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1. BoyimB acnipaTy KiCTKOBOTO MO3Ky Ha CKEJIETHUN M'S13 B IeHEPBalliiHO-PeiHHEePBALIIHUI NIepioy,

(excriepuMeHTasbHE TOCiIKEHHS)

2. The effect of bone marrow aspirate on skeletal muscle during the denervation-reinnervation period
(experimental study)

Pedepar:

1. B excriepyuMeHTi NPOBOAMIIOCH JOCII)KEHHSI IUHAMIK1 PO3BUTKY CTPYKTYPHUX Ta PYHKIIOHAJIbHUX 3MiH
CKEJIETHUX M'SI3iB Ha MOJIeJli ITicIsITpaBMaTUYHOI ieHepBallii Ta peiHHepBallii KiHIIiBKM a TaK0XX 32 YMOB BBEJI€HHS
acripaTy 4epBOHOTO KiCTKOBOTO MO3Ky. Y TepMiHu 8, 12, Ta 16 THXKHIB Iiciia XipypriyHOro BTpy4aHHS 3 HEMPOTOMIi
Ta Herpopadii CiTHNYHOTO HEPBY OLiHIOBaIX CTPYKTYPHI i QyHKIiOHAIBbHI 3MiHM, Ta IOPIBHIOBAJM iX MDX rpynamu.
OxpeMUM 3aBIaHHAM 0YyJI0 AOCIiIyKEHHs KIiHIYHUX [IPOSIBIB AeHepBallii KiHLiBKU. TakoXX MU JOCTiAnIn
(dyHKUiOHabHI 3MiHM peiHHepBalii 1inboBUx M'43iB BifnosigHo 00 ganux EHMI nociimkeHHs, Ta BUBHAUUIN
3MiHY, 1110 BUHUKAIOTh B CKEJIETHUX M'I3aX KiHIIiBOK 3a JornomMoroo KT ta MPT. B ocHOBI 6i0XiMiYHUX TOCIiIKEHD

OyJia OlliHKa CTaHy IepoKcuaalii Ta pepMeHTaTUBHOI aHTHOKCUIAHTHOI CUCTEMU M'I30BOi TKAHWUHU Y



IeHepBaliliHO-peiHHePBaLiTHOMY N€Piofi, Ta BU3BHAYEHHS €(EeKTiB, SIKi MOXe CIIPUYMHUTH BBEIECHHS aclipary
KiCTKOBOTO MO3Ky. Mop@oJioriyHe fOCipKeHHs Ta BU3HaY€HHS 3MiH y BiTHOBJIEHOMY CiIHUYHOMY HEpBi Ta B
MiOLIMUTaxX CKEJIETHUX M'SI3iB CTaJI0 OKDEMUMHU 3aBAAHHAMU POOOTU. Pe3ybTaTi IPOBEAEHOTO €KCIIEPUMEHTAIbHOTO
OOCJIiIKEHHS [ajii 3MOTy BCTAHOBUTY OCOOJIMBOCTI BIIMBY aclipaTy YepBOHOIO KiCTKOBOTO MO3KY Ha JIMHAMIKY
CTPYKTYPHHUX Ta (PYHKIiOHAJIbHUX 3MiH CKeJIETHUX M'SI3iB KiHLIiBKY MiCJIsl IEPEHECEHOI IleHepBallii Ta Ha eTanax
peiHHepBalliiiHoro npouecy. 3a gornomoroto roakosoi EHMI npogeMoHCTpOBaHO xapakTep nepebiry
IeHepBalliliHO-peiHHePBalliliHOro MPOLECY B CKEJIETHUX M'S3aX, Ta BILJIMB BBEJIEHHS aCMipaTy KiCTKOBOTO MO3Ky Ha
LIeM IIpouec. BusBiieHo 1o BifjajieHe BBENEHHS aCIlipaTy KiCTKOBOrO MO3KY — CIIpUsi€ IIOKPAILEHHIO PeiHHepBalii,
1110 TIPOSIBJISIOCH Y BUIJISALI peecTpaliii 6ib1oi KijbKOCTi oTeHLiasiB pyxoBux oguHuLp. [Ipu ananizi KT Ta MPT
JaHMX BU3HAYEHO 110 BBEJEHHS aClipaTy KiCTKOBOTO MO3KYy 3MEHIIYE MTPOSIBY HaOPSKY M’130BOI TKAHMHH, 1110
OIIOCEPEKOBAHO MOXE CBiTUUTY PO NNO3UTUBHUI BILJIMB HA CIIOBiJIbHEHHS Nporpecii rinoTpo@ii 1inboux M'g3iB
npu ix geHepsauii. BuBueHi MopgosoriyHi 3MiHM B CiITHUYHOMY HEpBI IicIs 10ro nepeTruHy Ta Heipopadii, Ta
BILJIMB Ha pereHepallilo HepBYy BBeJIeHHS acIipaTy Y4epBOHOI'O KiCTKOBOTO MO3KY B 11iiboBi M’s13U. [IpopocTaHHs
aKCOHIB B IUCTaJIbHUI CETMEHT HEPBY BUSIBJIEHO Y BCiX BUIIaIKaxX, IPOTE, OTPUMaHi JaHi BKa3yl0Tb, 1110 BBEIE€HHS
acmipary KiCTKOBOTO MO3KY CIIPHSIJIO IOKPALEHHIO AMHAMIKY pereHepalii akCoHiB, Ta IO3UTHMBHO BILIMBAJIO HA
peiHHepBallilo CKesleTHOro M's3a. LlikaBuM CIIOCTepeXXeHHSM € Te, 110 BBEJIeHHSI acIipary KiCTKOBOTO MO3KY
[IOKPalllyBaJIoO UiIbHICTh IIPOPOCTAaHHS HEPBOBUX BOJIOKOH Y€PE3 30HY LIBA HA PAaHHLOMY eTalli. TakoX BUSBJIEHO
6inbIy 1IiNILHICTL TPOPOCTAHHS aKCOHIB NepudepryHOro HEPBY y M'43. HaBeeHi faHi MO>XKHA pO3IJISIAATH K
MopdoJIoriyHmil CyOCTpaT, 10 BiloOpaskeHUii rOJIKOBOIO eJleKTpoHelpoMiorpadieto. Takoxx ofep>kaHi B X0i
eKCIlepuMeHTy MOpQOJIOTivHi Ta yIbTPAaCTPYKTYPHI JaHi Jajau MOKJIMBICTb cPOPMYJIIOBATHU TiNOTE3y BUHUKHEHHS Y
II€HEPBOBAHMX M'sI3ax CTaHy PiBHOBAru MiXx Npolecamu pereHepaltii Ta rinoTpodii M’s130Boi TkaHuHU. [IposiBoM
LIbOTO CTaHY € OJJHOYACHE 3MEHIIEHHS JliaMeTpy Ta JeCTPYKLis OJHUX M'SI30BUX BOJIOKOH Ta rinepTpodis iHmux.
BigMideHO 110 BB€IEHHS acIipaTy 4€PBOHOTO KiCTKOBOTO MO3KY JI03BOJISIE€ IPOJIOHTYBATH NEPiof, piBHOBAaru Mixx
IpoliecaMu JiereHepaltlii Ta pereHepatiii y ;eHepBOBaHOMY CKEJIETHOMY M’SI3i IIJISIXOM YIIOBiIbHEHHS AeCTPYKLii
M30BUX BOJIOKOH, TUM CaMMM IOKPALIUTY NIEPCIEKTUBU PeiHHEepBalLiiHOTro npolecy. BUBUeHO AuMHaMiKy 3MiH
(epMeHTaTHBHOI Ta aHTUOKCUAAHTHOI CUCTEM CKEJIETHOTO M’513a ITiCJIsl IePETUHY Ta BiIHOBJIEHHS CiIHUYHOTO
HEPBY, a TAKOX BIUIMB acCIlipaTy YEPBOHOI'0 KiCTKOBOIO MO3KY Ha Lii cucTeMu. Tak BU3HA4€HO, 10 IPOAYKTH
IepoKcuaLii JinifiB MporpafieHTHO 3pOCTai y BCi TEPMiHM, IIPOTE BBELEHHS KIIITUH YEPBOHOIO KiCTKOBOTO
MO3KY IO3BOJIMJIO 3MEHILINTY iX PiBEHb, AK LJISIXOM IMOKPALeHHA iX yTUii3alii, Tak i mpurHidyeHHd ix cunresy. Kpim
TOr0 3apEECTPOBAHO 3POCTAaHHS aKTUBHOCTI KaTajasy, SIK IIPOSIB aKTUBallii aHTUOKCUIAHTHOI CUCTEMU. BusiBIIeHO
1110 BBEJ,€HHS acllipaTy 4epBOHOr0O KiCTKOBOTO MO3KY IIO3UTHBHO BIIJIMBA€ Ha 6ioxiMiyHi 3aXMCHI Me€xaHi3MU IIpU
IeHepBaliTHOMY YPOKE€HHI CKeJIEeTHUX M'513iB. TaKuM 4MHOM y POOOTI IPOBEAEHO aHAJI3 JUHAMIKU PO3BUTKY
rinoTpoQiuyHuX 3MiH y CKeJIETHUX M'sI3aX IicJisl AeHepBallii Ta Ha eTanax peiHHepBaliltHOro NpoLecy i BIJINBOM
acripaTy 4epBOHOTO KiCTKOBOT'O MO3Ky. JIOCJIII>)KEHO $K 3arajibHi KJIiHi4YHI IPOsBU JeHepBallil KiHIIiBKY, TaK i
Mopdo-PyHKLiOHAIbHI 3MiHM LIiIbOBUX M'S13iB Ta30BUX KiHIiBOK JOCJiJHNX TBAPUH, & TAKO>K BU3HAUEHO, SIKUN
BIIJIMB Ma€ BBEJIEHHS aCIipaTy KiCTKOBOrO MO3Ky Ha 3a3Ha4€Hi BUILE TTOKa3HUKU. EKCIepUMEHTa/IbHEe BUBUYEHHS
YHKIIOHATBHUX, PEHTI€HOJIOTIYHMX, MOP(OJIOTiYHMX Ta 6I0XIMIUHKX 3MiH y CKeJIeTHUX M’513aX FTOMIJIKY [103BOJIMJIO
BUSIBUTU [I€BHUY NIO3UTVBHUM BIUIMB Bif} BBEJ,EHHS acCIlipaTy Y€PBOHOI'0 KiCTKOBOIO MO3KY, & CaMe: 3MEHIIEHHS
IIPOSIBY HAOPSIKY CKEJIETHUX M'S3iB, 301/IbIIEHHS KiJIbKOCTI OTEHIiajliB PyXOBUX OAMHUIb, 3MEHIIEHHS ITPOSIBiB
HEKPOIITO3y Ta JereHepalii MioLUTiB, 3MEHIIEHHS KiJIbKOCTI ITPOAYKTIB IepOKCUaLii JIimizfiB Ta 3pOCTaHHs
aKTUBHOCTI aHTUOKCUJAHTHUX CUCTEM.

2. The experiment was conducted to study the dynamics of structural and functional changes development in
skeletal muscles in a model of post-traumatic denervation and reinnervation of the limb, as well as under the
conditions of the red bone marrow aspirate injection. At 8, 12, and 16 weeks after surgery (neurotomy and
neurorrhaphy of the sciatic nerve), structural and functional changes were assessed and compared between
groups. A separate task was to study the clinical manifestations of limb denervation. We also investigated
functional changes during the target muscle reinnervation according to the EMG data and determined the changes
that occur in the skeletal muscles using CT and MRI. The basis of biochemical studies was the muscle tissue state



of peroxidation and enzymatic antioxidant system assessment in denervation-reinnervation period, and
determination of the effects that the injection of bone marrow aspirate can cause. Results of the conducted
experimental study made it possible to establish the features of the red bone marrow aspirate influence on the
dynamics of structural and functional changes in skeletal muscles at denervation-reinnervation process. Using
needle EMG, the nature of the denervation-reinervation process in skeletal muscles and the effect of bone marrow
aspirate injection were demonstrated. It was found that the late injection of bone marrow aspirate contributes to
the improvement of reinnervation, which was manifested in the registration of a larger number of motor unit
potentials. When analyzing CT and MRI data, it was determined that the bone marrow aspirate injection reduces
the manifestations of muscle tissue edema. Morphological changes in the sciatic nerve after its transection and
neurorrhaphy, and injection of the bone marrow aspirate into target muscles were studied. Axon sprouting into
the distal segment of the nerve was detected in all cases, however, the data obtained indicate that the injection of
bone marrow aspirate contributed to improving the dynamics of axon regeneration and had a positive effect on
skeletal muscle reinnervation. An interesting observation is that the bone marrow aspirate injection improved the
density of nerve fiber sprouting through the suture zone at an early stage. A higher density of peripheral nerve
axon sprouting into the muscle was also detected. The above data can be considered as a morphological substrate,
which is reflected by needle EMG. Also, the morphological and ultrastructural data obtained during the experiment
made it possible to formulate the hypothesis of the emergence of a state of equilibrium between the processes of
regeneration and hypotrophy of muscle tissue in denervated muscles. The manifestation of this state is a
simultaneous decrease in diameter and destruction of some muscle fibers and hypertrophy of others. It was noted
that the injection of red bone marrow aspirate allows for prolonging the period of equilibrium between the
processes of degeneration and regeneration in denervated skeletal muscle by slowing down the destruction of
muscle fibers, thereby improving the prospects of the reinnervation process. The dynamics of changes in the
enzymatic and antioxidant systems of skeletal muscle after sciatic nerve transection and restoration, as well as the
effect of red bone marrow aspirate on these systems, were studied. It was determined that lipid peroxidation
products increased progressively at all times, but the injection of red bone marrow cells allowed to reduce their
level, both by improving their utilization and inhibiting their synthesis. In addition, an increase in catalase activity
was recorded as a manifestation of the antioxidant system activation. It was found that the red bone marrow
aspirate injection has a positive effect on biochemical protective mechanisms in denervation damage to skeletal
muscles. Thus, the work analyzed the dynamics of the development of hypotrophic changes in skeletal muscles
after denervation and at the stages of the reinnervation process under the influence of red bone marrow aspirate.
Both the general clinical manifestations of limb denervation and the morpho-functional changes in the target
muscles of the pelvic limbs of experimental animals were studied, and the effect of the bone marrow aspirate
injection on the above indicators was also determined. Experimental study of functional, radiological,
morphological, and biochemical changes in skeletal muscles of the lower leg reveal a certain positive effect of the
red bone marrow aspirate injection, namely: a decrease in the manifestation of skeletal muscle edema, an increase
in the number of motor unit potentials, a decrease in the manifestations of necroptosis and myocyte degeneration,
a decrease in the number of lipid peroxidation products and an increase in the activity of antioxidant systems.
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Cdepa ynpaBiiHHSA: HaujonasnbHa akajieMis MEIUYHUX HAyK YKpaiHK

Imentudikarop ROR: He zacrocoyerbcs

VIII. 3aKkJIl04Hi BiZOMOCTi

BaacHe IlpizBume Im's I10-6aTbKOBI lonsyenko Opiit Bosopumuposuy

TOJIOBH pagu

Biacue IIpisBume Im's I1o-6aThKOBI Ba6ko Annpiit Mukonaiosuy

rOJIOBYIOYOTO Ha 3aciJaHHi

BignoBizanpHuUii 32 MiATOTOBKY Jlucak Aupipiit Ceprifiosud

00JIIKOBHX JOKYMEHTIB

Peectparop YkpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




