
iCell™ Cardiomyocytes:  

Assaying Cytoxicity

iCellTM Cardiomyocytes, derived from human induced 
pluripotent stem cells (iPSCs), are suitable for in vitro tox-
icity screening and drug development.  Functionality and 
relevant responses in pharmacological applications have 
been recently demonstrated for human iPSC-derived car-
diomyocytes (1, 2, 3).  Currently used preclinical cardio-
myocyte models, such as in vivo animal testing, explanted 
hearts, cardiac tissue preparations, cardiomyocyte-like 
cell lines, or primary cardiomyocytes, are plagued by 
supply limitations, questionable relevance, stability is-
sues, and inconsistency with respect to disease state and 
genetic background (4, 5).  

Cellular Dynamics’ iCell Cardiomyocytes overcome the 
limitations of current models. They are manufactured with 
high purity in industrial quantities, exhibit properties of 
native cardiomyocytes, are of human origin, and are ame-
nable to long-term culture.  These human iPSC-derived 
cells are manufactured through reproducible differentia-
tion protocols and have a uniform genetic background 
to improve consistency across experiments.  In addition, 
iPSC technology holds signifi cant promise for creating 
cardiomyocyte panels from ethnically diverse populations 
or simulating cardiac diseases in vitro.  

In addition to displaying typical cardiac phenotypes, iCell 
Cardiomyocytes express cardiac specifi c transcription fac-
tors and structural genes. In addition, functional analysis 
has shown that iCell Cardiomyocytes have the ionic 
currents present in adult cardiomyocytes. Together, these 
fi ndings demonstrate that iCell Cardiomyocytes are more 
physiologically relevant than in vitro models currently 
used for non-clinical cardiac safety studies.   

Cell viability assays are commonly used in academic, 
biotech and pharmaceutical research to obtain information 
on cell health, proliferation and toxicity. The viability and 
cytotoxicity of iCell Cardiomyocytes after compound expo-
sure can be assessed by using the Promega MultiTox-Flu-
or Multiplex Cytotoxicity Assay, a ratiometric fl uorescent 
assay that simultaneously measures the relative number 
of live and dead cells in cell populations by detecting two 

distinct proteases. A fl uorogenic, cell-permeant, peptide 
substrate glycyl-phenylalanyl-amino-fl uorocoumarin (GF-
AFC) is used to measure live-cell protease activity which 
is restricted to viable cells. After entering a viable cell, 
the GF-AFC substrate is cleaved by the live-cell protease 
activity resulting in a fl uorescent signal proportional to the 
number of viable cells. Loss of cell membrane integrity 
renders the live-cell protease inactive. To measure dead 
cell protease activity, a fl uorogenic cell-impermeant 
peptide substrate called bis-alanyl- alanyl-phenylalanyl-
rhodamine 110 (bis-AAF-R110) is used. Upon loss of 
membrane integrity, protease is released and cleaves 
the bis-AAF-R110 substrate to generate the fl uorescent 
signal. The impermeable nature of bis-AAF-R110 en-
sures specifi city to dead cells. The products generated by 
the live and dead-cell protease have different excitation 
and emission spectra and can therefore be measured 
simultaneously. The live-cell protease produces the AFC 
product and the dead-cell protease results in the R110 
product which can be measured at 400Ex/505Em and 
485Ex/520Em respectively (6). 

Methods

96-well plates (Corning  #3603) were precoated with 
gelatin (0.1% solution, Sigma #G1890).  iCell Cardiomyo-
cytes (99% purity) were seeded in iCell Cardiomyocytes 
Plating Medium to provide 15,000 plated cells/well in a 
fi nal volume of 100 μL.  48 hours after plating, wells were 
washed and cells were fed with 90 μL iCell Cardiomyo-
cytes Maintenance Medium.  Nine point drug compound 
titrations of staurosporine (AG Scientifi c #S-1016), ima-
tinib Mesylate (gift from Roche Pharmaceuticals), eme-
tine dihydrochloride hydrate (Sigma #E2375), amoxapine 
(Sigma #A129) and doxazosin mesylate (Sigma #D9815) 
were prepared at 10X in iCell Cardiomyocytes Main-
tenance Medium containing 10% of dimethyl sulfoxide 
(DMSO). 10 μl of each compound dilution were added 
to triplicate wells bringing the fi nal volume in each well 
to 100 μl and the fi nal DMSO concentration to 1%. After 
24 hours of drug exposure, cell viability and cytotoxicity 
were assessed using the MultiTox-Fluor Multiplex Assay 
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per the manufacturer's instructions. Live-cell and dead-
cell fl uorescence levels were measured at 390Ex/485Em 
and 485Ex/520Em respectively using a Tecan GENios 
Pro microplate reader.  

Results & Discussion

All compounds assayed (staurosporine, imatinib mesyl-
ate, emetine, amoxapine and doxazosin) signifi cantly 
reduced cell viability while the negative control did not 
(Figure 1). The EC50 values calculated were 613 nM for 
staurosporine, 10.2 μM for imatinib mesylate, 17.3 μM 
for emetine dihydrochloride, 19.3 μM for amoxapine and 
20.6 μM for doxazosin mesylate, respectively. The Z’ 
values for all assays were > 0.5 indicating highly robust 
assays. 

Conclusion 

The cell viability and cytotoxicity assay results as mea-
sured using the Promega MultiTox-Fluor Multiplex Cy-
totoxicity Assay demonstrate that iCell Cardiomyocytes 
are sensitive to known cardiotoxic compounds. Overall, 
the Promega MultiTox-Fluor Multiplex Cytotoxicity Assay 
can be used to reliably assess drug compound induced 
general cytotoxic effects on iCell Cardiomyocytes inde-
pendent of cell number.  

References

1. Tanaka T, Tohyama S, Murata M, et al.  In vitro phar-
macologic testing using human induced pluripotent 
stem cell-derived cardiomyocytes.  Biochem Biophys 
Res Commun 385, 497-502 (2009).

2. Zhang J, Wilson GF, Soerens AG, et al. Functional 
cardiomyocytes derived from human induced pluripo-
tent stem cells.  Circ Res 104, 30-41 (2009). 

3. Yokoo N, Baba S, Kaichi S, et al.  The effects of car-
dioactive drugs on cardiomyocytes derived from hu-
man induced pluripotent stem cells. Biochem Biophys 
Res Commun 387, 482-488 (2009).

4. Kettenhofen R and Bohlen H.  Preclinical assessment 
of cardiac toxicity.  Drug Discov Today 13, 702-707 
(2008).  

5. Harding SE, Ali NN, Brito-Martins M, et al.  The hu-
man embryonic stem cell-derived cardiomyocyte as 
a pharmacological model.  Pharmacol Ther 113, 341-
353 (2006).

6. Promega Technical Bulletin MultiTox-Fluor Multiplex 
Cytotoxicity Assay #TB348.

For More Information

Cellular Dynamics International, Inc.
525 Science Drive
Madison, WI 53711 USA

T (608) 310 - 5100  | Toll-free US (877) 310-6688
E sales@cellulardynamics.com
W www.cellulardynamics.com

▲Figure 1. Cytotoxicity Assays with iCell Cardiomyocytes


