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NEPIAHWYH

H oxioppéveia cival pia TTOAU OUVOETN WuUXIKN dlaTapaxr TOU KEVTPIKOU
VEUPIKOU OUOTAUATOG N oTroia TTAATTEl oXedOV TO0 1% Tou TTayKOOMIoOU TTAnBuopoU.
Xapaktnpei¢etal armd TANBWPA CUUTITWHATWY TTOU KATAYOPIOTTOIOUVTAl O€ BETIKA (OTTwG
weudaiobnoelg, TapaAnpnUaTikéG 10€€C), apvnTIKA (OTTwg eTimeda  ouvaicdnuara,
KOIVWVIKA attéoupon) Kal yWwolakd (61mwg dUOKOAiEG uabnong kai TTpocoxnig). Ta aitia
NG EPPAvVIONG TNG vOoou gival HAAAoV évag ouvOuaoudg TTapayovTwy, TOO0 YEVETIKWV
000 Kal TTEPIBAAAOVTIKWY, WOTOCO aITiwdn yovidia Tng acBévelag dev €xouv akOPa
evromoTei. EmmmAéov, TTapoTi n oxiICoppévela EXEl TTIPOOEAKUCEI TO €VOIAQEPOV TNG
TTAYKOOMIAG  €PEUVNTIKAG  KOIVOTNTAG yIa MPEYAAO OIAOTNUA, OAKOUA OTEPOUNAOTE
atroteAeopaTikwy  Bepatreiwv. Ol UTTOKEIMEVOI  POPIAKOI  PNnXaviopoi Tng vOoou
e€akoAouBouv va eival pévo ev PEPEN KATavonToi Kal €T01 T TPEXOVTA AVTIWUXWTIKA
QAPUAKA UTTOPET VO TTAPOUCIACOUV OOBAPEG TTAPEVEPYEIEG KAI OUCIAOTIKN JETARANTOTNTA
ATTOKPIONG METACU TWV ACOevVWV. 2TIG HEPES MOG €ival TTAEOV EUPEWG ATTODEKTO TTWG Ol
OUVOUAOTIKEG BEPATTEIEG TTOU OTOXEUOUV O€ TTOIKIAOUG UTTODOXEIG, iIowG €ival N atrdvinon
O€ PIA TTIO OTTOTEAECUATIKY) QVTIMETWITION TWV dIOPOPWY CUUTITWHATWY TNG VOoOU.

Katd tnv TeAeuTaia OekaeTia, N TTOAUTTAOKOTNTA TNG OOBEVEIAG 0E€ CUVOUAOUO HE TN
OIaBeCINOTATA  PEYAANG UTTOAOYIOTIKAG OUVANNG wBnoe TO evOIAPEPOV TTPOG TN
MaOnuaTIK govTeAOTTOINON TNG VOOoOU O€ TTANB0G UTTOAOYIOTIKWYV (in silico) epeuvnTiKwvV
TTPOOTTAOEIWY. APKETEG TTPOCTIABEIEC £QPAPUOYNS MOVTEAWY CUOTAUATWY BIAPOPIKWV
e€lowoewyv €xouv TrpaypaToTToinBei 1600 yia Tn digpelvnon TNG OUVANIKAG CUMTTEPIPOPAG
000 Kal TNG avaAuong Twv IBI0TATWY OTABEPOTNTAG VEUPWVIKWY KUKAWHPATWY KAEIOTOU
Bpdxou Twv oTToiwv N dUCAsIToUpYia TTIOTEUETAI OTI OXETICETAI UE TO CUPTITWHATA TNG
VOOOU Kal Ta OTToia €UTTAEKOUV DIAQOPETIKOUG TUTTOUG OIEYEPTIKWY KOl AVAOTOATIKWV
VEUPWVWV.

2.TN OUYKEKPIPEVN DITTAWMATIKY EQYOCiA ETTIXEIPOUPE APXIKA Wi avaoKOTInon TNG
ouyxpovng BiIBAIOypa@iag ava@opikd PE TOUG KUPIOUG BIOAOYIKOUG pNXaviopoug TTou
eEUTTAEKOVTAI OTNV TTaBoyéveon TNG vOOOU. TN CUVEXEIQ, €0TIG(OUUE OTNV TTAPOUCIaoH
TIPOOEYYIOCEWV POVTEAOTTOINONG QUVOUIKWY CUCTNUATWY VEUPWVIKWY KUKAWHATWY TTOU
€xouv TTpoTaBei Kal oxeTiCovTal e TN vOoo. TENOG, ETTIKEVTPWVYOUACTE OTNV UAOTTOINON O€
yAwooa Tpoypapuarioyou  Matlab, evog ouykekpiyévou POVTEAOU  VEUPWVIKOU
KUKAWMOTOG TOU TTPOUETWTTIAIOU QAOIOU TTOU OXETICETAI PE TA APVNTIKA KAl YVWOIAKA
OUPTITWHOTA TNG aoBévelag (Kal avaTrtuxlnke amd tov Tanaka) evw TTapdAAnAa
dlepeuvoUl e TN OUVAUIKA TOU CUUTTEPIPOPA KATA TNV PETAROAR Twv TTapapéTpwy Tou. O
KUPIOG OTOXOG QUTAG TNG €QAPMOYNG NATAV va avatrtuxBouv ol 10€e¢ aAAd Kal va
atToTEAECEI TN PACN VIO PIa HEAAOVTIKE IEPAPXIKA HOVTEAOTTOINGN N OTTOIO BA EVOWUATWVEI
MOVTEAQ VEUPWVIKWYV KUKAWPATWY € CUVOUAOHPO PE TA UTTOKEIMEVA HOVTEAD CUVATTTIKWV
QAIVOUEVWY HOPIOKOU ETTITTEOOU, YIA HIQ TTIO AETTTOPEPN MEAETN TWV TTOAUTTAOKWV
MNXQVIOPWY TTOU TTIOTEUETAI TTWG OXETICOVTAI E TN OXICOPPEVEIQ.
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AEZEIZX KAEIAIA: Neupwvikd KukAwparta, ZxiCoppéveld, Auvauikd@ ZUuoTAPATA,
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ABSTRACT

Schizophrenia is a very complex mental disorder of the central nervous system that
affects almost 1% of the world’s population. It is characterized by an array of diverse
symptoms, categorized as positive (such as hallucinations, delusions), negative (such as
flat emotions, social withdrawal) and cognitive symptoms (such as learning and attention
difficulties). The causes of the disease are believed to be a combination of genetic and
environmental effects, but no causal genes have been identified so far. Although it has
attracted the interest of the global research community, we are still lacking effective
treatments for the disease. The molecular mechanisms underlying schizophrenia are still
only partially understood and thus current antipsychotic drugs may present serious side
effects and substantial response variability among patients. It is currently widely accepted
that combination therapies targeting multiple receptors may be the answer to a more
effective treatment of the various symptoms of the disease.

Over the last decade, the complexity of the disease and the availability of
computational power has spurred a lot of interest in its mathematical modeling for the
purpose of in silico investigations. There are several attempts to use systems of
differential equations to capture the dynamical behavior and analyze the stability
properties of closed-loop neuronal circuits involving different types of excitatory and
inhibitory neurons, whose dysregulation is believed to be related to the disease
symptoms.

This graduate diploma thesis first attempts a review of the contemporary literature
regarding the main biological mechanisms involved in the pathogenesis of the disease.
Then it focuses on presenting an overview of dynamical systems modeling approaches
of neuronal circuits related to schizophrenia. Finally, it focuses on implementing in Matlab
a specific neural circuit model of the prefrontal cortex related to the disease (developed
by Tanaka) and explores its dynamical behavior when varying the model parameters. The
main objective of this implementation was to develop insights and form the basis for a
future multiscale modeling approach that will integrate neuronal circuit models with the
underlying molecular level synaptic phenomena models for a closer study of
schizophrenia-related mechanisms in silico.

SUBJECT AREA: Modeling of Biological Systems

KEYWORDS: Neural Circuits, Schizophrenia, Dynamical Systems, Mathematical
Modeling, Biological Systems



