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Abstract— An interactive web resource, iCell (http://ssdl.bme.memphis.edu/icell/), was
developed as a simulation-based teaching and learning tool for electrophysiology. The web site
integrates education and research, and provides JAVA applets that represent models of various
cardiac cells and neurons, and simulation data of their bioelectric activities at cellular level.
Each JAVA-based model allows the user to go through menu options to change model
parameters, run and view simulation results. The site also hosts a glossary section for the
scientific terms. iCell has been used as a teaching and learning tool for five graduate courses at
the Joint Biomedical Engineering Program of University of Memphis and University of
Tennessee. This modeling tool has been also used as a collaboration site among our colleagues
interested in simulations of cell membrane activities. Scientists from the fields of biosciences,
engineering, life sciences and medical sciences in Argentina, Belgium, Brazil, Canada, China,
England, Germany, Greece, Ireland, the Netherlands, New Zealand, Republic of Korea, Spain,
Turkey and USA have tested and utilized iCell as a simulation-based teaching, learning and
collaboration environment. The cellular modeling resource, iCell, provides us with a platform-
independent, interactive and user-friendly teaching and learning tool, and also a collaboration
environment for electrophysiology to be shared over the Internet.

Keywords: computational tool for electrophysiology; single cell models; simulation data,
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Introduction

The interactive cell modeling internet resource, iCell, integrates research and education
for electrophysiology. The site is located at http://ssd1.bme.mempbhis.edu/icell/. iCell consists of
JAVA applets representing models of various cardiac cells and neurons, and provides simulation
data of their bioelectric activities at single cell level. Each JAVA-based cell model gives an
overview of the cell, demonstrates the cell membrane with an electrical equivalent circuit and
cites the published modeling paper for further information (as seen in Figurel). The cell models
in iCell are grouped into versions, and cardiac or neuron "modelboxes".
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The Cardiac Modelbox has the applets for cardiac electrophysiology and these applets are
for

(1) a rabbit sinoatrial node cell model (Demir et al, 1994) (as seen in Figure 1),

(2) a guinea pig ventricular cell model (Luo and Rudy, 1991),

(3) a rabbit atrial cell model (Lindblad et al, 1997),

(4) a human atrial cell model (Nygren et al, 1998),

(5) a dog ventricular cell model (Winslow et al 1999),

(6) a bullfrog atrial cell model (Rasmusson et a/ 1990),

(7) a frog ventricular cell model (Riemer ef al 1999), and

(8) a rat ventricular cell model (Pandit et al, 2001).

Currently, the applets in the Neuron Modelbox are for
(1) a squid axon model (Hodgkin and Huxley, 1952) and
(2) an Aplysia R15 bursting neuron model (Demir et al, 1997) (Figure 1).

The iCell models were presented as JAVA applets in HTML pages and can be executed
in any JAVA-enabled browser. All of these JAVA applets were developed under JDK1.2 (Java
Development Kit) of Sun Microsystems Inc. Each applet has a user-friendly interface and allows
the user to go through menus to choose simulation protocols, change model parameters, run
simulations, select and view the simulation data. iCell also has a glossary section for the
scientific terms to overcome the language problem among the scientists from different
disciplines.

Teaching and Learning by iCell

I have used iCell as a teaching and learning tool for five graduate courses; Life Sciences I
for Biomedical Engineers, Medical Physics, Bioelectricity, Computational Modeling of Cellular
Systems and Advanced Cardiac Electrophysiology, at the Joint Biomedical Engineering Program
of University of Memphis and University of Tennessee.

Simulation-Based Teaching: I have used iCell as a teaching tool when the course
material covered the dynamics of cell membranes (e.g. action potential and the underlying ionic
concentrations of calcium, potassium, sodium and chloride, and the ionic currents; ion channels,
membrane pumps and exchangers). During the lectures, I run simulations with iCell to
demonstrate the electrical behavior of the cell membrane and the interactions between the ionic
currents. I display the simulations with different conditions to show the changes in the nonlinear
behaviors of the cells. These simulations demonstrate the significance of computational models
to the students and how the models can investigate more conditions than the experiments can
since we can change the parameters and conditions numerically, and how the models can be used
as predictive tools.

Simulation-Based Learning: The students in the courses used iCell as a self-learning
tool while they were assigned to do homework with it. The assigned homework had certain
simulation protocols to run. The students were asked to prepare reports and tables of their
simulation results for the changes they observed for the assigned simulation protocols.
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Simulation-Based Teaching, Learning and Collaboration Environment

This modeling tool iCell was also used as a collaboration site among our colleagues
interested in simulations of cell membrane activities. The iCell site has been used by many
scientists and students from the fields of biosciences, engineering, life sciences and medical
sciences (http://ssd1.bme.memphis.edu/icell/people.htm) in Argentina, Belgium, Brazil, Canada,
China, England, Germany, Greece, Ireland, the Netherlands, New Zealand, Republic of Korea,
Spain, Turkey and USA as a simulation-based teaching, learning and collaboration environment.
Some professors from the following universities and disciplines requested permission to use
iCell in their courses: Johns Hopkins University (Biomedical Engineering, Medical School),
University of Utah (Bioengineering, Medical School), Texas A & M University (Bioengineering,
Physiology and Pharmacology), California State Univ. Fullerton (Biological Sciences), Hope
College (Biology), Kansas University Medical Center (Molecular and Integrative Physiology),
Georgia University (Anatomy and Physiology, Nursing Anesthesia), University of Amsterdam
(Cardiology, Physiology), University Hospital Groningen (Cardiology), University of Utrecht
(Physiology), and Universitat de les Illes Balears (Animal Physiology).

Conclusions

We are enhancing iCell by developing more applets for the Cardiac and Neuron
Modelboxes. We are also adding more features to analyze and to display the simulation results.
One of the future goals is to use iCell for distance teaching. The platform-independent software,
iCell, provides us with an interactive and user-friendly teaching, learning and collaboration
environment for electrophysiology to be shared over the Internet. iCell continues to motivate the
development the students and scientists in the cross-disciplinary fields of engineering and life
sciences in different parts of the world.
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