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Modeling is one of the basic methods of contemporary theoretical biology. Using mathe-
matical models we have an opportunity to study biochemical processes in complex systems
in vivo. One of the promising trends in this type of research is mathematical modeling of the
kinetics of biochemical processes in the study of antioxidant activity (AOA). In exploration
of the properties of antioxidants of plant origin we have used a biochemical model system
for the iron(II)-ascorbate-dependent oxidation of phospholipids of mitochondrial fractions of
rat hepatocytes. The biochemical model we use consists of a set of chain lipid peroxidation
reactions–a complex system of chemical interactions.

The combination of chemical kinetics equations of the chain oxidation of lipids in the
system iron (II)-ascorbate-dependent lipid peroxidation is as follows:

HO· + LH− > HOH + L·

L· + O2− > LO2·

LO2· + LH− > LOOH + L·

L· + L·− > LL
L· + LO2− > LOOL
LO2· + LO2− > L = O + LOH + photon
L· + InH− > LH + In·

In· + In·− > In− In
Fe2 + +L· + H +− > Fe3 + +LH
Fe2 + +LO2· + H +− > Fe3 + +LOOH
Fe2 + +LOOH− > Fe3 + +LO· + OH−
LO· + LH− > LOH + L·

The system of equations for the process of lipid peroxidation as described above is
complex. The speed constants of most of these reactions are unknown. The system of
chemical equations and, therefore, the differential equations that describe their kinetics can
be significantly simplified if we assume the following:

1. The speed of several consecutive reactions is equal to the speed of the slowest reaction;

2. Among the several parallel reactions, the fastest reaction is of the greatest importance.

The differential equations that describe the changes in concentrations of the major
participants in the reactions, while taking into account the equations described above, can
be written as follows:

d[LOOH]

dt
= v3 − vp,

d[LOO·]
dt

= vp − v6 − v9,

d[Fe2+]

dt
= −v9 − vp.

This final system of third order equation cannot be solved analytically, even after the
simplifications made above. However, if the velocity constants and the initial concentrations
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of the reaction participants are known, the changes in time for the concentrations of all
participants in the reactions can be computed numerically using these equation, i. e., modeled
using computer simulation. The easiest method for such modeling is that of Euler and
Cauchy, in which infinitesimal increments are replaced by sufficiently small increments, and
thus the integration is replaced by summation. With some additional simplification of the
system it is possible to reduce the system of differential equations to the following equations
of the first order, which can be solved

[LOOH] = [LOOH]0e
γt,

[LOO·] = [LOO·]0eγt.

These equations demonstrate that the hydroperoxide concentration in the system and
the concentration of oxidation chains (which is equal to the concentration of the radicals
that lead the chain) varies in time exponentially. Acceleration or deceleration of the reaction
depends on the sign of the degree.

In this work, we used mathematical modeling and algorithmic simulation to study the
kinetics of iron (II)-ascorbate-dependent lipid peroxidation after selecting the minimum
number of reactions, the combination of which allowed us to reproduce the phenomenology
of the experiments.
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