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» Epilessia, modelli in vitro e razionale sperimentale
= Registrazione di attivita epilettica in vitro con matrici di microelettrodi (MEA)
= Controllo dell’attivita epilettica in vitro (1): OPEN-LOOP

= Controllo dell’attivita epilettica in vitro (2): CLOSED-LOOP
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Attivita cerebrale abnorme, sincrona ed improvvisa
Crisi epilettiche spontanee ricorrenti
Sintomi sensoriali e/o motori
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U-Penn & Mayo Clinic
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Epilessia e modelli in vitro

Epilessia del Lobo Temporale
(Temporal Lobe Epilepsy — TLE)

global population epileptic population TLE patients
» 1-2% LLE
/ 40% drug
_ = _ ' resistant

IL MECCANISMO ESATTO AD OGGI E SCONOSCIUTO IPPOCAMPO - KEY PLAYER

. . Hippotampus
Insulto epilettogenico s @f
TLE cronica ‘

periodo latente (anni...) in
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| EPILESSIA E MODELLI IN VITRO
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Epilessia del Lobo Temporale
(Temporal Lobe Epilepsy — TLE)

QUALI INTERVENTI TERAPEUTICI?

Farmaci anti-epilettici

Neurochirurgia

Deep-Brain Stimulation (DBS)
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Epilessia e modelli in vitro

Modelli in vitro di TLE

Tessuto nervoso (fettina)
B strutture anatomiche & circuiti neuronali fondamentali

Trattamento farmacologico & disconnessione anatomica

® aumento di attivita neuronale
= jpereccitabilita

Registrazioni elettrofisiologiche

" potenziali di campo (attivita di network)
= pattern elettrico simile ad EEG di paziente TLE
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Epilessia e modelli in vitro

Modelli in vitro di TLE

sano Il loop ippocampale TLE

INPUT filter INPUT filter
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Epilessia e modelli in vitro
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Modelli in vitro di TLE

OUTPUT gate

INPUT filter

OUTPUT gate

INPUT filter
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Registrazione di attivita epilettica con matrici di microelettrodi (MEA)
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Controllo dell’attivita epilettica in vitro

Razionale sperimentale

OUTPUT gate OUTPUT gate

INPUT filter INPUT filter

OUTPUT gate

e N B
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Controllo dell’attivita epilettica in vitro

Strategia sperimentale

OUTPUT gate

e 0

INPUT filter

SIMULAZIONE DEL PATTERN RICONNESSIONE FUNZIONALE
Neuromodulazione open-loop Neuromodulazione closed-loop

\Struttura target /
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Controllo dell’attivita epilettica in vitro

Mappatura elettrodi
regioni d’interesse (ROI)

I Conversione dati formato *.mat I

I Selezione elettrodi stimolanti I

Distribuzione eventi

I Selezione elettrodi feedback I

Distribuzione surrogata (STIM)

Stimolazione OPEN-LOOP

Stimolazione CLOSED-LOOP
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Controllo dell’attivita epilettica in vitro

Mappatura degli elettrodi rispetto alle regioni d’interesse (ROI)

4 SliceGUI — X

Pre processing Seizure Detection Tool 2

01 Mapping Electrodes
02 Plot channel of structures
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Controllo dell’attivita epilettica in vitro

Mappatura degli elettrodi rispetto alle regioni d’interesse (ROI)
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Controllo dell’attivita epilettica in vitro
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Mappatura degli elettrodi rispetto alle regioni d’interesse (ROI)

[] Detaut Structu reer Structives

st Selezione:
. - > = tipo sezione
- - * RO

\\. \ \.Y\ \ f/ // /// (‘7
N\ e
R \ Qo e
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Controllo dell’attivita epilettica in vitro

Conversione dei dati in formato *.mat

4 SliceGUI — X

Pre processing Seizure Detection Tool 3

01 Multiple MCD converter
02 Filter raw data

03 Join MatFiles
4\ Select the MATLAB file with the labeling of the electrodes X
= v N « 01 > 01_LabellingElectrodes v O Search 01_LabellingElectrodes R
Organize ~ New folder =~ ™ @
Name Date modified Type Size
« . ) .
LabelingElectrodes.mat 09-Feb-18 17:38 MATLAB Data 1KB 4 ROl_select _ %
ROI SELECTION
File name: |LabelingElectrodes.mat v | MAT-files (*.mat) ROI(s)
Open Cancel (Oca3
()EC
(OPC
(O suB

Go!
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Controllo dell’attivita epilettica in vitro

(1) OPEN-LOOP - emulazione di pattern neuronali = distribuzione eventi

MATLAB EXPO 2018

| CA3Distrib_GUI

Browse Folder |
Select electrodes labels file |

120170606 _slice02_01_CTRL1_0017\
CA3

20170605_shice02 01 CTRL1 0017 67.mal
120170606_slhice02_01_CTRL1_0017_87 mat

EC

20170606_shice02_01_CTRL1_0017_1amat A
20170606_shice02_01_CTRL1_0017_22 mat
20170606 _shiced2 01 CTRL1_0017_23.mat

CTRL1_0017_24 mat
20170606_shce02_01_CTRL1_0017_72 mat

v

hoild ON

CA3-driven 'fast’ interictal activity distribution tool

plot
QO
_+ | add segment

delete segment j
reset segments

n of segments 0
tot duration [s] 0.00

|| |threshoid  +|

min interval [s]

tMin
tMax

At
threshold

bin size [s] 025

compute!
SAVE
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Controllo dell’attivita epilettica in vitro

(1) OPEN-LOOP - emulazione di pattern neuronali = distribuzione eventi

& LASLISTND_GUI

Browse Folder |
Select electrodes labels file |

120170606 _slice02_01_CTRL1_0017\
CA3

[20170606_siice02 01 CTRL1 0017 67.mat A
201T0606_slice02_01_CTRL1_0017_67 mat

EE
[20170606_slice02_01_CTRL1_0017_14mat  a
[20170606_slice02_01_CTRL1_0017_22 mat
120170606 _slice02 01 CTRL1_0017_23 mat

20170606 _siice02_01_CTRL1_0017_72 mat

~

I  hold oN

Voltage [1V]

CA3-driven 'fast’ interictal activity distribution tool

imline Q)

_+| add segment
delete segment =

reset segments.

n. of segments | 0
tot duration [s] 000

_|_|_ |threshold ~ +
1| min interval [s]

At
threshold 77453

bin size [s] 025

compute!
SAVE

Browse Folder |

Select electrodes labels file |

120170606 _slice02_01_CTRL1_0017\
CA3

[201T06DE_shced2 01 CTRL1 0017 67.mat A
20170606 _siice02 01 CTRL1_017_87 mat

EC

[20170606_siice02 01 CTRL1 D017_14mat A
120170606 _sice02_01_CTRL1_0017_22 mat
[20170606_siice02 01 CTRL1 0917 23.mat

[20170606_shce02_01_CTRL1_0017_T2.mat

~

Jhold OFF [T L

CA3-driven 'fast’ interictal activity distribution tool

1000 - "&] INSTRUCTION - X

4 @ DOUBLE CLICK INSIDE SELECTED AREA TO CROP TRACE

[ ]

Vollage [1V

Time [s]

“
Q

j add segment

imrect

delete segment

reset segments
n.of segments | 0
tot duration [s] 0.00
_|_|_ |threshoid  +
min interval [s]

tMin 2720972
tMax 3246 6644

at 525 6924
threshold 787 50

binsize [s] 025

compute!
SAVE

4\ MathWorks
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Controllo dell’attivita epilettica in vitro

(1) OPEN-LOOP - emulazione di pattern neuronali = distribuzione eventi

& CA3Distrib_GUI

Browse Folder

Select electrodes labels file

\20170606_slice02_01_CTRL1_0017\

CA3
20170606_shce02 01 CTRL1 0017 67.mat A
5_slice02_01_CTRL1_0017_87 mat
v
EC

20170606_sice02_01_CTRL1_0017_14mat
20170605_shice02_01_CTRL1_0017_22 mat
20170606 _shice02 01 CTRL1_0017 23 mat
120170606 _shce02_01_CTRL1_0017_24 mat
20170605_shice02_01_CTRL1_0017_72 mat

v

LLEeld  hold ON

CA3-driven 'fast’ interictal activity distribution tool

1 2 3 n_of segments 3

fot duration [s] 955 40

_I_|_|threshold  +|

min interval [s]

tMin  3687.1888
tMax 3950 3139

At 273.1251
threshold 787 60

binsize[s] 025

MATLAB EXPO 2018
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Controllo dell’attivita epilettica in vitro
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(1) OPEN-LOOP - emulazione di pattern neuronali = distribuzione eventi

Browse Folder ] K
Select electrodes labels file |
0.16
120170606_slice02_01_CTRL1_00171
CA3
014 -

012 -

EC
[20170606_siice02_01 CTRL1 D017_1amat A
[20170606_siice02_01_CTRL1_0017_22 mat
[20170606_shice02 01 CTRL1_0017_23 mat

[20170606_shce02_01_CTRL1_0017_72 mat

R _hold ON

CA3-driven 'fast' interictal activity distribution tool

B

& 11 BINNING 1! - x

Ideal bin size according to Freedman-Diaconis is 0.5 which one would you
like to use? 1

Cosom s s

n

oot |

Y

Jpr—

of segments 3

tMin | 3687 1888
tMax 3977 9348

At 290 7461
threshold 67 11

bin size [s] 025

compute!

SAVE

4 reset segments

tot duration [s] 995.58

_|_I_ | threshold hd

-| min interval [s] | 025

MATLAB EXPO 2018

4 CA3Distnb_GUI

Browse Folder |
Select electrodes labels file |

120170606_slice02_01_CTRL1_0017\
CA3

20170606_shce02_01_CTRL1 0017 67.mat__ A
20170606 _slice02_01_CTRL1_ 0017 67 mat

EC

20170606_shce02_01_CTRLT_0017_14mat  w
20170606_slics02_01_CTRL1_0017_22 mat
20170606 _slice02 01 CTRL1 0017 23 mat

20170606_slica02_01_CTRL1_0017_72 mat

IEI paf

v
[EFEGE _hold ON

Voltage [;.V]

CAZ3-driven 'fast’ interictal activity distribution tool

W

n. of segments 3

plot

QI

_+| add segment

1 ~ -

reset segments

tot duration [s] 995 58

_|_|_ | threshoid B

min interval [s] 025

: . r T tMin 3687 1888
N 0 3100 0 33 3401 3500 0 3700 00 3900 tMax 30779348
Time [
A 290.7461
threshold 57.11
binsize[s] 05
| | - -
T
2 30

23
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Controllo dell’attivita epilettica in vitro

(1) OPEN-LOOP = emulazione di pattern neuronali

4 surrogateStim 0.45 - lognormal distribution
GENERATE STIMULUS FILE
FROM SURROGATE DISTRIBUTIO ' [ Real data
Fitted real data
Select the *.mat file containing the event intervals 0 35 ‘:l Surrogate data
".mat - Fitted surrogate data o
define stimulation parameters
select event interval variable O ; :
amplitude 100| |units ~
Ewidth [bs] [l units
pA
define distribution binning paramete 0 25 stimulation time [s] 1200

define bins [s] min || bin size | max =[]

o
N

define stimulation parameters
load from file |select bins variable

Normalized
(@»)
o

tamplitude 100| |units ~
defi timulati t width [ps] 100 [Ibiphasic
ehine sfimulation parame ers stimulation time [s] 1200/ |distribution  ~
pulse amplitude 100 | units 0.1 distribution
i . normal
pulse width [|JS] 100 |:| b Ll w lognormal
0 05 i gamma
total stimulation time [s] 1200] distr ' Poisson
0 - = T = T T 1
Quit | GENERATE STIML 0 5 1 O 1 5 20 25 30
bins [s]

Quit | t TIMULUS FILE!|

MATLAB EXPO 2018
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Controllo dell’attivita epilettica in vitro

(1) OPEN-LOOP - emulazione di pattern neuronali

A
UL EEEETEEEErrree teerrere feerr FEPeee Py |
|100 uV
Esportazione serie di
10s pulsi in ASCII file
B 0.15 _ C 0.15- STIM.txt
> | I >
= 0.11 = 0.1 *
L 0
3 3
£0.05- ©0.05-
o o
0 05 115 2 25 3 35 0 056 115 2 25 3 35
IEl duration [s] IEl duration [s]

MATLAB EXPO 2018
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Controllo dell’attivita epilettica in vitro

(1) OPEN-LOOP - emulazione di pattern neuronali

MC Stimulus 11 - [MC St|m1] . MC_Stimulus Il - [20170606_slice02_STIM_CA3distrib.txt] — X
Fil Edi STG B hoSi Vi Wind Setti ‘Eile Edit STG Batch Signal View Window Settings Help - &8 x
e it atcl 1ana lew inaow ettings
3 J |ﬂ| %llﬁl =ik T‘lﬂlblll STG! Connect | [ Programmec: [ Sweep ’=|’=|’=|’=|’=|’=|'=|'=|Voltage Range: Current Range
New Ctrl+N Channel: | Last Download Cont. Maode Qutput Mode Download Channel Download Sync Cormment
Open... Ctrl+0 SignalLength; 1769137525  On  Voltage M1 T2 34|12 [35[4
rnax. Amplituce: 250 pA,
Close min. Amplituce  -250 A ® Off ® Curent s [6 [ 7 [ 8 s [ 6 [ 7 [ &
Save Ctrl+S Channel 1 l Channel 2 l Channel 3 l Channel 4 l Channel 5 l Channel 6 l Channel 7 l Channel 8 l Sync 1 l Sync 2 l Sync 3 l Sync 4 l Sync 5 l Sync 6 l Sync 7 l Sync 8 |
Save As.. Pulse valu | Uni| time | Unit] valu | Uni| time | Unit | valu | Uni| time | Unit | Row r | Group ~
1 |rectangular | 250 |pA | 100 |ps HA Hs HA Hs
ASC R 2 |rectangular | -250 |pA | 100 |ps pA ps pA ps
Import IlFile... 3 |rectangular |0 HA | 5661 |ps HA Hs HA Hs
E)(port ASCI File... 4 |rectangular | 250 |pA | 100 |ps pA ps pA s
5 |rectangular |-250 |pA | 100 |ps HA Hs HA Hs
= 6 [rectangular | 0 pA | 2798 |us pA ps pA ps
+
Print Ctri+P 7 |rectangular | 250 |pA | 100 |ps HA Hs HA Hs
Print Preview 8 |rectangular | -250 |pA | 100 |ps pA ps pA s
) 9 |rectangular |0 HA | 6961 |ps HA Hs HA Hs
rectangular s s s
Print Setu 10 gular | 250 |pA [100 |p A W A I
11|rectangular |-250 |pA {100 |ps HA Hs HA Hs
12| rectangular | 0 pA | 5529 |us pA ps pA ps
13|rectangular | 250 |pA 100 |ps HA Hs HA Hs
14| rectangular | -250 |pA | 100 |ps pA ps pA ps
15| rectangular | 0 WA | 7753 |ps HA Hs HA Hs
1Al ractanmuilar 1980 [0 (400 ue Ty ne wh e v
800
700
600~
500~
400+
300
200
100+
= I
100+
=200~
-300
-4 o
500 4
-E00
=700~
-800 -
r T T T T T T T T T T T T T T
00:00:00:000 00:02:00:000 00:04:00:000 00:06:00:000 00:08:00:000 00:10:00:000 00:12:00:000 00:14:00:000 00:16:00:000 00:18:00:000 00:20:00:000 00:22:00:000 00:24:00:000 00:26:00:000 00:28:00:000
t(hh:mm:ss:zzz)
+ & a | ® | 13| @ | 4| chi[” Che[ Chil Che[” ChE[ Ché[ Chi[~ Che[~ [~ Sync| Sync| Sync[ Sync[ Sync|  Sync| Sync
Ready |sTG: [ NUM

MATLAB EXPO 2018
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Controllo dell’attivita epilettica in vitro

(1) OPEN-LOOP - emulazione di pattern neuronali
A A B

700- o 700 A m
| cTRL1 | W0 |PP@1Hz| cTRL2 | LOGN | CTRL3 [PP@1/GM| CTRL4 | — mSTH@ 1/6M a®
600- 600 J®STIMLOGN "
|
B 500- 500 a"n"
PP@1H b4 @ m,"
CTRL1 I\HIIII\%HIIIIIII% LT LT i 8 400- % g 400 n . : . -
e o : ; LU
20e 0-300{ ®=— —u 2 300 - s
= c .I g *
CTRL2 LOGN 200 200 - l| £ 200
L T T A A O O I N A B I [N ._'___-——-—. c
’HH“HHHM‘H‘HM 1004 100 -+ |. 150
lm"l” | | 5 6 7
0 0 [ ] time [min]
CTRL3 PP@IGM STIM STIM 0 5 10 15 20
’ T 1/GM LOGN time [min]
CTRL4 C
=0 = 0.5* =
T s o= 0.5'mu o = mu
N I ol mrmmner e A0 00t ne
Y I QI W gl rrnn
C1 2 S I T 1T T T glirumi i mel
151 10+ e T e 7 {CUCTI I 7 e i
o = B[ HHEHTTHIT = | W V=g Rl
2 8 754 S T T = T T R T AT T = R T A R T R R TN WA RT
£104 ] = oalommmmmmmmn] Foal nmmr o | Fa LU M
= 504 S I 3UC T 0T T e
B ] r 20T 200 e 2 o
< © o5 A AL e A[cmn e oo
MRAN RN LR AR MR BRI | AN RRARN RARRE MRS ALY ML | LARRN RARE RN RAARN RS RARR ]
i ) im S 0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60
CTRL1' STIM CTRL2' STIM 'CTRL3' STIM CTRL4" STIM ' STIM ' STIM Time [s] Time [s] Time [s]

1Hz LOGN

MATLAB EXPO 2018
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Controllo dell’attivita epilettica in vitro

(2) CLOSED-LOOP - ponti elettronici

Simulink environment

Ponte UNIDIREZIONALE Ponte BIDIREZIONALE

g :

bl
@l
_

S
.1‘-:.@5 "
7

:\:
3
ofi
<

fo—\
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Controllo dell’attivita epilettica in vitro

(2) CLOSED-LOOP = ponti elettronici Nl 7
Mc_Rack PC :

stim

STG 2004

PCB

IN-1

= 0DQQ — =

Simulink® PC

=

MATLAB EXPO 2018
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Controllo dell’attivita epilettica in vitro

Ponte UNIDIREZIONALE

(2) CLOSED-LOOP - ponti elettronici NS ({077

Drigital
| Output
Digital Qubput
" o " R o ‘L_—| B 7025 Mational Instrumsents
Event detection Time since last event Memary Enatiling PCI-6255 [auto]
condition
r r
n ¥
In1 Outl
Analog . "
Inpat Stimulation L

Analog Inputl
Mational Instruments
PCI-6255 [auto]

b S

Scopei

MATLAB EXPO 2018
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Controllo dell’attivita epilettica in vitro

Ponte UNIDIREZIONALE

(2) CLOSED-LOOP - ponti elettronici

500 uV

" _

BRIDGE

CA3 . V’\ CTRL2

wrrm

e
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Controllo dell’attivita epilettica in vitro

(2) CLOSED-LOOP -» ponti elettronici AL || Nl L
Mc_Rack PC S N
<N LA e,
%;l el s NIV
; .. W ~
t t
r STG 2004 N
i i
9 g
g g
e e
r r
1 2 =
custom PCB

Simulink® PC

MATLAB EXPO 2018 g
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Controllo dell’attivita epilettica in vitro

2) CLOSED-LOOP = ponti elettronici Il A asaJulidil A
P x
= S (/
Nt
.f{//'o io 'o \..: ./—./ eofe .
SIGMNALS BC EC
Triggered Signal
33
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Controllo dellattivita epilettica in vitro

Ponte BIDIREZIONALE

(2) CLOSED-LOOP = ponti elettronici

MATLAB EXPO 2018
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Controllo dell’attivita epilettica in vitro

0 BIDIR O
(2) CLOSED-LOOP - ponti elettronici . e e
ﬁ_ Tine since lastevenl  Memory  Ensbling = / 1 — bs
candiion N 2
./—://'o io ° \.; ./:/ ole 4

work in progress...
MATLAB EXPO 2018
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Controllo dell’attivita epilettica in vitro
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