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Cardioprotective Effect of Low Molecular Weight (Below 5 kDa)
Fraction of Cattle Cord Blood Cryohemolysate

Pedbepat: Y poboTi BUBYanu kapAionpoTEKTOPHY Ail0 HU3bKOMOMEKYNsApHOi dpakuii (4o 5 kfla) KopaoBoi KpoBi KopiB Ha Mogeni
iHdpapkTonoaibHoi kapaioBasonarii y wypiB. Po3BWTOK iHdapkTy mMiokapaa y TBapwviH, SKMX yTPUMyBanu Ha cneuianbHii enekTponiTHo-
XXMPOBIN AIETI, iHILiOBanNu LWASXOM CTBOPEHHSA Y HUX CTaHy Mnokcii-rinepkantii. BukopmctaHHa BkazaHO! MOAeni [03BOMNMIO BUKUKA-
T iHdapkTonofibHy kapaioBasonarito, Ky 3a 6araTtbma MoKa3HMKaMV MOXHa CMiBCTABUTU 3 KIiHIYHOK KapTUHOW iH(apKTy miokapaa,
o 6yno niaTBepAKEHO MeToAaMun enekTpokapaiorpadii, iMyHoepMEHTHOro Ta ricTonoriyHoro aHanisis. MNonepenHe BBEAEHHSA HU3b-
KoMoneKynsapHoi dpakuii (4o 5 k[la) kKopAoBoi KPOBI KOPIB Tak camo, Sk i npenapaty «AKTOBEriH», He 3anobirano iHdapkTy, ane niasu-
LlyBano BUTPMBArICTb LUYpiB A0 BMMMBY FiMOKCii-rinepkanHii Ta 3MeHLlyBano CTyMiHb ypaxeHHs Miokapaa. [loBedeHo, wo npodinak-
TUYHE BBEAEHHSA HM3bKOMOMNEKYNSAPHOI dpakuii KOpAOBOI KPOBi 3MEHLLYE PU3NK BUHVMKHEHHSI MOLUKOMKEHb MiOKapAa BHACMIAOK BNAMBY
TiNoKcii.

Knro4oBi cnoBa: iHdapKT Miokapaa, mogensb, rinepninigemis, rinokcis, HU3bKOMOoNeKynapHa dpakuisi KOpAOBOI KPOBI, « AKTOBETIHY.

Abstract: In this report, we have studied a cardioprotective effect of low molecular weight (below 5 kDa) fraction derived from
cattle cord blood in a rat model of infarction-like cardiovasopathy. The myocardial infarction development was initiated in the animals,
maintained for two months on a diet with excessive intake of fat, calcium and sodium salts, by making hypoxia-hypercapnia in them.
The use of this model allowed inducing the infarction-like cardiovasopathy, comparable by many respects with the clinical picture
of myocardial infarction, which was confirmed by electrocardiography, enzyme-linked immunosorbent assay and histological analysis.
Preliminary administration of low molecular weight (below 5 kDa) fraction of cattle cord blood, as well as Actovegin did not prevent
the heart attack, but increased the endurance of rats to hypoxia-hypercapnia and reduced the damage rate to myocardium. A preven-
tive administration of low molecular weight fraction of cord blood was proven to mitigate the risk of hypoxia-induced damages

to myocardium.

Key words: myocardial infarction, model, hyperlipidemia, hypoxia, low molecular weight fraction of cord blood, Actovegin.

OnHi€ro 3 OCHOBHUX NPUYMH iH(APKTy Miokapaa
€ HeJoCTaTHE 3a0e3ledeHHs] Horo moTped y KHCHI.
I'imokciss Miokapaa NMPU3BOIUTH IO ITAaTOJOTIYHOTO
MTOPYIICHHS BHYTPINIHBOKIITHHHOTO METa0oJi3MYy:
3MEHILUEHHS HPOLYKLii OCHOBHOIO €HEPreTMYHOIO
cyoctpary — momekyn AT® 1 akTuBaiii mpoIeciB
BUJIbHOPAAMKAJIBHOTO (HE(EPMEHTATUBHOTO) OKHC-
sieHHs. HacmikoM 1bOro € TMPUTHIYCHHS (PYHKIIIO-
HaJIbHOT aKTHBHOCTI KapA10MIOIUTIB 1 MOIIKOKSHHS
Miokapna. TakuM 4MHOM, TIOKCisl — THIIOBHH TaTo-
JIOT1YHHUH Tpolec, KUl BU3HAYAE TSHKKICTH TepeOi-
Iy Ta HaCNiJKiB iIIEMIYHOTO ypakeHHS cepus [8].
Tomy 3ycuiuis 6araThboX JOCIHITHUKIB HAITpaBIIeHI Ha
MOLIYK TE€PAaNeBTUYHUX METONIB Ta 3ac00iB, 31aTHUX
MiIBUIIYBATA CTIMKICTh MiOKapJa 1O TiMOKCii, 1o
BXJIMBO IS TAIIEHTIB 3 TPYIN PU3HKY (imeMidHa
XBOpoOa ceprs, Kapmaiockiepo3). OcoOnuBy yBary
MIpUBEpPTaE BUCOKA O10JIOTiYHA AKTUBHICTH HU3BKO-
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An insufficient supply of myocardial oxygen
demand is one of the most common causes of
myocardial infarction. Myocardial hypoxia leads to
pathological disturbance of intracellular metabolism,
i. e. reduced production of the main energy substrate:
ATP molecules and activated free radical (non-
enzymatic) oxidation. As a result, the functional
activity of cardiomyocytes is suppressed and the
myocardium is damaged. So, the hypoxia is a common
pathological process, determining the severity of
course and consequences of ischemic damage to the
heart [7]. Therefore, the efforts of many researchers
are focused on finding the therapeutic ways and
means to increase the myocardium resistance to
hypoxia, that is important for patients of the risk
groups (ischemic heart disease, cardiosclerosis).
Special attention is drawn to a high biological
activity of low molecular weight substances present
1
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MOJIEKYJISIPHUX PEUOBHH, SIKi MICTATBCS B KPOBI Ta
TKaHMHAX MOJOIMX TBapHH Ta TKaHMHAX (eroruia-
ueHrapHoro komiekey [1, 7, 9, 12, 15, 18, 19, 21].
CporozHi LIMPOKKUM MOIMUTOM Ha (papMalieBTHUHOMY
PUHKY KOPHUCTYIOTbCS IIperapaTH, CTBOPEHI Ha oc-
HOBI 0€301IKOBHX T'eMOJIi3aTiB KPOBI MOJIOUHUX Te-
JIAT BIKOM J0 TPHOX MicsiiB. JJoOpe Bimomum mperra-
patom € «AktoBerin» (TAKEDA AUSTRIA, GmbH,
ABCTpis), 10 CKJIaTy SIKOTO BXONISATH PEUYOBHHHU 3 MO-
JISKYJSIPHOO Macoro 10 5 kJla (BymieBojiu, aMiHO-
KHCJIOTH, HU3bKOMOIIEKYIISIPHI TIENTH/IH, JIIOToica-
XapHIy, JepUBaTH HYKJICTHOBUX KHUCIOT Ta iH.) [12,
14, 17]. [lopsa 3 1M BCTaHOBJIEHO, 1110 HU3BKOMOJIE-
KyJsipHa ¢pakuis (1o 5 k/la) KopaoBoi KpoBi TakoxX
Ma€ BHCOKHH BMICT OIOJOTIYHO aKTHUBHHX pEUO-
BHH, ONHAK 11 SKICHUW CKIIaj AEMIO BiIpPi3HIETHCS
Bix mpemapary «AkrtoBerin» [6, 16]. Sk moxa3yroTb
pe3yIbTaTH IOCTIIKEeHb, TEpPaeBTHIHI ePeKTH ma-
HOl (ppakmii, Sk 1 TpemapaTy «AKTOBETiH», BHU3HA-
YJaIOThCS 37ATHICTIO iX KOMIIOHEHTIB CTUMYJIIOBATH
CTIOKMBAHHS KJIITHHAMH KHCHIO Ta IIFOKO3H, 1[0 Ma€
BEJIMKE 3HAUEHHS JUIsl KOPEKIlii OararboX Marojiori-
Hux crasis [10, 16].

VY 3B’S3Ky 3 BUIIEBUKIAJICHUM METOIO JaHOi po-
0oTu Oyiio BUBYEHHS KapJiompoTeKTOpHOI il dpak-
uii 1o 5 k/la, orpumanoi 3 kpioremorizary KOpJaoBoi
KpOBI KOPIB.

Marepianu Ta MmeToaH

ExciepuMeHTH Ha TBapuHax MPOBOJWIM Bil-
TTOBITHO 70 3akoHy YKpainu «IIpo 3aXxucT TBapwH Bif
xopcTroro moBomkeHHs (Ne3447-1V Bix 21.02.2006)
3 JIOTPUMaHHIM BUMOT KOMITETY 3 O10C€THUKH 1HCTH-
TYTY, Y3TO/PKCHUX 13 TIOJIOKEHHSAMHU «CBpOIEHCHKOT
KOHBEHIIIT PO 3aXUCT XpeOETHUX TBAPHH, SKI BUKO-
PHUCTOBYIOTBCSl ISl €KCHEPUMEHTAIBHUX Ta 1HIIMX
HaykoBuXx 1uiei» (CtpacOypr, 1986).

3aroTiBmo0 KOpIoBOi KpoBi KOpiB (Bos taurus)
CUMEHTAJILCHKOI MOPOIU 3iMCHIOBaNIM i 4dac ¢i-
310JIOTIYHO HOPMAJILHOTO OTEJICHHS Ha MOJIOYHO-
toBapHUX (hepmax TOB «Arpoxayc Cxim» BankiBch-
KOro paiiony XapKiBcbkoi oOmacTi 3 3aydeHHSIM
BETepUHAPHUX JIiKapiB abo ¢enpamepiB. Dpakiriro
mo 5 x/la xpioremonizaty KOpAOBOI KpOBi KOpiB
OTPUMYBaJM METOJIOM yIbTpadinbrpaiii 3 BHKO-
puctanHsiM MeMOpanHoro Moxayinst «Vivaflow 200»
(Sartorius, Himeuunna) [6].

VY maHoMy nOCHiKEHHI BUKOPHUCTOBYBAJIM BIac-
Hy MoJenb iH(apkTonoaioHol kapaioBazonarii [11].
BpaxoBytoun, 1mo etionorist iHpapkTy Miokapaa Jio-
JUHU MaiKe 3aBKAW BKIIOYA€ CKICPOTHYHI 3MiHM
B CEpLEBOMY M 531 Ta CyIWHAX, LIypiB HoHepen-
HBO YTPUMYyBaJIH Ha CIHEMiadbHIN eIeKTPONiTHO-
JKUPOBIM JI€TI 3 HAIJUIIKOBHM BMICTOM JKHpPIB Ta
coJielf KaJbIlifo 1 HATpy O PO3BHUTKY y HUX TiIep-
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in blood and tissues of young animals and tissues
of fetoplacental complex [1, 2, 8, 9, 14, 15, 17,
21]. To date, pharmaceutical market shows a great
demand in drugs based on protein-free hemolysates
derived from blood of dairy calves aged up to three
months. The ‘Actovegin’ (Takeda Austria, GmbH,
Austria) is a well-known drug, containing the
substances with a molecular weight below 5 kDa
(carbohydrates, amino acids, low molecular weight
peptides, lipopolysaccharides, nucleic acid deriva-
tives, etc.) [1, 6, 13]. In addition, the low-molecular
(below 5 kDa) cord blood fraction was established
to have a high content of biologically active
substances, but its qualitative composition was
somewhat different from ‘Actovegin’ [11, 12]. As
the research results show, the therapeutic effects
of this fraction and ‘Actovegin’ as well are deter-
mined by the ability of their components to stimulate
the oxygen and glucose consumption by cells, that
is of great importance for correcting many patho-
logical states [12, 18].

Proceeding from the mentioned above, this
research was aimed to study the cardioprotective
effect of fraction below 5 kDa, derived from cattle
cord blood cryohemolysate.

Materials and methods

Experiments in animals were carried out in
accordance with the Law of Ukraine ‘On the
Protection of Animals Against Cruelty (No. 3447-
IV of February 21, 2006) in compliance with the re-
quirements of the Bioethics Committee of the
Institute for Problems of Cryobiology and Cryome-
dicine of the NAS of Ukraine (IPCC of the NAS of
Ukraine), agreed to the statements of the ‘European
Convention on the Protection of Vertebrate Animals
Used for Experimental and Other Scientific Purposes’
(Strasbourg, 1986).

The cord blood of Simmental cows (Bos taurus)
was collected during physiologically normal cal-
ving on the dairy farms of ‘Agrohouse East’ Ltd of
Valki district, Kharkiv region with the involvement
of veterinarians or veterinary assistants. The fraction
below 5 kDa of bovine cord blood cryohemolysate
was procured by ultrafiltration using ‘Vivaflow 200’
membrane module (Sartorius, Germany) [11].

In this study, we have used the own model of
infarction-like cardiovasopathy [19]. Bearing in
mind the fact, that the etiology of human myocardial
infarction quite always includes sclerotic changes
in cardiac muscle and blood vessels, the rats were
preliminary maintained on a special electrolyte-fat
diet with an excessive intake of fat, calcium and
sodium salts until the hyperlipidemia development
and a critical increase in atherogenic factor occur-



ninenemii Ta KPUTHYHOTO MiJBUIICHHS Koe]ilieHTa
areporeHHocTi. ExcriepuMeHT mpoBomwin Ha 6-Mi-
csiunux mypax (n = 100) minii Bictap macoro 240-
270 1, AKUX MOTIEPEIHBO PO3IMTOIISITN 32 PE3UCTEHT-
HICTIO JI0 TIiMOKCii [2], BimOuparodw A TOCIHTiIKEeHb
TBapuUH 3 CEPEHHIMH 3HAYCHHSIMH PE3UCTEHTHOCTI
o Timokcii. Jlo craHmapTHOTO parfioHy IIypiB HO-
JlaBaJld TBApUHHUHN >XUp, kUi craHoBuUB 10% Bifm
3araapHOl Mach KopMmy. Bomy B moinkax 3amiHsIN
Ha 0,9%-11 po3ura NaCl jis npoBokaiiii HaaMipHO-
T'O CIIOKUBAHHS HATPY, WIKIJAJTHUBOTO IS CEPLIEBO-CY-
JuHHOI cuctemu. LloaHs ulypaMm nepopaibHO BBO-
mum 1o 20 Mr mirokoHaty Kanblito («KuiBmen-
npenapar», Ykpaina) ta 2 000 MO Birtaminy /12
(«Bitaminn», Ykpaina) Ha TBapuHy. Y HOpMi epro-
KaIbIU(EPONT CIPHUSIE 3aCBOCHHIO KaJbINO KiCTKO-
BOIO TKaHWHOIO, ajie 3a TiNepBiTaMiHO3y BHKIINKAE
HaaMipHE HOTO HaKOIMYCHHS B KpoBi. BcTaHoBIIeHO
3B’SI30K MK BHCOKHM PIBHEM KaJBIIIIO B CHPOBAT-
i KPOBI Ta HYACTOTOIO CEPIICBO-CYAWHHUX 3aXBO-
ploBaHb, y TOMy uucli iHpapkTy miokapaa [20]. 3a
IUX YMOB 30UIBIIYETHCS PU3UK KaJbIIMHO3Y KOPO-
HapHUX apTepild, 0 CIpHsi€ YTBOPEHHIO aTepOCKIIe-
poruunoi Onsiiku [13]. KpiM Toro, ojiHi€0 3 Ipu4uH
iHimianii mpoareporeHHoi Monudikauii Jginonpo-
TEiNiB KpoBi Moke OyTH cuUCTeMHe 3amajieHHs [3].
Jisi MonenoBaHHS CHUCTEMHOIO 3alalibHOrO Ipo-
[lecy TPOTATOM BOCBMOTO TIJKHS [BiYl 3 iHTEp-
BaJOM B TPH JHI TBapuHAM BHYTPILIHbOYEPEBHUHHO
BBOIWIM OakTepianpHUi Jimomnomicaxapun «llipo-
reram»y (HAIEM im. H.®. I'amamnii, Pocist) 3 po3pa-
XYHKY 5 MKT CyX0i MacH Ipernapary Ha TBapHUHY.
HlypiB 3 58-i moOu mimjgaBaid BILUTUBY HOPMO-
0apu4YHOT TIMOKCii 3 BUKOPUCTAHHSIM MOJICI TiMOKCii
B 3aMKHyTOMY 00’emi [5]. IlomepenHno y TBapuH,
SIKl yTpUMYBAJIMCSl HA CTaHAapTHiN mieri (rpyma 1,
n = 10), Ta y TBapuH, NpU3HAYEHUX IJIs EKCIIEPH-
MeHTy (rpyna 2, n = 10), 3 XxBocTOBOi BeHU Opaiu
o 200 MKJI KpOBi /il BU3HAYCHHS PIiBHS CEPIIEBOTO
TpomoHiny | y cuposarmi kpoBi. 3a 30 XB 10 mouar-
Ky eKCIIEpHUMEHTY TBapHHaM BBOMWIN (i3ionorid-
HUH po3unH (rpyna 3, n = 10), mocmimxyBany ¢ppak-
mifo (rpyma 4, n = 5) abo mpemapar TOPIBHIHHS
«AxToBerin» (rpyma 5, n = 5) y no3i 4 mr (y mepe-
paxyHKy Ha CyXy PeYOBHMHY) Ha | Kr Macu TBapuHH.
[ypiB moMimanu B CKJISHY MPO30py Kamepy o0’e-
MoM 1000 mn, siKy minbHO 3akpuBaid. [licas apy-
rOT0 aroHaJbHOTO BAMXY LIYPIiB AiCTAaBaIM 3 KaMEpH
1 MpoBOIMIN KapaiorpadidHe AOCIiIKEHHS B TPHOX
cragnaptaux (I, 11, III) ta Tppox mocunenux (aVR,
aVL, aVF) BinBenennsix. Kapaiorpamu anamizyBanu
Ha HasBHICTh BiIXWJIEHb, SKi O CBIMYMIN MPO BH-
HUKHEHHS TOCTPOi CepIeBO-CYINHHOI TAaToJOTii:
rmosiBa Bix’eMHOTO 3yOms Q; 3HayHE 3HMKCHHS abo0
BimcyTHICTE 3yO1s R (xkommurekcm QrS ab6o QS);
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red in them. The experiment was performed in
6-month-old Wistar rats (n = 100) weighing 240-
270 g, which were previously divided according to
resistance to hypoxia [3], by selecting the animals
for research with average values of this index.
The standard diet of rats was supplemented with
animal fat, which accounted for 10% of the total
weight of feed. The water in drinking bowls was
replaced with a 0.9% NaCl solution to provoke
an excessive sodium intake, being harmful to car-
diovascular system. The rats received orally 20 mg
of calcium gluconate (Kyivmedpreparat, Ukraine)
and 2,000 IU of vitamin D2 (Vitaminy, Ukrai-
ne) daily. Normally, ergocalciferol contributes to cal-
cium assimilation by bone tissue, but with hyper-
vitaminosis it causes its excessive accumulation
in blood. A relationship between a high level of
calcium in blood serum and the frequency of
cardiovascular diseases, including myocardial in-
farction, has been established [16]. Under these
conditions, the risk of coronary artery calcification
increases, thereby contributing to atherosclerotic
plaque formation [4]. In addition, the systemic inflam-
mation may be one of the reasons for initiation of
proatherogenic modification of blood lipoproteins
[5]. To simulate the systemic inflammation, during
week 8, twice with an interval of three days, the ani-
mals were administered intraperitoneally with the
bacterial lipopolysaccharide ‘Pyrogenal’ (Gamaleya
Research Institute of Epidemiology and Microbio-
logy, Russia) in an amount of 5 pg dry weight of drug
per animal.

Starting from the day 58, the rats were exposed
to normobaric hypoxia using the hypoxia model in
a closed volume [10]. Previously, 200 pl of blood
were collected from the tail vein of animals kept
on a standard diet (group 1, n = 10) and those inten-
ded for the experiment (group 2, n = 10) to measure
the cardiac troponin I level in blood serum. Half
an hour before the experiment onset, the animals
were injected with physiological saline (group 3,
n = 10), the studied fraction (group 4, n = 5) or
the reference drug ‘Actovegin’ (group 5, n = 5)
in a dose of 4 mg (in terms of dry matter) per 1 kg
of animal weight. Rats were placed into a tightly
closed transparent glass chamber of 1000 ml volume.
After the second agonal breath, the rats were remo-
ved from the chamber and electrocardiography was
performed in three standard (I, II, III) and three
augmented unipolar limb (aVR, aVL, aVF) leads.
Cardiograms were analyzed for the presence of
abnormalities that would indicate the occurrence
of acute cardiovascular pathology: negative Q wave
appearance; a significant reduction or absence of
R wave (QrS or QS complexes); displacement
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3mimieHHs: komruiekcy ST BiTHOCHO i305iHiT; BHUCO-
KOaMIUTITYaH1 «kopoHapHi» 3yomi T [11]. 3a Bin-
CYTHOCTI HaTOJIOTIYHUX 3MiH TBapUH MOBEPTAIH J0
KaMepH 1 NOYMHAJIM HACTYIHUH LUKI HOpMOOapHuy-
HOIT Tinokcii. Y pasi BHUSBIEHHS BKa3aHWX BiIXUIICHb
y LIypiB MOMEPeIHbO MiarHOCTyBaIX 1H(APKT 1 TpH-
MAHSUTA  CTPeCyrounid BIUTMB Ha TBapuH. Yepe3 18
TOAWH IIICHS JaHUX MaHIMyISAid y TBapuH 3 XBO-
CTOBOI BEHM Opaiy KpOB 1 3 HEi OTPUMYBAJId CH-
pOBarKy, B sKiii BH3HA4ajld BMICT CEpIIEBOrO TpPO-
noHiny | meromom iMyHOo(epMEHTHOTO aHamizy 3
BukopuctanusimM Habopy «Rat Cardiac Troponin D»
(cTn-I) ELISA kit (Cusabio Technology LLC, CIIA).
[TlixBuieHHs BMICTy ceplieBoro TporoHiny | y cupo-
Barii MIypiB IOPIBHIOBAIM 3 BH3HAYCHUMH paHiIIe
CepeiHIMU MOKAa3HUKaMH IHTAKTHUX TBapuUH Ta THX,
SIKUX YTPUMYBAJIHM Ha TIATOTEHHIH Ji€Ti 0e3 BIUIUBY
rinokcii. ¥ pasi mO3UTHBHOTO pe3yabTaTy TECTy BBa-
JKaau, M0 TBapWHA TepeHecna iHdapKT Miokapma,
1 1l BUBOIWIM 3 €KCIIEPUMEHTY MUIIXOM JEKaImiTarmii
i edipaum Hapko3oM. Jlam Buitydanu cepue Jyis
BUTOTOBJICHHSI TICTOJIOTIYHUX IMperapariB Ta Mpo-
BoguiM ioro ¢ikcamito B 10%-My HeHTpanbHOMY
¢dopmanini (pH 7,4) 3 moganbIIor0 MPOBOIKOIO Ta
3anuBKOI0 B mapadin. [icTomoriuni 3pi3u TOBIIHU-
HOIO 5—7 MKM 3a0apBIIOBald TeMAaTOKCHJIIHOM 1
co3uHoM [4]. POoTO3HOMKY Ta aHaji3 3pi3iB MPOBO-
UM 32 JIONIOMOTOI0 Mikpockomna «Axio Observer
Z1» (Carl Zeiss, HimeuunHa) B CBITIOBOMY PEXKHMI.
Jl1st IOpIBHSHHS TOTYBaJIM MIKpOIIpEnapaTtu 3 cep-
Jellb TBApUH, SIKUX IICJI YTPUMAHHS Ha MaTOr€HHiH
TIET] CTPECYIOYOMY BIUTMBY HE TIi/IIaBaJIH.

Cratuctnyay 0OpOoOKy eKCIepHMEHTAIbHUX Jla-
HUX TPOBOIWJIA 3 BUKOPUCTAHHSM CTaTHCTHYHOTO
nakera nporpamu «Excely (Microsoft, CIIA). Jlani
npencrarisuig y Bunsii: Me (Q3—Q1). BigminHocTi
MK BHOIpKaMH OLIHIOBAIM 3a aomomorow U-kpu-
Tepito ManHa-BiTHi, 3HaYylmIMMHU BBaXKaJd BiAMiH-
HocTi mipu p < 0,05.

Pe3ysbTaTn T2 00roBOpeHHs

Pesynprati  mociipKeHHS JTIMITHOTO TPOGiTo
KpOBI TIOKa3aJId, IO YTPUMaHHS IIypiB IMPOTATOM
IBOX MICSIIIB Ha MOI€TI 3 HAIIUIIKOBAM BMICTOM
JKHPIB Ta COJICH HATPY 1 KaJlbIIil0 MPU3BOIUTH JI0 PO-
3BHUTKY Tillep:iimigemii, 301IbIIeHHs] BMICTY B KpPOBI
XOJICCTEPUHY JIIMONPOTEi/IiB HU3bKOT Ta HATHU3BKOI
LIJTBHOCTI Ta 70 3HMXKCHHS BMICTY XOJECTEPHUHY
JNOMPOTEINiB BUCOKOI HIIIBHOCTI, BHACIIIOK 4YOTO
1H/IEKC aTepPOreHHOCT] MiJBHUILY€ETHCS BIABIYI IO-
PIBHSHO 3 IMOKa3HWKaMU KPOBI TBapuWH, SIKi YTpH-
MyBJIACS Ha CTaHIApTHOMY 30allaHCOBaHOMY pa-
mioHi [11].

3riIHO 3 TU3aHOM EKCIIEPUMEHTY MPUIMHOIO 1H-
(hapkTy MioKapma y IIypiB Majla CTaTd TillOKCis-
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of ST complex relative to the isoline; high-ampli-
tude ‘coronary’ T waves [19]. When no patholo-
gical changes were present in animals, they were
returned to the chamber and the next cycle of
normobaric hypoxia began. When the mentioned
abnormalities were found, a myocardial infarction
was preliminary diagnosed in rats and a stress
impact was stopped.In 18 hrs after these manipu-
lations, the blood was collected from the tail vein of
animals, and the serum was obtained, where the
cardiac troponin I level was measured by enzyme-
linked immunsorbent assay using the Rat Cardiac
Troponin I (cTn-I) ELISA kit (Cusabio Technology
LLC, USA). An increased level of cardiac tropo-
nin [ in rat serum was compared with the pre-
viously measured average indices of the intact
animals and those kept on a pathogenic diet
without exposure to hypoxia. If the test result was
positive, an animal was considered as suffered
a myocardial infarction, and then sacrificed by
decapitation under ether anesthesia. Next, the heart
was removed for preparing histological samp-
les and fixed in 10% neutral formalin (pH 7.4),
followed by processing and paraffin embedding.
Histological sections of 5-7 um thick were stained
with hematoxylin and eosin [21]. The sections
were photographed and analyzed using an Axio
Observer Z1 microscope (Carl Zeiss, Germany)
in the light mode. To compare, the micropreparations
from the hearts of animals, not subjected to stress
impact after being kept on a pathogenic diet, were
made.

The experimental data were statistically proces-
sed using the Excel statistical package (Microsoft,
USA). The data were presented as Me (Q3-Ql1).
Differences between samples were assessed using
the Mann-Whitney U-test, differences at p < 0.05
were considered significant.

Results and discussion

The findings of blood lipid profile showed
the maintenance of rats for two months on a diet
with an excessive intake of fat, sodium and calcium
salts to result in hyperlipidemia development, an
increased content of low- and ultra-low-density
lipoprotein cholesterol in blood, and a decreased
one of high-density lipoprotein cholesterol, as a
result of which the atherogenicity index augmen-
ted twice as compared to blood indices of animals,
kept on a standard balanced diet [19].

According to the experiment design, the hypo-
xia-hypercapnia, which would gradually increase
after isolating animals in a hermetically sealed
chamber was supposed to be the cause of myocardial
infarction in rats. Before starting the hypoxia-
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(rpyma 4) abo «AkroBerin» (Tpyma 5), na- pynu TBApUH

HAW TIOKa3HWUK OyB 3HAYHO BUIIHNM: Animal groups
214,25(178,00-217,25)ta 191,00 (181,75— Puc. 1. Tpuanicte nepebyBaHHS LLypIiB Y CTaHi rinokcii-rinepkanHii

193,75) xB BignosiaHo (puc. 1), mo cBiz-
YUTh TPO MIJABUILEHHS CTIHKOCTI MioKapa

00 PO3BUTKY Y HUX iHApKTy Miokapaa;* — BigMIHHOCTI M rpyna-
Mu 3i4 1a3ib5 3Hadywi, p <0,01.
Fig. 1. Stay duration of rats under hypoxia-hypercapnia until

A0 BILIUBY T1IOKCIL. myocardial infarction development in them; * — differences
HezanexxHo Bl BCTaHOBJIEHUX Ha Kap- are significant between groups 3 and 4 and groups 3 and 5,
Jiorpamax 3MiH OTepeIHiH 1iarH03 «roCT- p=0.01.

PpHii KOpOHAPHUI CHHAPOMY Y KOXKHOMY BH-

najaKy OyJio migTBEPIKEHO LUISIXOM BU3HA-

YeHHs BMICTY B CHPOBATII KPOBI CEPLICBOTO TPOIIOHIHY
I Ta 3a 1aHUMH TiCTOJIOTIYHOTO aHAI3y. 30Kpema, pe-
3yNIBTaTH aHaJi3y PIBHS CEpLEBOro TPOMoHiHy | (puc. 2)
y CHpPOBATIi KPOBi IIypiB, SKAM OYyJIO TIOCTABJICHO
MONEPEAHIA J1arHo3 «rocTpUil KOPOHApHUH CHH-
OpOM», TIOKa3alyd MOro 3Ha4yylle IMiJBUILEHHS Y
TBapHH yCiX TPYI MOPIBHSIHO SK 3 IHTAKTHUMH TBa-
puHamu (Tpyma 1), Tak i 3 TUMH, SKHX TICISA YTPH-
MaHHS Ha TATOTEHHIW MIi€TI HE TMiJmaBajd BIUIHBY
rinokcii (rpyna 2). Cmig 3a3Ha4uTH, IO Yy TPymi 2
TakoK BcTaHoOBNeHO 3Hauymie (p < 0,01) minBu-
IICHHS JTAHOTO TOKa3HHWKA MOPIBHSHO 3 THTAKTHUMHU
TBapMHAMH, TPOTE JaHi 3MiHM Oy1M MEHII BUpa-
xeni: 16,80 (12,05-18,65) mpotu 6,78 (6,11—
6,90) nr/mia. SIk BUAHO 3 pHC. 2, BMICT CEPIEBOTO
TponoHiHy | B KpoBi wIypiB, y sSKHUX iH(apKTOMO-
JTIOHY Kap/ioBa30IaTiF0 BUKIMKAIN IICIsI BBEICHHS
HU3BKOMOJIEKYIISIPHOT (ppaKilii KOpJOoBOi KPOBi KOpiB
abo mpemnapaTy «AKTOBETiH» OyB 3HAUyIe HUKYIE
(B 00ox Bumagkax p < 0,01) mopiBHSIHO 3 TPYIIOIO
koHTpomo: 39,33 (37,10-39,70) Tta 43,05 (35,80—
44,70) mr/mn Bigmoimao mpotm 60,85 (51,95—
62,25) nr/mit. e MOKe CBIAYUTH PO MEHIII PO3-
MipH 30HU 1H(APKTY.

[Ncronmoriunmii aHami3 MIiKpoIpenapariB cepelih
[0Ka3as, 10 YTPUMaHHS TBapUH HA JUETI 3 HAJJIUIII-
KOBMM BMICTOM JKMPIB Ta COJIeHl KaJlbLilO 1 HATpy
BUKJIMKAa€ B MIOKapli Ta HOro cyamHax 3MiHH, fKi
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hypercapnia simulation, the tachycardia was dia-
gnosed on cardiograms of animals from all the
experimental groups. The total duration of stay
under hypoxia-hypercapnia until the moment of
detecting the abnormalities on cardiogram, based
on which a preliminary diagnosis of ‘acute coronary
syndrome could be made, averaged 146.25 (142.25—
169.75) min in the control group of animals (group
3). In the animals injected with the cord blood
low-molecular fraction (group 4) or ‘Actovegin’
(group 5) before starting the hypoxia-hypercapnia
simulation, this index was significantly higher,
i. e. 214.25 (178.00-217.25) and 191.00 (181.75-
193.75) min, respectively (Fig. 1), thus testifying
to an increase in myocardium resistance to hypoxia
impact.

Irrespective of the changes detected on car-
diograms, a preliminary diagnosis of ‘acute coronary
syndrome’ was confirmed in each case by measuring
the cardiac troponin I level in blood serum and by
histological examination. In particular, the analysis
of cardiac troponin I level (Fig. 2) in blood serum
of rats preliminarily diagnosed with ‘acute coronary
syndrome’ showed its significant increase in the
animals from all the groups if comparing with
both intact animals (group 1) and those not exposed
to hypoxia after being maintained on a pathogenic
diet (group 2). Notably, that the index was signifi-
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Fig. 2. Cardiac troponine | level in rat blood serum; * —
differences are significant between the groups 1 and 2,
1and 3,1and 4, 1and 5,2 and 3,2 and 4, 2 and 5, 3
and 4,3 and 5, p<0,01.

MiABUINYIOTh pHU3MK iH(apkTy. Tak, Ha 3pizax go-
Ope BUOHO O3HAKW AucTpodii Miokapma — depry-
BaHHS HEBEJIHMKHUX TPYN KapIiOMIOIUTIB, JJIS SKHX
XapakTepHi cJ1abo BUpakeHi rinepTpodist Ta arpodis.
ITyuku M’s30BHX BOJIOKOH MiOKapna CTOHIICHI 3a
paxyHok arpogii abo mepeOyBaroTh B CTaHI XBHJIe-
nofibHoi nedopmarii. [insHKH c1aOKOro KpoBOHA-
MOBHEHHSI YEPryIOThCsS 3 BOTHHUIIAMH BEHO3HO-Ka-
MUIAPHOTO TOBHOKPOB’s. Buano Benmuki W mani
IHTpamMypajbHi KOpOHapHi apTepii 3 HepiBHOMIpHUM
MOTOBLICHHSIM CTiHOK BHACIIZIOK CJ1a00 BHpakeHO-
ro KOPOHApOCKIJIEPO3y Ta IMOYAaTKOBOTO IEPUBACKY-
JSIpHOTO  KapAaiockiaepody. O4eBHIHO Mana Micue
SIK aTepPOCKIIEPOTHYHA, TaK 1 MiokapamuyHa Qopma
KapIiOoCKJIepo3y, OCKIJIbKM Yy TBapuH BUKIMKAJIH
CHUCTEMHE 3aItaJieHHs IIITXOM iH €Ki OaKTepiaib-
Horo uinocaxapuny «lliporenam». [icTomoriune
JOCITIDKCHHST TKAaHWH MioKapaa IIypiB 3 MOJEIUTIO
iH(papKTONOMiIOHOT KapiioBa3omnarii BUSBWIO OJlHA-
KOBIi IaTOJIOTi4HI 3MiHW: BOTHHMIIEBI KPOBOBHIIMBH,
MTOBHOKPOB’S CY/IUH, 3HUKHEHHS MOMEPEYHOi CMY-
ractocTi M’SI30BUX BOJOKOH (OKpemi M’s3M Maju
BUIVIAL «M SICHOTO (apIry»), TPOMOYBaHHS CYyIWH.
HekporuszoBani M’si30Bi KIITHHM B 30HI iH(apKTy
noz6asneni aaep. Crocrepiratotbesi IpiOHO ocepen-
KOBa TMapeHxXiMarozHa AUCTPOQis KapAiOMIOIWTIB i
ckymueHHs1 JimdormTiB. s mpemapariB, oTpuma-
HUX 13 ceplelb TBapUH KOHTPOJIBHOI I'PyIH, Xapak-
TepHI TIOBHA BIiJCYTHICTH KPOBOTOKY B HEKPOTHUHIH
30HI Ta TEPENOBHEHHS KPOB’I0 BEH 1 CHHYCIB Te-
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cantly (p < 0.01) increased in the group 2 if com-
pared with the intact animals, however, these
changes were less pronounced, i. e. 16.80 (12.05—
18.65) vs. (6 .11-6.90) pg/ml. The Fig. 2 demons-
trated the cardiac troponin I level in blood of rats,
wherein the infarction-like cardiovasopathy was
induced after introducing the low molecular weight
fraction of cattle cord blood or ‘Actovegin’ to
be significantly lower (in both cases p < 0.01) as
compared with the control group, i. e. 39.33 (37.10-
39.70) and 43.05 (35.80—-44.70) pg/ml, respectively,
vs. 60.85 (51.95-62.25) pg/ml. This may testify
to a smaller size of infarction area.

Histological analysis of cardiac microprepara-
tions showed the maintaining of animals on a diet
with excessive intake of fat, calcium and sodium
salts to induce the changes in myocardium and
its vessels, that increased the risk of heart attack.
For example, the sections clearly showed the signs
of myocardial dystrophy, i. e. the alternation of
small groups of cardiomyocytes, characterized
by slightly expressed hypertrophy and atrophy.
Bundles of muscle fibers of myocardium were
thinned due to atrophy or underwent a wave-like
deformation. The sites of weak blood supply alter-
nated with the foci of venous-capillary full blood.
Large and small intramural coronary arteries with
uneven wall thickening due to slightly manifested
coronary sclerosis and initial perivascular cardio-
sclerosis were visible. Apparently, both athero-
sclerotic and myocardial forms of cardiosclerosis
occurred, since the systemic inflammation in
animals was induced via injections of bacterial
liposaccharide Pyrogenal. Histological examination
of myocardial tissues of rats with a simulated
infarction-like cardiovasopathy revealed the same
pathological changes, i. e. the focal hemorrhages,
vascular congestion, disappearance of striated
muscle fibers (some muscles looked like ‘minced
meat’), blood vessel thrombosis. In the infarction
area, the necrotic muscle cells were deprived of
nuclei. Small focal parenchymal dystrophy of car-
diomyocytes and accumulation of lymphocytes
were observed. The preparations, procured from the
hearts of control group animals revealed a complete
absence of blood flow in necrotic area and blood
overflow in veins and sinuses of peri-infarct zone,
blood stasis in capillaries. In addition, the sites of
intermuscular hemorrhage were found in many
micropreparations. The state of myocardium in the
animals, received either low-molecular fraction
of cord blood (group 4) or ‘Actovegin’ (group 5)
before hypoxia-hypercapnia was somewhat better vs.
the control group. The thrombus resorption of
epicardial coronary artery and recanalization of



puindapkTHOI 30HHM, cTa3z KpoBi B Kamijsipax. Kpim
TOro, y Oararbox mpemnaparax Oyino BUSIBICHO TiJISH-
KM MIKM S30BOIO KpPOBOBHJIMBY. Jlemo kpamum
MOPIBHSHO 3 TBapHMHAMH KOHTPOJBHOI rpynu OyB
CTaH MiOKap/a y TBAapHH, SIKUM TI€pes 3aCTOCYBaH-
HAM TiNOKCii-TillepKamHii BBOAWIN  HH3BKOMO-
JeKyISpHY (pakiiro KopaoBoi Kpori (rpyma 4) a6o
«AxtoBerin» (rpyma 5). Ha mpemaparax cepaenb
TBApUH IMX TPYI CIIOCTEPIraincs pe3oporiist TpoMOy
emikap/aiaibHOT BiHIIEBOT apTepii Ta peKaHasi3aris
OKpeMHX TpOoMOiB ApiOHMX CcyOeHIOoKapAiaIbHUX
apTepiii, yTBOpEHHs Kojarepajeld B MepuiH(papKT-
Hill 30Hi. [lin Yac Bi3yanbpHOro OISy IMperaparis
CYTTE€BUX BIIMIHHOCTEH MiX TpylamH, SKUM IEpea
MOJISITFOBaHHAM iH(apKTOnoAiOHO1 KapaioBaszomarii
BBOAWIN HU3BKOMOJEKY/ISIPHY (pakIito KOPIOBOi
KpoBi a00 « AKTOBETiH», HE BUSBJICHO.

BucHoBku

Opaknig 10 5 k/la 3 KopmoBoi KpoBi KOpiB Mi-
CTUTh KOMIIOHCHTH, SIKi MAalOTh KapIiOTpPOTEKTOP-
HOIO Ai€r0. MexaHi3Mm i JaHUX YHHHUKIB IOJIATAE,
30KpeMa, B TIOKpalleHHi 3a0e3leueHHs Kapiomio-
LUUTIB KHCHEM Ta OuIbIl e€(EeKTHBHOMY HOTO BHKO-
pUCTaHHI, YAM MOXKE TOSCHIOBATUCS TiABUIICHHS
CTIMKOCTI TBapHH /0 BIUIMBY TiNOKCii-rimepkamnsii.
[IpodinakTiuHe BBeNeHHS MaHOI (paKIii 3HUKYE
PHU3UK BUHUKHEHHS IOLIKOKEHb MiOKapJa BHACIIi-
JIOK BIUIMBY TIiMOKCii Ta 3MEHIIYE CTYIiHb YpaXKeH-
HS MiOKap/a, Mpo IO CBIAYNTEH OUBIN HU3BKUH pi-
BEHB CEPIIEBOTO TPOTOHIHY 1.

Asmopu 6ucnognioioms noodsKy 3aeioysauy 6io-
dinom excnepumenmanvroi kpiomeouyunu IIKiK
HAHY, k. m. . M.O. Yuowcy 3a KOHCYTbMAmuseHy
oonomozy 6 ananizi xKapoiozpam, cm. H. C. i00LLY
kpioghisionoeii IIIKiK HAHY, k. 6. n O.B. luny
3a 00NOMOZY 8 MEeXHIYHOM)Y 3a0e3nedeHHi eKcnepu-
MeHNy ma KOHCYIbmauii nio 4ac npogeoeHHs Kap-
dioepaghiunux 00cniodxicenb Ha 1aOOPAMOPHUX MEa-
punax, 3asioysauyi eieapiro IIIKiK HAHY JI.B. ba-
YYHOSBILl 3a 3a0e3neueHHs VMPUMAHHA  MEAPUH
8I0N0BIOHO 00 MEeMOOUKU NPOBEOCHHS eKCnepUuMeH-

my.

NMiTepatypa
1. Babwuiuyk 1B, Cupotenko JTA, Manosa HI, u gp. YpoBHu nunu-
0B U [TIIOKO3bl B CbIBOPOTKE KPOBM KPbIC Ha (hOHE CTpecC-MH-
OyUMPOBaHHOW apTepuanbHOW rMnepTeH3nmn 1 nocne BBEAEHUS
KPUOKOHCEPBUPOBAHHOW KOpAoBOW KkpoBu. lNpobrnemu eHpo-
KpuHHOT natonorii. 2014; 24(3): 89-96.
2. bepesosckuit BA. boriko KA, KnumeHko KC, un gp. funokcus n
UHAMBMAYanbHble 0COBEHHOCTM pe3ucTeHTHocTu. Kues: Hay-
KoBa gymka; 1978. 215 c.
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certain thrombi of small subendocardial arteries,
and the collaterals formation in peri-infarct zone
were observed in cardial preparations of animals
from these groups. Visual examination of prepa-
rations revealed no significant differences between
the groups received either the cord blood low-
molecular fraction or ‘Actovegin’ before simulating
the infarction-like cardiovasopathy.

Conclusions

The cattle cord blood-derived fraction below
5 kDa contains the components with cardioprotec-
tive effect. The action mechanism of these factors
consists, in particular, in improving the cardiomyocyte
supply with oxygen and its more efficient use,
as evidenced by an increased resistance of animals
to hypoxia-hypercapnia. Prophylactic administration
of this fraction reduces the risk of myocardial
damage, resulted from hypoxia impact and miti-
gates the myocardial damage rate, as proved by
a lower cardiac troponin I level.

The authors express their gratitude to Mykola
O. Chizh, Ph.D., Head of the Department of
Experimental Cryomedicine of the IPCC of the
NAS of Ukraine for advisory assistance in ECG
analysis, Oleksandr V. Shylo, senior research fellow
of the Department of Cryophysiology of the IPCC of
the NAS of Ukraine for help in technical support
of the experiment and advise during cardiographic
studies in laboratory animals, and Liudmyla V. Bat-
sunova, Head of the Animal Facility of the IPCC of
the NAS of Ukraine for ensuring the animal housing
in accordance with the experiment procedure.
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