AHOTAILISA

Axoseyp A. 1. ExcriepumeHTanpHe OOTPYHTYBaHHS HOBUX METOJIB JIIKyBaHHS
rimaykomu. — KBasmidikariiiina HaykoBa Ipalls Ha IpaBax pyKOIIUCY.

Juceprariisi Ha 3400yTTS HAYKOBOT'O CTYNEHs JOKTopa (inocodii 3 ramysi 3HaHb 22
OxopoHa 370poB’a 3a chemiaidbHicTIO 222 MenunuHa (HayKoBa CHEIIAIBHICTh
«OdTranbmornoris»). — HanionaabHUM yHIBEPCUTET OXOPOHHU 3A0pOB’sl YKpainu imen1 I1.
JI. llynuka MO3 Ykpainu, Kuis, 2021.

Hucepraliisi npucBsideHa TpoOJieMi  MiJABUINCHHA ©(QEKTUBHOCTI  JIIKyBaHHS
IJIAyKOMHOI ONTHYHOI HEHpomarii NUIIXOM BHW3HAYCHHS BIUIMBY KYJBTHBOBaHUX
MOCTHATAJIbHUX MYJbTUIOTEHTHUX CTOBOYPOBUX KJIITUH-TIOX1THUX HEPBOBOTO IpeOCHS Ha
Mopdho-hyHKITIOHATBHUN CTaH 30pOBOT0 aHAI3aToOpa B EKCIICPUMEHTI.

['maykoMa — ojHE 3 HaMOUIbLI 1HBAIIU3YIOUMX 3aXBOPIOBAHb CEpPEN TOJIOBHUX
npu4uH ciabo0ayeHHs Ta CJINOTH B yCchboMy CBiTi. Ha chOromHImIHIA JIeHb, 3a JaHUMU
JOCIIKEHb, 78 MJIH JIIOACH XBOPIIOTH TIJIayKOMOK, a 3a mporHo3amu g0 2040 poky
KUIBKICTh XBOPUX Ha IiayKoMmy 30utbmuThbes Ao 111,8 muH. 3aranbHa NOIIMPEHICTH
riaykoMu cepeni ocid BikoM Bijg 40 go 80 poxkiB cranoBuTh 3,54% [1-3]. Kpim TorO,
MpUHAWMHI, TIOJIOBUHA XBOPUX HA TJIAYKOMY HE 3HAKOTh, M0 XBOPIIOTh IIUM
3aXBOPIOBAHHSAM. A B JESKHX KpaiHax, 10 po3BUBAIOThCS, 90% riaykoMH 3alMIIAIOTHCS
HeliarHoCcToBaHUMH [4].

B VkpaiHi cuTyauis 3 NOIIMPEHICTIO TJIAyKOMHU TaKOX HEBTIIHA. TpuBanuii
0e3CMMIITOMHUN TIepedir, HeCBO€YacHa [I1arHOCTMKAa Ta JIKYBaHHS, 1 SK HACIIJIOK —
Mporpecyroua BTpaTa 30pOBUX (YHKIIH NOPU3BOJATH 10 cJIa000avyeHHsT Ta CIIMNOTH,
3HUKEHHS MpodeciiiHol mpale3aaTHOCTI Ta 1HBAIIAHOCTI 0 30pPY, BIAHOCSTH IIIayKOMY 10
COINIAJIbHO-3HAYYIIINX 3aXBOPIOBaHb. TaK, MOMIMPEHICTh TIIAYKOMH Y JTOPOCIUX BIKOM BiJ
18 pokiB 1 Bumie ckiana 612,7 va 100 000 HaceneHHs1, a cepejl HacEJICHHs Mpale31aTHOTO
BiKy ctanoBuna 133,1 [5].

Ha cporoHi JiKyBaHHS TJIAyKOMU 3aJIMIIAETHCS HAI3BUYANHO CKIIAIHUM 3aBJIaHHSIM.
BukopucTtanHs TIMOTEH3WBHOI Tepamii, Ja3epHUX Ta XIPYpPriyHUX METOMIB JIIKyBaHHS
[JIAYKOMHU, Ha ajlb, HE 3aBXIU MPU3BOJAUTH J0 3yMUHKH JIET€HEPATUBHOTO Mpolecy [6].

Came ToMy Bce OUIBIIOIO MOIIMPEHHS HaO0yBa€ HEWPOMPOTEKIis, fKa CIPSMOBAaHA Ha



CHOBUIbHEHHSI Ta 3amoOiraHHs 3aru0eni HEWpOHIB, IJIS MIATPUMKHU iX (Pi310JI0T1UHOI
bynkii [7].

OgHuM 3 TakMx HampsMKIB y JIIKyBaHHI TJAyKOMH € KIITHHHA Tepamis 3
BUKOPUCTAHHAM CTOBOYPOBHUX KIITHH. Pe3ynbTatu AOCHIIKEHb MOKA3aJd MO3UTHBHHIM
BIUIUB CTOBOYPOBHX KJIITHH Ta MOJJIMBOCTI iX 3acTocyBaHHS B odtampmosnorii. Ili
JOCSITHEHHSI TPYHTYIOTbCS Ha TaKUX YHIKaJbHUX BIACTUBOCTSIX CTOBOYPOBUX KIIITHH, SIK
3JTaTHICTH 10 CAMOOHOBIICHHS, MOKJIMBICTh AU(EpPEHIIIOBAHHA B crienn(iuH1 BUIU KIITHH
[8,9]. OnHak, Ba)KJIMBUM acClEKTOM € MPaBWIHHUMN Ta aJIeKBaTHUN BUOIp KJIITUHHOTO THUITY.

30KpeMa, Ha CbOTOJHIIIHIA JI€Hb 3aJHIIAETHCA HE3 SICOBAHUM 3aCTOCYBaHHS
KyJIbTUBOBAHUX IOCTHATAIBHUX MYJBTUIOTCHTHUX CTOBOYPOBUX KJIITHH-TIOXITHUAX
HepBoBoro rpedens (MCK-TTHI') mpu nikyBaHHI ri1ayKOMHOT ONITHYHOT HEMponaTii.

3aranoMm, Ha MiJCTaBl BUIIEBUKIAJACHOTO, MOXKHA BBa)XaTH, III0 BUBUEHHS HOBHX
e(eKTUBHUX METOJIB JIKYBaHHS TJAyKOMHU 13 3aCTOCYBAaHHSIM KJIITHHHOI Teparii €
aKTyaJIbHUM Ta JIOIIJILHUM Ha Cy4aCHOMY €Tarll pO3BUTKY O()TaTbMOIOTTYHOI HAYKH.

TakuM YMHOM, METOK HAIIOro AOCHIIPKEHHS Oylo MIABUUIEHHS €(QEeKTHBHOCTI
JIKYBaHHS  TJAyKOMHOI  ONTHYHOI  HeWpomaTii NUISIXOM  BHU3HAYCHHS  BIUIMBY
KyJIbTUBOBAHUX ITOCTHATAIBHUX MYJIBTUNOTCHTHUX CTOBOYPOBUX KJIITHH-TIOXITHAX
HEpBOBOro rpebeHss Ha Mopdo-QyHKIIOHATBPHUI CTaH 30pOBOTO aHami3aTopa B
eKCIICPUMEHTI.

Y mpoueci BUKOHaHHSA JAHOTO  JUCEPTAILIMHOTO  JOCHIPKEHHS OCHOBHHUMH
3aBAaHHSMU poOOTHM OyNiu: BUBYEHHS BIUIMBY KYJbTUBOBAHUX TOCTHATAIBLHUX
MYJIbTUIIOTEHTHUX CTOBOYpPOBUX KIIITUH-TIOXIIHUX HEPBOBOIO I'peOEHs HA CTaH CITKIBKH
Ta 30pOBOI'0 HEPBA MPHU AAPECHATIHOBIA MOJIENI TJIAYKOMHU 32 YMOBH BHYTPIIIHBOBEHHOTO,
napabyap0apHOro Ta peTpolynap0apHOTro BBEICHHS KIiTHH. KpiM TOro, MM BUBYAIM 3MIHH
(GYHKIIIOHAIBHOTO CTaHy 30pPOBOTO aHaji3aTopa TMPU PI3HUX CIOCO0axX BBEJICHHS
KyJIbTUBOBAHUX TMOCTHATAIBHUX MYJIBTUINOTEHTHUX CTOBOYPOBUX KJIITHH-TIOXITHUX
HEPBOBOTO TI'peOCHs TpH aJAPCHATIHOBIA MOJENl TJIayKoMi. BUBUYamucs TakoXX MapKepH
OKCHUJIATUBHOTO CTPECy B TKAHWHAX CITKIBKM TICIS MOJEIIOBAHHS TJIAYKOMHU Ta IICIs
BBEJICHHSI KYJbTUBOBAHUX IMOCTHATAIBHUX MYJIHTUIIOTEHTHUX CTOBOYPOBUX KIIITHH-

NOXIJTHUX HepBOBoro rpedeHs. Ha miacTaBi oTpuMaHuX pe3yJbTaTIB JOCIHIKEHHS



TEOPETUYHO OOTPYHTYBAJIM €(PEKTUBHICTh 3aCTOCYBAHHS KYJIbTHBOBAHHMX MOCTHATALHUX
MYJbTUIIOTEHTHUX CTOBOYpPOBHUX KIITUH-TIOXITHUX HEPBOBOTO TpeOCHs Yy JiKyBaHHI
IJIayKOMHU.

006’exTOoM nocmipKeHHs B po6oTi Oyna rmaykoma (MKX-10, kox H40.0 I'maykoma).

[Ipenmetrom nociipkeHHsT B poOoTi Oynu: Mopdo-PyHKITIOHATIEHUN CTaH 30pPOBOTO
aHaji3aTopa IpH aJpeHAIHOBIA MOJIEN TJIayKOMH JIO Ta MICJisl BBEICHHS KYJIbTHUBOBAaHUX
MMOCTHATAIBHUX MYJIBTUIIOTCHTHUX CTOBOYPOBHX KJIITHH-TIOXITHUX HEPBOBOTO TpeOCHS,
MapKepu OKCHUJATUBHOIO CTPECY B TKAHWHAX CITKIBKM OKa IMICISl MOJEIIOBAHHS TJIAYKOMU
Ta BBEJICHHS KYJbTUBOBAHUX IOCTHATAIBHUX MYJIbTUIIOTCHTHHX CTOBOYPOBUX KIIITHH-
MOX1IHUX HEPBOBOT'O rpeOEHs.

VY mporieci gocnigkeHHs: Oy BUKOPUCTaHI 1HCTPYMEHTalIbHI, HEHpodi3i0I0TiyHi,
TICTOJIOT1YHI, 010XIMIYHI Ta CTATUCTHYHI METOIU JTOCIIKCHHS.

Marepian ekcriepuMeHTaIBLHOTO JTOCHIIKEHHS — JabopaTopHi mypi jdiHii Wistar. Bei
TBapuHU OyNn po3nojuieH1 Ha 6 rpyn. ['pyna koHTposto — 10 inTakTHHX 1rypis (20 oueit).
B rpymi | — 10 mypiB (20 oueil) — NpoBOAMIOCS MOJEIIOBAHHA IIayKOMH O€3 BBEIICHHS
kynbTBOBaHUX mnocTtHatadbHux MCK-TIHI. B rpymi Il — 10 mrypiB (20 oueit) —
MPOBOJIUJIOCST MOJICTIOBAHHS TJayKOMH Ta JOCHTIDKYBaBCS BIUIMB KYJIbTHBOBAaHUX
noctHatanibHuX MCK-TTHI" Ha cTaH CiTKIBKM Ta 30pOBOTO HEpPBA MPU BHYTPIIIIHHOBEHHOMY
BBeneHHi kimiTuH. B rpymi I — 10 mypiB (20 oueit) — mpoBOAMIIOCS MOJACIIOBAHHS
IJIayKOMU Ta JOCIIPKYBaBCS BIUIMB KyJbTUBOBaHMX mocTHaTanbHuX MCK-ITHIT mpwu
napabynp0apHomMy BBeneHH1 KiiTuH. B rpymi IV — 10 mrypiB (20 odeii) — npoBoamiiocs
MOJICITFOBAHHS TJIAYKOMH Ta JIOCIIKYBaBCs BIUTMB KYJIbTHBOBAHUX MOCTHAaTaMhbHIUX MCK-
[IHI" mpu perpoOynpbapHOMy BBeneHHI KIiTMH. B rpymi V, ska moainsnach Ha JBI
MIATPYNHU, JOCTIKyBaBcs OiloximMiuyHUN crTaH ciTkiBku: Va — 10 mypiB (20 ouei),
MIPOBOIMIIOCS MOJICNIFOBaHHS ri1aykomu, Ta rpyna Vo — 10 mypi (20 odeit), mpoBoauIocs
BBEJCHHS KyJbTHUBOBaHUX nocTtHatanibHnx MCK-TTHT'.

VY mepmiomy po3auni aucepTarlii mpoBEAEHO eTadbHUN aHalli3 BIIOMUX MOJENeH
IJIayKOMHOI ONTHUYHOI HeWpomnaTii y JIabopaTOpHUX TBApUH Ta aqPEHANIH 1HIYKOBAHOI
MOJIEJIi TJIAayKOMU, SIKUW JT03BOJIMB 3pOOUTH BHUCHOBOK, III0 HAa CHOTOAHINIHIN JIEHb JaHa

MOJIENTb € MPOCTO0, JOCTYITHOIO Ta aJeKBATHOIO KJITHIYHUM BUMOTaM. Takox B MepIioMy



O3 IeTadbHO ONMWCAHO AW3aWH JOCTIHKCHHS Ta HABEACHWN METOOJIOTTYHHMA MIISX
JOCITIIKEHB: 1HCTPYMEHTANBHUX, HEUPO(QI1310JOTIYHNX, TICTOJOTIYHUX, OIOXIMIYHUX Ta
CTATUCTUYHHUX METO/IIB.

Jpyruii  po3ail  AucepTamii OpPUCBSYEHO BUBYEHHIO MOP(QOJIOTIUYHUX  Ta
MOPGOMETPUYHUX 3MIH CITKIBKM Ta 30pOBOIO HEpBa MICIS MOJCIIOBaHHS IJIayKOMHU Ta
BBEJICHHSI KYJIbTUBOBAHUX IMOCTHATAJIbHUX MYJIBTUIOTEHTHUX CTOBOYPOBUX KIIITHH-
MOX1THUX HEPBOBOTO ITPEOCHs PI3HUMHU CITOCOOAMH JTOCTABKHU.

Y TperbOoMy pO3ALT  JUcCEpTallii MPEACTABICHO PE3YyJNbTaTH  JOCTIIKEHHS
BHYTPIIIHBOOYHOTO THUCKY Ta (PYHKI[IOHAJIBHUX 3MIH 30pOBOTO aHaji3atopa Micis
MOJIETIIOBAHHS TJIAyKOMH Ta BBEJICHHS KYJIbTUBOBAHHUX MOCTHATAILHUX MYJIbTUIIOTEHTHHX
CTOBOYPOBUX KJIITHH-TIOX1JHUX HEPBOBOTO I'peOEHs MPH Pi3HUX CIIOCOOAX JOCTABKHU.

Y  dgerBeprOMy  pO3AUIl  JAUCEpTallli  JOCHIIKEHO  BIUIMB  KYJbTHUBOBAaHUX
MOCTHATAJIbHUX MYJbTUIOTEHTHUX CTOBOYPOBHX KIIITUH-TIOXIJHUX HEPBOBOIO rpeOeHs Ha
MapKepH OKCUAATHUBHOTO CTPECY B CITKIBII OKa MIPH aIPpEHATIHOBII MOJIE1 TJIayKOMHU.

[Tl po3Ain MPUCBSYEHO AaHANI3Y Ta Y3arajJbHEHHIO OTPUMAHUX pPE3YJIbTATIB
IPOBEJCHOIO JAUCEPTALIMHOIO JOCHIKEHHsI, 1X MOPIBHAHHSA 3 ICHYIOUMMHU JIaHUMH,
JIOBEICHA HAyKOBAa Ta MPAKTHUYHA I[IHHICTh OTPUMAHUX PE3YJIbTATIB, BUABJICHI LUIAXU X
[OJAJbIIOT0 BUKOPUCTAHHS B HACTYIHUX AOCTIIKEHHSIX JUIsl JIIKYBaHHS TJIAyKOMH.

HaykoBa HOBHM3Ha OTpUMaHUX pe3yJbTaTiB. 3aBASKUA MPOBEACHHIO IHOTO
JOCIIKEHHS, [0 HOCUJIO €KCIIEPUMEHTAIbHUIN XapaKTep, BOEPILIE OLIHEHO €(EeKTUBHICTD
BUKOPHUCTAHHS KYJbTUBOBAaHUX MOCTHATAJIbHUX MYJIbTHUIIOTEHTHUX CTOBOYPOBMX KIIITHH-
MOXIIHUX HEPBOBOIO TIpedEHs NpH BHYTPIIIHHOBEHHOMY, Mapalyib0apHOMYy Ta
peTpoOyar0apHOMY BBEJICHHI MPU aIpSHAJIIHOBIN MOJEINI TIIayKOMI.

OTpuMaHi HOBI HAyKOBI 3HaHHS LIOJ0 BIUIMBY KYJIbTHUBOBAaHMX IMOCTHATAJIbHUX
MYJIbTUTIOTEHTHUX CTOBOYPOBHUX KIITHH-MOXIJHUX HEPBOBOrO rpeOEHs Ha BiIHOBJICHHS
CTPYKTYPH CITKIBKH Ta 30pOBOTO HEPBa, IO BIIKPWJIO MPHUHIIMIIOBO HOBI MOXJIMBOCTI B
JKyBaHHI TJITayKOMHOT ONITUYHOI Heiponarii.

JlocTiKeHHSIM BCTAHOBJICHO, IO MiCTsl BBEJACHHS KYJIbTHBOBAHUX MOCTHATATBHUX
MCK-ITHI" BinOyBanacs Hopmaitizallisi TiCTOJIOTTYHOI Oy0BH CITKIBKU Ta 30pOBOTO HEPBA,

TOOTO 3MEHIIIEHHS HAOPSAKY BCiX IIAPIB, BITHOBIEHHS KIJIBKOCTI BOJIOKOH 1 CHHAIITUYHUX



KOHTAaKTIB y BHYTPIIIHBOMY 1 30BHIIIHBOMY CITYACTHUX MIapax, HOpMai3aiis 1
BIJTHOBJICHHSI CTPYKTYpPHOI OpTraHi3ailii 30BHIIIHBOTO Ta BHYTPIIIHBOTO SIAEPHOTO MIapy,
3MEHIIICHHS] HAOpsKY Ta BIOPSIKOBAHICTh PO3TAIllyBaHHS BOJIOKOH B IIapl MajJM4YOK 1
KOJIOOYOK.

BcranosneHno, mo BBeAeHHS KylnbTHBOBaHMX NocTHaTaibHuX MCK-ITHI iHimiroe
NPUCKOPEHHSI Ta MiJBUIIEHHS SKOCTI pereHeparii 30poBOro HepBa, MpO IO CBIAYUTH
BITHOBJICHHS KiJIbKOCTI IMIOBHOITIHHUX HEPBOBUX BOJIOKOH, KOJIOHOK TJTiabHUX KJIITHH, 5K
YTBOPEHI IEPEeBaXKHO 13 OJITOACHAPONUTIB. BusBieHo, mo uyepe3 1 wicsaup micis
napalyyib0apHOro BBEJEHHS KyJlbTUBOBaHMX mocTHaTadbHux MCK-ITHI, nokxazHuk
MATOMOI KUJIBKOCTI HEPBOBUX BOJIOKOH OYB JOCTOBIPHO OUIBIIE 32 BIANOBIAHUI MOKa3HUK
y TpyIIi TBApHUH 3 MOJICIUIIO TJIaykoMu 0e3 BBeAeHHs kiiTuH Ha 37,09% (K-W, Dunn’s test,
p<0,0001) Ta Ha 53,97% (Tukey’s test, p<0,0001) yepe3 3 micsii micJIT BBSACHHS KJIITHH.
[Ipu perpodynsObapHOMY BBeNleHHI KylbTuBOoBaHUX mnoctHataabHuX MCK-TTHI™ mokaznuk
IUTOMOT KIJIBKOCTI HEPBOBHX BOJIOKOH OyB Oimbine Ha 55,42% (K-W, Dunn’s test,
p<0,0001) Ta Ha 50,61% (Tukey’s test, p<0,0001), uepe3 1 Ta 3 micsIi micisg BBEACHHS
KJIITHH, BIJIMOBIJIHO, Y MOPIBHSAHHI 3 TPYIOI TBAPUH IMICIsI MOJCIIOBAHHS TJIayKOoMH 0e€3
BBEJICHHS KIITUH. Takox dyepe3 1 wicsaup micias BHYTPILIHBOBEHHOTO BBEICHHS
KynbTHBOBaHUX TocTHaTabHuX MCK-ITHI' moka3sHuk mHTOMOI KUIBKOCTI HEPBOBHUX
BoJIoOkOH OyB Oinbmie Ha 30,40% (Tukey’s test, p=0,0006) Ta uepe3 3 Micsami He
BIJIPI3HSIBCS Bl NOKa3HHMKA y TPyIl TBapUH 3 MOJEIUIIO TJIAYKOMU O€3 BBEJICHHS KJIITUH
(Tukey’s test, p=0,1910).

BusBneHo no3utuBHy AuHaMiKy noka3HukiB 3BII Ha cnanax mpu pizHUX criocoOax
NOCTaBKM  KyibTUBOBaHMX TmocTHaTadbHuX MCK-IIHI'. BcTaHOBIEHO 3HUKEHHS
JaTEHTHOTO Tiepiony 3a mapamerpoM N1 mpu mapabynp0apHOMY BBEIEHHI KIITHH, B
cepenuboMy Ha 1,5 mc (95% BI 1,3 mc — 1,7 mc) (p<0,05), npu perpoOyibdapHOMY
BBEJICHHI KIIITUH B cepennbomy Ha 1,75 mc (95% BI 1,5 mc — 1,95 mc) (p<0,05) ta 3a
napametpoM P2 mpu mapabynpbapHOMy BBEIEHHI KIITUH B cepenubomy Ha 1,4 Mc (95%
BI 0,95 mc — 2,0 mc) (p<0,05), npu peTpoOyas0apHOMY BBEJICHHI KJIITHH B CEpEIHbOMY Ha
2,15 mc (95% BI 1,8 mc — 2,5 mc) (p<0,05). Kpim Toro, mpu BHYTPIITHLOBEHHOMY

BBEJCHHI KJITUH BIJI3HAYEHO TEHJEHIII0 JO0 3HWKEHHS JIATEHTHOTO TMepioay 3a



napametpoM N1 B cepeanromy Ha 0,85 mc (95% BI 0,6 mc — 1,1 mc) (p<0,05) ta 3a
napameTpoM P2 B cepenapomy Ha 1,3 mc (95% BI 0,8 mc — 2,0 mc) (p<0,05).

BusineHo 301nblieHHs Moka3Huka aMmiunityau P1-N1 npu BHYTpIIHBOBEHHOMY
BBeJICHI KIITHH B cepenabomy Ha 0,9 MxB (95% BI 0,6 mxB — 1,3 MxB) (p<0,05), npu
napaOynp0apHOMY BBEICHHI KIITUH B cepeaubomy Ha 1,5 MxB (95% BI 1,2 mxB — 1,6
MKB) (p<0,05) ta npu perpoOyiar0apHOMY BBEJEHHI KJIITHH B cepeaHbomy Ha 1,5 mxB
(95% BI 1,2 mxB — 1,6 MmxB) (p<0,05). Kpim TOr0o, BCTAaHOBJICHO 30UIBIIEHHS TTOKA3HUKA
amrunitynu N1-P2 npu BHYTpIIIHBOBEHHOMY BBEJACHI KIITHH B cepennboMy Ha 0,8 MxB
(95% BI 0,55 mxB — 1,0 mxB) (p<0,05), npu napaOynbO0apHOMY BBEIEHHI KJITUH B
cepeqpoMy Ha 1,75 mMxB (95% BI 1,6 mMxkB — 1,85 wmxB) (p<0,05) Ta mnpu
peTpoOyiap0apHOMY BBEJICHHI KIIITHH B cepennpomy Ha 2,1 MxB (95% BI 1,8 mxB — 2,2
MKB) (p<0,05).

BcranoBiieHo, 110 mpu MOPIBHAHHI TPyM 3 peTpoOynbOapHuM, napaldylib0apHUM Ta
BHYTPIIIHBOBEHHUM BBEJCHHSIM KylIbTHBOBaHUX MocTHaTtambHUX MCK-IIHI' Mixx coboro
MO3UTUBHUM €(EeKT TpaHCIUIAaHTalli KIITHH [Py aAPEHATIHOBIA MOJENl IJIayKOMHU
HANOUIBII BUpAXKEHUHN TIPH Mapadyib0apHOMY Ta peTpoOynb0apHOMY BBEJEHH1 KIIITHH.

JIOTIOBHEH1 HAYKOB1 JlaHl MpO OCOOJMBOCTI OIOXIMIYHOIO CTaHy CITKIBKM HpH
aJpeHANIIHOBIA MOJleNll TJAyKOMH B EKCIEpUMEHTI Ha TBapuHax. BcTaHoBieHO
30UTBIIIEHHST MPOAYKINI aKTUBHUX (POPM KHUCHIO Ta MPOAYKTIB MEPEKUCHOTO OKHCIICHHS
JOIAIB B CITKIBLII OKa jabopatopHux TBapuH. LI gaHi cBiq4aTh NpoO PO3BUTOK
OKCHUJIATUBHOTO CTPECY, KU MPU3BOJUTH JI0 3aru0eIi TaHTTIOHAPHUX KIIITHH CITKIBKHU Ta
iX aKCOHIB.

BusiBneHo 3MIHM MapKepiB OKCHJATHUBHOTO CTPECY B CITKIBLI OKa MICJs BBEICHHS
KyiabTuBOBaHuX moctHaTanbHuXx MCK-ITHI', a came BimMiueHO BIpOTiHE 3HIKCHHSI
CYIEpPOKCHIHOTO aHioH-pagukaia Ha 48,31% (p<0,05) Ta rigpoKCHIBHOTO paauKalia Ha
55,1% (p<0,05) npu mapadyas0apHOMY Ta peTpoOyIL0apHOMY BBEICHHI KITITHH.

[IpakTuuHe 3HaYeHHS OTPUMAHMUX pe3ysbTariB. OTpUMaHi pe3yibTaTH MPOBEICHUX
EKCIIEpUMEHTAJILHUX JIOCTIPKCHD IOAO0 3aCTOCYBAaHHS KYJbTHBOBAHHMX ITOCTHATAIBHHUX

MYJIBTUTIIOTEHTHUX ~ CTOBOYpPOBHX  KJIITHH-TIOXITHAX  HEPBOBOTO  TpedeHs  mpH



aJipeHaNIHOBINA MOJEN INIayKOMH JO03BOJMIN MOTJTUOUTH Ta IOMOBHUTHU ICHYIOU1 3HAHHS Y
JIKyBaHHI TTITAyKOMHOT ONITUYHOI HeMpomarii.

Kawo4yoBi ciaoBa: riaykoma, KyJIbTHBOBaHI TIOCTHATaldbHI ~MYJIBTHUIIOTEHTHI
cTOBOYpOBI KIIITUHU-TIOX1IHI HEPBOBOTO TIpeOeHs, aJpeHaliHOBa MOJEIb TJIayKOMHU,

rJlayKOMHa ONTUYHA HeUpomaTisl.
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This dissertation is devoted to the issue of how to enhance the treatment effectiveness
in glaucomatous optic nerve by identifying the effect of cultured adult multipotent neural
crest-derived stem cells on the structure and functionality of the visual system in the
experiment.

Glaucoma is one of the most debilitating diseases and among the leading causes of

low vision and blindness worldwide. Currently, the research evidences that 78 million



people suffer from glaucoma, and, according to the projections, the number of glaucoma
patients will rise to 111.8 million by 2040. The overall prevalence of glaucoma among
individuals aged 40-80 comes to 3.54% [1-3]. Additionally, at least half of glaucoma
patients are unsuspicious of having this disease. While, in some developing countries, 90%
of glaucoma cases remain undiagnosed [4].

The prevalence pattern of glaucoma in Ukraine is unpromising as well. Durable latent
progression, late diagnosis and treatment and gradual vision loss, as a result, lead to low
vision and blindness, decreased work capacity and visual impairment; glaucoma is
classified as a socially significant disease. Thus, the prevalence of glaucoma among adults
aged 18 and older accounted for 612.7 per 100,000 population, and it came to 133.1
among the working-age population [5].

Nowadays, glaucoma treatment remains an extremely challenging task.
Antihypertensive therapy, laser and surgical treatment techniques for glaucoma do not
always terminate degeneration [6]. For this reason neuroprotection turns out to be
increasingly widespread, and is aimed at slowing down and preventing neuronal cell death
in order to maintain their physiological function [7].

One of the trends in glaucoma treatment is cell therapy using stem cells. Research
findings has shown the health-promoting effect of stem cells and opportunities for using
them in ophthalmology. These achievements are based on the unique properties of stem
cells such as both the ability to self-renew and the ability to differentiate into specific cell
types [8,9]. However, a crucial aspect is the correct and adequate selection of a cell type.

Among other things, benefits of using cultured adult multipotent neural crest-derived
stem cells (NCSCs) in the treatment of glaucomatous optic nerve remain unclear to this
date.

Generally speaking and based on the foregoing, we can consider the study of new
effective techniques of glaucoma treatment, using cell therapy, as relevant and reasonable
at the current stage of ophthalmology development.

Thus, the objective of our study was to increase the treatment effectiveness for

glaucomatous optic nerve by identifying the effect of cultured adult multipotent neural



crest-derived stem cells on the structure and functionality of the visual system in the
experiment.

When doing this dissertation research, the main tasks were the following:
investigating the effect of cultured adult multipotent neural crest-derived stem cells on the
retina and the optic nerve in case of the adrenaline model of glaucoma by means of
intravenous, parabulbar and retrobulbar cell injections. Additionally, we studied
functionality changes in the visual system in different routes of injecting cultured adult
multipotent neural crest-derived stem cells in case of the adrenaline model. Markers of
oxidative stress in retinal tissues were also studied after glaucoma simulation and injection
of cultured adult multipotent neural crest-derived stem cells. The effectiveness of cultured
adult multipotent neural crest-derived stem cells in glaucoma treatment was theoretically
based on the study findings.

Glaucoma served as a study object (ICD-10, code H40.0, Glaucoma).

Study objects in the research project were: structure and functionality of the healthy
visual system in case of the adrenaline model of glaucoma before and after injecting
cultured adult multipotent neural crest-derived stem cells, markers of oxidative stress in
retinal tissues after modeling glaucoma and injecting cultured adult multipotent neural
crest-derived stem cells.

Medical imaging, neurophysiological, histological, biochemical and statistical
methods were used in the research.

Wistar rats are the material of the research study. All animals were divided into 6
groups. The control group — 10 intact rats (20 eyes). Glaucoma, without injecting cultured
adult NCSCs, was modeled in the group I, consisting of 10 rats (20 eyes). In the group I,
consisting of 10 rats (20 eyes), glaucoma was modeled, and the effect of cultured adult
NCSCs on the retina and the optic nerve, when injecting cells intravenously, was
investigated. In the group I11, including 10 rats (20 eyes), glaucoma was modeled and the
effect of cultured adult NCSCs was studied in case of the parabulbar injection of cells. In
the group IV — 10 rats (20 eyes), glaucoma was modeled and the effect of cultured adult
NCSCs was studied in case of the retrobulbar injection of cells. Biochemical parameters of

the retina were analyzed in the group V, divided into two subgroups: Va — 10 rats (20



eyes), glaucoma was modeled; and Vb — 10 rats (20 eyes), cultured adult NCSCs were
injected.

The first section of the dissertation provides an in-depth analysis of widely accepted
models of glaucomatous optic nerve in lab animals and adrenaline-induced glaucoma that
enabled to conclude that this model is currently extra simple, available and adequately
complying with clinical requirements. In the fist section, we also described in detail the
study design and demonstrated the methodological experimental approach: imaging,
neurophysiological, histological, biochemical and statistical methods.

The second section of this dissertation is devoted to the study of the structural and
morphometric changes in the retina and the optic nerve after modeling glaucoma and
injecting cultured adult multipotent neural crest-derived stem cells when using different
routes for injection.

The third section of the dissertation represents intraocular pressure values and the
functional changes in the visual system after modeling glaucoma and injecting cultured
adult multipotent neural crest-derived stem cells when using different routes for injection.

The effect of cultured adult multipotent neural crest-derived stem cells on the
markers of oxidative stress in the retina when choosing the adrenaline model of glaucoma,
was studied in the fourth section of the dissertation.

The fifth section is devoted to the analysis and consolidation of the results obtained in
this dissertation research, their comparison with the data existing; scientific and practical
value of the results was proved and the ways of using them in the following research on
glaucoma treatment were identified.

Scientific novelty of the results. The effectiveness of cultured adult multipotent
neural crest-derived stem cells, when using intravenous, parabulbar and retrobulbar
injections in case of the adrenaline model of glaucoma, was assessed for the first time due
to this research.

We have got new scientific knowledge of the effect of cultured adult multipotent
neural crest-derived stem cells on the structure recovery of the retina and the optic nerve,
and it provided fundamentally new opportunities for the treatment of glaucomatous optic

nerve.



The studies revealed that after injecting cultured adult NCSCs the histologic structure
of the retina and the optic nerve was recovered, namely the reduction of edema in all
layers, restoration of the fiber number and synapses in inner and outer reticular layers,
normalization and recovery of the structure of outer and inner nuclear layers, edema
reduction and fiber orderliness in the layer of rods and cones.

Injections of cultured adult NCSCs were identified to initiate faster and more
qualitative regeneration of the optic nerve, as evidenced by regaining the number of
normal nerve fibers, radial glial cells, originating from oligodendrocytes. It was found that
1 month after parabulbar injection of cultured adult NCSCs the proportion of nerve fibers
was significantly higher than the corresponding value in the group of animals, where the
glaucoma model did not imply cell injection, by 37.09% (K-W, Dunn’s test, p<0.0001)
and 53.97% (Tukey’s test, p<0.0001) 3 months after cell injection. The proportion of
nerve fibers was higher by 55.42% (K-W, Dunn’s test, p<0.0001) and 50.61% (Tukey’s
test, p<0.0001) in 1 and 3 months respectively in case of retrobulbar injection of cultured
adult NCSCs as opposed to the group of animals after modeling glaucoma without cell
injection. The proportion of nerve fibers was also higher by 30.40% (Tukey’s test,
p=0.0006) 1 month after intravenous injection of cultured adult NCSCs and, in 3 months,
did not differ from the value in the group of animals, where glaucoma was modeled
without cell injection (Tukey’s test, p=0.1910).

We detected the positive shift of VEP values during flashes when choosing different
routes of injecting cultured adult NCSCs. There was a decrease in the N1 parameter of the
latent period by 1.5 ms (95% CI, 1.3 ms — 1.7 ms) (p<0.05) averagely in case of
parabulbar cell injection, in case of retrobulbar cell injection — by 1.75 ms (95% ClI, 1.5 ms
— 1.95 ms) (p<0.05) averagely, and in the P2 parameter — by 1.4 ms (95% CI, 0.95 ms —
2.0 ms) (p<0.05) in case of parabulbar injection, and by 2.15 ms (95% CI, 1.8 ms — 2.5
ms) averagely in case of retrobulbar injection. Additionally, intravenous cell injection was
indicative of a tendency to reduce the latent period in terms of the N1 parameter by 0.85
ms (95% CI, 0.6 ms — 1.1 ms) (p<0.05) averagely, and in terms of the P2 parameter by 1.3
ms (95% ClI, 0.8 ms — 2.0 ms) (p<0.05) averagely.



An average increase in the P1-N1 amplitude by 0.9 pV (95% CI, 0.6 uV — 1.3 uV)
(p<0.05) was detected when injecting cells intravenously, by 1.5 pV (95% CI 1.2 uV - 1.6
uV) (p <0.05) in case of parabulbar cell injection, and for retrobulbar cell injection it came
to 1.5 uV (95% CI 1.2 uV — 1.6 uV) (p <0.05). In addition, an average increase in the N1-
P2 amplitude by 0.8 uV (95% CI 0.55 uV — 1.0 uV) (p <0.05) was detected when injecting
cells intravenously, by 1.75 pV (95% CI 1.6 uV — 1.85 uV) (p <0.05) in case of parabulbar
injection, and by 2.1 pV (95% CI 1.8 uV — 2.2 uV) (p <0.05) for retrobulbar injection.

The positive effect of cell transplantation in case of the adrenaline model of glaucoma
was found to be the most prominent if using parabulbar and retrobulbar routes when
comparing the groups with retrobulbar, parabulbar and intravenous routes of injecting
cultured adult NCSCs.

Research data on the biochemical features of the retina, in case of the adrenaline
model of glaucoma in experiments involving animals, have been updated. The increased
production of reactive oxygen intermediates and lipid peroxidation products was detected
in the retina of lab animals. Such data indicated the occurrence of oxidative stress, leading
to the death of retinal ganglion cells and their axons.

We detected shifts of the markers of oxidative stress in the retina after injecting
cultured adult NCSCs, or, in other words, we observed a probable decrease in superoxide
levels by 48.31% (p<0.05) and hydroxyl radical by 55.1% (p<0.05) in case of parabulbar
and retrobulbar cell injections.

Practical importance of the results. The results, obtained in experimental studies
investigating the use of cultured adult multipotent neural crest-derived stem cells in case
of the adrenaline model of glaucoma, enabled to deepen and update the existing
knowledge of how to treat glaucomatous optic nerve.

Keywords: glaucoma, cultured adult multipotent neural crest-derived stem cells,
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