
Describe transi�ons between 

normal and pathological states 
at energy deprived tripar�te 

synapses by formula�ng a 
biophysical model. 

Energy depriva�on to the 

nervous system occurs 
during ischemic stroke, 

which is one the leading 
causes of death. The 

epicenter of physiological 
breakdown is at the 

tripar�te synapse. 
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Biophysical model of ion and volume dynamics

The energy deprived tripar�te synapse: a biophysical model
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    = Moles of ion X in compartment i

i    = {Neuron, Astrocyte, PreSyn}

q   = Ga�ng variables

X   = {Na+, K+, Cl-, Ca2+,Glu}

      = Current/Flux of type j w.r.t. ion X 

in  

         

• Dynamics of five ions: Na+, K+, Cl-, Glu and Ca2+. 
• Synap�c terminal + soma → one compartment
• Mass conserva�on, electroneutrality
• Calibrated to in-vitro ischemia experiments [1]. 
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Smaller extracellular spaces are more vulnerable to 

ischemic injury. This may explain experiments in [2].
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The synapse sustains ischemic injury upto an 

extent, but needs overpowered pumps to recover.

Key results

Blocking transient Na+ current allows the system to 

recover back to a normal state, as first suggested in [3].
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Healthy synap�c transmission is modeled by  steady 

buildup of Glu in the cle� driven by square wave input.
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Toxic buildup of cle� Glu (1mM) occurs in energy deprived synapses 

which show anoxic oscilla�ons before depolariza�on block.
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Post energy depriva�on, presynap�c Glu is depleted, leaving the 

synapses damaged. Ca2+ recovers.
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