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Influence of Hypothermia and Cell Therapy
on Structural Changes in Brain Tissues of Rats
with Dyscirculatory Encephalopathy of Mixed Genesis

Pedhepar: Y pobGoti gocnigkysanu mopdomnorivHi 3miHW, Ski BigbyBatoTbCcsa B ronoBHoMy Mmo3ky (M) wypis miHii SHR
Ha TNni pO3BUTKY TriNEPTEH3MBHOI AMCUMPKYNSATOPHOI eHuedanonartii (AE), ycknagHEeHO XPOHIYHOK ankorofibHOK  iIHTOKCU-
kauieto (XAl). OosegeHo, wo XAl noTeHuitoe nporpecytode cTapiHHa M wypiB i3 rinepteHsnBHolo dopmoto [E, o6Tsxye
il mepebir i npu3BoanTe A0 po3BuTKy [E 3miwaHoro reHesy. BctaHoBNeHo edpeKTUBHICTL CaMOCTIVHOTO 1 MOEAHAHOMO 3acTOCYBaHHSA
pUTMIYHOI kpaHiouepebpanbHoi rinotepmii (pKLIM) i BBEAEGHHSA KPiOKOHCEPBOBaHWX SOPOBMICHMX KMiTWMH kopAoBoi Kposi (KABK KK)
3 METOH 3MEHLUEHHS MPOrpecytyoro CyAMHHOro ypaxeHHA M Ta HacnigkiB Aii XpoHivHoi iwemii y TBapuH 3 [E 3miwaHoro
reHesy. [loBegeHo, wWo noegHaHe 3actocyBaHHa pKLUI i kABK KK wypam 3i 3miwaHoto cdopmoto JE mano 6inbli BUpaxeHun
NO3UTUBHUIA BMNMB Ha MOPAOSOriYHy CTPYKTYpY TKaHUH i cyamH M, Hix ix camocTiiHe BMKOpuCTaHHsA. CrocTepiranocs nogarnblue
3HIDKEHHSI O3HaK NposBY AMCTPOMIYHMX, OECTPYKTMBHWUX i MATOMOMYHO 3MIHEHUX KOMMEHCaTOpHO-aganTuMBHUX npoueciB y M Ha
TNi 3HA4YHOrO 3MEHLUEHHSA HeMpormianbHOro iHAEKCY, CTUMyRAUii aHrioreHesy, NoBHOI abo 4YacTKOBOI BIACYTHOCTI O3HaK rinepnnasii
rNagKoM’A30BUX KMITUH, FOCTPUX remoparin Ta ilWeMmivYHWX iHapKTiB, cna3My CTIHOK apTepianbHVWX CyAMH i MOBHOKPOB'S B BeHaXx,
LLIO CMPUVSANO BiAHOBMEHHIO MIKPOreMOLMPKYALii Ta LUTOapXiTEKTOHIKN MO3KY.

KntovoBi cnoBa: CMNOHTAHHO TFiNEPTEH3MBHI  LUypW, [AWCUMPKYNATOpHa eHuedanonartis, XpOHiYHa arnkorofibHa iHTOK-
cuKauif, PpWTMIYHa KpaHiouepebpanbHa rinoTepMis, KpiOKOHCEpBOBaHi SAPOBMICHI  KMiITMHW KOPAOBOI  KPOBi, TOMOBHUMA  MO-
30K.

Abstract: The study examines the morphological changes that occur in brain of SHR rats on the background of deve-
loping hypertensive dyscirculatory encephalopathy (DE), complicated by chronic alcohol intoxication (CAl). CAl has been proven to
potentiate the progressive aging of brain in rats with hypertensive DE by aggravating its course and to lead to the development
of DE of mixed genesis. The effectiveness of a single and combined use of rhythmic craniocerebral hypothermia (rCCH) and
the introduction of cryopreserved cord blood nucleated cells (cCBNCs) to reduce the progressive vascular lesions of brain and
the effects of chronic ischemia in animals with DE of mixed genesis has been established. It has been proven that
the combined use of rCCH and cCBNCs in the rats with a mixed DE had a more pronounced positive effect on morpho-
logical structure of brain tissues and vessels than their single use. There was a further decrease in the signs of dystrophic,
destructive and pathologically altered compensatory-adaptive processes in brain on the background of a significant decrease
in neuroglial index, stimulation of angiogenesis, complete or partial absence of signs of smooth muscle cell hyperplasia,
acute hemorrhages and ischemic strokes, spasms of arterial vessels’ walls and plethory in veins, that contributed to resto-
ration of brain microhemocirculation and cytoarchitectonics.

Key words: spontaneously hypertensive rats, dyscirculatory encephalopathy, chronic alcohol intoxication, rhythmic cranio-
cerebral hypothermia, cryopreserved nucleated cord blood cells, brain.
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TepMmiH «uepeOpOBacKyIsPHI  3aXBOPIOBAHHSD
(IB3) o0’emHye rpymy 3axBOPIOBaHb TOJOBHOTO
Mo3ky (I'M), siki OOyMOBIJIGHI MAaTONOTi€0 Iiepe-
OpaJIbHUX CYIMH 3 MOPYLICHHSM MO3KOBOTO KpO-
Bo0OIry. ¥ crpykrypi LIB3 Ginbme 90% Bumanxis
€ XPOHIYHUMM TIOPYLICHHSIMH MO3KOBOTO KpOBO-
o0iry. VY BITUM3HSHIM HAyKOBiil siTeparypi BOHH
[IO3HAYAIOTHCS TEPMIHOM «IUCLUPKYJSITOpPHA €HIIE-
dhamomaris» (IE).

3a ocramni 10 pokiB kimbkicth 1IB3 (ocobmu-
Bo ii xpoHiyHMX (opM) y Hamiid KpaiHi 1CTOTHO
3pocina [8]. IcHye Garato mpu4yuH 301IBIICHHS TEM-
niB nomwupenocti JE B VYkpaini, cepen skux Buji-
JSIFOTH apTepiaibHy TiNepTeH3il0, MyKPOBHUH Jiader,
CTpeCH, 3JI0B)KMBAHHS AJIKOTOJIEM Ta iH.

Haii0inpm HecnpusiTauBuid mnepedir Ta po3BH-
TOK MarojoriyHux npoueciB y I'M Bim3HadaeTbes
3a HasBHOCTI JOJATKOBOIO TOKCHYHOTO (pakTopa,
SIKMH MOXKE CIIpOBOKyBaTd po3BuTOK JIE Ha Tii Bxke
icHyrounx 3miH [10]. Tak, emorliiiHa Ta MCHUXOIIO-
riuHa KOMIIEHCalisd HECHPUSTIMBOIO 30BHIIIHBOTO
BIUIMBY BHACJiZ0K NPUHOMY aJIKOTOJIIO JIMILIE ITOCH-
JIIO€ TIOPYIICHHS MeTa0ONIYHUX TPOIECIB Y TKaHU-
Hax ['M, ciipustitoun po3Butky [IE 3Mimanoro renesy
Ha TJTi XpOHIYHOT aJTKOTONIBHOT iHTOKCHKaIii (XAI).

Tpamuriitai MeToau JIiKyBaHHSA, SKi MarOTh Oara-
TOPIUHY 1CTOPIif0, B OUTBIIIOCTI BUMAAKIB HE MOXYTh
3MiHUTH TIporpecytounii nepedir JIE [6, 12]. Tomy
po3poOka HOBHX €()EKTHBHUX METONIB 00pOThOM
3 PO3BHTKOM 1 MPOTPECYBaHHSIM CYIUHHOT JEMEHIii
Ha i JIE — HaliBaxJIuBile 3aBIaHHS Cy4acHOI Me-
IULMHA 1 61010T1].

VY 3B’s3Ky 3 HEOOXIAHICTIO CTBOPEHHS MPHHIH-
MOBO HOBUX MeToAiB JiikyBanHs JIE Oynau nmpoBeneHi
JOCHIDKEHHS B Tajly3i Tepanii KpioKOHCEepBOBaHUMU
simpoBMicHuME KimiTnHamMu (kSIBK) kopmoBoi kpoBi
(KK), sixi MOXXyTh OyTH IIIHHAM JKEPETIOM HEHPOHO-
MOMIOHUX KIITHH 1 HEUpOTpOoGhiyHUX (PaKTOpiB It
JKyBaHHS IIUJIOTO DSy HeEHpolereHepaTUBHUX 3a-
XBOPIOBaHb CYIMHHOTO TeHe3y [9, 13].

Sk mokasanu panime nposeneHi B IIIKiK HAH
YKpaiHu JOCHiKeHHS, pUTMidHa KpaHionepeopab-
Ha rinmotepMist (pKII') Texx mMae HEHPOMPOTEKTHUBHI
BJIACTHBOCTI, 3arodirae 3arubeini HeipoHiB kopu ['M,
CIpUsI€ TIOMIMIICHHIO aanTaliiHO-KOMIIEHCATOPHUX
MOXKJIMBOCTEN LEHTPaJbHOI HEPBOBOI, CEPIEBO-CY-
JIMHHOI, TMXAJIBHOT Ta IHIINX CUCTEM OpraHizmy [4].
Januii MeTon [03BOJSE KOPUTYBATH BETETaTUBHY
perymuio nepupepuvHuX MpoLeciB y TinepTeH3uB-
HUX IIypiB [4], HijecnpsMOBaHO 3MiHIOBATH MPOHUK-
HICTh reMaroeHuedanivHoro 6ap’epa Ta CTBOPIOBATU
OLITBIN CTIPUATIANBI YMOBH ISl TIPOBEJICHHSI TTO/1AJTh-
IIMX 3aXO0JIiB Teparii XpOHIYHOTO aKoromizmy [7].

3 ypaxyBaHHSM IIPOTrPECYIOUOr0 1 HECHpPUATIH-
Boro xapakrepy JE nHa T XAl Ta nparaenss 30e-
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The term ‘cerebrovascular disease’ (CVD) denotes
a group of the brain diseases, caused by pathology
of cerebral vessels with cerebral circulatory disorders.
In the structure of CVD more than 90% of cases
are chronic disorders of cerebral circulation. In
national published reports, they are referred as
‘dyscirculatory encephalopathy’ (DE).

Over the past 10 years, the prevalence of CVD
(especially its chronic forms) in our country has
increased strongly [13]. There are many reasons of
such a rise in the prevalence of DE in Ukraine, among
which are hypertension, diabetes, stress, alcohol
abuse and others.

The most unfavorable course and development
of pathological processes in brain is observed in
the presence of an additional toxic factor able to
provoke the development of DE on the background
of existing changes [6]. Thus, emotional and psy-
chological compensation of adverse external in-
fluences through alcohol intake only exacerbates
metabolic disorders in brain tissues, contributing
to the development of DE of mixed genesis on
the background of chronic alcohol intoxication (CAI).

Traditional treatments, which have a long history,
are not capable of changing mostly the progressive
course of DE [9, 10]. Therefore, the development of
new effective methods to combat the development
and progression of vascular dementia on the DE
background is the most important task of current
medicine and biology.

Due to the need to create fundamentally new
methods of DE treatment, there have been performed
the studies in therapy with cryopreserved nucleated
cells (cNCs) of cord blood (CB), which can be a
valuable source of neuronal cells and neurotro-
phic factors to treat a number of neurodegenera-
tive vascular diseases [1, 11].

As shown by previous studies at the IPC&C
of NAS of Ukraine, the rhythmic craniocerebral
hypothermia (rCCH) also has neuroprotective pro-
perties, prevents the death of neurons of brain cortex,
improves the adaptive-compensatory capabilities of
the central nervous, cardiovascular, respiratory and
other systems [5]. This method enables the adjustment
of an autonomic regulation of peripheral processes
in hypertensive rats [5], purposefully changes the
permeability of the blood-brain barrier and creates
more favorable conditions for further treatment of
chronic alcoholism [12].

Due to the progressive and unfavorable nature of
DE on the CAI background and the desire to maintain
the viability of brain nerve tissue in chronic hy-
poxia, the aim of this research was to study the
effects of rhythmic craniocerebral hypothermia,
cryopreserved cord blood cells and their combined
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PErTH KHUTTE3NATHICTh HEPBOBOT TKaHMHU [’ M B ymo-
BaxX XPOHIYHOI TiMOKcii, MeTolo podoTu Oyio BUB-
YeHHS BIUIMBY PUTMI4HOI KpaHioLepeOpaibHOi rino-
TepMii, KpPiOKOHCEPBOBAHUX SIPOBMICHUX KIITHH
KOpIOBOT KpoOBi Ta iX MOEIHAHOIO 3aCTOCYBAaHHS
Ha CTPYKTYpPHI 3MiHM B TKaHHHAX TOJIOBHOTO MO3KY
mrypiB ninii SHR 3i 3mimanoio ¢opmoro aucump-
KYJIATOPHOI eHIehamomnarii.

Marepiaau Ta MeToau

JocmipkeHHsT BUKOHYBQJIM Ha  CTaTeBO3PLIHX
12—13-MiCcAYHMX CIOHTAHHO TINEPTCH3UBHUX Y-
pax-camipix niHii SHR. Excniepumentu Oynu mpo-
BeJICHI BIAMOBINHO /10 3akoHy Ykpainu «[Ipo 3axuct
TBapuH BiJ] )KOPCTOKOTro MoBoKkeHHS (Ne 3447 — IV
Big 21.02.2006 p.) 3 1OTpUMaHHAM BUMOI' KOMITETY
3 0i0eTHKH [HCTHUTYTY, Y3rO[UKEHHX 13 TOJIOKCHHS-
MU «EBpONEHCchKOi KOHBEHIIIT 3 3aXHCTY XpeOeTHUX
TBapuH, sKi BUKOPUCTOBYIOTbCS Ul EKCIEPHUMEH-
TaNbHUX Ta IHIIMX HaykoBMX winei» (CrpacOypr,
1986).

[TypiB mixii SHR, SKUX BUKOPHUCTOBYIOTH B SIKOC-
Ti Mozemi rinmeprensuBroi JIE [1-3, 11], migmaBamu
XAI ipoTsIToM 9-TH MiCSIIIIB 10 TIOYATKY TIPOBEIACHHS
EKCIIEPUMEHTY Ta NPOTSITOM BCbOI'O E€KCIIEPUMEHTY
3a metonom B.I. I'pumenka ta cmiBasr. [5]. Ulypis
ninii SHR 3 XAl BukopucToByBamm B SKOCTI MO-
neni JIE 3mimanoro renesy (rineprensuBHa /JIE,
ooTsokena XAI) [11].

Teapunu Oynu posnineHi Ha 4 tpynu (N = 7 y
kokHii): 1 — xonrpons (SHR_ ); 2 — mypu SHR
micist mpoBenenHs mporenypu pKLIT (SHRank +
pKUI'); 3 — mypu SHR_ micis Beenenns kSACK
KK (SHR -+ kKK); 4 — mypu SHR  _rmicns noenna-
HOT'O 3aCTOCYBaHHs JIBOX MeToiB BBy (SHR +
pKLI" + xkKK). KonTponbHux i mOCHiAHUX TBapuH
BUBOJMIM 3 CKCIICPUMEHTY MUIAXOM JeKarliTaiii
Ha 30-Ty 100y micyst MPOBEICHUX BILJIMBIB.

Purmiuny KUI™ npoBogunu ogHOpa3oBo Ha ara-
pari «®moigokpaniorepm [1I'B-02 («Exexrpomamy,
Hwxniit Hoeropoa, Pocis) [2]. KpiokoHcepBoBaHy
cycniensito SIBK KK mronuam otpumyBamu B Kpio-
Oanky IIIKiK HAH VYkpainm (m. Xapki). Ilicms
po3mopoxxkyBanHa kKABK KK BBomunm onHopaso-
BO BHYTpilmHBOUepeBHO B 1031 (3—5) x 107 xutTe-
3MaTHUX KJIITHH Ha KUIOrpaM Macu Tijla TBapuHH
[2]. 3 MeTor0 BUBYCHHS TMOETHAHOTO 3aCTOCYBAHHS
pKLI' i xIBK KK cycneHsito KIiTHH BBOJHIH
mypaM Ha HacTymHy 100y TiCiis TpPOBEACHHS
pKLTI.

Marepiasiom it TICTOJIOTIYHHMX  JIOCIIPKEHb
OyB I'M mrypiB i3 AiISSHKH TPELEHTPaIbHOI 3BUBH-
HU [2]. 3acrocoByBasin 3 THUIM 3a0apBICHHS: reMa-
ToKcHIiHOM ['aH3eHa Ta €03WHOM, MiIKPOPYKCHHOM
3a MetogoM Ban I'i30Ha Ta TONYyiAMHOBHUM CHHIM 3a
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use on structural changes in brain tissue of SHR
rats with a mixed form of dyscirculatory encepha-
lopathy.

Materials and methods

The studies were performed in adult 12—13-month-
old spontaneously hypertensive male SHR rats.
The experiments were conducted in accordance
with the Law of Ukraine ‘On Protection of Animals
Against Cruelty ((3447 — IV of 21.02.2006) in comp-
liance with the requirements of the Institute’s Bio-
ethics Committee, consistent with the provisions
of the European Convention for the Protection of
Vertebrate Animals Used for Experimental and
Other Scientific Purposes’ (Strasbourg, 1986).

SHR rats used as a model of hypertensive DE
[2—4, 7] were subjected to CAI for 9 months before
the experiment start and throughout the experiment
by the method V.I. Grishchenko et al. [8]. SHR rats
with CAI were used as a model of DE of mixed
genesis (CAl-burdened hypertensive DE) [7].

Animals were divided into 4 groups (n = 7 in
each): 1 — control (SHRalk); 2 — rats SHRalk after
the procedure rCCH (SHRalc + rCCH); 3 — SHRalc
rats after introduction cCBNCs (SHRalc + cCB); 4 —
SHRalc rats after combined use of two methods of
exposure (SHRalc + rCCH + c¢CB). Control and
experimental animals were decapitated on day 30
after exposure.

Rhythmic CCH was performed once with Flui-
docraniotherm PGV-02 device (Nizhny Novgorod
Machine Building Plant, Russia) [3]. Cryopreserved
suspension of human CBNCs was obtained at the
cryobank of IPC&C of NAS of Ukraine (Kharkiv).
After thawing, cCBNCs were administered once
intraperitoneally at a dose of (3—5) x 107 viable cells
per kilogram of animal body weight [3]. To inves-
tigate the combined use of rCCH and cCBNCs the
suspension of cells was administered to rats the day
after rCCH.

The material for histological examination was
rat’s BM from the precentral gyrus site [3]. Three
types of staining were used: Hansen’s hematoxy-
lin and eosin, van Gieson’s picrofuchsin, and Nissl’s
toluidine blue. During morphometric analysis, the
density of neurons, gliocytes and functioning (open)
capillaries (FC) (in 1 mm?) in the III — V layers of the
brain cortex, as well as the neuroglial index (NGI)
(number of glial cells per neuron) were determined.
Morphometric and morphological studies were per-
formed with an Olympus BX-41 microscope (Olym-
pus Corporation, Japan).

Morphometric data were statistically processed
using the Excel software (Microsoft, USA). The ob-
tained digital data were presented as an arithmetic




Hicnewm. Ilin yac mopdomeTpuyHOTO aHaIi3y BU3HA-
YaJId NITbHICTh HEUPOHIB, TJIIOMUTIB 1 (DYHKIIIOHYFO-
yux (Bizkputux) Kamispis (PK) (8 1 mm?) B 1=V
mapax kopu I'M, a TakoX HeHpormiaJbHUH 1HIEKC
(HI'T) (kiMbKiCTh TMABHUX KIITHH HA OIWH HEH-
poHn). MopdomeTprudHi Ta MOp(HOIOTIYHI A0 CIiHKEH-
Hs BUKOHYBanu Ha Mikpockom «Olympus BX—41»
(«Olympus Corporation», SAnonis).

CratuctuyHy 0OpOOKYy MOP(QOMETPUYHHX Jia-
HUX MPOBOJWIHN 32 JOIOMOIOI MaKeTa MPUKJIAAHUX
nporpam ipmu «Excel» («Microsofty, CIIHA). Ot-
puMaHi nMGPOBI JaHi TPENCTABISUIA Y BUDIIAII ce-
penuboi apupmernynoi BenuuuHu (M) Ta TOMHIKA
cepenHboi apudmernunoi BennumHu (m). Ha min-
craBi U-kpurtepito MaHHa-YiTHI MK Tpynamu po3-
paxoByBany HMOBIPHICTh BiAMiHHOCTEH (p). BiamiH-
HOCTI BBayKaIH 3Ha4yImuMu ipu p < 0,05.

PesyabTaTtn Ta 00roBopeHHs

Sk Oyno moka3zaHO HaMHU paHillle, CIIOHTAHHO Ti-
nepreH3uBHi uiypu JiHii SHR MoxyTh BuKOpHCTOBY-
Barucs B SKOCTI Momeni rimepreH3uBHoi JE, ockinb-
Ku 1ns iXxHporo I'M XapakTepHO MOTOBIIEHHS M’s-
KX MO3KOBHX OOOJIOHOK 3a PaxyHOK HaOpsSKy Ta
HA/UINIIKOBOTO PO3BUTKY KOJIATCHOBHX BOJIOKOH,
crasMm apTepiaJibHUX CYJIWH, 3HMOKECHHS TOHYCY CTi-
HOK BeH, HasiBHIcTh B [II-V mrapax xopu I'M Borauin
TaHITIO3HOKIIITHHHUX PO3PIKEHb 1 3alyCTiHb 3i
3HMKEHHSIM ILUTBHOCTI HEHPOHIB, 1MIEMiYHUMHU iH-
(dapkTamMu Ta KPOBOBWJIMBAMH B TiJIKIDKOBHX CTPYK-
Typax [1-3].

VY Bcix IOCHiIKYBaHUX CTPYKTYPHUX KOMIIOHEH-
tax 'M mypis kouTposbHoi rpynu 1 (SHR ) Oymu
JOCTaTHBO BUPaKeHI MOPQOIOTIYHI O3HAKU PO3BHT-
Ky AMCTPO(IUHUX 1 NECTPYKTUBHUX MporeciB. Tak,
M’siki MO3KOBi oOosionku I'M mrypiB rpynu 1 Oynu
HEpIBHOMIpPHO TMOTOBIICHI, HAOPSKIi, apTepiajbHi
CYOIMHH M’SIKUX MO3KOBHX OOOJOHOK Mald O3HAKH
napuiaJbHOro a0 TOTAJBHOTO CIa3My 3 THUIOBOIO
AKOMOJIAINIE€I0 CHJIOTEITIONUTIB Y BUIVISINI YaCTOKO-
Iy, OCEPEIKOBOIO JeCKBaMAIli€r0 Ta Mpodidhepallieto
eHJIoTeNiouNTIB. BeHo3HI cyanHH OOOJIOHOK BH-
CTeNleH] CIUIONIEHNM EH/IOTENEM 3 TMOMipHO 0a30-
(hiTpPHIM BUTSATHYTHM SIIPOM 1 crabo 0a30(iIbHOI0
MTOTIa3MOI0, a IX TIPOCBITH PO3IIUPEHi, Tepe-
TTOBHEHI KPOB’I0, MICISIMH 3 BOTHHIIIEBUM EPUTPO-
Jiareie3oM 1 popMyBaHHIM JIPIOHUX TEPUBACKYJIISP-
HUX KPOBOBUJIHMBIB (puc. 1).

Jlaminapua opranizamisi kopu ['M TBapuH KOH-
TponbHOi rpynu Oyna mopymena. B ycix ii mapax
3HMKYBaJIacsl LIIBHICTh HEWPOHIB, KIITUHU PO3Ta-
LIOBYBQJIMCS HEPIBHOMIPHO Ta MICTHIIM OCepel-
KM TaHIIIO3HOKIIITHHHUX PO3PSIKEHb 1 3alyCTiHb.
OxpeMi HelipoHHU a00 X TPy MaJli BUIJISL «TiHEW.
Bonu Oynu chepuynoi GopMu, roMOreHHOTO BHILY
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Puc. 1. M’ski mo3koBi 06onoHku MM KOHTpOMNbHUX LLypiB
rpynu 1. Tinepnnagsis i rinepTpodis rmagkoM si30BUX KITiTUH
(1) B cTiHUi apTepii gpibHOro kanibpy; 3By>KEHHS1 NPOCBITIB
aptepion (2) 3 posTawlyBaHHAM eHAOTEeNito y BUMAAI Ya-
cTokony (3); BOrHULLEBI MepyBacKynsApHi KPOBOBUMBK (4).
3abapBrneHHsi reMaToKCUIiHOM i €031HOM.

Fig. 1. Pia mater of group 1 rats (SHRalc). Hyperplasia
and hypertrophy of smooth muscle cells (1) in artery wall of
small caliber; narrowing of lumens of arterioles (2) with
location of endothelium in the form of a palisade (3); focal
perivascular hemorrhages (4). Hematoxylin and eosin
staining.

mean (M) and an arithmetic mean error (m). Based
on the Mann-Whitney U-test, the probability of
differences (p) between the groups was calcu-
lated. The differences were considered significant
at p <0.05.

Results and discussion

We have shown ecarlier, that spontaneously
hypertensive SHR rats can be used as a model of
hypertensive DE, because they are characterized by
thickening of the brain pia mater due to edema and
excessive development of collagen fibers, arterial
vasospasm, decreased venous wall tone, the presence
in the third — fifth layers in the brain cortex of the
foci of ganglion cell rarefaction and desolation with
a reduced neuronal density, ischemic heart attacks
and hemorrhages in subcortical structures [2—4].

In rats of control group 1 (SHRalc) the mor-
phological signs of development of dystrophic and
destructive processes in all investigated structural
components of brain were rather expressed. Thus,
the brain pia mater of group 1 rats was unevenly
thickened, swollen, and the soft vessels of pia mater
showed signs of partial or total spasm with typical
endothelial cell accommodation in the form of
palisade, focal desquamation, and endothelial cell
proliferation. Venous vessels of membranes are
lined with a flattened endothelium with a modera-
tely basophilic elongated nucleus and weakly ba-
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Puc. 2. [ereHepaTvBHi 3MiHW HeWpOHIB (1),' KNITUHW-«Ti-
Hi» (2), HenpoHodaris B kKopi M (3) KOHTPOMbHMX LLypIB
rpymn 1 (SHR_ ). 3abapsreHHs 3a Hicnewm.

Fig. 2. Degenerative changes of neurons (1), ‘shadow’ cells
(2), neuronophagy in brain cortex (3) group 1 rats (SHR_ ).
Nissl staining.

3 HaAOPSKJIOK OE3KOHTYPHOI IUTOILIa3MOK Ta 31
3MIMICHHSM siipa Ha epudepudHy 30Hy ab0 KapioJi-
3ucoM (puc. 2). Ha micui ¢parmenTiB 3pyiiHOBaHHX
HEHpOHIB BU3HAYAIMCS CKYMUEHHS MIKPOIIiOLUTIB
(uefipoHoaris), Bizyasi3yBalucsi YWCIEHHI ApiOHI
OJIrOACHAPOITIONUTH 3 TEMHUM KPYIIIUM SIAPOM 1
rineprpooBaHi aCTPOLMTH 3 BEITUKHM SAPOM.

Uwucnenni npibHi aprepii Ta aprepionu ['M mrypis
rpynu 1 Manu 3By)KEHHH HMPOCBIT, TIOTOBIIEHY T'OMO-
TeHHY e03MHO(INBHY CTiHKY (TianiHo3). bimbrrcts
KaliIsIpiB 3HAXOAMJIACS B CIIAJIOMy CTaHi 1 XapakTe-
pusyBajacs ci1abo TOMITHHM TIpocBiToM. Okpemi
KaIJISIpH 31 3HIKCHUM TOHYCOM OYyJIH JWIISITOBaHI, 3
o3Hakamu ctazy. ¥ 80% crocTtepexeHpb Bi3HauaBCs
(doxanpHui 200 TOTaNbHUN (DIOPUHOITHUN HEKPO3
CTiHKH cynuH, a B 30% — npopuB KpoBi B O14HI HUTY-
HOYKH. BusiBisiincs sik cBi>kKi KpOBOBUIIMBH, TaK 1 re-
Moparii Ha pi3HHX CTaisX PernapaTHBHOTO MPOLECY
(puc. 3).

inbHicTs HelpoHiB B -V mapax xopu I'M
mypiB SHR 'y cepennbomy cranosuia (829,21 +
30,205) ex3/MM?, IIUTBHICTH KIITHH Heipormii B V
mrapi kopu I'M — (1879,46 + 73,02) ex3/MM?, MIijb-
Hicte OK — (113,95 £ 8,79) ex3/mm? (Tabmuipst). Heii-
pormianpHui iHAEeKe cTtaHoBuB (2,27 £ 0,06), 110 Ha
53,4% BuIe 3a aHAJIOTIYHUNA MMOKA3HMK JUIS 1HTaKT-
Hoi rpynu mypis wiel minii (1,48 + 0,04) [2].

OTpumaHi eKcriepuMeHTaJbHI JaHi CBiAYaTh Mpo
norenuitoBanust XAl nporpecytouoro crapinas ['M
ypiB i3 rinepreH3uBHO0 Gopmoro JIE Ta 00TsIKEeH-
H# 11 nmepebiry, po3Butok JIE 3Mimanoro reuesy.

[lig wac TICTONOTIYHOTO JOCIi/PKEHHS IIpera-
parie 'M crnoHTaHHO TiMEPTEH3WBHUX MIypiB JiHIii
SHR 3i 3mimanoto ¢opmoro JIE gepe3 30 mi6 micis
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sophilic cytoplasm, and their lumens are dilated,
filled with blood, places with focal erythrodiapedesis
and the formation of small perivascular hemorr-
hages (Fig. 1).

The laminar organization of the brain cortex of the
control group animals was disturbed. In all its layers,
the density of neurons decreased, the cells were
unevenly distributed and contained foci of ganglion
cell discharges and desolations. Individual neurons
or groups of them had the form of ‘shadows’. They
were spherical in shape, homogeneous in appearance
with swollen contourless cytoplasm and with
displacement of the nucleus to the peripheral zone
or karyolysis (Fig. 2). Clusters of microgliocytes
(neurophage) were detected at the site of frag-
ments of destroyed neurons, and numerous small
oligodendrogliocytes with a dark round nucleus and
hypertrophied astrocytes with a large nucleus were
visualized.

Numerous small arteries and arterioles of GM
rats of group 1 had a narrowed lumen, a thickened
homogeneous eosinophilic wall (hyalinosis). Most
capillaries were in a dormant state and were cha-
racterized by a faint lumen. Individual capillaries
with reduced tone were dilated, with signs of stasis.
In 80% of cases there was focal or total fibrinoid
necrosis of the vascular wall, and in 30% there
was a breakthrough of blood into lateral ventricles.
Both fresh hemorrhages and the ones at different
stages of reparative process were detected (Fig. 3).

The density of neurons in the third — fifth la-
yers of the brain cortex of SHRalc rats averaged
(829.21 £ 30.205) cells / mm?, the density of neuro-
glia cells in the fifth layer of the brain cortex was

P . AR
Puc. 3. Hacnigkv iwemisauii TKaHMHM 3 PO3BUTKOM pPaHHix
penapaTyMBHMX NPOLECIB y 30HI KPOBOBUIMBY NapaBeHTPU-
KynsipHOT AinsHkn M koHTponbHMX WwypiB rpynu 1. 3abap-
BMEHHS reMaTOKCUITIHOM | €03VMHOM.

Fig. 3. Consequences of tissue ischemia with developing
early reparation in hemorrhage zone of paraventricular
area of group 1 rats. Hematoxylin and eosin staining.
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npoBenenns pKUI (rpyma 2) B ycix CTPYKTYpHHX
komrnoHeHTax ['M Big3zHavyanocs 3HUKEHHS BUpPaKe-
HOCTi MOP(OJIOTTYHHX 3MiH, 1110 PO3BUBAIOTHCS B pasi
TpuBaioi imemii Ta iHToKcHKamii Mo3ky. Y 50% cno-
CTEpEKEeHb Bi3yasli3yBalucsi KPOBOBWIIMBU Ha CTaii
opranizamii adbo cdopmoBaHi piOHI KicTH, a B KOpi
W TIAKIPKOBUX CTPYKTypax BHSABISUIACSA JPiIOHOBO-
THUIIEBI imeMivyni iHdapKTH Ha cTamii opraHizamii
(puc. 4).

Y nopisusnHiI 3 konTponem (SHR_ )y rpymi 2
(SHR -+ pKII') Binznauanocs smenmenns HI'T (na
38,33%) 3a paxyHOK 30UIBLICHHS IHIIIBHOCTI HEMW-
poHiB (Ha 41,72%) 1 3HWKEHHS IIUILHOCTI TIialb-
HUX KIiTUH y kopi I'M (Ha 12, 64%). 30inbnryBanacs
kinbkicte K (Ha 63,85%), 110 CBIAYMIIO PO 3MEH-
LICHHS CTYIEHsI ieMii MO3Ky (TaOnui).

[Ticns 3acrocyBanns kSIBK KK (rpyna 3) y sikocTi
CaMOCTIHHOTO METOIy Teparii 3Hadymle 30iibIryBa-
nacst kinpkicte @K i3 moOpe BUpakeHNUM MPOCBITOM
(Ha 68,67%) na i 3umkenas HI'T (ra 44,49%) Ta
30i7bIIeHHsT MITFHOCTI HelpokmiTHH (Ha 45,03%)
MOpiBHAHO 3 Tpymoto 1 (tabmurrt). Y 50% cnoctepe-
JKeHb y KOpi Ta MiaKipkoBUX yTBOpeHHsAX ['M mrypis
Ipynu 3 BiJ3HAYAINCS OCEPEAKH iMIeMiYHuX iHpap-
KTiB Ha cTajii opranizarii, a TakoX OJHO- abo Oara-
TOKaMepHi JpiOHI KicTH. Y OuLT peyoBUHI Ta Mij-
KIpKOBHUX $/Ipax BHSBJISUTUCS HEBEIUKI reMaTOMH Ha
cTajii opraizaiii, siki IPUBOAMIN 10 (OPMYBaHHS
OZIMHOYHHX 200 MHOKHHHUX JIakyH (puc. 5). CBXUX
KpPOBOBHJIMBIB Ta iH(papKTIB Ha CTalil HEKpPo3y B pe-
yoBuHi ['M TBapuH rpynu 3 He BHSBJICHO.
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Puc. 4. [piGHoBOrHULWEBUIA ilIEMIYHWIA iHGAPKT Kopwu
™ wypis rpynu 2 (SHR__+ pKLI) Ha cTaaii opraHisauii
(cTpinka). 3abapeneHHs 3a Hicnem.

Fig. 4. Small focal ischemic infarction of brain cortex
of group 2 rats (SHR__ + rCCH) at stage of organization
(arrow). Nissl staining.

(1,879.46 + 73.02) cells / mm?, the density of FC
made (113.95 + 8.79) cells / mm? (Table). The
neuroglial index was (2.27 = 0.06), that is 53.4%
higher than the same value for the intact group of rats
of this line (1.48 = 0.04) [3].

The obtained experimental data indicate the CAI
potentiation as for progressive aging of brain of
rats with hypertensive DE with burdening of its
course and the development of DE of mixed genesis.

During histological examination of brain sam-
ples of spontancously hypertensive SHR rats with

MopdomeTpuryHi nokasHukM komneHcaTopHux npouecis B 11—V wapax kopu M wwypis 3i 3miwaHoto dopmoto [E
Ha 30-Tty noby nicna nposenerHs pKLUI, BBeaeHHsa kABK KK Ta ix noegHaHoro 3actocyBaHHs

Morphometric parameters of compensatory processes in the third-fifth layers of the brain cortex of rats with mixed DE
on day 30 after rCCH, introduction of cCBNCs and their combined use

LLinbHicTb, ek3/Mm?
r Density, cells/ mm?
pyna Heii . -
GrOUp eVIpOI'J'IIaJ'I_bHI/_IVI IHOEKC
Neuroglial index
HEWNpOHIB rniouunTie byHKUIOHYOUMX (BiOKpUTI) KaninApis
of neurons of gliocytes of functioning (open) capillaries
1 2,27 + 0,06 829,21 + 30,20 1879,46 + 73,02 113,9 + 8,8
2 1,40 + 0,021 1175,18 + 40,821 1641,96 + 48,811 186,7 + 9,11
3 1,26 + 0,041 1202,64 + 34,971 1521,14 + 65,301 192,2 + 9,21
4 1,19 = 0,031,2,3 1250,69 + 33,281,2 1489,57 + 9,821,2 200,4 + 9,61,2
MpumiTkn: ' — BiAMIHHOCTI 3HaYyLLi MOPIBHAHO 3 rpynoto 1; 2 — BiAMIHHOCTI 3Ha4yLLi Mk rpynamu 2 Ta 4;  — BigMiHHOCTI

3HauyLwi Mix rpynamu 3 Ta 4; p < 0,05.

Notes: ' — differences are significant from group 1; 2 — differences are significant between groups 2 and 4; 3 — differences

are significant between groups 3 and 4; p < 0.05.
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Puc. 5. [1pi6Hi 6aratokamepHi I;iCTVI B raHrnioHapHomy Liapi
kopn 'M (cTpinkn) wypis rpynn 3 (SHR_ _+ kKK). 3abap-
BMEHHS reMaTOKCUINIHOM | €03MHOM.

Fig. 5. Small multichamber cysts in ganglion layer of brain
cortex (arrows) of group 3 rats (SHR,, + cCB). Hema-
toxylin and eosin staining.

Taxum unHOM, camocTiitHe 3actocyBanHs pKII®
1 kAIBK KK mrypam ninii SHR 3i 3minmanoro gopmoro
JE cynpoBomKyBanocs HEHPONpPOTEKIIE€l0, CTUMY-
JSIII€I0 aHTI0TeHEe3Y, 3HIKYBAJIO O3HAKH AUCTPOdiU-
HUX, JECTPYKTUBHHX 1 MATOJOTIYHO 3MiHEHHX KOM-
MeHCAaTOPHO-aIalTUBHUX TpolieciB y 'M 3a paxyHok
BiTHOBJIEHHSI HOTO MIiKpOT€MOLMPKYJISLIi Ta HUTO-
apXiTEKTOHIKH.

3 omisAy Ha AOCBiJ MOEAHAHOTO BHUKOPUCTAHHS
metoxy pKLI i BBenenns k IBK KK i3 meToro ix B3ae-
MOIIOTEHIIIIOBAHHS Ta IMiJBHUILEHHS TEPareBTHYHOIO
edexty Ha mpukmani mrypis minii SHR 3 rimepren-
3uBHOIO popmoro JIE [2] mopdomoriuni Ta Mopdo-
MeTpudHI okazHuku ['M 1mrypiB rpynu 4 BUKITUKATH
y HaC ITIBUINEHUN iHTEpecC.

INicromoriune mocmimkennsa npenaparie ['M ry-
piB rpynu 4 mokaszayo, 1o M’sKi MO3KOBi 00O0JIOH-
ki Oy/nu JIeio HaOPSKII Ta MPEACTaBJICHI TOHKHUMHU
a00 TPOXW MOTOBUICHUMH My4YKaMu (QyKCHHO(DIIb-
HUX KOJIATEHOBUX BOJOKOH Ha BIIMIHY Bix TpynH
KoHTpoio, B ['M mypiB sikoi ¢ibpo3 cTpoMu MoO3-
KOBHX OOOJIOHOK MaB OiJbII BUPAKEHUH TUQY3HUHA
xapakrep. Cepell KIITHHHUX €JIEMEHTIB Bizyami3y-
BaJIMCS B MOMIpHIH KiJbKOCTi piOpobdnacTu, hidpouu-
TH, TiM(OIUTH Ta HEYHCIIeHHI rictiomuTh. [IpocBitn
apTepialbHUX CyIWH Oynau J10oOpe BUpa)KeHi, OTHAK
JIeLI0 3BYKCHI B JIUISHKAX CIa3My, SIKHM BHUSABISBCS
3HAYHO pifmIe, HDX y KOHTpoJdi. Aprepii Ta apre-
piomu I'M TBapuH rpynu 4 Oynu TOMIpHO TTOBHO-
KpOBHIi, BHCTEIICHI PIBHOMIPHO pPO3TAIIOBAHUMH
CIUTOIIEHUMH €HIOTeMaTbHUMH KIIITHHAMH, 332 BH-
HATKOM JUITHOK CIa3Mmy, 1€ CHIOTENIOIMUTH OyiIu
po3TamioBaHi y BHIVIsLII dacTokony. CTiHKa CynuH
Oyia TIOMIpHO TIOTOBIEHA B PE3yJbTari TillepTpo-
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mixed DE 30 days after rCCH (group 2) in all
structural components of brain there was a decrease
in the severity of morphological changes that de-
velop in case of prolonged ischemia and brain
intoxication. In 50% of cases, hemorrhages were
visualized in the organization stage or small cysts
were formed, and in the cortex and subcortical
structures, small-focal ischemic strokes were detected
at the organization stage (Fig. 4).

In comparison with the control (SHRalc) in group
2 (SHRalc + rCCH) there was a decrease in NGI
(by 38.33%) due to an increase in the density of
neurons (by 41.72%) and a decrease in the density
of glial cells in brain cortex (12.64 %). The number
of FC increased (by 63.85%), which indicated a
decrease in the degree of cerebral ischemia (Table).

After the use of cCBNCs (group 3) as an
independent method of therapy, the number of FC
with a well-defined lumen (by 68.67%) significantly
increased on the background of a decrease in NGI
(by 44.49%) and an increase in neurocellular density
(by 45.03%) compared with group 1 (Table). In 50%
of observations in the cortex and subcortical for-
mations of brain of group 3 rats there were foci of
ischemic heart attacks at the stage of organization, as
well as single- or multi-chamber small cysts. Small
hematomas were found in the white matter and sub-
cortical nuclei at the stage of organization, which led
to the formation of single or multiple gaps (Fig. 5).
Fresh hemorrhages and heart attacks at the stage of
necrosis in the substance of brain of group 3 animals
were not detected.

'Lﬂ. P, .‘ ' "-i m.

Puc. 6. Habpsk M’akmx Mo3koBmx 060MOHOK (1), noMipHUiA
CKIepo3 CTiHKM Ta napLianbHuin cnasm ApidHux apTepin (2),
NMOBHOKPOB’SAA BEHW (3), BOTHULLEBI NEPUBACKYIISIPHI KPOBO-
Bunuew (4) y wypis ropymun 4 (SHR__ + pKLI™ + kKK). 3a6ap-
BMEHHSA MikpoykcMHOM 3a MeToaoM BaH lMi3oHa.

Fig. 6. Swelling of pia mater (1), moderate sclerosis of wall
and partial spasm of small arteries (2), plethora of veins
(3), focal perivascular hemorrhage (4) in rats of group 4
(SHRalc + rCCH + cCB). Staining with picrofuchsin by Van
Gieson.




(bii mmaaKoM’s30BUX KIIITHH 1 HAKOIUYEHHS KoJiare-
HOBUX BOJIOKOH Y CEpEAHBOMY IIapi aprepiit (puc. 6).

Ha Binminy Bix npenaparis 'M tBapun rpynu 1
B JIOCHIJDKYBaHUX 3pa3kax rpynu 4 Oymd BiiCyTHI
O3HAKHU TimepIrurasii TIagkoM’sI30BUX KIITHH, MiX-
M’SI30BUH CKiiepo3 OyB MEHI BUpaXeHWH. BeHn
ITIOMIPHO TIOBHOKPOBHI, TPOCBITH iX IO PO3IIN-
peHi, TepUBACKYJISIPHO Bi3yalli3yBaJuCs OCEPEIKOBI
eKCTpaBa3aTH, SKi B TOPIBHAHHI 3 KOHTPOJEM 3yCT-
piganucs piame i Manu ApiOHOBOTHUIIIEBHIA Xapak-
Tep (puc. 6).

[IpocBiTH BHYTPIMO3KOBHX apTepiajbHUX CYIUH
y TBapuH Tpynu 4 Oylu MOMIpHO 3BYXeHi (BHACITi-
JIOK TIOTOBIICHHS CTiHKHM) 1 BHKOHaHI (hOpMEHUMH
elleMeHTaM KpoBi. Ha BigmiHy Bii KOHTpOJIO ap-
Tepii urypiB Li€l rpynu XapaKTepru3yBakcs MOMipHO
BUPQXCHUM MIDXKM SI30BHM CKJIEPO30M, MOMIPHOIO
rineprpodi€ro raakoM’ S30BUX KIITHH Oe3 O3HaK
ix rimepmiasii. Bennka yactuHa apiOHUX aprepiii i
aprepios Maja O3HAaKU TialiHO3y, 3pijJka BHU3HaYa-
JIUCS apTepii Ta apTepioNin 3 SBHINAMH MapIlialbHO-
ro cHasMmy i IUIa3MaTU4HOIO MPOCOYYBAHHS CTIHKH.
Benn manu HepiBHOMIpHO 3HIDKEHHH TOHYC CTiHKH.
[IpocBiTH 4YHCIEHHUX KamisapiB mo0Ope Bizyaurizy-
BaJIMCS, HOAEKYyAM BHSBISUINCS AMJISITOBAHI Kalli-
JIIpU 3 O3HAKAMH CTa3y, a TaKOX CHaIl Karmiisspu
31 c1abo MOMITHUMH TIPOCBITAMH.

VY peuoBuHi ['M Ta miAKIpKOBUX yTBOPEHHSAX 03-
HaKd TOCTPHX JECTPYKTHBHUX BOTHHIIEBHX 3MiH
He 3ycrpiuanucs. Pazom 3 Tum y rpym 4 B 30%
CIIOCTEPEIKEHb MaJId Miclle JPiOHOBOTHHUIIECBI KPO-
BOBHIJIMBH Ta ileMiuHi iH(papKTH Ha CTalii opraHi-
3awii, a Takox ApiOHiI kictu. Heiiponu 3 merenepa-
TUBHMMH 3MiHAMH BUSIBISUIMCS piAlle, HIK B 1HIINX
rpymnax.

[inpHicTe HeWponiB B -V mapax xopu I'M
B cepenHboMy craHoBuia (1250,69 + 33,28) ex3/mm?
(Tabmuus), 10 3HAYYyLIe MEPEeBHUILYBAJO aHAIOTIY-
Huil mokasHuk rpynu 1 (Ha 50,83%). IlokxasHuku
ITbHOCTI KIiTHH Hewpormii Ta HI'T 3HMkyBamm-
csl B NOPIBHSHHI 3 KOHTPOJIGHOIO TPYIHOIO0 TBAPHH
Ha 20,75% (p > 0,05) ta Ha 47,58% (p < 0,05) Bixg-
noBigHo. IllinmeHicTs @K B cepenHbOMy CTaHOBH-
na (200,44 + 9,60) ex3/mMm? (TaOIHIIA), IO 3HAYYIIE
(ma 75,90%) nepeBuITyBaIo BiANOBIIHUN KOHTPOIIb-
HUH [TOKa3HUK.

TakuM YUHOM, Yepe3 MICALb MICHs MOETHAHOTO
3actocyBanns pKLI™ i kIBK KK y mrypis ninii SHR
31 3mimanor gopmoro JIE (o0rskenoi XAl) y Beix
JNOCHIUKYBAaHUX CTPYKTYPHHX KOMIOHeHTax ['M
JucTpodivHi i KOMIIEHCATOPHO-aAaNTHBHI 3MiHH, 1110
BUSIBISIIHCS, Oynu BUpakeHi momipHo. Ha Biaminy
Bil KOHTPOJBHUX TBAPHH BU3HAYAIUCS 3HAUYIIe
3HIDKEHHS HiibHOCTI mmouuTiB 1 HI'l, 30ibmienns
ITbHOCTI HelpoHiB 1 kimbkocti K. T'ocTpi remo-
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Thus, a single use of rCCH and cCBNCs in
SHR rats with mixed DE was accompanied by
neuroprotection, stimulation of angiogenesis, reduced
signs of dystrophic, destructive and pathologically
altered compensatory-adaptive processes in brain due
to restoration of its microcytocytosis.

Assuming the experience of the combined use
of rCCH methods and introduction of cCBNCs to
mutually potentiate and increase a therapeutic effect
on the example of SHR rats with hypertensive DE
[3], morphological and morphometric parameters
of brain in rats of group 4 aroused our interest.

Histological examination of brain specimens
of group 4 rats showed that the pia mater of their
brain were slightly swollen and represented by
thin or slightly thickened bundles of fuchsinophilic
collagen fibers in contrast to the control group, in
which fibrosis of the stroma of the meninges was
more diffuse. Among the cell elements, fibroblasts,
fibrocytes, lymphocytes, and a few histiocytes were
visualized in moderation. The lumens of the arteries
were well defined, but somewhat narrowed in the
areas of spasm, which was much less common than
in the control. Brain arteries and arterioles of group 4
animals were moderately plethoric, lined with evenly
spaced flattened endothelial cells, except for areas
of spasm, where endotheliocytes were located in the
form of a palisade. The vascular wall was moderately
thickened because of hypertrophy of smooth muscle
cells and accumulation of collagen fibers in the
middle layer of arteries (Fig. 6).

Unlike brain specimens of group 1 animals in
the studied samples of group 4 there were no signs
of hyperplasia of smooth muscle cells, intermuscular
sclerosis was less pronounced. The veins are mo-
derately plethoric, their lumens are slightly dilated,
focal extravasates were visualized perivascularly,
which were less common in comparison with the
control and had a small focal character (Fig. 6).

The lumens of intracerebral arterial vessels in
group 4 animals were moderately narrowed (due to
wall thickening) and made of shaped blood elements.
In contrast to artery control, rats in this group were
characterized by moderate intermuscular sclerosis,
moderate hypertrophy of smooth muscle cells without
signs of hyperplasia. Most of the small arteries
and arterioles had signs of hyalinosis, occasionally
identified arteries and arterioles with symptoms of
partial spasm and plasma wall infiltration. The veins
had an unevenly reduced wall tone. The lumens
of numerous capillaries were well visualized, in
some places there were split capillaries with signs of
stasis, as well as burned capillaries with faint lumens.

No signs of acute destructive focal changes were
found in the substance of brain and subcortical
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parii ta imewmivHi iH(apkTH Oynm BijcyTHi. Buss-
JIeH1 KOMITEHCATOPHO-aJalTUBHI 3MiHU CTpyKTyp ['M
CBi4aTh TPO €(QEKTUBHICTh TOETHAHOTO 3aCTOCY-
BanHs pKLI i kAIBK KK 3 meroro sk teparmii imre-
MIYHO-TOKCHIHUX CTaHiB, TaK 1 I KOPEKIli ix
YCKJIaJHEHb.

BucHoBku

1. XpoHiuHa alKoroibHa IHTOKCHKAIS IIypiB
ninii SHR motenuiroe nporpecytoue crapinas ['M
i3 rineprensuBHOI0 Gopmoro IE, o0Tsokyroun ii me-
peoir, 1 npu3BoaUTH 10 po3BuTKy JE 3mimaHoro re-
HE3y.

2. Beranosneno, mo nposeneHHs pKLI mypam
31 3MimaHOK (OPMOIO JUCHUPKYISATOPHOI EHIle-
¢anonarii 30inpmye kinpkicte PK (Ha 63,85%)
i 3amkye HI'T (ma 38,3%) i mpakTU4HO MOBHICTIO
yCyBa€ TOKCHYHHMH BIUIMB aJKOIOJIO Ha Mopdome-
TPUYHI MOKa3HUKH [ M.

3. Beemenns xSBK KK mypam minii SHR 3i
3mimranoro (oporo JE copusio 3Hauymomy 30176-
meHHro (Ha 68,67%) xinbpkocTi DK i3 1006pe Bupaxe-
HUMU nipocBiTamu Ha Ti11 3HmkeHHs HI'T (1a 44,49%),
0 BKa3y€e HA 3MEHIICHHS 03HAK JAUCTPOQIUHUX, Jie-
CTPYKTHUBHHX 1 [IATOJIOT1YHO 3MiHEHUX KOMIIEHCATOP-
HO-aJIalTUBHUX IpolieciB y ['M.

4. Toennane 3actocyBanns pKII i kIBK KK
urypam 3i 3mimanorw ¢opmoro JIE mano Oinbin BU-
pOKEHMH TO3UTHBHUM BIUIUB Ha MOPQOIOTiYHY
CTPYKTYpY TKanuH i cyaun ['M, Hix iX camocTiiiHe
Bukopuctana. CrocTepiranucsi MoAajgblle 3HU-
xenus HI'l, crumynsnis anriorenesy. O3Haku rinep-
1a3ii TIagKkoM’ si30BUX KJIITHH, TOCTPUX TeMoparii
Ta ieMiYHuX 1H(APKTIB, ClIa3My CTIHOK apTepiaib-
HUX CYIOWH 1 TIOBHOKPOB’SI B BeHaX OyJH BiJCYyTHI,
0 CHPHUSAIO BiIHOBICHHIO MIKPOTEMOITUPKYIISIIIT
Ta MIUTOAPXITEeKTOHIKH [ M.

5. BusBiieHi 0coOMMBOCTI MOPQOIOTIYHOTO CTa-
Hy TKaHuH 1 cynuH ['M y mypiB minii SHR Ha i
noearanoro 3acrocyBands pKII i kABK KK cBin-
4arh MPO JAOLIIBHICTh BUKOPUCTAHHS 1[OTO METOAY
JUTSL KOPEKIIIT IepeOpOoBaCKYIIIPHUX ITOPYILIEHD 32 Pi3-
Hux ¢popm JE.

Nitepatypa
1. Aipgaposa BC, Babuinuyk BI, Kymokouesa OB, u gp. 3Okc-
nepuMmeHTanbHoe 060CHOBaHWE MpPUMeHeHus nevyebHon ru-
NOTEPMUN U KIIETOYHOW Tepamuu npu  AUCLIMPKYNISTOPHOW
aHUedanonatum y kpbic nuHuM SHR. YacTtb 1. CnoHTaHHO
rMnepTeHavBHble Kpbicbl NMHMKM SHR B kavectBe Mogenu
OVCLUMPKYNATOPHON 3Huedanonatun. Npobrnemun kpiobionorii

i kpiomegnumHn. 2018; 28(3): 224-36.
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formations. However, in group 4 in 30% of cases
there were small hemorrhages and ischemic heart
attacks at the stage of organization, as well as small
cysts. Neurons with degenerative changes were
observed less frequently than in other groups.

The density of neurons in the third—fifth layers of
the brain cortex averaged (1,250.69 + 33.28) cells/
mm? (Table), which significantly exceeded the same
index of group 1 (by 50.83%). Indices of neuroglia
and NGI cell density decreased in comparison with
the control group of animals by 20.75% (p > 0.05)
and 47.58% (p < 0.05), respectively. The density
of FC averaged (200.44 + 9.60) cells/ mm? (Table),
which significantly (by 75.90%) exceeded the cor-
responding control value.

Thus, one month after the combined use of rCCH
and cCBNCs in SHR rats with a mixed DE (CAI-
burdened) in all studied structural components of
dystrophic and compensatory-adaptive changes
that were detected were moderate. In contrast to
control animals, a significant decrease in the density
of gliocytes and NGI, an increase in the density of
neurons and the number of FC were determined.
Acute hemorrhages and ischemic heart attacks were
absent. The revealed compensatory-adaptive changes
of brain structures testify to the effectiveness of the
combined use of rCCH and cCBNCs for the purpose
of both to treat the ischemic-toxic conditions and
to correct their complications.

Conclusions

1. Chronic alcohol intoxication of SHR rats
potentiates the progressive aging of brain of the rats
with a hypertensive DE, complicating its course, and
leads to the development of DE of mixed genesis.

2. It was found that rCCH in rats with a mixed
dyscirculatory encephalopathy increased the FC
amount (by 63.85%) and reduced NGI (by 38.3%)
and almost completely eliminated the toxic effects of
alcohol on the morphometric parameters of brain.

3. The introduction of cCBNCs to SHR rats with
a mixed DE contributed to a significant increase
(68.67%) in the number of FC with well-defined
lumens on the background of a decrease in NGI
(44.49%), indicating a decrease in signs of dystrophic,
destructive and pathological altered compensatory-
adaptive processes in brain.

4. The combined use of rCCH and cCBNCs
in rats with a mixed DE had a more pronounced
positive effect on the morphological structure of the
brain tissues and vessels than their independent use.
There was a further decrease in NGI, stimulation of
angiogenesis. There were no signs of smooth muscle
cell hyperplasia, acute hemorrhage and ischemic
infarction, spasm of arterial vessel walls and plethora




2. Anpaposa BC, babwuiuyk BI, KyookoueBa OB, n agp. Okcne-
pyMeHTanbHoe OOOCHOBaHWE MNpPUMEHeHUst nedyebHon runo-
TEPMUM U KIETOYHOW Tepanuu npu AUCLUMPKYNATOPHON 3H-
uedanonatnm y kpbic nuHMn SHR. Yactb 2. CTpyKTypHble
N3MEHEeHUs1 B TKaHW rofioBHOro moara. Mpobnemu kpiobionorii
i kpiomeauuuHmn. 2019; 29(1): 58-72.

3. Anpgaposa BC, Haymosa OB, Kymokouesa OB, u gp. Ctpyk-
Typa mo3ra KpbiC nMHUM SHR ¢ reHetudeckn AeTepMUHMPO-
BaHHOW apTepuanbHON runepteHsven. CBiT MeamumuHu Ta bio-
norii. 2018; 64(2): 115-9.

4. babunuyk ' A, Mapuyenko BC, NomakuH U, Benoctoukun AB.
Hevipodumanonornyeckne npoLecchl OXNaxAeHHOro Moasra.
Knes: HaykoBa gymka; 1992. 208 c.

5. MpuweHko BW, Kosanes A, MNetpeHko AKO, u ap. PereHepa-
TMBHO-NNacTnyeckasl Tepanus ankorofibHbIX BUCLEeponaTum.
Kues: HaykoBa gymka, 2010; 152 c.

6. l'yceB EW, KoHoBanos AH, CkesopuoBa BW. Hesponorus. Ha-
LmoHanbHoe pykoBoacTBo. MockBa: Bcepoccuiickoe o6LuecTBo
HeBpororos; 2015. 1064 c.

7. NNomaknH . OBocHoBaHWE METOAOB fe4ebHOro oxnaxxaeHus
B Tepanuu XpoHU4eckoro ankoronusma. MNpobnemsl kpnobuo-
norun. 2008; 18(3): 383-5.

8. MuweHko TC. 3nuagemumonorus uepebpoBackynsipHbix 3abo-
neBaHUn 1 opraHnsaums nomowy 6oMnbHbIM C MO3roBbIM WH-
CynsTOM B YKpauHe. YKpaiHCbkui BiCHUK Heponorii. 2017;
25(90): 22—4.

9. Achyut BR, Varma NRS, Arbab AS. Application of umbilical
cord blood derived stem cells in diseases of the nervous sys-
tem. J Stem Cell Res Ther. [Internet]. 2014 May 7 [cited
20.02.2018]; 4: 1000202. Available from: https://www.longdom.
org/open-access/application-umbilical-cord-blood-derived-
stem-cells-diseases-nervous-system-2157-7633.1000202.pdf.

10.Coca A. Hypertension and Brain Damage. New York: Springer;
2016. 329 p.

11.De Deyn PP, Dam DV, editars. Animal models of dementia. New
York: Humana Press; 2011. 732 p.

12.Hachinski V. World stroke day proclamation. Stroke. 2008;
39(10): 2409-20.

13.Jaing TH. Umbilical cord blood: a trustworthy source of mul-
tipotent stem cells for regenerative medicine. Cell Trans-
plant. 2014; 23(4-5): 493-6.

in the veins, which contributed to the restoration
of microhemocirculation and cytoarchitectonics of
brain.

5. The identified features of morphological state
of the brain tissues and vessels in SHR rats on the
background of the combined use of rCCH and
cCBNCs indicate the feasibility of using this method
to correct the cerebrovascular disorders in different
forms of DE.
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