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Effect of Cryopreserved Cord Blood Serum on Reparative Processes
in Rat Brain Tissue With Acute Focal Cerebral Ischemia

Pedbepar: Y pob6oTi gocnigxyBanu MOXNUBICTb CTUMYMAUIT penapaTtvBHUX MPOLECiB Yy LWYpiB i3 rocTpoto ¢okanbHOO
uepebpanbHoto iwemieto (FTPLI) BBeaeHHAM KpiokoHcepBOBaHOi cupoBaTtku Kopaosoi kposi nioantHu (KCKK). MNposegeHo nopis-
HANBHUA MOPMOMETPUYHUI aHani3 CTPYKTYPHUX KOMMOHEHTIB CEHCOMOTOPHOI AiNAHKM KOPW TONOBHOrO MO3KYy B AMHaMili
niKkyBaHHSA. PO3BUTOK MOTY>XHOro HEMPOTOKCUYHOTo edekTy nig 4yac FPL 6ys niaTBepaXeHUN AKICHUMMU i KiNbKiICHUMKU NokKas-
HUKamK, 30KkpeMa 3pocTaHHAM y 4,57 pasu anbTepauinHoro Ta y 3,62 pasu nepuvHEMpoHanbHOro caTeniTHOro iHAekciB no
BiAHOLLEHHI0O [0 KOHTponio. BcTaHoBneHo, WO AereHepaTuBHI MPOLECKH CYMpPOBOMAXKYKTbLCA MOTYXHUMU MiKPOLMPKYNATOP-
HUMW 3MiHaMu, NOB’A3aHUMW 3 HAOPSIKOM MO3KOBOI TKaHWUHM, NpO WO cBigyaTb 36inblieHHsT cepedHboi nnowi nepu-
BaCKynsipHUX npocTtopiB y 45 pasiB BiAHOCHO iHTAKTHWX TBapuWH i BUPaXeHW BTOPWHHWIA cnasm cyauH. BeepeHnHs KCKK
CTUMYIOBanNo penapaTvBHi NpoLecu B MEPUHEKPOTUYHIN 30HI 32 paxyHOK MiABULLEHHS LWiNbHOCTI kKaninapis Ha 21,8% nopiBHS-
HO 3 iHTaKTHUMMK TBapuHamu Ta MoMepeAXxano po3BMTOK AUCHYHKLUiT remaTtoeHuedaniyHoro 6ap’epa i membpaHo-peuen-
TOPHOro KoMMrekcy HelpoHiB. [MokasaHo, wo KCKK matoTb no3uTMBHY Ait0 Npu NiKyBaHHI MOLWKOAXEHb MO3KY, CMPUYNHEHUX
oLl

KnrouyoBi cnoBa: roctpa dokanbHa LepebparnbHa ilemis, HeKpo3, penapaldisi, KpiOKOHCepBOBaHa cMpoBaTka KOpAOBOI KPOBI.

Pedhepar: B paboTte uccnegosany BO3MOXHOCTb CTUMYNSALUMW pernapaTUBHbBIX MPOLLECCOB Yy KPbIC C OCTpoW hokanbHON
uepebpanbHon uwemnen (OPLIV) BBeaeHMEM KPMOKOHCEPBUPOBAHHOM CbIBOPOTKM KopAoBon kKpoBu yenoseka (KCKK).
[MpoBeAeH cpaBHUTENbHbIN MOPPOMETPUYECKNIA aHaNN3 CTPYKTYPHbIX KOMMOHEHTOB CEHCOMOTOPHOM 06racTu Kopbl FOfTOBHOMO
Mo3ra B AUHamMuke nevyeHus. Pa3sButne MoOLHOro HempoTokcuveckoro acpdekta npu OPLIN nogTBepxAeHO KayeCTBEHHBIMU
N KONMMYECTBEHHbIMW MoKasaTensMu, B 4acTHOCTM pocTom B 4,57 pasa anbTepauuoHHoro n B 3,62 pasa nepuHenpoHanb-
HOrO CaTeNIMTHOTO WHAEKCOB MO OTHOLWEHWI K KOHTPOMIO. YCTaAHOBMEHO, YTO [ereHepaTuBHblE MNPOLECChl COMPOBOX-
[alTCA MOLUHBIMU MUKPOLMPKYMATOPHBIMU U3MEHEHUAMU, CBSA3AHHLIMU C OTEKOM MO3rOBOMW TKaHW, O YeM CBUAETENbCTBYIOT
yBenMyeHne cpegHen nnowagn nepuvBackynspHbIX NPOCTPaHCTB B 45 pa3 OTHOCUTENbHO WMHTAKTHbIX XMBOTHbIX W Bbipa-
XEHHbIN BTOPUYHbIN cna3m cocyaoB. Beegernne KCKK cTtumynupoBano penapatvBHble NPOLECChl B NEPUHEKPOTUYECKOWN 30HE
3a cYeT NOoBbIWEHNS MAOTHOCTK KanunnapoB Ha 21,8% NO CpaBHEHUIO C MHTAKTHBLIMU XXMBOTHLIMUW U Mpeaynpexaano passutue
AncdYHKLMN remaTodHuedanuyeckoro bapbepa n membpaHHO-peLienTOPHOro KoMnnekca HenpoHoB. NokasaHo, 4To KCKK oka-
3bIBAOT MO3UTUBHOE BMVSIHWUE NPU NTeYEeHUN NopaxeHu mMmoara, Bbl3aBaHHbIX OPLIN.

KnioueBble cnoBa: ocTpas gokanbHas uepebpanbHasa nwemns, HeKpo3, penapauus, KPMOKOHCEPBUPOBAHHAsS CbIBOPOTKA KOp-
[0BOW KPOBMW.

Abstract: The research was performed to investigate the possibility of stimulating reparative processes in rats with
acute focal cerebral ischemia (AFCI) by administration of human cryopreserved cord blood serum (CCBS). A compa-
rative morphometric analysis of the structural components of the cerebral cortex sensor-motor area in dynamics of
treatment was conducted. The development of a strong neurotoxic effect during AFCI was confirmed by qualitative
and quantitative indices, in particular a 4.57-fold in the alterational and in 3.62-fold incrresae in the perineural sa-
tellite indices relative to the control. Degenerative processes were accompanied with significant microcirculatory changes
associated with swelling of brain tissue, as evidenced by a rise in average area of perivascular spaces by 45 times
compared with intact animals and pronounced secondary spasm of the vessels.CCBS stimulated reparative processes in
the perinecrotic zone due to an increase in the density of capillaries by 21.8% compared with intact animals and prevented
the development of blood-brain barrier and neuronal membrane-receptor complex dysfunction. The CCBS has been shown
to have a positive effect when tertaing the brain lesions caused by AFCI.

Key words: acute focal cerebral ischemia, necrosis, reparation, cryopreserved cord blood serum.
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locTpi mopymieHHS MO3KOBOTO KpPOBOOOITY
(I'TIMK) € onHi€to 3 HAYACTIIIAX IPUYUH 3aXBOPIO-
BAaHOCTI Ta CMEPTHOCTI HACEJICHHS B YChOMY CBITI,
a B CTPYKTYpPi CMEPTHOCTI BOHU MOCTYMAIOTHCS Tilb-
KH cepleBo-cyAnHHiNi naromnorii. Cepen ycix dopm
I'TIMK cyTTeBO mepeBaskae iHPApPKT TOIOBHOTO
Mo3ky (II'M), ma saxwit mpunanae maibke 70% Bu-
nazaxis [9].

Ha cborogHi He IOBEICHO KITIHIYHY C(EKTHB-
HICTh CIAa3MOJIITHKIB, aHTUOKCHIAHTIB, BITAMIHHHX
KOMIUIEKCIB, HOOTPOIIB, TIIIOKOKOPTHKOI/IIB, HEHpO-
MIPOTEKTOPIB, SIKI HMIMPOKO 3aCTOCOBYIOTHCS B Tepa-
mii HEBPOJIOTIYHMX 3aXBOPIOBaHb. Y BCHOMY CBITi
Ta, 30KpeMa, B YKpaiHi JKOAHA i3 3alpONOHOBaHUX
METOIUK JIKyBaHHS HE 3laTHAa PaJuKaJbHO BUPI-
mUTH TpodieMy edexTuBHOrO JikyBaHHa [I'M
[14], ToMy Ba)XJIMBUM € MOIIYK MPUHIUIIOBO HOBUX
TEparneBTHYHUX TIAXOMIB. Y IIOMY acIleKTi Iepc-
[EKTUBHUMHM BBAXKAIOTBCSI METOAM CIPSMOBAHOI
TKaHWHHOI pereHeparii, CyTh SKHX IOJATaE B aK-
TUBaIlli KOMIIEHCATOPHUX PECYPCIB IMOIIKOJKEHUX
KIITHH 1 TKaHWH, CTHMYJISIIii HEHpOIUIAaCTUYHOCTI,
sIKa Ma€ CIPUTH 3aMilICHHIO MOLIKOPKEHUX CTPYK-
Typ 1 BIZHOBJICHHIO BTpaueHMX QyHKIiH [8, 11,
26].

Bukopucranus ¢axropiB pocty Ta 0i0J0TiUHO
aKTMBHUX PEYOBHMH JIOCHUThH MOLIMPEHE Yy Cy4acHid
MenuiuHI. BOHM 3acTOCOBYIOTBCS Ul JIIKyBaHHS
PI3HHX NECTPYKTUBHHUX IIPOIECIB, SAKi MPOTIKAIOTh
B TMApeHXIMATO3HUX OpraHax (HampuKiIaa, ITUPO3
MEYiHKA), TpH IMyHOAS(DINMUTHUX CTaHAX, IOPY-
IMIEHHI TeMOoImoe3y, Oe3IUTiAai, apTPOMATisIX TOIIO
[2, 6]. ¥ Mexax Takoi Tepamii XBOPUH OTpUMYE
010JIOrYHO aKTHBHI CHOJYKH MPUPOIHOTO TOXOJ-
JKCHHS, SIKI 3/1aTHI BIUIMBATH Ha PIi3HI JIAHKK MeTa-
OoyisMy Ta CTHMYNIOBAaTH pENapaTHBHI MpPOLECH.
ANe naHuX IOAO BUKOPUCTAaHHS (aKTOpPiB POCTY
Ta OIOJOTIYHO AKTHBHHUX PEUYOBHH, 30KpEMa paH-
HBOTO OHTOTEHE3Y, SKi MOXYTh CTUMYJIIOBAaTH pera-
paTuBHI IpoLecH 3a YMOB TocTpoi (OKaJbHOI Iie-
pebpansroi imemii (I'®LIl), Ha cHOTOAHINIHIA JTCHD
HEIOCTATHbO.

B Vkpaini nmpenaparom, M0 MiCTUTh 01070T19HO
aKTHBHI PEUYOBMHU PaHHBOTO OHTOreHe3y, € «Kpio-
KOpI» — KpIOKOHCEpPBOBaHAa CHpPOBATKa KOPAOBOI
kpoi (KCKK). Lleii npemapat po3pobieHo B [HcTH-
TyTi mpobiem kpiobionorii i kpiomeanuman HAH
VYkpainu i 103BosieHO MiHICTEPCTBOM OXOPOHH 310~
POB’S1 UIsL KIIIHIYHOTO BUKOPHCTaHHS.

Meta pmoCHiDKEHHS — BHUBYEHHs Mopdooriu-
HUX 3MiH TKaHUH TOJIOBHOTO MO3KY IL[ypiB B yMOBax
eKCTIepUMEHTAIILHOI TOCTPOi (POKaIBHOI TIepedpatb-
HOI imreMii B AWHAMIII JIIKyBaHHS KPiOKOHCEPBOBA-
HOIO CHPOBATKOIO KOPAOBOi KPOBI TSI OITIHKH 11 HEHl-
popernapaTHBHUX BIACTHBOCTEH.
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Acute cerebovascular acident (CVA) are one of
the most common causes of morbidity and mortality
worldwide, and in the mortality structure they are
second only to cardiovascular pathology. Among all
forms of acute CVA, the ischemic stroke (IS), which
accounts for almost 70% of cases [2], is strongly
prevalent.

To date, the clinical efficiency of antispasmodic
drugs, antioxidants, vitamin complexes, nootropics,
glucocorticoids, neuroprotecting agents, which are
widely used in treatment of neurological diseases,
has not been proven. All over the world, and in
Ukraine in particular, none of the proposed treat-
ment modalities could drastically solve the problem
of effective treatment of IS [9], so it is important to
find the fundamentally new therapeutic approaches.
In this aspect, the methods of targeted tissue re-
generation, the essence of those is to activate the
compensatory resources of the injured cells and
tissues, to stimulate neuroplasticity, which should
promote the replacement of damaged structures and
restore the lost functions, are considered promising
[1, 4, 24].

Using the growth factors and biologically active
substancesisquitecommonincontemporary medicine.
They are applied for the treatment of various de-
structive processes occurring in parenchymatous
organs (e. g., in liver cirrhosis), in immunodeficiency
states, disorders of hematopoiesis, infertility, arthro-
pathy etc. [25, 26]. Within the framework of such
a therapy, a patient receives biologically active
compounds of natural origin, which are capable of
influencing different metabolic links and stimula-
ting reparative processes. However, the data on using
the growth factors and biologically active substan-
ces, of early ontogenesis in particular, capable of
stimulating the reparative processes in acute focal
cerebral ischemia (AFCI), are currently insufficient.

In Ukraine, the product containing biologically
active substances of early ontogenesis is ‘Cryocord’,
i. e. cryopreserved cord blood serum (CCBS). This
product was developed at the Institute for Problems
of Cryobiology and Cryomedicine of the NAS of
Ukraine and approved by the Ministry of Health Care
of Ukraine for clinical use.

The purpose of this research was to study mor-
phological changes of brain tissues of rats in the
conditions of experimental AFCI in dynamics of
treatment with cryopreserved cord blood serum to
evaluate its neuroreparative properties.

Materials and methods

The study was performed in 60 outbred white
Wistar male rats weighing 200 + 20 g. The animals
were housed in the animals facility and received
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Marepiaiau Ta MeTOIH

Hocmimkenns Oynmo mpoBeneHo Ha 60 Oe3mopin-
HUX OuUmX wlypax-camisix JiHii Bictap wmacoro
200 £ 20 . TBapuHU niepedyBaM B yMOBaxX BiBapito,
OTPUMYBAJIM 3BUYAWHHWIA JTOOOBHH parfioH Xapdy-
BaHHS 1 MaJId BUIBHWHA TOCTYIT O BOAW. Ekcmepu-
MEHTH BHUKOHYBAJIH BIMMOBITHO 10 3aKoHY YKpaiHu
«[Ipo 3axucT TBapHH BiJl JKOPCTOKOTO TTOBOIKCHHSI
(Ne 3447-1V Bin 21.02.2006 p.) i3 KOTpUMaHHSIM
Bumor Kowmitery 3 Oioetmkn MenuyHOro iHCTH-
TyTy CyMCBKOTO JIEp’KaBHOTO YHIBEPCHUTETY, Y3TOll-
KCHHX 13 TOJIOKESHHIME «CBPOMECHKOI KOHBEHIIIT 3
3aXHCTy XpeOCTHUX TBapHUH, SKi BUKOPUCTOBYIOTHCS
B CKCIIEPUMEHTAJIBHHUX Ta IHIINX HAyKOBHX ILIJISX»
(CtpacOypr, 1986).

Ycix TBapuH Oyio po3iieHo Ha Tpu rpymnu (n =20
y KokHIH): 1 (KOHTPOJIB) — iIHTAaKTHI IIypH 0e3 TpaB-
MaTHu3allii Ta JIKyBaHHS; 2 — TBAPUHU ITiCIIT MOIEITIO-
BanHs ['®LIIl 6e3 nikyBaHHS; 3 — IIypy Ticis Moje-
moBaHHst ['®LI, skum BBoamau npenapar «Kpio-
xopm» (KCKK).

Mogemoaunust 'Ll 3mificHIOBAIN MIISIXOM
i exuii 0,1-0,3 mn cycnensii cynbdary Oapito («Ic-
tok-Ilmocy, Ykpaina) B crepuiisHOMY 0,9%-My ¢i-
3iosoriuHoMy po3unHi B mponopuii 1:3 y mpaBy
COHHY apTepilo 4epe3 po3pi3 M’SKHX TKaHMH Ha
mui [3].

Buxomsau 3 Toro, mo JikyBaHHA xBopux i3 [I'M
MoYnHA€eThCS depe3 10—12 roguH micis mposiBy mep-
mux cumnromiB [17], mpenmapar KCKK yBomgmmm
gepe3 12 romuH 3 MomeHTy MmopemtoBanHs [ DIII.
3BaXkarouy Ha Te, IO MEPHUIICTIONIAPHUA HAOPSAK J0-
csirae MakCUMyMmy Ha 3—7-my 100y, a sBUIIa BTOPUH-
HOTO aHTI10reHEe3y CIIOCTEepIrarThes Bke Ha 3—4-Ty
100y [10, 19], nactynni BBenenns npenapaty KCKK
npoBoAWIH Ha 2, 3 Ta 4-Ty 100y 3 MOMEHTY Moje-
moBaHHs ['®OII. Ilpenmapar KCKK BBoaumu BHyT-
pimmabouepeBro mo 0,1 mu/kr. Jlozy mpemnapary po-
3paxoByBaM 3a Koe(illieHTaMH aKTHBHOCTI MeTa-
6omizmy [5].

Marepian g1t MOp(OTOTIIHOTO 10 CITiIKCHHS
3abupanu micns BBeneHHs mnpernapary KCKK TBa-
punam i3 monemmto 'Ll wepe3 7 xi6 Bix mouarky
eKCIIepUMEHTY. YCi OmepaTuBHI BTPYYaHHS IPOBO-
JUIH T BHYTPIIIHBOYEPEBHUM TiOMICHTAIOBUM
Hapko3oM. («Kopmopauiss Aprepiym», YkpaiHa) i3
po3paxyHKy 20 Mr Ha 1 Kr Macu TBapuHH.

st MOp(hONOTTUHUX TOCIiAKEHb TKAHUHY MO3KY
CKCIICPUMEHTAJIBHUX TBapuH (IKCYBalIMd IMUIIXOM
TpaHcKapaiaabHol nepdysii cymimmo 4%-ro pos-
ynHy mapadopmanpaeriny («Papmxim», Yipaina),
1%-10 po3unHy TiroTapoBoro anbaeriay («BASF», Hi-
MeyanHa), 5%-ro pozunHy caxaposu («Compri Zuc-
ker», Himeuunna) Ha 0,1M docdarnomy Oydepi
(pH 7,4) npotsirom 15-20 xB mix TrickoM 90 MM PT. CT.
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a normal daily diet and had free access to water.
The experiments were carried out in accordance
with the Law of Ukraine ‘On the Protection of
Animals from Cruelty’ (Ne 3447-IV of 21.02.2006)
in compliance with requirements of the Com-
mittee of Bioethics of the Sumy State University
Medical Institute, as well as in accordance with
the provisions of the ‘European Convention for the
Protection of Vertebrate Animals Used in Experi-
mental and Other Scientific Purposes’ (Strasbourg,
1986).

All animals were divided into three groups (n = 20
in each): 1 (control) — intact rats without trauma and
treatment; 2 — animals after modeling AFCI with-
out treatment; 3 — rats after modeling AFCI, admi-
nistered with the «Cryocord» (CCBS).

The AFCI was simulated by injection of 0.1-
0.3 ml suspension of barium sulfate (JSC Istok-Plus,
Ukraine) in a sterile 0.9% physiological solution in a
1:3 ratio into right carotid artery through an incision
of soft tissues around the neck [16].

Assuming that the treatment of patients with
IS begins 10-12 hours after emerging of the first
symptom [12], the CCBS was administered 12 hours
after the AFCI modeling. Due to the fact that
pericellular edema reaches a maximum in 3-7 days,
and the secondary angiogenesis phenomena are
observed as early within 3—4 days [3, 14], the subse-
quent injections of the CCBS were performed on
days 2, 3 and 4 since the AFCI modeling. The CCBS
was intraperitoneally administered at 0.1 ml/kg.
The dose of the drug was calculated by metabolism
activity coefficients [23].

The material for morphological study was
collected after the CCBS introduction to the animals
with modeled AFCI after 7 days starting from
beginning of the experiment. All the surgeries were
performed under intraperitoneal thiopental anesthesia
(Arterium Corporation, Ukraine) at the rate of 20 mg
per 1 kg of animal weight.

For morphological studies, the brain tissue of ex-
perimental animals was fixed via transcardial per-
fusion with a mixture of 4% paraformaldehyde
solution (Pharmhim Ltd, Ukraine), 1% glutaraldehyde
solution (BASF, Germany), 5% sucrose solution
(Compri Zucker, Germany) with 0.1 M phosphate
buffer (pH 7.4) for 15-20 min under a 90 mm Hg
pressure. After fixation of the material the light
optical (paraffin) and electron microscopic specimens
were prepared.

For electron microscopic examination, the sen-
sory-motor area (SMA) of the cerebral cortex (Fpa
and Fpp fields) were isolated according to the
stereotaxic atlas of the adult rat brain [5]. Ultra-thin
(70-100 pm) sections of all layers of cortex SMA
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[Ticnsa dikcawii Marepially TOTyBalu CBITIIOONTHYHI
(mapacinoBi) 1 eNEKTPOHHO-MIKPOCKOMIUHI Mpemna-
paru.

Jis  enexTpOHHO-MIKPOCKOTIIYHOTO JIOCIIKEeH-
HS BHIISUTA ceHCOMOTOpHY AinsHky (CMJI) xopm
ronoBHoro Mo3ky (monst Fpa 1 Fpp) 3a crepeorak-
CHYHHUM aTjlacoM MO3KY mopocioro mrypa [1]. Bu-
KopucTOBYBanu yiasTparonki (70—100 HM) 3pi3u Beix
mapie CM/] kopu. YnerpacTpyKTypy 3pi3iB JOCHTiJI-
XKYBaJIM 3a JIOTIOMOTOIO €JIEKTPOHHOTO MIKPOCKOTa
«TEM-125K» («SELMl», Vkpaina) 3 mpuckopro-
04O Hanpyrow 75 kB, skuii 3a0esnedeHuil cu-
CTeMOI0 3HOMKH 1 anami3zy 300paxkenHss «CAI-01A»
(«SELMI») Ha ocnoBi CCD-kamepu DX-2 i makera
mporpam («KAPPAy, Himeuunna).

Jusa rictonoriuanx nocmimkers CMJ[ kopy ro-
JIOBHOTO MO3Ky TBapuH (QikcyBamu y 10%-my pos-
quHi Gopmainy. [Jani 3pa3ku 3anuBanu B mapadid i
Ha Mikpotomi «RM2125 RTS» («Leica», Himeuunna)
TOTYBaJIM 3pPi3u TOBIIMHOIO 6—7 MKM, SKi MOTIM 3a-
OapBIIFOBAJIM T€MATOKCHUIIIHOM Ta €O3WHOM 1 aHAJi3y-
BaJIM Ha ONTHUYHOMY Mikpockori «Optica B-382PLi-
ALC» («Bino Infinity Autolight», ITamis). Mikpodo-
TorpadyBaHHs MIKPOCKOMIYHHX 300paskeHb 3ailic-
HioBanu nudposuM Qoroanaparom «Cool Pix 4500»
(«Nikony, SmoHnis). @oTo3HIMKH 00pOOIISLIN 32 J0-
nomororo nporpamu «Nikon View 5» («Nikony).

MopdomMeTpuuHy OILIIHKY 3pi3iB MPOBOIWIHA 32
JoroMororo mporpamMu «AxioVision» («Carl Zeissy,
Himeuunna). ¥V 11 mapi CM/I xopu migpaxoByBain
KUTBKICTh HOPMAQJIBHHUX Ta 3MIiHEHHUX (Tirmep- i Timo-
XPOMHHUX, 3 HAOpSKOM, BaKyOJi30BaHUX, 3MIHEHUH
CTaH sijiep Ta HEHUpOIUIa3MH) HEHPOHIB; OMHCYBAIH
KOMIUIEKC HEHpOH-TIis-Kaliisp; BU3HAYAIM 1HJIEKC
anpTepanii (CHiBBiIHOUIEHHS 3MIHEHHUX HEHpOHIB
10 IHTAKTHUX KJIITHUH), TIIOHEHPOHAIBHUH iHIEKC
(CIiBBITHOIIICHHS KIJBKOCTI IITIaJbHUX EJIEMEHTIB 1
HEHpOHIB), MEpUHEHPOHAIBHUN CaTEIITHUN 1HIEKC
(KLTBKICTH caTeNiTHOI Iii Ha OJWH HEWpOH), a Ta-
KOX IUIOLIY TNEPHUBACKYJISIPHUX 1 MEPULETIONISPHUX
BUIBHHX TPOCTOpPiB. BH3Hauanmw miamMeTp i IUIOmIy
spa SHAOTETIONNTIB, TIATBHUX KIITHH, TOBIIUHY
CTIHKH, PO3MIp TMPOCBITY LEpeOpasbHUX KamiispiB
1 muToTUTa3MaTuYHOi Ta Oa3zambHOI MEMOpaH, Kijlb-
KiCTh MITOXOH/IPif, pHOOCOM 1 TIOJTiCOM.

Jlyis BU3HAUEHHS JUHAMIKK 3MIiH BHIIE3a3HAYC-
HUX MOP(OMETPUYHUX MapaMeTpiB TKAHUHU MO3KY
y KOJKHOI TBapUHM MOPIBHIOBAJIM aHAJOTIYHI TiNISH-
K¢ MO3Ky Ha 0o1ii MoaenboBanoi [ 'Ll Ta inTakTHOT
remicdepu.

CrarucTUYHMN aHasi3 NPOBOAMIIM 3 BUKOPHCTAH-
HAM mporpamu «Statistica 6.0» («StatSoft Inc.»,
CHIA). CrarucTidHy B3HAIYIIICTh OIHIOBATH 3a
U-tectom ManHa-YiTHi 3 Kopekmiero bordeppoHi.
3nauenns p < 0,05 BBaKaIM CTaTUCTUYHO 3HAYYIIUMH.
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were used. The ultrastructure of the sections was
examined using an electron microscope ‘PEM-125K’
(SELMI, Ukraine) with an accelerating voltage of
75 kV, which is equipped with a system of image
capture and analysis ‘SAI-01A’ (SELMI) on the basis
of CCD-camera DX-2 and the software (KAPPA,
Germany).

For histological studies the SMA of cerebral
cortex of animals was fixed with 10% formalin
solution. Further, the samples were embedded in
paraffin and the 6—7 pm thick sections were prepared
with RM2125 RTS microtome (Leica, Germany),
later they were stained with hematoxylin and
eosin and analyzed with Optica B-382PLi-ALC
optical microscope (Bino Infinity Autolight, Italy).
Microphotography of the microscopic images was
carried out with a digital camera ‘Cool Pix 4500’
(Nikon, Japan). Photographs were processed using
Nikon View 5 (Nikon).

The slices were morphometrically evaluated using
the AxioVision software (Carl Zeiss, Germany).
In the third layer of the cortex SMA, the number
of normal and altered (hyper- and hypochromic,
with edema, vacuolated, altered state of nuclei and
neuroplasm) neurons was calculated, the neuron-
glia-capillary complex was described, and the alte-
ration index (ratio of altered neurons to intact
cells), glioneuronal index (ratio of number of glial
elements and neurons), perineuronal satellite index
(number of satellite glia per neuron), and the area
of perivascular and pericellular free spaces wer
determined. The diameter and area of nucleus of
endothelial cells (ECs), glial cells, wall thickness,
the size of the lumen of cerebral capillaries and
cytoplasmic and basal membranes, the number
of mitochondria, ribosomes and polysomes were
examined.

To determine the dynamics of changes in the
above-mentioned morphometric parameters of brain
tissue for each animal that were compared with
similar areas of brain on the side of the simulated
AFCI and intact hemisphere.

Statistical analysis was performed using Statistica
6.0 (StatSoft Inc., USA). Statistical significance
was assessed by the Mann-Whitney U-test with
Bonferroni correction. P values <0.05 were consi-
dered statistically significant.

Results and Discussion

During histological examination, 24 hours after
the experiment start in an ischemic hemisphere
of experimental animals of groups 2 and 3, unlike
group 1, the cerebral capillaries of the cortex SMA
showed occasional congestion (plethora and stasis),
a pronounced swelling of the cerebral capillary wall
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PesyabTaTn T2 00roBOpeHHA

[lim dac TiCTONOTIYHOTO JOCIHIPKEHHS Yepe3
24 romuHM Ticis TMOYATKy EKCIHEpUMEHTY B ile-
Mi30BaHill MiBKyJi TOJOBHOI'O MO3KY EKCIEpHMEH-
TaJbHUX TBAapWH TPym 2 i 3 Ha BiAMiHY Bif Tpy-
mu 1 y mepeOpanpuux kaminsipax CMJl xopu wic-
MU OyJTHl BHSIBIICHI 3aCTiifHI sBUIA (TTOBHOKPOB S
Ta CTa3), Ta BUpaXeHe HaOyXaHHs CTIHKH IIepeOpatb-
HUX KanisipiB. Y OOCTEKEHUX IUISHKAX MO3KY Y
1isioMy 30epiraaucs 4iTKicTh 1 BEpTUKAIbHE YHOPSII-
KyBaHHSI mapiB HelpoHiB. [IpocTexxyBamnucs mnepu-
BaCKYJISIpHUH 1 MEpUIENIoNspHUil (OUTbIn BUpaxke-
HUH y 30HaX NOOIM3Y KaniisapiB) THIM HAOpsKy. Yac-
THUHA KaliJisipiB MO3Ky Oyrna criazMoBaHoto (puc. 1).

BRI, e 3 o
Puc. 1. MikpodhoTtorpadis kaninspis wapy |l CML, kopwu ro-
NOBHOMO MO3Ky 6inoro wypa KOHTPOMnbHOI rpynu 2 Ha 4-Ty

poby nicnga oL, 3abapBneHHs remaTokCuniHoM i eo3u-
HOM.

Fig. 1. Microphoto of capillaries of the third layer of the
cortex SMA of white rat of the control group 2 to day 4 after
AFCI. Hematoxylin and eosin staining.

UYepe3 72 ropunu i Ha 7-My 100y 3 MOMEHTY MO-
nemoanHs '@ y tBapuH rpyn 2 i 3 B imemizo-
BaHii MIBKYJIl TOJIOBHOTO MO3KY TaKOX BiJI3HAYAIINCS
MIKPOLIMPKY/ISITOPHI Ta AUCTPODIUHI 3MIHH, K1 OyiIn
OUIBII BUPAXCHUMHU Yy TBapUH IPyNH 2: JWjIaTaIlis
nepedpalbHUX CYJIUH, JHUCKOMIUICKCAIlisS Ta MOTOB-
LICHHS MIapiB CYIMHHOI CTiHKH, MEPUBACKYISPHUMA
Ta NEPULICITIONIIPHUN HAOpsiKuU (puc. 2).

EnekTpoHHO-MIKPOCKOITIYHE JOCIiPKEHHS TKa-
HUHM MO3KY TBapuH IpynH 2 uepe3 4 100H miciis Mo-
nemoBanHs ['®@LI nopiBHsHO 3 Tpynoo 1 BusSBMIIO
HEpPIBHOMIPHICTb TOBILUMHH 1 CKJIaAYacTiCTh HOBEPXHI
€H/IOTEIONNTIB, WMOBIPHO, BHACIHIJOK iX TIOIIKOJ-
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was also observed. In the examined areas of brain
a clear and vertical ordering of layers of neurons
was kept as a whole. Perivascular and pericellular
(more pronounced in the areas near capillaries)
types of edema were observed. Some brain capil-
laries were spastic (Fig. 1).

In 72 hours and on day 7 from the moment of
AFCI simulation in the animals of groups 2 and 3,
microcirculatory and dystrophic changes were also
observed in an ischemic brain hemisphere, which
were more pronounced in the animals of group 2,
that is the cerebral vessel dilatation, discomplexa-
tion and thickening of vascular layers, perivascular
and pericellular edema were found (Fig. 2).

Electron microscopic examination of brain tis-
sue of group 2 animals in 4 days after the AFCI
simulation in group 1 revealed uneven thickness
and folding of a surface of ECs, likely as a result
of their damage and reduced turgor (Fig. 2). This
disclosed a plasma leakage with homogenization
and the capillary wall vacuolation. In the endothe-
lium lining the vessels' lumen, micro-growths and
arc-shaped elements, formed as a result of its local
detachment were determined (Figs. 2, 3).

Electron microscopic examination of SMA spe-
cimens of rats of group 3 on day 7 after the AFCI
modeling revealed a decrease in perivascular edema
of brain substance (Fig. 4), which testified to the
regression of pathological changes on the side,
where AFCI was simulated. However, the zones of
enlightenment and expansion of the perivascular
space were not determined, the surrounding cell-
tissue structures were tightly adjacent to the wall of
capillaries.

Comparative analysis of morphological status
of the blood-brain barrier (BBB) elements of ani-
mals of groups 2 and 3 demonstrated that it cor-
responded to the norm after the CCBS administ-
ration (Fig. 5).

In addition, the disordered hemostasis during
the development of changes in an ischemic region
of brain was structurally manifested at all levels of
capillary network of the cortex SMA. In this case,
the changes were observed in all the layers of ca-
pillary wall, as well as in pericytes and vascular feet
of astroglia. Changes in light-type ECs, swelling
and destruction of mitochondria, cytoplasmic va-
cuoles, the appearance of large number of endocytotic
vesicles, adhesion of erythrocytes to their surface,
edema of pre-vascular processes of astrocytes were
observed (see Fig. 2).

In rats of group 2 if compared to group 1 on
day 7 after the AFCI modeling we observed the
signs of reactive changes of ECs, namely an increa-
sed thickness and microclasmatosis, reduction of
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KEHHS Ta 3HWKeHHs Typropy (puc. 2). Ilpu upomy
BUSIBISIOCS TJIa3MaTHYHE MPOCOYYBAHHS 3 TOMO-
TeHI3alli€l0 Ta BaKyONi3alli€l0 CTIHKH Kamijspa. B
€HJI0TeJIii, 10 BHCTHJIAE TPOCBIT CyAMH, BH3HAya-
JUCS MIKPOBUPOCTH W apKajoNoMiOHI eIeMEeHTH,
SIKi YTBOPWJIMICA B PE3yNbTaTi HOro JOKaJbHOTO Bif-
mapyBaHHs (puc. 2, 3).

EnexTpoHHO-MIKpOCKOITUHE TOCITIHKEHHS TIpe-
naparie CMJl kopu niypiB rpynu 3 Ha 7-my a00y
miciast monentoBanHs ['@LII BCTaHOBMIIO 3MEHIICH-
HSl TICPUBACKYJISIPHOTO HAOPSKY MO3KOBOI pEYOBHUHH
(puc. 4), mO CBITYMIO TPO perpec MaTOJOTIYHUX
3MiH Ha Ooui MmopenboBanoi ['®LI. Ilpu wupomy
30HM MIPOCBITICHHS 1 PO3MIMPEHHS IEPUBACKYIISIPHO-
ro IMPOCTOPY HE BU3HAYAIMCS, HABKOJIMIIHI KIITHH-
HO-TKaHWHHI CTPYKTYPH HIUTEHO MPUIISATAIN A0 CTiH-
KM KamisIpiB.

[TopiBusnpHUI aHaM3 MOP(OIOTIYHOTO CTaHy
ckimanoBux remaroeHnedanigaoro 6ap’epa (I'EB)
TBapHH TPyM 2 i 3 BUSABUB, IIO MICIs BBEIEHHS Ipe-
napary KCKK Bonu Bignosijianu HopMmi (puc. 5).

Kpim Toro, mopyuieHHst reMocTa3y B mepion po-
3BUTKY 3MiH B illIeMi30BaHiil AiJSHII MO3KY CTPYyK-
TYPHO BHSBISUIOCS HA BCIX PIBHSIX KamiJisipHOi Me-
pexxi CMJ] xopu. IIpu npomy 3MiHM BiI3HauaIuCs
y BCIX Iapax CTIHKM KamispiB, a TakoX y Iepu-
IUTaxX 1 CyIMHHHX HDKKax acTtpormii. Bimmivammcs
3miHa enporermianpaux KmtaH (EK) 3a cBiTiauMm TH-
oM, HaOyXaHHS 1 AECTPYKIIisl MITOXOHJIPiH, BaKyo-
Jm3aris [MUTOIUIAa3MH, BEJIMKA KUJIBKICTh €HJIOLIMTO3-
HUX OyJIbOAIoK, aare3iss epUTPOLHUTIB A0 TOBEPXHI
EK, HaOpsx mnepuBacKyIsIpHUX BIAPOCTKIB acTpo-
UTiB (IMB. puc. 2).

VY 1mypiB rpynu 2 MOpiBHSHO 3 rpynoo 1 Ha 7-My
no0y micist monenmtoBanHs @Il crnocrepiranumcs
o3Haku peakTuBHUX 3MiH EK: 301/IbIIICHHS TOBIIMHU
1 MIKpOKJIa3Maro3, PeAyKLis MDKKIITHUHHHX 3B’s3-
KiB, PO3PUBHU IIIJTMHONOMIOHNX KOHTAKTiB, YaCTKOBA
necTpykiis 0azampbHOi MemOpanu (BM), MiToXOH-
Ipiii 1 TOJTipHOOCOMATFHUX PO3ETOK, ITOSIBA JIOB-
IUX [HUTOIIA3MAaTUYHHUX BiJIPOCTKIB, HAOyXaHHS Ba-
PUKO3HMX YTBOPEHb €HIOTENII0, PO3MNOPOIICHHS
pubocoM Ta BiAAIICHHS iX Bl MEMOpaHH TpaHyIsip-
HOTO EHJIOIIA3MAaTHYHOTO PETHKYIyMY, arperaris
EPUTPOLIUTIB, CKYMTUYCHHS JIIiAIB Yy MUTOIUIA3MI Tie-
PHULHUTIB (IUB. puc. 3).

VYci Buleonucani 3MiHH CBIAYMIIN PO PO3BUTOK
rocTpoi enporenianbHol AMCHYHKLII, IO Cympo-
BO/DKYETBCSI 3HAUHUM IMiABUILICHHSIM arperamifHnx
BIIACTHBOCTEH KIITHH KPOBI Ta BUJIIJICHHAM Y CH-
CTeMHHMI KpOBOTIK PI3HUX OiOJOTIYHO aKTHBHHX
pedoBHMH. 3a3BHYail, MPU IILOMY BTPAYAETHCS 130-
moroua pynakmist EK, oromoroThes cyOeHI0TeTiab-
HAW map 1 KojareHoBi BoJIOKHa bM, BimOyBaeThCs
BimmapyBanHsl KiaiTHH. OmHcaHi 3MiHHM TPU3BOAATH
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Puc. 2. MikpodoTorpaisa uepebpanbHoro kaninspa wapy
Il CM[, kopu ronoBHOrO MO3KYy 6inoro Liypa KOHTPOMbHOT
rpynu 2 Ha 4-ty poby nicna FoLl. EC — engotenianbHi
KNiTHKW; M — MiTOXOHAPIT, eHAOUMTO3HI Myxumpui (CTpinka);
E — eputpouut; PA — nepuBackynsipHi BigpOCTKM acTpo-
umTIB.

Fig. 2. Microphoto of capillary of the third layer of the
cortex SMA of white rat control group 2 on day 4 after
AFCI. EC - endothelial cells; M — mitochondria, endocytotic
vesicles (black arrows); E — erythrocyte; PA — perivascular
processes of astrocytes.

cell-to-cell contacts, ruptures of slit-like contacts,
partial destruction of the basement membrane (BM),
mitochondria and polyribosomal rosettes, appea-
rance of long cytoplasmic processes, swelling of
varicose endothelium formations, ribosome diffu-
sion and separation from the membrane of granular
endoplasmic reticulum, erythrocyte aggregation,
lipid accumulation in cytoplasm of pericytes (see.
Fig. 3).

All of the above changes indicate the develop-
ment of acute endothelial dysfunction, which was
accompanied with a sharp increase in aggregation
properties of blood cells and are released into sys-
temic circulation of various biologically active
substances. Usually, herewith the ECs isolating func-
tion is lost, the subendothelial layer and collagen
fibers of BM are denuded, and the cells are detached.
The changes described lead to an activation of the
Hageman factor, alterations in charge and zeta po-
tential [22].

Destructive changes in cerebral capillaries are
combined with powerful stimulation of intact ECs,
resulting in an increased production of both vaso-
dilators and vasoconstrictors. Enhanced vascular
permeability of cerebral capillaries is accompanied
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[l CM[ kopwv rornoBHOrO MO3Ky 6inoro Lypa KOHTPOMbHOI
rpynu 2 Ha 4-ty noby nicns mogentoBaHHa LI Agresis
eputpoumTiB o nosepxHi EK (ctpinka); LIP — ninign; E —
eputpoumnTt; EC — eHgoTenianbHa knitnHa; BM — 6asanbHa
mMembpaHa; N — agpo nepuuuTa.

Fig. 3. Microphoto of capillaries of third layer of the cortex
SMA of control group 2 white rat on day 4 after modeling
AFCI. Adhesion of red blood cells to EC surface (black
arrow); LIP — lipids; E — erythrocyte; EC — endothelial cell;
BM — basement membrane; N — nucleus of pericyte.

mo akTuBarli (aktopa XaremaHa, 3MiHH 3apsanmy i
I3eTa-moTeHmiany [4].

JecTpykTHBHI 3MiHHM B TlepeOpabHUX Kamisipax
MOEAHYIOTHCS 3 MTOTYXKHOIO CTUMYJISIIIIE€I0 HETTOIITKO/I-
xenux EK, B pe3ynmprari 30UIbIIY€THCS MPOAYK-
il SIK Ba30PEJIAKCAHTIB, TaK i Ba30KOHCTPUKTOPIB.
301bIICHHS] CyAMHHOI TPOHUKHOCTI 1epeOpaibHuX
KaniJisipiB CyNpPOBOKYETHCS PEOpraHi3alieo HUTo-
ckenera Ta KoHTakTiB EK i3 momanbummm nizucom i
BiJIapyBaHHsM eHjorerito Big bBM [7].

Amnani3z crpykrypaux 3MiH CMJl xopm MO3Ky
mrypiB i3 @Il BusBUB, 1m0 32 yMOB HOpMai3arlii
KOMIIOHEHTIB, SKi 3a0€3MeUyI0Th TOMEOCTa3, BKIIIO-
YJalouW CTaH CYIWHHOI CTIHKM Ta MEMOpaHO-perer-
TOPHUH KOMIUIEKC KJITHH, MOXIIHBO MiHIMi3yBaTH
HACIIIIKK TIepEeHEeCeHOT KaTacTpohu.

Pesynbrarti qociikeHHs MOKa3aiy, Mo Ha 7-My
no0y micisi BBEIOGHHS IIypaM i3 MOJEIbOBAHOIO
I'®UI npenapary KCKK mioma nepuBackymisipHOro
HaOpsiky 3MeHmmnacs Ha 21,4%, Toxi sIK y TBapvH
rpynu 2 — Bcboro Ha 12,7%. Ilpu upomy y TBapuH
rpynu 3 y Ti %K caMi TepMiHH TICIS MOJIEIIOBaHHS
I'®UI cnocrepiraBes perpec nHabyxanus EK. Jlemo
mofiOHI 3MIHM BiJ3HAUajWcsd y TBapwH TPymu 2,
aje BOHHM OynW 3HAYHO MCHIIE BHPaKEHI MOPIBHS-
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with reorganization of cytoskeleton and the con-
tacts of ECs with following lysis and detachment
of the endothelium from BM [8§].

An analysis of structural changes in SMA of
cerebral cortex of rats with AFCI revealed that if the
providing homeostasis components are normalized,
including the condition of vascular wall and memb-
rane-receptor complex of cells, it is possible to
minimize the effects of this catastrophe.

The findings have shown that on day 7 after the
rats with the simulated AFCI were administered with
the CCBS the area of perivascular edema decreased
by 21.4%, whereas for the animals of group 2 that
was only by 12.7%. At the same time in the animals
of group 3 in the same terms after modeling AFCI
the regression of ECs swelling was observed.
Some similar changes were found for the animals of
group 2, but they were significantly less pronoun-
ced if compared to the rats in group 3 treated with
the CCBS (Table).

Morphometric analysis of perivascular and pe-
ricellular spaces of the third layer of SMA of cerebral
cortex on day 7 after modeling AFCI has shown a
significant difference in the mean values of their
areas. The Table shows that the average area of
perivascular spaces, which is an index of vasogenic
edema, in rats of group 2 was 45 times higher than
that in group 1, but in rats of group 3 treated with
CCBS, it was 37 times higher. The average area
of pericellular spaces indicating the degree of cyto-
toxic edema in animals of group 2 on day 7 after
AFCI was almost 23 times higher than in group 1.
In rats of group 3 if compared with group 2 this
index was increased by 20 times.

Similar changes were also found for the ECs sur-
face area in the AFCI zone. By day 7 of the experi-
ment in the animals of control group 2, the surface
area of ECs was (1,483 + 26.48) um?, which was
significantly bigger than that in the rats of groups 1 and
3, by 54.1 and 31.6%, respectively (Table). Reduced
surface area of ECs after the CCBS introduction
may indicate its positive anti-inflammatory effect.

On day 7 of experiment in the rats of group 3 there
was a tendency to a rise in the density of cerebral
capillaries if compared with intact animals and the
animals of group 2 (Table). That is, the treatment
of AFCI-simulated animals with the CCBS to some
extent stimulated the restoration of ultrastructure
of damaged capillaries, increase of their density,
as well as the formation of new capillaries. The
established changes were confirmed by optical
microscopy (Fig. 6). This was especially the case
with capillaries that contained BM with pericyte
feet. A new layer of endothelium gradually repla-
cing the lost ECs was appeared on this carcass.
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HO 31 IIypaMu Ipynu 3, siKi OTpUMYBaJIM Ipernapar
KCKK (tabmmris).

Mopdomerpuyauii aHami3 NEPUBACKYISPHUX 1
nepunentonsapanx mnpocropiB I mapy CM/J] xopu
TOJIOBHOTO MO3KY IIypiB Ha 7-My 100y Ticis Moje-
moBaHHs ['®III mokazaB iCTOTHY Pi3HHIIO CEpeTHIX
3HAYeHb IX TUIONI. 3 TaOMUIll BUAHO, IO CEPEIHS
IO TIEPUBACKYIISIPHUX TPOCTOPIB, SKa € TOKa3-
HUKOM Ba30T€HHOTO HaOpsIKy, B HIypiB Tpynu 2 y
45 paziB mepeBHIyBana Taky B Trpymi 1, omHak y
mypiB rpymu 3, mo orpumyBanun KCKK, Bona Oyna
oubinoro y 37 pasiB. CepenHs IUIOIIA TEPUIICITIO-
JSPHUX TPOCTOPiB, IO BKa3y€ Ha CTYHiHb LUTO-
TOKCUYHOTO HaOpsIKy, Yy TBapuH rpynu 2 Ha 7-My
no0y micast '@ maiixe B 23 pasu Oyna Oinbiie
MOpiBHIHO 3 rpynoto 1. Y mypiB rpynu 3 mopiBHS-
HO 3 TPYNOIO 2 JaHWi MOKa3HHUK OyB 301IbIIEHUN Y
20 pasis.

ITomiOHI 3MiHM CTOCYBamWCsl TaKOX ILIOMII IIO-
BepxHi EK y 30mi ['®II. Ha 7-my moOy excmepu-
MEHTY y TBapWH KOHTPOJIbHOI TPyNH 2 IJIOmIa To-
BEpXHI eHoTemoImTiB cTanoBmia (1483 + 26,48) Mxm?,
10 3Hady1Ie Oinble, HiX y mypiB rpym 113, Ha 54,1
ta 31,6% BignoBigHo (Tabnwuiist). 3MEHIICHHS TLIO-
i noBepxHi EK micns BBenenns npemapary KCKK
MOXE CBIAYUTH NP0 HOro MO3UTUBHHKA MNpPOTH3a-
NaJbHUHN e(eKT.

Ha 7-my no0Oy excriepuMeHTy y UIypiB Tpymnu 3
crioctepiranacst TEHICHINS 10 30UMBIIEHHS MIiTb-
HOCTI IIepeOpaIbHUX KamlIsIpiB IOPIBHIHO 3 1H-
TaKTHAMH TBapWHAMH Ta TBapHHAMH TpymnH 2 (Tad-
nurs). ToOTO nMiKyBaHHS IIypiB 13 MOJEITHOBAHOIO
I'®II mpernaparom KCKK nesikoro Mipor cTUMYITO-
BaJIO BIJHOBJIEHHS YJIBTPACTPYKTYpH MOLIKO/DKE-
HUX KaliispiB, 301TbIIEHHS iX IIUTBHOCTI, 8 TaKOX
YTBOPEHHSI HOBHX KamiispiB. BcraHoBieHi 3miHH
MiATBEPPKEHO 32 JONOMOTOI0 ONTHYHOI MiKpPOCKO-
mii (puc. 6). OcobnuBo 1e Oyno XapakTEpHO LIS
KamispiB, B skux 30epiranacs bM i3 HikKamu Tie-
puuutiB. Ha nmanomy kapkaci mOCTYHOBO 3’ SIBIISIBCS
HOBUI Iap €HI0TEi10, M0 3aMinryBaB yTpadeHi EK.

Kpim Toro, micias BHKOPHUCTAHHS IMpermapary
KCKK 3MeHmryBanmcs, ab0 HaBiTh 3HHKQJIA TaKi
O3HAKH BUCHAXXCHHSI PENapaTruBHOI 37aTHOCTI, SIK
3BY)KEHHSI pOOOYOr0 MPOCBITY CYIWH, HAKOITUYCHHSI
3QJIMIIKOBUX Tutelb y 1uroruiasmi EK, mpomide-
parisi TepUBacCKyJISIPHOI acTpormii i HAaKONMWYCHHS
B HIM mimigiB, BTOPUHHUX JizocoM 1 ¢iOpisip-
HHUX CTPYyKTYp, arpodis EK. V ninomy yasrpactpyx-
Typa CYIMHHOI CTiHKM BHDIAgasa Oinpmr 30epe-
KEHOI0, a TOIIKoMKeHHss bM Oynu MeHm rmumbo-
KHMH.

VY 3paskax TKaHWH TOJIOBHOTO MO3KY TBapuH
Tpynu 3 BUSBISUINCS HOBOYTBOPEHI CYIWHH, TIEpHU-
BaCKYJSIPHUH TPOCTIp SIKUX BIAMOBITaB HOPMaib-
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Puc. 4. MikpodoTtorpacpisi LepebpanbHoro kaninsapa apy
[l CMA kopw ronoBHoro Mo3ky 6inoro Lypa rpynu 3 Ha
7-my poby nicna mopgentoBaHHa T®LI. 3oHa nepuBacky-
nApHOro Habpsky (YopHa cTpinka); EC — enpgoTenianbHa
kniTuHa. 3abapsneHHs 3a Hicnem.

Fig. 4. Microphoto of capillaries of the third layer of the
cortex SMA of group 3 white rat on day 7 after modeling
AFCI. Zone of perivascular edema (black arrow); EC is an
endothelial cell. Nissl staining.

In addition, after the use of the CCBS these signs
of depletion of reparative capabilities, such as nar-
rowing of the functioning lumen of vessels, accumu-
lation of residual bodies in ECs cytoplasm, prolife-
ration of perivascular astroglia and accumulation
of lipids in it, secondary lyposomes and lysopha-
ryngeal lysosomes decreased or even disappeared.
In general, the ultrastructure of vascular wall appea-
red to be more preserved, and the BM lesions were
less profound.

Puc. 5. MikpodoTorpadis LepebpanbHoro kaninspa wapy
Il CM[ kopwu ronoBHoro Mosky 6inoro wypa rpynu 3 Ha
7-my 0oby nicnst mogentoBaHHs MOLII. EC — eHpoTeniansHa
knitnHa; E — eputpouuT; P — nepuuunT.

Fig. 5. Microphoto of capillaries of the third layer of the

cortex SMA of group 3 white rat on day 7 after modeling
AFCI. EC — endothelial cell; E — erythrocyte; P — pericyte.

npo6nemu Kpiobionorii i kpiomeanUMHN

problems of cryobiology and cryomedicine
Tom/volume 29, Ne/issue 3, 2019



Homy. IIpocBiT cyaun OyB mpo30pHUM i 3alIOBHEHHM
TUIa3MOIO.

3a yMOB TOCTpOI TiMOKCii, OKpiM CYIWHHOI Tiepe-
OpajibHOI CITKH, BiAMidamocs ypaXeHHS OCHOBHOI
CTPYKTYpHOI OJWHWIII HEPBOBOi CHCTEMH — HEH-
pona. Tak, Oymo BusBICHE 30UTBIIICHHS KUTBKOCTI
TMOIITKOJDKEHUX HEWPOHIB 13 PI3HUM CTYIEHEM JHC-
Tpodii 10 HE3BOPOTHUX 3MiH. KilbKicTh HOpMallb-
HUX HEWpOHiB 3MeHIMIacs Ha 46,8%. Y momkomke-
HUX HEHpOHAaX CIIOCTEpIranucsi pi3HOTro CTYIMEHS BU-
PaKEHOCTI XpOMaToIi3 i BaKyoJi3alisl UTOIIa3MHU.
Hesiki KIITHHA MicTUiIM TikHOMOpQHI siapa. Y He-
00OPOTHO NOLIKOPKEHUX HEWpOHAaX KIITHHHE TiJIO
4acTKOBO a00 TMOBHICTIO Oyno 3pyitHOBaHe, (iKcy-
BaBcs Jizuc sinep (puc. 7). Y pesynbrari B 4,57 pasu
I IBUIITYBaBCS 1HIIEKC aybTepariii (TaOmuis).

OxpiM BHUIIIEONMMCAHUX MOPQOTOTIIHNX 3MIH HEH-
POHIB, 30i/bIIyBajacss 4acToTa IOMApHOTO pO3Ta-
[IyBaHHS DIaJbHUX KJIITHH HABKOJIO HHUX, IO € He-
MPSIMOIO O3HAKOIO Tinmokcii. Le mpuBoanio g0 3611b-
LICHHS NIEPUHEHPOHAILHOTO CAaTENiTHOTO iHACKCY B
3,62 pasu (Tabmuiis).

[locunenns cateniTo3y Ta 301IbIIEHHS NEepUHEH-
POHAJIBHOTO CaTENiTHOIO iHAEKCY CBigYaTh MpoO BU-
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Puc. 6. Mikpodotorpadisa Il wapy CM[I kopw ronosHoro
MO3Ky Ginoro wypa rpynu 2 Ha 7-my goby nicnst FeLI (A),
OOCNigHOT rpynu 3 i3 BKMYEHHAM LO CXEMWU fiKyBaHHS
KCKK (B) Ta rpynun 1 (C). LiepebpanbHi kaninapu — YopHa
CTpinka; 3abapBreHHs reMaToKCUIIHOM | €031HOM.

Fig. 6. Microphoto of the third layer of the cortex SMA of
group 2 white rat on day 7 after AFCI (A), experimental
group 3 with the inclusion into the treatment protocol of
CCBS (B) and group 1 (C). Cerebral capillaries — black
arrow; hematoxylin and eosin staining.

In samples of brain tissues of animals in group 3
thenewly formed vessels were found, the pe-
rivascular space of which corresponded to normal.
The lumen of vessels was transparent and filled
with plasma.

In acute hypoxia, besides cerebral vascular
network, there was a lesion of basic structural
unit of the nervous system, i. e. neuron. Thus, an
increased number of injured neurons with varying
degrees of dystrophy was found to be irrever-
sible. The number of normal neurons was decrea-
sed by 46.8%. In damaged neurons the cytoplasm
chromatolysis and vacuolation were observed.
Some cells contained pycnomorphic nuclei. In
irreversibly damaged neurons, the cell body was
partially or completely destroyed, and the lysis
of the nuclei was observed (Fig. 7). As a result, the
index of alteration (Table) was 4.57 times increa-
sed.

In addition to morphological changes in neurons
described above, the frequency of paired glial cells
around them increased, which is an indirect sign
of hypoxia. This led to a rise in perineuronal satel-
lite index in 3.62 times (Table).

Enhanced satellitosis and increased perineuronal
satellite index indicate a high level of neuronal
functional stress, in which their energy reserves
are lost and their neuroplastic capacity is critically
reduced. No signs of brain tissue gliosis were
found, that is explained by short periods of ob-
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COKHMH piBeHb (PYHKIIOHAIBHOTO HANpY)KEHHs Heii-
POHIB, IIPH SIKOMY BTPadalOThCs IX CHEPreTHYHI 3ara-
CH 1 KPUTHYHO 3HMXKYIOTHCSI HEHPOIJIACTUYHI MOXK-
muBocTi. O3HaK [Ii03y TKAHUHM MO3KY BHSBJIICHO
He Oylo, IO TOSCHIOETHCS KOPOTKHMH TEpPMiHAMHU
CIIOCTEpeXEHHs B Hairocrpimomy mepiomi ['OLI Y
pe3ybTaTi TIOHEHpOHATBHNUN IHAEKC, IO BH3HA-
YA€ThCS K CITIBBIIHOIICHHS KUTBKOCTI KIIITHH HEHpO-
IUTii JIO KUTBKOCTI HEHPOHIB, HE 3MIHFOBABCSI (TAOMHIIS).

OTtpumaHi aHi cBiT4aTh PO TE, IO 38 YMOB EKC-
nepumenTanbHol 'O ypakyroTbes sIK KIITHHH,
TaK 1 CyIMHH HEPBOBOI CHCTEMH, 110 i OOYMOBIIOE
CKJIaJJHy HEBPOJIOTiUHY cumnToMaruky [I'M.

Mu BBa)ka€eMoO, 110 BHABJICHI B X0/l €KCIIEPUMEH-
Ty 3MIiHU CTaHy CYIWHHOI IepeOpaIbHOi CITKH, HEH-
POHIB Ta KIIITUH TIii € aJanTaTuBHO-IIPHCTOCYBAJb-
HuMu MexaismMamu mipu ['®DLI, mo 3amyckaerscs
onpa3y Iicis TPUITMHEHHS [epeOpasbHOTO KPOBO-
TOKy. ['ocTpa TIMOKCisA € TMOTY)KHHM CTHMYJISITOPOM
KOMITEHCATOPHOTO HEHPO- il aHTioTeHe3y, SKUi 3HaY-
HO BIUJIMBA€E Ha MOCHUJICHHS HEUPOIUIACTUYHOCTI MO3-
KOBOI TKAaHMHU Ta BU3HAYA€ MepeOir 3aXBOPIOBAHHSI.
AJne ommcaHi MEXaHI3MHU HE 3/IaTHI MTOBHOK MipOIO
BIUIMBaTH Ha PEaKTHBHI MOPYIICHHS B TKaHWHI MO3-
Ky, 1[0 PO3TOPTAIOThCSI B IEpPLIl XBUIMHU TOCTPOL
rimokKcii.

Ha »ainp, cygacHi MOXIIMBOCTI CTHUMYJISIIIT KOM-
[IEHCATOPHUX peaklid Ta aKTUBAIlil MpOIECiB HE-

. ] o <l bl :
Puc. 7. Mikpodotorpadisi HerpoHis Il wapy CM[, kopwu ro-
JIOBHOTO MO3KY 6inoro wiypa KOHTPOMbHOI rpynu 2 Ha 4-Ty
£o6y nicns MLl 3abapBneHHs reMaToKCUNiHOM i €031HOM.

Fig. 7. Microphoto of neurons of the third layer of the cortex
SMA of control group 2 white rat on day 4 after AFCI.
Hematoxylin and eosin staining.

servation in the most acute period of AFCI. As a
result, the glioneuronal index, defined as the ratio
of the number of neuroglia cells to the one of neu-
rons, did not change (Table).

Brninme KCKK Ha mopdonoriyHi nokasHukm I wapy CM[ kopn Mo3Ky LwypiB Ha 7-my Aoy nicna mogentoBaHHs DL
Influence of CCBS on morphological indices of the third layer of cortex SMA on day 7 after simulation AFCI

[pyna TBapwuH

MoKasHUKK Group of animals
Indices
2 3

Mnowa nepvBackynApHUX NPOCTOPIB, MKM? % ot

Area of perivascular spaces, ym? 3098 134 + 1,23 12 £ 1,47

Mrnowa nepruentonApHUX NPOCTOPIB, MKM? .

Area of pericellular spaces, yum? 4 £074 92 + 2,08 81 £ 1,84
Mnowa noBepxHi eHaoTeNiaNbHUX KNITUH, MKM? * 4
Area of surface of endothelial cells, yum? 962 + 21,35 1483 + 26,48 1127 + 30,14

L L 3

LlinkHicTh uepeGpankHuX KaninApis, M 2534 + 36,74 2719 + 29,87 3087 + 41,38

Density of cerebral capillaries, mm?

IHpekc anbTepauil
Alteration index

0,0326 = 0,002

0,148 + 0,003* 0,123 + 0,002

MepuHepoHanbHWiA iHAEKC
Perineuronal index

1,486 = 0,027

5,379 £ 0,107* 4,624 = 0,092

[nioHepoHanbHWUiA iHAEKC
Glioneuronal index

0,623 += 0,12

0,782 + 0,16 0,763 = 0,11

HopmanbHi HeipoHu, oa./MKm?
Normal neurons, unit/ ym?

91,34 + 1,262

48,59 + 2,158* 56,24 + 1,252

MowKomKkeHi HEMPOHU, of./MKM?
Injured neurons, unit/ um?

2,48 £ 0,144

33,45 + 1,674* 26,24 + 1,2147

MpuMiTKK: * — BIAMIHHOCTI CTAaTUCTMYHO 3HauyLLi BigHOCHO rpynu 1 (p < 0,05); # — BiAMIHHOCTi CTaTUCTUYHO 3HaYyLUi BiA-

HocHo rpynu 2 (p < 0,05).

Notes: * — differences were statistically significant with respect to group 1 (p < 0.05); # — differences were statistically

significant with respect to group 2 (p < 0.05).
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poperenepauii € Bkpail oOMexeHUMH. OCHOBHUMH
MeXaHi3MaMH HEHPOIUIaCTUYHOCTI 32 yMOB Oylib-
SKHX LepeOpajbHUX KaTacTpo( BBaKAIOTHCS SIBU-
Ia 3a TUIOM Sprouting (TOCHJICHHSI PO3ray’KeHHs
BiJIPOCTKIB HEHPOHIB BiJl BKE ICHYIOUHX ), NON-Sprou-
ting (po3MMpPEHHs, PO3MIETUICHHS, 3TUTTA ICHYIOYHX
BIIPOCTKIB), YTBOPEHHSI HOBUX CHHAIICIB, 3MiHH MEM-
OpaHHOTO MOTEHIIaTy Ta 3aIlyCK BTOPUHHOTO aHTi0-
TeHE3Yy.

Ha namry aymKy, OfHI€I0 13 MOXKIUBUX MPUYUAH
BKa3aHUX 3MiH MO)ke OyTH aKTHBallisl penaparus-
HUX TPOIECIB y TKAHUHI MO3KY 3a y4acTi psy Oio-
JIOT1YHO aKTUBHUX PEYOBHH, IO MICTITHCS B CKIIAJ
npernapary KCKK, ockinbku miciss WOTO BBEICHHS
y tBapuH i3 ['®IIl BigOyBaeThcs OULIBIT aKTHB-
Ha CTUMYJIAIIS MEXaHi3MiB BIJIHOBIICHHS TKaHWUHU
MO3KY MOpIBHSIHO 3 KOHTPOJBHHMH. VIMOBipHO, e
BiIOYBa€ThCSA 3a paxXyHOK BIUIMBY Ha IPOICCH HEH-
po- Ta amriorere3y mpu @Il dakTopiB pocty —
cnenupiuHuX TPO(MIYHUX PETYITIOIYHX PEUOBHH
MENTUAHOT TPUPOIH, IO MOKYTh CTUMYIIOBATH Mi-
TOT€HE3, XeMOTaKCUC, Au(epeHIiloBaHHs KIITHH 1
anriorene3 [13, 27]. Ilpu nboMy OCHOBHUM MeXa-
HI3MOM peryismii mpoueciB aHrioreHe3y € axTu-
Balis mposidepanii eHA0TENOMTIB, 0 TPUBOAUTD
J0 PEMOJICNIIOBAaHHS ICHYIOUMX CYIUH 1 yTBOPEHHS
HoBUX [12].

Pesynbratn mpoBeNEHOTo AOCIHIIKCHHS BKasy-
o1h Ha crumymorounid BiuB KCKK Ha mponecu
aHTiOreHe3y B IMEMi30BaHIM TKaHWHI MO3KY, IIPO
SKUN CBiAYarTh IIBUIKE BIJHOBJIEHHS YIbTPACTPYyK-
TYPH MOIIKOJKEHUX KaIlJISPiB Ta yTBOPEHHS HOBHX.
[lpu ©bOMYy CTHMYNATOPaMH aHTIOTE€HE3y MOXKYTh
OyTH BacKyJIOCHIOTENalbHIi (QaKkTop PocTy, (ak-
TOp pocty ¢ibpobnactiB, TpoMOouuTapHuid hakTop
pocrty, Tpanchopmytoui (gaxktopu pocty P, iHCYIi-
HomoniOHuil ¢akrop pocty 1, siKi B 3HAYHIA KiJb-
KOCTI MPHUCYTHI B KOpAoBiil kposi [20, 25]. OgHo3-
Ha4yHO, NPOLECH aHrio- Ta HeHporeHesy € B3ae-
MomoB’si3aHUMU. bimpmricte mpucyTtHix y KCKK
(bakTOpiB pOCTY, IO CTUMYNIOIOTh AHTIOTEHE3, Ta-
KOX 0e310CepeTHb0 BILNTUBAIOTH 1 HA TIPOIIECH YTBO-
peHHsI HOBUX HeHpoHiB [23].

CTUMyITIOBaHHIO aHTIO- Ta HEHPOTEHE3y MOXKe
Takok crpusti nporuzananbHa nis KCKK, mo pe-
aNi3y€eThCs 3aBASIKM NPUCYTHOCTI B Tpemapari mpo-
TU3anaJbHUX IUTOKIHIB — iHTepielkiniB-4, 8, 10
(IJI-4, UI-8, UJI-10) [15, 22] ta Tpancdopmyodoro
¢axropy pocty B [21]. Cnix 3a3nauuty, mo 1JI-8 €
HE TIAbKH MPOTHU3alaJIbHUM arcHTOM, a H MpoMoy-
TOPOM AaHT10I€HHOT aKTMBHOCTI, CTUMYIIOIOYH BU-
JKUBaHHS, ipoidepariito Ta mirparito EK [24].

Ex3ocomMn cupoBaTkH KOpAOBOI KPOBi, sSIKi Mic-
TTh MiKpoPHK, Takok MOXKyTh aKTHBYBaTH TIPOJTi-
(departito Ta MIrpamiro €HIOTEIIOIUTIB JIIOIUHN 3
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The findings indicate that under experimental
AFCI both cells and vessels of nervous system
are affected, that causes complicated neurological
symptoms of the IS.

It is supposed that the changes in a state of ce-
rebral vascular network, neurons, and glial cells
detected during the experiment are the adaptive
mechanisms during AFCI, which are triggered
immediately after the cerebral blood flow is stopped.
Acute hypoxia is a potent stimulator of compen-
satory neuro- and angiogenesis, which significantly
affects the enhancement of brain tissue neuro-
plasticity and determines the disease course. Ho-
wever the described mechanisms are not able to
fully influence the reactive disorders in brain
tissue, which develop in the first minutes of acute
hypoxia.

Unfortunately, current possibilities of stimulation
of compensatory responses and activation of neu-
roregeneration are extremely limited. The main
mechanisms of neuroplasticity under conditions of
any cerebral catastrophes are the phenomena such
as sprouting (enhancement of branching of neuro-
nal processes from existing ones), non-sprouting
(expansion, splitting, fusion of existing processes),
formation of new synapses, change of memb-
rane potential and triggering of secondary angio-
genesis.

We believe that one of possible reasons for
these changes may be the activation of reparative
processes in brain tissue with the involvement of a
number of biologically active substances contained
in the CCBS, since after its introduction to the
animals with AFCI the more active stimulation of
the mechanisms of brain tissue repair compared
to the control occurs. This is likely due to the in-
fluence of growth factors, specific trophic regulators
of peptide nature, on the neuro- and angioge-
nesis processes in AFCI, which can stimulate
mitogenesis, chemotaxis, cell differentiation and an-
giogenesis [7, 27]. The main mechanism, regu-
lating an angiogenesis, is an activation of ECs
proliferation, which leads to remodeling of exis-
ting vessels and formation of new ones [6].

The research results point out a stimulating
effect of CCBS on angiogenesis in ischemic brain
tissue, as evidenced by a rapid restoration of ultra-
structure of damaged capillaries and formation of
new ones. In this case, vascular endothelial growth
factor, fibroblast growth factor, platelet growth
factor, transforming growth factors P, insulin-like
growth factor 1, being largely present in cord blood
can stimulate angiogenesis [15, 21]. Definitely, the
processes of angio- and neurogenesis are interre-
lated. Most of the angiogenesis-stimulating growth
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HACTYIHUM YTBOPEHHSM KalllIsIpiB, HA IO BKa3yIOTh
pesyabraTu qociimkeHHs L. Jia Ta criBabr. [18].

Kpim mporo, daxropu, siKi MICTATBCS B IUIa3Mi
KOpPAOBOI KPOBi, MOXYTh UWHUTH AHTHAMIONITUYHY
Ta HEHPOIPOTEKTOPHY Mit0 [16] HA KIITHHU MO3KY,
SIKI 3HAXOMATHCS B 30HI MOIIKOKEHHS, 30UTBITYIOUH
BIPOTiTHICTP iX BHKUBAHHS [25].

TakuM 94UHOM, Pe3yabTaTH MPOBEICHOTO JOCII-
JKEHHS BKa3yroTh Ha Te, mo KCKK moxe Oytu edek-
TUBHHMM TMpenaparoM JJisi JIKYBaHHS MONIKO/KEHb
MO3KOBOI TKaHWHH, SIKI CIPUYMHEHI TOCTporo (¢o-
KaJbHOIO LIepeOpaIbHOIO IHIEMIETO.

BucHoBku

1. ExcnepuMeHTaNbHE MOPYIICHHS Lepedpalib-
HOTO KpOBOOOIry BHKJIMKAE MOTY)KHHUH HEHPOTOK-
CUUHMH e(]eKT, SKUH XapaKTepHU3yeThCS PI3HOTO
CTYTICHS pPO3JIalaMHd CTPYKTYypHO-(QYHKITIOHAIEHO-
TO CTaHy HEHPOHIB 1 KJIITHH HEUPOTITii TOJOBHOTO
MO3KYy IIypiB, IO MIATBEPIKYETHCA TaKUMH SKic-
HUMH 1 KiJIbKICHUIMHU TOKa3HUKaMH, SIK aJbTeparliii-
Hull (30unbIneHHs y 4,57 pa3u 1O BiIHOLICHHIO JI0
rpynu 1) 1 mepuHeiipoHanbHUE carexiTHUM (-
BUIICHHS y 3,62 pa3u MO BiAHOLICHHIO 10 rpynu 1)
1H/ICKCH.

2. Huctpodiuni 3MiHM HEHpOHiB, (QOpMyBaH-
HSl HEHPOHOIECTCHEPaTUBHMX IIPOLECIB B YMOBax
excniepuMenTanbHoi @Il BigOyBaroTbes Ha Tl
MIKPOIIMPKYISITOPHUX TOPYIIEHb, 1 MOXYTh OyTH
TTOB’s13aHI 3 HAaOPSIKOM MO3KOBOI TKaHWHHU (cepen-
HA IO TICPUBACKYJSIPHUX TIPOCTOPIB Y IIYPiB
rpynu 2 y 45 pa3iB mepeBulllyBaia TaKy B TKaHWHI
MO3KY IHTaKTHUX TBapHH) 1 BTOPMHHHM CIa3MOM
CYIUH, SIKi TMPHU3BOAATH J0 MOAAIBIIOIO MOPYILIEH-
HSl TPOQIKM HEHpOHIB BHACTIIOK 3MEHLICHHS Hall-
XOJKEHHS KUCHIO T TIO)KUBHUX PEYOBUH Y KIIITHHH.

3. Hamoneni ekcniepumenTaibroi ' @111 3 BBeeH-
usm KCKK 0Oyrno BcTaHoBneHO, 10 JaHUi iMyHOO10-
JIOTIYHUN TIperapaT MpOsBISE€ BUPaKEHI HEWpo- U
AHTIONPOTEKTOPHI BIIACTHBOCTI, aKTHUBYE pemnapa-
TUBHI TIPOLIECH B TMEPUHEKPOTUYHIM 30HI 3a paxy-
HOK ITiIBUIIIEHHS Ha 7-My 100y IIITFHOCTI KamiasapiB
Ha 21,8% TOpIBHIHO 3 IHTAaKTHUMH TBapuHAMH U
30UTBIIIEHHS TUTONII TMOBEPXHI KaIISIPHOTO pycla,
MOTIEPePKAE PO3BUTOK HEMHUHYYO! MucyHKIii Te-
MaToeHIedaniyHoro Oap’epa Ta MeMOpaHO-pelen-
TOPHOTO KOMIUIEKCY HEMPOHIB 1 KIITHH HeHpormii B
JIMHAMIIIl 3aXBOPIOBAHHSI.

Nitepatypa
1. BynaHueB AlO, pepaktop. CTepeoTakcuyeckuii atrnac mosra
KpbiCbl (PpoHTanbHble ceyeHus). MylwmHo: AHanuTuyeckas
Mukpockonus; 2002. c. 7-15.
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factors present in CCBS also directly affect the for-
mation of new neurons [19].

Stimulation of angio- and neurogenesis can also
be facilitated by an anti-inflammatory effect of CCBS,
which is implemented via the presence in the pro-
duct of anti-inflammatory cytokines — interleukins-4,
8, 10 (IL-4, IL-8, IL-10) [10, 18] and transforming
growth factor B. It should be noted that IL-8 is not
only an anti-inflammatory agent but also a promoter
of angiogenic activity, stimulating EC survival, pro-
liferation and migration [20].

The cord blood exosomes, containing micro-
RNA, can also activate proliferation and
migration of human ECs with subsequent capil-
lary formation, as indicated by the results of L. Jia
etal. [13].

In addition, the factors contained in cord blood
plasma can exert anti-apoptotic and neuropro-
tective effects [11] on brain cells being in the
lesion area, increasing probability of their survival
[21].

Thus, the results of this study indicate that
the CCBS can be an effective agent to treat a brain
tissue injury caused by AFCI.

Conclusions

1. Impaired cerebral circulation in experiment
causes a strong neurotoxic effect, characterized
by varying degrees of structural and functional
impairment of neurons and cells of neuroglia, which
confirmed by such qualita tive and quantitative
indices as the alteration (4.57-fold increase versus
group 1) and perineuronal satellite (3.62-fold in-
crease versus group 1) indices.

2. Dystrophic changes in neurons, formation
of neurodegenerative processes in experimental
AFCI occurred on the basis of microcircu-
latory disorders, and might be associated with brain
tissue edema (the average area of perivascular spaces
in rats of group 2 was in 45 times higher than that
of intact brain tissue), secondary vasospasm that led
to further disruption of neuronal trophism because
of a decreased supply of oxygen and nutrients to the
cells.

3. In the model of experimental AFCI with
the CCBS introduction, it was found that this im-
munobiological product exhibited a pronounced
neuro- and angioprotective properties, activated re-
paration in perinecrotic zone due to an increase on
day 7 of the capillary density by 21.8% if compared
with the intact animals and rise in the capillary bed
surface area, prevented the development of ine-
vitable dysfunction of the blood-brain barrier and
membrane-receptor complex of neurons and neurog-
lia cells in the disease dynamics.
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