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Abstract 

Companies and regulators evaluate compounds’ 

cardiac safety commonly through in-vitro assays involving 

cardiac cells. Rabbit cardiac Purkinje Cells (RPCs) are 

very sensitive to drug effects such as Action Potential 

Duration (APD) alteration by ion channel block. Our 

objective is to create a novel RPC model calibrated with 

the latest experimental data. We developed a new RPC 

model using Pan-Rudy’s Canine Purkinje cell model as a 

framework. We adapted important parameters, namely, 

size, ion fluxes and conductances. We also included a 

sodium current Markovian formulation to account for its 

recently increased importance. Variables were adjusted to 

match the main experimentally observed RPCs features. 

Steady-state was reached by pacing the model for 1500 

seconds at different Basic Cycle Lengths (BCLs). The 

model was validated by extracting data from experimental 

sources. Results show overall agreement with the 

literature with improvements to previous models. In 

conclusion, we improved and successfully validated an 

RPC model. This work paves the way towards a reliable 

in-silico tool for testing drug effects on RPCs. 

 

1. Introduction 

In-vitro experiments on several cardiac cell types are 

commonly used to assess a drug arrhythmogenesis prior to 

use in man. Nonetheless, since the arrival of the 

Comprehensive in vitro Proarrhythmia Assay (CiPA) 

paradigm, in combination to those, mathematical models 

play now a more important role in the drug-induced 

proarrhythmic risk assessment[1]. Rabbit Purkinje cells 

have shown to be very sensitive to Action Potential (AP) 

disturbance by drugs[2] turning them into a good substrate 

for drug testing. Recent studies have shown the importance 

of sodium channels, especially late sodium current (INaL) in 

the AP shape[3]. More detailed mathematical descriptions 

of this current are now being implemented to account for 

special drug-channel interactions[4], but currently 

available rabbit Purkinje models lack such formulation. 

Our objective is to build a new rabbit Purkinje cell 

model on top of previously published work while 

integrating newly available data and dynamics, especially 

regarding sodium channels. This represents a first step 

towards an improved proarrhythmic risk assessment tool. 

 

2. Methods 

2.1. Reference dataset 

We searched in the literature for studies whose main 

target was the rabbit cardiac Purkinje cell and gathered 

data about size, Action Potential Duration (APD), Resting 

Membrane Potential (RMP), Action Potential Amplitude 

(APA) and Upstroke Velocity (dV/dt) at different Base 

Cycle Lengths (BCLs). We selected control assays in drug 

testing studies. We also digitized the AP shapes to compare 

our model to traces from literature. 

Parameters were obtained as follows: APD90 was the 

time between the moment of maximum upstroke velocity 

and the 90% repolarization; RMP was the membrane 

potential before stimulus was applied, APA was the 

difference between the maximum value of the potential 

during depolarization and dV/dt was the maximum slope 

during depolarization. Calcium restitution was measured 

as the evolution of peak intracellular calcium ([Ca]i) as a 

function of tested BCLs. 
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2.2. Model construction 

We used Pan-Rudy’s canine Purkinje cellular model[5], 

or PRd, as a framework and adjusted all necessary 

parameters to match the characteristics of a rabbit Purkinje 

cell, namely size and ion fluxes. Main currents, including 

IKr, IKs, Ito and IK1 were imported from Corrias model[6]. 

Additionally, a Markovian formulation of the INa channel 

from Moreno et al.[7] was introduced. Note that because 

INaL is also included in these equations, we removed the 

original current from the model. Calcium dynamics were 

tweaked to correctly adjust peak intracellular calcium 

concentrations at different BCLs. Finally, conductances 

were calibrated to reproduce experimental results found in 

the literature. 

 

2.2. Simulations 

We stabilized our model as well as Corrias[6] and 

Aslanidi et al.[8] models with 1500-second simulations at 

BCLs of 500, 750, 1000, 2000 and 5000 ms (called “test 

BCLs” from now on). Our model was paced with a -80 

pA/pF stimulus, 1.5 times the depolarization threshold. . 

Other models were used with their out-of-box parameters, 

although their code was adapted for convenience. Model 

results were measured at the last beat of every simulation.  

  

3. Results 

Table 1. PRd model parameters that have been modified 

during model calibration. Gx stands for x channel 

conductance; µ1 is the normal-to-burst transition rate in the 

Markovian formulation of INa; [Na] stands for sodium 

concentrations; τ are calcium flux time constants; SERCA 

refers to calcium uptake. 

Parameter Value Parameter Value 

GKr (pA/pF) 1.566 [Na] (mM) 6.7 

GKs (pA/pF) 0.0435 length (µm) 119.76 

GCaL (pA/pF) 5.6 radius (µm) 13.76 

GNa (pA/pF) 27.5 τgap (ms) 4 

µ1 (ms-1) 4.1·10-7 τss (ms) 0.05 

GK1 (pA/pF) 35 τtr1 (ms) 40 

Gto fast (pA/pF) 5 τtr2 (ms) 40 

Gto slow (pA/pF) 1.2 SERCA +10% 

 

Table 1 summarizes all parameters that we modified in 

order to reproduce our reference dataset. We reduced ion 

flux time constants to account for the new cell size, but we 

maintained cell compartments as in PRd. We adjusted GKr, 

GCaL, GNa, Gto fast and Gto slow to correctly adjust current 

peaks, APD90 restitution curves and plateau potential. We 

imported sodium concentrations from Corrias model. 

Figure 1 shows the AP waveforms of the model at test 

BCLs. The plateau phase duration increases with greater 

BCLs, mostly due to an increase in late sodium current INaL 

(the “late” portion of INa). The final model showed APD90s 

of 229.9, 266.2, 290.9, 344.8 and 395.2 ms; APA were 

124.1, 127.5, 129, 129.3 and 130 mV; RMP were -84.78, -

84.72, -84.63, -84.25 and -83.65 mV; and finally, dV/dt 

were 472.1, 422.3, 409.5, 535.5 and 496.7 V/s, 

respectively, at test BCLs, as can be seen in Figure 2. 

 

 

 
Figure 1. Action Potentials (top), main currents (in 

pA/pF) and intracellular calcium transients (bottom, in 

mM) from 1500-second simulations last beat at test BCLs. 

Note that INaL is a rescaled trace of INa.  

 

Our model correctly reproduces the reference data, 

which was mostly present for BCL 1000 ms.  We found a 

scarcity of data for the rest of the BCLs including some 

contradictory results for RMP at BCL 500 and 750 ms, as 

well as for dV/dt, whose range could reach as low as 

around 300 V/s and as high as over 700 V/s.  
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Figure 2. Bar plots of the parameters of our model 

compared to experimental references found in 

literature[9,10,19–23,11–18] (colored symbols) including 

internal data from Sanofi, Aslanidi et al.[8] (white 

triangles) and Corrias[6] (white diamonds) models. 

 

Simulations from other models were also plotted in 

Figure 2. On the one hand, compared to Aslanidi et al.[8] 

model simulations, our model provides an improvement of 

the APD90 restitution at high BCLs, with a minor 

improvement on the APA.  

On the other hand, compared to Corrias[6] model 

simulations, our model seems to perform equally 

considering APD90 and RMP but, since the former is highly 

dependent on APA, these values might not represent the 

actual restitution curve. In contrast, our model shows a 

more stable APA and RMP which are key to good APD90 

values.  

Figure 3 depicts normalized to maximum peak calcium 

concentrations of our model compared to digitized data 

from Schmidt et al.[24]. Our model shows, calcium peaks 

of 94%, 78% and 38% compared to reference 85%, 75% 

and 47% at BCL 750, 1000 and 2000 ms respectively. 

Values were kept close to the original Corrias[6] model.  

Figure 4 shows our model’s AP shape at BCL 1000 ms 

on top of digitized traces from available references found 

in literature. Overall, AP waveforms seem to agree with it, 

despite the high variability of the reference experimental 

data. As for plateau potentials and repolarization, APs 

appear as though as our model could fit as an average trace. 

 

 
Figure 3. Peak calcium concentrations plotted against 

BCL. Normalized results from our model (black dots) 

reference from Schmidt et al. 1998 (grey dots), Aslanidi et 

al. (white triangles) and Corrias (white diamonds) models. 

 

 
Figure 4. Representation of our model’s AP at BCL 1000 

ms (black trace) compared to several digitized APs found 

in literature[2,15,25,26] including internal data from 

Sanofi. 

 

4. Conclusions  

We have built a new rabbit Purkinje cell AP model by 

combining previous work with new data and experiments. 

Our model correctly reproduces reference features from 

literature in control simulations at five different BCL.  

Recent findings have raised the importance of sodium 

channels in cardiac cells. Our model includes a more 

detailed formulation of the late sodium current[7]. 

A recent study of rabbit Purkinje cell AP restitution 

shows that AP shape highly depends on INaL, a feature that 

could be the reason behind a wider range of AP 

durations[3]. Our model is in agreement because of its 

ability to adapt to slower pace rates, correctly adjusting its 

APD90. This is our first iteration on the RPC model which 

we will improve in a future work. 
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