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1. BiiivB iMIyIaHTallii CAHTETUYHOTO TYHEIbOBAaHOTO MAaTPUKCY Ha OCHOBI ITOJIIETUJIEHTJIIKOJIIO Ha Iepeoir
BiZJHOBHOT'O NIPOLECY IIPY JlallepaLiiiHiil TPaBMi CIIMHHOTO MO3KY B €KCIIEPUMEHTI

2. The effect of polyethylene glycol-based synthetic tunnelled matrix on restorative process in experimental spinal
cord laceration

Pedepar:

1. TpaBma criuHHOrO MO3Ky (TpCM) y 6inbIIOCTI BUNIQAKiB — TSKKE YIIKOAKEHHSI HEpBOBOi cuctemu (DeVivo, 2012;
Pretz et al., 2016) 3 po3paXyHKOBOIO PiYHOIO ITI06AIBHOIO 3aXBOPIOBAHICTIO ¥ ~1 MJIH. BUNIAZKIB i HOMIMPEHICTIO y ~27
MJIH. oci6 (GBD 2016 ..., 2019). HaiipomkynpHimumu Hacainkamu TpCM e noxkutTeBa BTpaTa pyxoBoi U iHIINX
(dYHKIiM CIMHHOTO MO3KY HIDKYE PiBHS YUIKOIKEHHS, KOTPi CYNIPOBOJKYIOThCS CUHIPOMOM criacTuyHocTi (Holtz et

al., 2017), xponiuaum 6osiem (Finnerup et al., 2014) i po3nagamu BeretatuBHoi perynsauii (Hou & Rabchevsky, 2014;



Hamid et al., 2018). [IpnynHa — yIIKOAKEHHS LUISIXiB NOBiIbHOI iHEpBallil e()epeHTHUX CIMHHOMO3KOBUX HEMIPOHIB,
pecTaBpallis SKUX € IEPIIOYEPTOBUM 3aBAAHHAM BifHOBHOTO JikyBaHHS TpCM. BupileHHs LbOro 3aBIaHHS
IIOB'SI3YIOTb 3 PO3POOKOI0 TPAHCIVIAHTALIHUX 32C00iB TKAHMHHOI HEHPOiHKeHePii, KOTpi [10€IHYIOTh 10JliIMEPHi
MaTPUKCH i KJIITUHU Pi3HOTO CTyINeHIo nudepeHLioBanns (Ahuja et al., 2017; Liu et al., 2018; Wang et al., 2018; Liu et
al., 2019; Zhang et al., 2019; Shah et al., 2020). TpuBanuii 4ac y SIKOCTi I€pCIIEKTUBHOTO MAaTPUKCY PO3IJIanu
amopHuii rizporesb Ha ocHOBI N-(2-rimpokcunpomnin)merakpunaminy (poly(N-[2-hydroxypropyl]-
methacrylamide, PHPMA; Woerly et al., 199602005; Pertici et al., 2013). Ha ganuii yac nepesary HazaloTb
CHUHTETUYHUM TyHesboBaHUM MaTpukcam (Koffler et al., 2019), npuyomy, nanepauiitti mogesni TpCM 3anumarTbest
KJIIOYOBUMHU [1J151 BUBYEHHS €(DEKTHUBHOCTI O1/IbIIOCTI TaKUX 3aCO6iB, HE 3BaXKA0YX Ha 3HAYHE ayTOTreHHe
BiJHOBJIEHHS QYHKIiIl CHMHHOTO MO3KY IIPM YaCTKOBOMY II€peTHHI CIMHHOro MO3Ky (Alizadeh et al., 2019). ¥V
[IpeNCTaBJIeHIN qucepraLii 30iiCHEHO CUCTEMHE MOPIBHAJIbHE AOCIIIKEHHS BiIHOBHOT'O BILIMBY HETAMHO]
imnnanrauii PHPMA-rifgporesio i TyHeIbOBaHOTO MOJIi€TUIIEHIJIIKOJIEBOTO MAaTPUKCY Ha MOJIeJli BUCI4eHHSs 61YHOTO
IIOJIOBUHHOTO (PparMeHTy CIIMHHOTO MO3KY Y TBapHUH MOJIOZIOTO BiKy, TOOTO B YMOBaXx BUIIOi ayTOpereHepaliiHoi
aKTUBHOCTI HepBOBOi cuctemu (Schwab et al., 1996; Sutherland et al., 2020). [ln3aiiH ekcnepuMeHTy. TBapuHUA —
mypu-camui (~1 mic, ~50 1), inbpenHi noxingHi ginii Wistar. ExcnnepuMenTasnbHi rpynu: Tro — 6i4HMIA TOJTOBUHHUN
IepeTyH CIIMHHOTO MO3KY Ha piBHi cermeHTiB ~T12-T13 (n=11); HGo — ananoriuna TpCM i HeraiiHa iMIIaHTanis y
paHy criMHHOro Mo3Ky ¢pparmenty PHPMA-rigporesio (n=11); Tro — BuCiueHHs 6{YHOTO I10JIOBUHHOTO (ParMeHTy
CIIMHHOTO MO3KY JIOBXXMHOIO ~1 MM Ha aHasoriuHomy piBHi (n=8); HGo — ananoriuHa TpCM i HeraiiHe 3alI0BHEHHSI
nedekry ciuHHOro Mo3ky ¢dparmentTom PHPMA-rigporemio (n=6); Tunnelo — ananoriuna TpCM i HeratiHe
3al0BHEHHS Ae()EKTy CIIMHHOTO MO3KY LUJIiHIPUYHMM TYHEJIbOBAaHMM MAaTPUKCOM Ha OCHOBI MOJIi€ TUJIEHTJIKOJIIO,
IiaMeTpOM i JOBXUHOIO ¥ 1 MM, 3 LIMPUHOIO TyHeliB — 50 MKM (n=8). MeToau nociigxkenHs. OLiHKy OKa3HMUKa
pyxoBoi ¢yHKuii ([1®) i nokaznuka cnactuyHocTi (T1C) 3anHboi NapeTUYHOI KiHLIBKY 37ilICHEHO, BiITIOBIiIHO, 3a
mKasoo Basso-Beattie-Bresnahan (BBB) i 3a mkanot Ashworth y BnacHux mogudikanisx. ITin yac popmyBaHHS
IIPOaHasli30BaHUX €KCIIEPUMEHTAJILHUX I'PYII 3aCTOCOBAHO KpUTEPii HEBKIIIOUeHHs: 3HaueHHs [10 3aaHb01
incunartepanpHOi KiHIiBKY Yepe3 1 THXAEHD Micg TpaBMU — Oisble 9-Tu 6asiB 3a mKasnow BBB, i/a60 3HayeHHs
1} 3agHbOI KOHTpPJIATEPAIbHOI KiHLIBKM IPOTSITOM TPUBAJIOTO Yacy — MeHIIe abo J0piBHIOe 14-Tu 6anam 3a
mKasolo BBB (3arasoMm, 3a LMY KPUTEPISIMU 10 aHaJi3y He 3asy4yeHo 11 TBapyH). ACUMIITOTUYHI BiIXUJIEHHS
TE€PMiHiB T€CTyBaHHS IOIYIIEHO MPOTATOM IEPUINX 3-X THK, & TAKOXK 4yepe3 8 TWXK i uepe3 3 Mic micis TpaBMU.
3arasibHa TPUBAJIICTh CIIOCTEPESKEHHS CKJIaza ~5 Mic. MopdoJioriuHi mocimpKeHHs 3[iiCHEHO 3aBASKYA METOLY
iMrpersanii no3noBXKHIX 3pi3iB CIMHHOTO MO3KY cpibsiom (rpynu HGo i Tro) i1 imyHoricToximiuHil inenTndikarii
eKcIpecii OCHOBHUX MapKepiB HepBoBoi TKaHUHU (rpyna Tunneln). CTaTUCTUYHUI aHAJIi3 BUKOHAHO i3 3a7Iy4€HHSIM
U-tecty MannanVYitHi (Mann-Whitney U Test), Tecty Binkokcona (Wilcoxon Matched Pairs Test) i koediuieHTy
paHroBoi kopessnii Cnipmena (Spearman Rank Order Correlations), mpunyieHHs o0 3HAYYIIOCTI pe3yJbTaTy
BBaKaJIM BipHUMH, SIKILO NMOBIPHICTb peasizalii IpoTHesKHOro TBepAKeHHs 6ysa MeHoo Hix 0.05 (p<0.05).
Buxopsuu 3 OTpMMaHUX JaHUX, MOJKHA CTBEPI)KYBAaTH, 110 Y MOJIOZOMY Billi, HA TJIi BUCOKOTO ayTOPEr€HEPaTUBHOTO
NOTeHIjaly HerarHa imnanTanis PHPMA-rigporesio y eniueHnTp aagepauiiinoi TpCM 06yMOBIIIO€ iCTOTHMI
MO3UTUBHUI €(EKT JinlIe 32 HasSBHOCTI 3HAYHOTO IIPOCTOPOBOTO Ae(EKTY CIMHHOTO MO3KY, IPUYOMY BUKJIIOYHO Y
HaWUrocTpimoMy nepioni tpaBMu. Ha Hall norssp, e NnoB'a3aHo 3 HETallHUM aHTUremopaiyHum BIrimBom PHPMA-
rigporesio i 06MeXeHHSIM BTOPUHHUX aJIbTePalliHUX peaklill, He 3BasKaldM Ha (PaKT XaOTUYHOTO IPOPOCTaHHS
fioro ToBuIi akCOHaMU. HaTOMiCTb, iMIIJIaHTAallisl TYHEJIbOBAHOTO MAaTPUKCY HE BIJIMBAE Ha I1epedir HAalroCTpiloro
nepiosy TpaBMHU, OJHAK iCTOTHO 3MiHIOE ii [TOJanbIINi IIJINH, CYTTEBO 30ibIyI0YM 3HaYeHHs [1® npoTsarom nepuux
2-x MicsuiB i HiBestoloun perpec I1® Ha ocTaHHIX 2-X MICSISX CIIOCTEPESKEHHS, 1110, HalliMOBipHillle, TOB'I3aHO i3

[IPOPOCTaHHAM aKCOHIB Yepe3 TyHeJ i MATPUKCY i [10 10ro 30BHILIHIN NTOBEPXHI.

2. The spinal cord injury (SCI) in most cases is a severe injury of nervous system (DeVivo, 2012; Pretz et al., 2016)
with estimated annual global incidence of ~1 million people, and estimated global prevalence of ~27 million people
(GBD 2016 ..., 2019). The gravest consequence of the SCI is a lifelong loss of motor and other spinal cord functions
below the injured region, accompanied with the spasticity syndrome (Holtz et al., 2017), chronic pain (Finnerup et
al., 2014) and autonomic imbalance (Hou & Rabchevsky, 2014; Hamid et al., 2018). Its cause represents as injured



voluntary efferent spinal neurons innervation, restoring which is a primary task of the SCI treatment. The problem
could be solved through development of the tissue neuroengineering transplantation implants, which join polymer
matrices and cells of various differentiation degree (Ahuja et al., 2017; Liu et al., 2018; Wang et al., 2018; Liu et al.,
2019; Zhang et al., 2019; Shah et al., 2020). The amorphous poly(N-[2-hydroxypropyl]-methacrylamide (PHPMA)
hydrogel has long been considered as a prospective matrix (Woerly et al., 199602005; Pertici et al., 2013). Nowadays
the synthetic tunnelled matrices are preferred (Koffler et al., 2019), and the SCI laceration models stay the basic
ones for most polymer implants effectiveness studies, despite significant autogenic recovery of spinal cord
function after partial trans-section (Alizadeh et al., 2019). The dissertation presents a systemic comparative study
of the immediate PHPMA-hydrogel and polyethylene glycol-based tunnelled matrix implantation restorative effect
in a spinal lateral hemi-excision in young animals, i.e., under the nervous system higher auto-regeneration
(Schwab et al., 1996; Sutherland et al., 2020). Study design. Male rats (~1 month, ~50 g), inbred derivatives of Wistar
line have been used in the study. The study was designed to include 4 experimental groups: Tro — lateral
hemisection of the spinal cord on the ~T12-T13 (n=11) (n=11); HGo — similar SCI with immediate matrix implantation
into the injury focus (n=11); Tro — spinal lateral hemi-excision ~1 mm on the same level (n=8); HGo — similar SCI with
immediate implantation of the PHPMA-hydrogel fragment (n=6); Tunnelo — similar SCI with immediate
implantation of the cylinder polyethylene glycol-based synthetic tunnelled matrix, 1 mm in diameter and length,
with the tunnel width of 50 pm (n=8). The following methods were used: estimation of the motor function index
(FI) and spasticity index (SI) of the posterior paretic extremity, respectively, by Basso-Beattie-Bresnahan (BBB) and
Ashworth in our modification. The non-inclusion criteria were: FI of the posterior ipsilateral extremity in 1 week
after the trauma >9 BBB points and /or FI of the posterior contralateral extremity <14 BBB point during a long time
(totally — 11 animals). The asymptotic deviations of the test dates were allowed during the first 3 weeks, as well as
in 8 weeks and 3 months after the injury. Total observation duration — ~5 months. Morphological studies are
represented by impregnation of longitudinal spinal cord sections with silver (groups HGo and Tro) and nerve tissue
basic markers expression immunohistochemical identification (group Tunneln). The Mann-Whitney U Test,
Wilcoxon Matched Pairs Test, Spearman Rank Order Correlations have been used. Assumptions about the
significance of the result were considered true if the probability of realization of the opposite statement was less
than 0.05 (p <0.05). Concluding from the above-mentioned, it should be stated that the immediate implantation of
the PHPMA-hydrogel into the laceration SCI focus in young species with the considerable auto-regenerative
potential, provides for significant positive effect only with huge spatial spinal cord defect, precisely in the acutest
injury stage, which, up to the author’s mind, is related to its immediate antihemorrhagic effect and limitations of
secondary alteration responses, despite the axons chaotic growth into the implanted matrix. Instead, the tunnelled
matrix implantation doesn't affect the acutest injury stage, but significantly changes its further course, increasing
the FI values during the first two observation months and nullifying the FI regress during the last two observation
months, which is most likely may be related to the axons intergrowth through the matrix tunnels and growth on
the matrix external surface.
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