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Abstract

The mathematical modelling of the reaction and diffusion mechanism of
lipophilic toxic compounds in the mammalian cell is a challenging task because
of its considerable complexity and variation in the architecture of the cell. The
heterogeneity of the cell regarding the enzyme distribution participating in
the bio-transformation, makes the modelling even more difficult. In order
to reduce the complexity of the model, and to make it less computationally
expensive and numerically treatable, Homogenization techniques have
been used. The resulting complex system of Partial Differential Equations
(PDEs), generated from the model in 2-dimensional axi-symmetric setting is
implemented in Comsol Multiphysics. The numerical results obtained from
the model show a nice agreement with the in vitro cell experimental results.
The model can be extended to more complex reaction systems and also to 3-
dimensional space. For the reduction of complexity and computational cost, we
have implemented a model of mixed PDEs and Ordinary Differential Equations
(ODEs). We call this model as Non-Standard Compartment Model. Then
the model is further reduced to a system of ODEs only, which is a Standard
Compartment Model. The numerical results of the PDE Model have been
qualitatively verified by using the Compartment Modeling approach. The
quantitative analysis of the results of the Compartment Model shows that it
cannot fully capture the features of metabolic system considered in general.
Hence we need a more sophisticated model using PDEs for our homogenized
cell model.
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