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HIPSC-CM IN SILICO ASSAY TRANSLATION
HiPSC-CM enable human data- New hiPSC-CM model enables New hiPSC-CM model can be
based cardiology studies, but virtual drug simulations for used as a platform for research
their mechanics are rarely assessing hiPSC-CM force and prediction of the cardiac
assessed in silico. kinetics and electrophysiology. drug responses.
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Abstract figure legend A study described in this paper describes a new tool for hiPSC-CM electromechanical behaviour
simulations using mathematical modelling. The model enables in silico assays making drug testing quick, comprehensive
and accurate. New hiPSC-CM models can be used as a platform to integrate in vitro and in silico findings.

Abstract Human-induced pluripotent stem cell-derived cardiomyocytes (hiPSC-CMs) hold
promise in personalized medicine, particularly for cardiac diseases and human-data-based
pharmacology studies. Assessing hiPSC-CM mechanics and their changes in response to drug action
in silico enables more efficient drug testing. For such investigations, hiPSC-CMs also provide a
versatile alternative to adult human cardiac tissue which is limited in availability for research. To
enable in silico investigations of hiPSC-CM electrophysiology and contraction, we developed and
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evaluated two versions of hiPSC-CM electromechanical models with different maturation states.
The models were based solely on human cardiomyocyte and hiPSC-CM data. The evaluation
process involved comparing simulation outcomes with an extensive dataset of experimental data
to ensure the reliability of the model within the context of hiPSC-CM pharmacology studies.
The models uniquely incorporated the mechanical properties of hiPSC-CMs, providing insights
into the mechanisms underlying their contractile behaviour. In our in silico studies, we simulated
the effects of 64 different drugs, including those with previously untested inotropic effects. We
demonstrated agreement between the simulation and experimental datasets, correctly identifying
the inotropic effects of 41 out of 48 drugs. We also compared the effect of pharmacological agents
with unknown inotropic effects and conducted novel experiments demonstrating agreement with
simulation outcomes. Finally, using the models, we demonstrated the mechanisms of previously
unrecognized rate-dependent inotropic effects of paliperidone. Altogether this study presents an in
vitro — in silico framework which is evaluated against experimental data and allows for simulating
drug-dependent electromechanical effects with high accuracy and prediction of rate-dependent
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inotropic effects.
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Key points

e Human-induced pluripotent stem cell-derived cardiomyocytes (hiPSC-CMs) are promising for
drug testing and disease modelling, but current computer models that allow us to simulate
hiPSC-CM behaviour lack human-specific mechanical properties.

e We developed and validated hiPSC-CM electromechanical models, allowing accurate simulations
of contraction, calcium signalling and electrophysiology for two different maturation stages.

e Simulations with the new models correctly predicted inotropic effects for 41 out of 48 drugs and
identified previously unknown effects of two drugs, later confirmed experimentally.

¢ Simulations revealed novel rate-dependent inotropic effects of paliperidone linked to calcium
handling differences in paced versus non-paced cells.

e This in silico framework can enhance drug testing accuracy and understanding through
mechanistic studies by integrating experimental data with computational predictions.

Introduction

Human-induced pluripotent stem cell-derived cardio-
myocytes (hiPSC-CMs) have emerged as crucial tools
in cardiovascular research, providing a patient-specific
platform for drug testing and disease modelling (Li
et al., 2020; Zhu et al., 2023). hiPSC-CMs offer several
advantages over adult human cardiomyocytes, including
the possibility to generate large quantities of cells and the
potential for genetic manipulation, which is particularly
beneficial for studying genetic diseases. Patient-derived
hiPSC-CMs allow the study of disease mechanisms in a
personalized context. This patient-specificity enables the
development of precision therapies tailored to individual
genetic profiles. Unlike adult cardiomyocytes, which are
challenging to obtain and maintain in culture, hiPSC-CMs
provide a robust and renewable cell source that can

be propagated and used in high-throughput screening
assays, facilitating drug discovery and toxicology studies.
However, hiPSC-CMs also have limitations, such as
immature phenotypes compared to adult cardiomyocytes.

The Comprehensive in Vitro Proarrhythmia Assay
(CiPA) initiative highlights the importance of assessing
drug-induced effects using the combination of in silico
approaches and wet-lab-based assays (Colatsky et al,
2016). While many computational studies traditionally
focus on the electrical properties of these cells (Koivumaki
et al, 2018; Kernik et al., 2019; Paci et al, 2020,
2021), there is a significant gap in understanding their
mechanical responses, such as contraction and relaxation,
which are essential for evaluating heart medications and
elucidating mechanisms of heart disease. Developing
models that include contractility is crucial because
mechanical properties play a vital role in assessing the

© 2026 The Author(s). The Journal of Physiology published by John Wiley & Sons Ltd on behalf of The Physiological Society.
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efficacy and safety of cardiac drugs. Although contra-
ctility can be measured experimentally, in silico models
allow for more efficient, scalable and cost-effective drug
testing, and they enable the exploration of scenarios
that might be challenging to replicate experimentally,
for example, due to limited tissue availability (Margara
et al, 2021; Bartolucci et al.,, 2022). However, existing
electromechanical models (Forouzandehmehr et al.,
2021) incorporate contractile elements based on
animal data, limiting their translational value to human
physiology.

To address this gap, we have developed hiPSC-CM
electromechanical models corresponding to two different
maturation stages to simulate both electrophysiological
and contractile behaviours of hiPSC-CMs under various
pharmacological conditions. The credibility of the
model is based on the human data and knowledge
integrated in the equations and parameters, and also the
comparison of simulation results against experimental
data, including: hiPSC-CM contractility (contraction and
relaxation duration, peak amplitude), calcium signalling
(calcium transient duration), action potentials (action
potential duration) (Schwan et al., 2016; Sewanan et al.,
2019; Forouzandehmehr et al, 2021) and drug effects
observed experimentally for 64 different compounds,
including those with both known and unknown effects
on hiPSC-CM behaviour. Finally, for drugs previously
untested in hiPSC-CMs, our model can be used to
successfully predict inotropic effects — how drugs increase
or decrease the force of contraction — which are then
later confirmed using hiPSC-CMs through targeted
experimental validations in the wet-lab. By providing a
tool that integrates and extends sparse experimental data,
the model provides a way to enhance the confidence in
drug testing outcomes, particularly valuable in early-stage
drug development. Furthermore, our model serves as a
platform for mechanistic studies, offering insights into the
underlying molecular drivers of drug responses, which
are crucial for designing safer and more effective cardiac
therapies.

Methods

Construction of the hiPSC-CMs electromechanical
model

The previously published hiPSC-CM electrophysiology
Paci model was coupled with the human adult cell
tension Land model (Land et al., 2017; Paci et al., 2020).
The hiPSC-CM electrophysiology Paci model includes
formulations to describe different currents including fast
Na™ current (Iy,), the late Na* current (In,.), the funny
current (If), the L-type Ca*" current (Ic,), the trans-
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ient outward K" current (I,,), the rapid and slow delayed
rectifier KT currents (Ix, and Ix), the inward rectifier
K" current (Ix;), the Nat/Ca*" exchanger (Incx), the
Na™/K* pump (Inax), the sarcolemmal Ca*" pump (I,ca),
and the Na' and Ca*" background currents (Iyxn, and
Iyca)- The SR compartment exchanges Ca®* with the cyto-
sol through three fluxes: the RyR-sensitive release current
(Lre1), the sarco-endoplasmic reticulum calcium ATPase
(SERCA) pump (I,p) and the leakage current (Ijear). It
features two compartments, cytosol and sarcoplasmic
reticulum, without t-tubules as observed in hiPSC-CMs.
The model has been validated for drug action using
experimental hiPSC-CM data including calcium and
action potential recordings (Paci et al., 2020), consistent
with our present study.

The Land model was used for active tension generation.
It is based on measurements obtained from human cardio-
myocytes at body temperature and features troponin
C and tropomyosin kinetics as well as a three-state
cross-bridge model that also accounts for cross-bridge
distortion (Fig. 1). The three states in the model are:
unbound cross-bridge state U, the pre-power-stroke state
W and the force-generating state S.

The electrophysiology and contractility models were
coupled through the introduction of the intracellular
calcium concentration from the Paci model as input of
the Land model. In turn, the amount of calcium bound
to troponin C in the Land model was used in the Paci
electrophysiological model to update the free intracellular
calcium concentration (Fig. 1). To couple the Paci and
Land models, equations describing calcium buffering in
the Paci model were altered to account for buffering by
troponin and calmodulin. Calcium buffering alterations
introduced to the model are described below (‘Methods,
electro-mechanical coupling approach’). This approach
has been previously described (Timmermann et al., 2017;
Levrero-Florencio et al., 2020; Margara et al., 2021) and is
illustrated above (Fig. 1).

In addition to the baseline hiPSC-CM electro-
mechanical model, a second model variant (Version
2, V2) was developed and tested. In V2, the maximal
conductances of Iy,, Ix; and Ic,, were uniformly scaled
by a factor of 2.2, as Seibertz et al. (2023) reported
higher In,, Ix; and Ic,. conductances in more mature
hiPSC-CMs (Seibertz et al., 2023). This modification
was introduced to better capture electrophysiological
features associated with more mature hiPSC-CMs,
including increased upstroke velocity, more negative
resting membrane potential and enhanced calcium influx.
The V2 model was subjected to the same simulation
protocols, calibration procedures and in silico drug assays
as the baseline model, enabling a direct comparison of
their predictive performance.

© 2026 The Author(s). The Journal of Physiology published by John Wiley & Sons Ltd on behalf of The Physiological Society.
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Electro-mechanical coupling approach

To establish the baseline hiPSC-CM model and to
couple the hiPSC-CM (Paci2020) and Land contractility
models, equations describing calcium buffering in the
hiPSC-CM model were altered to account for buffering
by troponin and calmodulin. Briefly, the total calcium
concentration change over time in the cell ([Ca*"] 1)
can be decomposed as the sum of intracellular free
calcium ([Ca®*],), calcium bound to calmodulin (CMDN,
[Ca*"]cumpn)s and to troponin C (TRPN, [Ca*"]rrpn)s
such that

d[CaZJr]total _ d[Ca2+]i n d[ca2+]CMDN
dt dt dt
d C 24
i [ adt]TRPN (1)

Equivalently, changes in total calcium are described in
the hiPSC-CM model as:
d[Ca*"]

total
dr [ a]l, bufc

ICaL + IhCu +1 a — 2INaCa
<Ileak - Iup + Lo — ( e )Cm (2)

2FV,

where

Tieak calcium release by leakage

I calcium uptake by SR

I calcium release via RyR

Icar, L-type Ca’* current

Iyca calcium pump current

Ipca calcium background current

Inaca Na™/Ca®" exchanger current

F Faraday’s constant

V. cytoplasmic volume

Cin, membrane capacitance

[Cal;, pu . is total intracellular calcium that is buffered
in the cytoplasm. It was re-defined as a sum of calcium
buffered by troponin C and calmodulin:
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The initial Paci hiPSC-CM model formula for [Cal; 4,
describes its dynamics:

1
[Ca]i,bufc = ] Bu fe-Kpuse )

([Ce* ] i),

Considering eqns (3) and (4) together yields:

1
[CMDN]Keumpy
([Ca*]+Kemon )

(Cal; pue = (5)

[TRPN]Krrpn
([car*] +Krn)’

where [CMDN] and [TRPN] refer to the CMDN and
TRPN concentrations that can bind calcium. Given that,
the initial equation for calcium change over time in the
cell becomes:

d[Ca”]mml _ d[Ca”]i d[ca2+]CMDN I d[caH]TRPN
dt dr dt dt
d [CaH]i [M ] Keavpn
e e L .
dt ([Ca?*]; + Kempn)
[M] Krren 6)
([Ca**]; + Krren)* )
yielding
dca),
dt = [Ca]i. bufc

Iear + Ivca + Ipca — 2Inac
<Ileak - Iup+lrel - ( : - = : a)cm) 7(7)

2FV,

where [Cal; 4. is described by eqn (5). Dynamic calcium
buffering for troponin C was then implemented by
defining calcium bound to troponin C ([Ca®"] gpy) as
the fraction of troponin C units with calcium bound to
its regulatory site (CaTRPN) multiplied by a constant
maximum concentration of calcium ions that can bind
to troponin C. The maximum concentration was derived

24 — [Ca2+ 24 ) .
[Ca ]i,bufc = [Ca®* ] pon + [C ] caipn (3)  as described below, giving [Ca>]gpy max = 0.7 mM.
If IK1 lpCa /NaK lNa lea
INaL
Ibca /j;:; = ] qb - =
{}// A\
ICaL p.

SETEER
]

leak

Figure 1. Schematic representation of the model
Created with BioRender.

Cytosol

Myosin \“
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Dynamic calcium buffering by troponin C was described
as:

d[Ca”]
dt

The formulation provided by Land et al. (2017) was
then adopted to describe the dynamic binding of calcium
to troponin C:

dCaTRPN

TRPN __ 2+
- [Ca ]TRPN,max dt (8)

dCaTRPN
T = KTRPN
[Ca2+] ) NTRPN
W (1 — CaTRPN) — CaTRPN |, (9)
a=t1Tso0
where

krrpy calcium-troponin unbinding rate

nrren the cooperativity of the calcium-troponin C
binding rate

[Ca*"] 150 half-activation point

The final formulation for the transient of the free intra-
cellular calcium then becomes

d[ca2+]i *
dr = [Ctl ]i, bufc
Iu I‘a I,u_ZIu‘a
<<Ileuk - Iup + L — ( ca ¥ fic ;_F{ZC s )Cm>
_ d[Ca*" ] pn (10)
dt '
where
N 1
[Ca ]i, bufe = [CMDN]K(,‘MDN (11)

([Ca**],+Kempn )2

Derivation of the maximum calcium buffering
efficiencies. As per eqn (3), total buffered calcium in the
cytosol can be described as the sum of calcium buffered
by TRPN and CMDN. In the human adult cardiomyocyte
Tomek, Rodriguez-O’Hara, Rudy (ToR-ORd) model, total
buffered calcium by TRPN and CMDN equals 0.12 mM
and buffered by TRPN alone equals 0.07 mM (Tomek
et al, 2019). Assuming the proportions of maximal
calcium that can be buffered by TRPN and CMDN
remain the same, and assuming that K, for both buffers
are unchanged, the TRPN:CMDN ratio was established
as:

[CMDN] = 0.05mM; [TRPN]
= 0.07mM; [CMDN] : [TRPN] =5 :7

Given that TRPN can buffer 1.4 times more calcium,
the CMDN concentration for the hiPSC-CM electro-
mechanical model was found by utilizing the genetic
algorithm (ga) function on MATLAB with default
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parameters. The ga function was used to find the lowest
value of a cost function which was as outlined as:

dy = d (TP, [217]) + d (amplitude, [0.152])

where the distances d between CaT biomarkers TP and
amplitude were computed and summed to obtain the total
cost d;, which was then minimized. This allowed us to find
CMDN and TRPN concentrations that provide the best
fit for CaTs between the hiPSC-CM electromechanical
and hiPSC-CM electrophysiological (Paci2020) models.
The values for TRPN and CMDN concentrations were
[TRPN] = 0.42; [CMDN] = 0.3.

Calibration of the hiPSC-CM electromechanical model

The hiPSC-CM electromechanical model was then
calibrated by using experimental active tension
hiPSC-CM markers to adjust parameters in the adult
human myocyte contractility model, which is explained
in detail below. The re-parameterization of the model was
needed to make the model representative of the contra-
ctile behaviour observed in hiPSC-CMs. In particular,
CaT from the hiPSC-CM electrophysiology model
was different from those in the Land model to drive
contraction. Therefore, the Land model parameters
were re-parameterized to achieve the physiologically
active tension of hiPSC-CMs. The calibrated Land model
parameters were the Hill coefficient of cooperative
activation and the tropomyosin rate constant.

Details on the fitting procedure, including the choice
of model parameters to be varied, the marker ranges,
the cost function and the algorithm used can be found
below. The calibrated model was then used to evaluate
the various physiological effects of electro-mechanical
coupling. Model outputs are summarised in Table.

A summary of the experimental data used for the
model calibration is provided in Table 2. The hiPSC-CM
engineered heart tissue (EHT) data from Schwan et al.
(2016, 2019) were used for calibrating the baseline version
1 model using the amplitude and the kinetic markers of
active tension. Additional data were used for calibration
of the model using the active tension amplitude only,
since other parameters were not reported. The hiPSC-CM
data from Garg et al. (2018) were used to calibrate
the second version of the model (V2) reflecting an
alternative parameterization aimed at capturing calcium
transient characteristics associated with more mature-like
hiPSC-CM behaviour. A summary of the experimental
data used for the model validation is provided in Table 3.
This includes hiPSC-CM action potential (AP) and
calcium transient (CaT) recordings as well as active
tension data acquired in the lab. For the active tension
data, the measurements were performed as described
before (Casini et al., 2023) using the Chiaro Nanoindenter

© 2026 The Author(s). The Journal of Physiology published by John Wiley & Sons Ltd on behalf of The Physiological Society.
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system from Opticsll on hiPSC-CMs on day 30 of
maturation. During measurements, cells were kept at 37°C
in the recording solution (NaCl 140 mM, KCI 5.5 mM,
Hepes 10 mM, MgCl, 1 mM, glucose 10 mM, CaCl,
1.8 mM) and spherical glass tips with 3.0-3.4 pm radius
and 0.033 N/m stiffness were used to indent the cell
surface.

Calibration of the model

After coupling of the models, the hiPSC-CM electro-
mechanical model was established. To calibrate it to
the experimental active tension hiPSC-CM data, active
tension parameters were changed. Two parameters were
selected for future fitting: nTm and ku. The data
used for calibration were collected from hiPSC-CM
experiments only (embryonic stem cell experimental data
not included), under 1 Hz pacing, at 37°C to match
simulation and experimental conditions.
Model parameters fitted in the calibration process:

ku nTm

Hill coefficient of
the cooperative
Hill curve
describing a
steady-state
relation between

Parameter meaning The rate at which
myosin binding
sites on actin
move from the
blocked (B) to
unbound (V)

state troponin C units
with calcium
bound (CaTRPN)
and the fraction
of unblocked
myosin binding
sites on actin
Parameter range 0.01-2 1.5-2.5
Original value 1 5
Calibrated 1.962 2.3
hiPSC-CM electro-
mechanical
model

Parameter fitting was achieved by minimizing the
cost function which includes TP, RT50, and maximum
and minimum active tension, which were extracted
after running simulations and computing active tension
using the hiPSC-CM electromechanical model. The cost
function used here was an altered formula of the cost
function used by Land et al. (2017):

d, = d (TP, [169, 215]) + d (RT50, [141, 178])
+ 10d (max (Ta) , [0.21, 6.5]) + 25 min (Ta)

J Physiol 0.0

where the distances d between each biomarker and the
corresponding experimental ranges were computed and
summed to obtain the total cost d; which was then mini-
mized. The ranges of biomarkers chosen as targets for this
calibration procedure are denoted in the equation above
and were based on Table 2. To minimize the cost function,
the MatLab function ga was used. The function was altered
by eliminating one term that was included in the original
formulation: d (RT90, []). This was done because of the
lack of availability of hiPSC-CM studies reporting RT90.
The weights in the cost function that multiply minimal
(25) and maximal (10) active tension were chosen by Land
et al. (2017) to prioritize good activation and relaxation,
and were kept unvaried here. However, the elimination
changes the relative weight of each term used in the
summation. Despite this, the minimization of the cost
function allowed finding parameter values such that the
biomarkers of the simulations would be in line with
the experimental data ranges The calibrated hiPSC-CM
electromechanical model was used for hiPSC-CM contra-
ctile phenotype investigations in silico.

In silico drug assay design

Two groups of compounds were selected to assess the
accuracy of simulations with the hiPSC-CM model
for drug effects on contractility. Group 1 contained
seven compounds selected based on the availability of
experimental hiPSC-CM contractile studies that report
quantitative effects on force of contraction and calcium
transient duration (CTD90). These compounds were
chosen to enable direct comparison between simulated
and experimental data. The compounds included:
Bay-K8644, a selective calcium channel activator (Ic,L);
E-4031, an Ik, blocker; and the multiple channel (Ic,r, Ix:»
Ina) blockers sunitinib, bepridil, lidocaine, nifedipine,
and verapamil. Group 2 included 64 compounds
where the simulated inotropic effects were compared
to known clinical and experimental data for 48 drugs,
and for 16 drugs, no inotropic data were available.
This group was selected to evaluate the broader pre-
dictive capability of the model across a diverse range
of drugs, including anti-arrhythmics, anti-psychotics,
antibiotics, kinase inhibitors and antivirals, many of
which exhibit multichannel action. The data for these
drugs were acquired under different experimental and
clinical conditions, from various research models, under
different concentrations of the drugs used. Since most of
these drugs act on a diversity of channels, prediction and
interpretation of cardiotoxicity is challenging. By testing
these compounds, we aimed to assess the model’s ability
to predict complex drug effects.

The experimental IC50 and Hill coefficients (k) used for
the drug assays for different ion channels were considered:

© 2026 The Author(s). The Journal of Physiology published by John Wiley & Sons Ltd on behalf of The Physiological Society.
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fast Na® current (Iy,), rapid/slow delayed rectified K*
current (Ix./Ix,), transient outward K* current (I,),
L-type Ca®" current (Ic,), inward rectifier K™ current
(Ix1), and late Na' current (In,). This was based on
the availability of the data, where these inputs were
successfully used in silico drug assays before. The data
were from Passini et al. (2017), Forouzandehmehr et al.
(2021) and Tomek et al. (2019).

For the compounds that were included in more than
one of these ion channel datasets, multiple profiles were
considered to investigate the impact of variability in drug
characterization. Each IC50 and h set was simulated
separately, resulting in more than 64 different drug trials
(Table 4).

Multiple concentrations were investigated for
each compound, chosen to match those used in the
experimental drug assays, as well as to explore different
multiples of the maximal effective free therapeutic
concentration (EFTPCmax), up to 100-fold. The
EFTPCmax values were taken from the literature. The
full list of compounds, together with the IC50, Hill
coefficient and the EFTPCmax used for in silico drug
trials are provided in Table 4. Simulated drug effects were
considered as positive or negative inotropic when the
change in peak force amplitude was greater than 10% of
baseline to ensure only robust changes were registered
as positive and negative. The simulations were run for
multiple different doses of compounds: multiples of the
EFTPCmax up to 100-fold.

Simulation protocols

For the comparison of simulations between the baseline
hiPSC-CM electromechanical model and the previously
established hiPSCM-CM electrophysiological model,
paced cell activity was simulated. For in silico drug trials,
simulations were run in a spontaneously beating cell
mode to also investigate drug-induced effects on the
spontaneous beating frequency.

Simulations were conducted using MatLab (Mathworks
Inc. Natwick, MA, USA) with the ordinary differential
equation solver odel5s. For the simulations in paced
mode, stimulus currents of 5 ms duration and 550 pA
amplitude were used. Cell length was kept unchanged
unless stated otherwise, meaning that the extension ratio
(sarcomere length over sarcomere length at rest) was set to
1. For simulations in both the paced mode (1 Hz) and the
non-paced mode at 37°C, simulated data were computed
in the steady state (after 800 s). Drug assay simulations
were run at 37°C. Additional simulations were run in the
paced mode (0.5 Hz) at 20°C for additional comparisons
with the experimental dataset (see Fig. 6).

We assessed the drug-induced changes on AP and CaT
markers, as well as the occurrence of abnormalities. AP
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markers were extracted, including AP duration at 50 and
90% of repolarization (APD50, APD90), AP amplitude
(APA) and cycle length (CL). Calcium markers extracted
included CTD50 and CTD90. Active tension markers
extracted included force amplitude (AT), and time to
50 and 90% relaxation (RT50 and RT90). Drug-induced
changes in those markers are presented as percentage
change with drug, compared to control (no drug).

Single and multiple early afterdepolarizations (EADs)
were defined as extra-peaks greater than —55 mV in
between two consecutive AP upstrokes. Repolarization
failure was identified when a stable dv/dt < 0.1 V/s at a
membrane potential that remained more depolarized than
—40 mV was observed during the last 15 s of simulation.
Irregular rhythm was identified when the difference in
cycle length between two consecutive AP was greater
than 150%. We also assessed quiescence, that is, when a
model did not produce spontaneous APs. This was defined
as a model which during the last 15 s had an average
membrane potential lower than —40 mV.

Experimental data for evaluation of the in silico drug
trials

As the inotropic effects of some simulated drugs were
previously unknown, additional experiments were
performed in hiPSC-CMs for some representative
compounds to assess the changes in intracellular calcium
dynamics after the addition of varying concentrations
of duloxetine hydrochloride (ThermoFisher, Waltham,
MA, USA) and paliperidone (Cambridge Bioscience,
Cambridge, UK). The experiments comply with the
ethics policies for working with cell lines. First, human
induced pluripotent stem cells [hiPSCs; M398 line
reprogrammed from human adult myoblasts from
healthy individuals, a gift from Professor Pinset lab
(Massouridés et al., 2015)], were cultured as described
before (Campostrini et al., 2021; Subramaniam et al,
2023). Briefly, the cells were cultured in mTeSR Plus
medium (Stemcell Technologies, Cambridge, UK) on
Matrigel (8 pg/cm?; Corning, New York, USA)-coated
surfaces. Cells were passaged twice a week using DPBS
(Gibco, Fisher Scientific, Loughborough, Leicestershire,
UK) for rinsing and accutase (Sigma-Aldrich, St Louis,
MO, USA) for dissociation. The ROCK (Rho Kinase)
inhibitor (StemMACS Y27632, 10 umol/L; Miltenyi
Biotech, Bergisch Gladbach, Germany) was added for
the first 24 h after seeding. Differentiation into cardio-
myocytes was induced in a monolayer as described
previously (Campostrini et al, 2021). Differentiated
human inducible pluripotent stem cell-derived cardiac
myocytes (hiPSC-CMs) were maintained in RPMI 1640
medium with Glutamax and 25 mM Hepes (Gibco) plus
B27 supplement (Gibco).

© 2026 The Author(s). The Journal of Physiology published by John Wiley & Sons Ltd on behalf of The Physiological Society.
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At 21 days after differentiation, seeded hiPSC-CMs
were incubated with Fura-2 (1 pM, 15 min, 37°C). For
calcium imaging, cells were kept in an imaging buffer
(NaCl 140 mmol/L, KCl 3 mmol/L, Hepes 10 mmol/L,
glucose 15 mmol/L, CaCl, 2 mmol/L, MgCl, 2 mmol/L,
pH 7.4) and imaged on an Olympus IX71 inverted
microscope using a PlanApoN, x40, oil immersion
objective (NA 1.4, 0.17/field number 26.5, Olympus,
UK) using IonOptix hardware and software, at 0.5 Hz
pacing conditions or in spontaneously beating modes at
room temperature. Data were analysed and plotted using
MatLab (Mathworks Inc., Natwick, MA, USA).

In silico drug simulation results were compared to
experimental data. All experimental results are presented
as percentage change with respect to baseline.

Data availability

All data generated or analysed during this study are
included in this article. All source code used in this
paper is available and can be obtained by the emailing
corresponding authors.

Results

Development, calibration and experimental
evaluation of the hiPSC-CM electromechanical model

Figure 2 shows the comparison of simulations with the
newly developed hiPSC-CM electromechanical model
and the electrophysiology-only model (Paci et al., 2020).
Electro-mechanical coupling does not affect the normal
kinetics of calcium dynamics and action potentials.
However, the non-calibrated electromechanical model
did not produce active tension markers in line with
experimental data.

The calibration of model parameters largely improved
the contractility performance of the electromechanical
model. In particular, the active tension amplitude
increased from 0.04 to 0.4 kPa (wet-lab experimental data
range: 0.21-6.5 kPa) in simulated paced cells (1 Hz) after
calibration. The time to peak tension remained largely the
same, at 201 ms (experimental data range: 169-215 ms),
and the relaxation time (RT50) changed from 158 to
164 ms (experimental data range: 141-178 ms). After
calibration, the simulated active tension, calcium trans-
ient and action potential markers were in line with
experimental data (Table 1, Figs 1 and 2). Similar results
were also observed in the spontaneously beating mode
(Fig. 2, Table 1).

In addition to the baseline version 1 model, all
simulations were also performed using an alternative
model variant (V2) as described in the Methods. The
resulting action potential, calcium transient and active

J Physiol 0.0

tension waveforms were similar in morphology to version
1, and the corresponding biomarkers are reported in
Table 1.

Simulated drug-induced inotropic effects using the
hiPSC-CM electromechanical model agree with
experimental hiPSC-CM data

As a validation process, we then compared the
drug-induced inotropic effects in hiPSC-CM electro-
mechanical simulations with experimental hiPSC-CM
contractility and calcium data, which were not used
in model development and calibration. Experimental
recordings of calcium transient durations and inotropic
responses were considered for the first group of drugs
(Group 1, seven reference compounds, listed in Table 5)
with varied actions on ion channels (including single and
multichannel blockers).

For Bay-K8644, a selective calcium channel activator
(Ica1), simulations showed an increase in force, which had
also been observed experimentally (Cohen et al., 2011;
Ruan et al., 2016). For E-4031, which was simulated as a
70% Ik, block at 1 uM, repolarization failure was observed
in some cases in hiPSC-CM experiments (Keung et al.,
2019), consistent with simulation results. For the multiple
channel blockers bepridil, lidocaine, nifedipine, sunitinib
and verapamil, the simulation results show a decrease in
force, in good general agreement with the experimental
data (Blinova et al., 2018; Cohen et al.,, 2011; Keung et al.,
2019; Mannhardt et al., 2017, 2020; Ruan et al., 2016).

Despite the minimal input information provided by
standard recordings in drug development (IC50 and Hill
coeflicients), the simulations revealed a good qualitative
agreement with experimental data, supporting their
credibility to capture drug-specific responses (Table 5).

All drug simulations were also repeated using the
alternative V2 model variant. All the outputs were
consistent with those obtained using the baseline version
1 model.

Simulated drug-induced inotropic effects in
hiPSC-CMs are in agreement with clinical and adult
cell experimental data

In addition to available hiPSC-CM contractility
experiments, we expanded the comparisons to include
clinical reports and isolated cardiac cell experiments.
Group 2 consisted of 64 compounds, of which 48
compounds had been previously characterized clinically
or experimentally for their effects on active tension.
This group included both selective channel blockers and
multichannel blockers, providing a broader dataset to
evaluate the model’s predictive capability across diverse
drug mechanisms.

© 2026 The Author(s). The Journal of Physiology published by John Wiley & Sons Ltd on behalf of The Physiological Society.



Electromechanical modelling and simulation of hiPSC-CMs

J Physiol 0.0

"ZH §°0 38 paded s||2> wouy paiinbde usaq aAeY (8107) [e 12 Bued Aq eleq

"€ pue g sa|qeL ul papino.d aie sadunos eyeq

q

"(1202) |e 33 Jyawyapueznoiod
‘uolyeziie|odal 9,06 38 UoEINP dY :06ddV ‘Uoneziiejodal 90§ 3e uoneInp dy :05ady ‘Aedsp %06 3e uoireinp
18D :06a1D ‘Aedap 9,05 16 uoneinp Jed :0sdld Head 01 awil [e) [dl 1D ‘UOoISUd} AR 1Y ‘UOIIeXe|d] %06 O SWIl 106 LY ‘UOIIBXE|3J %0S O} Wi} (05 1Y ead 01 dwi} :d] "SHqgeJ Woiy elep [eruswiiadxa
Buisn paysi|qelsa [9pow 3|13DLJIUOD B UO PAseq [9POW [edIUBYIIWO0IIIB|D ND-DSd! Ue S| 3dIY-Ided PUe ‘|9pow [edIUeYdaW0.Id3[d ND-DSdIY Paysi|gelss Ajmau ay si [9pow [AD-DSdIY [edIUBydaWoI1da|d
3y ‘IND-DSd!IY o ABojoisAydouidaje saquasap Ped Unoireyaq 93A00Awolpied 3Npe [BJIUBYIRWO0IIDD S3CIIISIP PUBRT-PYO-HOL INOIABYS] 93A0AWOIPIED JB[NDIIIUSA }NPE |BdIUBYDAW SDIIISIP [dpOW
pueT 8y “isII9ISe Ue Yum paledipul se ‘Apnis syl o) ge| ayy ul Ajjeruswiiadxe palinbde pue ‘(€ pue z sajgel) YdJeas 24nieidll| B WOy Paysl|geIss eiep |AD-DSdIY Uo paseq aJe sabuel [eyuawiiadx3

e€0L 0L1-86 SLL €°€0L €°€0L [4{s]% ZL1-86 vel 9°0LL 9'0LL 880l €9°lZL VIN Aw “spniijduy
€07 7€5-96C LLy S'L6E L'L6E 7'06€ 86€1-96C ves S0S TS0S  S'E8y SELT VIN sw ‘06adV
6S0L-S/1 192 S'€0€E S'€0€E S°00€ CE6-EEE %3 801 807  €£°€6E S6LC V/N sw ‘05adv
|erzuazod uoipy
>7£9°0
6LE°0 €91°0 €91°0 LLL'O  —9LE0:q9L°0 LEO VA 4%0) Lyl'0  TSL°0 SLV°0 90 W ‘apnyijdwy
29 9.5 9.5 0SS €08L-0LE L7899 L'TE9 €1lE9 €€l19 '9S€ £9S sw d1+06Ad.Ld
9'€8€ 9'/8€ L'[8€E 6'SVE 89LL-LLS S8y Wh44 L2y 9'69€ 6'10C LEE sw d1+0SdLd
>E9TE-L7€91
LTIz (434 [434 8l¢C ‘qVLv-L6 €LL L0z 7'00C €'£0C 44 el sw d11d
jualsues) wnjed
0 0 0 V/N 85°0-0 0 0 0 V/N SL0°0 8£00°0 ed 1V Ul
9500 0¢ L0 2900 V/N S'9-120 '8l w70 700 V/N 24 LS ed> 1V Xe
£9¢ L8C 8S¢ V/N 90€ (Y43 98¢ V/N Lze 4 X4 sw ‘0614
el9l « V'C8L-T'69 al Lyl 1345 V/N 8LL-lyl LLL 9l 851l V/N 9Ll (x4} SWw 091y
« CECL'E9 L0C 14%4 L'6lT V/N SLZ-69L 691 {014 S'10¢ V/N 691 SLL sw dL
(Lv) uoisus} sy
buneaq Ajsnosuejuods pased
e >q$9Buel  (2A) IND-DSdIY  (LA) IND-DSIY ND-DSdIY Ided >qsdbues  (ZA) IND-DSdIY  (LA) IND-DSd!IY IND-DSd!Y 1ded puel pueq sidxiewolg
-ped  |erudawLdxg |estueydaw |estueydaw |estueydaw Jeruswiiadxy |esrueypaw |estueydaw |estueydaw -pYO
[ paieiqijed |9 pajelqi|ed |9 pajelqijesun 19 pajeiqiied |9 pajelqlied |9 pajelqiesun -4oL

S|opow [ND-DSd!Y [edIUeydaW o193 pajeiqijed pue sanjeA J91aweded [euibLio yum
s|apow AID-DSd!IY [B21UBYdaWO0.}I3]| Pajeiqijedun pue ‘puet-pyO-yoL ‘pPuet ‘1Ped Yl YiM suoile|nwis woij pajesausab ssnjea Jaxiewolq dy pue [e) ‘uoisua) sAndY ‘| d|qeL

© 2026 The Author(s). The Journal of Physiology published by John Wiley & Sons Ltd on behalf of The Physiological Society.



J Physiol 0.0

M. Folkmanaite and others

10

SQDC.BCOUV

Aw = Ev NW 800 F /60 p|oyess Cwmm__Ou pue
J11els usye _wm_b.m_)_ B Uo sanssli}

(S =U) NW £0°0 F £LO deipJed |epleolq
_mc__(_uu.wb.m 1Y ‘ZH | 1e ﬁmqu- PaALIBP-DSd uewny

1e21194A> J3)4e 92404
"LZP UO NW 90'0 + SL°0
‘PLP UO NW €0°0 F 290
192404 UOIDEIIUOD)
ZWW/NW 7'y 1V

TZWW/NW qZ°0 F 28°L
:UOISUd) |e10] Yead
TZWW/NW 800 + 'L
HUBSENI
J314e ]V [ewixew
‘ZWW/NW 900 F LS'0
1ybus|
auljaseq 1e 1y Ues|nl

sw 7l + 8Gl 0514

(%01-9)
buiysyass
J9} e $92104
Xew7y e s9310)

uoljdesuo)

yn12.41s
%01 buiyoeau
Buiydiasys
juanbasqns
yrm yabus)
|| uljaseq
1e painseaw

Sem |V Ues|Al

(yora.a1s
%01 03)

yn3a43s |enpelb

Aq pajessusb
92104 dAIDE

'LV 10} 051¥

uoleUSIBHIP

3sod Lz Aep
1e pawJogad
SjusWaINsesn

uolleIIUSIDYIP
1sod zz Aep
1e pawJoysad
sjuswiiadx3
(HL13 91e43uUsb
0} SP|O4eds
0}UO Papads
uoleuaJaip-isod
61 Aep)
uolleUSIDYIP
1sod zg Aep
1e pawJoysad
sjuswiiadx3

SS9431S O}
129[qNs 9J9M S1ONJISUOD BNSSI}-
SJUSWJINSEaW 9104
10} 1012E3101q SpeW-Wolsnd
e ojul pade|d aJam $3dNIISUOD-
ZH | 3e padced
pue ‘pail| pue a1esisqns
9y} wouy) pajesedss ‘sobpa
||93 1k S2iq1} Pa}ROD dY}
0O} paydenie aIdm sND-DSdY -
(49]]013u0d
yibus| o11309|90z31d e pue
Jaonpsuely 9340y |edindo ue
‘sjo1e|ndiuewoudiw g) walsAs
JUdWAJINSeaW 910} ||93-9|buls-

Do GE ZH L 3e
padced pue ‘buiydiauls sppsnw
buijqeus Jore|ndiuewoidiw
e pue Jadnpsue.) 3240}
e Jo bunsisuod dnias buiysal
© UO PajuNow 9J9M SH17 -
(9102) '[e 33 uemyds
ul se passasse sd)IweuAp 93404-

91esauab 01 gL D
BulIsn S\ 4O UOIID|SS
pajeipaw-dnolqiue Agq
pa>npul uoijew.o} g3 (€102
pue uoleRUAIBHIP DSIY- ‘| 19 yesua)y

ss9204d paseqg-g3
's1010e) ymoub

91 Ag paieinualapip-
7150 pue

4T ‘2X0S Buipodus
SJ101D9A _m._ INO1}DJ

Agq pawuwesboidal-

sise|qoiqy (0202)
[ewIap W0y Ul DSd1Y - ‘e 13 uejjeg

dUl| dAIIBALIBP
palipa-awouab e se |jam
se ‘INIDH yum 1usned
S|BWwsd4 }Npe ue wouy (L202)
S[193 1L WOy PSALISP HIT - ‘e 32 34epp

s1aylewolq

adA} eyeq

Aunlew |9

1020104d JUBWAINSE|N

SPOYIaIN ERVEIETEN|

[Papn)pul 30u e1ep (3SIY) |92 WS diuoAiquid uewny] Ajuo s|ND-DSdIY Woiy uoneidijed [9pow Joy elep |eyuawiiadxa ay} jo Aiewwns °z a|qel

© 2026 The Author(s). The Journal of Physiology published by John Wiley & Sons Ltd on behalf of The Physiological Society.



Electromechanical modelling and simulation of hiPSC-CMs 11

J Physiol 0.0

'dsS F ueaw se pajiodal eleq s1dNJISUOD JBYLIO pue S| HI ‘sg3 POALISP-IND-DSdIY WOy P123||0d d49M
e1ep oy "9zis s|dwes :u paydeal si 92104 YdIM] WNWIXew ydiym e yibus| |93 :XeW7 sanssiy uewny palasuibus :s] HJ ‘sa1fdoAwoipaed S|AD ‘saipoq ploAiquws :sg3 ‘ainjesadwal
WwooJ Y ‘Uoisudl annde 1y ‘AjdApadsas ‘uoleziiejodal 9% 06 pPue 9%0S e uoieinp (dy) |errualod uoide :06ady Pue 0Sady ‘Aedsp 9,05 01 awil :051Y Sead o) swil :dl

WW/NW L0
:apnydwe youm|

sw ol F 891 :0S1Y

swgl F 18l dL
‘ZWW/NW §°9 :papJodal
SS9.431S v_mwa wnuwixew

yibus|
[elul 40 %Sl
03 (Y16us| %)
SIVEEYRIV]]
[lews ul
21n31oN.13s By}
buiydaiis Aq
paulWwIalep 1V

uoleIUSISLIP

3sod Lz—| Aep
1e pawJogiad
DIVETNEN R N-ET

uoljenuaisajip

DolEZH C

1e paded ‘uonn|os sapouhl

yum pasngaad taqueyd

e ul J9||0J3u0d yibus|

e pue Jadnpsue.) 3240} e 0}

paydelie s) ooy [991S ssajulels

uo papuadsns pue suol}1das
01Ul P91IISSIP SI9M S1ONIISUOD-

Do GE3R

‘zH | 1e paded ‘yreq uoisnjiad

e Ul pasIawil 919M S| H3

!MB[> PUODSS B UO J3dNPSUe.)

9104 B pUB ME|D JUsWydelIe

Bulioydue ue ussmiaq

papuadsns ajpsnw a8y}

Buines| ‘suoisualxs 9j1-me|d

yum sioze|ndiuewoniw

uollesauab (p|oyeds gg)
piouebuo a3ji|-deipied

104 pasn SIND-DSd!Y-
|020104d UOIIRIIUDIDHIP
paseq-ia/Aejouow

Aq parenuaiayip-

aul| 1se|qo.qly (9102)
Bun| e wouy sOSdIY- ‘[e 18 ueny

'SH.13 bulwioy
SP|O4}EIS UO PAPIS §||92-
|020104d UOIIRIIUSIDHIP
JaAejouow
e UMM pue SnJIA 1epuas
e Bbuisn pajerruaiayip-

SZWW/NW 9/°0 F 2 1sod gz Aep paziolow Aq S||92 Je3pnuouow
1SS2U1S 1e pawJoyiad dn pa>pid pue swely sy} wouy poojq |esayduad (9102)
Jead (g = u) abeiany U2319.41S %8 1B 1V SJUSWSINSEIN papals asam |H3 buipjoy sdip>- wouJ} SIND-DSdIY- ‘|e 3 uemyds
D, GE1R 'ZH | 1B
pased pue ‘bBuiysiaiis apPsnw
Burjgeus Joyeindiuewoniw uoneisauab
ZWW/NW |L°0 F 220 (Y231243S %01 e pue Jadnpsuel) o} H13 104 pasn SIAD-DSdIY-
:ssaJ3s yead 01 S/Ww S10°0) uolleURIRYIP e jo bunsisuod dnias bunsal Buijjeubis
NW L0'0 F S0°0 92404 y231a.41s [enpeib 150d G| Aep e UO Pa3uUNoW 9J9M SH]17 - JUAM Buneinpow (6102)
UYoumy yead ‘sw gz F el Ag payesausb 1e pawuoyiad (9102) "|e 12 uemyds Aq paiennualayip ‘le 3@
1061 SW F L1z dL 92104 SAIPY S}USWSINSEIN Ul Se passasse sd)IWeuAp 93404- 'S|]92 | wouy SOSdIY- ueuemas
siadiewolg 2df eyeg Ayuniew |9 |02010.d JUBWSINSEIIA SPOYISIAI ERVEIETEN|

(Penunuod) "z 3jqeL

© 2026 The Author(s). The Journal of Physiology published by John Wiley & Sons Ltd on behalf of The Physiological Society.



J Physiol 0.0

(panuiuod)

.>E
L'l F 7601 :@pnyjdwe
dV ‘995 F Z£91 :y1bus)

3PA Ie'69 F 6°0LC

:0SAdV 'SW S'/8 F 6'96C

:06AdV :(1]-|erize
o\omw _ocm |\_m_3u_‘_wcw>
%£1) Y230U B Y3IM S||3D

-t

6°0 F 8°LOL :opnijdwe
SW L F verl Yibus)
3P swz8FOLLL
:0SAdV ‘06 F £4LT

UOI1eIIUSISLIP

Do LE 3B uonn|os

9pouAl paiayng-sadaH

e ym pasngiadns siaisn|d
buizeaq Ajsnosuejuods

L-))A pue 453A 4549
'V UIANIDY ‘PdING YHM
pajuswsajddns eipaw

Buisn palenuaiayip-
CX0S

g :06AdV :(1-|eie 1sod gL-LL W04 sy P40d3J 0} pasn a49m pue gzuq ‘boueN ‘v320 (€102)
= %P7 PUB -Je[nd13uaA Aep pswuJoiad Ja11jdwe yz dwepoxy ue yym pawweiboidal ‘e
dm %9S) Yd210U B O/M S|[3D dv SJUBWISINSEIN 0} P3123UU0D SIP0JIDS[S0DIW - aul| 192 DSdIY- 0l19p40D
S SW ZL F 8vS 1061y
2 ‘SW 9 F §G :dl :paindnis
c sw ol F 0SS
m 10614 ‘sw 9 F /G Do LE ¥R ZH | pue §°Q e paded -
3 :d1 :paJn3dNJis-uou :qdv Buipasas Jojesausb buped so1eJisqns
- SW 0Z F 049 :06.1Y4 IND-DSdIY |euJa1xa ue Buisn uolze|NWILS paJnidnJis-uou
= SW 0Z F S8Z :0S.1Y 150d 7| Aep pI314 JI9pUN painsesaw sem | ed- pue paininJis
SW QL F 6L :dLled dV snoauejuodsg 1e pawJoysad waysAs dwe|d Jusiind uo ,,se¥ofwolipied (€£102)
‘ZH | 3B P24n3dNJIS-UON 18> [SUEIEII=EI e Buisn painseaw sem dy- |I9D1 WOl SIND-DSdIY- ‘|e 12 oey
SW 60°LL F €£°80¢
:05adVv |020104d UOIIRIIUBIBHIP
'SWz96l F L1'L9€ 1afejouow
:06AdV dc e pue snJlA [epuss
‘AW66°0 F 9T LLL YHM palenusiayip-
dpnyjdwe 4y UOIIRIIUBISHIP (L = u)
SW 0S F 066 :S6.1Y4 1s0d 05-0€ Aep ‘'ZH 50 18 S||93 Jeajpnuouow
sw 00l F 0S¥ :0S.LY e pawuopad paded 3,/£-9¢ 1e buidwe)d poojq |essydiiad (8L02)
'SW £ L8 F 0°ST :dl :Lled dv ‘Led SJUBWISINSEIN yoyed Buisn sapew sbuipiodai- woJ} SIND-DSdIY- ‘|e 12 Buen
siodJewolg adA} eyeq Aunlew |2 |020104d JuBWAINSEIN uoijesedaud anssi| ERVEYETEN]

12

uonepljeA [9pow 1oy pasn ejep |eyuawiiadxa ay} jo Alewwns °g a|qel

© 2026 The Author(s). The Journal of Physiology published by John Wiley & Sons Ltd on behalf of The Physiological Society.



13

Electromechanical modelling and simulation of hiPSC-CMs

J Physiol 0.0

‘91nulw 4ad s3eaq :wdq {|erpualod uoide dy ‘pusisuey wnidjed jed)

ZH | 18 8zul|
uolnenuUaJIalIp pased ,/£-G€ 1e anbiuyday pue boueu ‘v 110 ‘LXOS
1sod | z-01 Aep dwe|d>-ydred pajesopiad |92 UM SI03DDA |BIINOIIDI
1e pawJosad a|oym ay1 Aq se1fo0Awolpied Aq pawwelsboida. (1102)
SW gLz F LYy :06AdV avi dv SjUaWRINSeIAl 9|buIs Wo.) PapP.I0daU B49M SdY - 15e|q0.4ql) Wouy $OSIY- ‘[e19 e
pawuoy sg3 DAN-D
uonijenus.isyip pue 7471 ‘2X0S ‘7/€3P0
AW Z F g°L0L :dpnujdwe (ava) 150d y-8¢ Aep 1Y 18 dV aunsesaw Buipodus snuinoa1Rd
'SW 67 F £S€ :0SAdV suoijeziiejodap 1e pawJojiad 0} padwe|d-ydied si1am s||22 yum pawwesboidal- (1102)
'SW ¥€ F 621 :06AdV -1914e Aues gy SjuaWRINSeAl 9|buls ‘uoienossip Auojod Jayje- $152|g0.qI) WO SOSdIY- ‘|e 19 epuoH
[del\E!

3ul] |22 9YjI|-WJIdapopud

|eJadSIA sulinw

Yum sDsd1y burinyna-od
Aq padnpu 4ip-

DAIN->
SW Q' ey + SP'SLL uolnenuaisyip Do LE 1€ sjusuainsesw dv pue 473 ‘ZX0S ‘7/E1D0
0Sadv 1sod 0g-0z Aep 10} pasn sem Jaijlidwe g-dd3 yHm pawwelsboidal
SW £6°09 F 0£°£6C |9 1e pawJoiad ue yum pawJopiad snbjuydan s1se|qouqiy (1102)
9[1]-1B|ND1IIUSA U0} 06AdV dv sjuswWaINsea|n dwe|d Juauind [|92-3|oym - upys Wouy SOSdIY- ‘|e 39 ewiyeq
siodJewolg adA) eyeq Aunjew |2 |020104d JuBWAINSEIN uoiesedaud anssi| ERIVEIETEN

(penunuod) "€ ajqeL

© 2026 The Author(s). The Journal of Physiology published by John Wiley & Sons Ltd on behalf of The Physiological Society.



J Physiol 0.0

M. Folkmanaite and others

14

(panunuod)

z00z “|e
19 JoJYds
‘€10¢

"|e 19 Jawery
6861 "2 19
snpiAelN[
‘9102 “|e
19 quinud
‘€10T

“le 18 Jswes)y
€102

"|e 18 Jawesy
8L0¢ “|e
19 enaoul|g
‘020Z “|e ¥
bed [910¢

“le 19 quni)
0z0z “|e
19 wasles
‘910T

““le 18 ueny
L10TZ "|e
19 USAnBN
‘€00C “|e
19 weiyds
‘120T “|e 19
Jyswysp
-ueznouo4
‘£102

“|e 13 Iuissed
L661 "|e13
eweAibng
‘€10¢

“|e 13 Jswesy
€20 “|e
19 eulpJieln
‘9107 “|e
19 quinuD
‘€10¢

"|e 19 Jawery

umouwiun

umouun

umouwiun

o9sealdag

aseanu|

aseanu|

umouiun

umouwiun

8Z1°0

8€0°0

LLEC

S€0°0

l

€000°0

SSL°0

(£°0) LT6

(1) sv

(7°0) 8SL'€E

(6°0) 957

WvieL

(r°0) €26

(1) zle

(80) Z61'8

(eL) ve

(1) g°€sL

(9°0) 808°C

(ST €Ll

99°1) L'L

(9°0) L8Z'L
(69°0) 6°L

(L6'0) 8°EL

(6'0)8LL'L

w)st

(1) £'svy

(60)6vL'0 (T'L)6T6'C

(1) L5z

(8£°0) ¥00°0 (S6'L) €

(9°0) Lv6'0  (L°0) LLS'V
(60°1)98°0  (£60) 6'SL

aAnsod

anzebau

umoudun

annebau

aAnsod

ansod

179449 ou

anlzebau

(19[91e|d-13UE)
1ue|nbeoduy |ozeyso|id 8

I
auizewoudoJojyd

1
noydAsdipuy  auizewoadoiojyd L

d1301g1IUY auoxel}ad 9

19320|q
|]suueyd wnmpjed lipdag [

1018A110R
|auueyd Wnpjed v98)1-Aeg v

J9po|q
|auueyd

winissejod zioeg €
1usabe
d1649]|e-13ue
ue “ysiuobejue

Jordadal-LH ?|ozZIwdsy 4

111 ssed Il 3uosepolwy
SjwyAydie-ipuy | duoiepolwy L

S9Juaiajoy

apnydwe
2104
IND-DSd!Y

(i)
XewDdl43

—x\

oy

mv_\ ,_mz\

._mu\

iy eNy

(3ua1214490 ||IH) 0SDI

(ezep
|eruswiiadxa
B |e[ediulp)
FbETTE)
s1dosjou]

uondunseq 11| punodwo)

$392IN0s ejep ay} YHm Jayiahol

‘uosiiedwod 10§ pasn ejep [ediul]d> pue [eruawiiadxa se [|9M se s|els} Bnap odjjis ul 103 pasn Xewdd 143 pue JUaIH30) ||IH ‘05D @Y} YHM 13y3ab0} ‘spunodwod jo Alewwins -t ajqer

© 2026 The Author(s). The Journal of Physiology published by John Wiley & Sons Ltd on behalf of The Physiological Society.



15

Electromechanical modelling and simulation of hiPSC-CMs

J Physiol 0.0

(panunuo))

910z “Ie 33
abed ‘€107

“|e 13 Jswesy
SL0Z "8
19 eas|fiy
‘020T
‘ninid
B lle|g
‘910Z “|e
19 quinu)
‘£10T “|e
19 luissed
‘€102

“|e 13 Jswesy
€10Z “1e 39
ueq €10z

“|e 13 Jswesy
8L0¢
“le 1d buaz
‘€z0T "B
19 efasjel
‘€10T

“|e 13 Jswesy
S661 119
Zaule\
‘€10T

le 19 Jawesy|
T20T e 1d
eME 010\
‘€10T

“|e 13 Jswesy
rL0zZ “|e
19 geyepn
-1°Pav
‘€102

““|e 19 Jsweusy)
810z “|e
FENEIE)
‘910Z “|e
19 quinud
‘€10C

“|e 13 Jswesy

umousun

asealnaq

umousun

asealdag

umouwiun

umousun

umouun

asealnaq

£00°0

12000

Lo

S/Z1L°0

6200

L¥0°0

L£0°0

€000

(1) 00€

(L) €L

(€8°0) £'7€

(1) £'92
(1) Loz

(1) £9g01

(rL'1) 92’0

(68'0) S'0€

(1) 118

(1) 9€

(1)8LlL

(860) L0

(9°0) L0O0
(z'L) €00
(9s'1) €100

(16°0) v'¥L

QL) zel

(Lo'L) T'es

(9L°1) sve

(L6°0) €T

(€'1) 2100
(r0°'1) 200

(1) s'8€

(1) 129l
(rS°0) 6'LE

(60°L) 7’891

(62°1) ¥'ze

(1) ¥'90€

(Ev'L) €9L

(rL°L) L'SL

anzebau

12943 ou

anzebau

anirebau

annisod

anzebau

anzebau

anizebau

Joyqiyut
CHIEME)
-utjoyd|A1ey

111 sse;d
Slwyhyiie-nuy

e| sse|D
Slwyhyie-nuy

J93po|q
|[auueyd wnpjed

auidazelpozuag

Jouqryut
aseuly| aulsoJAL

s130YydAsd-13uy

J138upjoid-043seD

l1zadauoq

11l ®pnLjoq
[ELHEINY]
1 3p1330Q

aplwesAdosiq

wazen|ig

wedazeiq

qiuneseq

auidezo|)

1l apudesiy
1 apudesid

9l

Sl

vl

€l

cl

Ll

oL

6

sajualayey

apnydwe
104
IND-DSdY

(i)
xew)d143

2]

oy

iy

1eNy ey

iy

ey

(3ua1214430 ||IH) 0521

(erep

|eruswiiadxa
B |e[ediulp)

199
sidoanyou|

uondunsaq

1s1| punodwo)

(penunuod) ‘v 3jqer

© 2026 The Author(s). The Journal of Physiology published by John Wiley & Sons Ltd on behalf of The Physiological Society.



J Physiol 0.0

M. Folkmanaite and others

16

(panunuo)d)
Joyqiyut
aseydisueuy
€102 9s1anal
“lelsJswesy  umouun 756l (68°0) TS (1) 502 (1) 7'LLSL umouun dpIsodP NN aulpnAlweT ST
6661 “|e 13
uewyney|
‘€10T 111 sse|d
“le1s Jswesy  umoudun 710 (9L'1)S29 (€571)8L00  (€0°L) S'ew annebau  Srwyihyue-nuy aplnnq| 144
910z " 12
1pJeyuuey
‘€10¢ J3do|q
“le 32 Jaweny 129443 ON (1) vizo 12349 ou [suueyd 9GSL YINH €2
£10T
“|e 12 oeyz
200Z “[e 1
qney-iv
-dney
‘€10T
"le 39 Jswery aseanaq #00°0 (8Ll (8L°L) ¥0°0 (85'L) €% annebau dnoydAs-diuy lopuadojey gz
€102
“le 12 swely  umoudun [4AN0) (66°0) 6°L (LE'L) 8€0 (L) ziee umoujun |eejew-RUY auujuejoleH Lz
Lzoz
“|e 13 buex
‘9102 “|e
19 quini)
L102 "|e
19 luissed (£°0) 99°6 (9°0) £8'8L (L) 665°'SC (8002690 (6'L) L£99
‘€102 (L6'0) L'LC (88°0)S'L (rL'L) 9 | sse|d
e 19 Joweusy asealnaq 2SL0 (L6°0) L'LC (18'0)v9'L  (LL0)6LE aAizebau  dlwyMhyue-nuy (114
610 “|e
19 Bunay
‘€10T 111 sse|d
e 19 Jswesy aseanaq (£'0) LLOO annebau  Srwyihyue-iuy LEOb-3 6L
Joyqiyut
averdnau
€102 sunydauidaiou
“le 32 Jwesy  umoudun 9100 (Lr'1) 8¢ (6€1) 8'€ (99°1) L'S umousjun -Ulu0)0JaS aupaxoing gl
S00Z "2 39 Bnup
ebiys ‘s10z J130ydAsd-1pue
“|e 18 Jawety  umouun 9100 [CINV YA (L'1)900  (vz'L) L2z annebau  suouaydoihing lopuadoia /L
sadualeyey  apnyidwe (wirl) Ly %y RJ] 1Ny ey By eNy (exep uondunsaq 11| punodwo)
940} xewddldd |eruswiiadxa
IND-DSdY B |e[ediulp)
JEITE)
s1dosyou)

(3ua1214430 ||IH) 0SDI

(penunuod) ‘v 3jqeL

© 2026 The Author(s). The Journal of Physiology published by John Wiley & Sons Ltd on behalf of The Physiological Society.



17

Electromechanical modelling and simulation of hiPSC-CMs

J Physiol 0.0

(panunuo))

£10T “|®
19 uose|\
‘910Z “|e
19 quinu)
‘£10T “|e
19 lulssed
‘€102

“le 19 Jawesy|
0002 “|e
19 Buepn
‘€10T

“|e 13 Jswesy
L661 e
19 J9p|INIA
‘9L0Z "|e
19 quinid
‘€10T

“|e 13 Jswesy
0661 “|e
19 sijouep
‘9L0Z "|e
19 quin.
‘£10T

"“|e 13 1uissed
G861 “|e
19 uaIss3
‘€102

“|e 13 Jswesy
9002 “|e
19 e|ineq
‘€10T

“|e 13 Jswesy
€10¢

“l|e 13 Jswesy
€661 “|e
19 UOS|IAN
‘910z “1e 33
1pJeyuuely
‘910Z “|e
19 quinud
‘L10T

“|e 13 Iuissed

umouwiun

umouiun

umouiun

umouiun

umousun

umouiun

umoudun

asealnaq

960l

S¢C0

410}

SC

L8l

¥000°0

L1'6S

9C

(1°1)
(1) Lze0s LEET8E
(1) €L1
(1) €L1

(¥9°0) ST

(z1)8zoe (L'L)2s90
(v'l) 150

(16'0) L9 (z6'0)9'TE (¥'L) LS6'8 (S£°0) €0T
(16'0) L9  (26'0) 9'CE (S£°0) €0T

(99°0) 6'£LL

e vLlL

(76°0) 'SOL

(€°L) 6L70L

(9°0) L0O'€6
(¥6°0) 2'98
(1) 6L

(1) v'6€S

(6°0) £0E0
(81 L1

(LL'1) ¥'69
(LL°L) ¥'69

(1) zovel

WrL) 19

(L) zLvLL

(1) 0og
(1) 00€

(zie
(1) €951

(S0°L) S'€6

(1) 998's
(€s'1) 9'S

(¥6°0) L'6¥
(r6'0) L'6¥

(1) zeLoT

(r9'1) 6'8¢C

(1) Sv9z

(76°0) vt
(¥6°0) vt

12943 ou

anusod

annebau

aniebau

anizebau

179449 ou

umoudun

anizebau

spoIq1RUY

di3sejdoaunuy

J93po|q
|]auueyd wnpjed

ql sse|d
Slwyhylienuy

sholgqhuy

aujwessiy
-lue-14

anoiqiiuy

q| sse|>
Slwyhyie-nuy

| UIDEXO[HIXOIN
| UDEXO[IXOIN|
| UDEXOPIXON €€

SUOJIUBXOMIA 43

1 1Ipeyaqiin LE

11 SuBaIXaN
19uBsIAN  Of

9|OZepIUOCIBIN 6T

auipejeso] 87

piozsun  /z

11 suredopr
| duredopr1 97

sajualayey

apnydwe

23104
IND-DSd!Y

(i)
xew)d143

2] %y R 18Ny ey

iy

ey

(3ua1214430 ||IH) 0521

(erep
|eruswiiadxa
B |e[ediulp)
199
sidoanyou|

uondunsaq

1s1| punodwo)

(penunuod) ‘v 3jqer

© 2026 The Author(s). The Journal of Physiology published by John Wiley & Sons Ltd on behalf of The Physiological Society.



J Physiol 0.0

M. Folkmanaite and others

18

(panunuod)
0661 “|e
19 g3!|105
‘€10T €| sse|y
“le1d Jwely  umouun 8L'vS (€8'0) S'68€ (M veLe (1) 99vL aAnebau  dlwyhyiie-nuy oplweulie>oid 14
£10T
“[e19 luissed  umoudun 9'0¢ (1) 09g€ (1) 0v9 umoudun  jues|NAUOI-RUY suopluwlid 14
€102
“le1s Jswely  umoudun il (1) 9zzl (1) L'sove (1) 8'€€ve umouiun sholqhuy ujjjpesadid 144
€10¢
“le3s Jawesy  umoudun 5000°0 (67°L) ¥2°0 (91°1) v0'0 (so'L) L'l umouiun dnoydAhsd-nuy opizowid 134
LL6l “|e
19 Apauuay
‘€10T
“[e1d Jawery  umouun 9E'Y (66°0) 6'LC 1)L (90'L) veL anizebau JUBSNA|03-UY utojhuayd (44
9.6l “1e 13
eqIyD ‘€102
“le1s Jswely  umoudun LLL'S (8€°1) 66T (1) 6°€epL (1) 9892 aAIlebau 9jeJnyiqleg |ellqieqoluad 157
Joyqiyut
861 “|e1° ayeydnal
puni ‘€10z uju010JSS
“le1s Jawely  umoudun 7100 (6€°1) 6'€ 9z’ 6'L (re'l) 8'6 aAnisod 9AI3|3S aunaxoied ov
€102
“le1d swely  umouun 6900 (1) 6°€61 (Lo'L) 820 (€€°1) 601 umouun noydAhsd-nuy suopuiadijed 6€
7861 “|e 13
MO '€10T 193do|q
“le3s Jswesy  umowyun €00°0 (8£°0) S20'0 (zg0)9ve (sT'l)9le aAnebau  |puueyd wnijed suidipuaniN 8¢
G861 “|e
19 sewnj
‘L10T 133>0|q
“|e39 luissed  umoudun 1000°0 (€o1)gzs  (1£0)£19 (L£0) 6000 (¥8°0) €'6¥ (zL0) s aAnebau  |puueyd wnijed LE
S86l “|e
19 12dNnj0D)
‘100T
‘aqwiodsdi]
B NX :L10T 193209
“le19 luissed  umoudun 1000 (€9'0) 6€1L°0 (1) 9°s¥ aAnebau  [puueyd wnijed suidipowiN 9€
9L0zZ “|e
19 quini)
‘€10T (6°1) 90Lt (8°0) 1600 Joxqiyut 11 qiunojIN
“le3s Jawesy  umouyun L0 (1) szl (96001 (LL2)€EL aAnebau aseuny| aulsolAy 1 q!unojIN SE
7661 “|e 319
pleuoa
‘L10T “1e 39
oeyz ‘€10z 1930o|q
"le 19 Jawesy aseanaqg 8000 (zo'L) zioo (80 vy (1L0)588 aAnebau  puueypd wnijed suidipajiN 143
sadualeey  apnujdwe () RJ TeNy ] Dy eNy (erep uondunsaq 1s1] punodwo)
8210} xewddld43 |eauawiiadxa
IND-DSd!Y 8 |ejediulp)
19))0
s1dosyou|

(3ua114430 ||IH) 0SDI

(Panunuo)) 'y 3jqer

© 2026 The Author(s). The Journal of Physiology published by John Wiley & Sons Ltd on behalf of The Physiological Society.



19

Electromechanical modelling and simulation of hiPSC-CMs

J Physiol 0.0

(panunuod)

800¢ “|e
19 [PYIIN
‘€10¢

“|e 19 Jawes)|
L0z "1e
19 Pjsua
‘€10T

“l|e 13 Jawesy
9102 “|e
19 quinuD

“|e 13 Jswesy
9102 “|e
19 quinuD
‘€10¢

“|e 19 Jawes)|
020z "|e
19 lounpN
‘€107

“l|e 13 Jswesy
€10

““le 18 Jswes)y
€10z "|e
RERETLEIN]
‘910Z “|e ¥
1pJeyuuepy
‘¥00C "“|e 1
Ud1A99ZIUY
‘£10T "|e
19 |ulIssed
‘€10¢

“|e 13 Jswesy
€102

“|e 13 Jswesy
9/61 " 13
eqIyd :£102
"l|e 13 oeyz
‘910 "|e
19 quinuD
‘€10¢

“|e 19 Jawes)|

umouwiun

umouun

umouiun

umouiun

umouun

umouun

asealdag

umouiun

oseald=

€000

424

000

[4A%4Y]

000

88'L¢C

S6°L

LETE

ey

(1) L'LvL

(6z°1) €9

(7'L) L9L'E
(SL°1) 6L

(z'1)880°L

(6£°0) TVE

(1) 5229

(6°0) £88°L
(1) 6°s (9°0) z£1

(1) L9tz

(€'1) L87'E (VL) 668

(89'0) ¥'9

(6°0) 820

(1) LvLL
(8'0) LLOO
(ST'1) €€0°0

(1) LL¥€
(zL1) 691

(66°0) 92°0

(1) £96

(8°0) 6¥7°9
(60) 601

(1) 8gz8L

(1) eve0
(90°1) 2L0

(e st

(1) 80zzl

(6L°1) 69

(z'1) 895°SL
((z a4 Nird}

(86°0) €°€Y

(L) 5'L66C

(80) Z'0€

(1) zves

@z’ 9vl

anzebau

179)49 ou

umoudun

umoudun

anusod

umousun

aAnebau

umoudun

anizebau

1edsnW-13uy

Jl1eqelp-nuy

s130ydAsd-nuy

|eIN0I3RI-1IUY

d130YdAsd-nuy

[edIARUY

|euibue-nuy

|edinoa}al-NUY

e| sse|)
S1wyhyaie-ipuy

upeusyos  §§

undibens  pg
11 3|opunJas

19j0punIas €5

1l AIneuinbes
| Jineuinbes S

suopuiadsiy 1S

uuineqy 0§

aujzejouey
auizejouey 6

Jineibayjey st

supuInd £y

S9Juaiajay

apnydwe
9104
IND-DSd!Y

(i)
XewDdl43

Fv‘\ oy mv_\ ,_mz\ ._mu\

iy

BNy

(3uan14303 ||1H) 0SDI

(exep uondunsaq 1s1] punodwo)
|eruswiiadxa
3 |ejediulp)
190

s1dosjou]

(Panunuod) ‘¥ 3jqeL

© 2026 The Author(s). The Journal of Physiology published by John Wiley & Sons Ltd on behalf of The Physiological Society.



J Physiol 0.0

M. Folkmanaite and others

20

€10¢

“|e 19 Jawes)|
910z “|e 3®
1pJeyuuey
‘'S10T “|e 19
zed-043(290
‘910Z “|e
19 quiniD
‘€10¢

“|e 19 Jawes)|
8/6l "|e
19 wnsyay
‘€10T

“|e 13 Jswesy

umouiun

oseald=g

umoujun

€loc

“|e 13 Jswesy
700z “|e
10 Aojeg
‘£10T "|e
19 Iuissed
‘€102

“|e 13 Jswesy
€lL0¢

“|e 13 Jswesy
zLoz e
19 Jauley
‘€10T

“|e 13 Jswesy

umoujun

umouiun

umoujun

umouun

umoudun
LL0Z "|e
19 lUIssed
‘€102

“|e 13 Jswesy
6L0Z “|e
19 bunay
‘S661 “|e 13
yosiegqn|oH
‘9102 “|e
19 quinud
‘€102

“l|e 13 Jswesy

umouiun

aseadng

€99°L

880°0

860

SvL'0

600°0

L6l

€100

99/°L

6971l

(1)€0'6

(26°0) 959

Tyl

(L'1)zoz°0
(0) 10
(8°0) z0

(L) 19

(s€'L) S€

(10'L) 8%

(20) L0
(8'1) €60

(L) 6€LL

(60°L) 7'EE
(1) 8'88

(1) 888

(1) €61

(1) 6°06%

(L1)66%°0
(L11) €8°0
(68°0) S2°0

(86°0) 50

(zo'1) s9°0

(9°0) LO0
(S1°1) S0°0

(1) Lzey

(x4’
(€6°0) L'2e

(66°0) LLL

(6°0) 69€°98
(EL0)vLLL

(L) s'0sS1L umousjun

(S6°0) T'L

(€€L) gee aAiebau

v anebau

(€Tl vL aAnebau

(18'1)e aAnebau

(1) TS601L umouun

(zz'1) s9l annebau

(1) s85T
(1) sovL

umoudun

(1) 6°€L0L annebau

jebunyiuy

Al ssepd
JlwyIAylie-nuy

d130YdAsd-1uy
193po|q
|suueyd
wnissejod

aulwelsiynuy

[edABUY

aseuny| auIsoJAL

anoiqiuy

193po|q
e1ag ‘||| sse[d
S1wyAyie-nuy

9jozeuodlon 19

I jwedessp €9

auizepuolyyL 29

suiiposal 19

| sulpeuajial
| ulpeusjJial 09

aulpnAIgiBL 65

qupuns  gg
11 uexojyseds

| unexojyeds 1S

Il |jojejos
110]e10S 9s

sadualeyey  apnujdwe
910}

IND-DSd!Y

(i)
xewdd143

2]

oy

iy

._mz\ ._mu\

iy

&b/ (eyep
|eruswiiadx

8 [e[ed1ul]d)

12940

sidosyou|

(3usnI30 ||1H) 0SDI

uondunsag

1s1] punodwo)

(penunuod) *y 3jqeL

© 2026 The Author(s). The Journal of Physiology published by John Wiley & Sons Ltd on behalf of The Physiological Society.



J Physiol 0.0

The experimental data used for comparison are mostly
qualitative reports of inotropic effects without detailed
calcium signalling or active tension measurements
avajlable. Figure 3A shows all the tested compounds
classified by their effects on simulated active tension
amplitude and includes a comparison with known
experimental data.

Among 48 drugs with known clinical or experimental
inotropic characteristics, the simulations using the base-
line version 1 model accurately identified the effects of
38 drugs: 30 out of 35 with negative inotropic effects,
4 out of 7 with positive inotropic effects, and 4 out

SPONTANEOUSLY
A BEATING B
T
£, 05
Active S
tension % 0.35 RT50
l_
o
=
2
T|me
£ (s)
2
‘g 0.3 0.3
Intracellular S 0.2 TP 0.2
calcium % 0.1 /" \ 0.1
3 xCTD50 4
8 ofb— —— 0°-
g 0.5 1 0
£ Time (s)
E F
s
£
(O]
g 35 1 35
potential %
535 1 -35
£ / « APD90
£-750 -70
= 0.5 1
= Time (s)
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of 6 with no effects. This accuracy rate demonstrates
that simulations with the electromechanical model and
drug-ion channel data are particularly robust in predicting
the drug effects on contractility when considering negative
inotropic drugs. For positive inotropy classification,
additional inputs beyond IC50 values and Hill coefficients
might be required to achieve higher accuracy in
simulations.

Among the 48 drugs, simulations with version 2 of the
model correctly predicted the effects of 41 compounds
(Fig. 3B). Negative inotropic effects were particularly well
captured, probably due to the upscaling of I, in the

PACED

= Calibrated electromechanical m.
Non-calibrated electromechanical m.
TP experimental ranges
RT50 experimental ranges

RT50

Tlme( )

== Calibrated electromechanical m.
Non-calibrated electromechanical m.
Electrophysiology m.

CTTP experimental ranges
CTD50 experimental ranges

= ‘

0.5 1
Time (s)

= Calibrated electromechanical m.
Non-calibrated electromechanical m.
Electrophysiology m.

FIN APD50 experimental ranges

APD90 experimental ranges

APD50

Figure 2. Comparison of the electro-mechanical and electrophysiology-only hiPSC-CM models and

available experimental wet-lab hiPSC-CM data

In cases where calibrated (dark blue) and non-calibrated (bright cyan) model simulations result in the same outputs,
the line is visualized as dashed. Experimental ranges for markers are represented as shaded areas. In spontaneously
beating cells, simulated A, active tension; C, calcium transient; and E, action potential, before and after electro-
mechanical model calibration. In C and E, the outputs are also compared to the electrophysiology-only model
simulations. In paced (1 Hz) cells, simulated B, active tension; D, calcium transient; and F, action potential,
before and after electromechanical model calibration. In D and F, the outputs are also compared to the
electrophysiology-only model simulations. Here TP = time to peak tension, RT50 = time to 50% relaxation,
APD50 = time to 50% repolarization, and APD90 = time to 90% repolarization.

© 2026 The Author(s). The Journal of Physiology published by John Wiley & Sons Ltd on behalf of The Physiological Society.
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Table 5. Simulation of calcium transients and active tension changes induced by seven reference compounds in group 1 compared

to experimental data

Bay-K8644  Bepridil E-4031 Lidocaine  Nifedipine Sunitinib Verapamil
Calcium transient duration at 90% or repolarization (CTD90)
Experimental data 4 EADs ) N
Simulation data 0 0 Repolarization failure 15 5 0 N
Inotropy (force)
Experimental data 4 $ ) 15 J J J
Simulation data 0 $ 1 15 ! J J

Simulated force amplitude and calcium transient duration at 90% depolarization (CTD90) were compared with the corresponding
experimental data from different hiPSC-CM studies (Blinova et al., 2018; Cohen et al., 2011; Keung et al., 2019; Mannhardt et al.,
2017, 2020; Ruan et al., 2016). Here EADs refer to early after depolarizations.

model, which amplifies the impact of calcium channel
blockade. Drugs with reported negative effect on inotropy
(e.g. dysopirimidine, cisapride) were correctly indicated as
negative inotropes by version 2 of the model, but not by
version 1. Conversely, compounds with reported positive

inotropy (e.g. cilostazol, BaCl,) were correctly identified
as positive inotropes by version 1 and but version 2 of
the model. Overall, version 2 of the model accurately
identified the effects of 34 out of 35 negative inotropes and
1 out of 7 positive inotropes.

A i RN Lo
Experimental data & *3,23,,@&\(;@;150
= T 20O SR AR
Agreement with experimental data V”fz’f’f}oq”‘@
i No agreement with experimental data
» | O Effect unknown
o
3]
8
3 © @ @ RN
SN
S 8 SRR RLEE
g g0r
S =
)
. =
%00 @
@ o .o e b 3 e A%
@ @ @ 2R & 2D O 00 2@ GRS K@ ¢ > 2 SR 29
S O R I R S s
S LI022 RN ORI N
SRS S S N S I R S R e S S RO e
S HAACAAABNAACAACAACACAAAENNAAAAAA CAACACOACAOAAAA
0
@@“
P
= A
%)
g3 ¢
8 g e @1&(\6 o 5%
& W S RIS
S 0 SR EINE LS
L Y2 OOMIONRERPRIEGS
g = ABAAAA A
S 0
0 =
[9)
£
& @ 2 > R o )
<® e S o 2 (o s B S LN, €0 S £ @ e S &Co i S
S SO @0 LS SNENE 2GS S0 BN SR 8 L2 N A% B SCSe A &
AO- AN 7 o xd o R NG R SN DS \ A A <
RPRFE0 GO0 00 0 O G R AR U TN e e e e ek ke o
- A AAABAAAAOAACAA AAmAAAAAAA AAOA AACACAAAA

Figure 3. Inotropic effects for 64 compounds in simulations using the electromechanical model and
drug-ion channel data, compared to reported experimental and clinical data (as denoted in the key)
Green triangles and orange squares show agreement and disagreement, respectively, whereas a circle denotes an
unknown effect. Drug name in bold denotes a compound selected for further investigations. A, simulation results
using version 1 of the model; B, simulation results using version 2.
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Experimental validation of simulated contractility
effects

After validating the model using drugs with known
inotropic effects, we applied it to predict the potential
inotropic effects of drugs that had not yet been
experimentally tested in hiPSC-CMs. Simulations of
the activity of 16 drugs of unknown inotropic effect
predicted several of these compounds to have positive
or negative inotropic effects (Fig. 3). Changes in active
tension observed in the simulations reflect underlying
changes in calcium transient amplitude, as calcium trans-
ients are key drivers of contraction in cardiomyocytes.
Two drugs, duloxetine and paliperidone (highlighted
in bold in Fig. 3), were selected to validate simulation
predictions. Duloxetine and paliperidone were chosen
as representative compounds of multichannel action and
single-channel action, respectively, both with unknown
inotropic effects. Duloxetine, a serotonin-norepinephrine
reuptake inhibitor, was simulated as a multichannel
inhibitor (Ic.r, Ina» Ixe) at 100-fold effective free
therapeutic plasma concentration (EFTPCmax), and

Duloxetine

Simulation Experimental
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as an Ic,;, and Ik, inhibitor at 10-fold EFTPCmax, based
on literature values (Passini et al., 2017). Paliperidone, an
anti-psychotic drug, was simulated as a single Ix, channel
blocker at its EFTPCmax and at 10-fold EFTPCmax.
Simulations of paced hiPSC-CMs show that 0.1
and 1 uM duloxetine have a negative inotropic effect
(EFTPCmax = 0.016 pM, Fig. 4A). This effect is linked
to duloxetine-induced reductions in calcium transient
amplitude and duration, as predicted by the model.
To validate the predictions, the effects of duloxetine
were experimentally tested in hiPSC-CMs measuring
the change in calcium transients. Simulations show
that duloxetine induces a small reduction in calcium
transient duration, which was subsequently observed
experimentally when measuring 50% and 90% of calcium
transient duration (CTD50 and CTD90) (Fig. 4B-D).
Furthermore, both simulations and experimental data
indicate a reduction in the calcium transient peak after
the application of duloxetine, demonstrating a qualitative
agreement between experimental observations and
simulation results. In addition to predicting calcium

C Calcium transient duration D Calcium transient duration

_. A Calcium transient . B Calcium transient
= == Control 2 _ at 50% decay L at 90% decay
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Figure 4. Comparison of experimental and simulation calcium data

Shaded areas and error bars represent the SD. Data from at least three independent experiments. A, simulated
hiPSC-CM calcium transient following the application of duloxetine. B, average experimental hiPSC-CM calcium
transient following the application of duloxetine. C, experimental hiPSC-CM data showing CTD50 following
duloxetine application. D, experimental hiPSC-CM data showing CTD90 following duloxetine application. E,
simulated hiPSC-CM calcium transient following the application of paliperidone. F, average experimental hiPSC-CM
calcium transient following the application of paliperidone. G, experimental hiPSC-CM data showing CTD50
following paliperidone application. H, experimental hiPSC-CM data showing CTD90 following paliperidone

application.
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transient markers, the hiPSC-CM electromechanical
model also predicted a shortening of action potential
duration and a decrease in force (Fig. 5).

Simulations of 0.1 and 1 uM paliperidone
(EFTPCmax = 0.069 uM) in paced hiPSC-CMs suggest it
has a negative effect on inotropy and prolongs the calcium
transient duration (Fig. 4E). To further validate these
predictions, the effects on calcium transients were tested
experimentally in paced cells. The experimental calcium
traces in paced cells also showed a prolonged calcium
transient duration following paliperidone application in a
dose-dependent manner, consistent with in silico results
(Fig. 4F-H).

Simulations with version 2 of the model showed results
consistent with those reported in Fig. 4 and were in
qualitative agreement with the waveforms illustrated in
Figs 4 and 5. Action potential, calcium transient and active
tension waveforms were similar between the two versions,
indicating that the predictive behaviour for duloxetine and
paliperidone in these settings was preserved.

These results establish the hiPSC-CM electro-
mechanical models as a robust platform for simulating
drug-induced inotropic effects with good agreement
between experimental and simulation results.
Mechanistically, the observed negative inotropic effects
of duloxetine and paliperidone can be attributed to
their respective actions on ion channels: duloxetine’s
inhibition of I, (and other channels) and paliperidone’s
selective Ix, blockade. Compared to simpler models, this
approach captures the complex interactions between ion
channel modulation and contraction control, providing
a more comprehensive and mechanistic understanding
of drug effects. Furthermore, unlike machine learning
models, this framework can not only simulate novel
drug effects, but also offer an interpretable tool for drug
testing.

Inotropic drug effects are affected by the hiPSC-CM
cell pacing mode

Similar to the paced mode in Fig. 4, when simulated in a
spontaneously beating hiPSC-CM cell mode, duloxetine
has a negative inotropic effect (Fig. 5). Simulations
with version 1 of the model showed that unlike for
duloxetine, the effects of paliperidone were different
between the paced and the non-paced modes. Although
the calcium transient durations were prolonged in both
modes following paliperidone application (Fig. 64, C),
the paced mode predicted a reduction in the peak force
and calcium transient (Fig. 6A, B), whereas the non-paced
mode showed a mild increase of contractility (Fig. 6C, D).

We therefore used the model to explore what gives
rise to the differences in calcium signalling and inotropy
between paced and non-paced cells. It was hypothesized

J Physiol 0.0

that these differences might arise from the interplay
between pacing mode and drug-induced changes in Ic,r..
In paced cells, the shorter cycle length could result in
reduced I¢,y, availability due to insufficient recovery time
for calcium channels between beats, leading to weaker
Ica, current and diminished inotropy. In contrast, in
non-paced cells, the longer cycle length may allow more
time for Ic,. channels to recover, increasing calcium
entry and resulting in higher calcium transient peaks
and prolonged calcium transient duration. Alternatively,
the differences observed might result from upstroke
variations between the two pacing modes, or a more
significant action potential prolongation induced by Ik,
blockade allowing for increased calcium entry during the
plateau phase. To test these hypotheses, the cycle length in
paced versus non-paced cells was compared. Non-paced
cells have a prolonged cycle length, and the cycle length
increases with increasing doses of paliperidone (paced:
1000 ms vs. 1856 ms in non-paced at 1 uM paliperidone).

Further comparisons of the action potential
prolongations as well as the different currents between
paced and non-paced cells were then performed. Action
potentials were prolonged to a greater degree in the
paced than the spontaneously beating mode (Fig. 7A, B).
Therefore, it was concluded that the increased calcium
amplitude in the spontaneous beating mode is not due to
a more significant action potential prolongation induced
by Ik, blockade. Generally, non-paced cells had a greater
Icar peak than paced cells. Since the longer plateau phase
does not appear to correspond to a larger I,y in the paced
cells (Fig. 7A-D), the larger Ic,;, amplitude in Fig. 7D is
therefore probably driven by the greater Ic,;, availability.
Rate-dependent difference of paliperidone effects were
also observed with version 2 of the model.

Ixy currents were smaller and longer when affected
by the drug, and these differences were driven by Ik,
current blockage (Fig. 7E, F). Changes in Ik, prolong
the repolarization phase and potentially delay the time
until the pacemaker current can depolarize the cell to
threshold again for the non-paced mode. This lengthening
cycle leads to a more prolonged diastolic interval in
the non-paced cells, allowing more time for the calcium
handling system to recover, leading to increased Ic,p
channel availability and a greater Ic, peak, as well
as a prolonged calcium reuptake into the sarcoplasmic
reticulum in the non-paced mode.

Consistent with this hypothesis, paliperidone induces
an increased reuptake in non-paced cells and reduced
reuptake in paced cells (Fig. 7, J). Significantly reduced
Ica. current in paced cells results in a lower amount
of calcium being taken back to the SR and a reduced
subsequent release in paced cells. This is unlike in
spontaneously beating cells where greater Ic,;, availability
results in a greater amount of cytosolic calcium that can
be taken back to the SR leading to a greater subsequent
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Figure 5. Simulations predict duloxetine and paliperidone effects on hiPSC-CM action potentials,
calcium transients and active tension

In silico electromechanical hiPSC-CM model simulations in paced mode following increasing doses of peliperidone
show a change in: A, action potentials; B, calcium transients; and C, active tension at 20°C in paced cells (0.5 Hz). In
silico electromechanical hiPSC-CM model simulations in paced mode following increasing doses of duloxetine show
a change in D, action potentials; E, calcium transients; and F, active tension at 20°C in paced cells (0.5 Hz). In silico
electromechanical hiPSC-CM model simulations at 37°C in paced mode following increasing doses of duloxetine
show a change in G, action potentials; H, calcium transients; and |, active tension. /n silico electromechanical
hiPSC-CM model simulations at 37°C in spontaneously beating cells following increasing doses of duloxetine
show a change in J, action potentials; K, calcium transients; and L, active tension.
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release. The calcium content in the SR is higher in the
non-paced mode than in the paced mode (Fig. 7K, L),
which could be due to both higher I, amplitude and
longer I,,,. The elevated calcium loading state in the SR of
the non-paced cell model subsequently leads to a higher
amplitude of calcium release (I.) (Fig. 7G, H). This
mechanism can explain why calcium transient peaks are
not reduced but are slightly greater in non-paced cells, as
more calcium available in the SR can lead to more sub-
stantial releases during each excitation.

To verify the above-mentioned mechanisms, we tested
whether slower pacing with paliperidone would lead to
similar inotropic effects as observed in the spontaneous
mode. Upon prolonging the cycle length, it was observed
that the negative inotropic effects of paliperidone were no
longer present (Fig. 8).

In summary, the simulations show that the differences
in paliperidone-induced inotropic effects between the
spontaneously beating and paced cells arise from
their differences in I, availability. Altogether, this
demonstrates that the model enables mechanistic
investigations of drug-induced signalling. In this case,
simulations demonstrate that the drug effects on calcium
dynamics and contractility are dependent on the beating
rate.

M. Folkmanaite and others
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Discussion

This study describes the development, calibration and
experimental evaluation of two versions of electro-
mechanical hiPSC-CM models for simulations of active
tension, calcium transient and cellular electrophysiology
including the action potential and ionic currents. Version
2 was developed from Version 1 by incorporating
experimentally observed increases in In,, Ica. and Ik
currents measured in hiPSC-CMs following long-term
culture. As a result, Version 2 exhibited calcium trans-
ients and active tension dynamics that were more similar
to those of adult cardiomyocytes. Collectively, the two
model versions captured the heterogeneity observed in
experimental hiPSC-CM data.
The key findings described in this study are:

(1) Simulations with the hiPSC-CM electromechanical
model and standard drug-ion channel data yield good
qualitative agreement with inotropic effects reported
in experimental data for 48 compounds. Version 1 of
the model correctly identified the inotropic activity of
38 drugs, and version 2 that of 41 drugs.

The simulations identify previously unknown drug
effects, which were later confirmed experimentally for
two selected drugs.
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Figure 6. Paliperidone effects on active tension and calcium transient are dependent on pacing

A, simulated calcium transient after paliperidone application in paced cells. B, simulated active tension
after paliperidone application in paced cells. C, simulated calcium transient after paliperidone application in
spontaneously beating cells. D, simulated active tension after paliperidone application in spontaneously beating

cells.

© 2026 The Author(s). The Journal of Physiology published by John Wiley & Sons Ltd on behalf of The Physiological Society.



J Physiol 0.0
Paced Spontaneously
A B beating
%\ 50 % 50
= == Control ; ==Control
S 0.1 uM Paliperidone S 0.1 uM Paliperidone
8 1 1M Paliperidone g =1 pM Paliperidone
g o0 . N
2 2
AP § g
Q Q
g -50 2 -50
[ [
£ £
1%} 17}
{ =4 (=
©-100 S-100
= 0 0.5 1 F oo 0.5 1

Time (s)

=]

[y
=
IcaL k=3
o |
[}
o
0 0.5 0 0.5 1
Time (s) Time (s)

E F

0.5 0.5

Ike

-

0 0.5 §
Time (s) Time (s)
H
0.4
03
Irel 3
rel EO-Q
s
=01
0
0 0.5 1 .
Time (s) Time (s)
! J
0.1 0.1
[y
o
<
lup £20.05
o
=
0
0 0.5 i
Time (s)
L
140 140

0 0.5 1 0 0.5 1

Time (s) Time (s)
Figure 7. Paliperidone-induced changes are dependent on the
cell beating rate

Paliperidone-induced action potential changes in the paced (A) and
the spontaneously beating (B) cell model. /4. current changes (C, D),
Ikr current changes (E, F), Iy current changes (G, H), lyp current
changes (/, J) and SR calcium loading changes (K, L) following
paliperidone application in the paced and the spontaneously beating
cell model.
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(3) Mechanistic insights from the model reveal that
paliperidone-induced effects are linked to calcium
handling processes, with key differences observed
between paced and non-paced cells.

By integrating in silico results with in vitro data,
the models provide a mechanistic understanding of
hiPSC-CM behaviour under pharmacological inter-
ventions together with a framework that can be
continuously refined through iterative simulations and
experimental data. The integrated approach enables
novel insights into the mechanisms driving drug-induced
inotropic effects, thus advancing beyond the limitations
of standard drug screening models.

Standard drug-ion channel data consisting of IC50
values and Hill coefficients were used as input to the
models (Passini et al., 2017). This is to facilitate trans-
lation to a wide variety of drug development platforms and
workflows. We demonstrate that simulations successfully
predicted the drug responses of 41 compounds. This
highlights the model’s effectiveness in simulating drug
responses despite minimal input, addressing a critical
challenge in pharmacological modelling. Our positive
results align with comparable simulations in human
adult cardiomyocyte models (Passini et al.,, 2017), and
build upon previously established electrophysiology-only
hiPSC-CM models evaluated with action potential
measurements (Paci et al., 2020).

For integration of the hybrid in vitro-in silico system,
simulations and new experiments were conducted
for compounds with unknown effects on contra-
ctility and calcium: duloxetine and paliperidone. The
simulation/experiment agreement illustrates their use
to fill critical knowledge gaps in drug-cardiomyocyte
interactions, offering a powerful tool for early-phase drug
safety assessment.

The baseline hiPSC-CM electromechanical model
was used to simulate rate-dependent effects, which is
critical for accurate drug safety assessments. The study
demonstrates that paliperidone has distinct effects in
paced and spontaneously beating cells. Specifically, it was
shown that the decrease in inotropic response in paced
cells, which was not observed in spontaneously beating
cells, probably results from paliperidone-induced effects
on L-type calcium current. Our analysis supports the
model in which the increased Ic,;, availability results in
greater calcium content in the cell. This could lead to
increased inotropy and a higher calcium transient peak
in spontaneously beating cells, but not in paced cells.
This rate-dependent behaviour highlights the importance
of considering pacing conditions when evaluating drug
effects on contractile function.

Currently, the contractile effects of duloxetine and
paliperidone in human cardiac cells are unknown.
Testing these effects and understanding the under-

© 2026 The Author(s). The Journal of Physiology published by John Wiley & Sons Ltd on behalf of The Physiological Society.



28 M. Folkmanaite and others

lying mechanisms is important, especially given the
wide prescription of duloxetine, one of the first-line
antidepressants used globally, and its designation as
a drug against hot flushes (Biglia et al., 2018) and
menopause-related symptoms (Joffe et al., 2007). This
is the first time the inotropic effects of duloxetine and
paliperidone have been established in silico in hiPSC-CMs
and validated with a novel set of calcium handling
experimental data. Understanding these drugs’ inotropic
effects could lead to safer prescribing practices and
potentially guide the development of new therapeutic
strategies.

iPSC-CM  electromechanical models enable a
more comprehensive assessment of drug effects than
purely electrophysiological models (Paci et al., 2020).
Additionally, unlike previous studies with adult cardio-
myocytes, models enable hiPSC-CM-specific simulations,
which are increasingly relevant in personalized medicine
and early drug testing (Passini et al., 2017). Studies by Li
et al. (2020) and Ovics et al. (2020) focus on hiPSC-CMs
for drug screening, highlighting the relevance of this
work. Compared to these studies, the presented in silico
approach together with the integration of mechanical
responses offers an advancement in understanding
drug-cardiomyocyte interactions, addressing a critical
gap in current hiPSC-CM research. Furthermore, the
model framework extends the capabilities of testing
drug activity in the wet lab by offering simulations of
inotropy, action potential and ionic currents in a quick,
accurate and user-friendly manner. Achieving similar
results through wet-lab methods alone would require
significantly more time, labour and cost.

The new baseline model is calibrated and validated on
hiPSC-CM and human data only. This is an improvement
with respect to a previously published electro-mechanical
hiPSC-CM model (Forouzandehmehr et al., 2021),
integrating the Rice et al. (2008) myofilament model

A CL=1000 ms B

CL=1200 ms (o
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based on non-human species, and the hiPSC-CM electro-
physiology model developed by Paci et al. (2020). The Rice
model was designed to reproduce a wide range of myo-
filament behaviours, including steady-state and twitch
force-calcium relations, force-velocity relationships
and sarcomere length dependence. It was calibrated
using data obtained from rodent (rat) and rabbit
ventricular myocytes, primarily at sub-physiological
temperatures (22-30°C). While computationally efficient
and widely used, its reliance on non-human species and
lower-temperature datasets introduces limitations when
applied to human cardiac simulations, particularly in the
context of hiPSC-CM modelling at 37°C, as assumed in
the Paci model.

In contrast, the Land model was explicitly developed
using experimental measurements from skinned
human cardiomyocytes at body temperature (37°C).
It incorporates human-specific kinetics of troponin
C binding, thin filament activation and cross-bridge
cycling. Additionally, the model includes viscoelastic and
length-dependent components of contraction derived
from human data. When integrated into whole-heart
finite element simulations, the Land model accurately
reproduces human pressure-volume loops and ejection
fractions, demonstrating its suitability for translational
applications (Wang et al., 2021; Zhou et al., 2024).

Thus, the substitution of the Rice model with the
Land model in the current framework improves physio-
logical relevance by aligning both the electrophysiological
and mechanical components to human data, enhancing
the accuracy of human iPSC-CM contractile function
simulations.

Finally, the baseline model’s capabilities reinforce
the value of integrating electromechanical aspects into
hiPSC-CM drug testing frameworks. This streamlined
process supports the broader application of the framework
in drug discovery and safety pharmacology.
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Figure 8. The effects of paliperidone are beating rate-dependent

A, paliperidone induces a reduction in calcium transient peak in the cell model paced at 1 Hz. B, paliperidone
induces a reduction in calcium transient peak in cell paced at 50 beats per minute. The reduction in calcium
transient amplitude is less pronounced than in cell paced at 60 beats per minute. C, paliperidone does not induce
a reduction in calcium transient peak in the cell model paced at 40 beats per minute unlike in cells paced at 60

beats per minute (A). CL, cycle length.

© 2026 The Author(s). The Journal of Physiology published by John Wiley & Sons Ltd on behalf of The Physiological Society.



J Physiol 0.0

Limitations

The framework provides a new important approach
for mechanistic signalling investigations in cardio-
myocytes, but it is not without limitations. The model
simulations show limited accuracy for positive inotrope
substances, especially version 2 of the model. Further
refinement is necessary to enhance the accuracy of
simulating responses for positive inotropes, which
will depend on acquiring more detailed experimental
data on drug-specific mechanisms as well as data on
contraction kinetics. Additionally, a limitation arises from
the challenges in assessing mechanics in hiPSC-CMs, as
their sarcomeres are not well organized and forces are
usually measured radially, as done in this study. This
affects the reliability of force measurements.

Our study also highlights the importance of pacing in
modulating drug effects, as shown by several experimental
and clinical reports. Whereas our baseline model includes
rate-dependent properties, standard drug-ion channel
data do not. These could be integrated if deemed
appropriate for specific studies such as in the case of
flecainide (Wang et al., 1993; Yang et al., 2021).

The calcium handling in the current model is
inherited from Paci et al. (2020), which is based on
data with lower absolute [Ca®™] values than more recent
experimental reports. In version 2 of the model, we
have updated the calcium homeostasis to reflect newer
findings (e.g. Seibertz et al,, 2023) to provide a more
accurate representation of the physiological calcium
signalling in hiPSC-CMs. In addition, TRPN and CMDN
concentrations in the models were scaled from an adult
cardiomyocyte model due to the lack of quantitative data
specific to hiPSC-CMs. While functionally consistent
calcium transients were achieved, in the future it would
be useful to test different approaches in modelling calcium
buffering protein expression differences between fetal-like
hiPSC-CMs and adult cells.

The baseline model was calibrated using heterogeneous
experimental datasets (e.g. data acquired in different
temperatures), and inter-experimental variability was
not explicitly accounted for. While this reduces the
risk of classical overfitting, it may limit interpretability
and generalizability to specific experimental conditions.
Future work could incorporate structured variability
modelling to address this. Also, some of the experiments
for comparing drug response to simulated datasets
were performed using a single hiPSC-CM dataset at
20°C. Broader validation across multiple hiPSC-CM
lines and different temperatures would be useful for
improving the validation accuracy in the future. Also, drug
response validation was performed against heterogeneous
experimental and clinical datasets generated under
varying conditions. Direct comparison for selected
compounds at matched experimental conditions would
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strengthen confidence in the predictive performance in
the future.

Future work could also include modelling of
additional signalling pathways that play an important
role in mediating cellular contraction as well as
the inclusion of more sophisticated drug-binding
kinetics beyond Hill coefficients and IC50 values,
and detailed pharmacodynamic models to better pre-
dict the temporal aspects of drug action. Additionally,
expanding the baseline model to incorporate additional
mechanical-electrical feedback mechanisms between
electrical activity and mechanical responses could
enhance the simulation of complex drug effects and
disease. By incorporating these refinements, hiPSC-CM
electromechanical models could achieve greater accuracy
and reliability in predicting cardiomyocyte behaviour
under various pharmacological interventions.

Conclusions

We describe the development, calibration and validation
of new hiPS-CM electromechanical models for the
simultaneous simulation of drug effects on active tension,
calcium transient and cellular electrophysiology. These
tools serve as bridges between theoretical simulations and
practical applications in cardiac safety and efficacy studies.
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