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Pedhepar: B HacToswee Bpems cocyaucTele 3aboneBaHusa ronosHoro mosra (FM) npu3HaHbl OAHOW M3 OCHOBHbIX MPUYMH
VHBanNuAmn3aumm u CMepTHOCTM, a BOMPOCHI ONTUMMU3aL MM NaToreHeTUYeCKoW Tepanumn 3Toro 3aboneBaHUsa OCTaKTCH Aaneku-
MU OT paspelueHus. B aTon cBA3n paspaboTka HOBbIX 3PPEKTUBHLIX METOA0B GOpbOLI C pasBUTUEM U MPOrpeccupoBaHNeEM
LepebpoBackynsapHbIX HApyLWeHUA Npu AUCUUPKYNATOPHON 3Huedanonatum (03) sBnseTcsa BaxHenwen 3agaden MeguumHbl
n buonorun. B paboTte npoBefeHa oueHka Mopdonornyecknx n MmopdomMeTpudecknx nokasarenen tkaHum 'M kpbic nuHum SHR
yepe3 30 cyTok rmocrne NpUMEHEHUs PUTMUYECKOW KpaHuouepebpanbHOW rMnoTeEPMUN U BBEOEHUSA KPUOKOHCEPBUPOBAHHbIX
spApocoepXKalMx KNeTok KopaoBow KpoBu. [MokaszaHo, YTO KaxAbll U3 uccnegyeMblXx METOA0B BO3AENCTBUS B Gonbluen unm
MEeHbLUEN CTeNEeHN CNocoBCTBYET YMEHbLUEHUIO BbIPaXXEHHOCTU AereHepaTyBHbIX NpoueccoB B TkaHu 'M kpbiC ¢ npuaHakamu
3. CoyeTaHHOEe NMpMMeEHeEHVE yKa3aHHbIX METOA0B CNOCOBGCTBOBANO UX B3aMMOMOTEHLMPOBAHMNIO, MPOSBNANOCH B yMEHbLUE-
HUWN CTENeHW AereHepaTMBHO-AUCTPOPUYECKNX MOpaxeHun TkaHu M, o KOTOpOM CBMAETENbCTBYET 3HAYMMOE CHUXEHUE Hel-
pornuanbHOro nHgekca.

KnioueBble crnoBa: kpbicbl SHR, ronosBHow mo3r, avcuMpKynsatopHasa sHuedanonaTusi, KpaHuouepebpanbHas runotepMmus,
KOpAOBas KPOBb.

Pedbepar: Ha paHnn vyac cyavHHI 3axBOpOBaHHSA ronoBHOro Mo3ky (M) BM3HaHi ogHi€0 3 OCHOBHUX NPUYMH iHBanigun-
3auii Ta CMepTHOCTI, @ NMTaHHS ONTUMI3auii NaToreHeTUYHOI Tepanii LbOro 3axBOPKBAHHSA 3anuLlalTbCA Aanekumu Bif
BUPpIiLIEHHs. Y 3B’s13Ky 3 LM po3pobka HOBUX ePeKTUBHUX MeToaiB 60poTbbu 3 pO3BUTKOM i MporpecyBaHHsAM LepebpoBa-
CKYNMSPHUX MOPYLeHb Npy AMCUMPKYNSATOPHOI eHuedanonaTii (AE) € Hansaxnueiwmm 3aBaaHHAM MeguunHu Ta bionorii.
Y po6oTi npoBeAeHa ouiHka MOPMONOriYyHUX i MOPPOMETPUYHUX NOKa3HMKIB TkaHuHn M wypis niHii SHR 4epes 30 gi6
nicna 3acToCcyBaHHS PUTMIYHOI KpaHiouepebpanbHOi rinoTepmii Ta KpiOKOHCEPBOBAHMX AAPOBMICHUX KMiTUH KOPAOBOI
KpoBi. [MokasaHo, WO KOXEeH i3 AOoCNiAXyBaHWX METOAIB BinblIO YN MEHLUOK MipOK CMPUSE 3MEHLIEHHI BUPaXXeHOCTI
nereHepaTuBHUX npoueciB y TkaHuHi M wypiB i3 o3Hakamn JE. OgHoyacHe 3acTOCyBaHHA 3a3Ha4yeHUX METOAiB cnpus-
no iX B3aeMOMOTEHLiOBaHHIO, BUABMNANOCA B 3MEHLWEHHI CTyNeHs AereHepaTtuBHO-AUCTPOMIiYHMX ypaxeHb TKaHuHu M,
npo WO CBiAYNTb 3HAYYLLE 3HWKEHHS HENpOrnianbHOro iHAeKcy.

KntouoBi cnosa: wypy SHR, ronoBHuin Mo30k, ANCLMPKYNATOpHa eHuedanonaris, kpaHiouepebparnbHa rinotepMisi, kKopaosa KpoB.

Abstract: Nowadays the cerebral vascular diseases are recognized as the main causes of disability and mortality, and the
issues of optimizing the pathogenetic therapy of this disease remain far from being solved. In this regard, the development of new
effective methods to combat the development and progression of cerebrovascular disorders in dyscirculatory encephalopathy
(DE) is the most important task of medicine and biology. In this paper, we evaluated the morphological and morphometric
parameters of brain tissue in the SHR rats 30 days after applying the rhythmic craniocerebral hypothermia and cryopreserved
cord blood nucleated cells. It has been shown that each of the studied methods of influence has a more or less positive effect
on reducing the severity of degeneration in the tissue of rat’s brain with the DE signs. The combined use of these methods
contributed to their mutual potentiation, manifested in a decrease in the degree of degenerative-dystrophic lesions of brain
tissue, as evidenced by a significant decrease in the neuroglial index.

Key words: SHR rats, brain, dyscirculatory encephalopathy, craniocerebral hypothermia, cord blood.
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[Ton TepMUHOM «TUCIUPKYASTOPHAS SHIE(aO-
natus» (/[1D) mompaszymeBaroT XxpoHudeckoe 3abore-
BaHue roioBHOro Mo3ra (I'M), nposieistornieecs mpo-
IPECCUPYIONIMM MHOTOOYaroBbIM PacCTPONCTBOM
ero QyHKIUH 1 00yCIOBIEHHOE HEIOCTaTOYHOCTHIO
MO3roBOTO KpoBooOpamenus. ITo manaeim BO3 ot
epeOpOBaCKyISAPHBIX 3a00JIEBaHUNA €KETOTHO YMHU-
paroOT OKOJIO 5 MITH YeJIOBEK, a COCYIUCTHIE 3aboie-
BaHus I'M npu3HaHbl OAHON M3 OCHOBHBIX IPUYUH
CMEPTHOCTU U MHBAIUIHOCTU B Mupe [24].

OrtHonorndeckuM QaxkropoMm pasButus D Hau-
Oosiee 4acTo SBIACTCS apTepuaibHas TUIEPTCH3US
(AT'). B aroii cBszu kpeicel nuann SHR, cnonTan-
HO paszBuBatoiyie Al, MOTYT OBITh MEPCIICKTHBHBI-
MU MOJCTSMH JUI M3y4YeHHs 1epeOpOBaCKYISIPHBIX
3aboneBanwmii [19, 22] u cocynuctoir nemeHmun [18,
23]. Iloka3zaHo, yto AI' U3MEHSIET CTPYKTYpy Liepe-
OpasbHBIX COCYIOB, BBHI3BIBAS THUIIEPTPOPHUIO M pe-
MOJICITUPOBAHNE COCYIUCTON CTEHKH, CTIOCOOCTBYET
Pa3BUTHIO aT€POCKIIEPO3a KPYITHBIX U JTUTIOTHATHHO-
3a MEJKHUX cocyloB [7]. BaxHyio poib B pa3BUTHH
I3 wurpaer HapyiieHue (GyHKIMOHUPOBAHUS HEHPO-
BaCKYJISIPHBIX E€JMHUI, OOBEAMHSIOIIUX B CIUHYIO
(DYHKIIMOHAJIEHYEO CUCTEMY HEHpPOHBI, KICTKU TJIHU
U Menkue cocyubl. Hapyienue QyHKIIMOHUPOBaHHUSI
HEUPOBACKYJISIPHBIX €AUHUI] IPUBOJUT K PAcCTPOii-
CTBYy MEXaHH3MOB ayTOPETYISAIUHA MO3TOBOTO KpO-
BooOpamieHust [27]. BaxHEWIMME 3BEHBSIMH ITOTO
mporiecca SBISIOTCS SHAOTENNANbHAS JUCHYHKITHIS
Ha YpOBHE MaJbIX IepeOpalbHBIX COCY/IOB, BHI3BIBA-
IOII[asi CHUYKEHNE NX PEaKTUBHOCTHU ¥, COOTBETCTBEH-
HO, AepuUUT Tep(y3Ur AKTUBHBIX Y4aCTKOB MO3-
ra [14, 16, 20], a Takke HU3KHA TEPATIEBTUYCCKHIA
pe3yiabTaT OT IpuemMa TPaJUIMOHHBIX Ba30aKTHBHBIX
cpencts [8, 24]. [Toatomy pa3zpaborka HOBBIX 3 dek-
TUBHBIX METOAOB OOPBHOBI C Pa3BUTHEM U MPOTPECCH-
pOBaHUEM COCYAUCTON neMeHnuu npu 1 — BaxHeH-
mas 3a/1a4a MEIUIIUHBI 1 OUOJIOTHH.

Ha npotsxenun nocnennux 20 et npeanpuHu-
MAIOTCS TTOTIBITKY CO3/IaHUS IPUHIIAITAATHHO HOBBIX
MeToAoB jeueHus 9. K TakuM MeTomaM MOXKHO OT-
HecTH Tepanuio cTBojoBeIMH KieTkamu (CK), koto-
pbIe MOTYT CITY>KUTh IIEHHBIM UCTOYHHKOM HEHPOHO-
MOJOOHBIX KIIETOK M HelpoTpoduuecknx (akTopos
JUIs JIGYCHUSI psifia HeHpoiereHepaTHBHBIX 3a00eBa-
HUH cocymucToro renesa [2, 18]. K naubonee mep-
criekTuBHBIM CK MOXKHO OTHECTH KJIETKUA KOPIOBOU
kpoH (KK) uenosexa [21].

B KK, momuMo camoii MHOTOYHMCIEHHON MOITy-
nsiun remonodtudecknx CK (CD34%), takke conep-
JKaTcs DHJOTENHATbHBIC U JIUTEINATBHBIE KICTKHU-
MIpe/IIIeCTBEHHUKN, ME3eHXUMaJIbHbIE, SMOPHUOHAIb-
HomooOubie U comarnueckue CK [18]. B ycnoBusx
kynsruBupoBanus CK KK crmocoOHbI quddepeniu-
pOBaThCS B HEPBHBIE KIETKH, aCTPOIMTHI U OJHIO-
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The term ‘dyscirculatory encephalopathy’ (DE)
implies a chronic brain disease, manifested by
a progressive multifocal disorder of its functions
and caused by cerebral circulatory insufficiency.
According to the WHO, about 5 million people die
from cerebrovascular diseases every year, and the
brain vascular diseases are recognized as the leading
causes of death and disability worldwide [14].

The etiological factor in the developing DE
is most often arterial hypertension (AH). In this
regard, SHR rats which spontaneously develop
hypertension, can be promising models for stu-
dying the cerebrovascular diseases [3, 10] and
vascular dementia [11, 31]. Hypertension has been
shown to change the structure of cerebral ves-
sels, causing hypertrophy and remodeling of the
vascular wall, to contribute to the development
of large atherosclerosis and small vessels lipo-
hyalinosis [12]. An important role in the DE
development is played by the impaired functioning
of neurovascular units, which combine neurons,
glial cells and small vessels into a single functional
system. Impaired functioning of the neurovas-
cular units leads to a breakdown in the mecha-
nisms of cerebral autoregulation [22]. The most
important links in this process are endothelial
dysfunction at the level of small cerebral vessels,
causing a decrease in their reactivity and, accor-
dingly, a lack of perfusion of active brain areas [4,
23, 25], and a low therapeutic effect of traditional
vasoactive agents [13, 14]. Therefore, designing
the new effective methods to combat the deve-
lopment and progression of vascular dementia in
DE is the most important task of medicine and
biology.

Over the past 20 years, the attempts to create
the fundamentally new methods for treating the DE
have been made. These methods include stem cell
therapy, which can serve as a valuable source of
neuron-like cells and neurotrophic factors to treat
a number of neurodegenerative diseases of vas-
cular genesis [2, 31]. Human cord blood cells are
the most promising stem cells [9].

In addition to the largest population of hema-
topoietic stem cells (CD34"), the cord blood also
contains endothelial and epithelial progenitor cells,
mesenchymal, embryonic-like and somatic stem
cells [31]. When culturing the stem cells (cord
blood) can differentiate into nerve cells, astrocytes,
and oligodendrocytes [31]. Thus, the cord blood
stem cells can serve as a valuable material for cell
therapy of neurodegenerative diseases, including
DE [2, 27,28, 30, 31].

Considering the relationship between hyper-
tension and morphofunctional state of brain, two
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nenapouutsl [18]. Takum obpaszom, CK KK moryr
CIIYXUTh LCHHBIM MaTepHaNOM Uil KJICTOUYHOH Te-
panvu HeWpoJereHepaTUBHBIX 3a00JCBaHMIA, B TOM
yucne u 110 [2, 18, 28, 29, 31].

PaccmarpuBas B3aumocss3s Mmexay Al' u mopdo-
(hyHKIIMOHABHBIM cocTossHHEM ['M, ciiemyer BbIne-
JIUTh N1Ba acnekTa: BausHue Al Ha coctosiHue I'M un
yaactue I'M B popmupoBanun Al. B obecneueHun
JOJITOBPEMEHHON PEeryisiuuu BenuuuHbl AJl mpu-
HHUMAIOT y4acTHe BCE CETMEHTHI IepeOpanbHOi ap-
TEePUATBHOU CUCTEMBI, HAUYMHASI OT MAaruCTPaIbHBIX
apTepuil TOJIOBBI U 3aKaHUYMBAs APTECPUOIISIPHBIM pyC-
noM. Pa3BuBaomuecss MaToloOrHuecKue MPOLECChl
B cTpykrypax I'M mpu xponudeckoil Al sBistorcs
pe3yABTaTOM COYETAHHOTO JACWCTBUS MHOTEHHOTO,
HEBPOTCHHOTO M METa0OIMYECKOTO MEXaHU3MOB ay-
Toperynsun. OTHAKO O BpEMEHEM TP MTOCTOSHHO
MOBBIIIEHHOM Al IPOMCXOIUT UCTOLECHUE UM a/iall-
Tanus apTepruaIbHOTO OapoperenTopHoro pediekca,
KOTOPBIA HE MOXET BBIMONHATH POJIb MEXaHH3Ma
perymsimua AJ] [7, 13]. Mcxonst U3 BBITIEH3I0KCH-
HOTO aKTyaJbHBIM SIBIISICTCS MOJICTUPOBAHUE HECIIe-
HU(UIESCKUX 3aIIUTHBIX MEXaHU3MOB MO3T'a, HaIlPaB-
JIGHHBIX Ha CO3JaHUE YCJOBHH I €ro caMopery-
nsiiun. [lepcrieKTHBHBIM MOXET OBITh IPUMEHEHHE
XOJOAOBBIX METOIOB BO3ACUCTBUS, MPU KOTOPBIX
TUIOTAIaMyC, SBISSICH IIEHTPOM HEUpOMEIHaTop-
HBIX PETYIATOPHBIX MEXaHH3MOB, UTPAaeT OJHY U3
OCHOBHBIX poJiell B cucTteMme TepMoperyiasiuuu. [Tpu
Y9acTHH THIIOTallaMyca TPOUCXOIUT TpaHchopma-
WSl BETETaTWBHBIX BIMAHWUN Ha mepudepuueckue
CHUCTEMBI. YUHUTHIBAas POJIb BBICIIMX BETeTATHBHBIX
LIEHTPOB, JIOKAJU30BAHHBIX B JIUMOUKO-PETUKYIISP-
HOM KOMILJIEKCE, i CUMIIATHUIECKOTO OT/IeTIa aBTOHOM-
HOM HepBHOI cucTteMsl B pa3BuTnu Al [26], MOXKHO
OXUJIaTh KIMHUYECKUH 3(p(eKT oT mpuMeHeHus Xo-
JIOJJOBBIX METOJ0B Bo3AeiicTBusl Ha ['M B ycloBUsAX
¢dopmupoBanus 2.

Purmudeckast kpaHuoriepeOpanbHas THTIOTEPMUS
(pKLTI") ocymecTBnsieTcss BO3ACHCTBHUEM MPEPHI-
BHCTOTO TIOTOKAa XOJOAHOTO Bo3myxa (~ 4-6°C) Ha
Hapy>XHbI€ TOKPOBHI roioBbl. B ycnoBuax pKLT, npu
KOTOPBIX HAONIOmaeTcss ACHUIUT TEIia, MPOUXOISIT
(hyHKIIMOHAIBHBIE W3MCHECHHS B HEUpOMenuaTop-
HBIX cucTemax I'M, 3akmrodaromiydecs B aKTUBAIUU
CEKpellMU HOpaJpeHaInHa, a TakkKe B MEePUOTUYCC-
KOM TIOJJaBJICHUHM M AaKTUBALUU CEKPELHH CEPOTO-
HuHa. MccrnenoBarenu OTMEUalOT, YTO THUIOTEPMUS
MO3ra MOXKET OKAa3blBaTh OLIYTHUMOE JCWUCTBHE Ha
JKUBOTHBIX TIPHU CYIIECTBEHHBIX U3MEHEHHSX YCIIO-
BHI MX CyIllecTBOBaHUs (0O0JIe3HH, BIMSIHUE HEOIAro-
MPHUSTHBIX (hakTopoB U T. 11.) [3, 10].

KpanunoniepeOpansHasi THIOTEPMHUS MOXKET yc-
MEIIHO COYETaThCsl C TPATUIMOHHBIMA METOAAMHU
JIeYCeHMsI (JIEKAapCTBEHHBIC CPECTBA, (U3HOTEPAIIeB-
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aspects should be highlighted: the influence of
hypertension on the brain state and the brain
participation in hypertension formation. All the
segments of cerebral arterial system, starting from
the main arteries of head and ending with the
arteriolar bed, take part in the provision of a long-
term regulation of blood pressure. Developing
pathological processes in the brain structures in
chronic hypertension are the result of a combined
action of myogenic, neurogenic and metabolic
mechanisms of autoregulation. However, over time,
with constantly elevated blood pressure, the
depletion or adaptation of the arterial barorecep-
tor reflex occurs, which cannot play the role of a
mechanism to regulate the blood pressure [12,
19]. Based on the above, the modeling of non-
specific protective mechanisms of brain, aimed
at creating the conditions for the brain self-
regulation, is relevant. It may be promising to use
cold exposure methods, wherein the hypotha-
lamus, being the center of neurotransmitter re-
gulatory mechanisms, plays a major role in thermo-
regulation system. With the involvement of the
hypothalamus, vegetative effects on peripheral
systems are transformed. Assuming the role of
higher vegetative centers localized in the limbic-
reticular complex, and the sympathetic auto-
nomic nervous system in the development of
hypertension [21], we can expect a clinical effect
from the use of cold methods to influence the brain
during the DE formation.

Rhythmic craniocerebral hypothermia (rCCH)
is carried out by the action of intermittent flow of
cold air (~ 4-6°C) on external covers of the head.
Under conditions of rCCH, whereat there is a
shortage of heat, functional changes occur in the
brain neurotransmitter systems, which consist in
the activation of norepinephrine secretion, as well
as in periodic suppression and activation of se-
rotonin secretion. The researchers note that the
brain hypothermia can have a tangible effect on ani-
mals, with significant changes under conditions of
their existence (illness, exposure to adverse factors,
etc.) [5, 16].

Craniocerebral hypothermia can successfully
be combined with traditional methods of treatment
(drugs, physiotherapy methods, efc.) and increase
their effectiveness [5]. The Institute for Problems
of Cryobiology and Cryomedicine of the National
Academy of Sciences of Ukraine (Kharkiv, Ukraine)
investigated the physiological features of the bo-
dy’s responses and its functional systems to cold
exposures and showed a high therapeutic efficiency
not only of their individual use, but also combined
(in particular, with cell therapy) [17, 18].
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TUYECKUE CIOCOOBI W T.II.) M TOBBIIATh UX 3Pdek-
tuBHOCTH [3]. B UHCcTHTYTE TIpoOIeM kpuoOuoio-
run u kpuomeauumusl HAH VYkpannsl (Xapbkos,
VYkpanHa) wuccienoBaHbl (U3NOIOTHIECKUE OCO-
OCHHOCTH peakIuii opraHu3Ma © ero (QyHKIHO-
HaJbHBIX CHUCTEM Ha XOJIOJIOBBIE BO3JCHCTBHS W
[TOKa3aHO BBICOKOE TEpareBTUYECKOe [EHCTBUE HE
TOJBKO WHAWBHyaJTbHOTO, HO W COYETaHHOTO (B
YaCTHOCTH, C KJICTOUYHOH Tepamueil) uX MpuMeHe-
uus [11, 12].

Lenb paboTs! — o1ieHKa MOP(OTOTHUECKUX U MOP-
(hoMeTpuUecKrX MoKazaTesel TKaHu TOJIOBHOTO MO3-
ra CIOHTAaHHO TUIMEPTEH3UBHBIX Kpbic JuHUM SHR
rnocie MNPUMEHEHUS PUTMHYECKOH KpaHHOIepeO-
paNbHON THUMOTEPMHUHM W KPHOKOHCEPBUPOBAHHBIX
SITPOCOJIEPIKAIINX KJIETOK KOPJIOBOM KPOBH.

MarepuaJjibl 1 METObI

HccnenoBanus mpoBOAMIM Ha II0JOBO3PEIBIX
12—13-MecAaYHBIX CTIOHTAaHHO TUTIEPTEH3UBHBIX KPBI-
cax-camnax jJuanu SHR.

OKcIepUMEHTHI OBbIIIN IIPOBEIEHBI B COOTBETCTBUU
¢ 3akoHoM Ykpaussl «O 3aluTe )KUBOTHBIX OT JKeC-
Tokoro obpamenus» (Ne 3447— 1V ot 21.02.2006 1)
npu cobmogennn tpebosanuii Komurera mo Omoos-
Tuke MHCTUTyTa, COMIACOBAHHBIX C MOJOXKEHUSIMHU
«EBpomneiickoil KOHBEHIIUH 110 3aLIUTE TTO3BOHOYHBIX
KUBOTHBIX, UCIIOJIb3YEMBbIX [UIsl SKCIIEPUMEHTAIbHBIX
1 Apyrux Hay4dHBIX 1enei» (CtpacOypr, 1986).

Kpeicer muann SHR Op1111 pa3aenensl Ha 4 Tpy-
6l (7 = 7 B KaKI0#): 1 — KOHTPOIJIB; 2 — IPOBEICHUE
mpoueaypsl pKLI; 3 — BBemeHHMe KPHOKOHCEPBH-
pOBaHHBIX sApocoaepxkanux kietok KK; 4 — coue-
TaHHOE MPUMEHEHHE JIByX METO/I0B BO3/IEHCTBHUS.

Hmnst mpoBenenust pKII™ ucmonb3oBanu ammapar
«Dmronnokpannorepm [1I'B-02» (3aBon «3nekTpo-
Mmary, Hwkauit HoBropoa, Poccust) ¢ Grmokom mpo-
rPaMMHOTO yNpaBJlieHHs, 00ECIICUNBAIOIIUM B 3a/1a-
BAa€MOM PEXHME MPEPBIBUCTYIO MOAAYY XJiaJl0areH-
Ta (XONMOAHBIN BO3MyX ¢ TeMmeparypoi 4-6°C) npu
gactore BozaeiicTBus 0,05-0,2 I'm [13]. Bo Bpems
npoBenenust pKIII' xuBOTHOE mOMeNIanu B cCIie-
UAJIBHYIO0 KaMepy, OTpaHWIHUBAOIIYI0 JABrkeHue. [1o-
TOK XOJIOZJHOTO BO3/yXa TOJAaBall TOJBKO HAa KPaHHO-
LIEpBUKAJIbHYIO0 00nacTe. B Teuenue Bceil mporemypsl
JKUBOTHOE JIBIIIANIO aTMOC(epHbIM Bo3ayxoM. Kpa-
HUOLEpeOpallbHYI0 THIIOTEPMHUIO MPOBOAWINA OJHO-
pa3oBo, BpeMs BO3AEHUCTBUS He MpeBblano 90 MuH.
PextanpHas TemmepaTypa y 3KCHEPHUMEHTAJIBHBIX
KpBIC HE omyckanack Huxke 35°C.

KprokoHCepBUPOBaHHYIO CyCIIEH3HIO SIAPOCOAEP-
xamux kiretok (kSJCK) KK momywanu B xprobanke
WHcTuTyTa TIpOoOIEeM KpPHOOHWOJIOTHH W KPHUOMEITH
UHBI HanmoHnamsHOM akameMun HayK YKpauHsl [4, 5].
KpuokoncepsupoBanHas kierouHas cycrneHsus KK
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The research aim was to assess the morpholo-
gical and morphometric parameters of brain tissue
of spontaneously hypertensive SHR rats when the
rhythmic craniocerebral hypothermia and cryopre-
served cord blood nucleated cells were applied.

Materials and methods

Studies were performed in adult 12—13 month-old
males of spontaneously hypertensive SHR rats.

The experiments were carried out in accordance
with the Law of Ukraine ‘On the Protection of Ani-
mals Against Cruelty’ (Ne 3447— IV of February
21%, 2006) while observing the requirements of
the Institute’s Committee in Bioethics agreed
with the provisions of the European Convention
for the Protection of Vertebrate Animals Used
for Experimental and Other Scientific Purposes
(Strasbourg, 1986).

The SHR rats were divided into 4 groups (n =
7 in each): 1 — control; 2 — with rCCH procedure;
3 — introduction of cryopreserved cord blood nu-
cleated cells; 4 — combined use of two methods of
exposure.

Fluidocraniotherm PGV-02 device (Nizhny
Novgorod Machine Building Plant, Russia) with
a program control unit providing an intermittent
refrigerant supply (cold air of 4-6°C temperature)
at an exposure frequency of 0.05-0.2 Hz was used
[19]. During rCCH the animal was placed into a
special chamber that restricted its movement. A
stream of cold air was supplied only to a cranio-
cervical region. Throughout the procedure, the
animal breathed an atmospheric air. Cranioce-
rebral hypothermia was performed once, an expo-
sure time did not exceed 90 min, and the rectal
temperature of experimental rats did not fall be-
low 35°C.

A cryopreserved suspension of cord blood nuc-
leated cells (cCBNCs) was obtained at the Cryo-
bank of the Institute for Problems of Cryobiology
and Cryomedicine of the National Academy of
Sciences of Ukraine [6, 7]. The cryopreserved
cord blood cell suspension was a suspension of
nucleated cells isolated by sedimentation in a
dextran density gradient with the molecular weight
of 60,000 (Yuria Pharm, Ukraine) and frozen in
autoplasma with dimethyl sulfoxide (DMSO) cryo-
protectant at a final concentration of 5% accor-
ding to the original method [6, 7]. The number
(CD45%) and viability (CD45" 7AAD") NCs were
determined with a flow cytometer (FACS Calibur,
Becton Dickinson, USA) using the Becton Dic-
kinson reagents according to the Protocol of the
International Society of Hematotherapy and Graft
Engineering.
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npeacTaBisiia cOOOH B3BECH SAPOCONEPIKALIMX KIle-
TOK, BBIICJICHHBIX METO/IOM CEAMMEHTALUHU B Ipajiu-
€HTE IUIOTHOCTH JeKcTpaHa ¢ M. M. 60 000 («Opu-
s-Dapm», YKparHa) ¥ 3aMOPOKEHHBIX B ayTOIIIa3Me C
KpHOTIPOTEKTOpOM tuMeTHicynbhoxcumoM(MCO)B
KOHEYHON KOHIEHTpauu 5% TI0 OpUTHHAIBHOU
meromuke [4, 5]. KommuectBo (CD45%) m xu3He-
criocobnocts (CD4577TAAD") SICK ompenmemsum ¢
MOMOIIIBbI0 TIpoTouHOro nurodiayopumerpa («FACS
Calibur», «Becton Dickinson», CIIIA) ¢ ucnonb3o-
BaHneM peareHToB «Becton Dickinson» mo mpoto-
Koy MexmyHapomHOro OOIEecTBa TeMaToTepariu
U TPaHCIUTAHTAIlMOHHOW MH)KEHEPHH.

Pasmopoxxennsie 06pasipl kACK KK BBoaumu B
o0beMe 1 MJI OJJHOKpAaTHO BHYTPUOPIOLIMHHO B J103€
(3-5) x 107 kieTok Ha 1 Kr Macchl Tea.

IIpu couerannom npumenenuu pKLI™ u k ACK KK
(rpymma 4) coOiromany eIy roImunii OPsIIOK: CHava-
na npoBonuiu npouenaypy pKLI, 3arem B TedeHue
cyrok BBommm KSICK KK. JKuBOTHBIX nexanmuTu-
poBaiu Ha 30-e cyTku mocine BBeaeHus KSACK KK.

MarepuasioMm 51 TUCTOJIOTHYECKOTO HCCIIE0Ba-
Hus ciyxui I'M Kpbichl, QUKCHpOBaHHBIN B PacTBO-
pe 10%-ro neiirpansHoro dopmanuna. U3 obmactu
MpeleHTpaIbHON U3BWINHBI ['M nccekanu o0pasiibl
tonuuHou 0,4 cM, BKJIIOUAIOLINE MITKYIO MO3TOBYIO
000J104Ky, cepoe U 0e0e BeIeCTBO, KOPY U TOAKOP-
KOBBIE CTPYKTYpbI. O030pHBIE ITperaparhl, OKpaIieH-
HbIE€ TEMAaTOKCHJIMHOM M J03MHOM, HWCIOJIh30BAIN
JUTT OOIIed OIEHKM COCTOSHHSI MSATKAX MO3TOBBIX
obomouek m BemiectBa I'M. Ilpemaparbl okparimBa-
JIU TUKPO(PYKCUHOM 110 BaH [ M30HY 17151 BBISBICHUS
Y OIICHKH CTETEeHH Pa3BUTHUS KOJUIAT€HOBBIX BOJIO-
KOH B CTPOME MSITKUX MO3TOBBIX 000JIOYEK M CTEHKE
cocynos. [Ipenaparsl, OkpallieHHbIe TOIYUINHOBBIM
cuHuM 1o Huccio, cimyxunu o0beKTOM ISl n3yde-
HUSl COCTOSIHUSI HEHPOHHON MOMYNALNH, [TTMAIBHOTO
KOMITOHEHTa KJIETOYHOH MOIMYJISIIIMKA BELECTBA MO3-
ra, DNIMOHEHpOHANBHBIX B3auMmoaecTeuil [9]. Mu-
KPOCKOITUYECKOE MCCIEOBAaHUE IPETIapaToB BHITION-
Hsi Ha MuKpockone «Olympus BX-41» («Olympus
Corporationy, Smonws).

MopdomeTpudeckoe uccie0BaHuEe AT O0HCKTH-
BHM3aIMX TIOTYYEHHBIX JAaHHBIX MPOBOIWIM Ha Ipe-
raparax, OKpaIIeHHBIX TOJYWIMHOBBIM CHHHM IIO
Huccmro. Onpenensuin 3HadeHHE HEWPOITIMAIBHOTO
nHAEKCa (KOJMYECTBO IVIMAJbHBIX KIETOK, MPHXO-
JSIIIUXCST Ha OJUH HEHpOH), MIOTHOCTh HEHPOHOB,
JIMOIMTOB M (PYHKIMOHUPYIOIIUX (OTKPBITHIX) Ka-
mwuisipoB (B 1 mm?) B ITI-V crosix xopel M. Bcee
MopdomeTpudeckiue U MOPQOIOTHISCKUAE HCCIEO-
BaHUS BBHIMONHSIN Ha MUKpockone «Olympus BX-
41» ¢ UCHOJB30BAaHUEM KOMITBIOTEPHON MPOrpaMMbl
«Olympus DP-Soft 3.1» («Olympus Corporationy,
Smonwms).
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Warmed samples of the cCBNCs were injected in
a volume of 1 ml once intraperitoneally at a dose of
(3-5) x 107 cells per 1 kg of body weight.

In the combined use of rCCH and cCBNCs
(group 4), the following procedure was followed:
the procedure of rCCH was performed first, then
the cCBNCs was administered during the day. The
animals were decapitated to day 30 after the injec-
tion of cCBNC:s.

The material for the histological study was rat’s
brain, fixed in a solution of 10% neutral formalin.
From the area of brain precentral gyrus specimens
0.4 cm thick were dissected, including the pia
mater, gray and white matter, the cortex and sub-
cortical structures. The survey preparations stai-
ned with hematoxylin and eosin were used for
a general assessment of the condition of pia ma-
ter and brain substance. The preparations were
stained with picrofuchsin according to van Gieson
to identify and assess the degree of development
of collagen fibers in the stroma of pia mater and
vascular wall. Preparations stained with toluidine
blue according to Nissl served as the research
object to study the state of neural population, glial
component of the brain’s cell population, and glio-
neuronal interactions [15]. Microscopic examina-
tion of the preparations was performed with an
Olympus BX-41 microscope (Olympus Corporation,
Japan).

A morphometric study to objectify the data
obtained was carried out in preparations stained with
toluidine blue according to Nissl. The neuroglial
index (number of glial cells per one neuron),
density of neurons, gliocytes and functioning (open)
capillaries (1 mm?) in the third to fifth layers of
the brain cortex were determined. All the morpho-
metric and morphological studies were performed
with Olympus BX-41 microscope using the Olympus
DP-Soft 3.1 (Olympus Corporation, Japan).

For statistical processing of morphometric data,
an Excel software (Microsoft, USA) was used. The
obtained digital data were presented (expressed) as
an m = M arithmetic mean (Mm) and arithmetic mean
error (Mm). Based on the Mann-Whitney U-test
between groups, the probability of differences (p)
was calculated. Differences were considered sig-
nificant at p < 0.05.

Results and discussion

As we demonstrated earlier, spontaneously hy-
pertensive SHR rats can serve as an adequate model
of DE. The changes in the architectonics of the
brain vascular bed and degenerative-dystrophic
damages of the brain tissue found in the animals
of group 1 were the result of chronically high blood
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Hnst craructuueckoid 00paboTKH MopdoMeTpu-
YECKHUX JaHHBIX MCIOJIB30BAH MAaKeT MPUKIIATHBIX
nporpamM pupmsl «Excel» («Microsoft», CLLA). ITo-
JydeHHBIC JaHHBbIC MPEACTABISIM B BUIE CpeAHEi
apudmerndeckoit BenmuunHbI (M) M OmMMOKK cpen-
Hell apudmerndeckold BenmmumHbel (m1). Ha ocHoBa-
Hun U-kpurtepus MaHHa-YUTHU MEXIy TpylamMu
pacCUUTHIBANM BEPOSITHOCTH pasnuuuid (p). Pazmuuans
CUMTANIN 3HAYUMBIMH TIpH p < 0,05.

Pe3yabTarsl u 00cyxkneHue

Kak mokazano Hamu paHee, CIOHTaHHO TUIEp-
TeH3UBHbIE Kpbichl JuHMM SHR Moryr ciyxutsb
azexkBaTHOM mozenbio J1D. BolsBIeHHBIE Y KHUBOT-
HBIX Tpynnbl | U3MEHEHUs! apXUTEKTOHUKHU COCYIH-
croro pycsia I'M u nereHeparuBHO-AUCTpodUIECKHE
nopaxeHuss TkaHu M OBITM CIIEACTBHEM XPOHH-
9eCKHW BBICOKHX TGP AJl, TTOBBIIIEHHON BSI3KOCTH
KpOBH, CHI)KCHHUS YPOBHs JOCTAaBKH KHCIIOpOIAa K
TKaHSAM 1 MTHTEHCU(UKAIIIH TPOIECCOB EPEKUCHOTO
OKHCIICHUS JTUTUIOB, IPUBOAMIIN K PA3BUTHIO U MTPO-
IPECCUPOBAHUIO COCYAUCTOH dHIIedanonaruu [1].

Uepesz 30 cyTok mocie MPOBENEHUS MPOLETypPhI
pKLI" (rpynma 2) rHECTONOTHYECKOE HCCIeOBaHUE
[10Ka3aJ10 HEPaBHOMEPHOE YTOJIIEHNE U OTEYHOCTb
MSTKHX MO3TOBBIX 000j0uek. OfHaKo B CpaBHEHUH
¢ rpynnoil 1 BBIpaXEHHOCTb M PACHPOCTPAHEH-
HOCTb OT€Ka U IepHapTepHaIbHOro Gudpos3a yMeHb-
IAJIACE. ApTepHANIbHBIE COCYABI YMEPEHHO KPOBEHA-
MTOJTHEHBI, MECTAMH HEPAaBHOMEPHO CYXKCHBI BCIICH-
CTBHE CIIa3Ma, C MIPOCBETAaMH, B Y4aCTKaX KOTOPBIX
OTIPENEISUINCh BEPTHKAJIbHAS OPHEHTAIlUS W 04aro-
Basl JIeCKBaMalus SHI0TENHOIUTOB. CTEHKH apTepuit
kopel I'M KpbIc rpynmsl 2 HECKOJIBKO YTOJIIEHBI 3a
CUET yMEPEHHOH TUMepIia3iuy U TUnepTpodun riaj-
KOMBIIIIEYHBIX KJIETOK, a TaKXKe YCHJICHUS MEXMBbI-
IIEYHOTO KoJulareHooOpaszoBanus (puc. 1), omHAKO
9TH U3MEHEHHsI ObUIM MEHee BBIpaKEHBbI B CpaBHeE-
Huu ¢ rpynnoi 1 [1]. TIpocBeTbl BEeH pacUIupeHsl,
MTOJTHOKPOBHBI, TOHYC CTEHKH CHHKEH, 3HJOTEIHOLIH-
TBl OPHEHTHUPOBAHBI TOPU30HTAIBHO, MPOCTPAHCTBA
MEXy HUMH PACIINPEHBI.

B 40% cmygaeB B xope I'M kpsbic rpynmsl 2 cox-
pPaHUIOCH JTAMHUHAPHOE CTPOCHHE, OHAKO C MEHb-
e MUIOTHOCTHIO HEUPOHOB. B OCTanbHBIX ciiydasx
OTMEYaJINCh OYard TaHIIIMO3HOKJIETOYHOTO pa3ps-
KEHMs U peke — odaru 3amycteHus. Mmemndeckn
HW3MEHEHHbIE HEWPOHBI UMENH HEOOJNBIION pasmep,
TPEYTONbHYIO MM BBITSHYTYIO (OPMY, MEJIKOE JKC-
LIEHTPUYHO PaCHOJI0KEHHOE SIIpO, TOMOT€HHYIO T'M-
MEPXPOMHYIO IUTOIUIa3My, B KOTOPOW HE BBISABIISI-
JIaCh XapaKTepHas I'PaHYJIIpHOCTb MPH OKpacke IO
Huccnro. IpeumyiiecrBenno B kope ['M Buzyanu-
3UPOBAJINCH MEJIKUE IPYIIIbl WIN OTAEIbHbIE 0e3bsi-
JIEpHBIC HEHPOHBI ¢ OJICTHO OKpAIIEHHOW TOMOTEH-
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Puc. 1. Fl/lnepnna:svm VI FI/II'IeprOd)Mﬂ rnap,KOMblmequlx
KneTok (1), MEXMbILLEYHbIV CKNepos (2) B CTEHKE apTepuu;
cnabo BbIpaXeHHbIN nepuapTepuanbHbin Gdrnbpos (3) Kpbic
rpynnbl 2. OkpalumBaHue nNUKpoyKCUHOM Mo BaH [M30HY.

Fig. 1. Hyperplasia and hypertrophy of smooth muscle
cells (1), intermuscular sclerosis (2) in artery wall; mild
periarterial fibrosis (3) of group 2 rats. Staining with
picrofuchsin according to van Gieson.

pressure, increased blood viscosity, reduced oxygen
delivery to the tissues and intensification of lipid
peroxidation, led to the development and progres-
sion of vascular encephalopathy [1].

Thirty days after the RCG procedure (group 2),
a histological examination showed uneven thic-
kening and swelling of the pia mater. However, in
comparison with group 1, the severity and preva-
lence of edema and periarterial fibrosis decreased.
Arterial vessels were moderately filled with blood,
somewhere they were unevenly narrowed as a
result of the spasm lumens, in the sites of those
the vertical orientation and focal desquamation of
endotheliocytes were determined. The walls of the
arteries of the brain cortex of the rats of group 2
were somewhat thickened due to a moderate
hyperplasia and hypertrophy of smooth muscle cells,
as well as increased intermuscular collagen formation
(Fig. 1), but these changes were less pronounced if
compared with group 1 [1]. The venous lumens
were enlarged, plethoric, the wall tone was reduced,
endotheliocytes were oriented horizontally, the
spaces between them were expanded.

In 40% of cases in the brain cortex of the group
2 rats, the laminar structure remained, but with a
lower density of neurons. In other cases, foci of
gangliocellular thinning were noted, and more rarely
the foci of desolation were found. The ischemically
altered neurons had a small size, triangular or
elongated shape, a small eccentrically located nuc-
leus, a homogeneous hyperchromic cytoplasm, in
which no characteristic granularity was detected




HOM IMTOIUIa3MOH, HE KOHTYpHUpYIOIIEHCS KJIETOY-
HOW MeMOpaHOM, HOTrAa co cnabo HaMeyaroIUMCs
1 O4YEHb OJIEHO OKPAILCHHBIM SAPBIIIKOM — KIETKHU-
«T€HW», YacTb W3 HUX ObLIa C SABJICHUSMH HEHPO-
Hoaruu (puc. 2). [ImorHocTh HeliporoB B [11-V crosix
kopbl I'M cocrasisina (1267,16 £+ 41,97) sx3/Mm?, 4tO
3HAYMMO TMPEBBIIIAIO0 aHATOTHYHBINA TTOKA3aTeNb MH-
TaKTHBIX THIIEPTEH3UBHBIX KPBIC (TA0NIHUIIA).

Hefiponwib ObUT MEIIKO3EPHHUCTBIM, OJICAHBIM C
04aroBo-1u(y3HbIM YBEINYCHUEM TTIOTHOCTH TITH-
ouuToB. [lmoTHOCTE KNeTok Heporuu B [II-V cro-
X KOpbI coctarisna (1569,19 + 58,62) sk3/mMm?, 3Ha-
yeHue HelipormuanbHoro uuaexca — 1,19 + 0,03. Ilpu
CPaBHEHUM C TUIIEPTEH3MBHBIMU KpbICAaMH Tpymmsl |
IUIOTHOCTb IIIMOLUTOB B Kope I’ >KUBOTHBIX IpymIibI 2
MMeNna TEHACHUUIO K CHIKEHHUIO, HEHPOITHaIbHBIN
HWHJIEKC OB 3HAUNMO HIDKE (Ta0iuIa).

BHyTprMO3roBble apTepui y KUBOTHBIX TPYIIIBI 2
MMeJH HECKOIBKO YTONIIEHHYIO CTEHKY, B KOTOPOH
OTMEYaJINCh YMEPEHHasl THIEpIUIa3ust ¥ TUIEPTPO-
(Gus MIaIKOMBIIICYHBIX KIETOK, HEPE3KO BBIpaKeH-
HBIW, B CPAaBHEHUH C KpbICAMH TPYHIBI 1, MEKMBbI-
meyHbli ckiepo3. IIpocBersl aprepuil HEpaBHO-
MEpPHO HAaIlOJHEHBI KPOBBIO, MECTAMHU C yYaCTKaMH
napuuagbHOro crasMa M THIUYHOW aKKOMOAALueH
9HJIOTEJIMOLUTOB. B HEKOTOPBIX MENKHUX apTepusix
U apTepuoiax HaOIIOAAJCs THAJIMHO3 CTCHKU. BeHsl
paciMpeHbl, HNOJTHOKPOBHBI, BBICTIAHBI SHIOTEINHU-
OIIUTaMHU YIUIOMEHHOH (DOPMBI C BBITSHYTHIM 0Oa-
30(0WIBHBIM SIAPOM WM YMEPEHHO >03WHO(DUIHHON
LMTOIJIa3MOM. B HEKOTOpBIX Kanmujuisipax orpese-
JATach arperamus JSPUTPOIUTOB, BHU3YAIH3HPOBA-
JIUCh KallMJUTSAPBI C TPYAHO Pa3IMIMMBIM MTPOCBETOM,
a Takke (PyHKIMOHUPYIOIIUE KAMWUIIPHl C XOPO-
IO BBIPAKCHHBIM MPOCBETOM, IJIOTHOCTH KOTOPBIX
cocrarisiia (194,95 + 8,68) sk3/MM?, 4TO 3HAYUMO
MIPEBBIIIAIO AHAJIOTUYHBINA MOKa3aTeslb y TUIEPTEH-
3MBHBIX JKMBOTHBIX KOHTPOJBHOHM rpymmel 1 (Tad-
JINLA).

Ha rucronormueckux mnpenaparax I'M B 50%
Clly4aeB B OONIACTH TTOJKOPKOBBIX CTPYKTYp M OIoro
BEIIeCTBa OOHAPYKUBAINCH OJWHOYHBIE I MHOTO-
KaMepHbBIC KHUCTBI, KOTOpble C(HOPMUPOBATIHCH B WC-
XOZIe OpraHmsyronmxcs remaroMm. OcTpoe MenKooda-
rOBOE KPOBOM3IIMSHNE OTMEHaIoch penko (10%).

Takum 00pa3om, 1epeOpPOBACKYIISIPHBIE IPOIIECChI
npu 1D 4acTHYHO BOCCTaHABIIUBAIOTCS BCIICACTBUE
iusHusl pKUI™ Ha akTUBHOCTH LEHTpaTbHOM pery-
nSMKd  epudepuyecKrX IMPOLECCOB IMOCPEICTBOM
W3MEHEHHUS] HAIpPaBICHHOCTH BETCTaTHBHBIX peak-
LUH ¥ TyMOpaJbHOIO 3B€Ha perymsnuu [3, 10, 13].

Ha ocHOBaHMM BBIIIEH3JI0KEHHOIO MOXKHO KOH-
CTaTUpOBaTh, 4TO uepe3 30 CyTOK mociie MpoBeICHUS
npouenypsl pKLI Bo Bcex n3ydaeMbIX CTPYKTYPHBIX
KOMITOHeHTax ['M THIepTeH3UBHBIX KPBIC TPYIIIHI 2
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Puc. 2. [lereHepaTvBHble U3MEHEHUS OTAENbHbIX HENpPO-
HOB B raHrmmMoHapHoM cnoe kopbl 'M kpbic rpynnbl 2. Okpa-
wmBaHue no Huccnto.

Fig. 2. Degenerative changes of individual neurons in
ganglionic layer of cerebral cortex of group 2 rats. Nissl
staining.

when stained according to Nissl. Mostly in the brain
cortex the small groups or individual non-nuclear
neurons with a pale-colored homogeneous cyto-
plasm, a non-contoured cell membrane, sometimes
with a faintly visible and very pale-colored nucleo-
lus (shadow cells) were visualized, some of those
had neuronophagy (Fig. 2). The density of neurons
in the third to fifth layers of the brain cortex was
(1,267.16 + 41.97) cells/mm?, which significantly
exceeded the similar index of intact hypertensive
rats (Table).

The neuropil was fine-grained, pale with a focal-
diffuse increase in the density of gliocytes. The
density of neuroglia cells in the third to fifth layers
of the cortex was (1,569.19 + 58.62) cells/mm?, the
neuroglial index made 1.19 + 0.03. When compared
with hypertensive rats of group 1, the density of
gliocytes in the cortex of brain animals in group 2
tended to decrease, and the neuroglial index was
significantly lower (Table).

The intracerebral arteries in group 2 animals
had a somewhat thickened wall, wherein moderate
hyperplasia and hypertrophy of smooth muscle
cells were noted, not very pronounced in compa-
rison with the rats of group 1 mild sclerosis.
Arterial lumens were unevenly filled with blood,
somewhere with the areas of partial spasm and
typical accommodation of endotheliocytes. In some
small arteries and arterioles, a wall hyalinosis was
observed. The veins were enlarged, plethoric, lined
with the flattened endothelial cells with an elongated
basophilic nucleus and moderately eosinophilic cyto-
plasm. In some capillaries, the aggregation of ery-
throcytes was determined, capillaries with a hardly
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MokasaTenu koMneHcaTopHbIX NPOLLEccoB B kope MM akcnepumeHTanbHbIX XUBOTHbIX
Compensatory processes in brain cortex of experimental animals

[MnoTHOCTb, 3K3/MM?
Density ex/mm?
pynna HelpornvanbHbiii HAEKC
Group Neuroglial index
HelipoHoB rnuounTOoB OYHKLMOHUPYIOLWMX KanunnApos
of neurons of glyocytes functioning capillaries
1 1,48 + 0,047 1116,15 + 41,97 1655,68 + 52,26 170,23 + 7,01
2 1,24 + 0,02%7 1267,16 + 41,97* 1569,19 + 58,62 194,95 + 8,68*
3 1,17 + 0,03*7 1263,04 + 38,28* 1474,47 + 62,14* 201,81 + 11,30*
4 1,170 £ 0,03* 1319,33 + 32,65* 1448,38 + 39,50* 204,56 + 10,13*

MpumevaHue: pa3nuums 3HaunMbl B cpaBHeHuu ¢ rpynnamu 1 (*) n 2 (¥) cootBeTcTBeHHO, p < 0,05.
Note: differences are statistically significant if compared with group 1 (*) and 2 (¥), p < 0.05.

HaOmonanch Mopdonornueckue MprU3HaAKd YMEHb-
LIEHUs] BBIPAKEHHOCTH U PacIpOCTPAHEHHOCTH allb-
TEPATUBHBIX U KOMIICHCATOPHO-aIalITHBHBIX TPOIIEC-
coB. [lomydeHHbIe pe3ynbTaTbl CBUAETENBCTBYIOT O
LeJIecO00pa3sHOCTH TPUMEHEHHs JaHHOTO MeToja
Uit nedeHus /1D w mpemynpexaeHus pa3BUTHS €e
OCJIOKHEHUH.

T'uctonoruueckoe uccnenoBanue npemnaparos I'M
kpbic muHIE SHR depe3 30 cyTok mocie BBeIeHUS
kSCK KK noka3zaio, 4To MATKHE MO3TOBbIE 0007104~
KU OBLUTM HEpPaBHOMEPHOH TOJIIWHBI, MPEUMYIIEe-
CTBEHHO 3a CYET OTEeKa, BCIEICTBUE YETO MPOCTPaH-
CTBa MEXIY BOJIOKHUCTBIMU CTPYKTYPaMH HECKOJIBKO
pacmmpensl. [1o cpaBHEHMIO € >KMBOTHBIMH TpyTI-
el 1 creneHp mepuBacKymspHoro ¢puOpo3a CHUXa-
nack. IlpocBeTbl apTepHaibHBIX COCYIOB OBLIH
BBIPXCHBI, YMEPEHHO KPOBEHAIIOJIHEHBI, BHICTIAHBI
VIUIOIIEHHBIMU SHJIOTEJIIMOIMUTAMA C  BBITSHYTHIM
6azodunpHBIM g1poM. HekoTopele Menkue aprepun
MMEH HECKOJIBKO CY>KEHHBIH IPOCBET BCIICACTBHE
MapUuaibHOrO Cra3Ma C TUIWYHOM aKKoMojauuen
SHIOTEINONNUTOB B HUX. CTEHKH apTepuil yTOJIIe-
HBI 332 CUET YMEPEHHOTO MEXMbIIeyHoro (Gudposa
CPEIHero cjos, B KOTOPOM OIPENeNsUTUCh HEPE3KO
BBIDQKCHHAST TUNEPIUTa3us W THreprpodus riaj-
KOMBIIICYHBIX KJICTOK, CTCICHb PA3BUTUA KOTOPBIX
ObLTa HECKOJIBKO HUKE, YeM Y J)KMBOTHBIX IPymIbl 1.
BeHbl nMenM HECKOIBKO CHUKEHHBIM TOHYC CTEH-
KH, @ UX IMPOCBETHl HEPABHOMEPHO PACIIUPEHBI U
ITOJTHOKPOBHHI (puc. 3).

Jlamunapnoe ctpoenue kopel I'M y KpeIC rpyn-
el 3 B 50% cioydyaeB ObUTO COXpaHEHO, XapaKTepH-
30BaJI0Ch OTHOCUTEIFHO PABHOMEPHBIM pacrpeere-
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distinguishable lumen were visualized, as well as
functioning capillaries with well-defined lumen, the
density of which was (194.95 + 8.68) cells/mm?,
that significantly exceeded the same index in
hypertensive animals of the control group 1 (Table).

In histological specimens of brain in 50% of
cases, in the area of subcortical structures and
white matter, the forming hematomas, single or
multichamber cysts formed in their outcome were
detected. Acute small-focal hemorrhage was rarely
observed (10%).

Thus, cerebrovascular processes in DE were
partially restored due to the influence of rCCH on
the activity of central regulation of peripheral pro-
cesses by changing the direction of vegetative
reactions and humoral regulation [5, 16, 19].

Based on the above, it can be stated that 30 days
after the rCCG procedure in all the studied structural
components of the brain of group 2 hypertensive
rats, morphological signs of a decrease in severity
and decrease in prevalence of alterative and
compensatory-adaptive processes were observed.
The results indicate the feasibility of applying this
method to treat the DE and prevent the development
of'its complications.

Histological examination of the brain prepa-
rations of SHR rats 30 days after the introduction
of the cCBNCs showed that the pia mater were
irregular, mainly due to edema, as a result of which
the spaces between the fibrous structures were some-
what enlarged. Compared with the animals of
group 1, the degree of perivascular fibrosis was
reduced. Arterial vascular lumens were expressed,




Puc. 3. Cocyapbl Msrkmx mosroebix o6onodek 'M kpbic rpyn-
nbl 3: rMnepnnasvs rnagkoMblLLEYHbIX KNETOK B CTEHKe ap-
Tepum (1); cna3m mernkon aptepum (2); NOMHOKPOBUE BEH
(3). OkpalmBaHme reMaToKCUNMHOM N 303UHOM.

Fig. 3. Vessels of brain pia mater of group 3 rats: hyper-
plasia of smooth muscle cells in artery wall (1); small artery
spasm (2); venous plethora (3). Staining with hematoxylin
and eosin.

HUEeM HeilpoHoB. HelipoHHas nomynsnus BO BCex
HaOMFOIeHUsIX ObLTa HEOJAHOPOJHOM: HapsLy C HeW-
pOHAMH OOBIYHOTO CTPOEHHUS BBISBISUINCH OTHIETH-
HBbIC KJIETKH WJIM HX HEOOINbIINE TPYIMIbI C TUIEp-
XPOMHBIM J1e(hOPMHUPOBAHHBIM TEJIOM, CMOPILEHHBIM
0a30(UIBHBIM SPOM, CMEIICHHBIM K TMepU(pEpUH.
BuzyanusupoBaiuck eTUHUYHBIC KIETKU-KTEHH» OK-
pymioit Gpopmbl ¢ OneAHBIM HAOYXILIUM TEJIOM U Mell-
KM CJ1a00 0a30(MIBHBIM SIIPOM, CMEIICHHBIM K
KJICTOYHOH MeMOpaHe, Y 4acTh TaKuX KIETOK SIpo
He Bu3yanmusupoBanock (puc. 4). IlnoTHOCTh HEW-
poroB B III-V cmosax kopsr cocrasmsuta (1263,04 +
38,28) 3K3/MM?, 4TO 3HAYMMO IPEBBIIIATIO AHAIOTHY-
HBIH TTOKa3aTesb y KpbIC rpynmsl 1(Tabmwima).

Uepe3 30 cyrok mocne BBemenust kKSACK KK y
KpbIC Tpymnmbsl 3 1O CpPaBHEHHIO C KOHTPOJIHHOMN
rpynmnoii 1 oTMeuanoch CHW)KEHHE WHTEHCHBHOCTH
IM03a TPU COXpPaHEHUH ero TUQQy3HO-04aroBoro
xapakrepa. MoppoMeTpuuecKkr IUIOTHOCTh KIIETOK
Heripormun B III-V cnosx xopsr I'M cocrasisiia
(1474,47 + 62,14) 5Kk3/MM?, 3HaUCHUE HEHPOTITHAIIb-
HOTO WHJEKca cooTBercTBoBaio 1,17 £ 0,03 (Tad-
JIATIA).

[IpocBeTbl BHYTPHUMO3TOBBIX apTepUaIbHBIX CO-
cynoB I'M kpbIc rpynmbsl 3 HECKOIBKO CYXKAJHCh,
COZIEpKAIM YMEPEHHOE KOIUYECTBO (OPMEHHBIX
JJIEMEHTOB KPOBH, TPEUMYIIECTBEHHO 3PUTPOIIH-
ToB. CTEHKa COCYJIOB YTOJIIICHA: apTEepPHil — 3a CYET
THIEPIUIA3Md U TUNEePTPOUHN TIAJAKHX MHOIUTOB
U W30BITOYHOTO Pa3BUTHS KOJUJIATCHOBBIX BOJIOKOH
B CpPEIHEM CJIO€, apTepHONl — BCIIEACTBUE THAMHO-
3a M pexe — IIa3MaTHYECKOTo MPONMUTHIBaHus. 13-
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moderately filled with blood, lined with flattened
endothelial cells with an elongated basophilic
nucleus. Some small arteries had a somewhat
narrowed lumen due to partial spasm with typical
accommodation of endotheliocytes in them. The
walls of the arteries were thickened due to a mo-
derate intermuscular fibrosis of the middle layer,
wherein mild hyperplasia and hypertrophy of
smooth muscle cells were determined, the deve-
lopment extent of those was slightly lower than
in the animals of group 1. The veins had a slightly
reduced wall tone, and their lumens were unevenly
expanded, plethoric (Fig. 3).

Laminar structure of the brain cortex in group 3
rats in 50% of cases was preserved, characterized
by a relatively uniform distribution of neurons. In
all the cases, the neuronal population was heteroge-
neous: along with neurons of normal structure,
individual cells or their small groups were detected
with a hyperchromic deformed body, wrinkled
basophilic nucleus, shifted to the periphery. Single
round-shaped ‘shadow’ cells with a pale swollen
body and a small, weakly basophilic nucleus shifted
to the cell membrane were visualized; in a part of
such cells, the nucleus was not visualized (Fig. 4).
The density of neurons in the third to fifth layers
of the cortex was (1,263.04 + 38.28) cells/mm?,
which significantly exceeded the similar index in
the rats of group 1 (Table).

Thirty days after the introduction of the cCBNCs
in group 3 rats as compared to the control group 1,
a decrease in the intensity of gliosis was observed,
while its diffuse focal character was maintained.
Morphometrically the density of neuroglia cells

Puc. 4. TvpamugHble KNeTKN raHrMoHapHOro Crosi Kopbl
™M (1) n gucTpodmsa oTaenbHbBIX HEMPOHOB (2) KPbIC rpymn-
nbl 3. OkpalwmsaHve no Huccno.

Fig. 4. Pyramidal cells of ganglionic layer of brain cortex
(1) and dystrophy of individual neurons (2) of group 3 rats.
Staining according to Nissl.
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peaKa onpeaeNsuIich MPU3HAKY MapIUAIbHOTO CIa3-
Ma CTEHKH apTepualbHBIX cOCynoB. Benwl ¢ pac-
IIMPEHHBIMA TIPOCBETAaMH, IIOJHOKPOBHEL. UYepes
30 cyrok nocine BeeneHus kJACK KK, mo cpashe-
HUIO C KpbICAMH TPyHmbl |, 3HAYMMO CHIDKAIOCH
KOJIMYECTBO KAIMJUIAPOB CO CITABIIUMUCS IIPOCBE-
TaMH, MECTaMHU BCTpEYaIHCh TPU3HAKK cTa3a. Mop-
(homMeTprUecKr 3HAUYMMO YBEIUYHBAIOCH KOJIMYE-
CTBO (YHKITMOHHUPYIOMHUX KalUUIAPOB, TUIOTHOCTH
KoTopbix cocrasisiia (201,81 £+ 11,30) ax3/mMm? (Tab-
nuna). llepuBackymsipHBIH OTEK BeIecTBa MO3Tra
ObUT BBIpaXeH ciia0o wim ymepeHHo. OCTphIX oda-
TOBBIX JIECTPYKTUBHBIX M3MEHEHUU BEIECTBA MO3ra
BO BCEX HAONFOACHUAX O0OHAPYKEHO HE OBLIO.

Takum 00pa3oM, IMPOBEJCHHBIE THCTOJIOTHIECKOE
n Mopdomerpudeckoe uccnempoBanus I'M kpwic u-
g SHR mocne BBenenust xACK KK mo3sommim
BBISIBUTH TIPU3HAKH, CBUJIETEIHCTBYIONINE 00 YMEHbB-
[IEHUH BBIPAKEHHOCTH JIETEHEPATUBHBIX U KOMIICH-
CaTOPHO-aJIalITUBHBIX MpolieccoB B TkaHu I'M Ha
(hoHE TIOTHOTO OTCYTCTBHUSI OCTPBIX JCCTPYKTUBHBIX
HU3MEHEHMUI.

Bricokuii TepaneBtuueckuii morenmuan CK KK
JIOKa3aH pe3yJlbTaTaMUd MHOTOYMCICHHBIX JKCIEepHU-
MEHTAJIBHBIX paboT. OHHM YCHENIHO MPUMEHSIOTCS
B OKCIIEPUMEHTE MJisl JICYCHUS HEBPOJOTUUYECKUX
3a00NeBaHMiA, YTO OTKPBIBACT TMEpei HCCIeIoBa-
TESIMA BO3MO)XHOCTH 3aMEIIeHHs] WIH pereHepa-
MM TOBPEXJICHHBIX TKaHEel u opraHoB [6, 18, 21,
25, 31]. Pesymprar TpaHcy3um WIW TpaHCIUIAH-
TalUy OMpeneNnseTcs psaoM (pakTopoB, OTHUM U3
KOTOPBIX MOXET OBITh CIOCOO BBEICHUS KIIETOK.
Tak, nntpanepeOpansHas TpancranTanus CK oka-
3aJ1ach MEPCIEKTUBHON NIl KOPPEKIIUU MHUKPOIIHP-
KyJnsaTopHbIX HapymieHuit B I'M npu Al, mockosbky
CHOCOOCTBOBaJIa AKTUBAIIMM AHTUOTEHE3a U IOBBI-
11ajla BBDKMBAEMOCTh HEMPOHOB B TKaHu ['M nocie
SKCIIEPUMEHTAIBHOTO HIIEMUYECKOTO HHCYNbTa U
TpaBM rosioBbl [15]. OpgHako HEKOTOphIE HCCIEAO-
BaHUS JIOKa3ajl OTCYTCTBHE HEOOXOAWMOCTH Ipsi-
Mo uHbeKIMU B MO3r [30]. IIpu 3TOM MONIOKUTETH-
HBIH 2P PeKT oTMeUancs, 1axe B TOM CiIydae, Koraa
CK ne mocturanm oprana-MuiieHu [25].

Pesynbrarel, momydennsie Hamu depe3 30 cyTok
nocie BeeaeHus kKACK KK kpricam ¢ /I3, cormacy-
otrcst ¢ ganabiMa A.O. CosoBbeBO# U coaBT. [17],
KOTOPBIC TMOKa3aJId MPUCYTCTBUE MApPKEPOB JTOHOP-
ckux kjietok mpu TpaHcrmantauuu CK kocTHOTrO
MO3Ta B OpraHax PelMINEeHTa B TEUCHUE 3-X MECSIIICB,
IprYeM B HEKOTOPBIX OpraHax (Ile4eHb, Celie3eHKa
n 'M) KOnM4YecTBO KJIETOK JOHOPCKOTO MPOUCXOXK-
JICHUs yBEIIMYMBAJIOCh CO BpemeHeM. [lo MHeHuio
aBTOPOB, 9TO MOXKET CBHJETEIHCTBOBATH O IMPOJIH-
tdeparun u  auQGEpeHITNPOBKE TPAHCILIAHTHPYE-
MBIX KJIETOK, YTO HE MPOTHBOPEUUT TECOPUU O TIPHU-
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in the third to fifth layers of the brain cortex made
(1,474.47 £ 62.14) cells/mm?, the neuroglial index
corresponded to 1.17 + 0.03 (Table).

The lumens of intracerebral arterial vessels
of the brain of group 3 rats were somewhat nar-
rowed, contained a moderate number of blood
formed elements, mainly erythrocytes. The vascular
wall was thickened: the arteries due to hyper-
plasia and hypertrophy of smooth myocytes and
excessive development of collagen fibers in the
middle layer, arterioles due to hyalinosis and less
often plasma infiltration. Occasionally, the signs
of partial spasm of the arterial vascular wall we-
re determined. Veins with the expanded lumens
were plethoric. Thirty days after the introduction of
the cCBNC:s, if compared with the rats of group 1,
the number of capillaries with collapsed lumens
significantly decreased, in some places there were
the signs of stasis. Morphometrically significantly
the number of functioning capillaries increased, the
density of which was (201.81 + 11.30) cells/mm?
(Table). Perivascular edema of the brain substance
was mild or moderate. Acute focal destructive
changes in the brain substance were not detected
in all the cases.

Thus, histological and morphometric studies
of the brain of SHR rats after the introduction of
cCBNCs revealed the signs indicating a decrease
in the severity of degenerative and compensatory-
adaptive processes in the brain tissue against the
background of a complete absence of acute destruc-
tive changes.

The results of numerous experimental studies
have proven a high therapeutic potential of cord
blood stems cells. They have been successfully
used in experiments to treat neurological diseases,
which opens up the possibility for researchers to
replace or regenerate damaged tissues and organs
[8, 9, 20, 30, 31]. The result of a transfusion or
transplantation is determined by a number of factors,
one of which may be the way the cells are intro-
duced. Thus, intracerebral SC transplantation was
promising for the correction of microcirculatory
disorders in brain in hypertension, since it pro-
moted the activation of angiogenesis and increased
the survival of neurons in brain tissue after
experimental ischemic stroke and head injuries [24].
However, some studies have shown that there is
no need for a direct injection into the brain [29],
and a positive effect was observed even when the
SC did not reach the target organ [20].

The results obtained by us 30 days after the
introduction of the cCBNCs to the rats with DE
were consistent with the data of A.O. Solovyova
et al. [26], who showed the presence of markers of
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Puc. 5. YmMepeHHbIi cknepo3 cTeHku aptepui (1), nom-

HOKpOBME BeHbl MATKUX MO3roBbix obonoyek (2) MM kpbic
rpynnbl 4. OkpalunBaHne NUKPOYKCUHOM Mo BaH M30HY.

Fig. 5. Moderate sclerosis of arterial walls (1), plethora of
cerebral pia mater vein (2) of brain of rats group 4. Staining
with picrofuchsin according to van Gieson.

ooperennu CK denorumna 3penbix kietok. OTHOCH-
TENILHO JaibHEeHIe cyap0bl TpaHCIJIaHTUPOBAH-
HBIX KJIETOK CYHIECTBYIOT pa3Hble MHEHHs. OJHaKO
(akT yBenu4yeHUs KOIMYECTBA Mapkepa B OpraHax
yepe3 1 u 3 Mecsa, BEpOSTHO, CBUACTEIBCTBYET O
mwractuuHoct CK, mpomudepaunn n auddepen-
LMPOBKE TPAaHCIUIAHTUPOBAHHBIX KJIETOK B OpraHax
perunreHToB. Kpome TOrOo, NaHHBIE JIHTEPATypHI
ronTBepxaaroT cmocooHocTh SICK KK cexperupo-
BaTh Takue Helporpoduueckue (akTopsl, kKak NT3
n BDNF [2, 18, 21].

l'ucronormueckoe uccieOBaHWE —MPENaparoB
I'M xpsic nuann SHR mocne coueranHoro mpume-
nenus pKLI" u kJCK KK (rpymnmna 4) nokasano, 4to
MIPOCBETHI aPTEPHUAIBHBIX COCYIOB MSATKHX MO3TO-
BBIX 00OJIOYEK, KaK MpPaBUIIO, OBUIM XOPOIIO pas-
JMYUMBI, 3alOJHEHBl (OPMEHHBIMH BIIEMEHTaMH
KpOBH, TIPEUMYIIIECTBEHHO SPHUTPOLIUTAMU. B Heko-
TOPBIX APTEPUAX OIPENEeIUTUCh TPU3HAKH TTapIlH-
AIBHOTO CTIa3Ma, TUITHYHAs aKKOMOZAIHS SHAOTEIUS
B BHJIE «9acCTOKOJa». BEHO3HBIE COCYIbI MMENH XO-
pOIIO BBIPAKEHHBI MPOCBET, OBLIN ITOJTHOKPOBHBI
W BBICTJIAHBI JHJIOTEIMOLUTAMU YIUIOIIEHHOH (op-
MBI C BBITSIHYTBIM 0a30()MIIbHBIM sIJIpOM (pHcC. 5).

B 60% nabmonenuii ciou kopbl ['M rmenu 00bI4-
HYIO WJIM HECKOJIBKO TIOHMKEHHYIO TUIOTHOCTBIO HEl-
poHOB. B ocTanmbHBIX cioydasx B CEpOM BEIIECTBE
OTIPEIEISUINCH OYard TaHTJIMO3HOKIICTOUHBIX pa3psi-
KEHUH, peke — JIOKYChl OTHOCUTEIBHOTO ITOBBIILICHHS
IUIOTHOCTH HEWPOHOB Ha ()OHE COXpPAaHHOH CTPYK-
TypsI (puc. 6). [lnotHOCTH HeliponoB B III-V crosx
kopsl I'M cocrasisma (1319,33 + 32,65) sx3/mMM2,
YTO 3HAYMMO IPEBBIIIAI0 COOTBETCTBYIONINI MOKa-
3arenhb y KphIC rpymmsl 1 (Tabmuma).
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donor cells during bone marrow stem cells trans-
plantation in the recipient’s organs for 3 months,
and in some organs (liver, spleen, and brain) the
number of donor-derived cells increased with
time. As authors believe, this may indicate the
proliferation and differentiation of transplanted
cells, which does not contradict the theory that
the stem cells gain the phenotype of mature cells.
Concerning the further fate of the transplanted
cells, there are different opinions. However, the
fact of an increase in the number of markers in the
organs after 1 and 3 months probably indicates
the plasticity of the stem cells, proliferation and
differentiation of transplanted cells in the re-
cipients organs. In addition, the published data
confirm the ability of cord blood nucleated cells
to secrete such neurotrophic factors as NT3 and
BDNF [2, 9, 31].

Histological examination of the brain specimens
of SHR rats after the combined use of rCCH and
cCBNCs (group 4) showed that the lumens of
cerebral arterial vessels, as a rule, were clearly
distinguishable, filled with blood cells, mainly
with red blood ones. In some arteries the signs of
partial spasm were determined, typical accommo-
dation of the endothelium as the ‘palisade’ was
found. The venous vessels had a well-defined
lumen, were full-blooded and lined by flattened
endotheliocytes with an elongated basophilic nuc-
leus (Fig. 5).

In 60% of cases, the layers of the brain cortex had
a normal or somewhat lower density of neurons. In
the remaining cases, foci of ganglion cell discharges
were determined in gray matter, less frequently
loci of a relative increase in neuron density against
the background of a preserved structure (Fig. 6).

: +80um 2
Pué. 6 YyacTok kopbl ™ kpblc r'pynnbl 4 c coxpaHeHHoM
namuHapHow cTpykTypown. OkpalumsaHue no Hucento.

Fig. 6. Site of brain cortex of group 4 rats with preserved
laminar structure. Staining according to Nissl.
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B menkosepHucToMm OneaHOM HeWpomnuie BU3ya-
JU3UPOBAINCHE MHOTOYHMCIIEHHBIE IIHOLUTHI, IUIOT-
HOCTb KJeTOoK Hedpormu B III-V crosx xopsl coc-
taBisia (1448,38 + 39,50) ok3/mMm?. PacueTHOE 3Ha-
YeHHEe HEHPOINMAIbHOTO MHAEKCA B rpymmne 4 ObuIo
1,10 £+ 0,03, yT0 3HAYNMO MEHBIIIC, YEM B OCTAJILHBIX
rpymmnax )KABOTHBIX (Ta0IHIIa).

BryTprMOo3roBeIe apTepHabHBIE COCYIbI ObLTH
YMEpPEHHO KPOBEHATIOIHEHBI, UMEJIN HECKOJIBKO Cy-
JKEHHBII MPOCBET BCIIEICTBUE YMEPEHHOTO YTOJIIIe-
HUSl CTEHKH 3a CYeT cJlabo BBIPAKEHHOTO CKJIEpo3a
WIA THAIMHO3a M YMEPEHHOHW TunepTpoduu riasi-
KMX MHOLIUTOB. B OTIM4YMe OT MHTaKTHBIX THIIEPTEH-
3MBHBIX KPBIC CKJIEPO3 CTEHKH apTepuil ObUI BbIpa-
KCH B MEHBIICH CTENEHH, THIEPIIasHH I1aJKOMbI-
LIEYHBIX KJIETOK HE OTMEYAJIOCh, PEXE HAOIIOAAINCD
IIPU3HAKU ClIa3Ma B MEJIKUX apTepusx. BeHsl Obl-
JI1 C HECKOJIBKO PAacUIMPEHHBIMU IPOCBETAMH, yMe-
PEHHO IIOJIHOKPOBHBL. Y 4acTU KalWUIAPOB OTMe-
YaJICs CIaBIIUICS MPOCBET, Y OCTAIBHBIX — XOPOIIO
pa3IuuYUMBI TPOCBET, 3alOJHEHHBIA 3PUTPOLIUATA
MH. [I10THOCTH (YHKIMOHUPYIOUIMX KaNWJLUISPOB
3HaYMMO YBEJIMYMBAJIaCh B CPAaBHEHUU C THUIEPTEH-
3MBHBIMH KpbIcamu Ipynisl | u coctasisiia (204,56 +
10,13) sx3/mm? (Tabmuua). [TepuBackynspHbie mpo-
CTpaHCTBAa MECTaMH OBLIM HECKOJIBKO OTEYHBI, BbI-
IJISIICNIA ONTUYECKH MyCThIMU. OCTpbIE OuYaroBble
JNeCTPYKTHUBHbIE M3MEHEHUs BEIlecTBa MO3ra OOHa-
PYXCHBI HE OBLITH.

Takum o00pa3zoM, MOC/IE€ COYETAHHOIO IpUMe-
vernns pKLI™ 1 kSICK KK Bo Bcex m3ydaeMBbIX CTPyK-
TYpHBIX KOMIOHEHTax ['M oTcyTcTBOBaIM MOp-
(homornveckue MPHU3HAKK OCTPBIX AECTPYKTUBHBIX
W3MEHEHUH, CHIDKAJIACh BBIPAKEHHOCTh TUCTPOdU-
YECKUX M KOMIIEHCATOPHO-aJalTHBHBIX MPOIECCOB,
YTO CBHIETEIBCTBYET 00 3((EKTMBHOCTH BHIOpaH-
HOTO MeToa Jisi KOPPEKUUH 1epeOpoBacKyISIPHBIX
HapyLIEHUH P COCYAUCTOH SHIIe(aTonaTuu.

Pacnpoctpaneno muenue, uyto kietku KK He
MUTPHUPYIOT 4epe3 remarosHuedannueckuil 6apbep
(I'DB), a TOTBKO CTUMYIHPYIOT YHIOTEHHBIA HEUPO-
u anruorene3 [21]. Ha ocHoBaHWm pe3yibTaTOB M3-
YU€HMsI COYETAHHOIO NPUMEHEHHUS XOJIOJOBBIX BO3-
neiicteuii 1 KK [11, 12] MOXHO 3aKIIO4HTH, YTO
nporenypa pKLI cmocoOGCTByeT NpPOHUIIAEMOCTH
I'Db mna SCK, TeM caMbIM MOTCHIMPYS UX Tepa-
neBTrdyeckuil dpdexr. Oanako y kpoic tuHuH SHR
MpY TAKOM MaTOJOTUYECKOM COCTOSHHM, KaK Xpo-
Huueckass Al, nponunaemocts I'Ob yBenuuena us-
3a HApYLIEHMs IUIOTHBIX KOHTAaKTOB MEXKIY SHAOTE-
JUATbHBIMHM KJIETKAMH WM TIOBBILICHUS aKTUBHOTO
TpaHcnopTa uepe3 sHaorenuil [23, 26]. OueBuaHo,
YTO YCTAHOBJIEHHOE HAMM B HKCIIEPUMEHTE B3aUMO-
nioreHmmpytoree aetictere pKII 1 kSCK KK o0msic-
HAETCS CO3JaHUEM YCJIOBMM, HAIPaBJICHHBIX Ha akK-
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The density of neurons in the third to fifth layers of
the brain cortex was (1,319.33 £ 32.65) cells/mm?,
which significantly exceeded the corresponding
value in group 1 rats (Table).

In the fine-grained pale neuropil numerous
gliocytes were visualized, the density of neuroglia
cells in the third to fifth layers of the cortex was
(1,448.38 + 39.50) cells/mm?. The calculated value
of the neuroglial index in group 4 was 1.10 = 0.03,
which was significantly less than in other groups
of animals (Table).

The intracerebral arterial vessels were mode-
rately filled with blood, had a somewhat narrowed
lumen due to moderate wall thickening due to
mild sclerosis or hyalinosis and moderate hyper-
trophy of smooth myocytes. Unlike intact hyper-
tensive rats, arterial wall sclerosis was less pro-
nounced, smooth muscle cell hyperplasia was not
observed, and signs of small arteries spasms were
less common. The veins were slightly dilated,
moderately full. A part of the capillaries had a
collapsed lumen, and the rest had a well-defined
lumen filled with red blood cells. The density of
functioning capillaries significantly increased in
comparison with hypertensive rats of group 1 and
was (204.56 + 10.13) cells/mm? (Table). In some
places, the perivascular spaces were somewhat
swollen, looked optically empty. Acute focal des-
tructive changes in the brain substance were not
detected.

Thus, after the combined use of rCCH and
¢CBNC:s in all studied structural components of the
brain, there were no morphological signs of acute
destructive changes, decreased severity of dyst-
rophic and compensatory-adaptive processes, which
indicated the effectiveness of the selected method
for correcting cerebrovascular disorders in vascular
encephalopathy.

The cord blood cells are widely believed not to
migrate across the blood-brain barrier (BBB), but
only to stimulate endogenous neuro- and angio-
genesis [9]. Based on the results of studying the
combined use of cold effects and cord blood [17,
18], it can be concluded that the rCCH procedure
promotes BBB permeability for nucleated cells,
thereby potentiating their therapeutic effect. Ho-
wever, in SHR rats at such a pathological condition
as chronic hypertension, the BBB permeability
is increased due to disruption of tight contacts bet-
ween endothelial cells or increased active transport
through the endothelium [11, 21]. Obviously, the
mutually potentiating effect of rCCH and cCBNCs,
which we established in the experiment, is due
to the creation of conditions aimed at activating
the nonspecific protective mechanisms of brain,

69

*



THUBAIIMIO HeCTeNM(PUUECKUX 3aIMUTHBIX MEXaHM3-
MoB I'M, u3MeHeHue aKTUBHOCTH HEWpoMeauarop-
HBIX CHCTEM M KOPPEKLHUI0 HEUPOTPAHCMUTTEPHBIX
niporeccos mpu /1O y munnn SHR.

BoiBoabI

1. I[IpoBeneHHBIE THCTONOTHYECKHE U MOpdoMe-
TpHueckue uccieaopanus I'M crioHTaHHO rUIEpTEH-
3uBHBIX KpbIc (uHUS SHR) moxasanu BblpakeHHbIE
WU3MEHEHMSI apXUTEKTOHUKHU €r0 COCYJUCTOro pycia
U JIETEHEPATUBHO-IUCTPOPUUECKUE TOPAKECHUS TKa-
HH, KOTOpbIE MOTYT OBITh HPOSIBICHHEM HAYWHAIO-
IIerocs CpblBa ayTOPETryISIIUU MO3TOBOTO KpPOBO-
TOKa, pa3BUTHs LEPEOPOBACKYIIPHON HATOJIOIUU U
(dhopMUpOBaHMS XpPOHHYECKON uieMuu ['M.

2. Ilpu TUCTONIOTUYECKOM HCCIIEZIOBAaHUM TIperia-
patoB I'M kpeic nuaun SHR ¢ montBep:kaeHHBIMU
Hamu npuszHakamu IO yepe3 30 cyTok mocie mpo-
BeaeHusa pKLI ycTaHOBIEHBI yMEHbIIEHHE CTEIEHN
umeMuzannn TkaHe '™, 3HaumMmoe yBenudeHue
IUIOTHOCTH HEMPOHOB U (DYHKLIMOHUPYIOIINX KaIlHJI-
JSIPOB, CHIKEHHE HEMPONIINAIBHOTO HHIEKCA.

3. Uepes 30 cyTok mocie BHYTPUOPIOITMHHOTO
BBeneHus kKSICK KK B I'M kpeic muann SHR (ma
(oHE TOJIIHOTO OTCYTCTBUSL OCTPBIX JNECTPYKTHUBHBIX
M3MEHEHH) yMeHbIadach BBIPAKEHHOCTH JIETeHE-
pPaTHBHBIX M KOMIIEHCATOPHO-3JallTUBHBIX MpOIleC-
COB, 3HAYMMO YBEJIMUYMBAINCH MOKA3aTeIH IJIOTHO-
CTH HEHpOHOB M (DYHKUIMOHUPYIOIINX KalWUISPOB,
CHIDKAJIMCh MOKa3aTeld IUIOTHOCTH DIHOIMTOB U
HEeHpOIInanbHOIO HHIEKCA.

4. Pe3ynbraThl THCTOJIOTHYECKOTO HCCIIEOBAHUS
TkaHu I'M kpeic nuaun SHR uwepes 30 cytok mo-
cie couyeranHoro npumeHeHuss pKUI™ u kACK KK
HOATBEPAWIIM OTCYTCTBHE (IIOJIHOE€ MJIM YAaCTHYHOE)
MIPU3HAKOB THUMEPIIA3UN TIIaJAKOMBIIIEYHBIX KIETOK
U CIla3Ma CTEHOK apTepUabHBIX COCYI0B, CHUKCHHE
CTETICHH TTOJTHOKPOBHS B BEHaX M 3HAYUMOE YMEHb-
IIeHHE HEHWPONIMaJIbHOTO HWHJAEKCAa B CPaBHEHUHU
¢ rpynnamu 2 u 3. OOGHapy>KeHHbIE CTPYKTypHbBIE
0COOEHHOCTH COCYIUCTOTO KOMIIOHEHTa MOTYT pac-
LECHUBAThCS KaKk MOPQOJIOrHYecKrue TPHU3HAKU YIyd-
HICHUS] KPOBOOOPAILEHHSI U CHW)KCHUS CTETICHH HIIIe-
muu ['M 1 moarBepxnarh 3pPEeKTHBHOCTh KOPPEKLINH
1EepeOPOBACKYIIIPHBIX HAPYLICHUH MPH COCYIUCTOH
SHIIE(ATIOTIATHH.

Jlntepatypa

1. Angaposa BC, babuiuyk BI, Kygokouesa OB, u gp. Okcnepu-
MeHTarnbHoe OOOCHOBaHVEe NMPUMEHEHUSI NevyeGHON rmnoTep-
MUM U KNETOYHOW Tepanuu npu OUCLIMPKYIISITOPHOW 3HLe-
danonatum y kpbic nuHMM SHR. Yacte 1. CnoHTaHHO ru-
nepTeH3MBHbIE KpbiCbl NMMHMM SHR B kayecTBe mMogenu auvc-
LUMPKYNsATOPHON 3HUedanonatun. Npobnemu kpiobionorii i
kpiomeauumHn 2018; 28(3): 224-36.
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changes in the activity of neurotransmitter systems
and correcting neurotransmitter processes in DE in
SHR rats.

Conclusions

1. Performed histological and morphometric
studies of brain of spontaneously hypertensive rats
(SHR) showed the marked changes in architec-
ture of its vascular bed and degenerative-dystro-
phic tissue damage, which might be a manifestation
of the beginning disruption of cerebrovascular
autoregulation, development of cerebrovascular pa-
thology and the formation of chronic ischemia of
brain.

2. Histological examination of brain preparations
of SHR rats with the confirmed DE signs 30 days
after the rCCH demonstrated a reduced ischemia
of brain tissues, significantly increased density of
neurons and functioning capillaries, and decreased
neuroglial index.

3. In 30 days after the intraperitoneal administ-
ration of the cCBNCs to brains of SHR rats (against
the background of a complete absence of acute
destructive changes), the severity of degenerative
and compensatory-adaptive processes decreased,
the density of neurons and functioning capillaries
significantly increased, and the density of gliocytes
and neuroglial index decreased.

4. The results of histological examination of
brain tissue of SHR rats 30 days after the combined
use of rCCH and ¢cCBNCs confirmed the absence
(either complete or partial) of the hyperplasia
signs of smooth muscle cells and spasm of arterial
walls, a decreased plethora in the veins and sig-
nificantly reduced neuroglial index if compared
to groups 2 and 3. The found structural features
of vascular component can be regarded as morpho-
logical signs of improving the blood circulation
and reducing the degree of brain ischemia and may
confirm the correction of cerebrovascular disor-
ders during vascular encephalopathy.
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