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4 Method for determlnlnq the 1nfluence of a test substance an the

heart act1v1ty of a Vertebrate s

The present invention relates to a method for determining the
influence of a test substance on the heart activity of a verte-
brate, in particular on the interval between ventrlcular depo-

larization and repolarlzatlon.

It has long been known that many substances with which aniﬁals
and humans come into contact may have an influence on heart
activity. These substances can generally be environmental fac-
tors which are absorbed by breathing or through the skin or in
food, or intentionally administered pharmaceutical substances
and cosmetic products. In the context of the present applica-
tion, these substances are generally referred to as “sub-

stances” or “test substances”.

To protect livestock animals, domestic animals and, in particu-
lar, human beings from the harmful or damaging influence of
such substances, not only are the toxicity and the desired
action of these substances tested, but increasingly also their
undesired influence on heart activity, before said substances

are released for use.
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In addition, however, there is also a need to test substances
already in use, in particular approved medicaments or those
being used in clinical trials, in order to ascertain their
influence on heart activity: In the case of medicines in par-
ticular, undesired side effects on heart rate activity often
arise which are not detected in the context of the clinical
trials conducted for approval of these medlclnes or 1n the
.7bre11m1nary stages of such cllnlcal trlals. This’ leads to a g
potential danger to persons participating in clinical studies

in particular, and to all patients in general.

Such undesired side effects may only become apparent as harmful
for example after prolonged administration, in combination with
other substances, or in the presence of risk factors, for exam-
ple hypokalemia, or structural heart disease, so that they
cannot be reliably detected either in the preliminary phases of

or during the conduct of clinical trials and studies.

In the context of clinical trials and studies, the influence of
substances on heart activity can be determined by what is cal-
led electrocardiography, that is to say by recording the
ventricular stimulus conduction in the heart in the course of
heart activity, the time course being plotted as a tracing, a
so-called electrocardiogram. The tracings represent the sum of
the intensities and directions of the electrical potentials in
the individual myocardial and nerve fibres, and they are re-
corded by leads assigned in different spatial configurations

with respect to the heart, for example on the extremities.

An electrocardiogram is divided into different elements which

can be assigned to different physiological processes. The P
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wave records the excitation of the atrium, and it is followed
by the isoelectric PQ segment which records the conduction time
of the excitation to the ventricles. The ORS complex corre-
sponds to the ventricular excitation; this is followed by the
ST segment, which in turn is followed by the T wave which cor-
responds to the ventricular repolarization. From the changes in

the segment duratlon and the shape of the elements in the re-

""”corded tra01ngs, it is pos31ble to draw 1mportant conclu51ons5

regarding the heart.

An important variable here is the QT interval, that is to say
the time from the start of the QRS complex to the end of the T
wave, reflecting the overall electrical action of the ventri-
cle. This QT interval is therefore a measure of the duration of

the ventricular depolarization and repolarization.

It is known that a change in the QT interval leads to increased
health risks, particularly as a result of rhythm disturbances.
For example, a prolongation of the QT interval leads to an
increased risk of ventricular tachycardia and fatal arrhythmia.
This change in the QT interval may be congenital or may have
been acquired as a result of disease or ingestion of harmful

substances.

Numerous medicaments are known with which a desired change in
the QT interval can be effected in order to counteract patho-
logical changes. On the other hand, there are many substances
which have an undesired influence on the QT interval which in
many cases goes unrecognized or cannot be detected in conven-

tional clinical studies.
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However, even if the influence of substances on heart activity
and the associated side effects, for example QT prolongation,
could be reliably and conclusively determined with the aid of
electrocardiography in the context of clinical studies, the
conduct of such studies nevertheless constitutes an unaccept-
able risk to those participating in these studies and investi-

gatlons. Quite apart from the ethlcal problems surroundlng the

" Gonduct Of tests on anlmals, ‘these tests in the - final. ana1y51s.~’

are not purposeful because there is a limit to the extent to

which data from animal tests can be transposed to humans.

In addition, not only would carrying out clinical studies or
animal experiments to test the many substances already on the
market for their influence on heart activity be associated with
high costs, it would also take a considerable time before each

particular study was concluded.

In view of the above, one object of the present invention is to
make available a method of the aforementioned type which can be
performed quickly and inexpensively and without the need for

tests on humans or animals.

According to the invention, this object is achieved by a method

of the aforementioned type which comprises the following steps:

a) preparation of a culture of spontaneously active heart

cells of the vertebrate,

b) extracellular measurement of electrophysiological data of

the heart cells from step a),
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5
c) addition of the test substance to the culture from step
a),
d) repetition of the measurement from step b), and
e) comparison of data from step b) and step d).

' The ‘object of the invention is achieved in fuiljin“thié"Wéyf'

The inventors of the present application have in fact found
that electrophysiological data from extracellular recordings
from cultured heart cells permit conclusions on heart activity

which éonventioﬁally can be obtained only from an ECG lead.

This finding is all the more astonishing given that, for exam-
ple, ventricular repolarization, which crucially defines heart
activity, is a complex physiological process. It is the result
of the interaction of many ion channels and transporters whose
activities under physiological conditions are very much depend-
ent on one another and are determined, for example, by intra-
cellular and extracellular ion concentrations, membrane poten-

tial, heart rate, metabolism, etc.

Against this background, it was not to be expected that in
vitro measurements can be brought into any reliable correlation
with the complex in vivo conditions and permit conclusions

regarding the influence of substances on heart activity.

However, the inventors have not taken what is, despite the
doubtful correlation, the perhaps obvious course of determining

the action potential of heart cells by intracellular measure-
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ments and drawing conclusions from these about heart activity.
Instead, they have been able to show that extracellular meas-
urements of the field potential of heart cells in culture pro-

vide evidence regarding the in vivo conditions.

This evidence is of an essentially qualitative nature and indi-

cates whether and if S0 what 1nfluence the tested substance has

on heart act1v1ty, partlcularly on* the QT 1nterval It‘there—;*h

fore represents a kind of pre-screening for determining whether
the test substance has to be further evaluated if appropriate
in clinical studies or whether it is harmless with respect to
heart activity. The qualitative evidence on whether a QT pro-
longation or shortening is to be reckoned with also provides
important information on the design and evaluation of clinical
studies and on the nature of the side effects that may be ex-
pected, particularly also in connection with previous diseases
or existing medication. By means of an in vitro test which can
be performed easily, quickly and inexpensively compared to
human or animal experiments, the safety of test subjects and

patients can thus be significantly increased.

The measurements can be carried out on individual heart cells,
on aggregates of heart cells or on tissue composites or aggre-
gates, and the cells can be native heart cells, for example
from biopsy material or from clinical material, or, alterna-
tively, cell lines can also be used. The important point is
merely that the culture contains spontaneously beating heart

cells or similar, for example cells derived from stem cells.

In this way it is possible to draw general conclusions concern-

ing the influence of the test substance on heart activity in
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general and also specific conclusions concerning the influence
in individual patients. Thus, it is possible not just to evalu-
ate the respective substance in general, but also to investi-
gate an individual patient to determine how he reacts to cer-
tain substances, so that the method according to the invention
can be employed also in the context of a diagnostic procedure

or in the run-up to a therapeutic procedure.

The method can also be used to select or produce a specifically
tailored medicament for a specific patient, taking into account
his physioclogical status and his particular disease. To do so,
heart cells from the patient himself are used so that it is
"possible to carry out an in vitro check as to how the particu-
lar patient reacts to the substance. It is thus possible to
check, for example prior to a course of medication, whether a
substance with known but rare side effects can be administered
to a specific patient. The heart cells in this case derive
either from biopsies or from surgical interventions, balloon
dilations, etc., or are differentiated from the patient’s stem

cells.

Therefore, according to another object, the invention is di-
rected to a method for treating a human individual or an ani-

mal, comprising the steps of:
a) selecting a test substance suitable for said treatment,

b) providing heart cells of said human individual or animal,
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c) determining the influence of said test substance on the
activity of said heart cells, by the method of anyone of

claims 1 — 16,

d) preparing a pharmaceutical composition containing said
test substance in case said influence on the heart activ-
ity is admissible.

All in all, the method according the invention can be performed

inexpensively and quickly compared to clinical studies. Prior

to tests on humans or animals, it permits determination of
potential dangers to the subjects and a better design and bet-

ter interpretation of clinical studies.

The method according to the invention thus makes it easier to
determine the potential danger to and protection of subjects
and patients in connection with new and with known medicines,
and the investigation of environmental factors of all kinds,
including in veterinary medicine or in connection with work
place safety, and in the cosmetics industry. It provides infor-
mation on whether a substance is to be classified as reasonably
safe in respect of its influence on heart activity, in particu-
lar on the QT interval, or whether particular caution is re-
quired in administering it and whether further or special

clinical studies may be necessary.

The measurements were carried out in the first instance with
so-called MEAs (multi-electrode arrays), as are marketed by the
Applicant, for example as the MEA60 system. In these devices, a
number of microelectrodes are integrated on a substrate, and

heart cells are cultured on these. The microelectrodes are used
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to record the field potentials at different sites of the tissue
culture, so that, in addition to the time course of the field
potential at a measurement site, it was also possible to inves-
tigate the spatial propagation of the signals. Initial measure-
ment results showed that it is not necessary to carry out meas-
urements at different sites in a tissue culture or on individ-

ual cells in order to obtaln rellable ev1dence concernlng the

'“tlme course of the fleld potentlal in. the culture ‘and" to drawﬁff

conclusions on the influence of the tested substance on heart
activity. Rather, it is sufficient to use a measurement elec-
trode or microelectrode which is completely covered by a cell

or by an electrically coupled cell aggregate.

The measurements are therefore preferably carried out with the
aid of a device for extracellular recording of electrophysio-
logical data, as is described for example in DE 197 12 3009.
With this device it is possible to carry out measurements on
separete individual cells or cell composites and aggregates,
which are preferably present in microcuvettes of suitable di-
mensions arranged in a support plate. The cells or tissue com-
posites are cultured in the microcuvettes at the bottoms of
which there is in each case at least one measurement electrode
with which the field potential can be measured on cells in the

respective microcuvette.

It is also possible to use a type of microtitre plate with, for
example, 96 cuvettes or wells in the standard grid, a measure-
ment electrode being arranged at the bottom of each well, and a
reference electrode additionally being arranged in the well.
Cell composites, that is to say tissue cultures or electrically

coupled aggregates of heart cells, are incubated in the wells;
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they cover the measurement electrode and their field potential

is recorded.

In the various microcuvettes or wells of these devices, either
heart cells of different origin can be cultured in order to
investigate the influence of a substance on the different heart
cells, or alternatlvely heart cells of a 31ngle orlgln are
}cultured and-- the effect of a dlfferent substance is 1nvest1-‘
gated in each microcuvette. Of course, a combination of the two
procedures can be chosen in which both heart cells of different
origin and also different substances are tested simultaneously
on a support plate with a large number of microcuvettes. In
“addition to the test substance or substances, reference sub-
stances can also be tested, in order for example to calibrate

the measurement results.

Against this background, the present invention also concerns
the use of a device for extracellular recording of electro-
physiological data, for example an MEA or a support plate with
microcuvettes in each of which at least one measurement elec-

trode is arranged, in the aforementioned method.

In steps b) and d), the time course of the field potential (FP)
of the culture is preferably measured, and it is further pref-
erable for at least one parameter, FPdur and/or FPrise, to be
calculated from the FP time course and compared, the change in
this parameter by addition of the test substance to the culture
being a measure of the influence of the substance on heart

activity.
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In active or beating heart cells, the field potential showed a
pattern recurring in the heart beat rhythm consisting of a
first minimum and a last maximum, and in which it was possible
for a further maximum to precede in each case the first minimum
and the last maximum. The time interval FPdur between the first
minimum and the last maximum proved, in initial experiments by

the inventors, to be a parameter whose change as a result of

" addition of ‘a-test ‘Substance is cbﬁbérablé“tblthéAchahgé;ih’tﬁel

QT interval arising when this substance is administered to a
patient. A substance known to cause a QT prolongation increased
the parameter FPdur, while another substance known to cause a

QT shortening reduced FPdur.

A further relevant parameter of the FP wave shape proved to be
the duration of the falling flank in the FP wave shape from the
zero line to the first minimum, which is characterized by a
parameter FPrise. FPrise ié calculated as the duration between
reaching, for example, 10% of the first minimum and reaching
the first minimum. In the experience of the inventors of the
present application, a prolongation or shortening of FPrise is

also reflected in a prolongation or shortening of QT.

The method according to the invention can be employed, for
example, in analysis laboratories as a service provided for
doctors, hospitals, pharmaceutical companies, cosmetics compa-
nies, or generally in the research and manufacturing industry,
in order to gain initial gualitative data on substances which
are approved or are to be approved as a medicament or cosmetic
product, which occur or are intended to be used as environ-
mental factor or environmental pollutant whose individual ef-

fect on a certain subject, patient or patient type is to be
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determined. In this way, it is possible, in the preliminary
stages of human and animal tests, or instead of these tests, to
perform an evaluation which not only facilitates the interpre-
tation and appraisal of further studies and investigations but

has a decisive input on these.

AFurther advantages and features will be ev1dent from the fol—

=;low1ng descrlptlon and from the attached flgures.

It will be appreciated that the features mentioned above, and
those to be discussed below, can be used not only in the re-
spectively cited combination but also in other combinations or
" in isolation, without departing from the scope of the present

invention.

Illustrative embodiments of the invention are explained in more
detail in the following description in which reference is made

to the figures, in which:

Fig. 1A is a representation of FP wave shapes which were de-
rived using an MEA comprising 60 microelectrodes on a

culture of spontaneously beating heart cells;

Fig. 1B is an enlarged representation of two typical FP wave
shapes from Fig. 1A, showing inter alia the parameters

FPdur and FPrise;

Fig. 2 shows typical measured values obtained, in the test
described here, for quinidine at different concentra-

tions;
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Fig. 3 is a diagrammatic comparison between ECG, action poten-
tial, potassium ion current I(Kr) and MEA field poten-
tial for ventricular myocytes from chicken embryos
without addition (normal) and with addition (QT prolon-

gation) of quinidine; and

Fig. 4 'shows, by way of comparlson, the normallzed QT lnterval
© Y for four dlfferent actlve substances whose effect on -
ventricular myocytes from chicken embryos was deter-

mined with MEAs.
Example 1: Determination of FP parameters

Heart cells from mouse embryos were cultured in DMEM supple-
mented with 20% FCS, L-glutamine (2 mmol/L) and nonessential
amino acids (all chemicals from Sigma-Aldrich). A drop of the
cell suspension (10’ cells/ml) was placed on an MEA produced by
the Applicant and having 60 microelectrodes. After attachment

of the cells, culture medium was added to give a final volume
of 800 pl. After 1 to 3 days in culture, the cells formed a

confluent monolayer of multicellular aggregates which showed

spontaneous beating activities.

The FP wave shapes measured with the MEA after 4 days in cul-
ture are shown in Fig. 1A. Different FP wave shapes were re-
corded on different microelectrodes, of which two representa-

tive examples are shown enlarged in Fig. 1B.

The field potential shows in each case a recurring pattern in
the beat rhythm with a first minimum FPmin and a last maximum

FPmax, where FPmin and FPmax could in each case be preceded by
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a further maximum FPpre and FPslow. The time interval between

the first minimum and the last maximum is designated as FPdur.

A further parameter of the FP wave shape is the duration of the
falling or declining flank in the FP wave shape from the base
line to the first minimum FPmin which is characterized by a
parameter FPrise.‘FPrise_ig calculated as the duration between

. réaching "10% of ‘FPmin .and reaching FPmin.

It was found that FPdur and FPrise are important parameters
which can be calculated from the extacellularly derived FP wave
shape and which change in a manner comparable to QT upon addi-

tion of QT-modifying substances.
Example 2: Influence of QT-modifying substances on FPdur

In a method comparable to Example 1, ventricular myocytes from
chicken embryos were in this case cultured on the MEA. The
heart muscle cells were obtained by trypsin digestion of the
isolated ventricle of chicken embryos (10-12 days after fer-
tilization). The heart was freed of blood vessels and atria.
The cells were cultured in MEM medium supplemented with 10%
fetal calf serum (FCS). One to two days before the measurement,

the medium was replaced by standard Tyrode solution.

The heart cells were again cultured on the MEA, the derivation
and recording time being 10 minutes, which in most cases proved
sufficient to permit conclusions to be drawn in this control
experiment concerning heart rate and stability of the QT inter-

val.
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The standard Tyrode solution was then replaced by a Tyrode
solution with 5 uM of a test substance and the change in FPdur
was determined. Thereafter, the concentration of the test sub-

stance was increased in logarithmic steps. A measurement was

now taken every 10 minutes.

In a first test, the substances tested were qulnldlne and dl—

:gox1n, the 1nfluence of whlch on QT has long been known

Quinidine has a QT-prolonging effect and is used as an antiar-
rhythmic agent; see for example W. B. Campbell, “EKG of the
month: QT prolongation induced by quinidine in therapeutic

doses”, in J. Tenn. Med. Assoc. 1982, 75(5):340-341.

By contrast, digoxin has a QT-shortening effect and is used in
chronic heart insufficiency and to prevent and treat tachycar-
dia; see, for example, Joubert et al., "“A correlative study of
serum digoxin levels and electrocardiographic measurements”, in

S. Afr. Med. 1975, 49(29):1177-.

In measurements with quinidine, 0.5% DMSO was added to the cell
Tyrode since quinidine is not water-soluble. The control ex-

periment was also carried out with DMSO here.

Initial evaluations of these experiments showed that addition
of digoxin led to a decrease in FPdur and addition of quinidine
led to an increase in FPdur. In these qualitative evaluations,
i.e. comparison of data from the respective control experiment
and the data derived from addition of the QT-modifying sub-
stance, possible changes in the heart rate were taken into

account.
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Fig. 2 shows typical measured values which were determined in
the tests described here for quinidine at different concentra-
tions. Fig. 2A shows a typical time course for a field poten-
tial measured on MEAs, while Fig. 2B shows field potential
courses after addition of the respectively indicated quinidine
concentrations for 200 seconds. A QT prolongation increasing
with concentration can be clearly seen from the increase in
. FPdur_ R o - R e e . : L e . .
In Fig. 2C, the dose-dependent prolongation is indicated as
FPdur (QT) or as FPdur normalized with the heart rate (QTc).
For the normalized case, the FPdur value was divided by the
square root of the time span (in seconds) between two action

potentials.

Fig. 3 shows the diagrammatic comparison between ECG, action
potential, potassium ion current I(XKr) and MEA field potential
for ventricular myocytes from chicken embryos without addition
(normal) and with addition (QT prolongation) of quinidine. It
can clearly be seen that the QT prolongation observed in the
ECG has its correspondence not only in the measured action
potential but also in the field potential, FPdur changes meas-

ured by MEAs are therefore a direct measure for QT changes.

Fig. 4 shows by comparison the normalized QT interval for four
different active substances whose effect on wventricular myo-

cytes from chicken embryos was determined with MEAs.

It has been found that verapamil (5-[N-(3,4-
dimethoxyphenylethyl)methylamino]-2-(3,4-dimethoxyphenyl)-2-

isopropylvaleronitrile hydrochloride) in the concentration
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range of from 1 nM to 3 uM has only a very slight effect on QT,
although it is known as an antagonist for the L-type calcium
channel and blocks potassium channels. Although verapamil would
therefore be ruled out as potential medicament in an HERG test,
the MEA measurement on spontaneously active heart cells shows

that no appreciable QT change is caused.

©.It".follows' from this “that ’meééurémeﬁts"onﬂ;6niy‘ioneﬂ‘éhanﬁel‘
(such as HERG) do not correctly reflect the complex inter-
relationships and may lead to false-positive results, whereas

this is not the case in MEA measurements (via FPdur).

As a control, Fig. 4 plots the QT changes for the above-
discussed quinidine and for E4031 and sotalol, each of which is

known to lead to a QT prolongation.

For quinidine, the prolongation of the QT interval in the ECG
has been described by a great many authors, and it is recog-
nized by the FDA. Likewise, the FDA confirms an influence of
quinidine on the occurrence of tachycardia/torsades de pointes
leading to ventricular fibrillation. The QT prolongation was
already demonstrated in the 70s. More recent works show an
inhibitory effect of quinidine on heterologously expressed

HERG channels, as a molecular mediator of QT prolongation.

QT prolongations are already shown in vitro in the MEA system

at therapeutic concentrations in the range of 2 — 7 uM.

Sotalol, (N-[{4-[1-hydroxy-2-(isopropylamino)ethyl]phenyl]
methanesulfonamidehydrochloride, is also used as an antiar-

rhythmic agent. QT prolongation and triggering of torsades de
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pointes have been described in many instances and accepted as
side effects. The risk of torsades de pointes is much higher in
female patients than in male patients. In the measurements
carried out here, a clear prolongation of the action potential
was shown (about double). For the known effects of sotalol,
reference is made, for example, to: Farkas A., Lepran I., Papp

J.G.: Proarrhythmlc effects of 1ntravenous qulnldlne, amlodar—

o one, D- sotalol, .and - almokalant in the' anesthetlzed rabblt modele

of torsade de pointes; J. Cardiovasc. Pharmacol. 2002 Feb;

39(2):287-297.

E4031, {4'-[[1-[2-(6-methyl-2-pyridinyl)ethyl-4-
piperidinyl]carbonyl Jmethanesulfonamide, 2HCl}, is not a medi-
cation, but a highly selective inhibitor of I(Kr) current.
This current is responsible for the repolarization of the ven-
tricular action potential. In terms of molecular biology, the
channel through which most of the I(Kr) current flows is re-
ferred to as HERG (human ether-a-gogo-related gene). Since HERG
channels are often used in heterologous expression systems as
in vitro assay for a potential QT prolongation, this substance

is of particular importance as a reference.

The sensitivity of the MEA system is also clear from the fact
that even submicromolecular concentrations of E4031 lead to
inhibition of the I(Kr) current, which is expressed in a pro-
longation of the wentricular action potential of over 90%. At
higher concentations, the cells no longer have any spontaneous
contractions. For the effect of E4031, see for example Webster
R., Allan G., Anto-Awuakye K., Harrison A., Kidd T., Leishman
D., Walker D.: Pharmacokinetic/pharmacodynamic assessment of

the effects of E4031, cisapride, terfenadine and terodiline on
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monophasic action potential duration in dog, Xenobiotica. 2001
Aug-Sep;31(8-9):633-650.

In so far, the inventors could show the prolongating effect of
quinidine, amiodarone (antiarrhythmic agent), terfenadin (anti-

histaminic agent), astemizol (antihistamic agent), E-4031,

. c1sapr1de (proklnetlc agent),'sotalol and fexofenaflne (antl—‘

hlstamlnlc agent) (the latter only at very hlgh concentra—;

tions), respectively, on the QT interval. No QT prolongation
was found for verapamil (HERG blocker) and ivabradine (IKF

blocker, regulates pace maker current).

Further, two substances with so far unknown effect on QT inter-
val have been tested, whereby rilmakalim (IKATP opener) reduced
the frequence but did not prolong the field potential, but
H1098 had a remarkably prolonged field potential.
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Claims

Method for determining the influence of a test substance

on the heart activity of a vertebrate, comprising the fol-

.. lowing steps:,

a) preparation of a culture of spontaneously active

heart cells of the vertebrate,

b) extracellular measurement or recording of electro-

‘physiological‘data of the heart éells from step a),

c) addition of the test substance to the culture from

step a),
d) repetition of the measurement from step b), and
e) comparison of data from step b) and step d).

Method according to claim 1, characterized in that the
influence of the test substance on the duration of wven-
tricular depolarization and repolarization (QT interwval)

is determined.

Method according to claim 1 or 2, characterized in that
the test substances are chosen from the group: approved

medicaments, and medicaments for approval, from human and
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veterinary medicine, environmental factors, cosmetic prod-

ucts, environmental pollutants.

Method according to anyone of claims 1 to 3, characterized
in that, in step a), the heart cells cultured are individ-
ual heart cells, aggregates of heart cells, or tissue com-
posites of heart cells.

Method according to anyone of claims 1 to 4, characterized
in that, in step a), the heart cells used are native heart
cells, for example from biopsies or clinical material,
heart cells derived from stem cells, or heart cell lines.
Method according to anyone of claims 1 to 5, characterized
in that it is performed in the context of a diagnostic

procedure or in the run-up to a therapeutic procedure.

Method according to anyone of claims 1 to 6, characterized
in that it is performed in the context of an individual
choice or production of a medicament for an individual pa-

tient.

Method according to anyone of claims 1 to 7, characterized

in that a MEA is used.

Method according to anyone of claims 1 to 7, characterized
in that a plurality of separate cultures of heart cells

are cultured on a support plate and measured.
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Method according to claim 9, characterized in that, in the
support plate, a plurality of wells or microcuvettes are

provided, in each of which a culture is held.

Method according to claim 10, characterized in that, in

each well or in each microcuvette, at least one measure-

ment electrode is provided for recording of the field po-

12.

13.

14.

15.

le.

17.

Method according to anyone of claims 1 to 11, character-
ized in that the vertebrate is a mammal, in particular a

livestock animal, a domestic animal, or a human.

Method according to anyone of claims 1 to 12, character-
ized in that, in steps b) and d), data are derived con-

cerning the course or trace of the field potential (FP).

Method according to claim 13, characterized in that at
least one parameter characterizing the FP course is calcu-

lated from the course or trace of the field potential.

Method according to claim 14, characterized in that FPdur

and/or FPrise are calculated and compared.

Method according to anyone of claims 1 to 15, character-
ized in that, in step e), the influence of the test sub-
stance on heart activity, preferably on the QT interval,

is determined.

Use of a device for extracellular recording of electro-

physiological data, for example a MEA or a support plate
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with microcuvettes or wells in each of which there is at

least one measurement electrode, for determining the in-

fluence of a test substance on the heart activity of a

vertebrate.

Use according to claim 17 in a method according to anyone

of claims 1 to 16.

A method for treating a human individual or an animal,

comprising the steps of

a)

b)

c)

d)

selecting a test substance suitable for said treat-

ment,

providing heart cells of said human individual or

animal, respectively,

determining the influence of said test substance on
the heart activity of said human individual or ani-
mal, respectively, by the method of anyone of claims
1 - 16,

preparing a pharmaceutical composition containing
said test substance in case said influence on the

heart activity is admissible.
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