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Structure of Myocardium of Young Rats With Simulated Alimentary
Obesity Following the Application of Combined Rhythmic Extreme Cold
Effects and Cryopreserved Cord Blood Nucleated Cells

PedepaT: Ha cerogHAWwHUIA AeHb HakonneHo Gonbluoe KONMYECTBO AaHHbIX, CBUAETENBCTBYHOWMUX O MOMNOXUTENBHOM BIUSHWM
pUTMMYECKoro akcTpemarnbHoro oxnaxaeHnus (POXB) (—120°C) n npenapaTtos, Nomy4YeHHbIX N3 KOPAOBOW KPOBW, Kak Ha pasHble OpraHbl,
CMCTeMbl, TaK U Ha OpraHnsm B Liernom. Ha akcnepvMeHTanbHON MOAENU anumeHTapHoro oxupeHns (AO) usydeHbl ructorniornyeckve
0COBEHHOCTW TKaHel 1 COoCcydoB cepAua, NpoBefAeHa rMMCTOXMMUYecKas OLeHKa COCTOSHUS KONareHoBbIX M 3racTUYeCKUX BOIOKOH
MMoKapAa MornoAblX KpbIC 4O W MOCMe CoveTaHHOro npumeHeHuss POXB 1 KproOKOHCEpPBMPOBAaHHbBIX SAPOCOAEPXKALLMX KIETOK KOp-
nosow kpoBu Yenoseka (KACK KK). YctaHoBneHo, 4To AnA CTPYKTYpPHOW opraHusauun muokappa monogbix kpeic ¢ AO 6binmn xa-
paKTepHbl BblpaXXeHHbIE MaTONOrM4yeckne U3MEHeHNs, CBSI3aHHble C HapylleHueM KpoBoobpalueHus. BbigBNsnuck NONHOKpOBME U
Tpomb03 cocynoB, AvanenesHble KpOBOUINUAHUSA, TMnepTpodusa MUOKapaa, MHTepCTULManbHbl U NepUBACKyNAPHbBIA OTEKM,
oyaroBbIn kapguocknepos. Ha 7- un 30-e cyTku nocrne coveTtaHHoro npumeHeHus 9 ceaHcoB POXB un kACK KK otmevanach
HopMmanusauma MopdOonorMyeckon CTPyKTypbl cepaua: nponudepauuns ¢prubpobnacTtoB, cBMAETENbLCTBYOLWAA O pa3BUTUKN NPO-
LIeCCOB HeoaHruoreHesa, a Takke AuddysHoe pacnpocTpaHeHne rMCTUOLMTOB, MEHEE BbIPaXXeHbl KapAMOCKINEePO3, NepUBacKynspHbIN
W VHTEPCTULIMANbHbIN OTEKN.

KniouyeBble crnoBa: anvmeHTapHOe OXMPEHWE, KPbIChbl, PUTMUYECKME SKCTPEMaribHble XON0A0BblE BO3AENCTBUSA, SAPOCOAEPKaLLVe
KINETKVN KOPAOBOW KPOBU, KAPANOMUOLIMTBI, KapAMOCKNEPO3, NUNUAOS.

Pedepat: Ha cborogHilLHili AeHb HaKoNMYEeHO BENUKY KiNbKICTb AaHWX, SKi CBiAYaTb NPO NMO3UTUBHWUIA BNMB PUTMIYHOTO eKCTpemarb-
Horo oxonogxeHHs (POXB) (—120°C) i npenapatiB, OTPUMaHMX i3 KOPAOBOI KPOBI, SIK HA Pi3Hi OpraHn, CUCTEMU, TaK i Ha OPraHi3m y Linomy.
Ha ekcnepvmeHTanbHin mogeni animeHTapHoro oxupiHHa (AO) BMBYEHO FiCTOMOrYHI OCOBMMBOCTI TKAHUH | CyAUH cepus, NMpoBeAeHO
iCTOXiMiYHY OLIiHKy CTaHy KOfareHOBWX i ernacTMHOBMX BOMOKOH MiokapAa MOoMoAvx LypiB A0 i nicns cymicHoro 3actocyBaHHs PEXB
i KPIOKOHCEPBOBaHMX SAPOBMICHUX KMiTUH KOpAoBOi kpoBi noanHn (kABK KK). BctaHoBneHo, WO ANA CTPYKTYPHOI oprasisauii mMio-
Kapaa monogux wypis i3 AO Oynn xapakTepHi BMpaXeHi naTonorivyHi 3mMiHW, NOB’A3aHi 3 nopyleHHAM KpoBoobiry. Buasnanucsa
NOBHOKPOB’A i TPOM603 CyauH, AianedesHi KPOBOBUNMBM, rinepTpodid miokapaa, iHTepCcTuLianbHUA i NepuBackynapHUn Habpsku,
ocepeakoBuii kapaiocknepos. Ha 7- i 30-Ty goby nicnsi cymicHoro 3actocyBaHHs 9 ceaHcie PEXB i kABK KK Big3Havanacs Hopmanisauis
MOPAOMOriYHOT CTPYKTYpU cepusi: nponidpepadis dibpobnacTis, WO CBiAYNIO NPO PO3BUTOK NPOLECIB HEOAHTIOreHe3y, a TakoX Andy3He
MOLLUMPEHHS TICTIOLMTIB, MEHLL BUPaXXeHi KapAiocKnepos, NepnBacKynapHU Ta iHTepCTULianbHUA Habpsaku.

KniouoBi cnoBa: aniMeHTapHe OXMPIHHSA, LypWu, PUTMiYHI eKCTpeMarbHi XOrnogoBi BNNBKU, SAPOBMICHI KMTITUHW KOPAOBOI KPOBI,
KapgioMiouunTn, Kapgiocknepos, ninigos.

Abstract: To date, a large amount of data has been accumulated, indicating a positive effect of rhythmic extreme cooling
(—120°C) and medical products obtained from cord blood, both on different organs, systems, and on the whole body. The histological
features of the tissues and blood vessels of the heart were studied in the experimental model of alimentary obesity. The appearance
of collagen and elastic fibers of the myocardium of young rats before and after the combined application of rhythmic extreme cold
exposures (RECEs) and cryopreserved preparation of cord blood nucleated cells (CBNCs) was histochemically assessed. It has been
found that the structural organization of the myocardium of young rats with obesity was characterized by pronounced pathological
changes associated with impaired blood circulation. Plethora and thrombosis of blood vessels, diapedemic hemorrhages, myocardium
hypertrophy, interstitial and perivascular edema, focal cardiosclerosis were revealed. To days 7 and 30 after the combined use of 9
sessions of the RECEs and CBNCs, the normalization of heart morphological structure was noted. In the interstitial connective tissue
we have observed a proliferation of fibroblasts, diffuse spread of histiocytes, which indicated the development of neoangiogenesis
processes, less expressed cardiosclerosis, perivascular and interstitial edema.

Key words: alimentary obesity, rats, rhythmic extreme cold exposures, cord blood nucleated cells, cardiomyocytes, cardiosclerosis,
lipidosis.
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Ilo onenke xomurera 3xcneproB BO3 oxkupenue
cunTtaercs HemH(eKIMOoHHON «anuaemuei XXI Bexay
Y OJIHUM W3 OCHOBHBIX (DAKTOPOB PHCKa CMEPTHOCTH
HaceneHus TianeThl [2]. OkupeHre Ha3bIBaroT «0ore3-
HBIO OOJNe3HeN», TTOCKOIIBKY OHO COTIPOBOYK/IAETCS 3a-
0OJICBAHMSIME CEPICIHO-COCYIUCTON CHCTEMBI (apTe-
pHaibHas THIEPTEH3MUS, aTepOCKIIepO3, HIeMUIecKast
00JIe3Hb cepIla, WHCYIBT), OTIOPHO-IBUTATECILHOTO
anrapara, WHCYJIMH3aBHCUMOTO caxapHOro Jauabera
[13,14].

Hawnbonee HeGnaronpusTHBIM B MPOTHOCTHYECKOM
TUIaHE SIBSIETCS OKUPEHHE C MEPBUYHBIM (aIUMeHTap-
HBIM) (DaKTOPOM IaToreHe3a, KOTOPOe BCTPEYaeTcsl B
70—85% cnyuae [11]. OcHOBHON NMPUUYMHON pa3BH-
TUsL anmuMeHTapHoro oxkupenus (AQ) cumraercs Ha-
pYIIEHHE SHEPTeTHIECKOro Oaanca, a IMEHHO HeCOOT-
BETCTBHE MEX]y dHEPreTHUYESCKUMHU TIOCTYITUICHUSMH
B OpPTaHM3M M X 3aTparamu. HecoMHeHHa Tarke poib
HacIeJICTBEHHO-KOHCTUTYIIHOHAIBHON Tpeapacio-
JIO)KEHHOCTH, BO3PACTHBIX, IMOJOBBIX M Mpodeccro-
HaJbHBIX (AKTOPOB, XapakTepa IMHUIIEBOTO MOBEe-
HUSL, AUCQYHKIMHA HEPBHOM M SHIOKPHHHON CHCTEM
[14,19].

[Ipu oxxupeHHn B OpraHu3me MPOHCXOIIT MeTalo-
JIMYECKUE, TOPMOHANIbHBIE, TeMOIMHAMUYECKHE Hapy-
IICHUS, BBI3BIBAIOIIUE CTPYKTYpHBIE B (DYHKIIMOHAIIb-
HBbIC U3MEHEHUs CEePJCYHON MBIIIIEL. Y TYYHBIX JIFO-
JIei aanTalys CepIeYHON IESITEIbHOCTH MTPOUCXOIUT
3a cueT (hOPMHUPOBAHUS IKCIEHTPUIESCKON THITEPTPO-
(bum 1eBoTO KeTyHAoUuKa, KOTopast SIBJISIETCSI TIPepacIio-
JararomuM (HaKTOpOM UTS Pa3BUTHS OCTPOTO HH(papKTa
MHUOKap/ia, BHE3AITHOW CMEPTH U 3aCTOMHOM ceplieuHOM
HenmoctarouHoctH [2, 11].

B nacrosiiee Bpemsi B MEIUIIMHE CYILIECTBYIOT pa3-
JIMYHBIE B3IVISI/IBI OTHOCUTEJIEHO METO/IOB JICUEHHS U
peaduIMTaIMU AIIMEHTOB C M30BITOYHOM MAcCOM Tela
u oxxupenneM [21]. O6men3BecTHO [1 ], 9TO UCHONB30Ba-
HHUE B TEPaNMU O)KUPEHUS TOJBKO OAHOTO JICYEOHOTO
(baxTOpa 3a4acTyr0 OKa3bIBACTCS HEIOCTATOYHBIM, IOC-
KOJIbKY JIaHHO€ 3a00JIeBaHHE COTPOBOXKIAETCS MHO-
YKECTBOM TaTOJIOTWi: HAapyIIeHHeM oOMeHa BEeIIeCTB,
CHIDKEHHEM OOIIell Pe3CTEHTHOCTH OpraHu3Ma, rop-
MOHAJIFHBIM TUCOAIAHCOM, TICHXOCOMAaTHIECKIMH pac-
crporictBamu [13, 20]. [ToaToMy aKkTyaIbHBIM SBISIETCS
MOMCK HOBBIX KOHIIENITYaJbHBIX ITOJXOJ0B K Marore-
HETUYECKOM HEMEIMKAMEHTO3HOW Teparuu JaHHOTO
3a001eBaHMS.

OnHUM U3 TaKUX MOAXOJO0B MOXKET OBITh KPHUOTE-
parsi, OCHOBaHHasi Ha 00IIEM X0JIOZI0BOM BO3JECHCTBHH,
WHIyLHPYIOLIEM ITO3UTUBHBIE CIBUTH HA OPraHU3MEHHOM
yposse [1, 21]. loka3ana Bbicokast 3p(heKTUBHOCTD MpHU-
MEHEHHS KCTPEeMaJbHBIX KproBozieicTBuii (—120°C)
JUTSL KOPPEKITNH (DYHKITMOHAITEHOTO COCTOSTHUS JIUII, HC-
TIBITHIBAIOIIAX XPOHIMYECKOE YTOMJIEHUE, TPYAHOCTH C
(hM3MOTOTHIECKONW W TICHXOJOTHICCKON amanTaIiuei,
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According to the WHO Expert Committee, obesity
is considered to be a noninfectious epidemic of the
21% century and one of the main risk factors for mor-
tality of the planet’s population [2]. Obesity is called

‘a disease of the diseases’, because it is accompanied

with disorders of the cardiovascular system (arterial
hypertension, atherosclerosis, ischemic heart disease,
stroke), musculoskeletal system, insulin-dependent
Diabetes mellitus [17, 18].

The most prognostically unfavorable is an obesity
with a primary (alimentary) factor of pathogenesis,
which occurs in 70-85% of cases [16]. The main cause
of the development of alimentary obesity (AO) is the
energy misbalance, namely, the mismatch between
energy intakes to a body and their expenditures. The
role of hereditary-body type predisposition, age, sex
and occupational factors, the nature of eating beha-
vior, dysfunctions of nervous and endocrine systems
is also undoubted [13, 18].

Obesity is accompanied with metabolic, hormo-
nal, hemodynamic disorders, causing structural and
functional changes in the heart muscle of an orga-
nism. In obese people an adaptation of cardiac activity
occurs due to the formation of eccentric hypertrophy
of the left ventricle, which is a predisposing factor
for the development of an acute myocardial infarc-
tion, sudden death and congestive heart failure [2, 16].

Currently, medical scientists have different opi-
nions about the methods of treatment and rehabili-
tation of patients with an excessive body weight and
obesity [11]. It is well known [1], that the use of just
one therapeutic factor in the treatment of obesity is
often insufficient, since the disease is accompanied
with a number of pathologies: metabolic disorders,
decrease in a general resistance of the organism, hor-
monal imbalance, psychosomatic disorders [10, 17].
Therefore the search for new conceptual approaches
to the pathogenetic non-drug therapy of this disease
is urgent.

One of these approaches could be cryotherapy
based on the general cold effect inducing positive
shifts at the organismal level [1, 11]. The high efficiency
of the use of extreme cryoeffects (—120°C) to correct a
functional state of the individuals experiencing a
chronic fatigue, difficulties with physiological and
psychological adaptation, acclimatization [20] has
been proven. We believe the main mechanisms of
preventive and therapeutic action of extreme cryo-
therapy are associated with stimulation of physio-
logical reserves of the body, optimization of neuro-
humoral regulation and metabolism, increase in
nonspecific resis-ance [7].

Cell therapy using the stem cells (SCs) is one of
the most promising directions in progress of medi-
cine, which allows obtaining absolutely new cli-
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akkuMaruzanueii [22]. Ilo HareMy MHEHUIO, OCHOBHBIE
MEXaHU3MBI MTPOPHUITAKTHYECKOTO U TEPAIeBTUICCKOTO
JIEHCTBHS SKCTPEMATBHON KPHUOTEPAIUU CBSI3aHBI CO
CTUMYJISIIIMEH (PU3HOJOTUYECKUX PE3EPBOB OpPraHM3Ma,
ONTUMHU3AIMEN HEUPOryMOPAIbHOU pEryisiiuu u
oOMeEHa BEIIECTB, MOBBINICHHEM HecTeuduIeCcKon
pe3UCTEHTHOCTH [3].

Knerounas teparnusi ¢ HCHIOTB30BaHUEM CTBOJIOBBIX
kietok (CK) — onHO 13 HarbosIee epCereKTUBHBIX Hall-
paBICHUM PA3BUTHS MEIUILIMHBI, MTO3BOJISIONINX TI0-
JYYUTh Ka4eCTBEHHO HOBBIE KIMHUYECKHE PE3yib-
tatel [10]. Haubosee nerko0CTymHbIM UCTOYHUKOM
nosnydeHuss CK sBnsercs kopaoBasi (IyIOBHHHA)
kpoBb (KK) [9, 15]. Hay4HbIe OTKpPBITHSI TIOCIEIHUX JIe-
csaTUIeTHI B obnactu Ouonoruu, GpyHIaMeHTaIbHOU
U KIMHWUYECKOW MEIUIIMHBI JJOKA3bIBAIOT BBICOKYIO
MenKo-Onoorndeckyro 1meHHocTh KK kak BakKHOTO
HMCTOYHMKA OHMOJIOrnYecky akTUBHBIX BerlectB U CK,
KOTOPBIE YCIIENTHO HCIIONB3YIOTCS TIPU JICUSHUH pas-
JUYHOTO PO/ia MATOJIOTHYECKUX COCTOSHUH, B TOM
YHcIe 1 3a00JIeBaHIN CEPAEIHO-COCYANCTON CHCTEMBI,
comyTctBytomux AO [12].

Ha ocHoBe pe3ynbsraToB Hay4yHBIX HCCIIEIOBaHU,
nposenensbix B UK u K HAH Vkpaunsl, Obuta pas-
paboTaHa TEXHOJOTHs BbIJENCHHS [6] U KPUOKOHCEP-
BHUPOBAHUS SIPOCONIEPKAIINX KIETOK KOPIOBOM KpO-
Bu (SICK KK) [7], mo3BossiroIIiast COXpaHsTh B 5KU3HECTIO-
COOHOM cocTosTHUH 10 85% simpoconeprkammx (CD45%)
1 110 98% remomosTrdeckux cTBONOBBIX (CD347)kieTok.

DU3NOIOTHICCKUE 0COOCHHOCTH PeakIuii opra-
HU3MA, a TaKXKe er0 (PYHKIMOHAIBHBIX CHCTEM Ha PHT-
MHYECKOe dKCTpemManbHoe oxnaxaeaue (—120°C) u
BBezieHne Kpro-koucepBrpoBanHbIX SICK KK mo3Bossror
HE TOJIbKO WHIUBHIyaJIbHOE, HO U COBMECTHOE MX
ucnoyib3oBanue. I[Ipu 3TOM BO3MOXKHO B3aUMHOE
MIOTCHIIMPOBAHUE UX BIMSHUS HA OpraHus3M |3, 4].

Jlo HacTosIIIero BpeMEeHH HCCIIeIOBaHNU, Kacatolye-
Csl U3yUYCHHsI MEXaHU3MOB KOMOMHUPOBAHHOTO BIIHS-
Hust POXB (—120°C) u npenaparos, nomyueHHbIX 13 KK,
Ha aJanTalMOHHO-KOMIIEHCATOPHEIE pPe3epBbI opra-
HU3Ma KCIIEPUMEHTABHBIX )XKUBOTHBIX Tipu AQO, He
TIPOBOFIIHCE. B CBSA3M C 3THM pe3yibTaThl H3y4eHHs CO-
geTaHHOTO BIMSHIS POXB 1 KprHoKoOHCEpBUPOBAHHBIX
SCK KK Ha cTpykTypHO-(QyHKIIMOHATIBHOE COCTOSTHUE
TKaHel 1 cocyoB Muokapa rmpu AO To3BOISIIOT 000c¢-
HOBAaTh 1€71€CO00PA3HOCTh UX TEPAIEBTHYECKOTO TIPH-
MEHEHUsI IS IPOQUIIAKTUKH Pa3BUTHS CEPIICIHO-COCY-
JIACTBIX 3a00JIEBAHMA.

Lenms paboThI — OLIEHUTH MOP(OIOTHIECKOE COCTOSI-
HUE TKaHEH U COCYIOB CepAlLla SKCIEPUMEHTAIbHBIX
YKHBOTHBIX C MOJIENIBIO QIMMEHTAPHOTO OXKHUPEHUS 10
Y TI0CJIe COYETaHHOTO TPHUMEHEHHS] PUTMUYECKUX KC-
TpeMallbHBIX XOJOMOBEIX Bo3zekcTBuil (—120°C) n
KPHUOKOHCEPBUPOBAHHBIX SIPOCOEPIKAIINX KIETOK
KOPZIOBOM KPOBH.
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nical results [14]. The most available source of SCs
derivation is cord (umbilical) blood (CB) [9, 19].
Scientific discoveries of the recent decades in the
field of biology, basic and clinical medicine ha-
ve proven the high medical and biological value
of the CB as an important source of biological-
ly active substances and SCs, which are success-
fully used in the treatment of various pathologies,
including diseases of the cardiovascular system
[15].

Based on the results of scientific research carried
out at the Institute for Problems of Cryobiology and
Cryomedicine of the National Academy of Sciences
of Ukraine, there was developed the technology for
isolating [6], and cryopreservation of CBNCs [5],
allowing to preserve viability of up to 85% of nuclea-
ted (CD45%) and up to 98% of hematopoietic stem
cells (CD34").

The physiological characteristics of the responses
of the body and its functional systems to rhythmic
extreme cooling (—120°C) and introduction of cryo-
preserved CBNCs allow not only single but also com-
bined application. In this case, mutual potentiation of
their influence on the organism is possible [3, 7].

For this moment no studies have been performed
to investigate the mechanisms of the combined effect
of RECE (-120°C) and the preparations obtained
from SCs on the adaptive-compensatory reserves
of the body of experimental animals during the
AO. In this regard, the study of the combined effect of
RECE and cryopreserved CBNCs on structural and
functional state of tissues and blood vessels of the
myocardium at AO makes possible to justify the ad-
visability of their therapeutic use for the prevention of
the development of cardiovascular diseases.

The research aim was to assess the morphological
state of the tissues and blood vessels of experimental
animals with the modeled alimentary obesity before
and after combined application of rhythmic extreme
cold effects (—120°C) and cryopreserved cord blood
nucleated cells.

Materials and methods

Studies were performed in outbred white young
6-month male rats. The experiments were carried
out in accordance with the Law of Ukraine on the
Protection of Animals Against Cruelty (Ne 3447-
IV dated of 21.01.2006), meeting the requirements
of the Committee for Bioethics of the Institute, ag-
reed with the statements of the European Conven-
tion for the Protection of Vertebrates Used for Expe-
rimental and Other Scientific Purposes (Strasbourg,
1986).

The animals were divided into three groups (n =7
in each): 1 — intact; 2 — rats with the simulated AO;
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MarepuaJibl 1 METO/IbI

HccnenoBanust BBINOTHSUIM Ha OENBIX MOJOIBIX
6-MECSIYHBIX HETMHEHHBIX KPBICAX-CaMIIaX.

OKCIEepUMEHTB IPOBOAMINA B COOTBETCTBUH C 3a-
KOHOM YkpauHbl «O 3alyTe >KUBOTHBIX OT JKECTOKOIO
oopamenus» (Ne 3447-1V ot 21.01.2006 1.) mpu
cobmonennu TpeboBannii Komurera MHCTHTYTA IO
OMO3THKE, COTIIACOBAHHBIX C MOJOKEHUSIMH «EBpo-
MIEHCKOM KOHBEHIIMH O 3aIIUTE IT03BOHOYHBIX YKUBOTHBIX,
WCTIONB3YEMBIX JUISI OKCIEPUMEHTAIBHBIX U JPYTUX
HayuHBIX 1enein (CtpacOypr, 1986).

JKuBoTHBIE ObLITN pa3aeeHbl Ha TPYIIIbI (71 =7 B Kax-
noi): 1 — uHTaKTHAs;, 2 — KphICkl ¢ Monenbio AQ; 3 —
xuBOTHBIE ¢ AO mociie KOMOMHHUPOBAHHOTO TpUMe-
HeHust POXB u kprokxoncepsupoBanHbix SJCK KK.

Oxupenue monenupoBainu no Meronuke B.IN bapa-
HOBA, NPEAYCMATPHUBAIOIINE COICPKaHHE KUBOTHBIX
Ha THIepKaIopuitHoM pannoHe [8]. CrermeHs oxupe-
HUS ¥ KphIc [18] ompenensiy Mo 3HAYUMOMY YBEIH-
YEHHUIO BECOPOCTOBOTO MOKa3aressi — mHziekca JIn, koto-
PpbIi paccunThiBaeTCs 110 hopmysie:

 Bec Tena (r) / AIMHA OT HOCA [0 aHAIBHOTO
otBepetus (cM) X 1000 (otH. em).

Bennuuna unaexca 6onee 300 oTH. en. cBuue-
TENbCTBYET O HAJTMYUHI O)KUPEHUSL.

[Tocne moarBepkaenust Hamunuust AO KUBOTHBIM
npoBoauin ceancbl POXB 1 BBOIMIM KPHOKOHCEPBU-
posannblie SICK KK.

PutMuueckre XononoBble BO3ACHCTBHS OCYIIECTB-
JSUIM B METPOJIOTMUYECKU aTTeCTOBAaHHOW KpHUOKaMepe
JUISL OXJIAXKZICHUS SKCIIEPUMEHTANIBHBIX KMBOTHBIX [5].
‘YcTaHOBKa COCTOWT M3 CIEAYIOMIMX Y3JIOB: TEPMOHU30-
JIMPOBAHHBIA KOPITyC ¢ paboueil KaMepoid, B KOTOpOn
PacTONOKEHbBI TEIIIOOOMEHHHUK C 3aJTMBHBIM KJIallaHOM
Y KaHaJIOM JUUIsI OTBOJIA XJIaJiareHTa; pabounii oTcek ¢
TFEpMETUYHOM IITOPKOH, B CEPEAUHE KOTOPOrO pasme-
HIEHO YCTPOMCTBO A1 (PUKCALIMH KUBOTHOTO; TATUYHKU
JUISL pETHCTpaIld TeMIIEpaTypbl U KOHTPOJs (hyHK-
LIMOHAJILHOTO COCTOSIHUS JKMBOTHBIX; TEPMETUYHO 3aK-
PBIBAIOIIUICS TITFO30BON OTCEK, MO3BOJISIOIINKN H30e-
KaTh 3HAYUTEIBHOTO TPaJUeHTa TEMIIEPATYP MEKIY
paboucii kKamepoit 1 pabounM otcekoM. J[JIsT KOHTPOIIS
TEMIIepaTypbl B KaMepe HCII0Ib30BaIN IIATHHOBBIE
METPOJIOTHYECKH aTTECTOBAHHBIE TEPMOMETPHI COIIPO-
tuBieHust («[epa», Ykpauna).

JKMBOTHBIX MOMEIIAN YEPE3 LUII030BOM B OCHOB-
HOM oTcek kpuokameps! (padounii pexum —120°C)
Ha 2 MUH, [Je 32 HUMU OCYILECTBIISUICS MOCTOSTHHBIN
BU3YaJIbHBII KOHTPOJIb Yepe3 CrielialbHOe OKHO, 3aTeEM
UX CoAepKanu 5 MUH NPH KOMHATHOH Temmeparype
(22-24°C) Bue kamepsl. [ Iponenypy oxiaxaeHus oBTo-
PSUTM: KpPBIC COTPEBAIM 5 MUH IPU KOMHATHOW TeMIle-
parype, qajnee UK OXJIaKICHUH IPOBOMIIN IO aHAJIO-
CMYHOM cxeme. Bcero B CyTKM JKMBOTHBIE IOJTYYald
Tpu mporienypsl POXB. Bo Bpems oTorpeBa ciemumm
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3 — animals with AO after the combined application
of RECE and cryopreserved CBNCs.

Obesity was simulated according to the method of
V.G. Baranov by keeping the animals on a hyperca-
loric diet [8]. The degree of obesity in rats [12] was
examined by a significant increase in the weight-
growth index, the Lee index, which is calculated by
the formula:

3\ body weight (g) / length from nose to anus (cm)
%1000 (rel. units).

If the index is more than 300 rel. units the obesity
is present.

After confirming the AO presence the animals
were treated with RECE and injected with cryopre-
served CBNCs.

Rhythmic cold effects were performed in a metro-
logically certified cryochamber for cooling the expe-
rimental animals [4]. The assembly consists of the
following units: a thermally insulated shell with an
operating chamber, wherein a heat exchanger with
a filling valve and a channel for the discharge of the
refrigerant is located; a working compartment with
a sealed curtain, in the middle of which there is a
device for fixing the animal; sensors for recording
temperature and monitoring the functional state of
animals; a hermetically sealed lock chamber, which
avoids a significant temperature gradient between
the operating chamber and working compartment.
To monitor the temperature in the chamber, plati-
num metrologically validated resistance thermome-
ters («Geray, Ukraine) were used.

The animals were placed through a lock chamber
into the main compartment of cryochamber (operating
mode of — 120°C) for 2 min, where they were moni-
tored via a special window, afterwards they were
kept for 5 minutes at room temperature (22—24°C)
outside the chamber. The cooling procedure was
repeated: the rats were warmed for 5 minutes at
room temperature, later the cooling cycle was repeated
in the same manner. In total the animals received
three RECE procedures daily. During warming up,
the behavior of the animals was monitored. To days
3 and 5 the RECE sessions were repeated. Animals
were subjected to a 9-fold cooling (2 min each) at a
temperature of — 120°C for 5 days.

Taking into account the previously obtained ex-
perimental data indicating an increase in the per-
meability of the blood-brain barrier to biologically
active substances [7], the RECE course was accom-
panied by the CBNC introduction after the sixth
cooling procedure. A ready-made preparation of
the cryopreserved CBNCs was introduced to rats with
the experimental AO. This preparation was a sus-
pension of cryopreserved human CBNCs in autolo-
gical plasm with a concentration of stem cells of
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3a MoBeAICHNEM KUBOTHBIX. Ha 3-1 u 5-e cyTkH ceaHchl
P2XB nosropsuiu. JKuBoTHBIE B TEUCHHUE 5 THEH oABEp-
rajuch 9-KpaTHOMY OXJIAXKIICHUIO (10 2 MHH KaXJI0€)
nipu Temneparype —120°C.

C y4eToMm paHee TOyYeHHBIX IKCIIEPHMEHTATBHBIX
JTAaHHBIX, CBUETEILCTBYIOIIUX O TOBBIIICHUH TTPOHH-
ITAEMOCTH TeMaTOdHIIe(haTMIeCKOTO Oaphepa s Oro-
JIOTHYECKU aKTHBHBIX BemecTB Ha ¢oHe POXB [3],
SCK KK BBOIIIIH TIOCIIE MIECTOM MPOICTYPHI OXJIAK-
JICHUSL.

Kpeicam ¢ monensio AO BBOAWIM TOTOBBIM Mpema-
par kpuokoHcepBupoBaHHbIX SICK KK, xotopsrit
NPEICTaBIsT cO00W B3BECh KPMOKOHCEPBHPOBAHHBIX
SCK KK B ayTomnasme ¢ KOHIEHTpalue CTBOIOBBIX
CD34*-knerok 2—4 x 10° B 1 M1 [6, 7]. PazmoposkeHHbIe
SCK KK BBOAMIM OIHOKPAaTHO BHYTPHOPIOIIUHHO B
no3e 3x10° CD34"-k1eTok B pacueTe Ha KUJIOrpamMM Mac-
CBI TeJa KUBOTHOTO.

JKMBOTHBIX BCeX TPYTIIT BEIBOJVIIH U3 SKCTIEPUMEHTA
MyTeM AeKanuTanun Ha 7- u 30-e CyTKH TocIie TocieI-
Hero ceanca POXB u BBenenns SICK KK. Cpazy mocne
3TOTO Cep/IIe KMUBOTHOTO Pa3pe3aly B ITONIEPEIHOM Harl-
paBJIEHHHU O BEeHEYHOW OOpo3Je, BBIIEICHHYIO Kay-
JIANbHYIO YacTh (PKeJIyZ0YKH) MCCIIEA0BAIN T'MCTOJIO-
TUYeCKUMH MeToamu [16].

Marepuan ¢uxcupoBamu B 10%-M pacTBOope HEHT-
pasbHOro popMaHa, 00e3B0KUBAIIN B CITUPTaX BO3PAC-
taroreit koHeHTpaun (ot 50 no 100°), mporuThIBaM
cMmechio cimpta 1 kemnona (1:1), kcumomoM, cMechro
kcwtona 1 mapaduna (1:1), mapaduHoM, a 3aTeM 3aKiIro-
YaJTi B TapaHOBHIHN OJTOK.

C nomorkio canHoro Mukportoma («Reichert», ABct-
pHsl) M3rOTaBIMBAIN THCTOJIOTHYECKHE CPE3bI (TOJ-
mHa 5—7 MKM) B IUIOCKOCTH, TIEPIEHIUKYISIPHON
JUIMHHOW ocH cepaua. [locne aenapadguHupoBaHUs
B KCHJIOJE Cpe3bl OKpAIlMBaJIi NeMaTOKCWINHOM [ aH-
3eHa ¥ H03UHOM, TOMEIAIN B MOIUCTUPOI O TOKPOB-
HOE CTEKJIO.

OKkpacKy COCTUHHUTEIBHON TKAHH BBITIOIHSIIH TI0
Metony Ban ['m30Ha ¢ MCHONB30BAaHHEM KPACHUTENS
MUKpOPyKCHHA (HACKHIIIEHHBIA PacTBOp MHUKPUHOBOM
KUCIOTHI U 1%-11 pacTBOp KUCIOTO (hyKCHHA B COOTHO-
menuu 1:10). IIpu 3TOM KJIETOUHBIC siIpa TOKpaIIH-
BaJIM KEJIE3HBIM reMaToKCUIMHOM Beiirepra, nocie
Yero cpe3bl MOMEIIATN B MOIUCTUPOI TTO7] TOKPOBHOE
CTEKJIO.

Jlnist BBISIBJICHUS JTUIUAOB, KPOME CTaHAApPTHBIX
TUCTOJIOTMYECKUX HCCIIEIOBaHUM, TPOBOAMIN OKpa-
IIMBaHHE MOMEPEUHBIX CPE30B JKEITY0UKOB CepJua
TMCTOXMMUYECKUM METOIOM C HCHOJIb30BaHUEM Kpa-
CHTEJISI MaCJISTHOTO KpacHOro (CyaaH kpacHblii SB). Me-
TOJUKY OKpAIIMBaHUS JIUIHUIOB BBITIOIHSIIA B COOT-
BETCTBUH C PEKOMEHIAIMSAME H3TOTOBHTENS HaOopa
«Macsaeiii kpacHslid O» («Bio-Optica Milano SpAv,
Wramms). s coxpanerns GpochomnumiaoB BeIICTICH-
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2-4 x10°CD34" cells in 1 ml [5, 6]. Thawed CB NCs
were intraperitoneally administered once at a dose of
3 x 10° CD34" cells per kilogram of body weight of
an animal.

The animals of all the groups were sacrificed by
decapitation to days 7 and 30 after the last RECE
session and administration of CBNCs. Immediately
afterwards the animal’s heart was cut in a transverse
direction through the coronary groove, the isolated
caudal part (ventricles) was histologically examined
[21]. The sample was fixed in a 10% solution of neutral
formalin, dehydrated in alcohols with an ascending
concentration (from 50 to 100°), impregnated with a
mixture of alcohol and xylene (1: 1), xylene, xylene
and paraffin (1:1), paraffin, and then was enclosed
into a paraffin block.

With the help of a sledge microtome (Reichert,
Austria) the histological sections (5—7 microns thick)
were made in a plane perpendicular to the long axis
of the heart. After dewaxing in xylene, the sections
were stained with Hansen’s hematoxylin and eosin,
placed in polystyrene under a cover glass.

The connective tissue was stained using the Van
Gieson method using the picrofuchsine dye (a satu-
rated solution of picric acid and 1% solution of acidic
fuchsine in a ratio of 1:10). At the same time, the
cell nuclei were additionally stained with Weigert’s
iron hematoxylin, after which the sections were pla-
ced in polystyrene under a cover glass.

For the detection of lipids, in addition to standard
histological studies, staining of the transverse ventri-
cular sections of the heart was carried out histochemi-
cally using Oil red dye (Sudan red 5B). The lipid
staining procedure was performed in accordance
with the recommendations of the manufacturer of
the Oil Red O kit (Bio-Optica Milano SpA, Italy). To
preserve the phospholipids, the isolated fragments
of the heart of the experimental animals were fixed
in Baker’s formalin-calcium solution (10 ml of 40%
formalin, 90 ml of distilled water, 1g of calcium chlo-
ride). Sections of 5 pum thick were obtained with a
freezing microtome using a cryospray (Bio-Optica
Milano SpA) and placed into gelatin under a cover
glass. Neutral triglycerides and lipids were colored
red thereat.

Studies and microphotography of histological sec-
tions were carried out with a light microscope Axio-
Star Plus (Carl Zeiss, Germany) using digital camera
(Canon Power Shot A610, Japan) and the computer
software AxioVision Rel. 4.6 (Carl Zeiss Imaging
Solution GmbH, Germany), as well as in the Olympus
BX63 microscope (Olympus Corporation, Japan) using
a digital camera Olympus DP73 and the software
CellSens Dimension (Olympus Soft Imaging Solution
GmbH, Germany). Resolution of the obtained images
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Hble (DparMeHThI cepAla IKCIEPUMEHTAIBHBIX JKUBOT-
HBIX (PMKCHPOBAIM B KaJbLHI-()OPMOIOBOM pacTBope
o betikepy (10 ma 40%-ro ¢opmanuna, 90 mi tucTun-
JMPOBAaHHOM Bozpl, | T xsopuaa kanbuus). Cpessl Tol-
OIMHOM 5 MKM MOJIy4ajd Ha 3aMOPA’KUBAIOLIEM MHK-
poTome ¢ mcronp3oBaHueM kpuoctpest («Bio-Optica
MilanoSpAy», WMtanus) u moMeInanyd B JKeJIaTuH TOJ
MOKpPOBHOE cTeky0. HelTpanbHble TPUIIHUIIEPUIIBI U
JIMITUIBI OKPAIIMBAIUCH B KPACHBIH IIBET.
UccnenoBanus n MukpodororpadpupoBaHue ruc-
TOJIOTUYECKHUX CPE30B MPOBOIMIA B CBETOBOM MHKPOC-
kore «AxioStar Plus» («Carl Zeissy, [ epmanust) ¢ ucrosns-
30BaHHeM IH(PPoBoi hoTokamepsl («Canon Power
Shot A610», SnonHus) 1 KOMIBIOTEPHOH MPOTrPaMMBbI
«AxioVision Rel. 4.6» («Carl Zeiss Imaging Solution
GmbH», 'epmanus), a Takke B HCCIEI0BATEILCKOM
mukpockore «Olympus BX63» («Olympus Corporation»,
SAnonnst) mpu oMoy 1rippoBoit hotokamepst «Olym-
pus DP73» u xommbrotepHoii mporpammsl «CellSens Di-
mension» («Olympus Soft Imaging Solution GmbH»,
I'epmanust). PaspelieHne moiydeHHbIX W300paKeHUI
898 x 673 u 1600 x 1200 nuxceneit pu x200, 400 u

okyrsape 10x.

Pe3yabTarel n 00cy:kieHne

Pe3ynbTaThl rHCTONOINYECKOT0 MCCIeJOBAHMUS TKa-
HEell MHUOKapJa MHTAKTHBIX >KUBOTHBIX HMOATBEPANIN
a/IeKBaTHOCTh MPUMEHAEMbIX MeTOmUK. CTpyKTypHas
OpraHu3alusl CepAeYHON MBILIIBI COOTBETCTBOBAJIA
HopwMme [17].

IIpy rucTONOrNYEeCKOM UCCIIEI0BAHUH CEPILia MOJIO-
IIBIX KPBIC ¢ Mozaebio AO yCTaHOBIICHO, YTO TPaHMIIA
MEXKJy SIUKapIOM U MHOKAPJIOM BbIPAXKEHA HEUETKO
W3-32 TIPOHUKHOBEHUSI JKUPOBOM TKaHW BIIIyOb MHO-
Kapza B BUJIE TSOKEH JKUPOBBIX KIIETOK IO XOIY BEHO3-
HBIX COCYIIOB M KammuisipoB. Onpeaesuinch auare-
Je3Hble KpoBomsnusiHus (puc. 1, A). B mecrax naunbo-
Jiee BBIPQKEHHOTO OKUPEHUS COSAMHUTETbHOTKAHHBIX
MPOCIIOEK MEX1y MCTOHUYCHHBIMH MBILICYHBIMH BO-
JIOKHAMU $1/Ipa KapAUOMHOLIMTOB OBUIM TMIIOXPOMHBI
(arpodust oT maBIIeHMS ), TIOTIEpEYHAast HICUEPIESHHOCTH He
BBIABISUIACH (pHC. 1, B).

B 0onee nry0okmx oTaenax MHOKapa, TIe KUPOBas
TKaHb OTCYTCTBOBaJja, MbIIICYHbIE BOJIOKHA MMEJH
HPHU3HAKH TUIIEPTPOGHH, O YeM CBUICTETIECTBOBAIIO YBE-
JMYEHHE MACChl CapKOIUIa3Mbl KapAMOMHOLIUTOB, pa3-
MepoB HX siep (runeprpodus siaep). SAnpa kapauo-
MHOLIUTOB OBLTH TUTIEPXPOMHBIMH, HX KOJITYECTBO OTHO-
CUTEIBbHO KapAMOMHMOLMTOB WHTAKTHBIX >KUBOTHBIX
yBenHmIuBAIIOCH (puc. 2, A). [Ipu 3TOM pa3MepsI Kapauo-
MHOLMTOB TaKKe YBEINUMBAITICH. OITHOBPEMEHHO C TUIIEp-
Tpoduelt MHOKapa pa3pacTaniuch BOJIOKHUCTBIE CTPYK-
TYpPBI CTPOMBI (0YaroBbIi KapArockiepos) (puc. 2, B).

[Ipu oxpalyBaHUK MACISIHBIM KPAacCHBIM, KOTOPBIN
IPUMEHSIETCS Ul BBIBICHUS B KJIETKaX HEHTpab-
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Puc. 1. YyacTkn mMmokapga neBoro enygodka Monofbix
Kpbic ¢ mogenbto AO: A — XMPOBbIE KNETKM MEXAY MUO-
kapavouutamu (1), uanenesHole kpoBoU3NUaHUA (2); B —
aTpodus mvokapamouuTos (3). Okpacka reMaToKCUIIMHOM
N 903MHOM.

Fig. 1. Sites of left ventricular myocardium in young rats
with AO model: A — fat cells between myocardiocytes (1),
diapedesis hemorrhages (2); B — atrophy of myocardio-
cytes (3). Staining with hematoxylin and eosin.

was 898x673 and 1600x1200 pixels at x200, 400
and 10x eyepiece.

Results and discussion

The results of histological examination of intact
animals’ myocardial tissues confirmed the adequacy
of the methods used. The structural organization of
the cardiac muscle corresponded to the norm [22].

During histological examination of the heart of
young rats with the experimental AO it was establi-
shed that the border between the epicardium and myo-
cardium was not clearly expressed due to the penetra-
tion of fatty tissue into the interior of the myocardium
in the form of fat cells cords along the course of ve-
nous vessels and capillaries. Diapedesis hemorrhages
were found (Fig. 1A). In the sites of the most pronoun-
ced obesity, the connective tissue layers between the
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Puc. 2. Yyactkm Muokapga neBoro enyaodka Morogblix
kpbic ¢ Mogenbto AO: A — runeptpodns kapamommoumTos (1)
B rnyboknx otaenax mmokapga. Okpacka reMaToKCUIMHOM
1 3031HOM; B — paspacTtaHue BONMOKHUCTbLIX CTPYKTYp CTPO-

Mbl (2). Okpacka nukpodykcrHom no BaH M3oHy.

Fig. 2. Sites of left ventricular myocardium in young rats with
AO model: A — cardiomyocyte hypertrophy (1) in deep sec-
tions of myocardium. Staining with hematoxylin and eosin;
B — proliferation of stroma fibrous structures (2). Picrofuchsin
staining by Van Gieson.

3 Vo
e F: it

HBIX TPHUIJIMLIEPUIOB M JIMIIH/OB, B LIUTOIIIA3ME UCTOH-
YEHHBIX KapAMOMHOLUTOB OOHAPYKHBAJIUCh OYCHb
Mernkue (TbUIeBUAHOE okupeHne) (puc. 3, A) U peakue
MeJIKHe (MEJKOKaIeJIbHOE OKUPEHHE) )KUPOBBIE Karlln
KpacHoro 11BeTa (puc. 3, B).

Taxum o0pazom, Mopdorornaeckass KapTHHA MHO-
Kapza MOJIOJBIX KMBOTHBIX ¢ Mopenbio AO cBuue-
TENBCTBOBAJIA O PA3BUTHU HapyNIEHUH KpoBOoOpaliie-
HUS (TIOTHOKPOBHE U TPOMOO3 COCY/IOB, THAIEe3HbIC
KPOBOMBJIMSHUS, TUIEPTPO(DUS MUOKAp/a, HHTEPCTH-
LHUAIbHBIA U IIE€PUBACKYJISIPHBIA OTEKH, OYATrOBBIN
KapIrockiepo3). O HaTMYUU OKUPEHHST CBUICTEIbCTBO-
BaJH NBUICBHAHBIE U MEJIKOKAleJIbHble CKOIICHUS
JMITUIHBIX BKJIIOYEHHH, omnpeaessieMble crierupuyec-
KM OKpAalMBaHUEM Ha HEHTpaIbHbIEC KUPbI KPACHBIM
MacCJISTHBIM.
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thin muscle fibers of cardiomyocyte nucleus were
hypochromic (pressure resulted atrophy), transverse
striation was not observed (Fig. 1B).

In deeper parts of the myocardium, where fatty tissue
was absent, the muscle fibers had the signs of hyper-
trophy, as evidenced by an increase in the mass of the
sarcoplasm of cardiomyocytes, as well as in the size of
their nuclei (the nuclei hypertrophy). The nuclei of
cardiomyocytes were hyperchromic, their number
versus intact animals increased (Fig. 2A). At the same
time, the size of cardiomyocytes was also increased.
Simultaneously with hypertrophy of the myocar-
dium the stroma fibrous structures (focal cardiosclero-
sis) grew (Fig. 2B).
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Puc. 3. YuyacTkn Myokapga NneBoro xenyaovka Monoabix
Kpbic ¢ Mmogenbio AO: A — o4eHb MernKkue XNpPOoBbIe Kamnmnum
KpacHOro uBeTta B LMTOMMasmMe KapauomMumoumToB (Mbi-
nesugHoe oxupenue) (1); B — pegkme menkue Xunposble
Kannu KpacHoro upeta (MenkokanenbHoe oxupenue) (2)
Ha (POoHEe MbINeBUAHbIX NUMNMAHBLIX BKNoYeHun. Okpacka
MacnsiHbIM KpacHbIM.

Fig. 3. Sites of left ventricular myocardium of young
rats with AO model: A — very small fat drops of red color in
cytoplasm of cardiomyocytes (dusty obesity) (1); B — rare
small fat drops of red color (small droplet obesity) (2) on
background of dusty lipid inclusions. Staining with oil
red.
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Uepes 7 cyTok Iocse COYeTaHHOTO NMPUMEHEHHUS Jie-
BaTu npouenyp POXB u BBeneHUs KpHOKOHCEPBUPO-
BanHbIX SICK KK rucronoruueckoe uccienoBaHue
MHOKap/ia 6-MeCsIUHBIX KpbIC ¢ MOZIeNbI0 AO BBISIBUIIO
OTHOCHUTEIIFHO PaBHOMEPHYIO TOJIIIWHY MBITIEYHBIX
BOJIOKOH, KOTOPBIE BETBIIIMCH U O0PA30BBIBAIIN MEXKITY
c000#f aHACTOMO3KI C TIIOTHOH CETHIO, XapaKTePHOH IS
HOPMAJIBHOM CTPYKTYPbI CEPJICUHON MBIIIIIBL, TPUA 3TOM
MoTIepeYHas UCUEPUYEHHOCTh KapIUOMHUOIIUTOB MEC-
TaMU OTCYTCTBOBaJIa. B TOHKHX IIPOCIOMKAX HHTEPCTU-
[IUAJIBHOWM COCIMHHUTEITLHON TKaHW HAOFOIAINCh MPO-
ymgepanust GruOpoOIacTOB, CBUACTEILCTBYOIIAs 00 HEO-
aHrHoreHese, a Takxke AudQy3HOE pacpocTpaHeHHE
TUCTHOIMTOB. [IpU3HAKM MHTEPCTUIMANIBHOTO OTEKa
Y KapJMOCKIIEepo3a He 00HApYKUBAIUCH. B TO e Bpemst
MMEJIO0 MECTO TIOJHOKPOBHE COCyHoB (puc. 4, A). Ilpu
OKpalIMBaHWU TKaHEW W COCYAOB MHOKapjaa IMHKPO-
(ykcuHoM 1o Ban ['m30HY oTMeuanock pacrpocTpa-
HEHHE TOHKHUX KOJUTAreHOBBIX BOJIOKOH MHTEPCTUIINAIT-
HOW TKaHW, YTO TOJTBEPIKAAI0 00pa3oBaHUE HOBBIX
KamunipoB (puc. 4, B).

[Mocne okpammBaHusi MacisiHBIM KpacHbBIM OOHa-
pY’KHBaJlach KHPOBasi TUCTPOGUsI MUOKapaa B BHIC
MBJIEBUTHOTO HAKOIUIEHUS JIMMUAOB B IUTOITIa3Me
KapAUOMHOLUHUTOB. JIMMIUAHBIE BKIIOUECHUSI UMEIU
0OJ1eTHO-PO30BEIi 1IBET (pHC. 5).

Ha 30-e cyTku mocie co4eTaHHOro MPUMEHEHUS
POXB n kpunokoncepsuposansusix JICK KK y mosno-
JIBIX YKABOTHBIX ¢ Mofenibio AO oTMedanach HopMaib-
Has CTPyKTypa cepaeuHoil Mbiunsl. [IpoctpancTsa
MEXy KapAXMOMHUOLMTAMU C OTYETIMBOM MONEPEUHON
MCYEPUYECHHOCTHIO OBLTM 3aITOJIHEHBI PHIXJION BOJIOK-
HUCTOM COEAMHUTEIBHON TKaHbIO. B HEll BBIBISINCH
nuddy3Ho pacronokeHHble GuOpoOIacThl ¢ TUIOT-
HBIM SZIPOM BEPETEHOOOpa3HON (POPMEI, 8 TAK)KE MHOTO-
YHCJICHHBIC KalTWIUISAPBI, 3all0JTHEHHbIE (DOPMEHHBIMHU
aneMeHTaMH KpoBu. Habmonanucs equHIYHbBIE HHTEp-
CTHLIMANbHBIE OTEKU. KapAMOMHOIMTEI UMENN CBET-
JIble OBAJIbHBIC W HECKOJBbKO YIJIMHEHHbIE 0a30(uiib-
HBIE SIIPa, KOJIMYECTBO KOTOPBIX ObLIO OOJIBILIE [0 CpaBHE-
HUIO C KOHTPOJIBHOM Tpymmoi (puc. 6, A). Llutormasma
KapJUOMHOIINTOB 303WHO(HUIIbHAS, OKpAIIUBaIaCh
paBHOMEPHO. DHIOTENNONNUTH UMETH YIUIOMEHHYIO
(hopMy ¢ BRITIHYTHIME spaMu. [ [py okpammBaHuy K-
podykcuHom 110 Ban ['M30Hy B MHTEPCTHIIMKM MUOKap/ia
OOHAPYKUBATUCH 3peJible KOJIareHOBbIE BOJIOKHA SIPKO-
PO30BOTO I[BETA, PACIHOIOKEHHBIE BOJIb MBIIIEYHBIX
BOJIOKOH (pHc. 6, B). Bokpyr cocynoB pacronaraiuch
MYYKH KOJUIAr€HOBBIX BOJIOKOH, OPHEHTUPOBAHHBIX
KOHLICHTPHYHO.

[Ipu okpamnrBaHUW MACISIHBIM KPAaCHBIM BBISIB-
JSIIaCh XKUPOBasi TUCTPOHs MHOKap/a B BUIE MeJIbdaii-
mero (TBIJICBUIHOTO) HAKOTUICHHUS JIMITHJIOB B ITUTO-
TUIa3Me KapIMOMHONMTOB. JIMTIHHBIE BKITIOYSHUS FIMe-
JI1 OJIeTHO-PO30BEIi 1BET (pHC. 7).
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Puc. 4. YuacTkn mmokapgaa neBoro xenygovka MonoablixX
Kpbic ¢ mogenbto AO Ha 7-e CyTKM Mocre CoYeTaHHOro
npumeHeHns POXB n kpnokoHcepBupoBaHHbIX ACK KK:
A — dunbpobnacTbl (1) mexgy nyykamm KapanoMUOLIMTOB U
BHOBb CHOPMMPOBaHHbIE kanunnsapsbl (2), Menkue cocyabl
3anonHeHbl KpoBbHo (3). Okpacka reMaToKCUITMHOM U 303U-
HOM; B — HexHble KonnareHoBble BONOKHA (4) MHTepcTULMS
(po3oBoro uBeTa) Mexay MblleYHbIMX BortokHamu. Okpac-
Ka nnukpodykcnuHoM no BaH 'm3oHy.

Fig. 4. Sites of left ventricular myocardium of young rats with
the AO model to day 7 after combined application of RECE
and cryopreserved CBNCs: A — fibroblasts (1) between
bundlesof cardiomyocytes and newly formed capillaries
(2), small vessels filled with blood (3). Staining with hema-
toxylin and eosin; B — tender collagen fibers (4) interstitium
(pink) between muscle fibers. Picrofuchsin staining by Van
Gieson.

Staining with Oil red, which is used to detect neutral
triglycerides and lipids in cells, showed very small
(dusty obesity) (Fig. 3A) and rare small (small droplet
obesity) fatty drops of red color in the cytoplasm of
thinned cardiomyocytes (Fig. 3B).

Thus, the myocardium morphology of young ani-
mals with the experimental AO indicated the develop-
ment of circulatory disorders (plethora and thrombosis
of'vessels, diapedesis hemorrhages, myocardial hyper-
trophy, interstitial and perivascular edema, focal cardio-
sclerosis). The presence of obesity was indicated by
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Puc. 5. lNMbinesnaHoe HakonneHne NUNWAOB B LMTOMNas-
M€ KapaMOMMOLIMTOB. Y4YacTKn MMOKapaa NeBoro Xenyaouka
MOMOABIX KpbIC ¢ Mofenbio AO Ha 7-e CyTKM Nocre coYeTaH-

Horo npumeHeHns POXB u kprokoHcepBrpoBaHHbIx ACK KK.
Okpacka MacnsiHblM KpacHbIM.

Fig. 5. Dust-like accumulation of lipids in cytoplasm of car-
diomyocytes. Sites of left ventricular myocardium of young
rats with AO model to day 7 after combined application of
RECE and cryopreserved CBNCs. Staining with oil red.

B 3
Sy 1

Takum o6pazom, Ha 7- 1 30-e CyTKH TOCTIe COYeTaH-
HOTO NPHUMEHEHUs] MOJIOABIM HBOTHBIM C MOJCIIBIO
AO neBsatu ceancoB POXB n kpHOKOHCEpBHpPOBaH-
Helx SICK KK ormeuanacs Hopmanuzanus Mopdo-
JIOTMYECKOM CTPYKTYPbl MHOKApZa 3a CUET YJIy4LIEeHHs
KPOBOOOpAIIEeHNsI U TPODUKU CEPIACUHON MBIIIIIEI.
IIpu3Haky MHTEPCTULMAIBHOIO OTEKa U KapIHUOCKIIe-

7 AP /1 V&t bEE i

pulverous and small droplet lipid inclusions, deter-
mined by specific staining for neutral fats with Oil red.

Seven days after the combined use of nine RECE pro-
cedures and introduction of cryopreserved CBNCs
a histological study of the myocardium of 6-month-old
rats with the experimental AO revealed a relatively
uniform thickness of the muscle fibers that branched
and formed an anastomosis with a dense network
characteristic of the normal structure of the cardiac
muscle. This transverse striation of cardiomyocytes
was absent in some areas. In thin layers of interstitial
connective tissue a proliferation of fibroblasts, indi-
cative of neoangiogenesis, as well as diffuse spread
of histiocytes were observed. No signs of interstitial
edema and cardiosclerosis were found. At the same
time, a vasoconstriction was present (Fig. 4A). Stai-
ning the tissues and blood vessels of the myocardium
with picrofuchin according to Van Gieson revealed
the dissemination of fine collagen fibers of interstitial
tissue, which confirmed the formation of new capil-
laries (Fig. 4B).

Oil red staining revealed a fatty myocardial dystro-
phy in the form of dusty accumulation of lipids in the
cytoplasm of cardiomyocytes. Lipid inclusions were
of pale pink color (Fig. 5).

To day 30 after the combined application of RECE
and cryopreserved CBNCs in young animals with the
experimental AO, the normalized structure of the car-
diac muscle was noted. The spaces between the cardio-
myocytes with distinct transverse striation were filled
with a loose fibrous connective tissue. It had diffu-
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Puc. 6. YuacTkn Mmnokapaa neBoro xenygoyka monoabix kpbic ¢ mogernsto AO Ha 30-e CyTkM nocne coveTaHHOro npume-

HeHnss POXB n kpunokoHcepBupoBaHHbix ACK KK: A — kapanoMunounTbl C NONEPEYHON MCHEPYEHHOCTbLI U YBENW-
YEHHbIM KONMUYEeCTBOM CBeTMbIX saep (1), MHOrOYMCrNEeHHbIE Kanumnspbl, 3anofiHeHHble (hOPMEHHBIMWU 3rieMeHTamMun
KpoBu (2). Okpacka remaTokCUIIMHOM N 303MHOM; B — ymepeHHble nHTepcTuumansHeii oTtek (3) U Kapanocknepos (4).
Okpacka nukpodyKkcrHoM no BaH M30oHy.

Fig. 6. Sites of left ventricular myocardium of young rats with  AO model to day 30 after combined application of
RECE and cryopreserved CBNCs: A — cardiomyocytes with transverse striation and increased number of light
nuclei (1), numerous capillaries filled with formed elements of blood (2). Staining with hematoxylin and eosin; B —
moderate interstitial edema (3) and cardiosclerosis (4). Picrofuchsin staining by Van Gieson.
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Puc. 7. lNbineBuaHoOe HakonneHve NMNUAoB B LMTONMAas-
Me KapAMOMWOLUMTOB. YUYacTKM MUOKapAa NeBOro xe-
nynoyka mornopablix kpbic ¢ mogensto AO Ha 7-e cyTkM nocne
COYETaHHOro NpuMeHeHus POXB 1 KpMOKOHCEPBMPOBAHHbIX
ACK KK. Okpacka MacnsiHbiM KpacHbIM.

Fig. 7. Dust-like accumulation of lipids in cytoplasm of
cardiomyocytes. Sites of left ventricular myocardium of young
rats with AO model to day 7 after combined application of
RECE and cryopreserved CBNCs. Staining with oil red.

po3a ObiTH cabo BBIPAYKEHBI TI0 CPABHEHHIO C TaKO-
BBIMH Y KPBIC KOHTPOJILHOM Ipynibl. B nHTEpcTHIMAIB-
HOW COCIMHUTEITFHON TKaH!U UMEJIH MeCTO TIpoJudepa-
nust pubpodrmactos, nuddy3Hoe pacnpocTpaHCHHE
THCTHOIUTOB, SIBJISIOIINECS MOP(OIOTHUECKUMU TIPH3-
HakamMH HeoaHruoreHesa. [lomoxuTenbHbIN dPderT
coueranHoro BiusHUS POXB u SICK KK noarsepix-
JIaeT BBISBICHHOE MPH OKPAIINBAHUHM TMCTOJIOTHYEC-
KHUX TPErapaToB MACISIHBIM KPACHBIM CHUKCHUE CTe-
MICHHU BBIPKEHHOCTH >KUPOBOHM AUCTpO(HH MUOKapra.
BaskHo, uT0 uepe3 Mecs11 TocIIe COUeTaHHOTO BO3AECHCTBUS
JUMNKJ03 Y MOJIOJBIX SKCIEPUMEHTAIBHBIX KUBOTHBIX
TIPHUOOPETAN YepTHl 00PaTUMOTO TIpoIiecca.

Ha ceromnsiamii eHs B muTeparype 00CyKaaeTcs
BOITPOC O 11e71€C000Pa3HOCTH MPUMEHEHHS SKCTPEMaITh-
HOTO OXJIXKJICHUS M KICTOYHOW Teparuu IS JICHSHUS
pa3nuYHbBIX 3a00neBaHMid. Pe3ynbTaTsl MpOBEICHHBIX
HaMH{ 3KCHEPUMEHTAIBHBIX MCCIIEI0BaHUN COINIACyIOT-
Csl ¢ IUTepaTypHbIMU JaHHbIMU [4, 20], ipu 9TOM OHU
MO3BOJISIFOT 00JIee IUPOKO PACKPHITh MEXaHM3M Pa3BH-
THSI O)KUPEHUSI 1 KOMOMHUPOBAHHOTO BIIMSTHUS HA HETO
POXB (-120°C) u xpuoxoncepsupoBaHabix SICK KK, a
TaKke 000CHOBAaTh MEPCIIEKTHBHOCTh UX COBMECTHOTO
WCIIONIH30BAHUS C TEThIO MPOQHIAKTHKHA COMYTCTBYO-
uwx AO naronoruid. [lo HameMy MHEHHIO, OHUM U3
BO3MO)KHBIX MEXaHHU3MOB BO3HUKHOBeHUsI AO y Mo-
JIONBIX JKUBOTHBIX SIBISIETCS Pa3BUTHE MOPHODYHKITHO-
HaJIGHBIX HApYIIEHWH B TKaHAX M COCylaxX MHOKap/a,
KOTOPBIE TMPOSIBIISIFOTCSI MX TMTOITHOKPOBHEM H TPOMOO30M
COCY/IOB, JAMAIeIe3HBIMHI KPOBOM3IHUAHUSIMHU, HHTEPCTH-
[IUATTBHBIM U NT€PUBACKY/SIPHBIM OTEKaMH, O4aroBbIM
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sely located fibroblasts with a dense core of spindle-
shaped form, as well as numerous capillaries filled
with blood cells. Single interstitial edemas was ob-
served. Cardiomyocytes had light oval and some-
what elongated basophilic nuclei, the number of
those was larger in comparison with the control
group (Fig. 6A). Cytoplasm of cardiomyocytes was
eosinophilic, evenly stained. Endoteliocytes had a
flattened shape with elongated nuclei. Staining with
picrofuchsin according van Gieson, revealed ma-
ture, collagen fibers of bright pink color, located along
the muscle fibers in myocardial interstitium (Fig. 6B).
Around the vessels the bundles of collagen fibers
were oriented concentrically.

Staining with Oil red showed fatty degeneration
of the myocardium in the form of a minute (dust-like)
accumulation of lipids in the cytoplasm of cardio-
myocytes. Lipid inclusions were of a pale pink color
(Fig. 7).

Thus to days 7 and 30 after the combined appli-
cation of nine RECE sessions and cryopreserved
CBNCs to young animals, the normalized myocar-
dium structure was noted in terms of improved blood
circulation and trophism of the heart muscle. The
signs of interstitial edema and cardiosclerosis were
poorly expressed in comparison with those in the
rats of the control group. The interstitial connective
tissue showed the proliferation of fibroblasts, diffuse
spread of histiocytes, which are morphological signs
of neoangiogenesis. The positive effect of the com-
bined effect of RECE and CBNCs was confirmed by
the revealed during staining of histological samples
with Oil red decrease in the manifestation of fatty
dystrophy of the myocardium.

It is worth to note that a month after the combined
effect the lipidosis in young experimental animals had
a signs of a reversible process.

Nowadays the expediency of application of extre-
me cooling and cell therapy for treatment of various
diseases is widely discussed in the literature. The re-
sults of our experimental studies are consistent with
the published reports [3, 10], and moreover they
allow us to clear up the mechanism of obesity deve-
lopment and how this could be affected by of RECE
(=120°C) and cryopreserved human CBNCs introduc-
tion, as well as to justify the prospect of their com-
bined application with the purpose of prevention of
accompanying pathologies. In our opinion, one of
the possible mechanisms of AO in young animals is
the development of morphofunctional disorders in the
tissues and vessels of the myocardium, which are
manifested by vascular plethora and thrombosis, dia-
pedesis hemorrhages, interstitial and perivascular
edemas, focal cardiosclerosis. The combined use of
RECE (-120°C) and cryopreserved human CBNCs
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Kapauockiepo3oM. CouetanHoe npumeHeHne POXB
(-120°C) u xpuokoncepsupobanubsix JCK KK mo3-
BOJISIET HOPMAJIM30BaTh CTPYKTYPY CEpAEYHON MBbIILI-
IbI, TIOCKOJIBKY CIIOCOOCTBYET YITYHIIICHHIO KPOBOOOpa-
IIEHUS W TPO(MHKU CEpICYHON MBIIIIIBI 32 CYET Pa3BHU-
THS IPOIIECCOB HEOAHTHOTECHE3a.

BoIBoabI

B pesynbrare rucTonoruyeckoro ncCiaea0BaHIsI MHO-
KapJia MOJOJIBIX KpbIC ¢ MOneibio AO ObLIO BBISIBIICHO
HapylIeHHEe KPOBOOOpAIICHUs, KOTOpOE MOATBEPIKAa-
JIOCh MOJTHOKPOBUEM M TPOMOO30M COCYIIOB, JTHarie/ie3-
HBIMH KPOBOM3IHUSHUSIMH, TUNIEPTpOdHUeli MUOKapAa,
WHTEPCTHLUAIBHBIM U TIEPUBACKYISPHBIM OTEKaMH,
0YaroBbIM KapIHOCKIEPO30M.

Ha ¢done coderanHoro ucnons3oBanus POXB
(-120°C) n xkpuoxoncepsupoBanHbix SICK KK orme-
Yajack HOPMaJIM3alKs THCTOJIOTMYECKOH CTPYKTYPBI
cepana. MopdodyHKIIMOHATEHBIC TIPU3HAKA HHTEPCTH-
[IHABHOTO OTeKa, KapAMOCKIEP03a U THIEPTPOPHUH
MHOKapza ObUH c1abo BBIPAXKEHBI, TIPH 3TOM CHIKa-
JIach CTENEeHb JKUPOBO AucTpoduu MUoKap/a. B natep-
CTUIMAJIBHON COEIMHUTEILHON TKAHH HAOIIOLAINCh
muddy3HOE pacnpocTpaHeHHe TUCTUOLUTOB, TPOIHQEe-
pauusi pubpobnacToB, GOPMUPOBAHHBIX KATUIUIIPOB,
YTO CBHJETEIBLCTBOBAJIO 00 YIyUIICHUH KpOBOOOpallie-
HUSL M TPOUKU MBILIIIBI CEp/ILa 3a CYET KOMIIEHCATOP-
HOT'O Pa3BUTHSI POLIECCOB HEOAHTHOT€HE3a.
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allows normalizing the structure of the heart muscle,
in terms of improvement of blood circulation and
trophism of the heart muscle presumably through the
development of neoangiogenesis processes.

Conclusions

As a result of histological examination of the myo-
cardium of young rats with the experimental AO,
a circulatory disturbance was revealed, which was
confirmed by the plethora and thrombosis of the ves-
sels, diapedesis hemorrhages, hypertrophy of the
myocardium, interstitial and perivascular edemas, fo-
cal cardiosclerosis. On the background of a combined
use of RECE (-120°C) and cryopreserved CBNCs,
normalization of the structure of the heart was noted.
Morphofunctional signs of interstitial edema, cardio-
sclerosis and myocardial hypertrophy were weakly
expressed, while the fatty myocardial dystrophy was
decreased. In the interstitial connective tissue the dif-
fuse spread of histiocytes, proliferation of fibroblasts,
formed capillaries were found, that was an evidence
of an improvement of blood circulation and trophism
of the heart muscle due to compensatory develop-
ment of the neoangiogenesis processes.
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