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Dynamics of biological neural network and information processing
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The representations of outer world in the brain are considered to be undertaken by spatiotemporal activity
patterns of neuronal circuits. The neuronal activity patterns were identified when specific activity pattern appeared
repeatedly and reproducibility in living neuronal network. In this study, we analyzed the transition of the internal
states of the rat hippocampal neurons cultured on a multi-electrodes-array (MEA) dish. Neuronal network activity
was measured from 64 electrodes on the bottom of dish and detected spike in each 5 ms time window. Electrical
activity pattern at a certain 5 ms time-window-width was represented as a 64-dimensional “0-1”" feature vectors.
Using X-means algorithm, 64-dimensional feature vectors were classified into “ pattern repertory ” based on the
spatial distribution of activity. In addition, we analyzed the optimal time-window-width that expressed the most
information. As a result, the living neuronal network expressed much information in 30-40-ms-width-time-window.

1. XLU®IC

OB ERNIEIE, %D =2 —u v RS 1 fiE
HHEICB T 3 BHERIGE Y — v IC ko TEHIRTW 3
[Kandel 2012]. 7 v MBI BIEERICE TIBEINICZAL
T 2 EEREIN 2 A5 A1 & o TSRS 3 2 M B M 23T
THIEDPHEINTED, MR E T 2 ERERDH
BT 2 EEZ 5N T\w5 [Kudoh 2009]. MHEEIEEAE D K22
MY =V BTS2 2 L 1d, MOBHROZ EYT 2 LT
REBECTH S, T, WEPHIT 208101, HFEM
REBLREDIKRELBEboTED, ZENRIGE S5 — DR
JRITiE, HREEHORMANY -V EET 3 I ENRBEN
% [Tsodyks 1999]. HF&MEri#EE S IEB) I AT o M FL1E
FIC k> THRAL, 4525 DAL TFET 2 BN TS
FCHEN, Hind /)4 XDL) RbDTidE L, MoBH
BHUCEHBRL T3 LTERSE SN, ZoRlkEZ2M2 2 L IFEHE
TH 5, EROICEWTIEE—D AT L THT L HFE—
DHEIDPIBEENBRTIERL, *v b7 —7 ODNTFIREICHKTE
U CHIRICZLT 5, ONERRBORGFN RIE X, ALK
BV AT ATIREREELEN TCOREVRETHZ LS X 5.

D AL O J5E I % R § 2 LRI/ N 2 E T L & L
T, 7v MEEOBERERIVENTH 5. KM 64 DM
/NP 2 fiff 2 785250 (MED 7u—7) kico v M
PTG % 2 B s U C IRl 2 B SR IC PR s 9, M
NI ED S Ml AL 2 R I 2 ST 2 2 2T, &y
N =0 ¥4 F I ARTBT M ERIGE O R 2GR 2
ERcbh 7> TS 2 2 L3 TE 3,

AKIFFETIE, MORBENLRBEBECRFE L 2/ M E T L & L
T7 v MEEAESFER Y, BRSNS Y —
DB & LR M2 WREE L 72,

g MH S50, BPEABER A AR A > 2 7 & TRk}
PHFEETRE 22985 (NI-Lab) , JedR=HMYRE 2 T
H 1 #&Hh, 079-565-7244, fnq66885Qkwansei.ac.jp
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2.1 v NBESEIESE

B89 23t 18 HEH (Embryonic day 18, E18) @
4 A% —2v b (JCL:Wistar, HA&Z L 7) IBROHERE XD
B, MY LB %2 Ca?t-Mg?t K& vy 77—
(PBS™) IciEial, 3EFAYF—av L, 05% ) 7
> v EDTA IR R BAEIRIE 0.175% L 2 5 k) iz, &8%
2ml & L7, 20, 37°COV 4 —F—NNZATL100M MY 7
VAR T o 7, L iR R s u—=v 7 ) v
Wl E 30 FEICHYS S 2 @20z, 37°C-5%CO,
DAY FaX—FNTEHEL, 2-3 HE ZIHEEROZZ T
7o, ARWFFECHH L 2B oMl % DT iR g, g c
% % DMEM/F12 with 25% HEPES, Glutamine (Thermo
Fisher Scientific) (DL T DEECKUSINYI %2 N Z.7-.

o £ a2V (sigma) 5 pg/ml
o R= VY- ZAFL 7 <AL (Thermo Fisher Scientific)

100 unit/ml - 100 pg/ml
o HRVAMFE (Thermo Fisher Scientific) 5%
o JEIME (Thermo Fisher Scientific) 5%

AHFRICBIT S, BMERICEHT 22 TOFREICONT
W&, TBEVO2EBE R B B B ) ICHEIL L, B SEERTR
HEDKRZ R ETiro 7z,

2.2 HRABMZREHIS AT LA

A% 0] % 8 o> &G B o F10 0 e A % R
(MED64, 7V7 7 Ay YA VT4 749 7) ZHEALE.
% HEMmEEENL (MED 70 —7) (Zhhiic 8 x 8 THE X
N7z 64 OB/ EM &, ZOI/MINCEIE S 1z 4 oz
W % F5 o 7Rk e RS eh b, BHNIE - THikeE ST
BOREIRETH 5, 7L A ¥4 XX 3.15 X 3.15 mm, &
FRIEEREE I 450 pm, FERRY A4 X1d 50 X 50 pm D b D%
7. ARFECIE, HRES 18 HRFEE 31-37 H H ORI &2 &
B FRMEMRESIGE % 30 2MFHI L 72, EXGHINCERL, 5
T % MPE A EEER AT (Rec. Sol.) (KB L 7.
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WEIEL Z 84 7 oHIIZ, a5 3 v /53 Lab-
VIEW % H\W» Cfis CHME BT L 2@ 7a 77 22 v
7=, BHH 71 79 LTH % Spike Recorder (SPR) # H\»
T, MED 70— 7 DRIl Z &N 7z 64 ffOBNFRIEMI
THHHI L 72 R ESISE O T — % 2 BUG L 7. Fo il
BT =506 234 i 71 75 5 TH % Spike Counter
(SPC) #H\T, %5 ms DA LTRSS, 7 OHFES
JGIZ 0 2 1 DR BEHRITHE R V2R L 72,
MRRERISEI O % 64 BIRD & DRFE KBTS N T
W3 EAL, ZORMEREBIET 2 L, BEoOMIE»—F
WIEE T2 %Y b7 =IO N=Z MHLBZEBED XL~
EFREFERT MM NMEFEKBLD B AL > LD L T2,
Z 2T, 64 BRSO RNA T HEAE L b 0% MREANE
BNERTAHDE LT, ZOEANSAL I7ED 1 RKILTF—F
FTHRIIR LTI IAZ ) v 7 REHL, MRRERIGEI Y —
vERAEb o7, ZORR, RIBOLEEL TEEBD 7 5
AR I Tz, Fiz, A4 Z7BRHOKEZAREZ 5 ms 2
5 10 ms, 20 ms & A7 IRRDOBFEKEIH L TH 7 7 A%
V7B, L% D7 I RS RERT B RERIEZ B
U7, AW ClE, KEZREZ 100 ms AT, 77 A
&V v 7 FEEICIE X-means %2 V72, X-means i IZFHRN
IZ 2-means 7 7AY YV I HFETTHIETIIRYY VT
BIF) T =B L7 I A BEREBT 22 LT RETH
% [Pelleg 2000]. X-means iETlE, 7 7 A% OFHRIIZEIE
XA XEHREHEE (BIC) 2605, £/, K-means 7
FAY ) v 7T OYIMEREDOREZ 5 O TVL B 7, AT
ZETIFRTAUE & LT KKZ #2358 L 72 [He 2004].

3. ERER-EXR

MHRELIEE ) 5 SPCIZ X > TEKL 72 64 KITD 0-1 K
HRT P VITBWT, %5 ms REAIRT 64 Bl 5 DFK
BretitL, 201007 —2 128 L€ X-means %% v 3
ZETRY PP RBIBRKBODE I TR )T
7o, T OWE, FAEEGFT 2BRORHAIEE 10 ms, 20 ms
EIEIELTWE, 100 ms ETCHEELHENT 27 7 25 H o
BeBlgL e (Fig 1). KEBROEE L & bicHiank
75 AZEUIEIML T E, 30-40 ms fHOE TR & o 74
WA A AR SN (Fig. 2) . 7 7 AV EPRAL
o -HHATIE, *v b= BRRT BBy —v OfF
Fhmb L kb tEILOND,
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Fig. 1: 7 7 A7 B o#eEo—#l (E18DIV31) .
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Fig. 2: ‘P97 7 A8 o, N=5, T 7 — N—|3FHEE,
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7 v MBI EMREEREIC B VT, BREMRERY
o S ERR L 7270-17 DR 7 bV 2 fENT L 72, M58 o
W KEE Xy b7 =7 O L Z 7HF, 5 ms ORI
THEBR L TOWIRERZ L i Db, #930-40 ms DRFIE
WX BEHTICBLTIRD S DI FRAYEDEEI N, 2D
HEEIE TS C OEBPRBIND 5 2 EBRRE N, FHD
R = L= ) —Z2HBER L 02 TREENTRIR X
nir,
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