ABSTRACT

Working Memory (WM) refers to the short-term maintenance of information while the
subject executes cognitive tasks such as learning and planning. Although many areas in
the brain are involved in the function of Working Memory, the Dorsolateral Prefrontal
Cortex and the Ventral Tegmental Area of the Midbrain, both being part of the
mesocortical dopamine system, seem to play an essential role in WM’s regulation. This
is believed to be so because dysfunctions in these two areas are linked with reduced
Working Memory performance and disorders such as schizophrenia.

Schizophrenia is a yet unexplained mental disorder with severe consequences in
patient’s life. Its symptoms can be grouped into three categories: (a) the positive
symptoms, including hallucinations and delusions, (b) the negative symptoms, including
decreased motivation and social withdrawal, and (c) the most common cognitive
symptoms, which include Working Memory deficits, as well as reduced attention and
learning. Among the many factors contributing to the disorder, the neurotransmitter
dopamine and its D1 and D2 receptors hold a prominent position, as dysregulation of
dopamine release and activation of these receptors is linked with the emergence of
schizophrenia’s symptoms. Their involvement is further backed by theories such as the
Dual-State theory of schizophrenia and the fact that traditional antipsychotic drugs
target especially D2 receptors.

Most computational models attempting to simulate the function of the mesocortical
system focus on the D1 receptor. The computational studies for D1 receptors fall into
two categories depending on the modeling level of the circuit. Biophysical models
concentrate on the Prefrontal Cortex representation and the indirect incorporation of the
effects of D1 receptors. On the other hand, neural mass models, describing the
average activity of neurons at the population level, attempt to simulate the entire
mesocortical pathway’s function, explicitly adding the effects of D1 receptors. However,
there are few studies exploring the role of D2 receptors and their interplay with D1
receptors. In addition, these works either build a biophysical circuit, which is inherently
complex or model only one receptor in their neuronal populations.

To address these limitations, we focused this research on modeling the interplay of D1
and D2 receptors and their concurrent impact on the mesocortical system and Working
Memory function. To that end, we developed a parsimonious dynamical network of the
mesocortical pathway using the neural mass approach. The model includes the
Dorsolateral Prefrontal Cortex and the Midbrain and their respective neuronal
populations and explicitly incorporates the relative activation of both D1 and D2
receptors.

The mathematical analysis and exploration of the model via simulation have shown that
dopamine releasability and the ratio of the two receptor sensitivities play a prominent
role in modulating the sustained activity of pyramidal neurons on delay-period. More
specifically, there is a range of values of both parameters where the system can
maintain a Working Memory representation. Conversely, too low dopamine releasability
or high sensitivity ratio values push the dynamical system beyond bistability, where it
can no longer maintain Working Memory items. Thus exploring the space of these two



parameters offers additional ways into interpreting schizophrenia’s symptoms and the
action of antipsychotic drugs.

NEPIAHYH

Me Tov 6po Acgitoupyikp MvAun (Working Memory, WM) voeital n BpaxutrpdBeopun
atroBrKeuon TTANPOYOPIaG, OC0 TO UTTOKEIMEVO EKTEAEI YVWOTIKA KaBrkovTa, OTTwg
MaBnon kal oxedlaopud Katrolou TTAAvou. MapdAo TTou TTOAAEG TTEPIOXEG TOU EYKEPAAOU
eEUTTAEKOVTAl  OTn Agitoupyia TG Aeiroupyikng  MvAung, o  PaxIOTTAEUpIKOG
MpopeTwTiaiog ®Aoi6g kabBwg kai n Kolhiakr) KaAutrtpikr Mepioxr) Tou MeoeykepdAou,
TA OTTOI0 ATTOTEAOUV PEPOG TOU PECOPAOIWDOUG CUCTHAMATOS TNG VIOTTAMIVNG, QAIVETAI
va TTaifouv onuavTikd poAo otn puBbuion Tng Aeiroupyikng MvAung. Autd ogeileTal oTo
OTI BUOAEITOUPYIEC QUTWV TWV BUO TTEPIOXWV £XOUV OUVOEDEI pe pelwpévn attddoon TNG
A&iroupyikng MvAPNG kai dlaTapaxEég OTTwWG N OXICOPPEVEIQ.

H oxifoppévela eival pia Tpog 1o TTapdv aveEnyntn WuxIkn diatapaxf ME oOPRapPES
OUVETTEIEG 0TN (W Tou acBevoug. Ta CUUTITWHPATA TNG PTTOPOUV va opadoTToIinBouv o€
TPEIG KaTnyopieg: (a) Ta OeTikd cupmTwuata TTou TrepIAauBavouv TTapalcBAoEIC Kal
auTtatrdreg, (B) Ta apvNTIKA OCUPTITWHOTA TTOU TTEPIAAMPBAvVOUV  PEIwPEV aioBnon
KIVIITPOU KaI KOIVWVIKI atréoupaon Kai (y) Ta 1o ouvABn yvwoTIKA CUPTITWUATA, Td
otroia TrepIAapPBavouv  diatapaxég otn Asitoupyiki MvAun, KoBwg Kal PEIWPEVN
OUYKEVTPWON Kal IKavoTnTa pdbnong. Avdueoa oToug TTOAAOUG TTAPAYOVTEG TTOU
eTnpedadouv Tn diarapaxr, o veupodiaBIBacTAg viotrapivn kail oi D1 kar D2 utrodoxeig
TOUu €Xouv egExouaa Béon, KaBwg duoAsiTtoupyia oTnv ameAeuBEpwaon TNG VIOTTAUIVNG
KAl OTAV EVEPYOTTOINON TWV TTPOAVAPEPBEVTWYV UTTOOOXEWY CUVOEETAI E TNV EUPAVION
OUUTTTWUATWY TNG oxICoppévelag. H ouUPETOX TOUG UTTOOTNPICETaI TTEPAITEPW OTTO
Bewpicg epunviag TG oxICoPpévelag OTTWG N Bewpia TNG dITTARG katdoTaong (Dual-State
theory), kabwg kai ammd TO0 yeyovog OTI Ta TTAPASOCIOKA QVTIYPUXWTIKA @ApPaKa
OTOXEUOUV KUPiwg Toug D2 utrodoxeic.

Ta 1epIoodTEPA UTTOAOYIOTIKA MOVTEAQ TTOU TTPOCTTIOO0UV VO TTPOCOMNOIWCOUV TN
AeIToupyia  Tou PECO@AOIWOOUG OUOTAUATOG €0TIAlouv oTtov D1 utrodoxéa. Ol
UTTOAOYIOTIKEG JEAETEG yIa TOv D1 utrodoxéa euTriTrTouv o€ dUO KATNYOPIEG avaAoya HE
TO €TTITTEO0 POVTEAOTTOINONG TOU KUKAWMOTOG. Ta PBIOQUOIKA POVTEAD ETTIKEVTPWVOVTAI
otn povtehotroinon Tou [lMpopetwiriaiou PAoIOU Kal OTNV €UPECN EVOWUATWON TWV
emOpAacewv Twv D1 uttodoxféwv. ATTO TNV GAAN PEPIA, Ta POVTEAD VEUPIKAG MAlag
(neural mass), Ta oTtroia TrEPIypd@ouv Tn péon dpacTnpPIdTNTA TWV VEUPOVWV OE
eTTiTTedo TTANBUCOUOU, ETTIXEIPOUV VA TTPOCOMOIWOOUV Tn AgIToupyia OAGKAnpou TOU
MeEcO@AOIWBOUG ouoTAuaTOG TIPooBETovVTag TIG €mdpdoelg Twv D1 utmodoxéwv e
aueco TpOTTo. QOTO0O, AiyEG UTTOAOVYIOTIKEG HEAETEG €PEUVOUV TO poOAo Twv D2
UTTO00XEWV Kal TNV aAANAeTTiIOpaor) Toug pe Toug D1 utrodoxeic. ETITTAEOV, o1 HEAETEG
QUTEG €iTe dnUIoupyouV £va BIoQuaoikd YOVTEAO, TO OTTOIO Eival €K QUOEWS TTOAUTTAOKO, N
MOVTEAOTTOIOUV POVO £€vav UTTOBOXEQ OTOUG VEUPWVIKOUG TOUG TTANBUCOUG.

lNa va avTigeETWTTIOTOUV AUTOI Ol TTEPIOPICHOI, €OTIACAUE TNV TTApoUCd E£PEuva OTN
MovTeAoTroinon TG aAAnAemidpaong Twv D1 kai D2 utmrodoxéwv kKabwg kai oTn
TAUTOXPOVN ETTITITWON TOUG OTN A€ITOUpPYia TOU PECOPAOILOOUG CUOTANOTOG Kal TNG
Aeiroupyikng MvAung. MNa 10 oKOTTO auTO, AvaTITUEaUE éva QPEIBWAO O€ TTAPAUETPOUG
(parsimonious) duVOUIKO JOVTEAO TOU HECOPAOIWOOUG CUCTAUATOS XPNOIUOTTOIWVTAG TN



MEBOGO veUPIKAG HAlag. To povTéNo TrepIExel TO PaxloTrAeupiko MpopetwTriaio PAoid Kai
T0 MeoeykéQaho Kal TOUG QVTIOTOIXOUG VEUPWVIKOUG TTANBuouoUug Toug, Kal
EVOWMOTWVEI JE APECO TPOTTO TNV EVEPYOTTOINCN Kal Twv dU0 uttodoxEwv D1 kai D2 g
VTOTTAMIVNG.

H paBnuartikry avaAuon Kai n eEepeUvnNOn TOU JOVTEAOU HECW TTPOCOUOIWONG £0€1EaV OTI
N IKavoTnTa ameAeuBépwaong TG VvTioTTapivng kai o Adyog euaicbnoiag Twv dUo
UTTOOOXEWV E£XOUV £EExovTa pOAo 0Tn dIaPOPPWON TNG TTAPATETAUEVNG OPACTNPIOTNTAG
TWV TTUPAMIDIKWY VEUPWVWY KaTd Tn Oldpkeia Tng TePIodou KaBuoTtépnong (delay-
period). Mo ouykekpiyéva, UTTApXEl £va €UPOG TINWV TWV OUO TTAPAUETPWY OTTOU TO
ouoTnua PTTopei va diartnpoel hia avatrapaoTtaon Asitoupyikns Mviung. AvtioTpoQwg,
TTOAU XAPNAEG TIMEG TNG IKAVOTNTAG ATTEAEUBEPWONG TNG VTOTTAMIVNG 1 TTOAU UWnAEg
TINEG TOU Adyou eualoBnoiag Twv dUo uTTodoxEwv wBoUvV TO BUVAPIKO oUCTNPO OF
TTEPIOXEG CUMTTEPIPOPAG OTTOU BeV gival TTAeov 0€ B€0n va dIAaTnNEROEl AVTIKEIUEVA OTN
NAeiroupyik) MvAun. ETTopévwg n €€epelivnon TOU XWPEOU QUTWYV TwV U0 TTAPAUETPWYV
TTAPEXEI TTIPOOBETOUG TPOTTOUG YIA TNV EPUNVEIA TWV CUUTITWHATWY TNG OXICOPPEVEING,
KaBwg Kal TN dpdon TwV avTIWUXWTIKWY QAPHAKWV.



