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BAnsiHne BBeA€HMS! KA€TOK CTPOMBbI KOCTHONO MO3ra, MHAYLUMPOBAHHbIX
NO HeWPOHAAbLHOMY MYTH, HA BOCCTAHOBA€HUE ABUraTEAbHbIX
HapyWweHnH U ypoBeHb A0()amUHa B CTPYKTYpax rOAOBHOIO

MO3ra KpbIC C MAPKMHCOHOMOAOOHBIM CMHAPOMOM
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Effect of Introduction of Neuronal Pathway-Induced Bone Marrow Stromal
Cells on Recovery of Movement Impairments and Dopamine Level in Brain
Structure of Rats with Parkinson-Like Syndrome

MopaenupoBanue NapKHHCOHOMOJOOHOTO CHHAPOMA JOCTUIAeTCsl JBYCTOPOHHEH AecTpyKuueil 4epHOoW cyOCTaHIMH, YTO
IMPOABJIACTCA B ABUI'aTCIbHBIX Hapymel-n/mx U PE3KOM INaACHUH ypOBHﬂ ﬂO(baMPIHa B XBOCTAaTOM AApE€ U (prHTaHbHOﬁ KOop¢€
OKCIICPUMEHTAJIbHBIX )KUBOTHBIX. CTepeOTaKCI/IquKOC BBCICHHUE KJIETOK CTPOMBI KOCTHOI'O MO3ra, MHAYLMPOBAHHBIX 110 HeﬁpOHaHbHOMy
IYTH, CHOCOOCTBYET BOCCTAHOBIJICHHUIO IBHKCHUH Y SKCIIEPUMEHTANIbHbIX JKMBOTHBIX. YPOBEHb 10(paMHHa B TeUCHHE CPOKa HAOIIOCHUI
(50 cyTOK) Yy )KMBOTHBIX-PELIUITUCHTOB HE U3MEHSIJICS.

Knrouesvie cnosa: napKHHCOHOMOMOOHBIH CHHAPOM, KIETKH CTPOMBI KOCTHOTO MO3ra, T0(GaMUH, KPBICHI.

MopenoBaHHs HapKiHCOHOMOIOHOTO CHHAPOMY JOCSTAETHCS IBOCTOPOHHBOIO JECTPYKIII€I0 YOPHOT CyOCTaHIIIT, 110 TPOSIBISETHCS
y PYXOBHX MOPYIICHHSX Ta Pi3KOMy NaiHHI piBHs f0daMiHy B XBOCTaTOMY sApi Ta GPOHTANBHII KOPi €KCIIEPUMEHTAIbHUX TBAPHH.
CrepeoTakcyHe BBEICHHS KIIITHH CTPOMH KiCTKOBOTO MO3KY, iHAYKOBaHHX HEWPOHAJIBHUM IIJISIXOM, CIIPUSE BiJHOBICHHIO PYXY
eKCIIepUMEHTAIbHUX TBapHH. PiBeHb Ho(aMiHy NpOTIroM CTpokKy croctepexents (50 ai6) y TBapHH-pELUIIEHTIB He 3MiHIOBABCSI.

Kniouosi cnosa: napkincoHononiOHUN CHHAPOM, KIIITHHH CTPOMH KiCTKOBOTO MO3KY, 1odamiH, 1rypH.

Modelling of Parkinson-like syndrome is achieved by bilateral destruction of substantia nigra manifested as movement disorders

and sharp drop of dopamine level in caudate nucleus and frontal cortex of experimental animals. Stereotaxic injection of bone marrow
stromal cells induced by neuronal way results in the recoverry of movements in experimental animals. Dopamine level in host animals

was not changed.

Key-words: Parkinson-like syndrome, bone marrow stromal cells (BMSCs), dopamine level, rats.

OcHoOBHAasl IpUYMHA BO3HUKHOBEHUS 00JIE3HU
[Tapxuncona (BII) — nereneparus nopamMuHIpruvec-
KHX KJIETOK KOMITAKTHOW YaCTH YEPHOU CyOCTaHIIUU
(SN) [4]. HodamuH3zamecTuTeNbHAS Tepanus (HaKoM,
CUHEMET, MaJIoTap U JAp.) ABJISIETCS OJHUM U3 dPPeK-
TUBHBIX METOJIOB KOHCepBaTUBHOIO Jeuenus bII. Hc-
ToYHUKOM JTopamuHa (J[A) MOTYT OBITh TaKOKE TIEpeca-
YKCHHBIE JI0(aMUHIIPO Iy IUPYIOLINE HEPBHBIC KIIETKH
(heTanpHOTO TPOUCXOXKACHUA [ 3, 6, 8]. [l appexTrs-
HOTO JICYEHHs OJTHOTO TAI[MeHTa MCII0JIb3YIOT CMECh
(heTambHBIX HEPBHBIX KIIETOK OT 4—06 IUTOIOB, TPHYEM
90-95% TpaHCILUIAHTHPOBAHHBIX KJIETOK OOBITHO
moru0aroT B TIEPBBIC THU mocsie oneparuu [10]. Mo-
PATbHO-ITUYECKHE 3aMIPETHI, TE€TEPOTeHHOCTD MOTTYJIs-
LMW TPAHCIUTAHTUPYEMBIX KIIETOK, ONTAaCHOCTh MH(H-
LUPOBAHUS U UMMYHOJIOTHUYECKUE TIPOOIIEMBI, CBSI3aH-
HBIE C TPAHCIUIAHTAIUEeH eTaabHBIX TKaHEH, 00yCITo-
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The main cause of Parkinson’s diseases (PD) is
degeneration of dopaminergic cells of substantia
nigra (SN) compact part [4]. Dopamine-substituting
therapy (Nakom, Sinemet, Madopar efc.) is one of the
efficient methods of conservative therapy for PD. As
well the transplanted nerve cells of fetal origin may be
the source of dopamine (DA) [5, 6]. For effective
treatment of a patient there is used the mixture of fetal
nerve cells from 4-6 fetuses, herewith 90-95% of
transplanted cells usually die within the first post-
operation days [10]. Moral and ethical bans, hetero-
geneity of population of the cells to be transplanted,
the infection threat and immunological problems, related
to transplantation of fetal tissues have stipulated the
actual search for alternative method of cell therapy.

It has been established that in bone marrow of
mammals there are fibroblast-like cells, which under
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BHJIM aKTyaJIbHOCTD ITOMCKA aJTbTEPHATUBHOTO METO/1A
KJIETOYHOH Teparnu.

YCTaHOBIEHO, UTO B KOCTHOM MO3T€ MJIEKOTIUTAIO-
mux coxepxkarcs GpudpobdIacTOnom00HbIe KISTKH,
KOTOpBIE B OIPEJENCHHBIX YCIOBHUIX MOTYT Audde-
pEeHIMpOBaThCs B HEPBHBIE KJIETKH [3, 5], mpu BBEE-
HUH KOTOPBIX BOCCTaHABIMBAETCS TKAHB JII000T0 TTOB-
pexneHHoro oprasa [9], B Tom uncie u SN.

Lens paboThl — M3y4yeHHE MpoIecca BOCCTAHOB-
JIEHUSl ABUTATENBbHBIX HAPYIICHWH W BIHUSHUS HA
ypoBeHb A B CTpyKTypax rOJIOBHOI'O MO3ra KpbIC €
9KCIIEPUMEHTAIBFHON MOJIEIBI0 MAPKIMHCOHOIO100-
noro cuaapoma (I1C) moce BBeIeHNS MHAYITHPOBAH-
HBIX 10 HEHPOHAIBHOMY IyTH KIJIETOK CTPOMBI
koctHOro Mo3ra kpsic (KCKM).

Martepmnanbl U meToAbI

HccnenoBanue BHIMONHEHO Ha 54 O€CMOPOIHBIX
[TOJIOBO3pPEIBIX KpbIcax-camuax Maccoi 250-300 r.
JKuBoTHbIE ObLIH pa3lieNeHbl Ha CIECAYIOIINE IPYIIIIbL:
I rpynma —unTaktHas (n = 6); Il rpymnma — kKOHTpobHAS
monenb [IC ¢ AByCTOpOHHEH CTepeoTakCHudeCKOM
necrpykiuerd SN (n =24) u Il rpynma — 1ByCTOpOHHSS
nectpykius SN 1 MOCIeayolee CTePe0TaKCHIeCcKoe
onnocroponuee Beenenne KCKM, nHIynnpoBanHBIX
10 HeWpOHAIBHOMY Iy TH (n = 24).

Mognenuposanue 11C npoBoauin 1ByCTOPOHHEN
aseKTpoiauTryeckoi nectpykuueit SN [1] ctepeorak-
CHYECKHM almapaToM C HCIOJIb30BaHUEM atiiaca
CTEPEOTAaKCHYECKUX KOOPAUHAT M0o3ra KpbIchkl. Koop-
quHaTel SN COOTBETCTBOBAIM TOYKE, HAXOASILEHCS
Ha muHun AP + 4 MM, natepanbHO — 2 MM, BITYOb —
8,1 mm. Jlns Hapko3a BHYTPHUOPIOIIMHHO BBOAMIIN
12 mr TnonenTana Harpus Ha 100 T Macchl 5KHBOTHOTO.
AHOJ M3TrOTaBIMWBAIU W3 CTAJbHOW MPOBOIOKHU
nuametpoM 0,3 MM, U30JTMPOBAHHON 1O BCEH IITHMHE
0aKeJIMTOBBIM JIAKOM 32 UCKIIOYCHHEM KOHYHMKA
mumrHON 10 1 MM. KaTo momentanu B poT >KHBOTHOTO.
DNEeKTPOoIIN3 TPOBOIWIIN ITPH HANIPSDKEHNH ToKa 12 B,
cuite Toka 3 MA, akcriozuiuu 6—8 ¢ (puc. 1).

KiteTkn cTpomMbl KOCTHOTO MO3ra BBIIEISAIN W3
KOCTHOTO MO3T'a, KOTOPBIH MOJTydasin U3 OepeHHBIX
KOCTEH KpbIC, M PACCEUBAIIN B KYJIbTypasIbHbIE (hIIaKO-
Hel miomaaeio 80 cm? B cpene DMEM/F12 ¢ 20%
(eranbHOI ObIYbEH CHIBOPOTKH M 50 MKI/MJI TeHTaMU-
nmHa. Yepes 24 4 KynbTUBUPOBAHUS CPEAY CIMBAIN U
KJIETKH TIIATEIHFHO MPOMBIBAJIM PACTBOPOM XDHKCA.
JloGaBnsanu cBeXyIO cpeny M KyJIbTHBUPOBAJIH CTPO-
mainbHble KieTku npu 37°C u 5% CO, B Teuenue 14
CYTOK JIO 00pa30BaHusl KIIETOYHOTO MOHOCIIOSI, CPEILY
MEHSUTA KaXJIble 3 CYTOK.

Jnst ungykumu nudepeHIpoBKY B HEHPOOIacThl
KCKM wunkyOupoBanu 2 4 npu 37°C B pactBope
peruHoeBoi KucnoThl (10°M). DkcnepruMeHTaTbHBIM
KpbICaM 4epe3 MHUKPOKaIWUIAP CTEPEOTAKCUUECKU
BBOIWIH 10 300—500 THIC KJIETOK B 30HY JECTPYKLHUU.
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certain conditions may differentiate into nerve cells
[3, 5], during the introduction of which the tissue of
any damaged organ [9] recovers, including SN.

The research aim is to study the process of recovery
of movement disorders and the effect on DA level in
brain structures of rats with experimental model of
parkinsonism-like syndrome (PS) after introduction of
neuronal pathway-induced cells of bone marrow stroma
cells (BMSCs) of rats.

Materials and methods

The study was performed in 54 breedless mature
male rats of 250-300g. The animals were divided into
the following groups: 1 group — intact (n = 6); 2 group —
control model of PS with bilateral stereotaxic destruc-
tion of SN (n=24) and group 3 bilateral destruction of
SN and following stereotaxic unilateral introduction of
neuronal pathway-induced BMSCs (n = 24).

PS was modeled with bilateral electrolytic destruc-
tion of SN [1] with stereotaxic apparatus using the
atlas of stereotaxic coordinates of rat’s brain. SN
coordinates corresponded to the point located on a line
AP + 4 mm, 2 mm laterally, 8.1 mm depthward. For
narcosis 12 mg sodium thiopentalum was injected intra-
peritoneally per 100 g of animal’s mass. Anode was
manufactured from 0.3 mm steel wire, insulated along
the whole length with bakelite varnish, except the tip
of 1 mm length. Cathode was placed into animal’s
mouth. Electrolysis was performed at the voltage of
12 volt, 3 mA current load, 6-8 sec exposure (Fig. 1).

Bone marrow stroma cells were isolated from bone
marrow which was derived from rat’s buttock and
seeded into cultural flasks with the area of 80 cm? in
DMEM/F12 medium with 20% fetal bovine serum and
50 pg/ml gentamycin. In 24 hrs culturing the medium

P ) & i
e i
Puc. 1. MukpodoTorpadust yaactka Mmo3ra Ha 50-¢ CyTKH

nocne aHogHoro ekTpoausa SN. Okpacka reMaTOKCUIINH-
3031HOM, X200.

Fig. 1. Microphotograph of brain area at 50th day after
anode electrolysis. Hematoxylin-eosin staining, X200.
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JIBurarenbHbIe HAPYIIEHUS Y KPBIC OLEHUBAIIN 110
WX BHUJy U CTETIEHU BBIpaKEHHOCTH (Tabi. 1).

VYposenb JIA B GpoHTAIBHON KOpE, XBOCTATOM
sipe Kpblc onpenensin yepes 5, 15, 30 u 50 cytok
ocyie AKCIepUMEHTaIbHOro Moaenrposanus [1C me-
TOZIOM KOJIOHOYHOH XpOoMaTorpaduu ¢ mocieTyonium
GbIyopuMeTpUUYECKUM aHAJM30M U BbIpa)kald B
HMOJIB/J [7].

Craructrdeckyro 00pabOTKy OTyYeHHBIX JaHHBIX
MIPOBOJIMIIM € TIOMOIIBIO KpuTeprst CThIOACHTA.

Pe3yAbTatel M 00Cy)KAeHUE

B pesynbraTe KyJabTHBHPOBAHWUS W WHAYKIINH
CTPOMAJIbHBIX KJIETOK KPBICHI PETUHOEBON KUCJIOTOM
MOJTy4aJIi HEHPOHOTIOIOOHBIE KIIETKH, KOTopbIe nudde-
PEHLUPOBAUCH B HEHPOHBI (pHuC. 2).

bunatepanbnas nectpykuns SN BbI3bIBaIa y KPBIC
rpyOble JBUraTeIbHbIC HAPYLICHUS B BUJIC HACUIIBCT-
BEHHBIX MOHOTOHHBIX JIBUKEHUH T'OJI0BOH, "TOpOOITO-
no0Horo" m3ruba TyJIOBHILA, TPUYEM y HEKOTOPBIX
JKUBOTHBIX OBITM HEECTECTBEHHO BBITSHYTHI KOHEU-
HOCTH M BEPTHUKAJIBHO MOJHAT XBOCT. OnMcaHHbIE
JBUTATEIHHBIE PACCTPONCTBA BO3HUKAIH Y BCEX HKH-
BOTHBIX Ha 1-2 cyTku mocie nectpykiuu. OaHuM 13
xapakTepHbIx nposiBaennit [1C y KUBOTHBIX OBLT
""MaHeKHBIH Oer". Perpecc nBUTaTENbHBIX HAPYIICHHUIH
XapaxkTepeH U1 00enX IPYIIl ONBITHBIX )KUBOTHBIX.

B rpynmne Il nBurarenbHble HapyIIEHUS] COXPaHs-
JMCh B TEYEHHE BCEro nepuoga HaOmoaeHui (1o 50
CyTOK) mocie pectpykuuu SN. B rpynme >KuBOTHBIX
III mocne nectpykuuu SN u BBenenuss KCKM npuske-
HUS HOpMaJIM30Bainuch Ha 12—14 cyTku (puc. 3).

[lo naHHBIM AWHAMHKH JBHUTATEIBHBIX pac-
CTPOWCTB Y HUTPIKTOMHUPOBAHHBIX KPBIC MOKHO OTME-
TUTh, YTO TATOTHOMOHHWYHBIE JJI1 TApKUHCOHHU3MA
paccTpoicTBa ABUXKEHUN, TPEMOP U PUTHIHOCTh

Puc. 2. TudpdepeHnupoBka HEHPOHOTIOTOOHBIX KICTOK
KPBICHI B HEHPOHBI. OKpacka METUIIEHOBBIM cHHUM, X200.

Fig. 2. Differentiation of rat neuron like-cells to neurons.
Methylene blue staining, x200.
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Tadmuua 1. Bun u creneHs BEIpa)KeHHOCTH ABUTATENBHBIX
pacctpoiicTs npu moaenuposanuu I1C y kpeic

Table 1. Type and degree of movement disorders’
manifestation during simulation of PS in rats

CreneHb BEIPa’KEHHOCTH
ABUTATEABHBIX PACCTPONCTB
egree of movementdisorders'

manifestation

Bup ABUraTeAbHBIX PAacCTPONCTB
Type of movementdisorders

TpeMop Ml
Muscle tremor

1 6arn — Aerkue IPOSBACHUS
UAM X OTCYTCTBHE
1 point —low manifestations or
their absence

PUTHAHOCTD MBIIIT]
Muscle tension

"Manexusii" 6er
"Circus" rhythm

MOHOTOHHBIE ABUIKEHUS
TOAOBOU
Monotonous head movement

2 6aana — yMepeHHBIe
TIPOSIBA€HUS
2 points —moderate
manifestations

"BepTHUKaABHEBINA" XBOCT
"Vertical" tail

o

"TopGonopoGHEBIN" U3THG
TYAOBHUIIA

"Hump-like" bending of body 30ama — IHK IPOABACHHUE

3 points — peak of
manifestations

ManommoABU>KHOCTE
Low mobility

was removed and the cells were thoroughly washed
with Hanks solution. Fresh medium was added and
stromal cells were cultured at 37°C and 5% CO, for
14 days up to the formation of cell monolayer, medium
was changed every 3 days.

To induce the differentiation into neuroblasts the
BMSCs were incubated for 2 hrs at 37°C in the solution
of retinoic acid (10° M). Experimental rats via
microcapillary stereotaxically 300—500 thousands cells
were injected into destruction zone.

Movement disorders in rats were assessed on their
appearance and manifestation rate (Table 1).

DA level on a frontal cortex, caudate nucleus of
rats was examined in 5, 15, 30 and 50 days after
experimental modelling of PS by means of column
chromatography with following analysis and expressed
innmol/1[7].

The obtained data were statistically processed using
Student’s criterion.

Results and discussion

In the result of culturing and induction of rat’s
stromal cells with retinoic acid there were obtained
neurone-like cells which differentiated into neurons
(Fig.2).

Bilateral destruction of SN caused in rats rough
movement disorders as forced monotonous head
movements, “hump-like” body bending, herewith in
some animals the extremities are unnaturally
outstretched and the tail is vertically reached up. The
described movement disorders appeared in all the
animals to the 1-2 days after destruction. One of the
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CTteneHb BblpaXeHHOCTH, B6annbl
Manifestation degree, points

2 Manonozs. 3 Low mob. 3

1 5 15 30 50

Cpokn HabnpeHus, CyTkn
Observation time, days

Puc. 3. /[suratensusie Hapyuienus npu I1C y HUrpaxTomu-
POBaHHBIX KPBIC (KOHTPOJBHAS TpymIa): Tpemop — TpeMop
MBI, PUTHIHOCTS — PUTHIHOCTH MBI, MaH. Oer —
“MaHeXHbBIHN 0er”’; MOHOT. ABMIK. — MOHOTOHHBIE JIBHIKEHHS;

CXL)

Bept. xBocT — “BeprukansHbiii”’ XxBocT; [op0. Tyi. — “rop6o-
2

Mo00HBIN” M3THO TymoBUIIA; MallomoaB. — MaJOMOA-

BHYKHOCTD.

Fig. 3. Movement disorders during PS in nigrectomated
rats (control group): Tremor — muscle tremor; Tension —musc-
le tension; Circus r. — “circus” rhythm; Monot. mov. — mo-
notonous movement; Vert. tail — vertical tail; Hump. bod. —
hump-like bending of body; Low mob. — low mobility.

MBIIII] Pa3BUBAIOTCA Y KpPbIC B TeUeHHEe 5 CyTok. B
9TH K€ CPOKH MOSIBIISIETCS M ""MaHEKHBIN " OeT, KOTOPBIN
XapakTepeH U1l MOJIeITH SKCTPaTPaMHIHBIX HapyIIie-
HHUH y Kpbic. CTemneHb BBIPAXXEHHOCTH 3THUX pac-
CTPOHCTB K 5 CyTKaMm JIOCTUraeT Makcumyma (3 Oai-
n1a). MOHOTOHHBIE IBIKEHUSI TOJIOBOH, ""BEPTUKAITBHBIN"
XBOCT, "TOpOOIOI00HBIN" U3TH0 TYIOBHIIA, MATIOTIO-
BIYKHOCTB Pa3BUBAIOTCS JI0 MUKA BBIPAKEHHOCTH ATUX
paccTpoicTB B CPOKH 5—15 CYTOK U COXpaHSIOTCS
pakTHuecku O0e3 U3MEeHEeHH Bech epruoa Haloze-
Huii (50 cyTOK).

Hna n3ydenus 3 PeKTUBHOCTH NPUMEHEHHS
KCKM, nHAyIMpOBaHHBIX 110 HEWPOHAIHHOMY THUITY,
KpbICaM ¢ SKcniepuMeHTanbHoi Monenbio [1C kneTou-
HbI€ CYCIIEH3MH BBOJMIN CTEPEOTAKCHYECKH B 30HY
BbIIIe o0acTy necTpykimu SN Ha 2 MM depe3 7 CyTOK
nocie moaenupoBanus [1C. BeiOop ykazanHoro cpoka
00YCIIOBJICH T€M, YTO IOCJE JECTPYKLUUU HEHPOHOB
YepHOIi cyOcTaHIIMK HAOTIOAIOTCSI OTEK U HaOyXaHue
Oenoro BelecTBa rOJIOBHOIO MO3Ta, K 5—7 cyTKam
OHHU perpeccupylor. Bei6op 30HBI BBeaeHHS 00BsIC-
HSETCSl TeM, YTO OHAa COOTBETCTBYET CyOTanamu-
YecKo 00sacTu y OOJNbHBIX MAapKUHCOHU3MOM, B
KOTOPYIO BBOAATCSA He¥poauddepeHnpoBaHHbIe
CTpOMalibHbIe ayTOKJIeTKH. Kak BumHO U3 puc. 4, ¢
15-x cyToK oTMedaeTcsi 3aMETHOE YMEHBILIEHUE Tpe-
Mopa, pUTHAHOCTH, K 30 cyTKaMm 3TH MPOSBICHUS
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characteristic manifestations PS in animals “the circus
rhythm” was found. The regression of movement
disorders is characteristic for both groups of experi-
mental animals.

In the group 2 the movement disorders were kept
during the whole observation period (up to 50 days)
after SN destruction. In the group 3 with the animals
after destruction of SN and HT the movements
normalized to 12—14 days (Fig. 3).

On the data of dynamics of movement disorders in
nigraectomized rats it should be noted that pathognomo-
nic for parkinsonism disorders of movements, tremor
and muscle rigidity develop in rats for 5 days. Within
the same terms there is manifested the “circus rhythm”,
which is characteristic for the model of extrapyramidal
impairments in rats. The manifestation rate of these
disorders to the 5" day reaches the maximum
(3 points). Monotonous head movement, “vertical” tail,
“hump-like” body bending, slight mobility develop up
to the manifestation peak for these disorders within
the terms from 5 to 15 days and remain practically
without changes within the whole period of obser-
vations (50 days).

To investigate the efficiency of BMSCs application,
induced on neuronal type, to the rats with experimental
model of PS the cell suspensions were introduced
stereotaxically into the zone higher than SN destruction
area by 2mm in 7 days after PS modelling. The choice
of the mentioned term is stipulated by the fact that
after destruction of substantia nigra neurons there
are observed oedema and swelling of alba, to the 5—
7 days they regress. The choice of the zone of
introduction is explained by the fact that it corresponds
to sub-thalamic region in the patients with parkinsonism,
wherein neurodifferentiated stromal autological cells
are introduced. Fig. 4 shows that since the 15 day there
is noted a significant decrease of tremor, rigidity, to
the 30 day these manifestations practically disappear.
In comparison with the control group as well the
manifestation rate of monotonous head movement,
“hump-like” body bending and slight mobility reduce.

When analyzing the data presented in Fig. 3 and 4
one may note that the most stable movement disorders
are slight mobility and monotonous head movements.
A little bit rapidly such movement manifestations as
muscles rigidity, “vertical” tail and tremor of extremities
regress.

The introduction of the suspension of neuro-induced
cells results in the regression of movement disorders,
which is quite manifested to the 15 day. During a detai-
led analysis of the curves it has been noticed that in
the result of BMSCs introduction, induced on neuronal
type, to the 7 day and after 30 days from the moment
of PS modelling there are observed slightly manifested
confining state, monotonous head movements and
regression of the rest movement disorders.
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MIpaKTHUYECKH Hcue3aroT. [1o cpaBHEHHIO ¢ KOHTPOIIb-
HOM rpyNIoi TaKKe YMEHBIIIAETCsI CTENEHb BBIPAYKEH-
HOCTH MOHOTOHHOT'O JIBFKEHHSI TOJIOBOH, "TOPOOIO100-
Horo" n3ruda TyJI0BHUILA U MAJTOTIOABH)KHOCTH.

[Ipu ananu3e NaHHBIX, TPEACTABICHHBIX Ha pUC. 3
" 4, MO’)KHO OTMETHTD, YTO HanOO0JIee CTORKUMH JIBUTa-
TEBHBIMH PACCTPOHCTBAMH SBISIOTCS MAIOTIOBHK-
HOCTh ¥ MOHOTOHHBIE JIBH)KEHUS T0J10BOH. Heckombko
OBICTpee perpeccupyroT TaKue JBUTATEIbHbIE TTPOSB-
JICHUS1, KaK PUTHIHOCTD MBIIILL, "BEPTUKAIBHBINA" XBOCT
1 TPEMOpP KOHEYHOCTEH.

BBenenue cycrieH3nn HeMpOUH Y IUPOBAHHBIX KJle-
TOK IPUBOJIUT K PErPECCY ABUIATENILHBIX PACCTPONCTB,
KOTOPBIN TOCTaTOYHO BbIpakeH K 15-M cyTkam. Ilpn
JIETAJIbHOM aHAJIN3€ KPUBBIX OTMEUEHO, YTO B PE3YIIb-
tate BBeAeHnss KCKM, nHaylnMpoBaHHBIX 1O HEMpo-
HaJHHOMY THITY, Ha 7-€ CyTKH U mocie 30-x CyToK ¢
MomeHnTa moxaenupoBanus [1C naGmomarorest cnabo
BBIpQXEHHASI MaJIOMIOIBUKHOCTh 1 MOHOTOHHBIE JBH-
JKEHHSI TOJIOBOM M PETPECC OCTAIBHBIX JBUTATEIBHBIX
paccTpoiCTB.

[To pe3ynbTaraM TMHAMHUKH JBUTATENBHBIX HAPY-
LIEHUH MOYHO OTMETHUTb, UTO BBEJAEHHUE KIETOUHBIX
CYCIEH3HUM PUBOJUT K 3P PEKTUBHOMY perpeccy JIBU-
raTelbHBIX PACCTPOUCTB.

Junamuka ypoBHs JJlA B CTpyKTypax T'OJIOBHOTO
MO3Tra SKCIIEPUMEHTAIBHBIX KpbIC ¢ Moiebio [1C Obl-
na nzyuena nocie BeefieHust KCKM, nnyimpoBaHHbIX
110 HEHPOHAJILHOMY THITY.

Tadsmna 2. Coneprxanue JJA (HMOJIB/1T) B CTPYKTypax

rojoBHOro Mo3ra kpeic ¢ [1C (n=6)

Table 2. Content of DA (nmol/l) in structures of rats’

bone marrow with PS (n=6)

CTeneHb BblpaXeHHOCTU, Bannbl
Manifestation degree, points

ow m.2 ManonoaB.4
T

1 5 15 30 50

Cpokun HabrnogeHus, cyTku
Observation time, days

Puc. 4. /IBurarenbHble HApYLUICHUs! Y KPbIC B Pa3IMYHbIC
cpoku nocie Beeaennss KCKM, naayuupoBaHHbIX 0 HEH-
POHAIILHOMY THITY, Ha 7 CyTKH nocie moaenuposanus [1C:
Tpemop — TpeMop MbIIIL, PUTHAHOCTS — PUTHHOCTD MBIIIILL;
Mam. Oer — “MaHexHbIN 0er’’; MOHOT. IBH)K. — MOHOTOHHEIE
JIBIDKCHUST; BepT. XB. — “BepTUKaIBHBIN XBOCT; [0op0. Ty, —
“rop6onomo6HbI” U3rnd Tynosuia; Maiomnoas. — mMano-
TIO/IBIKHOCTb.

Fig. 4. Movement disorders in rats at different terms after
introduction of BMSCs, inducted for neuronal type on 7
day after PS simulation: Tremor — muscle tremor; Tension —
muscle tension; circus r. — “circus” rhythm; Monot. — mono-
tonous movement; Vert. tail — vertical tail; Hump. — hump-
like bending of body; Low m. — low mobility.

On the results of dynamics of
movement disorders one may note
that introduction of cell suspensions

results in effective regress of move-

. lgepqu u AQC?I)\?H;IHHQ ment disorders.
TPYKTypa HaOAIOACHUS, HTaKTHBIE Accrpykumsa SN | tpancmanranus . . .
e | obsemontme| s | SN asincion | Wamimcion Dynamies of DA Jevel In brain
' d structures of experimental rats wi
days and
t: lantati . .
mSPeme®  PS model was studied after intro-
5 0,750,12 0,180,03" 0,69£0,01° duction of BMSCs, induced on neu-
ronal type.
DponTarbHas 15 0,69:0,12 0.16=0,08" 015004 The presented data show (Tab-
Kopa .

Frontal cortex 30 0750,12 0,18:0,06" 023004 le 2), anode electrolysis causes the
stable fall of DA level in brain struc-
50 0,75%0,12 0,12::0,03" 0,15%0,04" tures, which is preserved for the
whole observation period. After
> 311073 1365015 1215053 transplantation of BMSCs, induced
5 3054073 1.23%0,43 121%0,45 on nel.lronal‘type, any change in DA
Xnocraroe #ipo level in brain structures of experi-
30 3,11%0,73 1,350,16° 1,36=0,12" mental animals with PS model is not
observed. Some increase of DA

50 3,11=0,73 1,30=+=0,06" 1,25+0,41* . -
level in a frontal cortex is found to

[Ipumeuanune: * — OTIUYHS CTATUCTHYECKU NOCTOBEPHHI OTHOCHTEIHHO COOTBET-
CTBYIOLIMX AaHHBIX JUI1 HHTAKTHBIX )KUBOTHBIX (P <0,05).

Notes: * — differences are statistically significant in comparison with the corresponding
data for intact animals (P < 0.05).
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the 30" day.
Analyzing the peculiarities of
recovery of movement disorders in
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Kax BuHO 13 mpeicTaBiIeHHbBIX JaHHBIX (Ta0II. 2),
AHOJTHBIN SJIEKTPOJIN3 BBI3BIBACT CTAOMIHHOE MTAJICHIEC
ypoBHs [IA B CTpyKTypax Mo3ra, KOTOPbIi COXpaHseT-
cs B TEYEHHE Bcero nepuona HaOmroneHnui. [locme
tpancmiantauuu KCKM, uHIynupoBaHHbIX MO HEU-
POHAITLHOMY THITY, KAKOTO-THO0 H3MeHEHHs ypoBHs JIA
B CTPYKTYpPax MO3Tra SKCIIEPUMEHTAIbHBIX dKUBOTHBIX
¢ mopenbto [1C He Habmromaercs. Hekotopelil mogbem
ypoBHsI JIA BO ppoHTaTBHOM KOPE OTMEUCH JIUITH Ha
30-e cyTKH.

AHanmm3upyst 0COOCHHOCTH BOCCTAHOBIJICHUS JBUTa-
TEITHHBIX PACCTPOUCTB y JKMBOTHBIX C DKCIIEPUMEH-
TaabHBIM 11C, MOXXHO OTMETHTBH, YTO MaKCHUMAaJILHO
JIBUTATEIILHBIC PACCTPONCTBA Yy dKUBOTHBIX KOHTPOITb-
HOM IpynIsl NPOSIBISIFOTCS HA 5—15 cyTku nocie Mo-
neaupoBanus [IC. BoccraHoBlieHne ABUTaTENbHBIX
pacCTPOUCTB y HUTPIKTOMUPOBAHHBIX >KUBOTHBIX
M0CJIe HEUPOTPAHCIUIAHTALIMY HEJIb3s TPAKTOBATh KaK
CIIOHTAHHOE, TAK KaK B KOHTPOJIBHOM rPyTIIe >KUBOTHBIX
JIBUTATENbHBIC JIe(DEKTHI COXPAHSIINCH B TCUSHHUE BCE-
ro mepuoaa HaOmoneHui. OQHAKO y KUBOTHBIX C
skcriepuMenTanbHbIM [1C moce BBeieHns HEHPOUH-
TYIIAPOBAHHBIX CTPOMAJBHBIX KJIECTOK OTMEUAETCS
perpecc IBUTATEILHBIX HAPYIICHUH, HE3aBUCUMO OT
ypoBHs JIA B CTpYKTypax roOJIOBHOIO MO3Ta, Ha KOTO-
PBIi HEMTOCPEICTBEHHO BIUSIOT KJIETKH YMOPHOHATH-
HOT0 Mo3ra Kpsic [4].

BbiBOADI

1. bunarepanpHas gectpykuus SN ¢ MOMOIIbIO
AHOJHOTO DJIEKTPOJIM3a BBI3BIBACT y JKMBOTHBIX
passutue [IC ¢ xapakTepHBIMU ABHTATEIbHBIMU
MIPOSIBIICHUSIMH U CHUKEHHEM YPOBHA J|A B CTPYKTY-
pax Mo3ra KpbiC.

2. Tpancrumanramus KCKM kpeic, mHIynnpoBaH-
HBIX 10 HEWpPOHAIBHOMY TTyTH, KpbicaMm ¢ I1C croco6-
CTBYET BOCCTAaHOBIICHUIO JBMKCHHH, HO HE HOpPMaJTH-
3UpyeT ypoBeHb [IA B CTPYKTypax Mo3ra HUTPIKTO-
MHPOBaHHBIX )KUBOTHBIX B TeueHne 50 cyTok Haburo-
JIEHUH.

3. Benenune KCKM, unayunpoBaHHbIX IO HEUPO-
HaJIbHOMY ITyTH, OKa3bIBaeT Heclen(pUIECKUi Heil-
POTPOTEKTOPHBIN PQPEKT, BKIFOYAOIINN aHTHOKCH-
JNIaHTHOE, aHTHAIMOINTO3HOE U HelpoTpoduueckoe
JEUCTBUS KaK Ha 30HY aHOJHOTrO AekTponnsa SN, Tak
1 Ha KOPKOBO-TIOIKOPKOBEIC CBSI3U B IIEJIOM.

Jlutepatypa

Bepyerko O.I7, Tumkosa A.M., leliko B.B. 3Ha4yeHune TpaHc-
nnaHTauum Hepocneunduyecknx TkaHe B BOCCTaHOBNEHUN
YHKLMIA 9KCTPanupamMnaHoOm CUCTEMbI (IKCNEPUMEHTarnbHoe
nccnegoBsaHue) // MaTtepianu nneHymy HayKoOBO-NpakTuy-
HOro ToBapucTBa HEBPOJIOriB, MCUXiaTpiB Ta HapKonoris
YkpaiHu “AKTyanbHi NUTaHHS HeBponorii, ncuxiaTpii Ta
HapKonorii y CBiTNI KoHUenUii po3BUTKY OXOPOHWU 340pPOB’A
HaceneHHs YkpaiHn”.— TepHoninbk, 2001.— C. 172-174.
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animals with experimental PS it should be noted that
maximum movement disorders in those of control group
manifest to 5-15 days after PS modelling. Recovery
of movement disorders in nigra-ectomized animals after
neurografting can not be interpreted as sponta-neous,
since in the control group of animals the move-ment
disorders were kept for the whole observation period.
However in animals with experimental PS after intro-
duction of neuroinduced stromal cells there is found
the regression of movement disorders, independently
on DA level in brain structures, which is directly affec-
ted by rat’s embryonic brain cells [3].

Conclusions

1. Bilateral destruction of SN using anode elect-
rolysis causes in animals PS development with charac-
teristic movement manifestations and reduced DA
level in rat’s brain structures.

2. Transplantation of BMSCs of rats, induced on
neuronal pathway, to the ones with PS contributes to
the recovery of movements, but does not normalize
DA level in brain structures of nigra-ectomized animals
for 50 observation days.

3. Introduction of BMSCs induced on neuronal way
renders non-specific neuroptotective effect, including
anti-oxidant, anti-apoptosis and neurotrophic ones both
on the zone of anode electrolysis of SN and cortex-
sub-cortex bonds in a whole.
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