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(57) ABSTRACT 

This invention relates to a loW impedance cell potential 
measuring electrode assembly typically having a number of 
microelectrodes on an insulating substrate and having a Wall 
enclosing the region including the microelectrodes. The 
device is capable of measuring electrophysiological activi 
ties of a monitored sample using the microelectrodes While 
cultivating those cells or tissues in the in the region of the 
microelectrodes. The invention utilizes independent refer 
ence electrodes to loWer the impedance of the overall system 
and to therefore loWer the noise often inherent in the 
measured data. Optimally the microelectrodes are enclosed 
by a physical Wall used for controlling the atmosphere 
around the monitored sample. 

24 Claims, 10 Drawing Sheets 



U.S. Patent Feb. 4, 2003 Sheet 1 0f 10 US RE37,977 E 

624:) L40 

(71 4\2 

3 41 

“O 
000 
GOG 
000 
O0 
000 
00° 
000 
006 
00° 
000 
600 
000 

O 

1 

Fig. 



US RE37,977 E U.S. Patent 



U.S. Patent Feb. 4 2003 Sheet 3 0f 10 



U.S. Patent Feb. 4, 2003 Sheet 4 0f 10 US RE37,977 E 

7 ‘7% 
1 2 

1 0 1 2 

1 8 

1 0 
1 Q 

12 6 

1 2 12 

7 

F1 g . 4 

1 1 c (1011) 

H1 1 (1 o) 

7\ 
1 6\;<\\\\\\\\\ 
1 5/-///////// 

13\ 

// 



U.S. Patent Feb. 4, 2003 Sheet 5 0f 10 US RE37,977 E 

8 

80 

6B 

_ J* 

O ()0 

1 00000000 (00000000 0 

ft 

00000000 000 00000 

000 

====mv========= 9 W.» F ,, x ‘Q M x// \\\\ m w w W x‘ w,“ W O 
m \ \ , ,(mm W 5225;; k O 

0 000000 00000000 
00 

///////1 /l/ 
L_ 



U.S. Patent Feb. 4, 2003 Sheet 6 0f 10 US RE37,977 E 

90 

90 9b 

Fig. 8 



U.S. Patent Feb. 4, 2003 Sheet 7 0f 10 US RE37,977 E 

@ .wE 



U.S. Patent Feb. 4, 2003 Sheet 8 0f 10 US RE37,977 E 

VV___ _ . _ _ _1 

Z 

IILYIFLILIFIFIFLILIPIFIFL Ll IFIFL LIFIFIFLILIPIFiFLILIFIFI Li I l IFLILI .-TI-K-?-ILLFIL-F-KKLLL-Fvrli-K-KL-K-KL- ‘-EIJICT-1;-K-I:TI.-KL-£+tlrlY-K;“,+.1-TIL1 ITTIFTL+i++i-i++i++i+1+i+++i+++T "I; 
3 .wE 



U.S. Patent Feb. 4, 2003 Sheet 9 0f 10 US RE37,977 E 

.IIIIIIIIII. .llllllvnlli 

"ii-ll. "lll'l. 

Fig. 11 



U.S. Patent Feb. 4, 2003 Sheet 10 0f 10 US RE37,977 E 

AMP1 

AMP2 

AMPS 

OOOOC 

00000000 
OOOOOOO 
OOOOOOO 

OOOOOOOO 

OOOOOT 
AMP55 

AMP56 

(r0 
/ 

0000000 
00000000 

Fig. 12 



US RE37,977 E 
1 

CELL POTENTIAL MEASURING 
ELECTRODE AND MEASURING 
APPARATUS USING THE SAME 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

FIELD OF THE INVENTION 

This invention relates to a loW impedance cell potential 
measuring electrode assembly typically having a number of 
microelectrodes on an insulating substrate and having a Wall 
enclosing the region including the microelectrodes. The 
device is capable of measuring electrophysiological activi 
ties of a monitored sample using the microelectrodes While 
cultivating those cells or tissues in the in the region of the 
microelectrodes. The invention utilizes independent refer 
ence electrodes to loWer the impedance of the overall system 
and to therefore loWer the noise often inherent in the 
measured data. Optimally the microelectrodes are enclosed 
by a physical Wall used for controlling the atmosphere 
around the monitored sample. 

BACKGROUND OF THE INVENTION 

Cell potential measuring apparatus have been developed 
to measure the activity or electrical potential generated by 
activity of nerve cells, other cells, or tissues (for example, 
Japanese Kokai 8-62209) Without inserting glass electrodes 
or the like into the cells. 

Measurement of cell potential by inserting a glass elec 
trode or the like into the cell may damage that cell. Long 
term measurement of cell potential is quite dif?cult. It is 
further dif?cult to measure plural positions simultaneously; 
there is a limit to the number of electrodes one can place in 
a measurement electrode array and it is similarly dif?cult to 
adequately determine the position of the sample over mea 
surement electrodes. In contrast, use of a cell potential 
measuring electrode having plural microelectrodes on a 
substrate (having a Wall for enclosing a region including the 
microelectrodes), alloWs cultivation of the cells Within the 
region enclosed by the Wall and the simultaneous measure 
ment of the potential of plural positions Without damaging 
those cells. 

These cell potential measuring devices measures cell 
potential against a reference. One such Way is discussed With 
regard to Kokai 8-62209. When 64 microelectrodes are 
arranged in eight columns and eight roWs, theoretically, by 
using one microelectrode as the reference potential (that is, 
as a common reference electrode connected to the potential 
of the culture medium) the cell potential of the other 63 
positions can be measured simultaneously by using the 
remaining 63 microelectrodes. 

HoWever, When measuring very loW level or micro 
potentials such as cell potentials, noise is a problem. Noise 
level varies signi?cantly depending on the selection of the 
type and location of the reference electrode. As mentioned 
above, When using one microelectrode as a reference 
electrode, simultaneous measurement of potential at 63 
positions by using the remaining 63 microelectrodes is 
impossible because of the high noise level. When the 
reference electrodes and measuring electrodes correspond 
one-by-one to each other, the potential may be measured at 
a very loW noise level state; But if 64 microelectrodes are 
used, for example, corresponding to 32 reference electrodes 
and 32 measuring electrodes, only 32 positions can be 
measured simultaneously. 
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2 
In theory, though, one must limit the number of reference 

electrodes in order to simultaneously measure the potential 
at as many positions as possible. 

As shoWn in FIG. 12, eight microelectrodes in one roW are 
used as reference electrodes and seven measuring electrodes 
each are correlated to each of the reference electrodes, so 
that the potential can be measured simultaneously at 7><8=56 
positions. If 56 microelectrodes are used as measuring 
electrodes, i.e., by using eight microelectrodes in one roW as 
reference electrodes, the loss of measuring sites is about 
12% as compared With the case of using all 64 or 63 pieces 
as measuring electrodes. HoWever, even When seven mea 
suring electrodes are used With one reference electrode, the 
noise is still quite large. It is quite dif?cult to detect a small 
change in cell potential from the noise. 

Moreover, as shoWn in FIG. 12, When placing a segment 
S of cell or tissue on the plural microelectrodes, the segment 
S should not be placed on the roW of microelectrodes used 
as reference electrodes. Such a placement requires skill and 
is dif?cult because the segment S must be held by tWeeZers 
and moved While observing the segment through a micro 
scope. It is extremely dif?cult to place the segment S so that 
the eight microelectrodes in one roW are completely 
exposed, While the remaining 56 microelectrodes be com 
pletely covered With the segment. If the segment S is placed 
to completely expose the eight microelectrodes in one roW, 
usually some of the remaining 56 are exposed, and hence the 
number of positions for simultaneous measurement is 
decreased. 

SUMMARY OF THE INVENTION 

The invention is intended to solve such problems. This 
invention provides a cell potential measuring electrode less 
susceptible to noise and is yet capable of simultaneously 
measuring the potential at many positions by effectively 
utilizing all of the available microelectrodes if the position 
ing is not very precise When placing the segment of cell or 
tissue to be measured. 

The cell potential measuring electrode of the invention 
preferably includes plural microelectrodes on an insulating 
substrate, a conductive pattern for connecting the microelec 
trodes to some region out of the microelectrode are, electric 
contacts connected to the end of the conductive pattern, an 
insulating ?lm covering the surface of the conductive 
pattern, and a Wall enclosing the region including the 
microelectrodes on the surface of the insulating ?lm. The 
inventive reference electrodes have a comparatively loWer 
impedance than the impedance of the measuring microelec 
trodes. They are respectively placed at plural positions in the 
region enclosed by the Wall and often at a speci?c distance 
from the microelectrodes. The electrical contacts are further 
usually connected betWeen the conductive pattern for Wiring 
of each reference electrode and the end of the conductive 
pattern. The surface of the conductive pattern for Wiring of 
the reference electrodes is typically covered With an insu 
lating ?lm. 

According to this invention, since exclusive reference 
electrodes are provided at plural positions distant from the 
region of plural measurement microelectrodes, it is easy to 
place the segment of cell sample to cover all microelectrodes 
While not contacting With the reference electrodes. The 
reference electrode Would typically have, for example, a 
larger area than a measurement microelectrodes and hence is 
smaller in impedance. Therefore the noise level is small 
even if connected to plural reference potentials for measur 
ing positions. Therefore, common reference electrodes can 
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be used With multiple measurement microelectrodes. 
Moreover, since each one of the plural reference electrodes 
is responsible for multiple measurement microelectrodes, 
the cell potentials may be easily measured simultaneously 
using all of microelectrodes. 

Preferably, the plural reference electrodes are placed at 
nearly equal distances from the plural microelectrode region 
and at intervals of nearly equal angle. By “intervals of nearly 
equal angle”, We mean that When the plural microelectrode 
region is vieWed from above, the plural reference electrodes 
extend aWay from that region in equi-angular rays. More 
preferably, the plural microelectrodes are placed in a rect 
angular matrix, and four of the reference electrodes are 
provided on an extension of diagonals of the region holding 
that rectangular matrix. In such a symmetrical placement, 
the noise level to each microelectrode is averaged. 
As a speci?c example, the microelectrodes are situated in 

a matrix arrangement in a rectangle having sides of, e.g., 0.8 
to 2.2 mm (in the case of 450 pm microelectrode pitch) or 
0.8 to 3.3 mm (in the case of 300 pm microelectrode pitch). 
Four reference electrodes are situated at four corners of a 
rectangle of 5 to 15 mm on one side. More preferably, 64 
microelectrodes are disposed in eight roWs and eight col 
umns at central pitches of about 100 to 450 pm, preferably 
100 to 300 pm. 

In order to set the impedance of the reference electrodes 
to be sufficiently smaller than the impedance of the 
microelectrodes, the area of the reference electrodes is 
preferably 4 to 25 times (particularly preferably 16 times) 
the area of the microelectrodes. As a speci?c example, the 
area of each of the microelectrodes is preferably betWeen 
about 4><102 and 4><104 pm2 and the area of each of the 
reference electrodes is preferably betWeen about 64><102 and 
64><104 pmz' 

Preferably the microelectrodes and the reference elec 
trodes are formed from the same material to both simplify 
the manufacturing process and obtain a cost bene?t. 
Preferably, the microelectrodes and the reference electrodes 
are formed of layers of nickel plating, gold plating, and 
platinum black on an indium-tin oxide (ITO) ?lm. After 
platiniZation, the impedance of the reference electrodes is 
preferably betWeen 2 and 3 kilohms. 

The insulating substrate (for example, a glass substrate) 
may be nearly square. Plural electric contacts may be 
connected to the end of the conductive pattern and prefer 
ably are placed on the four sides of the insulating substrate. 
As a result, layout of Wiring patterns of multiple microelec 
trodes and reference electrodes is easy. Because the pitches 
of electric contacts may be made to be relatively large, 
electric connection through the electric contacts With exter 
nal units is also easy. 

The microelectrode region is usually very small. When 
observing the sample through a microscope, it is hard to 
distinguish position and both vertical and lateral directions. 
It is desirable to place indexing micro-marks near the 
microelectrode region to alloW visual recognition through 
the microscope variously of direction, axes, and position. 

The most preferred cell potential measuring apparatus of 
this invention is made up of a cell placement device having 
cell potential measuring electrodes, contact sites for con 
tacting With an electric contact, and an electrode holder for 
?xing the insulating substrate by sandWiching from above 
and beneath. In a variation of the invention, a signal pro 
cessor may be placed near the microelectrode matrix or 
region. The cell potential measuring electrodes may be 
connected electrically to the cell placement assembly device 
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4 
to alloW processing of the voltage signals generated by the 
sample and measured betWeen each such microelectrode and 
the reference electrodes. The cell potential measuring 
assembly usually includes a region enclosed by a Wall for 
cultivating sample cells or tissues. It also preferably includes 
an optical device for magnifying and observing optically the 
cells or tissues cultivated in the region enclosed by the Wall. 
This cell potential measuring apparatus preferably further 
comprises an image memory device for storing the magni 
?ed image obtained by the optical device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram shoWing an entire structure of 
a cell potential measuring apparatus according to the inven 
tion. 

FIG. 2 is an exploded vieW of a cell placement device 
including the cell potential measuring electrode of the 
invention. 

FIG. 3 is a partial plan vieW shoWing an example of 
microelectrodes in the central part of the cell potential 
measuring apparatus and a conductive pattern for its Wiring. 

FIG. 4 is a plan vieW shoWing an entire structure of a cell 
potential measuring electrode. 

FIG. 5 is a schematic diagram of a section of a cell 
potential measuring electrode. 

FIGS. 6(A) and 6(B) are respectively is a plan vieW and 
a side sectional vieW shoWing a state of ?xing the cell 
potential measuring electrode by sandWiching With upper 
and loWer holders. 

FIG. 7 is a perspective vieW of the cell potential measur 
ing electrode and upper and loWer holders in FIG. 6. 

FIG. 8 is a side vieW of contact metal ?ttings provided in 
the upper holder. 

FIG. 9 is a Waveform diagram shoWing noise level in the 
case of 50-micron square siZe of reference electrodes pro 
vided in the cell potential measuring electrode. 

FIG. 10 is a Waveform diagram shoWing noise level in the 
case of 50-micron square siZe of reference electrodes pro 
vided in the cell potential measuring electrode. 

FIG. 11 is a Waveform diagram shoWing noise level in the 
case of 200-micron square siZe of reference electrodes 
provided in the cell potential measuring electrode. 

FIG. 12 is a block diagram shoWing an example of 
measuring method of cell potential by using a conventional 
cell potential measuring electrode. 

DESCRIPTION OF THE INVENTION 

FIG. 1 shoWs a typical example of an entire cell potential 
measuring apparatus using a cell potential measuring elec 
trode and reference electrode made according to the inven 
tion. This cell potential measuring apparatus comprises an 
integrated cell placement device 1 containing the cell poten 
tial measuring electrode of the invention, an optical obser 
vation device 20 including an inverted microscope 21 for 
optically measuring the sample or cells placed in the cell 
placement device 1, a computer 30 for giving a stimulus 
signal to the cells and for processing the output signal from 
the cells, and a cell culture system 40 for maintaining a 
culture atmosphere about the sample. 

In addition to the inverted microscope 21 upon Which the 
cell placement device 1 is set, the optical observation device 
20 may also comprise an SIT camera 22 for the microscope 
21, a high de?nition display 23, and an image memory 
device 24. The high de?nition display 23 may be also used 
as the display for the computer 30. 
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The computer 30 usually is a personal computer (PC) in 
Which measurement software is installed. The computer 30 
and cell placement device 1 are connected through an I/O 
board for measurement. The U0 board includes an A/D 
converter 31 and a D/A converter 32. The A/D converter 31 
is usually for measuring and converting the resulting poten 
tials; the D/A converter 32 is for stimulus signals to the 
sample. For example, the A/D converted 31 may have 16 
bits, 64 channels, and the D/A converter 32 has 16 bits, 8 
channels. 

The measurement softWare installed in the computer 30 
may include softWare for setting conditions for giving a 
stimulus signal, forming the stimulus signal, and for record 
ing the obtained detection signal. By using such measure 
ment softWare, the computer 30 may comprise means for 
giving a stimulus signal to the cells and means for process 
ing the signal detected from the cells. The computer 30 may 
also control the optical observation device (SIT camera and 
image memory device) and the cell culture system. 
An outline of the functionality of the desirable measure 

ment softWare is described beloW screen-by-screen. 
On a parameter setting screen, complicated stimulus con 

ditions may be set by draWing a stimulus Waveform on the 
screen by using a keyboard or a mouse. If a setting of 
recording condition is 64 input channels and a sampling rate 
of 10 kHZ, the computer can handle consecutive recording 
for several hours. Moreover, electrodes to apply a stimulus 
signal and electrodes to pick up the detection signal from the 
cells can be designated by pointing out the microscope 
images displayed on the screen by the mouse or pen. The 
temperature, pH, and other conditions of the cell culture 
system 40 are desirably set from the keyboard. 
On a recording screen, the spontaneous activity potential 

or induced potential detected from the cells may be dis 
played in real time. In addition, the recorded spontaneous 
activity, potential or induced potential can be displayed by 
overlaying on the microscope image of the cell. When 
measuring the induced potential, the entire recorded Wave 
form is displayed. When measuring the spontaneous activity 
potential, by the spike detection function using WindoW 
discriminator or Waveform discriminator, the recorded 
Waveform is displayed only When generation of spontaneous 
activity is detected. Together With the display of recorded 
Waveform, measurement parameters (e.g., stimulus 
condition, recording conditions, temperature, pH, etc.) may 
also be displayed in real time. An alarm function is also 
provided for Warning When the temperature or pH goes out 
of the alloWable range. 

Concerning data analysis or processing, Fourier Function 
Transform analysis, coherence analysis, and correla 
tion analysis are also desirable. Usable functions may 
include single spike separation function using Waveform 
discrimination, temporal pro?le display function, topogra 
phy display function, and current source density analysis 
function. These analysis results may be displayed by over 
laying on the microscope images stored in the image 
memory devices. 
When a stimulus signal is issued from the computer 30, 

this stimulus signal is sent to the cell placement device 
through the D/A converter 32 and an isolator 33. The cell 
placement device 1 includes a cell potential measuring 
electrode Which may be formed, as described later, of 64 
microelectrodes on a glass substrate in a matrix form and 
having an enclosing Wall for maintaining the sample (e.g., 
segments of cells or tissues) in contact With the microelec 
trodes and their culture ?uid. The stimulus signal sent to the 
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6 
cell placement device 1 is applied to arbitrary electrodes out 
of the 64 microelectrodes and then to the sample or samples. 

The induced, evoked, or spontaneous potential occurring 
betWeen each microelectrode and reference potential (Which 
is at the potential of the culture ?uid) is passed through a 64 
channel high sensitivity ampli?er 34 and the A/D converter 
31 into the computer 30. The ampli?cation factor of the 
ampli?er 34 may be, e.g., about 80—100 dB, for example, in 
a frequency band of about 0.1 to 10 kHZ, or to 20 HZ. 
HoWever, When measuring the potential induced by a stimu 
lus signal, by using a loW-cut ?lter, the frequency band is 
100 HZ to 10 kHZ. Spontaneous potentials are usually in the 
range of 100 HZ to 20 HZ. 

The cell culture system 40 usually includes a temperature 
controller 41, a culture ?uid circulation device 42, and a 
feeder 43 for supplying, e.g., a mixed gas of air and carbon 
dioxide. The cell culture system 40 may instead be made up 
of a commercial microincubator, a temperature controller, 
and CO2 cylinder. The microincubator can be used to control 
in a temperature range of 0 to 50° C. by means of a Peltier 
element and is applicable to the liquid feed rate of 3.0 
ml/min or less and gas ?oW rate of 1.0 liter/min or less. Or, 
a microincubator incorporating a temperature controller may 
be used. 

The structure of the cell placement device 1 (shoWn in 
FIG. 1) is explained in more detail With regard to the 
exploded vieW found in FIG. 2. The preferred cell placement 
device 1 may be made up of a cell potential measuring 
electrode (also called an integrated multiple electrode or 
microelectrode assembly) 2 having a cylindrical Wall 6 
provided on a transparent glass substrate and having plural 
microelectrodes in its inside region, holders 3, 40 divided in 
tWo sections for ?xing the cell potential measuring electrode 
2 by sandWiching from above and beneath, and a printed 
Wiring board 5 for ?xing the holders. 

FIG. 3 shoWs the details of the glass substrate. The siZe of 
the glass substrate for constituting the cell potential mea 
suring electrode (integrated multiple electrode) 2 may be 1.1 
mm in thickness and about 50 mm square. In the central part 
of the glass substrate, 64 microelectrodes 11 are formed in 
a matrix form of 8x8. The microelectrodes are insulated 
from each other and from the reference electrodes. A con 
ductive pattern 12 for Wiring is connected to each micro 
electrode 11. The microelectrode 11 may be about 50 
microns square and the distance betWeen centers of adjacent 
electrodes is about 150 microns. The depicted 64 microelec 
trodes 11 are therefore shoWn in a matrix form of 8x8, one 
side of the formed rectangular region is about 1.1 mm. 

Although the Description of the Invention contains many 
speci?c references in particular siZes and areas, the inven 
tion is not so limited; they are only provided for the sake of 
guidance and are not critical to the invention unless so 
stated. 

Also, as shoWn in FIG. 4, reference electrodes 10 are 
formed at four positions on lines extended from diagonals of 
the rectangular region in the central part of the glass sub 
strate in Which the microelectrodes are disposed. The refer 
ence electrodes are insulated from each other and from the 
microelectrodes. These reference electrodes 10 are also 
connected to the electric contacts 7 situated on four sides of 
the glass substrate by the conductive pattern 12 for Wiring 
same as the microelectrodes 11. The reference electrodes 10 
are formed in the same process as the microelectrodes 11, as 
mentioned beloW, but the siZe is generally signi?cantly 
larger than that of the microelectrodes 11 being, e.g., a 
rectangle of about 200 microns in one side. Therefore, as 
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compared With one of the microelectrodes 11 of about 50 
microns square, the rectangular area is larger, preferably 
about 16 times larger, and, by this portion, the impedance of 
the reference electrodes 10 is smaller than the impedance of 
the microelectrodes 11. 

The positions of the reference electrodes 10 are preferably 
on lines extending from the diagonals of the rectangular 
region in the central part of the glass substrate in Which the 
microelectrodes 11 are disposed. The reference electrodes 
10 in this variation are located about 6 mm from the center 
of the rectangular region. Said another Way, they are placed 
at four corners of a square of about 8.5 mm in one side. 

Moreover, as shoWn in FIG. 4, on each of the four sides 
of the glass substrate may be found 17 electric contacts 7. 
These electric contacts 7 are attached (one-by-one) to each 
of the 64 microelectrodes 11 and four reference electrodes 
10 through the conductive pattern 12. The pitch of the 17 
electric contacts is desirably spaced to the pitch of 1.27 mm 
of the universal connector. The manufacturing process of 
this integrated multiple electrode 2 is explained beloW by 
referring to the sectional vieW in FIG. 5. The depiction in 
FIG. 5, for the ease of explanation, is not to scale. 

On the surface of a glass substrate 13, an ITO (indium tin 
oxide) ?lm in a thickness of 150 nm is applied, and a 
conductive pattern 12 is formed by photo resist and etching. 
A 30 negative photosensitive polyimide ?lm of about 1.4 
microns in thickness is applied thereon, and an insulating 
?lm 14 is formed. On portions of the microelectrodes 11 (or 
alternatively reference electrodes 10) and electric contacts 7, 
the ITO ?lm is exposed, and nickel plating 15 of 500 nm in 
thickness and gold plating 16 of 50 nm in thickness are then 
applied. 

Apolystyrene or glass cylindrical member 6 correspond 
ing to a Wall of about 22 mm in inside diameter, about 25 
mm in outside diameter, and 8 mm in height may then be 
placed on the central part of the glass substrate by using a 
Silicone adhesive (see FIG. 2 and FIG. 4). Ahighly preferred 
adhesive is an RTV (Room Temperature VulcaniZation) 
silicon rubber, particularly those Which use an acid cure 
system. These produce a loW level of toxicity because of the 
acetic acid produced during the cure step. TWo useful 
varieties include KE42T (Shin-Etsu Silicon) and Silastic 
Medical Adhesive Silicon Type A (Dow Corning). A cylin 
drical Wall member 6 is shoWn, but the Wall may be oval to 
alloW enhanced access to the sample. The Wall member 6 is 
af?xed in the center of the glass substrate. That is, in a state 
af?xed With the central part of the rectangular region in 
Which the 64 microelectrodes are disposed. In the region 
enclosed by this cylindrical member 6, the cells or tissues 
are cultivated. This cylindrical member 6 is ?lled, e.g., With 
an aqueous solution of 1 Wt. % of chloroplatinic acid, 0.01 
Wt. % of lead acetate and 0.0025 Wt. % of hydrochloric acid, 
and by passing a current of 20 mA/cm2 for a minute, 
platinum blacks 11a (or alternatively, reference electrode 
platinum black 10a) are precipitated on the surfaces of the 
microelectrodes 11 and reference electrodes 10. 

The region Within the cylindrical member 6 is occasion 
ally referred to as the “measuring region” Which includes the 
area including both the microelectrodes 11 and reference 
electrodes 10. It is further Within the scope of the invention 
that the reference electrodes be placed on the inner surface 
of the cylindrical member 6. 
At one corner of the integrated multiple electrode 2, an 

indexing or arroW mark 17 shoWing the direction is pro 
vided. This arroW mark 17 can be formed in the same 
manufacturing process as the microelectrodes 11 and refer 
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8 
ence electrodes 10. HoWever, the surface is coated With gold 
plating only, and platinum black is not formed. The length 
and Width of the arroW mark 17 are both about 5 mm. 
Moreover, near one corner of the rectangular region of 
disposing the microelectrodes 1, a small indexing mark, e. g., 
a micro-mark 18 similar to the arroW mark is provided. This 
micro-mark 18 is not visible by the naked eye, but a same 
pattern as the arroW mark 17 is recogniZed in a magni?ed 
vieW by an optical observation device of the measuring 
apparatus, so that the direction, position, axes etc. may be 
identi?ed. Like the arroW mark 17, the micro-mark 18 can 
be also formed in the same manufacturing process as the 
microelectrodes 11 and reference electrodes 10. 

In FIG. 2, the integrated multiple electrode 2 is sand 
Wiched betWeen holders 3, 4. 
An electrical connection is made in the same Way. The 

holders 3, 4 are typically polymeric. The step portion is used 
to hold the edge of the integrated multiple electrode 2 and 
the rectangular opening are formed in the central part. The 
upper holder 3 is provided With a pair of fasteners 8 and 17 
pieces><4 pairs of contact metal areas 9. A top vieW of the 
holders 3, 4 sandWiching and ?xing the integrated multiple 
electrode 2 is shoWn in FIG. 6(A), its side vieW (section 
B—B) in FIG. 6(B), and its perspective back vieW in FIG. 
7. As clear from these diagrams, the fastener 8 is supported 
by and rotates about shaft pins 8a on tWo confronting sides 
of the upper holder 3. As shoWn in FIG. 7, grooves 4a are 
formed in tWo confronting sides of the back side of the loWer 
holder 4. Protrusions 8b of the fastener 8 are ?tted in grooves 
4a and the upper and loWer holders 3, 4 are ?xed ?rmly in 
a state of sandWiching the integrated multiple electrode 2. 

Atotal of 68 contact metal ?ttings 9 provided on the upper 
holder 3 to correspond to the electric contacts 7 of the 
integrated multiple electrode 2 may be formed by processing 
elastic and conductive metal plates such as a Be/Cu spring 
alloy, plated With Ni and Au. The metal ?ttings 9 have a 
sectional shape as shoWn in FIG. 8. That is, it consists of a 
pin 9a, its base part 9b, and a movable contact part 9d 
extending from the base part 9b through a curved part 9c. In 
such structure, the movable contact part 9d can be elastically 
dislocated from the base part 9b. In the upper holder 3, holes 
for inserting the pin 9a of the contact metal ?tting 9, and 
grooves for ?tting the base part 9b are formed in 68 (17x4) 
positions. 
As shoWn in FIG. 2 and FIG. 6(B), With the contact metal 

?tting 9 inserted and ?xed in the hole and groove, pin 9a 
projects from the upper holder 3. Contact metal ?ttings 9 are 
of tWo types Which differ in the length of the base part 9b. 
The tWo siZed ?ttings 9 are alternately disposed, 16 pins 9a 
projecting from the upper holder 3 are arranged in tWo 
ZigZag roWs. As mentioned later, these pins 9a are connected 
to the connectors mounted on the printed Wiring board 5 for 
connection With the outside. 

Movable contact part 9d of the contact metal ?tting 9 
projects from the loWer side of the upper holder 3, When in 
contact metal ?tting 9 is inserted and affixed in the hole and 
groove of the upper holder 3. With the holders 3, 4 ?xed on 
both sides of the integrated multiple electrode 2, the mov 
able contact part 9d of each contact metal ?tting 9 contacts 
With the electric contact 7 of the integrated multiple elec 
trode 2, and a speci?ed contact pressure is given to the 
contact area by elastic deformation of the curved part 9c. In 
this Way, the electric contacts 7 for connecting to the 
microelectrodes 11 and reference electrodes 10 of the inte 
grated multiple electrode 2 through the conductive pattern 
12 are electrically connected at a loWer contact resistance 
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(30 milliohms or less) as compared With that of the contact 
metal ?ttings 9. 
As mentioned above, the holders 3, 4 ?rmly ?xing the 

integrated multiple electrode 2 in a state of electric contact 
With the integrated multiple electrode 2 are electrically 
connected and affixed to the printed Wiring board 5 as shoWn 
in FIG. 2. The electric connection from the microelectrodes 
11 and reference electrode 10 of the integrated multiple 
electrode 2 to the conductive pattern 12, electric contacts 7 
and contact metal ?ttings 9 is further connected to the cell 
potential measuring apparatus mentioned above through the 
printed Wiring board 5. Handling of the integrated multiple 
electrode on the measuring apparatus is facilitated by use of 
the printed Wiring board 5. 

Also as shoWn in FIG. 2, printed circuit board 5 may be 
made up of, e.g., a glass epoxy tWo-sided substrate. Con 
nectors 5a are provided at the back side of four positions on 
the circumference of the circular opening formed in the 
center of printed circuit board 5. Since 16 pins 9a projecting 
in tWo ZigZag roWs from the four positions on the surface of 
the upper holder 3 are inserted into the individual corre 
sponding connectors 5a, the assembly of the integrated 
multiple electrode 2 and holders 3, 4 is ?xed to the printed 
Wiring board 5 and is connected electrically. 

At both edges 5b of the printed Wiring board 5, electric 
contacts of 2.54 mm pitch for both edge connectors may be 
found. These electric contacts and central connectors 5a are 
connected in the conductive pattern 5c. The inside roW of the 
both connectors 5a is Wired by the surface pattern, and the 
outside roW by the back side pattern, respectively, and 34 
each on both surface and back sides of both edges 5b, that 
is, a total of 68 electric contacts are formed. To make the 
mechanical ?xing secure, the upper holder 3 may be af?xed 
to the printed Wiring board 5 by fastening With screWs. 

The reference electrodes 10 of the integrated multiple 
electrode 2 described by reference to FIG. 4. The reference 
electrodes 10 are usually immersed in the culture ?uid as the 
reference potential for measuring the potential occurring in 
each microelectrode. Therefore, each microelectrode 11 is 
connected to an input of the ampli?er 34 (FIG. 1), and the 
reference electrodes 10 are connected to the reference volt 
age terminals of each ampli?er. The 64-channel ampli?er is 
divided into four groups of 16 channels each, and each one 
of the four reference electrodes is commonly connected to 
the reference voltage terminal of one group for 16 channels. 

First, as is clear from FIG. 4, it is preferred to position the 
four reference electrodes 10 on extensions of diagonals of 
the central rectangular region containing the microelec 
trodes 11. In general, this is a matter of convenience for 
pattern Wiring. Moreover, in order to place the segments of 
cells or tissues easily so as to cover all of 64 microelectrodes 
and not to cover the four reference electrodes, the distance 
betWeen the central rectangular region disposing the micro 
electrodes electrodes 11 and the reference electrodes 10 
should be as large as reasonably possible. Moreover, by 
placing the four reference electrodes 10 at equal distances 
from the center of the rectangular region, the noise level 
occurring in each microelectrode is substantially uniform. 
Although the positions of the reference electrodes are 
closely speci?ed above, the numerical values are not 
intended to be absolute, but are only intended to be guide 
lines. 

The siZe of the reference electrodes 10 may be 4—64, 
preferably about 16, times the area of a microelectrode as 
mentioned above. As a result, the impedance is balanced 
betWeen the measuring potential input side of the ampli?er 
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10 
and the reference potential input side and the noise level is 
minimiZed. For instance, by forming the microelectrodes 
and reference electrodes in the same noted process and by 
setting the area of the reference electrode 16 times that of the 
microelectrode, the impedance of 16 microelectrodes and 
the impedance of one reference electrode responsible are 
nearly equal. 

EXAMPLE 

This Example shoWs the difference in noise level betWeen 
a system including an integrated multiple electrode such as 
that discussed above and reference electrodes of 50 microns 
square and 200 microns square. FIG. 9 and FIG. 10 shoW 
those comparative noise levels. 
We fabricated integrated multiple electrodes (such as 

shoWn in FIG. 4) having, respectively, reference electrodes 
of 50 microns square and reference electrodes of 200 
microns square. The integrated multiple electrodes each had 
cylindrical members 6. The same culture medium as nor 
mally used in tissue culturing Was placed inside the cylin 
drical members 6. To limit the resulting signal to the noise, 
no cell or tissue sample Was placed on the microelectrodes. 
As shoWn in FIG. 11, of the 64 microelectrodes, the central 
seven sites (channels I to 5, 7, 8) Were measured. 

FIG. 9 shoWs the noise Waveform of the reference elec 
trodes in 50 microns square, and FIG. 10, 200 microns 
square. In each diagram, the voltage on the axis of ordinates 
is 0.02 mV/div, and the time on the axis of absicassas is 5.0 
ms/div. As clear from comparison betWeen FIG. 9 and FIG. 
10, the noise level is clearly smaller When the reference 
electrodes are 200 microns square (FIG. 10) as compared to 
reference electrodes With 50 microns square (FIG. 9). 
Incidentally, as described in relation to the prior art, by using 
one of the 64 microelectrodes as the reference electrode to 
be responsible for 16 microelectrodes, the noise level Was as 
large as in FIG. 9. 

As described herein, according to the cell potential mea 
suring electrode and apparatus of the invention, the noise 
effect is small, and if positioning When setting the segments 
of cells or tissues to be measured is not very precise, all 
microelectrodes are effectively utiliZed, and potentials at 
multiple points can be measured simultaneously. 
We claim as our invention: 

1. A cell potential measuring electrode assembly suitable 
for measuring electrical potential in a neural sample com 
prising: 

a. a plurality of measurement microelectrodes insulated 
from each other and located on an insulating substrate 
in a measuring region, 

b. a plurality of reference electrodes located on said 
insulating substrate and isolated from each other in said 
measuring region, each of said plurality of reference 
electrodes having an impedance smaller than said each 
of said measurement electrodes When measured in an 
electrolyte covering said measuring region at 1 kHZ, 50 
mv. 

2. The cell potential measuring electrode assembly of 
claim 1 Wherein the area of each of the plurality of reference 
electrodes is larger than the area of each of the plurality of 
measurement microelectrodes. 

3. The cell potential measuring electrode assembly of 
claim 2 Wherein the area of each of the plurality of reference 
electrodes is 4 to 25 times the area of each of plurality of 
measurement microelectrodes. 

4. The cell potential measuring electrode assembly of 
claim 2 Wherein the area of said each of plurality of 
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measurement microelectrodes is 4><102 to 4><104 pm2 and the 
area of each of the plurality of reference electrodes is 64><102 
to 64><104 pmz. 

5. The cell potential measuring electrode assembly of 
claim 1 Wherein each of the plurality of measurement 
microelectrodes are situated in an array in said measuring 
region. 

6. The cell potential measuring electrode assembly of 
claim 5 Wherein 64 microelectrodes are disposed in eight 
roWs and eight lines at central pitches of 100 to 450 microns. 

7. The cell potential measuring electrode assembly of 
claim 1 Wherein each of the plurality of measurement 
microelectrodes and each of the plurality of reference elec 
trodes are connectable to a position outside of the measuring 
region. 

8. The cell potential measuring electrode assembly of 
claim 1 Wherein the measuring region is surrounded by a 
Wall. 

9. The cell potential measuring electrode assembly of 
claim 8 Wherein the Wall is circular. 

10. The cell potential measuring electrode assembly of 
claim 8 Wherein the Wall is oval. 

11. Acell potential measuring electrode comprising plural 
microelectrodes disposed on an insulating substrate, a con 
ductive pattern for Wiring of said microelectrodes, an elec 
tric contact connected to the end of said conductive pattern, 
an insulating ?lm covering the surface of said conductive 
pattern, and a Wall enclosing the region including the 
microelectrodes on the surface of said insulating ?lm, being 
a cell potential measuring electrode for use in measurement 
of electrophysiological activities While cultivating cells or 
tissues in a region enclosed by said Wall, 

Wherein reference electrodes having a smaller impedance 
than the impedance of said microelectrodes are respec 
tively disposed at plural positions located on said 
insulating substrate in the region enclosed by said Wall 
and at a speci?c distance from the region of disposition 
of said microelectrodes, electric contacts are further 
connected betWeen the conductive pattern for Wiring of 
each reference electrode and the end of said conductive 
pattern, and the surface of the conductive pattern for 
Wiring of said reference electrodes is covered With said 
insulating ?lm. 

12. A cell potential measuring electrode of claim 11, 
Wherein said plural reference electrodes are disposed at 
nearly equal distance from the region of disposition of said 
plural microelectrodes and at intervals of nearly equal angle. 

13. A cell potential measuring electrode of claim 12, 
Wherein said plural microelectrodes are disposed in a matrix 
in a rectangular region, and four of said reference electrodes 
are provided on an extension of diagonals of said rectangular 
region. 

14. A cell potential measuring electrode of claim 13, 
Wherein said microelectrodes are 0.8 to 3.3 mm in one side 
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of a rectangular region in matrix arrangement, and said four 
reference electrodes are disposed at four corners of a rect 

angular form of 5 to 15 mm in one side. 
15. A cell potential measuring electrode of claim 14, 

Wherein 64 microelectrodes are disposed in eight roWs and 
eight lines at central pitches of 100 to 450 microns. 

16. A cell potential measuring electrode of claim 11, 
Wherein the area of said reference electrodes is 4 to 25 times 
the area of said microelectrodes. 

17. A cell potential measuring electrode of claim 16, 
Wherein the area of said reference electrodes is 16 times the 
area of said microelectrodes. 

18. A cell potential measuring electrode of claim 11, 
Wherein the area of said microelectrodes is 4><102 to 4><104 
pm2 and the area of said reference electrodes is 64><102 to 
64><104 pmz. 

19. A cell potential measuring electrode of claim 11, 
Wherein said microelectrodes and said reference electrodes 
are formed of a same material. 

20. A cell potential measuring electrode of claim 19, 
Wherein said microelectrodes and said reference electrodes 
are formed by layering nickel plating, gold plating, and 
platinum black on an indiun-tin oxide ?lm. 

21. A cell potential measuring electrode of claim 11, 
Wherein said insulating substrate is nearly square, and plural 
electric contacts connected to the end of said conductive 
pattern are distributed and disposed in four sides of said 
insulating substrate. 

22. A cell potential measuring electrode of claim 11, 
Wherein indexing micro-marks for visually recogniZing 
direction When magni?ed are provided near the regions of 
disposition of said microelectrodes. 

23. A cell potential measuring apparatus comprising: 
a cell placement device having a cell potential measuring 

electrode in any one of claims 11 to 22, and a contact 
metal for contacting With its electric contact, and 
including an electrode holder for ?xing said insulating 
substrate by sandWiching from above and beneath, 

a signal processor connected electrically to said cell 
placement device for processing voltage signals gen 
erated betWeen each microelectrode and reference elec 
trode of said cell potential measuring electrode by the 
activity of cells or tissues cultivated in a region 
enclosed by a Wall, and 

an optical device for magnifying and observing optically 
the cells or tissues cultivated in the region enclosed by 
said Wall. 

24. A cell potential measuring apparatus of claim 23, 
further comprising an image memory device for storing the 
magni?ed image obtained by said optical device. 


