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Impact of Combined Administration of Cryopreserved
Mesenchimal Stem Cells and Neural Cell Aggregates
on Recovery of Motor Activity in Rats with Intracerebral Hemorrhage

Pedbepar: Y poboTi BrB4anu BMANMB BBEAEHHS KPIOKOHCEPBOBAHWUX HEWpanbHUX KNITWH y cKradi arperatiB HelpanbHUX Kili-
TmH (AHK) i3 mesenximanbHumu ctoBbypoBumu knitnHamu (MCK) Ha BiHOBMEHHS MOBEAIHKOBUX PYHKUIA | PyXOBOI aKTUBHOCTI
wypis nicnsa iHTpauepebpansHoro kpososunmuey (IK). MopgentoBaHHa IK npoBogmMnu MeTogom CTepeoTakCUYHOrO BBEAEHHS Kona-
reHasu y ctpiaTym LLypiB, LLIO MPU3BOAMIIO A0 3HUKHEHHS YYTIMBOCTI Ha ypaXKeHili CTOPOHI, MOPYLUEHHSA PyXOBOI akTUBHOCTI Ta 3Hau-
HOI acumeTpii CeHCOPHO-MOTOPHOrO AediunTy y TBapuH. KpiokoHcepBoBaHi HerpanbHi knituHm (1,5 x 10° kn) y cknagi arperatiB Ta
KpiokoHcepBoBaHi MCK (1,0 x 108 kn) iMnnaHTyBanu B LUMYHOYKU FOMOBHOMO MO3KY LUypiB. EkCnepumeHTanbHO BCTAHOBMEHO CTaTu-
CTUYHO 3Hauylle BiAHOBMEHHS BiAYYTTA AOTUKY, MOKPALLEHHSA BUWKOHAHHS TOHKMX HABWYOK, 3MEHLUEHHS acuMMeTpii CEHCOpPHO-MOTOp-
Horo aediumty y wypiB i3 IK nicns imnnanTauii kpiokoHcepBoBaHux AHK, a Takox kombiHauii ocTaHHix i3 MCK. BBeaeHHs KpiOKOH-
cepsoBaHux MCK i3 AHK npuBognno go 6inbll paHHLOrO MOKpaleHHs MOBEAiHKOBO-pyXOBMX (DYHKUIN Y LypiB i3 IK nopiBHAHO 3
TBapuHamu, sikuMm BBOAWMM Tinbkn AHK.

KnrovoBi cnosa: iHTpauepebpanbHWii KpOBOBUIMB, LLYPWU, KPIOKOHCEPBYBaHHS, arperaTtv, HenparbHi KMiTVHW, Me3eHXiManbHi
CTOBOYpPOBI KMiTMHW, iMNNaHTaLlisi, MOBEAiHKOBI TECTU.

Abstract: The effect of implantation of cryopreserved neural cells (NCs) within the neural cells aggregates (NCAs) together
with mesenchymal stem cells (MSCs) on the recovery of rat behavioural functions and motor activity after intracerebral hemorrhage
(ICH) has been studied. The ICH was simulated by stereotactic injection of collagenase into rat striatum, resulted in loss of sensi-
tivity on the affected side, disorder in motor activity and significant asymmetry of sensory-motor deficits in animals. The cryopreserved
NCs (1.5 x 108 cells) within the aggregates and cryopreserved MSCs (1.0 x 10° cells) were implanted into the lateral ventricles of
rat brain. A significant recovery of tactile sensitivity, improvement in the skilled tasks performance, as well as a decrease in the asym-
metry of sensory-motor deficits in the ICH rats after implantation of cryopreserved NCAs, as well as the combination of the latter
with MSCs, have been experimentally established. The implantation of cryopreserved MSCs together with NCAs led to an earlier
improvement in behavioural-motor functions in rats with ICH as compared to the animals received the NCAs only.

Key words: intracerebral hemorrhage, rats, cryopreservation, aggregates, neural cells, mesenchymal stem cells, implantation,
behavioral tests.

Iarpanepedpanpanii kpoBowiauB (IK) € mommpe-
HOIO 1HBAJIIJU3YIOYOIO ITaTOJIOTI€I0 TOJIOBHOTO MO3KY
3 BUCOKHUM piBHEM cMepTHOCTi. Ha chorosiHi He icHye
e(heKTUBHUX METOMIB JIKyBaHHS JaHOI IATOJIOTil
[7], y 3B’SI3Ky 3 9UM aKTyaJIbHOIO € po3poOKa HOBHUX
migxoniB mo JikyBanHsa IK. OmHuM i3 crmoco6iB Ji-
KyBaHHSI MO)Ke OyTH 3aCTOCYBaHHsSI KJITHHHOI Tepa-
nii 3 BukopuctanusaM Helipanbaux kiituH (HK), siki
MOXYTb AH(EpeHIIIOBATUCS Y HEHPOHHU, KIIITHHH [JTi1
Ta MPOAYKyBaTH 010J0T1YHO aKkTHBHI (hakTopu [3, 7].
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An intracerebral hemorrhage (ICH) is a com-
mon, disabling brain pathology with a high mortality
rate. To date, due to no efficient therapies exist
[2], of topicality is to design the novel approaches
to ICH treatment. Cell therapy with neural cells
(NCs), which can differentiate into neurons, glial
cells and produce biologically active factors, may
be one of these methods [2, 14]. As we previously
reported [18], the implantation of cryopreserved
neural cells into the lateral ventricle of rat brain
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VY Hamniii nonepeanii podoti [1] mokaszano, 1o im-
IUTaHTalisg KpPIOKOHCEPBOBAHMX HEPBOBHUX KIITHH
y OluyHMH IUTYHOYOK MO3Ky IiypiB i3 IK mokpamry-
Bajla BIJHOBJICHHS PYXOBMX HABHYOK TBapwH. Im-
mranTanis HK y ckiazi arperariB HeHpambHUX KITi-
tuH (AHK) nponemoncTpyBana 6ibin BUCOKY edek-
THUBHICTh Yy TIOpiBHSAHHI 3 BBemeHHsM HK y ckmami
CycrieHsii, olHaK TIOBHOTO BiJTHOBJICHHS PyXOBOI aK-
TUBHOCTI 3a IEPioJi €KCIEPUMEHTY HE CrocTepira-
socst [1]. 36inbimennto edexrunocti aii HK, okpim
iX IMIDTaHTalii y CKJaji arperariB, MOXe CHpPHUSTH
CyMiCHE BBE/ICHHSI 3 ME3CHXIMaJIbHUMH CTOBOYpOBH-
mu kiituHaMu (MCK), ski MaroTh BIaCTUBICTb IPUT-
HiYyBaTH IMyHHY BiANOBiAb 1 3aXWIIaTH Bif Haj-
MIpHOI i1 3amanpHuX peakiii [7, 15].

Meta poOOTH — BUBUSHHSI BILTUBY BBEIIEHHS Kpio-
KOHCEPBOBAHMX arperariB HeWpaJdbHUX KIITHH Ta iX
KOMOIHaI1 3 KPIOKOHCEPBOBAHUMH ME3CeHXIMaThHU-
MH CTOBOYpOBHMH KIIITHHAMH Ha BiIHOBJICHHS pY-
XOBO1 aKTUBHOCTI IITypiB MICIS 1HTpanepeopaIrHOTO
KPOBOBHIIUBY.

Marepianu i MeTonH

ExcriepuMeHTH nNpoOBOAMIM BiAMOBIAHO 10 3a-
koHy Ykpainu «IIpo 3axucT TBapuH Bif JKOPCTO-
koro moBomkeHHsD» (Ne 3447-IV Big 21.02.2006)
i3 TOTpUMaHHSM BHMOT KOMITEeTy 3 Oloetnku Bin-
HUIPKOTO HAI[IOHAJIHHOTO MEIUYHOTO YHIBEPCUTETY
iMm. ML.L. [Tuporora (nmpotokorr Nel4 Bim 25.11.2010),
Y3TODKCHHX 13 TTOJIOKCHHSIMH «EBpOTEHCHKOI KOH-
BEHIIII 3 3aXHCTy XPEOCTHUX TBapWH, SKI BHKOPHC-
TOBYIOTBCSI B EKCIIEPHUMEHTAIbHUX Ta IHIIUX Ha-
ykoBuX 1isix» (CrpacOypr, 1986). Excriepumen-
TH BUKOHYBaJM Ha 23 Oinmx Oe3nopomnux 11-13-
MiCSAYHMX Iypax-camisx macor 300—400 1. VYeix
TBapuH OyJ0 po3nineHo Ha rpymnu: 1 (KOHTpOJbHA,
n = 9) — BBeaeHHs 30 MK KyJbTypaJbHOTO cepe-
noBuiia DMEM/F12; 2 (nocnimna AHK, n = 7) —
BeneHHs cycnensii AHK, mo mictinm npubmuzHO
1,5 x 10° xn y 30 mxn DMEM/F12; 3 (mocninHa
rpynma AHK/MCK, n = 7) — BBegenns AHK, mo
MicTuan mpubmusuo 1,5 x 10° ki pasom i3 1 x 10°
MCK y 45 mx1 DMEM/F12.

MopenroBanuasa IK 3mificHoBasM Imia 3arajsHOIO
a”ecresiero 15 mr/kr nponodoiy («Daewon Pharma-
ceutical Co. Ltd.», IliBnenna Kopes / lIBeinapis)
Ta 5 mr/kr cenasuny («Biowet Putawy Sp.», [Tonbina),
SIKI BBOJMJIM BHYTPIIIHHOYEPEBHO Yy CIIiBBiTHOIICHHI
3/1. Y crpiarym 1rypiB depe3 ronky mamerpom 0,47 mm
noBimbHO BBOAMiM 0,2 ox. xomareHasu IV tumy
(«Sigma-Aldrich», CIOA) B 1 Mk ¢izionoriuHo-
ro po3unHy. CTepeoTakCH4HI KOOPIUHATH BBEIICH-
HS KoJjlareHas3u: nepenanbo3annas — 0,2 MM mormepeny
Bim Opermu, memionarepanbHa — 3,0 MM i3 JIiBOTO
Ooky Bim Opermu, mmbmaa — 6 MM. Uepe3 5 XB Tmic-
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with ICH improved the restoration of animal
motor skills. The NCs implantation within the neu-
ral cell aggregates (NCAs) demonstrated a higher
efficiency as compared to NCs administration wi-
thin the suspension, but no complete recovery of
motor activity during the experiment was observed
[18]. An increased efficiency of NCs, in addition
to their implantation within aggregates, may be
provided by mutual administration with mesen-
chymal stem cells (MSCs), which have the pro-
perty to suppress the immune response and protect
against excessive inflammatory responsis [2, 11].
The research aim was to study the impact of
implantation of cryopreserved neural cell aggre-
gates and their combination with cryopreserved
mesenchymal stem cells on the motor activity
restoration in rats after intracerebral hemorrhage.

Materials and methods

The experiments were carried out in accor-
dance with the Law of Ukraine ‘On Protection of
Animals Against Cruelty’ (N 3447-1V of February
21, 2006), agreed to the statements of European
Convention for the Protection of Vertebrate Ani-
mals Used for Experimental and Other Scientific
Purposes (Strasbourg, 1986) in compliance with
the requirements of the Bioethics Committee of
M.I. Pirogov Vinnytsia National Medical Univer-
sity (protocol N14 of November 25, 2010). The
experiments were performed in 23 white outbred
11-13-month-old male rats weighing 300—400 g.
All the animals were divided into the following
groups: group 1 (control, n = 9) received 30 pl
DMEM / F12 culture medium; group 2 (NCAs,
n = 7) was administered with NCAs suspension
containing approximately 1.5 x 10° cells in 30 pl
of DMEM/F12; group 3 (NCAs / MSCs, n = 7)
was injected with NCAs, containing approximately
1.5 x 10° cells together with 1 x 10° MSCs in 45 ul
DMEM/F12.

The ICH was simulated under general anes-
thesia with 15 mg/kg of propofol (Daewon Phar-
maceutical Co. Ltd., South Korea/Switzerland) and
5 mg/kg of Sedazine (Biowet Putawy Sp., Poland),
administered intraperitoneally in 3/1 ratio. Using
0.47 mm needle, 0.2 U of type IV collagenase
(Sigma-Aldrich, USA) in 1 pl of saline were slowly
introduced into the rat striatum. Stereotactic coordi-
nates of collagenase administration were as fol-
lows: 0.2 mm anteroposterior in front of the breg-
ma, 3.0 mm mediolateral on the left side of the
bregma, 6 mm depth. Five minutes after injection,
the needle was removed and the wound was
sutured [8]. The next day after ICH formation, the
group 2 was injected with 30 ul DMEM / F12
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JIs1 BBEZICHHS TOJIKY BHJIYYalld 1 Ha paHy HakJIaJajiu
wBH [13]. Ha nacrynny noOy micist popmysBanus IK
y OlYHMI IUTYHOYOK MO3KY IIypiB BBOAMIH 30 MK
cepenosuma DMEM/F12 («Sigmay, CIIIA) 3 AHK y
rpymi 2 a6o 45 mxn DMEM/F12 i3 AHK ta MCK
rpym 3. CTepeoTakCH4Hi KOOPIUHATH: TIEPEIHBO-
3amast — 0,9 MM mo3aay Bim OperMu, MemioaTepaib-
Ha — 1,4 MM cripaBa Bix Opermu, ruouHa — 3,4 MM.

Po3paxyHOK HEOOXiAHOI KIIBKOCTI TpaHCIUIaH-
TOBaHUX KJIITHH MPOBOJWIM Ha TMiJICTaBi Mmomnepe-
HbO MPOBEJCHUX JOCTiKeHb [6, 7, 14]. Pisnuns
B 00’€Mi CyCreH3iH, ki BBOIWIU IIIypaM JIOCIIiTHIX
IPYIL, TOSICHIOETHCS JOJATKOBOIO KIUIBKICTIO KIIITHH
(1 x 10° k1) y rpymi 3, a TakoX BiJICYTHICTIO MOX-
JUBOCTI KOHLEHTPYBAaHHS KIITHH A 3MCHIICH-
Hs 00’emy cycrien3iii gepes 3arudens MCK i HK y
CKJIaJli arperatiB mix dYac TeHTpUuyryBaHHS TIpH
100g.

st hopMyBaHHS arperariB HeHpaibHI KIITHHH,
BHJIUICHI 3 TOJIOBHOTO MO3KY IMypiB 15—16 mHIB Te-
cranii MetofoM BiOpalii [5], KyJIbTHBYBall B KOH-
nenTpartiii 2 X 10° kii/mi y 30araueHOMy CepeoBHIIL
DMEM/F12, mo mictuio 10% cuposarku. [Ipu 1ip0-
My Onu3bKo 75% KIITHH CaMOCTIHHO 00’ €JHYBaIUCS
B arperatu giametpom Big 50 mo 250 mxm [4]. Takum
guHoM, cycren3is AHK micns 5 xB umentpudyry-
BanHs npu 100g mictuna npubauzno 5 x 107 xi/mi
(1,5 x 10% xm / 30 mxi). Me3enxiMasbHi CTOBOYpOBI
KIITUHH OTPUMYBaJIM B TMPOLECI KyJIbTUBYBAaHHS
5 x 10° x1/mMi1, BHAUICHHX 13 IEUIHKK ImMypiB 15—
16 nmiB recrauii, y CO, -iukybaropi y cepenosuiii
DMEM/F12 i3 10% cupoBarku. Ilicns Tpersoro
MepeciBy KIITHHH 3HIMANIA 3 MAKIAAKKA Ta Kpio-
koHcepByBaiu. Binrany cycnensito MCK nentpu-
¢yrysanm 5 xB nipu 100g, migpaxoByBajgH KiJIbKiCTh
KIiTHH y 1 MI ocaay i, B pa3i morpedu, po30aBisiin
cepenoBuiiem DMEM/F12 no konueHrpamii 6,7 X
x 107 xk/ma (1 x 10% x1/15 k). KpiokoHcepBy-
BanHss AHK Ta MCK npoBonmnu mix 3axuctom 10%
JIMCO nuigxoM 3aMOpOXKYBaHHS 31 IIBHIKICTIO
1 rpan/xB 1o —80°C, micis 40To KIIITHHHU MEPEHOCHITH
B pigkuii a3or. BinraBanas AHK ta MCK 3giiicHio-
Banmy Ha BomsHIA OaHi mpu 40°C, micas 9oro 3 mux
cycrien3iii BimmuBamu JIMCO. llepen Bu3Ha4YeH-
HaM kimpkocti AHK mpoBogmnmm ix jmesarpery-
BaHHs Ha nooauHoki HK 3a momomoroto BiOpaii [5].
[Minpaxynok kinekocti MCK 1 HK, a Takox ouiHky
X JKUTTE3MATHOCTI 3ilicHIOBaIM y kamepi [opsieBa
miciist 3a0apBICHHS TPUIIAHOBUM CHHIM.

OyukuioHanpHI mopyuieHHs y mrypis micias 1K
OLIIHIOBAJIM 34 pe3yJIbTaTaMM MOBEAIHKOBHUX TECTIB.
KoxHy TBapuHy B eKCIepHMEHTI TecTyBanmu 9 pa-
3iB. Ilepmmii pa3 mepen mopnemtoBanHsM [K mms
KO)KHOTO IIypa pO3paxoByBaIM cepeaHe apudMernd-
HE TPbOX OCTAHHIX TPEHYBaHb, 32 BUHATKOM TECTY
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(Sigma, USA) with NCAs into the lateral vent-
ricle of the brain, and it was 45 pl DMEM / F12
with NCAs and MSCs for group 3. Stereotaxic
coordinates were as follows: 0.9 mm anterio-
posterior behind the bregma, 1.4 mm mediolateral
to the right of the bregma, 3.4 mm depth.

The cell number needed for transplantation
was calculated proceeding from the previously re-
ported findings [1, 2, 9]. The difference in the
suspension volume, administered to the rats of
experimental groups is explained by an addi-
tional number of cells (1 x 10°¢ cells) in group 3,
and the impossibility to concentrate the cells
for reducing the suspension volume due to MSCs
and NCs death within aggregates during centri-
fugation at 100g.

To form the aggregates, the neural cells, iso-
lated from rat brain of 15-16 days of gestation by
vibration [16] were cultured at 2 x 10° cells / ml
concentration in the enriched DMEM / F12 medium,
containing 10% serum. Herewith, about 75% of
cells were self-assembled into aggregates with a
diameter from 50 to 250 um [15]. Thus, the NCAs
suspension after 5 min centrifugation at 100g
contained approximately 5 x 107 cells / ml (1.5x
10¢ cells / 30 pl). Mesenchymal stem cells were
obtained during culturing of 5 x 10° cells / ml,
isolated from rat liver of 15-16 days of gestation
in a CO, incubator in DMEM / F12 medium with
10% serum. After the third passage, the cells
were removed from the substrate and cryopre-
served. A thawed suspension of MSCs was cen-
trifuged for 5 min at 100g, the number of cells
was counted in 1 ml of precipitate, and diluted,
if necessary, with DMEM / F12 medium up to
6.7 x 107 cells / ml (1 x 10° cells / 15 pl) concent-
ration. The NCAs and MSCs were cryopreser-
ved with 10% DMSO by freezing with 1 deg/min
rate down to —80°C, then the cells were trans-
ferred into liquid nitrogen. The NCAs and MSCs
were thawed in a water bath at 40°C, afterwards
DMSO was washed out from these suspensions.
Prior to determine the number of NCAs, they
were disaggregated into single NCs using vib-
ration [16]. The number of MSCs and NCs was
calculated, as well as their viability was asses-
sed in Goryaev’s chamber after trypan blue stai-
ning.

Functional disorders in ICH rats were evalua-
ted by behavioral test results. Each animal was
tested 9 times in the experiment. First, before the
ICH simulation, for each rat we calculated the arith-
metic mean of the last three training sessions,
excepting the single pellet reaching test, where the
last 5 training sessions were counted. Then, the re-

171

tt‘




OIHI€T TpaHylnH, y SKOMY Ui MiApaxyHKy Opaiu
5 ocraHHiX TpeHyBaHb. [1oTiM oLiHIOBaIN pe3yibTa-
TH TECTiB, sKi nmpoBomwm Ha 1, 2, 7, 14, 21, 28, 35
i 42-y nmobu micns mopmemoBanHs [K. Yac mpose-
nennd Tectis: 3 10.00 qo 13.00.

Tect omniel rpanynu [12] mpoBOaMIIN IJIsT OIIIHKH
y IIypiB HAOyTHX IIiJl Yac HaBYaHHSI TOHKHX MOTOP-
HUX HaBUYOK — 3[AaTHOCTI JiCTaBaTH iCTiBHI IpaHy-
nu. JI7s 1pOTO TBApWH TOMIMIATH B CKIISTHUH OOKC
i3 oTBOpOM y 1 cM, Yepe3 sIKHi IIypyd MOINIU JicTa-
BaTH icTiBHI rpanynu (45 mr koxHa; «Bio-Servy,
CIOA). Wi rpanynu miakinazand B JTYHOUYKY Ha CTi-
Jelb KOHTpJIaTepalibHO BiJ MapasizoBaHOi KiHIIBKH
JUI. BUKITIOYEHHS BHMKOPHCTAHHS 3J0POBOi JIaIly.
YeninHoro BBaKanu cnpoly, KoMK LIyp CXOIJIIOBAB
rpaHyily 3 Iepuioi crpoOu, AicTaBaB ii Jiarmor Ta
3’imaB. [lizmpaxoByBaiu BiZICOTOK yCITIITHUX CIIPOO.

TecT BuaaneHHs TUNKOI CTPIYKH MPOBOAWIN VIS
OIIHKM TIOPYIICHHS BIiAUyTTS MOTHKY: Bl JIHTIKI
CTpiuku ogHAKOBOTO po3Mipy 1 X 1 cm («Urgosyval®
Laboratoiries Urgo», ®paHiis) MociioBHO TpPHUK-
JICIOBAJIM JI0 BHYTPILIHBOI TIOBEPXHI MEPEAHIX Jial
mypiB. EQekTHUBHICTH TakTHIBHOI BIAMOBIII OIli-
HIOBAJIacs 3a 4acoM BUJAJCHHS JHUMKOI cTpiuku. J{o
MozemoBanHs 1K miypiB momepenHpo Tpuui Tpe-
HyBaJIU /711 BUKOHaHHS TecTy [16].

ACHUMETpII0 CEHCOPHO-MOTOPHOTO JIe(illUTy OI1i-
HIOBAJIM 3a JONOMOIOI0 TECTy KYTOBOIO IIOBOPO-
Ty, IJI1 4Oro Iypa MOMIIald TOJOBOIO BIEPEN Y
kyT, piBanA 30°. lle mpuBOAMIIO 1O CTHMYITIOBAHHS
BiOprc Ha 000X CTOpPOHAX TOJOBH, 1 3MYIIyBaJIO
TBapuHY BCTaBaTH, NIOBEPTAIOYUCH Yepe3 NpaBy ado
niBy nary. [lizpaxoByBajiu KiJIbKiCTh TTOBOPOTIB IIijI
Yyac BCTaBaHHsS LIypa Ha JIBi 3a[Hi JIalK 4yepe3 CTo-
pony, koHTpsatepaibHy 1K [16].

CraTuCTUYHY 3HAYYLIICTh 3MiH MICIS MOAEIIO-
Banus [K Busnawasm 3a T-xkpurepiem Binkokco-
Ha. 3HAYYLIICTh BiAMIHHOCTEH IOKa3HHUKIB Yy TIpy-
max omiHoBanu 3a kputepiem Kpyckana-Yomrmica i
Manna-YiTHI U1 monapHUX TOPIBHSAHB TIPHU PiBHI
3HagymocTi o < 0,05. Pe3ymbrarn mani momaroThCs
K MeJliaHa, 3 3a3HAYCHHIM Y TYXKKax MOKa3HHKIB 1-
1 3-T0 KBapTHIIIB.

Pe3yabTaTn Ta 06roBOpeHHs

JKutresnarnicts nekonceproBannx MCK ckiania-
na 75% (68%; 79%). dKutTte3narHicTh KIITHH Y CKIIai
nexoHcepBoBanux AHK cranosuna 78% (67%;
83%). Y KyabTypi KJIITHHM arperariB Iiciisl iX MpH-
KpIIUIGHHS JI0 MiJKIaJKH MirpyBanu i audepen-
LIFOBAJTUCS B HEHPOHM Ta KIITHHH TIii, (POPMYyIOYH
MOHOILIAP, Ha SIKOMY 3 4aCOM yTBOPIOBAJINCS KOJOHI{
HeWpalbHUX CTOBOYpPOBUX/TIPOTCHITOPHHUX, KOMi-
TOBaHUX 1 He3piMX audepeHIiioBaHUX HEHpab-
HUX KJITHH [2].

sults of tests, performed to days 1, 2, 7, 15, 21,
28, 35 and 42 after ICH simulation, were asses-
sed. All testing was conducted between 10.00 a. m.
and 1.00. p. m.

The single pellet reaching test [7] was perfor-
med in rats to evaluate the fine motor skills, ac-
quired during training, i. e. the ability to retrieve
the food pellets. For this purpose, the animals
were placed into a glass box with a 1 cm opening
through which the rats could retrieve the food
pellets (45 mg each; Bio-Serv, USA). These pel-
lets were placed in a hole on the chair contrala-
teral to the paralyzed limb to avoid the other paw
using. The attempt was considered successful
if the rat grabbed the pellet on the first reach at-
tempt, retrieved it with its paw and ate it. The
percentage of successful attempts was calcula-
ted.

The adhesive removal test was performed to
assess the disorder in tactile sensitivity: two adhesive
tapes of the same size (I X 1 cm) (Urgosyval®
Laboratoires Urgo, France) were gradually ap-
plied onto the inner surface of rat forepaws. The
efficiency of tactile response was evaluated by
measuring the time-to remove it. Prior to ICH
simulation, the rats were previously trained three
times to perform the test [12].

The asymmetry of sensory-motor deficits was
assessed using the corner turn test, where the rat
was placed with the head forward into the 30°
angle. This resulted in whisker stimulation on both
sides of the head, and forced the animal to stand
up, turning through the right or left paw. The num-
ber of turns was counted when the rat stood up
on two hind paws through the side, contralateral to
ICH [12].

The significance of changes after ICH mode-
ling was determined by the Wilcoxon signed-
rank test. Significant difference between these
groups was assessed using the Kruskal-Wallis and
Mann-Whitney criteria for paired comparisons at
a significance level of o < 0.05. The results were
then reported as the median, with specifying the
first and third quartiles in parenthesis.

Results and discussion

The viability of warmed MSCs was 75% (68%;
79%). The cell viability within the warmed NCAs
was 78% (67%; 83%). In culture, the aggregate
cells following attachment to the substrate mig-
rated and differentiated into the neurons and glial
cells, by forming a monolayer, where the colonies
of neural stem / progenitor, committed and imma-
ture differentiated neural cells were eventually
formed [10].
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OuiHka edeKkTUBHOCTI iMnnaHTauii y TBapuH rpynu 1 (koHTpons) (—a—), rpynn 2 (AHK) (—o—) ta rpynu 3 (AHK/
MCK) (--e--). A — BiGHOBMEHHS TOHKMX HAaBMYOK y TBApWH 3a pesynbTraTtaMu TeCTy OAHi€i rpaHynu; B — BigHoBNeH-
HA BiAYYyTTA AOTUKY y TBapuH 3a pesynbraTtamu TecTy BuAaneHHs nunkoi cTpivyku; C — cTyniHb acumeTpii ceH-
COPHO-MOTOPHOro AediunTy, WO BUPaXaeTbCHA Y 3PYYHOCTI BUKOPUCTAHHS ypaxeHoi KiHUiBKW, 3a pesynbTa-
TaMu TecTy KyTtoBoro nosopoTty. ICH — mogentoBaHHsa iHTpauepebpanbHOro KpoOBOBUMMBY; Imp — iMnnaHTauis
kniTuH abo cepeposuwa DMEM/F12. # — BigMiHHOCTI B yCix rpynax 3HauvyLli NOPiBHAHO 3 TBApMHaMU Y LUX cCaMux
rpynax go IK, p < 0,01. * — BigmiHHoCTI y rpyni 2 (%) Ta 3 (*) 3HayyLi NO BiAHOWEHHIO OO KOHTPOMbLHOI rpynu,
p < 0,05.

Evaluation of implantation efficiency in animals of group 1 (control) (—a—), group 2 (NCAs) (—o—) and group 3 (NCAs/
MSCs) (--e--). A — restoration of animal fine skills by the single pellet test results; B — recovery of tactile sensitivity in
animals by the adhesive removal test results; C — asymmetry rate of sensory-motor deficits, manifested in comfortable
use of affected limb by the corner turn test results. ICH — intracerebral hemorrhage modeling; Imp — implantation of
cells or DMEM/F12 medium. # — differences between groups are significant as compared to animals within the same
groups prior to ICH, p < 0.01. * — differences between groups 2 (3) and 3(*) are significant as compared to the control,
p < 0.05.

Ha 1-y noOy micnst mopemoBanss IK y Beix rpynax To day 1 after ICH modeling, the results in
TBApHH BiJ3HAYal0OCs 3HaJyllle TOTIpIIeHHs pe3yiab- each behavioral test aggravated significantly in all
TaTiB y KOKHOMY 3 TIOBEIIHKOBUX TECTIB (PHCYHOK). groups of animals (Figure).

Ha 2-y no6y micis IK (1-a moba micist BBe- To day 2 after ICH (day 1 after cell administ-

JIEHHS KIIITHH) y IIypiB Tpym 2 Ta 3 Big3Hauamocs  ration), the time-to-remove the adhesive tape redu-
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3MEHILEHHS Yacy BHJAJICHHS JIMMKOI CTPiuKU 10 65
Ta 78 ¢ BIANOBIAHO Yy TOPIBHSHHI 3 KOHTPOJBHOIO
rpymoo (170 ¢) (p < 0,05; pucynok B). ¥ Tecrax
OZIHI€l TpaHyaM Ta KyTOBOTO IIOBOPOTY B JKOIHIH
rpymi He Oyi0 MoKpamieHHs pe3ynbsrariB. Ha 7-y mo0y
B TECTi ONHIEl TpaHyIW y Tpymi 3 crocrepiraigacs
TEHIEHITiST 10 30IIBIICHHS KITBKOCTI 3’IICHUX Tpa-
HyJ y TOpiBHAHHI 3 Tpymoo 2 (p = 0,10; pucyHok A).
VY rpyni 3 Big3zHayanocs 3MEHIIEHHS 4acy BHAAJICH-
HS JIUNKOT CTpiuky 710 19 ¢ y NOpiBHSHHI 3 KOHTPO-
aem (53 ¢) (p < 0,05). lypu rpynu 3 mnoyanu
noseprarucs 2 (0,5; 5) pa3u depe3 KOHTpIaTepaib-
Hy CTOpPOHY Ha BiIMiHY BiJ KOHTpPOJBHOI TpYIIH,
y sIKiii OifbLIICTD TBapWH TOBEpTasacs TUIBKU de-
pe3 Heypaxkeny cropony (p < 0,05; pucynok C).
Ha 14-y noOy tBapuam y rpymax 2 ta 3 6pamu 20
1 25% rpanyi BiANIOBITHO y TIOPIBHSHHI 3 KOHTPOJIb-
HOIO TPYyIOI0, J¢ OUTBIIICTH IIypiB IIe HEe Opaja
rpanyi (p < 0,05; pucyHok A). Ha 21-y no0y y mry-
piB Tpynu 3 BHUSBIEHO 301JbIIEHHS KITBKOCTI 3 ife-
HuX rpanyn 10 40% y TOpIiBHSHHI 3 KOHTPOJIBHOO
rpynoto (6,7%) (p < 0,05). Takox crnocrepiranacs
TEHJICHIlISL 70 30UIBIICHHS KUIBKOCTI 3 iIeHUX Tpa-
HyNn y Tpymi 2 mopiBHSHO 3 KoHTponeM (p = 0,07)
Ta y rpyni 3 nopiBasiHO 3 rpynoio 2 (p = 0,15; pu-
cyHok A). Kpim Ttoro, y mypiB rpynu 3 30i7b1Iu-
Jacs KiTBKICTh KOHTpJAaTepalbHUX MOBOPOTIB A0 3
(1; 7) pasiB MOpIiBHAHO 3 KOHTPOIBHOI TPYIIOI0, Y
SIKifi OUTBIIICTH TBAPHWH 4epe3 ypaKeHy CTOPOHY He
noBeptanacs (p < 0,05; pucynok C). Ha 28-y mo0y
y Tpymi 2 CHoocTepiraad 30UTBIIEHHS KUTBKOCTI
KOHTpJIaTepaIbHUX TIOBOPOTIB 70 5 pa3iB MOpiB-
HsHO 3 KoHTposneM (1 pa3) (p < 0,05; pucynok C).
Ha 35-y no0y y rpymnax 2 i 3 BUSBICHO 30UIbIICH-
Hsl KUTBKOCTI B3sTUX rpanyi no 50 Ta 45% Biamo-
BIJIHO Yy MOpiBHsIHHI 3 KoHTposieM (20%) (p < 0,05;
pucyHok A). VY rpymi 2 cnoctepiraiocs 301IbIICHHS
KUTBKOCTI KOHTpJIaTepaJbHUX MOBOPOTIB 10 4 pa3is
y TopiBHSHHI 3 KoHTponeM (2 pasu) (p < 0,05; pu-
cynok C). Ha 42-y noOy y rpynax 2 i 3 BUSBJICHO
OlbIly KiIbKICTH B3STHX rpanyi: 50 Ta 45% Bin-
TIOBITHO Y TIOPiBHSAHHI 3 KoHTponeM (25%) (p < 0,05;
pucyHok A). Y rpymax 2 i 3 cnocTepiranocs 3011b-
IIEHHS KUJIBKOCTI TIOBOPOTIB A0 5 pa3iB y MOPIBHAHHI
3 KOHTPOJIBHOW Tpymoo (2 pasu) (p < 0,05; pucy-
Hok C).

ImmnanTanist kpiokoHcepoBanux AHK mpone-
MOHCTpYyBajia €(QEeKTUBHICTh Yy BiIHOBJIEHHI MOpY-
mennx [K MmoBemiHKOBUX TECTIB: MOKpAIIEHHS Bij-
YyTTS JOTHKY Ha 2-y 1100y, BiIHOBJICHHSI TOHKUX Ha-
BHUYOK 1 3MEHLICHHS aCUMETPil CEeHCOPHO-MOTOPHOT'O
nedinuTy, mounHarouu 3 14- ta 21-1 moOu BiAMIOBIA-
HO. 3a3Ha4yeHi 3MiHH, CKOpiIle BCHOTo, 0OyMOBJICHI
3MCHIIICHHSAM HAOpSKY Ta 3[IaBIIOBAaHHS BHYTPIII-
HBOT Karcyiau (MOKpaIeHHs BiMYyTTS JOTHUKY), IO

ced down to 65 and 78 s in the rats of group 2
and 3, respectively, as compared to the control
group (170 s) (p < 0.05; Fig. B). No group de-
monstrated the improved results in the single
pellet reaching test and the corner turn test. To
day 7, when performing the single pellet reaching
test, the group 3 showed the tendency to increase
in the number of eaten pellets as compared to the
group 2 (p = 0.10; Fig. A). The time-to-remove
the adhesive tape was reduced down to 19 s in the
group 3 as compared to the control (53 s) (p < 0.05).
In the group 3, the rats began to turn 2 times
(0.5; 5) through the contralateral side as compared
to the control group, where most animals turned
through the unaffected side only (p < 0.05; Fig. C).
To day 14, the animals from groups 2 and 3 retrie-
ved 20 and 25% of pellets, respectively, as com-
pared to the control group, where most rats had
not retrieved pellets yet (p < 0.05; Fig. A). To
day 21, we revealed an increased number of eaten
pellets up to 40% in the rats of group 3 as com-
pared to the control group (6.7%) (p < 0.05). The
tendency to increase the number of eaten pellets
was observed in group 2 as compared to the control
(p = 0.07) and in group 3 versus group 2 (p = 0.15;
Figure A). In addition, an increased number of
contralateral turns up to 3 times (1; 7) was noted
in the rats from group 3 as compared to the control
group, where most animals did not turn through
an affected side (p < 0.05; Fig. C). To day 28,
the number of contralateral turns augmented up
to 5 times in group 2 as compared to the cont-
rol (1 time) (p < 0.05; Fig. C). To day 35, the
groups 2 and 3 showed an increase number of
retrieved pellets up to 50 and 45%, respectively,
as compared to the control (20%) (p < 0.05; Fi-
gure A). An increased number of contralateral
turns up to 4 times was observed in the group 2
as compared to the control (2 times) (p < 0.05;
Figure C). To day 42, the groups 2 and 3 sho-
wed a higher number of retrieved pellets, i. e. 50
and 45%, respectively, as compared to the control
(25%) (p < 0.05; Fig. A). An increase in the turn
number up to 5 times was observed in groups 2
and 3 as compared to the control group (2 times)
(p <0.05; Fig. C).

The implantation of cryopreserved NCAs de-
monstrated the efficiency in restoring the ICH-
impaired behavioral tests such as: the improvement
in tactile sensitivity to day 2, restoration of fine
skills and reduction of asymmetry of sensory-motor
deficits, starting to days 14 and 21, respectively.
The mentioned changes were most likely stimu-
lated by reduction of swelling and compression of
internal capsule (improvement of tactile sensitivity),
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CIPUSIIO BiTHOBJICHHIO CHHAIITUYHOI Tepeiadi Mix
HelpoHaMH CTpiaTyMy, SIKi BTN (MTOKpaIleHHS
BUKOHAHHS TOHKMX MOTOPHHMX HaBHYOK), Ta IOSIBI
y IIypiB BiAUYTTS OiNBIIOT 3py4HOCTI MPH BUKOPHC-
TaHHI ypakeHOi KiHIIBKH (3MEHIIEHHS acUMeTpii
CEHCOPHO-MOTOpHOTO nedinuty) [16].

Bigomo, 1o HelipambHi CTOBOYpPOBI KIIITHHH
(HCK), sixi BXomsaTh 10 ckiamy imruiantoBanux HK,
MOXYTh mponidepyBaT Ta AUPEPEHIIOBATHCS Y
TaKi JIiHIl HeHpadbHUX KJIITHUH SIK aCTPOLIUTH, OJIIro-
nenapouuty ta Hediponu [10]. ImmmantoBani HCK
TaKOXK CEKPETYIOTh 1HAYKOBaHMHU TiMOKcielo (akTop
anb(a-1 Ta pakTop pocTy CyAMHHOTO €HIOTENII0, 10
nigBuiye HedpomiaactuuHicTs eHporeHHnx HCK
[17]. 3 iamoro 6oxky MCK npurHiuyroTs anonTos ta
MaloTh 3HAYHUW NPOTHU3ANajIbHUN BIUIMB, O0OyMOB-
JIeHnd 3HKeHHsM Mirparii T-mimdorutis [9, 15],
a TAaKOXX eKcIpecii akBaropuHy-4 B acTponyTax, Lo
CIIpHsie 3MCHIIICHHIO HAaOpSKy Ta MPOHHUKHOCTI Te-
mato-eHnedanigaoro 6ap’epy [18]. MesenxiMmaib-
Hi CTOBOYpOBI KJIITHHH TaKOXK CEKPETYIOTh JEKillb-
ka Heiporpodiunnx nutokiHiB: VEGF, VEGFR-3,
BDNF, IGF-2, tuposunrigpokcunasy Tta dakrop
pOCTYy TENaToLuTIB, MIO MOXE CHPHUSITH pereHepa-
uii HEHPOHIB B ypaKeHHMX HiNsSHKax Mo3Ky [11].
H. Huang i cmiBaBr. [8] mpoBemu IOCIHiKEHHS
BIUIMBY BPYTPIIIHbOLITYHOUKOBOTO BBeaeHHs MCK
Ha nepedir IK. [Ipu npomy Oyiio BCTaHOBIICHO ITO-
KpAaIlIeHHS Pe3yJIbTaTiB y MOBEIIHKOBHUX TECTaX (TECT
acUMeTpil mepeHbOi KiHIIIBKH ), CTHMYJTIOBaHHS HEi-
poreHe3y Ta 3MeHIIeHHS 00’ eMy KpoBoBmIHBY. Og-
HaK 3a pe3y/ibTaraMH ILbOTO JIOCHI/KEHHS y TepH-
reMaToOMHIN 30HI He OyJI0 3HAWJCHO IMILJIAHTOBA-
Hux MCK, mo cBig4uTh Mpo BiJCYTHICTH Mirpariii
LUUX KJIITHH Y 30HY YpaKeHH: 1, IepeBayKHO, TUCTaH-
uifinnii BrumB MCK micnst BBeneHHS X y HITYHOUKH
MO3KY.

Honasanas MCK no imrmutantoBannx AHK mpu-
BOOWJIO A0 OLIBII PAHHBOTO IOKPALICHHS Pe3ylib-
TaTiB yCiX TecCTiB, a came: BiJIHOBICHHS BiTdyT-
TSl JOTUKY HPOTSAroM 1-ro TWXKHS, TEHICHLISA N0
HOMJIMNINIEHH BUKOHAHHSA TOHKMX HABWYOK i3 7- 10
21-i mobm, a Takok OUTBIIOI 3PYIHOCTI BUKOPHC-
TaHHS Ypa)XKEHOi KiHIIBKK Ha 7- ta 14-y nobu. /lu-
HamiKa TOKpameHHs1 QyHKLIH y Tpyni 3 mopiBHs-
HO 3 KOHTpOJIeM 30epirajacsi J0 KiHIl EKCIepH-
MEHTY, XO4a pe3yjibTaTh y Led Mepiog Maibke He
BIPI3HSJIMCSA BiJl MOKAa3HUKIB rpynu 2. binpm pan-
HE TOKpPALICHHS Pe3ylbTaTiB MOBEAIHKOBUX TecC-
TiB y TBapHH I'PyIU 3 TOPIBHSHO 3 IPYIOI0 2 MOX-
Ha TOSCHUTH TPOTH3amajbHOW akTuBHiICTIO MCK
MPOTSTOM TEpPIINX JHIB IcisS iHTparepeOpatb-
HOTO KPOBOBMJIMBY, KOJM PO3BUBAETHCS 3HAYHE 3a-
MaJieHHsT Ta TOPYIIYETHCS ITUTICHICTh TeMaTOCHIIe-
(hamigroro G6ap’epa.
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which contributed to the restoration of synap-
tic transmission between the survived striatum
neurons (improved fine motor skills) and the
appearance in rats of feeling of more comfortable
use of affected limb (decrease in asymmetry of
sensory-motor deficits) [12].

It is known that neural stem cells (NSCs)
within the implanted NCs may proliferate and
differentiate into such neural cell lines as astro-
cytes, oligodendrocytes, and neurons [S]. The imp-
lanted NSCs also secrete the hypoxia-induced
alpha-1 factor and vascular endothelial growth fac-
tor, which increases the neuroplasticity of endo-
genous NSCs [13]. The MSCs, for their part, sup-
press the apoptosis and have a significant anti-
inflammatory effect due to a decreased migration
of T-lymphocytes [4, 11], and the expression of aqua-
porin-4 in astrocytes, reducing thereby swelling and
blood-brain barrier permeability [17]. Mesenchy-
mal stem cells also produce several neurotrop-
hic cytokines such as: VEGF, VEGFR-3, BDNF,
IGF-2, tyrosinghydroxylase, and hepatocyte growth
factor, that may promote neural regeneration in
the affected brain sites [6]. H. Huang et al [3]
have studied the effect of intraventricular deli-
very of MSCs on ICH course. They revealed the
improvement in behavioral test results (anterior
limb asymmetry test), stimulation of neurogenesis,
and reduction of hemorrhage volume. However,
according to this research findings, no implanted
MSCs were found in perigematomic area, sugges-
ting thereby that no migration of these cells into
the affected area occurred, and MSCs had mostly
a distant influence within their delivery into the
brain ventricles.

The MSCs supplement to the implanted NCAs
entailed an earlier improvement in all tests re-
sults, i. e. renewal of tactile sensitivity during the
I week, a tendency to improved fine skills from
day 7 to day 21, as well more comfortable use of
affected limb to days 7 and 14. The dynamics of
function enhancement in group 3 as compared to
the control was kept until the experiment end,
although the results within this period were al-
most not different from the indices in group 2.
The earlier improvement of behavioral test results
in the group 3 animals than in group 2 may be
explained by an anti-inflammatory activity of MSCs
within the first days after intracerebral hemorr-
hage, when a significant inflammation develops
and the integrity of blood-brain barrier is disrupted.

Conclusions
Thus, from day 14 to day 21, an intraventricu-
lar implantation of cryopreserved neural cell aggre-
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BucHoBku

Takum umHOM, i3 14-1 mo 21-y noOu BHYTpim-
HBOLTYHOYKOBA IMIUIaHTaLisl KpPiIOKOHCEPBOBAHUX
arperatiB HeWpalbHUX KIITHH a0o 1X KoMmOiHaIlis 3
ME3eHXIMaJIbHUMH CTOBOYPOBHMH KIITHHAMH IIPH-
BOOWJIA JI0 3HAYYLIOr0 Ta HPUOIM3HO OIIHAKOBOIO
TTOKPAICHHS MTOBEAIHKOBUX (DYHKINH y TBapHH 000X
Ipyn TOPIBHSHO 3 KOHTPOJIEM. AJie y HIypiB, SKUM
JIOJIATKOBO BBOJMJIM ME3CHXIMaJIbHI CTOBOYPOBI Kili-
TUHH, crioctepiranu Oiunbln panue (7—14 moGa) Bin-
HOBJICHHSI YYTJIHMBOCTI, KOOpAMHAII TOHKHUX PYXiB
1 BIJUyTTS 3pYYHOCTI BHKOPHCTAHHS Ypa)XeHOI KiH-
LiBKM, HDXK y TPyMi TBApHH, SIKAM BBOJHWIN TiIbKH
arperatyd HEpBOBUX KJIITHH.
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gates or their combination with mesenchymal
stem cells resulted in a significant and approxi-
mately equal improvement in behavioral function in
animals of both groups as compared to the control.
However, the rats, additionally injected with me-
senchymal stem cells demonstrated an earlier impro-
vement (days 7—14) in sensitivity, fine-motor coor-
dination, and in comfortable use of affected limb,
than in the group of animals received the neural
cell aggregates only.
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