
  

 

I. ABSTRACT 

Active signaling from CNS astrocytes has become a focus 

of interest in neuroscience and neural engineering 

investigations. In vitro and in vivo studies have resulted in 

inconclusive evidence for the role of astrocytic 

neurotransmitter release, known as gliotransmission, within 

physiologic and pathophysiologic processes. Fully 

understanding the role of astrocytes in healthy and disease 

states may lead to a paradigm of therapy design focused on 

glial targets in addition to the mainstay neurological targets. 

Computational modeling serves as an ideal test-bed for 

probing the limits of astrocytic involvement as it allows us to 

explore everything from neurotransmitter diffusion within 

the synapse to dendritic signal propagation to network 

communications between components of neuronal circuits, 

all built from fundamental principles and idealized 

conditions. 

 

In this work we present a multiscale model of 

gliotransmission built up from astrocyte-spine interactions in 

an effort to characterize the limits of gliotransmission and 

astrocyte-neuron interactions. Low-level modeling of the 

pre- and post- synaptic neuronal components enveloped by 

an astrocytic surface, the tripartite synapse, reveal diverse 

intra- and extra-synaptic receptor activations that can be 

folded up into a large-scale compound network of neurons 

and astrocytes. Simulations of astrocytic release of glutamate 

into the tripartite synapse resulted in profiles of 

glutamatergic synaptic and extrasynaptic receptor activations 

(Fig 1a) for varying release parameters and locations. These 

profiles build a picture of astrocyte-triggered depolarizations 

within neuronal components that can then be embedded 

within a dendritic architecture and larger compound 

networks (Fig 1b, 1c). 

  

The presented model demonstrates novel large-scale 

neuroglial network dynamics as a direct function of 

astrocytic gliotransmission at the spine level and perturbs 

these dynamics with in silico injury models. Baseline 

neuronal spiking is greatly affected by signaling within the 

astrocytic network. Astrocytes provide a unique and parallel 

pathway for signal propagation that gives rise to neuronal 

activation dynamics not seen in the pure neuronal networks. 

Furthermore, modeling injury as a result of an astrocytic 

release of large glutamate sizes results in a “injury-activation 

profile” that provides a signature for the underlying 
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mechanism of death. Widespread neuronal injury 

demonstrates different time-courses depending on injury 

mechanism (uniform or astrocyte-dependent), astrocyte-

neuron connectivities and astrocytic release conditions.  

 

Our implementation of a modular, flexible model 

framework for simulating and characterizing 

gliotransmission at multiple scales this model can serve as a 

tool to inform the limits of astrocyte-neuron signaling within 

in vitro and in vivo systems and may allow for more accurate 

understandings of CNS network-based dysfunctions and 

disease states. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.  Multiscale modeling of astrocyte-neuron signaling. A) The 

dendritic spine of a post-synaptic neuron with pre-synaptic and astrocytic 

surfaces, giving rise to the geometry of the tripartite synapse. B) Trains of 

tripartite synapses with sequential or simultaneous activation of astrocytic 

glutamate release. C) Compound network of neurons and astrocytes 

coupled together. 
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