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Therapeutic Hypothermia and Cell Therapy Change
Cognitive Functions of Spontaneously Hypertensive Rats

Pedrepar: Y poboti npeactaBneHo pesynbrati AOCHIAKEHHS MpPOCTOPOBOI MaM’sTi Ta NPOLECIB HaBYaHHS Anst 3aranbHOro
aHani3y KOrHITUBHOI (PYHKUii CMOHTaHHO FiNepTEH3UBHMX LLYpPIB MNiCNs CaMOCTIMHOrO Ta MOEAHAHOrO NPOBEAEHHS PUTMIYHOI KpaHio-
uepebpanbHoi rinotepmii (pKLIY) i BBeAeHHs KpiOKOHCEPBOBaHWMX sIAPOBMICHUX KMiTMH kopaoBoi kposi (kABK KK). MNokasaHo,
WO wypu NiHii SHR MaloTb KOTHITUBHUIA AediunT, SKUA NPOSIBNSETLCS B 3HWXKEHHI LUBMAKOCTI NPOLECY HaBYaHHS Ta (hOpMyBaHHS na-
m’aTi y BogHoMy nabipuHTi Moppica (BJIM). MposeaeHHs nikyBanbHoi pKUI™ Ta/abo knituHHOT Tepanii (BBeaeHHst kKABK KK) 3a 30 gi6
0o TpeHyBaHHs y BJIM nokpaluyBano KOrHiTMBHI dyHKuUii wypiB niHii SHR: 3MiHloBanack ctpareris nowyky Uifi, CTaTUCTUYHO 3HaJy-
e 3MEeHLUYyBaBCS Yac MOLLYKY NPMXOBaHOI Mig BoAot nnartgopmu. BkasaHi 3MiHM CBig4Mnu nNpo NPUCKOPEHHSI NPOLECIB CIPUAHATTSA
iHcpopMalii, HaB4aHHS Ta popMyBaHHS NPOCTOPOBOI Nam’aTi. Ha 36epexeHHs1 Ta BiATBOPEHHSI JOBrOTPMBAnoi nam’aTi i, sk Hacnigok,
Ha cchopmoBaHy CTpaTerito NPSIMOro 3HaxXOMKeHHs1 MiweHi y BJIM Haibinblu BnnuBana okpema Tepanis npenaparaMmu KpioKOHCEpBO-
BaHOI KOpOOBOi KPOBi Ta B NoedHaHHi 3 mpoueayporo NikyBanbHOI rinotepMii. BctaHoBneHo, Wo Takui nigxia YMHWTL Herponpo-
TEKTOPHY Aito, CPUSIOYN YACTKOBOMY YCYHEHHIO KOTHITMBHOro Aediumty y wypiB niHii SHR 3a paxyHOK MokpalleHHS npocTOpoBOil
nam’siTi Ta NPUCKOPEHHS NpoLeCiB HaBYaHHS.

Knro4yoBi cnoBa: CnoHTaHHO rinepTeH3MBHiI LLypWU, pUTMiYHa KpaHiolepebpanbHa rinoTepmis, KpioKOHCEpPBOBaHI AAPOBMICHI KMiTUHK
KOpAOBOI KPOBI, KOTHITUBHI hYHKLIii, N(POCTOpPOBa Nam’ATb, HAaBYaHHS.

Abstract: The paper presents the research results of spatial memory and learning processes for the comprehensive analysis
of cognitive function of spontaneously hypertensive rats under the influence of independent and combined use of rhythmic cranio-
cerebral hypothermia (RCH) and the introduction of cryopreserved cord blood nucleated cells (cCBNCs). It was shown that SHR
rats had a cognitive deficit, which was manifested in reduced speed of the learning process and memory formation in the Morris water
maze (MWM). The administration of therapeutic RCH and/or cell therapy (cCBNCs introduction) 30 days before training in the MWM
improved the cognitive functions of SHR rats: the target search strategy changed, and the time to search for a platform hidden
under water was significantly reduced. These changes indicated the acceleration of the processes of information perception, learning,
and the formation of spatial memory. The preservation and reproduction of long-term memory and as a result of the formed
strategy of direct finding of the target in the MWM was most influenced by certain therapy with the samples of cryopreserved cord
blood in combination with the procedure of therapeutic hypothermia. It was established that this approach exerted a neuroprotective
effect, contributing to the partial elimination of cognitive deficits in SHR by improving spatial memory and accelerating learning pro-
cesses.

Key words: spontaneously hypertensive rats, rhythmic craniocerebral hypothermia, cryopreserved cord blood nucleated cells,
cognitive functions, spatial memory, learning.

[NopymieHHs: KOrHITUBHOI (DYHKILIT € OHI€IO 3 aK-
TyaJbHUX MpoOieM cydacHoi MeauuuHH. Bzaemo-
3B’130K M)XK BUCOKHUM apTepianbHuM THCKoM (AT) i
KOTHITUBHHMH PO3JaJlaMH BCTAHOBJIEHO y 0araTtbox
emigemionorivanx gociimkeHHsx: «The Framing-
ham Heart Study», «Hoom Study», «Uppsala Longi-
tudinal Study of Adult Men», «ARIC», «Hono-
lulu-Asia Aging Study» [3]. OnmepskaHi pe3yibTaTu
JIEMOHCTPYIOTh KOPEJIAIII0 BHCOKOTO CHCTOJIIYHO-

ro aprepianibHOro THCKY (CAT) B cepemuHi >KUATTS
]
IHcTUTYT Nnpobnem kpiobionorii i kpiomeguumnHn HAH Ykpainn, m. Xap-
kiB, YkpaiHa

*ABTOp, IKOMY HeOo6XiAHO HaACUNaTU KOpPecnoHAeHLlo:
Byn. MNMepesicnaecbka, 23, M. XapkiB, YkpaiHa 61016;

Ten.: (+38 057) 373-74-35, chakc: (+38 057) 373-59-52
enekTpoHHa nowrTa: journal@cryo.org.ua

Hapgiwna 22.03.2023
MpunHaTa go apyky 18.09.2023

Disordered cognitive function is one of the
urgent tasks of modermn medicine. The relationship
between high blood pressure (BP) and cognitive
disorders has been established in many epidemio-
logical studies: ‘The Framingham Heart Study’,
‘Hoorn Study’, ‘Uppsala Longitudinal Study of
Adult Men’, ‘ARIC’, ‘Honolulu-Asia Aging Study’
[25]. The findings demonstrate the correlation
of high systolic blood pressure (SBP) in midlife

with a decline in cognitive function in old age. At
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31 3HIKEHHAM KOTHITHBHOI (QYHKUii B TIOXH-
nomy Biti. [Ipu npomy migBumienHss CAT Ha KoxHi
10 MM PT. CT. MiABHMILY€E PU3UK BUHUKHEHHS PO3-
naxiB miei marosorii Ha 7-16% [3, 4].

Bigomo, mo BHACTIZOK XPOHIYHOI apTepiaabHOL
rineprensii (XAI') 3MIHIOIOTBCS TIOKa3HHUKH pEakK-
THBHOCTI Ta aIallTUBHOCTI OpPTaHi3My, MOPYIIYETHCS
AyTOPETYIIAIISI MO3KOBOTO KPOBOTOKY, BiOYyBa€Th-
Cs PEMOJCIIOBAaHHS CYIWH TOJOBHOTO MO3KYy (I'M).
XpoHiuHa apTepiajbHa TillEpPTeH3isl HEraTHBHO
BIUIMBAE Ha CTPYKTYpHY Ta (pyHKUiOHAJBbHY IiJlic-
HiCTh MiKponupKymsinii I'M, 1o npu3BoauTh 10 po-
3piPKEHHST  MIKPOCYIOHUH, IepeOpOMiKpOCYIMHHOT
nucyHKOii  eHOOoTeNil0 Ta HEPBOBO-CYAWHHOTO
pO3’€nHAaHHA, BHACTIJOK SKHX IOTipPUIYETHCS MO3-
KOBe KpoBomocTtadanus [16, 19, 22, 26, 31]. Ilpu
IbOMY 3MIHIOETECS TIPOHUKHICTH T'eMaTOCHIIe-
(daxiuHoro Oap’epa, IO CIPHUSIE PO3BUTKY HEUPO-
3amajieHHs Ta 3arOCTPEHHIO aMiJIOiMHUX TaTOJOTii
[14, 22]. HoBi pe3ympraTH AOCHIKCHHS EKCIpecii
KopkoBuX OinkiB I'M, siki OepyTh ydacTb y TOMEO-
CTa3l, amonTto3i Ta (QYHKLIAX MO3KY y CIOHTaHHO
rimepreH3uBHux 1ypiB (miHis SHR, spontaneously
hypertensive rats), cBiguats mpo te, mo XAl iHaYyKYy€
TIMOKCII0 Ta OKUCHIOBAJILBHUN CTpPEC, MOIIKOKEHHS
aKCOHIB, TPHUCKOPIOE HAKOIHMYCHHS HENPaBUIEHO
CKJIaJicHuX OiNKIB Ta amomnTo3, MPOBOKYIOYH PO3BH-
TOK Helpoaerenepartii [14].

3a JaHUMM YMCIEHHHMX EeMiJeMiOJIOTIYHUX A0C-
JiKeHb, JOBIOTpHBaja HEKOHTPOJIbOBaHA apTe-
pianeHa rineprensis (Al) € omaUM 3 HAHOULIBII
3HaYHUX YUHHHKIB PU3HUKY PO3BUTKY KOTHITUBHHX
po3namiB. Haiioinmpem gacto mpu XAl rameMyeThest
LIBUIKICTD aHaJi3y OTpUMaHoOi iHdopMalii Ta mpuid-
HATTS PILIEHb, 3HUKYETHCS NOBIOTPUBAJIA NaM SITh
[12, 21, 27, 28, 33]. [loka3aHO KOpEJSIIHHY 3aJIexK-
HicTb MiX piBHeM AT Ta pHU3MKOM BUHHKHEHHS IIO-
pymens misuiieHOcTi LUHC [21, 27, 33]. Pesynbraru
JOCHIDKEHHsSI KOTHITHBHUX (yHKUIH y Jromei ce-
PEOHBOTO Ta TOXHIIOTO BiKY, SKi TPHUBAJINH Yac CTpa-
xknamu Big Al, cBiguaTh mpo 3HMKEHHS IIaM ATi,
KOHIICHTpAIlii yBard, IIBUAKOCTI BHKOHAHHS HEH-
POTICHXOJIOTIYHUX TECTIB, MPOCTOPOBOI OpieHTAITil
[15, 21, 27, 33].

CHOHTaHHO TINEPTEH3UBHI IIypH MOXKYTh OyTH
anekBatHoto Mozemwmio XAI [1, 10, 20, 30]. Bpaxo-
Bytoun BIUIMB XAI' Ha PO3BUTOK MOpPYIIEHb KOTHi-
TUBHUX (YHKLIH, Iypu Ii€i JiHII TakoX BHKO-
PHUCTOBYIOTHCS B SIKOCTiI MOAEJEH AJsl BUBYCHHS He-
BPOJIOT1YHO-TIOBEAIHKOBUX PO3JIajliB, CHHAPOMY Jie-
¢inuty yBaru Ta rinepaktuBHocTi [5, 11, 35, 36].

Haii0inpm BaxJIMBI KOTHITUBHI 3IaTHOCTI JIO-
IUHHY, K1 MOKHA 3MOJIETIOBAaTH Ha TBapWHAX — II€
HaBuaHHs Ta mam ATh [15]. Tect Moppica («Bom-
Hu# jgabipuHT Moppica») (BJIM) BUKOPHUCTOBY€EThCS
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the same time, rise in SBP for every 10 mmHg
increases the risk of disorders of this pathology by
7-16% [25, 30].

It is known that as a result of chronic arterial
hypertension (cAH) the indices of reactivity and
adaptability of the body change, autoregulation
of cerebral blood flow is disturbed, and remode-
ling of cerebral vessels occurs. Chronic arterial
hypertension negatively affects the structural and
functional integrity of the brain microcirculation,
which leads to rarefaction of microvessels, cerebro-
microvascular dysfunction of the endothelium and
neurovascular disconnection, as a result of which
cerebral blood supply deteriorates [14, 17, 20, 24,
31]. At the same time, the permeability of the blood-
brain barrier changes, which contributes to the
development of neuroinflammation and aggrava-
tion of amyloid pathologies [20]. New research
results on the expression of brain cortical proteins,
involved into homeostasis, apoptosis and brain
functions in spontancously hypertensive rats (SHR),
indicate that cAH induces hypoxia and oxidative
stress, damages axons, accelerates the accumulation
of incorrectly assembled proteins and apopto-
sis, provoking the neurodegeneration development
[12].

According to numerous epidemiological studies,
long-term uncontrolled arterial hypertension (AH)
is one of the most significant risk factors for the
development of cognitive disorders. Most often,
the speed of analysis of received information and
decision-making slows down in cAH, and long-
term memory decreases [9, 19, 26, 27, 33]. Corre-
lation between BP level and the risk of CNS disor-
ders [19, 26, 33] has been shown. The results of
the investigation of cognitive functions in middle-
aged and elderly people, suffered from hyperten-
sion for a long time indicate a decrease in memory,
concentration of attention, the speed of performing
neuropsychological tests, spatial orientation [13, 19,
26, 33].

Spontaneously hypertensive rats can be an
adequate model of hypertension [6, 7, 18, 29].
Considering the impact of cAH on the develop-
ment of cognitive impairments, these rats are also
used as models for studying neurological-beha-
vioral disorders, attention deficit and hyperactivity
disorder [1, 8, 35, 36].

Learning and memory are the most important
human cognitive abilities that can be modeled in
animals [13]. The Morris test (‘Morris water
maze’) (MWM) is used to effectively reveal
abnormalities in learning functions and in neuro-
degenerative diseases [16, 22, 23, 34]. This test
also enables to study the mechanisms of pharma-
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3 METOI0 €(EeKTUBHOTO BHWSBJICHHS BIIXWJICHb Y
(GyHKIISIX HaBUaHHA Ta MpU HEHpOJETeHEepaTHB-
HUX 3axBopioBaHHAX [18, 24, 25, 34]. Le#i Ttect
TaKOXX J03BOJIIE BHBYATH MEXaHI3MH (hapmakosio-
rigHol Kopekiii (yHKIioHaapHOI akTuBHOCTI I[HC
1 HeWpompoTekTopHOi Aii HeHpoTpodiuamx dax-
TopiB [24, 25].

OTpumaHi B HamuX MOMEPEIHIX JOCIHIHKCHHIX
JaHI TIOA0 MOXKIIUBOCTI 3aCTOCYBaHHS PHTMIYHOT
kpanionepeOpanbHoi rimorepmii (pKUI') 1 kpiokon-
CEpBOBAaHUX SAPOBMICHIX KIITHH KOPAOBOI KpOBI
(xABK KK) sik mprHIIMIIOBO HOBOTO METOAY JiKYBaH-
HSl CYOIMHHUX MopyiieHs I'M 103BOJSIOTH HPOTHO-
3yBaTH €(EKTHBHICTh IXHHOTO BHUKOPUCTAHHS 3 Me-
TOIO KOPEKLii KOTHITUBHUX MOPYLIEHb y IIypiB JiHil
SHR [6-9, 13].

Binomo, mo xopaoBa kpoB (KK) B cBoemy ckiami
MICTHTh CTOBOYpPOBI KIIITHHH, SIKi 37aTHI HE TiJlb-
KM BUPOOIATH HEHpoTpodiuHi (hakTopH, a Ie CTH-
MYJIIOBaTH iX CHHTE3 B OpraHi3mi perumieHTa [17,
29]. Kpim Toro, metiporpodiuni dhakropu KK (mMo3-
KOBUH Ta TIianbHUM HelpoTpodiuHi daxropw,
HeHpoH-crienu(ivHl €HONa3M Ta TiMOKCis-iHIYKO-
BaHM ()aKTOp) BiAIrpaloTb OCHOBHY POJIb Y HEHpO-
MPOTEKIIil, CIPUAIOYH 30€PEeIKSHHIO JKUTTE3MATHOCTI
HEpBOBHUX KIITHH Ta (YHKUiOHAJBHIA MeTaboiiu-
Hill akTUBHOCTI HeHpoHHUX Mepex [23]. Hocmimke-
HO, o mpoBenaeHHs pKIII migBumnye naGiIbHICTH
perymstopanx nporeciB y [ITHC ta mocumtoe Helipo-
nporekmiro ['M [2].

BpaxoByloun BUIIEBHKIAZCHE, MH BBaXalld
obrpyHToBannM BHKOpHCcTaHHS BJIM sk yHIBep-
CaJLHOTO CITOCO0Y TOCHTIKEHHS KOTHITUBHHUX (DyHK-
i mypiB micns mposeneHHs npoueaypu pKIT
Ta BBeaeHHA KSABK KK.

Metoro poboTu Oyno BHBYEHHS BIUIMBY JiKYy-
BaJbHOI TinmoTepMmii y BUIISAI PUTMIYHOI KpaHio-
uepeOpanpHOi TinoTepMii Ta KIITHHHOI —Tepartii
KpPIOKOHCEPBOBAaHUMH  SIAPOBMICHUMH  KIITHHAMH
KOpIOBOI KPOBI Ha 3MIHM KOTHITUBHUX (YHKIIIH
CIIOHTAHHO TIMEePTEH3UBHUX ITypPiB.

Marepiajau Ta MeTOAH

PoOoTy BHKOHYyBaJlM Ha CTareBO3pUIMX 12—
13-micssuaux camiprx mypiB: jgiHis SHR Ta 6im
0e3nopoiHi (HOPMOTEH3UBHUIN KOHTpPOJB). Ekcre-
PUMEHTH Y3TOIKEHO 3 KOMITeTOM 3 OioeTuku [HCTH-
TyTy mpobieM KpioGionorii i kpiomeanuuan HAH
Vikpainu (IIIKiK HAH Vkpaiau, m. XapkiB) Bia-
MOBiTHO 10 BUMOT 3akoHy Ykpainu «IIpo 3axuct
TBapUH BiA JKOpCTOKOro moBomkeHHs (Ne 3447 —
IV Bix 21.02.2006 p.) i MONOXEHDb «CBPOITEHCHKOT
KOHBEHITIT TI0 3aXUCTy XpEeOSTHUX TBAPHH, SKi BHKO-
PHUCTOBYIOTBCSI JJIsl €KCIEPUMEHTAJbHUX Ta IHIIHX
HaykoBux Iriiei» (CrpacOypr, 1986). Llypu minii
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cological correction of the functional activity of the
central nervous system and neuroprotective action
of neurotrophic factors [22, 23].

The data obtained in our previous studies
regarding the possibility of wusing RCH and
c¢CBNCs as a fundamentally new treatment for brain
vascular disorders allow us to predict the effecti-
veness of their use for the purpose of correcting
cognitive disorders in SHR rats [2-5, 10]. Cord
blood (CB) is known to comprise stem cells,
which are able not only to produce neurotro-
phic factors, but also to stimulate their synthesis
in the recipient’s body [15, 28]. In addition, CB
neurotrophic factors (brain and glial neurotrophic
factors, neuron-specific enolases, and hypoxia-in-
ducible factor) play a major role in neuropro-
tection, contributing to the preservation of nerve
cell viability and functional metabolic activity
of neural networks [21]. It has been studied that
conducting RCH increases the lability of regulatory
processes in the CNS and enhances the brain
neuroprotection [11].

Taking into account the above, we considered
the use of MWM as a common method of studying
cognitive functions of rats after the procedure
of RCH and introduction of cCBNCs to be jus-
tified.

The research aim was to study the effect of
therapeutic hypothermia as rhythmic craniocerebral
hypothermia and cell therapy with cryopreser-
ved cord blood nucleated cells on changes in cog-
nitive functions of spontaneously hypertensive rats.

Materials and methods

The studies were performed in sexually mature
12—-13-month-old male rats: the SHR line and
white purebreds (normotensive control). The expe-
riments were coordinated with the Bioethics Com-
mittee of the Institute for Problems of Cryobiology
and Cryomedicine of the NAS of Ukraine (IPC&C
of the NAS of Ukraine, Kharkiv) as well as were
done in accordance with the requirements of the
Law of Ukraine ‘On the Protection of Animals
against Cruelty Treatment (No. 3447-1V of February
21, 2006) and the provisions of the ‘European
Convention for the Protection of Vertebrate Ani-
mals Used for Experimental and Other Scientific
Purposes’ (Strasbourg, 1986). SHR were chosen
as a model of hypertension [6, 7, 18, 29].

All animals were kept in the conditions of the
animals’ house of the IPC&C of the National
Academy of Sciences of Ukraine with a standard
food ration and free access to food and water.
Manipulations with rats were performed in the first
half of the day.
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SHR 6ynu oOpani B skocti mozeni XAl [1, 10, 20,
30].

VYci TBapuHM YTpPHUMYBAJHCh B yMOBax BiBapiro
IacTHTYTY TIpoOiIeM KpioGiosorii 1 KpioMeTuITMHU
HAH VYkpaian (ITTKiK HAH VYxpainun) 3i ctangaprt-
HAM XapyoOBUM pPAaIliOHOM Ta BUIBHHM JOCTYIIOM IO
TKi Ta BoaW. MaHIImyIsmii 31 IypaMu BUKOHYBAJIA B
TICPIIIii ITOJIOBHHI JTHS.

Teapuam Oyimu po3zUTeHi Ha TPy (7 = 5 'y KOKHIN):
1 — HopMmoTeH3uBHUN KOHTPOIb (N); 2 — KOHTPOIb
CHOHTAHHO TiMepTEeH3UBHUX InypiB; 3 — mrypu SHR
micnst mpoBeneHHst npouenaypu pKUI; 4 — mypu
SHR micnsa Beenennsa kJACK KK; 5 — mypu SHR
nicnst noenHanoro 3actocyBanns pKLI™ ta kSIBK KK.

Putmiuny KUI' npoBomunu ogHOpa3oBO Ha ama-
pari «®moigokpaniotepm [II'B-02» («EmexTpo-
Mamm, Pocis) [6, 7, 13]. KpiokoHcepBOBaHY CyCITeH-
3ito SIBK KK mromuan oTpuMyBaim B KpioOaHKY
ITIKiK HAH Vxpainu. Ilicas po3MopoXyBaHHS
kSJBK KK BBOmmIM OZHOPa30BO BHYTPINTHHOUE-
peBao B mo3i (3—5) x 107 XKUTT€3NaTHHUX KIITHH
Ha KutorpaMm Mmacu Tina tBapuuu [6, 7, 13]. 3 me-
TOI0O BUBYEHHS mHoegHaHOro 3actocyBaHHsS pKII
i kSABK KK cycnensito kmiTuH 1mypam BBOAMJIH Ha
HacTynHy 100y micis nposeaenHs pKLT.

Jnst 3araidpHOrO aHammily KOTHITMBHOI (YHKIIT
IpU3yHiB (IPOCTOPOBA MaM ATk Ta MPOLIEC HABYAHHS)
JTOCITITHUKA YacTO TPOBOASTH IMOBEAIHKOBHHA TECT
y BJIM [18]. Bomamii nabipuatr Moppica Mmae
BUIVIAN [WIIHAPUYHOTO OaceiiHy, 3aIllOBHEHOTO
Bomoro 1o mosHauku 0,25 M, miamerpom 1,8 M 3i
crinkamu 3aBBumku 0,6 m. Illypa momimaroTts B 3a-
MTOBHEHU BOIOIO OaceifH, 3 SKOTO HEMa€E€ BUXONY,
asne B HbOMY (Ha 1,5 cM HMKYe DPiBHS BOIM) BCTa-
HOBJICHA CIleliajibHa MiBoAHA Tardopma (aiamerp
12 cm), 3HAWIIOBIIM fKY, LIyp MOXe BHOpaTHChH
13 BOZIU Ha Il «OCTPiBEIlb OC3MEKU».

Jns yHukHeHHs apredakTiB 3a 2 TOAMHHU [0
TECTYBaHHS ILMypiB MOMIIIaJXM B THUXE Ta ciabo
OCBITNIIOBaHE Micrie. Y IeH mepiof HE MPOBOIWIH
TeperpyIyBaHHsS TBapWH, HE TOMYBadW 1 HE 3MiH-
CHIOBAJIX 3 HHUMH JKOMHUX IHIMNX MAaHITYJSIIi.
VYci TecTyBaHHA BUKOHYBAJIW B OAWH 1 TOW camuit
gac, 3a OJHAKOBHX YMOB OCBITJIICHHS 1 TeMIIepaTypu
Ta BIICYTHOCTI CTOPOHHIX 3aIaxiB i IIymy.

Ha mouarky excniepuMeHTy TBapWH HaBYaJld TO-
myKy HeBuauMoi mnatdopmu. s nporo Bogy crie-
LiaJIbHO 3aKaJlaMy4yBaJld CyXMM MOJIOKOM, a IIIarT-
(dopMy 3armmOIOBaTM 10 PIiBHSA IOBEPXHI BOIU.
SKmo myp He 3HAXOAMB IUIATPOPMY MPOTITOM
60 c, HOro mMpUMYyCOBO Ca/Kalil Ha ILUIaTPOpMYy,
a Jac, BUTPAYCHUM Ha 11 MOMIyK, MO3HAYAIH «>60.
[Ticnms mporo mrypa BuitmManm 3 OaceliHy, a depe3
NEeSIKUH 4Yac BUITYCKaJIM 3HOBY IUIABaTH, aje BKe
3 1HIIIOT TOYKH TIepUMeTpa baceitna.
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Animals were divided into groups (n = 5 each):
1 — normotensive control (N); 2 — control of spon-
taneously hypertensive rats; 3 — SHR after RCH;
4 — SHR after the introduction of cCBNCs; 5 —
SHR after the combined use of RCH and
cCBNCs.

The RCH was performed once on the ‘Fluido-
craniotherm PGV-02’ device (Electromash, Russia)
[2, 3, 10]. The cryopreserved suspension of the
nucleated human stem cells was obtained from the
Cryobank of the IPC&C of the National Academy of
Sciences of Ukraine. After thawing of the cCBNCs,
the CB was administered once intraperitoneally at
a dose of (3-5) x 107 viable cells per kilogram
of the animal’s body weight [2, 3, 10]. In
order to study the combined use of RCH
and cCBNCs, the cell suspension was admi-
nistered to rats on the next day after RCH.

For a general analysis of the cognitive function of
rodents (spatial memory and the learning process),
researchers often use a behavioral test in the MWM
[16]. The Morris water maze has the form of
a cylindrical pool filled with water up to 0.25 m,
1.8 m in diameter with walls 0.6 m high. The
rat is placed in a water-filled pool with no exit, but
in it (by 1.5 cm below the water level) a special
underwater platform (diameter 12 cm) is installed,
finding which, the rat can get out of the water to this
‘island of safety’.

To avoid artifacts, 2 hrs before testing,
the rats were placed in a quiet and dimly lit
place. During this period, the animals were not
regrouped, fed or manipulated in any other way.
All tests were performed at the same time, under the
same lighting and temperature conditions and the
absence of extraneous odors and noise.

At the beginning of the experiment, the animals
were trained to find an invisible platform. For this,
the water was specially muddied with dry milk,
and the platform was deepened to the level of the
water surface. If the rat did not find the platform
within 60 s, it was forcibly placed on the platform,
and the time spent searching for it was recorded
“>60". After that, the rat was taken out of the pool,
and after some time it was released to swim again,
but from another point of the pool’s perimeter.

The training process to find the platform
for each animal lasted for 5 consecutive days and
consisted of 5 daily sessions of 3 trials per day
with a 30 s-interval. To solve the problem, the time
was recorded in each attempt. In 48 hrs after the
last training, a ‘test trial’ was conducted to assess
the stability of the memory trace of the spatial lo-
cation of the platform: for this, the platform
was removed from the pool and skill retention
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TpeHyBanbHHUN TpoLEC 3 METOI0 MOUIYKY ILIaT-
¢dbopMu U1 KOXKHOT TBAPUHU TPHUBaB 5 Ai0 MOCHiIb
1 cKkIIafaBcs 3 5 IMONEHHHUX CEaHCIB Mo 3 crnpolu
Ha o0y 3 iHTepBamoM 30 c. [[ns BupimeHHs 3amadi
peecTpyBaaM 4ac B KOxkHiM cnpoOi. Uepes 48 ro-
JIUH TICTIST OCTAHHBOTO TPEHIHTY MPOBOIIIOCH «Te-
CTOBE BHNPOOYBaHHS» IS OIIIHKKA CTIHKOCTI Ta-
M’STHOTO CJiy TPOCTOPOBOTO PO3TAITyBaHHS ILIAT-
dbopmu: s 1poro twrardopMmy NpuOHpanud 3 Oa-
CeifHy 1 mepeBipsuin 30epeKeHiCTh HaBUYOK OJHUH
pa3 mopotsirom 60 c. Yac, skuil TBapuHa IUIaBaia
B 30HI KOJNHWIIHBOTO PO3TallyBaHHA IuIaTGopmu, €
MOKAa3HUKOM CHJIM I1aM SITHOTO ClIify, abo 30epexeH-
HSl JOBTOTPHUBAJIOL 1aM siTi. JlaHui OKa3HUK BHU3HA-
YaJii  BIACTPOYCHHM KOC(IIiEHTOM 30epeKeHHS
JOBTOTPHUBAJIOL TIaM ATI — BIAHOIICHHS Yacy Iepe-
OyBaHHS TBapUHHU B MICIII KOJIMITHLEOTO PO3TAITyBaH-
HA TWIaTGOpMHU IO 3arajbHOTO 4acy il mepeOyBaHHS
y BJIM.

KpiM TOro oOImiHIOBa M XapakTep MiJIbOBOTO
MOIIYKY TBAapUHOIO IUIATOPMHU: TPSMHUA  TI0-
myKk — Oe3mocepeans CpsIMOBaHICTh O Micus Ko-
JIUIIHEOTO PO3TAIlyBaHHS IUIATHOPMH; aKTHBHHN
MOLTYK — 3OiHCHEHHsI KPYTOBHX 1 paliaJIbHUX IIO-
LIYKOBUX PYyXiB 0 JOCATHEHHS METH; XaOTHYHHUM
MOLTYK — BIACYTHICTh BHpa)KeHOI cTparerii mocsr-
HEHHS METH.

[IporsiroMm ekcriepuMeHTy TemmepaTypa BOIU
y BJIM cranoBuna (26 + 2)°C [18].

TpenyBanpHUi mporiec mypie 'y BJIM mpo-
Bommimr 3 30-i moOM micisg OCTaHHBOTO TEpareB-
tnydoro BmuBy pKLIT Ta/abo xABK KK. Ilei
TepMiH OOYMOBJICHHM pe3yJabTaTaMH HAaIloro II0-
MEPEAHBOr0 TICTOJIOTIYHOTO aHami3y Ipernaparis
TKaHMH MO3Ky mypiB JiHii SHR, sxi cBimuarsb
PO HAasBHICTH CYTTEBUX 3MiH Yy CTPYKTYPHHX
komnoHeHTax I'M Tinbku uepe3 30 ni6 micns
nposeaenns pKIK, Beenenns kSIBK KK abo micns
iX moeHaHOTO BIUIMBY [6—9, 13].

CratucTuyHy OOpOOKYy OTpHMaHuUX Mopdome-
TPUYHUX [TAHUX MPOBOIWIM 32 JIOMOMOTOIO TIPO-
rpamHoro 3abecneuenns «Excel» (Microsoft, CIIIA),
NPEACTABISIA Yy BUIVISAL cepeqHboi apudmeTny-
HO1 BenuumHU (M) Ta MOMMJIKKA CEpeaHbOi apud-
MetnyHOi BenmmuuHU (m). Ha minctaBi U-kputepiro
ManHa-YiTHI MiX TpylmamMH po3paxoBYBald HMO-
BIPHICTh BiAMIHHOCTEH, SIKi BB&KJIM 3HAUYIIUMH
mpu p < 0,05.

Pe3yabTaTn T2 00rOBOpEHHS

[Mam’sste — QynpamentansHa ¢ynkuis M.
JocmipkeHHsT MeXaHi3MIiB MaMm’ sITi B HOpMI Ta 3a
MaToJIOTii € OIMHWM i3 TOJOBHHIX HAIPSMKIB Cydac-
HOI HeWpoHayku. TecT «BomHWMU nabipuHT Mop-
pica» CKJIamaeThbCs 3 TPHOX ACIEKTIB OIIIHKA HaB-
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was checked once for 60 s. The time that the ani-
mal swam in the area of the former location
of the platform is an indicator of the strength of
the memory trace, or the preservation of long-term
memory. This index was determined by the de-
layed coefficient of preservation of long-term
memory — the ratio of the time spent by the ani-
mal in the place of the former location of the plat-
form to the total time spent in the MWM.

In addition, the nature of the target search by the
animal for the platform was evaluated: direct
search — direct direction to the place of the former
location of the platform; active search — implemen-
tation of circular and radial search movements to
achieve the goal; chaotic search — lack of a pro-
nounced strategy for achieving the goal.

During the experiment, the water temperature in
the MWM was (26 £ 2)°C [16].

The rats in the MWM were trained since day 30
after the last therapeutic exposure to RCH and/or
cCBNCs. This term is stipulated by the results
of our previous histological analysis of the samples
of SHR brain tissues, that indicates the presence
of strong changes in the brain structural compo-
nents only 30 days after RCH, introduction of
c¢CBNC:s or after their combined effects [2-5, 10].

The obtained morphometric data were statisti-
cally processed using the «Excel» software (Micro-
soft, USA), presented as the arithmetic mean value
(M) and the error of the arithmetic mean value
(m). Based on the Mann-Whitney U-test, there was
calculated the probability of differences between
groups, that was considered significant at p < 0.05.

Results and discussion

Memory is a fundamental function of brain.
The study of memory mechanisms in the norm
and in pathologies is one of the main directions
of modern neuroscience. The Morris Water Maze
test consists of three aspects that assess learning
and spatial memory: learning, retrieval, and conso-
lidation. The study consists in exploring the
maze, searching — finding the platform, consoli-
dation — gradual improvement of the studied
indices compared to the previous day [32]. Con-
solidation is meant as the processes of transforma-
tion of new labile memory traces into stable long-
term memory.

On the first training day, we did not observe
a significant difference in the time of finding the
platform in rats of different experimental groups
(Table 1). For all animals, this time exceeded 60 s.
Next, the experimenter forced each rat to sit on the
platform for 15 s. On the first training day, all rats
swam chaotically over the walls of the MWM.
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YaHHS Ta MPOCTOPOBOI MaM ATi: BUBYEHHS, MOLIYK
Ta KOHCOMiiamis. BuBueHHS moisrae y A0CHiIKeH-
Hi 1a0ipUHTY, NOLIYK — 3HAXOKEHHI MiaTdopMmu,
KOHCOJiAaIisi — MOCTYIIOBOMY ITOKPAITICHHI JOCITi I~
JKyBaHUX ITOKa3HUKIB TOPIBHSHO 3 TIOMEPEIHBOIO
no6orw [32]. Ilin xoHcomiAaIie€ro PO3yMIlOTh MPO-
LIECH TEPETBOPCHHS HOBUX JAOLIBHUX CHIIIB TIa-
M ST B CTIHKY JTOBIOTPHBAIIY ITaM STh.

Y mepury TpeHyBambHY 100y y IIypiB pi3HHX
CKCIICPUMEHTAILHUX TPyl MH HE BiJ3HAYaIn
3HAUYLIOi Pi3HHULI B Yaci 3HaXOMKEHHS IaT(hopMu
(tabn. 1). [yns Bcix TBapuH LW yac NMEpEBHUILYBaB
60 c. lami excliepuMEeHTaTop NPUMYCOBO CaKaB
KOKHOTO mIypa Ha mnargopmy Ha 15 c. YV mepmy
TpeHyBaJbHYy 100y BCi LIypH XaOTHYHO IUIaBaId
noHay ctigkamu BJIM. Ciig 3a3HayuTH, IO Xao-
THYHI PyXH y CIIOHTaHHO TINEPTECH3MBHHUX IIMypiB
ainii SHR Oynu Ouiblll akTHBHI, HIK Y HOPMOTCH-
3UBHUX, IO OOYMOBJICHO HASBHICTIO B TEPIINX
cuHApOMY TinepakTuBHOCTI [11, 35].

AHami3 momaNBIIuX COpod 3HAXOMKCHHS IIIy-
pamu 1athopMu BUSBHUB (OPMYBaHHS IPOCTO-
poBOi mam’ATi: yac MOUIYKy IUIaTGOpMH CKOpO-
YqyBaBCsl, a caM MOLIYK MeTH OyB LiJeCIPSIMOBAHUM,
PO IO CBIAYMIIN LUUPKYJSIPHI Ta pagiajbHi pyXu.

Boke micns mepmioi 100M TpeHYBaHHS MH CHO-
CTepirali 3HA4YHy PI3HUII0 B 4Yaci 3HAXOIKCHHS
mw1arhOpMU MK HOPMO- Ta TINEPTCH3UBHUMHM IILy-
pamu. Tak, B pe3ynbTaTi aKTHUBHOTO MOIIYKY IUIaT-

It should be noted that chaotic movements in
spontaneously hypertensive SHR were more active
than in normotensive ones, which was due to the
presence of hyperactivity syndrome in the former [8,
35].

Analysis of subsequent attempts to find
the platform in rats revealed the formation of
spatial memory: the time of searching for the plat-
form was shortened, and the search for the goal
itself was purposeful, as evidenced by circular and
radial movements.

Already after the first day of training, we observed
a strong difference in the time of finding the platform
between normo- and hypertensive rats. Thus, as a result
of the active search for the platform, the average time of
searching for the ‘safety island’ in group 1 animals
decreased ((41 +4) s), while the animals of group 2 did
not orient themselves in space at all, switched
to a chaotic search for the platform, without taking
into account the previous experience. Only on the
fourth training day, group 2 rats showed a weak
attempt to find the platform hidden under water
and spent (44 + 4) s on this, as they performed
circular and radial search movements. At the same
time, animals of group 1, which demonstrated a direct
platform search strategy, spent (17 £ 3) s (Table 1).

Thus, compared to normotensive rats, sponta-
neously hypertensive rats experienced difficulties
in acquiring the skills of finding a platform in the

Tabnuusa 1. CepegHin yac nowyky nnargopmu wypamm niHii SHR y BJIM Ha eTanax TpeHyBaHHS Ta TECTYBaHHS
Table 1. Average platform search time of SHR in the MWM during training and testing phases

[o6a TpeHyBaHHA
Day of training

[o6a TecTyBaHHA
Day of testing

Ipynu wypis 1 2 3
Rat groups

CepepaHiii yac nowwyKy nnatgopmu, ¢
Average platform search time, s

1 > 60 41 + 4 32 +2 17 + 3 15 + 4 17 + 2
2 > 60 > 60 58 + 6* 44 + 4+ 31 + 5% 39 + 4+
3 > 60 58 + 4 52 + 4* 38 + 47 24 + 4 36 + 47
4 > 60 52 + 5* 43 + 4 26 + 47 22 + 4 25 + 27
5 > 60 54 + 3% 38 + 27 27 £ 27 22 x 3/ 26 + 27

MpumMiTKa: BigMiHHOCTI 3Ha4YyLWi NopiBHAHO 3 Wwypamu rpynu 1 (*) Ta rpynu 2 (*), p < 0,05.
Note: differences are significant compared to rats of group 1(*) and group 2 (*), p < 0.05.
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¢dopmu y TBapuH Tpynu | 3MeEHIIyBaBcs cepel-
Hill yac momyKy «ocTpiBus Oesmexkm» ((41 £ 4) c),
TOA1 SIK TBAPUHH TPYNHU 2 30BCIM HE OPIEHTYBAJIUCH
y TMpOCTOpi, TEPeXOAWId Ha XAOTHYHUH IOIIYK
wiaTGopMu, HE BPaXOBYIOUH OJIEpXKaHUU Tomepe-
Hil mocBif. TiabKU Ha YETBEPTY TPEHYBaJIbHY H00Y
IIYpH IPyIH 2 IEMOHCTPYBAIH CJIa0Ky CIIpoOy 3Hak-
TH TIPUXOBAHY IIiJ] BOAOIO IIATGOPMY i BHTpadaH
Ha 1e (44 £ 4) c, OCKIIBKH 3MIMCHIOBAIN KPYTOBI
Ta paniaibHi NOmyKoBi pyxu. Ilpu mpomy TBapu-
HU Ipynu 1, sKi AEMOHCTPYBaJM MPSAMY CTPATEriio
nouryky ruatdopmu, Butpadanu (17 £ 3) ¢ (tabm. 1).

TakuM 4HMHOM, CIIOHTaHHO TINEPTEH3UBHI LIypH
MOPIBHSIHO 3 HOPMOTEH3WBHUMH 3a3HABAd TPYI-
HOIIIB y TpUAOaHHI HABUYOK 3HAXOPKEHHS ILIAT-
¢opmu B BJIM Ta KoHCOJTIAaIli] IPOCTOPOBOT ITaM ATi.
dopMmyBaHHS JIOBrOCTPOKOBOI IIaM 'ATi y TBapuH
rpynu 1 mouuHanocss 3 apyroi moOM TpeHYBaHb,
ay rpymi 2 — TUIbKH 3 4-1 100U, KOJIM XaOTHYHUI
pPyX 3MIHUBCS Ha CTIPSIMOBAHUN IO MICIIST pO3TaIly-
BaHHS T1aTGOPMH.

Camocriiine abo moegHane 3actocyBaHHs pKII
i kABK KK Buknmkamo sKiCHO-KITBKICHI 3MiHU
B TOBEAIHKOBUX peakuisx mypiB y BJIM: cepen-
Hifl yac 3HAXOMKEHHS MIaTGOpMH IIypaMH Tpym 3—
5 3Havylie BiIpi3HABCSA BiI KOHTPONBHOI TpynH 2
BXke Ha Apyry (mis rpyn 4 ta 5) abo TpeTio TpeHy-
BajJbHY 100y (U1 BCiX 3a3HadeHMX rpym) (Tadm. 1).
KoHcomigaliisi mpocTopoBoi mam siTi Ta CTpaTeris
MPSIMOTO  TIONIYKY OUIBIIIOI0 MIpOI0  BUSBIISIIACS
y IIypiB, ki 3a 30 116 mo TpenyBanus y BJIM otpu-
MaJu sk camoctiiay Tepamiro kKSBK KK (rpyna 4),
Tak 1 Ha 1711 3actocyBanHs pKIII (rpyma 5).

TakuM 4HWHOM, MPOTATOM M SATH 1i0 TPEHYBallb-
HOTO eTaIy CepelHid Yac Bij MOMIIICHHS TBapUHU
B BJIM 5o 3HaxomkeHHsS HE IDIaTGopMU TOC-
TYIIOBO CKOPOYYBAaBCS, NMPH IbOMY CIPOLIyBasacs
1 TpaexTopisi pyxy, aje IWHaMiKa IHUX MpOLECiB
y PpI3HUX Tpymax CyTTE€BO BiApi3Hsyach. Y MIypiB
rpynu 2 Oy70 BCTAaHOBJIEHO 3HUKCHHS OIEPaTHBHOI
mam’sITi Ta KOHIIGHTpAIlil yBaru, IIBHIKOCTI IMPHIA-
HATTS PIlIEHb Ta KOHCONIJZAIl MMaM SATI B IOPiB-
HSTHHI 3 TPYIIOI0 HOPMOTEH3MBHOTO KOHTpOJII0. BBe-
neras KSABK KK abo moegnane 3actocysants kSIBK
KK Ta pKIII" BrimBaao Ha mapaMeTpy KOTHITUBHUX
¢ynkuiii mypis minii SHR y BJIM: 3miHioBanacs
CTparerig MOLIyKy Liji, 3HadyIle 3MEHIIyBaBcsa 4ac
3HAXOMKEHHsI NPUXOBAHOI IiJ BOXOIO IIATGOpMHU,
IO CBiAYUTH MpPO MPHCKOPEHHS MPOILECiB CIpPUK-
HATTA iHpOpMalii, HaBYaHHA Ta (QOpPMYyBaHHS IpPO-
CTOPOBOI MaM ATi MiJ BIUIMBOM JIKyBaJbHOI TiIlO-
TepMii Ta KIITHHHOI Teparii.

Uepes 48 romuH Mmicias OCTaHHBOI I SITOI Tpe-
HyBaJIbHOI JOOW TPOBOAMIM TECTYBaHHS BCiX €KC-
mepuMeHTaIbHUX mrypiB y BJIM Ha 30epexeHHS
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VLM and consolidating spatial memory. The
formation of long-term memory in animals of
group 1 began from the second day of training, and
in group 2 — only from day 4, when the chaotic
movement changed to directed towards the location
of the platform.

The independent or combined use of RCH and
cCBNCs qualitatively and quantitatively changed
the behavioral responses of rats in the MWM:
the average time of finding the platform by
rats of groups 3-5 differed significantly from
the control group 2 even on the second (for
groups 4 and 5) or third training days (for all the
specified groups) (Table 1). Consolidation of spatial
memory and the strategy of direct search was
more pronounced in rats that, 30 days before
training in the MWM, received both the independent
therapy of cCBNCs (group 4) and against the
background of using the RCH (group 5).

Thus, during the five-day training stage, the
average time from placing the animal in the MWM
until it found the platform was gradually reduced,
while the trajectory of the movement was also
simplified, but the dynamics of these processes
differed significantly in different groups. A decrease
in working memory and concentration of atten-
tion, decision-making speed and memory consoli-
dation was found in rats of group 2 compared
to the normotensive control group. The introduced
cCBNCs or the combined use of them with
RCH affected the parameters of the cognitive
functions of SHR in the MWM: the strategy of
searching for a target changed, the time of finding
a platform hidden under water was significantly
reduced, that indicated an acceleration of the
processes of information perception, learning and
the formation of spatial memory under the
influence of therapeutic hypothermia and cell the-
rapy.

In 48 hrs after the last fifth day of training,
all the experimental rats were tested in the MWM
for long-term memory retention. The average search
time of the platform, delayed long-term memory
retention ratio (LMR) and targeted search strategy
were evaluated.

As a result of testing the spontaneously
hypertensive rats of experimental groups 2-4, a
significantly low LMR was obtained ((30 + 4),
(35 £ 5) and (39 £ 5)%, respectively) compared to
that for normotensive animals ((46 + 3)%) (Table 2).
In the delayed long-term memory retention test,
the animals of group 2 behaved most uncer-
tainly and anxiously, that was expressed in a greater
number of intersections of the conditional squares
of the pool and the absence of a pronounced goal-
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JOoBroTpuBaioi mam sti. OUiHIOBaJIM cepedHiid yac
nouryky miaropMu, BiACTpOUEHHH KoedilieHT
30epexeHHs mHoBrorpuBanoi mam ati (BK3) Ta crpa-
TETi10 IIJTHOBOTO TTOIIYKY.

Y pesynbTari TpoOBeNEHHS TECTyBaHHS CIIOH-
TaHHO TIMEPTCH3WBHUX IIyPiB TOCTITHUX Tpyn 2—4
orpuMano 3Hauyme Hm3pkuid BK3 ((30 + 4), (35 =
+ 5) ta (39 £ 5)% BiONOBIIHO) B MOPIBHAHHI
3 TaKuUM JJI1 HOPMOTEH3UBHHX TBapuH ((46 £ 3)%)
(Tabm. 2). YV BiakIageHOMY TeCTi Ha 30epeKeHHS
JOBrOTPUBAJIOl TaM ATi TBapUHH TPyHoH 2 TMOBO-
JTUITICS. HAaWOUTBII HEBIIEBHEHO 1 TPUBOXKHO, IO
BUpaXanocs B OUTbIIINH KUTBKOCTI NEPETHHIB YMOB-
HUX KBajpariB OaceiiHy Ta BIJICYTHOCTI BHpa-
XKeHoi ctparerii momyky Mertu. HaiOinmpmmii Te-
paneBTiaHMi BB (p < 0,05) Ha 30epekeHHS Ta
BIITBOPEHHS JOBIOTPHUBAJIOL IIaM ATI 1, SIK HACIIIOK,
Ha c(pOPMOBAHY CTpATETiI0 MPSMOTO IOIIYKY IPH-
xoBaHOi Imiarpopmu B BJIM OyB 00ymoOBjIcHHMI
sk caMmocTiiHauM 3actocyBaHHsM KJIBK KK, Ttak
1 B TIOETHAHHI 3 MPOTICAYPOIO JIIKYBaJIbHOI T1ITOTEpMii.

Buxonsgun 3 oTpUMaHHX pe3yJbTaTiB JOCHTi-
KEHHS, MOKHa KOHCTaTyBaTH, IO KpPiIOKOHCEPBO-
BaHi mpenapatn KK mamm Oinpmmii TepameBTHY-
HUM edeKkT Ha KOTHITUBHI (QYHKUil CHOHTaHHO
rinmepTeH3UBHUX WLIypiB, IO BiANOBiNAIOTH 3a 30e-
PEKEHHSI Ta BIATBOPEHHS NOBIOTPUBAJIOL IaM’ATi,
ik pKUI. 3aBmsgkm mpoMy y IIypiB TOCHIITHUAX
3 Ta 4 TpynH MH HE CIIOCTEPIrajal BUPKCHUX TOPY-
IIeHb peakilii Ha HOBHU3HY CHTYyaIlii, B pe3yibTari
YOro TBapWHM, HE 3HAHIIOBIIHN «OCTpIBENb Oe3Iie-
Ki», HE TEePeXOAIii Ha XaOTHYHHUI IOIIyK IUIaT-
dhopmu. OmHAK MU HE BUKITIOYAEMO BIUTHBY JIIKYBaJIh-
Hoi rinotepmii Ha ¢yHKUito ['M, ToMy noeaHaHe 3a-
crocyBanns kSIBK KK ta pKUI" notpebye noxanb-
moro BUBYeHHS. Lleil BUCHOBOK Oa3yeThes Ha paHilie
omyONikoBaHUX JaHuUX ImoAo 3actocyBaHHs KL
JUIsl JIIKyBaHHsSI 3aXBOPIOBaHb HEPBOBOI CHUCTEMH,
a TaKoX TUX TMATOJOTiH, SKi CYHNPOBOIKYIOTHCS
apTepiagbHOIO TilmepTeH3iero [2].

Bigomo, 110 11t HaHOLIbII €(PEKTHBHOIO JIKY-
BaHHS TAII€HTIB 3 KOTHITUBHUMH IOPYIICHHIMHU
BHKOPHUCTOBYIOTBCS TIpernaparu abo MIpoIeaypH, sSKi
MalOTh HEHPOMPOTEKTOPHY Ta HEUPOTPODIYHY Iif0
Ta 37MaTHI OOMEXKyBaTH 30HY YPaXCHHS MO3KOBOI
PEYOBUHH, CTUMYJIIOBAaTH PENapaTHBHI Ta pereHepa-
TUBHI nponecu B ['M, monoBHIOBaTy JeilluT HEH-
pomeniaTopiB, eHEPreTHYHUX CyOCTpariB, 610JI0THHO
aKTMBHMX pedoBHH. Ha mincTaBi maHux miteparypu
Ta OfEp)KaHUX HAaM{ Pe3yJbTaTiB OO TaKuX cydac-
HUX JIKyBaJbHHUX IMiJXOAiB MOXXHA BiJJHECTH Ipera-
paTH KOPIOBOi KpOBi Ta TEpamleBTHYHI IMPOILEAYPH
y Bursiai pKILT [2, 17, 29].

TakuMm 4YMHOM, MOXHa mpunyctutd, mo pKII
ta BBeleHHs KSIBK KK umHsATH HelpompoTekTop-
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Tabnuusa 2. OuiHka 36epeXxeHoCTi 4OBroTpMBanoi nam’ saiTi
y wypis niHii SHR y BJIM 3a BigcTpo4eHum
KoediLieHTOM 306epexXeHHs JoBroTpMBarnoi nam’ ati

Table 2. Assessment of long-term memory preservation in
SHR in the MWM by the delayed coefficient
of long-term memory preservation

BincTpoueHunii koedidieHT 36epe-
pynu wypis YKEHHA AOBroTpueanoi nam’ati, %
Rat groups Delayed coefficient of long-term
memory preservation, %

1 71,5 + 3,5

2 35,0 + 7,0 *

3 41,5 £ 6,0 *

4 58,6 + 3,67

5 56,56 + 3,67

Mpumitka: BIOMIHHOCTI 3HayyLli MOPIBHAHO 3 Lypamu
rpynun 1 (*) Ta rpynn 2 (¥), p < 0,05.

Note: differences are significant compared to
of group 1 (*) and group 2 (¥), p < 0.05.

rats

seeking strategy. The highest therapeutic effect
(p < 0.05) on the preservation and reproduction
of long-term memory and, as a result, on the
formed strategy of direct search for the hidden
platform in the MWM was caused both by the
independent use of cCBNCs and in combination
with the therapeutic hypothermia.

Based on the research results, it can be stated
that cryopreserved CB samples had a higher
therapeutic effect on the cognitive functions of
spontaneously hypertensive rats, responsible for
the preservation and reproduction of long-term
memory, than RCH. Owing to this, we did not
observe pronounced violations of the reaction
to the novelty of the situation in the rats of experi-
mental groups 3 and 4, as a result of which the ani-
mals, not able to find a ‘safety island’, did not
switch to a chaotic search for the platform. Ho-
wever, we do not rule out the role of therapeutic
hypothermia on brain function, therefore, the
combined use of cCBNCs and RCH requires
further study. This conclusion is based on pre-
viously published data on the use of RCH for the
treatment of diseases of the nervous system, as well
as those pathologies that are accompanied by ar-
terial hypertension [11].

It is known that for the most effective treatment
of the patients with cognitive disorders, the
drugs or procedures are used that have a neuro-
protective and neurotrophic effects and are able
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Hy Jif0, MiABUIIYIOYH JaOiTbHICTh PETYIATOPHUX
npoIeciB y pisHUX cTpykrypax I'M, mo copuse
MOKpAIEHHIO KOTHITUBHUX (YHKIIH IIypiB JiHii
SHR. Haii6inpm BupakeHui e(eKT CIOoCTepiras-
CsI TCJS 3aCTOCYBAaHHS Tepamii KpiOKOHCEpBOBAaHH-
MH TIperapaTaMu KOPIIOBOI KPOBi K OKpeMo, Tak i
B nmoequanHi 3 pKLI, mo mposBisiocs B 3amobiras-
HI TOTIPIIEHHS MPOCTOPOBOI IMaM ATi Ta IIHOMHU
1i dikcarii.
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to limit the area of damage to the brain substance,
stimulate reparative and regenerative processes in
brain, replenish the deficit of neurotransmitters,
energy substrates, and biologically active substances.
Based on the published reports and own results,
such modern treatment approaches may involve
cord blood products and therapeutic procedures like
the RCH [11, 15, 28].

Thus, it can be assumed that RCH and the
administration of cCBNCs have a neuroprotective
effect, increasing the lability of regulatory pro-
cesses in various brain structures, contributing to
the improvement of cognitive functions of SHR
rats. The most pronounced effect was observed
after the use of therapy with cryopreserved
cord blood samples both separately and in com-
bination with RCH, which was manifested in the
prevention of deterioration of spatial memory
and the depth of its fixation.

Conclusions

1. Spontaneously hypertensive rats were shown
to have a cognitive deficit versus with normoten-
sive rats that was manifested in a decreased speed
of learning and memory formation in the ‘Morris
water maze’.

2. Performing the rhythmic craniocerebral hypo-
thermia and/or the introduction of cryopreserved
cord blood cells positively affected the parameters
of cognitive functions of SHR: a change in the
goal search strategy, significant reduction in the
time to search for a platform hidden under water,
that indicated an acceleration of information per-
ception, learning and formation of spatial memory.
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