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1. Introduction

A lot of experimental investigations have been
made on the mechanism by which cells maintain
their volume. In general sense, changes in intrace-
llular and extracellular solutes concentrations gene-
rate a membrane osmotic gradient, resulting in the
immediate flow of water into or out of the cell until
osmotic equilibrium is restored. Water flow causes
cell swelling or shrinkage, resulting in serious cell
damage over a critical variation of cell size because
animal cell membrane can't exert hydrostatic pressure
gradient. To avoid excessive changes of cell volume,
cells utilize volume regulatory mechanisms including
transport across cell membrane".

For solutes transports across membrane, there have
been a lot of experimental works, and also a lot of
researches using computational method have been done.
Though there have been several other papers of vo-
lume regulation modelingw mainly on epithelial cells,
any computational model of volume regulation of
cardiac myocyte is not available as far as we know.
Considering, however, the physiological importance of
cardiac cell model, volume regulation of cardiac myo-
cytes combined with action potential approximation is
one of the crucial parts in overall cardiac cell model.

In this paper, we present a computational model of
volume regulation in cardiac myocytes. Two major
ion exchange mechanisms are considered: Na'/K' ion
pump and Na'-K'-2CI' cotransporter. Volume sen-
sitive Cl- permeability is also considered in the pre-
sent model, based on previous experimental and
theoretical observations™. This model is combined
with our previous ventricular cell model, named as
Kyoto model”.
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2. Computational model

We consider two compartments (intracellular and
excellular ones) as displayed in Fig. 1. We assume
that there are three solutes, sodium (Na'), pota-
ssium (K", chloride(Cl)) to which cell membrane is
permeable. In here, we denote ion concentrations by
[Na'], [K'], and [CI with subscripts “i” for intra-
cellular space, “e” for the extracellular space. [Xi,
Vi denote the concentration of intracellular protein
and the intracellular volume, respectively. As shown
in Fig. 1, solutes transports are described by combi-
national ion movements including a Na/K™ ion
pump, and a Na'-K'-2CI" cotransporter. The reaction
processes of these ion transporters are described by
state equations using kinetic model.

We utilize a dynamic equations of the intrace-
llular ion quantities induced by the principle of
mass conservation”. In these equations, the ion
fluxes by Na/K ion pump and cotransporter are
represented. To approximate the Na'/K~ ion pump,
the six state model was lumped into a two-state one
according to Simmons”. The state model of Na'-
K'-2CI" cotransporter is based on the theoretical

study by Benjamin & Johnson”, where 10 states
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Fig. 1 Schematic representation of solutes transport
across cell membrane.
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description on the Na'-K™-2CI" cotransporter have
been made for several types of cell.

3. Results and discussions

We simulated the cell volume change according to
the extracellular osmolarity and compared the results
with the experimental on¢”. As shown in Fig. 3,
water came into cell in case of the hypotonic solu-
tion in extracellular part, inducing cell volume incr-
ease. As the tonicity value of extracellular fluid in-
creases, the cell volume began to decrease and alm-
ost 50% cell shrinkage was observed in case of 200%
hypertonicity solution of extracellular fluid. Numercial
solutions are well matched the experimental ones in a
quantitative sense, as shown in Fig. 3.

In the present model, K™ and Cl permeabilities
across cell membrane are assumed to be function
ofcell volume, utilizing the exponential variations of
the permeabilities according to cell volume. To verify
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Fig. 2 Comparisons of the computed results with the
experimental one?
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Fig. 3 Transient simulation of isoprenaline—induced
regulatory volume decrease.
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this formulation, we simulated chemical inducing RVD
(regulatory volume decrease). Initially 70% hypotonic
solution was applied to target myocyte cell. After 10
minutes isoprenaline was added into the solution to
activate volume dependent K' and CU permeability.
Abrupt volume decrease was observed by the volume-
dependent K™ and Cl' permeability, which showed a

good agreement with the previous experimental one”.

4. Conclusions

Computational model of cell volume regulation for
myocyte was proposed in this study. Na7K' ion
pump and Na'-K'-2CI" cotransporter models are ut-
ilized to explain the ionic transport across cell mem-
brane. Cell volume change according to the extra-
cellular osmolarity was simulated and its results were
compared with the experimental data. To test the
model of volume dependent K* and CI” permeability,
we conducted the transient simulation of isopr-
enaline-induced regulatory volume decrease and could
successfully reproduce the previous experimental one.
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