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Avti Ilpoioyov

Avdpéag Kaotehhdrng'

To &dwd ovtd TebY0G TOL TEPLOdkoD "EAevBepva" sivar apiepopévo ot
VEVPOETICTAUN TNG GLUTEPLPOPAS Kot TePAapfdvel po oepd apbpo mov KaAvTTOULV
EMUEPOVG TTTLYES TOV TTEGTOV.

H vevpoemiomun eivon £va evpl SIEMGTNUOVIKO TEGTO TOV GLUVIEEL LETAED GAA®V
Vv emoTUn ™G ProAoyiag pe avtnv g Yyuyoroyiog pe Pacikd cGuvoeTIKO Kpiko TOV
eyképaro. Onwg yvopilovpe onuepa 1o Opyovo ovtd Kabe dAho amd amdd umopel va
Bewpnbel kabang amaptiletar and mepimov 100 dioekaTOpULPIO VEVPIKE KOHTTOPO TOL
OLVOEOVTOL LETOED TOVG LE EKATOVTAOEG TPIOEKOTOUUDPIO. CUVAYELS. AVATOQELKTO TO
edlo HEAETNG NG VEOG OVTNG EMOTHUNG &lvar 010iTEPO ELPV, EKTEWVOUEVO OO TO
EMMEdO TOV HOPIOV £®MG OVTO TOV VOVL. ZVVOTTIKA OVTOVOKAQ TNV TOIKIAOLOpPio TV
EMUEPOVG TESIMV TOV GLVOETOVV ALTH TN VEOTAYN EMCTAUN Kol €KTEIvOVTAL OO TO
nedio ¢ poplakng Proroyiog, g yevetikng, g Proynueiag, g QLOIOAOYING Kot
EKTEIVOVTOL GE OVTA TNG YUYXWTPIKNG, TNG WYLYXOAOYiag, NG GlAocoiog Kabd¢ kot
ALV emotpoviK®V edimv. EmmAéov oty avdntuén g cuvéPaie kot cuuPdiiet n
OALOTAOONG OVATTUEN TNG TEXVOAOYiaG o€ media OMWG ALTA TNG YOVIOLOUATIKNAG, TNG
TPOTEOUIKNG, TNG UETAPBOAOVOUIKNG, TNG EMYPOPOUIKNG, TNG EMLYOVIOLOUATIKNAG, TNG
Brominpoeopiknc kot dAhov wedimv (PA. Insel & Landis, 2013). ITépav tng chyKkMong

0TS TO ONUOVTIKOTEPO 10mWG €ival 1 ALY GTNV ONTIKY TNG TPOCEYYIONS TAANDY

! Avaminpotig Kadnynmge Poyopusioroyiag, Epyactipio Nevpoenomuov & Zvpmepipopds, Tunqua
Puyoloyiag, [Mavemotyuo Kpntng, e-mail: kastellakis@uoc.gr
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EPOTNUATOV HE VEOLG KOVOTOHOVS KOl ELVPNUOATIKOVG TPOTOLG OV EMETPEYAV TNV
paydaio avaTTLEN aVTOD TOV EMGTNUOVIKOD Ttediov. [evikdtepa 1 avddvon awTod TOov
EMOTNUOVIKOD TEdIOV TPOKAAESE ONUOVTIKEG avadlaTacelg o€ mpoLmAPYovVTOL
EMOTNUOVIKA TTedin, OVAAOYEG TV OTOIMV EAAYIOTEG POPES £xovv Tapatnpndel otnv
otopio Tov emomuov (Kaotehldkng, 2006° Kwotomoviog, 1985). Inuepa mAiéov
vdpyeL OdyvTn N PLA0d0EIN TG TIG ENOUEVEC OEKAETIEG O YVADGELS TOV Bl cOPELTOHV
Bo devpbvouv tovg opilovteg pog emrpémovtag (o Pabdtepn Kotavonom g
Aertovpylog TOv  €yKEPAAOL KOt TOL VOL TOGO GE (QULGOAOYIKEG OGO KOl GE
mafoucloroYIKES Kataotdoels. Tig tedevtaieg dekaetieg AAAwote M PLA0d0Elo v
AmOTLTMOVETAL YAOPLPE Kot otov apldpd Tov Bpapeiov Noured mov éxovv amoveundet
0€ EMOTIHOVEG OV AGYXOAOVVTIOL LE £pEVLVA TOL £YKEQALOL (deite oyetkd: Chudler’s
web site).
Ipoxioeis ko Tp60odog

H mopeia ¢ katavonong g doung Kot Agttovpyiog Tov eyke@diov Eekivnoe mg
YVOoTOvV o wWwitepa mopayywovs pubpovg T dekaetic tov 1990 m omoia
yopokmpiomke ¢ "deKoeTio TOL €YKEPAAOL" kol €ktote ovveyiletor To {d10
TAPOYOYIKE AOY® KOl TNG ONUOVTIKNG XPNUATOIOTNONG OV ATOAALUPAVOVV Ol GYETIKOT
topelc épevvac. Xe avtd ocvvéPfariav a@' evOog M EMyvOON YL TO KOW®VIKO Kot
OWKOVOUIKO KOGTOG TV O0TapadV TNG AEITOVPYING TOL £YKEPAAOD Kot o' ETEPOL 1|
o 7wog ot dwTopayss ovtég Oev  amotelohv mAEov avumépPinto mpOPANUL
(Anonymous, 1999), mopd TNV TOAVTAOKOTNTO KOl TOV OTAOVGTEPOL VELPLKOD
ovotiuatog (Koch & Laurent, 1999).

Elvar yvootd 611 moldol GvBpmmol 6tov KOGUO orjuepa macoyovv and cofopd
VELPOLOYIKA 1 WYLYLOTPIKE VOOT|LLOTAL KoL EMIONG OTL TO KOGTOG Y10 TOVG TOGYOVTES, TIG

OIKOYEVELEG TOVG Kot TNV Kowvavia givar afdotakto. To k6cTog avtd dev mepropiletan

EledbOepva, Tevyog 6, 2013
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povo oe owovopko. O Iaykoopog Opyaviopog Yyeiag ektipd 0tt pdvo 10 GUECO
OIKOVOUIKO KOOTOG TMOV YOLYLUTPIKAOV VOCTUATOV OVTITPOCHOTEVEL TOYKOGHI®G o
emPdépovon g thEemg tov 12% v ) Anpodow Yyeio (WHO, 2003). o v 10w
mepiodo 10 dpeco owovoulkd k6otog otov Kovadd yio €vdeka veLPOAOYIKEG
Kataotdoelg vroloyiletar oe 2,3 Sioekatoupdpia dordpia (Canadian Institute for
Health Information, 2007). Ot extyunoelc avtéc onuepo Bempovdvial petpromadeic
KaBdg Ta dedopéva and pia mo mpdoeatn perétn yu v Evponn avefalet to kdotog
puévo yua 1o £€1og 2010 yio 10 6GOVOAO TV SATAPUYDV TNG EYKEQPUMKNG AerTovpyiag o
798 dwoekaToppvplo evpm, €K TV onoiwv 0 37% apopd GUECES 1UTPIKES OUTAVEG
(Olesen, Gustavsson, Svensson, Wittchen & Jonsson, 2012). MéAiota 6mtmg ovapépeTon
GTNV £PELVA QLTI TO HEGO EVPMTOUIKO KOGTOG OVAL AITOHO EKTILATAL TS KLUOIVETOL Ot
285 € yw v xkeparadyia og mepimov 30.000 € yia ta vevpopvikd voonpata (Olesen et
al., 2012). Avtictorya ta dedopéva oamd HITA updévo yw ) véoco Alzheimer
VIOSEIKVOOLV [ avENoN ToL KOGTOLS voonieiog Tov macyoviov kotd 300% vy to
2014 o¢ oyéon pe o 2004 (Alliance for Aging Research, 2009). Avnovyntikd dedopéva
Y. TV 10100 VOGO TPOKVTTOVV KOl OO OVTIGTOXES UEAETES OV TPOYLATOTOWONKAY
omv Kiva (Wang, Cheng, Zhang, Bai, Zeng, Cui et al., 2008). Ot npoPorég tv
oNUEPVOV OEOOUEVAOV 6TO pakpve 2050 e GUVALAGHO e TN YPOVGT) TOV TANBVGLOV
avefalovv 1o €tnolo ko6oTog Hovo ya tig HITA €dwkd yw t voco Alzheimer oto
eminedo TOL €vOg Tploekatoppvpiov doAapiov (Alzheimer Association, 2010).
Tavtdypovo GAia ctoryeio vrodekvoouy 6Tt 1 kaBvoTEPNON EUEAVIONS TS VOGOL
katd €81 pe emtd ypdvie Bo mpokoiécel peimorn damavov g TaEEwg Ttov 444
droekatopppiov dorapiov yia tig HITA émg o 2050 (Alliance for Aging Research,
2009). Avrtictotya vynAd elvar 10 KO0TOG (EUUECO KOl GUEGO) KOl Yo, TN VOGO

Parkinson otig HITA (Kowal, Dall, Chakrabarti, Storm, & Jain, 2013) kot guoikd g
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KOTAOAYMG, oV ovOAOYIGTOVE Ko Ta ETONUIOAOYIKE dedopéva tng vocov (BA. Berto,
D' llario, Ruffo, Di Virgillio, & Rizzo, 2000).

EmmAéov to yeyovoc Ot voonuato OTm¢ ol emANyies, ot dvoles, o ayyElKd
EYKEQPUMKE €MEICOO10, Ol WYUYWOOIKEG OlTAPOYES OAAA Kol GAAES  OlTOPAYES
empedlovy TTLYEC TIG GULUTEPLPOPAS TOV TOACYOVIOV OUOPPOVOVTOS CLVONKEG
"GTIYUOTIGHOV" KOl KOWMOVIKNG OATOLOVOONS, KAOIOTA TO EMTOKTIKY TNV OVAYKN Yo
v e€gbpeon pag Aong. To k6otog avtd (éupeco) dvokora pmopet vo extiundet, av
Kot KAmoleg apkeTEC Tpoomabeleg Exovv KatafinOel Kot Kamolo volapépovta oTotyeio
apovctaloviol o€ o oYeTkd tpdsearn kbeon tov Haykodsuov Opyoviopov Yyeiog
(Dua, Cumbrera, Mathers, & Saxena, 2006). H A0om ¢uowd 6¢ Ba pmopovoe vo givat
avegaptnmn wog euPabouvong oTig YVOGCES Lag Yo T AEITovpyio TOV £YKEQPAAOL Kot
QLOIKA oTN dlapdpPwon evog Thaciov moltikng vyeiag (Dua, Janca, Kale, Montero,
Muscetta, & Peden, 2006). Avtictoryo {nmpata tibevtar kot Yoo GALEG dratapoyés
(ayywdeg owtapayés, KatdOlwym, oyloppévern Kot €Edptnon omd ovcieg) mov
TANTTOVY KUPIMG PIKPOTEPESG NAIKIES.

H eppabovon avt cvvteleitonr otadiokd pécw g avantuéng tov mediov g
YVOOTIKNG VEVPOEMIGTAUNG 7OV GLVOVALEL TOVTOYPOVE TPOTOVS OVAAVONG OV
Tpoépyovtal amd To medlo TG VEVPOEMGTNUNG Kot TNG YuxoAoyiog Kot a&lomotel Tig
GUYYPOVEG TEYVIKEG OMEKOVIONG TOV EYKEQPAAOL KOTO TN OUIPKEL EKTEAEONG
GUUTEPLPOPIKAOV KOl YVOCSTIK®OV £pymVv. To ded0UEVO TOL TPOKVTTOLV OGS ETLTPETOVY
va ovoyetifovpe YvooTikég Olepyacieg pe avatopkd dedopéva Tov eyke@diov (PA.
Poldrack, 2008- Sarter, Berntson, & Cacioppo, 1996). Ilopd v mpododo mov &xel
ocuvteleotel Ta TeElevTain xpovia eEaKOAOVOOVLY VO VITAPYOLY CMUOVTIKEG TPOKANGELS
Yo To. EMOUEVE YPOVIOL OTMG TO MG 1) SPACTNPLOTNTA TOV £YKEPAAOVL dnpovpyel Tov

VOV 1 TG avmTepPEG vonTikég Asttovpyieg (Koch & Laurent, 1999 Nilipour, 2012).

EledbOepva, Tevyog 6, 2013
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EmmAéov 1 oAokApmon g xaptoypaenong tov avlporivov yovidiouatog (o
oLVOLOCUO HE GAAEG TEXVIKEC) KO LE OEOOMEVO OTL €va. TOAD HEYAAO UEPOC TMV
YOVISLOV VTOV eKQPALOVTOL KOl GTOV EYKEPOAO 1] ATOKAEIGTIKA GTOV EYKEPOAO £0MGE
®bnon oty KoTOVONoN TGOV UNXOVICUOV £YKEQOAKNG avamtuéng (Huang, Jeon,
Sedmak, Pletikos, Vasung, Xu, Yarowsky, Richards, Kostovi¢, Sestan, & Mori, 2013-
Konrad, Firk, & Uhlhaas, 2013) ka1 tqv koAMEPYEIL TPOGOOKIOV YioL TN YApaén
nolMTikng vyeiag (Johnson, Blum, Giedd, 2009) 1 tn oktaypdenon vooQovOTLTI®V 1OV
ovvdéovtal e oLYKeKPIUEVES youylatpikég olatapoyés (Puls & Gallinat, 2008) wot
TPOPOVAG EYOVV amoKTHoel KAMviKO evolopépov (Patrick, 2014). EmmAéov onpoavtiky
TPO0d0g £€xel  OLVTEAECTEL KOU OTO E€MIMEDO 1TNG OULGYETIONG  YEVETIKOV KOl
angkovioTikdv dedopévov (Te, Schumann, & Feng, 2013) xabdg kot 6to medio ™G
onuwovpyiag LoKOV TPOTUT®V GLYKEKPUEVOV VOGOV 1 JTopay®V HECH TOV
YEPoHOV oplopévav yovidimv (Salgado & Sandner, 2013) kot avtd ™G perétng tov
PAACTIKOV KOTTAP®V OV AVAOEIKVVEL SLVATOTNTES 0ELOTOINOTG TOVG GTO EAAOV Yol TN
Bepamneio dSopopmV vevpoekpuMoTIKOV vosmv (Sykova & Forostyak, 2013).

Tavtdypovo evOLHQEPOVTO OTMOTEAEGHOTO VTOJEWKVOOVY OTL 1 &v T® PdOet
eykepolkn €yepon (DBS) pmopel va a&omombel omyv aviyetdmion g vOGOL
Parkinson, av kot Telpapotikd SE30UEVE VTOSEIKVOOVY TOOVEG LEALOVTIKES EQOPLOYEG
MG OTNV  OVIWETOTION TNG YLYXOVOYKOCTIKNG-KATAVOYKOGTIKNG  O0Tapayns, TOV
ouvopopov Tourette, e e&dpmmong omd ovoieg kot ¢ katdbiwyng (Krack, Hariz,
Baunez, Guridi, & Obeso, 2010- Luigjes, de Kwaasteniet, de Koning, Oudijn, van den
Munckhof, Schuurman, & Denys, 2013- Williams & Okun, 2013). Avrtictoyo
EVOLAPEPOVTO OEDOUEVO VTTOJEIKVOOVY OTL 1] EPOPLOYT TOL SLOKPOVIOKOD EYKEPOAIKOVD
epebopod (TBS) oe dtopo mov maoyovv amd VELPOAOYIKEG 1 KOL WOYLOTPIKES

Swtapoyés Oa pmopovoe va €xel Bepamevtikd anotédeopa (BA. Nuffield Council on
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Bioethics, 2013). Opoimg vrdpyovv evdlapépovia omoteréopata  a&lomoinong
EYKEPUMKOV ONUATOV KOl VTOAOYIGTIKNG EMGTAUNG YO TN ONUIOLPYI POUTOTIKM®V
npocbetikdv ueAmv o atopa pe avormpieg (BA. Nuffield Council on Bioethics, 2013).

[ToapdAAnio pe ovtd 1 €QPOPUOYN TNG VOVOTEXVOAOYIOG GTN VEVPOETICTNHUN
Qoivetol va ovolyel OpOUOLG KOl VO TPOCPEPEL evKalpie TOGO Yo TNV KATOVONON
Bacwov unyaviopumv g vevpoProroyiag Ko vevpomaboroyiog, 060 Kot Yio GUEGES
KMVIKEG €QapLOYEG OMMG OVTES TNG VELPOVIKNG avayEVVIoNG Kol Tng OEAELONG
QOPUOKEVTIKMOV GKEVAGUATOV HEGM TOV AHOTEYKEPOAKOD Pparypov (Silva, 2006).

[Tépa Opmc amd 115 epappoyés oe Bépato vyeiog evOl0PEPOVGES TPOOTTIKES
AmOKTE KOl 1 YEQUPMOT TNG EKMAIOELONG LE TN VEVPOEMGTHUN. AV Kot 1| 100 oV
elvar oyetikd molod, ta teAsvtaio XxpoOvVia oL GEWPE OKAOTULOTKOV TPOYPUULATOV
EKTOLOEVTIKNG VEVPOETIGTIUNG KaO1EpdVOVTUL GE d16POPa KOPLPAL TAVETIGTAILLL AVEL
TOV KOGUO, EVO £xouV dnpiovpynBel kot oyetikd emotnpovikd meplodikd (BA. Tpidpyov
& Kovtocoxhévng, 2013). Ze éva ocuvveywg petaforidpevo mepipdAiov Omov ot
QMOLTNGELS TOV KOWOVIOV Yo, TEPICCOTEPT YvOoT Paowyun ektipnon eivol mog 1
exmaidoevon Ba ocvveyioel vo ovodelkvieTol o€ KOUPIKO TOPEyovIo Yo KOW®VIKN
mpoodo kol aArayn. Avtd OBsopntikd pmopel va emrevyBel kaAdTEpO HECHO NG
EVOOUATOONG TOV VEDMV TE(VOAOYUDV GCE EKMOOELTIKA GLOGTAUOTO, T omoio Oa
SémovTot omd TodoymyKés apyEc.

[Moapdiinia drapaiveror n mBavh a&lomoinon g AEYOUEVNG VEVPOTEYVOLOYING GE
nTuyég g (omng pag omms 1 anddoon dikatocvvng (Aharoni, Funk, Sinnott-Armstrong,
& Gazzaniga, 2008- Bandes, 2010- Greene & Cohen, 2004), e diepyacieg mov apopovv
Myn amopdoemv otkovopkov yopaktpa (Ariely & Berns, 2010- Levallois, Clithero,
Wouters, Smidts, & Huettel, 2012), ot Bwpdkion g ebvikng acedrelog (Kalbfleisch

& Forsythe, 2011) 1 akdpo Kot T HEAETN TNG TEYVNG HECM TNG VEVPOETIGTNUNG dlat TNG

EledbOepva, Tevyog 6, 2013



Avti ITpoAdyov 23

Leyouevng "vevpoouoOntiknc" (Chatterjee, 2010 Ishizu & Zeki, 2011+ Vessel, Starr, &
Rubin, 2012).

X€ YEVIKEC YPOUUES LLE TTPOOTTIKT TNV EMIALON oG GEPAS INTNUATOV, OTOC CVTA
TOL OVOEEPOMKOY O TAVE®, OVOUEVETOL TO ETOUEVA YPOVIO, VO TPOyUoTomoinfodv
UEYOAVTEPEG €EMEVOVGEIC OE EPELVNTIKA TPOYpPAUUHOTe 7OV B0 GTOYEVOVYV GTNV
npocouoimon tov avbporivov eykepdiov (Human Brain Project). T vo emitevydel
avtd Ba mpémer va cvAlexBovv kar va a&lomomBovv OAa Ta duvatd dedopEVO TOL
TPOKVTTOVV MO TNV EPELVNTIKY] Kol KAWIKY OpaocTnpldTnTo. OTIS VEVPOETIGTIESG
onuepa KOOGS kol 1 mpdodog mov €xel cuVTEAEoTEl GTO MEDIO TNG VTOAOYIGTIKNG
emoTUNG Ko ™G PromAnpogopikns. H evddwon evdg tétoov eyyeipnipotog Oo
EMTPEYEL 10 OCPUAESTEPT] OLAYVMOOT EYKEPOUAKAV OLOTOPUYDV KOl LU0 TEPICCOTEPO
e&atopukevpévn Bepansvtiky npocéyyion (Walker, 2012).

®opor ko Tpofinpatiopoi

Beaimg ta 6ca avapépOnkav Tponyovpévms, ov Kot S Lope@VoLV Lo 1taitepa
Oetikn mpoomTiKn Yoo TNV EMIALGN VROPKTOV TPoPAnudTv O onuaivel OTL d€
ONUIOVPYOVV GKEMTIKIGUO, TPOPANUATICUO 1| KOl POBOVS Yo TO TG O pmopodoay va
a&lomomBovv 6to PEALOV KoL Ao TOLdV.

Opog aveEdptnta amd TOVG OTOOVS GKEMTIKIGHOVS, TPOPANUOTIGHOVS 1 Kot
@O0Povg onuavtikd mPOPANUE TOV MuepdV pog eEokolovBel va mopopéver 1
AavOaGpEV TopovsiaoT, 1) VIEPATAOVGTELON N 1 AaVOAGUEVY EpUNVELD EPELYNTIKMOV
TOPIOUATOV HEG® TOL I EMGTNUOVIKOV TAEKTPOVIKOD Kot évtumov tomov. H
katdotoon PePoimg etvar Alyo kaAvtepn am' O,TL Tpv Alya ypdvia, OU®G amotteitol vo
yivel akopa o opyovepévn tpocnddeia evnuépmong Tov Kool yio (ntiuota wov Oa
emnpedoovv 1t (o1 T0V 6T0 PEALOV KOOMG N avEnom TG YvAOoNg Kot 1 ETEANCT| TNG

TEYVOAOYIOG TPOKOAOVV KOW®mVIKOVG peTaoynuatiopovg (PA. James & Benedikter,
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2011 KoaoteAldxne & Ilavayng, 2000). Iopd tavto axoOun Kol GTOV EMIGTHUOVIKO
TOTO SLOTLTAOVOVTAL EMPVAAEELS OYETIKA UE TN PACIUOTNTO TOAADY ELPNUATOV TOV
otnpilovTol amOKAEIGTIKA GE YEVETIKA OEOOUEVA KO GAIVETOL VO AyVOOUV TNV EMIOPOON
TEPPOAOVTIIKOV TOPUYOVIOV HECH EMLYEVETIKOV HNYOVIGUAOV OTNV E£KQPOOCT Yo
napdderypa Tov yoyrpikov dwatapaydv (BA. Tsankova, Renthal, Kumar, Nestler,
2007).

H mpdodog avt ko 10 yeyovog 0Tl emitereiton katd PAOT OE CLYKEKPLUEVECS
OVOTTUYUEVES OIKOVOLK(G KOWVOTNTEG GE GLVOVLAGUO LE TNV TEPLOPICUEVT] SLIYLCT TV
OOV MPEANUATOV AVTNG TG £peVvag 6€ GAAeS Kovmvies amotélece tn Pdon ywo v
avamTuEn HoG GEPES TPOPANUATICUMV 7OV  AMTOVIOL OEOVIOAOYIKADV, VOUIK®V,
Kowovikov 1 n0wov (ntmudtov (Wadman, 1997).

[ToAAéC popég Katd To mapehBOV 6TO0 TAAIGLO HOG EMTAYVVOUEVNG TPOCTAOELOG
EQOPLOYNG TNG TOPAYOLEVNS YVOCTS TOPAYVOPIGTNKOY 1 vIToTUROnKay {nTHoto Tov
TEMKA emMEQPepAYV OvemBOUNTES €VEPYELES OTOVG avBpdTOLS Tov gpappdstTray. H
a&lomoinon Tev deopmOV YUYOPUPLAK®OV 0AAN Kol GAA®V eTeUPaTIKOV HeBOd®V oG
éoe1&av 011 o1 mpocdokieg dev emPePfardvovtor 6to Pabud mov avapévovrat. I't' owtd
Kol GNIUEPQ SLOTLTTAOVOVTOL CTUOVTIKES OLTIAGELS Yoo OAa Ta Bépata mov avaépOnkay
nponyovpéveg (Rose, 2005). T mopddetypo ©TO0  GUYKEKPIUEVO  GUYYPOLLLLOL
OWITVTTAOVETOL EVTOVN KPITIKY] YL TNV VREPCLVTAYOYPAPNON 1TNG PLtaiiving otnv
OVTILETOMION TNG OWTOPOYNS TNG EAMAEWUUOTIKNG TPOGOYNG KOl VIEPKIVITIKOTNTOG
(AEITY) og pikpd moudid otic HITA dmov dwryryvédokovtar apBuntcd 10midoio moudid
oe oxéom pe ™ M. Bpetavia. Eival yvootd GAA®GTE TOG TO QOIVOLEVO TNG TPOKANTAG
Onong eappdkov givol ToykOGHo Kot TOAAES PopEG oyeTileTon e OYECELS EEAPTNONG
TV 0epondVIOV 10TPOV and EOPUUKEVTIKES ETOLPEIES. TNV TPOKEWEVT TEPITTOON TOL

ol vroPdArovion oe AavBacpévn QopUAKELTIKN aywyn Bétovtag oe Kivouvo tnv
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vyeio TOVg Yo va kepOioovV KAmolol. AvtioToryol TPOoPANUOTIGHOL SIUTVTMOVOVTOL KOt
™ uébodo DBS oe 0,11 apopd TIG KOW®VIKEG emmtdoelg amd v palikdtepn
a&lomoinon g nebddov (Bell, Mathieu, Racine, 2009). Eropévog avtd mov mpoyet
glval 1 ac@AAELD KO 1] KOTOAANAOTNTA TOV £QAPUOLOUEVOV KAVOTOUIMV KOl QUGIKE 1)
amoELYN Kotdypnong g epapuoyns tovs. Evdiapépovieg mpofinuaticpol yio OAo
avTd Kot ToAAG akopo Oéuato dttvmmvovtol otnv €kdoon tov Nuffield Council on
Bioethics pe titho "Novel neurotechnologies: Intervening in the brain®,

Avtiocto o To auENUéEVo eVOLLPEPOV Y1 ETEVOVCELS GTNV VELPOTEXVOAOYi amd TO
Yrovpyeio Apvvag tov HITA kot mpogovdg kot GAA@vV vrepduvapeny onpovpyel
SaoAoynNpéVN avnovyic 1060 GTNV aKAONUATKN KOWOTNTO 0G0 KOl GTO €VPV KOWO
(BX. James & Benedikter, 2011).

210 mhaicwo emiong g oVLELENG TNG EKMAIOELONG LE TN VELPOEMIGTNUN
SLITLTTAOVOVTOL UTIAGELS YL LT PEOAICTIKEG VITOGYECELS CYETIKA LE TN OLVATOTNTA TNG
VEVPOEMIGTNH NG VO OOVTNOEL GE TPOKTIKA Cntipota dwackariog. I avtd ko apketol
TAPOUEVOLV EMPVAAKTIKOL GE aVTEC TIC Tpoomdfeteg yapakTnpilovtdg teg g £va €100¢
LAPKETIVYK GE pLoL ETOYN OTTOL 1) vevpoemiothiun givar "svmdAintog” (BA. Hook & Farah,
2013). Z10 1510 dpBpo emionpaivoviat ot Kivouvot amodoyns [N VITOKEILEVOV GE KPITIKN
eneEepyacia pebodoroyik®mv mpoceyyicemv mov vrotifeton Pacilovial 6e EKTUOEVLTIKES
dadikacieg mov "a&lomotovv" Tov eyképaro ("brain-based™ teaching methods). I't' avto
KOl 1) TPOCTAOELN TV VEVPOETIGTNUOVAOV VO LETOAAUTOOEVGOVV TO. EVPTUUTO TOVG GE
un e€OKEIMUEVA [LE TIC VEVPOETMIGTHLES KOWVE Bal Tpémet va elvar 1dtaitepa Tpoceyévn
Kot LeBodIK).

AVTIOTO(0C OKEMTIKIGHOG EMKPATEL KOl OTO TEdl0 NG OAANAEmiOpaong NG
VEVPOEMIGTAUNG LE TNV OTOVOUY| TNG dKaloovVIG kKaBmg dev amokAgieTan vo cupfodv

aAloyéG oV OMTIKN NG Bedpnong S OTOUKNG Hog €uBuvng oe YKANUOTIKEG
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evépyeleg pe Pdaon v mboavoroyoduevn oavobedpnon @rlocopikmv OBepdtov 6mmg
avtd g eAevBepng fovinong (Greene & Cohen, 2004).

Me Bdon avtd extpudtor 0t 1 avOpordtnta Ppiocketon Eva "PAua’ mpwv v
petapaon ot "peta-avOpordmra’. EVAoyo Aowmodv egivor umpootd o€ €va T€TO10
onueio Kapmg g 1oTopiag e avlpOTOTNTAG Vo SLOTLIMVOVTOL CKENTIKICUOT Kol

mpofAnuatiopol yio ot T pHetdfaon.
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Ewoaywyn tov Eidikov Tevyovg

Trédha Dakovpdxn’
Avopéag KGGTS)\.)\.&KT]QS

T'edpyrog Havayl']g4

O avd xeipag £Ktog TOHOG TOV TTEPLOdIKOD «EledBepvar pihoevel entd (7) dpbpa,
ek tov omoiwv ta tpia (3) mpota eivar ayylopwvo kol to téccepa (4) emdueva
EMNVOQP®VOL.

210 TpdTO ApBpO N Mopiétra [lamaddtov-Ilaotod GTO TAAIGLO HIOG OVOCKOTNONG
pe titho "Functional Magnetic Resonance Imaging: The Hemodynamic Inverse
Problem" weptypdoet ev cuvtopio v apyn oty onoio Pacilovtatl ot peTpNoelg Héowm
¢ oamewovioTikng teyvikne TMRI ko oxiaypagel 1o Agyopevo avtiotpo@o mpdfAnua
MG OHOOLVOUIKNG. ZVYKEKPUEVO oTo  GpBpo  avtd  avodelkvieTol  apywd o
TpoPANUaTIcHOS Yo TO KOTd TOGO TOL EVPNUOTO TOL  OVOKVTTOVV HEGH OO
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TEPLOPICUOVE TOL OPOPOVV TN YPOVIKN OVOADGT TOV GYLOTOG, oV KOl O£OOUEVO Ao
O1apopec €pevuveg VIOOEIKVVOLVY OTL Umopel v ekTiunBodv ypovikég O1popEg Tov
nmpoceyyilovv péEXPL Ko UEPIKEG EKOTOVTAOEG YIMOOTOV TOL dgvtepoAémton. 'Etol
1p60d0¢ mov gpaviletar otn pebodoroyia e FMRI biver ™ dvvatdtnta yroo 6o Kot
o aSlOMOTEG CLOYETICES VEVPOUVAUTOMK®Y OEIKTMV HE YVOOTIKES OlEPYNCIES Kot
ELEYYO TPOTVTTMOV EYKEPUAIKTG AELTOVPYING.

10 devtepo GpbBpo mov pépet Tov Titho "Skin conductance activity measurements
for exploring emotional processing and emotional regulatory capacities in normative
populations: An integrated review", n Evyevia Xrepovomoviov emyelpel dwaitepa
OeEodkd Kot kprtikd vo. mpooeyyioet t Piprloypoeio péoa amd gvupnuato TOL
eotiaovv oV a&oAdynomn g ox€ong avauecsa oty oacntnplokr emeepyacio
OMTIK®OV €PEOICUATOV Kol TNV NAEKTPOOEPUIKT] OpacTNPLOTNTO, £VOG YVMOGTOV JElKTN
NG AETOVPYIOG TOV AVTOVOLOV VELPIKOV GUGTHLOTOS O LETPOL EKTIUNONG SlEPYOCLOV
pOOong tov cuvalcHhnuatog oe vyieig TAnBvopovs. Xto mAaiclo avtd TpaypaTeHETAL
T0 OGS Ol dlepyacieg pvOong cvvacOuoTiKOV avidpdce®y cvopfdiilovy oty
emitevén €vOG OTOYOL KOl TAOG OVTIGTOWO Ol OlTapayEG oT0 emimedo oavtd Oa
UTOpoVGAV Vo, GLVOELOVTOL UE TNV EKONAMOT OAAL KOl TN O10THPNOTN OLTOPAYDV TNG
o1afeomg kot ayywomv dtatapay®dv. EXtipd téAog 0T1 n mepantépm depedvnon KAVIK®OV
nAanBvcuav katd ™ odpkeld ofémv enclcodiov N mePLddwV Veeong (.., OUTOMKN
Swtapayn) Bempeiton arapaiten, Kabdg umopel va mapdoyel TOAOTILEG TANPOPOPIES
OYETIKEG UE TIC YVOOTIKEG Kol VEVPOPLOAOYIKEG dladikacieg mov ivar vtevBuveg Yo )
pOOIoN TOV CLVAIGHNUOTOC GE SLAPOPES dATAPAYXEG OAAG Kal G VY1ELG TANBLGLOVG,
EVOD O10TLTTMVEL KOl TPOTAGELS Y10 LEALOVTIKES EPEVVEC.

>to tpito Gpbpo mov @éper Tov titho "Computerized Neuropsychological Battery

Detects Cognitive Impairment Differences between Relapsing Remitting and Secondary
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Progressive Multiple Sclerosis Patients” ov Adunpoc Meoonvne, Nikélaog Anunoidvog,
AbQavaoios Tlamobavaciov, [ pnyopioc Ndoorog wor Iovoyiwtns Iorwabovoooroviog
Topovctdlovy To evpnuaTo piag LEAETNG Tov PacileTol o po NAEKTPOVIKY] GuGTOLYiN
VEVPOYVYOLOYIKAOV OOKILAGLOV TOL EYEL AVOTTLYOEL ATd AAAOVG EPEVVNTES Y10l TOKTIKN
KMVIKT] ¥pNon. XN UEAETN ot EMYEPEITOL GUYKPIOT TOV YVOOTIK®OV AETOVPYIDV
acBevov e vrotpomidlovoa Kol OEVTEPOTOO TPOOSEVTIKY] LOPPT) CKANPLVONG KT
TAOKOG KOU QUGIOAOYIKOV otopmv. H cVykpion emyeipeitan oe mévte yvootikd medio:
MG UVAUNG, TNG WLYXOKWWNTIKNG ToLTNTOC, TNG TOLTNTOS OvTidopaons, tng ovvOetng
TPOCOYNG KOl TNG YVOOTIKNG eveMElng. Ao T cVYKPLoN T SOTIoTOINKAV SopOopES
GTN GLYVOTNTA KOl GOPAPHTNTA TOV YVOCTIKOV EAAEIUUATOV HETAED TOV OVO KAVIK®OV
ouddmv kol dwpaivetar O6tL M ypnowomombeica cvotoyyio eivar gvaicOnn otnv
aviyvevuon YVOoTIKOV EAAEUUATOV GE 0cBevelg pe okApuven Katd TAGKOS aAAG Kot
01N OAKPLoN YVOOTIKOV dVoAEltovpyldv petald acBevov pe vrotpomidlovco Kot
ogutepomadn  MPOOOEVTIKY) HOPPN OKANpuvong Katd mwAdkoc. Extiunon tov
GLYYPOPEDV EVOL OTL O1 TOPATNPOVUEVES OLAPOPES OVTOVOKAOLY TO YEYOVOS OTL dTopa
pe devtepomadn] TPOOSELTIKY] HOPPT) CKANPLVVONG KOTE TAAKAS TopoLGldlovy Goelg
eyKkepalkés PAAPeG o€ eminedo TOGO AEVKNG OGO KOl POUNG OVGTOC.

210 té€tapto apBpo pe titho "Or apiOuntikés kou vmoAoyioTikES 0e£10TNTES TV
OTOUMV UE OLOTAPOYES OTO POOUO TOV OUTIoU0D: NevpoyvwoTikéS mpoaeyyioels” ol
Mopio. Youo-Moxpn ko Dilizmog BAdyog emyelpohv o OVOGKOTNOY HEAETMOV
OGYETIKA PE TIG aplOuUNTIKEG KOl VITOAOYIOTIKEG 0eE10TNTEC ATOU®Y HE JOTAPOYES OTO
@AcUO TOL OLTICHOV. XTO TAGICIO OVTO EMOIOKOLV VO KATOVONOOLV €0V M
VTOAOYIGTIKY] GKEYT] TOV OUTICTIKOV ATOU®OV O0(PpOPOTOLEITOL GUYKPITIK( [LE TOL ATOLLOL
TUMIKNG  ovamTVENG. Metd amd  01e£odikn] mapovsiocn TOV  gVPNUATOV NG

Biproypapiag amopaivovtor OTL LTAPYXEL €V GLYKEKPIUEVO YVOOTIKO TPOTLTO
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Aettovpyiag mov PacileTon oTN S1OIKACTIKY VALY, TNV AONAN HABNno™ Kot TG OTTIKO-
AVTIANTTIKEG KavotTeS. To TpoOTLIIO CWTO UTOpEl Vo OONYNOEL GE Eva SLAPOPETIKO
TPOTO OKEYNG, WG OMOTELECUO TNG OLUPOPOTONUEVNG GUVOEGILATNTOGC, OPYAVOGNG Kot
AeLToVPYioG TOV EYKEQUMK®OV OOU®DV, OOV TO TEPLOPIGUEVO EVOLAPEPOV, TO KIvnTpO
Ko 1 Eppovn e€doknomn AETovpyoHV EVIGYVTIKA.

ZNTAUOTO EVTAACTOTNTOC TOV VELPIKOD GULGTNUATOC TPOYUOTEVOVTIOL TO. OVO
emopeva apbpa. uykekpyéva oto méumnto apbpo pe titho "Emmrwoeig tov Mnytpixod
Amoywpiopod oty I'vootixy Asitovpyio kor o€ Aciktes Nevpoyéveans kor Nevpwvikng
Evriaototnras oe Hepouatike. Moviédo Zowv" ov Avéatns lwoavvions ko Aéomorva
Tatd €EeTaloVV TIG EMYEVETIKEG OlEPYUGIEG OV UTOPEL VO EMUPEPEL TO TPDOIULO GTPES
OTOV EYKEQPOAO. XTNV €£PYOcio QUTH avOQEPOVTOL G Eva TEPARATIKO {O1KO TPpATLTTO
TPOUOV GTPES, OVTO TOV UNTPIKOD OMOYWPICHOV Yol TN UEAETN NG EMOPAONG TOV
OPVNTIKOV TPOYUOV EUTEPIOV GTNV EKONAMOT) GLVAICONUATIKOV JUTOPAYDY Kot TNV
eEaoHEvNoN YVOOTIKOV AEITOVPYIOV O EVNAIKOVGC. XTO TAMIGLIO NG OVOOKOTNONG
OVTNG TOPOVGIALOVTOL GUVOTTIKA T £MG TOPO EPEVVNTIKA OESOUEVO TTOV APOPOVV GTIC
EMITAOGELS TOL UNTPIKOV ATOYOPIGHOV TN YMOPIKN Kol LN YOPIKT LV KabdOg Kot T
péddnon. EmmpdcOeta, diepevvdtar o poOAog mov OodpapatiCovy ot HELMOELS OTN
VEVPOYEVEST] KOL TO EMIMEON VEVPOTPOPIKMOV TOPAYOVI®V OTN YVOOTIKN e&acBévnon
EVIIMK®V TPOKTIK®OV 0L £lyov VToPAnOel o€ veoyvikd oTpeC.

¥10 éxto GpBpo pe titho "H Awmolikn Awotopoyn wg orotopoyn vevpwviKng
rAaotikotntoc" ov Mopia Movpikaxy, Avopéas Kootelioxng ko Iewpyios Tlovoyns
mapovctdlovy gupfuate ™G ovyypovng PipMoypapiog mov vmodeikvoovy OTL 1|
dutolkn dwatapoyr] umopel vo yivel koAOTEPO OVTIANTTY| 0N PAcn TV EAAEUPATOV
mov gpeavifovtolr oe eminedO VELPOVIKNG ELAANCTOTNTAG / TAOCTIKOTNTOS TOV

€YKeaAov. £10 TAAIc0 aWTO TapovcslalovTot deodKd TO. EVOOKVLTTAPLOL LOVOTATLOL

EledbOepva, Tevyog 6, 2013
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dwBipaong onuoatog To omoion eaivetor 0Tt SVGAEITOLPYOVV TOALATAMDS OAAL Kol Ol
oolkéG  oAAOoEl TV Kuttdpov  tov  Kevipikod Nevpwkod Zvothiuorog.
Ynroompilovv 1éhog 0Tt OAeg awTég o1 duoAettovpyiec (SOUIKEC KOl AEITOVPYIKES) OF
KOUPIKEC TTEPLOYES TOV EYKEPAAOV TTOV EUTAEKOVTIOL GTN PLUOULION TOL CLVAIGHNUOTOG
6€ OMOAIKOVG aoBeveic ennpedlovy KpIGo VELP®VIKE KUKADUOTO KOl EKTILOVV UE
Bdon ta evpiuoto TG cOYYXPOVNG EPELVAG OTL N GYETIKY CLUTTOUOTOAOYIOL UE TN
YOPOKTNPIOTIKY]  EVOAAAYT] KOTOOMTTIKOV Kol HOVIOKAOV  €NEGOdimv  givor 1O
ATOTEAEGLLOL QVTMV TWV SVGAEITOVPYIDV.

Téhog ot0 éBdopo apbpo e Titho "Poaiotoyikés Kor COUTEPLPOPIKES OPATEIS TV
avaforikav otepociomV" o Avopéas KooreAldxng emyepel va Kataypayel Tig
TEPICCOTEPO  TEKUNPUOUEVEG OPAGELS TOV  OVUPOAIKDV GTEPOEW®V OE  EMMEDO
(QLGOAOYI0G KOl GUUTEPLPOPAG.

Evelmotovpe 011 100 avotépm apbpa Oo dieyeipovv 10 EVOPEPOV TOV
AVOYVOOGTOV TOV TEPLOJKOD -TOGO EMGTNUOVAOV TOV TEGIOV KOl GAA®V GLVUPADV OGO
Kol @ortntdv- Kot Oa cupPfdriovy onv TPo®ONOoN TOL EMGTNUOVIKOD SLADYOL GTO
eSO TNG VEVPOEMIGTNUNG.

Telewwvovtag, Bo BEAaE Vo EVXAPIOTIICOVE TOVG CLYYPAPEIS TOL TOPOVTOC
APLEPONATOS KAODS KOl TOVG KPITEG TV ApOp®V Yo TV TOAVTIUN GLUPOAN TOVG TN
Slpdpemon TV TeMK®V Keywévov. Eniong, Oa Béhaue va evyapiotioovpe tov ['dpyo
Koavovin yia v texvik vmootpiEn mov TpociPpepe Gt SIOUOPPMOT TOL TOPOVTOG

TeVYOLG.
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Functional Magnetic Resonance Imaging:

The Hemodynamic Inverse Problem

Marietta Papadatou-Pastou®

Abstract

Neuronal activity demands glucose and oxygen supplies, which are delivered by circulating blood.
Averaged neuronal activity can predict temporally prolonged hemodynamic responses as described by
linear transform models. Inferences in the opposite direction, though, from hemodynamic responses to
neuronal activity, are made in the case of functional magnetic resonance imaging (fMRI). The validity of
these inferences is under debate and constitutes the “hemodynamic inverse problem”. The present review
briefly describes the properties of the fMRI technique and continues to present experimental evidence
supporting the view that the underlying neuronal activity can be successfully captured in the fMRI signal

in a roughly linear way and in a timescale down to a few hundred milliseconds.

Keywords: fMRI, hemodynamic inverse problem, BOLD response, brain imaging

Over the past two decades the field of cognitive neuroscience has experienced an
explosive growth. New imaging techniques have been introduced and researchers have
been given an unprecedented opportunity to examine the neurobiological correlates of
human cognition and behaviour —positron emission tomography, magnetic resonance
imaging (MRI), electroencephalography (EEG), magnetoencephalography (MEG),

transcranial magnetic stimulation, and more. However, perhaps none of these methods

> Research Centre for Psychophysiology and Education, National and Kapodistrian University of Athens
27 Deinokratous Str, 106 75 Kolonaki, Athens, Greece. Tel: +30 210 3641712, Fax: +30 210 3614301,
e-mail: marietta.papadatou-pastou@seh.oxon.org (Correspondence address)
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has done more to excite cognitive neuroscientists as the development of functional MRI
(fMRI). Functional MRI combines the high spatial resolution and anatomic imaging
capabilities of conventional MRI with dynamic imaging, allowing the spatially accurate
mapping of human brain function to the underlying anatomy.

Functional MRI measures changes in blood oxygenation and blood volume that

result from neural activity and its subsequent energy demands (Ogawa et al., 1990,
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Fig. 1. A schematic illustrating the linear transform model that specifies the relation between averaged
neural activity and the temporally prolonged hemodynamic response measured by fMRI. The inverse
transformation presents the hemodynamic inverse problem. From “The Hemodynamic Inverse Problem:
Making Inferences about Neural Activity from Measured MRI Signals”, by R.L. Buckner, 2003,
Proceedings of the National Academy of Sciences, 100(5), p. 2178. Copyright 2003 by National Academy

of Sciences, U.S.A. Reprinted with permission.

1992; Bandettini et al., 1992; Blamire et al., 1992; Kwong et al., 1992; Logothetis et al.,
2001). Yet, that very principle of the fMRI technique has been questioned for its

validity and has set the stage for the formulation of the “hemodynamic inverse
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problem”. “The hemodynamic inverse problem refers to the challenge of making valid
and precise estimates of the underlying neural activity from the measured hemodynamic
response” (Buckner, 2003, p. 2177) (see Fig.1). Thus, while linear transformation
models specify the relation between averaged neural activity and the temporally
prolonged hemodynamic response measured by fMRI, inferences in the opposite
direction, from the measured hemodynamic responses to the underlying neuronal

activity, might not lead to accurate estimations.

The blood-oxygen-level-dependent (BOLD) signal

As its name implies, fMRI is a technique based on MRI. The latter provides
images of the distribution of hydrogen atoms in tissue water. The technique relies on the
use of magnetic fields to distort the behaviour of atoms, and the information gained on
how long the atoms take to recover from this distortion is used to create an anatomical
image of the brain (see Brown & Semelka, 2011, for an overview of the basic principles
and applications of MRI).

An opening for MRI in the area of functional brain imaging emerged when it was
discovered by Fox and colleagues (Fox & Raiche, 1986; Fox, Raiche, Mintum, &
Dence, 1988) that during changes in neural activity there are local changes in the
amount of oxygen in the tissue. As neurons become active, they increase their use of
oxygen causing a temporary dip in the amount of oxygen in the blood. At the same
time, the neurons signal the blood vessels to dilate to increase blood flow. The resulting
increase in cerebral blood flow (CBF) brings more oxygen to the area than the neurons
can actually use and thus produces a relative increase in local oxygen. Thus, the amount
of oxyhemoglobin (hemoglobin that contains bound O) is higher than the amount of

deoxyhemoglobin (hemoglobin without bound O,), whereas before the neural activation
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they were about equal. By combination of this observation with a much earlier
observation made by Pauling and Coryell (1946), that changing the amount of oxygen
carried by hemoglobin changes the degree to which hemoglobin disturbs a magnetic
field, Ogawa et al. (1990) were able to demonstrate that in vivo changes of blood
oxygenation could be detected by MRI, introducing fMRI. The fMRI method is
therefore based on the blood-oxygen-level-dependent (BOLD) signal (see Buxton,
2009, for a comprehensive introduction on the principles and techniques of fMRI). Of
note, fMRI scanners can be tuned to acquire images that measure different phenomena,
such as the diffusion process of molecules, mainly water, in biological tissues, but the
principal acquisition mode used nowadays to study cognitive events is the BOLD
signal.
The hemodynamic inverse problem: linear transformation

The neural basis of cognitive events, which is what is typically explored in
experiments using fMRI, is inferred by measuring the correlation between the BOLD
signal and a stimulus. Properties of the relation between the neural activity and the
hemodynamic response are still being explored, such as whether the hemodynamic
response reflects averaged neural spiking, synaptic events, the metabolic interactions
between neurons and astrocytes, or a combination thereof (e.g., Magistretti & Pellerin,
1999; Lauritzen, 2001; Logothetis et al., 2001; Logothetis, 2003; Attwell et al., 2010;
Bélanger, Allaman, & Magistretti, 2011; Sheeringa et al., 2011; Magri et al., 2012).
Interrelated factors further include the type of neural activity involved, the cell groups
generating this activity, the link between this activity and energy demands, and the
processes ultimately coupling the energy demand to the supply of energy to the brain
(Logothetis, 2003). Whichever the relation, the critical point remains the same: the

BOLD signal is an indirect measure of neural activity. This brings us back to the
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question in debate: can we make valid inferences about neural activity from the
measured hemodynamic response? A number of studies using a variety of different
techniques have tackled the question of how well the fMRI response relates to neural
activity.

Boynton et al. (1996), in their seminal work, explored the hypothesis that fMRI
responses are proportional to the local neural activity, averaged over a small region of
the brain and averaged over a period of time. Three empirical tests on the temporal
averaging of neural activity provided support to the hypothesis. First, fMRI responses in
the human primary visual cortex (V1) were found to depend separably on stimulus
timing and stimulus contrast. Second, responses to shorter stimuli were found to predict
responses to long-duration stimuli, and third, the noise in the fMRI data was found to be
independent of stimulus contrast and temporal period. Thus, a linear transform model
was suggested, according to which neural activity is a nonlinear function of the contrast
of a (visual) stimulus, while the fMRI response is a linear transform of the neural
activity of V1 averaged over time. Even though noise might be introduced at each stage
of the process, the effects of these individual noises on the fMRI response can be
summarized by a single noise source. Observations made by DeYoe et al. (1994), Savoy
et al. (1995), and Tootell et al. (1995) are also consistent with the linear transform
model. With regards to the spatial averaging of neural activity in V1, Engel, Glover, and
Wandell (1997) presented findings showing that the spatial precision of the fMRI signal
is consistent with a line spread function with a full width at half maximum amplitude of
3.5 mm. Of note, since the vasculature is specialized in different brain areas (Zheng,
LaMantia, & Purves, 1991), these models might not account for areas other than the V1.

A number of studies have combined fMRI measurements with measurements

taken by means of other brain imaging techniques, such as EEG (e.g., Bonmassar et al.,
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1999; Krakow et al., 2000; Musso et al., 2011; Kirino et al., 2013), MEG (e.g.,
Robitaille et al., 2010), or optical imaging recording of intrinsic signals (e.g., Hess et
al.,, 2000). However, these comparisons suffer from important methodological
problems; EEG is a measure of electrical activity in the brain that originates mainly
from action potentials (Niedermeyer & da Silva, 2005), while MEG measures magnetic
fields produced by this electrical activity (Hdméaldinen et al., 1993). Both techniques
have poor spatial resolution and a rather imprecise localization of the electromagnetic
field patterns associated with neural current flow. Optical recordings, on the other hand,
rely on the measurement of hemodynamic responses themselves (Bonhoeffer &
Grinvald, 1996), thus not offering an opportunity for validation (Logothetis et al.,
2001).

Rees, Friston, and Koch (2000) tried to couple BOLD signal modulation directly
with spiking activity. They compared human fMRI responses with electrophysiological
data from single cell recordings in monkeys previously made by Britten et al. (1993).
The monkey data were collected from the middle temporal visual area (MT or V5),
known to be specialized for visual motion processing. The human measurements were
localized in human MT complex, a motion-responsive cortical region that is held to be
homologous with monkey MT along with adjacent motion-sensitive areas. On the basis
of the analysis of this set of data, Rees et al. (2000) concluded that the BOLD signal is
directly proportional to the average neural firing rate, with a 1% increase in BOLD
signal representing an average of nine additional spikes per second.

However, successfully coupling the BOLD signal with spiking activity has not
always been the case. Mathiesen et al. (1998), for example, took direct measurements of
CBF and extracellular recordings of single unit activity and local field potentials (LFP)

in the rat cerebellar cortex. They modulated the spiking activity from Purkinje cells,
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which are the principal cerebellar cortex output neurons, at the same time they measured
CBF. They used the laser Doppler flow technique for neural stimulation, which causes
monosynaptic excitation of the Purkinje cells and a disynaptic inhibition of the same
neurons. Stimulation of the monosynaptic system evoked long-lasting complex spikes
and extracellular field potentials. Stimulation of the disynaptic system inhibited spiking
activity, while the postsynaptic activity increased as indicated by the simultaneously
recorded LFPs. Mathiesen et al. (1998) were able to demonstrate that suppression of the
Purkinje cell spikes was further accompanied by an increase in CBF, that is an increase
in blood flow at the same time that spiking activity ceased. They, therefore, concluded
that increases in CBF responds to all synaptic excitation, even if it is the case that the
excitation acts through inhibitory neurons to reduce the net number of action potentials
on Purkinje cells. In a subsequent paper, Mathiesen, Caesar, and Lauritzen (2000)
further demonstrated temporal coupling between the hemodynamic response and the
monosynaptic excitation system, but not the disynaptic system, where coupling was
clearly observed only at low stimulation frequencies. Thus, it could be the case that the
spiking activity of the main output neurons, the pyramidal cells, is not the main
determinant of the BOLD signal.

Logothetis et al. (2001), in another influential study, simultaneously measured
intracortical electrophysiological and fMRI data in anaesthetized macaque visual cortex.
Their experiments were designed to investigate which component of the microelectrode
signal — single-, multi-unit spiking activity, or LFPs — best predicts the BOLD response.
Local FPs relate to spiking activity, but also to subthershold integrative processes in
areas such as dendrites that cannot be captured otherwise, and multi-unit activity
represents the weighted sum of spiking activity. Logothetis et al. (2001) demonstrated

that LFPs were the only signal that significantly correlated with the hemodynamic
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response at recording sites characterized by transient responses. Importantly, findings
showed that a spatially localized increase in the BOLD contrast directly and
monotonically reflects an increase in neural activity. This correlation between firing rate
and BOLD was also confirmed in studies combining MRI and magnetic resonance
spectroscopy in cats conducted by both Hyder, Rothman, and Shulman (2002) and
Smith et al. (2002). A number of subsequent studies further report a good correlation
between evoked field potentials and hemodynamic response (e.g., Leopold, Murayama,
& Logothetis, 2003; Sheth et al., 2004; Mukamel et al., 2005; Franceschini et al., 2008;
Ojemann, Ramsey, & Ojemann, 2013). Taken together, the above findings do provide
evidence in support of the BOLD signal being representative of the underlying neuronal
— spiking or non-spiking — activity in response to a stimulus.
The hemodynamic inverse problem: temporal resolution

The finding that the BOLD signal does indeed reflect the neural responses elicited
by a stimulus in a roughly linear way solves only part of the hemodynamic inverse
problem. An even greater challenge surrounds the temporal orchestration of information
processing: the BOLD signal reflects changes in blood vasculature that accompany
neural activity. Yet, these changes are temporally slow, beginning seconds after a neural
event and lasting for tens of seconds. Therefore, for isolated cognitive acts, which can
often be completed in under a second, the sluggish nature of the measured BOLD
response means that the signal is detected after the neural event has subsided. This
might leave little room for making judgments about important aspects of the brain
function such as the time differences between the activation of different neural
substrates of the brain or the determination of which neural substrates are involved in

task-related processing and which ones are constants of the task.
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In the initial experiments that used fMRI to study cognitive processes, temporal
resolution was sacrificed by the use of the block-design paradigm. Block designs
involve “on” and “off” periods. The experimental manipulation takes place during “on”
periods while the “off” periods resemble the “on” periods in all aspects apart from the
experimental manipulation. Essentially, many trials of the same type are presented in
immediate succession. The functional activation images obtained on the “on” periods
are then subtracted from those acquired during the “off” periods. These periods might
be up to minute-long, collecting averaged brain activity. By relying on this time-
blocked averaging, these methods do not take advantage of the high temporal resolution
fMRI has to offer. Possible reasons for following these methods could have included a
historical precedent from positron emission tomography, readily available data analysis
strategies, and the power of such paradigms (Buckner, 2003).

A major advance in fMRI’s temporal resolution was the introduction of event-
related fMRI, when Buckner et al. (1996) demonstrated that individual measurements in
fMRI can be made without a need to perform a block of repeated tasks. In their first
experiment whole brain fMRI was used to detect single-trial responses in prefrontal
regions within single subjects, whereas in their second experiment higher temporal
sampling of a more limited spatial field was used to measure temporal offsets between
regions. The activation maps that were produced solely from the single-trial data were
comparable to those produced from blocked runs. Their findings allowed them to
conclude that single-trial paradigms can be used to exploit the high temporal resolution
of fMRI. Such paradigms thus provide experimental flexibility and time-resolved data
for individual brain regions on a trial-by-trial basis. The most important implication of
this breakthrough work was that fMRI, when using event-related designs, can reliably

explore rapidly occurring cognitive functions.
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Several other laboratories have also developed methods for analyzing event-
related fMRI paradigms, with a review already published by 1998 (Rosen, Buckner, &
Dale 1998) and new methods are constantly being developed (e.g., Lindquist & Wager,
2007; Mumford et al., 2012). McCarthy et al. (1997), for example, have explored how
infrequent target events are processed by the brain. They presented continuous strings of
characters with a target string appearing unpredictably once every 20 or so trials. The
results revealed that detection of infrequent target stimuli elicited a small, transient
BOLD signal that began 1.5 s after target onset and peaked within 4.5-6 s, in line with
the known P300 event-related potential known to be elicited by infrequent target events.
Again, this study demonstrated that fMRI can provide a sensitive measure of cognitive
processes engendered by brief and unpredictable stimuli on a trial-by-trial basis, a
paradigm design that can only be analyzed by using event-related procedures.
Unpredictable stimuli are also used in go/no-go paradigms that have been also studied
successfully using event-related fMRI designs (e.g., Konishi et al., 1997; Durston et al.,
2002; Ahmadi et al., 2013).

Another example of event-related fMRI comes from the field of memory research,
where it is crucial to be able to sort trials based on subject response. For example,
widely used memory paradigms ask participants to indicate on a trial-by-trial basis
whether they remember a stimulus or not by pressing a key or recalling an item. It is
clear that in such memory paradigms it is essential to be able to sort trials based on
participant response. The extent of the use of event-related fMRI designs in memory
research is illustrated by the fact that a number of meta-analyses of findings are to be
found (e.g., Spaniol et al., 2009; Murty et al., 2010; Kim, 2011). To report but one
example of such work, a recent study by Klaassen et al. (2013) investigated the effect of

caffeine on working memory (WM) load-related brain activation. For this study,
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participants were scanned in a non-withdrawal state during encoding, maintenance, and
retrieval phases of a WM maintenance task, specifically, a parametric version of the
letter Sternberg task, with trial string length organized in a fast event-related design and
presented in a fixed pseudorandom order. Using this paradigm, researchers were able to
show a detrimental effect of caffeine on WM at higher levels of WM load.

In addition to the advert of the event-related design, Menon, Luknowsky, and Gati
(1998) developed another technique to analyze fMRI data, named latency-resolved
fMRI. Menon et al. (1998) studied mental chronometry, which stands for the temporal
analysis of mental events into their hierarchical processing stages, by using rapid fMRI
of single trials of two simple tasks. These tasks involved a hemifield checkerboard
presentation and a visually cued motor task. Menon et al. (1998) were able to
demonstrate that while microvascular response to the onset of neural activity is delayed
consistently by several seconds, the relative timing between the onsets of the fMRI
responses in different brain areas appears to be preserved. Moreover, they found that
fMRI onset latencies correlate well with independently measurable parameters of the
task, such as reaction time or stimulus presentation time. Thus, they showed that fMRI
onset latencies can be used to study the relative onset of activity in different brain
regions during cognitive or perceptual tasks with a temporal accuracy of tens of
milliseconds. The technique therefore further allows for the determination of which
brain areas are involved in task-related processing and which brain areas are constants
of the task.

Bellgowan, Saad, and Bandettini (2003), in another seminal work, reported how
voxel-wise characterization of the hemodynamic response with regards to delay and
width, in addition to amplitude, enriches the information conveyed by the fMRI signal.

Bellgowan et al. (2003) studied single word processing using a lexical decision task,
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whereby participants were asked to decide whether letter strings presented to them
correspond to words or non-words. The stimuli were further rotated 0°, 60°, and 120° to
cause variation in perceptual processes. Results suggested that the BOLD signal tracked
the timing of the task variables. For example, delays in the onset of the activation in
areas such as the prefrontal cortex and the inferior frontal gurus were proportionate to
the rotation of the stimuli. Moreover, word processing resulted in activations that were
shorter in duration compared to non-word processing. These findings demonstrate not
only that hemodynamic delay and width in addition to amplitude are informative, but
also that the estimation of timing differences of a few hundred milliseconds is plausible.

Another route to further improve the temporal ability of fMRI down the
millisecond scale involves combining measurements from different brain imaging
techniques, predominantly EEG and MEG, with fMRI (Bonmassar et al., 1999; Krakow
et al., 2000; Robitaille et al., 2010; Musso et al., 2011; Kirino et al., 2013). These kinds
of comparisons are of great interest, since the fMRI signal provides information with
good spatial resolution (Buxton, 2009), whereas both EEG and MEG have excellent
temporal resolution (Dale, 1999; George et al., 2001). Hence, the combining of fMRI
with EEG/MEG provides a noninvasive unified view of human brain activity with high
spatial and temporal resolution. Thus, even though — as discussed in the previous
section — these comparisons might not appear to be suitable when exploring the question
of the neural underpinnings of the BOLD signal, they do present researchers with an
excellent tool for pushing the limits of fMRI’s temporal resolution.

A fine example of this approach has been demonstrated by Ogawa et al. (2000),
who conducted fMRI in human participants and fMRI as well as intra- and extra-cranial
EEG recordings from the somatosensory cortex in rats. For the human participants,

Ogawa et al. (2000) used a preparatory task and a sampling task to probe the response
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characteristics of somatosensory and visual systems. In rats forepaw electrical
stimulation was applied. Responses measured by EEG and fMRI were found to be
reasonably well correlated for brief stimuli. This finding suggests that by controlling the
temporal relation of input tasks, it is possible to study temporal evolution of certain
neural events at the time scale of their evoked electrical activity by noninvasive fMRI
methodology. In other words, the fMRI signal can be used to extract information about
neuronal events down at the time scale of tens of milliseconds. Overall, the above-
described advances in fMRI design and analysis illustrate the great strides
neuroscientists have made in challenging the problem of the sluggishness of the BOLD
response compared to the rapid neural events that underlie cognition, allowing fMRI to
be used both for the spatial and for the temporal orchestration of cognitive processing in
the brain.
Conclusions

Making inferences about the underlying neuronal activity based on the
hemodynamic responses that are captured in the BOLD signal by fMRI technology has
been the epicenter of a debate — a debate on whether the hemodynamic inverse problem
is solvable. The outcome of this debate will determine the validity of all research
findings based on the BOLD response and with them the very usefulness of the fMRI
technique. A number of studies presented in the present review, using a variety of
methodologies, have successfully demonstrated that there is indeed a forward relation
between stimulus, neuronal activity, and the hemodynamic response. Thus, the
hemodynamic inverse problem appears to be solvable, as the BOLD response does
represent, even if in a rough way, neuronal activation in response to experimental
stimuli. Furthermore, the BOLD response has been shown to allow for inferences not

only about the amplitude of the underlying neuronal activity, but also about the timing
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of such activity, at a time scale down to a few hundred milliseconds. The BOLD
response might be time-shifted, due to its very nature, but these shifts seem to be
proportionate to timing delays in the underlying neuronal activity.

Absolute limitations of the methodology do exist and are due to technical
limitations of the imaging devices and to a number of artifacts, such as the pulsation of
the human brain that causes temporal blurring. The properties of the hemodynamic
signal itself present another limitation; the vascular origin of the signal imposes
physiological constraints on temporal and spatial resolution. Moreover, the local
vasculature’ architecture does confound measurements from different sites across the
brain. On the other hand, due to both the drive to ever-higher magnetic field strengths
and improvements in radio frequency receiver coil technology, MRI signal-to-noise
ratio shows no evidence of plateau. In addition to that, new and more sophisticated data
analytic methods offer greater understanding of the data’s true sensitivity and specificity
and are very likely to continue to improve the researcher’s ability to address questions
about the underlying mechanisms of brain function. In addition, other techniques, such
as EEG or MEG, have and will continue to be used in combination with hemodynamic
measures, pushing the limits of the temporal resolution of fMRI. Lastly, animal models
that allow single-, multi-unit spiking activity, and LFPs to be measured are likely to
contribute to future progress.

The validity of fMRI measurements cannot be showcased more convincingly than
by successful attempts at decoding brain activation, that is matching mental content to
brain activation (for a review, see LaConte, 2011). Decoding has been demonstrated in
the case of simple stimuli (e.g., gratings) or images depicted fixed categories (e.g.,
faces, houses) with regards to their orientation (Haynes & Rees, 2005- Kamitani &

Tong, 2005), position (Thirion et al., 2006), and object category (Cox & Savoy, 2003;
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Haxby et al., 2001). The procedure involves measuring the activity in the visual cortex
and comparing it with brain activity evoked by those same stimuli or categories in
previous scanning sessions. What is more, recently even more complex stimuli, such as
novel natural images, have been successfully decoded (e.g., Kay, 2008). Decoding
novel images does not rely on the comparison of brain activation with previously
recorded activation, but is based on quantitative receptive field models that characterize
the relationship between visual stimuli and fMRI activity in early visual areas, making a
single measurement suffice. These findings suggest the possibility of decoding pictures
of one’s visual experience from brain activation measurements alone. Again, evidence
is to the direction that fMRI signals contain a considerable amount of stimulus-related
information.

In conclusion, the hemodynamic inverse problem seems to be coming to a
solution: there are solid experimental results that allow us to believe that we can indeed
be making valid and precise estimates of the underlying neural activity from the
measured hemodynamic response. These advances in fMRI methodology enable
researchers to correlate neuroanatomical markers with cognitive processes and test
cognitive neuroscience models of brain function. One of the most exciting challenges of
contemporary neuroscience would be to turn this wealth of data into a unified
explanation of how this magnificent instrument, our brain, works.
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Abstract

Emotional regulation is defined as the processes responsible for monitoring, evaluating, and modifying
emotional responses in order to accomplish one’s goal. Abnormalities in emotional regulation capacities
are the hallmark of mood and anxiety disorders where the abnormal persistence of subjective, mostly
negative, affective states are associated with the development and maintenance of these conditions.
Psychophysiological recordings provide a complimentary objective measurement of emotional
regulatory capacities independent of subjective reports. Psychophysiological variables of major scientific
interest during affective picture processing have been electrodermal activity, more specifically skin
conductance changes as indexes of autonomic nervous system activity. The present integrative literature
review presents a critical synthesis of the literature findings so far aiming to delineate further the possible
effects of visually presented stimuli on skin conductance activity correlates of emotional processing and
emotional regulatory capacities in normative populations. Further investigation of clinical populations
across acute or remitted mood states (e.g. bipolar disorder) is critically urged since it could provide
valuable insight into the cognitive and neural underpinnings of emotion regulatory processes in different

clinical disorders and healthy populations.
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Introduction

Emotional regulation is defined as “the processes responsible for monitoring,
evaluating, and modifying emotional responses in order to accomplish one’s goal”
(Gross & Thompson, 2007). Abnormalities in emotional regulation are the hallmark of
mood and anxiety disorders where the abnormal persistence of subjective, mostly
negative, affective states is incorporated in the operational diagnostic criteria for these
conditions (APA, 1994; ICD-10, 1994). In addition, the persistence of negative
subjective responses may represent a risk factor for sub-threshold psychopathology in
healthy individuals (Beevers & Carver, 2003; Bolger, DelLongis, Kessler, & Schilling,
1989).

Psychophysiological recordings have been increasingly employed in recent years
in order to provide a complimentary objective measurement of emotional regulatory
capacities independent of subjective reports (Ochsner & Gross, 2005).
Psychophysiological variables of major scientific interest during affective picture
processing have been electrodermal (EDA) activity, more specifically skin conductance
(SC) changes as indexes of autonomic nervous system (ANS) activity. The discovery
that SC activity can be sensitive to emotionally meaningful stimuli (e.g., Bradley, 2000;
Bradley & Lang, 2000; Vrana, 1995) has increasingly led to a widespread use of these
psychophysiological measures in studies of emotional regulation. Such measurements
provide a simple and easy method for exploring emotional processing and have been

widely used in both healthy and clinical populations.

Scope of this review
There is a comparative lack of empirical studies examining the possible effects of

stimuli properties (i.e., valence and arousal) or specific thematic contents (e.g., fearful
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versus sad images) on emotional regulatory capacities in large normative samples.
Similarly, not enough data yet exists on normative psychophysiological correlates of
such capacities whilst findings still remain tentative due to vast methodological
limitations and heterogeneity of outcome measures used amongst studies.

Therefore, the present integrative literature review aims to delineate further the
possible effects of visually presented stimuli on SC activity correlates of emotional
processing and emotional regulatory capacities in normative populations. This study
presents an overview and critical synthesis of the literature findings so far aiming to

discuss research limitations and offering areas for future research.

Methodology

Literature search and inclusion criteria

Studies were initially identified by searching the major databases (PsychINFO,
Medline, Embase and Cambridge Journals Online) using the terms *emotional
processing*, *emotional regulation*, *skin conductance*, *psychophysiology* and
*emotion*. All available years generated through the databases were examined. The
titles and abstracts of the articles identified were examined and those that appeared to
fulfill our inclusion criteria were retrieved. The references of the retrieved articles were
searched for additional studies not previously identified. Only studies written in

English were retrieved.

All identified articles were scanned to ensure reference to emotional processing
or emotional regulation processes. Only studies employing SC measurements were

included. Finally, articles were included if they met the following criteria: (a)
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publication before 31/12/12 (b) included adult normative populations (aged 16-65) as a
distinct group, (c) provided clear descriptive information about the psychophysiological

techniques employed.

Experimental tasks

All identified studies employed two distinct types of experimental tasks, namely
emotion induction and regulation tasks.

During a ‘typical’ emotion induction task, participants are passively exposed to a
series of visual stimuli (presented in a random or pseudorandom order). The picture
viewing context encourages a passive, perceptual intake of cues with no demand for
response output aside from affect evaluation so that the effects of emotional processing
can be efficiently enhanced (Bradley, Codispoti, Cuthbert, & Lang, 2001).

During a ‘typical’ emotion regulation task, participants are exposed to a series of
visual stimuli (again, presented in a random or pseudorandom order). During or shortly
after the presentation of visual stimuli, participants are asked to suppress their
emotional responses elicited by the stimuli. In such instances, emotional “down-
regulation” techniques are initiated after the onset of stimuli, aiming thus at decreasing
the quality, intensity or duration of elicited emotional experiences.

Static pictures used in the above tasks are often taken from databases with (a)
standardized images for arousal and valence ratings such as the International Affective
Picture System (IAPS) (Lang, Bradley, & Cuthbert, 1995a, 1995b, 1999) or (b) images
of facial expressions depicting affective states which differ in quality and intensity such

as the library produced by Ekman and Friesen (Ekman & Friesen, 1976). Pictures are
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presented for several seconds (usually 6 seconds) and subjective as well
psychophysiological responses are being recorded.

Results

From the computerized search, 673 studies were obtained. Of those, only 33
studies met the criteria and were included in the review, summaries of which are
encapsulated in Table 1 below.

Findings from emotion induction tasks

Many studies have shown orderly relationships between SC measures and arousal
qualities of the presented stimuli. For instance, Bradley and colleagues (Bradley et al.,
2001) assessed the effect of 72 IAPS pictures comprising of 18 different emotional
contents of varying intensity in a large sample of volunteers. Substantial increases in
SC amplitude were only obtained for the most highly arousing pictures depicting threat,
violent death and erotic scenes. Consistent with the motivational hypothesis (Lang,
1994), the authors argued that a certain threshold of motivational activation is
necessary to be reached first before sympathetic activity covaries with increases in
affective arousal judgments (i.e. inferred motivational engagement) of the picture
contents.

In Bernat and colleagues (Bernat, Patrick, Benning, & Tellegen, 2006),
participants watched 54 pleasant, neutral and unpleasant IAPS images representing
again specific thematic contents of varying affective intensity. Pleasant contents were
erotic and adventure scenes; unpleasant contents were scenes of victimization and
threatening images while neutral contents were either neutral human faces or household
objects. In agreement with Bradley and colleagues (Bradley et al., 2001), images

depicting erotic and threat scenes elicited the largest SC responses; most importantly,
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significant positive correlations between intensity and SC amplitude were only
evidenced for highly arousing erotic and threat content adventure or victim scenes. In a
similar study, Codispoti and colleagues (Codispoti, Surcinelli, & Baldaro, 2008) asked
psychology students to watch three films depicting surgery, landscape and erotica
themes. Results again showed that although the two valenced films elicited larger SC
responses than the neutral film, within the pleasant picture category, erotica prompted
significantly larger SC activity compared to other pleasant and neutral contents.

Similarly, Sarlo and colleagues (Sarlo, Palomba, Buodo, Minghetti, & Stegagno,
2005) asked participants to watch 20 images split into two pleasant (scenes of extreme
sports/adventure, erotica) and two unpleasant (threat, blood) categories. A neutral
category was also included as a control condition (household objects). Although
valenced images had comparable normative arousal ratings, images depicting erotic
scenes, threat and blood were again considered the most arousing ones and therefore
produced the largest SC changes compared to other thematic contents. Similarly, in an
earlier study, Houtveen and colleagues (Houtveen, Rietveld, Schoutrop, Spiering, &
Brosschot, 2001) asked participants to passively watch two sets of images, each split
into threatening, erotic and neutral emotional thematic contents. Again, SC responses
were significantly larger in response to pictures depicting erotic scenes than those
depicting threatening or neutral ones.

In Frazier and colleagues (Frazier, Strauss, & Steinhauer, 2004), undergraduate
students watched 9 film segments (three positive, three neutral, and three negative),
each 120sec in length. Findings showed that increased SC activity was associated with
arousal independent of valence whereas no gender differences were found on SC
activity. Similarly, in Norris and colleagues (Norris, Larsen, & Cacioppo, 2007),

students watched 66 pleasant, unpleasant and neutral images and thought about how
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they made them feel. Again, SC was greater in response to unpleasant and pleasant
images when compared to neutral ones while SC reactivity did not differ between
unpleasant and pleasant pictures, replicating again the typical arousal pattern of skin
conductance (e.g. Bradley, 2000).

A number of studies have also examined the effects of stimuli exposure time on
affective reactivity. For instance, in Armhein and colleagues (Amrhein, Miihlberger,
Pauli, & Wiedemann, 2004), participants chose the length of time they would spend
watching a series of positive, negative and neural images (self-paced image
presentation). SC amplitude was again higher for emotionally valenced images relative
to the neutral ones, although viewing time was significantly longer for positive
compared to negative images. The authors interpreted the SC findings as an arousal
effect and argued that as viewing time was not directly influenced by arousal but it
might have also been affected by a combination of variables, specifically subjective
interest and picture valence.

McManis and colleagues (McManis, Bradley, Berg, Cuthbert, & Lang, 2001)
asked participants to watch passively for as long as they wanted to (self-paced image
presentation) 60 IAPS images, equally split into positive, negative and neutral valence
categories. Viewing time and SC amplitude varied with emotional content, with
enhanced SC responses during exposure to unpleasant pictures, compared to pleasant
and neutral pictures. The authors argued that their selection of low arousal positive
images might have failed to activate strong or reliable emotional reactions from the
participants. In Ribeiro and colleagues (Ribeiro, Pompéia, & Bueno, 2006), participants
watched 32 IAPS images divided into four categories: eight highly pleasant-arousing
pictures (sexual content and adventures), eight highly pleasant relaxing pictures

(landscapes, flowers or babies), eight neutral on both valence and arousal pictures and
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eight highly unpleasant arousing ones. In agreement with MacManis and colleagues
(McManis et al., 2001) above, the pleasant relaxing images failed to elicit as large SC
responses as those elicited by the unpleasant images.

Results were replicated in few more studies where participants were exposed to
the presentation of (a) three video clips depicting feelings of fear, disgust and joy
(Palomba, Sarlo, Angrilli, Mini, & Stegagno, 2000) and (b) 100 IAPS images equally
split into unpleasant and neutral categories (Caseras et al., 2007); both studies showed
that unpleasant images depicting feelings of disgust elicited the largest SC responses as
compared to other valenced categories. Lane and colleagues (Lane et al., 1997) asked
20 female participants to watch 60 IAPS images which were split into pleasant,
unpleasant and neutral categories and depicted varying thematic contents; in agreement
with the above, enhanced SC activity was elicited in response to the unpleasant images
as compared to both other categories.

Cuthbert and colleagues (Cuthbert, Schupp, Bradley, Birbaumer, & Lang, 2000)
asked participants to watch pleasant (e.g. attractive infants, opposite sex nudes),
unpleasant (e.g. spiders, mutilations) and neutral (e.g. household objects) IAPS images
and maintain the image of each slide in their minds after its presentation and until they
could hear a soft tone which would allow them to stop. Again, the presentation of
emotionally valenced categories elicited enhanced SC activity compared to neutral
images. However, although both emotional categories prompted similar arousal ratings,
pleasant pictures did evoke significantly greater SC activity than the unpleasant ones.
In line with the above, the authors argued that SC differences might have resulted from
an augmented affective arousal of pleasant images in this particular picture sample.

In Sierra and colleagues (Sierra, Senior, Phillips, & David, 2006) participants

viewed images displaying spontaneous happy or disgusted facial expressions. Images
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were presented for only 3 seconds and were followed by a blank screen interval which
lasted for 30 seconds; during this interval, subjects were asked to give verbally their
emotional intensity ratings. Although no differences were found in intensity ratings
between the two thematic contents, SC amplitude to happy facial expressions was
significantly larger compared to facial expressions depicting disgust. Nevertheless, the
stimuli used in this study had been developed and validated by authors, making the
results less comparable with the other studies.

Another study wished to investigate whether brief presentations of emotionally
valenced images may also be able to elicit same patterns of autonomic responding to
those observed during longer picture presentations. Specifically, Codispoti and
colleagues (Codispoti, Bradley, & Lang, 2001) asked participants to watch 54 briefly
presented IAPS images (duration of 500 ms) equally split into pleasant, unpleasant and
neutral categories. Again, larger increases in SC were elicited when subjects watched
emotional pictures compared to neutral pictures, although no differences were found in
SC when participants were watching pleasant, compared to unpleasant pictures. The
authors explained the findings as an arousal effect and argued that shorter presentations
of visual stimuli can thus effectively activate similar response patterns to those observed
during longer presentations of valenced stimuli (usually 6 seconds).

Vrana and colleagues (Vrana & Gross, 2004) reached the same findings by
examining, however, the effects of longer (8 seconds) exposure to images depicting
angry, joyful and neutral facial expressions (Ekman & Friesen, 1976). SC amplitude
was again significantly larger for positive as compared to both other facial expressions
whilst the angry and neutral facial expressions elicited similar patterns of SC activity.

Interestingly, the authors argued that neutral images were depicting a more difficult
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thematic content for participants to decode and thus indexed enhanced orienting
processes which in turn, resulted in greater psychophysiological activity.

Smith and colleagues (Smith, Bradley, & Lang, 2005) examined the effects of
sustained exposure to consecutive presentations of 108 images selected from IAPS split
into positive (n=36), negative (n=36) and neutral (n=36 x 2) categories presented during
four long lasting image series. A greater number of SC responses were again elicited
when viewing blocks consisting of unpleasant images as compared to pleasant and
neutral ones suggesting again that the highly arousing qualities of unpleasant stimuli
might have had significant modulatory effect on the elicited SC responses. Finally, SC
level significantly decreased across series presentation: the authors argued that this
might have been reflecting overall habituation in electrodermal measures as the task
context became more familiar and the orienting processes were therefore less enhanced
(Montagu, 1963; Sokolov, 1963). In line with Vrana and colleagues (Vrana & Gross,
2004), the authors suggested that differences in the engagement of orienting processes
may therefore underlie the modulatory effects of stimulus arousal on SC response
systems.

In an attempt to separate contributions of stimulus arousal due to novelty from
those due to emotional valence, Bradley (Bradley, 2000) presented students with a
selection of 54 IAPS images split in pleasant, unpleasant and neutral categories; each
photograph was shown twice in a row. The argument was that during the second
presentation, the picture was no longer novel to the participants and effects due to
emotional arousal alone should therefore be accentuated. Although SC responses to
unpleasant images remained similar across the two presentations, responses to pleasant

images decreased significantly from the first to the second presentation, suggesting
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therefore that pleasant images may be more related to stimulus novelty than to
emotional arousal.

A number of studies have also examined the possible modulatory effects of
stimulus size on SC responding. For example, Sanchez-Navarro and colleagues
(Sanchez-Navarro, Martinez-Selva, & Roman, 2006) asked undergraduate students to
watch 54 IAPS images split into positive, negative and neutral categories. Students were
randomly assigned to two experimental conditions: one condition consisted of large
images and the other of small ones. Analysis showed significant SC differences between
emotionally valenced and neutral pictures, but not between pleasant and unpleasant
pictures suggesting again a modulatory arousal effect on autonomic reactivity. No
significant differences were however found between image size conditions, suggesting
no such effect on SC responses. On the other hand, Codispoti and colleagues (Codispoti
& De Cesarei, 2007) asked participants to watch 106 IAPS images representing a much
wider range of thematic contents split into seven categories: erotic couples, opposite sex
nudes, babies, neutral people, contamination, animal attack, and mutilated bodies. Each
picture was small, medium or large. Although more pronounced SC activity was elicited
for erotic couples and mutilated bodies, thematic content modulation on SC was more
pronounced for large images whereas decreased linearly with stimulus size; the authors
argued that stimulus size might have modulated stimulus relevance and consequently,
sympathetic changes related to high activation of strategic motivational response
systems and action preparation (Bradley et al., 2001).

Brown and colleagues (Brown, Bradley, & Lang, 2006) asked students to watch
IAPS images depicting members of the same or different to them ethnic groups in order
to examine possible modulatory effects of ethnicity on SC activity. African American

and European American participants were therefore recruited and exposed to images
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depicting (a) black people, (b) white people and (c) animals and objects. Although all
participants showed larger SC responses when viewing pleasant or unpleasant images as
compared to neutral ones, African American participants had lower SC activity than
European American participants supporting earlier findings suggesting that darker skin
has less electrodermal conductivity than lighter skin (Korol & Kane, 1978). European
American participants also showed higher arousal ratings in response to unpleasant and
pleasant pictures of white people than African Americans suggesting that European
American participants might have showed heightened emotional reactivity due to
increased group identification or personal relevance.

Finally, a recent study aimed to develop a new emotional paradigm to examine
whether autonomic activation patterns could also be organized around social
dimensions of emotion. Specifically, Britton and colleagues (Britton, Taylor, Berridge,
Mikels, & Liberzon, 2006) used film segments in order to induce socially and non-
socially generated emotions. SC responses to social positive stimuli (i.e. comedy) were
greater than those to non social positive stimuli (i.e. pizza scenes) although SC
responses to social negative stimuli (i.e. bereavement) were smaller than those to non
social negative ones (i.e. wounded bodies). More interestingly, for non social stimuli,
SC responses to negative stimuli was greater than responses to positive or neutral ones;
conversely, for social stimuli SC responses to valenced stimuli were greater than SC
responses to neutral stimuli suggesting that the social dimension may be an additional
important characteristic of emotional processing that can produce distinctive

psychophysiological responses.
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Table 1: Psychophysiological studies that have used skin conductance activity as index of emotional processing and emotional regulation

each.

Blocks followed by 30 s
intervals

and exceeding 0.04 uS

log-transformed values
reported

reported

Author, date Sample Design Stimuli Technical Measures Results Comments_ /
Interpretation
Bradley et al., N =95 (50F) Emotion 72 IAPS images (positive, Coulbourn S71-22 SC amplitude SC: SC modulated by arousal
2001 induction negative and neutral) had coupler measyred within 1-4 s unpleasant >
N=47 task varied normative valence & after image onset pleasant, neutral sC amplitude in men >
24F) arousal ratings and were Sensormedic women when viewing
coloured images presented for 6 s electrodes log-transformed values | gonween thematic | POSitive pictures
(pseudorandom order) reported contents:
5% NaCl Unibase threat, violent SC amplitude in women
N=48 . Lo
paste death, erotica > > men when viewing
(26 F) black and other categories negative stimuli
white
. SR: 20 Hz
images
Sierra et al., 2006 N =15 Emotion 12 blocks x disgust and Contact Precision SC amplitude SC: Stimuli were developed
7F induction happy facial expressions; measured as the happiness > disgust and validated by one of
task ; ; maximum change the authors (CS) as part
images alternated in gender
Electrodes 0.5cm initiated 1- 4 s after of his PhD dissertation
Mean age: image onset Arousal:
332+72 Images presented for 3 s SR: 100 Hz No differences

77
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Participants “maintained the
image in their minds” until
they heard a tone.

log-transformed values
reported

Amrhein et al., N =16 Emotion 54 IAPS images (positive, Vitaport-1 system SC amplitude SC amplitude: SC modulated by arousal
2004 6 F) induction negative and neutral) measured within 1.5 - Neutral < pleasant
task 6.5 s after image onset . o .
SR:400 Hz unpleasant pictures | Viewing time not directly
Mean age Valenced images had similar related to arousal but
99.547.9 arousal ratings log-transformed values SC Lat ) influenced by a
T reported =% Lalency. combination of variables
) NS differences (e.g. valence, subjective
Self-paced image .
. interest)
presentation
(random order of Arousal:
presentation) Unpleasant > Va.lence and arousal
pleasant > ratings were comparable
] to normative IAPS values
neutral images
o Small sample size
Viewing time:
pleasant >
unpleasant >
neutral images
Cuthbert et al., N =37 Emotion 54 IAPS images (positive, SC amplitude SC: SC modulated by arousal
2000 14 F) induction negative and neutral) measured as the change | eutral <
task Valenced images had similar score deviated from unpleasant
A _ arousal ratings; images baseline <pleasant pictures
ge range: presented for 6 s; random (1 s before image
18-24 years order of image presentation. onset)

Valence:
pleasant >
unpleasant >

neutral images

Arousal:

Unpleasant,
pleasant > neutral
images
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Norris et al., 2007 N =61 Emotion 66 IAPS images (positive, Biopac GSR100C SC amplitude SC: All subjects were right-
(61F) indlgction negative and neutral) zufefasured absthe Neutral < harljded, undergraduate
tas| ifference between students
i unpleasant,
) 8mm Ag/Ag-Cl each epoch and .
SC averaged over the first electrodes baseline pleasant pictures
and last 3 s of image ]
presentation (1 s before picture
i SR:1000 Hz onset)
as well as the 3 s following
picture offset
Low-pass filter: square-root
10-Hz transformed values
reported
rana ross, = motion slides equally split into oulbourn amplitude SC: modulated by arousal
Vi &G N=19 Emoti 24 slid Ily split int Coulb: SC litud SC SC modulated b |
2004 induction anger, neutral, joy categories | bioamplifier measured as the change | Neutral & anger
task ; score deviated from
High fear: (Ekman & Friesen, 1976) [coupler electrodes baseline expressions: SC 1 s of baseline physiology
Mean age (4 mm) ) decreased from just prior to slide onset
Slid ted for 8 s: (1 s before image baseline was used as a covariate
19.7+14 I0€es presented 1or o s, resentation) iologi
. p for all physiological
pseudorandom order of Unibase paste |
image presentation onlv ioviul analyses.
Low fear: vl yf .
SR:20 Hz expressions:
Mean age : SC increase from Lower SC activity during
21.7+1.8) baseline neutral expressions

interpreted as the result of
increased attentive
processing

NS gender differences
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Valenced images had similar
normative arousal ratings;
images were presented for
500 ms each

Sensormedic
electrodes

5% NaCl Unibase
paste

baseline (1 s before
image presentation)
and 1- 4 sec after
image onset

pleasant images

McManis et al., N =30 Emotion 27 1APS images (positive, | Coulbourn coupler SC amplitude SC: SC modulated by arousal
2001 (15F) induction negative and neutral ) measured as the change Unpleasant >
task score deviated from
5% Unibase paste baseline p!easant, neutral NS gender differences
Valenced images had similar ) pictures
arousal ratings (s befor.e Image
SR:20 Hz presentation) S
Viewing time:
Self-paced duration of image unpleasant >
presentation pleasant, neutral
(upto 305)
Arousal:
Pseudorandom order of unpleasant >
image presentation pleasant, neutral
Codispoti et al., N=51 Emotion 54 1APS images (positive, Coulbourn S71-22 SC amplitude SC: SC modulated by arousal
2001 (23F) induction negative and neutral) coupler measured as the change | eutral <
task score deviated from
unpleasant, Affective reactions were

similar for briefly
presented pictures as
found in studies using
longer, e.g. 6s
presentations

Same images were also
used in Bradley et al.,
1993
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Houtveen et al., N =41 Emotion Two sets x 27 IAPS images | Ag/AgCl SC amplitude SC: NS differences between
2001 @7F) induction (positive, negative and electrodes scored as the largest erotica > repressors, truly low
task neutral) value compared to threatening > ;r_]xri]ous e_ind moderat('ely-
; neutral pictures Igh anxIous groups In
Repressors (N=14) 5% NaCl Unibase baseline (10 s before P self-reports or SC
paste image onset) 1-5 s after
picture onset Reduced SC
Low anxious -
N=14 activity found
(N=14) during the second
image set
High anxious
(N=14)
Smith et al., 2005 N =37 Emotion Consecutive presentation of | Coulbourn S71-22 SCRs > 0.05 uS SCRs: SC modulated by arousal
(23F) induction three blocks of 108 IAPS coupler Unpleasant >
task images (positive, negative STAI pleasant,
and neutral) .
Sensormedic neutral
electrodes
Blocks of 12 same valence
. STAI:
images . | Uni
(90's long) %5 NaCl Unibase Individuals with
paste higher anxiety
ratings showed
Pictures presented for 6 s more SCRs
each, followed by 1.5 s
intervals
Palomba et al., N =50 Emotion Three video clips depicting 150/160 LTD SCL data reduced to SCL: All participants were
2000 (35F) induction threat scenes (fear), Digitimer amplifier 0.5 s bin criterion. disqust > threat > undergraduate students
task operation (disgust) and S$71-22 SC coupler joy
landscape (joy)
Mean age SC analyzed by
238417 Ag/AgC] electrodes | dividing the 132-s

Clips were 132 s long

Unpleasant clips had similar
arousal ratings

SR:10 Hz

stimulus period into
four 33-s epochs.
Differences between
epochs and the last 15 s
of baseline were
reported.
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neutral categories

Valenced images equal in
arousal ratings

5% NaCl Unibase
paste

SR:20 Hz

Sarlo et al., 2005 N =46 Emotion 20 IAPS images 150/160 LTD SC amplitude SC: All participants were
(21F) induction (6 s each) equally split into Digitimer amplifier measured as the change | gotic > threat, undergraduate students
task two positive (erotica, sport), score between blood > sport >
M two negative (threat, blood) | coulbourn S71-22 3 s before picture onset | neutral stimuli NS gender differences
ean age and one neutral categories coupler (baseline)
235429 and for 6 s during
Variable intervals: 15-20 s Ag/AgCI electrodes picture viewing
Valenced images equal in SR: 20 Hz
arousal normative ratings
Bernat et al., 2006 N =48 Emotion 54 |APS images Coulbourn amplifier / | SC amplitude Positive Male participants only
(48M) induction (6 s each) equally split into coupler measured from the relationships
task positive (erotic, adventure), or?se.t to peak response | between arousa_l
negative (victimisation, AgiAGC Wlthln.0.9~4-1-5 and SC for erotic
Mean age threatening images) and following picture onset | and threat contents
19.8 +2.52 (1 cm) electrodes only
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8 highly pleasant- relaxing
(landscapes, flowers or
babies), 8 neutral & 8 highly
unpleasant-arousing pictures

Ag/AgCl electrodes

from the last 3-s of
picture viewing

pleasant, relaxing
images (tended to
do so also in
relation to pleasant
arousing and
neutral images)

Codispoti & De N =50 Emotion 105 IAPS images split into: Coulbourn S71-22 SC amplitude scored as | SC: Picture size reduction
Cesarei, 2007 (25M) induction erotic couples, opposite sex coupler the maximum response largest picture size, | Was associated with a
task nudes, babies, neutral people, between 1 - 4 s from highly arousing decrease in SC affective
contamination, animal attack picture onset images > low modulation.
Mean age and mutilation. AY/AGCI arousing and
21.48+1.87 (7-mm) electrodes neutral ones
5% Nacl Unib log-transformed values
Three different picture sizes: °t a nibase reported larger, medium >
large, medium, small paste smaller pictures
SR: 20 Hz erotic couples,
mutilated bodies >
all others categories
neutral pictures,
contamination <
sex nudes, animal
attacks and babies
Ribeiro etal., 2006 | N=24 Emotion 4 sets x 32 IAPS images: 8 1-410 Physiological SC amplitude scored SC:
(12F) induction highly pleasant-arousing Monitoring System by subtracting 3-s Unpleasant >
task (sexual, adventures) before picture onset
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Caseras etal., 2007 | N=34 Emotion 100 IAPS images Coulbourn S71-22 SCRs > 0.01pS and > SCRs: NS gender differences
(17F) induction (6 s each) split into coupler 500 ms rise time disgust > neutral
task unpleasant (disgust; n=50) images
and positive or neutral
Mean age Males: (n=5%) categories Ag/AgCI When no SCRs, 0 was Females > males in
29.06+7.3 (7-mm) recorded for that block disgust sensitivity scores
Females: electrodes and subjective discomfort
29.88+9.04
5%NaCl Unibase
paste
SR: 20 Hz
Hubert & de Jong- | N=20 Emotion 2x 10 min films (amusing, Beckman Ag/AgCl SCL values averaged SC: Participants got more
Meyer, 1991 (20 M) induction suspense) presented on 2 electrodes for 60-s periods and SCL initially irritated during the
task consecutive days. (8 mm) subt_racted from th_e last | increased for min 1 | second part of the _
2 min of the baseline suspense segment while
Mean age period during the amusing film
27 Natic EDA coupler SCL increased for | this trend was weaker
Counterbalanced order of min 3 and 6 during | towards the end.
images presentation . SCL>0.1uS suspense scenes
range 5% NaCl Unibase
electrode Al participants were
21-24 SCL decreased f
paste - ecreased Tor males
min 5 to 10 for the
amusing film
SR:10 Hz
Cobos, Sanchez, N =19 Emotion 30 IAPS images (6 s) Sensormedic SC change between SC amplitude: Patients with spinal cord
Garcia, Nieves (7F) induction (unpleasant, pleasant and electrodes stimulus onset to Unpleasant > injuries were also
Vera, & Vila, 2002 task neutral) Isotonic electrolyte ma>.<imum increzflse pleasant, neutral included in the study
paste (0.29g) NaCl during the 6 s slide images
Age range .
Random order of image per 100 ml water. presentation
21-53

presentation

Constant current: 10
A
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Males: unpleasant,
pleasant > neutral
images

Frazier et al., 2004 | N=56 (28F) Emotion 9 films Biopac TSD103A SCRs >0.05 pS SCRs: Undergraduate students
indlgction (3 x positive, amplifier Bandpass cotr)nputed by Unpleasant,
tas DC-1 Hz subtractin
Mean age 3 x neutral, ) 9 pleasant > neutral | N gender differences
. baseline values images
19.1+1.53 3 X negative) di d
5%Unibase paste preceding an
Age range (120 s each) Nacl. following films from
18-26 values during each film
SR:1000 Hz.
Sanchez-Navarro N =61 Emotion 54 |APS images AD Instruments SC amplitude SC: NS differences or
etal., 2006 (38 F) induction (unpleasant, pleasant and ML132 bioamplifier | 5 ¢ 5 uSina0.9-4s pleasant interactions found in SC
task neutral) window after picture unpleasant > or viewing time for
Mean age Inter-trial intervals: Ag/AgCl onset. neutral images picture size or gender
19.75+2.95 18-30s (7-mm) electrodes
with Viewing time:
Valenced pictures had isotonic electrolytic log-transformed values | Pleasant,
similar arousal ratings paste reported unpleasfant >
N=31 >6) neutral images
viewed large
images - . Arousal ratings:
Participants controlled image
duration by keypress Females:
N=30 unpleasant >
viewed small pleasant > neutral
images images
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Britton et al., 2006 | N =40 Emotion Short films (2 min) varying BioPac MP100 The peak SC amplitude | SC: All participants were
(21F) induction in sociality (social or non bioamplifier during the first 30 s of | gqial positive > males
task social)I and valence (bplosilzive, each film was non social positive
neutral, negative or blan
Mean age g ) Ag/AgCl electrodes | Comparedtoa25s
with NaCl Unibase baseline period prior to .
19.3+1.2 . . each film Non social
After each film, participants paste negative > social
had to maintain the emotions negative

evoked

Non social stimuli:

negative > positive

Social stimuli:

positive, negative
> neutral
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Brown et al., 2006 | N =87 Emotion 56 IAPS images of (1) black | Coulbourn SC amplitude SC: All participants were
(46 F) induction people (2) white people (3) S71-22 bioamplifier calculated by European undergraduate students
task animals and objects fcoupler subtracting the American from different ethnic
baseline activity (1 s participants had backgrounds
before picture onset) larger SC when
Vivo Metric E224 from each viewing unpleasant
8 mm electrodes half s following picture | ©F Pleasant
onset. pictures of White
5% NaCl Unibase target_s > African
American
paste .
participants
Viewing time:
African Americans
looked at Black
targets > White
targets. No
ethnicity
differences in
viewing time for
unpleasant
pictures.
Lane et al., 1998 N =20 Emotion 60 IAPS images (6 s) Biopac amplifier / SC amplitude scored as | SC: All participants were
(20F) induction (unpleasant, pleasant and electrodes the largest half-s value unpleasant > female volunteers
task neutral) during picture viewing.

SR:1000 Hz signals
reduced to

12 half s bins

log-transformed values
reported

pleasant > neutral
images
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mean age: 23.12
range

19-37

and erotica) with variable
interval (6-8 min)
between presentations.

2-min baseline was recorded

Sensormedic
Ag/AgCl electrodes

5% NaCl Unibase
paste

Signal
calibrated in 0-40 pS.

presentation from that

occurring at each 60s
interval after film onset

Neiss, Leigland, N =102 Emotion 70 IAPS images (2 s) Biopac MP100A SC amplitude scored as | SC did not differ SC activity correlated
Carlson, & induction (unpleasant, pleasant, amplifier the highest peak within | across valence with subjective arousal
Janowsky, 2007 task neutral 6-s following stimulus | categories ratings in the youn
Yy Older adults age ) GSR100C transducer 9 9 9 I Y ?
range module (sensitivity onset and >0.1pS group only, suggesting a
=7nS) v < disconnection between
65-85 ounger women older participants’
All image categories had 2/(;)\/[\]/2?;; S?::sant conscious awareness and
similar arousal ratings Low pass filter:1.0 Hz i i
Younger adults age 9 : p _ log-transformed values | _ unpleasant physiologic arousal
range 0ch)g&_?l_'pzass filter: reported stimuli
24-40 '
AG/AIC Young and old did
9'Ag not differ in SC
(6 mm)
electrodes SC correlated to
subjective arousal
5% saline ratings in the
electrode paste young group only
Codispoti et al., N=60 Emotion Practice film clip (120 s) and | Coulbourn S71-22 SCL computed by SCL: Psychology students
2008 (33F) induction then coupler subtracting a_ctivity in emotional films >
task 3 films (surgery, landscape 60 s before film neutral film

first interval>
second interval

NS gender differences
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condition” as
control

films > old ones

Gross, 1998 N =120 Emotion Three silent films Beckman electrodes SCL measured as the SCL: The ethnic composition
(60F) regulation (Ekman & Friesen, 1976): change score between Suppression vs. of the sample was mixed
. baseline (1 min before | ; ion.
SUpPIession: | 7 films depicting disgust (55 | NaCl Unibase paste | . ( ' induction:
. image onset) from film
Mean age: Participants & 64 s long) &1 neutral period larger SCL
behaved in emotion
2141 such a way ;
“that an (1 min long) Subjective ratings:
N=40 emotion observer NS differences
induction would not between conditions
condition know what
they were
. \feeling”’
N=40 emotion
regulation
condition “Watch
as control
Kunzmann et al., N =95 Emotion 5 films Beckman electrodes SCL measured as the SCL: The order of the film
2005 regulation (Ekman & Friesen, 1976): NaCl Unibase paste | change score between | g npression vs. presentations
N=48(24F pre film and film induction: counterbalanced
=48(24F) - period
Age range Suppression: |1 peytral film larger SCL b cond ;
i Each condition consiste
_ Participants
1828 behaved in a (58 5 long) Subiecti " of 23 older (11 F) and 24
. ] - :
way “that an 3 disgust films (eye operation SUDIECUIVE TAINGS: | o nger (12 F) healthy
N= 47(23F) observer 58 s; burn victim 55 s; arm NS differences volunteers
amputation 62 s) between
Age range: would not o conditions
60-85 know what |1 positive film (contentment) NS effect of age
they were
Jeeling” Young participants
greater disgust
“Watch during medical
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condition” as
control

Gross & Levenson, | N =180 Emotion 4 films Grass Model 7 SCL measured as the SCL: All female undergraduate
1997 Healthy controls regulation (Ekman & Friesen, 1976): (Astro-Med, Inc) change score between | gyppression vs. students
films were neutral (3.5 min, pre.-flcljm and film induction:
; eriod.
Suppression; | soundless), amusing (3.5 P larger SCL during | In all conditions, the
i min, with sound) or sad (3.5 sad condition order of film
Participants min, with sound); a neutral ;
behaved in a il ' dach I presentations was
way “that an tim used as baseline Subiecti " counterbalanced
. gs:
observer (1.5 min, soundless) NUS de_:flve ratings
would not bet : ertences
know what el v(\j/fete_n WO
they were conditions
feeling”
“Watch
condition” as
control
Gross & Levenson, | N =85 Emotion 3 silent films (Ekman & Grass Model 7 SCL measured as the SCL: NS gender differences
1993 regulation Friesen, 1976): (Astro-Med, Inc) change score between Suppression vs. found during suppression
43M: 1 film was neutral (113 s) pre_—fl(ljm and film induction:
' Suppression: ) L period.
mean age 19.3 - 2 films depicting disgust Beckman electrodes larger SCL
B Participants | (burn victim 55 s & arm
(range 18-23) . -
behaved ina  |amputation 64 s) I I
way “that an NaCl Unibase paste Subjective ratings:
42F: observer NS differences
mean age would not between two
192 172 know what conditions
9.2 (range 17-23) they were
feeling”
“Watch
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Demaree et al., N=69 Emotion Participants saw either a Biopac Systems SCRs averaged over 2 | SCRs:
2006 (36F) regulation di-sgustin'g clip or a neutral GSR100C amplifier min within conditions Negative films vs.
clip (2 min each) TSD203 transducers neutral:
Mean age m more SCRs
19.32+1.57 Participants Biopac Electrode _
were asked Paste Suppression vs.
to “‘show no induction:
emotional
” Low-pass filter: 10 Hz fewer SCRs
response
Subjective ratings:
“Watch SCRs>0.05 S NS differences
condition” as between conditions
control
Ohira et al., 2006 N=10 Emotion 2 sets x (10 positive, 10 BioPac Systems SC amplitude SC: All female undergraduate
(10F) regulation neutral, 10 negative) colour MP-100 measured in 10 s time Negative>positive & graduate students
IAPS photos window during image duri .
Suppression: presentation uring suppresston
Mean age: Participants N Ag/AgCI electrodes The order of the tasks not
Positive, neutral, and counterbalanced
24.22+1.72 had to R i
“suppress negative blocks randomly SC amplitude averaged
PP presented NaCl unibase during each block and | Arousal:
range: emotional electrolyte during a 1-min baseline | negative >
ge: responses eriod gat
2221 and remain | Each block: 10 photos P positive,
calm” presented for 10 s at 2-s neutral stimuli
intervals
“Attending

condition” as
control
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Eippert et al., 2007 | N=24 Emotion 2 sets: neutral (12 images, Varioport, Becker View: largest SC SC amplitude: All participants were
Healthy controls regulation low arousal) & negative (36 | Meditec difference between a View: females
images, high arousal max and a precedin .
(24F) ges, ig ) - prececing SC amplitude
View: Ag/AGCH electrod min in the induction tive > neutral
iew: . g/AgCl electrodes phase (1-3.5 s after negative > neutral
Mean age: Participants | Instructions appeared on NaCl Unibase stimulus onset) pictures
viewed images for 500 ms asking electrolyte
23.3 (range: 18- - - .
pictures participants to regulate their .
28) . . . . Suppression vs.
without emotions accordingly . Decrease: SC ; :
- Low - pass filter: 16 . induction: NS
altering differences between a .
! Hz . . . differences
emotional | ted for 6 max in the induction
reactions”’ mages presented for o s phase (1-3.5 s after
stimulus onset) anda | Subjective ratings:
Decrease: max in the regulation NS between two
ﬁt phase (4-10 s after conditions
“ar Ictpants stimulus onset)
became
detached
observers”
Lazarus & Alfert, N=69 Emotion Presentation of sub-incision  |Fels dermohmmeter SCL averaged at 15 s SCL: All participants male
1964 (69M) regulation film (17 min) without intervals Compared with the students
commenta
Y Esterline-Angus no-soundtrack
Participants recorder condition, Compared with the no-
watched Denial commentary participants who soundtrack condition,
films whilst | condition (17min) heard the participants who heard
i) listening soundtrack showed | the soundirack also
ii) or not to a lower SC levels showed more pleasant
denial mood ratings
commentary
Key: SC=Skin Conductance; IAPS= International Affective Picture System; F=females; s=seconds; SR=sampling rate; zS=micro Siemens; NS= no significant; STAI= State-Trait Anxiety
Inventory; SCRs= number of SC responses
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Findings from emotion regulation tasks

A growing number of studies has been examining the effects of down regulating
emotional responses as a common form of emotional response modulation. Lazarus
(Lazarus, 1966, 1969; Lazarus & Alfert, 1964) provided some of the first evidence in an
influential series of studies. In a seminal study, Lazarus and Alfert (Lazarus & Alfert,
1964) showed participants a filmed operative procedure while manipulating the
accompanying soundtrack. More specifically, some participants heard a soundtrack
designed to minimize the negative emotional impact of the film by denying the pain
involved in the surgery and emphasizing the joyful aspects of the procedure instead.
Other participants heard no soundtrack at all. Compared with the no-soundtrack
condition, participants who heard the soundtrack showed lower SC levels and more
pleasant mood ratings. The authors argued that leading participants to watch the film
less negatively had decreased the stressfulness of what otherwise would have been a
stressful experience. As a result, they showed attenuated SC activity.

Gross (Gross, 1998) randomly assigned a large sample of healthy volunteers to
watch a disgust-eliciting film (Ekman & Friesen, 1976) either passively or suppress
their expressive emotional behaviours so that “an observer would not know that they
were feeling anything”. Although the suppression condition was effective at
diminishing expressive behavior, it had no significant effect on subjective emotional
responses whilst leading to increased SC responses. Most interestingly, although in an
attenuated form, this effect continued into the post-film period. Kunzmann and
colleagues (Kunzmann, Kupperbusch, & Levenson, 2005) asked participants of varying
age groups to watch a neutral and a disgust-eliciting film; they were then randomly

assigned to either watch passively or suppress their expressive behavior in response to
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the presentation of a different disgust-eliciting film. Consistent with the above, the
suppression instruction although effective at diminishing expressive behavior, had no
impact on subjective experience while SC levels increased in response to the negative
film relative to the passive condition; furthermore, no age effects were found in
participants’ expressive behavior, subjective experience or SC responses.

A series of studies have replicated these findings while extending the thematic
content of positively valenced images to depict a variety of emotions, such as
amusement. In order to examine the effects of inhibiting both negative and positive
emotion, Gross & Levenson (Gross & Levenson, 1997) asked female college-aged
participants to watch sad, neutral, and amusing films (as used in Gross & Levenson,
1995). Although suppression led participants to successfully inhibit their expressive
behaviours elicited by the films, this again had no impact on subjective experience.
Moreover, an asymmetry between negative and positive emotions emerged: when
subtracting pre-film from film period scores, the negative film elicited greater SC
activity during the suppression relative to the attending condition. Nevertheless, the
amusement film didn’t reveal any significant differences between the two conditions.

In a much earlier study conducted by the same research group (Gross &
Levenson, 1993), participants were randomly assigned to watch a neutral and a short
disgust-eliciting film whilst either inhibiting the expression of their emotional responses
(suppression condition) or watching it passively (no suppression condition). Similarly,
suppression was effective at diminishing expressive behavior and had no effect on
subjective experience; again, when subtracting pre-film from film period scores, greater
increases in SC activity were elicited in the suppression group relative to participants

who attended passively to the same stimuli.
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A more diverse picture emerged however when Demaree and colleagues
(Demaree et al., 2006) randomly assigned undergraduate students to either suppress or
exert no control over their facial responses while watching a (2 minute long) disgust-
eliciting or neutral film by following the screen instructions preceding each clips
presentation. Again, response modulation had no effect on subjective emotional
experience; similarly, the suppression task elicited greater SC activity in response to the
disgust eliciting film relative to the passive condition although the difference was not
statistically significant. The authors argued that the highly arousing nature of the film
might have created a ceiling effect that would have been difficult for participants to
exceed. Indeed, the participants who modulated their responses evidenced significant
SC recovery during the post-film period whereas the attending group did not.

Another study explored the effect of regulating internal emotional experience to
images as a conscious effort to alter their emotional impact. Particularly, Ohira and
colleagues (Ohira et al., 2006) asked female participants to complete two series of
experiments. During one of them, participants had to react normally to positive,
negative and neutral images with varied arousal ratings. Then, participants had to watch
another set of images with similar valence and arousal ratings while at the same time
trying to voluntarily suppress their subjective emotional responses. Indeed, during the
suppression condition, although there was again no effect on subjective experiences, SC
amplitude in response to all image categories was significantly larger relative to the
attending task. In terms of self-report data, attending to negative pictures induced
unpleasant emotional states compared to baseline whereas during the suppression task,
emotional states did not significantly change after viewing stimuli of any valence,

suggesting that although negative stimuli had a stronger impact (than positive and
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neutral ones), participants were successful in attenuating their emotional experiences
during the suppression task.

Finally, Eippert and colleagues (Eippert et al., 2007) asked female participants to
watch two sets of neutral and highly arousing threat-related images and follow
instructions preceding each picture presentation; the instructions requested participants
to either view the pictures passively (mood induction task) or decrease their emotional
reactions (suppression) by distancing themselves from the pictures. During the
suppression condition, although SC amplitude increased in comparison to the passive
condition, this failed to reach significant difference. According to the authors’
interpretation of the results, these may add weight to an early study on emotional down
regulation of emotional responses (Lazarus & Alfert, 1964), which demonstrated that
changes in SC activity were greater when instructions were given well before than
during a threatening film presentation. It was therefore postulated that reversing the
direction of an emotional response that is already under way may require more

conscious effort than doing so well before an emotional response unfolds.

Discussion

The present review provided an overview and critical synthesis of the existing
literature examining SC activity correlates of emotional regulatory capacities in
normative populations. Findings are discussed qualitatively rather than quantitatively.

Pleasant and unpleasant pictures consistently elicited larger SC activity than
neutral images whereas no significant differences were consistently found between
pleasant and unpleasant categories, suggesting that SC activity covaries with subjective
affective arousal only when participants are exposed to highly arousing stimuli that is,

regardless of valence. When exploring the possible effects of distinct thematic contents
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of stimuli on SC activity, images depicting erotica, violence/blood and disgust appear to
elicit consistently larger SC responses compared to other ones (e.g. fear, joy). SC
activity also appeared to be affected by other factors such as ethnicity, personal
relevance, subjective interest, social context, valence and the novelty of stimuli whereas
with repeated presentations of the same images, SC activity appeared to decrease.
Similar arousal patterns of skin conductance were observed using varying exposure
times to stimuli whereas larger sizes of stimuli seemed to elicit enhanced SC activity,
although results remain less consistent (Sanchez-Navarro et al., 2006).

SC activity is closely associated with the activation of the sympathetic branch of
the autonomic nervous system. Increases from baseline activity are considered a
component of the orienting reflex (Graham & Clifton, 1966), which aims at facilitating
the perceptual processing of information regarding the state of the external environment
(Lacey, 1967). Indeed, the preferential processing of high-priority stimuli in the
environment is an essential function of selective attention. In such a way, highly
arousing contents can prompt greater orienting, sustained attention, and action
preparation, as reflected by enhanced SC activity (Bradley et al., 2007; Codispoti et al.,
2006). In line with the above, findings discussed in this review showed that highly
arousing pleasant stimuli (e.g. erotica) were more effective in capturing attentional
resources whereas stimulus-specific aversive responses for negatively valenced stimuli
(e.g. blood, violence-related) also resulted in enhanced autonomic activity (Bradley et
al., 1999; Codispoti & De Cesarei, 2007; Schupp et al., 2007).

Emotional ‘“down-regulation” or suppression appears to be associated with
increased SC activity as compared to passive emotion induction tasks, although there
were less significant effects of task demands on subjective emotional experiences. It is

possible that the level of autonomic arousal plays a rather limited role in participants’
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subjective evaluations of intensity of their emotional experiences; conversely, cognitive
appraisal of the emotional experience may be a more complex function, which may
utilize far more sources of information than the level of physiological arousal alone (e.g.
motivation, social context, subjective interest) (Stefanopoulou & Hunter, 2013a, 2013b).
The above formulation is further supported by a growing number of neuroimaging
studies (e.g. Garrett & Maddock, 2006; Hariri, Bookheimer, & Mazziotta, 2000;
Patterson, Ungerleider, & Bandettini, 2002; Williams et al., 2001) suggesting some
degree of functional specialization in ventral medial PFC-amygdala versus ventral
lateral PFC-hippocampal systems: specifically, reflective evaluation of emotional
experiences is considered to be associated with hippocampal-lateral PFC activity
whereas the amygdala-medial PFC network is considered to process primarily visceral
information concerning autonomic arousal. However, future neuroimaging and
psychophysiological studies are warranted in order to delineate further such complex
processes.

Participants’ effort to actively regulate their responses to neutral images had no
effect on SC or subjective responses, suggesting that inhibiting non emotional states
cannot produce changes in either subjective or physiological activation: the
physiological impact of active emotional regulation grows out of the counterpoising of
attempts to inhibit expression against strong impulses to express. Nevertheless, in the
absence of a stimulus that can produce such impulses to express, inhibition of ongoing
behavior may only have little physiological or behavioural impact (Gross & Levenson,
1993).

Another controversial issue in emotional regulation studies concerns the presence
of gender differences in emotional response. Existing findings support that men and

women are mostly similar in their physiological reactions to pleasant and unpleasant
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stimuli. Indeed, many studies using adjunct physiological measures in assessing
emotional arousal, such as respiratory sinus arrhythmia (RSA), EMG activity and heart
rate have also failed to find significant gender differences (Frazier et al., 2004; Kreibig
et al., 2007; Sanchez-Navarro et al., 2006; Codispoti et al., 2008). They are also
consistent with recent functional imaging studies (Caseras et al., 2007; Hamann et al.,
2004; Sabatinelli et al., 2004; Wrase et al., 2003) showing that although gender
differences were shown in amygdala and extrastriate visual cortex activation in reaction
to emotional stimuli (pictures or films), such differences were not observed in terms of
autonomic changes. Taken together, it might thus be possible that gender differences in
evaluative judgments might be due to cultural factors and reinforcement, but more
studies are needed to better clarify disconcordance between subjective self reports and
SC changes.

Similarly, there were no evident modulatory effects of age on SC correlates of
emotional responding (e.g. Kunzmann et al., 2005). The possible effects of ageing on
emotional regulation nevertheless warrants further investigation. A few studies have
examined age differences in subjective but not physiological responses during similar
tasks; for example, Malatesta-Magai and colleagues (Malatesta-Magai, Jonas, Shepard,
& Culver, 1992) reported that older people showed greater emotional expressivity when
compared with young adults suggesting therefore that the basic capacity to react
spontaneously to emotion-arousing events on a subjective and behavioral level remains
intact in old age (Lawton, 2001; Lawton, Kleban, Rajagopal, & Dean, 1992). Only a
few studies have investigated emotion regulation in adults of different ages (Gross et al.,
1997; Lawton et al., 1992); however, these studies examined beliefs about emotion
regulation rather than measuring SC correlates of emotion regulatory skills. In Gross

and colleagues’ study (Gross et al., 1997), older adults saw themselves as more
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successful in regulating their inner feelings and overt emotional expressions than
younger adults did. Similarly, in Lawton and colleagues’ study (Lawton et al., 1992),
older adults reported higher levels of emotion regulation (control of inner feelings and
behavior) than younger adults. Although these two studies provide some indication that
emotion regulation might improve in older age groups, they are based on questionnaire
data and not on observed physiological activity.
Clinical implications

Most interesting are also the clinical implications of these findings. Particularly,
there has been very little direct empirical investigation of the use of maladaptive
emotion regulation strategies in the development and/or maintenance of clinical or
subclinical symptomatology, such as anxiety or depression. Although clinical
improvement has often been associated with at least partial reversal of the above
abnormalities, the question of whether the observed psychophysiological changes are
state or trait related still remains unresolved. Further investigation of clinical
populations across acute or remitted mood states (e.g. bipolar disorder) is therefore
critically urged since it might provide valuable insight into the cognitive and neural
underpinnings of emotion regulatory processes in different clinical disorders and
healthy populations.
Future directions

Although there are multiple points of convergence across studies, there are also
many confounding factors (e.g. social context, personal relevance) which may distort
our understanding of the psychophysiological mechanisms involved in emotional
regulation.

Many arguments have also been raised suggesting that common recording,

classification and correction methods of measuring psychophysiological responses are
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critically urged in order to eliminate possible methodological differences between
studies (Alexander et al., 2005; Dawson, Schell, & Filion, 2000; Lynn, 1966).
Moreover, it was recently argued that longer recording time-periods during and after-
stimulus presentation are needed in order for the emotional suppression to become
more effective in modulating both subjective and psychophysiological responses
(Eippert et al., 2007; Garrett & Maddock, 2001).

Furthermore, despite the importance of examining subjective and
psychophysiological responses to different categories of stimuli in terms of valence and
arousal, few studies have systematically examined distinct thematic concepts within
each category (e.g. mutilation versus adventure images). Additionally, it has been
argued that although pleasant images are depicting only one thematic content (i.e.
happiness), unpleasant images are depicting many different ones (e.g. sadness, disgust,
fear, threat etc); therefore, unless unpleasant images are depicting one thematic content
only (e.g. fear), it is difficult to reliably compare between these two image categories
(i.e. pleasant versus unpleasant). Finally, almost all existing studies have examined
young healthy populations (i.e. students): it is difficult therefore to generalize existing
findings to a normative sample of a wider age range.

Finally, no study so far has provided information on the nature, duration and
strength of emotional responses elicited by differently valenced or arousing stimuli in a
large normative sample. As a result, no normative data yet exist on the
psychophysiological and behavioral correlates of such responses. Future studies
exploring the above issues further may therefore be of great theoretical and clinical

significance.
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Abstract

CNS Vital Signs (Gualtieri & Johnson, 2006), is a computerized neuropsychological test battery that was
developed as a routine clinical instrument. It is comprised of seven cognitive tests: verbal and visual
memory, finger tapping, symbol digit coding, the Stroop test, a test of shifting attention and the
Continuous performance test. These tests yield 5 cognitive domains: composite memory, psychomotor
speed, reaction time, complex attention and cognitive flexibility. In the present study, we compared the
cognitive abilities of multiple sclerosis patients with relapsing remitting (RRMS) and secondary
progressive (SPMS) subtypes and healthy controls, utilizing the CNS Vital Signs neuropsychological
battery. We found differences in frequency and severity of cognitive impairment between RRMS and
SPMS patient groups. Further, we demonstrated that the CNS Vital Signs is sensitive in detecting
cognitive decline in MS patients and also noted cognitive impairment differences between RRMS and
SPMS patients. The observed clinical group differences in the present study reflect the fact that patients
with SPMS have more widespread brain damage, specifically, diffuse pathology in normal-appearing

white matter and gray matter injury.

Key words: CNS Vital Signs, neuropsychological battery, Cognition, Relapsing Remitting Multiple
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Introduction

The functional consequences of cognitive impairment in Multiple Sclerosis (MS)
patients can be devastating and cognitive impairment has a direct impact on health-
related quality of life during all stages of the disease process (Mitchell et al., 2005). MS
reduces physical independence and social activities (Rao et al., 1991), competence in
daily activities (Goverover et al., 2007), personal and community independence (Amato
et al., 1995), medication adherence (Bruce et al., 2010), rehabilitation potential
(Langdon & Thompson, 1995) and driving safety (Marcotte et al., 2008). Cognitive
impaired MS patients are also more likely to be unemployed, while employed MS
patients are more cognitively preserved (Honarmad et al., 2011).

Large studies of MS patients have reported cognitive impairment prevalence rates
of between 40 and 70% (Chiaravalloti & De Luca, 2008; Rao et al., 1991). Impairment
in cognition has been demonstrated during all stages and in all subtypes of the disease
(Clinically Isolated Syndrome - CIS, Relapsing Remitting Multiple Sclerosis — RRMS,
Secondary Progressive Multiple Sclerosis - SPMS, Primary Progressive Multiple
Sclerosis - PPMS and benign MS) (Potagas et al., 2008. Langdon, 2011), however,
more severe cognitive impairment tends to occur in the progressive subtypes (Denney,
Sworowski & Lynch, 2005) and especially the primary progressive subtype (Ruet et al.,
2013). Although almost all types of cognitive deficits can be observed in MS (Prakash
et al., 2008), the typical profile is deficits in information processing speed, memory and
often executive function, with relative preservation of language (Messinis et al., 2009;

Chiaravalloti & De Luca, 2008).

EledbOepva, Tevyog 6, 2013



Computerized Neuropsychological Battery Detects Cognitive Impairment Differences between Relapsing
Remitting and Secondary Progressive Multiple Sclerosis Patients 115

There is also large interpatient variability in the pattern and severity of cognitive
deficits in MS. In an effort to explain this variability, investigators have recently
addressed the question of cognitive reserve (CR), which is gained through life
experience i.e., intellectually enriching leisure activities and education level. Both years
of education and reading level improved predictions of cognitive decline over a five
year period (Benedict et al., 2010). It has been suggested that cognitive reserve relies on
a default network, involving the anterior and posterior cingulated cortices (Sumowski et
al., 2010). Further, brain reserve (BR) which was established by examining the maximal
lifetime brain volume (MLBV) of MS patients, protected against cognitive inefficiency
(Sumowski et al., 2013).

Another important issue involves MS patients self report of cognitive impairment,
which although important clinically, is unlikely to be related to objective cognitive test
performance, but rather associated to depression. On the other hand, relative’s reports of
patient’s cognitive function are more likely to be reliable (Kinsinger, Lattie & Mohr,
2012).

Cognitive status is typically only partially related to disease duration (Smestad et
al., 2010) and physical disability (Amato et al., 2010), although larger studies have
shown significant relations (Lynch, Parmenter & Denney, 2005). Cognition can also
predict future disease progression as cognitive status at the Clinically Isolated
Syndrome (CIS) event stage predicts conversion to MS (Zipoli et al., 2010) and
cognitive status at diagnosis of MS predicts accumulation of physical disability (Deloire
etal., 2010).

Cognitive impairment is correlated with brain abnormalities as visualized by
various MRI techniques. These studies have demonstrated that neuropsychological

performance correlates with T2 and T1 weighted white matter lesions as well as lesions
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in gray matter visualized by inversion recovery pulse sequences; brain atrophy as
measured in whole brain volume, gray matter volume, brain parenchymal fraction,
ventricular diameter and callosal area; and microscopic pathology as visualized by
magnetization transfer, diffusion tensor and proton spectroscopy in both lesions and
normal appearing brain tissue (Fillipi et al., 2010).

Computerized neuropsychological test batteries represent a viable method for
rapidly screening cognition and have demonstrated comparable results to traditional
neuropsychological batteries in detecting cognitive impairment in various patient groups
including mild cognitive impairment (Gualteri & Johnson, 2005), mood disorders
(Iverson et al., 2011), pediatric neurologic disorders (Brooks & Sherman, 2012) and
multiple sclerosis (Messinis, Anyfantis, Lyros & Papathanasopoulos, 2009). Further,
cognitive decline in relapsing remitting multiple sclerosis patients with low disability
status has been detected utilizing a computerized neuropsychological battery (Messinis,
Anyfantis, Paschali, & Papathanasopoulos, 2009).

In the present study we investigated cognitive function in a Greek sample of adult
multiple sclerosis patients and further aimed to designate possible differences in the
cognitive profile between MS patients with relapsing remitting (RRMS) and secondary
progressive (SPMS) subtypes, utilizing a computerized neuropsychological test battery,
CNS Vital Signs™, Chapper Hill (Gualtieri & Johnson, 2006). We hypothesized, based
on our previous preliminary research, clinical experience with MS patients and the
international literature that (a) patients with SPMS would have more extensive cognitive
dysfunction than patients with RRMS and (b) both RRMS and SPMS patients would
have more severe cognitive decline relative to the demographically matched healthy
control participants (c) the overall prevalence of cognitive impairment would be higher

in the SPMS group.
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Methods

Participants

Fifty eight patients with MS, diagnosed according to the Mc Donald criteria
(McDonald et al., 2001), were evaluated at the neuropsychology unit, Department of
Neurology, University of Patras Medical School, in Greece. Patients were classified as
RRMS (n=36) and SPMS (n=22). Patients with acute relapse during the last three
months, on corticosteroids or on other medications that could interfere with cognition,
learning disabilities, visual deficits, motor involvement of the upper limb, major
psychiatric illness, other neurological diseases and non native Greek speakers were
excluded from the study. Expanded Disability Status Scale score (Kurtzke, 1983) was
obtained from each patient by thorough neurological examination. In addition, twenty
three healthy control participants were recruited. Exclusion criteria for the control
sample included non native Greek speakers, visual deficits, learning disabilities,
psychiatric or neurological disorder, history of brain injury, cardiovascular illness,
medication use that could interfere with cognitive performance, drug and alcohol
consumption. MS patients were further assessed with the Beck Depression Inventory
Fast screen (BDI-fastscreen) (Beck, Steer, & Brown, 2000) in order to exclude major
depression as a concomitant factor that could interfere with cognitive performance. The
BDI fast screen is a 7-item self — report case-finding instrument that screens for severity
of depression that corresponds to the psychological or nonsomatic criteria for
diagnosing major depression disorders as listed in the DSM-IV-TR (APA, 2000) in
adults and adolescents. It consists of seven items extracted from the 21-item Beck

Depression Inventory — Il (Beck, 1996). The administration procedure used was the one
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suggested by (Beck et al., 2000) using a Greek translated and adapted version (Messinis
& Papathanasopoulos, 2006) with Cronbach’s internal reliability coefficient (a = 0.84)
All participants provided written informed consent to participate in the study,
which was approved by the Ethics Committee of the University of Patras. Table 1
shows demographic (age, education, gender distribution) and clinical (EDSS, disease

duration, BDI-FS) characteristics of patients and controls.

Neuropsychological assessment

CNS Vital Signs (Gualtieri & Johnson, 2006), a recently developed computerized
neuropsychological battery which also provides a Greek adapted language version was
used to investigate cognitive performance of the MS patients. This battery provides core
neuropsychological assessment utilizing seven neuropsychological tests. A brief
description of each measure is presented below followed by a description of the primary
domain scores.

The first of these tests, the Verbal Memory Test involves learning immediate and
delayed recognition for 15 words. These words (drawn from a reservoir of 100 words)
are presented, individually, on a computer screen every two seconds. For the immediate
recognition trial, the participant has to identify those words nested among fifteen new
words. Then, after been assessed with the remaining six tests (approximately 30 minutes
duration), there is a delayed recognition trial. The same paradigm is followed for the
Visual Memory Test, which measures recognition memory for figures (immediate and
delayed recall), drawn from a reservoir of 45 designs.

For the Finger Tapping Test, participants are asked to press or tap the space bar

with their index finger (separately for right and left hands) as many times as they can for
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a period of 10 seconds, over 3 trials, with a preceding practice trial. The scores
produced are the average number of taps for the right and left hands. This test examines
psychomotor speed and fine motor control.

The Symbol Digit Coding Test assesses information processing - psychomotor
speed, complex attention and visuo-perceptual speed. The participant is required to type
in numbers that correspond to 8 different symbols presented on the screen (drawn from
a reservoir of 32 symbols). Scoring is the number of correct and incorrect responses
generated in 2 minutes.

The Stroop Test examines executive function, simple and complex reaction time,
information processing speed, psychomotor speed and inhibition- disinhibition. It
contains 3 parts that involve responding to words and colors. In the first part the words
RED, YELLOW, BLUE and GREEN (which are written in black color on the computer
screen), appear randomly on the screen and the participant presses the space bar as soon
as the word is seen. In the second part the words appear on the screen printed in color.
The participant is asked to press the space bar when the color of the word matches what
the word says (e.g., the word RED printed in red ink) but not responding when the color
of the word does not match what the word says (e.g., RED printed in blue ink). In the
third part, the participant is asked to press the space bar when the color of the word does
not match what the word says (e.g., RED printed in blue ink) but not responding when
the color of the word matches what the word says (e.g., RED printed in RED ink).
Scores include simple reaction time (partl), complex reaction time (parts 2 and 3), and a
commission error score (part3).

The Shifting Attention Test examines executive function, reaction time,
psychomotor and information processing speed. It is a measure of the ability to shift

from one instruction set to another quickly and accurately. Participants are instructed to
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match geometric objects either by shape or by color. The participant is asked to match 1
of 2 bottom figures to a figure at the top of the screen based on 1 of 2 rules that are
presented (e.g., “match to shape” or “match to color”). The test continues in this manner
for 90 seconds. Shifting Attention Scores include correct matches, errors, and response
time.

The Continuous Performance Test is a measure of vigilance and sustained
attention. The participant is asked to respond to the target stimulus “B” but not to any
other letter while stimuli are presented randomly for 5- minutes. Scoring is correct
responses, commission errors, omission errors, and choice reaction time.

The CNS Vital Signs Domain scores which are normed, similar to traditional 1Q
scores, with a mean standard score (SS) of 100 and a standard deviation (SD) of 15, are
derived by combining 18 subtest scores from the 7 measures. Low scores in clinical
practice or research can be defined in several ways, such as (a) more than 1 standard
deviation (SD) below the mean (i.e., < 85 SS), (b) below the 10™ percentile (i.e., < 81
SS), (c) at or below the 5™ percentile (i.e., < 76 SS), and (d) more than 2 SDs below the
mean (i.e., <70 SS). Normative data for this battery is provided in Gualtieri & Johnson,
(2006), who indicate that random selection of the stimuli used in testing help reduce
practice effects on repeated testing. The measures have adequate test — retest reliability,
adequate concurrent validity with traditional paper and pencil measures and other
computerized tests, and the domain scores have been shown to discriminate between
various clinical groups (Iverson et al., 2011).

Correct responses from the verbal and visual memory tests provide Verbal
Memory and Visual Memory domains scores, respectively, as well as the Composite
Memory domain score. The total of right and left taps from the Finger Tapping Test and

the total correct responses on the Symbol Digit Coding Test generates a composite score
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for Psychomotor Speed. Averaging the 2 complex reaction time scores from the Stroop
Test generates a domain score for Reaction Time, which can be considered as measuring
information — processing speed in a test of executive function. The number of correct
responses on the Shifting Attention Test, minus the number of errors on the Shifting
Attention Test and the Stroop Test, is used to create a domain score for Cognitive
Flexibility. The domain score for Complex Attention is generated by adding the number
of errors committed in the Continuous Performance Test, the Shifting Attention Test,
and the Stroop Test. The overall summary score, called the Neurocognition Index, is the

average of the domain scores.

Statistical Analyses

Statistical analyses were performed with the SPSS package (Release 20.0). Group
comparisons for demographic and clinical characteristics were analyzed by means of
one-way ANOVA (age, education, disease duration, BDI-FS), independent — samples
Mann-Whitney U test for rank data (EDSS score) and the Pearson chi square (X?) test
was used to compare gender distribution. Between - group differences for
neuropsychological variables were analyzed with a series of analyses of covariance
(ANCOVASs). Demographic and clinical variables that differed across the groups were
included as covariates in all analyses. Bonferroni corrected p values were used to
interpret significance when multiple comparisons were performed. We also calculated
the proportion of participants impaired on individual CNS Vital signs
neuropsychological test domains. We further calculated the Cohen d, as a measure of
the effect sizes (magnitude of mean differences in SD units). Effect sizes are interpreted

either as small (d =0.2), medium (d=0.5), or large (d > 0.8) (Cohen, 1988)
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Results

Comparison of the demographic and clinical data

Relapsing remitting MS patients were younger and had lower EDSS scores than the
SPMS patients. Disease duration was also longer for the SPMS group, compared with
RRMS. There were no significant gender distribution differences or differences in years
of education between groups. Further, the MS groups did not differ in severity of
depression (seeTable 1). Due to the significant differences found between the groups on
the confounding variables age, EDSS and disease duration these variables were

statistically controlled through analysis of covariance (ANCOVAS) in further analyses.

Table 1: Demographic and clinical characteristics of patients and controls: mean (SD)

RRMS SPMS Controls Significant differences
N 36 22 23
Age
(years)

40.65 (2.55) 47.80 (5.65) 40.25 (10.60) RRMS < SPMS
Education
(years)

12.20 (3.50) 12.65 (3.25) 12.80 (1.20) ns
Gender
(% M/F)

245/75.5 28.7/71.3 40.5 /59.5 ns
EDSS 3.150 (.750) 6.180 (.625) - RRMS < SPMS
Duration
illness

8.60 (3.95) 14.90 (4.85) - RRMS < SPMS
BDI-FS  7.72 (3.95) 7.84 (3.87) - ns

RRMS = Relapsing Remitting Multiple Sclerosis; SPMS = Secondary Progressive Multiple Sclerosis;
Significant differences determined by one-way ANOVA (age, education, disease duration, BDI-FS)
independent — samples Mann-Whitney U test for EDSS; Pearson (X?) test for gender; Significant at the
p < .05 level
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Neuropsychological performance

A series of (ANCOVAs) controlling for age, EDSS and duration of illness were
carried out in order to determine whether there were significant differences between the
three groups (RRMS, SPMS, Controls) in each cognitive domain of the CNS Vital
Signs neuropsychological battery. Table 2 provides mean scores and standard deviations
obtained by the groups in each cognitive domain and the significant differences noted in

the performance of the multiple “post hoc” comparison tests.

Table 2: Neuropsychological test performance of patients with RRMS, SPMS and healthy

controls: mean (SD)

P Value for Comparisons

RRMS  RRMS  SPMS
RRMS SPMS Control VS. vs. vs.
SPMS Control Control

: 92.70

Composite 90.95 (9.50)  83.40 (9.35) 045* 062 026*

Memory (10.85)

Psychomotor 126.55 104.26 142.36 o * o

Speed (25.30) (26.84) (23.25) <001 023 <001

885.59

Reaction Time 810.42 71065 .002* .017* .002*
(160.25) (114.76) (90.65)

Cognitive 32.72 . . .

Flexibility 18.45(9.62)  12.25(6.78) (11.70) 015 016 .004

Complex Attention  15.80 (9.57) 18.25(7.20) 12.62 (5.60) .020* .002* .008*

Values are mean (SD) domain scores for the CNS Vital signs neuropsychological battery; RRMS = Relapsing
Remitting Multiple Sclerosis; SPMS = Secondary Progressive Multiple Sclerosis; Significant differences p < .001 **,
p<.05*

For Composite memory, Psychomotor Speed, and Cognitive Flexibility domains, higher scores indicate
better performance. For Reaction time and complex attention domains lower scores indicate better
performance.
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We found a significant main group effect for the composite memory domain (F;, so
= 7.305; p = .0004). Post hoc multiple comparisons indicated differences between the
RRMS and SPMS group, with the progressive subtype having lower performance than
the relapsing remitting patients and between the SPMS group and controls, where the
healthy participants performed better. On the contrary, the RRMS group did not differ
significantly from the controls on this domain. We further found main group effects for
the psychomotor speed (F;, g0 = 0.115; p < .0001), reaction time (F, g = 6.052; p =
.0011), cognitive flexibility (F;, so = 9.031; p < .0001) and complex attention domains
(F2, s0 = 16.908; p = .0008). Post hoc multiple comparisons indicated differences
between the SPMS and RRMS groups, the SPMS group and controls and the RRMS
group and controls on the psychomotor speed, reaction time, cognitive flexibility and
complex attention domains. Specifically, the secondary progressive MS patients
performed substantially lower than both the RRMS patients and the healthy participants

on all previously mentioned domains (see Table 2).

Large effect sizes were present when the SPMS patients were compared to
controls on composite memory, psychomotor speed, reaction time and cognitive
flexibility and a medium effect size was present for complex attention. When RRMS
patients were compared to controls, large effect size were found for reaction time,
psychomotor speed and cognitive flexibility, with a small effect size noted for complex
attention. Comparison of the two clinical groups indicated large effect sizes only for

composite memory, while psychomotor speed and reaction time had medium effect
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sizes. Small effect sizes were noted for cognitive flexibility and complex attention

between the clinical groups (see Table 3).

Table 3: Effect sizes (Cohen d) for differences between MS subgroups and between
healthy controls and MS subgroups controlling for (age, EDSS and duration of

illness)
RRMS vs. RRMS vs. SPMS vs.
SPMS Control Control
Composite
Memory 85 ) 85
Psychomotor 62 97
Speed 152
Reaction Time 52 1.05
.96
Cognitive 48 91
Flexibility 87
ctnion 3 3
.59

Effect sizes are interpreted either as small (d =0.2), medium (d=0.5), or large (d > 0.8)

Prevalence of cognitive dysfunction

We also recorded the proportion of RRMS and SPMS patients impaired on each

specific domain of the CNS vital signs neuropsychological battery. Various studies have

used several different impairment criteria, depending on whether the authors were

interested in assessing subtle or more severe forms of impairment. In the present study,
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we examined the proportion of impairment on specific cognitive domains using as
criterion for impairment 1.5 standard deviations (S.D) below the control group mean.
Our overall prevalence rate of cognitive dysfunction was 51.72% (30/58 MS patients).
For the proportion of MS patients impaired on specific cognitive domains of the CNS

vital signs neuropsychological battery refer to (Table 4).

Table 4: Proportion of MS patients impaired on specific cognitive domains of the CNS
vital signs neuropsychological battery

RRMS (n=36) SPMS (n=22)
Composite Memory 6 (16.6%) 9 (40.1%)
Psychomotor Speed 8 (22.3%) 14 (63.6%)
Reaction Time 21 (58.3%) 17 (77.4%)
Complex Attention 9 (25.0%) 8 (36.4%)
Cognitive Flexibility 10 (27.8%) 13 (59.0%)
Discussion

Computerized neuropsychological batteries comprise one option for providing
assessment of cognitive abilities and appear to have adequate psychometric properties
compared to traditional paper-and-pencil measures. The aim of the present study was to
demonstrate performance on the CNS Vital Signs computerized test battery in relapsing
remitting and secondary progressive multiple sclerosis patients in a district Greek
population of Western Greece. To our knowledge, this is the first study in Greece to
demonstrate that CNS Vital Signs has the potential to detect cognitive impairment
differences between patients with relapsing remitting and secondary progressive

multiple sclerosis. To date, evidence that the CNS Vital Signs can detect cognitive
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impairment in Greek MS patients was provided in a preliminary study by Messinis,
Anyfantis, Lyros & Papathanasopoulos, (2009), however, this study did not compare
relapsing remitting and secondary progressive patients.

The overall prevalence of cognitive dysfunction in our patients was 51.72 %, thus
in accordance with the estimated prevalence of previous studies that ranged from 40 to
70% (Chiaravalloti & De Luca, 2008). Our results also confirmed previous data that
cognitive deficits are more frequent and pronounced in chronic progressive MS and tend
to worsen over time (Denney, et al., 2005; Filippi et al., 2010).

The largest proportion of impaired RRMS patients was found in reaction time
(58.3%). We further found lower percentages of impaired RRMS patients in cognitive
flexibility (27.8%), psychomotor speed (22.3%) and composite memory (16.6%). It thus
appears from this study that the cognitive domain mostly affected in our impaired
RRMS patients is processing speed as demonstrated by the significantly low reaction
time. With regards the SPMS patients, the highest percentages of cognitive impairment
were detected in reaction time (77.4%), psychomotor speed (63.6%) and cognitive
flexibility (59.0 %), with lower percentages found in composite memory and complex
attention. Thus, secondary progressive MS patients demonstrate  significantly low
reaction (processing speed) time and psychomotor speed, which is further complicated
by cognitive flexibility deficits, in essence, executive dysfunction.

Information processing speed refers to the rate at which cognitive processes can
be executed (Krail & Sanan, 1994).Two types of processing speed (PS) have been
discussed in the literature. Simple PS is the amount of time needed for simple
attentional tasks and complex PS, is the amount of time necessary to process more
complicated tasks (Chiaravalloti et al., 2003). There is a clear association between

working memory (executive function) and processing speed, suggested by some authors
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in the sense that working memory deficits, especially early in the course of multiple
sclerosis are mainly due to deficits in processing speed (De Luca et al., 2004). The
authors discuss this notion in terms of two models. The Relative Consequence Model
suggests that patients fundamental slowing of PS affects their abilities to perform other
cognitive tasks, while The Independent Consequence Model suggests that deficits in
working memory-executive function are independent of impaired PS. In another study,
authors assess information processing speed mainly by evaluating reaction time (Brett et
al., 2007). Traditionally the most widely used tests of processing efficiency and speed in
MS are the Paced Auditory Serial Addition Task (PASAT) and the Symbol Digit
Modalities Test (SDMT) (Langdon, 2011; Parmenter et al., 2007).

In the present study, we used the CNS Vial Signs computerized battery that
utilizes a computerized form of the SDMT, providing our group with the opportunity to
accurately and automatically quantify a ‘speed factor’ via multiple parameters such as
reaction time, psychomotor speed and processing speed. As noted above, our results
indicated that reaction time is the most frequent cognitive deficit in both RRMS and
SPMS patients. Further, psychomotor speed deficits were identified in a significant
proportion of SPMS patients and although also found in some (22.3%) of RRMS
patients, comparison between RRMS and SPMS group revealed significant differences
with a medium effect size indicating its prominence in the progressive stages of
multiple sclerosis. Similar predominance in SPMS patients, but with a small effect size
was found in cognitive flexibility and complex attention, in keeping with previous
studies (Piras et al., 2003).

Our findings are in accordance with previous studies suggesting that the most

frequently affected cognitive domains in MS patients are that of executive function and
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processing speed, followed by episodic memory (verbal and visual) (Potagas et al.,
2008; Messinis et al., 2010).

Regarding the utilization of a computerized neuropsychological battery in the
present study, some issues need to be raised. Traditional paper-and-pencil
neuropsychological test batteries are usually time consuming and often require qualified
clinical neuropsychologists to be administered. Furthermore, they need additional time
to evaluate the results and lack of alternate forms may minimize practice effects which
in turn negatively affect serial testing over time. Further, traditional neuropsychological
tests are not ideally suited to detect reduction of psychomotor and information
processing speed as well as reaction time (Piras et al., 2003). On the contrary,
computerized batteries have demonstrated comparable results to traditional
neuropsychological batteries (Wilken et al., 2003; Akbar et al., 2011). The CNS Vital
signs neuropsychological battery that utilizes computerized forms of traditional tests
such as the Symbol Digit Modalities Test (SDMT) and the Stroop test could provide the
non-neuropsychologist clinician with a reliable screening tool for detecting cognitive
deficits in RRMS and SPMS patients.

However, cognitive assessment with computerized batteries does have several
limitations. First of all there are multiple-choice formats and a definite reliance on the
visual modality. There are many potential sources of error in computerized
neuropsychological assessment including use of various configurations and operating
systems. In addition, there is provision of less qualitative information compared with the
traditional pencil-and-paper tests as well as limited assessment of each cognitive
domain. Finally the participants must be familiar with computers (Woo, 2008; Cernich

etal., 2007).
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Future studies utilizing face to face parallel testing by traditional paper and pencil
tests versus computerized neuropsychological assessment will be of great interest in
order to address the efficacy of computerized neuropsychological tests in detecting
cognitive impairment in multiple sclerosis patients.

In conclusion, the main finding of our study is the difference in frequency and
severity of cognitive impairment between RRMS and SPMS patient groups. Further, we
demonstrated that the CNS Vital Signs computerized neuropsychological battery is
sensitive in detecting cognitive decline in multiple sclerosis patients and also noted
cognitive impairment differences between RRMS and SPMS patients. The observed
clinical group differences in the present study reflect the fact that patients with SPMS
have more widespread brain damage, specifically, diffuse pathology in normal-

appearing white matter and gray matter injury.
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Hiextpoviky Lvotoryio Nevpowvyoloyikwv Aokipuaciov Aiakpiver
Arapopés otic I'vootinés Acitovpyies uetalv AcOesvarv ue
Yrotpomialovoa kar Acvteporaln Ilpoodcvtiky Moppn Zxiqpovens
Koo IlJakag

Adpmpog Mscm’wng“, Nikoraog Ammméwogls, ABavaorog Maradavaciov™,

I'pnyoprog N(iuswg17 & Havoyiotg Hanaﬂavao‘énookoglg

Iepitnyn

H ovotoyia doxipacuov CNS Vital Signs (Gualtieri & Johnson, 2006), amoteiel o nAeKTpoviKn
GLGTOLYI0 VEDPOYVYOAOYIKMV SOKILOCLOV TOV AVOTTUXONKE Yot TOKTIKY KAWVIKN ¥pnon. Amoteleitat omd
EMTA YVOOTIKEG OOKIHMOCIES: AEKTIKN KOl OMTIKA HVAUN, OOKWooio Toyémv Kwnoemv SoKTOAOU,
avtiotoiynomn cuppformv ypappdtov, dokiyacio Stroop, po SoKLacio LETATOTIONS TG TPOCOYNG KOt [id
doxpacio ovveyods mpocoyns. Ot dokylocies ovTEG SOHOPEOVOLV 5 yYVOOTIKE medio: pvAun,
WYOYOKIVITIKY TOXDTNTO, TOyVTNTO avtidopacns, oOvvOe Tpocoyn Kol yvooTikh gveM&io. Xy moapodoa
HEAETN oLYKpIvape TIG YVOOTIKEG Agttovpyieg acbevdv pe v vrotpomidlovoa kot dgvtepomadn
TPOOJEVTIKY HOPPT GKANPLVON KOTO TAGKOG KOl QUOIOAOYIKG GTopa HE T YpNon TG ovortoiyiog
dokipaciov CNS Vital Signs. Ta suvpipoto pog avédei&av dapopéc otn ouyvotnto kKol cofapdtmro Tmv
YVOOTIKOV EAALEIUUATOV PETAED TV S0 KAVIKOV opddwv. EmmAéov, amd ta dedopéva pag eavnke 0tL 1
ovototyia dokipociov CNS Vital Signs sivar gvaicOntm otnv avigvevon yvooTK®V EAASUPATOV O
acbBeveig pe oKApLVOT KATE TAGKAS OALA KOt OT1) S1GKPLOT) YVOOTIKAOV SLUCAEITOVPYLOV LETAED acBevdv
[e VOTPOTLALOVGa KOl SEVTEPOTAON TPOODEVTIKY| LOPPT] CKAPLVONG KATE TAGKAS. Ot TapaTpOVUEVES
Spopég oTIg YVMOTIKEG Aettovpyieg otV mopohoo HEAETN aviovakAoDV TO yEYOVOS OTL GTopa pE
devTePOTOON TPOOSEVTIKT LOPPT] CKANPLVONG KATE TAGKOG Topovotdlovy o gvupeia eyke@aitkn PAGHTN

Kol €101KoTEPO ddyvTN TaBoAoYio TG AEVKNG ovaiag Kot mEPUTEP® PAGPN TS Pands ovaiag.
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O1 op1OunTIKéS Kol VITOAOYIGTIKES OECIOTHTES TV ATOUMY UE OLATAPOYES

OTO PAGUA TOV AVTIGUOV: INEVPOYVWGTIKES TPOGEYYIGEIS

Yopa-Maxpn Mapialg, BLayocg d)i)»umogzo

Iepiinyn

YKOmOG TNG TOPOVGOS EPYOCIOG VOl 1| OVOOKOMNGT UEAETMV GYETIKO UE TIG OPOUNTIKEG Kot
VITOAOYIOTIKEG 3e&lOTNTEG TOV ATOU®V pE SoTopayég 6T0 QAo Ttov avtiopov. Eotidlovtag otig
veupoPloloyikég Kot YVOOTIKEG dlepyacieg mov a&l0molovvTal amd T AVTICTIKA AToe KAt T didpKela
ApOUNTIKOV KOl VTOAOYIOTIKOV £pYV Bol eMSIDEOVIE VO KATAVOT|GOVLLE EAV 1) VTTOAOYIGTIKT GKEYT TOV
OVTIOTIKAOV OTOU®V S0POPOTOLEITAL CUYKPITIKA [E TO dTopd TUTKNG avartuéng. Onwg mpokimtel amd
GUYYPOVESG VEVPOUTEIKOVIGTIKES KO YVMOTIKEG LEAETEG POIVETOL VO VTTAPYEL £VO CLYKEKPLUEVO YVAOOTIKO
TPOTLTTO, TOV AVUIEIKVVEL TL Bo, UTopoVoE v ELVONGEL TV OVATTVEN €KV de&l0TNTOV 1 «NGidmV
IKOVOTNTOG» GTOV YVOOTIKO TOUEN TMV LOBNUATIKAV EVTOG TOL PACUATOS TOV aVTIopov. Eviodtolg, eivat
d0GKOAO v omo@ovOoVUE GYETIKG LE TO €0V OWTO TO QVTIGTIKO YVOGCTIKO TPOTLTO AELTOVPYING, TOL
Booiletol ot SLAOIKOCTIKN HVAUN, TNV GONATN LABNon KOl TIG OTTIKO-VTIANTTIKEG IKOVOTNTEG UITOPEL VOl
00NYNOEL GE AVATEPT HOONUATIKY OKEYN 1| oV avTavakAG avdTtepn poabnuatiky wovotta. To ciyovpo
glval Tog pumopet va 0dMyNoeL o€ £vay W1iTEPO KAl SLUPOPETIKO, 0d TOV VELPOTVTKD, TPOTO GKEYNG, (G
OmOTEAEGLOL. TNG OLOPOPOTOMUEVIG GUVOECIUOTNTOG, OPYAVAOONG KOl AEITOLPYIOG TOV EYKEPOMK®OV

SopdV, OOV TO TEPLOPICLEVO EVILAPEPOV, TO KIVITPO Kot 1] EULpov EEAGKNGT AELTOVPYOVV EVICYVTIKA.

Aéerg Klerdrd: dMatapayég 6TO EACLO TOV AVTICUOV, APBUNTIKEG Kol VITOAOYIOTIKEG de&1oTNTEC,

€YKEPAAOGC, YVOOTIKEG AetTovpyies.

Ewcayoyn
O avtiopdg elvar pio €TEPOYEVIC, VEVPOUVOTTLEINKT] dloTapoyn, T aKplp1 aitia
™m¢g omoiog mapopévouv dyvoota. [loAlol mapdyovieg €xovv ocvoyetiobel pe v

attonafoyéveln Tov, v €xovv yivel TOAAEC poomdBeleg epunveiog g OlaTopaymg,

19 Yoyoloyog, petomtuylokn eortntpla [Hawdaywywod Tuqupotog Ewwme Ayoyhg, IHavemothiuo
Osooaliog, e-mail: psoma-mak@uth.gr

20 Avomh. Kadnyntic, Todayoyud Tuduo Edikic Ayoyig, Havemotiuo Occcariag, Apyovontdv &
Ddured VeV, 38221 Borog, Tnh. 2421074739, e-mail: fvlachos@uth.gr (Aebbvvon enkovaviog)
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oV £0TIAloVV 6g BLOAOYIKO, YVOOTIKO KOl GUUTEPIPOPLoTIKO eminedo (Happé, 1999).
Ot peAETEG OOUIKNG VELPOOTEIKOVIONG GE GTOUN UE OVTICUO VTOOEIKVOOLV KOATOIEG
nofoloyieg otovg petomoiovg AoBoOG TOL E€YKEPAAOL, TNV OULYOOAN KOl TNV
napeykepaiida (Amaral, Schumann & Nordahl, 2008), 6uwg dev vrdpyovv cvvenn
EVPNUOTO TOV VO UTOPOVV VO EPUNVELGOVV EMAPKDOG OAO TO PAGLO TV OL0TOPUYDV
Tov avtiopoV. IIpdopatec HEAETEG KOTAANYOUV GTO GUUTEPACLO TOG O OLTICHOG
péAdov dev amotelel ovvémewn eotiacpévng moboloyiag o€ pio  GUYKEKPLUEVT
EYKEQOMKT doun, 0AAL TO OmOTEAESHO Piag STopayHEvNG eEEAMKTIKNG mopeing TG
€YKeQOMKNG avantuéng kat cuvoeoipnotntag (Melillo & Leisman, 2009) kot mpoteivovy
OTL 1 €TEPOYEVELD. TOGO TOV POCIKAOV, OGO KOl TOV GLVOODV YOPOUKTNPIGTIKMV
(advvapdv, oAl Kol €0IKOV IKOVOTATOV) 00NYoOV GE £va €TEPOYEVEG TPOTLTO
vevporaforoyiag, mov opilet Kat Tn AEITOVPYIKOTNTO TOV CVTICTIKOD ATOLOV.

"Exet vmootpryBel 6t1 o1 dratopayés mov EVIACCOVTIOL GTO PAGLO TOV CUTIGUOV
UTOPOVV VO TEPLYPAPOVV MG EVOL GLVEXEG EMUTEOMV IKAVOTNTOG, TOV EKTEIVETOL OO TN
VONTIKT voTéPNON MG T dtavontiky eveuia (Meyer & Minshew, 2002). Avtr 1 doyn
VTOOMAMVEL OTL O SLOTAPAYES TOV AVTIGTIKOV PAGLOTOG d10POPOTOLOVVTIOL O TPOG TN
cofopdTTE TOV CUUTTOUATOV KOl TO ETIMEIO TOV VONTIKOV IKOVOTHT®V, Y®OPIS 0vTd
Vo oNUoivel Tog TPOKELTOL Y10 SIOKPLTEG Sy VOO TIKES Kotnyopiec. T 1o Adyo avtd ot
EPELVNTEG KAVOLV avaOpd GE £V PAGO. OVTIGTIKMOV JTOPAY®V (YOUNANG, UETPLOG
KOl DYNANG AELTOVPYIKOTNTOG OLTIGHOG 1| oOvopopo ASperger), mopd o€ €vav Kot
povadtko  eoawvotvmo avtiopov (Geschwind & Levitt, 2007). Ta modid pe onTIoTIKY
dwtapay] Umopel vo €Youv KOAN 1 KOKN AELTOVPYIKOTNTO, OVOAOY®S TOL Ogikn
VONUooOVNG TOVG [Ty, TO GTOM HE OVTIGUO TOV £YOVLV TUMIKO 1 VO TOL TLTIKOV
deitn vonuoovvng (1Q) Bewpeitar mwg £xovv VYNNG AettovpykdTTag aWTIcUO], TOV

Ae&hoyiov TOVG, TG KATAANTTOTNTOS TS YAMGGOG TOVS Kot TG Papdtntog Tov dAlov

EledbOepva, Tevyog 6, 2013
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ovuntopdtov tovg (Baron-Cohen, 2009). To ocbOvdpoupo Asperger (XA) eivar pio
oyt avamtullokn  dlTapayr, TOV EVIAGOETOL OTO (QACHO T®V  OUTICTIKOV
Sltapoy®v Kot yopakTtnpiletor omd OUTIOTIK) KOW®VIKY  OLGAEITOLPYIKOTNTA,
EMEILUATO OTNV ETKOVOVIM, TEPLOPICUEVA KO EULOVO EVOLOPEPOVTA, YWOPIG OGTOGO
VO TOPATNPOVVTOL CTIUOVTIKA EAAEIHOTO TS YAWGGIKNG Kol VONTIKNAG avAmTuéng, evod
ovyvh avagépetol otn PiPAoypoaeia g Avtiopnog Yyning Asttovpywkotntog [YAA
(Ghaziuddin & Mountain-Kimchi, 2004)].

[Tapott 0 avtiopdg eivor TEPIGGOTEPO YVMOGTOG G VAL GLVOPOLO EAAEILUATOV, T
avantuElaKn mopeia 1060 PETOED TV ATOUMV e OVTICUO, OGO Kot EVTOG TOV 1310V TOL
atoOpov dgv glvarl opotoyevig kot ypappukn. ‘Exet mopatmpnBel n cuvdmapén yopuning
AELTOVPYIKOTNTOG OVTIGUOV KOl YVOOTIKOV EAAEIUUATOV GE KATO10UG TOUEIS LE TUTIKEG
N Kol avaOTEPES VONTIKES dlepyacieg Kot e0KEG 0eE10TNTES 0 GALD YVOOTIKA TEdia 6TO
id10 dropo (Heaton & Wallace, 2004).

Avtikeipevo g mapodcas avaokOnnong eitvar n HeAETn TV aplOunTikdv Kot
VIOAOYIOTIKOV JeEI0THT®V G Atopa pe avtiopd kot cuvopopo Asperger. Ectidlovtog
OTIG VELPOPLOAOYIKEG KOl YVOOTIKES OlEPYAGIES MOV OEIOTOLOVVTIOL OO TO OVTICTIKG.
dropo KoTd TN OlIpKE OPOUNTIKOV Kol LTOAOYIOTIK®V épywv Ba emdidovpe va
KOTOVONGOVLE €0V 1 VTOAOYIGTIKY] OKEWYTN TOV OVTICTIKOV OTOU®V dpopomoteitol
GLYKPLTIKA LE TO, ATOUO TUTTIKNG AVATTUENG, KOl VO OTAVTIICOVUE OTO €ENG EpOTNLOLTAL
(o) T givor awtd oL guvoel GTaL ATOUA LE SLOTUPAYES GTO PAGHO TOV OVTICUOV THV
avadLon EWIKAOV OeE0TNTOV 6T POOMNUATIKA KO 6TOVG aptunTikohs VITOAOYIGHOVG,
péca o éva  eupiTEPO TANICIO YVOOTIK®V, GCLUTEPUPOPIKMOY Kol KOWDVIKOV
eMeppdrov; (B) Mmopobdue dpaye va AALE 1oL LYNAOD ETTEGOL HLOOMUOTIKY GKEYT),
TOAEVTO 1 YOPICUOTIKOTNTO 1 UNTI®OG TPOKELTOL Y10l U0 SLOPOPETIKY KOTOVOUY TMOV

YVOOTIKOV TOP®V KOl AVIIGTAOUIGTIKY] AELITOVPYio VELPOPBLOAOYIKMV SOUMV Kol SIKTO®V



142 Youd-Mokpn Mapia, BAdyog @ilmmog

mov  e&ontiag NG OLPOPETIKNG OPYAVOONG OTOVG EYKEPOAOVG TWOV  OVTIGTIKOV
EMTPETOLY TNV EUEAVIOT] Ko avATTLEN KATOolwV acuviBioTtwv delotnToV; (Y) AV OTTMG
vrootnpilovv ot Snyder kou Mitchell (1999) vrapyel pion Euevtn mpodidbeon mov
€uvoel TIG €101KEG VTOAOYIOTIKEG OeE10TNTEG OTOV OVTICUO, Kot Oyl o€ GAAEG

Oy VOO TIKEG KATNYOPiES, TOTE YTl anTd dev cupPaivel e OAOVG TOVG AV TICTIKOVG;

To @éopa Tov aVTIGROD Kal 01 E101KEG OE10TNTEG
To Zvvdpouo Eronuovog (Savant Syndrome) kai ot vyoideg ikavotitwy

Ot avoTNTEG TOL TOPOLGLALOVY TLUMIKO EMIMEOO GTAL GTOUO LE OVLTIGHO 1)
obvdpopo Asperger, ovoudlovtol «vneideg ikavotntavy (Gagnon et al., 2004) ko eivon
avéNpévNg BempnTikng onuociog Yo TNV KAtovonon Tov yveooTikoy vrofadpov g
owrapayns (Happé, 1999). Ov «vnoideg wovotntmvy ©ctdco Bo mpémer va
dtopopomotovvtat amd Tig OeE10TNTES EKEIVEG TOV EUPAVICOVTOL GE AVMTEPO TOL TLTTIKOV
enineda, og £va pKkpd 1060016 (mepimov 10%) «taravtodywvy (E10NUOVOV) OTOU®V LE
avtiopod (Gagnon et al., 2004 Howlin et al., 2009 Wallace, 2008).

To @owvopevo avATTLENG EWOIKAV «TOAEVTOV» M YOPIOUATOV OO OVTIGTIKOVS
ovvavtator oty Biproypagio wg Zovépopo Ednquovog (Savant Syndrome), 6pog mov
elonyOn amd tov Treffert (1989), mpokewévov vor TEPLYPAYEL VONTIKA VOTEPOVVTA
dropo mov gUEAVILAY EVIVTTOCIOKEG EOIKES OEEIOTNTEG OE GLYKEKPILEVOVG YVOGTIKOVGS
topeig (Heaton & Wallace, 2004). TTopd ™ omavidtnto tov, to X0vdpopo Ewdnpovog
€xel kepdioel 1O €PELVNTIKO EVOLAPEPOV TOAADV EMOTNUOVOV amd TO YDPO NG
YuyoAoYiag Kol TV vevpoemotnudv. Apketég uerétec (Heaton & Wallace, 2004
Treffert, 2009- Wallace, 2008) éyovv emtpéyet v meptypapn TV eW0IKOV deE10THTOV
OV GLVOVIAOVTOL GE GTOUO TOV TOPOVGLALOVV YAPOUKTNPIGTIKA OLTOV TOV GLUVOPOLOUL.

Kdanowo 10101tépmg avamtuypéva yopoKkTpLoTIKd 68 avanTuEloK Kot YVOOTIKO eminedo,

EledbOepva, Tevyog 6, 2013
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elvor mBavoév oe kdmoww ATopo Vo, OONYNGOVV GE LYNAOD EMITEOOL YVOOTIKEG
wKovotnTeg Kot avantuén dikov delotitmv (Baron-Cohen & Belmonte, 2005), yopic
va yvopilovue Ti¢ akpieic cuvOnKec KATm amd Tig omoieg cupPaivel kATt TETO10.

Ot pobntég pe YAA ko XA gppaviCouv aventuypéveg 0eE10tnTeg 6€ U AEKTIKA
£pya, KUpimS aVTE TOV OIOUTOVV AVTIANTTIKY] OPYAVMOT Kol YWPIKY| OTTIKOTOINGY|, EVHD
yapoxtnpiCovrol amd vynAod enmédon KavoTTo, TNE dtadikaoTikng uvhune (Myles &
Simpson, 2002). Onwg £xovpe NN avoeEPEL, TO. GTOMO IE SLOTAPAYT) TOV OVTIGTIKOD
QAGLOTOG epavilovy TEPLOPICUEVA KOt EUUOVOL EVOLAPEPOVTA, TT.X. Y10l TOVS aptOpovG,
OALG Kot €vol aOTEIPELTO EVOLOPEPOV Y10 TPOGKTINGT YVAONG Tov oyetiletan pe éva
GLYKEKPIUEVO TOUEN TOV  evOlpepOvVTOV TOovG. Idwitepeg oedtmreg Omwg o
AOTPOMTIOI0G VTOAOYIGUAS, M OVOYVOPIoT) TOV TPOTOV opludv, 1 eukoiio ©g
NUEPOLOYLOKOVS VTOAOYICUOVS KOl 1 EKTANKTIKY EMEICOOIOKT UVIUN, €ivol apkeTd
oLYVA  EUEUVICOUEVEG OTO OUTIOTIKO QAGLO, OCULYKPITIKA HE OAAEG Kotnyopieg

avartvélokov dwatapaymv (Treffert, 2009).

O1 poOnpotixég 0e10TNTES TV OTOUDY GTO PAGUO. TOD QDTIOUOD

Av kol vmapyovv PBiprAoypaeikés avoaeopés mov  toviCouv TG 1dwaitepEg
pobnpotikég de&dmreg TV atoumv 6to pacua tov avticpov (Ward & Alar, 2000),
PO OVTO VIAPYOVV KOl OvVOQPOPES Tov vrootnpilovv OTL ta. dtopo pe XA
dvokoAevovTol pe podnuatikég Evvoleg Kot Kupimg tnv emidvon mpofinudatov (Myles
& Simpson, 2003). H perét tov Griswold kot cuv. (2002-avaeépetar oto Chiang &
Lin, 2007) otoyevoe va a&loloynoel v akadnpaiky enidoon Tov padntov pe XA,
péo®w ™G vmokAipokog tov Mobnuatikov Ipa&ewv tov Wechsler Individual
Achievement Test (WIAT). Ta evpnuatd tovg £€oeiov 0Tl ot podntég pe XA

vroieimovion o padnuatikég de&rotec. ‘Exel, ®ot660, vtootpiybel 6Tt o1 petpnoelg
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pe teot mov Pacilovror oV AEKTIKY €KEOPE 16(OC vo pnyv €ivor ot KATAAANAES
TPOKEEVOL Vo a&loAoynBel n yvootikn avamtuén, n podnuatikn yvoor, 1 o&udépkela
Kol Ol €101KEG 0eE10TNTEC TOV ATOU®V UE OVTICUO, OEGOUEVOV TOV EALEYUUATOV TOVG
oV emkowvovia kot ¢ dacnactikotntdg tovg (Mottron, Dawson, & Souliéres,
2009).

ZOUQOVA LE 0L OVOCKOTNON CYETIKE LE TV LOOMUATIKY IKOVOTNTO TOV ATOU®V
pe ovtwopd (Chiang & Lin, 2007) moAld dtopo pe XA & YAA £€yovv Tomikn
poOnpoatikny ikavotnTo 1 KAWVIKGQ aopavn podnpotikn advvopio Kot KOmowo GTopa pe
SA/YAA éypovv pobnuotikn yopopatikoétnto. Ilapdtt n ocvykekpuévn perét
EMKEVIPOVETOL GE GTOUO LE OoTapay’] 6TO PAGUO TOV OVTIGHOV, TOV ETLOEKVOOVY
AVOTEPOV EMMESOL HOONUOTIKY 1KOVOTNTA, EVTOVTOLS OV £ival YVOGTO TO €QV OLTN M
KAVOTNTO OVTAVOKAG KATOL0 YEVIKOTEPT) EVEVTOL.

2 peAétn tov Jones kot cuv. (2009) e&etdomray 100 EépnPor pe dratapoyés oto
QAGLLO. TOV OVTIGHOY Kot dlmeTddnke 6t 7 otovg 10, gpedaviiav TovAdyloTov Evay
panotokd topéa (avayvmor, GLAAAPBIGHO, OVOYVOOTIKY KaTovonom, opluntikn,
eupltepeg padnpatikés 6e&lomtec) pe edheippota 1 vynAn emidoorn. To 14% tov
delypatog epedvice vynin avoyvootikny emidoon kot 1o 10% emidoon kdtm TOL
tumikov. 'Eva mocootd 16% tov detypatog epgdvice vynan aplBuntikn enidoor. Avtd
ta dropa yapaktnpilovtay omd TumK | VONUocHVY, oveTEPT OPLOUNTIKY] IKOVOTNTO KOt
TOAD KoAOTEPT €MidO0OMN OTIS aplOUNTIKEG OOKIUAGIEG G CUYKPION UE TIG AEKTIKEG.
Téhog, 10 6% TOVL delylaTog EUPAVIGE YOUNAT OPOUNTIKY KOVOTNTO, EVA TO YEVIKO
vontikd tovg eminedo Moy TLmIKO. Ot gpevvnTég KatéAnEav 610 GLUTEPAGUA OTL M
apluNTIKn KovoTTa ivol £vag averTLYUEVOS TOUENS Y1l TO. GTOUOL LE OVTIGHO, KOTL
ov 0mwg vrootnpiler o Baron-Cohen (2006) pmopel vo  mpokOTTEL GO TO EYYEVEC

YVOOTIKO TPo@id OV YopakTnpilel TOVG AVTIGTIKOVG.

EledbOepva, Tevyog 6, 2013
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Ye pla mo mpdoeoatn upedétn (Haas, 2010) dSigpguviOnkoav  mbavég
dlpopomomoels o€ 3 pobnTég pe LYMANG AertovpykotnTog oTopd (5 €wg 7 €1mV)
KaTd TNV emilvon mpofAnudtmv, cuykpivovtag toug pe 13 padntéc Tomikng avanTuéng.
Awmotddnke 0TL 1 emidoon padNTOV pKpng NMKiag He avTIopd o€ aplOunTikd Epya
ntav €£icov KoAN UE AT CUVOUNATK®OV TOVG WHE TLMIKN avAmTuEn, ©oTdGo, ot dVo
OUAOES SLOPOPOTOLOVVTAY MG TPOG TIG CTPUTNYIKES TOV Ypnoiponoinsav. Ot ovTIGTIKOT
pantég epdppocav Kotd mocootd 100%  avakinom, yw vo amovIiicouv, V@ Ot
VELPOTLTIIKOL YpMoIponoincay avdkinon oe m0sootd 30%, aAAd Kot GAAES CTPATNYIKES
OTMG TO VO LETPOVV VOEPA, POVOYTA 1| LLE TO dAYTLACL.

Fevikdtepa mOVIOG, 0L UEYPL TOPA £PEVVEG CYETIKO HE TNV €m0 Ot
padnpoatikd tov pedntov pe oautiopd eotidlovy kupiwg 6e dtopa mov gueaviCovv
€01KES OeE10TNTEG M TOAEVTO 6T poBnuatiKd, yeyovos mov kafiotd dVoKoAo TO va
eEdyovpe ao@OAY] CUUTEPACLATO CYETIKA LE TO GV TEMKE OAOL 01 LOONTES LE AVTIGUO
avtipetonilovy TpoPfAnuata 1 Topovctdlovy 1taitepes deE10TNTEG GTO GUYKEKPIUEVO

topéa (Haas, 2010).

Lati Oewpeitor “mopadoln” n ovovomopln ovtiouod & aplOuntikov/omoA0YIeTIKOY
IKOVOTHTOV,

‘Evag xvprog Adyog yw tov omoio m ouvvimapEn ovtiopold Kot dweitepmv
HOONUOTIKOV /  DIOAOYIOTIK®V  KOVOTATOV Oempeiton  mopddoén eivor Ot 1
VIOAOYIOTIKY] KavoTTa Paciletor oe YVOOTIKEG Olepyaciec MOV EUTAEKOVTOL OTN)
yevikn vonpoovvr. ‘Etot gaivetar mapddolo to yeyovog otL dvBpwmot pe avtiopd Kot
YOUNAO delktn vonuoovvng epgavifovv emdeElOTNTO. GE VTOAOYIGUOVG OTMG O
NUEPOLOYIOKOS VTOAOYIOHOG M M eKTiunon peyebdv mov omdvio GLVOVIATOL GE

avOpdToVg e avdtepa emimeda YvooTIKNG Asttovpykotntag (Cowan & Frith, 2009).
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Ot avtioTtiKol pe e101KEG 0eE10TNTEC GTOV NUEPOAOYLOKO VITOAOYICUO EIvVOL TUTTIKA
avikavol vo eEnynoovy 10 g emidovy to. TpoPAnuata mov tovg tibevion (Cowan,
O’Connor & Samella, 2003 Haas, 2010), yeyovog mov cuvnyopei vép g dmoyng ott
Ol OTIOTIKOT OEV YPNGILOTOLOVV VITOAOYIGHO, AAAG 6TNPILOVTOL ATOKAEIGTIKA Kot LOVO
otV amopuvnuovevon. Qotdco, ot ovtotikoli  udAiov dev glvor  kavol va
TOPAKOAOVONCOVV TOVE E0LTOVE TOLG KOL TIG VONTIKEG TOVG OLEPYACIES, OKOUN KL OV
TOPOTNPOVVTOL Vo LETPOVV KaTd TNV midvor poPAnudtov (Happé & Vital, 2009). H
QVIKOVOTNTO TOV OUTICTIKOV LE E0IKES OEIOTNTEG VAL AEKTIKOTOMGOLV TIG HEBOAOVG
TOVG UTOPEL VO TPOKVATEL OO TIG YEVIKOTEPEG OVOKOAIEG TOLG OTNV EMKOWV®VIN, TO
Babud g avtopartonoinong Adym €£doknong N amhdg ywti €YoV KOTOKTNGEL TN
YVOON TOLG OoLVEIONTO, KOATL TOL Ogv pHOG emuTpénel va  €EAYOLUE  OGQOAN
GUUTEPAGLOTO Y10 TIG GTPOATNYIKEG TOL EQOPUOLOVV KOl TIC VONTIKES dlepyacieg mov
EVEPYOTOLOVV KOTA TV ekTELEOT VIToAoYiopmv (Cowan & Frith, 2009).

H Haas (2010) Loufdvoviog g de60UEVO TN [N TUTIKT VEVPOAOYIKT| ETIKOV®OVIQ
peto&d Ppeypotikod kol petomiaiov Aofod [Aofdv mov eivor vredBuvol Yy ThV
EKTEAEOT] KOl OPYOVEOGY OTPATNYIK®OV, TNV 0oLTO-pLOUIOT Kol T HvAun epyaciog
(working memory) (Happé, 1999)] katd tmv exilvon mpoPAnudtmv, katainyst 0Tt 660
mo cofapn etvar n Tepinton Tov AVTIGHOV TOGO Mo TOAAN gival Ta eEAAEiLLOTO GTNV
enthvon mpoPAnudrtov. Mo cvykekpipéva, vrooTNPilel TOG I6MG 01 AVTICTIKOL LoBNTEG
emtuyydvouv €£icov KOAG oTa HOOMUOTIKA LLE TOVG TLTIKNG OVATTLENG CLUHOONTES
TOVG, OTO A TPOPANUATO, EVO GE QLT TOV ATALTOVY TOAAGL PrLLOTA KOl GTPATNYIKEG,
ypealovtal meEPLGGOTEPO YPOVO, OAAL Oev amoviovv pe Aydteprm okpifela kot
opBotraL.

2vvoyilovtag, ot Wiaitepes LoONUATIKEG 0eE10TNTEG KATOU®Y OVTIGTIKMV QOiVETOL

OTL GLYVA GLVOOEVOVTAL TOGO OMO 0. POIVOUEVIKY adLVOLi TOVv TaPOVSLdlovV GE

EledbOepva, Tevyog 6, 2013
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Baocwéc aplBuntikég 0e1otteg, 660 Kol Omd WK YOPOKTNPIOTIKY «movyio» NG
uebddov mov gpopuolovv (Cowan & Frith, 2009). Ta mopandvem yapaKTNPIGTIKE GE
GLVOLACUO E TIS OLUPOPOTONGELS TOV LIAPYOVV GLYVA MG TPOG TNV AEI0AOYN O™ TNG
VONUOGUVNG TOV OVTICTIKMOV, EXNPEALEL TNV KOTAVONON TOV HAONUOTIKOV deEl0THTOV
TOVG amd TOVG EPELVNTEG Kol OVOKOAEVEL TNV e&aymyn €ykvpwv Kot aldmotov

GUUTEPACUATWOV.

I'vootikéc mpooeyYioels TS AVTIGTIKNG OKEYNS
Ocwpntikd. LOVTELQ THS ODTIOTIKHGS YVWOTIKHG AEITOVPYIOG

"Exovv datunmbel d1dpopa yvootuicd poviéda kot Bewpieg yio va Teptypayouy Tig
WUTEPOTNTEG GTN YVOOTIKY AELTOvPYio TV aTOU®V PE O0TAPOYEG GTO (PAGUO TOV
QUTIGUOV, KOl KOT' EMEKTOOT]) VO EPUNVEDGOLV TN GULGYETICN OVTIGHOL KOl E0IKAOV
PN TIKOV/ VTOAOYIGTIKOV IKAVOTHTMOV.

H Oewpia e Adovouns Kevipikic Zvvoyns (AKX — Happé & Frith, 2006)
OVOQEPETOL OTNV OOLVOUIN TOV OVTICTIKOV OTOU®MV VO GLVOECOVV TIS EMLUEPOVG
Aentopépeteg o o@apkég Evvolec. To yevikd mpoOTLTO EMeEePYACING TOV TANPOPOPLOV
GTO (PAGLLO TOV OTIGUOV TEIVEL OTNV KATATUNGT) TOV £peBioUATOG KOl 6TV £0TIOGT TNG
TPOCOYNG OTIC AETTOUEPELES EVTOS TOV, TPOOLNOETOVTAS Yo EVAGYOANOT LE £pYa OOV
ATOLTEITOL ETUEPOVS AVAAVOT] TOV HEpOVOUEVOVY Aettopepeldv (Happé & Vital, 2009)
Kot 6eplokn eneéepyocio TOV cLGTATIKOV ToL cuvorov (Gagnon et al., 2004- Souliéres
et al., 2010). Avto TO YVOGOTIKO YOPOKTNPIOTIKO EMICIUOIVETAL GE £PYOL TILEPOLOYLOKOD
vroAoytopov (Happé & Frith, 2006) kot exilvone pobnuatikov tpofAnudatov (Heavey
et al., 2012). I'o. mopaderypa, o Anderson kat ot cuvepydteg tov (1998 oo Heavey et
al., 2012) onpueiooav 6Tt évag avTIoTKOG glxe avakaivyel T pnéBodo tov Epatochivn

v va Bpioket pe daitepn akpifela Kot toydTTo, v £vog WnTépa LeYAAOS aplipog
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elvol TPMOTOC, «OmALOVTOC) TOVG TEAEGTEG GE UIKPOTEPOVS OKEPALOVS, VYMUEVOVS GTO
TETPAYWOVO KO EAEYYOVTOS OV LITAPYEL VITOAOUTO.

H Ocwpia tov vovo (BTN — Baron-Cohen, Leslie & Frith, 1985) avagépetot, ot
SLVOTOTNTO TOV OTOLOL VO GLVAYEL GUUTEPAGLOTA Y10, TIG VONTIKEG O1EPYAGIES, TOGO TIC
OéC Tov 0G0 Kol TV GAA®V KOl VO YPNGLULOMOLEL TO. CLUUTEPAGLATA TOV, Yl VO
EPUNVEVOEL, VO KATOVOTGEL KOl VO TPOPAEYEL TN O1KT| TOL GUUTEPIPOPE, KAOMS Kot T
ouUTEPLPOPE TV dAA®V. Mrmopel LotdV 1 SUGAEITOVPYIKY] AVAYVOPICT] TV VONTIKOV
KATOOTAGE®V TOL GAAOL va PBondncel oty epunveia g oyxéong peta&d avtTicpov,
EVAGYOANGNG LE VTOAOYIGTIKA EPYaL KOl LOOMUATIK®OV OeE0THTOV;

Yopeova pe tovg Happé ko Vital (2009), tpeic mbavotnteg poivetor vo, ivot ot
emkpatéotepes. Mia vdOeon oyetiCetan pe TV WOiTEPN AOLKT GCLUVOEGLOTNTO Kot
TNV avTIGTOOOTIKY] AEITOVPYiol TOV EYKEPAAOL TMOV OLTICTIKOV. Ymootnpilel 0Tt
010UTEPN QT EYKEPUALKT] OPYAVOCT TV OLTICTIKAOV 1) OTToiol armoTtedel TV outiol Yo
NV EUEAVION EALEIPUUATOV OTIC EMKOIVOVIOKEG Kol KOWWOVIKEG 0eE10TNTES, Olvel )
duvaTOTNTO GE KATOLES AAAES VONTIKES/YVAOGTIKES TNYEG VA 0EIOTOLOVVTOL ONULOVPYIKE
KTl TV €nidvon vroloyotik®v wpoPfinudatmv (Fehr et al., 2010 Melillo & Leisman,
2009).

Mio dAAN vmoBeom eivor 0Tt M SLGKOAIDL OTNV OVIXVELON TOV VONTIKMOV
KATOOTAGEDV TOV GAA®V, 100G GUVEIGPEPEL GTNV OVAOVON TNG EPEVPETIKOTNTOS TTOV
exepaletar katd v oavamtoén piog ewdwng degotntog (Happé & Vital, 2009).
Youeovo pe toug Happé ko Vital (2009) to moudid tomikng avantuéng vroieitovron
EPEVPETIKOTNTAG KOl KOUVOTOUIOG KATL OV UTOpel v epunvevetan omd v embopio
TOV VEVPOTLTIK®V VoL Yivovtal avtidnzmtol kot embvuntol and Toug dALOLG O HEPOS TNG

€V00-0Uddas.

EledbOepva, Tevyog 6, 2013
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Mio tpitn vrdbeon avagépet OTL 11 OLGKOAID OVOTAPACTOCNC TMV VONTIKMOV
KOTOOTACE®V EMOPA GTNV IKOVOTNTO OVATOPACTOONG TOV TPOCOTIKOV ECOTEPIKDOV
kataotdoswv (Frith & Happé, 1999). Edv ta dtopo pe avtioud givar Atydtepo koloi
YVOOTEG TOL €0VTOV, KATL TETO0 oG €ivor @EEAUO Yoo TG 0eE10TNTEG 7OV
OVOTTUGOOVTOL  OVTIOTOOMOTIKE HEC®  AONANG udbnong kot mpOGKTNONG NG
OlOIKAOTIKNG Yvdons. To yeyovoc Ott moAlol €peuvnTég avagEépPovy OTL KOTA TNV
a&loAdYNOT VTOAOYIGTIKAOV O£EI0TNTMV 01 OVTICTIKOL dgV NTav o€ BECT Vo amavIGovV
o€ epOTAUOTO GYETIKA pe TV néBodOo mov aglomotovoay Kot TNV VITOAOYICTIKT TOPEia
oL akoAovBovoay, eaivetal va emPefordvel THV VTOOEGN OTL TO OWTICTIKO YVOGTIKO
mpoOTLTO, €vuvoel TNV AONAN pddnon kol kot emEKTAOT TNV AvOTTUEYN EWOIKAOV
de&lottov o€ topeig mov amoutovv vroloylotikn wkavotnta (Kelly, Macaruso, &
Sokol, 1997- Heavey et al., 2012).

Evtobtolg, to eumeipwcd dedopéva dev vmootnpilovv OTL vIApYEL il GUECT|
atiddng oyéon uetafd ehdelppdtov ot Beopic TOL VoL KOU TNV OVATTLEN
poadnuotikov/ vroAoylotikdv deElottov (Baron-Cohen, Leslie, & Frith, 1985). Avto
OV UAALOV 1oYVEL ElVAL TTMG TO CLYKEKPLUEVO YVAOGTIKO YOPAKTNPIGTIKO EMOPE EUUETHL
oLVELSQEPOVTOC € pia Kovotopo Béaomn Tov kdspov (Cowan et al., 2004).

2Ooppove  pe T Oe@pNTIKN  TPOGEYYION TS  EKTEAEOTIKNG /  YVWOTIKNG
ovolertovpyiog KAmMOleS mePLoyEg eAEYYOL givar oe peydAo Pobpod eALEUUATIKEG OTIG
STopayES TOV PACUATOS TOL OLTICHOV, AOY® EAAEPPATOV ©TO petomoio AoBo
(Happé, 1999). 'Exet npotafel 6Tt | petopévn AElTovpyio TG HETOMOL0G TEPLOYNG TOV
EYKEPAAOL 16mG v EVVOEL TNV AVATTLEN «EWIKOVY aplBunTiK®V de&lothtev (Snyder et
al.,, 2003). ITo ovykekpéva, 1N HEWWUEVN YVOOTIKY gvuelMéion Kol 1) EVIGYLUEVT
wovotta g uvnung epyooiog (Bolte & Poustka, 2004 avaeépeton oto Happé &

Vital, 2009), mov 7©POKLATOLV OMO TN YVOOTIKY EKTEAECTIKY] SLGAELTOLPYIO KoL
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GLVOEOVTOL LE TO PACHO TOV OWTIGHOV, Bewpeiton T evBuvovtot yia TNV vIEPPOAIKN
HOVOUEPT EVAGYOANGCT] LE TEPLOPICUEVO EVOLPEPOVTO KOL TNV EUHOVN €EACKMON
OLYKEKPIWEVOV  oTpotnyik®v. Evtovtolg, vmdpyer EAAewyn emapkdv  OedOUEVOV
oVoYETIoNG HETOED TV eMOOGEMY GE OOKILOGIES EKTEAECTIKNG AglTovpyiog Kot TNV
avamTuén ™G LOONUOTIKNAG IKAvOTNTOG,

Mw  dAAN  BeopnTikny TPOCEYYION, OVTN NG  EVIOYVUEVHS — OVTIANTTIKNG
Aerrovpyikotnrog (EAA- Mottron et al., 2006) vrootnpilel 6Tt ta dropa pe ovTIopd
eMOEKVOOLV VYNAL OVERTUYHEVEG OEEIOTNTEG TOL €EUPTAOVTOL ONO TOVG YOUNAOD
EMITEOOV OVTIANTTIKOVG UNYAVIGUOVG, €1t AGY® VIEPAEITOVPYIOG TOV EYKEQPUMK®OV
TEPLOYDV OV TLTKO EUTAEKOVTOL OTIG KUPLEG QVTIANTTIKEG Agttovpyieg, &lte AOY®
LELOUEVNS AEITOLPYIKOTNTOG TOV DYNAOD EMITEIOV YVOOTIKOV UNYOVIGL®V, Ol 0Toiol
elvar vevBuvor yio moAvmAoKeS YVooTikég depyasies. 'Eva yvootwkd éaleiupa mov
eppaviCetoar og mpown nAkio, odnyel og avtiotabuioTikodg unyoaviopds, o€ gvioyvon
TOV YVOGTIKOV OlEPYACLOV KOl dEEI0THTOV TOV EMOEXOVTAL EEACKNGT KOt VITEP-LLAONON
ce onuelo mov pmopel vo KataAnEovv oe éva M TEPLOCOTEPO TEPLOPICUEVAL
evolapépovta. H avénuévn aviiinmrkn wavotrta icwg emnpedlel v €mAoyn TV
EWIKAOV TOUEDV EVOLOPEPOVTOS OTOVS OVTIOTIKOVG kol Tailel kdmolo poro otnv
AVOLLOL0YEVELX IOV EUQOVICETAL 0T EAAEILLOTO KO TIG dVVATOTNTES TTOL ERPAVICOVV TaL
Gropa pe dtoTopoyn TOL AVTIOTIKOD Edopotog. EmmAéov, o1 Mottron kot cvv. (2009)
é&youvv vmootnpifer 6Tt M EAA evvoel TOovg mMUEPOAOYIOKODG Kot  HoOMUOTIKOVG
VTOAOYIGHOVG, KAODG TPOKELTOL Yot £PYO. TOV OMOTEAOVVTOL OO KMOOIKES KOl £YOVV
GLYKEKPLUEV Ko U1 avBaipetn doun.

H 0sopntikn mpocéyyion ¢ evovvaiotnong - ovortnuotoroinons (Baron-Cohen,
2006) vrootnpilel OTL TO ATOUA GTO PAGLO TOL AVTIGHOD VITOAEITOVTOL TNG KOVOTNTOG

g «evouvaicOnone» eved eueovifovv pio avaTteprn KOVOTNTA «GLGTILOTOTOINGNOY.

EledbOepva, Tevyog 6, 2013
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Avt 1 BeopnTikn Tpocéyyion vrootpilel TV VIOPEN EAMAEIUUATOV GTNV EKTELECTIKN
Aettovpylo. M| TNV KEVIPIKY GLVOYN, OIvOvTog TOLG Wic VELPOPLOAOYIKY) TPOEAELON
(Baron-Cohen, 2006). H cvotnuotonoinon avoeEépetor oTny 1KavOTTo KOTovonong,
onuovpyiag Kol EAEYYOL KAEIGTAOV YVOOTIKOV GLGTNUATOV OTM®C YloL TOPAOELYUD T
UNYoviky M to polnpotikd, evo n evovvaicdnom, mepthapfavel cuvaloONUOTIKEG
dlepyacieg, TNV avayvoplon TOV VONTIKOV OlEpyasidv Tov dAAwv (OTN), kot v
KovOTNTA 0mdO0GNG TG CLUTEPIPOPAS TOV GALOV GTIG VONTIKES KATOGTAGELS, LLE GKOTO
™V TpoOPAEYT| TNG.

2oppova pe 1 OempnTikn TPOGEYYIoN TNG CLGTNUATOTOINGNG GTOV OVTIGUO
(Baron-Cohen, 2006), ot avOpwmol e oTIGHO EQOVV TNV TAON VO EUTAEKOVTOL O
KAEWOTA cvotpata, mov epeovilovy eAdylotn mowthopoppia, £xovv SVGKAUTTY dOUN
Kot yopaktnpiloviar amd apepdANTIN Kavovikotnta, Ommg cLUPaivel LE TOVG TOUELS
TOV  poOnUoTik®v, ™S aplunTikng Kot TOL TMUEPOAOYLOKOD VITOAOYIGHOV, EVA
eppaviCouv duokorio oty emeEepyacion Kot KATOVONOT OVOYTAOV GUGTNUATOV LE
peyaAn mowkilopopeio, 0TS 1 KOWOVIKY copmepipopd. H ocvykekpiuévn Bewpntikn
mpocéyylon elvar yprown ywoo v gpunveio g avamtuéng e opldunTiknig Kot
VTOAOYIOTIKNG WKOVOTNTOS brrootnpilovtag 0Tt 6motlo Kot vo givor 1 €101K1| IKOvOTNTO
OTOV  OVTIOHO, &xel ¢ Packd  YOPOKTNPIOTIKO TNV OVAYVAOPION TGV
enovoroppavopevov tpotinwv mov eumepiEyovial o £va cvatnua (Mottron, Dawson,
& Souliéres, 2009 Mottron, Dawson et al., 2006). ITo cvykekpéva, pia yvdON Tov
QaiveTar vo éyovv to ATopo UE OVTIGUO TOL gpeavifovy KoAr pobnuotiky emidoon
elvar 611 ot kavdveg €vOog poBNUOTIKOD GLGTAHOTOG N pidg apOuUNTIKNG aKolovBiog
oyetilovtal Katd GLGTNUATIKO TPOTO.

ZOUTEPACUATIKA, OO Tr] GUVTOUN OVOCKOMNGCT TOV BEOPNTIKOV TPOGEYYIcEMV

OV EMYEPOVV VO EPUNVEDGOLV TNV OVTICTIKY YVOOTIKY emeepyacio mpokhmTel OtTL
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KATOlEC amd aVTEG OTTMG 1 AdVVAUN KEVTPIKT cuvoyn, 1 Bewpia Tov vov, 1 eVioyLIEV
OVTIANTITIKY AEITOVPYIOL KOL 1) TPOGEYYIoN TNG €vovvaiocnong - ocveTNUOTOTOINoNG
vrootnpilovy TV VTapén KATOI®V EYYEVAOV YOPUKTNPIGTIKMOV GTNV OUTIGTIKY YVOOTIKY
Aertovpyia. mov TPodBETOLV TOL ATOMHO VO avOmTOEOVY UOOMUOTIKEG 1 YEVIKOTEPO
VITOAOYIOTIKEG OELOTNTEG.

H emloyn evog topéa evolopEépovtog o YVOOTIKA Tedia OT®MG 0 LodnuUaTikog 1 o
NUEPOLOYLOKOG VTOAOYIGUAC, OV OMOKAAEITOL MG TEPLOPIOUEVO/ ELLOVO EVOLAPEPOV
kot otepeotumtio (Cowan, O’Connor, & Samella, 2003), emdeikvieL TV «TPOGOPUOYN»
TOV OVTIGTIKOD EYKEPAAOL LE TNV €vvola OTL AVTOVOKAL, PLGIKE Kot avBdpunta, pom
TPOS TNV KOTOVONON VE®V TESIWV TOV £XOVV GLYKEKPIUEVT] doun|, Y®PIG TPOMnyoLurEVN
nmapokivnon 1 dwbackaio, YEVIKEDOVTAG TNV VILAPYOVGA YVAGT] TOVS, KOTA ONULOVPYIKO
Kol €VEAMIKTO TPOmO o€ mopduola mpdtuma vmoioywouwv (Mottron, Dawson, &
Souli¢res, 2009).

To amotélecpa TOL AVTIGTIKOV YVOGTIKOD TUTOL emelepyaciag, TOLALYIGTOV
GTOVG AVTIGTIKOVG LE WOHTEPEG LOOMNUOTIKES KOl VTOAOYIGTIKEG IKOVOTNTESG 10MG VoL UV
elvar m amovcion TG KOVOTNTOG VO KOTAVOOUV CQOIPIKE TIG OXEGEWS, OAAG piol
dwpopornoinon ot Oepyacio pécw TG omoiag ot oxéoelg Hetalld TV TUNUITOV
gykofpvoviat. Avtd pmopet va onpoivel 6Tt 1 ETPUEPOVS ECTINGT KO 1 KOTA T LOTOL
eneEepyacicc. mOL  CLVAVTATOL GE YVOOTIKO E€MMES0 GTOLG OVTIGTIKOVS, OAAOTE
KatoAnyel o€ advvapio avtiAnymg piog évvolag g cvvoro (Bewpia addvaung KEVIPIKNG
GLVOYNG) Kot GAAOTE GE VOV SLOPOPOTOMUEVO TPOTO AVTIANYNG KOl KOTOVON oG TV
oxécemv mov Odopobv TNV évvolr 1 To ovotmua. EEGAAov, o avtioudg dev
yopoktnpiletoar amd opotoyévela, KaBOG dev epeavifouv OAOL Ol OVTICTIKOL EO1KES

de&otreg. Eivan mBavo évog cuykekpiptévos yvooTikog Tumog eneepyaciog va odnyel

EledbOepva, Tevyog 6, 2013
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OTNV 0avAOLON OPOPETIKAOV OE0TTOV KOl EAAEUUATOV KOL GE UN  YPOLLUKN
avATTLEN TOV S10POPOV YVOCGTIKOV TOUEMV.

2OUQoVa, HE TIG BemPNTIKEG TPOCEYYIOELS OV TPOAVAPEPONKAY, OEV TPOKLITEL
OTL 0 WTIGUOG KO avTOG TPOOLAOETEL Yl TNV EUPAVIOT) TOV EOIKAV IKOVOTNTOV, ALY
0Tt ovtn 1M 7wpodidbeon €xer  Pdon ™C HAAAOV oTO  1OOUTEPA  YVOOTIKA
YOPOUKTNPIOTIKG 7OV Elval €YYeV] OTIG OTOPAYEG TOL CLTICTIKOV @Acpatos. Eva
YVOOTIKO TPOPIA ECTINCUEVO OTNV ENEEEPYOTIO TOV AEMTOUEPEIDV, GTNV TPOGOYN OTIG
AETTOUEPELEG, KO OTI UVNHOVIKT KOOIKELOT), TpoTeiveTal g onpeio ekkivnong ya v
eppavion tov ikav deotntov (Happé & Vital, 2009). Ot yvootikég diepyacieg mov
yopoaktnpiovv 1oV aUTIGHO €UVOODV TNV OVIXVELSN KOVOVIKOTHTOV KOl OOUNUEVOV
TPOTOT®V, KAODG Kol TN YEVIKELON OVTOV G€ HeYOANG KAlpokog JSopég (m.y.
KavovikOTnTo TG NUePoAoylaKkng doung, ava 28 1 400 ypoévia). Emiong, n avayvopion
NG OUOOTNTOG KO 1] OVAYKN Yo, Opotopopeio Kot poutiva, wbel ToVg aTIGTIKOVG GE
GLYKEKPLUEVA £PYO, EVOD TO EUIOVO EVILAPEPOV TOVS divel TN duvaTdTNTa Vo €EQGKOVV

EKTEVMG TNV €yyevn mpodiabeon tovg (Mottron, Dawson & Souliéres, 2009).

Eumeipixad evpruota mov mpokdTTovy omo T UEAETH TOD NUEPOLOYIOKOD DTOAOYLTLOD

Ov meplocdTepeg £€peuveg OYETIKA pe TNV podnuatiky] emidoon kot v
VTOAOYIOTIKY KOVOTNTO TV oTtOp®V HE avTiopd, elyav g Oeiypo drtopa mwov
enedelkvoay  €01KEG  Oe&l0TNTEG  OTOV  MUEPOAOYIOKO  LTOAOYIGHO  (KavdTNTOL
tomofétnong g Nuépag e eRdoudong oe pio GLYKEKPYEVT Mepounvia), KATL oL
OTOVIOTOTO GLVAVTATOL GE ATOUO. TVTIKNG ovamTuéng. To yeyovog Ot TpoxetTar Yo pio
de&otto, M omoia @aivetal og kdmoo Pabud vo emnpedletorl amd TNV VTOAOYICTIKY
Kol HOOMUOTIKY 1KOVOTNTO TOV GLUUETEXOVTIOV, OAAL Kot TO OTL O MUEPOAOYLOKOG

VTOAOYIGUOG EVEPYOTIOIEL EYKEPAUAMKEG TTEPLOYES OV OPACTNPLOTOLOVVTAL KOl KOTH TOV
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poabnuotikd/apOuntikd vroroywoud (Fehr, Code, & Herrmann, 2007), dwaioloyei
ov{NTNOM EPEVLVOV CYETIKA LLE ATV T OeEI0TNTA GE Uio EPYACTIO TOV AVOPEPETAL OTIC
aplOUNTIKEG KOl VTOAOYIOTIKEG IKOVOTNTEG TMOV AVTICTIKMV.

Tao evprjpate aVTOV TOV PHEAET®V QaiveTot vo emPBePatdvouv Tig TPoPAEYELS Kal
TIC epuUNVElES TOV BE@PNTIKOV HOVTEA®V. AV KO TO TMOG T ATOWA LE OVTICUO OTOKTOOV
avtn v Kavotnto mopausvel acoeéc (Cowan et al., 2004), wotdéco £va mAR00C
EPELVAV OVOPEPETOL GTIG VONTIKES dlepyacieg mov aflomotobvtal, Katd TV emilvon
nueporoylokdv n/Kot padnuatikov tpofAnudtov. Avtéc elvaw 5 ortikny omeikovion/
eicovikn ovarapdoroon (Kennedy & Squire, 2012+ Wallace, Happé, & Giedd, 2009), »
aonin yvwon Kol 1 OTOUVHUOVEDTH TWV KOVOVIKOTHTOV GTN OOUN TOL NUEPOAOYiov
(Heavey et al., 2012- Kennedy & Squire, 2012), o¢ Baocikég nuepopunvieg evidg evog
xpovov (Kennedy & Squire, 2012) kot o€ cuvdvacpovg nuepounviac-nuépag (Fehr et
al., 2011), o vyniic taydnroc voepos vroloyiouos (Wallace, Happé, & Giedd, 2009), #
xphion vroloyotikav kovoveov (Boddaert et al., 2005 Kennedy & Squire, 2012), #
ovveronty eCaoxnon (Fehr et al., 2011) xou o1 adyopiBuiréc diepyaoics (Cowan & Frith,
2009).

Ot Mottron, Lemmens «xot ovv. (2006) zmpdtewvav Ot TO MUEPOAOYIOKA
npoPAnuata emAdovtal PEcw Pag moAv-KaTEDOVVTIKNG Kou un 1EPpOPYIKNG AVOKANONS
NUEPOLOYIOIKDY TANpOoPOpLdY. ATd tovg Snyder kot cvv. (2003) mpotdbnke OTL O
NueporoYlakds VIOAOYIoHOG iomg va Bacileton otV evepyomoinon youniod emimédon
PWOOTIKOV 01EPY0oLV, Ol Onoieg a&lomolovviol amd OPICUEVOVS OVTIOTIKOVS KOTE
mpovoplovyo tpomo. Téhoc, m mpoceatn épevva tov Kennedy & Squire (2012),
KOTOANYEL OTO GCLUTEPACHO OTL TO EVOPEPOV TPOG TO HOOMUOTIKG KOl TOV
NUEPOLOYLOKO VTTOAOYIGHO TTOL gR@avifovy Kdmolol avTioTikol, pdAlov vootnpiletal

Ao TO YVOOTIKO TPOPIA Kot TIG YVOOTIKES IKOVOTNTES OV glvan £yyeveig otn doTapayn

EledbOepva, Tevyog 6, 2013
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TOL OULTICHOV KOl cvumeptAapupdvouy emeCepyacion €0TIOGUEVY] OTN AETTOUEPELN,
éupovn mpoooyn, TAom Yo pANnon TV JdIKACIOV Kol EVOLNPEPOV TPOC TO
GUOTNHLOTO, TTOV EAEYYOVTAL OO TOVG KOVOVEC.

Xuvoyilovtog, To. EPELVNTIKA EVPNLOTO TOV TOPOVCLAGTNKAV OElYVOLV OTL O1
VoNTIKEG dlepyacieg mov givor vevBuveg yo TNV avAamTuEn €0IKAOV 0e&10TNTOVY, Kot
E0IKOTEPO Y10 TOV TUEPOAOYLOKO VTOAOYIGUO, TOPAUEVOLY EANYIOTO KOTOVONTEC.
Qot660, o1 Heavey kot cvv. (2012) vrootpilovv 61t dev amarteiton eEopeTikn N Un
TUTTIKY] VELPOVIKY Agrtovpyio, OVTE OvOTEPT €LELIN KOl OVOTEPEG OPLOUNTIKESG
de&otreg, mapoTL awtol o1 yvwotikol mapdyovteg  Ponbodv v epunvein TV

OLITOUIKAOV S10POPDV GTIG VITOAOYIOTIKESG 0€ELOTNTEC.

Eumeipixad evpnuara e pabnuotikng ikavotyrog

Evprpata epeuvdv mov cuykpivouv avTIGTIKOVG HE €01KES de€dtnteg oTa
LOONUOTIKA Kot ATOHO TUTKNG ovATTUENG He TaAévta otov 1010 Topéa mpoteivouy OTL
TOLPOLOLOL YVMOCTIKOL UNYXOVIGHOT EVEPYOTTOLOUVTAL KATA TNV ££A0KNON TV 0£E0THTOV
Kot 6T dvo opddec. Ta mapdderypa, ot Hermelin & O’Connor (1990 oto Kelly,
Macaruso & Sokol, 1997), Bpnkov 6Tt 0 CUUUETEX®V HE AVTIONO €QPAPLOLE TIG 1d1EG
YVOOTIKES GTPUTNYIKEG LE TOV GUUUETEXOVTO LAONUATIKO KATE TNV 0VayvOPLGT) TPATOV
apBumv. Opoing, ov Kelly, Macaruso & Sokol (1997) Bprikav 6Tt 1060 0 OVTIGTIKOG
CLUUETEY®V (TOV omoiov M KAlom oto padnuatikd epeaviotnke ce nlkio 7 €10V Kot
éhaPe mepropiopévn enionun ekmaidgvon) 660 Kot 0t 5 VEVPOTUTIKOL GUUUETEXOVTES (e
TOVETCTNUOKY  €KTTaidevon oto pobnupotikd) oétomoincov Tig 101eg oTpATNYIKEG
entivong, OmwG LWOAOYIOTIKY Oladikacio amd to de€ld mpog Ta aploTepd, pio
otpatnyky mov &xet Ppebel 6t aflomoleiton amd wdfuoveg. Mmopovpe Aowmdv va

vroBécovpe 6Tt KATO1o1L UNYaviclol emeepyaciog TANPOPOPUDY XPNGILOL Y10 TNV KUAN
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eMidooN oToL POONUOTIKA &ivonl Topovieg Kol OlBECIUOL GTOVG OVTICTIKOVS LE
0e&10TNTEG OTO OO ULATIKGL.

To €0poc TV VIOAOYIGUMY TOL EKTEIVETOL GE UEYAAEG NUEPOAOYIOKES TEPLOOOVE
(Cowan et al.,, 2004) kot o ovénuévog ypPOVOC amdvTnone O©€ MUEPOUNVIEC TOL
amopokpdvovtal meplocdtepo and 1o mopov (Cowan, O’Connor & Samella, 2003-
Cowan & Frith, 2009) ocuvvnyopodv vaép g okéyng OTL N 1KAVOTNTO TOL
NUePoroYLaKoD LITOAOYIGHLOD dev Ba pmopovoe va Pacileton amoKAEIOTIKA GE Yvdo™ 1)
eEAIPETIKT] KOVOTNTO OTOUVIUOVELCTG TANPOPOPLOYV TOL OMEKTNGAV Oand KOTO0
€YXEPI010, OALA GTNV EPOPLOYH VOEPDV VITOAOYIGTIKMV JEPYACIDOV. ZOUPOVO, LE OVTO
001 YOVUOOTE GTO GULUTEPAGUA OTL HEPIKOl aVTIOTIKOL, €4v Oyt OAOL, UTOPOLV Vo

vroloyicovv mpokeywévov va  katoinSovv pe axpifedr ko todvtnro oe  pio

aVTIOTOlYIoT MUEpOUNVIG-NUEPQGS.

H puabnon, n uviun xai n eopoio twv atopumy 6to pOacUoe. TOD OVTIGUOD

O d10POoPOTOMUEVOG TPOTOG EMEEEPYACIAG TV TANPOPOPUDY GTO (AGHO TOL
QUTICUOV  £YEl TPOEKTAGEIS O©E TEPIGCOTEPO YEVIKEG Kol TEPIMAOKEG VONTIKES
Aertovpyieg, dmwg etvor n pvfiun Kou  pabnon, divovtag éva véo vonua otnv évvola g
gveuiog. Zopeova pe tovg Mottron, Dawson kot cvv. (2006), pio emttuyng xpnon Tov
QVTIMTITIKOV ~ IKOVOTAT®V oty emihvon  mpoPAnudtov,  odnysl oy
CETMAVOAOIOMPOYUATEVST) TNG OYEONG UETOEL avTIANYNG KOl YEVIKNG €veviog ota
OVTIGTIKA ATOLLOL.

Adpopeg épevveg (m.y., Cowan, O’Connor & Samella, 2003+ Heavey et al., 2012-
Mottron, Dawson et al., 2006) mopéyovv ded0UEVO GYETIKG LLE TN VG TOV LUVIHOVIKOV
KOVOTNTOV TOV AVTIGTIKOV atopov. H pvnuoviky ikavotnto tTov ovTioTikdv Bacileton

OTNV QVOYVOPLOT) TNG OHOOTNTOG, TN ONUIOVPYIO GUOYETICEMV KOl OVOOPOUIK®V

EledbOepva, Tevyog 6, 2013
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TPOTOHT®V  €miAvong mov whoavad va un ovpPoivel e cvveldntod eminedo, KOOMC
aOVVATOVY VO VOPEPOVY TNV TOPELD VITOAOYIGUAOV TOV OKOAOVONGOV Kol GTPUTIYIK®DV
OV EQAPLOCAV TPOKEUEVOL VO, TAcOVY 610 TeAKO amotéleoua (Kelly, Macaruso &
Sokol, 1997), Ady® eMEWUATOV 6TV UETOYVOOTIKN Kavotnta. Ot VTOAOYIOTIKEG
axolovBiec elval amoOnkevUEveg ot UV, YO EKTETAREVEG TEPLOOOVE OTNV aKPIPN
TOVG HOPPY], MG 0KOAOVOIEG 1] TPOTLTAL, KOl TOL VTOAOYIOTIKA Ep®THATO TPoceyyilovTat
cav GUVOAQ Tov 1o {nTovpevo eival to otolyeio mov Agimel ko mpémer va amavtnOel
HEG® TNG AVAKANGNGS OAOKANPNS TG akoAovbiag.

Ta mapondve gopipaTo LTOONAGVOLY OTL 1 EMIOOCN GTO VTOAOYIGTIKA &Py
Baciletar omv adnAn pabnon. H dwdwactiky pviun eivor avémaen kot gpeavilet
TOAD peYGAeg duvaTdTTEG, OV Kot avTéG meplopiloviatl eviog TV oplwv NG €01KNG
0eE10TNTOG TOV AVOTTVGGOVY Kol EEAGKOVV TO, ATOUO LLE OVTIGUO.

H avertoypévn ovinmuikny wovotnto @aivetoar vo givar m Bdon ywoo v
AVOYVOPIoT TPOTUTIMV KOl €YEL MG CLVEMEWL TNV OTOUVIUOVELSN OYEceV UETOED
EVVOLMV KOl KOVOVOV, TOV Ol UN OVTICTIKOL dev glvarl og BE0M VoL GLYKPATICOVY GTN|
pvAun tovc. Ot Gagnon kot cuvv. (2004) emonpaivouv v EAIPETIKN KAVOTNTA TOV
OUTIOTIKOV oIV eKTiunon peyebdv Kot TNy amodidovv  GTOV — OVETTLYUEVO
OVOTTOPOUGTATIKO UNYXOVIGUO TNG PEAAGTIKNG VONTIKNG AMEIKOVIGNC. AVTIGTOLYN VONTIKY|
yoptoypdonon &yt emonpaviel Ko o€ Epya nueporoylakov vroAoyispot (Heavey et
al., 2012).

H pviun xow n pédOnon mov Pacifoviar oe pio e£0petiKng OMTUKO-OVTIANTTIKY
KOVOTNTO VOOEIKVOETOL KOt OTd TO YEYOVOG OTL TOL TOdLd e AVTICUO €YOVV TNV TAOT
va yvopifovuv va PETpovV o€ pio Tpdiun nikio, Tpy oKOUN TPoEEPOLY AAAEG AEEELC.
Qo1660, N TpOWN Paon ™S HabNUaTIKNG avarTuéng etvan 1 avddvon g piog Tpog

pio avtiototyiog, onAadn n LETPNon VO KABE POPA OVTIKELEVOL KOl 1] YVAOOT OTL £VOg
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aplBuog avtamokpivetol oe pio TocOTNTO, P IKOVOTNTO TOL OPEIAETOL GTNV OMTIKO-
YOPIKN ovTiAnyn. Avtoc o tpdémog okéyng mov Paciletar oty QUOKY avamtvén,
amOTEAEL TNV EPUNVEID TOV OGS TO AVTICTIKA ALY ATOKTOVV HOONUATIKES £VVOLEG OE
éva, OMTIKO emimedo, KOvVOTNTO TOL OTNV Topeia eEEMOGETAL OTNV KAVOTNTA NG
OTITIKNG aVATOPACTOONSG MAONUOTIKOV akoAoLOI®VY Kot epunvevETOLl amd T BewpnTiKn
TPOGEYYION TNG EVIGYVUEVIG AVTIANTTIKNG Asttovpyikotntog (Mottron, 2009).

Me Bdaon ta mopandveo ot Cowan kou Frith (2009), kotainyovv 6Tt yio nv
EKONAMOT TOV EWVIKOV OEEIOTNTOV GTOV OVTIGHO OV AMOITOVVTOL EEALPETIKN N UM
TUTTIKY VELPOVIKY Agttovpyio Kot bynAod emmédov gveuio N Uviun, TaPOTL ALTOL Ot
yvootikol mapdyovieg icog fonbovv oty gpunveio. T@V SATOMKOV SOPOPOV GTOV
NUEPOLOYLOKO VTTOAOYIGUO

ZOUTEPACUATIKA, @aivetar OTL 01 €10KES OeE1OTNTEG TOV AVTIGTIKMOV GTOVG
VROAOYIOHOVS €lvarl Kotd KAMO0 TPOMO aveEdpTnTeS amd TNV YEVIKN KovOTHTO
YVOOTIKNG eneéepyaciog Kot vrootnpilovtar amd ) pvhiun, Kabdg 0moldNToTE E01KN
O0egl0TNTO. KL OV OVOTTTUGOETOL TAVTOL GUVOEETOL WE OVETTUYUEVES LVILOVIKES
Aertovpyieg (Treffert, 2009), cav va mpoketar Yo €yyevég YOPAKINPLOTIKO TOL
Zuvopopov Ewnpovog (Savant Syndrome), oAAG KOl EMPUEPOVG  UNYOVIGLOVG
eneEepyaciag TANPOEOPLOV TOL GuvelsPEpovy  otnv gvevia (Cowan, O’Connor &

Samella, 2003).

NevpoProroyikég TPooeyyioeS TS GVTIOTIKNG ROONPATIKNS OKEYNG
[Topoty, T0 YVOOTIKA HOVTEAD LOG TOPEYOVV YPNOUEG TANPOPOPIES Yol TIC
YVOOTIKES OlEpPYOsies TOV AVTICTIKOV oL B pumopovcav vo oxetilovtor pe tnv
avamtuén G padnuatikig okéyng, po TANPNG MPOGEYYIoT NG  UAOMUOTIKNG

KOVOTNTOG KOL TNG VTOAOYIOTIKNG OKEYNG OTO GTOUO LE JOTOPOYES GTO (QAGHO, TOV

EledbOepva, Tevyog 6, 2013
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avtiopov  Bo  amoutohoe OVTA  TAL  YLYXOAOYIKG HOVIEAD Vo oLoYETIGOOOV e
vevpofroroyikd svprjpara.

Av kot T0 vevpoProroyikd voPabpo TV daTaPUYDOV TOL OVTICTIKOD PACUOTOC
glval akOpo VIO O1EPELYM O], dLAPOPES LOBETELS Exovy dlatvmBel 6e pia Tpoomdheio
va epunvevTel ylati ot avtiotikoi cuvnBmg Tapovcidlovy eAleippota oe 0e£10TNTEC TOL
amodidoVTOL GTO aPLoTEPO NUICPAIPLO, EVM 01 AetTovpyieg Tov deE100 TOLG NUGPALPiov
o¢ paivetar va emnpealovtar. H vmdébeon e dvaieitovpyiag tov apiatepod nuiopaipiov
vrootpiler 60Tt N vevpomaBoroyia Tov avTicpoV oyetiletal e po Téon EYKEPAUAKNS
Kuprapyiog tov de€100 nuoseapiov (Floris et al., 2013). H vrofeon avth vrootpileton
a0 VEVPOUTEIKOVIGTIKO EVPTLLOTO TTOV SOMLGTAOVOLV GTOV OVTICUO [0l AVTIGTPOPT) TOL
TUTTIKOV TTPOTLTOV EYKEPAAIKNG TAELPIOONG, OTMG Yo TOPASELYUO. GE TEPLOYES TOV
oyetiCovton pe ™ ylwoowr Aertovpyion (Rojas et al., 2002- 2005), yeyovog mov
vrodniover mbavég dushertovpyieg 6to aplotepd Nuceaiplo. I'a mapaderypa, ot Hou
kot ovv. (2000 oto Treffert, 2009) avapépovv: «to avoTopkd VITOPadpo Yoo TV
EUPAVIOT] TOL GLVOPOLOL EWNHOVOS, 16MG EUTAEKEL TNV EALEIUPATIKN Agttovpyio GTO
apLoTEPO NUICEAIPLO KoL TNV EVIGYLUEVT AELTOVPYia TOL VEOPAOLOV» (OeA. 1354).

Zopemva opmg pe tovg Melillo kon Leisman (2009), n datapoyn Tov AVTIGTIKOD
QACUOTOG OmOTEAEL €va oOVIpouO ODGAEITOVPYIKNG CLVOETIUOTHTOS, ONAODY, OAaL TO.
CUUTTAOUOTO, TG OLLTOPAYNS TOV QVTICTIKOV PAcUATOS B0 LropovGaV Vo EPUNVEVLTOVV
pe Baomn ™ SvoAertovpyIKn GLVIESIUOTNTO PEGH GTO Oe&l NUGPAIPLO 68 GLVIVAGUO e
TNV UEWWUEVT] OPACTNPLOTNTO Kol GLVOYN G€ avTd TO NUIoEaiplo. Onwg avapépovy ot
TOPOTAV® €PELVNTEG, 1| QOAOLIKN OGLUUETPIRL €VIOC €VPEV QAOUKAOV OKTL®V Oa
UTOPOVGE VO 0OMYNOEL GE UEIOUEVO GLYXPOVICUO o€ Kdmolo diktva, OAAL Kot
EVICYLUEVO GLYYPOVICUO GE AAAM, LE OTOTELEGILO GLYVA VO TAPOTNPEITOL OTL O VYNADG

Babudc avantuéng kamolmv 0el0TNTOV CLUVOEETAL [UE TNV ALV GE KATOLES GAAES.
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Xe eminedo vevpopuclohoyiog meployés e€acbevnuévng dpactnprotnrag £xovv Ppebel o
OlAPOPEC TEPLOYEG TOV EYKEPAAOV TOV VROAEITOVTOL OVOTTVEWNKE, O TOUdd e
avtiopo. To mo onuavtikd EAAEpO TS GAOUKNG CLVOESIUOTNTOG EUQOVICETOL GTO
uecoAdpio (Barnea-Goraly et al.,, 2004). Avtd onpaivel 011 0 TO KOWOC TOTOC
OVGAEITOVPYIKNG CLVOECILOTNTAG OV GLVOVTATOL GE OLTA To Todd meplopilel ™
ocuvepyasio avapesa ota 0Vo Nuoeaipla. Exiong £xovv yivel avapopég oty LEIOUEVN
GUVOEGIUOTNTA KOl GUYYPOVIGUO OTIC HOKPLVEG EVOONUCPUIPLOKEG GUVOECELS, L
ALENUEVT GLVOEGIUOTNTO KOl GUVIOVIGUO OTIS EYYVTEPES EVOONUICPUPLOKEG GUVOEELS,
Kkt Tov Bewpeiton OTL 0ONYEL GE EVIGYVUEVES IKOVOTNTES, OTMG OVTEG TOV EppavifovTal
og avTIoTkoOg pe e101kég de&otnteg (Melillo & Leisman, 2009). "Etot, to @dopo tov
avTicpov Ba pmopovoe va Bewpnbel icwg ¢ éva pn TLMKO vONTIKO TPAHTLTO
OlEPYOCUDY OV TPOKLMTEL OMO SLPOPOTOMUEVT] 1GOPPOTIO. TNG TOMIKNG KOL TNG
EVPVTEPNG AEITOVPYIKAG GUVOECIUOTNTAG TOV EYKEPAMK®OV Npuoeopiov (Baron-Cohen
& Belmonte, 2005), kot ®g €k TOLTOL Ol YVOOTIKEG OLOPOPES KOl KOT  ETEKTOOT Ol
SPOPOTOMGELG GTNV APOUNTIKY KoL TV VITOAOYIGTIKY] OKEYN UETAED QUTICTIKMOV Kot
Un ouTICTIKOV €Yovv TN PACT TOVG OTNV EYKEPOAIKN avatopio, opydvoorn Kot

Agrtovpyia.

H  Jdigpevvnon  tov  opifunukov  koar  vomoloyiotik@v  0eClOTHTWV — UECD
VEVPOOTEIKOVIOTIKDV TEYVIKWDV

H vevpovum eneéepyacio tov aplBudv eumiékel didpopes meploxés. Qotdco,
elvar evpémg amodektd OTL 0 Ppeypatikdc AoPog €xel mpotopyikd poAo Kol 1M
EVOOPPEYLOTIKY]  OVAOKO EVEPYOMOLEITAL GUOTNUATIKA OTOTE TO ATOHO EPYETOL
avTIPETOTO pe appotc kot emeéepyacio tocottov (Dehaene et al., 2003- Pinel et al.,

2004). Avaioyo LEe TI OTOLTNOELS TOV €PYOV M Agrtovpyio. avTh evioyvetal amd dVo

EledbOepva, Tevyog 6, 2013
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Ao Bpeyratikd SikTvo, T YOVIOON EMKO Kol TIG TEPLOYES YOP® OO TNV OOANKO TOV
Sylvius o610 apiotepd NUIGPaAipto Kot To 0Tich10 Ave Ppeypatikd cHOTUO ApEiTAELPA.

Xt peiétn tov Cowan & Frith (2009) emyeipnOnke va edeyybei n vdbeomn 611 0
NUEPOAOYLOKOG VITOAOYICUOC EUTAEKEL TOV PBpeyrotikd AoPd Katd Tov 1010 Tpdmo pe ™
voepn apuntiky. ‘Eywvav cvykpioelg g mpog v €yKeQAAKN OpactnplotnTa d0o
OLTICTIKOV UE E0KEG OE10TNTES Kol EVOG ATOLOL TUTIKNG avAmTLéng, Katd T dldpKeLn
EPYmV  MUEPOAOYLOKOD KOl VOEPOD  aplBUNTIKOD VTOAOYIGUOV, TPOKELUEVOL VoL
EVTOMIGTOVV Ol TEPLOYEG OTO Ppeyratikd AoPfo mov evepyomombnkay katd T SLopKELL
kot tov oo Epywv. H dopkn vevpoameikovion (voxel-based morphometry) oe
SMIOTOGE SOUIKES OLUPOPOTOUGELS GTOVG EYKEPAAOVS TMV OVTIGTIKMY, GUYKPLTIKA LLE
TO GTOMO TLTIKNG ovamTLENG, oTNV TEPloyn Tov Ppeypatikov Aofod. H texvikn g
Aertovpyikng poyvntikng topoypagiog (functional Magnetic Resonance Imaging -
fMRI) £dei&e v evepyomoinon TV TEPLOYOV TOV Ave Kol KAT® Bpeypatikod AoBov,
TOV TPOKLVNTIKOV, TOV KIWVNTIKOD Kol TOV OPIGTEPOD KATM® KPOTAPIKOL PAO0V, TOGO
Katd TN Olpkel €pymv voepnsg oplduntikig 0G0 Kol o€ £pyn MUEPOAOYLOKOD
VIOAOYIGHOD 6g OAoVG Tovg cvppetéyovieg. Ot Cowan ko Frith (2009) mopatipnoav
OTL QVTEG O TTEPLOYEG EVEPYOTTOLOVVTOL WOLOTEPMS KOATA TNV EKTEAEST TLEPOAOYIOKDV
EPYOV Kol Kuplog Katd TNV €0PECT NUEPOUNVIOV TTOV OTEXOVV TEPIGGOTEPO OMO TO
Topov.

Ot Boddaert kot cvv. (2005) e&étacav éva dtopo 22 €TdV e S1dyvOoT aVTIGHOD
KO 1010UTEPMG OVETTVYLEVT TN 6€E10TNTA TOV MUEPOAOYLOKOD VITOAOYIGHOV pnécm TMRI
Kot aveépepay 0Tt T0 TPOGHI0 TPOGAYDY10 KOl 0 APLeTEPOG IMMOKOUTOS £ivol Ol TEPLOYES
OV EVEPYOTOLOVVTOL KVUPIMG KOTA TOV mMUePoroylokd vmoroyispd. [MapdAinia, ot
OPUCTNPLOTOUCEL GE MEPLOYEG TOV OPLOTEPOL UETOMIAIOV PAOLOV KOl TOV OPLOTEPOD

HEGOL KPOTAPLKOL AP0V VITOSEIKVOOVV TN CTLLOGI TG UVIUNG OTNV AVATTLEN EOTKOV
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oslottwv. Me Bdon avtd ta gupruata, ot epevvntég KatéAn&ov OTL ot E101KEG
0eE10TNTEG NUEPOAOYIOKMY VTOAOYIGUAOV TOL LIOKEWEVOL NG €pevvog Pacilovion og
peydro Babud oe pvnuovikég dtepyacies, Kabmg To EYKEPAAMKA dIKTLO TOV EUTAEKOVTOL
glvol OOl LE OVTO TTOV EVEPYOTOLOVVTOL GE £PYO LVNLOVIKNG OVAKANGONG Od TUTTIKGL
OVOTTTUGGOUEVD, ATOLLOL.

Xt pedém tov Fehr ko ovv. (2011), e€etdotnke pue fTMRI évag evilikag pe
cuvopopo Asperger Kot €W0KEG 0e€lOTNTEG OTOV  TMUEPOAOYLOKO  VITOAOYIGUO,
GLYKPWVOLEVOG HE EVOV EVAMKO TUTIKNG AVATTLENG OV EMOEIKVVEL TV 1O10 E101KT
de&omra. Ot e€etalopevol mapovsiocay TapOUOlo SIKTVO EYKEPAAIKNG EvEPYOTOINGONG
Katé TN OdpKEWL TMUEPOAOYIOKAOV VTOAOYICU®V, TO OMOI0 EUTAEKEL TNV OPLOTEPN
LETOTIOA0 EYKEPOAIKT] TEPLOYY], TOV PPEYLOTIKO Kol TOV Wik AoBO apeimievpa, T
0e&1l mapeYKEPOUAMOM, TV EAIKO TOL TPOCAYMYIOL KOl TNV OPIGTEPT] VNGO TOV
eykepdrov. Ta svpriuota avtd emPefaidvovv OTL Yoo TNV LYNAN €MOOCN OTO
GLYKEKPLUEVO DTOAOYIGTIKG €Y QOIVETOL VO OOLTEITOL OTTIKY OVOTOPAGTOOT) Kot
eNeEePYAciot TOV ONTIKAOV TANPOPOPLOV, OTMG OTOOEIKVOETOL OO TNV EVEPYOTOINOT
TEPOYDOV TOVL WiakoD AoBov kot GAA®V Tov mpdokewtol o€ avtdv. EmimAéov,
onuavtikd poro mailovv cvotiuata enefepyaciog TG AONANG KOV OlOOIKOGTIKNG
UVAUNG, OTMOG TPOKVTTEL OO TNV EUTAOKT] EVPEWV TAPEYKEPUMITKAOV KOl VITO-PAOUKOV
nepoyov. H apiotepn| petomoio gvepyomoinom pmopel va punvevbei omd v epmloxn
mg YAMoooc, n onoio oyetieton pe TNV MWOADTAOKY, VONTIKY| enefepyocio Kot Tnv
AQAPETIKTN oKEWYT, TOV Ommg avapépovy ot Cowan kat Frith (2009) oyetiCovrar ot pe

NV vontiky apifunon.

EledbOepva, Tevyog 6, 2013
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O poAoS TG VEVPOTAOGTIKOTHTAS OTNV OTOKTHON VEOS YVTNS KO EIOIKWMV TOAEVTIMV

Xt pedétn tov Fehr ko ovv. (2011), 1diaitepn evivmwon TPoKAAESE TO YEYOVOG
™G omd KOOV €VEPYOMOINONG TNG KAT® KPOTUPO-VIOKNG GUVOEGNS, TOCO GTO
vrokeipevo pe AX, 660 KOl GTO GUUUETEYOVTIO TUTIKNG OVATTUENG LE LYNMAN €midoom
GTOV MUEPOAOYLOKO VTOAOYIGHO. Ot mePloy€g mov MPOCKEWTOL GTO GUYKEKPIUEVO
OUVOECO, OMMC 1M OTPOKTOEWNG EMKO. €YEl CLOYETIOTElL pe TV emefepyacia TV
EKQPPACEDYV TOV TPOCOMOL Kol TN ovvarsOnuoatiky afloAdynon ToAVTAOK®V
Kowovikov olniemdpdoemv (Geday et al., 2003- oto Fehr et al., 2011). Extog and
TIG WIUTEPWG AVETTVYUEVES EWOKEG O£ELOTNTES TOGO TO ATOUO LE TUTIKT avATTLEY, OGO
Kol TO OTOMO HE OTOPOYN OTO QOGO TOL OLTIGUOV, gUEOVILAY EAAEUHO TOV
KOWOVIKOV Kol cvvaisOnpatikdv de&lotitov. And avtd 1o evpnuo ot Fehr kot cov.
(2011) vréBeoav TS N VELPOVIKY TAAGTIKOTNTA, TOL EAOPE YDPO OTNV TEPLOYN TNG
ATPOKTOEO0VGC KOG KOl GAA®V TPOCKEILEVOV TEPOYDV OO 1 YAWGGIKY| EMKaL,
AOY® NG oLVEXOVS KOl ETAVOAAUPAVOUEVIS EEAGKTONG EWOTKAOV VONTIKAOV JlEPYACLOV,
evioybel TV €midoon G©€ KOMOWOVLG YVOOTIKOVG TouElg (O0mwg o  aplfuntikdg
VIOAOYIGHOG), 0AMG o€ Bapog GAAmV (Ommg 0 KoW®mVIKO-cLVIIGONUATIKOC). AT N
VEVPOTAQGTIKY KAVOTNTO GTOV OVTICUO, B mpémel va eWdmbel péca oto gupvTEPO
A0 TG TPOWNG VEVPOAVATTLEWKNG Olatopayns. Me Bdaon to mapoamdve, o
avTIoUOG @aivetor vo oyetiletor pe pio ovomtuéloky amodlopydvmon  KATolwv
VELPOVIKOV KUKA®UATOV, YEYOVOS OV SIEVKOADVEL TNV 0VAOVOT OPIGUEVMV EOIKAOV
de&lomtev, HECH NG OVTICTOOUOTIKNG VEVPOTAAGTIKNG avadlopydvmong ALV
diktvmv Tov ykepdiov (Boddaert et al., 2005).

To poAO NG VELPOTANGTIKOTNTOC, GE avTiOESN HE TOLG £yyevels TapPlyovTeg
toviCouv emiong ot Wallace, Happé kot Giedd (2009), ot omoiot perétmoav 1

VELPOYLYOAOYIKY AELTOVPYIKOTNTO KOl TNV EYKEPAAIKT] LOPPOUETPioL €VOG eviAka 42
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ETOV pe Odyvoon XA kot €01KEG OeEOTNTEG TNV TEXVN KOl TOV TMUEPOAOYINKO
vroAoyopd. Alomictmoay Ot 1 dve PBPEYUOTIKY TEPLOYN TOL EYKEPUAKOD GAOLOV £lyE
UEYOAVTEPO TAYOG, EVA AAAEG TEPLOYES, OTMG 1 AV Ko UECT) TPOUETMOTIOA0, 1| HEST
KPOTOPIKT KO 1) KIVNTIKT NTOV AETTOTEPEC GE GUYKPIOT LE OLTEG TNG OLAdNG EAEYYOVL.
o vo epunvedoovy to €OpnuUo. aVTO oL €PELYNTEC LIOoTAPENY OTL 11 dOUN TOL
eyKepdAov olapoponoteital émerta amd emipovn e£doknon o€ cvykekpyéva Epya. H
Haas (2010) emonpaiver emiong mog n €£doknon £€xel VELPOTAOCTIKY OpAGT OTNV
eVIoYLON TOV GCLUVORTIKOV OECUMOV Kol TNV OmOKTNON VE®V TPOT®V €mIALONG
TpofAnudtwv.

2uvoyilovtog To EVPNUOTO TMOV VEVPOOTEIKOVIGTIKOV EPELVAOV UTOPOVUE VO
TOVE OTL Ol €OIKEG JEEIOTNTEG TOV OVTICTIKAOV {0MC Vo, amodidovtal KaATEPO GTNV
EVTOTIKT ££AOKNGT, TNV £QOPLOYN OPOPETIKOV CTPATNYIK®OV Kol TNV a&lomoinon mg
pvnuns. Evrovtowg, m éddewyn afoonueiotov dwupopomomocewv dev vrootnpilet
ToAOTEPEG AMOYELS OTL Ol aVTIOTIKOL pe &wég dedtreg mopovstalovv éva
dapopeTika dopnpévo eyképado (Snyder & Mitchell, 1999), s€autiog kamotag Eppung
npodidbeong. Agv vmootmpiletoan emiong mn dmoyn OtL ot 6e&l0TNTEG TOLG £)YOLV
emtevyel amoKAEIOTIKG HECH NG OVTIOTAOUIOTIKNG avATTVENG Kot aglomoinong Tmv
YOUNAOD ETESOV avTNTTIKGV cvotnudtev (Mottron et al., 2006). O de&lotnteg iomg
elvar aocvvnOioteg, oAAd de @aivetar TOLANYIOTO Omd TIS VIAPYOVCES UEAETEC Vo
EUMAEKOVY UM TUTIKEG YVOOTIKEG Olepyacies M vo eoptodvtorl amd OepeMmomg
SpopeTikohS, MG TPOG TN HopPoroyio Kat T Aettovpyio eykepdiovg (Cowan & Frith,
2009). Ot vevpoamekovioTIKEG UEAETEG MOTOGO QaiveTal va otnpilovy Tig epunveieg
TOV YVOOTIKOV HOVTEA®V, KaOMG M €YKEQOAMKY dpacTnplonoinon Katd t OodpKelo
VTOAOYICTIKAOV £PY®MV OVAOEIKVOEL TNV 10101TEPT EUTAOKN TNG UVIAUNG KOL TNG OTNTIKO-

YOPIKNG AVTIANYNG, Ol 0Toieg PaiveTal Vo AELITOVPYOUV ETIKOVPIKA KOl EVICYLTIKA GTNV

EledbOepva, Tevyog 6, 2013
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EKTELECT] VTOAOYIGUAOV Kol LAAAOV S10(POPOTOIOVV TO OWTIGTIKO OtO TO TLMIKO TPOTVTO

YVOOTIKNG eneepyociog TV aplOpdv.

YOUTEPACNOTA, TEPLOPLOOL KOL HEALOVTIKES KATEVOUVGELS 6TV £pEVVa

[ToAAég epevvnTIKEG TPOOTADELES £XOVV ECTIAGEL GTNV KATAVONGOT TOV EOIKOV
Oe&0TNTOV KO IKOVOTATOV TTov epgovifovtol 6to edouo Tov avTiopov. Ot YvooTikEG
TPOcEYYIGES VTOGTNPILOVY TMG VIAPYEL GTOVG OVTICTIKOVS Hia €YYEVNC TAOT], KATTOO
Wwitepa  YVOOTIKE KOl GUUTEPLPOPICTIKE  YOPOKTINPIOTIKE 7OV  EMTPEMOVY TNV
avaodvoT, avamTuEn Kot STNPNoN GLYKEKPUEVDV deloTitav. Ta YapoKTNPIGTIKA TG
LEIOUEVNS €VEMELNG GTPATNYIKOV KOl TPOTOL GKEYNG Tov yopaktnpilovy Tig £101kég
VROAOYIOTIKEG OEEIOTNTEG TOV QVTIGTIKMOV TOPOUTEUTOVY GTNV TEPLYPaY] Tov Kanner
(1943 avagéperar Mottron et al., 2009), wepi «avtictacng otnv aAlayn», 6Tt dSniadn
elvar mBavo 1 dvokaumtn kol otabepn eOon g emidoong va givor pior cuvénEl TOV
gYyevov avTioTiKOV mpodtabécemv. Ot vevpoamewoviotikég pébodot emyeipnoay va.
EVTOTMIGOUV OOMIKEG KOl AEITOVPYIKEG OPOPEG UETAED EYKEPAAMV OVTICTIKOV Kot
VELPOTUTIKOV OaTOH®Y,  TPokeéEVoL va. dobel kdmowo epunveio otnv mapdooén
SLVOTAPEN OLGAELTOVPYIKOTNTOSG KOl YOPICUOTIKOTNTAG KOl TNV OVATTUEN E0IKOV
de&lotTmv.

And ™V avookdnnon mov mpaypotomomOnke @aivetoar OtL M avATTULEN TOV
EOIKAOV JeEI0TNTOV GTO PAGLLO TOL OVTIGHOV OV TPOKVTTEL 0 Evay LOVO TapdyovTa,
éva  CLYKEKPWEVO  YVOOTIKO mpdtumo  (eoTioong otTn  AemTopépeln, aVENUEVNS
OVTIANTITIKNAG IKOVOTNTOG | CLGTNUATOTOIMONG) N MO CUYKEKPIUEVT] EYKEPAAIKT] dOUN|
mov Agrtovpyel Swwpopomompéva. Ot mapdyovteg Tng OOKACTIKNG HVIAUNG, TNG
1OYLPNG OTTIKO-YWPIKNG AVIIANTTIKNG IKOVOTNTOS Kot TG AdNAng nébnong eaiveral vo

€VUVOOVV TNV aVATTLEYN TOV EWIKOV VITOAOYIGTIKAOV IKOVOTHTMOV, OTMG VITOOEIKVUOLY Ol
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GUYYPOVEC YVOOTIKEG Kol vevpoPloloyikég mpooeyyicels. EmmAéov, 1 cvykévipwon, n
emavaAnym, 1 e&doxknon kot o Kivnpa eaiveTon vo givol oNUovTIKol Kot EVIGYVLTIKOL
TOPAYOVTEG OTNV  OVATTLUEN LYNAOD EMUTESOL VTOAOYIGTIKOV O&loTHTOV Kol TN
dlaTnpnon Tovg.

Xvvoyilovtag, umopodpe va vrootnpiEovpe 0Tl OTMEC TPOKVTTEL OO GUYYPOVES
VEVPOUTEIKOVIOTIKEG KOl YVOOTIKEG UEAETEG QAIVETOL VO  LIAPYEL £V GLYKEKPIUEVO
YVOOTIKO TPOTLTO, TOV AVOOEKVVEL TL B0 UTOpPOVoE OLVNTIKG VO EVLVONGEL TNV
avAmTUEN EOIKAOV OeEI0TNTOV 1] «VNGId®MV 1KAVOTNTAC» GTOV YVOOTIKO TOUEN TV
paOnpotikov evtdg Tov EAGHOTOS Tov avuTicpov. Eviovtolg, eivar dvokoro va
amo@ovlovle GYETIKA pe TO €0V OVI®OG OLTO TO OVTIGTIKO YVOGTIKO TPOTLTO
Aertovpyiog, mov Paciletor oTn SOKAGTIKA UVAUYN, oTHV GONAN pabnon kot Tig
OTTIKO-OVTIANTITIKES IKOVOTNTEG UTOPEL VOL OONYNGEL GE AVATEPT HLoBNUaTIK) oKEWYN 1|
av OvVTOVOKAG avotepn pobnupoatikny wovomta. To oiyovpo elvar mog pumopel va
00MNYNGCEL € £vav 1WOLITEPO KOl OLAPOPETIKO, OO TOV VELPOTLTIKO, TPOTO CKEYNGS, MG
AMOTELECLLO TG OLOPOPOTOMUEVTG AEITOVPYIONG, GLVOEGILOTNTOS KOl OPYAVMONG TMV
EYKEQOMKAOV dOUDV, OTOL TO TEPLOPICUEVO EVIAPEPOV, TO KIVINTPO KOL 1 EULOVT
eEdoknon Asrtovpyodv evioyvtikd. EEGAAoOVL pdAdov o mpémer AGLE Y100 OCKNOLUN
Kot eEeAiEiun podnpatikn de&0tTo TOPE Yo EQELTN KOVOTNTO, KATL TOV YiveTot
eavepd and ) cvvnbéotepn ypnomn tov 6pov “skill” mov cuvavtdrtor ot Biioypaeia,
évavtt Tov 6pov “ability” mov Oa Topéneune oe Evav £yyevi xapaKTpo TOV 1O10UTEPOV
SLVATOTNTOV KATOLWV QVTICTIKAV.

OloxkAnpdvovtag TV avackomnon o¢ Oa mpémel va Eexvape TOVG TEPLOPIGLOVG
7oV TiBevTol MG TPOG TN YEVIKELOT) TV EPELVNTIKMOV EVPNUATOV amtd TO YEYOVOG OTL O
AVTIOTIKOG TANOLGHOG amotedel pio GkpmG £TePOYEVI] OUAdO KOL Ol JLOTOPAYES TOV

ALTIGUOV oPgiAovtanl og évo TANB0G vevpo-avarnTuElak®V Topayovimv. [ 1o Adyo

EledbOepva, Tevyog 6, 2013
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avtd GAlwote mpooeyyilovtal ¢ @Aaouo, ©¢ &va ouveEXEG medlo  1dlaitEpOV
YOPOKTNPIOTIKMOV, HE OLOTOMIKES Kol EVOOUTOUIKEG OLUKVUAVOES OOVVOULDY Kol
KOVOTNTMOV OE YVMOOTIKO, GULUTEPLPOPIKO, KOWMVIKO Kol cuvousOnuatikd eminedo.
T6c0 1O YEYOVOG OTL Ol SLAPOPES EPEVVEC TOV TOPOVLGLACTNKOAV GTNPIXTNKAY GE UIKPA
delypota 1 LELOVOUEVA ATOUO SLOPOP®Y NAKIOKOV OUAd®mY, OGO KOl 1) 0VOLOLOYEVIG
@OON TOL OVTIGHOV, OEV UOG EMTPEMOVY VO, €EAYOVUE OOCQOAN CLUTEPACUATOL,
YEVIKELGIULOL GTO GUVOAO TOV OWTIGTIKOV TANBVLGLOD.

AV Ko VTapyovy Yoo TIKol punyavicpol kot vrofécelg Yo tpotuma enelepyaciog
OV 0EL0TOOVVTOL TG KOWWOL OO TOVG AVTIGTIKOVG LE EOKES 0eE10TNTEG GTA O1dPOPa.
VROAOYIOTIKG £pya, Og Ba pmopovoape vo vTosTnpiEove OTL €V VIAPYOLV SIUTOUIKES
OLPOPOTOMGELS, KATL TOV ATOOEIKVVETAL Kot omtd TO YeYovog 0Tt Ogv eppaviouv OAot
ol ovTwoTikol avemtuypéves 0el0TNTEG OGTOV LIOAOYIGHO. YTAPYoLV TOAL Afyor
AVTIOTIKOL He €0KEG 0eE10TNTEG OV VO UTTOPOLV Vo, EopotwBolv TANpmS peta&h Tovg
N HE TLUMKA OVOTTUGOOUEVO GTOMO OC TPOS TO €MIMESO TNG €LVELING, TV EWKAOV
deglomtov Kol NG €E£00KNONG Y. TOLG OKOmMOUG piog eumelpkng peAétng. Ot
TOAOTAOKES VONTIKEG OlEPYACIEG TOV EUTAEKOVTOL GTIV OAOKANP®GT TOL {dtov épyov
pmopet v mowilovy onUavTikd HETaED TV atOp®V Tov epgovifouy Wiaitepa VYNAELG
E0IKES  O0e&l0TNTEC, AOY® TNG OWQOPETIKNG EMIOOONS, NG €EACKNONG KOl TOV
1O10CVYKPUGIOKAOV TAPayOVI®V. XNV TEPITTMOOT TOL aplBunTikod 1 MUEPOAOYLOKOV
VTOAOYIGHOV, Ol OWTOUIKES Slopopés pumopel vo ogeilovior og  avamTuEIKoNS
TAPAYOVTEG, GTI LAONON KoL TV EQPUPLOYT CTPATYIKMV.
ZOUTEPACUATIKA, omd To HEYPL ONUEPO OEOOUEVA KOTAANYOVLUE OTL OTOLTOVVTOL
TEPOLTEP® EPEVVEG TPOKEWEVOL Vo amo@avOovpe YTl Kdmol Gtopo pe dotapoyésg
GTO QAGLO TOV VTGOV gival yaplopatikd ota podnupatikd. Obte 6ot ot avTieTIKOl

TOPOVGLAlOVY  YOPOKTNPIOTIKA Kot 0e&l0TNTEG TOV GLVIPOUOL EWNHovog (savant
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syndrome) kot o0te OAQ TO. GTOUO LE GVVOPOUO EONIOVOG £XOVV GVTIGTIKY SLOTOPOYT.
OV1e M €TIKETO. TOL OWTIGHOV LYNANG AELTOVPYIKOTNTOG 0VTE TOL GLVIPOUOL Asperger
amd UOVEG TOLG TOPEYOVV EMOPKEIS KO EYKVPES TANPOPOPIES Yo TNV IKAVOTNTO TMV
OULTIOTIK®OV, ©C oOVOAO, oTo  podnuotikd. MeAAoviikég  YvOOTIKEG Kol
VEVPOUTEIKOVIOTIKEG UEAETEG Oo mpémel va €EeTAOCOVV  «TOANVTOVYOVC» KOl UM
TOAOVTOVYOVGY OVTICTIKOVG TPOKEIUEVOD GLYKEVTPMOOLV TEPICTOTEPN OEOUEVA KOL VO
00000V mAnpéotepeg epunveieg oty mapdoosn cvvOmapEn OLGAEITOLPYIKOTNTAG KOl
YOPICUATIKOTNTOS O OPKETEG TMEPWTTMOELS OTOUMV HE OLTH TNV avorTLEL0KD

dwTapayn.
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Arithmetic and calculation skills in people with autism spectrum

disorders: Neurocognitive approaches

Psoma-Makri Maria?!, & Vlachos Filippos®

Abstract

The aim of this paper is to review studies investigating the arithmetic and calculation skills in
people with autism spectrum disorders. Focusing on the neurobiological and cognitive processes activated
by autistic individuals during mathematical and calculatory tasks, we tried to delineate potential
differences in calculatory thought among individuals with autism and individuals with typical
development. Recent neuroimaging and cognitive studies propose that a particular cognitive pattern
which seems to be present in people in the autistic spectrum could be beneficial for the emersion and the
development of savant skills or “islets of skills” in the cognitive area of mathematics. Nevertheless, no
firm conclusions can be drawn as to whether this cognitive pattern (which depends on the processes of
episodic/ procedural and rote memory, implicit learning and visuo-spatial functions) serves as a
predisposing factor for superior mathematical thought or if it could represent a mathematical ability of a
superior cognitive level. However, it could be certainly supported that this particular cognitive pattern,
could give rise to a special and different way of thinking, in comparison with the neurotypical individuals,
as a result of differentiated connectivity, organization and function of the brain regions, where the limited

interests, motives and persistent practice enhance the development of special skills.
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Emnarwacelg too Mytpikov Aroywpiouod oty I'vootikiy Asitovpyio kai
o¢ Aeixteg Nevpoyéveong kar Nevpwvikijs EvioctoTnytos o¢

Hewpapaztika Movréia Zowv

Avéotng E. Ioavvionc?, & Aéonowa A. Tatd®

Iepiinyn

ApvTIKEG TPOIES EUTELPIEG, OTMG TOIOIKY KoKomoinon 1 mapapéinomn, €xovv cvvdebel pe tnv
EKONA®ON cLVAIGONUOTIKOVY dlaTapaydV Kot TV e£acEVon YVOOTIKOV AEITOVPYIDV GE EVAAIKO GTOLLO.
"Eva melpoplatikd PLOVTELO OV YPNOLLOTOIEITOL EKTETOUEVO GE HOVTEAN MMV Y10 TNV TPOCOUOIMON TV
GUVONKOV TPOLOV GTPES EVOL CVTO TOV UNTPIKOD OITOYMPICUOV. ZOULOMOVA e EPEVVNTIKG EVPNLLATA, O
EMNTAOOELS TOV VEOYVIKOD OTPES GE GULUTMEPIPOPEG MOV GYeTI{OVTOL e TO cuvaichnua M TN YVOOTIKY
Aettovpyio Stapecorafodviar amd VELPOEVIOKPWVIKEG OaAAayEG otn Aettovpyio. Tov  YmoBaAapo-
Yroevoio-Enwveppidtakod a&ova, SoUKEG GALOIDGES 0TOV £YKEQOAD, KOOMG, €MiONG, KATAGTOAN TNG
VEVPOYEVEONC Kol UEI®MON VELPOTPOPIKOV TAPOyOVIWV. XKOTOG TNG MOPOVGAS EMOKOTNONG &ivol 1
GUVOTITIKI] TTOPOLGIOCT] TOV €MC TOPO EPEVVNTIKAOV OESOUEVOV TOV OPOPOVV OTIC EMUTTOGEIS TOV
HUNTPIKOD QIO MPICHOD GTN XWPIKT Kot U ¥®PIKN pvniun kot pabnon. Eximpdcbera, diepguvatol o poAog
ov dadpopatiCovy oL HEIDCELS OTI VEVPOYEVEST KOl GTO EMIMESO VELPOTPOPIKDOV TAPAYOVIMV OTN|

YVOOTIK €E0GOEVIION EVAMKOV TPOKTIK®VY OV glyav vroPAndel o veoyvikd oTpes.

Aééerg Kie1drd: PTPIKOG OMOYWOPIOUOS, VEOYVIKO OTPEG, VELPOYEVEST], VELPOTPOPIKOL TOPAYOVIEGS,

EUTAOOTOTNTA

Tic tehevtaieg Oekoetiec mapotnpeiton €EViovo €PELVNTIKO EVOLAPEPOV OGOV

aQOPd OTN HEAETY TOV EMATOCEDV TOV TPOUYLOV OPVITIKOV EUTEIPLOV, OTMG 1 TOLOKN
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TOPOUEANCT) 1| M KOKOTWOINOT, OTN COUOTIKY] Kol WYoyxlkn vysio tov avlpdmwov.
[dwitepn Papdtnra €xel d0bel ot depehivnon TOV EMITOCEDV TOV EUTEIPIOV OVTOV
o€ eviiMka dtopa, KoM KAVIKEG LEAETEC AVOPEPOLV OTL TO TPMDILO GTPEG EMOPA OTN
VEVPOEVOOKPIVOAOYIKTY]  AElTovpyiot €mnpealoviag CUVOICONUOTIKEG KOl YVOOTIKEG
ntuyég ¢ ovumepipopdc (Brent et al., 2009- Heim et al., 2010+ Pfeffer et al., 2007).
Yvykekpuyuéva, €xer Ppebel OtL ot mpdyeg opvnTikég eumelpieg emmpealovv
VEVPOEVOOKPIVIKY  Agttovpyio. TPOKoADVTOG pHeTaforés ot dpactnpdtmra  Tov
YnoOarapo-Ymopuoio-Enwveppidiaxod (YYE) da&ova (Ehlert, Gaab, & Heinrichs,
2001), oOmwg mpokvmrel amd TNV ameAevBépoon  avénuévev  TOCOTHTOV
YAVKOKOPTIKOEW®V (KOPTILOANG 6TOVG avOp®OTOLS, KOPTIKOGTEPOVNG GTa TPpwKTIKE). H
avéNoM TOV YAVKOKOPTIKOEW®MV GTO Oifa €ivor pio YopoKTNpIoTIKY avTidpacn Tov
opyovicpo¥ oe kataoctdoelg otpeg (Herman & Cullinan, 1997). Xyetikd pe v
eMIOPACT] TOL TPADLOV GTPES GTI GLUTEPLPOPE, avaeépeTal OTL Tandld mov Piwoav
APVNTIKEG EUTELPIES KATA TN TPOUN AT TG (oNg Tovg ival evdAmTO 5TV EKONAMOT)
dwatapaydv ayyovg kot katabiwyng (Felitti et al., 1998- Gibb, Chelminski, &
Zimmerman, 2007- Springer et al., 2007), koBd¢ kot YVOOTIKOV EAAEUUATOV ®G
evilkeg (Bremner et al., 2003 Nixon, Nishith, & Resick, 2004).

To 0popo Yyl TN SEPEHVNON TOV EMATOCEDV TOV TPDIUOV OUPVNTIKOV EUTEIPLDOV
avoige n TpowTomoplokn épevuvo Tov Seymour Levine katd tig dekaetieg tov 1950 kan
1960, 6tov eonyaye 10 HOVTELO TOL «veoyvikoy yepiopod» (neonatal handling) oe
emipveg. O Levine &dei&e Ot1 0 obvtopog (ddpkeag 15 Aemtdv) amoympiopdc
VEOYEVVITOV eMPL®V omd TN UNTEPO TOLS G€ Muepnola Paon Kotd T SLapKEW TOV
TPOTOV 21 petayevvnTikdv nuep®v kabioTd Toug EVIAMKOVS EMIPVEG OVOEKTIKOVS GTO
otpeg (Levine, 1967). Ewdwotepa, mapatnpeital HEI®OT TV EMTEI®V KOPTIKOGTEPOVNG

010 aipo, ®¢ amdkplon o€ KAmowW oTPEGOYOVO GLVONKT, OAAG kot ypnyopdtepn
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EMOTPOPT TOV EMTEIMV TNG KOPTIKOGTEPOVNG OTIC Pactkéc e Tinéc. TTAn00g aAlhaydv
GLUVTEAOVV GTIV OMOTEAEGUATIKOTEPN AEITOVPYIO TOV CLGTNHLOTOG APVNTIKNG OVASPAOTG
tov YYE d&ova xat, Katd cuvETED, GTNV OMOTEAEGUOTIKOTEPT] OMOKPIOY GTO OTPES
(Meaney et al., 1985). Meto&h ovtdv cvumephapupaveror 1 avénon tov apdpon
yAvkokopTikogdik®y — vrodoyémv  (GR  vmodoyeic), eite  Aoym  KvTTOpIKOD
nolManlocilacpol otov mnokauno (Meaney & Aitken, 1985) gite Aoym avénong tov
VodoyxEwv avtmdv ovd kvttapo (Avishai-Eliner et al., 2009 Liu, 1997- Meaney &
Aitken, 1985- Weaver et al., 2004).

Av kol copgovo pe ta 0ca mpoavaeépOnkav 1 Ppayeio amopdkpuven TV
VEOYVMV OO TN UNTEPO QOIVETOL VO €IVOL EVEPYETIKY], O TAPUTETOUEVOG HUNTPKOC
AmOYWPIGUOC amoteAel Lo apvnTikn eumelpio. Metayevéotepa Lovtéda XEPIGHOD TOV
petayevvn ko mePBAAAOVTOC TPOTEVAY TOV TOPATETAUEVO UNTPIKO ATOYWPIGUO G
TEWPAUATIKO LOVTELD OlEPELVNONG TNG EMIOPACTG TOV OPVNTIKOV EUTEPIOV KATO T
veoyvikn mepiodo. Kabdg 1 emPioon tov enipvov Katd tig tpdteg efdopndades g Cmng
ToVG €€aPTATAL £ OAOKAN POV OO TN UNTEPA TOVGS, O TOPOTETAUEVOG UNTPLKOG YWPIoUOG
éxel Bewpnbel o¢ p 6TpecoyYOVOg GLVONKN TOL TPOGOUOLALEL OLTHY TNG TOLOIKNG
napopéinong (Heim et al.,, 2010). Abo povtéha 6€ ATV TN YPOUUY EPELVOG TOV
eQopUOlovTal EKTETAUEVO YOl T UEAETN TOVL VEOYVIKOD OTPEG GTOVG EMILVES €ival TO
povtédo tov pnTpkov amoywpiopov (Maternal separation) kot avTd TG VEOYVIKNG
amopovoong (neonatal isolation). Kot ta dvo mepthappdavovv kobnuepvd amoympiopd
TOV VEOYVOV amd T untépa yuo dtdotnpa pog opog (Wilber et al., 2007- Wilber &
Wellman, 2009) 1 tpuov éog €& wpav (Huot et al., 2002 Lippmann et al., 2007) katd
) ddpkela Tv 21 TpdTOV NEEPOV TG {ONG. XTO HOVTEAO TOV UNTPIKOD OTOYMPICHOD
OMOL 01 VEOYEVYITOL ETTIVES TOV TTPOEPYOVTAL Omtd TNV 101 Yévva Tapapévouy pali Kotd

N XPOVIKN TEPI0d0 amoy®popold amd ™ pntépa. Avtifeta, Katd TV TEPOUOTIKY



178 Avéomg E. Ioavvidng, Aéomowva A. Tatd

GLVONKN TNG VEOYVIKNG OMOUOVMONG TO VEOYVE amopokpvvovior Oyt puoévo omd ™
untépa, oAAG Kol amd to. VoAouta TEPAPATOLma oL TPoNABay oamd TV da Yévva
(Kosten et al., 2007- McCormick, Kehoe, & Kovacs, 1998- Zimmerberg, Foote, & Van
Kempen, 2009). Kot o1ic 600 TeEptT®Oelg 1 61001KaG10, OMOKANPOVETAL HEGH OO Lo,
oepd  emavoloppovouevov  kabnuepvev  amoywplopmv. Qotdco, o©e  KATOw
TPOTOKOAL EQPapUOLETOL LOVO £VOG 24MPOG ATOYWPIoUOS OTd TN UNTEPX, Lo GLVONKN
YVOOTH ®C HOVTEAO UNTPIKNG amootépnong (maternal deprivation) (BA. ITivoko 1)
(Rosenfeld, Wetmore, & Levine, 1992 Suchecki, Duarte Palma, & Tufik, 2000).

Meléteg mov dlepebhivnoay TIG EMMTMOGEL TOL UNTPKOD OTOY®PIGUOD 1 NG
UNTPIKNG OTOGTEPNONG OTY| VEVPOEVOOKPIVIKY Agrtovpyio. avagépovv avénomn ota
Baocwd eminedo g KoptikootepOVNG ota veoyva (Daniels et al., 2009+ Wilber et al.,
2007), evpnuo. mov vroopilel TNV  OMOTEAEGUATIKOTNTA TOV GLYKEKPIUEVOV
TEWPALATIKOV XEPIOUDV O pHoviéda otpes. Emmpdobeta, tpoktikd mov vrofAnnkav
0€ TEPOUATIKEG GLVONKEG VEOYVIKOD OTOYWPICHOV EKONADVOLYV avENUEVE EMITEdQ.
elowoemveppdtotpdémov  opuovng  (adrenocorticotropin - hormone-ACTH) kot
KopTikootepOVNG (corticosterone) wg amdkpion o€ oTpecoydva epebiopato oto omoio,
extifevtar katd ™ veoyvikn mepiodo (Knuth & Etgen, 2005- Stanton, Gutierrez, &
Levine, 1988), aAld kot wg eviiika (Huot et al., 2001 Ladd et al., 2004+ Lippmann et
al., 2007- Veenema et al., 2006). Ot ollayég ovTEC €ivol EVOEIKTIKEG NG
vrepopactnpoTnTos Tov Y YE déova.

[épo amd TIC EMATDOCEIS GTNV VELPOEVOOKPIVIKY] AELTOVPYIO, TEIPOLUATIKES
peAéTEG 0E TPOKTIKG €xovv dei&el OTL 0 PUNTPIKOG AmOYWPIoUOS emnpedlel apvNTIKA
mowileg mapopéTpoug g ocvumeplpopds. Ewdwdtepa, mepopatolma mov vréstnooy
VEOYVIKO UNTPIKO  amoY®PIopd  eKONADVOLYV  avENUEVN ayY®DON GULUTEPLPOPH OE

GTPECOYOVOVG KATAGTACELS, EVO TOPAAANAQ SLOTPEXOVY LYNAOTEPO KIvVOUVO EKONAMONG
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«KatadMTTIKOLOPPWV» cuuTeplPopdv m¢ evihka (Aisa et al., 2007 Lambas-Senas et
al., 2009- Lee et al., 2007- Pascual & Zamora-Leon, 2007 Riiedi-Bettschen et al., 2005
Salzberg et al., 2007- Suchecki et al., 2000). Eminpdcbeta, 10 0Tpeg MG AmOTEAEGUA TG
OTTOUAKPVVONG TV VEOYVAV 0td T UNTEPQ EMNPEGlEl opvnTIKA SEIKTEC GLVATTIKNG Kot
VEVPWOVIKNG ELTAAGTOTNTOGC, OAAAYEG O1 0Toieg paiveTon va oyetilovton pe Tig LETAPOAEC
0€ YVOOTIKEC KOl GUVOICONUOTIKEG TOPAUETPOVS TNG CLUTEPLPOPAS. XKOTOG TNG
TOPOVCOHS OVOCKOTNONG €lval 1 TOPOLGIOCT TOV EMATOCEOV TOL  UNTPKOV
ATOYWPLIGLOV, OO TPOKVTTEL OO TEIPOUATIKES LEAETEG LLE TN XPNOTN TEWPARATOLO®V,
oTN Hadnon Ko pviun evAMKev emipvov, kabmg Kot 6€ VEVPOPLGIOAOYIKOVS OEIKTES
VELPOVIKNG EVTAAGTOTNTOG, TOV APOPOVV GTI VELPOYEVEST] KOL TOVS VEVPOTPOPIKOVG

TOPAYOVTEG.

Emntdoeig oo Mntpkod Amoyopiopod ot I'vootki Asttovpyia

Amo ™ PBiproypapio mpokdmTEL OTL Ol YVOOTIKEG Agttovpyieg pabnong Ko
AVOAKANONG  YOPIKOV TANPOEOPIOV TANTIOVIOL Ond TO OTPEG TOL  UNTPIKOV
anoyoplopov. Edkdtepa, avapépnkoy eAdeippota kotd T yopynon e 0oKILaGiog
oV voatvov AaPvpivBov katd Morris (Morris Water Maze-MWM) (Vorhees &
Williams, 2006), oe eviilikeg emipveg mov vroPAROnKay 6 30po UNTPIKO amoyY®PIGUO
Koté TN Suwipkelo Tov dvo (Hui et al., 2011) v tpwov (Aisa et al., 2009a) mpmtov
HETAYEVVNTIKOV  €PSOUAOWV. Av kot to omoteAéopoto  avtd  emiPefaincav
TPONYOVUEVO EVPNUOTO GYETIKA LE TIC EMATOGELS TOL 3MPOL UNTPIKOD OTOYWOPIGULOD
(Huot et al., 2002), wotoc0, Epyovion o€ avtibeon pe To ELPALATO AAADY GLYYPUPEDV
(Grace et al., 2009). Ou Suri kot cvvepydreg (2013), amd ™V GAAN pEPLA, KATEYPAYOAV
EMIOPACT, TOL UNTPIKOV OTOYWPICUOV OTN YOPIKY LUVAUN GUVAPTACEL NG NAkiag.

Ewdwdtepa, Pprkov 0Tt 10 veoyvikd otpeg PEATIOOE TNV EMOOGT TOV VEAPDOV EVIAIK®OV
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emipvowv ot dokipacio. Aafupiviov katd Morris covoidnke, OpmG, UE YVOOTIKA
Ekmtmon 6Tovg peoniikeg emipveg (Suri et al., 2013).

Avdioya glval To. EDPNUOTO KOL Y10 TIG EMMTMOOELS TNG VEOYVIKNG OOUOVOGNG,
KOTA TNV 0moia T TEWPAUATOLMO OTOUAKPVVOVTOL TOGO Ao TN UNTépo 0G0 Kol omd To
VIOAOTOL VEOYVA OV TPONABAY amd TNV 1010, YEVVO. ZVYKEKPIUEVA, 1 EPOPLOYN OVTOV
TOV TPOTOKOALOV Katd T didpkeia g mpmtng (Huang et al., 2002) 1} tpitng (Frisone,
Frye, & Zimmerberg, 2002) petayevvntikng efoopadog cuvoednke e younin enidoon
OTN YOPIKN HUVAUN Kot pabnomn, ommg ektiundnke pe tn dokocios Tov vodtivov
AofopivBov katd Morris. Ta svpipote owtd eniefoidvovTal Kot omd HETAYEVESTEPES
peléteg (m.y., Choy et al., 2008).

Ol emmTOGEG TOV VEOYVIKOU OTPEC OTNV YMPIKN WUVAUN ¢aivetor va stvor
GLVAPTNGOT TOV €I00VE TOV TEWPAUATIKOV YEPIGHOV, KaBdg o€ avtifeon pe ™ cvvOnkm
TOU UNTPIKOV OmOY®PIoHoD, Ogv mopatnpninke oviloyn EKmTmMon o6& VMK
nepapatolma Tov VIoPANONKAY 6T GLVONKT TG UNTPIKNG amocTépnons. Edikotepa,
N 240pn Grag untpikn anootépnon v 3" 9" petayevvntikny nuépa dev ennpoce
péonorn (Fabricius, Wortwein, & Pakkenberg, 2008) 1 avéxinon yopwov
TANPOPOPLOY GE EVAAIKO TPOKTIKA 7OV €EETACTNKAY GTOV VLOATvOo  AafvptvBo
(Enthoven, de Kloet, & Oitzl, 2008- Oomen et al., 2010) 1 tn dokwacio kotd Barnes
(Fabricius et al., 2008). Qot6c0, To. onuavTiKé eAAeippoTo Katd T Stadkacio TG
avtictpoeng udbnong (reversal learning) vrodeikviovy Ekntmon ot YVOOTIKN eveMéia
Tov (dov Tov elyov vroPAndei ot cvvOnKn ™G unTpKng amootépnong (Enthoven et
al., 2008 Fabricius et al., 2008).

ZHETIKA LE TIG EMITTMGELS TOL UNTPIKOV OMOYWPIOHOV, OAAL KL €kelvOov NG
VEOYVIKNG OMOHOVOCNG OTN  YOPIKN UVAUN  epyaciog ot mAnpoeopieg eivat

TEPOPOUEVES. QQOTOGO, LITAPYOLV AVAPOPEG TOV VROGTNPILOVY OTL EVIAKOL EMIHVES

EledbOepva, Tevyog 6, 2013
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7oV vroPARONKOY oe 6PN veoyVIKH amopdvaoon yio 7 Nuépes katd ™ didpketa e 3™
HETOYEVVITIKNG €Pdopadag moapovsiocay eAAEipHOTO GTN UVAUN €pyociog, Ommg
ekt Onke and  dokuacio aktveotov Aafdpivbov (Sandstrom & Hart, 2005).

o v emidpacn toLv 3®POL UNTPIKOD OMOYM®PIGUOV OTN YOPIKN HVAUN
aVayVAOPIoTS VITAPYOLV dEGOUEVE TTOL TPOKVTTOVY OO TNV £EETOON EVIMK®V ETIHL®V
otn dokipacio avoyvopiong véag 0éong avtikeluévov (Object Placement Recognition)
(Ennaceur, Neave, & Aggleton, 1997). Eidikotepa, ot Eiland kouw McEwen (2012), mov
EQOPUOCAY TO TPOTOKOAALO TOL UNTPIKOD OAMOYWPGHOL amd TN 21 o¢ ™ 121
LETOYEVVITIKT] MUEPO OVAPEPOLY OPVNTIKY| EMLOPOGCT] TOV TPOUYLOL GTPEG GE OVLTOV TOV
TOmo pvAung oe evilko mepapotolma. Qotdco, N 10 mEWPOUATIK] cuVONKN dev
Bpénke va emnpedler apynTikd Vv €Mid00N TPOKTIKOV OTOV 1) TEPAUOTIK OUAdQ
nepthapPave povo apoevikoig emipweg (Grace et al., 2009).

e avtifeon pe ™ YOPIKN UWVHUN avoyvOPIoNGS, VITAPYOVV EKTEVEIC OvVaPOPES V1oL
MV EMOPACT] TOV TPDIUOV GTPES OTN UN YOPIKN HUVAUN avoyvodplons HECH TNG
dokipooiog avayvopiong véov avtikeyévov (Novel Object Recognition) (Bevins &
Besheer, 2006). Avagépetar 611 1060 0 6mwpoc (Niwa et al., 2011), 660 ka1 0 3wpog
uNTPIKOS omoympiopog katd tig mpwteg 14 (Hulshof et al., 2011- Wang, Jiao, &
Dulawa, 2011) 1 21 petayevwntikég nuépeg (Aisa et al., 2007), empépovv eldeippara
G€ OVTNV TN HOPOT WWNAUNG. AVALOYES eivar ot duckoAieg g mepapoTolma mov elyav
vropAndel oe 24wmpn «unTpiky amootépnony» katd v 9" petoyevwnrik nuépa
(Llorente-Berzal et al., 2012). Q61600, OT®G KOl GTN YOPIKN UVAUN OVOYVOPIONG, Ol
Grace kot cvvepydteg (2009) dev Katéypayav £KTTOOT OTN OOKLUAGIO OVAYVAOPLONG
VEOL OVTIKEEVOL GE EVIAIKEG emipLEG OV lyav VITOPANOEl oV TTEPAPATIK GLVONKN

0V 3pov unTpkovy amoywpiopov (Grace et al., 2009).
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Onwc mpokOTTEL OO TO EPEVVNTIKA OEOOUEVO TOV TEPLYPAPNKOV TOPATAV®, Ol
TPOILEG OPVNTIKEG EUTEPIEG UE OVOPOPE OTN GYECT UNTEPOS-VEOYVOD @aiveTal vo
emmpedlovV TIG YVOOTIKEG AelTovpYies TV enipvmv katd v eviAikn (on. H enidpaon
avt potdler va  dlopecorofeitor  omd  Eva COVOAO  VEVPOEVOOKPIVIKAOV Kol
VEVPOPLGIOAOYIK®V UETAROADY OV dgv €£OVTAOVVTOL GTIV TPOTOTOINGCT TG OpAoNG
tov YYE d&ova. TIAn0oc epguvntik®dv €upnudtomV KATOOEIKVOOUV OTL, YEVIKA, M
YVOOTIKN EKNTOON GYETILETOL [LE 10 GEPA CNUOVTIKOV 0ALOYDV GE 0189p0povS delKTESG
VELPOVIKNG ELTAACTOTNTOG, TOV APOPOVYV, HETAED AAAW®V, GTO ETITESD VEVPOTPOPIKAOV
TapoyOvVTOV, TN Sodkacion TG VELPOYEVESNS OAAL Kol GE SOUIKA YOPOKTNPIOTIKG TV
VELPOVOV (T.X., OAAAYEC OTN OevOpLTIKN doun), OAAAYEC TOL avaoTEALOVTIOL 1)
emPpaddvovtorl amd TG VYNAEG GULYKEVIPADGCELS YAVKOKOPTIKOEW®MY O©TO  Oiplo
(Schoenfeld & Gould, 2012- Tata & Anderson, 2010). EmitpocOeta, n veoyvikn
nepiodog elvar Wwaitepa onuavtikn kabdg T1g 6000 TPMTEG peTayevvnTikéG efdopdoeg
TAPOTNPOVVTOL TO, LEYUAVTEPO TOGOGTA VEVPOYEVEGNC, OAAGL Kol EKTEVEIS OEVOPITIKES

Ko cuvantikég ahdayég otov ummokapmo (Crain et al., 1973 Fricke & Cowan, 1977).

Emntooeic tov Mntpikov Amoyopiopov o€ Agikteg Nevpovikig Evanlactotnrog

Kot N Awedkaoio Tng Nevpoyéveong

Aoppdvovtog vroyn ta mopondve kot dedopévng g amoppuduiong tov YYE
d€ovo kol TG TPOKOAOLUEVNG aOENONG TV EMITEI®V NG KOPTIKOGTEPOVNG OF
epapatolma Tov LTOPAAAOVIOL GE TEPAUOTIKEG GUVONKES UNTPIKOV OTOYM®PIGHOD 1)
amocTEPNONG, 0ev amoterel €KmANEN TO yeEYOVOC OTL APKETOL EPELVNTEG EKONAWGAV
€VIOVO €VOLOQEPOV YloL TN OlEPEHVIOT TOV EMATMOCEDV TOV VEOYVIKOD GOTPEG GE
petafAntég mov oyetilovrol HE TN VELPOVIKN KOl GUVOTTIKY EVTAACTOTNTA. XTNHV

TapoHoo evotTnTa TOPOLGLALOVIOL Ol EMOPACELS TOL UNTPIKOD OTOYWPICUOD OTN

EledbOepva, Tevyog 6, 2013
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odKacion  TOAAATAACIOCUOD KOl SlOPOPOTOINCNG TWV  VEVPOVE®V, CE OOMIKA
YOPOKTNPIOTIKO TOV VELPOVOV KOODC Kol GE VEVPOTPOPIKOVS TOPAYOVTEG TOL

EUTAEKOVTAL OTIG O1OOIKAGIES OVTEC,

Aopukég alrayég

Ocov apopd ce aAAayég 0T VELPWVIKN doun, O WmmOKOUTOog Oewpeiton o
TEPLOYN 1OITEPA EVAAMTN GE GTPEGOYOVOLG KATOOGTAGEIS KATA TN VEOYVIKY Ttepiodo.
Eivor yvooto 6t tpoxtikd to omoio extédnkav oe otpeg Adym aviiowv cuvOnkov
dwpioong (my., MEPOPIGUEV TOCOTNTO OTPOUVIC) N £EkBeong o€  amelAnTIKd
ocpNTIKA epediopota (1T.)., OOUN AAETOVC) EKONAMOAY SEVOPLTIKN ATPOPia Kol peimon
tov akdviov otig teproyéc CAL CA3 tov mmdkaumov (Brunson et al., 2005- Ivy et al.,
2010 Lee et al., 2004 Wang et al., 2011).

Ewdwdtepa, 1 unTpikn amoctépnon GUVOEETAL LE HEIWUEVT) TUKVOTITO VELPOV®OV
otV odovtotn élka (Fabricius et al., 2008). O id1og melpapaticdg yeptopds eoivetal
VO TPOKOAEL OEVOPITIKY OVOOLOPYEVAOGT], OTTMOC TPOKVTTEL Al TN Uelwon Tov aplduov
TOV OEVOPITOV KOVIA GTO GOUN TOV KOKKMOOMOV KLTTAPWOV KOl TNV Thon avénong tov
ufikovg tovg (Oomen et al., 2010). Av kot dgv mapatnpnOnke peiowon tov apOpod Twv
devdpitikadv dakiaddoewv oty mepoy] CA3 oe eviAiKa TPOKTIKG Tov giyov
voPAnfel o cLVOKN TOL PUNTPIKOV OMOYMPIGHOV TIG 0V0 TPMTES UETOYEVVITIKEG
epoopddes, wotodco, Ppébnke pelwon  Tov  PNKOVG TV OEVIPLTOV  GTOLG
ATOLOKPLGUEVOLG OAAG OYL 6TOVG €YYV devopiteg (Eiland & McEwen, 2012).

Ot dopukég aAlayég oe paivetar va meplopiloviol GTOV IMTOKAUTELO GYNLUATIGUO.
Epguvntég avapépovv peimon otny mokvotnta akavlwv 6to tpdcsdio Tunqia Tov eA0L00
tov wpocaywyiov (Gos et al., 2008), oAhd kot otov TpopeTOTaio erod (Bock et al.,
2005) tpoxtikd®v mov &iyav vmoPfAndel otn GUVONKN TG VEOYVIKNG OTOUOVOGNG.

Emumpdoheta, mapoatnpndnke peiowon oto PiKog TV SEVOPLTMOV TOL £6M TPOUETMOTLOIOV
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erowov (Pascual & Zamora-Ledon, 2007), ®¢ OTOTEAEGUO TOL VEOYVIKOD HNTPIKOD

amoymPIopov uetoéd e 6™ ko 21" petoyevvnTikig nuépo.

Nevpotpopixoi Ilapaoyovres

Ot oAayég OV TPOKOAEL TO OTPEC GTOV OVAMTUGOOUEVO EYKEQPOAO KOl TN
YVOOTIKN Agttovpyio dlapecorafovviont amd HETABOAEG TOV TPAYUATOTOLOVVIOL GE
HOPLOKO EMIMEDO KO OLPOPOVY GTNV TPOTOTOINGT TNG EKPPACTIC KO OpAGNS PLOyN KOV
popi®wv Tov €YKEPAAOL, OTOG TOV VELPOTPOPIKOV TTapaydvimv (Lee et al., 2012). Ot
VELPOTPOPIKOL Tapdyovies M vevpotpoeives eivol mentdkd popo mov mailovv
KaBoploTikd poOAO GTNV OVATTLEN KOl STNPNON TNG VELPOVIKNG OOUNG Kot NG
ovvantikng evmAaototntag (Lee et al., 2012- Lo, 1995), ka1 £x0vv VEVPOTPOGTATEVTIKY
dpaon (Huang & Reichardt, 2001). Mgt avtdv cLYKOTOAEYOVTOL O EYKEPUAMKOC
vevpotpopikog mapdyovtag (Brain-Derived Neurotrophic Factor — BDNF), o vevpikdg
avéntikog mapayovtog (Nerve Growth Factor — NGF), kot 1 vevpotpoeivny 3 (NT-3),
veLpPoTPOPIKOl Tapdyovieg ot omoiot GUUPAAAOVY OMUOVTIKA otV avamTun,
dwpoponoinon Kot emPimon VE@V VELPOV®V, OAAA KOU GTN GLUVAMTOYEVEST Kot
ocvvartikn dwPifaon (Lessmann, Gottmann, & Malcangio, 2003). Eivot a&oonpeimto
0Tl T0. emimedo AVTAOV TOV VELPOTPOPWVAOV elvar gvaicOnta oe mepPoriovtiKode
YEWPLOLOVS, KOBMG cLVONKES EUTAOLTICUEVOL TEPPAAAOVTOC 0dN YoV G avENCT TOV
BDNF (Simpson & Kelly, 2011), oe oavtibeon pe mepopoatikég cLVONKeS oTpeg
mapopéAnong N eEmyevoug YopnyNoNsg KopTikooTePOVIG GTO Qi[O TOV GLUVOEOVTUL LE
peimon tov emmnédwv tov (Macri et al., 2010- Roskoden, Otten, & Schwegler, 2004).

[ToAlol epeuvmtég OvaPEPOLY  LELMCELS OV €KPPOON N TO  EMimeda
VELPOTPOPIVAV GE OAPOPEG TEPLOYES TOV EYKEPAAOV TPOKTIKMOV OV LIOPANONKAY G

npowo otpeg. Me efaipeon o épevva (Greisen, Altar, Bolwig, Whitehead, &

EledbOepva, Tevyog 6, 2013
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Wortwein, 2005), n mhelovotnta TV LEAETOV VITOGTNPILEL LEIDGELS OTNV £KPPACT 1) TO
enimeda TPMTEIVNG TOL VeEVPOTPOoPIKOL Tapdyovta BDNF oty odovimt] éAka kot To
nedio 1 ko 3 tov mmokaumov (meproyéc CAl ko CA3, avtiotoyo, Tov Appdviov
KEPATOC), TOV TPOUETOMIOI0 PAO0 Kot TO pafdmTd cdUo EVAMK®OV ETIULL®V TOVL
vroPfAnonkav e 3wpo veoyvikd puntpiko amoyopiopd (Aisa et al., 2009a: Lippmann et
al., 2007- MacQueen et al., 2003 Roceri et al., 2004) 1 éva enel0d610 PUNTPIKNG
arootépnong (9" petayevvntiky nuépa) (Roceri et al., 2002). ‘Eva o&loonueioto
gopnuo etvar  adEnon towv emmédov tov BDNF v 7" kot 17" petoyevwntikh nuépa,
11 3 pépec, avtiotoryo, petd ™ AEN g ovvONKNG ¢ veoyvikng amoudvoong (1"-6"
petayevwntik nuépa) (Zimmerberg et al., 2009) 1 tov punTpikov amoympiouov (2"-14"
petoyevvntikn nuépa) (Roceri et al., 2004). To edpnua 6t Tt emineda tov BDNF
EMGTPEPOLV GTO PLGLOAOYIK(A EMUTEDA GTO TEAOG TOV TPMTOL UNVO, TPV UEWOOOVV 51N
ovvéyeto (3% petayevvntikog pivag) (Roceri et al., 2004) deiyvel 6t1 1 apyikn avénon
elvar mopodkn. Emmpdobeta, to yeyovdg OtL dev mopatnpeiton kopio aAdoyn otnv
éxppoomn tov BDNF petd amd dvo kot mévie dpec, N o pépa amd ) cuvinkn 24mpng
anopdkpuvong twv veoyvav and ) untépo (Roceri et al., 2002) vrodniodvetl 6t 1060 1
ougpkelr 660 Kol TO €100G TOV UETOYEVVNTIKOL YEPICUOV glval KOOOPIOTIKA Yo TIG
dpecec oAAoy£C TOV TPOKAAOVVTOL GTO EMUTEIA TMOV VELPOTPOPIVAOV.

To veoyvikd otpeg ennpedlel Kot GAAOVG VELPOTPOPIKOVS TAPAYOVTES, OTWS TOV
veupikd avéntikd mapdyovto (Nerve Growth Factor — NGF), kot tn vevpotpoeivny 3
(NT-3). Zuykekpyéva, ot Aisa kot cuvepydTeg eviomoay petopévn Ekepacn tov NGF
omv odovtot) éAko kot otig meploxés CALl ko CA3 tov mmOKOUTOV EVAAIK®V
enipov mov vrofAnkav o€ 3Po UNTPIKO OTOYOPIGUO KATO TS TPELS TPATES
petayevvnrikég efdouddeg (Aisa et al., 2009b). Mewwoelg ota enineda npoteivov NGF

kot NT-3 evtoniomnkav 6To poyloio ITmOKOUTO EVAAK®OV ETIHLOV TOL VITOPANONKAV GE
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UNTPIKO amoymplopd Kot Tig 000 TpmdTeS peToyevvnTikég efdopddeg (Marais et al.,
2008).

Av Kol 0 UNTPIKOG OTOYMPIGUOS GUVOEONKE e WHEIMON T®V VELPOTPOPIKDOV
nmopayoviov NGF kot NT-3 otov mmdékoumo evAAKOV TPOKTIKOV, 1) VEOYVIKN
anopovmon (2" - 9" petayevvnTiki nuépa) dev emnpéace v Ekepooct Toug (Kawano,
Morinobu, Sawada, & Tsuji, 2008), aAAd upeimoe onNuAVTIKG TNV £KEPOOCT] TOL
npogpyOueEVoL amd TN vevpoyAoia vevpotpoeikod mapdyovto (glial cell-derived
neurotrophic factor-GDNF) otnv 1610 ykepaAikn dopn ¢ amdOKplon o€ £vo, EMELGOO10
otpeg aknoiog kotd v evidikn (on (Kawano et al., 2008). Qotdco, ot Daniels kot
cuvepydteg (2009) avapépovy avéEnuéva emineda NGF, odAdd oyt NT-3, entd pépeg petd
™m MEN Tov VEOyVIKOD pNTPIKoL omoywpiopuod uetad g 2™ dog ™ 14™
petoyevvntikng nuépag (Daniels et al., 2009). IMapopoing, avénuéva ernineda BDNF
evromilovtal otov WROKOUTO EVAMK®V €NV oL VIECTNOAV 3MPO  PNTPKO
AmOYWPIGUO OTN OIPKEW TNG TPMTNG Kol OEVTEPNG WETAYEVVNTIKNG EROOLASOGC
(Greisen, Altar, Bolwig, Whitehead, & Woartwein, 2005). Ta evpipoato ovtd
emPefordvoviar kot amd petayevéotepeg peréteg (Faure, Uys, Marais, Stein, &
Daniels, 2007+ Suri et al., 2013). Emnpocbeto, ot Lippmann kot cuvepydteg (2007),
nov evtomioay peimon tov BDNF otov tmnékapmo kot 1o padwtd oo, mopatnpnooy
avénon tov 1010V VELPOTPOPKOD TUPAYOVIO GTO KOWAKO TUNUO TNG KOUAVTTPOG
(Lippmann et al., 2007). Avénon omv ékepacn tov NGF Bpébnke, emiong, petd and
éva emelc0d10 pnTpikod amoywpiopod ™mv 9" N 16" petoyevvnuik nuépa, avénon n
omoia fTav mopodiky kabng dev mapatnphionke v 28" nuépa (Cirulli et al., 2000). Ta
ELPNLLOTA OVTA GLVIYOPOVV VTEP TNG AmoyNg OTL, OTIMG Kot otV Ttepintwon tov BDNF,
0l EMATOGELS TOL VeOyVIKoL o1peg 6tov NGF aiveton va givar cuvéptnon tov ypovov

oV pecoraPel amd To TEPOG TOV TEPAUATIKOD YEPIGHLOD.

EledbOepva, Tevyog 6, 2013
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Emntaoeic oty Nevpoyéveon

O 0poc vevpoyéveon OVAQEPETOL GTO GUVOAO TMOV OlEPYACIOV EKEIVOV OV
001 Y00V GTOV KLTTOPIKO TOAAOTAAGIOAGHO, TNV emPimon, Kot Tn O10poponoinen TV
TPOOPOU®Y KVTTAPWOV GE VEVPIKA KOTTAPO. LVUPAIVEL EKTETAUEVO GTOV OVOTTUGGOUEVO
EYKEPAAD, EVD TOPOTNPEITOL KOl KATA TNV EVAAIKY TEPI0d0 KLpimg TNV 000VTIMTH
éhkol kol v vrokothokn (ovn teov TAdywv kotudv (Abrous, Koehl, & Le Moal,
2005 Gould & McEwen, 1993).

‘Evag peydiog apBudg KokKmOGV KLTTAP®V ONUOVPYoVVTOL TPOYEVVITIKE, EVM
oL dV0 TpdTEG METOYEVWNTIKES €ROOUAOES amoTeAOVV mEPIOdO OyUNg Yoo TN
VELPOYEVEST KO TNV avantuén tov Ppomdov wvov (Heine et al., 2004- Schlessinger,
Cowan, & Gottlieb, 1975). Adym g 1daitepng onuaciag ovTOV TV 300 YPOVIKMV
TEPLOOMV GTN VELP®VIKY avATTTVLEY, EKONADONKE EVTOVO £pELVITIKO EVOLALPEPOV YLOL TN
LEAETI TOV EMITOCEMV TOV GLVONKOV TPOYEVVNTIKOD 1) VEOYVIKOD GTPEC, TOGO GTOV
avamTVGGOpEVO OG0 Kot Tov evijdika eyképaio (Coe et al., 2003+ Lemaire et al., 2000).

Ocov agopd 6T0 VEOYVIKO GTPEG MOV TPOKOAEiTal Omd apvNTIKEG EUTEIPIES
oxetillopeveg pe T dwTdpaln g oxEoMg UNTEPOC-VEOYVAV Exouv  avapepBel
ONUAVTIKEG EMATAOGELS 0T OladKacion TG vevpoyéveons. Ewdikdtepa, o kabnuepivog
30pog UNTPIKOG amoY®PIGHOS Yo dStdotnua 2 1 3 efoopddmv peiwoe tov apBpd vémv
KLTTAp®V 6TV 0d0vTmTh £MKo og eviidiko Tpoktikd (Aisa et al., 2009b- Hulshof et al.,
2011- Mirescu, Peters, & Gould, 2004- Oomen et al., 2010). Avdloyn peimon
mapotnpnOnke v 21n petayevwnTikn pépa o€ TPOKTIKE Tov eiyov vroPAndel ot
ouvOnKN ™G VEoyVIKNG amopudvmong Ty Tpitn petayevvntikny efoopddo (Lee et al.,
2001). Emmpdocbeto, To €0PAUOTO ODTO VTOOMADVOLV OTL Ol EMMTOCELS Elvat
ave&aptnteg omd 1o €100G TOL TEPAPATIKOD YEWPIGHOL KaB®G Kot TV NAkio TtV

nepapatoldmv. Qotdc0, Ol EMATOCEL TOV UNTPIKOV OTOYWOPIGUOL QOiVETOL Vo
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nepropilovtar o aVTOV TO OeikTn VeVPOYEVESTG KABMG eV EVIOTICTNKOV OAANYEG GTOVG
deiktec T™C vevpwvikng dtapoponoinong 1 emPimong (Greisen et al., 2005 Hulshof et
al., 2011).

[Topd ™ cvpeovia TV eVPNUATOV HETOED OPKETDOV EPEVVMOV CGYETIKA UE TIC
EMIITAOGEL, TOL VEOYVIKOD GTPEC GE HOPQES LUVNUNG Kol pdonong, tn owdikacio g
VEVPOYEVEST|C KOl TOL ETIMEON TMOV VELPOTPOPIKADV TTAPAYOVIWOV, OE KATOEG LEAETEG TOL
AmoTEAECUATO VAL AVTIKPOLOUEVA. TNV £VOTNTA OV 0KOAOLOEL yiveTal o KPITIKY|
TpaypdTELON GC®V TapoVCIdcTNKAY Kot Tpoteivovtol mhavég epunveieg TOG0 yuo ta

YVOOTIKA eEMAeiLOTO, OGO KO Y10 TOV VIOKEILEVO VELPOPLOAOYIKO UNYAVIGUO.

Yvlqtnon

2V mopovca EMCKOTNOT £YvVeE oL chvoyT TOV £m¢ oNuepa PAOYPAOIK®OV
OedOUEVOV GYETIKA HE TNV EMIOPOCT TOL TPMIUOV GTPES OTOV EYKEQOAO KOl TN
GUUTEPLPOPE OTMG TPOKVLTTEL OO peAéTeG o€ mewpapatikd poviéha Cowv. To
EVOLPEPOV ECTIACTNKE OTIC EMMTMOELS TOV VEOYVIKOD UNTPIKOV OTOYMPIGHOV OGTN
YOPIKN KOl Un Y0P pvinun Kot pddnon kot 1ig peTaforég mov Aapupdvovv yopa o
OelKTEC GLUVOTTTIKNG KOl VELPOVIKNG EVTAAGTOTNTOG.

ATO TO EVPNUATO TOV HEAETMOV TOV TEPTYPAPNKAV TO TAVE® YIVETOL PavVEPH OTL
KOTA YEVIKY] OHOAOYIOL O VEOYVIKOC UNTPIKOG OMOYMPIGUOG EYXEL OPVNTIKEG EMUTTAOCELG
OTN YOPIKN Uviun Kot pndnomn. Ot TeptocOTEPOL GLYYPAPEIS AVAPEPOLY EALEILUOTIKN
EMOOCT] TOV EVAAIKOV TPOKTIKOV OV VTEGTNCOV VEOYVIKO UNTPIKO ATOY®OPICUO GE
avtiotoyeg dokipooieg (Aisa et al., 2009a- Aisa et al., 2009b- Huot et al., 2002).
Ynrdapyovv, wot6c0, pneréteg mov avittifevtar ota evpiuata ovtd (Grace et al., 2009).
To 1010 woyvEl KOL OTNV TEPIMTOON TNG UVAUNG OVOYVOPLONG OVTIKEWEVAOV, KOODG

Kamoleg peréteg evromiovv ékmtmon otn ovykekpiuévn Aettovpyio (Hui et al., 2011
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Hulshof et al., 2011- Niwa et al., 2011- Wang et al., 2011), ev®d kdmoteg GAleg anétvyay
va gvtomticovv eAleippota (Grace et al., 2009).

Avaioyn givor 1 1KOVOL Kot Yo TV €TOPOCT) TOV UNTPIKOV OTOYWPICHOD GTOVG
VEVPOTPOPIKOVG TOPAyovTeC. Agv givan AMyeg 01 HEAETEC TOV AVAPEPOVY OTL O UNTPIKOC
ATOYMPICUOC 00MYEL GE PEI®ON TNG EKQPOCTC KO OPAOTG VEVPOTPOPIKDY TAPAYOVIMV,
onog tov BDNF, NGF, kot NT-3 otov ummoKoumo, tov TPoUeTOTiaio (AO0, TO
pafdwtd chpa kot adleg dopéc (Aisa et al., 2009b- Hulshof et al., 2011- Lippmann et
al., 2007- MacQueen et al., 2003- Oomen et al., 2010 Roceri et al., 2004). Avtiq 1
YPOUUN €PELVOS VTOGTNPILEL OTL Ol EMITTOCELS TOV VEOYVIKOD GTPEG GTI GLUTEPLPOPA
katd Vv evihkn Con SwpecoAafodvior amd HETOPOAEC TV EMTEOOV TOV
VELPOTPOPIVAV GToV gykéParo. H vmdBeon avty otmpiletor oto yeyovdg OtL Ot
VELPOTPOPIKOL  TOPdyovieg €LVOOLV TN VELPOVIKY  avlmtuén Kot dpovv
vevpompootatevtikd (Huang & Reichardt, 2001). Ot peidoelg oty EKQpooT| TOVE, ®G
AMOTEAECLLO. TOV TTPMOIUOV GTPEG, KATA TNV KPIGIUN TEPIOd0 TNG VEOYVIKNG aVATTLUENG
KaoToOV TOV £YKEPOAO EVTPOGPANTO GTO VEVPOTOEIKO YOPOAKTNPO TNG TOPATETAUEVNG
Opdong TV YAVKOKOPTIKOEW®V, LE OPVNTIKEG GULVETEIEG OTH VELPOYEVESN KOL TN
VELP®VIKY doUN, OAAAYEG OV GYeTilOVTOL He TNV EUPAVION YVOOTIKNG EKTTMONG KATH
v evilkn {on.

Ao TV GAAN TAELPA, TANOOPOA LEAETOV aAvAPEPEL AVENUEVT EKPPOGT] KOt VYNAL
eMiMedA VELPOTPOPIVADV TOGO GTOV MMOKAUTO, OGO KOl GTOV VIOAOITO EYKEPOAO LETE
amo Tpdyo otpes. Ta evpnuata apopovv, 1dso otov tapdyovia BDNF, 660 kot 6tovg
NGF kot NT-3 (Daniels et al., 2009- Greisen et al., 2005 Lambas-Seiias et al., 2009). H
avénon  ovty  EPUNVELETOL GTO TAQIGIO €VOG  UNYOVICUOD OVTICTAOUIoNG Kot
QTOKOTAGTACTG TOV KEVIPIKOD VELPIKOD GUGTNUATOG EVOVTL TOV AMAELDV TOV VIEGTN

AOYo TV emPrapav endpaceny Tov Tpmdipov otpeg (Daniels et al., 2009).
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[Nveton capég 0tL o1 PPAIOYPOQIKES papTLPIES YO0 TV EMLOPOACT TOL VEOYVIKOV
UNTPIKOD  OMOYWPICUOV  OTIS YVOOTIKEG AEITOLPYIEC KOL TOLG VELPOTPOPIKOVS
TOPAYOVTEG Vol avTIKPOVOEVES. AVTO amodidetan Kupiwg oe neBod0AOYIKES S10POPES
HeTOED TV gpevvav. Edikdtepa, yioo v epunveia tov amote espdtwv ypetdletal va
MeBovv  vdyn TOPAUETPOL, OTMG O TOTOG TOVL VEOYVIKOD GTPEG oL €POPUOLETIN
OTOVC EMIUVEG UETOYEVVITIKA (UNTPIKOG OIMOY®PICHOG, UNTPIKN 0T0oTEPNON), OAAG Kot
10 €100G NG GTPEGOYOVOL GUVONKNG GTNV OToiln GE KAMOLES MEPMTMGELS EKTIBEVTAL O1
evnAikeg emipveg (.., OTPEG OKIVNGI0G), TPOKEWWEVOL Vo, dlepeuvnBel av 0 veoyviKOg
YEPLOLOG AAANAETOPA Le CLVOT|KEG GTPES KATA TNV EVIAIKT TtEP10d0, eMNpedlovTag TIg
EMNTMOGELS TOL OEVTEPOV. APKETOL GLYYPUPELS EPAPUOCAY TO TPMOTOKOAAO TOV
unpkov amoywpiopov (Aisa et al., 2009b- Faure et al., 2007- Roceri et al., 2004), evod
GAAol anTo TG veoyvikng amopovoong (Kawano et al., 2008+ Zimmerberg et al., 2009).
Agdopévng g duvaTOTNTOS KOWWOVIKNG CAANAETIOPAONG TOV TPOGPEPEL TO LOVIEAO
OV UNTPKoD omoywpiopoy Ba pmopovoe va vrobécetl Kaveilg 0Tt gival mbavd vo dpa
SLPOPETIKA GTO VELPIKO GUGTNUO TOV EMIHVOV GE GYEON LE TN GLVONKT NG VEOYVIKNG
amopdvoons. Katd ovvénewn, 1o amoteléopato TV HEAETOV Ogv  givol dpeca
GLYKpIGIHLQL.

Mo GAAN onpovTiK TOPAPETPOS Eival 1 SIAPKELD TNG GTPECOYOVOL GLVONKNG,
kaBdg Kor M kaOnuepwv ¢ emavdAnyn M M epdmal epappoyn e Tpeg wpeg
kaOnuepwvov otpeg (Daniels et al., 2009- Greisen et al., 2005 MacQueen et al., 2003)
etvan mOavo vo emdpovv dapopetikd on’ 6tL 6 dpeg (Oreland, Nylander, & Pickering,
2010) 1 évog kot povo 24mpog omoywpiopog (Roceri et al., 2002). ‘Evag dAlog
mapdyovtag eivar  ovartuéloky edon tov TEPapatdlmov Kot TNV omoia deEdyeTol 1
e€étaon, KaBDG Ol  VELPOPUOIOAOYIKEG — TMOPAUETPOL,  UETOED TV OmMOi®mV

GLUTEPIAQUPAVOVTOL TO ETITEDD KOL 1 EKPPUGCT] TOV VELPOTPOPIKDOV TOPAYOVI®OV GTOV
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gykéQaro, petafdilovtal and v veoyvikn émg tnv eviiikn (o1 (Andersen & Teicher,
2004- Roceri et al., 2002). 'Eto1, peréteg mov e€€tooay 10 ETMEDA TMV VEVPOTPOPIVDV
0€ OLPOPETIKN MMKIOKN TEPI0O0 KATAANYOLV OE OMOTEAEGUOTO TOV Ogv  givar
ovykpiowa peta&d toug. H onuacio tg avamtvélokng edaong ywoo v €kPoaon tov
QMOTEAECUATOV OTUEIDOVETAL Ko 0mtd AAAOVG cuyypageig (Suri et al., 2013).

AM\eC TOPAUETPOL TOV £YOLV ONUACIO OPOPOVV GTO €100G TOV TPOKTIIK®V
(emipveg, poeg), oAld kat 6to eOLO TV mepapatdlonv (Faturi et al., 2010). Znpoavtiko
poro mailer, mBovov, kol n avoroyio apcEVIKOV-ONAVKOV o1 PeAETES, KAOMOG £xel
Qavel OTL O1 EMMTAOGELS TOV GTPES OLAUPOPOTOLOVVTOL AVAAOYQ LLE TO PVAO, TOGO MG TPOG
T0 YVOOTIKG Ko ovumepipopikd elkeippata (EKlund & Arborelius, 2006- Ladd et al.,
2004+ Veenema et al., 2006), 660 ka1 wg mpog Tt dadikacio tng vevpoyéveons (Oomen
et al., 2009). Qotdoo, akoun Kot avth 1 droyn eivol vad aueEoPfnTnon, Kabmg dev
VRLAPYEL CLUPOVIOL GYETIKA HE TO 7O QOAO OavTopd Mmdtepo, €V GAAOL dev
evtomilovv dwapopéc evrov (Huot et al., 2004+ Wigger & Neumann, 1999- Zimmerberg
& Kajunski, 2004).

Emmpdcheta, €xel mpokdwyel OTL 1 VEOYVIKN OMOUOVOGCT] GUVOEETOL UE LEIMOT)
KAt To €vo TPiTo TNG TWNG TNG QUOIOAOYIKNG TUKVOTNTOG TOV OKAVO®OV GTOLG
devopiteg TV TUPUSIKGOV KVTTAP®V 6TnV Tpdcbia Edka Tov Tpocaywyiov (Gos et al.,
2008) ka1 Tov mpopetomaio erowd (Bock et al., 2005). Qotdoco, dev givar yvootd av
avTioTOlEG OAANYEC TOPATNPOVVTOL KOl OTOV WIOKOUTO KoOMG, €miong, Kot ov
Aoppévovv ydpo kol pHetd amd TV papuoyq GAA®V LoVTEA®V veoyvikol oTpeg (TT.Y.,
UNTPIKOG amoYWPIGUOC, UNTpikn amoctépnomn). [IAnpoeopieg yio oArayés omnv
TUKVOTNTO TOV 0KAVO®V 6TOV IMIOKOUTO o NTOV ONUOVTIKY KOODS HEWMGES G aVTO
TO LOPPOAOYIKO YOPOKTNPLOTIKO TOV VELPOVOV OYeTileton £UUECH UHE OVTIOTOUXES

aALayég oTov apipd Tov cuvhyemv. BéBata, o untpikdg amoympiopog £xel cuvoebetl pe
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Hopdptnpa
Xepropog Hpepriow dr1apkera Enmavainyn
AEPLOPOV
Neoyvikog yeipiopos Ot veoyévvnrot 15 Aemtd Kafnuepwa yo tig
(neonatal handling) emipveg amoywpifovran TPDOTES Y10, SLACTN O
(Liu et al., 1997 ammd TN UNTEPO TOLG, a6 1 éog 3
Meaney & Aitken, OAAG TOPOUEVOVY ePfoopadec.
1985) poadi.
Mntpikég Ot veoyévynrot Amo 1 émg 6 dpeg Kabnuepwva xatd tig
0oy OPLGPOS emipveg anoywpitovron TPMTEG LETOYEVVITIKEG
(maternal amd T UNTEPO TOVG, NUEPES Y10, SLAoTNUO

separation)

(Aisa et al., 2008-
Huot et al., 2002-
Wilber et al., 2007)
Neoyvikn amopdvoon
(neonatal isolation)
(Kosten et al., 2007
Zimmerberg et al.,
2009)

MnTpuiy
0mocTEPN O
(maternal
deprivation)
(Sucheki et al., 2010
Wang et al., 2011)

ALY TOPOLEVOLY
padi.

Ot veoyévvnrot
emipeg amoywpilovral
amd T UNTéPa TOLG,
KadG Kot HeTa&d
TOVG.

Ot veoyévvnot
emipveg amoywpifovran
amo TN UNTéPA TOVG,.

Ao 1 émg 6 dpeg

lNo 12 1 24 opeg

amd 1 £oc 3 efdopddeg

Kabnuepwa xatd tig
TPAOTEG LETOYEVVITIKES
NUEPES Yo SAGTN AL
amo 1 éwg 3
efdopadec.

Mia (24 dpeg) 1 2
népeg (12 opeg/pépa)

IMivoxag 1. Movtélo Xeipiopov tov Metayevvntikod Iepifdiiovrog.

pewwpévo, enineda cvvantopuoivng otic teptoyés CAL kar CA3 tov mmdkoumov (Aisa
et al., 2009b- Andersen & Teicher, 2004), ®o1660, Kot 1| GLVATTOPVLGIVY ATOTEAEL Evay
éupeco Oeiktn cvuvantikng Tukvottag. H diepedvnon tov mtopandve aAloydv pmopet
Vo amoTEAECEL AVTIKEINEVO PEAAOVTIK®OV pereT®v. Emiong, emtoktiky elvon n ovarykn
oeEaymyng peietdv ot omoieg Oa efetdlovror TALTOHYPOVO Ol EMATOCES TOV
VEOYVIK®V YEPIGUAOV, TOGO GTNV VELPOEVOOKPIVIKY] AELTOVPYIN, GE YVOOTIKEG Kot
CLVOLCOMNUOTIKEG EKQAVOELG TNG CULUTEPLPOPAS OAAG Kol OE OEIKTEG VELPWOVIKNG Kot

ouvamTikng evmAactotntos. Kt té€toto Ba emétpeme v eaymynq cuopmepoacudTomv
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GYETIKA UE TO €100G VEVPOEVIOKPIVIKMY KOl VEVPOVIKDOV OALAYDV TOV OLOUECOABOVV

UETOPOAEG OTI) GLUTEPLPOPA KATA TNV EVAALKN {on.
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Effects of Maternal Separation on Cognitive Function and Markers of

Neurogenesis and Neuroplasticity Using Animal Models

Anestis E. loannidis®, & Despina A. Tata*

Abstract

Adverse experience during childhood, such as maltreatment or neglect, are considered to be major risk
factors for the development of psychopathology and cognitive deficits in adulthood. Maternal separation
is a commonly used animal model that mimics the effects of early life stress. There is evidence that
cognitive deficits and emotion-relevant behaviors are mediated by changes in neuroendocrine function,
via dysregulation of the Hypothalamic-Pituitary-Adrenal axis, structural changes in the brain, as well as
suppression of neurogenesis and neurotrophic factors. This paper aims to provide a review of existing
evidence regarding the effects of maternal separation on spatial and non-spatial forms of learning and
memory in rodents. In addition, it is being explored whether indices of synaptic and neuronal plasticity

(structural changes, neurotrophic factors, neurogenesis) may be related to these effects.
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H Aimwoiikny Aratapaoyn ws oratapayn vevpwvikyg miocTikOTHTOS

Mapia Mavpikaxn®’, Avdpéag Kaoterhaxnc® ka Cedpyrog Mavaync®

Iepidnyn

H Awmoluc Awtapayn (AA) eivor po xpévie vrotpomdlovca dtatapoyy] ToL cLUVOIGHLATOS, 1
omoio. yopoktnpileTor omd KUKAKEG eVOALOYES KOTOOMITIKOV Kol HOVIOKOV €Relc0dimv. Av kot To
tehevtaio ypdvia vdpyovy onuavTiKEG eEeMEEIC OTOV TOpEN TNG €PEVLVOC KOl 1IMG TNG YEVETIKNG, TO
akpiPég vevpofloroyikd vrdoTpoe TNG daTapayns Kabmg Kot 0 BepamenTikdc Unyovicpog dpdons tov
otofepomomTIKOV TG d1dBeong dev Exovv axopa dtodevkovOei. H yapaktnplotikr €1epoyEvela wg Tpog T
CUUTTOUATOAOYIO TV SmOMKOV acbevdv kabdg Kot 1 amovcio HoviElmv og Tepopatdéloa Tov va,
avtikotontpilovy To TANPES QAcpe TG StaTapoyg €YOVV AMOTEAECEL TPOYOTESN otV mpocmabela
KaTavonong g Tabfoeucioloyiog Kot Ty Tpoaymyn e eapuakodepansiog tng dtatapoyns. Ot cOyypoveg
Bewpieg mpecPfedovy O6TL 01 GUVASONPATIKEG draTapayE, TOV EYOVV G PEYAAO PaBLd YEVETIKO VIOGTP®LA,
pUmopodv vo. yivouv KOADTEPO OVTIANTTEG OTO €UPUTEPO TMACICIO TOV SOTOPUYDV TNG VEVPOVIKNG
TAOCTIKOTNTOG TOL €YKEPAAOV. Avtd ompilel v vrndbeom o011 oyetiloviatl TePoGOTEPO e SLoTapoyég
TOADTAOK®V KUKAMUAT®OV gVOOKVTTAPLOG StaBifoong OfOTOG Kol GUVOTTIKNG TAACTIKOTNTOG, TAPE e [l
amh] dvoAertovpyion evog vevpodafiBacTtikod cVOTARATOC. AALOIDGES GTO EMIMEDO TNG WUETOPOPGS
ONUAT®V EVTOC TOV VELPIKOV KLTTAPOV 0AAG Kot peTad tovg KobdG Kol TOlKIAeg GAAEC SOMIKES KoL
AELTOVPYIKEG OAMUYEG GUVIGTOVV SLOPOPETIKG EMIMESN VEVPOVIKNG TAACTIKOTNTAG, TO OToiot PaiveTar OTL
glvan dratapaypéva otn AA. H epyacio avty amotelel po oQaiptkn avackonnon eupnuitov avaeoptkd [
elMlelppoto o S10popeTIkd emimedo vevpovikng TAaotikotntag otn AA. ISwitepn éupacn didetar ota
evookLTTApta povordtio Stafifacng ofuotog ta onoia eaivetatl 0Tt SVCAEITOVPYOVY GE TOAAATAL EMITESAL.
Mo ovykekpipévo, 0ALOIOCES GE O1APOPO EMIMESD TOV EVOOKVLTIUPI®OV HOVOTATIOV TNG KUKAIKNG
HOVOQ®oPoptKNg 0devosiving (CAMP), tov LeTafOMGHOD T®V GOGEOMTIHI®MV Kot TOL apayldovikoy 0&Eog,
™G aoPecTio-eEapTAOUEVNG KIVAONG TG KOALOSOVAIVNG, TNg Kvdong tg ouvvldong tov yAvkoyoévov 3

(GSK-3), tng pubmlopevne omd eEokvttaplo onuo. kwvaong (ERK) xafdhg kor tov povomoriod tov
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VEVPOTPOPIVOV Paivetal va oyetilovtat pe v maboevaioroyia g datapayng. Emmpdcebeta otig adlayés
otV evdokvtTapio Sfifacn ofuatog, ot dimolikoi acbeveig paivetor 6Tt Tapovotdlovy Kat daTapayég oe
eninedo popeoroyiog tav kuttdpav tov Kevipukov Nevpikod Zvotiuatog (KNX) kot cvuykekpiéva tov
VELPOVOV KOl TOV KLTTAPOV TG YAOTOG. Xuvolkd, Oleg awtéc ot ducAettovpyleg avtikatonTpilovral g
Sopkég Kol AELTOVPYIKEG OAAOUDOELS TEPOY®V TOL maifovv onuovtikd poéilo ot pvbuon Ttov
cuvolcHnLaTog otov eyKéQolo Tmv dmolkmv aclevav. Ta dedopéva avtd cuvnyopovv oty Vmapén
TOWKIAOV EAAEWUUATOV G TOAAG SLOQOPETIKA EMIMESO VELPOVIKNG TAACTIKOTNTOG otV AA.  AvTéc ot
dTopoyég oe KPIGLO VEVPOVIKG KUKADWIOTO TOV EUTAEKOVTAL TN POOUIOT TOV GUVAGONUATOV £X0VV MG
OTOTEAEGLOL TN OYETIKN) GUUATMOUOTOAOYIO LE TN YOPOKTNPIOTIKY EVOALAYT KATAOMATIKOV KOl HLOVIOKOV
enelcodiov. Ev katarxdeidt, n odyypovn épevva mpoteivel 0Tl EALEPOTO GTNV KOVOTNTO ALY KoL
TPOGOPUOYNG TOV VEVPMVIKAV KUKAOUATOV TOV OmOMKOV acbevdv pmopodv vo odnynoovv oty

VITOKEIPEVT] GUUTTOHOTOAOYIO KL TV EVOAAXYT CUVOLGONLOTIKOV ETEIGOJIWV.

Aéerg Kledra: Awmohkn Alatapayn, VELPOVIKN TAAGTIKOTN T, evdokvTTdplo dwafifacn onuotog,

pvduion cvvoicOnpoTog

2oppove pe 10 Aloyvootikd kot Xtototikd  Eyyepidio yuo g Poyikég
Awrtapoyéc-5 (DSM-5), n Amolikny Awtopoyn (AA) M «poavio-katoOMaTik vOGoo»
glval po «KuKMKN» dtotapoyn mTov xopoktnpiletal amd TOLANYIGTOV Vo LaVIHKO 1)
HEKTO €me15O010 Katd TN Odpkeln g {ong tov achBevods, evd G GAAN YPOVIKN
oTuyun, ekdniavetat éva 1 mteptocdtepa katadntikd eneioddio. (American Psychiatric
Association, 2013). Xapakmmpiotikd emiong ¢ datapayng €ivar o yeyovog 0Tt ot
neplocdtepol  acbevelg petaly TtV emelcodiov  avtdv  gppaviCovv  mEPLOO0VS
(PLGLOAOYIKNG AELTOVPYIKOTNTOC.

H wpo cvpntopotoroyioa e paviag meptiapupdvel evpopia, gvepediotomra,
pEIOUEV)  avdykn Yo OmIVO OV GLVOJEVETAL om0  LEEPOPUCTNPLOTNTO-
VIEPEVEPYNTIKOTNTO, VIEPEKTIUNGT OLVALE®V, KAHDG Kol OKOTATOVGTN PO 10DV Ko
nieon AOyov. TToAAG amd to YOpOaKTNPIOTIKE VT €ivol eLQOv 6TV vIouavio. EVE

Kot 10 00 HOVIOKO EMEGOOI0 TO CUUTTOUATO EMWOEWVAOVOVIOL KOl UTOPEL Vo
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oLVVOOEVOVTOL OO YEVOUGONGEL, TOPUANPNTIKEG 106EC KO KOTAKEPUOTIGUO TNG
CLUTEPLPOPAG. XOPOKTNPIOTIKO €MioNg NG MHOVIONKNG @Aaong eivar M avénuévn
OVTOEKTIUNOT Kol avtomemoifnon mov Pidvouvv ot achevelc oo Kol Kot T0 TS0
™G vopaviog, Ve Adym TS aENUEVNG TOPOPLUNTIKOTNTOS TOL TAPOVSIALOVY, GLYVA
eUEOVICOVLV EVTOVO VITEPKOTAVIAMTIKY] CUUTEPIPOPE KAVOVTAG OAOYIOTEG OIKOVOULK(L
damdveg v pmopet emione va epeaviCouv avénuévn 6eE0VOAIKN OpacTnPLOTNTA Kol Vo,
Kavovv ypnon e&apmotoydvav ovcsidv (American Psychiatric Association, 2013).

Avrtifeto, KoTd TN O1dpKELD TOV KOTAOMTTIKOV £MEIG0dimV, o1 acheveig pmopel va
&xovv éviovo arcOnpata apfondnrtov, va aicbdavovtol ava&ilot Kot va €0V VTOKTOVIKES
taoelc (Tsai et al., 2011). Oa wpénet axopa vo onpelwdel 0Tt Ta KaTaOMATIKG EXEIGOS0,
TOV SIOAK®V acBevav de dtaeEépovy amd avtd v acbevov pe peiova KatdOAlnym.
Ta enecddo avtd yapoktnpilovrol amd yoyxokvntikny emPpdovvon, vreppayio Kot
vepPoAkn  vmvnAld  ev@d  ouyxvd  TapaTNPOVVIOL KOl WeLdooONoElS  1)/Kot
TapoAnpnTikég 10éeg. TELOG, To HEKTA-paviokd £TEGOd0 TOL dev gival TOGO GLYVE
0G0 T poviakd M To KataMmTikd enelcodia yopaktnpiloviat and mokileg avopei&elg
HOVIOK®V Kot KOTOOMATIKOV — GCUUTTOUAT®OV  T0.  omolo  ypovikd pmopel  va
napovctalovior gite ®g aAAnAovyia eite mopdAinia. o moapddstypo, acOeveic pe
évtovo cuvaicOnua eveopiag, vepdpactnpotTa Kot mieon Adyov pmopei Eapvikd va
TOPOVGLACOVV ATEATIGIO aKOAOVOOVUEVT] amd KAAUO 0ALY Vo EMGTPEYOLV EOvE GTNV
Katdotoon g poviog péoa oe Alyeg opec. H aAiniovyio ko 1o potifo evariayng
enelcodinv petaéd tov acbevav mowilel (American Psychiatric Association, 2013)

Av ko 1 AA amotedel v €k outio EKTTOONG TNG AELTOVPYIKOTNTOS TOYKOCUIWG
(Strakowski, Delbello, & Adler, 2005), n axpipng artroroyia kot tabopucetoroyio g
napapével dyvoorn (Mahon, Burdick, & Szeszko, 2010), (Newberg, Catapano, Zarate,

& Manji, 2008). H gowvotumiky] etepoyéveln, omoTeLel TPoYOmTEST OTNV TPOGTADELD
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OlaAevkavong e vevpofroroyiog kot Tov €upvTEPOL PLOAOYIKOD LIOGTPOUATOS TNG
(Hasler, Drevets, Gould, Gottesman, & Manji, 2006). TTapoio avtd, Aoym g eEEMENG
TOV TEYVIKOV UEAETNG TOV YOVIOIOUOTOG KO T SLUVATOTNTO TPOYLOTOTOINONG LEAETDV
ovoyétiong oe 0o 1o yovidioua (Genome-Wide Association Study, GWAS), ta
yovidln mov €xet omotmBel 0Tt avfavouv Tov KivOuvo Yyl TNV €KONAMON NG
owtapoyng &xovv avénbel onuovtikd, Jotvovtdg poc po EExoploTtr  gvukoupio
katavomong g mabopuolodoyiog . Q0TdG0, TA YEVETIKA 0OLTE  €LPNUOTOL
copmopevovial e avemilvto (NTRaTe GLUTEPIAAUPAVOUEVOV TOV OTPOGIOPIGTOV
Babuov otov omoio évag moAvpopeiopdg mov oyetiCeton pe mpodidbeon pmopel vo
00MNYNGOEL GE €VOL QLGAELTOVPYIKO YOVIO0 KOl OV KOl TAG OVTOG O YEVETIKOG Kivouvog
odnyei g ovumepipopikés dwatapayég (Chen, Henter, & Manji, 2010).

Ta dedopéva oYeTK®V UEAET®V ocuvnyopobv oto OTt 1 AA sgivor o
TOALYOVIOOKT VOGOC, 1 0Toio, EKONAMVETAL LOVO OTAV GLYKANPOVOLOLVTOL TOAAATAOL
TOALHOPPIGHOL Yovidiwv mov oyetilovtal pe kdmolo mpodidbeon yio T Olatapoyn
(Chen et al., 2010 American Psychiatric Association., 2013). Xta dtopo pe yevetikn
TPOdIDEST), COUATIKOL KOl YOXOKOW®VIKOL GTPEGOYOVOL TOPAyovTeS Umopohv va
AMOTEAECOVY TO EVOUCUN GUVOLGHMNUATIKOV EMEICOOIMV KOl VO TLPOSOTHGOLY TNV
exkdNiwon g dwtapoyng (Adler et al., 2005). Tétown emelcddio pmopodv emiong vo
enoyBobv  amd yuyodieyeptikd, omd eEAVIANCT  amofepdToV  pOVOUIVAOV Kot
yAvkokoptikootepoedmv (Chen et al., 2010).

H vmobson tys vevpovikijs miactikotytas ts A4. Olo kol meplocotepa
dedopéva opilovv TV VIOOECT TG SOUIKNG KOl AELITOVPYIKNG TAACTIKOTNTOS Y10 TIG
dwatapoyég Tov cvvatctnpatog (Szabo et al., 2009 Quiroz, Gray, Kato, & Manji, 2008-
Schloesser, Huang, Klein, & Manji, 2008 Svenningsson et al., 2007- Du, Quiroz, Yuan,

Zarate, & Manji, 2004). X0yyxpoveg Oswpiec yioo ) AA vmootnpilovv v dmapén
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OVGAEITOVPYIDV OE EMIMENO GUVOATTIKG KO VEVPMOVIKNG TAUGTIKOTNTOS TOL 001YOVUV GE
mopekkAivovca emeEepyacion TANPOEOPIOY G KPIGIES GUVAYELS KOl KUKADUOTOL.
EmnpocBétmc, o1 evpémc ypnoomolovueveg  qopuakobepomeieg ot AA, 1o
otabepomomtikd g Owdbeomng, emnmpedlovv €VOOKLTTAPIO HOVOTATIOL TG OTOio
pvOuilovv 1N cvVAmTIK TAACTIKOTNTO. Y70 TO TPIoUO OVTO, Ol GUVAICOMUATIKES
OlTOPOYES WITOPOVV VO YIVOUV KOADTEPO OVTIMNTTEG OC YEVETIKO EMNPEACUEVES
dwTopayés ouvAyemV Kol KUKAOUATOV Topd ¢ omAf]  ducAiettovpyio  evog
vevpodiapifactikod cuotuatog (Schloesser et al., 2008).

O 0pog MAOCTIKOTNTO OVOQEPETOL GTNV KAVOTNTO EMAYMOYNG KOl OL0THPNONG
aAlayng Kot omoteAdel peilov mPoOomaUTOVUEVO YOPUKTNPIGTIKO Yol T O0THPNCN TNG
Aerrovpyodmrag tov KNX (Quiroz et al., 2008+ Schloesser et al., 2008). H woavotto
OAALOYNG TPOCPEPEL OVGIACTIKE GTOV OPYOVIGHO £VOL UNYXOVIGUO AmOKPIONG G TOKIAN
€0MTEPIKA Kot eE@TEPKE epebiopata, mov amotedel BeUeAMMOES YAPOUKTNPIOTIKO NG
emPioong (Schloesser et al., 2008). H avtipetmdnion gvoc véou epebicpotog yio mpmTn
@opa 0dMyel 6TV €KALGON L0G GUUTEPLPOPES EVAD Ol UETEMEITO OMOKPIGES GTO 1010
gpébiopa pmopel vor alAa&ovy yia £va ypovikd didotnua Aertov | opadv (Blundon &
Zakharenko, 2008).

[TAnV TG amodedetylévG ONUOGTNG TOV UNYOVIGLLOV TAAGTIKOTNTAG 6T nddnon,
TN UVAUN Kol TN QUGLOAOYIKY] OHOWOCTOGCT, OA0L TO TOAVTAOKO GULUTEPIPOPLK(L
QOVOLEVO CUUTEPIAAUPAVOUEVOV TOV cuVALGONUATOV gival SuVaKES dlepyacieg mov
e€aptdvTol amd TNV TAAGTIKOTNTO VEVPOVIKOV KukAmpdtov (Schloesser et al., 2008).
H proroywn PBdon tng kavottag mpocappoyng oxetiletar pe mokilovg Kuttoptkohs
KOl  HOPLOKOVG  UNYOVIGUOVG 7OV  EUNIMTOLV  GTOV  €LPUTEPO  OPO  VELPMOVIKN
mwaotikotnto (Quiroz et al., 2008- Schloesser et al., 2008). Mg tov 6po avtd

avaQepOIaoTe 68 aAlYEG o€ emimedo gvdokvTTdplog SuPifacng onpatog, pvduoNg
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yovidiov, pvOuicelg otov aptBpd kol T SLVOUIKOTNTO TOV GLVAYE®V, OLUKVUAVOELS
otV ameilevBépwon  vevpodwfifactodv, avadidpBpmon ™C vevpalovikng Kot
OEVOPITIKNG OPYITEKTOVIKNG KOl GE HEPIKEG TEPLOYEG TOV EYKEPAAOV GE YEVEGT VEMV
vevpovoyv. Ot olayég oavtég pmopet vo  eivon  eite  Ppoyvmpobeoueg  eite
LOKPOTTPODECEC GE CLVAPTNON WHE TO TOLOTIKA KOl TOCOTIK( YOPUKTNPIOTIKG TOV
epebiopatoc aAAd kol to ypdvo mapovciaong tov. 'Etol éva ol epébiopa umopel va
€xel mOAD OPOPETIKEG eMOPACELS o€ oYéomn He éva ypovio, emoavoropPavopevo
epédopa OG0 MOOTIKA OGO KOl G TPOG TN OLVOUIKN TPOKANONG HAKPOYPOVOV
aAlayov. Axopa, gpebiopata mov epgaviCovrar Katd v @edorn avdmtuéng tov KNZ
elvar mBavo va €Youv OPOPETIKEG EMOPACELS GTOV OPYOVICUO GE GYEOT HE TNV

eneavion tovg otov evidiko eyképaio (Schloesser et al., 2008).
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Yynpa 1. Kuttopikoi pnyovicpoi mov €VTAGGOVTOL G6TO EVPVTEPO TANIGLO TNG VEVPOVIKNG
TAooTIKOTNTOS. O1 0AAAYEG GTOVC VEVPDVES UTOPEL VO 0POPOVV TOAAA SLOPOPETIKA EMIMEd EEKIVAOVTOG
omd oOAAOYEC OTNV EKPPOOT] YOVISIOV €0 AALOYEG GTNV LOPPOAOYiD SEVOPIT®MVY Kot aKavOmv oA Kol oe
dupopa emineda tng gvdokvttdplog dafifoong onpatoc. AAAayEG aKOUA UTOPEL VO VTTAPYOLY KAl GTO
eninedo ¢ odvayns (CVVORTIK TAAGTIKOTNTO) OTOV UTOPEL VO €YOVUE OLOKVUAVGELG GTI| CUVOMTIKN
o0 Kot TV omedevbépmon vevpodiafifoactadv péypt kot T dnpovpyio véov cvvayewnv. Téhog, oe
GUYKEKPIUEVEG TTEPLOYEG GTOV EVIALKO EYKEPAAO, KUPIMG GTOV IMTOKAUTO, LTOPOVLLE VO EYOVLE OIKOLLOL KO
dnuovpyia véwv vevpavav (vevpoyéveon).
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H ovvontikni TAaSTIKOTNTO OVOQEPETOL GE KVTTUPIKES SIEPYAGIEG TOV 0ONYOVV GE
oAAOYEG OTNV  OMOTEAEGUOTIKOTNTO TNG ovvamtikng owfifaong. OvolooTikKd 1
GUVOMTIKY] TAOGTIKOTITO OVOQEPETOL GTN OLIKVLUAVOT TNG 10YVOC TOV CNUATOS TOV
petadideton péow TV vrapyovom®v cvvayewnv (Schloesser et al., 2008- Citri &
Malenka, 2008). H p0Ouion avti pmopei vo emtevyfel péow oaraydv TV emmédnv
TV VELPOIWPIPACTOV, HECH EOGPOPVAIMOTNG VTOUOVAO®MV VLTOJOYEWMV, HEGH TNG
dlokivnong tov vrodoyEwv amd Kot TPOG TNV TAAGUOTIKY UEUPPAVN, LECH CALAY DV
otV ayoyoTTe dStaddev Kot GAlovg oxetilopevoug unyaviopovg (Schloesser et al.,
2008).

Onwg mpoavapépnke, moAlol eivor ot KuTTaptkol UnyoviGpoi mov Umopovv va
odnynoovv ce dopkég arrayés oto KNZ. Ta dedopéva amd petabavdrtieg peréteg oe
eyke@arovg aclevav pe AA mokidovv, 10taitepa 6€ OTL APOPA ELPNUATA YL TN Pl
ovoia (Bearden, Woogen, & Glahn, 2010- Kempton, Geddes, Ettinger, Williams, &
Grasby, 2008 Bearden et al., 2007). TTopoio mov 0 GUVOMKOG EYKEPAMKOG OYKOG TNG
QoG 060 KOl TNG AEVKNG ovciag paivetor va elval LUGIOAOYIKOG o€ acheveig e AA,
VILAPYOVV OEOOUEVE, TTOV VTOJEIKVOOVY OTL VILAPYOVV OAAOIDCEL GE GULYKEKPUEVEG
eykepolkég dopég (Schloesser et al., 2008+ Strakowski et al., 2005). Xtig neployég mov
dvolettovpyodv ot AA mepAapPAvovTol 0 TPOUETOMOIOG PAOLOG Kol VITOPAOUKES
O0UEG, OMMG OOWES TOV €6M KPOTUPWKOD AOBOV OV GLYKPOTOUV TO UETOLYLOKO
ovotuo (Strakowski et al., 2005). EAAeippata o eninedo gong ovaiog £xovv Ppedel
oV éAMKO. TOL TTPOcay®Yiov Kot To Kowlako pafdwntd (McDonald et al., 2004).
Meydio péPOG TOL €PELVNTIKOD EVIOPEPOVTOS EXEL EMKEVIPWOEL otV TTEPLOYN TOL
VTOYOVATIOV GAOL0D TOV TTpocaywyiov Omov &xel Ppebdel peiwon tov dykov TG Pog
ovoiag (Drevets, Savitz, & Trimble, 2008- Hirayasu et al., 1999- Drevets et al., 1997), n

omolo. WGTOGO £XEL GULOYETIOTEL HE OMADAEW VELPOYAOLOKADV KLTTAP®OV Kol Oyl
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vevpdvav. H meproyn avt eumiéketon otn pvduion tov cvvaicHfuotog (Drevets et al.,
2008), v kwnronoinom, T1¢ eni okon® ocvumepipopés (Devinsky, Morrell, & Vogt,
1995) kot v avndovia mov mapatnpeital otn povomodkn katdOivnyn (Walter et al.,
2009). Oa mpémet vo onuelmbel dumg O6tL Ta svprjuoto otn PipAloypagio eaivetat vo
glvan avtikpovoueva, koM AALeC pLehéteg dev £de1&av Leimon og eminedo Qg ovciog
oTOV VIOYOVATIO PAOLO TOL Tpooaywyiov (Sanches et al., 2005+ Brambilla et al., 2002).

Nedtepeg peréteg €xovv ogiel avénon tov Oykov g viicov tov Reil oto
apoTeEPd NUGEAIPLO, VO aVENUEVOS OYKOG TG HEAavos ovoiag €xet Ppebel ducd
otov tomo I ¢ AA (Kempton et al., 2009). Emutpocfétmg, o moudid kot epnpfovg pe
TpoOUN Evopén g vocov £xet Bpebel petwpévog dykog e apvydaing, eve avtifeta, 1
xpévia yopnynon ABiov 1 PaAmpoikod o&éoc gaivetar va oyetiletonr pe Tov avEnpévo
OyKo ™G apvydoing mov Exel TopotnpnBel oe evihikeg dmolkovg acbeveic (Chang et
al., 2005).

AVOoQopKd LE AEITOVPYIKEG OVOTOUIKES OLVGAELTOVPYIES, VITAPYOLY ELPTLLATOL Y10l
VITEPSPAGTNPLOTNTO TEPLOYDV TOV HETOLYUOKOD GUGTHILOTOS KO Y10 VTOOPAGTNPLOTI T
tov mpopeTonaiov eAowoy. Ta moapamdve &xovv Bewpnbel g vevpoavatopkd Kot
vevpoProroyikd vrootpopa g AA (Kupferschmidt & Zakzanis, 2011). Awagpopetikn
evepyomnoinon éxst Ppebei otov mpopetmwmiaio erod (Cerullo, Adler, Delbello, &
Strakowski, 2009- Minton et al., 2009- Scherk et al., 2009) kot Wwitepa otnV
vroyovario tov pecoloPiov meproyn (Drevets et al., 2008 Drevets et al., 1997), v
npocOa ko tov mpooaywyiov (Cerullo et al.,, 2009 Scherk et al., 2009), tv
apvydorn (Cerullo et al., 2009- Whalley et al., 2011- Phillips, 2006), to 6dAapo Kobdg
kot o pafdmto (Cerullo et al., 2009- Strakowski et al., 2005).

Olo kot meplocdTEPEG PEAETEG EUTAEKOLV JOTOPAYES TNG AEVKNG OLGIOG GTO

VELPOPLOAOYIKO VTTOCTPWLO TNG Olatapoyng, otnpilovtag tnv vrodeorn OTL dlakomn N

EledbOepva, Tevyog 6, 2013
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dvoAettovpyia TNG GLVOEGIUOTNTOG TEPLOYDV TOV EUTAEKOVTOL OT YEVEST Kol pLuOUIoN
OV cvvolcHfuatog oyetilovion pe v epeavion g Swtapoyrg (Mahon et al., 2010).
Ta mAéov ouyva vevpoavatoukd svprjuate o acbevelg pe AA givor n dievpvvon TV
TAayiov kotudv (+17%) kot ducietrtovpyieg g ev T Pabel Aevkng ovoiag (Bearden
et al., 2010 Kempton et al., 2008- Schloesser et al., 2008). Qot6c0, akdua Kol TO
gupnuo g oedpuvong TV TANYioV KOlM®V €yl auelofnmdel omd kdmolovg
emotiuoveg (McDonald et al., 2006). Télog, éva GuyVa avaEEPOLEVO VEVPOUVATOUIKO
€0PNUOL OTOTEAEL KOl O HELMUEVOG OYKOG TOV HecoAdPiov (Bearden et al., 2010- Mahon
etal., 2010 Arnone, Mclntosh, Chandra, & Ebmeier, 2008).

O peltopévog 0yKog NG AEVKNG OVGIOG GE HETMMOLES KOl KPOTAPO-PPEYUATIKEG
TEPLOYES oYeTICETAL LE TNV TAPEUTOIIGT TG CLVOEGILOTNTOS UETOTIOAOV-KPOTAPIKADV
TEPLOYMV TOL Tapatnpeitol ot AA adrd ko ) oyxlloepévern (McDonald et al., 2004).
Mewopévn ovvdeoipdmra Exet Bpedel otov Tpo ToL YOVATOG TOL pesolofiov mpdcshio
QA0 TOL Tpocaywyiov HE TO paywio pEco OAAapO, TNV OULYOOAN KOl TO
papdotd/aypd opaipo (Anand, Li, Wang, Lowe, & Dzemidzic, 2009). Avcietrtovpyio
TOV  KUKAOUATOV — petomoios  eAo0G-pafomto-0drapoc-petomioiog  @AoWg o€
dwapopetikd  emimeda odnyel o€ Odvoiertovpykny emegepyosio  cuvocOUATIKOV
TANPOPOPIOV Kot eEALeippato ot pOdpion tov cuvaistnpotog (Mahon et al., 2010).

Téhog, vmapyovv dedopéva mov otnpilovv v Vmopén oAroydv Kol 6TV
opyGvmon Tmv 0ddv ¢ Aevkng ovoiag (Bearden et al., 2010- Chaddock et al., 2009
Wang et al., 2008). Zvykekpiéva, VIAPYOVY EVPNUATO TOV VTOJEIKVOOV OTL Ol
dutoAkol acBevelg Exovv pel®PEVN KAOGHOTIKY OVIGOTPOTIOL GTO YOVL TOL LEGOAOPiov
ot 0e&l Katdtepn emiunkmn deopido Kol GTNV OPIGTEPT OVAOTEPN EMIUNKN OECUIdN

(Chaddock et al., 2009) kabmg kot oto Tpdchio mposaydyo (Wang et al., 2008).



218 Mopio Mavpucdkn, Avdpéag KaoteAldaxkng, 'edpyrog Iavayng

Ola T TOPATAVED GLVIYOPOVV GTNV VTOPEN TOIKIA®Y SOUIKOV Kot AEITOVPYIK®OV
OALOYDV OTOV EYKEPAAO TMV OWMOAIKAOV aoOevedv evd mopdAAnia otnmpilovv v
vdOeoT TG VEVPOVIKNG TAACTIKOTNTOG TG AA. X KVLTTAPIKO EMIMEdD, 1| GVYYPOVN
£peuva Yoo TNV TeBoPLGIOAOYIN TV JTAPAYDOV TOL GLVULGONUATOC £YEL LETATOMIGEL
TO0 €VOL0PEPOV amd TOVG VeELPOIOPIPACTES KoL TOVG VTOJOYEIG OTA £VOOKLTTAPLN
povomdria dafifoong onfuotog (Szabo et al., 2009 Belmaker & Agam, 2005 Du et al.,
2004). EvO0oKvTTOPIKA HOVOTATIL 7OV  OIOTEAOVVTOL 0omd TOAEG  GUVIGTMOOES
aAMAETIOPOVY peTa&D TOVG G MOAAAMAG emineda oynuatiloviag moAvmAoka dikTua
petadoong onpotog (Du et al., 2004). Avtd ta moAdmAoke SiKTLO, UIVOUOTOSOTNONG
AmOTELOVV £VOV O TOVG UNYAVIGHOVG HEGH TOV omoiov To KNZ kot mo cuykekpipéva
Ol VELPMVEG OOKTOVV TNV gveMéia va mporypotomolody peydro gbpog amokpicewv (Du
etal., 2004).

Allayés aTy HopPoroyia TV KOTTAP®WY TOV eyKkepdiov oty AA. MetoBovatieg
peréteg o acBeveic pe AA €yovv Vodeiel KPATEPO OYKO TUPVOV GE VITOPAOUKES
dopéc (Baumann et al., 1999 Bielau et al., 2005). Alkeg pelétec vmodekvdovv
SLPOPETIKY TUKVOTNTO KOl LOPPOAOYILL VELPOV®V avaAoya e TN oTidda og acBeveic
pe AA. TIo ovykekpyéva, €xer Ppebel petopévog 6yKog TV KLTTOPIKOV GOUATOV
Y€YOVOG Tov pumopet vo oyetiletan pe AMyoTtepo EKTETOUEVES KOl AMYOTEPO EVEPYES AEOVO-
devopITIKEG TapaPLAdeS. H mukvomTa TV veupdvav e HEYEAN KVTTAPIKE COUATO, Ol
010101 MOUVMOG AVTIGTOLYOVV GE YAOLTAUVEPYIKOVS TUPAUOKOVS VEVPOVES Exel Ppebel
pewtopévn otig eAoukés otifadeg 1T ko V (Rajkowska, 2000 Rajkowska, Halaris, &
Selemon, 2001). EmmpocOétmg, pikpotepo Exel Ppebel va givor to péyebog twv
vevpoveov otig eroukég otifadeg V ko VI (Cotter, Mackay et al., 2002) evo
StapopeTikn Exel Ppebel Kot  TLKVOTNTA TOV KLTTAPWOV GTIS PAoukéG otiBdoeg I ko

VI kabdg kot 1 TukvoTTa ToV Un-Tropadtkov vevpavov ot otiBade 11 (Schloesser
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et al., 2008). Téhoc, wkpoteEpo péyeboc KLTTAPIKOV copdtov éxel Ppebel ko oty
neployn CAl tov mmokaumov (Liu, Schulz, Lee, Reutiman, & Fatemi, 2007) xafd¢ kot
o710 £€m Tunpa ¢ apvydaing (Bezchlibnyk et al., 2007).

Avtictolyo evpnuoato @oivetor vo. VITEAPYOLV KAl YL TNV TUKVOTNTO TOV
GABAEgpyIk®V SIOUECOV VELPOVMOV 1 OTolo paivetarl vo, ivol HEIOUEVN GTO GAOLO
npocbia tov mpooaywyiov (Benes & Berretta, 2001 Cotter, Landau et al., 2002), tov
mnokoumo (Benes & Berretta, 2001) kou tov gvdopivikd eAod (Pantazopoulos, Lange,
Baldessarini, & Berretta, 2007).

Extdg amd 1o gupipate oava@opikd He T HOpPOAOYio KOl TNV TUKVOTNTA TOV
VELPOVOV, AVAAOYO EVPNLLOTE VITEAPYOLV KOl CVOPOPIKA LE TO KOTTOPA TNG YAOLOG TO
omnoia £yovv Bpebel va lvan petopéva og petomiaicg eroukég neployég (Ongur, Drevets,
& Price, 1998- Rajkowska et al., 2001). To gbpnua avtd cvvodedetar and avénon Tov
OyKov TV TupHvev tov kKuttdpov (Schloesser et al., 2008). Xty apvydain o aptBudc
TOV KLTTAPOV NG YAolag €xel Ppedel petwpévog oty LOVOTOAKY KOTAOAWWN aAAG Oyt
ot AA (Bowley, Drevets, Ongur, & Price, 2002). Qotdco, O npénet va onuetmbdei ot
0 TOTMOg TV KLTTAPWV NG YAolag mov enmpedlovior TEPIGGOTEPO dev £XEL AKOUN
npocdopiotei (Schloesser et al., 2008).

Aratapoyés povoratidyv evoéokvrrdplag owafifacns equaros otyy AA. Tlold
eatvetor va gival To povomdrtio ta onoia £xovv epumiakel otnv maboguoioroyio g AA.
Epgovnrikd dedopéva vroompilovv v Omapén OLGAEITOVPYLOV GTO HUOVOTOTI THG
KOKAIKNG  povopwaopopikns adevoaivig (CAMP) (Karege, Schwald, Papadimitriou,
Lachausse, & Cisse, 2004+ Chang, Li, & Warsh, 2003b- Bezchlibnyk & Young, 2002).
[To ovykekpyéva €xer vmootnpydel OTL VEAPYEL CLENUEVI OPACTNPLOTNTO TOV
LOVOTATION G€ KPOTOQIKEG Kol petomoieg eAoukés meproyés (Chang, Li, & Warsh,

2003a). Agdopéva amd petabavatie PEAETEG OE €YKEQPAAOVG OGOEVAOV pE SUTOMKN
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dtatapoayn vrootnpilovv v Hapén avENUEVEOV EMTESMV TG LETAYMYOD VITOUOVADNS
Gas, mov puoikd £xovv ¢ emakdAovBo TNV avENUEVN d1E€yEPST TOL VDOV AOEVLAIKY
kukAdon  (Andreopoulos, Li, Siu, Kish, & Warsh, 2003- Dowlatshahi, MacQueen,
Wang, Reiach, & Young, 1999- Manji et al., 1995 Young et al., 1993). Emunpocbétmg,
n enayopevn amd v CAMP owcpopvimon g Rapl €xel Bpebel va givor onuavtika
avénuévn oto apometdda aobevov pe AA (Perez et al.,, 2000). Téhoc, avEnuévn
dpaotikotnTa ™G TPOTEiVIKNG Kivaong A (PKA) éxel Ppebei kot oe AeppoPraoctikd
kottopo aobevav pe AA (Karege et al., 2004) aAld kot o auponetdho (Tardito et al.,
2003).

To evdokvtidpio povomdti twv pwopolimdicwy glvar £va amd o TAEOV SNUOPIAY|
otn obyxpovn épevva Yopw® omd 10 veLPOPloloykd vrdoTpopo e AA (Zarate &
Manji, 2009- Hahn & Friedman, 1999). H pavio éxet cvoyetiotel pe vaepdpactikdmTo
tov evlbpov mpoteiviky kvaon C (PKC) (Zarate & Manji, 2009- (Hahn & Friedman,
1999- Iwata, Hewlett, Ferrell, Kantor, & Gnegy, 1997a- Iwata, Hewlett, & Gnegy,
1997h), evid peréteg cuoyETIONG 68 OAO TO YOVISIOUO EUTAEKOVY GTIV TABOPLGIOAOYiN
™¢ AA éva évlopo mov peldvel ) dpaotikotnta ¢ PKC (Zarate & Manji, 2009). H
PKC, Aertovpywkd, «Kotéyel Kevipikd poOAO o1 pOBUoN TG  VELPWOVIKNG
OlEYEPCILOTNTOC, TNV ANEAEVOEPMOT VELPOIIPIPACTAOV, TIG LOKPOXPOVIEG OAANYES TTOV
oyetiovtat pe TV EkEpaot yovidiov kabmg Kot TV evpHTEPT VELP®VIKT TAAGTIKOTNTA
(Zarate & Manji, 2009- Szabo et al., 2009).

Ynrdpyovv dedopéva mov otnpilovv v VIapEn oAlay®V o€ TOAAATAG EMimEd
GTO HOVOTATL TOV QOCEOMTII®V 6Tovg dimoAkoVs acBevelg. H dpactikdmta g
eocpolndong C (PLC), tg ewogoivooitorng (Pandey et al., 2002) kabmbg ot
dupopwv 1oopopeadv ™ PKC éyxovv Bpebel peimpéves oe oaplomeTdio SUTOAK®OV

acOevav (Pandey et al., 2002- Pandey, Ren, Dwivedi, & Pavuluri, 2008). EmnAéov,
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évag moAvpopeouds oto yovidro g pwopolmndong Cy-1 (phospholipase Cgamma-1,
PLCGI) éye1 Bpebel 011 oyetileton pe v KoAn amodkpion ot Oepomeio pe Ao og
dumolkovg acbeveic (Turecki et al., 1998). Avagopikd pe v voottodn, n eEdviinon
TOV EMTEOWV TNG EXEL OYETIOTEL UE TO GYNUATIOUO VEWV CLVAYE®MY Kal TV adENGN TOL
Oykov TG QoG ovoiag émerta amd T yopnynon Abiov (Kim & Thayer, 2009).
EmnpooBeteg ardayéc Exovv Ppebel oty €kppaon ¢ daxvrioyivkepoing B (DAGP)
n onoia anotelel emniong ototyeio Tov povorotiov avtov (Hozumi, Watanabe, Otani, &
Goto, 2009).

Evpnpata and petabovirtieg peréteg o €yKEQAAOVG SIMOMKAOV acBevav Exovv
ogiEel avénuévn opactwomta g PKC xobhg kot avénpévn petatdmion g
(translocation) otnv mhoopatikr pepPpiavn (Wang & Friedman, 1996). Avénuéva
enineda PKC ot pepPpdvn €xovv Ppebel ko oe aponetdiie SmoAkmv achevav ta
onoia gaiveTol vo opolomotovvran émetta and tn yoprynon Abiov (Friedman, Hoau
Yan, Levinson, Connell, & Singh, 1993). Avrtifeto, peiopévn dpactikdéTTo TOL
evlhpov éxet Ppebei o aobeveig pe povomoikn katdOiwyn (Wang, Asghari, Rockel, &
Young, 1999).

Emumpdchet ompién yia v eumhokn| g PKC ot AA amotelel to yeyovog 0tu
TOL YUYOOLEYEPTIKA, CUUTEPIAAUPAVOUEVIG TNG AUPETOUIVIG, TTOL UTOPOVV VO, ETEYOVV
LOVIOKG GUUTTOUOTO OKORO Kot 6€ vyw) drtopa emndyovv tn dpactikotnta g PKC
(Zarate & Manji, 2009). Emmwdéov, éxetl deybei 6t avaotoreig tng PKC avactéllovv
BloynuiKéc Kot GUUTEPLPOPIKES AMOKPIGELS EMAYOUEVES OO TN YOPNYNON OUPETOUIVIG
(Einat, Yuan, Szabo, Dogra, & Manji, 2007) kot kokoivng (Steketee, 1993). Evoiapépov
glvat 0T1 1660 t0 AlB10 660 Kot To PAATPOTKO 0ED EUUESH AVAGTEAAOVY TN dPAGTIKOTNTO

m¢ PKC (Zarate & Manji, 2009- Lenox & Wang, 2003). 'Etot peydho pépog tng
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ouyypovne épevvag £xetl eotiaotel otn perétn g PKC og dvvnrikov Bepamevtikon
oTOYOV AVATTLENG VEWV QUPLOKELTIKGOV aymymv (Zarate & Manji, 2009).

[Tpoxotaptikég KAMvikég peAéteg  ompilovy MV OMOTEAEGUOTIKOTNTO
avaotoréov g PKC ot Ogpameia g ofeiog paviog (Bebchuk et al., 2000). H
tapolipaivn, éva @dppoko mov avaotéliel v PKC kot mopovotdlel aviipoviokég
dpaoelg og (owka poviédo poviag (Moretti et al., 2011 Einat et al., 2007), Bpébnke va
€lvoll amOTELEGHATIKO GT poviakT ot g AA, gite og povobeponeio (DiazGranados
& Zarate, 2008) site w¢ cvpuminpopatikny Oepancio oto Aibo (Amrollahi et al., 2011).
Axopa, 1 Bepoamapiin, Tov ekTOC and ovacTOALNS SIWOAWMY AGPECTION OVOCTEAAEL Kot
mv PKC, éyer Bpebel ypnown oty aviipetdmion g Hoviog ¢ CUUTANPOLUOTIKY
Bepancio 6to AiO10, 0ALG O g povobepancia (Mallinger et al., 2008).

Apketd evpnuato ommpilovv v Vmopén aAlaydv oTovV ugtafolioud  Tov
apayioovikod oléog (AO) ot AA (Rao & Rapoport, 2009). IIpécoateg petadoavaries
peréteg oe dumolkovg acbeveic vmodekviouy aAlayég oe Eviopo EPTAEKOUEV GTO
povomdtt Tov AO (Kim, Rapoport, & Rao, 2011). Zvykexpéva Exet Bpebei avénuévn
ékppoon g eoceolmdaong 2 (PLA2), g kvkloobuyeviong-2 (COX-2) kabobg kot
™G pepPpavikng cuvbdong g npootayravdivng E (prostaglandin E synthase), evd £xet
Bpebel petopévn kppaor kukhoo&uyevaonc-1 (COX-1) kot kKuTocoMKNG cuvOdoNS ™G
npootoyravdivng E otov petomaio @rod dutodkadv ocbevov (Kim et al., 2011).
Emumiéov, morondtepeg HeAETEG EXOVV GUGYETIGEL £VOV TOAVLOPPICUO GTO YOVISl0 NG
PLA2 pe ) vooo (Jacobsen, Franks, Owen, & Craddock, 1999).

To povomdrtt Tov petafoAicpov tov AO @aivetar 6Tt lvar Evag amd TOVG GTOYOVG
dpaong moAdV ek TV otobeportomtikdv g didbeonc (Rao & Rapoport, 2009). To
MO0 éyxer derybel 0Tt pewdver kotd 80% tnv avakvkinon AO (Marmol, 2008).

[MTapopola dpaon g mpog v avokdkAnon tov AO eaivetor 6Tt €xel Kot T0 PaATpoixkod
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0&0 kabmg kot 1 kapPapalenivn (Rao & Rapoport, 2009). Emunpocheta, £xet Ppebdel 6Tt
1660 10 AiB10 660 Kol TO POATPOIKO 0ED LELOVOLV TNV EKPPACT) TV YOVISIMV KOl TOV
npoteivov PLA2 ka1 COX-2 (Marmol, 2008- Lee, Rao, Rapoport, & Bazinet, 2007).
Avtifeta, o (owa poviéda yio ™ AA éxet Bpebel avénon g avakdxinong tov AO
(Lee et al., 2007). AAleg peléteg oe emipveg Exovv deifel 0tTL 1 wvdopuebokivny kot N
mpolucaun, un ekiektikol avaotoreic g COX, avactélovv v emayopevn omd
apeetopivy vrepkivntikoémto (Marmol, 2008) yeyovog mov mBavov vmodeikviet
AVTILOVIOKEG OpACELS.

To povomari g kivaong s ovvldong tov ylvkoyovoo 3 (GSK-3). H GSK-3 givat
QL CMUOVTIKY] KWWAoT 7oL Agttovpyel ¢ pecorofntng oe moAAL evookLTTAPLOL
povormdtio,  SwPifoong onuatoc (Du et al., 2004), (Newberg et al., 2008).
TavtomomOnke kot ovopdotnke €Tt AOY® ™G KAVOTNTAG TNG VO POCPOPVALDVEL Ko
vo, amevepyonotel to petafoikd Eviopo cvvBdon tov ylvkoyovov (Marmol, 2008), (Li
& Jope, 2010). Xt ovveyeio Ppébnke 6t n GSK-3 emnpedler moAlég mrTuyég g
VELPOVIKNG dPACTNPLOTNTAS OTMG 1| EKPPUCT] YOVISI®V, 1| VELPOYEVEST], 1| GUVOTTIKY
TAOCTIKOTNTO, 1] VEDPOVIKT dopn| KOOMG Kot 0 veEupmvikog Bdvatog Kot 1 emiPioon tov
vevpoveov (Li & Jope, 2010). EZnuepa, yvopilovpe 6t n GSK-3 amotelel onpoavtikd
PLOUGTY] KUTTOPOGKELETIKAOV HEPYOCLOV LEGH TOV EMOPACEDV NG OTIS TPOTEIVES tau
kot ocvvayivn [ EmmAéov, puBuiler poaxpoypdvia mopnvikd yeyovoto HECH NG
QOCEOPLAMMCNG TOV C-Jjun, NG TVPNVIKAG WUETOTOMONG NG P-kKatevivng kot g
e€aymyng amd Tov TPV TOL TVPNVIKOD Tapdyovia TV evepyomomuévav T Kuttdpwv
(nuclear factor of activated T cells, NFAtc). Qot660, 10 peyaldbtepo EVAOPEPOV TOV
gpeuvntav yuo v GSK-3 ogeidetal 611 OpAcELS TNG OVAPOPIKE LE TNV OTOTTMOOT) Kol

TNV KLTTOPIKN TAOCTIKOTNTO KOODG amoTeAel ONUOVIIKO PLOUIGTH TNG VELPOVIKNG
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emPioong Kol TOV KLTTOPIK®OV OTOKPIGEMV GE YAVKOKOPTIKOEWY KOl O15TPOYydVaL
(Marmol, 2008).

[ToAAG givan ta dedopéva mov vrrodetkvoovy v epumiokn g GSK-3p otn AA (Li
& Jope, 2010). Avchiertovpyia g €xet vmootnpyybei 611 mpodyst ™V euedvion
dlTapOY®Y TOL GLVOICONUATOG EVED 1 AVAGTOAN TNG £xel vootnPrydel 0Tl amotelel
Oepamevtikd o10Y0 dpdone TV otabepomomTikdv TG 01dbeonc. Ymapyovv dedouéva
ov otnpilovv v vdbeon OTL N KaTAOAWYT propel va oyeTileTon pe TAPEUTOIGN TOV
avaotaAtikol eAéyyov g GSK-3 evd 1 pavia pe vepdiéyepon| g (Jope, 2011).

[evetikég pelétng oOVIEOT|G EUTAEKOVY TOAVLOPPIGHOVS 6To Yovidlo g GSK-3
pe ™ AA (Chen et al., 2010). Qo160 T dedopéva PoiveTar OTL gival OVTIKPOLOUEVA
evad oev €xel Ppebel ocvoyétion petald TOAVHOPPIGU®V GTO YOVIOl0 ovTd pHE TIG
TPOPULAAKTIKEG Opdoelg tov Abiov (Rybakowski et al., 2012). Alleg peréteg
GLGYETIONG LITOJEKVOOLV OTL ToAvpopPspol oto yovidlo g GSK-3 oyetiCovron pe
™mv nAkia évapéng g voocov (Althoff, Faraone, Rettew, Morley, & Hudziak, 2005).
Téhog, 0&iler va avagépoope 61t 10 Yyovidwo DISC, mov éyer epmioxel otnv
naboguotoroyio tng AA, pubuiletor omd v GSK-3p (Mao et al., 2009).

Qotdc0, péxpt onuepo  Oegv  vRApPYovV  EmapKN  KAwvikG  dedopéva Yo
dvchrertovpyieg g GSK-3 ot AA (Li & Jope, 2010). Kanoteg peréteg vmodetkviouy
v Omoapén avénuévev emmédwv cuvorkng GSK-3 oe dimoikotg acbeveic tomov I evd
pelopéva emineda €xovv Ppebel otn pepPpdvn Kot T0 KVTOGOAIO OLUOTETOAM®Y GE
dumolkovg acbeveig mov dev Aappdavovv Beparnevtikny aywyr (Pandey, Ren, Rizavi, &
Dwivedi, 2010). Xe katablmtikodg acOeveig, po petabovartio pedétn €dei&e avénon
¢ dpaoctikotntag g GSK-3B kot peiowon g dpactikdtrag g AKt og vrokeipeva
mov eiyov 0dnynbei oe avtoktovio (Karege et al., 2007). Télog, Tpdopateg Epevveg

vrodetkvoovy 0Tt 11 GSK-3 pvbuiletar og durtolkovg acbevelg oe @dorn paviog mov
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Bpiokovtar og Oepancio pe otabepomomrikd ¢ didbeong (Li & Jope, 2010 Pandey et
al., 2010).

DopUaKOAOYIKG KOl YEVETIKO OEOOUEVA GE TEWPAUATOL®O VTOJEKVOHOVY OTL O
yePlopnog tov povoratiod g GSK-3 dpa Bepamevtikd otnv avIHETOTION TOGO TNG
KkatdOAyng 6co kot tng poviag (Newberg et al., 2008). Zvykekpiuéva, EOPUAKOLOYIKA
N vevetikn avactol Tov GSK-33 0dnyel o6& «avTiaviaKo» GUUTEPIPOPIKO GUIVOTVLTO,
AVTIGTOL(O UE OTOV TOVL Tapatnpeitol Emetta omd T yoprynon Abiov (Beaulieu et al.,
2004). Avrtifeta, vrepékppacn tov GSK-3B o movtikia mpokadel vepdpactnploTTa
KOl GUUTEPIPOPES oL Tpocopotdlovy ot pavie (Marmol, 2008). M npdoeatn
épevva £de1Ee 0Tt exdextikn vrepékppaocn tov GSK-3B otov emuchvi mopnva mpokadel
KatobOMmtiko-poppo  eawvotvro oe  mepapatéloa  (Wilkinson et al., 2011). Xg
TPOKAIVIKES PUPLOKOAOYIKEG LEAETEG LE TN XPNON EKAEKTIK®OV avacTtoréwv g GSK-3
éxet Bpebel 611 01 avactoreilg avtol avasTEALOVY GUUTEPLPOPES TTOL TPOGOUOLALOVV GTN|
pavia, 0mwe N emayopevn and opgetapivn vrepdpoaotnpromra (Kalinichev & Dawson,
2011).

H oaocfeotio-eéoptdpevn wwbon g koipodoviivng I (CaMKIl)  katéyet
KEVIPIKO POAO GTI| GUVOMTIKN TAACTIKOTNTA Kot TO oynuotiopd pvnuov (Yamasaki et
al.,, 2008). Meiwpéva emineda oo MRNA ¢ CaMKlla éyovv Ppebel otov
TPOUETOTIOI0 QAOLO OUTOMKAOV 0acOevdv YEYOVOG TOL £XEL CULGYKETIOTEL UE TIG
ocuvoloOnpatikég Kot yvoolokés aAlayég mov mapatnpovvior otn AA (Molnar, Potkin,
Bunney, & Jones, 2003). AvtiBétmg, avénuévn ékppoaon g CaMKlla éyel Bpebel oe
katabimnticodg acBeveic eved kot - CaMKIIB €xet PBpebel avénuévn otov @Aold
katadMmtikov acbevav (Novak, Seeman, & Tallerico, 2006). To AiBo éyxel derybel 6T

pewwvel v evepyomoinom tg CaMKII (Celano et al., 2003). Evdwagépov givar 1o 6t1
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€KTOG amd o1dy0 dpdong tov Abiov, 1 CaMKII €yer mpotabel 6T1 amoterel kol 6TdHYO
dpaong Tov Paimpoikov o&éog (Savina, Balashova, & Shchipakina, 2008).

To evookvridpio povomdrt e Fyn. H Fyn eivar puéhoc g Src (Sarcoma)
OIKOYEVELNG U1 DTOJOYEMV KIVOo®V NG Tupocivie. Exepaletar oe 6Ao Tov £ykEPOrO
Kol Qoivetal vo KOTEXEL ONUOVTIKO POAO OTN GLVORTIKY TAOCTIKOTNTO Kol TN
pakpoypovn evovvauwon (LTP) (Grant et al., 1992). H Fyn oAiniemdpd ko puOuilet
™ Agrtovpyio TOAADOY VTOSOYEMV VELPOIPPAGTOV GTOV EYKEQPAAO Kot dtopecoraPel
Yo T1g emdpaoelg tov vevpotpoevav (Yamada & Nabeshima, 2003). Xvoyetiotikég
HELETEG £xOVV €VTOTIGEL dVO TOAVHOPPIGHOVE 6TO Yovidto fyn ot omoiot @aivetar Ot
oyetilovton pe t vooco (Szczepankiewicz et al., 2009). Avtibeta, mopopoleg pneréteg
Ogv £€YOVV EVIOMIGEL GLGYETION GE TOALUOPPIGUOVG GTO YOvidlo fyn30 pe v
anoteleopatikotnta Tov AMbiov (Szczepankiewicz, Skibinska, Suwalska, Hauser, &
Rybakowski, 2009). IIpocpateg pehéteg cvoyétiong £€dei&av 0Tl Ol TPOPVANKTIKEG
avtipaviokég opdoelg tov Abiov cvoyetifovrarl pe moAvpopEIGHovs ato yovidio fyn
(Szczepankiewicz, Skibinska, et al., 2009). EmumAéov, vmbpyovv dSedopévo ToL

VIOSEIKVVOLVY OTL TO Aib1o petdvet t dpaotikotnta g Fyn (Ma & Zhang, 2003).

% MTpdkerron y1o Tovg Torvpopeiopove rs6916861 T/C ko rs3730353 T/C.
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Xyqpa 2. Evookvrrapio povordtia drefifacng onjpatog mov duciertovpyodv otn AA.

Ta povomdzio twv vevpoTpoPivay EUTAEKOVTOL GTY| VELPOVIKY| EMPIwoN Kol TN
GUVOTTIKT TAOGTIKOTNTA KO Y10 TO AGY0 anTO To TEAEVLTAIN XPOVIO £XOVV GUYKEVIPDOGEL
TO EVOLOPEPOV EPEVVNTMOV MG TTPOG TNV EUTAOKN TOVE OTIS YLYIKES dlatopoyés (Stein,
Daniels, Savitz, & Harvey, 2008). O eyke@olkdg vevpoTpopikog mapdayovtog (Brain
Derived Neurotrophic Factor, BDNF), givat évog vevpotpo@ikog mapdyovtag Tov
KOTEXEL KEVIPIKO POAO OTN OCLVOMTIKY TAACTIKOTNTO Kot ot vevpoyéveon (Grande,
Fries, Kunz, & Kapczinski, 2010). Ztov eviilMKko £yKEQAAO dev gival HOVO GNUOVTIKOG
Yl TV GUVOTTIKN TAOGTIKOTNTO OAAG KO Y10, TN OEVOPITIKT aVATTLEN KO TV Tayimon
pakpoypoveov uvnuov (Grande et al., 2010). To yovidid tov ivar évo omd owtd oL

éyovv gumhakel otn yevetikn Paon e AA (Stein et al., 2008). ITwo cvykekpipéva, Evog
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moAvpopeiopdg evog vovkAieotdiov (SNP) ot ypopocopxny meproyn 11p13 mov
a@opd oviikatdotaocn Tov auvoééog Parivn (val) oe pebetovivn (Met) oto kwdKOVIo
66 (Val66Met) pumopei va. 0dnyNoel o€ arlayéc otny eaptduevn amd T dpactnploTnIa
éxkpion tov BDNF (Egan et al., 2003). KAwvikég peléteg égovv deiet 6t dropo pe to
aAAnAopopeo Val66Met napovoialovv dvoettovpyieg oe GUUTEPIPOPES EEOPTOUEVES
amd 1oV KPOTaPKO A0BO, HEIOUEVO OYKO MROKAUTOL, OUVYOOANG 1 KPOTOPIKMV
TEPOYDOV VO emMMPocBETmg Topovctdlovy Kot OlaTapayUévr €VEPYOTOINGT TOL
ITMOKAUTTOL Kot TG apvydoing (Stein et al., 2008).

[ToALG glvan Ta dedopéva mov otnpilovv v gumioxn tov BDNF otig dratapayéc
o0V ovvaicOnuatog kol Wing ommv KatdOlwyn. Mewpéva enimeda tov MRNA tov
BDNF otov mndéxapno kabog kot vevpwvikn atpoeio £xovv Ppebel oe mowila Cowd
povtéda katdbiyne. EmmpoocBitmg, n katdOiwym éxel cvoyetiotel pe petopévo dyko
MIOKAUTOV €V petabavdrtieg peAéteg o€ KOTOOMTTIKOUG a0BeveElS LTOOEKVOOLY
pelopéva eninedo BDNF otov wmtndkaumo. EmmAéov, n vevpoyéveon otov tmmoOKAUTO
eatvetor OtL glvan amapaitnt o T1g avtikotaOMnTikég opacelg eopuakwv. TTapdia
AVTA, VIAPYOLV KOl OVTIKPOVOUEVO EVPNLLOATA TOV £XOVV OONYNOEL TNV OUPIGPNTNON
g Bewpiog avtg (Stein et al., 2008).

Avénpéva enineda BDNF oto midopa éxovv Bpebet oe acbeveig pe AA tomov I
(Barbosa et al., 2010). Avtibétwe, GAleg HELETEG VTOBEIKVOOLY UEOUEVO Emimeda
BDNF ot0 mAdopa oe acBeveig pe AA tomov I mov oe Ppiokoviar o Kdmoo
eoppokevtikny aymyn (de Oliveira et al., 2009). Alkeg peréteg Exovv deilel petmpéva
enineda BDNF omv meproépela 1060 katd 10 poviokd 060 Kol KOTA T0 KotaOMmaTiKd
EMECO010 KOl QULOOAOYIKE emimeda koTd TN @Aon g evbvpiog. Ta mopamdveo

gupnuate VIodelkvoovy 0Tt ta meprpepikd  eminedoa BDNF 0o pmopovoov va
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ypnowonombovy ¢ Plo-0eiktng TOV GLVUGHNUATIKOV KOTOUOTACE®V Kol  TNG
npoyvmong ¢ AA (Grande et al., 2010).

EmnpocBétme, ta otabepomomrikd g d1dbeong ackobv onuoavtikn pvouion oto
BDNF (Nishino et al., 2011). ITpéo@ateg peréTeg VIOSEIKVHOVY GNUAVTIKY abENCT TOV
emmédwv tov BDNF énerta amd tn yopriynon Mbiov (de Sousa et al., 2011) evd ardeg
UEAETEC DTTOSEIKVOOLV OTL VIAPYEL GLGYETION UETOED TMV TPOPUVAUKTIKMV EMOPACEDV
™me xpéviag yoprynong Aiov kor towv emmédov BDNF oto mhdopa (Suwalska,
Sobieska, & Rybakowski, 2010).

Onwg mpoavapépOnke, ta gvdokvttdplo povomdrtia mov pubuilovioar ond tov
BDNF gumiékovior omnv mabopustoroyia g AA kot amoteAodv 6TOYOVG dpAcNS TV
otafepomontik®v g 01d0eonc. ‘Eva and ta gvdokvttéplo avtd povordrio eivar Ko
avtd ™S Kvdong mov puBuiletan amd e&mrvttdpro onuo (ERK) 1o onoio gaivetor 61t
puOuileton  émerton amd T yopnynon  otabepomomrTik®V NG Odbeong,
coumeptiapfovopévonv tov Abiov. H evepyomoinon g ERK éyel o¢ amotélecpa v
TPOAYOYN TNG VELPWOVIKNG Olapopomoinong, v emPioon Kot avayEvvnon VELPOVOV
KaBdg Kot Tn SOpKN TAAGTIKOTNTA oL €Yl vrootnpydel OTL dapesorafovv Yo Tig
avTiaviokeg dpdoelg tov Abiov (Einat, Manji, Gould, Du, & Chen, 2003). Extog
AVTAOV, TO YUYOOLEYEPTIKA, CLUTEPIAOUPBOVOUEVNG TNG AUPETAUIVIIG 001YOUV GE TayEln
avénomn g eooeopvAioong Kot evepyomoinong g ERK otov gnuchivi) mopriva evod
OVOOTOAN TNG EVEPYOMOINONG NG £XEL OYETIOTEL UE TNV TPOANYN TNG AVATTLENG
LOKPOYPOVI®DV GUUTEPLPOPIKADV OAAAYDV GUUTEPIAOUPBOVOUEVNG TNG WUYOKIVITIKNG

evaicsOnronoinong (Girault, Valjent, Caboche, & Herve, 2007).
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MpwTol ayyeAiagopor: NeupodiaBiBaoTég, veupoTpo@ikoi TTapdyovTeg (r.X. BDNF) K.T.A. ﬁ

MeTaoAoTpoTrikog uTTodoXENG
YTrodoxeic: (vTOoTTapIVEPYIKAG,
OEPOTOVIVEPYIKOG,
YAOUTQUIVEPYIKOG, K.T.A.)

) i MeTaywyog
> UCEUKTIKOI TTOPAYOVTEG: mpwrEivn G

"Eviupa
Adevulikn KUKAdon,
Pwo@olirdon A2 K.T.A.

AeUTePOI AyYEAIQPOPOL: KukAiké AMP, Apax15oviké ogU K.T.A..

MpwrTeivikég KIVATEG
Mpwreivikn Kivdon A (PKA)
Mpwreivikn Kivaon C (PKC)

GSK3B
CaMKII k.T.A..

Tpitor ayyehagopot: YTrooTPWHATA TTPWTEIVIKGWV KIVAGWV
OUNTTEPIAAUBAVOHEVWYV TTPWTEIVWV TTOU EUTTAEKOVTAIL
OTN VEUPWVIKI KOl CUVATITIKI TTAACTIKOTNTA

Zyqpa 3. Avorertovpyio TOAOTAOK®V KUKAORATOV gvOoKVTTAPLOG Srufifacng onpatog oty
AA. Ta TOAOTAOKO AVTA EVOOKVTTAPLO LOVOTATLO TPOGHidovV 6To KOKA®UO gvehéio yio peyddo €0pog

amokpicewv. Xt AA TOAAG 06 CVTE To LOVOTATIO SUGAELITOVPYOVV GE TOAAATAN EMITEDAL.

Avokepaioaidvovtog, ot ovOyypoveg Bewpileg yio v AA vroompilovv 4Tt
TPOKELTOL Y10 Lol O10TOPOYT) TOV UTOPEL VAL Yivel KAADTEPA AVTIANTTH VO TO TTPIGLLOL
LG SLoTapayNG TG ELPVTEPNS VEVPMVIKNG KOl GUVOTTIKNG TAAGTIKOTNTOG TOPA MG LLL0L
amAn dvoAertovpyia VoG veupodlafiPacTtikod cLGTAUATOC. O SOLKES KO AEITOVPYIKES
OALOUDOELS EYKEPOMKDV TEPLOYDV oL €lvan peilovog onuaciog yu to cuvaicHnuoa
oyetilovion pe aALoyEC 0T LOPPOAOYIN VEVPOV®V Kot KVTTAP®V NG YAoiag. EmumAéov,
oNUoVTIKOTATO  EAAEippaTo  Qaivetonr 0Tt moapovcslalovion o€ TOAAATMAG  emimeda

TOWKIA®V  EVOOKVLTTAPIOV povoTaTidv OwPifoacns oNUoTog TOAAL €K TwV Omoiwv
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gumAEKOVTAL OTN PUOUION TNG VELPOVIKNG KOl GULVOTTIKNG TANCTIKOTNTOG. To
EMEIUUATO TOV IITOMKOV 0GOEVAOV OVOQOPTKE LE TNV IKOVOTNTE TOVG Y10l TPOGAPLOYT
Kol aAAayn Exel vrootnpyBel 6Tt 00MYOVV GTN YUPUKTNPIOTIKY GCUUTTOUATOAOYIO TNG

EVOALOYNG CUVOUGONUOTIKOV ETEIGOJIWMV.
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Bipolar Disorder as a neuroplasticity disorder

Maria Mavrikaki®!, Andreas Kastellakis* and George Panagis™

Abstract

Bipolar Disorder (BD) is a chronic and recurrent mood disorder characterized by alternating episodes of
depression and mania. BD, or manic depression, causes fluctuations in mood, energy, and functioning.
These changes may be subtle or dramatic and although significant progress in experimental research has
been made in the last years with numerous genetic association studies aiming at identifying susceptibility
genes for BD, the exact neurobiological substrate of the disease as well as the therapeutic mechanisms of
action of mood stabilizers have not been yet clarified. The observed heterogeneity in the symptomatology
of bipolar patients as well as the total lack of animal models that reflect the full spectrum of the bipolar
symptomatology constitute a major obstacle in the understanding of the pathophysiology of BD and the
development of novel pharmacotherapies. Current theories support the notion that mood disorders, which
are highly linked to a genetic background as evidenced with family, twin and adoption studies, could be
better conceptualized in the general context of neuroplasticity disorders, indicating that these disorders
are rather related to disturbances in complex intracellular signaling cascades and synaptic plasticity than
to a simple disturbance of a single neurotransmitter system. Disturbances in the level of signal
transduction within the nerve cell and between nerve cells as well as structural and functional changes
constitute different levels of neuronal plasticity that seem to be affected in individuals with BD. The
present paper is a comprehensive review of findings summarizing deficits in multiple levels of neuronal
plasticity in BD and emphasizes dysfunctions in multiple levels of several intracellular signaling
cascades. Deficits in multiple levels in the signaling pathway of cyclic adenosine monophosphate

(cAMP), phospholipid and arachidonic acid metabolism, Ca2+/calmodulin-dependent protein kinase
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(CaMK), glycogen synthase kinase 3 (GSK3), extracellular signal regulated kinase (ERK) and
neurotrophins cascade might be related to the pathophysiology of the disease. In addition to the changes
in intracellular signaling, bipolar patients exhibit disturbances in the cells of the Central Nervous System
(CNS) and particularly in the morphology of neurons and glia, which are reflected as structural and
functional deficits of major brain regions involved in mood regulation. According to these findings, BD is
characterized by several neuronal plasticity deficits in multiple physiological levels. Thus, disturbances in
critical neuronal circuits which are involved in the regulation of emotions could result in the related
symptomatology and the typical cycle of depressive and manic episodes. In conclusion, current research
demonstrates that the neuronal circuits of bipolar patients exhibit deficits in their ability to change and
adapt. Moreover, these deficits are likely to give rise to the underlying symptoms and the characteristic

alternation of manic and depressive episodes.

Key words: Bipolar Disorder, neuronal plasticity, intracellular signalling, mood regulation
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