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Our investigation into the regulatory mechanisms of
synaptic signaling and neural network organization has
yielded several important and novel insights.

The results of our study of the effects of magnesium lev-
els on synaptic and network plasticity reveal the existence
of an optimal magnesium concentration for the plasticity of
neural networks, a role for calcium influx in the regulation
of synaptic plasticity, and a framework of activity-based
plasticity induction that we can use to make predictive
models of neural network behavior. We have found that
elevated extracellular magnesium concentrations can have
significant positive effects on learning and memory func-
tion in aging animals.

Our input-dependent analysis of synaptic plasticity in
hippocampal slice showed evidence of a neural network-
level computational process that adjusts excitatory and
inhibitory currents in response to input sequences, possibly
evidence of basic sequential memory formation.

Our finding that postsynaptic NMDA-mediated cal-
cium flux is homeostatically regulated at the single synapse
level raises the question of what the maximum scale of this
regulation is.

The regulation of calcium flux, which we have shown to
be critical to synaptic plasticity, and the input-dependent
regulation of excitatory-inhibitory ratios within neural net-
works, both hold promise as pillars of our understanding of
physiological memory mechanisms, while the identification
of a rejuvenating effect with the application of magnesium
at a particular concentration promises to be important for
treating aging-related cognitive decline in coming years.

Research Subjects

1. New strategies for enhancing synaptic plasticity in

vitro and in vino
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2. Coordination of excitatiory and inhibitory wynaptic
inputs input on dendritic tree

3. Interactions between pre-synaptic activity and post-
synaptic properties of AMPA and NMDA receptors
measured at individual synapses
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