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Introduction
❖ This research is investigating the effect of applied electric 

potential on synaptic plasticity in neural networks.
❖ Hebbian learning is a form of plasticity is based on the 

notion that synchronous firing of the pre-synaptic and 
post-synaptic neurons leads to changes in synaptic 
conductance.

❖ Applied current can activate neurons in a manner that can 
induce activity-dependent plasticity, i.e. changes in the 
neural circuit based on activity patterns [1].

❖ Work-to-date found that the general synaptic relationship 
was strengthened in response to stimulation [2].

❖ Studying the effects of applied potential on plasticity will 
help develop bioelectronics and neurotechnological 
devices for rehabilitation.
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❖ Initial investigatory work was done through the open 
source platform for neuron modelling called NEURON.

❖ Due to time constraints, modelling was moved to a 
Simulink based model.

❖ Three compartment neuron models were created with a 
single synaptic function block that used a single-
conductance model.

❖ Circuit parameters were generally derived from 
experimental studies using human, cat, and rat neurons.

❖ This study confirmed that firing rate increased as synaptic strength increased, 
and it was able to accurately model that relationship.

❖ This investigation would help lay a foundation for future models for Hebbian 
learning, a form of plasticity.

❖ The model could also be expanded to explore location of the synapse or the 
orientation of the neurons in more complicated models.

❖ Adding multiple conductance channels would make the model more complex.
❖ Future work in the more complex modelling software, NEURON, would 

facilitate more accurate synaptic channel responses, which would improve the 
model’s accuracy significantly.
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❖ Modelling work was able to successfully model neuron response to electrical stimulation to investigate the effect of changing synaptic 
conductances, which modified the firing rate of the neuron.

❖ There was a quadratic relationship between synaptic conductance and peak soma voltage shown in Figure 2.
❖ The increase in synaptic conductance caused an increase in firing rate, which matched the positive relationship seen in the 

experimental study. The relationship between these two parameters was sigmoidal with the turning point being at 0.5 firing rate.
❖ Varying levels of membrane voltages in the soma were generally directly related to firing rates at various conductances.

Figure 2: The above model represents soma membrane 
voltage over time at varying conductances. The 
conductances range from 0uS to 2uS from the pink line at 
the top with the brown line at the bottom. Peaks range 
from around -30mV to -70mV, with the 0uS conductance 
model being used as a control. This is a typical curve of 
what one would see with long-term potentiation or 
depression with the range of different neural responses.

Figure 4: The above model represents soma firing rates over 
time at varying conductances. The conductances range from 
0uS to 2uS from the pink line at the top with the brown line 
at the bottom. Peaks range from around 0 to 0.9, with the 
0uS conductance model being used as a control. This is a 
typical curve of what one would see with long-term 
potentiation or depression with the range of different neural 
responses.

Figure 5: The figure above shows the positive 
relationship between the firing rate of the soma and the 
synaptic strength represented as the conductance 
parameters. Points represent data points where peak 
firing rate was measured at different synaptic 
conductances. The trend line was created to show the 
general positive correlation as well as the sigmoidal 
relationship between the peak firing rate and synaptic 
conductance values.

Figure 3: The above graph shows peak soma voltages 
in millivolts in response to different synaptic voltage. 
The general relationship between the two parameters 
is a positive relationship with a slight downward 
quadratic trend. Points represent single peak values 
measured from using different synaptic conductance. 
The trend line was used to show a general relationship 
between the values.

Figure 1: The above model uses a 3-compartment model that represents the soma and two dendritic components. These two neurons 

were connected in series with a synaptic model that converted the firing rate and voltage at the connected region to calculate the 
equivalent injected current into the next cell over
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