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I  DEFINITIONS AND ABBREVIATIONS 

Abbreviations Definitions 

 General parameters 

AP Action Potential 

APD90 Action Potential Duration (at 90% repolarization) (ms) 

CL Cycle Length (ms) 

DI Diastolic Interval (ms) 

CaT Ca2+ Transient (mmol/L) 

PCS Peripheral Coupling Subspace 

SSL Sub-Sarcolemmal Compartment 

Myo Bulk Myoplasm Compartment 

JSR Junctional Sarcoplasmic Reticulum  

CSR Corbular Sarcoplasmic Reticulum  

NSR Network Sarcoplasmic Reticulum  

RyR Ryanodine Receptor 

IP3R Inositol Trisphosphate Receptor 

V Membrane Voltage (mV) 

Ex Reversal potential of current x (mV) 

Gx Maximum conductance of current  x (ms/µF) 

x∞ Steady state value of variable x 

xτ Time constant of variable x 

αx Opening rate constant of gate x 

βx Closing rate constant of gate x 

Px Permeability to ion x (cm/s) 

Px,y Permeability ratio of ion x to ion y 

zx Valence of ion x 

vx Volume of compartment x 

R Gas constant (8314 J/kmol/K) 

T Temperature (310K) 

F Faraday constant (96487 C/mol) 

ACap Capacitive membrane area (cm2) 

AGeo Geometric membrane area (cm2) 

CAMKII Ca2+/calmodulin-dependent protein kinase II 

CAMKbound Fraction of CAMKII binding sites bound to Ca2+/calmodulin 

CAMKtrap Fraction of autonomous CAMKII binding sites with trapped calmodulin 

CAMKactive Fraction of active CAMKII binding sites 

CAMK0 Fraction of active CAMKII binding sites at equilibrium 

αCAMK,  βCAMK Phosphorylation and dephosphorylation rates of CAMKII (ms-1) 
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PLB Phospholamban 

  

 Currents, Pumps, Exchangers (µA/µF) 

INa Fast Na+ current  

INaL Slowly inactivating late Na+ current  

INaL,2 Type 2 component of INaL with its I-V curve peaked at -20mV 

INaL,3 Type 3 component of INaL  in the pacemaker range 

ICaL Ca2+ current through the L-type Ca2+ channel  

ICaT Ca2+ current through the T-type Ca2+ channel 

IpCa Sarcolemmal Ca2+ pump  

ICab Background Ca2+ current 

IKr Rapid delayed rectifier K+ current  

IKs Slow delayed rectifier K+ current  

IK1 Inward rectifier K+ current  

If Hyper-polarization activated Na+-K+ current  

If,Na Hyper-polarization activated Na+ current  

If,K Hyper-polarization activated K+ current  

Ito1 4-AP sensitive transient outward K+ current  

INaK Na+-K+ pump current  

INCX Na+-Ca2+ exchanger current  

ICa,tot Total transmembrane Ca2+ current 

 ICa,tot=ICaL+ICab+IpCa+ICaT - 2(INCX,SSL+INCX,PCS) 

IK,tot Total transmembrane K+ current 

 IK,tot=IKr+IKs+IK1-2INaK+Ito1+If,k 

INa,tot Total transmembrane Na+ current 

 INa,tot=INa+INaL +INab+3INaK+If,Na+3(INCX,SSL+INCX,PCS) 

Itot Total transmembrane current 

 Itot=ICa,tot+ IK,tot+ INa,tot 

 

Gates 

m,h,j Activation gate, fast inactivation gate, and slow inactivation gate of INa, 

respectively 
mL2,hL2 Activation gate and slow inactivation gate of INaL,2, respectively 

mL3,hL3 Activation gate and slow inactivation gate of INaL,3, respectively 

d, f, f2 Activation gate, fast voltage-dependent inactivation gate, and slow 
voltage dependent inactivation gate of ICaL, respectively 

fCa, fCa2 Fast Ca2+-dependent inactivation gate and slow Ca2+-dependent 
inactivation gate of ICaL, respectively 

X1s , X2s Fast activation gate and slow activation gate of IKs, respectively 

xr Activation gate of IKr 
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rkr Time-independent rectification gate of IKr 

K1 Inactivation gate of IK1 

a,i,i2 Activation gate, fast inactivation gate, and slow inactivation gate of Ito, 
respectively 

asus,isus Activation gate and inactivation gate of Isus, respectively 

y Activation gate of If 

 

Fluxes (mmol /L /ms) 

JRyR3 Ca2+ release from RyR3  

JIP3R Ca2+ release from IP3R  

JRyR2 Ca2+ release from RyR2  

Jtr,j Ca2+ translocation from NSR to JSR  

Jtr,c Ca2+ translocation from NSR to CSR  

Jleak Ca2+ leak from NSR to Myo  

Jleak,s Ca2+ leak from NSR to SSL  

JSERCA Ca2+ uptake from Myo to NSR via SERCA  

Jdiff Ionic diffusion from PCS to SSL 

Jgap Ionic diffusion from SSL to Myo 

τdiff Time constant for diffusion from PCS to SSL (ms) 

τgap Time constant for diffusion from SSL to Myo (ms) 

τtr Time constant for Ca2+ translocation from NSR to JSR/CSR (ms) 

 

Calcium Buffers 

CMDNMyo Calmodulin, Ca2+ buffer in Myo 

TRPNMyo Troponin, Ca2+ buffer in Myo 

CMDNSSL Calmodulin, Ca2+ buffer in SSL 

TRPNSSL Troponin, Ca2+ buffer in SSL 

BSR Anionic SR binding sites for Ca2+ buffer in PCS 

BSL Anionic sarcolemmal binding sites for Ca2+ buffer in PCS 

     Buffer factor for PCS 

CSQNJSR Calsequestrin, Ca2+ buffer in JSR 

CSQNCSR Calsequestrin, Ca2+ buffer in CSR 

 

Ionic Concentrations (mmol/L) 

[Ca2+]x Ca2+ concentration in compartment x,  
(e.g. x=i indicates the Myoplasmic compartment) 

[Na+]x Na+ concentration in compartment x  

[K+]x K+ concentration in compartment x  
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I I  MODEL BASIC PARAMETERS 

Stimulus 

Current stimulus of amplitude -80.0       and duration 0.5 ms is applied during pacing protocols.  

External concentrations 

             ;               ;              

Initial conditions 

V              -85.0 

 m  0.0 
 h  0.9 

 j  0.9 

 d  0.0 

 f  0.9 

 f2  0.9 

 fca  0.9 

 fca2  0.9 

 xs1  0.0 

 xs2  0.0 

 xr  0.0 

 a  0.0 

 i  0.9 

 i2  0.9 

 aa  0.0 

 mL2  0.0 

 mL3  0.0 

 hL2  0.9 

 hL3  0.9  
 b  0.0 

 g  0.9 

 u   0.0 

 y   0.0 

[Ca
2+

]PCS 0.0001 

[Ca
2+

]JSR  1.0 

[Ca
2+

]CSR 1.0 

[Ca
2+

]NSR 1.0 

[Ca
2+

]SSL 0.0001  

[Ca
2+

]i  0.0001 

[Na
+
]i  8.0  

[K
+
]i  140 

[CAMK]trap         0.0  
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Reversal potentials 
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I I I MODEL EQUATIONS AND VALIDATION 

Experimental Data Selection Criteria 

1. Validation of ionic currents: 

                                                                      -                         
                                C. For the validation of individual ionic currents, we preferred 
experimental studies (Han et al1) that provided measurements of multiple ionic currents, recoded 
under the same experimental conditions. Among voltage-clamp studies that provided 
measurements of the same ionic current (i.e. IK1

1,2), preference was given to those providing 

additional information that allowed for more rigorous validation, (e.g. dependence on 
extracellular ionic concentrations). For instance, we validated Pcell IK1 current using data from 
Shah et al2, where I-V relationship and [K+]o dependence are both available. 

2. Validation of ionic concentrations: 

Although it is well accepted that intracellular Na content in Pcell is higher than that of Vcell3, 
there is paucity of experimental data that directly quantify steady-state Na accumulation during 
pacing at different cycle lengths (CL). Validation of the intracellular Na content is based on 

experimental measurements of Na ion activity of constantly driven canine cardiac Purkinje fibers4.  
For validation of simulated Pcell Ca dynamics, we used both earlier and more recent 
experimental data. Early Ca measurements using Aequorin5 revealed the biphasic L1-L2 
morphology of the Ca2+ transient (CaT) and described the dynamic response of L1 and L2 to drug 
application. Despite the relatively low sensitivity of Aequorin to local Ca, these experiments are 
well suited for validation of the model subcellular organization of Ca cycling. Importantly, recent 
data from confocal microscopic studies6 using fluorescence imaging were used for the validation 

of other CaT properties, including diastolic concentration, magnitude during the AP and time 
course of relaxation.  

3. Validation of the Action Potential (AP): 

3.1 AP Morphology: 
Even under similar experimental conditions, morphology of AP recorded from isolated canine 
Purkinje cells demonstrates large differences (probably related to the isolation procedure1). With 
these differenecs, canine Purkinje AP morphology can be characterized by the following 
consistent properties: fast upstroke (dV/dtmax of about 500 v/s; faster than Vcell), sloping 

repolarization time course during phase-2, slower repolarization during phase-3 compared to 
Vcell, and similar resting potential to that of Vcell. The Pcell model formulated here reproduces 
these characteristics that are distinct and typical to Purkinje AP (Figure 2A, main text). 
3.2 AP rate dependence: 
Most experimental data of Purkinje AP rate dependence are based on measurements in Purkinje 
fibers. While more consistent than single-cell recordings, results still vary. For example, steady-
state measurements of APD in isolated canine Purkinje fibers at CL=2000ms range from 350ms 

to 450ms7,8. Such variation (100ms) in APD is much larger than the differences between fiber and 
single cell measurements due to electrotonic influences (10ms9). Thus, the more consistent 
experimental measurements in Purkinje fibers were used to validate the simulated Purkinje AP 
rate dependence (Figure 2B, main text).  
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Fast Sodium Current (INa) 

Formulation of INa is modified from the Hund-Decker-Rudy (HRd) model9 to achieve maximum upstroke 
velocity (dV/dtmax) and amplitude of Purkinje AP that are consistent with experimental measurements7.  

Equations: 
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Late Sodium Current (INaL) 

Two populations of INaL (INaL,2 and INaL,3) are included in the model, based on canine purkinje data from 
Vassalle and coworkers10,11. It was shown using voltage clamp that INaL,2 activated at -50mV and reached 
its peak at -20mV. Time constant for activation of INaL is the same as that of INa. INaL,2 voltage dependence 
of activation, inactivation and the time constant for inactivation were fitted to the data of Vassalle et al10 
(Figure S1). The INaL,2 I-V curve is in agreement with experimental recordings (Figure S1 A). Compared 
to INaL,2, INaL,3 is characterized by smaller current density, faster inactivation and left-shifted voltage-
dependent activation (35mV)11. 

Equations: 
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Online Figure I. INaL,2 Model Validation. Experimental data are from Vassalle et al10 (dots). Simulation 
results are shown as solid gray lines. (A) I-V curve (B) Inactivation time constant. 

 

 

L-type Calcium Current (ICaL) 

ICaL is a smaller current in canine Purkinje cells compared to ventricular myocytes. Steady state activation 
and inactivation, and fast and slow inactivation time constants are fitted using data from canine purkinje 
cells published by Han et al1 (Figure S2). I-V curve of ICaL is in agreement with experimental 
measurements (Figure S2 C). Calcium dependent inactivation and CAMKII dependence of ICaL are the 
same as in HRd model.  

Equations: 
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Online Figure II. ICaL Model Validation. Experimental data are from Han et al1 (dots). Simulation results 
are shown as gray lines. (A) voltage dependence of steady state activation and inactivation. (B) slow and 
fast inactivation time constants . (C) I-V curve. 
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T-type Calcium Current (ICaT) 

ICaT is a larger current in canine Purkinje cells compared to ventricular myocytes. Steady state activation 
and inactivation are fitted using canine Purkinje cell data from Han et al1 (Figure S3 A). I-V curve of ICaT 
is in agreement with experimental measurements (Figure S3 B). It should be noted that the T/L ratio (the 
ratio between maximum T type and L type Ca current densities) measured by Han et al1 and computed in 
the model is 0.8. This ratio is larger than earlier reported values (0.6) (Hirano et al12, Tseng and Boyden13). 
The difference could be accounted for by differences between voltage clamp protocols (in holding 
potential and [Ca2+]o). However, this difference has minimal effect on the Pcell AP ( reduction of T/L 

ratio to 0.6 in the model does not change AP morphology and shortens APD by only 1ms). We chose Han 
et al1 data for ICaT validation because this publication provides data for several other currents, recorded 
under the same experimental conditions.  

Equations: 
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Online Figure III. ICaT Model Validation. Experimental data are from Han et al1 (dots). Simulation 
results are shown as gray lines. (A) steady state voltage dependence of steady-state activation and 
inactivation. (B)  

I-V curve. 
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Transient Outward Potassium Current (Ito1) 

Formulation of Ito1 is fitted to canine Purkinje cell data from Han et al1 and Dumaine and Cordeiro14 
(Figure S4). Ito1 consists of a transient outward current with slow time-dependent recovery (Ito) and an 
instantaneous sustained current (Isus).  

Ito is more rate dependent in Purkinje cells than in ventricular myocytes15. Voltage dependent activation 
and inactivation, slow and fast inactivation time constants and I-V curve are in agreement with 
experimental measurements1 (Figure S4 A-C). Simulated Ito reactivation time course (Figure S4 D) is in 
agreement with experimental data from Han et al1. 

The formulation of Isus is modified from previous modeling studies16,17, assuming instantaneous activation. 
This is consistent with experimental recordings that show no rate dependence of this current (Jeck et al18 
and Han et al15). The simulated I-V curve is in agreement with experimental measurements by Dumaine 
and Cordeiro14 (Figure S4 E). 

Equations: 
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Online Figure IV. Ito and Isus Model Validation. Experimental data are from Han et al1 (Ito) and Dumaine 
and Cordeiro14 (Isus) (dots). Simulation results are shown as gray lines. (A) voltage dependence of steady-
state activation and inactivation. (B) I-V curve. (C) fast (solid) and slow (dashed) inactivation time 

constants. (D) Simulated Ito reactivation time course obtained from a double-pulse (P1-P2) protocol. (E) 
Isus I-V curve.  
 

Slow Delayed Rectifier Potassium Current (IKs) 

Formulation of IKs is fitted to canine Purkinje cell data from Han et al1 (Figure S5). Slow and fast 
activation time constants, and I-V relationship are in agreement with experimental measurements.  

Equations: 
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Online Figure V. IKs Model Validation. Experimental data are from Han et al1 (dots). Simulation results 
are shown as gray lines. (A) slow and fast activation time constants. (B), (C) I-V curves for step and tail 
currents, respectively. 

Rapid Delayed Rectifier Potassium Current (IKr) 

Formulation of IKr is fitted to canine Purkinje cell data from Han et al1 (Figure S6). Simulated I-V curve is 
in agreement with experimental measurements1 (Figure S6).  

Equations: 
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Online Figure VI. IKr Model Validation. Experimental data are from Han et al1 (dots). Simulation results 
are shown as gray lines. I-V curves for step current (A) and tail current (B). 

Hyper-polarization Activated Current (If) 

Formulation of If is modified from Maltsev and Lakatta17
. If is carried by HCN (Hyperpolarization-

activated, cyclic nucleotide-gated) channels19. Steady state activation is adjusted to fit experimental data 
for HCN2 channels19, reflecting the high expression level of HCN2 in canine Purkinje cells20. The time 
constant for activation and the current density are fitted to canine Purkinje data from Yu et al21.  

Equations: 

   
 

   
    
   

 

   
    

  
     

    
    
  

 

    
                  

   
                 

       
    

 

 

Time-independent inward rectifier potassium current (IK1) 

Formulation of IK1 is modified from the HRd model. I-V curve and its dependence on [K+]o  are fitted to 
experimental data from Shah et al2, where IK1 was measured as 10mM Cs+ sensitive current (Figure S7). 

Equations: 
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Online Figure VII. IK1 Model Validation. (A) Experimental data are from Shah et al2 (      = 4mM 
(open circles) and 12mM (filled circles). Simulation results are shown as gray (      = 4mM) and black 
(      = 12mM) lines. (B) Comparison of simulated IK1       dependence in canine Purkinje (Black) and 
Ventricular (Red) cells;       = 4mM (solid) and       =12mM (dashed). 

 

Sodium-Calcium Exchanger (INCX) 

Formulation of INCX is the same as in the HRd model, with a reduced current density based on reduced 

expression level of Na+-Ca2+ exchanger protein (NCX1) in canine Purkinje cells compared to ventricular 
myocytes20.  

Equations: 
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Sodium-Potassium Pump (INaK) 

Formulation of INaK is modified from the HRd model. Half saturation coefficient for extracellular 
potassium is ajusted to 0.8 mM, as suggested by Cohen et al22. Gao et al23 reported identical dependence 
of INaK on both voltage and intracellular sodium in canine Epi- and Endo- myocardium. Here, we assume 
similar dependence for Purkinje INaK. Current density of INaK is reduced based on reduced expression level 
of Na+/K+ ATPase in Purkinje cells compared to ventricular myocytes24 (human data). We assume that the 
relative difference between expression levels of Na+/K+ ATPase in human Purkinje and ventricular cells is 
similar in canine25. With intracellular sodium of 10mM and resting membrane potential at -78 mV, 

simulated resting Na/K pump current is 0.3 pA/pF, which is within the range of experimental 
measurements (0.27 pA/pF (Cohen et al22); 0.6 pA/pF (Boyden et al26)). Differences in experimental 
measurements are likely due to different intracellular Na and resting membrane potential.  

Equations: 
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Sarcolemmal Calcium Pump (IpCa), Background Calcium Current (ICab) and 

Background Sodium Current (INab) 

Formulations of these two currents are the same as in the HRd model, with adjusted current amplitudes. 

Equations: 
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SR Ca
2+

 Fluxes 

Formulation for Ca2+ release via RyR (RyR3 and RyR2) is modified from Livshitz and Rudy27. 

Localization of RyR2 and RyR3 is according to their spatial distribution in canine Purkinje cells28. RyR3 
responds to Ca2+ fluxes in the PCS, including ICaL, JRyR3, JIP3R and Jdiff; while RyR2 responds to Ca2+ fluxes 
in Myo, including JSERCA, Jleak, Jgap and JRYR2.       and      are fitted to experimental data5,6, to reproduce 

accurate morphology, decay and amplitude of the Ca transient ([Ca2+]avg) during steady-state pacing at 
1Hz.  

For validation of simulated Pcell Ca dynamics, we used both earlier and more recent experimental data. 
Early Ca measurements using Aequorin5 revealed the biphasic L1-L2 morphology of CaT and described 
the dynamic response of L1 and L2 to application of drugs. These experiments are well suited for 
validation of the Pcell model subcellular organization of Ca2+ cycling. Recent confocal microscopic 
studies using fluorescence imaging6 were used for the validation of other CaT properties, including 
diastolic concentration, magnitude during the AP and time course of relaxation.  

During pacing at CL=1000ms, regions of interest (ROI) of canine Purkinje cell aggregate (Boyden et al6) 

showed an increase of fluorescent signal intensity from 30 units to 90 units (assuming that each ROI 
represents equal portion of the cell aggregate). The 60 units difference can be calibrated to represent an 
increase of free Ca2+ by 260 nM/L. With [Ca2+]o of 2mM at CL=1000ms, simulated resting and peak 
levels of [Ca2+]avg are 70nM/L and 310nM/L, respectively. This amounts to an increase of free Ca2+ by 
240nM/L. Thus, the simulated amplitude of CaT during pacing at CL=1000ms is in agreement with 
experimental data. Simulated rate dependence curve of CaT (slope = 0.485 with linear fitting) is 
consistent with measurements of rate dependence of intracellular Ca activity (slope = 0.5 with linear 
fitting) recorded from sheep Purkinje strand (Lado et al29).  

  Average time of CaT          y (τ)          by fluorescent signal, is ~150ms (Boyden et al6) during 

pacing at CL=1000  . S         τ    [C 2+]avg during steady-state pacing at CL=1000ms is 156ms, 
consistent with experiments. The simulated L1 component of peak CaT occurs 25ms after the stimulus, 
while the L2 component occurs after 85ms. This is in good agreement with experimental measurements 
( 30ms for L1 and 80ms for L2; Hess et al5). Value of τdiff is the same as for diffusion between subspace 
and myoplasm in the HRd model9. F   τgap = 12ms, the simulated delay between the L1 and L2 
components of CaT is consistent with the delay measured experimentally5.  

CAMKII regulation of Ca2+ release via RyR is the same as in the HRd model9.  

Equations: 

o RyR3 Ca
2+

 Release: 
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if (       
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o RyR2 Ca
2+

 Release: 
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o IP3R Ca
2+

 Release:     

Formulation for Ca2+ release via IP3R is based on Bugrim and Zhabotinsky30 (a simplification of the 
DeYong and Keizer model31).  The model of IP3R considers a ligand binding site for IP3 and two ligand 
binding sites for Ca2+ (activating and inactivating), and assumes that the rate constants of binding and 
dissociation of the ligands do not depend on the state of the receptor30. IP3R is co-localized with RyR3 in 

the PCS, and both its activation and inactivation depend on the local Ca2+ concentration ([Ca2+]PCS) and 
Ca2+ in the JSR ([Ca2+]JSR) for a fixed level of [IP3].  
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              (       )            

            
                      (       )

(  
        

   
)  (           

  

   
)
(                   ) 

o Ca
2+

 Uptake via SERCA: 
Formulation for SR Ca2+ ATPase (JSERCA) is modified from the HRd model. Maximum uptake via JSERCA 

(  ̅    ) is reduced based on the reduced expression of SERCA2 in Purkinje cells compared to ventricular 
myocytes20. A small population of JSERCA (JSERCA,s) is located in the SSL. 

  ̅                      ̅                            

  ̅                          ̅                                               
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o Ca
2+

 Translocation Fluxes: 

Formulation of Ca2+ translocation fluxes (from NSR to CSR and JSR) is from the HRd model9.  
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In the following (and throughout), subscript "i" indicates the myoplasmic compartment (Myo).  
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Calcium/Calmodulin-Dependent Protein Kinase (CAMKII)  

The CAMK model is equivalent to that used in the HRd model9. We assume that CAMK kinetics are 
similar in Purkinje and ventricular cells. 
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Cell Geometry 

Purkinje cell geometry is determined based on experimental measurements of isolated canine Purkinje 
cells32. The subcellular compartments and their volumes are based on the histological studies by Sommer 
and Johnson33. Due to lack of t-tubular network,     (ratio of capacitive to geometric area) is set to 1.5422 
(instead of 2 in the HRd ventricular cell model). 

Length (L) = 0.0164 cm; radius (r) =0.00175 cm 

Cell volume: Vcell =                    

Geometric membrane area: Ageo =                             

Capacitive membrane area: Acap =                         

Myoplasm volume:                

Mitochondria volume:                 

SR volume:              

NSR volume:              

JSR volume:                

CSR volume:                

Peripheral coupling subspace volume:               

Subsarcolemmal region volume:                

 

 

Species Specificity 

Purkinje cell electrophysiologic properties are species dependent39. Given the availability of experimental 
data from canine Purkinje fibers or cells, our model is constructed to be canine-specific. 
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IV SUPPLEMENTAL FIGURES  

 

 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

Online Figure VIII. Drug effects on Purkinje AP during pacing at CL=1000ms. Response 

to TTX (blocker of INaL), Nifidipine (blocker of ICaL) and TEA (blocker of I to1) are shown 

(left to right). Experimental data are shown in top panels. Middle and bottom panels show 

simulations in Purkinje and ventricular cell, respectively. 
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Online Figure IX. Simulated rate dependence of intracellular K
+
 (red), Na

+
 (green) and SR 

Ca
2+

 (blue) in Purkinje cell. 

 

Online Figure X. Simulated S1-S2 (blue) and dynamic (red) APD restitution curves for 

Purkinje cell. The dynamical restitution curve is generated by plotting steady-state APD 

against steady-state DI at different pacing CLs. 
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V   MODELS COMPARISON TABLE 

The table below presents an overview of recent computational models
36-38

 of cardiac Purkinje 

cells. Model properties are obtained from performing computer simulations
36,37 

or from the 

literature
38

. H-H, Hodgkin-Huxley formalism; SR, sarcoplasmic reticulum; NSR, network SR; 

JSR, junctional SR; CSR, corbular SR; PCS, peripheral coupling subspace; SSL, sub-

sarcolemmal region; Myo, myoplasm; RyR, ryanodine receptor; RyR2, type 2 RyR; RyR3, type 

3 RyR; IP3R, inositol trisphosphate receptor; GCaL, conductance of L-type calcium channal; DI, 

diastolic interval. 

 

Study 
Aslanidi et al  

Biophys J 2009 [36]* 
Sampson et al  

J Physiol 2010 [37]* 
Corrias et al  

AJP 2011 [38]# 
PRd  

(Present study) 

Species Canine Human Rabbit Canine 

Model Formulation H-H Markov; H-H H-H H-H 

Subcellular Ca2+ 
Compartments 

4  
(NSR, JSR,  

Subspace, Myo) 

4  
(NSR, JSR,  

Subspace, Myo) 

3  
(Peripheral Myo, 

bulk Myo, SR) 

6  
(NSR, JSR, CSR,  
PCS, SSL, Myo) 

Purkinje-specific  
Ca2+ Cycling 

No No Yes Yes 

Steady-State No Yes N/Aa  Yes 

SR Ca2+ Release 
SR Ca2+ release to 

Subspace 
Ca2+ release via RyR 

to Subspace 
SR Ca2+ release to 

Peripheral Myo 

Ca2+ release via RyR3 
and IP3R to PCS;  

Ca2+ release via RyR2 
to Myo 

CaMKII Signaling Yes No No Yes 

AP Morphology 
(CL=500ms) 

    

Steady-state  Steady-state  After pacing 
for 10s 

After pacing 
for 10s 
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APD Rate Adaptation N/Ab 

   

APD Restitution N/Ab 

 

N/Ac 

 
AP and Ca2+ 
Alternans 

(CL=200ms) 
Yes No N/Ac Yes 

EAD Nod Nod Yese Yesd 
 

aSimulation results of APD rate adaptation in Corrias et al38 are provided after pacing for 10s. 

bNot available since the model presented in Aslanidi et al36 cannot reach steady state. 

cNot provided in Corrias et al38. 

dSimulation protocol: CL = 4000ms; initial [Ca2+]NSR =1.0mM/L; initial [Na+]i = 8.0mM/L; 

complete block of IKr.  

eSimulation protocol: increased ICaL conductance; GCaL     , CL-N/A38 

 

 

 

 

 

 

 

 

 

 

After pacing 
for 10s 

Steady-state  Steady-state  
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