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in silico - in vitro – in vivo extrapolation 

human virtual myocytes - variability 

proarrythmic potency assessment 

• cardiomyocytes physiology 

 

- cell volume 

- cell membrane area – electrical capacitance 

- sarcoplasmic reticulum volume 

 

 

- heart wall thickness 

- stimulus diffusion coefficient 



in silico - in vitro – in vivo extrapolation 

human virtual myocytes - variability 

• cardiomyocytes physiology – age – cell volume 

proarrythmic potency assessment 
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in silico - in vitro – in vivo extrapolation 

proarrythmic potency assessment 

human virtual myocytes  - variability (ongoing) 

• cardiomyocytes physiology – genetics (phenotypes) 

individual 

- WT 

- K897 

              
 

change in chosen parameters 
based on the in vitro studies 
• tauxr1 

• tauxr2 

• xr1_inf 
• xr2_inf 
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in silico - in vitro – in vivo extrapolation 

proarrythmic potency assessment 

human virtual myocytes  - variability (ongoing) 

• cardiomyocytes physiology – genetics (phenotypes) 
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in silico - in vitro – in vivo extrapolation 

proarrythmic potency assessment 

human virtual myocytes - variability (ongoing) 

• cardiomyocytes physiology – genetics (phenotypes) 

polimorphism allele freq [%] n population general source 
K897T 24 100 Caucasian Anson, 2004 

23 32 Caucasian Paulussen, 2004 
16 413 Finnish Pietila, 2002 
16 201 Finnish Laitinen, 2000 

23.5 1030 Caucasian Bezzina, 2003 
31.3 200 Caucasian Gouas, 2005 
22 198 Caucasian Gouas, 2005 

22.2 182 Caucasian Arnestad, 2007 
  18.2 5043 Finnish Marjamaa, 2009 

R1047L 1.5 100 Caucasian Anson, 2004 
4 40 Caucasian Larsen, 2001 

4.7 182 Caucasian Arnestad, 2007 
  8.4 5043 Finnish Marjamaa, 2009 

population 

- WT 

- K897 

- … 



in silico - in vitro – in vivo extrapolation 

proarrythmic potency assessment 

human virtual myocytes - variability (ongoing) 

• cardiomyocytes physiology – genetics (phenotypes) 
                        

 
population 

- WT 

- K897 

- … 

               
 

density plots (black = Kumaraswamy, blue = Beta) 



in silico - in vitro – in vivo extrapolation 

proarrythmic potency assessment 

human virtual myocytes - variability 

• cardiomyocytes physiology 

MALE FEMALE 
INDIVIDUAL CARDIOMYOCYTE INDIVIDUAL CARDIOMYOCYTE 

No 
Age 

[years] 
Type 

Volume  
[µm3] 

Area 
[µm2] 

Electric capac 
[pF] 

No 
Age 

[years] 
Type 

Volume  
[µm3] 

Area 
[µm2] 

Electric capac 
[pF] 

1 18 WT 2460 725 14 1 36 WT 14524 3212 64 
2 32 WT 8750 2327 46 2 18 WT 4489 1326 26 
3 32 WT 4407 1426 28 3 31 WT 5533 1679 33 
4 19 WT 3094 1048 21 4 19 WT 8368 2161 43 
5 40 K897T 10586 3509 70 5 44 K897T 9554 2361 47 
6 23 WT 3701 1097 22 6 26 WT 2994 904 18 
7 26 WT 6288 1501 30 7 36 WT 10029 2995 60 
8 20 WT 3769 1337 27 8 36 WT 5116 1405 28 
9 24 WT 3415 1081 22 9 62 WT 20825 5108 102 
10 21 K897T 2831 787 16 10 21 K897T 2374 761 15 



in silico - in vitro – in vivo extrapolation 

drug plasma / heart extracellular water concentration M&S – 

SIMCYP PLATFORM 
 

• drug -> phys-chem, absorption, metabolism, distribution (tissue:plasma 

ratios), protein binding, in vitro clearance, permeability, metabolism, drug 

formulation 

• system - demographics – age, sex ; physiology/pathophysiology – weight, 

blood flow, tissue characteristics 

• trial design – routes of administration, dosing 

proarrythmic potency assessment 

Simcyp Limited 
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in silico - in vitro – in vivo extrapolation 

proarrythmic potency assessment 
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Materials and methods Simcyp® 10.20 PBPK module was used to simulate 

fluoxetine concentration changes in plasma and heart tissue after oral 

administration. 

Simulation settings were as follows: single 40mg dose, first order absorption (fa 

= 1, CV = 30%; ka = 0.97 [h-1] , CV = 30%), full PBPK disposition distribution - heart 

tissue-to-plasma partition coefficient was calculated to be 18.29, North European 

Caucasian – 10 studies á 10 individuals (age 18-65), to assess inter-individual 

variability in PK . 



in silico - in vitro – in vivo extrapolation 

proarrythmic potency assessment 

Materials and methods ToxComp version 1.0 was utilized. 

Simulation settings were as follows: North European Caucasian – 10 studies á 10 

individuals (age 18-65), to assess inter-individual variability. 

Ionnic channels inhibition data were derived from the literature. 

Simulated Concentration (µM) 

Plasma Heart 

Cmin  Cmax Cmean Cmin Cmax  Cmean 

0.0054 0.0424 0.0204 1.4537 9.0425 4.589 

In
h

ib
it

io
n

 [
%

] 

IKr  1 6 3 68 93 87 

ICa 0 0 0 19 64 46 



in silico - in vitro – in vivo extrapolation 

proarrythmic potency assessment 

Results 

Group 
Index mean SD 

Age (years) 28.97 8.54 

APD90 [ms] 

Heart tissue 

Without fluoxetine 342.50 0.84 

With fluoxetine 327.78 0.54 

Difference 14.73 0.98 

Change compared to native [%] -4.28 0.06 

Plasma 

Without fluoxetine 342.50 0.84 

With fluoxetine 344.17 0.86 

Difference 1.67 1.17 

Change compared to native [%] 0.49 0.07 



in silico - in vitro – in vivo extrapolation 

proarrythmic potency assessment 

Results 

without fluoxetine minimal conc mean conc maximal conc 
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in silico - in vitro – in vivo extrapolation 

proarrythmic potency assessment 

Results 

without fluoxetine minimal conc mean conc maximal conc 
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in silico - in vitro – in vivo extrapolation 

proarrythmic potency assessment 

Results 

R² = 0.7859 

R² = 0.9131 

326
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age category 
18-25 26-35 36-45 46-53 



• 10-fold cross-validation 

 

 

• External validation 

 

 

all ok. 1 ok. 0 ok. FP FN ROC 

0.74 0.72 0.75 0.25 0.14 0.79 

1 0 classified as 

11 2 1 

3 13 0 

FP – false positive 
FN – false negative 
ROC – receiver-operator curve 

ToxComp.net 

• PROBLEM: classification 

• ALGORITHM: BayesNet (SimpleEstimator, K2, maxParents=10) 

• SOFTWARE: WEKA 

more information can be found at the 
 

www.tox -portal.net 

proarrythmic potency in silico 
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