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Hippocampus and Cortex – Neurons are in layers 



Pyramidal cells: Somas, dendrites and axons 



High frequency oscillations (HFO) 

HFO have been recorded in the 
hippocampus and the cortex 

 
Chemical synapses are not necessary 

for HFO 
 

Electrical synapses blockers vanish 
HFO 

 
Thus, it has been suggested that HFO 

are generated by networks of 
coupled pyramidal cells 

 



Coupled networks 

 
Computational simulations 
have demonstrated  that 

large networks of coupled 
pyramidal cells in the axons 

might support the 
generation of HFO. 

 
It exists experimental 

evidence that pyramidal 
cell axons are coupled.  

 
Pyramidal cells are coupled 
in clusters of 2-3 neurons. 

 
Neurons appart more than 

50 μm are not coupled. 
 
 



Surgery for intractable epilepsy 

Electrode recordings localized the 
seizure focus. 

 
There is thus a strong correlation 

between resection of a epileptic focus 
tissue and cure of the epilepsy. 



Computational models of HFO generation 

Large networks of 
coupled axons allow 
the propagation of 
spontaneous spikes 
(Traub et al., 1999; 
Munro & Borgers, 

2010)  

There is no experimental evidence supporting that 
assumption. 

The existence of such 
coupled networks is 

assumed. 



Objective: 
 
Establish the connectivity rules that might allow the generation of large coupled 
networks in the hippocampus and cortex.    
 
 
Justification 
 
Currently, it is extremely difficult to establish the topology of sparse networks 
through experimental tecniques.  
 
It is necessary to establish the existence of large networks that might support the 
hypotheses that electrical coupling among pyramidal cells might support the 
generation of HFO. 
 
This work interacts with NeuroMat in the sense that it provides a computational 
framework for the study of large networks of electrically coupled neurons 
 
 

Objective and Justification 



Neurons were distributed homogeneously in a 3D space and randomly connected. Coupled motifs 
might be:  

Theoretical analyses 
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Where x can be 1 or 3 

Motifs that represent small isolated clusters that do not contribute to the formation of large 
networks are:  
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Coupling with 1 neighbor isolates !!!  



Results 

%N1 = % of neurons 
coupled with 1 neighbor 
 
 
N1-N1 pairs increases with 
the increase of %N1 
 
N1s are less than %20 in 
large clusters. 
 
N3 are the majority in the 
large cluster. 



Each neuron coupled with 1 or 3 
other neurons within a radius r. 
 
r = axon initial segment length 
 
Neurons were distributed 
homogeneously (neuronal density) in 
a 3D space and randomly connected. 
 
Volume: 100 µm x 300 µm  x 300 mm  
 
 
 
 
 

Methodology – Computational simulations 

Neuronal density 

(neurons/mm3) 

Axonal initial segment 

length (µm) 

Hippocampus 300.000 50 

Cortex 50.000 40 



Results - Hippocampus 

The network made of only neurons coupled with 3 neighbors always form a large 
cluster containing almost 100% of the neurons, even when only 10% of the neurons 

are coupled.  



Results - Cortex 

It is necessary more than 50 % of coupled neurons and more than 50 % of neurons 
coupled with 3 neighbors to generate large clusters. 



 
 
 
 
1 - Neurons coupled with 1 neighbor are annihilator of large clusters 
 
2 - Neurons coupled with 3 neighbor are creators of large clusters 
 
3 - Increasing the density of coupled neurons increases the chance for 
the formation of large clusters  
 
4 – Increasing the % of neurons coupled with 3 neighbors or diminishing 
the % of neurons coupled with 1 neighbors increases the size of the 
largest cluster 
 
5 – Syncytium is plausible in the hippocampus but not in cortex 
 
 

Conclusions 
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