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KoporkouacHa rinokcist B MmojeJ1i 30poBoro Hepsa in vitro

I'inokcist € omHIEI0 3 OCHOBHUX NMPUYHH JETCHEPATHBHUX YPaKeHb 30POBOTO HEPBA
(3H), sixi mpU3BOIATH A0 IMOCTYIOBUX 1 YaCTO HEOOOPOTHHUX MOPYIIEHb Tepeiadi CUr-
HaJTy Bifl CITKIBKH JIO CTPYKTYp TOJIOBHOrO MO3Ky. Yactrna BonokoH 3H mpencrasnena
MIPOEKI[ISIMA TaHTTO3HUX KIITHH CITKIBKM y BEpPXHI IUIACTH TMiJKIPKOBOTO 30pPOBOTO
neHrpa (superficial superior colliculus, SSC) i BimoOpakae nepimii piBeHp nepenadi Ta
00poOKM a)epeHTHUX CHIHANIB. YpaskeHHS IIbOTO PIiBHSI 30pOBOTO aHaiizaropa MpH-
3BOMIATH HE JIUIIIE 0 TOPYIIEHb Opi€HTaIii, HaBiraiii Ta 30poBoi yBaru, a i 10 HEBPO-
JIOTTYHUX 1 NICUXI1aTPUYHMUX po3afiB. Kiro4oBi MOMEHTH TiMOKCMYHOTO HOIIKOKEHHS
caMe mpoekuii citkiBku B SSC 1ociipkeHi JOCUTh JETajdbHO Ha PiBHI CTPYKTYPHHX
MOPYIIEHB 1 CyIMHHHUX PEaKIliif 3a JOTOMOTOI0 METO/IiB MarHiTHO-PE30HAHCHOI TOMO-
rpadii. Pazom 3 TuM edekTH Ta MeXaHI3MHU TIIIOKCHYHOTO YPa)XeHHS Helporiepenadi
1i€] JAaHKKU 30POBOT CUCTEMU PaHillle J0CHIPKEH] He OyITu.

Y poOoTi, BUKOPUCTOBYIOUM CydacHi eNeKTpo]i3ionoriyni, enekTpoxiMidai Ta dap-
MAaKOJIOTi9HI METOIH, MU JIOCIIIMIIN Helporiepenady B poeKiisx citkiBku B SSC mpu
imMiTarii KOpOTKOYAaCHUX TIIOKCMYHMX CTaHiB. Ymepuie Hamu Oyna po3poOieHa yHi-
KaJbHA in vitro Mozens 3H — KoKynbTypa IMCOIiiOBaHUX KIIITHH CITKIBKM Ta HEHPOHIB
SSC. V¥ kokyabTypi pocTopoBi, MOpGOJIOTiYHI Ta eNeKTpodi3ionoridai BiAIMIHHOCTI
000X MOMyJSLiKd KIITHH HAJAI0Th MOXKJIMBICTB JOCHIPKEHHS HeHporepenadi B OKpe-
MHX, 100pe Bi3yami30BaHMX Ta iIEHTH(IKOBAaHUX IMapax: TaHMIiO3Ha KIITHHA CITKIBKA
(I'KC) — netipon SSC, To0TO B KOXKHIN okpemiii ipoekii 3H in vitro. [Ipu mapHiit pee-
cTpauii ahepeHTHOro CUTHaIy B LUX MPOEKIIAX MU IMITyBaJIl KOPOTKOYACHI TITOKCHY-
Hi CTAaHH METOIOM IIBUIKO1 JIOKATBHOT cymepdy3ii.

Hamu Oyiio BcTaHOBIIEHO, 1[0 KOPOTKOTPUBAIA TIMOKCIS (0 5 XB) MPU3BOIAUTH 10
JOBrOTPHUBAIMX MATONOTIYHUX 3MiH Iepeiadi CUTHANY BiJl CITKIBKU J0 CTPYKTYp TO-
JIOBHOTO MO3KY. Takok MeromgaMy 0a30BOTO Ta MOBHOIO KBAHTOBOTO aHAIII3y MH OIli-
HUJIH, SIKI KJIITHHHI MEXaHi3MU OIOCEPEAKOBYIOTh IO MJIACTHYHICTb.

Y po0oTi nmpeacTaBieHo HOBY i yHiKaJbHY in vitro Moaens 3H — izeanbHuii 00’ ekt
U (papMaKoJIOTiuHUX Ta eIeKTPo(di3ioNoTiyHuX AOCHIKeHb Helponepenadi Bizy-
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aJHFHOTO CUTHATY B HOPMI Ta B pa3i maroJiorii. Pe3ymsrati Hammx TOCITiHKEHB € 1aTo-
TeHETHYHUM OOTPYHTYBAaHHSIM MOKJIMBOCTI MiI00PY aJIeKBaTHUX METOMIB e(heKTUBHOI
Tepamii Ta MPOBEICHHS PETYISPHUX KypCiB CHCTEMHOI MPO(MITAKTHKH TiMOKCHYHUX
CTaHIB 30pPOBOTO aHaJi3aTopa.
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KPATKOBPEMEHHASA I'MITOKCHUSA B MOJAEJIN
3PUTEJIbBHOI'O HEPBA IN VITRO

l'unokcus siBnsieTcst 0JHOM M3 OCHOBHBIX NPUYUH JIET€HEPaTUBHBIX 3a00J€BaHUMN
3puTenbHOTO HepBa (3H), KOTOphIe MPUBOIAT K TMTOCTEIICHHBIM U 9aCTO HEOOPATHMBIM
HapyLICHUSIM TIEPEAaul CUTHajla OT CEeTYaTKH K CTPYKTypaM roJIOBHOro Mo3ra. YacTsb
BosiokoH 3H mpencraBieHa MPOEKIUSAMH T'aHIIMO3HBIX KJIETOK CETYAaTKH B BEPXHHE
CJIOW TIOIKOPKOBOTO 3pHUTENbHOTO IeHTpa (superficial superior colliculus, SSC) u
oTo0OpakaeT NepBhIi ypOBEHb Tiepenaun u 00padoTku apdepeHTHBIX curHanos. [lopa-
JKCHUSI TAHHOTO YPOBHsI 3pUTENBHOTO aHAIN3aTopa MPUBOAST HE TOIBKO K MpodiemMam
C OpHeHTaruel, HaBUTallue U 3pUTEeTFHOTO BHUMAHMUS, a Tak)Ke MOTYT OBITh BOBJIE-
YeHbl B PsJ HEBPOJIOTMUECKUX W ICUXHATPUUECKUX paccTpoicTB. KitoueBble Mo-
MEHTBI THITOKCUYECKOTO TIOpayKeHUs MpoeKuuii ceTyaTku B SSC ucce10BaHbl 10CTa-
TOYHO MOJPOOHO HAa YPOBHE CTPYKTYPHBIX HAPYIIEHHWH W COCYIUCTHIX PEaKIuil ¢ Io-
MOLIBI0O METOJOB MAarHWTHO-PE30HAHCHOH ToMmorpaduu. Bmecre ¢ tem addexts u
MeXaHU3MbI THITOKCHYECKOTO MOpa)keHUs Helporepeady JaHHOTO 3BE€Ha 3pUTENIbHON
CHCTEMBI paHee MCCIIEe0BaHbl He OBLIH.

B nannoii pabote, UCTIONB3YsI COBPEMEHHBIE HIEKTPOPUINOIIOTHUECKHIE, IIEKTPO-
XUMHUYECKUE W (PapMaKoIIOTHYECKHEe METOABI, Mbl HCCIEAOBAJIM HeWpornepenady B
mpoekiusax cerdarkd B SSC IpH UMUTAIMK KPAaTKOBPEMEHHBIX THIOKCHYECKHX CO-
ctosiHuil. BriepBble Hamu ObLta paspaOoTaHa yHUKasbHas in vitro mozens 3H — ko-
KyJbTypa TUCCOLMMPOBAHHBIX KJIETOK ceT4aTKu U HelipoHoB SSC. B kokynerype npo-
CTPaHCTBEHHBIE, MOP(OJIOTHUECKNE U AIEKTPOPHUIUOIOTUIECKUE PA3TIHUUST 00EHX
HOMYJISIUUHA KJIETOK AT BO3MOXKHOCTH MCCJICIOBAHUs Helponepeaaun B OTACIbHBIX
XOPOLIO BU3YaJIM3UPOBAHHBIX W WACHTH(OUIMPOBAHHBIX Mapax: TaHIMO3HAs KJIeTKa
cergarku (I'KC) — meiipon SSC, To ecTh B KaKI0# oTAeIbHOM mpoekiuu 3H in vitro.
ITpu mapHo#i peructpanuu apdepeHTHOro CUrHana B 3TUX MPOEKLUSIX Mbl HIMUTHPO-
BaJIM KPAaTKOBPEMEHHBIE THIOKCHUYECKHE COCTOSHHSI METOIOM OBICTPON JOKaJIBbHOMH

cynepdy3un.
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Hamu Ob1TO yCTaHOBIICHO, YTO KPATKOBPEMEHHASI THITOKCHUS (110 5 MHH) MPUBOIUT K
JUTUTEJIBHBIM TATOJIOTMYECKUM M3MEHCHHUSIM TePe/iadll 3pUTEILHOTO CUTHAlla OT CeT-
YaTKU K CTPYKTypaMm TOJIOBHOTO Mo3ra. Takxe MeTonamMu 0a30BOTO W MOJIHOTO KBaH-
TOBOTO aHaJM3a MbI OICHWIN KICTOYHbIE MEXAHMU3MBI, YTO OIOCPEJICTBYIOT JaHHBIC
HU3MCHCHHS.

B pabote Hamu mpejcTaBiieHa HOBas M YHHKajbHas in vitro moxaens 3H — umeans-
HBIH 00BEKT JUIst (PApMaKOIOTHUECKHUX H AIIEKTPOPHU3HOIOTUIECKUX HCCIICIOBAHHH TIe-
penavn BU3yaJbHOTO CUTHAA B HOPME U MPHU TATONIOTHHU. Pe3ynbTaThl HAIIMX UCCIIETO0-
BaHUIA SBJISIOTCS TATOTCHETUYECKUM O00OCHOBAaHMEM BO3MOXHOCTH Ioa0opa ajieKBar-
HBIX METO0B 3()(MEKTUBHOMN TEparuy U MPOBEACHUS PErYJSPHBIX KYPCOB CUCTEMHOU
MpO(UITAKTHKY TUITIOKCHYECKUX COCTOSTHUIN 3pUTENILHOTO aHATU3aTOPa.
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SHORT-TERM HYPOXIA IN THE OPTIC NERVE
IN VITRO MODEL

Hypoxia is one of the main causes of the optic nerve disorders that lead to gradual
and irreversible disruption of the signal transmission from the retina to the visual
centres of the brain. Retinocollicular projections as part of the optic nerve fibres form
the initial level of signal transmission from the retina to the subcortical visual centre
(superficial superior colliculus, SSC) The lesions of this projections leads to naviga-
tion, orientation and visual attention deficits and could also be involved in a number of
neurological and psychiatric disorders. Structural and functional responses to hypoxic
injury in retinocollicular pathway were demonstrated using functional magnetic
resonance imaging. Whereas, hypoxia-induced effects on this synaptic transmission
were not previously investigated.

Using modern electrophysiological, electrochemical and pharmacological methods
we investigated neurotransmissions in retinocollicular projections under short-term
hypoxic states. We have developed for the first time coculture of dissociated retinal cells
and SSC neurons as in vitro model of optic nerve. In coculture individual synaptic
couples of retinal ganglion cell (RGC) — SSC neuron were easily identified due to their
spatial location, morphological and electrophysiological characteristics. Each synaptic
couple reflects single fibre of the optic nerve in vitro. During paired recordings of visual
signal transmission, we used fast local superfusion to mimic short-term hypoxic states.

We observed that short-term (up to 5 min) hypoxia-induced long-term pathological
changes in signal transmission from the retina to the visual centres of the brain. We
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evaluated cellular mechanisms of such changes, using basic and complete quantal
analysis.

In this study, we showed the new and unique in vitro model of the optic nerve -
ideal object for pharmacological and electrophysiological studies of visual signal
transmission under normal and pathological conditions. The results obtained reflect
the electrophysiological basis of hypoxia-involved pathological lesion of the retino-
collicular pathway and may serve to reveal new approaches for pharmacological and
therapeutic interventions for hypoxia-mediated dysfunctions of the visual system.
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