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“ AvaAuon Twv HoTiBwV §paotnpLOTNTOC OTLG EOTLOKEG ETULANTITIKEG KPLOELG
Xpnotponotwvtag 1o 4-AP povtélo”

NepiAnyn

H emAnyia emnpedlel mepinou 1o 3% Tou maykoopLlou MANBuopol. Xapaktnpiletal amno
™V enavalappBavopevn eudavion CUYXPOVIOUEVWY EEOTIAOUATWY TNG SpaoTNPLOTNTAS
TWV VEUPWVWYV, TI EUPEWC YVWOTEC ETUANTITIKES Kploels. QoTO00, N KATAVONON MAG yLo
TO TWG Ol VEUPWVECG aAANAoemISpouv yla va TapPAyouV N KAVOVIKN AEltoupyia Tou
SKTUOU oV 06Nnyel oTNV ETUAETTTOYEVEDN ELVaL TTIEPLOPLOKEVN. Elval AoLmov onUavTko va
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kataAdBoupe moleg alayEg oto SIKTUO Tou eyKEPAANOU EMULTPETIOUV QUTAV TNV UPNAAQ
ouoxeTlOopevn Spaotnplotnta mupodotnoswv va eudaviotel, va efeAxBel, kal va
emavaAndBel. Na v HEAETN TOU OXNUATIOMOU KOl TNG €EAMAWONG TWV ECTLAKWV
ETUANTITIKWY KploEwV, xpnotpornolnonke to 4-AP povtélo, éva a&lomioto LovtEAo ogelwy
E0TLAKWY ETUANTITIKWVY Kpiloewv Tou veodAolol. Xpnoluomolwvtag Seiktn acBeotiou
GCaMP6s o€ melpapata pkpookormiag SUo pwrtoviwy, eEeTA0TNKE N SpacTNPELOTNTA TWV
ETUUEPOUG VEUPWVWVY TOU ETUTESOU 2/3 TOU MPWTOYEVOUC OMTIKoU GAoLoU KATA TnV
Sldpkela eotlakwyv Kplogwv mou mpokAROnkav amnod tnv éyxuon 4-AP o€ moOVTIKOUG.

Xpnowuomotovvtat &vo pebBodoloyieg yla tnv aviyveuon TEPLOSWYV ONUAVTLIKAG
Spaotnplotntac: n pa Bacllopevn otnv avayvwplon dtaotnudatwy Bopufou ota orjpata
dBoplopol ToU KABe veupwva, Kat n AAAn, n Aeyoupevn Avaiuon [OCOTIKNC
EnavaAnyuotntag (RQA), mou amotelel éva oxupo epyaleio Baollopevo otnv
TOMOAOYIK) avAAUcn Tou Xwpou ¢acswv Twv unofookoucwv Suvapikwyv. OL &uo
HEBOBOL avixveLOUV EMITUXWE TNV Evapén/AREn meplodwv onUavTKnG dpaotnplotntag,
HE OKOTIO TNV QVASELEN TWV UNXOVIOUWV TWV ETIANTITIKWY KPIOEWV KAl TNG OELPAC
EVEPYOTOINONC TWV VEUPWVWVY OTLC TIEPLOSOUC QUTEC.

Emiong, avaAvetal n Aewtoupylky ouvOECLUOTNTA TOU OSIKTUOU XPNOLLOTIOLWVTOG
VPadoOeWPNTIKEC HETPIKEG, OTIWC O KOVOVIKOTOLNUEVOG Babuog ocuvdeouotntag, o
ouvteAeotng cuotadomoinong, aAld kat To affinity, pla LETPLKA TTOU EVOWUATWVEL TNV
XPOVLKI) OUOXETION TwV TUPOSOTNCEWV TWV VEUPWVWVY O €va uTtodiktuo, yla tnv
afloAdynon T ouvelodopdg Kal TNG EMLPPONG TWV VEUPWVWV OTNV CUVEECIUOTNTA TOU
Siktbou pLag eupuTepn meploxn. H availuon tng mapoloaG Epyaciog amoKAAUTTEL TNV
Sopn TwV AELTOUPYLIKWY SIKTUWV TWV VEUPWVWYV UETA TNV TOTIKN £€yxuon tou 4-AP, tnv
ONUAVTIKA aU&NOoN TNG XPOVIKAG CUOXETIONG TWV TUPOSOTHOEWV TWV VEUPWVWY,
UTIOYPaUUIlOVTAG TNV EMLPPON TOUG OE HLA TIEPLOXN KOVTA OTO CnUElo €yxuong tng
ouolag. Emiong, ouykpivel ta eupnuata HeE AANEG OIKTUOKEG OPYLTEKTOVLIKEG,
oupnepAapBavopévou Tou AELTOUPYLKOU SIKTUOU KATW amd KAVOVIKEC ouvOnkKeg (mpwv
TNV €yXUON OUCLOC TIOU TIPOKAAEL TIC KploEeLg), KaBwg Kal pe ypadoug ou €xouv oadpwg
oplopevn doun/popdn.
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“Analysis of the Activity Patterns in Focal Cortical Seizures using the 4-AP model”

Abstract

Epilepsy affects about 3% of the worldwide population. It is characterized by the repeated
occurrence of highly synchronized and unprovoked bursts of neuronal activity, known as
seizures. However, our understanding of how neurons interact to generate the abnormal
network activity patterns that underlie ictogenesis is limited. It isimportant to understand
what changes in the cortical circuit allow a highly-correlated firing state to emerge,
evolve, and recur. To analyse the emergence and spread of focally initiated seizures, we
used the 4-aminopyridine (4-AP) model, a well-established, reliable model of acute focal
neocortical seizures. Using the calcium indicator GCaMP6s with in vivo two-photon
cellular microscopy, we examined the activity profiles of individual neurons in layer 2/3
(L2/3) of the visual cortex during focal seizures induced by 4-AP injections in mice.

We identify significant activity epochs in this context using two methodologies: a novel
methodology based on the identification of the noise intervals of the fluorescence signal
of each neuron, and another one based on the Recurrence Quantification Analysis, a
powerful tool based on the topological analysis of the phase space of the underlying
dynamics. Their results are consistent in terms of the presence of significant activity
epochs and their duration. These approaches enable the identification of the onset of
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events of significant activity, aiming to dissect the mechanisms of seizure initiation and
recruitment of neurons within the field of view.

We also characterize the functional network connectivity using graph-theoretical metrics,
such as normalized degree of connectivity, clustering coefficient, and weighted clustering
coefficient. To capture the contribution and influence of a neuron to the connectivity of
the network within a larger region, we introduced the affinity, a belief-propagation-based
metric, that integrates the pairwise temporal correlation of the firing events of neurons
in a sub-network. The analysis reveals the structure of the functional networks after the
4-AP injection, the significant increase of the temporal correlation of neurons, and the
influence of neurons in the region close to the 4-AP injection. It comparatively examines
the findings with other network architectures, including the functional network of the
control (prior to the injection) as well as random graphs with well-defined structure.



