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Mathematical modelling is an important tool in understanding the basic mechanisms of
the human brain. Such models, based on ordinary differential equations can capture and
describe the underlying dynamical evolution of interactions between a relatively small
number of neurons within certain brain areas. In this study, we focus on pathological
neural activity which is characterized by abnormally strong neuronal synchrony and is
known to be associated with Parkinson’s disease. Coordinated Reset (CR) stimulation was
computationally designed to specifically counteract abnormal neuronal synchronization
processes by desynchronization [1,2]. In the presence of spike timing-dependent plasticity
(i.e., short-term synaptic weight changes) this leads to a decrease of synaptic weights and
ultimately to an unlearning of abnormal synaptic connectivity and abnormal neuronal
synchrony [3-5]. The long-lasting desynchronizing impact of CR stimulation has been
verified in pre-clinical and clinical proof of concept studies [6]. To date, computational
models were not able to reproduce the clinically observed increase of desynchronizing
effects of regularly administered CR stimulation intermingled by long stimulation-free
epochs. In this talk, I will discuss how this clinically important phenomenon can be
computationally reproduced by also considering structural plasticity (SP) [7]. SP refers a
mechanism that deletes or generates synapses to homeostatically adapt the firing rates of
neurons to a set point-like target firing rate in the course of days to months (i.e., long-term
changes in the number of synapses between neurons). This study highlights the crucial role
of stimulation- and dosing-induced modulation of homeostatic set points in therapeutic
processes [8].
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