
• Place cell /Place field: A place cell is a pyramidal neuron within the hippocampus that is 

activated when an animal enters a particular location in its environment which is known as the 

place field. 

• CA1 region: hippocampal subregion that receives information from both CA3 and EC layer III. 
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Breakdown of spatial coding and neural synchronization in 

epilepsy using a computational model 

ABSTRACT 
Temporal lobe epilepsy causes significant cognitive deficits in both humans and rodents, yet the 

specific circuit mechanisms underlying these deficits remain unknown. There is profound and 

selective interneuron death and axonal reorganization within the hippocampus of both humans 

and animal models of temporal lobe epilepsy. To assess the specific contribution of these 

mechanisms on spatial coding, we developed a biophysically constrained network model of the 

CA1 region that consists of different subtypes of interneurons. The tuning properties of these 

cells are very similar to the ones observed experimentally in awake, behaving animals. To 

examine the role of interneuron death and axonal reorganization in the formation and/or tuning 

properties of place fields we selectively varied the contribution of each interneuron type and 

desynchronized the two excitatory inputs. We found that desynchronized inputs were critical in 

reproducing the experimental data. 

RESULTS 

AIM: Unravel the underlying mechanisms of 

memory deficits under epileptic conditions 

For all cells, information content was reduced only in the desynchronization conditions. For all 

cells, stability was reduced only in the desynchronization conditions. The percentage of place cells 

was reduced only in the desynchronization conditions.  

Normalized spatial firing rates for each condition tested. Noise was increased with 

desynchronization, but remained almost intact in PV+ or SOM+ reduction conditions. This suggests 

that desynchronization of inputs is the key mediator of spatial memory dysfunction under epileptic 

conditions.  

A decrease in spatial information, stability and number of place cells was observed from 15ms 

onwards. The spatial information is reduced when more than 50% of SOM+ interneurons and their 

afferents are removed, while there is no significant change in stability nor place cell percentage. A 

reduction in spatial information is observed when PV+ interneurons were reduced by 50% or more. 

• The CA1 computational model has the ability to reproduce experimental data from a spatial 

navigation task 

• The model consists of sophisticated inputs; grid-like from EC and place-like from DG/CA3 

• Under desynchronization, the number of place cells, their spatial information and their stability 

were reduced 

• When the numbers of various interneuron types were reduced, we did not observe any difference 

within experimental ranges 
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Simulation paradigm 

Place-like inputs 

• Spatial information 

• Stability 

• Peak firing rate 

• Size of the place field 
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 Santiago Ramón y Cajal (1911) [1909] Histologie du Système nerveux de l'Homme et des 

 Vertébrés, Paris: A. Maloine 

Quantification metrics 
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𝑁𝐶𝐴3
𝑗
= 𝑁𝑖𝑛 ∗ 𝒩 𝜇 = 0.16, 𝜎 = 0.002 + 𝑁𝑜𝑢𝑡 ∗ 𝒩 𝜇 = 0.016, 𝜎 = 0.002 , 𝑗

= 1,… , 6 
 

• A model of CA11,2 is implemented containing 

seven major neuronal types; pyramidal cells, 

basket cells, bistratified cells, axoaxonic cells, 

OLM cells, VIP/CCK cells and VIP/CR cells. 

• 130 PCs, 8 BCs, 2 BSCs, 2 OLMs, 2 AACs, 1 

VIP/CCKs, 4 VIP/CRs. 

• 328 EC Layer III cells and 246 CA3 (input) 

simulated as grid-like and place-like spike 

trains, respectively. 

• Synaptic mechanisms: AMPA, NMDA, 

GABAΑ, GABAB 

• Neurons are simulated as biophysical 

compartmental models with various 

compartments. 

• Ten virtual animals were 

simulated 

• 10 runs per virtual animal 

• The animals had a constant 

speed with [0,10] random stops 


