCIIJDKEeHHI, Jie OyII0 1mo-
Ka3aHo, 10 (PaKIliss BUKHIY y LIypiB TPYNH 3 BUKOPHUC-
TaHHSM TEePANeBTUYHOI TIOTEPMIi JJOCTOBIPHO HE BiIPi3HS-
Jacsi BiI KOHTpOibHOI rpymu [12]. Takum 49uHOM, camo-
CTilfHE 3aCTOCYBaHHs TEpaNeBTUYHOI TiNoTepMii sIK CIIO-
coly, MmO 3HWKYE METa0ONuHI TPOIeCH B MiOKapi,
HE J03BOJISIE 3aMI00ITTH PO3BUTKY CHCTOMIYHOL TUC(YHKITII.

Haiibinbin BHpakeHi 3MIHM apXiTEKTOHIKM Ceplis,
a came TinepTpodiro MioKapaa 1 AWIITAI0 TOPOKHUH
cepiis, BimiueHo B rpymi 3 BukopructanusiM MCK Ha ¢oHni
excriepumenTanbHoro IM [12]. Bigbutku 3miH reomeTpii
cepllsl 3HAXOAWIH 1 Tpu Aonruieporpadii BUCXiAHOTO Bifl-
Jiny aoptd. Y il rpymi Ha 7-My 100y micist mepeB’si3Ku
J1iBoT KOPOHAPHOI apTepil peecTpyBaM HAWHWKIUH MOKa3-
HUK IiKOBOI CHCTOJIIYHOI IBHIKOCTI, sIKMiA OyB Ha 23 %
i Ha 12 9% WMeHIIE HOPMH 1 KOHTPOJIO BiNIOBIIHO.
[pu boMy (hiKCyBay BUCOKHH MMOKa3HUK MiHIMAJIbHOT Ji-
aCTONIYHOI INBUIKOCTI, Ha 35 % Bume HOpMmH (Tabm. 2).
Tomy BiaMidany pi3Ke 3HIKCHHS OOYHCITIOBAIBHAX 1HICK-
CiB 1 B IEpIIy Uepry MyJbCaIliifHOTO iHACKCY, 10 B HAIIMX
eKCIIEPUMEHTaxX TOBOPHUTH IPO 3HIKEHHS TUCKY KpOBI
Ha CTiHKY aopTtH. Crioctepirany piske IajiiHHs CHCTONO-Ti-
ACTOJIIYHOTO CITIBBIZHOIICHHS: Ha 39 % BIJIHOCHO HOPMH
1 Ha 25 % BiAHOCHO KOHTpONIBHOI TpymH (Tabm. 2). He 3Ba-
JKarO4M Ha TaKi, Ha MIEPIINH MOTIS, aHOMAaJIbHI 3MiHU JIOTI-
ieporpa(iyHuX MOKA3HUKIB AaOpTH B IHA TPYyI, MIBHI-
KICTh CEpIeBOTO BHKHIY, II0 IOB’S3aHA 3 YyHApHUM
00’emoM, Oyma HaiiBumioro [12]. Tloka3HUKH HIBHIKOCTI
CEepLEBOTO IUKITY CBIYHIIN PO PO3BUTOK PEMOJICTIOBAHHS
JIII, ane 3aBasku rineprpodii 30epeskeHoro Miokapa pis-
KOTO TIa {IHHS CUCTONIYHOI TUCQYHKIIT HE BiAMIYAIIH.

VY rpymi 3 NOEJHAHUM BUKOPHUCTAHHSIM TEparieBTHY-
Hoi rinotepmii Ta atorearnx MCK Ha 7-my moOy micis
TepeB’I3KM JTiBOT KOPOHAPHOI apTepii criocTepiraad MiHi-
MaJlbHE BIIXWJICHHS TOKa3HHUKIB FEMOJITHAMIKH B1Jl HOPMH.
BinMideHo nuire 301TbIISHHST CEPEIHBOI MIBUIKOCTI KPO-
BOTOKY B a0pTi Ha 29 %, Ta 3HIKEHHS CHCTOJIO-1acToNI4-
HOTO CHiBBiHONICHHS Ha 12 % B MOPIBHSAHHI 3 BIAMOBI-
HUMHU TOKazHuKamu Hopmu (Tabm. 2). ToOTo moemaHaHe
BukopuctanHst MCK ta TI" n0o3UTHBHO BILUIUBAJIO HA FEMO-
muHAMIKy B aopti miypiB 3 IM. Ile BiamoBimae maHuM
PO Te, 10 HacOoCHA (DYHKIList MioKap/a B il Tpymi Ha 7-My
00y TTiCIIs TIepeB’sI3KH JIBOT KOPOHAPHOI apTepil KOMITCH-
coBaHa, 1 pemozemoBanns JILII BinOyBaeThest 3 MiHIMaIb-
HUMU 3MiHaMH apXiTEeKTOHIKK oprana [12].

[IpoBenenns nommreporpadivaoro gociimpkeHHs Ha 30-
Ty 100y MiCJIs TIEPEB’I3KH JIiBOT KOPOHAPHOI apTepii J03BO-
JIsI€ OLIHWUTH CTYHiHB cucTomiuHoi aucdynkii JIII, xomm
MIPOIIEC PEMOJIEIIIOBAHHS CEPLEBOIO0 M’si3a 3HAXOIHUTHCS
B 3aBepluabHIN (azi, Ha cTaail pyouoBanHs [12]. Bunu-
Kae MOXKJIBICTD HA/IaTH TIPOTHO3 TIepediry 3aXBOPIOBAHHS.

same time, an increase in the minimum diastolic velocity
by 38 % vs the norm was also observed. The pulsatility
index and systolic-diastolic ratio were, respectively, 17 %
and 15 % below the norm and did not significantly exceed
the values of the control group. So, according to those
data, it could not be claimed that the severity of systolic
dysfunction in rats of that group was less than in the con-
trol group. This finding is consistent with the data obtained
in our previous study showing that the ejection fraction in
rats of the group using therapeutic hypothermia does not
significantly differ from the control group [12]. Thus, be-
ing used independently, therapeutic hypothermia as a
method reducing metabolic processes in the myocardium,
does not prevent the development of systolic dysfunction.

The most pronounced changes in the architectonics of
the heart, namely myocardial hypertrophy and dilatation
of cardiac cavities, were observed in the group with ad-
ministering MSCs associated with experimental MI [12].
The changes in the geometry of the heart were also de-
tected on Doppler ultrasonography of the ascending aorta.
In this group, on day 7 after ligating the left coronary ar-
tery, the lowest peak systolic velocity was recorded,
which was 23 % and 12 % less than the norm and the
control, respectively. At the same time, a high value of
minimum diastolic speed was recorded, 35 % above the
norm (Table 2). Therefore, a sharp decrease in the compu-
tational indices and, first of all, the pulsatility index was
noted; in our experiments, it indicates a decrease in blood
pressure on the aortic wall. A sharp drop in the systolic-
diastolic ratio was observed: by 39 % vs the norm and by
25 % vs the control group (Table 2). Despite such, at first
sight, abnormal changes in the Doppler parameters of the
aorta in this group, the rate of cardiac output associated
with stroke volume was the highest [12]. The values of
the cardiac cycle velocity suggested the development of
LV remodeling, but due to hypertrophy of the preserved
myocardium, a sharp drop in systolic dysfunction was not
noted.

In the group with the combined use of therapeutic hy-
pothermia and allogeneic MSCs, on day 7 after ligating
the left coronary artery, a minimal deviation of hemody-
namic parameters from the norm was observed. There
was only an increase in the average blood flow velocity in
the aorta by 29 %, and a decrease in the systolic-diastolic
ratio by 12 % compared to the corresponding values of
the norm (Table 2). That is, the combined use of MSCs
and TH had a positive effect on hemodynamics in the
aorta of rats with MI. This is consistent with the data that
the pumping function of the myocardium in this group is
compensated on day 7 after ligating the left coronary ar-
tery, and left ventricular remodeling occurs with minimal
changes in organ architectonics [12].

Doppler study on day 30 after ligating the left coro-
nary artery makes it possible to assess the degree of LV
systolic dysfunction, when the process of heart muscle re-
modeling is in its final phase, at the stage of scarring [12].
It becomes possible to provide a prognosis for the course
of the disease.

According to Doppler ultrasonography in the control
group on day 30 of the experiment, a significant decrease
in the peak of systolic velocity was noted: 1.9 times vs the
norm and 1.7 times vs the previous observation period
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3a nanumMu pommuieporpadii B rpymi koHTpouto Ha 30-
Ty 100y SKCIIEPUMEHTY BifMiYalii 3HAYHE 3HWKCHHS ITIKY
cHCTONYHOI MBHAKOCTL: B 1,9 pazy mo BiIHOIICHHIO
JI0 TIOKa3HMKa HOpMH Ta B 1,7 pa3y 1o BiJHOLIEHHIO JIO 110-
MEPETHHOTO CTPOKY CIOCTepekeHHs (Tadi. 3). 3HMKyBa-
JIFCh TaKOXK MiHIMalTbHA JIIaCTONIYHA Ta CEPEIHS IITBHIKO-
cTi, BigmoBixHO Ha 24 % i Ha 30 % 10 HOpMH. SIK HACTIIOK,
mynecanifauii iHaekc OyB 3MeHmIeHuid Ha 25 %, a cuc-
TOJIO-JIaCTOJIIYHE CITiBBiIHOIICHHS OyJI0 Ha PiBHI Momnepen-
HBOTO CTPOKY CIOCTepexeHHs . I[li 3MiHM  CBiTUMIn
npo nporpecyBanHsi cuctoiunol aucdynkiii JIUI y nrypis
i€l rpyIH, 10 BiANOBIIANIO 3aHU3bKOMY MOKa3HUKY (pak-
wii Bukuay [12]. TIporHo3 po3BHTKY ceprieBoi HemocTar-
HOCTI Y LIypiB L€l rpyny HECHPHSTIMBUA.

Ha 30-ty no0y micis nepeB’si3KM KOpOHapHOI aprepil
B Tpyni 3 BUKopHcTaHHAM TI' MakcMMaibHa CHCTOJIYHA
MIBUAKICT KPOBOTOKY Oyna Ha 20 % MeHme HopMw,
ajie JOCTOBIPHO OUIbIIE MOKAa3HMWKA KOHTPOJIBHOI I'PYITH
(ma 51 %) (tabm. 3). Bigmosinuo ingexc [ocminra GyB
Ha 19 % Ounpme xkoHTpOmo. Lli 3MiHM XapakTepHCTHK
KPOBOTOKY y BUCXITHOMY BiAiJIi aOPTH CBiA4YaTh MPO MO-
CTYIIOBE BiJHOBJICHHS CHCTOJIIUHOI (DyHKIIT, 110 CriBMa-
Jiae 31 3poctaHHsM (paxiii BUKUIy B 1id rpymi [12].

Y rpyni 31 BBegenHsM MCK makcumalibHa CHCTO-
JYHa MIBHMJKICTH Y BUCXIZHOMY Biaaini aoptu Ha 30-Ty
00y eKCIepUMEHTY 30UbIyBaiack Ha 17 % BiIIOBITHO
JI0 TIOTIEPETHROTO CTPOKY CrocTepekeHHs (Tadm. 3). [ia-
CTOJIIYHA Ta CepelHs MIBUAKOCTI, CHCTONO-A1acToNivHe
CHIBBITHOIICHHS HE BiPi3HINCH BiJ TOKa3HUKIB HOPMHU.
[ToxasHuk mysbcaniifHoro iHaekcy Bupic Ha 32 % B 10-
PIBHSHHI 3 TIOMEPEAHIM CTPOKOM CIIOCTCPEKEHHS,
npote Oys Ha 18 % HmX4IMM 3a HOpMY. BinHoBneHHs Ji-
HIMHUX MIBUAKOCTEH a0pTaIbHOTO KPOBOTOKY B il TPYIIi
KOPEJIIOE 31 BCTAHOBJICHHUM paHINIC 30UTBIICHHAM ymap-
HOMY 00’emy [12] 1 TakoX MOXKE CBITYUTH IIPO BiIHOB-
JICHHS] CKOPOTJIMBOI (yHKLIT Miokap/a.

VnpTpacoHorpadiuHi 10CiIKEHHsT KPOBOTOKY B aOpTi
3 BUKOpHCTaHHAM edekry Jlommiepa BkasyBano Ha Te,
10 TO€JHAHE BUKOPHCTaHHS TEPANEBTUYHOI TiloTep-
Mii Ta BBerieHHs atoreHHnX MCK Haifkparie cripusiio Biji-
HOBJIeHHIO cucTonmivnoi ¢ynkmii JIII y mopiBHSIHHI
3 KOHTPOJILHOIO Ta IHIIUMH EKCHEPUMEHTAIbHIMHU

(Table 3). The minimum diastolic and average velocities
also decreased, respectively, by 24 % and 30 % vs the
norm. As a result, the pulsatility index was reduced by
25 %, and the systolic-diastolic ratio was at the level of
the previous observation period. Those changes indicated
the progression of LV systolic dysfunction in rats of this
group, which corresponded to too low ejection fraction
[12]. The prognosis for the development of heart failure
in rats of this group is unfavorable.

On day 30 after ligating the coronary artery in the
group undergoing TH, the maximum systolic blood flow
velocity was 20 % less than the norm, but significantly
more than the value of the control group (by 51 %) (Table
3). Accordingly, the Gosling index was 19 % higher than
the control. These changes in the characteristic of blood
flow in the ascending aorta indicate a gradual restoration
of systolic function, coinciding with an increase in the
ejection fraction in this group [12].

In the group with administering MSCs, the maximum
systolic velocity in the ascending aorta on day 30 of the
experiment increased by 17 % in accordance with the pre-
vious observation period (Table 3). The diastolic and
mean rates of the systolic-diastolic ratio did not differ
from the normal values. The indicator of the pulsatility
index increased by 32 % compared to the previous obser-
vation period, but it was 18 % below the norm. The resto-
ration of the linear velocities of aortic blood flow in this
group correlates with the previously established increase
in stroke volume [12] and may also indicate the restora-
tion of myocardial contractile function.

Ultrasonography of the aortic blood flow using Dop-
pler effect indicated that the combined use of therapeutic
hypothermia and administering allogeneic MSCs better
aided in restoring LV systolic function compared to the
control and other experimental groups (Table 3). The ab-
solute values of velocity and the indices calculated on
their basis did not differ statistically significantly from
the values of the norm.

Tadauns 3. KinbkicHi HOKa3HUKK KPOBOTOKY B a0pTi 1rypiB Ha 30-Ty 100y micis epeB’si3ku KOpoHapHOT aprepil

Table 3. Quantitative indicators of blood flow in the aorta of rats on day 7 after ligating the coronary artery

IToxa3nuk Hopma IM (xoHTpOIB) IM+TI IM + MCK IM+TI' + MCK
Parameter Normal range MI Control MI + TH MI + MSC MI + TH + MSC
Vs, m/c 2,43£0,15 1,27 £0,14! 1,92 £0,23'2 2,180,172 2,17+0,122
Vs, m/s
vd, wle 0,42 = 0,04 0,32 % 0,09" 0,38+ 0,07 0,43 + 0,05 0,40 + 0,042
Vd, m/s
Vim, w/e 0,92 + 0,05 0,64 +0,10! 0,82 +0,12* 0,99 + 0,122 0,84 +0,07%
Vm, m/s
RI 0,82 +0,01 0,76 + 0,05! 0,81 + 0,022 0,80 + 0,022 0,82 + 0,022
Pl 2,19+0,10 1,63 +0,29! 1,95+0,13"2 1,81 +0,15"2 2,44 + 0,202
ISD 5,95+ 0,48 4,96 + 0,94 5,41 +0,46> 5,21+ 0,43% 5,68 + 0,647
Mpumitkn:

1 — BiAMiHHOCTI cTaTUCTHYHO NOCTOBIpHI (p < 0,05) y MOpiBHSAHHI 3 IHTAKTHUMH TBapHHAMU;
2 — BIIMIHHOCTI CTaTHCTHYHO HOCTOBipHI (p < 0,05) y MOPIBHSHHI 3 KOHTPOJIEHOO TPYIOIO0.

Notes:

1 — differences are statistically significant (p < 0.05) in comparison with intact animals;
2 — differences are statistically significant (p < 0.05) in comparison with the control group.
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rpynamu (Tadin. 3). AOCOMIOTHI TTOKa3HUKU IBUIKOCTEH,
Ta pO3paxoBaHi HA X OCHOBI IHJEGKCH CTaTUCTUYHO 3HA-
YyIIie He BIIPI3HSINCH BiJ] TOKa3HUKIB HOPMH.

BUCHOBKH

1. JommureporpadiuHa omiHKa CHCTOMIYHOI Ta AiacTo-
JYHOI MIBUAKOCTEH KPOBOTOKY Y BHUCXITHOMY BiIILTI
AO0PTH IIYpiB 3 EKCIIEPUMEHTAIEHIM 1H(APKTOM MioKap/a
JI03BOJISIE OTTOCEPEIKOBAHO 3a(iKCyBaTH HAasBHICTH Ta CTY-
MiHb CHUCTOMIYHOI JUC(YHKIT JTIBOTO IMIIYHOYKA 1 3iM-
CHIOBAaTH JIMHAMIYHHMN KOHTPOJIb 332 CKOPOTIMBOIO (DYHK-
1ifo Miokapaa Ha (oHi iHpapKTYy.

2. Po3Burok iH(ApKTYy Miokapaa y IIypiB Micis
TepeB’sI3KM JTiBOT KOPOHAPHOI apTepii (Tpyma KOHTPOIIO)
CYIPOBO/KY€ETHCSI 3MCHIIICHHSIM BiTHOCHO HOPMH IOKa3-
HUKIB TEeMOIUHAMIKH B aOPTi MPOTITOM YCHOTO CTPOKY
crioctepexenHs, 10 30-i noou.

3. BronuB anorennnx MCK Ha mporec pemonento-
BaHHS Ceplis LIypIB Micisl NepeB’si3KU JIiBOI KOPOHAPHOT
apTepii TpPOSBIAETbCA Ha CTafdii PO3BUTKY 3alajeHHS
(7-ma noba eKCHmepWMEHTy) aHOMalbHO HHU3BKUMHU
(HMK4e KOHTPOIIO) TMOKA3HMKAMH KPOBOTOKY B aopTi
3 MOBHUM BIJHOBJICHHAM TeMoauHaMmiku Ha 30-Ty 100y
EKCIICPUMEHTY (CTaist pyOIFOBaHHS).

4. TloemHaHe 3aCTOCYBaHHS TEPAIeBTHYHOI Tirmorep-
Mii 31 BBeeHHsM anoreHHrnx MCK micis mepeB’si3ku Jii-
BOi KOPOHAPHOI apTepii CHpHsie MIATPUMAHHIO TTOKa3HHU-
KiB TEMOJMHAMIKH y BUCXIJHOMY BiITiJli aOpTH Ha PiBHI,
ONMM3BKOMY J0 HOPMH, SIK TiJT 9ac TOCTPOi a3l pO3BUTKY
iH(papKTy MioKap/a, Tak i Ha cTajii pyOIlOBaHHS.
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polozhitelnogo
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JICWCTBHSI DK30TCHHBIX ME3EHXMMAaJIbHBIX CTBOJIOBBIX
KJIETOK Ha MIIEMU3UPOBAaHHYIO TKaHb IPH CEp/IeUHO-
COCyIUCThIX 3aboneBanusx. [Jumonoeus. 2010. T. 52,
Ne 1. C.911-917.

4. Maureira P., Marie P. Y., Yu F., Poussier S. et al. Re-
pairing chronic myocardial infarction with autologous
mesenchymal stem cells engineered tissue in rat pro-
motes angiogenesis and limits ventricular remodel-
ing. J. Biomed. Sci. 2012. Vol. 19, Ne 1. P. 93—104.
doi: 10.1186/1423-0127-19-93

5. Rech T. H., Vieira S. R. Mild therapeutic hypother-
mia after cardiac arrest: mechanisms of action and
protocol development. Rev. Bras. Ter Intensiva. —

CONCLUSIONS

1. Dopplerographic assessment of systolic and dia-
stolic blood flow velocities in the ascending aorta of rats
with experimental myocardial infarction makes it possi-
ble to indirectly record the presence and the degree of
systolic dysfunction of the left ventricle and follow up the
contractile function of the myocardium associated with
ML

2. Development of myocardial infarction in rats after
ligating the left coronary artery (control group) is accom-
panied by a decrease, in relation to the norm, in hemody-
namic parameters in the aorta during the whole observa-
tion period, up to day 30.

3. The impact of allogeneic MSCs on the process of
remodeling the heart of rats after ligating the left coro-
nary artery was evident on day 7 (acute stage of myocar-
dial infarction) via abnormally low (below control) blood
flow in the aorta with complete hemodynamics restoring
on day 30 of the experiment (stage of scarring).

4. The combined use of therapeutic hypothermia with
administering allogeneic MSCs after ligating the left cor-
onary artery aid in maintaining hemodynamic parameters
in the ascending aorta at a level close to the normal range,
both during the acute phase of myocardial infarction and
at the stage of scarring.
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IlepcneKTHBY MOAANBININX AOCTiTKEHD

[epcriekTHBHUMU € TTOIAIBII O10XIMIYHI TOCIIKCHHS
CHpPOBATKH KPOBI LIypiB ITi/{ BIUIMBOM TEPAIIEBTUYHOT T'iITO-
tepMii Ta BBeneHHssM MCK na mozeni iH(apkTy Miokapnia
JUISL OLIIHKM JISCTPYKTHBHUX Ta BiIHOBJIIOBAJIBHUX IIPOLIC-
ciB y Miokap/i. Bu3HaueHHsT akTHBHOCTI IIUTOII3Y Ta Kpea-
TUHIHKIHa3n MB-(pakitii 703BOMUTE MPOCTSKUTH HHA-
MIKy PO3BHUTKY iH(papKTy MiOKap/a Ta JOMOMOXKE TOIAaTKOBO
oxapakTepu3yBaTé (yHKIF0 Miokapaa Ha (oHI Tepames-
TUYHHUX 3aXO0/IB.

KonduiikT inTepecis
ABTOpH 3asIBISIIOTH PO BIJCYTHICTH KOH(IIIKTY iH-
TepeciB.

Indopmanis npo pinancyBaHHS
Pobora ¢inancyerbess Bumarkamu JlepskaBHOTO OFO-
JUKETy YKpaiHu.

Tlonsika

Bucnosmoemo monsky 'amni MwukomaiBai CBiTiHIH,
HayKOBOMY CITIBPOOITHHKY [HCTHTYTY KIIITHMHHOI Teparii,
M. KuiB, 3a 1oriomMory B OTpuMaHHI KyJIbTypH IUIaleHTap-
HUX ME3CHXIMAJIbHUX CTPOMABHUX KIIITHH IIyPiB.

Prospects for further research

A further biochemical study of rat blood serum after
therapeutic hypothermia and administering MSCs associ-
ated with myocardial infarction in order to assess destruc-
tive and restorative processes in the myocardium has
great potential. Determining the cytolysis activity and
creatinine kinase-MB fraction will make it possible to
trace the development of myocardial infarction over time
and additionally characterize the function of the myocar-
dium in the setting of therapeutic measures.
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