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Pre-clinical drug discovery process  

• Target screening, Hits identification and validation

Binding assay, functional assays 

• Selection of lead compounds, SAR and drug candidate

In vitro

- Biochemical and functional characteristics

- Selectivity assays 

In vivo

- PK studies

- Pre-clinical animal models (proof of concept)

- Toxicity assays (CNS, CV, Respiratory, genotoxicity)

- Safety pharmacology



Cardiovascular toxicity

A BA B

Involvement of the different ionic channels
in the cardiac action potential (AP)
with corresponding ECG measure

Direct correlation between arrhythmia (EAD type) on 
the AP and torsades de pointes (TdP) on the ECG 



Cardiotoxicity prediction of GPCR modulators

In vitro

- Dofetilide binding (hERG)

- Patch clamp (native or recombinant ion channels)

- hERG trafficking

In vivo

- Cardiovascular safety package

- Rabbit Purkinje fibers

- Telemetry in vigil animals

Cor.4U cardiomyocytes ?



From axioGENESIS

Cytosolic Ca2+ transients detection on FDSS µcell (Hamamatsu)

- Basic configuration 

- Basic + 37 °C heater

- Electric Field Stimulation (EFS): synchronized beating

Excitation-contraction coupling in heart: Ventricular PA vs. Ca++ transients

Cor.4U cardiomyocytes



• Fibronectin coating (3h at 37°C, PBS + Ca 2+, Mg 2+)

• Plating cryopreserved Cor.4U cardiomyocytes into ½ wells

• 15 000 cells per ½ well

• Two media changes per day

• Spontaneously beating cells at ~20 beats / min

Cardiomyocytes plating

Protocol



Protocol

• 0.5 µM Fluo-4 (30 min, 37°C) into Cor.4U culture medium 

(BMCC medium or HBSS buffer not used)

• 1.25 mM probenecid, 0.05% pluronic F27

• DMSO final concentration: 0.6%

• No quencher

• Washing with Cor.4U culture medium

Ca2+ dye loading



FDSS µ Cell settings

• Pipetting: 25µl (5X concentrated, 125µl final volume) 

• Injection: 40µl/sec, 3.5 mm deep at 3 min post starting reading

• Exposition 100 ms, sensitivity 2, binning 2x2

• Reading: 40 minutes

Protocol



Tested toxic reference drugs

Arrhythmia:
• Dofetilide

Class III antiarrhythmic agent (delayed rectifier outward potassium current IKr)

Maintenance of sinus rhythm (US), serious side effect (torsades de pointes)

hERG/ IKr target

• Astemizole
H1 receptor antagonist (withdrawn from the market: long QT)

hERG/ IKr target

Positive chronotropic and inotropic:
• Isoproterenol

β adrenergic receptor agonist
Treatment of bradycardia, heart block 



Cardiotoxicity properties of BP tested compounds

• X compound:  hERG and calcium channel inhibitor

• X metabolite: No observed effect

• Z compound : Induces bradycardia

• Y compound : Induces slight tachycardia



Base Line reading (2-3 min), compound injection at 3 min

• All wells containing cardiomyocytes are « beating » at the same frequency

and at equivalent amplitude

• Basal fluorescence level are different depending on the cell number per well



Evaluation of different compounds (calcium measurement) 
on Cor.4U human cardiomyocytes (Readings 5-6 min)

Control

Control

Dofetilide Isoproterenol Drug X

DofetilideAstemizole Drug Y

25 nM 250 nM 2.5 µM 50 nM 500 nM 5 µM

50 nM 500 nM 5 µM 25 nM 250 nM 2.5 µM

10 nM 100 nM 1 µM 10 µM

10 nM 100 nM 1 µM 10 µM



Compounds evaluation by calcium flux on Cor4U human cardiomyocytes (Readings 5-6 min) 

control controlcontrol

Dofetilide Isoproterenol Astemizole

25 nM

250 nM

2.5 µM

50 nM

500 nM

5 µM

50 nM

500 nM

5 µM



PWD: PULSE WIDTH DURATION ���� ~ APD

From Hamamatsu



Evaluation of different compounds (calcium measurement) on Cor4U human cardiomyocytes

(Readings 5-6 min)

PWDs = PWD10, PWD50 and PWD90 



control control

Dofetilide Astemizole

25 nM
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50 nM
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Drug X



control control

10 nM

100 nM

1 µM

10 µM

30 µM

1 µM

10 µM

30 µM

Drug X X metabolite



10 nM

100 nM

1 µM

10 µM

10 nM

100 nM

1 µM

10 µM

control control

Drug Y Drug Z

PWDs

Rate

PWDs

Rate



SUMMARY



Correlation

Cardiovascular data and Cor.4U transient Ca2+



Dofetilide time course specific study

Injection

1 min reading 3 min reading 5 min reading 8 min reading 11 min reading 16 min reading 23 min reading 25 min reading



Analysis of waveform multiparameters
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Prediction of GPCR modulators cardiotoxicity
using Cor.4U cardiomyocytes

• Time dependent drug effect : Cell penetration needed for intracellular

target (hERG)

• Compound injection settings and diffusion properties

- Depth and rate of compound injection

- Nature and size of considered compound

- Viscosity of the assay buffer

- Volume and surface area of the assay well

• Waveform Analysis depends on multiple parameters (rate, slope, PWD ..)

Calcium transient can be impacted by different parameters



When evaluating cardiotoxicity with calcium 

transient for a tested compound on Cor.4U cells

we suggest to consider

NOAEL DOSE (No Observed Adverse Effect Level)


