Investigating the mechanisms of connectivity between Primary Somatosensory (S1) and Primary Motor (M1) Cortices using electrophysiology.
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The primary motor (M1) and primary somatosensory (S1) cortices have been extensively investigated using a broad range of electrophysiological methods in both animals and humans. These studies have revealed a complex inter-relationship between these two regions, which plays a fundamental role in the neuronal coordination of movement and sensation related functions. Furthermore, it is understood that under pathological disease states the neuronal functioning of these brain regions are characteristically altered.
Investigation into these areas shows distinct patterns of oscillatory activity related to the different aspects of motor function. Specifically, mu (10Hz), beta (15-30Hz) and gamma (30-80Hz) oscillations are observed across M1 and S1 and are shown to increase and decrease in power dependant upon the function. The oscillatory power of the beta rhythm is increased during movement preparation and substantially reduced during movement anticipation and initiation; with subsequent beta resynchronisation showing independent variation in amplitude. The mu rhythm shows a reduction in oscillatory power during movement initiation, without the associated rebound observed in the beta band. The gamma rhythm show a transient burst of increased power at the moment of movement onset. These fluctuations in oscillatory power are dependant upon the nature of the movement, for example, whether it is self paced or externally cued by a visual stimulus.

Previous studies have suggested that these oscillatory changes are specific to either M1 or S1 cortex, for example the movement initiation desynchronisation in beta band is generated in M1, whereas mu is generated in S1. However, the complex dynamics of these processes are largely unclear. Furthermore, it is widely understood that the amplitude of the intrinsic oscillations are affected under pathological conditions such as Parkinson’s disease, where beta power in M1 is substantially elevated. In addition, it is observed that the changes in the oscillatory states of these regions vary independently during pharmacological manipulation.
Investigation using Pharmaco-MEG reveals that the GABAergic modulator diazepam elevates the amplitude of the intrinsic beta band in M1, whilst both beta and gamma frequency power is elevated in S1; consistent with in vitro findings in these regions using similar substrates. Furthermore, the potential mechanisms for generation of these oscillations are consistent with models of the GABA containing inhibitory interneurons as the drivers of the excitatory pyramidal cells; which are the principal contributors to the MEG signal.
Whilst the oscillatory dynamics of these two regions are reasonably well understood, the mechanisms by which they communicate are presently unclear.
Using electrophysiology methods this project will examine the communication between M1 and S1. This will involve the parallel observation of intrinsic oscillatory rhythms arising from the different layers of M1 and S1 cortices using in vitro field recordings. These oscillations will be modulated pharmacologically, consistent with previous Pharmaco-MEG work, to ascertain the origins of the signals observed non-invasively in humans. Further to this, the signals obtained using in vitro M1 and S1 glass electrodes and using MEG M1 and S1 virtual electrodes, we will examine the interaction between these two regions using measures of coherence and mutual information.
This project will offer training using animal in vitro electrophysiology techniques, such as local field potential (LFP) recording and human neuroimaging methods such as MEG and MRI. Collaboration with experienced neuroscientists in the fields of in vitro and in vivo animal and human electrophysiology mean that this position offers a unique translational neuroscience training environment.
