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Mathematical
models




The solution ;ﬁ
Mathematical modelling

Mathematical modelling is a way of describing a system using
mathematical concepts and equations. These models can then be
tested using a variety of settings to examine the relationships between
different factors that make up the system. The findings can then be
used to compliment experimental data from animals. This combination
of using mathematical modelling and animal data can reduce the
number of animals needed to understand how a particular system
works. Once the mathematical models have been shown to be accurate,
they can refine how experiments are carried out in animals, or even
replace the need for animals altogether.

How is it done?

In most large animal species,

the stomach produces slow
rhythmic waves at approximately
3-5 cycles per minute. Using
differential equations, scientists
can mathematically model these
slow waves. Scientists have used
these models to investigate how
isolated gut muscle cells respond
to electrical stimulation, which
has been proposed as a potential
way to help the gut recover after it
has suffered a disease. Combining
their mathematical models with
experimental data from animals,
allowed the scientists to reduce
the number of animals in their

A mathematical model of the human
study from 24 to seven. stomach generated from medical images.

Simulated body-surface surface
potential and a benchtop testing kit
called a ‘torso-tank’, which is used
to test the validity of the model.
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Simulated sequence of electrical activation in the human stomach.
Yellow colour represents active gastric tissues.




Advantages

» Mathematical modelling reduces the number
of animals used in research and teaching.

« |t allows protocols to be refined before they
are applied in animal experiments.

o |t potentially replaces the need for animal
experiments under very specific conditions.

¢ Experimental data can be integrated into the
model and extended beyond what the data
on their own are capable of showing.

Disadvantages

* Mathematical models require validation so cannot
replace animal studies until after validation.

o The validity of results are highly dependent on the
sophistication of the model and how the model
is applied.

 Specific software and high-performance computing
hardware are often required for large-scale simulations.
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