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Motivation

e Ask what is memory? How do we learn?
e |dentify neuron/synapse as the functional unit of the brain
e Understand that astrocytes modulate synaptic activity

e Hypothesize answers may be found in tripartite dynamics



NEURAL THREESOME

Several decades of study have focused on
working out what is happening at the
tripartite synapse.

Astrocytes have thousands
of connections with
neuronal synapses, other
astrocytes and blood
vessels. Signals initiated at
a single synapse may
propagate elsewhere.
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Explore... Mathematical techniques for model reduction
Explore... The role of calcium in neuronal dynamics

Explore... The role of calcium in astrocytic dynamics

Explore... The dynamics of neuronal and astrocytic interplay

Develop a robust model of the tripartite synapse. Reduce
the model and construct a large scale simulation of
numerous tripartite synapses. LEARNING? MEMORY?



Network Communication
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astrocyte

synapse enveloped
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Today’s Outline

e Start with the Hodgkin-Huxley equations

e Consider techniques used in reducing the HH equations
e Explore the dynamics of reduced HH model

e Add calcium to the original HH model

e Reduce the calcium enhanced HH equations

e EXxplore the dynamics of the reduced HH+calcium model



The Hodgkin-Huxley Model

The Hodgkin—Huxley model is a mathematical model
that describes how action potentials in neurons are
initiated, and eventually, propagated.




The Hodgkin-Huxley Model
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Node of Ranvier - Markov Channel Model - Gus K Lott [, PhD - May 2010

Outward Current {K)

0.319ms

Irweard Currant (Ma) |



http://www.youtube.com/watch?v=wk7n033hNow

Hodgkin-Huxley Dynamics
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Hodgkin-Huxley Dynamics

4 ODES and 18 Parameters

tractably intuit dynamics ] Ass

Need to reduce the model... OONFUSION
How? AHEAD
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which leverage details about its dynamics

For the Hodgkin-

1. Timesca

Huxley model we'll use 2:

e Analysis

2. Correlation between Variables



Timescale Analysis
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Timescale Analysis
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Timescale Analysis

C— = I—gnam h(V = Vy,) —ggn'(V = Vi) = gu(V = V)
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Now we deal with h and n
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Hodgkin-Huxley Reduction

Now we have finished our argument

1. Dynamics of m are fast

2. Dynamics of n and h are similar



Reduced HH Dynamics

Off to XPP
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Hodgkin-Huxley + Calcium

Calcium plays a critical role in neuronal processes
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Calcium plays a critical role in neuronal processes o gy
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Where, like the other currents, the calcium current obeys Ohm’s law
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Reduced HH+Calcium

The standard reduction techniques are used

The calcium channel dynamics are similar to that of the potassium channel

Magically choose d=3
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Reduced HH+Ca Dynamics

Back to XPP




