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Is it possible for neurons to communicate without any physical 
connection between them?



Is it possible for neurons to communicate without any physical 
connection between them?

Answer is actually yes, Ephaptic coupling is a phenomenon where neurons in close proximity 
can communicate without any physical contact

The most accepted explanation says change in Local Field Potentials(LFP), due to flow of  
ionic current in nearby active neuron.

This change in external potential actually alters the excitability of  nearby neurons, because

 





Role of  Ephaptic coupling

● Studies have demonstrated that its role in synchronizing oscillations of  neurons in 
proximity receiving stimulus 

● Propagation of  seizures in certain areas of  brain







Question



Methodology

● RK45 Method
● Poisson Spike Train as a 

input stimulus to both
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How Ephaptic coupling is modelled using FHN

● To construct a simplified the coupling effect is introduced in the current
● The coupling is induced only when the Neuron A, shows an action potential
● If  Neuron A crosses threshold it fires, inducing action potential in Neuron B



Results-Simulation











What is Spike Timing Dependent Plasticity(STDP)?

● In Synaptic connections, the synapse is strengthened or weakened based on 

the timing difference. 

● This is displayed by the change in the synaptic conductance
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Synaptic connection between A and C, B and C





● The Spiking of  C influences the Synaptic conductances

● For the randomised input pulses,
“How much would the conductance change?”

Plot of  time vs membrane potential



Results from Synaptic coupling:

Initially both the synapses were given 0.09 as conductance
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Synchrony exhibited in case of  ephaptic coupling



Results of  STDP from ephaptic coupling





Average % increase in synaptic weights in absence of  ephaptic coupling: 

● A-C Synaptic connection: 26.3%
● B-C Synaptic connection: 27.1%

Average % increase in synaptic weights in presence of  ephaptic coupling:

● A-C Synaptic connection: 41.7%
● B-C Synaptic connection: 41.5%

(Note:The above computation is for a time period of  10000ms or 10s)

Synaptic weight change in the presence and absence of  Ephaptic 
coupling



Potential developments in future:

● Understand the phenomenon of  Ephaptic coupling in a network of  neurons
● Effect of  Ephaptic coupling in enhancing memory via LTP
● Use of  cable models to include the axonal length
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