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Retinal ganglion cell activity recording

v

Waveform detection for activity

v

Waveform alignment

v

PCA projection

v

Clustering

v

Results

Fig. 1. Schematic diagram of sorting process for retinal gang-
lion cell waveform.
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MEA 1060
amplifier

MEA

PC based
data acquisition board
+ MC_rack software

Fig. 2. Data recording system:
MEA60 system. (a) Components

of MEA60 system. (b) Multielec-
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trode array (MEA) composed of

e

8x8 arrays. 1: Connector con-

tacts to the MEA 1060-AMP, 2:

Specimen slide with electrode fi-

eld (8x8). (c) The MEA 1060-

AMP is a 60- channel pre-ampli-

fier/filter amplifier designed for

the signal extraction from electro-

physiologically active biological ti-

ssue. (d) Retinal piece attached

on MEA (left) and real time re-

cording window using MC_Rack
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a Raw data
100 - g ;
50 ; i
i P " 3 ¥ dretiduapin, ' W
s M s Il
< -50
(]
E -100
G -150
E -200
-250
-300 ]
1150 1200 1250 1300 1350 1400
Time (msec)
b Signal detection ¢ Waveform alignment
Action potential detection from raw data Sorting overlay
1007 | Window extent . 200 7 ‘
* Rost detectioh~ . | i s s |
S 100 ..
< 0 Detection event < 0
2 Action potential detection level 2 ;
o =50 8
3 \ 3 -~1001
T;:_ -100 ?;; J
< \ / < ~200 i
-150 ; d :
-200 \ =300 - : fy/ S R """"" """
-250 -400 : . . -
25 3 3.5 4 4.5 5 10 . 15 20 25 30 35 40
Time (msec) Time (40 usec)

Fig. 3. Spike sorting process. (a) Spontaneous retinal ganglion cell activity recorded with one’ of MEA channel. X axis: time (msec),
Y axis: amplitude (12V). (b) Signal was detected when the original recording data crosses the detection level. Duration of window
was set with 1,600 usec. (c) Waveform window shows the superimposed waveforms (n=1,853) aligned at the threshold crossing
times.

While (n<=m—35) I Y B
if (rawdata (n, 2)<=—34)
time (k)=rawdata (n, 1); - = _
amplitude (1 : 40, k)=rawdata (n—10 : n+29, 2); ol 7Rl Al Q] B B whebe] AR AA LA &
k=k+1; FTHAR W3E 3, AAAE Fslo] i A2 A7z|
e Ak Hatlineo] ¥ Aol it AAAAZ WS §
n=n+1; ol ON Hb3-, OFF ¥hg-, ON-OFF uh-$-o] Stk Z&
x

Agor 8 ol AFAA et AAPALY A
718 A AFE F2 AN ME gkl 2do] P2
olglch. 2Elu debe T Qe AEES AT A%
7+ Zk(Time samp)& HojFo] 1 e ¥ T AATer Ho glolA F4H Hejel] Y AFe] 7}
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AL S Agstel WatAAAMNE HPete] A

Fig. 4 MATLAB M-files for waveform sorting.
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a Sample waveform

Amplitude (uV)

-350

f f
5 10 1 20 25 30 35 40
Time (40 usec)

c Clustering

2nd principal component

90 -5 0 5 10 15 20 25
1 st principal component

b Projection

2nd principal component

~15 1
-10 -5 0 5 10 15 20 25
1 st principal component
d Clustering wave

Amplitde (uM)

T
5 10 15 20 25 30 35 40
Time (40 usec)

Fig. 5. Waveform detection from PCA-based Cluster. (a) Waveform window which shows all 1,853 waveforms. Each waveform is
composed of 40 sampling points. (b} 2D projection of PCA-based clusters. Each 1,853 cross bar represents each waveform of (a).
(c) Two user chosen clusters (A and B) were shown. (d) Two waveforms which represent two PCA-based clusters were shown with
different colors. (¢) Time stamps which are real time values (msec) when each waveform fires.
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FollA AH&-3 MATLABY: AHEAl7E 878t 7159 4
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Waveform Sorting of Rabbit Retinal Ganglion Cell Activity Recorded
with Multielectrode Array

Gye Hwan Jin*, Tae Soo Lee*, Yong Sook Goo'

Departments of *Biomedical Engineering and TPhysiology,
Chungbuk National University Medical School, Cheongju, Korea

Since the output of retina for visual stimulus is carried by neurons of very diverse functional properties, it is
not adequate to use conventional single electrode for recording the retinal action potential. For this purpose,
we used newly developed multichannel recording system for monitoring the simultaneous electrical activities
of many neurons in a functioning piece of retina. Retinal action potentials are recorded with an extra—cellular
planar array of 60 microelectrodes. In studying the collective activity of the ganglion cell population it is
essential to recognize basic functional distinctions between individual neurons. Therefore, it is necessary to
detect and to classify the action potential of each ganglion cell out of mixed signal. We programmed M-files
with MATLAB for this sorting process. This processing is mandatory for further analysis, e.g. poststimulus
time histogram (PSTH), auto-correlogram, and cross—correlogram. We established MATLAB based protocol
for waveform classification and verified that this approach was effective as an initial spike sorting method.

Key Words: Multichannel recording system, Retinal ganglion cell, Spike sorting
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