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0.0. boromonsiss HAH VYkpainu, Kuis, 2020.

VY naucepTariiiiniil poOOTI NpeICTaBICHO KOMIUJIEKCHE TOCTIKEHHS KIITUHHUX
Ta MOJIEKYJSIPHUX MEXaHI3MIB, IO 3aJIy4€Hl y MIJATPUMAHHS XPOHIYHOTO OO0
pI3HOTO TeHe3y, Y CEeHCOPHUX HeMpoHax cnMHHOro mMo3ky. OcHOBHa yBara Oyia
30cepe/PKeHa Ha BCTAaHOBJIEHHI poil Ta perymamii  ¢yHkuiroBanHas AMPA-
penenTopiB y HeilpoHax aop3aibHOro pory (/IP) cmmHHOTO MO3KYy 3a HasiBHOCTI
XPOHIYHUX OOJIbOBUX CHHIPOMIB pI3HOTO Te€He3y, a caMme MepudepuaHoro
3arajgeHHs Ta TPaBMU CIIMHHOTO MO3KY.

Mixunapoana acomiairisi 3 BuBueHHs 0ommo (IASP) posmisanae xpoHiuauii abo
MOCTIMHUYN O11b SIK O1J1b, 110 «BIJIIPBABCS» BiJl OCHOBHOTO 3aXBOPIOBaHHS 1 HAOyB
«HAJIOPTaHHOTO» XapakTepy; OuUTh K OararoakTOpPHHUI MATOJOTIUHUN (DEHOMEH,
4acTO ABTOHOMHHUM: Takuid, 110 cam ce0e MiATpUMYye. XPOHIYHMM OLIb MOXKeE
OTPUMYBATH pUCH XBOPOOU («OUTb K XBOPOOa»); LIl CTaH MPOSBIISETHCA HE JINIIE
Oonem, ane W BEreTaTUBHUMH, E€MOLIMHUMH Ta TCUXIYHUMHU TOPYIICHHIMH 1
norpedye cepiio3Hoi Teparii. [[puunHO0 HEeBau1 IpH JIKyBaHHI XPOHIYHOTO 0OJTIO,
3a BucHoBkamu BOQO3, €, Haliniepiiie, BiICYyTHICTh MOBHOIIHHOT HAYKOBO1 KOHITEHIIIT
o0 (pyHIaMEHTaIbHUX MEXaHi3MIB BUHUKHEHHS Ta MIATPUMAaHHS XPOHIYHOTO
00110, OCHOBOIO 5IKO1 OyiH O pe3yJIbTaTh IPYHTOBHUX HAyKOBO-EKCIIEPUMEHTAIBHUX
JOCTI/DKEHb JUIS TIOJAJbIIOl PO3pPOOKHM HOBHX INJIXOAIB 10 Tepamii OoJIto.
BignoBigHo, omaHuM 13 (¢yHAAMEHTAIbHUX 3aBAaHb, SKI MaTUMyTh Barome

OlomenuyHe (KJIIHIYHE) 3HAYEHHS, € 3’ICyBaHHS MOJICKYJISPHUX Ta KIITHHHHUX



MEXaHI3MiB PO3BUTKY XPOHIYHOTO OONI0 — SK y IEHTPaJibHIi HEPBOBIM CUCTEMI
(ITHC), Tak 1 mepudepuyHiii — A5 MOMIYKY MEPCHEKTUBHUX MIIICHEW y Tepamil
0O0JBOBUX CHHJIPOMIB Ta MOXJIMBOCTI €(EKTUBHOTO TMOJIETIIEHHS OOJhOBUX
BIIUYTTIB.

Metoro podoTu Oyino 3’SICyBaHHS CHIHAJIBHUX MEXaHI3MIB HOITUIEMIIT IS
MOIAJIBIIIOTO MOIIYKY Ta OOTPYHTYBaHHS HOBITHIX 010T€XHOJIOTTYHUX MIIXOMIB JIJIs
KOPEKIIi XpOHIYHUX OOJLOBUX CHHIPOMIB.

Y pobGori Oya0 BHUKOPUCTAHO KOMIUIEKC PI3HOMAHITHUX MeTOMIB s
MIPOBE/ICHHS e€KCIEPUMEHTAJBHUX J0CJIIKeHb Y Taxy3l cydacHoi ¢izioforii Ta
OloOMeIUIMHU. YC1 EeKCIIEpUMEHTH MPOBOAMIM Ha JaOOpPaTOpHUX TBApUHAX 13
JOTPUMAHHSIM MDKHApPOJHUX TPUHIHUIIB €BPOINEUChKOT KOHBEHINT MPO 3aXUCT
XpeOeTHNX TBapWH, SKI BHUKOPHUCTOBYIOTHCS B EKCIEPUMEHTAIBHUX Ta IHIIMX
HAayKOBUX MUIIX, Ta cTarTi 26 3akoHy Ykpainu «IIpo 3axuct TBapuH BIJ
KOPCTOKOTO MOBOKEHHs (Ne3447-1V, 21.02.2006), a Takox ycix HOpM 010€THKH
Ta 010JI0T14HO1 Oe3MekH, NpuiHATUX B ycTraHoBax HAH Ykpainu.

MojentoBaHHS XpPOHIYHOTO OO0 PIZHOTO TEHE3y MPOBOAWIM IIISXOM a)
IHIYKYBaHHS TOCTIMHOTO TepuepUdHOro 3amajeHHs BHACTIAOK MiIIIKIpHOT
11’ ekl 3anmanbHoro arenta CFA y 3a/1HI0 KIHLIBKY TBApWH Ta 0) TPaBMU CIIMHHOTO
MO3KYy TIpH MOTrO TMOJIOBUHHIN mepepisii (remicekinii). ¥ AesKux eKCrepruMeHTax
IPOBOAWJIA MOENIOBAHHS XPOHIYHOTO HEHpomatuyHoro Oomo (Heiponartii
TPIAYACTOrO JIMIIEBOTO HEpPBA) NUIIXOM MEPETSHKKU 1H(PPaopOIiTaTIbHOTO HEPBY
JTaTyporo.

OniHKy OOJIBOBUX CHHJIPOMIB Y TBAPUH MPOBOJMIIM 13 BUKOPUCTAHHSAM HU3KU
MOBEIIHKOBHX TECTIB ISl BU3HAUCHHS MTOPOTY OOJIIO Y BIJIMOBIIH HA TETJIOB1 (METO
XaprpiBca) Ta MexaHiuHi (Metof ginameHTiB ¢GoH Dpesi) cTUMYNIU Ta KIJTbKICHOTO
MDKIPYHNOBOTO TOPIBHSHHS JIOCIIIPKYBaHUX MOKAa3HUKIB (IMMOBEIIHKOBUX MPOSIBIB
00TBOBUX BIMYYTTIB) 13 3aCTOCYBaHHSIM METOJIB BapiallliHOI CTATUCTUKHU TPHU

KUTBKICHIH 00pOOIll pe3yibTaTiB.



®di310JI0T1YHI  METOJIM BKJIOYAIU JIOKaJbHE BBEACHHS TECT-PEUOBUH B
1HTpaTeKaIbHUM IPOCTIP CIMHHOTO MO3KY MICJIsl XpOHIYHOT IMIUIaHTAIlli KaTeTepy y
MOMNEPEKOBUN BIJIUT CIIMHHOTO MO3KY 4epe3 arjaHTO-OKLMIITAIbHY MeMOpaHy, a
TaKOX OTPUMAHHS 3Pi31B CHMHHOTO MO3KY.

biopi3nuHi miAXOAM BKIIIOYATM PEECTPALI0 10HHUX CTPYMIB y PEXHUMI
JIOKaJbHOI (pikcarii MemOpaHHoro noTeHmiany (patch-clamp) y kondiryparii “mina
kimituHa” (whole-cell) ta dunyopecuieHTHe BUMIpIOBaHHS BHYTPIIIHBOKIITHHHOL
KOHIeHTpauii ioHiB kanbuiro ([Ca*'];). Y po6ori Oymu TakokK BHKOPUCTAHi
MOJIEKYJIIPHO-010J10T1YHI METONU (BUKOPUCTAHHA TIOJIMEPA3HOI JIAHIIOTOBOT
peakilii y peaabHoMy 4aci (real-time PCR) Ta Bu3HaueHHs PiBHs eKcrpecii Oinka
(Western-blot) 'y TkanuHi), ¢apMakoioriyHi Ta MaTeMaTU4HI  METOAH
EKCIIEPUMEHTAIBHUX JTOCTIIKEHb (OLIHKA MPOBIIHOCTEW MOOJUHOKUX KaHAJIB 3
BUKOPDHCTaHHSIM  HECTallOHApHOro  (UIYKTyalliHOrO  aHajidy  CTPYMIB,
orocepeakoBaHux akrupaiiero AMPA-perienTopiB), 3aCTOCYBaHHS IM1IXOA1B T€HHOT
iHKeHepli (HokmayH reHy, mo komye PKCo, 3a J0MOMOror aHTHCEHCOBHUX
OJIITOHYKJICOTH/IIB) Ta HAHOTEXHOJIOT1H (TosiMepH1 MiKpocdhepH sl JENOHYBaHHS
Ta KOHTPOJIbOBAHOTO BUBUIBHEHHS TE€CT-CIIOJIYK).

OTpumaH1 €KCHEepUMEHTANIbHI JaHl CB1AYaTh MPO HU3KY HOBUX ACHEKTIB Yy
(GYHKIIIOHYBaHHI CKJIQIHOTO KOMIUIEKCY KIITUHHUX Ta MOJICKYISIPHUX CIIHAJIbHUX
MEXaH13MIB, 10 3aJTy4€Hl y MIATPUMAHHS XPOHIYHOTO OO0 Y HEHPOHHHUX MEpPEkKax
JIP crniuHHOTO MO3KY. BuUsIBIEHI y MNpOBEACHHUX MOCTIIHKEHHSIX TMOPYIIECHHS
tpadikinry AMPA-penentopiB y HelipoHax /[P Bmepiie B CBITI JEMOHCTPYIOTh
NPUYUHHO-HACTIAKOBI 3B’SI3KM MK TOPYIIEHHSIMH PEryisiiii (yHKIIIOBaHHS
AMPA-penienitopiB Ha KJIITHHHOMY pIBHI Ta PO3BUTKOM 1 MIATPUMAHHSIM
XPOHIYHOTO OO0JII0 B €KCIIEPUMEHTAJILHUX TBAPHH.

Brnepiie BCTaHOBIIEHO MOJEKYISIPHUI MexaHi3M mnopyiieHoro ooiry AMPA-
peuenropiB — iHTepHam3amis GluR2-BMicHUX pelenTopiB i3 CHHAICIB MiX
NEepBUHHUMU apepeHTaMU Ta HOLMIICNITUBHUMU HelipoHaMmu JIP cTUHHOTO MO3KY —

npu TpuBajoMy TepudepudHoMy 3amaieHHi. (OxapakTepu30BaHO KacKajl



BHYTPIIIHbOKTITUHHUX OUKiB (cTtaprasud, ABP/GRIP, PICK1), ski 3amydeni y
perymamito 06iry AMPA-penienTopiB MK CHHANTHYHOIO Ta IMMO3aCHHANTHUYHUMU
MeMOpaHaMU 3a y4acTIo KtodoBoro pepmenty nporeinkinazu C niarumy o (PKCa).

Brepiie ekcriepuMeHTalbHO MPOJIEMOHCTPOBAHO, 110 B CEHCOPHUX HEWpOHaX
JIP cimHHOTO MO3KY (PYHKITIOHY€E YHCEIhbHA MOMYIAIis no3acuHanTHIHnX AMPA-
PELENTOpPiB, fAKi XapaKTEPU3YIOTHCS 3MIHHOK IIPOHHMKHIiCTIO 10 iomiB Ca®'.
BceraHnoBieHo, M0 pi3HI MATUIN HEHPOHIB €KCPECYIOTh 3a (Pi310JI0TIYHUX YMOB
no3zacuHanTuyHi AMPA-penientopu momiOHOro ckiamy, siki MICTATh JOMIHYHOUY
kinekicte GluR2-cyOonmuuIp; Le BH3HAa4ae iX HM3bKY NpoHMKHIicTH g0 Ca’'.
Bnepme noka3zano nopymeHHsa o0iry no3acuHantuuHux AMPA-peuenrtopiB npu
TpUBAJIOMY NIepU(pEPUUHOMY 3alaJICHHI.

Brnepiie eknepuMeHTaIbHO MOKa3aHo, 110 nopymeHHs Tpadikinry AMPA-
pelenTopiB NPU3BOAUTH 10 3MIH y OalaHCl MK CHHANTHUYHUM 30YIKEHHSAM Ta
raJIbMyBaHHSIM y HEHpOHHMX Mepexax JIP cnuHHOTO MO3Ky; II€, B CBOIO Uepry,
COpPUYMHSAE  JIOBIOTpUBalNy  miABUIIeHy  30ymnuBictb [P,  sxka  Moxe
caMOMNiATpUMYBaTuCI — (PEHOMEH IEeHTpabHOI ceHcuTu3amii. OcTaHHIN, SK
BBAXKAETHCS, OMOCEPEAKOBYE PO3BUTOK 1 MIATPUMAHHS XPOHIYHOTO OOJIO PI13HOTO
re’esy. Bniepiie npoieMoHCTpOBaHO KIIITHHOCTIEU(PIYHICTh BUILIEHA3BAHUX 3MiH, a
came crernudiky mnopymeHHs o0iry AMPA-peuentopiB Ta 3MilieHHsS OanaHCy
30y/I’KEHHA-TaIbMYBAHHS Y CECHCOPHUX HEUPOHAX PI3HUX MIATHUIIIB.

Po3po0neHo Ta eKCIepUMEHTAIbHO OOTPYHTYBAaHO HOBUW MIAXiA ISt
MOTEHIIIITHO HOBOi Teparii XpOHIYHUX OOJIHOBUX CHHAPOMIB 13 BpaxyBaHHSIM
KJIFOYOBOI POJIl CHIHAIBHUX MEXaHI3MIB y MIATPUMAaHHI XpPOHIYHOTO OOJIIO PI13HOTO
MOXO/PKeHHsI. B OCHOBI Takoro mifxofy JIeKUTh KOPETyBaHHS MOPYIIEHb Y JIAHII
MOJIEKYJIIPHOTO KacKajy, 110 OMOCEPEIKOBYE perymoBaHHsA Tpadikinry AMPA-
peuentopiB 'y ceHcOpHuX HeWponax JIP cnuHHOTO MO3KYy.  Ymepiie
IPOIEMOHCTPOBAHO TepaneBTUuHi edektr (apmaxonorigunoro Onoxysanus Ca’'-
npoHukHUX AMPA-perenTopiB BHCOKOCEIEKTUBHUMH CIOTYyKaMU-1HT101TOpaMu

HOBOTO TIOKOJIHHS (aKkTUBaIiiHo3anexxkHumMu Onokaropamu [EM-1460 ta TEM-



1925) Ha mnonermieHHss OOJIBLOBOTO CHHAPOMY 13 MIiHIMQJIbHUMHU TOOIYHUMU
edeKkTamu.

Bnepmie  3actocoBaHo  TeHHY ~— Tepamilo  XpPOHIYHOro  Ooio  y
EKCIIEPUMEHTAIBHUX MOJEISAX 1 MPOJEMOHCTPOBAHO ICTOTHUN TepaneBTUYHUM
edekt OnmoxyBaHHs ekcmpecii cminampHOi PKCo Ha mocmabneHHs 0OJb0BOTO
CUHAPOMY Yy TBapuH MpH TpuBajoMmy mnepudepuyHoMy 3ananeHHi. JloBeneHo
TEparneBTUYHY JOIUIBHICTh KOPETYBAaHHS IOPYIIECHH MOJICKYJISIPHOTO MEXaHi3My
perymsanii Tpadikinry AMPA-penentopiB y Heiiponax 1P crnuaHOro Mo3ky (i3
HAayKOBUM OOIPYHTYBAHHIM Ha KJIITUHHOMY PiBHI) PU TPUBAJIOMY NepudepuayHoOMy
3arajeHHI.

Brnepiie 3acrocoBaHO HOBITHI MIJXOAM Yy Taily3l HaHOIHXKEHEpil s
MPAKTUYHOTO BIPOBAKEHHS 3 METOI0 KOPEKLII XPOHIYHOIO O0JIBOBOIO CHHJIPOMY,
a TaKOX CTBOPEHO I[JIbOBI CUCTEMH JOCTABKH O10JIOT1TYHO aKTUBHUX CIIOIYK JJIst

MOTEHIIITHOTO BIPOBAHKEHHSI Y TEPAITiio O0II0.

Knrwouoegi cnoea: xpoHiunuii 6111k, CriiHaIbLH1 MEXaHI13MU HOIUIICTIIIIT, HEHPOHH
JIOPCAILHOTO POry, CIMHHUN M030K, AMPA -perientopu, nepudeprdne 3anaieHHs,

TpaBMa CIIMHHOTI'O MO3KY.

SUMMARY
Kopach O.V. Targeting cellular and molecular spinal mechanisms of
nociception for the treatment of chronic pain. — Qualifying scientific work,

collection of scientific manuscripts.

The thesis for the Degree of Doctor of Biological Sciences in Human and
Animal Physiology (03.00.13). — Bogomoletz Institute of Physiology, National
Academy of Science of Ukraine. Kyiv, 2020.



The thesis presents the obtained data of a complex study of the intricate cellular
and molecular mechanisms for the maintenance of chronic pain of different
aetiology in sensory neurons of the spinal cord. The main focus of the research has
been on establishing the role and regulation of AMPA receptor functioning in the
dorsal horn (DR) neurons of the spinal cord in chronic pain syndromes of various
origins, such as peripheral inflammation and spinal cord injury.

The International Association for the Study of Pain (IASP) defines chronic or
persistent pain as pain that has "detached" from the original disease, by overcoming
it; pain that represents a multicomponent pathophysiological phenomenon, often
autonomous and self-sustaining. Chronic pain can become a disease on its own
("pain as a disease") that can be manifested not only by pain but also by autonomic,
emotional and mental disorders and requires specialized treatment. The lack of the
effective therapeutic interventions of chronic pain, according to the WHO, is due,
first of all, to our incomplete understanding of the fundamental mechanisms
underlying the development and maintenance of chronic pain and the absence of a
common concept on how to treat pain, which will be based on comprehensive
research to pave a way for the development of novel strategies to chronic pain
therapy. Hence, among the fundamental issues of important significance in
biomedicine (relevant in the clinic) remains deciphering the molecular and cellular
mechanisms of chronic pain — both in the central nervous system (CNS) and
peripheral one — to figure out perspective targets for the treatment of chronic pain
and success in pain relief (alleviated pain behaviour).

The aim of this study has been to elucidate the spinal mechanisms of
nociception for further development of novel approaches to alleviate chronic pain
syndromes.

In this work, a set of various methods was utilized to carry out research using
state-of-the-art approaches. All experiments were conducted using laboratory
animals in full compliance with the international guidelines of the European

Convention for the Protection of Vertebrate Animals Used for Experimental and



Other Scientific Purposes and Article 26 of the Law of Ukraine "On Protection of
Animals from Cruelty" (Ne3447-1V, 21.02.2006), in full accord with the protocols
approved by bioethics committee in Institutes of National Academy of Science of
Ukraine.

For modelling of chronic pain of varied origins, it was utilized (i) persistent
peripheral inflammation induced by subcutaneous injection of the inflammatory
agent CFA into the hind limb of animals and (ii) spinal cord injury by hemisection
of the spinal cord. In some experiments, modelling of chronic neuropathic pain
(trigeminal neuropathy) was performed by carrying out ligation of the trigeminal
nerve in mice.

For the assessment of pain syndromes, behavioural tests were performed in
animals by employing a set of approaches for measuring the pain threshold in
response to thermal (Hargreaves method) or mechanical (von Frey method) stimuli,
followed by a quantitative comparison between the parameters (the behavioural
outcome of pain) in experimental groups, using methods of variation statistics with
a quantitative comparison between variables.

Physiological methods included (i) local delivery of test compounds
intrathecally into the lumbar segments of the spinal cord through the surgically
implanted catheter via the atlanto-occipital membrane; (ii) preparation of acute
spinal cord slices for the experiments carried out in tissue.

Biophysical methods consisted of electrophysiology for the recordings of
membrane currents in patch-clamp mode (“whole-cell” configuration) and
fluorescent measurements of intracellular concentration of free calcium ([Ca*'];). In
the study, there were also used molecular biological methods (real-time polymerase
chain reaction (PCR) and measurements of the protein expression level (Western-
blot) in tissue), pharmacological and mathematical methods (the assessment of
single channel conductance, by applying a non-stationary fluctuation analysis of
AMPA receptor-mediated currents), genetic approaches (knockdown of the gene

encoding PKCa with antisense oligonucleotides) and nanotechnology (fabrication



of the purpose-designed polymeric microspheres for local delivery and controlled
release of a drug).

The obtained data indicate a range of new findings regarding the cellular and
molecular spinal mechanisms contributing to the maintenance of chronic pain at the
neuronal level in the spinal cord. The revealed changes in AMPA receptor trafficking
in the DR neurons have demonstrated, for the first time, the causality between the
AMPA receptor dysfunctions at the cellular level and the development and
maintenance of chronic pain in vivo.

It has been first described the molecular mechanism of impaired AMPA
receptor trafficking 1in persistent peripheral inflammatory conditions -
internalization of GIluR2-containing receptors from the synapses between primary
afferents and nociceptive neurons of the DR of the spinal cord. The cascade of
intracellular proteins involved in the molecular basis of dynamic AMPA receptor
trafficking was characterized (stargazine, ABP / GRIP, PICK1), with the key role of
protein kinase C subtype a (PKCa).

For the first time, it has been experimentally validated the functioning of a large
pool of extrasynaptic AMPA receptors in sensory neurons of the spinal cord, which
are characterized by variable permeability to Ca®". It was shown that different
neuronal subtypes express extrasynaptic AMPA receptors of a similar composition,
those in physiological conditions predominantly contain GluR2 subunits, hence are
low permeable to Ca?". The inflammatory-induced changes in trafficking of
extrasynaptic AMPA receptors were first found in the DH neurons during persistent
peripheral inflammation.

For the first time, it has been experimentally confirmed that changes in AMPA
receptor trafficking lead to a shift in the balance between synaptic excitation and
inhibition within the sensory neuronal networks in the spinal cord, causing the
hyperexcitability of the DR — central sensitization, a phenomenon that is considered
to underlie the development and maintenance of chronic pain of various origins. It

was fist demonstrated the cell-specificity of the aforementioned changes. The latter
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includes the cell-type-specific changes in AMPA receptor trafficking and the shifted
balance between synaptic excitation and inhibition in neuronal subtypes.

New approaches have been developed towards a potentially new strategy for
the treatment of chronic pain, considering the key role of spinal mechanisms in the
maintenance of chronic pain of various origins, and been experimentally validated.
This relies on targeting the impaired molecular mechanism regulating the AMPA
receptor trafficking in sensory neurons of the spinal cord. For the first time, there
have been demonstrated the therapeutic effects of pharmacological inhibition of
Ca*"-permeable AMPA receptors by dicationic compounds (IEM-1460 and IEM-
1925), a class of novel highly selective antagonists of these receptors acting in an
activity-dependent manner, on the relief of persistent inflammatory pain.
Importantly, no detectable detrimental effects were found for such treatment.

In this work, it has been first implemented gene therapy for the treatment of
chronic pain. A significant therapeutic effect of knocking down the spinal PKCa
expression level on pain relief was shown in animals with persistent peripheral
inflammation. The efficacy of targeting the impaired molecular mechanism of spinal
AMPA receptor trafficking for alleviating persistent pain has been proved both on
pain behaviour in animals in vivo and the restored AMPA receptor functioning in
sensory neurons of the spinal cord at the cellular level.

For the first time, novel approaches in nanoengineering and materials science
have been probed for the treatment of chronic pain. The purposely-designed cargo
systems were elaborated for delivery of biologically active compounds, aimed at

their potential applications in pain therapy.

Keywords: chronic pain, spinal nociceptive mechanisms, dorsal horn neurons,

spinal cord, AMPA receptors, peripheral inflammation, spinal cord injury.
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ITEPEJIIK OCHOBHHUX YMOBHHUX ITO3HAYEHb

AMPA — a-amiHO-3-T1IpOKCH-5-MeTHII-4-130KCa30IMPOIIOHOBA KUCIOTa

JIP — nopcaibHMil pir CIMHHOTO MO3KY

3TICC — 30ymKyrounii MOCTCUHANITUYHUN CTPYM

['TICC — ranpmiBHUIN MOCTCUHANTHYHUN CTPYyM

IB — iHeKc BUIIPSAMIICHHS CTPYMY

M3IICC — minHiaTIopHU# 30yHKYIOUHA TOCTCUHANITUYHUA CTPYM

MPHK — marpuyna puboHyKiI€iHOBa KUCIIOTa

c3IICC — cionTanHu# 30y>KYIOUHiA TOCTCUHANITUYHUN CTPYM

ITJ] — moTenmianm aii

IMHC — neHTpanpHa HEPBOBa CUCTEMA

AS ODN — aHTHCEHCOBI OJITOHYKJICOTHIN

CFA — (Bix aumi. Complete Freund’s adjuvant), pearent st iHIyKIii XpOHIYHOTO
3arajeHHs

[Ca®"]; — KOHIIeHTpAllist BUILHOTO BHYTPilHbOKIiTUHHOTO Ca’

GluR1-4 — cy6onunuiii AMPA-penentopis

IC50 — xoHIIeHTpallig HallIBMAKCUMAIBHOTO 1HT10yBaHHSI

[EM-1460 — 1-trimethylammonio-5-1-adamantane-methyl-ammoniopentane

dibromide, akTuBaiiitHO3aMeKHUM OII0KATOP
IEM-1925 — N1-(1-phenylcyclohexyl)pentane-1,5-diaminium bromide,

akTMBaLiiiHo3anexuuii 6nokarop Ca® -nponnkanx AMPA-
penenTopin

I-V KpUBI — BOJIBT-aMII€pHI XapaKTEPUCTUKHU CTPYMiB

MS ODN — nomMuIikoBi (MiCCEHCOBI) OJIITOHYKIJICOTU TN

Na, — Harpiesi (Na") kaHamu

NMDA — N-metun-D-acnaprar

PCR — momimepasHa sianirorosa peakiis (polymerase chain reaction)

PKCa — mporeinkinaza C miarumny anbdha



SCI — spinal cord injury, TpaBMa CIIMHHOTO MO3KY

TTX — TeTpoOTOKCHH, OIOKATOp HATP1EBUX KaHAIIB
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BCTYII

AKTyaJbHicTh TeMHu. 3rigHO 31 cratuctuuHuMu ganumu BOO3, 6inp 3a
MacmtTabamMu CBOro MOMIMPEHHS Y PO3BUHEHMX KpaiHaX CBITY I[IJIKOM MOPIBHSIHHUMA
13 TAHJEMIEI0 — IIOHAWMEHIIE KOXKHHMM ITSTUU KUTeNlb €BpOINU CTPAKIAE Bij
XPOHIYHOTO OOJIF0 PI3HOMAHITHOTO TMOXOJ/DKEHHS, IO CTaHOBUTH OJm3bko 20%
HaceseHHs €Bponu. Lle npu3BoAUTH 10 HEBIABOPOTHIX BTPAT BHACIHIIOK 3HMKCHHS
Mpale31aTHOCTI, @ TaKOX 3HAYHUX BUTPAT HA MPO(MUIAKTUKY OXOPOHH 3JI0POB’S
(Rice et al., 2016; Breivik et al., 2006). MixxaapoaHa acorriarfisi 3 BABYCHHS 00JTO
(IASP) posrasimae XxpoHiyHMI a00 MOCTIHHUN OLTb AK OU1b, 110 «BITIPBABCS» Bl
OCHOBHOTO 3aXBOpIOBaHHS 1 HaOyB «HAJOpPraHHOTO» XapakTepy, SKHH €
06araroakTOpHUM MATOJIOTIYHUM (PEHOMEHOM Ta PO3BUBAETHCS Y BUMAAKAX, KOJIH
HEMO>KJIMBO BUJIYUUTH BIUIUB 1HILIIOIOUYOTO YAHHHKA, YACTO € aBBTOHOMHUM, TaKUM,
o cam cebe miarpumye (Treede et al., 2019, 2015; Scholz et al., 2019; Nicholas et
al., 2019; Schug et al., 2019). XpoHiuHuii OUIb MOXKE OTPUMYBATH PUCU XBOPOOU
(«Oup Ik xBOpoOa»); 1eld CTaH NPOSBISETbCS HE Juimie OoneM, ane M
BEre€TaTUBHUMHM, EMOLIITHUMU Ta ICUXTYHUMHU MOPYLIEHHSMH 1 TOTpedye cepio3HOT
teparii (Goldberg, McGee, 2011; Jensen et al., 2007). AKTyalbHICTb BIJIIOBITHUX
JOCHIKEHb OOYMOBJICHA BIJICYTHICTIO YITKOT CXeMHU €(EKTUBHOIO JIKyBaHHS
XPOHIYHOTO OO0 B OUIBIIOCTI KpaiH CBITy. [IpuumHOIO HEBIadi Mpu JIKyBaHHI
XPOHIYHOTO 00110, 3a BUcHOBKaMu BOO3, €, Haiinepiiie, BIICYyTHICTh TOBHOI[IHHO1
HAyKOBOI KOHIENIIi MmoA0 (yHIAMEHTAIbHUX MEXaHI3MIB BHHUKHEHHS Ta
MIATPUMAaHHS XPOHIYHOTO OOJII0, OCHOBOIO SIKOi Oynu O pe3ylbTaTH I'PYHTOBHHX
HAyKOBO-EKCIIEPUMEHTAIbHUX JOCHI/KEHb s TOJANBIIOl PO3POOKHM HOBHX
MiIX0IB 10 Tepamii 0oro. BinmosinHo, onHuM 13 GyHIaMEHTATFHUX 3aBAaHb, SKi
MaTUMYTh Barome 6iomenuyHe (KJIiHIUHE) 3HAYCHHS, € 3 CyBaHHS MOJICKYJISIPHUX
Ta KIITUHHUX MEXaHI3MIB PO3BUTKY XPOHIYHOTO OO0 — SK y LEHTpaJbHIN

HepBoBii cuctemi (IIHC), Tak 1 mepudepuuHiii — s TOMIYKY MEPCHEKTUBHUX
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MiIlIeHeH y Teparii 60Jb0BUX CUHAPOMIB Ta MOKJIMBOCTI €(PEKTUBHOTO MOJICTIIICHHS
00bOBUX BIAUYTTIB.

Ha cporogHi OCHOBHUM MEXaH13MOM, KOTPHUH, SIK BBAXKAETHCS, OTMIOCEPEIKOBYE
PO3BUTOK 1 MIITPUMaHHS XpPOHIYHOTO OO0JI0, € TaK 3BaHUM (PeHOMEH LIEHTPAJIbHOI
cencutm3anii (Treede, 2016; Kuner, 2010; Latremoliere, Woolf, 2009; Woolf,
1983). IASP xapaktepusye LEHTpaJIbHY CEHCUTH3ALII0 SIK «II1JBUIIECHY PEaKIIiI0
HoumuentuBHUX HelpoHiB y HHC Ha ix HopManpHI ab0 miAmoporosi agepeHTHI
BXIJJHI CTUMYJIH». B OCHOBI 1IbOr0 (heHOMEHY MOKE JIeKATH IIOHAWMEHINE TPU
naTodi310J0TIYHI TPOIECH, a caMme: IIOCTIHHA eKTOMiYHa aKTUBHICTh SK ¥
MOIIKOJKEHUX, TaK 1 y 3J0pOBHUX BOJOKHaxX NEpHUPEpUUHHUX HEPBIB Ta iX
JOp3aJIbHUX TaHTJIISX, 3MIHU BHYTPIIIHIX BIACTUBOCTEH HEMPOHIB Ta CHHAITUYHHIX
Mepex Jop3anbHoro pory (JP) cnMHHOro MO3Ky Ta MNOPYLIEHHS pPeryJisiii
HU3X1THUX HOIMIENTUBHUX IUIAXiB. L{i mpomecu cynpoBOKYIOTECS TOCUIICHHIM
re’epaiiii ciontaHHux noteHmianiB aii (I[1/]) y cnuaHOMY MO3KY Ta, SIK HACIIJIOK,
NOCWICHHSM Ta TMOJOBXEHHSM BIANOBIACH HEWPOHIB Ha NepUPEpPUUHY
CTUMYJIALIIO. AKTHUBHA yBara OCTaHHIMU pOKAMH TPHUAUIAETHCS BUBUYEHHIO
IEHTPAJbHUX MEXaHI3MIB HOIMIICMIII, 3a SKHX [aTOJIOTiYHa aKTUBHICTh
MOOJMHOKUX CEHCOPHUX HEWPOHIB MOKE NPU3BOAUTH IO Tinep30yaauBOCTI
HEHPOHHMX MEpEX, a BIATAK — MATOJOTIYHOI TMepakKTUBHOCTI HEPBOBOI TKAHUHU
(Kuner, 2010; Dubner, Basbaum, 1994). Taka rinepakTUBHICTh Ma€ 3AaTHICTb
CaMOMIATPUMYBATUCS Ta TMPU3BOAWTH JI0 HE3BOPOTHIX 3MIH Y (YHKIIIIOBaHHI
cuctemu 3araioM (gain-of-function). Ilpupoma 1uX mNATONOTIYHUX 3MIH 1
3aKOHOMIPHOCTI, KOTPUM BOHM MIANOPAJIKOBaHI Ha KIITHHHOMY PpiBHI,
3aJMIIAIOThCST HE 3’ACOBAaHUMH, 110 OOMEXYE IMOCTYN y PO3BUTKY €(EKTUBHOI
Teparii.

Jlnst HEeMpoHIB CHMHHOTO MO3KY XapaKTepHa CKJagHa wmopdoorid, ska
BU3HAYAETHCS HacaMIiepe]] PI3HOMAHITHICTIO JCHAPUTHUX PO3TATYKEHb Ta iX
MPOEKIIH SIK Y JIaTepaIbHOMY, TaK 1 BUCX1IHOMY-HUCX1THOMY HamnpsiMkax (Haring

et al., 2018; Szucs et al., 2013; Todd, 2010; Lu, Perl, 2005). HasiBHicTh y HEHpOHHI


https://www.ncbi.nlm.nih.gov/pubmed/?term=H%C3%A4ring%20M%5BAuthor%5D&cauthor=true&cauthor_uid=29686262
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MeMOpaHi YHCEJIbHUX TMOMYJSIIA 10HHUX KaHamB (MOTEHINAI3aJe)KHUX Ta
JIraHJKEPOBAHMUX) JTOJATKOBO YCKJIAJHIOE TOBHOIIHHE PO3YMIHHS J€Tali30BaHOl
KApTUHU PETYJIOBAaHHA AMHAMIKHU MPOLECIB 30y/KEHHS-TAIbMYBaHHS CEHCOPHHUX
HEWpOHIB ISl JETEKTYBaHHS CEHCOPHOi 1H(opmarii Ta 1i 6iodizuuHoi 00poOKHU
(mpotiecinry) y HeHpoHHUX Mepeskax JIP cniuHHOTO MO3KY I TIOJANbIIo] epeaayi
y BHIII HEPBOBI IIEHTPH EMOIINAHOI AISIILHOCTI, € (DOPMYETHCS YCBIJIOMIICHE
(ncuxodizionoriune) BigUyTTss Oomro. OcTaHHIM dYacoM akKTWBHA yBara
NPUIIAETBCS PEryJisiil (PyHKIIIOBaHHS 10HOTPOIHUX TJyTaMaTHHUX PEIENTOPIB
AMPA-Tuny, AKi aKTUBYIOTHCSA 30Yy/KYIOUUM HEUPOTPAHCMITEPOM TIIyTaMaToM 1
BIJIIFPAIOTh OJIHY 13 KJIIOYOBHUX poJiel y 30y/KyBaJIbHIM CHHANTHYHIN mepenadi B
ITHC (Heine, Holcman, 2020; Choquet, 2018; Diering, Huganir, 2018; Bredt, Nicoll,
2003; Malinow, Malenka, 2002). CrniuHHUN MO30K XapaKTEpU3YETbCA BHCOKUM
piBHem ekcnpecii AMPA-peuentopiB; 30kpema, Hedponu [P mictsate AMPA-
penentopu, npoHukHi s ioniB Ca?" (6e3 GluR2 cyboauuuLi y CKIai TeTpamepy,
mo ¢opmye axtuBHui kanan) Ta Ca®’-menponuxsi (GluR2-Bmichi) (Galan et al,
2004: Hartmann et al., 2004; Tong, MacDermott, 2006). ExciepumeHTaIbH1 JaHi
CBiIYaTh, IO IUIbOBE MOpyIIeHHs ekcnpecii AMPA-peunentopiB y cnuHHOMY
MO3KY CHpHSIE TPOSBAM HOIUIICTITUBHOI TUIACTUYHOCTI 1 TIOCHITIOE JTOBTOTPHUBATY
rinepanresito, BUKIUKany nepudepuunuM 3ananenasm (Han et al., 2019; Lin et al.,
2015; Peng et al., 2012; Hartmann et al., 2004).

[IpencraBnena poboTa NMprUCBIYCHA KOMIUIEKCHOMY JIOCITIIPKEHHIO KJIITHHHHUX
Ta MOJICKYJSIPHMX CIIHAQJbHUX MEXaHI3MIB, SIK1 JIe)KaTh B OCHOBI (PEHOMEHY
HEHTpaJIbHOI ceHcuTu3allii. OCHOBHA yBara Oyia 30CepeIkeHa Ha BCTaHOBJICHHI
poni Ta perynamii ¢pyHkuiroBanHs AMPA-penentopiB y Heliponax JIP cniuHHOTO
MO3KY 3a HAsBHOCTI XPOHIYHUX OOJIbOBUX CHHIPOMIB PI3HOTO I'eHE3y, a came:
nepudepuyHoro 3amajeHHs Ta TPaBMHU CHUHHOTO MO3KY. OCKUIBKH BiJOMOCTI
10710 TUHAMIYHOTO perynoBaHHs QpyHkit AMPA-pernienTopiB y CHHHHOMY MO3KY
MPAKTUYHO BIACYTHI, pe3ylbTaTH TaKUX JOCIIKEHb MPEICTABIITUMYTh 1CTOTHUN

byHIaMEHTAIBHUIM 1HTEpPEC, a BUSBICHHS TEPANEBTUYHOTO €(PEeKTy MOTyISIii


https://www.ncbi.nlm.nih.gov/pubmed/?term=Heine%20M%5BAuthor%5D&cauthor=true&cauthor_uid=32101710
https://www.ncbi.nlm.nih.gov/pubmed/?term=Holcman%20D%5BAuthor%5D&cauthor=true&cauthor_uid=32101710
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(GyHKIIIIOBaHHS ITUX PELENTOpiB Ha MOBEAIHKOBI MPOSBU OO0 BIIKPUE HOBI
NEPIEeKTUBH y TOWIYKY HOBITHIX OIOTEXHOJOTIYHHUX 3acOo0iB IS JIIKyBaHHS
XPOHIYHOTO OO0 Ta OOIPYHTYBaHHS KIIHIYHUX MIIXOAIB JIO0 Cy4acHOl Tepartii
00JILOBUX CHHJIPOMIB (30KpeMa e(PeKTUBHOCTI T€HHOT Tepartii).

3B's130K Ppo0OTH 3 HAYKOBHMH NporpaMamMu, IjiaHamm, TeMamu. Po6ota
BUKOHAHa B paMKax HAyKOBHUX IIporpaM BIIJIUTY 3arajibHOi (hi310J10T1i HEpBOBOL
cuctemu (Mi3HIIIEe BTy CEHCOpHOI curHam3anii) [acturyty ¢iziomorii im. O.0O.
boromoneit HAH Vkpainu: «l'eHeTHuHa KOpekiis (YHKIIM TIyTaMaTHUX
PELEenTOPiB CIIMHHOTO MO3KY SIK IIJISX JIKYBaHHsS XpoHIYHOTO Oouro» (2011-2013
pp.; Ne nepxaBHoi peectpaiii 0110U004750), «Po3poOka HOBUX TepaneBTHUHUX
CTpareriil JiKyBaHHS XPOHIYHOTO OO0 3 MAJOK0 KUIBKICTIO MOOIYHUX e(EeKTIB, 110
0a3yI0ThCSl HA TCHETUYHOMY PETYIIOBaHHI TUHAMIYHUX BIACTHBOCTEH ITyTaMaTHUX
peLenTopiB HEUPOHIB COUHHOTO MO3Ky» (2010-2014 pp.; Ne nepxaBHOi peecTpariii
0110U004761), y pamkax rpanty HAH Vkpainu 118 MoIomux BYEHHX
«DyHKITIOHYBaHHS HEUPOHAIBHHX MEPEX CIIMHHOTO MO3KYy TIPH TPHUBAIOMY
3amnaneHHi: yuactb AMPA-perientopiB y CIOHTaHHIM aKTUBHOCTI HEMpoHiB» (2011-
2012 pp.; Ne nepskaBnoi peectparii 0111U007132), «kEnmorenna ta gpapmakooriaHa
PEryJsiisi BHYTPIIIHBOKIIITUHHOT Ta MIKKITITUHHOI CUTHAI3AIIi1 B KITITUHAX HEPBOBO1
cucreMu B Hopmi Ta marojorii» (2011-2013 pp.; Ne nepkaBHOi peecTparrii
0110U004750), «MonekymsipHi Ta TeHETHUYHI MEXaH13MHU KJIIITUHHOI CUTHaII3allil B
Hopmi Ta matosioriiy NeUF45.2/001 (na 6a3i mepskaBHOI KJIFOYOBOI JabopaTopii
MOJIEKYJIIPHOT Ta KIITUHHOI Oiojorii) Ta «Po3poOka HOBITHIX 3HEOOIIOIOUUX
3ac00iB Ha OCHOBI IHTI0ITOPIB KajbUid-mpoHUKHUX AMPA-peunentopi» (2015-
2019 pp.; Ne nep>kaBnoi peectpariii 0115U003632).

Meta gociigskeHHs1: 3’SCyBaHHs CIIHAJIbHMX MEXaHI3MIB HOLMIIEIIIT JIJIst
MOJIaJILIIOTO MOLIYKY Ta OOTPYHTYBAaHHS HOBITHIX O10TE€XHOJOTTYHUX M1XO/IIB JJIsI
KOPEKIIiT XpOHIYHUX OOJLOBUX CHHIPOMIB.

3aBaAaHHA TOCJIIIKEHHA:
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BusiButn mopyuieHHs ¢QyHkuioBaHHs cuHantuyHux AMPA-penentopis y
Heliponax JIP cnmHHOTO MO3KY TMpH mepudpepuyHOMYy 3amajeHHl SK
NOTEHIIMHUN MEeXaHi3M, WI0 OINOCEPEAKOBYE (EHOMEH LEeHTPaIbHOL
CEHCUTH3ALII] MPU OOJTHLOBUX CHHAPOMAX.

3’scyBaTd  MOJEKYISIpHI ~ MEXaHI3MH  TOpYHIEHHS  (YHKIIIOBaHHS
cuHanTuyHnX AMPA-penenTopiB Ta BHUSBUTH Yy4YacThb IHIIUX KIITUHHUX
OUIKIB, 3aJly4eHHUX Yy 3MIHM (PYHKIIIOBaHHS IIMX PELENTOpPIB y CHHAINCax
HOIMIIENTUBHUX HEHPOHIB, MPU NEpUPEPUUHOMY 3aaICHHI.

BceranoButn  QyHkuitoBaHHs mno3acuHantuuHux AMPA-peunentopiB y
HelpoHax JIP ciuHHOTrO MO3KY 3a (p1310JI0TTYHUX YMOB Ta OXapaKTepU3yBaTH
iX MOYKJIMBI 3MIHH MPY TPUBAJIOMY NIEpUPEPUUHOMY 3aMaICHHI.

Ouiantn auHaMiyHuii o0ir AMPA-penentopiB MK CHHANTHYHOIO Ta
M03aCHHANITUYHUMU JIUITHKaMU MeMOpaHu y HeilpoHax JIP cIMHHOTO MO3KY
IpU TPUBAJIOMY 3allaIbHOMY OOJIIO.

BuBunth (QyHKUIIOBaHHS HEWpoHHMX Mepex JIP chnmHHOrOo MO3Ky Ta
BCTAHOBUTHU OajlaHC MIXK 30y/DKEHHSIM 1 rajibMyBaHHSM 3a ()1310JI0TTYHUX YMOB
Ta Mpu 0OJILOBOMY CHHJIPOMI.

OuiHuTH 3MIHU (DYHKI[IFOBaHHS HEUPOHHUX Mepex [IP cmuHHOrO MO3Ky npH
XpPOHIYHOMY OOJIF0 PI3HOTO TeHe3y (mepudepuyHoro Ta IEHTPATHLHOTO
MTOXOKCHHS).

Po3poOutn MeTos JOKambHOI IUIHOBOI JOCTaBKH 1HTIOITOPIB HOBOTO
MOKOJIHHS Yy TIOMEPEeKOBUM BIAJAUT CIMHHOTO MO3KYy Ta 3’dCyBaTu
TepaneBTUYHUIA BIUIMB (hapMakosoriuHoro OmoxyBaHHs AMPA-peunentopiB
Ha TIOJIETIIEHHS 00NMbOBOTO CcUHApOMY. OIIHUTH MMOOIYHI €(EeKTH Takoi
Teparii.

OxapaxkrepusyBatu eekt papmakogoriuHoro 0J0KyBaHHsS mpoTeinkiHazu C
anbpa (PKCa) stk mimeni ais koperyBaHHsSI mopyiieHoro ooiry AMPA-
peuenTopiB y HepoHax JIP CIMHHOTO MO3KY Ta MOJIY/IIOBaHHS XPOHIYHOTO

6010 ipu epudepuIHOMY 3arajeHHI.
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9. 3acTocyBarW IeHHY Teparito sl KOPEKIlii XpOHIYHOTO OO0 Ta OI[IHWUTHU
TepaneBTUYHY €()EKTUBHICTh TeHETUYHOTO BUMKHEHHS (HOKmayHy) PKCa y
CIIMHHOMY MO3KY Ha €KCIIEpUMEHTAJIbHIN MoJIe1 TeprudeprUIHOro 3araieHHs.
OOrpyHTYBaTH 3aCTOCYBaHHS TAKOTO MMiIXOAY Ha KJIITUHHOMY PiBHI.
06’ekm 00cnidrceHHA — AKTUBHICTh CEHCOPHUX HEHPOHIB 1 HEHPOHHUX MEPEX

JIOP3aJILHOTO POTy CIIMHHOTO MO3KY Ta IMOBEJIHKOBI MPOSBH OOJILOBUX BIIUYTTIB

IIPU €KCTIEPUMEHTATIEHOMY MOJICTIOBaHH1 XPOHIUHUX OOJLOBUX CHHAPOMIB.
Ilpeomem oOocniorycennn — KIITHHHI Ta MOJICKYJISPHI CITIHAJIbHI MEXaHI3MH

BUHUKHEHHS T4 KOPETYBAHHS XPOHIYHOTO OO0 y CIIMHHOMY MO3KY.

MeToam xociaigkeHHs1 BKIIOYalOTh 010(p13UUHI MIAXO0U, 30KpEMa PEECTPALIII0
10HHUX CTPYMIB Yy peXuMI JIOKaJdbHOI (ikcarlii MemOpaHHOTo noreHuiany (patch-
clamp) y koudirypami “mima  wmituHa” (whole-cell) Ta Quyopecuenthe
BUMIPIOBaHHSI BHYTPIIIHbOKJIITUHHOI KOHIIEHTpAIlli 10HIB KaJbIliIO ([Ca*']),
¢bi1310m0r149H1 (BBEJICHHS TECT-PEUOBUH B IHTPATEKAIBHUI MPOCTIP CIIMHHOTO MO3KY,
MOJICJIFOBAHHSI XPOHIYHOTO OOJII0 P13HOTO T€HE3Y), MOJEKYIsIpHO-010710T14H1 (real-
time PCR Tta Western-blot), ¢apmakonoriyuni Ta MaTeMarTuyHi METOIU
EKCIIEPUMEHTATIBHUX JOCHIKEHb (OIlIHKA MPOBITHOCTEH MOOMMHOKHX KaHaJiB),
3aCTOCYBaHHS MIJIXO/AIB T€HHOI 1HXKEHEPii, HAHOTEXHOJOT1i, TOBEIHKOBI TECTH Ha
7ab0paTOpHUX TBAPUHAX 1 METOIM BapiallliHOT CTATUCTUKY MTPH KUIBKICHIM 00po0IIi
pE3yNbTATIB.

HaykoBa HOBU3HA OTPUMAaHMX pe3yJabTaTiB. OTpUMaHi €KCIIEpUMEHTAIbH1
JIaH1 CBI4aTh MPO HU3KY HOBUX ACMEKTIB Y (PYHKI[IOHYBaHHI CKJIATHOTO KOMIUIEKCY
KJIITUHHUX Ta MOJIEKYJISIPHUX CIIHAJIBHUX MEXaH13MIB, 1110 3a1y4Y€Hl Yy TIATPUMaHHS
XPOHIYHOTO 00JII0 Yy HeHpoHHUX Mepexkax J[P crimaHOoro Mo3ky. EkciepuMeHTanbHO
OOTpyHTYBaHHUN HOBUM MIAXIJ JIJIsS MOJETIICHHS XPOHIYHUX OOJHLOBUX BIAUYTTIB
IIUIIXOM CEJICKTUBHOTO TAapreTyBaHHS JIAHOK MOJICKYJIIIPHOTO Kackamy, IIo
3a0e3neuye peryatoBaHHs TUHaMIYHOTO 00iry (Tpadikinry) AMPA-pernenTopiB y
CCHCOpDHMX  HEHpPOHaxXx CIUHHOTO MO3Ky. BusBIeHi y  TIpOBEIESHHUX

EKCIIEpUMEHTATBHUX JOCHIKEHHAX TopyiieHHs Tpadikinry AMPA-penentopiB y
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Heliponax JIP Bmepie B CBITI IEMOHCTPYIOTh IPUYMHHO-HACIIIKOBI 3B’ SI3KH MIXK
nopyIeHHsIMH peryisii gynkiitoBanas AMPA-pernenTopiB Ha KIITUHHOMY PiBHI
Ta PO3BUTKOM 1 MATPUMAHHAM XPOHIYHOTO OOJII0 Y €KCIIEPUMEHTAILHUX TBAPUH.

Brnepiie BcTaHOBICHO MOJIEKYISIPHHM MeXaHi3M mopyiieHoro ooiry AMPA-
penientopiB — iHTepHami3amis GluR2-BMicHHX perenTopiB 13 CHHAICIB MiXK
NEePBUHHUMHU aepeHTaMu Ta HOLMIIENTUBHUMHU HEHpOHUMH [P CIUHHOTO MO3KY —
Opu TpUBAJIOMY MepuepUuHOMY 3alajJieHHI Ta OXapaKTepU30BaHO KacKaj
BHYTPIIIHbOKIITUHHUX OLJIKIB, 3aJy4CHUX Y PETYIALi0 TpadiKiHTy CHHAIITUYHOTO
nyny perentopis (ctaprazud, ABP/GRIP, PICK1 ta PKCa six kitouoBuit pepmMeHT-
perynsatop). [IponemMoHCTpoBaHO, IO camMe I 3MIHHM € OJHIEI0 13 HEOOXITHUX
nepenyMoB MiATPUMAHHS XPOHIYHOTO 3aMajibHOTO 00O,

Briepiie exciepuMeHTaNbHO MPOAEMOHCTPOBAHO, 110 B CEHCOPHUX HEHpOHaX
JIP ciuHHOTO MO3KY (DYHKIIIOHY€E YHMCEeIbHA NOMYJSIia mo3acuHanTuyHux AMPA-
PELENTOPiB, SAKi XapaKTEPU3YIOThCS 3MIHHOK IPOHUKHICTIO 10 iomiB Ca®', i mo
pi3HI MIATUIIM HEMPOHIB EKCIPECYIOTh 3a (PI310J0TIYHUX YMOB IMO3aCHHANTHYHI
AMPA-penienitopu oJIOHOTO CKJIAMY, SIKI MICTATh JAOMIHYIOUY KiUTbKicTh GluR2-
CyOOIMHHMIIB; 1€ BM3HAYac iX HU3bKy mpoHuKHicTh 10 Ca’'. Bmepiue nokaszano
NOpyIIeHHsT 00iry mno3acuHanTuuyHux AMPA-peuentopiB mnpu TpUBaJIOMY
nepudepruaHOMYy 3arajicHHI.

Brnepiie eknepuMeHTabHO MOKa3aHo, 110 nopyueHHs Tpadikinry AMPA-
pelenTopiB MPU3BOAUTH IO 3MiH y OanaHcl 30yIKEHHsS Ta TallbMyBaHHS Y
HEMpOHHUX Mepexax JIP cnumHHOro Mo3Ky; 1€, B CBOK 4YEpry, CHPUYHHSE
JIOBFOTPUBALY TIJABUINCHY 30ymiuBicTh [P, ska Moxke camomigTpuMyBaTHCS 1
OTIOCEPEKOBYBATH XPOHIYHHM 0171 PI3HOTO TE€HE3Y.

Brnepiie nmpoaeMoHCTPOBaHO KJIITHHOCTEIM(DIUHICTh BUILIEHA3BAaHUX 3MiH, a
came: crneuudiky nopyueHHs obiry AMPA-penenTopiB Ta 3milleHHs OanaHcy
30y/I>KEHHS-TATbMYBaHHS Y CCHCOPHUX HEUPOHAX PI3HUX MIATHUIIIB.

Po3po0neno MeTon MiNbOBOI JIOCTaBKM TEPANEBTUYHOIO Marepiainy s

JIOKAJIbHOTO TapreTyBaHHS HEHPOHIB TOMEPEKOBOTO BTy CIUHHOTO MO3KY.
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Bnepmie  nponeMOHCTpOBaHO — TEpameBTHUUHUM — BIUIMB  (DApMakKoJIOT1YHOTO
onoxysauus  Ca’’-nponukaux ~ AMPA-penentopie  BHCOKOCEJIEKTUBHUMU
CIIOJIyKaMH-1HT101TOpamMu HOBOT'O MTOKOJITHHS (axTHUBAIIHHO3ATC)KHUMHU
omokaropamu IEM-1460 ta IEM-1925) Ha mosermeHHss 00JbOBUX CHUHIPOMIB 13
MiHIMAJIBHAMH MOOIYHUMU e(hEeKTaMHU.

Brnepiie 3actocoBaHO TEHHY Tepamiio Jjisg KOPEKIii XpOHIYHOTO OO0mo y
eKCIIEPUMEHTATbHUX MOJENAX JaObOpaTOpHUX TBApUH Ta MPOJEMOHCTPOBAHO
ICTOTHUN TeparneBTUYHuM edekt OnokyBanHs ekcnpecii PKCo Ha mocnabieHHs
00JILOBOTO CHHIPOMY MPU TPUBAJIOMY MHEpUPEPUUHOMY 3amalieHHi (13 HAyKOBUM
OOIPYHTYBaHHSIM Ha KJIIITUHHOMY PIBHI).

Brnepiie 3acrocoBaHO HOBITHI MIJXOAM Yy Taily3l HaHOIHXKEHepil s
MPAKTUYHOTO BIPOBAKEHHS 3 METOIO KOPEKLII XPOHIYHOIO O0JIBOBOIO CHHJIPOMY,
a TaKOXXK Yy CTBOPEHHI IILOBUX OloMaTepialiiB i NOTEHLIMHOIO BOPOBAKEHHS Y
Tepariio 00Jto.

IIpakTU4He 3HAYEHHS OTPUMAHUX Pe3yJbTaTiB. Pe3ynbpratu mocmimKeHHs
MalTh (GyHIAMEHTAIbHE 3HAYEHHS IS JETalli30BAHOTO PO3YMIHHS KacKamy
MOJIEKYJIIPHUX MEXaHI3MiB y HelpoHax J[P Ta mopymieHs mporieciB 30yIKeHHS 1
raJIbMyBaHHsI Ha PiBHI HEUPOHHUX MEPEX CIMHHOIO MO3KY, SIK1 JIeKaTh B OCHOBI
JIOBrOTPUBAJIOTO MiATPUMaHHSA O0JIHOBUX CHUHAPOMIB. BaromicTs poboTH mossirae
Haiinepiie y (GopMyllfOBaHHI TIMOTE3W IIOAO KJIFOYOBOTO BKJIAAYy IEHTPATbHUX
MEXaHI3MIB y MIATPUMAHHS XPOHIYHOTO OO0 Ta y HAyKOBOMY OOTpYHTYBaHHI
KOHIICTIIiT HOBUX MIIXOAIB JJIA Tepartii XpOHIYHOTO OO0 PI3HOTO TTOXOIKECHHS.

[IpakTuHe 3HAUYEHHS JOCHIPKEHHS TMOJsArae B  PO3poOJIEHHI HOBHUX
010TEXHOJIOTIYHUX MIIXO/IB IS MOJETIIEHH XPOHIYHOTO 00J110. B OCHOBI Takoro
HaMpsIMKY JIGKUTh CEIIEKTUBHE TapreTyBaHHS BUSABICHHOTO (YHIAMEHTAIBHOTO
MexaHizMy 00ab0Boi TutactuuHocTi [HHC nuisixom  (dapmakonoriyHoi Kopekiii
nopymiess pyHkiiroBanas AMPA-penentopiB y Heliponax /[P (i3 Bukopuctanusm
1HT101TOPIB HOBOTO MOKOJIIHHA) Ta 3aCTOCYBaHHS reHHoi Tepamii (Hok-gayHa PKCa

3a  JIONOMOTOI0  AHTHCEHCOBUX  OJIIOHYKJICOTHIB). TepameBTHYHI  edeKTH,
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IPOJAEMOHCTPOBAHI Ha EKCIIEPUMEHTAJIbHUX TBApWHAX, BIJKPUBAIOTh HOBI
MOYKJIMBOCTI 711 PO3POOKH HOBITHIX METO/IB y OOpOTHO1 3 XpOHIYHUM 3arajbHUM
0osem (mareHT Ha KopucHy mozenb Ne 94492 gin 10.11.2014).

Po3po6iennii iHHOBAITIMHMIA M1AX1/1 13 3aCTOCYBaHHIM HAHOTEXHOJIOTTH MOYKE OyTH
BUKOPHUCTAHUIN TS IILTHOBOI JJOCTABKH JIOKAJTHHIX aHECTETHKIB Ta IHIINX BUCOKOAKTUBHUX
CIIOJTYK 31 BMEHIIICHHSIM X TTOTEHIIMHUX MOOIYHUX €(PEeKTIB PH BUKOPUCTAHHI Y KITHIIIL.

Oco0ucruii BHecok 3100yBaya. ABTOPOM IPOBEIECHO HAYKOBHI MONIYK Ta
KPUTUYHUN aHaji3 HasBHUX JaHUX JITEpaTypu IIOAO0 OOIPYHTYBaHHSA POl Ta
BuOpaHoro TapreryBaHHs AMPA-peuentopiB s TOTEHIINHOI  KOpPEKIIil
xpoHiuHoro Ooisto. Ilpu mpoBeneHH1 NOCHIIKEHb aBTOPOM OCOOMCTO BUKOHAHO
OCHOBHY YaCTHHY €KCHEPUMEHTAIBHOI pOOOTH, aHATI3 OTPUMAHUX PE3YJIbTATIB, iX
HAayKOBY I1HTEpHpETAallil0 Ta Yy3arajJbHEHHsA, (OPMYIIOBAaHHS BHCHOBKIB Ta
HanucaHHsA crarei. J[edki ekcriepuMeHTH OyJu MPOBENIEHI Pa3oM 31 CIIBaBTOpaMu
OImyOJIiIKOBaHUX pOOIT, 30kpema criBpoOiTHHKaMH [HctutyTy (izionorii im. O.0.
boromonwist HAH VYkpainu k.0.H. B.}O. Batuenko-Kapninckum, A.O. CoTHUKOM,
k.0.H. B.B. KporoBum, FO.B. I'onuapenko, k.0.H. €. limenko. AHaji3 mpoBigHoCTeH
AMPA-pernienitopiB poBeIEHO y CHIBIpaIlll 13 CriBpoOITHUKOM 1HCTUTYTY iM. O.0.
boromoneus k.0.H. A.JI. bopuctok. MojentoBaHHsT TpaBMU CIMHHOTO MO3KY Ta
OIIHKY CTyNeHsI TUCHYHKINA Y eKCIIEPUMEHTATLHUX TBAPUH MPOBOJUIHN Pa3oM 13
cniBpoOiTHUKOM HarionansHoro Meauunoro YHiBepcutetry Ykpainu imeni O.O.
boromonbus n.m.H. B.B. Measenesum. Jlocnimxenns exmpecii PKCao npoBoaumnm y
CHIBpOOITHMIITBI 13 3aBiayBayeM BIAJIJIOM 3arajbHOI Ta MOJEKYJISIPHOT
narodizionorii a.Mm.H. B.€. Jlocenkom Ta k.0.H. A. Ilum. HochimxeHHs
MOJICKYJIIPHUX MEXaHi3MIB mMopyiieHHs TpadikiHry cuHantudyHux AMPA-
peuenTopiB Oyno mpoBeneHo Ha 0a3i lllkonm Meaunuuu YuiBepctutery JkoHa
Xomnkinca (bantumop, CIIA) (xepiBHuk mnpod. S.X. Tao). Excnepumentu 3
MOJICTTIOBaHHS TPaBMYBaHHS TPIAYACTOTO HEPBA Ta MepUDEPUIHIX HOIUIICTITOPHUX
HEHpoHIB Oynu mpoBeneHi Ha 6a3i Jlaboparopii Houuueniii YHIBEpCUTETCHKOTO

Konemxy Jlonnona (kepiBuuk mpod. Jx.H. Byn). ABTop mupo BasuHuii KepiBHUKY
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JlaGoparopii iMupKUHTY cuHanciB IHctuTyTy Heliponorii  YHiIBEpCHUTETCHKOTO
Konemxy Jlongona (UCL, BemukoOpuranisi) mpod. /[.A. PycakoBy Ta mpodecopy
VuiBepcurery Koponesu Mapii (QMU, Jlonnon, BenukoOpuranis) I.b.
CyxopykoBy 3a IUIJIHY CIIBOpPALIO 13 BUKOPUCTaHHSAM MIIXOAIB Y Tally3i
HAHOTEXHOJIOT1IM Ta 3aCTOCYBaHHSM HAaHOMAarepiamiB i  MNPAKTUYHOTO
BIIPOBA/KEHHSI, a TaKOX 3aBiyBady BiAauUIoM Oiodizuku MemOpaH [HCTUTYTY
diziomorii im. O.0. boromoneirst mpod. I1.B. binany 3a muriaHy criBmparto.

ABTOp BHUCJIOBJIIOE MOJSKY HAYKOBOMY KOHCYJIbTaHTy Tipod. H.B. Boiitenko
3a JIONOMOTY Yy TUIaHYBaHHI KOMIUIEKCHOTO MIiJIXOAY Ta OpraHizailii mpoBeICHHS
JOCJIII)KEHb, B 0OrOBOPEHHI Ta MIArOTOBII MaTepiaiiB A0 MyOsiKalii.

Anpobanisa pe3yabTaTiB aucepramii. OCHOBHI TOJIOKEHHS POOOTH
JOTIOBIIAJINCh  HA UIOPIYHUX KOH(epeHLisix AMepukaHcbkoro ToBapucTtsa
Heiiponayk (Can [Hiero, 2007, 2010 ta 2013; Yikaro, 2009; Bamuurron, 2014 ta
2017, CHIA), mopiunux 3’i3max @izionoriyHoro ToBapuctBa BenukoOpuranii
(Eminbypr, 2012; A6epmaun, 2019), Konrpecax Mixnaponnoro ToBapucTtsa
Hocnimxenus Mosky (®mopenis, 2011, Itanis; Pio-ne-XKaneiipo, 2015, bpazumis),
dopymax Epomneiicekoro ToBapuctBa Heiliponayk (Kenesa, 2008, Illseitmapis;
Awmcrepnam, 2010, Hinepnanau; bapcenona, 2012, Icmanis), Konrpecax
diziomoriuanx Hayk (Kioto, 2009, Anownis; bipmiarem, 2013, BeaukoOpuranis),
Tosapucta Heiiponayk Ilonsmii (Bapmasa, 2009) ta Ykpaincekoro ToBapuctsa
He#iponayk (KuiB, 2014 Tta 2017, VYkpaina), ciyxaiu Ta OOroBOprOBajiM Ha
3aCiIaHHIX CEKTOpYy MoJeKysipHoi ¢izionorii [HcTHTYTY @i3ionorii im. O.O.
boromonsusg HAH VYkpainu.

IMyoaikauii. Pe3ynpTaT qucepTariii BUKiIaaeHo y 14 crartax (omyOIikoBaHUX
y BUJIAHHSIX, BITHECEHMX J10 nepioro 1 apyroro kBaptuiis (Q1 1 Q2) BiamoBigHO 10
knacudikamii SCImago Journal and Country Rank a6o Journal Citation Reports) ta

42 Te3ax MIKHAPOIHUX KOH(EpeHIiit Ta 3’ 13/11B.
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PO3/ILI 1

CUHAINITUYHI AMPA-PEIIENITOPU: MOJIEKYJISAPHU MEXAHI3M
PET'YJISIIT IMHAMIYHOI'O OBIT'Y PELHENTOPIB PI3HOI'O
CYBOJJUHNYHOT O CKUIAAY 3A ®I3IOJOI'TYHUX YMOB TA IIPU
XPOHIYHOMY BOJIIO

1.1. TpuBaje nepudepuuHe 3anajJeHHA CYNPOBOIKYEThCS
inTepHagizaniero GluR2-emicHux AMPA-penenTopis i3 CHHaINCIB MizK
NEePBUHHUMM a(pePeHTAMH TA HOIUIENTHBHUMM HelipoHAMM
JA0P3aJIbHOI0 POry CIMHHOTO MO3KY 3a yuyacti NMDA-peuentop-

onocepeaxkoBanoi akTusanii PKC
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dapmakoJioriyHe iHri0yBaHHs Ta reHeTUHYHEe BUMKHEHHS eKCIpecii
PKCa y nonepekoBomy Biiljli CHMHHOIO MO3KY CYNIPOBOIKY€ThCS
KOpeKUi€c nopyumeHoro oodiry cuaantuuaux AMPA-penenTopiB mix
NepBMHHUMM adepeHTAMH | HOUMLIENTUBHUMHU HelipoHAMH

AOP3AJBHOT0 POry CIMHHOI0O MO3KYy Ta IOJCIrmCHHAM 00110
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PO3JILT 2

IHO3ACUHAIITUYHI AMPA-PELHEIITOPN:
®YHKIIOHYBAHHS TA CA**-ITPOBIJTHICTH Y HOPMI TA ITIPH
TPUBAJIOMY NEPUPEPUYHOMY 3AINTAJIEHHI

2.1. IlepudepuuHe 3amnajieHHsi TNPHU3BOAUTHL A0 3MiH  Tpa@ikiHry
nozacuHanTuyHux AMPA-penenTopiB 'y CeHCOpPHHX HeiipoHax

AOP3AJIBHOT0 pOry CiMHHOI0O MO3Ky
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0. Kopach o al j PAINT 152 (2011) 912-823 an

42, Trafficking of extrasynaptic AMPARs during persistent pain

Extrasynaptic AMPAR trafficking in dorsal horn during inflam-
matory pain has not been well studied. Previous studies hawve
shown that persistent inflammation induces synaptic GluR2 inter-
nalization. This internalization results in a switch from Ca**-imper-
meable to Caz_—permahle AMPAR-mediated neumtransmission at
synapses in dorsal hom, although the amplitude of eEFSCs was not
changed | 28,41.54]. In the present study, we found a significant in-
crease in the amplitudes of AMPAR-mediated current (evoked by
bath application of AMPA) and the assodated | Ca*']; transients re-
corded in soma and dendrites of the tonically finng 55 neurons at
24h post-CFA (Fg. 4] These data indicate that the number of
extrasynaptic Ca*"-permeable AMPARS is substantially increased
in the tonic 3G neurons after inflammation. Moreover, the [-¥
curves obtained in 3G neurons from rats with peripheral inflamma-
tion were inwardly rectified, and sensitivity to the selective inhibi-
tion af Ca*"-permeable AMPARs was significantly increased at 24 h
post-CFAL Ag. 6). Our results indicate that peripheral inflammation
might increase the number of Ca**-permeable AMPARS at extrasy-
naptic sites as well as the proportion of them in the total pool of
extrasynaptic AMPARs in dorzal hom neurons during the mainte-
nance period. Inline with these results, previous studies have dem-
onstrated that the amount of GluR1 was increased (by 23%) and
that the amount of GluR2 was comespondingly decreased (by
25%) in the crude membrane facton of ipsilateral dorsal hom
1 day after intraplantar CFA injection [2842].In the present study,
we also showed that surface membrane expression of GluR1 in
daorsal horn from the CFA-treated group was 33% greater than that
in the zaline-treated group (Fig. 7A)L Since we found no significant
difference in the levels of GluR 1 in the synaptosomal fraction of the
ipsilateral dorsal horn between the CFA- and saline-treated groups
(Fg. 7B), the observed increase in surface membrane GluR1 mosty
reflects an increase inthe extrasynaptic pool of receptors. Our find-
ings suggest that persistent inflammation promotes marked inser-
tion of GluRi -cont@ining Ca**-permeable AMPARs at extrasynaptic
membrane sites. The data from our labomatory and those of others
|2841] showed that the amount of GluR2 decreased at surface
plasma membranes and synapses while correspondingly increas-
ing in the cytoplasm in dorsal hom at 24h post-CRA Therefore,
it is evident that peripheral inflammationmight produce a recipro-
cal rearrangement of GluRi-containing Ea.z'—p-u'mea‘:lle and
GluR2-containing Ca*-impermeable AMPARs in different cellular
pools of dorsal hom neurons.

4.3. Funcfional significance of incregsed extrasynaptic Co"-permenble
AMPARs

Our findings suggest that persistent inflammatory insult alters
trafficking of extrasynaptic AMPARs in dorsal horn and induces
delivery of spinal GluR1-containing Ca*"-permeable AMPARs to
extrasynaptic sites. Although it is well established that Ca*-per-
meable AMPAR: fadlitate nociceptive plastcty and enhance
long-lasting inflammatory hypemlgesia [23,27,37], molecular
mechanisms that underlie these events are still uncear. Surface
AMPAR= represent a mobile population that traffics between syn-
aptic and extrasynaptic sites | 24]. Since the extrasynaptc AMPARs
are subjected to Brownian-ike unrestricted mohility, the dynamic
equilibrium between synaptic and extmsynaptic receptor pools
determines the number of synaptic receptors and synaptic strength
|53]. We found that inflammatory insult promotes insertion of
GluRi-containing Ca**-permeable AMPARS at extrasynaptic mem-
branes. These @otrasynaptic Ca*-permeable receptors can diffuse
laterally in the plasma membrane to the postsynaptic density
|17] where they might be trapped at synapses [41,50]. It is very
likely that an inflammation-induced increase in extrasynaptic

Ca*"-permeable AMPARs may be involved in the mechanisms that
underlie a persistent increase in synaptic Ca*-permeable AMPARs
in the dorsal horn neurons that has been reported recently
| 28.41,54]. Perzistentinflammatory insult also induces PECdepen-
dent disruption of GluR2 binding toits synaptic anchoring proteins
| 4]. promotes GluR2 internalization from synapses, and decreases
the number of synaptic GluR2-containing AMPARs | 28 41,54 ). All
of these events finally result in an increase of synaptic [28.41.54)
and extrasynaptic AMPAR Ca®™ permeability. This condusion is
supported by inflammation-induced potentiation of |Ca*"]; tran-
sients evoked in %G neurons by dorzal root simulation |37.55]
The related increase in intracellular Ca* concentration should
initiate or potentiate a variety of Ca*"-dependent intracellular cas-
cades that are assodated with the mechanisms of pain hypersensi-
tivity during inflammatory pain maintenance.

AMPARS can also contribute to glutamate-mediated signaling at
non-synaptc locatons. Strong primary afferent inputs generated
from peripheral nociceptors by persistent inflammation may pro-
duce ghitamate spillover from nearby primary afferent terminals
|30]. In addition, excessive glutamate is released from glia during
daorsal horn injuries or inflammation | 2,3056]. This endogenously
released glutamate may activate not only post-synaptic AMPARs
|45] but also extrasynaptic glutamate receptors. The latter may
further strengthen glutamatergic transmission under persistent
inflammatory conditions,

4.4 Tonic excitztory 5G newnns likely coniribute to the maintenaence

of inflammatory pain

Peripheral inflammation alters AMPAR trafficking in the 5G neu-
rons characterized by intrinsic tonic firing properties, but not in
those that exhibit strong adaptation. In the ransient neurons, CFA
injection did not change the amplitudes of AMPA-induced curment
and associated [Ca* ), transients 24 h post-injection (Fig. 4). Taking
into acoount that AMPA-induced current and |Ca*"|; transients did
nat differ beteseen tonic and transient newrons from the zaline-trea-
ted group, we suggest that the total receptor pool is stable in the
transient neurons even at the peak of inflammation. Our cobalt
staining results also showed that a proportion of NeuMN-marked
neurmns in superficial dorsal horn 24 h post-CFA were not cobalt-
positive (Fig. 2). Thus, it is evident that inflammation-indwced
changes in AMPAR trafficking ocour specifically in a subpopulation
of 8G neurons. It is known that the population of 86 neurons is not
homogeneous and displays distingt immunohistochemical [18,29],
electrophysiological | 520,21 |, and funcional properties. The super-
ficial dorzal horn neurons are chamcterized by different patterns of
AMPAR subunit expression |18.29). Under normal conditions, sur-
face CluR1 protein expression is particulady assocated with inhib-
itory dorsal hom neurons, whereas GluR2, mainly observed in this
waork, is associated with excitatory neurons | 1,29]. Furthermore,
in the G, most tonic interneurons are exctatory [46]. These neu-
rons make synaptic connections not only within lamina II, but also
inlamina L a region where the most nociceptive projection newumns
are localized [ 12,33 ,34]. It is therefore reasonable to conclude that
altered AMPAR trafficking in excitabory tonic 5G neurons might be
a key component in spinal central sensitization that underlies the
maintenance of persistent inflammatory pain

Inconclusion, our study has shown that CFA-induced peripheral
inflammation increases the number of extrasynaptic Ca™-perme-
able AMPARs as well as their proportion within the entire pool of
extrasynaptic AMPARs in tonically firing G neurmons during the
maintenance period Thus, tonically firing G neurons may repre-
sent a specfic populaton of spinal neurons that camy out noccep-
tive inputs and contribute to spinal central sensitization Since the
total amount of GlRE1 remains constant under (FA-induced
inflammatory pain condidons |42], the observed increase in exira-
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2.2. Po3BUTOK 00,1bOBOT0 CHHAPOMY CYNIPOBOIKY€EThCA 30l1bmeHHsaM Ca2+-
npoBiganx AMPA-peuenTopiB y no3acHHanTHYHUX MeMOpaHax

HCﬁpOHiB AOP3aJBHOI0 pory CiMHHOI0O MO3Ky
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2.3. Excrpacunantuuni AMPA-peunentopu y 10p3ajibHOMY P03i CIUHHOTO
MO3KY: (pyHKIiOHyBaHHS TA 3HAYMMICTb y MiATPUMAaHHI XPOHIYHOIO
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PO3JILI 3

®EHOMEH IIEHTPAJIbBHOI CEHCUTHU3AIIII
TP XPOHIYHUX BOJIBOBUX CUHJIPOMAX PI3HOT'O TEHE3Y:
BKJIAJI HIOPYIIEHB OBIT'Y AMPA-PEIIEIITOPIB ¥
I'EP3BYJIMBICTh HEHPOHAJIBHUX MEPEX CIIMHHOI'O MO3KY

3.1. llopymienns Tpagikinry AMPA-penenTopiB y HeiipoHax 10p3a/1bHOI0
POry pu TPUBAJIOMY NepuepuIHOMY 3aNIAJICHHI IPU3BOAUTDH 10
KJIITHHHOCTeU(IYHNX 3MIH y 0aJIaHCi Mi’K CHHAIITUYHUM
30y/I’KeHHSIM Ta raJibMyBaHHAAM Y HEHPOHHHMX Mepe:KaxX CIIMHHOT0

MO3KY
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3.2. KinitTunnocneuu@ivHi 3MiHM y 0ajJaHCi Mi’k CHHAITHYHHUM 30y/1’KEHHAM Ta
rajibMyBaHHSIM Y HEHPOHHHMX MepeKax J0P3aJbHOr0 pory BHACJIIOK
TPABMH CHHHHHOTO MO3KY NPU3BOASTH 10 CHACTUYHOCTI Ta XPOHIYHOTO
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3.3. I'imep30yyINBICTH CEHCOPHUX HEPOHIB, CHPUYHHEHA 30LIbIICHHIM
BHYTPIlIHBOKJIITHHHOrO BXoAy Ca’*, Hpu3BOAMTL 10 BAHUKHEHHST

00,1b0BOT0 CHHAPOMY NPH XBOP0Oi Dadpi
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3.4. Posib HaTpi€eBUX KaHAJIB miaTUNy 1.9 y po3BUTKY XpPOHIYHOT0

HelpONATHYHOro 00JI10 MPU HeBPAJITil TPiiiYacTOro HepBa
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PO3ILT 4

PO3POBKA HOBUX NIIXOJIB JUISI TEPAIIII BOJIbOBUX
CHHIPOMIB: ®PAPMAKOJIOI'TYHI HIAXOJIN TA 3ACTOCYBAHHS
T'EHHOI TEPAIIII I HAHOTEXHOJIOI'IH

4.1. XpoHiuHa iMIUIaHTALIA KaTeTepy Y cy0apaxXHOIiIaJbHUI MPOCTIP
MONEPEKOBOro Bil/lijly CIMHHOTO MO3KY 4Yepe3 aTJIaHTO-OKIUIITAJILHY

MeMOpaHy SIK MeTO/ WiJIbOBOI JOCTABKM T€PANIeBTUYHHX CIIOJIYK
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4.2. TepaneBTu4HHUI edeKT ceJeKTHUBHOrO 010KyBanusa Ca’ -nponnKkunx
AMPA-peunenTopis iHridiTopaMu HOBOI0 NMOKOJIIHHA HA MOJIEreHHA
XPOHIYHOTr0 00JILOBOI0 CHHAPOMY NIPH TPUBAJIOMY NepHpepuuHOMY

3anaJieHHi He CYIIPOBO/IXKY€THCSI BAHUKHEHHAM MOOIYHUX e(peKTIiB
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4.3. Poab PKCa y nopymenomy 00iry AMPA-penenTopiB y Heliponax /[P
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4.5. HanoinkeHepHi moJTiMepHi IJIIBKH Il 1€MOHYBAHHS TA iHIYKOBAHOI0

BHUBIJIbHEHHS 010JIOTIYHO AKTUBHUX CHOJIYK
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BUCHOBKH

Y nucepramiiiHiii  poOOTI MpEJACTaBICH] Pe3yJbTaTH KOMIUIEKCHOTO

JOCITIDKCHHSI KIITUHHUX Ta MOJICKYJISIPHUX CHIHAJbHUX MEXaHI13MiB XPOHIYHOTO

0omr0; 11eHTH(IKOBAaHO TOPYIIEHHS auHamiyHoro obiry AMPA-penentopiB sk

HEHTPAIbHUM MEXaHi3M, IO OMNOCEPEIKOBYE MIATPUMAHHS XPOHIYHOTO OO0

pI3HOTO TEHe3y, 3 ’JCOBaHO MOJICKYJSPHHM MEXaHi3M TaKuX MOpPYIIeHb Ta

3alpOIOHOBAHO HOBI MIAXOAU JJIs TOJIETIICHHS XPOHIYHUX O0IbOBUX CUHIPOMIB 13

MIHIMAQJIBHOIO KUTBKICTIO MTOOTYHMUX €(EeKTIB, sIKi 0a3yI0ThCS Ha KOPEKIIii BUSIBJICHUX

MOPYILIEHb.

l.

Tpuane nepudepuyne 3anajeHHss BUKIUKae 3MeHIIeHHs nomysauii GluR2-
BMicHUX AMPA-penentopiB y cuHarncax MiX NMEpBUHHUMH adepeHTaMu Ta
HOIIMIIENTUBHUMUA HEHpPOHAMHU CHUHHOro Mo3Ky. I[lokazaHo, 10 B OCHOBI
TAKOTO 3MEHIICHHS JEeXUTh BuiydeHHs (iHTepHamizamis) GluR2-BmicHux
AMPA-penientopiB i3 MOCTCUHANTHYHOI MEMOpaHHU.

Onucanuii MOJCKYJISPHHM MeXaHI3M, IO ONOCEPEAKOBYE IHTEPHAIII3alliI0
cuHantuyaux GluR2-Bmicaux AMPA-penienitopie  nipu  niepudepudHOMy
3alajieHHl, Ta OXapaKTePHU30BAHO KAacKaJ BHYTPIIIHBOKIITUHHUX OLIKIB
(craprasun, ABP/GRIP, PICK1 Ta mporeinkinaza C miarumy o), 3aTy9eHHX Y
1eW nporiec.

VY nelponax gop3ansHoro pory (JIP) cniuHHOro Mo3Ky (hyHKIIIOHY€E YHCETbHA
nomyssiis mozacuHantudyHUX AMPA-penientopiB, y skux 3a (izion0riyHUX
yMOB JoMiHYIOTh GluR2-BMicHI penenTopu, 110 BHU3HAYa€ BIJHOCHO HU3BKY
MPOHUKHICTh To3acuHanTHIHUX AMPA-perientopiB /Ui 10HIB KaJIbIIifo.
CeHCOpHI HEWpPOHM PIZHUX TUIIB y CIUHHOMY MO3KY IIYpIB €KCIPECYIOTh
AMPA-peuentopu nonidHoro ckmany. I[lpu nepudepuuHomy 3anajieHHI
kinekicte  Ca®*-mponuknnx ~ AMPA-penentopis  y  [MO3aCHMHANTHYHUX

MeMOpaHax 301JIbIITY€EThCS.
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Tpusane nepudepuune 3ananeHHs nocuwioe BOynoByBaHHs GluR1-BmicHHMX
Ca*"-nponnknux AMPA-penenTopis y mo3acMHaNTUYHI TiISHKA MeMOpaHu
HelponiB JIP cnuHHOrO MO3Ky. Mexanism Takoro BOynoByBaHHs € PKCoa-
3JIEKHUM.

[Topymennss aunamiuHoro o6iry AMPA-peuentopiB y Heiponax JIP
NPU3BOJATH JI0 3MIH y OajllaHci MK 30Yy/[DKEHHSM Ta TallbMyBaHHSM Y
HEHPOHHUX Meperkax, M0 CIpUUnHIE ceHcuTu3amio J[P cnuHHOro MO3Ky.
[Topymienns tpadikiary AMPA-penentopiB y HalipoHax /[P MaroTh miclie ipu
OO0JIbOBUX CUHIPOMAX P13HOTO reHesy (K nepuepruuHoro, Tak i HEHTPAIBLHOTO
noxo/keHHs ). I'inep30ynuBicTh (ceHcuTuzanis) mepex AP cnuHHOTO MO3KY
€ pe3yapTaroM TOCWUJIEHHS 30y[Kylodoi CHHANTUYHOI Iepenadi  Ta
nociaOiIeHHs CHUHAIITUYHOTO rajqbMyBaHHS. Taxi 3MIHU €
KJIITUHHOCTIEUU(DIYHUMHU, a caMe 3MINeHHs OanaHcy y OIK 30ymKeHHs
aJanTUBHUX HEUPOHIB (MEPEBAXKHO 30Y/KYIOUl IHTEPHEUPOHH) Ta MOCUJICHE
CUHANTUYHE  1HTrIOyBaHHS  HEWPOHIB  TOHIYHOrO  TUHY  (rajabMiBHI
IHTEpHEUPOHN).

Po3po06iieno MeTo 1iIb0BO1 JOCTABKH y TIOTIEPEKOBUM BIJI1I CHUHHOTO MO3KY
JUIsl TapreTyBaHHs HeiipoHiB JIP 3 MeToro Teparnii XpoHiuHoro 0oito. OTpumaHi
JaH1 JEMOHCTPYIOTh TEpaneBTUYHUN ePeKT (hapMaKoJOTIYHOTO OJOKYBaHHS
Ca*-mponuknux AMPA-penentopis  iHri6iropaMu HOBOIO  IIOKOJIHHS
(akTUBAIIHHO-3aJIeKHUMHU  OJIOKaTOpaMy) Ha  MOJETmeHHs  O0JbOBOTO
CUHAPOMY 3 MiHIMaJIbHUMHU MTOOIYHUMH €(PEKTaAMHU.

[TokazaHo TepaneBTHUHMI BIUIMB (papmakonoriyHoro OnokyBanHsi PKCa sik
MiIlIeH1 JJIsi KoperyBaHHs mopyiieHoro Ttpadikinry AMPA-penentopiB y
HelipoHax [IP cnMHHOrO MO3Ky Ta TMOJIETHIEHHS XPOHIYHOro OO0dI0 Mpu
TpUBAIOMY TIepHPEPUIHOMY 3araieHHi.

3anmponoOHOBaHO  3aCTOCYBaHHS TEHHOI Tepamii  XpOHIYHOTO  OOJIIO.
[IponemoncTpoBano TepaneBTHUHI epextn HoknayHy PKCa y monepekoBomy

BITIJTI  COMHHOTO MO3KYy Ha TOJICTIIEHHS  3amajlbHOTO  OOMIo Yy
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eKCTIEpUMEHTATBHUX TBAPUH Ta OOTPYHTOBAHO €()EKTUBHICTh TAKOTO MiIXOIY

Ha KJIITUHHOMY DPiBHI.

OtpumaHi JaHi JEMOHCTPYIOTh NPUYMHHO-HACIIJIKOBI 3B’SI3KM  MIXK
MOPYUIEHHSIMU peryisiii auHamiuaoro ooiry AMPA-penentopiB y Heiiponax /[P
CIIMHHOTO MO3KYy Ta PO3BUTKOM 1 MIATPUMAHHSAM XPOHIYHOTO OO0NII0, a TaKoX
HayKOBO OOTPYHTOBYIOTH BIPOBAKCHHS HOBHUX IMIJXOJIB y CTpATEril0 JiKyBaHHS
XpOHIYHUX OOJFOBUX CHHJIPOMIB 13 BpaxyBaHHSM KJIIOUOBOi POJI IEHTPaIbHUX

MEXaHI3MiB y IIATPUMaHHI XPOHIYHOTO OOJII0 PI3HOTO MOXOKEHHS.
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