Topics in Biomathematics

A dynamical systems approach to the study of chemical,
biochemical and neural processes.

Horacio G. Rotstein

1. Biochemical reactions. The law of mass action. Models of simple chemical reactions. One
enzyme - one substrate chemical reaction. Enzyme catalysis and enzyme inhibition. Cooperativ-
ity. Approximate solution by singular perturbation methods for ordinary differential equations:
Michaelis-Menten kinetics. Glycolysis and glycolytic oscillators.

2. Neuronal excitability. The Hodgkin-Huxley model of action potential generation in single
neurons. Reduced artificially spiking neural models: integrate and fire, resonate and fire. Reduced
two-dimensional relaxation oscillator models: FitzHugh-Nagumo and Morris-Lecar. Phase space
analysis of neuronal excitability. The canard phenomenon (sudden explosion of limit cycles) and
geometric singular perturbation theory. Neural model displaying subthreshold oscillatory activity.

3. Intercellular commumication in networks of neurons. Chemical synapses. Excitatory
(AMPA and NMDA) and inhibitory (GABA 4 and GABA ) synaptic models. Gap junctions (elec-
trical diffusion). Synchronization properties of neural networks. Genesis of rhythmic activity in
the brain.
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