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Introduction

➢ Traumatic Brain Injuries (TBI) affect 2.5 million people and 
causes 80,000 to be permanently disabled each year in the 
United States.

➢ Hebbian Plasticity refers to when neurons fire in sync to 
form networks and transmit information. This process in 
moderation increases synaptic strength amongst neurons. 
Spike Time Dependent Plasticity (STDP), a form of hebbian 
plasticity, is increased in TBI to an unstable level.

➢ However, after TBI, astrocytes become reactive, releasing 
glutamate into the space between neurons and decreasing the 
rate of its glutamate uptake. This causes AMPA receptors 
(AMPAR), a type of glutamate receptor, to increase on the 
postsynaptic neuron.

➢ Because synaptic and extrasynaptic glutamate concentration 
surge, excess concentrations of calcium build up 
intracellularly. This process is known as excitotoxicity.

Objective: Investigate the specific effects of dysregulated 
glutamate dynamics associated with TBI 
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Methods

➢ Our analysis builds upon a model outlined in Manninen et 
al., 2020:
○ Simulates a tripartite synapse (a presynaptic neuron, 

postsynaptic neuron, and an astrocyte) in the 
somatosensory cortex.

○ Uses a biophysically plausible conductance-based 
dynamical system of equations

➢ We made the following perturbations to account for acute 
changes in TBI:
○ Increasing the postsynaptic AMPAR opening rate 

constant (αAMPAR,post )
○ Decrease the glutamate uptake rate of the astrocyte (rast)
○ Decrease the rate constant for presynaptic protein 

activation inhibiting glutamate vesicular release (p1
pre)

➢ We calculated EPSP, an indicator for synaptic plasticity, for 
each simulation by subtracting the minimum Vpost, som from 
the max Vpost, som:
○ If EPSP were unchanged, we measured other aspects of 

glutamate levels, such as extrasynaptic and synaptic 
glutamate concentration. 

➢ Using nonlinear regression techniques, we developed 
trendlines to mathematically model the effects of AMPAR 
and rAst.

Discussion

Conclusions
➢ The model is supposed to simulate synaptic depression. Our perturbation to AMPAR 

shows an increase in EPSP to unsustainably high levels that disrupt homeostasis.
➢ According to this model, causing excess glutamate to remain in the synaptic cleft or 

extrasynaptic space has no effect on EPSP or overall decline in synaptic strength, 
which contradicts previous experimental biology studies.

Applications
➢ Demonstrate that glutamate dynamics play a crucial role in maintain synaptic strength 

and homeostasis and that TBI undermines these processes.
➢ Suggests the necessity to further explore and model the effects of perturbations to 

glutamate dynamics.
➢ Open avenues for short-term therapies that target glutamate, which may potentially  

reduce chances of permanent disability and  neurodegeneration after TBI.

Limitations
➢ Our model did not account for the whole neural circuit, only highlighting the two 

neurons in the tripartite synapse. 
➢ We also did not include all aspects of glutamate dynamics, specifically the release 

probability and astrocytic glutamate transports (EAAT2), because of limitations in the 
model.

➢ Our study only takes into account a short period post-TBI. Long-term effects on TBI 
need to be studied further.

Future Work

➢ Exploring the effects of altered glutamate 
dynamics at the network scale to observe how 
those mechanisms lead to an overall decline in 
cognitive abilities.

➢ Account for other factors within the model, such 
as EAAT2 transporters, to study other aspects of 
glutamate dynamics.

(Fig 2; Eq 1). As AMPARs open at a faster rate than they close, overall 
AMPAR current increases and EPSP increases. The logarithmic trendline 
of this relationship (R2 = 0.9996) is shown below, where a1, b1, c1, and d1 
are fitting parameters.

Figure 1 - Tripartite Synapse
Manninen T, et al.

(Fig 4). This model suggests that  p1
pre has no effect on EPSP. We modeled 

the relationship between  p1
pre and glutamate in the synaptic cleft. This 

demonstrates that with lower p1
pre, glutamate stays in the synaptic cleft 

longer, which may have excitotoxic effects.

(Fig 3; Eq. 2). Interestingly, this model suggests that decreased astrocytic 
glutamate uptake has no effect on EPSP. However, we did model the 
relationship between uptake rate and the recovery time (time it took for 
glutamate levels to fall back to resting levels) where tR is the recovery 
time and a2, b2, c2, d2,  and f2 are fitting parameters. Note that values of 
rAst  < 0.0045 (R2 = 0.9892), has different fitting parameters for the 
equation than values of rAst  ≥ 0.0045 (R2 = 0.9971). 
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(Fig 5). Representation of Common Glutamate Related Variables in the Model 
Over Time (A) Extrasynaptic Glutamate Concentration (B) Synaptic Cleft 
Glutamate Concentration (C) Membrane Potential in the Postsynaptic Soma 
(D) Current of Postsynaptic AMPAR.
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