AVWTEPEC YVWOTIKEC AEITOVPVIEC



[ looooxN

2 VUTTEPIPOPIKI AVAOTOAN

ExkudBnon kavovwy Kal ToOCAPUOYH OTIC AANAYEC TWV KAVOVWY
MakpOXPOVEC UVNUEG

[ Awooa

AOYIKN

> UVEIdNOoN



NEYPOENIZTHMH KAI ZYMMNEPI®OPA — MANEMIZTHMIAKEZ EKAOZEIZ KPHTHZ

MpwToTayng KIvnTIKog KivnTiKOg Kat alodnTikog pAOLOG 2UVEIPHIKOG (PAOLOG

KQal alodnTikog pAOLOg avaTepng Tagng

MpoKIvNTIKOG
PAOLOG

Mpopetwmmaiog
~ PAOIOG

- AOBNTIKOG PAOLOG
avatepng Tagng

»| BpEYHATO-KpOTAPO-
IVIOKOG (PAOLOG

Erxova 19-3 O @LO10QAOUIKESC GUVOEGELS TOL
TPOTOTUYOUS KIVITIKOUD KU1 TOL TPOTOTUYOUS ¢1ahnTiKon
(PAO100, TOL KIVITIKOU K01 TOL t1eOnNTIKOU pAO100
AVOTEPNS TAENE KOL TOLV GUVELPUIKOD PAO10D
TUPLOTAVOVTUL €0 LE TN HOPPT) EVOC O1UYPAUNATOC

2Te@aviaioq (pAoLog

pone. H idwa yevikn ddtaln enavaiopfavetor yio
KaOEvay and touvg KOprovg vreinTikovs eAOL0US (Yo TNV
opucn, TNV aen Kol v akon). I'ie Léyoug anionoinong
EYOLVV TUPUAELPDEL OPIGUEVES GUVOEGELS, OTMS E1VUL
EKEIVES HETUED TOV GUVELPUIKOV TEPLOYOV.



lEPAPXIKN OOUN OTNV OPYAVWON TOU EYKEDAAOU




NEYPOENIZTHMH KAI ZYMMNEPI®OPA — MANEMIZTHMIAKEZ EKAOZEIZ KPHTHZ

[MPOKIVNTIKOSG (PAOLOG

1. NpopeTwraiog
OUVEIPHIKOS (PAOLOC

2. 2Tepaviaiog - /

OUVEIPUIKOS PAOLOC ~7

AKOUOTIKOG (PAOLIOC avwTeEPNS TAENGS

Eixova 19-2

[MpWTOTAYNS KIVNTIKOS (PAOLOC

MNpwTtoTaYNS

OWUATOALOBNTIKOC PAOLOC
OnioBlog
BPEYHATIKOC (PAOIOC

OMTIKOG (PAOLOC
— AVWTEPNG TAENG

[NpwToTaync
OTTTIKOG (PAOLOG

3. Bpeypato-kpotagpo-
IVIAKOG OUVEIPHIKOG
(PAOLOG

H ££o emeavelr tov eyke@diov Tov avhponov,

GTNV OTOL0 PUIVOVTUL Ol TEPLOYEC TOL TPMOTOTAUYOVS 01N TIKOD
KOL TOU TPMOTOTHYOVS KIVITIKOU PAOLOU, TOL KIVNTIKOU KUl TOU
oONTIKOL PAOLOU avOTEPNC TAENS KOl Ol TPELS TEPLOYES TOV

GLVELPUIKOV PAOLOV.



NEYPOENIZTHMH KAI ZYMMNEPI®OPA — MANEMIZTHMIAKEZ EKAOZEIZ KPHTHZ

Eripug ["aTa

Mienkog

AvBpwIog [MpwTtoTayng KIvNTIKOS PAOLIOC

[MpwTtoTayng alodnTIKog (pAOIOg

AL0BNTIKOC KAl KIVITIKOC PAOLOC
aAvTEPNCS TAENCS Kal
OUVEIP KOG PAOLOCQ

Ercova 19-1 Zynuoto (KMUOKE KOTA TPOGEYYIOT)) TOV
EYKEQUALKOV NUIOQUIPIOV TEGTUpOY OnlactikoOv. Nao
onuelmbel N peydin avgnon toéco tov peyeboug Tmv
NULOPUIPIOV OGO KU1 TNG Y ETIKNG €KTUCTS TOV

1N TIKOV KU1 TOU KIVITIKOU PAOIOU GVOTEPNS TAENG
KaOMC KUl TOL GUVELPUIKOL QAOLOV.



[TPOUETWTTLALOG
dAOLOC - e€EALKTIKAL

NukTutiénkog MiBnKog HaKAKOG

AvBpwIiog

Eixova 19-4 "EXToomn TOL NUICQUIPIOL TNV OTOL0.
KUTOACUPAVEL O HETOMIUIOC GUVELPUIKOS PAOLOC (UTTAE)
oe nevte €10n. (To oynuata dev elval VIO KAPUOKCL.)



2UvOECN IPOUETWTILALOU PAOLOU pE AAAEC TTEPLOXEC TOU
geYKEDAAOU

o Agxetal epeBlopata amno
— OAec Tic aAAAeC GAOUKEC TIEPLOYEC
— paBOwTo, EMIKANVAC TTUPAVOLC
— LTUTOKOLUTTOC
— apuydain
o JTeAvel epeBiopata o€
— UTITOKOLUTIOC
— EMIKANVAC TTUPNVOLC
— opuydan
— vedupa
— QAAEC DAOUKEC TIEPLOYEC



Phineas Gage (1823-1860)

http://www.biologycorner.com/anatomy/nervous/phineas.html



Mvnun epyaolac

Bpayuxpovn pvnun (kamota SgutepOAETTA) LE TNV OOl
KpatoUpE Kamola TAnpodopia on-line

Mowporivokag Tou eykepaiou
Mvnun RAM umoAoyLotn

http://petapixel.com/2012/11/06/momentum-photos-of-
quantum-mechanic-calculations-scribbled-on-chalkboards/

http://beamazinglearning.wordpress.com/
2010/09/30/working-memory-deficits/



(A)

Mvnun
EPYQOLOLC

B [pousTwniaioc pAoIOC

® [Mapapevouoa
OpacTnpIOTNTA

® [Napauevouoa
OpacTnpIOTNTA EXEI PPEDE]
Kal g€ aAAouc
OUVEIPUIKOUC (PAOIOUC

Goldman-Rakic, 1996



Ta KOTTOPA TOU
TTOOUETWTTIAIOU PAOIOU

~ " 3
TUEOSOTOVV AVANOYQA pE TN SUEsEeem™e P
, , *
dAon Tou MEIPAPATOC -
~
EMAEKTIKO OTO £pEBIoUA PEHAYSELECTIVE . + J
EmAekTikO oTnV KOBuoTEPNoN
EMAEKTIKO OTNV ATTOKPLoN
b D"'*."-':" i K e A
g A
RESPONSE-SELECTIVE ! :&{':':'m” ' a:"llnfnu!';'l :ir';: ;'E.i.:?"il.!':','l F'
| ' .-I" "L“"‘ o " Y

Goldman-Rakic, 1996, Cellular
Basis of Working Memory



Ol VELPWVEC TOL TTPOUETWTTIAIOL GAOIOV Eival
ETIIAEKTIKOI WC TTOOC TO £pEBIOPA TTOL Ba eKPpAcOLV
TAQAPEVOLOA OPACTNEIOTNTA
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Nature Reviews | Neuroscience

Arnsten, 2009, Nature Reviews Neurosciene



Emidpaon tng vopemivedpivneg otnv mapapevouoa
dpaotnplotnTa

a Noradrenaline

Preferred direction Non-preferred directions
i \ L: | e
v - ) '/1\/\.'{&'
Delay Delay
Optimal
Preferred direction Non-preferred directions Preferred direction Non-preferred directions
x E E E Too little Too much ) i | x i

P

Fatigue Alert Stress

{

V. W

Arnsten, 2009, Nature Reviews Neurosciene



CTTOPAoN TNC VTOTTAivNG OTNV ITapapevouod
dpaotnplotnTa

b Dopamine

Preferred direction Non-preferred directions

:

Delay Delay
Optimal
Inadequate D1
Preferred direction Non-preferred directions Preferred direction Non-preferred directions
| ' | ‘ ' i ' " Too little Too much '

[ ——

:
]

Fatigue Alert Stress

Arnsten, 2009, Nature Reviews Neurosciene



Mnxaviopoi ermaywync Kat olatrenong tc
TAQAUEVOLOAC O0PLACTNEIOTNTAC

— AvatpopodoToLeEVO OIKTLO

— 2LVATTTIKOI PNXAVIOUOI J ﬁ
— lovTtiko pevpa peow NMDA vrmodoxea Q f

— BEvOokuTtTOpIKOl avaTpodhOOOTIKOI

LUNXQAVICLOL
* Yodoxeic mou mpoodevouy TN GQg
nmowteivn (muscarinic AchR, mGIuR,

5HT-2) {S / <
* AOPBEOTO-EEQPTWHEVO PN ETTIAEKTIKO N

oevpa kaTovtwy (CAN current)
* ApyN UETEKTTOAWON




H evepyoroinon TNC apyNng PETEKTTOAWONC ETTAYEL
TAQAPEVOLOA OPACTNEIOTNTA PETA ATTO £PEBICUA OE
VELPWVEC TOU TTROUETWITIAIOU PAOIOD HLWV

20mV |

5 sec

|

Prespike Postspike

Command

Sidiropoulou et al, 2009,Nature Neuroscience



2uvelopopd TNG MVNUNG €pYAciac 0 YVWOTIKEG

OlEpYaOoieEQ
[ looooxN
AVAOTOAN CLUTIEPIHOPAC
FueA&ia

ANpn armopacewv
PUBuIoNn/eneEepyacia cuvaloONUATWV



AOKIUN ETTIIAEKTIKNG TTPOOCOXNC

http://propensityforcuriosity.com/selective-attention-test/



MnNXaviopog EMAEKTIKNG
TPOCOXNG

Knudsen, 2007

Working

Figure 1

r memory
(decision)

Gaze 4 f_____ Competitive
control selection

Top-down

5o
'

Sensory

Sensitivity 5 Motor
control Stored memory
Internal state

Bottom-up

Sallence
filters




NeLPWVIKO KUKAWUA YIA TOV EAEYXO TNC TTPOCOXNC

(Lateral Intraparietal Cortex)

FEF
(Frontal Eye Fields)

V4
(Visual Area V4)

(Lateral Prefrontal Cortex)

Bottom-up Control of Attention

Attention is grabbed by salient stimuli: stimuli that
have high intrinsic value (such as a fast moving

object).

Pulvinar
& Thalamic Nuclei

Top-down Control of Attention

Attention is guided by internal values and goals, allowing one to select
stimuli that are relevant to the current task.

Top-down signal originate in frontal cortex and flow towards
posterior cortex:

This is likely due to competitive interactions within FEF &
a cortical regon (see Figure 2) and flows in a — LIP LIP—» MT V4 —» V2 —» V1
bottom-up manner: LPFC (Visual Area)
Buschman and Miller, Saalmann ot : Buft: al, PNAS
LIP LPFC FEF Scscr:r]]t;e 2m7l o S’ug“:r::;enzr;(t);l uffalo et al PNAS 2010

Buschman and Miller, Sclence 2007

Current Opinion in Neurobiology

Miller and Buschman, 2013



O KOIAOKOC TIPOUETWTTIAIOG PAOIOC eTTNEeAlel TN
AEITOLPYIA LTTODAOUKWY TTEQIOXWV OTTWC TO PAROWTO, O
LTTOBAAQUOC KAl N AULYOAAN

a Prefrontal regulation during alert, non-stress conditions

e Asltovpyiec
* AVAOTOAN, EAEYXOC
TWV EVOTIKTWOWV
OLUTTIEPIPOPWV
* EKpGBNnon kavovwy n
OLOXETIONC PE avTapolBEn
* EKpABnon oAhaync Twv
KAVOVWV

DMPFC
» Reality testing
» Error monitoring

Arnsten, 2009, Nature Reviews Neurosciene



AVOOTOAN, EAEYXOC TWV EVOTIKTWOWY CLUTIEQIPOPWV

* AvaoTtoAn embouiag ¢ayntov, 6co
KATTOIOC €ival oe diarta N vnoteia

}

*
—

%€

http://foodess.com/2011/03/moist-chocolate-cake/

* AvVQOTOAN €MBLUIAC CUPUETOXNG
o€ Taxviola TCOyou, OTaV KATTOIOC
NoN €Xel XAoEl XpnuaTa

http://en.wikipedia.org/wiki/Welcome_to_Fabulous_Las_Vegas_sign



YToBeon TOL CWPATIKOL OeiKTN (Somatic marker
hypothesis) - Antonio Damasio

® H Kplon pag emnpeddeTal OXl UOVO ATTo ToV
UTTOAOYIOHO TWV TIIBAVOTATWY TWV TTRAEEWV POAC
AAAG KAl ArtO TOV LTTOAOYIOUO TWV CLVAIOBNUATIKWY
ETIMTWOEWV

¢ Evac OEKTNC TWV CLVAICBNUATIKWY ETIIMTTWOEWV,
KUPIWC TWV apVNTIKWVY €ival N aywyluoTNTA TOU
OEQUATOC

e OORo

o> KeeEIC TToL GOPBOUAOTE



IOWA gambling task

e 4 OoTiBeC KAPTEC

e O1OLO O AUTEC EXOLV PEYOAEC AUECEC AUOIBEC, AAA KAl UEYAAEC
TIHWPIEC, OTTOTE CUVOAIKA Ol TIAIKTEC TTOL OIAAEYOUV AUTEC TIC OTOIBEC
XAVOULV

e Ot AMEC OVO EXOLV XAUNAEC AUECEC AUOIBEC, MG KAl PIKPEC TIMWPIEG,
KAl OLVOAIKQA Ol TTAIKTEC TTOL OIOAEYOUV AUTEC TIC KAPTEC, OTO TEAOC
KEPOICOLV.

e [l eMmTUXNUEVA ATTOTEAEOUATA, Ol TIAUKTEG TIPETTEL VA AVATTTUEOLY il
AioBnNon TNC CLVOAIKNC avTapolBC Tov AapBavouy and KABe oTi3a.

ﬂ n

Bechara et al., 2005



IOWA gambling task

decks
$100

Loas per 10 cards $1250 $1250

The lowa Gambling Task
“Bad”

"Good"decks
$50 $50
$250  $250

Net per 10 cards -$250 -$250 +$250  +$250

Gain per card $100

TRENDS in Cognitive Sclonces

Bechara et al., 2005



IOWA gambling task
ATTOKQIOEIC OEPUATOC KAl ETTIAOYEC TTAUKTWY

(@

1.0

-

05

0.0

(e)

100 4

dlm

(a) [ Pre-punishment Pre-hunch [JHunch [0 Conceptual
Knowledge level
0
Bad decks
— —— Good decks
(b) 10+
Anticipatory - -
SCRlevel 05+ -~ —_—
=
0.0
(© 14
Number of -~
choicss T+ '
from decks = -
L~
b —
0 20 40 80
Sequencs of card sslection

B Bad decks
B Good decks

Controls VMPC
Before After
concaptual conceptual
period period
TRENDS In Cognithe Sclonoes

Bechara et al., 2005



[ TOBOAOYIKEC KATAOTACEIC TTOL CLVOEOVTAL PUE PN
dLOoIoAOYIKN armokplon otn dokiun IOWA gambling task

e AoBeveic pe BAABN oTov KOIMAKO TIDOUETWTTIAIO PAOIO, ETIIAEYOLV
TTOAD TIEQIOOOTEPO TIC OTIBEC PE TIC HEYOAEC AUETEC AUOIBEC,
AAAQ KAL TIC HEYAAEC TIHWPIEC

* O vyleic ovppeTeEXovTeC epdaviCouy peyaAn aywyluotnTa OEQUATOC
TPV KAVOLV UIA KAKI ETTIAOYN, TIOV AVAYVWPEIoCOLV 1 ArrodaciocouvV
TNV KAAUTEPN OTPATNYIKN

e ATOpA pE TTABOAOYIKN QVTIUETWTTION TOL TCOYOL Oev eudaviCouy
UEYOAN AyWYIHOTNTA OEPUATOC OTIC ETTIAOYEC PE TIC APQVNTIKEC
ETIMTWOELC

* Ot puxoraBeic emiong 6ev eudaviCovv yeyain aywyluotnTta
OEPUATOC OTIC ETTIAOYEC PUE APVNTIKEC ETIIMTTWOEIC



[Awooa

KedaAaro 34



[AWOOLKEC TIEPLOYEC TOU EYKEDPAAOU

A Kevrpikn auAaka o
METAKEVTPIKN EAKQ
fpaxevpu | Togoeidrg
4 ¢ , ) deoplda
MNovwdng
EAIKQ
MNeptoxm
Broca
T > Meploxn Wernicke
NAaya AV KPOTAMIKN
QUAQKQa EAKQ

Tokoeidng deopida

19,1817

MNepoyn

Broca Neployn Wernicke

* [leploxn Broca
— Kwvntikn rmeploxn tTou Aoyou
— Kovtd otov KvnTiko pAoLo
* [leploxn Wernicke

— KE&VTpO aKOUOTLKN KOTOvONGoNG

— Kovta otov mpwTtotayn
QKOUOTIKO pAOLO

* Toéoeldbnc deouida



ATIAN xpnon tTnc YAwoooc

180 Agelc to Aemto

Ae&loylo 60000-120000 A&€elc

Nopaywyn YAwooac < -2
2WOTN XpNon arolLteL:

— vwon tnc Baotkng Sounc

— [pOappOTIKA

— [vwon Twv NXNTKWV Hopdwv

KOtovonon YAwooog



2TOLXELO TNC YAWOOOC WC LLECO ETILKOWVWVLOG

AnuLoupyLkotTnTa

— Aev glval pa amAn pipnon

— Anuoupyla Evvolwy

Mopdn

— Qwvnpota

— [palLpLOTLKN

— ATtEPLOPLOTN XPNON TIEPLOPLOUEVWV LECWV
[eplexopevo

— APNPNUEVEC EVVOLEC

— JuvooOnuatkn dtaotaon

Xpnon

— Mé&oo emikowvwviac, oA oxL oudeTeEpPO



AlotapaxeC T YAwoooC

AvoapBpia — nadnoeilc tng mapeykePaALOoC
Adooia Broca

Adaolo Wernicke

Adaolo aywync

2xLWloppEvELDL



ZWLKOL LOVTEAQL

* Mn LKAVOTIOLNTLKAL

e AmAEc N Kol o ouvBeteg (keAanolopa) HOPPEC
ETILKOLWVWVLOLC

* H emkolvwvio dev yapaktnplletal amo
OLOTIPOOWTILKEC OXECELC KaL N popdn, TO
TLEPLEXOLLEVO KOL N XPNON TOUC lvolL
OTEPEOTUTIEC



ZWLKA povteAa - Mibnkoc

 William & Lorna Kellogg

— Gua (xyumating) peyodwoe padl pe to nodi toug

— Antektnoe oAAEC avOpwTiveC cupmepPLdopEeC, dev Epabde Opwc va A
e Allen & Beatrice Gardner

— Washoe, €pabe tnv opEPLKAVLKN VONUATIKNA YAwooo

— Antektnoe Ae€lloyio 160 Ae€eswv

— oAU pkpOTEPO OO TO As€LAOYLO €vOoc atdlol 4 sTwv

e Susan Savage-Rumbaugh
— MeA€tnoe tnv Katavonon tTng YAwooac o€ vAmio bonobo
— JUYKpPLOLUN avarmtuén otnv Katovonon tng YAwooac Ewg TNV nAkia twv 2,5
ETWV
— 2€ peyaAUTepeC NALKLEC, TO avBpwrTilvo vATILo Ttapouoiace oAU peyaAUTepn
avamntuén



Eudutn n entiktntn dradikaota;

* Epdutn

— H Aewtoupyia tnC puotknc SltadLkaoiac avIutpoowneVUETAL OTO

QPLOTEPO I

— H evtormon

uiopalplo
NG YAwo oo oXeTI(ETOL LE TNV OLCUETPLA TOU

eyKepalou: o kpotadlkoc AoBOC 0To aploTEPO NULoPALpLO Elval
pneyoAutepoc (amo tnv 31" eBdopada tnec kKUnonc)

— EvawoBnoia oto SloxwpLtopo evoc peyalou paopatog Nxwv
* Me tnv ekpadnon thc YAwooog AuTo XAVETAL/LELWVETOL

e lamwvec: 6ev dtaxwpllouv petau r kot |

* AyyAoL: 6ev SLaxwpifouv Petaéu okAnpou Kat LoAOKoU | TG pWOLKAG

YAwooac



Eudutn n entiktntn dradikaotia;

* Epgutn
— KaBoAwkol kavovec ekpabnonc yAwoooc o€ OAOUC TOUC
TTOALTLOHOUC

e EmikTnin
— Antauteital ekpadnon



Kplowun mteptodoc ekpadnonc yAwooac

e 2 eTWV — epnPela

 Meta tnv epnPeila eivotl oAU OUCKOAO va
nabovpe pa Sevtepn vYAwooa
— tpodopa

* «AyplLa» TaldLa EXouv LELWMEVN eboon oTNV
ekpnaOnon yAwooac peta tnv edpnpPeia



[AWOOLKEC TIEPLOYEC TOU EYKEDPAAOU

A Kevrpikn auAaka o
METAKEVTPIKN EAKQ
fpaxevpu | Togoeidrg
4 ¢ , ) deoplda
MNovwdng
EAIKQ
MNeptoxm
Broca
T > Meploxn Wernicke
NAaya AV KPOTAMIKN
QUAQKQa EAKQ

Tokoeidng deopida

19,1817

MNepoyn

Broca Neployn Wernicke

* [leploxn Broca
— Kwvntikn rmeploxn tTou Aoyou
— Kovtd otov KvnTiko pAoLo
* [leploxn Wernicke

— KE&VTpO aKOUOTLKN KOTOvONGoNG

— Kovta otov mpwTtotayn
QKOUOTIKO pAOLO

* Toéoeldbnc deouida



AlotapaxeC T YAwoooC

e KivnTikecg Satapayec
— AucoapBpla
— Avodwvia

* Adaolec
— Broca

— Wernicke
— aywyng



Alotapayxec tne YAwoooc - APaoLeC

IHivaxac 34-2  KAMVIKQA LOPUKTNPIOTIKAE TPLOV KOLVOV UQUCLOV

1pogopiki
Tvroc anoédoan Enavainyn  Katavonen Ovouacia Lvvoda anucia® Biapec
Broca Mn sugepne  Mewopévny  Ducloroyik) Opraxmg RHP, anpuiia Apwotepn) orictha
TEXTGITERY) UPIOTEPAOV AKPOV KATO HETORIUIN
K1l TPOOOROL
Wernicke Evygepig Mzaiopévny Meaopévn Mampévn + RHH Amotepn oniothu
Ave KPOTUPIKN
Ayone Evyepne Mziopévn  DuoloAoyikng \Y EXTOTTERYY + RHS, anpalia 6Amv Amotepn Bpeyuanukn
(TupupaoIkn) 1OV AKPOV Ka1 Tou
TPOCHTOL

“ RHP, el nuinapeon: RHH, 8814 opdvoun nuuavoyia: RHS, dclia nuuanotnuikn datapayn.



MovteAo Wernicke — Geschwind

ErtavaAnyn Aeénc

AploTtepa Ae&la

MNeploxn Broca

[Npocwrukn rneploxn
KIVNTIKOU (pAOLOU
(nedio 4)

To&oedng
oeouida

MNepoyn Wernicke
(rnedio 22)

ATO TOV £EW
Yovatwon rnupnva

Bpeypato-Kpotago-
WVIOKOG CUVEIPHIKOG
PAOLOG (YWVIwdNG
EAKQ, Tiedio 39)

OnMTIKOS PAOLOC AvTEPN MNpwTOoTAYN G ONMTIKOG
Ta&ng (nedio 18) PpAoLOG (NMedio 17)



Movtelo Wernicke — Geschwind
Akon Ae€nc

* AKOUOTLKO VEUPO — E0W yovatwdn Tupnva Tou
BaAapouv — mpwToTAYNC OLKOUOTLKOC PAOLOC —
QKOUOTLKOC PAOLOC avwTeEPNC TAéNC — BpeyUaTO-

KPOTADO-LVLAKO GUVELPULKOC PpAoLoc (YwviwdNnc
eAka) — tepLloxn Wernicke — meployn Broca



Adoaola Broca

Kakwon otov KWvNTLKO CUVELPULKO PAOLO Kol O€
Baplec kataoTtaoelg mepltAapBavovtal n
TIPOKLVNTLKN KOl TTPOLLETWTTILOLLOL TLEPLOXN

Apyn ouAla Ewc TANpN adwvia
Xpnon anAwv Aeéikwv popdwv (EVLKOC,
rniopaewpn apBpwv)

Exouv emntiyvwon twv AaBwv

H katovonon ypoarmtou Kat tpodopLlkol Aoyou
dev ennpealetol

2uvnNOwc ocuvodeUETaL ATIO LEPLKN TTAPAALON
¢ 6&eéLac mAeupag



Adoaola Broca

Figure 59-2 Broca aphasia. Left: A three-dimensional magnetic resonance imaging

(MRI) reconstruction of a lesion (an infarction in the left frontal operculum, dark gray
area) in a patient with Broca aphasia. Right: Ccronal section of the same brain taken along
the plane defined by the blue slab. The brain is viewed from the front, with the left hemisphere

on the right half of the image. The infarct is visible in black.



Adaota Wernicke

2 NUOWVTLKN EAQTTWON TNC KATAVONONC

Aev pokaAeital dlatapoyn otnv opAla

AloTopoxn oTnv mapoywyn YAwooog

— AUoKOALOL 0TNV EVPECN TNC CWOTNC AEENC

— EodpaApevolr cuvbuaopol Ae€swv (mapadaoia)

— Anpoupyla vewv Aeéewv (veoloyLopoc)

— AuokoAla otn petadoon twv okeEPewv TouC (KEVOC
Aoyog)

Melwon tnc wkavotntac emovaAnPnc Aséswv
(akovoTKA N oTtTka =2 SlaBoopa)

\oyoppola



Adaota Wernicke

'."1:1 .
Figure 59-3 Wernicke aphasia. Left:A three-dimensional magnetic resonance imaging (MRI)
reconstruction of a lesion in a patient with Wernicke aphasia. The infarction affected a large area of
temporal lobe cortex as well as underlying white matter. Large, deep lesions are typically seen in
severe cases. Right: Coronal section of the same brain taken along the plane defined by the blue
slab. The brain is viewed from the front, with the left hemisphere on the right half of the image.

The infarct is visible in black.



Adaola aywync

Kakwon otnv tooeldn deouida

MKPOTEPN EVXEPELA OTNV TTAPAYWYN YAWOCOCOC
aro touc aoBeveic pe adaoia Wernicke
Napadaoika Aadn

Melwon tTnc kavotntac emovaAnync
Mrmopouv va dtaalouv xapnAodwva aAAa oxL
neyohopwva

Mkpn HELWON OTNV LkawvotnTta ypo LHOTOC
Melwon Twv EKOUOLWV KIVACEWV



2uvaLodnuatika otolxelo otn YAwooa

* Mouolka otolxeia toviopou, uouc, puBuou
* [poowbdia
e ALATOPAXEC OUTWV TWV OTOLXELWV: ATIPOCWOLEC
— Kakwoelc oto 6€&L0 nuiodaiplo
— Kakwoelg oto 6e€l0 petwriaio AofBo: Adtadopormnoilnto
TOVO PWVNC
— Kakwon



ALaTopayxEC avayvwonc Kot ypodnc

* JUYVEVEILC
— AuoAeéia
* EmiKTNTEC
— AAeéia
— Entiktntec SuoAetiec



Aleéla - Aypadla

1) Aratapayn avayvwong Lovo

— Melwon tTnc wkavotntoc dtaBaocuatoc

— MopapEVEL N LKOWVOTNTA KATAVONONC KOl OVOLYVWPLONG

— BAAPBn otov aplotepo wLako GpAoLo kat otnv omniocOia
Loipa Tou pecoAofiov (omAnvio)

— Melwon TN omTikNC avtiAnyPnc

— H aplotepn omtikn ywvio dev €xeL mpooBoaon ota
VAWOGLKO KEVTPOL



Aleéla - Aypadla

* BAaBec tnc vwvwwdouc eAkac (Bpeyuato-
KPOTAPLKO-LVLOLKOC OCUVELPULKOC PAOLOC)

* Melwon avotTntoc T0oo oto dtafacpo 000 Kal
oto ypaP Lo

e AvVIKOVOTNTOL OUVOEONC TWV OTITLKWY CUUBOAWV
(ypappata) pe Touc nxntikouc pOBoyyouc



Avartuélokn OuoAeéia

o H eéeAktikn Stadlkaola yLa TV avayvwaon Ko
vpadn Bploketal akopun o€ apylka otadla

* EiONn duoAetloc
— BeAtiwon katavononc otav Ae€elc avtikaBiotavtol PE

ocUupBoAa

— Taon va dtaBadlovuv tic Ag€elc avamnoda

* AVATOMLKEC AAAQYEC
— EAATTwpa TNC KupLapylog Tou aplotepou nulodoplou
— OLteprocotepol SuoAeéikol elval apLOoTEPOXELPEC
— Melwon tn¢ acuppeTploc Tou Kpotadikou AoBou

— EmuBpaduvon TnC LETAKLVNONC VEUPWVWYV OTNV APLOTEPN
rntAevpa tou pAoLov



Avoleéla

EriktnTn: HETA ATIO KAKWOT OTOV EYKEPAAO
Avarttuélakn: ouyyeving
[[ovidlako uttoBabpo

‘Exouv TautormoinBei d1adopec TEPLOXEC O dDAPOPETIKA
XpwHoowuaTa

H rwo Tautoroinuevn eivat n reptoxn DY X2

[[ovidlo DCDC2, etmpeadel TN HETAVACTEUON TWV
VEUPWVWV



AvarTuEloKr OLOAEEID

AvayvwpLlon OUOIOKATAANEIOG

Shaywitz et al, 2002



MvAun kal pabnon OTIC TAWVIES

Memento, a crime thriller starring Guy Pearce (L.A.
Confidential) as a man hunting for his wife's killer, and trying
to overcome his anterograde amnesia, which prevents him
from creating new memories. Nolan tells the story
backwards, with each scene taking place betfore the last, so
the audience always knows more than the hero and yet still

feels equally lost.



Paycheck (John Woo, 2003) O Ben Affleck maiCel
EVAV KATAOKOTTO OTOV OTTOIO avaTiBovTal OOUAEIEC
LUETA TIC OTTOIEC OPRNVETAL N pVAUN TOL YIA TN
OUYKEKPIUEVN OOLAEIQ, PE POVO ATTOOEIKTIKO OTOIXEIO
TNV TTANPWIN TOU

Selective Erasure of a Fear Memory

Jin-Hee Han,?~ Steven A. Kushner,™* Adelaide P. Yiu,* Hwa-Lin (Liz) Hsiang,*?
Thorsten Buch,® Ari Waisman,® Bruno Bontempi,” Rachael L. Neve,®
Paul W. Frankland,™%? Sheena A. Josselyn™%3*

Memories are thought to be encoded by sparsely distributed groups of neurons. However,
identifying the precise neurons supporting a given memory (the memory trace) has been a
long-standing challenge. We have shown previously that lateral amygdala (LA) neurons with
increased cyclic adenosine monophosphate response element-binding protein (CREB) are
preferentially activated by fear memory expression, which suggests that they are selectively
recruited into the memory trace. We used an inducible diphtheria-toxin strategy to specifically
ablate these neurons. Selectively deleting neurons overexpressing CREB (but not

a similar portion of random LA neurons) after learning blocked expression of that fear
memory. The resulting memory loss was robust and persistent, which suggests that the memory
&‘ S was permanently erased. These results establish a causal link between a specific neuronal
;AN subpopulation and memory expression, thereby identifying critical neurons within

the memory trace.




SCHWARZENEEEER

Total Recall (1990). To 2084, o Arnold
Schwartzenegger turns to ReKall, 8¢Ael va
QTTOKTNOEL PEVTIKEC AVAUVNOEIC OIAKOTTWVY ATTO TOV
mAavnTtn Apn, OAAA TEAIKO KOTAOIWKETAL

Inception (2010). Christopher Nolan

O Leonardo DiCaprio, €vac 'KAEPTNG' ETTIXEIPNUATIKWY
IOewV TToTeVEL OTL PTopel va epdpuTeDOoEL Ula 10EA OTO
UTTOCULVEIONTO €VOC ATOUOUL PECW OVEIPOU

http://www.imdb.com/title/tt1375666/7ref_=fn_al_tt_1



Creating a False Memory in the Hippocampus
Steve Ramirez et al.

Science 341, 387 (2013);

DOI: 10.1126/science.1239073

AYAAAS

Creating a False Memory
In the Hippocampus

Steve Ramirez,l* Xu Liu,l'z* Pei-Ann Lin,1 Junghyup Suh,’ Michele Pignatelli,1
Roger L. Redondo,** Tomas J. Ryan,*? Susumu Tonegawa™*t

Memories can be unreliable. We created a false memory in mice by optogenetically manipulating
memory engram—bearing cells in the hippocampus. Dentate gyrus (DG) or CA1 neurons activated
by exposure to a particular context were labeled with channelrhodopsin-2. These neurons were
later optically reactivated during fear conditioning in a different context. The DG experimental
group showed increased freezing in the original context, in which a foot shock was never delivered.
The recall of this false memory was context-specific, activated similar downstream regions engaged
during natural fear memory recall, and was also capable of driving an active fear response.

Our data demonstrate that it is possible to generate an internally represented and behaviorally
expressed fear memory via artificial means.



OmToyeVvETIKN - EAEYXOC TNC 6pA0TNPIOTNTAC TWV
VELPWVWV PE PWC

LIGHT-ACTIVATED ION CHANNELS

Bacteriorhodopsin, discovered in the early 1970s in the archaeon Halo- channels that, when illuminated, let positively charged ions (such as
bacterium salinarum, pumps protons out of cells in response to green light, H+ and Na+) pass into cells 6. When heterologously expressed in
supporting energy production in this organism ﬂ In the late 1970s, the neurons, light-driven outward proton pumps and light-driven chloride
related molecule halorhodopsin, an orange-light-driven inward chloride pumps enable optical silencing of neural electrical activity, and light-
pump Q, was discovered in the same organism. And in the early 2000s, driven cation channels enable optical activation of neural activity—

the opsins that drive phototaxis in the green alga Chlamydomonas just what is needed to achieve precision control, using light, of the
reinhardtii, channelrhodopsins, were found to be light-gated cation electrical activity of specific neurons.
Retinal molecule Silencing Silencing Activating

(red)

O-helices

5y )

Ed Boyden, The birth of optogenetics, Scientific American, 2011
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Blue light hits a neuron engmeered to express opsm molecules
on ifs surface, openmng a channel through which ions pass mto
the cell—activatmg the neuron MIT McGovem Institute, Jule
Pryor, Charkes Jennmgs. Sputnik Anmmation. Ed Boyden

Ed Boyden, The birth of optogenetics, Scientific American, 2011
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Lizzie Buchen, llluminating the brain, Nature, 2010

http://edboyden.org/



