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YNbTPACTPYKTYPHI 3MIHU B CITKIBLI OKA NMPU KOPEKUII
NAKNITAKCEN-IHAYKOBAHOI PETUHOTOKCUYHOCTI
AHTUOKCMAAHTHWUM MNPEMNAPATOM

OBH3 «IBaHO-®paHKiBCbKUM HalioHaNbHUA MeOUYHUIA YHIBEpCUTET»

B ekcnepumeHTi 80 6invm LWwypam BHYTPILIHBOO-
YepeBWHHO BBOAMMNW NakniTakcen (Actavis, PymyHis) y
0o3i 2 Mr/kr macm Tina vyepes ogHy noby 4 paswu, cyma-
pHa gosa — 8 mr/kr, nicns yoro 48 TBapMHaMm BBOAWUMU
BHYTPILLUHBOOYEPEBUHHO  2-eTUrM-6-MeTur-3-rigpoKcu-
nipuauHy cykumnHat (apmagin) y 0osi 10 mr/kr (y KOHT-
poni 32 wypa OTpPUMYyBanu BHYTPILIHBOOYEPEBUHHO
BOA4y ANSA iH'eKui). BcTaHoBneHo, WO MNO3UTUBHWIA
BMMMB apMafiHy Ha CiTKiBKy npu naknitakcen-
iHOyKOBaHi peTuHonaTii nposBnsAeTbes 3 7-14-1 nobu
aKTuBaLieto NirMeHTouuTiB, YiTkKMMKn obpucamu nepe-
TUHYaCTUX OUCKIB Nanu4yoK i Konbo4vok; 36inbLeHHAM
06'eMy nepukapioHiB HEWpOHiB, MITOXOHAPIT MalTb
nobpe BupaxeHi membpaHu i rpebiHui; cuHanTU4HI
KOHTaKTM MK HEeMpoHaMu Ta iXHiMW BigpoCTkamu B
30BHILWHBLOMY CiTHacToMy Lapi (cdepynu ) 4iTko okpe-
CneHi. Y kaninspax CiTKiBkM B LMTOMMNa3Mi eHaoTenio-
uMTIB Y340BX NIOMEHanNbHOI NnasmonemMy 30cepeaxy-
I0TbCA MIiKpPONIHOUMTO3HI nyxupui. Ha 21-27-y noby
HOpMani3yeTbca cTaH 6azanbHOro Komnnekca, ABOMNo-
MOCHUX | raHrMioOHapHMX HENPOHIB, CTPYKTYP BHYTPILL-
HbOrO CITYaCTOro i Wapy HepBOBMX BOMOKOH. Big 60-i
[06U NOYMHAITb NPOSIBNATMUCSA O3HAKW He4OCTaTHOCTI
BnnuBy apmaginy. Ha 90-120-y nobu tpusae gecrabi-
nisauis MemOpaH OMCKIB 30BHILLHIX cermeHTiB ¢oTo-
pPeUEenToOpHNX KMiTUH, Y MITOXOHAPIAX BUABNAKTLCS
MOPYLUEHHSI BHYTPIWHBOI MITOXOHApPianbLHOI Memb6pa-
HW; aKTUBYETBLCA AiANbHICTE NPOMEHEBUX IMiOLUTIB.

KnrwoyoBi cnoBa: naknitakcen, peTuvHonarig,
apmagiH.

3B’A30K pob6OTM 3 HAyKOBUMMM MNporpamamm,
nnaHamu, Temamu. PoboTa € pparmeHTOM HayKoBO-
pocnigHoi Temun [BH3 «IBaHO-PpaHKiBCbKUI HaLioHa-
NbHUN  MeauyHUi  yHiBepenTeT»  «Mopdo-gyHKuio-
HanbHa XapaKkTepucTuka ypakeHb LieHTpanbHoi i ne-
puepiiHOI HEPBOBOI CUCTEM, OpraHiB YyTTH, BUKIK-
KaHMX XimionpenapaTtamu, WO 3aCTOCOBYHOTbCH AJis
NiKyBaHHA OHKOJIOMYHUX 3axBOPIOBaHb, Ta po3pobka
CXeM HeWponpoTeKTopHOi Tepanii», Ne gepx. peecT-
pauii 0117U000672.

Betyn. MNakniTakcen — npenapar rpyny TakcaHiB
CbOrofHi LUMPOKO BMKOPUCTOBYETLCSI B CXEMax aHTUO-
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NacTOMHOro niKyBaHHs 3 BUCOKMM KoeqiliEHTOM
BMAMBY Ha NyXNUHW Pi3HUX opraHiB i cuctem. BogHo-
yac cnocTepiraloTbecs NobivHI peakuii Ha naknitakcen,
y TOMy uncni, 1 nopyLweHHs 3opy [9, 15, 5]. Ha gymky
JocnigHuKiB, y naTtoreHesi nopyLweHb 30py BidirpatTb
ponb Kinbka akTopiB, cepen SKUX CTPYKTYPHi 3MiHU
nirMeHTHoro enitenito, WO NPU3BOAMTL A0 MOPYLUEHb
noro B3aemogii 3 poTopeLenToOpHNUM LLIAPOM CiTKIBKM,
3arnbennio nanuMyok i KonboYoK LUMSAXOM anonTosy W
Hekpoasy [10, 4]. Lli npouecu BigbyBatoTbCs Ha Tri OKu-
CnoBanbHUX YLWKOOXKEHb, TICHO MOB'A3aHUX i3 MITOXO-
HAOpianbHOK AMcdYHKLUieto KniTuH [14, 7, 12, 6]. 3pob-
NIeHO BMCHOBOK NPO MOXITMBMI HanNpsiMoK MiKyBaHHS
UM KOPEKLUii TakMx CTaHiB aHTUOKCUOAHTaMu, ane Ha
[OKa3 uboro nposefeHa obOMeXeHa KinbKiCTb AoChi-
OKeHb i3 BUBYEHHSM HeNpOnpOTEKTOPHOI Ail aHTUOK-
cupaHTie [2, 13, 11].

MeTa pocnigKeHHA — BUBYATM yNbTPACTPYKTYPHi
3MiHW B CiTKiBLi OKa Npwv KOpeKLii naknitakcen-iHayko-
BaHOI PETUHOTOKCUYHOCTI 2-eTuUn-6-mMeTun-3-rigpokcu-
NipyavHy cykuMHaToM (apMagiHOM) B eKCepPUMEHTI.

MaTepian i meToan pocnigkeHHs. B ekcnepu-
MeHTi 80 paHgombpeaHuM 6inuMMm LWypam Macor
150-200 r BHYTpPiLWHBOOYEPEBMHHO BBOAWMM NaKmiTak-
cen (Actavis, PymyHis) y gosi 2 mr/kr macu Tina 4yepes
ogHy poby 4 pasn, cymapHa fosa — 8 Mr/Kr 3a MeTo-
gom R.S. Polomano et al. [1], nicnsa 4yoro TBapvH paH-
powmizyBanu Ha | (48 tBapuH) i Il (32 TBapuH) gocnigHi
rpynu. Y | gocnigHin rpyni TBapMHam BBOAUNU BHYTPI-
LWHBbOOYEPEBUHHO 2-eTUNn-6-meTun-3-rigpokcunipuam-
Ha cykumHaT (ApmagiH, BupobHuuteo TOB HaykoBo-
BUpoGHMYa dipma "Mikpoxim", YkpaiHa) y nosi 10 mr/kr
B 0,5 mn Boam ang iH'ekuin. Y Il rpyni (koHTponb) TBa-
pYHW OTPVMMYBanNn BHYTPILUHLOOYEPEBMHHO BOAY ANs
iH'ekUin ekBiBaneHTHoro ob'emy. ApmagiH — 2-eTun-
6-mMeTun-3-rigpoKcunnipuanHy cykunHaTt — membpaHon-
POTEKTOP, aHTMOKCUAAHT, HanexwTb A0 3acobiB, WO
BMMMBalOTb Ha HepBOBY cuctemy. Matepian gns goc-
nigpxeHHsa 3abupanu vepes 1, 7, 15, 21, 27, 60, 90 i
120 pib nicna ocTaHHBLOro BBEAEHHS Npenapary.

YTprMaHHSA TBapyH Ta eKCriepumeHT! NpoBoguNu-
Cs BiANOBIQHO 40 NONOXEHb «EBPONENCHKOI KOHBEHLi
Npo 3axXuUCT XpebeTHNX TBapWH, siKi BUKOPUCTOBYIOTHCS
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ONs eKCNepUMMEHTIB  Ta iHWWX HayKoBUX Uinen»
(Ctpacbypr, 2005), «3aranbHuUx €TUYHUX NPUHLMNIB
eKCMEepMMEHTIB Ha TBapuHax», yxBaneHux [1°atum
HauioHanbHUM KoHrpecom 3 GioeTukn (Kuis, 2013). Ha
KiHeLub gocnigy TBapuvH BUBOOUNN 3 €KCMEepUMEHTY
nepefo3yBaHHsAM edipHOro Hapkoay, 3abupanu wma-
TOYKM CiTKIBKM ONS1 €NEeKTPOHHOMIKPOCKOMIYHOro A0C-
nigxeHHs, obpobnsanu ix 3rigHO 3aranbHOMPURHATUX
MEeTOAIB i3 HAcTyNHWM BWBYEHHSIM B €IIEKTPOHHOMY
mikpockoni M3M-125K npu npuckoptotodii  Hanpysi
75 kB i3 HacTynHum dpoTorpadpyBaHHAM npu 36inb-
weHHi Big 4000 go 22000 pasis.

Pe3ynbTaTn pocnigkeHHA Ta iX 0GroBopeHHs.
Yepes ogHy Aoby nicna ocTaHHbOro BBEAEHHS apma-
JiHy Yy wapi nanu4yok i Konboyok nanuMyku MarTb He-
O[HAKOBY TOBLUUHY 3i 3BY>XEHHAMMW i PO3LUMPEHHAMMN
no JOBXWHi (puc. 1).

BusasnsaioTbcsa ANCTpodiyHi, a nogekyam wn fe-
CTPYKTMBHI 3MiHW Y BHYTPILUHBOMY CErMeHTi narnu4ok,
3B'A3yBafibHa Bilka 4YacTo 3pynHoBaHa. CnocTepira-
€TbCA Habpsk, Aedopmalisi 30BHILLHIX CErMeHTiB,
Je30praHisauisi NnepeTuHYacTMX OUCKIB ManuyokK, iXHA
Bakyonisauid. [lepeTuHKn OWCKIB HEYiTKO OKpecCneHi.
MixxcermMeHTHi NMpOCTOpPM HEPIBHOMIPHO PO3LUUPEHI.
Mixx anckamu 3pyMHOBAHMX 30BHILUHIX CErMeHTIB BU-
3Ha4alTbCHA MOOAMHOKI i rPyny MenaHoCcoM. Y 30BHILL-
HbOMY SAEPHOMY LUApi B NepukapioHax potopeuenTo-
PHUX KNiTUH Henponnasma Habpskna, opraHenu igeH-
TUIKYIOTBCA 3 TPyaOM. Y 30BHILLIHBLOMY CiTY4acTomy
Lapi cnocTepiralTbCs BiAPOCTKM POTOPELENTOPHMX i
OBOMOJIOCHMX KNITUH Pi3HUX PO3MIpiB i MOYNHAIOTL
GinbLU YiTKiLLe BMOKpEeMNOBaATUCS akconema i Hempo-
nema AeHgpwvTiB, a NoAekyam i KOMNOHeHTH cdepyn —
JiNSHOK CMHAMTUYHUX KOHTAKTIB NanunyokK i3 ropusoH-
TanbHUMK | ABONOMIOCHUMU HENPOHaMU. Y ABOMNOMOC-
HUX HeWpoHax BHYTPIWHbLOrO $AEpHOro Lwapy B

Puc. 1. [ledopmalisi, HeogHakoBa TOBLUMHA 30BHiLLHIX (3C)
i BHYTpiWHix cermenTiB (BC) hoTopeLenTopHUX KMiTUH, Ba-
Kyonisauist guckis () nannyok, AecTpyKuis 3B'A3yBanbHOI
Binku (B). TepmiH gocnigy — 1 go6a. EnektpoHHa Mikpodho-
Torpadis. 36.: x6000
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ExcnepumeHTanbHa meaumuunHa i mopdonoris

Helponna3smi MITOXOHAPIT MaloTb YKOPOYeHi rpebiHLi,
TPannsaTbCA BaKyoni i PO3LUMPEHi UMCTEePHU rnagkoil
eHaonnasMaTuUyHol CiTKW. [TaHrnioHapHi HEMPOHW 3Ha-
X0OATbCSA B Pi3HOMY MOP(O-(pyHKLIIOHANbHOMY CTaHi,
nepeBa)xHO B CTaHy Habpsiky Helponnasmu, ska siB-
nsie coboro By3bkuiAi 00igOK HaBKOMO agpa. Y kanins-
pax BHYTPILLIHbLOrO CYyAUHHOrO CMIIETEHHS CITKIBKM Npo-
CBIT BY3bKW/, 4YacTO 3arMOBHEHWUI epuTpouuTamMu; eH-
poTenianbHe BUCTENEHHs TOHKe, GasanbHa mMembpa-
Ha He po3LMpeHa.

Ha 7-15-y pobu nicna npunvHeHHs1 BBEAEHHS
apMagiiHy akTMBYHTbCHA MIrMEHTOLUUTU NirMEeHTHOro
Lapy: BOHU MIiCTSATb YMCNEHHI MenaHoCoMW, ixXHi ani-
KanbHi BiApPOCTKN BUMMSAAI0Tb KOPOTLLUMMMU, HiX Y KOH-
Tponi. BogHouvac ix ctano meHwe 6ins 30BHILLHIX cer-
MeHTIB poTopeuenTopHMX KniTuH. MNepeTuHyacTi gnc-
KM manuyok MatloTb YiTki obpucuK, Benuki Bakyoni TyT
He cnocTepiratoTbeda. Mixxamckosi npocTopu posLmpe-
Hi B 30BHILUHIX CErmMeHTax, Ski JokanisytoTbcs 6ins
BiApOCTKIB NirMeHToUUTIB, rMubLue i 6nmkde 4O 30BHi-
LLIHBOrO AAEPHOrO LWapy BOHU 3BYXYOTbCA. Y nepuka-
pioHax poTopeuenTopHMX KiTMH 06'eM Hemponnasmu
30iNbLYETLCS, MITOXOHAPIT MalTb HerycTi rpebiHui i
30epexeHy BHYTPILLHIO i 30BHILLHIO MITOXOHApPIanNbHi
mMemb6panun. Cdepynm 36inbLUytoTbCH | B KINbKOCTI, i B
po3Mipax, MICTATb MITOXOHAPIT | MaloTb YiTKO OKpecre-
Hy nnasmonemy. YacrTilwe cnocrepiraemMo CUHaNTUYHI
KOHTaKTV MiXX HempoHamu Ta iXHiMW BigpocTkamu B
30BHILLUHLOMY CiTYacTOMY Luapi. Y ABOMOMOCHUX Hen-
poHax siApa OKpecneHi YiTko. B ixHi uMTonnaswmi ige-
HTUdiKyIOTECA MITOXOHAPIT, SAKi nokanisytTcsa rpyna-
MU, LUNCTEPHM FpaHynspHOi eHaonnasmaTuyHol CiTKK,
BiNbHi pnbocomu i monicomun. Y kaninspax BHyTPiL-
HbOrO CYOWHHOrO CnMeTeHHs CiTKIBKM BigMivYaeTbes
PO3LUMPEHHS IXHBOTO MPOCBITY, A€ BiflbHO PO3TaLLOBY-
I0TbCSA epuTpouMTU. Y umTOonnasMi eHOoTeniouuTis
6ina nomMeHanbHOI nNnasmonemMm 30CepemKytoThbCs
MIKpOMNIHOUMTO3HI NyXuMpuj, WO CBIAYMTbL 3a cnpsmoBa-
He nepemileHHs PeYOBMH i3 NPOCBITY Kaninspa B Ha-
npsamky 6asansHoi nnasmonemu.

Ha 21-27-y pnoGy noninwyeTbca CTaH Kaninspis
CyAMHHO-KaninapHoi nnactuHkn (puc. 2). Cknagosi
mMembpaHu bpyxa cTaloTb TOHLIMMW, HOPMarni3yeTbes
TOBLUMHA IXHbOT 6asanbHOi MembpaHw.

IHBariHauji 6a3anbHOi NnasmonemMm NirMeHToOLUUTIB
cTtanu rmmbLlimMmMm, a BigpoCTKM anikanbHOI — KOpOTLIN-
MU, B ixHin umTOMnasmi pos3pi3HAEMO MITOXOHAPIT,
Komnnekc Monbaxi, LMCTepHU rpaHynsipHoi eHgonnas-
MaTUYHOI CiTKM | 3MEHLLUEHHS KinbKOCTi MenaHoCOM,
AKi nokani3ytoTbCa came B anikanbHOMy nosntoci 6ins
30BHILUHIX CEerMeHTiB manuyok i konbo4yok. OcTaHHi
PO3MILLYIOTLCA BMNOPSAKOBAHO, MalTb YiTKi KOHTYypU
IXHbOI  30BHILWWHBOI Mra3moneMu i nepeTuHYacTUx
auckis. Bakyoni TpannstoTbCs pigko i MalTb BUMNAS,
PO3LUMPEHHS MOPOXHUH AUCKIB.
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Anpa doTopeLenTopHNX HEMPOHIB HE BUSBNSAOTb
BiOXWMNEHb Big HOPMU. Y 30BHILHBOMY CiT4acToMy
Wwapi ineHTNGIKYTLCA TXHI BiAPOCTKN i BIOPOCTKM ABO-
MOMOCHUX HEMPOHIB i3 YiTkuMn membpaHamu. CrnocTe-
piraloTecsi cdepynu, ki TiICHO nmpunsaralTb 40 nnas-
Manemy ropusoHTarbHUX HEWpOHIB, YTBOPIOOYM 3
HAMW YUCNEHHI CUMHANTWUYHI KOHTAKTW, MalTb pi3Hi
po3Mipu i MiCTATb MiTOoXxoHApPIl. M HUMK nokanisy-
HOTbCA OINAHKA NPOMEHEBUX MMiOLMTIB i3 MiTOXOHAPIS-
MW HOpMarnbHOi 6y40BM, 3@ BUHATKOM OKPEMMX i3 HUX,
AKi MaloTb YKOPOYEHi KPWUCTK i Habpsiknui maTpukc.
YnbTpamikpockoniyHa 6yaoBa ABOMNOMCHUX i raHrmio-
HapHUX HENPOHIB, CTPYKTYP BHYTPILLUHBOrO CiT4acToro i
LIapy HEPBOBUX BOMIOKOH HOpManidyBanacs.

Y 60-goboBuii TepMiH gocnigy B yNbTpaMmiKpoCcKo-
NiYHIN KapTWHI CITKIBKM BIABYNNCSA HaACTyMHi 3MiHK. Tak,
B OCHOBHOMY komnrekci (MmembpaHi bpyxa), BOnokHu-
CTi Lapu po3wmpunmncs, enacTMyHUin wap ctas nepe-
puBucTM. OCHOBHa NNacTUHKa Kaninsapis i NirMeHTHO-
ro enitenito posnylweHa. IHBariHauii nnasmanemm Ha
6a3anbHOMY nontci nirmeHTouMTIB Nornnéunuca. TyT
XKe NoKanisylTbCA YMCINEHHI MITOXOHAPIT 3 rycTUMMU i
WiNbHO ynakoBaHuMK rpebiHuamun. bnnxye go anika-
nNbHOro nontocy 3'seunoca 6arato menaHocom. Anika-
NbHa nNnasMoriema BUSBASIE JOBri BiAPOCTKM, CNPSIMO-
BaHi [0 3O0BHIilLUHIX CErMeHTiB nanun4ok i Konbo4ok.
Came B uux ginsHkax (ikcytoTbCs menaHocomu. 30B-
HiLLHi cermMeHTn poTopeuenTopHUX KNITUH MaloTb He-
O[IHaKOBY TOBLUMHY — iXHi 3BYXXEHHSA NEePEeMeEXOBYIOTb-
ca 3 po3wupeHHAMKU. 36iNblUMnCca  MiKCErMeHTHI
npocTtopu. lNepeTnHyacTi Anckn HabyBaloTb po3LIK-
peHb, ax 40 BaKyoslb Pi3HUX pO3MipiB.

MepwukapioHn ¢oTOpeuenToOpHUX KIiTUH MICTATb
HEeBEeIMKY KiNbKiCTb opraHern. Y 30BHILHLOMY ciTyac-
TOMY LIApi CMHaNTWUYHI KOHTAKTU CTany MeHLU Bupas-
HUMU, HiXX Y nonepegHin TepMmiH gocnigy. Lle nposisns-

€TbCHA 3MEHLUEHHSAM NSO aKkCOHHMX 3aKiH4YeHb nanu-
YOK i KONBOYOK | AEHAPUTHUX — OBOMOJIFOCHUX HENPO-
HiB. Kaninspu 30BHILWHBOro KaninspHoOro crnneTeHHs
CiTKIBKM (MK 30BHILLHIM SOEPHMM i BHYTpILLIHIM Saep-
HUM LLapaMn OEeMOHCTPYIOTb PO3LLIMPEHUI NpOCBIT. B
eHgoTenioyMtTax iXHbOI CTiHKM LUTOMSia3Ma CTOHLLe-
Ha. Y BHyTpILIHbOMY CiTY4aCTOMYy LUApi MONEpeyHi ne-
pepi3n BiAPOCTKIB HEMPOHIB CyMiXHUX wwapiB gedop-
MYIOTbCS, iXHi MemMbpaHu He BUWSBMAOTb YiTKOCTI.
HenpoHun raHrnioHapHoro wapy npegcTtasneHi B Len
TEepMiH "ceiTnuMmn” i "TemHumun". "CBitni" HempoHn ma-
I0Tb BENUKI aapa, HAbpsakny Herponnasmy, B SKiA Ha-
Byxni miToxoHApIT HeBenuknx po3mipis. "TeMHi" Hen-
POHM BOMOAiOTb YLUiNIbHEHO LUMTOMNNasMo, MIiTOXO-
HApPIAMK 3 4OCTaTHLO AOBIMMU rpebeHsaMu, uMcTepHa-
MW FPaHynsApHOI Ta arpaHynsapHOi eHaonnasMaTuyHoI
CiTKW, BiNbHMMK prbocomamu i noficomamu.

Yepes 90 fi6 nicns ocTaHHLOro BBEAEHHS apMa-
OiHy nirMeHTouMTM MaloTb BUAOBXKeEHI sapa 3 rpyboto
nepudepinHoo KoHaeHcauieto xpomaTuHy (puc. 3).

B ixHin uuTonnasmi BMABNAOTLCA HAbpsiKNi MiTo-
XOHAPIi, komnnekc [onbaKi Mae PO3LUMPEH MiLLEYKN i
KaHanbui. Bina HMX YacTo crnocTepiralTbCA MenaHo-
COMM Ha Pi3HUX CTYMNEHSAX PO3BMTKY, BMICT SIKUX Opi0-
HOrpaHynsipHuii, 3abapBreHHs Big CBITNOCIporo Ao
YyopHoro. 3'aBnsATbes aBTodarivHi dirypu. IHBariHa-
uii umTonemu H6asanbHOro nontocy Hernnboki. basanb-
Ha meMbpaHa nirMeHTHOro eniTenito po3nyLueHa.

TpuBae gedopmadis 30BHILLHIX CErMeEHTIB nanu-
Yok i konbo4ok. Mpn HabnMXeHHi 30BHILLHLOro cerme-
HTa OO nirMeHTouuTa MenaHoCoOMU NepeMillyoTbCs B
BiPOCTKM MOro anikanbHOi MnasMoneMu i pyniHylTb
HabnwkeHi 4O HWX nepeTuHYacTi guckn. MembpaHu
OMCKIB KOHTYPYIOTBCS HEYITKO. Y 30BHILLHbOMY siiep-
HOMY Llapi nNpuBepTae yBary 3MeHLUeHHs ob6'emy ne-
puKapioHiB (hOTOPeLIenTOPHNX HENPOHIB, BOAHOYAC i3

Puc. 2. Hopmanisauis ToBLwmHM membpann Bpyxa (MB),
rmnooKki iHBariHaujii 6a3anbHoi Nnasmonemm nNirMeHToUuTIB
(1), ixHi menaHocomm (M), miToxoHapii (MiT). TepmiH goc-
nigy — 27 gi6. EnektpoHHa mikpodgoTtorpadis. 36.: x6000

Puc. 3. Agpo (A) nirmeHToumnTa, Habpskni MiToxoHApIi, Me-
naHocomu (M), gecpopmauis 3oBHiLHiX cermeHTiB (3C) na-

NNYOK, OeCTPYKLUis nepeTnHyacTux guckis (O). Tepmin gocni-

ay — 90 pi6. EnektpoHHa mikpodoTorpadis. 36.: 12000
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NOrnMUBGNEHHSAM Y HUX AUCTPOMIYHMX NPOLECIB. Y 30B-
HiLLHBOMY CITYaACTOMY LUApi KOHTaKTYIoui 3 HAMMK OeHa-
pUTKN OBOMOJSIOCHMX HEWpPOHIB Habpsikni, nedopmoBa-
Hi. CMHaNTU4YHi KOHTaKTXM MawTb PO3MUTI Mpe- i NocT-
CYHanNTU4YHi mMemMbpaHnu. LlMTonnasma ABOMOMOCHUX
HEeMpoHiB Habpsikna, BOHW TiICHO NpuUNSArarTb OAWH 40
ofgHoro. Y kaninspax BHYTPILWHbOrO KaninspHoOro
CNINETEHHs1 CMOCTepiraeTbCsi 3HA4YHe HepiBHOMIpHE
NoTOBLLEHHA GaszanbHOi MemMbpaHu, B PO3LLEnfeHHi
sKoi nepebyBalOTb NEPULMTU HA AOCTaTHbO BEMMKIN
JOinsHUi no nepumeTpy Kaninsgpa. B eHpoTeniountax
Ha NOMeHarnbHii NOBEepPXHi CMOCTEepIrarnTbCA BigpOCT-
kv napyconogibHoi popmu.

Y HacTynHomy TepMmiHi gocnigy (120 gi6) TpuBae
necrabinizauis ynbTpaMikpockoniyHoi 6ygoBuM KOMMO-
HeHTIB CiTkiBKM. Y Ba3anbHOMy Kommnnekci (MmembpaHi
Bpyxa) ocHOBHa nnacTuHKa kaninsipa TOHKa, nepepwu-
BUCTA, 30BHILLHIM | BHYTPILLHIA BOMOKHUCTI LWapu pos-
LUMPEHi i po3nyLUeHi, enacTyHUn Lwap ToHkuh. 6a3a-
nbHa memOpaHa NirMeHTHOro enitenito piBHOMipHa 3a
ToBLUMHOM0. IHBariHauji 6a3anbHOi nnasmonemu nirme-
HTOUMTa Hewwupoki. AQpo nirMeHTouMTa OKpyrie 3
NMipHOI0 NepundepinHo KoHAEHcaUiE XpomaTuHy. Y
uuTonnasMi CnoCTEpiralTbCA MITOXOHAPII, YUCIEHHI
mMenaHocomu 1 asTodarocoMu. Miweykn i nyxupui
komnnekcy ronbmxi poswmnpeHi. Biapoctku anikansHoT
nnasMonemMu [OOBri, TOHKi, HaGnMXeHi A0 30BHILLUHIX
CErMeHTIB Manu4yok i konbo4dok. Mik HuUMM 4acTo i
rycTo nokanisyloTbca mernaHocomu. BigpocTkm oxon-
MNIOKTb YaCTUHWM 30BHILLHIX CErMeHTiB 3 YCix OOKiB.
lMepeTnHYaCTi AUCKU HE MatOTb YiTKOCTi KOHTYPIB iXHiX
mMembpaH, 4Yacto nepebyBaloTb y CTaHi AeCTpyKuil 3
YyTBOpPeHHsAM parocom. Lltonnasma nepukapioHis
hoTopeLenTOpHNX HENPOHIB  (30BHIWWHIN  AAepHUIA
wap) Habpsikna. Y 30BHILIHbOMY CciT4acToMy LUapi
BIAPOCTKM HENPOHIB Ha NonepeyHoOMy 3pi3i BUABMASAIOTb
0O3HaKn Habpsiky, MITOXOHAPIi akCoHiB AedopMOBaHi,
HabpsKkni Ta, NepeBaxHo, i3 KOPOTKUMW rpebiHusaMM,
30BHIWWHA MiTOXOHApianbHa MeMmbpaHa 36epexeHa.
[1BONONIOCHI HENPOHN 3MEHLLEHI B po3Mipax, LUiNbHO
npunsararoTe OAWMH A0 OAHOr0. XapakTepHUM Ans LibOo-
ro TepMmiHy gocnigy € HasBHICTb YMCMEHHUX BiApOCTKIB
NpoOMeHeBUX rMiouunTiB B yCiX Llapax cCiTkiBku. Posra-
NY>XEHHs1 BIigPOCTKIB MPOMEHEBMX FMiOUUTIB Y LENn
TEPMIH MIOKPECNOE iXHE 3HAYeHHs AN MigTPUMKU
peTvHanbHUX HEWpPOHIB, KON BUHUKAE noTpeba B 3a-
0e3neyeHHi iXHbOT TPOikK Ta aHTUOKCMAAHTHOI Aii Ha
cdoTopeuenTopu i perynsuii remato-eHuedaniyHoro
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Gap'epy citkiBku [8]. [JOoCcMTb 4YacTo cnocTepiratoTbCcs
Kaninapy K y 30BHILWHbOMY, TaK i Y BHYTPILUHbOMY
KaninapHOMYy CNneTeHHi CiTKIBKU.

BucHoBku

1. BcraHoBNEeHO NO3UTMBHUI BNNWB apMafiHy Ha CiT-
KiBKY MpW nakniTakcen-inQykoBaHin peTuHonarii, Wwo
nposienseTbesa 3 7—14-i 4obu akTMBaUieto NirMeHTo-
unTiB, YiTKMMM obpucamy nepeTuHYacTUX AMCKIB
Nanu4yok i KoNGOYOK, 3MEHLLEHHSIM KiNlbKOCTi BHYTPI-
LWHBOAMCKOBMX BaKyornb; 36inbLieHHsM o6'emy ne-
pVKapioHiB HEWPOHIB, MITOXOHAPII MawTb Aobpe
BMpaxeHi Mem6paHu i rpebiHLi; CMHaNTUYHI KOHTaK-
TN MiX HepoHaMu Ta iXHiMK BigpOCTKamMu B 30BHi-
LWHBOMY ciT4acToMy Lwapi (cdepynu) 4iTko okpec-
neHi. Y Kaninapax CiTkiBkM B UMTONMNas3Mi eHaoTeni-
ouuTiB 6ina noMeHanbHOI nnasmoneMu 3ocepe-
PKYIOTBCS MIKPOMIHOUUTO3HI NyXmpLi.

2. Ha 21-27-y poby noninwyeTbCa CTaH Kaninsapis
CYAVHHO-KaninspHoi nnactuHku. Cknagosi membpa-
HM Bbpyxa cTalTb TOHLIMMMW, HOPMani3yeTbCa TOB-
LWMHa iXHbOI 6asanbHoi MembpaHu. Y uuTonnasmi
eHpoTeniounTiB  CNocTepiraeTbCa  MiKPOMIHOLMTO3.
OynoBa [BOMOMIOCHUX | FaHrMiOHApHUX HEWPOHIB,
CTPYKTYP BHYTPILIHBOrO CiTY4aCTOro i Lwapy HepBoO-
BUX BOJTOKOH HOPMani3y€eTbCs.

3. Big 60-i pobu nounHalTb NPOSIBASATUCA O3HaKU
He[oCTaTHOCTI BNNMBY apMafiHy: po3nyLyloTbes
6asanbHi MeMbpaHu kaninspie 1 enitenito, gedop-
MYIOTbCH  30BHIlLHi CEerMeHTU oTopeLenToOpPHUX
KNiTWH, 36iNblWYyOTbCA  MDKCErMEHTHI  npocTopu,
YTBOPIOIOTLCS Bakyoni B MepeTMHYacTMX OucKax,
y Herponnasmi HEeWpoHiB 3'ABMAOTbCA O3HaKu
Habpsiky.

4. Ha 90-120-y pobwu TpmBae pectabinizauis mem-
OpaH 30BHILLHIX ANCKIB hOTOPELEeNTOPHUX KITiTUH, Y
MITOXOHAPISAX BUABMSIOTLCS MOPYLUEHHS BHYTPILU-
HbOI MITOXOHApianbHOI MeMOpaHu, akTMBYETbCSH
OiAnNbHICTE NpoMeHeBux rriounTie. OTpuMaHi Hamu
pe3ynbTaT NiATBEPOXKYHOTb AYMKY Npo Te, WO ap-
MagiH (CUHOHIM MeKcuaomn) NPOTAroM OAHOro Mics-
LS nicrs OCTaHHbOrO MOro BBEAEHHSI YMHWUTbL MO3M-
TUBHWWA BMNAMB Ha MeMOpaHHi CTPYKTYpW HeWpoHiB
Ta crnpusie 30epexeHHI0 raHrmioHapHUX KIITUH CiTKi-
BKM NpW naknitakcen-iHaykoBaHi petuHonartii. 1o-
ynHatoum 3 90-i oobwn, ais apmaginHy cnabwae i Hen-
poHU HabyBaloTb ANCTPOMDIYHUX 3MIH.
MepcnekTnBmn nopganblumnx AochnimkeHb. Buko-

PUCTaHHS aHTMOKCUMOAHTHOro fikapcbkoro 3acoby

(apmaginy) y cxemax ximioTepanii 3 BUKOPUCTaHHAM

nakniTakceny Moxe crnpuatv 30epexeHHo mopdorno-

rYHUX CTPYKTYp i dpyHKUil CiTKiBKM, WO notpebye
noganbLUMX KNiHIYHKUX OOCNiOXEHb.

References
1. Polomano RC, Mannes FJ, Clark US, Bennett GJ. A painful peripheral neuropathy in the rat prodiced by the chemo-

therapeutic drug, Paclitaxel. Pain. 2001; 94 (3): 293-304.

2. O'Driscoll C, Doonan E, Sanvicens N, Messeguer A, Cotter TG. A novel free radical scavenger rescues retinal cells in
vivo. Exp Eye Res. 2011; 93 (1): 65-74. DOI: 10.1016/j.exer.2011.04.007.

3. TezcanY, Surmeli M, Tastekin D, et al. Bilateral Cystoid Macular Edema Secondary to Paclitaxel Treatment. Arch Iran

Med. 2015; 18 (9): 606-7.

YKpaiHCbKUM XXypHan meguuunHu, 6ionorii Ta cnopty — Ne 5 (7) 23



MenowuyHi Haykun

4. Bonilha VL. Age and disease-related structural changes in the retinal pigment epithelium. Clin Ophthalmol. 2008;
2 (2): 413-24.

5. Tanaka Y, Bando H, Hara H, Ito Y, Okamoto Y. Cystoid macular edema induced by nab-paclitaxel. Breast Cancer.
2015; 22 (3): 324-6. DOI: 10.1007/s12282-012-0373-y.

6. Duggett NA, Griffiths LA, Flatters SJL. Paclitaxel-induced painful neuropathy is associated with changes in mitochon-
drial bioenergetics, glycolysis, and an energy deficit in dorsal root ganglia neurons. Pain. 2017; 158 (8): 1499-508.
DOI: 10.1097/j.pain.0000000000000939.

7. Flatters SJ. The contribution of mitochondria to sensory processing and pain. Prog Mol Biol Transl Sci. 2015; 131:
119-46. DOI: 10.1016/bs.pmbts.2014.12.004.

8. Vecino E, Rodriguez FD, Ruzafa N, Pereiro X, Sharma SC. Glia-neuron interactions in the mammalian retina. Prog
Retin Eye Res. 2016; 51: 1-40. DOI: 10.1016/j.preteyeres.2015.06.003.

9. Kuznetcova TI, Cech P, Herbort CP. The mystery of angiographically silent macular oedema due to taxanes. Int Oph-
thalmol. 2012; 32 (3): 299-304. DOI: 10.1007/s10792-012-9558-9.

10. Mecklenburg L, Schraermeyer U. An overview on the toxic morphological changes in the retinal pigment epithelium
after systemic compound administration. Toxicol Pathol. 2007; 35 (2): 252-67. DOI: 10.1080/01926230601178199.

11. McCormick B, Lowes DA, Colvin L, Torsney C, Galley HF. MitoVitE, a mitochondria-targeted antioxidant, limits pacli-
taxel-induced oxidative stress and mitochondrial damage in vitro, and paclitaxel-induced mechanical hypersensitivity
in a rat pain model. Br J Anaesth. 2016; 117 (5): 659-66. DOI: 10.1093/bja/aew309.

12. Duggett NA, Griffiths LA, McKenna OE, de Santis V, Yongsanguanchai N, Mokori EB, Flatters SJL. Oxidative stress
in the development, maintenance and resolution of paclitaxel-induced painful neuropathy. Neuroscience. 2016; 333:
13-26. doi: 10.1016/j.neuroscience.2016.06.050.

13. Peng CX, Li GL. Current opinions about using of medication intervention as neuroprotective therapy for degenerative
ocular fundus diseases. Zhonghua Yan Ke Za Zhi. 2012; 48 (10): 943-7.

14. Rojas JC, Gonzalez-Lima F. Mitochondrial optic neuropathy: In vivo model of neurodegeneration and neuroprotective
strategies. Eye Brain. 2010; 2: 21-37. DOI: 10.2147/EB.S9363.

15. Noguchi Y, Nishimura R, Kawara H, et al. Survey of current status of adverse ocular reactions to paclitaxel and a ret-
rospective analysis for aiding in early detection of adverse reactions. Gan To Kagaku Ryoho. 2013; 40 (6): 819-22.

YOK 611.843+616-08-07+611.08

YNbTPACTPYKTYPHbLIE UBMEHEHUA B CETYATKE IMA3A

MPU KOPPEKLUWW NAKNUTAKCEN-MHAYLUMPOBAHHON

PETUHOTOKCUYHOCTU AHTUOKCUOAHTHbIM NMPEMNAPATOM

Hoeza H. 3.

Pe3rome. B ekcnepumenTe 80 6enbim Kpbicam BHYTPMOPHOLIMHHO BBOAUNW naknuTtakcen (Actavis, PymyHis)
B [03e 2 Mr/Kr Maccbl Tena 4yepes ogHu CyTku 4 pasa, cyMmapHas go3a — 8 Mr/kr, nocne 4ero 48 >XUBOTHbIM
BBOAWMW BHYTPUBPIOLWMHHO apMaguH (2-3Tun-6-metun-3-ruapokcunupuaunHa cykuuHat B gose 10 mr/kr, 32 Kpbl-
Cbl (KOHTPOJb) MoNyYyanu BHYTPMOPHOLWMHHO BOAY ANA MHLEKLMI. YCTaHOBIEHO, YTO MOMOXWUTENBHOE BNUAHME
apmagmHa Ha ceTyaTky Npw naknuTakcen-uHAyLUMpOBaHHON peTuHonaTum NposBnseTcs ¢ 7—14 cyT akTMBaumen
NMUrMEHTOLMUTOB, YETKUMW KOHTypamMy MemMOpaHHbIX AMCKOB Marnoyvek u konbouek; yBenmyeHnem obbema nepu-
KapuoHOB HENPOHOB, MUTOXOHAPUU UMEIKOT XOPOLLO BblpaXeHHble MemMBpaHbl 1 rpebeLLKn; CUHaNTUYeCKne KOH-
TaKTbl MeX4y HepoHaMu U UX OTPOCTKaMM B Hapy>KHOM ceTyatom crnoe (cdpepynbl) YETKO oyepyeHbl. B kanun-
ngpax cetyaTkM B UMTOMnasme SHOOTENUOUMTOB BAOMb JIIOMEHAaNbHOW Mnna3maneMmbl COCpefoTaynBaoTCs
MWKPOMWHOUMTO3HbIE Be3nKynbl. Ha 21-27 cyT HOpmManuayeTcs COCTOsiHWe GasanbHOro Komnnekca, ABYXMo-
TIOCHBIX U F@HIMMOHAPHBLIX HEMPOHOB, CTPYKTYP BHYTPEHHErO CeTyaToro U Crnosi HepBHbIX BOMOKOH. OT 60 cyT
HauMHaloT NPOSBASATLCA NPU3HAKN HEJOCTAaTOMHOCTY BNNSHUS apmaauHa. Ha 90—120 cyT npoucxogut gectabum-
nmnsaunss MembpaH AWCKOB HapyXHbIX CErMeHTOB (DOTOPEeLEenTOPHbIX KMEeTOK, B MUTOXOHAPUSAX BbISBSIOTCS
HapyLleHUs BHYTPEHHeN MUTOXOHApWanNbHON MeMbpaHbl; akTUBUPYeTCa AeATeNnbHOCTb NyYeBbIX MMUOLUTOB.

KnioueBble cnoBa: naknurakcen, peTuHonaTusi, apMaavH.
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Ultrastructural Changes in the Retina during the Process

of Paclitaxel-Induced Retinotoxicity Correction using Antioxidant Drug

Dovga N.

Abstract. Paclitaxel is widely used in the antiblastic treatment schemes, although with side effects observed.
Last ones can include vision defects, whose pathogenesis is determined by a few factors: the structural changes
of the pigmental epithelium; the rods and cones termination, oxidation caused damage, mitochondrial dysfunc-
tion. From our point of view, such states’ treatment or correction can be conducted by means of antioxidants. The
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purpose of the research is to study the ultrastructural changes in the retina during the Paclitaxel-induced reti-
notoxicity correction using Armadin.

Materials and methods. 80 white rats received intraperitoneal injections of Paclitaxel (Actavis, Romania) dosed
2 mg/kg of body weight, 4 times every 24 hours were examined. The total dosage equaled 8 mg/kg. 48 animals
were injected with Armadin at the dosage of 10 mg/kg of body weight (the control group of 32 animals received
intraperitoneal injections of water). Pieces of retina were taken to be studied using the electronic microscope.

Results. One day after the last Armadin injection the rods and cones layer showed the unequal thickness of
rods as well as dystrophic and destructive changes in the inner segment of rods; the connecting cilium was of-
ten destroyed. We could observe swelling, outer segments deformation, disorganization of the membranous
discs of rods and their vacuolization. Between the outer segment discs separate melanosomes and their groups
could be defined. In the neuron perikaryons the neuroplasm was swollen, the organelles were hard to recognize,
the processes of photoreceptor and bipolar cells were of different sizes, and the components of the spherule
became more recognizable. In bipolar neurons the neuroplasm contained mitochondria with shortened cristae;
there were vacuoles and enlarged cisternae of the smooth endoplasmic reticulum. In the ganglion neurons the
neuroplasm was swollen. In the retina capillaries the endothelial layer was thin.

On the 7" and 15" days the pigment cells became active; they contained numerous melanosomes, their api-
cal processes have become shorter than those in the control group. The membranous discs of the rods had out-
standing contours, there were no big vacuoles. The neuroplasm volume in the perikaryons of photoreceptor cells
increased, the mitochondria have well distinguished membranes and cristae. The plasma membrane of the spher-
ules was also distinct. In the cytoplasm of bipolar neurons all organelles were easily identified. In the endothelial
cells’ cytoplasm capillaries micropinocytotic vesicles were concentrated along the luminal plasma membrane.

On the 21 and 27" days the basal complex state improved. The invaginations of the basal plasma mem-
brane of pigment cells became deeper, and the processes of the apical membrane became shorter, the melano-
somes became less numerous. The vacuoles were rare to see, and the cavities of the discs were enlarged. The
neuron nuclei were within the frames of norm. The spherules contained mitochondria and were tightly placed
alongside the plasma membrane of the horizontal neurons and created numerous synaptic contacts with them.
Between the spherules and the horizontal neurons areas of radial glial cells were located. The ultramicroscopic
structure of bipolar and ganglion neurons as well as the structures of inner plexiform and neuron fiber layers
have been normalized.

Within a 60 day term the main plate of capillaries and pigmental epithelium in the main complex (Bruch’s
membrane) were expanded. The invaginations of plasma membrane have been deepened; there were lots of
mitochondria with thick and tightly packed cristae. Approaching the apical pole we could observe a lot of
melanosomes and long processes. The outer segments of photoreceptor cells had the uneven width and con-
tained vacuoles, the intersegmental spaces have been expanded. The synaptic contacts of neurons were less
distinct comparing to the previous period. In the endothelial cells of the retina capillaries the cytoplasm was
thinned. The neuron processes were deformed and their membranes were not very distinct.

In 90 days the pigment cells contained swollen mitochondria in their cytoplasm; Golgi bodies had enlarged
vesicles and tubules, the melanosomes were on different stages of development, autofagic vesicles appeared,
too. The outer segments of rods and cones continued being deformed. Melanosomes destroyed the nearby
membranous discs. The neuron dendrites were swollen and deformed. The synaptic contacts had ambiguous
pre- and postsynaptic membranes. The capillaries were characterized by the uneven thickening of the basal
membrane. The endothelial cells on the luminal surface acquired sail-shaped processes.

In the next period of the experiment (120 days) the ultramicroscopic structure of retina components contin-
ued deforming.

Conclusions. It has been found out, that the positive effect of Armadin in Paclitaxel-induced retinopathy mani-
fested itself since the 7"-15™ day through the activation of pigment cells, the distinct contours of membranous
discs in rods and cones; the increased volume of neuron perikaryons; mitochondria had well-distinctive mem-
branes and cristae; the synaptic contacts between the neurons and their processes in the outer plexiform layer
(spherules) were well outlined. In the retina capillaries in the cytoplasm of endothelial cells, along the luminal
plasma membrane micropinocytotic vesicles were concentrated. On the 21-27" day the state of the basal com-
plex, of bipolar and ganglion neurons, of inner plexiform and neuron fiber layers improved. Starting from the 60"
day the first signs of Armadin lack appeared. On the 90"-120" day the destabilization of cell membranes kept de-
veloping, the mitochondria manifested the inner membrane damages; the radial glial cells became more active.

Keywords: Paclitaxel, retinopathy, Armadin.
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PekomeHdosaHa 0o OpyKy Ha 3acidaHHi pedakuyiliHoi koneaii nicrs peyeH3ysaHHs
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