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Abstract: In this work, we show that valve-based bioprinting induces no measurable detrimental
effects on human-induced pluripotent stem cell-derived cardiomyocytes (hiPSC-CMs). The aim of
the current study was three-fold: first, to assess the response of hiPSC-CMs to several hydrogel
formulations by measuring electrophysiological function; second, to customise a new microvalvebased cell printing mechanism in order to deliver hiPSC-CMs suspensions, and third, to compare the
traditional manual pipetting cell-culture method and cardiomyocytes dispensed with the bioprinter.
To achieve the first and third objectives, iCell2 (Cellular Dynamics International) hiPSC-CMs were
used. The effects of well-known drugs were tested on iCell2 cultured by manual pipetting and
bioprinting. Despite the results showing that hydrogels and their cross-linkers significantly reduced
the electrophysiological performance of the cells compared with those cultured on fibronectin, the
bio-ink droplets containing a liquid suspension of live cardiomyocytes proved to be an alternative to
standard manual handling and could reduce the number of cells required for drug testing, with no
significant differences in drug-sensitivity between both approaches. These results provide a basis for
the development of a novel bioprinter with nanolitre resolution to decrease the required number of
cells and to automate the cell plating process.
Keywords: cell-printing; organs-on-a-chips; bio-ink; hydrogels; hiPSC-CMs; in vitro testing; drug
screening
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The pharmaceutical industry faces many challenges in the development of new drugs.
It can take decades to successfully develop a novel drug and only a very small number
of drug candidates are approved for human use since most drug candidates (90%) fail in
the last stage (clinical trials), mainly due to safety issues [1–4]. The most common causes
of drug candidates’ failure and drug attrition are unexpected toxicity issues, specifically
hepatotoxicity and cardiotoxicity: 45% of the total post-approval drug withdrawals are due
to cardiovascular liabilities, and 32% of the failures are due to hepatotoxicity [5]. Therefore,
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the use of human biological models during preclinical assays is key to fill the gap found
when classical animal models are employed.
The majority of current research involving the evaluation of cardiovascular physiology involves studies using traditional animal models [6]. It is well-known that there are
metabolic, anatomic and cellular differences between humans and these animals; for example, the average resting heart rate of humans is 60–100 bpm while this can be very different
in animal models, such as murine (500–700 bpm), canine (80–120 bpm), porcine (70–120
bpm) and primate (160–330 bpm) models [6–10]. Despite this, non-human animals are
the most common models used for drug testing due to the difficulties of accessing human
sample tissues. In this sense, human-induced pluripotent stem cell-derived cardiomyocytes
(hiPSC-CMs) are an excellent alternative to animal models because they express human cardiac ion channels in a native environment and have proved to be a good alternative to the
classical animal models for drug screening, thus avoiding interspecies variabilities [11–13].
The main issues when using hiPSC-CMs lie in the high technological complexity of generating the cells and the high cost of commercial lines. Therefore, approaches aimed at
reducing the number of cells needed for drug-testing is key to reduce the cost of the assay
and allow the widespread adoption of this cell model across the pharmaceutical industry.
Traditional two-dimensional cell-culture methods have limited similarity to in vivo
tissues [14–17] and spheroid models have practical problems [18–20] as well as geometric
constraints. Several technologies are being developed to better represent in vivo tissues
including organs-on-chips [14,21–24] and bioprinted tissues [25–28]. This latter type of
cell deposition technique enables a reduction in the number of cells used, since we can
demarcate a minimum area of bioprinted cells, exactly where they are needed, which results
in less cells required per assay. This reduction in the number of cells is especially important
with hiPSC-CMs, a costly model from both a manufacturing and monetary point of view.
In the case of high-throughput drug screening techniques, the reduction in the number of
cells needed per assay will reduce the cost of this step, which is critical in the preclinical
phase of drug discovery [12].
The employment of bioprinting technologies allows deposition of the cells and biomaterials to generate complex tissue-like structures with functional similarity to in vivo
tissues. Despite this significant advantage, bioprinting is not a harmless procedure for cells
as the setup can expose cells to mechanical and/or thermal stresses, which can affect their
physiological performance due to the shear stress [29–31].
In the 3D biofabrication process, the two key components are the bioprinter and the bioink. The materials used as bio-ink include natural and synthetic polymers [32]. Alginates,
which are natural polysaccharides, are one of the most common bio-ink materials employed
during 3D bioprinting processes because they are printable, inexpensive, biocompatible,
and biodegradable. The last two characteristics are critical for in vivo applications [32,33].
These hydrogels are prepared in water solutions and do not exhibit flow in the steady
state, providing physical properties comparable to human tissues. The gelling process of
alginates requires the presence of multivalent cations such as Ca2+ [34,35]. The viscosity of
the hydrogel will depend on the relative proportions of the alginate/crosslinker present;
therefore these proportions should be carefully controlled since high viscosity can affect the
dispensing process [35]. The main disadvantage of alginates is their low cellular adhesion,
which compromise the cell culturing process; this issue can be solved by including adhesion
peptides in the specific case of cardiac bioprinting. An additional challenge exists since
electrical cell-to-cell coupling is crucial for cellular function; therefore, a bio-ink that is able
to maintain the conductivity of the tissue is essential [32].
In this paper, we conducted a detailed investigation to design a user-friendly bioprinter
setup that minimally affects the hiPSC-CMs’ physiology. At each stage, the novel process
was compared to the traditional approach (manual pipetting) to ensure the reliability
of the results. Firstly, the electrophysiological behaviour of hiPSC-CMs plated using
bioprinting technique and common hydrogels and their precursor solutions was compared
with traditionally manual-plated cells using common matrix (fibronectin). To demonstrate
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the suitability of the bioprinting technique for drug-testing evaluation, the hiPSC-CMs were
plated using the bioprinter or traditional methodology (manual pipetting) and were treated
with three previously well-characterised drugs (E4031, flecainide and nifedipine). The
electrophysiology of those cells was evaluated using the high-throughput optical platform
CellOPTIQ® (Clyde Biosciences Ltd., Newhouse, Glasgow, UK). The response of bioprinted
or manual-plated cells to E4031, nifedipine and flecainide was as expected in both cases,
providing further evidence of the utility of the CellOPTIQ® setup. This research serves as
the basis of a bioprinting-based strategy in which bioprinting and substrate modification
methods are employed to replace traditional manual culture processes for high throughput
drug evaluation. This strategy has the advantages of speeding up the plating and testing
processes and reducing the cost by drastically decreasing the number of required cells.
2. Materials and Methods
2.1. Cell Culture
Cryopreserved human-induced pluripotent stem cell-derived cardiomyocytes (hiPSCCMs) (iCell2 , Cellular Dynamics International, Madison, WI, USA) were plated following the manufacturer’s instructions in 96-well glass bottom plates (P96G-1.5-5-F, MatTek, Bratislava-Ružinov, Slovakia) coated with fibronectin 1:100 at a final density of
156,250 cells/cm2 . The cells were used from 7–10 days after initial plating; during this time
they were kept in Manufacturer’s Maintenance Medium in a laboratory incubator set at
36.0–37.5 ◦ C, 5.0 ± 0.5% CO2 [36].
When hydrogels were used, the same 96-well plates were employed, using the hydrogels as coating instead of fibronectin. For the substrate modification experiments, 35 mm
glass-bottomed plates (P35G-0.170-14-14C, MatTek, Bratislava-Ružinov, Slovakia) were
used in order to restrict the coating and plating within the modified areas.
2.2. Hydrogel Materials
Two hydrogel materials and their respective cross-linkers were procured: sodium
alginate (A1112, Sigma-Aldrich Co. LLC, St. Louis, MO, USA) and PRONOVA Ultrapure
(PRONOVA UP VLVG, Novamatrix, Sandvika, Norway). In both cases, calcium chloride
dihydrate (223506, Sigma-Aldrich Co. LLC, St. Louis, MO, USA) was used as the crosslinker
to form alginate hydrogels.
2.3. Bioprinting Platform
A custom microvalve-based cell printing mechanism has been developed [37,38] that
is capable of delivering cell suspensions with nanolitre resolution. This new system has a
significantly reduced footprint to suit operation within a biohood (Figure 1). Living cells
pass through the delivery system. We previously demonstrated that the delivery process
was capable of printing human pluripotent stem cells without affecting their key biological
functions, including pluripotency and post-printing differentiation into hepatocyte-like
cells with albumin secretion and morphology similar to hepatocytes [38].
Unless otherwise stated, standard printing conditions were used: 2D printing was
carried out using a pulse duration of 8 ms with an inlet pressure of 0.6 bar using a nozzle
with an internal diameter of 101.6 µm; 3D printing was carried out using a pulse duration
of 400 µs with an inlet pressure of 1.0 bar for sodium alginate solution and a pulse duration
of 400 µs with an inlet pressure of 0.5 bar for calcium chloride solution, both using nozzles
with an internal diameter of 101.6 µm.
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the UV light for a further 3 min. The glass culture dish was treated with oxygen plasma
etching to remove organic contaminants from the surface followed by immediate immersion in deionised (DI) water to form hydroxyl groups. The surface was further treated
with 1 mL at 2.5 mM of Octadecyltrichlorosilane (OTS) solution, which was allowed to
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2.6. Cardiotoxicity Screening of Hydrogels and Their Cross-Linkers
Cardiomyocytes were cultured for 7–10 days before being transiently loaded with
a voltage-sensitive dye (Di-4-ANEPPS) to measure transmembrane action potential. The
cells were then exposed for 30 min to the different sodium alginates, each at a range of
concentrations (0.05–2%). The electrical activity was measured (as described in the previous
section) and the cell morphology was recorded at 5 and 30 min post-exposure.
The response of cardiomyocytes to the cross-linking solution was also investigated in
a similar manner using a range of calcium chloride concentration between 0.2–1%.
2.7. Electrophysiology Assessment
On the assay day, the cells were loaded with the fluorescent dyes (Di-4-ANEPPS and
Fura 4-AM) in serum-free (SF) media two hours before starting the baseline measurements.
The experiments were performed in SF medium. Alginate was added by replacing 100%,
66.67% and 33.33% of the well volume by 1.5% alginate (resulting in alginate concentrations
of 1.5%, 1% and 0.5%, respectively). A parallel control set was recorded (negative control)
without any alginate. Calcium was added over the alginate substrate and cells. Electrical
activity, calcium transient and contractility were measured and analysed as described in
the previous section.
2.8. Bioprinting of Alginate Barriers for Reduced Cellular Numbers
Bio-ink droplets containing a liquid suspension of live cells and sodium alginate chains
were deposited by one printing valve followed by a droplet of a calcium solution from a
second valve. Sodium alginate chains become cross-linked by the calcium ions and form a
3D hydrogel network, which encloses the cells and forms a self-supporting structure.
Refinement of this process has led to self-supporting structures up to centimetre scale
while utilising the properties of biocompatibility, permeability and biodegradability [19]
Sufficient resolution of fluid delivery allows rapid construction on single millimetre scale.
These constructs enclose cells of sufficient number and density to be statistically useful and
for communications to be established, while avoiding the need for excessive use of costly
stem cells, associated culture media, and reagents.
2.9. Drug Testing Process Flow Integration and Validation
The drug assay was performed 7–10 days post-thawing in cells plated with traditional
manual pipetting or bioprinting. The cells were loaded with the fluorescent dyes (Di-4ANEPPS and Fura4F-AM, for voltage and intracellular calcium measurements respectively)
in SF media. After recording the baseline behaviour for voltage, calcium and contraction,
the drugs were added and maintained for 30 min, and the electrophysiological parameters
were recorded again. Three well-known drugs were tested: IKr blocker, E4031; L-type Ca2+
channel (LTCC) blocker, nifedipine; and Na+ channel blocker, flecainde. A set of vehicle
control was also used (0.1% DMSO). The number of repeats per condition was n = 5. The
data were normalised as percentage change of baseline, as previously.
2.10. Data Analysis and Statistics
Statistical analysis was performed using Dunnett’s test following ANOVA to allow
the comparison of a number of treatments with a single control. Statistical significance was
designated as * p < 0.05; ** p < 0.01; *** p < 0.001.
3. Results and Discussion
Baseline action potential, calcium transient and the contraction profile from monolayers of spontaneously beating iCell2 cardiomyocytes plated by manual pipetting are shown
in Figure 3A–C. The panels on the left show a 20 s recording, by way of example. In the
panels on the right, the averaged signals from the baseline recordings of the corresponding
recorded traces (left panels) are shown and each cardinal cardiac function parameter is
indicated.
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The voltage measurement provides the depolarisation time (TRise) and the action potential duration (APD) from 10–90% repolarisation. The calcium measurement provides the
transient amplitude and the Ca2+ release and uptake time (TRise and TDecay, respectively).
Finally, the contraction recording shows the contraction amplitude and the contraction and
relaxation duration (contraction time and relaxation time, respectively).
To demonstrate that the printing process causes no measurable detrimental effects to
the cells, we compared the electrophysiological behaviour of printed cells with that of the
control (manual pipetting). Our findings confirmed that there was no significant statistical
difference in any of the three parameters assessed (Figure 4). In addition to showing no
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Novamatrix alginate concentrations (0.1% and 0.05%) were tested with regard to
contractility. A significant increase in the contraction duration (CD) was observed. The prolongation of CD was very clear for medium and late repolarisation parameters (Figure 7B).
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blockage of repolarisation K+ currents. Interestingly, although the cells were so negatively
affected by the addition of calcium alone, experiments to measure intracellular calcium
transient did not show a significant difference in function with the addition of calcium in
the presence of alginate.
The ability to bioprint hiPSC-CMs while maintaining their physiological function will
enable the augmentation of traditional manual processes for novel drug evaluation in order
to speed up the testing process, reducing the cost by drastically decreasing the number
of cells required, as well as increasing the clinical relevance of these tests by replacing
outmoded animal models.
Author Contributions: Conceptualization, G.L.S. and W.S.; methodology, A.F.-J., V.Z., M.P.H.-V.,
W.W. and M.A.; validation, A.F.-J. and V.Z.; data curation, A.F.-J. and V.Z.; writing—original draft
preparation, A.F.-J. and V.Z; writing—review and editing, G.L.S., M.A., W.S. and M.P.H.-V.; supervision, G.L.S. and W.S.; project administration, M.A.; funding acquisition, M.A., G.L.S. and W.S. All
authors have read and agreed to the published version of the manuscript.
Funding: Victor Zamora is supported by the Government of Extremadura (Grant No. TA18014). The
authors acknowledge the funding support from the EPSRC (Grant Nos: EP/M506837/1, EP/P511420/1),
Innovate UK and NC3Rs (Advancing the development and application of non-animal technologies
programme).
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: The data presented in this study are available on request from the
corresponding author.
Conflicts of Interest: The authors declare no conflict of interest.

References
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.

Dickson, M.; Gagnon, J.P. The cost of new drug discovery and development. Discov. Med. 2004, 4, 172–179.
Kaitin, K. Deconstructing the Drug Development Process: The New Face of Innovation Current Challenges for the Research-Based
Industry. Clin. Pharmocol. Ther. 2010, 3, 356–361. [CrossRef]
Paul, S.M.; Mytelka, D.S.; Dunwiddie, C.T.; Persinger, C.C.; Munos, B.H.; Lindborg, S.R.; Schacht, A.L. How to improve R&D
productivity: The pharmaceutical industry’s grand challenge. Nat. Rev. Drug Discov. 2010, 9, 203–214.
Scott, C.W.; Peters, M.F.; Dragan, Y.P. Human induced pluripotent stem cells and their use in drug discovery for toxicity testing.
Toxicol. Lett. 2013, 219, 49–58. [CrossRef]
Ferri, N.; Siegl, P.; Corsini, A.; Herrmann, J.; Lerman, A.; Benghozi, R. Drug attrition during pre-clinical and clinical development:
Understanding and managing drug-induced cardiotoxicity. Pharmacol. Ther. 2013, 138, 470–484. [CrossRef]
Ho, D.; Zhao, X.; Gao, S.; Hong, C.; Vatner, D.E.; Vatner, S.F. Heart Rate and Electrocardiography Monitoring in Mice. Curr. Protoc.
Mouse Biol. 2011, 1, 123–139. [CrossRef] [PubMed]
Huyer, L.D.; Montgomery, M.; Zhao, Y.; Xiao, Y.; Conant, G.; Korolj, A.; Radisic, M. Biomaterial based cardiac tissue engineering
and its applications. Biomed. Mater. 2015, 10, 034004. [CrossRef] [PubMed]
Pettersen, J.C.; Linartz, R.R.; Hamlin, R.L.; Stoll, R.E. Noninvasive measurement of systemic arterial blood pressure in the
conscious beagle dog. Fundam. Appl. Toxicol. 1988, 10, 89–97. [CrossRef]
Kline, D.D.; Hasser, E.M.; Heesch, C.M. Regulation of the heart. In Dukes’ Physiology of Domestic Animals; John Wiley & Sons:
Hoboken, NJ, USA, 2015; pp. 341–351. ISBN 9781118501399.
Lin, X.; Tang, J.; Lou, Y.R. Human pluripotent stem-cell-derived models as a missing link in drug discovery and development.
Pharmaceuticals 2021, 14, 525. [CrossRef] [PubMed]
Honda, M.; Kiyokawa, J.; Tabo, M.; Inoue, T. Electrophysiological characterization of cardiomyocytes derived from human
induced pluripotent stem cells. J. Pharmacol. Sci. 2011, 117, 149–159. [CrossRef]
Del Álamo, J.C.; Lemons, D.; Serrano, R.; Savchenko, A.; Cerignoli, F.; Bodmer, R.; Mercola, M. High throughput physiological
screening of iPSC-derived cardiomyocytes for drug development. Biochim. Biophys. Acta 2016, 1863, 1717–1727. [CrossRef]
Smith, A.S.T.; Macadangdang, J.; Leung, W.; Laflamme, M.A.; Kim, D.-H. Human iPSC-derived cardiomyocytes and tissue
engineering strategies for disease modeling and drug screening. Biotechnol. Adv. 2017, 35, 77–94. [CrossRef]
Jensen, J.; Hyllner, J.; Björquist, P. Human Embryonic Stem Cell Technologies and Drug Discovery. J. Cell. Physiol. 2009, 219,
513–519. [CrossRef]
Yamada, K.M.; Cukierman, E. Modeling Tissue Morphogenesis and Cancer in 3D. Cell 2007, 130, 601–610. [CrossRef]

Bioengineering 2022, 9, 32

16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.

37.
38.

39.

40.

41.
42.

43.
44.

14 of 14

Pampaloni, F.; Reynaud, E.G.; Stelzer, E.H.K. The third dimension bridges the gap between cell culture and live tissue. Nat. Rev.
Mol. Cell. Biol. 2007, 8, 839–845. [CrossRef]
Trounson, A.; Dewitt, N.D. Stem cell biology: Towards the reality of cell therapeutics. Nat. Cell Biol. 2012, 14, 331. [CrossRef]
[PubMed]
Friedrich, J.; Seidel, C.; Ebner, R.; Kunz-Schughart, L.A. Spheroid-based drug screen: Considerations and practical approach. Nat.
Protoc. 2009, 4, 309–324. [CrossRef] [PubMed]
Breslin, S.; O’Driscoll, L. Three-dimensional cell culture: The missing link in drug discovery. Drug Discov. Today 2013, 18, 240–249.
[CrossRef]
Edmondson, R.; Broglie, J.J.; Adcock, A.F.; Yang, L. Three-dimensional cell culture systems and their applications in drug
discovery and cell-based biosensors. Assay Drug Dev. Technol. 2014, 12, 207–218. [CrossRef]
Kolaja, K. Stem cells and stem cell-derived tissues and their use in safety assessment. J. Biol. Chem. 2014, 289, 4555–4561.
[CrossRef] [PubMed]
Huh, D.; Matthews, B.D.; Mammoto, A.; Montoya-Zavala, M.; Yuan Hsin, H.; Ingber, D.E. Reconstituting organ-level lung
functions on a chip. Science 2010, 328, 1662–1668. [CrossRef]
Chang, R.; Emami, K.; Wu, H.; Sun, W. Biofabrication of a three-dimensional liver micro-organ as an in vitro drug metabolism
model. Biofabrication 2010, 2, 045004. [CrossRef]
Bhatia, S.N.; Ingber, D.E. Microfluidic organs-on-chips. Nat. Biotechnol. 2014, 32, 760–772. [CrossRef] [PubMed]
Murphy, S.V.; Atala, A. 3D bioprinting of tissues and organs. Nat. Biotechnol. 2014, 32, 773–785. [CrossRef]
Kang, H.-W.; Lee, S.J.; Ko, I.K.; Kengla, C.; Yoo, J.J.; Atala, A. A 3D bioprinting system to produce human-scale tissue constructs
with structural integrity. Nat. Biotechnol. 2016, 34, 312–319. [CrossRef] [PubMed]
Karoly, J.; Marga, F.; Norotte, C.; Murphy, K.; Vunjak-Novakovic, G.; Forgacs, G. Tissue engineering by self-assembly and
bio-printing of living cells. Biofabrication 2010, 2, 022001.
Derby, B. Printing and prototyping of tissues and scaffolds. Science 2012, 338, 921–926. [CrossRef]
Nair, K.; Gandhi, M.; Khalil, S.; Yan, K.C.; Marcolongo, M.; Barbee, K.; Sun, W. Characterization of cell viability during bioprinting
processes. Biotechnol. J. 2009, 4, 1168–1177. [CrossRef]
Blaeser, A.; Duarte Campos, D.F.; Puster, U.; Richtering, W.; Stevens, M.M.; Fischer, H. Controlling Shear Stress in 3D Bioprinting
is a Key Factor to Balance Printing Resolution and Stem Cell Integrity. Adv. Healthc. Mater. 2016, 5, 326–333. [CrossRef]
Hendriks, J.; Willem Visser, C.; Henke, S.; Leijten, J.; Saris, D.B.F.; Sun, C.; Lohse, D.; Karperien, M. Optimizing cell viability in
droplet-based cell deposition. Sci. Rep. 2015, 5, 11304. [CrossRef]
Donderwinkel, I.; Van Hest, J.C.M.; Cameron, N.R. Bio-inks for 3D bioprinting: Recent advances and future prospects. Polym.
Chem. 2017, 8, 4451–4471. [CrossRef]
Gopinathan, J.; Noh, I. Recent trends in bioinks for 3D printing. Biomater. Res. 2018, 22, 11. [CrossRef] [PubMed]
Axpe, E.; Oyen, M.L. Applications of alginate-based bioinks in 3D bioprinting. Int. J. Mol. Sci. 2016, 17, 1976. [CrossRef] [PubMed]
Lee, K.; Cha, C. Advanced Polymer-Based Bioink Technology for Printing Soft Biomaterials. Macromol. Res. 2020, 28, 689–702.
[CrossRef]
Hortigon-Vinagre, M.P.; Zamora, V.; Burton, F.L.; Smith, G.L. The use of voltage sensitive dye di-4-ANEPPS and video-based
contractility measurements to assess drug effects on excitation-contraction coupling in human induced pluripotent stem cellderived cardiomyocytes. J. Cardiovasc. Pharmacol. 2020, 77, 280–290. [CrossRef]
Faulkner-Jones, L.; Greenhough, S.; King, J.A.; Gardner, J.; Courtney, A.; Shu, W. Development of a valve-based cell printer for
the formation of human embryonic stem cell spheroid aggregates. Biofabrication 2013, 5, 015013. [CrossRef] [PubMed]
Faulkner-Jones, A.; Catherine, F.; Cornelissen, D.-J.; Gardner, J.; King, J.; Courtney, A.; Shu, W. Bioprinting of human pluripotent
stem cells and their directed differentiation into hepatocyte-like cells for the generation of mini-livers in 3D. Biofabrication 2015, 7,
044102. [CrossRef]
Hortigon-Vinagre, M.P.; Zamora, V.; Burton, F.L.; Green, J.; Gintant, G.A.; Smith, G.L. The use of ratiometric fluorescence
measurements of the voltage sensitive dye Di-4-ANEPPS to examine action potential characteristics and drug effects on human
induced pluripotent stem cell-derived cardiomyocytes. Toxicol. Sci. 2016, 154, 320–331. [CrossRef]
Blinova, K.; Stohlman, J.; Vicente, J.; Chan, D.; Johannesen, L.; Hortigon-Vinagre, M.P.; Zamora, V.; Smith, G.; Crumb, W.J.; Pang,
L.; et al. Comprehensive translational assessment of human-induced pluripotent stem cell derived cardiomyocytes for evaluating
drug-induced arrhythmias. Toxicol. Sci. 2017, 155, 234–247. [CrossRef]
Lamore, S.D.; Ahlberg, E.; Boyer, S.; Lamb, M.L.; Hortigon-Vinagre, M.P.; Rodriguez, V.; Smith, G.L.; Sagemark, J.; Carlsson, L.;
Bates, S.M.; et al. Deconvoluting kinase inhibitor induced cardiotoxicity. Toxicol. Sci. 2017, 158, 213–226. [CrossRef]
Lu, H.R.; Hortigon-Vinagre, M.P.; Zamora, V.; Kopljar, I.; De Bondt, A.; Gallacher, D.J.; Smith, G. Application of optical action
potentials in human induced pluripotent stem cells-derived cardiomyocytes to predict drug-induced cardiac arrhythmias. J.
Pharmacol. Toxicol. Methods 2017, 87, 53–67. [CrossRef] [PubMed]
Feaster, T.K.; Casciola, M.; Narkar, A.; Blinova, K. Acute effects of cardiac contractility modulation on human induced pluripotent
stem cell–derived cardiomyocytes. Physiol. Rep. 2021, 9, e15085. [CrossRef] [PubMed]
Bartolucci, C.; Passini, E.; Hyttinen, J.; Paci, M.; Severi, S. Simulation of the Effects of Extracellular Calcium Changes Leads to a
Novel Computational Model of Human Ventricular Action Potential with a Revised Calcium Handling. Front. Physiol. 2020, 11,
314. [CrossRef] [PubMed]

