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1. Inigjanis i minTprMaHHs 60110 3aJ1€KaTh Bifl CKJIaIHOI aKTUBHOCTI Nepu(peprUyHUX i LEeHTPaJbHUX HEMPOHHUX
Mepex. [lepBuHHi adpepeHTH nepesaoTb CEHCOPHI CUTHAJIM Bifl pELIENITOPIB Yepe3 raHrjlii Jop3aJbHOTO KOPIiHLS 10
cipoi pe4oBMHM CIIMHHOTO MO3KY, Il iHdpopMallis 00po06se€ThCs IPOEKLiIHUMU Ta JIOKAJIbHUMU HEepOHaMU.
KiouoBuMU 30HaMu 1151 epefadi HOLMLENTHBHYUX CUTHAJIB € IOBEPXHSI JOP3aJIbHOTO POry i 06J1aCTi HABKOJIO
LEHTPaJIbHOTO KaHaily (I1acTUHKY I Ta X). AKTUBHICTb HEMPOHIB i3 CylpacniHaJbHAMU NIPOEKLISIMU IEPENAETHCS
IaJli BUCXIIHUMU TPaKTaMM y FOJIOBHUI MO3OK. HusxinHi msaxu 3i cToBOypa MO3KY, B IIEPILY Yepry Ti, 0
IIPOXOSTh B CKJIAZi 3aiHbOOIYHOTO KaHaTUKa (35K), MOMy 00T aKTUBHICTh CHIMHHOMO3KOBUX HOLULIEIITUBHUX
30H, 10 MOXE IOCUJIIOBATU 200 MPUTHiYyBaTH 6ib. MeXaHi3MH Liiei HU3XiHOI peryJsilii, 0COGIUBO y IJIACTUHKAX |
Ta X, 3aIMIIAI0ThCSl HEJOCTAaTHHO BUBYEHNMHU. PocTpasibHa BeHTpOoMeliasibHa 30Ha 1oBractoro Mo3ky (PBIM) e

LIEHTPaJIbHOIO PETPAHCIISILIMHOO CTaHLII€I0 cepel] HU3XIIHUX IISIXiB 60JIbOBOI perysisiii, sika OTpUMYIO€ NPOeKIii



Bif] KOpH, [IEPUAKBELYKTAIbHOI CipOi pEYOBUHY, TajlaMyca Ta iHIUX CTPYKTYpP. AKTUBHICTL PBJIM Biziirpae posb SK y
dbopmyBaHHi 60JIbOBUX BiUYTTIB, TaK i iX NpUrHiYeHHI, IpOTe AeTajabHe PO3yMiHHS MeXaHi3MiB I[UX IIPOLIECiB Ha
PiBHI ClIMHHOT'O MO3KY /10Ci BiicyTHE. MeTo10 po60TH 6YyJI0 BUSHAYEHHS CUHAIITUYHMAX MEXaHi3MiB HU3XiHO]
MOAYJISLii HEPOHHUX MEPEK HOLULIENITUBHUX IJIACTUH CIIMHHOTO MO3KY. BifinoBinHO 10 MeTu 3aBHaHHSIMU
poboTH 6yJ10 3'SICYBaTH BILIMB HU3XiTHMUX BOJIOKOH y ckiafi 3BK Ta HusxigHux mosaxis Bin PBIM Ha nepBUHHO-
adepeHTHi BXOAU Ta aKTHMBHICTh HEMPOHIB NepIoi Ta [ecsiToi NJIaCTUHOK CIIMHHOTO MO3KY I'pU3yHiB. O0'€KTOM
IOCimKeHb O0yJla akTUBHICTh HEMPOHIB NePLIOi Ta JeCsITOi IJIACTUHOK NOP3aJIbHOTO POy CIIMHHOTO MO3KY, B TOU
4ac sIK IpeIMETOM AOCiIKEHb OyI1 MEeXaHi3MU HU3XiHOI MOAYJIALIl IMX HEHPOHIB. Y po60Ti 3 BUKOPUCTAHHSIM
PALy Cy4aCHUX METOIUK — esleKTpodiziosoriyHux, GpapMakoJIOriYHUX Ta ONITOr€HETUYHUX — [IPOBENIEHO
IOCJIiIKEeHHS 3 LiJIJIIO BifIIOBICTY Ha MIMPOKE KOJIO OKPECJIEHUX IMTaHb. 30KpeMa, BIepie OyJIi0o II0Ka3aHo, 110
AKTUBHICTb HEMPOHiB HOLULIENITUBHUX MEPEX MJIACTUHKU X CIMHHOTO MO3KYy MaliKe MOBHICTTIO KOHTPOJIIOETCS
HU3XIAHMMU HUIsIXaMU B ckiafi 3BK, pu npoMy MOZYJISITOPHA [isl HUX LUISIXIB 3aJ1€KUATH Bill YaCTOTH i TPUBAJIOCTI
iX aKTMBHOCTI. 3a 1OIIOMOT010 po3p06JieHOi MeTOAUKY crielindiuHOi GPOTOCTUMYIIALIL BOJIOKOH, 1O ITIOXOISTH 3
PBJIM y ex-vivo npenapari CIMHHOTO MO3KY, BIIepIle 0yJI0 II0Ka3aHo, 110 aKTMBAallis Lii€i Pyl HU3XiJHMUX aKCOHIB
CIIPUYVMHSIE MOHO- Ta IOJIiICUHANTUYHI TaJIbMiBHI BiIIOBifi B HEMPOHAX IJIACTMHKMU [, 2 TAKOX [IPECUHANITUYHO
perysoe sk 30yIKyBajibHi, TaK i rajibMiBHI BXOAM Y MepeXi HeMPOHIB lop3asibHOro pory. HusxinHi msxu e
NOTEHLiHMMU MillleHsIMU 17151 papMaKOoJIOTiYHOI Teparlii 1aToIoriYHUX 60JIbOBUX CTaHiB. PO3yMiHHS MeXaHi3MiB
XPOHIYHOro 60110 HEMO>XJIMBE 6€3 PO3YMiHHS HOPMaJIbHOI (Pi3ioJiorii CTPYKTYP, SIKi 6€pyTh Y4acTb y HOTO peryJsiii
Ta NigTpuMaHHi. Tomy 1oAi6HI JOCTIIKEHHS CIPUSITAUMYTb PO3pOOLi HOBUX Ta MOKPAIIEHHIO iCHYI0YMX 3aC00iB
JIiKyBaHHSI XPOHIYHOTO 60JI0, 30KpEMa, CIIPSIMOBAHUX Ha BiJIHOBJIEHHS 30aJ1aHCOBAaHOI HU3XiTHOI MOIYJISLIL.
3arasnom, B pob0Ti NoKa3aHo, 110 aKTUBHICTh HU3XIJHUX NJISXIB, sIKA BifIIOBifjae€ eHIOTeHHil, 31aTHa 37iliCHIOBAaTH
[IOBHUI KOHTPOJIb HEMPOHHNX MEPEX JIIOMOAPHOTO0 Bill[[i/Ty CHMHHOTO MO3KY IIJISIXOM OJIHOYaCHOTO IIpe- Ta
[IOCTCHHAIITUYHOTO iHribyBaHHS. [TinTBepKeHo, 110 10 IPECUHANTUYHOTO iHI1OyBaHHS NepBUHHUX adepeHTIB
CIIIJILHO 3aJIy4€Hi NEKiJIbKO HEMPOMOAYJIATOPIB — HOPAAPEHAJIiH, TONaMiH, CEPOTOHIH i €HIOreHHi OMioigu.
HaBepneHi B po6OTi JaHi CBiZjyaTh PO MOTYKHY i TOYHY HU3XiJHY MOJIYJIALLI0 COMAaTOCEHCOPHOI Ta BiCcLepabHOI
HOLMLUEILII Y TIepPILii i AeCATiN [JIAaCTUHKAX CIIMHHOTO MO3KY.

2. The initiation and maintenance of pain depend on the complex activity of peripheral and central neuronal
networks. Primary afferents transmit sensory signals from receptors through dorsal root ganglia to the gray matter
of the spinal cord, where the information is processed by local circuit and projection neurons. Key areas for
transmitting nociceptive signals are the surface of the dorsal horn and regions around the central canal (laminae I
and X). The activity of neurons with supraspinal projections is further transmitted by ascending tracts to the brain.
Descending pathways from the brainstem, primarily those passing through the dorsolateral funiculus (DLF),
modulate the activity of spinal nociceptive zones, which can either enhance or suppress pain. The mechanisms of
this descending regulation, especially in laminae I and X, remain insufficiently studied. The rostroventromedial
medulla (RVM) is a central relay station among descending pain regulation pathways, receiving projections from
the cortex, periaqueductal gray, thalamus, and other structures. The activity of the RVM plays a role both in the
formation and suppression of pain sensations, but a detailed understanding of the mechanisms of these processes
at the spinal cord level is still absent. The aim of this work was to identify synaptic mechanisms of descending
modulation of neuronal networks in the nociceptive laminae of the spinal cord. According to this aim, the tasks
were to clarify the influence of descending fibers in the DLF and descending pathways from the RVM on primary
afferent inputs and the activity of neurons in laminae I and X of the rodent spinal cord. The object of the study was
the activity of neurons in laminae I and X of the dorsal horn of the spinal cord, while the subject was the
mechanisms of descending modulation of these neurons. Using a range of modern methods-electrophysiological,
pharmacological, and optogenetic-research was conducted to answer a broad set of questions outlined above.
Notably, for the first time it was shown that the activity of neurons in the nociceptive networks of lamina X of the
spinal cord is almost entirely controlled by descending pathways within the LF, with the modulatory effect of these
pathways depending on the frequency and duration of their activity. Using a developed method of specific
photostimulation of fibers originating from the RVM in an ex vivo spinal cord preparation, it was demonstrated for



the first time that activation of this group of descending axons causes mono- and polysynaptic inhibitory
responses in neurons of lamina I, and also presynaptically regulates both excitatory and inhibitory inputs in the
dorsal horn neural networks. Descending pathways are potential targets for pharmacological therapy of
pathological pain states. Understanding the mechanisms of chronic pain is impossible without comprehending the
normal physiology of structures involved in its regulation and maintenance. Therefore, such studies will contribute
to the development of new and improvement of existing treatments for chronic pain, in particular those aimed at
restoring balanced descending modulation. In general, this work demonstrated that the activity of descending
pathways, which corresponds to endogenous pain regulation, is capable of complete control over neuronal
networks in the lumbar spinal cord through simultaneous pre- and postsynaptic inhibition. It was confirmed that
presynaptic inhibition of primary afferents involves a whole range of neuromodulators-noradrenaline, dopamine,
serotonin, and endogenous opioids. The data presented indicate powerful and precise descending modulation of
somatosensory and visceral nociception in spinal cord laminae I and X.
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