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Huceprariiiina po0oTa IpUCBSYEHA JOCTIIKEHHIO €JIEKTPO]i1310J0TIUHUX
peakIii HeHpOHIB MepIIoi Ta JECITOl IIACTUHOK CHMHHOTO MO3KY, 110 MaloTh
3B’SI3KM 13 MEPBUHHUMHU aepeHTaMu MOMEPEKOBOrO BIIJILUTY CHUHHOTO MO3KY
IIypiB, B HOPMI 1 32 MOJIEJIbHUX MAaTOJIOTTYHUX cTaHiB. B poOOTi Briepiiie BUABIIEHO,
o aktuBallis TRPV1 y mnactunii X 3yMOBIIO€ CYyTTEBE 3pOCTaHHS YaCTOTH H, y
YaCTHMHI HEHPOHIB, MIJIBUIIEHHS aMIUNTYIU 30YyJKyBaJbHUX MOCTCUHAITHYHHUX
CTPYMIB, a OKpeMl KIITUHU JEMOHCTPYIOTh JOJATKOBUM TMOBIILHHUI BX1THUM
cTpyM. TakoX B XOJ1 JUCEPTAIIHHOTO JIOCTIIKeHHS Oyiu 3adikcoBaHi 3MIHHM B
eeKTpOo(Pi1310JI0TITUHUX TUMAX HEHPOHIB | MIACTMHKHU 3a MATOJIOTIYHUX CTaHIB 1
BCTAHOBJICH] MATOJIOTIYHI TUIU SKI MOXYTh OyTH acoOIliOBaHl 3 aJOJIMHIEIO,

rinepairesi€o Ta CIOHTAHHUM 00JieM

Ha croronni npo6iema epeKTUBHOTO JIIKyBaHHS OOJIF0 Pi3HOTO €T10JIOTii
3QJINIIAETHCS OJHUM 13 aKTyaJbHUX BUKJIMKIB JUIS Cy4acHOI METUIIMHH.
XpoHIyHUN O171b YaCTO CYMPOBOIKYETHCS IEHTPATBHOIO CEHCHOLTI3aIli€l0, TOXK
HaBITh HaWcydacHil (apMakoJIOTIYHI MIAXOAU BHUSABJISIOTHCS HEIOCTATHBHO
JI€EBUMU, OCKUIBKM HE BpPaxOBYIOTh YChOT'O CIEKTpa 3MiH, 110 BiI0YBalOThCA B
HEpBOBIil cuctemi. Po3poOka HOBUX 3HEOOIOBAILHUX CTPATET1 YCKIIAIHIOETHCS
THM, IO HAalle PO3YMIHHS OpraHi3aiii Ta peryysiii CEeHCOPHOI CUCTEMH 3a
HOpPMaJIbHUX yMOB, a TaKOX 3MIH, SKi BiIOYBarOThCA TiJ 4Yac MATOJIOTTYHUX
mpoueciB, Aoci € HenmoBHUM. Came 1€ CTOITh Ha NEPEIIKOJAlI B MOIIYKY 1

BIIPOBAJ[?)KEHHI HOBITHIX METOAIB KylyBaHHs 00JIbOBOTO BIIUYTTS.



3rifHO 3 CYYaCHUMHM YSBJICHHSMH, OOJbOBI CHUTHAIM NPOXOASATH Kpi3b
OaraToeTaliHy CHCTEMY, sSKa OXOIUIE SK mnepudepudHy JaHky (rnepudepudHi
HEPBH, PEUENTOPHU B MIKipi, M’ A3aX, Cyra00ax), Tak 1 CKJIaIHI MEpeKi CIUHHOTO Ta
roJIOBHOTO MO3Ky. OcoOJIMBOi yBaru 3aciyroByIOTh CIIMHHOMO3KOBI HEHpPOHHU,
a/)ke BOHU € IMPOMDKHOIO JAHKOI0 MDK NEpPBUHHUMHU adepeHTamMH 1 BHUIIUMHU
IeHTpaMu 00JHOBOT 0OPOOKH, MEepenarv CUTHAIM PO MOTEHIHHO IIIKiINBI
noapa3Huku. L1 HeilpoHH po3TamioBaHi NMepeBaXHO B IJIacTUHI | gopcanbHOrO
pory, MatoTh crierugiyHi eneKTpo(1310JI0TI4HI BIACTUBOCTI 1 BIAITPAIOTh BAXKIIUBY
poJib y (hopMyBaHHI1 afieKBaTHOT OOJLOBOI PEaKIIii.

BaxnuBuM HanpsiMoM JTOCTIIPKEHb CTa€ 1 MIaCTUHKA X, 1110, CEpeJl 1HIIOTO,
IHTETpy€E€ COMATUYHY Ta BICLlepajbHY HOIMUIENTUBHY 1HpopMaIlito. HasBHICTh y
1M MJIACTUHIII PEENTOPHUX CUCTEM, 3aTyUY€HUX /10 O0JIbOBOI MOYJIsAIII1, 30KpeMa
TRPV1-peuenTopiB, BKa3ye Ha Te, IO I 30HA MOXKE OpaTH aKTUBHY Y4acTb Y
mpolecax IEHTpajdbHOI ceHcuOimizamii. BuBdeHHs nmacTMHKM X pa3oM 3
IJJACTUHKOK | BIOKpHBa€E HOBI MEPCHEKTUBH B TOIIYKY MIIMIEHEH I
TEpPANeBTUYHOTO BTPYYAHHS, aJK€ PO3YMIHHS MEXaHI3MIB, IO BHU3HAYAIOTh
nepexig rocTporo 0OJII0 B XPOHIYHMM, A€ 3MOTY pO3pO0IsATH OUIBII TapreTHi Ta

e(eKTUBHI METO/IM JIIKyBaHHS 00JLOBUX CHHIPOMIB.

Heliponatuunuii Oiib € BUCHAXXJIMBHUM CTAaHOM, SIKMM MOTIPIIyE SAKICTb
KUTTA W BUHUKAE BHACIIJOK MATOJOTIYHUX 3MIH B COMATOCEHCOpPHIN HEPBOBOI
cucremu. Moro KmiHIiYHMME O3HaKaMM € Timepanresis (HaaMipHa peakiiis Ha
IKIJIMBI - TIOAPa3HUKH), ajoAuHiss (OoicHa BIANOBIAb HA  HEMIKIJIUBI
MOAPa3HUKHN) Ta CIIOHTAaHHUN O17b. HasiBHI MeTOau JIKyBaHHS OOMEKEHI yepes
BIJICYTHICTh MOBHOT'O PO3YMIHHS KJITUHHUX MEXaHI3MiB, IO JIe)KaThb B OCHOBI
MaToJIOTIYHUX CcTaHiB. J[J1g 3’sicyBaHHS TATOJIOTIYHUX 3MIH Ta POJII HEUPOHIB
niaacTuHk [y dopmyBaHHA XpOHIYHOro 00110 OYyJI0 BUKOPHCTAaHO MOJEIb

HeﬁpOHaTHqHOFO 0010 3 YACTKOBUM IMOMIKO/PKCHHAM HCPBA.

AHaJi3 OTpUMaHUX Y JJAHOMY JIOCIIJIDKEHH] IaHUX MOKa3aB, 10 Y TBAPHUH 13
YAaCTKOBUM TIONIKO/DKCHHSIM HEpBa TOMITHO 3MIHIOIOTHCS XapaKTEPUCTUKH

BIJINOBIIEHl COMHHOMO3KOBHUX-MapadpaxiaiIbHUX HEUPOHIB SIKI BUHUKAIOTH MPH



CTUMYJIALIT  TepBUHHUX  adepeHTiB. 30Kpema  CIOCTEpIraeThCcsi  MOsiBa
HEXapaKTepHUX 32 1X eJeKTpOo(i310JOTIYHUMH  XapaKTepUCTUKAMU  JJIs
KOHTPOJBHUX TBAapUH THUIIB HEHPOHIB, SKI pearyloTh Ha CTHUMYJSLIIO
cy000JIbOBOTO Jliania30Hy, 10 MOXE CBIIUYUTH IIPO iX 3aTy4eHICTh B (HOPMYBaHHS
anoauHii. Kpim Toro, 3a yMOB HeHponaTUIHOTO OO0, BUHUKAIOTh 1HII ITiATHITH
HEHPOHIB SKI y BIAMOBIAL HAa OOJHOBUN CTUMYJ MEPEXONATh B CTaH TPUBAJIOI
reHeparlii mnoTeHmiaziB Jii, o MOXkKe 3yMOBIIFOBAaTH PO3BUTOK rinepanresii. [Tonan
Te, OUIpIIE TPETUHU KIITHH JOCIHIKEHUX B Yy YyMOBaxX 1HJYKOBAHOTO
MaTOJOTIYHOTO CTaHy JAEMOHCTPYBAJIU CTaH TPHUBAJOI reHepallli MoTeHIaIiB ail
0e3 cTumyJsiii agepeHTiB, 10, IMOBIPHO, CBITYUTH PO PO3BUTOK CIIOHTAHHOTO
00110. TaKMM YMHOM, BUSIBJICHI 3MIHH €JIEKTPO(]P1310J0TIHHOI TOBEIIHKNA HEUPOHIB

MJIACTUHKY | MATBEPKYIOTH 1X 3aly4€HICTh Y MATOT€HE3 XPOHIYHOTO 0OJIIO.

Y npoBeneHOMY JOCHIIKEHHI OTPUMAHO EKCHEPUMEHTAJIbHI JOKa3u
Oe3nocepeIHbO1 y4yacTi HEWpOHIB IUIACTUHKM X CHUHHOTO MO3KY IIypiB Y
peryJisiiii 00Jb0BOi cUTHaMI3aIlli. 30KpemMa, y IJIaCTUHII X BUSBICHO TPU OCHOBHI
TUMKM HEUPOHIB: OJHOCTAWKOBI, TOHIYHI Ta BiATepMiHOBaHI. TOHIUHI KIITHHU
(6mm3bK0 43% momyJsilil) MiATPUMYIOTh TPUBAy TeHepallilo MOTeHIIAMIB il i
3amo0iraloTh HaJIMIpHIM 30y/UIMBOCTI 3a TMATOJOTIYHUX CTaHIB, OCKIJIBKH
BBAXKAIOTHCS NEPEBaXXHO, TalbMIBHUMHU. OJHOCHANWKOBI HEMPOHM XapaKTEpHO
BIJIMOBIAAIOTh OJJUHOYHUM MOTEHIIAJIOM Jlii Y BIANOBIb Ha BHYTPIIIHbOKIITUHHY
CTUMYJISIIIIIO CTPYMOM Ta, IMOBIPHO, BIJIOBIAIOTH 32 MIBUKY Mepenady 00JIb0BUX
CUTHAJIB, a BIATEPMIHOBAHI, TEHEPYIOUM MOTEHIIAIU JIi 3 YaCOBOKO 3aTPUMKOIO
AKa 3aJ€XKHUTh Bl 1HTEHCHUBHOCTI CTUMYJY, MOXYTh KOJYBAaTH IHTEHCHUBHICTbH
CTUMYITY, CTABJISIYU 1 Y BIAMOBIAHICTh KIJIBKICTh TOTEHITIAJIB ii.

VY Mexani3Max IeHTpaibHOI ceHcuOim3alii cyTTeBy poJib Bifirpae TRPV1,
Yysl aKTHBAIlil B TUIACTHUHIN X CTUMYJIOE TIOCWJICHWUH BHKHWJ TIyTamaTy W
CTUMYJIIO€ aKTUBHICTh Mepexxi B 11 30H1. biiokyBanus AMPA—penentopiB maiixe
MOBHICTIO MPUAYLIY€E KamncaillMH-1HIyKOBaHY aKTUBHICTb, TOAl1 SIK MPUTHIYCHHS

NMDA-—penentopiB juie 3HWKYE i1 iIHTEeHCUBHICTh. Taka B3aemojis TRPV1 i3



rIIyTaMaTHUMU PEIENTOpaMHU PI3HUX THUIIIB MOKE MOTEHI[INHO PO3TJIAIA€ThCS SK

MIIIeHB JJIs1 TEPAeBTUYHOTO BIUIMBY Ha MATOJIOTIYHUM O11b.

KurouoBi cioBa: CnuHHUN MO30K, HOLMIIEMIisA, O1J1b, KarcailuH, rocTpa
TpaBMa, Kajiblli€Ba CUTHaJI3allisl, HEHPOHU TOJIOBHOTO MO3KY Ta HeHpo3amaibHi
kmituad, NMDA, ymkomkeHHs nepudepudHuX HEPBIB, 1HBA3MBHA €JICKTPUYHA
CTUMYJIALISA, eleKTpocTumyisiisa, TRP—kanamu, enexrpodiziosioris, HEHpoHH,

METY-KJIEMII, CITalKH.



SUMMARY

Koroid Kostiantyn. Properties of nociceptive afferent input into the first
and tenth lamina of the rat spinal cord. —Qualification scientific work on the
rights of the manuscript. Dissertation for the Philosophy Doctor degree in field of
knowledge 09 "Biology" in specialty 091 "Biology and Biochemistry". — Institute
of Physiology named after O.0. Bogomolets NAS of Ukraine, Kyiv, 2025.

The dissertation is dedicated to studying the neurons electrophysiological
responses in the first and tenth laminae of the spinal cord, which are connected to
primary afferents in the lumbar spinal cord of rats, under normal and modeled
pathological conditions. For the first time, the study revealed that TRPVI1
activation in lamina X significantly increases the frequency and, in some neurons,
the amplitude of excitatory postsynaptic currents, while certain cells demonstrate
an additional slow inward current. Furthermore, changes in the
electrophysiological types of neurons in lamina I under pathological conditions
were recorded, and pathological types potentially associated with allodynia,

hyperalgesia, and spontaneous pain were identified.

Today, the problem of effective treatment of pain of various etiologies
remains one of the urgent challenges for modern medicine. Chronic pain is often
accompanied by central sensitization, making even the most advanced
pharmacological approaches insufficiently effective as they fail to address the full
spectrum of changes occurring in the nervous system. The development of new
analgesic strategies is complicated by the fact that our understanding of the
organization and regulation of the sensory system under normal conditions, as well
as the changes that occur during pathological processes, is still incomplete. This

gap hinders the search and implementation of novel methods for alleviating pain.

According to current concepts, pain signals pass through a multi-stage
system that includes both the peripheral components (peripheral nerves, receptors
in the skin, muscles, and joints) and complex networks of the spinal cord and brain.

Spinal cord neurons deserve special attention as they act as intermediaries between



primary afferents and higher pain processing centers, transmitting signals about
potentially harmful stimuli. These neurons are primarily located in lamina I of the
dorsal horn, possess specific electrophysiological properties, and play a crucial role

in forming appropriate pain responses.

Lamina X, which, among other things, integrates somatic and visceral
nociceptive information is becoming an important area of research. The presence
of receptor systems, that involved in pain modulation, in this lamina, in particularly
TRPVI1 receptors, suggests that this region may actively participate in central
sensitization processes. Investigating lamina X alongside lamina I opens new
perspectives for identifying therapeutic targets, as understanding the mechanisms
underlying the transition from acute to chronic pain enables the development of

more targeted and effective treatments for pain syndromes.

Neuropathic pain is a debilitating condition that impairs the quality of life
and arises from pathological changes in the somatosensory nervous system. Its
clinical manifestations include hyperalgesia (exaggerated response to harmful
stimuli), allodynia (painful response to non-harmful stimuli), and spontaneous
pain. Current treatment methods are limited due to the lack of complete
understanding of the cellular mechanisms underlying these pathological states. To
clarify the pathological changes and the role of lamina I neurons in the formation

of chronic pain, a model of neuropathic pain with partial nerve damage was used.

Analysis of the data obtained in this study demonstrated significant changes
in the response characteristics of spinoparabrachial neurons to primary afferent
stimulation in animals with partial nerve injury. Specifically, the appearance of
neuron types with atypical electrophysiological characteristics compared to control
animals was observed. These neurons responded to subthreshold stimuli,
suggesting their involvement in the formation of allodynia. Additionally, under
neuropathic pain conditions, other neuron subtypes emerged that transitioned into
a state of prolonged action potential generation in response to painful stimuli,
potentially leading to hyperalgesia. Moreover, over one-third of the cells examined

under induced pathological conditions exhibited sustained action potential



generation without afferent stimulation, likely indicating the development of
spontaneous pain. Thus, the identified changes in the electrophysiological behavior

of lamina I neurons confirm their involvement in the pathogenesis of chronic pain.

The study provided experimental evidence of the direct involvement of
lamina X neurons in the rat spinal cord in pain signal regulation. Specifically, three
main types of neurons were identified in lamina X: single-spike, tonic, and delayed
neurons. Tonic cells (about 43% of the population) support sustained generation of
action potentials and prevent excessive excitability in pathological conditions,
since they are considered predominantly inhibitory. Single-spike neurons typically
respond with a single action potential to intracellular current stimulation and are
likely responsible for the rapid transmission of pain signals, while delayed neurons
generate action potentials with a time delay dependent on stimulus intensity,

potentially encoding stimulus intensity by the number of action potentials.

TRPVI1 plays a significant role in the mechanisms of central sensitization,
as its activation in lamina X enhances glutamate release and and stimulates network
activity in this area. Blocking AMPA receptors almost completely suppresses
capsaicin-induced activity, whereas inhibiting NMDA receptors only moderately
reduces it. The interaction of TRPV1 with different types of glutamate receptors
can potentially be considered a target for therapeutic intervention in pathological
pain.

Keywords: Spinal cord, nociception, pain, capsaicin, Acute injury, Ca2+
signalling, brain neurons and neuroinflammatory cells, NMDA, peripheral nerve
injury, invasive electrical stimulation, -electrostimulation, TRP channels,

electrophysiology, neurons, patch-clamp, spiking patterns.
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