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SUMMARY 

Tissue engineering involves combining living cells with a 

natural/synthetic scaffold to produce a three dimensional 

living construct which is functionally, structurally and 

mechanically equal to or better than the target tissue. For 

mimicking these conditions in vitro, we must apply electrical 

stimulus to the ventricular cardio myocyte tissue (VCMT) just 

like in vivo. The objective of this work is to model a 

controlled system for a VCMT which is propagating in a 

scaffold. This construct is modeled as a monotonous sphere 

with ¥growth propagation rate. In this paper, an 

electrophysiological model of ventricular cardio myocyte 

(VCM) is used to present a new method for stimulating VCM 

in a cardio scaffold and derive the action potential diagrams 

for a single stimulation signal. There are various types of 

stimulation methods. We use stimulation from the central 

point and registration from electrodes on the sphere, namely β 

regime. Simulating results show that time variations between 

primary stimulation signal and registered action potential from 

the most external layer cells are less than time amplitude of 

VCM action potential. 

 

INTRODUCTION 

The goal of tissue engineering is to regenerate tissues and 

restore organ function through cell implantation and matrix 

incorporation into the patient [2].A number of criteria must be 

satisfied. New formed tissue must be structurally and 

mechanically compliant with the native target tissue and cells 

must successfully be able to integrate with native cells and 

overcome the risk of immunological rejection [3]. 

 

Recent developments in modeling provide a strong tool for 

physiology and pharmacology researches. Researches and 

experiments done on VCM are time consuming and expensive 

therefore modeling can be used instead [1]. In this paper, an 

electrophysiological model of VCM is used [4]. 

 

 

METHODS 

In this paper a mathematical model for VCM is presented. We 

utilized Luo and Rudy models for simulating 

electrophysiological function of VCM [4] and MATLAB 2009 

for computer simulating. VCMT is modeled as a general and 

monotonous sphere with initial cells in its radius and similar 

properties in x, y, z directions. Using 6 electrodes on the 

sphere and one in its center, α, β, γ regimes are constructed in 

a way that 3D registration is carried out from the most external 

layer cells (Figure1, 2, 3). 

 

 
Figure 1: α regime: involves stimulation and registration, 

both, using the same electrode. 

 

 
Figure 2: β regime: this method involves stimulation from the 

central point and registration from all electrodes on the sphere. 

 

 
Figure 3: γ regime: this method involves stimulation from one 

point on the sphere and registration from other points on it. 

 



Among above regimes, β method was chosen for this study. 

Here, periodic stimulation with the frequency of f  and 

amplitude of a=-5pA (t=0.004s), is performed (figure 4). 

 

 
Figure 4: Type of electrical stimulation 

 

Here, modeling is carried out only for one signal. considering 

¥growth as the propagation rate for sphere in one day, the 

following function, uses the  passing days, t, to calculate the 

number of cells, r, located in the sphere radius (figure 5). 

 

¥growth = 3 percent of previous value 

                                      (1) 

 
     

  

 
Figure 5: sphere radius vs. passing days 

 

 

RESULTS AND DISCUSSION 

VCM action potentials, which were produced by applying 

electrical stimulation to the sphere’s central electrode, are 

illustrated in Figures 6-7. 

 

 
Figure 6: Action potential in initial conditions (500 cells in 

sphere radius). 

 
Figure 7: Action potentials after 200 days (3650 cells in 

sphere radius). 

 

Since the registration is performed from the most external 

layer cells, their action potentials from initial conditions until 

the 200th day (every 20 days) are shown here. 

 

 
Figure 2: Action potentials of cells in external layer from 

initial conditions until the 200th day (every 20 days). 

 

CONCLUSIONS 

Frequency and time amplitude of stimulation signals for a 

VCM colony can be chosen such that first, VCM cells receive 

electrical stimulus frequency in propagation process; 

Secondly, confliction of stimulus signals in spherical 

prevalence of signals doesn’t make signals inactive. Thirdly, 

changing stimulation frequency and time amplitude according 

to the propagation rate of cell colony, leads to simultaneous 

mechanical performance of these cells and ultimately leads to 

an enhancement in the mechanical contraction efficiency. 
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