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1. BiiuB TpaHcnaHTauii CTOBOYPOBUX KIIITUH, TIO€JHAHUX i3 MAKPOIIOPUCTUM Tifporesem Ha OCHOBI N-(2-
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2. The influence of stem cell transplantation combined with an N(2-hydroxypropyl)methacrylamide-based
macroporous hydrogel on the course of experimental spinal cord laceration injury

Pedepar/aHoTanis:

1. TpaBma crinHHOTrO MO3KY (TCM) XapaKkTepu3yeTbCsl HEBEJIMKOIO 3aXBOPIOBAHICTIO, OGHAK iCTOTHO NOUMPEHICTIO
(GBD 2016..., 2019), dinancosoto 3atpatHicTio (J.C. Furlan Ta cniBasr., 2017; H. Malekzadeh Tta cniBasr., 2022). Lieit
BUJ, TPaBMMU iCTOTHO roripiuye skicts xutts (D. Cardile Ta criiBaBT., 2024) i 3MeHIIye Oro TPUBAJiCTb, 3BAXKAI0UU
Ha nepeJik yckaagHeHbs TCM, gKi MOXyTb IPU3BECTHU [0 NependacHoi cmepTi nauieHTa (E. Johansson Ta criBasr.,
2025). TCM 3aiimae iCTOTHY 4aCTKy y CTPyKTypi 60i10Boi TpaBmu (J.C. Furlan ta cniBasr., 2019). ¥ Bunagky TCM, npu
JIOKaJti3allii BOTHMIA TPAaBMU 32 ME>KaMU 30H PYXOBOi iHHepBallii KiHI[iBOK IepIIOYe€ProBUM 3aBIAHHSIM BiJHOBHOTO
JIiKyBaHHSI € BiITBOPEHHS CyNpacliHalbHOI iHHEepBallii MOTOHENPOHIB, HAIIPUKJIa, IJISIXOM 3a0€3I1€4eHHS POCTY
TPaBMOBAHUX JOBrONPOEKLIHNX aKCOHIB Yepe3 30HY MiCIATpaBMaTUYHOI OpraHisaujii. I[HTeHCUBHO TOCIiIKyBaHUN
6iomMeIMYHUI HANIPSIMOK — TKAHMHHA iH)XKeHepisi MOXKe BUPILIUTYU L€ 3aBIaHHS, OCKIJIbKA Ma€e CBOEIO0 METOIO
BiZJHOBJIEHHS BTPau€HUX QYHKIIii1 HEPBOBOI CUCTEMU IIJIIXOM BifiTBOpeHHs ii MikpocTpykTypu (M. Szymoniuk Ta
cmiBabT., 2022; M. Trawczynski Ta cniBast., 2019; Y. Wang ta cniBasr., 2022; J.B. Bryson Ta cniBasT., 2024).
[lepcrieKTUBHI HEMPOIH>XKEHEPHI 3ac00M BiHOBHOTO JIiKyBaHHS TCM I'PYHTYIOTbCSI HA TPAHCILJIAHTALIHUX Ta
MOJIEKYJISIPHO-TEHETUYHUX ITiIX0/1ax i CIPSIMOBaHi Ha CTUMYJIALIIO POCTY aKCOHIB Kpi3b 30HY TPaBMU, iX
MieJliHi3allilo, a TaKOXX Ha 3HELKOAKEHHs! (aKTOPiB, sIKi NPUTHiuyoTh picT akcoHis (J.A. Flack ta cniiBasr., 2022; M.
Szymoniuk Ta cniBasrt., 2022; F.M. de Almeida ta cniBasr., 2023; X. Hu ta cniBasr., 2023; N. Aderinto Ta cmiBasr.,
2023; S.I. Khan Ta cniBaBT., 2023). Ockinpku Haiuacrimowo ¢popmoro TCM y noanHY € 3a6UTTS i/a060 CTUCHEHHS
criuaHoro Mo3ky (1. Eli Ta cniBaBr., 2021; S. Mattucci Ta cniBasT., 2019; S.A. Quadri Ta cniBasT., 2020; S.W. Lee Ta
CIiBaBT., 2024) 3 0O4eBUIHUX IPUYMH TPAHCILJIAHTALiSl LiIbHUX 00'€MHUX 0i0KOMIIO3UTHUX CTPYKTYP MOXKE 3HANUTU
KJIiHiYHE BUKOPUCTAHHS JIMIIE Y TOMY BUMNAKY, KOJIU iXHS €(PEKTUBHICTb JO3BOJIMTh APTYMEHTYBATU BUNAJIEHHS
YUIKOJPKEHOI PEYOBUHU CIIMHHOTO MO3KY 4l BXXe C(POPMOBAHOTO PyOI1Isl, HEXTYIOUM HEPBOBUMHU BOJIOKHAMU, KOTPi
MorJY 36eperTucs y 30Hi TpaBMu abo nnpopoctu de novo. Po3pobka Takux 6i0iH>)keHepHUX 3aC00iB € OJHUM i3
OCHOBHUX 3aBJIaHb Cy4aCHOI €KCIIepUMEHTAaIbHOI Helpoxipyprii. Ha nanuii 4ac Len Hanpsmok nepedysae Ha eTaii
anpobatlii aMop¢QHUX NOPUCTUX MATPUKCIB, HATIOBHEHMX OJJHMM YU KiJIbKOMa BUJaMu KiiTuH (M. Szymoniuk Ta
CIiBaBT., 2022), Ta po3p0oOKU IPOCTOPOBO BIIOPSIKOBAaHUX MAaTPUKCiB (M. Szymoniuk Ta crniBasT., 2022), y TOMy
yucsi acouifioBanux 3 He3pinumu kinitnHamu (J. Koffler ta cniBast., 2019; M. Szymoniuk Ta cniBasr., 2022),
HaIpUKJIaL, 3 Me3eHXiManbHUMU cTOBOypoBuMu KitituHamu (MCK; J.A. Flack Ta cmiBaBr., 2022; X. Hu Ta cmiBasBT.,
2023). OpHUM i3 IepCreKTUBHUX TKAHUHHO-1H>)KeHEPHUX MAaTPUKCiB € MAaKPOIIOPUCTUH rifnporesb Ha OCHOBI N-(2-
rigpokcunponin)merakpunaminy (poly(N-[2-hydroxypropyl]-methacrylamide hydrogel, pHPMA-rigpores; S.
Woerly Ta cniBasr., 1996, 2001 a, 2001 b, 2004; V. Pertici Ta cniiBaBt., 2013; I. Abdallah Ta cmisasr., 2021; O. Rybachuk
Ta cIiBaBT., 2023 a, 2023 b; T. Petriv Ta cniBasr., 2024). [Ipyyomy, nepestiK KIiTHH, TPaHCIJIAHTALs SKUX Y
[IO€HAHHI 3 IUM MaTPUKCOM Jae Haikpali pe3yspTaTu pyu TCM, 3anuiaeTrbcs HenoBHUM. OKpPeMOIo IIpo61eMOI0
€ JIIKyBaHHS TPbOX BEJIMKMX HEBPOJIOTIYHUX Po371akiB MizHboro nepiony TCM — cnacTUYHOCTI, XpOHIYHOTO 60O i
nucdyHkuii cedoBoi cuctemu (J.M. D'Amico Ta cmiBasr., 2014; S. Hou, A.G. Rabchevsky, 2014; C. Vierck, 2020; H.
Gong Ta cniBaBrT., 2025). [lJoHaliMeHIIe CIACTUYHICTD | XPOHIYHUI 6i1b MOXKYTbh MaTH CIiIbHI aTo@isiosoriuni
mexaHizmu (O. Kopach Ta cniBasr., 2017; N.B. Finnerup, 2017; R. Shiao, C.A. Lee-Kubli, 2018). opmyBaHHs
XpoHiyHoro 6osto pyu TCM npsmo 3aneskuTs Bifl peasnisaiiii 3anansHoro npotecy (C. Vierck, 2020; M. Malcangio,
2019), HellpoTpaHCIIaHTaLliliHI BTPYy4YaHHS MOXYTb TPUT€pPYBaTH UM BIIMBATU Ha 1el npouec (D. Le Blon ta
criBasT., 2017), 3okpema, MCK maroTs iMyHOTpOIIHUH i NpoTr3ananbHuil eexT (X. Han ta cniBasr., 2025), — ToMy
3'SICYBaHHS BIUIMBY TPAHCIUIAHTALiMHUX 6i0iH>KEeHEePHUX BTPYYaHb Ha Nepebir XxpoHiyHuX poananis npu TCM e
aKTyaJIbHUM. Y TIpeJICTaBJeHi#l poOOTi AOCII)KeHO BIJIMB HeralHoi imnsanTtanii pHPMArigporeso, HalmoBHEHOTO
MCK 1mKipu Bopocsioi JioauHu ab0 CTiHKY IyTIOBUHHOI apTepii JII0of1HY, Ha BilHOBJIEHHSI PyX0BOi PYHKI] i
CIIAaCTUYHICTb y NapeTUYHil KiHLiBLi Iicss ogHO6i4HOiI anepauniinoi TCM mypa.

2. Spinal cord injury (SCI) is characterized by low incidence but significant prevalence (GBD 2016..., 2019) and high
financial costs (J.C. Furlan et al., 2017; H. Malekzadeh et al., 2022). This type of injury substantially impairs quality of



life (D. Cardile et al., 2024) and reduces life expectancy due to complications that may lead to premature death (E.
Johansson et al., 2025). SCI accounts for a significant portion of combat-related trauma (J.C. Furlan et al.,, 2019). In
cases where the SCI focus is located outside the motor innervation zones of the limbs, the primary goal of
restorative treatment is the reconstruction of supraspinal innervation of motor neurons, for instance, by
promoting the growth of injured longprojection axons through the zone of post-traumatic organization. Tissue
engineering, an intensively researched biomedical field, may address this task by aiming to restore lost functions of
the nervous system through the reconstruction of its microstructure (M. Szymoniuk et al., 2022; M. Trawczynski et
al., 2019; Y. Wang et al,, 2022; J.B. Bryson et al., 2024). Promising neuroengineering tools for SCI recovery are based
on transplantation and molecular-genetic approaches aimed at stimulating axonal growth across the injury site,
their myelination, and the neutralization of growth-inhibitory factors (J.A. Flack et al., 2022; M. Szymoniuk et al.,
2022; F.M. de Almeida et al., 2023; X. Hu et al., 2023; N. Aderinto et al., 2023; S.I. Khan et al., 2023). Since the most
common form of SCI in humans is spinal cord contusion and /or compression (I. Eli et al., 2021; S. Mattucci et al.,
2019; S.A. Quadri et al., 2020; S.W. Lee et al., 2024), the clinical use of bulk biocomposite structures can only be
justified if their efficacy outweighs the risks of removing damaged spinal cord tissue or an established scar,
potentially sacrificing nerve fibers that survived the injury or sprouted de novo. The development of such
bioengineered tools is a core objective of modern experimental neurosurgery. Currently, this field is at the stage of
testing amorphous porous matrices filled with one or more cell types (M. Szymoniuk et al., 2022) and developing
spatially ordered matrices (M. Szymoniuk et al., 2022), including those associated with immature cells (J. Koffler et
al., 2019; M. Szymoniuk et al., 2022), such as mesenchymal stem cells (MSCs; J.A. Flack et al., 2022; X. Hu et al.,
2023). One promising tissueengineering matrix is a macroporous hydrogel based on poly(N-[2-
hydroxypropyl]Jmethacrylamide (pHPMA hydrogel; S. Woerly et al., 1996, 2001 a, 2001 b, 2004; V. Pertici et al., 2013;
I. Abdallah et al., 2021; O. Rybachuk et al., 2023 a, 2023 b; T. Petriv et al., 2024). However, the list of cell types whose
transplantation in combination with this matrix yields the best results in SCI remains incomplete. A separate issue
is the treatment of three major late-stage neurological disorders of SCI: spasticity, chronic pain, and urinary
dysfunction (J.M. D'Amico et al., 2014; S. Hou, A.G. Rabchevsky, 2014; C. Vierck, 2020; H. Gong et al., 2025).
Spasticity and chronic pain may share common pathophysiological mechanisms (O. Kopach et al., 2017; N.B.
Finnerup, 2017; R. Shiao, C.A. Lee-Kubli, 2018). The development of chronic pain in SCI is directly dependent on the
inflammatory process (C. Vierck, 2020; M. Malcangio, 2019); neurotransplantation interventions may trigger or
modulate this process (D. Le Blon et al., 2017). Specifically, MSCs possess immunotropic and antiinflammatory
effects (X. Han et al., 2025); thus, determining the impact of transplantational bioengineering interventions on the
course of chronic SCI disorders is highly relevant. This study investigates the effect of immediate implantation of
pHPMA hydrogel seeded with either adult human skin-derived MSCs or human umbilical artery MSCs on motor
function recovery and spasticity in the paretic limb following unilateral spinal cord laceration in rats.
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