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Abstract Cardiovascular disease is the leading cause of death in America [1]. This 

kind of situation leads researcher to find out how to analyze the disease without 

using a living human heart. Computer simulation is the solution. Based on the 

existed clinical data and mathematical formulas from the journals, we can 

simulate a human heart activity using a computer. Moreover, we can also use 

the existed biological data in our simulation program, such as CellML (Cell 

Markup Language) [2].  

 

INTRODUCTION 

The CellML language was developed to 

represent and exchange mathematical models 

of biological process. CellML files can be used 

to simulate the biological phenomenons using 

the simulator program [2]. Moreover, the 

CellML files can be converted into other 

programming language source codes, and we 

can use the code for creating new simulator 

programs. 

CellML can be used to create a cardiac 

simulator to simulate the complicated dynamic 

of hearts. The Physiome Model Repository 

(PMR) has a lot of CellML files describing the 

mathematical model of cardiovascular system, 

so we don't need to create the model from 

scratch [3]. 

However, there are some informations that is 

not described in the CellML cardiovascular 

system model, such as the arrythmia case and 

cardiac mutation [4]. Those irregular cases are 

the main reason that researchers need to create 

a cardiac simulation. Because of this, we need 

to find a way how to create a cardiac simulator 

using the CellML featuring the way to simulate 

the irregular situtations of the cardiac system. 

 

METHODS 

This research will use Courtemarche (CRN), 

Ten Tusscher 2006, and Luo-Rudy cell models 

for the single cell cardiac simulation. We can 

get their cell model informations in CellML 

format from hysiome Model Repository in 

Electrophysiology section. 

OpenCOR will be used as a software to open 

the information from the CellML files [4]. 

Moreover, we can also use the software to 

convert the CellML files into our desired 

programming language using their default 

definition in XML. In this research, we will 
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convert the CellML files into the C++ 

programming language, using the customized 

XML format definition instead of the default 

one. 

As for the arrythmia case or mutation, we will 

create the C++ class that defines the mutation 

based on the journals, and will use the CellML 

object as the class member of the mutation. All 

of the formulas in the CellML object will be 

override by the mutation formulas. We need to 

observe the normal case and the mutational 

case to see whether there is any differences or 

not. 

CVODE will be used for solving the ODE that 

included in the CellML files. As for the 

alternatives, we will use Euler Method, and 

compare both of them in the terms of time 

performance. 

RESULT 

We compared the simulation result from our 

code with the result from the OpenCOR built-

in single cell simulator. As we can see in the 

Figure 1, the result of the Action Potential in 

simulator program at the right side is same as 

the result from the OpenCOR built-in simulator. 

As for the mutation result, we used the 

N588K and L532P mutations using the CRN cell 

model [5]. We can see the result at the Figure 

2. It's similar with the result from the journal, 

but the differences are the steady state time. In 

the journal, the steady state happened around 

200-300 milliseconds, while in the simulator, 

the steady state happens at 400-500 

milliseconds. 

 

 

Figure 1. The Action Potential results of Ten 

Tuscher 2006 CellML files from OpenCOR (left) 

and the simulator code (right). 

 

Figure 2. The Ikr result from N588K and L532P 

mutation based on journal (left) and the 

simulation result (right). 

Conclusion 

The CellML files are very useful for defining 

the cell models in the cardiac simulator. We just 

convert it into a source code using the 

OpenCOR software and we can use the source 

code with our simulator code. Moreover, we 

can use the source code for creating the 

mutation event to observe the impact of the 

mutation. 
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