2TOXEUOVTOC OTNV
vAoutapatepykn petapifoon

otnv GHLZO(I)péVELOL,
[ewpyloc [lamayewpyLovu

Wuylatpoc
AtevBuvtnc E2Y
Ermiotnuovika Ko

P~ Y - S



Ol 6Uo kuplot veupopetaBLBaotec oto KN2

Excitatory synapse I Inhibitory synapse

Y Y

ds s

Glutamate GABA
© &




To TAOUTOLVLKO GUOTNOL (Moghaddam, 2005)

Glutamate ( GLU) : o mA€ov ocuvnOn¢
oto KN2-.

+ 2ZToV eYKEPAAO TwV OnAaoTtikwy
OUVUTTAPXEL LE TOo GABA

* OL 600 mapamavw veupopeTaBLBactec
ennpealouv otovdénmote aAAo oto KNZ.



MiBaveg OepamevTiKEC EPAPUOYEC
(MRC Centre for Synaptic Plasticity 2010)

 EykedoAu] " Arapnmn
oy Ix{odpévela

* EmAnyia Ayxoq

- Parkinson's KataOAwpn

- Alzheimer’s

* YnepaAynoia

* MS



Ev apxn nv ....

H domapwvepyikn Bswpla

* Aev €€nyoUOE APXLKA ETTAPKWCE TOL APVNTLKA

CUMITTWHOTA 0TNV oXl(odpEVELDL

— Eme€etaBn kat otnv unoBeon tnc pecopAolwdoug
vrtodpaotnplotnToc TNS domapivng

- OMWC....

H Bewpia avtn dev e€nyel ylati n
p.eoocb)\owobnq 000¢ UTOAELTOVPYEL KL N

R g e . N



AOUTOHOTEPYLKO ocUOTNA KOl
O')(lZOcI)péVElOL (Moghaddam, 2005)

H 0€a pog yYAoutapatePYLIKAC oV atAiog oTnv
oxtloppévera (Kim et al 1980): petwpeva emimeda
yAouTtapwikov oto ENY oxtlodbpevwv

Studies about Antiglutamatergic substances:

Phencyclidine (PCP) or ketamine produces
"schizophrenia-like" symptoms in healthy individuals and
profoundly exacerbates pre-existing symptoms in
patients with schizophrenia




Ention¢ teAeutalia
KUpLAPXNOE ....



H duyotouLkn mpooEyyLon

* UTTOVOEL :

* otLn DA 6&v epmAEKeETOL OAOKANPWTLKA OTNV
rnoBoduclooyia TN oxLl{oPPEVELOC

* Kat moAAarmAa eAATTWHATIKA
veupodLaBLBaoTIKA CUCTNMOTO GUYKALVOUV
yLa vat ekONAwBouv cupmtwpata

‘ ONE WAYI




Y€ pla amomnepa val KaAudpBouv ot

eAAelELG TNG SOTIAULVLKAG

EGewpnOn c'm@@ '@Ygf&@no}lawupyia ToU
NMDA vnodoyéa tou yAoutaputvikou, OLOTL :

non-competitive NMDA avtaywvVvIoTeC :
— phencyclidine (PCP)
— Ketamine

— EMAyoUuV PUXWTOULUNTIKA KATAOTOON TTOU OpoLAlEL
TTOAU e oXL(ODPEVELA OE LYLELC
— Avalwomnupwvovtal TPOoUTIAPYXOVTA CUUTTTWUOTOL

Javitt et al., 1991; Krystal et al., 1994; Lahti et al., 1995

GE GXLCOd)pEVEiq Olney and Farber 1995



http://www.schizophreniaforum.org/pap/annotation.asp?powID=88527
http://www.schizophreniaforum.org/pap/annotation.asp?powID=88527
http://www.schizophreniaforum.org/pap/annotation.asp?powID=88527
http://www.schizophreniaforum.org/pap/annotation.asp?powID=88528
http://www.schizophreniaforum.org/pap/annotation.asp?powID=88529
http://www.schizophreniaforum.org/pap/annotation.asp?powID=88529

Ko ev ouveyela ....



[Mpoodata evpnuoTa

Exouv avakaAudbBetl aviiowpota NMDA
untodoxewv oe acBeveic SuvnTKA UE
Stayvwon oxlloppeveloc aAa tou
arnokoBiotavioal TANPWCE UTTO OLVOOOAOYLKN
Oeparmela

Ta avtiowpata epdaviovtol o€ HLKPO
1T0co0oTo aoBevwyv pe oxtloppevela ( 1-2 %)

RAAYRN oTtonne NMDA nirtoSoveic 1irtonst vo



Eidn umodoxewv GLU
Glutamate

lon channel-associated G protein-coupled

v

Fast Slow Slow
excitatory excitatory inhibitory




AOUTOLOTEPYLKO CUOTNA : AELTOUPYLEC

(Swanson et al, 2005)
* Outovotpornikoi urtodoyeic : NMDA, kainate &
AMPA svodwvouv
- taxela petafBifoaon
° VEUPWVLKN TTAOLOTLKOTNTO
* Pruning
* Apoptosis
‘Ol uetaBotportikoi untodoyxeic (MGlul - mGlu8)
puBuilouv :
TNV AeAEVOEPWON TOU YAOUTALLLVIKOU
° LETOLOUVOTTTLKN OlEYEPOLUOTNTOL .
* OL petadopeic ota kvotidia (vGluTl and vGluT?2)
amoOnkeVOUV YAOUTAULVLIKO OTO TIPOCUVATTTLKOL
KuoTLoLa

‘Metadopeic tou yAoutapwikoU (EAAT1-5)




NMDA
receptor

receptor

presynaptic
metabotropic
receptor

kainate
receptor

postsynaptic
metabotropic
receptor




lonotropic receptor

Receptor
Transmitter ~Channel
Effector
function™

/ \

-pmte{n Adﬂn yiyl

Fig. 5a. lonotropic receptors and their
associated ion channels form one
complex (top). Each iGIluR is formed
from the co-assembly of multiple {4-5)
subunits (From Kandel et al., 1991).

Extracellular

Metabotropic receptor

Transmitter Channel

Heceptar
J cAMP

E ﬂecfor
function

~CAMP

. cyclase

Extracellular ~ kinase

"'r' Cytoplasm m%[

Fig. 5b. Metabotropic receptors are
coupled to their associated ion channels

by a second messenger cascade (top).
Each mGIuR is composed of one
polypeptide, which is coupled to a G-protein
(from Kandel et al., 1991).



NMDA

PCPor

ketamine
Glycine
D-serine
‘-.-"'
INWICA

D-cycloserine

R

{CELL MEMBRAMNE




MoU eupioketal n dbomapivn?
domoapivn : 0 MEPLOPLOUEVN EKTAON OTOV
eYKEDOAO
v MetwmnopaOwTtn Kot LETALYMULOKEC TIEPLOXEC

To Movtapwviko kot ot NMDA urtodoyeic
£YOUV EUPUTATHN KOTAVOUN OTOV EYKEDOAO

“0dnyouv otnv dlatuniwon tng “whole
brain” duoAeLtoupyiac

v TtoU O€V EUTTAEKOUV LOVO TO LLETOLYULOLKO ] TOV
TMPOUETWTTLALO PAOLO

v aAAQL KOl TOV OTTTLKO KOl LKOUGTLKO GAOLO .
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NMDA Receptor Cotransmitter D-Serine is Produced

glutamate neuron

Juv-petafiBaotnig : D-serine

0H-p§uvate

reversed —
l glial-D-SER-T

(release) gllal -D-SER-T
APA glutamate @ @ S

@ D-serine l /
@ L-serine i

P Jgiycine r"




[ ouv-petaBLBaoctic : D-serine J

atypical neural messengers: D-serine

Postsynaptic neuron



ouv-petaBLBaoctic :glycine

NMDA Receptor Cotransmitter Glycine is Produced

glutamate neuron

glycine
neuron

L-serine

= reversed | S
l GLY-T1 GLY-T1

(release)
AFA glutamate < % raupteke)

(reuptake)

e i
NMDA receptors




Glutamate excitotoxicity :
Eényel mBava Tic
o.BoAOYOOVATOULKEC
aAAOLWOELC OTOV EYKEDOAO
Twv oxllodpevwv

~

W

“ | i Presynaptic neurcn
b |

Depclarization

Glial cel
(astrocyte)

a
®s 00%¢ % o
® & g Clutamate g ® ®
S L oo h go <
=0 0% o\
1N VS
n " ® X e s 3
IG'“-ﬁ’”g-‘ff R Glutamate receptors ——y
’a?EﬁTS] ° B (AMPA, NMDA, kainate) : ®
(

Nature Reviews | Neuroscience

Rate of Gray Matter Loss
Normal Schizophrenic
Adolescents Subjects Average

~ . Annual
Loss







YroBetikr) Bacn tng yAoUTAUATEPYLKNG SUCAELITOUpYiag otnv oxllodpévela

@OAoukol upapdikot
VEUPWVEG TOU

ouvbEovTal HECW
evblapeoou GABA
VEUPpWVA

NMDA
€TEpOUTIOBOXEQS
otov GABAEgpyLKO
VEUpWVA

AvaoTtoAn B
TTUPOULSLKOU
VEUPWVO

2 GABA

GADEZ \" 1 o
Eﬂ/ GABAR*

4
4

GLU a6 2 he
TUPOLULOLKO . . :
VEUPWVA TIPOG US|
etepolmodoyéa GAT1 -

GLU

hypo- 4
functional NMDA 4 =
receptor and synapse

NMDA
umoAettoupyet

T 8 e
& 2

%

'R B ]
¢
2

ge®
e,

ﬂﬂﬂi{f‘ﬂﬂ_ﬁ

GABA &¢gv
o ekkplveTal
v

Disinhibition
mupaLdLkol
VEUPpWVA

GABA Kuttapou




hypotuncﬁona‘. NMDA
lutamate synapse 15&
g norma

HIGH

S —— 7
ctivation posﬂwe
- ek symptoms

(red) dAoukn mpoPoAr GLU.veup. Emikowvwvel pe pecopetaypokn DA 066 otnv VTA
NMDA vurnoAettoupytkoti : GLU dpAotooteAeytaio 060¢ utepbdieyeipetatl — DA >




VTA

globus 377
pallidus { 5

nucleus
accumbens

o ventral
hippocampus

striatum

globus |
pallidus |

nucleus
accumbens

" ventral
hypofunctional NMDA hippocampus
glutamate synapse

YrioAettoupywkot NMDA o€
GLU ouvayelc otov
LTITMOKALUTTIO ALUENHEVN
LECOETALYLLOKN
dpaotnplotnta

A. GLU oulelyvutal og
GABA evdoveupwva
arneAevBépwon GABA
ovaloToAn TtupopLtdikoU v.
otov eTtkAvr) tupnva(Nac)
- ( oppLdpOUWE pECW
wxpac odpaipoac otnv VTA)
B. YroAewtoupytkoi NMDA :
GLU unepdpaotnplotnta
otov Nac .Overactivation
GABAergic veupwvwv otnv
wxpa odaipa peiwon
GABA otnvVTA —

\disinhibition DA /




[ YroBetiknr) Baon tng yAoutapatepylkng SuoAettoupylag otnv oXl{odpEVELA- OPVNTIKA KOl YWWOTLKA OUUTTTWHOTA ]

hypofunctional NMDA

glutamate synapse
\normal [

N\~ LowW

negative cognitive
symptoms symptoms

DAolooteAexiaia GLU tpoPoAn EMKOWVWVEL LECW TIUPAULOLKWY V. PE pecodAowdn
DA 0606 otnv VTA . PUBwon DA otov pAolo. Eav urtoAettoupyikoi NMDA og GLU
dAoukeg ouvaelg tote n dAoloVTA GLU 066¢ umtepbpaotiptla . VTA GLU T
Evepyomnoinon twv oteAexlaiwv nup. v. Inhibition pAolkwv rup. veupwvwv (GABA)




Ellaithy et al.

Frontal

Apacn avooTOARG TwV

dAowwdwv mpoBoiwv GLU

Cortex

DLPFC

- -
" Lot 'S

o,

L]

hypofrontality

"h- == GLU unepbdpaoctnpiotnra
: evepyomnoinon VTA
GABA Kot €ToL peyain
OVaOTOAR TNG
pecopAolwdoug DA

o600

-

J
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GABA
evBOVEUPWVEG
dAolou:
OVOOTOATIKN
Spaotnplotnta
GLU mpog VTA :
UTIO K.O.
PuBuiletal n DA
dpaotnplotnTa
TPOG TNV
pecodAolwdn
KoL LECO-
LETOLYULOKNA

Tieploxn
-

~

Y

VTA



Oewpia TNC UTTOAELTOUPYLOC TOU

YAOUTOHLVIKOU OTOV EVKEDAAO : n XxpuoHh

AVTLYAOUTOOTEPYLKA cbow’ di®oi 11.X. PCP kau
Ketamine : NMDA vmtodoy)elc UTTOAELTOUPYOUV  ==p

Jpuxwon

Dapuaka tou guvdEovTal UE TO YAOUTOULVLKO :

BeAtiwon BeTIKWV KAl APVNTLKWY CUUTWHUATWY OTNV
oxloPppevela

MeAeteg veupoduaololoylag : UTtoOAELTOUpYLA TWV
NMDA umtoboxewv : mBoavov va e€nyet kaAvtepa

OoAo To paopa tne oxtllodpevikne YuyomaboAoyiog

29
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Finally, free radicals destroy the ceill

Avdapted with permmission from reference 1.




AUO KuplapxeC Bewplec ...



Nevpoavantuélakec Bswplec otnv
GXLZO(I)péVEla (Corroon, 2005)

(1) tpwiyo VEUpOoAVATITUELOLKO LOVTEAO :
eotlokn PAABn otnv npwiun (wn aAAnAsmidpa
UE TNV (pUatloAoyikn veupoavantuén :
EUPLOKETOL EV UMVWOEL LEXPL TNV ETTAPKN
wpLpovon Tou eykeEPAAOU TTOU EVEPYOTIOLEL TAL
SUGCAELTOUPYLKAL CUCTNHOTO (Murray & Lewis, 1987).

(2) oyiuo veupoavantuélokO LOVTEAO :
avwpaAio otnv mpoednPBikn nAkia Tov pruning
TWV CUVOYEWV (Feinberg, 1983).
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Maldevelopment

Apoptosis

Necrosis

EkdUALOLOG

FPhagoeyte
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Adapted with permission from reference 5.



FAOUTOQLLVIKO KOl VEUPOEKPUALOTLKO

HOVTEAO otnv oxt{oPppEveLD
To YAOUTQLVIKO EUTTAEKETOL KUPLOL OTNV
OLTTOTTTWOT TWV VEUPWVWV

YynAn cucowpeucon YAOUTAMULVIKOU OTOV EYKEDAAO
EUTIAEKETOIL OE VEUPOEKPUALOTIKEC OLEPYAOLEC

in vitro LENETEC :

* TAOUTOMLVIKO LoXupn VEUPOTOELVN

— KataotpEPeLl TOUG VEUPWVEC LECW ATIOTITWONG

Coyle & Puttfarcken, 1993; Lipton & Rosenberg, 1994;Behl et al. 1995;Zhang & Bhavnani, 2003



YnoA&ettovupyia TOU YAOUTOMLVLKOU EVOVTL
TWV VEUPOEEEAKTIKWY DEwpLwV oTNV
oxwodppevela
YrtotiBetal ot n Glutamate excitotoxicity otnv

epnPela odnyel o€ ATTOTITWTLKEC SLEPYOOLEC

XpovLo KATAOTAON UTTOAELTOU PYLOC TOU

YAOUTOMLVLKOU TTOU OUVTNPEL TNV oXl{OPPEVIKN
Juxomna®oAoyia og votepa otadla

“Two Hit Hypothesis”
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YxlloPppevela : Sev e€nyeltal povov amo pa diepyoaoia
Suoefe kTN 1 €KDUALOTLKN

Apoptosis - UTtOAELTOUPYLa YAOUTOULVLKOU -Necrosis.



Aoutapatepyikn untoBeon
KOlL OUYXPOVEC
Taoelc otnv Yuxodappakoloyila tne
oxwodpEveLlac




H uexpt toude amotuyia TwWV MEPAUATIKWY
okevaouatwy Oev exetL eénynvei

H yAoutapatepykn SUCAELTOUPYLA KOTA TNV
SLApPKELO TNC MPOSPOMIKAC PpACGNC KOl KOTA
TO MPWTO ENMELGOSLO Umopel va odnynoeL
o€ un avaotpePLun atpodia BaCLKWY
EVKEPAALKWY OXNUOTIOUWV




Mepikot aywvioteEC NIMDA : (stahl, 2009)

0 Oegpamneia excitotoxicity oe mpwipa otadia

B PCP and Ketamine: axi{oppevioydva
Pi memantine (76n xpnowomnoteitat otnv Alzheimer)
P Odppaka mou avactEANOUV TNV TIPOGUVOTTTIK
arteAevBEpwaon Tou YAOUTAMLVLKOU
®. Lamotrigine, gabapentin kat pregabalin.
P  Evavrtiov twv eAeuBépwv pLlwv

P vitaminE

P lazaroids

9/4/2020 40
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MuwvokukAivn

AvooTtpEdEL TNV eMidpaon Tou
avtaywviocpou tou NMDA
vrtodoxea amo to MK-801 o€
ETILMUEC

Neuponpootatsutikn dpaon
EvBappuvtika —aAAa pn
avarnapoxfevta- amoteAeopata

\ o€ oxwWodpevelc

L/




Qdppaka UTTO avamnTuén

Glycine/p-serine  Allosteric modulator of the Glycine, p-serine, Phase Il

receptor NMDA receptor

- p-alanine, p-cycloserine

Glycine-type | transport  Blocks the reuptake of Sarcosine, RG1678 Phase I/l
inhibitor glycine, akin to SSRIs’ ! f
- action on serotonin

; : 1 r

a Inhibitary glycinergic Excitatory glutamatergic

presynaptic terminal Clial cell presynaptic tenminal
b 5 2 - "
e S T \ | y A Clycine-B o _ L-glutamate
ClyT2 blockade impairs the reflling | ™

of vesicles and presynaptic elease B *

of glycine, and reduces pastsynaptic

inhibition via GlyR activation Y
i rae \

d

binding site
3

e Ambient
alycine
.

'

/| Inhibition of GlyT1 increases | |
ambient glycine concentration | |
and incseases NMDA receptor

Glal cell
' excltablity i

Qo @ay o Gyane oGuamae [ avr ([ woa IH,\Mm B VAT

Mature Reviews | Drug Discoveryd

FIGURE 2.
NMDA receptor co-transmitter D-serine is produced?®

g Glutamate

© 0-see T s L[
lial-D-SER-T

© U-serine Pieleaseiy ) ﬁe:m?atseela

P Glycine 1 /

K’%

NMDA= N-methyl-o-aspartate; GLY-T,=type-1 glycine ransporter, SNAT=specific neutral amino acid transporter; SHMT=serine hydroxy methyl ransferase; L-SER-T=L-
serine transporter; DAD=D-amino acid cadase; OH=hydroxy, D-SER-T=D-serine transporter.

Stahl SM. Essential Psychopharmacology. 3rd ed. New York, NY. Cambridge University Press. In press. Reproduced with permission. Copyright Neuroscience
Education Institute.

Stahl SM. CNS Spectr. Vol 12, No 6. 2007.




Redox sensitive site Allosteric modulator of the = N-acetylcysteine Phase i

NMDA receptor _ :
p-amino acid oxidase Inhibits the enzyme that Remains in preclinical stage
(DAAQ) inhibitors metabolizes p-serine
Tetrahydrobiopterin (BH,) ' Indirectly modulates Remains in preclinical stage

glutamatergic system :

MNMDA: N-methyl-D-aspartate; SSRIs: selective serotonin reuptake inhibitors

PCPor

2uv-petoBiBaoctng ketamine p
Glycine ' '
D-serine Trebon ( eprnopikn ovopacia )

D-cycloserine

R

CELL MEMEBRANE

Stone,2011



Hypoihetlcal Mechanism of Action of SGRI (Selective Glycine Reuptake Inhibitor)
in Schizophrenia: Enhancing Glycine Action on Hypofunctional NMDA Receptors

SGRI
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otk e:ical mechanism of action of selective glycine reuptake inhibitors (SGRI) in schizophrenia. Ano



ovel Glutamatergic Treatments for Schizophrenia:
AMPA Positive Modulator (AMPAkine)

vGIuT = presynaptic
metabotropic
receptor

(mGIuR2/3)

receptor metabotropic

Z receptor f kai
NMDA P g r:cggtt?)r postsynaptl
g receptor




MGIuRs

/OL group Il petafotporikol yAouTapLvikol \

vrtodoxeic ( mGIuRs) euplokovTtal
TPOGCUVOLTTTLKA OTOUC UTTEPOPAOTNPLOUC
YAOUTOLOTEPYLKOUC VEUPWVEC WG
ovtolmodoyeic yia vo puOuilouvv Tov ToVo
tou GLU

H evepyortoinon twv urtodoxewv BeATiwVEL
TG aVOV T CUUTTTWUATA TNC OXL{OPPEVELOC

\mGIuZRs: ekppalovtal Kol LETAOUVOTTTLKO
— gAeyyoc tn¢ anavinonc ota AY.




Ynodeon : oxt anokAeiouos touv NMDA
aAAa amoppUuBuLoN TNG MPOCUVATTTIKNG
areEAUIEPWONG YAOUTAUIVIKOU

eshotopeionde Bockspesmale | (MO8 | hae
e MGURLY gt

enuredo

Avaotpodn tng enibpaong PCP
& ketamine o€ mMelPAUATLKO

LY404039
TIapOHOLA

mGIluR2/3 :
auvtolmodoyelg
gumnodilouv TNV
aneAevBOepwon
YAOUTOLVLKOU

Aywviotic mGIluR5

\ mGlu autoreceptors co-agonist

Astrocyte

Glial signaling

t

ca2+

f

NAAG evéoyevi¢
ouleUKTNG TOU
mGluR2/3 .Awonatat
oo nentidaon .
Avoaotoléag tng NAAG
nentddon mbava
Bepameutikn Spaon
otnv oxwodpévela

mGlu autoreceptors
> ‘ co-agonist

Protein kinases

CUMMTWHOATLKNA
BeAtiwon

QTOTEAECUATIKO
TNTA OTNV l il

\_ W

MGIuRS5 : cuvevtomnion
 oxgodpeviry e NMDA vntodoxeic-
(Patil et al., 2007). EVILCXUCH TF]C 6Lév€p0nq

=\

Presynaptic terminal @ mGIuR
20r3

Presynaptic
inhibition

ca?* Translation ___ Plasticity
Transcription

Dendritic region

Kantrowitz JD & Javitt DC. Curr Psychiatry
2011;10:69-74


http://www.schizophreniaforum.org/pap/annotation.asp?powID=110431
http://www.schizophreniaforum.org/pap/annotation.asp?powID=110431

Hypothetical Mechanism of Action of mGluR2/3 Agonists
in Schizophrenia: Reducing Excessive Downstream Glutamate Release
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AmnoteAéopata : mMANPELS aywviote¢ NMDA

Figure 3. Summary of clinical trials performed to date with

full NMDA agonists combined with antipsychotics other than
clozapine. Studies were conducted using the amino acid glycine
at doses of 0.4-0.8 g/kg (30-60 g/d) unless otherwise indicated.,
Further details about individual studies are provided in (83).

CONSIST refers to The Cognitive and Negative Symptoms in
Schizophrenia Trial (132). Statistics were calculated as weighted
average of % change scores for negative symptoms, across trials.
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Javitt, D Isr J Psychiatry Rel Sciences 2010;47:4-16



D apHOKOAOYLKEC TIPOOTTTLKEC

% H €psuva TOU YAOUTAULWVLIKOU OTNV
dappakoBeparneia €dwoe veec KATEVOBUVOELC
oTnV KOAUTEPN Katovonon the maboyevelac tnc

oxl{loppEveLlOC

“  NMDA urnoboyeic €xouv onpeia culevénc yia
glycine, d-serine, ko glutathione.






Glutamate Theory and Recent Trends in
Molecular Medicine

(Lieber Institute for Brain Development; Daniel Weinberger, 2013)

1. Schizophrenia has numerous genetic, biological (non-genetic) and
environmental factors.

2. Abnormal genetic or molecular mechanisms >120 discovered so
far, associated with schizophrenia.

3. It is no longer realistic to have treatment base on a single or a
small number of factors.

4. Schizophrenia seems now to be a brain maturational disorder
that is caused by different genetic and none genetic factors; like
in Learning Disabilities; any group of factors can cause the
disorder.

5. The current tendency that individual schizophrenic patients are
assessed for their own vulnerability factors and treated on those
basis starting with personal genetic map for genetic effects.

6. Individualised treatment not single treatment for all.
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2XOALOL

H yAoutapatepylkn Bewpia otnv oxwlloPppevela eival ToAAd
UTTOXOLLEVN:

1)  Aev BaowWopeba povo oe plo Bewpla yia tnv EVPEC KOUWVOTOUWV

Beparmnelwv

2)  Katavonon tn¢ aAAnAemidpaonc YAOUTOULVIKOU KOlL LOVOOLULVWV

3)  Edappoyn otnv avamntuén dopuakwy yLa otkiAec PUXLKEC

Statapaxeckal emAnyia
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Glutamate excitotoxicity ko
NMDA umoAettoupyia otnv
schizophrenia d&v eivat cadnic
[lati ot mGlu2/3R agonists
EVEPYOTIOLOUV TNV
YAOUTOQUOTEPYLKN SpaotnpLotnta
EVW KOT ouolav LELWVOUV TNV

armeAevBEPwWON YAOUTOULVIKOU
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