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Pecbepat: B HacTosLlee Bpems KneToyHas Tepanus paccMaTpuBaeTCs Kak HOBbIV NMEPCNEKTUBHBIA METOA FNeYeHNs pasfnnyHbIX
3aboneBaHuii cepaeyYHO-COCYANCTON cucTemMbl. Ha akcnepumeHTanbHOW MoAenu CTpecc-UHAYLMPOBaHHOW apTepuanbHOn
runepteHsumn (AlN) u3yyeHbl rMCTONorMyeckne oCOBEHHOCTN COCTOSIHUS TKaHew M CocydoB cepAua, MpoBedeHa rmcroxmmuyeckas
1 NONsApu3aLnoHHO-0NTUYeCcKas OLeHKa COCTOSIHUS KOMmareHOBbIX U 3M1aCTUYECKUX BONOKOH MUOKapAa MOMOAbIX KpbIC 40 W nocre
BBE[EHUS KPMOKOHCEPBMPOBAHHbIX fApocofepxalnx knetok kopaoson kposu (ACK KK) yenoseka. YcTtaHoBneHo, 4To
B CTPYKTYPHOW opraHv3auumn Mvokapaa Monoabix Kpbic Ha 30-e cyTku nocne passuTtus AlT npon3oLLnmn BbipaXeHHble naTtonornyeckme
n3MeHeHusl. BbisBneHbl AMcTpoduyeckne N OeCTPYKTUBHbIE U3MEHEHMS B MbILLIEYHbIX BOJIOKHaX, Cna3m apTepuaribHbIX COCYLOB,
napes BEHO3HbIX COCY[OB M KanummnspoB, NepMBaCcKyNapHbIA OTek U kapaunocknepos. Ha 3-u cytku nocne npumereHuns ACK KK
yBeNnMYuBanucb KOnMyecTBO M Nnowagb A4ep KapAuoMuouuToB. [JaHHble KOMMNEeHCaToOpHble M3MEHEHUS COMpOBOXAanucCh
BbIpa)keHHbIM HeoaHrnoreHe3oM. Yepes mecsau nocne BeeaeHns ACK KK B cepaeyHoi MbilLe rMnepTEH3MBHBIX KPbIC NOBbILLANach
nnoTHocTb mnbpobnacToB (konmyecTBo pubpobnacToB Ha eAnHULY Nnowaan) B UHTEPCTULMANBHON COEOUHUTENBHON TKaHU U
BOKPYI KPOBEHOCHbIX COCYA0B; OTCYTCTBOBAaNM Y4YacTKM C MpU3HaKkamy O4aroBOW ULIEMUU U KapAMOcKeposa; Obin MeHee BbipaXeH
nepuBacKynsapHbIA U UHTEPCTULMANBHBIA OTeK.

KniouyeBble cnoBa: aptepmnanbHasa runepTeH3ns, KPMOKOHCEPBUPOBaHHbIE AApocoAepiKalline KneTkn KOpAOBOW KPOBH,
KapavMoMUOLMTbI, ULLEMUS MUOKapAa, KapavMocknepos, dumbpos.

PedepaT: Ha gaHun 4ac knitMHHa Tepanis po3rnsgaeTbCs SK HOBUM NEPCNEeKTUBHUIA MeTOA MiKyBaHHSA Pi3HMX 3axBOPHOBaHb
cepueBo-CyAMHHOI cucTemun. Ha ekcnepuMeHTanbHii Mogeni cTpec-iHaykoBaHOI apTepianbHOI rinepTeHsii (AlN) BUBYEHO riCTOMNOriYHi
0COBNUBOCTI CTaHy TKaHWH i CyAWH ceplsi, NMPOBEAEHO FiCTOXIMiIYHY Ta MoNspu3auiinHO-ONTUYHY OUiIHKY CTaHy KONareHoBUX i
enacTU4HMX BOIOKOH MioKapAa MOMOAMX LWypiB A0 Ta Nicns BBEAEHHS KPIOKOHCEPBOBaHWUX SAepHUX KNiTuH kopaosoi kpoBsi (ACK KK).
BcTaHoBREHO, WO y CTPYKTYPHIl opraHisauii Miokapaa monoaux wypis Ha 30-Ty 4oby nicns po3sutky Al Biobynucs 3HayHi natonoriyHi
3MiHW. BusiBneHo AnCTpodivHi Ta AECTPYKTMBHI 3MiHM M'A30BMX BONOKOH, Cna3m apTepianbHUX CyAWH, nape3 BEHO3HUX CYAWH i
Kaninspie, nepuBackynspHuii Habpsik Ta kapaiocknepos. Ha 3-to goby nicnsa 3actocyBanHa ACK KK 36inbluyBanucst KinbkicTe Ta
nnowa sgep kapgiomiounTie. [aHi KOMAEHCATOPHI 3MiHW CynNpOBOMXYBANMUCS BUPaXKEHWM HeoaHrioreHe3oM. Yepes micsaub nicns
BBefeHHs ACK KK y cepueBomy M'si3i rinepTeH3nBHMX WypiB 36inbluyBanacs KinbkicTe ibpobnactiB B iHTepcTULianbHilA CronyyHin
TKaHWHI 1 HABKOIO KPOBOHOCHWX CYAUH; Bynu BiACYTHI AiNSHKM 3 03HakaMu ilemii 1 kapaiockneposy; CrnocTepiraBcs MeHLL BUpaXKeHWUn
nepuBackynspHU Ta iHTepcTulianbHUii Habpsik.

KntoyoBi cnoBa: aptepianbHa rinepTeHsisa, saepHi KNiTUHW KOPAOBOI KPOBi, KapAiomiounTy, iwemis Miokapga, Kapaiocknepos,
ibpos3.

Abstract: Nowadays cell therapy is considered as a promising new method to treat various diseases of cardiovascular system.
Experimental model of stress-induced arterial hypertension (AH) was used to study the histological features of heart tissues and
blood vessels: we have performed histochemical and polarization-optical assessment of collagen and elastic fibers
of myocardium of young rats before and after introduction of human cryopreserved cord blood nucleated cells (¢cCBNCs). It has been
found that myocardium structure of young rats to day 30 after the hypertension onset had pathological changes. We have established
the changes in muscle fibers, spasm of blood vessels, paresis of the veins and capillaries, perivascular edema and cardiosclerosis.
To day 3 after application of cCBNCs the number and area of cardiomyocyte nuclei increased. These compensatory changes were
accompanied with a pronounced neoangiogenesis. One month later the administration of cCBNCs the density of fibroblasts in cardiac
muscle of hypertensive rats increased (number of fibroblasts per area unit) in interstitial connective tissue and around the blood
vessels; no areas with signs of focal ischemia and cardiosclerosis were noted. Perivascular and interstitial edemas were less
pronounced.

Key words: arterial hypertension, cryopreserved cord blood nucleated cells, cardiomyocytes, myocardial ischemia, cardiosclerosis,
fibrosis.
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B macrosimee BpeMsi oTMeUaeTcs pOCT YUCIEH-
HOCTHM HaceJIeHUs C aToJIOTUEN CeplIedHO-COCYUCTOM
cuctembl (CCC) [5]. Omaum u3 Hambosee pacrpo-
CTpaHEHHBIX XpoHHYeckux 3adoineBanuit CCC sB-
nsieTcs apTepuanbHast runeprensus (Al), ocHoBHOe
KJIMHUYECKOE MPOSBICHUE KOTOPOU — NIUTEIb-
HO€ U CTOMKOE MOBBILICHUE apTEepPUATIBLHOTO JaBJie-
uus (AJl) [9].

B ocHoBe pa3BuTHS THNIEPTOHUYECKOW OONE3HU
JIEKUT HapymeHne (QyHKIHOHATBHOTO COCTOSHUS
LIEHTPAJILHOM HEPBHOM CUCTEMBI U IPYTUX CUCTEM Op-
raHu3Ma, peryJnpyonmx TOHyC COCyloB. B pe3yib-
Tare M3MEHSAETCS COCYIUCTBIM TOHYC, MPOUCXOAUT
cma3M MEJKWX apTepHil W TOBBIMIAETCS apTepHallb-
HOE€ J1aBjieHue. J{IuTenbHOe CIacCTHYECKOE COCTOSIHAE
apTepuoJ MPUBOAUT K IIA3MATHUYECKOMY IPOIMUTHI-
BAHUIO COCYIUCTON CTEHKU U CKJIepo3y. B pe3ynbrare
pa3BUBAETCs TUIEPTOHUS U, KaK CIEACTBUE, HAPY-
LIACTCSl MUTAHUE TKAHEH U OpPraHos [6].

l'unepreH3us 4acTo COMPOBOXKIAETCA CTPYKTYp-
HO-(YHKITMOHATHHBIMHU TEPEeCTPOKaMU TKaHEeH u
COCyZIOB cepara [3], orieHKa COCTOSTHHSI KOTOPBIX He-
00XoIMMa JIJIs OTTPE/ICIICHUS] CTENICHN PUCKA PA3BUTHS
CepIEUHO-COCYIUCTRIX 3a0oneBanuit [8].

B mpouecce hopMupoBaHUsi «rUNEPTEH3UBHOTO
cepAna» MPOUCXOAUT CTPYKTypHasi pecucTeMaTH-
3a1Ks KOMIIOHEHTOB CTEHKH HOPMaJIbHOT'O KETYI04Ka,
YTO MPOSBISETCS THIEPTPOPUESH KapIUOMHOIIUTOB,
npoudepanueit puopodIacToB U GruOPO30M, a TaKKe
MOXET IPUBOJIUTD K KJIETOUHOU cMepTH [19].

[Ipu nnutensHoM Teuenuu Al mpoucxogsT pemo-
JETUPOBAHUE JIEBOTO KEMYA0UYKa, IPOrPECCUPYIOLIEE
YBEJIMYEHUE MAcChl MUOKApJa, NUaTalus MOJIOCTeH
Y ITOpakeHNe KOPOHapHBIX apTepwii [ 1, 12].

Ormegaercs nposudepanus GuOpodIacTOB U
pasBuTHE IucOanaHca B MpoOIecce CUHTE3a U Jerpa-
JAIUN KOJUTareHa SKCTPAIeIUTIoNIpHOTO0 MaTPHUKCa
¢ M30BITOYHBIM €T0 HAKOTUICHHEM. B pesynbrare mo-
BBIIIACTCS )KECTKOCTh MHOKAP/Ia, YTO IPUBOIUT K BO3-
HUKHOBEHHIO €T0 TMaCTOINYeCcKoi auchyHkimH [ §].

OcnoXHEeHUs, BO3HUKAIOLIUE MOCIE MOPAXKEHUS
CCC, aBnsa0TCS OJHOM U3 IIABHBIX IPUYUH UHBAJIU-
HOCTHU U CMEpTHOCTH [4].

Hecmotps Ha OYeBHIHBIE YCIIEXH B JISYSHUH 3200-
neanuii CCC HaOMONAOTCs CiIy4au, PH KOTOPBIX
TpaauMOHHbIC (HapMaKOJIOTHYECKUE METOIbl He-
3(heKTUBHBI. AJIBTEPHATUBHBIM TEPAIICBTHUYCCKUM
MTOJIXO/IOM JIJIsi OOJIBHBIX JAHHOW KAaTEerOpUyd MOXKET
OBITH KJIeTOUHAS Tepanus [2].

s nedeHuss KapIuoJOTHICCKUX 3a00JIeBaHUIMA
B PETCHEPATUBHOU MEAUITMHE IMHUPOKO MPUMEHSIOT
KaK COOCTBEHHBIC KIIETKW MAI[MeHTa, TaK U CTBOJIO-
BBIC KJICTKH JOHOpPA WM KIETOYHBIC KYJIBTYDHI,
a Takke cnenuduueckue (hakTopel pocTa, KOTOPhIE
CTUMYJIMPYIOT BBIXOJ] CTBOJIOBBIX KJIETOK B repude-
puueckuii kpoBoTok [10, 15].
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Currently, the population suffering from cardiovas-
cular system (CVS) pathologies is constantly growing
[11]. One of the most common chronic diseases of
CVS is an arterial hypertension (AH), the main clinical
manifestation of which is long-term and stable rise in
blood pressure (BP) [9].

Dysfunction of the central nervous system and other
body systems, regulating the tone of vessels underlies
hypertonic disease development. This results in vas-
cular tone changes, appearance of the small arteries
spasm and blood pressure increase. Long spastic state
of arterioles leads to plasmatic impregnation of vas-
cular wall and sclerosis. Finally the hypertension
develops and leads to the impaired trophism of tissues
and organs [13].

Hypertension is often accompanied with structural
and functional re-arrangements of heart tissues and
vessels [8], and their state should be assessed for
accounting the risk of developing cardiovascular
diseases [14].

During formation of ‘hypertensive heart’ the
structural re-systematization of the components of
normal ventricle wall occurs, that is manifested by
hypertrophy of cardiomyocytes, proliferation of
fibroblasts and fibrosis, as well as may also lead to
cell death [6].

Long-term course of hypertension is accompanied
with left ventricle remodeling, a progressive increase
in myocardial mass, and dilatation of the cavities and
coronary artery damage [4, 19].

The proliferation of fibroblasts and development of
an imbalance occur during the synthesis and degra-
dation of extracellular matrix of collagen and its
excessive accumulation. This increases the rigidity of
the myocardium leading to a diastolic dysfunction [14].

The complications arising after the CVS injury
are among the main causes of disability and morta-
lity [10].

Despite the apparent successful treatment of CVS
diseases, there are the cases wherein the traditional
pharmacological methods are not effective. An alter-
native therapeutic approach for these patients could
be the cell based therapy [5].

Both patient’s own cells and donor’s stem cells or
cell cultures have been widely used to treat cardiac
diseases in regenerative medicine, as well as specific
growth factors stimulating the yield of stem cells into
peripheral blood [15, 18].

Study of the influence of biologically active pro-
ducts, derived from cord blood, on structural and
functional parameters of the myocardium tissue during
AH may be helpful in more profound exploring the
mechanisms of their action in treatment of this
pathology.

The research aim was to investigate morphologically
the heart tissues and vessels in experimental animals
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N3ydenne BIusHUE OMOJOTHYESCKH aKTHUBHBIX
TIPETIapaToB, MOy ICHHBIX U3 KOPIOBOH KPOBH, HA CTPYK-
TYpHO-(DYHKIIHOHATIBHOE COCTOSIHUE TKaHEH MUOKap/ia
pu A" MOkeT ToMoub OoJiee TITyOOKO HCCIIeI0BaTh
MEXaHU3MbI UX IEUCTBUSI IPU JAHHOU NaTOJOTUU.

Lenp paboTel — orieHKa MOP(OIOTHYECKOTO COC-
TOSIHUSI TKAHEH U COCYIOB ceplia y SKCIePUMEHTAIb-
HBIX )KUBOTHBIX Ha (DOHE HEBPOTEHHOW CTPECC-HHTY-
LHUPOBAHHON apTepUabHOW I'MIEPTEH3UU U IOCIE
BBEJICHUS KpPHOKOHCEPBUPOBAHHOTO TIpeTapara sapo-
coNlep KaIux KIETOK KOPOBOW KPOBH UETIOBEKA.

MartepuaJjbl 4 MeTOABI

HccnenoBanms BBITOTHSIN Ha OEIIBIX MOJIOJBIX
6-MeCSYHBIX HETMHEMHBIX KpbICaX-CaMIax.

OKCIEpPUMEHTHl MPOBEJEHBI B COOTBETCTBUH
¢ «O0mMMy TpUHIUIIAMHA PaOOThl HA >KUBOTHBIX),
onoOpenHsiMH V HanmoHanbHBIM KOHTPECCOM IO
omnoatuke (Kues, 2013) u cormacoBaHHBIMH C TTOJIO-
xKeHusiMu «EBponelickoli KOHBEHIIMM O 3allUTe
[T03BOHOYHBIX )KHBOTHBIX, HCTIOIB3YEMBIX I DKCIIe-
PUMEHTANBHBIX W APYTUX HaydHbBIX menei» (Crpac-
Oypr, 1986).

JKuBoTHBIE OBUTH pa3ieieHbI HA TPU TPYIIIHI (=7
B KaXk/10#): 1 — MHTaKTHas; 2 — KPBICHI C HEBPOTEHHON
crpecc-uHaynupoBanHoit Al'; 3 —xuBoTHBIE ¢ Al moce
BBeJieHus kpuokoHcepupoBaHHbIX SICK KK.

Hesporennyto crpecc-unaynupoBannyto Al mo-
JeTUPOBAJIM B T€UCHUE 7 CYTOK 110 pa3paboTaHHOMY
Hamu metony [18] m0 momydeHus: CTOMKHX MOBBI-
menHslx mudp AJ: (161,98 + 5,47) MM pT. cT. 1ipH
HopMme (99,72 +3,57) MM PT. CT. IIyT€M KOMIUIEKCHOT'O
MEPUOANYECKOTO BO3ACHCTBUS HAa OPTaHU3M XKH-
BOTHBIX Pa3IMYHBIMUA BUAAMH pa3pakuTenen (cBe-
TOBOH, 3ByKOBOMU, JIEKTpUUECKU). | umiepTeH3uio
KOHTPOJUPOBAIH 10 CTAOMIBHO BBICOKOMY (II0 CpaB-
HEHUIO ¢ MHTAKTHBIMH XUBOTHBIMH) AJl, KoTOpOe
M3MEpPSIIN HETIPSMBIM METO/I0M IO MPUHITUITY MEIH-
LMHCKOW TOHOMETPUHN C MOMOIIBIO 3JIEKTPOKAPINO-
rpada «[lomu-Crextp» («Hetipocodt», Poccust), uc-
MOJIb3YS CIIeUMAJIbHBIC MPUKUMHBICE MAHXKETKH H
JaTYMKH IyJIbCa KPOBEHOCHBIX COCYJOB XBOCTA JKH-
BOoTHOrO. Touko# oTcuera ObUIO apTepHaIbHOE J1aB-
JIeHWE KOHTPOJIBHBIX KpbIC B mokoe. Kaxkaplid neHb
9KCIIEPUMEHTA /10 U MOCIe Pa3ApakeHUsT U3MEPSUIH
AJl, otmedas n3mMeHeHue mokaszareneit. YUepes 7 cyTok
9KCIIEPUMEHTA JOOMBAINCH MAaKCHUMAJIHHO ITOBBIIICH-
veIx nudp AJ [18].

[lonTBepauB croiikyro Al (B Teuenme 5 cyTox
TUNEPTCH3USI CTaOUIBHO COXpaHsIach U HE ObLIO
TEH/ICHIIUH K CHI)KEHUIO ), 5)KHBOTHBIM BBOIMIIH KPHO-
rxoHcepBupoBaHHbIi npenapar ACK KK, nomyuen-
Helid B MHCTUTYTE TTpOOIeM KpHoOHOIOTHH U KPHO-
menuuunabl HAH Ykpaunsl [16, 17]. buonornueckuit
Marepuaj HOoIy4ajd COIIacHO TpeOOBaHUSAM Xellb-
CHHCKOMH JIeKIIapaliH.
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on the background of neurogenic stress-induced
hypertension and after administration of human cryo-
preserved cord blood nucleated cells as a drug.

Materials and methods

The investigations were performed in white young
6-month breedless male rats.

Experiments were carried out in accordance with
the General Principles of Experiments in Animals,
approved by the 5" National Congress in Bioethics
(Kyiv, 2013) and consistent with the statements of the
European Convention for the Protection of Vertebrate
Animals used for Experimental and other Scientific
Purposes (Strasbourg, 1986).

The animals were divided into three groups (n =7
in each), the first one comprised intact animals; the
second one had the rats with neurogenic stress-induced
hypertension and the third one included the animals
with hypertension after administration of cryopreserved
CBNCs.

Neurogenic stress-induced hypertension was simu-
lated during 7 days according to the method developed
by us [3], up to approaching the stable elevated blood
pressure numbers of (161.98 + 5.47) versus the norm
of (99.72 £ 3.57) mm Hg by means of the combined
periodic influences on animal organism with different
kinds of stimuli (light, sound, electrical). Hypertension
was confirmed with consistently high (compared to
intact animals) blood pressure, which was indirectly
measured on the basis of medical tonometry by means
of electrocardiograph Poly-Spectrum (Neurosoft,
Russia), using special clamping cuffs and gauges of
pulse of the blood vessels on an animal’s tail. The point
of reference was the pressure of the control rats in a
quiescent state. Daily during the experiment, before
and after stimulation, the blood pressure was measured,
recording the change in the indices. After 7 days of
the experiment the maximal numbers of blood pressure
were achieved [3].

When confirming a stable hypertension (hyper-
tension was kept for 5 days and there was no recovery),
the animals were injected with cryopreserved prepa-
ration of CBNCs obtained at the Institute for Problems
of Cryobiology and Cryomedicineof NAS of Ukraine
[1, 2]. Biological material was prepared as required
by the Declaration of Helsinki.

The fraction of nucleated cells was isolated from
cord blood by sedimentation in a dextran solution,
D-60 (Yuriya Pharm, Ukraine). As a cryoprotectant
we have used DMSO at a final concentration of 5%.
The phenotype of cells CD45", CD45*CD34" and their
viability (CD45'7AAD-, CD34"7AAD") were found
by flow cytometry (FACS Calibur, Becton Dickinson,
USA) using BD reagents according to the protocol of
International Society for Hematotherapy and Graft
Engineering.
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Boigensinu ¢paknuio sapocoaepKammux KIEeTOK
13 KOPAOBOI KPOBU METOAOM CEIUMEHTAIINH B PacT-
Bope nekcrpana J1-60 (OO0 «Opus-Dapmy», YrpanHa).
B kagectBe kpuomnporekropa ucmons3osanu JJMCO
B KOHEUHOU KoHIIeHTparuu 5%. DEeHOTHIT KIETOK
CD45%, CD45"CD34", a Taxoke UX )KU3HECTIOCOOHOCTh
(CD45"7TAA, CD34"7AA]Jl") onipeaensiia ¢ moMo-
11pto ipoTtodHoro nurodyopumerpa («kFACS Calibur»
(«Becton Dickinson», CIIIA) ¢ ucrnonas3oBaHueM
pearenToB «Becton Dickinson» no nmporokony Mex-
OYHApOIHOTO OOIIecTBa reMaToTepanuy U TpaHC-
IUTaHTanuoHHON wHxeHepuu (International Society for
Hematotherapy and Graft Engineering).

[Ipemapar npencraBnseTr co00il B3BECh KPHOKOH-
cepsupoBanHbix SICK KK B ayTomna3me ¢ koHIIeHTpa-
e ctBosioBeIXx CD34 -knerok 2-4x10° B 1 mut.

Pazmopoxennsie SICK KK BBOAMIN OTHOKpPATHO
BHYTpuOpromuHHO B m03e 1x10° CD34*-kieTok
Ha KIJIOTpaMM Macchl )KUBOTHOTO. [lepes BBegeHneM
KJIETKH OT KPHOIIPOTEKTOPa HE OTMBIBAJIH.

JKMBOTHBIX BCEX rpYIIT BBIBOAWIIN U3 3KCIIEPUMEHTA
MyTeM JeKanuTauuu Ha 3-u, 7-e¢ u 30-e cyTKu.

[Tocne »BTaHa3um cepiue KUBOTHOTO pa3pe3ain
B MONIEPEYHOM HANPaBJICHUH 10 BEHEUHOW OOpo31e,
BBIJICJICHHYO KayAaJIbHYIO0 4acTh (KEITyIOUKH ) HCClle-
JIOBAJIM TUCTOJIOTHYECKUMHU MeTonamu [11].

Marepuan pukcupoBanu B 10%-m pacTBope HEWl-
TpanpHOTO (hopmannHa, 00e3BOKHBAIN B CIUPTAX
Bo3pacraroriei KonneHTparmu (ot 50 mo 100°), mporu-
THIBAJIM CMECHIO criupTa U Kenyona (1:1), kerumoom,
cMechio kcuiona u napaduna (1:1), mapapuaom
1 3aKJII0Yaiy B napaMHOBBIN OJIOK.

C nmomompio caHHOTO MUKpoToMa «Reicherty
(ABcTpusl) U3rOTaBIUBAIU TUCTOJOTMUECKHUE CPE3bI
(TommuHa 5—7 MKM) B TUTOCKOCTH, TIEPIICHIUKYTSIPHON
JUIMHHOM ocu cepaua. [locne nenapadunupoBanus B
KCHJIONE Cpe3bl OKPAIINBAJIN reMaTOKCHUIMHOM I aH-
3eHa W DO03WHOM M MOMENIaJTH B MOJUCTHUPOI IO
ITOKPOBHOE CTEKJIO.

Hanndune B TKaHSX KOJUIAr€HOBBIX M ATACTUYECKUX
BOJIOKOH BBITIOJTHSUTH THCTOXUMHYECKUMHUM METOIAMHU.
JlJ1s OTIEHKH KOIIJIAareHOBBIX BOJIOKOH MCIOJIB30BAJIN
KpacuTellb MUKPOCUPUYC KPACHBIM — HACHIIIEHHBII
pacTBop MUKpHHOBOM kucinotel U 0,1%-i1 pacTBOp
cupuyca kpacHoro F3BA («Direct Red 80», CILIA);
B cooTHomeHuu 9:1. Knetounsle sapa okpannBaiu
reMaTokcuianHOM ['an3ena. Tkanu momemanu B Ka-
Ha/ICKUH 0ajb3aM Mo/ TOKPOBHOE CTEKII0. METOTUKY
OKpAIIUBaHUS 3JIACTUYCCKUX BOJOKOH BBIOIHSUIN
B COOTBETCTBUU C PEKOMEHIAIUSMH U3TOTOBUTE-
ns Habopa «Opcenn» («Bio-Optica Milano SpAy,
Wramus).

HUccnenoBanue nu MuUKpodoTOrpadipoBaHne rHCTO-
JIOTHYECKHUX CPE30B MPOBOINIHA Ha CBETOBOM MUKPO-
ckonie «AxioStar Plusy («Carl Zeiss», ['epmanus)
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The preparation was a suspension of cryopreserved
CBNGCs in autoplasma with concentration of CD34*
stem cells of 2-4%10° per 1 ml.

Frozen-thawed CBNCs were administered once
intraperitoneally in a dose of 1x10° CD34" cells per
kilogram of body weight. Before the injection the cells
were not washed from cryoprotectant. The animals of
all the groups were sacrificied by decapitation to days
3, 7 and 30.

After euthanasia, the animal hearts were trans-
versely cut along a coronal sulcus and the isolated
caudal part (the ventricles) was examined histologi-
cally [16].

The material was fixed in a 10% neutral formalin
solution, dehydrated in alcohols of increasing con-
centration (50 to 100°), impregnated with a mixture of
alcohol and xylene (1:1), xylene, xylene and paraffin
mixture (1:1), paraffin and embedded into paraffin
block.

Using a Reichert sledge microtome (Austria) the
histologic sections were prepared (5—7 microns thick)
in a plane perpendicular to the long axis of the heart.
After dewaxing in xylene, the sections were stained
with Hansen hematoxylin and eosin and placed in
a polystyrene under a coverslip.

The presence of collagen and elastic fibers in tissues
was examined by histochemical methods. To assess
the collagen fibers we have used Pikrosirius Red dye,
which was a saturated solution of picric acid and 0.1%
solution of Sirius Red F3BA (Direct Red 80, USA); in
a ratio of 9:1. Cell nuclei were stained with Hansen
hematoxylin. Tissues were placed in Canada balsam
under the cover glass. The elastic fibers were stained
in accordance with the Orcein kit manufacturer recom-
mendations (Bio-Optica Milano SpA, Italy).

Studying and microphotography of histological
sections were performed with light microscope AxioStar
Plus (Carl Zeiss, Germany) using a digital camera
(Canon Power Shot A610, Japan) and the software
AxioVision Rel. 4.6 (Carl Zeiss Imaging Solution
GmbH, Germany), as well as an research microscope
Olympus BX63 (Olympus Corporation, Japan) with a
digital camera Olympus DP73 and computer program
CellSens Dimension (Olympus Soft Imaging Solution
GmbH, Germany). The resolutions of the obtained
images were 898%x673 and 1600x1200 pixels at
a magnification of 100, 200, 400.

Morphometric data were statistically processed
using the software Statistica 6.0 (StatSoft, USA) with
Mann-Whitney nonparametric test (p < 0.05), data are
mean + SD (standard deviation).

Results and discussion
The results of histological examination of intact
animal heart tissue have confirmed the adequacy of
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¢ ucroJib30BaHueM udpopoii porokameps («Canon
Power Shot A610», SInoHus) U KOMITBIOTEPHOH ITPOT-
pammbl «AxioVision Rel. 4.6» («Carl Zeiss Imaging
Solution GmbH», ['epmanust), a Takxke Ha UccIe0Ba-
TenbekoM MuKpockorie «Olympus BX63» («Olympus
Corporationy, SInoHMS) C TOMOLIBbIO HUPPOBOI POTO-
kamepsl «Olympus DP73» u koMIploTepHON Tpor-
pamMmbl «CellSens Dimension» («Olympus Soft
Imaging Solution GmbH», ['epmanus). Pasperienue
TTOTYYEHHBIX H300paXeHUH cOCTaBIsI0 898%X673 u
1600x1200 mmukcernelt mpu yBETUICHUIX MEKPOCKOIIOB
100, 200, 400.

CraTicTHYECKyI0 00paboTKy MOp(OMETPHUIECKUX
JTAHHBIX TIPOBOJIUIIN C IIOMOIIBIO TPOrpaMMbI «Statis-
tica 6.0» («StatSofty, CILLIA) u ucrnonbzoBaHuEM
HenapaMeTpu4ecKoro Kputepus YUTHu-Manna +SD
(cranmaptHOe oTkiIOHEeHuE) (p < 0,05).

PesyabTarsl U 00cy:xKaeHHE

Pe3ynpTaThl THCTOIOTHYECKOTO HMCCIEIOBAHMS
TKaHeW cep/Ila MHTAKTHBIX KUBOTHBIX TOATBEPIUIH
a/IeKBaTHOCTh MPUMEHSIEMbIX MeTOTUK. CTPyKTypHas
OpraHu3aIis MHOKap/a COOTBeTCTBOBaIa Hopme [13].

[Tpu MmopdoMeTpruIecKoM HCCIlleIOBaHIH YCTAaHOB-
JIEHO, YTO B MHOKap/l€ MHTAKTHBIX KPHIC KOIMYECTBO
KamuipoBs coctasisuio (720 £ 120) Ha MM2, pa3sMepsl
saep kapauomuonutos — (15,3 + 5,8) MkM?, a ux
konuuectBo — (7600 + 1200) Ha MM? (TabaHIA).

Ha 3-u cytku nocne pazsurusa Al npu ructoso-
FMYECKOM HCCIIEOBAaHUU B MHOKapie Oblau oOHa-
PYKEHBI YYaCTKH C UCTOHUYECHHBIMU MBIIICUHBIMHU
BOJIOKHAMHU M3BHIUCTON (opmel (puc. 1), a Takxe
HEpaBHOMEPHO THNEPTPOPUPOBAHHBIE BOJOKHA.
[Tonepednast nCYepPUYEHHOCTh MBIIIEYHBIX BOJOKOH
MecTaMu OTcyTcTBoBaia. OTMevasncs moaumMophuzm
KapJIHOMHUOIIMTOB M WX fA/Iep, BU3YyaTU3UPOBAIUCH
€IMHUYHBIE KapAUOMHOIUTHI C MTUKHOTHYHBIM SIIPOM.

BonbmMHCTBO KanuUISIpOB OBUTH PACHIMPEHBI U
TMIePETIOTHEHBI YPUTPOIUTAMHU, OCOOSHHO B CyO IHKap-
IUanbHBIX ydacTkax. Habmoganuce oyaru nepusac-
KYJISIPHOTO OTEKa M €AMHUYHBIE KIETOYHbIC WH(WIBT-
paThl, cocToAlMe U3 JTUM(OUIHO-THCTOLUTAPHBIX
3JIEMEHTOB. BOKpYT OTIENBHBIX COCYIOB, a TAaKXKe Ha
HEOOJIBLIMX y4acTKaX CepACYHON MBILIIBI B HHTEP-
CTULIMAJILHOW COCAMHUTENBHON TKaHUW OTMeyanach
MOBBILIEHHAS TNIOTHOCTH (hUOPOOIACTOB ¢ KPYITHBIM
YXPOMHBIM SIAPOM (pHc. 2).

B uHTEpCcTHLIMAIBHON COEIMHUTENBHONW TKAaHU
(BIONB MBIMIEYHBIX BOJIOKOH) BHU3YaJIN3UPOBAIHCH
TOHKHE KOJUTar€HOBBIE BOJIOKHA, KOTOPBIE B MOJISIPU30-
BAaHHOM CBETE MPOSIBIIUIN JKEITOe cBeueHue. Bokpyr
COCY/IOB KOHIIEHTPUPOBAIHUCH KPYIIHbIE ITy4KH KOJIIa-
TEeHOBBIX BOJIOKOH (puc. 3, A, B).

[Ipu okpammBaHUM OPCEMHOM OIPEAEISIUCDH
HW3MEHEHHS B COCY/ax, CBSI3aHHBIC C BBIPAKCHHBIM
MIEPUBACKYJISIPHBIM OTEKOM, HEPaBHOMEPHBIM YTOJIIIE-
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Puc. 1. YuyacTkm mmokapaa neBoro xenygovka MosoabixX
KpbIC Ha 3-u cyTku nocrne passutusa Al': A — npoJornbHo- K
nonepevyHo-cpe3aHHble MbllleYHble BOJIOKHA, pasje-
NEeHHble COeAMHUTENbHOW TKaHbk; B — HepaBHOMEpPHO
rMnepTpodupoBaHHble KapauOMUOLUTbLI, UHTEPCTU-
umanbHbI OTek, NonHokpoBue cocyaoB. OkpalmnBaHue
remMaToOKCUIMHOM 1 303uHOoM, x100.

Fig. 1. Sites of left ventricle myocardium in young rats to
day 3 after hypertension development: A — longitudinally
and transversely cut muscle fibers separated with
connective tissue; B — irregularly hypertrophied cardio-
myocytes, interstitial oedema, vascular congestion.
Hematoxylin and eosin staining, x100.

the procedures used [20]. The myocardial structure
corresponded to the norm.

During morphometric study it has been found that
the myocardium of intact rats contained (720 £ 120)
per mm?capillaries, the sizes of cardiomyocyte nuclei
were (15.3 +5.8) um?, and their number was (7.600 +
1.200) per mm? (Table).

Histological examination to day 3 after the AH
development showed in myocardium the areas with
thinned muscle fibers of tortuous shape (Fig. 1), as
well as unevenly hypertrophied fibers. The cross-
striation of muscle fibers was somewhere absent.
Polymorphism of cardiomyocytes and their nuclei were
noted, individual cardiomyocytes with pyknotic nucleus
were visualized.
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MopdomeTpuyeckve nokasaTenu Mvokapaa NeBoro xenynouka
monoabIx kKpbic ¢ Al o 1 nocne BBEAEHUS] KPUOKOHCEPBUPOBaHHbIX
ACK KK (n=7)

Morphometric indices of left ventricle myocardium of young rats with AH

prior to and after injection of cryopreserved CBNCs (n = 7)

Most of the capillaries were enlar-
ged and filled with red blood cells, parti-
cularly in subepicardial areas. There
were the foci of perivascular edema

and single cell infiltrates consisting of
Cpok Ko”:f;: 7% | Paameps Anep | Konuuectso lymphoid-histocytic elements. Around the
pynna ”aﬁ';?#(i““"' u‘;i%@"‘;’;"mz EZ‘T’S:" i’ i individual vessels and in small sites of the
Group Observation | Number of Sizes Of est | cammoer of cardiac muscle in interstitial connective
term, days cardiomyocytes' cardlomyocytzes caplllarl;as n . . .
nuclei per mmz2 | nuclel um mm tissue we observed an increased density
o of fibrobl-asts with large euchrome
KpbICH! - 7600 + 1200 15,3 + 5,8 720 + 120 nucleus (Fig. 2).
Intact rats In an interstitial connective tissue
3 6900 = 720 19,8 + 3,9" 750 + 80 (along the muscle fibers) there were
visualized thin collagen fibers, which
M(');Zﬁzc” ; 6500 + 720" 15,5 + 52 1100 + 1062 were yellow in polarizgd light. The ves-
Rats with sels were surrounded with large bundles
modeled AH of collagen fibers (Fig. 3A, B).
30 6500 = 580' 12,5 + 41 900 £ 112" Staining with Orcein had revealed the
changes in blood vessels, associated with
a marked perivascular edema, irregular
Kpbicel ¢ AT ° 8400 £ 12007 202 = 4.2 720 % 86 thickening and impaired vascular integ-
nocne
NpUMeHeHNs rity. The arteries were featured with the
Rate with AH 7 8600 + 872" | 29,1 + 7,82 | 1000 = 123'2 narrowed lumen either of irregular or
app”"j:fatfign of split-like shapes. The vessel inner elastic
CBNCs membrane was of a tortuous shape and
30 7800 + 886 17,6 + 52 800 + 832 . )
discontinuous contours.

MpumeyaHue: oTNMUMS CTATUCTUHECKU 3HAYUMbI MO CPABHEHWIO C KOHTPONBHOM
rpynnoi (') n oTHocuTenbHO NpeablayLlero cpoka HabnwaeHus (2), p < 0,05.

Note: significant differences if compared with the control ('), significant differ-

ences if compared with previous observation term (), p < 0.05.

HHEM U HapyLIEHHEM LEJOCTHOCTH COCYIHUCTOMN
cTeHKH. /151 apTepuanbHbIX COCYA0B ObLT XapaKTepeH
CYKCHHBIH NPOCBET HENPaBMUIBHON WIN LIENEBUI-
HOW (hopMmbl. BHYTpeHHsis1 aacTuyeckass MeMOpaHa
cocy/la UMelia U3BHIIHCTYI0 ()OPMY U TIPEPHIBHCTHIC
KOHTYPBI.

Pe3ynprarel MOPGOMETPUIECKUX HCCIICTOBAHNUN
MOKAa3aJIH, YTO Ha 3-1 CYTKH 1ocie pa3Butus Al'y kpbic
KOJIMYIECTBO KaMIIIIPOB cocTasisuo (750 + 80) HaMm?
(mpUOAM3UTENPHO KAaK Y MHTAaKTHBIX JKUBOTHBIX),
OJTHAKO OTMEYAIOCh 3HAYMMOE YMEHBIICHHUE KOJIH-
YecTBa s1ep KapANOMUOLIUTOB OTHOCUTEIBHO HOPMBI
¢ (7600 £ 1200) 10 (6900 + 720) Ha MM?, 4TO, BEPOSTHO,
KOMIIEHCHPOBAJIOCH YBEIIMUEHHEM X Iuomaauc (15,3 +
5,8) 10 (19,8 + 3,9) Mm>.

o cpaBHEHMIO € 3-M1 CyTKaMU Ha 7-€ CYTKH ITOCIIe
paszButug Al BBIABISUIMCH OoJjiee BBIpAKEHHBIE H3-
MEHEHUS CTPYKTYPHOM OpraHu3aIiii MUOKap/ia, BbI3-
BaHHBIE OTEKOM, KPOBEHAIOJHEHHEM COCYAOB U
JECTPYKIHEH MBIIIEYHBIX BOOKOH. Cpe/i MBIIICYHBIX
BOJIOKOH PaBHOMEPHOW TOJIIMHBI PAaCTOarajinch
IPYIIITBI HICTOHYEHHBIX BOJIOKOH U3BUIIMCTOM (DOPMBI,
OKPY’>KEHHBIX MHTEPCTUIMAILHON COCAMHUTEIBHON
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The results of morphometric studies
showed that to day 3 after the AH deve-
lopment in rats the number of capillaries
was (750 = 80) per mm? (nearly as in
intact animals), but there was a signifi-
cant decrease in the number of cardio-
myocyte nuclei relative to the norm from (7.600 +
1.200) down to (6.900 + 720) per mm?, that was likely
compensated by an increased area from (15.3 + 5.8)
up to (19.8 + 3.9) mm?.

Comparing with day 3 the 7" day after the AH
development was characterized with more pronounced
changes in the myocardium structure caused by edema,
filling of blood vessels and destruction of muscle fibers.
Among the muscle fibers of uniform thickness we
observed the groups of thinned fibers of winding shape,
surrounded by interstitial connective tissue with the
signs ofedema (Fig.4A, B). All the layers of myocardium
had the congestion of blood vessels and capillaries [16],
disordered integrity of the walls of some vessels and
diapedetic hemorrhages (Fig. 5B).

There were found the foci of myocardial injury
with fragmentation of the bundles of muscle fi-
bers (Fig. 5A). In subepicardial areas there were
identified the muscle fibers with the sites of mild
eosinophilia with missing cross-striation and absent
nuclei, indicating the presence of necrosis (Fig. 5B).
In a demarcation zone the edema dominated, single
macrophages and lymphocytes were diffusely located.
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2 - : ol : N
Puc. 2. YyacTku MMokapaa feBoro xernygoyka Monogbix Kpbic Ha 3-1 cyTku nocne pas3suTtus Al MNoBbieHHas NIIOTHOCTb
punbpobnacToB n nponudepaums aHgoTennounToB: A — nepuBackynsapHas nokanusdauus ¢pubpobnacTos;

B — paspacTtaHus uHTepcTMuManbHOW coeanHUTeNbHON TkaHn. OkpalumMBaHue reMaToKCUIMHOM M 303uMHOM, x200.
Fig. 2. Sites of left ventricle myocardium in young rats to day 3 after hypertension development. Increased density of
fibroblasts and proliferation of endothelial cells: A — perivascular localization of fibroblasts; B — proliferation of
interstitial connective tissue. Hematoxylin and eosin stain, x200.

NG FE kA R . I.O- .
B, A Py S a0 L R : ? | < \
Puc. 3. YyacTku mMuokapaa neBoro xenygoyka MOmodbiX KpbiC Ha 3-u cyTku nocrne passutus Al: A — yMepeHHbI
nepuBackKynspHbIN OTEK U NepUBaACKYsipHas Nokanuaawumns KonnareHoBbIX BOJIOKOH; NMMKPOCUPUYC KpacHbI, CBETOBas

mukpockonus, x200; B — kapgnocknepos; okpalmnBaHme reMaToKCUIIMHOM 1 303uMHoM, %200.

Fig. 3. Sites of left ventricle myocardium in young rats to day 3 after hypertension development: A — mild perivascular
oedema and perivascular localization of collagen fibers; picrosirius red, light microscopy, x200; B — cardiosclerosis;

hematoxylin and eosin stain, x200.

TKaHBIO ¢ TIpU3HaKamMu oTeka (puc. 4, A, B). Bo Bcex
CJIOSIX MHOKapAa OTMEYAINCh IIOJIHOKPOBHE COCY/I0B
1 Kanuiutapos [ 13], HapyIIeHne NeT0CTHOCTH CTEHOK
OTIENIbHBIX COCYJOB U JHaneae3Hble KPOBOM3IHSI-
Hus (puc. 5, B).

HaOnronanuce oyarn moBpeXIEHHUsS MUOKapia
¢ ¢parMeHTamue My4YKOB MBIIICYHBIX BOJOKOH
(puc. 5, A). B cy0anukapuaibHbIX 30HaX BBISBIISIINCH
MBIIIIEYHbIC BOJIOKHA C yYacTKaMH CIIa0OBBIpaKEH-
HOW 503MHO(DMINH, Ha KOTOPBIX OTCYTCTBOBAJA ITOTIe-
peuyHas MCYEPUYEHHOCTh M HE BU3YaJIN3WPOBAIUCH
sIIpa, 9TO CBUJIETENTHCTBOBAJIO 00 MX HeKpo3e (puc. 5, B).
B nemapkanuoHHoil 30He npeoOnangan OTeK, UMEIH
MECTO eAMHUYHBIE, TU(PPY3HO paCIONOKEHHBIE MaK-
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Near the necrosis sites the muscle fibers were
hypertrophied, in the interstitial connective tissue a low
density of fibroblasts was observed.

Staining with Pikrosirius Red revealed in the
cardiac muscle the sites of tightly arranged muscle
fibers with narrow interlayers of connective tissue that
contained thin collagen fibers (Fig. 6A). In subepicardial
myocardial layer around large plethoric vessels we
have found the interlayers of connective tissue with
bundles of collagen fibers, indicating the perivascular
cardiosclerosis [10]. Close to these vessels the signs
of diffuse cardiosclerosis were found (Fig. 6B).

All large vessels were characterized with a modified
vascular lumen shape, irregularly thickened walls,
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podaru u numdonuTel. Bo3ne yuyacTkoB HeKpo3a
MBIIIIEUYHBIE BOJIOKHA OBLIN TUNEPTPOGUPOBAHBI,
B HHTEPCTULUATBHON COCTUHUTEILHON TKAHU OTME-
YaJlach HHU3Kasl IJIOTHOCTH (UOP0OIacTOB.

[Ipu okpacke MUKPOCHPUYCOM KpacHBIM B cep-
JICYHOHN MBIIIIE BBISBISUINCH YYaCTKH TUIOTHOpAC-
TIOJIOXKEHHBIX MBIIIIEYHBIX BOJIOKOH C Y3KUMH PO CIION-
KaMH COCJIMHUTEIILHON TKaHU, KOTOpas coJlepiKaa
TOHKHE KOJUIareHOBbIE BOJIOKHA (pHc. 6, A). B cy0Oamu-
KapMaTbHOM CJI0€ MUOKap/1a BOKPYT KPYITHBIX MOJTHO-
KPOBHBIX COCYJIOB OOHApyKUBAIUCh IMIUPOKHE TPO-
CIIOWKHU COCNMHUTEIBbHOW TKAHH CO CKOIUICHHEM
IIYYKOB KOJUIATEHOBBIX BOJIOKOH, YTO CBHCTEIb-

tortuous and broken contours of internal elastic
membrane. Perivascular edema was formed around
them (Fig. 7).

Analysis of morphometric parameters at this stage
of experiment showed even stronger reduction in the
number of nuclei from (7.600 + 1.200) down to (6.500 +
720) per mm? with a tendency to a significant decrease
in the area of the cardiomyocyte nuclei down to (15.5 +
5) mm? (see Table). The number of capillaries in the
myocardium was significantly increased compared to
both the control and previous observation period.

To day 30 after the AH development in cardiac
muscles of young rats there we observed the sites with

Puc. 4. YyacTkn mMunokapaa Mexokenyao4yKkoBOW Meperopofkyn MOMOAbIX KPbIC Ha 7-e CyTku nocne passutus Al
A — HepaBHOMepHas TOSLLMHA MbILLEYHbIX BOMIOKOH C M3BUMMUCTBIMU KOHTYPaMU; BbIP&XKEHHbIN OTEK MHTePCTULManbHON
COEMHUTENbHON TKaHW; pacLUMPEHHbIN NOMHOKPOBHbIN cocyh, X100; B — BEHO3HbIN 3acTol; dhparMeHTaumsa MblLLEYHbIX
BOJIOKOH; OKpalUMBaHUE reMaTOKCUIIMHOM 1 303uHOM, X200.

Fig. 4. Myocardium areas of ventricular septum in young
A — heterogeneous width of muscle fibers with tortuous contours; pronounced oedema of interstitial connective
tissue, enlarged full-blooded vessel, x100; B — venous stasis; fragmentation of muscle fibers; hematoxylin and eosin

rats to day 7 after hypertension development:

stain, x200.

Puc. 5. YyacTkn muokapga neBoro xernygoyka MonofblX KpblC Ha 7-e cyTku nocne passutusa Al A — dparmen-

TMPOBaHHbIE MbIleYHble BOMOKHA; B — oyar mwemmnyeckm namMeHeHHbIX MblIlEeYHbIX BOMOKOH (*), OTEeK MHTEepCTU-
LManbHoW coeaMHUTENbHOM TkaHu. OkpaluMBaHue remaTtoKCUNMHOM U 303uHOM, x%200.

Fig. 5. Sites of left ventricle myocardium in young rats to day 7 after hypertension development: A — fragmented muscle

fibers; B — area of ischemically changed muscle fibers (*), oedema of interstitial connective tissue. Hematoxylin and
eosin stain, x200.
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CTBOBAJIO O TMEPUBACKYJISIPHOM KapAuockiepose [4].
BOnu3u Takux cocy10B OTMEUaINCh MPU3HAKK AUQ-
(hy3HOro Kapauockieposa (puc. 6, B).

Jis Bcex KpYIHBIX COCYIOB ObUIM XapaKTEPHBI
n3MeHeHHas (opma cocyICTOro MPoCBeTa, HepaBHO-
MEpPHO YTOJIIICHHBIE CTEHKH, U3BUIIUCTHIE U MIPEPhI-
BHCTBIC KOHTYpBI BHYTPEHHEH 3JacTUYecKoi MeMO-
panbl. Bokpyr HUX (popMupoBacs nepuBacKyIsIpHBINA
otex (puc. 7).

Amnamm3 Mop(hoMeTpHYIECKHX TIOKazaTesniell Ha JaHHOM
JTarne MCCiIeJOBaHUI BBISIBUI elle Oojbliee yMEHb-
mienue konuuectna saep ¢ (7600 + 1200) xo (6500 +
720) Ha MM? ¢ TeH/ICHIIEH K 3HAUUMOMY YMEHbBIIICHHIO
UTOMIA M sAep KapaIuoMHOIuToB 10 (15,5 £ 5) Mxm?
(Tabmuna). KonmnuecTBo KanmuiuisipoB B MUOKape
3HAYUTEIBHO YBEIMYUBAJIOCH IO CPABHEHHUIO KaK
C KOHTPOJIEM, TaK 1 TIPEABIIYILIIM CPOKOM HaOIFOICHHSL.

Ha 30-e cytkm mociie pa3sutus A’ B cepedHoit
MBIIIIIIE MOJIOJIBIX KPBIC HAONIONANNCh YYaCTKU C
BBIPQKEHHBIMU CTPYKTYPHBIMHU H3MEHEHUSAMH (puC. 8).
B TkaHAX MHOKapaa COXpaHsIUCh IEPUBACKYIISIPHBII
OTEK, KapJIMOCKJIEPO3 U TIOJTHOKPOBHE KPYITHBIX COCY-
1oB (puc. 9, A). HacTs cOCyIOB UMeIa YTONIIECHHBIC
CTCHKH, pacIIMpeHHbIE KaMUISIPBI, IEPEIIOJTHEHHBIC
(hopMEHHBIMH 3JIeMEeHTaMu KpoBU. OOHapyKUBaJIHCh
MIPU3HAKY NEPUKATHIUIAPHOTO OTeKa U O4ark Juarie-
JIe3HBIX KpOBOM3NUsHUA. COCYTUCTBIH TPOCBET UMEI
XapaKkTepHYIO HENPaBUIbHYIO GOPMY, SHAOTEIHAIb-
HBIC KIIETKH PACIIONIaraliich B BUJIE «4aCTOKOJIA, UTO
CBHJICTEIILCTBOBAJIO O PAa3BUTHH Clla3Ma COCY/IOB
(puc. 9, B) [13].

[Ipn ananuze MophoMeTpHIECKUX JaHHBIX yCTa-
HOBJIICHO, YTO KOJIMUYECTBO S7Iep 10 CPABHEHHMIO C TIpe-
JOBIIYIIUM CPOKOM HCCJICIOBAaHMN HE M3MEHHIIOCH,
OJTHAKO PE3KO M 3HAYMMO yMEHbBIIWJIACh IUIOMIA]b
sep kapanoMuonutos J10 (12,5 +4) mxm? (Tabnuria).
[Ipu 5TOM KONMMYECTBO KAMJUIIPOB OCTABAJIOCH BBIIIE
HOpMasTbHBIX 3Ha4eHui ((900 £ 112) Mm?).

Takum 00pa3om, y MOJIOABIX KPBIC B TEUCHHE
Mecsia nocie pasputust AI° Habmonanm nporpeccu-
pyroliiee HapylieHHe KPoBOoOpalleHus, JUCTpodu-
YECKUE W JIECTPYKTHBHBIC M3MEHEHHS MBIIICYHBIX
BOJIOKOH MHuoKapaa. IloBermenne AJl compoBOXx-
JAJIOCH TJIa3MaTHYECKUM MPOMUTHIBAHHEM CTCHOK
apTepuil ¥ apTepHOIL, 3aTEM Pa3BUBAJIOCh MyKOHTHOE
HaOyxaHue (pa3HOBUAHOCTH CTPOMAIIbHO-COCYAUCTOM
nuctpodun), Kotopoe K 30-M cyTKaM mociie BO3HUK-
Hosenust Al” pancopmupoBanocs B GuOpuHONIHOE
HaOyxaHue 1 GUOPHHOUIAHBIA HEKPO3 CTEHOK COCY/IOB
C MOCIEAYIOMNMHI KPOBOM3IHSIHUAMU. BBIsSBISINCH
MOpPQOIOTHYECKUE TPU3HAKK 04arOBON HIIIEMHUH MHO-
Kapjia, a TakKe Cra3Ma apTepHaibHBIX COCY/IOB, lape3a
BEHO3HBIX COCY/IOB U KaITUIUISAPOB, IIEPUBACKYIISIPHOTO
oTeka u ckieposa. CriocoOHOCTh MHUOKap/1a KOMITEH-
CHPOBAaTh COKPATUTEIBHYIO (PYHKITHIO CepJIIia B YCIIO-

npo6nemMbl KpMOOGMONOrMM M KPUOMeEeAULMHbDI
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Puc. 6. YuacTkn Mvokapga NneBoro xenygovka Monoabix
KpblC Ha 7-e cyTku nocne passutua Al A — TOHKue
KonnareHoBble BOJMOKHa (OKpalleHbl KpacHbIM LiBETOM)
B Y3KMX NPOCONKax MHTEPCTULMANbHON COEANHUTENBHON
TKaHW, pacrnofloXeHHble BAOMb MbILIEYHbIX BOJIOKOH;
B — nepuBackynspHbii 1 Anpdy3HbIR Kapanocknepoas.
OkpalumBaHue nMKpocMpuycom kpacHbiM, %100.

Fig. 6. Sites of left ventricle myocardium in young rats to
day 7 after hypertension development: A — thin collagen
fibers (stained in red) in the narrow between-layers of
interstitial connective tissue, located along the muscle
fibers; B — perivascular and diffusive cardiosclerosis.
Picrosirius red stain, x100.

significant structural changes (Fig. 8). Myocardial
tissues preserved perivascular edema, cardiosclerosis
and plethora of large vessels (Fig. 9A). Some vessels
had thickened walls, dilated capillaries, overfilled with
blood corpuscles. There were the signs of pericapillary
edema and foci of diapedetic hemorrhages. The
vascular lumen was of a characteristic irregular shape,
endothelial cells were arranged as a ‘picket fence’,
that was an evidence of the developing vasospasm
(Fig. 9B) [20].

The analysis of the morphometric data revealed
that the number of nuclei in comparison with the
previous period of study did not change, however, there
was sharp and significant decrease in cardiomyocyte
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Puc. 7. YyacTkn Mnokapga neBoro Xenygoyka MonoabiX KpbiC Ha 7-e CyTKu nocne pas3sutusa Al A — nyyky KonnareHoBbIX
BOJIOKOH, CKOHLEHTPMPOBAHHbLIX BOKPYT MOMHOKPOBHOIO COCYAa, MEPUBACKYIISAPHBIA OTEK; OKpaLLIMBaHWE MUKPOCUPUYCOM
KpacHbln, x100; B — HepaBHOMEPHO YTOSLEHHbIE CTEHKU COCYAOB, U3BUIUCTblE KOHTYPbl BHYTPEHHEN aracTuyeckom
MembBpaHbl, NepMBacKynspHbIN OTeK; okpalwwvBaHue opceuHom, x100.

Fig. 7. Sites of left ventricle myocardium in young rats to day 7 after hypertension development: A — bundles of collagen
fibers, located around a full-blooded vessel, perivascular oedema; picrosirius red stain, x100; B — unevenly thickened
vessel walls, tortuous contours of internal elastic membrane, perivascular oedema; orcein stain, x100.
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Pwuc. 8. YyacTkun mmnokapaa neBoro xenyaoyka Monogbix Kpbic Ha 30-e cyTku nocne pa3sutus Al: A — nepvBacKynsipHbIi
kapavocknepos; B — nonHokpoBMe apTepuanbHOro cocyaa, BblIXO4 3pUMTPOLMTOB B NEpPUMBACKYNsipHOE NPOCTPaHCTBO.
MepuBackynApHbIA 1 MHTEPCTUUManbHbIA oTek. OkpalumBaHne NUMKPOCMpUYycoM KpacHbiM, x400.

Fig. 8. Sites of left ventricle myocardium in young rats to day 30 after hypertension development: A — perivascular
cardiosclerosis; B — arterial vessel plethora, release of erythrocytes into perivascular space. Perivascular and interstitial

oedemas. Picrosirius red stain, x400.

BHSX TUIOXOH TPOQHUKHM MyTeM BHYTPHUKICTOYHOM
runepTpodun (yBeJIMUYCHHUE pa3Mmepa saep Kapauo-
muonuToB) K 30-M cyTkam mocne paszsutus Al ycy-
ryOIisia pa3BUTHE MMaTOIOTHYECKOTO MpoIecca.

B rpynmne skcrnepruMeHTaIbHBIX KUBOTHBIX ¢ Al
Ha 3-1 CyTKH ITOCTI€ BBEICHHS KPHOKOHCEPBUPOBAHHBIX
SICK KK cymiecTBeHHBIX CTPYKTYpPHBIX TIEPeCcTpoeK
MHOKap/ia He OTMEYAIOCh 110 CPABHEHUIO C KPhICAMHU
rpymmsl 2 (MOJETMPOBaHHAS CTPECC-UHAYLIMPOBaHHAS
AT’). Mbllieynble BOJIOKHA (MHTpaMypajibHas 4acTh)
pacroaraiich INIOTHBIMU TyYKaMH, pa3ieIEHHbIMU
Y3KMMH MPOCTIOMKaMU HHTEPCTULIMATIBHOM COEIMHNATEITb-
HOW TKaHU C HU3KOH TUIOTHOCTBIO KJIeTOK (puc. 10, A).
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nuclei area down to (12.5 = 4) mm? (see Table).
Herewith the number of capillaries was above normal
values ((900 + 112) mm?).

Thus, in young rats during a month after the AH
development the progressive disordered blood circu-
lation, degenerative and destructive changes of myo-
cardial muscle fibers were observed. Elevated blood
pressure was accompanied with plasmatic impregna-
tion of the walls of arteries and arterioles, later there
was developed a mucoid swelling (a type of stromal-
vascular dystrophy) which to day 30 after the AH onset
was transformed into fibrinoid swelling and fibrinoid
necrosis of the vessel walls with following bleeding.

npo6nembl Kpuobuonorum v KpuomenuUMHbBI
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Omnpegensuiack nonepeyHas HCYEPUYCHHOCTh COKpa-
TUTEJIBHBIX BOJIOKOH M MOJUMOpP(HBIE 3YXPOMHBIE
SIpa KapAMOMHOLHUTOB. B cyOanmkapananbHoi 30He
00HapyXHMBAJIHCh yYaCTKH MBILIEYHBIX BOJIOKOH C HE-
paBHOMEPHOI runepTpodueit 1 U3BUIUCTON (HOPMOI,
B MHTEPCTUILIMATBHON COEIMHUTENHHON TKaHU OIpe-
JIeISITACH TOHKUE KOJUTAareHOBBIE BOJIOKHA M HEOOJIBIIIOe
KOJTMIeCTBO (hrOpoO6IACTOB C TUIOTHBIM 0a30(PIITEHEIM
simpom (puc. 10, B).

B cy0anukapananbHON 30HE BBISBISIUCH pac-
LIMPEHHBIE TIOJIHOKPOBHBIE BEHO3HBIE COCY/IBI C IEPH-
BacKyJISIPHBIM OTEKOM M OTEKOM HHTEpPCTULHATIBHOM
coenuHUTENbHOM TKaHH (puc. 11, A). Kapauomuonutst
XapaKTepU30BaIUCh BBIPAXKEHHOH 303MHOPWINEH,
YTO CBUJICTEIBCTBYET O NUCTPOYUUECCKUX H3MEHE-
HUSIX B HUX.

Bokpyr kpynHBIX cOCYI0B MHOKapza OblUT BIpa-
JKeH OTEK, OJJHAKO B OTIIMYHUE OT KUBOTHBIX TPYIITIHI 2,
rxotopsiM He BBOommIH SICK KK, B mepuBackynsipHOi
30HE BO3JI€ MOBPEXKIEHHBIX MBIMIEYHBIX BOJOKOH
onpeaeasueh Makpodaru (THCTUOIMTHI), PACIIOJIO-
JKeHHbIe TU(PGY3HO HIM HECOONBIIUMH T'PYIIITaMH.
OTMmeuanach MOBBIICHHAS TUIOTHOCTH PUOPOOIACTOB
¢ KpynHbIM siipoM (puc. 11, B). JlaHHBII KIIeTOUHBII
COCTaB XapaKTEepPEeH Kak JJIsl aCeNTHYECKOro BOCIa-
JICHWs B Hayasie npoiudeparuBHON (MPOAYKTUBHON )
(a3pl, Tak U )15 Tpouecca Heoanrnorexesa [13].

OOHapyKUBaNINCh apTepHaIbHbBIC COCYbI C YTOJ-
IIEHHOW COCYJMCTON CTEHKOW W 3HJIOTEIUAIbHBIMU
KJIETKaMH, «BBITMPAIOIIMMI» B TIPOCBET cocyma. [lpu
OKpaIIMBaHUH OPCENHOM BH3YaJH3UPOBajach N3BH-
JIUCTasA, C MPEPBHIBUCTHIMU KOHTYpPaMH BHYTPEHHSS
anacThyeckass MeMOpaHa cocya.

Pezynerarel MopdoMeTpryuecKkoro aHanm3a JaHHbIX
MOKa3aJId 3HAYMMOE yBEJIMYCHHUE KOJMUYECTBa S1ep
KapAMOMHUOIIUTOB KaK Y MHTAKTHBIX )KUBOTHBIX, TaK U
y Kpbic ¢ Al (tabauua). [Inomaap saep kapanomuo-
LUTOB YBEJINYMNBAIACH, IPU STOM KOJIMYECTBO Kalui-
JISIPOB HE U3MEHSIIOCH.

Ha 7-e cyTku mociie BBEeACHHUS KUBOTHBIM ¢ Al
kpuokoHcepBupoBaHHbIX SICK KK cTpykrypHBIC
MOBPEXKEHUS CEPJCYHON MBIIIIIBI U [TaTOJIOrHYECKUN
mporecc ObUTH MeHEee BBIPaXE€HBI 110 CPABHEHUIO
C TUTIIEPTEH3NBHBIMH KPBICAMHU.

WNaTpamypanbHas 30Ha MHOKapAa XapakTepH-
30Bajlach IUIOTHO PAaCIOJIOKEHHBIMH MBIIICYHBIMU
BOJIOKHAMH, ONPEACISUINCH KapAUOMHOLMTHI C TUC-
TpoduueckuMu U3MeHeHUsIMH. HekoTopbie U3 HUX
HMMEJIM yYacTKH ¢ MOBBILICHHON 303uHOMMINEH, Ha
KOTOPBIX HE BHU3YaJIM3UPOBAIUCH AApa M MOINEPEY-
Has UCYEPUYCHHOCTH KapAHMOMHOLHUTOB (puc. 12).
OTMe"asioch yBeTHYEHHE KOJIUYECTBA M Pa3MEpOB
siep KapanoMuoruToB (puc. 13, A), coxpaHsiiachk ux
runeptpodust [13]. Snpa kap AOMUOITUTOB 00T TAITH
TOTMMOP(HHU3MOM — OKPYTIIbIE, TATOYKOBHU/IHBIE, 3HA-

I'Ip06J'IeMbI Kpl/lOﬁVlOHOI'VIVI N KpunomeaguLuHbl

problems of cryobiology and cryomedicine
Tom/volume 26, Ne/issue 3, 2016

¥
L .1'.
uﬁr.

Mg

1l'ug,m

| :\;-3,
Puc. 9. YuacTkn Mvokapga NneBoro xenygovka Monoabix
kpbic Ha 30-e cyTkn nocne pa3sutus Al ApTtepuarnbHbie
coCybl C Cy>KEHHbIMM NpocBeTaMu: A — NepuBackynspHbIv
OTeK, yTOmleHne COCYANCTON CTEHKW; OKpalluBaHue
reMaToKCUITMHOM 1 303uHOM, x400; B — HepaBHOMEpPHO
YTONWEHHbIE CTEHKM COCyAa, WU3BUIIUCTbIE KOHTYpPbI

BHYTPEHHEN anactuyeckon membpaHbl, NpOCBET cocyna
HenpaBuIlbHOM (POPMbI; OKpallmMBaHue opcenHom, x200.

Fig. 9. Sites of left ventricle myocardium in young rats to
day 30 after hypertension development. Arterial vessels
with stenosed lumens: A — perivascular oedema,
thickening of vascular wall; hematoxylin and eosin stain,
x400; B — unevenly thickened vessel walls, tortuous
contours of internal elastic membrane, irregularly shaped
lumen of vessel; orcein stain, x200.

We have found the morphological features of myocar-
dium focal ischemia as well as the spasm of arteries,
paresis of the veins and capillaries, perivascular edema
and sclerosis. The ability of myocardium to compen-
sate a contractile function of the heart under poor
trophism conditions by means of intracellular hyper-
trophy (rise in the cardiomyocytes’ nuclei size) to the
30" day after the AH development aggravated the
pathological process.

In the group of experimental animals with AH to
day 3 after the administration of cryopreserved CBNCs
no significant structural rearrangements of myocardium
were observed as compared to the rats of Group 2
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YHUTENTHHO BBITSHYTHIE (TOJIUIUIONHbIE). BombImHCTBO
syiep ObUTH DYXPOMHBIMH, OJTHAKO OINPENEISUTUCh U
MeJIKHe MMKHOTUYHO U3MEHEHHBIEe sipa (puc. 13, A).

B unTepcTHLHANBHONW COENMHUTENBHON TKaHU
(BO37IE TOBPEKIEHHBIX YYaCTKOB MBIIIIEYHBIX BOJIO-
KOH) 00HapyKMBAJIHUCh pacIoyiokeHHbIe Tuddy3HO
WU HEOOJIBIIMMHU TPYyNIaMu Makpodaru, a Takxe
OosbLIoe KonudyecTBo pudpodiacTos. B uncTepunyn
MHOKap/Ja BOKPYT MHTPAMypPaJbHBIX COCYIIOB OITpe-
JEeJSIINCh COCYAUCTBIE MOYKH, MPEICTaBICHHbBIE
2-3 OTBETBJICHUSAMH, 00Pa30BaHHBIMHU MOJIOIBIMHU JH-
MOTEeNMHaIbHBIMH KieTkamu (puc. 13, B) [13].

B sHnokapamanbHOW 30HE OBLIM BBISIBICHBI
YYaCTKH W3BUJIMCTOTO PACIIONIOKEHUS MBIIIEYHBIX
BOJIOKOH. BeHBI 1 KanmMJIISPBI PacIIUPEHBI U TIOTHO-
KpPOBHBI.

ApTtepuanbHbie COCYIbl ObLTH CYKEHBI M UMEIN
YTOJIIEHHBIE CTEHKHA C MOBBINIEHHOHN TIOTHOCTHIO
¢ubpobaacToOB, HEKOTOPbIE U3 HUX MOJHOKPOBHBI,
MEPUBACKYIAPHBIN OTEK MeHee BbIpaxkeH (puc. 13).

PesynbTarel MOpGOMETpHUECKOTO HCCIIETOBAHMS
TTOKA3aJIA 3HAYMMOE YBeJIIUeHHe KormaecTsa (¢ (8400 £
1200) 10 (8600 = 872) na Mmm?) u tromaau (o (29,1 +
7,8) MKkM?) sep KapIHOMHUOIIMTOB TI0 CPABHEHHUIO
C TPYIION KOHTPOJISI U TPYHION KpbIC HA 7-€ CYTKH
nocie BeeaeHus SICK KK (tabnuma). KoiauuectBo
KalWJUISIPOB B TKAHH 3TUX )KUBOTHBIX OBLIO 00Jb-
e 1Mo CPAaBHEHHIO C MHTAKTHOW IPYIIION U )KHBOT-
HBIMH, KOTOPBIX HCCIEAOBAIMA HA 3-U CYTKH IOCIIEe
BBenenus SICK KK.

Ha 30-e cytkn nocne Benenust ICK KK B muokapne
YKUBOTHBIX ¢ Al” 0OTMEYaIHCh TIIOTHO PACIIONOKEHHBIC
MBIIIEYHBIE BOJIOKHA ¥ TOHKHE MTPOCIONKH HHTEPCTH-
LUAJIBHOM COCIMHUTENILHOM TKaHH. Mop(osioruieckue
MIPU3HAKK MHTEPCTULINAIHHOTO OTEKa M KapAHOCKIIe-
po3a ObuTH caboBbIpaXxkeHbl. HaOmonaares yyacTku
¢ pparMeHTHPOBaHHBIMU MBIIICYHBIMH BOJOKHAMH,
a TaKXKe OTAeNbHbIE BOJIOKHA C IIOBBIIIEHHON 03UHO-
(uimeid, OIHAKO B JJAHHBIA CPOK MCCIICOBAHUS OHU
BCTPEUATUCh PEkKE, YeM y THIEPTCH3UBHBIX KPBIC
(puc. 14, A). OrMeuanach NOBBIILICHHAS TUIOTHOCTD
(hnOpoOIACTOB KaK B MHTEPCTHIIMAIBLHOW COEIMHU-
TEJIHHON TKAHU, TAK U BOKPYT KPOBEHOCHBIX COCY/IOB,
YTO SBISIETCS MOP(OIOTHIECKUM TPHU3HAKOM HEO-
AHTHOTEHEe3a KaK IyTeM IOYKOBaHUS, TaK M ayTOJ0-
rudeckuM mmytem (puc. 14, B) [13].

B sn0kapananbsHOM 30HE OTMEUaIuCh paciliupeH-
HbI€ TIOJTHOKPOBHbIE BEHO3HBIE COCY/IbI M KaITHJUISIPHI,
eMHUYHBIE OYaru JHAaneae3HbIX KPOBOM3IHUSIHUM.
Mopdonoruueckue Mpu3HAKH O4aroBOH HIIEMHUHU
MBIIIIEYHBIX BOJIOKOH B CyOARTIMKapAHalbHON 30HE
OTCYTCTBOBAIIM. B MHTEpCTUIIMAIBHOM TKaHU OTIpe/ie-
JISUTACH KIIETKH C TUIOTHBIMU 0a30(MITBHBIMU SIpaMH
Y YMEPECHHBIN OTEK.

[Ipu okpammBaHUM TUKPOCUPHYCOM OBLIO OOHA-
PYKEHO, YTO KOJUIATEHOBBIE BOJIOKHA KOHIIEHTPH-
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Puc. 10. YuacTkn Mmvokapa neBoro xernyaoyka Monogbix
kpbic ¢ Al Ha 3-u cyTku nocne BBegeHus ACK KK:
A — nnoTHoe pacnonoXeHne MHTpaMyparbHbIX MblLLEY-
HbIX BOJIOKOH, NMEPUBACKYNSAPHbIA U UHTEPCTULMANBHbIN
OTeK B cybanukapgunanbHOM 30He; OKpalluvMBaHue rema-
TOKCUNUHOM U 303uHOM, x100; B — ussmunucroe pacno-
NOXEeHMe MYYKOB MbILLEYHbIX BOMOKOH; OKpallMBaHue
NUKpocupmycom kKpacHbim, x100.

Fig. 10. Sites of left ventricle myocardium in young rats
with hypertension to day 3 after administration of CBNCs
A — dense arrangement of intramural muscle fibers,
perivascular and interstitial oedema in subepicardial
zone; hematoxylin and eosin stain, x100; B — tortuous
arrangement of muscle fibers bundles; picrosirius red
stain, x100.

(simulated stress-induced hypertension). Muscle
fibers (intramural part) appeared as tight bundles
separated by narrow layers of interstitial connective
tissue with low cell density (Fig. 10A). There was
a cross-striation of contractile fibers and polymorphic
euchrome nuclei of cardiomyocytes. In subepicardial
zone we observed the sites of muscle fibers with
uneven hypertrophy and winding shape, in interstitial
connective tissue the thin collagen fibers and small
number of fibroblasts with a dense basophilic nucleus
were observed (Fig. 10B).

In subepicardial zone the enlarged full-blooded
venous vessels with perivascular edema and the one
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Puc. 11. YyacTkm Muokapaa neBoro xenygodka monoabix kpblc ¢ Al Ha 3-u cyTkm nocne BBegeHus ACK KK:
A — BblpaxeHHbI nepuapTepuanbHbii oTek. ANCTpoUYeckn M3MeHeHHbIE KapAUMOMUOLUTLI, OTEK U BblpaKeHHas
6asounua agep KNeTok MHTEepPCTULManbHON COeQUMHUTENbHOW TKaHu cybanvkapananbHOW 30HbI; B — nepu-
BackynsipHas nponudepauus dpubpobnactoB n anddy3Ho pacnonoxeHHole makpodaru. OkpalumBaHme remarto-
KCUIMHOM 1 3031MHOM, %200.

Fig. 11. Sites of left ventricular myocardium in young rats with hypertension to day 3 after administration of CBNCs:
A — pronounced periarterial oedema. Dystrophic changes in cardiomyocytes, oedema and pronounced basophilia of
cell nuclei of interstitial connective tissue in subepicardial zone; B — perivascular proliferation of fibroblasts and
diffusely arranged macrophages. Hematoxylin and eosin stain, x200.

Puc. 12. YyacTkn Muokapga neBoro xenygodka monofabix kpbic ¢ Al Ha 7-e cyTku nocrne BBegeHus ACK KK:
A — oToenbHble ANCTPOMUYECKN U3MEHEHHbIE MblLEYHble BOMOKHA; B — monumopduam agep kapanoMmouunToB.
OkpaluBaHMe reMaToKCUIIMHOM 1 303nHOoM, x200.

Fig. 12. Sites of left ventricular myocardium in young rats with hypertension to day 7 after administration of CBNCs: A —
single degeneratively changed muscle fibers; B — polymorphism of cardiomyocyte nuclei. Hematoxylin and eosin stain,

o

x200.

POBAJINCH TOJCTHIMH IYYKaMU BOKPYT apTepHalb-
HBIX COCYIOB, TOT/Ia KaK BOKPYI MEJIKUX apTepuil u
BEHO3HBIX COCYAOB TOJIIHMHA CJIOSI KOJIJIAar€HOBBIX
BOJIOKOH OblIa 3HAYUTEIBHO MEHBIIE, CKIEPO3
WHTEPCTULHAIBHOW COCAMHUTEIHHON TKaHU ObLI
elle MeHee BbIpakeH. BHyTpeHHHE ajlacTHUUYeCKUe
MeMOpaHbl OOJIBIIMHCTBA KPOBEHOCHBIX COCYI0B
HUMEJIU HENPEPBIBHBIM KOHTYP U Pa3HyIO CTENEHb
U3BUTOCTHU.

AnHanm3 MoppoMeTprIeCcKHX JaHHbIX Ha 30-¢ CcyT-
KU II0CJIe BBEIEHUS MOJIOABIM KpbicaM ¢ Al kpuo-
koHcepBupoBaHHbIX SICK KK mnokazan 3naummoe
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of interstitial connective tissue were identified
(Fig. 11A). Cardiomyocytes were characterized by
severe eosinophilia, indicating degenerative changes
in the cells.

The myocardium large vessels were surrounded
with the edema sites, however, unlike the animals of
Group 2, which was not injected with CBNCs, the
macrophages (histiocytes) were found in the perivas-
cular zone near the damaged muscle fibers, located
diffusely or in small groups. There was an increased
number of fibroblasts with large nuclei (Fig. 11B). Such
a cellular composition is characteristic for both aseptic
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Puc. 13. YuacTkn Mmmokapaa neBoro xernygoyka Mosogbix
kpbic ¢ Al Ha 7-e cyTku nocne BeegeHunst ACK KK: A — yBe-
NMYeHne KonmyecTBa U pasMepoB sAep KapauoMuo-
unToB; B — nepumBackynspHbIi OTeK, CTEHKa cocyaa yTor-
LeHa; BU3yanu3npyeTcst cocyaucTasl nodka, cocrosias
13 nponudepupyLmx aHgotenvounto. Okpacka rema-
TOKCUINUHOM U 903uHOM, x400.

Fig. 13. Sites of left ventricle myocardium in young rats
with hypertension to day 7 after administration of CBNCs:
A — rise in number and size of cardiomyocyte nuclei;
B — perivascular oedema, vessel wall is thickened; vascu-
lar bud, consisting of proliferating endothelial cells
is observed. Hematoxylin and eosin stain, x400.

YMEHBIIEHHE KOJWYECTBa SAep KapAMOMHUOIMTOB
U uX miomaau (Tadiuia) 10 mokasaTesicii HHTaKTHBIX
KUBOTHBIX (7800 + 886) ma mm? u (17,5 £ 5) Mrm?
COOTBETCTBEHHO. KommuecTBoO KannimisipoB COOTBETCTBO-
Bayio Hopme — (800 + 83) Ha MM?,

Takum obpaszom, Ha 30-¢ CyTKH TOCJIEC BBEICHUS
SACK KK B MuOKap/ e MOJIOJBIX THIIEPTEH3UBHBIX KPBIC
HabIroaCsl MEHEE BhIPAaKEHHBIN IepUBACKYIISIPHBIH
U MUHTEPCTULHAIBHBIA OTEK MO CPABHEHUIO C KOHT-
POJIBHOM TpyNIoN M KpbIicaMH Ha 7-€ CyTKHU IOCJIe
BeeneHus ICK KK. [Tobrmanace motHocTh pudpo-
051aCTOB B MHTEPCTULHATBHON COeANHUTENBHON TKa-
HU ¥ BOKPYT KPOBEHOCHBIX COCY/IOB, OTCYTCTBOBAIIN
YYaCTKH C MPU3HAKAMH 09aroBOW UIIIEMHUH MHOKap/aa
Y Kapanockiepo3a. B oTimume oT MOJIOABIX KUBOT-
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inflammation in the early proliferative (productive)
phase and for neoangiogenesis process [20].

There were found the arterial vessels with a thi-
ckened vascular wall and endothelial cells, ‘bulging’
into the vessel lumen. Staining with Orcein visualized
tortuous internal elastic membrane of the vessel with
discontinuous contours.

The results of morphometric analysis showed
a significant increase in the number of cardiomyocyte
nuclei both in intact animals and in the rats with AH
(Table). The area of the nuclei of cardiomyocytes
increased, while the number of capillaries was not
changed.

To day 7 after the introduction of cryopreserved
CBNC:s to the animals with AH the structural damages
of heart muscle and pathological process were less
pronounced if compared to hypertensive rats.

Intramural zone of myocardium was characterized
by tightly arranged muscle fibers, the cardiomyocytes
with degenerative changes were found. Some of them
had sites with an increased eosinophilia, whereon the
nuclei and cross-striation of cardiomyocytes were not
visualized (Fig. 12). There was noted an increase in
the number and size of the nuclei of cardiomyocytes
(Fig. 13A), their hypertrophy was kept [20]. The nuclei
of cardiomyocytes were polymorphic: spherical, rod-
shaped, substantially elongated (polyploid). Most nuclei
were euchrome, but there were also the modified small
pyknotic nuclei as well (Fig. 13A).

In interstitial connective tissue (near the damaged
sites of muscle fibers) we have found the macrophages
arranged diffusely or in small groups, as well as a large
number of fibroblasts. In myocardial instertitium around
the intramural vessels we observed the vascular buds
represented by 2-3 branches, formed by young endo-
thelial cells [20] (Fig. 13B).

In endocardial zone the sites of tortuous arran-
gement of muscle fibers were found. Veins and
capillaries were dilated and congested.

Arterial vessels were narrowed and had thickened
walls with high density of fibroblasts, some of them
were congested, perivascular edema was less pro-
nounced (Fig. 13).

The morphometric findings demonstrated a sig-
nificant increase in the number from (8.400 = 1.200)
up to (8.600 + 872) per mm? and area up to (29.1 +
7.8) mm? of cardiomyocyte nuclei compared with the
control group and the group of rats to day 7 after the
administration of the CBNCs (Table). The number of
capillaries in tissue of these animals was higher than
in Group 1, and those, which were examined to day 3
after the administration of CBNCs.

To day 30 after the injection of CBNCs in the
myocardium of animals with AH we have observed
tightly arranged muscle fibers and thin interlayers of
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Puc. 14. YuacTkn mmokapaa neBoro xerygoyka Monogbix
kpbic ¢ Al Ha 30-e cyTkm nocne BBepeHus ACK KK:
A — OoTeK ¥ noBbIWEHHAdA MMOTHOCTb KIETOK B MHTEp-
CTUUManbHOM COEAMHUTENBHOM TKaHW, B 30HE AEeCTPYKLMM
MbILLUEYHbIX BOJIOKOH; OKpallMBaHUE remMaTOKCUITMHOM
n 303nHomMm, x100; B — noBbllweHHas NNoTHOCTb hmbpo-
6nacTtoB B CTeHKe MOMHOKPOBHOrO cocyda U B MHTEp-
CTMUMANbHON COEAUHUTENbHOW TKaHW; OKpallMBaHue
remMaToOKCUITMHOM 1 903nHOM, %200.

Fig. 14. Sites of left ventricle myocardium in young rats
with hypertension day 30 after administration of CBNCs:
A — oedema and increased cell density in interstitial
connective tissue and destruction zone of muscle fibers;
hematoxylin and eosin stain, x100; B — high density of
fibroblasts in full-blooded vascular wall and interstitial
connective tissue; hematoxylin and eosin stain, x200.

HBIX ¢ Mozenbio Al KomMdecTBO Aaep KapAHOMHO-
LIUTOB M X TUIOIIA/Th YBEIMINBAITUCH yKe Ha 3-H CyTKH
rociie MpUMEHEHHs Iipernapara. ITH KOMIIEHCATOpHBIe
MIPOIIECCHI COTPOBOKIANNCH HEOAHTHOTEHE30M KaK
ITyTeM TTOYKOBAHHUS, TAK U Ay TOTCHHBIM ITyTEM.

B coBpemeHHOl 3apy0OexHON U OTEUECTBEHHON
mmreparype [7, 10, 15, 20] mmpoxo o0cyx)1aeTcst BOIpoc
[IPUMEHEHUS KIISTOUHOM TepaITv [Py JISUSHUH Pa3IIid-
HBIX 3a00JIeBaHMsIX. Pe3ynbTarsl IpOBEACHHBIX HAMU
AKCTIIEPUMEHTAIBHBIX HCCIEOBAHUN COTIIACYIOTCS
C TAHHBIMH IPYTHUX aBTOPOB [7, 14], mpr 3TOM OHE OOJtee
IIMPOKO PACKPBIBAIOT MEXAHHM3M Pa3BUTHS CTpecc-
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interstitial connective tissue. Morphological signs of
interstitial edema and cardiosclerosis were slightly
manifested. There were observed the sites with frag-
mented muscle fibers as well as single fibers with
increased eosinophilia, but they were less common if
compared with hypertensive rats in the study period
(Fig. 14A). Increasing density of fibroblasts was
observed both in interstitial connective tissue and
surrounding blood vessels, being a morphological fea-
ture of neoangiogenesis both by budding and autolo-
gous way (Fig. 14B) [20].

In endocardial zone there were found enlarged full-
blooded venous vessels and capillaries, single foci of
diapedetic hemorrhages. Morphological signs of focal
ischemia of the muscle fibers in the subepicardial
zone were absent. In interstitial tissue there were deter-
mined the cells with dense basophil nuclei and moderate
edema.

Staining with Pikrosirius revealed the assembling
of collagen fibers as thick bundles around the arterial
vessels, while around the small arteries and veins the
width of collagen fiber layer was significantly less, the
sclerosis of interstitial connective tissue was much less
pronounced. Internal elastic membranes of the majority
of the blood vessels had a continuous contour and
various extent of tortuousity.

Morphometric data analysis to day 30 after the
introduction to young rats with AH of cryopreserved
CBNCs showed a significant decrease in the number
of cardiomyocytes and their area (Table) down to the
values of intact animals ((7.800 + 886) per mm?) and
((17.5 + 5) mm?) respectively. The number of capil-
laries was in line with the norm (800 + 83) mm?.

Thus, to day 30 after the administration of CBNCs
in the myocardium of young hypertensive rats there
was observed less pronounced perivascular and inter-
stitial edema compared with the control group and the
rats to day 7 after the administration of CBNCs. The
density of fibroblasts in interstitial and connective tissue
and around the blood vessels was increased, no sites
with the signs of focal ischemia and cardiosclerosis
were found. In contrast to young animals with experi-
mental AH the number of nuclei of cardiomyocytes
and their area increased to day 3 after application of
the preparation. These compensatory processes were
accompanied by neoangiogenesis both by budding and
autogenic way.

There are a lot of foreign and ukrainian reports [7,
12, 15, 18] discussing the application of cell based
therapy when treating various diseases. The results of
our experimental studies are consistent with the findings
of other authors [12, 17], moreover they allow us to
approach closer to the revealing of mechanism of
stress-induced AH and the impact of the injected
preparation of cryopreserved cord blood on its course.
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UHOYLUpOBaHHOU Al U BIUSHMS HA HETO BBEIEHHOTO
npenapara KpHoOKOHCEpBUPOBAHHON KOPAOBOI KPOBH.

lucronorudeckue mposiBiaeHust MOphHodyHKITHO-
HaJIPHBIX HApyIIEHHH, HaOMOZaeMbIe Y MOJIOABIX
KpbIC ¢ MOJAECIUPOBAHHON apTepUaNbHOU TuUmep-
TEH3HUEH, MOTHOCTHIO MOATBEPKAAIOT KIACCUUECKYIO0
MoJellb cToiikon Al

Ha ¢one BBemeHMS KPHOKOHCEPBUPOBAHHOTO SIITPO-
COJIEPIKAIIETo Mpenapara KOPIOBOW KPOBH CTPYKTypa
MHOKap/Ia BOCCTAHABIMBACTCS. YIydIIIaeTCs TpOohuKa
TKaHEeW, Ucue3aroT TUCTPOPHUECKHIE U JECTPYKTUBHBIC
M3MCEHEHUS KaK B pe3yJbTaTe HeoOaHTnoreHesa (yBeu-
YEHUS KOJMYECTBA KAMWJUISIPOB MUOKapHaa U siaep
KapJIMOMHUOIIUTOB), TAK U PEIAapPATUBHBIX MIPOLIECCOB.

BriBoabI

[Ipu rucronornueckoM MccleA0BaHUN MHOKapna
MOJIOJIBIX KPBIC CO CTpecc-uHAynrupoBaHHON Al Habio-
JIAJIACH TUCTPO(UIECKHe U JeCTPYKTHBHBIE H3MEHEHHUS
MBIIIIEYHBIX BOJIOKOH MHOKAp/ia, CBUIETEITLCTRYIOIIHE
0 HapyIICHNN KOPOHAPHOTO KPOBOOOparieHus. Bousis-
JISUTUCH MOP(OJIOTUYECKUE MTPU3HAKU OYaroBOW HIIIe-
MHH MHOKap/1a, Cra3Ma apTepHalIbHbIX COCY/IOB, TIapesa
BEHO3HBIX COCY/JIOB M KallMJLUISIPOB, MEPUBACKYIISIPHOTO
OTEKa U CKJIEpO3a.

B ycnoBusx mioxoi Tpoduku MUOKapaa, HeCMOTPSI
Ha KOMITCHCATOPHBIM MeXaHU3M (yBEJIMUEHUE Pa3MEPOB
siep KapIUOMHUOLUTOB), K 30-M CyTKam Iocie pa3BH-
Tust Al mpuBOMIa K IEKOMIEHCAllUU COKPATUTEIBHON
(byHKIIUE cep/na.

Ha ¢one BBeneHHs MOJOIBIM THIIEPTEH3UBHBIM
kpbicam KprokoHcepBupoBanHbeIX SICK KK B untep-
CTUIIMAJIBHON COETMHUTENILHON TKaHW MUOKap/1a OTMe-
qaJiach MOBBIMIEHHAS TIOTHOCTH (PrOpoOIacTOB, OT-
CYTCTBOBAJIM YYACTKH C MPU3HAKAMH 09aroBOi HIIIEMHUH.
MopdodyHKITMOHATBHBIE TPU3HAKN THIEPTPOhUU
MUOKapaa, KapAuockiepo3a u Gpubposa TkaHel u
COCYJIOB OTCYTCTBOBAJIM 3a CUET KOMIIEHCATOPHOTO
pa3BUTHSI TpOIECCOB HeoaHrnoreHesa. [1lo maHHbBIM
MOP(OMETPUYECKHUX UCCIIEAOBAHUI YCTAaHOBJICHO, YTO
Ha 30-e cytku nocine BBeieHust ICK KK komuectso saep
KapIUOMHUOIIUTOB U MX IUIOLIAJb 3HAYUMO YMEHb-
LIaJINCh 10 IIOKa3aTeeil MHTAKTHBIX HBOTHBIX, a
KOJIMYECTBO KallWJULIPOB TAKAKE BO3BPALLAJIOCH K HOPME.

Nurepatypa

1. Benasa B.H. MexaHu3mbl pemofenupoBaHusa Muokapaa npu
apTepuanbHon runepTeHsuun // MexayHapod. men. XypHan. —
2006. — T. 12, Ne2. — C. 15-18.

2. beneHkoB KO.H., MNMpueanoea E.B., YekHeBa N.C. KneTo4yHas
Tepanusa B fieYeHUn XPOHUYECKOW cepaeyHOoW HepocTa-
TOYHOCTW: BUAbl NPVYIMEHSeMbIX CTBOJIOBbIX KMETOK, pesyrib-
TaTbl NOCNEAHNX KIMHUYECKMX nccnegosaxun // Kapguonorus
n cepgedvHo-cocyauctasa xupyprusa. — 2008. — T. 15, Ne5. —
C. 4-18.

286

Histological manifestations of morphofunctional
disorders in young rats with experimental arterial hyper-
tension fully confirm the classical model of resis-
tant AH.

Introduction of cryopreserved cord blood nucleated
preparation was accompanied with recovery of the
myocardial structure. The trophic of tissues was impro-
ved, dystrophic and destructive changes disappeared
both in the result of neoangiogenesis (rise in the number
of myocardial capillaries and cardiomyocyte nuclei)
and reparative processes.

Conclusions

Histological examination of the myocardium of
young rats with stress-induced AH allowed to observe
dystrophic and destructive changes of myocardial
muscle fibers, indicating the disordered coronary blood
circulation. There were the morphological features of
myocardial focal ischemia, spasm of arterial vessels,
paresis of the veins and capillaries, perivascular edema
and sclerosis.

Poor myocardial trophicity was accompanied with
the decompensation of cardiac contractile function to
day 30 after the AH development, despite the signs of
compensation (increase in the sizes of cardiomyocytes
nuclei.

Introduction of cryopreserved CBNCs to young
hypertensive rats resulted in an increased density of
fibroblasts in interstitial connective tissue of the
myocardium, absence of sites with the signs of focal
ischemia. Morphofunctional features of myocardial
hypertrophy, cardiosclerosis and fibrosis of tissues and
vessels were absent due to compensatory development
of neoangiogenesis processes. According to the mor-
phometric study it has been found that to day 30 after
the administration of CBNCs the number of cardiomyo-
cyte nuclei and their areas were significantly decreased
down to the levels of intact animals and the number of
capillaries returned to the norm as well.
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