DESCRIPTION METHOD AND DEVICE FOR MYOCARDIAL CELL EVALUATION AND
MYOCARDIAL TOXICITY INSPECTION 1 ECHNICAL FIELD [0001] The present invention relates
to a method and an apparatus for testing myocardial toxicity and evaluating myocardial cells.
BACKGROUND ART [0002] Bio-assays have been widely used to observe changes in the state of
cells, the responsiveness of the cells to agents, and the like. In conventional bioassays, in 15 general,
cultured cells have been often used. In such IYE&GRIPAIERYS are performed using a plurality of cells,
and an average of the values of a cell population has been measured as if it represented the
characteristics of a single cell. [0003] However, in fact, it is rare that there are cells whose cell cycle is

20synchronized iMBEREPRADINGAEN IR FERR MeP ORI S ESHBEVA VA IR Ranner.

Therefore, fluctuation is always tigyeiAgon pher@RavaiRotepiaseiisef the response of the cells to
a stimulus. [0004] In other words, since the fluctuations of responses of the reaction 25mechanism of a

cell itself dre universally present, one can always only obtain an average of the responses. To solve
this problem, thecHNNeAIeBIED®veloped methodologies, such as synchronized culturing. However, to
use a group OL Is which are in the same stage, one must always continue to supply such cells, and
therefore has become an obstacle to broad-based application of the bioassay. 30[0005] In
addition, in reality it haBhbgeesdiffiovkrtacderide oo therfithod atidnibaprarstisHerdearmgwo types of

stimulation (Siﬂ%é&r@a@?ﬁ?io@pﬁfﬁiQix\/ﬁﬂa%g]ﬁm&m afgignal substances, nutrition, dissolved gas

contained in the solution surrounding the cell; and the other is given by the physical contact and
cell-to-cdf 35interaction with other cells.

BACKGROUND ART
[0002]
Bio-assays have been widely used to observe changes in the state of cells,
the responsiveness of the cells to agents, and the like. In conventional bioassays, in
15  general, cultured cells have been often used. In such systems, assays are performed
using a plurality of cells, and an average of the values of a cell population has been
measured as if it represented the characteristics of a single cell.
[0003]
However, in fact, it is rare that there are cells whose cell cycle is
20  synchronized in the cell population, and each cell synthesizes proteins in a different
manner. Therefore, fluctuation is always the problem when analyzing the results of
the response of the cells to a stimulus.
[0004]
In other words, since the fluctuations of responses of the reaction
25  mechanism of a cell itself are universally present, one can always only obtain an
average of the responses. To solve this problem, there have been developed
methodologies, such as synchronized culturing. However, to use a group of cells
which are in the same stage, one must always continue to supply such cells, and
therefore has become an obstacle to broad-based application of the bioassay.
30 [0005]

In addition, in reality it has been difficult to decide on the fluctuation
because there are two types of stimulation (signals) to cells: one is given by the
amount of signal substances, nutrition, dissolved gas contained in the solution
surrounding the cell, and the other is given by the physical contact and cell-to-cell

35 interaction with other cells.



[0006] Difficulties in the physical contact and the cell-to-cell interaction problems of the cells can
be resolved to some extent by performing bioassays on a cell mass such as tissue fragments.
However, in such cases, unlike cultured cells, it is not 5always possible to obtain a cell mass with a
homogeneous feature. Therefore, there is a problem that the resulting data can vary, and the
information is buried in the population. [0007] To enable measurement using an information
processing madfedéd which 10each cell in the cell population is a minimum structural unit, the inventors

of the present applicatigfaye.oIPRRS AR CICIoAUAIEY ROSLRORIEd Prlls (inassR AiiR) comprising

a plurality of cell culture compartments for confining a cell in the inside of specific spatial arrangement;

a groove or a firherrHkier betpselycsdiasemecaispabrienterwinefeippas ekl @hmael paass through the

groove or the tyapak ﬁﬁ‘ﬂ@fﬂa@%@[ﬁiﬂﬂ@%@?%@%&ﬁ&%@?Jﬁﬁl@%ﬁﬁ%ﬁ%&c@l@)ﬁﬂg%’ﬂ electric
potential of the cell arrangé-:'d In the groove or the tunnel or the cell culture compartment as shown in

g .
JP 2006-94708 MRS HBIEUMEREE) 160081t 2R AIRAVY {57 Bt SER Ry tAfcaRalysis has
been proposed foeokeihehavaleatiuntoictiselaetioeqrdivgtanndhiane by beflecimeheomplex cardiac
functions by util(;zilﬁgta Irlnethod typically used for measuring non-linear dynamics. For example, a
Poincare pIott#]gf Mmethod has been the most commonly used for the analysis of electrocardiogram
(Non-Patent Di®litient 1). A point in the plot refers to information of two adjacent pulsation data, in

which, for example, a figie o RUIsaIQRArRAL Hﬁﬂ%iQﬁ%ﬁ%ﬁ?ﬁiﬁ&%‘ﬂ?@é@%i&tﬁﬁ)&%ﬁﬁ%&% a rate of

pulsation at a previous time point is indicated in the Y axis. Thus, the fluCtuation in the cardiac

pulsatior & estitiated By HeSpARMRG IO BiStABHUTIOR WP HEPBISUBH tHE drspHon®idhtethods for
mea;urin_g_ thepteieiuatipn itibe iR gudlspiion draHde ﬂ;pggg@bathé@n@mﬁ@&mﬁm@ a nonlinear
T T e ool O e Gl 50 Py g gt
of specific spatial arrangement; a groove or a tunnel linking between adjacent
compartments, wherein a cell cannot pass through the groove or the tunnel; and a
15  plurality of electrode patterns for measuring a change in electric potential of the cell
arranged in the groove or the tunnel or the cell culture compartment as shown in JP
2006-94703 (Patent Document 1).
[0008]
In addition, a method for electrocardiogram analysis has been proposed for
20  the evaluation of the electrocardiogram obtained by reflecting complex cardiac
functions by utilizing a method typically used for measuring non-linear dynamics.
For example, a Poincare plotting method has been the most commonly used for the
analysis of electrocardiogram (Non-Patent Document 1). A point in the plot refers to
information of two adjacent pulsation data, in which, for example, a rate of pulsation
25  at one time point is indicated in the X axis and a rate of pulsation at a previous time
point is indicated in the Y axis. Thus, the fluctuation in the cardiac pulsation is
estimated by quantifying the distribution of the points on the graph. Other methods
for measuring the fluctuation of the cardiac pulsation include a correlation dimension
method, a nonlinear predictability method (Non-Patent Document 2), an approximate
30  entropy method (Non-Patent Document 3), and the like.
[Background Art Documents]
[Patent Document]
[0009]
[Patent Document 1] Japanese Laid-open Patent Publication No. 2006-94703
[

35 Non-Patent Document]



[0009] [Patent Document 1] Japanese Laid-open Patent Publication No. 2006-94703 35 [Non-Patent
Document] [0010] [Non-Patent Document 1] Brennan M, Palaniswami M, Kamen P. Do existing
measures of Poincare plot geometry reflect non-linear features of heart rate variability? Biomedical
Engineering, IEEE Transactions on, Proc IEEE Transactions 5on Biomedical Engineering, 2001, 48,
1342-1347 [Non-Patent Document 2] Kanters JK, Holstein-Rathlou NH, Agner E (1994) "Lack of
evidence for Ig@BHihensional chaos in heart rate variability" Journal of Cardiovascular

Electrophysiolagy, 5 t)eh?%]o'%eﬁMil%Ze%%gﬁ%g; Bﬂig’\?ﬁﬁﬁtﬁoﬁﬁmﬁ‘ﬁ%&%ﬁﬂﬁ J, Wood HW,

Mills KM et al (1994) 10 "Approximate entropy and point correlation dimension of heart rate variability
in healthy subjaggsuleiedReinerhpkibrsgivsiy BEse\ioH]iSesheeBes@lhganate PMID 10333974.
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conventional bioassays, cells were treated as a tissue fra%ment or as a single cell as in cultured cells.
As mentiohed §A fHEBdGa! FASRTER ZHdedfiord Atfidn e number of cells is excessive, information

collected is avpvagerhtandibenddatZ)KaprmblenkadlkesparsaioloNg et eaARN0DHE) Obtrined

accurately. When cells are used as.a single cell, the cell is used in a.separated independent state
atond of coll TR e B e Al VAR SRR eracion botween
cells is not exlibitbdy asaelafbiles tophey isobtiglyaSgrobhh-60 bbtdiingP8nSa80curate agent response, that

Is, a bioassay G@ig: prRIAPERLument 61 FAREMBLHA WENBIRP RGN Q] fioaRparatus or a system

that enables accurate measurement of the membrane potential or the cell morphology in a unit of a
single celPas aMPERXIFBA pREPAY AIEPOMb GREE-IBRMSHINERMGAIRT ASMEENE TBFEHIALYs B

cardiomyocytag.afd ihsjaasuraiesmaas Memenietihe membianae Kepeientakprihse gell morphology

in a unit of a single cell a measure of the toxicit
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SUMMARY OF THE INVENTION
15 PROBLEM TO BE SOLVED BY THE INVENTION
[0011]

In conventional bioassays, cells were treated as a tissue fragment or as a
single cell as in cultured cells. As mentioned in the above background art section,
when the number of cells is excessive, information collected is averaged, and there is

20  aproblem that responses to agents cannot be obtained accurately. When the cells are
used as a single cell, the cell is used in a separated independent state instead of cells
in natural multi-cellular tissues. Consequently, the effect of the interaction between
cells is not exhibited. Therefore, there is still a problem in obtaining an accurate
agent response, that is, a bioassay data.

25  [0012]

There is a need for the development of an apparatus or a system that enables
accurate measurement of the membrane potential or the cell morphology in a unit of
a single cell as a measure of propagation of pulsation from mutually adjacent
fibroblasts or cardiomyocytes, and the accurate measurement of the membrane

30  potential or the cell morphology in a unit of a single cell as a measure of the toxicity
of agents on cardiac muscle cells.

[0013]

Use in regenerative medicine or agent screening requires that he functional

aspects of cardiomyocytes which are differentiated from human stem cells including

35  human iPS cells or human ES cells must be evaluated quantitatively to ascertain



of agents on cardiac muscle cells. [0013] Use in regenerative medicine or agent screening
requires that he functional aspects of cardiomyocytes which are differentiated from human stem cells
including 35human iPS cells or human ES cells must be evaluated quantitatively to ascertain whether
the qualitative features of the cardiomyocytes are the same as cardiomyocytes in the human heart
cells. MEANS FOR SOLVING THE PROBLEM 5[0014] In view of the above problems, the present
invention providestam dyepprdiusi aat:atetsod s destibedbetsvrd IhA gualitg evaluation apparatus for

cells, comprising: e; i y pulsating subject cardiomyocytes or a cell
Ehﬂd%&é@ﬁé}%& gﬂtﬁ'&‘ 181#@4%9&%@1?4

population comprisin ubject cells placed on the substrate; a wall formed on the substrate to
surround the periphery of the cell population and to fill a cell culture medium; a culture-medium

supply/drain chgnnsldesr ey ivenandaiEdspioBgERe 15cell culture medium to and/or from the area
surrounded by the wall; a microelectrode on which a single cell or a local portion of the cell

populatioﬁ is ﬂ%@e ; a reference electrode provided in the area which is to be filled with the cell
culture medium and isIsuwiesubde bpdhe prstlcaBathoiaptialtmrestonginddas foappaasusing
membrane potetatial 8}‘ tftﬂe c(?ll tth(iIsboﬁaced on the microelectrode using lead wires which are

. and m. as descCri ClOW. . . .
respectively connedied to'each or the microelectrodes and a lead wire which is connected to the
reference eledttode; addjuality evebritiolireppding foeeglts fopapntsolfing an electrical stimulation

delivered a substrate;

10 a plurality of stably pulsating subject cardiomyocytes or a cell population
comprising the subject cells placed on the substrate;

a wall formed on the substrate to surround the periphery of the cell
population and to fill a cell culture medium;
a culture-medium supply/drain channel for supplying and/or draining the

15  cell culture medium to and/or from the area surrounded by the wall;

a microelectrode on which a single cell or a local portion of the cell
population is placed;

a reference electrode provided in the area which is to be filled with the cell
culture medium and is surrounded by the wall;

20 a potential-measuring means for measuring membrane potential of the cell
that is placed on the microelectrode using lead wires which are respectively
connected to each of the microelectrodes and a lead wire which is connected to the
reference electrode; and

a control/recording means for controlling an electrical stimulation delivered

25  to the microelectrode and for recording data of the potential measured by the

potential measuring means,

wherein the quality evaluation apparatus is capable of varying the electrical
stimulation to be sent to the microelectrode at an interval in a stepwise fashion, and
of

30 (1) determining whether the cardiomyocytes or the cell population respond
to forced pulsatile stimulation by the electrical stimulation at the same interval as the
forced pulsatile stimulation; measuring as to how the response corresponds to the
range of frequency of the forced pulsatile stimulation; and judging that one of the
sufficient conditions for a healthy cardiomyocyte is met when it is observed that the

35  pulsation of the cells can follow the forced pulsatile stimulation, and



25to the microelectrode and for recording data of the potential measured by the potential measuring
means, wherein the quality evaluation apparatus is capable of varying the electrical stimulation to
be sent to the microelectrode at an interval in a stepwise fashion, and of 30(i) determining whether the
cardiomyocytes or the cell population respond to forced pulsatile stimulation by the electrical
stimulation at the same interval as the forced pulsatile stimulation; measuring as to how the response
corresponds to the rar{gejoflfiegukatcynefothbderdédi pullsatitbtsimtitatidraithg paddgimyybattene of the

sufficient conqibli%{g \‘;ﬁ{eﬁ q@%y&@g&i@ﬁ}mg%ﬁéﬁw\i@ (}if‘é Evg)dtﬁg%épgd?ﬁpulsation of the

i
cells can follow the forced pulsatile stimulation, an i) judging that one of the sufficient conditions

for a healthy cRtHidH gigrdagonds hetaisan e BER(BRN e VRIERBA GMEDIm ieesponse to the
forced pulsatilggjinasatiands enrRentte I RRERR):E aAnd AR Bowithipuibaiicequency range

in which the pulsation of the cell can follow the forced pulsatile 5stimulation intervals (RR) by the
electrical StimatAnBRI Aisns, QRAGAHER Hp IBYI2HR8: comprising: a substrate; a

cardiomyocyte population holding area comprising a plurality of cell 10holding units placed on the

substrate to hzﬁ Stabl‘%ﬁhj’!‘ ﬁ\tingﬁu '%%t cardri%rlrgyf%c%%%ss; com& fEf{)atjal area defined by a surface of
the substrate afid a wall Tormed on the Subsrate and surrbunndlpng e periphery of the cardiomyocyte

population holding areaswbkeafitted with a cell culture medium; a culture-medium supply/drain

channel for supplying 9@9{8}&9{%’3%9&'&3&%@1&' l’féﬂlﬁ%g %@Ufﬁﬁﬁsﬂ&dé‘)ﬁﬂﬂm&;@ atfga surrounded by

the wall; a microelectrode which is placed on the fransparent substrate and on which the
cardiomy8cytd A Prgcedi e b Pa hartubptrnedelnrisldag i medsi e ebikfibrailepEqsssiation

holding area; a [RIeNGe LlREHed 8 ProviFeekibrthe sadin@rarl towtilimerid shateell 20 culture
medium; a potential-measuring means for measuring membrane potential of the cell that is placed

on the microef R 8aE ARy LA dRe R RTrPAFEY-Rh GIRIRRHAPRY Ah e e
microelectrodescand s [&Hddwirehwhich ésloarnactiédhio the reference electrode; and 25a

control/recording means 11l‘i)tr contr lllilr&gsan el‘l?ﬁtricalﬁsgim%l@tion dellivered écl)otrh(?r micro%Il%(_:trode and for

recording data of the go(ien%raﬁ_%%asureapﬁ) (raaglo?en lal meast Hr?&nr%ggns, AWherein the quality

evaluatid appathtulusconpdivien ¢ vadjondreme bleateicalgtmgledibp tecbeadent to the microelectrode at
an interval in a stepwige, fRetlan«ad *9ieh is placed on the transparent substrate and on which

the cardiomyocyte is placed in one or a part of the cell holding units in the
cardiomyocyte population holding area;

a reference electrode provided in the spatial area for filling with the cell

20  culture medium;

a potential-measuring means for measuring membrane potential of the cell
that is placed on the microelectrode using lead wires which are connected
respectively to each of the microelectrodes and a lead wire which is connected to the
reference electrode; and

25 a control/recording means for controlling an electrical stimulation delivered
to the microelectrode and for recording data of the potential measured by the
potential measuring means,

wherein the quality evaluation apparatus is capable of varying the electrical
stimulation to be sent to the microelectrode at an interval in a stepwise fashion, and

30 of

(1) determining whether the cardiomyocytes or the cell population respond
to forced pulsatile stimulation by the electrical stimulation at the same interval as the
forced pulsatile stimulation; measuring the response in terms of the range of
frequency of the forced pulsatile stimulation; and judging that one of the sufficient

35  conditions for a healthy cardiomyocyte is met when it is observed that the pulsation



(i) determining whether the cardiomyocytes or the cell population respond to forced pulsatile
stimulation by the electrical stimulation at the same interval as the forced pulsatile stimulation;
measuring the response in terms of the range of frequency of the forced pulsatile stimulation; and
judging that one of the sufficient 35conditions for a healthy cardiomyocyte is met when it is observed
that the pulsation of the cells can follow the forced pulsatile stimulation, and (i) judging that one of
the sufficient cgritliticrlb fomd dlaltyedand whpybeyile isimebvibemids observed that the variation of

FPD in response to thg.fo tjle st ioR Is. he ] RR)1/2
within the 5frequency §a§1@%%?1 L#?(ﬁ]a[ﬁ% m‘%&gﬁ %%ﬁg%ﬁﬂéﬁigﬁﬁéﬁﬁﬁﬁgﬁig |It/éstimulation

intervals (RR)Iby¢ierdiictfitepirigdten Ue)duienoé VA Dangssprattiow 1be éatredomprising using a

cell quality evalyalioRr apPAIakS \WBaReHR The-aRms/airns ComPiPDIRIOASWhslAlR  a plurality of
stably pulsating subject cardipmyocytes or a cell population comprisinr%the subject cells placed on the

substrate?  TEUANGSIANES Shihidbepakatonah dimtsianiolime ofrs trl 8 6 ation and to fill

a cell culture mediumickSatetitilseRRg divithselepiyikchiainrehiarog) for supplying and/or discharging the
cell culture medium to and/or from the area surrounded by the wall; a microelectrode on which a
single cell of the cell population or a local portion of the cell population is placed; a reference
electrode provided in thejarkey whibhiotonbzahilttbndthl she el 90 cusingparmedipmliand is surrounded

by the wall; evg&%pgﬁmﬁmm@%&)ﬁ%@%ﬁ{}g&@é_potentiaI of the cell that is placed on

the microelectrode using lead wires which are respectively connected to each of the microelectrodes
and a ledl wire whichds$##iédted to the reference electrode; and 25a control/recording means for

controlling an electrical stipulationdelypiaciimthapuetealersingsand fnreappdipadaim of the
potential measured by theh oﬁtial{gfasurin means; and the method further comprising:

varying the el¢QRBESUMBITHCE Bl s i e sHhsHfode at an

a wall formed on the substrate to surround the periphery of the cell
population and to fill a cell culture medium;

15 a culture-medium supply/drain channel for supplying and/or discharging the
cell culture medium to and/or from the area surrounded by the wall;

a microelectrode on which a single cell of the cell population or a local
portion of the cell population is placed;

a reference electrode provided in the area which is to be filled with the cell

20  culture medium and is surrounded by the wall;

a potential-measuring means for measuring cell potential of the cell that is
placed on the microelectrode using lead wires which are respectively connected to
each of the microelectrodes and a lead wire which is connected to the reference
electrode; and

25 a control/recording means for controlling an electrical stimulation delivered
to the microelectrode and for recording data of the potential measured by the
potential measuring means; and

the method further comprising:

varying the electrical stimulation to be sent to the microelectrode at an

30 interval in a stepwise fashion, and

(1) determining whether the cardiomyocytes or the cell population respond
to forced pulsatile stimulation by the electrical stimulation at the same interval as the
forced pulsatile stimulation; measuring the response in terms of the range of
frequency of the forced pulsatile stimulation; and judging that one of the sufficient

35  conditions for a healthy cardiomyocyte is met when it is observed that the pulsation



30interval in a stepwise fashion, and (i) determining whether the cardiomyocytes or the cell
population respond to forced pulsatile stimulation by the electrical stimulation at the same interval as
the forced pulsatile stimulation; measuring the response in terms of the range of frequency of the
forced pulsatile stimulation; and judging that one of the sufficient 35conditions for a healthy
cardiomyocyte is met when it is observed that the pulsation of the cells can follow the forced pulsatile
stimulation, and the céiilsjadyingdvahererofdipalsafificienteanditioms] for a healthy cardiomyocyte is met

when it is observed thaggtyl%g?(éﬂ%aﬂ%po%f I;?Qlé%ﬁﬁ%agﬂg,go%fggnfg&eﬁ %ﬁ@yl&ﬁimﬂﬁﬁﬁs between

the FPD/(RR)113 and FPD/ within the Sfrequency range in w pulsatio e cell can
follow the forcEdsiIvhereisinalreivediHariags arrb oy ofiePENBtFRSRPBERHQIHOIPI4YA quality evaluation

method for cells camPLSIRGIMFIAG PoERIQHAN FPISIUARPT apPaEatAR ereihihenapparatus
comprisinlg: 10a substrate; . a cardiomyaocyte population holding area comprising a plurality of cell

holding unlits PFAGEENSN TS IR SYRIED 1BHBILPLienI9 s SEh GOy chrdighrirbRytLIIC 4 spatial
area defined hyimsladasenséingsqRIstiatehrndeaniall formaation.the substrate and surrounding the
periphery of the cardiomyocyte population holding 15area to be filled with a cell culture medium; a
culture-medium supply/drain channel for supplying and/or draining the cell culture medium to and/or
from the area &brroundegiiblitshevalaiition mathoid foe leadtsadenpitiorzis placedcebthbtiyansparent

substrate and %l‘ﬁ’ﬁﬁ%ﬁ %%M@?W&%Yﬁ%ﬂ@ P&ﬁﬁ%@c%ﬁ?pﬂﬁiﬂ art of the cell holding units in the 20

cardiomyocyte population holding area,; a reference electrode provided in the area which is to be
filled with @he cell cult?&¥RENGM and is surrounded by the wall; a potential-measuring means for

are con i?fct”e‘i%?ii?ﬁimcme‘fﬁ?ﬁf&ﬁ%’?ﬁ#ﬁ‘ﬁ?ﬁ%@%ﬁ%S‘ﬁaﬁﬁ%“%“?“%%lﬁ %‘Lﬁ?ﬁ%&%ﬁﬂ%ﬁ%ﬂ necied o he
. < anl a cad

reference electSHR g Placed o e uBsIaHd & RS A SR AMS R ¥ion
delivered to the microalggirndaranddiinge tgrdingfdata ditit eupsteintiahdeaslirédhydioa grtential
measuring mesq‘l%ssir%{g:dand surrounding the periphery of the cardiomyocyte population holding
15  area to be filled with a cell culture medium:;
a culture-medium supply/drain channel for supplying and/or draining the
cell culture medium to and/or from the area surrounded by the wall;
a microelectrode which is placed on the transparent substrate and on which
the cardiomyocyte is placed in one or a part of the cell holding units in the
20  cardiomyocyte population holding area;
a reference electrode provided in the area which is to be filled with the cell
culture medium and is surrounded by the wall;
a potential-measuring means for measuring membrane potential of the cell
that is placed on the microelectrode using lead wires which are connected
25  respectively to each of the microelectrodes and a lead wire which is connected to the
reference electrode; and
a control/recording means for controlling an electrical stimulation delivered
to the microelectrode and for recording data of the potential measured by the
potential measuring means; and
30 the method further comprising:
varying the electrical stimulation to be sent to the microelectrode at an
interval in a stepwise fashion, and
(i) determining whether the cardiomyocytes or the cell population respond
to forced pulsatile stimulation by the electrical stimulation at the same interval as the

35  forced pulsatile stimulation; measuring the response in terms of the range of



30the method further comprising: varying the electrical stimulation to be sent to the microelectrode
at an interval in a stepwise fashion, and (i) determining whether the cardiomyocytes or the cell
population respond to forced pulsatile stimulation by the electrical stimulation at the same interval as
the 35forced pulsatile stimulation; measuring the response in terms of the range of frequency of the
forced pulsatile stimulation; and judging that one of the sufficient conditions for a healthy
cardiomyocytdiggmacwherhi fsrobbpnledith atite pidsation jofl ghegablis aarofobewufieforced pulsatile

stimulation, and () JUAQIAY 1HRLANE QLHERHEIGIEN SRAUHONS FlRJ IQmyQGyte Sis met
&#1 HEl?e varlatlgn of FPD | ﬁ:\ pu satlest??n

when it is observed that n’response to the force ulation is between

the FPD/(RR) i Shasalsemy iRy thefieriectheudratiferiopytatige.itdhich the pulsation of the cell can
follow the forced pulsatile;stipmiatianontesvals (RRiBY s eigcHIGRL SRl QOAHd AT he present

invention also provides a cardiotoxicity testing apparatus, a cardiotoxicity testing tip, and a
cardiotoxitity tSSHRgYREHbE QBsasththquihe é’éf&ﬁﬂ%&?&g}) RdNAGs PP RJacBHsSsing: a transparent
substrate;  pulsa@itetipoguaion bemptisihg BRIMRR) O hstabDpWBstih g chardidmyocytes 15placed

on the transpafrent substrate'irl Wh?cﬁetgular netwl%l%%)mgﬂsclglg Olfg)lwﬁllléy of ggtrduli)m[ gcytes and

fibroblasts disp%é%%“c%% ]i%negﬁansparen %Bﬁlsst?% e, an eacrrange I SEries 1o fransmit the pulsation of

the cell populationuilatgonjotectidn R thetbeklpopigkdtiomedatali.formed on the transparent substrate
and surroundir{*@btﬂﬁ periphery of 20the cell population and the cellular network to hold a cell culture
medium; a culture-medium supply/drain channel for supplying and/or draining the cell culture medium
to and/of from the ared RUPiSERIHSBVEY AR WRgIProvidgh ResAtiRNiFeR) EHAMh aPPSFaRrotlucing an agent

acting on the caligiéeothei el medivsador RSP RIGHOARBBIWIts Bwingle cell of the cell

opulation or a local L . .
Pop ?1] A cardiotoxicity testing apparatus comprising:

a transparent substrate;
a cell population comprising a plurality of stably pulsating cardiomyocytes
15  placed on the transparent substrate;

a cellular network comprising a plurality of cardiomyocytes and fibroblasts
disposed on the transparent substrate, and arranged in series to transmit the pulsation
of the cell population in conjunction with the cell population;

a wall formed on the transparent substrate and surrounding the periphery of

20  the cell population and the cellular network to hold a cell culture medium;

a culture-medium supply/drain channel for supplying and/or draining the
cell culture medium to and/or from the area surrounded by the wall;

an agent delivery channel for introducing an agent acting on the cells to the
cell culture medium;

25 a microelectrode on which a single cell of the cell population or a local
portion of the cell population is placed;

a microelectrode on which each individual cell of the cellular network is
placed;

a reference electrode provided in the area to hold the cell culture medium

30 thatis surrounded by the wall;

a potential-measuring means for measuring the membrane potential of the
cell that is placed on the microelectrode using lead wires which are connected
respectively to each of the microelectrodes and a lead wire which is connected to the
reference electrode; and

35 a control/recording means for controlling an electrical stimulation delivered



portion of the cell population is placed; a microelectrode on which each individual cell of the cellular
network is placed; a reference electrode provided in the area to hold the cell culture medium
30that is surrounded by the wall; a potential-measuring means for measuring the membrane potential
of the cell that is placed on the microelectrode using lead wires which are connected respectively to
each of the microelectrodes and a lead wire which is connected to the reference electrode; and 35a
control/recordinghmesnstdeatankecliid goameeladingal astiwiUlatipnteleinleredsucethieyrthicroelectrode and for

recording datﬁqgem?ap&tgﬂﬂﬁln easi{ted by the potential measuring means. [2]A cardiotoxicity testing
apparatus comprising: 5a trans%arent substrate; a cardiomyocyte population-holding area

comprising a plurality of cell holding units (CHG) for holding stably pulsating cardiomyocytes disposed

on the transpgrgnt subggﬁ@ba)gfgwqgsﬁ%%{a@g@@ tenhpiding cells that transmit the pulsation of the
10cardiomyocyte population in conjunction with one cell of the cell holding unit, comprising a plurality

of cell holding units (CHTERAIGLAUPUBHKes, wherein the cell holding unit (CH") holds the
cardiomyocytes or theafiididasiscyte papaikatial-actdidgrapeirg fibedingth gloaligubeelimedium,
wherein the spatjal area is ine surf of the transparent substrate and a wall which is formed
Taon he serr el RS o R o e oorte
population-holdingrareat anbstratecellular-network area; a culture-medium supply/drain channel for

supplying and/or draining e, Coll GG RS HT 4o 2GR ARG FPARAb AG RON of the AN agENt
delivery channel for introducing an agent acting on the cells to the 20 cell culture medium;
10 cardiomyocyte population in conjunction with one cell of the cell holding unit,

comprising a plurality of cell holding units (CH,) arranged in series, wherein the cell
holding unit (CH,) holds the cardiomyocytes or the fibroblasts;

a spatial area for being filled with a cell culture medium, wherein the spatial
area is defined by a surface of the transparent substrate and a wall which is formed

15  on the surface of the transparent substrate and surrounding the periphery of the
cardiomyocyte population-holding area and the cellular-network area;

a culture-medium supply/drain channel for supplying and/or draining the
cell culture medium to and/or from the spatial area;

an agent delivery channel for introducing an agent acting on the cells to the

20  cell culture medium;

a microelectrode, provided on the transparent substrate, for placing thereon
the cardiomyocyte in one or a part of the cell holding units (CHg) in the
cardiomyocyte population-holding area;

a plurality of microelectrodes, provided on the transparent substrate, for

25  placing thereon individual cells at a plurality of cell holding units (CH,) of the
cellular-network area;

a reference electrode provided in the spatial area for being filled with a cell
culture medium;

a potential-measuring means for measuring the membrane potential of the

30  cell that is placed on the microelectrodes using a lead wire which is connected to the
reference electrode and lead wires which are connected respectively to each of the
microelectrodes; and

a control/recording means for controlling an electrical stimulation delivered
to the microelectrode and for recording data of the potential measured by the

35  potential-measuring means.



a microelectrode, provided on the transparent substrate, for placing thereon the cardiomyocyte in one
or a part of the cell holding units (CHG) in the cardiomyocyte population-holding area; a plurality
of microelectrodes, provided on the transparent substrate, for 25placing thereon individual cells at a
plurality of cell holding units (CH") of the cellular-network area; a reference electrode provided in
the spatial area for being filled with a cell culture medium; a potential-measuring means for measuring
the membrane potential of the 30cell that is placed on the microelectrodes using a lead wire which is

connected to thg refe“PH&%a‘?lﬁSIB%ﬁ’&tg@é’sJﬁgdﬁ@5?&&@8&%&#?@%% ‘ﬁ'zjea%%%“‘éﬁ{ rigneach of the

microelectrodes; and a control/recordin ans for controlfing an electrical stimulation delivered

to the microeldlerarieattes forcradisding taarabletReopistentedl ipieedidepble tHemayéBitial-measuring
means.  [3] ThgigadiRtRHGY {SAling: AP RAAHS AR SNt ik 06 Rl eReY eI RRINGhe APParatus is

configured to enable provision of forced-pulsatile stimulation at uniform intervals to the cells that are
placed orrthe MicRigiadrogRdesitoLPlaciue she Sstls ttd bhic IR RSHE K or placing the cells in the

cellular network. [4] The cardiotoxicity testing apparatus according to any one of [1] to [3] above,

wherein the a ratus.is configured.to measure the ma nittgﬁe f fluctuation of eform of a field
il of s e O S e b R R YL B i ch e
cells are respechisreip thoantedathsas ghndgwrsdrisoncaf uhetheljasenitpdd sHtibur signasof f5] The

cardiotoxicity tetng, APBRIAHIFARTEFHND FUR M RARRS EHdR IR RRANE MBEHEI TG ARRAPIUS IS

configured to measure the magnitude of fluctuation of 15elapsed time (field potential duration)
betweenlthe pdsipeslsatestderconuibet dre cells are respectively mounted through comparison

of the adjacent pulsation signals.

[5] The cardiotoxicity testing apparatus according to any one of [1] to [3] above,
wherein the apparatus is configured to measure the magnitude of fluctuation of

15 elapsed time (field potential duration) between the peak position of the outflow of
sodium ions and the peak position of the outflow of potassium ions from the cells by

comparison of adjacent pulsation signals in a waveform of a field potential.

[6] The cardiotoxicity testing apparatus according to any one of [1] to [3] above,
20  wherein the apparatus is configured to measure the magnitude of fluctuations of a
field potential waveform of cardiopulsation collected from each of the
microelectrodes on which the cells are respectively placed by a comparison of
adjacent pulsation signals in relation to the fluctuation of time or the speed of
transmission of the pulsation from the area in which the pulsation of the cell of the

25  cellular network generates to an observation electrode.

[7] The cardiotoxicity testing apparatus according to any one of [1] to [3] above,
wherein the apparatus is configured to measure the membrane potential by
differentiating each field potential waveform of cardiopulsation collected from each

30  of the microelectrodes on which the cells are respectively placed.

[8] The cardiotoxicity testing apparatus according to any one of [1] to [3] above,
wherein the apparatus is configured to measure the degree of disturbance of the
transmission of the pulsation of the entire cell populationto for a comparison with the

35  electrocardiogram data by overlapping the field potential waveforms of the pulsating

10



sodium ions and the peak position of the outflow of potassium ions from the cells by comparison of
adjacent pulsation signals in a waveform of a field potential. [6] The cardiotoxicity testing apparatus
according to any one of [1] to [3] above, 20wherein the apparatus is configured to measure the
magnitude of fluctuations of a field potential waveform of cardiopulsation collected from each of the
microelectrodes on which the cells are respectively placed by a comparison of adjacent pulsation
signals in relatienltoniiyecitctuatlortaf fiome arcthefshe et afedensmiwssich dictbellpulsation from the area

in which the pyé,ggétge%&i%gtgﬁcc&iltgfgg&%?&fI&ﬁégﬁ[@/ﬁ@fﬁ&ﬁﬁﬁgﬁg@gg&g}pervation electrode. [7]

The cardiotoxicit pparatus according to any one ve, wherein the apparatus is
configured to measure the membrane potential by differentiating each field potential waveform of

cardiopulsatiopygollecta fromRachidRkihe nipwalesiQIRs AnWhIshdhe sqlls AreIraRRRively

placed. [8] The cardiotoxicity testing apparatus according to any one of [1] to [3] above, wherein the
apparatus'is cBHAFIPSIGIRARALT S R0 %@%tﬁﬁﬂﬁﬁ%ﬁm@f%ﬁFﬁﬁﬂhﬁflﬂ%%hlsation of

the entire cell plepulattontmionakainpatsog widtdbeckaeeetionactiogsaniodatanioyerlapping the field
potential waveforms of the pyls tmg cardi m%gggtgg C ”?ﬂﬁd fram e?cké (Pf the electrodes on which
e

the cells are régB%tg |vgf§/teﬁ1aceo to glélrllcerroaetgca compo\évi eteld 68 ential waveform. [9] The

cardiotoxicity testing apparatus according to any one of [1] to [3] above, 5wherein the apparatus is

configured to analyze the ameytRk GHIGHSURRISH DY 20 SIRSTIC.AONIrR SPRENRISMISIRY 2

feedback control mechanism to maintain a constant potential of the microelectrode on which the cell is
placed. [1®] TR @iiaiBtoRRIEF FBsH § AP PRI L AU RIGHS BRY D ABS RIS [X) 8850WS 10wherein

the apparatus fisPIMiGiMRb RIpETHeRTreRIgHIR Allek @eRabAGsasopsls from the start of the
periodic forced pulsatile stimulation on the cell. [11] The cardiotoxicity testing apparatus according to

any one of [1] to [10] above, further comprising an optical system and an optical camera for optically
[11] The cardiotoxicity testing apparatus according to any one of [1] to [10]

above, further comprising an optical system and an optical camera for optically
15  measuring the state of the cells placed on the transparent substrate, wherein image

data acquired by the optical camera is recorded on the control/recording means.

[12] The cardiotoxicity testing apparatus according to [2] to [11] above, wherein
each of the cell holding units (CHg, CH,) is defined as a space surrounded by a
20  non-cell-adherent wall arranged on the transparent substrate, and wherein the wall

has one or more gaps that do not allow the cell to pass through.

[13] The cardiotoxicity testing apparatus according to any one of [2] to [12]
above, comprising a barrier provided between the cardiomyocyte population-holding
25 area and the cellular network area, wherein the barrier restricts a flow of the cell
culture medium, and has an opening that allows a cell housed in one of the plurality
of the cell holding units (CHg) in the cardiomyocyte population-holding area and a
cell housed in the end unit of the cell holding units (CHa.) of the cellular network area

to associate with each other .

30
[14] A cardiotoxicity testing apparatus comprising:
a transparent substrate;
a cardiomyocyte population-holding area comprising a plurality of cell
holding units (CHg) arranged on the transparent substrate;
35 a cellular network area comprising a plurality of cell holding units (CHnx)

11



15measuring the state of the cells placed on the transparent substrate, wherein image data acquired
by the optical camera is recorded on the control/recording means. [12] The cardiotoxicity testing
apparatus according to [2] to [11] above, wherein each of the cell holding units (CHG, CH") is defined
as a space surrounded by a 20non-cell-adherent wall arranged on the transparent substrate, and
wherein the wall has one or more gaps that do not allow the cell to pass through. [13] The
cardiotoxicity tebtirigaappanatied acsonding toaanyiote ph[2jton 0P Habordi@wopvesiging a barrier provided

between the ¢ glﬂgﬁ%%cﬁ%c%iﬁkﬁﬁﬁﬁ%ﬂﬂ'gé{%%&%%ﬁ?%ﬁ’lﬁ'&‘cﬁcﬁﬁ L{lﬂ{ty@g‘ﬁ%ﬂﬁé" wherein the

barrier restricts a flow of the culture medium, and has an opening that allows a cell housed in one
of the pluralityc8fdianser Yie BanglaHrs-teldogirrepevdaisiorioesicpbbugativi-HoldingAfea and a cell
housed in the gpdibnif &fyie Gelldislding units (CHO of the cellular network area to associate with

each other. 30 [14] A cardiotoxicitﬁq}ssting apparatus comprising: a transparent substrate; a
cardiomydcyte populafisR2HBldsg '&e&f%ﬂﬁf‘é‘ﬁ@“g BIEFLIRY BE I ABIBINY MR (&85 Urtanged on
the transparenirsybsikaie:8ba sellttarengtiliotkaasparcomnpbisiag aluralityl ehedllibddgdingdunits (CHO

which are arranged in series tg transmit th Isatjon of the carﬁljo ocyte population in conjunction
with one coll L COl RBTeR g D S SR P TR area. wherein he
cell holding uritpGiHYnHoMt e disawat e sahfiroblastd; Hasspatial area for being filled with a cell

culture medium, whergig,i0g SpatialASa %9?&&5}%919%/ A ahiedansReaafiRsiate and a

wall which is formed on the surface of the tranzgaren substrate and surrounding the cardiomyocyte
populatidf-hoRFEPaFEAERE tRatEeRitarsHERVBAeGRYthe wall; 3 supply/drain means for supplying

and/or draining the culiyrgenedisivety Aandior fivmdhemsPatiabaiea gy eHNRedny thenwall;  an
agent deliverycg??&?uigrrhrég%%fzing an agent acting on the cells to the cell culture medium;

a microelectrode provided on the transparent substrate and having thereon a
cardiomyocyte in one of the cell holding units (CHg) in the cardiomyocyte

15  population-holding area;

a plurality of microelectrodes provided on the transparent substrate and
having thereon a cardiomyocyte or a fibroblast in each of the plurality of the cell
holding units (CH,) in the cellular network area;

a reference electrode provided in the area surrounded by the wall;

20 a means for measuring and recording potentials of the cells placed on the
microelectrodes by using lead wires connected to the respective microelectrodes and
a lead wire connected to the reference electrode;

a stage on which the transparent substrate is placed and which is driven in

the X-Y direction; and
25 means for optically measuring the state of the cells on the transparent

substrate that is placed on the stage.

[15] A cardiotoxicity testing chip comprising:
a transparent substrate;

30 a cardiomyocyte population-holding area comprising a plurality of cell
holding units (CHg) provided on the transparent substrate for holding
cardiomyocytes;

a cellular network area comprising a plurality of cell holding units (CH,)
which are arranged in series to transmit the pulsation of the cardiomyocyte

35  population in conjunction with one cell of the cell holding units (CHg), wherein the

12



a microelectrode provided on the transparent substrate and having thereon a cardiomyocyte in one of
the cell holding units (CHG) in the cardiomyocyte 15population-holding area; a plurality of
microelectrodes provided on the transparent substrate and having thereon a cardiomyocyte or a
fibroblast in each of the plurality of the cell holding units (CH") in the cellular network area; a reference
electrode provided in the area surrounded by the wall; 20a means for measuring and recording
potentials of theltbtikplacedtoCHe) tmidealdotrogesy®s usiibridddiaires connected to the respective

microelectrodes and ' lectrode:; . n.which the
%l?%g’;@é?g}&fgﬁcfﬁ%@ﬁh%&f% REE HERURO S hereif RHEDRQ5

transparent substrate Is p riven in the X-Y direction; and 25means for optically

measuring thedstzteddriiiesednseaif the tarppereifubsbateaadnarall pradd ofomedayde15]A

cardiotoxicity t@s1iRg ePiRCOIRPSIBE ABtaRRPAERLAYARHRE RO FAKKQIMREYte population-holding
area comprising a plurality of cell holdinglﬂ%nits (CHG) provided on the transparent substrate for

holding cardioR3&ige:holding ajra and dhs SPH WA ACSYARTZIRY a plurality of cell holding units (CH")
which are arranged insgfi@®dtettasdmitdnidqlisadienrahipsraardibrvocyte Bapogliaioonia conjunction
with one cell of the cell holding units (CHG), wherein the | holding units (CH.) hold cardiomyocytes
o1 fbroblasts; RS TAF B FHea e A et G R T roa i defined by a
surface of the pranwdgarerioddipgtrace;and a wall which is formed on the surface of the transparent

substrate and surrounging e FaFARMYREHS RRIRYAHOA HAIRING AL A AN (BS CRl! iRy Qglyvork area;

a microelectrode provided on the transparent substrate and having thereon a cardiomyocyte in one of
the cell HOdin§aYHIES thersan) e tdi QaaerR etytERePariBsasbIafifeapbEality of the bty of
microelectrodeg liAYIgEEs QU S anspaessmsitaie AR fach

a reference electrode provided within the area surrounded by the wall; and
lead wires connected to the respective microelectrodes and a lead wire
connected to the reference electrode.
15
[16] A method for testing cardiotoxicity using the cardiotoxicity testing apparatus
according to any one of [1] to [14] above or the cardiotoxicity testing chip according
to [15] above, comprising:
examining cardiotoxicity of an agent that acts on cardiomyocytes by
20  assessing whether or not the rate at which the pulsation produced by the population
of the cardiomyocytes propagates in the cellular network area is delayed when the

agent acting on the cells is introduced into the culture medium.

[17] A method for testing cardiotoxicity of an agent that acts on the
25  cardiomyocytes, comprising:
assessing whether or not the rate at which the pulsation produced by the
population of the cardiomyocytes propagates in the cellular network area is delayed
when an agent acting on the cells is added to the culture medium using the
cardiomyocyte toxicity testing apparatus according to [1] or [2] above;
30 wherein the method further comprising at least one of the following steps:
(1) providing forced pulsatile stimulation at regular intervals to a cell,
wherein the cell is placed on at least one of the microelectrodes for placing the cells
of the cellular network;
(i1) measuring the magnitude of fluctuation of a field potential

35  waveform of the cardiopulsation collected from each microelectrode on which the

13



10having thereon a cardiomyocyte or a fibroblast in each of the plurality of the cell holding units (CH")
in the cell communication channel; a reference electrode provided within the area surrounded by the
wall; and lead wires connected to the respective microelectrodes and a lead wire connected to the
reference electrode. 15 [16] A method for testing cardiotoxicity using the cardiotoxicity testing
apparatus according to any one of [1] to [14] above or the cardiotoxicity testing chip according to [15]
above, compristtigs ekairipgoamiosoxrioitydhamiegdsitibatantslon cardiomyocytes by 20assessing

whether or not the rat%1§5 Whi%et{%_re si‘?%%‘?%%[fg‘ﬁ%e‘é% aﬁc%ﬁtﬂ)qpé’i@ﬂoé?a gé qiﬁ%rgfil%fayocytes

propagates in the cellular networ 1w e agent acting on the cells is introduced into
the culture meRptiRtialidraipaheidy esn e Rarlg REst It Otiefy B kv aietahdacians Argia the

25cardiomyocytfs:fePiRIRIBBsition G586 SBHIL WREWRINLAH MR KaiRal NG AwWsatian produced
by the population of the cardiomyocytes propagates in the cellular network area is delayed when an

agent actihg oFHGIAERARRULRYIR taeidlsdmthFeNmediRm GG HsldaEriiAlocyte toxicity testing
apparatus according t¢iyl] or [Rkahniue; dewheitindbehikihogtibitharachenppsiagiat least one of the

following steps;.. .rorry ARG INGEd safle SHpulalion 3t tegular inigrvals .9, ¢pll wherein the
cell is placed on at least one of the microelectrodes for placing the cells of the cellular network;
(imeasuring el madmitddey sbflystustionfcidzafien pdsentialsiS slavafbnespdahie Cadivpulsation

collected fromjﬁ%?ﬁe’ﬂi%%%?&é@&'ﬁ&ﬂs‘ﬁﬁé%hh@f Rlbis RRGE thhy CHMPRUEmAhadiageAt pulsation

signals; (i) measuring the magnitude of fluctuation of an elapsed time (field potential duration)
between!& peakhjsdsitie RUFHIPBGHIGRY St ishrish sy Ak IS EEAtaNEP B CRRGBHEWN of an outflow

of sodium iongfggimpde cell by comparison of 5the adjacent pulsation signals in the waveform of the
field potential; (iv) measuring the magnituge of fluctuations o%a field potential waveform of the
cardiopulsation collected from™B&sH BRI TP RS Y (& thparison of
adjacent pulsgiwensiginais ¢fitinT esplechipoltuctisdpohstiotiow] ertéddispeeastbitianshetaside of the
pulsation that tran rlréiltlstﬁroCe 1the area in 10which the pulsation of the cell of the cellular network

ﬁn W, is'placed;
generates to the observation
15 (vi) measuring the degree of disturbance of transmission of the

pulsation of an entire cell population for a comparison withto electrocardiogram data
by overlapping field potential waveforms of the pulsating cardiomyocytes collected
from each of the electrodes on which the cells are placed to generate a composite
field potential waveform;

20 (vii) analyzing an amount of current supplied by an electric control
mechanism using a feedback control mechanism to maintain a constant potential of
the microelectrode on which the cell is placed; and

(viii)  starting measurements after at least 30 seconds from the start of the
periodic forced pulsatile stimulation on the cell.

25
[18] The cardiotoxicity testing apparatus according to any one of [1] to [14]
above, further comprising a reference electrode for noise cancellation, wherein the

reference electrode is placed near the microelectrode.

30 [19] The cardiotoxicity testing apparatus according to [18], wherein the

microelectrode comprises a stimulation electrode and a measurement electrode.

[20] The cardiotoxicity testing apparatus according to [19], comprising:
a mechanism for continuously introducing an agent solution from the

35  bottom of the cardiomyocyte culturing area thereto, and draining from the upper
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electrode; (v) measuring a membrane potential by differentiating each field potential waveform of
the myocardial pulsation collected from each microelectrode on which the cell is placed;
15(vi)measuring the degree of disturbance of transmission of the pulsation of an entire cell population
for a comparison withto electrocardiogram data by overlapping field potential waveforms of the
pulsating cardiomyocytes collected from each of the electrodes on which the cells are placed to
generate a corupbsitefidid poteional waveform; 20(vii)analyzing an amount of current supplied by an

electric control mechagEr%g%gg%??:fﬁm%%g%ﬁglrﬂ&%ﬁﬁ@ghtgt%@}gmrg gp&%tgg&gotential of the

microelectrode on which t . starting measurements after at least 30 seconds
from the start SPtHEOPatiadiPRIRRSHISIRSBRfEASHeLABEoN on the cell. 25 [18]The cardiotoxicity testing

apparatus according tq gy pa R Jhldeditlabeyeaciushenspmniisnidrisiensnar electrode for noise
cancellation, wherein the reference electrode is placed near the microelectrode. 30[19]The

cardiotoxitity £0G ERrat R ARG 9B WHBHS AU microelectrode comprises a stimulation
electrode and a measwiergntidegipacend 20phireeardicioxicipetasihgtappratatis atewrgstg to [19],
comprising: mechanism ntinuousl ucin a lution from the 35bottom of

f ;
the absa(l)&%tlon A Re ce)l(/f(::longgllq Ea%%ai(r)lw? g%j nancﬁ{n%{‘érsqg%%ﬁg%lgr&pg

the cardiomyocyte culturing area thereto, ng from the upper sur %rg'solution; a
mechanism for monitoring and maintaining the temperature of the agent solution at an appropriate

temperature; g5 TH LRE REYIDGARAIRA AT IRORICAIY ISR SRE 9F r[g!ecﬁs[% upg,fhe

5concentration of the agent solution that is introduced, ~ wherein the apparatus allows quantitative
spectropHbtonh&di SIS, of RS iagbe piigRGlseHedR Ay EtigIGnge of 280 nanometers to 800

nanometers.

[22] The cardiotoxicity testing apparatus according to [21] above, further
comprising a metal layer provided on the wiring of the transparent electrode that is
disposed in an area other than the area for observation by an optical system to reduce

15 the resistance of microelectrodes.

[23] The cardiotoxicity testing apparatus according to any one of [1] to [14], and
[18] to [22] above, wherein
a plurality of the cultured cardiomyocytes are arranged linearly on the
20  substrate to form a cardiomyocyte network, and
an electrode is arranged to stimulate locally at an endpoint of the linear

cardiomyocyte network.

[24] The cardiotoxicity testing apparatus according to [23] above, further
25  comprising a linear measurement electrode on which a majority of the myocardial

cells in the linear myocardial-cellyocyte network can be disposed.

[25] The cardiotoxicity testing apparatus according to any one of [1] to [14], and
[18] to [22] above, wherein
30 a plurality of the cultured cardiomyocytes are arranged in an annular fashion
on the substrate to form an annular network, and
a portion of the annular network is cut-out and an electrode is arranged at

the cut-out point for local stimulation.

35  [26] The cardiotoxicity testing apparatus according to [25] above, further

15



[21] The cardiotoxicity testing apparatus according to any one of [1] to [14], and 10[18] to [20] above,
wherein the microelectrode is transparent. [22] The cardiotoxicity testing apparatus according to [21]
above, further comprising a metal layer provided on the wiring of the transparent electrode that is
disposed in an area other than the area for observation by an optical system to reduce 15the
resistance of microelectrodes. [23] The cardiotoxicity testing apparatus according to any one of [1] to
[14], and [18] {22} abgves wherdinped measarpluealiblaotibde cultwhechcandipmypoytbs are arranged

linearly on the Pd?&ﬁ%r&;@st?nf%%ﬁegﬁﬂgé%ﬁ? Ioﬁoﬁw&&ﬂ%ﬁn eacﬁﬁsl%%gpde Is arranged to

stimulate locally at an”endpoint of inear car cyte networ [24] The cardiotoxicity testing
apparatus according to [23] above, further 25 comprising a linear measurement electrode on which a

majority of theymyocargialeels fBrt&%dEL?@érHiMﬁﬁ%ﬁBa{rﬁﬁ%ym&@&‘rdﬂ%tw%yQ&@ﬁfﬁgﬁﬁﬁﬁ% [25] The
cardiotoxicity testin apg;ratus according to any one of [1] to [14], and [18] to [22] above, wherein 30a

plurality of the®6 ARSI GV 104 2heVEHSHERESIA%GN annular fashion on the substrate to form an
annular network, and exandifingtienddbiheacuyriflan agenvotkisicytonutadidianoeiaetrogde is arranged at

the cut-out point for.local, stimulation. 35[26]The cardiotoxicity. testing apparafus acc r?in to [25]
above, further OB S T L Rt Mo Py BRSBTS RS e
cardiomyocyted thdlverdingaliketesgiompagtyse mbmaikubanmbevdidposeds dd7yad mbenaticfor testing

cardiotoxicity %gg?g c{@&n%aéﬂiHIQ%QFsyi§%%&R:@H%%L{ﬁe5&ﬁﬁ%jfﬂ&ﬁ9ﬁny [1] to [26] above, comprising:

examining cardiotoxicity of an agent that acts on cardiomyocytes by assessing whether or not the rate
at which the pulsation produced by the population of the cardiomyocytes propagates in the cellular

network area ipgelayedmwhipsdthe: agenkaatmgerithe 6els ininiradveed kiqHbe culture medium. 10
[28] A method for testing cardiatoxicity of an agent that acts on the cardiomyocytes usin

. ) he
cardiotoxicity fSHIHYShEIG S AR S S RIOXS S HESHREARBA TS ARPTESE (2% 8‘6%9§ [5:]om prising:
assessing whethdrdgrandt[thsd raf@@tabbieh dcbmypidaation produced by the

assessing whether or not the rate at which the pulsation produced by the
15  population of the cardiomyocytes propagates in the cellular network area is delayed
when the agent acting on the cells is introduced into the culture medium;

wherein the method further comprising at least one of the following steps:

(1) providing forced pulsatile stimulation at uniform intervals to a cell,
wherein the cell is placed on at least one of the microelectrodes for placing the cells

20  of the cellular network;

(i1) measuring the magnitude of fluctuation of a field potential
waveform of the cardiopulsation collected from each microelectrode on which the
cell is placed by comparison of adjacent pulsation signals;

(iii) measuring the magnitude of fluctuation of an elapsed time (field

25  potential duration) between a peak position of an outflow of potassium ions from the
cell and a peak position of an outflow of sodium ions from the cell by comparison of
the adjacent pulsation signals in the waveform of the field potential;

(iv) measuring the magnitude of fluctuations of a field potential
waveform of the cardiopulsation collected from each microelectrode on which the

30  cell is placed by comparison of adjacent pulsation signals with respect to fluctuations
in time or the speed of transmission of the pulsation that transmits from the area in
which the pulsation of the cell of the cellular network generates to the observation
electrode;

(v) measuring a membrane potential by differentiating each field

35  potential waveform of the cardiopulsation collected from each microelectrode on
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15population of the cardiomyocytes propagates in the cellular network area is delayed when the agent
acting on the cells is introduced into the culture medium; wherein the method further comprising at
least one of the following steps: providing forced pulsatile stimulation at uniform intervals to a
cell, wherein the cell is placed on at least one of the microelectrodes for placing the cells 200f the
cellular network; (i) measuring the magnitude of fluctuation of a field potential waveform of the
cardiopulsatiowkoheatied:ftospkacth; microelectrode on which the cell is placed by comparison of

adjacent pulsation sigmbs; m igidﬁﬁ %i@%fgg Jpﬁg%%QﬁcgfofHﬁHﬁﬂ?s@ﬂﬁ%?t lapsed time (field 25

potential duration) between a peak position of'an outflow of potassium ions from the cell and a peak

position of an BUSWOPIsHHAM toredl PRV EMEOBSN By coripsaeisbhedicliecat]esamdigelion signals in
the waveform 9&&1@%@%@ Pefgpialntial wikeroaas Wine: themaghitdeoaiyhigtiuationscala field potential
I0p

waveform_of the car ulsation collected from each microelectrode on which the 30cell is placed by
comparisan of SUfacHH YuRG A ERgRRRMIH TR Urett S A6 RlISHO AL SANRTL G HBRBEEd of
transmission didhkieppulsation dhefotiansmits from the area in which the pulsation of the cell of the

cellular network gener%%esto the observation elﬁct{;ode' Sﬁé\@im(Fg?lénng zcaltmembrall"le potential by

differentiating each fie potaenr?gigl\llxli%ia/réf%nrlﬁuo the %ré,lf’:glto Ston calEcted from each

microelectrodenephankichutiegce leislptmbanntrol uymeasutingdintade g e i soidngat efof
transmission %mﬁigfﬂéﬁg%cﬁef anemtireseleR _ﬁ@g@; t9,ge compared to electrocardiogram data by

overlapping field potential waveforms of the pulsating cardiomyocytes collected 5from each of the

electroded on which tH&iells é?@%d@é%“@@ﬁé‘ﬁé@gtﬁfc%ﬁ%&%%W%f@ﬂﬂébﬁ/ﬁ@é‘f@?ﬁhe (vii)

analyzing an gagsit 9bfed Pl suRPiesh i ah g eleaentrol mechanism using a feedback control
mechanism to maintain a constant potential of the microelectrode on which the cell is placed; and

10(viii)starting measurements after at least 30 seconds from the start of the periodic forced pulsatile
stimulation on[t1g cellThe method for testing cardiotoxicity according to [27] or [28] above,

comprising plotting the average value of prolongation of the FPD value of signals of
15  the extracellular potential obtained by the apparatus according to any one of the
above [1] to [14], [18] to [26] on the X-axis, and the STV value, which is the
fluctuation of the FPD value, on the Y-axis, respectively, and assessing their relative
positions after the addition of the agent to be evaluated in order to evaluate the
cardiotoxicity.
20
[30] A cardiotoxicity testing apparatus, comprising:

a transparent substrate;

an area surrounded by a wall formed on the transparent substrate, wherein
the area is filled with a cell culture medium;

25 a cell population comprising a plurality of stably pulsating cardiomyocytes
which are disposed in the area filled with the cell culture medium;

a microelectrode provided in the area that is filled with the cell culture
medium, wherein a cardiomyocyte of the cell population or a local portion of the cell
population is placed on the microelectrode;

30 a reference electrode provided in the area that is filled with the cell culture
medium;

a potential-measuring means for measuring the potential of the
cardiomyocytes placed on the microelectrodes using lead wires which are connected
to the respective microelectrodes and a lead wire which is connected to the reference

35 electrode;
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[29] The method for testing cardiotoxicity according to [27] or [28] above, comprising plotting the
average value of prolongation of the FPD value of signals of 15the extracellular potential obtained by
the apparatus according to any one of the above [1] to [14], [18] to [26] on the X-axis, and the STV
value, which is the fluctuation of the FPD value, on the Y-axis, respectively, and assessing their
relative positions after the addition of the agent to be evaluated in order to evaluate the cardiotoxicity.
20 [30] A cardiotoxicity rtestidy @apparat (s, ronTpnig ngt ot drspatcenitas ob dicaterdiomyarr grea

surrounded by Xgﬁpe%g‘grf]é BhBATaRSRRY ﬁ%ﬁﬁ&rﬁé??%@ﬁﬁ%ﬁépﬁdﬁiﬁéd%ﬁLlﬁ%%i’i?tﬁ cell culture

medium; 25a cell popula omprising a plurality of stably pulsating cardiomyocytes which are
disposed in theedestediiaedwith the cell culture medium; a microelectrode provided in the area that

is filled with the cell cultpgaRedidmeyRats BAGRIMGMYRSalithe aPopLiRtian &Y adocal portion
of the cell population js placed on the microelectrode; 30a reference electrode provided in the area

that is filled witR4HECOPEINE R nalithd: Peak gubtiosnab PR Umig ERRS STt asuring the potential
of the cardiomyaeyies!placest@ii ihaunitoeldRmoasiusingdeadudires fivichtare comed®ed to the
respective micipglecodes.and aIRRLWIE NG s connegled to tarelerence 3oslectiade:  a
recording means for recording data dithe pot nt?a or the car |omyocy%e% measurecﬁlbydthe
potential-measssisg threcardibefoiatand hitegeriditing dfarmbyénedd B tostéd anad aniadealy zing means
for calculating an elapsed time from a peak inflow of 5sodium ions into the cell to a peak outflow of
potassium ions from the cell (extracellular potential duration) (FPD) and the magnitude of fluctuation of
the FPD I8 thd Wavefofridef pipr isHICISHEN PP AL GHPiéSHEa of the potential acquired to assess
the cardiotoxicity of the @gaiephksingithe-qsliculated FPD and STV as an index. 10[31]A cardiotoxicity

testing apparatus, comprising: a transparent substrate;.
g app aIFI) areagsurrounde% ya walll:)w{l?cﬁ is formed on the surface of the

transparent substrate, wherein the area is filled with a cell culture medium;

a cardiomyocyte population-holding area for holding a cell population

15  comprising a plurality of stably pulsating cardiomyocytes in the area surrounded by
the wall on the transparent substrate;

a microelectrode provided in the cardiomyocyte population-holding area on
the transparent substrate for placing the cardiomyocytes thereon;

a reference electrode provided in the area to be filled with the cell culture

20  medium on the transparent substrate;

a potential measuring means for measuring the potential of cardiomyocytes
which are placed on the microelectrodes using a lead wire which is connected to the
reference electrode and a lead wire which is connected to each of the
microelectrodes;

25 a recording means for recording data of the potential of the cardiomyocytes
measured by the potential measuring means before and after addition of an agent to
be tested; and

an analyzing means for calculating elapsed time from the peak inflow of the
sodium ion into the cells to the peak outflow of potassium ions from cells

30  (extracellular potential duration) (FPD) and a magnitude of the fluctuation of the
FPD of the waveform of field potential (FP) based on the data of the potential cells
acquired to assess the cardiotoxicity of the agent using the calculated FPD and STV

as an index.
35  [32] The cardiotoxicity testing apparatus according to [30] or [31] above,

18



an area surrounded by a wall which is formed on the surface of the transparent substrate, wherein the
area is filled with a cell culture medium; a cardiomyocyte population-holding area for holding a cell
population 15comprising a plurality of stably pulsating cardiomyocytes in the area surrounded by the
wall on the transparent substrate; a microelectrode provided in the cardiomyocyte
population-holding area on the transparent substrate for placing the cardiomyocytes thereon; a
reference elecwbeleipribeidegmile airée thubafitied eiithef@oel theltirer2@mediumbdiyhe transparent
substrate; &P &Ii@lleq(}fﬁ?uring means for measuring the potential of cardiomyocytes which are
placed on the microelectrodes using a lead wire which is connected to the reference electrode and a
lead wire which is connected to each of the microelectrodes; 25a recording means for recording data

of the potentialpfjthe qadiaravqexieryaasiy esbavathe Reteiial MERsWiNG Meskwbefqreand after
addition of an agent to be tested; and an analyzing means for calculating elapsed time from the

peak inflow of R RIGHRET ISRARENRE BRI B AME D XK AW DI R BIFPISHE ot et

30(extracellulahpatendickcusdt @n) whRR Yanchalimagoiddsoiltikedluctuation of the FPD of the
waveform of field potential (FP) based on the data of the potential cells acquired to assess the
cardiotoxicity of the agent using the calculated FPD and STV as an index. 35[32]The cardiotoxicity
testing apparaltdl accdiaingtdi§86]i oty 3d]talgomanatve sicptiden pagnisucies off thid Fiteckddkion of the FPD

s the shortteqariahiiy (ST QDS FBR. 3L The GargioipncinatindcpRals ccording (o

[30] or [?éﬂ above, further 5comprising a feedback potential-control mechanism to maintain a constant

voltage dfthe PRicFaIebE SR (DRieH dbaentin gbRpeeisop e Hangparam substittoxicity testing
apparatus acc@idinetaay eng ebiisektrdpalehnue Lithes corspsianpiamenticaidgystem and an

optical camera for measuring 10 optically the state of the cardiomyocytes disposed on the transparent
substrate, whéPéi'image data collected by the optical camera is recorded in the recording means.

[35] The cardiotoxicity testing apparatus according to any one of [30] to [34]
15  above, comprising a temperature control mechanism to maintain the temperature of

the cardiomyocytes at an appropriate temperature.

[36] The cardiotoxicity testing apparatus according to any one of [30] to [33]
above, which is configured to measure the magnitude of the fluctuation of the FPD

20 by comparing adjacent waveforms of the field potential (FP) signals.

[37] The cardiotoxicity testing apparatus according to any one of [30] to [33]
above, wherein the apparatus is configured to measure the magnitude of the
fluctuation of the elapsed time (field potential duration) between the peak position of
25  the outflow of sodium ions and the peak position of the outflow of potassium ions
from the cells by comparison of the adjacent pulsation signals in the waveform of the

field potential.

[38] The cardiotoxicity testing apparatus according to any one of [30] to [33]
30  above, wherein the apparatus is configured to measure the membrane potential by
differentiating each field potential waveform of the cardiopulsation collected from

each microelectrode on which the cells is placed.

[39] The cardiotoxicity testing apparatus according to any one of [30] to [33]

35  above, wherein the apparatus is configured to measure the degree of the disturbance
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[35] The cardiotoxicity testing apparatus according to any one of [30] to [34] 15above, comprising a
temperature control mechanism to maintain the temperature of the cardiomyocytes at an appropriate
temperature. [36] The cardiotoxicity testing apparatus according to any one of [30] to [33] above,
which is configured to measure the magnitude of the fluctuation of the FPD 20by comparing adjacent
waveforms of the field potential (FP) signals. [37] The cardiotoxicity testing apparatus according to
any one of [30}ftthf33juainoseiowlé tbapiileatipp afatheseisticonfit prei tatiore isurentperisagwitihde of the

fluctuation of tﬁl& fgdg(%é%%(}%%%gigIgapgggg@%%&?}f{%%@ﬁ%@/ﬁ&éﬁﬁﬂ%é}%}gﬁ)gg&g5the outflow of

sodium ions an osition of the outf otassium ions from the cells by comparison of the

adjacent pulsatidsraighearsoentialsalis s edHeome rigb ederienda 98] Winehcdeisstbid dtgcrskting

apparatus accQydingifeanyoansoatd 3 dpRiRa aaoverherein the apparatus is configured to
measure the membrane potential by differentiating each field potential waveform of the cardiopulsation

collected from each microelectrode on which the cells is placed. [39] The cardiotoxicity testing

apparatus accpreing tolanyaedietokid0] tes{ia3] apfpabove avdoediip thammpparatysis cofsigured to
measure the d%%rvee oLéhe dtlﬁturbanc?ect%l‘ the transmissiog 8; ghe ‘-ﬁrw?jletlc n (?f the entire cell population
. . Lfdes

for comparisorell With theeTectrocarn lfgegramoélg aaf?ycg\l}leﬁ?asre)plng the 1 otential waveforms of the

pulsating myocandistingié collecisy fromiaackralodgode on which the cell is placed to generate a
composite field potential waveform. 5 [40]The cardiotoxicity testing apparatus according to any one of
[30] to [34(; above, wherein the microelectrodes are composed of a multi-electrode array consisting of a

plurality 8¢ midrbdlectrbbesanbpaayiy Entiistdnmsisi e S6agramsdratiy aeesfdity te B one of [30] to

[35] above, whersie hR-anRaRR SIS AADTOMRHIOSIAE Mepsamenisafiaiatieratdfseconds from
i statof i perioie orced ulsaile stmuieion an s cel, 2110 Sardpiony cpparas

[42] The cardiotoxicity apparatus according to any one of [30] to [37] above,
15  further comprising a reference electrode for noise cancellation, wherein the reference

electrode is placed near the microelectrode.

[43] The cardiotoxicity testing apparatus of [42] above, wherein the
microelectrode comprises a stimulation electrode and a measurement electrode.

20
[44]  The cardiotoxicity testing apparatus according any one of [30] to [39] above,
comprising a culture-medium supply/drain channel for supplying and/or draining the

cell culture medium to and/or from the area surrounded by the wall.

25 [45] The cardiotoxicity testing apparatus according to any one of [30] to [39]
above, comprising an agent supply/drain channel for continuously introducing a test
agent solution from the bottom of the cardiomyocyte culturing area thereto, and
draining from the upper surface of the solution, and a mechanism for monitoring and
maintaining the temperature of the agent solution at an appropriate temperature,

30 wherein a part of the channel is optically transparent for being capable of
measuring the concentration of the agent solution that is introduced, and the
apparatus allows quantitative spectrophotometric measuring of the absorption in the

wavelength range of 280 nanometers to 800 nanometers.

35 [46] The cardiotoxicity testing apparatus according to any one of [30] to [31]
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15further comprising a reference electrode for noise cancellation, wherein the reference electrode is
placed near the microelectrode. [43] The cardiotoxicity testing apparatus of [42] above, wherein the
microelectrode comprises a stimulation electrode and a measurement electrode. 20 [44] The
cardiotoxicity testing apparatus according any one of [30] to [39] above, comprising a culture-medium
supply/drain channel for supplying and/or draining the cell culture medium to and/or from the area
surrounded byatios ayalhe25 81 heccaetiicioxicity ttessimgeapparatus according to any one of [30] to [39]
above, comprising an agent supply/drain channel for continuously introducing a test agent solution
from the bottom of the cardiomyocyte culturing area thereto, and draining from the upper surface of the

solution, and d4hkchahissaeshoHOARBYIfS ErtiaRRIrREIhsgarbn g dsd tehevef fRehggent solution at an

appropriate teRRGIALME aIAVRELRIB: PRATLAL H??tﬁ@%’i'ﬂﬁé isreRbicalyfrannRacenb ferkaing capable of
measuring the concentration of the agﬁ-:'nt solution that is introduced, and the apparatus allows

quantitative spERSEASIGMELRR AfAhAm e LIRS 58S IRN M R AP SR IR &R T69%0
nanometers tal@0R siaacretfiiscaRielbdescardiotoxicity testing apparatus according to any one of
[30] to [31] above, wherein the microelectrode is transparent. [47] The cardiotoxicity testing apparatus
according to [43] above, further comprising a metal layer provided on the wiring of the transparent
electrode that 48 dispdbedardacaredydthentharp the e eecfodiviggervationehyf &300 pricétsystem to
reduce the resjgtance pimicroelectrodes. [48] The cardiotoxicity testing apparatus according to any
one of [30] to [44] above, wherein 10a plurality of the cultured cardiomyocytes are arranged linearly on
the substfate to form & SAHABH YA E)ecHBMRRskkathemyoc HasalEs ibeers Avedbeandstimulate locally at

an endpoint okiipgtHieas fadiQRARME BEMWIKwork, and
an electrode is arranged to stimulate locally at an endpoint of the linear

cardiomyocyte network.

15 [49] The cardiotoxicity testing apparatus according to [45] above, further
comprising a linear measurement electrode on which a majority of the

cardiomyocytes in the linear cardiomyocyte network can be disposed.

[50] The cardiotoxicity apparatus according to any one of [30] to [44] above,
20  wherein
a plurality of the cultured cardiomyocytes are arranged in an annular fashion
on the substrate to form an annular network, and
a portion of the annular cardiomyocyte network is cut-out and an electrode
is arranged at the cut-out point for local stimulation.
25
[51] The cardiotoxicity testing apparatus according to [47] above, further
comprising a single ring-shaped measurement electrode on which a majority of the

cardiomyocytes in the ring-like cardiomyocyte network can be disposed.

30 [52] A method for testing cardiotoxicity of an agent that acts on the
cardiomyocytes using the cardiotoxicity testing apparatus according to any one of
[30] to [48] above, comprising:
adding a test agent to a cardiomyocyte population including a plurality of
stably pulsating cardiomyocytes which are cultured in the cell culture medium, and

35 evaluating changes in the pulsation produced by the population before and
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15[49]The cardiotoxicity testing apparatus according to [45] above, further comprising a linear
measurement electrode on which a majority of the cardiomyocytes in the linear cardiomyocyte network
can be disposed.  [50] The cardiotoxicity apparatus according to any one of [30] to [44] above, 20
wherein a plurality of the cultured cardiomyocytes are arranged in an annular fashion on the
substrate to form an annular network, and a portion of the annular cardiomyocyte network is
cut-out and amétectrodddisianrahged atithe cit-celt pdinrdonédoahstivhedation. 25 [51] The cardiotoxicity
testing apparatus accqrdj IS i ing- g ement

g app %Fg#)}gl&?l ét%Jn?B?‘cg?e ﬁfiﬁ‘%‘v‘%in&%?t ﬁk@tﬁ‘eﬁ(&ﬁ‘&@a&'}% ARG 'Iﬁ?&%‘{(

electrode on which a majority e cardiomyocytes e ring-like cardiomyocyte network can be
disposed. 30[3AlnsEtRBeNfOf thafikd curdiots deitn sTder adentctdvaéng Hie tharegdiohs/ocytes using
the cardiotoxiq;mstﬁgmg apparatus according to any one of [30] to [48] above, comprising:

adding a test agent to a cardiomyocyte population including a plurality of stably pulsating
cardiomyécytes which are cultured in the cell culture medium, and 35evaluating changes in the
pulsation prodegd byAhamapulation betapensnbodftemipasasidiieps of the agent to the cell culture
medium, wherein rééprolon atﬁ)n of }he FPD \{vaveform an&ilthe#'nc case in the magnitude of the

a
fluctuation of the FPDIASILEIEE LRSRULaey VAR Y ARGl B BiiSation. 5 [53] A
cardiotoxicity testingnyatiied, comprising steps of: preparing a cell population containing a plurality

of stably pulsating cardigmyReYiR%ell popul SHTING NG R RANIUANAR I NE CIHLER ¥ESE !, Wherein a

multi-electrode 10a‘rra?( is disposed on the bottom surface of the culture vessel, adding a subject

agent to tHe ceémrpopuiaiaiaseidghaineifen mirfresUirderaltyesiseaple potential of the culture cell

population using the myliiRleciiefe drsal: Whetinthemamiy aem petenliad af the.switure cell
population is measured and the d%ﬁ of the membrane potential is acquired before and after the

addition of the"sgBRIASPQftal of the Gukineg SHPQBLEG AL RS RS BrikSIFTRISAEE UM ions into
the cells to a peladrantflewnehpesasutenidd ofrdim dhievee dsl{gxipatelhids petential dutation) (FPD) and

the magnitude,of fycpetion o e LD of aaueloratibe IPlheoRriah(ER faped n date of the
potentlal acquired 1o assess ne cardiotoxICIty O
15 and
calculating an elapsed time from a peak inflow of sodium ions into the cells
to a peak outflow of potassium ions from the cells (extracellular potential duration)
(FPD) and the magnitude of fluctuation of the FPD of a waveform of the field
potential (FP) based on data of the potential acquired to assess the cardiotoxicity of

20  the agent using as an index a combination of the calculated FPD and the magnitude

of the fluctuation of the FPD.

[54] The method according to [19] and [53] above, wherein the magnitude of the
fluctuation of the FPD is the short-term variability (STV) of the FPD.

25
[55] The method according to [53] above, comprising evaluating the
cardiotoxicity of the agent using an prolongation of the FPD waveform and an
increase in the STV after addition of the agent as an indicator in assessing the
cardiotoxicity of the agent.

30

[56] The method according to [55] above, comprising creating a two-dimensional
plot with the FPD frequency in which an prolongation of the FPD waveform is
greater than a predetermined threshold and the STV frequency in which an increase
in STV is greater than a predetermined threshold, and assessing the cardiotoxicity of

35  the agent on the basis of the two-dimensional plot.
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20 the agent using as an index a combination of the calculated FPD and the magnitude of the
fluctuation of the FPD. [54] The method according to [19] and [53] above, wherein the magnitude of
the fluctuation of the FPD is the short-term variability (STV) of the FPD. 25 [55] The method according
to [53] above, comprising evaluating the cardiotoxicity of the agent using an prolongation of the FPD
waveform and an increase in the STV after addition of the agent as an indicator in assessing the
cardiotoxicity of the agent. 30 [56] The method according to [55] above, comprising creating a

two-dimensior’[gb?lot \Afgllg gq]gé@%%{jg%%%g%{ (56@/%%@%%% glgtgggeggi eﬂ]l:ePD waveform is greater

than a predetermined thre requency in nincrease In STV is greater than a
predetermined¥#EsRdIeiln AL the sa8BirErtdhediRl pstsias tiTmsitee et ioRulip lssenst the
two-dimensiong pias- diavdddsnargiaed according to [56] above, comprising assessing the
cardiotoxicity of the agent from the relative position of the plot of multiple agents in the
two-dimensional plot. 5 [0016] More specifically, the present invention provides the following
apparatus and@ogg)od. (1)A quality evaluation apparatus for cells, comprising: 10a substrate; a
plurality of stably pulsating subject cardjomyocytes or a cell populatjon.comprising the subject cells
placed on the substra?eﬂ;og S%eé&%gﬁaﬁtﬁ"fglé% oﬁs%'é ‘QUBSAR Ig)nvg seﬁrEr(?ufr(l)cg%‘éaﬂgea ?%ﬁuesry of the cell
population to hoftireteddculture medium; 15a culture-medium supply/drain channel for supplying

and/or draininglt)he cgl&%gﬁ@ medim o, é?ﬁsf&‘c}%éﬁ‘l@ %qﬁlp%ﬁ%unded by the wall; a

microelectrode on which a single cell or a Iocal portion of the cell population is placed: a
referencé®lectrode prdditeHdethe area which is to be filled with the cell 20 culture and surrounded by
the wall; a plurality of stably pulsating subject cardiomyocytes or a cell population

comprising the subject cells placed on the substrate;

a wall formed on the substrate and surrounding the periphery of the cell
population to hold a cell culture medium;

15 a culture-medium supply/drain channel for supplying and/or draining the
cell culture medium to and/or from the area surrounded by the wall;

a microelectrode on which a single cell or a local portion of the cell
population is placed;

a reference electrode provided in the area which is to be filled with the cell

20  culture and surrounded by the wall;

a potential-measuring means for measuring a membrane potential of the cell
that is placed on the microelectrode using lead wires which are connected
respectively to each of the microelectrodes and a lead wire which is connected to the
reference electrode; and

25 a control/recording means for controlling an electrical stimulation delivered
to the microelectrode and recording data of the potential measured by the potential
measuring means,

wherein the quality evaluation apparatus is capable of varying the electrical
stimulation to be sent to the microelectrode at an interval in a stepwise fashion, and

30 of

(1) determining whether the cardiomyocytes or the cell population respond
to forced pulsatile stimulation by the electrical stimulation at the same interval as the
forced pulsatile stimulation; measuring the response in terms of the range of
frequency of the forced pulsatile stimulation; and judging that one of the sufficient

35  conditions for a healthy cardiomyocyte is met when it is observed that the pulsation

23



a potential-measuring means for measuring a membrane potential of the cell that is placed on the
microelectrode using lead wires which are connected respectively to each of the microelectrodes and
a lead wire which is connected to the reference electrode; and 25a control/recording means for
controlling an electrical stimulation delivered to the microelectrode and recording data of the potential
measured by the potential measuring means, wherein the quality evaluation apparatus is
capable of varyinbethellslenirfodbstitheltiordtpubasiertttodkeionicroélectrode at an interval in a stepwise

fashion, and 30 of ) %ﬁ%g/@%img%w@smﬁ& E'ﬁggﬁ%ﬂ!%&%%%’{ &%%a‘i?}&%%ﬁ&i@ﬂ%c ghond to

forced pulsatile stimulation by the electrical stimula e same interval as the forced pulsatile
stimulation; m&a8grngané is shseraedriethe vitadaaabERIP fietsenrsede the foreed pulsatile

stimulation; angjydgingithat:ans RfsheslfisierbBacaRAtIaRS FRTHREaIMGAIFIRRYOCYte is met when

it is observed that the pulsation of the cells can follow the forced pulsatile stimulation, and (i)
judging that onEBReY ARG AR By s U s haL His e B Mt@‘?sf?ﬁm%@?s observed that
the variation oftirDativrespanad (R ebiorieedlguisatileistimatiation is between the FPD/(RR)113 and
FPD/(RR)1/2, within the 5frequency range in which the pulsation of the cell can follow the forced
pulsatile stimulation intervals (RR) by the electrical stimulation. (2)A quality evaluation method for cells
comprising usidy a celhquality evalumiimnnagpaddiers;alihersipiism appag@tussiomprising: 10a substrate;
a plurality of s@glﬁﬁwﬁ%gng!ﬁ%&%mi@@gpﬁy}gﬁ@g@nﬁigﬁgpulaﬂon comprising the subject cells

placed on the substrate; a wall formed on the substrate andsurrounding the periphery of the cell
populatidf to hold a c8lFEbHE#E medium; 15a culture-medium supply/drain channel for supplying

and/or draining the cell ghilfureyBeaiABY touRRdY iDRIN@RTRMSYEALNEES Ryl hewallon a
microelectrode on whjch si?é%e celllg{ the cell population or a local portion of the cell population is

placed:; CONpsHRR e SHIURT S i BlAGRH A e SHRs Wiich is to be filled with the cell 20culture

and is surrounded by theallafbrmed on the substrate and surrounding the periphery of the cell
population to hold a cell culture medium;
15 a culture-medium supply/drain channel for supplying and/or draining the
cell culture medium to and/or from the area surrounded by the wall;

a microelectrode on which a single cell of the cell population or a local
portion of the cell population is placed;

a reference electrode provided in the area which is to be filled with the cell

20  culture and is surrounded by the wall;

a potential-measuring means for measuring membrane potential of the cell
that is placed on the microelectrode using lead wires which are connected
respectively to each of the microelectrodes and a lead wire which is connected to the
reference electrode; and

25 a control/recording means for controlling an electrical stimulation delivered
to the microelectrode and recording data of the potential measured by the potential
measuring means; and

the method further comprising:

varying the electrical stimulation to be sent to the microelectrode at an

30 interval in a stepwise fashion, and

(1) determining whether the cardiomyocytes or the cell population respond
to forced pulsatile stimulation by the electrical stimulation at the same interval as the
forced pulsatile stimulation; measuring the response in terms of the range of
frequency of the forced pulsatile stimulation; and judging that one of the sufficient

35  conditions for a healthy cardiomyocyte is met when it is observed that the pulsation
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a potential-measuring means for measuring membrane potential of the cell that is placed on the
microelectrode using lead wires which are connected respectively to each of the microelectrodes and
a lead wire which is connected to the reference electrode; and 25a control/recording means for
controlling an electrical stimulation delivered to the microelectrode and recording data of the potential
measured by the potential measuring means; and the method further comprising: varying the
electrical stimulatherc¢t hensdoll tovithe focrigpatiattesaanaBomtendal in a stepwise fashion, and ()

determining whether tﬁ%gﬁ&%lﬁg%%%‘f‘éo‘?rtﬁg%ﬁ?ﬂ&%ﬁp&‘éﬂﬂ%fbﬁ%%i’Q%&Qliﬁﬁﬁ%%?d%ﬂ?%@?té“m”'aﬂon

by the electrical stimulation at the same interval as the forced pulsatile stimulation; measuring the
response in tetniBedthenriigebserred teHdhoraHatiorcdd Pladatrs rann fatba faisejudging that one of

the sufficient 3pgergiians fefidhRBEW &a diemPERIRIS MAH WREN k19 tbsangdHbat the pulsation of

the cells can follow the forced pulsatile stimulation, and (")iudgin%}t?hat one of the sufficient

i
conditions for SHWSRAY RSy BIRLNE PHEAHMLRTiths slkertdaliny tird Ferd @S 8 ePD in response
to the forced putisatileistinmuwaiion (R RebyeendiseriRDi(RRIAA3Hand FPD/(RR)1/2 within the 5frequency
range in which the pulsation of the cell can follow the forced pulsatile stimulation intervals (RR) by the
electrical stimulation. (3) A cardiotoxicity testing apparatus configured to measure the magnitude of
the fluctuation(d¥ the fidldapditntaliydestiogmpphthepolediipmedftoandipmydbytevpytideomparison of

adjacent pulsafiomsigna|Sy SRR RIRIAXIFDAIRTIRG ARRRAIHAAGFBFNAIR P PV, Wherein

the apparatus is configured to measure the magnitude of fluctuation of field potential’duration (FPD),
i.e., an elfpseePiitnarfronrh HageporiitHion stditlin-ion outflow 15from the cell to a peak position of
potassium-ion outflow from the cell on the field potential waveform by comparison of adjacent

pulsation signals (5) The cardiotoxicity testing apparatus according to (3) or (4) above, wherein the
apparatus is c%ﬁfigure#focéé i tRe A/ %?Tﬁ&q@?ﬁﬁnﬁﬁag@e Hgﬁué{‘f}gﬁ%tg?the FPD, and

to use an indexpparfiguiedofifiguedomboaaticniel thepaalcidatiefurtagrdiudeé fflthpokdaBatind fluctuation
of the FPD. The {otoxicity testin atus according.to a ne of (3)-(5) above, wherein
L o B ARl TR D S b

the magnitude o tion’of the e sho variability e FPD. (7) The
cardiotoXiZity testindapphtatupcasaureingntof avjastienfi(d)a@flabovenchmprlsionthe field

potential waveform by comparison of adjacent pulsation signals

®)) The cardiotoxicity testing apparatus according to (3) or (4) above, wherein
the apparatus is configured to calculate the magnitude of the FPD and the fluctuation
20  of the FPD, and to use an index configured from a combination of the calculated

magnitude of the FPD and fluctuation of the FPD.

(6) The cardiotoxicity testing apparatus according to any one of (3)-(5) above,
wherein the magnitude of the fluctuation of the FPD is the short-term variability
25  (STV) of the FPD.

(7) The cardiotoxicity testing apparatus according to any one of (3)-(6) above,
comprising:

a transparent substrate;

30 an area surrounded by a wall formed on the transparent substrate, wherein

the area is filled with a liquid cell culture medium;

a cell population comprising a plurality of stably pulsating cardiomyocytes
which are disposed in the area that is filled with the cell culture medium;

a microelectrode provided in the area that is filled with the cell culture

35  medium, wherein a cardiomyocyte of the cell population or a local portion of the cell
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a transparent substrate; 30an area surrounded by a wall formed on the transparent substrate, wherein
the area is filled with a liquid cell culture medium; a cell population comprising a plurality of stably
pulsating cardiomyocytes which are disposed in the area that is filled with the cell culture medium; a
microelectrode provided in the area that is filled with the cell culture 35medium, wherein a
cardiomyocyte of the cell population or a local portion of the cell population is placed on the
microelectrodeoauhmmtplmedtmdhqamvidelddmde area that is filled with the cell culture medium; an

electrical potential megsyyl &E'éee?&%rf)‘%ferqﬁﬁﬁ&éﬁ‘ﬂl %&J@&Eﬂﬁ@isﬁ?@éﬁ%ﬁ%%é'&%? figmyocyte

placed on the microelectrode, comprisinglead wires which are connect respectlv y to each of the
microelectrod@@edid lead wire which is connected to the reference electrode; and a recording

means for recording dﬂiaelétifleaﬂﬁ%fﬁﬁ‘l %%%ﬁlgﬁ%&%ﬁiﬁ&ly@ﬁﬂ soefevgiand after addition of a
test agent measured by the electrical 10 potential measuring means. (8) The cardiotoxicity testing

apparatus acctHRGHPLHY SAEINROWAF ARsed, WHE?&H%@&W%GP&HBHS&%B?%W%M stably

pulsating cardiohigtoedesaanpdsespectetljas satworkicomigrsing @odksralityadt sardiggmyocytes and
15fibroblasts th%t &re ca abl gf tralnsn}lttln&éhe?e%yls tlon (9) The cardiotoxicity testing apparatus
according to any one Yo %5 % ve comprising ansparent substrate; 20a pacemaker area

comprising a cell popuiaﬁmrdmgudﬂa?g%fmmmmﬂmgstablyﬁiblsahnglcammmtwfe@q)Iaced on the
transparent S"&?Hi%}ﬁ&ocytes before and after addition of a test agent measured by the electrical

10 potential measuring means.

(8) The cardiotoxicity testing apparatus according to any one of (3)-(7) above,
wherein the cell population comprising the stably pulsating cardiomyocytes
comprises a cellular network comprising a plurality of cardiomyocytes and

15  fibroblasts that are capable of transmitting the pulsation.

9) The cardiotoxicity testing apparatus according to any one of (3)-(8) above,
comprising:

a transparent substrate;

20 a pacemaker area comprising a cell population including a plurality of stably
pulsating cardiomyocytes placed on the transparent substrate;

a cellular network comprising a plurality of cardiomyocytes and fibroblasts
that are arranged in series, disposed on the transparent substrate and transmit the
pulsation in conjunction with the cell population;

25 a wall formed on the transparent substrate to surround the periphery of the
cell population and the cellular network and to fill a cell culture medium;

a culture-medium supply/drain channel for supplying and/or draining the
cell culture medium to and/or from the area surrounded by the wall;

an agent delivery channel for introducing an agent acting on the cells to the

30 cell culture medium;

a microelectrode on which a single cell of the cell population or a local
portion of the cell population is placed;

microelectrodes on which each individual cell of the cellular network is
respectively placed;

35 a reference electrode provided in the area which is filled with the cell culture
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a cellular network comprising a plurality of cardiomyocytes and fibroblasts that are arranged in series,
disposed on the transparent substrate and transmit the pulsation in conjunction with the cell
population; 25a wall formed on the transparent substrate to surround the periphery of the cell
population and the cellular network and to fill a cell culture medium; a culture-medium supply/drain
channel for supplying and/or draining the cell culture medium to and/or from the area surrounded by
the wall; medimagant teliveryclrdrinethfomiriroducing an agent acting on the cells to the 30cell
culture medium; ' ( ' [ | | portion of
the cell population is Zﬁ;g)g{ﬁﬁh?%rg%ﬁée \?:{?rilog ezoz%%gﬁﬂg;%%%g%ﬁﬂﬁaqp g)ZHHogf]ct%ﬁelﬁ(}:legﬁl%ar network

is respectiveIy%@ﬁ%@%%@é@éﬁé@@ééﬁ%é%‘b%&éﬁ‘fﬁliﬁéaé?éé’wm‘éhdﬁeﬁﬂ’éétww fRe cell culture

medium and ig gy iaundead bydRenuals and @ RAEMIRINISASI NG RERATSAhdNERSHIRT a cell potential
of the cell that is placed on the microelectrode using lead wires which are connected respectively to

each of the micfstiedtré8ds and a lead wire which is connected to the reference Selectrode: and a
control/recording meansdatrobricolingeancalectsicadsiionihgtioncialivie st diimiineion d«sleeidode and

o g G o gl measy e e Raler Il Measuing means, A g g diotoxicly
testing apparatus according 1o any one o 5‘% above, which'is configured-to ernable provision of at
least one microeksctriogersanshich the cell is placed with a stimulus for forced pulsation at regular

intervals, wherein the microelectrode is for placing a cell containing a stably pulsating cardiomyocyte.

15(11)The cardiotoxicity testing apparatus according to any one of (8)-00) above, comprising an

electrode or grdVidingl AsErFiRIOTEE RN {E ek BhAPRA HIMRSOINEELRABY ABEASI IH WRdVEells are

arranged in segig&h is configured to enable provision of at least one microelectrode on which the
cell is placed with a stimulus for forced pulsation at regular intervals, wherein the

microelectrode is for placing a cell containing a stably pulsating cardiomyocyte.

15 (11) The cardiotoxicity testing apparatus according to any one of (8)-(10) above,
comprising an electrode for providing a stimulus locally at an end point of the

cellular network in which cells are arranged in series.

(12) The cardiotoxicity testing apparatus according to any one of (8)-(11) above,
20  wherein the cellular network is arranged in a ring shaped, and wherein a portion of
the ring is cutout and an electrode for locally providing a stimulus is located at the

cutout point.

(13) The cardiotoxicity testing apparatus according to any one of (8)-(11) above,
25  wherein the apparatus is configured to measure the magnitude of the fluctuation of
the waveform of the field potential of the cardiopulsation collected from each of the
microelectrodes on which each of the cells is placed by comparing between the
adjacent pulsations, which mesures the fluctuations of transmission time or
transmission speed of the pulsation of the cells of the cellular network from the area

30  where the pulsation of the cell is generated to the observation electrode.

(14) The cardiotoxicity testing apparatus according to any one of (1)-(13) above,
comprising a temperature control module to maintain the cardiomyocytes at an
appropriate temperature.

35
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(12) The cardiotoxicity testing apparatus according to any one of (8)-(11) above, 20 wherein the
cellular network is arranged in a ring shaped, and wherein a portion of the ring is cutout and an
electrode for locally providing a stimulus is located at the cutout point. (13) The cardiotoxicity testing
apparatus according to any one of (8)-(11) above, 25wherein the apparatus is configured to measure
the magnitude of the fluctuation of the waveform of the field potential of the cardiopulsation collected
from each of thESinicrdBiectrntiem pocwhichteackppititescalt®idipfateshpywooofpdiitibetween the

adjacent pulsaligns; \RICH MSSHIG S ﬂHﬁ&HﬁHQ%%ﬁhH-%‘i‘ééHﬁ&é%&jg& Lilianspyigsion speed of the

pulsation of the cells of the cellular network from the area 30where the pulsation of the cell is
generated to tABIghEe AfanEasisetrodks: (14) The cardiotoxicity testing apparatus according to any one
of (1)-03) above, comprising a temperature control module to maintain the cardiomyocytes at an
appropriate temperature. 35 (15)The cardiomyocyte testing apparatus according to any one of (1)-(14)

above, whereifl the miCroRIHOiSAEs dSHLTRUE RMHuRPORIEIBEe array consisting of a plurality of
microelectrodes. 5(16yAcaartiatokiciiyv gattidg ofetiadatomprisingicformedsifiald thadmagnitude of
fluctuation of a %/vall1 eaf;)rmctglfr éﬁbe fieI(Cj ﬁé)t%nticalncl)f }Jslsat(i)l?g (f;glcrg%?m oc tesSIb zﬁ(s)mparison of adjacent
pulsation signasp \Ii ini;he cardiots |C|Sty festing methdd 2deor nli)g 6 Té) OVé, comprising steps
100f: preparing a cell population containing a plurality of stably pulsating cardiomyocytes;

culturing the CFﬂbFOPUHP&Mi&BHJM WESFE mWRGHEI0BMHY 6 1A%y 998@[%5{1%&0_&@&0” the

bottom surface of the culture vessel; I5adding a subject agent to the cell population being cultured to
measurel8 me¥fibrane potential of the culture cell population using a multi-electrode array, wherein the

membrane potential ohtEg.cribureSEpRRMIBHRB i MBRSHRE-ANY pttplythelagRdrane potential is
acquired before and after the addition of the agent; and calculating an elapsed time from a peak inflow

of sodium ionSHICIREEES0to a peak outflow of potassium ions from the cell (extracellular potential
duration) culturing the cell population in a culture vessel, wherein a multi-electrode

array is disposed on the bottom surface of the culture vessel;

15 adding a subject agent to the cell population being cultured to measure a
membrane potential of the culture cell population using a multi-electrode array,
wherein the membrane potential of the culture cell population is measured and data
of the membrane potential is acquired before and after the addition of the agent; and

calculating an elapsed time from a peak inflow of sodium ions into the cell

20  to a peak outflow of potassium ions from the cell (extracellular potential duration)
(FPD) and the magnitude of the fluctuation of the FPD of the waveform of the field
potential (FP) based on the data of the membrane potential acquired to assess the
cardiotoxicity of the agent using as an index a combination of the calculated FPD
and the magnitude of the fluctuation of the FPD.

25
(18) The cardiotoxicity testing method according to (16) or (17) above,
comprising:

examining the toxicity of an agent that acts on cardiomyocytes by assessing
whether or not the rate at which the pulsation produced by the population of the

30 cardiomyocytes propagates in the cellular network area is delayed when the agent
acting on the cells is added to the culture medium using the cardiotoxicity testing

apparatus according to any one of (8)-(15) above.

(19) The cardiooxicity testing method according to any one of (16) to (18) above

35  comprising:
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(FPD) and the magnitude of the fluctuation of the FPD of the waveform of the field potential (FP)
based on the data of the membrane potential acquired to assess the cardiotoxicity of the agent using
as an index a combination of the calculated FPD and the magnitude of the fluctuation of the FPD. 25
(18) The cardiotoxicity testing method according to (16) or (17) above, comprising: examining the
toxicity of an agent that acts on cardiomyocytes by assessing whether or not the rate at which the

pulsation produced byevtmyimipgIdtM)dtﬂy@Bdeimmyomermmpﬁxgammﬂigeeﬂeﬂaimggtwork area
is delayed Wh%Eﬁ?eﬁgﬁﬁéﬁﬁﬁ'}gtgQt%ﬂi‘é%?ﬁgggﬁo\}gr%&é&itb‘g?é{gr%?gg)@tﬁr}% fjjg cardiotoxicity

testing apparatus according to any one of 9) Th icity testing method

according to afif EABBIQLSY REEIvd BT ivlari sty odisfinsrigkhedoxhan, the ageabent that acts
on cardiomyogyigs; R AssesRINg Nasthey e beithe fale ah WhichdRe-Rlirab R By esligRd by the

population of the cardiomyocytes propagates in the cellular network area is delayed when the agent
acting on The CBRERUSRASATHIA LA PINEAUrH DL #RP Yhe cardiotoxicity testing Sapparatus
according to any one @i 3)e{hb)l aivove, dbmpricthgd:flethaimearn prisiogatilgastepste of the following

steps: providing a forced pulsatile stimulation.at reqular intervals to a cell, wherein.the cell is
Siated on at lenst onel & the G URE IR o DACheg e U g e L SR
10(ii)measuringhéreimtgnitlidie platied floctultigrmobitbdielpotertiodsydve fdamngf hardiipulsation
collected from&@ﬁ@g&hﬂgﬁgﬂ%@%ﬂg on which the cell is placed by comparison of the adjacent pulsation
signals; (ii) measuring the magnitude of the fluctuation of the elapsed time (field potential

duration) Between the{eak pdsfiorrw:Hie suranies pbthsdlumuibiang sfrbin fiskdRateatialthe peak

position of thewputfimobsesisiapinngitiprviiece Homcampariser e tdaashaserhrulsation signals in
the waveform of the field potential; V). measurin%ég%maﬁn_itude of the fluctuations of the field

(
potential wavelBiRid e aBRta I H D GRS delectrode on which the cell is placed
by comparing the adjagant pulsatianisigia sithen ftudtusitibn Hituneion tifalkOdpped dhieansmission of

the pulsation f{ﬁ@dﬂﬁgtg‘rﬁgg‘l i{ilu\f\éftlligrfbtgl&‘ggéﬁ%ﬂg rl])e%ﬁ(tggsﬁ?(l)ln of the outflow of potassium ions

15  from the cell and the peak position of the outflow of sodium ions from the cell by
comparison of the adjacent pulsation signals in the waveform of the field potential;

(iv) measuring the magnitude of the fluctuations of the field potential
waveform of cardiopulsation collected from each microelectrode on which the cell is
placed by comparing the adjacent pulsation signals the fluctuation of time or the

20  speed of transmission of the pulsation from the area in which the pulsation of the cell
of the cellular network generates to the observation electrode;

(V) measuring the membrane potential by differentiating each field
potential waveform of cardiopulsation collected from each microelectrode on which
the cells is placed;

25 (vi) measuring the degree of disturbance of the transmission of the
pulsation of the entire cell population to be compared to the electrocardiogram data
by overlapping the field potential waveforms of the pulsating cardiomyocytes
collected from each electrode on which the cell is placed to generate a composite
field potential waveform;

30 (vii) analyzing the amount of current supplied by an electric control
mechanism using a feedback control mechanism to maintain a constant potential of
the microelectrode on which the cell is placed; and

(viii)  starting measurements after at least 30 seconds from the start of the

periodic forced pulsatile stimulation on the cell.
35
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of the cellular network generates to the observation electrode; (v) measuring the membrane
potential by differentiating each field potential waveform of cardiopulsation collected from each
microelectrode on which the cells is placed; 25(vi)measuring the degree of disturbance of the
transmission of the pulsation of the entire cell population to be compared to the electrocardiogram data
by overlapping the field potential waveforms of the pulsating cardiomyocytes collected from each
electrode on wRibh thdl'belinistivdceddolgeneraby ancoripusitel feldpatewtiaterateforagnB80@eii)analyzing

the amount of cff”tﬂgﬁh%Hﬂ'ﬁI&%doPﬁ@FFﬁ%r{ﬁec%ﬁﬁ(g}eq?ﬁ%%?ﬁ]%@: 19 %@Fggack control mechanism

to maintain a constant potential of the microelectrode on w Is placed; and (viii)starting
measurements after at least 30 seconds from the start of the periodic forced pulsatile stimulation on
the cell. 35 (2Q)Jihg method according to any one of (16)-(19) above, wherein the magnitude of the
fluctuation of the FPD is the short-term variability (STV) in FPD. [0017] 5According to the present
invention “changes in theF PELBSQNSRISS A SRYRY ShP 86T ab IS ECBANSYent can be accurately
evaluated by radiitingciitstuaditivscdl sellso ROIGhCanventionall poposalsl hyvadaseningade to test
cardiotoxicity J&dgpgﬁ]doepct%lsjsing field potential duration (FPD) (see description below) and the
magnitude of the fiCtuations adjacent pulsations of adjacent cardiomyocytes (for example,
short-term varl@BilRy: STV). However, no proposals have been made in relation to testing of

cardiotoxicity using a @ngé'ggggm,f B%%’bgﬁ?ssﬁa(%%géﬁ?ng&etm@m9%&9&5‘?&&@9 cardiotoxicity of the

present invention enhances the acCurate 15evaluation of cardiotoxicity by using not only the

prolongatfon ofngs@edentiayenrgcidurosrssalinarioadE iPHsan dgisrie v Pehe g dion of the
adjacent pulsatigasi@tither erediapayacnest 6djh¥ant pulsations of adjacent cardiomyocytes (for

example, short-term variability: STV). However, no proposals have been made in
relation to testing of cardiotoxicity using a combination of both those features. The
method for testing cardiotoxicity of the present invention enhances the accurate

15  evaluation of cardiotoxicity by using not only the prolongation of the FPD waveform,
but also an increase in the magnitude of the fluctuation of the adjacent pulsations of

the cardiomyocytes (STV).

BRIEF DESCRIPTION OF THE DRAWINGS
20 [0019]

[Figure 1] Figure 1 is a perspective view schematically showing an
exemplary structure of a cardiotoxicity testing apparatus according to an example of
the present invention.

[Figure 2] Figure 2 is a perspective view schematically showing an

25  exemplary structure of a cell holding unit CH of the cardiotoxicity testing apparatus
shown in Figure 1.

[Figure 3] Figure 3 is a diagram for illustrating an optical system for
optically detecting a cell on the cell holding unit CH of the cardiotoxicity testing
apparatus shown in Figure 1.

30 [Figure 4] Figures 4(a), 4(b) and 4(c) are diagrams showing signals
associated with measurement of membrane potentials. Each diagram shows time
along the horizontal axis and the membrane potential between the microelectrode 2
and the comparison electrode 2¢ along the vertical axis.

[Figure 5] Figures 5(a), 5(b) and 5(c) are diagrams showing signals

35  associated with the changes in the volume due to cell pulsation, which is measured
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BRIEF DESCRIPTION OF THE DRAWINGS 20[0019] [Figure 1] Figure 1 is a perspective view
schematically showing an exemplary structure of a cardiotoxicity testing apparatus according to an
example of the present invention. [Figure 2] Figure 2 is a perspective view schematically showing an
25exemplary structure of a cell holding unit CH of the cardiotoxicity testing apparatus shown in Figure
1. [Figure 3] Figure 3 is a diagram for illustrating an optical system for optically detecting a cell on the
cell holding uniti@Hhefdprecabsgsttoxicity testing apparatus shown in Figure 1. 30[Figure 4] Figures 4(a),

4(b) and 4(c) are diag ' ignal ' d ] : e potentials.
Each diagram shows ':[iﬁ%ﬁﬁg%# E%g%g@oﬁgﬁox%ﬂg dthr}]{Eh m§r§1%&r{£%§%%%glrf%% glébtﬂv?gen the

microelectrod @R MENSnipaTisod Kietaroae 2 awnfandvefion thedarsrgarl spEgizes 5(a), 5(b)

and 5(_C) are dfﬁﬂfﬁiﬂ§t§t@%&@ ﬁi@%ﬁ@@?@ﬁ%@ﬁﬁ%@r@é@f@@ﬁbarﬁgﬁr@&lﬁ vRlwdendHgeto cell _
pulsation, which is measured with the optical system.  [Fi 91%%%] Figure 6(a) shows changes in the
potentialsaccHt P RIHE SrAC A EEnS: R She AR R4-Non (i afRAdSt Rnta At ¥ target cells

under a normahsigtemitereaiber cullvimaal utivmdsiies: dfagenirdiglireoa(bymhowarchesnges 5in the
potentials according tﬁl;he art)i%nts of7Nﬁ1t Ca"and 1C+ i?n in- and out-f ow into/ rom the target cells

I
under a state where the €ultur slcﬁlﬁ]i?onlcgr%%%ﬁé %Ihegﬁrenr?t.ary afﬁré%?rge)]tfig%r}é) ifistrates an

exemplary arraygemend ofraovoplécabsystemizhd cardovabietelestrodemfthsis fodienoxidlyy testing
apparatus for 8&@93“% detecting the cells. 10[Figure 8] Figure 8 is a schematic view for illustrating
generation of an electric signal of a cell. ~ [Figure 9] Figure 9(a) shows an exemplary change in the
membrah@ potentials HGHEI it St agehematis EigurOoBYSHONS siesiampleaBf Poincare plots
for evaluating fiepaglogyaebraeeiwo successive pulses with respect to the

[Figure 9] Figure 9(a) shows an exemplary change in the membrane
potentials upon addition of an agent; and Figure 9(b) shows one example of Poincare
plots for evaluating homology between two successive pulses with respect to the

15 change in the membrane potentials upon each pulsation.

[Figure 10] Figure 10(a) is a schematic view showing an exemplary re-entry
circuit prepared with an annular network of cardiomyocytes by means of a cell
arrangement technique at single-cell level; and Figure 10(b) is a micrograph showing
an actual exemplary arrangement of the cells on the microelectrodes.

20 [Figure 11] Figure 11(a) is a schematic view showing an exemplary re-entry
circuit prepared with an annular network of cardiomyocytes using a cell population
having a certain width; Figure 11(b) is a microscopic picture showing an actual
exemplary arrangement of the cells on the microelectrodes; and Figure 11(c) is a
microscopic picture showing an actual exemplary annular arrangement of the cell

25  population on the microelectrode array.

[Figure 12] Figure 12(a) is a schematic view showing an exemplary re-entry
circuit measurement apparatus using an annular electrode; and Figure 12(b) is a
graph showing normal pulse data and abnormal pulse data actually measured with
the electrode.

30 [Figure 13] Figure 13(a) is a schematic view showing an exemplary
arrangement of an electrode for measuring potentials of a single cell and the cell;
Figure 13(b) shows a picture of the isolated single cell on the electrode actually
measured with the electrode and electric pulse data thereof; and Figure 13(c) shows a
picture of a cell population measured on the electrode and a graph showing electric

35  pulse data of one of the cells of the cell population.
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15change in the membrane potentials upon each pulsation. [Figure 10] Figure 10(a) is a schematic
view showing an exemplary re-entry circuit prepared with an annular network of cardiomyocytes by
means of a cell arrangement technique at single-cell level; and Figure 10(b) is a micrograph showing
an actual exemplary arrangement of the cells on the microelectrodes. 20[Figure 11] Figure 11(a) is a
schematic view showing an exemplary re-entry circuit prepared with an annular network of
cardiomyocytes using [&igallepbfagion hawingeheartainwadthl] isiganiegld{ Bk isrelmigrdscopic picture

showing an a?%@%ﬁ%ﬁ{@@dﬁ%?ﬁr%g%{%?gom%-@%%ﬁﬁ% %@&l%%trﬂﬁﬁ%eéﬁﬁ%%f‘s%s%ﬁlq@g“re 1i(c)isa

microscopic picture showing an actual plary annular arrangement of the cell 25population on the
microelectrodégpeNing Rpiea iy Fgu@ale @lis a schematic view showing an exemplary re-entry
circuit measurement appakAlUS UsipGran ARNIUBh&IREIEadewaNdsEHaHTe H2£Rispdgraph showing

normal pulse data and abnormal pulse data actually measured with the electrode. 30[Figure 13] Figure
13(a) is a-sch&MSHENSBW LHBGHNY AR 2RUHHILAP BitRjemEi arsH MEPEIRRISHLER Hing potentials
of a single celkanprébencelldnigorie 13(b) shows a picture of the isolated single cell on the electrode

actually measured with the gclj?gﬂlgde ari% ?Slecggﬁzeﬁyaltsle data. lpereof' and Ejgure 13 Q.shows a picture

of a cell population m attre the Slectrode and'a ﬁr\élﬁr‘ivsl g\sz\tlli%téhég%]inlc %glgﬁse dalta of one of the

cells of the celihpbpuidtomeffigdre it higjLinecashisraest hestrati o Vibwvptksstratingdmoexample of the
present invention in w gfeq tﬁgﬁ%ﬁ“f\{@ ﬁl%ﬂf,faf(}hg @%B”}?fﬂ‘uiﬁﬁﬁﬁg for maasiyipg potentials of

a single cell. [Figure 15] Figure 15 is a schematic view illustrating an exemplary 5 mechanism for

measurinf a pheAssnbeiEpide hrisl¢epivindsismmbnessitambithsegie samsieblston. [Figure 16]
Figure 16 is agehamstiema Wustiainthepidiaadfosmasipsethat can be measured with a cell

measurement system gt e REPRILATHCN (MR 37, 2800 AL AR 2 el L e
average value of the changes in response to the addition of a potassium ion channel
inhibitor E4031 in connection with elapsed time (FPD: field potential duration) of

15  the peak position of the release of potassium ions from the release time of sodium
ions in the signal waveform of the field potential of the cells that can be measured by
the cell measurement system of the present invention.

[Figure 19] Figure 19 is an example of a graph and a formula illustrating
one of the methods for evaluating quantitatively the size of fluctuation of short-term

20  variability of adjacent pulsations on the basis of Poincare plotting in connection with
elapsed time (FPD: field potential duration) of the peak position of the release of
potassium ions from the release time of sodium ions in the signal waveform of the
field potential of the cells that can be measured by the cell measurement system of
the present invention.

25 [Figure 20] Figure 20 is an example of a graph and a formula illustrating
one of the methods for evaluating quantitatively, based on Poincare plotting, the size
of the fluctuation of elapsed time (FPD: field potential duration) of the peak position
of the release of potassium ions from the release time of sodium ions in the signal
waveform of the field potential of the cells that can be measured by the cell

30  measurement system of the present invention.

[Figure 21] Figure 21 is an example of a representation of the size of the
fluctuation produced by the addition of EE4031 in (a) Poincare plotting and (b) STVs
in connection with elapsed time (FPD: field potential duration) of the peak position
of the release of potassium ions from the release time of sodium ions in the signal

35  waveform of the field potential of the cardiomyocytes that can be measured by the
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10the agent changes to the field potential signal waveform of the cells measurable by the
measurement system of the present invention cells. [Figure 18] Figure 18 is an example of a graph
illustrating an example of the average value of the changes in response to the addition of a potassium
ion channel inhibitor E4031 in connection with elapsed time (FPD: field potential duration) of 15the
peak position of the release of potassium ions from the release time of sodium ions in the signal
waveform of thelfigichpotential ofsthm oflibaipatscanibecnigasured by the cell measurement system of

the present invention.[ 1§1£FégiiﬁeF rgigygﬁ Siﬁgﬁ %ﬁ?@ﬂ%ﬂ&ﬁe%ﬁ@%ﬁ%ﬁ?{?@m@ illustrating one

of the methods for evaluating quantitatively the size of tfluctuation of short-term 20variability of adjacent

pulsations on e BadEIEVP ailieEesy sIbadd HPSEAHRTHB S WHRBNGSIERS SRt (Fbrertsdgsdtential

duration) of thg, pRak.BRSHIOMOHNR IRIRRAE YL RAIASIILIBY EﬁB%ﬁé@éﬁttﬁﬁéﬁﬂﬁﬁlﬁe time of sodium ions in
the signal waveform of the field potential of the cells that can be measured by the cell measurement

system ofthe present ihi¥gion] SETriGarbshe)EjuFs BBRE of Raarmpie it ingapRPA 4% timula
illustrating onexdditivn weihegs foinavaluading € difditaiiealy iagegoor Raraad plpdting, the size of the
fluctuation of elapsed time (FPD: field potential duration) of.the peak paosition.of the release of
potasaiu oA AL B b C LR A el potental of the
cells that can beanezsureics pstameot die3dmsenisuramiam. Systemiofapeprebentingvantiommple [Figure 21]

Figure 21 is agexamplg %Eﬂ;ﬂ%?ﬁ%ﬁ?@%ﬁg%ﬁi)tﬂegﬁiéﬁ 8{&@%%%9&%&% Prafdced Dgxims,@ddition of

EE4031 in (a) Poincare plotting and (b s in connection with elapsed time (FPD: field potential
duration)lgf th&dé&l%‘b@s‘iﬁéﬁ)of the release of potassium ions from the release time of sodium ions in

the signal 35waveformmbihe figlgipatenualiRfibacakdinpky o yismdhat mianike speasured by the cell
measurement sgstem of the present invention. [ Figure 22 shows FPD and STV in the

[Figure 22]
case of addind AGERE IR Rl9824 RAREE B} %HWP@%%@%WB&F&WO%@?QW&%reference
agent measurable hydheimeass gientisiestane deliscohtipe pfeseohidieniicontSjtdgusesk 281Figure 23
shows an examglgigf Poincar%glotting oIhFPD a airhst addition of an g%%r;et in terms of Ehe difference in

cNnce 11 OSI1LI ereqf can be.measure casureimen
the shape of the car(flromyocytte fetwork and the difference in position thereot which can be measured

by the mEasursiyient gydie mastuenpeasont (avarionogaiph shieroggagsheshopiaglam egtnalple of an
actual cellular netyarkd@ofR) £}, 33PN URGIRASIR - EAAAES 8LPPIME A, 1B fndipsl D of ().

[Figure 24] Figure 24 shows an example of Poincare plotting of the transmission time to a local point
from the paceﬁfa(ﬂér area in response to an addition of an agent in terms of the difference in the shape

of the cardiomyocyte nefweEoaNdithgcifasansn ifathe RRsitian dnespelwhichgandenpeasured by the
N ehan & CosRtIONal T Voo Tasireent MEhol 0 & romvenkanal ra b Of an actual
20  measurement method, and a relationship between an FP waveform of a single cell
and a composite FP waveform of a cellular network during the measurements of a
network of cardiomyocytes measurable by the cell measurement system of the
present invention.
[Figure 26] Figure 26 is a diagram schematically showing a configuration of
25  an apparatus having a function to estimate membrane potentials of cells from the FP
waveform of the cells collected from each electrode and a function to compose a
comparison waveform of an electrocardiogram from a composite FP waveform of the
cellular network during the cardiomyocytes-network measurements which are
measurable by the cell measurement system of the present invention.
30 [Figure 27] Figure 27 shows examples of: (A) an annularly arranged
cardiomyocytes network; (B) FP waveforms of cells obtained from each electrode of
the network of (A); (C) a composite FP waveform composing the waveforms of (B).
This example shows an example in which the pulsation signal is transmitted
normally from the PM area.

35 [Figure 28] Figure 28 shows examples of: (A) an annularly arranged
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cellular network (a); (b) A graph showing measured changes at points A, B, C and D of (a). [Figure 25]
Figure 25 is a diagram schematically showing a relationship between a conventional in vitro
measurement method and a conventional in vivo 20 measurement method, and a relationship between
an FP waveform of a single cell and a composite FP waveform of a cellular network during the
measurements of a network of cardiomyocytes measurable by the cell measurement system of the
present inventenliffigony 26lcFiguke @D isPardiegamssohariiatibaliyeshipwingaahodafigodatidn of 25an

epparatus haig AABAIGN 10 SRUMAG BT AP RO SRIR AT INGRR A Gfarm of the

cells collected from ea ectrode an unction to compose a comparison waveform of an
electrocardiogfais erevmrlcemposiecEmploaraiichithsebpticg Henmoiktenmsmatied
cardiomyocyt%-ﬁtgwgfy MeASHETNERESWhich are measurable by the cell measurement system of the
present invention. 30[Figure 27] Figure 27 shows examples of: (A) an annularly arranged

cardiomydcytes netwdPRES B WAYERS d R BoMIRE Ao HRAR SRUEIHbIBAFHY fiftwork of

(A); (C) a compeditatntz Wayeiacy (bempgdirgihe waiafadismoidB)ed hisl exafRibedshiowshan example
in which the pulsgtion Si Qal is trar](smitted norn}alw frchm the PM a 6a 35[1Fi%ulre 28] Figure 28 shows
0 €-netwo epents wh T the cell

10myo TK MGasur 1 are megsu .
examples of: (ff)r an ann arly arranged cardiomyocyte ne WOTK, f@ EBywave?orms of cells obtained

from each electaderofting mtwor‘kf(bhfw)pﬁmtancommsi_te FP waveform composing the waveforms of
(B). This example shomg%?%%;@rp@%ggw@@ggﬁpgﬂgj%% ﬁ%ﬁﬁl@%@%%ﬁﬁo%?&h@rmally from the

PM area. 5[Figure 29] Figu is a graph showing an exemplary relationship between the beating

frequenclP(beshitREfefEERY SR dareRd Myvalassiaaty thd Fbecalting YReYEey diimgdBste-network

measurementgandisi @& feesysalR g Qv theneats MaasHEemenisayse piHbenpissRAtdAvention.
[Figure 30] Figure Sot?‘i%la?t:graph showing an example of chronological 10 change of FPD when forced

pulsation is giveH 10 e SaPafo Y ABY Huring the cardiomyocyte-network measurements which are
measurable by the me@&sguanienteysie sl of thehpresenioinphtibowing niguienplk] dfigre 31 is a

phatomicrograpy sowing ap example. of the. celliss petwork arangement whery the £BD is measured
when forced puﬁsashon is 15 given £ carélomyocytes during e car |omyocyipe9neflwolr]k measurements
which aré&Smeasuealifecbidihmyne g dunagttby stediaph yheyr asgwoilvantonefikigisre 182h Bigure 32 is a
schematic dia%@%h?ﬁlﬁ}évﬂlgtﬁ@rﬁé@sm@lﬁéﬁft Q?&E@r?of the present invention.
[Figure 32] Figure 32 is a schematic diagram showing an example of using a
mechanism to maintain a constant potential at microelectrodes using a feedback
control of a trace electrode potential to measure the FP of cardiomyocytes during the
20  cardiomyocyte-network measurements which are measurable by the measurement
system of the present invention.
[Figure 33] Figure 33 is a graph showing an example of the relationship
with the response of the beating frequency of the cardiomyocyte population when
forced pulsation is given to a partial area of the cardiomyocyte population during the
25  cardiomyocyte-network measurements which are measurable by the measurement
system of the present invention.
[Figure 34] Figure 34 is a graph showing an example of the change in the
length of the FPD when forced pulsation is given to a partial area of the
cardiomyocyte population during the cardiomyocyte-network measurements which
30  are measurable by the measurement system of the present invention. A graph
showing (a) an example of the relationship of the change in the length of the FPD
and the change in the FP waveform caused by forced pulsatile stimulation; and (b) an
example of the change in the length of the FPD in response to the change in the
stimulation interval of the forced pulsatile stimulation

35 [Figure 35] Figure 35 is a table summarizing the results shown in Figure 33
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mechanism to maintain a constant potential at microelectrodes using a feedback control of a trace
electrode potential to measure the FP of cardiomyocytes during the 20 cardiomyocyte-network
measurements which are measurable by the measurement system of the present invention.

[Figure 33] Figure 33 is a graph showing an example of the relationship with the response of the
beating frequency of the cardiomyocyte population when forced pulsation is given to a partial area of
the cardiomyooydd-poye [34i orgaulimg) i e X2 par dioimy oop@seolork celk aspréanientevehich are

measurable b¥oﬁ‘?:%1{;f>%?s§‘ﬁr&{‘?? Ryt AL LG ?’?ﬁé@é‘?&%&kocy&é@%ﬁ% i Eﬁgﬂ{gtﬁé‘ Is a graph

showing an example of the change in the length of the FPD when fofc ation Is given to a partial

area of the cafdigMyOSAEGHpIALL METHgHER : Stidhiye Bpeashelohy ihedBeremEnesvhich 30 are

measurable byhermeasdrsrnent ayaigidef the present invention. A graph showing (a) an example of
the relationship of the change in the length of the FPD and the change in the FP waveform caused by

forced pufSatile stimulSESHane! (RLFF SRdirp RISk AR SRIh ORI B RMRERERPD SFtEsponse to
the change in tbafgtimutati of indermal ebiheifpreathpulsatite stiofidhatigas3m Mgene 3b] Figure 35 is a
table summarizing the fesult n in Eigure 33 and Figure 34 regarding an example of the response
of the cell papuiaton T L TorLdd BulSatod B o S LB RS popuimton
during the cardiodyoeytesnettiogapeasussroantinghichrerenmhedsueabld b threser@asurement system
of the present;invention. 5[Figure 36] Figure 36 is a block diagram showing an example of the overall
configuration of the cardiotoxicity testing apparatus of the present invention. [Figure 37] Figure 37
is an enl&Pged view oflffig HHEN & HiRCH ASE BB BRYRECTS Te st Hlsp Akittiecacberding to one

embodiment ofjtha-RIese MdHentan HOauRB8hHaHR WG 4R Mg ampthewiRgsersespondence
between the electrode of the (% Ip and the measurement window (a-¢), and a display example of the

data used for th& SHARSE {85, SRR RS YBUAE) DR R E B8k Tbeytes (b) using
the multi-electeadioaisay ylo(kaubind)the mul{Fideneode gy rhiddshods a two-dimensional plot

produced by a cardiac 15toxiGity testin thod according to. an embodiment of the present invention
for Diltiazenm, DLsowldl oo o B o FE s I AR e o
differencBcirclixisentesiing reftretheecetdnmdernnthdroeidctf dhieprivenioiecngiooler during a

measurementg{lg&g}ﬁpﬁgds%ﬁmgrg@b@laaglmwpe with the present invention. (a) A schematic
20diagram of an exam%e of a circuit iIIustratin% the principles. _[Figure 40b] Figure 40b

schematically shows adifareHd Eigtir f fesperiavs a cilberansh ¢ HsikidEIBYEFAdes for noise

removal duringeferogaseiament i dmrierlRdeRataitidlin agaerdansawithiibespresent sfvention. (b)
A circuit diagram of an example of an amplifier cir uiEincorporatin%‘the difference circuit. 25[Figure
20¢] Figure 208 SAFSMAs BRI CHbIISiSe iHARS QA EiHIE PSRN UIOn. () A schematic

20  diagram of an example of a circuit illustrating the principles.

[Figure 40b] Figure 40b schematically shows a difference circuit between a
reference electrode and microelectrodes for noise removal during a measurement of
an electrode potential in accordance with the present invention. (b) A circuit diagram
of an example of an amplifier circuit incorporating the difference circuit.

25 [Figure 40c] Figure 40c schematically shows a difference circuit between a
reference electrode and microelectrodes for noise removal during a measurement of
an electrode potential in accordance with the present invention. (c) A diagram
showing an example in which noise is reduced by the circuit.

[Figure 41] Figure 41 is a diagram schematically showing an example of a

30  comprehensive evaluation method for cardiotoxicity evaluation in accordance with
the present invention. (a) The degree of an prolongation of the FPD from the FPD
data of the cells is plotted in the X-axis, and the magnitude of temporal fluctuations
of the FPD is plotted in the Y axis. (b) An example of a plot for the average data from
the above results, plotted in the X-Y diagram.

35 [Figure 42] Figure 42 is a schematic diagram showing an example of the
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reference electrode and microelectrodes for noise removal during a measurement of an electrode
potential in accordance with the present invention. (c) A diagram showing an example in which noise is
reduced by the circuit. [Figure 41] Figure 41 is a diagram schematically showing an example of a
30comprehensive evaluation method for cardiotoxicity evaluation in accordance with the present
invention. (a) The degree of an prolongation of the FPD from the FPD data of the cells is plotted in the
X-axis, and theam@gmmistide of aevyyyarafductationg tietbardRDdsiplotteitthe thresyhaxisefpAn example

of a plot for the averaqgig]ﬁlltg zfrﬁﬂai gzeatgq\éearf%ﬁlé%&kaﬁ aifﬁ qh%l é;}ﬁ%f@ﬁf%?&%@ggnﬂ] Figure

42 is a schematic diagram showing an example of the configuration suring the

cardiac toxicity smenée picberromiaasan of thifaepairsneychan®if thevsthatitudtabidemand a

photography shaning,anexamalie ebineconfisypienahihedegasurement chamber of the cell culture
system to measure the cardiac toxicity of the present invention. 5[Figure 44] Figure 44 is a diagram

schematically showind Aet5sedddas 6 die Hagemngheairtailys Mg piganssetenafe 45 is a
diagram schenmatiaaliyuitingicalingleugopligsiration of the electrode wire electrode arrangement being

disposed in a multi-electrode gjbkslrate. Q[Figure 46] Figure 46 cPe atic diagram showing an
cxample of & mult-eleLIoMS Ot AT o e A A e v
OUT THE INVENR EIMtfod20]ikSHigtnald dsrangenspe bivesvdapasedemativdiyedtutwitg an exemplary
structure of an apparatus for testing cardiotoxicity according to an example of the present invention.
Figure 2 is a perspective view schematically showing an exemplary structure of a cell holding unit CH

of the cakfiotoxicity te Sitey oA iaeiy SHBWriFCIsgrec dipgires By B Ve oMM fading an optical

system for optigalty Jeiesastingiberall taipasbirikm erdl hwldiag unit CH of the cardiotoxicity testing
apparatus shown in Figure 1. [0021] Referring to Figure 1 and Figure 2, the cardiotoxicity testing

apparatus 100 mainly consists of parts built on a transparent substrate 1. The transparent substrate
[MODE FOR CARRYING OUT THE INVENTION]

[0020]

15 Figure 1 is a perspective view schematically showing an exemplary
structure of an apparatus for testing cardiotoxicity according to an example of the
present invention. Figure 2 is a perspective view schematically showing an
exemplary structure of a cell holding unit CH of the cardiotoxicity testing apparatus
shown in Figure 1. Figure 3 is a view for illustrating an optical system for optically

20  detecting the cell retained in the cell holding unit CH of the cardiotoxicity testing
apparatus shown in Figure 1.

[0021]
Referring to Figure 1 and Figure 2, the cardiotoxicity testing apparatus 100
mainly consists of parts built on a transparent substrate 1. The transparent substrate

25 1is an optically transparent material, for example, a glass substrate or a silicon
substrate. The microelectrodes 2 are transparent ITO electrodes, for example,
arranged on the transparent substrate 1. Reference numeral 2’ denotes readout lines
from the microelectrodes 2. Reference numerals 31, 32, 33 and 34 denote agarose gel
walls, which are arranged around each of the microelectrode 2 with gaps 41, 42, 43

30 and 44. The agarose gel walls 31, 32, 353 and 34 are cutout in the middle to form a
space as cell housing. The microelectrode 2 is placed on the transparent substrate 1,
as necessary, within the space as the cell housing formed with the agarose gel walls
31,32, 33 and 34. Regardless of the presence of the microelectrode 2, a single cell
10 can be retained in the cell housing. In Figure 2, the microelectrode 2 is arranged

35  on the transparent substrate 1 within the space as the cell housing formed with the

36



251 is an optically transparent material, for example, a glass substrate or a silicon substrate. The
microelectrodes 2 are transparent ITO electrodes, for example, arranged on the transparent substrate
1. Reference numeral 2' denotes readout lines from the microelectrodes 2. Reference numerals 31,
32, 33 and 34 denote agarose gel walls, which are arranged around each of the microelectrode 2 with
gaps 41, 42, 43 30and 44. The agarose gel walls 31, 32, 33 and 34 are cutout in the middle to form a
space as cell hgusissgygdiventtsi Sio8leGtranié 2.isvptaced adithewapspHrentddibsirally tstamecessary,
within the spagg Az . Gl aBusIng foRed 1D BgaroRe S AS Slorife i ARt Regardless

of the presence of the microelectrode 2, a single cell 10 can be retained in the cell housing. In Figure

2, the microel@@tdsdé Ims 2 rrangddtiesn aite selingsareniishisshatsct athilataehspence s the cell

housing formedaithdbsuearEcsaigeh walhadh: dbsadand gerwhaie.pprridigmyaeyte 10 is additionally
retained on the microelectrode 2. The microelectrode 2 is shown to be connected to the readout line

2'. A matetial, €O I RIRH BRRUAQELCEIIG  QGEFESTLe B HESIEBHE YMAYE: the

transparent substhatethis quieiedbhy @adliatiomticctive Stk heartuesudace. of Shecendeseelectrode 2 or,

directly onto the ttﬁfm arelll"lhsubstr%t)% 1 \élk\}vef%tthe cell is dispos p {? \;,Qe giggge .of the microelectrode
e e )

2. Since the call B e e AR domned Wit the aquoe st B, 4 SSRAATS i 34 ie
non-adherent mml@hgamw helaghemee el Otheilbelbi O anbfeotseymiet thiy oval I@@wﬂ$fdt®méght is
equivalent to q??ﬂ%?é[%‘g% gﬁ&h%?&%'ﬁéﬂei%ﬁts%ﬁ ARd3dairusthermorg, 19singe the aaps 41, 42, 43

and 44 surrounding housing formedy cutting out in the middle of the agarose gel walls 31,

32, 33 anfl 34 Brecshfafapttartthdssind bf tHEQEIineenellohamtinstAiBee AyessgsE Gaps 41, 42,
43 and 44. [0GRgIWNithereferenea i & igykealis the selbhalding 4#piimaikd kdidnEsiz peheH. 15each

retains a cardiomyocyte or a fiproblast 101, 102, 103 or 1011 in the cell housing. Each holding unit is
provided, althSGUh Aot el iHEN 8/l Wl%vﬁ(j‘ﬁfgﬁmﬁsﬁl%amiéioé?e I from which extends the
readout line 2'M(22] 2'3 orThese cardiomyocytes or fibroblasts form a tandemly arranged cell
communication channgl.CCC. Here, "n’.is, for exam . Althqugh th t\elﬁflt t mly-arranged
20cardiomyocytes anﬁllgf%org ggsetrécrenté))r): li%ugflgéeéﬁeeﬁ%%a%?ﬁ%,ufﬁesce $ i%ﬁﬁﬁ%’e ceflyhno% ing units CHI
and CH20 arecprbfegtaibly eardivonyesitesoiitrebéfitsife d0thidcell dbnmibeicatibeushennel CCC are

provided 3 x 3pcell RG|AIRG WS GHG R AR iR RINR ACAEIRMYARYig.Population 10G

where each cell holding unit CH retains a cardiomyocyte 10. This cell population 10G serves as a

25stably-pulsdiigasicdindkeiramsmicthetaiip isuratdanaes, only 6ne vPiRencell hese

cardiomyocytes or fibroblasts form a tandemly arranged cell communication channel

CCC. Here, “n” is, for example, 20. Although these twenty tandemly-arranged

20  cardiomyocytes and fibroblasts may be allocated randomly, the cells in the cell
holding units CH; and CHyp are preferably cardiomyocytes. On the left side of this
cell communication channel CCC are provided 3 x 3 cell holding units CHg to form
a region that retains a cardiomyocyte population 10 where each cell holding unit
CH retains a cardiomyocyte 10. This cell population 10¢ serves as a

25  stably-pulsating pacemaker. Among the cell population 10g, only one of the cell
holding units CH is provided with the microelectrode 2 from which extends the
readout line 2°c.  In addition, the right middle cell holding unit CH of the cell
population 10c is arranged to face the cell holding unit CH; of the cell
communication channel CCC. A barrier 11, is provided on the right of the cell

30  population 10c and the left of the cell communication channel CCC. A small
opening 11 is formed in the lower middle part of this barrier 11.. On both sides of
this opening 11, the right middle cell holding unit CH of the cell population 10g is
facing the cell holding unit CH; of the cell communication channel CCC to allow
physical contact/intercellular interaction between the cells retained in the cell

35  housings via the gaps 4 at the periphery of the housings. A comparison electrode 2¢
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holding units CH is provided with the microelectrode 2 from which extends the readout line 2'G. In
addition, the right middle cell holding unit CH of the cell population 10G is arranged to face the cell
holding unit CHI of the cell communication channel CCC. A barrier 1 la is provided on the right of the
cell 30 population 10G and the left of the cell communication channel CCC. A small opening 1 Ib is
formed in the lower middle part of this barrier 1 la. On both sides of this opening 11 b, the right middle
cell holding uni @bivafathbadel popctdtiprpUaGois FacirpthevbethhibédienglomiliG¢? ‘of ket
communicatio[be?g nel CCC to allow physical contact/intercellular interaction between the cells
retained in the cell 35housings via the gaps 4 at the periphery of the housings. A comparison electrode
2c is provided below tRefeetnse purasitn 1 denofesrh swHiektHag dadiohalipeendstsdeli0023]

Reference nupssalafisienoiesma sUraimsing walfhabssreurdataatonqpiialioi dtsdéhe cell

communication channel CCC and the comparison electrode 52c. Reference numerals 81 and 82
denote pipes 0 sUPPIGIAR S REMatLPe Ll hclr G B dgiot R B e 5y HHES W §O8nd for
draining the cefltculeregsoiigrofmdading tegiwnl ST tmed fstettbiyithatwaltll clntthe waseof this figure, a

culture solutiop is supplied from the pipe 81 extending.toward the bottom surface, of the substrate 1
and draimedt DR A e bt Hifde o e TBLSDAGIE'E a pipe 63 s
connected to tidutidituressphittolisupgiyinppihe8tmbag the adlthrebstioniowidatieosdthat an agent

that acts on thg, Gells s SURPHEGHIRHRS RIRS i3-S eIt e et ARG SXResEMH O the cell

culture solution supplied from the pipe 81 into the region surrounded by the wall 7, while being stably

retained 6h theéukiitrdelectrodiBeS Oheeniisted|ie His IBHBE?R HYEHWB-BEPBRPBS PPt RUIture

15solution, thereuilig-sQBIigACAR1BEs dinas Ham: tharegioshsue eandrdippthe walthigvith the pipe
82. Moreover, when the culture soluéif%n needs to be exchanged with a fresh culture so{ution, the
0

culture solutioR'RTa? be STRSBHERE et 18 haming e LRIF STUPE s SRR her hand, if
one wants to dffeatttieepged|8 it de ageoh theageont foy affecting théidelisimaydidyaddeded the culture

solution via the 2 i_pne 83 Eor su&)églyé together,with ihe cijl'hure sal tior]J\éia the&iqg (t?‘l while draining

e
on the microelectro ce the cells no, fonget need to 08 the cplture
the cell culture solution from ttfrwe pipe 8 " TRCthis case, due i the barrier 11 a provi ed between the cell

populqtidﬁ 10@>hﬁtﬁmhélc@wl¢mﬁ¢lmioatm bhaﬁnﬁab@@@p\ﬂtwﬁgm_@un@@@@hmoﬂlwm&ﬁnng the
agent is suppliggyni [ig."ggioRRiFRMAs AR MMl S Hamb g PiRe e Brereals Phtie £ell

population 10G are less influenced by the 25ag1§nt than the cells of the cell communication channel

CCC. SpecificHiyh WHEH PRy SrsrialRtFgseline e hesuBRIsSHET OrathdeApimng this culture
solution flows ¢brosighntbectRasing beivweentbienwall i ane whabethadaasotdhe barigr lla as well as

over the top of the barrier lla toward the cell ulation 10G. Thus, the cells of the cell population 10G
are oo aftecRF By (e HGRH T ESHIEANE OBt R B RB DL AL e Bituence on the
cells of the celbiperdifunicpibntopethneh@t Geandtihusoiidoes nahafiget Srevhikctioinasealeacemaker.

The structures e IFSSMEN OIS L. AZANAES Ay AIardg phangel depending on

the measurement configuration. For exa e pipes e separated, or the pipe 82
may be omittelisita tuirglitropideian {8 oththe cell communication channel CCC, when the

culture solution containing the agent is supplied into the region surrounded by the
wall 7 from the pipe 81, the cells of the cell population 10g are less influenced by the

25  agent than the cells of the cell communication channel CCC. Specifically, when an
agent-containing culture solution is supplied via the pipe 81, this culture solution
flows through the spacing between the wall 7 and the both edges of the barrier 11, as
well as over the top of the barrier 11, toward the cell population 106. Thus, the
cells of the cell population 10¢ are also affected by the agent. This influence,

30  however, is indirect compared to the influence on the cells of the cell communication
channel CCC, and thus it does not affect the function as a pacemaker. The
structures and arrangements of the pipes 81, 82 and 83 may arbitrarily be changed
depending on the measurement configuration. For example, the pipes 81 and 83
may be separated, or the pipe 82 may be omitted while using the pipe 81 for both

35  supply and drainage.
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35supply and drainage. [0024] PC refers to a personal computer (potential measurement means,
control/recording means), which measures and records the membrane potentials between the readout
lines 2' from the microelectrodes 2 of the cell holding units CH 5and the readout line 2' from the
comparison electrode 2c. Furthermore, operation signals Ms from an operator are input into the
personal computer 9. [0025] The cardiotoxicity testing apparatus 100 may be mounted on an XY
stage 15 of thé09g#tal observation device 200 where the pulsation of a certain cell 10 of the 10 cell

communication channpbqggscg)na%%lggﬁgrgg%% P&?&?Hﬁé@ﬂ?fé}n&%é( §tage 15 is optically

transparent and may be moved to a given positio h an X-Y drive unit 16 according to the signal

given by the p@?ﬁﬁﬁﬂI%&%@&éﬁ@@S?eW&%@Waﬁé??@lféﬁélllmeﬂflﬁﬁﬂmé)@‘iﬁé?%r Figure 3
shows an exegyplaync@Rfigalionir Dhsenving HieBelsating:sale fea-crhdliaktheicain

communication 15channel CCC. Reference numeral 12 denotes a culture solution. [0026]
Reference nuﬁﬂé}é]il??ﬁ‘g?%t]é’%eazl|§‘Fﬁ‘§6¥ﬁ€8r8f’%“ﬁﬂ3§ée‘&5ﬂ%%? miEFSRSPOSr SPSHRERStial

interference migiegeoge fioenearaliyradialegaplame imepedoRafesapeecnomeral 23 denotes a

bandpass filtei'dB%#only allows transmission of light 20with a specific wavelength from the light source
for observatio a stereoscopic microscope such as a phase-contrast microscope. For example, in
the case of observing The celilit®dticrztonnbapddightshddmps heavelarigdhoin ah&Yiciigg 65 700 nm is

used to prevendamage o, e el H0dd i RIBIRIRED H@Z%@L%%H%@%&élﬁ%‘ﬁefd%’f“tﬁ@s a function

of blocking irradiation light when image measurement is 25 not executed, for example, while moving

the XY stige £5!l RefrsméeaHOM RIS Gefotas becdnanisdey idhan s sypisse rii§ i \nstalled for

phase- Contfasitﬂﬁifﬁ\ﬁwﬂy’ﬁ@ﬁl@ %&Wmﬁ%ﬂ'ﬁ%ﬁf%%ﬂv&ﬁ@f ﬁ@@@eﬁ@i@[ﬁ@ﬁ%{ﬂh@)@afdmtox'c'ty
testing apparatus 100 formed on the s %bstrate 1 .is mounted o R;%i XY stage which can be moved

with the X-Y dfUSUHHLE @SS AANE tHEL§1ER B ABFRASRIRLESBE tH CarthtstdWigity testing
apparatus 10Qh€bpepaﬂmtmg1ﬁlates dfdhetoebperaton. th@xgard@tﬂmmtyatesﬁag;ﬂmgaratus 100 is
observed with an to cttl(\)/l? éor SP17 The focal SItIOI{Ian t?e o e% ns e;{Ilzc%an be trapsferred in the

132
Z-axis direction With a drive unit 1 Valllé or Ru ltlllé signa rom e maléln ation of the

objective fens diameal/He(40 Befiegnse mheemﬂjéétd@mﬂsalcﬂBMIImhstlobservatlon of a phase-contrast
image or a diffmjal interference image of

Reference numeral 22 denotes a light source of a phase-contrast microscope
or a differential interference microscope. Generally, a halogen lamp is used.
Reference numeral 23 denotes a bandpass filter that only allows transmission of light

20  with a specific wavelength from the light source for observation with a stereoscopic
microscope such as a phase-contrast microscope. For example, in the case of
observing the cell 10,, narrow-band light having a wavelength in the vicinity of 700
nm is used to prevent damage to the cell 10,. Reference numeral 24 denotes a
shutter that has a function of blocking irradiation light when image measurement is

25  not executed, for example, while moving the XY stage 15. Reference numeral 25
denotes a condenser lens, where a phase ring is installed for phase-contrast
observation or a polarizer for differential interference observation. The
cardiotoxicity testing apparatus 100 formed on the substrate 1 is mounted on the XY
stage 15 which can be moved with the X-Y drive unit 16 to observe and measure a

30  certain location of the cardiotoxicity testing apparatus 100. The pulsating state of
the cell 10, in the cardiotoxicity testing apparatus 100 is observed with an objective
lens 17. The focal position of the objective lens 17 can be transferred in the Z-axis
direction with a drive unit 18 according to the signal from the PC. The
magnification of the objective lens 17 may be 40 or higher. The objective lens 17

35  allows observation of a phase-contrast image or a differential interference image of
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the cell 10 obtained with light transmitted from the light source 22. A diachronic mirror 19 and a
bandpass filter 20 that reflect light having the same wavelength as the light that passes through the
bandpass filter 23 allow observation of only a phase-contrast microscope image or a differential
interference microscope image 5 with a camera 21. The image signal observed with the camera 21 is
input into the personal computer PC. In addition, although it is not illustrated in a diagram, images are
displayed on ahmoeitdOppbtdisplayitoingledtedstoitted FGM[0GAT§HE xempialy. diehsibnenaf the

structures of the,cardio 9%@@}5@9 aPRARINEACY ﬁ%ﬁ%%@%r%}n@%%&%?ﬂl@s In this

example, the size of a cell is 10 Rmy. The transparent substrate 1"has dimensions 00 mm x 150

mm, the microBREgIEL PrEsedifRENLIBRBedTRIDAs (SN hrltpeaebsortionghrids gel walls 31, 32,

33 and 34 has,fimepsiensehRAEHE FRB8K L@ fRreigighirieRF OB UARR Hhadd, 43 and 44
has a width of 2 Rm, the cell housing formed with the agaraose gel 15walls 31, 32, 33 and 34 has a 12

Rmy cylindrical YpAE A Hhe wHIF 7 sgaphAPEmYER SIShI R S mrka2s h RV Hight of 5 mm.

The height of thesbastiesthpatis @M. Athaighltheugticide lestitidendibasnaashinatarshapgesf 8 Rm x 8
} be an annular el ctga)de of 10§I§rp(}ltélhalgeorresponds to the shape of the cell
Lc )

Rm in this examplg, it ma ;
housing madea\gv%ﬁét%élyaeé}/éor%s?enboe “v‘aéﬁ’é %Tel,sg ,YB(?%%G the widths of 20the gaps 4i, 42,43 and

44.[0028] [M2idinafter, an exemplary structure of the cell response measurement apparatus 100

of the present inventi%@%ﬁ ﬁjlféﬁse;mI@lé)wﬁg&&gg%}j&fgtdﬁé'ﬂ&&gcﬁ%ggtwgI be described.

25[0029] Figures 4ga), 4(b) and 4(c) are diagrams showing signals associated with measurement

of membtane pRRariass! PO Wiy Ehg WE wisith doABYE thEnHBitZnEPkxid et ffshhbrane

potential betwegnthg MitkeelgsipRRe2sapé e CARRAHSANAIETQde reAOrKD thenveaitical axis. Figure
4(a) shows membrane 305?0 (;:;‘nm}ials resulting fé%m the pulses of the cell population 10G, Here, a
B lﬁ"l%

potential referS468H S FAREOTRVRER HE T EAYB A W ARRY #r8Fh SRS ot the cell
population 10G;apwhilie3dadalitiineidic ex@Enging 20 mnthe idopmpdiisght ele drode 2diskhapyn in Figure
1. The diagram shows stable pulses indicating that the cells are capable of serving as a,pacemaker.
Fioure 4(0) o e o e T A e B e
where thEScultwrdlsdhutiondduels3nbrsortdiman Gdedridabspace caldidrgeteld Tdramedesm@ment is the cell

10 of the cell commuRIEaHPs &Jﬁ%&%@%tﬁ“ﬁ‘ﬁéﬁ%ﬁ@%@ﬁﬂim PRIVERMLBE dRAGRHE RS, 2611

extending from the cell 1011 and the readout line 2'c extending from the comparison electrode 2c are

measured. As cBibe ApHAEAIGG FFFPElFERISOATWIATHAE WSO WPRiGLKE4thithe time
required for condufipdithe pulsenofih@ar electrode of 10 pme that corresponds to the shape of

the cell housing made with the agarose gel walls 31, 32, 33 and 34 and the widths of
20  the gaps 41, 42, 43 and 44.
[0028]

Hereinafter, an exemplary structure of the cell response measurement
apparatus 100 of the present invention and a specific example of measurement using
the same will be described.

25  [0029]

Figures 4(a), 4(b) and 4(c) are diagrams showing signals associated with
measurement of membrane potentials. Each diagram shows time along the
horizontal axis and the membrane potential between the microelectrode 2 and the
comparison electrode 2c along the vertical axis. Figure 4(a) shows membrane

30  potentials resulting from the pulses of the cell population 10. Here, a potential
refers to an electric difference between the readout line 2’ extending from one of the
cell population 10 and the readout line 2’c extending from the comparison electrode
2c shown in Figure 1. The diagram shows stable pulses indicating that the cells are
capable of serving as a pacemaker. Figure 4(b) shows membrane potentials

35  resulting from the pulses of a target cell in a normal state where the culture solution
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cell 10 of the cell communication channel CCC is delayed by At. Meanwhile, Figure 4(c) shows
membrane potentials resulting from the pulse of the target cell in a state where the culture solution
contains an agent. Again, the cell targeted for measurement is the cell 1011 of the cell communication
channel CCC for the sake of 10facilitating comparison with Figure 4(b). As can be appreciated from
comparison with the waveforms of Figures 4(a) and 4(b), the time required for conducting pulse of the
cell 10 of the ckltconmnmicatorngtrannéldC € dslfoangdttd ber delayedmottjisshbydl Bt &y At +a. This

means that (eueh &b n.RRRIAIRNCie R f0R ARepLARiBHan.Le SR RS Rl

communication channel CCC appears as the 15increase in the delayed time, i.e., +a. Specifically,

toxicity of an afeftsAENERIENNOeHel Oaasthessrasdond e Sodiei e m ARG It should be noted

that microeleciaggsthat artsetbionehassvatian mayhs B@fﬁﬁfﬁé’clﬁ’t@cﬁﬁ&ﬁ%&ﬁ%ﬂs@@dmd%
herein. [0030] ZOFR:%res 5éa), 5(b) and S%C) are diagrams showing signals associated with the

changes M the Wi PR auei oo QisE S1Eat&)vihidins FreuleddanerAdniBgibePuisaiiheigure 5(a)
shows the chasgiel hdhehyolileassotiatashwithnpel 80t & delhoicol popuMtienwiiils, where the pulse

of one of the cglls of the cell population 10G is optically detected,with the caonfiguration .shown in
oo . The Ea A R D R e e A et as
pulse-shaped shenghsicThe ayttlecobinisowavefons ds dgersamégsntibeaydlgattiteldbanges in the

membrane pojntial as3aciated v e PUlR AN SROMRIL AU KR -(Teurs R)sRhows. in the

upper diagram, the change in the volume associated with the pulsation of the target cell under the
normal stite WketEatieeatoparsoRoiiSigae dfhhe Ay doanaTsriseed fivmeapmariwiagram, a
waveform of themamewavidmensifiienentiadvalkiesmion @yaiHation asRiesdriesignalringmsthe cell

targeted for measurement is. the cell IOn of the cell communication channel CCC, where the pulse of
the cell IOn is %’8&1@&&8&‘5& i Cﬂ%@éﬂﬁ@ﬂ?ﬁtfgﬁ@%\%ﬁﬁfﬁ%&@ﬁ? %‘%%‘ﬂ?\yﬁg YWdtstiated from
comparison wiik théuamerorra.shahin indaigutetia) ldhd tiftkedguioad fbibdtaoddelalidg: pulse of the

cell 10 of the cell communication nel CCC is delayed by, At. hile, Figure 5(c) shows
cimgrams for S R e B el B A L R RS ol uncer
the statelWhera¢hrassuinite siolasioh wontainis tn ageatificdiguiexBity, chantimgenavesiare extended

when compared le 0seyR EIgUeSREAANE AURinhnEHARESHIFIRIMIERISREYR & Rapaveform

corresponding to the waveform of the upper diagram of Figure 5(b), where the time required for

conducting pulBiElReiedEs hararsa sed s phneRitD M eh Rassiccre o fpbierdERiyed by 13 in

addition to At areasdberpgeciated by comparison with the waveform shown in Figure 5(a). The

influence on tftq(g&ahnge in the volume associated with the pulsation of the target cell is more

prominent in a aller inclination of the change in the volume rather than the increase in the delay.
20 Figures 5(a), 5(b) and 5(c) are diagrams showing signals associated with the

changes in the volume due to pulse of cells, which is measured with the optical
system. Figure 5(a) shows the change in the volume associated with pulse of a cell
of cell population 10, where the pulse of one of the cells of the cell population 10
is optically detected with the configuration shown in Figure 3. The contraction and
25  dilatation associated with the pulsation of the cell can be observed as pulse-shaped
changes. The cycle of this waveform is the same as the cycle of the changes in the
membrane potential associated with the pulsation shown in Figure 4(a). Figure 5(b)
shows, in the upper diagram, the change in the volume associated with the pulsation
of the target cell under the normal state where the culture solution is free of the agent,
30  and shows, in the lower diagram, a waveform of the same in time-differential values
for evaluation as electric signals. Again, the cell targeted for measurement is the
cell 10, of the cell communication channel CCC, where the pulse of the cell 10, is
optically detected with the configuration shown in Figure 3. As can be appreciated
from comparison with the waveform shown in Figure 5(a), the time required for

35  conducting pulse of the cell 10 of the cell communication channel CCC is delayed by
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This is apparent from comparison with the change in the volume with an agent-free culture solution
shown as a reference waveform in the lower diagram in Figure 5(c). The middle diagram of Figure 5(c)
shows the waveform of the upper diagram processed as time-differential values for evaluation thereof.
As can be appreciated 15from comparing the time-differential values with those shown in the lower
diagram of Figure 5(b), the smaller the peak value becomes, the smoother the inclination becomes.
This means that.thd/agewhdechkeased (hesbonty dagmmatooé cardiacgmbectesanditb erdfiore the cardiac

output'is also decreasgdy i HOGLINALGR JOHSRY: ét%l?%%@éﬁ%et‘é LARIGMYRCY(f fan be evaluated

as a decrease In the contraction 20rate. [0031] Figure 6(a) shows changes in the potentials according
to the amount8bfRga cCOHaERdNRLan inndAgustLfowhatomomaharegyendedsvisder a normal state

where the cultysgsgluiands e of Agens Fjameestes) S'Fﬁ&"ﬁpﬁ%@'&l%%%ﬂﬁ'%ﬁ@&ﬂ@t@mia|s according to

the amounts of Nat, Ca' and IC+ ion in- and out-flow into/from the target cells under. a state where the
culture so?utioW%YﬁfP&fﬁsC%‘ﬁeéﬁﬁ'?ﬂ?%st%gﬁ sergsraris ByretdikgAmehiparso s Pifufes 6(a) and
6(b), QT prolongaiias emergesovbeidubinyputositie extierglefltatangl thedim@iaxikiMoreover, the

waveform is largel rmed dye tq in- and oyt-flow,of the 1C+ ions.,30In order to evaluate this as an
boenie stomart T G S e B B o R B a0, ARDAO
and APD90, r@spmaﬁﬂ@hy,wwmlnesmﬂs@tfmw@ﬁgw ﬁ(dkatm@eméluahuegmétwmge" and "100"
in the diagramy, Hgre ARR slands:ianach o RRIERE dr it e Evalalians LH e maghitydes and

percentages of these values can tprovide evaluation of influence of the agent on the 35amounts of the
Nat, Ca"l&nd seallshinsliapdosrinbichpogs2p the vejynie ratherthaihairerattfgiahedstabiary

arrangement ofiagi9RpeateYFHEM andameranid elecliasie:oh e carsitagitmiastingrarparatus for
optically detecting the iells, in which observation of the pquati(_ril:%ﬂstate, for example, of the 5cell IOn to

be measured ERERSBIHISA! FOMPA RS 13 GEIBEE Delittirk LBRABH RREFE Nt numeral 22
denotes light st esiddleadphase-cORiast Flcrsseepehovadiffienanifahintppereigaamicroscope, which

is generally a halogen Jamp. Reference numeral.221 denptes a flugresgent light source for fluorescent
measurement o The Cas, LRoh S Aaaal e Ky alte erclr, " K Sibe RBNSH64 LD hght
source, dbthefliker RefipremeeimunmesalifBrdendieslach avitphssdierwnandliolesvendsgigsion of only

light with a pagigylal wauslengihitam Eﬂ@ﬁ&@téﬁh@%%ﬁl@?ﬁ@%ﬁ}%ﬂtﬁ\@m}é HEfRAFEAPIC microscope

such as a phase-contrast microscope, while reference numeral 231 denotes a bandpass filter that
allows transmRe§eMeY onhitgRedtihah By Geshibressoetd Bt emsrelieRdatp ftrautrc

muscle and therefore the cardiac output is also decreased. In other words, toxicity
of an agent on the cardiomyocyte can be evaluated as a decrease in the contraction
20  rate.
[0031]
Figure 6(a) shows changes in the potentials according to the amounts of Na*,
Ca’* and K* ion in- and out-flow into/from the target cells under a normal state
where the culture solution is free of agent. Figure 6(b) shows changes in the
25  potentials according to the amounts of Na*, Ca?>* and K* ion in- and out-flow
into/from the target cells under a state where the culture solution contains an agent.
As can be appreciated by a cursory comparison of Figures 6(a) and 6(b), QT
prolongation emerges where the waveform is extended along the time axis.
Moreover, the waveform is largely deformed due to in- and out-flow of the K* ions.
30  In order to evaluate this as an electric signal, the durations of the detected 30%, 60%
and 90% values are shown as APD30, APD60 and APD90, respectively, with respect
to the broken lines indicating the values between “0” and “100” in the diagram.
Here, APD stands for action potential duration. Evaluations of the magnitudes and
percentages of these values can provide evaluation of influence of the agent on the

35  amounts of the Na*, Ca®>* and K* ion in- and out-flow.
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15fluorescence from the fluorescent light source 221. For example, in the case of observing the
change in the shape such as information of change in the volume of the pulse of the cell 1011, an
image that passed the bandpass filter 20 that allows only light with a wavelength for measuring the cell
shape is measured with the camera 21 on a real-time basis, where narrowband light having the
wavelength in the vicinity of 20 700 nm is used for measurement to prevent damage of the cell 1011.
Reference nui®3l$ 24 and 241 denote shutters that have a function of blocking irradiation light when

image measurement i@i:éﬁ}eeﬁé:gt‘%g“jﬂr]h&)ﬁaa@& eanvg%ﬁlaq?géjggrgﬂgeﬁ%rﬁtgggn%t glference numeral

25 denotes a condenser lens, where a phase ring is installed for pftase-contrast observation or a
polarizer for différemtildmtareidne slepisedoaidhe oBH XAy St ngcRIREaR fERiieient, for

example, in thg.cass otiatrane! i rralchmerelassdMea wﬁwgtﬁ&@waﬁﬁgl@,@ﬁ&andpass filter
that selectively passes light with the excitation wavelength of approximately 500 nm and a bandpass

filter that SeledfVelpiosSempgradds fiemhiikskerRHidaatr SHaRtah Lo SRR HEUYroximately 600

nm is used, tosaleashre, Reitfréhesaameral 201l dhadiugrrseantStimagrathat passed through the
bandpass filter 201 that onl%/la ctiveI){ S ht with the flugrescent wavelen tki. In this case, if
1CroscoO Or. nl ﬁ % %a

J esli
. m da. erent 1 ?er%e cn 1CIroScCope., w IC%I 1S 9CNECT a 0ge .
calcium release per c it e Qe network 1S fo De meadurad i tarmis of tine to determine the

pathway of théasig’na}lltcﬁ@mmammeméwIdeR,fbmﬁmmuhgﬁgB?Bp@éqmﬂagesC_cah be acquired
with the time rﬁ&%%?%@ﬁ%@%ﬁE?\?ﬁ'@iQ)@%ﬁ@ﬁﬁ& 2S5 LS SN CIaNIGICRRIRS g Rpparatus 100

formed on the substrate 1 is mounted on the stagé 15 which can be moved with the X-Y drive unit

16 to obd€rve AnbEREUSreotsttant Bedtisn ofE{ereRraiBYEGER 2L daRef HpbBradRastdBterhe pulsating
state of the ceh O insthensaiotaxicitn e Hne RRRapiHsA00 is.obrapiadrvihnaiective lens 17.

The focal position of the objective lens 17 can be transferred in the Z-axis direction with 5a drive unit
18 according £ MES YA FBAAR WEPDHET W HABRAP S SaRS SR ATt RRa St ME Shjective lens 17
may be 40 or higlhrescdre whjkciaferteis dunalaiz3 ohisantatiobaidphdieichatradswaage or a

differential intetlrrg%rsence(i)m(%?g ?f H‘%F\%lft 0%1eokftati{1%d "X'v”] li IE %‘;QS%H&C’ férl%gut le light source 22.
A diachronic mirror 192°an anb}énépass ifer 20 that refiec ﬁ% Wi & sarhe wave]iength as the
10light tHat palgetssheoogfronethafigpeessdiltdrghs witooe 3BserErivekompldyin hleassectntrast

microscope image-of@ HIeHanYe NG IaISNCe IGOSEoRR RIS m&%%% GRAE R Rimd BEd0age signal

observed with the camera 21 is Input into the personal computer PC. Moreover, according to this

example, a moVAs &l fbdOz7abinases dhatRgsacdehsdarsnage b NerR G hisition e 8atolling

mechanism fori ixaditsiine e oo einaiess ofi tham evakie plestrads v vesngstdmites only within the
plane parallel to the plane %g‘ the XY stage buLaIso .wfgtft;hres ect to its hei t..Ugj{nggthis oﬂijtion
t3 Hidte ore

ontrolling meCh AT G 15¢ e T U HBRECARSL L Eeh Y i e RTF Eneh A
particulaz@ells7i0thie celisaéttvorkeasheemavablereleatrdg@age of the cell 10,. Reference

numerals 24 and 241 denote shutters that have a function of blocking irradiation light
when image measurement is not executed, for example, while moving the XY stage
15. Reference numeral 25 denotes a condenser lens, where a phase ring is installed
for phase-contrast observation or a polarizer for differential interference observation.

25  In the case of fluorescent measurement, for example, in the case of intracellular
calcium release measurement, a combination of a bandpass filter that selectively
passes light with the excitation wavelength of approximately 500 nm and a bandpass
filter that selectively passes light with the fluorescent measurement wavelength of
approximately 600 nm is used, to measure, with the camera 201, the fluorescent

30  image that passed through the bandpass filter 201 that only selectively passes light
with the fluorescent wavelength. In this case, if calcium release per cell unit in the
cell network is to be measured in terms of time to determine the pathway of the
signal conduction in the cell network, continuous high-speed images can be acquired
with the time resolution of the camera being 0.1 ms or less. The cardiotoxicity

35  testing apparatus 100 formed on the substrate 1 is mounted on the XY stage 15 which
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may be a metal electrode provided with an insulating coating except for the tip, a 20 glass electrode
having the opening size of the tip of about 5 micrometers or less, or the like, where any electrode that
can apply electrical stimulation only to a particular cell or cells in the vicinity of the tip of the movable
electrode can be used. When a metal electrode is used, platinum black or the like may be applied to
the tip surface for effectively transmitting electrical stimulation to the cell(s). The positioning of 25the
tip of the movabiebel eviredevidntineXadjubied aucddingbociive levahehthe esponseafichetell(s) to the
electcal sumRaRAIA TRy (AE AaAC " MIBeplislaAaredniaLtie flSkdn addtion, 1
order to accurately apply stimulatiory from the stimulation electrode to the target cell S), t?1e electrode 2
for measuring einfermeitaies gt vial 0 ulegashvybd Biegdnsdensyl dwitdhitg 30 the

electrode at the mORAsHLA FRRYYMSLEIRELTIGR! BivIIBLQRRI RS RRTRLEZILQUNH BleRiFQpRn28 may be
provided. Moreover, in order to stimulate a particular cell, the existing micrgelectrode 2 may be used

as a stimlatich/¥cHBild S AgRutngte the LentlAing e RrrsNbRNBRIE bthe Mitroelectrode is

switched upomsigmifladigshss thabjectienealerTrade teatlsouaugiy. comheotgddtovancakectric signal
measurementéﬁ?circ it 30 1] .connec d to an electrical stim Iﬁtion cirlcut3 for appl i

. ) . Ws ofservation Seocontrast mase of adiferentia 1nit erence 1 gnq}tsquare-wave
stimulation S|gnaﬂs %0 e mlcroeciectPo e f Igurat%erm re, whenet e mova%lie (gl%cefro §§ is used to

provide stimuIatmllﬂémht@mmgvcithdﬁglzgmmbmé\fn@mdcbt@@tgﬂ@undRﬂg statdiadiirehies other hand,
the movable elgeade May 315918 41456H A0 @Y @SR SUBHIANRR Flecliade, Rulalse as @p electrode

for measuring the 5electric s%r;al of the cell(s) or as a ground electrode. In this case, the movable

electrodd (s cdihé chatinessesitrensigsrbandpass alter SwRERatoREESERYXYse, i.e., for membrane

potential meapw:gmeni Rt aalsitoplatinneons aittoundhelpeirededohrrBORCIBAe an electric
signal measurement circuit 301 tg measure the membrane %ﬁntial, to be connected to an electrical

stimulation cir8liP 1R 6pp) iy B raa) QDR SRR WABIAS IR Bt LUMLIP 8%e grounded

for use as a gieusnsheleotrpaesrrBEpedivetyyvEhadimidgs of ths electibalshimvdatiosappiied to the cells
with the electgp st ulafi n circuits 31 and 311.can be.?m I%%?d E)rimariléhfor the.following two

. . Qr % 1mu a?m a CEll 1S atrralaﬁe wiln a position, C T lln%Pe ?.IIISF% for
applications. One is to apply frregular stimufations between the pulse ftervals of the normal
cardiomyldcytedietniogkie epoaditonened tis 18puibkticlnatuidkguidtisapaicoothiepndyty ithovide pulse

interval to the cAriamyAEYS MERNARK BHIREUWE AR QLIARRTIOY S RHIRALRE ¢oRlgIkaHen. Inhgth cases,

changes in the response of the cell network can be traced through measurement by gradually

shortening the¥yalesgiene piredlinganeshamineniibs et dbr ey iRl plagedul Hangferedr@er to do so,

the electrical sfimRiOBNRIKGUNSR panidddlceas analzathewipulgaiion sype iateeaton acquired
with the electric siggnal meaf%{‘reme t circuits 30.and 301 and conduct feedb?k reggulation based on
t 8 i

the acquired 8% BEIRHTIRTINE RIAMECEAYNE 2RANSIHADRS RASHER &SR tRE Whobable electrode
27 is usad for giesetdatriodigaainpersupemeaptimedstegiperttabanteomivadenttyrbecaskied out in the

t syst it he. mi I RS ti I1.25in th Il
Potwork can DL LR A by e gt R Rl e gL R T AE T e

state to an unstdbie etdteisdehvagizibnofihgl wacdite ot dreltig pldsatide oyefe cAhhse measured
only with the qgticalleasueMRel dauis ARSI thigke%sR e LR df BeAESTAN e movable

electrode is used to acquire the data of the electric property of the particular cell from these results. In
30this case, tHETHEFREEYSY tr LRI SLedHed éW&H@gﬁlbWﬂli‘é g%ﬁ&@m inHREFEIPNRELTs not limited,
and a lager celengiwpikecaobpleeMigiad digely a5uong asoisakinaaseveragmds possible. [0033]

response of the cell(s) to the electrical stimulation, and may make a contact with the
cell(s) or placed near the cell(s). In addition, in order to accurately apply
stimulation from the stimulation electrode to the target cell(s), the electrode 2 for
measuring the membrane potentials may be used as a ground electrode by switching
30  the electrode at the moment of applying electrical stimulation, or a separate ground
electrode 28 may be provided. Moreover, in order to stimulate a particular cell, the
existing microelectrode 2 may be used as a stimulation electrode. In this case, the
switching circuit 29 connected to the microelectrode is switched upon stimulation so
that the microelectrode that is usually connected to an electric signal measurement

35  circuit 30 is connected to an electrical stimulation circuit 31 for applying
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Figure 8 shows a schematic view of an example of generation of an electric 35signal of a cell. First,
inflow of sodium ions into a cell occurs via sodium-ion channels on the cellular membrane, where the
membrane potential is rapidly decreased. Then, the membrane potential is decreased after a slight
delay due to inflow of calcium ions, and then as the subsequent step, outflow of potassium ions from
the cell occurs where the membrane potential is increased. The changes in the 5Smembrane potentials
occur due to thqudiferamt respoiasenmigane doh¢hel prapertiedec?. valioubaonochamhalglpresent in the

cardiomyocytey|ay, BEMPRIADg. BY @’ﬁ%@gs{ﬁt%g% @&ﬁ%ﬁt?&&%ﬁ?\%%h‘?ﬁg%@%? ti}'?e}ﬂc%rg%‘zg“;'?he

caused by the respective ion channe aracteristic of the ion channels, g

waveforms of sHatehedtifcasegorndiBars e mdan e @ o dasH. st ddsiceadnalataticare

10blocked dugdq,tbe gbfeshohthe aankida asessie Bhibitionslieciet e asentan g igr channels
can be estimated. There are four particularly important ion channels for evaluation of an agent, i.e.,

FastNa, SlowNkctls sigpal ks Bloriangsor saudelsrEndss ofidhitraimtis By Hilemeasured.
[0034] 15FiguteBiaddshowumitdtuaneeaawidiglectriunignalaaf thetcadtdshaswrdind-igureuSe pon actual
addition of reagen% E-4031 at vari u? cloncentrations fhat ﬁ?ITctivFI%Oinhibits the o&assium-ion

I°C oL CEll S ula Rora%rao%otn

. I°C.. 101, Jnemoranc pote 1Casuremen.
channels. Sinée the IREIon chahnél that 1s responsible for ou How Gr R0 e cells and that

increases the ehatmbdane® pctmm@k:lsfl_rthib\'l_tethcgicm,g@é me&wmmn_bcmqeipéﬁéﬁﬁa@mme observed
to be 20gradugly felayeddnife Pastive: YRANARAS LiesanaeRt@inn fIJheiRA8N [Giases. Figure

9(a) shows data of a particular singie pulsation of a cellular response. In practice, the magnitude of the

fluctuatidi® wicRRRAY B s3WRSELV B ShitedAtiAe dapekissile lice 9idubrigipundsst IntBse Y ®stimating

the influence o thiaPeRBEJE HEgpteRPWST AR S XD BIERS B RRAlY SiseRIMIAUEPNBEES successive
pulse data 25called Poincare plots aricom ared correlatively. Hﬁe, X-axis represents plots of

response time &% SHAREILIiSIFERsAh BB RS B Dasadld 28,98 FRINGYESLs plots of the
response timepoiitadiseionalioathavingltwoatp phie diohsl)-Drplilse Agdordiagiyarktheuddpesties of the
successive p ses are he same, the plots will be dl[aw alongcthlg r\étgv%(r ine represented by the

. . ecn tne Se terv of the.nor cardi f(lna aulonomaous .
broken line in the graph. Pinere IS & signi icant fuctuation i the responses etween the successive

pulses, the plqtslsﬂmmveqfitgilm@plac@bmﬁ@nahtSftomrﬁ_YédeilkeliiméerNﬂa@lt,hmqm@@mnﬂM@, although
addition of 40 piyaRURHB P IRIBNALIE FReRRRRe MG ASCAMPareshiA s SoqEakydiout addition

of the agent, homology between the successive pulses remains the same. At the same time, these
plots reveal thAedaREBrESTtHE SebAENPE5E3UbD tvefliHrel Hemsas trmetdonse by and homology

is no longer re§aiRéing the cycle of the pulse interval (time interval between two pulses) by 5 ms.
In order to do so, the electrical stimulation circuits 31 and 311 can analyze the
20  pulsation cycle information acquired with the electric signal measurement circuits 30
and 301 and conduct feedback regulation based on the acquired results to determine
the timing of the stimulation. Moreover, when the movable electrode 27 is used for
the electric signal measurement, measurement can equivalently be carried out in the
present system without the microelectrode 2.  Since the pulsation cycle of each cell
25  in the cell network can be measured by the optical measurement installed in the
system, a change from a stable state to an unstable state such as abnormal cardiac
rhythm in this pulsation cycle can be measured only with the optical measurement
device arranged in the system. Then, if necessary, the movable electrode is used to
acquire the data of the electric property of the particular cell from these results. In
30  this case, the number of the microelectrodes arranged on the system in the first place
is not limited, and a larger cell network can be configured freely as long as optical
measurement is possible.
[0033]
Figure 8 shows a schematic view of an example of generation of an electric

35 signal of acell. First, inflow of sodium ions into a cell occurs via sodium-ion
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between the successive pulses, resulting in generation of an unstable pulsation cycle. This result
agrees with the results of prolongation in the QT interval measurement representing cardiac toxicity.
Generation of a prolongation of the QT interval can be estimated by using the Poincare plots as an
index of increase in the fluctuations of 5the successive pulses at a cellular level. This phenomenon
can be described as follows: when a particular ion channel is blocked with an agent, only a
phenomenon chadewisaselin telubm oetfibrabhityeis disseretnartegretthsdegreadfthe blocking is

small:and the ﬁgé!ré&?e%?r‘sﬂl&f‘ﬁleyﬁeél ?5%9?01‘&&81“1%%&%8&‘ éﬂ‘ér%esgfgﬁeﬁiréé%?ggggg”Creases as

the number of functioning ion channels becomes extremely 10decrease roducibility of the ion
outflow ability dékevisracalsuneifnetand dheforst e sahse e iR B oM« qtese HbigAtude of this

fluctuation canipeyredasREuRAGHKSE likelingpskafgsnerating merelanpatipreQih@izéterval. [0035]
Figure 10éa) Is a schematic view showing an example of an agent for a 15re-entry circuit with an

annular netwoPkEBIEargiBA B e tdnl s et HnaiEnpoash it BsthgRrYsItiEYel. An
annular netwosk yaraducth siitdh oelly prasein inybe\iasisnisas @alarnoembtaetwdk amatieling pathologic

model such as,cardiac hypertrophy,is realized by incorporating fibroplast cells into the cell network.
The firoblast LB SLALB ) R Mt 0 BN U B e o ST or aenuation
of the conductibanokthesdamtichiyacteshewiohk,ias chrasals ahwbichggenetiztion ef premelfure

contraction cap be; eSHDEGH SgHTE IRIR FITRTERRIC AU SRRMRG AR £XAmPle of actual

arrangement of cardiomyocytes on the microelectrodes.”In fact, when the cells are arranged on the

microelet®rodd@dorked dumiesthe efesuafithtedibturds dariylin IHER s esiRichie REah®en the 25

afdjﬁcefnt Cafldiﬂi@i/&?}ﬁﬁ;ﬁrﬁéﬁ&ﬁ B@Q@,d ﬁ%@@ﬁsmme;%igrg%ag%d Il%ﬂlgiﬁgmml qi(sgon t_he maggitude

of the first electric signal generated upon pulsation, data for delay in.this signal conduction can be

interpreted as‘\t%\@ﬂ‘?ﬁ?t%&ﬁy %ﬁf%%ﬁ%‘}@ %%%brh@ioﬁaéﬁgﬁngﬁ‘f@éséj%gﬂg‘m@ (a) is a schematic

view showing Bivekiigpfahese fentryypircuitiby etmamsisi@mietwedswotdardiomyocytes using a cell

population ha\r:m%%certain width. In the annular cell network in cell units shown in Figure 10, pulsation
ardi

signals of the myocytes are uniquely transmitted, and the cells will transmit pulsation signals
betweenlthe adjacent Beisenie sietivstaifiven e s die lortpe signitesistieed alw8Bflactuations in the

pulses of the qslis ihemselvesas 2NENA IBrFidusE- X 1ha Ohehhandehen ifegells were arranged

with a certain width to form an annular network . ' .
selectively inhibits the potassium-ion channels. Since the IKr-ion channel that is

responsible for outflow of K-ion from the cells and that increases the membrane
potential is inhibited, a change in the membrane potentials can be observed to be

20  gradually delayed in the positive direction as the concentration of the agent increases.
Figure 9(a) shows data of a particular single pulsation of a cellular response. In
practice, the magnitude of the fluctuation width of the responses between the
successive pulses is an important index for estimating the influence of the agent.
Figure 9(b) shows one example of an analysis technique where successive pulse data

25  called Poincare plots are compared correlatively. Here, X-axis represents plots of
response time of a particular ion channel upon the n-th pulse while Y-axis represents
plots of the response time of the same ion channel upon the (n + 1)-th pulse.
Accordingly, if the properties of the successive pulses are the same, the plots will be
drawn along the Y = X line represented by the broken line in the graph. If there is a

30  significant fluctuation in the responses between the successive pulses, the plots
observed will be placed distant from the Y = X line. In fact, in this example,
although addition of 40 nM results in the delay of the response time as compared to
the control without addition of the agent, homology between the successive pulses
remains the same. At the same time, these plots reveal that addition of the agent up

35  to 400 nM further delays the response time, and homology is no longer retained
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as shown in Figure 11, the cell population will be imparted with the flexibility to have different
conduction pathways for different pulses as represented by solid line 35, broken line 36 and dotted line
37. In particular, when a large fluctuation occurs 5in the response property of each cardiomyocyte due
to the addition of an agent as described with reference to Figure 9, the cells that are likely to respond
differ in response to the travel of the stimulation signals through the annular network, thereby
rendering the bifferencbanube pathwalssssignifloaptinSince thimisfthe wavtablmpdhainismyasethe

mechanism Ofﬁ{ﬁ%ﬁ{%gggggﬁ%eq%eir&uﬁsfe (GRS i’iéﬁ%ﬁmé@?ﬁﬁﬁ%@&%r@{éﬁ‘%ﬁ&%m{“eas“reme”t

of spiral/re-entry become . by particularly using an annular network based on cell population
having such afRRERPEITRL FArE130 JqXiglhicrOsEspiE Pl AePsplongat oA Ea 40 ExateipRlrgaarrangement
of the cell popplatignafdng MEEARAKAAES I PVDIEIhM Gell AOREFRIQN AR ARRHIABH of

cardiomyocytes and about 40% fibroblasts. In fact, such an arrangement 15increases fluctuations
between SuccH¥sESsTEUsAN RS A SrH Sabcit THERISRAMLRAR SRR Bredtsibsd&ice the increase
in the fluctuatieslibesomies sigaificanirianticulany bybidelkadditioniaf i agant gereratiomnal
spiralire-entry gap be estimated according (g he.chande. n e fuctuption. widih, gf e, conduction
velocity between successive pulses. Figure c)S IS @ mMICroscopic picﬁ%re s%owmg Another 20 example
of actual annusaradlrradgbenehlt e poesecl popydatiosiabiethelmionteigctibde i dggfeeradctual

measureme”tlﬁf)éﬁiﬁ?'ﬁf’c'r%%& SARHLIRKE ARG BRACLAhAHDE felhrRYtaRAgtwork can be

estimated at the single-cell level by using the high-speed fluorescent measurement carmera shown in

Figure 71As adessedscdetharapranassodithel gheiwagutien ¥liredsigrarasnandtbiratios cells and

igt(u?l_ 25analeisii UMEUaNGR 104G PRSI ARSI G NACRIERGulD0Sed s Figure
a) is a schematic view showing an exemplary re-entry circujt measurement device using an annular
electrode. In tﬁ%IEQ%ﬁ%}ighhﬁﬁﬁtﬂzg%@%& Bealons W%fétlcggdgtwmh of 50-100 micrometers is

formed into a fPEESP shape to have a diameter of 1-3 mm and arranged on each of the bottom

surfaces of a 96-well Qj,i':lte 4%0 he bottom S%erace of the.[r)flate other t{ézj&)r}rtakllleaeleﬁtfrode is coated with a

non-cell-adhesive materral SUc a?allss ggsgrgsr%aég that ﬁ%lg e ﬁpagp%%%lgn iS annu a?fyaplaced only on

the electtode semfatre.queiﬂevétht@aew@_deetmg@@ﬁs;ma@wwﬁcenﬁﬂ@gnwdrh ahigngomagell-adhesive
coated regionandigfloy é’éiﬁ?ﬁsﬂ‘éeﬂ(iééﬁ PrOYide i RABACH At &x Rhafgpgent. By using such
10

an electrode, abnormal pulsation of a cardiomyocyte can be simply and conveniently measured.

Figure 12(b) iSHGPIPYPSHEN A Y Taraia pRISSl sty arkmaesifdrmal priftdegaeanadelaff hrsasured with
the electrode. Aliinau iy percphylay RleciEads instsedrinithisiBrmilecasystem: fas ppticalix measuring

(g the optaHLAEFB TS YR Ut Vi € GASE B OBt Gignal to bo.
measurei) canvbbacyuiredehyaitowih ththendoving eledicededshayor yinckiguverl, to medselcontact with
the annular Ce&tﬁ%ﬁ{"&éhel&’t%? l)f premature contraction can be estimated. Figure 10(b) is a
microscopic picture showing an example of actual arrangement of cardiomyocytes
on the microelectrodes. In fact, when the cells are arranged on the microelectrodes
in cell units as shown in this picture, delay in the signal conduction between the
25  adjacent cardiomyocytes can be measured. Since this conduction velocity depends
on the magnitude of the first electric signal generated upon pulsation, data for delay
in this signal conduction can be interpreted as the inhibitory effect on the sodium-ion
channel.
[0036]
30 Figure 11(a) is a schematic view showing an exemplary re-entry circuit by
an annular network of cardiomyocytes using a cell population having a certain width.
In the annular cell network in cell units shown in Figure 10, pulsation signals of the
cardiomyocytes are uniquely transmitted, and the cells will transmit pulsation signals
between the adjacent cells while maintaining the same property unless there are

35  fluctuations in the pulses of the cells themselves as shown in Figure 9.  On the other
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10Figure 13(a) is a schematic view showing an exemplary arrangement of a cell and a microelectrode
2 for measuring a potential of a single cell, which illustrates a measurement technique in which a
single cell targeted for measurement is arranged on the microelectrode 2 with a diameter of 10 to 50
micrometers. Again in this example, likewise in other examples, the area of the bottom surface other
than 15the electrode is coated with a non-cell-adhesive material such as agarose such that the cell is
retained on thhtplasdanttirecelsctraderfagead iBlb) tsgaview dsh ao fisotatedsindde weivorkthe

electrode which Wl%mg g%gu%%}?%8@e‘ﬁig%ﬁgfgﬂﬂﬁr&ﬁﬁe&érﬂﬁﬁﬂ%e&‘%ﬂtﬁ'ﬁl%t'ijl%;ﬂﬂlﬁ qgta thereof.

Signals from the isol gle cell are un and pulses undergo a large fluctuation as shown in
the graph. OnlzotheiBeiertanduaimqubia e Yo difglent enliepredsareseaird icrebiblindde 2 like

Figure 13(b) bty te-fen BreelbRiuatien HYiUBQIheInffaﬂﬁcthf,e\bMer@@iéf%Q girilafdheaRulsation
cycle as can be appreciated from the pulsation signal graph. In an actual pulse measurement at the

single-celPlevél e RBERIERIRS &k rrdR SatHRYRRER Lol vd PR ar988h 8% index as
shown in Figute2ribbérefitresfaf 2&desEl ghed dnttee: gile sentexditaplerarespasiideffee ih system is useful
in that only a specific cell to be measured. is placed on microelectrode while other, cardiomyocytes
are not providia o S v 1 T A S e SR SRR e
data of a singleedtricarthivedateusined witlike pahlizing sgabilignby Howvidihe asc¢bdl population. 30[0039]

Figure 14 is a SERAMANS YIS IAEMUANGNRY B, EXAMRIGHSINGA PROWISERNE.E'GMENT Of the

camera for measuring a potential of a single cell according to the present invention. In general, a
photo-selkitiveadrehighie tERritsas eSS T R AY S MR sl 88T SdNal on a photoelectric

conversion 35gkfiRGRER USHEUS BIRGIHE KON oL e dsaMeiPulhtih PROIRLIaRING Gemyersion
surface can b%_remoi/ée&a_nd an electric signal array can be usef to obtain an electric si%nal in two

dimensions. Thig#Efld (Rl4E8 BHCHSERIARISHES RO &y LRl SEBPLEEY Bl Bxample, a
change in the gigoell popdlcimnopatizwaiy ivetberoak ) dpulhiibnietalbgoptiticartamadpaced intervals as
shown in Figuge 1. .6, S9s0ciation of spirae:sniay, can be measured; whichrequires simultaneous
measurement ot electric srgnals o respec%ive Celld'in ]t%e cel popu’laﬁon. Hhe re%uweof interval for pixel
measurethentiitcenasgstilad s mnsreeheentis alsosti 1¢101BO018dbo wdsdveitb thud ceiph bedvessnsitive

element of a high:speetcasagta WillR aRuterEREGH AL HQDRBSECANMHS S saAiiGe- In this case, an

image processing, technkﬁél;,e 10employed in conventional cameras can directly be applied to the
acquired sign&daea sy dBRdaitien ofidw s seri- SRS TBHPeRSIRY U4RI§ I SANRE image processing.

In addition, feedhmak-atiudatiap camdenappliadie e alimshaianeizciodsnaaseshoribatdata

obtained by thjs real-time processing. [0040 . . . .
y etween succgsswe puPs%s.[ OIé‘ig]lre 11(c) is a microscopic picture showing another

20  example of actual annular arrangement of the cell population on the microelectrode
array. For actual measurement of spiral/re-entry, calcium spike firing in each cell
of the cell population network can be estimated at the single-cell level by using the
high-speed fluorescent measurement camera shown in Figure 7.  As a result, actual
analysis of the pathway taken by the signal conduction of the cells and actual

25 analysis of the change in the pathways at each round can be realized.

[0037]

Figure 12(a) is a schematic view showing an exemplary re-entry circuit
measurement device using an annular electrode. In this example, an annular
electrode 38 with an electrode width of 50-100 micrometers is formed into a ring

30  shape to have a diameter of 1-3mm and arranged on each of the bottom surfaces of a
96-well plate 42. The bottom surface of the plate other than the electrode is coated
with a non-cell-adhesive material such as agarose so that the cell population 41 is
annularly placed only on the electrode surface. A reference electrode ring 39 is
placed concentrically on this non-cell-adhesive coated region, and a flow passage 40

35  is provided for entrance and exit of a reagent. By using such an electrode, abnormal
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15Figure 15 is a schematic view for illustrating an exemplary mechanism for measuring a plurality of
samples with a cell measurement system of the present invention. The system of this example
comprises an analysis module, a multistage incubator, an electroanalysis module and an online
analysis module connected thereto via an online network. Here, the analysis module comprises a
20phase-contrast microscope or a differential interference microscope for measuring changes in the
cellular shapepulsticah measardoepocnears dssociple dnditvay inerebcartsnieschigam@nd a camera

photography analysis, anghANRATRSEIRSTINGIRLINIE AL eAmasal dialye agarose at a

micrometer scale with croscopic system. Multip ture s are arrangéd in the multistage

25incubator, WhetaIrpfcraElebe slestepiss afdthprahgetapnttar cdctiodare pad 9Bk @iathiasurement
of electric signalg.eéaash Galkang elasirianl SHRMIRIION AAN&e eEHeNtigl Rressssestinparallel in the

incubator. The ohtained electric signals are subjected to real-time measurement in the electroanalysis
module, ahd réSHHYaARY Sfechnds aay5h %Ef&%%ﬁ&%%@s@&@bmﬁ%‘gﬁ@ﬁ%@f%@ results of
optical 30 measureiriariigata andegeitasneasticerienigalaate megided wilbthegained time stamp.

The analysis module can appropriately access to these.record data online for analysis. [0041]

Figure 16 5 2 LA R o R e PSS ST e el measurement
system of the presknicilleettvankElectric signal measurement for a single cell on a microelectrode
enables measwgggﬁznt of signal data of ion channels such as Na-, Ca-, IKr- and IKs-ion channels and
sodium-ion channel inhibition can be measured by measuring the changes in the signal conduction

velocitied between adjBi@dit ¢ara)dhi SRS imVARIYitMY GBSt AP raHBSEBRHOAange in the

shape of a singlg agll alipvsaeasdenntidigigengaianLbaaraimateardiacshythm as well as
estimation of c;&rdiac output. Furthermorg, generation of re-entry can be measured by annularly

arranging the LI HREIGHRSHOVEBRRY., AN FetISE & YA LE I AFSISHiloRBaRT LG Ys cardiac
hypertrophy canabengadisadheynsidebalpdibsdb 2stidel slianibe cef| ld@rtan@anientime804 2 gain Figure 17
s a graph ilusigaing o examRis, plhianges e (el polentilE R ignalwavelaim gl gels
obtained from autonomo sfy puefsa INg carglomyogy €S In response to% & addition o agents in
accordanée witke tectrsillene asateshveith systeeetfatlecpinssentdriebsitinasTgarsrpiodvaiaform of the

If'd pﬁtentigl,9&@9@'&%&%\«%&%@5@@9%&% EmBERNe PRIGRtA @FNeatied By jans flowing into
e cells anda 1ons
isolated single cell on the electrode which was actually measured with the

microelectrode 2, and electric pulse data thereof. Signals from the isolated single
cell are unstable and pulses undergo a large fluctuation as shown in the graph. On

20  the other hand, in Figure 13(c), a single cell is placed on the microelectrode 2 like
Figure 13(b) but to form a cell population with other cells, thereby realizing stability
of the pulsation cycle as can be appreciated from the pulsation signal graph. In an
actual pulse measurement at the single-cell level, the magnitude of the fluctuation
between successive pulses serves as an index as shown in Figure 9.  Therefore, as

25  described in the present example, a measurement system is useful in that only a
specific cell to be measured is placed on the microelectrode while other
cardiomyocytes are not provided on the electrode to thereby maintain stability of the
specific cell. Accordingly, pulse data of a single cell can be acquired while
realizing stability by providing a cell population.

30 [0039]

Figure 14 is a schematic view for illustrating an example using a
photo-sensitive element of the camera for measuring a potential of a single cell
according to the present invention. In general, a photo-sensitive element of the
camera converts a light signal into an electric signal on a photoelectric conversion

35  surface to use this electric signal for measurement. This photoelectric conversion
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flowing out of the cells as shown in Figure 8. The signal waveform represents a differential value of the
membrane potential, i.e. the sum of an ion current flow per unit time. In this case, the inward ion
current, such as sodium or calcium ions or the like in the process leading to depolarization, tends
towards negative, and the outward 20ion current, such as potassium ions in the subsequent process of
repolarization, tends towards positive. As shown in Figure 17, information for the FP signal waveform
of the cells is ystally extiactethasdned- vlavefomyas armeamvalusdcl ta phisalinneladjacent

waveforms to S%H%Pﬁ{?%edﬁﬁf&s%@&f NOj§R,&R ,%ﬂ%tﬁnoélgéﬂﬁ&”ﬁéyithgéas‘%ﬁglte‘-’%%ﬁ%@‘%r@?’ rather

than focusing on the differences between each other for 25each adjacent pulsation, and detailed

analysis of onéay&gefenen irafrocimijehe dpassge (hiennleanlvstedtinwhe dydsthecol each of the ion

channels. HOVb%iéﬁIaﬂf&ﬁr}%M@ﬁ@%tiﬁ‘%6&%&}1’@&?&‘@%@%@1&6@&fﬂ@ @Avarage alue of the adjacent
FP signal waveforms, the adjacent FP signal waveforms are compared and any difference due to the

J
fluctuation of tAEFEUHIhEE SBHHE SR EHare TS AT A Y BSR SEHBH th e G aBF Ythe fluctuation, the
amount of the lateskegren ohakoel is st adgeaniitaibrblyn THeaiggiptusiéoaf thehliuctuations is in
general represented by [11(n)112], the reciprocal of the square root of n element ilitate
Comprehons ol e Rl oSk s DB O A e B 2B S i e
cell surface areewodking)dohexapipie-shesiagaltumodthafihctpatidafichevithctidgnitisra sum of

35the ion Cha@?@éﬁ B A® bop LE2 bR Habqile IT iasinumRer of the v arking o (cbangats decreases

to 102 due to blockage by an agent, then the magnitude of the fluctuation increases sharply to 10%
[14102)1/9], résuimionsshia 18'ehEApe s eetarclbealy hajirdindtp Wavedsirad Mesdcliords, if it is
veform, Sthen e 10l bt of o chanTls et are Riscked can b Setmated o e
waveform, 5then the total amount of ion channels that are blocked can be estimated from the
magnitude of et SHIpgEk S mulgtign A eARRLI St tRANSHARM AN ER6 I PasEH on the
location of thethedktobthaimudvardiiorduirenpgeresaied by the release of potassium ions, in
10particular, taki %the time at which sodium ions flow into the cell as a reference (zero), for example,
and defining the tlm]e from the reference point to the peak of the emission potassium ions as field
potentiallduration (FPDigurehSthractvhagetin thewdnyiHwidio EPDendinpéatiiensebdniaiueof the inflow

of potassium igns SHRSEAPRILILR, B aRdRIaNS QI AN SHER AR SPALTLIONS pRAGRICIUM ions. It

can thus be 15 used as an indicator of the amount of change as the’sum of the change in in- and

outflows of the¥FHIgBNerHRESYNEBIGIKING SFATAPIS O TORI SRRAR AR LRI SMRINEah BYEHLAES addition,

this fluctuationfuthedositscabiirlfiPnelertatbesemint ihavicturiinms @hme@djacent FP
waveforms Oft%” the involved.ion channels of the cell. I?:l fact, when the Bgsition of the FPD (position of

the red arrowHBEEIIr Bigh 15 0SB MREci I DS ARH YRS (IS ER E BRIV Een 425-450ms prior to
the addi2on ofphd@3dgnurait mic@sdopihitar dif fectassiumeideran@nmelsydoupthfen negamiagh42-645ms
due to the addjj | , -69 due.1o,t ition of 100n nd 746-785ms due to the
addition of 1R§£{%]§géigmélfs %?112? \%%3 ’o%%ég‘:%%%ﬁ%%lae%é %n%%é\gé%%é@ﬁ(yl tljté {o the addition of the
inhibitor. Condéepresaint atiiiosericRDS awihmeraaketassapByanmyseuendun egireske a different value to

reflect the fluchiatiQQing technique that can locally dissolve agarose at a micrometer scale with a

microscopic system. Multiple cell culture baths are arranged in the multistage

25  incubator, where microelectrode chips are arranged in the cell culture bath such that
measurement of electric signals of each cell and electrical stimulation can be
sequentially processed in parallel in the incubator. The obtained electric signals are
subjected to real-time measurement in the electroanalysis module, and resulting data
are recorded in a storage that is accessible online such that the results of optical

30  measurement data and electric measurement data are recorded with the same time
stamp. The analysis module can appropriately access to these record data online for
analysis.
[0041]

Figure 16 is a schematic view for illustrating information of heart measured

35  with a cell measurement system of the present invention. Electric signal
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[0044] Figure 18 shows an actual example of the experimental results of
E4031-concentration-dependency on the prolongation of the FPD when potassium ion channels of the
cell were inhibited by an E4031 agent having the ability to 30specifically inhibit potassium ion
channels. Here, it is estimated that the ion outflow is delayed by the inhibition of the potassium ion
channels, and the FPD is prolonged in a concentration-dependent manner. Next, measurements of
fluctuations inmelatiwenienth@resulisl ot ¢Hisex peiimelet willlb endbboribedsimethensaegnanner as above.

10045 SSFiguig A% fiusmaR e e Taien eliamagniindes! the Isga s adiacen

pulsations (short-term variability: STV) among other points of interest in estimating to what extent the
FPD of adjacefitapnatibihitshieFadia Beisreldyons statm g herrhpeRsdiidgsiesithe FPD is observed

using the PoincafguRIRIHNGIRA Be BeHing tR.lustvalinn Ry Ryirationdndbrisiedkaecardiogram in
general to evaluate 5the value of the FPD in the FP wavetorm. In Figure 19 (a), the diagonal, in which

X =Y, cortesgBRAYTENARt ohdheghange i be ehapa gt snelsuis ditlos e psasrdnep et Miave exactly
the same FPD:sizgatwntldhsbverticaldisianchydiihesmagnituddahtion difterdneeobgiween two FPDs
(i.e., EPDn+, tlﬁrFt) ?Q{Ifrlom therd%?&on }i_s trt1re sizebofrtlpe star‘}l ardinzneq fIPcturatiogl oftflhe aﬁjjacent
pulsation itsel 1 pear 12U ’a‘%??grat &1 hum é’rcoafnsaf’mp R ) AN HE" &%ﬁuaé]l%a%y & f6rmula such
as the formulan¢tyvshowrMnrEiygremé¢bic oM e} a calimthetihlegivanddéligurk &0cildstrates, among
other methods, {oy BSHRFUING 1R whaab exignidim E R qliadiagentsisalions siified,from a homologous

state, how 15to estimate the magnitude of the fluctuation of pulsations (: Long-Term Variability: LTV) in
terms of t8 whEt0é&dent each adjacent pulsation is shifted from the average value of the pulsations (the

sum of all samples anglisgreesprndingpieithRddaak el therrsponseiaftheian sbanngl) when the
fluctuation of the FPD is obsefved using the Poincare plotting. In Figure 20(a), the magnitude of
REPD"+,- FP %{ﬁ{léo éb‘%?fm T SPARCUARR GHOME NS HRIAELS SHLSBERGEEN two FPD
values, i.e., adjacspbpidsating MdBiDoeoitigapne thvieborancb € R bh, ttecaNlenagarvalisatafytent-PD, which

corresponds (6 (ie. dagonal .z isie. magiuds, of Aelaton fiom e g valusiof e FPD and

the vertical distance from the diagona Which has been normalized.An par respect to the
number &f sarasleangk intacaambrane potential generated by ions flowing into the cells and ions

flowing out of the cells as shown in Figure 8. The signal waveform represents a
differential value of the membrane potential, i.e. the sum of an ion current flow per
unit time. In this case, the inward ion current, such as sodium or calcium ions or the
like in the process leading to depolarization, tends towards negative, and the outward

20  ion current, such as potassium ions in the subsequent process of repolarization, tends
towards positive. As shown in Figure 17, information for the FP signal waveform of
the cells is usually extracted as one FP waveform as a mean value of a plurality of
adjacent waveforms to eliminate the effects of noise components or differences in
adjacent waveforms, rather than focusing on the differences between each other for

25  each adjacent pulsation, and detailed analysis of one waveform reflecting the average
value is used to estimate the state of each of the ion channels. However, in the
present invention, rather than acquiring the average value of the adjacent FP signal
waveforms, the adjacent FP signal waveforms are compared and any difference due
to the fluctuation of the response of the ion channel is extracted. Based on the size of

30  the fluctuation, the amount of the blocked ion channel is estimated quantitatively.
The magnitude of the fluctuations is in general represented by [1/(n)"/?], the
reciprocal of the square root of n elements, to facilitate comprehension thereof. That
is, given that when 10* channels of the number of ion channels in the cell surface are
working, for example, the magnitude of the fluctuation of the function as a sum of

35  the ion channels will be 1% [1/(10*)2], while if the number of the working ion
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25be evaluated by the formula 2 of Figure 20 (b). This shows the deviation from the symmetry of X
=-Y, and this size can be used as an index to find out whether or not it is merely a fluctuation of
beating near the average value, or whether there is an historical correlation. [0047] 30Figure 21
shows, in Poincare plotting, one example of the fluctuation of the FPD of the response of cardiac
muscle cells when E4031 was actually added stepwise; and a quantitative summary as STV. It can be
seen that it is elstimatedetiraisentcHaNdetstartd dibaketlyinregponsketothearagditiote of B4031 by an
proorgaon ilgipnathotite iR 1 il e sl ie oY ndaasen ey by

I
35particular, the addition of high concentrations. [00 Figure 22 shows an example of an

evaluation of dieitieaf diferiinesat BFewarsinino npibesayards. hilditpasdbiap /e mraBviReto have no
cardiac toxicity\whiareiR trand-Axissdbe Receapage () afphserved mrieagﬁmafetﬂa%nEPD using 5
thecardiomyocytes, which corresponds to conventional measurement of QT prolongation, and the
Y-axis is the p %&5%@8%%%8%@5%%%@8%%%& o AYLRALILIRRiR test of agents,
the evaluationthathheénonadelaslyatih. the results of the data of the FPD on the X-axis. When the
evaluation is W&r’ith additional results of the STV on the Y-axis, as can be seen from the figure, it is
found 10that there are three areas, i.e., areas for high risk (High risk), low risk (Low risk) and no risk
(No risk) of cardiotoxidity iheachwogdinfehsiatiatenappivigaomafgraghg the thadveatistribition as the

known result fran the eleyanklitRAtiRe i QiR d%3Hhe b4 IRURY tBRk& RIS ACkHrate and

simplified prediction on the probability of cardiac toxicity of an agent'is possible by use of the STV in

addition 18 thePegiEntidHengshepime abwbohigedinpiembilevnate e eitasanedsecrssponses of the

STV with “le9a(i%i(@)ﬂf@;%&’Qxﬁﬁlé?&ﬂt@?&ﬁdﬁh@dﬁﬂﬁﬁb@?&%&ﬂé&eﬁ%ﬂ&a %i@l@'ﬁl@/\ﬁ:ﬁ@&ﬁﬁﬁn p'E of a
Poincare plotting. (A, B) for the FPD for a local portion where a 2Qcardiomyocyte-network has been
constituted, arffd (D) QPO ?él,ddﬁomffggﬁf%%S%Pa)athﬁ?o@ﬁrﬁ%ﬁpgﬁé%m?aving a
two-dimensiorahgthastt theHiidrailbbe thdlpisaexanplef Beoind dvartjocatbchnizas andefuand C are
located separgied rom dNe Aagempkerarea M. In (B3¢ fon ERBS ihatgre disiibyled on the
diagonal of X =Y of a Paincare plotting prlor%ot e addition of the agent, a large fluctuation is
15  used as an indicator of the amount of change as the sum of the change in in- and out-

flows of the ions generated by blocking of various ion channels on cells by an agent.
In addition, this fluctuation of the position of the FPD reflects the sum of the
fluctuations of the adjacent FP waveforms of all the involved ion channels of the cell.
In fact, when the position of the FPD (position of the red arrowhead) in Figure 17 is
20  checked, it is seen that the FPD is between 425-450ms prior to the addition of E4031,
which is an inhibitor of potassium ion channels, but then became 642-645ms due to
the addition of 10nM, 663-694ms due to the addition of 100nM, and 746-785ms due
to the addition of 1uM E4031. Thus, the value of the FPD increased monotonically
due to the addition of the inhibitor. Consequently, adjacent FPDs will not take the
25  same value, but will take a different value to reflect the fluctuation.
[0044]

Figure 18 shows an actual example of the experimental results of
E4031-concentration-dependency on the prolongation of the FPD when potassium
ion channels of the cell were inhibited by an E4031 agent having the ability to

30  specifically inhibit potassium ion channels. Here, it is estimated that the ion outflow
is delayed by the inhibition of the potassium ion channels, and the FPD is prolonged
in a concentration-dependent manner. Next, measurements of fluctuations in relation
to the results of this experiment will be described in the same manner as above.
[0045]

35 Figure 19 illustrates the estimation of the magnitude of the fluctuation of the
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25 observed to occur in both the annular models (A, B) by the addition of low volume of a cardiac toxic
agent, and an increase in the STV is observed, while little fluctuation occurs in the two-dimensional
sheet model (C, D). In response to addition of an agent in a medium volume, the pulsation changes to
a fibrillation state or a stopped state in the annular model (A, B), while an increase in the STV is
observed in the 30 area C located away from the PM in the two-dimensional sheet model (C, D). A
lower rate of amljncregsd datihe Shvrthamiveratmi € STOOsemnvat inthlee paoitityfofittresaiea D. As can

be seen from thi e f |CH i il . b ing the STV of
the FPD, it S R B e e
pacemaker arédteeffaetsthsdiachedivatelyhediRb dffabisisedhsiagdhe Frincarsdetineslefo-dimensional

cell population,(agierkind @R RlatonigpiR AbaNAYR hedifierense imtheaspanse fitheSTV for the

transmission speed (V) of pulsatile stimulation from the PM area in response to an addition of an
agent. Torsad e BN FIBD) Iniheh s eried ohieiss tdfpmhidigenahsmbish defect in

myocardial tissug, dsrecspetiivdddicesiin atirgtte ageniftakiaibnbyutheckingro it XNt the
rl?rated. .In&Qigf(%ﬁge, as shown in

fluctuation of the transmission spe om the(gll:> area is,actuall
(Eonmtion 5 T R R e R G B I A L R o e
PM area or (adiffppaerdransniissidiisté v. diRba-0bsEVativonp dintdinviiohliss the distarice from 10the

PM divided by i ansissiandmebs #S6E da/5 PERIHEAMEA IRFIGAd NG, FRD- The definition

of LTV is also derived from changing the FPD in terms of T or V in the Same way as the STV. As an
examplel8f médsheéntmeitska Percai S IbRiSE BY #ApErikstyahtith et fmanladd) point in the

case of an angyiany iaanstittedl @grdiomyocyte network is shown in Figure 24 (a) (A, B); and a
15Poincare plféting for a local point in the case of a two-dimensionally spread myocardial sheet is
shown in Figu (b) (C, D). In the same manner as Figure 23, B and D in this example are also
located in proximity toQanilefodred IGat cHpoatel) sSBparated droon gheheaoanirkiefarestikting Figure
24(0).for the PO, whieh weredieliued.an e dagonahel Y, glabpinsare plotiing prior to the
addition of an tangen , a large increase in the uctuation is observed to occtr for E)oefh he annular
models (i, B) asoiisiiags the inegeidsdeinfthe ST whiowingpalstaans] (ideatickeimtNangiilssion time by the

addition of a lqw-yolmeht Hﬁd’@@i@&@ﬁi‘éé&?ﬁ{a‘é’é]%ﬁ‘l%i%%@i%d%%ﬁ%ﬁ{é/ gddggecur for the

2-dimensional sheet model (C, D). In response to the addition of a medium volume of the agent, the

pulsation changéectef dhesnirafiari(hiate ol doppariestand retrsRandingricmdadaeal Butvhile an
increase in theShYisphse¥ethindie e Jacaieskana Hiam d1enkWpD ibetwevdimensional sheet

area D. As oafBLRBEA T BFITNE dIdHAOTE L RETHRIEAEA o CEler LOMY of an agont by
measurig the(FY,-dfhbe transvhisbiare Bitime Tiomas apparbatweansmisBRID tiutheatieach local
pony. 2 PP NSRS ARl om oG oo
the FPD, which corresponds to the diagonal X =Y, is the magnitude of fluctuation
from the mean value of the FPD and the vertical distance from the diagonal which
has been normalized. In particular, with respect to the number of samples "k", it can
25  be evaluated by the formula 2 of Figure 20 (b). This shows the deviation from the
symmetry of X =-Y, and this size can be used as an index to find out whether or not it
is merely a fluctuation of beating near the average value, or whether there is an
historical correlation.
[0047]
30 Figure 21 shows, in Poincare plotting, one example of the fluctuation of the
FPD of the response of cardiac muscle cells when E4031 was actually added
stepwise; and a quantitative summary as STV. It can be seen that it is estimated that
ion channels are blocked in response to the addition of E4031 by an prolongation of
the length of time of the FPD, while the value of the STV increases rapidly by, in

35  particular, the addition of high concentrations.
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and at the same time, it can be seen that a generation of the fluctuation, which exhibits a
spatial-dependent arrangement, can be measured more effectively. 35[0051] Figure 25 schematically
illustrates an electrical FP waveform obtained from a cardiomyocyte in accordance with the
cardiomyocyte network of the present invention in relation to a conventional in vitro measurement
technique (e.g., patch clamp technique) and a conventional in vivo measurement technique (e.g., 5
electrocardiogh@®®] The waveform obtained by measuring the FP of the cell in accordance with the

present invention indigatgsthe Eﬁgg@i&tﬁd&%ﬁ@ gpgheggﬂgétwt??%fﬁtga Rﬂg&f{ﬂ%éhe cell, which

is equivalent to information on changes in the potential of the ce Is electrically 1on current), and
which has the iifféietiberenidtegfari ¢ atish SHibarovirothe Bl Batecpeiing ©OrisEYcell obtained from

10conventiona i HQHO KAGKIEN AP QBcaia8H BRSBIAHASPIIPHLId FIsIkE SBnEeD @ posite
waveform of the FP for the cellular network can be obtained by superposing the EP waveform which is

measured for ESEATAIAMEPY 15t aY M6 E YT ERRoLdH ItRBR) i cofaEdrBhe bRe electrode on each

of the FP waveforongadigcied diom-axpusalitypef @ieatio des tiabacevadrangeddnmnduBaNty of areas of

the 15celluar petwork, This data has a.nomolog it the eleci eealiogram dat of e QI area
correspondlng 0 a response of a ventricular tissué portion of the electrocardiogram which'is a S|gnal

waveform of argoténtibtichdatg e fothtaliyd CbmthetP(emNV [@05{2@ M@@miﬁm@ﬁ@mﬁhcaﬂy shows a
configuration ohan; sRAGERIHS SYSHES 19 Gotipating & correlationheinsemdtaimation peapured by

the conventional technique as described in Figure 25 above and the FP data obtained with the

apparatud)of tHEbhese AE§vEIIRAST he-apsardaidigfstith (Highriskisdavofish skt adifcuit that has
a function to injeerateNbeikiB dptaaliaiedram fachiong d6piithepualsy otrapioalectrodes which

are arranged to be aple to measu‘%%the FP of one cell or a Iocalf\ﬁzortion of the cellular network to

estimate the niBMbILHE PEten sy MeN s atide Rt EdpsiiVE EB Wk TP AR Fitietic circuit that
is capable of detipatnbathendatasot each el sinosléfiwdtipradiefieattocardjegbahilivave tardiaf the

ventricular portion (Q-T. portion) of the?ée trocardiogr y. superposjng,each 30electrode data. In
bttt n A 4 Ao P R S R oy sing the

superposing clfBOit, it is also possible to makes predictions similar to electrocardiogram analysis using
the results obtfy@@@h by, for example, composing data of an array of a plurality of microelectrodes

which are arranged in series and equally spaced on a cellular network so that data reflecting the
35state of intercellulart@HEAREION ahedifisEchestii Betrenopsss fidhceloh wibHegwd v de can be

displayed; andts PRBiutespbist anatriitiog STadefeiratior oBihg eewiaotamplnsrposing circuit
an aonormal N ETE GRS Ay 56 TR ROBE SIS et tha an abnormaity m
20  cardiomyocyte-network has been constituted, and (b) a Poincare plotting (C, D) of a
local portion of a myocardial sheet having a two-dimensional sheet configuration. In
this example, B and D are located near, and A and C are located separated from the
pacemaker area PM. In (b), as for FPDs that were distributed on the diagonal of X =
Y of a Poincare plotting prior to the addition of the agent, a large fluctuation is
25  observed to occur in both the annular models (A, B) by the addition of low volume of
a cardiac toxic agent, and an increase in the STV is observed, while little fluctuation
occurs in the two-dimensional sheet model (C, D). In response to addition of an
agent in a medium volume, the pulsation changes to a fibrillation state or a stopped
state in the annular model (A, B), while an increase in the STV is observed in the
30  area C located away from the PM in the two-dimensional sheet model (C, D). A
lower rate of an increase in the STV than the area C is observed in the vicinity of the
area D. As can be seen from this example, as for prediction of cardiac toxicity of an
agent by measuring the STV of the FPD, it is evident that a population (network) of
cells which are arranged linearly from the pacemaker area reflects more accurately

35  the effects of the agent than a sheet-like two-dimensional cell population (network).
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5the transmission is reflected in the waveform of the FP. On the other hand, data of a membrane
potential obtained from the differentiation circuit is used to assess the state of ion channels which have
different activated states in a membrane potential dependent manner. [0053] 10Figure 27 and Figure
28 show an example in which the FP data from each electrode are actually superimposed by an
arithmetic circuit as described in Figure 26. In Figure 27, as shown in Figure 27(A), the cardiomyocyte
network is anfd(i} arranged; microelectrodes are arranged at regular intervals along the network. In

the annular cardiomyqé:%t&@g&wg%ptwﬁ]ﬁé&%ﬁg@ﬂ%\%ﬁém@)Oﬂﬁsé\%@l(%(gt (—t\geat 15 electrode R1, it

can be seen from the FP waveform of each elec . In Figure 27( at the pulsation signal is
transmitted frommRPissipBspeqd (V) & pisadlguaiiarbripaitoe Bt s semaseiosed waveform.

Figure 27 (C) ghaiisite 18 34liRf PoloRd: i@ mIineasuren) Comprsiten@velormrdilisdrienyasual
composite FP waveform which includes information on the FP transmission required for estimating 20

the wavefdrm ddFaPiesyiopslelertin mvarslial disuians 2Rehaddorestimping thiseggtte, when the
pulsation signabiscicamsoiitedifiom ieaseait vhévadoimal vale thenconipiositpsedvedainmdés a smooth
waveform as be seen from Figure 27(C).,On the other hand, in an arrhythmia sta ere the
putsation siono K T B R GO LY S o e S A S e
becomes a veny 2Edisturh 8k viefvetormodishea$ibe thedrafiroms Higuten2S(Blonlge iPMFigareo28(C), which

corresponds to,the BleCHACAAIRRAT AIE AMROSHERadavRIRITW Rt URI A 0Lt f|milar shape

to the waveform for arrhythmia. It should be particularly noted here that when arrhythmia is predicted

based oAy ontbhBM|dittderd Ryathi o eaepithieRdERDt b HecOf midheaneastyMensditcad &8 predict the
occurrence of @ 3PPgNHiCRH Ay $IMipVNsSARieiehsedMeshe @lierRs b FHDr g XamBle) THowever, a

more accurate prediction is possible ﬂ/hgn\f; omposite FP waveform is used as can be seen in Figure
28(B) S or Fighire' 2B(65 spapeiay as the pitM-asanexampls QImGATHG MRS 65 -tAL BPHH relation to
the pulsation 3bopepdfefaarnicnoyatyies. fohe kesillpahthe measwrefmants of the FPD for

cardiomyocytes with variou tgnomous pulsations by the apparatus s o{ the present invention
= incicated 1n B LR LA B o L B AN A B B e their
pulsatior] peridipeprerpliviganfene ledakpofthio FRDaFHd stygaebmeanaomlarspieadheasurement is

performed with cardiomyaees Wilariaus eutpiamOLs PSR SRR RUED 25 Stopping or

destabilization of the pulsation period by an agent raise the possibilitééhat the FPD changes are due to

a cause other thaif FA 1081 H RFARRE G FoH SRR N PEXIRHH [ Inantbd 2dhSrRI84PHEE the value of

the FPD whenstharbulsation derad-alihe arlh was fareedite hangehyidareed, plsatior:dt can be seen
that the FPD bgcomes stable by maintaining @C?rta[';n.lo ulsation period over %g.ertain eriod of time
by continuous %é?ﬁ%\elciﬂﬂ] Faﬂy On%g ]%= of a Poincare plotting prior to the addition of an

20  agent, a large increase in the fluctuation is observed to occur for both the annular
models (A, B) as well as an increase in the STV showing a great fluctuation in
transmission time by the addition of a low volume of the cardiac toxic agent, while
little fluctuation is observed to occur for the 2-dimensional sheet model (C, D). In
response to the addition of a medium volume of the agent, the pulsation changes to a

25 fibrillation state or a stopped state in the annular model (A, B), while an increase in
the STV is observed in the area C located away from the PM in the two-dimensional
sheet model (C, D). A lower rate of an increase in the STV than the area C is
observed in the vicinity of the area D. As can be seen from this example, as for the
prediction of cardiac toxicity of an agent by measuring the STV of the transmission

30 time T (or an apparent transmission time at each local point), a population (network)
of cells which are arranged linearly from the pacemaker area reflects more accurately
the effects of the agent than a sheet-like two-dimensional cell population (network),
and at the same time, it can be seen that a generation of the fluctuation, which
exhibits a spatial-dependent arrangement, can be measured more effectively.

35 [0051]
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Figure 30 shows an actual example of the change over time of the FPD of cardiomyocytes when
external forced pulsatile stimulation is given using the system of the present invention to
cardiomyocytes which are autonomously pulsating. It can 15be seen in this example that initially the
autonomous pulsation interval is about 4 seconds, then the value of the FPD significantly changes
immediately after the cell was given a forced pulsation stimulus of 1Hz, then the FPD is stabilized at
the position of 550ms BigappPoxinhatelyiG0]gaetostdsaitar dlvetsiad I3 stavefiatioobiticed &iso be seen

that even aﬂe%@a‘%&%&?@e@}r‘éﬁﬂf QC%?H’AHL%WR%%% MB@%@%R@H@{J&@?@%&YWGS’ and the

FPD steadily increases. As can be seen from these resu sirable to test the agent toxicity after
30 seconds fréRyapdostarekfinede Persasrtisn itatioin Wisera emcrpesiisiamh(e. 20086 Figure 31

shows an aCtL@hﬁ&@Hﬂﬁ(ﬁf&%éﬁ%@%&iﬁ%ﬂzﬁ‘%ﬂ%"fﬁ@z&%@ﬁi@ﬁ&%‘l’ﬂ%ﬁ@ &RD or transmission time
T or transmission velocity V while giving external forced pulsatile stimulation using the system of the

present inventflir tegirog iy id Bn W sPiHasd bremetrongdhrididhtinitridl populations that
are disposed tccodanat leabtiivproziaiorleaitadesdwhie froviskng fosesd stictutatiopesigiials at a

fixed interval of 60 .beats ([l)er r?inut%lfrorrf the s 'mulatingalelectrod for 30exar‘r}PIe the FED of the cells
. Ttlme 1nto and ou I'OIl’]t 8C61 wnicn 1S equl ent, to 1n§f5rmatHontonc ans%es 1n the
at the adjacent measurement electrode, or the transmission time T or the transmission spéeed V from

the time of stirpefiettion of thecstinwlztihgselectroud Yodhe wetist baittevindabuasitly didtradebre
measured. Figye;3 %ﬁqglé{ﬁcﬂﬂlﬁaﬁé‘wletﬂé wpiehdamedaratileinblatien isgven by a

stimulation microelegg%r){)de‘dispose at the end point of the network of 35cardiomyocytes which are
arranged th a SHAGRENRY, the PPDCTFHEASN SFOBArEFOrRSTHtelepistedsm geedde Hietnieasured for

the transmissigpniPosiNiCEOBIBEMQAeIRI TRy SiTROSeth AP AeHNG Neiw Bkobt iR £8Fdiomyocytes at
regular intervals, and for iction. of the occurrence of arrhyé{%rrn?ig%(?é/ a composite FP of the

example, pred .
FPs of each réUBrEHG" tgﬁ(}: e‘,VﬁYSt?ngt?ﬁh@ﬁibs R FoR 580 SHE bratddhiell as the
data of each dfdhhe«iecikoded tolibersiifvnaian dignaldeoditadiiofulatifg wiretkate can be estimated.
However, what i§ Shoy nere 'I%r%ﬂ'g,&a ST ﬁiﬁﬁheré‘ﬁ%‘a{‘r%%ﬂ‘e”t BlUN% SolBaLIs gsR.possible to
make similar measurements lgy pro |cﬂng orced pulsations In e PMBres of the anndlar cellular
network shownehulkiyoeenark of kikelatatiaely hivizokdey podsibeectectrredediermeadureshéits of the FPD

on the minimugyeARer L selsistac e IURICLRIREIIRARS AR BLiGbRe dels are placed, as a

measurement electrode. [0057] ~  For all examples so far, the cardiomyocyte network is described
only for cardiofHfHSAEEIpEsWRYEHCR is ntiaby WeHm & PRisBiieREmereinsdBIREts 15are

added to havejprapgfties similar to biological tissues.
[0052]

20 Figure 26 schematically shows a configuration of an apparatus system for
estimating a correlation between information measured by the conventional
technique as described in Figure 25 above and the FP data obtained with the
apparatus of the present invention. The apparatus system is comprised of an
arithmetic circuit that has a function to integrate the FP data obtained from each one

25  of the plurality of microelectrodes which are arranged to be able to measure the FP of
one cell or a local portion of the cellular network to estimate the membrane potential
by differentiating their respective FP data; or an arithmetic circuit that is capable of
comparing the data of each electrode with an electrocardiogram waveform of the
ventricular portion (Q-T portion) of the electrocardiogram by superposing each

30 electrode data. In particular, in addition to analysis of the FP data of a single
electrode that is made possible by using the superposing circuit, it is also possible to
makes predictions similar to electrocardiogram analysis using the results obtained by,
for example, composing data of an array of a plurality of microelectrodes which are
arranged in series and equally spaced on a cellular network so that data reflecting the

35 state of intercellular transmission as well as results of the FP of the cell on each
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[0058] Figure 32 shows a potential clamp-type feedback control mechanism to maintain a constant
voltage of microelectrode 2 and make measurements for the FP of cells disposed on the
microelectrode 2. Here, the FP of cells is estimated by 20analyzing the result in real time by monitoring
the current supplied from the external power supply to maintain the potential of the electrode 2 instead
of measuring the amplified signal from the electrodes in the conventional configuration. It shows an
example of theleb@odecoudretitmplof tde 4R b phtheudardip mmyodytes gAbethd poiendaloistie be kept

constant, in thfﬁsﬁ%tgﬂél% é?de%fégrﬁg‘\g (%gagﬁahtgc[ %Qh\éaéi’&iﬁﬁi%ﬂrg‘ie ?ﬂ?ﬁﬂ%ﬁ’t@? in the case that the

state of cells is change anging the potential of depolarization, it is also possible to
adjust to thos@EiffErase povitRas pho 5] estinpiggazhyidmigrapicbiameakanipielof the results of

actually measwdﬂgﬁn@isﬂ@eaﬁe%mcﬁsﬁ%?&&ufﬁﬁiﬁqg Qldhe weltRepulptioanNban.iarcad pulsatile

30stimulation is provided using the system of the present invention described above in a partial area of
the cell populdf6HHIRI TSR Gifriiertid dedtrowt HdRTahE Se difs Sdheptiehivady e RE%an be seen
from this grapkdiibridgpdisiatdositaened moah pepdittienoitardierapacyies), wheskdhentorced
stimulation of 0.6Hz to 1.8Hz e.g., is given as.jn this example, the pulsation, follows linearly in response
2 the forced At LRI TSI B e S B S S e RSB e
waveform of thieffeRdantnnitherlength of the FPD of the cardiomyocyte population under forced
pulsatile stimulggiegy where the pulsation period of the cell population is the same as the interval of the
forced 5pulsatile stimulation when forced pulsatile stimulation is actuallycgrovided. As can be seen

from the l§taph, the FRgEFRAdrA ¢ e S dnkeiaeigmie ihevbimb SsditetdblfaRsrehing the

!n'([je_rval of :]he éﬁg@@%@%@éﬂ&@ﬂ%ﬂg&@ﬂ%&&h@iﬁﬂ E}hﬁiﬁfi&fb %ﬂ@llt @sgié’é_éﬁwdfﬂi@ gﬂ%fﬂ@@f tdh'e FPD
indicates that this_shortening depends on t cle of the forced pulsation jnterva . According to a
known study o‘f"t B4y ?e%aﬁ%#%‘?ﬁl bRy %$ﬁéérfh§f@%mﬁgcﬂétﬁ@ﬁ{%%{ﬁésé‘\n}ﬁ?élr\’/al in a human

heart [Patrick Braveyed-oiictoctaredethecQirinted/al fogithe effeetdsaflbearheaterwodlinisahstudies.
Journa of Phafmagglogieal and exeploaical Melhars 48 (3097) S\l 2 hiederisia gprrection with
respect to this compensa%lonyre(ig%lonship, I.e., In order make a corréction to the ength of QT (QT)
during cdidioptlksétisle Btlaipodsarivseds iperridbiedf B o edes et nclutdeniendtystependdgwwhether or

not it conforms it #he GRIMALRDYAIYAPTQhGmivdd RT3, O 14tbthe converied yalue of QT ¢ =

QT/(RR)" which has been proposed by Bazett due to the fact that it is not possible to make a relative
comparison b&EREERBY ¥ARGaUAThE BAGHPHITROTT WaretstheagrssencE hsivs isation rate. As

described aboxgutheflgneth- @R hithMivel 206956 RB NS e N ETRUPRIROsHIeN ebilpiergth of the FPD
measured across the cellular netwqrk measured by the present system. That js, it suggests that the
D tself of oRHLBTROLT) B TR Br i EoTAR YR SHbe b HEIAE A fact,
howevenr2@he nhsultaet feign e3dh)indicatesihal Qifoc adppiERR Y142an showend ihatthikes between the
correction of Fﬁ%ﬁ?e‘[i %%e%rﬁiletkﬂ)%l%gﬁroency&ﬂa?fig t?gI?StItl’litted from the area PM in a normal way,
the composite waveform is a smooth waveform as can be seen from Figure 27(C).
On the other hand, in an arrhythmia state where the pulsation signal from the PM
area is no longer transmitted in a normal way, the S, a composite FP, becomes a very
25  disturbed-waveform as can be seen from Figure 28(B). Also in Figure 28(C), which
corresponds to the electrocardiogram, the composite FP waveform is a waveform
with a similar shape to the waveform for arrhythmia. It should be particularly noted
here that when arrhythmia is predicted based only on one electrode data of each
microelectrode of Figure 28 (B), it is difficult to predict the occurrence of a
30  significant arrhythmia in some observed electrodes (L5, for example). However, a
more accurate prediction is possible when a composite FP waveform is used as can
be seen in Figure 28(B) S or Figure 28(C).
[0054]
Figure 29 is a graph showing the size of the FPD in relation to the pulsation

35  period of cardiomyocytes. The result of the measurements of the FPD for
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25In addition, Figure 35 is a table summarizing the data shown in the graphs of Figure 33 and Figure
34. [0061] These results indicate that evaluation of the quality of cardiomyocytes to be actually
used for screening or in regenerative medicine can be addressed by 30measuring the response of the
cardiomyocytes when forced pulsatile stimulation is given to the cardiomyocytes. In other words, the
following procedures are noted: 1) providing forced pulsatile stimulation to a cardiomyocyte or a
cardiomyocytepdputateyievwal tatingoas otwiatives fhdsoelbor biieheopplation ef teencdliheespond to
the forced pulsaile simulalian anfiesapnt Al eRAme Ve A DG REA pisptls,stimulation:
verifying what frequency range of the response of the cells to the forced pulsation signal; and

determining th2g #1¢8 Biahasceticisptied Hefitiand suion ReERAleaebrg It the yalyeeivhe ARDs
demonstrated {iaf mfggestlssaiéemvmpm e sieHialienyfReiemsassificalbisiaiRieyiningithat one of the

sufficient conditions for a healthy cardiomyocyte is met when it is demonstrated that 5the pulsation
follows the st ALRmRUS RLsH TS, *ﬁeé’{%ﬁ@c}l as stopeiRe AT RgaNLzaReRtHE sufficient
conditions for puleaithybesitdienynaginmisanettdsssdibdivediiedihapibelchgogerinditet&RD in
response o the forosd puisetie stimualion is between EDIRAN/3 and FED/(RR)1Z witin a range
of the frequency SE which the Ifof OW-up 0 te pu(fsa(ilon oeflihe cells'in fesponse THo the'foreed
pulsatile stimulativalistefvhé (FIR) Whentibe pWontiompeti¢d@d2he cellByasdingeth® abangedrpcedures,

quality controlgf car|RMNBRYIES.GalL REAGRIR YRI PP BRI LAIAEYOGYIRI%iAiFE Y akis capable of

making a stable pulsation. Here, the cell population that underwent differentiation induction may be
15used 48 thepégﬂb%Hth%O&%é ESFETRRSH OB O i SR HRIARS SHET I dEPIBHIR differentiation
induction may[pesdippersed for measurement and evaluation on a single cell basis, or the dispersed
cardiomyocytes may he collected and used as a cell population for measurement, or alternatively, the
dispersed cardiomyoc t&%%%‘}sgg‘?ﬁ&a&ﬁk}i‘ﬂ% ﬁ}fﬁg]rﬂ]zfs‘?g t&Sﬁ%@Hgﬁcﬂﬁeﬁtﬁﬂﬁ%ﬁf%g t]%aﬂﬁ used as a
new cellular 20apdipuigtionde mthen maastiiidinend patitie etialubiion. i{ hess camainyogytas can be

used for the cadiolod (6. R9FH OIS 3B RS RS JIRNIY AhexRTARRoveral

configuration o
15  be seen in this example that initially the autonomous pulsation interval is about 4
seconds, then the value of the FPD significantly changes immediately after the cell
was given a forced pulsation stimulus of 1Hz, then the FPD is stabilized at the
position of 550ms at approximately 30 seconds after the start of stimulation. It can
also be seen that even after the forced pulsatile stimulation, the autonomous pulsation
20  period varies, and the FPD steadily increases. As can be seen from these results, it is
desirable to test the agent toxicity after 30 seconds from the start of forced pulsatile
stimulation where the FPD is stable.
[0056]
Figure 31 shows an actual example of the arrangement of cells when
25  measuring the FPD or transmission time T or transmission velocity V while giving
external forced pulsatile stimulation using the system of the present invention. Figure
31(a) is an example of measurement of stimulation with cell populations that are
disposed to cover at least two microelectrodes. While providing forced stimulation
signals at a fixed interval of 60 beats per minute from the stimulating electrode, for
30  example, the FPD of the cells at the adjacent measurement electrode, or the
transmission time T or the transmission speed V from the time of stimulation at the
stimulating electrode to the cells on the measuring electrode are measured.
Figure 31 (b) shows an example in which forced pulsatile stimulation is given by a
stimulation microelectrode disposed at the end point of the network of

35  cardiomyocytes which are arranged in a straight line, the FPD, T and V of
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a cardiotoxicity testing apparatus (or a cardiotoxicity testing apparatus system) 25according to an
embodiment of the present invention. The cardiotoxicity testing apparatus 3000 of the present
invention is basically composed of a measuring unit 3001 and a control/analysis unit 3002. An
amplifier 3004 for amplifying the electrical signals from the measurement unit 3001, and an
analog-to-digital converter (ADC) 3003 that converts analog signals from the amplifier 3004 to digital
signals 30 interaeintioy@ngcarrarmgell detivednalrameaseddmeht tnits3diSdi@anblythe control/analysis unit

3002 (for exa’Hﬁ&%éé&%@@ﬁ’r&?'&lQﬁég& éﬁﬁﬁgﬁ{ﬁsﬁ?g%%gW@g?ﬁ%&%&”&?ﬁgﬁ%ecei"eS a

signal from the ADC and makes recording, an Isplay € measuring unit 3001

essentially coipfsaks znediforexuBks, Resdrgianral ticensetioerca v by sardprisihy a ploaaiof

35microelectregess @B kps SiagRirdiapagitipreidhanitRABAs AP BRICRLSY IRV ePBRKSINg an
optical microscope, a laser light source, an optical camera and the like. The culture vessel having a

multi-electrod €'SHHERAE dmBRYiAY thegtaramt e it B iRler e Lamhs it atioh siekalirabithy
microfabricatigeitaghioiagycioddiasdcosimaraialjoaaiablafias exanmpberdMEMRSA5A, Alfa Med
Scientific, Japan2 nrp.’flé/(ﬁ? S0 be I%Jsed. pgtpt%’]eFigijre[t?g is an epljlflrg)ed Iew. ofﬂthe measurement unit
3001 which is the 8ofe of the CArgiotoxIc y es(ilné’appsaaresl ugossys/sté:m 30 3¥%earpresent invention.
Figure 37B is arvasnkagedsiovpoivadmglfoaledroetiimyan thelirarsaest ey havingr acll@lar

multi-electrode, QuapUSRW I NG SYRIem Of ERIBSEN YEMNBEEIG 34 a diagram that has

further enlarged the electrode portion. As shown in the figure, a plurality of microelectrodes are
arranged th armgasifemsaticicheifddl on Bdsy HreuEs ARBRRRfesHe atrves the dHBHiRge

microelectrode)ane & cardigRyaarie.aliste pagryed o Adivman & gslidhas been placed thereon.
15[0065] E@S& 38 is a diagram showing a correspondence between the electrodes of the chip

and the meas nt window (Figure 38a-c) when evaluating the toxicity of the agent against
cardiomyocytes (Figureo38h)eusinples suwftirelectradeoaryayychipe (W ik 38dedurihednaly thsplay example
of the dat.a.us%dré%ﬂ‘}”gé:(/ iR (Figure38e): 2010008k, in 048 %Xﬁ‘orHPA%n'{s‘ Whieh g Jaspection of
cardiotoxicity of an agent s performed using a cardiotoxicity tes INg apparatus of the present invention,
will be déScribed bédod/thaterziepariect\enhbud @Bl @adhtulsires.  The human ES cell-derived
myocardial clt{g@ﬁ]were purchased from Cellartis. They were received in raw and recovered using a
glass capillary (Vitrolifr%), cultured in a medium plus 20% inactivated FBS, 1% non-essential amino

acids, 1% penicillin-stragttmyeioarreosnt sl plsrmapimstRadbrk OMEM REFPURALR from

30Invitrogen). maintain a constant voltage of microelectrode 2 and make measurements for the FP
of cells disposed on the microelectrode 2. Here, the FP of cells is estimated by
20  analyzing the result in real time by monitoring the current supplied from the external
power supply to maintain the potential of the electrode 2 instead of measuring the
amplified signal from the electrodes in the conventional configuration. It shows an
example of the change over time of the FPD of the cardiomyocytes. As the potential
is to be kept constant, in this context, it is normally chosen to take a value of zero,
25  however, in the case that the state of cells is changed, for example, by changing the
potential of depolarization, it is also possible to adjust to those different potentials.
[0059]
Figure 33 is a graph of an example of the results of actually measuring the
change in the period of pulsation of the cell population when forced pulsatile
30  stimulation is provided using the system of the present invention described above in
a partial area of the cell population which has differentiated from human ES cells
into cardiomyocytes. As can be seen from this graph, it is found that for the normal
population of cardiomyocytes, when the forced stimulation of 0.6Hz to 1.8Hz e.g., is
given as in this example, the pulsation follows linearly in response to the forced

35  stimulation in all of this range.
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[0067] 2. Preparation of a multi-electrode tip (Day 0-3) Collected clusters were then placed in a
multi-electrode tip (Alfa Med Scientific). The day on which they were placed was set to Day 0. Clusters
for which 35 a 1st peak of an extracellular potential (FP) of 200 mV or more was acquired on Day 3
was used for data acquisition. A multi-electrode membrane potential measurement system (Nikkyo
Technos Corp.) was used to acquire data. [0068] 3. Agent application (after Day 4) 5Pre-agent
application dat@qedlled 'Before’) was acquired for 10 minutes before agent application. The agent was

dissolved in deio”izedfﬂi‘g%tﬁﬂ%‘iY‘éﬁtﬁ{o@s‘%‘ﬁ%\géﬁbﬂ%’mogﬂlﬂ%ﬂﬂé Eﬁ%ﬁ%ﬁo{lgeilf nappligation. The

final concentration for application'was 0.1 RIVI and 1RM for E-4031, 0.1 mM and 1 mM for DL-sotalol,

and 0.1 mM aie FREAVPfShOeRIdieny e xtearaidmpiopotadrrictcad poF P pY sl a oS TYeShort term
variabilty) of (e GEI0.MGS G B esk Lo B, RIS Haiam 00T hBIR anilyisced A sieep
e

downward peak of the FP correspaonds to the inflow of Nat A gradual upward peak corresponds to the
outflow oPKt THESERE AW IERRaysR fREradbRsatie AaRlAiR A WAl erpyidkd: f\&8Rition, the STV

of the FPD wascavaluften @s fiephactiatibp weteeem beaigsfHE heIdnétvas walblbtesbhydhie following
equation. IsZ;b= "Is'flm(t)trt épl}ch n-%‘;.l\?a (')I' %‘égcrgadsreuiﬁ %Flee v riqt1 'gnoge yveen Vyﬁe F .D& can be
evaluated as aﬁlncrease%nﬂ{ &'20valde of STV TR retuce the intnce Yo the PP dle to variations
in the beat raté4(omretaignabftPihangd theh® PP fitdec #RDhatts nshdecnsiggltperfdsmmthof Fredericia

fr?érgg)io” beloy o AN GEED AN ERIVI RURRIEMEWTS LEMERTHE Derheeak just before
10  relationship between a heart rate and the length of the QT interval in a human heart

[Patrick Davey, How to correct the QT interval for the effects of heart rate in clinical
studies. Journal of Pharmacological and Toxicological Methods 48 (2002) 3- 9], a
Fredericia correction with respect to this compensation relationship, i.e., in order to
make a correction to the length of QT (QT¢) during cardiopulsation at a pulsation

15  period of 60 beats per minute mainly depends on whether or not it conforms with the
converted value of QT. = QT/(RR)'3, or with the converted value of QT. =
QT/(RR)"? which has been proposed by Bazett due to the fact that it is not possible
to make a relative comparison because of change in the length of the QT due to the
difference in the pulsation rate. As described above, the length of QT in vivo

20  corresponds to the superposition of the length of the FPD measured across the
cellular network measured by the present system. That is, it suggests that the FPD
itself of each cell should enter into the range of the correction of Fredericia or Bazett.
In fact, however, the result of Figure 34(b) indicates that QT. = QT/(RR)">%,
showing that it lies between the correction of Fredericia and the correction of Bazett.

25  In addition, Figure 35 is a table summarizing the data shown in the graphs of Figure
33 and Figure 34.
[0061]

These results indicate that evaluation of the quality of cardiomyocytes to be

actually used for screening or in regenerative medicine can be addressed by

30  measuring the response of the cardiomyocytes when forced pulsatile stimulation is
given to the cardiomyocytes. In other words, the following procedures are noted:

1) providing forced pulsatile stimulation to a cardiomyocyte or a

cardiomyocyte population; evaluating as to whether the cell or the population of the
cells respond to the forced pulsatile stimulation and respond at the same interval as

35  the forced pulsatile stimulation; verifying what frequency range of the response of
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[0070] 5. Procedure to make a 2-dimensional plot A QT prolongation or a prolongation of APD, and
their STVs have been used individually in order to assess the risk of cardiac toxicity of an agent. In
order to evaluate the prolongation of FPD and the increase of STV integrally, the present 5 inventors
have developed a "two-dimensional plot". X-axis represents the frequency of clusters (the FPD score)
for which the FPD has extended by 10% of more than a previous value. Y-axis represents the
frequency of clbsteids(®Th Soora) potsativotsibeas ivdidereasadthpyiO0%ear mhersnthiarest previous value.

Of 2 C°”Ce”tr%gﬁﬁﬁi%ttﬂ%{%@a‘?&'f&EBi&?ﬂ% 'X?s%?x%ﬁ?edfitﬂi‘seﬁ%‘ﬁ?gfeﬂtlﬂ% dncrease was

observed in any 100f the concentrations, it was evaluated as "prolonged (FPD)" and "increased
(STV)". In thisRusatipe fadentside Fimlptione mese pea il dbp sstiantion gibas wepgiilst the cardiac
toxicity of the ageRiel@éhiBioRERH S HERTMPAIIBRSIONAERIGhet whiBUigsIR ISR daedimgnsional plot

of the agents that were evaluated. E-4031 and DL-sotalol were plotted in the upper right corner of the

figure. DilfiazeF RAS PSR IAYALNG SHABE R HRC AHEIDINFALOBIBHERPH the lower right comer.
E-4031 and DL-sotalop adetarifirg ilaitoneastdlit isukiiciem toaditieysineraasalthe 20 APD and STV

both in vivo and in vitro. E-4031 i agent for. whi evelopment was, interrupted due to the high
ok of o B B D S H ot
agent, but the tisKwttethalsatieythmidasioarin bt tyectgmiorEu( RIRY thus ERIMIBRIEfew itlduerhigh cardiac

toxicity. Diltiazem, I @ fr@fEGRANDSL i&ﬂi@ﬂ%e%ﬂd&z‘-%{?%@‘f‘f{% LR JPEIECLASH GasERID 25VIvo,

and thus the risk of cardiac toxicity is considered to be low. DDW was considered to have no cardiac
toxicity. Thus, thefpspdigntsaridasinmmiatiguiatRy yabde) detihsareandimigh cardiac toxicity” and the
upper left and igygey| right areas are judged as the area of "low cardiac toxicity" in the obtained plot.
The level of cardiac toxicity.can be evaluated deg%endin on in which area an unknown agent is 30

plotted in the two-diméhsi5ia BI6ARMEPIRESIYEri WALTRSIERI P bSAHE Bredaie et stion method.
[0072] Figure 4&{&)schamatitallyastions ecgircisit fasl Diitpuiting sb\adienakihe a stahiféerence in electric

\F,’V%tliﬂ“l";" Ig?"g%\%@%@‘(} ?é?%reoéje% SIS A Bl AR R HIPRLRA AN R SRS Bslectrode 2¢,

15  used as the cell population to be evaluated, or the cardiomyocytes that underwent a
differentiation induction may be dispersed for measurement and evaluation on a
single cell basis, or the dispersed cardiomyocytes may be collected and used as a cell
population for measurement, or alternatively, the dispersed cardiomyocytes may be
mixed with fibroblasts derived from a human heart and used as a new cellular

20  population for the measurement and the evaluation. These cardiomyocytes can be
used for the cardiotoxicity test.
[0063]

Figure 36 is a block diagram showing an exemplary overall configuration of

a cardiotoxicity testing apparatus (or a cardiotoxicity testing apparatus system)

25  according to an embodiment of the present invention. The cardiotoxicity testing
apparatus 3000 of the present invention is basically composed of a measuring unit
3001 and a control/analysis unit 3002. An amplifier 3004 for amplifying the
electrical signals from the measurement unit 3001, and an analog-to-digital converter
(ADC) 3003 that converts analog signals from the amplifier 3004 to digital signals

30 intervention are arranged between the measurement unit 3001 and the
control/analysis unit 3002 (for example: a personal computer). The personal
computer 3002 for an interface receives a signal from the ADC and makes recording,
analysis and display or the like. The measuring unit 3001 essentially comprises a
culture vessel having a multi-electrode array comprising a plurality of

35  microelectrodes, an x-y stage for disposition of the unit 3001, an optical system
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microelectrode 2, and on which no cell is disposed, for use in electrically reducing noise in cell signals.
In fact, as shown in Figure 40(b), by incorporating this circuit in the first stage of the amplifier circuit, it
is found that the noise reduction does not depend on a specific frequency, as shown in Figure 40(c).
The position of the 5reference electrode 2c is preferably in the vicinity of the microelectrode. For
example, it is fully functional if it is located at a distance of 50Rm, and it can function to reduce noise if
it is within a distanpesoify amepiddil 3hieigsrepd Ladacibgharvsckematipathl showingnatlexhkeple of a

10comprehensgiye qardiotoigipy evalatomMaed el 1he E%ﬁg&iéﬂl\geé‘gﬁﬂaﬁ?%?rqmg the values for
the FPD obtained from the results of measurements of mémbrane potential of ‘cardiomyocytes after

addition of an Bé&AEGEaqskertican At seoproBlaEtisHgtkbie BURE Ber s tead eahRadod elid] BPfise FPD
prolongation agmupieAY INeIKHAKIGANG ARG MEY-PAYSA iadanved SQmdrinsaisplatting of the

magnitude of the 15fluctuations with time of the FPD described above, as a value on the Y axis. Figure
41(b) is one e%ﬁ?\BFeuS?‘ilhe results plotted in an X-Y diagram for a variety of agents. As can be seen

from the figurgpaedagent in the area where the increase in the prolongation of the FPD and the

fluctuation (STV) is decreas n be determined as having a QT prolongatjon byt.no.cardiac toxicity,
while sardinc ooty AR T 30 A BE e e Tt e R SHE e
fluctuation of (ST fobeurasimtitanitp i@ pperragistsystére J000dibgramysfd0iijentiorFigure 42 is a

schematic diaggam Shay|Rg Al EXaNIRIROf SR COMBAWANoRNf A SYSIGMIR! JRSRBHIIRGARG actual

cardiac toxicity. The system of this.embodiment 25includes a liquid sending unit, a cell culture

measurelfentMRlt-gleqterde pamanAsd Arithe s thRDESTtHBVRGtRP s EHBIFF Ukt tan send liquid

by a syringe pyimR SYSIRMMAS fuRBEstalticcRY TR SMRNOpEddRLAs RHBWhSHSIRMI Byrvhich the culture
solution is 30contiquou ly fed to each of the cell culture chamberi in i/hich cellieare cultured in the

measurementRINEIR Q4HTRC i T A huLees MPeRfb & 38 BRI ABUAE around the
outer circumfetenes efithsripévelfos sanoifghiquidranetacilutinhisatiaysdioitedhceer at a constant
temperature bé{]fr%)n(it%ﬁ%l atﬂle1 1}1%r1{1ﬁgrgéﬂr§acs>fbthe |i9auci9di'{hthe tube continuously with a detecting

. (%) C cen creon.
mechanism of heat P

15  [0065]

Figure 38 is a diagram showing a correspondence between the electrodes of
the chip and the measurement window (Figure 38a-c) when evaluating the toxicity of
the agent against cardiomyocytes (Figure 38b) using a multi-electrode array chip
(FIG 38a, b, d) and a display example of the data used for analysis (Figure 38e).

20 [0066]

One example, in which an inspection of cardiotoxicity of an agent is
performed using a cardiotoxicity testing apparatus of the present invention, will be
described below.

Materials and Methods
25 1. Cell culture

The human ES cell-derived myocardial clusters were purchased from
Cellartis. They were received in raw and recovered using a glass capillary (Vitrolife),
cultured in a medium plus 20% inactivated FBS, 1% non-essential amino acids, 1%
penicillin-streptomycin, and 0.2% B-mercaptoethanol in DMEM (all purchased from

30  Invitrogen).
[0067]
2. Preparation of a multi-electrode tip (Day 0-3)

Collected clusters were then placed in a multi-electrode tip (Alfa Med
Scientific). The day on which they were placed was set to Day 0. Clusters for which

35  alstpeak of an extracellular potential (FP) of 200 mV or more was acquired on Day
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35such as a micro-thermocouple type K or a thermistor, and adjusting the temperature of the liquid to
be introduced in terms of the degree of resistance heating for controlling solution temperature. In
addition, the liquid sending unit includes a piping in which mechanisms such as junction pipes and
switching pipes are arranged for addition of agents to be tested, and through which desired
concentrations of 5agents can be introduced into each of the cell culture chambers. Further, the
guantitative déterminstibfoofl ibreacqnceniratfomditietecigedtt seintiomdesiralblyl imehstesraadition of a
mechanism in \yhi I [ { f iquid | jcally transparent, and by which
guantitative e\ﬁgﬁggo@%%# gg%@dgg @? %%ﬁ?%g%?tg%%%@rﬁ%gg%rmg in the range of 280nm - 800nm
wavelengths. [#®Rise, 10it is also desirable that a mechanism for waste liquid is added in which a

part of the wasteatulh ipQRticRIlY tragspalent, and by which quantitative evaluation is possible by
measurement of spectroscopy absgrption in the range of 280nm to 800nm wavelengths. The

controllec’temperaturd &t #5674 GBRECHIGNSI BrerishiP SR o XA L T Hb Ft A A MFSture of a human
body, and frorbétuife piii @pplewtidnl Tibcdrsiiakblas o e lableiialcomiridtis tdlnpetatdre in the range of
30 degrees to 45 deorces,epfararls [0A70] e 43 shaws schemaie disgrams.and photoaraphs of
an example of 2 G0 iguration of & measurement chamber OFa cell Culture System for measuring
20cardiac toxitiyappitvetpresentGnveNiend ThM dell Euiiirk OessaVi4zo2l onM e Dansirttiodiucing

mechanism angd agiiaiNpgHeGRRNIIN HACAYIIIE WG P ASTangsanas RegpRYaGEed to the

multi-electrode substrate 4201 on which a plurality of membrane potential measurement electrodes
are arran§ed GE¥ Sheitdam VrstaRinya eeihe fifl evarcadeiratad Aipratec asgibrd dRteasuring 8
samples at thg@mye time. As 25shown in Figure 44 in which a cross-sectional view of a cell culture
measurement plate is schematically shown, in the cell culture vessel 4202, the inlet of the solution is
arranged in a rﬁﬁ‘?&?ﬁ@@’?&?m spread in the bottom surface closest to the multi-electrode substrate
4201, while the liquid draiatpglovachaiipenkas thediP depioyedds @ tha isiipednXae. game direction as
the direction of the interface of the 30liquid surface a ositipn that rmines.the, height of the liquid
surface 4204 S oLy R A R O L TR IO rvon o
electrodd Wirego¢ thatvedern ool drrad dehpenkaanddidon.dhw Slie oo & Bubsireneluated

as the variation between beats of FPD. STV was calculated by the following

equation.
Z ‘FPDB o FPI):H»I|
N x \/5
STV = N = Total number of FPD

The increase in the variation between the FPDs can be evaluated as an increase in the
20  value of STV. To reduce the influence to the FPD due to variations in the beat rates,
correction of FPD and the STV of the FPD were made using the formula of

Fredericia correction below to obtain cFPD and the cSTV.

FPDc= -2

25  (RR s the time between the Na* peak just before the FP)
[0070]
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35In the present invention, in order to observe the shape of the cell, transparent electrodes such as
ITO electrodes are used. However, an increase in the length of the wiring will results in a high
resistance compared to normal metal electrodes due to their characteristics as a transparent
electrode, and as a result the impedance becomes very large especially for a large plate such as the
multi-electrode substrate. In order 5to avoid this problem, a metal layer may be disposed in the same
arrangement &s Brectrdinspanmnkeleltboertsioeaydetthe resistance value owing to the conductivity of

the metal electrode. InAfzéﬁ, .?oﬁlaﬁ E‘P&l%’{acﬂ}%iﬁg%ﬂb%%?'J&PB,%HM&?‘ \astﬁgprggﬁnt electrode

4302 on a glass substrate 4301 i1s disposed In order to perform an optical observation, while in an area

not used for oBsetvilvedall ¥ imetderdgapseos SOiskdhs sasbectisth ¢ Hvagrip- theoidgidparent
electrode and ¢hguRPafSHdRGR A MMNEFITCaRieRwIh aRJRSWRENG i Rhenmsi@leglectrode

materials as used herein may be, for example, gold, platinum, titanium, copper, aluminum, and the

like. [0078] FigBYe e INAVEHrFARELadPa T LRBHINE A RISkam IS BB RS dhEl s BB nent
disposed on aghtliiis@lsqiteiEPsh bstrajgof-inslicintgePD Aata)x kel aie [@%aoped@ gitmulating
electrode 4401 to locally,stimulate the end of the myocardial cardio yte network ar ed in series
i cell cultur S A S S D b e e St e Eon of
cardiomyocytesI3fimatateetithy 007 latimonrel dotnotips: vind sav rdieré Hce @iectntds a0 Bdow esise

20reduction. It,i5,pOSSPIE IR MEAHIGRE AL IB A ARMUIRIIY OhIGEAd SRRATIRER 0h Fcafgiomyocyte

network obtained from each of the measurement electrodes 4402, and a fluctuation of the
transmisibn ratéheAoBeHEERMINERVBY & 2B A At APREGEi ST eddgiaerersgtb(ErhNdmission rate

between the mgasyreieticeleshiad protadrigue A6a(hatheiejenabavon aheanliadtripmyhere the
measurement electrodes are c{)gnected 25in a straight line. By this configuration, it is possible to

measure the WAUEASH NS 18578 Waveform of an electrocardiogram of the ST area (ventricular
area) of the elgmmigardiogram. In Figure 46 (c), there is shown a configuration that facilitates
acquisition of @qzlésl?ﬂ\{\éaveform of a local point of cardiomyocytes by separating a part of Figure 46(b).
Figure 46 (d) is'an example of an electrode arrangement for 30measuring cells arranged in a ring form
on a ringt8hapbdcefsateosionalitiotigh these are intended to measure the cardiomyocyte network

arranged in a ring shapg a3 §bqg"£‘t@dﬂﬂHfé%éi@nﬁ'i‘dglEﬁ%rﬁéggéﬂﬁmﬁméﬂé‘ dhait,g.pgrt of the

ring-shaped measurement electrode is cut out, and a stimulating electrode for providing local forced

stimulations istaf@hgerftRérapialohdyaredriotistcin shetrpge ekl rarrfs Pfdhs 5 abisedtats®n. Further,
in Figure 46 (eyathsitetésl Shewuppe@ Mg u6atianN JAMYBISW thes plotted in the lower right corner.

E-4031 and DL-sotalol are an IKr inhibitor, and it is known that they increase the
20  APD and STV both in vivo and in vitro. E-4031 is an agent for which a development
was interrupted due to the high risk of cardiac toxicity, and thus is an agent with high
cardiotoxicity. DL-sotalol is an antiarrhythmic agent, but the risk of lethal
arrhythmias cannot be ignored, and thus is considered have high cardiac toxicity.
Diltiazem is a Ca®* channel inhibitor, and it is known that APD thereof decreases in
25  vivo, and thus the risk of cardiac toxicity is considered to be low. DDW was
considered to have no cardiac toxicity. Thus, the upper right area in the figure is
judged as the area of "high cardiac toxicity" and the upper left and lower right areas
are judged as the area of "low cardiac toxicity" in the obtained plot. The level of
cardiac toxicity can be evaluated depending on in which area an unknown agent is
30  plotted in the two-dimensional plot when the agent was evaluated by the present
evaluation method.
[0072]
Figure 40(a) schematically shows a circuit for outputting a value of the
difference in electric potential between a microelectrode 2 on which a cell 10 is

35  disposed and a comparison electrode 2c, which is in the vicinity of the
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measurement electrodes are split and it is possible to measure responses of a local portion of the
cardiomyocytes. INDUSTRIAL APPLICABILITY 5[0079] According to the present invention, it is
made possible to evaluate whether cardiomyocytes obtained through differentiation of stem cells, such
as iPS cells, are healthy cardiomyocytes that can be used for agent screening or regenerative
medicine for cardiomyocytes. 10 DESCRIPTION OF REFERENCE NUMERALS [0080] 1
transparent substra¢é;cirodicosldcinodbicBmaefdrendseissty ddey ' ited dowiral bf redooeiectrode 2, 3,,

32, 33, 34: a Wall.DY,AQ4Y 9%%;98"Ié}aé?aﬂ§%%4ﬁ%e%%@%Qiﬁg?zgﬁ?g&ﬁ{f&i&%r@r (P 82, 83:

pipe, PC: personal computer, Ms: operation signal 2,103, ---,"10: cardiomyocytes or
fibroblasts, 15thedHsperestodtgerBmaihiepticalibiserienishtie feenase xeduelive dRet, 108: Z drive unit,

CHI, CHZ, CH@@&E&"oﬁ%i's'i}@&‘ilfﬂgfféaiﬁe&g,(&s%ﬁ@&ﬁmgﬁ?@ﬂ@(tﬁ sitd@ Gethpopulation, ha:
barrier, 11 b: opening, 19, 191,192,193: dichroic mirrar, 20, 201: a hband-pass 20filter, 21, 211:

camera, 22: liGHESHTCE!s5 99796 s el 8dlircdcmty 81 theamicrnslectinde: S84 % fitter, 25:
condenser leng,i2Gilbbfestivenslns 4 1soondllealeatingda 28 ground ieleetddei@9t291: switching

circuit, 30, BOJféglectriclasll 51#1 las| m ahsllériiiwgtcirc%u(i) I311%11: electrical stimulation circuit, 32:
cardiomyocytes, iR T510]3) asts,‘% . pipe 2 Tor cell ﬁac’ement, 35: N-th round transmission pathway,
36: 25(N +1)tHeQUhd transmission pathway, 37: (N +2)th round transmission pathway, 38: measuring

electrode, 39: referen@ggcall%cjrrpgea c‘fagglj&]ﬂi&ﬁ&&ﬁi&%ﬁﬁh%%@é&@ﬂmwéf@” arranged in a ring

shape, 42: 96-well plate, 43: photo-sensitive element of a cameéra, 44: cell, 45: cell stimulation
electrode 0100c UBPEBERINR MEdierapPasnilistBooDc ad Rftdiadty s@ytinycappar &esardow ;

measurement yBitaBRQZoPE-IMDehacae S8R aralegiio-sigialcanuerielx38ehbamplifier, 4201:
multi-electrode substrate, 4202: cell cuItFué[e v;ﬂsésel, 4203: flow of a solution, 4204: liquid level, 4301:

glass substratB%3H2! ALAENAMNPOEIANEE 2490 REER fe5Bt A SR HUARGRBCART YD1 : stimulating
electrode, 440&e meabueamsotteleainges]4403f tefdPDga @laginnde,ad404ileebcuitukngarea. 35
Claims and taking STV, which is derived from Poincare plotting of the magnitude of the
15  fluctuations with time of the FPD described above, as a value on the Y axis. Figure
41 (b) is one example of the results plotted in an X-Y diagram for a variety of agents.
As can be seen from the figure, an agent in the area where the increase in the
prolongation of the FPD and the fluctuation (STV) is decrease can be determined as
having a QT prolongation but no cardiac toxicity, while cardiac toxicity such as TdP
20  can be predicted when prolongation of the FPD and the fluctuation of (STV) occur
simultaneously (upper right in the X-Y diagram).
[0074]
Figure 42 is a schematic diagram showing an example of the configuration
of a system for measuring the actual cardiac toxicity. The system of this embodiment
25  includes a liquid sending unit, a cell culture measurement unit, and a cell
analysis/stimulation unit.
[0075]
The liquid sending unit can send liquid by a syringe pump system or a
peristaltic pump system or a HPLC pump system by which the culture solution is
30  continuously fed to each of the cell culture chambers in which cells are cultured in
the measurement unit. In addition, a resistive heating wire for temperature control is
wound around the outer circumference of the pipe of for sending liquid, and a
solution is always introduced at a constant temperature by monitoring the
temperature of the liquid in the tube continuously with a detecting mechanism of heat

35  such as a micro-thermocouple type K or a thermistor, and adjusting the temperature
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1.A quality evaluation apparatus for cells, comprising: 5a substrate; a plurality of stably pulsating
subject cardiomyocytes or a cell population comprising the subject cells placed on the substrate; a
wall formed on the substrate and surrounding the periphery of the cell population to hold a cell culture
medium; 10a culture-medium supply/drain channel for supplying and/or draining the cell culture
medium to and/or from the area surrounded by the wall; a microelectrode on which a single cell or
a local portionadfthiediqeitipopelationlisglaogdrms of thadederent ecelgatradecptiogided in the area which

Is to be filled VX%HtIE?Hiﬁ 'L&ﬁﬁ%ﬂ%ﬁﬁ%@gﬁ 40y the MRll senﬁrpg’ﬁ%ﬂtﬁﬂd%IH§@ssé‘ri“9 means for

measuring a membrané potential of that Is placed on'the microglectrode using lead wires
which are conhédiedredpisbtivephanizagushias] Hietior aieodad afitichiRaBipAsaifHiErigcdonnected to

the reference glegtigdenand Q@%Q&%&?Eﬁ'ﬂ@%%ﬁ%ﬂ%vi%l@%&[%ﬁ%@&ﬁﬁ%%ﬁ“mU|ati0n
delivered to the microelectrode and recordinI% data of the potential measured by the potential

measuring meats can b iptradierd Wi rArR0LSSSH Sppdathambesn EBIteE WiFying the electrical
stimulation to heasenitocthieeniciosiestsode: abaceintenaal if hStenisel iashidesiaitdy25 of 0)
determining Wheihgr thadclgrdio %}/anc\ghes or the cell E%pul tion res oqgtto for(‘ietgéjlli”%?gll% stimulation

. 1ncC €S a 10 anism in wnit oruon o 1DC .
by the electrical stimulaton &t thé Same interval'as thé force pulasa{l € stmufation:; r%easurlng the

response in te@pt!scdﬂyhmnapg@nfof mbwm@quqhmmm puMiers_timhaumdedm judging that one of
the sufficient 3 89@?#3%’9&59{& Realhy H"t%@%’a‘?@ét%f'§§ﬁﬁ(ﬁ1wwlﬁtrﬁsv%%%%{§ﬂ§hﬂﬁggﬁi&“|sa“°n of

the cells can follow forced pulsatile stimulation,and i) judging that oné& of the sufficient

conditiontd for # KedithgesHrblsrid @ e aempiaviss disgidved the DB o? PO in response

to the forced puisatitgrtimuhtian ysaeipasn AR FRRKRIR) dddant R URRMLL2, pyiibdhe
35frequency range in which the pulsation of the cell can follow the forced pulsatile stimulation
intervals (RR) By B8 UEBARE SHRAEHENSAPY RGTRIRP &Y dﬂ%erﬂ’éagga%?oc@%"%mprising using a

cell quality  wavelengths. The controlled temperature of the agent solution preferably
approximates a normal temperature of a human body, and from this point of view, it
15  is desirable to be able to control the temperature in the range of 30 degrees to 45
degrees centigrade.
[0076]
Figure 43 shows schematic diagrams and photographs of an example of a
configuration of a measurement chamber of a cell culture system for measuring
20  cardiac toxicity of the present invention. The cell culture vessel 4202 on which an
introducing mechanism and a draining mechanism of the culture liquid is arranged
has been adhered to the multi-electrode substrate 4201 on which a plurality of
membrane potential measurement electrodes are arranged (see Figure 44), forming a
cell-culture-measurement plate capable of measuring 8 samples at the same time. As
25  shown in Figure 44 in which a cross-sectional view of a cell culture measurement
plate is schematically shown, in the cell culture vessel 4202, the inlet of the solution
is arranged in a fan-shaped form spread in the bottom surface closest to the
multi-electrode substrate 4201, while the liquid draining mechanism has been
deployed in a fan shape in the same direction as the direction of the interface of the
30  liquid surface at a position that determines the height of the liquid surface 4204 at the
top.
[0077]
Figure 45 is a diagram schematically illustrating a configuration of electrode
wires of the electrode arrangement arranged in a multi-electrode substrate.

35  In the present invention, in order to observe the shape of the cell, transparent
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evaluation apparatus, wherein the apparatus comprising: 5a substrate; a plurality of stably
pulsating subject cardiomyocytes or a cell population comprising the subject cells placed on the
substrate; a wall formed on the substrate and surrounding the periphery of the cell population to
hold a cell culture medium; 10a culture-medium supply/drain channel for supplying and/or draining the
cell culture medium to and/or from the area surrounded by the wall; a microelectrode on which a
single cell of teecedidesputhtion B0z latadorticreddhH oet eopulatioeasepladedgngth of thereference

electrode pro‘@ﬂ%ﬂ%}%ﬂﬁr@srﬁ?sf‘{\ﬁ‘bcﬁ‘iﬁ %&&JH&%%%%{E%S el %‘1’%&&@9&0&%@8&(‘@ gd by the wall;

a potential-measuring means for measuring mem e potential of the cell that Is placed on the
microelectrodéhgHisHASSEWIHSES WHICHRBYBAEIHIRREBEdR SPdcth e Ky Tl eheBPeHas BrRseIBetrodes and

a lead wire whighyiseenagetgd o nafeegnae SIRAIRAR: andi2OR GRIEAIHIRERAEING Higans for

controlling an electrical stimulation delivered to the microelectrode and recording data of the potential
measurec% by R B HSPRBLE L Rl ARETRaYRE Thamisd s apnfsHaagnent as thgaring the
electrical stimulatigarkanbeaeridothe doity delectiodacatvan2oiniapval incasiepuise: faghian, and (i)
determining WheEhIerlth cgrdiorpa\&)ci}{tﬁls o;th? (r:ell Eo ula%ﬂon I spongﬂto fltl)rlced pulsatile stimulation
by the electricAl SlimUiation at the same mterva a%u% e P&rce%cﬁu%aati e Sl uslé]l%oan; measuring the
response in tetmrspdrtine ekatyedst 488Gumneglofshetfgresd!p OIsatides ptisnd lationteandpedging that one of

the sufficient 30canaitonsIor 4B RN CA HPIVORYIGISIREE YHER hiSQRselvrd halthe pulsation of
the cells can follow the forced Eulsatlle stimulation, and (ii) judging that one of the sufficient

conditiortd for 4384 HisBa: 8oy RVETEI AR HIn P YBBERIRE et b thaaReN YT REPin response
to the forced puigatile stisedation is havaan e PRY (RRILIB ard & RRURR) Ad dsadthindhe

35frequency range in which the pulsation of the cell can follow the forced pulsatile stimulation intervals
(RR) %l; theyelg&g}‘iglﬁl gﬁ:%m%lﬁ?ugold,l platcl)num, titan?um, copp\)lgr, a?um{num,palillg thle li?«I:. Hiation intety
[0078]

Figure 46 is a schematic diagram showing an example of electrode

15  arrangement disposed on a multi-electrode substrate. First, in Figure 46(a), there are
arranged a stimulating electrode 4401 to locally stimulate the end of the myocardial
cardiomyocyte network arranged in series in a cell culture area 4404, measuring
electrodes 4402 for measuring the excitation conduction of cardiomyocytes
stimulated by stimulation electrodes and a reference electrode 4403 for noise

20  reduction. It is possible to measure the results of a plurality of local responses of a
cardiomyocyte network obtained from each of the measurement electrodes 4402, and
a fluctuation of the transmission rate can be determined by a comparative analysis of
the degree of the transmission rate between the measurement electrodes. In Figure 46
(b), there is shown a configuration where the measurement electrodes are connected

25  in a straight line. By this configuration, it is possible to measure the waveform
similar to the waveform of an electrocardiogram of the ST area (ventricular area) of
the electrocardiogram. In Figure 46 (c), there is shown a configuration that facilitates
acquisition of the FP waveform of a local point of cardiomyocytes by separating a
part of Figure 46(b). Figure 46 (d) is an example of an electrode arrangement for

30  measuring cells arranged in a ring form on a ring-shaped electrode. Although these
are intended to measure the cardiomyocyte network arranged in a ring shape as
shown in Figure 11 and Figure 12, they differ in that a part of the ring-shaped
measurement electrode is cut out, and a stimulating electrode for providing local
forced stimulations is arranged therein, and a reference electrode is arranged for

35  noise reduction. Further, in Figure 46 (e), there is shown a configuration in which the
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3. A cardiotoxicity testing apparatus configured to measure the magnitude of the fluctuation of the field
potential waveform of the pulsation of cardiomyocytes by 5comparison of adjacent pulsation signals.
4. The cardiotoxicity testing apparatus according to claim 3, wherein the apparatus is configured to
measure the magnitude of fluctuation of field pPotential duration (FPD), i.e., an elapsed time from a
peak position of sodium-ion outflow 10from the cell to a peak position of potassium-ion outflow from
the cell on therfiedsupotential svavdéorae bpldomearisgrooitddjacestputsatipnsignals [6cdlhe

cardiotoxicity E%ﬁ% %o%rggy&&ﬁgga%%ggg to claim 3 or 4, wherein the apparatus is configured to

calculate the ude of the FP the fluctuation of 15 the FPD, and to use as an index a
combination of the magnitude of the FPD and the fluctuation of the FPD that were calculated. 6. The

cardiotoxicity {eghing RRPATAMISFRIEABNATerany one of claims 3-5, wherein the magnitude of the
fluctuation of the FPD is the short-term variability 20 (STV) of the FPD. 7. The cardiotoxicity testing

apparatusS acc%?% to any one of claims 3-6, comprising: a transparent substrate; 25an area
surrounded by a wall fasnediag ihehtr prsparem aitesty ate, wiky s dhideareavigfilteavivdthea liquid cell

culture medium; .. a cell population comprising a plurality of stably, pulsatin digmyocytes which
ave disposed A ST A A R R R SR S R SRR the
area that is filleehWtlith dirdiosilyouitteetBormmdhemsedHersigeatcardiomyonyiegofigttivell population or a
local portion of the gl ﬁggg}g}@ﬁ}jgcg@ged on the microelectrode; a reference electrode provided in
the area that is filled with the cell Culture medium; an electrical potential measuring means for

measuriﬂB the electrical 35potential of the cardiomyocyte placed on the microelectrode, comprising
lead wires  DESCRIPTION OF REFERENCE NUMERALS

[0080]
1: transparent substrate, 2: microelectrode, 2c: reference electrode, 2'": lead
wire of microelectrode 2, 31, 32, 33, 34: a wall by agarose gel, 41, 42, 43 and 44: gap, 7:
15  peripheral surrounding wall, 81, 82, 83: pipe, PC: personal computer, Ms: operation
signal of PC, 10,101,102,103, ---,  10n: cardiomyocytes or fibroblasts, 15: transparent
stage of an optical observation device, 16: X-Y drive unit, 18: Z drive unit, CH;, CH>,
CH3, CHa: cell holding unit, CCC: cell communication channel, 10g:cell population,
114 barrier, 11y: opening, 19, 191,192,193: dichroic mirror, 20, 201: a band-pass
20  filter, 21, 211: camera, 22: light source, 221: fluorescent light source, 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: electrical signal
measuring circuit, 31,311: electrical stimulation circuit, 32: cardiomyocytes, 33:
fibroblasts, 34: pipette for cell placement, 35: N-th round transmission pathway, 36:
25 (N +1)th round transmission pathway, 37: (N +2)th round transmission pathway, 38:
measuring electrode, 39: reference electrode, 40: liquid sending system, 41: cell
population arranged in a ring shape, 42: 96-well plate, 43: photo-sensitive element of
a camera, 44: cell, 45: cell stimulation electrode, 100: cardiotoxicity testing
apparatus, 3000: cardiotoxicity testing apparatus, 3001: measurement unit, 3002: PC
30 interface, 3003: analog-to-digital converter, 3004: amplifier, 4201: multi-electrode
substrate, 4202: cell culture vessel, 4203: flow of a solution, 4204: liquid level, 4301:
glass substrate, 4302: transparent electrode, 4303: metal layer, 4304: insulating film,
4401: stimulating electrode, 4402: measurement electrodes, 4403: reference

electrode, 4404: cell culturing area.
35
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which are connected respectively to each of the microelectrode and a lead wire which is connected to
the reference electrode; and a recording means for recording data of the electrical potential of
the cardiomyocytes before and after addition of a test agent measured by the electrical 5potential
measuring means. 8. The cardiotoxicity testing apparatus according to any one of claims 3-7, wherein
the cell population comprising the stably pulsating cardiomyocytes comprises a cellular network
comprising a plurality of cardiomyocytes and 10fibroblasts that are capable of transmitting the
pulsation. 9. The cardiotoxicity testing apparatus éfgﬁ%ging to any one of claims 3-8, comprising: a
transparent substrate; 15a pacemaker area comprising a cell population including a plurality of stably
pulsating cardiomyocytes placed on the transparent substrate; a cellular network comprising a

plurality of cargiomyogyigs.a f\igf@giaﬁt%@;@r@fgg@mg,eg)mfﬁmﬁg, disposed on the transparent
substrate and transmit the pulsation in conjunction with the cell population; 20a wall formed on the

transpareﬁlt substrate tSHEHRd the periphery of the cell population and the cellular network and to

fill a cell culture mediungiluralitg 66 KateypatkiatinSuboidiaidi chaooglctosrsupglypoguamadar draining the

cell culture medium to aqﬂ/or rom th(ﬁar a surroynde t%}/ he wall; an agent delivery channel
. . _com I‘lSlIl% .Su 66Cttﬁe S Tace Rn% Sups te, . . .

for introducing an ‘agent acting on the cells to the Z5cell culture medium; a microelectrode on

which a single cell of thevekifpopd aticheyuhdtet pultionofiiecdicpepplatigrofsipacdd;

microelectrod &ﬁa‘f‘{mptb%%?@ ei'lg-ll"ﬂﬁﬂlr‘é?ﬂe‘&ﬁﬁﬁle cellular network is respectively placed; 30a

reference electrode provided in the area which is filled with the cell culture medium and is surrounded

by the wdl;  a potérftifitiseRsding tHealv&lfaimsBaria igr s HRrinhGtdsBdmiRingtthee cell that is
placed on the gricrealaciinaa HsiRgJeaditRs WOiGRAle-cANIREtBY tRSRantively to each of the

e AN 2 S o s e 1P 2 3 Tooal portion oF o St
population is placed;

a reference electrode provided in the area which is to be filled with the cell

15  culture and surrounded by the wall;

a potential-measuring means for measuring a membrane potential of the cell
that is placed on the microelectrode using lead wires which are connected
respectively to each of the microelectrodes and a lead wire which is connected to the
reference electrode; and

20 a control/recording means for controlling an electrical stimulation delivered
to the microelectrode and recording data of the potential measured by the potential
measuring means,

wherein the quality evaluation apparatus is capable of varying the electrical
stimulation to be sent to the microelectrode at an interval in a stepwise fashion, and

25 of

(i) determining whether the cardiomyocytes or the cell population respond
to forced pulsatile stimulation by the electrical stimulation at the same interval as the
forced pulsatile stimulation; measuring the response in terms of the range of
frequency of the forced pulsatile stimulation; and judging that one of the sufficient

30  conditions for a healthy cardiomyocyte is met when it is observed that the pulsation
of the cells can follow the forced pulsatile stimulation, and

(i1) judging that one of the sufficient conditions for a healthy cardiomyocyte
is met when it is observed that the variation of FPD in response to the forced
pulsatile stimulation is between the FPD/(RR)!? and FPD/(RR)"2, within the

35  frequency range in which the pulsation of the cell can follow the forced pulsatile
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a control/recording means for controlling an electrical stimulation delivered to the microelectrode and
recording data of the potential measured by the potential measuring means. 510.The cardiotoxicity
testing apparatus according to any one of claims 3-9, which is configured to enable provision of at
least one microelectrode on which the cell is placed with a stimulus for forced pulsation at regular
intervals, wherein the microelectrode is for placing a cell containing a stably pulsating cardiomyocyte.
1011.The cardiotoxigityntesingbp B atystlaccmding tetamylgneof claims 8-10, comprising an
electrode for providing a stimulus locally at an end point of the cellular network in which cells are
arranged in series. 12. The cardiotoxicity testing apparatus according to any one of claims 8-11, 15
wherein the calular nehdoakity arpiriea mahedfehetls compiiragaiagsosadeilife ring is cutout and

an electrode feyipealbnRispiding asimuuadaipeaiad abfsisHieut point. 13. The cardiotoxicity testing

apparatus according to any one of claims 8-11, 20 wherein the apparatus is configured to measure the
magnitudé of the fluct@atiBidfthe waveform of the field potential of the cardiopulsation collected from

each of the microelectiqdesioy whicibBani satitiesob)ls-is pldicat byycanpariey pepueeoithe adjacent
pulsations the fluctuations of tri)ansmiﬁfio? ti e or tran% is§ion speed of the pulsation of the cells of

the cellular nefWorK from the arsa where Ceepuflsg%Fosnuo the 25cell is generated to the observation
electrode. 14. The cardictibXiwityetbstitheappsiratasatsomimyliogihy perepbtiaifitbelcgB, comprising a

temperature 08%5%%%%m%mmﬂgﬁrﬁggiﬁﬂ{diomyocytes at an appropriate temperature. 30 15.
The cardiotoxicity testing apparatus according to any one of claims 1-14, wherein the microelectrodes

constituté®a multi-elecf 6B APrEIF B SRR o1 chane bfomsermlseg apd/sr dsaigipgdhdiotoxicity

testing methodegempiisiRdium tdRgamHiRhifB-mranitedr fidusiuatiomnf a waveform of the field
potential of pulsating cardiomyocytes by c%m arisorlfgf ad%gc Isation signals. 17. The
8 iy stdbe

nt p
cardiotoxicity testing MetISEeEEP ey 162 &tdhpopulation or a local

portion of the cell population is placed;
a reference electrode provided in the area which is to be filled with the cell
15  culture and is surrounded by the wall;

a potential-measuring means for measuring membrane potential of the cell
that is placed on the microelectrode using lead wires which are connected
respectively to each of the microelectrodes and a lead wire which is connected to the
reference electrode; and

20 a control/recording means for controlling an electrical stimulation delivered
to the microelectrode and recording data of the potential measured by the potential
measuring means; and

the method further comprising:

varying the electrical stimulation to be sent to the microelectrode at an

25 interval in a stepwise fashion, and

(i) determining whether the cardiomyocytes or the cell population respond
to forced pulsatile stimulation by the electrical stimulation at the same interval as the
forced pulsatile stimulation; measuring the response in terms of the range of
frequency of the forced pulsatile stimulation; and judging that one of the sufficient

30  conditions for a healthy cardiomyocyte is met when it is observed that the pulsation
of the cells can follow the forced pulsatile stimulation, and

(i1) judging that one of the sufficient conditions for a healthy cardiomyocyte
is met when it is observed that the variation of FPD in response to the forced
pulsatile stimulation is between the FPD/(RR)'? and FPD/(RR)"? within the

35  frequency range in which the pulsation of the cell can follow the forced pulsatile
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50f: preparing a cell population containing a plurality of stably pulsating cardiomyocytes;

culturing the cell population in a culture vessel, wherein a multi-electrode array is disposed on the
bottom surface of the culture vessel; 10adding a subject agent to the cell population being cultured to
measure a membrane potential of the culture cell population using a multi-electrode array, wherein the
membrane potential of the culture cell population is measured and data of the membrane potential is
acquired befortimthaftentevatidiR®) by the elgemisandmalatitating an elapsed time from a peak inflow
of sodium ions into the cell 15to a peak outflow of potassium ions from the cell (extracellular potential
duration) (FPD) and the magnitude of the fluctuation of the FPD of the waveform of the field potential
(FP) based onthe daté 6RitetRTEAHDT R ENSrBRHAL CeRNfERItBddesasastHe bsrilagaiiedsy &f the agent

using as an indexrr GamPInala:Afdug calrulatedverdhAbei RS Magifusie b fysiuation of the

FPD. 20 18. The cardiotoxicity testing method according to claim 16 or 17, comprising: examining
the toxicity of SATNYEHCThat O EURABANBRYALS by assessing whether or not the rate at which the

pulsation produced by the population of the cardiomyocytes propagates in the cellular network area is
delayed when the age%ZSa in[% on.gh?ecells is added to th%cul urf11 mec&iumlusing[the cardiotoxicity

testing apparatus accord‘?ncgﬁ1 o %n?lg 0 t%:ﬁlgiﬁpé) %r-aﬂlf HEOhEPCart %{Iéxmlty s mlgllemethod
according to ampern¢usf clainigdéddd S compribngagoexdanihihe theitoxidityedd aRcgent that acts on

cardiomyocyteg by, sSEBRING Wheiher REAALIPS Fate Fuhishihs Ryl saiiamarqigegd by the

population of the cardiomyaocytes propagates in the cellular network area is delayed when the agent

acting ol %he dENB ibaerlbEPt® REEKRNGIHEHM MR ILTAY RO WALt eteding Bisdatktus according
to any one of glgigns f-1avaothespetingafwshaesrcamesisipalatleast onag of the following steps:

providing a forced pulsatile stimulation at regular intervals to a cell, wherein the cell is placed on at
least one microelectrodes for placing the cells of the cellular network; (i) measuring the magnitude
of the fluctuatiéns of tHhéietddiotetitial Sesavefoppuai caidiopdilsatiool ol éated, frdrareiaahe
mlcroelectrod%l%r;lr\{a\lltfﬁlé: ps tchoen 1§1|1|rLch to calculate the magnitude of the FPD and the fluctuation of

15  the FPD, and to use as an index a combination of the magnitude of the FPD and the

fluctuation of the FPD that were calculated.

6. The cardiotoxicity testing apparatus according to any one of claims 3-5,
wherein the magnitude of the fluctuation of the FPD is the short-term variability
20  (STV) of the FPD.

7. The cardiotoxicity testing apparatus according to any one of claims 3-6,
comprising:
a transparent substrate;
25 an area surrounded by a wall formed on the transparent substrate, wherein
the area is filled with a liquid cell culture medium;
a cell population comprising a plurality of stably pulsating cardiomyocytes
which are disposed in the area that is filled with the cell culture medium;
a microelectrode provided in the area that is filled with the cell culture
30  medium, wherein a cardiomyocyte of the cell population or a local portion of the cell
population is placed on the microelectrode;
a reference electrode provided in the area that is filled with the cell culture
medium;
an electrical potential measuring means for measuring the electrical

35  potential of the cardiomyocyte placed on the microelectrode, comprising lead wires
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placed by comparison of the adjacent pulsation signals; (iif) measuring the magnitude of the
fluctuation of the elapsed time (field potential duration) between the peak position of the outflow of
potassium ions from the cell and the peak position of the outflow of sodium ions from the cell by
10comparison of the adjacent pulsation signals in the waveform of the field potential; (iv)
measuring the magnitude of the fluctuations of the field potential waveform of cardiopulsation collected
from each micvdeibcirodereaidichstivetoall ys ptack dbihcompeacingveaemtlradadjae evtigulsation

signals the fIug%ﬂﬁﬂcg%(%%aégﬁé%&ggee%%g@&sarﬁ'u(ilssion of the pulsation from the area in which the

pulsation of the 15ce r network generates to the observation electrode; (V)

measuring the membramepkagtapmp diffapsatdintagleacy heglperéenialasatisiorhihst cardiopulsation
collected from @asBAYSI9RIEBERAE B WShADRISRIS iSlasedic mealMibMeRBRERR degree of

disturbance of the transmission of the 20 pulsation of the entire cell population to be compared to the
electrocartiogPFGAH NS GVREAPEMG the field potential waveforms of the pulsating cardiomyocytes
collected from each electrode on which the cell is placed to generate a composite field potential

waveform; o (vil) anglyzing, (e amount of eurrent supplied by, an slectic soptigl 2pmechanism using
a feedback coftrol mechanism 10 mamtain aconstant potenflia orie microeledirdde on which the cell

is placed; andwherdiiithsetiimgmiséisorernanisiadtéeatabispabasecorddifoyptiyeestart of the periodic
forced p”|Sat"90?1‘1&5%@53&9{}15'{’%&W!}rﬁ%@fﬁ&ﬂﬁ%&ﬁﬂg‘lﬁsﬁp@f gH?QiB?n?BX%?&eaﬁﬁda'ms 16-19,

wherein the magnitude of the fluctuation of the FPD is the short-term variability (STV) in FPD.
10  fibroblasts that are capable of transmitting the pulsation.

0. The cardiotoxicity testing apparatus according to any one of claims 3-8,
comprising:

a transparent substrate;

15 a pacemaker area comprising a cell population including a plurality of stably
pulsating cardiomyocytes placed on the transparent substrate;

a cellular network comprising a plurality of cardiomyocytes and fibroblasts
that are arranged in series, disposed on the transparent substrate and transmit the
pulsation in conjunction with the cell population;

20 a wall formed on the transparent substrate to surround the periphery of the
cell population and the cellular network and to fill a cell culture medium;

a culture-medium supply/drain channel for supplying and/or draining the
cell culture medium to and/or from the area surrounded by the wall;

an agent delivery channel for introducing an agent acting on the cells to the

25  cell culture medium;

a microelectrode on which a single cell of the cell population or a local
portion of the cell population is placed;

microelectrodes on which each individual cell of the cellular network is
respectively placed;

30 a reference electrode provided in the area which is filled with the cell culture
medium and is surrounded by the wall;

a potential-measuring means for measuring a membrane potential of the cell
that is placed on the microelectrode using lead wires which are connected
respectively to each of the microelectrodes and a lead wire which is connected to the

35 reference electrode; and
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a control/recording means for controlling an electrical stimulation delivered
to the microelectrode and recording data of the potential measured by the potential

measuring means.

10. The cardiotoxicity testing apparatus according to any one of claims 3-9,
which is configured to enable provision of at least one microelectrode on which the
cell is placed with a stimulus for forced pulsation at regular intervals, wherein the

microelectrode is for placing a cell containing a stably pulsating cardiomyocyte.

11. The cardiotoxicity testing apparatus according to any one of claims 8-10,
comprising an electrode for providing a stimulus locally at an end point of the

cellular network in which cells are arranged in series.

12. The cardiotoxicity testing apparatus according to any one of claims 8-11,
wherein the cellular network is arranged in a ring shape, and wherein a portion of the
ring is cutout and an electrode for locally providing a stimulus is located at the cutout

point.

13. The cardiotoxicity testing apparatus according to any one of claims 8-11,
wherein the apparatus is configured to measure the magnitude of the fluctuation of
the waveform of the field potential of the cardiopulsation collected from each of the
microelectrodes on which each of the cells is placed by comparing between the
adjacent pulsations the fluctuations of transmission time or transmission speed of the
pulsation of the cells of the cellular network from the area where the pulsation of the

cell is generated to the observation electrode.

14. The cardiotoxicity testing apparatus according to any one of claims 1-13,
comprising a temperature control mechanism to maintain the cardiomyocytes at an

appropriate temperature.
15. The cardiotoxicity testing apparatus according to any one of claims 1-14,
wherein the microelectrodes constitute a multi-electrode array consisting of a

plurality of microelectrodes.

16. A cardiotoxicity testing method, comprising:
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measuring the magnitude of fluctuation of a waveform of the field potential

of pulsating cardiomyocytes by comparison of adjacent pulsation signals.

17. The cardiotoxicity testing method according to claim 16, comprising steps
of:

preparing a cell population containing a plurality of stably pulsating
cardiomyocytes;

culturing the cell population in a culture vessel, wherein a multi-electrode
array is disposed on the bottom surface of the culture vessel;

adding a subject agent to the cell population being cultured to measure a
membrane potential of the culture cell population using a multi-electrode array,
wherein the membrane potential of the culture cell population is measured and data
of the membrane potential is acquired before and after the addition of the agent; and

calculating an elapsed time from a peak inflow of sodium ions into the cell
to a peak outflow of potassium ions from the cell (extracellular potential duration)
(FPD) and the magnitude of the fluctuation of the FPD of the waveform of the field
potential (FP) based on the data of the membrane potential acquired to assess the
cardiotoxicity of the agent using as an index a combination of the calculated FPD

and the magnitude of the fluctuation of the FPD.

18. The cardiotoxicity testing method according to claim 16 or 17, comprising:
examining the toxicity of an agent that acts on cardiomyocytes by assessing
whether or not the rate at which the pulsation produced by the population of the
cardiomyocytes propagates in the cellular network area is delayed when the agent
acting on the cells is added to the culture medium using the cardiotoxicity testing

apparatus according to any one of claims 8-15.

19. The cardiotoxicity testing method according to any one of claims 16 to 18
comprising:

examining the toxicity of an agent that acts on cardiomyocytes by assessing
whether or not the rate at which the pulsation produced by the population of the
cardiomyocytes propagates in the cellular network area is delayed when the agent
acting on the cells is added to the culture medium using the cardiotoxicity testing
apparatus according to any one of claims 8-15,

the method further comprising at least one of the following steps:
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(1) providing a forced pulsatile stimulation at regular intervals to a cell,
wherein the cell is placed on at least one microelectrodes for placing the cells of the
cellular network;

(i1) measuring the magnitude of the fluctuations of the field potential
waveform of cardiopulsation collected from each microelectrode on which the cell is
placed by comparison of the adjacent pulsation signals;

(1i1) measuring the magnitude of the fluctuation of the elapsed time
(field potential duration) between the peak position of the outflow of potassium ions
from the cell and the peak position of the outflow of sodium ions from the cell by
comparison of the adjacent pulsation signals in the waveform of the field potential;

(iv) measuring the magnitude of the fluctuations of the field potential
waveform of cardiopulsation collected from each microelectrode on which the cell is
placed by comparing between the adjacent pulsation signals the fluctuation of time or
the speed of transmission of the pulsation from the area in which the pulsation of the
cell of the cellular network generates to the observation electrode;

(v) measuring the membrane potential by differentiating each field
potential waveform of cardiopulsation collected from each microelectrode on which
the cells is placed;

(vi) measuring the degree of disturbance of the transmission of the
pulsation of the entire cell population to be compared to the electrocardiogram data
by overlapping the field potential waveforms of the pulsating cardiomyocytes
collected from each electrode on which the cell is placed to generate a composite
field potential waveform;

(vi) analyzing the amount of current supplied by an electric control
mechanism using a feedback control mechanism to maintain a constant potential of
the microelectrode on which the cell is placed; and

(viil)  starting measurements after at least 30 seconds from the start of the

periodic forced pulsatile stimulation on the cell.

20. The method according to any one of claims 16-19, wherein the magnitude of

the fluctuation of the FPD is the short-term variability (STV) in FPD.
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