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IIpoioyog

Me Vv mopovca gpyacio KAEIVEL 0 KOKAOG TOV TPOTTLYLOKAOV LOV GTOLOMV KOl OVOiyEL
évag kavovpylog, Pe v €£000 LoV GTNV ayopd £pyaciog MG TTLYOLYOS peTaepactplo. H
eMAOYN €VOG EO1KOV, GLYKEKPIUEVO LOTPIKOD, KEWWEVOL £yve pe yvapova v e&edikevon
mov Bo NOBera Vo amoKTNO® UEAAOVTIKE GTO UETOPPUCTIKO avtd €100g. To 10 to Keipevo
SAEYTNKE KOT™ apydg EMEWN TANPOL TO KPLTHPLOL TOV TUNUOTOS GTTOVOMVY OV OVOLPOPIKE e
TNV TTUYOKY €pyocio (EKTOGN, UM HETAPPOCUEVO KEIPEVO, TPOTOTLMO OEUN) Kol KaTd
devTepOV AOY® NG Waitepng Bepatoroyiog Tov, TOL GVVIEEL TOV Zakyap®don Afnt pe
voéco tov Alzheimer kot tov poAo g aoctaavBiving ot Oegpomevtikny Swodikacio Tov
tehevtaiov, oty mpoonddeia va Ppedel kamown otryun o poévyun Bepaneia. To TpotdTLRO
keipevo €yer titho «Hypoglycemia, Hyperglycemia and Astaxanthin: An in Vitro
Alzheimer’s Disease Model» kot omoteAel emomuovikny HEAET TTOV ONUOCIEDTNKE GTOV
Topo 8, No.3 tov ZentepuBpiov 2019 tov TpyuMvIaiov 1aTpkod TePLodkol He EWOIKEVOT 6T
voco tov Alzheimer «Advances in Alzheimer's Disease», pe ovyypaoeic tic Julie Griffith,
Shauna Northup, Emma Cieslik, Marie Kelly-Worden, xaOnyntpieg tov Tunuatog Broloyiog
tov [Tavemotnuiov Ball State.

H mapovoa epyacio Exel Oépa ™ peTdepaon, Tov 6YoMaAcHd aAAd KOl TO YAOCGAPL TV
OpwV TOV €V AOY® KEWEVOV. ZTO TPMOTO UEPOG TNG epyaciog mapatifetal, dnwe paivetal cTov
TVOKO TEPLEYOUEVOV TAPUTAV®, TO UETAQPUCHO Kol TO TPp®TOTLTO Keipevo. Tlapaxdtm
axolovfel 0 GYOMAGHOG, GTOV OTOio AVOAVOVTOL TOGO TO TPMTOTLTO KOl TO UETAPPOCLLA,
060 kol To CNTAUATO TTOL TPOEKLYOV KOTE TN UETOPPACTIKY OlodKocion Kot 0 TPOTOG
emilvong tovg. Térog, mapatiBevion 1 BiAoypagio kot T0 YAOCTEPL TV Opwv.

e ovto 10 onpeio, B Bk va gvyopIETHoH® TOV VLITELOHVLVO KAONYNTH LOL KVPLO ZOTHPLO
Kepapida, n ovpPoir} tov omoiov Mrav TOAOTIUN Y THV TPOAYUAT®OY NG ToPovGOG
TTUYLOKNG epyaciog, kabmg Kot Tov mTpdedpd pog Aifa ZoTplo Tov dEXTNKE VO UTEL GTNV
emtponn emomteiag, mapd TOV avEnuEVo @Opto gpyaciag Tov. o Mbelo emiong va
EVYAPLOTACH OAOVLG TOLG KaONYNTég Tov Tunuatog Eévav woodv, Metdeppaong kot
Atepunveiog mov pe fondncav 6Aa avtd ta ¥pdvia vo emtHy® Tovg 6TOYXoVS Hov. Téhog, Oa
NBeda vo gVYOPIGTAC® TNV OIKOYEVELD KOl TOVG GIAOVLS LoV Yio TN GTAPIEN Kot TNV oydmn
TOVG,.



Metdopoopa

Ynroylvkopio, Yrepylvkoapio kov Actaavlivny: In Vitro povtého g
vo6ov Tov Alzheimer

Hepiinyn

Méoa ota emndpeva 30 ypoévia mpoPAémeTon avénomn g vosov tov Alzheimer oe 30
gkaTopupvpLaL ATopa, OTMG EMioNS Kot aENGT TOL TOGOGTOV TOV GAKYOPMDIN OoPNT. XTOVG
acBeveic pe caxyapmon dwfn mopatnpeitor cuvnwe vepyAvkoia, EVo 1 VITOYAVKOLio
amotekel ovvnOn oamdppola NG tvoovAwvobepameiog. Xe mporyoLueveg E£peuveg  €xel
dwmiotwbel Ot vdpyel o mbav cvvoeon avapesa ot voco tov Alzheimer Kot TOv
. XKomd TG Tapovcag LeAETNG amoTtedel 0 kKaBopiopnog N un g aoctasovliving (ATX)
®G LEGO TPOANYNG TNG HTOYOVOPLOKNG OVGAEITOVPYIOG A0 TIC CLVOLOACTIKEG ETIOPACELS TNG
TAGKOG B-opLA0E00G Kot TG voyAvkotpiog 1 g vaepylvkopios. Ot pvBuol avantuéng
kot 1 mopayoy ATP kot ROS peremOnkoav oe opddeg tov 2 uM, 5 pM, 25 uM
(vmoyAvkoyukée opdoeg), 2 mM, 5 mM (puocroroyikég opddec) ko 25 mM yAvkding
(vepylokopikr] opdda) ki émerta tovg 00Onke aywyn pe N yopic ATX 1 AS. Otav ot
VTOYAVKOUIKEG KOl VITEPYAVKALUIKES opddeg Eaafav aywyn pe ATX, ot pvBuoi avdmtuéng
ToVG Ntav €ite cuykpiocotl pe toug pdprtopeg site avénuévor. Ta kdtropa mov Ehafav
Oepancio pe ATX kot AS moapovsioacav avENUEVOLS pLOUOVG OVATTTUENG GE GYECN LE TO
KOtTopa mov Ehafav poévo AB. Ot opddeg mov Ehafav poévo Af emédei&av 6to GUVOAD TOLG
oA Ayotepn ovamtuEn amd tovg paptupeg (p < 0,05). Ze yevikég ypoppés, ot
VIOYAVKOUUIKES Opades mapnyoyav younAd eminedo ATP kor m vrepylvkopikny vynid. Ta
KOTTOpPO TOV KoAMepyNOnkav pe A mopovciocov younid emineda pécov @Hopiopov, ta
omoia dnprovpyovvral and v mapaywyr] ROS, 6nmg npocsdiopictnke pécm g dokipaciog
MitoSOX, evdd ot opddeg ATX mopryoayov otV TPOYHOTIKOTNTO VYNAOTEPA £1G
evooroykd emimeda ROS. Ta xOttapa mov kedlepynnkov pe cvvovaoud AS ko ATX
mopryoyav yevikd neprocotepeg ROS amd t1g opddeg mov Erapav povo Ap. daivetar, Aowmodv,
OTL M vroyAvkaipio Kot 1 veepyAlvkoipio emreivouy Tig emdpAcel tov Af G6ToL KOTTOP TOV
wmnokaunov. To amoteléopata g Oepaneiog pe ATX tov TOALL vTooKOUEVA, QVEAVOVTOG
TV KLTTOPIKN avanTtuén, 1 onoio mpoddnoe tn ypnon g ATP and 10 xvTTOpPO KO TNV
nmopaywyn ROS. H avdrtoén avt) vampye axoun Kot vwd v mapovsio Tov Af, yeyovog mov
vrodetkviel 0t  ATX pmopel va tpoomepdost Tig apvnTikég mdpacels tov Ap.

AéEearc-kreod

Aokwocio ATP Aovcupepdone, mapoywyn ROS. B-apvrocdéc, actafoviivn, cokyopdonc

dwafng
1. Evocayoyn

H vocog tov Alzheimer (NA) eivor pia vevpoek@uAoTikny vocog mov oyetiletor pe v
TPOOOEVTIKY] OTMOAELN TNG UVIUNG KOl TNG dvonTikng Aettovpyiog ko to 2019 emmpéale
nepinov 5.8 ekatoppvpla dropa otig Hvouéveg IoMteieg [1]. apd v emkpdnon g, ot
dwbéoeg Oepamevtikég emAoyéc stvar eAdyloteg, YOPIC VO LTAPYEL OTOTEAEGLOTIKY|
Bepaneia [2]. XoapakmploTikd yvopiope g vocov amotedel 1 mapovsio g evamddeong
Tov mentdiov Af otov eyképaro [3]. Ta mentidww Af eivar yvootd yuo v adénon g
TOPAYOYNG OPACTIKAOV Hopedv o&uyovou (ROS) [4] [5] [6]. 'Exet katadetytel 6Tt 10 Ap-42
EVIOYVEL TN POGPOPLM®GT TOL VTOCTPOUOATOS TOL LTOJOYEN VGOVLAIVNG, TNV omoin &va
avToEEWOTIKO, YVOoTd ¢ actafavlivi, undpece va HEIDGEL KOl VO OVTIGTPEYEL TNV



OTOAEWL TNG YVOOTIKNG AEITOVPYIOG Kol TNG HUVAUNG 7OV  TPOKOAOVVIOL Omd  TIG
APLA0ELB0YOVOLS dpdaoels otov mmokauno [7]. To Af av&davel tov aptBud tov prtoyovopiov
pe petaAraypuévo mDNA, copfdirovtag oe vynAdTEpES TIHES 0EEOMTIKOV oTpeg [8] [9] [10].

Ot ROS mapdyovion amd ) pepkn ovayoyn tov Oz 610 T€A0G TG 0AVGIONS HETOPOPAS
niektpoviov. Otav 10 Oz avayeton PLOVo v HEPEL, TOTE TOPAYEL OPACTIKEG LOPPES 0&VYOVOV,
Omwg 10 aviov VIePo&eldion, To VEPOLEidlo Tov VIPOYOVOL Kot i pila VOPOELAIOL, OV
oAAGCovy TN dopT| TV TPOTEIVOV, TOV MTIOIOV Kol TOV VOUKAEIVIKOV 0EEWV Kol 031 yoHV
otov kuttopkd Bavaro [5] [11]. H mapaywyn ROS pnopet va mokidder Adyw ¢ mopovciog
VYNAOV emmedV yALKOINg oto aipo (vrepyAvKoia), TOv Eivol YOPOKINPICTIKY] OTOV
Zaxyapmon Awfn (XA). O ZA amoterel mapdyovta kivdvvov yuo T voco tov Alzheimer,
GLVOEOVTOG TOLG UNYOVIGHOVG oV oyeTilovTon pe Tov dafntn He TNV Tpayratiky tadoroyio
g NA [12] [13], eved a&iler va onuelwbel 0t €xel amoderytel mwg M vroyAvKoio Kot M
vrepyAvkaipio TpokaAobv avénon g tapoymyng ROS kot tng vontikng dvciettovpyiog [14]
[15]. Ta onNuoTOdOTIKE WOVOTATIL 7OV EVEPYOTMOWOLV TNV  vrepyAvKoio mailovv
EVOEYOUEVMS pOAO KOl 6TOL cLUTTOMOTA TOL XA, avEdvovtog Tig ROS, 1o 0&edmtikd otpeg,
TOV KLTTOPKO Bdavato kot ) vekpomtoon [16] [17] [18]. Q¢ amotédecpa Tov 0£E0®TICOD
OTPEC, M VLIOYAvKopia 6Tov cokyap®mon owPntn tomov 1 PAdmtel T AeTovpyKY| Kot
pokponpoBeoun pviun [19]. Ztov cakyapmon dafntn tomov 2, n vaepyAvkopio cupuPaiiet
onpoavtikd oty topaywyn ROS kot oe ddheg PAaPeg [20].

H ootagavlivn (ATX) eivor €va  kopotivoeldég mov  mapdyetonr  amd  vopOfiovg
LKPOOPYOVIG OGS KOl KatavaAmveTot and T Bahdcooia mavida, Onws o Golopds, ot yopideg,
0 aotaxog Ko ot kKapaPidec. H ATX pmopel va dtacyicel Tov aplatoeyKeQaAKO @payud Ko
va decpevcet Tig ROS otov gyképaro [21], evd 6uGGmPELETAL GTOV ITMOKOUTO 4 Kot 8 MPES
petd omd po epamal 00om Kol auEAVETOL PE TNV TAPOodo Tov Ypovov [22]. Exer emiong
Katadelytel OTL €ivol VELPOTPOGTATEVTIKY AMEVOVTL GTNV TOEKOTNTA TOV TPOKOAEL TO AL1-42
ota vevpovikd kvttapo PC 12 ko otig vmoyAvkopikég ovvOnkeg [14] [23]. Ymo
QLOAOYIKE  emimeda  cakydpov aipatog, Owmot®dnke o6t 1 ATX Pektidver 1
ptoyovoplakn dvcAetitovpyia mov tpokaieitor and to AS [14]. H mapovoa epyacio e€etdlet
v anoterecpatikotto g ATX ot peimon tov 0&edmTIKoD GTPEG GTOVG VEVPADVES, OTIWG
npocolopiletal and v moapaywyn ROS kot ATP vtd vroyAvkotpiikés Kot VTepyYAVKOLUIKES
ouvOnKec.

2. YMka ko pé@ooor
2.1. Kvtrapokaiépyero,

A6 to ATCC (CRL-2925) ayopdotnke pio K0TTapiky] 6E1pd tov immokpnov movtikov (NE-
4C), pall pe Openticd péco Eagle (EMEM) kot Boso euPpviko opd (FBS). To EMEM
ocoumAnpobnke pe Pen-Strep oe ovykévipwon 0,99% vy ™ pelowon g piKpoProkng
avartoéng. Metd v andoyvén tov kuttdpov, 1o EMEM kot 10 Opentikd péco Pen-Strep
avapeiyOnkav pe to FBS og pa tehikn ovykévipoon 15%. To teduco Bpenticd péco twv 20
mL mapaockevdotnke kot OepudvOnke oe voatdAovTpo TV 37°C. X1 cuvéyeln, to Beppod
Openticd péco EMEM/FBS mpootébnie katd otoydves 610 KUTTAPIKO SIGAVUO GE 0paimoT)
1/10 xon avapeiynke. ‘Enetra, ta kdttapo euyokevipnOnkav oe 1000 rpm ywoo 5 Aemtd,
amopakpHvOnke to vokeipevo vVYpod, mpootédnke To Beppd Bpentikd péoco EMEM/FBS oto
KLTTOPIKO c@apidto o€ apaiwon 1/8 kot avapesiydnke. Ta kotTapa entmdotnkov otovg 37°C
kol 10 Opentikd péco aAralotov kdBe VO pe TpElc MuEPES. MOAIG emiTuyyavoTOV O
eMBLUNTOG KLTTOPIKOG TANOLGUAC, Ta KOTTAPA YOPILoVTAY KOl KOTAWHYOVTIOV GE KOTOWVKTY
tov -80°C.



2.2. Nevpoviki] dte@opomoinon

Ta xOtropo yo 11¢ doxpaciec ATP wor MitoSOX omoydyOnkav kot otn cuvéxewo
dwpoporombnkav. H vevpwvikn dtapopomoinomn emtedydnke pe tn ypnon petivoikod o&Eog
oe ovykévipoon 1077 M yia 24 dpeg [24] ki €nerta to kKOTTOPO TAVONKAY ot Bgpud PBS
otouvg 37°C. Katd 1t dudpkela g 24mpng ékbeong oe petvoikd o0&y, T KOTTOPO
avantoccovtav oto Opentikd péco EMEM/FBS e enwactipa otovg 37°C. Metd and 24
opeg, o KOTTOpO TAVONKaY og Beppd PBS otovg 37°C xon dokiudotnkav Bacel tov vmo
ouvOnkn opddwv tovg gite G, GApS, GATX, eite GAFATX yu 116 opddeg yAvkolng twv 2
uM, 5 uM, 25 uM, 2 mM, 5 mM kot 25 mM. Or koA Mépyeteg ektéOnKay yuo 24 OpeG OTIG
ouadeg mov mepleypdonkav mopamdve, TAvOnkav pe PBS otovg 37°C kot ot cuvéyela
mpaypatoromOnke dokipacia eite Aovoupepdong site MitoSOX.

IMoa tig 6 cvvonkmn opddeg GAS | GASATX eAedn Af142 amd ) Sigma Aldrich, To omoio
émerta O10AvONKe og amootelpouévo DMSO yio v mopacskevn) SIoAdUATOS TopoKaTafnKNg
tov 0,5 mM. Ta kdtrapa otig opnddeg GAS ko GAPATX esnwdotnkav pe Apfi42 o€
ovykévipoon 2 UM yia 24 opeg. And ™ Sigma Aldrich eéMebr eniong n actagavlivn, n
omoia. OwAVONKe o€ amootelpopévo DMSO yio v mapoackevr] €vog  OAVUATOC
napakatadnkne tov 0,5 mM. X ocvvéyelr, ta kouttapo enwdomkav pe ATX oe
ovykévipmwon tov 10 nM vy 24 opeg. Ta kdtrapa tov opddov GATX ko GASATX
enwdomkav pe ATX og ovykévipoon 10 nM yia 24 opeg.

2.3. Aoxipacio ATP Lovorpepdong

Mo oavtg ™ dokyn, to KOtrapa avamtvydnkav oe coiveg Eppendorf. Ynod ocuvOnkeg
vroyAvkoiog, mpaypoatoromonkay povo 600 SoKIHES e€outiog TOV OMOTEAEGUAT®OV OV
TPOEKLYOV OO TOLG HAPTLPES. Baoel tov ouddmv ékbeong, to KOTTOPO ETOACTNKOV UE
ocvykekpipévn €kBeon otn yAukoln ka/n ) Ogpameia Tovg, gite pe 2 pM Af142 mentdiov
elte 10 nM ATX vyia 24 ®pec. Ot opdoeg éxbeong g dokiung e€etdomray pe yAvkoln Ko
ue yAokoln pali pe ATX, AOym G eEAA(IOTNG POTOEKTOUTNG TMV OUAO®V GUYKPLTIKE e TG
ovykevipwoelg ATP. H evookvttdpioa ATP ota kdttapa tov didpopov opdadwv £kBeong
LETPNONKE YPNCILOTOLDVTAG EKYVAG IO TUYOAQUTIdOS Kot VOpitn ATP amd t Sigma Aldrich.
Bpaotkav 100 pl mepopotikdv Serypdtov Kot SEYHATOV HapTOP®V Yoo 3 AETTA OF
Bepuokpacio dvo tov 95°C, to omola émeito amopokpuvOnkav amd 1o (Eov vepd Ko
YyoyOnkav yu Alyo, evd 10 Ppoaotd delypo petapeépdnke ce @roiidle omvOnpiopov. Xt
oLvEyeLa, To dtdAvpa avtd aparddnke pe 1 mL duthd amovicpévov vepov.

Ye kéBe o@uAidlo mpooténke exyLAICHA TVOYoAoumidac. Metd v mpocHNKn NG
Aovorpepdong, to ostypoata kaAvednkav, ovouelyOnkav ki EQEVOV 6TO GKOTAAL Y10 TEVTE
Aemtd. Or peTpnoelg mpoypatomomdnkay pe tn xpnon HeTpnt) pe omvOnpoPoiion e
petpnoelg 1 Aemtov o pvbuon gupeiog (ovng. Xpnoipwomomdnkay yYvooTéG GUYKEVTIPOOELG
ATP, ®ote va vmdpyst poe wpodtumn KOUmOAN mov va Ponbd otov vmoloyiopd g
ovykévipoong ATP oe kdOe detypo. ‘Enetta, o1 ocvykevipmoeig ATP ansikoviomkav pe
YPAON OVTNG TNG TPOTLANG KOUTOANG Yoo TOV KABOPIGUO T®V JPOp®V AVAUECH GTIG
SLAUPOPES TELPAUOTIKES OLLADEG.

2.4. Aoxipocio MitoSOX

Ta wdtrapa yoo ™ dokun ot KoAMepyndnkav ce KoAvmtpideg o€ TpuPAio Petri ko
ektéOnKav og petvoikd 0&H cvykévipmong 107 M yia 24 dpeg yio KuTTapikh dtapoponoinon,
t0 omoio mpootédnke oto péco EMEM/FBS. A@ov enmwdomkay ywo 24 ®pec, mAvOnkov pe
Ceotapévo PBS otovg 37°C. Bdoel tov opnddmv ékBeong, to KOTTOPO EMOAGTNKOY LE TN
OLYKEKPILEVN GLVON KT TOV OpAdwV £kBeomg Tovg ot YALKOLN koM Bepameia Tovg, pe 2 uM



Api4 mentdiov 1 10 nM ATX vy 24 opeg. [Iptv odoxinpwBel 1 wepiodog €kbBeong tov
KLTTAPOV, TapackKevdotnke didAvpa mopakatadnkng MitoSOX tov 5 uM and eraiide g
Thermo Fisher Scientific. 1o 1éhog g meprodov €kbeong, ta KOTTOPA TAOOMKOAV e
Ceotapévo PBS otoug 37°C kot emwdostray otovg 37°C pe dodivpo MitoSOX tov 5 uM yia
10 Aentd. ‘Emerta, amopokpOvOnkov om’ Tov €nmoactipo Kot TAVONKOV TPES QOpES LE
Ceotapévo PBS otovg 37°C, evanwpnOnkav oe (eotopévo PBS k1 Votepa ansikoviomkay pe
™ xpfomn HiKpookomiov eOopiopov. Ot ewdveg avarvOnkav pe 1o Aoyiopkd Image Pro 6.
Metd ™ Ayn Tov eKévev, ol KAALTTPIOES TPOETOAGTNKAY Kol TomofetnOnkav o¢
OVTIKELEVOPOPOVG TAUKEG.

2.5. Avaivon dgdopévov

"o ™ ovAdoyn kot avaivon tov dedopévav ypnotpomombnke to Image Pro 6 pe okond m
Myn tov Tipev pécov eBopiopol Yoo OAGKANPN TNV €KOVO, EVO TPOYLOTOTOWONKE
avdAvon TePoYNG TPLOV SNUEIDV 6TIG O POTEWVES TEPLoyES. Ot petaforés otn yAvkoln kot
OTIG TOKIAEG YNUIKEG TPOKANGELS GLYKPIONKAV HE HOVOSpOUN avAAVLGCT TNG SLOCTOPAC, LE
mv T p < 0,05 va Bempeitorl 6TaTIOTIKG ONHLOVTIKY.

3. Anoteréopata

H wvttopun) avantoén ko n mopayoyn ATP kot ROS petpndnkav kot avoivdnkav Aoyw
TOV CNUOVTIKOV d10(pOpOV HETOED TOV OUAO®V HOPTUP®V KOl TOV TEPAUATIKOV OUAOMV.
[Mopakdto Topovstalovtal To AToTEAEGATE TOV TEGGAPOV OUAS®MV VIO VITOYAVKOUIKES KOt
vrepylvkaipikég cuvinkes (G, GATX, GAS kot GATXAL) oe 2 uM, 5 uM, 25 uM, 2 mM, 5
mM ko 25 mM yAvkolne.

3.1. Kvttopwn avantoén

H wxotropu avémroén a&oloyndnke pe Baon 1o moG0GTO TNG GLVOMKNG KAALYNG T®V
KoALTTPidmV, o1 omoieg eiyav 10 péyeBog evog vAAov yaptod. H kuttopkn avdmtuén dev
OEQEPE ONUAVTIKG LETAED TV SPOPETIKOV OHAd®V YALKOING (Zymua 1(a)), aAdd NToav
petpévn otig opddeg mov vrroPAndnkav oe Bepancio pe AS (Zynuo 1(B)). H opdda AS kan
ATX eiye xodlvtepn avamtoEn omd v opdda Apf, eEakorovBovoe OUMC va Tapovctdlet
SVOKOAEG OTNV AVATTLEN GLYKPITIKA e TIG OUAdEG HopTUP®V (YALKOLN) Kol Tig opddeg
yAvkoing ATX.

3.2. Aokiypooio ATP—Yroyrokopio

[No ™ pérpnon g moapayoyng ATP petd v avdrtuén ypnowwonombnke n doxipacio
Aovorpepdong moyorounidag. Ot opddeg éxbeong ot yAvkoln tov 2 uM, 5 uM kot 25 uM
etyav yapunAotepeg cvykevipwoelg ATP and ta mpdtuma pundevikng cvykévipmong ATP kan
ot Tiég avnydnoav oto undév. Ta kdtTapa mov tédnkav o dokipacia pe YAvkoln enédei&ov
ONUOVTIKES O1opopég oTic TéS mapaywyng ATP. Ot vroylvkoupikés opdoeg ékBeong tov 2
UM G, 5 uM G kar 25 uM G erédei&av moAd yapunia enineda mapaywyns ATP oe cOykpion
LLE T1G KOVOVIKEG GLYKEVTPAOGELG YAVKOING 2 UM G kan 5 uM G.

3.3. Aokypocio ATP—Yraepylokopio

Yvykpivovtog v moapaywyn ATP tov opddwv yAvkolng, n ouddo tov 25 mM yAvkoing
napnyaye nepiocdtepn ATP and v opdda tov 5 mM. H opdda tov 25 mM yivkoling
mopryyaye 242,7 % nepiocodtepn ATP amd v opdda tov S mM. H opdda 25 mM yAvkolng
pne ATX moapnyaye 255,8% mepiocotepn ATP amd v opdda 5 mM. H opdda 25 mM
yAvkolng pe Ap mapnyaye 391,5% mepiocotepn ATP and v opdda Kavovikng yAvkoing,
Tapovctalovtag TV VYNAGTEPT aénon petald TV TEcodp®V OpadmV doKIuNg (LapTHpwV,
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GATX, GApS kau GATXAP). Téhog, ot opddeg Tmv 25 mM mov vofAndnkav og Oepameio pe
Ap xou ATX enédei&av vynAd emimeda ATP, ta enimedo moapaymynig te ATP opwg
petwbnkav petald tov opddov 25 mM GATX kot 25 mM GApS. Tnv mepiocotepn ATP
petald tov opddwv 5 mM G mapiyaye n opdda poptipov Tov 5 mM, eved petald tov
opadwv 25 mM G v nepiocotepn ATP mapnyaye n GAS tov 25 mM.

3.4. Aoxypocio MitoSOX—Ynmoylvkapio

Ta kOTTOPA amEKOVIGTNKAV G [KpooKOmio eBopiopol og évtaon 5x. H vynArn mapoywyn
@Bopiopov vrodeikvoe VYNAO oTpeg Ko VYNAN Tapaywyn ROS. Oia ta kbttapa eBopilovv,
a0l KABe KOTTOPO TOL LRWOKELTOL GTN JAOIKAGIN TNG KVTTAPIKNG OVOTVONG TOPAYEL Lo
pikpn tosotnta ROS péom g dadikacioc. H cvykekpipuévn dokipacio, ®otdco, evidmios
T KOTTOPO TOV TAPNyoyav acuvifiote vynin 1 younin tocdtta ROS. Opopéva and to
YOUNAOTEPQ EMimeda YALKOLNG TTapHyayoV TOV UEYOADTEPO POOPIGUO, VTOSEIKVOOVTAG TNV
peyoivtepn mapaywyn ROS, yeyovog mov vrodnidver vynid otpeg. Ta 2 uM G mapnyayov
TN HeYoATEPN TOGOTNTA POOPIGHOD. XE GUYKPIOT LE TNV OUASA PLGIOAOYIKNG YALKOING TV
5 mM G, ot pdveg opddeg mOL TOPOVLGINCHV GCNUAVTIKY] JlPopd MTAV OLTEG e
OLYKEVTPMOOELS YALKOING 5 UM G kou 25 uM.

WMEom AverTTuEn MAukeng Méon AvdmrruEn Mukslng pe AR Méon Avémugn Tng Aokipig Muksdng pe
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ypae 1. To kdttopo mOv SOKIUACTNKAV GE GUYKEVIPAGELS YALKOING vmoyAvkaipiog
napovotalovy oArowwpévn avartuén. (o) Ta kOttopa mov exTédniov ce JPOPETIKEG
OLYKEVTIPAOGELS YALKOLNG 0ev eMEdEEAV SNUAVTIKES Olapopég otV avamtuén. Tnv kakdtepn
avamtuén eiyav ot opdades tv 2 UM kot S mM G, v TV O aVETAPKY| lyov 01 OUAOES TV
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SuM G, 2 uM G o 25 uM G. (B) Ta kOtTapa mov ektédnKav 610 Af ELPAVIGOV HELOUET
avamtuén, pe v opdda tov 2 mM GAS va avortoccetan Bértiota. H opudda 2 uM GAS
eMESEEE EAUPPDOC EAATTOUEVT] OVATTTUEN CLYKPITIKA pE TV opdda 2 mM GAS, evod n 25 uM
GAp ko1 5 mM GAS mapovcioacov aSloonpelowtes Heudoels oty avartuén. (v) Ta kottapa
mov ektedniav o ATX gvdokipuncov Kol ELEEVICAV GTATIGTIKEG SLPOPES GTNV AVATTLE.
Ta kOtrapa mov extédnkay kot oe A kot oe ATX eméder&ov avénuévn avantuén yio OAES TIg
OLYKEVTPMOOELG YALKOING. Ot opddeg 2 M GATXAS, 25 uM GATXAS, 5 uM GATXAS ko
2 mM GATXApS elyav petopévn avantuoén cuykpttikd pe v opddo 5 uM. (8) Ot opdioeg
vroyAvkopiog mopovsiocay woAD yaunAd emimedo cvykévipwons ATP cuykprtikd pe 1ig
onades twv 2 mM G ko 5 mM G. Z1ig opddeg GAS, GATX ot GATXAS, noévo ot opddeg 2
mM kot 5 mM mapniyoayov apketd vymAég ocvykevipwoelg ATP ®ote va pmopodv va
petpnBovv. (&) Ot opddeg 2 mM GAS enédeiéav permpéveg ocvykevipooelg ATP cuykpirikd
pe mmv opdda 5 mM GAp. (ot) H opdda 2 mM GATXAS enédeiée younAdtepn
ovykévipoon ATP and mv 5 mM GATXAS. (€) I'a tv mapaywyn ROS, ot opddeg 25 uM G
kot 5 uM G mopovciocov onuoavtiky peiwon otov eOopIGHO GE GUYKPLoN UE TV opdda 2
UM G, mov €xet ) YaunAdTEPN CLYKEVTPMOT YALKOLNS Ko Tapnyaye Tig teplocdtepeg ROS.
(n) Okeg o1 GAS spopdvicav petopévn mapoaymyr ROS kol cuykpinkoav pe mv 5 uM GAS
AMYO TOV YounAov £0¢ eLGAOYIKGOV emmédwv moapaymyns ROS. Ot mo onpavrikég
pewwoels mapatnpinkav otg 2 uM GAS ko 25 uM GAp, evod n ouddo tov 2 mM
napovcioce pkpn peioon. (0) H opdda AS xkor ATX eppdvice younidtepa emimedo
@Bopiopov kot mapaymyng ROS og Oleg 11 ouykevipdcels yYAvkdlne. Kapia and 11 opddeg
dev dépepe otatiotikd. Ot opddeg 2 M GATXALS wor 2 mM GATXAS eiyov
younAdtepn mopaymyr ROS. *vmoonidver 6t p < 0,05 oe cuykpion pe tov pdptopa (5 mM).
#omodnAavel 6t p < 0,01 oe cvykplon pe Tov paptvpa. ~ vrodnAwvel 6t p < 0,05 og
ovykpion pe ta 2 pM. *vmodnimvet 0t p < 0,01 og cOykpion pe 2 uM.

Ta mopondve amotedéspata VITOSEIKVOIOVY OTL 1] KLTTAPIKY avanTtuén kot 1 mapaymyn ATP
kot ROS frav dtopopetikég petald tov dtopdpmv opadmv YAukolng. Atepevvicope emiong
10 GALO GKPO TNG GLYKEVIPOONG YAVKOING: To VYNAL eminedo caKyAPOV CiaTog, ONA. TV
vrepylvkaipio. Ta akdiovBa amotedéspata mpoépyoviar amd tn Oepaneia TV TECTAPOV
nelpopatikav opddov (G, GATX, GAS kuw GATXAP) ue enineda yAokoding tov 5 mM ko
25 mM.

3.5. Aokipacio MitoSOX—Yrepylvkapio

H mapayoyn ROS mpocdopiommke pe ™ defayoyn doxypomv MitoSOX (ROS) ko ™
pétpnomn tov pécov ehopiopov (Zynuoe 2). H mapaymyn ROS frav dwwpopetikn yio Tig
OULAOES LE OLUPOPETIKEG CLYKEVTPMOGELS YALKOING, AL xa/n ATX. H opdda
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Yympa 2. (a) Ov ouddeg mov exTéONKAV G VIEPYAVKOUIKES GLYKEVIPDOGELS TOPNYAYALY
vynAotepeg ovykevipmoels ATP. H 25 mM G mapryaye nepiocdtepn ATP and ) 5 mM G.
H opdda vrepylvkonpiag mov extédnke oe ATX mapryaye vyniéc ovykevipwoelg ATP. Ot
opnades vepyAvkaipiog mov ektédnkav oe A mapnyayoav moAd vynAd eninedo ATP, kabngn
opdoa tov 25 mM mapryaye 391,5% mnepiocotepn ATP and v opdda tov 5 mM. Ot
onadeg vrepyAvkatpiog mov ektédnkay kol oe Af ko oe ATX mopryayov younidtepa
eninedo ATP. Ot papdot vrodeikvoovy to TVTIKO cEAALN Yoo K4OE cuVONKT). @VTOINADVEL
ot 1 Bepaneia Tov 25 mM elvar onuavtiky Adyo g avtictoyng Oepaneiog Tov 5 mM.
Avmooniovel 6t n Bepancio pe ATX towv 25 mM diépepe onuaviikd ond ™ Oepomeio pe
ATX tov 5 mM. (B) H napaywyn ROS ghattddnke onpavtikd oty opdda yAvkodling tov 25
mM. H opdoda poaptopaov tov 5 mM mopryaye nepiocotepeg ROS amd v opddo poptopov
tov 25 mM. H napaywyn ROS peidbnke onuoviwd oy opdda 25 mM GATX cg cOykpion
pe v opdda 5 mM GATX, frav elappdg elattouévn oty opddoo 25 mM GAS ot
oLykplon pe v opada 5 mM GAS ko peiddnke oe peydio Pabud ommv opddo 25 mM
GATXAp og oOykpion pe v opdda S mM GATXAL. (v) H cvvolikr| kéAvyn ¢ mAdkog
Ol€pepe PETOEL TV 000 TEWPAUATIKOV opadmv. H opdda poptopov pe vrepyAvkorpio
avartoyOnke Aryotepo and Vv avtictoyyn opdda tov S mM. H opdda tov 25 mM GATX
dev emEDEEE ONUOVTIKE TEPLGGOTEPN AVATTVEN omd TNV avticToyyn opdoa towv 5 mM. Ot
opdoeg tov 25 mM GALS ko GASATX elyav onuoviikd mepiocdtepn avantvén ond Tig
onddes twv 5 mM GApS xar GASATX. ®vnodeikviel 6Tt M Bepaneio twv 25 mM glvan
oNUaVTIKN AOY® TG avtioToyns tov 5 mM.

vroyAvkopiog moapnyaye 89,6% Aryotepeg ROS amd v opddo @uoiodoyikng yAvkoling
(Zymua 2(B)). H opdda yAvkoing 25 mM mov vmoPAndnke oe ayoyn pe ATX mopryaye
onpovtikd Mydtepec ROS and v opdda tov 5 mM ATX, eved 1 opdda 25 mM yrvkding
nov voPAnOnke oe aywyn pe Af mapnyaye 34,4% Ayotepeg ROS and v opdda Af tov 5
mM. H opdoda 25 mM yivkoing mov vroPAndnke oe Oepaneio pe ATX o AR mapnyoye
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91,9% Myotepeg ROS amd v opdda S mM ATX xow Ap, yeyovog mov 0ev mopovctalet
OMUOVTIKN GTOTICTIKT O1opOpd.

Meta&d towv opddwv yAvkoing tov S mM, nepiocodtepeg ROS mapnyaye n opdda poptopwyv,
evo mapatnpnOnke onuavtikn peimon g napaywyng ROS omyv opdda GAS tov 5 mM oe
oLYKPIoN He TNV opdda poptipwv Tov S mM (p < 0,05). Metald twv opddwv yAvkoing twv
25 mM, mepiocdtepeg ROS mapnyaye n opdda AS, e v opdda paptopwv va akorlovdet pe
HIKPN S10popd. Xe YEVIKEG YPOUUES, Ol OpAdeg YAVKOING 25 mM maprjyayav Atydtepeg ROS
amo Tic opdoeg YAukolng S mM.

4. Xvintnon

H noapovoa epyacio enediwe va digpevvnoet ebv Oa pmopovoe n actasavOivn va amotpéyet
™ WTOYOVOPLOKY] OVGAELTOVPYID, TOV TOPATNPEITOL HECH TNG TOPAYWOYNG LUITOXOVOPLOK®OV
ROS, ka1 v xutropwn Puwoidto, onwg napotnpeiton pécw g mapaywyng ATP kot g
KUTTOPIKNG ovamTuéng. Ymd vmoylvkoyukés cuvnkes pe Bepameio pe A, ta xotTopa
mopryoyov moAl yapunAéc ovykevipwoelg ATP, elyav avénuévn moapoyoyn ROS ot
petmpévn Kuttapikn avantoén. H eicayoyn actaavldivng oty opdda GAFATX £6ei&e 6T
ATX pmopet va mapateivel  PLOcLOTNTA TOV VELPIKOV KLTTAP®V L0 OLTEG TIC CLVONKEG.
Ta amoteléopata di€pepav petald TV TPLOV opddwv vroyAvkoiog (2 uM, 5 uM, 25 uM).
Ta kotTOpa oty opdda coPapng vroyAvkauiog kot €kBeong oe YAvkoln tov 2 uM mov
exkténkav o Af, mapovoiacav pelUEVT ovamTuén Kot petopévo eopiopd otn dokipacio
MitoSOX. Zvven®g, 710  KOTTOPO  mOpovciocov — pewwpévn  mapaywnyn — ROS,
avTIKATonTPilovTag TIC TUTIKES AmOKPIGELS TV KuTTdpmVv otV Af. Otav ektédnkav ce Ap,
To, KOTTOPO EMESEIENY OQVENUEVT] LUTOXOVOPLOKT) OLGAEITOVPYIQ TTOV TTapatnPONKe AOY® TV
vyniov emmédov mopaymyns ROS. Emmiéov, 1o xidttapo gpedvicav v Kotd kavova
HELOUEVT] KVTTOPIKN AglTovpyio Le YOUNAOTEPT] KUTTOPIKT OVOTTUEN KO YOUNAN Topay®yn
ATP. Otav n opdda €kBeong ot yAvkoln tov 2 uM ekténke ko oe AfS xon e ATX, 0
KLTTOPIKT avATTLEN Ko 0 HEGOS PBoplopog avéEndnkay oe cuykpion pe v opdda GAS tov
2 uM. Avtd VTOdEIKVOEL OTL EVOEYOUEVMOG TOL KVTTAPO, OV €lvan vekpd oAAG pmopel va
Bpiokovtar oe dwadwkacio Oavdtov, omdte 1 ATX pmopel va copfdrer otnv mopdtoacn g
Blrooipdmrag Tov vevpovikdv kuttdpov tapovcio AS. I'a tig opddeg GAS 1 GAFATX odev
npaypatoromOnkayv dokpaciec ATP, kabBmg ot opddeg G kou GATX mapniyoyav moAD
yopnAd enineda ATP ota 2 pM. Avtd deiyvel 0Tt dtav ta emineda YAvkolng stvor e€apeTikd
YOUNAG, TO KOTTOPO TaPAyel TOAD younAd emimeda ATP, evdeyouévag tnv eAdyiot
nocotta ATP mov amatteiton yio v Kuttapikn Aettovpyia.

H wvttapin oavémtoén kot n mopayoyn ATP g opddac ékBeong oe yAvkoln 5 uM frav
oAV mopOpoleg pe owtég g opddog €kbeong oe 2 uM. H GATX tov 5 uM &ixe mv
KOADTEPT OVATTLEN Kol TOPNYOYE TOV LYNAOTEPO HEGO OpOo POBOPIGHOL  HETOED TOV
Spopmv opadmv YAvkding ATX ot dokipacio MitoSOX. Ta acvviifiota vynid 1 younid
enineda ROS vrodnidvouvv Kuttapkd 6Tpeg, ta eninedo OPmG mov mopotnpOnkay petahd
TOV Opdd®V YAVKOINS 5 M vrodnAmvouy 0Tt To KOTTOPO EVOOKIUOVV Kot ThavoTata giyov
TEPLOCOTEPO AELTOVPYIKA LITOYOVOPLOL Y10 TV TAPAY®YN PUG0A0YIKAV emmédwv ATP. Onwg
ot opdoeg €kBeong oe 2 uM GAP, étotl ko 1 opada Tov vtoPAnOnke oe S uM GAp enéodeile
Kot TAAL T YounAdtepn avdmtuén and OAeg Tig opddeg twv 5 uM. H opdda GAS twv 5 puM
enedelle avénuéveg Trég péoov eopiopov oe cvykplon pe v opdda GAS tov 2 uM,
VTOOEIKVOOVTOG I ATOKPLoN GTO KLTTOPIKO 6Tpeg 610 KLTTOpo ALS. H opdda GASATX tav
5 uM mopovciace 1060 avEnuévn avdntuén 660 Kot enimeda pécsov pBopiopnod. H avénon
aTH TOV HEGOL POOPIGHLOL KOl, GLUVETMGS, TG Tapay®yns ROS opeldtav mbavotata o1
evotoroykn mapaywyn ATP og avtiBeon pe To KLTTOPKO GTPEC.
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H opdda mov exténke oe yAvkdln 25 uM elye ™ pikpotepn avdamtuln kol mopnyoye
eAdyloto PBopPIGUO, Opota pe TG GAAeG S0 opdodeg vrepyAvkoioc. Avtiy n peimon tov
@Boplopov pmopel vo eivor amotélecpo HEW®PEVNG avATTLENG 1| ALENUEVOL KVTTOPIKOV
Bavatov. H opdda 25 pM G emédeile t HiKpOTEPN OvAmTUEN GE GUYKPION UE TIG
YOUNAOTEPES GLYKEVTIPOGES YALKONG (2 M xow 5 uM), xoBd¢ kot TOAD YounAn
ovykévipoon ATP kot mapaywyr ROS. H opdda GABATX 25 uM wotdco avarntiydnke kot
mopyoye YoOUNAd €mG eLGLOAOYIKO PBOopIoUO, YeYOVOG Tov dgiyvel OTL peTald TV TPLOV
VIOYAVKOYIKOV cuvOnkov, 1 tpoctnkn ATX otic opddeg mov ektédnkav oe Af amétpeye
mv mopaywyn ROS kot mpo®Once v kutropikny avartuén. Ot dAleg 00O opdodeg YALKOLNG
(2 mM kot 5 mM) avortoyOnkov KaAd, ektog and v opddo GAFATX tov 2 mM , 1 omoia
nmopovcioce TN younAotepn ocvykévipwon ATP ko mapoaywynq Bopiopov (vrodetkvbovtag
OtL ta KOTTOPO NTOV Pudoipa Kot ypnowonotovcav v mapoyousvn ATP). H opdoa
GAPATX tov 5 mM mopovcioce avénuévn avdmtuén, avénuévn ATP kot @uotodoyukég
TIEG pécov opiopod. H opdda GATX tov 2 mM enédeiée ) PérTiom avantuén petadd
TV opdd®v Tov 2 mM kot mapeiye puololoyikn cvykévipmon ATP kot puololoykd cuvora
nopaymyng efopiopod. H opdda GATX tov 5 mM  moapovciace peiwpévn avantoén pe
ehappmg avénuévn ovykévipoon ATP kol younAn mapaymyn eBopicpov. Tao kotTapo ™G
GATX tov 5 mM, Aowmdv, Ntav oe Béon va mapdyovv meprocotepn ATP kot cuvemdg
neplocdtepeg ROS, 1 opdda ATX Opwg dev euedvice pelmon g UITOXOVOPLOKNG
duolettovpyiag oe cHyKplon He To KOTTOPO TOL ekTEOMKAY ot YALvkO(n. H opdda GApS 2
mM avéntuée kol mapryaye v mepiocdtepn ATP ko tov mepiocdtepo ehopiopd peta&y
TOV ORAS®V TV 2 MM, VTOJEIKVOOVTAG TNV TAPOLGIN KLTTOPKOD GTPEG LETA TNV £kBeom o€
Ap. H mapaymyn ATP vrédeie 6t To KOTTOPO NTAV QWTAE TOVL TNV TTOPTYOYaV, YEYOVOS TOV
Ba av&ave v mapaywyn ROS. Ta kittapa wctdc0 OV QaiveTor v YpNGLLOTOOHV QVTHY
mv ATP, éto1 oe pelhovtikég Epevvec Ba mpémer va diepevvnBet edv 1 ATP mov moprxOn
aALGQ dev ypnowonomOnke, pnopetl va omobnkevtel oe kvotidw. H opdda GAS tov 5 mM
mopovcioce TN yopunAlotepn oavantuén, ovykévipoon ATP koar mapaywmyr ROS and 119
onades twv S mM.

O vrepyAvkoypukée opadeg emédeicay avénuévn Kuttaptkn avamtoén kot mopoywyq ATP
AOY® TG avénpévng dtabeciudtnrag YAvkolng, n omoia Op®G cupufaiiet emiong otnv adénon
twv ROS. Meta&d tov opddmv 5 mM yAvkding, n opndda GAS tov 5 mM eiye ) pikpdtepn
avamtuén kot T yopnAotepn mopoaymyn ROS, pall pe youniés ocvykevipaooelg ATP. H
younAr mapoaymy ROS umopel va oyetiCeton pe tov yauniotepo pvbud mapaymyng ATP,
eva to yaunAd enimeda ATP kot ROS vrodeucvioovy 6t ta koTTapa eiyav meddver 1 mébovay
otav wpaypoatoromOnkay ot dokipacieg Aovoipepdons kout MitoSOX. Meta&d tov opddmv 5
mM yAvkolng, n mapaymyn ROS ¢ opddac GAFATX 5 mM dev diépepe oToTIoTKG Od
™V opddo Haptopmv Tov 5 mM yAvkolng, yeyovog mov vIodelkvieL OTL To LUTOXOVOPLOL OTIG
onades GAPATX towv 5 mM Aettovpyovoav mapoOpol e OVTO TG ORAdAg HapTOPMV,
yeyovog mov pog odnyel oto cvpmépacpa 6tt 1 ATX pmopet va mpocTtaTENoEL TOL VEVPOVIKA
KOTTOpO amd 10 oTpeS ToLv Af Ko TN pIToYovOoploKY] ducAettovpyia. H cvykévipoon ATP
Kopouvotay amd 1 M - 80 uM yio To deiypa.

O vrepylvkopukée opadeg tov 25 mM emnédei&ov mapopotla avamtuén. Ov ouddec GAS 25
mM kot GATX 25 mM eiyav ™ peyodvtepn avantoén kot n opdda GAL 25 mM mopryaye
neprocdtepec ROS amd 11 dAAeg opdoes, 1 010popd HETAED TV 00O OUAd®MY OU®G OEV MTOV
ototiotikd onuavtiky. H mopaymyq ROS ftav moAd yaunAr, evd ot opddes tov 25 mM
mopryayav meplocotepn ATP and 11g opddeg tov 5 mM, yeyovOg mov GLVAOEL pE TN
peyoAvTEPN TOcHTNTO YALKOLNG oL d1atiBeTo Yo ypnom amd ta kuttapa. [Hopd ™ dwupopd
HETOED TV OpAdwV YALKOING, Kopio oamd 115 opadeg yAvkolng twv 25 mM dev elye
onuavtikes oapopés otnv ATP og cuykpion peta&d tove.
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5. Xvprepdopata

Yxomdg TG mapovoag epyoaciog NTav va KotadeiEel 0Tt éva in vitro LOVTELO Y T VOGO TOL
Alzheimer pmopet vo ypnoyonomBet yo m depedvnon TV ETOPACEDV TNG GLYKEVIPOONG
™¢ YAukolng oto aipa péow g Asttovpyiag g actasavlivng og avtio&eotkd. Katd v
e&étaon 1660 TOV VTOYAVKOUIKOV OGO Kl TOV VTEPYAVKOUK®OV GUVONK®OV, TOPATNPTCULE
OTL KATO TO VWOYALKOUUKO HEPOG OWTNG TNG UEAETNG, O GLVOVLOAGUOS TOL Af Kol NG
vroyAvkopiog mpokaiel avénon g mopaywyng ROS, mbavétata péocwm g avénong g
ptoyovoplaxng dvoiettovpyiag. [Maporo mov n ATX pmopei va coppdiet ot peimon g
mopaywyns ROS kot oty adénon g avantuéng Tov KuTtdpmyV, To OmOTEAEGLATA TG OEV
elyav TEPAOTIOL OPOPA UETAED TMOV GLYKEVIPAGEWV YALKOING. Metold TV opddmv
GAPATX, 1o wottapo avartoyOnkav xor mwapniyayav ROS. Evdéyetor va omonteiton
npochetn PeEAETN Yo TN SepEvVNON TOL APBUOL TOV KLTTAPWOV 7OV €vBHVOVTOL Yo THV
mopaywyn ROS, eved Ba ypewootel vo yivouv petpnoelg kot dokipaocieg kvttdpov. To
epyacTNplo pog Bo mpoympnoel o€ SOKIUAGIEG KVTTAPIKOV BovAaTov Yo Vo eEETAGEL OV TaL
KotTapa givarl Proca. To vrepyAvkaipikd pépog g mapovcoag pelétng £oei&e ot ATX
QEPEL  VELPOTIPOCTATELTIKEG €MOPAcES Evavtt Tov Af kot pmopel va PeAtudoer
ptoyovoplaxn Agttovpyia.

To epyaotpld pog amédelEe EMOUEVMG TNV KOVOTNTO TG aotasavlivng va mpodyel v
avantuén TOV  KLUTTAP®V in Vitro G©g€ VTOYAVKOUKG, QUGLOAOYIKNG YALKOLNG Kot
VIEPYAVKALUIKE dtoAdpata, kabdg Kot otav dokipdleton pe Af. Ta dedopéva ™ Tapovcag
peAétng, Aowdv, vmootnpilovv tov poro g ATX oty mpodbnom g KLTTUPIKNG
avémtuéng, TO60 GE QPLOGIOAOYIKES KOTAOTAGELS, OGO kot otov XA (vroyAvkoupio Kot
vrepyAvkaipio) kot ) NA (AS). Ta dedopéva avtd vrootnpilovv eniong mpdopateg LeAETEG
0€ HOVTEAN EMUDOV TOL KATASEIKVOOLV TIG VELPOTPOSTOTEVTIKEG emOpacels g ATX. 'Exet
amodetytel 0Tt 1 ATX mpodyelt ™ veLPOYEVEST TOVL WNOKAUTOL GTOV WTOKOUTO TMOV
eAKoV pe TpOTo €EAPTOUEVO amd TN GLYKEVTPWOT, OTL OLEAVEL TN YOPIKY UVAUN CE
HOVTEAD TOVTIKAOV [25] kol OTL HELOVEL TN QAEYUOVN KOl TN YVOOTIKY OVETAPKELDL OTO
dwpntikd wovrikio [26]. Elye emiong dwumiotwbel 6t n ATX Agttovpyel vELPOTPOOTATELTIKA
EVAVTIOL TNV OVTIGTAOT] GTNV WWGOLAIVY TOV mroKdumov, éva Bépa mov e&etaletan ylo Tovg
acBeveic pe TA. Zovenmc, n HEAETN Lo VTOGTNPILEL TPOTYOVUEVEG EPEVVES GTOV TOUEN TTOV
ATOLTOVV TEPULTEP® dlepevvNoN TG xpnons ™M ATX wg mbavn Bepaneia yio T vOcO TOL
Alzheimer.

Evyoprotie

H mapodoa emyopnynon vmoompiydnke ev uéper and v Emyyopnynon ASPIiRE 1ov
[Movemotmuiov Ball State xor o Emuzponn Ymotpoeiag Ilpomtuyioxng Apioteiog tov
[Mavemompiov Ball State.

YVYKPOVOELS CURPEPOVTMV

Ot ovyypageig dNAdvVoOLY OTL deV LIAPYOVY GLYKPOVGELS GLUPEPOVTIOV OGOV 0POPE TN
dnuocigvon g TapovGAS EPYNCING.

Biphoypaogia
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IpotoTvmo keipevo

Hypoglycemia, Hyperglycemia and Astaxanthin: An in Vitro Alzheimer’s
Disease Model

Abstract

Alzheimer’s Disease is projected to increase to 30 million people in the next 30 years and the
rate of diabetes mellitus is projected to rise also. Hyperglycemia is commonly observed in
patients with diabetes mellitus, and hypoglycemia is a common consequence due to insulin
therapy. Previous research has shown a potential link between Alzheimer’s disease and
diabetes. This study sought to determine if Astaxanthin (ATX) could prevent mitochondrial
dysfunction from the compounded effects of amyloid f (Af) plaque and hypoglycemia or
hyperglycemia. Growth patterns, ATP production, and ROS generation were examined in 2
uM, 5 puM, 25 pM (hypoglycemic groups), 2 mM, 5 mM (normal groups), and 25 mM
glucose (hyperglycemic group), and then treated with or without ATX or ApS. When
hypoglycemia groups and the hyperglycemia group were treated with ATX, their growth
patterns were either comparable to control or increased. ATX and Af treated cells
demonstrated increased growth patterns over cells treated with Af alone. Af alone treated
groups overall had significantly less growth than controls (p < 0.05). Hypoglycemic groups
produced overall low levels of ATP, and the hyperglycemia group produced high levels of
ATP. Cells cultured with Af demonstrated low levels of average fluorescence generated by
ROS production as determined by MitoSox assay while ATX groups actually produced
higher to normal levels of ROS. Cells grown in the presence of Af and ATX generally
produced more ROS than just AS groups. Thus, hypoglycemia and hyperglycemia do appear
to compound the effects of Af on hippocampal cells. ATX treatment demonstrated promise
with increased cellular growth, which promoted usage of ATP by the cell and ROS
production. This growth was present even in the presence of Af, suggesting that ATX is able
to overcome the negative effects of Ap.

Keywords

ATP Luciferase Assay, ROS Production, Amyloid Beta, Astaxanthin, Diabetes Mellitus

1. Introduction

Alzheimer’s Disease (AD) is a neurodegenerative disease involving the progressive loss of
memory and mental function that affects approximately 5.8 million people in the United
States in 2019 [1]. Despite the prevalence of this disease, few treatment options are available,
and no cure exists [2]. A hallmark of AD is the presence of amyloid beta peptide (Ap)
deposition in the brain [3]. Af peptides are known to increase reactive oxygen species (ROS)
production [4] [5] [6]. ABi-42 has also been shown to enhance insulin receptor substrate
phosphorylation, which an antioxidant known as astaxanthin was able to reduce and to
reverse the cognitive and memory deficits caused by amyloidogenic effects in the
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hippocampus [7]. Ap increases the number of mitochondria with mutated mDNA,
contributing to higher oxidative stress [8] [9] [10].

ROS are produced from the partial reduction of O, at the end of the electron transport chain.
When O is only partially reduced, it produces reactive oxygen species, such as superoxide
anion, hydrogen peroxide, and a hydroxyl radical, that change the structure of proteins, lipids,
and nucleic acids and lead to cell death [5] [11].

ROS production may vary due to the presence of high blood glucose levels (hyperglycemia),
typical of Diabetes Mellitus (DM). DM is a risk factor for Alzheimer’s Disease; connecting
diabetes-related mechanisms to actual AD pathology [12] [13]. Interestingly, hypoglycemia
and hyperglycemia have been shown to cause an increase in ROS production and cognitive
dysfunction [14] [15]. The signaling pathways triggering hyperglycemia also play a part in
DM symptoms by increasing ROS, oxidative stress, and cellular death and necroptosis [16]
[17] [18]. Hypoglycemia in type 1 diabetes damages working and long-term memory as a
result of oxidative stress [19]. Hyperglycemia is a major contributor to ROS production and
other damage in type 2 diabetes [20].

Astaxanthin (ATX) is a carotenoid produced by aquatic microorganisms that is then ingested
into marine wildlife, including salmon, shrimp, lobster, and crayfish. ATX can cross the
blood-brain barrier and scavenge ROS in the brain [21]. ATX does accumulate in the
hippocampus 4 and 8 hours after a single dose and increases over time [22]. ATX has also
been shown to be neuroprotective against Af142-mediated toxicity in PC-12 neuronal cells
and against hypoglycemic conditions [14] [23]. Under normal blood glucose levels, ATX was
found to ameliorate the mitochondrial dysfunction caused by Af [14]. This paper looks at the
effectiveness of ATX in reducing oxidative stress in neurons as determined by ROS and ATP
production under hypoglycemic and hyperglycemic conditions.

2. Materials and Methods
2.1. Cell Culture

A mouse hippocampal cell line (NE-4C) was purchased from ATCC (CRL- 2925), along with
Eagle’s Minimum Essential Medium (EMEM) and Fetal Bovine Serum Albumin (FBS). The
EMEM was supplemented with Pen Strep at a concentration of 0.99% to reduce microbial
growth. Once the cells were thawed, the EMEM and Pen Strep medium was mixed with FBS
to a final concentration of 15%. This total 20 mL medium was prepared and warmed in a
37°C water bath. Warm EMEM/FBS medium was then added drop-by-drop to the cell
solution in a 1/10 dilution and mixed. Cells were then spun down at 1K for 5 minutes, and the
supernatant was removed, and warm EMEM/FBS medium was added to the cell pellet in a
1/8 dilution and mixed. The cells were incubated at 37°C, and the medium was changed every
two to three days. Once the desired cell population was reached, the cells were split and
frozen in a —80°C freezer.

2.2. Neuronal Differentiation

For the ATP and MitoSOX assays, the cells were thawed and then differentiated. Neuronal
differentiation was accomplished using retinoic acid (RA) at a concentration of 1077 M for 24
hours [24], then cells were washed in warm PBS at 37°C. During the 24-hour retinoic acid
exposure, the cells were grown in the EMEM/FBS medium in an incubator at 37°C. After 24
hours, the cells were washed with warm PBS at 37°C and challenged based on their
conditional groups, either G, GAS, GATX, or GAFATX for 2 uM, 5 uM, 25 uM, 2 mM, 5
mM, and 25 mM glucose groups. The cultures were exposed to the group condition outlined
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above for 24 hours, washed with PBS at 37°C, and then, either a luciferase assay or MitoSOX
assay was performed.

For the GAp or GASATX conditional groups, Af142 was obtained from Sigma Aldrich and
was then dissolved in sterile DMSO to make a 0.5 mM stock solution. Cells in the GAS and
GAPATX groups were incubated with a concentration of 2 uM Api42 for 24 hours.
Astaxanthin was also obtained from Sigma Aldrich and dissolved in sterile DMSO to make a
0.1 uM stock solution. Cells were then incubated with ATX at a concentration of 10 nM for
24 hours. Cells in the GATX and GASATX groups were incubated with a concentration of 10
nM ATX for 24 hours.

2.3. ATP Luciferase Assay

Cells for this assay were grown in Eppendorf tubes. Under hypoglycemic conditions, only
two challenges were performed due to the results obtained from controls. Based on the
exposure groups, the cells were incubated with their specific glucose and/or treatment
exposure, 2 UM of Api42, or 10 nM ATX for 24 hours. Glucose challenge and glucose with
ATX exposure groups were tested. This was due to the very small luminescence of the groups
compared to ATP concentrations. Intracellular ATP in the cells of the different exposure
groups were measured utilizing Firefly Lantern Extract from Sigma-Aldrich and ATP hydrate
from Sigma-Aldrich. 100 pl experimental and control samples were boiled for 3 minutes at
above 95°C. Samples were then removed from the boiling water and cooled briefly, and the
boiled sample was transferred to the scintillation vials. This solution was then diluted with 1
mL double deionized water.

To each of these vials, Firefly Lantern Extract was added. After the addition of the luciferase,
the samples were capped and mixed and stood in the dark for five minutes. Measurements
were performed using a scintillation counter with 1-minute readings on a wide band setting.
Known concentrations of ATP were used for a standard curve to help calculate the ATP
concentration in each sample. ATP concentrations were then plotted using this standard curve
to determine differences between the different experimental groups.

2.4. MitoSOX Assay

Cells for this assay were cultured on cover slips within petri dishes. Cells were exposed to
RA at 1077 M for 24 hours for cellular differentiation. The RA was added into the
EMEM/FBS medium. After the 24 hour-incubation period, the cells were washed with
warmed PBS at 37°C. Based on the exposure groups, the cells were incubated with their
specific glucose and/or treatment exposure group condition, 2 uM of Afi42, or 10 nM ATX
for 24 hours. Before the end of the cell exposure period was over, the 5 mM MitoSOX stock
solution was made from vials obtained from Thermo Fisher Scientific. At the end of the
exposure period, cells were washed with warmed PBS at 37°C and incubated at 37°C with a 5
uM MitoSOX solution for 10 minutes. Cells were then removed from the incubator and
washed three times with warmed PBS at 37°C, and then suspended in warmed PBS. Cells
were then imaged using a fluorescent microscope. Obtained pictures were analyzed via Image
Pro 6. Once images were taken, the cover slips were prepped and mounted on slides.

2.5. Data Analysis

Data was collected and analyzed using Image Pro 6 to obtain mean fluorescence values for
the entire image, and three-point region analysis was performed on the brightest regions.
Alterations in glucose and varied chemical challenges were compared by one-way analysis of
variance. A p-value of p < 0.05 was considered statistically significant.
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3. Results

Cell growth, ATP production, and ROS production were measured and analyzed for
significant changes between the control and experimental groups. The following presents the
results of the four groups under hypoglycemic and hyperglycemic conditions (G, GATX,
GAp, and GATXAP) in 2 uM, 5 uM, 25 uM, 2 mM, 5 mM and 25 mM glucose.

3.1. Cell Growth

Cell growth was assessed based on the percentage of the total coverslip coverage. These
coverslips appeared sheet-like in growth. Cell growth was not significantly different among
the different glucose groups (Figure 1(a)), but cell growth was decreased among groups
treated with Af (Figure 1(b)). The Af and ATX group grew better than the Af group, but still
showed growth difficulties compared to the control (glucose) and glucose ATX groups.

3.2. ATP Assay—Hypoglycemia

A Luciferase firefly assay was used to measure ATP output after growth. The 2 uM, 5 uM,
and 25 pM glucose exposure groups had lower ATP concentrations than the zero ATP
concentration standards, and the values were corrected to zero. Cells challenged with glucose
demonstrated significantly different ATP output values. The hypoglycemic exposure groups,
2 uM G, 5 uM G, and 25 pM G demonstrated very low levels of ATP production when
compared to the normal glucose concentrations of 2 mM G and 5 mM G.

3.3. ATP Assay—Hyperglycemia

When comparing the ATP production of the glucose-only groups, the 25 mM glucose group
produced more ATP than the 5 mM group. The 25 mM glucose group produced 242.7% more
ATP than the 5 mM group. The 25 mM glucose group with ATX produced 255.8% more
ATP than the 5 mM group. The 25 mM glucose group with A produced 391.5% more ATP
than the normal glucose group, the highest increase among the four test groups (control,
GATX, GApB, and GATXAp). Finally, the 25 mM groups treated with Af and ATX
demonstrated high ATP levels, but the levels of ATP production fell between the 25 mM
GATX and the 25 mM GAp groups. Among the 5 mM G groups, the 5 mM control group
produced the most ATP. Among the 25 mM G groups, the 25 mM GAp group produced the
most ATP.

3.4. MitoSOXAssay—Hypoglycemia

Cells were imaged on a fluorescent light microscope at 5x intensity. High output of
fluorescence indicated high stress and high ROS output. All cells are expected to fluoresce
because any cell undergoing cellular respiration produces a small fraction of ROS through the
process, but this assay identified cells producing abnormally high or low amounts of ROS.
Some of the lowest levels of glucose produced the most fluorescence, indicating the most
ROS production, indicating high stress. 2 uM G produced the greatest amount of
fluorescence. When compared to the normal glucose group 5 mM G, the only groups showing
a significant difference were the 5 pM G and 25 uM glucose concentrations.
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Figure 1. Cells challenged in hypoglycemia glucose concentrations demonstrate altered
growth. (a) Cells exposed to different glucose concentrations did not show significant
difference in growth. The 2 uM and 5 mM G groups grew the best, while the 5 uM G, 2 mM
G and 25 uM G demonstrated poor growth. (b) Cells exposed to Af exhibited decreased
growth, and the 2 mM GAp group grew the best. The 2 uM GAp group demonstrated slightly
decreased growth compared to the 2 mM GApS group, while the 25 uM GAp and 5 mM GAp
demonstrated notable decreases in growth. (c) Cells exposed to ATX grew well and showed
statistical differences in growth. Cell exposed to both A and ATX, exhibited increased
growth for all glucose concentrations. The 2 uyM GATXAp, 25 uM GATXApS, 5 uM
GATXAp, and 2 mM GATXAS demonstrated decreased growth compared to the 5 uM group.
(d) Hypoglycemia groups demonstrated very low levels of ATP concentration compared to
the 2 mMG and 5 mM G groups. For the GAfS, GATX, and GATXAS groups, only 2 mM and
5 mM groups produced ATP concentrations high enough to be measured. (e) The 2 mM GApS
groups showed decreased ATP concentrations compared to the 5 mM GAp group. (f) The 2
mM GATXAp group demonstrated lower ATP concentration than the 5 mM GATXAB. (g)
For ROS production, the 25 uM G and 5 uM groups demonstrated significant decrease in
fluorescence compared to the 2 puM G group, which is the lowest glucose concentration and
produced the most ROS. (h) All GAfS demonstrated decreased ROS production and were
compared to 5 uM GAp due to its low to normal levels of ROS production. The most
significant decreases were seen for the 2 uM GAp and 25 uM GAp, and the 2 mM group
demonstrated a slight decrease. (i) Af and ATX Group demonstrated lower levels of
fluorescence and ROS output across all glucose concentrations. None of the groups were
statistically different. 2 uM GATXAS and 2 mM GATXA/ had the lowest ROS production.
*indicates p < 0.05 when compared with the control (5 mM). *indicates p < 0.01 when
compared with the control. ~ indicates p < 0.05 when compared to 2 pM. “indicates p < 0.01
when compared to 2 uM.
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These results indicate that cell growth, ATP production, and ROS production was different
among the different glucose groups. We also explored the other extreme of glucose
concentration: hyperglycemia or high blood glucose. The following results come from
treating the four experimental groups (G, GATX, GAf, and GATXAp) with 5 mM and 25
mM glucose levels.

3.5. MitoSOX Assay—Hyperglycemia

ROS production was determined by conducting MitoSOX (ROS) assays and measuring mean
fluorescence (Figure 2). ROS production was different for groups with different glucose
concentrations, Af and/or ATX. The hyperglycemic
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Figure 2. (a) Groups exposed to hyperglycemic concentrations produced higher ATP
concentrations. The 25 mM G produced more ATP than the 5 mM G. The hyperglycemia
group exposed to ATX produced high ATP concentrations. Hyperglycemia groups exposed to
Ap produced very high levels of ATP, as the 25 mM group produced 391.5% more ATP than
the 5 mM group. Hyperglycemia groups exposed to both Af and ATX produced lower levels
of ATP. Bars indicate standard error for each condition. @ indicates the 25 mM treatment is
significant from its corresponding 5 mM equivalent. & indicates that the 25 mM ATX was
significantly different than the 5 mM ATX treatment. (b) ROS production was greatly
decreased in the 25 mM glucose group. The 5 mM control group produced more ROS than
the 25 mM control group. ROS production was significantly decreased in the 25 mM GATX
group compared to the 5 mM GATX group. ROS production was slightly decreased in the 25
mM GAp group compared to the 5 mM GAp group. ROS production was greatly decreased
in the 25 mM GATXAS group compared to the 5 mM GATXAS group. (c) Overall plate
coverage varied between the two experimental groups. The hyperglycemic control group
grew less than its 5 mM counterpart. The 25 mM GATX group did not grow significantly
more than its 5 mM counterpart. The 25 mM GApS and GASATX groups both grew
significantly more than the 5 mM GAp and GASATX groups. #® indicates the 25 mM
treatment is significant from its corresponding 5 mM equivalent.
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group produced 89.6% less ROS than the normal glucose group (Figure 2(b)). The 25 mM
glucose group treated with ATX produced significantly less ROS than the 5 mM ATX group.
The 25 mM glucose group treated with Af produced 34.4% less ROS than the 5 mM Ap
group. The 25 mM glucose group treated with ATX and Af produced 91.9% less ROS than
the 5 mM ATX and Ap group, but this difference was not statistically significant.

Among the 5 mM glucose groups, the control group produced the most ROS, and there was a
significant reduction in ROS production observed in the 5 mM GAp compared to the 5 mM
control (p < 0.05). Among the 25 mM glucose groups, the Af group produced the most ROS,
followed closely by the control group. Overall, the 25 mM glucose groups produced less ROS
than the 5 mM glucose groups.

4. Discussion

This paper sought to explore if astaxanthin could prevent mitochondrial dysfunction,
observed through mitochondrial ROS output, and cell viability as observed through ATP
production and cell growth. Under hypoglycemic conditions with Af treatment, cells
produced very low ATP concentrations, had increased ROS production, and decreased cell
growth. Introduction of astaxanthin in the GASATX group indicated that ATX may prolong
neural cell viability under these conditions.

The results varied among the three hypoglycemia groups (2 uM, 5 uM, 25 uM). In the severe
hypoglycemia 2 uM glucose exposure group, the cells exposed to Af exhibited decreased
growth and decreased fluorescence in the MitoSOX assay. The cells therefore exhibited
decreased ROS production, mirroring typical cell responses to AS. When exposed to Ap, cells
demonstrated increased mitochondrial dysfunction observed by high levels of ROS
production. Cells also typically showed decreased cellular function with lower cell growth
and low ATP production. When the 2 uM glucose exposure group was exposed to both Af
and ATX, cell growth increased as did mean average fluorescence compared to the 2 uM
GAp group. This indicates that the cells are likely not dead but may be in the process of
dying, so ATX may help to prolong neuronal cell viability in the presence of AS. ATP assays
were not conduced for GAS or GABATX groups, as G and GATX groups produced very low
ATP levels at 2 uM. This indicates that when glucose levels are exceedingly low, the cell is
producing very low levels of ATP, possibly the bare minimum amount of ATP required for
cell function.

In the 5 uM glucose exposure group, cell growth and ATP production were very similar to
the 2 uM exposure group. The 5 uM GATX grew the best and produced the highest mean
fluorescence average in the MitoSOX assay among the different glucose ATX groups.
Abnormally high or low ROS levels indicate cell stress, but the levels observed among the 5
uM glucose groups indicate that the cells are flourishing and likely had more functional
mitochondria to produce normal ATP levels. Similar to the 2 uM GAp exposure groups, the 5
uM GAp challenged group again demonstrated the lowest growth of all the 5 uM groups. The
5 uM GAp demonstrated increased mean fluorescent levels compared to the 2 uM GAp
indicating a cell stress response to cell AS. The 5 uM GABATX group exhibited both
increased growth and mean fluorescence levels. This increase in mean fluorescence and
hence ROS production was likely due to normal ATP production as opposed to cell stress.

The 25 pM glucose exposed group, similar to the other two hyperglycemia groups, grew the
least and produced very little fluorescence. This decrease in fluorescence may be the result of
decreased growth or increased cell death. The 25 pM G group exhibited the least growth
when compared to lower glucose concentrations (2 uM and 5 uM) as well as very low ATP
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concentration and ROS production. The 25 uM GASATX did however grow and produced
low to normal fluorescence, showing that among the three hypoglycemic conditions, the
addition of ATX to AB-exposed groups protected against ROS production and promoted cell
growth.

The other two glucose groups (2 mM and 5 mM) grew well except for the 2 mM GASATX
group which exhibited the lowest ATP concentration and fluorescence production (indicating
the cells were viable and using the ATP produced). The 5 mM GASATX group demonstrate
increased growth, increased ATP and normal mean fluorescence levels. The 2 mM GATX
group grew the best among the 2 mM groups and provided normal ATP concentration and
fluorescence production totals. The 5 mM GATX group exhibited decreased growth with
slightly increased ATP concentration and low fluorescence production. The 5 mM GATX
cells were therefore able to produce more ATP and hence more ROS, but the ATX group did
not display a decrease in mitochondrial dysfunction compared to glucose exposed. The 2 mM
GAp group grew and produced the most ATP and fluorescence among the 2 mM groups,
indicating the presence of cell stress after being exposed to AfS. The ATP production
indicated that the cells were making ATP, which would increase ROS production, but the
cells did not appear to be using this ATP. The ATP that was produced but was not used may
be stored in vesicles, a question that should be explored in future studies. The 5 mM GAp
group exhibited the lowest growth, ATP concentration, and ROS production of the 5 mM
groups.

The hyperglycemic groups demonstrated increased cell growth and ATP production due to
increased availability of glucose, but this availability also contributes to increased ROS.
Among the 5 mM glucose groups, the 5 mM GAp group exhibited the least growth and the
lowest ROS production, along with low ATP concentrations. The low ROS production may
relate to the lower rate of ATP production, and the low ATP and ROS levels indicate the cells
had died or were dying when the Luciferase and MitoSOX assays were performed. Among
the 5 mM glucose groups, the 5 mM GASATX group ROS output was not statistically
different from the 5 mM glucose control. This indicates that the mitochondria in the 5 mM
GAPSATX groups were functioning similar to the control, leading us to conclude that ATX
can protect the neuronal cells from Apf stress and mitochondrial dysfunction. The ATP
concentration ranged 1 uM - 80 pM for sample.

The 25 mM hyperglycemic groups exhibited similar growth. The 25 mM GAp and 25 mM
GATX groups exhibited the most growth, and the 25 mM GAp produced more ROS than the
other groups, but the difference between the two groups was not statistically significant. ROS
production was very low, and 25 mM groups produced more ATP than the 5 mM groups
consistent with greater amount of glucose available for the cells to use. Despite this
difference between glucose groups, none of the 25 mM glucose groups exhibited significant
differences in ATP compared to one another.

5. Conclusions

The purpose of this paper was to demonstrate an in vitro model for Alzheimer’s Disease
could be used to investigate the effects of blood sugar concentration on the ability of
Astaxanthin to function as an antioxidant. When examining both hypoglycemic and
hyperglycemic conditions, we noted that during the hypoglycemic part of this study, a
combination of A and hypoglycemia together cause an increase in ROS production, likely
by increasing mitochondrial dysfunction. While ATX may aid in reducing ROS production
and increasing growth of cells, its effects did not largely vary among glucose concentrations.
Among the GASATX groups, the cells grew and produced ROS. An additional study may be
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required to explore the number of cells responsible for ROS production. Cell counts and cells
assays will need to be performed. Our laboratory will proceed with cell death assays to test if
cells are viable. The hyperglycemic part of this study indicated that ATX does bear
neuroprotective effects against Af and can improve mitochondrial function.

Our laboratory has therefore demonstrated Astaxanthin’s ability to promote cell growth in
vitro in hypoglycemic, normal glucose, and hyperglycemic solutions as well as when
challenged by Ap. The data presented in this study therefore supports ATX’s role in
promoting cell growth in both normal, DM (hypoglycemia and hyperglycemia), and AD (Ap)
disease states. This data also supports recent rat model studies demonstrating the
neuroprotective effects of ATX. ATX has been shown to promote adult hippocampal
neurogenesis in the hippocampus in a concentration-dependent manner and to increase spatial
memory in mouse models [25]. ATX has been shown to reduce inflammation and reduce
cognitive deficiency in diabetic mice [26]. ATX had been shown to be neuroprotective
against hippocampal insulin resistance, a consideration for DM patients. Our study therefore
supports previous research in the field calling for further investigation into the use of ATX as
a potential treatment for Alzheimer’s Disease.
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XA0OMOGNOG

Yxomd TOL/TNG UETOPPUOTH/Plog amoteAel mAvVTOTE M KOAVTEPN OLVOTY OTOOOGN TOL
VONUOTOG TOV KEWEVOL-TNYN UE TPOTO KOATOVONTO GTOV OVOYVAOGTN TOL KEWEVOL-GTOYOG.
Mmropel va punv vdpyet pio oityovpn cuviayn emrvyiag, vadpyovv OUmS Kdmowo Prjpara, to
omoio. av axolovOncel motd, Ba €xel o PéATIoTOo amotédecua. Apykd, m TPOTN Kot
ONUOVTIKOTEPT EVEPYELD TOL aKOAOLOEITOL KOTA TN HETOPPOCTIKN dtadikacio €ivor 1 KOAY|
KOl TOAAOTAY] avAyvVmOoT TOV KEWEVOD, HEYPL O/M UETAPPOACTNG/PLOL VO, PTACEL GTNV TANPN
Katovonon tov. llpdketton yioo po mpodmdbeon amapaitntn Kol AvomTOQELKT) £POGOV O
oT10Y0g TOv/ING elvon va mapoydyst pe opbq Ko emrvynuévn petdopaon. Kotom,
aKOAOVOEL oL GTOXELDONG KEYEVIKT OVAALGT, GTNV OMOoio. COUP®VA PE TO TPOTLTO TNG
Christiane Nord (1997) [4], o/m petoppactic/pro KoAgitor vo  avoyvopicel Tovg
eEWKEUEVIKOVG KOl EGOKEYEVIKOVS TOPEYOVTEG TOV KEYWEVOL-TTNYT KO TOV KEYWEVOL-GTOYOG,
®ote vo emroyel T Olatnpnon ¢ petad tovg oodvvapio. T'te ™ Nord o/m
HETOQPOCTNG/Plo. TPEMEL v OEMETOL amd TNV «MOK| apy”] TNG CLVETEWG», OPOV EYEL
JeoUEVTEL AMEVAVTL GTOV OOJEKT YO TV TOPOUYWYN €VOG AELITOVPYIKOD UETAPPAGLOTOC,
OAAG Kol OEVAVTL GTOV TOUTTO VO UMV OAAOIDGEL TNV apylkn TpdOecn mov evumdpyel 6To
npwtoOTLTO Keipevo tov [1]. [ ™ dwdikacio avty), o/m petaepactc/pro BETtel 6TOoV €0VTO
TOV EPMOTLOTO OTMG: TOL0 EIvol TO €100G TOV KEYEVOL, TOL0G GUVTAGGEL TO KEIUEVO, TOTE KOl
oV TO GLVTAGGEL, TOG £ivol 0 ¥pOvog €KOOGNS TOL Kot owog Ba givar o ypodvog Tov
HETOQPAGLOTOG, TO10G EIVOL O GKOTOG TOL TPOTOTVTOV KOl TTOLOG TOL UETAPPAGLATOC, TOL0
elval t0 Koo oI YAOGCO-TNYN KOl MO0 OTN YADGGO-GTOXO0, MO0 &ivor 10 HEGO NG
EMKOVOVING.

v mpokeWévn TEPINTOOT, AOMOV, £YOVUE VO KAVOLUE [E EMIGTNUOVIKY HEAETN
WTPKOD EVOOPEPOVTOS TOV OGYOAEITOL HE TNV OVOALGON TOV OTOTEAEGUATOV KATOU®V
JOKIHOCIDV TOV CLYYPAPEDY. ZUVETMG KOl COUPOVO HE Tr OdKploN 7OV KAVEL 1
petappaotplo- yhwoooroyog Katharina Rei3 (1977: 97-100) [5], 1o keipevo-mnyn avhket
GTNV KATNYOPi TV TANPOPOPLOKAV, KAODS £xel ¢ BelEMa EMKOVOVIOKT Agttovpyio TV
TANPOPOPLOKY. ATockonel, dNAadT], GTNV TANPOPOPNGT TOV OVOYVAOGCTY] Yl TIG OOKIUAGIES,
TIG OVOADGELS KOl TO GUUTEPAGLATO TNG €V AOY® UEAETNG, OV €YEL G KVPLO GTOYO TNV
gbpeon Ogpameiog yw ™ voco tov Alzheimer. O TANPOPOPLOKOG YOPOKTNPAS TOV
TPMOTOTOTOV, AOWOV, EMTVYXAVETOL WHEG® TNG YPNONS AVTICTOY®V YAWGGIKAOV Kol
VQOAOYIK®V OTOlXElV, OT®MG 1 AEMTOUEPNG TEPLYpOPT], avdAvon kor emneénynon g
EMGTNUOVIKNG UEAETNG TOV SNUIOVPYDV TOV. ZKOTOS, AOHV, TOGO TOV KEWWEVOL-TNYY, OGO
KOl TOV KEWEVOL-GTOYOG lvan 1 Tapovciosn TV OESOUEVOV TNG LEAETNG TV GLYYPOUPEDV
Kot 1] TANPOPOPNOT| TNG EMOTNUOVIKNG/1OTPIKNG KOWVOTNTOS GYETIKA [e avTd. Zuveyilovtag,
oMM TpoavaPEPONKe 6TOV TPOAOYO, TO KEIEVO dNpoctedtnke tov ZentéuPpilo tov 2019 oto
neplodikd «Advances in Alzheimer's Disease» omd tic kabnyntpieg Julie Griffith, Shauna
Northup, Emma Cieslik, Marie Kelly-Worden tov Tpurpatog BioAoyiag tov Tlavemotpiov
Ball State 6to Muncie g Indiana otic Hvouéveg IloMrteleg Apepkng [3]. O mpaypotikdg
YPOVOG GHVTAENG TOV KEWWEVOL HAG elvar AyvawoTog, apol evdeyopévag eixe cuvtaydel apketd,
{omg kot Alya xpovia, vopitepa and v TEAIKN dNUOGIELOT| TOV, 0TS GLYVA GupPaiver pe Tig
emoTNUOVIKEG peAétec. To petdopacuo cvovtdydnke kotd to €opvd akadNUOikd eEAUNVO
™mg ypovidg 2021-2022. Ocov agopd tv mpaypotoroyio. tov déktn, Oo mpémer va
OVOADGOVHE TO KOWO-GTOX0G TOCO TOL TPMTOTVNOV, OGO KOl TOL petagpdouatoc. To
TPOTOTVTO, AOMAV, OmMEVOVVETOL KOTO TPAOTOV GTNV €KOOTIKN] OUAdN TOL TEPLOGIKOV
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«Advances in Alzheimer's Disease», n omoia £dmwoe Aoyikd TV £yKpion OMUOGIELGNS TOL.
Katd devtepov, anevbiveral o€ yorpois, Ploddyovs, @aploKoldyous Kot YEVIKOTEPO ATOLLOL
OV OMOGYOAOVVTOL GTOV EMICTNUOVIKOMATPIKO KAAOO Kot £(0VV YVMGELS GTO OVTIKEILEVO,
evogyopévog pe ewdikevon ot voéco tov Alzheimer, ®ote va givar oe Béom va 1O
KOTOVOT|COLV TANP®G. AVAQOPIKA TOPA LE TOV OEKTN TOL UETAUPPAGLOTOS, TPOKELTAL, OTWG
KOl OTO TPOTOTLTO, Y. OGOLG OGYOAOVVTOL HE TOV EMCTNUOVIKOATPIKO Topéd. Xwpig
apeBoria tOG0 TO KEIPEVO-TNYT, OGO Kol TO KEIUEVO-GTOYOG OEV LITOPOVV Vo, SofacToVV Kot
BePaimg va yivouv kotavontd omd £vav omAd avoyvmdoTn Tov dgv €xEl Kopio ETOEN e TO
avTIKEILEVO, KUPIMG AOY® TNG E101KNES 0POAOYING KOt OOUNG TOVG.

IIpwv and kaOe petoEpactikn Oadkacic, OIVOVIOL GTOV/GTN UETOQPACTH/Plo. KATOlEg
LETOQPOCTIKEG  00MNYleG. XTIC UETOPPOUOTIKEG 0dnyieg meprlouPdveror  katapynv mn
EMOLOKOUEVN KEYEVIKT AELTOVPYIO TOL LETAPPACUATOS. ZOUPDVO LE TO EPYUAELNKO LOVTELOD
tov Karl Biihler (1934) [2], o1 Bacikég Aettovpyieg TG YAOOGOS £ival TEGOEPIS: 1) OLVOPOPIKT,
N KANTIKY, N QATIKN KOl 1| EKQPACTIKY. XTO GUYKEKPEVO UETOAPPOCLO EMOLOKETOL M
aVOQOPIKN KOl GUYKEKPIUEVO 1 TANPOQOPLOKT, OTMG OKPPDOG Kot 6T0 TPOTOHTLTO, KAODS
oTOX0G TOV €ivol 1 EVNUEPMOOT TNG EMGTNUOVIKNG/ITPIKNG KOWOTNTOS OYETIKE UE TIG
JOKIHAGIES, TIG OVOADGELS KOl TO EVPNUATO TNG UEAETNG, OTMG avaPEPONKE KOl TOAPATAV®.
EmumAéov, otig petappactikég odnyieg meptlapfdvoviat o mapainmng, To HEGO LETADOONS, O
avapEVOUEVOS ¥PpOVOC Kol TO KIvrTpo Yoo T ompovpyia tov petagpdopatoc. [apainmng
TOV GULYKEKPLUEVOL UETOPPACUATOS €IvVAL QUOIKA 0 EAANVIKOG EMIGTNUOVIKOG/1OTPIKOC Ko
OLYKEKPIUEVO VELPOLOYIKOG KAAOOG, EVMD TO LECO HETAO0OMG Elval OTMS Kol GTO TPMOTATLTTO
N emotpovikn perétn. O avapevopevog ypovog eivar m mapovsa otiyur.. To kivnrpo
amoterel, OmwG avaeépOnke  mopamAV®, 1N TANPOPOPNON  TNG  EAANVOQMOVIG
EMGTNUOVIKNG/ILTPIKNG KOWVOTNTOG Y10l TO EVPNLLATO THG EPEVLVOC.

[Mpoywpovtag, 0&iler va kdvovpe €01k pveio 610 Ae&Adylo TOV TPO®TOTOHTOV. XTOL
EMOTNUOVIKAATPIKA Kelpeva, M xpnon €WKNng opoloyiag sivor dedopévn, kabmg oev
anevfHvovtol 6Tov amAd, Kadnuepvd avayvaot, ALY GE EMGTALOVES/YIATPOVGS, Ol OTOi0L
elvan eotkeltmpévorl pe v v A0y oporoyia. Ot 6pot awtol ivar cuyvd dyvewotol 6Tov/oTn
petagpact/puo, gite yati etvar ol e€edkevpévol, gite AMdyw g anepiog tov/tng. 'Etot,
Yo T oot 0mdO0CN TOVG, O/N HETOPPUCTNG/PLO. EPELVA TPV OO TN HETAPPACTIKY
dwdkacio og mapdAinia Kelpeva Kot 101K AeSIKd Kot KOTaypapeL TOVG GyVOGTOLS OPOLG,
TIC ATOJOCELG KOL TNV TNV TOVS O€ v YAMGTapL Opmv. Me avtdv Tov TpOTO, EE0IKELMVETOL
KOl KOTOVOEL TEPIGGATEPO TO KEIUEVO, TPOCPEPOVTAS TO KAADTEPO SVVATO OMOTEAEGLO GTOV
TOPOANTTY, EVO TOPAAANAL BEATIOVEL TIG YVOGELS TOV/TNG. LTO HEYOADTEPO TOGOGTO TOVG, Ol
OpOL TOV GCLYKEKPIUEVOL KEWEVOL-TNYN Ppédniov pe oyetkd Alyn épevva, kabmg ftav
OPKETA GLYVOL GE E101KA A&k KOl TOPAAANAQ KEILEVA, VNPYOV OUW®G KOl TEPUTTOCELS TOV
vIpYaV  dryoyvopieg ot myéc 1M éywve mpoTtoon omddoong Adym g avvmap&iog
QVTIOTOL(I®V 6TO EAANVIKA. AVTO, OL®G, Ba avalvBel TEpATEP® TOPAKATO.

Koatd ) petappactikn dwadikacio o/n LETOPPACTNS/ Pl EPYETOL TAVTO AVIILETOTOG/M LE
oelpd LETAPPACTIKOV TpofAnudtov. Ta mpofAnuota avtd dtoakpivoviol GOUE®VO LE TN
Nord (1997: 352) [4] o€ dVO €idN: 0) TO OVTIKEWEVIKA TPOPAHOTO, TOL GYETILOVTOL UE TIG
UETAPPACTIKEG EVTOAES, TO Pabud dvokoriag Tov TP®TOTOHTOL KAT. Kot ) TO VITOKEUEVIKA
HETOQPACTIKA TPoPAN|LaTa (1] SVOKOMES), TOL ££0PTMOVTOL OO TOV/TY LETAPPOGTY)/PLa, OTTMG
Ay EAMTElC YAMOOIKEG, LETAPPOACTIKEG 1| KO TOMTIGIKEG IKOVOTNTEG 1] At TIC cLVONKES
Vo T1g omoieg epydleTat o/n PETAPPACTNG/pla. XNV voTNnTO OLVTY, O acyoAnbovpue e To
AVTIKEEVIKE petagpactikd mpoPAnuota. H Nord, Aowdv, mpoteivel tov daywpiopd tov
OVTIKEULEVIKAOV TPOPANUATOV GE TEGGEPLS KOTNYOPIES, AVAAOYQ GE OO0V TOUEN OPOPOVV:
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o Hpoyuatoloyikd ueTtappocTiKd TPOPIUATA: ATOPPEOLV Omd TN
OUYKPLION TOV EMKOWVOVIOKOV TAMGIOV TOV KEWEVOV-TNYN KOl TOV KEWEVOL-
o016Y0¢ (dNA. TO KEWEVIKO €100C).

o Holiticuikd, uUETOAPPOGTIKG TPOPANUOATA. TPOKLITOVYV OO  TIG
POPES GTOV TOMTIGUO Kot TIC KOWOVIKEG CLUPACELS LeTa&D TG YAMGGOS-TtNYY|
Kol TG YADGGOG-GTOYOG,

o Iwooixd Metappaoctikd mpofiquata: o@opodv opiopéva (edyn
YAOOO®MV Kol GUYKEKPIUEVES TEPUTTMGELS: LY. WeLOOPIeG AéEerg (AéEeg mov
Eyovv 1010 1| TOPOHOLD POVOAOYIKT] HOPPN, OAALL OLOPOPETIKY] CNUOGIN) OTTMC
actual=aAn0wog, mpaypotkodg (ayylkd), eved aktuell=emikopog, mpdopatog,
WOYOOV (YEPUAVIKA).

o Kewuevoiorouopoixa  ucrappoctika mpofiguata: oQOpovLV  TO
TEPLEYOUEVO TOV KEWWEVOL, To eE@YAmoowkd otoyeio K.Am. (). pnropukd
oynuoTo, Aoyomoiyvia K.o.).

2V Tapovca EPYocio TPOEKLYOV KuPImG YAMOGIKE Kot KEWEVOIOIOLOPPIKA TPOPAT LOTOL
KOTé TN HETAPPACTIKT dtadtkacia. Eedcov mpdkettal yia KEILEVO 10TPIKOV TEPLEYOUEVOL KO
dedopévov OTL 0 OKOTOG KOl 1 AEITOLPYIOL TOL TOPAUEVOLV 10100 GTO WETAPPOCHO, OEV
VINPYOV TPUYUATOAOYIKA LETAPPACTIKA TPoPANpata, e €E0ipeosn TNV TPOGOPUOYT TOL
LETOQPAGLOTOG OTO OEOOUEVOL TNG EAAMNVIKNG KEWEVOYPOPING, TOCO GE EMIMESO HOKPOIOUNG
(TpocapurOYN KEWEVOL) OGO Kot LIKPOSOUNG (TPOCUPLOYY POTOYPUPLADV).

To xvp1dtEPO YAMOGIKO TPOPANUE TOV TPOEKLYE KOATO TN UETAPPACTIKY Ol0dtKocio
apopovce tov Opo amyloidogenic effect. Axdun xor xotd v avolitmon mopdAiniwv
KEWEVOV 0T OyYMKA, 0 0pog Ppédnke mOAD Alyeg popég ¢ £xel KO TOAD TEPIGGOTEPES UE
™ Hopen T Hopon anti-amyloidogenic effect 1|, ocmavidtepa, pro-amyloidogenic effect. Av
dwympicovpe tov 6po ce 000 EMPUEPOVS OPOVC, TOTE EYOLUE TOVS Opovg amyloidogenic Kou
effect. To eniBeto amyloidogenic ovagépetol oe KATL MOV TOPAYEL OQUVAOEWY], OTN
oLYKeEKPIEVN Ttepintmon P-apvrogdn. ‘Etot, ko Bdoet ¢ etvporoyiog tov, vaédeca Ot M
amddoon tov Oa elvar ouvlogidoyovog, yeyovog mov emPePformdOnke péco amd eKTEVN
avalntnon o eAMnvikd emotnpovikd keipeva (m.y. http://hdl.handle.net/10442/hedi/42866).
[Ipoywpdvtag, &govpe tov 6po effect. Zra pn edkd Keipeva N AEEN avty amodideTon mg
OTOTEAETUQ, OVVETELD, EUPAVION, EPE KA. LT 10TPIKE Keipeva amodideTal cuyvoTeEPL MG
emiopaon Y dpaon (QOPUAK®V, OVGLOV KAT.). Bdoel tov 101pikdV KeWWeEvav, Aowmodv,
mpoTuNOnke apykd 1 amddoom emiopacy, oG Ko 1 omddoon opdon Ho pmopovoe vo
TOPATEUTEL GTOV ayYMKO Opo action. 'Enerta, Opmg, and extevéotepn avolnmon, Ppédnke
éva Kelpevo Tov 1tpov Kat 01dktopa g latpikng XxoAng tov [oavemommuiov AOnvav kKon
TOV cLVEPYUTAOV TOL, Anuntpiov 'kéAn, TOV APopd GTNV KOLPKOV LIV KOl TIG EMOPAGELS TNG
o1t voco tov Alzheimer (https://curcumin.gr/page.php?pid=118). H myn avt) nepiéyet tov
Opo avti-f-opviogidoyovog dpaon, o onotog amotérese 10 BeléMo Yo TNV TEMKN omddoon
tov amyloidogenic effect ®G auvloE100y0vog opaon, OTMS AVAPEPETAL KOL GTO YAOCGAPL TOV
Opav.

BA\énovpe, Aomdv, 0Tt yio ) dnpuovpyic Tov vEov Opov Empene va. YIVEL Lol GUYKEKPLULEVT
dwdkacio. 'evikd, ot péBodotl oynuaticpod dpwv gival Tpels: 0 SyAOoOIKOS dOVEIGUOGC, 1
YPNOTM VIAPYOVCAOV HOPPDV KOl 1 ONUIOVPYIR VEOV OpwV. XTNV CLYKEKPIUEV TEPITTMOON
ypnoworomdnke 1 pébodog g omuovpylag véwv Oopwv. H pébodog avtn, €xel tpelg
SUPOPETIKOVG UNYOVIGHOVGS, TN 6OvOeon (compounding), tnv mapaywyn (derivation) kot Tig
cvvtopevpéveg popeéc (abbreviated forms). I tov Opo avtd ypnowyomombnke o
unyaviopog e ovvheonc. H dwdwkacio g ocuvBeong apopd 6tov GYNUOTICUO HOG VEOS
popong (6pov), svvdvalovtag dvo Non vrdpyovoeg AéEelg M Aegwd otoryeio (Kepapidag,



32

2015: 47-48) [1], omv mepimtwon pog TOVG Opovg amyloidogenic xou effect, Odmwg
avaeépinke Kot Tapandve. O 6pog amyloidogenic effect gival, Aoudv, pia epdon, ot AEEelg
¢ omotog mapatifevion ywpig kapio EVOEIEN Evaong HeTOED TOVG, TOGO GTNV OYYAIKY OGO
Kot oty eMAnvikn YAwooa (Kepapioag, 2015: 48) [1].

To mopamdve mopddoetypo amoTeAel T HOVOOIKY TEPITTOOY OV YPEWIGTNKE Vo, Yivel
TPOTOCT amdO0oNG €VOG Opov TOv KEWWEVOVL-apeTnpia. Ot 0mododcelg v VIOAOMOV dpwV
Bpédnkav oe £ykvpa mapdiinia keipeva 1 €0wd AeCika. H cvyvdtepn mnyn dviinong dpwv
NTOV KOVOVIGLOL, 00NYieg Kot YPOrTEG EpMTNCELS TV 0pyavmv g Evponaikng Evoong, ta
omoio. &lvanr Ompocievuéva oV EmoNUN 16TOCEAdD TV VOoukav kelpwévov g EE
(https://eur-lex.europa.eu/oj/direct-access.html?locale=el). Ta keipevo avtd amoteAovv Tig
o £YKLPEC TYEG, epOcoV mpodkeltan Yo enionua keipeva g EE, ta omola petappdlovral
a0 TOLG KOAVTEPOLG WETAPPOCTEG KO UE Tr 060vGa TPocoyn. Q0TOCO, LANPYE Ui
mepinton otnv omoio 6v0 ayyAwkol Opot Bpednkav pe v da amddoom ota eAANvVikd. Ot
Opot avtoi tav ot loss of memory Kon memory deficit, o1 onoiot amodidoviav wg arxwisio (tng)
pvnung. Ot 6pot uropovv mpdypaTt vo ¥pnotpomotnfodv ®¢ cuvavuuol, Tapdlo TOV 0 OPOG
deficit meptyphpel cuvnwg v avemdpkela, v élletyn Kol OxL Vv arxwigio. Ady® Tov
GLYKEWEVOL, TNG GLVOTOPENG ONAON TV OPOV AVTAOV UE TOVG OpoVG loss of mental function
Ko cognitive deficit otV 10100 TPOTOOT), TPOTIUNONKE M XPNON TG AEENG ammielo Kot Yo T1G
00 TEPUTTAGELS YAPV AAKOVIKOTNTOS GTO LETAPPACLLOL.

H endpevn oe ocvyvomta anyn eivar n Paon dedouévov oporoyiag g Evpomaikng
‘Evoong, n IATE (Interactive Terminology for Europe). H IATE ywpiletr Toug 6povg Paocet
TOL TOUEN GTOV OTOI10 OVIKOLV, GUUTEPIAAUPAVEL GLYVE OPIGHOVGE, EVA OVTAEL TIG TNYES TNG
a6 tao emionua Keipeva g EE, edwd Aelucd, mapdiinia keipeva KAT. ducwd, vrapyovv
Kol TEPITTOGELS OV Ol amoddcels TG IATE elvan memadaiopéves 1 un dOKIUES 1|, oTOVImG,
AavOOGUEVEG, Y100 KATOWO GUYKEKPLUEVO Keipevo. T mapdostypa, Katd v €pguva yio TV
anddoon tov O0pov ROS (Reactive Oxygen Species), mopammpndnke o6t otv IATE
avaQEPOTOY MG OPUCTIKN HOpPT 0&uyOVoL. e TapdAANAa Keieva ota eEAAMVIKE, OL®G, O
0po¢ ocvvavininke oe moAD peyoAlvtepo Pabud otov mAnOuviikd, OTMC Kol oTo oyYAKA
(dpaorirés uoppés olvyovon). 'Etor howmdv, enélea va amoppiyw v anddoon g IATE ko
Vo YPNOIUOTOMC® ®¢ Ty €vo mapdiinio keipevo. EmmAéov, moAhoi amd tovg Opovg
Bpétnkoav 610 ayyroedinvikd Ae€ikd tpik®dv Opwv tov I'. Miyyomiion (5n éxdoomn, 2005),
oL €lval amd T eyKupOTEPA Kot TEPLEKTIKOTEPO PIPAln 10TpIKNg opoAroyiag, TapOAo oL Ot
TeEPLOCOTEPOL OpOL glvar ypappévol otny Kabapehovasa, Hiog Kot 1 TPOTY KO0 TOV £YIVE
o1 oekoetia Tov 1960. Apketol amd tovg dpovg Bpédnkav oe keipeva ONUOGIELUEVE ATTO TOV
Evponaiko Opyaviopd @oppdakov (https:/www.ema.europa.eu/en). Ilpoxettor yuor puo
eniong gykvpoToTn TNYN, €POGOV Tpokettal yu opyaviopod g EE mov edikeveTton oy
WOTPIKN Kol QAPUOKEVTIKY emiotnun. Télog, n anddocn moAADV Opwv ovoktnOnke omd
gpyaciec otNTAV (Kupimg SOOKTOPIKOV KOl LETATTVYIOK®OV) TOV GTOVOALOVV GE GYETIKEG
oYoAES (loTpikn|, ProAroyia, Qopurakoroyio KAT.) oTo LEYOADTEPO TOVETIGTILIO TNG XDPOG 1
amd To apyeia TOV KaONYNTOV 6TIC NAEKTPOVIKEG TAEELS TOV GYOADYV OVTOV.

Oocov apopd otnv terevtaio Katnyopio TpofAnUdTmV, To KEWWEVOIOIOHOPPIKE, VO OO TO
TPOPANLATO TOV TPOEKLYOV OPOPOVGE TN JOUT| TOL KEWWEVOVL-aPETNPia, KaBDg oe TETO0V
eldovg emoTNUOVIKEG HEAETEG TaPEUPAAAOVTOL GYNUOTO KOl EKOVEG, Ol OmMOieg HAAIOTO
TEPLEYOLY KEILEVO TOGO GTN TEPLYPAPT TOVG VTLO TN popPn Aeldvtog, 660 Katl péoa oty o1
™V €IKOVA, ENEENYDOVTOG TO OAMOTEAECUATO TOV ETUEPOVS UEAETOV Kol doKipacumv. Etvar,
CUVETIMG, OVOYKAIO VO HETAPPACTOVV TOGO 01 Ae(AVTEG OGO KOl TO EGMTEPIKO TEPLEYOUEVO
TOV GYNUATOV OVTAV, OCTE VO Yivouv Katavontd ot1o kowd-ot1dyxos. Ot Aeldvteg dev
AmoUTOVGOV KATO0, GUYKEKPIUEVT] O1001KOGIA 0mdO0ONG KL £TCL HETAPPACTNKOYV OTMS KOl TO
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vdAOUTO Keipevo. [ TV amdd00n TOV EGMOTEPIKOV TMV EIKOVMV, EXECEPYAGTNKA TNV EIKOVO,
dypaeovTag To ayyMKko Keipevo Kot Eavad ypaeovtag ota 10t onpeia to eAAVIKd, Omov
avtd Mrav anoapaitmro. H enelepyoacio avtn €ywve pe v €paproyn mme Zoypoetkng Tov
Aoyopikov tov Windows 10 elheiyetl emaryyeAplatikod eE0mTMGUOV.

2VYKEQOAIDVOVTOS, KANONKa vo PETOPPAcm €va KEIPHEVO HE OPKETEC OVOKOAMEG Ko
OmOTAOES, KUPI®G Ocov  a@opd TO AEENOYI0, OQQOV  ONOUTOVCE  YVAMOGES GTOV
emoTNUOVIKO/10Ttpkd topéa. H petappactikn oadikacio yopiotke oe tpion koppdTio:
Apyikd, éyaga yo emotnUoVIKA/TpIKG Kelpeva elte mpotdTLNO €iTE PETAPPAGUEVD, TO
omoia Tpayporevovtot to 1010 B€ua pe to Keipevo-apetpia, ™ voco tov Alzheimer, dSniaon,
KOl TO YOPOKTNPIOTIKE TNG, TOV GOKYop®ON Oofntn Kot HEAETEC Yo TS OepomevTikég
EMAOYEG TOVG. ZKOTOG TNG ovalTNoNG OWTHG NTAV VO KATAVONo® OG0 KOALTEPQ YIVETOL TO
Veo¢ Kot T peBodoroyio mov akolovBovV Ot cLYYPAPELS 1| LETAPPACTEG TETOUMV KEWUEV®OV.
Xe de0TEPO GTAOL0, £Yve avalNTNOT TOV AYVOGTOV Op®V Kol AEEEMV TOV KOTAYPAPNKOAV GE
nivako TECoOp®V GTNA®V (0pOG, AmOd0CY, TNYN, CLYKEIPEVO) Yy TN Onuovpyic. Tov
YA®OGGOPL00. £TO YA®GGAPL KoTaypapnkay emiong omAéc AEEEIS Ko Opotl Tov gival EVPEMG
yvwotol (brain, protein, stress kAm.). o va givar Opog cwot) kot Tomikny 1 Swdikacia,
énpene va eEaxplPwOel n akpPng amdd0oT TOVG Y10 TO GUYKEKPIUEVO KEIPEVO, £TCL EMPETE VA
npootefovv ko 610 YAwoodpl. ‘Emetta, Cexivnoe m petdepacn tov kewévov. Katd
dwdwacio avtr, onueiova kdbe TpOPANLUA TOL CLVAVTOVGA, £TGL MGTE VA TO. GLUTEPIAAP®
010 GYoAacud ™G epyaciog pall pe v avdivon kol ™ Abon tove. To mpoPAnpate mov
TPOEKLY AV NTOV KLPIMG YAMOOIKE Kot KEWLEVOIOIOLOPPIKA, OTMG OVOPEPONKE KO TOPATAV®,
eCartiag TV OPop®V TV d00 YAMGG®OV, TOGO GTOV TPOMO EKPPACNG OGO KOl GTNV
Keevikn oopn|. ‘Etol, o€ yevikég ypappés, mpoomdbnca dcte 10 Keipevd pov vo unv potdlet
HE UETAPPACHO OAAL e TPOTOHTLTTO, TPOCAPUOLOVTOS TO KEIPEVO-aPETPio GTIG GV OELEg
YPAPNS ™S YADGG0G-0T0Y0G. TEéAOG, mapd o TPOPANUATO TOV UTOPOVV VO GLUVOVTNOCEL, 0/
LETAPPOCTNG/Plo. TPENEL TAVTOL VoL €PEVVE KOl Vo, PploKel AVOELS, GTOYXEVOVTOG TAVIO GTO
KOAADTEPO OLVATO HETAPPACLLOL.
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An in Vitro Alzheimer’s Disease Model

Alzheimer’s Disease is projected to increase to 30
million people in the next 30 years and the rate of
diabetes mellitus is projected to rise also.

Hyperglycemia is commonly observed in patients
with diabetes mellitus

hypoglycemia is a common consequence due to
insulin therapy

Previous research has shown a potential link between
Alzheimer’s disease and diabetes.

This study sought to determine if Astaxanthin (ATX)
could prevent mitochondrial dysfunction from the
compounded effects of amyloid B (AB) plaque and
hypoglycemia or hyperglycemia.
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could prevent mitochondrial dysfunction from the
compounded effects of amyloid 3 (AB) plaque and
hypoglycemia or hyperglycemia.

Growth patterns, ATP production, and ROS
generation were examined

Growth patterns, ATP production, and ROS
generation were examined

25 mM glucose (hyperglycemic group)

When hypoglycemia groups and the hyperglycemia
group were treated with ATX, their growth patterns
were either comparable to control or increased.

Cells cultured with Ap demonstrated low levels of
average fluorescence generated by ROS production
as determined by MitoSox assay

Cells cultured with AB demonstrated low levels of
average fluorescence generated by ROS production
as determined by MitoSox assay

Thus, hypoglycemia and hyperglycemia do appear to
compound the effects of AP on hippocampal cells
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VEVPOEKPVALGTIKY] VOGOG ANAKOINQZXH THX EIIITPOITIHZ I[TPOX TO
EYPQITAIKO KOINOBOYAIO KAI TO
YXYMBOYAIO oyetikd pe pio 0pmmoikn
TpOTOfoLAL Yo TN VOGO TOV AATOYdIEP KO
dAAeg popeéc avorag {COM(2009) 380 telkod}
{SEC(2009) 1040}. AvaxtnOnke ano: https://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?
uri=SEC:2009:1041:FIN:EL:PDF

OTAOAEL TNG UVIUNG I'PAIITH EPQTHXZH ap1f. 376/85 g k. Vera
Squarcialupi (COM — 1) mpog v Emitponn twv
Evponaikov Kowottov (8 Mdaiov 1985) (85/C
184/79) [24.02.2022]
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Alzheimer’s Disease (AD) is a neurodegenerative
disease involving the progressive loss of memory and
mental function

Alzheimer’s Disease (AD) is a neurodegenerative
disease involving the progressive loss of memory and
mental function

Alzheimer’s Disease (AD) is a neurodegenerative

Kowovikng Emttponng pe 0éua «Avaxoivoon g disease involving the progressive loss of memory and
Emtponng tpog 1o Evponaikdé KowoBoviio kat to mental function

ZVUPBOVAIO GYETIKG LLE L0 ELPOTTOTKN
TPOTOPOoLALL Y1 TN VOGO TOV AATOYAIEP Kot
dAAeG popég dvoragy COM(2009) 380 tehikd
(2010/C 255/14)

1. Oepaneia, 2. taom, anotedespatikn Oepaneia, 3. (MiyyomAiong, I'.I. (2005). AyyrogAinvikod &
EMnvoayyAikd Ae€ikd tov iotpikodv dpwv (5
€K90.). Bé{ov-Maykovt, N. (Emy.). AOnva:
latpucég exdodoelg Kovotavtapag.

gvandbeon tov nentidiov AP Eleni Gkanatsiou (2020). Revealing the complex

Despite the prevalence of this disease, few treatment
options are available, and no cure exists

A hallmark of AD is the presence of amyloid beta

nature of amyloid beta and its relation to dementia. peptide (Ap) deposition in the brain

Thesis for the Department of Neurochemistry and
Psychiatry, Institute of Neuroscience and
Physiology, Sahlgrenska Academy, of University
of Gothenburg. Retrieved from:

https://gupea.ub.gu.se/bitstream/handle/2077/6514
0/gupea 2077 65140 1.pdf;jsessionid=94B2738B

41DB86BBF1417EE07A7782177sequence=1

EYKEPALOG MuyomAiiong, I'.1. (2005). Ayyroedinviké &
EXAnvoayyAikd Ae€ikd tov Tptkdv dpav (51
€K0.). Bé{ov-Maykovn, N. (Emy.). Adnva:
latpikég exdooeic Kovotavtapag.

nentiowo AP [dpvpatikd Amobetiplo [avemotpiov Hatpodv
NHMEPTHZX. Mapkovton EAévn, Tunua
Ddapuaxevtikng, Awaxtopikn Aatpir (2015).
2TOYEVOT TOV TENTIOIMV APVAOEIBOVG 1)/KOL TOV
opateykePaikod epaypov (AED) pe didpopovg

TOTOVG VAVOATOGMOUAT®V PE GKOTO TNV OVATTUEN

vovoeoprdk®y Yo TV [sic] voco tov Alzheimer.

AvoxtiOnke oamd: http://hdl.handle.net/10889/9121

[24.02.2022]

QPOCPOPLAI®ON (IATE) A. Huoémovlog
http://mcb.med.uoc.gr/index.php > AwdAeén 2:
[Mpwreiveg
mcb.med.uoc.gr/mysite/arxeia/bioa02.pdf

A hallmark of AD is the presence of amyloid beta
peptide (AB) deposition in the brain

AP peptides are known to increase reactive oxygen
species (ROS) production

AP1-42 has also been shown to enhance insulin
receptor substrate phosphorylation



antioxidant

cognitive deficit

memory deficit

amyloidogenic effect

hippocampus

mitochondria

mDNA

oxidative stress

02

AVTIOEEIOMTIKO

OTMOAELD TNG YVOOTIKNG AEITOLPYiaG

OTTMOAELD VUG

OLPVAOELS0YOVOG Opaom

MROKAUTOG

Htoyovopa

mDNA, prtoyovdplaxdé DNA

0&edmTIKO 6TPEG

1. 02, 2. o&uydvo

IATPOAEEH

Avootaciddov, B. (2015). H enidpaon g
LEW®UEVIC Lo TIKN G Aettovpyiag (impaired
mastication) o1 S10TPOPIKN KATAGTACT). €
Mmicpa, A. (Em.). Awyeipion ocvvBetwv
KOTOOTAGEWDV GTO TAAIGLOL TNG YNPLITPIKNG

odovtitpikng: OlokAnpouévn 1otpikn mepifaiym

oTOV NAKIOpEVO acBevn (ogh. 51). ABnva:
YHvdeopog EAMvikov Axadnuoikov BipAiov.

which an antioxidant known as astaxanthin was able
to reduce and to reverse the cognitive and memory
deficits caused by amyloidogenic effects in the

WRReCAMPNS oxidant known as astaxanthin was able
to reduce and to reverse the cognitive and memory
deficits caused by amyloidogenic effects in the
hippocampus

[Ipdtaon kown pvduion oyetikd pe v acediion which an antioxidant known as astaxanthin was able

TV VTOAM AV TV Evponadikav Kowvottov
KOTA TOV KIVOUVOV OTUYNHOTOG KO
emoyyeApatikng actévelag /* SEC/2004/0414
Tehwuco */

[Ipétaon anddoong, Paciopévn os: I'kéng, A. &

I'céln, A. (2014). Kovpkoovpivn Kot vOGog Tov
Alzheimer. AvaxtOnke amo:
https://curcumin.gr/page.php?pid=118
MuyyomAiong, I'.I. (2005). AyyhogAinvikd &
EMnvoayyAikd Ae€ikd tov 1otpikodv opwv (5
€K95.). Bé{ov-Maykovt, N. (Em.). AOvva:
latpucég exdodoelg Kovotavtapag.
MuyonmAidng, I'.1. (2005). Ayyroehinviko &
EXAnvoayylikd Ae€ikd tov wtptkdv dpav (51
€10.). BéCov-Maykovtn, N. (Emy.). ABnva:
latpikég exdooeic Kovotaviapag.
KA®ETXOYAH, A. (2009). TENETIKH
MEAETH OIKOI'ENOQN MOPOQOQN
BAE®APOIITQXHE. AIAAKTOPIKH
AIATPIBH £TO TMHMA TATPIKHX THX
Y>XOAHZX EITIETHMON YTEIAX TOY
IMTANEIIIETHMIOY GEXXIAAIAX.
ANAKTH®HKE AIIO:

https://ir.lib.uth.gr/xmlui/bitstream/handle/11615/4

to reduce and to reverse the cognitive and memory
deficits caused by amyloidogenic effects in the
hippocampus

which an antioxidant known as astaxanthin was able
to reduce and to reverse the cognitive and memory
deficits caused by amyloidogenic effects in the
hippocampus

which an antioxidant known as astaxanthin was able
to reduce and to reverse the cognitive and memory
deficits caused by amyloidogenic effects in the
hippocampus

AP increases the number of mitochondria with
mutated mDNA, contributing to higher oxidative
stress

AP increases the number of mitochondria with
mutated mDNA, contributing to higher oxidative
stress

f<2(>§v6({\71%9u268 ?E’ﬁ?%?@c ﬁ?iﬁ&ﬁuﬁ]\gﬁiﬁ%onﬁg, AP increases the number of mitochondria with

g 16mg Maiov 2012 , oyetikd pe 1 0éomion

mutated mDNA, contributing to higher oxidative

KOTOAGYOL ETTPENTOUEVOV IGYVPICUDV VYELOG TOV  stress

SLITVTTAOVOVTOL Y10l T TPOPLLLAL, EEAPOVUEVOV
OGOV 0POPOVV TN HEI®MOT TOL KIVOUVOL

exdniwong acBévelog kat TNV avarntuén Kot vysio
TV Ty Keipevo mov mapovsidlet evolopépov

HAT8Y E’%B—ESIS, European Chemical

Substances Information System,
http://ecb.jrc.it/esis/index.php?
GENRE=CASNO&ENTREE=7782-44-7

[15.10.2007], 2. Texyvuco Empeinmpio EAAGS0g

ROS are produced from the partial reduction of O2 at
the end of the electron transport chain.
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[Moamwaln, A. (2009). Blogvepyntikn otpoatnyikn
BlomouodoUn oG PAVOAKAOV EVAOGE®Y OO TO
YAopoevKog Scenedesmus obliquus:
Bloteyxvohoyikég TPOEKTAGELS. AOUKTOPIKN

Awppn oto Tunua Proroyiog tov [Hoavemomuiov

Kpnmge. AvaxtmOnke amno:
http://hdl.handle.net/10442/hedi/28172

Dr. Gkelis' Medical Lexicon

(IATE) Moavovcaxng I'., I'evikn kot Avopyovn
Xnueta, Exd. olkog Adehpadv Kuplaxion,
®eccarovikn, 1994, 764 cel.

(IATE) Ivotitovto Mehetav epipdArovrog,
ABMva Axoaompio ABnvov

(IATE) Institution: EEA; Title: GEMET - GEneral
Multilingual Environmental Thesaurus;
Publication Year: 1999; Publication Month:
August; Volume No: 5;

(IATE) Kov/vog Evatabiov, Kadnynmg, Epy.
Avoivtikng Xnuetog, Tuipoa Xnuetog,
[Mavemoto Adnvav

(IATE) Movpxkiong:Biod. Xnpeia

Koavovioudc (EE) 2017/735 ™¢ Emtponng, tng
14ng ®ePBpovapiov 2017, yio v Tpomomoinom, pe
OKOTO TNV TPOCAPHOYN TOV GTNV TEXVIKN TPOOJ0,
TOV TOPUPTNHATOG TOL KavoviopoV (EK) apib.
440/2008 yia kaBopiopd TV HeBdd®V doKIUNG
kat' epappoyn tov kavoviopot (EK) apib.
1907/2006 tov Evponaikod Kotvopfoviiov kot tov
Zvppoviiov, yio v Kataydpion, v aSloAdynon,
NV 00€1000TNOT KOl TOVG TEPLOPIGUOVS TOV
mukav Tpoioviov (REACH) (1)

ROS are produced from the partial reduction of O2 at

the end of the electron transport chain.

When O2 is only partially reduced, it produces
reactive oxygen species, such as superoxide anion,
hydrogen peroxide, and a hydroxyl radical, that
change the structure of proteins, lipids, and nucleic
acids and lead to cell death.

When O2 is only partially reduced, it produces
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hydrogen peroxide, and a hydroxyl radical, that
change the structure of proteins, lipids, and nucleic
acids and lead to cell death.

When O2 is only partially reduced, it produces
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hydrogen peroxide, and a hydroxyl radical, that
change the structure of proteins, lipids, and nucleic
acids and lead to cell death.

When O2 is only partially reduced, it produces
reactive oxygen species, such as superoxide anion,
hydrogen peroxide, and a hydroxyl radical, that
change the structure of proteins, lipids, and nucleic
acids and lead to cell death.

When O2 is only partially reduced, it produces
reactive oxygen species, such as superoxide anion,
hydrogen peroxide, and a hydroxyl radical, that
change the structure of proteins, lipids, and nucleic
acids and lead to cell death.

When O2 is only partially reduced, it produces
reactive oxygen species, such as superoxide anion,
hydrogen peroxide, and a hydroxyl radical, that
change the structure of proteins, lipids, and nucleic
acids and lead to cell death.

When O2 is only partially reduced, it produces
reactive oxygen species, such as superoxide anion,
hydrogen peroxide, and a hydroxyl radical, that
change the structure of proteins, lipids, and nucleic
acids and lead to cell death.
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Evponaikog Opyaviopog @apudkov. Avoktnonke Interestingly, hypoglycemia and hyperglycemia have
ano: been shown to cause an increase in ROS production
https://ec.europa.eu/health/documents/community- and cognitive dysfunction
register/2007/2007022820468/anx_20468 el.pdf

MoproAdxng, I'. Aténtoon 1| tpoypappaticpévog The signaling pathways triggering hyperglycemia
KutTapikog Bavarog. E-class tov Tunuatog also play a part in DM symptoms by increasing ROS,
Ddappokevtikng Tov Apiototereiov ITavemotnuiov oxidative stress, and cellular death and necroptosis.
®eccaA0VIKNG.

(IATE) http://www.iatronet.gr/articlespnsr.asp?  Hypoglycemia in type 1 diabetes damages working

art_1d=2348 (17.12.2008) and long-term memory as a result of oxidative stress.
(IATE) http://www.diabetes-in- Hyperglycemia is a major contributor to ROS
greece.gr/WebSite/Content/Living-With- production and other damage in type 2 diabetes.
Diabetes/For-Teens/Diabetes.aspx

(IATE) Dir. 91/248/EEC OJ L 124/91 p.19 Astaxanthin (ATX) is a carotenoid produced by

aquatic microorganisms that is then ingested into
marine wildlife, including salmon, shrimp, lobster,

(IATE) Ecological Terminology, EP/BdT 1982 AdLtayish (ATX) is a carotenoid produced by
aquatic microorganisms that is then ingested into
marine wildlife, including salmon, shrimp, lobster,

Kat’ e£ovstod0tnon kavoviopodg (EE) 2021/805  ambeiafishoss the blood-brain barrier and scavenge
g Emitponng e 8ng Maptiov 2021 ywo tnv ROS in the brain

tpomonoinomn tov mapaptipotog Il tov

kavoviopo¥ (EE) 2019/6 tov Evpomnaikod

KowvoBoviiov kot tov Zvppoviiov

IIPOTAZEIX TOY I'ENIKOY EIZAITEAEA ATX has also been shown to be neuroprotective
PHILIPPE LEGER g 24n¢ Nogpfpiov 2005 1(1) against Af1-42-mediated toxicity in PC-12 neuronal

YnoOeon C-431/04 cells and against hypoglycemic conditions

(IATE) Exteleotikn andpacn (EE) 2019/2010 g ATX has also been shown to be neuroprotective
Emutponng ¢ 12n¢ NogpBpiov 2019 yuo against ApB1-42-mediated toxicity in PC-12 neuronal
0éomion TOV CLUTEPAGUAT®V GYETIKA LE TIG cells and against hypoglycemic conditions

Bértioteg drabéopeg texvikég (BAT), Pdoet g

odnyiag 2010/75/EE tov Evpomaikov

KowoBovAiiov kot Tov Zvpfoviiov, 6cov apopd

TNV OTOTEPP®ON OTOPANTOV

I'PAIITH EPQTHZH E-0316/03 vroBoAn: Chris ATX has also been shown to be neuroprotective
Davies (ELDR) npog v Emttponn. MeAéteg against AP1-42-mediated toxicity in PC-12 neuronal

EMKVPMONG TOV TEPOUATOV YOPIC TN XPNoN cells and against hypoglycemic conditions
Lowmv.
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1. enineda cakydpov aipatog, 2. enineda yAvkolng (IATE) 1. I1. Kaloyapétng, A. Apovlag, H.

VELPAOVOG

KUTTOPOKOAMEPYELQ
KUTTOPIKT) GEPA

BM\éaung, I. Maxpoviotov, X. Zepumadd, I1.
Aaockariomovrov, K. MmAétoa. «H cuyvomra g
VROYAVKOUIOG 6€ ¥POVIO OHOKOOAIPOUEVOLS N
dapntcong acheveig kotd TN cvvedpia TG
apokdBaponcy. ARCHIVES OF HELLENIC
MEDICINE 2002, 19(2):161-166,
http://www.mednet.gr/archives/2002-2/pdf/161.pdf
[2.8.2018], 2. (IATE) E.B. Mdooa, A.l. Ayamdxncg,
N. Apiton-T'epoyidvvn. «Atatopayés TV EMTEODV
GOKYAPOL aipaTog 6TOVG Papild TACYOVTES
acBeveic. [lokaipiog Eleyyog - vedtepa
dedopévay. EAAnvikd Alafntoroyucd Xpovika 25,
2:123-131, 2012,
http://www.hasd.gr/innet/UsersFiles/admin/docum
ents/Diabitologika/2012 2/06-Massa.pdf
[2.8.2018], 3. (IATE) MEAIAQNHE Avdpéag.
«Metayevpotiky yAvkoupio kot petafAntotmro
GOKYApoL OilOTOg MG TOPEYOVTEG
KOpOyYELNKOD KIVOUVOLY,
http://www.aiavramidis.gr/home/%CE%B8%CE
%B5%CE%BC%CE%B1%CF%84%CE%B1-
%CE%B4%CE%B9%CE%B1%CE%BB%CE
%B5%CE%BE%CE%B5%CF%89%CE%BD/
%CE%BC%CE%B5%CF%84%CE%B1%CE
%B3%CE%B5%CF%85%CE%BC%CE%B1%CF
%84%CE%B9%CE%BA%CE%AE
%E2%80%82%CE%B3%CE%BB%CF%85%CE
%BA%CE%B1%CE%B9%CE%BC%CE%AF
%CE%B1%E2%80%82%CE%BA%CE%B1%CE
%B9%E2%80%82%CE%BC%CE%B5%CF%84/
[2.8.2018]

MuyomAidng, I'.I. (2005). Ayyroehinvikd &
EMnvoayyAikd Ae€ikd tov iotpikov dpwv (51
€K0.). BéCov-Maykovn, N. (Emy.). ABnva:
latpucég exdodoelg Kovotavtapag.

(IATE) EEEK L 374,31.12.1990,6¢A.24

(TATE) Ebvikn Emitpon) BionOwnc, Exfeon yia
) 0pdon g EBviknc Emrponrg Bionbwmc xatd
TOV TP®TO YPHVO Agttovpyiag ot devtepn Onteia
¢ (Mdaptiog 2004 - Méptiog 2005)
http://www.bioethics.gr/document.php?

category id=51&document id=78 [6.6.2008] &
[Mavemomo Adnvav, latpikn XxoAn, Ietodoyia-
Epppvoroyia I
http://emed.med.uoa.gr/application/syllabus_I/aim
opiisi/glossary.htm [6.6.2008] ; N. ITaraimdvvov.
Av. Ka0. [TaBoroyumg Avatopkng. Ktmviatpikn
Yol AIIO®

Under normal blood glucose levels, ATX was found
to ameliorate the mitochondrial dysfunction caused
by AP

This paper looks at the effectiveness of ATX in
reducing oxidative stress in neurons as determined by
ROS and ATP production under hypoglycemic and
hyperglycemic conditions

2.1. Cell Culture

A mouse hippocampal cell line (NE-4C) was
purchased from ATCC (CRL- 2925), along with
Eagle’s Minimum Essential Medium (EMEM) and
Fetal Bovine Serum Albumin (FBS)
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(IATE) Xt. Tomov{nc, Enikovpoc Kabnyntmc, A mouse hippocampal cell line (NE-4C) was
Ddoppokevtikd Tunua, Mav/po Hotpadv, pe Pdon: purchased from ATCC (CRL- 2925), along with
[Mov. Ioavvivev / Modnpato/ Avowktd Eagle’s Minimum Essential Medium (EMEM) and
Axodnuaikd Madnuoto/ latpikne/ Brodoyia | Fetal Bovine Serum Albumin (FBS)

(A-): Z. Tewpydroc, O. TCafapac, E. KoAértag,

X. Ayyghiong, I1. Kobxing, oppov M. Bioroyia I,

http://ecourse.uoi.gr/pluginfile.php/84402/mod _res

ource/content/2/1.%20Ch1%20-%20EISAGWGI

%20STH%20KYTTARIKH%20BIOLOGIA.pdf

(IATE) N. Ioraiwdavvov. Av. Kaf. [TaBoroyikng A mouse hippocampal cell line (NE-4C) was

Avotopikng. Ktmviatpikn Zyoin AIIO purchased from ATCC (CRL- 2925), along with
Eagle’s Minimum Essential Medium (EMEM) and
Fetal Bovine Serum Albumin (FBS)

Kavoviopoc (EE) 2019/1390 ¢ Erutponng, tTng The EMEM was supplemented with Pen Strep at a
31ng lovAiov 2019, yia v Tpomomoinon, pe concentration of 0.99% to reduce microbial growth
OKOTO TNV TPOCUPHOYN TOV GTNV TEXVIKN TPOOJ0,

TOV TOPUPTNHATOG TOL KavoviopoV (EK) apib.

440/2008 yio kaBopiopd tov pedddmv dokiung

Kot epoppoyn tov Kavoviopov (EK) apif.

1907/2006 tov Evponaikov Kowvofoviiov kat tov

Yvppoviiov, Yo v Kataydpion, v aSloAdynon,

NV 00€1000TNOT KOl TOVG TEPLOPIGUOVS TOV

mukav tpoioviov (REACH)

MuyomAidng, I'.I. (2005). Ayyroehinvikd & This total 20 mL medium was prepared and warmed
EAAnvoayyAikéd Ae€ikd Tov wtptkdv dpav (51 in a 37°C water bath

€K0.). Bé{ov-Maykovn, N. (Emy.). Adnva:

latpicég exddoec Kovotavtapag.

(IATE) Exteleotikn andpaon (EE) 2017/2117 tg The EMEM was supplemented with Pen Strep at a
Emutponn|g yia t 0éomion tov copnepacpdtov  concentration of 0.99% to reduce microbial growth
oYeTIKA pE TIC PEATIOTES O10DECIIES TEYVIKECG

(BAT), Bdoet g odnyiog 2010/75/EE tov

Evponaikod KotvoBoviiov kot tov Zvuppoviiov,

OGOV QPOPA TNV TAPOYMOYN LEYAA®V TOGOTHTMOV

OPYOVIK®OV YNUK®OV TPOIOVIWV,

CELEX:32017D2117/EL
KANONIXMOZX (EE) 2016/683 THX The EMEM was supplemented with Pen Strep at a
EIITPOITHX tng 2ag Maiov 2016 ywa tmv concentration of 0.99% to reduce microbial growth

tpomomoinom tov mapaptipatog I tov
kavoviopo¥ (EK) api. 1333/2008 tov
Evponaikod KotvoBoviiov kot tov ZvpfovAiov
OGOV apopd TN (PN O™ TPOTLOVIKOD 0EE0G —
wpomovik®v evacewv (E 280 — 283) og toptiyiag
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KANONIZEMOZ (EE) ap19. 900/2014 THZ Warm EMEM/FBS medium was then added drop-by-
EINITPOITHZE ¢ 15ng lovAiov 2014 ywo v drop to the cell solution in a 1/10 dilution and mixed
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(IATE) N. [Taraiowdvvov. Av. Kaf. [ToBoroyikig Warm EMEM/FBS medium was then added drop-by-
Avoatopikng. Kmmviatpikn Zyoin AIIO drop to the cell solution in a 1/10 dilution and mixed

(IATE) Reg. 3480/90 (1) OJ L 336/90 p.69 Cells were then spun down at 1K for 5 minutes, and
the supernatant was removed, and warm EMEM/FBS
medium was added to the cell pellet in a 1/8 dilution
and mixed

OAHI'TA 2009/120/EK THZ EITITPOITHZ g Once the desired cell population was reached, the
14n¢ ZentepPpiov 2009 yia v tpomonoinon ¢ cells were split and frozen in a —80°C freezer
odnyiag 2001/83/EK tov Evponaikov

KowvoPoviiov kot tov ZupfovAiiov mepi KOwoTiKov

KOOKOC Yo T @appoko mov tpoopilovrar yio

avOpdTIVN ¥pNoM OGOV APOPA TO POPLUKEVTIKE

TpoidvTa TponyUéEvng Bepameiog

[3pvpatikd AmoBetipilo [avemotuiov Iatpov  Neuronal differentiation was accomplished using
NHMEPTHZ. Kovtudvn lNaocepn, Tunuo retinoic acid (RA) at a concentration of 10—7 M for
Buoloyiag, Awdaktopikn Awtpin] (2006). Merétn 24 hours, then cells were washed in warm PBS at
oV pOAoL ¢ Tpwteivng BM88 otov kabopiopnd  37°C

NG VELPOVIKNG TOTOTNTOG TOV KUTTAP®V.

AvoxtOnke and: http://hdl.handle.net/10889/1101

[24.02.2022]

T'aAnvog Oomyodg @apudkwv. Tpetvoivn. Neuronal differentiation was accomplished using
AvoktOnke amo: retinoic acid (RA) at a concentration of 10—7 M for
https://www.galinos.gr/web/drugs/main/substances 24 hours, then cells were washed in warm PBS at
/tretinoin 37°C

MuyomAidng, I'.I. (2005). Ayyroehinvikd & During the 24-hour retinoic acid exposure, the cells
EXAnvoayylikd Ae€ikd tov wtpikdv dpav (51 were grown in the EMEM/FBS medium in an
€K0.). BéCov-Maykovtn, N. (Emy.). Adnva: incubator at 37°C

latpucég exdooelg Kovotavtapag.

(IATE) Academic Dictionaries and Encyclopedias, The cultures were exposed to the group condition
http://greek greek.enacademic.com/92271/%CE  outlined above for 24 hours, washed with PBS at
%BB%CE%BF%CF%85%CF%83%CE%B9%CF 37°C, and then, either a luciferase assay or MitoSOX
%86%CE%B5%CF%81%CE%AC%CF%83%CE assay was performed

%B7 [8.7.2015]



DMSO (dimethyl sulfoxide)

Eppendorf tube

exposure

luminescence

Firefly Lantern Extract

scintillation vial

deionized water

scintillation counter

DMSO

cwAnvag Eppendorf

éxBeon

(POTOEKTOUT

EKYOMO O TUYOAOUTTIOOG

QL0 omvOnpLo ol

OTLOVIGUEVO VEPO

LETPNTNG 1e omvOnpofoiion

KANONIZEMOZ (EE) ap19. 900/2014 THZ For the GAB or GABATX conditional groups, AB1-
EINITPOITHZE ¢ 15ng lovAiov 2014 ywo v 42 was obtained from Sigma Aldrich and was then
TPOTOTOINOT), L€ GKOTO TNV TPOGUPLOYT GTNV dissolved in sterile DMSO to make a 0.5 mM stock
TEYVIKN TPO0J0, ToL Kavovicopov (EK) apif. solution

440/2008 yio kaBopiopd tov uedddmv dokiung
Kat' epappoyn tov kavoviopov (EK) apif.
1907/2006 tov Evponaikod KotvofovAiov kat tov
Yvpupoviiov, yio TNV Katoy®pion, TV a&toAdynon,
NV AOE0OOTNGN KO TOVG TEPLOPIGUOVG TMV
mukav Tpoioviov (REACH)

OAHI'TA 2006/56/EK THX EITIITPOITHX ¢ Cells for this assay were grown in Eppendorf tubes
12n¢ Iovviov 2006 ywo TV TpomoTOinGM TOV

Topoptudtev e odnyiog 93/85/EOK tov

YvpuPovAiov yio TV KATOTOAEUNOT TG

SOKTLVAOTG oNYNG (ring rot) Tng matdTog

(IATE) Odnyia 2013/59/Evpatop tov ZvpPovAiov, Based on the exposure groups, the cells were

g Sng Aekepppiov 2013, yia tov kabopiopd incubated with their specific glucose and/or treatment
Bacik®v TpoTuTOV ac@aAEiag Yo TV Tpoctacia  exposure, 2 WM of AB1-42, or 10 nM ATX for 24
a7t0 TOLG KIVOVVOUG TOV TPOKVTTOLV OO hours

wovtiovoeg axtvoPolrieg, apb. 4, onu. 37, EE L
13/2014 CELEX:32013L0059/EL

(IATE) I[1.Mnovpkag,em.kanyntg This was due to the very small luminescence of the
E.ML.IT.,A.MopdVvNnG,NAEKTPOAOYOG UNYOVIKOG groups compared to ATP concentrations
E.M.IT K Kaykapdkng,kadnynmg E.M.IL.

Zamapa, N. (2010). IIpotoyevig aypoctaon kot Intracellular ATP in the cells of the different
ePyNoTNPLOKOG EAeYY0G. MetamTuylakn| oatpiPr]  exposure groups were measured utilizing Firefly
v v latpkn ZyoAn tov EOvikon Lantern Extract from Sigma-Aldrich and ATP
Konodiotprakov [Tavemompion Anvaov. hydrate from Sigma-Aldrich

AvoxktOnke and:

https://pergamos.lib.uoa.gr/uoa/dl/frontend/file/1ib/

default/data/1313755/theFile

(IATE) ITANEITIZETHMIO IQANNINQN. Samples were then removed from the boiling water
AITAKHPYEH IMTPOXEIPOY AIATONIEMOY yuw and cooled briefly, and the boiled sample was

v mpounfeia «KANTIAPAXTHPIQN transferred to the scintillation vials
EPTAXTHPIOY »,

http://www.rc.uoi.gr/index.php/component/cck/?
task=download&collection=episinapsi_pollaplwn
article prokirikseis promithe&xi=1&file=episinap
si_prokiriksis promithias&id=1516

Odnyia 82/243/EOK 1ov Xvppoviiov g 31Ing This solution was then diluted with 1 mL double
Maoaptiov 1982 mepi tpomtomoinong g oonyiag deionized water

73/405/EOK mepi mpocéyyiong twv vopobesidv

TOV KPATOV LEADV TOV OVUPEPOUEVOV CTIG

pefoo0vE EAEYYOVL TG PLOSIOCTACILOTNTAG TOV

OVIOVIK®OV TOGLEVEPYDV OVGUDV

(IATE) Evappovicpévo Zootnua kot Measurements were performed using a scintillation
(tpomomompuévn) Ovopatoroyio Tov XvopfovAiov  counter with 1-minute readings on a wide band
Telwvelokng Xvvepyaciog setting
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(IATE) Odényia ¢ Emitponng 84/449/EOK;E.E.L ATP concentrations were then plotted using this
251/1984,6e1.172 standard curve to determine differences between the
different experimental groups

EKTEAEXTIKH AITO®AXH (EE) 2015/1554 Cells for this assay were cultured on cover slips

THX EINITPOITHX ¢ 11ng ZentepPpiov 2015  within petri dishes

OYETIKA LE TOV KOOOPIoUO KOVOVDV Yol TV

epappoy” g odnyioag 2006/88/EK 6c0ov apopd

TG AMOTNGELS Y10 TG LEBOOOVG EMITIPNONG KOt

PMETISK ovcotpn, Ceppovoshnvicéy Aefuév  Cells for this assay were cultured on cover slips
latpikdv Opov,Ilepaikai Exdooeig, ABvoan ; N.  within petri dishes

[Mamaioavvov. Av. Kaf. TTaBoloyikrg

Avartopkng. Kmviwarpikn Zyoin AIIO

Evpomnaikog Opyavicpog @apudkov. Avoktinke Cells were exposed to RA at 10—7 M for 24 hours for

ano: cellular differentiation
https://www.ema.europa.eu/documents/product-
MEQERAIBRY PRI GROEPRAAREAIBIO G vIKe & After the 24 hour-incubation period, the cells were

EXnvoayyhiko Ae&ikd tov otpkav opmv (5n washed with warmed PBS at 37°C
€K0.). Bé{ov-Maykovn, N. (Emy.). Adnva:
latpicég exddoelc Kovotavtapag.

IATE Cells were then imaged using a fluorescent
ToapmoAn, B. (2018). Aepedvnon g tofikotnrag DédrseaRethen imaged using a fluorescent
LOVTIKQOV VYPOV LLE T (PNOT OPYAVICUOV microscope

BloevdekT®V Kat in Vitro BLOAOYIK®V HOVTEA®V.
Awaktopkr| Awtpipn oto Tunpa Bioloyiag Tov
[Mavemompiov [atpov. AvaxktiOnke onod:
https://nemertes.library.upatras.gr/jspui/bitstream/1
0889/11227/6/Nemertes_Tsarpali%28bi0%29.pdf

Evponaikog Opyaviopog @appakov. Avaktnke A p-value of p < 0.05 was considered statistically
amo: significant
https://www.ema.europa.eu/en/documents/product-

information/jardiance-epar-product-

mpEnaties: BRdhionoc Gappéxov. Avaxtidnke Cell growth, ATP production, and ROS production
ano: were measured and analyzed for significant changes
https://www.ema.europa.eu/en/documents/overvie between the control and experimental groups
w/rybrevant-epar-medicine-overview_el.pdf

Tainvog Oomyog @apudkav. [ocakovaloin. While ATX may aid in reducing ROS production and
Avoktinke ond: increasing growth of cells, its effects did not largely
https://www.galinos.gr/web/drugs/main/substances vary among glucose concentrations
/posaconazole/precautions

(IATE) A.Xgetoumpng, dumh. Blo-Mnyavikne & High output of fluorescence indicated high stress

dvcroroyiag e Kivnong and high ROS output

(IATE) EAETO/ZvALhoyikd Méhog “Opada All cells are expected to fluoresce because any cell
Oporoyiog IATPOTEK” -OMAAA- undergoing cellular respiration produces a small

I' Katoapdrkng fraction of ROS through the process, but this assay

identified cells producing abnormally high or low

(TATE) K.Koavvofdag, Ayyhoehknvikov AeEikdv AN SfRRpected to fluoresce because any cell
Xnukov Opov;I1.Eiokoc,[Tav/po Adnvav undergoing cellular respiration produces a small
fraction of ROS through the process
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KUTTOPIKN PLocipuoTnTa

Blocudmmra TV VELPIKOV KLTTAP®V

KUTTOPIKT AmOKPIoN

KUTTOPIKT AlTovpyia

Kavoviopoc (EE) 2017/735 tg Emtponic, g This paper sought to explore if astaxanthin could
14nc DePpovapiov 2017, ya tnv tpomonoinon, pe prevent mitochondrial dysfunction, observed through
OKOTO TNV TPOCAPLOYY| TOV GTNV TEYXVIKN Tpdodo, mitochondrial ROS output, and cell viability as

TOV TOPOPTHHOTOG TOL Kavovicpov (EK) apif. observed through ATP production and cell growth
440/2008 yio kaBopiopd tov uedddmv dokiung

Kat' epappoyn tov kavoviopov (EK) apif.

1907/2006 tov Evponaikod KotvofovAiov kat tov

Yvpupoviiov, yio TNV Katoy®pion, TV a&toAdynon,

NV AOE0OOTNGN KO TOVG TEPLOPIGUOVG TMV

ukdv Tpoioviov (REACH) (1)

OEOAQPITZH, A. (2005). MHXANIZEMOI Introduction of astaxanthin in the GABATX group
NEYPOEKOYAIXHYE KAI indicated that ATX may prolong neural cell viability
NEYPOITPOXTAZIAY XTO I'ENETIKO under these conditions

MONTEAO NTOITAMINEPI'TKHX
AIIONEYPQZHX MYOX WEAVER.
AIAAKTOPIKH AIATPIBH £TO
IMTANEIIIZETHMIO ITATPQN, XXOAH
OETIKON EIMNIETHMQN, TMHMA
BIOAOTI'TAZ, EPTAXTHPIO OYXIOAOITAX
ANGOPQIIOY KAI ZQON. ANAKTHOHKE
AIIO:
https://nemertes.lis.upatras.gr/jspui/bitstream/1088
9/825/1/%CE%94%CE%B9%CE%B4%CE
%B1%CE%BA%CF%84%CE%BF%CF%81%CE
%B9%CE%BA%CE%AE%20%CE%B4%CE
%B9%CE%B1%CF%84%CF%81%CE%B9%CE
%B2%CE%AE%20%CE%94%CE%B9%CE%BF
%CE%BD%CF%85%CF%83%CE%AF%CE
%B1%CF%82%20%CE%98%CE%B5%CE%BF

%CE%B4%CF%89%CF%81%CE%AF%CF
KANONIZMOZ (EE) ap10. 589/2014 THX The cells therefore exhibited decreased ROS

EIMITPOITHEZ g 2ag lovviov 2014 yia kaBopiopd production, mirroring typical cell responses to AP
TV pefddmv derypatoinyiog Kot avéAlvong yi

TOV EAEYYO TOV EMTEO®V TWV O10EWVAV, TOV

napopowwv pe 610&iveg PCB kot tov pn

napopolwv pe dro&iveg PCB og optopéva tpogpia

Kol TNV Katapynon tov kavoviepov (EE) apif.

252/2012
Koavoviopdc (EE) 2019/1390 tg Emutponnig, g Cells also typically showed decreased cellular
31ng IovAiov 2019, yia TV Tpomomoinon, e function with lower cell growth and low ATP

OKOTO TNV TPOCAPLOYY| TOV GTNV TEXVIKN Tpdodo, production
TOV TOPOPTHHOTOG TOL Kavovicpov (EK) apif.

440/2008 yio kaBopiopd tov nedddmv dokiung

Kat’ epappoyn tov Kavoviopov (EK) apif.

1907/2006 tov Evponaikod KotvofovAiov kat Tov
Yvppoviiov, yio v Kataydpion, v aSloidynon,

NV ad€1000TNGN KOl TOVG TEPLOPICUOVG TOV

oV poioviov (REACH) (1)
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cell stress
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vesicle
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BlocOTNTA TOV VEVPOVIKOV KLUTTAP®V

KUTTOPIKO GTPECS

MUSWAMBA-NDAY, C. (2009). MEAETH THZX This indicates that the cells are likely not dead but
EITIAPAXHEZ METAAAOTOZINQN XTIZ may be in the process of dying, so ATX may help to
NEYPOEKOYAIXTIKEXZ ATAAIKAXIEY ME prolong neuronal cell viability in the presence of A}
EMO®AXH XTH NOXZO ALZHEIMER.

AIAAKTOPIKH AIATPIBH £TO

APIZTOTEAEIO ITANEIIZETHMIO

OEXIAAONIKHYE, TMHMA XHMIKQN

MHXANIKQN, TOMEAYX XHMEIAZ,

EPTAXTHPIO ANOPI'ANHX XHMEIAX.

ANAKTH®HKE AIIO:

http://ikee.lib.auth.gr/record/114104/files/GRI-

2010-3643.pdf

Aovkdxn, A. (2019). AvocoioToynuikn Hehét Abnormally high or low ROS levels indicate cell

TPOU®V OTOKPIGEDMV TOL TOAPOV ETELTOL AT stress, but the levels observed among the 5 uM
dpeon KaAvy, o€ éva X Vivo HOVTEAO glucose groups indicate that the cells are flourishing
avOpomvov dovtiod. Metamtuytokn dwatpipr) oto and likely had more functional mitochondria to
Tunua Odovtiatpikng tov EGvikov produce normal ATP levels

Komodiotprakov [Tavemompion Anvaov pe
e1dikevon ot Proroyio otoOpOTOC. AvaKThOnKe
and:
https://pergamos.lib.uoa.gr/uoa/dl/frontend/file/lib/
default/data/2879010/theFile

AmOKPIOT GTO KLTTOPIKO oTpec, amdkpion kuttapik TEQPTIOY, X. (2018). Hsp70 QX BIOAEIKTHX The 5 uM GAP demonstrated increased mean

KLOTIO10, KLWYEADM, PLGOAIDQ

ELeyyog TG YALKOING

GLYKEVTPOOT) TNG YAVKOING 6TOo Qi

VEVPOTPOCTATEVTIKES EMOPACELS

TOEIKOTHTAX. METAIITY XTIAKH AIATPIBH fluorescent levels compared to the 2 uM GAf
>TO TMHMA TATPIKHX THX ¥XOAHX indicating a cell stress response to cell A
EIMIETHMON YTEIAX TOY

I[MTANEIIIETHMIOY IQANNINQN.

ANAKTH®HKE AIIO:

https://olympias.lib.uoi.gr/jspui/bitstream/1234567

89/29298/1/%CE%9C.%CE%95.%20%CE

%93%CE%95%CE%A9%CE%A1%CE%93%CE

%99%CE%9F%CE%A5%20%CE%A3%CE

%A4%CE%95%CE%A6%CE%91%CE%9D%CE

0 0 0 0

ﬁ?{aﬁ)ﬁgnéﬁ}.l/?%988§§'R(%/gfkoskknvmé & The ATP that was produced but was not used may be
EMnvoayyAikd Ae€ikd tov iotpikomv dpwv (51 stored in vesicles, a question that should be explored
€K0.). BéCov-Maykovtn, N. (Emy.). ABnva: in future studies

latpucég exdooelg Kovotavtapag.

Evponaikog Opyaviopog Poppakov. Avaktinke Among the 5 mM glucose groups, the 5 mM
amo: GABATX group ROS output was not statistically
https://ec.europa.eu/health/documents/community- different from the 5 mM glucose control
register/2004/200406017826/anx_7826 el.pdf

Evponaikog Opyaviopog @appdakwov. AvaktOnke The purpose of this paper was to demonstrate an in

omo: vitro model for Alzheimer’s Disease could be used to
https://www.ema.europa.eu/en/documents/product- investigate the effects of blood sugar concentration
information/repaglinide-teva-epar-product- on the ability of Astaxanthin to function as an
information_el.pdf antioxidant

Evponaikog Opyaviopog @opudakov. Avaxtdnke The hyperglycemic part of this study indicated that
amo: ATX does bear neuroprotective effects against AP
https://ec.europa.eu/health/documents/community- and can improve mitochondrial function
register/2008/2008071146663/anx_46663 el.pdf
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HLTOYOVOPLOKN AEtTOVPYia.

TaBoAOYIKT KOTAGTOON

HOVTELO EMPUDOV

VEVPOYEVEST] TOV UTTOKAUTOV

LOVTEAO TTOVTIK®V

Preypoviy

Baoiln, E. (2016). Aiepedhvnon g oxéong twv  The hyperglycemic part of this study indicated that
ptoyovopiwv kat g a-synuclein ota ATX does bear neuroprotective effects against AP
YOPUKTNPLOTIKE TOV VELPIKOD KLTTAPOL TOV and can improve mitochondrial function
oyetilovton pe ™ vooo tov Parkinson: amwoxdivym

€VOG VEOU POAOL Y10l TN HLTOYOVOPLOKT TPMOTEACT

LonP1. Awaxtopwkn dwatpofn ya to Tpnqpa

Bioloywomv Epappoymv kot Teyvoroyidv g

Yyomc Emompuov Yyelag tov Iavemotpiov

looavvivov. Avaxtnke ano:

http://hdl.handle.net/10442/hedi/43900

83/571/EOK: Xbotaom tov XvpPoviiov g 26mg The data presented in this study therefore supports

OxtwPpiov 1983 oyetikd e TIC SOKIUES TV ATX’s role in promoting cell growth in both normal,
QOPUOKEVTIKMV 10100KEVACUATOV Yia T1 BEom DM (hypoglycemia and hyperglycemia), and AD
TOVG € KuKAopopio (Ap) disease states

KANONIZMOZ (EE) ap10. 900/2014 THX This data also supports recent rat model studies
EINITPOITHZ ¢ 15ng lovAiov 2014 ywo tv demonstrating the neuroprotective effects of ATX

TPOTOTOINGT, e GKOTO TNV TPOGUPLOYT| GTNV
TEYVIKN TPO0J0, ToL Kavoviopov (EK) apif.
440/2008 yio kaBopiopd tv pedddmv dokiung
kat' epappoyn tov kavoviopov (EK) apif.
1907/2006 tov Evponaikov Kowvofoviiov kat tov
Svpupoviiov, yia v Katoympion, TV a&loAdynon,
™V 00€1000TNON Kol TOVG TEPLOPICUOVS TOV
KoV mpoioviov (REACH)

MOYPTZH, ©. (2019). AIEPEYNHXH THX ATX has been shown to promote adult hippocampal
EINATQI'HE ENHAIKHE NTOITAMINEPI'IKHE neurogenesis in the hippocampus in a concentration-
NEYPOT'ENEZHX XTHN MEAAINA OYZIA  dependent manner and to increase spatial memory in
TOY IMTAPKINXZONIKOY MONTEAOY MYOX mouse models

«WEAVER», YIIO TH XPONIA XOPHI'HXH

THX MIKPOMOPIAKHZ NEYPOTPO®INHX

BNN-20. AIAAKTOPIKH AIATPIBH XTO

TMHMA BIOAOI'TAYX THX XXOAHZ

OETIKQN EIIETHMOQN TOY

[TANEIIIZXTHMIOY ITATPON. ANAKTHOHKE

ATIO:

https://nemertes.library.upatras.gr/jspui/bitstream/1

0889/12221/1/%CE%94%CE%B9%CE%B4%CE

%B1%CE%BA%CF%84%CE%BF%CF%81%CE

%B9%CE%BA%CE%AE%20%CE%94%CE

%B9%CE%B1%CF%84%CF%81%CE%B9%CE

%B2%CE%AE%20%CE%98.%20%CE%9C%CE

%BF%CF%8D%CF%81%CF%84%CE%B6%CE

%B7.pdf
Evponaikog Opyaviopog @apudkov. Avoktinke ATX has been shown to promote adult hippocampal
ano: neurogenesis in the hippocampus in a concentration-

https://www.ema.europa.eu/en/documents/scientifi dependent manner and to increase spatial memory in
c-conclusion/hbvaxpro-h-c-373-a20-0015-epar-  mouse models
scientific-conclusion_el.pdf

MuyyomAiong, I'.I. (2005). AyyhogAinvikd & ATX has been shown to reduce inflammation and
EMnvoayyAikd Ae€ikd tov otpikodv dpwv (5 reduce cognitive deficiency in diabetic mice
€K90.). Bé{ov-Maykovt, N. (Em.). AOvva:

latpucég exdodoelg Kovotavtapag.



cognitive deficiency YVOOTIKT OVETAPKELQ Yroopa tov Evporaikov KowoBoviiov g 27ng ATX has been shown to reduce inflammation and
Noeuppiov 2014 oyetikd pe Toug vopovg katd ¢ reduce cognitive deficiency in diabetic mice
Bracenuiog oto [akiotav (2014/2969(RSP))

insulin resistance aVTiGTOON GTNV VGOLAIVNY Evponaikog Opyaviopog @appakov. AvaktOnke ATX had been shown to be neuroprotective against
omo: hippocampal insulin resistance, a consideration for
https://www.ema.europa.eu/en/documents/overvie DM patients
w/myalepta-epar-medicine-overview_el.pdf



