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Abstract

Research on neural circuit is a difficult area due to complexity and inaccessibility. Due to recent developments, the research using
multi-electrode array of cells or tissues has become an important research area. However, there are some difficulties to decode the submerged
meaning from huge and complex neural data. Moreover, it needs a harmonic collaboration between informatics and bioscience. In this paper,
we have developed a custom-designed signal processing technique for multi-electrode array measured neural responses induced by electrical

stimuli to the hippocampal tissue slices of the rat brain.

The raw data from hippocampal slice using the multi-electrode array system were saved in a computer. Then we estimated characteristic
points in each channel and calculated the total activity. To estimate the points, we used the Polynomial Fitting Approximation Method. Using
the calculated total activity, we could provide the histogram or pseudo-image matrix to help interpretation of results.
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Fig. 1. Image of attachment of 60-channel multi-electrode aray on the
hippocampal slice with thickness of 400um. The closest distance of two

electrodes is 200pm.
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[I. MATERIALS AND METHODS
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Fig. 2. Simplified model of single spike response from one electrode (arbitrary

unit, red dots: characteristic points)
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C. Direct Approximation Method
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Data acauisition |

MEA system
(64~CH, 25kHz)

data transform

stimulation
detection

characteristic point estimation
&

total activity calcuiation

1. direct approximation method
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Fig. 3. Signal processing procedure (Data acquisition from MEA
system, Data analysis using proposed 'total activity calculation
methods', Visualization of the result)
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Channel Systems)
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Fig. 5. The concept of Data analysis and Visualization methods. (A) Total
activity histogram (details in Fig. 11), (B) Unit time Activity (details in
Fig. 12), (C) Unit channel Activity (details in Fig. 13)
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(Fig. 6).

a D.IS 1' 1:5 é 2.‘5 3l 35
meec

38 6. XSAZ AE (XSS 24g) WIHE, AR A2 1)

Fig. 6. Detected normal stimulation artifacts (Minimum stimulus

artifact point: red dot, Threshold: black horizontal dash line)
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Fig. 7. The procedure of activity area calculation
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Fig. 8. The candidates of characteristic point(upper, red dots) and
finally selected characteristic points(lower, red dots)
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Activity Area Calculation
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AAZ G537 = gitaQl Aae] 542 ofFe} Zof v
E}-‘ﬁ e glu]—(o:] 7] /\-], Detected(t) = | Xﬂi kUS| g}}%, Signal(t)
& BAG F gu|d = ghg, Noise() = T2 5 on| gl 4
ofu]gic}).

Detected(t) = Signal(t) + Noise(t) @)
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E. Result Presentation

o] HollA& ALk total activity gk vlEko 2 A3 0] B3} 5
Ao} 452 ZF7}E presentation SH= " 4l| o 8}e{Normalization,
Histogram, Visualization®] <=4 & }A|3] A93s}5c).

Normalization
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A& 747t} Normalizationol| 4] ALg-5H= WH-& A Al 7}
A2le], A WAl e FEES w2 9l 1%9} 49
99%1}e]e] Hlolel wiow Faystel, 3 WA BE Az
Wiy} EEHAE AAEbe] z-value (sample mean / standard
deviation)E F3t3 1 3t& vlto 2 AAe] kg WA T
WA= A dlolg oA o] & Agtwt Hoighe Taled, 42403} 1
2 g3 e R] slojE] A Mtk AR RS doleE
Bz ¥ A she Aotk

to|E] 2] normalization2 T A3 ol A<} dlo]e o] ¥}
g B} A3 A5, o2 AE9 HlolHE A2 Blusly] H3
2% 5ol +49).

Histogram ]

o] @Al = total activityHlo| | 9] HIx S Ho] 7] g AL
2, Z2te] B ABEe ol ofd] AuEd A AFeT
(Fig. 11). o] 2 &l A&l 2]3} total activity] A3} Fd-S v
wE 3ok

frequency

fonitilEh, it Fiieh,
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Fig. 11. Histogram of arbitrary experiment (example)

Visualization

Visualization-& total activitye] 272 <] @A &L A 3}
s EFAZHA 9 A W activityE UER 1, THE S
&4 QoM AlzEE activityE Vet Axks 24 Ald
o] B4 Z pseudo colorg o] &3}e] Ald Ate]9] activation
T2 yog ¢ =S 3191 (Fig. 12), $2h= AlZHe] 589
w}E activatione] W3} P& AY  IEE &t (Fig. 13).
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. RESULTS
o]ZAANE oA EAH(end-point)E 7HE3ki, total
activity Z A4 98l Alte F daelES 2hzte] 446 gt
o} B8tk

A. Direct Approximation Method 3 7}

Direct Approximation Method ] end-pointi= £8 #kol} 23}
2 A 9] "tk o714 23 H end-point: total activity S 34+
sh=t] 7150] HE AHo| =g, A3 o] A= A
end-pointE ¢} 23} =] o) thalo], th229] 5709 A= 120
7h2l 23S P43 3le] 8071 response 2 T3 E 10718 AR
olHE uldeg HrRth g ¢ AddolHe Aw
(end-pointe} $]2))& AE7}el] 93] HrlE o] A=A

1) reference data<] /4, &}3tgk

2) moving average2] window 7]
3) $uAlel 14 971% 918 2eg
4) #0739 224 3718 A2 B

o 2
5) Z& wE

%7Ve AcFig 149 Zom Fga) A&l /M & £
& Al dneFE HF Pt

AF THE BPEe 2o s FIF AP oH HE H
7} Anpe B 85%, BEAR} 14% DX &-2 Bk (Fig. 15).
7t X g9 BEHUAPE E ol fe A9 F& BFo|f of2A
2|2 Q13 ] sjnle] H] FAHR] g0l F glon, FHoR A
A ® dlole e HIEFA FH7H B4 & 3tk

B. Polynomial Fitting Approximation Method 34 7}

Polynomial fitting curve S Sa}cd Al o sin} 255 A}
e Aol HAg Wzl dlsted ks Egith zbef
polynomial fitting curveZ} & dju} A 3.5 F3#3] wgst= A
Fepd 2.3.48 004 AHE uis} 2ol

Condition,

(1) 7+ AP ol A 2] Noise(t)$! Detected(t) Signal(t)'] A
ko] 0olofof 32,

(2) 77 nAPUjol| 4 9] Signal(t)e] 2 £3ko] 00]ojo} gt

(3) 28} 1 7+ AP} nAPo A 2] Noise(t) 22 4 d(same
standard deviation)-2- 7}4] o} g},
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O 12. EF Azl s 22X
Fig. 12. Activity distribution for a time of interest. 8x8 pseudo-color
image matrix of unit time activity

7133} 7o) Fitting curver} = djju} A& E 53] wkadslA
Hhd, condition (1)¢] %77 condition (2)¢] 37 00] & A
o]n, condition (3)¢] AHEE 10| € Aolrh sy 2182 &
& 7% 5, fitting curve/t A 2 A A 55 WG] RalA,
ou|7k gl Alert 2 g Azehs SR o] FdlA
& ndE A5 2o Y52 2rlgt.

ololz MelH 12case (152sec / lcase, 60channel / 1sec, 3
total activity value / 1 channel)o\A8] z}zte] H71 Axe
Table. 13} 2t}

B 1. chabeigte] At ot
Table 1. Evaluation of Polynomial fitting

Calculated value Ideal value
Condition(1) - mean 0.29 +0.74 0
Condition(2) - mean -0.22 £0.11 0
Condition(3) - correlation of std. 0.76 £0.21 1

Fol| A Aok EA7 742 2 total activity 7]
z}z}ke] 7)ol whet ket

N e Pe——

p Fhirda

ADDINOOD
~
o

=
Ty

1 10 19 28:37 46 55 64 73 82 91100109118
The combination of the conditions

a8 14, 92} el =l cist "ot 27t
Fig. 14. Result of the evaluation of threshold decision of each combination of
conditions
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Fig. 13. Activity change for a channel of interest

IV. DISCUSSION
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o] 570l ulg} o) 27} LA S 3271 ) 8425k Polynomial
fitting approximation method= Al4tefo] 2 11, EAH S A4t
st Alzte] AA Al (15229 13] A8 X441k < 142t
ol), Folut Aol BAglo] FAE) wleta A A9
£0)%} 9] 23| A] Polynomial fitting approximation method
o] o] Hoh AA g Wl A 2tk S| 5 1ol = Bt
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Fig. 15. Result of evaluation on 10 data groups using finally decided threshold
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Approximation MethodZ o]2-3}¢d, stress hormone?] 4Z<]
synthetic glucocorticoid hormone$] Dexamethasone2- 2] 3}
A control=} ¥ w3l Bk} Dexamethasoneo| 3fjr}ol] 1}z &= o
sfe ofn] B Y 2[12], alste] CA3- ol & &4 & 7H4 2
&R0 oA Qo wekd 9 CAIR RS £402 Q9
sivtel 7154 MOl = Ma1E /A 2 Aol i 278 7
&p712 gr}. 71 A3, Controlo|A] &= 2417kl 4] SA7E Alo] ufl - <t
A&l A159] WS 1ol wksle], Dexamethasone #2] < o)
£ A 2 $HE CAIFEo|A BolA o2 A 57}t 713 Bk
I, Mg A ek A Al7to] EEA AT SHsH e dAdS B
AT 949 A2 Ho} CA3L) &40 = Q18] excitotoxicity7}
ot HH ol s & U

y] djule] excytotoxicityel] 2|3} cell deathe] 2H&-2- 3l
Dexamethasone 9+&x]8] & 3 3u} B9 9] responser} # A
W57} 5213 treatment case?] 23} Fig. 163 2t}

Stirnulus Stimulus’

18 16. DexamethasoneX{2| M=} F2| &M T Hat
Fig. 16. Activity change for treatment (before and after Dexamethasone
treatment)

V. CONCLUSION

£ =704 MEA system$ 0] 83t i gjn} A2 21 4S
A ejell ] ThE3IT} MEA systemel|A @oj71 o1 5.9] H|
olE}E Ak FHAFol didld AT o, HolezRE
total activity 2 AlArsh= F 7[R B2 o) tale] 270819 2,
B e o s vt dlo|El o)A £ A& Frohll = 34 of white
noise]| tha) A= polynomial fitting method7} 9 455 28
3] Wk BPAA = W2 Az Ulo] o2 §lo] FAshs A S W
¢l Ao 2 o AZI)

B ATZ ulgro g o] %o = MEA systemel] 2]&+ &l 2=
of] 71Q1%t activationg Fdsl= A ]9, i sful Al FH
of 2pdAR1 Al g Ao YA G F& Al Sdhe Lol o gjnt
sliced] 54 A Aol A= pulsed 713t & F53 239
responser| 7+ 22 single spikeo] ©]3} transmission
tracking2 5-510] 3 2w} AFol| 4] neurond] Wi} £3E, A&
BAEEFEASE T U FEE LS T AE A E 7|gdrt
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