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IIpoiroyog

H mapodoa ddaktopikn dwatpiPr] amoteiel tov enihoyo evog tetpaeroc ta&id1o0
yepdtov avdapeikto cuvoictnuoto. To 2016 dtav eviaybnko 610 LETATTUYIAKO TPOYPOLLLLOL
«Nevpoemotnuavy g latpikng Xxoing, dev mepipeva Toté 6Tl o PTACEL KATOTE 1) GTIYUN
mov Ba olokAnpova Swaktoptkn datpPn Kot paMote oto medio TG QOPUOKOAOYINS.
Qo1660, Timoto O Bo ATAV EPIKTO Y®PIC TNV TOAVTIUN GUUPBOAN OPKETOV OVOPOT®Y, GTOVG
0mo10VG OPEIA® VA EKQPAG® TNV ELYVOUOGHVY LOV.

Apywd, Ba Beha va gvyaplotion Pabvtata v emPrémovco KabnynTplo Hov Kot
Opoétiun Kabnynpia @appaxoroyiog, ko Kvplokn @gppod, yio tnv evkapio wov pov Edmoe
va dovAéym 610 gpyactpld G H ovvepyacia pov pe v ka Ogpuov Eekivnoe micom 10
2017 6tav, G PETATTUYLOKOG (OLTNTHG, £KOva TO TTp®MTO rotation 6to epyaotiplo e ApKetd
ayYoUEVOS Kot oPiopévog tote, Ko’ 0Tl TpoegpyOovy amd éva Bempntikd vofadpo, n Ka
Oeppov £de1&e TiTAvia Katavonon, micteye o uéva kat e fondnoe dote Kot yd o 1810¢ va
TOTEY® OTIG SVVATOTNTEG OV, YEYOVOG TTOV apYOTEPO, OO YNGE GTNV EMTLUYN OAOKANP®OOT
™G SMA®UOTIKNG pov 610 gpyactnplo. H ko ®Ogppod amoterel vmdderypo evdg Gpiotov
pévropa. Ko™ O6An v didpkele Tov S100KTOPIKOV, MTAV TAVTO, TOPOVGO, OTOLNONTOTE
oTLYUN Kot va TV ypelalopovy. AkOUN Kot 6€ SVOKOAEG TPOCMTIKES TNG OTIYUES, TPMTUPYIKO
™G LEANUO NTAV 0L VTTOYNPLOL SIOAKTOPES Kol SOAKTOPIGGES TNG Kat 1 evpulun Aettovpyio
Tov gpyaotnpiov. H ko Ogppod pe fondnce vo katovonowm o AEITOVPYEL 0 GUVOPTUCTIKOG
KOGLOG TNG EMOTUNG KAl VO VIOBETAG® TOV EMGTNUOVIKO TpOTo okéyng. [Hapatmpdviag o
md00g NG KOl TNV AKATATAVGTN OpeEN TNG Yol TV SOLAELY TNG, KOTAVON GO Y10 TPMTY GOPd T
onuaivel vo ayomdel kaveic autd mov kavel. H aietooo0én omtikng g yio ™) {on yevikotepa,
cuvéfarav 610 vo avabewpniom dpdnv tov Tpdmo okéyng pov, kaf’ ot mpwv cvvinBilla va
vepTovVil® TO OPVNTIKG GTOXEID GE OMOLNONTOTE KOTAGTAON, TopufAémovtag Ta OeTIKA.
Emmpocbitmg, o meptodovg 6mov PpiokoOpovy oe SIANUUO GYETIKA HE TNV UEAAOVTIKY
EMOYYEALOTIKT] LOV EVACYOANOT|, LECH aMO TIC TOAAEG GUINTNOELS HOG KATAPEPD TEAMKA VO
GUVEIINTOTOGM Tl EIVOL AVTO TTOL UE EVYOPLOTEL VO KAV®. Ot ToADTIES GUUPBOVAEC TNG KoL M
ocvveyn g kabodrynomn, Oyt povo oe Bépata tov epyactnpiov, pe Pondnoav va yivo
KOADTEPOG EMGTHLOVAG, OALA Kol Vo EeAy0d ¢ avBpwmog. Evyapiotd Aowmdv ka Ogpuov,
O10TL TEP amd pion APLOTN EMGTAUOVO, OTA cag giyo TV gukaipio. Vo Yvopicm Kal va
aproto avBpomo kol eATI{® KATOW OTUYU VO KOTOQEP® VO GOG LOWIoW, £0T® KOl GTO
e dLoTo.

Oa Mfela oto onpeio avTO Vo ELXUPIGTACW TO VITOAOUTA UEAN TNG TPLLEAOVS OV
enutporng K. Tomumdpn, Kabnynth Oeboiporoyiag ko k. Koaotedddxm, AvomAnpot
Kabnynt Yvyoevcsoroyiog yio v Kabodnynon Kot Tig ¥pioeg cuPovAég oe OAn Vv
SLIPKELD TOV JOUKTOPIKOD. AKOUN gVYaPIoT® Oepud To, VITOXOITO WEAN NG EMTAUEAOVC
enuporng k. Ilavayn, KaBnynt Buowvyoloyiog, k. Xoapoioumdémovio, Avaminpot
Kabnynt Ooappaxoroyiog, ko Baciddkn, Emikovpn Kabnyntpio doppoakoroyiog kot ko
Y1ompomovrov, AvamAnpoatpio Kabdnyntpio Nevpogucioroyiag, yio tov ypoévo mov 6Oa
aPIEPMOGOLY OtV avayvoorn kot afloldoynon g mapovoog Swrpiprg. Eva  peyddro,
Eexymprotd evyapot® ailel otov ko KaoteAldkn kot tov ko IMovayn, kabmdg kotd to
TPOTTUYLOKG LOV YPOVIK OTOTELECHV TOLG TPMTOVG «OOCKAAOVG» TOL LOV UETEOMCOV TNV
Y& TOVG Y10 TOV CLUVOPTAGTIKO KOGLO TNG VEVPOETIGTHUNG.

Y10 onueio avtd Ba MBeha vo avapepdd oto vrodlowma PEAN TOL gpyaoTnpiov.
Apywcd Bo MOeko vo evyapioom v Zogio IMamadoykwvakn, kabh¢ pe Ponbnoe va
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evioybd oTo €pyOcTAPO HE TOV KOADTEPO duvaTOd TPOTO, LOBAIVOVTAG LoV apKETEC VEES
TEYVIKEG KOTO TO EeKivud pov, TAvTa pe TNV KOADTEPN TV d100EGEwY, TOPA TOV GOPTO
gpyooiag e 'Yotepa éva peydro guyoapiotd otn Nikn Mactpodnuov, n onoia oy mdvta
exel yo otionmote ypetaldpovy, AHVOVTIAS Lov TuyOV amopieg Kol TPOPANUATIGUOVS GYETIKE
pe 1o mepdpata kow to {do. Téhog, dev Bo pmopovoa vo moporeiyo v ZoAPla
Atovvcomovrov, 1 onbeta g omoiog o kabnuepiv| Bdon NTov KOBOPIGTIKY Yo TNV EMTUYY|
olokAnpworn g owTpPnc pov. Emmiéov Ba MBela va  evyaplotiom TG TPELS
wpoavapepbeioeg Kupieg, Yo TNV CLUPOAN TOVG GTNV KATAVONOT] LOONUOTIKGV VTOAOYIGUMV,
péco tov Toyvpubumy, ilaitepev padnudtov mov pov mapeiyav oty dAyefpa kol v
wnueia. To e€aipeto Khipo cuvepyaciog kot aAiniofondelag mov vapye AvApesd pog fTav
KaBoploTIKdG TAPAYOVTaS, OV EKOVE TNV €KTOVNGON NG OTPiPr|g OV GTO GUYKEKPLUEVO
gpyaotnplo pio povadikn sumeipio. Télog mépa amd tpelg eaipeteg GLVAOEAPOVG, OTEKTNON
Tpeilc véeg PileC, TIG OTOIEG KOl ELYUPIOTA Y10, TIC OUOPPEG KOl O0OKESUOTIKEG GTIYUEG TTOV
TEPAGALLE KO EKTOG EPYOTTNPIOV.

H mopeia mpog v oAoKkAp@otn Tov SO0KTOPIKOL Topd TO YEYOVAS OTL amotelel pia
povodk| eumelpia, eivor emiong éva 6vokolo Tafidt pe mokideg ocvvolcONUOTIKEG
dwakvpdveeic. ' avtd tov okond ypetdlecar Tovg gilovg, avlpdmovg mov Bo Gov cTabovv
o€ TUYOV dLoKOAies kal Ba kdvouv avtd to Taidt va polalel bkoro. 'Etol Aowmdv BéAm va
gvyoptoTo® Tovg Xpuodvom Ilaydakn, I'évvn Toeekobpa kot Bikv Koatedmvn yio tnv 10w
VTOGTNPIEN MOV TOaPEiyoV Kotd Tnv O1dpKel, OAMYV OVTOV TOV YPOVeV, KOG Yo, Tnv
cuuPoAn Tovg oto Vo yivel 1 mopapovi] pov oto Hpdxielo pia mo evydpiotn kon
GUVOPTOCTIKY] EUTELPLQL.

Téhog, eipar Wraitepa guyvoumy otov matépa pov ['dvvn, tov dvBpomo mov navta
pe otple KoL Tov LOVO oL LE TPOLTPENE TAVTO VA KAv® OTL LE gvuyaptotel oty {on pov,
otdNTote Kot vo frav avto. [oapd 1o yeyovog 0Tt «Epuyen vopic omd Kovid Hov, 1 EuyipLloTn
avauvnon tov oTiyu®v mov (Moape poall omoteiel ywoo guéva mnyn SvVOUNG, GOOTE va
ocuveylow va metvyaiveo oty (0N pov. ‘Eva peydio guyapiotd, opeilo ctov mommod pov,
MuyéAn, mv vy pov, Hoavoayidta, tnv adeper pov, Miyaéra Kot tnv pntépa pov, Mapia
Ol 07010l TTAVTO TOTEVAV GTIG SLUVOTOTNTES LOV KOl OTOTEAEGAV GTUOVTIKO GTHPLYUO OTIS
OVOKOAEG KATOOTACELS. XWPIG TNV auéplotn cvumapdotacn kot fordsia tovg, dev Ba quovv
TOpa oTNV eVYAPIoTN BEom Vo YPAP® CVTES TIG YPOULES.
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YVVTONOYPUPLES

2-AG: 2-Arachidonoyl-glycerol, 2-
Apaydovoir-yAukepoin

ABHDG6: alpha/beta-Hydrolase domain
containing 6

ABHD12: alpha/beta-Hydrolase domain
containing 12

AEA: N-arachidonoyl-ethanolamine, N-
apaydovodr-ebavorapivn (avavtapio)

AGEs: Advanced Glycation End products

AMPA: a-Amino-3-hydroxy-5-Methyl-4-
isoxazolePropionic Acid

ATP: adenosine
TPLPOOPOPIKY 0dEVOGivN

triphospate,

BRB: Blood Retina Barrier,
ApeBinotpoctdikdg Dporyprog

Auwaro-

BDNF:  Brain-Derived  Neurotrophic
Factor
bNOS: brain nitric oxide synthase,

ouvvBetdon Tov povo&eldiov Tov aldTov

cAMP: cyclic adenosine Monophosphate,
KUKAIKY] LOVOQMGPOPIKN AOEVOTTvN

CBL1: Cannabinoid receptor type 1

CB2: Cannabinoid receptor type 2
CD-31: Cluster of Differentiation 31
CNS: Central Nervous System

DAG: Diacylglycerol, diaxvioylokepdin

DAGL: Diacylglycerol Lipase, Mmdon g
SLoKVAOYAVKEPOANG

DMSO: Dimethyl Sulfoxide

DR: Diabetic Retinopathy
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DSE: Depolarization-induced Suppression
of Excitation, emaydpevn oamd ekmOAmon
KOTOGTOAN NG €yEpPoNg

DSI: Depolarization-induced Suppression
of Inhibition, emaydpevn omd ekmOA®ON
KOTOGTOAY TNG AVOGTOANG

EB: Evans Blue

ECS: Endocannabinoid System,
gvookavvafivoedikd cuotnua (1 cHGTHUA
TV EVOOYEVVDV KVVABIVOEIODV)

ELAM-1: Endothelial
Adhesion Molecule 1

Leukocyte

FAAH: Fatty Acid Amide Hydrolase,
OL00-VOPOALOT TOV AMTAPDOV 0EEMV

GABA: Gamma-AminoButyric Acid, y-
apvoBoutupikd o0&y

GCL: Ganglion Cell Layer, yoyylaxn
oTiada

GFAP: Glial Fibrillary Acidic Protein

GLAST: Glutamate—Aspartate Transpo-
rter

GPCR: G Protein Coupled Receptor
H&E: Hematoxylin and Eosin

Ibal: lonized calcium-Binding Adapter
molecule 1

iBRB: inner Blood Retina Barrier,
€0MTEPIKOG ANOTO- AUPIPANCTPOEIOIKOG
Dparypog

ICAM-1: Intercellular Adhesion Molecule
1

ILM: Inner Limiting Membrane,
Ecwtepikn Agpopiotikn Meufpdvn



INL: Inner Nuclear Layer, eowtepikn
TUPNVIKN oTIdd

I.p: intraperitoneal, evéomepitovaikd

LTD: Long Term
LOKPOTTPODEGUN KOTAGTOAN

Depression,

LTP; Long Term Potentiation,
pokpompOdecun eVOLVAL®OOT)

LPS: Lipopolysaccharides, Auromoiv-
caKyopiteg

MAGL.: Monoacylglycerol Lipase,

Aurdion g HOVOUKLAOYAVKEPOANG

MAPK:
Kinase

Mitogen Activated Protein

methAEA: pebovavtopidio

NAM: Negative Allosteric Modulator,
OPVNTIKOG OAAMGTEPIKOG PLOUIGTNAG

NAPE-PLD: N-
Acylphosphatidylethanolamine
phospholipase D, N-apoydovodr-
QoopatidvAosdavorapivn

NFkB: Nuclear Facor kappa B
NFL: Nerve Fiber Layer

NGF: Nerve Growth Factor, av&ntikog
TOPAYOVTOG T®V VEDPOV

NGS: Normal Goat Serum
NT: Nitrotyrosine, vitpotvpoocivn

oBRB: outer Blood Retina Barrier,
gjoteptkog Aato- ApEIPANcTpoetdikog
Dparypog

OCT: Optical Coherence Tomography,
OTLTIKY| TOLOYPAPic, GLVOYNG

OLM: Outer Limiting Membrane,
Efwtepikn Agopiotik) Meufpdavn

ONL: Outer Nuclear Layer, eotepikn
TUPMVIKY GTIPAdA

[8]

OPL.: Outer Plexiform Layer, eEwtepikn
SikTLOTN oTIRAdA

PAM: Possitive Allosteric Modulator,
BeT1KOG OAA®GTEPIKOG PLOIGTNC

PARPy: Poly (ADP-ribose) polymerases
PBS: Phospate Buffer Saline

PEDF:
Factor

Pigment  Epithelium-Derived

PFA: Parafolaldehyde

PHARC: Polyneuropathy, Hearing loss,
Ataxia, Retinitis pigmentosa, and Cataract,
[ToAvvevpomddeia, OTOAELN 0KOTG,
Ataio, Mehayypootikp ApeiAinctpo-
g1oondOeln ko Katoappdrtmg

PIP,:
sphate

Phosphatidylinositol 4,5 bispho-

PLC: Phospholipace C, docporidon C

RAGEs:  Receptor for  Advanced
Glycation End products

ROS: Reactive  Oxygen  Species,
Avtiopaotikég Pilec O&uyovou

RPE: Retinal Pigment Epithelium,
ueAdyyovv extOniio

SEM: Standard Error of Mean, tumucod
GOALLO TOV HEGOL OPOV

STZ: Streptozotocin
TBS: Tris-Buffer Saline

TNF-a: Tumor Necrosis Factor alpha

VCAM-1: Vascular Cell Adhesion
Molecule 1
VEGF: Vascular Endothelial Growth
Factor, oavénrikdég mapdyoviag TOV
ayyeiov
VIP: Vasoactive Intestinal Peptide,

OYYELOOPUCTIKO EVIEPIKO TEMTIO0



wfi: water for injection

AAD:
Dparypog

Ayoto-opeiBAncTpoedikdg

AA: Aotk ApeipAnotposidonddeio

AAEX:  Awfntuky  Apeipinotposido-
nmaPeia EEeAypévon Ztadiov

AAIIE:  Awfntixky  Apeipinotposido-
maBeio [pdipov Ztadiov

AK: Aot Kopdromafeia
AN: Aofntikr) NepporndOeio

ANEY: Awfntikn NevpomdOela
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EKX:
VOEWO DV

Xootnuo  evdoyevav  KavvoPt-

KNZX: Kevtpikd Nevpkd Zootnuo

MIIAA: Mn [ToAamAac10GTIKN
Awpnticny ApeipAnoctposidondadeio

NAM: Nevpoayystokn Movada
0QK: Otdnpua Qypac Kniidog

MHAA: TloAlomhaciootiky — Aopntikn
ApeipAnotpocidondadeio

IINZ: ITeprpgpikd Nevpikd Zootnuo



Iepiinyn

Ewoayoyq: H dwpnrk apeipinotposidondBeia (AA), amotehel pio amd 115 Kupldtepeg
emmAokég Tov OwPnn kol yopoktnpileror ond ektetopéves PAafec ota ayyela TOL
OUPIPANGTPOEIDOVG, TNV TOPOLGia. AEYUOVIAS KOl TNV TPOOJEVTIKY EKQVUAICT Sl0(pOp®V
KUTTOP®V TOV AUPIPANGTPOEDOVS, OV 00NYEl Gg Lelwon TG OTIKNG 0EVTNTOS Kot TOOAWDOT).
To Bacikod yeyovog mov 0dnyel oty ekdniwon g AAG, glval 1 dlaTopoayn GTNV OUOIOGTACT)
NG «VELPOUYYEIOKNG Hovadag» (neurovascular unit) otov apeiAnotposidn, évag 6pog mov
YPNOOTOLEITAL 1oL VO TTEPLYPAYEL TNV GTEV] AETOLPYIKY oLVOEST Kot aAinie&dptnon
HETAED TOV VELPOVOV, TOV YAOLNKOV KUTTAP®MY Kol T®V 0yYEimV Tov appipAnctposidovg. H
xpovie vepylokopio otov d1aPnTn, LEWDVEL TNV £KPPOGCT] TPOGTATEVTIKAOV VEVPOTPOPIKAOV
TOPOYOVTIOV Kl AVEAVEL TNV EKQPACT] TPOPAEYLLOVOIDY TOPAYOVIMV, OTMG 01 KVTOKIVES KOl
0o avéntikdc mapdyovtag tov evdodnhokmv kvttdpov (VEGF). Avty 1 avicoppomia
GLUPGAEL OTNV TPOOSEVTIKY KATOGTPOPY] TV €VOOONAOKOV KuTTdpwV, Tov amaptilovy Ta
TOYMUOTO TOV OyYEl®V KOl GUVOETOUV TOV E0MTEPIKO OUATO-OUPIPATOTPOEIOIKO QPPayIo
(AAD), pe amotédeopa TV avénon g StomepatdTTAg TOV ayyelmv Kot TV €i60d0 61OV
OUPPANGTPOEDT] KVTTAPOTOEIKOV TOPUYOVTOV, TOV 00NYyohV GTNV €KONAMGT GAEYUOVNC,
woyopiog kot ofedmtikod otpec. TlapdAinia mopatnpeitol TPOOSELTIKN EKPOAICT] TMV
VELPIKOV KVTTAPOV TOV OUPIPANGTPOEOOVS, HECH OMONMTOTIK®V pnyavicumv. E&attiog tov
EKTETAUEVOV OALOYDV TOV GLUPAIVOLY KATE TO TpdIU 6TAde TG AAC, TapATNPEITAL KOt TO
(QOIVOUEVO TNG OVTIOPOOCTIKNG YAOIWONG, KOTA TO OmMOio TG HUKPOYAOLOK( KOLTTOPW, T
aoTpOKVLTTOPE Kot To  KOtTtopo  tov  Muller  evepyomolobvron kot gvdéxeton  va
OLOUEGOLOPAGOVY TPOPAEYUOVMOELS OTOKPIoELS, €VIGYDOVTOC KOT' OoUTOV TOV TPOTO TNV
vevpo-eAeypovr. H maiaidtepn anoyn mov Bempovoe tnv dafntikn apeipinotposidonddeio
omAG pion pikpo-ayyelakn oatapoyn, £xel ovobewopnbei, kb’ OtL mAéov o1 pelétec,
Aapupdvoov  cofapd VTOYN TOLC KOL TNV GULVEICQGOPO 1TNG VELPOEKPOAIONG OTNV
nafopuotoroyice tng vocov. Oloéva kol meplocdtepeg evdeiels, vmodewkvbovy OtL TO
0&EIOMTIKO OTPEG, 1 VELPOEKPVAICT KOl 1| PAEYUOVY] EKONADVOVTOL KATH TO TPDOLLO GTASLO
NG VOOOL KOl GE GUYKEKPLUEVES TEPIMTAOCELS TPONYOUVTAL TOV dTapoYdV ota. ayyeia. Ot
vapyovoeg Oepameieg yio v AA  (Aélep, evOoeOAAUIL €yyvuom TOPAYOVI®V OV
avactéAlovy tov VEGF kot o kopTikootepostdn), popuoloviol 6€ HETAYEVEGTEPO GTAIN
g vOcov, 6oL 1M OpaocT Tov acBevovg &xel TAEov vootel ueyddn PAGPn, evd otoyedovv
KUPIOC TNV AYYEWKT GLVIOCTMGH TNG VOGOV Kol OuTEPELOVIDG TNV QAeypovn. Katd ta
apykd otdola tng vocov, ol omoleg mapepuPdoeg mepropilovior omAd otov €AEYX0 TMOV
TaPoyOVTOV KIVOOVOL Yio TV vOc0, OTMG Ta, ETinedo YAVKOING kot 1 véptacn. H avaykn ya
TNV EVPECT] QUPLOKEVTIKOV TOPAYOVI®MV UE VEVPOTPOGTUTEVTIKEG KOl OVTIPAEYUOVMOELC
OpAaoEIC Kot 1 EPOPLOYT| TOVG KATA T apylkd oTddia Yéveong g AAg eival emitaktikn, Kb’
ot1 B pmopovoe vo, amoTELEcEL o KOAT OEpamenTIK GTPATNYIKNY Y10 TV OVTIUETOTLOT TNG
e&eMéng g vocov.

To EKX 6100étel 10 pOAO TOL VELPOPPLOUIGTH GTO KEVIPIKO VELPIKO GhoTNUA, KaODC gival
o€ 0éon vo eELEyyEl TAGEOEAEYXOUEVOLG SODAOVG OVIMV, TNV TPOGUVITTIKY ameAevOipman
TOU  YAOLTOUWIKOD 0&E0G KOl TNV  EVEPYOTNOINGY ONUATOSOTIK®V HOVOTOTI®V, OV
GUUETEYOVV GE CNUAVTIKES KUTTOPIKEG OOKPIGELS, OTT®G 1) eXPimon N N SPOPOTOINGT TOL
KuTTdpov. ZTov ouePAnctpoedn, ot CB1 vmodoyeig exppaloviar 6e dAPOPOLE TOTOVG
VEVPIKAOV KLTTAPOV, OT®G 0l PTobmodoyels, ta Ppoydva kot to yoyyAlokd kouttapa. Ot
CB2 vmodoyeic exppdlovtal katd KOpto Adyo 6€ KOTTAPA TNG YAOLOC, OTMG To. KOHTTUPO TOL
Muller ko1 m pkpoyroia, 6mov dwdpopatilovy wouPikd poéko oty pvdon TV
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QAEYHLOVOO®V amokpicewv. Ot Tpootatevtikés emdpdoelg mov emdekvoel 1o EKY og
VEVPOEKPUAIOTIKEG OlOTAPUYEG OTO VELPIKO OVOTNUM, €OV HeEAETNOel ektevdg.  XTOV
auQPANCTPOEdT]  HEAETEG  AVOQEPOLY  TIG  VEVPOTPOCTOTELTIKEG — OOTNTEG — TMV
KavvoPvogiddv, péom ¢ evepyomoinong tov CB1 vmodoyéwv, o opketd poviéia
aupipAnctpocdonabeidy. Qot0G0, EVPNUOTO OmO UEAETEG GE UOVTEAD ETMUTAOK®OV TOL
dwPnn, vmodeikvoovv, O6TL M evepyomoinorn tov CB1 vmodoyéa evioyvel 10 0&edmTiKd
OTPEG KOL TN QAEYHOVY], EVA 1 ¥pNo1 oaviayoviotov yia tov CB1 vmodoyéa, peidvel tov
Kuttopkd  Bdvato, TO  0&EWBOTIKO  OTPEC, TNV QAEYHOVH] KOl Topovoldlel
OYYELOTPOGTATEVTIKES OPAGELS, 6€ TaBNoelg Tov oyetiCovtal pe to dafntn. Ta gvpripata Yo
TIG TPOGTUTEVTIKEG OPAGELS TOV TPOKVATOVY OO TNV OVAGTOAN TNG evepyonoinong tov CB1
VIOJOYEMV, AVAPEPOVTOL KOl GE VEVPOEKQUAIGTIKES dloTapayes 610 ontikd cvotnuo. Ev
avtiBécel pe tov CB1 vmodoyéa, n evepyomoinon tov CB2 vmodoyéa v kavvafivoeidmy,
dropecorofel kaTd KOHPLO AOYO TPOGTATELTIKEG EMOPACELS, APOV gival oe B€om va HELDVEL
TNV QAEYHOVN], TO 0EEWBMTIKO OTPES KO TOV KLTTOPKO Bdvarto. Ot mpoctatevtikés Opacelg
tov CB2 ayoviotdv épovv emainbevbel oe poviélo emmAok@®v ToL OfnTn, Onmg 1
dwfntikn veppomdfeia, KaBDS Kol GE VEVPOEKPVAGTIKEG OLUTAPAYES GTOV EYKEPOAO KOl TOV
apuPANCTPOE. XTov avtinodo, TANOOG UEAETOV OVOQEPOLY TIS VELPOTPOGTUTEVTIKES
EMBPACELS OYOVIOTOV Y10, TOVG KavvaPivoedikovg vmodoyeic (CB1/CB2) oe oapketéc
aupipAnotpocidondfeleg kot €01KOTEPA o€ povtéda  dleyepoltogkdTTaS  GTOV
aupipAnctpoedn. [épav Tov AUEC®Y ay®VIGT®OV, 1| XYOPNYNOT AVOCTOAEWDY TV UETUPOAMK®OV
evlipov TV gvioKavvopvoelddy amotedel évav  EUUECO  TPOTO  YEPICUOV  TNG
ONUOTOOOTNONG TOVG HECH TeV  KavvoPwoedikmv vrodoxéwmv. Ilapd v mAnddpa
EVPNUATOV OTOV EYKEQOAO, OTOV OUQIPANCTPOELDN, TO ELVPHUOATE YO TIS OPACELS TV
avaoTOAE®V TV eVOOU®V LETABOMGUOD TV EVOOKAVVUPIVOEIOMY Eival EAGYIOTA.

Y1oy0g: Aappdvovtag vaoyn o TOPATAVED, GTOYOG TNG GLYKEKPLUEVNC Slotptng sivat 1
UEAETN] TOV  TPOCTOTELTIKOV  WOTATOV TV  KOvvoPvoelddv oe 000  Hoviéla
auPIPANGTPOEIdOTAOEIDY Kol Y10, TOV OKOTO antd ympiotnke oe 600 uépn: A. X10 Tp®dTO
uépog ypnowomombnke £€va in vivo povtého 800 ePdopddwv, emoydpevng  amd
otpentol0tokivn AA¢ o emipveg, 10 0moio TPOGOUOLALEL OTO TPAOUN GTASLN TNG VOGOU Kol
€EETAOGTNKOY Ol VEVPOTPOGTATEVTIKEG, Ol OVTIPAEYUOVAMOEI KOl Ol OYYELOTPOCTUTEVTIKEG
opdoelc, g yopnynong tomkd pécw otayovov: o) SR141716, avrayoviori tov CBlL
vodoyéa, B) AM1710, ayoviet| tov CB2 vmodoyéa kot y) GUVOLOGUOD TOV TOPATOV®,
SR141716+AM1710. B. Xto dgbtepo pépoc ypnopomomnke £vo in Vivo povtélo
deyepottolikotnrog enayousvng and AMPA otov appipinotposdn enipvov. Egtdomnkay
0l VEVPOTTPOCTOTEVTIKEC KOl OVIUPAEYLOVAOOELS OPAGEIS TNE EVOOVOAOEIOIKNG YOPYNONG TMV
aKoAovbmv avacToAé®mv TV PETAPOAIK®V eviOH®V TOL gvdokavvaPivoedovg 2-AG: o)
AM12100 [ovaotoréag tng alpha/beta-Hydrolase domain containing 6 (ABHD6)] and b)
AM11920 [owAdc avactoAéag Tng alpha/beta-Hydrolase domain containing 6/
monoacylglycerol lipase (ABHD6/MAGL)].

Mge0Oodoroyia: Xe Oho to TEPApOTO Ypnoponomdnkay apoevikoi kot Bnivikol Sprague-
Dawley emipveg (250-300 @). Tw ta mepdquata g AA, 1 ernoyoyd tov dSwfnm
npaypotomombnke pe pio evdomeprrovaixkn (i.p) yopnynon otpentolotokivng (STZ)
(70mg/kg). To mewpoapatélmo v omoiowv M yAvkoln Mrav >250 mg/dL Oeswpovvtav
Swfnrikd. Ta mpog perétn kavvaPivoeldn yopnyndnkav kabnuepwd yio 14 nuépeg pe v
poppny opBaipikdv otaydvov ce docoroyic 10 mg/ml, Eexwvdvrag dbvo nMuépeg petd v
yopnynon tov STZ. ZOppovae PE TOV TEPAUATIKO GYESIOGHUO TOV EQPOPUOCTNKE TPOEKVLY ALY
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ol akoAovBeg opddec: 1. Opdda eiéyyovt+ €kdoyo, 2.Awpntikd+ €kdoyo, 3. Alafnrikd+
AM1710, 4. Awpntikad+ SR141716, 5. Awpnrikad+ AM1710+SR141716. Mia nuépa peta
Vv terevTaio yopnynon v KovvaPvoedov to tepapatdloa Bavatdbnkav, ot opBoipol
TouG  apopédnkav kot oamopovodnke o opePAnotpogwdng. Ta v extipnon g
VEVPOTPOCTAGIOG TPAYUOTOTOWONKAY — avocoictoynpuikég peiéteg évavtt tov  NFL
(neurofilament, deiktng a&ovov TV yoyyhMokdv kuttdpmv), g cleaved caspase 3 (deiktng
amoTTOTIKOY KuTTOpKoL Bavdtov), t™c bNOS (brain nitric oxide synthase, deiktng
Bpayvvev kuttdpov) kar tov NT (nitrotyrosine, desiktng o&edmtikng Prapng). Emmiéov
exTyuminke to TAY0G TOL OQUEPANGTPOEWOVS pPE TNV XPNOTN TNG IGTOAOYIKNG YPDOONG
Hooivng Aato&odivng. Ot avTipAeyHoVDOELS Opacelg TV KavvaPivoedmv a&lodoynonkoy
pe v ypnon avioopdtov évavtt g GFAP (Glial fibrillary acidic protein, dgiktng
actpokvTTdpeV kal kuttdpov tov Muller), g Ibal (lonized calcium-binding adaptor
molecule 1, deixtg pkpoyroiog) kot v mpoyuatoroinon ELISA ya v mpopieypovadm
kutokivn TNFa (Tumor necrosis factor alpha). ' tv a&loldynon Tov oyelonpocTaTELTIKOY
dpdoewv TV KavvaPivoglddv TpaypatomomOnke ueAétn ocvveviomopod tov NT pe tov
ayyelakd deiktny CD-31 (cluster of differentiation 31, deiktng evéotniokdv KvTTAP®V),
kobdg kar ELISA yw tov VEGF (Vascular endothelial growth factor A). Emurpocsfétmg yo
TNV eKTIUNGN TG AyYEOKNG damepatoTnTag ypnoipomombnke n teyviky Evans Blue. T to
nepdpata s AMPA dieyeporto&ikdtrag ta (oo ElaPav evdoboroeldikés eyyboel; Tov
AMPA (42 nmol/o@baiuo) eite pdvov tov, gite o cuvdvaoud pe o AM12100 (10°-10° M)
N 10 AM11920 (105-10* M). Mio nuépa pETE TNV TPAYHATOTOMGN TOV €yYVCEDV To
nepapatélowo  Bavatddnkov kot apopédnkav ot wotoi tove. H  vevpompoortocio
afloroyndnke pe v ypron aviioopatog Evavtt g bNOS, evd yio 1 avtipAeypovmdstg
dpaoetg, ypnotpomombnkoy ot deikteg TV ylolakmv kuttdpov GFAP kot 1bal.

Amoteléopato: 10 poviého NG dwfnTikng apeifinotpocidonabelog 1 Oepomeion pe to
KavvoPivoedikd  ovdioyo  emédelfe  TMOKIAEC  VELPOTMPOOCTOTELTIKEG  OOKPICELS.
Avolotikdtepa. M emoyouevn omd  tov  dwfntm  peiwon  Tov  mWHYOovG KoL NG
avocodpaotikotntag tov NFL, amoxatoactdbnke amd v yoprynon tov AM1710, tov
SR141716 ka1 tov cvvdvacpod tovg. EmmAéov 1060 10 AM1710, 660 kou 10 SR141716
OTTOKOTEGTNGOV TO UELMUEVO TTAYXOC TOV aUPPANGTPoEdoVG Kot dtkotepa g INL. Qotdo0,
povo o CB2 ayoviomng, AM1710, avéoTtelhe AMOTEAEGUATIKO TOV OLENUEVO OMONTMOTIKO
KuTTapIKo Bdvoto oty ecwtepikn mopnvikn otifdda (INL). To AM1710 kot  6uveLaGTIKY
Bepancia. (AM1710+SR141716) mpootdtevoav emapkdg ta Ppoydva  KOTTOPO  7TOL
ekppaCovv b NOS, otv INL, yopic va mapatnpnbel kdnoa onpovtiky enidpaocrn oxd tnv
puepovouévn yoprynon tov SR141716. Axoun, Ov tpelg KoavvoPivoeldikés Oepoameieg
avéotehav 1o avénuéva  eminedo. g vitpotvpooivng  (NT) otovg  dapntikodg
OUPIPANCTPOEIDEIS, LE TNV UEYOADTEPT OMOTEAEGUOTIKOTNTO VO EMITLYYGVETOL OTO TNV
ouvdvaoTtik Oepaneic AM1710+SR141716. Ze eninedo eAeypovig novo 0 CB2 aywviotg,
AM1710, frav omoteheopatikdc. Ewdwotepa, 1o AM1710 peimoe v avtidpaoTiky
pokpoyloia, tov oplOpd TV EVEPYOTOMUEVOV UIKPOYAOLOK®Y KLTTAPOV, KOOMG Kol To
emineda g mpoeAeypovadovg kutokiviig TNFa otov apeipinctposdn]. Ta kavvapivosidikd
avdioyo dtapecoldfnoay emiong Kol ayyElOTPOSTATELTIKEG dpacels. Toco to AM1710 dco
kot 10 SR141716, peioocav ta enineda tov VEGF kot v avénpévn ayyelakn dtoppon otov
aueipAnotpoedn tov dfntikdv {mov. 1o poviédo g AMPA Sieyepoto&ikotntog To
YEWPLOUOG TOV gvOoYevmY emmédmv g 2-AG e&uanpetel vevponpootatevTikég opacels. [To
ovykekplpuéva, o avootoréag g ABHD6 (AM12100) kor o SuwhOg 0ovOGTOALNG TNG
ABHD6/MAGL (AM11920), npoctdtevcav ta bNOS kvttopa pe 6060e£0pTtdUEVO TPOTO,
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HE TNV UEYOUAVTEPY] OMOTEAECUOTIKOTNTO VO TOPATNPEITAL KATE TNV YOp1ynon Tov Suthov
avactoréa, AM11920. Télog katd TNV YOPNYNoN TOV OVOCTOAEWMV TPOEKLWYOV KOl
avTIPAEYHOVMOELG dpdoels. O dimhog avaotoréag tng ABHD6/MAGL (AM11920), peiwoe
tov  ovEnuévo  aplBpud  TOV  EVEPYOMOMUEVMOV  UIKPOYAOWIK®V  KLTTAP®V — GTOV
aUPPANCTPOEWT, eV kal ot 000 avactoieic (AMI12100 & AMI11920) mapovciccav
docoeaptdpevn emidpacn otnv pelwon G gvepyomoinong g pokpoyioiag, ympic va
SLPEPOLY MG TPOS TNV ATOTELECLLATIKOTNTA TOVG,.

TopTEPAGRATO: ZOUTEPACUATIKA, YIVETAL KATAVONTO OTL 1) gvepyomoinom tov CB2 vrnodoyéa
Kot To TPOe 6Tddla TS AAG, Ba utopodoe va amoTEAEGEL ol KOAT GTPOTNYIKT Yo TNV
avayaition g avegéreykng eEéMEng g mabopusioroyiog g vocov. EmmAéov, mépa amd
TOVG GUECOVS AYOVIOTEG, O YEPIOUOS TOV EVOOYEVOY KAVVOPBLVOEW®V LE TNV YOopnynon
OVOGTOAE®V TOV PETAPOAIGHOD TOV EVOOYEVOV KAVVAPIVOEWO®V, OmOTEAEL Uiol KOAT €TA0YN
YO TOV TEPLOPICUO TNG EMAYOUEVNC Oomd TNV OlEYEPCITOEIKOTNTA, VEVPOEKPOAIONG Kot
QAEYLOVIG, 0€ ovuvOnKeC oyoupiog. AouPavovtag vadyn to mopamdve ototyeia, yiveton
KOTOvONTO OTL T KOVVAPIVOEdN amoTeA0VV TOV 10avIKO VITOYN P10, ot Pdon tov onoiov Oa
pumopovoov vo ovartuyfodv véeg Oepamevtikég mapePPACELS Yo TV OVTIUETOTION TOV
aupipAnctpocidonabeidv. Ilpotod Ouwg yivel avtd, mepoutépw peAéteg ypeldlovrtan
TPOKEEVOL VO AmoGaPNVIoTEL 0 akpPg UNXoviopog pécw tov omoiov 1o EKE aockel Tig
TPOCTOTEVTIKEG TOL Opdoelc kol TapdAAnAa vo, EEMEPAGTOVV TLYOV TEPLOPICUOL TOL
TPOKVTOVY amd TNV BEPATEVTIKY| YOPNYNON T®V KAVVAPIVOEODV.
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Abstract

Introduction: Diabetic Retinopathy (DR) is one of the major complications of diabetes
mellitus. It is characterized by microvascular disruption, the presence of inflammation and
progressive degeneration of neuronal cells, which collectively lead to attenuation of optical
acuity and eventually bnindness. The major event that leads to the manifestation of DR is the
disruption of the “neurovascular unit” (NVU) homeostasis, a term used to describe the
functional interaction and interdependency among neural, glial cells and blood vessels in the
retina. Chronic hyperglycemia reduces expression of protective neurotrophic factors and
favors an increase in the expression of pro-inflammatory mediators, such as cytokines and
vascular endothelial growth factor (VEGF). This imbalance contributes to the progressive loss
of endothelial cells, the tight junctions of which form the inner blood retina barrier (iBRB).
As a result, there is an increase in vascular permeability which allows cytotoxic factors enter
the retina and induce the development of inflammation and oxidative stress. This is also
accompanied by the progressive degeneration of neural cells, through the activation of
apoptotic pathways. Furthermore, due to the drastic changes in retina physiology at the early
stages of DR, glial cells become activated and prarticipate and mediate pro-inflammatory
responses. The earlier tenet that DR is only a microvascular complication has been revised,
with studies examining the critical contribution of neurodegeneration in the pathophysiology
of DR. A growing body of evidence suggests that oxidative stress, neurodegeneration and
inflammation are present at the early stage of the disease, even before the development of thw
microvascular complications. Current treatments for DR (laser, intravitreal injection of anti-
VEGF agents and corticosteroids) are applied during the advance stage of the disease, where
patient’s vision is already compromised. These treatments mainly focus on the treatment of
vasculopathy and inflammation. Therapeutic intervention at the early stage of DR is only
limited in the tight control of risk factors for the development of the disease, such as blood
glucose and blood pressure. Finding and implementing new treatments with neuroprotective
and anti-inflammatory properties at the early stage of DR is imperative, since this could be a
good strategy for intercepting the development of the disease towards the vision threatening
advance stage.

The endocannabinoid system (ECS) has a neuromodulatory role in the central nervous system
(CNS), as it controls the activation of voltage gated ion channels, the presynaptic release of
glutamate and the activation of pro-survival cell signaling pathways. In retina CB1 receptors
are expressed in various neuronal cell populations, like photoreceptors, amacrine and
ganglion cells. CB2 receptors are mainly located in glial cells, where they participate in the
regulation of inflammatory responses. Numerous studies have reported the neuroprotective
properties of the ECS in the CNS. In the retina the neuroprotective properties, mediated by
CBL1 receptor activation, are also well described in various models of retinopathies. However
extensive data indicate that in diabetic complications, other than DR, CB1 receptor activation
promotes oxidative stress and inflammation, while the use of CB1R antagonists reduces cell
death, inflammation and vascular damage. The protective properties, mediated by inhibition
of CB1 receptor activity, have also been confirmed in neurodegenerative conditions in the
ocular system. In contrast to CB1 receptor activation, CB2 receptor activation displays
neuroprotective effects, since it reduces inflammation, oxidative stress and cell death. The
protective properties of CB2 agonists have also been evaluated in diabetic complications,
such as diabetic nephropathy and also in neurodegenerative diseases in brain and retina.
Numerous studies have confirmed the neuroprotective properties of cannabinoid receptors
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agonists in various retinopathies, including excitotoxicity models. Apart from direct
cannabinoid agonists, inhibition of the metabolic enzymes of endocannabinoids seems to be
an effective strategy for indirectly controlling signaling through cannabinoid receptors.
Although numerous reports in the brain have confirmed the neuroprotective action of the
inhibitors of the endocannabinoids metabolism, the data in the retina are limited.

Aim of the study: The goal of the present thesis was the study of the neuroprotective
properties of the ECS in two in vivo animal model of retinopathy: A. In the first part, an in
vivo two week, streptozotocin (STZ) induced model of DR, which resembles the phenotype
observed at the early stages of the disease, was employed for the study of the neuroprotective,
anti-inflammatory and vasculoprotective actions of the eyedrop administration of a)
SR141716 (CB1l antagonist), b) AM1710 (CB2 agonist) and c) their combination
(SR141716+AM1710). B. In the second part we employed an in vivo model of AMPA
induced retinal excitotoxicity, in order to study the neuroprotective and anti-inflammatory
actions of two novel inhibitors of 2-AG hydrolytic enzymes: a) AM12100 [alpha/beta-
Hydrolase domain containing 6 (ABHD®6) inhibitor] and b) AM11920 [dual alpha/beta-
Hydrolase domain containing 6/ monoacylglycerol lipase (ABHD6/MAGL) inhibitor].

Methods: Male and female rats weighting 250-300 g were employed for all the experiments.
For the DR study, diabetes was induced by a single intraperitoneal (i.p) injection of STZ (70
mg/kg). Animals with blood glucose levels >250 mg/dL were considered diabetic.
Cannabinoids were administered daily as eyedrops for 14 days at a dosage of 10 mg/ml,
starting two days post STZ injection. The experimental design was as following: 1.
Control+vehicle, 2. Diabetic+vehicle, 3. Diabetic+AM1710, 4. Diabetic+SR141716 and 5.
DiabtictAM1710+SR141716. Twenty-four hours after the last eyedrop, animals were
euthanized ant their retinas were collected. Imunnohistochemical studies with antibodies
against NFL (neurofilament, ganglion cell axon marker), cleaved caspase 3 (apoptotic cell
death marker) and bNOS (brain nitric oxide synthase, amacrine cell marker) were conducted
for the estimation of neuroprotection. An antibody against NT (nitrotyrosine,
nitrative/oxidative stress marker) was used for the study of the oxidative damage.
Furthermore a histological stain with Eosin/Hematoxylin was employed in order to assess
retina thickness. For the study of the anti-inflammatory actions of the cannabinoid treatment
we used antibodies against GFAP (Glial fibrillary acidic protein, microglia marker) and Ibal
(lonized calcium-binding adaptor molecule 1, microglia marker) and ELISA for TNFa
(Tumor necrosis factor o). Finally, for the estimation of the vasculoprotective actions of
cannabinoids we performed a colocalization study between CD-31 (cluster of differentiation
31, endothelial cell marker), ELISA for VEGF (Vascular endothelial growth factor A) and
Evans Blue (EB) assay (assessment of vascular leakage). For the AMPA excitotoxicity
experiments animals received intravitreal injections of AMPA (42 nmol/ eye), either alone or
in combination with AM12100 (10°-10° M) or AM11920 (10%-10* M). Twenty-four hours
after the injections, retinas were collected after euthanization of the animals. Cannabinoid-
mediated neuroprotection was assessed by an immunohistochemical study with an antibody
against bNOS, while for the anti-inflammatory actions antibodies againt GFAP and Ibal were
employed.

Results: Topical administration of cannabinoids via eyedrops displayed various protective
astions in the DR model. The diabetes induced reduction in NFL-immunoreactivity (IR)
thickness and intensity was blocked by AM1710, SR141716 and their combination. AM1710
and SR141716 also blocked the diabetes induced reduction in total retinal thickness and
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especially in the inner nuclear layer (INL). Only AM1710 inhibited apoptotic cell death in the
INL. AM1710 and the dual treatment (SR141716+AM1710) protected bNOS™* cells in the
INL. All of the three cannabinoid treatmens effectively attenuated nitrative damage in the
diabetic rat retina. AM1710 was the only cannabinoid treatment that displayed significant
anti-inflammatory actions, since it reduced microglia and microglia activation, as well as the
levels of TNF-a. Single administration of AM1710 and SR141716 attenuated vascular
leakage and the levels of VEGF in the retina. In the AMPA excitotoxixity model, the
manipulation of endogenous 2-AG levels by the use of inhibitors of its hydrolytic enzymes
displayed protective properties, too. AM12100 (ABHD6 inhibitor) and AM11920 (dual
ABHDG6/MAGL inhibitor) provided protection against AMPA in a dose dependent manner,
with the greatest efficacy observed after administration of the dual inhibitor. Both inhibitors
also mediated significant anti-inflammatory actions, by attenuating macroglia activation, but
only the dual inhibitor, AM11920, reduced the number of reactive microglial cells in the
retina.

Conclusions: The employment of CB2 agonists and CB1 antgonists at the early stages of DR,
may be a beneficial therapeutic strategy for attenuating the early pathophysiological
symptoms and intercepting disease progression towards the vision threatening, advanced
stages. The manipulation of endogenous cannabinoid levels with the use of inhibitors of 2-AG
metabolism seems to be an alternative method for attenuating neurodegeneration and
inflammation induced by excitotoxicity, which in fact possesses several advantages over the
use of direct cannabinoid agonists. Collectively, data from the present study suggest that ECS
represents a promising target for the treatment of retinopathies. However, more studies are
needed in order to study the exact mechanism via which cannabinoids exert their protective
properties and eliminate any limitations resulting from the use of cannabinoids as therapeutic
agents.
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1. Evoayomyn

1.1. Avartopio Tov 0QOaANOV

H 6paon 1 omtkn aviidnyn omotehel pio amd T1g mévie oucOnoelg, icmg v
omovdadTEPN OAMV, KoB’ 6Tt Bondd To dtopo Vo oynuatilel po TpIedidoTatn avoTapdoTac
oV e€mTePkov Tov mePPdAlovtog. ['evikdtepa 1 andAgld TG Opaong oTNV TAELOYNGI0 TOV
éupuov 6vtov, pelidvetl dpapotikd tig mhoavotnteg eniPimong Tovg. Xtov chyypovo dvBpmmo,
N anOAEW TNG Opacng umopel vo unv oxetiCeton aueca pe (ntuata emPinong, ®otdco £xel
ONUOVTIKO avtiktumo oty moldtnta ¢ {ong tov. To aisintipilo 6pyavo g dpaong eivar o
0POOANOG, 0 0TTO10C EKUETAALEVOUEVOG TO MG, CUUPAAEL OTNV dNUIOVLPYIO AVOTAPACTAGEDV
T0V TEPIPUALOVIO YDPOV, Ol OToieg OPOD VTOCTOVV Tepaltép® enelepyocia amd TOV
eyk€Qoro, dNULOVPYOVOV TNV ONTIKY ovTiAnyn. O avBpdmivog opBoApndg Exel eEehyBel yio va
avayvopilel Eva cuyKeKPEVO €0POC UAKOVG KOUOTOG TNS NMAEKTPOUAYVNTIKAG KTIVOPBOALOG
mov kopaiveror and mepimov 380 Nm (Yo o wwdeg) £wg 760 nm (Yo o KOKKIvVO). To gbpog
0VTO KOAEITOL TO 0paTO PEPOG TOV PACUOATOG TNG NAEKTPOLOYVITIKNAG AKTIVOBOAING.

H duvatdémra tov o@Boipod vo cvAAéyel kot vo emeCepydletol TNV QOTEWVY
axtivoPoiia, dtapaiveTor o peydlo Bobud Kol GO TNV OVATOMKE TOL OPYAVOOT), 1 OToid
elvar d1opBpopévn e TETO10 TPOTO, TOL TOV EMITPEMEL VO EKUETAALEDETOL 6TO PEYLoTO Paduod
TO0 (MG TOL AVTOVOKAGTOL amd ta avtikeipeva. E&etalovtag pakpookomikd tov o@Oaiuo,
Katavoel Kaveig 0Tt TPOKETOL Yl EVOL GOPAIPIKO GYNUATIOUO, O OTO{0G OmMOTEAEITOL OO TPELS
oTIPAdeg 16TOV Kol EVIOTILETAL TPOCTOTEVUEVOG LECH GTO KOYYIKO 00T0. EEmtepikd, katd
KOplo Adyo, amotereitan amd pio okAnpn dompn pepPpdvn, tov okAnpd yrtdva, o oroiog 6To
TPOCHI0 HEPOC UETOTPETETAL GE U0 OLAPOVY UEUPPAVT, TOV KEPATOELON YLTMOVA, O OTOI0G
EMTPEMEL 0TV POTEWT okTvoPolia vor el0éAbel otov 0pBaApud (Purves kot ovv., 2001). H
pecaio otifada amoteleital and v ipda, T0 aKTVOTO GO Kot TO yoproewéc. H ipda, n
omoia JiVEL TO YOPAKTNPIOTIKO TOV YPDOUIOTOS GTOV EKAGTOTE 0POAAUO, gival évo cuoTHUA
poov kat givol og 0€om va AEYYEL TNV TOGOTNTO TOV POTOC TOV TEPVA TPOG TO OMIcHI0 HUEPOG
oV 0pOUApOD, eAéyyovtag To uéyeboc T KOpNG, T omNG oNAadn 1o UEGOL NG Omolag
diépyetan to pog (Purves kot ovv., 2001). To axtvetd chpo yopiletatl 6g £va Poiko TURua
7ov givol og B€om va eEAEYYEL TNV OVAKAOGTIKY SUVOTOTNTO TOV PAKOD Kol GE EVOL AYYELNKO
TUAUO, TO omoio &ivor vmevbuvo Yoo TNV TEPAY®YN TOV VOOTOEWBOVS VYPOL GTOV
emovopolopevo omicho Bdhapo (ydpog HETAEL @akoD Kol iPdaCg) Kol OTNV GLVEYELD, Ol
UEGOL TNG KOPNG péet TPog Tov Tpodchio OdAapo (xdpog LETOED PaKOD Kol KEPUTOELOOVS) TOV
o@BaApod (Purves kot ovv., 2001). To yxoploedég amotelel 10 TPITO EMUEPOVS TUNUOL TNG
pecoiog otPaoag Kot EAEYYEL TV GUATIKT KUKAOQOPIN TPOG TOV AUEIPANGTPOELDN.

Meta&H Tov oKOL Kot TOL apEPANGTPOEB0DS Yitdve dtopecoraPel Evag peyaAog
YDPOG, 0 0TO10g Elvar TANPNG 0T £va TOYVPELGTO, CEAATIVAOIEG VYPO, TO VOAMIES VYPO, TOV
ovpuPdrel oty STpPNoN TOL GYNUNTOC TOL 0POUAL0D. TTO VOAMOES VYPO EUTEPLEYOVTOL
eMIONG KOTTOPA HE (POYOKVLTTOPIKEG 1010TNTEG 7OV OMOUOKPOVOLV TUYOV VTOAEIUUOTA,
e€aoparilovtog pe avTd TOV TPOTO TNV OIPOCKOTT UETAO0OT] TG POTEWVNG OKTIVOPOALG
7pog tov auPipAnotpoetdn] (Purves kot cuv., 2001). O auPiPAncTpoeldng yrtavag omoTelel
NV Tpitn Kot iomg onpavtikotepn oTidda Tov 0EHaALOD, GvTag LTEVHLVOC Yo TV GLAAOYN
ko ene€epyacio g poteng axtvoforiag (Purves kot cov., 2001).
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Sclera Choroid

Ciliary body

Ewéva 1.1. OBehaia Topun tov avBpdmivov o@Boiptod mov anekovilel TV avATOMKY TOV 0pyévmon.
O 0pBaludg ympiletar oe tpeig otiPadeg: v eEwtepixh (okAnpdc ko kepatoednc/ sclera and cornea),
mv evdidpeon (ipda, oktvotd codpa kot yoprosdég/ iris, ciliary body and choroid) kot v onicOa
(augiBinotposidnc/retinag). Anodnke ano: https://webvision.med.utah.edu/book/part-i-
foundations/gross-anatomy-of-the-ey/ .

1.2. Avatopio Tov ap@pANGTPOELOOVS

Evpiokdpevog oto omicBio tunpo g €0mTEPIKNG EMPAVEWNG TOV OPOUALOD, O
OUPIPANGTPOEIONG, UMOTEAEL TOV TEAKO QmOOEKTN TS PMTEWNG akTVOPoliog Kot To onpueio
LETATPOTNG TNG 0€ MAEKTPIKO epéioua, 1o omoio PEG® TOL omTikoy vevpov Ba petadobei
TPOG TIG OMTIKEG TEPLOYEG TOV EYKEPAAOVL, TPOKEUEVOL VO TPOKVYEL 1 OTTIKN avtidinym. O
aUPPANCTPOEONG amoTerel kOT’ aVTOV TOV TPOMO TUNUE TOV KEVIPIKOD VELPIKOV
ocvotiuatog (KNX) ko pdiota 10 mo KoAG peietnuévo, AGy® TOL OTL €ival guKOA
TPOGPAGIOG e TNV YpNom Un EMEUPOTIKOV TEYVIKOV, OT®mg M ogbaipoockommon. O
omovdaiog POAOG TOV AUPPANGTPOEIBODS KOl TNG OPUOTG YEVIKOTEPH, OLOPOIVETOL OO TO
yeyovog 6t tepimov 10 80% OAmv TV actnTikKdV epebicpdtov mov eOdvovy GToV EYKEPAAO,
givon omtikd gpebicuata, mpoepydueva, amd tov apeipinotpoedn (Massey, 2006).

AvaTtopikd o apePANCTPOEIdNG UITOPEL VO avayVOPLOTEL MG £VaG dIoKOG, GUVOMKNG
dwapérpov 30-40 mm wou whyovg 0.5 mm (Masland, 2012). Xto kevipikd onueio Ttov
apePAnoTpoeldoie, eviomiletal 1o ontikd vehpo, mov oynpatiletor amd tovg G&oveg TV
YOYYMOK®OV KOTTép@v mov e€épyoviatl and tov apePAncTposldl], eved TapdAinio omotelel
Kol TO KOPlO onueio €10600v ayyeiwv mov EAEYYOLV TNV OLUOTIKY KLuKAoQopia, GTOV
apepAnotpoedn (Masland, 2012). Apiotepd oV OTTIKOD VEDPOL, GTO KEVIPIKO TUALO TOV
ApEIPANCTPOEd0VS, evTomileTal £vag EAAEMTIKOG GYNUOTIGUOS, KITPIVOL YPOUOTIGHOD TOL
napovolalel amovoio ayysimong kot ovoudletar mypd knAida (Kingham, 1976). To kevipikd
TUAUO TG OYPAg kNAldag, pe oduetpo 200 um, ovopdaletar kevipikd Pobpio kot amotelel To
OTMUEID TOL AUEIPANGTPOEBOVG e TNV VYNAOTEPT omTiky o&vtnta, e&aitiog TG TANODPOG
Kkoviov mov dwwbéter (Masland, 2012).
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To xvukhkd medio dapuéTpov mepimov 6 MM mov evromiletal YOpw Amd TO KEVIPIKO
BoBpio, amotehel TOV KEVIPIKO AUEIPANGTPOEIDT, EVED OAO TO LTOAOITO KOUUATL YOP® Omd
aLTAV TV mEePLoyn, e dwdpetpo 21 mm, omotedel Tov TEPLPEPEIONKO OUPIPBANGTPOELDT|
(Masland, 2012). O «kevipikdg Kol O TEPLPEPELOKOS OUPPANCTPOEWNG TapovGtdlovv
OTMUOVTIKEG OPOPEG, TOCO MG TPOG TNV OVOTOUIKN, OGO KOl G TPOC TN AELTOVPYIKN
opybvoon tovg. O kevipkdg apPANGTPOELdNSG, ToL OTMG TpoavapépOnke yopaktnpileton
oo TNV PEYISTN ONTIKN 0&DTNTA, EIVOL IO TV OO TOV TEPIPEPELNKD, eE0NTIOG TNG VYNANG
TUKVOTNTOG GE GVTN TNV TEPLOYN TOV POTODTOS0YEDV KOl TOV GYETILOUEVOV KLTTAP®OV TOVG
(dimora ko yoyyhokd xottopa) (Masland, 2012). Eivor yopaxtnpiotikd emiong, 0Tl 6TOV
KEVIPIKO aUOIBANGTPOEdN, 1 TAEOYN QIO TOV pOTOVTOd0XE®V gival Kovid, evd avTiBET®g
OTOV TEPLPEPELOKO QUPIPANOTPOEDY], TV TpwTokabedpia katéyovv ta pafdioa (Masland,
2012).

1.2.1. KvttopoapylTeKTOVIKI] KOl TOTOL KVTTAP@V TOV apu@ifAnetpo-
€1000¢

O apeipAnotpoedng, ovrag tunua tov KN, mepilopfavel mévie S10popeTicong
TOTOVG VEVPIKAV KVTTAPWYV, TOVS POTOUTOd0YELS, Ta optldvTia, Ta dimoia, To Ppoaydiva Kol Ta
YOYYMOKA KOTTOPO, OTTOL TO KobEva cUUPBAALEL e ToV Sk Tov TpOTO TNV eneepyacio TG
OMTIKNG aKkTvoPoAiog 7mov eloépyetor otov oebBoiud. Ta kuTtOplkd COHOTO TGOV
OLPOPETIKAOV VELPOVIKOV TOTOV TOV OUEIPANCTPOEIOOVG GLVOETOVY TPEIS OLUPOPETIKES
TUPTVIKEG OTIPASES, VA Ol HETOED TOLC CLUVAWELS OPYOVAVOVTAL GE dVO JIKTVMTES GTIPASES.
Kat’ avtdv tov tpomo, n £€Em nupnvikn otifddo (ONL, Outer Nuclear Layer) mepilapfaver ta
KUTTOPIKG 6OUOTO TOV poToimodoysnv, n éom mupnvikn otiade (INL, Inner Nuclear Layer)
TO, KUTTOPIKG, GOUOTO TOV 0ploVTIOV, SITOA®Y Kol Bpaydivov KUTTAP®OV, VG TO KUTTOPIKA
COUOTO TOV YOYYAOK®V KUTTapmv oraptilovv v yayyAokn otiada (GCL, Ganglion Cell
Layer) (Masland, 2012). H £¢¢o dwrvotm oupdda (OPL, Outer Plexiform Layer),
TEPILAUPAVEL TIG GCUVAWELG TOV POTOVTOO0YEWMV LE TO SITOAN Kol To 0pLLOVTIH KOTTAPO, EVD
N éow dikrvwt otpada (IPL, Inner Plexiform Layer) omoptiCetor amd Tig cLUVIEGES TV
dimorhwv kot TV Ppoydiveav KuTTdpov Ue To yoyyAlokd kottapa. Extog amd T dvo Pacikég
OIKTVOTEG OTIPAdEG OTOV AUPIPANCTPOEY| cuvavthpe kot pio Tpitn diktvwth oTfdda, Tnv
otpddo tov vevpikav wov (NFL, Nerve Fiber Layer), mov oynuotietor omd Tovg
vevpagoveg tov yayyMoakov kuttdpov (Masland, 2012). Axpiog é€m and 1o vELpwVIKO-
oo Tkd U ToLv aApEPANCTPOEODS, UETAED TOL YOPLOEWOVE amd TN Uio Kol ToV
eoTobdTodoYEwV amd TV GAAN, evtomiletar M oTidde Tov pedyypov emibniiov (RPE,
Retinal Pigment Epithelium), amotehobpevn amd embniiokd kotTopo eEaymvikoh oyNUOTog
OV TEPLEYOVY TNV ¥POOTIKN UEAAVIVY, 6TV omoia eEGAAOL, OPEIAETAL KOL | OVOLXTOAOYIOL
™G ovykekpuévng otifadag (Strauss, 2005).
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Ewévo 1.2. Zynmuatikn ovamopdotacn Thng oVOTOUIKNG O0pydvemcons Tov apeiBANcTpogldong oe
otadec. Ot GEoveg TV yayyMakdv kuttdpov oynuatifovv v otifdda tewv vevpikdv waov (Nerve
Fiber Layer/ NFL). Ta kuTtopikd cOUOTO TOV YOyYALOK®V KLTTAp®V oynuatifovy v otifada tov
yvoayyhoxdv kottapov (Ganglion Cell Layer/ GCL). Ta chuato tov Smmdrev, TV Ppaydivev Kot Tmv
opldvtimv kuttdpwv oynuotilovv v ecmtepikny mupnviky otifada (Inner Nuclear Layer), evé ta
KUTTOPIKGE GOUOTO TOV PToDTodoyxsmv cuvbétovy v eEwtepikn mupnvikn otiade (Outer Nuclear
Layer/ ONL). Ot ocuvvayelg tov dumdOAmv kot Tov Ppoydveov pe to yayyhokd xdttapa
TPOYHOTOTOOVVTOL 6TV €0mTEPIK dikTvmth otifdda (Inner Plexiform Layer/ IPL). To xvttopikd
CONOTO TOV KVTTAP®OV TOV HEAdyypov emBniiov oynuotilovv v otifdda Tov pekdyypov emBniiov
(Retinal Pigment Epithelium/ RPE). H pwtewv axtvoBolia damepva OAeg Tig otifddeg amd v NFL
Kot €TEIT0, KO TPOOTIMTEL 6T0 TO® HEPOG TOV ARPIPANCTPOEdOVS, oTa EEMTEPIKE Kol ECMTEPIKA
tufpozoe (Inner and Outer Segments/ 1S and OS) towv potodnodoyiwv, evd 1 mepicosio Tov EWTOG
amoppo@dtatl amd to kVTTapa tov RPE cuppdilovtag pe autdv tov tpomo oty Pertimon g onTikng
mAnpoeopioc. Anednke amod: https://www.retinareference.com/anatomy/

a. Kvtrapa tov uelayypov embniiov

Ta woOttapa tov peAdyypov emBniiov elvor embnioxd wOTTOpPO €E0YOVIKOV
oynuatog, mov oynuotilovv ommg mpoavagépape v otifade tov RPE. O okodpog
YPOUATIOUOS TOVG OQEIAETOL GTNV TAPOVGIC, VYNADV ETITEI®V UEAAVIVIG, YEYOVOS TOV Ta.
KoO10TA KOVA VO, AmoppoeoOLY TNV TEPIGCELN TNG PMTEWVNG OKTIVOPOAIOG TOV TPOCTINTEL
OTOV OUPIPANGTPOELDT], PEATIOVOVTOC ETGL GNUOVTIKG TNV TOLOTNTO, TG OTTIKNG TANPOPOPIG
(Bok, 1993). E&wtiog ™c aueong yeurviaong tovg pHe To €E@TEPIKE TUNMATA TOV
QMTOUTOd0YEMY 0O TNV piot TAELPA KOl UE TO YOPLOEWEC MO TNV GAAN, UE TO OTOio
daympiCovtar pe v dopuecordpnon g pepPpdvng tov Bruch, ovuppetéyovv evepyd oe
dlepyoocieg oviodiayng otoyyeimv peta&d tov auUEIPANCTPOEOOVS KOl TNG OUATIKNAG
KukAo@opiag (Strauss, 2005). ‘Etot, ta kdttapa tov RPE givor vredbova yio v petopopd
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vEPOL, 1OVI®V KOl UETAPOMK®DY DTOTPOIOVIMV Atd TOV AUPIPANGTPOEDN TPOG TNV OLUOTIKY
KUKAOQOPIa, EVD CUUUETEXOVV KOl GTNV LETOPOPA OPpeRTIKOV oTOlXEl®V, OTTMG N YAVKOLN Ao
T0. opo@opo. ayyeio mpog tov au@ipAnotposdn (Steinberg, 1985). Méow tov octevdv
GLVOEGEDV TOV KLTTAP®V TOV HeAdyypov emtBniiov, dnpovpyeitat kol o eE@TEPIKOS apLoTO-
aUPPANGTPOEdIKOC Ppayuds (AAD), mov gumodilel v €160d0 TOEIKMOV TOPAYOVI®V GTOV
apeipinotpoetdn omd v opatikny kKvkhogopio (Strauss, 2005). Ta kdttapa tov RPE
EAEYYOLV EMIONG TOV OMTIKO KOKAO TNgG PETIVAANG, SLVUPBIALOVTOG £T61 6T dlTnpNon NS
deyepoudmrog tov eotobmodoyéwv. H all-trans-petivddn mov &yst mpoxvyel amnd v
OAANAETIOPOACT] LE TO QMG OTA £EMTEPIKA TUNUATO TOV QMOTOVTOO0YEMV, TPOGAUUPAVETIL
a6 10 RPE «ot emoavaicouepileton oty 1l-Cis-pgtvadn, mpokewévov  va
emovaypnotporomBel Kot moA amd ToVS POTOVTOd0YElG Yo TV emegepyacio TG PMTEWNS
axtwvoPoriag (Steinberg xar ovv., 1983). H &OpvBun Aettovpyio t0v @otodmodoytwv
eCaopariletor emiong kol pEo® NG QOYOKLTTAPp®ONG omd Ta kvtTopa tov RPE tov
eEMTEPIKAV TUNUATOV TOVG, TOL VEioTavTan o&gidwon eEanting TG cuveXNG OAANAETIOPAGTC
TOVG pe v eotewvy aktivoBoiia (Finnemann, 2003).

H cwot Asrtovpyia AV TV Tpoavaeepfelcmv dlepyacidv Tov Stopesorafovvtal
an6 Ta koutTapa Tov RPE, givon avaykaiog mapdyovtog yio tnv dotpnon Tng OLOI0GTATIKNG
1G0PPOTIaG TOL AUPIPANGTPOEIDOVG. AlATUPOYEG TNG OUOANG AEITOVPYING TOV KLTTAP®Y TOV
RPE, odnyobv omnv euedvion VELPOEKPLMOTIK®V OUPIPANOTpOEdOmafeldY, OT®G M
YEPOVTIKN EKQUAIOT] TNG OYPGG KNAOOG Kol 1) UEAAYXPOOTIKY au@IPANcTposidondadsia
(Motozawa ka1 cvv., 2022), ot omoieg cuoyetifovol pe EKTTOON TG OTTIKNAG 0EVTNTOC KOt €V
TéNEL, TOQAMOT).

p. Poroimodoyeic

Ot pwToDHTOd0YEIC €lval VELPIKA KOTTAPO TOL GUVIGTOVV TO QUGONTIKO TUAUO TOL
appipAnotpoedovg. H o0levén| toug pe potoevaictnteg xpmoTikéc, Toug KOOIoTA 1Kavoug va
ATOPPOPOVY T GMOTOVIOL OO TNV POTEWT OKTIVOPOAIN Kol VO, TO LETATPEMOVY GE NAEKTPIKO
ONUO, TO OTOI0 £XOVTOG (OC TEPUATIKO GTAOUO TIG TEPLOYEG TOL EYKEPALOL OV oyeTilovTOoL Ue
™mv 6pact, cupufdret oty dnuovpyio thg omtikng avtiinyng (Molday ko Moritz, 2015). Mg
Baon v popeoioyia. TOVE, TNV TOGHTNTA Kol TO €00C TNG POTOELAICONTNG YPOGTIKNAG TOV
QEPOLV, OALA KOL TNV KOTAVOUR TOVG OTOV APOIPANGTPOEdY], pmopolpe vo dtakpivovpe 600
€lon potobmodoyimv, Ta paPdic Kol To Kovia.

Mopeoroykd ta Kovie kot to pafdic. amoteAobviol amd TECoEPO, EMUEPOVS
TUNLOTO, TO ECATEPIKO TUNWO TOV TEPIEXEL TO OPYAVIOLD TOV KVLTTAPOV, TO TUPNVIKO TUT U
LE TOV TTUPNVE, TOV KVTTAPOV, TO EEMTEPIKO TUNUO TOV SLOOETEL TIG EEEIOIKEVUEVES TTPWTEIVEC
oyivec mov enefepydloviol TO QOG KOl TIC CLVOMTIKEG OMOANEES UEC® TO®V OmMOi®V
dNUIoVPyolV GLVOECELS e GAAD, KOTTOPO TOL CUPIBANGTPOEO0DS Yo TNV UETA00T NG
mAnpogopiog (Kolb, 2005). H ovopatoroyio kovio kot papdio opeiletor 610 GYNUO TOV
e€MTEPIKOD TUNUOTOG TOV €KAOTOTE KLTTAPOV, ue To pafdion vo Stabétouv oynUaTIoUO
papdov kal to kevio kovikd oynua. To eEntepikd TUNUN TOV POTOVTOd0YEWV oynuatiletal
HEC® HOG OEPAG aVOSTAMCE®Y TNG TAUGUOTIKNG HEUPPAVNG TOV KLTTAPOL Kot Slobétet
peydlo oplOud ¢ QwrtogvoicOne JapeuPpovikng mpwTEivng owyiving, M omnoio
AAANAETOPOVTAG HE TO MOPLO NG petviing, oynpoatiler v podoyivn (Kolb, 2005).
AvoloTikOTEpA LE TNV TOpoLGia evog emTevol epebiopatog, 1 11-cis-petivadn woopepileton
omv all-trans petwvéAn, yeyovog mov mpokaAel pion oAloyr otV GTEPEOSIAUOPPOOT TNG
oyivng, mov Bo petappooTtel Emelto HECH HOG OAANAOVYING YEYOVOTOV GTO ECMTEPIKO TOL
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KLTTApov o oAhoyf 610 duvapukd g pueufpavng kot emouévac oe niektpikd onuo (Kolb,
2005). H d1ad1kacio TG LETATPOTNG TOV POTEWOD £PERICUATOC GE NAEKTPIKO OGN0, KaAgitot
(MTOUETATPOTN KOl ATOTEAEL TNV Pdom i Trv dnuovpyio TN OTTIKAG AVTIANYNG.

Ta pofdia exppdloviog UEYOADTEPN TOGOTNTO TG QOTOELOIGONTNG ONTIKNG
YPOOTIKNG, podoyivng, elvar mo evaicOnto and Ta kovio oy eneéepyacio TV POTOViDY
Kot YU outd eEdAlov eivar vebBuva Yo TV OYPOUOTIKY) OKOTOTIKY Opact, onAadn Tnv
opaon oe cuvOnkec nuipwtog (Bertalmio, 2020). Ta kovia amd v G, oyetilovtol ue v
OpaoT VIO KAVOVIKEG GUVONKEG POTIGUOV, TNV (OTOMIKY OpacT, evd mapdAinio eivon
vrevbuva Yo TNV avayvapion Tov ypoudtov. Avaioyo pe TV gvaicOncia tovg ot
SLPOPETIKG UMK KOLOTOG TOL OpaTOD PAGLOTOG TNG akTvoPfoiiac, dtakpivoviol ot S 1
umie Kovia (Uikpod pnkovg kKopatog pe kopven ota 420 nm), ota M 1 mpdove kovia
(uecaiov pRkovg KOHOTOG He KopveN ota 534 nM) kot oto. L 1 koéxkwva kovio (Leydiov
unKovg KopoTog pe kopven ota 564 nm) (Solomon kot Rennie, 2007). H gvaicbnoio towv
POV TOTOV KOVIOV GTO SIOQOPETIKG UNKN KOUATOG TNG OKTIVOPBOAOG Kot 1) S10pOPETIKN
ocuvdeoporoyio. TOLG HE TO LROAOTA KOTTOPO TOV OAUPPANCTPOEdOVS, ouvBétel tnv
TPYPOUOTIKY OTTIKY avtiinyn otov avbpomo (Kolb, 2005). H sfapetikny dtakpiriky
KOVOTNTO TOV KOVIOV GTNV OVOYVOPLoT] AETTOUEPELDV, Ol0QaiveTal amd 10 YeYovog, OTL
AMydtepa k@vio, cuvantovtal pe €va JImoAo KOTTAPO, evd avTIBETOC meEPLocoTEPE paPoic
ocvvdéovtot pe £va dimoro kutTapo (Langado & Baylor, 1992).

Mio axoun onpavtiky opopd HeETaEd TV Koviov kol tov papdiov, apopd tnv
YOPOTAEIKT TOVEC KATUVOUN OTOV AUPIPANGTPoEdT]. 10 kevIpkd Pobpio, To onueio pe v
péyotn onTiky] o&utnta, evromiletat peydrog apBpog koviov kot kabdéiov papdia, evd 660
TPOYWPOVUE OO TO KEVIPO TPOS TNV TMEPUPEPELD. TOL AUPPANGTPOEW0VS, 0 aptBUdg TV
koviov peiovetoar kot avavovtar to poafdio (Langado & Baylor, 1992). Mdalota o610
Kevtpko, Pobpio kdbe kovio cuvamTeTal Kol e SUPOPETIKO dimoro KOTTAPO YEYOVOG OV
oLuPaAEL Ta péEYIOTO GTNV SLOKPLTIKY KovOTNTa TV Keviov (Langado & Baylor, 1992).

7. Evoovevpwveg

Ot evdovevpdveg M EVOIGUEGOL VEVPDVEC GTOV OQUPIPANGTPOELSN, GUVIGTOVV UIO
ETEPOYEVI] OUASO VEVPIKAOV KLTTAP®V, TTOV OTOTEAOVV SIAUECOVS GTAOHOVS OTNV HETASOOT)
MG ONTIKNAG TANPOPOPIOG Omd TOVG QPOTODVTOO0YEIC TPOg TO, yoyyAlokd KOTTOPO,
oynuatifovrog mowkileg vevpukég o0dovg. Tpelg Pacikég katnyopieg evoovevpdV@OV £xovv
avayvVoPIoTEL 6ToV aUEIPANGTPOEdN, Ta dimoAa, Ta optlovTia Kot To Bpoydive, KOTTOPO.

Ta dimola KOTTOPA «YEPLPOVOLV» TOVG POTOVTOSOYELG, TOV AMOTEAOVV TNV VAN
€16000V TIG OTTIKNG TANPOPOPIAG LE TO YOYYALOK(, KOTTOPW, TOV GLVIGTOVV TV TOAN €£O660V
pog Tov gykéParo. Ot devdpiteg TV SIMOA®MY KLTTAPWOV GLVOEOVTOL HE TOVG AEOVEC TV
potoimodoyémv otnv OPL, evd pe tovg a&ovéc tovg ta dimolao kvTTOpO oyYnuatilovv
OVVOEGELG e TOVG devdpiteg TV Bpaydivev Kot TV yayyMok®v kuttdpov otny IPL (Wassle
kot ovv., 2009). H opadomoinon tov Simol@v KUTTAp®V YIVETOL MG TPOS TNV HOPPOAOYia
TOVG, TNV AELITOLPYIQ TOVG, OAAG KOl TNV EKPPUGCT) GUYKEKPLUEV®Y Yovidiov kal Bdcel avtdv
éyovv avayvoplotel dekamnévie vrotvmol dimoimv kuttapov (West kar Cepko, 2022). Mia
Baotkn| katnyoplonoino, yiveral BAGEL TV GLVOEGEWDY TOL AVOTTOGGOLY TO SITOAN KOTTOPA
UE TOVG POTOVTOO0YEIG Ko £T01 TPOKOTTOVY TO paPdto@dpa (cuvdéovtal pe poaPdin) Kot Ta
KOVIoQopa, dimola kutTopo (cvvdéovtal pe kaovia) (West kar Cepko, 2022). Aaupdavovtog
VIOYN TNV SLOQOPETIKN OamOKPIGN TOVG OTU QOTEWG gpebicpata, ta dimora KOTTApPO
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dwakpivovtal o€ Toov ON, oV ekTOADVOVTOL OO PMTEWVA EPEBICUATO, TTOV TPOGTITTOVY GTO
KEVIPO TOL vmodekTikov Tovg 7mediov kar tomov OFF, ta omoio vrepmoimvovior omd
avtictoya epediopata (Dowling ko Werblin, 1969). H diakpion avéapeso oe ON ko OFF
TV Simolov KuTtdpwv, eoivetal va cuveyileTol Kot 610 eMIMESO TOV CUVAYE®MY TOVG GTNV
IPL, agpob ta OFF mpofdrovv toug d&ovég Toug oto mave ed tunpa g IPL, evd ta ON
&xouvv Tovg GEoveéc Toug 610 Katm od g IPL (Euler kot ovv., 1996).

Ta oplovtia KOTTOPO, OTOTEAOVV M0 EEXOPIOTH KATNYOPid EVOOVELPOVOV GTOV
aUQPANCTPOELIN KOl GUUUETEXOVV GTOV GYNUOTIGHO TAGYI®V 0dMV UETAGOONG TNG OMTIKNG
mAnpogopiog otnv OPL. Aapupdvouv cuvantikég mpoforés and Tovg pmToimodoyeic pe ™
OLOLEGOLAPNOT LOVIOTPOTIKMY VIOSOYEDY TOV YAOLTOUIVIKOD KOl VTEPTOADVOVTUL G
amokplon ota gpedicpata mov 6€xovTal, Katd mapopolo Tpomo onmg Kot o OFF dimoia
kottapa (Diamond, 2017). Ewdwodtepo ta oplovtia KOTTOpA €TITEAOVV VO Paoikég
Agrtovpyieg, TNV avASPOLT OVOGTOAN GTI GUVATTIKESG OMOANEELS TOV POTOVTOOOYEMY KOl TNV
opBOSpoun avacsTor 6ToVG devipiteg TV dimolwv kuttdpwv (Dowling kar Boycott, 1966),
cuupdAioviag oty dnuovpyio. VTOJEKTIKMOV TESIMV LE OVTAYMVIGTIKN] 0PYAVMGT KEVTIPOL
KOl TEPLPEPELNG, YEYOVOG TOL OVEAVEL TNV YOPIK OlOKPITIKN KOVOTNTO TOV ORTIKOV
ovotiuartoc (Diamond, 2017). Ot 600 npoavapepbeiceg dadikaciceg entteovvVToL HEGH TOL
y-opwvoPovtupikod  o&éwg (GABA,y-aminobutyric acid), tov Pacikod avacToATIKOD
vevpodofifactn, mov aneievfepdveton amd ta opllovIle KOHTTOPO Kol PO GE VTOSOYEIC
GABA, guplokduevav gite oTic amoANEelg ToV eMTOVTOd0YE®Y, &ite GTOVG OEVOpiTEG TMV
dimolav kuttapwv (Kaneko kot Tachibana 1986).

Ta Ppaydiva xkOTTOpa omoteAovV TV Tpitn Kotnyopio. €VOOVELPOVOV GTOV
apueipAnotpoedn ko givar vrevBova yuoo TNV SUOPPMOOT TAAYIOV 00MV TNG ONTIKNG
TANPOPOPIOG GTOV ECAOTEPIKO OUPPANGTPOEN Kot cuykekpiéva, oty otidda IPL. Onwmg
kot To opiloviio KVTTOpa OTov €EMTEPIKO  apUPIBANGTPOEd, Ta Ppoydiva KOTTOP
oyetiCovior pe TNV ovASPOUN OVOGTOAN TV OmOA®V KUTTAP®OV, HECH GLVAYEDV TOL
TPOYUATOTOLOVV OTIG ATOANEELS TOVG Kot TNV opBOdpoun 0vaGTOAN 1 SIEYEPST] TOV JEVIPLTOV
TV yayyAMok®v kuttapov (Grimes kot ovv., 2015). Ta Bpoydiva kottapa ekepalovy GABA
N yAvKivn, Tovg 000 PUCIKOTEPOLG OVACTUATIKOVG VELPOSWPIPOCTEC, 7OV OPOLV MG
«ypfyopo» vevpodwPifactéc, eved eivor oe Béon vo ameAevBep®VOLV Kol «OpYOVG»
vevpodofipactés, 6mov ¢ ent To mTALioTOV Elvan KGO0 TTENTIO0, OTMC gival Yo TaPAdETY QL
10 ayyelodpactikd eviepikod memtidwo (VIP, Vasoactive Intestinal Peptide) (O’Malley xau
Masland 1989; Casini ka1 Brecha, 1992), yeyovoc mov 1o kabiotd Poocikd kdTtTopo othnv
eneepyacio ™G OnTIKNG TANPoPopiag o moAAamAd emineda. A&ilel va avapepBodue oto
onueio avtd, oe pio €81k vrokotnyopia Ppoydivev kvttdpwv, ta Starburst Ppayviva
kOtTOopa, To omoio, exepdlovv kal amerevbepmvouvy GABA, aAld kol TOV JlEYEPTIKO
vevpodwafifacty aketvdoyorivny (Ding kot cvv., 2016). Zvunepacpotikd, Oo propovdcoue vo
movpe OTL o Ppoydive KOTTOPA dpovV MG eVOLAUESOL oTaflol evioyvuong Tng Y®PIKNG Kot
YPOVIKNG GUVIGTMOGOC TNG OTTIKNG TANPOPOPING KOl CVOUETASOONG TNG TPOC T YOYYALOKE
KOTTOPO.

0. I'ayylioka kvTTapa

Ta yoyyAoxd kOTTOPO OTOTEAOVV TOV TEAEVTAIO GTOOUO TNG OMTIKNG TANPOPOPIaG
oTov apueipAnotpocdn, amd tov omoio Oa mpowbnbei péow Tov omTIKOD VEVPOL, TOL
oynuotifeTor omd Tovg AEOVES TV YOYYALNK®MOV KLTTAPWOV, TPOG TIS ONMTIKEG TEPLOYEG TOL

[23]



eykepdiov. Ta yayyAakd kottapa Aappdvoovy dieyeptikéc TpoPoiég amd T dimoAa KOTTOPO
Ko avooToATIKEC TTPoPorég and ta Ppaydiva kottapa oty IPL (Diamond, 2017). H apywkn
KOTNYOPLOTOiNoT TOVG apopovsE TO JaymPIoHd TV yoyyAok®dv og tomov ON kot OFF,
Bacel oV cuVAye®V TOVG LE TO OVTIGTOLYOV TOTOL dimoAa KOTTaP. 26TOGO UETAYEVECTEPEG
peAéteg €0etéav OTL T yoyyAlakd kottapo givar og 0éom va amoxpivovial o€ pia TANO0pa
TOAOTAOK®V TANPOPOPLOV TNG OMTIKNG TANpoPopiag, Ommg to péyedog, 10 ypdOUA Kot 1
katevbovorn g kiviiong tov omtikov epebicpotog (Baden kor ovv., 2016). Ovtog o
TEPUATIKOC OTOOUOG OTNV TOPEia TNG OMTIKNG TANPOQopiag oTov auEPBANGTPOEdn, T
VROdEKTIKA TOvG medilo eivor apkeTd peyodvtepo omd TV VIOAOW®V KLTTAPW®V TOL
aupPAncTpoedovg, kad’ 0tt oynuatilovioar and v cOvOeot TOAADY VTOSEKTIKOV TTESI®mV
TOV QOTOVTOd0YEMV Kol TV dimoAmv kuttdpov (Baden kot cvv., 2016). H ondieio tov
YOYYMOK®V KUTTAp@v €ivar vrevbuvn yio to. TpoPfAnuate OpacNg TOL GUVOVTOVIOL GE
apketéc appipinotposidonddeieg (Kang kot ocvv., 2021), 6nmg 10 YAadKopo, 1 StafnTikn
aupipAnctpoedonddeia (AA) K.4.

& I'Jolaka kvtTopo

Y10V auEIPANGTPOEdN  OTOVTAOVIOL TPEL TOTOL  YAOOKAV  KLTTOP®V, T,
HWKPOYAOLOKG, TO OOTPOKVTIOPO Kot To. KuTTopo tov Miller. Ta aotpokdTTopo Kol To
kotTopo. tov Miller evidooovtar oty katnyopion g pakpoyroiog. Kabéva omd ta
TPoavaPePBEVTO YAOLOKA KOTTAPO £XEL TIG OIKEG TOL AEITOLPYiEC, Ol omoieg GupuPdiovy otV
d10TNPNON TS OUOIOGTATIKNG IGOPPOTING TOL AUPTPAGTPOEIBOVG.

Ta xvttopikd ochpate tov Kuttapov tov Miller Bpiokovtar oty INL kot givar
eEomMopéva pe amopLadeg Tov STPEXOLY OAO TO THXOG TOL AUPPANGTPOEDOVS OO TNV
eEmtepikn apoprotikr (OLM, Outer Limiting Membrane) péypt v ec@tepikn aQoploTikn
pepppavn (ILM, Inner Limiting Membrane), n omoio. oynuatiletor and TG KLTTOPIKEG
anoln&elg tov kuttdpov Tov Miller (Reichenbach kot Bringmann, 2010). Ta k0ttopa avtd
elvar og B€om va, emmpealovv kot va puOUilovy TNV GLVOTTIKN dPUCTNPIOTNTA TOV VELPIKDV
KUTTOP®Y TOV AUPIPANCTPOEDOVS, EMTEADMVTAG TOIKIAES Agttovpyieg Omwc 1 amelevBEépmon
veupodoPipactdv, n avoOKOKA®GT TOVG, 1 SLOTNPNGCT TNES OUOLOGTUCT|S TV 1OVI®MY KOl TOV
VEPOD, 1N TAPOYN TPOPIKDV TUPAYOVIMV GTOVE VEVPMOVES, KPIoU®V Yo TNV emPinwon tovg, N
dlTNPNON TOL GYNUATOG KOl TNG OOWKNAG OKEPALOTNTOS TOL OUPPANOCTPOEOOVG K.4.
(Reichenbach kot Bringmann, 2010). ‘Eva xopoktnpioTikd mTopadetyie. ToV avVTiKTUION TMV
KutTapov tov Muller oty vevpwvikiy Aettovpyia givar 0 kOkAog Tov yAovtopwvikov. Ta
VEVPIKE KOTTAPA JEV SOETOVY KATOLOV UNYOVIGUO ETAVOTPOCANYNG KoL OTOUAKPLVGNG TOV
yhovtapvikod and tnv obvayn. T'a tov okomd owtd @povtifovv ta kdtTtapa tov Muller,
oMoV PEG® TOV YAOLKOV HETAPOPEN TOV YAOVTAUIVIKOD Kat ToL aomapTtikod o&éog (GLAST,
Glutamate Aspartate Transporter) npoclopfBavovy 10 YAOLTOMVIKO Kol TO UETOTPEMOVY GE
YAOUTOWIVY], T OToiol OTNV OULVEXEWL TPOCAGUPBAVETOL OO TO VELPIKA KOTTOPO KOl
YPNOUOTOLEITOL G TPOSPOLO HOPLo Yia TNV cvvOeon yrovtauvikod kot GABA (Rauen kot
ovv., 1998). Avaloyn dpdon emtteleitar kot petd v emavoampdoinyn tov GABA and ta
kottapa tov Muller, pe v povn dapopd 6t 1o GABA petoTpénetol 6 YAOUTOUIVIKO KoL
otV ocuvvéyela akolovbeitoan m id dodikaoio (Rauen kot ovv., 1998). O kdKAOC TOL
YAOUTOUIVIKOD €KTOG TOV OTL €lvar vmevBuvog yo v avénomn g S1afecdTNTOS TOL
YAOUTOUIVIKOD GTO VELPIKA KOTTOPA, CUUPAALEL emiong Kot oty PeATioT TG TOLOTNTOG TG
OTTIKNG TTANpoPopiag, Ko’ Tt epumodilel TNV ave&édeyktn eEATAMGN TOL YAOLTAUIVIKOD TPOG
TIg yerrovikég ovvayelg (Bringman kot ovv., 2013). Téhoc, ta wodttopo tov Muller
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OUUUETEYOVY KOl OTNV  OWUOPO®GT NG GULVOG TOV  OPYOVIGHOV, €ELANPETOVTOG
TPOPAEYLOVAOIEL ATOKPIGEIC, Ol OTOIEG OV Kol £XOVV TPOGTUTEVTIKO YOPOKTHPO, GTNV OpPyN,
EVOEYETOL VO €YovV OvTIGTPOPA AmOTEAECUOTE UETE OmMO TOPUTETAUEVT] TOPOVGIO TOVG,
evioybovtag v o1 vadpyovoo PAaPN (Reichenbach kot Bringmann, 2015).

Ta aotpokvdTTOpE amoTeAOVV TNV devTEP Katnyopio pakpoyloiag, mpoépyovtal amod
TOV eYKEQOAO Ko evtomilovTot kKuping otnv otidda Tev veupikmv wav (NFL) kot oty GCL
(Reichenbach kot Bringmann, 2020). ‘Exovv Tig amo@uidec Toug TPOGIESEUEVEG UE UOPOPOL
ayyeio, Kobdg Kot pe To GOUATO KOl TOVG AEOVES TV Yoyyhokdv kuttapwv (Hollander kot
ovv., 1991). To actpokOTTapa emtehobv avAAOyeS OPAGEIS, UE OVTEC TOV KVTTAP®Y TOL
Muller, émwg 1 oviikn 1ooppormia, 1 dwrhpnon ™g akepardrTog Tov AAD (Apoto-
Apoeinotposidikod @paypov), m pvOuon Tov efwkvttdpov pH Kol yevikotepa 1
dlTNPNoN TG OUOLOoTUOTG KOl TNG OTPOCKOTTNG AETOLPYING TOV YAYYALOK®OV KUTTAP®V
(Provis, 2001). Mio amd TIC 7O ONUAVIIKEG AELTOLPYIEG TOV OOTPOKLTTAP®Y GTOV
au@PANcTPoEd”, €ivor M kavoTTd Tovg Vo avtiuetomilovv efoTepikéc amenég. g
anokplon o€ Kamowo PAomtikd epébicpo, Ommg ToElkég ovoieg M TpawuATIoUOL, TO
aoTPOKVTTOPO LOIoTAVTOL €vEPYOTmOinom, ovvodevdpevng oamd ovénon g EKePAoNg
OVYKEKPIUEVOY Tapayovtav, omog n mpoteivy GFAP (Glial Fibrillary Acidic Protein)
(Reichenbach ka1 Bringmann, 2015). Baowog 6komdg avtng NG €vepyomoinong, 1 onoia
KOAEITOL OVTIOPACTIKN AGTPOYAOI®GN, ElVaL 1) TPOGTAGIN TOV YOYYAOK®Y KOTTAP®V amd TV
OmE HECM TNG OMOUAKPUVONG TNG TMEPIGOEING TOL YAOLTOUWVIKOD, TNG ToPOYNS
VELPOTPOPIKAY TOPAYOVI®OV KOl TNG OIOKOTAGTAONG 1TNG okepaldtnrag tov AAD
(Reichenbach kot Bringmann, 2015). Qot660, 6mm¢ Kol 6TNV TEPITTOGT TOV KUTTAP®Y TOV
Muller, m poakpoypovia €vepyomoincn TV OOTPOKLTTAP®V UTOPEL VoL 0dNyNHoEL oTNV
TPOOOEVTIKN EKPUAIOT TOV YOYYAOK®V KUTTAP®V, HEGH TPOPAEYLOVOOIDV Kol 0EEBMTIKGOV
amokpicewv (Calandrella xat ovv., 2007). E&attiag tng otevig oyEomng Tovg Ue To ayyeia, 1
EKQUAMOTIKY] OMDAED TOV AOTPOKLTTAP®V €ivar vevBuvn Yo Tig PAdPeg oto ayyela, mov
odnyobv oty datdpoén  tov AAD, e SAQOPEC  VEVPOEKPLAIGTIKEG
apeipAnotpocdonabdeieg, 6mmg M Swpntikn apeiPinotposidondbeio (AA, Ly kot ouv.,
2011).

O tpitoc TOmoOg yAolag mov amavtdTol 6ToV aUEBANGTPOEWY| etvol 1 LkpoyAoia.
YV ovocia, 0ev EVIOCOETAL GTNV €LPOTEPT KaTnyopio NG vevpikng yiolag, xod’ OtL
TPOKEITOL Y10 KOTTOPO HECOOEPUIKNG Kot Oyt eEmOgpUIKNG mpoéhevons, OmmG eivol ta
aoctpokvTTOpa kot to kottapo tov Muller (Zahs kou Esgura, 2006). To pkpoylotokd
EIGEPYOVTOL OTOV OUQPIPANCTPOEIDN HECH TOV OKTIVOTOD GMUOTOS, TMV OYYEl®V Kol TOL
OTLTIKOV VEVPOL KaTA TNV EUPPLIKN KoL TNV TP petayevvntiky nikia (Provis xat cuv.,
1996). Tlapovcidlovv evpeio.  Koatavoun o€ Olec TG Kuttapikéc otiPfddec  TOL
aUPPANGTPOELDOVG, Ue TNV peYaAhTepT TukvotnTo, va eviomiletal otnv GCL, oty IPL, oty
OPL, kabdg kot yopm amd to apopdpa ayyeio (Reichenbach kot Bringmann, 2015). Baocet
TEWPAUATIKOV TOPATNPNOEDY, M MKpoyroia @aivetor va dwoywpiletor oe 600 KOpleg
KOTNYOPiES, TNV MEPL-OYYEWNKT HKPOYAOia, 1 omoia EAEYYEL OTEVE TNV AVTAALOYT TPOIOVTWOV
petalld Tov apeIPANCTPOEd0DS Kol TOV KUKAOPOPIKOD GUGTHUOTOS KoLl TNV TOPEYYVLUOTIKN
pikpoyAoia, 1 omoia el TO POLO TOV EAEYKTN NG 0PN Attovpyiog Tov auUEPANGTPOEBOVC,
TopeUPaivoviog 68 KOTOOTAGE oL dtatapdocovy v opotdotacn tov (Provis kot cuv.,
1996). O devtepog TOHNOG TG TAPEYYLUOTIKNG tKpoyroiag, a&ilel Waitepn uveia, kad’® ot
TPOKELTOL Y10, KOTTAPO OV SIAUEGOAAPOVV OVOGOAOYIKEG OMOKPIGELG KOT' OVTIGTOUYIO [E TOL
LOKPOQAYO. KOl EVEPYOTOLOVVTOL OO ATEIANTIKA epediopata, OT®MG 0 TPAVHATIGHOS, S1dpopot
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vevpoto&ikol mapdyovteg kot 1 wapovsio pAeypovic (Provis kot ovv., 1996). H evepyonoinon
NG MKPOYAOIOG CLVOJSEVETAL KOl OO LOPPOAOYIKES OAAAYEC. ATTO KOTTAPO AGTEPOEIOOVS
popporoyiog pe mAnOodpo AETTOV AmOPLAS®V HE OKAAOMDOCELS TOV GUVOVIAUE GTNV
KaTtdoTooT NPEiag, KOTd TNV OAcT TG EVEPYOTOINGNG, 1 AVIOPUCTIKY WKPOYAOLD AmoKTA
apolPadosdn popeoroyio pe TANPT 1 UEPIKN amdOGLPOT TOV amopLadwv g (Savage kot
ovv., 2019). H evepyomoinon g pikpoyroiog pmopei vo yivel mpog VO SLoPOPETIKES
moMkotTeg, Tov eowdtvmo M1 7 tov M2 (Tang ot Le, 2016). O ¢@owdtvmog M1
yopoktnpiletal omd TNV ameAeVBEPOOT KUTTOPOTOEIKDY, TPOPAEYLOVOIDY TOPAYOVI®V OO
TO. IKPOYAOLOKG KOTTOPO, Ol Omoiol Umopel va evieivouy TNV LILAPYOVCH PAEYLOVY] Kol Vo
TPOKOAEGOVY TO Bdvato TV vevpdvev. Avtifétwg otov M2 @awvotvmo, 1 piKkpoyAoio
TopAyeL Kol OmEAEVOEPMVEL VELPOTPOPIKOVS KOl OVILPAEYHOVAOOEL TAPAYOVIES, TOV
eELTNPETOVY VEVPOTPOGTATEVTIKES OTOKPIGELC.

ot. EvooOniiaxd k0TTapa Kol 1 «<vEDPOAYYEIOKI] HOVAIA)

Ta evdoniiokd kdTTapo oynuatilovy TNV €0MOTEPIKN ETPAVELD TOV OUOPOPOV
ayyeiov. Ta KOTTapo avtd eAEYYOVV TNV GUGTOAN KOl TNV SLGTOAY] TOV OHLOPOP®V AyYeEi®V,
amelevbepdvovtag mapdyoviec Ommg T0 Hovoleidio Tov al®Tov, TO apayovikd 0&D, 1
evooOAivn-1 k.G. kot kAT’ aVTOV TOV TPOTO eAEYYOLV TV aupatikny pon (Pournaras kot cuv.,
2008). Mio amd TIc ONUOVTIKOTEPEG AELTOVPYIEG MOV EMLTEAOVV, EivVaL O GYNUATIGHOS TOL
€0mTEPIKOV AAD, HECH TOV GTEVOV GLVOIECEMY TTOV dNUIOVPYOVV HETOED Tovc. H arpdtmon
GTOV OUEPANCTPOEIDN TTapEyeTal amd TNV KEVIPIKN aptnpio ToV ap@BANGTPOEdOVS Kol O
€0mTEPIKOG AAD dnuovpyeitol 6TO ALLOPOPO. AyYEID TOV E1GEPYOVTOL OTIG TPELS POCIKES
diktvwTég oTIadeg Tov apeiPinotpoeidove, tnv NFL, v IPL ko1 tqv OPL (Hormel kot
ouv., 2021). Mol pe tov eEmtepikd AAD, o omoiog oynuatifetor and TG 6TEVEC GLUVIECELS
TV KuTtdpov tov Muller, o ecmtepikdg AAD dadpauatilel kpioo poAo oty dloTrpnon
MG OMHOOGTAONG TOV AUPIPANCTPOEBOVG, AoV gumodilel TV €160d0 KLTTUPOTOEIKMOV
TOPUYOVIOV amd TV OUOTIKY KukAopopia mpog tov aupiinotposidn (Mrugacz kot cuv.,
2021) (BA. Ewcova 1.3).
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Ewéva 1.3. Avatopikn dopydvmon tov eEmteptkod kot tov ecmtepikod AAD. O eEmtepikdog AAD
(0BRB) oymuartifeton amd 11¢ 616vEG cLVdESELS peTaED TV Kuttapwv Tov RPE. O gowtepicog AAD
(iIBRB) oymuartileton amd tig 6tevEG 6LVIEGELS LETAED TV gvEoIMMAKOY KUTTAP®V IOV GLVOETOVY TOL
E0MTEPIKA TOyOUOTA TOV ayyeiov. O oupipAnotposdng déxetar odtoon ond ayysio mwov
gioépyovtal 610 eminedo tng NFL, g IPL kou tng OPL. Afebnke and O’Leary kor Campbell (2021).

O ecotepikog AAD oOmwg eidape Paciletar oTig OTEVEC GLVOEGELS METAED TV
EVOOOMAMOKAV KVTTAP®V, GTOCO £YEl 0m0d00el Kol UE TOV OPO «VELPOAYYEINKT) UOVASOY
(“neurovascular unit”), o omoiog OvVOEEPETOL GTNV OTEVN AEITOVPYIKN) GUVOES Kot
aAnie&aptnon LeTaEd TOV VELPIKAOV, TOV YAOLIK®OV KUTTAP®V, TOV TEPIKLTTAPOV KOl TMOV
alpo@opav ayyeiov otov aueipinotposdn (Nian kot cvv., 2021). H oAinienidpoaon petalo
TOV SLPOPETIKAOV GTOLYEIMV TOL GVVOETOLV TNV «vevpoayYeELaKT Lovdday (NAM), cupPdiet
oTNV SITNPNCN TN UKEPALOTNTOC TOV E6MTEPIKOD AAD Kol KOT' ETEKTOUCT] GTIV OPLOVIKNY
Aertovpyics TOV QUEIPANGTPOEBOVC. ZMUOVTIKY] GUUUETOYN] O aUTHV TNV otabepdtnta
StadpapoTifovy o TEPIKOTTAPO, T OTOi0 EVPICKOUEVE OTNV Pacikn HeUPpdvn TV ayyeimv
K01 GE QUECT] YELTVIOGT UE TO vE0oONAlaKd KOTTOPO GUUPBAAOVY GTNV d1aTHPNOT TG SOUIKNG
OKEPUOTNTOG TOL €0MTEPIKOV AAD, pvBuilovv TV oATIK Pon Kot EAEYYOLV TOV
nolanAactocpd Tev evéodnilakay kuttdpov (Gardner kot Davila, 2017). Ta actpoxdttapa
kot To. kutTopo Tov Muller, £pyovtal og £magn pe TG amoPLASEC TOVE HE T ULLOPOPa OyYEia,
CUUPBGAAOVTOGC KOL QUTO HE TNV OEPE TOLG OTNV OOUIKNG Kol AETOLPYIKNG GLVOYNG TOL
eomTeEPIKOD AAD, uécm ™G amelevOEPOONG TPOPIKDY TAPAYOVIMY, CVTIPAEYUOVMOODV KoL
avtio&eldmtikav popiov (Fresta kot cvv., 2020; Newman, 2015) (BA. Ewdva 1.4). Télog ta
TMEPL-OYYELOKG  HIKPOYAOLOKG  KOTTOPO  GUUBAAOULY  GTNV  OOUAKPUVGY  UECH NG
QUYOKVTTApOONG Gypnotov petafoikdv kol Kuttapikdv vrompoidvtov (Nian kot cuv.,
2021).
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Ewéva 1.4. Zynpotikn avomapdotaon TG «VELPOAYYELOKNG LOVAdAG», 1 omola amoTeleital amd Ta
gvdoBnAokd kvtTapa, To TEPIKDTTOPO, TO YAowokd (aoctpokvTTopa kot kvtTope tov Muller), to
HIKPOYAOLOKA Kot TO VELPIKA KOTTOPA. Ametkoviletat emiong 1 Aeltovpytkn] aAANAenidpacn peta&d Tmv
SLPOPETIKMY KLTTAPIK®V TOTT®V. Ta vevpkd kittapa aneievbepdvovv ATP, 10 onoio mpocdévetar oe
TOVPIVEPYIKOVG VTOSOYEIG OTNV EMPAVEIL TOV YAOWOKAOV KUTTAP®V, 0ONYOVTAG OTNV TOPAy®Y
TPIPOGPOPIKTc voottoAng (IPs) kat v amelevdépmon acPeotiov (Ca?t) evéoxvttopikd. To acPéotio
deyeilper v evepyomoinon g ewogolmndong 2 (PLA2), n omolo e ™ ogpd g petatpénet o
npddpopo poopolmidia TG pepppdvng (PLA ot apayidovikd o&0 (AA). And to apoyidovikd o&d Oa
TPOKOYOLV EMELTO, SIAPOPES EVDGELS JE AyYELOOOCTAATIKEG 1310TNTEG, OTT™E 01 TpocTayravdiveg (PGS)
Kot GAAEG HE ayYEl0oVOTOATIKEG 1010TNTEG, Onmg To 20-vdpoév-gkoottetpavoikd o0&y (20-HETE, ta
omoio. B0 TPOKAAEGOUV OYYELOOGTOAY 1] OYYELOGLGTOAN OVTIOTOL(M, TOV OLLOPOP®V OYYEI®V.
ANMeOnke and Simo kat ovv. (2018).

SOUTEPACLOTIKG, YiveTan €0koAd avTIAnTTd, 6Tt 1 NAM omnotelel Tov akpoymviaio
ABo Tov apPIPANCTPOEBOVG, eV OTC Ba OVLE AVOALTIKOTEPD GE EMOHUEVO KEQAAOLO, 1)
dwatapoyn tng opotootatikig wwoppomicg ™S NAM, eivar vrehbuvn yuo v epeavion
appipAnotpocdonadeidv, 6nmg N AA. Qotdco, gbhoya Ba uropodoe va 1oYvPLoTEL KAVEIS,
OTL EPOGOV [AGLLE Y10, SLOPOPETIKEG KOTNYOPIEG KUTTAP®V 0 OPOG «Lovadoy dev gival SOKILOG
Kot iowg Bo émpeme va avtikataotabel pe tov 6po «opdday. Qotdc0, 0 OPOg «UOVASOY,
XPMNOLOTOEITAL Yio VO dMDGEL EUPacn 6To yeyovog OtL 1 apolfaio e&dptnon petadd tv
SLPOPETIKAOV KUTTAPIKDV TOT®V TOV AUPPANGTPOEO0VG Eivarl TOGO LEYOAT, MOTE POAVOLV
010 onpeio va voohvtal Kot Vo SpovV mg EvVIaio «LovEadoy.
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1.2.2. Nevpoowfipacn otov apgipinctposion

210V aUPIBANGTPOELDT| TOV GTOVOVAWT®V TO YAoLTauLviKO, To GABA ka1 1 yAvkivn
0moTELOOV  TOVG Pooikovg veELPOSPIPOCTEC TOL  KOTOKOPLEOL Kol Tov  optoVTIOL
povomatiob petddoong tng omtikng mAnpogopiag (Wu kot Maple, 1998). To kotokopv@o
povomdtt oynuotiletal petafd TV QOTOHTOd0YEMY, TOV OSIMOA®Y Kol TMOV YOYYALLK®OV
KUTTOP®Y KOl YPTOILOTOlEL TO SIEYEPTIKO aputvocDd YAOLTOUVIKO YloL TV UETAS0CN TG
nanpogopiog (Wu kar Maple, 1998). To opildvtio | mAdylo povomdtt, meplapuPaver v
OLOUEGOLAPNON OVOCTUATIKOV EVOOVELPOV®V, OGS gival to, opllovtio kol To Ppaydiva
KOTTOPO KO EMOTPATEVEL Y10 TNV SLOKLTTOPIKY emkovovia gite to GABA eite tn yAvkivn,
OV OTOTEAOVV TOVG PaGIKOTEPOVG avaoTaATIKOVG vevpodafiBactéc (Wu kot Maple, 1998).

H dwpifaocn g omtikig mAnpoeopiog 0md TOLG VELPOVES TOL KATOKOPLOOL
LLOVOTIOTION TTPOYLLOTOTOLEITOL LE TV SLOUEGOAAPTON LOVIOTPOTIKADV KOl LETABOAOTPOTIKADOV
VTOd0YEMV TOL YAoLTOUVIKOD. Ol 10VTOTPOTIKOL VTOS0YEIS TOL YAOVLTOUIVIKOD &ivol
ovlevypévol pe €va dlavdo 1OVIMV KOl 1) EVEPYOTOINGT TOVG, €T OO TO YAOUTOUIVIKO &ite
amd KAmolo avérloyd Tov, cuvemdyetal TV €icodo katdviov acfestiov (Ca?*) N varpiov
(Na*) 010 £6®TEPIKO TOL KVLTTAPOV, LE OTOTEAECUO VO EXOVUE UETAPOAT TOV SVVAUIKOD TG
pepPpavng kot kat’ eméktoon pia cvvartikn andkpion (Greger kot ovv., 2017; Stroebel ot
ovv., 2018). Ot petaforoTpomikoi VIOSOYEIG TOV YAOLTAUIVIKOD OVAKOVY GTNV OIKOYEVELQ
Tov ovlevypévav pe G mpoteiveg vrodoyéwv (GPCRsS, G protein-coupled receptors), ot
0mO0101l TPOYUOTOTOLOUV KLTTOPIKEG OTOKPICEIC LECH TNG EVEPYOTOINONG M TNG OVUGTOANG
TOKIA®V gvooKLTTAPIOV onpotodotikdv povoratidv (Higgs kot ovv., 2002). Tépa and tovg
VIOd0YElS TOV YAOLTOUIVIKOD, 6TOV ap@PAnotpoedn &xet emPePforwbel Ko n mapovsio TEVTE
SPOPETIKOV VITOTOTIOV UETAPOPEDY TOV YAovTapvikod (EAAT 1-5, Excitatory Amino Acid
Transporters), ot onoiot Topovclalovy gvpeio EVTIOTION GE YAOLUKG KOl VEVPIKG KOTTOPO KO
epovtifovv Yoo TNV amopdkpuvon Tov ylovtapwvikov omd tov eEmkvttapro yopo (Rauen,
2000). Ot yrovtopvepyikoi viodoyeic Ko petapopeis, poli pe to yYAoutapvikd Kot ot ueta&o
TOVG OAANAETIOPACELS AMOTEAOVV POGIKA GTOLYEID TOL SLOUOPPAOVOVY TNV YAOLTUUIVEPYIKN
owPifoon kot EAEYYOV TNV HETASOGT TNG OMTIKNG TANPOPOPING GTOV AUPLBANCTPOELD).

Onwc £éyovpe MOM SmoT®OCEL 1 ONTIKN TANPOQoOpic, EUMEPLEYEL GUVOETEC
TANpoeopieg, ol omoieg emeepyalovtal Kal amapTIOVOVTOL OO SLOPOPETIKOVE VELPAOVEG GTOV
appipinotpoedn. H wavotnto avtn g petadoong kat enelepyosiog ToKiAov TTuxdVv TG
OTTIKNG TANPOPOPIaG OPEIAETAL EV UEPEL GTOVG OLAPOPETIKOVG VITOSOYELS YAOVTUUIVIKOD Kol
OTNV JPOPIKN KUTAVOUN TOVG GTOVG VEVPMVEC TOV GUVOETOVV TO KATOKOPVPO LOVOTATL.
‘Eva yopoktnprotikd mapddstypo anotehovv o povomdrtio, Tvwov ON ko OFF ene&epyaciog
™G OMTIKNAG TANPOQopiaG. AVoALTIKOTEPH, VIO GLVONKEG OKATOLG Ol PMTOUTOd0XEIS
EKTOADVOVTOL KOl OMEAEVOEPMDVOLV YAOLTAIVIKO, EVED O OMOKPION G KAMO0 (POTEWO
epédiopa TapaTnpeiTol VIEPTOAMON TOV PMOTOVTOOEKTIKMY KLTTAP®V, 1 OToie OT®G gival
QLO1KO cVVOdELETAL Kat oo peimon g anedevfépmong yrovtapvikov (Witkovsky kot cuv.,
2001). ¥to0 avatepo otaodlo emeEepyociog, ta OFF dimoAia kbtropa mov ek@pdlovy Tovg
ovtotpomikoe vrodoyeic AMPA tov yAovtouvikod mov givar culevyuévol pe éva diavio
wvtov Na¥, mapapévovuv ekmolopévor oe ocvvOikeg okotovg efautiog g mpdGdeong
YAOUTOUIVIKOD GE QLTOVG KO VITEPTOADVOVTOAL HETA A0 KATO0 POTEWS epébiopa, eEantiog
™mMe Metpévng emdpkelag yrovtapvikov (Popova, 2015). And v dAAn mhevpd ta ON
dimola. kOTTOpO, EKEPALoVY TOV PETABOAOTPOTIKO VTTOSOYEN TOV YAovTapwvikod MGIURG, o
omoiloc UECm €VOC KOTOPPAKTN YEYOVOT®V O0OMYEl OE AVOGTOA] NG E0PONG 1OVI®V,
VIEPTOADVOVTOG TO KUTTOPO. 'Eyel emopévog avtiotpoen Opdon ond to OFF, agov
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VIEPTOADVETOL GE GLVONKEG OKOTOLG KOl EKTOAMDVETOL GOV OTOKPLON OTNV adENCN NG
évtaong tov eotog (Vardi kot ovv., 2000).

H m\éya 086G, oty onoia cuppetéyovv ta opldvtia kot to Ppaydiva KOTTOPA,
ypnowornotel v GABAegpyikn vevpodwofifocn. To GABA, 0 kupldtepog OvaSTUATIKOG
vevpoodlafiaoctrg ekppdletal katd KOpo Adyo ota optldvIia Kot 6To Lesaion Kol peydAov
VIodekTIKOD Tediov Ppayviva kvttape (Lukasiewicz kor Shields, 1998). O égbtepog katd
o€lpd ovacTaATiKOg vevpodtofifactng petd o GABA, 1 yAvkivn ekppaletar Kupimg omd ta
Bpoydva koTTapa pikpod vrodektikov mediov (Lukasiewicz kor Shields, 1998). Ot
vodoyeic, Wiaitepa Ttov GABA, aAAd Kot ¢ YAvKivng, Tapovcidlovy eupeio TPOGLVATTIKN
KOl LETOGUVOMTIKY EVTIOMION OTNV TAEOYNGIO TOV VELPOVAOV TOL OUPIPANGTPOEDOVS
(Lukasiewicz ko Shields, 1998), 6mov péom g opBOSpoung kat TG avAadPOUNG OVOGTOANG
OV EMTEAOVV GTOVG VELPAOVES TOV KoTakOpveov povoratiov (Dowling kaw Boycott, 1966;
Grimes kat ovv., 2015), dwaceoriCovv v upéylot Svvorh TOWOTNTO TNG OTTIKNG
TANPOQOPIOG KATE TNV UETASOOT TNG At TOVG PMOTOVTOS0YEIS TPOC T YoyyAloKd KOTTAPO.
2tov apePAnotpoetdn €xel emPeParwbel Kot 1 wapovsio GAAwv vevpodafifactdv, dnme M
vromapivn, 1 OKETLAOYOAlvM, 1 ogpotovivn, 1 adevocivny koBdg kol Spopwv
VEVPOTPOTOTOMTIKAV TENTIOIMV, OT®G 1 couatoctativy, To VIP, ot oroiot kotd kupto Adyo
ekppalovol o€ d0popeTikovg TANBuoUobS Bpaydvov kuttapwv (Kolb, 2009). Télog otov
auQPANCTPOE, Topdv Eivorl Kol €vo TANPMG  AEITOVPYIKO  CUGTNHO  EVOOYEVMV
Kavvapvogd®v, To omoio 0nmg Bo doVUE EKTEVEGTEPO GE EMOUEVO KEPAANIO GUUUETEYEL GE
o TAnbmpa diepyacidv mov oyetilovral pe v Opacn (Schwitzer ko cvv., 2016).

1.3. AvufnrTucn) ap@ipinotpocrdoradera

H AA oamotelel pio amd T1g dE0TEPEVOVOEG EMUTAOKEC TOV CUKYAPMDOOVG OLafnTn Kot
oLVIoTd €vo Kpiolo TpoPANua yo v dnuocto vyein o maykOGU KAILaKe, TO 0noio av
dgv  avTuETOTIOTEL gyKaipmg odnyei oe mpoPAfuota oty Opacn TV acbevav. O
EMMOAAGHOG TNG VOGOL eivar peyoldTepog otovg aobeveig pe Safnn tomov [ arn’ 611 oe
avtovg pe daprrn tomov I (Yau xor ocvv., 2012). Tlepinov 4.4 ekatouudplo, GvOpmmot
TOYKOGLI®G €YoV dlayvootel pue AA, ek tov onoimv 3.3 ekatoppiplo Topovetalovy KUTolon
€ldovg dTopayn OTNV OMTIKY TOVLG KAVOTNTA Kot mepimov 1 exatoppdplo givor toelol
(IAPB, 2022). Avdaueoa 6tovg Pocikodg TOPAyovVTEC KIvODVOL Yo TNV guedvion ¢ AA
neptiapPavovtol 1 S1dpKel TOL SAPNTN, 1 VAEPYAVKALUIN, 1] VTEPTACT] KOl 1] SVCALTIOOLIOL
(Scanlon, 2022). Aevtepevovimg, Exovv avayvmpiotel Kot GALotl mapdyovieg, Ommg nAkia, 1
ebvikdtnta, 1 yeveTikn mpodidbeon, 1o KAmviopa, 1 eykopoovvn K.¢. (Scanlon, 2022).

e Babog ypdvov Exovv mpayuotonombel Tpoomadeleg yio v didkpion g AAg o€
EMUEPOVE Katnyopieg, Pacel g coPapoTnNTOC TOV CLUTTOUATOV 7OV GUVOVTAUE GTOVC
aocleveic. Mia yevikotepn adpn Sudkpion tng AAG, €lvar M KOTNYOPlOTOINCN NG GE N
moAlamAaciootiky] (MITIAA), émov €yovpe amovsio vEO-ayyelmong Kol 6€ TOAMOTAUCIOCTIKY
(ITAA), 6mov 1 mapovcio veo-ayysimong ivorl extetapév. Mia and TG TPAOTEG OPYOVOUEVES
npoon@deieg didkplong £ywe 1o 1968 ko agopd v koarnyopromoinorm Airlie House
(Goldberg o Jampol, 1978), evd ota tékn g dekoetiag tov 70, ypnoipomomOnke o
tporonoinon g Airlie House katnyopilonoinong omv peiétn g Hpodyng Ogpaneiog yia
mv Awpntiky ApeipinotposidondOeo. (Early Treatment of Diabetic Retinopathy Study)
(ETDRS, 1991). [MTapd to yeyovog 0Tt kat o1 600 GVTEG KATITYOPLOTOGEIS OTOTELEGAY TOAD
YPNOWO €PYOAElD oOTOL ¥EPLOL TOV KAVIKOV Y10, OPKETO YPOViK, ONUEPO TAEOV Ogv
YPNOOTO0VVTOL EE0LTIOG TNG TOAVTAOKOTNTAG TOV KOl £XOVV OvTIKATAOTOOEL amd o oTALC.
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Yfuepa oTNV KAMVIKN TPAEN YPTCLLOTOLEITAL EVPEMG TO GUGTNUO KOTIYOPLOTOINGoNG TOV
Agbvoig Zvupoviion Oebolporoyiag (International Council of Ophthalmology), to omoio
Baciletar otV ovoyvopion SQOPETIKOV avaTOKOV BAafdV oTov oueIPANGTPOELd).
Bdoetr avtig g kammyopromoinong n MIIAA Soywpileton oe Amo, pérpio Ko cofapm
(Solomon kot ovv., 2017). H fma yopoktmpiletor and eidyiom 1 kobBOAoL mapovcio
LIKPOOVEVPLOUATOV, EVED GTNV UETPLOL 1] TEPALTEP® OMMAEWL TNG SOUIKNG GLVOYNG KOt M
amoppaln Tov ayysiov, 0dNnyel oTNV EUPAVICT] QUOPPAYIKDV ETEICOIMV, IOYOLUING KOTA TNV
0mol0l TEPLOYES TOV OUPIPANGTPOELDN SEV ALUOTOVOVTOL GOGTA Kot EE10pmUATOV eEontiag TG
dappong vYpoL amd Ta TPLYOEN ayyeion oTov apeiPAnotpoedn (Kusuhara kot cuv., 2018).
Ymv cofapn popen mapotnpeitor n wapovsio cofapotepmv ayyslakmv PAapav eEartiog g
OKOVOVIOTNG OULGTOAMG 1M SWGTOANG TV TPLYOEWADV ayyeimv Tov AUEPANCTPOEO0VS
(Kusuhara kot ovv., 2018). 'Eva Eeywpiotd otddo oty mopeio eEEMENG g AA amotedei o
olidnua g oypdc knAidag (OQK), katd to omoio e&attiog Tng JPPONS TOV ALLOPOP®V
ayyelov, Topotnpeitor oldnuo oTNV KEVIPIKN TEPLOYN TG OYPAS KNASOS oL TANTTIEL TNV
ontikny o&vnto Tov aobevoie (Das kat ouv., 2015). Xy TTAA, e€ottiog T™¢ eviewouevnc
TOPOLGIOG TNG 1oYALUIOG KOl GE [t TPOCTAHELD TOV 16TOD VO TOKATACTIGEL TNV AUATOOT)
otov auQBANcTPoEdY|, Tpaypatonoteitor aveEéleyktn dnpovpylo VEOV Un QUGLOAOYIKMV
ayyeiov mov odnyodv € VOAMEDIKT QUOPPYio. Kol GTIS COPUPOTEPEG TOV TEPUTTOCEDV
pmopel Voo TPOKAAEGOVV OTOKOAANGOT] TOV QUEPANCTPOEBOVG, LE KATAGTPOPIKES GUVETELEG
Yo TV Opacn Tov acbevoig (Cheung kat cuv., 2010).

Time frames in years— m —

Noxitial By Stage 1Mild Non- Stage 2 Moderate Stage 3 Severe Stage 4 Proliferative
y Proliferative DR Non-Proliferative DR Non-Proliferative DR DR
Stages of DR @ On set of Diabetes [ ]

Changes in fundus

Macula

Optic disc

e Larger spots of blood

leakage * Beading in viens
o Irregular beading in e Growth of new blood
" " * A few small bulges in viens vessels elsewhere in the
Changesin retina the blood vessels e Growth of new blood retina
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vessels

Ewéva 1.5. Ztadwa g Srafntkng apeipinotpocidonddeioc. Anednke amd Asia kot cuv. (2022).

Nebtepeg KAVIKEG TOPATNPNOELS TNG EKOVAG TOV CLUTTOUATOV TOV GUVOVIOUE OF
KaBéva amd To Slkpitd oTadlo TG VOGOV, OAAG Kol TOV OVTIKTUTOD TOUG GTNV OTTIKY|
KavoTTa TV acbevov, odfynoav otny mepattépm ddkpion e AAg o€ dvo KaTnyopieg, TNV
Swfntikn  aueipAnotposidondbeia  wpmdwov otadiov  (AAIIY) wor v SaPnTikn
apepAnotpoedonddeio e&ehrypévov otadiov (AAEZ) (Simo kot Hernandez, 2022). H AATIX
TEPILOUPAVEL TNV TANPT amoVcio cuUTTOUdTOV, TNV HIe Kot Ty pétpla MITAA, otig omoieg
N omtikn wavdtnTa dev emnpedletal, evd oty AAEX, minttetar n omtikr o&vtnto TV
acbevdv Kot cuykpoteitatl amd Ty cofapn popen g MITAA, 1o OQK kat v TTAA. (Simo
ko Hernandez, 2022).

210 onpeio avtd, evAoya Ba puropovoe KAmolog va avoapmTnOEl Yo TNV ¥pNooTnTO
oAV aVTOV TV Kotnyoplomomoewy g AAc. H oot avoayvdpion tov empuépovg 6tadiov
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™¢ AA¢ oto omoio Bpioketal o acBevig Ponbd apyikd oty mpdPAEYN TG EMIKIVOLVOTNTOG
NG VOoOU Kol TNG ELPAVIONS TPoPANUATOV 6TV Opact, 0AAG TO KLPLOTEPO, GLUPAAEL GTNV
eMAOYN TG KatdAning Bepomeiog yio 10 KOs 61Ad10. MdAloTa, 1010C OTAV TPOKELTOL Yol
mv AAILE, a&ilet va emmwbel 6T1 dev vILapyel Kavéva BepamevTiKd HEGO LEYPL GTIYUNG, EVA OL
Myootéc mapepfacelg mov €yovv mpotabel, 0@opobv TOV GTEVO EAEYYO TV EMTESWDV
yAokoing kot g mieong TG opoTikng Kukioopiag (Simé wkor Hernandez, 2022).
Emmpocbitmg Ohec o1 Oepameieg mOv YPNOILOTOOVVTIOL GHUEPO OTNV KAWIKN TPAEN
EMKEVTPMVOVTOL GTNV AVTILETOTION TS AAEX Kot apopodv enepPatiKéc TevVikég OmmS TO
AEilep Ko 1 €vEODOAOESIKT YOPNYNOT KOPTIKOoTEPOEW®V Kot avili-VEGF mapaydvimv, ot
onoiec pahota yapaktnpilovarl amd apketég avembounteg evépyeieg yua tov acbevn (Simo
ko Hernandez, 2015). Kot ndoo mbavotnta, 1 ARy Bepamentikdv napeufdoemy otnv
AAIIE opeiletar ot0 YeYOVOG OTL 1 OpaGT TOL ACHEVODG OV €XEL EMNPENCTEL KOl EMOUEVDS
OAeg Ol TPOoTADELEG Yo €DPEOT OMOTELEGUATIKNG Oepameiog emkevipoOnKay pEypL GNUEPO
o10 eEgMypévo otddlo e vocov. Evtovtolg 6mwg Bo dovpe Kot o emOUEVO KEPAANLO, 1|
AAIIY amotelel TAEOV TOV PAGIKOTEPO GTOYO NG TAEOYNPIOG TOV EPEVVNTIKMDY UEAETAOV Y0l
Vv avantoén véwv Bepameldv, Kab’ 6Tt gaivetol mwg To KAWL Yo v emtuyn Bepomeio g
AAg, éykelrtal OTNV OMOTEAEGUOTIKY] OVTILETOTION TNG TaBOoPLGIOAOYING TOL TPAOLOV
oTodloL NG KOl KOT™ ETEKTOCT OTNV AVOYOiTIoN TG TopEiag TG VOGOV TTPog TO EEEATYLEVO
oTAd10.

1.3.1. Awpnticn apgipinctposidonddeia: Mia vocog g
«VELPOAYYELOKNG HOVAO S

Onwg avagépape Ge TPONYOOLUEVO KEQOAOLO, M «vevpoayyelokn pHovaday (NAM)
glvar évag Opog mOL  YPNOOTOIEITOL Yl VO TEPLYPAYEL TIC OTEVEG VEVPOYNMIKES
oAnAedmidpdoelc peta&h TV VELPIKMV, TOV YAOLOKAOV KLTTAPOV Kol TOV eEEOIKEVUEVOV
ayyeiov mov v amoterovv. H dtopkng emkovovia kot aAlnAeniopacn uetald TV TPLOV
AVTAOV SPOPETIKOV oTotKel®V TN NAM, cupPdiel otny Sapdpe®on TG aKePAULOTNTAS TOL
ecmtepikoy AAD kot puOuilel TNV QUOTIKY POT| GOUPMOVO UE TIG UETAPOAIKEG AVAYKEG TMV
kuttdpov (Newman, 2013). H mpd0odog TV TEYVIKMOY OTEKOVIONE TOV OUPPBANGTPOEIBONG,
pHe TNV TAPOdO TV YpOVOV GUVEBUAAE TO UEYIOTO OTNV OVAYVOPIOT TOV TPOIUDV
TaOOAOYIKOV YEYOVOTMOV, TTOL 00NYOLV otV gueavion ™ AAG. Ot uetafolikéc avmpaiisg
OV TAPOTNPOVVTOL GTOV COoKYAP®ON SN, OTwS 1N Ypdvie VIEPYAVKALUIN, TO 0EEWOMTIKO
oTpEG Kot 1 eAeypovn Slatapdocovy v opotootacn g NAM, peidvovtag v EKepaon
TPOGTOUTEVTIKMDY TPOPIKDOV KO OVTIPAEYLOVOIDY TUPUYOVTIOV, EVD TOPAAANAL, avEAVOLY TV
EKPPOLCT] TPOPAEYHOVOIDV TapayOVT®V, OTMG 01 KLTOKIVES Kat ot ynuetokiveg (Antonetti ko
ov., 2006). H mopatnpoduevn avicoppomio HETAED TPOGTATEVTIKMY KOl TPOPAEYUOVOIDOV
TOPOYOVTOV TANTTEL TNV SOUIKT OKEPALOTITA TOV £0MTEPIKOD ADD, Héc® TG TPOOSEVTIKNG
EKQVAIONG TV gvdoOnAok®dv KuTtdpov kot tov mepuvttapav (Hawkins kot Davis, 2005),
ue dueco emakorovbo v avénon g dwmepatdtnrag Tov ayyeiov. H andlea tov otevav
ouvdécev HETAED TOV EVOOOMAOK®OV KLTTAP®V Kol 1 TPOOJELTIKN TOLG KOTOGTPOOY|
EMUTPEMEL TNV €(0000 UOKPOPAY®V GO TNV GLUATIKT KUKAOPOPIN 6TOV aueIPANGTPOEdN, Ta
omoia ameEleLOEPOVOVY TPOPAEYUOVMOELS TOPAYOVTEG TOV EVIEIVOLYV TNV MON LIAPYOVGO
BAGPN ota ayysion kot ™ @Aeypovr (Das kot cvv., 2012) kot exdyovv TV EKQOAICT TOV
veupikedv kuttdpov (Simo kot ocvv., 2018). Eoitiag tov ektetouéveov oAloydv Tov
ocopfaivouv koTd TO TPOWO OTASW NG AAG, TMOPOINPEITOL KOL TO QPAIVOUEVO 1TNG
aVTIOPACTIKNG YAOIWMONC, KOTA TO 0OTOi0 To MKPOYAOLOKA KOTTOPO, TO OCTPOKVTTOPM KOl TO
Kkottapa tov Muller gvepyomolovvtar kat evogyeTol va SIaUEGOLABNOOVY TPOPAEYUOVAODIELS
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AmOKPICELS, eVIoYDOVTOGC KAT ™ aVTOV TOV TPOTo TNV vevpo-eAeyuovr (Rungger—Brindle kot
ovuv., 2000).

Neurovascular unit impairment

Loss of tight
junctions

VEGE Adhesion molecules

(ICAM, VCAM) +
Glial activation /'
e Leuk
(T ocyte
IL1p. =% NF:B =9 IL-8 recruitment
TNF-a

Ewéve 1.6. Zynuatikny avomopdotoon Tov Pacikotepmv  Tabo@LGIOAOYIKOV YEYOVOT®OV 1OV
amovidvtol oto Tpdye otddioe g AAg. H vrepevevepyomoinomn twov yYAOOKAV KLTTAP®OV
(avtdpactikny yAoiwon) mov mopatnpeiton e&attiog tng vaepyAvkoiog, odnyel oty avénon g
anelevBépwong mpoPAeypovaddv kutokivov kot tov VEGF, ta onoio TAATTOOV TNV 0KEPALOTNTO TOV
AA®. To yeyovog avtd, 6€ GLVILOCUO pE TNV EmOyOUEVN omd Ty avénon g Ekepacng pHopiov
npdodeong (ICAM, VCAM) gvicyvpuévn Aevkdotoot], avéAvel TNV oyyELloK dlappor), EVIEIVEL TNV Tpo-
PAEYLOV®OT amOKPLoN Kot EMAYEL TOV VELPOVIKO Bdvarto, datapdocovtag pe avutdv Tov TpOmo TNV
opotdctacn ™ NAM. Afednke and Ramos kot cuv. (2023).

Amd Olo To WOPOTAV®, YIVETOL EDKOAN OVTIANTTO OTL Ol OlAPOPEg UETAPBOAKES
avoUoAieg Tov mapoTnpovvTal otov OwfPnTn, eivor vmevboves yioo v dwrdpadn g
opotéotacng g NAM otov augipAnctpogdn kal v gpeavion AAG. ‘Etol, 1on amd ta
TPOWO OTA0IL TNG VOGOL EYOLUE TNV TOPOVCIO HIKPO-0yYEOTAOEINS, OVTIOPACTIKNG
YAOI®ONC, PAEYHOVIG Kal VEVPOEKPVAIONG. AC egTdooVUE OU®G AVOALTIKOTEPT, KOOEVH 0o
avtd ta Pacikd otoryeia mov yapaktmpifovv v tabopucioroyia g AAG.

a. Mikpo-ayysiondlsia

H pkpo-ayyelonddeio, ot fAaPeg oOnAadn oto allopopa oyyeio 6To pKkpomepPdAiov
TOV QUEIPBANGTPOE0DE, 0mOTEAODY PaCIKO GUUMTOUN TOV TPOW®V otadiov g AAg. H
TPOTOTOINGT TNG QULATIKNG PONG, eE0LTIOG TNG OVIGOPPOTING OV TTapaTNPEiTOL 0TO 160LVY10
HETOED ayYEl0d100TAATIKOV Ttopoydviov (0nmg to NO) kot ayYEl0GVGTOATIKOV TAPAYOVI®Y
(6mwg M evdobnrivn-1, ET-1), copPdriovy péom pog oAlvcidog cnUoTOdoTIKOV YEYOVOTMY
OTIS TPOUEG pKpoayyewkéc PAdPeg otnv AA, ommg 1 avénon tng SlomepaTodTNTOS TOV
ayYEI®V KOl 0 TEPLOPLGHOG TNG GLUATIKNG PONg e€aTiog TG OTEVMOTG-GVOTOANG TOV Oy YeimV
(Sorrentino kot ovv., 2018). A&iCel va avaeepbel €dd, 61t T ayyeio otov ap@PAncTposidn
dgv 0€yovtal KAmowov €idovg velpworn Tov va, PTopEcel vo Kabopicel TIC amoKPIiGES TOVG,
oAAG  aviBétog mn pOOoNn T™C OMATIKAG PONG OLOUOPPAOVETOL OTO UN  VELPLKODS
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unyovicpuovg, ot omoiot Olapecorafoldvtal  Kupimg omd  TIC OAANAEmOpAcE TOV
evéonlakdv kuttdpov pe ta tepikvttapa (Deanfield kot cvv., 2007). Aueco andtoko TmV
TpoavaPepBEIcOY OAAAYDV OmOTEAEL 1| OMMOAEIL TOV OTEVOV GCLVOEGEDV HETAED TOV
evOoONMaK®V KUTTap®V oV cLVOETOVY TOV E6MTEPIKO AAD KAl 1) TPOOSEVTIKT KATOGTPOPN
tovg (Koya xar King, 1998). Kpicyo poro og avt) v dadikacio dadpapatilel Kot 1
GUCTNUOTIKY OTMOAEDL TOV TEPIKLTIOP®Y, TO Omoio cLUPBGAAOLY GTNV dTHPNON NG
akepadTTOG ToV £0mTEPIKOL AAD Ko pubuiCovy v awatiky por (Armulik kot cuv.,
2005), upe omotéhecua TV avénon NG OOMEPATOTNTOG TOV OyYeEi®v TPOg TOV
apQPANCTPOEdN KoL TNV EUPAvIoT toyoiog eEoutiog TG MEPLOPIGUEVNS CLUATIKNG PONG
(Chakrabarti kot cvv., 1998). H npdun Statoporyr] ¢ SOMKNAG OKEPOLOTNTOS TOV EGMTEPIKOD
AAD egpeoviletor oty KAWVIKY €KOVA PE TNV HOPON UIKPO-OVEVPUCUATOV KoLl LIKPO-
OLLOPPOYIK®V €NEC0dIMV, eV 61O PETPLOS OpludTNTag OTAd0 NG VOGOV, N TEPALTEP®
OTMAEL TNG OOMUIKNG GLVOYNG Kot 1 amoppaén TV oyyelov odnysl otnv euedvion
OLLOPPOYIK®V EMEICOOIMV, OYOLUing KOTA TNV omoio. TEPLOXES TOVL OUPPANGTPOEdN dev
OLOTOVOVTOL 6MGTAE Kot e€dpoudtav e&ottiog T olappong VYPOL Ad T TPLXOEWN ayyEin
otov augiAnotposidn (Kusuhara kat cov., 2018).

H dwartapoyn oto cvotnua g evéoniiving gaivetor va amotelel 10 gvapkTiplo
epEBIoUA Y10 TNV EULPAVIOT TOV IUKPOAYYELKDYV OVOUUAIDV KATE Ta TP®IUL 6Tado TG AAC.
H ET-1 Oewpeitor 10 Pocikdtepo oyyelodpactikd TEMTIOO, KovO VO TPOKOAEGEL
ayYEI00VOTOAY, dpdvtag péow twv GPCR vrodoyéwv g, ETa xat ETg (Yanagisawa kot
ovv., 1988; Ergul, 2003). H ET-1 mopdystor ota evdobniokd kdttapo Kot TpoKoAel
OYYELOGLGTOAY dPAOVTOC GTOVG VITOSOYEIG TNG OV EKPPALOVTOL KaTd KOPLo AdY0 GTOVG Agiovg
poeg Tov ayyelov, evd glval og BEon vo AEYYEL KOL TOV TOALOTANGLOGUO QTOV TOV LMV
(Stow ka1 ovv., 2011). Ztov dwapr éxet Tapatnpndel adéEnon tov enmédwv g ET-1 oto
mAdopo tov acBevav (Takahashi ko ovv., 1990; Kawamura kot cuv., 1992). H avénuévn
éxppaon g ET-1 otov apeiAnotposidn Kot 1 erakdrovdn avénon g ayyEloGuGTOANG TOL
pokoAel givar vevbuvn yio v dtdpaln ™G aTOPPYOUIGNG TG OUATIKNAG PONG GTO
TPLY0EdN ayyeia, Tov Tapatpeitor 6to Tpdo otddo ¢ AAg (Lam, 2001). H yoprynon
aVIOYOVICT®V Yo Toug vrodoyeis ™ ET-1 amokabiotd tnv datopaylévn olaTiky] por|
(Wang ka1 ovv., 2010). A&oonueimto 6to onueio awtd givor 1o yeyovog Ot 1 dotapasn g
OLOTIKNG PONG cuvinpeital emiong amd TNV HEIOoTN TNng EKEPACNS TNg OLVOETAGNG TOL
povo&ediov tov aldtov (NOS, Nitric Oxide Synthase), n onoia cuvBétel kot aneievOepmdvel
TO AYYEIOOAGTAATIKNG POoemS, povoeidto tov almwtov (NO, Nitric Oxide) (Roufail kot cuv.,
1998). Qotdéco n ET-1 cupfdidet eniong otnv dotdpaén thg Aettovpyiog tmv evéodnilokmv
KUTTAP®V, LEGH UNYXOVICUDV TTOL oyeTilovtal pe v avénon tov 0&EBmTIKOD GTPEG KOl TNG
eieypovng (Idris-Khodja kat ovv., 2016; Alrashdi kot ovv., 2018). TIépa and T1g dpaoels TG
ota ayyeio, 1 ET-1 otv AA copuetéyel emiong evepyd Kol G€ VEVPOEKPVUAIGTIKES dlepYasies,
omog givar o Bavatog tov yayyhokov kuttapov (Chaphalkar kot cvv., 2020; Marola kot
ovv., 2020).

‘Evag amd T0ug ONUOVTIKOTEPOLS TAPAYOVTEG TOV GUUPBGAAOLY GTNV EUEAVIOT] TOV
HIKpO-ayyelak®mv datapoydv omv AA, eivar to o&edotikd otpeg. H vmepylvkoipio mov
TOPOTNPEITOL GTOV CakYap®ON Stafrtn €xel ®C amoTéAeco TV avENoT Tov 0EEBMTIKOD
OTPEG OTOV OUEIPANGTPOEDT, TO OMOi0 GUVOSELETOL AmO TNV TOLTOYPOVN pei®oN NG
dwbecdtrag  avtiofewdotikdv  popiov  (Masuda xor ovv., 2017). EEartiag g
vrepevepyomoinong tv NADPH o&eidoodv (Drummond kor ovv., 2011) mopatnpeiton
avénon ™¢ mapaymyng Tov avidpactikdv pilov ofvyovov (ROS), pe Pooikodtepo
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eknpdo®To T0 VIEPOEEISLo Tov 0&vuydvou (O2), mov cvvdvdaletor pue to NO kot 0dnyei otov
oynuoatiopd mepoéuvitpitdv (ONOOY), 10 omoio TANTTEL HE TV GEPA TOL T eVO0OMALaKA
kotTopo (Sena kot ovv., 2011). Axdun n vaepropaywyn ROS amd ta prtoxdvopia twv
evooOnAlokdV KLTTAP®OV 001 YoUV Gg datdpaln TS 6mOoTNG Agttovpyiog TV HToYovOopimV
Kol Kot ETEKTOON OVTNG TV evéodnilakdv kuttapmv (Kowluru kot cvv., 2003). Kpicwo
poro otig o&edmTiKég amokpioels dadpapatifel kol 1 pelmon TG EKPPOOTS TOV TUPNVIKOV
vrodoyéa PARPy [Poly (ADP-ribose) polymerase] ota evéobniiokd kdTTOPO, O 000G
EVEPYOTOLEL UETAYPOPIKOVS TTOPAyoVTES, 0TS 0 NIf2 mov pubuilovv v ékppacn doeopmv
avtio&eldmtikdv tpoteivov (Deliyanti kot cuv., 2018).

H oAeypovry omotelel emiong xobopiotikd mopdyovia mov cSvuUPdAEl otV
KOTOGTPOPN TOV EVOOOMALOKOV KVTTAP®OV Kol GTNV amodlopydvmon tov ecmteptkon AAD.
Kaipio podo omv eppdvion oleypovig, dtadpapotilelt 1 avénon g Ekepacns dpopov
popiov mPAcAEONS OTL OTEVEG GLVOECELS HETOED TMV €VOOOMMOKAOV KLTTAPOV, OT®S TO
ICAM-1 (Intracellular Adhesion Molecule-1), to VCAM-1 (Vascular Cell Adhesion
Molecule-1) kot to ELAM-1 (Endothelial Leucocyte Adhesion Molecule-1), ta omoia
ovlevyvhovtol pe AELKOKVTTOPN TNG CLUOTIKNG KUKAOQOPIOG KOl TPOKOAOVY AELKOGTOOT
(Chibber kot ovv., 2007). H grnoaydpuevn amd tov Stafntn avénon g £KQpacng TV Lopimv
TPOGOEONG £lval LAMOTA HLEYAADTEPT) GTOV OUPIPANGTPOELDN GE GYXECT e OTOLOVONTOTE GALO
1016 (Lessieur xoi ovv., 2022). H Agvkdotoor €KTOC TOL OTL AELTOLPYEL OC Qpayua
UEIDVOVTOG TNV OLUATIKA pon] Katd punikovg tov ayyeiov (Abiko kot ovv., 2003), péow tov
OAANAETIOPACEDY TV HOPI®V TPOGOESNS LUE TO AEVKOKVTTOPA GUUPEALEL otV avENoN NG
SmEPATOTNTOG TOV AyYEIOV KOl 6TV UETAPOOT TOV AELKOKVTTAP®OV OO TO ECHOTEPIKO TMV
ayyeiwv 7mpog tov oueiPAnotpoedny (Miyamoto kot ouvv., 1999). H ovoomdpgvon
AEVKOKVTTAPOV GTOV QUEIPANGTPOEdN GE Guvepyasio Pe TNV avénomn Tng ovIIOPACTIKNAG
yYAoimong mov wapaTnpEital, GUUPBAAAOVY GTIV OTEAELOEPOOT) TPOPAEYUOVMOIDY KUTOKIVDV,
6mwg o TNF-a (Tumor Necrosis Factor-a) (Aveleira kot cvv., 2010), n wrepievkivn-1p (Yun,
2021), n wrephevkivn-6 (Mysliwiec kat cov., 2008) «.d., o1 omoieg GLVINPOVV KoL EVIGKOOVY
TNV TPOPAEYUOVDOT OTTOKPLOT) KOl 001 YOUV G TTepattépm PAAPeg ata ayyeia.

O oavénuikdg mapdyoviag tov evéoniakdv kuvttdpov  (VEGF, Vascular
Endothelium Growth Factor), amotelei évo amd tovg PAGIKOTEPOLE VROAITIONG YO TIG
pikpooayyelokég avouoiieg otny AAIIE. O VEGF givat évag xpnotog Tpopikog TopayovTog
oL ovupetéyel oe depyaocieg ayysoyéveong (Takahashi war Shibuya, 2005) ot vnd
(QUOIOAOYIKEG CLVONKEG EAEYYEL TNV AYYELOKT SLOTEPATOTNTO TOV €VOL OAPOITNTN Yo TV
gvpuobun Aettovpyia Towv ayysiov (Roberts kou Palade, 1995). Qot6co otv AA ta AGES
(Advanced Glycation End-products) (Mamputu kot cuv., 2002) odnyodv og pia ave&édeyktm
avénon g ékepaong tov VEGF ota evdoniokd wottapa. H avénuévn éxepaor tov
VEGF oto gvdoOniiokd kottapa, copPdArel otnv advénon g olamepoTOTNTIS TOV AyYEiV
TEPA amO TO PLOLOAOYIKA OPLO. KOl JUTUPACGEL TV OOUIKT OKEPULOTITO TOV ECGMTEPIKOV
AA® (Antonetti kot cvv., 1999; Kim kat ov., 2009). O VEGF &ivat eriong vrevbuvog kat yia
mv avénon g ékepacng tov ICAM-1 ota evoobniaxd kOtrapo kot Ty TpOKANGoM
Aevkdotoong Katd ta mpoue otddia g AAc (Joussen kat ovv., 2002). Extog and ta
evéobnhaxd kotTopa, o pikpoyiotakd (Ding kot ovv., 2018), ta actpokvTTapo (Schmid-
Brunclik kot cvv., 2008) kot o k0TTOpo Tov Muller (Brooks ki cvv., 1998) exppdalovv kot
amelevepdvovv VEGF cav amokpion og mtaboroyikég cuvinkes. O VEGF cuvupetéyet kot og
dlepyooieg Aeypovng, aeod dvvatol va avéncel TV EKEpoot popiov tpdcedeong, OTMs To
ICAM-1 (Joussen kot cvv., 2001) kot S10pOp®V TPOPAEYUOVOIDV KVTOKWVAOV, 0w 0 TNF-a,

[35]



mBavotato pEcm TG evepyomoinong tov petaypapikod wapdyovta NF-kB (Choudhouri kot
ouv., 2015). H oyéon avtn givar appidpopn, apod ot TpoPAEYLOVAOIEIS KVTOKIVEG UTOPOohV va
avénoovv v Ekepoon Kot v aneievbépwon tov VEGF (Nagineni kot cvv., 2012). Tty
MMAA, n meputépm avénon g mapaywyng ko amedevfépoong VEGF efoitiag g
TOPOVGIOG 1oYUIOG OO TNV TEPLOPIGUEVT] AUATMOCT TOL OUEIPACGTPOEIOOVG, EMAYEL TOV
TOALOTAQGLOGUO KOL TNV HETAVAGTEVOT] TOV EVOOINAIK®V KUTTAP®OV TPOG GYNUATIGUO VEDV
un evotoroyikmv ayyesiov (Witmer kot ovv., 2003). H véo-ayyeioomn ot mov ogeiletol oty
avénuévn evepydtnra tov VEGF, amoteiel to cofopdtepo countopa g TTAAG kot
avtipetomiletatl pe v evooeddia yoprynon mapayoviov pe ovti-VEGF 1810t teg (Arrigo
Kot ovv., 2022).

Ev xataxieidy, @aivetor mmg 1 EUOAVIOT] TOV UIKPOOYYELNKDY OVOUOADY KOTA TO.
TPOUN oTAoW TG AAG, gival €va QUIVOUEVO LE TOADTOPAYOVTIKY ouTIOAOYio. Apyikd m
avénon g EKEPAcNS OYYEWOGLOTOATIKOV Tapayoviov onmwg n ET-1 kou m peioon g
EKQPOOTG  OYYELOOOOTUATIKOV mapaydviov omwg to NO, odnyodv omd Kowod o€
TPOTOTOINGN TNG OHOSVVOAIKNG AmOKPIONG, UELOVOVTAS GNUOVTIIKE TNV OUATIKN pon oTd
piKpo-ayyeio Tov apePAnotpoetdods. AkorovBwc 1 TOPOLGin 0EEWMTIKOD GTPES, PAEYLOVIG
Kot M avénon g EKepacnc TPOPIK®V Tapaydviov onwg o VEGF, kotactpépovv ta
evoofnAlakd KOTTOPO Kot To TEPIKVTTAPO TOL GLVOETOLV TOV £0MTEPIKO AAD, TPOKAADVTOG
NV 0yYEWKY Soppon TPOG TO ECMTEPIKO TOV AUPPANGTPOEIB0VC.

. Nevpoekpiviion

H mapadociokn amoyn kotétocoe v AA ®G Uio [KPO-0yYEOKT S0Tapoy] TOV
aUPPANCTPOELOOVG, AAUPAVOVTAG LOVO VIOYIV TIG OYYELNKES OvVOUOAieg Tov yapaktnpilovv
™ voco. Nedtepa OU®G €PELVNTIKG OgdOUEVO 0dNyNoav oty avabedpnon ovTHg TNng
Gmoyng, OVOOEIKVOOVTOS TOV KaBOoploTikd pOAO TNG VELPOEKPOAONG, T Omoio HAAoTo
TPONYEITAL TOV OYYELOKAOV OVOUOIMOV, 6TV ekdnimon g mafoustoloyiog g vOoov
(Barber kot ocvv., 1998; Simo xat cvv., 2018). Melétec oe acbeveig ue v ypnon OmTIKNg
topoypapiog cvvoync (OCT, Optical Coherence Tomography), oaAld kot og petafavaTiong
16TOVG 000EVAV, OVAPEPOVY TNV TOPOLGI0 EAAEIUUATOV GTO TAYOG GLYKEKPIUEVOV GTIPASMY
oV aupipAnctpoedovg, ommwg M NFL kot n GCL, mov vmodewkvbovuv v mapovcio
VEVPOEKPVAIOTG KOTA TO OpYIKA OTAdW TNG VOGOV, evd TApOAANAC dgv TopaTnpovvVIaL
HKpOo-0yyElokég avopoAieg (Jonsson kot ovv., 2016; Sohn kot cvv., 2016; Tavares Ferreira
Kot ovv., 2016). Yrnép tov TpoPodicpatoc Tov KATEXEL 1 VELPOEKPOAIOT OTNV YPOVIKY
akolovbio g AAC cvvryopobv kot ueAéteg o€ (MO, 7OV AVOQEPOVY TNV TOPOVGI
To0oOAOYIKOV gupNUATOV 7OV OYETICOVTIOL HE TOV VELPOVIKO KLTTOPIKO 0Odavoto, e
TOPUAANAN amovsio pkpo-ayyelakadv dwatapaydv (Barber kot ovv., 1998; Carrasco kot cov.,
2007; Sohn ka1 ovv., 2016). O kpiowog POAOC TNG VELPOEKPVAIONG otV Topeion TG AAG
dtapaivetal eniong omd T YEYOVOG OTL ALTI] AVIXVEVETUL GTOV OUEPANGTPOEdN acbevov pe
dwaPnn, yopic dAra onuadia eppavodg AAg (van Dijk kot ocvv., 2010; Ferreira xat cov.,
2016; Garcia-Martin kou cvv., 2019; Toprak xat cvv., 2020). H drofintikn apeifAnotpoetdikn
vevpoek@OAlon (AAN), 6mwg Exel ovopaotel, amoteAel £va apketd TPMOIUO oTotyeio g AAG,
Tapdv NN KATd T0 0TAd0 TG TPOKAVIKNG AAC, Katd To omoio dev avayvopiletal Kavéva
GAXo yvmotd onuadt g AAg katd v e&étacn tov acbevav, mépa amd v AAN (Soni kot
ovuv., 2021).
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H vevpovikn akepatdtnta faciletor otnv opbn Asttovpyio T@V EMUEPOVE VELPOVOV
TOU QUEIPANCTPOEB0DE KOl OMOTEAEL TPOATOITOOUEVO TAPAYOVTO YO, TNV OTPOCKOTTN
LETAPOPA TNG OTTIKNG TANPOPOPING GTOV EYKEPOAO Kot TO oYNUATIGHO TNG Opacng (Jackson
ko Barber, 2010). H vevpogk@OAion, 0 0Gvatog SnAadn GUYKEKPLEVOV VEVPIKOV KVTTAP®V
TOU OUQIPANCTPOEIOOVG JUTUPACTEL QLTI TNV OKEPALOTNTA Kot gipacte mAéov PEPatot OTL
anotelel ovandomacto TUfpa TG Tpodwng mabopuoioroyiag g AAg (Villarroel kot cuv.,
2010). Méypt mpoTIvog dev £xel 600el GTIV VELPOEKPVAIGT 1] OTALTODUEVT TPOGOYN Kol AV TO
10Tl kot TV opBoiuockomikny e£€Taon TV 00OEVOY HOVO Ol oyyelokég OAAAYEC MTAV
0poTég Kol cuvEPaiay oty didyvoon g AAG Kot Oyt o eupripata vevpoekpOiong (Barber,
2015). Qo660 NoN amd v dekaetio Tov *60, TPOTOH AKOUN 1| ATOTTOOT YOPOKTNPIOTEL OC
Qo popen Kuttaptkov Bavdatov, peléteg oe petabovario vAkd acbevav pe AA dpyloav va
avayvopilovy v wapovcic oTtolyeiov KuTTapikod Oavatov Kot eKQOAICTS UECH NG
dwadikaciog tng mokveong (Wolter, 1961), ) onoia o@eiletl o dvoud g 6TV ELPAEVIoT TOV
IGTOAOYIK®V EVPNUATOV Kol OPYOTEPA LETOVOUAOTNKE ©€ ondntmon. Metoyevéstepeg
ueAéteg oe (ma, ypnowwonoidviag v texvikn TUNEL ywoo v avyvopion amontotikov
KUTTApOV o€ 0AOKANpovg apeiPinotpoedeig (flat-mount), avédei&av extetapévn mopovcio
TUNEL" xvttépov, ta omoia dev mepropiloviay povo ota ayysio oAd enEKTEIVOVTOY KOL GE
vevpikd kot moavotato, yholtakd kottapa (Barber kot ovv., 1998). Metayevéotepeg pehéteg
ypnowonotovvtag v texviky TUNEL, oe poviéha owPnmm emaydpevov amd STZ,
empPePainocay v TOpovciat oTOTTOONE GTOVG OUPIPANCTPOEIDEl] SOPNTIKOV HVOV Kol
enipov (Park kot ocvv., 2003; Martin kot cvv., 2004; Gastinger ka1 ovv., 2006), evd ta
EVPNLOTA OVTO ETLAANBEVTIKAV KOL LUE TV YPNOT YEVETIKOV HoviéAwv tov dwafntn (Ning kat
ovv., 2004; Barber ka1 ovv., 2005). Q¢ mpog v Vdmapén vevpmvikod KutToptkod Bavdtov,
ouvnyopodv emiong kot peAéteg oe petobavatiovng 1otovg acbevov pe AA (Barber won
ovv.,1998). To evdlopEPoV TOV TPOKOTTEL OUMG UEGO OO TIS GUYKEKPIUEVES MEAETEC, Elval
OTL 1 EUOAVIOT TNG VEVPOEKPVUAIONG TOAD VMPIG OTO YPovikd ovveyéc g AAg (600
gfoopddeg petd v emoymyn vrepyAvkoipiog) (Gastinger kot cvv., 2006) kot 1 cvvtipnon
NG KOl G€ UETOYEVECTEPO GTAOWN (OPKETOVG UNVEG UETO TNV EMOY®YN VLIEPYAVKOIUING)
(Barber kot ovv.,1998), vrodeikviovv 0Tt dev TpdKeLTa Yo pio TpdoKapn aAhoyn, aAAd Yo
pio ypovia dtatapoyr| Tov mpénet vo, tebel Vo EAgyyo.

H ypnon ko1 AoV deIKTdv, OT®MG 1 KAGTACT-3 TOV GULUUETEYEL GTO HOVOTATL
EVEPYOTOINGTNG TOV amOTTOTIK®V depyacidv (Fan kot ovv., 2005), emPefoardvovv v
noapovcio g arnontwong oty AA. O Gastringer kat ovv. (2006) avaeépovv otnv perét
TouG OTL M Koomdon-3 OuVEVTOTILETOL LE GULYKEKPIUEVOVS VELPWOVIKOVS Oeikteg oTOV
OUPIPANGTPOELDT JUPNTIKOV HODV, DTOSEIKVOOVTOS OTL Ol VELPAOVEG OVTOL VITOKEVTIOL OE
anémtowon. Ot Brucklacher kot cuv. (2008), €dei&av 01t M dpactnproTTa TG Koomdons-3,
TOPOVGIACTNKE AVENUEVT GTOV AUPIPANGTPOEION SUPNTIK®V ETUVOV TPELS UNVES UETH TNV
emaymyn tov daprm, eved ot Krady xai cov. (2005) avoaeépovv avénuévn evepyomoinon e
Kaomaong-3, téooeplg HWOALG eBdopddeg petd v évapén tov dafntn pe yopnynon STZ.
Meléteg oe (Mo LTOSEIKVOOVY OTL T YOYYAMOKA €ivol 00 TO TPMTO VELPIKH KOTTOPO, TOV
emnpedlovior and tov Swfntn, Kob’ 6Tl vEioTAVTOL HOPEOAOYIKEG OAAAYEC, OMMG 1|
peyébuven tov devopLTikoD TOVG TTEGIOL GOV OVTIGTAOUOTIKY OmOKPIoT otV Uelmorn TG
TUKVOTNTAG TOLG 6Tov auPiinotpoetdn (Qin kot cvv., 2006). Me v tepartépm emdeivoon
™G AAg, mopotnpeitol  EKTETAPEV]  EKQUAIOT] TOV  YOYYAIOKOV KUTTAP®V GTOV
apeipinotpoedn (Kim kot ovv., 2015; Zhang xat ovv., 2018). H emidpdoeic dpwg g
VIEPYAVKOLIOG emeEKTEIVOVTOL Kot ota Bpayviva kbttopa. ESattiag tov dafntn mapatnpeitot
peioon g evlopatikig dpactnpiomrog ¢ vromapivig (Nishimura kou Kuriyama, 1985)
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Kot TG okeTvAoyoAivng (Sdnchez-Chéavez xau Salceda, 2001) oto Bpoydiva kvtTopo. Ot
oAloy€G ALTEG 6TV AElTovpYia TV BPaydIveoV KUTTAP®OY 0dNYoUV TEAIKA 0ToV Bavatd Tovg
HEGM TNG EVEPYOTOINGNG OMONTOTIKAOV depyacidv (Gastinger kat cvv., 2006; Iban-Arias kot
ovv., 2018). Téhog o1 PwTOHTOd0YEIG PaiveTal OTL AmOTEAOVY OKOUN €va omd Ta «OOpaTo
TOV JaPnn, 0pod o BAavaTog Toug HESH amomtwong £xel enifeParmbel og {oikd poviéla g
AAg (Kumar kot oov., 2013; LV kot ovv., 2020).

Ta mpoavapepBivia gupfUOT, GYETIKA UE TNV TOPOLGIO, VELPOEKPOAONG OTOV
apeiAnotpoedn, emPefoidvovrarl kol and peEréTeg o peTaBovATiong 16Tovg acbevov e
AA, 6mov £yovv mapoatnpnoel LOPPOAOYIKES AAAAYEC, OTIMG AKAVOVIGTY] TAXLVOT) TOV aEOVOV
Ko opikpoven tov devipitikov mediov Tov yayyhMokav kuttapov (Meyer-Rusenberg xat
ovv., 2006). EmmAéov, pehéteg ava@épovy owENGELS 6TV EKQPACT TG Koomdong-9, tmv
npo-omontmTik®V Fas kot Bax kot tng kaomdong-3 oto yayyhloxd kottapo (Abu El-Asrar
Kot ovv., 2004; Oshitari kot ovv., 2008), o1 onoieg cuvodevovtal and TapaAAnin peiwon ta
EKPPOONG TPOTEIVOV TOL OVaGTEALOVY TV omomTwor, omwg 1 Akt, 1 Cox-2 ka1  Mcl-1
(Abu El-Asrar ko1 cvv., 2004). Evéiogépov pdlioto, mapovctdlel to yeyovog, 0t 1 dpuidtnto
g AAg mapovctialel BeTikn cLGYETION LE TV TOGHTNTA TG KAGTACNG-3 TOV AVIXVEVETOL GE
1otovg aobevav (Tian kot cuv., 2019).

H mapovsio vevpoekpOiiong ota mpodipa otdde TG AAG amodekvOETOL Kot HEGO
00 KAWIKEG UEAETEG, OOV UE TNV YPNOT OMEIKOVIOTIKOV TEYVIKGOV emPBefaidvovy tnv
OmopEn eAAEPPATOV GTO VELPIKO TUNU TOL auePAnotpogdove. Ta erdeippoto avtd
exppaloviol g UEIMON GTO TAYOG CLYKEKPIUEVOV OTIPAS®Y TOL aUEPANGTPOEIOOVC,
e€autiag NG TPOOJEVTIKNAG EKPOAMONG TOV KLTTAP®Y 7OV TNV amotelovv. 'Eva omd ta
TPOTOPYIKE ELPMUOTA GE OLTEG TIG UEAETES, €lvan M HEI®ON TOL TAYOVS TS OTIRASOS TV
vevpikdv wvav (NFL), tapatnpoduevn pdliote oe dapntikodc acbeveic yopic dAlo supavn
onuéadia AAg (Lopes de Faria xat ovv., 2002; Lonneville kot cvv., 2002). Mg v ypfion g
OMTIKNG TopoYypapiag, eaiveror 0Tt M peimon oto miyog ¢ otifadag NFL mopatnpeiton
EMIONC KO OTNV TEPLOYN TNG OYPAC oPaipac, TNV weployn He v Uéylotn omtikn o&hnta
oToV apEIPANCTPoedN Kot mBavoTaTa GYETIETAL LE TNV EKPVALCT] TOV 1010V TOV YOYYALOK®V
kuttdpov oty GCL (Biallosterski kot cuv., 2007). TIépa amd TV HOPPOAOYIKT OVEAVGT| TOL
AUPPANCTPOELDOVG, YPTCYLEG TANPOPOPIES Y10 TV VEVPOEKPVUAIOT) AapPdvoupe Eppeca and
TNV UEAETN NG Aeltovpyiog TOL OUPPANCTPOEWODS HE TNV YPNON NAEKTPOPLGLOAOYIKOV
kataypoemv oe acbeveic. Tétoleg kataypu@éc umopel vo gival Yo TapAdELy Lo TO NAEKTO-
apepAnotpocdo-ypapnua (ERG), 10 omoio amotedei éva yprioipo epyaieio ota xEpo TV
EPELVNTMV KOl TOV KAWVIKGOV Ytpodv, Ponddviog oy £ykaipn Oldyvmon AETOLPYIK®V
EMEIUUATOV 0TV VELPOVIKY dpaotnplotnTa. Tov aueipAnotposidovg (Prager kai ocuv.,
1990). EAAeippoto O0mwg 10 pewwpévo mAGTog kot M kKobvotépnon oty évapén Tov
amokpicemv, &yovv aviyvevbei oe ERGs aclevav pe owpnmm tomov I, yopic eppavn
Swfntikn appipinotpoecidonddeia (Falsini kot ovv., 1989; Di Leo kot cvv., 1990), eved ta
gupnuata avtd empPePfoardvovtar kot péoo and peréteg oe {wa (Hancock kor ovv., 2004).
ZOUPOVO e TO HEYPL OTLYUNG LITAPYOVTO EVPNUATO, 0EIOCUEIMTO glval TO YeEYOVOG OTL TU
AETOVPYIKA eAAElppOTO EPEAVICOVTOL OPKETH VOPIC, TPV OKOUO YIVOUV EUOAVEIG Ol SOLIKES
aAlayéc, OTmg M peiwon Tov whyovg cvykekpuévey otiadwv (Santos kot cvv., 2017). O
oLUVOLOCHOC TOV OOMK®AV UE TIG AEITOVPYIKEG OVOUOAIEG OTO VELPIKO TUAUO TOL
aupipAnotpoedovg Ba pmopovoe va amotehécel po koAn péBodo yio v aviyvevon kot
aVOYVOPIOT] TNG VEVPOEKPVUAIOT|G KOTA TO TPOILN 6TAd TG AAG.
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Méypt oTtypUng oVOADCOUE EKTEVAOC TIC JLOPOPETIKEG EKPAVOELS TIC VEVPOEKPVUAIGNC
oT0 TPOO, 6TAd10 TG AAG, Y®pig OU®G Vo avapepbodue GTNV AITIOAOYIO, TOV PAVOUEVOU.
AvApEGH GTOVG TOIKIAOVG TapdyovTes mov gtvat LIEHBVVOL YO TNV TPOOSEVTIKY ATMAELL TOV
VELPIKAOV KLTTAP®V otV AA, 16mG 0 GNUAVTIKOTEPOS €ival TO YAOLTOULVIKO 0&0. Xty AA 1
CLYKEVTIP®GN TOL YAOLTOUWIKOD 0&E0g oTovV apPIPANCTpoed| eppavifetor avénuévn,
yeyovog mov emiPeformdvetar toc0 omd peréteg oe poviéda (dov (Lieth ko cvv., 2000;
Kowluru kot ovv., 2001; Zeng xot cvv., 2010) 6co kot and perétec o€ 16TOVG acbevdV
(Ambati xat ocvv., 1997). Zmv AA mopammpodviol avoporieg otov petafoloud Tov
yAovtopvikod. H peloon tng petatpomig tov yAovtapvikov og yaovtopivn, egotiog tng
UEWOUEVNC EKPpaoNG TNG cuvBetdong ¢ yAovtapivig ota kvttape tov Muller (Lieth ko
ovv., 2000), n pel®pPEVN eravamTpOoAYN TOL YAovTapvikoy omd o kdttapo tov Muller,
e€outiog g peimong ™c éxeppaong tov petapopéa GLAST (Li ko Puro, 2002) kot 1
UEIUEVN duvaTOTNTA TOL apPIPANCTPOEId0DC TPog 0&eidmaon Tov yAovtauvikoy (Lieth kot
ovv., 2000), cupPaAlovy GTNV VIEPGVGGOPELOT YAOLTAUIVIKOD GToV eEmKLTTAPLO Ydpo. H
nepiooelo. yhoutapvikod odnyel o€ vmepevepyomoinon twv 1oviotpomikd@v AMPA kot
NMDA vrodoyéwv Tov yhovtapvikod, ue oamotéhecpa v oavénon ewoporc Ca?* oto
eocwTePKO TV Kuttapwv (Carvajal kar ovv., 2016). To avénuévo acPéotio mpokorel
UETAPOAIKEC OAAAYEC Kol OVVOTOL VO EVEPYOTOMGEL 0GPESTIO-EENPTMUEVO, CNUOTOSOTIKA
LOVOTIATIO. IOV OLUUEGOAOPOVV TPO-OMONTMTIKES OITOKPICELS, HE TEMKO OMOTEAEGUA TOV
Bdvoro Tov kvttapov (Carvajal kat cvv., 2016).

H avénon tov o&edmtikod otpeg, eéattiog g xpoviag vrepyivkaipiog (Masuda kot
ovv., 2017) amotekel axdun évo Kpiowo ekAvTiKd mapdyovia Yo TV EUQAVIOT
vevpoek@VAlong oty AA. H vreprapaywyn ROS and to putoydvdpla tpokadrel PAafeg oto
pitoyovoplakd DNA, mov €yovv cov amoTéEAEGHO TNV SOTOPOYN TOL UETOUPOAICUOV TNG
evépyelag ota puToyovopto (Jarrett xat ovv., 2008). Avto oe cvvdvaoud pe TV 0EEIBWTIKY
BAGPN mov mpoxarodv o1t ROS oe mpwteiveg kot Mmidio odnyel TeAkd otov KuTTapKd Odvato
(Jarrett kou ovv., 2008). Ta yayylokd kbTTapa @aivetol Tmg gival Wiaitepa evaicnto oTig
KaTAoTPOPIKEG emdpacelg Twv ROS, o omoieg daTopdocovy TNV QUGIOAOYIKY] AgLToLPYic
TOV YayyMOK®OV KOTTAp®V otov ap@ipinotpoedn dopntikadv db/db podv, eved m yopiynon
avtio&eldmTikdv popinv draomlel v Asttovpyio Tovg (Xiao ko ovv., 2012). Tduewvo. ue
toug Li xar Puro (2002) to emoyouevo amd tov Swfintn oEEdmTikd oTpeg HEC® EVOG
GyvOoToL UEYPL OTIYUNG UMYoviouov, gvbdvetor yio v peimorn g Asrtovpyiag Tov
petagopea GLAST 1ov yAovtapuwvikod oto kottapa tov Muller, ue amotélecpa v avénon
TOV eEOKVTTAPIOV GUYKEVIPOOEMY YAOLTAUIVIKOD KOl TNV G€ OEVTEPO YPOVO EUGAVION
deyepoitolikdtnToc. Xty 0&edmTIk) PAGPN cvvtedel TEAOC kol 1 HEI®ON TS EKPPOONC
oTOV  aPPIPANCTPOEdY] AVTIOEEWDMTIKOV HopldV Omwg 1M yAovtabeldovn, 1 omoia £€yet
nopotnpnOei g poviéda (omv Tov cakyapmddovg dofnn (Kowluru kot cov., 1994).

H oawvicoppomio. peTo&h TPOQIKOV/OLENTIKOV TOPAYOVI®OV TOL  EMAYOLV TNV
VEVPOTPOGTAGIO KOl QUTMV TOV EXAYOLV TNV VELPOEKPVAIOT amoTerel iomg v Pacikotepn
oltio Yoo TV ETOY®YN TOV VELPMVIKOD KuTTopikoD Bavdtov. Xtnv AA €yel mopatnpndel
peiwon TG EKEPAONG TOV TPOEPYOUEVOL amd TO peAdyypouvv emiffilo mapdyovta (PEDF,
Pigment Epithelium-Derived Factor) (Shen kot ovv.,, 2011), o omoiog £yxet
VEVPOTPOGTATEVTIKEG KOl OVTI-oyyeloyevestokég 1010tteg (Barnstable kon Tombran-Tink,
2004). H couatootativ amotelel £vo VELPOTETTIOO OV OVAGTELAEL TNV VEO-0yYEimON Kat
dapecorafel vevpompootatevTikég anokpioels (SImo kot ovv., 2006; Hernandez kot cuv.,
2013) kou M petwpévn €kepaon ¢ o€ 16Tovg achevav pe AA, €yel GLOYETIOTEL Ue TNV
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napovsio ektetapévng vevpoekeviong (Carrasco kai ocvv., 2007). AvéAoya gvpriuata
TPOKVTTTOVV Kol €ontiag Tng HEWWUEVNG €KQpOoNG TNng koptiotativng otnv AA, n onoia
TopoLolalel VYNAN Sokn cuyyéveln pe v copatootativny (Carrasco kot ovv., 2008). Ta
enimedo. ¢ yAvkompwteivng insulin receptor binding protein (IRBP), mov ekppdaletor omod
TOVG POTOVTOS0YEIC Ko EIvaL OTOPALTNTN Y10 TNV COGTH AELTOLPYI TOVG, EIVOL HEI®UEVO OTA
TpOo otad TG AAg kor avty mn peiwon €xet ovoyetiotel pe v Odwtdpadn g
Aertovpyiog Tev eotodmodoyiwmv (Garcia-Ramirez xar ouvv., 2009). H Asrtovpyior Tov
avénrtikov mapdyovia tov vevpwv (NGF, Nerve Growth Factor), mov vmootnpiler v
emPioon TV vevpdvav pewdveTol oty AA Kot 6€ cvvdvacpd pe v avénomn Tov
Tpodpopov popiov tov, pro-NGF, o omoiog onuatodotel péow tov vrodoyéa Bavatov p75,
EMAYOLV TNV AMOTTMCT] TOV YOYYAMOKAOV KUTTAP®V Kot TNV ELPAVIOT| AVTIOPUCTIKYS YAOLMONS
(Kummer xot ovv., 2003). Mg v ypfion {okdv poviéhov tov dafitn, enayouevov amd
STZ, &povv aviyvevbel pelopéva emimedo EKEPOOTG TOL VELPOTPOPIKOD TOPAYOVIO TOL
eykepdAiov (BDNF, Brain Derived Neurotrophic Factor) otov ap@iBAnotpogidn], yeyovog mov
00MYEL GTNV TPOOSEVTIKY ALOAELN TOV VIOTOUWVEPYIKOV Bpoydivav kuttdpmv (Seki kot cuv.,
2004). TIépa amd v peiwon g EKepaons TV Tpoavapepféviov Topaydviov, oty AA
nopotnpeiton eniong kot avénon g ékepacng tov VEGF kot g epvbporpwteivng (Epo)
(Li ka1 Sun, 2010; Hernandez kot cvv., 2006), ta omoio mapd to yeyovog 0Tl cOUPOVO UE
oplopéva eupripata Katéxovv vevporpootatevtikes wiotnteg (Nishijima kot ouv., 2007; Rex
kot ovv., 2009), otnv AA dev @aivetar va emttelodv avtov tov podro. ITibavotata avtd
opeidetanr o100 Yeyovog OTL 1 avEnom TG £KPPACNG TV dV0 OUTMOV HOPimV EVIGYVEL TNV
VELPOVIKT OTMOAELD, EUUECH LECH TOV HKPOAYYEWKMY OVOUOADY TOL TPOKOAOVV KOTA TO
npodpo otadia g AAg (Chen kat cuv., 2008).

Ev xoataxieidr yivetar mAéov Katavontd OTL 1] VEVPOEKPOAICT] OOTEAEL il Pacikn
GLVIGTAOCN TOV TPOU®Y otadiov g AAG. H cbyypovn dmoyn 4tL 1 vevpoek@OAlon dvvaTon
VO TPONYELTAL TOV HKPO-0YYELNKADV OVOUOA®DY, AVOSIUHOPPOVEL EVIEANDS TOV EMIOTILLOVIKO
TPOTIO GKEYNC OYETIKO HE TO ToOOPLGLOAOYIKG GTOoLKEl TOV €ival TOPOVTO GTO TPDUM
otadw g AAg kot kaBopifovv v petémerta avamrtuén g H edpeon Aowmodv véwv,
OTOTELECUOATIKDY OEPAmEIDY 7OV GTOYELOLV GTNV OVTIUETMMICT TNG VELPOEKPOAIONG,
KPIVETOL EMTOKTIKN Y100 TV EMLTUYN OVTLUETOTION TNG GUVOAIKTG TaBoAoyiag Tng vOcov.

y. Dleyuoviy

H avakdivoyn tng epumiokng g eieypovig otnv AA, umopei vo avalntbei wicw
oV dekoetian Tov 60, OTav TPOYUATOTOMONKAY Ol TPMTEG TOPOUTNPNOES G SLOPNTIKOVS
acleveic mov AGupavav Bepomeio pe TOPAYDYQ TOV OVIIPAEYUOVDOOOLS GOAMKLALKOD 0EE0G
v Vv Ogpameio ¢ apbpitidog kot 6TOLG 0ToioVg TOPATNPNONKE UEWWUEVT] CLYVOTNTO
enpavions AA¢ (Powell xon Field, 1964). Znuepa miéov, pe v dapecoldfinon apkeTdv
peAetdv og (Do dAAA Kol KAVIKOV PEAETMV, Yvpilovpe OTL 1 AEYUOVT KOTEXEL eE€YOVG
0éon omv mabogucioroyia g AAg (Tang xou Kern, 2011; Rubsam xoi ovv., 2018).
AvEnuéva eninedo TPOPAEYHOVOODY KVTOKIVMV, YNUELOKIVOV Kol Hopinv Tpodcdecnc £xovv
aviyvevbel otov apeiPAnotpoedn kot 6to véaToEEG VYPO acbevidv pe AA (Herndndez-Da
Mota kot cvv., 2015; Hernandez kat cov., 2005), oALd kot 6tov apeiPAnotpoeidn dapnrikdv
{oov (Krady kat cvv., 2005; Iban-Arias kat cvv., 2018).

H ovvelspopd g QAeyUOVIG GTNV VEVPOEKPVAIST] TOOVOTOTO YIVETOL HECH TNG
avénong g avTpaoTikng yAoliwong katd ta mpodye otadie g AAG. H avtidpootikn
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yAolwon voeitor o¢g n avEnuévn evepyomoinomn v yholwokdv kuttdpov g NAM kot i
avénomn ¢ anelevfipmang TPOPAEYHOVOOMY LOPIOY GTOV AUEIBANGTPOELDN, OOV ATOKPIOT|
TV dltapaydv mov mapatnpodvtal oty opotdotacn (de Hoz kot cvv., 2016). H mpodun
avénon G avtdpacTiKng yAolmong, oeeiel tov apePAnotpoedn kvpiog pES® NG
(QOYOKVTTAPMOOTG KLTTUPOTOEIKMDY OVCLOV, (YPNOTOV VTOAEWUATOV KOl OTOTTOTIKMV
vevpodvov (Cuenca kot ovv., 2014). Qotdco M ypoOVIO. GUVTAPNON TNG AVTIOPUOTIKNG
yvAoiwong oty AA, d10Topdccel TNV SOUIKT GuVOYN TOV c®TEPIKOL AAD Kot 0d1yel oTOV
VEVPOVIKO 0AvoTo, UEGH TOV TPOPAEYLOVEOOI®V HOPIOV oL ameAevbepmvoviol amd To
yhowokd kovttopo (Cuenca kot cvv., 2014). Mdlota mapd 10 yeyovog OtL dev Exel akoun
EexaBoplotel av 1 avTIOPUCTIKN YAOIOoT TpoNyeital TG VEVPOEKPVUAIONG, KATOIES UEAETES
vrootnpifovv OTL M OVTIOPOGTIKY YAoimon omotehel éva OPKETA TPOYO KOUUATL TNG
mafopucioroyiag g AAG, Tapdv TP TV Evapén TOL VELPOVIKOD BavATov Kot 6TV ovcia
givar vrevbovn Yoo TV gueavion g vevpoekeOvAong (Gaucher kot ovv., 2007; Hernandez
Kot ovv., 2013).

Ta kdtTopa Tov Muller, arotedobv Tov évav amd Toug 300 THTOVE HOKPOYAOTIOG TOV
cuvavtdpe otov aueiPAnotpoedn. 'Hon and to mpodipa otddia g AAG, ta KOTTOPA TOL
Muller voictavtor dopikég odhayés, Ommg N vrepmiacioo Kor 1 odénon g Ekepacng
GUYKEKPIUEVAOV OEIKTMV TV GYeTilovTol pe maboAoyIKég KaTAoTACELS, OmMG N avénon g
éxppaong g mpwteiviig GFAP (Rungger-Brandle kot cvv., 2000; Gerhardinger kot cuv.,
2005). Merétec oe (o £xovv emPefardost OTL 1| VIEPEVEPYOMOINGT TOV KLTTAP®V TOL
Muller @aivetor 6t1 cvpfaivel apketd vopig, poig 6Vo efdopddeg HeTd TV ETOYOYN TOL
dwaprtn (Herndndez ko ocvv., 2013). Ztnv AA n gvepyonoinon tewv kuttapmv tov Muller
oLVOdEVETOL 0O OAlaYEG otV ékepacn 78 yovidiov tovg, ek tov onoinv to 1/3 apopd
yovidia mov oyetiCovtol Ue TV PAEYHOVT], LETAED TV 0ToimV EvTOTi{ovVTal Kol Ol TUPAYOVTEG
VEGF, ICAM-1 «ot wrtephevkivn-18 (Gerhardinger kot ovuv., 2005). In vitro peléteg
emBefardvovv T aAlayég 6To yovidiakd Tpogid tov kuttdpwv tov Muller cg yovidia mov
oyetilovtol pe TNV eAeypovn, uetd v ékBeon tovg og cuvBnkeg vaepyAvkoupiog (Wang ko
ouv., 2012). [Tépa and v avEnon g ékepaong ™ GFAP, cav amdkpion o€ ToBOAOYIKES
KOTOOTAOEL,, 1 gvepyomoinon towv kuttdpov tov Muller cvvodedetar kot amd v
ameAevBEPOOT TPOPAEYUOVOIDV KVTOKWVAOVY, Om®¢ 1N wtepAevkivn-6 (Liu kot cvv., 2015).
Ynd ovvOnkeg vmepylvkoipiog, mopatnpeitor adENon G EKEPACNG TOL VTOJOYED TMOV
yivkoovhopévov mpoteivav (RAGE) ota kdttapa tov Muller, o omoiog uéow g MAPK
Kwvaong kat tov petaypoeikod topdyovta NF-KB avédvel thy mapaywyr kot anelevfépmon
TPOPAEYLOVOIDV popinv omd ta kottapa tov Muller 6nwg n wrephevkivn-1B, o TNF-a, n
wiephevkivn-8, n wrepievkivi-6 kar to NO (Zong kot ovv., 2010; Liu kot ovv., 2014).
AvVOLOYEG TPOPAEYUOVMOEL OMOKPIGEIS, TOPATNPOVVIOL KOl KOTA TNV EVEPYOMOINGT| TV
0OTPOKLTTOP®Y. X& GULVONAKEG vmEPYALKOUING, 1M EVEPYOTOINGT TOV OOTPOKLTIUP®V
GULVOOEVETOL KOl OO GALOYT] GTNV YOVISLOKY| EKQPACT] TPOPAEYUOVOI®OV YOVIdi®V, KATA TNV
omoia mapoTnpeitar avénon g ékepacng Tv kutokvev TNF-a kot tvtepievkiving-1p kon
™G ynueokivng MCP-1 (Shin kot cuv., 2014).

Toa pukpoyArolokd kOTTOPO @OIVETAL OTL GTOTEAOVV TOV TPATO TOMO YAOLOUK®DV
KUTTOP®Y 7OV EVEPYOTMOLOVVTOL MG OTAVINGN oV dtdpaén g OpoldeTUeNG TOV
apeiPinotpoetdodc oamd tov dwaPnrn (Sorrentino xar ocuvv., 2016). Meléteg oe 10T00G
aclevdy, VTOOEIKVOOLY OTL 1M EVEPYOTOINOM 1TNG MIKPOYAoiog amoteAel évo omd Ta
TPOTOPYIKE 16TOTABOAOYIKA gUPNUATO GTOV OUEIPANGTPOEWd Kot cvpPaivel mpwv Tnv
evepyomoinomn tov kuttdpov tov Muller (Zeng kot ovv., 2008). H vrepylvkaytio kot to
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0&E10MTIKO GTPEC AMOTELOVV TO EVAPKTIPIO AAKTIGLA Y10 TNV EVEPYOTOINCT TNG UIKPOYAOTiaG,
HEC® €0IKA SLOUOPPOUEVOV DTOOOYEMV EVPICKOUEVOV GTIV ETPAVELD TOVG, Ol OTOoiol
avayvopilovv tig maboroyikég alhayég Tov cvpPaivovy oty AAIIZ (Ibrahim kot ovv., 2011;
Zhu ka1 ovv., 2017). EmmAéov to avénpéva eninedo KVTOKIVAV 1oV £vTomi{ovTol 6To TPMOILL
otadw ™G AAG cuuPdAlovy GTNV EVEPYOTOINGN TOV UIKPOYAOIOK®Y KVTTAP®OV KOl GTIV
TEPALTEP® OMEAEVBEPOGT] TPOPAEYLOVOIDV KLTOKIVMY, GUVTNPOVTAS KOl EVIGYVOVIONG TNV
vrapyovoa eAeypov (Krady kot cvv., 2005). H gvepyomoinom ¢ pikpoyroiog yiveton gite
TPO¢ ToV M2 (atvOTUTO, GTOV 07010 T UIKPOYAOLOKA OTEAELOEPDOVOVY AVTIPAEYUOVAIELS KO
VELPOTPOGTATEVTIKOVG TOPAYOVTES, €ite mpog Tov M1 dmov and to pkpoyiolakd Kdttapo
amerevfepdvovor vevpotoikol kat mpogieypovadeslg mapayovteg (Li ko ovv., 2021). H
xPOVIOL EVEPYOTIOINGT TOV LKPOYAOLOK®V KUTTAP®OV 6TV AA gVioyDEL TNV TOA®GT TOVG TPOG
tov M1 oowodtono, o6mov mapotnpeitor  ovénuévn  ameAevbipmorn  TPOPAEYUOVOIDY
KUTOKIVQV, OT®¢ 1 viephevkivn-1B, n wiepAevkivn-6, n wrepievkivn-12, 0 VEGF kot o
TNF-0, to omoia emdyovv 10 Bdvato TOV VELPIKAOV KLTTAPOV OMUATOSOTOVTOG UECH
amontoTiK®V povomatiov (Yang kot ocvv., 2009; Grigsby kor ocvv., 2014; Altmann kot
Schmidt, 2018). 1o yevetikd povtéro yo tov dwafntn tov db/db pudv, éxel tpotabei 6t ota
OPKETE PO oTAde Tov SaPrtn M HKpoyioio otov apuePAnotpoetdn viobetel tov M2
QOVOTLTO EEVANPETMOVTOG TPOOTOTEVTIKEC OMOKPICELS, EVAD GE UETAYEVESTEPH GTAOIN UETA
amo ypovia yopnynon, oAralel TOAmon mpog Tov TpoPAeypovddn M1 pawvotumo evicybovtog
™mv vevpwvikn PAGPN (Arroba kot cuv., 2016).

Extog amd v vevpoekpOAon, 1 xpOVia GAEYLOVOING amdKPLoT TOV TPt PEiTaL
omv AA, eivor vevbuvn kol Yoo TNV EUEAVION TOV HIKPOOYYEWK®OV ovouaiidv. [
nopaderypo o VEGF (Quam kat cuv., 2001) kot o TNF-a (Aveleira kot ovv., 2010) av&avoov
mv dwmepatdTTe TOV ayyeiov kol evioyoouv v @Aeypovy eEautiag g €060V
TPOPAEYUOVMODV  TOPAYOVI®MV 0md TNV OIUOTIKH  KUKAOQOPIOL GTO ECMTEPIKO TOV
auPPANCTPOEIdOVG. Q0TOGO 1 GLVEICEOPA TNG QAEYHOVNG OTIS OYYEONKEG OVMUOAMES
dwapaivetal, Waitepa eqv e€etdoel Kaveig Ti¢ emntdoelg tig Aevkootaong (Chibber kot cuv.,
2007), oty omoio ava@epbnKope €KTEVOG 6T0 KEQGAAO Yoo TV pikpooyyelomdOewa. H
aLEOVOLEVT] E10POT AEVKOKVLTTAP®V o©ToV apuifAnotpoetdn e€outiag g AgukdOGTAONS
aLEAVEL TNV TOPOYOYT Kol 0TEAEVOEPDOT TPOPAEYLOVOIDY KUTOKIVAV 0O TO ASVKOKVTTOP
(Adamis ka1 Berman, 2008) kot 6 cuvdLOCHO HE TNV EVIOVN OVTIOPAGTIKY YAOimGN 7oL
napatnpeitoan (Mendiola xat cvv., 2017), endryovv Ty EUPEVIOT OVOUOALDY GTO UKPO-OYYEIQ,
TOV QUEIPANGTPOEIBOVC.

SOUTEPACLOTIKG 1 YPOVIO PAEYLOVAOING ATOKPIoT TTOL TTapaTnpeitan otnv AA gival
vEEVBLVN YO TV EUEAVIOT] TOV UIKPO-OLYYELKMY OVOUOAIDY KOl TNV TPOOJELTIKY EKPVAION
TOV VELPIKOD TUNUATOG TOV OauEIBAncTpocdots. Daivetar Aowmdv mowg 1 eAgyuovn Oa
UTOPOVGE VO, YOPUKTNPLIOTEL O TO YOUEVO KOUUATL 610 TAlA ¢ Taboyévelag g AAC, Kob’
OTL Qoivetal vo omoTeel TOV GLVOETIKO Kpiko HETAED NG WKPO-OYYEWOTAOENG Kol TNG
VEVPOEKPVAIONG TOL EKONADVOVTOL GTO TPOILO oTAd TNG AAG.

1.3.2. IIpog évo. avaOempnuévo povréro maBoyéverag Tng otofnTikig
ap@ipinctpocrdondOsiog

H ov&avopevn eupdvion g AAc¢ ot aoclegveig ue coakyapddn OSwprtn Koavel
EMTAKTIKN TNV avaykn gopeong Bepomeidv mov Oa umopohoov vo ovaKOWouv vopig Tnv
mopeia ™ AAG Tpog ta. eEEAyEVO GTADL, TNE VOGOV, OOV KAVOLV TAEOV TNV EUPAVIGT] TOVG
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o mpoPAnpato otnv Opacn. H emhoyn ®otd600 NG KATOAANAOTEPNG OepamevTikng
mopéuPacnc Bo mpémel va yiveTon pe yvodpovo to TofoQueloA0YIKE oTolyEln TG VOGOov.
Méypt onpepa n KAvikr| dtdyvoon e AAg Pacileton og gpgovn opBoipoloykd vpnuaroa,
OmmG T PIKPO-aVELPVGHATA, Ol apoppayieg kat to wpdpata (Simo kat cuv., 2018). Onwg
OVOPEPOUE OUMGC KOL GE TPONYOVUEVO KEPAAOLO Eival GLYVO TO QAIVOUEVO OOUIKG Kol
AertovpyKa eAdeippoto, cOUE®VA LE TNV TOPOLGIO VELPOEKPVAIONG, VO TPOTYOUVTOL TMOV
ayyelokov Profov oe o ueydAn pepida acBevov (van de Kreeke xai ouv., 2020).
Evtovtoig, avtd dev gaivetan vo amotelel kaBoAko kavova, apov o€ KAToove aodeveig e
dwfntn tomov Il avayvepilovior pikpo-oyyelokés avopories, yopls TV  mapovoin
VEVPOVIKGV dOTOPUYDV, YEYOVOC TOV GNUAIVEL OTL 1] VEDPOEKPVAIOT| OEV AmOTEAEL TAVTA TO
TpOTaP KO ToBoAoyikd yvopiopa oty AA (Santos kot ovv., 2017). Tevikevpévol
GYLPIoUOL, OTT®G OTL 1) VELPOEKPOAION N} 1| OyyelomabEle eppavileTal Tp@TN GtV TopEio TG
VOGOV, TEPMAEKOVY QKON TEPIGGOTEPO TNV MO TOAVTAOKT Katdotaor kKo Ba wpémel va
avtikataotafodv amd éva poviélo To omoio evomolel TG 600 QUTEG TOPAPETPOVS GTNV
npoonabdeio ene&nynong g maboyévelag g AAG. ‘Eva tétoto povtého mapovoidletol otnv
Ewova 1.7 kou éxel mpotabdei and tovg Simo kot cov. (2018).

V d

f NVU impairment
[Earl;i/mml:irr?;/::fular i Neurodegeneration k,:\
P } ET-1 4;

GLAST downregulation

Glutamate/NMDA
receptors (excitotoxicity)

Epo
VEGF Imbalance of

neuroprotective l SST, CST, GLP-1

o PEDF, IRBP
T NTs (1 ProNGF/NGF)

Impaired haemodynamic

response Glial dysfunction
BRB breakdown l Neuron death
Vasoregression

Ewéva 1.7. Ipotewvopevo povtéro yio v maboyéveln g AAc. Iapovoidlovtar ot Bacikdtepot
UNYaVIopol Tov GuvEELoLV TV VELPOEKPOAION e TV pikpo-ayyelordfeia. H evéodniivn-1 (ET-1), ta
eminedo g omoiag av&avovtal otov dLafnTn, TPOKUAEL 0YYELOGVOTOAN LEG® TNG EVEPYOTOINONG TMV
vrodoyéwv ETe Kot pmopel va 0dnyfoel oY ELPAVIOT) TPOUOV OYYEWKOV ovouaAldv. Exiong péow
mg evepyomoinong tov vmodoyéwv ETA pmopel va  emdyst VELPOEKPLAMOTIKEG OTOKPIGELC.
EmumpocOétmg n adénon tov €EOKLTIOPIOV CUYKEVIPAOCE®Y TOV YAOLTOUWVIKOD, géoutiog g
dvoAertovpyiag Tov petaeopéa Tov YyAovtapwvikod GLAST ota yAlowokd kOTTOPO, TPOKOAEl
O1eyepo1TO&IKOTNTO Kot €V TEAEL TOV amONTTOTIKO Odvato twv vevpovov. H eraxdiovdn avicoppomio
OV TOPATNPETAL, PE TNV UEOPHOON VEVPOTPOCTATEVTIKMY TOPAYOVI®MV, ONMOC 1 CMOUATOCGTATIVN
(SST), n xoptistativy (CST) kot o1 vevpotpopiveg (NTS) kot v avénon g Ekepoong mapyoviov
onwg 0 VEGF kot 1 epuBpompwteivn (Epo), cupfdilovy 6tnv vevpoek@iOAion Kot oty ducAettovpyio
TOV YAOWK®OV KLTTAp®V, 1 omola eppaviletoar pe v avénon g ovidpactknig yAoiowong. Me v
GEPA TOVG aVTA dloTopdccovy TV dopkn akepodtrto tov AAD (BRB) ko xat’ eméktoon v
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(PLOIOAOYIKT] QULATIKY POT], 03NYOVTAG £TCL GTIV EUEAVIOT UIKPOUYYEINKDV OVOUUAOV. ANeONKe omd
Simo kot cvv. (2018).

1.3.3. Yrapyovoeg Ospameicg Kot PEAAOVTIKES OTTTIKES Y10 TNV OVTLE-
TOMOe TG S fnTiKig ap@ifinotpocrdonddsiog

O vapyovoeg Beponeieg mov epoapurolovial KAVIKA GTOXELOLY GTO TPOYMPNLUEVO
ot1ad0 ™G AAG Kot TepAapPdvouy TeXVIKEG OTmG To AlEp, Ol EVOODUAOEIDIKEG EYYVGELS
KOPTIKOGTEPOEWOMV KoL TAPUYOVTI®MV Tov ovactéAlovy Tov VEGF, kabmg kot v xelpovpyikn
agaipeon TUNUATOV TOL APPPANGTPOEBOVS Kot Tov VaA®dove. H gpappoyn g Bepameiog
ue Aéilep evoeikvuotan oty IAA kor oto OQK kot givar oe 0éom vo peidosl v véo-
ayyeiwon mov mapatnpeitar otny [TAA (Alasil kot cvv., 2014). Avti 1 TPOGEYYIoT AVOKOTTEL
0€ OPIOUEVEG TEPITTMGELG TNV AVATTLEN TEPUITEP® EAAEUUATOV GTNV OPOoT] TOV acHevdv,
®GTOGO 0ev PEATIDVEL TNV OTTIKY KOVOTNTO, EVO QaiveTal TG ivol vaevbuvn kal yio Ty
EUPAVION OPKETMV OVETBOUNTOV EVEPYELDY, OTTMG 1 UEPIKN OMMAELN TNG OMTIKNG 0&0TNTOG
KO TNG TEPLPEPELNKNG OPUOTG, 1 KAOLGTEPNIEVT TPOCAPUOYN GE AAAAYEC TNEC POTEWVOTNTOG
Kot M emdeivwon tov ownuatog (Tomita kot ovv., 2021). H evdoebdipo yoprynon
KOPTIKOGTEPOEWODV gQapuoletar katd kOplo Adyo vy v avtuetdnion tov OQK. Ta
KOPTIKOGTEPOELDN EYOVV OVIIPAEYLOVAOEIS WO10TNTEC Kol GLUPGAOVY otV peimon TV
TPOPAEYHOVMOODV HOPIOYV KOl TOV TOPAYOVI®V TOL GLUUETEYOLY OTNV VEO-ayyeion
(Bandello kot ovv., 2014). E&outiog g mEPOPIGUEVNS SLAPKELNG OPACNG TOVG KpiveTol
amopoitnTn 1 eMAVAAAUPOVOUEVT YOPNYNON TOLG, LEC® OGS EMEUPOTIKNG TEYVIKNG OMW®G
elvar n evdoboroedikn yopnynon. [ v Avoen avtod tov TpofAnuatog £xovv vioBetnOel
GLOTIOTO EUPVTELUATOV TO. oToia. amelevbepdvouy Ppudémc To. KOPTIKOGTEPOELDT| GTOV
apepAnotpoedn (Gillies kat ovv., 2014). Q61660 1660 01 EVOODUAOEIBIKES EYYVGELS, OGO KoL
To. epeutedpotTe Ppoadeiag ameAevBépmong eyeipovv onuaviikd {ntauate ©G TPOg TNV
acPUAeld Tovg KaB’ OtL M YpNon Tovg pmopel va mpokaAécel avénon g evooeOaipag
mleonNg Kol TOV GYNUOTIOUO KOTOPPAKTY, To Omoic 0dnNyovv og emMOEIVOON TNG OMTIKNG
wavotntag (Simo kow Hernandez, 2015). Ot evdoDaloeldikég yy0OELG pe mapdyovieg mov
avaotéAlovv Tov VEGF, amotelovv v Ogpaneia emioyng oe mpoywpnuéva otddwa g [TAA
KOl 6TOY0 £YOVV TNV AVOOTOAN TNG EKTETOUEVNG VEO-ayyeimong (DO kat cuv., 2013). TTapdti 1
OTOTEAECUATIKOTNTA aVTHG NG Bepameiog oty Sathpnorn kot v PBeAtioon g onTikng
KovOTNTAG TV 000EVAY, TPOKELTAL Yo Liot AKOUT EMEUPATIKY| TEYVIKY], 1| OO0l EKTOC OO TIG
TOPEVEPYELEG £XEL GYETIOTEL KOl LUE CLOTNUATIKEG TOPEVEPYELES eEatTiog TNG IKOVOTNTOG TV
avti-VEGF napayoviev vo mepvodv oty apatikr kukhogopio (Simo kot Hernandez, 2008).
Té\og, 660V apopa TV YEWPOLPYIKN ETEUPOCT] GTO VUADOES KO GTOV OUPIPANGTPOELDT, OVTH
amotelel pio OAOTAOKN Kot opkeTd damavnpn dwudikacio, 1 onoio, epapuoletal og 1 Eoyotn
Mon og ToAD coPapég teputtmwoetg ITAAg (Newman, 2010). Qo1t660, 1| ATOTELECUATIKOTNTA
g oev eivar eoocpolouévn oto 100% tov acbevdv Kol GE OPIGUEVEC TEPUTTMGELS
axoAlovfsitar amd TV EUEAVIOT] HETEYYEIPNTIKMOV EMMAOK®MV TOV OLGYEPOIVOLY TNV OPACT|
(Newman, 2010).

210 Tpde otdole TG AAG OeV YPTCILOTOIOVVTIOL TPOG TO TAPOV EEEIOIKEVUEVES
Oepameiec kot o1 Ayootég mapepPdoelg ywoo v oavoyaition e e&EMEng g voocov,
neplopilovial 6Tov oTeEVO €AEYX0 TV EMTES®V YAVKOLNG KOl TNG apTNPloKnig TESNS TOV
aipatog. Molotavto, PoiveETal TMG 0LTO dEV EIVAL TKOVO VO VOKOWEL TNV eEEMKTIKN TTopEia
™mg AA, xobng kdmolor dwPnrtikol acbeveic, pe kaAd €heyyo g yAvkolng kot g
ApTNPLOKNG TOVG Tigomg, Oa avamt&ovv ev tédel AA (Zhang ko cuv., 2001). Emmpocbétmg,
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OT®OG AVOQEPOUE KOl GE TPONYOVLEVO KEQPAAOLO GE Lo pepido acBevdv mopatnpovvTol
TPOUEG OOUIKES KO AEITOVPYIKEG AALOYEG GYETIKEG UE TNV TOPOLGIO VEVPOEKPVAIONG, TPV
TNV EUOAVIOT] TOV KAWVIKOV GUUTTOUATOV, Ol 0T0leg OV aviYVEDOVTOL LE TIG TOPAUOOGLOKES
pefdddovg 0pOBaAIOCKOTIKNG EEETAGNG TOL YPNGLOTOOVVTAL Yol TNV dldyvmon g AAG Kot
Bacilovtol katd KOPOV GTNV avayVMPIoT) TOV HKPO-0YYELNKDY OVOUIA®Y. AVTO TO YpOVIKO
neptBoplo amd TV aviyvevorn TV OOUIK®V KOl AETOVPYIKAOV EAAEWUPATOV UEXPL TNV
EUPAVION TOV KAWVIKA OvOyVOPICIUOV OVOUIAIOY, 0G0 OKOUN 1 0pocn TV acbevodv
TOPOUEVEL AKEPALT], OTOTEAEL TNV 1OOVIKT EVKAIPIN Y10 TNV XPNoT VEOV BEPATEVTIKOV HECWOY
mov Ba pmopovcav vo Pakovv epévo otnv vd GAAeS cuvOnkes, ampooKomtn €EEMEN TG
vOG0oL TPOg Ta eEEAYIEVO OTASIN TNG VOGOV, OTTOL TANTTETAL 1 Opacn. 26TOG0 1 vioBETNoNn
véov BepanenTikdv mopeuPaceny KaTd To Tpodpa otadio g AAG, Tpobmobétel TV oo
OVIYVELCT] TOV TPAOUOV OAVOUOADY oTNV OOUN Kot TN AEtovpyic Tov apePAnctpoetdoic,
YeYOVOG ov umopel va, emttevydel e v S1EdPLVCT TOV VTAPYOVTOV SLOYVOCTIKAOV TEYVIKOV
pe v ovumepinyn véov pebodwv, MoTe €KTOS OMO TIC UIKPO-OYYEWOKES OVOUOAEG va
aviyvedovTal Kol to eAAeippate otnv veupovikn Asttovpyia (Simo kot cvv., 2018). Ocov
aeopa Tig véeg BepamevTIKEG TPOoEeYYioeLS Wavikd avtéc Ba mpémetl va mephapPdvouy ovcieg
OV KOTOTOAEUOVV TIG TEPIGGOTEPES, av Oyl OAEG TIC cvvicTmoeg TG AAILE, omwg gival M
VEVPOEPKVALOT), | QAEYHOVI KOl Ol HIKPO-0yYElokES avopoiies. Emmiéov dedopévov o0t M
Bepaneio Oo Tpémel va epoppoleTar oe ypovia faomn, Wiaitepn Eppacn Ba mpémet va dobel kot
GTNV 000 YOPNYNONG TOV QUPUAKOV, LE TNV EMAOYN EVOG PIAKOD TPOG TOV 0oBEV] TPOTOL
YOPNYNONG, OMMG 1 TOMIKY YOPNYNON HEC® GTAYOVAOV, TPOKEHEVOD VO OTOQVYOVUE TIG
mBavég TapevEPYELES TV EMEUPATIKMOV 0OMV YOPTYNONG TOL YPNCULOTOLOVVTHL GLEPA VLol
v Oepamneia. [Ipog avty v KoTeLHLVGTN, NN VLAPYOVY TOAAN VTOGYOUEVE EVPTUOTO OO
plo Khwvikr] pedétn (®@don II-1ID), otnv onoia n xop1ynon HEC® GTAYOVAOV TNG OKTPEOTIONG
(avaloyo ¢ couatootativng) o acbeveic pe dwafnm tomov I, katdeepe va avakdyel TV
p60d0 TG AAG, eumodifovtog v avamnTuln TV SOUIKAOV KOl AELTOVPYIK®OV GAAAYDV TOV
oyetilovTal Ue TNV VELPOEKPVAIOT| Kol PEATIOOE GNUAVTIKA TIG LIKPO-OYYEINKES SLOTOPOYES
(https://www.clinicaltrialsregister.eu/ctr-search/trial/2012-001200-38/results).

1.4. To cOoTNNO TOV EVOOYEVAOV KAVVUBLVOELO OV

To cOomua tov evdoyevav kavvafivosidov (EKY) arnoteieiton amd Toug vwodoyeig
TOV KOvvaPvoeldmv, ta gvooyevn kavvafivoedn kot to éviupo mov eivar vaedbuva yuo Tnv
BrocvvBeon kot v omodounon tov evéokavvafvoeddv (Lu ko Mackie, 2016). H amapyn
™™g avakdivyne tov EKY pmopel va oavalnmbei mico oty dekoetia tov ‘60, otov
AvoyvOpIicTNKE T0 ITP®TO PLTOKOVVAPIVoEldé, | A9-teTpaidpokavvaPivoln (A9-THC), og
10 Booikd Yuyodpaotikd cvotatikd Tov eutod ¢ Cannabis sativa (Gaoni koaw Mechoulam,
1964). Axolobbnoe n dnovpyio cvvletikdv dopkdv avardyov e A9-THC, ta omoia
HEC® OO QPUPUOKOAOYIKEG HEAETEG Ppédnkav va €xouv oYy Kol OTOTEAECUOATIKOTNTO,
avaroyn pe ooty g A9-THC (Hardman kot ovv., 1971). Ot avakoAdyels ovTtég amotéresay
kaBoploTikd Topdyovio Yo TNV avayveplon Kol KA®VOTOoinon Tov  Kovvaivogidiko
vrodoyéa 1 (CB1) otov eyképaro, pEG®m TOL 0mOioV AGKOVV TIG PLOAOYIKES TOVG OTOKPIGELG
To gvdoyevi] Kol ta ouvBetikd kavvaBivoedn (Matsuda kol ocvv., 1990). Aiyo apyodtepa
axolovOnoe kol 1 KAwvomoinor gvog dALov VTodoYEn, EVPICKOUEVOD OTNV TEPLPEPELD, TOV
kavvafwvogdikod vrodoyéa 2 (CB2) (Munro kot ovv., 1993). Tnv idw mepimov emoyn,
TPOYUATOTOMONKE 1] ATOUOVOGT] TOV TPATOL EVOOYEVODS KOVVAPIVOELDOVS TOL OVOUAGTNKE
avavtapidio (AEA) (Devane kot ovv., 1992). To 1995, n 2-apoyidihoyivkepoin (2-AG)
avayvVopPIoTNKE ®C TO OgVLTEPO KATO GEPA EVOOKAVVAPLVOEIDEC TOL TPOCOEVETAL KO
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evepyomotel tov CB1 vrodoyéa (Mechoulam kat ovv., 1995). Ziuepa, ue v dtapecoldfnon
minbopog peietov, yvopiloope 611 To EKYE mapovcidlel extetopévn eviomion oto KN
(Mechoulam «ou Parker, 2013), ovumreptrapfovopévov kot Tov  OUPPANGTPOEBOVG
(Bouchard kot ovv., 2016). Xt0 EKX £xet mpocdobei o yapaktmpiopds tov vevpopuduoty,
Kka00TL cupUETEXEL GE U0 TANOMPO PloAoYIK®V amokpice®V, Ol 0Toieg exTeivovTal Amd TNV
pubuon ™m¢ vevpovikng dpactmpiotrog (Mechoulam kot Parker, 2013) upéypr v
CUUUETOYT G KPIGIUES Agttovpyieg, Ommg 1 vevpoekpvAon (Vasincu kot cvv., 2022) ko 1
oieypovn (Downer, 2022).

1.4.1. Evdoyevn] kon 6vvOeTIKA KavvaPivogron

To AEA xa1 1 2-AG, ot 300 GNUAVTIKOTEPOL EKTPOCOTOL TV EVOOKOVVOPIVOELdDV
OVIAKOLV GTNV OLKOYEVELD TOV EIKOGOVOEW®V, 1 oToia amapTiletal and evdoel mov gival
mapdyoye Tov  apoydovikod o&og.  Eivor  Prodpactikd  Awmidie  kor  ocvvtiBevton
YPNOUYLOTOIDVTOG MG «TPMTN VAN, TPOSPOHE POCEOMTIOW Omd TNV KUTTUPIKN HepPpivn
(Piomelli, 2003). Téco n AEA, 6c0 xor 1 2-AG emteAobv T SPACEIC TOVG UECH® TNG
evepyomnoinong tov CB1 kor CB2 vrodoyéwv. To AEA dpa wg pepikdc aymviomg otov CB1,
TapoLoldlovtog LVYNAN GLYYEVELD EGUEVGNG KOl OVCLUGTIKG TOPOLGLALETAL OVEVEPYN Yl
tov CB2 vrodoyéa, evd n 2-AG dpa og TANPNG 0y®VIGTHG Kol GTOVS 000 KAVVOPIVOELdKOHG
VIOdOYELS, L UIKPOTEPT OUMG GLYYEVELD décpevong amd v AEA (Pertwee kot cov., 2010).

a]
Coow”

Anandamide (N-arachidonoylethanolamine, AEA)

o OH
—— L on
o

2-Arachidonoyl-glycerol (2-AG)

Ewéva 1.8. Xnukn dopn tov AEA kot g 2-AG, TV 600 BacikdTEp®V VOOYEVDOV KOVVAPIVOELOMV.

Tig Broroykég 1010tnTeG Tov AEA Ko g 2-AG, ppovvton Kot didpopot cuvletikol
KavvoPivogldtkol aymvieTés mov £xovv avamntuyfel pe to mépaoua Tov xpovev. Me Bdon v
ANUIKN doun Toug ta cuvOeTIKE Kavvafivoedn yopiloviol o tpelg Pacikéc katnyopieg, ta
KAOOOIKG, To U KAaookd kavvoBivogldn kot Tig apvoaikvivddreg (Howlett kot ovv.,
2002). Xta. khaoowd mepihappdvovtal kovvaivogldn pe vynin Souiky opotdtTnTo pe TNy
A9-THC, 6mwg to HU-210, eved n opdda tov pn KAACSIK®OV TeEPIAAUPAvEL SKLKAMKE Kot
TPIKLKAIKA avdioya g A9-THC, 6mwg to CP55,940, 1 padievepyn popen Tov omoiov €xel
amodetytel 1d1aitepa ypioun o€ ueiéteg 6éoucvong tov CBL vrodoyéa (Howlett kot ocuv.,
2002). Télog ot opvOOAKDAVOOAEG, HE OMUOVTIKOTEPO EKTPOCOTO TO KOVVOPIVOELDES
WIN55,212-2, omotehodv tnv tpitn peEYAAN Kkatnyopia koavvoPivosiddv, To  omoio
dovpyndnkav g mo emlekTikoi aymviotég Tov CB2 vrodoyca (Howlett kat ouvv., 2002).
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1.4.2. Ta evooyevn] Kavvaivoerdn Mg avadpopol ayyeMo@opotl Kol
PLVOUIOTES TG GUVORTIKIG OPASTPLOTNTOS

H mopovsia tov CB1 vmodoyfa oTig GUVANTIKES OTOANEEIG TMV VELPDV®Y 001YNGE
omv vrdfeon Ot ta KavvoPivoeldn eUTAEKOVTOL KATO KOTO0 TPOTO GTNV GUVOITIKY|
amoKplon TV vevpoveyv. HAektpopucioloyikég peléteg vmédeiov OTL 1 eKTOAMON
LETOGUVOTTIKAOV VELPAOVOV 0dNYNoE o€ pio peiwon g onelevbépmong GABA oamd tovg
TPOGLVOTTIKOVG VEVPAOVEG 0TOV Immdkapumo. Ot Tpocuvartikd guplokopevol CB1 vrodoyeig
Katéyouv KopPikd poAo Ge aVTHV TNV amOKPLGN, 1 OTOl0 OVOUAGTNKE «ETOYOUEVY] OO
eKmOA®MON KaTAGTOAN TG avaotoiie» (Depolarization-induced Suppression of Inhibition,
DSI) (Wilson kot Nicoll, 2001). Kotd avdAioyo tpodmo, tnv idia mepinov mepiodo, or Kreitzer
kot Regehr (2001) édei&av 61t to EKE gumhéketan kot 6Ty TopOUOL0G PVONG 0OKPLoN, TNV
«Emoyopevn amd ekTOA®OT KatacsTtoAn g oiyepone» (Depolarization-induced Suppression
of Excitation, DSE) cg dieyeptikég ocuvayelg tov kuttdpmv Purkinje oty mapeyke@oAida.
Muepa mAéov, yvaopifovpe kord 6tL 600 1 DSI 660 ko 1 DSE, amoteAovv d0o amd Tovg
BoctkdTEPOLG TOTOVE GLVOATTIKNG TAACTIKOTNTAG TTOL gival og Béom va dapecolaPel to EKE,
péom g avadpounc dwofifacng mov emrerel (PA. Ewcova 1.9).

MSN/PV Cortex

Medium spiny neuron (MSN) K

Ewévo 1.9. Zynuotikr avomopdotocn tng pudieong g ouvomtikng dpactnpdtntag omd To
evookavvafwvoedég 2-AG. H ekmOA®on TOL HETAGLVATTIKOD KVLTTAPOVL, HECH MI0G oAAnAovyiog
ONUOTOSOTIK®V Yeyovotmv dieyeipet v ovvbeon g 2-AG. H 2-AG amelevBepdveral amd T0
UETAGLVOTTIKO KOTTOPO Kol Opadviog avadpopa mpocdéverar kot evepyomolei CB1l vmodoyeis,
EVPIOKOUEVOVG OTIS TTpocuvontikég amoAnéelg. H evepyomoinon tov CB1l vmodoyémv peidver v
anerevBépwon GABA and tov mpocuvartikd vevpava otig GABAegpyikég cuvayels TpoKoAdVToG
DSI, gvd dhvaton va peudoetl kot v Tpocuvartiky arnelevbépwon yrovtapvikov (Glu), exdyovrag
DSE. Afpbnke and Savinainen kot cvv. (2012).

Tv akpPdg onpUoivoLy OGTOCO 0 YOPOKTNPICUOG TOV «AVASPOLOL OYYEAO(POPOLY»
OV TPOGOideTal cLYVO ota evdoyevr] kovvaPwvoewdn; Ta evdoyevny kavvaPivogdn o€
avtibeon pe Toug Khoootkohg veupodiafiBacTtég dev amodnKevOVIOL 68 GUVARLTIKA KLGTIOW,
avtiBétog cvvtiBevtar “on demand”, dniadn dtov LIAPYEL AVAYKN YioL TV ¥PNOT TOVGE, amd
TpOdpop. poopoimidia g pepPpavng (Martinez Ramirez kot ovv., 2023). H eknoAwon tov
UETAGVVATTIKOD VELP®VA, 1 0OENCT TOV EMTEd®V TOL EVOOKLTTAPIOL 0oPecTiov N M
evepyonoinon GPCRs, ocvlevyuévov upe GQ mpoteiveg, omotelodv Oha gpebicpota mov
dieyeipouv v Proochvbeon TV €vOOYEVOV KavVOPIVOEIODY GTO UETACLVOTTIKO KOTTOPO
(Kano ka1 ovv., 2005). Metd v cdvBeon Toug to evéokavvaPivoeldn aneievfepdvoviot amd
TO UETOCLVOTTIKO KOTTOPO Kot dpdvTag avadpoua tpocdévoviol otovg CBL vrodoyeic mov
Bpiokovtor ot TeMKEG OmMOANEEIS TOL  TPOCLVOAMTIKOD KLTTAPOV, HEWDVOVTOG TNV
amelevfépwon vevpodafifact amd TOV TPOSLVANTIKO VELPOVA Kol Tpokodmvtag gite DSI
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av WAGue yioo ovaotaAtiko, gite DSE av mpokeitar yio dieyeptikd dwafifaocty (Freund ko
ouv., 2003).

Yvvoyilovtag, vyivetaw mAéov ocapég o6t to EKE  ovppetéxer evepyd oe
Bpayvmpobeopec aAlayég g ocuvamtikhg Opactnpuotntog, emdyoviag DSI 1 DSE otig
ocuvayelg peta&y tov vevpovov. H egumioxn tov EKX omyv ocvvamtikn mloaotikdtnra,
Qaivetol kol amd T0 yeyovog OtTL dopecorafel pokpompdbecueg 0AAAYEG TG CLVOTTIKNG
amokplong, Omme sival M «pokporpdOeoun kotootodr» (Long Term Depression, LTD),
omoia mpokaAgitarl amd emavaAapPovOrevo YOUNANG cuxvOTNTAS EPEBIGUO TV JEYEPTIKMV
owvayewv (Robbe kat cuvv., 2002).

1.4.3. Yodoyeic kavvapivogtd@v Kol 61Hotod0Tnon

Ot Proroyikég dpdioeis TV evooKavvaIVOEd®Y, TOV PUTOKAVVAPIVOEWO®MV Kol TMV
ocuvBetikdv  KovvaPvosdmv  dopesorofodvtar  ©¢ eml 1o TAglotov  péow  Ovo
Kavvapvoedikav vrodoyxémv, tovg CB1 kat toug CB2. Ot 600 avtol vrodoyeic avikovy otnv
VIEP-01KOYEVELD TV ovlevypévav pe G-tpmteiveg vrodoyéwv (GPCRS, G-protein-coupled
receptors), ot omoiot amoteAobvtol amd €mTd SloUEUPPAVIKEC 0 EMKES KoL EVEPYOTOLOHV
evaiotnto oty T0&ivn TOV KOKITN, ETEPOTPIUEPT] CUUTAEYHOATA OVACTUATIKOV G TpOTEWVDV,
vrevbuvev Yoo TV ETOKOAOVON evepyomoinon TOKIA®V €VOOKVLTTAPI®V ONUOTOSOTIKOV
povomatiov (Latorraca kat ocvv., 2017). Or CB1 vrodoyeic mapovoialovv gupeio Ekppacn
oto KNZ, 6mov evromilovtor xuplwg otovg GEOVEG Kol OTIS GUVAMTIKEG OMOANEELS TMV
vevpovov (Hu kot Mackie, 2015). TTapadiinia ot CB1l vmodoyeic evromiloviar kot oT0
neplpepkd vevpikd cvotnue (IINX), addd kot oe po TANOdpa opydvev OT®Sg TO HITap, TO
déppa, ot pogg K.G., 6mov drapecorafovv onuavtikég Aertovpyieg (Busquets Garcia kat cuv.,
2016). Ao v dAAn mhevpd o1 CB2 vmodoyeic ekppdlovtal o€ KHTTAPA TOV VOGOTOMTIKOD
ovotiuatog (Galiegue kot ovv., 1995) kot ylowokd kbtTapa, OTmMS To 0OTPOKHTTAPO KOL 1|
wikpoyroia (Stella, 2010), 6mov cuppetéyovv oty pHduion tov ereypovic (Tanaka kat cov.,
2020), evd mepapoTika gupruate £xovy avadeifel Tnv mapovsio Tovg o€ vevpoveg oto KNX
(Onaivi ka1 cvv., 2006).

Ot TpoGdéTEG TV KOVVABIVOEISIKOV VT0d0YEWMVY, TEPIAUUPAVOVY TOVG 0pBocTEPKOD]
OYOVIOTEG Kol LEPIKOVS Ay®MVIOTEG TOL TPOGOEVOVTAL 6TV opBoatepikn| Béon déopevong Tov
VTOO0YEN, TPOKOADMVTAG OAAGYN] OTNV OTEPEOSIOUOPOMCT] TOV KOl EKKIVOVIOG TNV
ONUOTOOOTIKY OTOKPIOT), TOVG GVIOYWOVICTEG TOL ONAG KaToAapuBdvouv v opBootepikn|
0éon déoUEVONG TOV OYOVIGTOV KOl TOVG OVIIGTPOPOVS OY®MVIGTEG TOV EVIGYVOLV TNV
OVEVEPYN KOATAGTAGYT TOV VLTOOOYEMV WEIDVOVTIOG TNV ovbopuntn €vepyomoincyn Tovg
(constitutive activity) (Martinez Ramirez ka1 ovv., 2023). I1épa and ta mpoavapepbiva, pia
GAAN KaTnyopict TPOGOETMY &ivol Ol GALOCTEPIKOL TPOGOETEG, Ol OMOI0l TPOGOEOUEVOL OE
dlpopeTikn Béomn déopevong amd Tovg 0pHocTEPKOVE, UTOPOLV Vo EMNPEACOVV TNV
TPOGOEST KOl TNV GTUOTOJ0TIKN KavOTNTA TV 0pbootepikdv aymviotdv. Ot adhoctepucol
pvBuiotéc umopel va givon gite apvntikoi (Negative Allosteric Modulators, NAM), ot onoiot
avaotélovy v onpotoddmmon tov opbootepikmv, eite Ogtikoi (Possitive Allosteric
Modulators, PAM), ot omnoiot evicybovv v onuatododtnon tov opbootepikdv (Slosky kot
ovv., 2021). Onwg kot ot vworomor GPCRS, ot kavvafivogidikol vrodoyeis emdeikvoovy
AELTOVPYIKN EKAEKTIKOTITA, KATO TNV 0010 S10POPETIKOL Oy MVIOTEG TPOKAAOVY SLAPOPETIKES
0AAOYEG OTNV GTEPEOSIOUOPPDCT] TOV VTOOOYEMVY, TVPOSOTMVTAG GNUATOOOTIKEC ATOKPIGELS
péow Swpopetikdv povomatiov (biased agonism) mov pmopel va €xovv SlOPOPETIKEG
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Broroyikég dpdoeig (Atwood xai ovv., 2012; Al-Zoubi kot cvv., 2019). To onuotodotikd
PETEPTOPLO TMOV KAVVOPIVOEWIK®Y LITOG0YEMV UTopel emiong va emektabel ko e€ottiog g
KOvOTNTAG TOVG Vo dnpovpyovv gtepopepn cvumiéypata peta&d tovg (Callén kot ovv.,
2012) 1 pe ddhovg GPCRs (Rozenfeld kot cuv., 2012).

Ot CB1 xor ov CB2 vmodoyeig Swopecorafoov pic mAnbdpa evéokvtTdplmv
onuotodotikdv povormatidv (BA. Exova 1.10 kot 1.11). To mp®dTo HovomdTt Tov HEAETHONKE,
aeopd TV gvepyomoinon tov CB1 vrodoyéa Kot Tepthapufavel TNV oVOGTOAN TNG AOEVOAIKNG
KUKAGONG 0o TNV avaoTodTiky GiTpTeivn kot Ty nakoAovdn Leimon e mapaymyng g
KUKAIKNG povopmopopikng adevooivng (CAMP, cyclic Adenosine Monophosphate), n onoia
Opa @G «OEVTEPOS AYYEAMOPOPOS) Yl TOV £AEYXO ONUOVIIKAOV KUTTOPIK®OV OTOKPIcEMV
(Bidaut-Russell kou Hewlett, 1991). Qotdc0, V16 opiopéves mpodmobicelg ot cuigvypévol pe
deyeptikég Gs mpwteiveg, CB1 vmodoyeic pmopodv vo. €VEPYOTOU|GOLV TNV AOEVUAIKY|
KukAdon, ovédvovtag Ty tapoaywyn tov CAMP (Calandra kat cuv., 1999). Ot CB1 vrodoyeig
éyouv ovvdebel kot pe acPeotio-efopTdueveg OmOKPIoELS, OTMG M dSPASTNPIOTNTO TNG
pwopolmaong A kot C (Felder kot ovv., 1995). Emmdéov n evepyomoinon towv CBl
VIOS0YEMV 0dNYEL 6TV POOPOPVLAIMON Kol PETEMELTO. EVEPYOTOinon ¢ Mitogen-activated
protein kinase p42/ p44 (p42/ p44 MAPK) kot ¢ Jun N-terminal kinase (JNK), ot omoieg
pLOUilovy TNV £KEPOOT UETAYPUPIKOV TOPAYOVI®V TOV GCULUUETEXOVV GE GNUOVTIKESG
KUTTOPIKEG amokpicelg onwg N emPioon, 6 0avotoc | 6 TOAAATAUCIAGIOC TOV KVTTAPOV
(Howlett xa1 ovv., 2010). To xavvofivoedn) couuetéyovv Ommg MoN ovaeépoue, otV
pOBIGN TG CLVARTIKNG TAAGTIKOTNTOS, KaBdg uécm tmv CB1 vmodoyéwv eivor oe Béon va
UEDVOLY TNV TPOGLVORTIKY omerevBépwon yAovtapvikod kat GABA (Freund kot ovv.,
2003). TIIépov todtov, o CBl vmodoyéog ovpuetéyel evepyd oty poBuion g
SEYEPCIUOTNTOC TV VEVPOV®OV, EVEPYOTOIOVTAG d1adA0Vg avopBwTég kokiov (GIRKS) (Bacci
Kot ovv., 2004) Kot avaGTEALOVTAC THV EVEPYOTOINGT TAGEOEAEYXOUEVOY SlodAmy CaZ* Thmov
L, N kou P/Q (Bosier kat cvv., 2010). Ot CB2 vrmodoygic, £veka Kot TG eVIOMONG TOVG GE
YAOLOKA KOTTOPO MG €Tl TO TAEloTOV, GYETI{OVTOL KVUPIWOG |LE VEVPO-UVOGOAOYIKEC OVTIOPACELS
KOl KoTEYouv Vv mpwtokadedpio og amokpicelg mov oxetiCovtar pe tnv eAeypovn (Shahbazi
kot ovv., 2020). TTap’ O6Aa ovtd, ta gvpiuata VIodekvoovy Twg ot CB2 vmodoyeic
popalovror apKeTEG TOUPOUOIES PAPUAKOAOYIKEG Kol Proynukég W1dtreg pe tovg CBL,
EVEPYOTOIMVTAG KOW( GTUATOSOTIKA LOVOTATLA, OTMS AUTO TG OVOCTOANG TNG 0OEVOAIKNG
kukAGong (Felder xor ovv., 1995). Téhoc ot CBl xar or CB2 vmodoyeic petd tnv
EVEPYOTOINOT TOVG UTOPEL VO EMOTPATENCOVY TNV P-0pPECTIVY], 01 SIPOPETIKOL LITHTLTTOL TNG
omol0g UTOPOVV EITE VO GUUUETEYOVV GTNV OTUOTOOOTIKY| OTOKPICT] T®V OO0 VTOJOYEMV
(Ibsen xat ovv., 2019) 1} va TPOKAAEGOVY TNV AMEVALGONTOTOINGT Kol EVOOKVTTAPMGT] TOVG
(Chen kot ovv., 2014).
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Ewdévo 1.10. H evepyomoinon tov CB1l vmodoyéa evepyomolel motkiho oNUOTOd0TIKG HOVOTATLOL.
Méow trg Ga vopovadag avacTEALEL TNV 0dEVOAIKT KukAdon kot evepyonolel Tnv ERK1/2. Méow g
GBy vropovéadag avactédrel Stoviovg Cat kar evepyomolei Stawiovg avopbwtéc kariov (GIRKS).
Evolloxtikd, pmopetl vo evepyomomjoer v ERK1/2 péom tng B-appeotivng 2. H ERK1/2 mailet
onpoavtikd poého otV pOOUICT CNUOVTIKAOV KLTTUPIK®V SlEPYacldv, Onmg 1 dpoponoincn Kot o
KLTTOPIKOG Odvatog. AMednke and Magham kot cuv. (2021).
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Ewéva 1.11. Enpotoddtnon péow g evepyomoinong tov CB2 vmodoxéwv. H avactoAr tng
AOEVOAIKNG KLUKAGONG pewdvel Tnv evepyomoinon e PKA emmpedlovtog v yovidiokn ékepact. O
CB2 pumopsi emiong vo avooteilel Siwdhovg Ca?* kou vo Sieyeipst v evepyomoinon Staviov
avopBotdv kaiiov. Axoun pmopei va deyeiper v Akt/ PKB, kabd¢ xor to povomdtt Tng
MAPK(MEK1/2), ennpedlovtog 161 HETOypaQikong mapdyovteg Tov oyetilovTol 1e TV AEYHOVY Kol
TOV KLTTOPIKO Odvato. ANednke amd Magham kat cvv. (2021).

And ta mopamdve e€dyston ofiaota TO CUUTEPAGHO OTL Ol VWOJOYEIS TwV
KovvoPvosid®v cupupetéyovy oty puduion pog TAN0dPAg EVOOKVTIAPI®OV GNULOTOSOTIKGOY
povormotiov, kabopifoviog pe ovTOV TOV TPOTO Kpiowes PloAoyikéc Aettovpyieg TOL
Kuttdpov. O éleyyog TG onuatoddtnong dia uécw tmv CB1 kot CB2 vrodoytéwv (BA. Ewdva
1.12) xat 0 enokOA0V00¢ EPUEGOG EAEYXOC TOV KLTTAPIKOV AEITOVPYIDV, TPOPEPEL APKETEG
euKaIpieg Yo TNV avantuén vEov QapUOKOAOYIKGOV TPoceyyicemv mov Oa amodeikvoovTay
Waitepa YpOUIEG Yo TV dtoyeiplon ToKiA®mV TaHOAOYIKOV KOTUCTAGEWDV.
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Increased CB1 receptor signaling

(a) ® ® (b) (c) R
\ A \ PN 2
e . o ¥ ° o ® oa A
®) @ Orthostericagonist ® ) y \ :QCB
Y X \ Signal
® 000 @ . NN 'S =\ .
8 o @] < |[ille b [ ===
uu /lelo' N Uy _,J‘;o "\\ RPla ) | rasinhibtor ‘b MAGLinhibitor
~<=(B)Y) @rip) BN D) . sy b
I , s )
ASignal Asignal ><

Decreased CB1 receptor signaling

(d) © , © - o M) L [
® 7 o S o : D \\,:_m | >< e—&mmlq
. M (T—7) Orthosteric\ / O A N N DAGL inhibitor O\ NAPEPLDinhibitor
b 8 <>\ ) @ NAM S

B antagonist
Uy J 5 T Uu 'L S ' T
Vq,,B»v; Q Ilo’is v) f—'m i
\ & \7/ /) X Degradation vece
J 3 \ ,/ ¥ Signal
R 5 4
¥ Signal v Signal |

Ewova 1.12. Oappoxoroykés teyvikég yio v avénon (a, b, ¢) 1 v peimon g onuotodotnong
péow v CB1 vrodoyéwv (d, e, f). (&) O opBoctepicoi aywviotég tpoadedpevol otov CB1 vrodoyéa
TUPodoTOVV TV onuoatoddtnon pécm avtov. (b) Ov Betkoi aAlootepikoi pvbuiotég (PAMS)
TPOGOEVOVTAL O PLOPOPETIKN BEomn déopevong and Tovg opBocTepikovg Kul EVIGKDOVY TNV dEGHELOT
KOL TNV ONUATOOTIKT] IKAVOTNTA TOV EVOOKAVVIPIVEIDY Kot TV opBoctepikdv aywviotdv. Eniong 1
avootol tov mpoteivdv CRIPla xar BiP, mov mopeumodilovv v onupoatoddotnon tov CB1L
VIOB0YEWV, UTOpEl Vo aVEACEL TNV GNUATOSOTIKY TOLG amdkpion. (C) Avootoleic Tov petafolkdv
evlouov tov evdokavvaPvoeddv (MAGL kor FAAH), av&dvouv to eminedo tmv gvdoyevdv
kavvafivoewddv (eCB) kot mapateivouv v onpatodotikn tovg amdkpion pécw tov CB1 vrodoyta.
(d) Ot opBootepixoi avtaywviotés katarapfdvovv Ty 0éon déopevong Twv ophocTEPIKOV AyVIGTOV
Kol TV gVEOKavVaPIvoelddyv, un emtpénoviag v onpatodotnon pécw tov CB1 vmodoyéa. (€) Ot
apvntikoi aArootepikoi pubuiotés (NAMS), mpocdévovial oe ollootepikég Oéoelg déougvuong Kot
avacTEAOLY TNV onatodotnon pécm tov CB1 vrodoyéa. (f) Ot avaotoreic tov BrocuvBetikdv evidpmv
tov gvdokavvaPivoeddv (NAPE-PLD kor DAGL), peidvovv v dwbeciudtta tov evéoyevov
KovvaBivoelddv mov popodv va. onuatodotioovy pécm tov CBL vrodoyia. Afednke amd Martinez
Ramirez kot ovv. (2023).

1.4.4."Evlvopo. frocvviecng Kol awodop1oeng TOV EVOOYEVAV KAVVA-
pivogrdmv

Ta evdoyevny kavvoPivoedr] oe oavtifeon pe TOvg VROAOIMOVG KAUGGIKOLG
vevpodofifactés, dev amobnkedovtal o€ GUVOTTIKA KVoTidw, aAAd avilBéTmg cvvtifevtot
“on demand” am6 mpodpopo POCEOATISIN TG KVTTAPIKNG HepPpdvng (Martinez Ramirez kot
ovv., 2023), pue v dopecordpnon cvykekpEvoy PlocuvOeTIKOV evDU®Y TOL AVIKOLV
Kupimg oty owkoyévela tov Mmacdv (Lu xar Mackie, 2021). H “on demand” otbvBeon g 2-
AG kot tov AEA mupodoteitor amd cLYKEKPIUEVH GNUOTA, OTTMG Y10, TOPAdEypa 1 avénon
10V evdokvTTdprov Ca?* katd TNV eKTOAMGOT TOL KLTTAPOL 1| 1} evepyomoinon Gqovlevyuévov
GPCRs, 6nmg eivar ot petaforotponikol vrodoyeic tov yrovtapwvikod (MGIURS) kot ot
poveKapvikoi vrodoyeig axeTvAoyorivng (Kano kot cuv., 2005). H xupidtepn Procuvietikn
000¢ ¢ 2-AG, mepriapfdaver pio dadikacio 600 cTadimv. Apyikd, pe TV SloueGOAAPNoN
™me ewopolmdaong C (PLC), anshevbepmdveror dtakvrioyivkepoin (DAG) and to mpddpopo
POGEOMTIS0, JPOCPOPIKY POSPOTIOVA0IVOGITOAN (PIP2). AkodovBwc n DAG, véporvetat
amod 1o évivuo Mmdon g dtakvioylukepoing (DAGL) ko mpoxvmter ) 2-AG (Baggelaar kot

[51]



ovv., 2018). ZuvoAikd éxovv avayvmpiotei dVo Pacikéc ioopopeic g DAGL, n DAGLa ov
exppaleton kvping oe vevpwves oto KNZ ko 1 DAGL mov evromileton otnv mepipépela
(Bisogno kot cvv., 2003). H peiwon g ékppaong g DAGLa péow g teyvikng RNA
interference (RNAI), avactéAiel Ty emayopevn and tov MGIUR obvBeon g 2-AG (Jung kot
ovv., 2007).

[Mowiha ProcuvOetikd poOvOmATIO £XOVV AVAYVOPICTEL Kol Yo TNV ProchvOeon tov
AEA. To 1o yv®o16 amd avtd, TepIAaUPAVEL TNV PHETATPOTN TOV TPOSPOLOV POGPOALTIOOV,
pwopatidvioedavorapivy amd v N-aketvrotpavopepdon (NAT) oty N-apayidovoii-
eoocpotdvioedavorapivn (NAPE). Yotepa akorovbei 1 vopoéivon e NAPE amd v
ewopolmrdon D (PLD) kot and avtiv v avtidpacn tpokvmtet AEA kot ¢oo@atidikd o0&y
(Rahman xa1 ovv., 2014). Ta v “on demand” BrocHvieon tov AEA €yt mpotabei kot Eva
Ao PBroovvOeTikd povomdtl, To omoio meptlaufdaver v voporven g NAPE and v
pwopolrdon C (PLC) kot v dnpovpyio pwopo-AEA, 1 ontoio 0ro@mc@opLuAMdVETIL 0o
poopotdosg kot petotpénetar oe AEA (Simon kou Gravatt, 2010). H avactoAn thg NAPE-
PLD oe pbdeg pewdvel onuovtikd to eninedo tov AEA otov gyképalo, evd @aivetorl va
TOPAYEL EMOPAGELS TOPOUOLIEG LE OVTEG OV TPOKLATOLV amd ToV avtaymvicpd tov CBl1
vrodoyéa (Mock kat ouv., 2020).

H duipkela dpdong tov evookavvaPivosdmdv eléyyetal PE TNV OlopecoAdfnon
dpopmv kataforkdv evibuwmy, vrevbuvev yio tnv eviuuatikny arevepyonoinomn g 2-AG
kot Tov AEA. T tov katafoliopd tov AEA vrevBovn givor 1 apidovdpordon Tov Mmapdv
o&éwv (Fatty Acid Amide Hysrolase, FAAH), n onoia uetapoiriler to AEA og apayidovikd
o0& ko aBavorapivn (Hillard kot ovv., 1995). H FAAH givot pua pepBpavikn mpoteivn, mov
evromiletal  ®OTOGO GE  €VOOKLTTOPIKES — HepPpdves  opyovidiov kot Oyt oty
Kuttapomiacpatikny pepppdvn (Hillard kot cov., 1995). Evdwagépov napovctdlel 6to onueio
avtd 1o YeYovog OTL eWdikd yio to AEA, ektdg amd v amin dudyvon g do péow g
KUTTOPOTAUGLOTIKNG LEUPPEVIG, TEPAUOTIKG EVPNUATO GUVNYOPOVY VTTEP TNG VTTaPENG EVOC
TPOTEIVIKOD HETAPOPED, VIELOBVVOL Yo TNV emavanmpdoAnymn tov AEA amd tov e£wruttdpilo
xopo (Glaser kot ovv., 2005). Ocov agopd v 2-AG, 10 LVYNAOTEPO TOGOGTO TOL
petaforopod g emttedeiton amd v AMmbon g povoakvioylvkepoing (MAGL), n omoia
daomd v 2-AG ot apaydovikd o&d kat YAvkepoAn (Dinh kot cvv., 2002). H MAGL givon
plo TPOTEIVY TOL  KLTTAPOTAAGUOTOC KOl TOPOVOIALEL TPOCUVOTTIKY EVIOMICT GTIC
CULVOTTIKEG OMOANEELS TOV dEova, OTov Ppioketon og dueon yetrviaorn pe tov CB1 vmodoyéa
(Kano kot ovv., 2009). Qg ek t0HTOV, TAPOVCIALEL TV WOAVIKT EVTIOTIOT TOL TNG EMTPENEL VAL
amevepyomotel v 2-AG o10 onueio dpdong ¢ kol kot eméktaon vo, tepuatilel v
onpatoddton pécm tov CB1 vmodoyéa. Avaivtikdtepa 1 anevepyonoinon g 2-AG Eekvd
pe v amocvvdeon g and tov CB1 vrodoyéa kail v dtdyvor g mpog v MAGL, péowm
EVOC VOPOPOPOL TOLVEL TOV TPOGAVATOAILEL TNV TOAIKT KEQUAN TNG YAVKEPOANG TG TTPOC TOV
mobuéva, exel mov Ppioketan kot n ketoAvtiky vropovada tg MAGL (Bertrand kot cuv.,
2010) (BA. Ewova 1.13).
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Ewéve 1.13. Zynuotikn avorapdotact g evEopatikng anevepyoroinong g 2-AG ond v MAGL.
H MAGL givau pia tpmteivn Tov KuTTopomtAdoiatog, tov eviontiletat tpocuvartikd pali pe toug CB1
vrodoyeic. H evtomion g avt, divel tnv dvvatdmra otmv MAGL vao ghéyyet to enineda g 2-AG
610 onueio mov avty emterel g dpdcelg e. Metd v arocHvdeon g and tov CB1 vmodoyéa n 2-
AG dwxyéetonr Tpog v MAGL, péow evoc vdpogofov TohveA Tov TPOGAVATOAILEL TNV TOAKN KEQOAN
g YAVKEPOANG TNG TPOG ToV Tubuéva, ekel Tov Ppioketal kot 1 KATaALTIKY vropovéda tg MAGL. H
2-AG teppatiler v dpdon g 2-AG doomdvtog ) o€ apayovikd oy (AA) kot YALKEPOAN.
AMeOnke and Savinainen kot cuv. (2012).

Kabobg n MAGL ¢aiveton va givor vrevovn yuo to 85% mepinov tov petafoiiopov
¢ 2-AG, 10 evamopeivay 15%mnpaypatonoteitan omd tic vopordoeg ABHDG ko ABHD12,
ol omoieg avikouvv atnyv owoyévela tov o/f domain containing hydrolases. H ABHD6 civat
pio StopeUPpavikn Tp®TEIVN 1 omoio EVIOTILETOL LETAGVVORTIKG, GE YAOVTOUIVEPYLKOVS KO
GABAEgpY1KOUG VELPAOVEG Kol TOPATAGCETOL GE OVTIOIUETPIKG avTifeteg Oéoelg o oyéon Ue
TOVG TPOSLVATTIKG vplokopevovg CBL vodoyeig (Marrs kot ovv., 2010). H petacvvamntiky
NG eVTOTIOT KOl TO YEYOVOS OTL 1 KATUAVTIKY TNG LTOUOVASH PPIicKETOL GTO ECMTEPIKO TOV
KUTTAPOVL, Kab1oTd weavn tnv ABHD6 va edéyyetl ta enineda g 2-AG o610 onueio ovvOecmg
(Blankman kot cvv., 2007) (BA. Ewova 1.14).
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Ewévo 1.14. Zynpoatky avomopdotacn g evOopotikig oamevepyomoinong tg 2-AG omd v
vdpordon ABHD6. H ABHDG6 sivar pia Stopepfpovikny TpoTeivn Kot 1 GTPATNYIKY TG EVIOTION OF
HeTacuvonTikd eminedo, mAnciov tov Procvvleticod eviopov DAGLa tng emitpémel va eAéyyetl ta
enineda g 2-AG oto onueio ovvleong e To povomdrt PLC-DAGLa mapdyst 2-AG and 10
mpoddpopo pocpoimido PIP2 g pepfpdvng kot axorovbwg n ABHDG, 1 katalvtiky vropovéda tng
omoiag eival oTpappévn TPog To KLTTaPOTAOGHE, peTafoAilel tnv 2-AG se apaydovikd o&b (AA) kot
yAukepoin. Afednke and Savinainen kot cvv. (2012).

H ABHD12 givon po Stopepfpavikn TpoTEVN e TNV KATOAVTIKY TG VTOUOVASL
otpapuévn mpog tov eEmkvttapo yopo (Blankman kot ovv., 2007). Tapovcidlel evpeia
éxppaon oto KN, 6mov cuvavtdrol katd kOplo Adyo 6€ IKPOYAOLOKE KOTTOPW, YEYOVOG
OV TNG EMITPEMEL VO EAEYYEL TIC OVOCOAOYIKEC OMOKPIGES OUTMOV TOV KLTTAP®V, GE
ovvepyacio pe Tov CB2 vmodoyéa ota pkpoyiotakd kottapa (Fiskerstrand kot ovv., 2010).
H ABHD12 cvppetéyel og kpioipeg puooroyikég anokpicelg oto KN, kabmg petaAlaselg
OV AVOOTEAAOLY TNV dpACTNPIOTNTO TG KOTUAVTIKNG TNG LAOUOVASNS, TPOKOAOUY £€vol
VEVPOEKPVAIOTIKO cvvOpopo pe v ovoupacsio PHARC, mov amotelel okpovopo tov
Bacwkdv ocvuntopdtov ™ vocov (Polyneuropathy, Hearing loss, Ataxia, Retinitis
pigmentosa, Cataract) (Fiskerstrand kot ovv., 2010) (BA. Ewova 1.15).
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Ewéve 1.15. Zynupoatiky avomapdotacn g evOOHOTIKNAG oamevepyomoinong tg 2-AG omd v
vdpordon ABHD12. H ABHDI12 egivor pio Stopepufpavikn mpoTeivn, HE TNV KOTOADTIKY TG
VIOUOVADM, TPOGUVUTOAIGUEVT] TTPOG TOV eEMKLTTAPLO ydpo. [Tapovoidlel vynAd enimeda Ekppoomng
OTO LWMKPOYAOLOKA KOTTAPA Kot 0 pOAOG NG 6TV ovaia givar 0 éAeyyog g onuatoddtnong g 2-AG
péom tov CB2 vrodoyéa. Metailda&es tng ABHD12 mov mepiopilovv v Asttovpyia tng oyetilovtot
HE TNV ELPAVIGT TOL VELPOEKPLAIoTIKOD cuvdpopov PHARC (Polyneuropathy, Hearing loss, Ataxia,
Retinitis pigmentosa, Cataract). AfeOnke and Savinainen kot cvv. (2012).

Yvvoyilovtag, eldape mog to 600 evdoyevny kavvafivoedn, AEA kot 2-AG
ovvtifevtal pe v dopecorapnon eviOumv amd TPOdpPoUe. POCEOATIO TG HeEUPpavng,
EVD KO Y10, TOV TEPUATICUO TNG dpacnc Tovg epovrtilovy évlvua. H ypfon mopayoviov Tov
avaoTtéALovv 1 evepyomotovv ta Eviupa floocvvleong 1 omodouNonS Tovg, amoTtelel pio KoAn
GTPATNYIKN Y10 TNV pOOUIOT TV EMITESDV TV EVOOYEVOV KAVVOUPIVOEIODY KL KOT® ETEKTOOT
g onuatodotikng tkavotntog tov EKXE. H otpatnywr ovtr evéyel kol Bepomevtikég
TPOEKTAGELC Kol Oa. Lmopovoe VO OVTIKATOGTNOEL EXLTLYMG TNV YOPNYNON GUECOV UYDVIGTOV
Y10 TOVG KAVVABIVOEIOIKOVG VITOSOYELS.

1.5. To ocvotTnUe TOV EVOOYEVAOV KOVVUPLVOELOMV OGTOV

ap@ipAnctpocron

O oapgipAnctpoedng eivor eEomhiopévog pe éva TANp®G Asttovpywd EKX.
Avocoiotoynukés ueréteg éyxovv ovadeifer v mapovoic tov CBl vmodoyéa Ttov
OUPPANCTPOED TOKIA®Y GTOVOLAMT®V, GUUTEPIAAUPAVOUEVAOV KOl TOV ETIHVOV, OTOL
evromiletal kupimg otig dVvo ovvamtikés otifadeg, OPL kot IPL, ota Bpaydva kodttapa,
KaOmG Kol 6T yoryyAoKd KoTTopo Kot toug dEovég toug (Straiker kot cuvv., 1999). Mikpotepa
emineda éxepaong tov CB1 &yovv evtomiotel oto e£®TEPIKA KOL TO, ECOTEPIKY TUNLOTO TOV
potodmodoytwv (Straiker kot cvv., 1999). EmmAéov otov au@iPANcTpogldn tov enipwony 1
avocodpactikotnto. Tov CB1l cuvavidtor emiong oto pafdiopopo dimoio KOTTOPW, OTO
op1lovtia kot ota Ppaydiva kottapa (Yazulla kot cvv., 1999). Katd mapdpolo tpémo crov
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auppAnotpoedn mpotevovimv, o CBl exepdletar amd TOVG (Q®TOVTOd0YEIC, TIC 600
ovvortikég otipddec (OPL won IPL), amd kdttapa oty INL kot téhog and 1o yoyyAokd
kotTapa (Bouskila kat cuv., 2012). Zuykpitikég avaAdoelg VITOdEKVHOVY OTL 1] EKOPOCT] TOV
CB1 vrmodoyéa ctov apeipAnctpoedn givor Kohd cuvinpnuévn PeTad Tov SlopOopPETIKMV
edov (Bouskila kot ovv., 2016). Avocoictoynukéc perétec o€ peTOHAVATIONE 16TOVG
avOpdTov, £xovv avadei&el woyvpn mapovcio Tov CB1 vmodoyéa ota eEMTEPIKA TUNLOTO TOV
QMTOOTOd0YEMV Kol UETplo emimeda Ekppacng ot otifadeg OPL, INL, IPL kot GCL
(Straiker ka1 cvv., 1999; Porcella kou cvv., 2000), eved 1 Tapovoia tovg emPePordveror Kot
ota kottapa tov RPE (Wei kot ovv., 2009).

Apykd vfp&e advvapia evtomicpod tov CB2 vmodoyéa otov aupifAnctposion
(Buckley ka1 cvv., 1997). Metayevéotepeg neATeC, e TNV xpnon g in situ vBpidomoinong
®otoco vrédelav v mapovsio. Tov MRNA tov CB2 ota ecmtepikd TURpOTE TOV
pwtovmodoyswv, v INL kot v GCL otov apgipinotpoedn enipwmv, eved n yprion real
time- PCR empefaince v mapovsio tov CB2 kot otov aupifinotpoedn uwov (Lu kot
ovv., 2000). Ta dedopévo 7y v 7opovsioc tov CB2 otov  aueiinotposion
wyvporomOnkay amd pHeTayEVESTEPA AVOCOICTOYNUIKA Ogdouéva mov emPefaiovcav tnv
evtomion tov CB2 otig mpoavapepbeioeg Teployég Kot EMTAEOV AVIXVELGAV TNV TPOTEIVY TOL
CB2 vrodoyéa o€ opiopévoug GEoveg oty IPL kot oto kbttapa tov RPE (Lopez kat cuv.,
2011). Avdloyn tomoypa@ikry opydvmon tov CB2 vmodoyfo mapatnpeitol Kot oTOV
apepAnotpoedn tov pvodv (Cécyre kot ovv., 2013). Ilop’ Ola avtd, evolapépov
TapoLGIALEL TO YEYOVOS OTL VTTO PLGIOAOYIKES cuVONKeg 0 CB2 vmodoyéag dev aviyveveTat e
Vv ¥PNON AVIICOUAT®V G VYIEIC aueIPANCTPOEIdEl] Ludv, Topd udvo oe Taboloyuég
KOTOOTAGELS, Omov Kot mapatnpsitar adEnon g Ekepaong tov (Borowska-Fielding kot cvv.,
2018). ¢ avtibeon pe tov CBL, tov omoiov m evtomion eivor dwotnpnuévn peta&d Tov
SLPOPETIKOV €MV, 0VTO OgV PaiveTal vo, 1oydeL Yo tov CB2, kabmg otov apgiPAnctposdn
TOV TPOTEVOVTIOV 1 EkPpact) Tov meptlopiletar ota kvttapa Muller (Bouskila kot cuv., 2013;
Bouskila kot ovv., 2016), evd otov dvOpomo @aivetal vo ek@paletor povo amd to KOTTopO.
tov RPE (Wei kot ovv., 2009). ITapaiinia otov op@iBAnctoposidr] SiapopeTiKdV 100V
&yovv aviyvevbel ko ot vmodoyeic TRPV1 kar GPR55, mov ¢aivetor vo diuecsolofovv
Kamoleg amd TG dpdoelg v kavvaPivoedmv (Zimov kol cvv., 2004; Bouskila kot cuv.,
2013).

Meléteg éxovv mpoodiopioet ta eminedo TV 600 PaciKOTEP®Y EVOOKAVVOPIVOEdDV
otov apeipinotpoedn. Ta ernineda tng 2-AG mapovsialoviol apkeTd VYNAOTEPA GE GYEoM
ue ovtd tov AEA otov augipAnctposidn tpoktikodv (Straiker kot ovv., 1999) kot avOpomwv
(Chen xot ovv., 2005). Mdahota oe maOOAOYIKEG KOTAGTACES, OTOG N AA onueldveTaL
avénon Tov enmEdny TV evookavvapivoelddv otov aupipinotpoedny (Matias kol cuv.,
2006), yeyovog mov mhovoToTo avTavaKAG Hio, avTIGTOOOTIKY OTOTELPA TOV OPYAVIGHOD Vi
OTOKOTOOTAHOEL TV opotdotacn. [lapdvia otov aupipAnotpoedn eivar kot ta Evivua mTov
elvar vebbovva yioo v Procvvleon Kol TV 0modOUNCT TOV EVOOKAVVAPBIVOEId®Y. XTOV
aupipAnotpoedn enipvwv to Procuvletikd éviopo g 2-AG, DAGLa, eppaviletor apketd
VOPIG KOTA TNV UETAYEVVITIKY TEPI0d0 Kal eKkPpaletal otovg emToimodoyeic, Ta opldvTia,
Ta Bpaydiva Kot o yoyyAlakd kottapa, evd 1 MAGL, 1o Bactkdtepo Evivuo omodounong
g 2-AG gppaviletol peténeita oty avontuéloky mopeio Tov apEPANCTPOEdovg Kot 1)
ékppaon ¢ meplopileton oto Ppayvive kdTTopo Kou ta kuttapa tov Muller (Cécyre xat
ovv., 2014). Qotoéc0 otov apeiPinctpoedn poav 1 DAGLa exepdletar kvping ota OFF
dimoha kOTTOpa TOMOL 1 KOOMG KO 08 OplopEVOLg OevOpiTeEG SITOA®V KVLTTAPWOV, EVA 1|
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napovoia g MAGL aviyvedbeton oto poafdic, oto e£MTEPIKA TUNUATO TOV KOVIOV, TNV
OPL «or oty IPL (Hu kot ovv., 2010). EmitAéov, n moapovoia e vépordong ABHD6 mov
OUHUETEYEL 0TOV HETAROMGHO TG 2-AG éxetl avapepbel otov auiAncTpoeldn podv, 6mov
evromiletan o8 GABAgpyikd Bpaydiva KOTTOPA, GE YOyYALOKE KOTTOPO KOl TOVG OEVIPITES
toug (Hu xai ovv., 2010). H FAAH, 1o petaforikd évlopo tov AEA mapovoidler gvpeia
éxppaon otnv ONL kot v GCL o¢ poeg, og kdmoiovg mAnbucovg Ppoydiveov Kot dimtolmv
KOVIOPOPOV JITOA®V KLTTAP®V, VA Tapovcstalel cuveviomicud pe tov CB1 vrnodoyéa otig
teMkég anoéelgs tov pofdiov oty OPL (Hu ko ovv., 2010). Xtovg emipveg 1 FAAH
TapoLGIALEL £VIOVI] OVOGOOPOCTIKOTNTO GTO YOyYAOKA KOTTOPO KOl 7O OOVUVOUY GTo
KUTTOPIKG COUOTO TOV oplOVTIOV KLTTAP®V, TOV VIOTUUIVEPYIKOV Bpaydivev, Kobmg Kot
oTOVG deVIPiTEG TV YOAvEPYIKOV Ppayvivav kuttapov (Yazulla kot ovv., 1999). H FAAH,
10 évlopo petaforopod tov AEA, éxel evtomiotel otov au@ipinotpoetdn poov (Hu ot
ovv., 2010), exipvav (Yazulla kot cvv., 1999) ko mpotevoviov (Bouskila kot cuv., 2012).
21ovg emipveg 1 avocodpactikotta g FAAH givar mo évtovn otovg mAnbucpovg twv
ueybiov yoyyiakov wvttépov (Yazulla kor ovv., 1999). TTio addvapog @Bopiopdg
TopaTNPNONKE 0T KLTTAPIKE CAOUATO TOV OPOVIIOV KLTTAP®V KOl TOV VIOTOUVEPYIKOV
Bpoydivev, kabmg Kot 6Tovg devdpiteg Tmv yoAvepyikdv Bpaydivav kuttapov (Yazulla ko
ovv., 1999). Ta svpiuata yio v gviomion g FAAH otov aueipAnctposidn emipwov,
emBefardvovton Kot amd v perétn twv Zabouri kot ovv. (2011), evéd Waitepo evolapépov
napovotdlel to yeyovog ott 1 FAAH mapovoidlel avakatovoun g EKQPUCNg TNG GE
SPOPETIKOVG KVTTAPIKOVG TOTOVE TOL OUPIPANGTPOEISOVG KOTA TV OvATTUELNKT TEPI0O.
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Ewévo 1.16. Kartavoun tov emuépovg otoyeiov tov EKE otov ougifAnctpocidn. Idwitepo
evdlapépov mapovotalel  evtomion tov CB1 kot CB2 vrodoyéwv kot tov evibumv omoddunong
(FAAH ka1t MAGL) tev gvdokavapivoeddv oto Bpayvwve kottapa. Afednke ard Pasquaré kot cov.
(2023).

Y& QUECT] aVTIOTOLYIN [LE TOV VELPOPLOLGTIKO TPoPIA ToV Tapovcialel To EKE otov
eYKEPOLO, TPOKAVIKEG peAéTEG VTTOdEKVVOLY OTL T0 EKX 610V apeiBAnotpogtdn eumiéketon
evepyd oty  ouolohoyic g Opaong, pvbuilovtag v vevpodwPifacn ot TNV
SEYEPCIUOTNTA TOV VELPIKDY KUTTAP®Y. MEAETEG VTOJEIKVVOLY OTL TO KOVVAPIVOEION UECH
tov CB1 vmodoyéa ehéyyovv v amehevbfépwon vevpodofifactdv otov apePANcTpoEdn,
omm¢ 1o yAovtapwviko (Opere xat cov., 2009), to GABA (Warrier kot Wilson, 2007) kot 1
vromapivn (Weber wou Schlicker, 2001). EmumAéov ta kavvafwvoegidn pubuilovv v
OLEYEPCIUATNTA TOV VEVPDVOV, LECH TNG EVEPYOTOINGCNG 1 AVOGTOANG SLOVA®Y 100VI®V. XTOV
auUPPANCTPOEDT,  ypLoOYapov  To  ovvletikd  kovvaPwvoedég  R-WINS5,212-2,
evepyonowwvtag tov CB1l vrmodoyéa mapovoidlel pion dwpacikn emidpocn oty poduion
dwrov Ca?*, K* kot Cl™ 6ta ecmtepicd TuURpota Tov @oTodmodoyény, Kotd Ty omoia ot
CLYKEVTPMGELC HKpOTEPES TOV 1 UM evepyomolel OAOVEC TOVG SOAOVE, EVD GE VYNADTEPES
ov 1 UM cvykevipmoelg, Tovg avaotéliel (Fan kou Yazulla, 2003). Xto idto {okd povtéro,
ot ON dimora «OtTopa, o6mov o CBl mapovoidlel evpeion €viomion, 1 wopovoio
KOVVOPIVOEISIKOV ayovioTdv avaotéldel to pedpa K* (Yazulla kor cvv., 2000). A&iel va
onuembel €0, OTL GOUPOVO UE TO OTOLYEID TO KOVVOPIVOELDN] ETAYOLV OLUPOPIKES
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OTOKPIGELS OTOV €KACTOTE KLTTOPIKO TOMO oTov augipinotpoedn. dep’ sumelv ooV
au@iAnotpoetdn g carapdvdpac tiypng to R-WIN55,212-2 evicydet to pevpo Ca®* ota
pofdia ka1 To pEW®VEL 6T KOVia, v avaotéAdel to pedua K 1660 oto Kmvia, 060 Kot ota
pofdia (Straiker kou Sullivan, 2003). Ztov apeiAnotposid| tov exipvmv 1 gvepyonoinon
tov CB1 vrodoyéa avactéldel To pevpo acPeotiov ota dimora kotTopa (Straiker kot cov.,
1999) kot ota yoyyhaxd kotrapa (Lalonde kot cuv., 2006; Qian kat cuv., 2017).

H gumloxn tov EKXE omv ¢ucioloyia tng opaong pmopel vo amokoAlvgel kot
éupeca eetalovtag MAEKTPOPLGIOAOYIKES KOTAYPOPES TOL OUPPBANGTPOEOOVS, OMWS TO
niextpoapeipAnotposidoypaenua (HAT). Xe poeg knock out yio tov CB2 vmodoyéa
wopanpeitor avEnon tov TAATOVS TOV o KVUATOV, To 0ol avTKATOTTPILoVY TNV apyLIK
VIEPTOA®EN TV pwToiTodoxtwv (Cécyre kat cuv., 2013). Mapdiinio @aivetol IO Kol M
ypovia yoprynon tov CB2 avtayoviot, AM630, &xel avaroyeg opdoelg oto HAD pe avtég
nov mopovoialovy ot CB2 knock out pveg (Borowska-Fielding kot ocvv., 2018). Katd
avéloyo Tpomo ot Cécyre kot cuv. (2020) avageépovy 6Tt to EKE névo péom tmv CB2 kot oyt
tov CB1 vrodoyéwv, ennpedlel Bacikéc mapapétpovg tov HAI vd cuvbrkeg okodTovg. TNV
CLYKEKPIUEVT HEAETN 1010{TEPO EVOLAPEPOV TAPOVGIALEL TO YEYOVOG OTL o1 pveg Knock out yia
tov CB2, n yopnynon tov CB2 avtaywviet), AM630, kabmg Kot 1 Yopnynon ovacToAEN TOV
BroovvBeticon evidpov g 2-AG evioybovy TV OrTiKN 0EVTNTA, EVO 1| YOPTYNON OVOUGTOAEN
10V petaforkod evivuov g 2-AG, eaivetal vo emdevdver TNy omtikny o&vtnta (Cécyre kot
ovv., 2020). Ocov agopd tov poéro tov CBL vmodoyéa aivetal Tmg Kot anTdg EUTAEKETOL
GTINV POT TNG OTTIKNG TANPopopiag. Avénon tov mAdtoug TV B Kopdtov Exel mopatnpndel
Katd v evepyomoinon tov CBLl vmodoyéwv amnd to HU-210 (Lax kot ocvv., 2014). Ta
TOPOTAVE guprpata emPEPordvovToL Kot amd HEAETES 6E avOp®OTOVS, KATVIGTEG KAVVAPTG,
GTOVG OTOIOVG Ol TPOTOTMOMUEVES amokpicelg mov gpeaviovtal oto HAID woyvponotodv v
aroyn mepi eumhoknc tov EKX otnv guotoroyio g 6pacng (Schwitzer kot ouvv., 2016).

Ev xataxkeidl, o EKE mopovcidlel gupeia VIONION GTOVE EXUEPOVS VEVPOVIKODS
TOMOVG ToV ApEPANGTPoEoVC. Tlapd ta drapopeTikd potifa EKEPOcNS TOV TAPUTNPOVVTOL
peTadld TV €10MV, N EUTAOKT TOV 6TV PLGLOAOYIN TNG dpacNg elval KOAG GuVINPNUEVT Kot
omw¢ Oa e€etdoovpe 61O EMOUEVO KEQOAOLO, UTOPEL Vo 0moTeEAEGEL 6TOYO otV Pdon Tov
omoiov Bo pmopovcav va avarntuyfovv TPOGTATELTIKEG TPOCEYYIGELS YOl TV OVTIUETMTION
TOKIA®V THOAOYIKMOV KATUGTAGE®Y TOV AUPIPANGTPOEIB0VG.

1.6. IIpocotatsvTikég emopacsrg tov CBl ko CB2
KOVVOPIVOEIOIKAOV VT000YE®MV o6& NOVTELD ap@ipAnctpo-
gwonadelov

ApyIKéG TOPATNPNOELS TOV EMOPACEMY OV EiYe TO KATVIGUO TG KAVvaPNg otV
peimon g &vdopBdipog mieong, éva  yapoKTNPIoTIKO TAOOAOYIKO YVOPIGHO TOV
YAODK®OUOTOG, OTOTEAEGOV TO PACIKOTEPO KIviTPO Yoo TNV dlepedvnon tov poiov tov EKXE
omv ouolohloyioa tov o@Boipov (Helper wor Frank, 1971). Metayevéotepeg UEAETES
Kkatédelgov v mapovcio evog mANpog Asttovpyikod EKE otov apeifinctposidn tov
omovévlwtdv (Straiker xai ovv., 1999; Yazulla xoi ocvv., 1999), evd mhéov sivar
adappiofitntn 1 eumiokn tov CB1 xor CB2 vrodoyéwv oty Aettovpyic S10pOPETIKMV
KLTTOPIKOV TOnov tov augiinotpoeidode (Borowska-Fielding kot cvv., 2018; Middleton
kot ovv., 2019). Ze avtiy v Bdon ko dedouévng g cvpuetoyng tov EKY og onuavtikég
dlepyoocieg mov oyetiloviar pe TV PlOCUOTNTE TOV VELPIKOV KUTTAPOV, OT®G M
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VEVPOEKPVUAIGT, 1] PAEYLOVY] Kol TO OEEWOMTIKO GTPESG, TO TEAELTAIN YPOVIL OPKETEG LEAETEC
EYOuV emMKEVIPOOEL GTIG TPOSTATEVTIKEG EMOIPACELS TOV EMOEIKVOOVY TO. KAVVOPIVOELDN OE
povtéda augipAnotposidonadeidv (Rapino kot ovv., 2018).

Ye (owd povTéha apePBANGTPOEdIKNG 1oyaiag, 1 omoia yapakmmpileTor omd v
Tapovcio deyepoltoEIKOTNTOS TOV EMAYEL TOV BAVATO TOV VELPOVAV, 1| EVEPYOTOINGT TOV
CB1 vmodoyéa dwapecorafei npootatevtikég omokpicelg. H A9-THC kot n kavvapiotoin
peimoav 10 0EEMTIKO OTPEC KOl TOPEYOV VEVPOTPOGTAGIO GTO YOYYALOK(Y KOTTOP GE £val
povtého NMDA deyepottoucottog otov appifinotposdn enipwwv. H cuyyoprynon tov
CB1 avtayoviotry SR141716A pali pe to 600 kovvafivoedn, Kotipynoe UEPIKAOS TNV
TOPOTNPOVUEVT] VEVPOTPOGTAGID, LITOOEIKVOOVTAG TNV UEPIKT] EUTAOKY] TOV LTOJOYEN OTIG
dpaoelg tovg (EI-Remessy kot ovv., 2003). e cvppovio pe ta mponyovuevo, n A9-THC
ueimoe v evéoEBdApa Ttigon Kot Tov BAvato TV YoyyAoK®V KuTTdpmv o€ €va LOVTEAD
yhovkopatog o emipoeg  (Crandall  kor  ovv., 2007). Avdloyeg Opdosig otV
dwapesorafoovpevn péow tov CB1L, dratnpnon g PLoctudTTog TOV YoyYAOK®OV KUTTAP®Y,
TopoTnPENONKAY Kot HETA TNV €VOOVOAOEDIKT XOPMYNON TOL GLVOETIKOV KOVVAPIVOEWd0ng
pebavavtapioro  (MethAEA), oe éva  poviého  1oxOi0G  ETOVOILAT®OONG — OTOV
apeipinotpoedn emipvog (Nucci xor ovv., 2007). To ouvvletikd xavoPivosdég R-
WIN55,212-2, péow g evepyomoinong tov CBl peiwoe v evdopBdiua mieon ot tnv
ATOAELD TOV YOYYMOK®V KLTTAPOV G £va LOVTELO toyotpiag-emavatpudtoong (Pinar-Sueiro
Kot ovv., 2013) ko1 Tpootdtevce Ta yoyyaMokd kottapa amd tny NMDA Sieyepotto&ikotnta
(Maguire ka1 cvv., 2022).

Ot mpocTateLTIKEG OPACELS TOV KOVVAPIVOEWDDY eTPEPatdvovTal Kot 6T0 HOVTELOD
g AMPA bieyepotto&ikdmtag otov aueiPAnotpogdr], omov o avtifeon pe to NMDA,
empedlel v PlOcOTNTO TOV Ppoydivov Kol Tov opilovTiov KLTTUPp®V Kol Ol TMV
yayyhakov (Kiagiadaki ko Thermos, 2008). H evdobarogidikn yopnynon AEA mopeiye
TpooTocio 6Ta Ppoydive KOTTOPW, LEGH TNG EVEPYOTOINGNE TOV OTLOTOSOTIKOD LOVOTTATION
MEK/ERK1/2, evd 1 2-AG kot t0. cuvBetikd kavvapivogdr] HU-210 ko methAEA peiocov
tov enayouevo and 1o AMPA xvuttapikd Bdvato, onpatodotdVIoS HECH TOL HOVOTOTION
PI3K/ Akt (Kokona kot Thermos, 2015; Kokona xat cvv., 2021). Ou épdoeig 6wV 10V
TpoavapepBEvIov KavvaPivoelddv Tpaypatonomnkay pécm tng evepyomoinong tov CB1
VI0d0YEN, VD €10KA Yoo TV 2-AG onuotikd poro dadpopatilel kot 1 evepyomoinoT Tov
CB2 vrodoyéa, 6nwc eavnKke amd TV HEPIKN KOTAPYNON TV TPOSTATEVTIK®V TNG dplcemv
KoTd TV ovyyopnynon g pe tov CB2 avraywviory, AM630 (Kokona kat cuv., 2021).
MopddAnia, N GLGTNUATIKY ¥POVIC, KOl VIOoYPOVIO YopnyNnon tev kovvaPivosdmv HU-210,
methAEA, AEA kot R-WIN55,212-2 og d6og1g mov dgv endyovv petoppvbuion twv CB1L
VTOSOYEMV GTOV AUPIPANGTPOEdT, £xEl amodelydel 6Tl e&umnpEeTEl VEVPOTPOGTATEVTIKEG KO
avTIPAEYHOVDOELS dpdoelc 6to povtého g AMPA Sieyepottoikotnrag (Papadogkonaki kot
ovv., 2019; Spyridakos kot cvv., 2021). H dwopecorafodpevn péow G Evepyomoineng tov
CB1 vnodoyéa vevpompootacio TV KovvaPivoeldmv emiPBePotdveTor Kol 6 GAAN LOVTEAQ
aupipinotpocdonabeidv. To ovvbetikd kavvapwvosdég HU-210  diéomoe  TOULG
QMTOVTOd0YEIC amd TNV EKPVAIOT), GE VO LOVTELO UEAQYYPOOTIKNG OUPPANGTPOEd0TAOE0C
o€ EMUVEC, GLUPBAAAOVTAG GTIV JTNPNCT TNG OUCANG KUTTUPOUPYITEKTOVIKNG OPYAVMGTC
Kot Agrtovpyiog Tov appiPpinotpoedodc (Lax kot ocvv., 2014). Koatd avdloyo tpémo 1
yopnynon tov CB1l aymviot), ACEA, ueiwoce tov emayouevo amd 10 Q¢ Odvato tov
(MTOVTOOYEMV KOL TNV OVTIOPACTIKOTNTA TG HOKPOYAOING, EVE KATA TNV CLYYOPNYNGCT TOL
pe tov CB1 avtayoviot, AM251, tapatnpndnke avénuévrn evepyomoinon Tov OTOnTOTIKOD
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LOVOVOTTATION TNG KOoTdong 3, evioyvon NG ovIWPUCTIKNG HOKPOYAOLOG Kol ovénon g
ékppaong tov TNFa (Solino kot cuv., 2022).

[Tépa and v evepyomoinon tov CB1 vrmodoyéa, Kamoleg LEAETEG AVASEIKVOOVY TIG
TPOGTUTEVTIKEG OPACELS TOL TPOKVTTOVV OO TNV avOaoTOAN NG Asttovpyiag tov. O CB1
avtayovioTe, SR141716A, peiwce TV OTOAEW TOV (OTODTOS0XEOV, TNV OVIIOPUCTIKY|
yAolmon Kot Ty SnUovpyic. U QUGIOAOYIKMOV OYYEWNK®OV GUUTAEYLATOV GE £Va LOVTEAO
emayouevng and N-Methyl-N-nitrosourea (MNU) vevpoek@iOiiong otov ou@iBANGTPOELdN
HVOV, TOL TPOGOUOLALeL TV pehayypmotikn aupipinotposidonddeia (Chen kon cov., 2018).
Ot mpoctatevtiKég amokpioelg tov SR141716A emoinbebovial kol ce €vo GAAO HOVTELO
LEAQYYPOOTIKNG aupiPAnctposdonddeiog, emaydpevng amd to oG, O6mov mopatnpninke
Beltimon tov mAdTovg TV o Kot B KupdTOV Kot dlathipnon tov mhyxovg s ONL katd v
yopriynon tov SR141716A (Imamura xor ocvv., 2017). Emv AA o CBl oaviayovietmc
SR141716A 1N m yeverikn dwypaen tov CBLl vmodoyéa émavoe tov emayoduevo amd tov
dwPnn, OBdvato v KLTTApOV TOL OpPPAnotpoedotc (EI-Remessy kar ovv., 2011).
Avaloya amoteléopata and v gpapuoy] CBlaviayoviet®v tpokbntovy kot péca amd in
Vitro peiéteg, omov o avtayoviotg SR141716A @aivetar va peidvel 0 0&EBmTIKO OTPES,
TNV OmOTTOOT KOl TIG TPOPAEYLOVMOELS OmOKpicel o€ kaAMépyeleg avOpomvov RPE,
extebeipévov o vepoeidio Tov vopoyovov (Wei kot ovv., 2013) kot evooOniakdv
KUTTAP®V 6€ KaAMEPYEL vITd cuvOnKeg LYNANG YAukoing (EI-Remessy kot cvuv., 2011).

[ap’ 6TL apywcd amotérece Cnnua aviummapdfeong petald Tov epeLVOV, 1 EKPPOOT
tov CB2 vmodoyéo otov oaugipAnctpoedn emiPePormvetor mALov amd oloéva Kol
TEPLOCOTEP EVPTUATO, TAL OTOTRL AVOSELKVOOVY TNV VIapEn Kot TV evepyn epumiokn tov CB2
otV euctloroyia Tov aupiPinotpoeidoig (Qian kat cvv., 2017; Borowska-Fielding kot cuv.,
2018; Spyridakos ka1 cvv., 2021). Mdhota g antd T0. Sedopuéva £pYovot vo Tpootedovv Kat
VEOL EDPTLLOTO TTOV GLVIGTOVV OTL Ol TPOCTATEVTIKEG OPACELS TV KAVVOPIVOEWOMV GE HOVTELD
aupipAncTpoeidonadeimv, deknepatdvoviol Kot péc® tov CB2 vrodoyémv. Xty emaydpevn
a6 10 AMPA Jd1eyepotto&kOTTa, Ol VELPOTPACTATEVTIKEG OPACES TOV eEMYEVAC
xopnyovuevov evdokavvafivoedovg 2-AG (Kokona xat ovv., 2021) kot tov cuvOeTiKon
kavvafvogidong R-WINS5,212-2 (Spyridakos kot ovv., 2021) mepatdvovtar £v pépel pécm
g evepyomoinong tov CB2 vmodoyéa, evd ot aviipieypovadelg dpdoeig tov WINS5,212-2
npaypoTomolovviol €€’ olokAnpov péom tov CB2 ota pukpoylotakd kottapo (Spyridakos
Kot ovv., 2021). H gpoppoyn tov emdektikod CB2 aywviorr, HU-308 mpoctdteye tovg
Q®TOUTOd0YElS LUV 08 €vo HOVTELO €KPOAIONG, emayOUEVNG amd TO QGMC Kot Peitinoe
OTUOVTIKG OAEC TIC TOPUUETPOVS TOV MAEKTPOAUPPANGTPOEIOOYPAPTIUATOS, EVED CLTEG OL
emdpdoeig katopyndnkav katd v cvyyopnynon tov pe tov CB2 aviaywviot, SR144528
(Imamura kot ovv., 2018). TToapdAinia, oL €VEPYETIKEG BPAGEIC MOV TPOKVLITOLV Amd TNV
evepyonoinon tov CB2 vmodoyéo otov aueipAnotpocidn, emiPePoardvovior Kot oe €va
HOVTELO paryoglditidag, 6mov 1 yoprynomn tov enthektikov CB2 aymwiot), JWH 133, psimoe
kaboprotikd v @Aeypovy (Xu kot ovv., 2007). Xe avtibeon pe O6c0, ovagépape pEypL
OTLYMNG Y10 TIG TPOCTATEVTIKEG OPAGCELG TOV EMTEAOVVTOL LECH TNG EvEPYOTOinong tov CB2
VIOd0YEMV, VITdPYoVV capeic evdeilelc OTL Kol 0 avtaywvicudc oto eninedo tov CB2 gvéyet
Oepamevticd oén. e pia mpdoeotn pekétn ot Honig kou ocvv. (2022) avoaeépovy 611 1
xopnynon poroSleéving, mn omoia dpo ®G avtioTpoeog aywviotng otovg CB2 vmodoyelg,
KOTOPEPE VO LEIDGEL TNV OTMAEN TOV (QOTOVTOS0YEWV, TOV AEOVOV TOV YoyYAOK®OV
KUTTOp®Y, PeATidOvovTag onuoviikd Kot to  eAAeippato wov  mapotnpnbnkav  oTo
NAEKTPOUUPIPANCTPOESOYPAPTLLO, GE VO HOVTEAD UINYOVIKOD TPOVUATICUOD TOV 0QHaAoD
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oe pwes. H dpdon avty g paroslpévng Paciotnke oty duvatdOTNTd TNG VO EXAYAYEL TV
petdfaom tng pkpoyroiog and tov M1 tpopAreyovddn eatvOTuTO TPOG TOV OVTLPAEYLLOVAOIN
M2 (Honig kot cov., 2022).

[owitepn pveioa a&iler va yivel oto onueio avutd Kol OTIG EMOPACELS TOV
Kovvapvogddv ota kvttapa tov Muller, ta yholokd kdtTopo TOL 0TOTEAOVYV HOVASIKO
YOPOUKTNPLOTIKO TOV AUPIPANGTPOEIDOVG. ZTOV AUPIPANGTPOELDT KOTOTOVAOVL, 1) EVIGYLON TNG
onpatoddtong tov EKX eite péow eyyvoemv AEA kot 2-AG, gite Hécm £vOG OVOGTOAEN TNG
MAGL, dieyeipel tov emovampoypappaticpd woug og npoyevitopes twv Muller kuttépov
(Campbell ka1 ovv., 2021), o1 onoiot yapaktnpiloviar omd TOAVSVVALIN KOl GUUUETEXOVV (G
emdlopboTikol pnyaviopoi oe ToHOAOYIKEG KATAGTAGELS, OM®G 1 VELPoeKPVUAIon (TOO Kot
Simunovic, 2021). Avtibétmg, n yopniynon avtayoviet®v tov CB1 vmodoyéa, kabmg kot
ovaoToOAé®Y TV Ploouvietikdv evluov TV EVOOKAVVAPBIVOEOMV OVESTEIAMY TNV
petatponr, tov Muller kvttdpov oe mpoyevrtopeg (Campbell kor ouvv., 2021). H
onuatoddmon pécom tov CBL vrodoyéa, mailel kaboploTikd pOAO Kol GTIS PAEYUOVMOELS
anokpicelg Twv kuttdpov tov Muller, agpod otov apeiPAnotpoedn podv, vd cuvOnkeg
oeyeportofwcomrog pe NMDA, 1o kavvafvogidég R-WINS5,212-2  avooctédder v
evepyomoinon tov NFKB mov ovupetéyer oe mpopieypovodels amokpiosil, evdd o CB1
avtoyoviotg, SR141716A avénoe v evepyomoinon tov NFKB (Campbell kot cvv., 2021).
Avéloya anoteléopota mtapovotdlovrar kat ot perétn tov Krishnan kot Chatterjee (2012),
OOV TO, €VOOYEVN KAVVOPIVOELDN EMESEEAV YAOIOTPOGTATEVTIKEG 1OOTNTEG LELDVOVTAG TOV
enayopevo amd Mmomoivcokyapiteg (LPS, Lipopolysaccharides), 6dvato tov kuttdpov tov
Muller in vitro, emidpaon dSapecorafoduevn péow tov CBLl kot CB2 vrodoyiwv, dmmg
QAVNKE KoTd TV Yopnynon t@v avioyoviot®v AM251 ko AM630 avtictouya.

[Hopd v dmapén TIndmpag dedopévov mov vrooTnPilovy OTL Ol TPOGTATEVTIKES
opdoeic tov KovvaPivoelddv olokAnpovoviol gite péow tov CB1 eite péoo tov CB2
VITOS0YEMV, KATO1EG HEAETEC GLVIGTOVV OTL 1] TPOGTUGIO, EMITEAEITAL HECM TNG EVEPYOTOINGTG
Kot TV 000 KOvVOPLVOEDIKOV VTOJ0YEWV og HoviEha dapeipAinotposidonadesimv. H
gvepyomnoinon ywo mopaderypo tov CB1 xor CB2 vrodoyémv, €xet amoderydel 6TL cupuPdaiiet
oV ueiwon g vevpoekpvAong emayouevng amd tov 10 HIV (Krishnan kot Chatterjee,
2014) gite and v AMPA dieyepotrto&ikdta otov oupiinotposidn (Spyridakos kot cuv.,
2021). Ztov avtinode OUmG, N GVAGTOAY THG AELTOVPYIOG TMV KAVVOBIVOEISIK®Y VITOS0YEMV
LE TNV YOPNYNOT OVTAY®VICTOV EVTNPETEL KOl QLTI VEDPOTPOGTUTEVTIKEG AMOKPICELS GTOV
apepAnotpoedn (Maccarone kot ocvv., 2016). MdMota 6 KOTOIEG TEPUTTMOELS POIVETOL
TOC TPOUTUITOOUEVO Yo, TNV emitevén VvevpompooTaciog &ivalr 0 ocuvOLAGUOC €VOG
kavvapvogdikov ayoviot pali pe CB1 gite CB2 avtayovioti, OT®G oTNV TEPITTMOGT] TOV
R-WIN55,212-2, to omoio cuvdvalouevo eite pe to AM630 (avtoyoviomig tov CB2
vodoyémv) eite pue 10 AM251 (avtayovierig tov CBl  vmodoyiwv) emédeile
VEVPOTPOGTATEVTIKEG OpPAGEIG 68 €vo HOVTELO OouPIANCTpoeldikng toyoiag (Araujo kot
ouv., 2017).

Ye Kamowo HOVTEAQ OUQIPANCTPOEdOTABEIDV 1 YOpPNYNON GUECOV AYOVIOTOV TWOV
KoavvoPvogdtkav vodoyEmv eEVTNPETEL VEVPOTPOSTATEVTIKEG amoKpioels. Mio eVOAAUKTIKY
mpocéyylon oto yepwopd tov EKXE, m omolo mpocopoldlel apkeTd oty xopmynon
KOVVOPLVOEISIKOV Oy®VIGTOV, OTOTEAEL 1] YOPNYNON AVACTOAE®V TOV UETAPOAIKDV eviDU®OY
TV eVOOKAVVOPIVOEDDV, e 6TOX0 TNV avénom g dfecIdTNTAS TOVG Kot TNV TapATooT
G OIPKELNG OPACTG TOVG GTOVG LTOOOYELS. LUVOMKA TO. EVPNUOTO OTO UEAETEG OTOV
eYKEQOAO  LTOOEIKVOOVY  OTL Ol OVOOTOAElC Twv  petofolkdv  evlduov  ToV
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EVOOKOVVOPIVOEODV eVEYOLV BEPOTEVTIKA OPEAT GE TOIKIAEC TABOAOYIKEC KATAGTAGELS, TOV
yapoxmpilovtor amd v mapovoia vevpoekeOiong (Mounsey kot cov., 2015; Choi kot cov.,
2018; Yamasaki kot ovv., 2021). Qotdéco otov ou@IPANCTPOEdN Ol pEAETEG Eivol
nepopopéves. Ilepapatikd gvpiuata €xovv avoeiEel TIC TPOGTATEVTIKEG OPAGELS TOV
avactoréa g FAAH, URB597, n yopnynon tov omoiov evioyvoe tn Plocipudmmro tomv
YOYYMOK®OV KOTTAPOV 68 éva LOVTEAO SLOTOUNG TOV omTikoV vevpov (Slusar kot ovv., 2013)
KaBmG Kat 6€ £va LOVTELD 1oyoipiog —emavapdtoong otov apeipAnotposidn (Nucci kot cuv.,
2007). Téhog TOALG, VIOGYOUEVO EVPTILOTO TPOEPYOVTOL KOL OO pio TpOoQATH UEAET OTNV
onoia o avactoréag s MAGL, MAGL17b, diahvpévog o€ €101k0 oKeDAGUO PE KATAAANA
€kdoya Yoo TNV YopNynorn vad TV Hopen oTayOdvmVv amodeiydnKe AmTOTELEGUATIKOG OTNV
ueiwomn g evooeOaiag ticong o 0@HaApodc kovveldv (Chetoni ko cov., 2022).

Ev oAlyoig xobictatar cagég 6t 1 evpeia kotavour tov EKE otov apeipAnotpogion
10 opilel cuppéroyxo otnv Taboeuoiohoyia g TAEOYNPiag TV apeBAnctposidonadeidyv. H
YPNON TOPAYOVIMV TTOV EAEYXOVV TNV onuatoddton pécm tov EKE, 6mwe ol aymvietég, ot
OVTOYOVICTEG TOV VTOJ0YEMY KOl Ol aVAGTOAEIS TV amodountik®v evivpov tov 10 EKX
amotelel TO 1WOAVIKO GOOTNUO Yot THV AvAnrTLEY BepamevTiKdV TOPEUPAGEDY EVOVTL TMV
appipAnotpogidonadelmy.

1.7. Epmhoxn] tov CBl kv tov CB2 vmodoyémv otnyv
Ta00QPUVGLOAOYIN TOV EMTALOK®OV TOV dwofrtn

Xmv Piproypapio cvvavtape emapkeis evoeifelg mov eumAékovv 10 EKXE otmv
nafopucioroyio Tov Swfntn Kol opkeT®V emmiokdv Tov. H evepyomoinon tov CBl
vodoyémv oto KNX éyet ope€loyovo dpdon nupodotdvrag tnv Aqyn tpoeng (Di Marzo ko
ouv., 2005). To yeyovdg awtod, e cuvdvacud pe v gvepyonoinon tov CBl og mepipepikd
Opyava, OV EVIGYVEL TNV AITOYEVEST] GTOV MAMON 16TO Kol TO NP, UTOPOHY VoL 00N YHGOVV
OTNV EUPAVIOT] TOYLOOPKING Kot GAA®V HETOPOMKAOV OvOUOA®MY Tov oyeTiloviol e Tov
cakyapndn Swfpnm (Osei-Hyiaman kot cvv., 2005; Cota kot ovv., 2003). Enpocétag ot
CB1 vmodoygic 6T0 NTOp EVEPYOTOLOVUEVOL, EXAYOLV TNV EUPAVICT] AVTIOTOONG/ OVTOXNG OTIC
Opaoelc TG VoOVAIVIG, 1 OTola £YEL MG OMOTEAEGLO. TNV EUEAVIOT] VITEPYAVKAiaG e&ottiog
™mg avénuévng mapaymyng yAvkong oto Nmap, av&dvovtag Katakopuea, Tig ThavoTnTeg
eneaviong dwfntn tomov II (Liu xor ovv., 2012). 10 {610 pnKog KOMOTOG KIVOOVTOL KO
UEAETEG TTOL VITOOEIKVDOLV TOV YPNOULO POAO TEPLPEPIK(, TEPLOPIGUEVAOV OVTOYOVIGTMY TOV
CB1 vrmodoyéa oty Pertioon Tov HeTaPOMKOV EAAEUUATOV TOV GUVAVTOVTOL GTOV dSafN T
(Tam ka1 ovv., 2012; Kim kot ocvv., 2012; Eid kot ovv., 2020). TTopdAinia, onuavtikd poro
omv pvduion g woeovrivng dadpapariCouv kot or CB1 vmodoyeic oto KNX, agol 1
evdogykeparlokotokn yopnynon CB1 ayovictdv eivor wkavh va datapdéet v dpdon g
WGOLAVIG 6TO TTap, UE TNV Yopnynon aviaymviot tov CB1 vrodoyéa va v emavagépel
Kot T o€ puotohoyikd eminedo (O’Hare kot ovv., 2011). H gumhoxn tov CB1 vrodoyémv
oToV dafNtn amodeivoeTal Kot and To Yeyovog 0Tt eivan og B€om va endryouv tov Bdvato Tmv
B kuttdpov tov maykpiatog (Kim kot cvv., 2012)., odnydviag oe EKTTOOT TG TUYKPEATIKNG
Aerrovpyiog, va YOPOKTNPIOTIKO Yvadpiopa tov owfntm tomov I ko IT (Thomas kot cuv.,
2009). o cvykekpyéva, 1 gvepyomoinon tov CB1 vrodoytwv ota maykpeatikd B kdTTapa
OVOOTEALEL TNV ONUOTOSOTNON WHEC® TOVL VTOJ0YEN, TNG WOOVAIVIIG Kol €vePYOmolel
QITOTTMTIKG, LOVOTATIO. TTOV GLVTIEAOVV G6ToV Bdvato avtdv tov kuttdpov (Kim kot cuv.,
2012). Evolloxtikd £xet mpotabdei 611 ot CB1 vrodoyeic ota M1 paxpodyo evepyomotodv To
obumieyua mpoteivov NIrp3-ASC, 1o omoio oyetiletar pe v @Agyuovy kol HEC® NG
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OTEAEVOEPOONC TPOPAEYLOVOODY KLTOKIVOV €ndyst tov Bdavato twv B KLTTdpwOv TOL
naykpéatog (Jourdan kot cvv., 2013). Zvvoyilovtac, 1 avénuévn evepyomoinon tov CB1
vrodoyéa, M omoia @aivetoar vo amoterel amdkplon ota avEnpévo eminedo evOOyEVAOV
KovvaPivogdmv mov gvtonifovtot o€ dafntikovs acbeveic (Matias kot ovv., 2006), amotelel
éva and 1o Pacikotepa aitio g moboyévelag Tov SaPnTn Kot GUUPAAEL TNV EUPAVIOT
SPOP®V EMTAOKDYV TOV GYETILOVTAL LE AVTOV.

H eumioxkn tov CB1 kot CB2 vrodoyéwv otnv maboyéveln Tov dafntn eaivetal kot
amd To YEYOVOS OTL o1 dVo avtoi vodoyeig puBuilovv pe draPopetikd TPOTO TG 0EEOMTIKES
(Pagano ka1 cvv., 2023) ka1 pAeypovodelg amokpicelg (Downer, 2022), ot onoieg amoteAovv
TOV KOWO TOPOVOUAOT GTNY ToBopuGloloyia TV ETITAOKOV TOL SLOfNTY. X& TEPOUOTIKE
povtéda SwaPntikng veppomdbelag (AN), mopotnpeitor avénon g ékppoong tov CB1
vrodoyéa ota modokvrTopo (Jourdan kar ovv.,, 2014; Barutta xoi ovv.,, 2018). H
vrepevepyomoion tov CB1 vrodoyéa mov mpoxodeitor eEontiog Tov avENUEVEOVY EMTES®V TOV
AEA, mvpodotel MV €vePyomoinon ONUATOSOTIKOV OTONTOTIKOV —HOVOTATIDV  TTOV
dwpecsorafovvrtal and v p38 MAPK, evioylel Tic TPOPAEYLOVMOELS AVTIOPAGELS KOl ETAYEL
™V gUEAVIOT]  OEEOMTIKOD  OTPES, GULUPAAAOVTOG OV VEPPIKN  SLUGAELTOLPYia
(Mukhopadhyay kat cvv., 2010). Avaloyo omoTEAEGUATO AVOPEPOVTOL KAl OE pio, TPOGPOTN
peAéTr, katd v omoia M gvepyomoinomn tov CBl vmodoyéa cuvéfare otnv avénorn twv
Tpo@AeyLovemdav tapyoviov TNF-a kot TGF-f oto mAdopo emipvwv pe AN (Medapati kot
ovv., 2021). Aedopévov Aowmdv 611 1 evepyomoinon tov CB1 amoteAel mapdyovio, evioyuong
g maforoyiag tng AN, Ba mepipeve kaveig 0Tt 1 avacToAn TG Agrtovpyiag Tov o umropovce
va €xel avtibeto amoteAéopota. [Ipdypati, mAnbog peletdv oe (do avaeépovv OTL M
epappoy” aviaywvietdv tov CB1 vmodoyéa otnv AN evéyel Bepomevtikd opérn, kabdg ivan
o Béon va pelidvel tov BAvaTo TOV VEQPPIKOV KLTTAPWOV, TO OLEWOMTIKO GTPEC Kol TNV
napoveio eAeyuovig (Mukhopadhyay xat cuv., 2010; Nam ka1 cvv., 2012; Hinden xat cov.,
2018; Barutta kot cvv., 2018; Medapati kot ovv., 2021). H dopntikn kapdiomddeia (AK)
amotelel pior akdun oNUAVTIKN exint®on Tov dtaPrtn, otV omoia 1 gvepyomoinon tov CB1
éxel TiG 101eC KOTAGTPOPIKEG GUVETELES TTOL £)el Kot oty AN, pe v avénon Tov KuTTaptko
Bavdrtov, ¢ eAeyuovig kot Tov ofedmtikod otpec (Rajesh kot cvv., 2012). H yevetkn
dtaypaen Kabmg kot 1 eoprakoloyikn avactol tov CB1 vrodoyéo pe Tov aviaymvioTh
SR141716, katapyodv avtéc Tig EMOPACEIS SLOTNPOVING AVETOPN TV KOPOloKN Agttovpyio
(Rajesh kar ovv., 2012). TIpootatevtikég emdpdosig £xovv avadeybel omd v yphon
avtoyoviot®v tov CBl vrmodoyéa kor oe povréda owfntikng vevpomdOewng (ANEY).
Ewwodtepa o CB1 avtaymviotig SR141716 katdeepe va daTtnpi|oeL LEPIKDG TNV TUKVOTNTO
TOV EVOOOEPUKDOV VEDPOV, VO PLEIDGEL TNV UTMAELN TOV OyYEi®V, VO 0VENGEL TV OLULOTIKY
pon Kot va peidoel pewwoet ta enineda tov TNF-o og éva poviého nepipepiknig ANEY oe
uoeg (Liu kot ovv., 2010). Ta suprjuote avtd exaindedovior kot amd v perétn tov Comelli
kot ovv. (2010), cOpupava pe Tovg onoiovg o avtaywviotig SR141716 peimoe v odloduvia,
10 0£e0OTIKO OTPEG OTA TMEPLPEPIKH veLpa, kabdg kol v €kepacn tov TNF-a otnv
OTOVOVAIKT GTAAN SOPNTIKOV PHodV.

Kpiowog gaivetar g eivar o porog tov CB1 vmodoyéa kot otV ekdNA®GN TG
nabopuotoroyiag ¢ AA¢ Tlepduata in Vitro oe kolAiépyeieg kvttdppomv tov RPE
VTOJEIKVVOVY OTL 1] VItEpYALKapio avéavel v ékppacn tov CB1 vrodoyéa kot peidvet v
éxppaon g FAAH, mpokaidvtag v ovoomdpevorny, AEA (Lim kor ovv., 2012). O
oLVOLOCHOC QVTMOV TV 0V0 YEYOVOT®V 0dNYel og vrepevepyomoinon tov CB1 vrodoyéa, o
omoiog pe TNV oepd Tov GLUPAALEL GTOV ATOTTOTIKO OdvaTo avT®V TV Kuttdpov (Lim kot
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ovv., 2012). H yoprynon tov CB1l avtayovior, AM251, peimoe tov kuttapikd Odavoro,
AVOGTEALOVTAG TV OTOTTOTIKY oNUatodotnon dla pécw tov CBL vrodoyéa (Lim kot cov.,
2012). Ot mpooToTeELTIKEG OpAoES TG avaoTOoAM)G ™G Asrtovpyiag tov CBLl vmodoyéa
emPePardvovtal Kot o€ KOAMEPYELES avOpOTIVOV gVOOINAMOKOV KLTTAP®V eKTEDEEVOV GE
ouvOnkeg vepyAvkaipiog, 6mov 1 yopniynon tov CBLl avtaywviery SR141716, peimoe 1o
0&eOMTIKO GTPES, TNV EVEPYOTOINGT TPOPAEYLOVOIMV amokpicewv pécm tov NF-kB kot tnv
éxppaon tov popiov tpocdeong ICAM-1 kar VCAM-1 (EI-Remessy kat cuv., 2011). Xty
puedé tov ElI-Remessy xai cvv. (2011), ot mpoavapepbeicec mpooTaTenTIKEG EMOPACELG
emBefardOnkav kat in Vivo, og évo povtéro emaydpevng and STZ AAG katd TV YEVETIKN
dwypaen T@v CB1 vrodoyéwv, kabdg Kot HETH TOV PUPUAKOAOYIKO ATOKAEIGUO TOVG LE TO
SR141716.

O1 CB2 aymviotég eEumnpetovy TPOCTUTEVTIKEG OMOKPIGELS GE SLAPOPES TADOAOYIKES
KOTOGTACELS, Le TNV Gmoym avtn va Poaciletor omnv mapatnpnon 0Tl 1 EVEPYONOiNoTn TV
CB2 vrodoyémv mporaupavel tov kuttopikd Odvato kot gumodilel TIC TPOPAEYUOVMOELS
anokpiocelg kat 1o 0&e1dmTIKO 6Tpeg, 1000 oto KNX (Javed kot ovv., 2016), 660 kat o€ 16TOVG
otV neprpépeta. (Parlar xat cvv., 2018). Eropévag o aymviopdg péowm ton CB2 vrodoyéa Oa
UopovGE Vo amodelydel amoTEAEGHOTIKOG KAl GTNV OVTILETORIGT ToL dtafTn. [lpdyuatt, n
GULGTNUATIKY YOPNYNOT ay®vioTdV Yo, Toug CB2 vrodoyeig dtacmdlel v Asttovpyia tv P
TOYKPEOTIKOV KUTTAPOV, UEIDOVEL TO 0EEIOMTIKO GTPEG KOl TO EMIMEON TOV TPOPAEYUOVMDIDV
KUTOKIVQV, aEAVEL TNV gvauencio. 6Ty VGoLAIVN Kol EAATTOVEL T eimeda YAVKO(NG 0T0
TAGoUO TOV aipatog, o€ (oikd povtéla yio tov dapnm (Zhang kot cvv., 2016; Basha kon
Sankaranarayanan, 2016). Xtnv AN mopotnpeitol peioon g ékppaocng tov CB2 vrodoyéa
OTO VEPPIKE TOSOKVTTAPO KO GE GLVOLOCUO LE TN pelwon Tng dabesotntog g 2-AG, Tov
Bactkov evookavvafivogidodg mov evepyomolel tovg CB2, mapoatnpesiton peimon g
onuraTodotikng wavotrag Tov CB2 vrodoyéa (Barutta kot cvv., 2011). To yeyovog avtd av
ocuvdvaotel pe v avénomn g «PAamTikng» onuatodotnong uécw tov CB1 vmodoyéa mov
npoovagépape (Lim kor ovv.,, 2012), Swoaworoyei v eumiokr; tov EKX oty
nabopucoroyio T AN. Xe cvppwvio pe to Tponyovueva, n yopnynon tov CB2 aywviot
AM1241, ce éva (okd poviého ANG , ueimoe TNV AELKOUATOVPIO Kol TNV UEOpVOIoN
OTUOVTIK®V Y10 TNV AEITOVPYIO TOV TOSOKLTTAP®VY, TPOTEIVOV Kl ETAVGE TNV GLGCHOPEVCT)
LOVOKLTTAP®V 0Ta VEPPE, EMOEKVOOVTOG avTIPAEYOV®ON dpdon (Barutta kat ouvv., 2011).
Avdaloya fTav To ELPMLOT KOl 0TO TNV YopNyNnon vog dAlov aymvioth tov CB2 vrodoyéa,
tov HU-910, o omoiog enédeiée veppompootatevtikég wiomtes (Zoja kot ovv., 2016). Ot
TPOCTOTEVTIKEG EMOPACELS NG evepyomoinong tov CB2 vrmodoyéa, emektévovtal Kol €
uovtéda ANEY, omov ot CB2 aywviotég emdeikviovy avalyntikég didmreg (McDonnell kot
ouvv., 2017), Beltidvovuv TV Agrovpyiot TOV TEPIPEPIKOV VEVP®OV Kol gumodifovv Tnv
ek@VAlon] tovg (Jahanabadi kot ovv., 2016). TIpootatevtikég OSpaocel; HECH NG
evepyomnoinong tov CB2 vrmodoyéa, &xovv mapoatnpnbei kou o pio Tpdopatn peLé oe €va
povtého AKg, 6mov o CB2 aywviotig, JWH-133 peiwoe v emayopevn amd tov defntm
QAEYLOVT], TO 0EEIOMTIKO OTPEG Kot TNV Vo, dtuc®ovtag TV Agttovpyio ToV Hvokapdiov,
eved avTiBéTmg 1 yevetikn dwoypaen tov CB2 vrodoyéa emdeivooe v kotdotaon (Rajesh
kot ovv., 2022). T v AA dgv vrdpyovy péypt otryung in Vivo peléteg, oyetikd Le Tig
dpdoeic Tov aymviotov tov CB2 vrodoyéa ot voco.

b

AvokeQoAol®vovTog, om’  OA0  TO  OTOlElo 7oL  mopaTéOnKay  mopUTavVm
emPePordveror n epumrokn tov EKE oty maboyéveln g mieioyneiog TV ETTAOK®OV TOL
dwpnrn. [T ovykekpuévo, 1 evepyomoinon twov CBLl vmodoyéo £yl kaTaOTPOPLKO
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avtiktomo oty mabfogucioloyios AV TV SWPNTIKOV EMTAOK®OV, LE TNV OVOCGTOAN TNG
Aertovpyiog Tov vo eMOEKVOEL OepamevTiKd 0QEAT. ATTO TNV GAAN TAELPE, M EvEPYOTOiNGT
tov CB2 vmodoyéa, oe avtifeon pe tov CB1, e&umnpetel TPooTOTEVTIKEG EMOPAGELS GTOV

.
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2. LKOTOG TG HEAETIG

Ov vrdpyovoeg Bepameieg yio v AA mepropilovral ota eEghypéva otddio TG vOGOoL
(TTAA) ko otoxehovy KLpimg GTNV QAEYHOVH KOl TIC OyYELOKEG OVOUOALES, YOI va
emnpedlovv TNV VELPOEKQEVAION, 1 omoio elvar vmevbuvvn Yoo To EAAgiupATA  TOL
nopovolafoviar oty Opacn tov acbevav (Mansour kot ovv., 2020). Mdlota givor TAéov
EUPAVEG, OTL OOUIKA KOl AELTOVPYIKA EAAEIUUATO COUP®VA [LE TNV TOPOVGIN VEVPOEKPOAIONC,
elvar mopdvia 10N KoTd 10 TPOUA GTAS TG VOGOL, OKOUO KOl TPV TNV EKONAMOT TV
HKPOOYYEWOKOV — avopoaAidv  (SImo kot ovv., 2018). H viobémon Aomdv véwv
QOPLOKOAOYIKMV TOPOYOVIWV UE TPOOCTATEVTIKEG 1OIOTNTEG, TOV OPOVV AVACGTEAAOVTAG TNV
VEVPOEKPVALOT], TO OEEOMTIKO GTPESG KOl TNV QAEYLOVY], PACIKOV GUURTOUATOV TNG TPOLUNG
mofopucioroyiag g AAG, amoTeAEl TNV WOAVIKT GTPATIYIKY Yo TNV avoyaition e e&EMEng
NG VOGOV TTPOG TaL EEEATYILEVE GTAAIO OOV TANTTETAL 1] OTTIKY] IKAVOTNTA TOV 0GOEVDV.

H evpeia eviomion tov EKX otov eyképoro (Cohen kot ocvv., 2019) xor otov
apepAnotpoedn (Schwitzer kot ovv., 2016), vmodeikvdovv TOV 6TTOLAAIO POAO TOL
OtdpapoTilel 1 ONUOTOdOTNON HECH aVTOD GTNV PLGLOAOYID TV dV0 aVTdV opydvav. To
EKXY efottiog tov veELpOopuOUIoTIKOD TOL POAOL KOl TOV TAEOTPOTIKOV TOL 1O10THTOV,
GUUUETEXEL OTNV POOUIOT OPKETOV KPIGIH®V SEPYOSUDY MOV GLVIGTOVV TIG YEVEGLOLPYES
attieg tng mhsloyneiog Tav aupiPinotposidonadeimy, dnwg to 0&e1dmTikd otpeg (Pagano kot
ouv., 2023), n eAeypovn (Downer kot ovv., 2022) kot 1 vevpoekpOiion (Milano ko Capasso,
2018). Onwg eidope t0 EKE, péom tov kovvaPivoedikdv vrodoyxéwv CBl kor CB2,
eUMAEKETOL €MiOTG Kot TV TaBoYEVELD TOV EMMAOKMV TOV Olap1Tn, UE TNV Evepyomoinom
tov CBl vnodoyéwv va éxel evoyomombei yioo v emdeivoon tng maboroyiag, evd 1
evepyonoinon tov CB2 vmodoyéa efummpetel mpooTOTEVTIKEG AmOKPiceEls. YO avtd TO
npiopa, 1 YEVETIKN dtoypa@n 1 1 poprakoloytkn avaotoin tov CB1l o éva (wikd poviélo,
emoyopevng and STZ AAc, amodeiyfnke wavr| va Bertincet tnv mabopucsioroyia g vOGoL
(ElI-Remessy kor ovv., 2011). Molatavta, ot Piproypagpio dev vadapyovv péypt TovdE
oToeia yu Tig opaoelg tov CB2 vrodoyta otnv AA. I[diaitepo evdiapépov Topovcldlel oto
onueio avtd, wo pedétn o éva {oikd poviédo dapnrtikng veppomabdeiag (ANCG), oty omoia
eaivetal 0Tt | ovvdvacTikn Oepaneio pe CBL avtayoviem ka CB2 aywvietr, mapovoidlel
UEYOAVTEPT] OMOTEAEGUOTIKOTNTO OTNV  OVTIUETOTION TOV OOMKAOV KOl AEITOLPYIKOV
eMelppdtov g ANg, oe oyéon ue T pepovouéveg Bepameieg (Barutta kot ovv., 2017).
‘Exovtag avtd wg dedopévo, AapPdvoviag veoyn TG avTloEed®TIKEG Kol OVTIPAEYUOVMOELS
dpdoeic mov dapecorafovvtal pécw tov CB2 vrodoyto aAld kot Pfacifopevol 6To Yeyovog
otL n AA kot 1 AN poipalovior koo TafouGloA0YIKOVG UNYOVIGHOVE, Tov oyeTilovtal
pe 1o ofedwtikd otpeg kar tnv eAeyuovr; (Lopes de Faria xotr ovv., 2011), edioya Oa
umopovcaue va vrobécovpe 6t 1 epappoyn CB2 aymvietdv amotelel (o koA oTpaTnykn
Y10 TV OVTILETOMION TG AAG.

1M 00¢ HELETMVY aVOQEPOLV TIG VEVPOTPOCGTATEVTIKEG EMOPACEIC OYDOVIGTMY Y10 TOVG
KovvoPivogdtkong vodoyelg o€ apKeTES AUPPANGTPOEIOOTADEIEG KOl EIOIKOTEPO GE LOVTEA
deyeporroikdtrag (Rapino kot ovv., 2018; Kokona kot Thermos, 2015; Spyridakos xat
ouwv., 2021). Qotdco mépa amd TOVG APECOVS AYMVIOTEG TOV KUVVAPIVOESIKOY VITOd0yEwV, O
EUUECOG OYMVIOHOG UE TNV YOPNMYNON OVOCTOAE®V TV UETAROAMKOV evidu®v ToV
evookavvapvostdmv, avEavel To EmITEdN TOVG KOl TOPATEIVEL TNV OpPAGCT TOVG GTOLG
KavvoPivogdtkong vTodoyeic. Xtov eykEPAAO VITaPYEL TANOMPO SEGOUEVOV TOV VTTOSEIKVIEL
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TI§ MPOGTATEVTIKEG OPAGELS TV UeTaPolkdv evidumv tov gvdokavvaBvosiddv (Ren kot
ouv., 2020), ®6T060 6TOV ApEPANGTPOELST Ta ELPTUATA Eivat AYOOTA.

Aopfavovtog vrdyn ta Topamive, oTOYOG TNG GLYKEKPEVNS datpiPrig eivan M
UEAETN] TV TPOCTUTEVTIKOV  WIOTNTOV TOV  KOVVOPIVOEW®OV G 00O  HOVIEAQ
OUPPANGTPOEISOTADEIDVY KAl Y10 TOV GKOTO 0VTO Y®PIoTNKE 68 SO UEPM:

A. 10 TIpdTO PEPOG YpNoIoTomOnKe va in Vivo poviédo 600 efdopuddwv, emayouevng amod
otpentolotokivn AAg og emipvec, 10 onoio Tpocopoldlel 6T TPOUA GTASN TNG VOGOV Kot
€€ETAOTNKOV Ol VEVPOTPOCTATEVTIKES, Ol OVILPAEYUOVAOEL KOl Ol OYYELOTPOCTATEVTIKEG
dpaoelg, g yopniynong tomikd pécw otayovev: o) SR141716, avtaywviety tov CBl
vrodoyéa, B) AM1710, ayoviot tov CB2 vrodoyén kot ¥) GuvovacHoD TOV TOPOTOV,
SR141716+AM1710

B. X0 dg0tepo péEPOG ypnoomomBnke éva, in VIVo noviédo S1eyepotto&ikOTTag EXOYOUEVNC
a6 AMPA otov augipAnctpoedn emipvov. E&etdotnkov ot VELPOTPOGTUTEVTIKEC KoL
OVTUPAEYLOVAOELS OPACELS TNG EVOODAAOELDKNG XOPTYNONG TOV 0KOAOLO®Y AVAGTOAE®V TMV
petaforikav evlopumv tov gvdokavvafvosdovg 2-AG: o) AM12100, avactoréag TNg
ABHDG6 kot ) AM11920, dithog ABHD6/MAGL avactoréag
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3. MeBoooroyia

3.1. Mewpaporolma ko cuvOnkes orafiomong

Ymv mopovoo HEAETN ypnoyonomdnkay apoevikoi kot Onivkoi Sprague-Dawley
emipoeg, Papovg 250-350g. T T mEpdupoto g emoyouevng  omd  AMPA
deyeporro&ikdmrag, to mewpopatdélma oteydloviav 2-3 avd kKAwBo pe Paon to eOA0 TOLG.
¥to  povtého g emaydpevng  amd  otpemtolotokiviy  (STZ)  SwPnrikng
apeipinotpocidondbelog (AA), TO HEYOADTEPO TOGOCTO T®V  TEWPOUATOLOOV  TOL
ypnoworomdnkay amoteAovtay amd Onivkd {oa, eEorticg g vymAng BvnowodTTog TOV
apoevikov, kot ta (oo oteyaloviav 1 avd kAwBo. H Oepuokpocioc oto {wokopeio frav
otabepn otovg 22+2°C, eved e@apuootnke Kot €vog 12mpog kOKAOG evaAlayng Q®TOC-
ok0tovg. H tpoon kot 1o vepd frav dwbéoipa katd PodAnon kad’ 6An v ddpkeln Tmv
pueretddv. Metd to Tépag TV mEpoudtov, M evbovacia TV  wEpapatolonv
TPOYUATOTOOVTAY HEGH EIGTVONG OLEAVOUEVMV GLYKEVIPMOGE®DY O10EE10100 TOoL GvBpaka
(C02), péoa ot €181Kd drapopeopévo Baiapo.

3.2. Ovoieg

H otpentolotokivn (2-deoxy-2-(3-(methyl-3- nitrosoureido)-D-glucopyranose, STZ)
ayopdotnke omd v Sigma-Aldrich (Germany).To dweyeptikd apvo&d (RS)-a-Amino-3-
hydroxy-5-methyl-4-isoxazolepropionic acid hydrobromide (AMPA) ayopdotnke omd v
Tocris Bioscience (Bristol, UK) kot dtoAvOnke oe water for injection (wfi). Ot cuvBetikég
ovoieg, to AM1710 (oyoviotrig CB2 vmodoyiwv), to SR141716 (avraywviotig CBl
vrodoyémv), to AM12100 (avactoréag tng ABHDG6) kot to AM11920 (dumhdg avootoréag
ABHDG6/MAGL), fitav gvyevikn yopnyia tov kabnynt) AréEavdpov Makpuyidvvn (Center
for Drug Discovery, Northeastern University, Boston, USA). To AM251 (CB1 avioyovictig)
ayopdotnke amd v MedChemExpress (MCE, New Jersey, USA). To Evans Blue (E2129-
10G) xa1 n @oppopidn (formamide, 4767L-250ML-F) ayopdotnkav and v Sigma-Aldrich
(Germany).

3.3. Erayoyn tov owfpijtn

To v eraywyn tov dapr ypnoiporobnke n otpentolotokivn (STZ). Ipoxettan
ywo éva avTiloTikd, mpoepyouevo amd tov poknta Streptomyces achromogenes, 6mov apyikd
YPNOWOTOMONKE ®G avTIKAPKIVIKO Pdppoko oty ynueobepancio (White, 1963). Qotdco
UETAYEVEGTEPEG TEWPOUATIKEG TAPOUTNPNOES NG OloPnroyevodg emidpacng mov &ixe M
evdomeprrovaikn (i.p) yopriynon g o€ emipweg kot okdiovg (Rakeiten kot ovv., 1963),
odnynoav otadiakd oty exthoyn e STZ o¢ mapdyovia TpdkANcmg GoKYopdIoVE dtantn
0€ TEPAUOTIKG Hoviéda. O unyovioudc e Enoy®yng Tov SloPnTn £YKEITOL OTNV EMAEKTIKT
KOTOGTPOPN TOV TOYKPEUTIKOV vnoidwv tov Langerhans kot tov B kuttdpov Tov
TayKpéatog, Tov givatl vrevbuva yio v obvheon kot anekevbépmon woovAivng (Rakeiten
ko ovv., 1963). H élhewyn woovAivrg eivar vredbBovn yioo v avamtoén ypoviag
VIEPYAVKOLIOG, 1| OTolo pe TNV Oepd NG odnyel oty exdNAmor GAA®Y QUIVOTVLTIKGOV
YVOPIGHATOV TOV dlap1Tr, 6nmg 1 ToAvduyia kot 1) molvovpia (Rakeiten kot cvv., 1963).

[pwv v emaywyn Tov dafntn, N TpoPn apapédnie amd ta reipouatolma, o oroia
TopdAnia vroPANONKAV 6g PETPNION TOV EMTEI®V YALKOLNG OTNV a1tk KukAogopia. H
STZ OGSwhvtomomnke oe 500 pL  pvOuotikod  SwAddpatog wpikov  (p.H=4.7),
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arotelovpevoy omd 0.1 M xrtpikd 0&d kair 0.1 M kitpwkd vatpro. o tv wpdKAnomn tov
dwPnm ta mepopatoloa Ehafav pia i.p (cdpryyo 1 ml, e€omhouévn pe Perdvn 27G)
yopniynon STZ, oe docoroyioa 70 mg/kg, 6-8 dpeg petd v otépnon tpoeng. H oudda
eréyyov ( un Ptk Coa, Control) édaPe pia i.p yopriynon 500 pL dtaAdpoTog Kitptkov.
Apéomg petd v yoprynon g STZ, ota nepapatdloa ntpoceépdnke Layoapovyo vepd 10%
TPOKEEVOL VO, amoPeLyBovy TuyOV VTOYALKALKG €MEGOO10 Ko TomofetnOnke micm 1
Tpopn. Tnv emduevn nuépa petd v yopnynon mg STZ, petpndnkav Eava to eminedo
YAUKO(NG OTNV OIUOTIKA KLUKAOQOpio Kot TO TEpapatolma Bempodviav dofntikd av m
yAokoin> 250 mg/dl. Oca and ta mepapatdlmo dev TANPOLOAV TO TPOAVAPEPDHEY KPITHPLO
v va BempnBovv dafnTikd, apaipodvtay and v HeAET.

3.3.1. In vivo povtéro emayopevng amé STZ swufntiknig apugifinctpo-
g1v0nd010g

AVO Muépeg METO TNV Emay®yYn TOL OwPrTn pe v ypnon STZ, Eexivnoav ot
YOPNYNOES TOV TPOG UEAETN KOVVOPLVOEODYV, TOTIKA HECH oOTayOveOv kol dujpknoav 14
nuépec. Xpnowomomonke éva povtéro 14 nuepmv, 1o 0moio TPocoUoldlEl TO TPMILO GTASI0
™G dwfntikng apeiPAnctpocidonddeiag (AATIE) (Hernadez et al., 2013) (BA. Ewova 2.3.1).
O CB2 ayoviomc, AM1710 kot o CB1 avtoyovietig, SR141716, diaivdnkayv oe DMSO kot
yopnynonkov eite pepovouéva eite ®g ovvdvaotik Oepomeio. H docoroyion mwov
axolovBnOnke oy 10 mg/mL kot cuvolikd o€ kaOs 0@BaAnd yopnyovvtav 20 uL, pic popd
mv Nuépa. Me Bdaon tov mEWPOUATIKO oYEOONGHO dNpovpyROnKay ot axoAovbeg oudoes:
1.Control ko dwpntikd (da (yopic Oepameio) mov Elafav otaydveg DMSO, 2. Awapnrtikd
C{oa mov éhafav AM1710 (CB2 ayoviotig) 1 SR141716 (CB1 avtayovietig) 1 cuvdvaoud
AM1710 ko SR141716. Ot TEPAUOTIKEG OUAOEG TOV TPOEKLYOAYV CVOPEPOVTOL OVOALTIKG
otov [livaka 1.

Hivexog 1. Tepapoatikdg oxedlacpuds 6To HOVTELD TG daPnTikng apeiAnotpogidonddsiog

Opaoeg O¢epamneio

Control DMSO

Awpnrtika yopig Oeparneio DMSO

Awpnrtcé pe AM1710 AM1710 (10 mg/mL)

Awfntikd pe SR141716 SR141716 (10 mg/mL)
Awpnticd pe AM1710+ SR141716 AM1710+ SR141716 (10mg/mL)

Mio, muépo HETO TNV OEKATN-TETOPTN KOl TEAEVLTOiO, MUEPO OTAYOVOV, TO.
nepapatoélmo Bavatdvoviav Kot ot opBaApol TpoeTondlovtay €ite Yo 0VOGOIGTOYNIKES
ueAéteg, eite ywoo v mpaypotonoinon ELISA N yia v uétpmon G ayyEWKNG
dwamepatoTTag, pe TV Texvikn Evans Blue.

[70]



}
A

/
¢ 14 npépeg iéggﬂgnch o /

N

v v v v

Hpépa 1: Hpuépa 3: Huépa 16: Hpépa 17:
i.p xopfiynon Ipém npépa TeAevtaia nuépa  Oavéroon
STZ (70 mg/kg) otayovav otoy6vav nepapotofoav/

ZouAdoym 1oTdV

Ewéva 3.1. Zynpotiki avamopdotacn To TEWPILUTIKOD ¥povodtaypaiiloTog mov akolovdndnke oto
povtéro tng dafntikng apeipAnctposidondfeiog Tpdiov otadiov (AAILY).

3.4. Métpnon TG aYYEWOKIG OLOTEPATOTNTOS UE TNV TEYVIKN
Evans Blue

H ayyesioxn dwmepatotro Paciletarl oty ovcia oty duvatdTNTo TOV TAGCHATOC
OO TNV CLOTIKN KukAogopio vo S1amePVE TOV OUOTO-OUPIPANGTPOEdKd ppaynd (AAD)
AToTeAEl OMUOVTIKO KOUUATL Y100 TNV QUGLOAOYIKT AELTOVPYio, TOV OpYavVIGUOD, KUOMS
EMUTPEMEL TNV €KPON ONUOVTIKOV UOPIOV amd TNV OATIK] KuKAo@opio. Tpog Tov
auPPANCTPOET, OTMOC TO VEPO, TO 1OVTIO Kol OSlApopo OPemTIKA GLOTOTIKE, TO OOl
ovpuparovv oty dathpnon g ouotdotacng tov augiPAnctposidovg (Nidavani kot cov.,
2014). Q01660 o€ MAOOAOYIKES KATAGTAGELG Onmwg 1 AA, mov yapaktnpilovol and mapovcio
QAeyHoviG, €xel mapoatnpnbel avénon g dSwmepatdTTUS TOV OyYEI®V, OTOL Ol GTEVEG
oLVOEGELG LETOED TV evOOONMAMOKOY KLTTAPp®Y 7oL cvvbétovy Tov AAD yolopodvovv,
enupénoviog TNV Owppon emPAoPdV, TPOPAEYLOVOOI®V HOPIOV OmO TNV  OUUOTIKY|
KUKAOQOpPia, EMOEWVOVOVTAG ETCL TNV QAEYLOVI] KOl SlTOPACCOVTAG TNV OUOLOGTOTIKY
tooppomia Tov apeiBinotosidong (Ogura kot ovv., 2017; Kokona kot ovv., 2018).

H teyvikny Evans Blue (EB) yw v pétpnon g damepatdmrog Tov ayyeiov,
Baciletar oty evdopAéfla €yyvon g ypwotikng EB. Ilpdkerton yoo plo pn to&ikn
YPOOTIKY, M omoio Uetd v €icodd ¢ oV OUATIK KuKAoQopia, £xEl TNV 1WO10TNTO Vi
ovlevyvoetol pe Ty mpmteiv aAfovpivn tov mAdopatog (Rawson, 1943), eved mopdAinia 1
OLYKEVIP®ON 1TNG OT0 TAACHO Topopével otafepn Yo peEYOAM YpovViKG Ol0GTHKOT,
Kab1oTOVTAG TNV, 130vIKO pHEcm yio TNV pétpnon g damepatdmrog (Yen kot cuv., 2013). H
eEayoyn tov EB and tov emheypuévo 1010, £V TPOKEWWEVD TOV OUQIPANGTPOELDT, YivETOL UE
TNV ENMOOCT TOL GE POPUOLUIOIO KOl EV GUVEXEIN LECH CTEKTPOPMOTOUETPIONG, UTOPEL KOVELG
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V0, VITOAOYICEL TO TOGOGTO TNG YPWOTIKNG TOV TEPIEYETOL GTOV CLYKEKPLUEVO 10TO Ko KOT’
EMEKTACT TNV ayyElakn dlomepatdro (XU kat ovv., 2001).

Yy mapovoa perétn, to EB Swoivbnke og dudlopo yAwpiodyov vatpiov 0.9% oe
ovykévipoon 30 mg/mL. Mia nuépo petd tnv TEAELTOIO. XOPNYNON TOV GTAYOVOV, TO
nepapotolma  avarcOnroromdnkay péom i.p yopnynong ketopivng (100 mg/mL) won
Evhalivng (10 mg/mL), pe v ypfion ovptyyog woovAivng, ovlevyuévng pe Pelovn 27 G.
Axolovbwg to mepapatdloa Erafav evdoprefimg to EB oe pio amd tic 600 mAsvpikég
oAéBeg g ovphg, o doon 45 mg/kg, péow @rePfokabetpo 24G (Braun Introcan). H
a&loldynon g cmotng £yyvong tov EB, Paciotke apyikd v avepnddiot eicodo tov EB
OGNV OLOTIKT KUKAOQOPIa, VM HETE TNV OAOKANP®OT TG £vEONS TO TEPAUATOL®O YvOTaY
angvfeiog pmié oe onuelo pe epeovn ayyela (potn, ovtid, matovoeg, UHATIR). ZTIG
MEPMTMGEL; 7OV Ogv TANPOLVIOV To dVO0 TPOavOPEPBEVTA KPLTHPLo, TO TEPUUATOL®O
agapovvtay omd TV peAét. Ta nepapatdlma oty GuvEKELn aELOnKay Yo 2 dpeS, AGTE Vo
emélbel opoAn katovoun tov EB o6to xukhoeopikd cootnpa. Metd 1o mépag Tov dV0 wpmv
Kot Két® and cuvOnkes TANPovs avalctnoiog mpaypatoromOnke Bmpakotoun kot Aednie
detypo aigoatog amd ™V oplotepn] Kowkior TG kapddc pe tnv yxpron ovpryyog 3 mi,
e€omMopévng pe Peddvn 19 G. To deiyua aipatog tomobetnnke oe groAidae (uopP) mov
neplelyav Tov avtimnktikd mopdyovio EDTA, ywo va amopevyfel n mén tov aipoatog kot
tonobetnOnkav otov wayo ywo. 10 Aemtd. v ovvéyslo mpoyportomombnke perfusion
(apaipoln) pe Sdivpa yAwprovyov vatpiov 0.9% otovg 37°C , yi v amo@uyn g
oLGTOMG TV ayyeiov. AvaAvtikotepo mpaypatorombnke &yxyvon 40 ml dodvpoartog
yAoprovyov votpiov 0.9% oty apiotepn koMo Tng Kapdlic, TO OTOI0 ELGEPYOUEVO OTO
KUKAOQOPIKO GUGTNIO OTOUAKPVUVE TO aipa HEC® OmNG Tov &iye omuovpyndel pe yaAidl,
otov 6g€16 kOAmo ¢ Kopdidc. H 6An dwdikacio tov perfusion giye didpkeia 3-4 Aemtd kot
UeTd To TEPAG TNG Ol 0POaALOL apatpovvTay Kot Tomodetovvioy o€ pLOUoTIKG dtdAvpa PBS
0.1 M otov ndyo. O mpdohiog mOAOC OV TEPLElyE TOV KEPATOEWDT, TOV KPLUGTOAOEWDN PaKO
KOl TO VOAMOEG LYPO APALPOVTOV Kot ad ToV 0micH10 TOA0 GLAAEYOTOV O AUEIPBANGTPOELONG
YLTOVOC.

Metd v amopdvecn kot v {oyion tov apeipinotpocidove, 300 ul popuoapioov
tonofetovvtay og kb delypo apEPAnotpoedods Kot yvotay enmacn otovg 72°C v 18
mpeg, pEYPLg 6Tov oAoKkAnpmiel n eaywyn tov EB and tov appifinotpostdon. IHapdiinia
oT0 OelyloTa OiLOTOC TOV TTPONYOLUEVMG elyav cLALEXDE], TpaypaToTO|ONKE PLYOKEVTPTION
ota 2100 ¢, otovg 4°C vy 10 Aemtd vy vo amopovwbel to midopa. Ta delypoata tov
mAdopotog apadbnkav oe ovykévipoon 1/1000 o @opuapidio, pHEC®  SLOBOYIKMV
apordoewv. [To ocvykekpyéva 2 pb midopotog tomobetiOnrav oe 198 pL @opuapidiov
(1/100) ko apednkav Tpog enmoaon Kab’ OAn v didpkela g voytag. Tnv enduevn nuépa,
50 pL o6 1o o apaiopévo mdopa, tpootédnkay og 450 ul eopuopidiov (1/10). Metd to
TEPAG TG EMDOoNG TV 18 wpdv Ta deiypata Tov auEPANCTPOEB0VE PLKOKEVTPHONKAY oTa
22000 g yw 1 dpa, otovg 4°C. To vrepkeipevo and v GUYOKEVINGT TV SEIYUATOV TOV
aUPPANCTPOEDOVG, ONMG Kol To opolopéva  Oelypota TAACUATOG GLVEAEYNCOV Kol
tonofetOnkav oe mdaro ELISA 96 Oéceswv. o v pétpnon g ovykévipmong Twv
dewyudtov oe EB, onuovpyndnke woumdin pe yvootéc ovykevipwoel tov EB oe
eopuapidto pe evpog 1000 pg/ml — 0.48 pg/ml. To onueior ™¢ KapmdANg, Ta deiyUoTa TOL
aUPPANGTPOEIDOVG Kol TOV TAAGUOTOC TomofetnONKOV mC OWTAETEC, TPOC UETPNON NG
ONTIKNG amoppdPNoNG TOVG Ge omekTpoPTopeTpo. H pétpnon éywe ota 620 nm (uéyiot
amoppopnon tov EB oto popuapiso) kot ota 740 nm (gldyiotn amoppdéenon tov EB cto

[72]



eopuauidro) (Quam kot cvv, 2001). H damepatdtra tov AAD, vroloyiotnke pe tv yxpnon
g mapoKato e&icmonc:

BRB leakage= (retina EB concentration/plasma EB concentration)/retina wet weight

3.5. Merétn 6 ék@paons Tov TNF-a ko Tov VEGF pe v
ypion ELISA

Yta mepduata e AA, ypnowomombnke 1 pébodog g mocotikng, Sandwich
ELISA, pe otdéyo v depedvnon g EKPpOong TG TPOPAEYLOVAdoVg Kutokivng TNF-a
otov au@pAnotposdn tov mepopatolomnv. H teyvikn tng sandwich ELISA, 6nmg
VTOANA®VEL Kot TO 6voud g, facileTar oV alLoA®dTION TOL EMBVUNTOD avTydVoL HeTaED
€VOG OVTIGMUOTOG ayuaAmTiong (Capture) kot evog avticmdpatog aviyvevong (detection). To
avticopo oviyvevong v TPOKEEV®, sivar culevyuévo pe v Protivn (biotin), wo tpoteivn
n omoio £€xel vynAn ovyyéveln dSéopevorng Yo to TETpapepés Eviupo otpemtafidivn
(streptavidin) (Green, 1975). Mg tv dnuiovpyia Tov cvpmAdkov Protivig-otpentafidivng,
TPooTifeTaL TO KATAAANAO VIOGTP®LA, TO OTTOI0 KATAADETAUL atd TO COUTAOKO, divovTag Eva
YPOUATIOTO TPOTOV oL Umopel va petpnBel Kot ETOUEVOS VO TPOGOIOPIGTEL 1| TOGOTNTO TOV
avtyovov mov mepiéyet To detypa (Lakshmipriya kot ouv., 2016).

INa ta mepdpota g mapovoag dwrpiprig n ELISA yuo v aviyvevon tov TNF-a
(ab100785, Cambridge, U.K) xa1 tov VEGF (ab100787, Cambridge, U.K) o¢ 1616 emipwoc,
ayopdotnke oo tmv abcam. T'o Ty avaivon Tov Setypdtov ypnoyonotonkay SUAETEG Kat
n mocotte, Tov TNF-0 kot Tov VEGF mpocdiopictnke péom g dnpiovpyiog KOUmOANG e
YVOGTEG GLYKEVTPMGELS TOVG. O TPOGOIOPIGUOC TNG AKPLBOVG CLUYKEVTPMONG TOVS, £YIVE UE
QOTOUETPNON TOV JEYUOTOV 08 ONEKTPOPTOpETpo ot 50 nm (Biorad). T'o v
TOGOTIKOTTOIN o™ TV amoterecudtv, 1 tocdmta tov TNF-a kot tov VEGF, opolomotiOnie
MG TPOC TNV GLUVOALKT] GUYKEVTIPMOGT TPMTEIVNG TOV EKAGTOTE SEIYUOTOC,

3.6. Métpnon tov emumrédov Tov AM1710 kor Tov SR141716
oTovV ouQ@IfANcGTPOEdN), HE TNV YPNON VYPNS YPONO-
TOYPOPLOS VYNANS 0m00001MS, OGVLEVYHEVIIC ME GUOTIHO
eaopatoypoiog paloag (HR-LC/MS/MS)

e oL OLUPOPETIKT VITOOUAO VYLDV TEPAROTOL®®V, YopnynOnke péom otaydovamv 10
AM1710 (10 mg/ml), to SR141716 (10 mg/ml) ; DMSO (¢xdoy0). Eikoci-técoepis dpeg
UeTd v yopnynon ta mepapoatolma favotmdnkoy, amopovadnkay ot auEPANcTPoEIdEig
kot apov {uyiomkav amodnkevtnkov otovg -80°C. o v gkyOAoN TOV KAVVOPIVOEISIKOV
avordoyov 500 pl axetovitpidio (0°C) mpootébnke oe kabe deiyuo (1 deiyuo= 1
au@PAnoTpoedng). Akolovbwg, mpaypatonomdnke opoyevomoinon T®v OsyudTtov e
vrEpnyovg (sonication) otov mayo yio 30 devtepdAiento, Kol oTNV GLVEXELD T delypoTol
euyokevtpnOnkav otic 13.500 rpm otovg 4°C yia 1 opa. To vrepkeipevo cvuveréyn kot
toroBetOnke otovg -20°C péypt v avdAivon tov ue v ypnon HR-LC/MS/MS.

Mo v kapmdAn Babpovopnong mapoackevdotnkay dtodvpate oo AM1710 kot tov
SR141716 o¢ ovykevtpmoewc: 0,1, 10, 25, 50, 100 kot 250 ng/mL. O mooTiKdS Kot TOGOTIKOG
npocdloplondc deEnydn oe QExactive™ PlusQuadrupole-Orbitrap™ MassSpectrometer
(ThermoScientific, MA, USA). H mocotikomoinon tov AM1710 wxor tov SR141716
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npaypoTomombnke pe ovotnua vypng ypoupozoypapiog (ThermoScientific, MA, USA).
Xpnowonomnke otin daywpiopod HypersilGoldC18 (100mm x 4,6mm i.d, S5pum) ctovg
50°C. Xpnoipomomnkav ot dtadvteg A: Hx0, 0,1% eoppukod o&d kan B: axetovitpiiio, 0,1%
eopukd 0&D. O doywpiopdc mpaypatomodnke pe Pabudmtn éklovon Kot ToybTnTa PoNg
0,4 mL/min. To 16v mov ypnowomombnke yw v oviyvevon tov AMI1710 ko ™V
TOPOACKELN TNG KAUTOANG Pabpovounong nrav to 309.2060. Ta wdvta mwov ypnoyonooniay
YlO. TNV TOGOTIKOTOINGCT] TOV KOl TNV KOTOUGKELY TNG KOUTOANG Pabpovounong frtov 1o
283.0963 w¢ 16v mocotikomoinong kot to 269.0806 wg 10v emPePaiowonc. o v aviyvevon
tov SR141716 Kot TV KATAOKELT TNG KAUTOANG PBabpovounong xpnoiomomonKe to 1ov
463.0845. Ta 16vto oV ¥PMNCLOTOONKAV Y10 TNV TOCOTIKOTOINGT TOL KOl TNV KOTUGKELT
™G KapmOANg Badpovoumong nrav 1o 362.9849 wg 16v mocotikomoinong kot to 380.9951 wg
v emPePainonc.

H aviivon HR-LC/IMS/MS mpoyuotomouinke omd v Euuavovélo Aamokwvetovidkn oto
Epyootipio Avalvuixns Xnueiog (Tunuo. Xnueiag, Hovemotiuio Kpntng), vmo v eniffeyn
o0 KaOnyntn Xoviwtaxny Nikolaov.

3.7. In vivo povtélo emayopevng omd6 AMPA dweyeporto-
EOTNTOGS 6TOV OPNPIPANGTPOELOT] ETIPVOG

To deyeptikd opwvocd AMPA  yopnynbnke evdopBoiping yw v emoyoyn
deyeporroikdmrag otov appipinotpoedn tov nepouatdéloov (Kiagiadaki kai Thermos,
2008). To mepapatolwo ovarodnromombnkav pe i.p éveon ketapivig (100 mg/kg) xou
Evhalivng (10 mg/kg) kot to keal Tovg aKvnTomombnke pe v Pondela oTEPEOTAEIKNG
ocvokevng. la Tig eyydoelg ypnowomomOnkay Peddveg 27G ocvlevyuéveg pe Aemtd
COANVAKLOL GIMKOVIG, TO OTO10L LLE TNV GEWPA TOLG NTaY cLVIEdEPEVL o€ cOptyyeg Hamilton.
H ovpryya Hamilton ftav mpocapuocpévn oe €1d1kn oviiio éyyvong (minipump, CMA
Microdialysis Ltd), eEaoparilovtag pe avtdv Tov TPOTO TV OUOAT POT| TOV SIHADLOTOS TPOG
Tov auePAnotposdn, n omoio. opiotnke ¢ lul/min, pe éva cvvolkd dyko 5 ul va
droyetevetal og Kabe oeBaiud. H didtpnon tov o@BoAudy yio TV TpoayuaTtoroincen temv
gyyvoemv mpaypatorolovtay 8-10 y1A00td Ticw amd To OPLo TOL GKANPOD LE TOV KEPOTOELDN
YITOVA, HEGA GTO VAADIES VYPO TOV 0POAALOV.

Ta nepapatdlmo Erofav evdopbarpiog PBS 50 m M (Control), § AMPA (42 nmol).
Mo v extiynon TOvV EmIOPACEOV NG OVOCTOANG TOV amodountikav evidpumv Tov
evookavvapvoedovg 2-AG, oe o Eegyopiot) opdda mepapatéloov to AMPA
ovyyopnyndnke eite ne AM1200 (avactoréag thg ABHDSG, 10°-10° M) 7§ pe to AM11920
(Suthoc ABHD6/MAGL avaoctoréag, 10%-10* M) (BA. ITivoxa 2).

Mivaxog 2. Tepopatikdc oyxedwopds oto in vivo poviého g emaydpevng amd AMPA
S1eyepOITOEIKOTNTOG

Opaoa eréyyov Hewpapatikég opadeg

Control AMPA AMPA+avacTtoreig petapfoiropon
100 2-AG
‘Eyyvon PBS 50 MM “Eyyvon AMPA (42 AMPA+AM12100 AMPA+AM11920
nmol/o@Baipd) (10°-10° M) (10°-10* M)
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Eikocl- 1é00epic dpeg HETA TNV OAOKANP®OTN TOV EYYVCE®V TO TEPAUATOL®A
Bavatdvoviov (PA. Ewodvo 3.2), ov o@Boiuoi tovg agpopodviav kot emegepydlovrav
KOTOAAA®G Y10 TNV avéAven mov Ba axoiovBovoe.

Hpépa 1: Hpépa 2:

Evdobolmedikég @(IVG.T(DOT]
gyyvoeg newpapatdioav/
ZvAdom wotdv

Ewévo 3.2. Zynpotikn ovomopieTacT ToV TEWPAUNTIKOD ¥Povodiaypapilotog mov akolovdndnke oto
povtéro g AMPA dieyepottofikdrac.

3.8. A@aipeon KoL TPOETOLNUGIN LOTAOV

IMoa 11g avocoicTOYNUIKEG KOl IGTOYNUIKES aVOAVGELS, Ol 0QOaApOl HeTd TV apaipeon
ToVG amo T (Mo, TomodethOnkov o pubuotiko didAivpe PBS 0.1 M. AkolovBwg petd v
aQUipEST) TOV EVOTOUEIVAVIOV HVMV TEPIUETPIKA TV 0QOap®V, pe TV xpron Perovng 21
G, mpaypotomomOnke dudTprnon o610 Keviplkd onueio tov kepatoewove. Ov ogBoipol
tomobeTnOnkav o€ dtdAvpa mapapoiuadstiong 4% (PFA 4%) yio 45 Aentd, mpokeyévon va
povipormombovv peptkdg. Yotepa, pue v Ponbelo woakdiov, o mpodcbiog mOAog TOL
0POuALOD (KEPUTOEIONG YITOVAS, PAKOS, VAADOEC VYPO) apapédnkay Kol o omichiog TOAOG
(oKhnpdg yrtdvog Kot apePAnotpoedng) enwdotnke v 1.5 opa e PFA 4%, péypig 6tov
poviporonfet minpwg. To v emitevén kpvompootociag, Ol UOVIMOTOMUEVOL 16TOL
enmaotnkay Ko’ OAn v ddpkelo g voytag o€ dilvpa covkpolng 30% (ce PB 0.1 M),
otovg 4°C. Tnv emduevn nuépa akorobONce TOo TAYOUO TOV OEyUdT®V, OTOV OpPYIKd
tonoBethOnke 610 goTEPIKO TMV detypdTmv optimal cutting temperature compound (OCT)
kot eupubiomnkav oe 1oomevidvio otovg -45 €wg -55°C, og &npd mayo. O 1otol
amodnkevtnkay otovg -80°C uéypt v komfq tove. Me nv ypnon kpvotopov (Leica),
Moednkov kdBeteg Topég miyovg 10 um otovg -25°C. Ot topéc ANednkay amd 10 KEVIPO TOV
aUPPANCTPOEIDOVG, TANGIOV TOV EMTESOV TOV OMTIKOD VEVPOL Kol TOmoBeTHOnKav o€
{ehaTvomomuéVeS avTIKEEVOPOpES TTAGKeS. KdOe avrtikeiuevopopog mAdko £pepe amd 6-9
TopéG Koty kéfe Odetypo ypnowomombnkav 7 oviikeuevoopeg mAdkeG. Metd Tnv
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0AOKANPMOT TNG KOMNG, Ol OVTIKEWEVOQOPEC TAGKEC TomobeTOnKay otovg -20°C uéypt v
TPOYLLOTOTOINGT] TOV OVOGOIGTOYNIKOV LEAETMV.

o mepdbpota, oO6mov omortovvtay 1M Ayn  0TOV, OTOS 1 PETPNON NG
dwomepatotrag pe v teyxviky EB ko n ELISA, apywd daympiomnke o mpdcbiog amd tov
onicOo mOAo TOov 0QBaALOV, Katd TopdUolo TPOTO OMWG avaeépdnke kot mo mave. Ev
ovveyeia pe tnv Ponbdeta omdtoviag amopovodnke o apuPPANGTPOELdNG amd TOV 0micho TOAO
kot TorofeTOnke otovg -80°C péypt TNV HEAAOVTIKT AVAAVGT] TOVC.

3.9. AvoGoioTOYNMIKES YPOOELS

o tg peréreg avoco@Bopiopol, ot aVTIKEUEVOPOPES TAGKES HE TIG TOUES
agapétnkav and tovg -20°C kot apédnkay va Eemayd®oouy yio o dpa oe Bepuokpocio
dopatiov. Ilpokeévov va emrevyBel n péyiomn dvvarn mowdtnTa Kot 1 €VIGYLON TOL
ONUOTOG TNG ovocoiotoynueiag, énpene vo e£oo@olotel 1 ompoOGKOTTN TPOGOEST] TOL
OVTICOUOTOC LE TOV avTioTO(O0 €mitomo tov avtrydvov. [ToAAéEC popég 1 povipomoinon Tmv
WOTOV UE QOPUOAIVY] 0ONYEL GTO «KOUOVPAGPIGUO» TOV EMTOM®V, HE OTOTEAEGHO TO
avticopo va advvatel va mpocdebel pe tov ocvykekpluévo emitoro. [ avtov tov Adyo
npaypatoromdnke emaydpevn amd Oeppodtmro avixkinon emrtomov (heat-induced epitope
retrieval) xatd tnv omoia apykd mpaypoatorombnkay dvo dexdrenteg TAdoelg ue TBS 0.1 M
Kot akoloOOnoe enmdacn Tov Topmv og ddivpa krtpikov (10mM Citric Acid, 0.05% Tween
20, p.H=6.0), otovg 95-100°C yio 6éka Aemtd. AxorlovBwg mpaypatoromOnkay 600 TAVGELS
névte Aemtdv M kobepio, og TBS 0.1M pe 0.025% Triton X-100. To Triton X-100 ext6¢ omd
NV WOWTNTE TOL ©®G OMTOPPLTOVIIKOD VO OVOIYEL OMEC TNV UEUPPAVI] TOV KLTTAPOYV,
ypnoomonke emiong kot e€anticg TG KAVOTNTAC TOV VO LEUDVEL TNV ETIPUVELNKT TAOM,
YEYOVOC OV EMETPEYE TNV EVKOAN KAALYN OAovL Tov guPfadod twv topmv. Ev cuveyeia,
TPOKEWEVOL VO UTAOKOPIGTOOV Ol U €01KEC B€oelg décuevone otov 10T0, aKoilovbnoce
endoon tov Topumv oe 10% @uoioloyikd opd aiyag (normal goat serum, NGS, Sigma-
Aldrich) kot 1% op6 aAfovpivng Booeddv (Bovine serum albumin, BSA, Sigma-Aldrich) og
TBS 0.1 M yw pia dpa ce Oepuokpacioo dopatiov. Yotepo ol TOPES ETMAGTNKAY HE TO
ekbortote mpwtoyevég aviiowua (BA. Mivaxa 3), dwwAvpuévo o TBS 0.1 M ue 1% BSA, «ab’
OAN TV d1apketa g voytog (16-18 dpec), otovg 4°C.

Mivoxog 3. AvoALTIK TEPYPOPT TOV TPOTOYEVAOV KOl OEVTEPOYEVAV OVTICOUATOV 1OV
xpnoyomombnkoy otny mapovca dtoTpPn

[pwtoyevi] AvticOpata ‘

Avticopa ZevioTils  Apoioon  X1oy0g Etapeia Code no. Lotno.
bNOS (brain Kovvél  1/2000 Agikng Sigma, St. N7280 062M483
nitric oxide Bpoyowev  Louis, MO 9
synthetase) KLTTAP®V
(rolvkheVIKO) oL

exppalovv

ovvBetdon

OV

povoéeidio

v TOV

al®dToL
NFL Mvog 1/500 Agiktng Millipore, MAB161 2736736
(neurofilament) TV Darmstadt,
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(novoxrhmviko) a&ovav Germany 5

TV

YOy YALOK®D

V KUTTAPOV
Cleaved-caspase Kouvél — 1/300 Agiktng Cell 9661S 47
3 (novoxkrmviko) omokoppév  Signaling,

ne Massachusetts

13<0107T0K511€ USA

(amomtTIK

0¢

KUTTOPIKOG

0dvaroc)
NT Kovvél  1/1000 Agiktng Millipore, 06-284 3199176
(nitrotyrosine) VIRV Darmstadt,
(TOMKAOVIKO) wne Germany

(vitpkov

OTpEg)
GFAP (glial Mvog 1/2000 Agiktng Sigma- AB5804 2424641
fibrillary acidic poakpoyroi  Aldrich, St.
protein) og Louis, USA

(acToxkvTTOL

pOL KO

KOTOPO TOV

Muller)
Ibal (ionized Kovvél  1/2500 Agiktng WAKO 019- -
calcium binding pkpoyAow  Chemicals, 19741
adaptor KOV Osaka, Japan
molecule 1) KOTTAPOV

Ko

HoKpOPay

@V
CD31/PECAM1 Kovvél  1/100 Agiktng Novus NB100- -
(Platelet And gvodnhox  Biologicals, 64796
Endothellal Cell GV Cambridge,
Adhesion KUTTApOV UK
Molecule 1)

Avticopa ZEevioTilg Apoioon  X16y0¢ Etopeia Code no. Lotno.
CF543 goat Atya 1/1000 Kovvéa Biotium, 20309 12C0213
anti-rabbit Fremont, CA

1gG (H+L)

CF488A goat Atya 1/400 Mug Biotium, 20010 13C0619
anti-mouse Fremont, CA

1gG (H+L)

Alexa Fluor Alyo 1/1000 Mvog Invitrogen, A11029 2306576
488 goat anti- Waltham,

mouse 19G Massachusetts

(H+L)

Metd TV 0AOKAPOOT TNG EXTMACTG OTO TPOTOYEVES OVTICMLLML, TPOYUATOTO|OMKAY
dvo mAvoelg mévte Aentdv o TBS 0.1 M pe 0.025% Triton X-100. AkoAobOnce 1 endoon
oto devtepoyevéc avticopa (BA. Iivaxa 3), Swwdvuévo og TBS 0.1 M pe 1% BSA, yio 2 dpeg
og Ogpuokpoacio dopatiov, oe cuvONKec TANPOLS cvokdTioNg e&attiog TG poTogLAICON ™S
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@OONG TOV OELTEPOYEVDV OaVIICOUAT®V. Metd TV 0AOKANP®OY NG ENMOCNG OTO
devTEPOYEVEG aVTIoCMLO, TTpaypatonomOnkay 2 TAvcelg mévie Aentov 1 kabepia, oe TBS 0.1
M. Ot topég enwdotrav emiong ce TBS 0.1 M pe tov dgiktn TV KOTTOPIKOV TUPNVEOV
DAPI (1/3000, Sigma-Aldrich, St. Louis, USA) ywa 1 Aentd. Ztig topég mpootédnke péco
kaivyng @bopiopov Ibidi (Ibidi mounting medium) kot kaAdeOnkav pe v Pordeia
koAvTTpidwv. Ot Topég TomobetOnKay 6€ GKOTEWVE KOVTIA Kot LAGYON KAV oTovg 4°C, péypt
TNV TOPATHPNOT TOVG G€ UIKPookOnmo @Bopiopod. Mo Tig peréteg ouvevtomicopov, Omov
OTOLTOVTAV 1) ETOACT] TOV I0TOV GE TEPICCOTEPA TOL EVOC UVTIICMUOTO, TO TPOTOKOAAO TOL
axoAovOnOnke NTav to akoAovbo: 1. endocn oto 1° Tpwtoyevég avticopa, 2. endacn cto 1°
devtepoyevég avtiompa, 3. en®acn oto 2° mPrToYeEVEG avticoua kol 4. emdoon oto 2°
OEVTEPOYEVEG OVTICOUN, COLPOVA LIE TIC 0OTYIEC TOL TPOAVAPEPONKAV.

3.10. IeTtoroyikn) yp@on

Y& MO OUYKEKPWWEVN LROOMAd  delypdtov, ota  wEpdpote g AA,
yonowonombnke n  ypoon  Awatoéuiivne-Hooivng  (Hematoxylin-Eosin, H&E),
wpokeévou va petpnbel 10 mhyoc TV 16TOV Kol Katd TGO auTd ennpedletol amd TIg
Oepameiec pe ta KavvoPivoedn]. H apatoboiivn Bagpel Tovg KuTTOPIKODE TUPNVEG LE GKOVPO
umke, evad M noocivn ypopotilel to kuttapdmiocuo pe ovoytd pol ypoua. H ypodon HE&E
ayopdotnke amd v Abcam (ab245880) kot to mpmTOKOAAO OV akoAOLONONKE avapépeTat
TopaKaTe. Ol AVTIKELEVOPOPES TAAKES LLE TOL TPOG LEAETT detypoTa apétnkay yio pon opa
o€ Beppokpacio dwpotiov. Metd to TEPAG TNG WOHG MPOS TpayLatonomfnkay 600 TAVGELS
UE OMOGTAYUEVO VEPOD, JEKO AETTMV £KOGTY], TPOKEIUEVOL VO EVLOUTOOODV 01 TopéS. Ot TopEG
OTNV GLVEYEW KOAVDPONKAV pe apato&LAivr, otV omoid ETMACTNKAY Yo TEGGEP AEMTAL.
[paypotomomOnkoy V0 TADGEIC HE OMOCTAYUEVO VEPO Yo Vo OTOMaKPLVOEL 1)
aato&urivr. AkoAovbmg ot topég kaAvednkav pe Bluing Reagent ywa 10-15 devteporenta
Kot mpaypatonotnkay dvo mAdoelg o anootayuévo vepd yuo v agaipeon tov Bluing
Reagent. "Yotepa ot aviikeyuevopdpeg mAGKES, HE TIG TOUES, suPamtiotnkay pio gopd ce
100% oaBviiki] 0AKOOAN KOl 1) TEPIGGEVOVUEVT] TOGOTNTO OAKOOANG YOP® ONO TIS TOUEC,
amouakpOvinke pue v Pondeia xaptod. To exduevo Pruo meplaufave Ty ETOACN TOV
TOUMV OTNV Necivn yuo 600 Aerntd. Avo mtivcelc pue 100% abviiknm aikodin, Bondncav otnv
ATOUAKPLVOT TNG NMOGIVIG OTO TG OVTIKELEVOQOPES TAGKEG, Ol OMOIEG OTNV GLVEYELL
eupomtiomkav tpeic popég og 100% aBviikn akikodAn, yuo va aeudatmbovy. Télog yio tnv
KAALYN TOV AVTIKEWUEVOPOP®V TAUK®V, YPNOLOTOMONKE TO HEGO KAALYNG Yo 16TOAOYIO,
DPX (Sigma-Aldrich, 44581) ka1 o1 mAdikeg puAdydnkay o€ Oeppokpacio dopotiov uéypt v
TOPATNPNON TOVG GE OTTIKO LMKPOCKOTO.

3.11. Mikpookomia Kol peELETES TOGOTIKOTOINONG

Ot potoypo@iec amd TIG OVOGOICTOYNUWKEG OVOAVLGES ANEeONKay pe v xpnon
pkpookomniov avosopbopiopov Leica DMLB (HCX PL Fluotar, 40x/0.70 or 20x/0.50 gakdc,
Leica Microsystems, Germany), to onoio ftav cuvdedepévo pe pia Leica DC 300 F kauepa.
H enelepyoscio napopétpov 6mmwg N eoteWoOTTO, N 0viideon K.AT., mpayuoToroonke pe
™mv ¥pNom tov edkod Aoyopkov Leica. T mepartépo emnelepyacio, Onmg 1 TEPIKOTN, 1
TEPIOTPOPT] TOV EIKOVOV N 1| AAAOY] TNG AVAAVONG TOVG, YPTCULOTOONKE TO TPOYPOLLLLOL
Photoshop ver. 7.0 (Adobe Systems, San Jose, CA). H diadikacio mov axoiovdnnke yio tnv
TOGOTIKOTOINGOT TOV SEO0UEVOV, AVOPEPETAL EKTEVMS TAPOKATO:
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AvocodpaotikoTnta bNOS: To Bpoydwa xdttapa mov ekgpdlovv bNOS petpribnkov
YEWPOKIVIITO OO TOV TEPUUATIOTT, KOO’ OAO TO UAKOG TNG TOUNG. LUVOAKE HETPNONKOY TPELS
TopéG Yo kKéBe detypo, 0 LEGOG OPOG TV OTOIMV oG £61VE TOV HEGO OPO TOV GUYKEKPLUEVOD
delyparog.

Avocodpactikétinta NFL: Avo pn aAinienucolontdpeveg potoypapieg Anednkav yio Kabe
TOU, OTO KEVIPIKO TUNAUO TOL OUOIPANCTPOEOOVS Kol GUVOMKG Yo KkBe Oeiyua
ypnoomomnkav tpeig topég (6 Qwrtoypapieg/deiyua). T v TEPIKOTN TOV EKOVOV
ypnowonombnke 1o mpdypaupo. Photoshop ver. 7.0. v ocvvéyewn n mocotikonoinom
TPOYUOTOTOONKE e 600 SlopopeTkos Tpomovs. 1. Xpnoiponoidvtag 1o Aoyispukd Imagel
1.44, petpnOnke n péon tyun tov ykpt (Mean gray value) g NFL avocodpactikdtntag yio
kéOe potoypapia. O pécog 0poc TV €51 TYMV OV TPOEKLTTOY OO TNV ovdAlvon tov £
SLOPOPETIKAOV POTOYPAPLOV, OTOTEAOVGE TNV TN Tov Ogiypatog. 2. O devTEPOg TPOTOG
ToGoTIKonoinong, mepthdufove v pétpnon tov ndyovs g NFL avocodpacticdtntog, e
v ypnon tov Imaged 1.44. I'a kabe potoypapio to whyoc ™ NFL avocodpactikdtnTog,
petpnOnke og tpia Sropopetikd onpeio Tov TAdtovg g gikoévag (100, 200 ko 300 um), pe to
ocuvolkd mAGtoc TG ewovag va egivar 400 pm. O péoog Opog TV TPLOV  TIUDV
YPNOUYOTOIOVTAY Y10, TOV VTOAOYIGUO TNG TWNG NS KABe TOuNg Kot Ol TIES OTEG
YPNOYLOTOLOVVIOY GTIV GUVEXELD Y10 TOV DTTOAOYIGLO TOVL UEGOL Opov KAOE delyaTog.

Avocodpastikotnta cleaved caspase 3: Katd mapduoto tpomo, AMebnkov cuvorkd €€
QOTOYPOQieg 0o kabe deiypa (2 pwrtoypapieg/tour, 3 Topég/deiypa). O apdudg Twv BeTikdv
otV cleaved caspase 3 xvTTapmV, PETPNONKE YEPOKIVITO GE OAEG TIG PMTOYPOPIES, OTMC
emiong kot 1o euPadd g meployng (LM? 1OV AVTIGTOLOVGE GE AVTE TO KOTTAPA, LE T1 XPHON
tov ImageJ 1.44. H teAuc) tun yuwo kdBe detypo exkppalodtay, @g 0o AOYoG TOL GUVOALKOD
aplBpod kuttapov Yoo kdbe delypa, mpog To uPodOV NG avTICTOYNG TEPLOYNAG TOL
KataAdupovay.

Avocodpaoctikétnta NT: ['o v mocotikomoinon tov NT akoiovbrnke 1 1d1a Sadkocio
oL avaPEpONnKe To TAvm Yo TV Tocotikomoinomn g cleaved caspase 3.

AvocodpasTtikétnta Ibal: Me Bdon to LOPPOAOYIKA TOVG YOPAUKTNPIGTIKA TOL KPOYAOLOKEL
KOTTOpa yopiotnkay og anevepyomomuéva (resting) kot avtidpaotikd (reactive) (Spyridakos
kot ovv., 2021). H amevepyomotpuévn pikpoyioio ivol  katdotaon 6Tny omoio, cuvavtiTal
N kpoyioia vTd PLGLOAOYIKEG GUVOTKEG KOl LOPPOAOYIKEA YopakTnpileTon amd 0oTEPOEIDES
OYNUO UE MIKPO TUPNVO KOl KLTTOPIKO GO0 00 TO OTOI0 EKPVOVINL AETTEG OTOPLASEC
(Davis kot ovv., 2017). Avtibétwg, oe ToBOAOYIKEG KATAGTAGES, OMMG 1 TAPOLGia
QAEYHOVIG, M WKPOYAOIDL «EVEPYOTOLEITAY KOl TOPOVCIALEL o, SPOUATIKY) LOPPOAOYIKY|
oAloyn, OTOKTMVTAG Uid apuolBadostdn LopeoAoYio UE LEYAAO TUPNVE KOl KUTTOPIKO GO
UE EAYIOTEG TTOYIEG ATOPLADES VO, EKGVOVTOL OO AVTE. MAMOTA, GE OPKETA TPOYMPNUEVA
OTAdL0 EVEPYOTTOINGTG, TO AVTIOPAGTIKA HKPOYAOLOKE KOTTOP OTTMG ovoudlovTal, Lmopel va
eLEavilovtol Kal e o EVIEAMG KUKAKT LOpQOAOYia, e TANPpN arnovcio amopuddny (Davis
kot ovv., 2017). Tha v mocotikomoinon ypnoporodnke o apBUdS TV OVTISPOCTIKOV
WIKPOYAOLOK®MY KLTTOPMOV KOl TPOYUATOTOMONKe Katd TopOUol0 TPOTO, OTMG OLTH TNG
cleaved caspase 3.

Avocodpacstikotntra GFAP: T'o v mocotwkonoinon g GFAP avocodpactikotntog
ypnoporonke pio kiipoko Padpordynong and 0 éwg 5 (Anderson kot cvv., 2008), 1
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omoiae Paciletar oty meployn mov kaAvmTovy ot Betikég oty GFAP amoguadec tmv
kuttapov Muller. Avaivtikd n kKhipoako mapovoidletor otov IMivoka 4.

Mivoxog 4. Avolvtik) zweptypagn g KAMpokg Pabpoldynong mov ypnoipomoidnke yio v
nocotikonoinon ™ GFAP avocodpactikotrog. ANnednke omd Anderson wai ovv. (2008) xat
TpomoTOMONKE.

BaOpoioyia Ieprypaoen

0 AviTopKTn Ypoo

Amoiéeis tov kuttdpov Muller pévo oty GCL

2 Amol&eig tov kuttépov Muller otnv GCL kot pepicésg ektdg tov opiov
g GCL

3 AmolM&elg tov kuttdpav Muller kot moAlég mpoekforés, mov Onwg dev
@Bavouv péypt tnv ONL

4 AmolM&eis tov kuttdpov Muller ko moAAég mpoekPoréc, pe pepikég va
oBdavouv péypt nv ONL

5 Amol&eic tov kuttdpov Muller katl ToAAég Evtoveg TpoekPoréc, amd v

GCL péypt to avaotato 6plo g ONL

Iotoloyki) ypdon Hooivg/ Awpatoburivig (H&E): H nocotikomoinon g ypdong H&E
£YVe YPNOILOTOIOVTAG OV0 UN OAANAETIKOADTTOUEVEG EIKOVEG OO TO KEVTIPIKO onueio kdbe
TOUNG KOl GUVOAK( avaAvBNKav Tpelg TopéG omd Kabe detypa (cuvolikd £EL poToypapieg Yo
KaBe deiypa). Ot potoypagicg enelepydotniay apykd pe to Photoshop ver. 7, yia va yivel n
TEPLOTPOPT] KOL 1] TEPIKOTN TOVE. TO GUVOAIKO ThYOC TV TOUDVY Y1, KAOe detypa, KabmG Kot
10 EeYmPloTd TOYXOC TV EMPUEPOVS OTIPAdWV, PeTPNONKE pe TNV YPNON TOL AOYIGHIKOD
ImageJ 1.44. Avolvtikdtepa to mhyoc petphinke oyedidloviog tpeic gvbeieg ypauués oe
ovykekppéva onueio Tov TAdTovg g ewkovag (100, 200 kar 300 um), pe 1o GLVOAKSO TAGTOG
g ewovas va kopaivetor ota 400 um. H péon tipn yuo ke detypo ypnoponomOnke yio
TV ToGOoTIKN avaivon. EmmpocBétowg o apBudc tov yayyiokdv kvttapov otnv GCL,
petpninke yepokivinta, Eextvovtag 50 pm petd 1o apiotepd pépog g Kabe poToypapiog
Kot teAetmvovtag 50 pm pv 1o €10 PEPOG TNG POTOYPAPiag.

3.12. XratioTi) avaivon

I v otatiotikn avdlvon ypnoporomdnke to Aoyioukod Graph Pad Prism 8.0.1
KoL T 0e00UEVE OTTO OAEG TIC AVOAVGELS, €kTOG omd v ELISA xon to EB, exppdomkay wg
100606710 eni ¢ % Tov Control. Olo ta dedopéva eKQPAGTNKAV OG 0 UEGOG OPOG £ TLTIKY
OmOKAIOT KdGOe delypuotog kol yloo TNV TOPOLGINCT TOLG EMAEYONKE GLVOLOCUOS
papdoypdupartog pe ddypappo dtacmopds. H otatiotikny avalvon éytve pe v ypnon Lovig
avalvong daxvpaveneg (One Way ANOVA), axolovBoduevn omd Tukey’s post hoc yia
moAomAég  ovykpicelg. H  dumAf  avdivon Soxduaveng (Two Way ANOVA),
YPNOOTOONKE Yo TNV GVYKPIOT TOV SIUPOPETIKOV OUAS®Y GTIV UETPTOT TOV TUYOVE TOV
Eeyoplotov otpddov omv ypwdon H&E, axolovBolduevn and avalvon Sidak’s yia
TOAOTAEC GVYKPIGELS. Ot dtopopéc petald TV ouddnv 0empodviay GTUTIGTIKG GTUAVTIKEG
otav p<0.05
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4. Amoteréonata

19 Mépog: Emdpdosic tov xavvoPvosddv e £va in Vivo
LOVTELO 010N TIKNG auPPBANGTPOEIOOTADELNG TPDOILULOV GTAJIOV.

4.1. Emopacsis ToV Kavvapivoelo®@v ota emineda yYAOKOING
Kal 610 Bapog Tov {OOV petd v yopnynon STZ

Ipw v yopnynon tov STZ, dev mapatnpndnke daeopd oto emineda YALKOING
ueta&d tov mévie dopopeTikdv ouddmv (p > 0.05). Mia nuépa kot SeKOTEGCEPIC NUEPES
petd v yopnynon STZ, oe 6Aa ta daPntikd {ma mopatnpndnke onuovtikn avénon tov
emmédav yAkoing oto aipo (7p > 0.0001 o cvykpion pe to Control), evd n yopfynon
LEC® OTAYOVOV TOV KOVVOPIVOEDY Ogv €MNPEACE T EMIMEdD YALKONG TV SafnTiKdV
Cowv (p > 0.05 oe obykpion pe to Diabetic untreated) (Ewova 4.1.A). TTocotikn avéivon
tov Bdpovg tov (Odwv, mpw kot uetd v yopnynon tov STZ. Koupio dwapopd degv
mapaTnpnOnke ovte 610 PAPOS TV DOV, AVALESH OTIG TEVTE O1OPOPETIKEG OUADES, TPV TNV
yopriynon tov STZ (p > 0.05) (Ewova 4.1.B). Askatéooeplg NUEPES UETA TV YOPNYT|ON TOL
STZ, 6ha 1o Swofntikd (oo enédel&ov onuavtiky peimon oto PApog Tovg 6e oxéomn Ue Ta
Control (Diabetic untreated: “p=0.0067, AM1710: "p=0.0052, SR141716: "p=0.0023,
AM1710+SR141716: “p=0.0045) (Ewova 4.1.B). Metald tov dwapntikdv (dov mov dev
éhaPav Bepaneia kol avtdv mov Ehafav, oev mapatnpONKe Kapioo onpavTiky Slpopd, ®g
1pog 10 Papog tovg (p > 0.05), (Ewova 4.1.B).
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Ewéve 4.1. Emdpdceic tov STZ kot g Oegpanciog pe to kovvafvogidn ota eninedo yYAvko{ng kot 6to
Bapog tov (hwv. (A) IMocotik availvon Tov emmédwv YAVKOLNG 6T0 aipa TV TEVTE SOPOPETIKOV
TEPOUATIKOV OUAd®V, TPV kat petd Ty xopnynon tov STZ. (B) Mocotikn avdivorn tov Bapovg Tewv
{hov, Tptv Kot petd v yopiynon tov STZ. ™p < 0.01, ™p < 0.0001 o& cvykpion pe to Control. Ta
dedopéva £xouv eKEPacTEL WG 0 HEGOC OPOG + TUTIKN ATOKALGT) Kot TOPOVGLALOVTOL LE L0 LOPPOAOYiaL
oV cLVOLALeL To PafdOYpapLa [LE TO SLAYPALLILO SLOOTOPAG, [LE TNV KABE KOVKIdO VO VTITPOCHOTEDEL
pia dtapopetikn Tyn. Lo v otatiotikn avéiveon ypnoyonomdnke povh avaivon dwukdpaveng (One
Way ANOVA), axoAiovBolduevn amnd Tukey’s post hoc yw molhoamAéc cvykpioeig. Ot Sropopég
Bewpodvtov cratioTikd onpovtikés, otav p<0.05.

4.2. Xopiynon CB2 ayoviet), CBl avrayoviety 1 Tov
GUVOVOGUOV TOVS, TPOCTUTEVEL TOVS AEOVES TOV YAYYALOK®OV
KUTTAPOV 61OV 10PN TIKO ap@ifAnctposron

H yopriynon tomikd, uéow otaydoveov CB2 ayoviory (AM1710), CB1 avtaywviot)
(SR141716) 1 ToL GLVELOCHOD TOVG, AVESTEILE TNV EMOYOUEVT OO TOV SLOPTTI OTMOAELD TOV
aEOVOV TOV YayYALOK®OV KOTTApaV, 0Ttmg edvnke ard v NFL avocodpactucotnta (Ewkdva
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4.2). Apykd extiunonke 1 évroon g avocodpactikotntag tov NFL. Onwg edvnke omd Tig
ueAéTeG TocoTIKOTOINoNG, o Srafntikd {oa mov dev Elafov Bepancio (Diabetic untreated),
vréotnoav mepinov 38% peiwon oty évtacn g NFL avocodpaotikdtntag, 6€ GUYKPIoT LE
mv ouada gréyyov (Control) (Control: n=15, 100+11.46. Diabetic untreated: n=11,
62.96+16.73, “p<0.0001 oc cvykpion ue to Control) (Ewova 4.2.B). H tomikr yopfiynon
1600 t0v CB2 ayovioty AM1710, 6co kot tov CB1l avtayovior), SR141716 katipynoav
v anoiewo g NFL avocodpactikdtntog, Topéyoviag GNUAVTIKY TPOCTAGio 6TOVG AE0VES
v yoyyMokdv kvttdpov (AM1710: n=7, 83.66+13.25, #p=0.0403 ce ocvykpion pe TO
Diabetic untreated, p>0.05 compared to Control. SR141716: n=6, 94.99+20.09, **p=0.0008
oe ouykpion pe to Diabetic untreated, p>0.05 compared to Control), evd dev mapatnpriOnke
Kopio dpopd ®¢ mpog v amoteespatikomtd tovg (AM1710, p>0.05 compared to
SR141716) (Ewoéva 4.2.B). Katd mopopoto tpdémo pe T Hovég, 1 oubvdvootikn Bepameia
(AM1710+SR141716) mpootdtevoe tovg GEovec, OMMG (AVNKE OTO TNV EMAVOPOPH TNG
évtaong ™G NFL avocodpactikdttog o€ QuGloloyikd eminedo, mOpOUOW. PE OUTE TOL
Control (AM1710+SR141716: n=8, 101.1+13.08, **p<0.0001 o cVykpion pe to Diabetic
untreated, p>0.05 e cOykpion pe to Control), ywpic péiiota va £yt kémoa SaPopd amd TIg
povég Oepomeieg (AM1710+SR141716: p>0.05 og ovykpion eite pe 10 AM1710 gite 1o
SR141716) (Ewoéva 4.2.B).

Mo mv aceain e&aymyr COUTEPAUCUATOV, TPOYDPNCOUUE Kol GE SLOLPOPETIKO TPOTO
eneepyaciog Tov epNUATOV, KATA TOV 0010 EETAGAUUE TIG EMOPACEIC TV KAVVAFIVOEIODV
oto mayog g NFL otifddag. Kotd mapoporo tpdmo, e€erdlovrog to mayog g NFL
OVOGOJPUGTIKOTNTOG, TPOEKVYE UI0, CTUAVTIKY Uelmon Tov Tdyovg ota dofntikd (do ot
oyéon e ta Control (Control: 100+11.07. Diabetic untreated: 67.71+10.36, ““p<0.0001 ot
obykpion pe to Control) (Ewova 4.2.C). H tomikn yopnynon tov pHovov Bepameidv pe ta
kavvapvogdn, cuvéBaie oty dotpnon tov mayovg g NFL avocodpactikdttag 6Toug
Srapntikoig apgipinotpocideic (AM1710: 97.06+4.88, “*#p<0.0001 ce clOykpion pe 10
Diabetic untreated, p>0.05 o€ cOykpion pe to Control. SR141716: 85.73+18.81, *p=0.0183 o¢
oOykplon pe to Diabetic untreated, p>0.05 og cOykpion pe to Control, p>0.05 o chykpion
ue o AM1710) (Ewéva 4.2.C). H duthn Oepamneio pe to, kavvoPivoeidn Katdgepe Kot avTh vol
dwnpnoet e&icov amoterecpatikd to whyoc g NFL avocodpacTtikdtnToc 68 QUGIOAOYIKE
eminedo. (AM1710+SR141716: 99.80+11.00, *#p<0.0001 ce ovykpion pe 1o Diabetic
untreated, p>0.05 oe oVykpion pe o Control, p>0.05 oe cvykpion pe 1o AM1710, p>0.05 e
obvykpion pe 10 SR141716) (Ewova 4.2.C).
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Ewéva 4.2. Emdpboeig g Oepomeiag pe ta kavvoPwvoedn oty Plociuotta tov afdveov Tov
YOYYAOKOV KOTTAP®V. (A) AVIUTPOCOTEVTIKEG EIKOVES 0VOGOPBOPIGHOL TNG OVOCOdPAGTIKOTNTOS
NFL o¢ topég apeipinotpoedons. To ovpforo N vmodetkviel T pn €101KN ¥pMCN TOL dEVLTEPOYEVODG
avticopatog CF488 goat anti-mouse otnv IPL. MeyéBuvon: 20X. Khipoaka: 50 pm. (B) TTocotikn
avélvon tng éviaong eBopiopod e NFL avocodpaoctikotnrag, (C) mocotikn availvon tov mwhyovg
(um) g otifadac NFL kot tov emdpdcewv g xopnynong AM1710, SR141716 xai tov cuvdLAGHOD
tovg. "p < 0.0001 oe cvykpion pe to Control- #p <0.05, ##p < 0.001, ##p < 0.0001 oe cVyKpion pe
to Diabetic untreated. To dedopéva éxovv ek@puctel ¢ 0 UEGOS OPOC + TUMIKY OTOKAICT KOt
TapovotalovTol [e pio Lop@oroyio Tov cuvovalel To paPdoypapiiio. pe To ddypapLiLo. S1CTOPAS, LE
mv Kabe wovkido vo avimpocomedel pio Swwpopetikny T, [ v otatiotikn  avdivon
ypnowonomOnke pov avaivon dakvpavens (One Way ANOVA), axorovBovpevn amd Tukey’s post
hoc vy moAhomAég cvykpiogic. Ot drapopég Oewpodviay otatiotikd onuavtikés, otav p<0.05.

43. Xopnnymon CB2 ayovierq 1 CBl avrayovietn
EMAVUPEPEL TO TAYOS TOV OLUPNTIKOV AUPLPANGTPOELOOVS OE
(PUGLOAOYIK( ETITEDQ,

IIpokewévov vo efetaotobv Ol EMIPACEI TOV KOVVOPIVOEWBOV oty 1dtaitepn
KUTTOPOUPYITEKTOVIKY  TOV  OUPIPANGTPOEIOOVE KOTA TO 7PDOWO oTddo TG AA,
TPOYUATOTOMONKE HOPPOUETPIKT| OVAALOT, UE TNV YPNoN NG 0Toroykng ypodong H&E
(Ewova 4.2.A). H mocotiki] avAALGT TOL GUVOAIKOD THXOVG TOV OUPIPBANGTPOEIDONGS,
VEdelle onuavTikn peiwon tov Tayovg ot dwaPntikd {da oe chykpion ue ta vy (Control:
n=5, 100+7.9. Diabetic untreated: n=4, 80.11+4.86, “"p<0.0001 c& cvykpion ue o Control).
H yopfiymon tov CB2 oyoviery, AM1710, emovépepe UEPIKDC TO MUYOC TOV
ap@iPAnotpocidoig oto dwapnticd (ho (AM1710: n=5, 91.33+3.07, *p=0.0271 ¢ cvykpion
ue to Diabetic untreated, “p=0.0161 o& cOykpion pe to Control). O CB1l avtaywviotic,
SR141716, emoavépepe TANPOC TO UEIMUEVO TTAYOC TOV OUPPANGTPOEIB0DE oTa SrofnTikd {da
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(SR141716: n=5, 96.06+3.50, #p=0.0019 ot cOykpion pe to Diabetic untreated, p>0.05 o¢
oVykplon pe to Control).

‘Exovtag eEaxpipdoel Tig emdpdoeic tov Swfritn Kot TV KovvoPivoeddv 6Tto
OUVOMKO TaX0G TOL OUEIPANGTPOEDT, TPAYUATOTOWONKE oviAvoNn TOV TAYOLS TMV
Eexoplotdv TpNVIKOV oTiadwv tov apeiinotposidovc (ONL, INL & GCL). O dwfpntng
TPOKOAESE GTOTIOTIKA onuovtikny peiomon tov mayovg, udévo g otPddag INL (Control:
n=5,100+5.6. Diabetic untreated: n=4, 70.57+2.10, "p=0.0034 c¢ cOykpion pe o Control),
evd dev elye kapia enintmon otig GAheg 000 otadeg (Ewova 4.2.B). Tdéoo to AM1710, 660
kot to SR141716 emavépepav mAnpog 1o mayog e INL og emineda, 6o pe avtd tov
Control AM1710: n=5, 97.50+7.77, #p=0.0244 c¢c ciykpion pe to Diabetic untreated, p>0.05
oe oOykpon pe 1o Control. SR141716: n=5, 95.42+6.93, *p=0.0383 ot cvykpion pe TO
Diabetic untreated, p>0.05 og c0ykpion pe to Control) (Ewova 4.2.B).

INo v perétn tov emmtdocemy oL Swfntn oy PlOcUOTTE TOV YOyYAOKOV
KUTTOP®VY, TPOYUOTOTOMOANE KATAUETPNON TOL TANOuGHod Tovg katd unfkog tg GCL.
Qotdéco dev mapotnpnnke Kopio GTATIOTIKA GNUOVTIKN Helmon tov aptfuod Tovg ot
dwaPntikd (oo, (Control: n=5, 104.3+17.17. Diabetic untreated: n=4, 106.1+£12.33, p>0.05 c¢
ovykpion pe to Control) (Ewova 4.2.C), evd kapia enidpacn dev giyav kat o Oepomeies pe ta
kavvaPwvogdn (AM1710: n=6, 102+ 11.77, p>0.05 o¢ cvykpion ue to Diabetic untreated,
p>0.05 o¢ oOykpion ue to Control. SR141716: n=>5, 91.66% 7.864, p>0.05 6 cOykpion ue 1o
Diabetic untreated, p>0.05 ¢ cvykpion pe to Control) (Ewova 4.2.C).
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Ewévo 4.3. Emdpdocelg g Oepomeiog pe ta KovvaPivogldn 610 Tayog Tov apeiBANcTPoEIdong Kot
otov aplipd tov yayyAMokov kuttdpov. (A) AVIITPOCOTEVTIKEG EIKOVEG HKPOOKOTIOL THG YPMOONG
Hooivng-Ayatourivng oe topéc apgipinotposidovs. Ta yoyylakd kvttapo onuaivovior pe to
Kitpwva BéAN. Meyébovon: 20x. Kiipaka: 50 um. (B) Tocotiky avaAiven 1ov 6uvoAkoD mdyovg (um)
10V apeAnotpoedovg and v otpada RPE £mg tmv GCL. (C) IMoocotiky avéAvon Tov Tdyovg tmv
TPLOV TOPNVIKOV 6TIBGdwV Tov apeiBAinotposdovg (ONL, INL, GCL). (D) IMocotikfy avdlvon tov
ap10pod tev yayyMakdv kuttépov oty GCL. ™*p < 0.0001 ot cdykpion pe 1o Control- #p < 0.05,
#p < 0.01 oe cOykpon ue to Diabetic untreated. To dedopéva éxovv ek@pactel ®¢ 0 uécog dpog *
TUTIKY OOKAMON Kol wapovoldloviar pe pio HopeoAoyic wov cuvovdlel o pofddypopplo He To
Stbypappo dtomopdsg, pe TV kGBe kovkido vo avTImpoo®TEVEL io. Sl@opeTikn Twn. [a v
OTOTIOTIKY  avilvon ypnowonomdnke upovy aviivon dokvpoveng (One Way ANOVA),
axolovBovpevn oamd Tukey’s post hoc ywa molhomAég ovykpiceg (B,D). T v avdlvon tov
Eeyopotdv oTifddov  ypnoipwomomdnke A avdivorn Swxduavong (Two Way ANOVA),
axolovBovpevn omo Sidak’s avdivon yio toAlandég cvykpioeic. Ot drapopég BEmpPovVTAV GTUTIOTIKG
onpavtikés, otav p<0.05.

4.4, Emopaocelg Tmv povav 0gparelidy Kol TnS 6VVOLUOTIKIG
Ocpameiog pe  kavvaPvoerdon] oty  Proocpotnro TOV
Bpayvivov kuttdpov mov ekepalovy bNOS

Avo gfdopddeg puetd v emaywyn tov Safntn, mapatnpnnke peiowon tov apiBuov
TV Bpaydivev kuttdpov mov ekepdlovy bNOS, v onoia avéotethe M Oepameia pe to
kovvapivogdn| (Ewova 4.4.A). Méoa and v mocotikonoinon gavnke o1t ta dwfntikd (oo
enéderléav pia peiwon g taéng tov 27%, otov apBud tov bNOS Bpaydivov kuttdpov, ce
obykpion pe 1o Control (oo (Control: n=12, 100+6.48. Diabetic untreated: n=13,
73.47+10.80, ""p<0.0001 ot cvykpion pe to Control) (Ewova 4.4.B). H tomikr| yoprynon
oV ayoviot tov CB2 vrodoyéa, AM1710, énavce v enayduevn amd tov dapnn peioon
otov aplipd Tov Ppaydveav Kuttdpmv, SoTnpOVTIS ToV TANOLGHO TOLG GE PLGLOAOYIKE
eninedo (AM1710: n=7, 104.9+12.26, **#p<0.0001 & cvykpion pe to Diabetic untreated,
p>0.05 o¢ obykpion pe to Control) (Ewodva 4.4.B). AvtiBétog n yopnynon tov CB1L
avtayovioty SR141716, dev &ixe xapia enidpacn ot Prwoipotnta tov bNOS Bpoydivov
kuttdpov (SR141716: n=5, 60.51+11.28, p>0.05 o¢ ovykpion ue to Diabetic untreated,
“p<0.0001 ce cvykpion pe to Control, ***p<0.0001 e cvykpion pe o AM1710) (Ewdvo
4.4.B). Téloc, n ovyyopnynon tov AM1710 pe 1o SR141716, péow TG GLUVOLOGTIKAG
Oepameiog, mopeiye OMNUAVTIKY TPOCTUCIC ©TO Ppoydiva KOTTOPE GTOLS  SofNTiKoDS
apeipAnotpocideic AM1710+SR141716: n=8, *p=0.0192 oc¢ ovykpion ue to Diabetic
untreated, p>0.05 oe cOykpion pe to Control, **p=0.0003 oe ocOykpion pe to SR141716,
“p=0.0388 o& cvykpion pe to AM1710) (Ewova 4.4.B).
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Ewéva 4.4. Emdpdoelg g Oepomeiog pe 1o kavvaPivoedn oty Puwoomta tov Bpaydiveov
KLTTApWV oV ek@palovv cuvhetdon tov povoéewdiov tov aldtov (DNOS). (A) AvimpoowomevTiKég
ewoveg avocopbopiopotd g bNOS avocodpaoticétrag. Ta Betikd otnv bNOS Bpoydiva kdttopo
evtomiotnkayv otnv INL kot onpoivovtar pe ta Agukd BEAN. Meyébvvon: 40x. Khipaxa: 50 um. (B)
Iocotikn avéivon e bNOS avosodpactikotnrac. ™ p < 0.0001 ce cdykpion pe to Control- #p <
0.05, ¥ < 0.0001 og cvykpion pe to Diabetic untreated- *p < 0.05, ***p < 0.001, ****p < 0.0001
oVKPLoT HETAED TV JaPOPETIKOV Bepameimv pe To kavvafvoeldn. Ta dedopéva £xovv EKPPUCTEL OC
0 Méoog Opog * Tumikn omdKAoN Kol mopovcsldlovrol HE pi HopeoAoyio. mov ouvdvdalel To
POPOOYPOLLLO LE TO JAYPOUE OLOCTOPAG, e TNV KGO KOVKIdM VO avTITPOGMOTEDEL [0, SLOPOPETIKT|
. T v otatiotiks avdlvon ypnoponotinke povi aviivon dokvpaveng (One Way ANOVA),
axkolovBovpevn and Tukey’s post hoc yio torhomhés cuykpicels. Ot dtapopés Bempodvtay oTaTIoTIKG
onuovtikés, 6tav p<0.05.
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4.5. H evepyomoinon tov CB2 vmoodoyéa avaotélier Tov
EMAYOUEVO 0O TNV Koomdon 3 CmONTOTIKO 0dvato 6TOLG
o pntikovg ap@ipinctposcrocic

Onwg gaivetar ko otnv Ewdva 4.5.A, o Sofntng mpokdAess po KoTakopuen
avénon tov kuttdpov Betikdv oty kacmdon 3, omv INL, yeyovog mov vmodeicviel v
aHENOT TOV ATOTTMOTIKOL KLTTOPLKOV Bavdtov. Ta Betikd oty kaomdon 3 kottapa oty INL
NTOV GTATIGTIKA GNUAVTIKG TEPIoooTEPa. 6Ta dafntikd (da og oyéon ue To. Control (Control:
n=5, 100+33.71. Diabetic untreated: n=5, 217.4+29.84, "“p=0.0004 c& cOykpion pe TO
Control) (Ewoéva 4.5.B). H tomkn yopriynon tov AM1710 yw 14 muépeg, mopeiye
VELPOTPOCTAGID, UTAOKAPOVTOG TOV OMONTOTIKO KLTTAPKO Bdvato otovg Stafntikovg
ap@ipAnotpocideic (AM1710: n=6, 126.7+42.53, #p=0.0038 ot cOykpion pe to Diabetic
untreated, p>0.05 oe oOyxpion pe to Control) (Ewova 4.5.B). And v GAln mAevpd,
yopnynon tov CB1 avtaymvioty, SR141716, dev elxe kauio enidpaon otov emayOLeEVO OO
ToV  JwPntm omomtoTikd OAvaTto TV VELPIK®OV  KLTTAP®V  oTOvg  dtofmnrTikohs
apepAnotpoedeic (SR141716: n=7, 166.6+39.41, p>0.05 oc ovykpion pe to Diabetic
untreated, "p=0.0308 ot cvykpion pe to Control, p>0.05 e cvykpion pe to AM1710)
(Ewova 4.5.B).
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Ewova 4.5. Emdpacelg g Oepaneiog pe to Kavvapivogldn otov anontoTikd Kuttapikd Odvoro,
dapecorapodpevo omd v kaocmdon 3 (cl. caspase 3). (A) AvVImPOCOAEVLTIKEG EKOVEG
avocopBopiouov tng cl. caspase 3. Ta Oetikd otnv cl. caspase 3 kdttapa, eviomioTnkay Kuping péco
ota 6pwo g INL. MeyéBuvon: 20x. Khipoko: 50 um. (B) Iocotikry avdivon g cl. caspase 3
avocodpaotikdétnrac. P < 0.05, ™p < 0.001 & cvykpion pe o Control- #p < 0.01 oe cVyKpion pe TO
Diabetic untreated. Ta dedopéva &yovv exkepootel ®g 0 HECOC Opog + TumKN amdKAloN Kot
nopovclalovtor Pe [ popeoroyio. mov cuvdvalel to pafdoypappa Le To Sidypappe S106Topac, Ue
mv k@Be kovkida va avimpocwmevel pio Swoupopetikny Tn. e TV oTOTIOTIKY  aviAvon
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ypnowonoOnke pov avaivon dakvpaveng (One Way ANOVA), axorovBovpevn amd Tukey’s post
hoc vy rolhomAég ovykpioegic. Ot drapopég Oewpodviay otatiotikd onpavtikég, otav p<0.05.

4.6. H evepyomoinon tov CB2 vmodoyio avoctélrer TNV
EVEPYOTTOINGY] TNG MHOKPOYAOIOS o©TOVS  OwufnTikovg
onQIpANGTPOEIOEIS

Avo eBdopadeg pe dtafrn, NTav apKeTd YPOVIKO OLAGTNHLO Y10 VO, 0OTYICOVY GE pia
avENom NG eVEPYOTOINGNG TG LOKPOYAOI0G GTOV aUPIPANGTPOET] TV (OmV, 0TS PAVNKE
and v avaivon g GFAP avocsodpactikotntag (Ewova 4.6.A). H mocotikr avéivon tov
QOTOYPUPIDV OTOKAAVYE, OTATIOTIKG onuavtiky avénon g GFAP avocodpaotikdtntog
otovg apeiPAnotpoetdeic tov dafntikedv (dov, oe ovdykplon pe ovtodg tov Control
(Control: n=9, 2.55+0.65. Diabetic untreated: n=9, 4.39+0.57, “""p<0.0001 c& cOykpion pe 10
Control). O oayoviotig tov CB2 vmodoyéa, AMI1710 avéotee tv avénon oty
avocodpacticotnte g GFAP (AM1710: n=5, 2.46+0.50, #*p<0.0001 o cOykpion pe 10
Diabetic untreated, p>0.05 oe oOykpion pe to Control) (Ewoédva 4.6.B). Qotdéco, t0
umhokapiopa twv CB1 vrodoyéwv pe tov avtayoviot), SR141716, dev kotapepe Vo LEIDOEL
™mv gvepyonoinon g pakpoyroiog (SR141716: n=6, 4.09+0.62, p>0.05 o cvykpion pe TO
Diabetic untreated, p=0.0003 oe cOykpion pe to Control, **p=0.0008 ¢ cvykpion ue 10
AM1710) (Ewoéva 4.6.B). X0 id10 unikog kopotog pe to SR141716, xwvnbnke xot 1
ovvdvaotikn Bepancio (AM1710+SR141716), kabmhg o0te ot giye KAmolo ENXidpacT GTNV
avocodpactikémra g GFAP (AM1710+SR141716: n=6, 4.61+0.41, p>0.05 ce cOykpion
ue to Diabetic untreated, ““p<0.0001 oe cvykpion pe to Control, ***p<0.0001 oe cOyKpion
ue to AM1710, p>0.05 o€ ouykpion pe to SR141716) (Ewova 4.6.B).
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Ewova 4.6. Emdpdoeig g Oepaneiog pe to KovvaPivogdn] otnv evepyomoinom tng Hokpoyioiog
(x0tTapa  tov  Muller).  (A) Avimpoocomevtikég ewdveg  avocopbopiopod g  GFAP
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avocodpactikotntag. Meyébuvon: 20x. Khipokoa: 50 pum. (B) Tlocotikn avdlvon tg GFAP
avocodpaotikdétnrac. P < 0.01, *p < 0.0001 ce ovykpon pe to Control- ###p < 0.0001 oce
oOykpion pe to Diabetic untreated- ***p < 0.001, ****p < 0.0001 coykpion HETAED TOV SLOPOPETIKOV
KavvoPwoedikdv Bepanetdv. Ta dedopéva £xovv ek@pactel MG 0 HECOC OPOG * TLTIKT OTOKAGON Kol
napovctalovTol e [ Lopeoroyia Tov cuvovdlel to pafddypapiia pe TO SéypapLio S1eTOPac, e
mv kdfe Kovkida va ovimpocmmevel pio dwagopetiky Tn. o v ototiotik)  avdAvon
ypnoomonke pov aviivon dakvpavong (One Way ANOVA), akolovBovpevn and Tukey’s post
hoc yio molamdég ovykpioeig. Ot diopopég Bewpovviav otatioTikd onuavtikés, otav p<0.05.

4.7. H evepyomoinon tov CB2 vmoooyio avaotérlier tnv
gvEPYOTOIN G TNS MIKPOYAoiaS Kol TNV anerev0iépoon TNFa
0TOVG OLUPNTIKOVS AUPIBANGTPOEIOEILS

Mo 11 emdpdoeig Tov dfmnTn Kol TOV KOvVoPIVOEODV GTIV EVEPYOTOINGM TG
pikpoyroiag, KotopeTpridnke Kol Tocotikomowdnke o oapludg TV aVTIOPUGTIKMV
(evepyomompUEV@V) UIKPOYAOIOK®Y KUTTAP®V, UE PACT TO LOPPOAOYIKE TOVG XOPAKTIPIOTIKA
(Spyridakos kat cvv., 2021). IMapatnpndnke oTaTicTKG, oNROVTIKY avénor Tov aptBuod Tev
OVTIOPACTIKOV HKPOYAOLOKGV KLTTAp®V g€aitiog Tov SaPntn, n omoio pEWDONKE HeTd amod
v yoprynon tov CB2 ayoviot, AM1710 (Ewdva 4.7.A). Avorvtikdtepa ta dwapntikd (oo
mov dgv EAaPav Kamown Bepaneia, mapovsiocav avEnon g evepyomoinong e LiKpoyioiag,
otovg oupipAnotpoedeic tovg, oe oxéon pe to. Control {da (Control: n=9, 100.0+£30.32.
Diabetic untreated: n=12, 256.8+101.1, *“p=0.0004 & ctOykpion pe to Control). H Oepameia
pe tov oyoviorn twv CB2 vrmodoyéwv, AM1710, peiwce Spactikd tov aplBud twv
AVTIOPUOTIKMOV UKPOYAOLOK®Y KLTTAP®OY 6TOvG dtapntikovg aueipinotposideic (AM1710:
n=6, 102.3+51.44, *p=0.0010 oc cvykpion pe to Diabetic untreated, p>0.05 ce cOykpion pe
10 Control) (Ewoéva 4.7.B). Qotéc0, katd tnv yopniynon tov oviayoviory tov CB1
vodoyémv, SR141716, dev mopommphdnke wauio oAiaynq otov avénpévo opldud tng
avtdpaoTikng pkpoyroiag (SR141716: n=6, 183.1+60.25, p>0.05 oe olOykpion pe 710
Diabetic untreated, p>0.05 og cOyxpion pe to Control, p>0.05 og oVykplon ue 1o AM1710)
(Ewova 4.7.B). Téhog, ovte 1 otk Bepameia (AM1710+SR141716) dev emnyaye kouia
amolTmOg peiwon oty gvepyomoinon ¢ pkpoyroiag (AM1710+SR141716: n=5,
273.9+101.2, p>0.05 o¢ ocvykpion pe to Diabetic untreated, “p=0.0047 o& chykpion pe 1o
Control, p>0.05 og oOykpion pe to SR141716, *p=0.0106 oe cOykpion pe o AM1710)
(Ewova 4.7.B).

Mo v a&lohdynon tov mhavodv avIIPAEYHOVOI®Y dpAcE®mV TV KOvVOPIVoeddv,
ekt oamd TNV gvepyomoinom NG WkpoyAolog, peTpifnkav kol To  emimedo NG
npogieypovmdovg kutokivng, TNFa. Avti tov CB1 avtayoviot), SR141716, ywo to meipapo
tov TNFa, ypnoywomombnke o CBl aviayoviotig, AM251. Anod v emelepyacio tov
dedouEvav Qavnke ¢ o oPNe odynoe oe avénorn tov emmédmv tov TNFa otovg
apeipinotpoedeic tov (dov (Control: n=4, 271.3+203.2. Diabetic untreated: n=7, 739.3
+235.2, **p=0.0055 o ovykpion pue 1o Control) (Ewova 4.7.C). Tomkn xopriynon tov CB2
ayoviotn, AM1710, odfynoe oe pillikn peioon tov emmédwv tov TNFa otovg drofnticoic
apeipAnotpoeideis, oe enineda ica pe avtd twv Control {dov (AM1710: n=6, 408.0+70.09,
#p=0.0290 oc ovykpion pe to Diabetic untreated) (Ewoéva 4.7.C). Ev avtifécel pe v
mpootoTeLTikn Opdon tov AM1710, o aviaywviotig twv CBl vrodoyéwv, AM251 dev
emnpéaoce onuavtikd to ovEnuéva eninedo tov TNFa ota dapntikd (oo (AM251: n=5,
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476.4+215.3, p>0.05 oe ocOykpion pe to Diabetic untreated, p>0.05 og obOykpion ue 10
Control, p>0.05 o cOykpion pe to AM1710) (Ewova 4.7.C).
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Ewévo 4.7. Emdpdoeig g Oepameiog pe o Kovvafivogdn oty gvepyonoinon g HKpoyAoiog Kot
otnv oamelevBépoon g mpogreypovddovg kvttokivng TNFa. (A) AvImpoocomevTikeég €kOVeg
avocopBopicuov g 1bal avocodpactikdtntag. Toa Agvkd PBEAN vROdekvOOLY  AVTISPOCTIKA,
pikpoyrotokd kotTopo. Meyébovon: 20x. KAipoxo: 50 pum. (B) Tlocotikn avdivon g Ibal
avocodpactikotntog. (C) IMocotikh avéivor Tov emmédov TG TPpoPAeypovddovg kuttokivng TNFa.
"p < 0.01, ™ p < 0.001 o& cvyKpion pe o Control- #p < 0.05, #p < 0.01 oe cVykpion e to Diabetic
untreated- *p < 0.05, ovykpion petaé&d tov kavvaPivoedikov Oepamneiwv. Ta dedopéva Exovv
EKQPACTEL MG 0 PHEGOG OPOG  TLTIKTY ATOKAIOT] KOl TAPOLGLALOVTaL LE [o LOPPOAOYiD OV cuVIVALEL
0 pofdoypappo He TO OAypoppo JoTOpPAac, pe TV Kabe kovkido Vo ovTITPOoc®TEVEL pid
dapopetikn . o v otatiotikn avdiven ypnoipomomdnke poviy avéiven dokvpoveng (One
Way ANOVA), axolovBovpevr omd Tukey’s post hoc yio mollomiég ocvykpicels. Ot dwapopég
Bewpohvioy oTATIOTIKA oNpavTikés, otav p<0.05.

4.8. Ogpanecia pe CB2 ayovier), CBl avroayovieti 1
OLUVOVOGUO TOVG, HELOVEL TO VITPIKO OTPES GTOVG
o pntikovg ap@ipinctposcrocic

310 povtéro TtV Vo gfdouddwv g AAILE, mapatnpnibnke emiong avénomn tov
VITPOTOMTIKO GTPEG GTOVG OO TIKOVG AUPIPANCTPOEdEic, 6T PAVNKE amd TNV avénuévn
avocodpaotikdtnte, Tov NT ot0Vg aueiPAnotposideic mov dev Elafav Oepomeios (Ewcova
4.8.A). A6 TV TOGOTIKY OVGALGT PAVIKE OTL 1 ETOy@YT TOL SlaP1Tn eixe ®¢ amotéAeoua
v avénon tov apBpod tov Betikwv oe NT kuttdpmv, VTodelkvhovIoS TNV TUPovCi
VITpoTmoNTIKO oTpeg otov augifinotpoedn (Control: n=6, 100+£81.10. Diabetic untreated:
n=7, 726.7+73.33,"""p<0.0001 ot cbykpion pe to Control). H yopnynon tov AM1710,
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KOTNPYNOE UEPIKMG TNV €mayOuevn amd to Ofntn avénon g ékepacng tov NT ota
Sopnrikd (oo (AM1710: n=5, 287.9+110.5, **#p<0.0001 oc ocvykpion pe to Diabetic
untreated animals, “p=0.0360 oe& oUykpion upe 1o Control), evd mapduow Sphon
nopotnpHONKe Kot katd v yoprynon tov CB1 avraywviory, SR141716 (SR141716: n=5,
435.9+156.1 cells, *#p=0.0004 oc ocvykpion pe to Diabetic untreated, “p<0.0001 oe
oOykpon pe to Control, p>0.05 og ovykpion pe 1o AM1710) (Ewova 4.8.B). Téhog, 1
ouvovooTtik yopnynon tov AM1710 pe to SR141716, mopovcioce Tnv UEYOADTEPT
OTTOTELECUATIKOTITO GE GUYKPIOT| UE TIG MOVEG Bepameieg, emavapépovtag TANP®S ToV aplduod
tov Oetikdv oe NT xvuttdpwv ota eminedo tov Control (AM1710+SR141716: n=7,
101.1+87.17 cells, #*#p<0.0001 ot cOykpion pe to Diabetic untreated, p>0.05 ce chykpion pe
to Control, *p=0.0243 ot¢ ocbOykpion pe 1o AM1710, ***p<0.0001 oe ocvykpion pe 10
SR141716) (Ewova 4.8.B).

(A) NT DAPL Merge

C

) (% Control) —

Number of NT positive

retinal cells/ area (|,|.m2

Control - +

+

4

Diabetic

+AM1710

@

1500
=3 Control

B3 Diabetic
=3 AM1710
=3 SR141716

M = axn70+
SR141716

2

retinal cells/ area (um~) (% Control)

1000

500+

Number of NT positive

RPE ONL OPL INL GCL

Ewéva 4.8. Emdpdoceig g Oeponeiog [le T0 KOVVOPIVOELdN GTO VITPIKO GTPEG OTOV OUPIPANGTPOELDN.
(A) Avtmpoowmevtikég wkoveg avooopbopiopod g NT avocodpactikotntag. Ta Ogticd oe NT
KOTTOPO EVTOTIGTNKAY GE OAO TO TAGTOG TOL ApEIPANGTpogdovg. Meyébuvon: 20X. Khipaxa: 50 um.
(B) Tlocotikn avdlvon ¢ NT avocodpactikdémrog. (C) TMocotiky avdivon tng NT
AVOGOSPUCTIKOTNTAC GTIC SLPOPETIKES oTIRASES ToV apgipAnoTposdove. “p < 0.05, ™p < 0.001, ™ p
< 0.0001 og ovykpion pe to Control- #p < 0.05, #p < 0.01, ##p < 0.001, #*#p < 0.0001 o€ cVYKpiloN pE
to Diabetic untreated- *p < 0.05, ****p < 0.0001, cOykpion petoc&d TV KovvoBivoeldikdv Oepomeidy.
To dedopéva Exovv ekQPOoTEl WG 0 PEGOG OpOG £ TLUMIKY OMOKAION KOl TOPOVGIAloVTOL HE o
popeoroyic. Tov cuvdvdalel 1o pafddypappa Pe TO SAYPOUR SOOTOPAS, He TNV KABe Kovkida va
AVTUTPOCOTEVEL pia StopopeTikn T, [o TNV 6TUTIGTIKN avAaALoT ¥pNCIOTOmONKE LoV avaivon
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daxdpavong (One Way ANOVA), axorovBovpevn amd Tukey’s post hoc yio moAdandéc cuykpioelg
(B). T v avdivon tov Egympiotdv otddwv (C) ypnoyomomnke duAny avdivon drakduaveng
(Two Way ANOVA), akorovBovpevn oamd Sidak’s avdlvon yio modlaniéc ovykpioeis. Ot dtapopég
Bewpodviav otatioTikd onpavikés, otav p<0.05.

49. Oegpancioo pe CB2 ayoviery 1 CBl oavroayoviet
ot pPEl TNV OKEPULOTNTO TOV CLUUTO-CUPLBANGTPOELOKOD

Ppaypov

Méow mapatnpnoemv v yopotaslkng opydvaong ueydiov pépovg g ypoong NT,
vroBéoape 6t M ypdon avtn Thavov va evtomiletarl Kot o ayysio Tov aUEPANCTPOEIOVC,
extdc amd ta vevpikd kvttapa. Ilpokewévov va emainBevcovpe avtiy v vVEOOeEoT
TPOYUATOTOMONKE ot LEAETN GUVEVTIOTIGUOD, GTOVG OofNTIKOVG ApPIPANGTPOEdEiS, TOV
NT, pe CD31, éva deiktn TV gvdodniiak®mv Kuttdpmv mov cuviétovv ta. ayyeio. [Ipdyuar,
omwg eoivetal kKo oty Ewdva 4.9.A, mapatmpnnke cvvevtomopog tov NT pe 1o CD31,
VTOOEIKVOOVTOG WE OVTO TOV TPOTO OTL To evooONAMokd kOTTOPA GTOV AUEPANGTPOEION
veiotavtal o&edmTiKi/ViTpoToTikn PAGPRN oto poviédo tng AATIE.

Mo v extiygnon TOV ayYEOTPOCTOTELTIKOY OPUCEDY TOV KAVVUPIVOEISIKMOV
Oepaneidv mpaypatomombnke €reyyog g éxepacng tov VEGF otovg dwofnrtucodg
apeipinotpoedeic, ue v teyviky g ELISA. Téco to AM1710 (n=4, 11.19+0.83,
#p=0.0256 ot cOykpion pe to Diabetic untreated), 6co ko1 to SR141716 (n=4, 11.49+0.67,
#p=0.0378 o& cvyKkpion pe to Diabetic untreated), peiocav onpoavrikd to eninedo tov VEGF
otov appipinotpoedn (Ewdva 4.9.B). T v a&lordynon g akepatdTNToG TOV GLULOTO-
apEPANoTPoEdIKoD Ppoyrol (AA®D) ypnopomomdnke n texvikny Evans Blue (EB), n omoia
Bon0d otov TPoGdlopIGUO TG dLPPONG TOV ayYEIDV TOL AUPIPANGTPOESOVG. AVO EFSOUADES
UETE TNV emay@yn tov dafntn mopotphonke avénon g ayyelokng SmEPATOTNTAS GTOVG
aupipAnotpoedeig tov mepopatolomv. ITo cuykekpyéva, o dwafrtng avénoe v dappon
TOV oyYeiov 6Tov aueIPANGTPOELDN, OTmG avnke omd v ovénuévn mocotta EB, mov
aviyvevke ota dafntikd {oo mov dev Elafav Oepancio. (Control: n=4, 0.09102+0.01150.
Diabetic untreated: n=7, 0.3146+0.03621, ***p=0.0007 oe cOykpion pe to Control) (Ewédva
4.9.C). H tomkn xopnynon t6co tov AM1710 (AM1710: n=5, 0.1283+0.01682, *p=0.0021
oe obOykplon pe to Diabetic untreated, p>0.05 oe ocvykpion pe to Control), 6co kot Tov
SR141716 (SR141716: n=3, 0.1160+0.04494, *p=0.0048 ot ocvykpion pe to Diabetic
untreated, p>0.05 og ocOykpion pe 1o Control) (Ewoédva 4.9.C), cuvéfarov oty dpactikn
peimon g Oppong TeV ayyeiov Kol Kot EMEKTOCYT, OTNV OlOTHPNOCN NG OOMIKNG
akepaotTag Tov AAD.
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Ewova 4.9. Emdpdosic g Ogpomeiog pe 1o kovvaPvoedn oty okepodtnto tov AAD. (A)
AVTITPOCOTEVTIKEG EIKOVEG avoGo@Boplopoy g peAétng cvvevtomiopod tov NT pe tov ayyelokd
deiktn CD-31. IapatiBetor kot wopnvikn ypmdon pe DAPI, yio tv ontikomoinon t@v KuTTOpIK®OV
mopnvev. apatnpeitor cvvevtomopog tov NT pe to CD-31 oe éva aopdpo ayyeio omv GCL.
Meyébovon: 20x. Khiipaxa: 50 pm. (B) ITocotikn avdlvon tov emmédwv tov VEGF otovug
Sapntikovg aueiBinotpoedeic. *p < 0.05 oe ovykpion ue to Diabetic untreated. (C) Iocotikn
avilvon Tov emmédwv tov EB mov aviyvedtnkoy otov apeipAnctpoedn towv {dov. T p < 0.001 ot
ovykpion pe to Control- #p < 0.01 oe ocOykpion pe to Diabetic untreated. To dedopéva £xovv
EKQPACTEL MG 0 PHEGOG OPOG  TLTIKTY ATOKAIOT KOl TAPOLGLALOVTaL LE [to LOPPOAOYiD OV cuVIVALEL
10 paPddypappo. pe TO Oldypoppo dlooTOPas, HE TNV KABE KOLKIdM Vo aVTITPOCOTELEL i
dapopetiky Twh. o v otatioTiky avdiveon ypnoipomomdnke povhy ovéiveon diokvpoveng (One
Way ANOVA), axoAiovBolduevn amnd Tukey’s post hoc yw molhamAéc cuvykpioeig. Ov Sropopég
Bewpodvtov cratiotikd onpovtikés, otav p<0.05.

4.10. Aviyvevon tov AM1710 ko Tov SR141716 oTov

ap@ipAnctpocron

H avéivon tov emmédov AM1710 kot SR141716, péow g ypriong HR-LC/MS/MS
aviyvevoe 1660 0 AM1710, 600 kai1 1o SR141716 otov aueipAnctpoeion tov (dov, gikoot-
TEGOEPIG MPEG UETG TNV XOPNYNON TOLG pécm otaydvav. Avolvtikdtepa ota Control (ha
(n=6), ta onoia élafav otaydvegc DMSO (£kdoyo), dev aviyvedbnke odte to AM1710, obte
10 SR141716. Ta enineda tov AM1710 (n=7), ikoo1-téc6Ep1g MPEG PETE TNV XOPTYNCH TOV,
Kopaivovtay oto 49.00+19.00 pg/mg, evd tov SR141716 (n=9), éptacov ta 83.00+13.00

pg/mg.

[94]



20 Mépog: Emdpdoceic tov avactoléov UeTaBOMOHOD TOV
evookavvafvoeldovg 2-AG cg éva In VIVO HOVTELO emayOUEVIG
and AMPA Sieyepo1tolikdtntog 6Tov aUeIPANGTPOELON ETIUVOC

4.11. Ov avactoreic AM12100 (ABHD6 avactoréiog) kot
AM11920 (dwthog ABHD6/MAGL avactoréag), mapEyovv
npootocio ota DNOS Bpayvwva kvtTOopo cvovtiov TG
AMPA oweyeportolikotnrog

[Noa v &&étaon tov TOAVOV VELPOTPOGTATEVTIKAOV OPACEDY TV OVOCTOAE®MV
petaforiopov g 2-AG, mpaypatomomOnke evéoboroedikn cuyyopnynon tov AMPA eite
ue o AM12100 (avactoréag ABHDS6, 10°, 10* & 10° M), site ue to AM11920 (Suthog
ABHD6/MAGL avactoréag, 10°, 10° & 10* M). To AMPA pcimce tov aplOud tov
Bpaydvev Kuttdpwv, cTOC0 01 avacTOAELS petafoAiopod tov 2-AG, émavcay LePIK®MS VTN
mv enidpaon (Ewova 4.11.A). And TV TOGOTIKOTOINGT TV EVPNUAT®V, TPOEKLYE OTL M)
evdopbalia yopriynon tov AMPA, peinoce kotd 71% tov apiBud tov bNOS Bpoaydivav
KLTTAp®V oTov aueAnctposidn, o oyéon pe ta Control {da (Control: n=15, 100 £ 7.056.
AMPA: n= 14, 28.13 + 1.377, ™p < 0.0001 c¢ cOykpion pe to Control) (Ewove 4.11.A). H
xopnynon tov avoactoréa AM12100 mapeiye pepikn mpootacio 6Ta Ppoydive KOTTOPO OTIG
800 vymAotepeg doceig (102 M: n = 5, 41.78 + 2.460, **#p<0.0001 ce cOykpion pe 10
AMPA, "p<0.0001 o¢ cvykpion ue to Control. 10 M: n = 6, 52.37 + 4.226, **p< 0.0001
oe ovykpion pe o AMPA, "™ p < 0.0001 ot cOykpion pe to Control) (Ewova 4.11.B).
Avtifétog oty xopnAotepn d6on twv 10° M, to AM12100 dev eiye kapio enidpoon ctov
apduod tov Ppoydvev kuttdpav (10° M: n =6, 30.57 + 1.322, p = 0.9122 ot chykpion e 10
AMPA, “p < 0.0001 o€ cvykpion pe to CTRL, ****p<0.0001 ot cvykpion pe to 1074 M, **p
=0.0027 oe ovykpion pe 1o 1073 M) (Ewcovo 4.11.B).

A0GOEEQPTMUEVEG TPOCTATEVTIKEG EMOPACELS avodelydnkov Kot pHeTd amd TNV
ocvyyopnynon tov AMPA pe tov dimhd avactoréo AM11920, o omoiog mopeiye pePIKN
VELPOTPOCTOGio oTa Ppoydiva KuTTapo oTig 3o VYNAOTEPES docels tov 10* M (10* M: n =
5, 69.31 + 4.14, ##p<0.0001 cc cOyxpion pue 1o AMPA, ™p < 0.0001 oe chykpion pe 10
CTRL, ***p < 0.0001 o¢ cOykpion pe to AM11920, 10° ko 10°° M) kar twv 10° M (10° M:
n =5, 42,96 + 2.97, *p= 0.0102 o cvykpion pe 1o AMPA, “p<0.0001 o6& chykpion pe 1o
CTRL, ***p<0.0001 o¢ cOykpion pe o AM11920 10* M, **p=0.0060 cc cvykpion pe 10
AM11920 10°® M) (Ewova 4.11.C). H puxpdtepn d6omn tov 10° M tov AM11920, Sev
KOTAPEPE VO EMITTOGEL TV KOTAGTPENTIKY emidpoon tov AMPA cta Bpoydva kottapo (10°
M: n=5, 25.94+3.780, p= 0.8980 oe cuykpion pe 1o AMPA, ****p<0.0001 o¢ cOykpiomn pe
1o CTRL, "**p<0.0001 o¢ cvykpion pe to AM11920 104 M, **p=0.0060 ot cOykpion pe to
AM11920 10°° M) (Ew6va 4.11.C).

[Noa v odykpion g amotelecpatikdOtNTog HETAED TV dpacev TV 00
avaoToAé®mY TOV petafoiiopov g 2-AG, mpayuatoromdnke Eeywpiot avdAivon, Katd TV
omoia cvykpinkav ot dpdcelg Tov povov avactoréo AM12100 kor tov dumhov AM11920
(Ewova 4.11.D). O dumhdg avactoréac, AM11920, oty 86on twv 10* M, epedvice
OTLOVTIKG VYNAOTEPT] OTTOTEAEGLATIKOTNTA 0td TOV Hovo avaotoréo AM12100 (avaoctoréog
ABHDS6, 10* M), otv didcwon tov Bpaydivov kuttdpov and o AMPA (AM11920 104 M:
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**p = 0.0044 cc cOyxpion pe to AM1200 10* M, #*#p<0.0001 oe cOykpion pe 1o AMPA,
“p<0.0001 e cvykpion pe to Control) (Ewodva 4.11.D), eOdvovtag mepimov 1o 70% twv
emmédwv tov Control. Avtibétwg o povog avaoctoréag g ABHDG, AM12100, épbace
nepimov oto 52% tev emmédov tev Control (dov (AM12100 10* M:*#p=0.0001 ot
ovykpion pe 1o AMPA, “p<0.0001 oe chykpion pe to Control) (Ewkéva 4.11.D).
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Ewova 4.11. Emdpdocig tov AMI12100 (avactoréag g ABHD6) kot tov AM11920 (Surhog
avootoréag ABHD6/MAGL) otov erayduevo and AMPA 0davato tov bNOS Bpoaydveov kuttdpov
otov  opeiPinotpoedn. (A)  Avumpooomevtikéc  ewoveg  avocopbopiopod g bNOS
avocodpactikotntag. Ta Betikd oty bNOS Bpoydva kbttapa onuaivovtor pe o Agvkd BEAN Kot
evtomiotnkay katd kuplo Adyo otnv INL, evd devtepevdviog kdmon éktoma evioniotkayv otnv GCL.
Meyébvvon: 40x. Khipoko: 50 um. (B) IMocotikny avéiven tng bNOS avocodpactikdtntog, petd tmy
yopyynon tov AMI12100 (105 10* xou 10° M). (C) Tlocotks avéivon g bNOS
0voGodpacTIKOTNTOC, HETE TV xopiynon tov AM11920 (106, 10 o1 10* M). (D) Zoykpion g
anoteleopaticdtnTog Tov AM12100 kau Tov AM11920 otnv 860om tov 104 M. ™ p < 0.0001 os
ovykpion pe to Control- #p < 0.05, #p < 0.001, ##p < 0.0001 o€ cvykpion pne 1o AMPA- **p < 0.01,
*p < 0.0001 ovykpion petald Sapopetikdv 80cewv (B, C) kor petald tomv SapopeTikdv
avootorénv otny B doon (D). To dedopéva £xovv eKPPacTel MG 0 HEGOG OPOg + TLTIKY amdKAIoN
Ko Tapovcstalovtal He Hio LopPoAoyio mov cuvivalel To PaPOdYpap LE TO O1dypappo SleTOopd,
pe ™V KaBe Kovkido Vo OvTITPoo®mEVEL pio SlopopeTikn Ty, [ v otatiotikny avdivon
xpnoomomnie povi avaivon dakvpavons (One Way ANOVA), axorovBodpevn and Tukey’s post
hoc vy moAhomAég ovykpioegic. Ot drapopég Oewpodvtay otatioTikd onpovtikég, otav p<0.05.
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4.12. O ouhog ABHDG6/MAGL avastoréog, AM11920,
new@vel v emayopevn ané to AMPA egvepyomoinon tg
HIKPOYAOLaG 6TOV Gp@IBANGTPOELON

[pokeyévov va e&eTaotobv 01 TOAVES OVTIPAEYLOVAOIELS OPACEIS TV OVOCTOAE®MV
oto poviého s AMPA  dieyepoltoikdTTos, TPAYLOTOTOWONKAY O0vOGOIGTOYNIKES
avoldoel; e MV xpnon avtioopotog évavtt tng Ibal (deixtng wkpoyAroiog) o
KatapeTpnOnke o aplBudS TG AvTIdPACTIKNG HKpoyAoiag, Bactlopuevol 6TV Lopporoyia TV
pikpoyrowakdv kuttapwv (Ewova 4.12.A). H evéopddia yopriynon tov AMPA, npokdiece
avénomn g evepyomoinomg g WKPOYAOLOG GTOV GUPIPANCTPOELDN, 0TS PAVIKE omd TOV
avénpévo aplfpd Tov avTIdpacTIKOV KpoyAolok®v kuttapwv (Control: n=8, 118.2 + 30.67.
AMPA: n=7, 1001 + 214.5, ™"p<0.0001 ot cOykpion pe to Control) (Ewodve 4.12.B). H
ocvyyopnynon ue to AMPA, tov povod avactoArén, AM12100, dev peiowoe tov aplBud tov
OVTIOPACTIKOV HKPOYAOLOKOV KLTTAP®V G€ Kopio amd TiG TPELS SPOPETIKES OOGELS TOL
yopnyMnke (107° ,10* & 10°° M) [(AM1200 10°° M: n = 4, 899.7+ 443.5, p=0.9737 o¢
ovykpion pe 1o AMPA, “p=0.0038 c& ciykpion ue to Control, ++p=0.0075 ce cOykpion pe
10 AM12100 10° M) (AM12100 104 M: n=6, 811.9+ 364.4, p=0.7613 c& cOyKpion pE TO
AMPA, "p=0.0001 cc cvykpion pe to Control, +p=0.0157 e cOykpion pe o AM12100
10° M) (AM12100 10° M: n = 6, 1288+ 335.4, p=0.3973 ce cvykpion pe 10 AMPA,
“p<0.0001 e cvykpion pe to Control, +p=0.0157 ce cOykpion pe o AM12100 104 M,
**p<0.0075 ce cvykpion pe to AM12100 102 M)] (Ewkéva 4.12.B).

Ev avtiBéoet pe v advvapio too AM12100 va ennpedost Ta pKpoyAoloKa KOTTapO,
N xpnon tov dmhov avactoréa (ABHD6/MAGL), AM11920, emiyaye pio docosEaptduevn
ueimon g evepyomoinong e pkpoyroiac. Avolvtikdtepa otny Youniotepn S6on tov 10°
M, avéoteile pepikmdg v emayouevn and 1o AMPA evepyomoinon TtV HKPOYAOLNK®OY
uttdpov (AM11920 10° M: n = 5, 4434224, *p=0.0004 cc cOykpion pe to AMPA,
“p=0.0227 o¢ cOyxpion pe to Control, ***p<0.0001 ce cvykpion pe o AM11920 107° M)
(Ewova 4.12.C). TIARpNG avasTOA TNG EVEPYOTOINOTG TG HIKPOyAoiag, mapatnpninke otny
vynAdtepn 86om tov 10* M tov AM11920 (AM11920 10“* M: n = 5, 146.3+83.59,
##0<0.0001 oe oOykpion pe o AMPA, p=0.6572 o& cvykpion ue o Control, ****p<0.0001
ot cOykpion pe o AM1192010 10° M) (Ewoéva 4.12.C). Qo1660, KoTd anposdoknto Tpomo
10 AM1120 omv &6on tov 10° M, dev pelwoe tov aplOud TOV AVTISPACTIKMV
HIKPOYAOLIKOY KUTTAp®V 6ToV appiPAnctpoedn (=6, 1151+282.3, p=0.2345 o chykpion
ue o AMPA, "p<0.0001 oe ovykpion pe to Control, ****p<0.0001 oe cOykpion pe 10
AM11920 10* & 10° M) (Ewkova 4.12.C).

Onwc Mrav euoikd, Kotd Tnv cOYKPLoN TNG OTOTEAEGULOTIKOTNTOC HETAED TOL
AM12100 kot tov AM11920, pdvnke 6t 0 dtmhog avactoréoc, AM11920, ftav teplocoTEPO
OTOTELECUATIKOG OTNV UEIMON TNG gvepyomoinong e Hikpoyioiag, oto povtého g AMPA
deyeportoEikotrac. v 86on tov 10 M, o Suthog avacstoréac, AM11920, katdeepe, o
avtifeon pe to AM12100, vo peiwoel TANp®g ToV aptipd TV ovVIIOPUCTIKOV UIKPOYAOIOKMY
KuTTdpwv, oto enineda tov Control (AM11920 10 M: n=5, ***p=0.0002 c& clykpion pe 10
AM12100 10—4 M, ##p<0.0001 oe cOykpion pe o AMPA, p=0.5997 cc ciykpion pe to
Control) (Ewoéva 4.12.D).
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Ewova 4.12. Emdpdocig tov AM12100 (avactoréag g ABHDB) kot tov AM11920 (Surhog
avootoréag ABHD6/MAGL) otnv evepyomoinon ¢ pikpoyloiog otov ap@ipAnctposdn. (A)
Avtmpoconeutikég  gikdveg ovocoebopiopod g Ibal ovocodpooticotnrag. To Agvkd  Péln
VIOSEKVHOVY aAVTIOPACTIKG kpoyAolakd kottapa. Meyébuvon: 20X. KAipoxa: 50 um. (B) Iocotikn
avéivon g Ibal avocodpactucdtnrag petd v yopiyynorn tov AM12100 (105, 10* xar 10 M). (C)
[Mocotuch avéivon g Ibal avocodpastikdtntog petd v yopriynon tov AM11920 (10, 105 kou 10°
4M). "p < 0.05, "p < 0.01, ™p < 0.001, "p < 0.0001 o& cvyKpion pe to Control- #p < 0.001, ###p <
0.0001 o¢ ovykpion pe o AMPA. p < 0.001, **p < 0.0001, cvykpion peTo&ld SLOPOPETIKOV
d6cemv (C) ot petol&d v doeopeTikdv avactoréwv oty b d6on (D). Ta dedopéva €xovv
EKQPACTEL MG 0 HEGOG OPOG  TUTIKY ATOKAIGT KOl TOPOLGLALOVTOL LE Lo, LOPPOAOYia TTOV GLVOVALEL
10 paPddypoppo. pe TO OSudypoppo dlooTOpas, HE TNV KABE KOLKIdM Vo aVTITPOCOTELEL i
dapopetiky Twh. o v otatioTiky avdiveon ypnoiomomnke povh ovéiveon dokvpoveng (One
Way ANOVA), axoAiovBolduevn amnd Tukey’s post hoc yw molhamAéc cvykpioeig. Ov Stopopég
Bewpodvtov cTatioTikd onpovtikés, otav p<0.05.

4.13. Ov avactoreic AM12100 (ABHD6 avactoréog) kot
AM11920 (dwrthog ABHDG6/MAGL avootoriag), peEli®vouy
™mv enayouevyy omé 710 AMPA gvepyomoinon ¢
HOKPOYAOLOS 6TOV GUPLANGTPOELON

Ieportépm €€étaom TV  AVTIPAEYUOVOOOV OpAcemV TV VO  aVOCTOAEMYV,
TPOyUaToToMmOnKe HEC® NG HEAETNG TOV EMOPACEMY OV £XOVV GTNV EVEPYOTOINoM NG
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paxpoyroiag. I'a 10 6KOTO OVTO TPAYLLATOTOONKE AVOGOTCTOYNUIKY LEAETN, LE TNV PO
avtioopotoc évavtt g GFAP, 1 omola amoteAel deiktn g pokpoyAioiog (aoTpoKOTTOPO KoL
kotTapa tov Muller) (Ewova 4.13.A). Ot cuvOnkeg dieyepotto&IKOTNTAG OV TPOEKLYAY OO
v evooeBdiua yoprynon tov AMPA, evvomcay Ty gvepyomoinon tng pakpoyroing, Om®g
eavnke and mv avénuévn ékepacn ™ GFAP otov apeipinotposidn tov (oov (Control:
n=10, 118.2+ 31.91. AMPA: n=9, 943.4+173.1, "p<0.0001 ot cOykpion ue to Control)
(Ewova 4.13.B). Zuyyopiynon pe to AMPA tov AM12100, otnv vyniotepn d6on twv 10
M, peimoe oe onuavtikd Padud v evepyonoinon g pokpoyroiog (AM12100 10* M: n=6,
109.1+9.180, ###p=0.0005 o€ ovykpion pue 1o AMPA, p=0.8372 ¢ chykpion pe to Control)
(Ewova 4.13.B). And v GAAn mhevpd, otnv yapuniotepn 86on twv 10° M, o avactoréag
AM12100, dev &iye kapio enidpoacn otnv pakpoyroio (AM12100 10° M: n=6, 147.7+9.820,
p=0.999 oe cHykpion pue to AMPA, ****p<0.0001 og ovykpion pe to Control, ++p=0.0016
o€ ovykpion pe to AM12100 10* M) (Ewova 4.13.B).

AvALoYEG ETIOPACELG TOPATNPNONKAV KOl KATG TNV XOP1YNOT) TOL SITA0D aVOGTOAED,
AM11920. Zvyyoprynon pe to AMPA, tov AM11920, otnv 860 twv 10* M, peiwoe v
avocodpactikotnte. g GFAP otov apeiBinotposidn tov (dov (AM11920 10* M: n=6,
91.48+9.797, #*p<0.0001 cc cvykpion pe 0 AMPA, p=0.8706 c& cuykpion pe to Control)
(Ewovo 4.12.B). Qotdco, oy yaunidtepn 86on tov 10° M, o dmhdg avootoriog
AM11920, dev emnpéace v avocodpootikoétra e GFAP ko kot eméktacn tnv
gvepyomoinon g pakpoyroiag (AM11920 10° M: n=6, 151.8+12.92, p=0.9889 ot ciyKkpion
ue to AMPA, "p<0.0001 oe ovykpion pe to Control, ****p<0.0001 oe cOykpion pe 10
AM11920 10 M) (Ewova 4.13.B).
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Ewova 4.13. Emdpdaoeig tov AM12100 (avactoréag tg ABHDG) kot tov AM11920 (Surhog
avoctoréag ABHDG/MAGL) omnv gvepyomoinom g poakpoyloiog otov opgifinctposdn. (A)
AVTIpoomneLTIKES 1kOveg avocopBopiopov g GFAP avocodpaotikdtntog. MeyéBuvon: 20x.
KXipoaka: 50 um. (B) Iocotikr avdivon tng GFAP avocodpactikdtnTog HETO TV YOpNynon Tou
AM12100 (10 kor 10* M) xon tov AM11920 (10° xon 104 M). ™™ p < 0.0001 e cvyKpion pe 10
Control- #p < 0.01, ¥ < 0.0001 og ocVykpion pe 1o AMPA. **p < 0.01, ****p < 0.0001, cvykpion
peTa&d TV JaPOPETIKOY d0GE®V TV avactorlémy. Ta dedopéva Exovv exQpacTel ®g 0 pPécog Opog
TUTIKY OTOKMON Kol wapovoldloviar e pio popeoAoyic. mov cvuvovdlel 0 pofdoypoppo e To
Stbypappo dtomopdsg, pe v kGbe kovkido vo avtimpoo®mevEl pio. dla@opeTikn T, o v
OTATIOTIKY] avéAvorn ypnowwomombnke povi] avdivon dSwxodpaveng (One Way ANOVA),
axolovBovpevn amd Tukey’s post hoc yio moAlandéc cuykpicelg. Ot dopopég Bewpodviay GToTIoTIKG
onuovtikés, 6tav p<0.05.
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5. Zvintnon

Ta gvprpato g Tapovcag daTpiPic mopéyovy capelg evoeigels yio TV eUTAOKN
tov EKX oty maboyévela tov apeipinotposidonadeidyv, eved mopdiinia tibevtol Kot ot
Baocelg yo v otdxevon tov EKE ¢ Bepomevtikod péGov Yo TNV OVIHETOTION TOV
Bactkdv TafoELUCIOAOYKOV TTUY®V TV aueiPinotposidonadeidv. To mpdTO HEPOG TNG
SlTpIPng emkevip@Onke oTov €AEYXO TOV VELPOMAPOGTATEVTIKMV, OVIIPAEYLOVOOMV Kol
OYYEWOTPOGTATEVTIKAOV amokpicemv mov eEvnnpetel to EKY kotd ta mpdipa otdoia g AAC.
H yopiynon péom otaydvav tov emiektikon aymviot yio tov CB2 vrodoyéa, AM1710, tov
CB1 avtayovioti, SR141716, kabmdg Kot 1 GLVOLOOTIKY) YOPNYNON T®V 000 AVT®V
TOPOYOVTOV, ETEOEIEE TOIKIAEG TPOGTATEVTIKEG ATOKPIGEIS EVOVTL TOV TPOU®V TAHOAOYIKGOV
yvopwoudtov g AAg  Xto  devtepo  uépog ¢ dwatpiPig  efetdotnkav ot
VEVPOTPOGTATEVTIKEG KOl OVIUPAEYLOVAOELS OPAGELS OVOCTOAEWDY TV UETAROAIK®Y eviDU®V
Tov  evdokavvoPivoewdovg 2-AG, oto poviého g emayouevng and  AMPA
O1EYEPOITOEIKOTNTOG GTOV APPIBANGTPOEY]. AvaAivTtikotepa, eEetdotnikay ol Opdoels Tov
avactoréa ¢ vopordong ABHDG6, AM12100, kabdg Kot TOv OSITAOD OVAGTOAEN NG
ABHD6/ MAGL, AM11920.

To povtého tov 000 efdouddmv ¢ AAC mov Ypnolwonomdnke oty mopovoo
dwTpiPn], mpooopoldlel Ta TPMOIUA TABOAOYIKA GTOLYEID OV CLVOVIMOVTOL GE AVOPMOTOLG
acBeveic pe AA mpdipov otadiov (AAILY). Avo efdopddeg petd v emaymyr| tov dapntn o
emipveg, pe v yopnynon STZ, aviyveddnkav maboroyikég aAlayég otov apeIBANGTPoEldn
TV {OOV, COUPOVEG L TNV Tapovsio veupoek@VAlong. O allayés avtég mepthdupavay
peimon Tov GUVOAIKOD TTAYOVE TOL AUEPANOTPOEBOVG Kot gWdtkdTepa TG INL, peimon tov
apBuod tov OBetikdv oty BNOS, Bpoydvov xuttdpov kot avénon tov Oetikdv oty
kaomdon 3, kuttdpov oty INL. Exni tov mopdvtog, to avénpéve mocooTd KLTTUPIKOD
OovdTov mov gviomioTnKAY GTOVG AUPIPANGTPoEEic TV dwPntikdv (dwv, Ppickoviol o
ovupovia pe peréteg oty Piproypagio mov avapépovv avEnon tov aptdpod tov TUNEL®
kuttdpwv otig otPddeg ONL, INL kot GCL, dvo polig efdouddeg petd v enaymyn tov
dwaPnn (Hernandez kot ovv., 2013; Hernandez kot cvv., 2019). H mieioynoia tov Betikdv
otV Kaondon 3, kuttdpwv gvioniotnkay oty INL, yopic va tapatnpndel onpavtikny ypmon
omv GCL, evd oOpQOVE UE TNV UOPQOUETPIKY] OVAALGN TNG YPOong Aato&uAivng-
Hoocivng dev emmppedotnke obte to mhyog tg GCL, ovte o apiBudg tov yoyyAMokodv
KuTTOp®V omd tov daPntn. Ta evpruata avtd vrodeikvoovy 6Tt 1 datapoyés oty GCL
epupaviCovror mbavotota, apyotepo otnv efeMkTik mopeio g vocov. Ilopdiinia,
Bpiokovtan og cvpemvia pe Ty peAétn tov Martin kot cvv., (2004), otnv omoia oviyveddnke
avénuévoc ap1bude Betikmv oty kaoraon 3, kuttdpwv oty INL podv, dvo efdouddeg petd
Vv enaymyn tov owpntn, evod ailayég oty GCL, 6nwg peiwon tov mhyovg g Kot
eupavion Kuttdpwv Betikdv oty kacmdon 3 kot oe TUNEL, éxavav tv epedvion tovg
HETA TO TEPOG TV Oéka efdopadwv. Katd avdioyo tpoémo ot Gastinger kai cvv. (2006)
avagépovy, 0Tt 0V0 EPOOUAOEG HETA TNV ETay®YN S0Pt O emipveg, mapatnpeitar avénon
NG avoG0dPaCTIKOTNTOC TG Kaomdong 3 kot tov TUNEL og xuttapikode mAnbucspuoidc otnv
INL ov avtiotolyovv 6€ YOAVEPYIKE Kol VIOTAVEPYIKE Bpoaydiva KOTTOPO, VTOJEIKVOOVTOG
emPePordvovtag v dmoyn, 6Tl Ta fpoaydiva KOTTAPO EVOL O TOVG TPATOVG KVTTOPIKODS
TOTOVG TOL APPIPNTPOEBOHG oV emnpedovtal and Tov dfn.
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H moapovoo perétn amotelel pio and TIg TPpOTEG OVOQOPES OV eMPEPardvovy v
EUPAVION EAMAEWUATOV OTOVG GEOVES TOV YOYYALOK®V KLTTAP®V, T, ontoio emPefaidvovtan
a6 Vv peioon g avocodpactikotntos Tov NFL, kabhg kot v peimon tov mdyovs tov,
V0 pOMG eBdopddeg HETA TV emay®yYn TOL Swafrtn o€ emipvec. AVAAOYEG TPOTOTOUGELS
oV avocodpaotikotnte Tov NFL, £éyovv avapeplel, névte fSopddeg LETE TNV EXAY®YN TOL
dwpr (Iban Arias kot cvv., 2018), evd HOPPOUETPIKES OVOADGELS IGTOAOYIKAOV YPDCEWDV,
VTOdEIKVVOVY emiong peiwomn Tov whyovg Tov NFL, tpeig unveg petd v évapén tov dafnm
oe emipveg (Dong kor ovv., 2019). Ov aAlayéc ot0 eminedo TV aEOVOV TOV YoyyAMOK®V
KUTTOP®V, QOIVETOL TOG OTOTEAOVV £va OO To TPOTAPYIKA Tafoyvepkd ototyeia, To omoio
eppavifetol apketd vopig oto ypovikd cuveyéc g AAc. Meléteg o acbeveic e AA, pe v
xpnon ontikng topoypapiog cvvoyng (OCT, Optical Coherence Tomography), eavepdvouv
onuovtikny peimon oto mayog g otpadog NFL (Gungor et al., 2015; Shi et al., 2018;
Vujosevic et al., 2018). ®aivetor pooto, TOG VEIGTOTOL Pio APYNTIKY GLOYETION UETAED TOV
naxovg ¢ NFL kou tng dpydmrog g AAg (Park kot ovv., 2011; Shi kot ovv., 2018).
A&ilel va avapepbei €dm, 0TI N TpOWN peiwon oto Tayog ¢ otPddag NFL, sppavileton
Katd 10 oTéd0 NG TPOKAWVIKNAG AAC, W0l KOTNYOPlOTOINGT 7OV YPNCULOTOLEITOL YioL Vo
TPoodlopioel To apykd otddio g vooov (Peng et al., 2009; Toprak kot ovv., 2020), evd
avapopég €yovv emPefordoet TNV Topovcio edAelpupdtov oto mayxog tov NFL, oe
dapntikode acbeveic yopig ahia epeavn onueio AAg (Vujosevic kar Midena, 2013; Park ko
ouv., 2011).

210 onueio avtd, gvdoya Ba pmopovce va avapwtnfel kaveig, Tov Adyo Yo tov
01010 01 UEAETEC, CLUUTEPIAOUPAVOUEVIC KOl TNE VIOPALVOUEVNS, divovV TOGN onpaGcio oty
LEAETN] TOV EAAEIUUATOV TOL TOPOATNPOVVIOL GTOVG GEOVES TMV YOYYAMOKAOV KLTTOP®V.
[Ipokeyévov vo OMGOVLUE ONAVINGN OTO GLYKEKPUEVO ep@dTNUA, Oa mpémel va
OVOAOYIGTOVLLE TOVG AEOVEC MG AVOYKOIO KOl OVOTOCTUGTO TUNLO TMV YOYYAUK®Y KUTTAP®V,
kaOdc SdpapatiCovy evepyd poOAO OTN UETAPOPE VELPOTPOPIKAOV TOPAYOVIOV TPOG TO
kuttapikd odpata (Nickells, 2012). 'Eyovtag ovtd Katd vov, TEWPUUOTIKE Sedopéval
VTOOEIKVOOUY OTL TPUVUOTICUOL KO YEVIKOTEPA 1 JTAPOEN TNG SOUIKNG KOl AEITOVPYIKNG
OKEPULOTNTOC TOV aEOV@OV, dVVATOL VO, 00NYNOEL GE TPOOJEVTIKY ATPOPIO KUl EV TEAEL GTNV
EKQOAMON TOV KLTTOPIKOV OCOUITOV TOV YOYYAMOKOV KLTTAP®V, HECH OTOTTOTIKMV
diepyacwov (Nickells, 2012). MeyoAdbtepn amddeEN TOL TOPATAVED 1GXVPIGHOD OTOTEAEL TO
HUOVTELO OLOTOUNG TOV ONTIKOV VEDPOL, £va (KO HOVTEAO YAOWK®WUOTOC, GTO OToio M
datopn tov OTTIKOH VEHPOL 00NYEL GE TPOOSEVTIKY) ATMOAELD TOV YoryyAloK®V KLTTap®V (Yi
Kot ovv., 2016). H mpootocio tov a&ovev dudpapatiCel kpicio poro yio v Procudtnta
TV yoyyMok®v kuttdpov (Munemasa kou Kitaoka, 2013; Ribas kot ovv., 2017). Mdéliota,
oV OVOAOYIGTOOUE TO YEYOVOG OTL T YOYYAOKA KOTTOPO €(OVV TEMEPACHEVT] KAVOTNTA
avayévvnong uetd omo PAapn (Goldberg et al., 2002), kpivetor EMITOKTIKY 1) AVAYKN E0PECNC
VE®V TPOT®V Y10, TNV OLOTHPNOT TNG OKEPAULOTNTAG TOV 0EOVMY TOVG KOl KOT™ ETEKTACT TNV
ELLLECT] TPOGTAGIN TWV YOYYAMOK®DV KUTTAPWV.

To Baoikdtepo aitio Tov gvBVLVETAL Y10 TNV TPOOSEVTIKY EKQVUAICT] TV 0EOV®V Kol
TOV KUTTOPIKOV COUATOV TOV YOYYALLKOV KOTTapoVY, uropsl va ovalnmobei oty dtatdpoén
™G opBodpoung (amd 0 oMU TPOG TIC amoANEelg) kol ¢ avadpoung (amd Tig amoAn&elg
TPOG TO OCMUO) 0EOVO-TAUGUOTIKNG PONG, T Omolo OomoTeAel €vo OmO To TPOTUPYIKA
yvopiopote tov dapnrn (Baptista kot ovv., 2019). H oafovo-mhacuatikyy pon &ivar o
LOVOOTIKOG TPOTOG EMKOVMVING TOL KLTTUPIKOD GMOUNTOS HE TIC OMOANEELG TOV VEVPMVO Ko
OTOTEAEL TPOUTAULTOVHEVO TOPAYOVTO Yo TNV SLOTHPNOT TG OHOOGTACTC Kot TNG gvpuoung

[102]



Acttovpylag TV YOyYAMOKOV KUTTAPOV. XNV Topovoo  HeAéTn, mapd v Vmapén
EMEWPUATOV 6TOVG AEOVEG TV YOYYAOK®Y KLUTTAP®V, OTTMG avtd emPBefaidbnkay and tnv
pewmpévn évtaon kot to grattopévo mayos e NFL avocodpactikdtntog, dev mpoékuye
kapio oAlayn obte oto mayog g GCL, obte otov apBpd TV yoyyMoK®V KUTTApOV KATH
Vv avdAivon g 1otodoyikng ypoong Hooivng-AwoatoboAivng. Ta dedopéve avtd, o€
ovvdvaoud pe v avorapéio kuttdpov Betikdv oty Koordon 3 oty GCL, vrodeikvoovv
0Tl 1 POCIUOTNTA TOV YAYYAIOKOV KLTTOPp®V OV emnpedotnke amd tov Owpntn. H
TOPOTNPOVUEV avavTioTolyio UETald TV EAAEWUUATOV OTOVS GEOVEC TV YOYYAMOK®OV
KUTTOP®Y KOl TOV OVETNPEUCTO OplBpd TOV KLTTUPIKOV COUAT®OV TOvS, map’ OTL e pio
TPAOTN MaTIG poavTalel mepiepyrn, evtonTolg £xel Aoykn Bdon. Mio mbavn e&nynon omotelel
TO YEYOVOG OTL TO YPOVIKO dtdoTna TV 600 gfoNAdmV, Tov LEGOAAPNCE LETE TNV EMTOYWYN
ToV OlafnTn, eV eivar apkeTd Yo vo £yl EEKIVIGEL 1 EKQVAIOT] TOV YOYYAOK®OV KUTTAP®V,
®OTOGO EIVOL ETOPKEG Y10 TNV SOMIOTOOT TV EAMEUUAT®OV aTovg a&oveg Tovc. H dwotdpaén
NG OOUIKNG KOl AEITOVPYIKNG CUVEXELNG TOV aEOVOV TOV YOyYAOK®OV KLTTApov, Bo éieye
Koveic OTL amoTeAEl TO «EVOPKTNPIO AGKTIGUO» Y10, TV KIVNTOTOINGT TOV EKPLAIGTIKOV
dlepyooidv mov Ba eEoVTAOCOVY EMELTO TO. KUTTAPIKA COUOTO TOV YOYYAMOKOV KuTttdpov. H
amoyr ovtn Pooileton ev pépel og dedopéva mTov GuvicToly, 4Tt ot PAAPeg TV advav Tmv
YOYYMOK®V KUTTUP®V OTOTEAODV TO TPMTUPYIKE Tafo@uolohoyikd yvopicpoto g AAg
(Toprak kat ovv., 2020; Fernandez kot cvv., 2012, alld kot GAA®V ap@iBANcTposdonadeimy
omo¢ 1o ylovkouo (Maddineni kot ocuvv., 2020) kot mwponyovuvtal TNG OMOAEWSG TOV
KUTTOPIKAOV GOUATOV Tovg. A&lo avagopdg eivar to yeyovog, OTL VIO GLYKEKPUUEVES
npobmofécelg n Prooudra TOV YoyyAMoKOv Kuttdpov dev emnpedaletonl dueca amd tnv
datdpaén tov vevpalovov tovg. T mopdadetypa, ot Soto kot ovv. (2008), ypnouonoidviog
éva HOVTELO YAOLKOUOTOG GE HUES, ovaeépovv Tnv vmapén &vog peydiov opBpov
AELTOVPYIKDY YOYYAOK®V KUTTAP®OV UE OTOLGI0 avAdpoung ypmong pe ¢Bopilov ypvcod
(fluorogold), yeyovog mov cuvioTd KataoTPOEn o€ KAmo onueio tov vevpaova tovg. Ot
GLYYPOPElg avaépouy, OTL Tapd TNV KOTAGTPOPN TOV AN® TUMUATOS TOVG, TO €YYVG TUNLO
TOV 0EOVOV TOPEUEIVE OVETNPEAGTO, GUUBAAAOVTOG TOPAAANAL Kol GTNV PLOGIOTNTO TOV
yayyhMakodv kuttdpov (Soto kar ovv., 2008), evéd avaloyeg anokpicelg éxovv mapotnpnoei
kot og povréha e AA¢ (Fernandez kot ovv., 2012). Ev tpokeiuévem, Topd 1o yeyovog 0Tt dev
napotnPnOnke Odvatog TV yayyAoK®V KuTTapmv, avtd dgv avalpel v mhavn Odmapén
TPOIUOV SOMUKOV Kol AEITOVPYIKOV EAAEWUATOV oTa YoyyAokd kottopd, e&oitiog Tov
dwaPnn. Xe pio tpéceat perétn, ot Amato kot cvv. (2022) ypnoipomolmvtag Eva HoviELo
ovo efdopddwv AAg ce pieg, emaydpevng and oTpentoloToKivy, AvaQEPOLY TNV ATOLGiN
KUTTOPIKOD BovaTov oTo YayyAlokd KOTTOPO, ®OTOGO UEGO OO TNV TPAYLOTOTOINOT
HLOPPOUETPIKNG  avdAvong, emPefaidvovy Ty  Topovcio SOUIK®OY Kol  AEITOLPYIKOV
eMeppdtov o avtd, 1 avanTuén TOV oToimv aiveTol vao TapepmodileTal amd TV Yopnynon
oktpeotiong. To evpnua avtd pmopel vo yopoKTNPLoTEL O peYioTNC onuociog otnv
npoonafelo enitevéng vevpompooTaciog, Kobmg PaIVETOL TMG 1| EPAPUOYT TPOCTOTELTIKMY
avoAOY®V otV Tpoun ¢don g AAg, mpotov okoua TV Evapln TOV EKQLACTIKOV
SlEPYOOIOV OTO YayyMokd KOTTOpO, UTOPEL VO TOPEUTOSIcEL TNV avATTUEN EAMASUUAT®V
omv doun Kol TNV AgTovpyio TOVG, STNPOVING HE GLTOV TOV TPOTO OVETAQPN TNV
(@Vo10A0Yio TOVC.

H mpooctacio tov afdvov tov yoyyAMoK®v KLTTap®v, 1 0ol TPOEKVYE UETA TNV
TOTIKT €QapPUOYN, Héc® otayovav, Tov CB2 ayovioty AML1710, anotelei icwg évo amd ta
omoLdAIOTEPO EVPHLOTO TNG Tapovoag dotpiPig. Meréteg in Situ vPpdomoinong €youvv
avadeifel v mopovcio v CB2 vrodoyémv o€ yayyhMoakd KOTTOPU GTOV AUPBANGTPOELN
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enippov (LU kot ovv., 2000), evd 1o gvpAuoto avtd €yovv emoAnfevdel ko amd
avoocoioToynuikég avorvoelg (Lopez kot cvv., 2011). Qo1dc0, dev VIGPYOLY PEXPL GTIYUNG
otoyeio mov vo emPefoidvouv v mopovsic tov CB2 vmodoyéa otovg G&oveg TV
YOYYALOKOV KOTTOp®V, emipvev. Molatato, otov ou@ifAnctpoedn tov pvaov, o CB2
VTOJ0YENS EKPPALETOL KATA TNV AvATTVEN 6TOVG AEOVEG TMV YOyYAMOK®OV KOTTAP®Y, OOV Kot
emtehel Kpiowo poAo oty KabodNynon tovg mpog Tovg TeAkoVg atdyovg (Duff kot cuv.,
2013). TTapdriinia, éxel omoderybel OTL POPUOKOAOYIKEG TPOGEYYioElS mov ovEdvouy Ta
enineda tov CAMP ko v gvepyomnoinon g npoteivikig Kvaong A (PKA), coufdiiovy o
eMA0pHOTIKOVG UNYOVIGHOVS, TOV TEPIAAUPBAVOLY TNV AVOYEVVIOTN TOL EKQUTIKOD KMVOL
TV yayyhMokav agévev o emipveg (Chierzi kot cvv., 2005). "Eyovtag ovtd katd vov Kot
dobBeicag g 1010 Tog Twv CB2 ayoviotdv va avédvouv To CAMP kot tnv evepyomoinen g
PKA o¢ kdmoleg mepurtdoeig (Borner kot ovv., 2009; Tao kot cvv., 2016), o uropovcape vo.
voBécovpe OTL aVTO PPICKEL EPUPIOYN KOl OTIV TPOKEWEVT TEPIMTMON, UE TOV EMAEKTIKO
CB2 ayovioty, AM1710. Evdgyouévac, to tpoavapepfév pmopel va amotehel kot pio mbovi
e&nynon ¢ a&ovVo-TPOGTATEVLTIKNG JPACTC TOL TPOEKVYE KoTd TNV Yopnynon tov CBl
avtoyovioth/oviiotpopov aywviot, SR141716A. Ilio ovykekpyéva, eivol yvootd Tolg
ndot, 0TL M evepyomoinon tov CB1 vrodoyéa Le KATO10V ay®VIGTH) LELDVEL TNV TOPAYWOYT] Ko
amerevfépwon tov CAMP kot v emakoiovdn evepyomoinon g PKA (Howlett kot cuv.,
1984; Qian xat ovv., 2017), evd N TPOGOECN OVTAYOVIGTOV/OVTIGTPOP®V 0y®VICTOV GTOV
CB1 vmodoyéa £xer v avtiotpogn opdon (Rossi kot cvv., 2011; Qian kot ocvv., 2017).
EmumAéov, n mopovsia tov CB1 vrodoyéa €xel emPePorwbel 1600 ota yayyAloxd kdtTapa,
660 kot 6ToVg GEOVEG TOVG, GTOV ApEIPBANCTPOEN TV emipvwv (Straiker kot cvv., 1999).
[Tépav tovTOoL, VREAPYOVY adOUEIGPNTNTEG amodeilelg mov vosTpilovy TV EUTAOKY TOV
CB1 vmodoyéa otnv kaBodrynon tov aEdvov Tov YoyyAoKov KuTTtdpov Ttpog tov 0dAapo,
Katd 10 Tpdo ovartuélokd 6Tddlo o poeg kal otov Xenopus laevis, pe ta guprupoto va,
ouvnyopolv mwg N xopnynon CBl ayovictdv avacsTtéAiel TV @UCIOAOYIKT avanTuén TmV
aEOvev, gv avTiBESEL e TNV TOPOLGIO OVIAY®VICTOV/AVTICTPOP®V aywviot®v tov CB1,
onoio, paivetal va v vopondd (Argaw kot cvv., 2011; Elul kot cvv., 2022). Tvvorikd,
Bacilopevor ota mpoavapepBévta guprjuata, Oa pmopovcsape vo vrobécovpe 611 0 CB1
avtayoviomg/aviiotpoeog ayoviotc, SR141716A, mépav g SUVOUIKNG EUTAOKAG TOL
GTOVG AEOVEC TV YUYYAMOK®OV KUTTOPOV KATO TNV avartuén, obvotal LEcm EvOg AyvmGTOL,
UEYPL OTIYUNG, UNYOVICHOD VO GUUUETEXEL Kol 0€ €mO0pO®TICODS UNYOVIGHOVS, KaTd TNV
eviAikn Con.

Apxetéc peléteg miéov emPefoidvovv v €kepaocn tov CB2 vmodoyéa otov
apeipinotpoetdn tov onovévintdv (Lu kot cvv., 2000; Lopez kot cvv., 2011; Borowska-
Fielding kot ovv., 2018). Exi tov mopovVTog, 11 GLYKEKPWEVT datpiPr anoteAel TNV TpMOT
avagopd otV Piproypopio. yloo TIC TPOGTATEVTIKEG OPAGEIS 7OV TPOKVTTOLV OO TNV
evepyomoinom tov CB2 vmodoyéa, oe éva in Vivo {owd poviélo AAIIE. AvaAvtikdtepa, 1
TOTIKN YOpNYNon MHEC® otaydovav Tov emiektikov CB2 ayowviot), AM1710, emédeile
TOIKIAEC VEVPOTPOCTATELTIKEG OTOKPICELS 6TO WHOVTELD TV 600 efdopddmv g AAIIZ,
Katopyovtag TAnpec v orxmisto tov bNOS Bpaydiveov Kottdpmy, HEIOVOVTIC TOV oplOpo
TV Oetik@v oty kaondon 3 kuttdpmv oty INL kot dtatnpdvtog mapdAinia to méyog g
0€ QUGLOAOYIKG emimeda. To gupiuaTa Yo TIC TPOCTATEVTIKEG dpdoeig tov CB2 aywviory,
AMI1710, omv peiwon G ekeOAoNG TV Ppoydivev  Kuttdpomv  glvar  TANp®G
dtkatoloynuéva, 101HTEPA UAAIOTO €AV OVOAOYICTOOUE TO YEYOVOS OTL OVOGOIGTOYNMUIKES
peAéteg €yovv avadeifer v mapovcio towv CB2 vnodoyémv ce Ppoayviva kOTTOPO GTOV
apeipinotpoetdn enipvov (Lopez kou cvv., 2011). TIponyodueveg pueréteg tov pyactnpiov
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&yovv emPefoidoel avAAOYEC TPOCTATEVTIKEG OPAGES TOV KOvvapivoelddv ota Bpaydtva
KoTTOpa, dtapecorafodueveg péom tov CB2 vmodoyéa, 6mov m ovyyopnynon tov CB2
avtoyoviot, AM630 pe ta KavvoPvoewdr], KOTNpynoce UEPIKMDS TIG VELPOTPOCTOTEVTIKES
TOVG OpAoES 610 HOVTEAO NG emayopevng and to AMPA appifAnotpogdikng oyotpiog
(Kokona kot Thermos, 2015; Spyridakos kot cvv 2021). TTapdAinio, To 0PUATO VIO TIG
VEVPOTPOGTUTEVTIKEG ATOKPICELS OV dleKTEPaIDdVOVTAL LES® Tov CB2 vmodoyta oe povtéra
aupipAnctpocdonabeimy, emPefordvovtor ko amd TV peAéTn Tov Imamura koi cov.
(2018), otnv omoio 1 evdobdoroedikn yopnynon tov CB2 aywviot), HU-308, usioce v
eKQUMON TV QoTobTodoYéwv Kol Pedtimoe 11§ amokpicels twv o Kot B Kupdtov Tov
niektpo-apeipinotpocdoypoenuatog (HAIY), ce éva poviédo emayouevng omd To0 QG
apPANCTPOEdIKNG EKPOAIONG og poec. [ap’ 6Tt o1 Aertovpyieg mov eEvanpetovvtal amd Tov
CB2 vrodoyéa gival kaAd dtatnpnuéveg Leta&d TV EW0®V Kol 1 OUOA0Yio TOV YOVISIMUOTOG
tov CB2 peta&d avBpomov xoi emipwog kvuaivetar oto 81% (Brown xai cvv., 2002),
€VTONTOLG YPelGleTal 1W10iTEPT) TPOCOYN KATA TNV AVOY®YT TOV EVPNUAT®V OO TOVG EMILVES
oTov avBpwmo, Kab’ 6t Ta TpdTLT EKPpacmg Tov CB2 dhvaton va Sopépouy oNUAVTIKA.

Ev ovtifécer pe tic mpootatevtikég dpdoelg tov CB2 ayovietry, AM1710,
yopnynon tov CB1 avtaywviot, SR141716A, dev enédel&e TPOOTUTEVTIKEG EMOPACELS OTA
Bpaydva kOTTOpa, OMOG PAVNKE Omd TV advvapio TOV VO OVAGTEIAEL TNV OTMOAEN TOV
bNOS Bpaydiveov kuttdpov kot va gumodicel v avénon tov Oetikdv otV Koomdon 3
kuttdpwv oty INL. Ta mopdvia supiuate avtipdokovy Le avapopés otnv PifAtoypaeia, ot
OTO1eg OVAOEIKVDOLV TIG TTPOGTATEVTIKES OPACELS OV EMTELOVVTOL HEGM TNG OVOGTOANG TNG
Aertovpyiag tov CB1, e mowileg emmAokég Tov oafnTn, OTmMG 1 SwPnTiKny veppomddein
(Barutta kot ovv., 2010; Nam kot cvv., 2012; Barutta kou cvv., 2018; Jacquot kat cov., 2023)
kot 1 SwafnTikn kapdopvonddeto (Rajesh kot ovv., 2012). Qotdco, apv wpofei kaveig o
npoonabdeleg ovykplong, Oo mpémel vo avoloylotel OTL Ol TPOGTATEVTIKEG OPUCELS OTA
npoavapepBévta povtéra, emtelécOnkav péocm meplpepikd gvprokdpevav CBL vmodoyéwv
Kol emmAéoy dgv agopovoay vevupikd kouttapa. [ToapdAAnia, o1 KLTTOPO-TPOGTATEVTIKES
OpAoEIC OTO OVAPEPOUEVO. LOVTEAD, EIVOL OG ETL TO TAEIGTOV, ATOTELEGHA TG IKAVOTNTAG TOV
CB1 avtayoviotdv vo, avaotéAlovy 10 o&etdmtikd otpeg (Rajesh kat ovv., 2012; Barutta kot
ovv., 2010), yeyovdc mov amotelel onueio ocOyKAMong pe v mapovceo UeAétn, kobdg to
SR141716A «atdeepe VO HEUDGEL TNV OVOCOOPACTIKOTNTO TNG VITPOTLPOGIVIIG GTOLG
drafnrikode apeipinctpostdeic. H gpappoyn aviayoviotdv tov CB1 vrodoyéa dev amoteel
TOVAKELDL Y10 TIG EMTAOKES TOL OoPNTn, TOo® PAAAOV OTAV OVOPEPOLOCTE GTO VELPLKO
oLOTNUO, OOV 1 KATACTOOY QOiveTal v OlPEPEL onuovTkd. Evdewktikd, oe povtéia
dwfnrikng vevpomdbelog mov oyetiCovion pe tic PAdPec mov mpoxorel o owapnng oe
neplpepkd vedpa, KavvoPwvoedr] omwg 1o WINSS5,212-2 ko 10 HU-210, e&umnpetovv
OVOAYNTIKEC KOl VEVPOTPOCTATEVTIKEG EMOPACEL;, MHECH TNng evepyomoinong tov CBl
vrodoyéov (Ulugol xor ovv., 2004; Zhang kot ovv., 2009). Emmdéov oto KNZ n
CUCTNUOTIKY YOopNYNon Tov evdokavvaPivogdovg AEA, mapeiye VELPOTPOOTOTEVLTIKEG
OpACEIC OTOV MMOKOUTO KOl TOV TPOUETOTOI0 QAOL0 SfnTik®V ETHVOV, Ol 0moieg
Katapynnkov katd v cvyyopnynon g pe tov CB1 avraywviotn, AM251 (de Morais kot
ovv., 2016). Ev mpokeiuévm, 1 cuyKeKpLuévn dtotpiPr] amotedel Ty mpdTn avapopd yio Tig
emdpdoelc evog CB1 avtayomviot) oty BlocoTNTO TMV VELPOV®YV, 6€ £va, Loviélo AAG. Ot
puoveg Giieg ovagopég mov dwbétovpe Yo v eumAokn] tov CBl omv AA, dev
EMIKEVIPMOVOVTOL GTA VEVPIKA KDTTOPO KOl VITOSEIKVOOVY OTL 1) YeveTikn dwarypaor| (knock out)
N 0 PUPUAKOAOYIKOG ATOKAEIGHOG, péc® Tov SR141716A, tov CB1 vrodoyéa, mepiopilovv
™V eKQOAION TOV ayyeimv in vivo kot in vitro (EI-Remessy kot cuv., 2011). Avdloya givol
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KOl TO, €VPRAUOTO OV TPOKOTTOVV omd in Vitro peAdétec, omov m yoprynon tov CBl
avtayovioty, AM251, ce kaAMépyeleg avOpdOTIVOV KVTTAP®V TOL HEAAYXPOL emBnAiov
(RPE), extebeipuévov og cuvOfikes vyming YAvkolng, peimoe tov kuttaptkd Oavarto (Lim kot
ouv., 2012), evd katd mopopolo tpomo, o CBL avraywviorhc, SR141716A, katnpynoe tov
enayopevo amd v ofedmtikn PAAPN, Odvato tov kuttdpov tov RPE (Wei kot cuv., 2013).

H extetapévn mapovoio 0&e10®TIKOD Kot VITPOYEVODS GTPES AMOTEAEL EVOL OO TOL TTLO
Kowd mobopucioloyikd yopaktnplotik@ ¢ AAc. H vupotvposivin (NT), n omoia
ONpovpyeiTOl KATd TNV VITPOTOINGoN TOV TPMOTEIVAOV 610 aAptvo&d Tupocivn, amoteiel Bactkn
EKQOVGT TOV VITPOYEVOLG OTPEC KOl TPOKLITEL KOTA TNV avTidpacn Tov erevbepmv pilmv
o&vydvou pe 1o povo&edio tov almtov (NO) 1 ahhovg petaporiteg tov NO, dnpovpydvtag
KLTTOPOTOEIKOVG TOPAYOVTEG HE duvaTOTNTO VITpoToinong, tovg vrepoéuvitpiteg (ONOOY)
(Bartesaghi ko Radi, 2018). H mapovoia thg ViITpotopocivig £xEl ™G GUECO ATOTELEGHLO, TNV
TPOTOTOIN oM TNG OOUNG KOt TG AELTOVPYING TOV TPOTEIVAV Kol KAT EXEKTOCT TNV d0TdpasNn
NG OUOLOOTAGTG TV KVTTAP®V, 1e 0AEBpLeg cuvETEles Yo Ty Prooiudttd Tovg (Bartesaghi
kot Radi, 2018). Xtmv mapovco gpyocio onuetdOnke onpovikny avénon tov emmEdnv g
VITPOTLPOGIVNG GTOV OUPIPBANGTPOEDN TV TEPapaTolmoy efotticg Tov dafntn, Ommg
QAVNKE OO TNV AVOCOICTOXNUIKY HEAETN pe TV ypnom avticopatog évovtl g NT. To
npoavapepBéy Ppioketon oe dueon ovueovie pe peréteg oty Pipioypaeio  wov
vrodelkviouy avénorn oty Ekepacn g cvvleTdong tov povoéedov Tov alwtov (INOS),
g amelevbépwong NO kat tov emmédwv g NT og mpokiwvikd poviéha g AAC, 1660 in
vivo (Du et al., 2002; Liu et al., 2013; Hernandez-Ramirez et al., 2017; Bunch kot cuv.,
2022), 6c0 ko in vitro (Sun kot ovv., 2010). Idaitepo evoloeépov mapovctdlel To Yeyovog
OTL TOPOLGIO TNG VITPOTVPOGIVIG OTOTEAEL YAPAUKTIPICTIKO YVAPIGUA TOV TPOYDV GTAOIMV
g AAG, pe pedéteg va avagépovy avénon tov emmédwv g NT, entd (Hernandez-Ramirez
et al., 2017) N axoun ko €€ n pépeg (Ellis xar ovv., 2002) petd v enaymyn tov dwofmt ot
emipoec. Ev mpoxeévo, m tomkn yopniynon péocw otayovov tov CBl avtaymviory,
SR141716 xot tov CB2 aywviet| AM1710, katéotelhe o€ onuavtikd Pabud 1o vitpoyevég
oTpES, OMMC Pdvnke and ta petwpéva enineda g NT otovg dafntikovg apgiBAnctposdeic.
H opdon oavt) ogeidetal ev péPel GTNV KAVOTNTO TOV KOVVUPIVOEISIKOV VTOS0YXEDV V.
pvOuilovv v gvepyomoinon M avactoAn g Asttovpyiog Twv NADPH o&edoaocdv, o1 omoieg
OTOTELOVV TIG YEVEGIOVPYEG OUTIES Y10l TNV EKONAWMGT] TOV 0EEWMTIKOD KOl VITPOYEVODS GTPES
(Chung kot ovv., 2011; Chung kot cov., 2012; Jia ka1 cvv., 2014; Morris kai cov., 2022). X¢
cupeovia pe ta Tponyovueva, £xel mpotabel 6Tl 1 gvepyomoinon tov CB1 vmdoyta emdyet
npo-o&edmtikég amokpiosg (Rajesh kot ovv., 2010; Mukhopadhyay kot ovv., 2010) og
TEPLPEPIKE OpYava OTOC 1) KOPOLd, VD TapdAAnAo 0 omokAEIGHOC TG Aettovpyiog Tov CB1
avaotéMel Ty ofedwtikn BAGPN og didpopeg mabnoelg v meplpepikmv opyavav (Tiyerili
et al., 2010; Comelli et al., 2010; Jorgacevi¢ kot ovv., 2021; Szabo et al., 2022). Ztnv AA, 1
in vivo kot in vitro epappoyn tov avtayoviotr) SR141716, ce Swfntikovg pdeg Kot o€
KoAMEPYELEG avOpOTIVEOV eviotnAakdV KuTTdp®V vd cuvOnKes VYNNG YALKOLNS, Lelwoe
pullikd 10 ofedmtikd kot to vitpoyevéc otpeg (EI-Remessy et al.,, 2011). Xtov ido
Tapovopaotn, Bpioketar kot 1 pedétn tov Wei kot ovv. (2013), 6mov to SR141716 avéoteile
TO EMOYOUEVO OO TO VIEPOEEISIO TOV VOPOYOVOL (H20:2), 0&edmTiKG oTpeg 68 KOAMEPYELES
avOpomvov  kuttdpov tov RPE, evioydovtag mopdAAnio v OpuacTnploTNTO  TOL
avtio&eldmtikod evlbpov, g dicpovtdong tov vaepo&ewdiov (Wei kot ocvv., 2013). Ot
avtoéedmtikée amokpicelc tov SR141716 o mepipepikd vevpa, £xovv emPeformbel ko
omv dwPntikny vevpordBetor (Comelli ko ovv, 2010). Ztov avtimoda, n evepyomoinon tov
CB1 vrodoyéa amd gvdoyevi Kot cuvheTikd kovvafivoetdn gival og BEomn va PEIdVEL TIg Tpo-
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0&edMTIKEC 0mokpicelg o TOOOAOYIKEC KOTOOTAGES OTOV EYKEPOAO, YEYOVOS TOL E€YEL
enoAnOevtet in vitro (Duncan kot ovv., 2009) kot amd in vivo peiéteg (Rangel-Lopez kot
ovv., 2015; Lucas Luz kot cuv., 2021). Ot avTio&EdMTIKEG OPACELS TTOV SEKTEPAUDVOVTOL
péow g evepyomoinong tov CBl vmodoyéo €xovv emaAnbevbei ko o povtéda
apEIPANoTpoeldonadel®dy, e TNV XPNOT €X VIVO LOVTEA®V GE OTOUOVOUEVO OUPIBANGTPOELDN
Booewdovg (Bush kot ovv., 2016) kot in Vivo, og évo povtélo emaydpevng omd 10 QOG
VEVPOEKPVOAIONG 6TOV ap@iPAnotposdn tov yaplod zebra (Proano kot cvv., 2023). Mia
mhovn e&Nynon mov pmopel va SIKAOAOYAGEL TNV EULPAVT ACLUP®VIN PETAED TOV PEAETDV,
OXETIKG L€ TO OV T €vepyomoinom 1 1 avaotoAn tng Agttovpyiag tov CB1 vmodoyéa
OVOGTEALEL TO 0EEIOMTIKG KOl TO VITPOYEVEC OTPES, Umopel va avalntnoel Aappdvoviog vToyn
mv evomn g perétng (in vitro vs in vivo), kabmg kot To mpog eEétact cvoTNUa (EYKEPAAOG,
auPPANCTOEONG N KAmolo dAlo Opyavo). EmumAéov axoun kot étav mpokeltol yio to 010
CUOTNUO OVOPOPAS, €V TPOKEWEV® TOV CUPIPANCTPOEdN, €ivol duvaTOV TO SLOPOPETIKA
npotuma Ekepacng tov CB1 vmodoyéa kot ot evdeydpeveg TOKIAOTPOTES AEITOVPYIES TTOV
avtdg eEumnpetel GTOVE EMPUEPOVE KLTTOPIKODE TOTOVS, Vo ivor ot Pacikol vmaitiol yio
auTV TNV dyyoyvopia HETOED TV HEAET®V. YO avtd 10 TPIGHO, OTNV TOPoVcH UEAETN 1|
avédivon tov Eexoplotdv oTIPAdwV Tov auEPANCTPoEdoVg anokdivye g To SR141716
AVECTEIAE UE OTATIOTIKG, OTUOVTIKO TPOTO TNV emaryOpuevn amd tov dafntn avénon tov NT*
KutTapov, poévo otnv GCL (BA. Ewodva 4.8.C), yeyovdc pdioto mov Ppicketor o€ amdOALT
oOUTVOLD. UE TNV TPOCTATELTIKY Opdon tov SR141716 otovg GEovec TV yoyyAlOK®V
kuttdpov (PA. Ewova 4.2.B kot C).

Eni tov mapdvtog, 1 LTOEAIVOUEVT) UEAETN OMOTEAEL TNV TPMTN AVOPOPE GTNV
Biproypapio Tov VTOSEKVOEL TNV AVOCTOATIKY dPAGT £VOG EMAEKTIKOV oywvioth Tov CB2
VTTOSOYEN GTO VITPOYEVEG OTPEG OV eKONA®VETOL 6TOV auEIPAnctposdn. H avdlvon tov
EexmploT®V 6ToPAdwY TOV auePANcTpogdovc vaédelée 0Tt o AM1710, o avtifeon pe to
SR141716, avéotetle tnv emayopevn amd tov Swfntn avénon g NT oe dheg 115
e€etaloueveg otfadeg (PA. Ewova 4.8.C). H peiowon g NT mov mpodkvuye KoTd TV TOTIKY
epappoy” Tov AM1710, mapovstdlel onueic GOYKMONG UE TNV TAEOVOTNTO TOV UEAETOV
omv Bproypapio. Xoapaktnpiotikd, 1 evepyomoinon tov CB2 vrodoyéa oe meplpepikons
1GTOVG, OTT®G 1 Kopdld, To Nmap, ot veppoi, Kot To dépua enPavilel avTloEEdmTIKEG OPUCELS
LELOVOVTAG TNV Tapay®yn kot anehevbépmon dpactikdv piiov o&vyovov (ROS) kot aAimv
popiov pe mpo-o&ewdwtikny dpdon (Mukhopadhyay kot cuvv., 2010; Horvath kot cuv., 2012;
Parlar kot cvv., 2018; Li kot ovv., 2020; Rajesh kat cvv., 2022). e avtifeon pe tov d1ttd
poro tov CB1 610 0&edmtikd otpeg, petald meprpepikdv opydvov kot KN, umopel kaveic
v loyvplotel pe pion oxetikny Pefordtra, 6t o CB2 vmodoyéag dSwapecorafel ovti-
ofeldwTiKéc amokpioelg, oveSaptntov TG eviomong tov. Tov  woyvplopud  awtov
empPePordvovy peréteg 6o KNI 10ov avadeikviouy TIC oVOoTOATIKEG OPAGELS OYMVIGTAOV TOL
CB2 vrodoyéa oto ofewdwtikd otpeg (Choi wxor ovv., 2013; Javed xor ovv., 2016).
Aopfavovtog vaodyn TG TPOOVAPEPOUEVEG OPAGELS TOV TPOKVITOVY OO TOV YEPIGUO TNG
ONUATOOOTNONG O10, LEGOV TOV KAVVOPIVOEIIKMY VTOd0YEMV GTIC 0EEIOMTIKEC OTOKPICELS,
glvar amoAVTOG SKAoOAOYNUEVO TO YEYOVOG OTL GTNV TOPOLGO WEAETN, T CLVOVLAGTIKN
yopnynon tov AM1710 kot tov SR141716 mpoxdieocav TNV UEYOAVTEPN UEIMOT TOV
emmédov ™G NT otovg dofntikodg auePAncTposldeis, 6 GOYKPIOT UE TNV UELOVAOUEVT
yopnynon tovg. H dumdn otdyxgvon 1ov KavvoPivogidtkod GUGTAKOTOS LE OVOOTOAN NG
Aertovpyiag Tov CB1 vodoyéa kot Towtdypovn evepyomoinom tov CB2, eaiveton vo amotelel
TNV WOVIKY OTPATNYIK) Yo TNV HElwon Tov 0&edm-ViTpoyevols otpec oe TafoAoyIKEG
KOTOOTAOELS. L€ COUTAELGT LE TO TOPOVTO EVPNLOTA, 1 Evepyomoinon tov CB1 vmodoyéa

[107]



oTO LOKPOQAya ovéavel TV eoceopvAimon ¢ P38 MAPK kivdong odnymvtog ce avénon
™G mapaywyng avtdpactikdv priav o&uydvov (ROS), evd 1 xopnynomn €ite avToyovieTr| Tov
CBL1 vrodoyéa, gite aymviotn tov CB2 vrodoyéa, avactéliel v mapaywyn ROS (Han kot
ouv., 2009).

H @Aeypovn anotehel koBopiotikd mapdyovia otnv naboyévewa g AAG, pe peéteg
VoL VITOGEIKVVOLY OTL ivol vevBovn yioo TV datdpaén tov AAD (Joussen xai cov., 2001;
Zhang kot ovv., 2011), ev®d kowd TOTO OmOTEAEL €miong M EUmMAOKY NG o€ OlEPYacieg
vevpoekeaong (Costa kot ovv., 2012; Scholz kot ovv.,, 2015). 'Evo empépovg
YOPOKTNPIOTIKO TNG PAEYHOVAG otV AA glval 1 €vEPYOMOINGT TOV YAOLNKQOV KLTTAPMOV
(aotpoxvtrapa, kOttapo Tov Miller kot pikpoyholokd), yeyovdg mov  omotelel
YOPOKTNPLOTIKO YVOPIGHA TOV TPOU®V otadiov ™ AAg (Rungger—Brandle kot cvv., 2000;
Park kot ocvv., 2021). Avogopikd pe TV puKkpoyloio, 1 EVEPYOTOINGT TNG CLUVOSEVETOL Kt
OO o LOPPOAOYIKT aAlayT|, KoTd TNV omoia petofaivel and pio actepoetdods LOpeNGS, Le
AETTEC AMOPLASEC KOTTAPO, TPOG Uio apolPadostdn HOPPOAOYin [LE OTOGVPUEVES UTOPVADES
(Gaucher ka1 ovv., 2007; Chen kot ovv., 2015). Ev cvveyeia, n evepyomomuévn pkpoyAoio
amelevfepdvel KLTTAPOTOEIKES TPOPAEYHOVMOELS KuTokiveg Omwg o TNF-o, n IL-1f o n IL-
6 (Krady ka1 ovv., 2005; Li kot ovv., 2021) mov evioybhovy Thv Tpo-QAEYUOVOON amdKplon
Kol K0T’ €MEKTOOT] TV KLTTOPIKO OAavoto. e Gecn oOVOEST HE TO TPOTYOLUEVE, GTNV
TopoVco, UEAETT, 000 E€POOUAOEC LETO TNV ETAY®YN TOL OlOPNTN, ONUEI®ONKE CNUOVTIKY
avénon otov aplfud TOV AVTIOPACTIKOY MIKPOYAOIOKOV KUTTUP®V KOl TOV EMTEI®V TOL
TNF-a otov apeipinotpocidn tov dwopntikdv (dwv (PA. Ewkova 4.7.A, B kot C).

[Iépav g pkpoyroiag, Katd 10 mpmdo otddo g AAG mapatnpeitat emiong Kot
EVEPYOTOINOT NG HOKPOYAOLOG. AvaAvTikOtepa, 1 aOENCT NG £KPPUCNG TNG TPWTEIVNG
GFAP o1a kottopo tov Miller, e€artiog ¢ vrepyAvkoipiog, amotelel 10 avayvopLoTIKO
onuddt TG evepyomoinong Tovg, Yeyovog Tov emPePoidvetal 1060 o€ 10tovg (dov (Rungger—
Briandle kou ovv., 2000; Barber xou cvv., 2000; Puro, 2002; Hernandez kot cvv., 2013
Hernandez-Ramirez kot ovv., 2017; Picconi kot ovv., 2019), 660 kot 6€ 16100¢ acBevdv
(Vujosevic kou Midena, 2013; Vujosevic kot ocvv., 2015). To avtidpaotikd KOTTAPO TOL
Miller, xatd ovdioyo TpdémMO pE TO HIKPOYAOLOKG, OOTEAOLV 7TNYN WOPAY®YNG KOl
anehevbépwong TpoPAeypoveddv kutokivedv kabng kot ROS (Tu kot ocvv., 2020; Tu kot
ovv., 2021; Nonarath kot ovv., 2021; Albert-Garay kot cvv., 2022; Portillo kot cvv., 2022), ot
omoieg EVIEIVOLV TNV TPOPAEPUOVMOT adOKPLoT, avEAVOLY TV SOTEPATOTNTO TOV OyYEimV
00 AA® (Wang kot ovv., 2010) kot exdyovv tov vevpwvikd Oavato (Qiu kot cvv., 2021).
Id1aitepo evdlopépov mapovotdlel 0 yeyovog 0Tl To avtidpaotikd kottapoa tov Miller
pvOuiouv eupéc®G TIC TPOPAEYUOVMOES ONOKPICELS TV UIKPOYAOUKMV KOl TMV
LOKPOQAY®V, 0LEAVOVTAG TNV £KOPOCT] T®V TPOPAEYLOVOd®V kutokvdv TNF-a kat IL-13
oe avta to kutTopo (Portillo kot ovv., 2017; Hu kot ovv., 2021). X andivtn cvpueovia pe ta
npoavapepBivta, 6To TOPOV LOVTEAD TV dVO eRdopddwmv g AATLZ, o dwufntng avénoe v
éxppaon ¢ GFAP otov apeipinotpoedn tov (dov (PA. Ewova 4.6.A ko B). TTépav
TOUTOL, N aénorn oV Ekepoom g TPoeAeyrovaong kvtokiviig TNFa (BA. Ewdva 4.7.C)
kot Tov avéntikod mapdyovia. VEGF (BA. Ewova 4.9.B) mbavototo o¢ éva Pabud va
oyetiletar pe to aviidpaotikd kotrapa Tov Miller, ko’ 611 amoteAovv TNy mapaywYNG Kot
amerevBépwong téco tov TNFa (Yang kot cvv., 2019; Liu kou ovv., 2021), 660 kot tOv
VEGF (Hirata kot ovv., 1997; Wang kot cvv., 2010; Qiu kot cvv., 2016) o€ povtéha AAG.

AopPavovtog vroyn v vadpyovoa Piproypaeio, 1 KowvoTopio NG TOPOVLGOS
UeAETNG  éykerron emiong o©TO0  yeyovog OTL Yoo mp®dTN  Qopd  emiPefardvoviar ot
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AVTIPAEYLOVAOELS Opdoelg Tov dlapecorafoivtol amd v evepyomoinon tov CB2 vrodoyia,
oe éva in Vivo povtélo AATIZ. Avaivtikdtepa, 1 TOTIKY yopnynomn tov emiektikov CB2
ayoviot, AM1710, ueioce v evepyomoinon g pikpoyroiog (BA. Ewdva 4.7.A ko B) ko
™m¢ pakpoyroiog (PA. Ewodva 4.6.A kot B), kabobg kot to eminedo tov TNF-a (BA. Ewova
4.7.C) otov aupiAnotpoeidn tav dupntikedv (omv. T aviiotolyio pe ta tpoavapepbivia, 1
TAEIOYNOi0 TOV HELETOV TToL apopolv 10 KNX, cuykdivel mpog v nenoibnon 611 o CB2
V0d0YENS Sradpapatilel KopPikd poro otV pLOUICT] TOV TPOPAEYLOVOODY OTOKPIGEDY GTO
pikpoyrotakd kottapa. e moforoyikég kataotdoels oto KN, mapatnpeiton avénon g
ékppaong tov CB2 oty pikpoyroio (Maresz kot cuvv., 2005), evd n evepyomoinon tov
VTOd0YEN Omd €VOOYEVN T OULVOETIKG KOVVOPIVOELD UEUDVEL TNV OVTIOPAGTIKOTNTO TOV
LIKPOYAOLOK®V KLTTAP®V Kol TNV OTEAELOEPOOT TPOPAEYLOVOIDV KUTOKIVOV OTd avTd
(Ehrhart ko1 ovv., 2005; Ma kot ocvv., 2015; Malek ko1 ocvv., 2015). TTépav tovToL, M
evepyomnoinomn tov CB2 vmodoyéa oto pikpoyAolokd kotTopa, gival oe Béon va emdyst v
petdfoocmn Tovg and tov mpopAieypnovadn M1 gavdtumo, Tpog Tov aviipAeypovadn M2 péow
g evepyomoinong tov onpotodotikod povomartiodv PISK/AKY/Nrf2 (Wang kot cuv., 2023),
deyeipovtag mapdAAnia v avénon g Ekepaons Kol ameAevBEPOONG OVTIPAEYLOVOOIDV
Kutokivav, omwg m IL-10 (Correa xor ovv., 2010; Mecha «otr ovv.,, 2015). Ot
avTipAeypovadelg  dpdoelg tov CB2 vmodoyéa emiPePfordvovior kot G HOVTEAQ
apupipAnotpocidonabeidv, Omov m evepyomoinon tov CB2 vmodoyén peuwdver v
gvepyomoinon NG kpoyAolag Kot Tnv  ameAevbEépmorn TPOPAEYLOVOIDY  KVTOKIVMV
(Szczesniak ka1 ovv., 2017; Spyridakos kat cvv., 2021). Télog, ot aVTIPAEHOVMIELS dPACELG
TOL TPOKVITOVY KT TNV gvepyomoinomn tov CB2 vmodoyéa, Exovv avapepbel kat o€ in Vitro
UOVTELD TTOVL TPOcOopoldovy Tov pavdtuvmo AAg, 6mov 1 epapuroyn CB2 ayoviotdv peidvet
To eminedo TV TPoPAeypovadmv kKutokvedv TNF-a, IL-1f kot tov popiov mpdcdeong
ICAM-1 o kolMépyeteg avBpdTvOY evoodnAlakdy KuTTdpmy Kot kKuttdpov tov Muller
(Ontko ko cvv., 2021; Stark kot cvv., 2021). O péhog Tov CB2 vrodoyia oty pokpoyroio
QaiveTol TMOG glval TAPOUO10G LE VTOV oL dtobéTeL TNV HiKpoyAoia, Kabmg oe maboroyikég
KOTOOTAOELS mopotnpeital ovénon g EKEPOcNS TOV GTO, OVTIOPUCTIKG OGTPOKVTTOPO
(Fernandez-Trapero kot cuv., 2017) kot ota kotTapa tov Miller (Guley kot ovv., 2019). v
napovoo perétn, o CB2 oayoviorig AMI1710, katdgepe vo HEUDGEL EMTUYMG TNV
gvepyomoinom ¢ poakpoyioiag, 0nwe amodeiydnke and v ueimpévn ékppoorn e GFAP.
Avaloyo gupfpato avaeépovtal kKot oty HeAéTn Twv Sun kot ovv. (2014), 6mov o CB2
ayoviotg JWHO15 avéctelle tnv gvepyomoinon TV GAGTPOKLTTAP®V GTO VOTINIO HVEAD
emipov, peidvovtag v ékppacn ¢ GFAP og avtd.

Boaowlopevol ce HEAETEC TTOL VTOOEIKVOOUV TIG OVILPAEYLOVAOOEIS OPAGCELS TOV
TPOKVTOVV Ao TNV avacTol] TG Asrtovpyiag Tov CB1 vrodoyéa oe emmAokég Tov Safntn
(Liu o1 ovv., 2010; Barutta kot ocvv., 2010; Nam xot ovv., 2012; Chang kot cvv., 2018),
ovpmephapfovopévov kol evog poviédov AAg (EI-Remessy kot cuv., 2011), oto mapdv
povtého g AAIIEX ypnowomomcape tov CB1 avtaywvior, SR141716. Evtovtolg, oe
TP avtibeon pe v opywkn poag vedbeon, to SR141716 dev emédeiEe oMUAVTIKEG
OVTIPAEYHOVAOELG Opdoels, KoOmG Ogv emnpéoce ONUAVTIKA TNV EVEPYOTOINGoN NG
wikpoyAoiag (PA. Ewédva 4.7.A xou B), g poxpoyroiog (BA. Ewova 4.6.A kot B) kot o
enineda tov TNF-a (BA. Ewodva 4.7.C) otovg Sopntikovg aueipAnotposideic. Tapd Tig
OVOPEPOUEVEG AVTIPAEYLOVOOEL OpACELS TV ovIaywvioTt®v tov CB1 vnodoyéa, emapkeic
eVOEiEEIC LTOSEIKVOOVY OTL 1] AVAGTOAY TNG Asttovpyiag Tov 6to KN, ue v yoprynomn tov
SR141716, av&aver v ékppaon tov NF-KB, tov tpopieypovoddv kotokivov TNF-a, IL-1
and IL-6, tov ynuetokivédvy MCP-1 ka1t CX3CL1, ev®d mapdAAnAo HEIOVEL TNV EKPPOCT| TOV
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avtipreypovmdov kutokvav IL-4 kot 1L-10 (Lou kar cvv., 2018). Ztov apeipAnotposidn, n
yopnynon tov CB1 avtaywviot)] AM251, avénoe v avTidpacTIKOTITO TNG LOKPOYAOTNG Kot
mv ékepaocn tov TNF-o, og éva poviého emayopevng omd 10 QOGS EKPUAICTG GE EMIUVES
(Solifio ko ovv., 2021). Katd mapopoto tpomo, ot CBL avraywvietéc SR141716 kor AM251,
avaotéAlovv v avénon g ékepoong g Arg-1, evog kpiowov yovidiov tov M2
QovOTLTOL NG uHIKpoyAolag, eumodifovrog pe owtdv TOv TPOMO TNV HETAPACT NG
pkpoyAoiag omd tov M1 mpogieypovmdn, mpog tov M2 aviipieyuovadn eowvotomo (Mecha
kot ovv., 2015). Zto mpoovagepfévia Oedopéva, TPOoTIBEVTIOL KOl EVPMUOTO  TOL
AVOOEIKVDOLV TIG AVTIPAEYHOVAOELS SPAGELS TTOV TPOKVLATOVV amd TNV gvepyomoinon tov CB1
VTOdoYE®V, €ite omd ovvOeTkd &ite amd evooyevn kavvoaPivoedn, o€ TAHOAOYIKEG
kotaotdoels oto KN (Panikashvili kot ouv., 2005; Eljaschewitsch kat ovv., 2006; Rossi kot
ovv., 2011; de Lago kot cvv., 2012). Téhog eivor mbovo, n advvapioc tov SR141716 va
emnpedoel v eAeypovn 6to poviého g AAIIY, va opeihetar oty vmopén 6e&ovoAtko
Sopeopod tov (Omv, g mpog v amdkpion tov EKY ce kotactdoelg oAeypovig oto
KNZ. Y76 avt6 1o npicpa, ot De Meij kot ovv. (2021), avagépovv oty puelétn Toug, 0Tl ot
QAEYLOVOOELS amokpicel; otov eyképoro, eEaptmvtar and tov CBl vmodoyéo otovg
apoeVIKODg POEG, evd oTovg OnAvkovg diekmepoidvovtor pécm tov CB2, éva diaitepo
OTUOVTIKO €0PNUE, TOV OTOKTO VOMUO oV ovVOAOYIGTEL KOvelG OTL 6TO TOPOV UOVTEAD TNG
AAILE, ypnowomoniay katd kopto Adyo, Onivkoi emipved.

To 0&e10mTIKO, TO VITPOYEVEG OTPEG KOL 1) PAEYUOVI] TOL TOPOTNPOVVTOL KOTE TO
Tpoipa 6tdda g AAG, cupPdlovy eniong Kot GTNY ELPAVIOT) PIKPO-OYYELOKDOV AVOUOAIDY,
datapdooovtag v euotoloyikn Asttovpyic tov AAD (Frey ko Antonetti, 2011). Xty
napovoo peEAéTN mEpA omd TV onuovtikn avénon tev emmédov s NT  otov
auPPANGTPOEdT TV dufnTikedv (dov, Tapatnpndnke eniong cuveviomopnog e NT ue tov
delkn tov gvdobniokdv kuttdpmv, CD-31 (BA. Ewdva 4.9.A), vrodeikvooviog £tot 0Tl Ta
evoofnilaxd kotTopa, Tov cvvlétouv Tov AAD, voictavtor o&edwtikn PAAPT. To ctoyeio
T EPYETAL GE TANPT CLUE®VIN P HEAETEC 6TV PIBAOYPO@ic TTOL VTOSEIKVOOV avENGT TNG
éxppaong ™g NT oto pukpo-ayyslokd mepiBdiiov Tov apePAnctpoedois dafntikdv (omv
(Mihm xot ovv., 2000; EI-Remessy kat ovv., 2003; Zhu kot ovv., 2015; Lamoke kot cvv.,
2015), evd 1810itepo £VOLOPEPOV TOPOVGIALEL TO YEYOVOG OTL TO VITPOYEVEG OTPEG EMAYEL TOV
Bdvato TV evooBNAMOKOY KLTTAPOV, HECH TNG KIVNTONOINOTNG OMOTTMTIKOV OlEPYOCIDV
(Mihm xat ovv., 2000). H vitpoyevic PAGPN mov veictavtal ta evéodniakd kdttapa,
arotelel mBovOTATO KO TNV oTiol TNG ALENUEVIG ayYEWKNG dloppons TTov mapaTnpionke
oty mapovoa perétn (PA. Ewova 4.9.C), énmg avth ekTiunqdnke pe v xpnon g tevIKng
Evans Blue. H avénon tng damepatdmroac tov ayyeimv, eoivetanr Tdg eivol évo apKeTd
npoipo maboloyikd yopoxtnplotikd g AAILE, kaB’ o611 avéloysg petaforég otnv
damepatodmTa TV ayyeiov avagépoviol non €€ (Qaum kot ovv., 2001) 1 ko entd MUEPES
(Bucolo kot ovv., 2009), petd v emaymyn tov dwfnmm pe STZ ota mepapotolmoa. TTépa
oo 10 0EEWMTIKO Kol TO VITPOYEVEG OTPES, oty datdpaén tov AAD cuUUETEXOLV KOl Ol
TPOPAEYUOVMOELS KVTOKIVEG. H adénom tng Ek@pacng TPOQAEYLOVOIMOV KUTOKIVAOY 0TV AA,
omwg o TNF-o xou n IL-1B, evepyomowovv v mpwteivikny kwvdon C {Ata (PKCE), ue
amotéAeopa TNV peimon m™¢ ékppoong tov mpoteivoy ZO-1 ko claudin-5, mov sival
VIEVOVVEC Y100 TV SLOTNPNOT TOV GTEVOV GUVIEGEMV HETOED TOV EVOOIMMAKOV KUTTAP®YV,
avEAVOVTAG e OVTO TOV TPOTO TNV OOMEPATOTNTO TOV AYYEIOV TOL QUPPANGTPOEIBOHS
(Aveleira kot ovv., 2010). Iopddinia, ta avénuéve enineda tov VEGF omv AA (El-
Remessy kot cvv., 2003; Kim kot ovv., 2009) dotopdocovy v akepotdtnta tov AAD,
PMGPOPLAIDVOVTAG TIG TPMOTEIVEG TOV GUUUETEYOVY GTO GYNUATIOUO T®V OTEVOV GUVOECEMV
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petald tov evdodnhlokmv kuttdpov (Antonetti kou cov., 1999; Murakami kot cvv., 2012).
Ta mpoavapepbévia Ppickovial 6 GUYKAON HE TO, EDPNUATO TNG TOPOVCOS UEAETNG, OTTOL
aviyvevnke avénon tov emmédwv tov TNF-o (BA. Ewova 4.7.C) kat tov VEGF (BA. Ewcova
4.9.B), otovg oupipinotpoeideic twv dwfntikedv (owv. H yopriynon pe v popon
0pBoAIKOV oTayovev 1000 tov CB2 aywvioti, AM1710, 6co kot tov CB1 avtaymviot,
SR141716, peiwocav onuaviikd tnv ayyeokn owppon (BA. Ewodva 4.9.C), yeyovog mov
mhavotato oyetileton pe v peimon tov emmédov tov VEGF mov emetevydn omd v
yopniiynon tov dvo kavvapvoedikdv avardyov (L. Euwovo 4.9.B). Edwdtepoa yuo 10
AMI1710, n TapatnpoOUEV QyYELO-TPOGTATEVTIKY] OPAGT], EVOEYOUEVMS VAL EIVOL OTOTEAEG LA
™G KovOTTAS Tov Vo petwoel Ko to emineda tov TNF-o (BA. Ewodva 4.7.C) otoug
SwPntikods oupiinotpoedeic. Ot mporeybeiceg, odlapecorafovpeveg péow tov CB2
VTOJ0YEN, OYYELO-TPOGTATEVTIKEG OPACELS, GUUPOVOVV UE evprHaTa otV PipAoypapio mov
VTOOEIKVOOUY OTL 1| EVEPYOTOINGT] TOV, OVOCTEAAEL TNV (QAEYLOVAOON OTOKPION Kol KT
enéktaocn Tov Odvato in Vvitro, og kaAMépyeleg ovOpOTIVOV  aUPBANCTPOEISIKGOV
EVOOOMALOKAV KUTTAPOV, EVD UEIMVEL EMIOTG CNUAVTIKGE KOl TO DYNAGL TOGOGTH OryYEIOKNG
dappong, emoyduevng and evdovaroedikn Eyyvon tov TNF-o, in vivo ce poeg (Ontko ko
ovv., 2021; Stark kot ovv., 2021). Avaloyeg mPOGTATEVTIKEG OPAGELS GTO HUIKPO-0yYELOKO
TEPPAAALOV TOV AUPIPANOGTPOEIBOVE TPOKDTTOVY Kal KOTA TNV OVAGTOAN TG AELTOVPYiag TOV
CB1 vnodoyéa, kaf’ 6tL 1 xoprynom tov avtayoviot, SR141716 peidvel v otévemon Tov
ayYEI®V KOl OVOGTEAAEL TV OMUOLPYI0 AVOUOA®MY OYYEWK®MOV GUUTAEYUATOV, GTO UOVTEAO
™mg emayouevng omd MNU, apeipinotpoedikng ekoviiong (Chen kot ovv., 2018), evod o
810G avtayoviotg dloom®let To evoOnAlaKd KbTtapa o€ in VIVO kat in Vitro povtéda g AAg
(El-Remessy kot cuv., 2011).

Ye avtibeon pe Vv opywkn pog vmdbeomn, m ovvévactikny yopnynon tov CBl
avtoyovio™ pe tov CB2 ayoviot, 6gv NTav MO OXOTEAEGUOTIKY GTNV GVIIUETOTICN NG
VEDPOEKPUAIOTG KOl TNG (QAEYHOVNG ©T0 Tapov poviého g AAIIEZ. Movn eéaipeon,
omotélece 1 EmOpPAON TNG OLUVOLOOTIKNG Oepamelag ©TO  VITPOYEVEG OTPEC GTOV
apPPANCTPOEd TV LDV, KATOPEPVOVTIS VO LELMGEL TANPWG Ta. avénuéva emimeda tng NT
ekel (PA. Ewova 4.8.A ka1 B). TTEpav tovtov, 0 cuvdvacuog tov AM1710 kot tov SR141716,
Ntav e£icov UmTOTELECUATIKOG LE TIC UELOVOUEVEC Oepameieg, GTNV OVAGTOAN TNG UTMAELNG
00 NFL otovg dwapntikove augipinotposideic (BA. 4.2.A, B ko C). Emnpocbétwg, mapd
v advvapio Tov SR141716 va mpootatéyet o bLNOS Bpoaydwva kdttapa (BA. Ewova 4.4.B),
N GLVOVAGTIKN YOPNYNON ATOdELYTNKE KAV Vo Tawoel TV amdrelo Towv bNOS kvttépov
omv INL, pe pikpotepn Opmg omoTeAecUATIKOTNTA GE GOYKPLOT [E TNV Hovn Bepameio e Tov
CB2 ayoviot), AM1710 (BA. Ewodva 4.4.B). Xtov avtimodo, Kotd TOV GUVOLOGUO TOL
AMI1710 kou Tov SR141716, dev mapatnpnOnke onpovtiky peimon ovte g uikpoyioiog (PA.
Ewova 4.7.A ka1 B), obte g poxpoyroiag (BA. Ewdva 4.6.A ko B). TTapd v advvapio tov
SR141716 va eanpedoet v avtidpactiky pikpo- (BA. Ewova 4.7.B) kor poxpoyroio (BA.
Ewova 4.6.B), 0o mepipeve «woveig OTL katd TNV GOVOLOGTIKY YOPHYNON T®V
Kavvapvosdikav  avardyov, 0o mopatnpovoope oavéioyn ueimwon pe  avty  wOV
napaTnpnnke kotd v yopnynon tov CB2 aywviot, AM1710. To npoavaeepBév, map’ 6t
UE U0 TPOTN UaTid evéxel €vo, Pabud Aoyikng, eviodtolg dev avtikatomtpilel TApOC TV
napoyuatikomra. Onwg 6lot ot GPCRS, étot kat ot CB1 ka1 CB2 kavvofivoeidikoi vodoyeic
dnuovpyodv etepo-duuepn ovpmiéypoto oe vevpmveg (Callén kot cvv., 2012; Rodrigues ko
ovv., 2017) aA)lé kol og pKpoylolakd kOTTapa, To OTolo LAAMGTO KOTO TNV EVEPYOTOINGT
TOVG KOl GE OmOKPLON OTIV TOPOLGIO PAEYLOVIG, ALEAVOVY TNV EKPPOGCT] TOV ETEPO-OIUEPDV
ovumAeyudtov tov CBL/CB2 vmodoyxéwv (Navarro kot ovv., 2018). To 1dwaitepo
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YOPAKTNPLOTIKO 7OV eUPOVILOVY TO ETEPO-OLUEPT] OVTE GUUTAOKN TOV KOVVABIVOEIOIKOV
VTOd0YEMV, gival 1 dAANAETIOpaoT TOv gUEAVILOVY GTIC OTOKPIGEIS TOVG, UE O GLYVO TO
(OVOLEVO TOV OLUGTAVPOVLEVOD OVIAYMOVIGUOV, OOV O OVTOY®VIGTNG Y10 TOPAELYLM TOV
CBL1 vrodoyéa avaoctéddel emiong v amokpion tov CB2 vrodoyéa (Callén kat ovv., 2012;
Rodrigues kot ovv., 2017; Navarro kot ocvv., 2018). Ev mpokeévm, 10 mpoavapepbév
SIKOLOAOYEL TNV AVIKAVOTITA TG GLVSLOOTIKNG Yoprynong tov SR141716 pe to AM1710, va
LEUDGEL TNV EVEPYOTOINGT TNG AVTIOPACTIKNG WKPOYAOiaG Kot pakpoyioiag, omd v dmoyn
611 10 SR141716, mbavotato va avésTelle kol TV gvepyonoinon tov CB2 vmodoyéa, mépa
amo6 tov CB1.

H wyopio cuviotd o maboroyikr] KoTdoTOo KATE TNV OMoid O TEPLOPIGHOS TNG
OLLOTIKNG pong ota ayyelo odnyel oe peiopévn mapoyn o&vydvov kot yAvkolng, tev 8o
Boaokotepov otoyeiov mov ypnolomolodviol otov kKuttopikd petaforoud (Ishikawa,
2013). Apeon ovvémelo ™G oyoiog sivar m deyeporto&ikdnTa, 1 omoia HECH EVOG
KOTOPPAKTN YEYOVOT®V 001 YEL GTOV KVTTAPIKO Odvato. AVOAVTIKOTEPQ, 1| TOPEUTOSION TNG
TOPOYNG OPENTIKOV GTOLYEIV TPOG TOVG VEVPMVEG GUVETAYETAL TNV HEIOT TNG TOPAYOYNS
ATP, yeyovdg mov dotapdocet Ty opoAn Asttovpyia tov aviiidv Nat/K*, Na*t/Ca?" ko Ca?*
(ATPdoec) (Reyes xar ovv., 2012; Kirischuk kot cvv., 2012) wxou xat’ eméktoon tnv
Katavou] TOV 1OVIOV HETOED TOL EVOOKLTTOPOL KOl TOL &EMKLTTOPIOL TUNUATOG,
avédvovtag v eEokvttdpwon Tov yrovtouvikod (Reyes kot cuv., 2012) kot avactéAoviog
mv  emavonpoécinyn tov (Gerkau o ovv., 2017). H avénon tov emmédov Tov
yAoutopvikol eEantiog tng toyoupiag odnyel oe vrepevepyomoinon twv NMDA vrmodoyéwmv
Kot 6TV emokdLovdn ovénom g e1opong Wvimv Ca?* 61o ecmTEPIKS TOL KLTTAPOL, TO. OTTO0L
LE TNV GEPA TOVG S0TAPAGGOLY TNV PUGIOAOYIKY] OLOIOGTAGT] TOVU KUTTAPOL GULUUETEXOVTOG
GTOV GYNUATICUO eAeVBepV PILDOV KOl EVEPYOTOLDVTOG 0GPECTIO-EEUPTMUEVE CTLATOSOTIKG
LLOVOTIATIOL TTOV EXAYOLV TNV OTOTTMGCT TOL Kuttdpov (Sattler kot Tymianski, 2000).

H deyeporroikotnto amotelel pio amd TIC POcIKOTEPEC auTieg TG VELPOEKPOAIONG
kot Owdpapatifer kouPikd polo oty  mAEOYNEOI TOV  AUEPANCTPOEOOTUDEIDY,
ocoumeptiapPavouévng kot g AAgG Xtov apeipinotposdn Swfnrikov {oov  Eyovv
aviyvevbel avEnuéva emineda eEwkvttdpiov yrovtauvikov (Lieth kol ovv., 1998; Puro xat
ovv., 2002; Alomar kat ovv., 2021). H avénon avt ivor dpeon ovvémneio Tov 0&edmTIKoD
otpec (Mysona kat ovv., 2009) kot TG GAEYUOVIG, TTOL TOPOTHPOVVIAL KOTO TO TPDIUO
o01ad0 ™G AAG, Ta omoio. 0dNYOUV GE QLUGAETOLPYID. TOL UETAPOPED TOV YAOVLTUUIVIKOD
GLAST oto ylowokd kottapa, (Li kou Puro, 2002; Zeng xat cvv., 2016) xabmhg kot otnv
QVO10A0YIKN Agttovpyia TG cuvbeTdong g yAovtauivig, evog evihIoV TOL GUUUETEYEL GTOV
petaforiopd tov yrovtapvikov (Lieth kot ovv., 2000; Lieth xat ovv., 1998). To avénuéva
EMimed TOL YAOLTAUIVIKOD TTOV TOPATNPOVVTOL KATH TO TPDILO oTAo10 TG AAG, €KTOG amd
TNV €KKIVIOT VEVPO-EKPLAIGTIKOV SlEPYACIOY, GLUPBAAOVLY KOl GTNV EUPAVIOT] TPOLUOY
UIKPO-OYYELK®Y oveLoM®V, Thovotate pécm g avénong oty ékppacn tov VEGF, 6mov
napatnpeiton katd v vaepevepyonoinon tov NMDA vrmodoyéa (Kusari kat cuv., 2010).

Mo v perétn tov polov g deyeportolikdtntag otnv Tofopucioloyio TV
auppAncTpoedonafeldv, KabMC Kot Yo TV oviyveuorn VEOV QupPLOKOAOYIKMOV ToPAyOvVImV
L€ VEVPOTPOGTATEVTIKES 1O1OTNTEG, £XovV avamTuyfel (oucd povtéda dieyepotto&ikdtnrag, Ta
omoiae Paciloviar otV €vOODOAOEISIKT £yYVoN GVOAOY®V TOL YAOLTOLIVIKOD, OTMG TO
NMDA (Bai kot cuv., 2013), to kaiviké o&o (Lulli kot cvv., 2012; Fleming kot cov., 2019)
ko o AMPA (Kiagiadaki kou Thermos, 2008; Kokona kot Thermos, 2015). Xty moapovoa
UEAETT] YPT|CLUOTOMGOUE TO UOVTEAO NG emayouevnc and to AMPA deyepottolikdtntog
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otov ap@iPinotpoedn emipvwv (Kiagiadaki kow Thermos, 2008), mnpokeyévov va
EKTYWNOGOVUE TIG OpAcelg Tov eELANPETEL 1 AvaGTOAN TV eviipmv petafoiiopod g 2-AG
(ABHD6/MAGL) évavtt g dieyeportoikotnrag. H evdoborogidikn éyyvon tov AMPA
odnynoe oe pwikn peiwon otov apiBpd twv BNOS* Bpoydivev kvttdpwv oTov
apePAnotpoedn, 24 mpeg petd v yopnynon tov (PA. Ewodva 4.11), o TAnpn copemvio pe
nponyovueves peréteg tov gpyactnpiov (Kokona kot Thermos, 2015; Dionysopoulou kot
ovv., 2020; Spyridakos kot cuv., 2021).

H vrepovoocdpevon acPeotiov  evtdg Tov  KLTTAPOL  Sadpapatilel,  Om®G
mpoavapéPOnke, KouPukd poélo otnv deyeportobikdtnra, kof’ 0Tl STOPACGEL TNV
OMOOGTOTIKY) 100ppoTTia. Ko ndyel Tov Odvato tov kuttapov (Sattler kot Tymianski, 2000).
Kot outév tov tpémo N Samepatdtnto | un ot 1dvra Ca®, 1ov 10vIoTpomikdv vrodoyimv
TOV YAOLTOUIVIKOD, KaBopilel TNV KOVOTNTA TOVG VO EMAYOLV TOV KLTTOPIKO Odvoto o€
ouvOnkeg deyeporto&ikomrag (Sanelli kot ovv., 2007). Eivor yvwotrd o6t oo NMDA
vodoyeic eivar dlamepatol oe 10via acfeotiov Kot Yyl apkeTd Kopd Bempodviav m¢ ot
Baowkoi vraitiol yio v epedvion deyeporto&ikomrag (Skeberdis ko ovv., 2006), yopig
oumg va €xet 0o0el 1 amoutovuevn mpocoyn oto poro twv AMPA vmodoyimv. Apyikd,
ebempeito 011 0 poAog Tov AMPA vrodoyémv otnv dieyepottoikotnto meptoptlotay povo
otV omopdkpouven tov Mg? amd tov Siawrko tov NMDA vrodoyéa, kadiotdviag Tov
Sramepatd og 16vra Ca?* (Ben-Ari kat cuv., 1997). Me v mépodo tov ¥pbvov, dev pynce va,
amokoAvebei o kpicyog poAog mov dadpapatilet o AMPA vrodoyéag otnv dopecorafnon
TOV YEYOVOTOV NG Oleyepottodikotntag. Edwotepa, avadeiynke 0Tl 1 ayoylndTnIo TOU
AMPA vrodoyéa og 16vra Ca?*, eaptdror amd v mopovsio 1 6yt ™G vropovadac GIUA2
otV TETpOpEPY dopr| Tov vodoyéa, N omovsia g omoiog Tov kadioTd Sramepatd oto CaZt
(Guo ko1 Ma, 2021).

Ttov ou@iAnotpoedn] emipvwv, N evtomion twv Swamepotdv oe Ca?t, AMPA
Vodoy£mv, oe votvTovg Ppoydivov (Morkve kat cuv., 2002; Chavez koaw Diamond, 2008;
Chévez kot ovv., 2010) xar opilovtiov kuttapwv (Osswald kot ovv., 2007), givar cOpeovn
HE TOLG OvTioTOoVS TANBLGHODS KLTTAP®Y 7OV TANTTOVTIOL 010 Woviého tng AMPA
deyeporroikdmrag otov apeipinotpoedn (Kiagiadaki wor Thermos, 2008; Kokona xat
Thermos, 2015). Xta yayyhaxd kdttopo emipvov, 1 ékepacn v AMPA vrodoyéwv,
Somepatdv oe Ca?', éyel emPePoumOel xatd TV avamtvélaxh nepiodo, 6mov aivetar 6Tl
avtoi ot vodoyeig (Rorig kot ovv., 1993; Zhang kot cvv., 1995) cuppetéyovv evepyd ota
YEYOVOTO. TOV TPOYPOUUOTIGUEVOD KLTTOPWKOD BovAiTov ToV YoyyAMOKOV KLTTAP®V, TOL
ocvvteAeital katd v mepiodo avth. Ta yoyyAlakd kOTTOpE EVAMKOV ERIPLOV ©GTOGO,
eaivetor vo elvor avBektikd oty dwpecorafodpevn péoow tov AMPA  vrodoytwmv
deyeporroikdmra (Kiagiadaki kot Thermos, 2008), mbavotata e€artiog ¢ UEI®UEVNC
ékppaong  Swamepatdv oe  Ca?*, AMPA vnodoyfov ot ovtd. Evtovtolg, kowoi
Ta0o0PLGIOAOYIKOL UNYOVIGHOL, TOPOVTEG OTNV TAEOYNOIN TOV AUEPANCTPOEOOTUDEIDV,
Om®C M QAEYUOVN KOl TO OEEWWTIKO GTPEG, UTOPOVY Vo avENGOLV TNV EKQPACT TOV
Samepatdv oe Ca?*, AMPA vrodoyémv oto yayyMokd koTTapa, Kadiotdviag toug £Tol
KOVOUG VO, OlOUECOANPNOOVY  ammoKpicEl O1eyEPCITOEIKOTNTAS KOL VO, 00NYNOOVY GTNV
EKQVAION TV yayylokdv kuttdpov (Cueva Vargas kai ovv., 2015; Park kat ovv., 2016).
Idwaitepo evolopépov mapovotdlel 1 pedétn tov Santiago kot ocvv. (2009), omv omoia
TOPATAPNOOY UEI®ON TG TPOTEIVIKNG £kepacng ¢ vrouovadag GIUR2, cuvolikd otov
au@PAnoTpoedn, pia, téoceplg kol dmoeka EROOUAOEG LETA TNV ENOYWYN TOL dtofnTn He
STZ ot enipveg, yeyovdg mov GuVIGTH evioyuon g éxepoong Tov damepotdv oe Ca?',
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AMPA vrodoyéov kol avénorn g evoucnciag twv vevphvevy, otV SeUECOANBOVLEVN
péom tov AMPA vrodoyéwv dieyepotto&ikdtnra.

Yy mopovoa daTpiPr], N evooDAAOEIDIKN Yoprynon tov ovactoréa g ABHDG,
AM12100 ko1 tov OSuwhov ABHD6/MAGL oavactoléa, AMI11920, mapeiyav pepiky
npootacio. ota bNOS* Bpayvwva kottapa pe docoefaptdpevo tpoémo, av&hvovtag Ta
evooyevn emineda g 2-AG otov aupipAnctpoedn]. Ta guvpiuate AVTE CLUEMVOVY ATOAVTA
UE TPOMYOVUEVEG UEAETEG TOL EPYOCTNPIOV, OV VTOOEIKVOOLY OTL VEVPOTPOCTATEVTIKEG
dpaoelg kavvapivoeldikdv avaidymv, otwg 1o AEA, 1o pebavavrapidio (methAEA), 1o
HU210 (Kokona kot Thermos, 2015) kot to WINS55,212-2 (Spyridakos kot cvv., 2021),
emrelovvTal PEc® TG gvepyomoinong tov CB1 vmodoyéa, oto LoVTELD TNG EXAYOUEVNG OO
AMPA  apeipinotpocdikng  deyepottoikomrog. Kotd avdroyo tpoémo m eEmyevnig
evooDaA0EdIKT yopnynon g 2-AG, £xet SopuecoraPel VELPOTPOGTUTEVLTIKEG OTOKPIGELS OTO
povtého g AMPA Sieyepottolikotntog 6tov apueiBANcTpoeldn, dpmvtag péco tov CB1 kot
CB2 vmodoyémv Kol EVEPYOMOIDVING TO TPO-EMPIOTIKO GNUOTOSOTIKO HOVOTATL NG
PI3K/Akt. Xg dpeon olOykhon pe ta mpoavoeepfévia, 1 StapecoAaBoduevn HEC® ™G
evepyomnoinong tov CB1 vmodoyéa vevpompootacio, empPefaidveral amd TAN0dpa HEAETMOV
oe moikida poviéha apeipAnotposidonadeidv (Lax kor cvv., 2014; Rapino kot cuv., 2018;
Maguire kot ovv., 2022).

[Mop’ 6T1 01 vevpompooTasic, OV TPOKOATEL OO TNV GVOGTOAN TOL UETABOAIGUOD
TOV EVOOYEVOV KAVVOPIVOEWDDV glval EKTEVMOG HEAETNUEVT OE VEVPOEKPUAIGTIKESG OLOTAPAYES
tov gykepdAiov (Mounsey kat cuv., 2015; Hashem xat cuv., 2021; Chen, 2023; Santos-Garcia
Kot ovv., 2023), otov aueiAnotpostdn] to dabioya dedopéva givor Alyotepa Kot
neplopifovial oTnv HEAETN TNG VELPOTPOGTAGIOG OV TPOKVMTEL KOTA TNV OVOGTOAN TNG
FAAH, tov petafoikov evibpov tov AEA (Nucci kot ovv., 2007; Slusar kat cvv., 2013). H
TapoOoo UEAETN amotedel TNV TPAOTN avaeopd otnv Piployparic yioo v emitevén
VEVPOTPOGTAGIOG, LECH TNG OVAGTOAG TOL HETOPOAMGHOD TOov evdokavvapivoegidong 2-AG,
og éva in VIiVO povtélo dieyepotto&ikdttog otov au@BAnotposdn emipvov. O dmhdg
ABHD6/MAGL avaotoréag, AM11920, ftav mo amoTEAECUATIKOG GTNV TPOCTAGIN TOV
bNOS* Bpaydvev kuttapwv, oe oyéon pe tov povo ABHDG6 avactoréa, AM121000 (BA.
Ewova 4.11.D), mBavotato e€outiag g peyahdTtepng odENONG TOV EMAYOYE OTO EVOOYEVN
enineda g 2-AG. H mpoavagepbeica vadbeon Pociletor o€ melpapoticd de00UEVE, TOL
vrodetkvoouy 6t 1 MAGL eivar vevbovn yio 1o 85% g vdpoivong g 2-AG, pe 10
evamopeivay 15% va amodidetar otnv vépordon ABHDG (Blankman kot cvv., 2007; Chanda
kot ovv., 2010). Zg cvppwvio pe ta. Tponyodueva gvupruata, ot Marrs ko cvv. (2010),
avagépovy 6Tl 0 cuvdvacuds Tov avactorén g ABHD6, WWL70, pe tov avactoréa g
MAGL, JZL184, katéoteiie TAPOC TNV VOPOALGN TG 2-AG 6€ VELPOVIKEC KOAAIEPYELEC,
emdyovtag pueyolvtepn avénon ota evdoyevn emimeda tng 2-AG, o€ cOYKPIGN UE TOLG
LELOVMIEVOVG OVOOTOAEIC.

H avactodn tov petaforicpov g 2-AG, SopecoAdfnoe Kot avtipAeyLoVMOELS
OTOKPIoELS, OTMG PAVIKE KATE TOV DIWOAOYIGUO TNG OVTIOPACTIKOTNTAG TNG UIKPOYAOING GTO
povtého g emayouevne amd AMPA dieyepotto&ikotntoc. Ewdwodtepa, moap’ Ot 0 Hovog
avactoréog AM12100, dev kotopbwoe va peidoel tov aplBpd tov Ibal®, avtidpoctikodv
pkpoyAotakav kuttdpov (BA. Ewdva 4.12.A ko B), o kapio and tig e€etaldueveg d6oelg,
KOTO TNV YopNynomn tov SmAov avactorén, AM11920, mapatnpnOnke onuovtikny peioon
oV gvepyomoinomn g wkpoyroiag. H onuelovpevn dpdon tov AM11920, opeiketon oty
avénon tov evdoyevov emimédmv G 2-AG kot Ppioketar 6€ OmOAVLT CLUUEOVIO pE TNV
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uerémn tov Kokona kot ovv. (2021), otnv onoia onueidvetat 6Tt 1 eEmyevic, £vooHoLoeldikn
yopnynon 2-AG peudvel TV avTdpacTIKOTNTO TNG HKPOYAoiog 6To povtéAo Tou AMPA.
MdMota, pun SNUOGIEVHEVE. EVPNLATE TOV EPYOCTNPION VTOSEIKVOOLV OTL 1] EWOpAOT TNG 2-
AG omv pObuion g «avTidpOoTIKOTNTOG TNG LUKPOYAOINS, SEKTEPUIDOVETUL HECH TG
gvepyomnoinomng tov CB2 vrodoyéa, kabmg avutn Katapysitar Katd TNV cuyyopnynon Ue v 2-
AG, tov emihektikod CB2 avtayoviory, AM630 (Papadogkonaki kat ovv.). Ot avri-
QAEYLOVOOELG amokpicelc Tov dtopecsorafovvral and 1o EKE ko tov CB2 vrodoyéa ota
YAOLOKA KOTTOPQ, Eival VYioTNG onuaciog, kad’ 0Tl 1 vevpoviky emPinon o maBoAoykég
ovvOnkeg eEaptdton amd ™V oAANAETIOpaoT] TOV YAOLOK®V pE Ta veEvpmvika kvttapa (Rojo-
Bustamante kat cvv., 2020).

Xe CUVEXELD TOV TPOAVOPEPHEVTOV, 1 ETIOPACT] TNG AVOGTOANG TOL UETAPOAGLOV
g 2-AG, 6TV PLGIOAOYIN TOV YAOLOK®OV KLTTAP®V, SIKOLOAOYEITOL OO TV TOPOVGIiN TOGO
¢ ABHDG6, 660 kot g MAGL ota aotpokdtTapa kot v pikpoyroio (Stella, 2004; Marrs
kot ovv., 2010; Tanaka ka1 cvv., 2017), epdoov pdAiota ta YAOLOKA KOTTOPO gival YV@oTo 0Tt
Topdyovv kot omerevfepmvouy ta evdokavvaPivoedn AEA ko 2-AG (Walter kot ovv.,
2003). H éxppaon g MAGL oto kdttopa tov Miller exipvov (Cécyre kar ovv., 2014),
dkatoloyel to. mopdvta evpnuate Yoo TV peiowon g ékepacng g GFAP  crtov
apePANoTpoedn Towv (hwv mov éhapav tov dumAd avactoréa (ABHD6/MAGL), AM11920
(BX. Ewova. 4.13.A ko B). TTapd to yeyovog 6t 1 ékppaon g ABHDG éxet avaderydel otov
OUPIPANGTPOEDT VOV, OOV eKQPAlETOL GE Ppaydiva Kot YayyAlokd kOTTOpa, KoOMS Kot
oTIg HETaEL Tovg cuvdénelg oty IPL, dev vrdpyovv avapopés oty Pifloypapio mov va
e€etdlovv ™V £KQPOoN TNg oTovV GUQPANGCTPOEWT emipvoyv. MoAiotavta, 1 Uel®on NG
EVEPYOTOINOMG TNG LOKPOYAOiloG amd v yopnynon tov avoactoréa tg ABHD6, AM12100
(BX. Ewova 4.13.A kot B)., 610 mapdv povtéro, ocuviotd spuécng v vmapén me ABHD6
oToV apuEIpAnctpoedn Tev enipvev. Télog, epdcov N ékppacn ¢ ABHD6 av&avetor cav
andkpion o€ Kamoto maboloyikn omeldy] otov eyképaio (Manterola kot ovv., 2018; Liktor-
Busa kat cvv., 2023), sivar mBavd vo mopotnpeitor kol po avaloyn avénon ovthig g
vdpordong ota kvttapa tov Miller, e€ottiag tng AMPA Sieyepotto&ikotntag.

Ocov apopd tic dpacelg g vopordong ABHDGE otnv pikpoyroia, £xel mpotabdei 6t
ot eAEyyel Ta emimeda g 2-AG kot Kot® eméktaom Tig dwupecorafovueveg péow tov CB2
VTT0S0YEN, OPAGELG TNG OTNV UIKpoyAoia. YEP awTHG TG Grroync, GUVITYOPOHY ELPTILOTO TOV
vrodelkvOoOUY OTL M peiwon g ékppaong g ABHD6 kot n emaxoilovdn adénon twv
emmédov g 2-AG og KoAAEpyeleg BV-2 pikpoylookdv kuttdpav, avavovv plikd tnv
UETAVAGTEVGN TOVG, UE TNV Opdorm ovth vo katopyeitolr katd v yopnynon tov CB2
avtayoviotn, SR144528. X¢ ovtd npootifevton emiong kot supripata omd in Vivo pedéteg o€
(oG HOVTEAD VEVPOEKPVAIGTIKAOV SlOTOPUYDV GTOV EYKEQEOAO, OTOL 1) YOPNYNON TOL
avactoréo g ABHDG6, WWL70, peidvelr TIC TPOPAEYUOVAMOEIS OmIOKPIGES T®V
UIKPOYAOLIK®Y KUTTAP®V, LECH EVOG UNYOVICUOV TTOL TEPIAAUPAVEL TNV EVEPYOTOINGT| TMV
CB2 vrodoyémv amd v 2-AG (Wen kot ovv., 2015; Xue kou cvv., 2023). TTap’ 6Xo avtd,
oTNV TOPOLGO HEAETN, OTmg MO avaeépdnke, dev mapatnpnonke onuavtikn peimon otov
aplOpd TOV aVTIOPUCTIKOV UIKPOYAOIOK®Y KVTTAP®V KOTA TNV XOPNYNOT TOL AVOGTOALN TNG
ABHD6, AM12100.

e cLUEVIR 1E Ta TAPOVTO EVPALOTO, OOV 0 SmAdS avaotoréag (ABHDE/MAGL),
AM11920, peiwoe Tov aplBud TV OVIIOPACTIKOV UIKPOYAOIUK®MY KUTTAP®MY GTO LOVTELO TOV
AMPA, peiétec otov eyképoro emPefaidvovy TIG OVIIPAEYHOVAOES OPAGELS OV
pokvTITTOVY amd TV avactoln ™g MAGL vdpordong. O avactoréag e MAGL, JZL184
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yopryoduevog oe droryovidtakovg APAE9 poec, éva yevetikd poviého tng vooov Alzheimer’s,
Uelmoe TIG TPOPAEYUOVMOELS GOKPIGEIS TMV MIKPOYAOLOK®V KLTTAPOV Kol ovénce v
(OYOKVTTOPIKY TOVS KAVOTNTO ®G TPOG T0 AP apvAogldég kol Tav Tpddpopmy Hopimv Tov,
ovuPdAirovtag €tol oty amopdkpuven tovg (Pihlaja xotv ovv., 2015). TIépav tov
HUIKPOYAOLIK®Y KVTTAP®V, 1) EMAEKTIKY YeVETIKN dtaypaen g MAGL oto actpoxvtTopd,
QoiveTol OTL UEIDOVEL TIC TPOPAEYLOVMOELS OTOKPICELS KOl PEATUDVEL GNUOVTIKA TNV
mofoloyio KoL TO YVOOTIKG EAAEILIOTO TOV TAPOTNPOVVTOL GE EVOL LOVTELO TPOVHOTIGHOD
Tov gykepalov (Hu kot ovv., 2022). Ot Zhu kou ovv. (2023) mpaypotomoidvtag avaivon
LETOYPOQOUATOS GE KOTTOPO TOV QAOIOV KOl TOV ITROKAUTOV, Tpoepyopevov ondé MAGL
knock out poec, moapatipnoav avénon omv ékepacrn yovidiov mov oyetilovion ue
OVOGOAOYIKEG OMOKPIGELS KL TNV QAEYLOVT]. ZOUQ®OVO [LE TOVG CUYYPUPEIS, QLT 1) ATOKPLOT
tovilel Tov KouPikd polo mov Sradpapatifel 1 ovactodn tov petafoiiouov g 2-AG oty
EVIOYVOT NG GVOCOAOYIKNG ETOLUOTNTAG-ETAYPOTVIIONG T®V YAOLOKDV KLTTAPOV, YEYOVOS
OV POIvETOL WO10ATEPA YPTGLLO Y10 TNV AVTIIUETOTIGT TNG PAEYLOVIG KOl TNG VELPOEKPVAIONG
oe maforoyikég kotootdoelc (Zhu xor ovv., 2023). TIépov TV mpoavaeepbiviav, 1
avaoTOAN TOL peTafoAiiopov g 2-AG gvéyetl Kou pior EMIALOV AVTIPAEYHOVAOOT dpdon, M
omoia yiveton katavonty €dv mpocéfel kaveic TG HETAPOAKEG 000VG TOV EIKOGUAVOEWDMY,
omv katnyopic twv omoiwv avikel kot n 2-AG (Rouzer xoi Marnett, 2011). ITo
GUYKEKPIUEVE, TO OpaydoviKd o&L, 10 Pacikd mapampoiov g vopoivong g 2-AG,
YPNOWoOTOlEITOL G TPOdSPOUo  UOPLO Yoo TNV  ovvbleom  TOV  TPOPAEYUOVOOIDV
TPOCTOYAOVIVAV KOl AEVKOTPLEVI®MV, TO OTOl0. EVIEIVOUV TIG PAEYUOVMOEIS OMOKPICELS Kot
yapaktnpilovior og mapdyovteg pe vevpoto&ikn dpdorn (Nomura kot ovv., 2011). Baoetl tov
nporeyféviav Aowmov, m ypNon avooToréwv Tng vopdivong g 2-AG, evéyel dumho
BepamevTikd O6Qehog otV pOOUIOT TOV QAEYHOVOODV OMOKPIcE®V, KATG TO Omoio 1
emayopevn avénomn g 2-AG eyeipel avTipAeYUOVDOELS OPAGELS, OTUATOS0TMVTOG HECH TMV
KOVVOPIVogdikdv vodoysmv oto yAolakd kouttapa (HU ko cvv., 2022), evd 1 mapdAinin
OVOLGTOAN] T1G TOPAYWYNG TOL 0paydoviKoh 0&€0g, GUUPBAAAEL oTNV HEl®ON TOV EMTES®V TMV
TPOPAEYLOVOIDV gikocavoeddv (Nomura kot ovv., 2011; Alhouayek kot cuv., 2014).

H ypovia yopnynomn GuecoV KovvoPLVOEISIKOV OYOVIGTOV ETAYEL TNV OVATTLEN
avToyng oTig dpdoelg Tov kavvapvosdmv, eEattiog g amevaistntonoinong kol ¢ Ueto-
pvOong (downregulation) tov CB1 vmodoyéa, yeyovog mov emPeParcdveror 1060 GTOV
eyképaAo (Zhuang kot cvv., 1998; Sim-Selley, 2003; Burston kot cuv., 2010), 660 kot 6ToV
apepAnotpoedn (Papadogkonaki kot cvv., 2019; Spyridakos kat cuv., 2021). Katd avdloyo
pomo, m avénon ota evdoyevhy emimedo g 2-AG  mov mpokoieitor PETE  Amod
emovaiopuPavouevn yopnynon ovactoréov g MAGL, onwg o JZL184, odnysi otv
avATTLEN AVTOYNG Kol KOT W EMEKTOON GE OSVVALMOT] TG CNUATOSOTIKNG IKAVOTNTOG TG 2-
AG péon tov CB1 vrodoycwv (Schlosburg kou cuv., 2010; Chanda kot cuvv., 2010), to onoio
OU®G avTITIBETOL MG TPOG TNV XPTON AVTOV TOV TAPOYOVIOV OC BEPUTEVTIKOV HECHV OE
ypovieg mabnoeic. Tap’ 6ha avtd, ot Kinsey kot cuv., (2013), amédei&av 6tL 1 avamtuén
avtoyng, emayopevng amnd v emavoropufovopevn yopriiynon (6 muépec) tov avactoréa
JZL.184, civan doco-e€aptduevn, kabmg oe d6om wikpodtepn tov 8mg/kg, dratnpodvial ot
OVOAYTTIKES KO OVTIPAEYLOVDOEIS OPAGELG TOV OVAGTOAEN, VTOJEIKVDOVTAG OTL 1 AgLTovpYiat
Kot 1 oNUatodoTiky amokpion o pécw tov CB1 vmodoyta mapapévouv avennpéaotes. To
npoavaeepBiy yetl emPeforwbel kot amd AAAeg HELETEC 6TOV eYKEPAAO, TTOVL emPePfaidvovy
ot emavarappavopeveg yopniég dooelg tov avaotoréa JZL184 dev ennpedlovv v Exppoon
tov CB1 vodoyéa kat 6gv 0dnyovv oty ovdmtuén avtoyng (Ghosh kot ovv., 2013; Feliszek
kot ovv., 2016). Ta mpoavaeepbivia svprpata emPePordvovtot Kot 6Tov apEPAnoTpoedy.
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Mn OMUOGIELIEVO EVPNLOTO. TOV EPYACTNPION VTOJOEIKVOOLY OTL M emavolauBavouevn
evdomeprrovaikn yopnynon tov AM11920 (4 nuépeg, 500 ug/kg), mapéyovv vevpompootacio
ooV opPIPANGTPoEdN, oTo Hoviého Tov AMPA, ympig va emdyovv Tnv pelopvduion tov CB1
vrodoyéa (Papadogkonaki kat cuv.). Kab’ 6t 1 avaotoln tov evidpmv petaffoMopod mg 2-
AG, avédvel Ta eminedd g oToV eYKEPAAO, Wiaitepn mpocoyn Bo mpémel va dobel kKot 6TIg
CUUTEPUPOPIKES TAPEVEPYEIEG TTOV EVIEYOUEVOG TPOKOYOLV amtd TV gvepyomoinon tov CB1
vmodoyéa oto KNI, oOmwg yivetor xotd 1Tnv  gvepyomoinomn Tov  amd  AUEGOVG
KovvoPvogdtkoug ayovictés. YO avutd To mpicpa, £xel omodelyfel OTL 1| GLOTNUATIKA
(evdomeprrovaikn) yopnynon tov avootoréa t™c MAGL, JZL184 (16 mg/kg) oe udeg,
00YNoE OTNV EUQAVIOT ovoiynoiag, vmobeppiog Kol LVEOKWVNTIKOTNTAG WHEC® TNG
evepyomoinong tov CBLl vmodoyéa, Omw¢ amodeiydnke omd Tnv KATAPYNON OQLTOV TOV
amokpicemv katd tnv yopnynon tov CBl avrayoviory, SR141716. Téhog pio axoun
ou@BolMo mwov eyeipetonl OYETIKG HE TNV OEPUMEVTIKN YPNON TOV OVOCTOAE®DV TMV
petaforikadv evidpmv g 2-AG, amotelel 1 avantoén e0iopov petd amd eravolapfavopevn
AMym touve. Evdewctikd, n evepyomoinon tov CB1 vrodoyémv 6to0 KOKA®UO, aVTOUOPNIS TOV
eYKEPOAOL av&dvel TNV ameAevBépmon NG VIOTMOUiVIIG OTOV  EMIKAVY)  TupNVa,
dapecorafmvtog evioyvtikég anokpioelg (Tanda kat ovv., 2000), evd mepapatikd dedopéva
o€ Un avOpOTOEdN TPOTELOVTA, VTOJEIKVVOLY OTL 1] yopnynon g 2-AG kot 1 emakoiovdn
evepyomoinon tov CB1 vmodoyéa, evéyovv tov kivouvo avamtuéng ebiopov (Justinova ko
ovv., 2009). Ta gvpPuate ®GTOG0, TOV £XOVUE OTNV SGOEOT HOG, OYETIKG UE TIG EMOPAGELS
TOV 0vVACTOAE®Y TOL peTOPoMopold g 2-AG 611G evioyvuTikég 1010tNTeg g 2-AG glvan
OPKETE TEPLOPIGUEVA, LE TNV TAEOYNPIO VO ETIKEVIPAOVETAL OTIC OPAGELS TOV OVOGTOAEMV
uetaportopod tov AEA (Parsons kot Hurd, 2015). X¢ pia mpdogatn peAétn, avapépetor 0Tt
o avaotoréag g MAGL, MIN110, avénoe v amdkpion TOV EXIPLOV TOCO O TPOG
ocvveéaptnuéva epebicpato mov oyetiCoviov pe tov evioyvt) (6ovkpoln), 0G0 Kol TPOg TOV
010 Tov gvioyuth, VIodekvhovTag OTL M avENoN NG oNUATOSOTIKNG WKavotnTag g 2-AG
evioyvel mTuyég Tov efiopon, 6mmg N Evtovn avalntnon tov evicyvt (seeking) (Feja ko
ouv., 2020).
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6. Zvunepdopata

H mapodoa dwrpipn emPefoardverl tov kopuPucd poro mov dSadpaparifer 1o EKE
omv mabopucoworoyio tov aueiPAnotpocidonabeidy. ITlapdAinia avodeuwcvoegtar 1
dUVaATOTNTA POPLOKOAOYIKNG GTOYELONG TOV, WG LEGOL Yo TNV avaTTLén VEV Depameidv pe
VEVPOTPOCTATEVTIKEG KO AVTUPAEYLOVADIELG 1O10TNTEG.

Ta gvpfuata oto in Vivo poviého g AATIEZ cuvictobv OtL M yopiynon UECH
0POOAKOV GTAYOVOV TOV KOVVOPIVOEOIK®OV avaAdy@V, omotedel (ol Ko OepamevTik|
OTPATNYIKN Y10 TNV OVTIWETOMION TG TpOdIUNG maboroyiog g AAG. To yeyovog avtd givan
TOAD ONUOVTIKO apoV, OTmG eidape, dgv VILAPYOLY TTPOG TO TaPdV epapuoloueves Bepameieg
o€ aobeveig mov va KaTamolepovy mafoAoyikd yvapicpata g AAG 6To TPOYO 6TAd10, TO
omoilo OMMG QUiveTAl GLVIOTA Kol TO 7o Kpiowo otnv mopeia e&éMEng g vocov. Ot
emdpdoelg tov SR141716 (CB1l avtaywviotic) kot tov AM1710 (CB2 aywviotig) oty
TPOoTOCio TOV afOVOV TOV YOYYARK®OV KUTTAPOV VTOOEIKVOOLY OTL KOl Ol dV0O ovTol
napdyovieg Ba pmopodoav va ypnoiponomBodv og BepamevTikd LEGH Yo TNV OVAGTOAN TNG
EKQUAMONG TOV YOYYALLK®OV KUTTAP®V, T0 0ol TANTTOVTOL Katd Bdon otnv AA. "Yotepa kot
ot ovo efetalduevol mopayovteg EMESEEAV  AVTI-0EEOMTIKEG KL OYYELOMPOOTOTEVTIKEG
SUVaATOTNTESG, APOL KATAPEPAY VO AVOCTEIAOVY OTOTEAECUATIKA TO VITPOYEVES GTPES KOL TNV
ayyewkn oopporn otovg dafntikovg aueiPinotposideic. [ap’ ola avtd, cuvolikd yivetan
katavontd ndg o CB2 vmodoyéag anotehel Tov 100VIKOTEPO GTOXO Yo TNV OVATTLEN VE®OV
BepanevTikdv poceyyicemv Yo v AA, apov ev mpokeéveo o CB2 aywviotig, AM1710
NTAV  OTOTEAEGUOTIKOG OTNV OVOCGTOA, TNG OQAEYLOVNG, TOV VITPOYEVOUG GOTPEG, TIG
VELPOEKPVAIOTG KOl TOV HIKPO-OYYELOKADV OVOUOADV, TOV TEGCAP®V ONAAST TUPNVIKOV
1000QLGIOAOYIKOV GToyEimV ™ vOocov. TlapdAinia, HEC® TNG GVYKEKPLUEVNG UEAETIG,
EUUECOC TANV GUODG, TOPEYETAL TAPOPOPTOT Y10 TV OTOTEAECUATIKOTNTA TNG YOPNYNONS
TOV KavvoPivoelddv, HEcm otayovav. Agdopuévng g xpoviag evong g AAg, n xopniynon
0epumEVTIKOV TOPAYOVI®V, TOTIKA, UECH GTAYOVOV OTOTEAEL TV WAVIKOTEPT Kal AyOTEPO
emepPotiky 0860 YOPNYNONG YO TNV OVIWETOMON TNng vOoov, diaitepo UAAIGTO ov TNV
oLYKpIvOLUE pE TIC LTApYovLoeg Oepamevtikéc mpooeyyioels (evdobaroeldikéc eyyvoels,
yepovpyikég emeuPaoeic, Aéilep x.4.). H povn avnovyioa mov mpokdmtel ue v yopnynon
péom otaydvov givorl 1 xaunin frodiafestdtnTo TOL PUPIAKOL TOL OPEIAETAL GTOV YAUNAD
YPOVO GLYKPATNGNC GTOV KEPUTOEDN YITOVA, TO 0T0i0 OUMC umopel vo Eemepactel pue v
YPNON VEOV HEG®V, OTOG TO VOVOSHOUATIOW 1 EWIKAOV £KdOY®V, To omoia eEacpaiilovv v
péytot dvvarn Prodabeospotnta (Jumelle kot ovv., 2020). Me v emthoyn TV 0PHaAUKOV
oTayOvVeV, didetal emiong 1 SuVATOTNTO YIOL TNV TTLO GTOYELVUEVT] YOPNYNON T®V TTPOG HEAETN
QOPUAK®OV, EVD TOPAAANAL OTOPEVYOVTOL TUYOV OVEMOOUNTEG EVEPYEIEC MOV UTOPEL va
TPOKOWYOUV KOTO TNV CLOTNUATIKY Yopnynon (evdomepirovaikn, &véopAifia K.G.) TV
TopayOoVIOV, gite TPOKELTAL Y10 TO, KOVVOPIVOELDT €iTE V1o GAAOVS TapdyovTeS. L26TOC0, OTAV
avaQePONOOTE 0T0 Kavvafivoedn, Wiaitepn wpocoyn Oa mwpémel va dobel oty docoroyin
nov Oa emieyBel Tpog yopnynom, kab’ O6tL dmwc mpoavapépdnke 1 ypdvie. YopNynon Twv
KovvoPvoeldikov  avoidywmv odnyel o€ amevoicOntomoinon kol peopvopon  tov
KOVVOPLVOEISIKOV VTOJ0YEMV KOl KAT EMEKTACN OGE WUEI®ON TNG ONUOTOSOTIKNG TOLG
wavotTag. Axoun, meplocotepeg HEAETEG YPELALOVTOL TPOKEWEVOD VO OTOCAUPNVICTEL
TApog 0 poAog Tov CB2 vrodoyéa oty maboeuoioroyia g AAg, kobmg kol o akpipng
UNYOVICUOG LECH TOL OTTO10L OOKEL TIC TPOGTUTEVTIKEG TOL EMOPACELS.
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210 0e0TEPO UEPOC TNG TAPOLGAG OATPIPNAG M YOPNYNON TOV OVUSTOAE®V TV
evlopov petafoliopod tov evdokavvaPivoeldong 2-AG mopeiye VEVPOTPOCSTATEVTIKEG Ko
OVTIPAEYHOVMOELG Opdoelg oto N VIVO povtého g emayopevng omdé 10 AMPA
dieyeportoikotnrag. O duthdg avaoctoréog t™c ABHD6/MAGL, AM11920, ntov
TEPLGCOTEPO OMOTELEGUATIKOG GE GUYKPION WUE TOV Hovo avactoréa tng ABHD6, AM12100,
kaB’ 011 avéotele v emayopevn amd to AMPA andlela tov Bpaydveov kuttdpomv kot
pelmoe oNUOVTIIKG TNV €vepyomoinom Tng Lkpoyiolog kot NG HoKpoyroiag oTov
auePAncTpoedn. To gvpUaTe CVTA VITOSEIKVHOLY OTL O YEPICUOG T®V EVOOYEVDV EMTESDV
me 2-AG, eivar e€icov amotelecpoTikdc pe v eEmyevi] opNynom KavvoPivoeidikav
OYOVIOT®V, GTNV TOPOYN TPOCTUTEVTIKOV Opdoemv évavtl g deyepottolikotnrag. To
Bactkdtepo TAEOVEKTNLO TOV OVUGTOAE®V GE GUYKPIGT LE TOVS GUEGOVS OYOVIOTEG, ivol M
duvatoétnta.  YpAoNG  MEYOADTEPOL  €0povg  O0cEMV  YWPic TNV EMAYOY NG
amevacOntonoinong tov CBl vmodoyéa wor tnv  emaxkdAovdn koTdpynon TV
TPOCTOTELTIKMY TOV dpdoemv mov dtekmepaidvovtal pécm avtov. [lopd v copeia peletdv
OV APOPOVV TOV EYKEQOUAO, TO OKPIPEC KOUTMPAL TNG SOOTG TOV OVAGTOAEN, TAV® OO TNV
omoio 0dNYOVUAGTE GTNV OVATTLEN PAPUOKOAOYIKNG avTOYNG oTIS dpacelg g 2-AG, mpémet
va kabopiotel kot otov apePAnotpoedn. Emmiéov, mopd v GYETIKY] ACAPELD GYETIKA UE
Ue Tov Kivouvo avantuéng €016pod mov TPOKOTTEL Ad TNV YOPNYNOT| TOV UVACTOAE®Y TOV
petaforikdv evidpumv tov evdokavvaPivoedav, eEottiog tng evepyomoinong tov CB1
VTOO0YEN OTOV EYKEPAAO, TO. ALYOGTA EVLPNUOTO VTOJEKVOOLY OTL 1 YPNON OLTOV TOV
OVOOTOAE®MV EVOL TO AGQOANG Omd TNV Yopnynon duecov ayoviotdv. Télog, epdoov
avapepoOpacte o auPPANcTpogidondfeiec, 0 Kivouvog epedvions e0IGTIKOV GLUTEPIPOPDV
KoL Ol OVETIOVUNTEG EVEPYELEG TOV TPOKVTTOVY amd TNV KEVIPIKN evepyomoinon tov CB1,
uropohv vo. amo@evyfovy e OYETIKN €VUKOALD, HECH TNG LIWOBETNONG EVOAAOKTIKAOV 00DV
YOPNYNONG TOV AVAGTOAE®V, OGS 1] TOTIKY] YOPNYNoN LECH CTAYOV®V.
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ABSTRACT

The endocannabinoid system has been shown to be a putative therapeutic target for retinal disease. Here, we
aimed to investigate the ability of the endocannabinoid 2-arachidonoylglycerol (2-AG) and novel inhibitors of its
metabolic enzymes, o/p-hydrolase domain-containing 6 (ABHD6) and monoacylglycerol lipase (MAGL), a) to
protect the retina against excitotoxicity and b) the mechanisms involved in the neuroprotection. Sprague-Dawley
rats, wild type and Akt2~/~ C57BL/6 mice were intravitreally administered with phosphate-buffered saline or
(RS)-a-Amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid hydrobromide (AMPA). 2-AG was intravitreally co-
administered with AMPA in the absence and presence of AM251 or AM630 (cannabinoid 1 and 2 receptor an-
tagonists, respectively) or Wortmannin [Phosphoinositide 3-Kinase (PI3K)/Akt inhibitor]. Inhibitors of ABHD6
and dual ABHD6/MAGL (AM12100 and AM11920, respectively) were co-administered with AMPA intravitreally
in rats. Immunohistochemistry was performed using antibodies raised against retinal neuronal markers (bNOS),
microglia (Ibal) and macroglia (GFAP). TUNEL assay and real-time PCR were also employed. The CB2 receptor
was expressed in rat retina (approx. 62% of CB1 expression). 2-AG attenuated the AMPA-induced increase in
TUNEL" cells. 2-AG activation of both CB1 and CB2 receptors and the PI3K/Akt downstream signaling pathway,
as substantiated by the use of Akt2~/~ mice, afforded neuroprotection against AMPA excitotoxicity. AM12100
and AM11920 attenuated the AMPA-induced glia activation and produced a dose-dependent partial neuro-
protection, with the dual inhibitor AM11920 being more efficacious. These results show that 2-AG has the
pharmacological profile of a putative therapeutic for retinal diseases characterized by neurodegeneration and
neuroinflammation, when administered exogenously or by the inhibition of its metabolic enzymes.

1. Introduction

Retinal ischemia can lead to degeneration of retinal ganglion cells

* Corresponding author.

(RGCs) and amacrine cells (Chidlow and Osborne, 2003; Gastinger et al.,
2006) leading to loss of visual acuity and blindness (Osborne et al.,
2004, 2016). It is implicated in several retinal diseases including glau-
coma and diabetic retinopathy (Mozaffarieh et al., 2008; Toda and
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Abbreviations

ABHD6 o/p-hydrolase domain-containing 6

2-AG 2-arachidonoylglycerol

AEA anandamide N-arachidonoylethanolamine

AMD age-related macular degeneration

AMPA  (RS)-a-Amino-3-hydroxy-5-methyl-4-isoxazolepropionic
acid hydrobromide

bNOS Brain Nitric Oxide Synthetase

CB1/2  cannabinoid receptor 1/2
CTRL control
ERK extracellular-regulated kinase

GCL ganglion cell layer

GFAP glial fibrillary acidic protein
Iba-1 ionized calcium binding adaptor molecule 1
INL inner nuclear layer

IPL inner plexiform layer

I/R ischemia/reperfusion

MGL monoacylglycerol lipase

MEK Mitogen-activated protein/extracellular signal-regulated

kinase kinase
meth-anandamide (methAEA)
NMDA  N-methyl-p-aspartate
ONL outer nuclear layer
PBS phosphate-buffered saline
PFA paraformaldehyde
PI3K Phosphoinositide 3-Kinase

RGCs retinal ganglion cells

TUNEL Terminal deoxynucleotidyl transferase dUTP nick end
labeling

WT wild type

A°-THC A°-tetrahydrocannabinol

Nakanishi-Toda, 2007). Several rodent models of retinal ischemia have
been employed for the investigation of retinal neurodegeneration and its
underlying mechanisms.

A reduction in the thickness of the ganglion cell layer (GCL) and
inner nuclear layer (INL) was reported in the ischemia reperfusion
model (I/R). This was accompanied by an increase of apoptosis and glia
activation, amacrine cell and RGCs loss, and decrease in alpha-wave and
beta-wave amplitudes in ischemic rat retinas, 21 days after the ischemic
insult (Schmid et al., 2014).

Glutamate excitotoxicity has been implicated in CNS disease in the
early seventies (Olney et al., 1971) Excitatory amino acids, such as
N-methyl-p-aspartate (NMDA) and AMPA, mimic the actions of gluta-
mate due to their high affinity for the ionotropic glutamate receptors.
Ischemia induced release of glutamate was shown to lead to retinal
ganglion cell (RGC) death. This phenomenon was shown to be mediated
by the activation of NMDA ionotropic receptors, which are located in
RGCs, and the subsequent increase in calcium ion (Ca++) levels that
induce a cascade of events leading to cell death (NMDA excitotoxicity,
Osborne et al., 2004).

The toxic effects of the excitatory amino acid AMPA in the retina
were first reported in the 1990’s (Ferreira et al., 1998). Some years later,
Andres et al. (2003) showed that intraocular injections of AMPA in rats
led to neuronal cell loss and activation of Miiller and microglia cells in
the retina. We have employed a murine model of AMPA-induced exci-
totoxicity and showed that a single intravitreal injection of the excit-
atory amino acid AMPA leads to a decrease of retinal amacrine and
horizontal cell viability, reduced retinal thickness and increased
apoptosis (Kiagiadaki and Thermos, 2008; Kokona et al., 2012). These
findings suggested that this model may be useful in the study of the early
events of retinal ischemia. In addition, we have reported previously that
cannabinoids via activation of the CB1 receptor (CB1R) and subsequent
downstream signaling pathways (PI3K/Akt and MEK/ERK) protected
the retina from AMPA excitotoxicity (Kokona et al., 2015). Most
recently, we showed that NADPH oxidases (NOX) are involved in the
AMPA induced retinal neurodegeneration and the activation of micro-
glia (Dionysopoulou et al., 2020). In addition, Spyridakos et al. (2021)
showed that the synthetic CB1/CB2R agonist WIN55,212-2 reversed the
AMPA induced increase in reactive microglia via its activation of the
CB2R, localized in reactive microglia. Therefore, 2-AG also a CB1/CB2R
agonist may afford neuroprotection via the mechanisms mentioned
above.

2-Arachidonoylglycerol (2-AG) and N-arachidonoylethanolamine
(anandamide, AEA) are the two most well-studied cannabinoids of the
endocannabinoid system (ECS). Both are synthesized in the retina on
demand. 2-AG was initially identified in bovine retinal tissue (1.63 +
0.31 nmol/g; Bisogno et al., 1999) and in rat retina (3 nmol/g of tissue;

Straiker et al., 1999). It is the most abundant endogenous cannabinoid
(2-AG; nmol/g vs. anandamide; picomol/g) and a full agonist for both
CB1 and CB2 receptors (Sugiura et al., 2006).

Endocannabinoid (2-AG and AEA) levels have been investigated in
normal human eyes and ocular tissues from patients with glaucoma,
diabetic retinopathy or age-related macular degeneration (AMD). The
results from these studies revealed that endocannabinoids act differen-
tially in different ocular diseases (Chen et al., 2005; Matias et al., 2006).

Endocannabinoid synthesis [2-AG; Diacyl glycerol lipase (DAGL,
Bisogno et al., 2003) and AEA; N-arachidonoyl phosphatidylethanol-
amine (NAPE; Devane et al., 1992)] and metabolic enzymes, mono-
acylglycerol lipase (MAGL), a/B-hydrolase domain containing 6
(ABHDS6), a/p-hydrolase domain containing 12 (ABHD12) and fatty acid
amide hydrolase (FAAH), respectively, are also members of the ECS.
Inhibitors of these enzymes increase the endocannabinoid levels and are
believed to be important therapeutics in retinal disease.

The three serine hydrolase enzymes are responsible for the meta-
bolism of 2-AG (Savinainen et al., 2012). MAGL is responsible for
approximately 85% of the hydrolysis of 2-AG to glycerol and arach-
idonic acid (Blankman et al., 2007; Dihn et al., 2002), whereas ABHD6
and ABHD12 are responsible for approximately 15% of 2-AG hydrolysis
(Blankman et al., 2007). Studies in brain have shown that inhibition of
MAGL (Pan et al., 2009) and ABHD6 (Marrs et al., 2010) controls the
accumulation of 2-AG and its physiological properties via the activation
of the cannabinoid receptors. Recent reports have shown that the third
metabolic enzyme ABHD12 has a functional role in the eye, but it is
rather an undruggable target, since mutations of the ABHD12 gene cause
degenerative side-effects (PHARC disease) marked by polyneuropathy,
hearing loss, ataxia, retinitis pigmentosa, and cataract formation (Fis-
kerstrand et al., 2010).

Immunohistochemical studies have detected MAGL immunoreac-
tivity in mouse retina, with the most intense staining observed in IPL,
while its presence was also confirmed in GCL and at photoreceptor
terminals in OPL (Shu-Jung Hu et al., 2010). These data are in agree-
ment with the study of Bouskila et al. (2016), in which it was shown that
MAGL is also present in the nerve fiber layer (NFL). In rat retina, Cecyre
et al. (2014) showed that MAGL expression is limited to Miiller, ama-
crine and some types of bipolar cells. ABHD6 expression has only been
examined in mouse retina, where it was shown to be present in IPL, INL
and GCL, at the dendrites of ganglion or displaced amacrine cells
(Shu-Jung Hu et al., 2010).

The neuroprotective properties of endocannabinoids have been well
studied both in brain (Gowran et al., 2010) and in retinal neurodegen-
erative diseases (Rapino et al., 2018). A recent study showed that 2-AG
via CB1 receptor activation protects against non-caspase-dependent
apoptosis which is mediated by the apoptosis-inducing factor (AIF), in
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mice hippocampal neurons following MCAO (Zhong et al., 2019). The
use of inhibitors of endocannabinoid metabolic enzymes is a promising
strategy for the development of new therapeutics for the treatment of
neurodegeneration. A plethora of studies in brain have shown the neu-
roprotective properties of MAGL inhibitors, using animal models of
Alzheimer’s disease (Chen et al., 2012; Zhang and Chen, 2017), Par-
kinson’s disease (Fernandez-Suarez et al., 2014), amyotrophic lateral
sclerosis (Pasquarelli et al., 2017) and ischemia/excitotoxicity (Choi
et al., 2018; Carloni et al., 2012). Inhibition of MAGL appears to mimic
the anti-inflammatory actions of cannabinoids (Nomura et al., 2011;
Rahmani et al., 2018; Kerr et al., 2013). However, chronic treatment
with the MAGL inhibitor JZL184 led to behavioral (analgesia) tolerance,
due to increased 2-AG levels and induction of CB1 receptor down-
regulation (Schlosburg et al, 2010). Neuroprotective and
anti-inflammatory actions have been reported for ABHD6 inhibitors, but
no tolerance of the CB1 receptor was observed (Tchantchou and Zhang,
2013).

We have previously reported that exogenously applied AEA and
synthetic cannabinoids protected retinal amacrine and horizontal cells
against AMPA excitotoxicity via activation of the CB1 receptor and the
downstream signaling pathways PI3K/Akt and MEK/ERK (Kokona and
Thermos, 2015). These results are in agreement with previous studies
that showed A9-tetrahydrocannabinol (Ag-THC), meth-anandamide
(methAEA)/R(+)-WIN55,212-2 and HU210 to afford retinal neuro-
protection in models of NMDA excitotoxicity (El-Remessy et al., 2003),
ischemia reperfusion (Nucci et al., 2007; Pinar-Sueiro et al., 2013) and
retinitis pigmentosa (Lax et al., 2014), respectively. A°~THC has been
shown to effectively reduce the intraocular pressure in humans (Hepler
and Frank, 1971) and more recently 2-AG and MAGL blocker KML29
were described to have a similar action in mice (Miller et al., 2016).

In the present study, we investigated the ability of the endocanna-
binoid 2-AG to protect the retina against AMPA excitotoxicity when
administered exogenously and the mechanisms involved in the neuro-
protection. In addition, we examined the pharmacological effects of
novel inhibitors of the metabolic enzyme ABHD6 (AM12100). To fully
harness the 2-AG effect we targeted a dual ABHD6/MAGL inhibitor
(AM11920) in the same model. Our findings show that 2-AG, as well as
the dual ABHD6/MAGL inhibitor AM11920, afforded neuroprotection
against AMPA-induced retinal cell death and reduced the activation of
micro and macroglia via CB1 and CB2 receptor activation. ABHD6 in-
hibitor AM12100 was found to be less efficacious in this model.

2. Materials and methods
2.1. Drugs

AMPA was purchased from Tocris Bioscience (Bristol, UK) and 2-AG
and AM251 from Cayman (Michigan, USA), wortmannin from Sigma-
Aldrich (Tanfkirchen, Germany). AM12100 and AM11920 were
designed and synthesized at the Center for Drug Discovery, Northeastern
University (Boston, USA). AMPA was first dissolved in water for injec-
tion (w.f.i) and then in phosphate-buffer saline (PBS), 50 mM (K;HPO4/
NaH3PO4, 0.9% NaCl, pH 7.4). 2-AG was dissolved in 100% ethanol.
AM12100 and AM11920 were dissolved in DMSO.

2.2. Biochemical evaluation of inhibitors AM12100 and AM11920

Both compounds were assessed in fluorescence-based assays using:
(1) full-length hABHD6 with the fluorogenic substrate arachidonoyl, 7-
hydroxy-6-methoxy-4-methylcoumarin ester (AHMMCE) (Shields et al.,
2019); (2) recombinant human MAGL(hMAGL) and purified rat MAGL
(rMGL)  using  the  fluorogenic  substrate  arachidonoyl,
7-hydroxy-6-methoxy-4-methylcoumarin ester (AHMMCE), (Zvonok
et al., 2008); (3) purified rat FAAH (rFAAH) (Patricelli et al., 1998),
using the fluorogenic substrate arachidonoyl 7-amino-4-methylcou-
marin amide (AAMCA), (Patricelli et al., 1998; Ramarao et al., 2005);
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and (4) purified activated hNAAA (West et al, 2012a,b), with
N-(4-methyl coumarin) palmitamide (PAMCA) as the substrate (West
et al., 2012a).

AM12100 was found to be potent for hABHD6 with a half-maximal
inhibitory concentration ICsg of 8 + 0.6 nM, and AM11920 exhibited
dual inhibition against ABHP6 and MAGL vyit}y 1. values of 6.0 + 0.3 nM
(hABHD6), 12.1 + 2.2 nM (hMAGL) and 28.7 4+ 2.7 nM (rMAGL).In
selectivity counterscreen assays, AM1200 was found to be inactive
against MAGL, while both inhibitors AM12100 and AM11910 were
inactive against serine hydrolase fatty acid amide hydrolase (FAAH) and
cysteine hydrolase N-acylethanolamine acid amidase (NAAA) (Table 1).

2.3. Animals

Ninety-four (94) adult male and female Sprague-Dawley rats
(220-300g) and fifteen (15) adult WT and Akt2™/~ C57BL/6 mice
(22-30 g) (Cho et al., 2001) were used in this study. The animal con-
ditions were as in previous studies (Kiagiadaki and Thermos, 2008).
Animal handling was conducted in accordance to the ARVO Statement
for the Use of Animals in Ophthalmic and Vision Research and in
compliance with Greek national laws (Animal Act, P.D. 160/91) and the
EU Directive for animal experiments (2010/63/EU). All procedures
were carried out following reduction and refinement strategies. At the
end of the experiment animals were euthanized withCO, inhalation.

2.4. Intravitreal injection of AMPA and cannabinoid agents

Intravitreal injections of AMPA (42 nmol per eye; diluted in
phosphate-buffer saline, PBS, 50 mM KyHPO,4/NaH;PO4, 0.9% NaCl, pH
7.4), were performed according to Kiagiadaki and Thermos (2008). All
animals received one injection of vehicle, AMPA and AMPA + treat-
ment. A small oedema is frequently observed after injection. In a few
cases, a hematoma is also observed, and in this case the animals are
removed from the study. Vehicle (PBS) was injected in the control
(CTRL) animals and the neuroprotection group received AMPA + 2-AG
(CB1/CB2 agonist; 108-107% M), AMPA + AM12100 (ABHDS inhibitor,
1073-10"3 M) or AM11920 (dual ABHD6/MAGL inhibitor, 1075-10~*
M). The CB1 receptor antagonist/inverse agonist AM251 (1 0°° M) and
the PI3K/Akt inhibitor wortmannin (10°® M) were co-injected with
AMPA + 2-AG (1077 M). A total of 5 pul solution was injected into each
rat eye (1 pl/min).

WT and Akt2~/~ C57BL/6 mice were intravitreally injected with PBS
(50 mM, CTRL) or AMPA (21 nmoles per eye) or AMPA + 2-AG 1o~’
M). A total of 2 pl solution was injected into each mouse eye (1 pl/min).
All agent solutions were prepared as previously reported (Kokona and
Thermos, 2015).

2.5. Immunohistochemical studies

Twenty-four hours after treatment, eyes from euthanized animals
were isolated and fixed in 4% paraformaldehyde/0.1 M phosphate
buffer (PFA/PB) for 45 min at 4 °C. The anterior segments of the eye
were removed and the posterior part (eyecup) was isolated and fixed in
4% PFA/PB for 1.5 h at 4 °C. Cryoprotection and cryosectioning of the
eyecups was performed as previously reported (Kiagiadaki and

Table 1
Biochemical evaluation of inhibitors AM 12110 and AM 11920.
Compound hABHD6 hMAGL rMAGL rFAAH hNAAA
ICso nM ICso nM ICso nM
AM12100 8+ 0.6 inactive® nt” inactive” Inactive®
AM11920 6.0 +£ 0.3 12.1 £ 2.2 28.7 +£ 2.7 inactive® Inactive®

 Inactive at 1 pM concentration.
b nt = not tested.
¢ Inactive at 10 uM.
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Thermos, 2008).

A polyclonal antibody against brain nitric oxide synthase (bNOS;
1:2000, Sigma-Aldrich (Tanfkirchen, Germany), which stains amacrine
cells, was used to assess the neuroprotective properties of the examined
cannabinoid agents. The anti-inflammatory actions of 2-AG and in-
hibitors of its metabolic enzymes ABHD6 and MAGL were also investi-
gated immunohistochemically, by employing a polyclonal antibody
against ionized calcium binding molecule 1 (Ibal; 1:2.500, WAKO
Chemicals, Osaka), a marker of microglia. A monoclonal antibody
against glial fibrillary acidic protein (GFAP; 1:2000, Sigma-Aldrich, St.
Louis, MO), a marker of macroglia, was also employed to examine the
effect of the selective hydrolase inhibitors on macroglia activation.
Cryostat sections were treated with the appropriate primary and sec-
ondary Alexa-Fluor 546 goat anti-rabbit IgG (H + L, 1:400; Molecular
Probes), CF543 goat anti-rabbit IgG (H + L, 1:1000; Biotium) or CF488A
goat anti-mouse IgG (H + L, Biotium, Fremont, CA) antibodies, as pre-
viously reported (Kiagiadaki and Thermos, 2008).

2.6. Investigation of retinal cell death - TUNEL assay

Wild type mouse retinas were used for the enzymatic in situ labeling
of apoptosis-induced DNA strand breaks (TUNEL assay; Roche). Tissue
sections obtained from CTRL, AMPA-treated or AMPA + 2-AG (10~7 M)-
treated WT mice were used. TUNEL staining was performed according to
the instructions of the manufacturer.

2.7. Microscopy

A fluorescence microscope (Axioskop, Carl Zeiss, Oberkochen, Ger-
many or Leica DMLB, Leica Microsystems, Germany) was used for the
examination of stained retinas using a with Plan-Neofluar x40/0.75 lens
or an HC PL Fluotar x20/0.50 lens, respectively. Adobe Photoshop (ver.
7.0, San Jose, CA) was used to adjust the light and contrast of the images
and to finalize the figures.

2.8. Quantification studies

The quantification studies of the bNOS-expressing retinal cells and
the TUNEL staining were performed according to Kokona and Thermos
(2015). In order to quantify Ibal positive cells, two photographs were
taken from 3 slices (2 photographs/slice) of each retina near the optic
nerve head. Ibal positive cells were divided according to their
morphology as reactive microglia/macrophages (amoeboid
morphology) and resting microglia/macrophages  (ramified
morphology). The number of reactive microglial cells was manually
counted in the inner retina for each photograph and normalized to the
total counting area (expressed as pm?), which was measured using
ImageJ 1.44 software. The data of the 2-AG experiment were expressed
as the percentage of the microglia/macrophage compared to the AMPA
treated retinas (100%). The metabolic enzyme inhibitors data were
expressed as the percentage of the microglia/macrophague compared to
control (CTRL) retinas (100%). GFAP immunoreactivity (GFAP-IR)
quantification: Images were cropped using Adobe Photoshop (ver. 7.0,
San Jose, CA). The mean gray value of each photograph was estimated
using ImageJ 1.44 software. Data were expressed as percent of CTRL.

2.9. Western blot analysis

Animals were euthanized, the retinas were removed and processed
for western blot analysis (Kokona and Thermos, 2015). Rabbit mono-
clonal antibodies raised against phospho-Akt (Cell Signaling, 1:2000)
and total-Akt (Cell Signaling, 1:1000) were employed. A rabbit poly-
clonal antibody raised against GAPDH (Cell Signaling, 1:1000) was used
to normalize the protein content. Visualization and quantification of
protein levels was performed according to Kokona and Thermos (2015).
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2.10. Total RNA extraction, purification and cDNA synthesis

Rat retinas were homogenized and 1 ml of TRIzol and 200 pl of
chloroform were added to each sample followed by centrifugation. RNA
was precipitated with addition of isopropanol to the aqueous phase and
total RNA was washed with 75% ethanol and-diluted in RNase free H,0.

2.11. Real-time PCR

The KAPATaqTM PCR Kit (KAPABIOSYSTEMS, Inc.Wilmington, MA,
USA) was employed according to the manufacturer’s instructions for
detection of cannabinoid receptors mRNA levels with real-time PCR.
GAPDH was used as an internal control to which the relative expression
of CB1 and CB2 mRNA was normalized. The amplification profile
included 10 min of denaturation at 95 °C, 20 min of annealing and
extension at 60 °C and 30 min of data acquisition at 72 °C. The AACt
method was used for the analysis of the real-time PCR data. The se-
quences of the primers used are indicated in Table 2.

2.12. Statistical analysis

Immunohistochemical quantification and real-time PCR data were
expressed as percentage of control (100%) or AMPA (100%). The data of
western blot and TUNEL studies were expressed as absolute numbers.
GraphPad Prism 8.4.3 (GraphPad Software Inc, San Diego, CA, USA)
software was used for the analysis of the data. One-way or two-way
ANOVA followed by the Tukey posthoc analysis test was applied. Stu-
dent’s two tailed unpaired t-test was employed to assess differences
between two groups. The data were plotted as the mean + S.E.M
(Standard Error of the Mean) of all values in the different groups. Dif-
ferences were considered statistically significant when p < 0.05, [*p <
0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001].

2.13. Determination of 2-AG levels

Rat retinas (2 retinas per sample) were isolated in freshly prepared
chloroform-methanol-Tris-HCl (50 mM, pH 7.4) solution, 2:1:1, v/v,
were vortex-mixed and sonicated for 15 min using a Branson 3510 ul-
trasonic bath. After extraction with chloroform, the samples were
centrifuged at 4000xg for 1 min at room temperature, the organic phase
was transferred into clean eppendorf tubes and the aqueous phase was
extracted for two more times with addition of chloroform followed by
centrifugation. The organic phases from the three extractions were
pooled and centrifuged at 14000 rpm for 4 min at room temperature.
The supernatant was transferred into clean glass tubes, the extracts were
dried under a nitrogen stream and resolubilized in 50 pl of methanol.

A liquid chromatography-mass spectrometry system (LC/MS) was
used for the analysis of 2-AG. The system consisted of a binary LC pump
(Shimadzu Prominence LC), a vacuum degasser, an autosampler and a
column oven. A solvent mixture of methanol-water-formic acid (85-15-
0.2 v/v) was selected as the mobile phase with a flow rate of 0.5 mL/
min. Methanol (LC/MS grade) was purchased from Sigma-Aldrich (St.
Louis, MO). Ultrapure water was obtained by a Direct-Q 3UV water
purification system (Merck, Germany). Formic acid (98-100%) was
purchased by Riedel-de Haen. Separation of the analyte was achieved on

Table 2

Prime ers employed for the real timPCR studies.
Primer Sequence (5'-3') Reference
GapdH F GGTCGGTGTGAACGGATTTG Aravindan et al. (2006)
GapdH R GTGAGCCCCAGCCTTCTCCAT
CB1F CATCATCATCCACACGTCAG Porcella et al. (1998)
CB1 R ATGCTGTTGTCTAGAGGCTG
CB2F TTTCCCACTGATCCCTAACG Porcella et al. (1998)
CB2 R AGTTAACAAGGCACAGCATG

F: Forward, R: Reverse.
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a Gracesmart (Grace) RP HPLC column (250 x 4.6 mm, 5 pm) held at 3. Results
30°C. Under the described conditions 2-AG eluted at 11.11 min.
A mass spectrometer (LC/MS-2010 EV Shimadzu), coupled with an 3.1. Effect of 2-AG in the AMPA model of rat retinal excitotoxicity —

atmospheric pressure chemical ionization (APCI) interface and a single involvement of CB1 receptor

quadrupole mass filter, was used to detect and quantify 2-AG in the

selected ion monitoring (SIM) mode, with ions m/z 379.35, 361.4. The Intravitreal injection of AMPA in the rat retina caused rapid atten-

interface, CDL and heat block temperatures were 400°C, 200°C and uation of bNOS-immunoreactive amacrine cells in the INL and GCL

200°C, respectively. The detector voltage was 1.5 kV, the nebulizing gas [Fig. 1A, almost 75% reduction compared to CTRL], as previously re-

flow was 2.5 L/min and the drying gas was set at 0.02 MPa. ported (Kiagiadaki and Thermos, 2008). 2-AG, co-injected with AMPA,
Stock solution of 2-AG, at a concentration of 10~® M, was prepared in afforded restoration of bNOS immunoreactivity in a dose-dependent

methanol. Further dilutions of the stock solutions were performed for manner (Fig. 1A and B).

the preparation of the working solutions at concentrations of 0, 10, 25, One-way ANOVA analysis revealed a statistically significant differ-

50, 100, 250 and 500 ng/ml. ence among the three experimental groups, namely CTRL, AMPA and

AMPA+2-AG treated retinas [F(4,21) = 19.73; p < 0.0001] (Fig. 1B). A
statistically significant decrease of bNOS-expressing amacrine cells in
AMPA treated retinas was observed (n = 9, 19.7 £ 10.6 cells per retinal
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Fig. 1. Effect of 2-AG against AMPA excitotoxicity in rat retina: Involvement of CB1 receptor. A. bNOS immunoreactivity (IR) in PBS (CTRL), AMPA and AMPA+2-
AG (1078 M, 1077 M, and 10~® M) treated retinas. B. Quantification studies. AMPA (n = 5) attenuated the number of bNOS-expressing amacrine cells almost 75%,
compared to CTRL (n = 5, ****p < 0.0001 compared to CTRL), while 2-AG protected the retina from AMPA excitotoxicity in a dose dependent manner [(10 "8 M: n =
3, p = 0.9887 compared to AMPA, ***p = 0.0002 compared to CTRL) (10~ M: n = 3, **#p = 0.0006, compared to AMPA, p = 0.6855 compared to CTRL, +p =
0.0125 compared to 1078 M) (10~® M: n = 5, *#p = 0.0021, compared to AMPA, p = 0.612 compared to CTRL)]. C. Effect of CB1 and CB2 receptor antagonism on 2-
AG-induced neuroprotection. Quantification studies of bNOS immunoreactive cells in rat retinas treated with PBS (CTRL, n = 5), AMPA (n = 5), AMPA+2-AG 1o0~’
M) (n = 3) or AMPA+2-AG (10~7 M)+AM251 (10~° M) (n = 3) or AMPA+2-AG + AM630 (10 ® M) (n = 3). The CB1 antagonist/inverse agonist AM251 and the CB2
antagonist AM630 reduced the neuroprotective actions of 2-AG on bNOS immunoreactive cells in the rat retina [(AM251: **p = 0.0086 compared to AMPA+2-AG, p
= 0.0937, compared to AMPA, ****p < 0.0001 compared to CTRL) (AM630: "p = 0.0118 compared to AMPA+2-AG, p = 0.1826 compared to AMPA, ****p < 0.0001
compared to CTRL)]. D. Real-time PCR mRNA levels of CB1 and CB2 receptors in retina. CB1 mRNA levels shown to be 1.6 fold higher than CB2 mRNA levels (*p =
0.0203 compared to CB1). INL, inner nuclear layer, IPL, inner plexiform layer, GCL, ganglion cell layer. Scale bar: 20 pm.
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section, ****p < 0.0001 compared to CTRL). 2-AG co-injected with
AMPA restored the number of bNOS-expressing amacrine cells at the
doses of 1077 M (n = 3, 75 & 11 cells per retinal section, **#p = 0.0006
compared to AMPA, p = 0.6855 compared to CTRL) and 107 °M (n = 5,
61 + 13 cells per retinal section, **p = 0.0021 compared to AMPA, p =
0.0612 compared to CTRL), reaching almost 77% and 60% of CTRL (n =
5,90.2 + 11.5 cells per retinal section), respectively. 2-AG (1078 M) had
no effect [n = 3, 25 =+ 2 cells per retinal section, p = 0.9887 compared to
AMPA, ***p = 0.0002 compared to CTRL, *p = 0.0125 compared to
1077 M.

A statistically significant difference among retinas that were treated
with CB1 or CB2 receptor antagonists compared to those treated with 2-
AG was observed [F(4,17) = 33.10; p < 0.0001] (Fig. 1C). Co-injection
of the CB1 antagonist/inverse agonist AM251 (10™® M) and CB2
antagonist AM630 (10~® M) with AMPA+2-AG (10~ M) in rat retina led
to an attenuation of bNOS immunoreactivity compared to the 2-AG
treated retinas [Fig. 1C; AMPA+2-AG + AM251 (n = 3): 39.5 + 13.5
cells per retinal section, ""p = 0.0086 compared to AMPA+2-AG, p =
0.0937 compared to AMPA, ****p < 0.0001 compared to CTRL;
AMPA+2-AG + AM630 (n = 3): 37.4 =+ 3.1 cells per retinal section, "p =
0.0118 compared to AMPA+2-AG, p = 0.1826 compared to AMPA,
*¥kp < 0.0001 compared to CTRL].
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3.2. Real-time PCR

Real-time PCR studies showed that CB2 mRNA levels (n=5) corre-
spond to approx. 62% (CB1, 1.126 + 0.042; CB2, 0.699 + 0.117, relative
expression normalized to GAPDH) of the total CB1 mRNA levels (n = 5).
Two-tailed unpaired t-test showed a statistically significant difference
between CB1 and CB2 receptor levels in rat retina [t(9) = 2.811, p =
0.0203] (Fig. 1D).

3.3. PI3K/Akt signaling pathway is involved in the neuroprotective
actions of 2-AG

To examine the involvement of the PI3K/Akt signaling pathway in
the prosurvival and neuroprotective actions of cannabinoids in our
model; initial experiments were designed to examine the effect of
wortmannin on the neuroprotective actions of 2-AG. One-way ANOVA
analysis showed a statistically significant effect between experimental
groups [F(3,11) = 106.9; p < 0.0001] (Fig. 2A). Co-injection of wort-
mannin (10~% M) with AMPA+2-AG (10~7 M) in the rat retina reversed
the 2-AG actions [Fig. 2A; T"p = 0.0016 compared to AMPA+2-AG, p =
0.3355 compared to AMPA, ****p < 0.0001 compared to CTRL; CTRL
(n = 4): 83.62 =+ 4 cells per retinal section; AMPA (n = 3): 18.13 + 2.8
cells per retinal section; AMPA+2-AG (n = 5): 52.56 + 7.5 cells per
retinal section; AMPA+2-AG + Wortmannin (n = 3): 20 + 0.5 cells per
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Fig. 2. Involvement of the PI3K/Akt pathway in the 2-AG-induced neuroprotection. A. Quantification studies of bNOS-IR in retinas injected with PBS (CTRL, n = 4),
AMPA (n = 3, ***p < 0.001 compared to CTRL), AMPA + 2-AG (107 M, n = 3; p < 0.0001 compared to CTRL; *###p < 0.0001 compared to AMPA) or
AMPA+2-AG (1077 M) + the PI3K/Akt inhibitor Wortmannin (10~® M, n = 3). Wortmannin reduced the neuroprotection afforded by 2-AG (*™p = 0.0016 compared
to AMPA+2-AG, p = 0.3355 compared to AMPA, ****p < 0.0001 compared to CTRL). B. Effect of 2-AG (10~7 M) on AMPA excitotoxicity in retinas of WT and Akt2™/
~ mice. No significant difference was observed in the number of bNOS-expressing retinal cells between CTRL WT and Akt2~/~ mice (n = 6 and 5, respectively), or
between AMPA treated WT and Akt2 ™/~ mice (n = 6 and 5, respectively). 2-AG, co-injected with AMPA, afforded neuroprotection at the dose of 1077 M in WT mice,
while it had no effect in Akt2~/~ mice (n = 4 and 4, respectively, **p = 0.0016 compared to WT AMPA+2-AG). C. Comparison of Akt kinase activation between
CTRL, AMPA and AMPA+2-AG (10~7 M) Representative western blot. D. Quantification of Western blot analysis. The ratio of phosphorylated/total Akt was sta-
tistically significant different between CTRL (n = 8) and AMPA treated (n = 8) tissues (*p = 0.044 compared to CTRL) and between AMPA- and AMPA+2-AG treated
(n = 4) tissues (*#p = 0.0093 compared to AMPA, p = 0.4117 compared to CTRL). GAPDH was used to normalize protein content.
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retinal section].

Akt2™/~ mice were subsequently employed to further assess the
involvement of the PI3/Akt signaling pathway in the neuroprotective
actions of 2-AG. WT and Akt2 ™/~ mice were injected intravitreally with
PBS, AMPA (21 nmol/eye) or AMPA+2-AG (10_7 M). One-way ANOVA
revealed a significant difference among the different experimental
groups [F(5,28) = 41.99; p < 0.0001] (Fig. 2B). Statistically significant
differences were observed between WT and PBS treated Akt2™/~ mice
[Fig. 2B; n = 6, 12.8 + 1.7 cells per retinal section andn =5, 15.9 £+ 2.9
cells per retinal section, respectively] or AMPA treated retinas [n = 6,
3.3 £ 0.6 cells per retinal section and n = 5, 5.0 & 1.0 cells per retinal
section, respectively]. 2-AG did not protect the retinas of Akt2~/~ mice
from the AMPA insult (Fig. 4B; n = 4, 4.6 & 0.9 cells per retinal section;
**p = 0.0016 compared to WT AMPA+2-AG).

Western blot analysis with antibodies targeting the phosphorylated
and total Akt was also performed. One-way ANOVA revealed a signifi-
cant difference among the three different experimental groups [F(2,17)
=6.561; p = 0.0077], while Tukey’s posthoc analysis showed a reduced
ratio of phosphorylated/total Akt in the AMPA group (n = 8) [Fig. 2C
and D; *p = 0.044 compared to CTRL (n = 8)] and elevated ratio in the
AMPA+2-AG-treated tissues (n = 4) (Fig. 2C and D; ##p = 0.0093
compared to AMPA, p = 0.4117 compared to CTRL).

3.4. Effect of 2-AG on AMPA-induced retinal cell death in WT mice -
TUNEL staining

We have previously shown that cannabinoid receptor agonists HU-
210 and AEA (10”7 M) reduced the TUNEL" cells in the AMPA treated
rat retina (Kokona and Thermos, 2015). Due to the above-mentioned
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studies using Akt2™/~ mice, we examined the effect of 2-AG on
TUNEL" cells in WT mouse retina (Fig. 3A). TUNEL™ cells were detected
in the inner and outer nuclear layer, as well as the ganglion cell layer.
One-way ANOVA showed a statistically significant effect of the treat-
ment in the number of TUNEL™ cells [F(2,7) = 30.94; p = 0.0003]
(Fig. 3B). Increased TUNEL staining was observed in the AMPA-treated
tissues compared to CTRL tissues, while 2-AG reduced the TUNEL™ cells.
In the AMPA-treated tissues the TUNEL positive cell number (n = 3,
46.5 + 1.9 cells per 100 pm; ***p = 0.0003 compared to CTRL) was
approximately 23-times higher than in control tissues (Fig. 3B; n = 3,
2.0 =+ 1.8 cells per 100 pm). 2-AG (n = 4, 28.6 + 5.0 cells per 100 pm; *p
= 0.0287 compared to AMPA, **p = 0.0039 compared to CTRL)
attenuated retinal cell death to almost 60%. Quantification of the
TUNEL staining in the three layers was also performed (Fig. 3C).
Two-way ANOVA, followed by Tukey’s posthoc analysis revealed a
statistically significant difference among treatments [F(2,21) = 24.57; p
< 0.0001) (Fig. 3C). The TUNEL™" cells were increased in a statistically
significant manner in the ONL (0.83 + 0.42 and 16.33 + 4.35 cells per
100 pm for CTRL and AMPA, respectively; **p < 0.001 compared to
CTRL) and the INL (0.58 + 0.38 and 20.28 + 2.56 cells per 100 pm for
CTRL and AMPA, respectively; ****p < 0.0001 compared to CTRL), but
not in the GCL (0.48 + 0.33 and 9.35 + 1.97 cells per 100 pm for CTRL
and AMPA, respectively; p = 0.0687 compared to CTRL) of the
AMPA-treated tissues. 2-AG provided neuroprotection as indicated by
the reduced number of the TUNEL stained cells in the INL (12.03 £+ 2.07
cells per 100 pm; #p = 0.0420 compared to AMPA, *p < 0.0102
compared to CTRL), but not the GCL (5.52 + 1.16 cells per 100 pm; p =
0.5114 compared to AMPA) or ONL (10.55 + 3.87 cells per 100 pm; p =
0.2324 compared to AMPA, *p = 0.0256 compared to CTRL).

#2-AG (100 M)

25+ iy saee I CTRL
T A

204 x o # [ +2-AG (107'M)

. o] =
154 - l i
10+ | .
5- . ..‘

|o®
0"“ - & T ‘i. T

ONL INL GCL

Fig. 3. Effect of 2-AG on AMPA-induced cell death A. Photomicrographs of TUNEL-staining in WT mouse retina. Staining is observed in three retinal layers, outer
nuclear layer (ONL), inner nuclear layer (INL), and ganglion cell layer (GCL). Scale bar: 20 pm. B. Quantification studies in the whole retinal tissue. AMPA (n = 3)
induced retinal cell death compared to CTRL (n = 3, ***p = 0.0003 compared to CTRL), whereas 2-AG 1077 M (n = 4) afforded neuroprotection (#p = 0.0287
compared to AMPA, **p = 0.0039 compared to CTRL). C. Quantification studies in the different retinal layers. A statistically significant increase in TUNEL staining

was observed in the ONL and INL of the AMPA treated retinas (**p = 0.001,

«*#%p < 0.0001 compared to CTRL, respectively). 2-AG afforded neuroprotection by

decreasing the TUNEL positive cells in the INL (¥*p = 0.0420 compared to AMPA, *p = 0.0102 compared to CTRL), while no significant difference was observed in the

ONL or GCL TUNEL staining between AMPA and AMPA-+2-AG -treated retinas
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3.5. Activation of microglia/macrophage is reduced in the presence of 2-
AG

The effect of 2-AG on microglia/macrophages activation was also
examined. Retinas of AMPA and AMPA+2-AG (107 M) treated mice
were stained with the microglia/macrophage marker Iba-1 (Fig. 4). In
both AMPA (n=4) and AMPA+2-AG (1077 M)-treated retinas (n = 6)
Iba-1 positive cells had an amoebic/round cytosol and retracted pro-
cesses, signs of cell activation (Fig. 4A). A two-tailed unpaired t-test
confirmed a statistically significant difference between AMPA and
AMPA+2-AG treated retinas [t(7) = 2.528, p = 0.0394] (Fig. 4B). 2-AG
led to a reduction in the AMPA induced increase in the number of
reactive Iba-1 positive cells (Fig. 4B; *p = 0.0394 compared to AMPA).

3.6. Levels of 2-AG in rat retina: LC/MS

LC/MS analysis was performed in order to investigate the levels of 2-
AG reaching the retina after intravitreal administration 5 pl 2-AG (10’6
M). Endogenous levels of 2-AG in the naive retina were 2.1 + 0.68 ng/
mg (5.6 nmol/g, n = 5), while the exogenously administered led to an
approximately 4-fold increase of 2-AG levels (8.1 + 1.56 ng/mg; n = 4;
**p = 0.006 compared to drug naive retina).

3.7. Effect of AM12100 (ABHD6 inhibitor) and AM11920 (dual
ABHD6/MGL/inhibitor) in the AMPA model of rat retinal excitotoxicity

In order to examine the possible neuroprotective actions of inhibitors
of the 2-AG metabolic enzymes, AMPA was co-administered with either
AM12100 (ABHD6 inhibitor, 107>, 10~* and 10~3M) or AM11920 (dual
ABHD6/MAGL inhibitor, 107%, 107> and 107*M). AMPA reduced the
number of bNOS expressing amacrine cells in rat retina (about 72%
compared to CTRL), while co-administration with AM12100 or
AM11920 reversed the AMPA induced cell loss, in a dose-dependent

AMPA +2-AG (107'M)
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Fig. 4. Effect of AMPA in the presence
or absence of 2-AG on microglia/mac-
rophages activation in the rat retina. A.
Representative photomicrographs of
Ibal. Reactive Ibal positive cells are
found in both the AMPA and the
AMPA+2-AG (1077 M) treated groups.
ONL, outer nuclear layer, INL, inner
nuclear layer, IPL, inner plexiform
layer, GCL, ganglion cell layer. Scale
bar: 50 um. B. Quantification of reactive
Ibal positive cells. 2-AG reduced the
number of reactive Iba-1 positive cells
in the rat retina (n = 4 and n = 5 for
AMPA and AMPA+2-AG (1077 M),
respectively, p = 0.0394 compared to
AMPA).

M)

manner (Fig. 5A and B).

A statistically significant difference among CTRL, AMPA and AMPA
+ AM12100 [F (4, 41) = 322.0; p < 0.0001] was observed. Intravitreal
injection of AMPA caused a statistically significant reduction in the
number bNOS expressing amacrine cells (n = 14; 28.13 + 1.377 cells per
retinal section, ****p < 0.0001 compared to CTRL) (Fig. 5B). Co-
injection of AMPA with AM12100 (ABHD®6 inhibitor) partially blocked
the AMPA-induced loss of bNOS expressing amacrine cells, at the two
biggest doses used, 10~>M (n = 5; 41.78 + 2.460 cells per retinal section,
####p < 0.0001 compared to AMPA, ****p < 0.0001 compared to
CTRL) and 10~*M (n = 6; 52.37 + 4.226 cells per retinal section, ####p
< 0.0001 compared to AMPA, ****p < 0.0001 compared to CTRL)
(Fig. 5B). AM12100 (102 M) had no effect (n = 6; 30.57 & 1.322 cells
per retinal section, p = 0.9122 compared to AMPA, ****p < 0.0001
compared to CTRL, T+**p < 0.0001 compare to 10~*M, “*p = 0.0027
compared to 10’3M) (Fig. 5B).

A statistically significant difference among the four groups, namely
CTRL, AMPA and AMPA + AM11920 (10~%, 107° and 10™* M) [F(4,37)
=202.3; p < 0.0001] was also observed. AM11920 was able to partially
protect bNOS expressing amacrine cells at the dose of 107* M (n = 5;
69.31 =+ 4.14 cells per retinal section, *#*##p < 0.0001 compared to
AMPA, ****p < 0.0001 compared to CTRL, **"p < 0.0001 compared
to AM11920 (10° and 107® M) and 107> M (n = 5; 42.96 + 2.97 cells
per retinal section, #p = 0.0102 compared to AMPA, ****p < 0.0001
compared to CTRL, ***p < 0.0001 compared to AM11920 10~ M,
++p = 0.0060 compared to AM11920 10~% M) (Fig. 5C). The smallest
dose of 107 M did not afford any protection of bNOS expressing ama-
crine cells (n = 5; 25.94 + 3.780 cells per retinal section, p = 0.8980
compared to AMPA, ****p < 0.0001 compared to CTRL, """ p <
0.0001 compared to AM11920 10~* M, T™p = 0.0060 compared to
AM11920 107> M) (Fig. 5C).

A comparison between the effects of the two inhibitors, AM12100
and AM11920 was also examined. A statistically significant difference
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Fig. 5. Effect of AM12100 (ABHD6 inhibitor) and AM11920 (dual ABHD6/MAGL inhibitor) against AMPA excitotoxic insult in the rat retina. A. Representative
photomicrographs of bNOS immunoreactivity in CTRL, AMPA and AMPA + AM12100 (10~* M) or AMPA + AM11920 (10~* M) treated retinas. B. Quantification
studies of bNOS immunoreactivity in CTRL, AMPA and AMPA + AM12100 (107> M, 10~* M and 10~3 M) treated retinas. AMPA (n = 14) induce a significant
reduction in the number of bNOS-expressing amacrine cells, about 72% compared to CTRL (n = 15, ****p < 0.0001). Co-administration with the single ABHD6
inhibitor (AM12100) partially recovered the number of bNOS expressing amacrine cells, in a dose dependent manner (10> M, n = 6, p = 0.912 compared to AMPA
and ****p < 0.001 compared to CTRL; 10~* M, n = 6, **##p < 0.0001 compared to AMPA, ****p < 0.0001 compared to CTRL, “***p < 0.001 compared to
AM12100 107> M; 1073 M, n = 5, *#*##p < 0.0001 compared to AMPA, ****p < 0.001 compared to CTRL, **p < 0.0027 compared to AM12100 10> M). C.
Quantification studies of bNOS immunoreactivity in CTRL, AMPA and AMPA + AM11920 (107° M, 107> M and 10~* M) treated retinas. The dual ABHD6/MGL
inhibitor (AM11920), also partially protected bNOS expressing amacrine cells dose dependently (10 M, n = 5, ****p < 0.0001 compared to CTRL, " "p = 0.0060
compared to AM11920 107> M, " *p < 0.0001 compared to AM11920 10~ M; 107> M, n = 5, *p = 0.0102 compared to AMPA, ****p < 0.0001 compared to CTRL;
107*M, n = 5, *#*##p < 0.0001 compared to AMPA, ****p < 0.0001 compared to CTRL, ****p < 0.0001 compared to AM11920 10~° M, ****p < 0.0001 compared
to AM11920 10~° M). D. Comparison between AM12100 and AM11920 in the most efficacious dose of 10~* M. AM11920 was more effective neuroprotectant than
AM12100 (AM11920 10 ™% M, n = 5, **p = 0.0044 compared to AM12100 10~* M, n = 6).

was observed [F(3,21) = 113.6; p < 0.0001]. The dual ABHD6/MAGL
inhibitor (AM11920, 10~* M) was more efficacious than AM12100 (*p
= 0.0044 compared to AM1200 10~* M, *###p < 0.0001 compared to
AMPA, ****p < 0.0001 compared to CTRL), reaching appr. 70% of CTRL
levels, while AM12100 reached approx, 52% of CTRL levels (*##p
0.0001 compared to AMPA, ****p < 0.0001 compared to CTRL)
(Fig. 5D).

3.8. Effect of AM12100 (ABHDG inhibitor) and AM11920 (dual
ABHD6/MAGL inhibitor) on AMPA induced activation of microglia/
macrophage

The effect of AM12100 and AM11920 on the AMPA induced increase
in reactive microglia was examined. A statistically significant difference
was observed in the number of Ibal possitive reactive microglial cells,
among CTRL, AMPA, AMPA + AM12100 (107%,107* and 103 M)
treated retinas [F(4,27) = 16.55; p < 0.0001], as shown in Fig. 6A and B.

Intravitreal administration of AMPA, induced a significant increase in
the number of reactive microglial cells in rat retina (n = 7; ****p <
0.0001 compared to CTRL; n = 8). AM1200 had no effect on the number
of reactive microglial cells, in any of the three doses examined [(10~3M:
n =4; p=0.9737 compared to AMPA, **p = 0.0038 compared to CTRL,
++p = 0.0075 compared to AM12100 107> M), (10 ™* M: n = 6; p =
0.7613 compared to AMPA, ***p = 0.0001 compared to CTRL, 'p =
0.0157 compared to AM12100 107> M) (10™> M: n = 6; p = 0.3973
compared to AMPA, ****p < 0.0001 compared to CTRL, +p = 0.0157
compared to AM12100 10~* M, ++p < 0.0075 compared to AM12100
1073 M)] (Fig. 6B).

A statistically significant difference was observed among the groups
[F(4,27) = 43.90; p < 0.0001], attenuating the number of reactive
microglia in a dose-dependent manner (Fig. 6C). AM11920 (10’4 M)
reduced the number of AMPA induced reactive microglia to levels
relative to that of CTRL (n =5, ####p < 0.0001 compared to AMPA, p =
0.6572 compared to CTRL, """ p < 0.0001 compared to AM11920
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Fig. 6. Effect of AM12100 (ABHD6 inhibitor) and AM11920 (dual ABHD6/MAGL inhibitor) on microglia/macrophages activation in the rat retina. A. Representative
photomicrographs of Iba-1 immunoreactivity in CTRL, AMPA and AMPA + AM12100 (10~* M) or AMPA + AM11920 (10~* M) treated retinas. Reactive microglial
cells are present in AMPA treated retinas. Scale bar: 50 pm. B. Quantification studies of Ibal immunoreactivity in CTRL, AMPA and AMPA + AM12100 (10> M,
10~* M and 10~ M) treated retinas. AMPA (n = 7) increased the number of reactive microglia compared to CTRL (****p < 0.0001). AM12100, when coinjected with
AMPA had no effect on microglia activity at any of the three doses used (107°M, n = 6, ****p < 0.0001 compared to CTRL; 107*M,n =5, **p =0.0011 compared to
CTRL; 10 3M, n = 5, **¥*p = 0.0005 compared to CTRL). C. Quantification studies of Ibal immunoreactivity in CTRL, AMPA and AMPA + AM11920 (10°°M, 107>
M and 10~* M) treated retinas. The presence of AM11920 at the dose of 10* M (n = 5) was able to fully reduce the number of reactive microglia to CTRL levels
(*###p < 0.0001 compared to AMPA, p = 0.6572 compared to CTRL, *"**p < 0.0001 compared to AM11920 105 M). AM11920 (10> M: n = 6) had no effect on
the levels of microglia (p = 0.2345 compared to AMPA, ****p < 0.0001 compared to CTRL, """ "p < 0.0001 compared to AM11920 10~°® and 10~* M), while at the
smallest dose of 107° M (n = 6), AM11920 partially reduced reactive microglia numbers (*##p = 0.0004 compared to AMPA, *p = 0.0227 compared to CTRL, ***p
< 0.0001 compared to AM11920 10> M). D. Comparison of efficacies of AM12100 and AM11920 in the most efficacious dose of 10~* M. The dual ABHD6/MGL
inhibitor, AM11920, was more efficacious in reducing AMPA induced activation of microglia than the single ABHD6 inhibitor, AM12100 (***p = 0.0002 compared
to AM12100 10~ * M).

1075 M). AM11920 (10> M) had no effect (n = 6, p = 0.2345 compared
to AMPA, ****p < 0.0001 compared to CTRL, *"""p < 0.0001
compared to AM11920 10*and 10~° M). However, at the lower dose of
107% M, AM11920 partially reduced the number of reactive microglial
cells (n = 5, **#p = 0.0004 compared to AMPA, *p = 0.0227 compared
to CTRL, ***p < 0.0001 compared to AM11920 10~°> M).

(Fig. 6D).

3.9. Effect of AM12100 (ABHD6 inhibitor) and AM11920 (dual
ABHD6/MAGL/inhibitor) on AMPA induced activation of macroglia

A statistically significant difference in reducing microglia reactivity
was also observed, when comparing the effects of AM12100 and
AM11920 [F(3,23) = 32.70; p < 0.0001]. Only, AM11920 10~ M)
caused a significant reduction in the number of Ibal possitive reactive
microglial cells (n = 5, **p = 0.0002 compared to AM12100 10~ M,
####p < 0.0001 compared to AMPA, p = 0.5997 compared to CTRL)

10

Activation of macroglia was also examined, using an antibody
against glial fibrillary acidic protein (GFAP), a marker of astrocytes and
Miiller cells (Middeldorp and Hol, 2011). One-way ANOVA showed a
statistically significant effect of treatment in the levels of GFAP immu-
noreactivity (GFAP-IR) in rat retina [F(5,25) = 22.62; p < 0.0001].
Reactive gliosis was significantly increased in AMPA treated retinas (n
= 9; ****p < 0.0001 compared to CTRL; n = 10), as seen by the
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increased intensity of GFAP-IR (Fig. 7A and B). Co-injection with
AM12100 at the dose of 10~* M, reduced GFAP-IR to CTRL levels (n = 6;
###5 = 0.0005 compared to AMPA, p = 0.8372 compared to CTRL),
while at the smaller dose of 10~> M, there was no effect (n = 6; p=0.999
compared to AMPA, ****p < 0.0001 compared to CTRL, "*p = 0.0016
compared to AM12100 10~* M). Similarly, AM11920 induced a reduc-
tion in GFAP-IR, only at the higher dose 10 *M:n= 6; ####p < 0.0001
compared to AMPA, p = 0.8706 compared to CTRL), but no effect was
observed at the lower dose of (107> M: n = 6; p = 0.9889 compared to
AMPA, ****p < 0.0001 compared to CTRL, """ "p < 0.0001 compared
to AM11920 10~* M) (Fig. 7B).

4. Discussion

In the present study, we provide new evidence regarding the neu-
roprotective role of the endocannabinoid 2-AG in the retinal model of
AMPA excitotoxicity. This was substantiated by the reversal of the
AMPA induced loss of amacrine cells and the increase in TUNEL" cells.
The neuroprotection was shown to be mediated by both CB1 and CB2

A

+AM12100 (10741
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receptors in the retina, located on neurons, micro and macroglia and the
activation of Akt downstream signaling pathway. In addition, we show
that novel inhibitors of ABHD6 and MAGL, metabolic enzymes of 2-AG,
attenuated retinal amacrine cell death and the activation of micro and
macroglia induced by AMPA.

Cannabinoid actions in the eye were first reported in the late 70s, by
means of corneal vasodilation and reduction of the intraocular pressure
in individuals smoking marijuana (Adams et al., 1978; Green, 1979).
Since then, many investigations aimed to ascertain the role of endo-
cannabinoids in retinal circuitry and vision and the neuroprotective role
of exogenously administered cannabinoids in retinal diseases such as
glaucoma (Cairns et al., 2016). The endocannabinoid AEA and the
synthetic cannabinoids methAEA and HU-210 were shown to protect
bNOS and ChAT immunoreactive retinal amacrine cells against AMPA
excitotoxicity in vivo in rats (Kokona and Thermos, 2015; Kokona et al.,
2016). Moreover, these actions were shown to be dependent on CB1
receptor activation and its downstream signalling pathways PI3K/Akt
and MEK/ERK1/2 (Kokona and Thermos, 2015).

The findings from the present study suggest that the

Fig. 7. Effect of AM12100 (ABHD6 in-
hibitor) and AM11920 (dual ABHD6/
MAGL inhibitor) on macroglia activa-
tion in the rat retina. A. Representative
photomicrographs of GFAP immunore-
activity (GFAP-IR) in CTRL (n = 10),
AMPA (n = 8) and AMPA + AM12100
(10°M:n=6and 10* M: n = 6) or
AMPA + AM11920 (10~ M: n = 5 and
107* M: n = 6) treated retinas. Scale
bar: 50 pm. B. Quantification of GFAP-
IR. Administration of AMPA increased
GFAP-IR, compared to CTRL retinas (n
= 9, ****p < 0.0001). Co-injection of
AMPA with AM12100 or AM11920 at

+A011920 (1 0-4n ”D the dose of 10~* M, reversed GFAP-IR to

CTRL levels (AM12100 10™* M: n = 6,
###p = 0.0005 compared to AMPA, p =
0.8372 compared to CTRL; AM11920
107* M: n = 6, ***p < 0.0001
compared to AMPA, p = 0.8706
compared to CTRL). Both inhibitors
(107° M) did not reduce the AMPA
induced increase in GFAP-IR (AM12100
107° M: n = 6, p = 0.999 compared to
AMPA, ****p < 0.0001 compared to
CTRL, ""p = 0.0016 compared to
AM12100 1074M; AM11920 107° M: n
= 6, p = 0.9889 compared to AMPA,
*#¥kp < 0.0001 compared to CTRL,

= *+¥p < 0.0001 compared to AM11920
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endocannabinoid 2-AG provides neuroprotection to bNOS-expressing
retinal amacrine cells in a dose-dependent manner via the activation
of both CB1R and CB2Rs, as depicted by the actions of CB1R and CB2R
antagonists in the presence of 2-AG (Fig. 1C). The use of the bNOS
antibody as a marker for retinal neurons was selected due to its stability
(batch/lot problems) and reproducibility compared to other retinal
markers (e.g.ChAT, calbidin), shown to be affected by AMPA. Despite
the fact that CB2 receptor mRNA and protein have been previously re-
ported in the adult rat retina (Lu et al., 2000; Lopez et al., 2011), the
presence of functional CB2 receptors remains controversial (Bouchard
et al., 2016; Borowska-Fielding et al., 2018). In the present study, we
employed real-time PCR analysis and show that the expression of CB2
receptor mRNA in retina is approximately 62% of the expression of the
CB1 receptor. This percentage is higher than what we reported in our
previous study (Kokona and Thermos, 2015), where RT-PCR method-
ology was employed. This difference in expression is most likely due to
the better efficiency of the real-time PCR methodology. The CB2R mRNA
data presented in this study are in agreement with the findings by Lu
et al. (2000). In addition, reversal of the 2-AG-dependent neuro-
protection by the CB2R antagonist also lends support for a functional
CB2R in rat retina, in agreement with Lopez et al. (2011), Maccarone
et al. (2016) and Imamura et al. (2018).

Cannabinoid neuroprotective actions are mediated via the activation
of several signalling pathways, the first studied being the inhibition of
adenylyl cyclase and the subsequent reduction of cAMP. These actions
are mediated by the activation of the CB1R and its coupling to Gi
(Howlett et al., 1986, 2002). Prosurvival intracellular kinases, such as
PI3K/Akt (Gomez del Pulgar et al., 2000; Ozaita et al., 2007) and
ERK1/2 kinases (Bouaboula et al., 1995; Wartmann et al., 1995) are also
regulated by the activation of the CB1 receptor.

The results of the present study indicate that the neuroprotective
effects of 2-AG in the retina are also mediated by CB1 receptor-
dependent activation of the PI3K/Akt pathway. The role of Akt ki-
nases in retinal cell survival has been reported in several paradigms of
retinal disease (Huang et al., 2008; Li et al., 2007). There are three
isoforms of Akt kinases (Aktl, Akt2 and Akt3), all present in retinal
tissue at the mRNA and protein level (Li et al., 2007; Reiter et al., 2003).
However, Akt2 seems to be the one that exhibits greater sensitivity to
cell death induced by stress (Li et al., 2007). The deletion of Akt2 kinase
from mouse retina had no effect on the expression of Aktl and Akt3
kinases (Li et al., 2007).

In conclusion, the information mentioned above and our data pre-
sented in Fig. 2 suggest that activation of CBI1R promotes neuro-
protection via the activation of downstream Akt2 signaling. However, it
has been reported that deletion of the Akt2 isoform in photoreceptors
increases their susceptibility to light-induced degeneration (Kanan et al.,
2010). Further studies have to be performed in order to elucidate
whether the Akt2 deletion increases the susceptibility to the AMPA
induced degeneration, as suggested by (Kanan et al. (2010)) in their
model.

The neuroprotective actions of 2-AG are further supported by the
effects of the endocannabinoid on TUNEL" cells in WT mouse retina
(Fig. 3A,B,C). 2-AG (1077 M) reversed the AMPA-induced increase of
TUNEL™ cells in retinal tissue. Although TUNEL" cells were detected
mostly in the INL and ONL, 2-AG attenuated the AMPA induced increase
in TUNEL™ cells in a statistically significant manner only in the INL.
These results are in agreement with our previous published data
showing that HU-210 and AEA (1077 M) reduced the TUNEL" cells in
the AMPA treated rat retina (Kokona and Thermos, 2015).

The 2-AG-induced neuroprotection to amacrine cells may follow a
direct or an indirect mechanism, something that will be addressed in
future studies. CB1 receptor immunoreactivity was reported in a subtype
of GABAergic amacrine cells in rat retina (Yazulla, 2008). All neuronal
NOS-immunoreactive neurons have been reported to be
GABA-immunoreactive in rat and rabbit retina (Oh et al., 1998). How-
ever, to our knowledge, there are no immunohistochemical data to
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suggest the co-localization of the CBl receptor and
bNOS-immunoreactive amacrine cells in the retina. Therefore, a direct
CB1 mechanism cannot be substantiated by the present findings. It is
possible that the 2-AG activation of the CB1 receptor found in RGCs
(Straiker et al., 1999) may activate downstream signals and provide
indirect neuroprotection to neighboring retinal cells that may not ex-
press the CB1 receptor.

The present immunohistochemical findings also support an AMPA-
induced increase in microglia activation in rat retina, as shown by the
increase of Ibal immunoreactivity. In the presence of 2-AG an attenu-
ation of microglia activation was observed. Therefore, modulation of
microglia activation could also be involved in the neuroprotective ac-
tions of 2-AG against AMPA excitotoxicity. 2-AG has been previously
reported to increase the ramification of microglia in experimental
autoimmune encephalomyelitis in mice (EAE), leading to amelioration
of the disease symptoms by promoting an anti-inflammatory microglia/
macrophage phenotype (Lourbopoulos et al., 2011). In agreement, in the
present study 2-AG decreased the AMPA-induced activation of micro-
glia/macrophages. The colocalization of the CB2R with Ibal in retina
was observed in a recent study (Spyridakos et al., 2021), suggesting a
role of CB2R in the function of retinal activated microglia. The role of
CB2R in the regulation of immune responses has been established for
some time (Cabral and Griffin-Thomas, 2009). Thus, 2-AG activation of
CB2 receptors in retinal microglia cells may lead to its neuroprotective
and anti-inflammatory actions.

The results presented above suggest that 2-AG at the low dose of
1077 M is able to protect the retina, when administered exogenously
(intravitreally) against AMPA excitotoxicity. The neuroprotection is
mediated by both CB1 and CB2 cannabinoid receptors believed to be
located on neurons, micro and macroglia. Our LC/MS analysis showed a
4-fold increase of 2-AG levels in the retina after intravitreal injection of
5 ul 107® M 2-AG, confirming the effectiveness of intravitreal injections
to deliver 2-AG into the retina.

Endocannabinoid metabolic enzymes are key players in the control
of the physiological actions of the endocannabinoids and are important
targets of investigation for CNS neurodegenerative disease therapeutics.
Treatment with enzyme inhibitors increases the endogenous cannabi-
noid levels, provides neuroprotection and possibly reduces the induction
of a tolerance effect observed with exogenous administered endo-
cannabinoids and synthetic cannabinoids in retina (Papadogkonaki
et al., 2019).

In this work, we also focused on the study of the effect of novel in-
hibitors of the 2-AG metabolic enzymes ABHD6 and MAGL on retinal
neurons, microglia and macroglia in the AMPA excitotoxicity model.
The novel ABHD6 inhibitor (AM12100) and dual ABHD6/MAGL in-
hibitor (AM11920) reversed the AMPA-induced decrease in bNOS-
expressing amacrine cells and increase in microglia reactivity in a
dose-dependent manner. It is worth mentioning that AM11920 (107°M)
reversed the AMPA induced increase in microglia (Fig. 6C), suggesting a
biphasic modulation of microglia, but not neurons, by 2-AG. A similar
biphasic effect of the synthetic cannabinoid WIN55212-2 (CB1/CB2
agonist) on voltage-dependent currents of retinal cones was also re-
ported (Fan and Yazulla, 2003). We have also reported that the HU-210
(CB1/CB2 agonist) attenuated the release of the inhibitory neuropeptide
somatostatin in a dose-dependent bimodal manner via the activation of
the CB1 receptor (Kokona et al., 2016).

AM11920 was more efficacious than AM12100 on the neuro-
protection [neurons (Fig. 5D) and microglia (Fig. 6D)] against AMPA
excitotoxicity, whereas these inhibitors were equipotent in reversing the
AMPA-induced effect on macroglia.

MAGL is expressed presynaptically in brain neurons, as are CB1 re-
ceptors (Gulyas et al., 2004), whereas ABHD6 was found in postsynaptic
structures (e.g. cell soma and dendrites), and in a BV-2 microglia cell
line (Marrs et al., 2010). The different location of the two enzymes and
their rate of 2-AG hydrolysis may influence the efficacy of 2-AG for the
CB1 and CB2 receptor and its subsequent neuroprotective and
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anti-inflammatory actions. Chronic treatment with MAGL inhibitors
leads to downregulation and development of tolerance of the CB1 re-
ceptor (Schlosburg et al., 2010; Chanda et al., 2010). However, it was
shown that induction of tolerance may be dose-dependent. A high dose
of JZL184 (MAGL inhibitor, > 16 mg/kg; 40 mg/kg:repeated-dosing)
resulted in a 11.4-fold increase in brain 2-AG levels which led to down
regulation of CB1 receptors and the development of tolerance to anti-
noniceptive and gastroprotective actions in mice. At low doses (<8
mg/kg; 4 mg/kg: repeated-dosing) resulted in a 5.7-fold increase in
brain 2-AG levels without any effect in CB1 expression nor development
of tolerance (Kinsey et al., 2013). Studies of the effect of chronic treat-
ment of ABHD6 inhibitors in brain models of neurodegenerative disease
support that these inhibitors may not produce tolerance due to the fact
that they account for only 4% of the 2-AG metabolism in contrast to the
85% of MAGL and thus a smaller increase in 2-AG levels is produced
(Tchantchou and Zhang, 2013; Wen et al., 2015). Chronic treatment
with the ABHD6 inhibitor WWL70 did not cause behavioral tolerance. In
contrast, it caused an increased expression (upregulation) of CB1 and
CB2 receptors, subsequent phosphorylation of the ERK1/2 and Akt ki-
nases and neuroprotection. The involvement of the Akt kinase in the
neuroprotection of 2-AG is in agreement with the data presented in this
study. WWL70 treatment was also shown to change the morphology of
microglia to an anti-inflammatory phenotype thus suggesting the regu-
lation of neuroinflammation by 2-AG (Tchantchou and Zhang, 2013). In
agreement with the above study, we report that both the single ABHD6
(GFAP-IR) and the dual ABHD6/MAGL (Iba-1-IR, GFAP-IR) inhibitors
attenuated the AMPA induced increase in reactive microglia and mac-
roglia, thus expressing anti-inflammatory properties. In the experi-
mental autoimmune encephalomyelitis (EAE) model, WWL70 was
shown to increase brain levels of 2-AG and attenuate the clinical signs of
EAE. The authors suggested that inhibition of ABHD6, expressed in
microglia/macrophage, led to the increase of 2-AG levels, subsequent
activation of the CB2 receptor and reduction of microglia activation. In a
recent study we showed that the CB2 receptor is colocalized with the
microglial marker (Ibal) in the retina, and its activation leads to
anti-inflammatory actions (Spyridakos et al., 2021).

In summary, the findings of the present study demonstrate for the
first time that the endocannabinoid, 2-AG, administered either exoge-
nously or by inhibition of its metabolic enzymes, ABHD6 and MAGL,
provides neuroprotection to retinal neurons and attenuates the AMPA-
induced increase in retinal microglia and macroglia reactivity. The
better efficacy displayed by the dual ABHD6/MGL inhibitor suggests
that dual inhibition may lead to higher levels of 2-AG and a better
pharmacological profile. Therefore, agents such as AM11920 are
promising therapeutic targets for retinal disease characterized by neu-
rodegeneration and neuroinflammation.
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Abstract: Oxidative stress, neurodegeneration, neuroinflammation, and vascular leakage are believed
to play a key role in the early stage of diabetic retinopathy (ESDR). The aim of this study was to
investigate the blockade of cannabinoid receptor 1 (CB1R) and activation of cannabinoid receptor 2
(CB2R) as putative therapeutics for the treatment of the early toxic events in DR. Diabetic rats
[streptozotocin (STZ)-induced] were treated topically (20 uL, 10 mg/mL), once daily for fourteen
days (early stage DR model), with SR141716 (CB1R antagonist), AM1710 (CB2R agonist), and the dual
treatment SR141716/ AM1710. Immunohistochemical-histological, ELISA, and Evans-Blue analyses
were performed to assess the neuroprotective and vasculoprotective properties of the pharmacological
treatments on diabetes-induced retinal toxicity. Activation of CB2R or blockade of CB1R, as well
as the dual treatment, attenuated the nitrative stress induced by diabetes. Both single treatments
protected neural elements (e.g., RGC axons) and reduced vascular leakage. AM1710 alone reversed
all toxic insults. These findings provide new knowledge regarding the differential efficacies of the
cannabinoids, when administered topically, in the treatment of ESDR. Cannabinoid neuroprotection
of the diabetic retina in ESDR may prove therapeutic in delaying the development of the advanced
stage of the disease.

Keywords: early stage diabetic retinopathy; endocannabinoid system; cannabinoid receptors;
neuroprotection; eye drops; nitrative stress; neuroinflammation; neurodegeneration; vascular leakage

1. Introduction

The global prevalence of Diabetic Retinopathy (DR) constitutes an alarming health
problem. Approximately 4.4 million people worldwide are estimated to be diagnosed with
DR, of which one million are blind, and 3.3 million have some kind of vision impairment [1].
DR has recently been categorized into two stages, the early and advanced stages (ESDR
and ASDR, respectively). Ophthalmoscopic findings, such as no abnormalities, mild non-
proliferative DR (NPDR), and moderate NPDR, are evident in the ESDR, whereas severe
NPDR, diabetic macular edema (DME) and proliferative diabetic retinopathy (PDR) in
ASDR [2].

Diabetes disturbance of the neurovascular unit (NVU) homeostasis is the main cause of
the development of ESDR. The term NVU describes the functional interaction and interde-
pendence among neural, glial, and vascular cells in the retina [3]. Hyperglycemia-induced
oxidative stress [4], inflammation [5], and downregulation of pro-survival neurotrophic
factors [6] lead to retinal cell damage, such as the progressive degeneration of endothelial
cells and pericytes, which are responsible for maintaining the blood-retina barrier (BRB)
integrity [7]. Neurodegeneration of retinal neurons has been reported in the pathology
of ESDR, with substantial evidence suggesting that neurodegeneration precedes vascular
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abnormalities [8,9]. Therefore, oxidative stress [10], neuroinflammation [11], neurodegener-
ation [12], and vascular leakage [13] are all essential components in ESDR pathology.

The endocannabinoid system (ECS) is comprised of the endocannabinoids N-
arachidonoylethanolamine (AEA), 2-arachidonoylglycerol (2-AG), the enzymes that metab-
olize and synthesize them, and the receptors, cannabinoid receptor 1 (CB1R) and 2 (CB2R).
Both receptors belong to the G protein-coupled receptor (GPCR) superfamily consisting
of receptors coupled to pertussis toxin-sensitive inhibitory Gi/o proteins that control a
variety of intracellular signaling pathways [14]. All members of the ECS are found in the
retina [15]. CB1Rs display extensive expression in various neuronal cell populations, as well
as in their synaptic connections [16,17]. CB2Rs can be found mainly in macroglia [18] and
microglia [19,20], where they play a crucial role in regulating inflammatory responses [21].

Due to its pleiotropic properties, ECS has been studied as a target for the development
of neuroprotective and anti-inflammatory strategies for brain and retinal neurodegenera-
tive diseases [amyotrophic lateral sclerosis (ALS), Parkinson’s disease, multiple sclerosis,
glaucoma] [22]. In the retina, numerous studies have shown that CB1R agonists mediate
neuroprotective actions against ischemic [23] and excitotoxic insults [20,24-26].

However, CBIR activation has also been shown to induce oxidative damage, pro-
inflammatory responses [27,28] and to enhance cell apoptosis [29] in various animal models
of disease. Blockade of CB1R activation was shown to reduce cell death, oxidative stress,
inflammation, and vascular damage in diseases arising from other diabetic complications,
such as cardiopathy [30] and nephropathy [31,32]. In a rodent model of DR, it was shown
that genetic or pharmacological blockade of CB1R reduced oxidative and nitrative stress
and prevented retinal endothelial cell death, as determined by the co-localization of TUNEL-
positive cells and the endothelial cell marker isolectin B4 [33]. This was also confirmed by
in vitro studies, where CB1R antagonists (AM251, SR141716) attenuated oxidative damage
and apoptosis in retinal pigment epithelial (RPE) cells exposed to high glucose [34,35].
In addition, SR141716 blocked photoreceptor and bipolar cell degeneration, decreased
glial activation, and prevented the development of abnormal vascular complexes in the
N-methyl-N-nitrosourea (MNU) model [36].

CB2R activation has been shown to attenuate inflammation, oxidative stress, and cell
death [37,38]. In a mouse model of diabetic nephropathy (DN), AM1241 (CB2R agonist)
prevented the development of various pathological aspects of the disease [39]. In the
retina, HU-308 (CB2R agonist) decreased photoreceptor degeneration in a mouse model of
age-related macular degeneration [40]. This is in agreement with previous findings from
our laboratory, where we showed that the CB2R antagonist, AM630, diminished the neu-
roprotective and anti-inflammatory actions of the synthetic cannabinoid (R)-WIN55,212-2
(CB1R/CB2R agonist) in the in vivo retinal model of AMPA excitotoxicity [20].

The current treatments in clinical practice are efficacious in treating DME and neovas-
cularization, thus focusing on the treatment of ASDR [2]. The discovery of new therapeutics
for ESDR, agents that are neuroprotective, anti-inflammatory, and vasculoprotective against
diabetic insults, is essential in order to curtail the development of DME/PDR, the eyesight-
threatening pathologies.

In order to study the early pathological events of DR and their treatment, we employed
the experimental rat model of STZ-induced DR because rats have (a) many similarities to
humans (genetic, anatomical, and physiological), (b) very short reproduction cycle and
(c) low cost of breeding.

The basic objective of the present study was to investigate the effects of the selective
CB1R antagonist, SR141716, and CB2R agonist, AM1710, administered topically as eye
drops to the diabetic retina, in preventing the development of nitrative stress, neuroinflam-
mation, neurodegeneration and vascular damage during ESDR. We also examined whether
the dual treatment of the above agents exhibited improved efficacy over single treatments.
Our findings suggest that the three different cannabinoid treatments examined in our study
protect, in a differential manner, the diabetic retina against the four pathologies of ESDR.
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2. Results
2.1. Effect of STZ-Induced Diabetes on Glucose Levels and the Weight of Animals

Measurement of blood glucose levels was performed at three different time points,
one day before, one day after, and fourteen days after STZ administration. No differences
were observed in glucose levels in the five experimental groups of animals before STZ
administration (Control: n = 8, 93 4+ 7.05; diabetic untreated: n = 8,93 4+ 11.88; AM1710:
n=38,92.25 + 7.88; SR141716: n =8,91.75 + 6.27; AM1710 + SR141716:91.75 + 6.05, p > 0.05
compared to Control (Figure S1A). One day post initiation of diabetes by STZ, all dia-
betic animals (untreated and treated) displayed a marked increase in their blood glucose
levels compared to Control (Control: n = 8, 92.5 £+ 4.34) animals (diabetic untreated:
n=38,497.87 + 52.14; AM1710: n = 8, 494.37 £ 56.51; SR141716: n = 8, 496.5 £ 66.48;
AM1710 + SR141716: n = 8, 495.87 4= 54.95, **** p < 0.0001 compared to Control) (Figure S1A).
The blood glucose levels of all diabetic animals remained elevated fourteen days after STZ
administration, compared to Control (Control: n = 8, 92.62 £ 6.25) animals (diabetic un-
treated: n =8,595.62 + 7.72; AM1710: n = 8,599.12 4+ 1.80; SR141716: n = 8,594.5 &+ 6.67;
AM1710 + SR141716: n = 8, 586.37 £ 11.52, **** p < 0.0001 compared to Control). There
was no statistically significant (p > 0.05) difference between untreated and treated diabetic
animals (Figure S1A).

The effect of STZ administration on the weight of the experimental animals was mea-
sured one day prior to STZ treatment and fourteen days after STZ. There was no significant
variation (p > 0.05) in the weight of the five different groups of animals before STZ admin-
istration (Control: n = 8, 259.87 + 9.47; diabetic untreated: n = 8, 257.46 + 7.78;, AM1710:
n=8,261.18 £ 6.08; SR141716: n = 8, 258.47 £ 8.48; AM1710 + SR141716: n = 8, 257.42 4 7.64)
(Figure S1B). Fourteen days after STZ injection, the weight of all diabetic animals was
significantly reduced compared to Control (Control: #n =8,259.37 £ 9.10) animals (di-
abetic untreated: n = 8, 235.5 £ 10.67, ** p = 0.0067 compared to Control; AM1710:
n=8,236.52 £ 6.32, ** p = 0.0052 compared to Control; SR141716: n = 8, 237.4 £+ 5.93,
** p = 0.0023 compared to Control; AM1710 + SR141716: n = 8, 235.25 & 4.02, ** p = 0.0045
compared to Control) (Figure S1B). No significant difference (p > 0.05) in weight was
observed among all diabetic groups (Figure S1B).

2.2. CB2R Activation, CB1R Blockade or Their Combination Rescues Ganglion Cells Axons in the
Diabetic Retina

The CB2R agonist, AM1710, and the CBIR antagonist, SR141716, administered either
alone or in combination, rescued ganglions cell axons from diabetes-induced damage in
the retina, as shown by neurofilament (immunoreactivity (NFL-IR) (Figure 1A,B). Quantifi-
cation studies showed that diabetic untreated animals exhibited a reduction in the intensity
of NFL-IR, about 38% compared to Control (Control: n = 15, 100.00 + 11.46; diabetic
untreated: n = 11, 62.96 £ 16.73, *** p < 0.0001 compared to Control) (Figure 1B). A single
treatment with AM1710 reversed NFL-IR in diabetic retinas (AM1710: n =7, 83.66 + 13.25,
# p=0.0403 compared to diabetic untreated) with no statistical difference from the con-
trol; p > 0.05 compared to Control), whereas SR141716 restored fully NFL-IR (SR141716:
n=6,94.99 + 20.09, #* p = 0.0008 compared to diabetic untreated, p > 0.05 compared to
Control) (Figure 1B). There was no statistically significant difference in the efficacy of the
two treatments (AM1710, p > 0.05 compared to SR141716) (Figure 1B). Combined treatment
with both AM1710 and SR141716 also diminished diabetes-induced reduction in NFL-IR
intensity (AM1710 + SR141716: n = 8, 101.10 + 13.08, ## p < 0.0001 compared to diabetic
untreated, p > 0.05 compared to Control), but a statistically significant difference was not
observed between the combined and single treatments (AM1710 + SR141716: p > 0.05
compared to AM1710 or SR141716 alone) (Figure 1B).
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Figure 1. Effect of cannabinoid treatment on ganglion cell axons in the diabetic retina. (A) Represen-
tative photomicrographs of NFL immunoreactivity (NFL-IR). Artifacts are depicted by the marker
("). Magnification: 20 x. Scalebar: 50 pm. (B) Quantification studies of NFL-IR: Diabetes attenuated
NFL-IR (**** p < 0.0001 compared to Control). Both AM1710 and SR141716 reversed the diabetes
effect (AM1710; # p = 0.0403 compared to diabetic untreated, p > 0.05 compared to Control, and
SR141716 ### p = 0.0008 compared to diabetic untreated, p > 0.05 compared to Control). The dual
treatment with AM1710 + SR141716 displayed a similar action by restoring NFL-IR (¥## p < 0.0001
compared to diabetic untreated, p > 0.05 compared to Control, p > 0.05 compared to AM1710 or
SR141716. (C) Diabetes induced a significant decrease in NFL thickness (**** p < 0.0001 compared to
Control). AM1710 and SR141716 reversed the diabetes effect (AM1710; ## p < 0.0001 compared to
diabetic untreated, p > 0.05 compared to Control, and SR141716; # p = 0.0183 compared to diabetic
untreated, p > 0.05 compared to Control). Dual treatment with AM1710 + SR141716 blocked the
diabetes-induced reduction in NFL thickness (*## p < 0.0001 compared to diabetic untreated, p > 0.05
compared to Control p > 0.05 compared to AM1710 or SR141716). Data are expressed as mean £ S.D
and presented in a form that combines a bar diagram and scatter dot plot, with every dot representing
a different value. One-way ANOVA was employed for the statistical analysis of all data, followed by
Tukey’s multiple comparison test. Differences were considered statistically significant when p < 0.05.

Similar results were also obtained by the analysis of NFL thickness (Control: 100.00
=+ 11.07; diabetic untreated: 67.71 & 10.36, **** p < 0.0001 compared to Control; AM1710:
97.06 + 4.88, ¥ p < 0.0001 compared to Diabetic untreated, p > 0.05 compared to Control;
SR141716: 85.73 & 18.81, # p = 0.0183 compared to Diabetic untreated, p > 0.05 compared
to Control, p > 0.05 compared to AM1710) (Figure 1C). The combination of AM1710 and
SR141716 blocked the diabetes-induced reduction in NFL thickness with the same efficacy
as the single cannabinoid treatments (AM1710 + SR141716: 99.80 + 11.00, ##* p < 0.0001
compared to Diabetic untreated, p > 0.05 compared to Control, p > 0.05 compared to
AM1710, p > 0.05 compared to SR141716) (Figure 1C). CF488A goat anti-mouse IgG (H + L)
(1:400) stained the OPL and barely the GCL (Figure S2A). Therefore, the staining observed
mainly in the OPL in Figure 1A is an artifact of the secondary antibody, as stated in the
legend of Figure 1. No stain was observed with the Alexa Fluor 488 goat anti-mouse
IgG ((H + L) (1:1000) (Figure S2B) or with the CF543 goat anti-rabbit IgG (H + L) (1:1000)
(Figure S2C).
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2.3. Single Cannabinoid Treatment Blocks in a Differential Manner the Diabetes-Induced
Reduction in Retinal Thickness: Diabetes Had No Effect on Ganglion Cells

Cannabinoid treatment with either the CB2R agonist (AM1710) or the CB1R antago-
nist (SR141716) restored retinal thickness, as shown by the H&E analysis. (Figure 2A,B).
Quantitative analysis of the micrographs revealed a significant diabetes-induced reduc-
tion of the total retinal thickness (Control: n =5, 100.00 4+ 7.90; diabetic untreated: n = 4,
80.11 £ 4.86, **** p < 0.0001 compared to Control) (Figure 2B). Treatment with the CB2R ag-
onist, AM1710, partially restored retinal thickness (AM1710: n =5, 91.33 &+ 3.07, # p =0.0271
compared to diabetic untreated, * p = 0.0161 compared to Control), while the CB1R antago-
nist, fully restored retinal thickness, in levels similar to the Control retinas (SR141716: n = 5,
96.06 & 3.50, # p = 0.0019 compared to diabetic untreated, p > 0.05 compare to Control).
Analysis of the three separate retinal nuclear layers, ONL, INL, and GCL (outer nuclear
layer, inner nuclear layer, ganglion cell layer), revealed a statistically significant reduction
only in the thickness of the INL (Control: n =5, 100 £ 5.6; diabetic untreated: n = 4,
70.57 £ 2.10, ** p = 0.0034 compared to Control), while both single cannabinoid treatments
were able to fully restore this reduction (AM1710: n = 5, 97.50 + 7.77, #p = 0.0244 com-
pared to diabetic untreated, p > 0.05 compared to Control; SR141716: n =5, 95.42 £ 6.93,
#1 = 0.0383 compared to diabetic untreated, p > 0.05 compared to Control) (Figure 2C). In
the same sections, we also counted the number of ganglion cells in the GCL, but we did not
observe any statistically significant reduction due to diabetes (Control: n =5,104.30 £ 17.17;
diabetic untreated: n =4, 106.10 £ 12.33, p > 0.05 compared to Control) (Figure 2D).
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Figure 2. Effect of cannabinoid treatment in the thickness of retinal tissue. (A) Representative
photomicrographs of H & E stained retinal tissue). Ganglion cells (black) are depicted with yellow
arrows. Magnification 20 x. Scalebar: 50 um. (B) Quantification analysis of the whole retinal tissue
thickness, measured from the retinal pigment epithelium (RPE) to the ganglion cell layer (GCL).
Diabetes induced a significant reduction in the total thickness of the retina (**** p < 0.0001 compared
to Control). Administration of AM1710 partially blocked the reduction in the thickness of the diabetic
retina (* p = 0.0161 compared to Control, ¥ p = 0.0271 compared to diabetic untreated). SR141716
displayed similar actions (p > 0.05 compared to Control, i p =0.0019 compared to diabetic untreated).
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(C) Quantitative analysis of the thickness of three separate nuclear retinal layers, outer nuclear
layer (ONL), inner nuclear layer (INL), and GCL. Diabetes had no effect on the thickness of ONL
(p > 0.05 compared to Control). INL: The thickness of INL in the diabetic retinas was significantly
thinner compared to the retina of Control animals ** p = 0.0034 compared to Control). Treatment with
either the CB2R agonist (AM1710; # p = 0.0244 compared to Diabetic untreated, p > 0.05 compared
to Control) or CBIR antagonist (SR141716; * p = 0.0383 compared to diabetic untreated, p > 0.05
compared to Control), reversed this reduction of thickness. GCL: The thickness of GCL remained
unaffected by diabetes (p > 0.05 compared to Control). (D) Quantitative analysis of the ganglion cell
population in GCL. The number of ganglion cells in GCL remains unaltered by diabetes (p > 0.05
compared to Control). Data are expressed as mean + S.D and presented in a form that combines a
bar diagram and scatter dot plot, with every dot representing a different value. One-way ANOVA
was employed for the statistical analysis of data on panels (B,D), followed by Tukey’s multiple
comparison test. Two-way ANOVA was employed for the analysis of separate layers’ thickness on
panel (C), followed by Sidak’s multiple comparison test. Differences were considered statistically
significant when p < 0.05.

2.4. Effect of Single Cannabinoid and Dual Treatment on bNOS Expressing Amacrine Cells in the
Diabetic Retina: Differential Neuroprotection Effects

Administration via eyedrops of AM1710 reversed the diabetes-induced loss of bNOS
expressing retinal amacrine cells, but SR141716 had no effect (Figure 3A,B). As depicted
by the quantitative analysis, diabetes caused a reduction in the number of bNOS ex-
pressing retinal amacrine cells, about 27% compared to Control retinas (Control: n =12,
100.00 + 6.48; diabetic untreated: n = 13, 73.47 £+ 10.80, **** p < 0.0001 compared to Con-
trol) (Figure 3B). A single treatment with the CB2R agonist, AM1710, fully restored the
number of bNOS expressing amacrine cells to levels similar to Control (AM1710: n =7,
104.90 4 12.26, ## p < 0.0001 compared to diabetic untreated, p > 0.05 compared to Con-
trol) (Figure 3B). In contrast, a single treatment with the CB1R antagonist, SR141716, did
not display any protection (SR141716: n = 5, 60.51 £ 11.28, p > 0.05 compared to dia-
betic untreated, **** p < 0.0001 compared to Control, *+** p < 0.0001 compared to AM1710)
(Figure 3B). The dual cannabinoid treatment (AM1710 + SR141716) displayed a similar
neuroprotective action as that of the treatment with AM1710 (AM1710 + SR141716: n = 8,
# p =0.0192 compared to diabetic untreated, p > 0.05 compared to Control, *** p = 0.0003
compared to SR141716, * p = 0.0388 compared to AM1710) (Figure 3B).

2.5. CB2R Activation but Not CB1R Blockade Reverses Caspase 3-Dependent Apoptotic Cell Death
in the Diabetic Retina

Single cannabinoid treatment with the CB2R agonist reduced diabetes-induced apop-
totic cell death in the retina, as shown by cleaved caspase 3 immunoreactivity (cl.caspase
3-IR) (Figure 4A,B). Quantitative analysis of cl. caspase 3-IR revealed an increase in the
number of cl. caspase 3 positive cells in the INL of diabetic rats compared to Control
(Control: n =5, 100.00 + 33.71; diabetic untreated: n =5, 217.40 £ 29.84, *** p = 0.0004
compared to Control). Application of the CB2R agonist AM1710 via eye drops blocked
this effect by keeping the number of cl. caspase 3 positive cells, in levels similar to those
of Control retinas (AM1710: n = 6, 126.70 4 42.53, # p = 0.0038 compared to diabetic
untreated, p > 0.05 compared to Control) (Figure 4B). In contrast, when examining the
effect of the CB1R antagonist, there was no effect in cl. caspase 3-IR (SR141716: n =7,
166.60 £ 39.41, p > 0.05 compared to diabetic untreated, * p = 0.0308 compared to Control,
p > 0.05 compared to AM1710) (Figure 4B).
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Figure 3. Effect of cannabinoid treatment on the nitric oxide synthetase (bNOS) expressing reti-
nal amacrine cell viability in the diabetic retina. (A) Representative photomicrographs of bNOS
immunoreactivity (bNOS-IR). White arrows indicate bNOS expressing retinal amacrine cells. Magni-
fication: 40. Scale bar: 50 pm. (B) Quantification of bNOS-IR: Diabetes attenuated in a statistically
significant manner the number of bNOS expressing retinal amacrine cells, compared to Control
animals (**** p < 0.0001 compared to Control). AM1710 reversed the diabetes effect (% p < 0.0001
compared to diabetic untreated, p > 0.05 compared to Control). SR141716 had no effect (p > 0.05
compared to diabetic untreated, **** p < 0.0001 compared to Control, **** p < 0.0001 compared
to AM1710). The dual treatment, AM1710+ SR141716, blocked diabetes-induced loss of bNOS™*
cells (* p = 0.0192 compared to diabetic untreated, * p = 0.0388 compared to AM1710, *** p = 0.0003
compared to SR141716). Data are expressed as mean + S.D and presented in a form that combines a
bar diagram and scatter dot plot, with every dot representing a different value. One-way ANOVA
was employed for the statistical analysis of all data, followed by Tukey’s multiple comparison test.
Differences were considered statistically significant when p < 0.05.
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Figure 4. Effect of cannabinoid treatment on cl. caspase-3 dependent apoptosis in the diabetic retina.
(A) Representative photomicrographs of cleaved caspase-3 immunoreactivity (cl. caspase 3-IR).
Magnification: 20x. Scalebar: 50 um. (B) Quantification studies of cl. caspase 3-IR: Diabetes induced
an increase in apoptotic caspase 3" cells in the INL of diabetic rats (*** p = 0.0004 compared to Control).
AM1710 reversed the diabetes effect (* p = 0.0038 compared to diabetic untreated, p > 0.05 compared
to Control). SR141716 (had no effect (p > 0.05 compared to diabetic untreated, * p = 0.0308 compared
to Control, p > 0.05 compared to AM1710). Data are expressed as mean + S.D and presented in a
form that combines a bar diagram and scatter dot plot, with every dot representing a different value.
One-way ANOVA was employed for the statistical analysis of all data, followed by Tukey’s multiple
comparison test. Differences were considered statistically significant when p < 0.05.

2.6. CB2R Activation Reverses to Control Levels the Diabetes Induced Macroglia Activation

GFAP stains astrocytes and Miiller cells. In this study, GFAP was employed as a
marker of Miiller cell activation. Activation of CB2Rs by AM1710 and blockade of CB1Rs
by SR141716 reduced macroglia activation in the diabetic rat retina, as shown by GFAP
IR analysis (Figure 5A,B). Quantification studies revealed a significant increase in GFAP
staining in the retina of diabetic animals (Control: n =9, 2.55 £ 0.65; diabetic untreated:
n=9,439 £ 0.57, *** p <0.0001 compared to Control) (Figure 6B). Only in the presence
of AM1710, but not SR141716, the intensity of GFAP-IR was able to be fully restored to
Control levels (AM1710: n = 5, 2.46 + 0.50, ## p < 0.0001 compared to diabetic untreated,
p > 0.05 compared to Control; SR141716: n = 6, 4.09 £ 0.62, p > 0.05 compared to diabetic
untreated, p = 0.0003 compared to Control, *** p = 0.0008 compared to AM1710) (Figure 5B).
The combined treatment, AM1710, and SR141716, was not effective in reducing GFAP
expression in the diabetic retina (AM1710 + SR141716: n = 6, 4.61 £ 0.41, p > 0.05 compared
to diabetic untreated, **** p < 0.0001 compared to Control, **** p < 0.0001 compared to
AM1710, p > 0.05 compared to SR141716) (Figure 5B).
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Figure 5. Effect of cannabinoid treatment on Miiller cell activation in the diabetic retina. (A) Repre-
sentative photomicrographs of GFAP immunoreactivity (GFAP-IR). Magnification: 20x. Scalebar:
50 pm. (B) Quantification studies of GFAP IR. Diabetes increased reactive Miiller cells (**** p < 0.0001
compared to Control). AM1710 restored GFAP-IR to Control levels (¥ p < 0.0001 compared to
diabetic untreated, p > 0.05 compared to Control). SR141716 did not affect the diabetes-induced
upregulation in GFAP-IR (p > 0.05 compared to diabetic untreated, *** p = 0.0003 compared to Control,
+** p = 0.0008 compared to AM1710). Dual treatment with AM1710+ SR141716 failed to block the
diabetes-induced increase in GFAP expression (p > 0.05 compared to diabetic untreated, **** p < 0.0001
compared to Control, **** p < 0.0001 compared to AM1710). Data are expressed as mean + S.D and
presented in a form that combines a bar diagram and scatter dot plot, with every dot representing a
different value. One-way ANOVA was employed for the statistical analysis of all data, followed by
Tukey’s multiple comparison test. Differences were considered statistically significant when p < 0.05.

2.7. CB2R Activation Reduces the Diabetes-Induced Microglia Activation and TNFx Levels

An antibody against Ibal [resident macrophage (microglia) marker)] was employed
in order to assess the effect of diabetes on microglia activation in the retina and the role
of CB2R and CBIR in this process (Figure 6A,B). Quantification studies, based on the
characteristic morphology of resident macrophages (see Spyridakos et al. [20]), revealed
that diabetes led to an increase in the number of Ibal™ cells compared to Control animals
(Control: n =9, 100.00 + 30.32; diabetic untreated: n = 12, 256.8 &+ 101.1, *** p = 0.0004
compared to Control) (Figure 6B). Single treatment, using the CB2R agonist AM1710,
fully suppressed the activation of microglia, as seen by the reduced number of reactive
microglial cells in the treated retina (AM1710: n = 6, 102.30 4= 51.44, # p = 0.0010 compared
to diabetic untreated, p > 0.05 compared to Control) (Figure 6B). On the other hand, the
single treatment with the CBIR antagonist, SR141716, was not able to reduce the number of
reactive microglial cells in a statistically significant manner (SR141716: n = 6, 183.1 & 60.25,
p > 0.05 compared to diabetic untreated, p > 0.05 compared to Control, p > 0.05 compared to
AM1710) (Figure 6B) nor did the dual AM1710/SR141716 treatment (AM1710 + SR141716:
n=>5,2739 £+ 101.2, p > 0.05 compared to diabetic untreated, ** p = 0.0047 compared to
Control, p > 0.05 compared to SR141716, * p = 0.0106 compared to AM1710) (Figure 6B).
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Figure 6. Effect of cannabinoid treatment on macrophage (microglia) activation and pro-inflammatory
cytokine (TNF«x) release in the diabetic retina. (A) Representative photomicrographs of Ibal im-
munoreactivity (Ibal-IR). White arrows indicate reactive microglial cells. Magnification: 20x. Scale-
bar: 50 um. (B) Quantification studies of Ibal-IR: Diabetes increased in a statistically significant
manner the number of reactive Ibal* cells (*** p = 0.0004 compared to Control). AM1710 reduced
Ibal* activation (## p = 0.0010 compared to diabetic untreated, p > 0.05 compared to Control), while
SR141716 had no statistically significant effect (p > 0.05 compared to diabetic untreated, p > 0.05
compared to Control, p > 0.05 compared to AM1710). Dual treatment with AM1710 + SR141716 had
no effect on the number of reactive Ibal* cells (p > 0.05 compared to diabetic untreated, ** p = 0.0047
compared to Control, * p = 0.0106 compared to AM1710, p > 0.05 compared to SR141716). (C) Quanti-
tative analysis of TNF« levels Diabetes-induced upregulation in TNF« levels in the diabetic retinas
(** p = 0.0055 compared to Control). AM1710 attenuated this diabetes effect (* p = 0.0290 compared
to diabetic untreated, p > 0.05 compared to Control). No statistically significant effect on TNFx
levels was observed by the SR141716 (p > 0.05 compared to diabetic untreated, p > 0.05 compared to
Control). Data are expressed as mean + S.D and presented in a form that combines a bar diagram
and scatter dot plot, with every dot representing a different value. One-way ANOVA was employed
for the statistical analysis of all data, followed by Tukey’s multiple comparison test. Differences were
considered statistically significant when p < 0.05.

The levels of TNF« in the retina were statistically significantly increased in the diabetic
retinas, compared to Control (Control: n =4, 271.3 £ 203.2; Diabetic untreated: n =7,
739.3 £ 235.2, ** p = 0.0055 compared to Control). AM1710, reduced the diabetes induced
elevated levels of TNFo (AM1710: n = 6, 408.00 + 70.09, # p = 0.0290 compared to Diabetic
untreated). The CB1R antagonist AM251 had no effect on TNFx elevated levels (AM251:
n=>5,476.4 + 215.3, p > 0.05 compared to diabetic untreated, p > 0.05 compared to Control,
p > 0.05 compared to AM1710) (Figure 6C).

2.8. CB2R Activation, CBIR Blockade or Their Combination Reduces Nitrative Damage in
Diabetic Retina

Cannabinoid treatment, via eye drops, for two weeks was able to reduce nitrative
stress in STZ-treated rats, as observed by NT-IR (Figure 7A,B). Quantitative analysis of the
data showed that diabetes induced an increase in the number of NT™ cells in the retina
of STZ-treated rats, compared to Control animals (Control: n = 6, 100.00 £ 81.10; diabetic
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untreated: n =7, 726.70 £ 73.33, *** p < 0.0001 compared to Control) (Figure 7B). Ad-
ministration of AM1710 caused a significant reduction in the number of NT™ cells in the
diabetic retina (AM1710: n = 5,287.9 4- 110.5, ##* p < 0.0001 compared to diabetic untreated
animals, * p = 0.0360 compared to Control) (Figure 7B). A similar result was observed when
employing the CB1R antagonist (SR141716: n = 5,435.9 4 156.1, ## p = 0.0004 compared
to diabetic untreated, **** p < 0.0001 compared to Control, p > 0.05 compared to AM1710)
(Figure 7B). The combined treatment with both AM1710 + SR141716 was the most effica-
cious among the three treatments, managing to reduce NT cells in diabetic retinas at levels
relative to those of Control retinas (AM1710 + SR141716: n =7, 101.1 + 87.17, #### p < 0.0001
compared to diabetic untreated, p > 0.05 compared to Control, * p = 0.0243 compared to
AM1710, **** p < 0.0001 compared to SR141716 treated animals) (Figure 7B).
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Figure 7. Effect of cannabinoid treatment on nitrative stress induced by diabetes in rat retina.
(A) Representative photomicrographs of NT immunoreactivity (NT-IR). Magnification: 20x. Scalebar:
50 pm. (B) Quantification studies of NT-IR: Diabetes significantly increased the number of NT*
(*** p <0.0001 compared to Control). eAM1710 reduced the number of NT" cells in the diabetic
retina (" p < 0.0001 compared to diabetic untreated animals, * p = 0.0360 compared to Control), and
SR141716 had a similar effect (*# p = 0.0004 compared to diabetic untreated, **** p < 0.0001 compared
to Control, p > 0.05 compared to AM1710). The dual treatment AM1710 + SR141716 reversed to
Control levels the diabetes-induced increase in nitrative stress (*# p < 0.0001 compared to diabetic
untreated, p > 0.05 compared to Control, * p = 0.0243 compared to AM1710, **** p = 0.0001 compared
to SR14176). (C) Quantification studies of NT-IR in separate retinal layers. Diabetes increased NT-IR
in RPE (** p < 0.0010), OPL (* p < 0.0161), INL (*** p < 0.0006), and GCL (* p < 0.0258) compared to
Control. AM1710 reduced NT-IR in RPE (* p < 0.0177), OPL (* p < 0.0498), INL (* p < 0.0237), and GCL
(* p < 0.0451) compared to diabetic untreated. SR141716 displayed a statistically significant effect
in reducing NT-IR in GCL (* p < 0.0187). The dual treatment fully reversed elevated NT-IR in RPE
(*# p < 0.0002), OPL (** p < 0.0013), INL (** p < 0.0033), and GCL (* p < 0.0037), compared to diabetic
untreated. Data are expressed as mean £ S.D and presented in a form that combines a bar diagram
and scatter dot plot, with every dot representing a different value. One-way ANOVA was employed
for the statistical analysis of data on panel (B), followed by Tukey’s multiple comparison test. Two-
way ANOVA was employed for the analysis of separate layers’ NT-IR on panel (C), followed by
Sidak’s multiple comparison test. Statistical significance, p < 0.05. Differences were considered
statistically significant when p < 0.05.
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(A)

CD-31

Quantitative analysis of the different retinal layers revealed that diabetes induced
an increase in NT* cells in RPE [1135.64 + 245.12, ** p < 0.0010 compared to Control
(10 + 24.49)], outer plexiform layer (OPL) [690.92 + 234.68, "p < 0.0161 compared to Control
(100 £ 113.94)], INL [653.02 £ 173.59, *** p < 0.0006 compared to Control (100 £ 126.07)],
GCL [485.42 4 141.33, * p < 0.0258 compared to Control (100 & 109.54)], but not in ONL
(p > 0.05 compared to Control) (Figure 7C). AM1710 induced a statistically significant re-
duction in the number of NT* cells in the previously mentioned layers (RPE: 0.85 + 0.78,
#p <0.0177; OPL: 196.70 + 81.43, # p < 0.0498; INL: 135.97 + 56.89, # p < 0.0237; GCL:
150.79 + 42.26, * p < 0.0451 compared to diabetic untreated) (Figure 7C). SR141716 re-
duced in a statistically significant manner only the number of NT* cells in the GCL (RPE:
416.46 £ 353.76, p > 0.05; OPL: 204.94 + 153.05, p > 0.05; INL: 351.74 £ 122.43, p > 0.05;
GCL: 248.87 + 112.53, # p < 0.0187 compared to Control) (Figure 7C). INL SR141716 also
displayed a statistically significant difference with AM1710 (* p < 0.0297 compared to
AM1710) (Figure 7C). AM1710 + SR141716 also reduced nitrative stress in retinal layers
(RPE: 60.70 + 93.19, ™ p < 0.0002; OPL: 58.30 & 106.24, * p < 0.0013; INL: 103.72 + 106.57,
# p <0.0033; GCL: 76.06 + 81.55, # p < 0.0037 compared to diabetic untreated) (Figure 7C).

2.9. Cannabinoid Treatment Reduces the Diabetes-Induced Vascular Leakage

A colocalization study of CD-31, NT, and DAPI was performed in diabetic untreated
animals in order to assess the effect of nitrative stress in endothelial cells in the diabetic
retina. The study revealed that NT is co-localized with CD-31 positive vessels in GCL
(Figure 8A), suggesting that endothelial cells in the diabetic retina are subjected to nitrative
stress processes.
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Figure 8. Effect of cannabinoid treatment on diabetes-induced blood-retinal barrier leakage.
(A) Co-localization of CD-31, NT, and the nuclear marker DAPI. Representative photomicrograph of
a diabetic untreated retina, showing that NT is colocalized with CD-31 in blood vessels in the GCL.
White arrow marks the co-localization area. Magnification: 20x. Scalebar: 50 pm. (B) Quantitative
analysis of EB data: Diabetes induced an increase in BRB leakage (*** p = 0.0007 compared to Control).
Treatment with either AM1710 (* p = 0.0021 compared to diabetic untreated, p > 0.05 compared to
Control) or SR141716 (* p = 0.0048 compared to diabetic untreated, p > 0.05 compared to Control)
blocked this effect. Data are expressed as mean + S.D and presented in a form that combines a
bar diagram and scatter dot plot, with every dot representing a different value. One-way ANOVA
was employed for the statistical analysis of all data, followed by Tukey’s multiple comparison test.
Differences were considered statistically significant when p < 0.05.
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Evans-Blue (EB) levels were measured in the diabetic retinas of animals two weeks
post-diabetes induction in order to assess the presence of vascular leakage in the early
stage of DR. A marked increase in leakage was observed in the diabetic animals com-
pared to Control animals (Control: n = 4, 0.09102 £+ 0.01150; diabetic untreated; n =7,
0.3146 £ 0.03621, *** p = 0.0007 compared to Control) (Figure 8B). Topical administration of
the CB2R agonist, AM1710, reduced vascular leakage in the diabetic retina to normal levels
(n =5,0.1283 £ 0.01682, #p = 0.0021 compared to diabetic untreated, p > 0.05 compared
to Control) (Figure 8B). A similar reduction was also observed by the CB1R antagonist,
SR141716 (n = 3, 0.1160 + 0.04494, ¥ p = 0.0048 compared to Diabetic untreated, p > 0.05
compared to Control) (Figure 8B).

3. Discussion

The findings presented in the current study provide new evidence suggesting that
topical administration of AM1710 (CB2R agonist) and SR141716 (CB1R antagonist), alone
and as dual treatment displayed, in a differential manner, antioxidant, neuroprotective, anti-
inflammatory, and vasculoprotective properties in the ESDR model. SR141716 (Rimonabant)
is a widely used potent and selective CB1R antagonist [41], while AM1710 is a potent and
selective CB2R agonist with very high functional selectivity for CB2R over CBI1R [42].
SR141716 has been employed previously in a study investigating the role of CBIR on
the development of vascular inflammation and cell death in a mouse model of DR and
human retinal cell line [33]. This article was the first to show that CB1R activation plays an
important role in the pathogenesis of DR and that CB1R antagonists may be beneficial in
reducing diabetes-induced oxidative/nitrative stress and vasculopathy. To our knowledge,
AM1710 has never been investigated in healthy or diseased retinas. Therefore, we chose to
examine these two cannabinoids, and not others, in the ESDR model with the hope that the
single and dual treatments of these compounds will result in novel findings regarding their
beneficial use in the treatment of ESDR.

One of the major pathological components of DR is the progressive degeneration of
neuronal cell types in the retina. Studies using various experimental models of DR have
detected extensive loss of amacrine cells [43], photoreceptors [44], and retinal ganglion
cells [45]. These findings have been substantiated by post-mortem data from diabetic
human donors [8,46] or by measuring the thickness of retinal layers (OCT) in subjects [47]
and in diabetic rats [8]. Numerous reports have shown the neuroprotective actions of
CB2R agonists in the brain and their therapeutic potential in a plethora of neurological
disorders [48]. In contrast, fewer studies have examined the role of CB2R activation in
the retina.

In the present study, we report for the first time that CB2R activation by the selective
agonist AM1710, administered topically as eye drops for two weeks, was able to block
the diabetes-induced loss of a subpopulation of amacrine cells [nitric oxide synthetase
(NOS) expressing].

Another key pathological feature of DR reported in this study was a marked decrease
of NFL immunoreactivity, observed two weeks after diabetes induction, which was con-
firmed both by the quantification of the intensity and thickness of NFL stain. Similar
alterations in the morphology of NFL were also reported in five-week [43] and three-month
models [49] of STZ-induced DR. The reduction of NFL thickness has also been reported by
OCT measurements in human DR patients [50,51]. AM1710 and SR141716, administered
either alone or in combination, rescued ganglion cell axons from diabetes-induced damage
in the retina [NFL-IR (thickness & intensity)]. To our knowledge, the current study is
the first to indicate deficits in NFL as early as two weeks after the onset of diabetes. A
number of human studies have reported a reduction in NFL thickness observed at the
very early stage of DR, termed preclinical DR [52], or in diabetic patients with no DR [53].
Collectively, these data imply that changes in NFL thickness represent one of the earliest
structural changes at the neuronal level of the diabetic retina, thus forewarning the future
development of DR.
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Despite the reduction in NFL thickness and intensity, as assessed by NFL IR, we did
not observe a statistically significant reduction in the thickness of the GCL. Similarly, no
difference was observed in the number of retinal ganglion cells (RGCs) between control
and diabetic animals (H&E staining). Martin et al. [54] reported that the number of RGCs,
as well as the relative thickness of GCL, remained unaffected two weeks post-STZ-induced
diabetes in a murine model, in agreement with our findings. However, a statistically
significant reduction was observed ten weeks post-diabetes initiation. These results suggest
that NFL may be a useful marker to indirectly extract information about the fate of RGCs in
optical neuropathies, including DR. Yi et al. [55] reported that axotomy of the optic nerve
leads to progressive loss of ganglion cells (optic nerve crush model). The existence of a
large number of RGCs, with no detectable retrograde Fluoro-Gold staining, was reported
in a mouse model of glaucoma, suggesting that part of their axons was damaged, but RGCs
remained functional and expressed various RGC genes [56]. The authors suggested that
despite the degeneration of their distal part, the proximal portion of the axons remained
unaffected one-month post-insult, thus contributing to RGCs’ survival [56]. These studies
support our data and suggest that treatment of diabetes-induced NFL deficits in the ESDR
will affect the viability of ganglion cells in a positive manner.

An increased number of TUNEL™ cells in all three nuclear retinal layers (ONL, INL,
GCL) was reported as early as two weeks after diabetes induction [57]. AM1710 also
provided neuroprotection in the ESDR model as suggested by the reduction of the diabetes-
induced increase in cleaved caspase-3" cells in the INL, compared to the diabetic untreated
animals, and the abolishment of diabetes-induced reduction in INL thickness. These
findings are in agreement with previous studies from our laboratory, where it was shown
that the neuroprotective properties of the endocannabinoid 2-AG [25] and the synthetic
cannabinoid (R)-WIN55,212-2 [20] are in part mediated via CB2R activation in the animal
model of AMPA induced retinal excitotoxicity. Further proof regarding the neuroprotective
properties of CB2R activation was reported by Imamura et al. [40], who showed that HU-
308 (CB2R agonist) reduced degeneration of photoreceptors, both in vivo and in vitro, in
an animal model of light-induced age-related macular degeneration.

CBI1R blockade was reported to be neuroprotective in retinal disease models, such
as DR [33] and MNU-induced retinal degeneration [36]. However, CB1R blockade did
not reverse the diabetes-induced loss of bNOS expressing amacrine cells nor reduce the
number of cleaved caspase-3* cells in the INL. The inability of the CB1R antagonist to
influence the attenuation of bNOS amacrine cells and the increase in the number of cleaved
caspase 3 cells may be due to the low density of CBIR expressed in nitric oxide synthetase-
expressing amacrine cells that are detected (stained) by the bNOS antibody. Furthermore,
the CBIR is located mainly in the GCL and less in the INL, where the cell bodies of
amacrine cells are located [58]. However, the density of the CB1R in the different amacrine
cells has not been reported. Our data are in agreement with a recent study reporting
that the CB1R antagonist AM251 aggravated neurodegeneration in a rat model of light-
induced retinal degeneration by increasing mRNA levels of pro-apoptotic markers (Bad,
Bax) and activated cleaved caspase 3, as well as mRNA levels of the anti-apoptotic marker,
Bcl-2. [59]. In the present study, CB1R expression was also examined in three groups
(Control, Diabetic, Diabetic + SR141716). No statistically significant difference in CB1R IR
was observed, suggesting that neither diabetes nor the treatment affects the expression of
CBIR in the retina.

Retinal inflammation is closely linked to persistent macroglia and resident macrophage
activation, which are present at the ESDR [60]. In accordance with these findings, we
show that diabetes increased the number of Ibal * cells and GFAP expression in Miiller
cells in the two-week model of DR. AM1710 attenuated the diabetes-induced increase in
the number of reactive Ibal* cells as well as the levels of TNF« in diabetic retinas, in a
statistically significant manner. While the anti-inflammatory actions of CB2R agonists
have been well described, this is the first report of its kind using an in vivo model of DR.
CB2R activation has been shown to shift the pro-inflammatory M1 phenotype to the anti-
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inflammatory M2 by stimulating the release of anti-inflammatory cytokines [61]. We have
also shown that CB2Rs are expressed in reactive macrophages in the retina, as assessed by
their colocalization with Ibal. The synthetic cannabinoid (R)-WIN55,212-2 (CB1R/CB2R
agonist) attenuated the AMPA-induced increase in the activation of these cells, acting via
CB2Rs [20]. AM1710 also reduced macroglia activation in diabetic retinas, as shown by
the reduction of GFAP IR. This result is consistent with data showing an up-regulation
of CB2Rs in Miiller cells [62], suggesting that CB2R plays a crucial role in the physiology
of macroglia. Sun et al. [63] reported that the CB2R agonist JWHO015 attenuated GFAP
expression in astrocytes, an effect that was abolished with the pre-treatment of the animals
with the CB2R antagonist AM630.

The mechanism via which CB2R agonists may mediate their anti-inflammatory actions
has been reported in different studies. AM1710 activation of CB2R leads to adenylyl
cyclase and protein kinase A (PKA) inhibition and attenuation of cAMP levels via Gi/o
signaling, that suppress resident macrophage activation via the modulation of c-Jun N-
terminal kinases (JNKs) [64]. CB2R activation also leads to the attenuation of NO/nitrative
stress and pro-inflammatory cytokines TNF-a and IL-6 via a process that is dependent
on ERK1/2 and Akt [65]. CB1R blockade has been suggested to afford anti-inflammatory
properties in models of retinopathy, including DR [33,66]. In our study, blockade of CBIR
did not attenuate the number of activated macroglia (Figure 5B) and resident macrophage
(Figure 6B) nor TNF« levels (Figure 6C) in diabetic retinas, in contrast to our original
hypothesis. In a previous study, SR141716 was shown to block diabetes-induced activation
of Miiller cells (GFAP IR) and NFkB, localized in the vascular layers of the retina, in a mouse
STZ model of DR [33]. However, it has been reported that activation, and not a blockade, of
CBI1R by anandamide was able to attenuate microglia-mediated neuroinflammation in the
brain [67]. Despite the ability of SR141716 to reduce nitrative stress and vascular leakage, it
did not affect the inflammatory components. As mentioned earlier, this difference may be
due to a lower density of CB1Rs located on glial cells.

In agreement with our observation, Solino et al. [59] reported that the application
of the CBIR antagonist, AM251, in a rat model of light-induced retinal degeneration
increased macroglia reactivity and the expression of TNFo. Another possible explanation
for the inability of CBIR blockade to promote anti-inflammatory actions may be due to the
existence of a sexual dimorphism effect. A recent study reported that the inflammatory
response in the brain is dependent on CB1Rs on resident macrophage cells in male mice
but independent of CBIR in female mice [68]. In our study, most of the animals employed
were female.

In the model of ESDR, upon onset of diabetes, there was an increase in nitrotyrosine
(NT) expression in the retina, a marker of nitrative stress. These findings are in agreement
with Hernandez-Ramirez et al. [10], who reported increases in the expression of NO and
3-NT in an STZ-induced DR model seven days post-diabetes initiation. We report that
blockade of CBIR and activation of CB2R by topical administration of SR141716 or AM1710,
respectively, reduced nitrative stress, as indicated by the attenuation of the diabetes-induced
increase in the number of NT+ cells. These findings are in agreement with studies showing
CBIR blockade attenuated oxidative damage in various disease models [33,69].

Hyperglycemia-induced oxidative and nitrative stress contribute to microvascular
complications of DR by promoting DNA fragmentation and apoptosis of endothelial
cells [70]. The reduction of NT levels has been shown to protect retinal micro-vasculature
from the nitrative insult [33,71]. In the present study, we observed an increase of NT
expression in the diabetic retina (Figure 7A,B) that was reversed by all three treatments. We
also showed that NT is localized in endothelial cells, as observed by its co-localization with
CD-31 (endothelial cell marker, Figure 8A), suggesting that blood vessels undergo nitrative
damage. This finding is confirmed by a previous study showing that NT expression is
prominent in the retinal vasculature of diabetic animals [72]. The nitrative stress-induced
endothelial cell impairment is a possible explanation for the increased vascular leakage that
is also reported in the present study (Figure 8B). We observed an increase in retinal vascular
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permeability two weeks post-STZ treatment. Studies in diabetic rats reported that increased
vascular permeability in the retina was observed as early as six [73] or seven days [74] after
STZ administration. AM1710 reduced vascular leakage in diabetic retinas (Figure 8B). In
compliance with our results, CB2R activation was shown to reduce the expression of cell
adhesion molecules in human retinal endothelial cell cultures and attenuate TNF-« induced
retinal vascular permeability in vivo [75,76]. Similar to the actions of AM1710, SR141716
(CB1R antagonist) also blocked the diabetes-induced increase of vascular permeability,
suggesting that the blockade of CBIR is efficacious in maintaining the integrity of BRB.
Also, vascular protective actions were afforded by SR141716 in a mouse model of retinal
degeneration induced by MNU (N-methyl-N-nitrosourea) [36] and a mouse model of
DR [33].

The dual treatment (AM1710 and SR141716) was efficacious in attenuating nitrative
stress (Figure 7B,C). However, its efficacy was not different from the single treatments on
NFL (Figure 1B,C) or bNOS IR (Figure 3B). Also, it did not afford any statistically significant
effect in reducing Miiller cell nor resident macrophage activation (Figures 5B and 6B, re-
spectively). Taking into account the anti-inflammatory actions of AM1710 and the inability
of SR141716 to affect macroglia and resident macrophage activation, we hypothesized that
the dual treatment would mimic single CB2R agonist treatment. Studies in the brain have
shown that CB1R and CB2R can form functional heterodimers in neuronal [77], as well
as in Ibal* cells. Increased expression of CBIR/CB2R heterodimer has been observed
as a response to an inflammatory stimulus [78]. The most interesting part, which seems
relevant to our study, is that CB1R/CB2R heterodimers display cross-antagonism in which
administration of CB1R antagonists was able to block the effects of CB2R agonists [77,78].

Members of the ECS, endocannabinoids, and CB1/CB2 receptors, found in peripheral
organs, are involved in the regulation of energy homeostasis and play an important role in
obesity and metabolic disorders [79] Both CB1R antagonists and CB2R agonists modulate
glucose metabolism. The synthetic cannabinoid SR141716 (Rimonabant), also employed
in this study, was the first selective CB1R antagonist/inverse agonist to be investigated
regarding its role in glucose metabolism in patients and animals [80]. Clinical trials [Rimon-
abant in Obesity (RIO) program] in overweight/obese non-diabetic and type-2 diabetes
patients reported that Rimonabant reduced glucose tolerance and insulin resistance [81,82].
Similar results were reported in animal studies employing different CB1R antagonists and
various models of obesity [80,83]. The efficacious effects of CB1R antagonists in energy
metabolism were negatively affected by their CNS psychiatric adverse effects. In order
to bypass this disadvantage, peripheral neutral CB1R antagonists have been developed
and were shown to improve glycemic and insulin resistance [84,85]. 2-AG activation was
reported to attenuate insulin secretion by pancreatic beta-cells of the mouse via CB2R
activation [86] and to improve glucose homeostasis in the rat [87]. All in all, the peripheral
endocannabinoid system plays an important role in glucose metabolism. The roles of CB1R
antagonist and CB2 agonist in the retina (CNS) and periphery suggest that these members
of ECS are prospective putative therapeutics for diabetes and diabetic retinopathy.

In closing, our findings suggest that topical administration of the three cannabinoid
treatments, such as eye drops, provides protection to the diabetic retina in a differential
manner against the four pathologies of ESDR. The actions of both CB2R activation and
CBI1R blockade in restoring ganglion cell axons (NFL-IR) in ESDR suggest that both agents
may be effective in retarding RGC death. AM1710 is efficacious as an antioxidant, anti-
inflammatory, neuroprotective and vasculoprotective agent and, thus, a promising new
therapeutic for ESDR. Further advancement of retinal imaging to screen and identify the
early events in DR, such as neurodegeneration in diabetic patients, is crucial for selecting
neuroprotective drugs and implementing personalized treatments. As our findings clearly
implicate the endocannabinoid system, the therapeutic benefits of this class of compounds
should also extend to patients with diabetic nephropathy and cardiopathy/stroke since DR
has been associated with the development of these diseases [2].
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4. Materials and Methods
4.1. Animals

Adult (2 months old) male and female Sprague Dawley rats, weighing approximately
250-300 g, were used in this study. For the induction of diabetes, mainly female rats were
chosen, and the use of male rats was limited when possible due to the high mortality of male
subjects after STZ injection. Most studies employ male rats/mice for STZ-induced diabetes.
However, taking into consideration the sex differences between males and females [88] in
their response to STZ, more investigations using female rats/mice should be proposed.
Animals were housed one per cage (Control animals: 2-3 per cage) at a fixed temperature
of 22 + 2 °C and in a stable 12 h light-dark cycle, while food and water were available ad
libitum. Inhalation of ascending concentrations of CO, was chosen as the euthanization
protocol after the end of the experiments. Animal handling was conducted in accordance
with the ARVO Statement for the Use of Animals in Ophthalmic and Vision Research, in
compliance with Greek national laws (Animal Act, P.D. 160/91) and the EU Directive for
animal experiments (2010/63/EU). All procedures were carried out following reduction
and refinement strategies.

4.2. Drugs

Streptozotocin (STZ) was obtained from Sigma-Aldrich (Tanfkirchen, Germany).
AM1710 (1-Hydroxy-9-methoxy-3-(2-methyloctan-2-yl)-6 H-benzo[c]chromen-6-one) and
SR141716(5-(4-Chlorophenyl)-1-(2,4-dichlorophenyl)-4-methyl-N-piperidin-1-ylpyrazole -3-
carboxamide) were synthesized at the Center for Drug Discovery, Northeastern University
(Boston, MA, USA). AM251 (CAS No: 183232-66-8) was purchased from Med Chem Express
(MCE, New Jersey, NJ, USA).

4.3. Induction of Diabetes and Experimental Design

Prior to the start of all experiments, blood samples were obtained by pricking the
lateral tail vein using a sterile needle, and the glucose levels of each animal were measured.
Diabetes was induced by a single intraperitoneal (i.p) injection of STZ (70 mg/kg) dissolved
in sodium citrate buffer (0.1 M, pH = 4.7), as previously reported [43]. Control animals
received a single injection of sodium citrate buffer 0.1 M (vehicle). One day after STZ
injections, blood glucose levels were measured to determine the onset of diabetes. Animals
were considered diabetic when blood glucose levels were higher than 250 mg/dL. A two-
week model of ESDR was employed, according to Hernandez et al. [12], who established
the model. The effect of streptozotocin (STZ) on blood glucose levels and weight of
animals were analyzed at three-time points (pre-STZ, 1d, and 14d post-STZ treatment)
(Figure S1A,B).

Cannabinoid agents were administered as eye drops [20 puL, 10 mg/mL; vehicle: 20 uL
DMSO) directly onto the superior corneal surface of each eye using a micropipette once
daily for 14 days. Each eye/animal received a different treatment. The 20 pL volume/eye
was administered in four different eye drops, ensuring each time that the drop was absorbed.
Each animal was restrained by the experimenter with a towel in order to control the
movement of the animal’s paws towards the eyes”, Animals were euthanized twenty-four
hours after the last eye drop administration, and their tissues were processed. According
to the treatment, animals were divided into five different groups, namely, 1. Control,
2. Diabetic, 3. Diabetic animals treated with AM1710 (10 mg/mL in DMSO, 20 uL),
4. Diabetic animals treated with SR141716 (10 mg/mL, in DMSO, 20 uL) and 5. Diabetic
animals were treated with the combination of AM1710/SR141716 (10 mg/mL in DMSO,
each individually). Animals in control and diabetic non-treated groups received 20 pL of
vehicle (DMSO) in each eye as eye drops, as mentioned above, once daily for the same
duration as the treatment of the diabetic-treated group.

The eye drop route of administration was chosen because it is more patient-friendly
and reaches the retina via the trans-scleral route [89]. The problem with intravitreal
injections in humans has to do with the frequency of injections and with the burden on
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healthcare systems due to the specialized personnel that is needed and the higher cost.
Using alternative topical drug delivery, eye drops, for treating the retina is a relevant
alternative. However, more investigations are needed in order to determine its usefulness
in the treatment of the human retina.

4.4. Tissue Preparation

After the verification of euthanization, the eyes were processed for immunohistochem-
ical analysis. Eyes were removed and fixed by immersion in 4% paraformaldehyde (PFA)
solution in 0.1 M phosphate buffer (PB) for 45 min at 4 °C. The anterior segment of the
eye (containing cornea, lens, aqueous and vitreous humor) was removed, and the eyecup
(sclera and retina) was fixed for 1.5 h at 4 °C in addition. Subsequently, the eyecups were
cryoprotected by incubation in 30% sucrose solution overnight at 4 °C. Eyecup tissues
were frozen in isopentane at —55 to —45 °C, using optimal cutting temperature compound
(O.C.T). Vertical sections near the optic nerve head (10 pm thick) were taken using a cryostat
(Leica), and slides with tissue sections were stored at —20 °C. For ELISA and Evans Blue
assay, after the removal of the eyes, retinas were rapidly isolated and stored at —80 °C until
further analysis.

4.5. Histology

Cryostat sections were used for histological studies, namely staining with a Hema-
toxylin and Eosin (H & E) solution, in order to measure the retinal thickness. For this
purpose, an H & E staining kit (Abcam, Cambridge, UK, ab245880) was employed, and the
detailed protocol followed was the one recommended in the manual of the company.

4.6. Immunohistochemical Studies

For the assessment of the effect of the cannabinoid treatment on retinal neurons, a
rabbit polyclonal antibody raised against brain nitric oxide synthase (bNOS; 1:2000, Sigma-
Aldrich, Tanfkirchen, Germany, code no. N7280, lot no. 062M4839), a marker of retinal
amacrine cells and a mouse monoclonal antibody, raised against neurofilament (NFL;
1:500, Millipore, Darmstadt, Germany, Code no. MAB1615, Lot no. 2736736) a marker
of ganglion cell axons were employed. The neuroprotective effects of the cannabinoid
treatment were also evaluated using a rabbit polyclonal antibody against nitrotyrosine
(NT; 1:1000, Millipore, Darmstadt, Germany, Code no. 06-284, Lot 3199176), a marker of
nitrative/oxidative stress, and a rabbit monoclonal antibody against cleaved caspase-3
(1:300, Cell Signaling, Danver, MA, USA, Code no., 9661S. Lot no 47), a marker of apoptotic
cell death. In order to examine the effect of the cannabinoid treatments on the activation
of a) Muller cells and astrocytes, a mouse monoclonal antibody raised against the glial
fibrillary acidic protein (GFAP; 1:2000, Sigma-Aldrich, St. Louis, MO, USA, Code no.
AB5804, Lot no. 2424641) was employed and b) resident macrophage, a rabbit polyclonal
antibody raised against ionized calcium-binding adaptor molecule 1 (Ibal; 1:2500, WAKO
Chemicals, Osaka, Japan, Code no. 019-19741). A marker for endothelial cells, cluster of
differentiation 31/platelet and endothelial cell adhesion molecule 1 (CD-31/PECAM-1;
1:100, Novus Biologicals, Cambridge, UK, Code no. NB100-64796) was also employed for
the visualization of blood vessels. Tissue sections were also treated with the appropriate
secondary antibodies. A secondary antibody CF543 goat anti-rabbit IgG (H + L) (1:1000,
Biotium, Fremont, CA, USA, code no. 20309, lot no. 12C0213) and a CF488A goat anti-
mouse IgG (H + L) (1:400, Biotium, Fremont, CA, code no. 20010, lot no. 13C0619) were
used against rabbit and mouse primary antibodies. The CD-31 and NT colocalization study
employed the Alexa Fluor 488 goat anti-mouse IgG (H + L) (1:1000, Invitrogen, Waltham,
MA, USA, code no. A11029, lot no. 2306576). After completing the incubation of the
secondary antibody, all sections were stained with DAPI (1:2000, Sigma-Aldrich, St. Louis,
MO, USA) for the visualization of cell nuclei. Tissue sections were also treated alone with
the three secondary antibodies, namely CF488A goat anti-mouse IgG (H + L) (1:400), Alexa
Fluor 488 goat anti-mouse IgG (H + L) (1:1000), and CF543 goat anti-rabbit IgG (H + L)



Int. . Mol. Sci. 2023, 24, 240

19 of 24

(1:1000), without the primary antibodies in order to examine their nonspecific staining in
the retina.

4.7. ELISA Assay

A rat ELISA kit (Abcam, Cambridge, UK, ab100785) was employed for the measure-
ment of the pro-inflammatory cytokine TNF-alpha (TNFx) on retinal samples of Control,
diabetic untreated, and diabetic animals treated with either AM1710 or the CB1 inhibitor
AM251. An ELISA reader (450 nm, BioRad, Hercules, CA, USA) was used to analyze
the duplicates for each sample. TNFx concentration (pg) data were normalized to the
total protein concentration (mg) [Nano Drop (2000) (ThermoFisher Scientific, Waltham,
MA, USA)].

4.8. Evans-Blue Assay for Measuring Blood-Retinal Barrier Permeability

Evans-Blue (EB) dye was diluted in saline 0.9% at a concentration of 30 mg/mL.
Twenty-four hours after the last eye-drop administration, animals were anesthetized by
intraperitoneal injection of ketamine (100 mg/kg) and xylazine (10 mg/kg). EB solution was
injected intravenously via the lateral tail vein at a dosage of 45 mg/kg. Two hours after the
administration of EB, blood samples were collected by cardiac puncture, using 19 G needles,
and animals were perfused with 0.9% saline at 37 °C in order to remove the excess of dye
from the circulation. Additional anesthesia only with ketamine was provided when needed.
After perfusion, retinas were isolated and weighed. Blood samples were subsequently
centrifuged at 2100 g at 4 °C for 10 min. Plasma samples were diluted in formamide
(1/1000) and were prepared for analysis. Retinas were incubated in formamide (300 uL,
72 °C, 18 h), and the extract was centrifuged at 22.000 g (1 h, 4 °C). Retinal extracts and
plasma samples were then analyzed as duplicates using a spectrophotometer at 620 nm
(maximum absorbance of EB) and 740 nm (minimum absorbance of EB, as previously
mentioned [73]. Blood retinal barrier (BRB) leakage was calculated in pg of Evans Blue
using the following equation:

BRB leakage = (retina EB concentration/plasma EB concentration)/retina wet weight

4.9. Microscopy and Quantification Studies

Images from retinal tissue sections were obtained by a fluorescent Leica DMLB mi-
croscope (HCX PL Fluotar, 40x /0.70 or 20x /0.50 lens; Leica Micro-systems, Wetzlar,
Germany) using a Leica DC 300 F camera. For each immunohistochemical study, magnifi-
cation was set to either 20 x or 40x. All photomicrographs were taken at the center point
of the retina, near the optic nerve. Exposure, brightness, contrast, etc., were kept stable
until the completion of the quantification analysis. Adobe Photoshop ver. 7.0 software
(Adobe Systems, San Jose, CA, USA) was employed to merge images with their representa-
tive nuclear staining and crop images in their desirable dimensions. Quantification was
performed in the uncropped images, which represent a part of the sagittal section near the
optic nerve head (ONH) where the quantification is performed. For each retina (n = 1), we
employ a total of 6 uncropped images taken from 3 different sections [2 photomicrographs
x 3 different sections = 6 images per retina). The mean value of the 6 different uncropped
photomicrographs (e.g., cells, thickness, gray value) taken per each sample represents n = 1.

For the bNOS-IR study, cells were manually counted across the whole length of tissue
sections. For the analysis of NFL-IR, two different protocols were followed. Firstly the
mean gray value of NFL-IR was calculated from six different photomicrographs for each
sample (two photomicrographs per section, with a total of three sections measured for
each sample). Secondly, the thickness of the NFL layer was measured by Image] 1.44
software. For each photomicrograph, the NFL thickness was measured at three different
points of the photomicrograph width (100, 200, and 300 pm), with the total width of the
photomicrograph being 400 um. Quantification of GFAP-IR was performed according
to Anderson et al. [90]. It relies on a scoring system (0-5) to estimate the area of the
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GFAP positive processes in the tissue. Ibal* reactive cells were identified based on their
morphology [20]. The number of reactive Ibal+ cells was manually counted across the
whole length of each photomicrograph and expressed as the ratio of their total number to
the area measured (expressed in pm?). Similarly, manually calculated quantitative analysis
was performed for NT* and cleaved caspase-3* cells.

Quantification of the data of the H&E histological study was performed using two
nonoverlapping photos from each section taken from the central retina near the optic nerve,
with a total number of three sections for each sample. The total thickness of the retina, as
well as the thickness of the separate retinal layers (ONL, INL, and GCL), was measured
using Image] 1.44 software (National Institutes of Health, Bethesda, MD, USA) by drawing
straight lines in three different fixed points in each photomicrograph (100, 200, and 300 pm).
The approximate width of each photomicrograph was 400 um. The mean value of each
sample was used for the quantitative analysis. The number of ganglion cells in the GCL
was also manually counted, beginning 50 um after the left side and ending 50 pm before
the right side of each photomicrograph. The mean of a total of six values for each sample
was used for the quantitative analysis.

One possible limitation of this study pertains to the fact that the quantification was
performed only on the central part of the retina near the optic nerve head and not the full
length of the retina.

4.10. Statistical Analysis

Graph Pad Prism 8.0.1 software (San Diego, CA, USA) was employed for the statistical
analysis of the data presented in this study. Data are expressed as mean + S.D and presented
in a form that combines bar diagram and scatter dot plot, with every dot representing a
different value. Data from all experiments (except ELISA and Evans-Blue assay, where the
original values were used) were normalized to the values of Control tissue and expressed
as % of Control tissue. One-way analysis of variance (ANOVA) was employed for the
statistical analysis of all data, followed by Tukey’s multiple comparison test. A two-way
analysis of variance (ANOVA) was employed, followed by Sidak’s multiple comparison
test, for the analysis of the different groups across the different retinal layers (ONL, INL,
and GCL) in NT and H&E stain. Differences among groups were considered statistically
significant when p < 0.05. In all statistics, the n value represents the number of retinas.
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