Remarks/Arguments

Claims 7-10 and 15 are canceled, claim 24 is amended and claims 40-45 are newly

added. Claims 1-6, 11-14 and 16-45 are pending upon entry of this amendment.

Support for amendments

Changes to the claims are supported throughout the application as originally filed.

Specific support is provided for each amendment for the convenience of the examiner.

Claim 24 is amended to provide that the second well lacks a compound that modulates
the beating cycle is provided as a control well. Support may be found at paragraph
[0016], which provides, “[A] second well lacking compound or having a control

compound is provided as a control well[.]”

Claim 40 is newly added, depends from claim 24 and adds that the step of monitoring
impedance using millisecond time resolution comprises obtaining at least two
consecutive impedance measurements at less than 300 milliseconds apart. Support may
be found in paragraph [0015], which provides, “In some embodiments, two consecutive
impedance measurements for each and every well of the system are performed less than

300 milliseconds apart.”

Claim 41 is newly added, depends from claim 40 and adds that the at least two
consecutive impedance measurements are less than 100 milliseconds apart. Support may
be found in paragraph [0015], which provides, “In further embodiments, at least two
consecutive impedance measurements for each and every well of the system are

performed less than 100 milliseconds apart.”

Claim 42 is newly added, depends from claim 41 and adds that the at least two
consecutive impedance measurements are less than 40 milliseconds apart. Support may

be found in paragraph [0015], which provides, “In further embodiments, at least two

10 Agilent Ex. 2003-2
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consecutive impedance measurements for each and every well of the system are

performed less than 40 milliseconds apart.”

Claim 43 is newly added, depends from claim 42, and adds that the at least two
consecutive impedance measurements are less than 10 milliseconds apart. Support may
be found in paragraph [0015], which provides, “In further embodiments, at least two
consecutive impedance measurements for each and every well of the system are less than

10 milliseconds apart.”

Claim 44 is newly added, depends from claim 24 and adds that the step of resolving the
beating cycles comprises determining a rise in impedance and a decay in impedance, and
extrapolating a peek from each rise and decay. Support for the amendment may be found
at paragraph [0018], which provides, “The step of determining a plurality of beating
cycle peaks may include determining a rise in impedance and a decay in impedance and

extrapolating a peak from each rise and decay.”

Clam 45 is newly added, depends from claim 24 and adds that the step of resolving cell
beating cycles comprises determining beating cycle peaks by identifying impedance data
points at which the first order derivative to time is zero or about zero. Support may be

found at paragraph [0018]:

Various methods can be used for determining beating cycle peaks. For example,
time dependent impedance values or cell index values for a well are analyzed by
deriving their first order derivatives and second order derivatives using numerical
methods. The beating cycle peaks are those data points where the first order
derivatives of impedance values or cell index values are zero or close to zero in its

absolute value.
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Election of Group III (claims 24-29) with Traverse

The claims have been examined for restriction purposes only. The examiner has

identified the following six groups of inventions and requires the election of a single

group:

Group I:

Group II:

Group III:

Group IV:

Group V:

Group VI:

Claims 1-15 drawn to a system, classified in class 435, subclass
288.3;

Claims 17-23 drawn to a method for assessing and quantifying

excitable cells;

Claims 24-29, drawn to a method for determining whether a

compound modulates a beating cycle;

Claims 30-34, drawn to a method of characterizing rhythmic

beating, classified in class 435, subclass 174;

Claims 35-37, drawn to a method of assessing genetic

manipulation, classified in subclass 506, subclass 7; and

Claims 38-39, drawn to a method comprising determining a
characteristic such as cell attachment and cell growth, classified in

class 324, subclass 600.

Applicants elect Group III, which includes claims 24-29 and new claims 40-45 for

examination. This election is made with traverse. For completeness, the examiner

identifies claim 16 as a linking claim and thus indicates upon its allowance, Groups II-VI

can be rejoined.
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The examiner argues the inventions are independent and distinct and that search and

examination of all claims would be a burden on the office.

Applicants respectfully request Group I be added to Group III for examination. Group I
is an apparatus and Group III provides a use of the apparatus. The examiner argues that
the apparatus of Group I could be used to practice a materially different process, such as

for detecting a particular molecule, such as a protein or antibody, in solution.

While the examiner suggests that the apparatus of Group I could be used to detect a
molecule, claim 1 specifically provides that the system is for monitoring excitable cells
and the device is for monitoring cell-substrate impedance. Cell substrate impedence
detects changes in the interface between cell and substrate/electrodes. Thus, the device
does not directly detect changes in solution but instead the cell-substrate interface. For
completeness, adding a molecule to a cell can ultimately change cell-substrate impedance
and thus the device can be used to detect changes in the cell-substrate interface caused by
the addition of compounds into the surrounding medium. In fact, this technical approach
is conducted in Group III. A compound suspected of modulating a beating cycle of an
excitable cell is added to the cell and a change in beating through millisecond time

resolution is detected.

Further, whether or not Group I is rejoined it will still be examined since the method of
Group III has been elected and central to the method is the use of the system (apparatus)
set forth in claim 1. That is, the method of claim 24 requires the system of claim 1 to
permit millisecond time resolution of beating cycles. Since the examination of claim 24
requires the examination of claim 1, added search and examination burden of Group I

would be minimal. Thus, principles of efficiency would support the rejoining of Group I.

In regards to Group II, Applicants acknowledge that claims 17-23 do not require the
addition of a suspected modulator of a beating cycle; however, the invention set forth in

Group III emphasizes further improvements for resolving a beating cycle in millisecond

13
267



time resolution in new claims 40-43, which are similar to those provided in Group II.
Accordingly, the subject matter set forth in Group II will also be examined during
examination of Group III. As such, the added search and examination burden of Group II

would be minimal. Thus, principles of efficiency would support the rejoining of Group
II.

In regards to Group IV, Applicants acknowledge that claims 30-34 do not require the
addition of a suspected modulator of a beating cycle; however, when examining how
beating cycles are compared in Group III, the examiner will also look to methods of
comparison including comparing amplitude or frequency similar to those set forth in
claims 26 and 27. As such, the search and examination burden of Group IV would be

minimal. Thus, principles of efficiency would support the rejoining of Group IV.

In regards to Group V, Applicants acknowledge that claims 35-37 do not require the
addition of a suspected modulator of a beating cycle and that Group III does not require a
genetically manipulated cell; however, both use the impedance system of claim 1, both
resolve beating cycles and both compare beating cycles. Thus, the Groups share
numerous features. As such, the search and examination burden of Group V would be

minimal. Thus, principles of efficiency would support the rejoining of Group V.

In regards to Group VI, Applicants acknowledge that claims 38-39 do not require the
addition of a suspected modulator of a beating cycle and that Group III does not require
determining a characteristic of cell attachment, cell growth or cell viability; however,
these characteristics are determined through impedance measurement since they involve
changes in the cell-substrate interface. Thus, the claim elements will require similar
search and examination. As such, the search and examination burden of Group VI would

be minimal. Accordingly, principles of efficiency would support the rejoining of Group
VL
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Conclusion

Applicants respectfully submit the claims are in condition for allowance.
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Description

Field of the Invention

[0001] 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 mi-
croelectrodes. The device is capable of measuring elec-
trophysiological activities of a monitored sample using
the microelectrodes while cultivating those cells or tis-
sues in the region of the microelectrodes. The invention
utilizes independent reference 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

[0002] Cell potential measuring apparatus have been
developed to measure the activity or electrical potential
generated by activity of nerve cells, other cells, or tissues
(forexample, Japanese Kokai 8-62209) without inserting
glass electrodes or the like into the cells.

[0003] Measurement of cell potential by inserting a
glass electrode or the like into the cell may damage that
cell. Long term measurement of cell potential is quite
difficult. It is further difficult to measure plural positions
simultaneously; there is a limit to the number of elec-
trodes one can place in a measurement electrode array
and it is similarly difficult to adequately determine the
position of the sample over measurement electrodes. In
contrast, use of a cell potential measuring electrode hav-
ing plural microelectrodes on a substrate (having a wall
for enclosing a region including the microelectrodes), al-
lows cultivation of the cells within the region enclosed by
the wall and the simultaneous measurement of the po-
tential of plural positions without damaging those cells.
[0004] These cell potential measuring devices meas-
ure cell potential against a reference. One such way is
discussed with regard to Kokai 8-62209 (family member
of EP-A-0 689 051). When 64 microelectrodes are ar-
ranged 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.

[0005] However, when measuring very low level or mi-
cro-potentials such as cell potentials, noise is a problem.
Noise level varies significantly depending on the selec-
tion of the type and location of the reference electrode.
As mentioned above, when using one microelectrode as
areference electrode, simultaneous measurement of po-
tential at 63 positions by using the remaining 63 micro-
electrodesisimpossiblebecause of the high noise level.
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When the reference electrodes and measuring elec-
trodes correspond one-by-one to each other, the poten-
tial may be measured at a very low noise level state; But
if 64 microelectrodes are used, for example, correspond-
ing to 32 reference electrodes and 32 measuring elec-
trodes, only 32 positions can be measured simultane-
ously.

[0006] Intheory, though, one must limitthe number of
reference electrodes in order to simultaneously measure
the potential at as many positions as possible.

[0007] As shown in Fig. 14 of Kokai 8-62209, eight
microelectrodes in one row are used as reference elec-
trodes and seven measuring electrodes each are corre-
lated to each of the reference electrodes, so that the po-
tential can be measured simultaneously at 7 X 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 measuring electrodes are used with one ref-
erence electrode, the noise is still quite large. It is quite
difficult to detect a small change in cell potential from the
noise.

[0008] Moreover, as shown in Fig. 14 of Kokai
8-62209, 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 skilland is difficult
because the segment S must be held by tweezers and
moved while observing the segment through a micro-
scope. Itis extremely difficult to place the segment S so
that the eight microelectrodes in one row are completely
exposed, while the remaining 56 microelectrodes be
completely 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 ex-
posed, and hence the number of positions for simultane-
ous measurement is decreased. Sensors and Actuators
B, vol. B24, no 1/03, part 1, March 1995, p 300-303, dis-
closes an array of working electrodes with corresponding
reference electrodes positioned next to the working elec-
trodes.

SUMMARY OF THE INVENTION

[0009] The invention is intended to solve such prob-
lems. This invention provides a cell potential measuring
electrode less susceptible to noise and is yet capable of
simultaneously measuring the potential at many posi-
tions by effectively utilizing all of the available microelec-
trodes if the positioning is not very precise when placing
the segment of cell or tissue to be measured.

[0010] The cell potential measuring electrode of the
invention preferably includes plural microelectrodes on
aninsulatingsubstrate, aconductive pattern for connect-
ing the microelectrodes to some region out of the micro-
electrode area, electric contacts connected to the end of
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the conductive pattern, an insulating film covering the
surface of the conductive pattern, and a wall enclosing
the region including the microelectrodes on the surface
of the insulating film. The inventive reference electrodes
have a comparatively lower impedance than the imped-
ance of the measuring microelectrodes. They are respec-
tively placed at plural positions in the region enclosed by
the wall and often at a specific distance from the micro-
electrodes. 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
insulating film.

[0011] According to this invention, since exclusive ref-
erence electrodes are provided at plural positions distant
from the region of plural measurement microelectrodes,
itis 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 microe-
lectrode and hence is smaller in impedance. Therefore
the noise level is small even if connected commonly to
plural reference potentials for measuring positions.
Therefore, common reference electrodes can be used
with multiple measurement microelectrodes. Moreover,
since each one of the plural reference electrodes is re-
sponsible formultiple measurementmicroelectrodes, the
cell potentials may be easily measured simultaneously
using all of microelectrodes.

[0012] Preferably, the plural reference electrodes are
placed at nearly equal distances from the plural microe-
lectrode region and at intervals of nearly equal angle. By
"intervals of nearly equal angle”, we meanthatwhen 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 microe-
lectrodes are placed in a rectangular 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.

[0013] As a specific 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 300 wm mi-
croelectrode pitch)or 0.8 to 3.3 mm (in the case of 450
wm microelectrode pitch). Four reference electrodes are
situated at four corners of a rectangle of 5to 15 mm on
one side. More preferably, 64 microelectrodes are dis-
posed in eight rows and eight columns at central pitches
of about 100 to 450 pm, preferably 100 to 300 um.
[0014] In orderto set the impedance of the reference
electrodes to be sufficiently smaller than the impedance
of the microelectrodes, the area of the reference elec-
trodes is preferably 4 to 25 times (particularly preferably
16 times) the area of the microelectrodes. As a specific
example, the area of each of the microelectrodes is pref-
erably between about 4 x 102 and 4 x 104 um?2 and the
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area of each of the reference electrodes is preferably
between about 64 x 102 and 64 x 104 pm2.

[0015] Preferably the microelectrodes and the refer-
ence electrodes are formed from the same material to
both simplify the manufacturing process and obtain a cost
benefit. Preferably, the microelectrodes and the refer-
ence electrodes are formed of layers of nickel plating,
gold plating, and platinum black on an indium-tin oxide
(ITO) film. After platinization, the impedance of the ref-
erence electrodes is preferably between 2 and 3 kilohms.
[0016] 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 preferably are placed on the four sides of the insu-
lating substrate. As a result, layout of wiring patterns of
multiple microelectrodes 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 external units is also easy.
[0017] Themicroelectrode regionis 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.

[0018] Themostpreferredcell potentialmeasuring ap-
paratus of this invention is made up of a cell placement
device having cell potential measuring electrodes, con-
tact sites for contacting with an electric contact, and an
electrode holder for fixing the insulating substrate by
sandwiching from above and beneath. In a variation of
the invention, a signal processor may be placed near the
microelectrode matrix or region. The cell potential meas-
uring electrodes may be connected electrically to the cell
placement assembly device 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 usu-
ally 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 magnified image obtained by the optical device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019]

Fig. 1 is a block diagram showing an entire structure
of a cell potential measuring apparatus according to
the invention.

Fig. 2 is an exploded view of a cell placement device
including the cell potential measuring electrode of
the invention.
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Fig. 3 is a partial plan view showing an example of
microelectrodes in the central part of the cell poten-
tial 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.

Fig. 6 is a plan view and a side sectional view show-
ing a state of fixing the cell potential measuring elec-
trode by sandwiching with upper and lower holders.

Fig. 7 isa perspective view of the cell potentialmeas-
uring electrode and upper andlower holdersin Fig. 6.

Fig. 8 is a side view of contact metal fittings provided
in the upper holder.

Fig. 9 is a waveform diagram showing noise level in
the case of 50-micron square size of reference elec-
trodes provided in the cell potential measuring elec-
trode.

Fig. 10 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. 11 isadiagram showingthe central seven meas-
urement sites within the measuring region of the cell
potential measuring electrode.

Fig. 12 is a block diagram showing an example of
measuring method of cell potential by using a con-

ventional cell potential measuring electrode.

DESCRIPTION OF THE INVENTION

[0020] Fig. 1 shows atypical example of an entire cell
potential measuring apparatus using a cell potential
measuring electrode and reference electrode made ac-
cording to the invention. This cell potential measuring
apparatus comprises anintegrated cellplacementdevice
1 containing the cell potential measuring electrode of the
invention, an optical observation device 20 including an
inverted microscope 21 for optically measuring the sam-
ple or cells placed in the cell placement device 1, a com-
puter 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.

[0021] In addition to the inverted microscope 21 upon
which the cell placement device 1 is set, the optical ob-
servation device 20 may also comprise an SIT camera
22 for the microscope 21, a high definition display 23,
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and an image memory device 24. The high definition dis-
play 23 may be also used as the display for the computer
30.

[0022] Thecomputer30usuallyisapersonalcomputer
(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 I/O board
includes an A/D converter 31 and a D/A converter 32.
The A/D converter 31 is usually for measuring and con-
verting the resulting potentials; the D/A converter 32 is
for stimulus signals to the sample. For example, the A/D
converter 31 may have 16 bits, 64 channels, and the D/A
converter 32 has 16 bits, 8 channels.

[0023] 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 recording the obtained detection signal. By using
such measurement software, the computer 30 may com-
prise means for giving a stimulus signal to the cells and
means for processing the signal detected from the cells.
Thecomputer 30may also control the optical observation
device (SIT camera and image memory device) and the
cell culture system.

[0024] An outline of the functionality of the desirable
measurement  software is  described below
screen-by-screen.

[0025] On a parameter setting screen, complicated
stimulus conditions 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, elec-
trodes 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 desir-
ably set from the keyboard.

[0026] Onarecordingscreen,thespontaneous activity
potential orinduced potential detected fromthe cells may
be displayed in real time. In addition, the recorded spon-
taneous 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 waveform is displayed. When measuring the
spontaneous activity potential, by the spike detection
function using window discriminator or waveform dis-
criminator, the recorded waveform is displayed only
when generation of spontaneous activity is detected. To-
gether with the display of recorded waveform, measure-
ment parameters {e.g., stimulus condition, recording
conditions, temperature, pH, etc.) may also be displayed
inrealtime. An alarm function is also provided for warning
when the temperature or pH goes out of the allowable
range.

[0027] Concerning data analysis or processing, Fou-
rier Function Transform (FFT) analysis, coherence anal-
ysis, and correlation analysis are also desirable. Useable
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functions may include single spike separation function
using waveform discrimination, temporal profile display
function, topography display function, and current source
density analysis function. These analysis results may be
displayed by overlaying on the microscope images stored
in the image memory device.

[0028] When a stimulus signal is issued from the com-
puter 30, this stimulus signal is sent tothe 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 ma-
trixform and having an enclosing wall for maintaining the
sample (e.g., segments of cells or tissues) in contact with
the microelectrodes and their culture fluid. The stimulus
signal sent to the cell placement device 1 is applied to
arbitrary electrodes out of the 64 microelectrodes and
then to the sample or samples.

[0028] Theinduced, evoked, or spontaneous potential
occurring between each microelectrode and reference
potential {which is at the potential of the culture fluid) is
passedthrough a 64channel high sensitivity amplifier 34
andthe A/D converter 31 into the computer 30. The am-
plification factor of the amplifier 34 may be, e.g., about
80-100 dB, for example, in a frequency band of about
0.1to 10 kHz, orto 20Hz. However, when measuring the
potential induced by a stimulus signal, by using a low-cut
filter, the frequency band is 100Hz to 10kHz. Spontane-
ous potentials are usually in the range of 100Hzto 20Hz.
[0030] The cell culture system 40 usually includes a
temperature controller 41, a culture fluid circulation de-
vice 42, and a feeder 43 for supplying, e.g., a mixed gas
of airand carbon dioxide. The cell culture system 40 may
instead be made up of a commercial microincubator, a
temperature controller, and CO, cylinder. The microin-
cubator can be usedto control in a temperature range of
010 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 flow
rate of 1.0 liter/min or less. Or, a microincubator incor-
porating a temperature controller may be used.

[0031] The structure of the cell placement device 1
(shown in Figure 1) isexplained 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 cylin-
drical wall 6 provided on a transparent glass substrate
and having plural microelectrodes in its inside region,
holders 3, 4 divided in two sections for fixing the cell po-
tential measuring electrode 2 by sandwiching from above
and beneath, and a printed wiring board 5 for fixing the
holders.

[0032] Figure 3 shows the details of the glass sub-
strate. The size of the glass substrate for constituting the
cell potential measuring 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 8 x 8.
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The microelectrodes arc insulated from each other and
from the reference electrodes. A conductive pattern 12
for wiring is connected to each microelectrode 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 microelectrodes 11
are therefore shown in a matrix form of 8 x 8, one side
of the formed rectangular region is about 1.1 mm.
[0033] Although the Description of the Invention con-
tains many specific references to particular sizes and ar-
eas, the invention is not so limited; they are only provided
for the sake of guidance and are not critical to the inven-
tion unless so stated.

[0034] 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 substrate in which the microelectrodes are dis-
posed. The reference electrodesare insulatedfrom 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 microelec-
trodes 11. The reference electrodes 10 are formed in the
same process as the microelectrodes 11, as mentioned
below, but the size is generally significantly larger than
that of the microelectrodes 11 being, e.g., a rectangle of
about 200 microns in one side. Therefore, as 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 imped-
ance of the microelectrodes 11.

[0035] 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 sub-
strate in which the microelectrodes 11 are disposed. The
reference electrodes 10in this variation are located about
6 mm from the center of the rectangular region. Said an-
other way, they are placed at fourcorners of a square of
about 8.5 mm in one side.

[0036] Moreover, as shown in Fig. 4, on each of the
four sides ofthe 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 pat-
tern 12. The pitch of the 17 electric contactsis desirably
spacedtothe pitch of 1.27mm ofthe universalconnector.
The manufacturing process of this integrated multiple
electrode 2 is explained below by referring to the sec-
tional view in Fig. 5. The depiction in Fig. 5, for the ease
of explanation, is not to scale.

[0037] On the surface of a glass substrate 13, an ITO
(indium tin oxide) film in a thickness of 150 nm is applied,
and a conductive pattern 12 is formed by photo resist
and etching. A negative photosensitive polyimide film of
about 1.4 microns in thickness is applied thereon, and
an insulating film 14 is formed. On portions of the micro-
electrodes 11 (or alternatively reference electrodes 10)
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andelectriccontacts 7, the ITOfilmisexposed, and nickel
plating 15 of 500 nm in thickness and gold plating 16 of
50 nm in thickness are then applied.

[0038] Apolystyreneorglasscylindricalmember 6 cor-
responding 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 sub-
strate by using a Silicone adhesive (see Fig. 2 and Fig.
4). A highly preferred adhesive is an RTV (Room Tem-
perature Vulcanization) silicone 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 Silicone) and Silastic Medical Adhesive Sili-
cone Type A (Dow Corning). A cylindrical wall member
6 is shown, but the wall may be oval to allow enhanced
access to the sample. The wall member 6 is affixed in
the center of the glass substrate, that is, in a state aligned
with the central part of the rectangular region in which
the 64 microelectrodes are disposed. In the region en-
closed by this cylindrical member 6, the cells or tissues
are cultivated. This cylindrical member 6 is filled, e.g.,
with an aqueous solution of 1 wt.% of chloroplatinic acid,
0.01 wt.% of lead acetate and 0.0025 wt.% of hydrochlo-
ric 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 onthe sur-
faces ofthemicroelectrodes 11 and reference electrodes
10.

[0033] The region within the cylindrical member 6 is
occasionally referred to as the "measuring region” which
includes the area including both the microelectrodes | 1
and reference electrodes 10. Itis further within the scope
of the invention that the reference electrodes be placed
on the inner surface of the cylindrical member 6.
[0040] At one corner of the integrated multiple elec-
trode 2, an indexing or arrow mark 17 showing the direc-
tion is provided. This arrow mark 17 can be formedin the
same manufacturing process as the microelectrodes 11
and reference 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 rec-
tangular region of disposing the microelectrodes 11, 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 magnified view by an optical obser-
vation device of the measuring apparatus, so that the
direction, position, axes, etc. may be identified. 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.

[0041] In Fig. 2, the integrated multiple electrode 2 is
sandwiched between holders 3, 4. An electrical connec-
tion is made in the same way. The holders 3, 4 are typ-
ically polymeric. The step portion is used to hold the edge
of the integrated multiple electrode 2 and the rectangular
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openings are formed in the central part. The upper holder
3 is provided with a pair of fasteners 8 and 17 pieces x
4 pairs of contact metal areas 9. A top view of the holders
3, 4 sandwiching and fixing the integrated multiple elec-
trode 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 supporied
by and rotates about shaft pins 8a on two confronting
sides of the upperholder3. Asshownin Figure 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
fitted in grooves 4a and the upper and lower holders 3,
4 are fixed firmly in a state of sandwiching the integrated
multiple electrode 2.

[0042] A total of 68 contact metalfittings 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 Niand Au. The metal
fittings 9 have a sectional shape as shown in Fig. 8. That
is, itconsists of a pin 9a, its base part 9b, and a movable
contact part 9d extending from the base part 9b through
a curved part 9¢. 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 fitting 9, and grooves for fitting the
base part 9b are formed in 68 (17 x 4) positions.

[0043] AsshowninFig. 2and Fig.6(B), withthe contact
metal fitting 9 inserted and fixed in the hole and groove,
pin 9a projects from the upper holder 3. Contact metal
fittings 9 are of two types which differ in the length of the
base part 9b. The two sized fittings 9 are alternately dis-
posed, 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 ouiside.
[0044] Movable contact part 9d of the contact metal
fitting 9 projects from the lower side of the upper holder
3, when in contact metal fitting 9 is inserted and affixed
in the hole and groove of the upper bolder 3. With the
holders 3, 4 fixed on both sides of the integrated multiple
electrode 2, the movable contact part 9d of each contact
metal fitting 9 contacts with the electric contact 7 of the
integrated multiple electrode 2, and a specified contact
pressure is given to the contact area by elastic deforma-
tion ofthe curved part 9c. In this way, the electric contacts
7 for connecting to the microelectrodes 11 and reference
electrodes 10 of the integrated multiple electrode 2
through the conductive pattern 12 are electrically con-
nected at alowercontact resistance (30 milliohms orless)
as compared with that of the contact metal fittings 9.
[0045] Asmentioned above, the holders 3, 4 firmly fix-
ingthe integrated multiple electrode 2 in a state of electric
contact with the integrated multiple electrode 2 are elec-
trically 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 in-
tegrated multiple electrode 2 to the conductive pattern

6
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12, electric contacts 7 and contact metal fittings 9 is fur-
ther 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.

[0046] Also as shown in Figure 2, printed circuit board
5 may be made up of, e.g., a glass epoxy two-sided sub-
strate. Connectors 5a are provided at the back side of
four positions on the circumference of the circular open-
ing formed in the center of printed circuit board 5. Since
16 pins 9a projecting in two zigzag rows from the four
positions onthe surface ofthe upperholder 3are inserted
into the individual corresponding connectors 5a, the as-
sembly of the integrated multiple electrode 2 and holders
3, 4isfixedto the printed wiringboard 5 and is connected
electrically.

[0047] At both edges 5b of the printed wiring board 5,
electric contacts of 2.54 mm pitch for both edge connec-
tors 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 fixing se-
cure, the upper holder 3 may be affixed to the printed
wiring board 5 by fastening with screws.

[0048] The reference electrodes 10 of the integrated
multiple electrode 2 are described by reference to Fig.
4. The reference electrodes 10 are usually immersed in
the culture fluid as the reference potential for measuring
the potential occurring in each microelectrode. There-
fore, each microelectrode 11 is connected to an input of
the amplifier 34 (Fig. 1), and the reference electrodes 10
are connected to the reference voltage terminals of each
amplifier. The 64-channel amplifier is divided into four
groups of 16 channels each, and each one of the four
reference electrodes is commonly connected to the ref-
erence voltage terminal of one group for 16 channels.
[0049] First, as is clear from Fig. 4, it is preferred to
position the four reference electrodes 10 on extensions
of diagonals of the central rectangularregion containing
the microelectrodes 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 microelectrodes 11 and
the reference electrodes 10 should be as large as rea-
sonably 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 mi-
croelectrode is substantially uniform. Although the posi-
tions of the reference electrodes are closely specified
above, the numerical values are not intended to be ab-
solute, but are only intended to be guidelines.

[0050] The size of the reference electrodes 10 may be
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4-64, preferably about 16, times the area of a microelec-
trode as mentioned above. As a result, the impedance
is balanced between the measuring potential input side
of the amplifier 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 imped-
ance of 16 microelectrodes and the impedance of one
reference electrode responsible are nearly equal.

Example

[0051] This Example shows the difference in noise lev-
el 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.
[0052] We fabricated integrated multiple electrodes
(such as shown in Fig. 4) having, respectively, reference
electrodes of 50 microns square and reference elec-
trodes of 200 microns square. The integrated multiple
electrodes each had cylindrical members 6. The same
culture medium as normally used in tissue culturing was
placed inside the cylindrical members 6. To limit the re-
sulting 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
| to 5, 7, 8) were measured.

[0053] Fig. 9 shows the noise waveform of the refer-
ence electrodes 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
abscissas is 5.0 ms/div. As clear from comparison be-
tween 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 re-
lation to the prior art, by using one of the 64 microelec-
trodes as the reference electrode to be responsible for
16 microelectrodes, the noise level was as large as in
Fig. 9.

[0054] As described herein, according to the cell po-
tential measuring electrode and apparatus of the inven-
tion, the noise effect is small, and if positioning when
setting the segments of cells or tissues to be measured
is not very precise, allmicroelectrodes are effectively uti-
lized, and potentials at multiple points can be measured
simultaneously.

Claims

1. A cell potential measuring electrode assembly (2)
suitable for measuring electrical potential in a neural
sample comprising:

a) a plurality of measurement microelectrodes
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(11) insulated from each other and located on
aninsulatingsubstrate (13)andformingameas-
urement microelectrode region,

b) a plurality of reference electrodes (10) isolat-
ed from each other and located on said insulat-
ing substrate outside of said measurement mi-
croelectrode region, each of said plurality of ref-
erence electrodes havinganimpedance smaller
than said each of said measurement microelec-
trodes (11) when measured in an electrolyte
covering said measuring region at 1 kHz, 50 mv.

The cell potential measuring electrode assembly (2)
of claim 1 wherein the area of each of the plurality
of reference electrodes (10) is larger than the area
of each of the plurality of measurement microelec-
trodes (11).

The cell potential measuring electrode assembly (2)
of claim 2 wherein the area of each of the plurality
of reference electrodes (10) is 4 to 25 times the area
of each of plurality of measurement microelectrodes

(11).

The cell potential measuring electrode assembly (2)
of claim 2 wherein the area of said each of plurality
of measurement microelectrodes (11) is 4 X 102 to
4 X 10* pm? and the area of each of the plurality of
reference electrodes (10) is 64 X 102 to 64 X 10*
pm2.

The cell potential measuring electrode assembly (2)
of claim 1 wherein each of the plurality of measure-
ment microelectrodes (11) are situated in an array
in said measuring region.

The cell potential measuring electrode assembly (2)
of claim 5 wherein 64 microelectrodes (11) are dis-
posedin eight rows and eight lines at centralpitches
of 100 to 450 microns.

The cell potential measuring electrode assembly (2)
of claim 1 wherein each of the plurality of measure-
ment microelectrodes (11) and each of the plurality
of reference electrodes (10) are connectable to a
position outside of the measuring region.

The cell potential measuring electrode assembly (2)
of claim 1 wherein the measuring region is surround-

ed by a wall (6).

The cell potential measuring electrode assembly (2)
of claim 8 wherein the wall (6) is circular.

The cell potential measuring electrode assembly (2)
of claim 8 wherein the wall (6) is oval.

The cell potential measuring electrode assembly (2)
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of claim 1, further comprising:

a conductive pattern (12) for wiring of said mi-
croelectrodes (11) and said reference elec-
trodes (10);

an electric contact (7) connected to the end of
said conductive pattern;

an insulating film (14) covering the surface of
said conductive pattern; and

awall (6) enclosing an area including said meas-
urement microelectrode region and said refer-
ence electrodes for usein measurement of elec-
trophysiological activities while cultivating cells
or tissues in a region enclosed by said wall.

The cell potential measuring electrode assembly (2)
of claim |1, wherein said plural reference electrodes
(10) are disposed at nearly equal distance from the
region of disposition of said plural microelectrodes
(11) and at intervals of nearly equal angle.

The cell potential measuring electrode assembly (2)
of claim 12, wherein said plural microelectrodes (11)
are disposed in a matrix in a rectangular region, and
four of said reference electrodes (10) are provided
on an extension of diagonals of said rectangular re-
gion.

The cell potential measuring electrode assembly (2)
of claim 13, wherein said microelectrodes (11) are
0.8 to 3.3 mm in one side of a rectangular region in
matrix arrangement, and said four reference elec-
trodes (10) are disposed at four corners of a rectan-
gular form of 5to 15 mm in one side.

The cell potential measuring electrode assembly (2)
of claim 14, wherein 64 microelectrodes (11) are dis-
posed in eight rows and eight lines at central pitches
of 100 to 450 microns.

The cell potential measuring electrode assembly (2)
of claim 11, wherein the area of said reference elec-
trodes (10) is 4 to 25 times the area of said microe-
lectrodes (11).

The cell potential measuring electrode assembly (2)
of claim 16, wherein the area of said reference elec-
trodes (10) is 16 times the area of said microelec-
trodes (11).

The cell potential measuring electrode assembly (2)
of claim 11, whereinthe area of said microelectrodes
(11)is 4 X 102to 4 X 104 pm? and the area of said
reference electrodes (10) is 64 X 102 to 64 X 104
pm2.

The cell potential measuring electrode assembly (2)
of claim 11, wherein said microelectrodes (11) and
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saidreference electrodes (10) are formed of a same
material.

The cell potential measuring electrode assembly (2)
of claim 19, wherein said microelectrodes (11) and
saidreferenceelectrodes (10) areformedby layering
nickel plating, gold plating, and platinum black on an
indium-tin oxide film.

The cell potentialmeasuring electrode assembly (2)
of claim 11, wherein said insulating substrate (13) is
nearly square, and plural electric contacts (7) con-
nectedto the end of said conductive pattern (12) are
distributed and disposed in four sides of said insu-
lating substrate.

The cell potential measuring electrode assembly (2)
of claim 11, wherein indexing micro-marks (17) for
visually recognizing direction when magnified are
provided near the regions of disposition of said mi-
croelectrodes (11).

A cell potential measuring apparatus comprising:

a cell placement device (1) having a cell poten-
tial measuring electrode assembly (2) as de-
fined in any one ofclaims 11 to 22, and a contact
metal (9) for contacting with its electric contact
(7), and including an electrode holder (3, 4) for
fixing said insulating substrate (13) by sand-
wiching from above and beneath,

a signal processor (30) connected electrically to
said cell placement device (1) for processing
voltage signals generated between each micro-
electrode (11) and reference electrode (10) of
said cell potential measuring electrode (2) by
the activity of cells or tissues cultivated in a re-
gion enclosed by a wall (6), and

an optical device (21) for magnifying and ob-
serving optically the cells ortissuescultivated in
the region enclosed by said wall (6).

Acell potential measuring apparatus of claim 23, fur-
ther comprising an image memory device (22) for
storing the magnified image obtained by aid optical
device (21).

Patentanspriiche

1.

Elektrodenanordnung zur Messung von Zellpoten-
tialen (2), die zur Messung eines elektrischen Po-
tentials in einer neuralen Probe geeignet ist, mit:

a) einer Vielzahl von MeBmikroelektroden (11),
die gegeneinander isoliert und auf einem isolie-
renden Substrat (13) angeordnet sind und einen
MeBmikroelektrodenbereich bilden,
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b) einer Vielzahl von Referenzelektroden (10),
die gegeneinander isoliert und auf dem isolie-
renden Substrat auBerhalb des MefBmikroelek-
trodenbereichs angeordnetsind, wobeijede aus
derVielzahl von Referenzelektroden eine Impe-
danz hat, die kleiner ist als jede der MeBmikro-
elektroden (11), wenn in einem Elektrolyt, der
den Messungsbereich umfaBt, mit 1 kHz, 50 mV
gemessen wird.

Elektrodenanordnung zur Messung von Zellpoten-
tialen (2) nach Anspruch 1, wobei die Flache jeder
ausder Vielzahl von Referenzelektroden (10) gréBer
ist als die Flache jeder aus der Vielzahl von MeBmi-
kroelektroden (11).

Elektrodenanordnung zur Messung von Zellpoten-
tialen (2) nach Anspruch 2, wobei die Flache jeder
aus der Vielzahl von Referenzelektroden (10) das 4-
bis 25fache der Flache jeder aus der Vielzahl von
MeBmikroelektroden (11) ist.

Elektrodenanordnung zur Messung von Zellpoten-
tialen (2) nach Anspruch 2, wobei die Flache jeder
aus der Vielzahl von MeBmikroelektroden (11) 4 x
102 bis 4 x 10* wm? ist und die Flache jeder aus der
Vielzahl der Referenzelektroden (10) 64 x 102 bis 64
X 104 pm?2 ist.

Elektrodenanordnung zur Messung von Zellpoten-
tialen (2) nach Anspruch 1, wobei jede aus der Viel-
zahl von MeBmikroelektroden (11) in einer Matrix in
dem Messungsbereich angeordnet ist.

Elektrodenanordnung zur Messung von Zellpoten-
tialen (2) nach Anspruch 5, wobei 64 Mikroelektro-
den (11) in acht Reihen und acht Zeilen mit mittigen
RastermaBen von 100 bis 450 pm angeordnet sind.

Elektrodenanordnung zur Messung von Zellpoten-
tialen (2) nach Anspruch 1, wobei jede aus der Viel-
zahl von MeBmikroelektroden (11) und jede aus der
Vielzahl von Referenzelektroden (10) mit einer Po-
sition auBerhalb des Messungsbereichs verbindbar
sind.

Elektrodenanordnung zur Messung von Zellpoten-
tialen (2) nach Anspruch 1, wobei der Messungsbe-
reich von einer Wand (6) umgeben ist.

Elektrodenanordnung zur Messung von Zellpoten-
tialen (2) nach Anspruch 8, wobei die Wand (6) kreis-
férmig ist.

Elektrodenanordnung zur Messung von Zellpoten-
tialen (2) nach Anspruch 8, wobei die Wand (6) oval
ist.
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. Elektrodenanordnung zur Messung von Zellpoten-
tialen (2) nach Anspruch 1, ferner mit:

einer Leiterstruktur (12) zum Verdrahten der Mi-
kroelektroden (11) und der Referenzelektroden
(10);

einem elektrischen Kontakt (7), dermit dem En-
de der Leiterstruktur verbunden ist;
einemisolierenden Film (14), derdie Oberflache
der Leiterstruktur {iberdeckt; und

einer Wand (6), die eine Flache mit dem
MeBmikroelektrodenbereichund den Referenz-
elektroden einschlief3t, zur Verwendung beim
Messen von elektrophysiologischen Aktivitéaten,
wahrend Zellen oder Gewebe in einem von der
Wand eingeschlossenen Bereich kultiviert wer-
den.

. Elektrodenanordnung zur Messung von Zellpoten-
tialen (2) nach Anspruch 11, wobeidiemehreren Re-
ferenzelektroden (10) in nahezu gleichem Abstand
vom Anordnungsbereich der mehreren Mikroelek-
troden (11) und in Intervallen von nahezu gleichem
Winkel angeordnet sind.

Elektrodenanordnung zur Messung von Zellpoten-
tialen (2) nach Anspruch 12, wobei die mehreren Mi-
kroelektroden (11) in einer Matrix in einem rechtek-
kigen Bereich angeordnet sind und vier der Refe-
renzelektroden (10) auf einer Verldngerungvon Dia-
gonalen des rechteckigen Bereichs angeordnet
sind.

Elektrodenanordnung zur Messung von Zellpoten-
tialen (2) nach Anspruch 13, wobei die Mikroelektro-
den (11) 0,8 bis 3,3 mm an einer Seite eines recht-
eckigen Bereichs in Matrixanordnung sind und die
vier Referenzelektroden (10) an vier Ekken einer
rechteckigen Form von 5 bis 15 mm an einer Seite
angeordnet sind.

Elektrodenanordnung zur Messung von Zellpoten-
tialen (2) nach Anspruch 14, wobei 64 Mikroelektro-
den (11) in acht Reihen und acht Linien mit mittigen
Rastermafen von 100 bis 450 pm angeordnet sind.

Elektrodenanordnung zur Messung von Zellpoten-
tialen (2) nach Anspruch 11, wobei die Flache der
Referenzelektroden (10) das 4- bis 25fache der Fla-
che der Mikroelektroden (11) ist.

Elektrodenanordnung zur Messung von Zellpoten-
tialen (2) nach Anspruch 16, wobei die Flache der
Referenzelektroden (10) das 16fache der Flache der
Mikroelektroden (11) ist.

Elektrodenanordnung zur Messung von Zellpoten-
tialen (2) nach Anspruch 11, wobei die Flache der
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Mikroelektroden (11) 4 x 102 bis 4 x 104 um2 ist und
die Flache der Referenzelektroden (10) 64 x 102 bis
64 x 104 pm? ist.

Elektrodenanordnung zur Messung von Zellpoten-
tialen (2) nach Anspruch 11, wobei die Mikroelektro-
den (11) und die Referenzelektroden (10) aus dem
gleichen Material bestehen.

Elektrodenanordnung zur Messung von Zellpoten-
tialen (2) nach Anspruch 19, wobei die Mikroelektro-
den (11) und die Referenzelektroden (10) durch Auf-
bringen von Nickelplattierung, Goldplattierung und
Platinschwarz auf einem Indium-Zinnoxidfilm aus-
gebildet sind.

Elektrodenanordnung zur Messung von Zellpoten-
tialen (2) nach Anspruch 11, wobei das isolierende
Substrat (13) nahezu quadratisch ist und mehrere
elektrische Kontakte (7), die mit dem Ende der Lei-
terstruktur (12) verbunden sind, an vier Seiten des
isolierenden Substrats verteilt und angeordnet sind.

Elektrodenanordnung zur Messung von Zellpoten-
tialen (2) nach Anspruch 11, wobei Hinweismikro-
markierungen (17) zur optischen Erkennung der
Richtung bei Vergré3erung nahe den Anordnungs-
bereichen der Mikroelektroden (11) vorgesehen
sind.

Eine Vorrichtung zur Messung von Zellpotentialen
mit:

einer Zellplazierungsvorrichtung (1) mit einer
Elektrodenanordnung zur Messung von Zellpo-
tentialen (2) nach einem der Anspriiche 11 bis
22 und einem Kontaktmetall (9) zur Kontakther-
stellung mit ihrem elektrischen Kontakt (7) und
mit einem Elektrodenhalter (3, 4) zum Fixieren
des isolierenden Substrats (13) durch sand-
wichartiges Anordnen von oben und unten,
einem Signalprozessor (30), der mit der Zellpla-
zierungsvorrichtung (1) elektrisch verbunden
ist, zur Verarbeitung von Spannungssignalen,
die zwischen jeder Mikroelektrode (11) und Re-
ferenzelektrode (10) der ZellpotentialmeRelek-
trode (2) durch die Aktivitat von Zellen oder Ge-
weben erzeugt werden, die in einem von einer
Wand (6) eingeschlossenen Bereich kultiviert
werden, und

einer optischen Vorrichtung (21) zum optischen
VergroBern und Beobachten der Zellen oder
Gewebe, die in dem von der Wand (6) einge-
schlossenen Bereich kultiviert werden.

Vorrichtung zur Messung von Zellpotentialen nach
Anspruch 23, ferner mit einer Bildspeichervorrich-
tung (22) zum Speichern des durch die optische Vor-
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richtung (21) gewonnenen, vergriBerten Bildes.

Revendications

1.

2.

Ensemble d’électrode de mesure de potentiel de cel-
lule (2) adéquatpourlamesurelepotentiel électrique
dans un échantillon neural comprenant :

a) une pluralité de microélectrodes de mesure
(11) isolées les unes des autres et placées sur
unsubstratd’isolation (13) etformant une région
de microélectrode de mesure,

b) une pluralité d’électrodes de référence (10)
isolées les unes des autres et placées sur ledit
substrat d’isolation a I'extérieur de ladite région
de microélectrode de mesure,chacune de ladite
pluralité d’électrodes de référence ayantuneim-
pédance inférieure a ladite chacune desdites
microélectrodes de mesure (11) lorsqu’on la
mesure dans un électrolyte couvrant ladite ré-
gion de mesure a 1 kHz, 50 mv.

Ensemble d’électrode de mesure de potentiel de cel-
lule (2) selon la revendication 1 dans lequel I'aire de
chacune de la pluralité d’électrodes de référence
(10) est supérieure a I’aire de chacune de la pluralité
des microélectrodes de mesure (11).

Ensemble d’électrode de mesure de potentiel de cel-
lule (2) selon larevendication 2 dans lequel I'aire de
chacune de la pluralité d’électrodes de référence
(10) est 4 a 25 fois l'aire de chacune de la pluralité
des microélectrodes de mesure (11).

Ensemble d’électrode de mesure depotentieldecel-
lule (2) selon la revendication 2 dans lequel l'aire de
ladite chacune de la pluralité des électrodes de me-
sure (11) estde 4 X 102 a 4 X 104 um?2 et l'aire de
chacune de la pluralité des électrodes de référence
(10) est de 64 X 102 a2 64 X 10* pm2.

Ensemble d’électrode de mesure de potentiel de cel-
lule (2) selon larevendication 1 danslequel chacune
de la pluralité des microélectrodes de mesure (11)
est située dans une matrice dans ladite région de
mesure.

Ensemble d’électrode de mesure de potentiel de cel-
lule (2) selon la revendication 5 dans lequel 64 mi-
croélectrodes (11) sontdisposées dans huit rangées
et huit lignes a des pas centraux de 100 a 450 mi-
crons.

Ensemble d’électrode de mesure de potentiel de cel-
lule (2) selon larevendication 1 danslequelchacune
de la pluralité des microélectrodes de mesure (11)
etchacune de la pluralité des électrodes de référen-
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ce (10) sont connectables a une position a I’extérieur
de la région de mesure.

Ensemble d’électrode de mesure de potentiel decel-
lule (2) selon la revendication 1 dans lequel la région
de mesure est entourée par une paroi (6).

Ensemble d’électrode de mesure de potentiel de cel-
lule {2) selon la revendication 8 dans lequel la paroi
(6) est circulaire.

Ensemble d’électrode de mesure de potentiel decel-
lule (2) selon la revendication 8 dans lequel la paroi
(6) est ovale.

Ensemble d’électrode de mesure de potentiel de cel-
lule (2) selon la revendication 1, comprenant de
plus :

uneimpressionconductrice (12) pourlecéblage
desdites microélectrodes (11) et desdites élec-
trodes de référence (10) ;

un contact électrique (7) connecté a I'extrémité
de ladite impression conductrice ;

un film d’isolation (14) couvrant la surface de
ladite impression conductrice; et

une paroi_ (6) enfermant une aire comprenant
ladite région de microélectrode de mesure et
lesdites électrodes de référence pour une utili-
sation dans la mesure des activités électraphy-
siologiques pendant la culture de cellules ou de
tissus dans une région enfermée au moyen de
ladite paroi.

Ensemble d’électrode de mesure de potentiel de cel-
lule (2) selon la revendication 11, dans lequel ladite
pluralité d’électrodes de référence (10) est disposée
a presque une distance égale de la région de dispo-
sition desdites microélectrodes plurales (11) etades
intervalles de presque un angle égal.

Ensemble d’électrode de mesure de potentiel de cel-
lule (2) selon la revendication 12, dans lequel lesdi-
tes microélectrodes plurales (11) sont disposées
dans une matrice dans une région rectangulaire, et
quatre desdites électrodes de référence (10) sont
fournies sur une extension de diagonales de ladite
région rectangulaire.

Ensemble d’électrode de mesure de potentiel de cel-
lule (2) selon la revendication 13, dans lequel lesdi-
tes microélectrodes (11) sont de 0,8 a 3,3 mm dans
un cété d’une région rectangulaire dans un arrange-
ment de matrice, et lesdites quatre électrodes de
référence (10) sont disposées a quatre coins d’'une
forme rectangulaire de 5 a 15 mm dans un cété.

Ensemble d’électrode de mesure de potentiel de cel-
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lule (2) selon la revendication 14, dans lequel 64
microélectrodes (11) sont disposées dans huit ran-
gées et huit lignes a des pas centraux de 100 a 450
microns.

Ensemble d’électrode de mesure de potentiel de cel-
lule (2) selon la revendication 11, dans lequel l'aire
desdites électrodes de référence (10) estde 4 a4 25
fois l'aire desdites microélectrodes (11).

Ensemble d’électrode de mesure de potentielde cel-
lule (2) selon la revendication 16, dans lequel l'aire
desdites électrodes de référence (10) est 16 fois
I'aire desdites microélectrodes (11).

Ensemble d’électrode de mesure de potentielde cel-
lule (2) selon la revendication 11, dans lequel l'aire
desdites microélectrodes (11) est de 4 x 102 a 4 x
104 um?2 et laire desdites électrodes de référence
(10) est de 64 x 102 & 64 x 10% pmZ2.

Ensemble d’électrode de mesure de potentiel de cel-
lule (2) selon la revendication 11, dans lequel lesdi-
tes microélectrodes (11) et lesdites électrodes de
référence (10) sont formées d’'un méme matériau.

Ensemble d’électrode de mesure de potentiel decel-
lule (2) selon la revendication 19, dans lequel lesdi-
tes microélectrodes (11) et lesdites électrodes de
référence (10) sont formées au moyen d’un placage
de couche de nickel, de placage d'or, et de platine
noir sur un film d’oxyde d’étain indium.

Ensemble d’électrode de mesure de potentielde cel-
lule (2) selon la revendication 11, dans lequel ledit
substrat d’isolation (13) estpresquecarré, etlescon-
tacts électriques pluraux (7) connectés a I'extrémité
de laditeimpression conductrice (12) sont distribués
et disposés dans quatre c6tés dudit substrat d'iso-
lation.

Ensemble d’électrode demesure de potentieldecel-
lule (2) selon la revendication 11, dans lequel lin-
dexation de micro marques (17) pour reconnaitre
visuellement la direction lorsqu’un agrandissement
est fourni prés des régions de disposition desdites
microélectrodes (11).

Appareil de mesure de potentiel de cellule
comprenant :

un dispositif de placement de cellule (11) ayant
un ensemble d’électrode de mesure de potentiel
de cellule (2) tel que défini dans I'une quelcon-
que des revendications 11 a 22, et un métal de
contact (9) pour étre en contactavec son contact
électrique (7), et comprenant un support d’élec-
trode (3, 4) pour la fixation dudit substrat d'iso-

10

15

lation (13) en couche intermédiaire depuis le
dessus et le dessous,

un processeur de signal (30) connecté électri-
quement auditdispositif de placement de cellule
(1) pour traiter les signaux de tension générés
entre chaque microélectrode (11) et 'électrode
de référence (10) de ladite électrode de mesure
de potentiel de cellule (2) au moyen de l'activité
des cellules ou des tissus cultivés dans une ré-
gion enfermée au moyen d’une paroi (6), et

un dispositif optique (21) pouragrandir et obser-
ver de fagon optique les cellules ou les tissus
cultivés dans la région enfermée au moyen de
ladite paroi (6).

24. Appareil mesurant un potentiel de cellule selon la
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revendication 23, comprenant de plus un dispositif
de mémoire d’image (22) pour stocker 'image agran-
die obtenue au moyen du dispositif optique d’aide
(21).
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12/435,569 WANG ET AL.
Office Action Summary Examiner AriUnit
SHANNON JANSSEN 1653

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- 1f NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status

1) Responsive to communication(s) filed on 27 February 2012.
2a)[] This action is FINAL. 2b)[X] This action is non-final.
3)[J An election was made by the applicant in response to a restriction requirement set forth during the interview on
____ ;therestriction requirement and election have been incorporated into this action.
4)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

5)X Claim(s) 1-6,11-14 and 16-45 is/are pending in the application.

5a) Of the above claim(s) 1-6,11-14 and 30-39 is/are withdrawn from consideration.
6)[] Claim(s) _____is/are allowed.
7)X Claim(s) 16-29 and 40-45 is/are rejected.
8)X] Claim(s) 16,17.24.44 and 45 is/are objected to.
9] Claim(s) ____

are subject to restriction and/or election requirement.

Application Papers

10)[] The specification is objected to by the Examiner.
11)[J The drawing(s) filed on _____is/are: a)[_] accepted or b)[_] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
12)[C] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

13)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)J Al b)[J Some * c)[] None of:
1. Certified copies of the priority documents have been received.
2. Certified copies of the priority documents have been received in Application No. ___
3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.
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Application/Control Number: 12/435,569 Page 2
Art Unit: 1653

DETAILED ACTION

Claims 1-6, 11-14 and 16-45 are currently pending. Claims 1-6, 11-14 and 30-39 have

been withdrawn and claims 16-29 and 40-45 are currently under consideration.
Election/Restrictions

Applicant's election with traverse of Group 111, claims 24-29 and newly added claims 40-
45 in the reply filed on February 27, 2012 is acknowledged. The traversal is on the ground(s)
that the system/apparatus of claim 1 is required for Group III and therefore would not constitute
a search burden, that the subject matter of Group II would be examined as part of Group III, and
that Groups IV-VI share numerous features and there would not be a search burden. This is
found persuasive, in part, and Group II has been rejoined to Group III. This is not found
persuasive in regards to Groups I and IV-VI for the reasons of record. In addition, Group IV
requires determining a rise in cell index, a decay in cell index, and extrapolating each peak from
each rise and decay and monitoring impedance over seconds, minutes, or hours, which is not
required by Groups III and V-VI. Further, although applicants assert that the apparatus is used
for monitoring excitable cells, this does not exclude other methods of using the apparatus, such
as for use as a biosensor for a specific antibody or protein.

Claims 1-6, 11-14 and 30-39 are withdrawn from further consideration pursuant to 37
CFR 1.142(b), as being drawn to a nonelected Inventions, there being no allowable generic or
linking claim. Applicant timely traversed the restriction (election) requirement in the reply filed
on February 27, 2012. However, claim 16 links inventions III-VI and upon indication of

allowability, the restriction requirement between the linked inventions shall be withdrawn and
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any claims depending from or otherwise requiring all the limitations of the allowable linking

claim will be rejoined.

Priority
The present application claims priority based on U.S. Provisional Application Nos.

61/191,684, filed on September 11, 2008 and 61/126,533, filed on May 5, 2008.

Information Disclosure Statement
The information disclosure statement (IDS) submitted on April 26, 2012 is being

considered by the examiner.

Claim Objections

Claims 16 and 24 are objected to for containing non-elected subject matter (i.e.: claim 1).
Applicant is required to cancel the claim or rewrite the claim in independent form. Applicant
may add in structural requirements that the method of claim 1 would impart.

Claim 17 is objected to because of the following informalities: claim 17 recites “wherein
said excitable cells are cells undergo” in line 2 which appears to be missing a restrictive clause
(e.g.: such as “that,” between “cells” and “undergo’) and appears to be a typographical error.
Appropriate correction is required.

Claim 44 is objected to because of the following informalities: “peek” in line 3 appears
to be a typographical error. Appropriate correction is required.

Claim 45 recites the limitation "resolving cell beating cycles" in lines 1-2. There is

insufficient antecedent basis for this limitation in the claim.
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Invention as Claimed

One embodiment of the present invention is drawn to a method comprising a) providing
the system; b) adding excitable cells to said one or more wells; c) monitoring impedance of said
one or more wells using millisecond time resolution; and d) resolving individual cycles of said
excitable cells.

Another embodiment of the present invention is drawn to a method of determining
whether a compound modulates a beating cycle of an excitable cell, comprising: a) providing the
system according to claim 1, wherein said system comprises at least two wells; b) adding
excitable cells to said at least two wells; c) monitoring impedance of said at least two wells using
millisecond time resolution; d) adding a compound suspected of modulation of the beating cycle
to a first of said at least two wells to provide a test well, wherein a second well lacking
compound is provided as a control well; e) resolving the beating cycles of both test well and
control well; and d) comparing said beating cycles between said test well and control well,
wherein a difference in beating cycles indicates said compound modulates the beating cycle of

the excitable cell.

Claim Rejections - 35 USC § 112

The following is a quotation of the second paragraph of 35 U.S.C. 112:

The specification shall conclude with one or more claims particularly pointing out and distinctly claiming the
subject matter which the applicant regards as his invention.

Claim 16 is rejected under 35 U.S.C. 112, second paragraph, as being indefinite for
failing to particularly point out and distinctly claim the subject matter which applicant regards as

the invention.
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Claim 16 recites a method for assessing and quantifying excitable cells in vitro. However,
the positive method steps of instant claim 16 do not recite a step of quantifying excitable cells,
which results in a nexus issue. This issue renders the claim unclear as to whether there is or is not

a step of quantifying the cells. Claims 17-23 fail to clarify this and are similarly rejected.

Claim Rejections - 35 USC § 102
The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the

basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(b) the invention was patented or described in a printed publication in this or a foreign counwy or in public use or on
sale in this counwy, more than one year prior to the date of application for patent in the United States.

Claim 16 is rejected under 35 U.S.C. 102(b) as being anticipated by Cantor (U.S. Patent
No. 6,852,525, granted February 8, 2005).

Regarding present claim 16, Cantor teaches a method comprising a) providing a system
comprising microelectrodes on a substrate, such as a glass substrate (i.e.: nonconductive), for
monitoring impedance of cells and further comprising a plurality of cloning cylinders bonded to
the substrate to define wells for holding the cells (see col 3, Ins 29-53, col 4, Ins 4-15, col 9, Ins
35-37, Figs. 7 and 9, for example) and a signal monitoring and processing means such as a
computer (see col 5, Ins 60+, col 6, Ins 1-12); b) adding excitable cells, such as neuronal cells, to
said one or more wells; c) monitoring impedance of said one or more wells using millisecond
time resolution (since it monitors the opening and closing of ion channels which occurs in less
than a millisecond; see col 2, Ins 39+); and d) resolving individual cycles (e.g.: of ion channels

opening, closing, and the cell returning to a resting state) of said excitable cells (see entire
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document, particularly col 2, Ins 39+, col 3, Ins 14-27, col 4, Ins 26-46, col 5, Ins 1-35, col 8, Ins
14-44). Cantor further states:

“For example, voltage-gated Na* channels (among other ion channels) help make
nerve cells electrically excitable and enable them to conduct action potentials. When the
membrane of a cell with many Na* channels is partially depolarized by a momentary
stimulus, some of the channels promptly open, allowing Na+ ions to enter the cell. The
influx of positive charge depolarizes the membrane further, thereby opening more
channels, which admit more Na®, causing still further depolarization. This process
continues in a self-amplifying fashion until the membrane potential has shifted from its
resting value of about -70 mV all the way to the Na" equilibrium potential of about +50
mV. At that point, where the net electrochemical driving force for the flow of Na" is zero,
the cell would come to a new resting state with all its Na* channels permanently open, if
the open channel conformation were stable. The cell is saved from such a permanent
electrical tetanus by the automatic inactivation of the Na* channels, which now gradually
close and stay closed until the membrane potential has returned to its initial negative
resting value. The whole cycle, from initial stimulus to return to the original resting state,
takes a few milliseconds or less.” See col 2, Ins 46+.

“Examining the membrane potential relative to time, an action potential exhibits
various characteristics or parameters, including action potential rate (if cells
spontaneously depolarize), action potential amplitude, and action potential shape, among
others. Action potential rate refers to the frequency with which a cell produces an action
potential (rapid depolarization). Action potential amplitude refers to the height of the
peak depolarization that occurs in the course of the action potential. Action potential
shape refers to the time course of the depolarization and repolarization.” See col 3, Ins
14-24.

“The present invention permits detection and monitoring of membrane, chemical,
and electrical characteristics of a cell. As noted at the outset, these characteristics include
cell impedance (cell membrane capacitance and conductance), action potential
parameters, cell membrane capacitance, cell membrane conductance, neuronal action
potential, cellular metabolic products (hormones, neurotransmitters, waste products, etc.),
and cell/substrate seal resistance. These electrical characteristics, in turn, correlate well
with the metabolic state of the cell. The present invention, thus, provides an apparatus
and method for monitoring cells and for monitoring the impact that an analyte has upon
the metabolism of a cell. It is to be appreciated that such analytes include pharmaceutical
agents, drugs, environmental factors, toxins, chemical agents, biological agents, viruses,
and cellular adhesion promoters.” See Col 4, Ins 25-45.

Therefore, the teachings of Cantor anticipate the presently claimed invention.
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Claim Rejections - 35 USC § 103
The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are
such that the subject matter as a whole would have been obvious at the time the invention was made to a person
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the
manner in which the invention was made.

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 USPQ 459
(1966), that are applied for establishing a background for determining obviousness under 35
U.S.C. 103(a) are summarized as follows:

Determining the scope and contents of the prior art.

Ascertaining the differences between the prior art and the claims at issue.
Resolving the level of ordinary skill in the pertinent art.

Considering objective evidence present in the application indicating obviousness
or nonobviousness.

el S

This application currently names joint inventors. In considering patentability of the
claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of the various
claims was commonly owned at the time any inventions covered therein were made absent any
evidence to the contrary. Applicant is advised of the obligation under 37 CFR 1.56 to point out
the inventor and invention dates of each claim that was not commonly owned at the time a later
invention was made in order for the examiner to consider the applicability of 35 U.S.C. 103(c)

and potential 35 U.S.C. 102(e), (f) or (g) prior art under 35 U.S.C. 103(a).

Claims 16-29 and 40-45 are rejected under 35 U.S.C. 103(a) as being unpatentable over
Xu et al. (U.S. Patent Application Publication No. 2005/0153425, published July 14, 2005),
Banach et al. (Development of electrical activity in cardiac myocyte aggregates derived from
mouse embryonic stem cells, Am. J. Physiol. Heart Circ. Physiol., 2003, Vol 284, pp H2114-

H2123) as evidenced by Hescheler et al. (Determination of electrical properties of ES cell-
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derived cardiomyocytes using MEAs, 2004, Journal of Electrocardiology, Vol 37, pp 110-116),
Cantor (U.S. Patent No. 6,852,525, granted February 8, 2005), and Schecter (U.S. Patent
Application Publication No. 2005/0182447, published August 18, 2005).

Regarding present claims 16 and 24, Xu et al. teach a method for performing real-time
cell-based assays investigating the effects of one or more compound on cells comprising
providing a system for monitoring cell-substrate impedance comprising a nonconducting
substrate, two or more electrode arrays fabricated on the substrate, where each of the two or
more electrode arrays comprises two electrode structures, and at least two connection pads, each
of which is located on an edge of the substrate, at least one multiple-well device monitoring cell-
substrate impedance, in which at least two of the multiple wells each comprise an electrode array
at the bottom of the well which are independently addressable, an impedance analyzer, a device
station capable of engaging the one or more multiple-well devices and capable of selecting and
electrically connecting electrode arrays within any of the multiple wells in to the impedance
analyzer, and a software program to control the device station and perform data acquisition and
data analysis on impedance values measured by the impedance analyzer, depositing cells on at
least one of the two or more arrays of the device, adding one or more compounds to the one or
more wells, providing at least one control well lacking compound, and monitoring cell-substrate
impedance at regular or irregular time intervals on one or more arrays of the device to ascertain
if the compound modulates the cell (see [0018-0020, 0023, 0024, 0029, 0031, 0032, 0036, 0130,
0131, 0134, 0244, 0246], for example).

Regarding present claim 29, Xu et al. provides methods for calculating a Cell Index for

quantifying and comparing cell-substrate impedance (see [0021, 0140+], for example).
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Regarding present claim 45, Xu et al. teach setting the first order derivatives to zero (see
[0209], for example).

While Xu et al. teach a method for performing real-time cell-based assays investigating
the effects of one or more compound on cells, Xu et al. do not teach excitable cells which
undergo excitation-contraction coupling or cardiomyocytes as recited in instant claims 16-18, 24
and 25, resolving individual cycles or beating cycles as recited in instant claims 16 and 24, at
least 2 consecutive impedance measurements at millisecond (ms) time resolution as recited in
instant claims 19-23 and 40-43, or identifying changes in beating amplitude or beating
frequency as recited in instant claims 26-29 and 45.

However, Banach et al. teach a microelectrode array for monitoring the beating cycle of
cardiomyocytes and further teach monitoring electrical activity from multiple electrodes
simultaneously and continuously with ms time resolution and resolving signal delays of less than
10 ms (e.g.: at least two consecutive measurements less than 10 milliseconds apart since it is
continuously measured and this could be broadly and reasonably interpreted as consecutive
measurements; see entire document, particularly p H2115, cols 1-2, Figs. 1, 3, and 4, for
example). Banach et al. teach monitoring the interspike interval to determine the beating
frequency and measuring peak amplitude (e.g.: would be regular or irregular changes; see p
2115, col 1, para 2, p H2116, col 1, para 1). Banach et al. teach measuring the effect of different
compounds on beating frequency and action potential in the form of FPy to FPvax (e.g.:
amplitude; see p H2115, col 2, para 1, p H2118, col 2, para 2, p H2119, p H2120, col 1, para 1,
col 2, para 4, Figs. 4, 6, and 7). Banach et al. further state:

“In the present study, we analyzed the developmental changes of spontaneous
electrical activity with repeated multielectrode recordings using substrate-integrated
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microelectrode arrays (MEAs). This technique allows not only the long-term culture of
the preparation but also the analysis of the spatial electrophysiological differences within
the preparation. In the present study, we analyzed different field potential (FP)
parameters to characterize the development of the spontaneous electrical activity of
multicellular aggregates of ESCs and their electrophysiological properties. Furthermore,
the use of an ES cell line deficient in the expression of connexin43 (Cx43™"), the major
cardiac gap junction protein, enabled us to distinguish developmental changes of the
active, voltage-dependent membrane properties from changing passive components like
the intercellular resistance.” See p H2114, col 2, Para 1.
In addition, Hescheler, which cites to the microelectrode array system taught by Banach
et al. (see p 113, Fig. 3) and, regarding the arrays, state:
“It may provide a new experimental model to study the impact of cell-cell-
interactions and growth factors as well as of extracellular matrix proteins. In addition, the
cellular system described, may be useful as an in vitro assay for pharmacological

investigations of chronotropic drugs and as a cellular system for studying cardiotoxic
effects during embryogenesis in vitro.” See p 115, cols 1-2, bridging para.

Further, Cantor teaches a method comprising a) providing a system comprising
microelectrodes on a substrate, such as a glass substrate (i.e.: nonconductive), for monitoring
impedance of cells and further comprising a plurality of cloning cylinders bonded to the substrate
to define wells for holding the cells (see col 3, Ins 29-53, col 4, Ins 4-15, col 9, Ins 35-37, Figs. 7
and 9, for example) and a signal monitoring and processing means such as a computer (see col 5,
Ins 60+, col 6, Ins 1-12); b) adding excitable cells, such as neuronal cells, to said one or more
wells; ¢) monitoring impedance of said one or more wells using millisecond time resolution
(since it monitors the opening and closing of ion channels which occurs in less than a
millisecond; see col 2, Ins 39+; and d) resolving individual cycles (e.g.: of ion channels opening,
closing, and the cell returning to a resting state) of said excitable cells (e.g.: measuring
impedance peaks in millisecond time resolution; see entire document, particularly col 2, Ins 39+,

col 3, Ins 14-27, col 4, Ins 26-46, col 5, Ins 1-35, col 8, Ins 14-44). Cantor further states:
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“For example, voltage-gated Na* channels (among other ion channels) help make
nerve cells electrically excitable and enable them to conduct action potentials. When the
membrane of a cell with many Na* channels is partially depolarized by a momentary
stimulus, some of the channels promptly open, allowing Na+ ions to enter the cell. The
influx of positive charge depolarizes the membrane further, thereby opening more
channels, which admit more Na®, causing still further depolarization. This process
continues in a self-amplifying fashion until the membrane potential has shifted from its
resting value of about -70 mV all the way to the Na* equilibrium potential of about +50
mV. At that point, where the net electrochemical driving force for the flow of Na* is zero,
the cell would come to a new resting state with all its Na* channels permanently open, if
the open channel conformation were stable. The cell is saved from such a permanent
electrical tetanus by the automatic inactivation of the Na* channels, which now gradually
close and stay closed until the membrane potential has returned to its initial negative
resting value. The whole cycle, from initial stimulus to return to the original resting state,
takes a few milliseconds or less.” See col 2, Ins 46+.

“Examining the membrane potential relative to time, an action potential exhibits
various characteristics or parameters, including action potential rate (if cells
spontaneously depolarize), action potential amplitude, and action potential shape, among
others. Action potential rate refers to the frequency with which a cell produces an action
potential (rapid depolarization). Action potential amplitude refers to the height of the
peak depolarization that occurs in the course of the action potential. Action potential

shape refers to the time course of the depolarization and repolarization.” See col 3, Ins
14-24.

“The present invention permits detection and monitoring of membrane, chemical,
and electrical characteristics of a cell. As noted at the outset, these characteristics include
cell impedance (cell membrane capacitance and conductance), action potential
parameters, cell membrane capacitance, cell membrane conductance, neuronal action
potential, cellular metabolic products (hormones, neurotransmitters, waste products, etc.),
and cell/substrate seal resistance. These electrical characteristics, in turn, correlate well
with the metabolic state of the cell. The present invention, thus, provides an apparatus
and method for monitoring cells and for monitoring the impact that an analyte has upon
the metabolism of a cell. It is to be appreciated that such analytes include pharmaceutical
agents, drugs, environmental factors, toxins, chemical agents, biological agents, viruses,
and cellular adhesion promoters.” See Col 4, Ins 25-45.

While Xu et al., Banach et al., and Cantor teach a method for performing real-time cell-
based assays investigating the effects of one or more compound on cells and measuring beating
frequency and amplitude, Xu et al., Banach et al., and Cantor do not specifically teach

determining a rise in impedance and a decay in impedance and extrapolating a peak from each
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rise and decay as recited in instant claim 44 or identifying impedance data points at which the
first order derivative to time is zero or about zero as recited in instant claim 45.

However, Schecter teaches a method of monitoring beating cycle of the heart using
impedance measurements and further teach calculating the derivative of impedance to time at 0
and the peak and delays in time to peak incidence and changes in the impedance waveform (e.g.
time to onset of positive dZ/dt, time to peak Z, time to peak dZ/dt, which can be broadly and
reasonably interpreted as rise in impedance and decay in impedance and determining a peak)
and/or reductions in the quantity of the integral of Z or changes in the morphology of Z(t)dt (see
entire document, particularly [0048, 0049, 0060, 0077, 0086-0090, 0100-0101, 0118, 0136],
Figs. 5, 6, 8-10, 12). Schecter further state:

“Derivation of impedance waveforms using implanted lead systems is well known
in the art and has been described in the literature. Data acquisition can be accomplished,
for example, by delivering pulses of 200 uA, 30 us pulse width at a frequency of 128 Hz
applied to two electrodes positioned along one vector (electrode pairs) and measuring the
resulting voltage between electrodes located along the same vector. These pulses will not
depolarize myocardium, cause only limited battery drain and have a frequency with an
acceptable signal to noise ratio. The resultant time dependent impedance, Z(t) peaks
when there is maximal systolic ventricular wall thickness and minimal intracardiac blood
volume.” See [0048].

“The time dependent impedance signals or waveforms derived in this fashion
relate to intrinsic myocardial properties. If signals are acquired between specific electrode
pairs, the regional myocardial properties can be derived. The integrity of these
waveforms may be subject to significant noise (poor signal to noise ratio) and inferior
signal quality may result. This is especially true if data sampling occurs in a vector where
there is impairment in myocardial contractile properties. Derivation of specific
characteristics of these waveforms may suffice, even though overall signal quality is
poor. Measurement of peak impedance and first and second order derivatives of
impedance waveforms will relate to myocardial contractility. Assessment of the time
required for a waveform to reach peak impedance will relate to myocardial synchrony if
comparisons can be made to waveforms derived in alternate regions (e.g. right and left
ventricular vectors).” See [0049].
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Therefore it would have been obvious to one of skill in the art at the time of the instant
invention to measure the beating cycle of excitable cells such as cardiomyocytes at millisecond
time resolution, to record multiple measurements over time in millisecond time resolution, to
characterize the beating cycle of the cardiomyocytes and identify changes in beating amplitude
and frequency by using a cell index, extrapolating a peak, and/or identifying data points where
the first order derivative to time is zero.

One would have been motivated to characterize the beating cycle and to examine various
parameters of the beating cycle, such as beating frequency and amplitude, or the beating
frequency and amplitude relative to the number of cells (e.g.: cell index), in order to characterize
the culture of beating cardiomyocytes in vitro as taught by Banach et al. (e.g.: for use as a model;
see p H2114, col 2, para 1, for example) and to utilize the culture to characterize cardiotoxic
effects of drugs as taught by Hescheler et al. (see above). In light of the fact that measuring the
various peaks and rise and decay of a cardiac cycle will detail the condition of the heart, or in
this case, the culture representing the heart, it would have been obvious to one of ordinary skill
in the art to measure the peaks comprising the rise and decay of the cardiac cycle to gain a better
determining of the state of the heart. Further, due to the inherent property of signals and peaks, it
is well known that for a signal that has a rise and fall (e.g.: a peak), the first derivative yields a
signal that crosses zero at the maximum peak height of the original signal. One would have been
motivated to utilize impedance measurements because Xu et al. teach that the impedance system
can be used for real-time cell-based assays in high throughput, e.g., rather than just an end-point
assay which limits the time resolution and number of time points for large library screening (see

[0014, 0016, 0024, 0025, 0031, 0032], for example) and Cantor teaches the need for electrodes
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which can monitor cellular changes including ion channel conductance (e.g.: which are
responsible for the action potentials that cause cell beating; see above and col 2, Ins 31-40).

One would have had a reasonable expectation for success because Banach et al. teach
successfully establishing cultures of beating cardiomyocytes and measuring electrical properties
of the cultures to establish beating cycle parameters and beating frequency, including changes in
the parameters after administration of drugs, Cantor teaches that electrode arrays can be used to
measure cell impedance, secretion of cellular products, monitoring of ion channels and action
potentials, and monitoring of compounds which affect those parameters in millisecond time
resolution (see above and cols 1-2), Xu et al. teach successfully using impedance to characterize
cellular properties (see [0428], for example), and Schecter teach that it is routine and known to
derive impedance waveforms (see supra).

Therefore the teachings of Xu et al., Banach et al. as evidenced by Hescheler et al.,

Cantor, and Schecter render the present invention prima facie obvious.

Double Patenting
The nonstatutory double patenting rejection is based on a judicially created doctrine
grounded in public policy (a policy reflected in the statute) so as to prevent the unjustified or
improper timewise extension of the “right to exclude” granted by a patent and to prevent possible
harassment by multiple assignees. A nonstatutory obviousness-type double patenting rejection
is appropriate where the conflicting claims are not identical, but at least one examined
application claim is not patentably distinct from the reference claim(s) because the examined

application claim is either anticipated by, or would have been obvious over, the reference
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claim(s). See, e.g., In re Berg, 140 F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re
Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225
USPQ 645 (Fed. Cir. 1985); In re Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re
Vogel, 422 F.2d 438, 164 USPQ 619 (CCPA 1970); and In re Thorington, 418 F.2d 528, 163
USPQ 644 (CCPA 1969).

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d) may
be used to overcome an actual or provisional rejection based on a nonstatutory double patenting
ground provided the conflicting application or patent either is shown to be commonly owned
with this application, or claims an invention made as a result of activities undertaken within the
scope of a joint research agreement.

Effective January 1, 1994, a registered attorney or agent of record may sign a terminal
disclaimer. A terminal disclaimer signed by the assignee must fully comply with 37 CFR
3.73(b).

Claims 16-19, 24-29, and 44 are provisionally rejected on the ground of nonstatutory
obviousness-type double patenting as being unpatentable over claims 1-15 of copending
Application No. 13/109809. Although the conflicting claims are not identical, they are not
patentably distinct from each other because both are directed to methods of monitoring a beating
cycle of cardiomyocytes comprising monitoring impedance changes in multiple wells in
millisecond time resolution, adding a test compound to the wells, and monitoring changes in
beating parameters for the test compound compared to a control, wherein the beating parameters
are cell index, beating rate, beating amplitude, rising time, falling time, beating period, rising

slope, and falling slope.
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This is a provisional obviousness-type double patenting rejection because the conflicting

claims have not in fact been patented.

Claims 16-19 and 24-29 are provisionally rejected on the ground of nonstatutory
obviousness-type double patenting as being unpatentable over claims 12-41 of copending
Application No. 12/774709. Although the conflicting claims are not identical, they are not
patentably distinct from each other because both are directed to methods of monitoring a beating
cycle of cardiomyocytes comprising monitoring impedance changes in multiple wells in
millisecond time resolution, adding a test compound to the wells, and monitoring changes in
beating cycle for the test compound compared to a control and calculating a cell index.

This is a provisional obviousness-type double patenting rejection because the conflicting

claims have not in fact been patented.

Future Communication
Any inquiry concerning this communication or earlier communications from the
examiner should be directed to SHANNON JANSSEN whose telephone number is (571)270-
1303. The examiner can normally be reached on Generally M-F 10:00AM-7:00PM.
If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Sharmila Landau can be reached on (571) 272-0614. The fax phone number for the

organization where this application or proceeding is assigned is 571-273-8300.
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Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would
like assistance from a USPTO Customer Service Representative or access to the automated

information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

Shannon L Janssen
SLJ

/Amber D. Steele/

Primary Examiner, Art Unit 1654
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Sir:

Applicants are responding to the Office Action mailed June 135, 2012 which
provides a three month period tor reply. This response is filed within six months and is
theretore accompanied with a request for a three month extension ot time.

Amendments to the Claims begin on page 2 of this paper.

Remarks / Arguments begin on page 12 of this paper,
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Amendments to the Claims

Changes to the claims are provided in the below listing of claims for the

convenience of the examiner,

{.isting of Claims

1-15. (Cancelled)

6. (Currently amended) A method [or assessing and-guantibving excitable
cells in vitro, comprising
a) providing the-system-aecording-to-Claim-1t g system for

monitoring impedance of excitable cells in vitro, comprising:

1) a device for monitoring cell-substrate impedance.
comprising:
a) a nonconductive substrate,
b) one or more electrode arrays fabricated on said
subsirate,
¢} one or more wells on said substrate. wheremn each of

said one or more arravs is associated with one of said ong or more

welis, wherein each glectrode array is individually addressabie,

further wherein said substrate has a surface suitable for cell

attachment. wherein said cell ajtachment on said substrate can

result in a detectable change in impedance between elecirodes

within each electrode array,

wo an impedance analyzer capable of tmp

at mitlisecond time resolution.
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1} electronic circuitry that can engage sard device and

{iv a software program that controls said clectronic circuitry

and records and analyzes data obtained from said imupedance analyzer:

b) adding excitable cells to said one or more wells;
c) monitoring celi-substrate 1impedance of said one or more wells

using millisecond time resolution_to detect changes in cell mogphology or cell

attachment to said substrate; and

d) resolving individual cycles of said excitable cells.

17. (Currently amended) The method according to claim 16, wherein said

excitable cells are cells_that undergo excitation-contraction coupling.

18. {Original) The method according to claim 17, wherein said excitable

cells are cardiomyocytes.

19, (Original) The method according to claim 16, wherein the step of
monitoring impedance comprises performing impedance measurements at millisecond

time resolution simultancously across ail wells.

20. {Original) The method according to claim 19, wherein said impedance
measurements at millisecond time resolution comprises at feast two consecutive

nmpedance measurements at less than 300 milliseconds apart.

210 {Onginal) The method according to claim 20, wherein said at least

two consecutive impedance measurements are less than 100 milliseconds apart.
22, (Original} The method according to claim 21, wherein said at least

iwo consecutive impedance measurements are iess than 40 milliseconds apart,

5]
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23, {Original) The method according to claim 22, wherein said at least

two consecutive impedance measurements are less than 10 milliseconds apart.

24, (Currently amended) A method of determining whether a compound
modulates a beating cycle of an excitable cell, comprising:
a) providing thesystem-aceording-to-elaim-twherers-satd-system

comprises-atleast-two-wells: a system for momtoring impedance of excitable cells

1N VIO, COmprising:

) a device Tor monitoring cell-substrate impedance,

comprising;

Q) anonconductive substrate.

by one or more electrode arrays fabricated on said
substrate,

) at least two wells on said substrate. wherein each of

said one or more arravs is associated with each of said at least two

wells, wherein cach electrode array is individually addressable.

further wherein said substraie has a surface suitable for cell

attachment, wherein said celi attachiment on said subsirate can

result in a detectabie change in impedance between ¢electrodes

witliin cach electrode array,

ii) an impedance analyzer capable of impedance measurement

at muillisecond time resolution,

1) glectronic cirenitry that can engags said device and

selectively connect satd two or more electrode arravs of said device 1o said

irapedance analvzer. and

{iv) a software program that controls said electronic circuitry

and records and analyzes data obtained from said impedance analvzer:
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b} adding excitable cells to said at least two wells;
c) monitoring cell-substrate impedance of said at least two wells

asing millisecond time resolntion to detect changes in cell morphology or cell

attachment {o said substrate:

d) adding a compound suspected of modulation of the beating cycle
to a first of said at least two wells to provide a test well, wherein a second well

lacking a compound that modulates the beating cycle is provided as a control

well:
e) resolving the beating cycles of both test well and control well; and
d) comparing said beating cyeles between said test well and control

well, wherein a difference in beating eycles indicates said compound modulates

the beating cycle of the excitable cell.

25.  (Original) The method according to ¢laim 24, wherein the excitable

cells are cardiomyocytes or embryonic stem cell derived cardiomyocytes.

26.  {(Original) The method according to claim 24, wherein said beating

cycles are compared to identify changes in beating amplitude.

27.  (Original) The method according to claim 24, wherein said beating

cycles are compared to identify changes in beating {requency.

28, {Original} The method according 1o claim 27, wherein said changes in

beating frequency are regular changes or irregnjar changes,

29, {Original) The method according to claim 24, further comprising
determining a cell index for each of said test well and control well, wherein the step of
comparing said beating cycles comprises comparing said cell indexes between test well

and confrol well.
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30, (Withdrawn-Currently amended) A method of characterizing rhythmic
beating of a cardiomyouyte comprising:
g 3 f b

a} providing the-systerm-uccording-to-claire-ds g system for monitoring

impedance of excitable cells in vitro, comprising:

i) a device for monitoring cell-subsirate npedance,

comprising:

a) a nonconductive substrate,

b) __one or more clectrode arrays fabricated on said
substrate,

¢l one or more wells on said sabstrate. wherein each of

said one or more arrays is associated with each of said one or more

wells, wherein each electrode array is individually addressable.

{further wherein said substrate has a surface suitable for cell

attachment, wherein said cell attachment on said substraie can

result in a detectable change n imapedance between glectrodes

i1) an impedance analyzer capable of tnpedance measurement

at miblisecond time resolution.

1it) electronic civcuitry that can engage said device and

selectivelv connect said two or more electrode arravs of said device to said

impedance analyzer, and

(1v)  asoflware program that controls said electronic giveuitry

and records and analyzes data obtained frons said impedance analyzer:

f
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b) adding excitable cells 10 said one or more wells;
c) monitoring cell-substrate impedance of said one or more wells in

mitlisecond time resolution to detect changes in cell morphology or ¢ell

attachment to said substrate:; and

d) determining a plurality of beating cycle peaks in a time unit; and
€) comparing amplitude or frequency of said peaks over said time
unit,
31, (Withdrawn) The method according to elaim 30, wherein the step of

determining a plurality of beating cycle peaks comprises determining a rise in impedance

and a decay in impedance and extrapolating a peak from each rise and decay.

32, (Withdrawn) The method according to claim 30, further comprising
determining a cell index for cach of said one or more wells, wherein the step of
determining a plurality of beating cycie peaks comprises for cach cycle determining a tise

in cell index, a decay in cell index and extrapolating cach peak from each rise and decay.

33, (Withdrawn) The method according to claim 30, wherein beating cyele
peaks arve determined by identitying impedance data points at which the first order

derlvative 1o time 1s zero or close to zero.

34, (Withdrawn) The method according to claim 30, further comprising
monitoring impedance of said one or more wells over seconds, minutes or hours,
optionally wherein said monitoring of ymapedance in millisecond time resolution is

performed within said monitoring over seconds, minutes or hours.

~4
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35, (Withdrawn-Cumently amended) A method of assessing genetic
manipulation of an embryonic stem cell, comprising:
aj providing the-system-asecording-to-elainr-dwheretn-said-deviee

eomprises-at-least-twe-wells: a system for monitoring impedance of excitable cells

n vitro, conprising:

i) a device for monitoring cell-substrate impedance,

comprising:

a) a nonconductive substrate

by _oneor more electrode arrays fabricated on said

sibstrate,
¢) ai feast two wells on said subsirate. wherein each of

said one or more arrays is associated with each of said at least two

wells. wherein each elecirode array is individually addressable.

further wherein said substraie has a surface suitable for cell

attachment. wherein said cell attachiment on said substrate can

result 111 a deteciable change in impedance between electrodes

within each elecirode array.

i) an impedance analvzer capabic of impedance measgrement

at millisecond timne resalution,

1) clecironic circuiiry that can engage said device and

selectively connect said two or more electrode arrays of said device 1o said

impedance analyezer, and

(v)  asofiware programg that controls said elecironic cireuitry

b) mutating cnmbryonic stent eells to comprise a genetic nutation;
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¢y adding said mutated embryonic stem cells to a first well of said at
teast two welis to form a test well and control embryonie stem cells 1o a second of
said at least two wells to form a control well;

C) monitoring cell-substrate impedance of said at least two wells in

millisecond time resolution to deteet chanees in celi morphology or cell

attachment to said substrate; and

e) resolving the beating cycles of both test well and control well, if
any: and

d) comparing said beating cycles between said test well and control
well, wherein a difference in beating cycles indicates said genetic matation

moduiates embryonic stem cell differentiation.

36. {Withdrawn) The method according to claim 35, wherein said embryonic
stem cell differentiation is differentiation into g cardiomyocyte.

37, (Withdrawn) The method according to claim 35, wherein said genetic
mutation is selected from the group consisting of a genetic knock out, a knock down and

an mserted transgene.

38. {(Withdrawn-Currently amended) A method for assessing and
quantifying excitable cells in vitro, comprising

a) providing the-system-aecording to-elaimr-1; a system for monitoring

impedance of excitable cells in vitro, comprising:

1) a.device for monitoring celi-substraie impedance,
aj a nonconductive substrate,
by one or more electrode arravs fabricated on said
substraie
¢) one oy more wells on said substrate. wherein cach of

said one or niore arrays is associated with one of said one or more
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weldls, wherein each electrode array 18 individually addressable,

further wherein said substraie has a surface suitable tor cell

attachment, wherein said cell attachunent on said substraie can

resuli in a detectable change in impedance between el ectrodes

within each elecirode arrav,

il) an impedance analvezer capable of impedance measurement

at millisecond tme resolution,

i) elecironic circuitry that can engage said device and

selectively connect said 1wo or more electrode arrays of said de vice tosaid

unpedance analyzer, and

(iv)  asofiware program that conirols said elecironic circuitry

and records and analyzes data obtained from said impedance analvzer;

b) adding excitable cells to said one or more wells;
) montioring cell-substrate impedance of said one or more welis

over a first time period, which is characterized as a longer fime period comprising
seconds, minutes or hours;
d) monitoring cell-substrate impedance of said one or more wells

over a second time period in millisecond time resolution o detect changes in celd

marphology or attachment:

£) determining a characieristic selected from the group cousisting of
cell attachument, cell growth and cell viability from monitoring over said first time
period; and

13 resolving individual cycles of said excitable cells {from monitoring

over said second time period.

10
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39, (Withdrawn) The method according to claim 38, wherein monitoring
impedance over said seccond time period is performed at regular or irregular time intervals

within monitoring impedance over said first time period.

40, (Previously presented) The method according to claim 24, wheren
the step of monitoring impedance using millisecond time resolution comprises obtaining

at least two consecutive iimpedance measurements at Jess than 300 milliseconds apart.

41.  {(Previously presented) The method according to claim 40, wherein
said at Jeast two consecutive impedance measurements are less than 100 milliseconds

apart,

42, (Previously presented) The method according to claim 41, wherein

said at least two consecutive impedance measurements are Jess than 40 milliseconds apart

43, (Previously presented) The method according to ¢laint 42, wherein
said at Jeast two consecuttve impedance measurements are fess than 10 milliseconds

apatt.

a4, (Previously presented) The method according to claim 24, wherein
the step of resolving the beating cycles comprises determining a rise in impedance and a

decay in impedance, and extrapolating a peek from each rise and decay.

45, {Currently amended} The method according to claim 24, wherein ihe step
of resolving the eel beating cycies comprises determining beating cyele peaks by

identifying impedance data points at which the first order derivative to time is zero or

about zero,
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Remarks / Argnments

Claims 16, 17, 24, 30, 35, 38, 44 and 45 are amended and claims 1-6 and [1-14

are canceled. Claims 16~45 rersain pending with claims 30-39 remaining withdrawn.

i
Sapport for Amendments

Claims 16, 24, 30, 35 and 3§ are amended to inciude the limitations of claim |
and thus are rewritten 1n independent form. These claims are also amended to provide
the step of monitoring cell-substrate impedance to detect changes in cell morphology or
cell attachment to the substrate. Support for the amendment may be found in claim 1,
which originally presented a system for monitoring impedance of excitable cells in vitro
including a device for monitoring celi-subsirate impedance. Further suppori can be found
in paragraph {00173}, “Such regular or periodie changes in cell morphology and cell
adhesion/atitachment are then reflected in the changes in cell-electrode or celi-substrate

iopedances.” Still further support may be found in paragraph [001371:
Because the impedance-based system can sensitively and precisely detect
transient changes in morphology and adhesive capacity of the cells, it can be used
to monitor cardiac function in vitro. Further, the development of miliisecond time
resolution permits impedance monitoring of the cardiomyocyte beating eyele as
well as fluctuations, even minor alterations, in response 10 external stimuli.
Claim 17 1s amended to correct a grammatical error.

Claim 44 15 amended 1o correct a typographical ervor.

Claim 45 18 amended to correct aniecedent basts.
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1.
Amendment to Withdrawn claims
Claims 30, 35 and 38 are amended consisteni with the amendment o claimm 16 and
thus upon allowance of claim 16, Applicanis respectfuily request the rejoining of clairas

30, 35 and 38.

i3,
Response to Claim Objections

Claims 16 and 24 are objected io for containing nonclected subject matter.
Specifically, claims 16 and 24 depend from claim 1, which was subject to a restriction
requirement. Claims 16 and 24 are rewritten in independent form including the
limitations of claim 1. For completeness, claim 1 is cancelled herein,

Clatm 17 1s objected to as having a grammatical crror in the ase of the term
“undergo”. The grammatical error is corrected to “that undergo.”

Claim 44 is objected to as having a typographicai error, namely “peek™ The
typographical error in “peak’™ is corrected.

Claim 45 is objected to as lacking insufficient aniecedent basis for “resolving cel
beating cycles.,” Claim 45 is amended to vecite, “resolving the beating cycles.”

[n view of the above remarks, Applicants respectfully request the objections be

withdrawn.

iv.

Response to Claim Rejections Under 38 US.C. §112

Claim 16 is rejected vnder 35 U.S.C. §112, second paragraph as being indefinite.
Specifically, the examiner is confused as what elements support the term “quantifying™ in
the preamble.  To avoid confusion the preambie is amended to delete the tenm

“guantufying,”

13
361



V.
Response to Claim Rejections Under 35 US8.C. 102

{Anticipation}

Claim 16 is rejected under 35 U.S.C. §102(b) as being anticipated by US
6,852,525 issued to Cantor. Specifically, Cantor is cited as teaching a method including
providing a plass substrate with a plurality of cloning cylinders with microglectrodes and
a computer for signal monitoring and processing; adding neuronal cells to the one or
more wells, monitoring the opening and closing of jon channels (which occurs in less
than a millisecond) and resolving the opening and closing cycle of the neurons.

Anticipation requires a single prior art reference disclose each and every element
of the claim under consideration.” W.L, Gore & Assocs. V. Garlock, Inc., 220 USPQ
303, 313 (Fed. Cir.1983), However, it is not enough that the reference discloses all of the
claimed elements in isolation. Rather, as stated by the Federal Circuit, the prior art
reference must disclose cach and every element of the claimed invention “arranged as in
the claim.” Lindemann Maschinenfabrik GMBH v. American Hoist & Derrick Co., 221
USPQ 481, 485 (Fed. Cir.1984). Further, the prior art must be such that a person of
ordinary skill in the art would consider there to be no difference between the claimed
mvention and the referenced disclosure. /n re Guriey, 31 USPQ2d 1130, 1132 (Fed Cir.
1994).  Applicants respectfully request reconsideration of the rejection in view of the
following remarks,

Claim 16 is amended to clari{y that the method includes monitoring cell-substrate
impedance of the one or more wells using millisecond time resolution 1o detect changes
in cell morphology or cell aitachment to the substrate, Cantor does not teach this element
nor this technical approach.

Cantor provides a mammalian cell culture chamber having a cover for allowing
for transfer of gasses and a sensor array. Col. 3, I1L29-33. Cantor’s system provides an
approach for sereening and assaying broad classes of materials for their impact on

o~

cellular metabolism. Col. 5,11 1-3. In regards to the sensor array, Cantor utilizes a smalt

microclgctrodes large reference electrode approacihv where measuremer occurs solely at
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the small microclectrode. Col. 3, 1l 4-36. Cantor alieges that the small nieroelectrodes
can be used to monitor the impedance of the individual cell, action potential parameters
of the individual cell, the cell membrane capacitance, the cell membrane conductauce,
and the cell/substrate seal resistance, and cell membrane potential.  Col. 5, 1. 13-22,
Speciticaliy, Cantor utilizes the cell culture chamber to monitor changes in membrane
potential in response to the opening of ion channels. Col. 10, 1.22-37. The opening and
closing of voltage-gated Na+t channels takes only a few milliseconds. Col. 2, 11, 46-67.

In view of the above, while Cantor proposes a system for measuring changes in
cell membrane potential characierized by ion channels opening and closing, the approach
does not feach monitoring cell-substrate impedance of one or more wells using
millisecond time resolution to detect changes in cell morphology or cell attachment to the
substrate. That is, while Cantor measures cell membrane potential, which is an electrical
property, the present invention monitors cell-substrate impedance, which involves the
interaction between cell and substrate.  Accordingly, whether or not Cantor can resolve
cycles of opening and closing of ion channels, Cantor does not utilize the cell-substrate
impedance approach as claimed aund thus does not teach cach element “as arranged in the
claims.”

As such, Applicants respectfully request the rejection be withdrawn and the ¢laim
allowed.

Vi
Response to Claim Rejections Under 35 U.S.C. §§103

{Dbviousness)

Claims 16-29 and 40-45 are rejected under 35 11.8.C. §103(a) as being obwvious
over US 2005/0153425 published by Xu et al. (Xu), Am, J. Phyisol. Heart Cire. Physiol.
2003:H2114-23 by Banach et al. (Banach), as evidenced by Jowrnal of Electrocardiclogy
37:110-16 published by Hescheler et al. (Hescheler), US 6,852,525 issued to Cauntor, and
US 2005/0182447 published by Schecter.

Specifically, Xu is cited as teaching methods for performing reai-time ceil-based
assays investigating the effects of one or more compounds using an unpedance-based

syster. The examiner indicates that Xu does not teach the measurement of excitable cells
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that undergo excitation-contraction coupling or cardiomyocytes, resolving individual
cyeles or beating cycles at millisecond time resolution or identifying changes in beating
amplitude or beating frequency. However, Banach is cited as teaching a microelectrode
array for monttoring the beating cycle of cardiomyocyies and monitoring elecirical
activity from multiple electrodes simultaneously and continuously with millisecond time
resolution and resolving signal delays of less than 10 milliseconds. Hescheler 1 cited as
incorporating the microelectrode array of Banach and adding that the system may provids
a new experimental model to study the impact of celi-cell interactions, growth factors,
extracellular matrix  proteins pharmacological investigations or chronie drugs and
cardiotoxic effects during embryogenesis in vitro, Cantor is reintroduced as providing a
system that momtors neuronal cells, such as through ton channel measurements. Schecter
13 cited as teaching a method of monitoring the beating cycle of a heart using impedance
measurements and caleulating the derivative of impedance to time at O and the peak and
delays in time to peak ineidence and changes in the imipedance waveform. The examiner
concludes that it would have been obvious to one skilled in the art to measure the beating
evele of exciiable cells, such as cardiomyocyies at millisecond time resolution, to record
nultiple measurementis over time in millisecond time resolution, io characterize the
beating cycle of the cardiomyocytes and identify changes in beating amplitade and
frequency by using a cell index, extrapolating a peak, and/or data points where the first
order derivative to time is zero.

A proper obviousness rejection requires consideration of the factual inguities
provided 1w Graham v. John Deere Co., 38 U.S. 1, 148 USPQ 459 (1966}, inciuding: 1)
determining the scope and conients of the prior art; 2} ascertamning the differences
between the priov ari and the claims at issue; 3) resolving the level of ordinary skill in the
pertinent art; and 4} considering the objective evidence present in the application
jndicating obviousness or nonobviousness.  Although Grahan: v. Johit Deere requires
that certain factual inquiries be conducted to support a determination of the issue of
obviousness, the actual determination of the issue requires an elevation in light of the
findings n those inquiries as to the obviousness of the claimed invention as « whole, not

merely the differences between the claimed invention and the prior avt.  Lear Siegeler,
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Inc. v, Aeroquip Corp., 221 USPQ 1023, 1033 (Ted. Cir. 1984). Applicants respectfully
request reconsideration of the rejections in view of the tollowing remarks

Claimm 16 provides a method, which includes providing a device for monitoring
cell-substrate  impedance, monitoring cell-substraie impedance of the wells using
millisecond tinme resolution to detect changes in cell morphology or cell attachment to the
substrate; and resolving individual cycles of the excitable cells. Claim 24 provides a
method, which includes momtoring cell-substrate impedance of at least two wells using
millisecond time resolution to detect changes in cell morphology or cell aitachment to the
substrate; resolving the beating cycles of both test well and control well; and comparing
the beating cyeles between the test well and control well.  These methods reveal the
development of an approach of resolving beating cycles of excitable cells through the use
of millisecond time resolution of cell-substrate impedance monitoring,

It is acknowledged that Xu provides an impedance-based system for monitoring
cell-substrate impedance; however, as indicated by the examiner the methods 1 Xu do
not achieve millisecond time resolution of impedance-based measurement nor teach or
suggest the use of such an approach to resolve the beating ot cycle of excitable cells.
That is, while Xu does monitor changes that occur over longer periods of tirne, such as
cytotoxicity, Xu does not teach or suggest to one skilied in the art that further advances in
impedance~based monitoring to achieve millisecond time resolution could be achieved or
such an achievement would be useful in a method to resolve the individual cyele or
beating cycle of excitable cells. The addition of Banach, Hescheler, Cantor and Schecter
does not correct the deficiency of this absence.

Banach analyzed the developmental changes of spontaneous electrical activity of
multicellular aggregates of embryonie stem cells (ESCs) by measuring field potential
parameters using substrate iniegrated microelectrode arrays (MEAs). Pg. H2114, right
col., Para 1. That 15, Banach awmalyzed changes in electrical activity of the ESC
aggregates by measuring the membrane potential of the cells. Thus, while Banach is
cited as resolving signal delays of less than 10 milliseconds, the technology is directed
towards measurement of membrane potential, which prevides a different techuical
approach compared to that of claimis 16 and 24, That is, Banach does not teach the

development of cell-substrate impedance measurements at millisecond time resolution.
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Farther, Banach does not teach or suggest to one skilled in the art that further advances in
impedance-based monitoring to achieve millisecond time resolution would be useful in a
method to resolve the individual eycle or the beating cycle of excitable cells.  As such.
Banach would not apply to the invention as set forth in the claims and woald not
contribute o its obviousness.

Hescheler provides an overview of the use of extracellular recording of
embryonic stem cell-derived cardiomyocytes using microclectrode arrays (MEAs).
Abstract.  As with Banach, Hescheler confirms at page 112, right col. that the
measurermnent ased in the extracellular recording approach involves measuring the

membrane potential:

Although the signal recording with an extraceliular electrode retlects local
changes of the membrane potential, currents generated mm the electrically

connecied neighboring tissae influence it.

Since the object of Hescheler is to provide an overview of a technical approach
that records changes i cell membrane potential, the approach would not apply to a
method that involves the resolution of individual cycles or beating cycies of excitable
cells through measuring cell-substrate mmpedance.  That is, measuring cell membrane
potential provides a different technical approach than mweasuring  cell-substrate
impedance.  As such, Hescheler would not apply to the mveution as set forth in the
claims and would not contribuie {0 its obviousness.

Cantor 18 discussed above.  Since Cantor measwres cell membrane poiential,
Cantor does not teach the achievernent of celi-substrate impedance measurements at
millisecond tirne resoluation nor does Cantor teach or suggest to one skilled in the ari that
further advances in unpedance-based monitoring to achieve millisecond time resolution
would be nseful in a metihod to resolve the individual cycle or beating cyele of excitable
cells.  That 1s, Cantor uses a different technical approach, which would not apply to the
present invention and would not contribute o its obviousness,

Schecter provides a method of opiimizing acquisition of jmpedance signals

between electrodes present on implanted lead systems, and aatomatically determining
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which electrodes or electrode combinations acquire impedance waveforms that have the
best signal to neise ratio and characterize data most representative of dysynchronous
clectromechanical events.  Abstract.  Schecter’s techmical approach is to utilize
impedance waveforms and corresponding impedance data to direct the programming of a
cardiac resynchronization therapy (CRT), Para {0046]. That is, the impedance data is
from an umplanted pacemaker or defribillator.  Abstract. Since Schecter utilizes
impedance signals from an patient’s organ and not from a celi-substrate impedance
device as claimed Schecter would not apply to the invention set forth in claims 16 or 24,
That s, Schecter does not teach the technical achievement of cell-substirate mmpedance
measurements at millisecond time resolution nor does Schecter teach or suggest to one
skilled in the art that further advances in impedance-based monitoring to achieve
millisecond thme resolution would be useful in a method to resolve the individual cvele or
the beating cycle of excitable cells. Thus, Schector would not apply to the invention set
forth in claims 16 or 24.

Accordingly, Applicants respectfully reguest the rejections be withdrawn,

Vil

Response to Provisional Double Patenting Rejections

Claims 16-19, 24-29 and 44 are provisionally rejected on the ground of
nonstatutory  obviousness-type double patenting over claims 1-15 of copending
Application No. 13/109,809. Provided herewith Applicants provide a terminal disclaimer

Claims 16-19 and 24-29 are provisionally rejected on the ground of nonstatutory
obviousness-type double patenting over claims 12-41 of copending Application No.
127774,709. Provided berewith &pplicants provide a terminal disclaimer.

Accordingly, Applicants respectfully request the rejections be withdrawn.
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YL

Conclusion

In view of the above remarks, Applicants respectiully submit the claims are in

condition for atlowance.

Respectiully submitted,
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owned. This agreement.funs with any patent granted on the instant application and is binding upon the grantee, its successors or assigns.

in making the awove disclaimer, the owner does not disclzim the lerminal part of any patent granted on the instant application that would extend
to the: expiration date of the full statutory tent of any paient gianted on said reference application, “as the teim of any patent granted ors said
reference application may be shoitened by any terminal disclaimer filed pror to the grant of any patent on the pending veterence application,”
in the -event that: any such patent: granted onthe pending reference application: expires fot failure to pay 3 mainfenaice fee, is held
unenforceable, is found invalid by a court of campetent jurisdiction, is statutorily disciaimed in whole orferminally disclaimed under 37 CFR
1.321, has all claims canceled by a resxamination certificate, is reissued, or'is in any manner teriminated prior o the expiration of its full
statutory term as shortenied by any terminal disclaimer filed prior to its grant.

Check either box 1 or 2 below, if appropriate.

etc.), the undersigned is empowered to act on hehdlf of trw nusxneqqnngam?anon.

I hereby declare that all statements made herein of my own knowiedge are true and that all staternents maee on information and
helief are believed teo be true; and further that these siatements were made with the knowledge that willfui false statements and the like se
made are punishable by fine or imprisonment, or hoth, under Section 1001 of Titie 18 of the United States Code and that such willful false
statements may jeopardize the validity of the appiication or sny patent issued thereon.

L‘.{Ji The undersigned is an atforney or agent of record.  Reg. No. 50848
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be inciuded on this form. Provide credit card information and authorization on PT0-2038.

*Statement under 37 CFR 3.73(b} is required if terminal disciaimer is signed by the assignee {owner)
Farm PTO/SB/Z6 may be used for making this statement. See MPER § 324.

This coliection of information s required by 37 CFR 1 321, The information is requited to abtair or retain a benefit by she public which is to file (and by the USFTC
1o process) an application Confidentiality is governed by 38 U S.C. 122 and 37 CFR .11 and 1,14 This coltection is estimated 36 tske 12 Sinutes o compiets;
incluging aathering, prepanng. and suvmitiing the completed application Torm to the LEPTO. Time wilt vary depending upon the individual case. Ay comments o
the amaunt of time you recuire to camplete this form andfor suggestions for secucing this burden, should be sent o the Shief Information Officer, U.S. Patent and
Trademark Office. .8 Depadiment of Commerce, P O Box 1450, Alaxandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND YO: Cammissianes for Patents, P.O. Box 1480, Alexandiria, VA 22313-1450.

if you need assistancea in cormpleting the form, call 1-800-PT0-9192 and select aption 2
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Application No. Applicant(s)

12/435,569 WANG ET AL.
Office Action Summary Examiner AriUnit

SHANNON JANSSEN 1653

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status

1) Responsive to communication(s) filed on 13 December 2012.
2a)[X] This action is FINAL. 2b)[] This action is non-final.
3)[J An election was made by the applicant in response to a restriction requirement set forth during the interview on
____ ;therestriction requirement and election have been incorporated into this action.
4)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

5)X Claim(s) 16-45 is/are pending in the application.
5a) Of the above claim(s) 30-39 is/are withdrawn from consideration.
6)[] Claim(s) _____is/are allowed.
7)X Claim(s) 16-29 and 40-45 is/are rejected.
8)X] Claim(s) 44 is/are objected to.
9)[] Claim(s) _____ are subject to restriction and/or election requirement.

Application Papers

10)[] The specification is objected to by the Examiner.
11)[J The drawing(s) filed on ______is/are: a)[_] accepted or b)[_] objected to by the Examiner.

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
12)[C] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

13)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)lJ Al b)[J Some * c)[] None of:
1. Certified copies of the priority documents have been received.
2.[ Certified copies of the priority documents have been received in Application No. ___
3. Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

1) |:] Notice of References Cited (PTO-892) 4) |:] Interview Summary (PTO-413)

2) [ Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date.

3) [] Information Disclosure Statement(s) (PTO/SB/08) 5) ] Notice of Informal Patent Application

Paper No(s)/Mail Date 6) |:] Other:

U.S. Patent and Trademark Office
PTOL-326 (Rev. 03-11) Office Acti?836lmmary Part of Paper No./Mail Date 20130419
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DETAILED ACTION
Claims 16-45 are currently pending. Claims 16, 17, 24, 30, 35, 38, and 45 have been
amended and claims 1-6 and 11-14 have been cancelled as filed on December 13, 2012. Claims

30-39 have been withdrawn and claims 16-29 and 40-45 are currently under consideration.

Election/Restrictions

Applicants elected Group III, claims 24-29 and newly added claims 40-45 with traverse
in the reply filed on February 27, 2012.

Claims 1-6, 11-14 and 30-39 are withdrawn from further consideration pursuant to 37
CFR 1.142(b), as being drawn to a nonelected Inventions, there being no allowable generic or
linking claim. However, claim 16 links inventions III-VI and upon indication of allowability, the
restriction requirement between the linked inventions shall be withdrawn and any claims
depending from or otherwise requiring all the limitations of the allowable linking claim will be

rejoined.

Priority
The present application claims priority based on U.S. Provisional Application Nos.

61/191,684, filed on September 11, 2008 and 61/126,533, filed on May 5, 2008.

Withdrawn Objection(s)/Rejection(s)

Any objection or rejection presented in the Office Action mailed June 15, 2012 and not

reiterated below is hereby withdrawn.
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Maintained Objection
Claim Objections
Claim 44 is objected to because of the following informalities: “peek” in line 3 appears
to be a typographical error. Appropriate correction is required.
Response to Arguments
Applicant's arguments filed December 13, 2012 have been fully considered but they are
not persuasive for the following reasons. Applicants’ arguments are presented in Italics.
Applicants assert that the claim has been amended to correct the typographical error
(Response, p 13).

However, the claim has not been amended. Therefore the objection is maintained.

Invention as Claimed

One embodiment of the present invention is drawn to a method comprising a) providing a
system for monitoring impedance of excitable cells in vitro comprising: i) a device for
monitoring cell-substrate impedance comprising: a) a nonconductive substrate, b) one or more
electrode arrays fabricated on said substrate, c) one or more wells on said substrate, wherein each
of said one or more arrays is associated with one of said one or more wells, wherein each
electrode array is individually addressable, further wherein said substrate has a surface suitable
for cell attachment, wherein said cell attachment on said substrate can result in a detectable
change in impedance between electrodes within each electrode array, ii) an impedance analyzer
capable of impedance measurement at millisecond time resolution, iii) electronic circuitry that

can engage said device and selectively connect said two or more electrode arrays of said device
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to said impedance analyzer, and iv) a software program that controls said electronic circuitry and
records and analyzes data obtained from said impedance analyzer; b) adding excitable cells to
said one or more wells; ¢) monitoring cell-substrate impedance of said one or more wells using
millisecond time resolution to detect changes in cell morphology or cell attachment to said
substrate; and d) resolving individual cycles of said excitable cells.

Another embodiment of the present invention is drawn to a method of determining
whether a compound modulates a beating cycle of an excitable cell, comprising: a) providing a
system for monitoring impedance of excitable cells in vitro comprising: i) a device for
monitoring cell-substrate impedance comprising: a) a nonconductive substrate, b) one or more
electrode arrays fabricated on said substrate, c) at least two wells on said substrate, wherein each
of said one or more arrays is associated with each of said at least two wells, wherein each
electrode array is individually addressable, further wherein said substrate has a surface suitable
for cell attachment, wherein said cell attachment on said substrate can result in a detectable
change in impedance between electrodes within each electrode array, ii) an impedance analyzer
capable of impedance measurement at millisecond time resolution, iii) electronic circuitry that
can engage said device and selectively connect said two or more electrode arrays of said device
to said impedance analyzer, and iv) a software program that controls said electronic circuitry and
records and analyzes data obtained from said impedance analyzer; b) adding excitable cells to
said at least two wells; c) monitoring cell-substrate impedance of said at least two wells using
millisecond time resolution to detect changes in cell morphology or cell attachment to said
substrate; d) adding a compound suspected of modulation of the beating cycle to a first of said at

least two wells to provide a test well, wherein a second well lacking compound is provided as a
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control well; e) resolving the beating cycles of both test well and control well; and d) comparing
said beating cycles between said test well and control well, wherein a difference in beating

cycles indicates said compound modulates the beating cycle of the excitable cell.

Maintained Rejections
Claim Rejections - 35 USC § 103
The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are
such that the subject matter as a whole would have been obvious at the time the invention was made to a person
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the
manner in which the invention was made.

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 USPQ 459
(1966), that are applied for establishing a background for determining obviousness under 35
U.S.C. 103(a) are summarized as follows:

Determining the scope and contents of the prior art.

Ascertaining the differences between the prior art and the claims at issue.
Resolving the level of ordinary skill in the pertinent art.

Considering objective evidence present in the application indicating obviousness
or nonobviousness.

el S

This application currently names joint inventors. In considering patentability of the
claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of the various
claims was commonly owned at the time any inventions covered therein were made absent any
evidence to the contrary. Applicant is advised of the obligation under 37 CFR 1.56 to point out

the inventor and invention dates of each claim that was not commonly owned at the time a later
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invention was made in order for the examiner to consider the applicability of 35 U.S.C. 103(c)

and potential 35 U.S.C. 102(e), (f) or (g) prior art under 35 U.S.C. 103(a).

Claims 16-29 and 40-45 are rejected under 35 U.S.C. 103(a) as being unpatentable over
Xu et al. (U.S. Patent Application Publication No. 2005/0153425, published July 14, 2005),
Banach et al. (Development of electrical activity in cardiac myocyte aggregates derived from
mouse embryonic stem cells, Am. J. Physiol. Heart Circ. Physiol., 2003, Vol 284, pp H2114-
H2123) as evidenced by Hescheler et al. (Determination of electrical properties of ES cell-
derived cardiomyocytes using MEAs, 2004, Journal of Electrocardiology, Vol 37, pp 110-116),
Cantor (U.S. Patent No. 6,852,525, granted February 8, 2005), and Schecter (U.S. Patent
Application Publication No. 2005/0182447, published August 18, 2005). Modifications to this
rejection were necessitated by the claim amendments.

Regarding present claims 16 and 24, Xu et al. teach a method for performing real-time
cell-based assays investigating the effects of one or more compound on cells comprising
providing a system for monitoring cell-substrate impedance comprising a nonconducting
substrate, two or more electrode arrays fabricated on the substrate, where each of the two or
more electrode arrays comprises two electrode structures, and at least two connection pads, each
of which is located on an edge of the substrate, at least one multiple-well device monitoring cell-
substrate impedance, in which at least two of the multiple wells each comprise an electrode array
at the bottom of the well which are independently addressable, an impedance analyzer, a device
station capable of engaging the one or more multiple-well devices and capable of selecting and
electrically connecting electrode arrays within any of the multiple wells in to the impedance

analyzer, and a software program to control the device station and perform data acquisition and
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data analysis on impedance values measured by the impedance analyzer, depositing cells on at
least one of the two or more arrays of the device, adding one or more compounds to the one or
more wells, providing at least one control well lacking compound, and monitoring cell-substrate
impedance at regular or irregular time intervals on one or more arrays of the device to ascertain
if the compound modulates the cell (see [0018-0020, 0023, 0024, 0029, 0031, 0032, 0036, 0130,
0131, 0134, 0244, 0246], for example). Xu et al. further teach wherein the system monitors cell
attachment, morphology, degree of adhesion (e.g.: how well the cells area attached to the
electrodes), and wherein measurements can be taken in timeframes of less than a second (see
[0125, 0250, 0255, 0259], for example).

Regarding present claim 29, Xu et al. provides methods for calculating a Cell Index for
quantifying and comparing cell-substrate impedance (see [0021, 0140+], for example).

Regarding present claim 45, Xu et al. teach setting the first order derivatives to zero (see
[0209], for example).

While Xu et al. teach a method for performing real-time cell-based assays investigating
the effects of one or more compound on cells, Xu et al. do not teach excitable cells which
undergo excitation-contraction coupling or cardiomyocytes as recited in instant claims 16-18, 24
and 25, resolving individual cycles or beating cycles as recited in instant claims 16 and 24, at
least 2 consecutive impedance measurements at millisecond (ms) time resolution as recited in
instant claims 19-23 and 40-43, or identifying changes in beating amplitude or beating
frequency as recited in instant claims 26-29 and 45.

However, Banach et al. teach a microelectrode array for monitoring the beating cycle of

cardiomyocytes and further teach monitoring electrical activity from multiple electrodes
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simultaneously and continuously with ms time resolution and resolving signal delays of less than
10 ms (e.g.: at least two consecutive measurements less than 10 milliseconds apart since it is
continuously measured and this could be broadly and reasonably interpreted as consecutive
measurements; see entire document, particularly p H2115, cols 1-2, Figs. 1, 3, and 4, for
example). Banach et al. teach monitoring the interspike interval to determine the beating
frequency and measuring peak amplitude (e.g.: would be regular or irregular changes; see p
2115, col 1, para 2, p H2116, col 1, para 1). Banach et al. teach measuring the effect of different
compounds on beating frequency and action potential in the form of FPy to FPuax (e.g.:
amplitude; see p H2115, col 2, para 1, p H2118, col 2, para 2, p H2119, p H2120, col 1, para 1,
col 2, para 4, Figs. 4, 6, and 7). Banach et al. further state:

“In the present study, we analyzed the developmental changes of spontaneous
electrical activity with repeated multielectrode recordings using substrate-integrated
microelectrode arrays (MEAs). This technique allows not only the long-term culture of
the preparation but also the analysis of the spatial electrophysiological differences within
the preparation. In the present study, we analyzed different field potential (FP)
parameters to characterize the development of the spontaneous electrical activity of
multicellular aggregates of ESCs and their electrophysiological properties. Furthermore,
the use of an ES cell line deficient in the expression of connexin43 (Cx43™"), the major
cardiac gap junction protein, enabled us to distinguish developmental changes of the
active, voltage-dependent membrane properties from changing passive components like
the intercellular resistance.” See p H2114, col 2, Para 1.

In addition, Hescheler, which cites to the microelectrode array system taught by Banach
etal. (see p 113, Fig. 3) and, regarding the arrays, state:

“It may provide a new experimental model to study the impact of cell-cell-
interactions and growth factors as well as of extracellular matrix proteins. In addition, the
cellular system described, may be useful as an in vitro assay for pharmacological

investigations of chronotropic drugs and as a cellular system for studying cardiotoxic
effects during embryogenesis in vitro.” See p 115, cols 1-2, bridging para.
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Further, Cantor teaches a method comprising a) providing a system comprising
microelectrodes on a substrate, such as a glass substrate (i.e.: nonconductive), for monitoring
impedance of cells and further comprising a plurality of cloning cylinders bonded to the substrate
to define wells for holding the cells (see col 3, Ins 29-53, col 4, Ins 4-15, col 9, Ins 35-37, Figs. 7
and 9, for example) and a signal monitoring and processing means such as a computer (see col 3,
Ins 60+, col 6, Ins 1-12); b) adding excitable cells, such as neuronal cells, to said one or more
wells; ¢) monitoring impedance of said one or more wells using millisecond time resolution
(since it monitors the opening and closing of ion channels which occurs in less than a
millisecond; see col 2, Ins 39+; and d) resolving individual cycles (e.g.: of ion channels opening,
closing, and the cell returning to a resting state) of said excitable cells (e.g.: measuring
impedance peaks in millisecond time resolution; see entire document, particularly col 2, Ins 39+,
col 3, Ins 14-27, col 4, Ins 26-46, col 5, Ins 1-35, col 8, Ins 14-44). Cantor further states:

“For example, voltage-gated Na* channels (among other ion channels) help make
nerve cells electrically excitable and enable them to conduct action potentials. When the
membrane of a cell with many Na* channels is partially depolarized by a momentary
stimulus, some of the channels promptly open, allowing Na+ ions to enter the cell. The
influx of positive charge depolarizes the membrane further, thereby opening more
channels, which admit more Na®, causing still further depolarization. This process
continues in a self-amplifying fashion until the membrane potential has shifted from its
resting value of about -70 mV all the way to the Na* equilibrium potential of about +50
mV. At that point, where the net electrochemical driving force for the flow of Na* is zero,
the cell would come to a new resting state with all its Na* channels permanently open, if
the open channel conformation were stable. The cell is saved from such a permanent
electrical tetanus by the automatic inactivation of the Na* channels, which now gradually
close and stay closed until the membrane potential has returned to its initial negative
resting value. The whole cycle, from initial stimulus to return to the original resting state,
takes a few milliseconds or less.” See col 2, Ins 46+.

“Examining the membrane potential relative to time, an action potential exhibits
various characteristics or parameters, including action potential rate (if cells
spontaneously depolarize), action potential amplitude, and action potential shape, among
others. Action potential rate refers to the frequency with which a cell produces an action
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potential (rapid depolarization). Action potential amplitude refers to the height of the
peak depolarization that occurs in the course of the action potential. Action potential
shape refers to the time course of the depolarization and repolarization.” See col 3, Ins
14-24.

“The present invention permits detection and monitoring of membrane, chemical,
and electrical characteristics of a cell. As noted at the outset, these characteristics include
cell impedance (cell membrane capacitance and conductance), action potential
parameters, cell membrane capacitance, cell membrane conductance, neuronal action
potential, cellular metabolic products (hormones, neurotransmitters, waste products, etc.),
and cell/substrate seal resistance. These electrical characteristics, in turn, correlate well
with the metabolic state of the cell. The present invention, thus, provides an apparatus
and method for monitoring cells and for monitoring the impact that an analyte has upon
the metabolism of a cell. It is to be appreciated that such analytes include pharmaceutical

agents, drugs, environmental factors, toxins, chemical agents, biological agents, viruses,
and cellular adhesion promoters.” See Col 4, Ins 25-45.

While Xu et al., Banach et al., and Cantor teach a method for performing real-time cell-
based assays investigating the effects of one or more compound on cells and measuring beating
frequency and amplitude, Xu et al., Banach et al., and Cantor do not specifically teach
determining a rise in impedance and a decay in impedance and extrapolating a peak from each
rise and decay as recited in instant claim 44 or identifying impedance data points at which the
first order derivative to time is zero or about zero as recited in instant claim 45.

However, Schecter teaches a method of monitoring beating cycle of the heart using
impedance measurements and further teach calculating the derivative of impedance to time at 0
and the peak and delays in time to peak incidence and changes in the impedance waveform (e.g.
time to onset of positive dZ/dt, time to peak Z, time to peak dZ/dt, which can be broadly and
reasonably interpreted as rise in impedance and decay in impedance and determining a peak)
and/or reductions in the quantity of the integral of Z or changes in the morphology of Z(t)dt (see
entire document, particularly [0048, 0049, 0060, 0077, 0086-0090, 0100-0101, 0118, 0136],

Figs. 5, 6, 8-10, 12). Schecter further state:
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“Derivation of impedance waveforms using implanted lead systems is well known
in the art and has been described in the literature. Data acquisition can be accomplished,
for example, by delivering pulses of 200 uA, 30 us pulse width at a frequency of 128 Hz
applied to two electrodes positioned along one vector (electrode pairs) and measuring the
resulting voltage between electrodes located along the same vector. These pulses will not
depolarize myocardium, cause only limited battery drain and have a frequency with an
acceptable signal to noise ratio. The resultant time dependent impedance, Z(t) peaks
when there is maximal systolic ventricular wall thickness and minimal intracardiac blood
volume.” See [0048].

“The time dependent impedance signals or waveforms derived in this fashion
relate to intrinsic myocardial properties. If signals are acquired between specific electrode
pairs, the regional myocardial properties can be derived. The integrity of these
waveforms may be subject to significant noise (poor signal to noise ratio) and inferior
signal quality may result. This is especially true if data sampling occurs in a vector where
there is impairment in myocardial contractile properties. Derivation of specific
characteristics of these waveforms may suffice, even though overall signal quality is
poor. Measurement of peak impedance and first and second order derivatives of
impedance waveforms will relate to myocardial contractility. Assessment of the time
required for a waveform to reach peak impedance will relate to myocardial synchrony if
comparisons can be made to waveforms derived in alternate regions (e.g. right and left
ventricular vectors).” See [0049].

Therefore it would have been obvious to one of skill in the art at the time of the instant
invention to measure the beating cycle of excitable cells such as cardiomyocytes at millisecond
time resolution, to record multiple measurements over time in millisecond time resolution, to
characterize the beating cycle of the cardiomyocytes and identify changes in beating amplitude
and frequency by using a cell index, extrapolating a peak, and/or identifying data points where
the first order derivative to time is zero.

One would have been motivated to characterize the beating cycle and to examine various
parameters of the beating cycle, such as beating frequency and amplitude, or the beating
frequency and amplitude relative to the number of cells (e.g.: cell index), in order to characterize

the culture of beating cardiomyocytes in vitro as taught by Banach et al. (e.g.: for use as a model;

see p H2114, col 2, para 1, for example) and to utilize the culture to characterize cardiotoxic
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effects of drugs as taught by Hescheler et al. (see above). In light of the fact that measuring the
various peaks and rise and decay of a cardiac cycle will detail the condition of the heart, or in
this case, the culture representing the heart, it would have been obvious to one of ordinary skill
in the art to measure the peaks comprising the rise and decay of the cardiac cycle to gain a better
determining of the state of the heart. Further, due to the inherent property of signals and peaks, it
is well known that for a signal that has a rise and fall (e.g.: a peak), the first derivative yields a
signal that crosses zero at the maximum peak height of the original signal. One would have been
motivated to utilize impedance measurements because Xu et al. teach that the impedance system
can be used for real-time cell-based assays in high throughput, e.g., rather than just an end-point
assay which limits the time resolution and number of time points for large library screening (see
[0014, 0016, 0024, 0025, 0031, 0032], for example) and Cantor teaches the need for electrodes
which can monitor cellular changes including ion channel conductance (e.g.: which are
responsible for the action potentials that cause cell beating; see above and col 2, Ins 31-40).

One would have had a reasonable expectation for success because Banach et al. teach
successfully establishing cultures of beating cardiomyocytes and measuring electrical properties
of the cultures to establish beating cycle parameters and beating frequency, including changes in
the parameters after administration of drugs, Cantor teaches that electrode arrays can be used to
measure cell impedance, secretion of cellular products, monitoring of ion channels and action
potentials, and monitoring of compounds which affect those parameters in millisecond time
resolution (see above and cols 1-2), Xu et al. teach successfully using impedance to characterize
cellular properties (see [0428], for example), and Schecter teach that it is routine and known to

derive impedance waveforms (see supra).
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Therefore the teachings of Xu et al., Banach et al. as evidenced by Hescheler et al.,

Cantor, and Schecter render the present invention primae facie obvious.
Response to Arguments

Applicant's arguments filed December 13, 2012 have been fully considered but they are
not persuasive for the following reasons. Applicants’ arguments are presented in Italics.

Applicants assert that Xu et al. does not teach millisecond time resolution and that the
other references do not cure these deficiencies and do not teach measuring cell-substrate
impedance and rather teach measuring membrane potential (Response, pp 15+ ).

In response, it is noted that the test for obviousness is not whether the features of a
secondary reference may be bodily incorporated into the structure of the primary reference; nor
is it that the claimed invention must be expressly suggested in any one or all of the references.
Rather, the test is what the combined teachings of the references would have suggested to those
of ordinary skill in the art. See In re Keller, 642 F.2d 413, 208 USPQ 871 (CCPA 1981).

In the instant case, it is unclear how the references do not teach measuring cell-substrate
impedance. It is held that measuring the impedance using the electrodes integrated into the
substrate would constitute measuring the cell-substrate impedance. Further, Xu et al. teach
measuring cell substrate impedance. It would have been obvious to measure the impedance in ms
time resolution as taught by the other cited references in order to measure the effects of
compounds on the beating cycle of cardiomyocytes (e.g.: which occurs in ms time resolution), as
discussed supra. Further, Xu et al. teach wherein each measurement can take place over a narrow
time frame such as "less than one second" (i.e.: less than one second would be ms; see [0125]).

Given the combined teachings of all the cited references, it would have been obvious to one of
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skill in the art to conduct measurements in ms time resolution in order to measure the beating
cycle of cardiomyocytes. Further, the instant claims recite measuring a change in morphology. It
is respectfully held that measuring the beating cycle of the cardiomyocyte inherently measures a
change in morphology since the morphology of the cell changes during the beating cycle.

Therefore the rejection is maintained.

Conclusion

THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time
policy as set forth in 37 CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE
MONTHS from the mailing date of this action. In the event a first reply is filed within TWO
MONTHS of the mailing date of this final action and the advisory action is not mailed until after
the end of the THREE-MONTH shortened statutory period, then the shortened statutory period
will expire on the date the advisory action is mailed, and any extension fee pursuant to 37
CFR 1.136(a) will be calculated from the mailing date of the advisory action. In no event,
however, will the statutory period for reply expire later than SIX MONTHS from the mailing

date of this final action.

Future Communication
Any inquiry concerning this communication or earlier communications from the
examiner should be directed to SHANNON JANSSEN whose telephone number is (571)270-

1303. The examiner can normally be reached on Monday-Friday 10:00AM-2:00PM.
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If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Sharmila Landau can be reached on (571) 272-0614. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would
like assistance from a USPTO Customer Service Representative or access to the automated

information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

Shannon L Janssen
SLJ

/SHARMILA G. LANDAU/
Supervisory Patent Examiner, Art Unit 1653

394



Search Notes

Application/Control No.

Applicant(s)/Patent Under
Reexamination

12435569 WANG ET AL.
SHANNON JANSSEN 1653
CPC- SEARCHED
Symbol Date Examiner
CPC COMBINATION SETS - SEARCHED
Symbol Date Examiner
US CLASSIFICATION SEARCHED
Class Subclass Date Examiner
SEARCH NOTES
Search Notes Date Examiner
Inventor Name Search - PALM, EAST 10/29/13 SLJ
USPAT, USPGPUB, EPO, JPO, DERWENT- updated dearch 10/23/13 SLJ
Pubmed, Scirus - updated search 10/23/13 SLJ
INTERFERENCE SEARCH
US Class/ US Subclass / CPC Group Date Examiner
CPC Symbol

U.S. Patent and Trademark Office

395

Part of Paper No. : 20130419




Doc code: IDS PTO/SB/08a (01-10)

s . . . Approved for use through 07/31/2012. OMB 0651-0031
Doc description: Information Disclosure Statement (IDS) Filed U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Application Number 12435569
Filing Date 2009-05-05

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor | Xiaobo Wang

Art Unit 1636

Examiner Name Shannon Janssen

Attorney Docket Number ACE-134-U1

U.S.PATENTS Remove
. . . . Pages,Columns,Lines where
E)fz?mlner Cite Patent Number Kind Issue Date Na’T‘e of Patentee or Applicant Relevant Passages or Relevant
Initial No Code? of cited Document .
Figures Appear
1
If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATION PUBLICATIONS Remove
Examiner, .. Publication Kind | Publication Name of Patentee or Applicant Pages,Columns,Lines where
- Cite No . Relevant Passages or Relevant
Initial Number Code’| Date of cited Document

Figures Appear

If you wish to add additional U.S. Published Application citation information please click the Add button. Add

FOREIGN PATENT DOCUMENTS Remove
Name of Patentee or Pages,Columns,Lines
Examiner| Cite | Foreign Document Country Kind | Publication Aoplicant of cited where Relevant Ts
Initial* No [Number? Code? j Code4| Date Dpp Passages or Relevant
ocument .
Figures Appear
1 [

If you wish to add additional Foreign Patent Document citation information please click the Add button ~ Add

NON-PATENT LITERATURE DOCUMENTS Remove

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), T5
publisher, city and/or country where published.

Examiner| Cite
Initials* | No

EFS Web 2.1.17 396



Application Number 12435569
Filing Date 2009-05-05

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor | Xiaobo Wang
Art Unit 1636
Examiner Name Shannon Janssen

Attorney Docket Number ACE-134-U1

1 European Search Report for 09743426.0 |:|

KLOSS et al. "Microcavity array (MCA)-based biosensor chip for functional drug screening of 3D tissue models" |:|
Biosensors and Bioelectronics 23 (2008) 1473-1480.

3 QIU et al. "Real-Time Monitoring Primary Cardiomyocyte Adhesion Based on Electrochemical Impedance |:|
Spectroscopy and Electrical Cell-Substrate Impedance Sensing" Anal. Chem. 2008, 80, 990-996.

4 XING et al. "Dynamic Monitoring of Cytotoxicity on Microelectronic Sensors” Chem. Res. Toxicol., 2005, 18 (2), |:|
154-161.

5 YU et al. "Real-Time Monitoring of Morphological Changes in Living Cells by Electronic Cell Sensor Arrays: An |:|

Approach To Study G Protein-Coupled Receptors" Anal. Chem. 2006, 78, 35-43.

If you wish to add additional non-patent literature document citation information please click the Add button ~Add

EXAMINER SIGNATURE

Examiner Signature Date Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO

Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here if
English language translation is attached.

EFS Web 2.1.17 397



Application Number 12435569

Filing Date 2009-05-05

INFORMATION DISCLOSURE

First Named Inventor | Xiaobo Wang

STATEMENT BY APPLICANT

. Art Unit 1636
( Not for submission under 37 CFR 1.99)

Examiner Name Shannon Janssen

Attorney Docket Number ACE-134-U1

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

[[] See attached certification statement.
[[] The fee setforth in 37 CFR 1.17 (p) has been submitted herewith.

[] A certification statement is not submitted herewith.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /Raymond Wagenknecht/ Date (YYYY-MM-DD) 2013-11-25

Name/Print Raymond Wagenknecht Registration Number 50948

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.

EFS Web 2.1.17 398




Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.

399

EFS Web 2.1.17




Electronic Acknowledgement Receipt

EFSID: 17491725
Application Number: 12435569
International Application Number:
Confirmation Number: 3664

Title of Invention:

Label-Free Monitoring of Excitation-Contraction Coupling and Excitable Cells
Using Impedance Based Systems with Millisecond Time Resolution

First Named Inventor/Applicant Name:

Xiaobo Wang

Customer Number:

59538

Filer:

Raymond C. Wagenknecht/Diana Meisenholder

Filer Authorized By:

Raymond C. Wagenknecht

Attorney Docket Number: ACE-134U1
Receipt Date: 25-NOV-2013
Filing Date: 05-MAY-2009
Time Stamp: 13:00:36

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document A . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number P Message Digest | Part/.zip| (ifappl.)
Information Disclosure Statement (IDS) 612630
u
1 Form (SBOS) ACE134U1_IDS2.pdf no 4
118e69ee64€97972c6f72e3ba0456703dfel
94335

Warnings:

Information:

400




A U.S. Patent Number Citation ora U.S. Publication Number Citation is required in the Information Disclosure Statement (IDS) form for
autoloading of data into USPTO systems. You may remove the form to add the required data in order to correct the Informational Message if
you are citing U.S. References. If you chose not to include U.S. References, the image of the form will be processed and be made available
within the Image File Wrapper (IFW) system. However, no data will be extracted from this form. Any additional data such as Foreign Patent
Documents or Non Patent Literature will be manually reviewed and keyed into USPTO systems.

212904
2 Non Patent Literature European_Search_Report.pdf no 6

55d442a6b1c4 6ffeb011caeabffe77b4c476
43eb

Warnings:

Information:

963800
3 Non Patent Literature Kloss_et_al.pdf no 8

c7a20cc0ab82e292501bb9f3e40bb3b9adc
11ba3

Warnings:

Information:

872226
4 Non Patent Literature Qiu_et_al.pdf no 7

44e56cc39e91b9cc1 eb81 dé371b0c0a3ab6)
06171

Warnings:

Information:

949927
5 Non Patent Literature Xing_et_al.pdf no 9

741ce53024365905fb0a3065cc3f36¢9618
Tlac

Warnings:

Information:

870523
6 Non Patent Literature Yu_et_al.pdf no 9

109¢53cf3ba5b42aac40089455635e664ef3
5752

Warnings:

Information:

Total Files Size (in bytes); 4482010

401




This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new applicationis being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.

402




Doc code: RCEX PTO/SB/30EFS (07-09)

Doc description: Request for Continued Examination (RCE} Approved for use through 07/31/2012. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF GOMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information uniess it conteins a valid OMB control number.

REQUEST FOR CONTINUED EXAMINATION(RCE)TRANSMITTAL
(Submitted Only via EFS-Web)

Application | 535569 Filing | 5009.05.05 Docket Number | oe 13441 At 1653
Number Date (if applicable) Unit

First Named Xiaobo Wang Examiner Shannon Janssen

Inventor Name

This is a Request for Continued Examination (RCE) under 37 CFR 1.114 of the above-identified application.
Regquest for Continued Examination (RCE} practice under 37 CFR 1.114 does not apply to any utility or plant application filed prior to June 8,
1995, or to any design application. The Instruction Sheet for this form is located at WWW . USPTQO.GOV

SUBMISSION REQUIRED UNDER 37 CFR 1.114

Note: If the RCE is proper, any previously filed unentered amendments and amendments enclosed with the RCE will be entered in the order
in which they were filed unless applicant instructs otherwise. If applicant does not wish {o have any previously filed unentered amendment(s}
entered, applicant must request non-entry of such amendment(s).

] Previously submitted. If a final Office action is outstanding, any amendments filed after the final Cffice action may be considered as a
submission even if this box is not checked.

]:] Consider the arguments in the Appeal Brief or Reply Brief previously filed on

[] Other

Enclosed

Amendment/Reply
D Information Disclosure Statement (IDS)

[] Affidavit(s) Declaration(s)

[] oOther

MISCELLANEOUS

D Suspension of action on the above-identified application is requested under 37 CFR 1.103(c) for a period of months
{Period of suspension shall not exceed 3 months; Fee under 37 CFR 1.17{i) required)

[] Other

FEES

The RCE fee under 37 CFR 1.17(e} is required by 37 CFR 1.114 when the RCE is filed.
The Director is hereby authorized to charge any underpayment of fees, or credit any overpayments, to
Deposit Account No 504352

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT REQUIRED

Patent Practitioner Signature
[] Applicant Signature

403
EFS - Web2.1.15



Doc code: RCEX
Doc description: Request for Continued Examination (RCE}

PTO/SB/30EFS (07-09)

Approved for use through 07/31/2012. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information uniess it conteins a valid OMB control number.

Signature of Registered U.S. Patent Practitioner

Signature

/Raymond Wagenknecht/

Date (YYYY-MM-DD)

2014-05-05

Name

Raymond Wagenknecht

Registration Number

50948

This collection of information is required by 37 CFR 1.114. The information is required to obtain or retain a benefit by the public which is to
file {and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is
estimated to take 12 minutes to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time
will vary depending upon the individual case. Any comments on the amount of time you require to complete this form andfor suggestions for
reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Depariment of Commerce,
P.0O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT(0O-9199 and select option 2.

EFS - Web2.1.15

404




Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be
advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2}); (2) furnishing of the information
solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office
is to process and/or examine your submission related to a patent application or patent. If you do not fumish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information
Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these records.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negoftiations.

A record in this system of records may be disclosed, as a routine use, toc a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need
for the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a{m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization,
pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181} and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services,
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may
be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in an
application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential viclation of law or regulation.

EFS - Web2.1.15 405




PTO/AIA/22 (03-13)

Approved for use through 7/31/2016. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

Docket Number (Optional)

PETITION FOR EXTENSION OF TIME UNDER 37 CFR 1.136(a) | ACE134U1

Application Number Filed

12/435,569 5 May 2009

For
LABEL-FREE MONITORING OF EXCITATION-CONTRACTION COUPLING AND EXCITABLE CELLS USING IMPEDANCE BASED SYSTEMS WITH MILLISECOND TIME RESOLUTION

Art Unit Examiner

1653 Shannon Janssen

This is a request under the provisions of 37 CFR 1.136(a) to extend the period for filing a reply in the above-identified application.

The requested extension and fee are as follows (check time period desired and enter the appropriate fee below):

Fee Small Entity Fee Micro Entity Fee
D One month (37 CFR 1.17(a)(1)) $200 $100 $50 $
D Two months (37 CFR 1.17(a)(2)) $600 $300 $150 $
Three months (37 CFR 1.17(a)(3)) $1,400 $700 $350 $ 700
D Four months (37 CFR 1.17(a)(4)) $2,200 $1,100 $550 $
D Five months (37 CFR 1.17(a)(5)) $3,000 $1,500 $750 $

Applicant asserts small entity status. See 37 CFR 1.27.

[]

Applicant certifies micro entity status. See 37 CFR 1.29.
Form PTO/SB/15A or B or equivalent must either be enclosed or have been submitted previously.

A check in the amount of the fee is enclosed.

Payment by credit card. Form PTO-2038 is attached.

The Director has already been autharized to charge fees in this application to a Deposit Account.

OOd O

The Director is hereby autharized to charge any fees which may be required, or credit any overpayment, to
Deposit Account Number

Payment made via EFS-Web.

WARNING: Information on this form may become public. Credit card information should not be included on this form. Provide
credit card information and authorization on PTO-2038.

| am the

|:| applicant.

attorney or agent of record. Registration number 50948

|:| attorney or agent acting under 37 CFR 1.34. Registration number
/Raymond Wagenknecht/ May 5, 2014

Signature Date
Raymond Wagenknecht 858-587-2510 ext 201
Typed or printed name Telephone Number

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and certifications. Submit
multiple forms if more than one signature is required, see below™.

D * Total of forms are submitted.

This collection of information is required by 37 CFR 1.136(a). The information is required to obtain or retain a benefit by the public, which is to file (and by the
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 6 minutes to
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden should be sent to the Chief Information Officer,
U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS
TO THIS ADDRESS. SEND TO: Mail Stop PCT, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

406




IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant: WANG et al. Application No.: 12/435,569

Filed: 5 May 2009 Examiner: Shannon Janssen

Docket No.: ACE-134U1 Group Art Unit: 1653

Title: LABEL-FREE MONITORING OF EXCITATION-CONTRACTION Confirmation No.: 3664

COUPLING AND EXCITABLE CELLS USING IMPEDANCE BASED

SYSTEMS WITH MILLISECOND TIME RESOLUTION

)
)
)
)
)
)
)
)
) Customer No.: 59538
)

Commissioner for Patents
P. O. Box 1450
Alexandria, VA 22313-1450

RESPONSE TO OFFICE ACTION 3 WITH
REQUEST FOR CONTINUED EXAMINATION (RCE)
Sir:

Applicants are responding to the Office Action mailed November 4, 2013 which
provides a three month period for reply. This response is filed within six months and is
therefore accompanied with a request for a three month extension of time.

AMENDMENTS TO THE CLAIMS begin on page 2 of this paper.

REMARKS / ARGUMENTS begin on page 13 of this paper.
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AMENDMENTS TO THE CLAIMS

Changes to the claims are provided in the below listing of claims for the

convenience of the examiner.

Listing of Claims

1-15. (Cancelled)

16. (Previously presented) A method for assessing excitable cells in
vitro, comprising
a) providing a system for monitoring impedance of excitable cells in

vitro, comprising;:

1) a device for monitoring cell-substrate impedance,
comprising:
a) a nonconductive substrate,
b) one or more electrode arrays fabricated on said
substrate,
c) one or more wells on said substrate, wherein each of

said one or more arrays is associated with one of said one or more
wells, wherein each electrode array is individually addressable,
further wherein said substrate has a surface suitable for cell
attachment, wherein said cell attachment on said substrate can
result in a detectable change in impedance between electrodes

within each electrode array,

ii) an impedance analyzer capable of impedance measurement

at millisecond time resolution,
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1i1) electronic circuitry that can engage said device and
selectively connect said two or more electrode arrays of said device to said

impedance analyzer, and

(iv)  a software program that controls said electronic circuitry

and records and analyzes data obtained from said impedance analyzer;

b) adding excitable cells to said one or more wells;

c) monitoring cell-substrate impedance of said one or more wells
using millisecond time resolution to detect changes in cell morphology or

cell attachment to said substrate; and

d) resolving individual cycles of said excitable cells.

17. (Previously presented) The method according to claim 16, wherein

said excitable cells are cells that undergo excitation-contraction coupling.

18. (Original) The method according to claim 17, wherein said excitable

cells are cardiomyocytes.

19. (Original) The method according to claim 16, wherein the step of
monitoring impedance comprises performing impedance measurements at millisecond

time resolution simultaneously across all wells.

20. (Original) The method according to claim 19, wherein said impedance
measurements at millisecond time resolution comprises at least two consecutive

impedance measurements at less than 300 milliseconds apart.

21. (Original) The method according to claim 20, wherein said at least

two consecutive impedance measurements are less than 100 milliseconds apart.
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22. (Original) The method according to claim 21, wherein said at least

two consecutive impedance measurements are less than 40 milliseconds apart.

23. (Original) The method according to claim 22, wherein said at least

two consecutive impedance measurements are less than 10 milliseconds apart.

24, (Previously presented) A  method of determining whether a
compound modulates a beating cycle of an excitable cell, comprising:
a) providing a system for monitoring impedance of excitable cells in

vitro, comprising;:

1) a device for monitoring cell-substrate impedance,
comprising:
a) a nonconductive substrate,
b) one or more electrode arrays fabricated on said
substrate,
c) at least two wells on said substrate, wherein each of

said one or more arrays is associated with each of said at least two
wells, wherein each electrode array is individually addressable,
further wherein said substrate has a surface suitable for cell
attachment, wherein said cell attachment on said substrate can
result in a detectable change in impedance between electrodes

within each electrode array,

i) an impedance analyzer capable of impedance measurement

at millisecond time resolution,
1i1) electronic circuitry that can engage said device and

selectively connect said two or more electrode arrays of said device to said

impedance analyzer, and
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(iv)  a software program that controls said electronic circuitry

and records and analyzes data obtained from said impedance analyzer;

b) adding excitable cells to said at least two wells;

c) monitoring cell-substrate impedance of said at least two wells
using millisecond time resolution to detect changes in cell morphology or cell

attachment to said substrate;

d) adding a compound suspected of modulation of the beating cycle
to a first of said at least two wells to provide a test well, wherein a second well
lacking a compound that modulates the beating cycle is provided as a control

well;
e) resolving the beating cycles of both test well and control well; and
d) comparing said beating cycles between said test well and control
well, wherein a difference in beating cycles indicates said compound modulates

the beating cycle of the excitable cell.

25. (Original) The method according to claim 24, wherein the excitable

cells are cardiomyocytes or embryonic stem cell derived cardiomyocytes.

26. (Original) The method according to claim 24, wherein said beating

cycles are compared to identify changes in beating amplitude.

27. (Original) The method according to claim 24, wherein said beating

cycles are compared to identify changes in beating frequency.

28. (Original) The method according to claim 27, wherein said changes in

beating frequency are regular changes or irregular changes.
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29. (Original) The method according to claim 24, further comprising
determining a cell index for each of said test well and control well, wherein the step of
comparing said beating cycles comprises comparing said cell indexes between test well

and control well.

30.  (Withdrawn) A method of characterizing rhythmic beating of a
cardiomyocyte comprising:
a) providing a system for monitoring impedance of excitable cells in

vitro, comprising;:

1) a device for monitoring cell-substrate impedance,
comprising:
a) a nonconductive substrate,
b) one or more electrode arrays fabricated on said
substrate,
) one or more wells on said substrate, wherein each of

said one or more arrays is associated with each of said one or more
wells, wherein each electrode array is individually addressable,
further wherein said substrate has a surface suitable for cell
attachment, wherein said cell attachment on said substrate can
result in a detectable change in impedance between electrodes

within each electrode array,

i) an impedance analyzer capable of impedance measurement

at millisecond time resolution,
1i1) electronic circuitry that can engage said device and

selectively connect said two or more electrode arrays of said device to said

impedance analyzer, and
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(iv)  a software program that controls said electronic circuitry

and records and analyzes data obtained from said impedance analyzer;

b) adding excitable cells to said one or more wells;

c) monitoring cell-substrate impedance of said one or more wells in
millisecond time resolution to detect changes in cell morphology or cell
attachment to said substrate; and

d) determining a plurality of beating cycle peaks in a time unit; and

e) comparing amplitude or frequency of said peaks over said time

unit.

31. (Withdrawn) The method according to claim 30, wherein the step of
determining a plurality of beating cycle peaks comprises determining a rise in impedance

and a decay in impedance and extrapolating a peak from each rise and decay.

32.  (Withdrawn) The method according to claim 30, further comprising
determining a cell index for each of said one or more wells, wherein the step of
determining a plurality of beating cycle peaks comprises for each cycle determining a rise

in cell index, a decay in cell index and extrapolating each peak from each rise and decay.

33. (Withdrawn) The method according to claim 30, wherein beating cycle
peaks are determined by identifying impedance data points at which the first order

derivative to time is zero or close to zero.

34.  (Withdrawn) The method according to claim 30, further comprising
monitoring impedance of said one or more wells over seconds, minutes or hours,
optionally wherein said monitoring of impedance in millisecond time resolution is

performed within said monitoring over seconds, minutes or hours.

413



35. (Withdrawn) A method of assessing genetic manipulation of an
embryonic stem cell, comprising:
a) providing a system for monitoring impedance of excitable cells in

vitro, comprising;:

1) a device for monitoring cell-substrate impedance,
comprising:
a) a nonconductive substrate,
b) one or more electrode arrays fabricated on said
substrate,
c) at least two wells on said substrate, wherein each of

said one or more arrays is associated with each of said at least two
wells, wherein each electrode array is individually addressable,
further wherein said substrate has a surface suitable for cell
attachment, wherein said cell attachment on said substrate can
result in a detectable change in impedance between electrodes

within each electrode array,

i) an impedance analyzer capable of impedance measurement

at millisecond time resolution,
1i1) electronic circuitry that can engage said device and
selectively connect said two or more electrode arrays of said device to said

impedance analyzer, and

(iv)  a software program that controls said electronic circuitry

and records and analyzes data obtained from said impedance analyzer;

b) mutating embryonic stem cells to comprise a genetic mutation;
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c) adding said mutated embryonic stem cells to a first well of said at
least two wells to form a test well and control embryonic stem cells to a second of

said at least two wells to form a control well;

c) monitoring cell-substrate impedance of said at least two wells in
millisecond time resolution to detect changes in cell morphology or cell

attachment to said substrate; and

e) resolving the beating cycles of both test well and control well, if
any; and
d) comparing said beating cycles between said test well and control

well, wherein a difference in beating cycles indicates said genetic mutation

modulates embryonic stem cell differentiation.

36. (Withdrawn) The method according to claim 35, wherein said embryonic

stem cell differentiation is differentiation into a cardiomyocyte.

37. (Withdrawn) The method according to claim 35, wherein said genetic

mutation is selected from the group consisting of a genetic knock out, a knock down and

an inserted transgene.

38.  (Withdrawn) A method for assessing and quantifying excitable cells in

vitro, comprising

a) providing a system for monitoring impedance of excitable cells in

vitro, comprising:

1) a device for monitoring cell-substrate impedance,
comprising:
a) a nonconductive substrate,
9
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b) one or more electrode arrays fabricated on said
substrate,

c) one or more wells on said substrate, wherein each of
said one or more arrays is associated with one of said one or more
wells, wherein each electrode array is individually addressable,
further wherein said substrate has a surface suitable for cell
attachment, wherein said cell attachment on said substrate can
result in a detectable change in impedance between electrodes

within each electrode array,

i) an impedance analyzer capable of impedance measurement

at millisecond time resolution,

1i1) electronic circuitry that can engage said device and
selectively connect said two or more electrode arrays of said device to said

impedance analyzer, and

(iv)  a software program that controls said electronic circuitry

and records and analyzes data obtained from said impedance analyzer;

b) adding excitable cells to said one or more wells;

c) monitoring cell-substrate impedance of said one or more wells
over a first time period, which is characterized as a longer time period comprising

seconds, minutes or hours;

d) monitoring cell-substrate impedance of said one or more wells
over a second time period in millisecond time resolution to detect changes in cell

morphology or attachment;
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e) determining a characteristic selected from the group consisting of
cell attachment, cell growth and cell viability from monitoring over said first time

period; and

f) resolving individual cycles of said excitable cells from monitoring

over said second time period.

39.  (Withdrawn) The method according to claim 38, wherein monitoring
impedance over said second time period is performed at regular or irregular time intervals

within monitoring impedance over said first time period.

40. (Previously presented) The method according to claim 24, wherein
the step of monitoring impedance using millisecond time resolution comprises obtaining

at least two consecutive impedance measurements at less than 300 milliseconds apart.

41.  (Previously presented) The method according to claim 40, wherein
said at least two consecutive impedance measurements are less than 100 milliseconds

apart.

42. (Previously presented) The method according to claim 41, wherein

said at least two consecutive impedance measurements are less than 40 milliseconds apart

43. (Previously presented) The method according to claim 42, wherein
said at least two consecutive impedance measurements are less than 10 milliseconds

apart.

44, (Currently amended) The method according to claim 24, wherein the step
of resolving the beating cycles comprises determining a rise in impedance and a decay in

impedance, and extrapolating a peek peak from each rise and decay.

11
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45. (Previously presented) The method according to claim 24, wherein
the step of resolving the beating cycles comprises determining beating cycle peaks by
identifying impedance data points at which the first order derivative to time is zero or

about zero.

12
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REMARKS /ARGUMENTS

Claim 44 is amended. Claims 16-45 are pending and claims 30-39 remain

withdrawn.

L
Support for Amendments

Claim 44 is amended to correct a typographical error.

II.
Response to Claim Objections

Claim 44 is objected to as having a typographical error. Specifically, “peak” is

misspelled as “peek”. The typographical error is corrected.

I11.
Response to Rejections under 35 USC §103

Claims 16-29 and 40-45 are rejected under 35 U.S.C. §103(a) as being obvious
over US 2005/0153425 published by Xu et al. (Xu), in view of Am. J. Physiol. Heart
Circ. Physiol., 2003, Vol. 284, pp. H2114-23 published by Banach et al. (Banach) as
evidenced by Journal of Electrocardiology, Vol. 37, pp 110-116 published by Hescheler
et al. (Hescheler), US 6,852,525 by Cantor, and US 2005/0182447 by Schecter.

Specifically, Xu is cited as teaching methods for performing real-time cell-based
assays for investigating the effects of one or more compounds using an impedance-based
system. Xu is also cited as teaching such a system monitors cell attachment, morphology,
degree of adhesion and at time frames of less than a second.

The examiner acknowledges that Xu does not teach the measurement of excitable

cells that undergo excitation-contraction coupling or cardiomyocytes, resolving

13
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individual cycles or beating cycles at millisecond time resolution or identifying changes
in beating amplitude or beating frequency.

Banach is cited as teaching a microelectrode array for monitoring the beating
cycle of cardiomyocytes, monitoring electrical activity from multiple electrodes
simultaneously and continuously with millisecond time resolution, and resolving signal
delays of less than 10 milliseconds. Banach is also cited as teaching monitoring an
interspike interval to determine a beating frequency, measuring peak amplitude, and
measuring the effect of different compounds on beating frequency and action potential in
the form of FPyin to FPinax.

Hescheler is cited as a further reference suggesting that the microelectrode array
of Banach may provide a new experimental model to study a cellular system for studying
cardiotoxic effects during embryogenesis in vitro.

Cantor is cited as teaching a method including a microelectrode system for
monitoring impedance of cells, and monitoring impedance of the opening and closing of
ion channels, which occurs in less than a millisecond, and resolving individual opening
and closing cycles of excitable cells.

The examiner acknowledges that Xu, Banach and Cantor do not specifically teach
determining a rise in impedance and a decay in impedance and extrapolating a peak from
the rise and decay; however, Schecter is cited as teaching a method of monitoring a
beating cycle of the heart using impedance measurements and calculating the derivative
of impedance to time at 0, peak and delays in time to peak incidence, and changes in the
impedance waveform and/or reductions in the quantity of the integral of Z or changes in
the morphology of Z(t)(Dt).

Applicant respectfully requests reconsideration of the rejection in view of the
following remarks. A proper obviousness rejection requires the cited references teach or

suggest all of limitations in the claim." In addition, there must also be an objective

" Ex parte Wada and Murphy, Appeal 2007-3733, Slip Opinion at 7, BPAI January 14, 2008
(“When determining whether a claim is obvious, an examiner must make “a searching comparison of the
claimed invention — including all its limitations — with the teaching of the prior art.” In re Ochiai, 71 F.3d
1565, 1572 (Fed. Cir. 1995) (emphasis added). Thus, “obviousness requires a suggestion of all limitations
in a claim.” CFMT, Inc. v. Yieldup Intern. Corp., 349 F.3d 1333, 1342 (Fed. Cir. 2003) (citing In re Royka,
490 F.2d 981, 985 (C.C.P.A. 1974)”); see also MPEP 2143.03.
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reasoning for combining the teachings in the references cited.” Accordingly, the mere
fact that certain teachings in cited references can be combined or that modifications of the
prior art were within the ability of one of ordinary skill in the art does not itself render a
claimed invention obvious.

It is not disputed that Xu provides a cell-substrate impedance monitoring system
and methods for investigating effects of one or more compounds. However, Xu indicates
that cell-substrate impedance is primarily influenced by three main parameters: the
number of cells seeded on the microelectronic sensor arrays, the shape of the cell, and the
strength of cell adhesion to the electrode surface. Para. [0430]. Thus, changes in cell-
substrate impedance occur from differences in attachment or spreading of cells on the
device. However, as indicated by the examiner the methods in Xu do not monitor cell-
substrate impedance at millisecond time resolution, do not monitor excitable cells that
undergo excitation contraction coupling or cardiomyocytes, and do not resolve the
individual or beating cycle of excitable cells. That is, while Xu does monitor changes in
cell-substrate impedance that occur over longer periods of time, such as in case of
cytotoxicity (e.g. cells detaching from electrodes during death), Xu does not teach or
suggest conducting measurements in millisecond time resolution or that that the
individual or beating cycle of excitable cells can be resolved through cell-substrate
impedance monitoring. The addition of Banach, Hescheler, Cantor and Schecter does not
correct the deficiency of this absence.

Banach analyzed the developmental changes of spontancous electrical activity of
multicellular aggregates of embryonic stem cells (ESCs) by extracellular recording of
field potential using substrate integrated microelectrode arrays (MEAs). Pg. H2114, right
col., Para 1. That is, Banach analyzed changes in electrical activity of ESC aggregates by

measuring the membrane potential across the membrane channels of the cells. By

* KSR International Co. v. Teleflex Inc. et al. 127 S. Ct. 1727, 1741 (2007) (an obvious analysis
must determine “whether there was an apparent reason to combine the known elements in the fashion
claimed by the patent at issue”) citing In re Kahn, 441 F.3d 977, 988 (Fed. Cir. 2006) ("Rejections on
obviousness grounds cannot be sustained by mere conclusory statements; instead, there must be some
articulated reasoning with some rational underpinning to support the legal conclusion of obviousness").

* MPEP 2143.01, III and IV; see also KSR, supra at 1740-1741; Ex parte Levengood, 28
U.S.P.Q.2d 1300 (BPAI 1993).
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recording changes in field potential an interspike interval (ISI) was determined and
associated with the beating frequency. Pg. H2115, right col.

Compared to claims 16 and 24, Banach’s recording of field potential, to determine
a beating frequency through an interspike interval (ISI) does not teach or suggest that
cell-substrate impedance can be used to resolve the individual or beating cycle of
excitable cells. That is, the skilled artisan would appreciate that recording field potential
and monitoring cell-substrate impedance are significantly different measurements.
Specifically, field potential refers to a current sink or source that fluctuates when positive
charges enter or leave a group of cells through membrane channels. In contrast, cell-
substrate impedance refers to an impedance measurement that assesses the attachment or
spreading of cells over a substrate/electrode. Since recording of field potential and cell-
substrate impedance monitoring are significantly different, the ability to determine an
interspike interval (ISI) through recording of field potential would not teach or suggest
that cell-substrate impedance monitoring could be used to resolve the individual or
beating cycle of an excitable cell. In addition, whether or not extracellular recording of
field potential can be accomplished in millisecond time resolution is not material as to
whether one could successfully achieve cell-substrate impedance monitoring at
millisecond time resolution. Again, they are different measurements.

Hescheler provides an overview of the use of extracellular recording of
embryonic stem cell-derived cardiomyocytes using microelectrode arrays (MEAs).
Abstract. As with Banach, Hescheler confirms at page 112, right col. that the signal in

the extracellular recording approach involves recording membrane potential:

Although the signal recording with an extracellular electrode reflects local
changes of the membrane potential, currents generated in the electrically

connected neighboring tissue influence it. (emphasis added)

Thus, like Banach the teaching of Hescheler is limited to technologies that record
membrane potential. Such approaches do not teach or suggest that cell-substrate
impedance can be used to resolve the individual or beating cycle of excitable cells, such

as cardiomyoctes. In addition, Hescheler does not teach one skilled in the art how to
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achieve cell-substrate impedance monitoring at millisecond time resolution as claimed
since each is a significantly different measurement.

Cantor provides a mammalian cell culture chamber having a cover for allowing
for transfer of gasses and a sensor array. Col. 3, 11.29-33. Cantor’s system provides an
approach for screening and assaying broad classes of materials for their impact on
cellular metabolism. Col. 5, 1l. 1-3. In regards to the sensor array, Cantor utilizes a small
microelectrode/ large reference electrode approach where measurement occurs solely at
the small microelectrode. Col. 5, 11. 4-36. Cantor suggests that the small microelectrodes
can be used to monitor the impedance of the individual cell, action potential parameters
of the individual cell, the cell membrane capacitance, the cell membrane conductance,
and the cell/substrate seal resistance, and cell membrane potential. Col. 5, 11. 13-22.
Specifically, Cantor utilizes the cell culture chamber to detect changes in membrane
potential in response to the opening of ion channels. Col. 10, 11.22-37. The opening and
closing of voltage-gated Na+ channels takes only a few milliseconds. Col. 2, 1. 46-67.

For completeness, the examiner cites Cantor as measuring impedance peaks in
millisecond time resolution (citing col. 2, 1.39+, col. 3, 11.14-27, col. 5, 11. 1-35, col. &, 1l.
14-44.) Office Action at pg. 9. Although Cantor does indicate that the device can
measure impedance and that depolarization and repolarization of Na+ channels takes a
few milliseconds or less, Cantor clarifies at Col. 3, 1l. 14-23, that examining membrane
potential is used to assess the opening and closing of these membrane channels since
action potential amplitude corresponds to the height of peak depolarization and action
potential shape corresponds to the time course of depolarization and repolarization. In
other words, Cantor does not teach or suggest the use of cell-substrate impedance at
millisecond time resolution to resolve the individual or beating cycle of excitable cells.
Instead, like Banach and Heschler Cantor measures cell membrane potential relative to
time. Col. 3, 1. 14. Again, cell membrane potential is an electrical property regarding the
passage of ions through channels in the cell membrane, whereas the present invention
monitors cell-substrate impedance, which is an impedance measurement directed towards
the physical interaction between cell and substrate/electrode. That is, cell-substrate
impedance is not a membrane potential measurement. Therefore obtaining peaks

associated with membrane potential does not teach or suggest resolving the individual or
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beating cycle of cardiomyocytes through cell-substrate impedance monitoring or
achieving cell-substrate impedance monitoring at millisecond time resolution as claimed.

The object of Schecter is to utilize impedance waveforms and corresponding
impedance data to direct the programming of a cardiac resynchronization therapy (CRT).
Para [0046]. That is, the impedance data is from an implanted pacemaker or defribillator.
Abstract. Schecter’s methods involve optimizing acquisition of impedance signals
between electrodes present on implanted lead systems, automatically determining which
electrodes or electrode combinations acquire impedance waveforms that have the best
signal to noise ratio, and characterizing data most representative of dysynchronous
electromechanical events. Abstract. Since Schecter utilizes impedance signals from a
patient’s implant and not from a cell-substrate impedance device as claimed Schecter
would not apply to the invention set forth in claims 16 or 24.

In addition to the above distinctions, Applicants respectfully disagree with the
analysis by the examiner in determining likelihood of success of combining the
references in the Office Action at pg. 12 for the following reasons.

In regards to Banach, the examiner argues that Banach teaches successfully
establishing cultures of beating cardiomyocytes and measuring electrical properties of the
cultures to establish beating cycle parameters and beating frequency. While Banach does
establish cultures of cardiomyocytes, Banach uses a different technical approach to
measurement. Banach records changes in field potential, which is an electrical property
resulting from changes in membrane potential. The ability to record field potential from
a population of cardiomyocytes and to determine a beating frequency through interspike
intervals (ISI) would not support a reasonable expectation of success of using cell-
substrate impedance monitoring of a cardiomyocyte population to resolve an individual
or beating cycle of a cardiomyocyte population. As discussed above, each is a
significantly different measurement and thus success of one is not a predictor of success
of the other. In other words, cell-substrate impedance does not measure
depolarization/repolarization of cells.

In regards to Cantor, the examiner argues that Cantor teaches that electrode arrays
can be used to measure cell impedance, secretion of cellular products, monitoring of ion

channels and action potentials, and monitoring of compounds which affect those
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parameters in millisecond time resolution. While Cantor suggests that different
parameters can be measured, the only effect referencing a millisecond time period would
be the depolarization/repolarization of Na+ channels. Cantor indicates this is measured
by recording membrane potential. An expectation of success in recording membrane
potential would not support a reasonable expectation of success of cell-substrate
impedance monitoring of a cardiomyocyte population to resolve an individual or beating
cycle of a cardiomyocyte population. As discussed above, each is a significantly different
measurement and thus success of one is not a predictor of success of the other.

In regards to Xu, the examiner argues that Xu teaches successfully using
impedance to characterize cellular properties (citing para. [0428]). It is agreed Xu was
able to assess mast cell activation through the use of cell-substrate impedance monitoring
as discussed in para. [0428], but this does not teach millisecond time resolution and does
not teach resolving the individual or beating cycle of an excitable cell through the use of
cell-substrate impedance technology.

In regards to Schecter, the examiner argues that it is routine and known in the art
to derive impedance waveforms. Whether or not changes in impedance waveforms can
be determined does not demonstrate millisecond time resolution of cell-substrate
impedance monitoring of a cardiomyocyte population.

Accordingly, Applicant respectfully requests the rejection of independent claims

16, 24 and dependent claims 17-23, 25-29, and 40-45 be withdrawn.

Iv.

Conclusion

Applicants believe that the application as currently presented is in a condition for
allowance and such favorable action is respectfully requested. If the Examiner desires,
Applicant welcomes a telephone interview to expedite prosecution and is available at the

telephone number below.

19
425



Respectfully submitted,
BIOTECH BEACH LAW GROUP PC

S
N,

May 5, 2014 e

Date Raymond Wagenknecht
Reg. No. 50948

Biotech Beach Law Group PC
5677 Oberlin Dr. Ste 204
San Diego, CA 92129

(858) 587-2510 ext 201

20
426



Electronic Patent Application Fee Transmittal

Application Number: 12435569

Filing Date: 05-May-2009

Label-Free Monitoring of Excitation-Contraction Coupling and Excitable Cells

Title of Invention: Using Impedance Based Systemswith Millisecond Time Resolution

First Named Inventor/Applicant Name: Xiaobo Wang
Filer: Raymond C. Wagenknecht
Attorney Docket Number: ACE-134U1

Filed as Small Entity

Utility under 35 USC 111(a) Filing Fees

Sub-Total in

Description Fee Code Quantity Amount USD($)

Basic Filing:

Pages:

Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:

Extension - 3 months with $0 paid N27 2253 1 700 700




Description Fee Code Quantity Amount Sullaj-s'l';(t:)l in
Miscellaneous:
Request for Continued Examination 2801 1 600 600
Total in USD ($) 1300

428




Electronic Acknowledgement Receipt

EFSID: 18949108
Application Number: 12435569
International Application Number:
Confirmation Number: 3664

Title of Invention:

Label-Free Monitoring of Excitation-Contraction Coupling and Excitable Cells
Using Impedance Based Systems with Millisecond Time Resolution

First Named Inventor/Applicant Name:

Xiaobo Wang

Customer Number:

59538

Filer:

Raymond C. Wagenknecht

Filer Authorized By:

Attorney Docket Number: ACE-134U1
Receipt Date: 05-MAY-2014
Filing Date: 05-MAY-2009
Time Stamp: 20:33:09

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes
Payment Type Credit Card
Payment was successfully received in RAM $1300

RAM confirmation Number 7422
Deposit Account 504352

Authorized User

WAGENKNECHT, RAYMOND

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

Charge any Additional Fees required under 37 C.F.R. Section 1.16 (National application filing, search, and examination fees)

Charge any Additional Fees required under 37 C.F.R. Section]Jg(Patent application and reexamination processing fees)




Charge any Additional Fees required under 37 C.F.R. Section 1.19 (Document supply fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.20 (Post Issuance fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges)

File Listing:
Document o . . File Size(Bytes Multi Pages
Document Description File Name ( y V . . 9
Number Message Digest | Part/.zip| (if appl.)
R t for Conti dE inati 797442
1 equestor °’ER'2E’)E xamination ACE134U1_RCE.pdf no 3
a76a03d4bda81eb08cc6d80ffObb2c9d047
bflfc
Warnings:
Information:
. . 33139
. . ACE134U1_Extension_of_Time.
2 Extension of Time df no 1
p Td4chdf878344377982fd 7662694364264
64cae
Warnings:
Information:
. 161065
3 ACE-134U1_Filed_Response_O e 20
A3.pdf y
23462994 167d9a37413e228¢15613f7cf648
Multipart Description/PDF files in .zip description
Document Description Start End
Amendment Submitted/Entered with Filing of CPA/RCE 1 1
Claims 2 12
Applicant Arguments/Remarks Madein an Amendment 13 20
Warnings:
Information:
32151
4 Fee Worksheet (SB06) fee-info.pdf no 2
2ee25bbc82864e03b9%608916e 83 codff15¢el
208f
Warnings:
Information:
Total Files Size (in bytes); 1023797

430




This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new applicationis being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.

431




PTO/SB/06 (09-11)

Approved for use through 1/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

PATENT APPLICATION FEE DETERMINATION RECORD | Apelication or Docket Number
Substitute for Form PTO-875 12/435,569

Filing Date
05/05/2009

[ 7o be Mailed

APPLICATION AS FILED - PART |

ENTITY: []LARGE [X] smALL [] MIcRO

(Column 1) (Column 2)
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
X sasic FEE
(37 CFR 1.16(a) (b). or (c)) NA NA NA 165
[J seARcHFEE N/A N/A N/A
(37 CFR 1.16(k), (i), or (m))
|:| EXAMINATION FEE
(37 CFR 1.16(0), (p), or (q)) N/A N/A N/A
TOTAL CLAIMS ) N
(37 CFR 1.16(i)) minus 20 = X $ =
INDEPENDENT CLAIMS ) N
(37 CFR 1.16(h)) minus 3 = X3 =
If the specification and drawings exceed 100 sheets
0 of paper, the application size fee due is $310 ($155
/(\SF;PC';;(F;ﬁTJ(G)(N SIZE FEE for small entity) for each additional 50 sheets or
16(s)) fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).
] MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1 16()))
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL 165

APPLICATION AS AMENDED - PART Il

*** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter “3”.

The “Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.

(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
— 05/05/2014 | \r1cr PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE (8)
E AMENDMENT PAID FOR
g I?ggl) (37 CFR =30 Minus | = 39 -0 x $40 = 0
z [weeen -5 inus | -5 - 0 x 210~ 0
<§( [] Application Size Fee (37 CFR 1.16(s))
[—
|:| FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL ADD'L FEE 0
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
AFTER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
= AMENDMENT PAID FOR
E I?ggl) (37 CFR * Minus [ ** = X $ =
Independent . R -
g (37 CFI:R 1.16(h)) Minus = X $ =
E |:| Application Size Fee (37 CFR 1.16(s))
>
<C D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL ADD’L FEE
* If the entry in column 1 is less than the entry in column 2, write “0” in column 3. LIE
** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20”. /GLORIA TRAMMELL/

—

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USP TO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS

ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.

432



Doc code: IDS PTO/SB/08a (01-10)

s . . . Approved for use through 07/31/2012. OMB 0651-0031
Doc description: Information Disclosure Statement (IDS) Filed U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Application Number 12435569
Filing Date P009-05-05
INFORMATION DISCLOSURE First Named Inventor I)(iaobo Wang
STATEMENT BY APPLICANT | — —
( Not for submission under 37 CFR 1.99)
Examiner Name Shannon L. Janssen
Attorney Docket Number ACEA134U1
U.S.PATENTS | Remove |
. . . . Pages,Columns,Lines where
E)l(gm*mer Cite Patent Number Kind Issue Date Narr_1e of Patentee or Applicant Relevant Passages or Relevant
Initial No Code? of cited Document .
Figures Appear
1 B206903 D012-06-26 Pbassi et al.
If you wish to add additional U.S. Patent citation information please click the Add button. | Add |
U.S.PATENT APPLICATION PUBLICATIONS | Remove |
Examiner| .. Publication Kind | Publication Name of Patentee or Applicant Pages,Columns Lines where
- Cite No . Relevant Passages or Relevant
Initial Number Code’| Date of cited Document .
Figures Appear
1 0140203818 P014-06-24 MWang et al.
2 20060161073 P006-07-20 Singer et al.
3 0090142790 P009-06-04 Fang et al.
4 0030211500 D003-11-13 Moosley et al.
5 P0070042347 D007-02-22 Rosen et al.

EFS Web 2.1.17 433



INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

Application Number 12435569
Filing Date 2009-05-05
First Named Inventor | Xiaobo Wang

Art Unit 1653
Examiner Name Shannon L. Janssen

Attorney Doc

ket Number

ACEA134U1

6 0040106095 P004-06-03 Thomson et al.
7 20070212423 P007-09-13 Fpstein et al.
8 20090017465 P009-01-15 Kuetal.

If you wish to add additional U.S. Published Application citation information please click the Add button| Add

FOREIGN PATENT DOCUMENTS

Remove

Name of Patentee or Pages,Columns,Lines
Examiner| Cite | Foreign Document Country Kind | Publication Aoplicant of cited where Relevant Ts
Initial* No [Number3 Code?j Code#| Date PP Passages or Relevant
Document .
Figures Appear
Nal'l Univ Corp Tokyo
1 P012/043820 Wwo 2012-04-05 Med & Dent Univ X
2 P014/085727 wo 2014-06-05 |ACEA Biosciences, Inc. ]
3 291645 FP 2015-09-09 |JACEA Biosciences, Inc. |:|
4 P009/137440 wo 2009-11-12  |JACEA Biosciences, Inc. ]
5 P010/129725 wo 2009-11-11  |JACEA Biosciences, Inc. ]
6 P011/146531 wo 2011-11-24  |JACEA Biosciences, Inc. ]

If you wish to add additional Foreign Patent Document citation information please click the Add button | Add |

EFS Web 2.1.17

434




Application Number 12435569

Filing Date 2009-05-05

INFORMATION DISCLOSURE

First Named Inventor | Xiaobo Wang

STATEMENT BY APPLICANT | ppos

( Not for submission under 37 CFR 1.99)

Examiner Name Shannon L. Janssen

Attorney Docket Number ACEA134U1

NON-PATENT LITERATURE DOCUMENTS Remove
. .. | Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
Examiner| Cite o . . .
Initials* | No (book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), TS

publisher, city and/or country where published.

1 BERDONDINI et al. "High-density electrode array for imaging in vitro electrophysiological activity.” Biosensors and
Bioelectronics, 2005, 21:167-174

2 CHANG et al. "Impedimetric monitoring of cell attachment on interdigitated microelectrodes." Sensors and Actuators,
P005, B 105:159-163

3 IYANG et al. "A novel microfluidic impedance assay for monitoring endothelin-induced cardiomyocyte hypertrophy."
Biosensors and Bioelectronics, 2007, 22:1688-1693

4 PCT/US2009/033801 International Search Report and Written Opinion mailed 09 July 2010

5 PCT/US2009/042787 International Search Report and Written Opinion mailed 24 June 2009

6 PCT/US2011/036877 International Search Report mailed 02 September 2011

7 PCT/US2013/072439 International Search Report mailed 19 February 2014

If you wish to add additional non-patent literature document citation information please click the Add button| Add |

EXAMINER SIGNATURE

Examiner Signature Date Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

EFS Web 2.1.17 435




Application Number 12435569
Filing Date 2009-05-05

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor | Xiaobo Wang

Art Unit 1653
Examiner Name Shannon L. Janssen
Attorney Docket Number ACEA134U1

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO

Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here if|
English language translation is attached.

EFS Web 2.1.17 436



Application Number 12435569

Filing Date 2009-05-05

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

First Named Inventor | Xiaobo Wang

. Art Unit 1653
( Not for submission under 37 CFR 1.99)

Examiner Name Shannon L. Janssen

Attorney Docket Number ACEA134U1

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[l any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

See attached certification statement.
The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

X A certification statement is not submitted herewith.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /Raymond Wagenknecht/ Date (YYYY-MM-DD) 2015-12-08

Name/Print Raymond Wagenknecht Registration Number 50948

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.

EFS Web 2.1.17 437




Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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English Abstract:

In the present invention, a myocardial cell cluster is disposed on a transparent substrate, and the quality of
the myocardial cells is evaluated from the response of the cells to a forced pulsation stimulus applied to the
cardiomyocytes. The myocardial cell cluster is disposed on the transparent substrate, and is exposed to the
flow of a liquid containing a drug in a manner so that the drug acts on the cells, which configure a network.
The extent of cardiac toxicity resulting from the drug is evaluated from measuring the fluctuations obtained
from a comparison of adjacent cardimyocytes of the network.
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English Description:
TECHNICAL FIELD

The present invention, a method and a device for inspecting and evaluating a myocardal cardiomyocyte of
toxicity.
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BACKGROUND ART

The change of state of the cells or, medicine or observation of the response to the bioassay processiblity. In
the conventional bioassay, many cultured cells are generally used. Using this system, since a plurality of
cells assays, the average of the values of the cell group 1 were observed in the characteristics of the cell.

However, actually, the cells in a cell that is tuned to cycles and rarely, in a period of each cell protein is
different. Therefore, a response to the stimulation of the results of the analysis are always fluctuationally
hang on problems.

That is, the cell reaction mechanism itself having universally responds to the presence of flactal, always,
only an average response cannot be obtained. In order to solve these problems, tuning culture method or
the like is developed, always the same stage in the use of a group of cells, the cell is always must be
supplied continuously, and extend generally bioassay fault.

Furthermore, the irritation to cell (signal), a signal substance contained in the periphery of the cell soln.,
nutrition, and given by the amount of dissolved gas, physical contact of other cell 2 - interaction between
cells, there is a kind of even one, it is difficult to judge the fluctuationally for stepwise.

- Physical contact of the cell, the problem of interaction between cells, tissue fragments bioassay is
performed in such a degree of mass. However, in this case, unlike and cultured cells, cell aggregates of a
constantly uniform resistance cannot be obtained. Therefore, the data obtained is dispersed, or the
information during the embedding of the group.

One group of cells 1 of the cell 1 and a minimum of two units of measurement for processing model, the
inventors of the present invention (patent document 1), etc. in the patent 2006-94703 as shown in, in a
specific spatial arrangement of the cells are closed by partitions and a plurality of cell culture, between
adjacent sections of the cells cannot pass each other in the groove is connected to the tunnel or, if
necessary, or tunnel or groove in the cell culture, cell for measuring the change in the potential of the
electrode assembly of the cell structure having a plurality of micro-array pattern (bioassay chip).

Furthermore, a complicated function of the heart is reflected as a method for evaluating a electrocardial
acquired, nonlinear dynamics of the usually used in measuring the electrocardial analysis techniques are
proposed. For instance, the most generally used in this method are [...] electrocardigram analysis (non-
patent document 1). A plot of the points 1, 2 adjacent one sphygmoscope example X represents a data
point of time sphygmoscope rate axis, Y axis is indicated 1 and the previous sphygmoscope rate. Therefore,
the movement of the points on the graph on fluctuationally by estimating the quantitative distribution. As
the method of measuring cardiac sphygmoscope fluctuationally to other, correlative dimensional method
(correlation dimension), nonlinear estimation method (nonlinear predictability) (non-patent document 2),
(non-patent literature 3) approximate entropy method or the |
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TECH PROBLEM

In the conventional bioassay, whether as a tissue fragments, such as cell culture cells of either 1. The
number of cells is too much and so the item of the prior art, which information is obtained because the
average, or chemical that response to not be accurately obtained. In the case of using a cell by cell 1,
originally, function as a multi-cell to cell tissue cells, separated, for use as an independent state in the cell,
the influence of the interaction between the cells, and therefore it does not appear, may accurately in
response to obtain data words bioassay chemicals.

See cardiomyocyte Osteoblast fibrosing about and adjacent to and from the cells or fibrocyte myocarditis
propagation of pulsation, the unit cell potential 1 cell, which can accurately measure the cell shape, cell
toxicity of medicine cardiomyocyte 1 inspection of cell potential, or the shape of cells as to develop a system
capable of accurately measuring devices are important.

Human iPS ES cells such as cells or human redifferentiation derived from human mesenchymal stem cells
about cardiomyocyte, these cells for use in a medical drug screening or the regeneration, this cardiomyocyte
is, in which the same quality and human heart cardiomyocyte whether from a quantitative evaluation
functions of the cell surface.

TECH SOLUTION

In view of the above problem, the present invention, to provide a method and a device.

(1) a substrate,

Disposed on the substrate, a plurality of stable sphygmoscope cardiomyocyte evaluated for infusing
myoelectric cells or cell population,

On the substrate so as to surround the periphery of the population of cells formed in the wall of the cell
culture solution to satisfy,

The cell culture liquid is supplied into the area surrounded by the wall and/or for discharging the
supply/discharge channel,

One of the cells of the cell or cells in a localized portion of the electrode is placed,

The engine is enclosed by a wall in the region of the cell culture solution for satisfying a reference electrode,
The micro electrodes is connected to each of the reference electrode and a lead wire connected to the lead
wire and the electrode using the microclearance placed biopotential measuring means for measuring cell
potential, and

By controlling the microclearance electrostimulation sent to the electrodes, the potential is measured by the
measuring means for recording data, and a control/recording means

This device is provided with a cell,

The Electrostimulator sent to the minute interval of the electrode is changed stepwise,

1) above the cell group cardiomyocyte or the forced stimulation sphygmoscope electrostimulation interval in
response to the same interval and the forced stimulation sphygmoscope confirms whether the response,
and, its response in the frequency range of any forced sphygmoscope irrilation corresponding by measuring
whether or not, it can follow sphygmoscope sound cardiomyocyte by confirming that sufficiently satisfies one
of the conditions and determine, and

2) due to the forced stimulation sphygmoscope interval (RR) electrostimulator beating of the cells to follow a
frequency carpentering is confirmed, the change of the forced stimulation sphygmoscope FPD, FPD / (RR)
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1/3 from FPD / (RR) 1/2 between sound by confirming that a sufficient cardiomyocyte satisfies one of the
conditions and determining

A, cell quality evaluation device.

(2) substrate,

Arranged on the base plate, to perform a stable sphygmoscope cardiomyocyte evaluation of a plurality of
cells holding part for holding the holding region cardiomyocyte group including,

The surface of the substrate, and, said cardiomyocyte group formed around the holding region and is
defined by a wall, the space region for satisfying the cell culture solution,

The cell culture solution is supplied into the space region and/or for discharging the supplying/discharging
channels,

Provided on the transparent substrate, and the holding portion of the holding region cardiomyocyte
population of one part of the cell or cells in a holding portion for placing cardiomyocyte micro electrodes,
The cell culture solution for satisfying the above comparison electrode that is provided within the space,
The micro electrodes is connected to each of the reference electrode and a lead wire connected to the lead
wire and the electrode using the microclearance placed biopotential measuring means for measuring cell
potential, and

By controlling the microclearance electrostimulation sent to the electrodes, the potential is measured by the
measuring means for recording data, and a control/recording means

This device is provided with a cell,

The Electrostimulator sent to the minute interval of the electrode is changed stepwise,

1) above the cell group cardiomyocyte or the forced stimulation sphygmoscope electrostimulation interval in
response to the same interval and the forced stimulation sphygmoscope confirms whether the response,
and, its response in the frequency range of any forced sphygmoscope irrilation corresponding by measuring
whether or not, it can follow sphygmoscope sound cardiomyocyte by confirming that sufficiently satisfies one
of the conditions and determine, and

2) due to the forced stimulation sphygmoscope interval (RR) electrostimulator beating of the cells to follow a
frequency carpentering is confirmed, the change of the forced stimulation sphygmoscope FPD, FPD / (RR)
1/3 from FPD / (RR) 1/2 between sound by confirming that a sufficient cardiomyocyte satisfies one of the
conditions and determining

A, myocardal quality evaluation device.

(3) substrate,

Disposed on the substrate, a plurality of stable sphygmoscope cardiomyocyte evaluated for infusing
myoelectric cells or cell population,

On the substrate so as to surround the periphery of the population of cells formed in the wall of the cell
culture solution to satisfy,

The cell culture liquid is supplied into the area surrounded by the wall and/or for discharging the
supply/discharge channel,

One of the cells of the cell or cells in a localized portion of the electrode is placed,

The engine is enclosed by a wall in the region of the cell culture solution for satisfying a reference electrode,
The micro electrodes is connected to each of the reference electrode and a lead wire connected to the lead
wire and the electrode using the microclearance placed biopotential measuring means for measuring cell
potential, and

By controlling the microclearance electrostimulation sent to the electrodes, the potential is measured by the
measuring means for recording data, and a control/recording means

The device is provided with a cell,

The Electrostimulator sent to the minute interval of the electrode is changed stepwise,

1) above the cell group cardiomyocyte or the forced stimulation sphygmoscope electrostimulation interval in
response to the same interval and the forced stimulation sphygmoscope confirms whether the response,
and, its response in the frequency range of any forced sphygmoscope irrilation corresponding by measuring
whether or not, it can follow sphygmoscope sound cardiomyocyte by confirming that sufficiently satisfies one
of the conditions and determine, and

2) due to the forced stimulation sphygmoscope electrostimulator to follow the cells (RR) interval of beat
frequency carpentering is confirmed, the forced stimulation sphygmoscope - potential field - duration (FPD)
change, FPD / (RR) 1/3 from FPD / (RR) 1/2 between sound by confirming that a sufficient cardiomyocyte
satisfies one of the conditions and determining

Contg., cell quality evaluation method.

(4) substrate,

Arranged on the base plate, to perform a stable sphygmoscope cardiomyocyte evaluation of a plurality of
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cells holding part for holding the holding region cardiomyocyte group including,

The surface of the substrate, and, said cardiomyocyte group formed around the holding region and is
defined by a wall, the space region for satisfying the cell culture solution,

The cell culture solution is supplied into the space region and/or for discharging the supplying/discharging
channels,

Provided on the transparent substrate, and the holding portion of the holding region cardiomyocyte
population of one part of the cell or cells in a holding portion for placing cardiomyocyte micro electrodes,
The cell culture solution for satisfying the above comparison electrode that is provided within the space,
The micro electrodes is connected to each of the reference electrode and a lead wire connected to the lead
wire and the electrode using the microclearance placed biopotential measuring means for measuring cell
potential, and

By controlling the microclearance electrostimulation sent to the electrodes, the potential is measured by the
measuring means for recording data, and a control/recording means

The device is provided with a cell,

The Electrostimulator sent to the minute interval of the electrode is changed stepwise,

1) above the cell group cardiomyocyte or the forced stimulation sphygmoscope electrostimulation interval in
response to the same interval and the forced stimulation sphygmoscope confirms whether the response,
and, its response in the frequency range of any forced sphygmoscope irrilation corresponding by measuring
whether or not, it can follow sphygmoscope sound cardiomyocyte by confirming that sufficiently satisfies one
of the conditions and determine, and

2) due to the forced stimulation sphygmoscope interval (RR) electrostimulator beating of the cells to follow a
frequency carpentering is confirmed, the change of the forced stimulation sphygmoscope FPD, FPD / (RR)
1/3 from FPD / (RR) 1/2 between sound by confirming that a sufficient cardiomyocyte satisfies one of the
conditions and determining

Contg., myocardal quality evaluation method.

The present invention, an inspection device less toxicity myocarditis, myocardal toxicity testing chip, and
myocardal toxicity.

1:a transparent substrate,

The transparent substrate is disposed on a plurality of stable sphygmoscope contg. cardiomyocyte cell
population,

Disposed on the transparent substrate, and the cell group, the cell group sphygmoscope cooperate to
transmit a plurality of series and fibrocyte cardiomyocyte contg. cell network,

The transparent substrate and the cell group on the cell network which is formed so as to surround a
periphery of the cell culture solution for satisfying the wall,

The cell culture liquid is supplied into the area surrounded by the wall and/or for discharging the
supply/discharge channel,

The cells of the cell culture liquid chemical action applied to the chemical feed channel,

One of the cells of the cell or cells in a localized portion of the electrode is placed,

Each of the cells of the cell network of micro electrodes are placed,

The engine is enclosed by a wall in the region of the cell culture solution for satisfying a reference electrode,
The micro electrodes is connected to each of the reference electrode and a lead wire connected to the lead
wire and the electrode using the microclearance placed biopotential measuring means for measuring cell
potential, and

By controlling the microclearance electrostimulation sent to the electrodes, the potential is measured by the
measuring means for recording data, and a control/recording means

A, myocardal toxicity.

2: transparent substrate,

Disposed on the transparent substrate, to perform a stable sphygmoscope cardiomyocyte for holding the
plurality of cell-holding part (CH G) cardiomyocyte group including a holding region,

The holding part of the cell and the cell 1 cooperate to transmit sphygmoscope myocarditis cell group for
holding cells, arranged in series a plurality of cell-holding part (CH n) network including in the region where
the cell, the cell holder (CH n) is held or fibrocyte cardiomyocyte, cell network region,

And the surface of the transparent substrate, and the holding region of the cell network cardiomyocyte
group formed around the region and is defined by a wall, the space region for satisfying the cell culture
solution,

The cell culture solution is supplied into the space region and/or for discharging the supplying/discharging
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channels,

The cells of the cell culture liquid chemical action applied to the chemical feed channel,

Provided on the transparent substrate, the cell holder (CH G) cardiomyocyte group holding area or a part of
one of the cells in a holding portion for placing cardiomyocyte micro electrodes,

Provided on the transparent substrate, a plurality of the cells of the cell holding portion (CH n) network area
of each cell is placed in a plurality of micro-electrode,

The cell culture solution for satisfying the above comparison electrode that is provided within the space,
The micro electrodes is connected to each of the reference electrode and a lead wire connected to the lead
wire and the electrode using the microclearance placed biopotential measuring means for measuring cell
potential, and

By controlling the microclearance electrostimulation sent to the electrodes, the potential is measured by the
measuring means for recording data, and a control/recording means

A, myocardal toxicity.

3: the cells of the cell network for placing the at least one micro-electrode 1 is placed on the micro-electrode
from a constant interval by forced sphygmoscope cell that is configured, or 2: the [1] of the inspection
device described myocarditis toxicity.

4: the cell is placed on a respective electrode is obtained from myocardal sphygmoscope field - potential
waveform fluctuationally size, adjacent sphygmoscope signhal by comparing the measured by, the [1]-3: one
of the inspection device described myocardal toxicity.

5: field - potential waveform for potassium ions from a cell in the outflow of the peak position of the sodium
ion outflow from the peak of the elapsed time ([...]) of fluctuations which, adjacent sphygmoscope signal by
comparing the measured by, the [1]-3: one of the inspection device described myocardal toxicity.

6: the cell is placed on a respective electrode is obtained from myocardal sphygmoscope field - potential
waveform fluctuationally size, the cells of the cell sphygmoscope is generated from the electrode to the
transmission time or the transmission speed fluctuationally adjacent sphygmoscope by comparing the
measured by, the [1]-3: one of the inspection device described myocardal toxicity.

7: the cell strading each micro electrodes is obtained from myocardal sphygmoscope field - potential
waveform for each of the differentiated cell potential so constituted, the [1]-3: one of the inspection device
described myocardal toxicity.

8: the cell is placed on each electrode is obtained from myocardal sphygmoscope field - potential waveform
superposed synthetic field - potential waveforms are combined, electrocardial data and comparing a cell
group as a whole sphygmoscope transmission turbulence degree so constituted, the [1]-3: one of the
inspection device described myocardal toxicity.

9: the cells of a small electrode potential is kept constant feedback potential control mechanism, the power
level control mechanism is supplied with a current amount is analyzed so, the [1]-3: one of the inspection
device described myocardal toxicity.

10: the cell to be periodically forced sphygmoscope stimulation after starting, 30 seconds or more has
elapsed after the measuring is started is, the [1]-3: one of the inspection device described myocardal
toxicity.

11: arranged on the transparent substrate to the cell, and an optical system for optically measuring optical
camera is further provided,

The optical image data acquired by the camera, the control/are recorded in the recording means, the [1]-[
10] one of the inspection device described myocardal toxicity.

[12] the cell holding portion (CH G, CH n) each of, the provided on a transparent substrate and non-
adhesiveness to a cell wall surrounded by a space which is defined, in the wall of the cells through which
cannot be 1 or more of the gap, the [2] 11 :-one of the inspection device described myocardal toxicity.

13: the cardiomyocyte group holding area and the cell network between the regions, the cell culture which
obstructs the flow of the cardiomyocyte group holding area of the plurality of cells holding part (CH G) one
contained in the cell and the cell network at the edges of the cells of the holding part (CH n) cells and
cooperating with an opening in which the barrier is provided, the [2]-12: one of the inspection device
described myocardal toxicity.

14: transparent substrate,

Disposed on the transparent substrate, a plurality of cell-holding part (CH G) cardiomyocyte group including
a holding region,

Coolable myoelectric population of cells, the cell holder (CH G) holding area of the cell 1 and cooperating
with a plurality of transmitting sphygmoscope cardiomyocyte group of cells holding part (CH n) arranged in
series in the region where the network including a cell, the cell holder (CH n) is held or fibrocyte
cardiomyocyte, cell network region,
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And the surface of the transparent substrate, and the holding region of the cell network cardiomyocyte
group formed around the region and is defined by a wall, the space region for satisfying the cell culture
solution,

The wall of the cell culture solution is supplied into the space region that is surrounded by and/or discharge
for the culture of liquid supply/discharge means,

The cell in the cell culture for adding a chemical agent supplying means,

Provided on the transparent substrate, the holding region of the cell holding portion (CH G) cardiomyocyte
group myocarditis is placed in one of the micro electrodes,

Provided on the transparent substrate, a plurality of the cells of the cell holding portion (CH n) network
region in the placing or fibrocyte cardiomyocyte plurality of micro electrodes,

The wall is disposed in a region surrounded by a reference electrode,

The micro electrodes is connected to each of the reference electrode and a lead wire connected to the lead
wire and the electrode using the microclearance placed on the cell potential for measuring and recording
means,

X-Y and driven in the direction of the transparent substrate is mounted on a stage, and

Mounted on the stage on a transparent substrate, an optical means for measuring a state of the cells,

A, myocardal toxicity.

15: transparent substrate,

Disposed on the transparent substrate, for holding a plurality of cardiomyocyte cell holding part (CH G)
cardiomyocyte group including a holding region,

The cell group of the cells 1 and cooperate to transmit sphygmoscope myocarditis cell group, a series of cell-
holding part (CH n) network including in the region where the cell, the cell holder (CH n) is held or fibrocyte
cardiomyocyte, cell nhetwork region,

And the surface of the transparent substrate, and the holding region of the cell network cardiomyocyte
group formed around the region and is defined by a wall, cell culture solution for satisfying the region,
Provided on the transparent substrate, the holding region of the cell holding portion (CH G) cardiomyocyte
group cardiomyocyte is placed in one of the micro electrodes,

Provided on the transparent substrate, a plurality of the cells of the cell holding portion (CH n) network
region in the placing or fibrocyte cardiomyocyte plurality of micro electrodes,

The wall is disposed in a region surrounded by a reference electrode, and

The micro electrodes is connected to each of the reference electrode and a lead wire connected to the lead
wires,

A, myocardal toxicity testing chip.

[16] the [1]-[ 14] described in any one of the above [15] myocarditis toxicity or inspection device described
by using a testing chip myocarditis toxicity, the cells in the cell culture liquid chemical is acting upon, the
occurrence of the sphygmoscope cardiomyocyte population of cell network to delay the propagation speed of
the cells to evaluate whether the chemical agent applied to the cell toxicity to cardiomyocyte myocarditis
toxicity is inspected.

[17] above [1] or 2:by using the device described in the cell toxicity test myocarditis acting on the chemical
agent when a cell culture solution, the occurrence of the sphygmoscope cardiomyocyte population of cell
network to delay the propagation speed of the cells to evaluate whether acting on the cell toxicity to
cardiomyocyte of chemicals in the method for inspecting, at least one of the following 1 comprising the step
of:

(I) of the cell, the cell network for placing the at least one micro-electrode 1 minute from the cells placed on
an electrode in a constant interval forced sphygmoscope stimulation process;

(Ii) placing the cells each micro-electrode of the field - myocarditis sphygmoscope acquired from the
maghnitude of the potential waveform fluctuationally, comparison of the signals measured by the adjacent
sphygmoscope process;

Among the potential waveform (iii) - field of potassium sodium ions flowing out from the outflow of the peak
position of the elapsed time from the peak magnitude of the fluctuation of ([...]), comparison of the signals
measured by the adjacent sphygmoscope process;

(Iv) the cell is placed on each of the micro electrodes myocarditis sphygmoscope acquired from the
maghnitude of the potential waveform fluctuationally - field, the cells of the cellular network of sphygmoscope
is generated from the electrode or the transmission speed until the transmission time of the adjacent
sphygmoscope fluctuationally by comparing the measured process;

(V) each of the cells is acquired from a small electrode strading myocarditis sphygmoscope - field for each of
the potential waveform is differentiated cell potential process;

(Vi) each electrode of the cell is placed on the field is obtained from the potential waveform myocarditis
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sphygmoscope - - synthetic field is overlapped by the potential waveform, and comparing the data as a
whole electrocardigram a population of cells for measuring the degree of turbulence of the transmitting
sphygmoscope process;

The arrangement of the cell, (vii) a small electrode potential is kept constant by using a feedback control
mechanism, the power level control mechanism is a process for analyzing a current amount to be supplied;
and

The cells (viii) after the start of the forced stimulation sphygmoscope periodically, from 30 seconds or more
to start measuring process.

18: the microclearance electrode disposed in the vicinity of the, cell potential measurement for noise
elimination in difference reference electrode is further provided, the [1]-14: one of the inspection device
described myocardal toxicity.

19: the micro electrodes, comprising a measuring electrode and the electrode, as described in the above
[18] myocarditis toxicity.

20: myocarditis culture cardiomyocyte measuring area in the cell culture, chemical is introduced
continuously from the bottom upwardly and discharged from the liquid surface, by monitoring the
temperature of the introduced chemicals to maintain the proper temperature and mechanism, for measuring
the concentration of the chemical is introduced into the pipe and has an optically transparent area, 800
nanometers wavelength 280 nanometer spectral range of from absorptiometry can be measured
quantitatively described above [19] cardiotoxicity inspection device.

21: the microclearance electrode is transparent, the [1]-14:, 18 :-[ 20] described in any one of an item of
inspection device myocarditis toxicity.

22: the microclearance in order to decrease the value of resistance of the electrode, is observed by the
optical system which is arranged in a region other than the metal layer on the transparent electrode wiring
is added, 21: above described cardiotoxicity inspection device [23] cardiomyocyte culture of the plurality of
the substrates are arranged linearly on cardiomyocyte forms a network,

The end point of the linear cardiomyocyte for stimulating the local network of electrodes are disposed, the
[1]-[ 14], [18]-[ 22] one of the inspection device cardiotoxicity described.

24: further, the linear cardiomyocyte cardiomyocyte is placed a majority of the network can be provided
with two linear measuring electrode 1, described in the above [23] cardiotoxicity inspection device.

25: cardiomyocyte culture of the plurality of the substrates are arranged in a ring shape on a cardiomyocyte
forms a network,

The ring of the ring-shaped part cardiomyocyte by network, a local point to stimulate the electrodes are
disposed, the [1]-[ 14], [18]-[ 22] one of the inspection device cardiotoxicity described.

26: further, the ring-shaped cardiomyocyte cardiomyocyte is placed a majority of the network can be
provided with two ring-shaped electrode 1, described in the above [25] cardiotoxicity inspection device.
[27] the [1]-26: described in any one of the inspection device myocarditis toxicity, the cells in the cell
culture liquid chemical is acting upon, the occurrence of the sphygmoscope cardiomyocyte population of cell
network to delay the propagation speed of the cells to evaluate whether the chemical agent applied to the
cell toxicity to cardiomyocyte myocarditis toxicity is inspected.

[28] the [1]-14:, 18 :-[ 26] described in any one of the cell toxicity myocarditis using an inspection device
acting on the chemical agent when a cell culture solution, the occurrence of the sphygmoscope
cardiomyocyte population of cell network to delay the propagation speed of the cells to evaluate whether
acting on the cell toxicity to cardiomyocyte of chemicals in the method for inspecting, at least one of the
following 1 comprising the step of:

(I) of the cell, the cell network for placing the at least one micro-electrode 1 minute from the cells placed on
an electrode in a constant interval forced sphygmoscope stimulation process;

(Ii) placing the cells each micro-electrode of the field - myocarditis sphygmoscope acquired from the
magnitude of the potential waveform fluctuationally, comparison of the signals measured by the adjacent
sphygmoscope process;

Among the potential waveform (iii) - field of potassium sodium ions flowing out from the outflow of the peak
position of the elapsed time from the peak magnitude of the fluctuation of ([...]), comparison of the signals
measured by the adjacent sphygmoscope process;

(Iv) the cell is placed on each of the micro electrodes myocarditis sphygmoscope acquired from the
magnitude of the potential waveform fluctuationally - field, the cells of the cellular network of sphygmoscope
is generated from the electrode or the transmission speed until the transmission time of the adjacent
sphygmoscope fluctuationally by comparing the measured process;

(V) each of the cells is acquired from a small electrode strading myocarditis sphygmoscope - field for each of
the potential waveform is differentiated cell potential process;
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(Vi) each electrode of the cell is placed on the field is obtained from the potential waveform myocarditis
sphygmoscope - - synthetic field is overlapped by the potential waveform, and comparing the data as a
whole electrocardigram a population of cells for measuring the degree of turbulence of the transmitting
sphygmoscope process;

The arrangement of the cell, (vii) a small electrode potential is kept constant by using a feedback control
mechanism, the power level control mechanism is a process for analyzing a current amount to be supplied;
and

The cells (viii) after the start of the forced stimulation sphygmoscope periodically, from 30 seconds or more
to start measuring process.

29: cardiotoxicity for evaluation, be evaluated by adding a chemical agent, and then, the [1]-14:, 18 :-26:
described in any one of the extracellular potential signal obtained by extension of FPD value of the average
value of the X axis, Y being of a value fluctuationally FPD STV values plotted on the axis, to evaluate the
relative position, or 28: the [27] myocarditis toxicity test method described.

30:a transparent substrate,

The formed on a transparent substrate in a region surrounded by a wall, the area is filled with a liquid cell
culture,

The cell is filled with liquid are arranged in a region to perform a plurality of stable sphygmoscope contg.
cardiomyocyte cell population,

The cell is filled with a liquid that is provided within the, or one of the cells of the cell group cardiomyocyte
local part of the electrode is placed,

The cell is filled with a liquid that is provided within the reference electrode,

The micro electrodes is connected to each of the reference electrode and a lead wire connected to the lead
wire and the electrode using the microclearance cardiomyocyte placed to measure the potential of
biopotential measuring means,

The potential test drug measured by the measuring means, the potential of the subscriber cardiomyocyte
before a recording means for recording data, and

The potential from the data, one field of sodium ions (FP) - potential waveform peak of inflow to outflow of
potassium ions of the elapsed time from the peak to the cell (cell potential duration) of the FPD (FPD) and
calculates the magnitude of fluctuations, the calculated by using as an index test drug FPD and STV
myocarditis toxicity of the analyzing means

A, myocardal toxicity.

31: transparent substrate,

The transparent substrate is formed on the surface in a region surrounded by a wall, cell culture solution for
satisfying the region,

On the substrate in the region surrounded by the wall, a plurality of stable sphygmoscope cardiomyocyte
myocarditis cell group including a holding region for holding cell population,

The transparent substrate of the group provided in the holding region cardiomyocyte cardiomyocyte micro
electrode is placed,

The transparent substrate of the liquid cell culture for satisfying the comparison electrode provided within
the region,

The micro electrodes is connected to each of the reference electrode and a lead wire connected to the lead
wire and the electrode using the microclearance cardiomyocyte placed to measure the potential of
biopotential measuring means,

The potential applied to the measuring means to the test drug cardiomyocyte before the potential of a
recording means for recording data, and

- Potential from the potential waveform data out of the field of sodium ions (FP) flows into the outflow of
potassium ions from peak to peak of the elapsed time (cell potential duration) of the FPD (FPD) and
calculates the magnitude of fluctuations, the calculated by using as an index test drug FPD and STV
myocarditis toxicity of the analyzing means

A, myocardal toxicity.

32: the magnitude of the fluctuation of the FPD FPD by short term fluctuations (STV), or 31: the [30]
described myocardal toxicity testing device

33: the cardiomyocyte placed to keep constant the microclearance potential of the electrode potential
control mechanism further comprises a feedback, or 31: the [30] myocarditis toxicity inspection device
described.

34: the transparent substrate is disposed on the cardiomyocyte optical measurement for an optical system
and an optical camera is further provided, the optical camera acquisition of data of the recording means to
record, the [30]-33: one of the inspection device described myocardal toxicity.
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35: the cardiomyocyte appropriately to maintain a temperature having a temperature control mechanism
the [30]-34: either of the described myocardal toxicity testing device

36: the analysis means, FPD of fluctuations which, adjacent field - potential (FP) signal waveform by
comparing the measured by, the [30]-33: one of the inspection device described myocardal toxicity.

37: the analyzing means in, the cell is placed on a respective electrode is obtained from myocardal
sphygmoscope field - potential waveform fluctuationally size, the cells of the cell sphygmoscope is generated
from the electrode to the transmission time or the transmission speed fluctuationally adjacent
sphygmoscope by comparing the measured by, the [30]-33: one of the inspection device described
myocardal toxicity.

38: the analyzing means in, the cell is strading each micro electrodes is obtained from myocardal
sphygmoscope field - potential waveform for each of the differentiated cell potential so constituted, the [30]-
33: one of the inspection device described myocardal toxicity.

39: the analyzing means in, the cell is placed on each electrode is obtained from myocardal sphygmoscope
field - potential waveform superposed synthetic field - potential waveforms are combined, electrocardial data
and comparing a cell group as a whole sphygmoscope transmission turbulence degree so constituted, the
[30]-33: one of the inspection device described myocardal toxicity.

40: the micro electrodes, a plurality of minute comprising the multi-electrode array is constituted, the [30]-
34: one of the inspection device described myocardal toxicity.

41: the cell to be periodically forced sphygmoscope stimulation after starting, 30 seconds or more has
elapsed after the measuring is started is, the [30]-35: one of the inspection device described myocardal
toxicity.

42: the microclearance electrode disposed in the vicinity of the, cell potential measurement for noise
elimination in difference reference electrode is further provided, the [30]-37: one of the inspection device
described myocardal toxicity.

43: the micro electrodes, comprising a measuring electrode and the electrode, as described in the above
[42] myocarditis toxicity.

44: the cell culture solution to the wall in the region surrounded by the supply, and/or discharging the
supplying/discharging channels are provided, the [30]-39: one of the inspection device described myocardal
toxicity.

45: the wall and in which the myocardal cells cultured in an area test drug continuously bottom is introduced
from above the liquid discharging from the drug introduction/discharge channel and, the introduction of the
medicament monitoring temperature and maintained at appropriate temperature, a temperature control
mechanism and is provided, of the channel part, introduced chemotherapeuticaly liq. concentrations so as to
be capable of being optically transparent, wavelength of 280 nm from 800 nm range absorptiometry spectral
quantitative measurement and a, the [30]-39: either of the described cardiotoxicity inspection device.

46: the microclearance electrode is transparent, the [30] 31 :-described in any one of an item of inspection
device myocarditis toxicity.

47: the microclearance in order to decrease the value of resistance of the electrode, is observed by the
optical system which is arranged in a region other than the metal layer on the transparent electrode wiring
is added, as described in the above [43] cardiotoxicity inspection device.

48: cardiomyocyte culture of the plurality of the substrates are arranged linearly on cardiomyocyte forms a
network,

The end point of the linear cardiomyocyte for stimulating the local network of electrodes are disposed, the
[30]-[ 44] one of the inspection device cardiotoxicity described.

49: further, the linear cardiomyocyte cardiomyocyte is placed a majority of the network can be provided
with two linear measuring electrode 1, described in the above [45] cardiotoxicity inspection device.

50: cardiomyocyte culture of the plurality of the substrates are arranged in a ring shape on a cardiomyocyte
forms a network,

The ring of the ring-shaped part cardiomyocyte by network, a local point to stimulate the electrodes are
disposed, the [30]-[ 44] one of the inspection device cardiotoxicity described.

51: further, the ring-shaped cardiomyocyte cardiomyocyte is placed a majority of the network can be
provided with two ring-shaped electrode 1, described in the above [47] cardiotoxicity inspection device.

[52] the [30]-48: described in any one of toxicity myocarditis cardiomyocyte using an inspection device, to
inspect the toxicity of the drug acting on this method,

In a cell culture solution is to perform a plurality of stable sphygmoscope cardiomyocyte cardiomyocyte
including adding a test drug into groups, and

The medicine in the cell culture of additives to the rear, the generation of populations cardiomyocyte process
for evaluating the change of sphygmoscope
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In the case of a change of the sphygmoscope, extension of the FPD FPD waveform and the magnitude of the
fluctuation of the increase of the index and a and a, method.

53: plurality of stable sphygmoscope cardiomyocyte performs a process for preparing a cell group including,
In the multi-electrode array is arranged on a bottom surface of the container in a process of the cell group,
The culture test drug is added to the cell group, the multi-electrode array of cells cultured cells using a
process in which the potential is measured, in addition of the drug, potential is measured by the population
of cells cultured cells, the cell potential of a process for acquiring data, and

From the data acquired by the cell potential, the potential (FP) - field of sodium ion waveform peak of inflow
to outflow of potassium ions of the elapsed time from the peak to the cell (cell potential duration) of the FPD
(FPD) and calculates the magnitude of fluctuations, the combination of the FPD FPD and the magnitude of
the fluctuation of the drug by using as an index for evaluating the toxicity process myocarditis,

Contg., myocarditis toxicity of the drug.

54: the magnitude of the fluctuation of the FPD FPD by short term fluctuations (STV), or 53: the [19].

55:in a process of evaluating the toxicity of the drug myocarditis, after the addition of extension of the drug
and STV FPD waveform as an index of chemotherapeuticaly myocarditis increase of evaluating the toxicity,
the method described in the above [53].

56: extension of the FPD waveform frequency exceeds a predetermined threshold and STV FPD STV exceeds
a predetermined threshold, the increase of the frequency by using a two-dimensional plot is generated and,
based on the two-dimensional plot of the drug myocarditis toxicity is evaluated, the method described in the
above [55].

57:in the two-dimensional plot, a plot of the relative positions of the plurality of drug from
chemotherapeuticaly myocarditis of evaluating the toxicity, described in the above [56].

The present invention, in a more simple, and less of the device.

(1) a substrate,

Disposed on the substrate, a plurality of stable sphygmoscope cardiomyocyte evaluated for infusing
myoelectric cells or cell population,

On the substrate so as to surround the periphery of the population of cells formed in the wall of the cell
culture solution to satisfy,

The cell culture liquid is supplied into the area surrounded by the wall and/or for discharging the
supply/discharge channel,

One of the cells of the cell or cells in a localized portion of the electrode is placed,

The engine is enclosed by a wall in the region of the cell culture solution for satisfying a reference electrode,
The micro electrodes is connected to each of the reference electrode and a lead wire connected to the lead
wire and the electrode using the microclearance placed biopotential measuring means for measuring cell
potential, and

By controlling the microclearance electrostimulation sent to the electrodes, the potential is measured by the
measuring means for recording data, and a control/recording means

This device is provided with a cell,

The Electrostimulator sent to the minute interval of the electrode is changed stepwise,

1) above the cell group cardiomyocyte or the forced stimulation sphygmoscope electrostimulation interval in
response to the same interval and the forced stimulation sphygmoscope confirms whether the response,
and, its response in the frequency range of any forced sphygmoscope irrilation corresponding by measuring
whether or not, it can follow sphygmoscope sound cardiomyocyte by confirming that sufficiently satisfies one
of the conditions and determine, and

2) due to the forced stimulation sphygmoscope interval (RR) electrostimulator beating of the cells to follow a
frequency carpentering is confirmed, the change of the forced stimulation sphygmoscope FPD, FPD / (RR)
1/3 FPD / (RR) 1/2 from between to check that sufficient sound cardiomyocyte satisfies one of the
conditions is determined and

A, cell quality evaluation device.

(2) substrate,

Disposed on the substrate, a plurality of stable sphygmoscope cardiomyocyte evaluated for infusing
myoelectric cells or cell population,

On the substrate so as to surround the periphery of the population of cells formed in the wall of the cell
culture solution to satisfy,

The cell culture liquid is supplied into the area surrounded by the wall and/or for discharging the
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supply/discharge channel,

One of the cells of the cell or cells in a localized portion of the electrode is placed,

The engine is enclosed by a wall in the region of the cell culture solution for satisfying a reference electrode,
The micro electrodes is connected to each of the reference electrode and a lead wire connected to the lead
wire and the electrode using the microclearance placed biopotential measuring means for measuring cell
potential, and

By controlling the microclearance electrostimulation sent to the electrodes, the potential is measured by the
measuring means for recording data, and a control/recording means

The device is provided with a cell,

The Electrostimulator sent to the minute interval of the electrode is changed stepwise,

1) above the cell group cardiomyocyte or the forced stimulation sphygmoscope electrostimulation interval in
response to the same interval and the forced stimulation sphygmoscope confirms whether the response,
and, its response in the frequency range of any forced sphygmoscope irrilation corresponding by measuring
whether or not, it can follow sphygmoscope sound cardiomyocyte by confirming that sufficiently satisfies one
of the conditions and determine, and

2) due to the interval (RR) forced sphygmoscope electrostimulator irritating beating of the cells to follow a
frequency carpentering is confirmed, the forced stimulation sphygmoscope - potential field - duration (FPD)
change, FPD / (RR) 1/3 from FPD / (RR) 1/2 between sound by confirming that a sufficient cardiomyocyte
satisfies one of the conditions and determining

Contg., cell quality evaluation method.

(3) - myocarditis sphygmoscope fluctuationally of field of the magnitude of the potential waveform, adjacent
sphygmoscope by comparing the signal is measured, the inspection device myocarditis toxicity.

(4) - potassium ions out of the field of the potential waveform peak position of sodium ions from flowing out
of the outflow of the elapsed time from the peak magnitude of the fluctuation of ([...] : FPD) which, by
comparing the adjacent sphygmoscope signal is measured, mentioned in the above (3) of the inspection
device myocarditis toxicity.

The magnitude of the fluctuation of (5) FPD and FPD is calculated, the calculated magnitude of the FPD
fluctuationally of FPD and combination of and is constituted so as to index, or (4) described in the above (3)
of the inspection device myocarditis toxicity.

(6) the magnitude of the fluctuation of the FPD FPD by short term fluctuations (STV), the (3)-(5) described
in any one of the inspection device myocarditis toxicity.

(7) a transparent substrate,

The formed on a transparent substrate in a region surrounded by a wall, the area is filled with a liquid cell
culture,

The cell is filled with liquid are arranged in a region to perform a plurality of stable sphygmoscope contg.
cardiomyocyte cell population,

The cell is filled with a liquid that is provided within the, or one of the cells of the cell group cardiomyocyte
local part of the electrode is placed,

The cell is filled with a liquid that is provided within the reference electrode,

The micro electrodes is connected to each of the reference electrode and a lead wire connected to the lead
wire and the electrode using the microclearance cardiomyocyte placed to measure the potential of
biopotential measuring means,

The measuring means in a measurement test drug subscriber before the potential of a recording means for
recording data cardiomyocyte

Is provided, the (3)-(6) described in any one of the inspection device myocarditis toxicity.

(8) during the stable sphygmoscope a cardiomyocyte contg. cell group is, sphygmoscope which can transmit
a plurality of cardiomyocyte and fibrocyte cell network, the (3)-(7) as described in any one of an item
myocarditis toxicity.

(9) of the transparent substrate,

The transparent substrate is disposed on a plurality of stable sphygmoscope contg. cardiomyocyte
pacemaker region comprising a cell population,

Disposed on the transparent substrate, and the cell group, the cell group sphygmoscope cooperate to
transmit a plurality of series and fibrocyte cardiomyocyte contg. cell network,

The transparent substrate and the cell group on the cell network which is formed so as to surround a
periphery of the cell culture solution for satisfying the wall,

The cell culture liquid is supplied into the area surrounded by the wall and/or for discharging the
supply/discharge channel,

The cells of the cell culture liquid chemical action applied to the chemical feed channel,
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One of the cells of the cell or cells in a localized portion of the electrode is placed,

Each of the cells of the cell network of micro electrodes are placed,

The engine is enclosed by a wall in the region of the cell culture solution for satisfying a reference electrode,
The micro electrodes is connected to each of the reference electrode and a lead wire connected to the lead
wire and the electrode using the microclearance placed biopotential measuring means for measuring cell
potential, and

By controlling the microclearance electrostimulation sent to the electrodes, the potential is measured by the
measuring means for recording data, and a control/recording means

Is provided, the (3)-(8) described in any one of an item of inspection device myocarditis toxicity.

(10) the stable sphygmoscope a cardiomyocyte-containing cells placed at least 1 two micro-electrode from
the electrode placed on the cell at a constant interval by forced sphygmoscope stimuli can be applied so
that, the (3)-(9) as described in any one of an item myocarditis toxicity.

(11) the series arranged cell network at the end points of local stimulates the electrodes are disposed, the
(8)-(10) as described in any one of an item cardiotoxicity inspection device.

(12) of the cell network, are arranged in a ring shape is formed,

The part of the ring, the point local stimulates the electrodes are disposed, the (8)-(11) described in any one
of the inspection device cardiotoxicity.

(13) said cells are placed on the respective electrode is obtained from myocardal sphygmoscope field -
potential waveform fluctuationally size, the cells of the cell sphygmoscope is generated from the electrode to
the transmission time or the transmission speed fluctuationally adjacent sphygmoscope by comparing the
measured by, the (8)-(12) described in any one of the inspection device myocarditis toxicity.

(14) said cardiomyocyte appropriately to maintain a temperature having a temperature control mechanism
the (1)-(13) described in any one of the inspection device myocarditis toxicity.

(15) the micro electrodes, a plurality of minute comprising the multi-electrode array is constituted, the (1)-
(14) of the one of the inspection device described myocarditis toxicity.

(16) - myocarditis sphygmoscope fluctuationally of field of the magnitude of the potential waveform,
comparison of the signals measured by the adjacent sphygmoscope ~~~ myocarditis toxicity and an
inspection method.

(17) to perform a plurality of stable sphygmoscope cardiomyocyte including a step of preparing a population
of cells,

In the multi-electrode array is arranged on a bottom surface of the container in a process of the cell group,
The culture test drug is added to the cell group, the multi-electrode array of cells cultured cells using a
process in which the potential is measured, in addition of the drug, potential is measured by the population
of cells cultured cells, the cell potential of a process for acquiring data, and

From the data acquired by the cell potential, the potential (FP) - field of sodium ion waveform peak of inflow
to outflow of potassium ions of the elapsed time from the peak to the cell (cell potential duration) of the FPD
(FPD) and calculates the magnitude of fluctuations, the combination of the FPD FPD and the magnitude of
the fluctuation of the drug by using as an index for evaluating the toxicity process myocarditis,

Contg., described in the above (16) myocarditis toxicity of the drug.

(18) above (8)-(15) described in any one of the inspection device myocarditis toxicity, the cells in the cell
culture liquid chemical is acting upon, the occurrence of the sphygmoscope cardiomyocyte population of cell
network to delay the propagation speed of the cells to evaluate whether the chemical action of the cells
cardiomyocyte toxicity to the (16) or (17) inspection of the test method described in myocarditis toxicity.
(19) above (8)-(15) of the one described myocardal toxicity using an inspection device into the cell action
for the cell culture medium applied thereto, the cardiomyocyte of a sphygmoscope the cell network area of
the cell to the propagation speed is delayed to evaluate whether the cell in a medicament cardiomyocyte
toxicity to inspection method, the following at least 1 two processes mentioned (16)-(18) the method
described in any one of Claim:

(I) of the cell, the cell network for placing the at least one micro-electrode 1 minute from the cells placed on
an electrode in a constant interval forced sphygmoscope stimulation process;

(Ii) placing the cells each micro-electrode of the field - myocarditis sphygmoscope acquired from the
maghnitude of the potential waveform fluctuationally, comparison of the signals measured by the adjacent
sphygmoscope process;

Among the potential waveform (iii) - field of potassium sodium ions flowing out from the outflow of the peak
position of the elapsed time from the peak magnitude of the fluctuation of ([...]), comparison of the signals
measured by the adjacent sphygmoscope process;

(Iv) the cell is placed on each of the micro electrodes myocarditis sphygmoscope acquired from the
magnitude of the potential waveform fluctuationally - field, the cells of the cellular network of sphygmoscope
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is generated from the electrode or the transmission speed until the transmission time of the adjacent
sphygmoscope fluctuationally by comparing the measured process;

(V) each of the cells is acquired from a small electrode strading myocarditis sphygmoscope - field for each of
the potential waveform is differentiated cell potential process;

(Vi) each electrode of the cell is placed on the field is obtained from the potential waveform myocarditis
sphygmoscope - - synthetic field is overlapped by the potential waveform, and comparing the data as a
whole electrocardigram a population of cells for measuring the degree of turbulence of the transmitting
sphygmoscope process;

The arrangement of the cell, (vii) a small electrode potential is kept constant by using a feedback control
mechanism, the power level control mechanism is a process for analyzing a current amount to be supplied;
and

The cells (viii) after the start of the forced stimulation sphygmoscope periodically, from 30 seconds or more
to start measuring process.

(20) the magnitude of the fluctuation of the FPD FPD by short term fluctuations (STV), the (16)-(19) the
method described in any one of an item.

ADVANTAGEOQOUS EFFECTS

A chemical osteoblast fibrosing cardiomyocyte and change in response to measured from fluctuationally cells
can be evaluated accurately.

Conventionally, a potential field - - duration (FPD) (referred to later explained) and adjacent sphygmoscope
adjacent cardiomyocyte magnitude of the fluctuation of (for example, short-term variation: STV: Short-
term variability) independently of and even to the index, by combining both myocarditis inspection of
toxicity. According to the present invention a method of inspecting myocarditis toxicity, not only by the
extension of the FPD waveform, cardiomyocyte adjacent sphygmoscope increase of fluctuation of the size
(STV) by evaluating the combination, and more accurate myocardal toxicity can be evaluated.

In this embodiment of the present invention and the structure of the example 1 myocarditis toxicity
inspection device shown schematically in a perspective view. The cell toxicity test device shown in fig. 1
myocarditis CH of an example of the configuration of the holding part 1 shows schematically in perspective
view. The fig. 3, fig. 1 shows the cell toxicity test device myocarditis CH of the cells are held in the holding
part for optically detecting the optical system is explained. (A), (b) and (c) the, drawings showing the signal
related to the measurement of the cell potential. Respectively, in the horizontal axis, vertical axis and the
reference electrode 2 C micro electrode 2 indicating the potential obtained between the cells. (A), (b) and
(c) the, cell sphygmoscope vol. change signal related to the optical system by drawing showing the
measured results. (A) in the normal state is not included in the target cell Na + ion, Ca 2+ ion, K + cell
accompanying the inflow/outflow of an ion component diagram showing a change in potential, (b) the
culture solution of chemicals are contained in a state in which the target cell Na + ion, Ca 2+ ion, K +
inflow/outflow of the ion component cell accompanying drawing showing potential change. The cell toxicity
myocarditis inspection device for optically detecting the optical system and to explain one example of the
arrangement of the movable electrode. A schematic diagram explaining the generation of an electrical
signal. (A) due to the addition of the drawing showing one example of a change in potential, (b) the change
in potential of cells each sphygmoscope, phase 2 of two adjacent dipterous poincare plotting sphygmoscope
drawing showing one example of the evaluation. (A) a cell 1 is arranged at the cell level using a reentrant
annular cardiomyocyte network created by the schematic diagram showing one example of a tree and, (b) is
actually a very small electrodes arranged for example microphotggraphic. (A) using a cell population of
constant width and an annular reentrant watertree cardiomyocyte by network which represents an example
of a circuit schematic view, (b) is actually a very small electrodes arranged in one example is shown
microphotqgraphic, (c) the actual micro electrode array on the cell group is arranged for example
microphotqgraphic. (A) an annular electrode using a measuring device showing one example of a reentry
watertree circuit schematic diagram, (b) is actually measured by the electrode, normal and abnormal
sphygmoscope sphygmoscope data graph shows data. (A) the measured potential of the electrode 1 cells
and cell schematic diagram showing one example of the arrangement of and, (b) the electrode is actually
measured by a photographic and isolated 1 on an electrode of a cell electrical data sphygmoscope thereof,
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(c) the measured on the electrodes of the cells in cell group of cells 1 and photograph of a graph showing
the electrical data sphygmoscope. The camera of the present invention 1 biopotential measuring cell
receiving element used in the schematic diagram to explain an embodiment. In the present invention a
plurality of measuring system for measuring the sample schematic diagram explaining one example of the
mechanism. The heart of the present invention can be measured by measuring system schematic diagram
explaining information. One example of a graph for explaining a change in the potential of the signal
waveform of the drug - field can be measured by measuring system of the present invention of the cell. The
system of the present invention can be measured by measuring the potential of the signal waveform of ion
emission field - potassium sodium ion discharge time of the peak position of the elapsed time from about
(FPD: field - potential - duration), addition of kalium ion channel inhibitor E4031 explaining one example of a
change to the average value of which is one example of a graph. The system of the present invention can be
measured by measuring the potential of the sighal waveform of ion emission field - potassium sodium ion
discharge time of the peak position of the elapsed time from about (FPD: field - potential - duration), and
the magnitude of fluctuation of the short-term variation of an adjacent sphygmoscope [...] quantitatively
evaluating method on the basis of a graph for explaining one example of and type. The system of the
present invention can be measured by measuring the potential of the signal waveform of ion emission field -
potassium sodium ion emission peak position of the elapsed time from the time (FPD: potential field - -
duration) for, based on the magnitude of the fluctuation thereof [...] method for quantitatively evaluating
and type of graph explaining one example. The system of the present invention can be measured by
measuring the potential of the signal waveform field cardiomyocyte - potassium ion emission peak position
of the elapsed time from the time of sodium ion emission (FPD: potential field - - duration) about, its E4031
caused by addition of an example of the magnitude of fluctuations in (a) and displayed [...] , STV ~~~ (b)
for the same together. When used as a chemical additive of FPD and STV in comparison to known and
various chemicals to cardiotoxicity cardiomyocyte measuring cell measuring system of the present invention.
The system of the present invention can be measured by measuring the difference in shape of
cardiomyocyte network, and due to the difference of the position of the chemical additive to [...] shows one
example of FPD. (A) shows one example of the actual cell network a microphotqgraphic, (b) (a) of the A, B,
C, D of the graph shows the change is measured. The system of the present invention can be measured by
measuring the difference in shape of network cardiomyocyte, due to the positional difference of chemicals to
be added to and from a transmission to a local area of the pacemaker [...] shows one example of the time.
(A) shows one example of the actual cell network a microphotqgraphic, (b) (a) of the A, B, C, D of the graph
shows the change is measured. (C) the, STV calculation formulas. The system of the present invention can
be measured by measuring the measuring cell in cardiomyocyte network, in vitro measurement method of
the prior art, the relationship in vivo measurement method, FP FP 1 cells and cell network of the waveform
of the composite waveform shows schematically the relation of Fig. The system of the present invention can
be measured by measuring cell cardiomyocyte network measurement obtained from each electrode of the
cell and the cell to cell potential FP from the waveform of the composite waveform estimating function FP
electrocardigram comparison network synthesized from a device having the function of a diagram showing
schematically a configuration. The system of the present invention can be measured by measuring the
measuring cell in cardiomyocyte network, an annularly disposed cardiomyocyte network (A) of each
electrode of the cell from the waveform (B) and FP, the FP of synthesized waveform (C) showing one
example. In this example, the signal is transmitted normally sphygmoscope PM from a region. The system of
the present invention can be measured by measuring the measuring cell in cardiomyocyte network, an
annularly disposed cardiomyocyte network (A) of each electrode of the cell from the waveform (B) and FP,
the FP of synthesized waveform (C) showing one example. In this example, the abnormal signal is
transmitted from sphygmoscope PM embodiment is shown. The system of the present invention can be
measured by measuring the measuring cell in cardiomyocyte network, cardiomyocyte sphygmoscope
frequency and FPD (Beating Frequency) being a graph showing one example relationship. The system of
the present invention can be measured by measuring the measuring cell in cardiomyocyte network, when
forcibly sphygmoscope cardiomyocyte FPD of one example of a graph showing a time change. The system of
the present invention can be measured by measuring the measuring cell in cardiomyocyte network, forcibly
sphygmoscope cardiomyocyte FPD is given of the case of the example is shown microphotggraphic arranged
cell network. The system of the present invention can be measured by measuring the measuring cell in
cardiomyocyte network, a trace of the electrode potential FP cardiomyocyte measured using feedback
control to maintain a constant potential micro electrode using a schematic diagram showing one example of
a mechanism. The system of the present invention can be measured by measuring the measuring cell in
cardiomyocyte network, forced sphygmoscope cardiomyocyte group in a partial area of a stimulation is
applied, the response period sphygmoscope myocarditis cell group is one example of a graph showing the
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relationship b The system of the present invention can be measured by measuring the measuring cell in
cardiomyocyte network, forced sphygmoscope myocarditis part area of the cell group at the time of applying
the stimulus, FPD which represents an example of change of length of the graph. (A) the, caused by the
forced stimulation sphygmoscope FP and FPD change of wave length of one example of a change in the
relation, (b) the, forced sphygmoscope stimulus FPD according to the variation in the interval of one
example of a graph showing the change of the length. The system of the present invention can be measured
by measuring the measuring cell in cardiomyocyte network, forced sphygmoscope myocarditis part area of
the cell group at the time of applying the stimulus, for example of the response of the cell group shown in
figs. 33 and 34 as a result. The fig. 36, is a block diagram showing the whole constitution of one example of
the present invention to myocardal toxicity of the inspection device. The fig. 37, according to an
embodiment of the present invention 1 of one part of the inspection device myocarditis toxicity. The fig. 38,
multi-electrode array chip (a, b, d) cardiomyocyte (b) using the evaluation of toxicity of medicine, and
electrodes used in the analysis of the measuring window and corresponding relationship (a-c) drawing
showing an example of data (e). The fig. 39, Diltiazem, sotalol DL-, of one embodiment of the present
invention for E-4031 DDW and related method for inspecting cardiotoxicity 2 generated by dimensional
plot is shown. The present invention for measuring the electrode potential for eliminating the noise
comparison between an electrode and a minute difference circuit is shown schematically. (A) shows a
principle of one example of a schematic diagram. The present invention for measuring the electrode
potential for eliminating the noise comparison between an electrode and a minute difference circuit is shown
schematically. (B) the differential circuit is incorporated in the circuit diagram of one example of an amplifier
circuit. The present invention for measuring the electrode potential for eliminating the noise comparison
between an electrode and a minute difference circuit is shown schematically. (C) circuit with reduced noise
are drawings showing an example. The method of the present invention for overall evaluation method
evaluating cardiotoxicity schematically shown in the example of Fig. (A) a cell of FPD FPD from data of the
degree of extension X axis, Y axis is plotted the size of FPD fluctuationally in terms of time. (B) is, on the
average of the results although X-Y diagram showing one example gestational. The constitution of the
present invention to provide a system for measuring the cardiotoxicity showing one example of a schematic
diagram. In the system of the present invention to measure cardiotoxicity cell culture measuring chamber
and schematic diagram showing one example of a constitution. The cross section of the cell culture
measuring plate shown schematically in the figure. The multi-electrode substrate electrode arrangement of
electrodes are arranged on the wiring diagram explaining the configuration of a model. The arrangement of
the multi-electrode of an electrode on a substrate, an example illustrated in the schematic diagram.

DESCRIPTION OF EMBODIMENTS

1 fig. 1 is a perspective view showing an example of the structure of the present invention in this
embodiment myocarditis toxicity of the inspection device schematically. The fig. 2, fig. 1 shows the cell
toxicity test device myocarditis CH holding part 1 of an example configuration of a perspective diagram
showing schematically. The fig. 3, fig. 1 shows the cell toxicity test device myocarditis CH of the cells are
held in the holding part for optically detecting the optical system is explained.

With reference to figs. 1 and 2, the toxicity myocarditis inspection device 100, constructed on the
transparent substrate 1 is mainly composed of a component. A transparent substrate 1 of an optically
transparent material, for example, a glass substrate or a silicon substrate. The micro electrodes 2, for
example, ITO is transparent and, disposed on the transparent substrate 1. 2' of the micro electrodes 2. 3 1,
3 2, 3 3 and 3 4 due to the wall and agalose gel, viathegap 4 1, 4 2, 4 3 and 4 4 micro electrode 2 of the
surroundings. Wall 3 1, 3 2, 3 3 and 3 4 agarose gel is notched at the central part and the housing part
forms a space. Wall 3 1, 3 2, 3 3 and 3 4 agarose gel cell space formed by the housing part on the
transparent substrate 1 and, if necessary, micro-electrode 2 is disposed. Regardless of the presence or
absence of the micro electrodes 2, cells of one cell 10 is housed in a housing part. In fig. 2, a space is
formed on the transparent substrate 1 and a housing part of the cell wall 3 1, 3 2, 3 3 and 3 4 caused by
agalose gel, micro-electrode 2 is arranged, cardiomyocyte 10 on the housing. Micro-electrode 2 out wire 2'
is connected is shown drawn out. Micro-electrode 2 and the mounting surface of the transparent substrate 1
minute electrode 2 is not provided with the, directly, the cell when the cell is placed on the mounting surface
and the surface of a transparent substrate such as collagenous adhesive helps it is better to the material.
Wall 31, 3 2,3 3 and 3 4 agarose gel in the cell formed by the cell, the cell for the gel agalose because of
non-adhesive, this wall 3 1, 3 2, 3 3 and 3 4 even and equal to the height of the cell, the cell 10 is moved
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over the wall. Furthermore, the gel agalose wall 3 1, 3 2, 3 3 and 3 4 center cut in the periphery of the cell
housing part forming agap 4 1, 4 2, 4 3 and 4 4 and smaller than the size of the cells is used, this clearance
41,42,4 3 and 4 4 slipping movement of the cell 10.

In fig. 1, holding cell part CH 1, CH 2, CH 3 and CH n cardiomyocyte one housing part of each cell or
fibrocyte 10 1, 10 2, 10 3 and 10 n is held, in the figure is not clear, respectively, provided with a small
electrode 2, lead wire 2 '1, 2' 2, 2 '3 and 2' n are led out. These osteoblast fibrosing cardiomyocyte or cells
constituting the CCC communicating channels which are arranged in series. In this case, for example, n 20.
Furthermore, these 20 which are arranged in series and the distribution of osteoblast fibrosing
cardiomyocyte, can be random, cell holding part CH 1 cell and CH 20 cardiomyocyte boron in the cell. The
cells at the left edge of the communicating channel CCC 3 x3 cell holding part CH G are formed, respectively,
on the cell holder CH cardiomyocyte 10 is held by a cell group 10 G cardiomyocyte group including a holding
region is present. The group of the cells 10 G to perform stable sphygmoscope functions as a pace maker.
The cell group 10 G the, cell group 10 G CH holding part of one of the cells is provided only in a very small
electrodes 2, lead wire 2' G are led out. Furthermore, the cell group 10 G CH is to the right of the center of
the cell holding portion of the holding part CH 1 CCC cell communicating channel is constituted so as to face.
The cell group 10 G of right and left end part of the connecting channel between the cell barrier 11 a CCC is
provided. This barrier 11 a small at the lower part of the central part of the opening 11 b is formed. This
opening 11 b cell population 10 G at the opposite sides of the center of the holding portion of the right side
of the cells of the cell holding portion CH 1 CCC CH and cell communicating channel has, on the periphery of
each cell housing part via a gap 4 is held in the respective cell - of physical contact to allow interaction
between cells. The cell group 10 G comparison electrode 2 C lower provided, lead wire 2' C are led out.

7 in which the peripheral surrounding wall, cell group 10 G, cell communicating channel CCC and reference
electrode 2 C a 8 1 and 8 2 inside the wall 7, the liquid is supplied to the cell culture, and, from the region of
the inside of the wall 7, cell culture for discharging pipe and, in the illustrated embodiment, substrate 1
extending to the vicinity of the bottom of the pipe 8 1 culture solution is supplied from, the substrate 1
extending to the vicinity of the bottom of the pipe 8 2 culture fluid is discharged. A supply pipe 8 1
ingredient in the vicinity of the outlet pipe 8 3 is connected, this pipe 8 3 acting on the cell through the
desired chemical is supplied. Therefore, the pipe 8 1 cell 10 in the region of the inside of the wall 7 is
supplied while being exposed to a liquid cell culture, micro-electrode 2 is stably held o Cell culture is
exposed to liquid when there is no need, pipe 8 2 from wall 7 inside the liquid to be discharged.
Furthermore, when a new one and the replacement, after a discharge, or, while discharging, liquid to be fed.
On the other hand, when it is desired to effect a chemical cells, pipe 8 2 culture solution by discharge, pipe 8
3 acting through the cell is desired in addition to the liquid medicine, pipe 8 1 culture solution can be
supplied. In this case, the cell group 10 G CCC and cell communicating channel between the barrier 11 a is
provided, including a pipe 8 1 chemical solution is supplied to the inside of the wall 7 when the area of the,
cell communicating channel CCC of cell is compared to a degree affected by chemicals, cell group 10 G
degree affected by the chemical cells and is low. In other words, pipe 8 1 culture medium containing a drug
by supplying liquid, this liquid barrier 11 a clearance on both sides of the wall 7 and barrier 11 a over the
upper surface of the cell group 10 G from cell group 10 G are also supplied to the cells of the influence of
chemicals. However, the effect of the cell and the cell as compared to the communication channel CCC since
if indirectly, function as a pacemaker hardly affect. Furthermore, pipe 8 1, pipe 8 2 and pipe 8 3 composed
of, by way of the measuring arrangement can be optionally changed. For example, pipe 8 1 and pipe 8 3
may also be separated by the, pipe 8 2 eliminated, pipe 8 1 is supplied, may also be used for both
discharge.

The personal computer PC (potential measuring means, and a control/recording means) and, holding cell
part of lead wires 2 CH of micro electrodes 2 'and reference electrode 2 C of lead wires 2' of the cell between
the potential is measured and recorded. Furthermore, the personal computer 9 Ms signal is added to the
operation of the operator.

The optical observation device 200 myocarditis toxicity testing device 100 mounted on the XY stage 15 of
the cells of the cell 10 of the optional communication channel to sphygmoscope CCC, can be observed by
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the optical system. The XY stage 15, and optically transparent, in accordance with an operation of an
operator of a personal computer PC Ms signal in response to a signal given by X-Y driving device 16, is
moved in an arbitrary position. In fig. 3, the cells of the cell 10 n CCC communication channel of the
observation of the state sphygmoscope. 12 showing the culture solution.

22 of the phase difference between the source and the sample microscopic or, in general, a halogen lamp is
used. 23 by the band pass filter transmitting light of a wavelength of the light source from only a specific
phase difference carpophore microscopic observation. For example, cell 10 n observed in the case of, in the
vicinity of the light of a wavelength of 700 nm narrow band by using cell 10 n damage can be prevented. 24
with the shutter, such movement of the XY stage 15, image is measured between the illumination of the
light not having a function of shielding. 25, and a condenser lens, the phase difference retardation when
observed by introducing a ring, when the differential interference observation, a polarizer is introduced. On
the XY stage 15 is formed on the substrate 1 myocarditis toxicity testing device 100 is placed on the XY
stage 15 X-Y driving device 16 by moving the arbitrary position of the myocardal toxicity testing device 100
is observed, can be measured. The state of the cell 10 n sphygmoscope in the toxicity of the inspection
device myocarditis 100, which is observed by an objective lens 17. The personal computer PC by focusing
position of the objective lens 17 in response to the signal Z by driving device 18 can be moved in the axial
direction. The magnification of the objective lens 17 40 times or more can be used. By observing the
objective lens 17, a light transmitted from the light source 22 of cell 10 n differential interference image or
image of the phase difference. The band pass filter 23 and of the same wavelength of the transmitted light
is reflected by the dichroic mirror 19 and a band-pass filter 20, a phase difference microscope image or
Differantial interference microscope image observed by the camera 21 only. The image signal is observed by
the camera 21 is introduced into the personal computer PC. Furthermore, although not shown, or a personal
computer and a monitor connected to the image displayed by the display.

The structure of fig. 1 showing a main myocarditis toxicity testing device 100 and the size of the example is
shown as follows. Therefore, the size of the cells 10 ym ¢ and in this embodiment. The size of the
transparent substrate 1 100 mm x 150 mm, the size of the micro electrodes 2 8 pm x 8 ym, agarose gel
wall 31,32,33and 3420 um x 20 um x 10 ym individual size (height), gap 4 1, 4 2, 4 3 and 4 4 width
2um, wall 31,3 2,33 and 3 4 agarose gel cell housing part and is formed by the cylindrical space 12 ym
@, the external shape of the wall 7is 5 mm x 5 mm and 5 mm in height. 1 mm, and the height of the
barrier 11a. Furthermore, in this case, the micro electrodes 2 and 8 ym x 8 pm is square, wall 31,32, 3 3
and 3 4 agarose gel and the whole of thegap 41, 4 2, 4 3 and 4 4 and a cell width of 10 pm ¢ and the
housing part can be made as circular electrode.

Below, an example of the constitution of the present invention and toxicity myocarditis inspection device
100 using the measured specific examples are explained.

Figs. 4 (a), 4 (b) and 4 (c) is, cell potential of the drawing showing the signal related to the measurement.
Respectively, in the horizontal axis, vertical axis and the reference electrode 2 C micro electrode 2 indicating
the potential obtained between the cells. The cell group 10 G fig. 4 (a) due to pulsation of the cell potential.
In this case, as shown in fig. 1 cell population 10 G from one of the lead-out wire 2 'G comparison electrode
2 C and lead-out wire 2' C from between the potential. As shown in the drawing, which shows a stable
sphygmoscope, pacemaker can function as is known. In fig. 4 (b) is a normal state is not included in the
target cell due to pulsation of the cell potential. In this case, the communication channel of the measuring
cell of the cell is a cell 10 n CCC and the, cell 10 n pulled out from line 2 'n and reference electrode 2 C
pulled out from line 2' C potential between the measurement. As evidenced by comparing a waveform and
fig. 4 (a), the delay time A t is observed only in the cell 10 is transmitted by connecting channel
sphygmoscope CCC of cells. On the contrary, the chemicals are contained in fig. 4 (c) in a state in which the
target cell due to pulsation of the cell potential. Here, a communication channel for measuring target cell-
cell 10 n CCC and it, is clearly compare fig. 4 (b). Figs. 4 (a), 4 (b), and as evidenced by comparing the
waveform, cell by cell 10 of the communication channels transmitting sphygmoscope CCC time required not
only with a delay of A t, time delay and At+a is observed. In this case, the connecting channel to the cells of
the cell by the action of the drug CCC magnitude of Na ions inhibit the delay of the increase of + a as
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meaning that appear. In other words, for inhibiting cardiomyocyte toxicity of the drug can be evaluated as
Na ions.
Furthermore, the electrodes used for observation and called micro electrode is observed.

Figs. 5 (a), 5 (b) and 5 (c) is, cell sphygmoscope vol. change signal related to the optical system by drawing
showing a measurement result. The cell group 10 G fig. 5 (a) of change in volume caused by the pulsation
of the cell. The cell group 10 G of one of the cells shown in fig. 3 a sphygmoscope optically detected in
shape. The expansion and contraction of the cell sphygmoscope appears as the change in pulse form. The
period of the waveform, the pulsation shown in fig. 4 (a) due to the changing period of cell potential and is
the same. In fig. 5 (b) is a normal state is not included in the target cell sphygmoscope vol. change
indicates to an upper stage, lower stage as an electric signal to the time-differentiated value in order to
evaluate the time of waveform as shown. Here, a communication channel for measuring target cell-cell 10 n
CCC and the, cell 10 n form shown in fig. 3 a sphygmoscope of optically detected. As evidenced by
comparing a waveform and fig. 5 (a), the delay time A t is observed only in the cell 10 is transmitted by
connecting channel sphygmoscope CCC of cells. On the contrary, the chemicals are contained in fig. 5 (c) in
a state of change in the target cell vol. sphygmoscope explanatory diagram for evaluating, fig. 5 (a), an
enlarged compared to fig. 5 (b) shows in the form of a time axis. The upper stage corresponding to fig. 5 (b)
is a waveform of the waveform, the waveform of fig. 5 (a) and as evidenced by comparing, cell by cell 10 of
the communication channels transmitting sphygmoscope CCC time required by B A t is increased more than
it is observed. A target cell sphygmoscope affected by the drug vol. change, this delay is reduced more than
the inclination of the change of volume. Referring to fig. 5 (c) shows the waveform of a lower stage as the
volume change of the liquid drug and containing no and this can be seen by comparing. In the middle of fig.
5 (¢), the waveform of the upper time differential value in order to evaluate the waveform when treated as
shown. This time differential value and comparing it to a lower stage of fig. 5 (b) and so on, and the peak
value becomes smaller, and the inclination is moderate. Therefore, the speed is reduced by the contraction
of the drug myocarditis, meaning that the stroke volume is reduced. In other words, the toxicity of the
medicine cardiomyocyte shrinkage can be evaluated as a speed decrease.

The fig. 6 (a) shows changes in the inflow/outflow potential Na + ion, Ca 2+ ion, K + ion component in a
normal state, the target cell culture solution is not included. The fig. 6 (b) shows changes in the
inflow/outflow potential Na + ion, Ca 2+ ion, K + ion component of target cells of chemicals are contained in
the liquid state. Figs. 6 (a), 6 (b) are compared so as to immediately recognize, QT misdetction waveform
time delay is extended in the axial direction. Further K + ion with the inflow and outflow, large deformation
of the waveform. In order to evaluate as an electric signal, and a "0" as shown by a broken line in the figure
"100" to a value between the, 30%, 60% and 90% of the value of the continuation time APD30, APD60 and
APD90 as detected. Here, the letter of the APD and Potential Duration Action taken from the expression.
The magnitude of these values is evaluated and if the ratio, of the Na + ion, Ca 2+ ion, K + influence on the
inflow/outflow of the ion component can be evaluated.

The fig. 7, the cell toxicity myocarditis inspection device for optically detecting the optical system and the
arrangement of the movable electrode in explaining one example of, for example, a measuring cell 10 n
pulsation of the observation of the state. 12 showing the culture solution. 22 of the phase difference
between the source and the sample microscopic or, in general, a halogen lamp is used. 221 of the
fluorescent light source of a fluorescence measurement and, in general, a mercury lamp, a laser
monochromatic light, such as LED light source is used. 23 of the phase difference of light from source
carpophore microscope observation, only a specific wavelength, and a band pass filter transmitting,
fluorescent light source 221 231 from the particular fluorescent excitation wavelength band pass filter
transmitting light of only. For example, cell 10 n change information such as deposition of sphygmoscope
observed in the case of a change of shape, the shape of the cell for measuring only light of a wavelength
passes through a band pass filter 20 for measuring a real image of the camera 21, in the vicinity of a
wavelength of 700 nm is measured by using a narrow-band optical cell 10 n damage can be prevented. The
shutter 24 and 241, such movement of the XY stage 15, image is measured between the illumination of the
light not having a function of shielding. 25, and a condenser lens, the phase difference retardation when
observed by introducing a ring, when the differential interference observation, a polarizer is introduced. In
the case of a fluorescence measurement, for example when performing measurement of calcium in the cells,
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the degree of excitation wavelength of 500 nm, the wavelength fluorescence measurement 600 nm for
selectively transmitting light by using a combination of a band pass filter, fluorescent wavelength of
selectively transmitting only light passing through a band-pass filter 201 is measured by fluorescence image
camera 201. In this case, the unit cells of the cell in the network 1 of calcium by measuring the time relation
of the signal transmission path of the cell in the network is measured, the measured time resolution of 0.
1ms can be obtained more quickly and continuously. On the XY stage 15 is formed on the substrate 1
myocarditis toxicity testing device 100 is placed on the XY stage 15 X-Y driving device 16 by moving the
arbitrary position of the myocardal toxicity testing device 100 is observed, can be measured. The state of
the cell 10 n sphygmoscope in the toxicity of the inspection device myocarditis 100, which is observed by an
objective lens 17. The personal computer PC by focusing position of the objective lens 17 in response to the
signal Z by driving device 18 can be moved in the axial direction. The magnification of the objective lens 17
40 times or more can be used. By observing the objective lens 17, a light transmitted from the light source
22 of cell 10 n differential interference image or image of the phase difference. The band pass filter 23 and
of the same wavelength of the transmitted light is reflected by the dichroic mirror 192 and a band-pass filter
20, a phase difference microscope image or Differantial interference microscope image observed by the
camera 21 only. The image signal is observed by the camera 21 is introduced into the personal computer
PC. Furthermore, in this embodiment, for the stimulation to the cells are arranged and movable electrode
27, and the coordinates of the movable electrode at an optional position on the XY stage not only in the
same plane, it is possible to arbitrarily adjust the height position control mechanism. In this position of the
control mechanism is used for a specific cell network of cells or cell number 1 position by moving the
movable electrode, an arbitrary number of cell or cells can be stimulated. As the material of the movable
electrode, the part other than the tip of the metal electrode is covered with insulation, of less than 5 microns
in size of the opening of the tip of the glass such as an electrode, a movable electrode in the vicinity of the
tip of a number of cells or only in certain specific electrostimulation constitution capable of electrodes can be
used. In the case of using a metallic electrode, platinum black or the like is added to the tip by the surface
effectively Electrostimulator can be transmitted to the cell. The position of the tip of the movable electrode,
depending on the degree of the response of the cells to Electrostimulator and to adjust, cells can be in
contact with, or, can be arranged very close to the cell. Furthermore, the electrode and stimulation of a
particular cell appropriately applied to the target in order to give the switching instant electrostimulator by
cell potential for measuring the electrode 2 can be used as a ground electrode, or, additionally, a separate
ground electrode 28 can be arranged. Furthermore, in order to stimulate specific cells, stimulating existing
micro electrode 2 may also be used as an electrode. In this case, the micro electrodes are connected by the
switching of the switching circuit 29, usually electric signal measuring circuit 30 is connected to, the moment
the stimulus, by switching the switching, electrostimulation circuit 31 connected to a square wave by a
stimulus signal can be given a very small electrode 2. Furthermore, by using a stimulus applied at the
moment to the movable electrode 27, a switching circuit 29 can be ground. On the other hand, even if the
movable electrode, not only as the electrode, the electrode of the measuring cell or used as an electrical
signal, can also be used as a grounding electrode. In this case, the movable electrode is connected to the
switching circuit 291, biopotential measuring cells, cell stimulation, according to the usage of the grounding
electrode, by switching respectively, are connected to an electric signal measurement circuit 301 and
measuring the cell potential, connected by a electrostimulation circuit 311 of a stimulus signal to a
rectangular wave or cells, also, to be grounded, can be used as a grounding electrode. The cells are given
Electrostimulator electrostimulation circuit 31,311 timing of, one of the primary uses of dichroisms 2 can be
used. The autonomous sphygmoscope one in a cell network, the network of the normal during the interval
sphygmoscope cardiomyocyte, applying a stimulus to the irregular and, on the other hand, does not have
the ability to autonomously sphygmoscope interval sphygmoscope cardiomyocyte network. Both, the
measurement, sphygmoscope interval period (the time difference between two sphygmoscope 2) are
gradually shortened to Sms time of the unit, a change in the response of the tracking cell network. For this
purpose, the electrostimulation circuit 31,311, such as an electric signal measurement circuit 30,301
obtained by analyzing the pulsation period, based on the result of determining the timing irrilation feedback
control can be performed. Furthermore, the movable electrode 27 when used for measuring an electrical
signal, in this system there is no micro electrode 2 and a similar measurement can be obtained. Therefore,
the system is configured in each cell by cell network of optical measurement of the period of the pulsation
can be measured, this pulsation period such as from a stable state to an unstable state of the system
becoming arhythmia arranged only measured by an optical measuring device, from the result, if necessary,
by using a movable electrode electrical characteristic of the specific cells in which data is obtained, in this
case, are disposed in advance on the system without being restricted by the number of micro electrodes,
optical measurement range, a large cell network freedom can be constructed.
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In fig. 8, as shown in the schematic diagram of one example of the electric signal generated. First, in which
sodium ions from the cell membrane sodium ion channel flows into cells, occurrence of cell potential is
abruptly lowered, next, through a slight delay, calcium ions due to inflow of cell potential is decreased, then,
as the next step, potassium ions from being discharged out of the cells of the cell in the rise of potential
occurs. The cell potential, cardiomyocyte film present on the characteristics of the various different response
characteristics caused by the difference of ion channels. Each ion channels caused due to the potential
change of position of the peak, and the characteristics of each ion channels as time, due to the effect of a
medicine being blocked by each ion channels, depending on the characteristics of the chemical ion channel
block in accordance with the kind of a waveform of an electric signal to measure the change, thereby to
effect a chemical ion channels can be estimated. The evaluation is especially important chemical ion
channels, FastNa, SlowNa, Ca, IKr, and channel 4 of two ion IKs, these 4 kinds of ions of the channel block
state can be measured.

The fig. 9 (a), the electrical signal of the cells shown in fig. 8, actually kalium ion channel selectively
inhibiting reagent E-4031 when added in various concn. indicates a change. The cells of the cell which raises
the potential of the discharge to the outside an ion K IKr functioning from obstructing the channel ion,
chemical concentration is increased in the positive direction as the cell potential, it is found that a change is
gradually delayed. It is shown in fig. 9 (a), the response of specific data is 1 sphygmoscope, actually in each
adjacent sphygmoscope response of the magnitude of the fluctuation width, and to estimate an influence of
an important index. In fig. 9 (b) is one example thereof, and adjacent sphygmoscope poincare plotting
called correlation data comparison analysis technique. In this case, the axis X at n-th sphygmoscope
response time of the specific position of the channel ion, Y axis (n+1) in the first channel of the same
response time when sphygmoscope ion of a plot of position. As a result, the characteristic in the mutually
adjacent sphygmoscope is the same, in the graph with a dotted line on the plot is drawn and Y=X becomes,
the larger the response between adjacent sphygmoscope when there is fluctuation, a position far from the
large Y=X plot of distribution and is observed. Actually, in this example, chemicals are not added to the
Control, by the addition of 40 nm is the delay of response time, between adjacent sphygmoscope dipterous
phase is maintained. On the other hand, addition of chemicals to 400 nm to further delay the response time
and, in addition, the phase between adjacent sphygmoscope dipterous collapsing, and generation of an
unstable sphygmoscope period to become clarified by plot. The result of this, even if the results of the
measurement of the extension QT indicating cardiotoxicity coincide with each other, by 1 at the cell level
poincare plotting adjacent respective sphygmoscope fluctuationally of measurement of the increase of
generated by index QT extension can be estimated. This phenomenon, specific ion when the channel is
blocked by a chemical agent, when the degree of the block which is slight, the phenomenon that the
reduction of the discharge capacity of the cell response only looks does not occur to the instability of a still,
further, and the degree of block multiplexity, if the number of channels is extremely reduced ion, ion cells
for the same cell discharge capacity in spite of a large fluctuation of low reproducibility of results and the o
Furthermore, the magnitude of this fluctuation occurs QT extension can be used as the index.

The fig. 10 (a), the cell 1 arranged at the cell level by network using annular cardiomyocyte reentry
watertree circuit schematic diagram showing one example of a chemical agent. The annular cell only by
cardiomyocyte where generating a network, and the network model becomes normal, such as in the case of
the model histopathological hypercardia, incorporated in the cell network Osteoblast fibrosing. Furthermore,
mixed in the network, which network Osteoblast fibrosing cardiomyocyte causes attenuation or delay of the
transmission speed, as a result, the occurrence of premature contraction can be predicted. The fig. 10 (b),
the actual micro electrodes arranged on one cardiomyocyte microphotqgraphic example is shown. Actually,
as shown in the photograph, the unit 1 is disposed on the cell when the micro electrodes, between adjacent
cardiomyocyte delay of signal transmission can be measured. Furthermore, the transmission speed is first
generated when sphygmoscope depending on the size of the electric signal from, Na ions as a channel to
effect, this signal transmission delay data can be used.

The fig. 11 (a), using the cell group of constant width annular cardiomyocyte showing one example of a
reentry watertree by network model diagram. 1 shown in fig. 10 the unit cells in the annular cell network,
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cardiomyocyte sphygmoscope signal for uniquely passes, as shown in fig. 9 which fluctuationally unless the
beating of the cell itself, to maintain the same characteristics of the cell are transmitted between adjacent
cells sphygmoscope signal. On the other hand, as shown in this fig. 11, with a constant width annular cell is
arranged as a network, each transmission group of the cells as a solid line 35, the broken line 36, as in the
dotted line 37 to take different routes at every sphygmoscope ~~~ and having a degree of freedom. In
particular, as described in fig. 9, by the addition of a response characteristic of each large flactal
cardiomyocyte and generating, in response to easily around the annular cell whenever a stimulus signal
network, can be different, and the difference is more significant route. This is called the reentry of the heart
of the spiral and watertree Cytocidal - premature and leading to and from the same mechanism as the
mechanism of, the width of the annular base having a particular group of the cells by using a network
capable of measuring watertree - reentry and spiral. In fig. 11 (b) is actually very small electrodes arranged
on a population of cells, for example microphotqgraphic and, to the extent of about Osteoblast fibrosing
40% cardiomyocyte 60% mixed with a cell group is arranged. Actually, and such an arrangement, the
transmission speed of between adjacent electrodes, between adjacent sphygmoscope fluctuationally
becomes large, particularly by the addition of chemicals, and becomes remarkable increase of fluctuationally
thereof, between adjacent sphygmoscope fluctuationally width variation of the transmission speed from
generation of reentry watertree - spiral can be estimated. The fig. 11 (c), actually micro electrode array on
the cell group is arranged for example microphotggraphic. In the measurement of the actual spiral - reentry
watertree, shown in fig. 7 by using a high speed camera fluolescence measurement, the group of the cells in
the network 1 of each cell of the calcium firing can estimate the cellular level, and as a result of the signal
transmission path or any leakeel, each round of a route change is actually can be analyzed.

The annular electrode fig. 12 (a) using a reentry watertree circuit schematic diagram showing one example
of a measuring device. In this example, two annular electrode 38 is arranged to 1 micron of a ring-shaped
electrode width 50-100 1-3 mm-diameter of the bottom of the well plate each 96 hole 42, so that the cell
group is arranged only on the surface of the ring 41 so that, except for the bottom of the periphery of the
conductive electrode, is free of the adhesive coating on the surface of a material such as agalose. The cell is
not adhered to the coated area so that, in the form of a concentric reference electrode ring 39 is arranged,
on the other hand, a reagent to go in and out of the flow passage 40 is arranged. By using such an electrode
simply cardiomyocyte simply sphygmoscope abnormality can be measured. In fig. 12 (b) is actually
measured by the electrode, which is a graph showing the normal and abnormal sphygmoscope
sphygmoscope data to data. In this embodiment, is an annular electrode is used, an optical measuring
system shown in fig. 7 is used, and the same effect due to the annular electrode, abnormal sphygmoscope
optically measuring system can be constructed. In this case, when the electrical signal is measured, fig. 7
shows the movable electrode is in contact with the annular cell network, even if the electric signal can be
acquired.

In fig. 13 (a) is a schematic diagram showing one example of the arrangement of the micro electrodes 2 and
1 to measure the potential of the cells for the cells, a diameter of 10 microns and 50 microns from the micro
electrodes 2, in which the measuring means is arranged to be composed only of the measuring cell and the
cell 1. Also in this embodiment, similar to the other embodiments and, in its place on the electrode of the
cell is held around the electrodes, inhibiting the adhesive is coated with a material such as agalose. The
micro electrodes 2 fig. 13 (b) is actually measured by a photographic and isolated 1 on the electrode of the
cell to the sphygmoscope electric data that is, isolated by a signal of one cell as shown in a graph in which
large unstable the sphygmoscope fluctuationally. On the other hand, as shown in fig. 13 (c), on the micro
electrodes 2, similar to fig. 13 (b) and 1 which are arranged in the cells, and other cell by cell group and
connected, by looking at the graph signal sphygmoscope know, sphygmoscope period of stability is
obtained. 1 at the cell level sphygmoscope actual measurement, as shown in fig. 9, between each of the
adjoining sphygmoscope fluctuationally from the magnitude of the index and, as shown in the present
embodiment, while realizing a stabilized by cell group, the cell 1 to acquire data sphygmoscope, only a
specific desired to be arranged on the electrode 1 minute, this specific cells in order to maintain the stability
of the electrode on the other cardiomyocyte arranged in a form which is not mounted using the measuring
system is useful.

The fig. 14, which is a schematic diagram explaining a camera using an embodiment of the present
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invention of the receiving element 1 at a potential measuring cell. Usually, the camera, the photoelectric
conversion optical signal is converted to an electric signal, and this electric signal is measured can be used,
by removing the photoelectric surface, by using an electric signal array portion, in a 2 dimensional and
capable of acquiring an electric signal. Therefore, the size of the electrode array 1 at the cell level can be
used, for example in the cell group of each cell of the necessary electrical signals simultaneously, fig. 11
shows a group of the cells having a fixed width in a network such as the change of the signal transmission
path - spiral generation of watertree reentry and can be measured. In the actual measurement, the
measuring interval of 1 multiparallel min. 1 requires about seconds, the shutter speed of 1 multiparallel min.
1 sec. of camera receiving element it is necessary to use a camera. In this case, the cells of the acquired
signal data, used in existing camera image processing techniques can be applied as it is, using the FPGA for
image processing and real time processing is performed. Furthermore, the real-time processing based on
data obtained by the feedback stimuli to the electrode and can also be carried out.

The fig. 15, one example being a schematic diagram for explaining the mechanism of the present invention
can be measured at a plurality of sample cell measuring system. The system of this embodiment, analysis
module, multistage incubator, and an analysis module electrically connected in-line and on-line analysis
module network. In this case, in the analysis module, a phase difference measuring a change in shape of the
cells or Differantial interference microscope, the microscope, the camera and the optical measurement by an
analysis of a fluorescence microscope, the microscope agalose micron scale locally by utilizing a system
capable of dissolving agalose machining technique. In the multistage incubator, plurality of cell culture
vessel is arranged, on the other hand, in the cell culture tank micro electrode tip is arranged, each cell of
the measurement of the electrical signal, the electrical stimulus in the incubator can be treated continuously
in parallel. The electrical signhal is obtained, an electric measuring in real time analysis module, the data in a
storage line access, and electro-optical data of measurement results of measurement data in a form in
which the same time stamp is recorded, the recorded data access to on-line analysis module is properly
analyzed.

The fig. 16, the heart of the present invention can be measured by measuring system schematic diagram
explaining information. The electric signal on the electrode 1 minute by measuring cell, Na, Ca, IKr, IKs ions
or the like can be measured data channel signal, signal transmission between adjacent cardiomyocyte from
the measurement of the speed change inhibition of Na ion channels can be measured. Furthermore, by
measuring the change of shape of the cells 1 arhythmia and generation of optical measurement of the
estimation of the output of the heart. Furthermore, by arranging an annular cell network capable of
measuring the occurrence of watertree reentry, further adding to osteoblast fibrosing arranged cells such as
heart model histopathological hypercardia can be measured.

The fig. 17, in the present invention a system for measuring cell, autonomous sphygmoscope cardiomyocyte
cell is acquired from the field of potential - (FP) is one example of the change to the chemical addition signal
waveform is exemplified in the graph. - Potential signhal waveform field of cells, the cell as shown in fig. 8
flows into ions, the ion flow generated by shows changes of potential cells, cell potential differential value,
i.e., the sum of the ionic current flow per unit time, and, in this case, the sodium or calcium depolarization
of the process such as the ion current in the negative direction, the subsequent re-polarization process such
as potassium extrorse ion current is taken to be positive. Usually, the cell for the waveform of a signal FP,
as shown in this fig. 17 of each adjacent sphygmoscope paying attention to the difference from each other,
a plurality of adjoining or adjacent to average the waveform a of each wave noise components by
eliminating the influence of the difference in the average value of the waveform is extracted asoneFP 1, 1
which reflects the average value of the waveform of ion channels by detailed analysis is used for estimating
the state. However, in the present invention, the average value of the sighal waveform adjacent FP is not
obtained, the difference among adjacent FP signal waveform of ion channels a portion depending on the
response of the comparator fluctuationally, based on the magnitude of this ion channels fluctuationally amt.
quantitatively estimating block. As a result, the size of the element is generally of the square root of n
fluctuationally reciprocal [1/ (n) 1/2] from is shown, it is possible to understand the meaning thereof. That
is, the number of channels is an ion, e.g. 10 4 when one function, as a function of the sum of the ionic
channel size of fluctuationally 1% [1/ (10 4) 1/2] becomes and, by being blocked by a chemical 10 2 to
function when ionized channel, the function of the size of the fluctuationally 10% [1 / (10 2) 1/2] suddenly
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increases and, adjacent to the FP waveform and generating a large change. In other words, the change of
the waveform is compared with the adjacent FP fluctuationally when estimating the size of, the magnitude of
this fluctuation, the total amount of ions from the channel blocks can be estimated.

The waveform of changes in, especially potassium ions generated by the ion current peaks of outward by
paying attention to the place, of sodium ions flowing into cells (zero) and the reference time, the time period
from the time of release of the potassium ion peak potential field - - duration (FPD) and defined as, this
change of length of the FPD, sodium, potassium ions such as calcium ions flowing out of a peak value of the
following and, therefore, the cells of various chemical ion channel is blocked by the ions generated by the
change of the amount of change of the total sum of the go as can be noted as an index, in addition, the
position of this fluctuationally FPD, relation of all of the channels of adjacent cells of the waveform of ion
fluctuationally FP and reflects the sum. Actually, the position of fig. 17 of FPD is confirmed (red arrow head
position) and, by the addition of an inhibitor kalium ion channel E4031 425-450ms before adding the FPD
between which, by the addition of 10 nm 642-645ms, 663-694ms by addition of 100 nm, so that by the
addition of 1 ym 746-785ms monotonousness FPD by adding the value of inhibiting agent increases
noninterlace, moreover, is not the same as the adjacent FPD, to take different values fluctuationally and
reflecting.

The fig. 18, actually kalium ion channel specifically by having a function of inhibiting chemical E4031 kalium
ion channel FPD E4031 concn. depending on the time of extension of shows one example of an experimental
result. In this case, the outflow is delayed by the inhibition of ion kalium ion channel , FPD is concn.
dependence can be estimated to be extended. As a result of this experiment, when the measurement is
considerared fluctuationally.

In fig. 19 is generally of a [...] fluctuationally sphygmoscope electrocardigram is measured, the value of FP
in the evaluation of the waveform of the FPD FPD fluctuationally when attention is, how much of the
adjacent sphygmoscope FPD, phase shifted from the state of the technique of estimating whether a target
point, the magnitude of the fluctuation of the adjacent sphygmoscope (short-term variation: STV: Short-
term variability) for explaining how to estimate. In fig. 19 (a), the diagonal X=Y and comprising, adjacent
sphygmoscope FPD n and FPD n+1 FPD is exactly the same as in the case of a size and so positioned, one
difference (FPD n+1-FPD n) FPD 2 of the vertical distance from the diagonal size of a standard size of
adjacent sphygmoscope fluctuationally itself and therefore, for the particular sets of sampling number k, as
shown in fig. 19 (b) in equation (eq. 1) can be evaluated.

On the other hand, by using the FPD [...] fluctuationally of fig. 20 when paying attention, to what extent of
adjacent sphygmoscope FPD, phase shifted from the state of the technique of estimating whether a target
point, adjacent respective sphygmoscope is sphygmoscope average value (all the samples of the sum of the
response of the channel corresponding to the ideal value of ion) whether the degree of deviation from the
viewpoint of the magnitude of the fluctuation of sphygmoscope (long term variations: LTV: Long-

term variability) for explaining how to estimate. In fig. 20 (a), which are arranged on a diagonal as FPD
X=Y and average value FPD mean and adjacent sphygmoscope FPD n and FPD n+1 2 of each of the two
differential [(FPD n+1-FPD mean) + (FPD n-FPD mean)] FPD diagonal size of a vertical distance from a
reference of the magnitude of fluctuation from the mean value of FPD and therefore, particularly with
respect to the number of sets of sampling (eq. 2) k a mathematical evaluation of fig. 20 (b). This symmetry
of X=-Y represents a deviation from, the size of the average value by a mere sphygmoscope fluctuationally
is performed around, or, history and have to find whether the index.

In fig. 21, actually E4031 when added in steps of one example of a response cardiomyocyte [...]
fluctuationally of FPD and shown with, its fluctuationally STV collectively as quantitatively. Ion channels in
accordance with the addition of a block E4031 resealbility is estimated by the extension of the length of time
of FPD and, especially in high concentration by the addition of the value of the sudden increase STV is
known.
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The fig. 22, the axis X of the conventional QT comes into contact with the extension of the extension is
measured using an FPD cardiomyocyte to the observed rate (%), the increase in the Y axis STV is observed,
the ratio (%) is taken, it is known that cardiotoxicity chemicals, it is known that there is no cardiotoxicity as
evaluation. As for the inspection of a conventional chemical toxicity, X axis as a result of FPD by only the
data evaluation is, on the Y axis and the result of the evaluation is performed and STV, from Figure 2 on a
graph of know in dimensional mapping, high-risk (High risk) cardiotoxicity, risk is low (Low risk), without
risk of two regions (No risk) in 3, and the same distribution of known literature result is known. In addition
to this conventional FPD by adding a chemical cardiotoxicity STV possibility of estimated more accurately
and easily and it is known that can be made.

The addition of chemicals to fig. 23 about the FPD STV indicates the difference of response. In fig. 23 (a), as
an example, when constructing an annular cardiomyocyte network of FPD [...] (A, B) of a local, and 2-
dimensional constructs a myocardal sheet [...] (C, D) of its local to the measured result is shown in (b). In
this example, the PM from [...] regions B, D the vicinity, A, C is located remotely. (B) before the addition of
chemicals in, [...] X=Y on a diagonal of the distribution of the FPD is, by chemical addition cardiotoxicity of
low capacity, both annular model (A, B) occurs in large flactal STV increase is observed, 2-dimensional sheet
model (C, D), almost fluctuationally does not occur. In addition to the chemical addition capacity, in the
annular model (A, B) a small dynamic state or a stop state sphygmoscope is transferred to, 2-dimensional
sheet model (C, D) in the region remote from the increase of the PM STV is seen at C, D in the vicinity of
the region, the region C STV yet lower than the amount of increase is observed. In this example, by
measurement of FPD STV to know the drug to the prediction of cardiotoxicity dimensional sheet-like cell
group 2 (network) more, from a pacemaker linearly arranged cell group (network) is, more accurately
reflect the influence of the drug is known.

The addition of chemicals to fig. 24 PM from the region of the transmission speed (V) of sphygmoscope
irrilation STV indicates the difference of response. Therefore, the plural desiners cardiomyocyte
cardiotoxicity [...] (TdP) as abnormal in the transmission structure, the transmission speed from the actual
PM to what extent the fluctuationally drug is confirmed as a technique for estimating the toxicity. For a
definition of the STV in this case as shown in fig. 24 (c) (eq. 3) of, the FPD, PM region T from the
transmission time (or the PM and a distance from the transmission time by dividing, the observation point at
an apparent transmission speed V) and using the measurement. For a definition of the FPD LTV STV and
similarly, V and T or is changed. In fig. 24 (a), as an example, when constructing an annular cardiomyocyte
local network of transmission T [...] (A, B) of the time, and 2-dimensional constructs a myocardal sheet [...]
(C, D) of its local to the measured result is shown in fig. 24 (b). In this embodiment, similarly to fig. 23 and
also from the PM [...] region B, D the vicinity, A, C is located remotely. In fig. 24 (b) before the addition of
chemicals, [...] X=Y on a diagonal of the distribution of the FPD is, by chemical addition cardiotoxicity of low
capacity, both annular model (A, B) occurs at a time for transmitting large flactal fluctuationally indicating a
large increase of the observed STV, 2-dimensional sheet model (C, D), almost fluctuationally does not occur.
In addition to the chemical addition capacity, in the annular model (A, B) a small dynamic state or a stop
state sphygmoscope is transferred to, 2-dimensional sheet model (C, D) in the region remote from the
increase of the PM STV is seen at C, D in the vicinity of the region, the region C STV yet lower than the
amount of increase is observed. In this example, to know the time T (or the transmission speed in each local
apparent V) by measurement of drug cardiotoxicity STV for the prediction of a sheet-shaped cell group 2
than dimensional (network), from a pacemaker linearly arranged cell group (network) is, more accurately
reflect the influence of the drug and simultaneously is known, more effectively fluctuationally dependent
spatial arrangement it is known to measure.

The fig. 25, in the present invention each of the electrical network cardiomyocyte cardiomyocyte FP
waveform acquisition from, its FP in vitro measurement techniques and conventional waveform (for
example patch clamp method), conventional in vivo measurement technology (e.g. electrocardial) shown
schematically the relationship. The cell of the present invention is obtained by the waveform FP, cells per
unit time to go from the magnitude of the ion current indicates, the cell potential change information
(electrical ion current) becomes and, therefore, in the conventional cells in vitro measurement obtained at
the base of the cell and potential, so that in fig. 25 - integrating and differentiating relationship. Next, each
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cell (or cells in the local network) obtained from the measured waveform from the electrode 1 FP, cell
network are arranged into a plurality of areas of a plurality of electrodes of each waveform obtained from
another cell network FP FP of the waveform can be obtained, this change in potential obtained from the
heart of the waveform signal response of tissue part ventriclerelated electrocardigram QT and phase data
corresponding to a region having a dipterous electrocardigram.

The fig. 26, above, fig. 25 in explanation and measured information in a conventional technique, the data
obtained by the present invention a device for estimating correlation of FP of the device shows schematically
the structure of the system. 1 FP of cells or a local network can be measured from a plurality of micro
electrodes 1 FP data acquired by the electrode units are integrated, by differentiating the respective FP data
for estimating the cell potential having a function capable of computing circuit, or, by overlapping the
respective electrode data, a part of ventriclerelated electrocardigram electrocardigram waveform (Q-T
portion) having a comparison computing circuit. In particular, the use of a single electrode superposition
circuit not only FP data is analyzed, for example, which are arranged in series and arranged at equal
intervals on a cell network with a plurality of micro electrode array of the data, the result of each electrode
of the upper cell to cell FP to transmit not only reflects the state data becomes and, especially, between the
transmission of abnormal cardiomyocyte arhythmia on estimating, transmission of reflected in the waveform
from synthetic FP, the superimposing circuit results in premature occurrence prediction mechanism for
directly moving the information, and similar electrocardigram analysis predicted from this result. The cell
potential data obtained from other differentiating circuit even for different cell potential in a way dependent
on the state of the ion activation state used for the channel.

The figs. 27 and 28, in which an example of the data from each electrode FP overlapped by an arithmetic
circuit which actually in the fig. 26. In fig. 27, as shown in fig. 27 (A) cardiomyocyte network are arranged
in a ring, the network at a predetermined interval along the micro electrodes are disposed. The pacemaker
is at the position of the annular electrode R1 (PM) area network -- R8 in the R2 signal sphygmoscope
cardiomyocyte, or where L1 is transmitted to each of the electrode -» L8 FP of the waveform in fig. 27 (B)
can be seen. This waveform and the waveform of the lower S are superposed. The fig. 27 (C), by measuring
the actual composition result in long. As a result of the waveform of the actual electrocardial QT area
necessary for estimating, FP FP of the waveform and a synthetic transinformation is included. From this
figure and to know the PM from the signal is transmitted normally sphygmoscope when, also know from fig.
27 (C) composite waveform and a smooth waveform. On the other hand, to know the PM from fig. 28 fig. 28
(B) from a region which does not transmit a signal sphygmoscope arhythmia state and regularly, synthetic
and consisting of a waveform S FP and becomes extremely turbulent, similar to fig. 28 (C) and even
electrocardigram corresponding to a shape of the synthetic corrugated arhythmia FP and can be seen in the
waveform. It is to be note here, only the data electrode 1 of fig. 28 (B) from the respective electrodes when
predicting arhythmia, by observing the remarkable arhythmia electrodes (for example, L5) it is difficult to
forecast the occurrence, as seen in fig. 28 (B) S or synthetic FP and fig. 28 (C) by more accurately
predicting the waveform can be made and it is known.

The fig. 29, cardiomyocyte sphygmoscope shows the relation between the size of FPD to cycle. The black
circle, having a variety of autonomous sphygmoscope FPD cardiomyocyte result measured by the system of
the present invention to a device. From this result, and to know, the cells thereof depending on the value of
the period sphygmoscope FPD is known to change. This is by using an autonomous sphygmoscope
cardiomyocyte when measurement is performed, by chemical changes or sphygmoscope of sphygmoscope
cycle is stopped, or when the instability, this effects inherent in the channel of the block by ions of FPD is
changed due to a cause possibility is suggested. Furthermore, by forcibly sphygmoscope
methyloctanoyloxyphenyl x infrared cell sphygmoscope period when the change of the value of FPD shows,
more than a certain time by a continuous external stimulus, maintaining a constant sphygmoscope period, it
is known that the FPD and becomes stable.

The fig. 30, is actually an autonomous sphygmoscope cardiomyocyte on from the outside with a system of
the present invention is applied when forced sphygmoscope FPD cardiomyocyte shows one example of a
change with time. In this example, to know, autonomous sphygmoscope interval is about 4 seconds of the
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cells and the forced stimulation sphygmoscope 1Hz immediately changes from a large value of FPD, in about
30 seconds after the start of the stimulus 550ms be stabilized in position as is known. Also after the end of
forced sphygmoscope stimulus has different autonomous sphygmoscope period, moreover, also becomes
gradually longer resealbility FPD can be seen. From these results, and to know, from the start of the forced
stimulation is applied sphygmoscope FPD until after after after starting the stimulation of 30 seconds, it is
desirable to inspect the drug toxicity.

The fig. 31, using a system of the present invention actually forced sphygmoscope FPD stimulation is applied
from outside, the time T or transmission, or a transmission speed V in the case of the example is shown in
which the cell arrangement. The fig. 31 (a), at least one of the electrode 2 which is disposed so as to cover
the stimulation of the measuring cell group is used in this embodiment. For example, the electrode beats per
minute 60 from the forced stimulation signal is given a constant interval while the measuring electrode of
the adjacent cell in FPD, measured from the time the stimulation of the electrode or electrodes to the signal
transmission time T sphygmoscope cell, or a measuring electrode for measuring the transmission speed V
on the cells. The fig. 31 (b), which are arranged in a straight line shape at an end point of the network
cardiomyocyte micro electrode arranged to give the complusory stimulation sphygmoscope stimulus, for
controlling the transmission, at constant intervals cardiomyocyte arranged along the network by micro
electrode array, each electrode on FPD cardiomyocyte, T, V is measured, stimulating electrodes of each
electrode against not only the data of the stimulus signal, FP FP of each of the recording electrode arhythmia
by estimating generation of synthetic, such as the relationship between T and V of each electrode can be
estimated. However, in this case is shown in which one example of the arrangement of the cell, the, annular
cell network shown in fig. 27 in the region of the PM is forcibly sphygmoscope can be measured by similar,
or, on the electrode of the measuring cell is used as an electrode in the electrode, the number of cells in the
FPD min. can be miniaturized.

Here, the embodiment for all, only a part of the network myocarditis cardiomyocyte is referred to, and a
biotissue fibrocyte and similar properties are included so that the additive.

The fig. 32, arranged on the micro electrodes 2 FP of the measuring cell, the potential of the electrode 2 is
kept constant potential clamp type of feedback control mechanism can be used. In this case, the FP of the
cell, which amplifies the signal from the conventional electrode is not measured, the electric potential of the
electrode 2 in order to keep a current supplied from the external power supply is monitored, and the results
of estimate by analyzing in real time. In the case of a conventional FPD cardiomyocyte shows one example
of a change with time. In this case, as the constant potential, which is normally zero is selected, step
changes the polarization potential such as in the case of changing the state of cell, can also be adjusted at
different potentials.

The fig. 33, from the actual human ES cells cardiomyocyte redifferentiation cell group in a partial area of the
present invention using a system of the described forced sphygmoscope during stimulation is applied, cell
group sphygmoscope cycle of one example of a result obtained by measuring a change in the graph. As is
understood from this graph, in the normal cardiomyocyte group, for example 0 in this example. 6Hz from 1.
8Hz when forced stimulation is applied, all of the linearly in this range, in response to the forced stimulation
to follow sphygmoscope is known.

The fig. 34 (a), was actually forced sphygmoscope stimulus is given by the forced sphygmoscope
sphygmoscope cell group is the same as the interval irrilation and periodically, the forced stimulation
sphygmoscope cardiomyocyte FP in the state of change of a group of waveform and FPD indicates a change
of length. As understood from the graph, the interval is hence forced stimulation sphygmoscope FP
waveform changes, it is known to shorten the length of FPD. Therefore, as shown in fig. 34 (b), and a graph
showing the change in this FPD, this shortening, forced sphygmoscope interval depends on the cycle (RR),
this correction

Relation, in known human heart and heart QT of the relation of the length of the interval of research
(Patrick Davey, How to correct the QT interval in clinical heart rate for the effects of st
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udies. 3 - 48 and Methods of Journal Toxicological Pharmacological 9 (2002)) from the
correction Fredericia, in other words by the difference in speed of sphygmoscope QT is varied by the relative
length of cannot be compared, sphygmoscope myocarditis sphygmoscope min. 60 beat cycle time of a
length (QT C) QT in order to correct the QT C =QT / (RR) 1/3 converted as, or, the proposed Bazett QT C
=QT / (RR) 1/2 whether converted as coincides with and is important. This is, as explained above in vivo
QT in length, in this system, the entire cell network FPD measured by measuring the length corresponding
to the overlapping of, the same, that is, each cell of the FPD itself, the, correction of the carpentering Bazett
Fredericia or suggests that is, actually, the result of fig. 34 (b), QT C =QT/ (RR) 1/2. 5 becomes and,
between Bazett Fredericia or correction is known. Furthermore, the graph of fig. 35 shown in figs. 33 and 34
in a data table.

The result of these, or actually used in screening the quality of regeneration confirmation of cardiomyocyte,
forcibly sphygmoscope cardiomyocyte cardiomyocyte when stimulation is applied by measuring the response
of the can. That

1) or forced sphygmoscope myocarditis cardiomyocyte stimulation is applied to the group of the cells, cells
or cell group is in response to the forced stimulation sphygmoscope same interval in response to a stimulus
and forcibly sphygmoscope confirms whether, and, its response in the frequency range of any forced
sphygmoscope irrilation corresponding by measuring whether or not, it can follow sphygmoscope sound
cardiomyocyte by confirming that sufficiently satisfies one of the conditions and determine, or more
specifically, the following is the response of the example 1. 8Hz follow until sufficient sound cardiomyocyte
and determining one of the conditions is satisfied.

2) above, forced sphygmoscope stimulation interval (RR) to follow the beating of the cells is confirmed
frequency carpentering, change of the forced stimulation sphygmoscope FPD, FPD / (RR) 1/3 from FPD /
(RR) 1/2 to check that the sound cardiomyocyte satisfies one of the conditions that determine and
sufficiently.

By using this procedure, and capable of managing cardiomyocyte quality. The sound and cardiomyocyte,
stable sphygmoscope cell can be performed. Here, as for the evaluation and cell group, the cell group
redifferentiation induction can be used as it is, or, by dispersing cardiomyocyte redifferentiation induction is
carried out by the unit 1 can be evaluated by measuring cell, or, again, these cardiomyocyte dispersed by
the cell group can be measured, or, a dispersion of a human heart cardiomyocyte and osteoblast fibrosing
derived by measuring and evaluating a new cell as a group.

These myocardal cells, can be used to inspect myocarditis toxicity.

The fig. 36, of one embodiment of the present invention related to a device for inspecting myocarditis
toxicity (myocarditis toxicity or inspection system) is a block diagram showing the whole constitution of an
exemplary. The present invention of an inspection device myocarditis toxicity 3000, basically, measuring
part 3001 and control - analystic part 3002. Measuring part 3001 and control - analystic part 3002 between
(e.g.: personal computer), measuring part 3001 amplifies the electric signal from the amplifier 3004, the
analog signal from the amplifier 3004 is converted to a digital signal, analog-to-digital converter (ADC) 3003
is interposed. The computer interface 3002, receiving a signal from the ADC - display or recording - analysis.
The measuring part 3001, basically, the multi-electrode array including a plurality of micro-electrode having
a culture vessel, placing the same x-y stage, an optical microscope, a laser light source, an optical system
such as an optical camera. The multi-electrode array including a plurality of micro-electrode having the
culture vessel, which can be manufactured by fine processing technology, the market (example: MED-
P515A, [...] Company, Japan) can be used.

Figure 37A is, of a core of the present invention is an inspection device system myocarditis toxicity 3000
measuring part 3001. Figure 37B is, in a system of the present invention is provided with an array of multi-
chip and multi-electrode (or culture vessel). The figure 37C, further enlarged view with respect to the
electrode section. A plurality of electrodes are arranged in an array, each of the electrode lead-out wires (or
the lead wire) is connected, on which the cluster is derived from human myocarditis ES is placed.
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The fig. 38, multi-electrode array chip (Figure 38a, b, d) cardiomyocyte (Figure 38b) using the evaluation of
toxicity of medicine, and measuring the corresponding relation between the electrodes of the window and
the data used in analysis (Figure 38a-c) (Figure 38e) drawings showing examples of display.

Below, the present invention of the toxicity of the drug myocarditis myocarditis using an inspection device
for inspecting the toxicity is explained as an example. Material and method

1. Cell culture

Human myocarditis ES cells purchased from the cluster derived [...] Company. Received in the green state,
by collecting the silicamonolith (Vitrolife Company), non-dynamic and 20% FBS, 1% DMEM in non-essential
amino acid, 1% penicillin streptomycin, 0. 2% ethanol is added GRK mercaptoamide a medium (Invitrogen
purchase all Company).

2. The multi chip prepared (Day 0-3)

Next, the cluster is arranged on a chip ([...] Company). A day Day 0 and is arranged. The 200 mV or
more extracellular potential (FP) Day3 1st of peak is obtained using a data acquisition in a cluster. The
multi-electrode cell potential measurement data acquisition system (day Kyoto [...] Company) is used.

3. Chemical applied (after Day 4)

Before applying a chemical (called 'Before' and) data acquired for 10 minutes. The chemical de-ionized
(DDW) distilled water, dissolved or DMSO, diluted with PBS. The final concn. E-4031is 0.1 and 1

Hm pm, sotalolthe DL-0.1 mm and 1 mm, the 0 Diltiazem.1 mmby 1 mm and is applied. The
outside of the cells from data acquired by the duration of the potential (FPD) and

FPD (short term variability) STV is calculated.

4. Data analysis

The peak of a steep downward flowing Na+ FP. The K + upward of the gradual peak corresponding to the
outflow. Na+ and K + FPD and the peak time. Furthermore, the variation of FPD FPD as between
sphygmoscope STV of evaluation. The following equation STV.

The increase in the value of the variation between STV FPD as increase of evaluation. Due to the variation of
the pulsation rate so as to suppress the influence of FPD, by using a correction formula Fredericia under,
STV of correcting the FPD and FPD, cFPD, cSTV is obtained.

(RR is just in time between the peak Na+ FP)

5. 2-dimensional plot of preparation procedure

For assessing risk cardiotoxicity of drugs, extension of the extension or APD QT, STV and these are used
alone. By integrating the increase and STV FPD extension for evaluation, "2-dimensional plot" manner. The
X axis is more than 10% Before FPD by extending the frequency of a cluster (FPD score). The Y axis is
greater than 100% STV Before the frequency of cluster (STV score). In each of the clusters among concn.
applied 2, the increase in any case is recognized, "extended (FPD)" and "(STV) increases". In this plot, drug
cardiotoxicity depend on the strength of the drug is plotted in a region.

6. Results

2-dimensional plot

2-dimensional plot of fig. 39 is evaluated. The plots on the right, sotalol E-4031 and DL-. The left Diltiazem,
is plotted on the right lower DDW. The inhibitor IKr E-4031 and DL-sotalol, increasing the APD and STV

in vivo, in vitro is known in both. E-4031 the risk is high to develop by reason of cardiotoxicity is
interrupted and the drug, medicament is cardiotoxicity. Although the DL-propellant Antiarhythmia sotalol,
Cytocidal arhythmia cardiotoxicity from the risk of high and considered. The Diltiazem Ca2 + channel
inhibitor, in vivo decreases the APD is known, and is considered a low risk cardiotoxicity. The absence of
cardiotoxicity DDW, and considered. Therefore, our obtained in the plot, the with respect to the right "high
cardiotoxicity” in the figure and a region, the upper left and lower right and judged "low cardiotoxicity"
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region. Evaluation method of unkonwn drug to a 2-dimensional plot when plotted according to any area,
height cardiotoxicity can be evaluated.

The fig. 40 (a), an electronic circuit, a signal of the cell in order to reduce noise, and cell 10 is placed in the
vicinity of the small electrode 2 of the cells are not exposed to the potential between the reference electrode
2c of the differential value of the output circuit is shown schematically. Actually, this circuit as shown in fig.
40 (b), by incorporating the first stage of the amplifier circuit, as shown in fig. 40 (c) does not depend on a
noise of a specific frequency is reduced. At this time, more fine comparison electrode 2c in the vicinity of the
electrode it is desirable, for example, are arranged at a distance of 50 um sufficient noise reduction of up to
1 mm and functions as a function of the distance.

The fig. 41, of the present invention for overall evaluation method evaluating cardiotoxicity schematically
shown in the example of Fig. The value of FPD biopotential measuring cell from a result obtained by adding
cardiomyocyte after a specific chemical concentration, on an axis X and the value of the degree of extension
of the first summing result FPD, on an axis Y and the value of the magnitude of the time fluctuation as FPD
STV further [...] from above, this result is plotted. The fig. 41 (b), as the result of various gestational X-Y
though illustrated as an example. As understood in the Figure, and the increase of FPD fluctuationally (STV)
extension of chemicals in a small area, and there is no cardiotoxicity QT extension can be judged, and
increase of the extension of the FPD is simultaneously induced fluctuationally (STV) (X-Y on the right in the
drawing) when the predicting cardiotoxicity TdP or the |

The fig. 42, for measuring the actual cardiotoxicity shows one example of the configuration of a system in
which a schematic diagram. The system of this embodiment, liquid feed part, cell culture measuring part,
from cell analysis - stimulation.

The liquid feed part, cell culture measuring part of each cell culture chamber in the culture soln.
continuously sending a syringe pump or peristaltic pump system or by HPLC pump system capable of liquid
feed. Furthermore, on the outer periphery of the liquid feed portion of piping for temperature regulation for
resistance heating wires are wound pipe K-type thermocouple lig. temp. minute or a thermistor or the like is
continuously monitored in a heat detecting mechanism, introducing a degree of control of the liquid
temperature by adjusting the resistance heating, in a constant temperature of solution is introduced.
Furthermore, in this liquid feed part, for adding a chemical testing or switching of the merging pipe such as
the pipe is disposed in the piping mechanism, thereby a desired concentration of chemical in each cell
culture chamber can be introduced. Furthermore, the concentration of the chemical is introduced in order to
quantitatively confirm, for introducing a part of the tube being optically transparent in the spectral range of
800 nm wavelength of 280 nm by measuring absorptiometry from, a quantitative evaluation it is desirable
that the mechanism. Furthermore, in the same manner as part of the waste effluent pipe being optically
transparent in the spectral range of 800 nm wavelength of 280 nm by measuring absorptiometry from, a
quantitative evaluation it is desirable that the mechanism. As the control temperature of the chemical liquid,
which is usually undesirable temperature close to a normal temperature of a human body, from the
viewpoint of 45 degrees centigrade 30 degree range of temperature control is desirable.

The fig. 43, in the system of the present invention to measure cardiotoxicity cell culture measuring chamber
and schematic diagram showing one example of a constitution. A plurality of cell potential measuring
electrodes are arranged on the multi-electrode substrate 4201 (refer fig. 44), culture soln. - discharge
mechanism is arranged for introducing a cell culture vessel 4202 is bonded, at the same time capable of
measuring cell culture specimen 8 and measuring plate. The cross section of fig. 44 in cell culture measuring
plate that is shown schematically, in the cell culture vessel 4202, soln. introduction port, multiple electrode
substrate 4201 in sectrial closest to the bottom are arranged in a widened shape, on the other hand, the
liquid discharging mechanism, to determine the liquid level of the upper liquid level height 4204 and
positioned in the same direction as the direction of the developed sectrial interface.
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The fig. 45, multi-electrode substrate electrode arrangement of electrodes are arranged on the wiring
diagram explaining the configuration of a model. In the present invention, in order to observe the shape of
cells, such as ITO transparent electrode of the electrodes are used, characteristics of the transparent
electrode, an ordinary metal electrode having a higher resistance than the value since, particularly multi-
electrode substrate becomes large and the plate and the like, has a very high impedance wiring becomes
longer. In order to avoid this, the metal on the transparent electrode layer and the transparent electrode is
arranged in the same wiring, a conductive metal electrode resistance values can be reduced. Actually, in the
regions where cell, optical observation can be on a glass substrate 4301 using a transparent electrode 4302,
and wiring is arranged, in the region of a cell observation does not overlap on the transparent electrode is
arranged on the metal layer 4303, its upper surface is covered with the insulating film. The material used
here as the metal electrode, for example, gold, platinum, titanium, copper, aluminum or the like by using a
frame.

The fig. 46, shown as a schematic diagram of an example of a multi-electrode disposed on a substrate
electrode. First of all, in the fig. 46 (a), which is arranged in series with the cell culture area 4404
cardiomyocyte stimulates local network and one end of the electrode 4401, which is stimulated by the
stimulation of electrode for measuring the conductivity hyperstimulation cardiomyocyte and the measuring
electrode 4402, for eliminating the noise reference electrode 4403 is arranged. Each of the measuring
electrode 4402 cardiomyocyte obtained from a plurality of local network can be measured and the result of a
response, the transmission speed of transmission between each measuring electrode fluctuationally
compares the degree of poisoning can be determined by analysis. In fig. 46 (b), and is connected to the
measuring electrode is straight and, in this configuration, the region of electrocardial electrocardigram
waveform of the ST (ventriclerelated region) and similar waveform can be measured. In fig. 46 (c), above,
separating a part of fig. 46 (b), the waveform of the local FP cardiomyocyte easily can be obtained. The fig.
46 (d), the ring-shaped electrode of the cell is arranged on a ring-shaped electrode arrangement for
measuring for example. These figs. 11, 12 arranged in a ring shape as shown in the network is measured is
cardiomyocyte, ring-shaped part of the measuring electrode is deficient, the portion of the forced stimulation
locally for stimulating electrodes are arranged, in addition, a noise reference electrode is arranged. Further
in fig. 46 (e), the measuring electrode is also divided, local cardiomyocyte response and capable of
measuring arrangement.

INDUSTRIAL APPLICABILITY

According to the present invention, from about redifferentiating cardiomyocyte iPS stem cells such as cells,
can be evaluated as to whether a sound its cardiomyocyte cardiomyocyte capable of screening or
regeneration for use.

REFERENCE SIGNS LIST

1... transparent substrate, 2... micro electrodes, 2c... reference electrode, 2'... micro electrode 2 of lead
wire, 31,3 2,33and 34..agalosegelwall, 41, 42,43and 44 ..gap, 7... surrounding a wall, 8 1, 8 2,
8 3 ... pipe, PC... personal computer, Ms... operation signal, 10, 10 1, 10 2, 10 3, ---, 10 n ... cardiomyocyte
or fibrocyte, 15... optical observation device of transparent stage, a driving device 16... X-Y, 18... Z drive,
CH 1, CH 2, CH 3 and CH n ... cell holding part, CCC... cell communicating channel, 10 G ... cell group, 11 a
... barrier, 11 b ... opening, 19,191,192,193... dichroic mirror, 20,201... band pass filter, 21,211... camera,
22... source, 221... fluorescent light sources, 23,231... band pass filter, 24,241... shutter, 25... condenser
lens, 26... objective lens, 27... movable electrode, 28... ground electrode, 29,291... switching circuit,
30,301... electric signal measurement circuit, 31,311... electrostimulation circuit, 32... cardiomyocyte, 33...
fibrocyte, 34... cell arrangement pipette, 35... N transmission path of the first round, 36... (N+1)
transmission path of the first round, 37... (N+2) transmission path of the first round, 38... measuring
electrode, 39... reference electrode, 40... elecdtrolyte feedability, 41... a population of cells arranged in a
ring, 42... well plate hole 96, 43... camera receiving element, 44... cell, 45... stimulatory electrode, 100...
myocardal toxicity inspection device, 3000... myocardal toxicity inspection device, 3001... measuring part,
3002... for interfacing to a personal computer, 3003... analog-to-digital converter, 3004... amplifier, 4201...
multi-electrode substrate, 4202... cell culture vessel, 4203... soln. flow, 4204... the height of the liquid
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level, 4301... glass substrate, 4302... transparent electrode, 4303... metal layer, 4304... insulating film,
4401... stimulating electrodes, 4402... measuring electrode, 4403... reference electrode, 4404... cell culture
regions.

ENGLISH CLAIMS:

A substrate,

Disposed on the substrate, a plurality of stable sphygmoscope cardiomyocyte evaluated for infusing
myoelectric cells or cell population,

On the substrate so as to surround the periphery of the population of cells formed in the wall of the cell
culture solution to satisfy,

The cell culture solution is supplied into the area surrounded by the wall and/or for discharging the
supply/discharge channel,

One of the cells of the cell or cells in a localized portion of the electrode is placed,

The wall is surrounded by a region of a cell culture solution provided in order to satisfy the reference
electrode,

The microrecessed electrode and a lead wire is connected to each of the reference electrode and a lead wire
connected to the micro electrodes are placed in the measuring cell potential biopotential measuring means,
and

By controlling the microshapes electrostimulation sent to the electrodes, the potential is measured by the
measuring means for recording data, and a control/recording means

This device is provided with a cell,

The Electrostimulator sent to the minute interval of the electrode is changed stepwise,

1) cardiomyocyte or the interval of the cell group is caused by the forced stimulation sphygmoscope
electrostimulator in response to and in the same interval of the forced stimulation sphygmoscope confirms
whether the response, and, its response in the frequency range of any forced sphygmoscope irrilation
corresponding by measuring whether or not, it can follow sphygmoscope sound cardiomyocyte by confirming
that sufficiently satisfies one of the conditions and determine, and

2) due to the forced stimulation sphygmoscope interval (RR) electrostimulator beating of the cells to follow a
frequency carpentering is confirmed, the change of the forced stimulation sphygmoscope FPD, FPD / (RR)
1/3 FPD / (RR) 1/2 from between to check that sufficient sound cardiomyocyte satisfies one of the
conditions is determined and

A, cell quality evaluation device.

A substrate,

Disposed on the substrate, a plurality of stable sphygmoscope cardiomyocyte evaluated for infusing
myoelectric cells or cell population,

On the substrate so as to surround the periphery of the population of cells formed in the wall of the cell
culture solution to satisfy,

The cell culture solution is supplied into the area surrounded by the wall and/or for discharging the
supply/discharge channel,

One of the cells of the cell or cells in a localized portion of the electrode is placed,

The wall is surrounded by a region of a cell culture solution provided in order to satisfy the reference
electrode,

The microrecessed electrode and a lead wire is connected to each of the reference electrode and a lead wire
connected to the micro electrodes are placed in the measuring cell potential biopotential measuring means,
and

By controlling the microshapes electrostimulation sent to the electrodes, the potential is measured by the
measuring means for recording data, and a control/recording means

The device is provided with a cell,

The Electrostimulator sent to the minute interval of the electrode is changed stepwise,

1) cardiomyocyte or the interval of the cell group is caused by the forced stimulation sphygmoscope
electrostimulator in response to and in the same interval of the forced stimulation sphygmoscope confirms
whether the response, and, its response in the frequency range of any forced sphygmoscope irrilation
corresponding by measuring whether or not, it can follow sphygmoscope sound cardiomyocyte by confirming
that sufficiently satisfies one of the conditions and determine, and

2) due to the interval (RR) forced sphygmoscope electrostimulator irritating beating of the cells to follow a
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frequency carpentering is confirmed, the forced stimulation sphygmoscope - potential field - duration (FPD)
change, FPD / (RR) 1/3 from FPD / (RR) 1/2 between sound by confirming that a sufficient cardiomyocyte
satisfies one of the conditions and determining

Contg., cell quality evaluation method.

- Myocarditis sphygmoscope fluctuationally of field of the magnitude of the potential waveform, adjacent
sphygmoscope by comparing the signal is measured, the inspection device myocarditis toxicity.

- Potassium ions out of the field of the potential waveform peak position of sodium ions from flowing out of
the outflow of the elapsed time from the peak magnitude of the fluctuation of ([...] : FPD) which, by
comparing the adjacent sphygmoscope signal is measured, the inspection device described in the claim 3
myocarditis of toxicity.

The magnitude of the fluctuation of the FPD and FPD is calculated, the calculated magnitude of the FPD
fluctuationally of FPD and combination of the index and so, inspection device described in claim 3 or 4
myocarditis of toxicity.

The magnitude of the fluctuation of the short-term variation (STV) of FPD FPD, inspection device described
in any one of claims 3-5 myocarditis toxicity.

A transparent substrate,

The formed on the transparent substrate in a region surrounded by a wall, the area is filled with a liquid cell
culture,

The cell is filled with liquid are arranged in a region to perform a plurality of stable sphygmoscope contg.
cardiomyocyte cell population,

The cell is filled with a liquid that is provided within the, or one of the cells of the cell group cardiomyocyte
local part of the electrode is placed,

The cell is filled with a liquid that is provided within the reference electrode,

The microrecessed electrode and a lead wire is connected to each of the reference electrode and a lead wire
connected to the micro electrodes are placed to measure the potential of cardiomyocyte biopotential
measuring means,

The potential is measured by the measuring means to the test drug subscriber before a recording means for
recording data potential cardiomyocyte

Having, described in any one of claims 3-6 myocarditis toxicity.

To perform the stable sphygmoscope cardiomyocyte of cell group including, a plurality of which can transmit
a sphygmoscope cardiomyocyte Osteoblast fibrosing and including a cell network, as described in either of
claims 3-7 myocarditis toxicity an item.

A transparent substrate,

The transparent substrate is disposed on a plurality of stable sphygmoscope contg. cardiomyocyte
pacemaker region comprising a cell population,

Disposed on the transparent substrate, and the cell group, the cell group sphygmoscope cooperate to
transmit a plurality of series and fibrocyte cardiomyocyte contg. cell network,

On the transparent substrate and the cells in the cell network which is formed so as to surround a periphery
of the cell culture solution for satisfying the wall,

The cell culture solution is supplied into the area surrounded by the wall and/or for discharging the
supply/discharge channel,

The cell with the cell culture liquid chemical action applied to the chemical feed channel,

One of the cells of the cell or cells in a localized portion of the electrode is placed,

Each of the cells of the cell network of micro electrodes are placed,

The wall is surrounded by a region of a cell culture solution provided in order to satisfy the reference
electrode,

The microrecessed electrode and a lead wire is connected to each of the reference electrode and a lead wire
connected to the micro electrodes are placed in the measuring cell potential biopotential measuring means,
and

By controlling the microshapes electrostimulation sent to the electrodes, the potential is measured by the
measuring means for recording data, and a control/recording means
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Having, described in either of claims 3-8 myocarditis toxicity of an item.

To perform the stable sphygmoscope cardiomyocyte including at least one cell is placed from the very
minute electrode 1 is placed on the electrodes in the cell at a constant interval can be stimulated
sphygmoscope forcibly so as, described in any one of claims 3-9 myocarditis toxicity.

The series arrangement at the end points of local cell network for applying a stimulus to the electrode is
arranged, an item as described in either of claims 8-10 cardiotoxicity inspection device.

The cell network is, arranged in a ring shape is formed,
The part of the ring, the point local stimulates the electrodes are disposed, an item as described in either of
claims 8-11 cardiotoxicity inspection device.

The cell is placed on each of the micro electrodes myocarditis sphygmoscope acquired from the magnitude
of the potential waveform fluctuationally - field, the cells of the cell network is generated sphygmoscope
observed from the transmission time of the electrodes to the adjacent sphygmoscope fluctuationally or
transmission speed by comparing the measured, an item as described in either claim 8-12 myocarditis
toxicity.

To maintain the proper temperature cardiomyocyte having a temperature control mechanism described in
any one of claims 1-13 myocarditis toxicity.

The micro electrodes, constituting the electrode array from a plurality of micro electrodes, an inspection
device described in any one of claims 1-14 myocarditis toxicity.

- Myocarditis sphygmoscope fluctuationally of field of the magnitude of the potential waveform, comparison
of the signals measured by the adjacent sphygmoscope ~~~ myocarditis toxicity and an inspection
method.

A plurality of stable sphygmoscope cardiomyocyte performs a process for preparing a cell group including,
In the multi-electrode array is arranged on a bottom surface of the container in a process of the cell group,
The culture test drug is added to the cell group, the multi-electrode array of cells cultured cells in the
process in which the potential is measured, in addition of the drug, by measuring cell potential of the
cultured cells, the cell potential of a process for acquiring data, and

From the data acquired by the cell potential, the potential (FP) - field of sodium ion waveform peak of inflow
to outflow of potassium ions of the elapsed time from the peak to the cell (cell potential duration) of the FPD
(FPD) and calculates the magnitude of fluctuations, the combination of the FPD FPD and as an index of the
maghnitude of fluctuations of the medicament by using a process of evaluating the toxicity myocarditis,
Contg., described in claim 16 myocarditis toxicity of the drug.

An item as described in either of claims 8-15 myocarditis toxicity inspection device is used, the cell with the
cell culture liquid chemical is acting upon, the occurrence of the sphygmoscope cardiomyocyte population of
cell network to delay the propagation speed of the cells to evaluate whether the chemical action of the cell
toxicity to claim 16 or 17 cardiomyocyte for inspecting an inspection method described myocardal toxicity.

An item as described in either of claims 8-15 myocarditis the cell toxicity test device acting on the chemical
agent when a cell culture solution, the occurrence of the sphygmoscope cardiomyocyte population of cell
network to delay the propagation speed of the cells to evaluate whether acting on the cell toxicity to
cardiomyocyte of chemicals in the method for inspecting, at least one of the following claim 16-18 1 includes
a step of the method described in any one of an item:

(I) of the cell, the cell network for placing at least one micro-electrode 1 of the electrode from the cell is
placed on a constant interval by forced sphygmoscope stimulation process;

(Ii) placing the cells each micro-electrode of the field - myocarditis sphygmoscope acquired from the
maghnitude of the fluctuation of the potential waveform, comparison of the signals measured by the adjacent
sphygmoscope process;

Among the potential waveform (iii) - field of potassium sodium ions flowing out from the outflow of the peak
position of the elapsed time from the peak magnitude of the fluctuation of ([...]), comparison of the signals
measured by the adjacent sphygmoscope process;
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(Iv) the cell is placed on each of the micro electrodes myocarditis sphygmoscope acquired from the
magnitude of the potential waveform fluctuationally - field, the cells of the cell network is generated
sphygmoscope observed from the transmission time of the electrodes to the adjacent sphygmoscope
fluctuationally or transmission speed by comparing the measured process;

(V) each of the cells is acquired from a small electrode strading myocarditis sphygmoscope - field for each of
the potential waveform is differentiated cell potential process;

(Vi) each electrode of the cell is placed on the field is obtained from the potential waveform myocarditis
sphygmoscope - - synthetic field is overlapped by the potential waveform, and comparing the data as a
whole electrocardigram a population of cells for measuring the degree of turbulence of the transmitting
sphygmoscope process;

The arrangement of the cells (vii) a small electrode potential is kept constant by using a feedback control
mechanism, the power level control mechanism is a process for analyzing a current amount to be supplied;
and

The cells (viii) after the start of the forced stimulation sphygmoscope periodically, from 30 seconds or more
to start measuring process.

The magnitude of the fluctuation of the FPD FPD by short term fluctuations (STV), as described in either of
claims 16-19 an item.
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