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Wntpanepedbpansroe kpoomsnusane (UK), kotopoe
aBnsgeTcst npuauHon 15% Bcex MHCYNIBTOB, COMPOBOXK-
JIACTCS TSHKEIBIMU OCIOKHEHUSIMU U POCTOM TTOKa3aTe-
Il CMEpTHOCTH. B ¢Bsi3u ¢ 3TUM HeoOXomimMa pa3padoTka
METOJIOB, HANPABICHHBIX HA CHIDKCHHE BBIPAKCHHOCTH
nposieienuid MK [3]. OpHuM M3 TakuX MOAXOAOB MO-
XKET OBITh MCIIOJIb30BAaHUE KPHOKOHCEPBHUPOBAHHBIX
HeHpanpHBIX KIeTOK. OfHAKO ISl IPUMEHCHHS JaH-
HOT'0 METO/1a HEOOXOANMO OTIPEISITUTH CIOCO0 U HaCTOTY
BBEICHUS KJIETOK, a TAKXKE UX KOIUIeCTBO [7].

Lenp paboTH! — H3ydeHHE BIMSHUS TPAHCIUTAHTALIUH
MICPBUYHOM CYCTIEH3UH KPHOKOHCEPBUPOBAHHBIX KIIETOK,
MOJIYICHHBIX M3 TOJOBHOT'O MO3Ta HOBOPOXKICHHBIX
KpBIC, Ha BOCCTAHOBJICHHE JIBUTATEIBLHONH aKTHBHOCTH
’KMBOTHBIX TIOCJIC HHTPAIepeOpaIbHOT0 KPOBOM3IIHSHHS.

OKcIepuMEeHTHI IPOBOJAMIN B COOTBETCTBUH € 3aKO-
HOM YkpauHbl «O 3alIUTe KUBOTHBIX OT KECTOKOTO
obpamenus» (Ne 3447-1V o1 21.02.2006 r.) ipu cobiro-
JeHUH TpeboBaHUH komuTera MHCTUTYTA IO OMO3THKE
mpo6ieM kproobuonoruu u kpuomeauuuusl HAH Ykpan-
HEI (I. XapbKOB), CONTACOBAHHBIX C MOJIOKCHUIMU «EB-
pomeickoi KOHBEHIIMH O 3aIUTE ITO3BOHOYHBIX XKH-
BOTHBIX, UCTIOJIB3YyEMbIX JUISl OKCIICPUMEHTAIBHBIX U
JpyTUX HaydHBIX 1enei» (Ctpacoypr, 1986).

Mopnenuposanne MK npoBoauinu Ha 11—13-mecstanbix

cammax OenbIx 6ecopoAHBIX KpbIc Maccoi 250-350 .
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Intracerebral hemorrhage (ICH), being the cause of
15% in all the strokes, is accompanied by severe com-
plications and high mortality rate. In this context the
need arises in developing the novel methods aimed to
reduce the ITH symptom severity [1]. One of these ap-
proaches may be the use of cryopreserved neural cells.
However, in order to apply this method it is necessary
to determine the way and frequency of cell administra-
tion, and the needed amount as well [6].

This research was aimed to study the effect of
transplantation of primary suspension of cryopreserved
cells, derived from newborn rat brain on recovery of
motor activity in animals after intracerebral hemorrhage.

The experiments were performed in accordance with
the Law of Ukraine ‘On the Protection of Animals
Against Cruelty’ (Ne 3447-1V of February 21, 2006), in
compliance with the requirements of the Bioethics Com-
mittee of the Institute for Problems of Cryobiology and
Cryomedicine of the NAS of Ukraine, agreed to the
statements of European Convention for the Protection
of Vertebrate Animals Used for Experimental and Other
Scientific Purposes (Strasburg, 1986).

ICH was simulated in 11-13-month-old white ma-
le outbred rats weighing 250-350 g. After prelimi-
nary anesthesia, the animals were placed in a stereota-

xic device, then a hole into the skull was drilled (coor-
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[Tocne npeaBapuTeNbHON aHECTE3UH B Yepene KUBOT-
HBIX, [IOMEIEHHBIX B aNapar Jyis CTepeoTaKcuca, Ipoc-
BepJMBaIN OTBEpCTHE (KOOPAMHATHI OT Opermsl: me-
pennesannss — 0,2 MM, MenuosaTepalbHas ¢ JIEBOU
cTOopoHBl — 3,0 MM), B KOTOPOE Yepe3 ULy JAHaMeT-
pom 0,47 MM MeieHHO (B TeUCHHE 5 MUH) HA DIyOHHY
6,0 mm BBOgMIK 0,2 EJI xomnmarenassr [V («Sigma-Al-
drich», CIIA) B 1 Mk (hpU3HOTIOTHYECKOTO pacTBOpA.
Uepes 5 MUH 110CsIe BBECHUS UIJTY U3BJIEKAIU U Ha pa-
Hy HakJIaJblBaju IWIBHI [12].

Kpeicam onbiTHOM rpymmsl (7 = 4) yepe3 2-e CyToK
nocite popmupoanus MK tpanciianTuposamu 1,5 X 10°
KPUOKOHCEPBUPOBAHHON MEPBUYHON CYCIIEH3UU HEM-
PaNbHBIX KJIETOK, MOJYYeHHBIX U3 MO3Ta HOBOPOK/ICH-
HBIX KpbIc [2], B 30 Mxa cpenst DMEM/F12, sxuBot-
HBIM KOHTPOJBHOH Tpynnsl (n = 9) — DMEM/F12 6e3
KJICTOK.

KonmuvecTBo TpaHCIIIAHTUPOBAHHBIX KIIETOK OIpe-
JeTSUTH TI0 pe3ybTaTaM HMCCIICIOBAaHUN IPYyTUX aBTO-
pos [4, 6, 8§, 10].

[Tokasarenp >XKM3HECTIOCOOHOCTH KPHOKOHCEPBH-
POBaHHBIX HEUPAITLHBIX KJIIETOK ITOCIIE PA3MOPaKHUBAHHUS
u ormbiBanus JJMCO cootetrcrBoBain (30,1 + 3,2)%.
Cycrmiensus cocrosuia u3 quddepeHIupoBaHHbIX, CTBO-
JIOBBIX U IIPOT'€HUTOPHBIX KIETOK [2].

@yHKIMOHAIBHBIE HapyleHus y Kpeic nmocine UK
OLIEHUBAJIM TI0 pe3ysIbTaTaM TeCTa MPOXOXKACHU 110 Te-
pexJanuHe, IECTHUYHOTO TeCTa U TECTa YIJIOBOT'O IOBO-
poTa.

TecT npoxoxkIeHus o epeKiIaanne [S5] mpoBoauIN
JUISL OIIEHKH KOOPJWHAIIMK JIBUKECHUN U CIIOCOOHOCTH
yACPKUBATh paBHOBECHE. /111 5TOTO UCTIONB30BAIIH ITH-
JIMHJIPUYECKYIO TAIKYI0 Mepekyajnny anuHoi 70 u
JuaMeTpoM 4 cM, COEIMHEHHYIO C TEMHBIM SILIHUKOM, B
KOTOPOM Haxojuiiachk nuia. Onpenensiiy od1ee Koju-
YEeCTBO COCKaJIb3bIBAHUMN MEpeIHeN 1 3aAHeH Jarl, KOHT-
panarepajgbHBIX OT 30HBI IOPAXKEHHUS, @ TAKIKE CKOPOCTh
MIPOXOXKICHUS 110 TIePEeKIAnHE (CM/C).

Jlectauunsiii TecT [11] mpoBoMIH AJTS OLIEHKH BOC-
MPOU3BEICHNUS KPbICAMU TOHKHX HABBIKOB, MpUOOpe-
TEHHBIX TPU OOYYCHHHU, — CIIOCOOHOCTH JOCTaBATh C
Pa3HO# TIyOHMHBI JIECTHHUIIBI Che00HBIE Tpanyibl. s
9TOTO >KMBOTHBIX MOMEIIAIN B CTCKJISIHHBIH OOKC, 1O
LEHTPY KOTOPOTO HAXOIUJICS CTOIHMK C MPUKPETTICHHBIMU
mo 6okaM 7-CTyneHuYaThIMU JieCTHHIIaMU. Ha kaxmoi
CTYIIEHbKE JIECTHUIIBI HAXOAUIIOCH 3 TPaHyJIbl 10 45 Mr
kaxaas («Bio-Serv», CIA). Kpbicy nocie rononanus
ITOMETIAITH B OOKC U ITOJICYUTHIBAIIN KOJTMUECTBO ChENICH-
HBIX B T€4eHUE 15 MUH rpaHyIL.

Tect yrmimoBoro moBopota [9] ucob30Balu 115 OIIeH-
KM aCUMMETPHUH OPaKEHHsI TOJIOBHOT'O MO3ra KpbIc. J{ist
BBITIOJTHEHUS TECTa KPBICY MOMEIAIN B KOHCTPYKITUIO,
n3 30-rpaaycHoOro yria KOTOpOW OHa MOTJia BBIMTH,
MOBOPAYMBAACH U OMUPAACH NMEPEIHUMU JallaMHu K
IIpaBoi Uiy JeBoi creHke. [loncunThiBany KOJIU4ECTBO

npobnemun Kpiobionorii i KpiomeaUUUHK
problems of cryobiology and cryomedicine

Tom/volume 28, Ne/issue 1, 2018

dinates from bregma of 0.2 mm anteroposterior, 3.0 mm
left mediolateral), whereto using 0.47 mm needle we
injected slowly (within 5 min) to a depth of 6.0 mm 0.2 U
of collagenase IV (Sigma-Aldrich, USA) in 1 ul of phy-
siological saline. Five minutes after injection, the needle
was removed and the wound was sutured [12].

The rats of experimental group (n =4) in 2 days after
ICH formation were subjected to transplantation with
1.5 x 109 cells of cryopreserved newborn rat brain-derived
primary neural cell suspen-sion [10], in 30 ul of DMEM/
F12, the control group animals (n = 9) received DMEM /
F12 without cells.

The cell number needed for transplantation was deter-
mined by the reported data of other authors [3, 5, 7, 9].

The viability of cryopreserved neural cells after
thawing and DMSO removal was (30.1 £ 3.2)%. The
suspension consisted of differentiated, stem and pro-
genitor cells [10].

Functional disorders in rats after ICH were assessed
by the beam walking, staircase and corner turn test results.

The beam walking test [4] was performed to assess
the motor coordination and ability to maintain postural
equilibrium. For this purpose we used a cylindrical, smooth
beam of 70 cm length and 4 cm diameter, connected to a
dark box with food. The total number of forelimb and
hindlimb, slips contralateral from the injured area, and
the velocity of passage rate along the beam (cm/s) were
assessed.

The staircase test [11] was done to evaluate how the
rats could reproduce the fine skills acquired during
training, i. e. the ability to take edible pellets from diffe-
rent depths of the staircase. For this purpose, the animals
were placed into a glass box, in the center of which
there was a table with 7-stepped staircases, attached to
each side. At each staircase step there were 3 pellets,
45 mg each (Bio-Serv, USA). A rat was put into a box
after starvation and a number of pellets, eaten during
15 min was counted.

The corner turn test [8] was used to assess the asym-
metry of brain injury in rats. In order to perform this
test, the rat was placed into the construct from the corner
(30°) of which it could exit, by turning and leaning
with forelimbs onto the right or left wall. A number of
turns in contralateral direction at 10-15 attempts was
calculated.

The statistical significance of the studied parameters
was determined by the Mann-Whitney test at p = 0.05 [2].

To day 1 after ICH formation, the motor functions
were significantly aggravated in rats, i. e. there were a
loss of equilibrium, disorder in motor coordination and
fine motor skill reproduction. According to the staircase
test results, the average number of pellets, eaten by
animals of both groups was established to equal 0.4 and
1.2, respectively (Fig. 1). We did not manage to determine
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[IOBOPOTOB KMBOTHOT'O B KOHTpaJlaTepajbHOM Halpas-
nenuu ripu 10—15 nmombiTkax.

CraTuCcTHYeCKyI0 3HAYMMOCTh MCCIeyEeMbIX IOKa-
3arene ONpeeNsuIa 0 KpUTepro MaHHa-YUTHH NTpH
p = 0,05 [1].

B nepBrie cyTku nocie moaenuposanust UK y kpoic
3HAYUTENBHO YXYAIIAIHUCH JIBUTATeIbHbIE (DYHKIIMH: TIO-
Tepsi paBHOBECHsI, HAPYIICHHE KOOPIWHAIUU JIBYKE-
HUW U BOCIIPOU3BE/IEHUSI TOHKUX HABBIKOB. 1o pe3yinb-
TaTaM NPOBEACHU JIECTHUYHOI'O TECTa yCTAaHOBIIEHO, YTO
CpelnHee KOJUYEeCTBO IpaHysl, ChEAEHHBIX JKUBOTHBI-
MU o0eux rpym, coctaBuio 0,4 u 1,2 COOTBETCTBEHHO
(puc. 1). KonmnuecTBo cockaab3bIBAaHUI U CKOPOCTH TIPO-
XOXKJICHUSI TI0 MIEPEKIIaINHE ONPEISIIUTh HE YAal0Ch U3-
3a OJTHOM yTpaThl KPbICAMHU PaBHOBECHSI.

B nepssie cyTku nocne popmuposanns MK Bce KpBICHT
IIPU MIPOBEICHUN TECTa YIIIOBOTO IIOBOPOTA TIOBOPATH-
BaJIMCh TP TIOMOIIH JIAIIBI CO CTOPOHBI OYara mopaxe-
Hus (puc. 2). JlanHbIi (hakT yKa3bIBaeT Ha BEIPAKCHHYIO
ACHMMETPHIO HapyIICHUH (DyHKINI TOJIOBHOTO MO3Ta.

VY KpbIC OIBITHOM I'PYIIIBI YEPE3 CYTKU IIOCIIE BBE-
JIEHUsl KPUOKOHCEPBUPOBAHHBIX HEHPAJIbHBIX KIJIETOK
(3-u cytku nocne ¢hopmupoBanus MK) npu BeImonHe-
HUM JIECTHUYHOI'O TecTa HaOMI0AaloCh CTaTUCTUYECKU
3HAUMMOE€ [0 CPABHEHMIO C KOHTPOJIEM YIydllIeHUE
BOCIIPOM3BEJICHHUS TOHKUX HaBBIKOB B 2,8 pa3a ¢ KOHT-
panarepainbHO CTOPOHBI (CM. puc. 1), cpemnnee Komu-
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Bpems nocne VK, cyTku
Days after ICH
Puc. 1. OueHka BAUAHUS TpaHCNMaHTaunnm KPUOKOH-
CEPBMPOBAHHbIX HeWparnbHbIX KNETOK Ha BOCCTaHOBIE-
HWE TOHKMX HaBbIKOB XWBOTHBLIX KOHTPOMbHOW (@) U
aKcnepvMeHTanbHow (M) rpynn no pesynsratam NecTHUY-
HOro TecTa; * — OTNNYMUA CTATUCTUYECKN 3HAYUMbI MO
CpaBHEHWUIO C KOHTponewm, p < 0,05.

Fig. 1. Assessment of cryopreserved neural cells trans-
plantation effect on restoration of fine motor skills in ani-
mals of control (®) and experimental (W) groups accor-
ding to the staircase test results; * — differences are
statistically significant as compared with the control,
p <0.05.
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Puc. 2. OueHka BNUsIHUA TpaHCMMaHTauuMmnm KpUOKOHCep-
BMPOBaHHbIX HelparnbHbIX KNETOK Ha CTENeHb acUMMeT-
pUN NMOPaXXEHUS TONIOBHOMO MO3ra XXMBOTHbLIX KOHTPOIb-
Hol (@) 1 aKcnepuMeHTanbLHoW (M) rpynn no peaynsratam
TecTa yrrnoBoro nosopoTa.

Fig. 2. Evaluation of cryopreserved neural cells transplan-
tation effect on brain injury asymmetry degree in animals
of control () and experimental (W) groups by the corner
turn test results.

a number of slips and passage rate along the beam in
rats due to a complete loss of equilibrium.

To day 1 after ICH formation, when performing the
corner turn test all the rats turned, aided by the limb on
the lesion side (Fig. 2). This fact pointed to a pronounced
asymmetry in brain dysfunction.

In rats of experimental group, 1 day after adminis-
tering the cryopreserved neural cells (day 3 after ICH
formation) when performing the staircase test was,
observed a statistically significant 2.8 times improvement
in fine motor skill reproduction from the contralate-
ral side as compared with the control (see Fig. 1), the
average number of slips in the beam walking test de-
creased in 3.3 times (Fig. 3A), the average passage rate
along the beam increased in 3.1 times (Fig. 3B).

In rats of experimental group, performing the corner
turn test was characterized with 3.2 times increase in the
frequency of turns from the contralateral limb side but
this change was statistically insignificant (see Fig. 2).

The indices of equilibrium and motor coordination
in the beam walking test (see Fig. 3) tended to improve,
i. e. to days 7 and 14 a number of slips decreased in 1.6
and 1.5 times, respectively. From day 21 to 28 the average
passage rate along the beam in animals of experimental
group decreased, herewith a number of slips from the
beam was the same in both groups. In the corner turn
test to days 7 and 14 the frequency of using contralateral
limb increased in 1.8 times vs. the control. The tendency
in increasing the frequency of contralateral limb use was
also noted from day 21 to 28.
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Puc. 3. OueHka BNNSHUS TpaHCNNaHTauuy KPMOKOHCEPBUPOBAHHbLIX HENMpanbHbIX KNETOK Ha KOOPAUHaLMI0 ABMKEHWUN
(A) 1 CKOpPOCTb NMPOXOXAEHMS Mo nepeknaavHe (B) XXMBOTHBIMU KOHTPOSIbHON (@) 1 aKcneprMeHTansHon (M) rpynn no
pe3ynbraTam TecTa NPOXOXAEHUs No nepeknagnHe; * — oTNNYNa CTaTUCTUYECKN 3HAaYMMbI MO CPABHEHMWIO C KOHTPOMNEM,
p < 0,05.

Fig. 3. Assessment of cryopreserved neural cells transplantation effect on equilibrium function and motor coordination
(A) and beam walking rate (B) in animals of control (®) and experimental (M) groups by the beam walking test results; * —

differences are statistically significant in comparison with the control, p < 0.05.

YEeCTBO COCKAJIb3bIBAHUM B TECTE MPOXOXKACHUS 110 Iepe-
KJIaAMHE YMeHbIIMII0Ch B 3,3 pasa (puc. 3, A), cpennss
CKOPOCTb IPOXOXKIECHUS 110 MepeKIaiiHe YBEIUUNIach
B 3,1 pasa (puc. 3, B).

YV KpBIC OINBITHOM IpyNIbl IpU BBIMOJIHEHUHN TECTa
YIJIOBOT'O IIOBOPOTA YaCTOTa [IOBOPOTOB I10 CTOPOHE KOHTP-
JlaTepasibHOM J1arbl YBEIMUMIACh B 3,2 pa3a, 0JJHAKO ITOT
MoKa3aresb ObUT CTATUCTHYECKUA HE3HAYHMM (CM. pHC. 2).

ITokazaTeny paBHOBECHSI M KOOPAWHAIINN ABHKCHUI
B TECTE MPOXOXKJEHUS IO MepekaagnHe (cMm. puc. 3)
UMEJIH TeHJCHIMIO K YIyUlIeHHIO: Ha 7- U 14-e cyTku
KOJIMYECTBO COCKAJIb3bIBAHUM yMeHbIINJIOCh B 1,6 1
1,5 pa3a coorBerctBeHHO. C 21-X 110 28-€ CYyTKH cpe-
HSIS1 CKOPOCTD ITPOXOXKICHHUS T10 TIEPEKIIaInHE )KUBOTHBIX
OTIBITHOM TPYIIIIBI CHM)KAJACh, IPH 3TOM KOJIUYECTBO
COCKaJIb3bIBaHUI C MepeKiaJnHbl ObUIO OJMHAKOBBIM
B 00eux rpymnmnax. B tecte yrmoBoro nosopora Ha 7-
14-e cyTKM 4yacTOTa HMCIOJIb30BaHUSI KOHTpaJlaTepalib-
HOM JNamel yBenuumiack B 1,8 pa3a mo cpaBHEHHIO C
koHTposaeM. C 21-x 1o 28-e cyTKM TakKe OTMeuanach
TEHJCHIMS K YBEIUYCHHUIO YACTOTHI MCIIOJIb30BAHMS
KOHTpaJlaTepajibHOM Jallbl.

IIpu npoBeieHNH JTIECTHUYHOIO TeCTa ¢ 7-X 10 28-¢ CyT-
KM HaOionajgach TEHJASHIMS K BOCCTAHOBJIECHUIO TOH-
KHX HAaBBIKOB Y dKMBOTHBIX ONBITHON FPYIIIIBI.

[Tony4eHHble pe3yabTaTsl CBUAETENCTBYIOT O TOJIO-
JKUTEITHHOM 3((pekTe TpaHCIUIAaHTAUU KPUOKOHCEPBU-
POBaHHBIX HEMpaJbHBIX KJIETOK KpbicaMm ¢ UK, koTophIit
MIPOSIBIISIICS Ha 3-€ CYTKH M0CTIe BBEICHHS U COXPAHSIICA
(kaKk TEHIEHIUS K YIyUYIICHHUIO) Ha MPOTsHKeHUU 14 cy-
TOK.

npobnemun Kpiobionorii i KpiomeaUUUHK
problems of cryobiology and cryomedicine

Tom/volume 28, Ne/issue 1, 2018

The tendency to restore the fine motor skills in animals
of experimental group was observed during staircase
test performance from day 7 to 28.

Our findings testify to a positive effect of cryopreser-
ved neural cell transplantation to ICH rats, which was
manifested to day 3 after administration and persisted
(as a tendency to improve) for 14 days.

A decreased therapeutic effect of neural cells in
3 days after transplantation may be stipulated by their
lysis due to both damaging effect of unfavorable fac-
tors, formed in the injured area and rejection reaction
as well.
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