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Abstract

Brain diseases provides a unique window to understand brain function and
identify crucial components of the neural hardware and neuronal activity
dynamics that shape the brain function. Traditionally, much focus has been on
identifying genetic, morphological or chemical causes of brain dysfunction.
However, there is no one to one mapping between genetic/chemical changes and
symptoms of brain diseases. Indeed, similar genetic mutations and chemical
imbalances can result in very different behavioural deficits. In recent years,
accumulating experimental evidence has suggested that independent of their
genetic, biochemical, or morphological origins, behavioural symptoms of many
brain disease (e.g. Epilepsy, Parkinson’s disease, anxiety) are causally associated
with changes in the electrical activity of the brain. When the disease-related
activity is restored to normal levels (by brain stimulation), some of the symptoms
of the disease are also alleviated. These observations have led to the
development of computational approaches to understand brain diseases which
are rooted either in the dynamical systems theory or decision-making and
reinforcement learning. In my talk I will describe how brain diseases can be
understood as diseases of brain dynamics or information processing. I will discuss
recent progress in modelling of the aberrant activity in Parkinson’s disease and
anxiety. For both diseases, we investigated how low-level changes in the neuron
excitability and synaptic connectivity lead to changes in network dynamics in the
basal ganglia and amygdala and eventually high-level disease-specific functional

deficits. Interestingly this investigation revealed common network mechanisms



shared by the two diseases. Finally, I will describe a closed-loop stimulation
strategy that uses minimal stimulation to not only change the brain activity state
to normal levels but also recovers the network computations lost due to the
disease condition.
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