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Scientific aim
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Developing a network model to better understand brain 
dynamics during spatial learning  



The spacing effect: general overview 
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The spacing effect: human studies 
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Schutte et al., 2016 JSchPsyc



The spacing effect: synaptic plasticity  
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Smolen et al., 2016 Nat. Neuroscience



The spacing effect
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Molecular and cellular 
mechanism 

Smolen et al., 2016 Nat. Neuroscience

PKA-ERK interaction



The spacing effect: human studies 
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Ferrari et al., 2015 SPR
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2. The spacing effect:
Circuit dynamics  
cellular topographical
organization

Mastrorilli, Centofante et al., 2022 PNAS 
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Aim 

Investigating the cellular activation pattern of the 
hippocampus after a massed and a distributed spatial 

learning 



The role of Hippocampus in memory consolidation 
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Methods- Morris Water Maze 
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Both massed and distributed trained mice learn to locate the platform
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Fos mapping in the dorsal CA1

modified from Bertaina-Anglade et al., 2000

Dorsal CA1                                 Ventral CA1                                 
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Fos mapping in the dorsal CA1

3 experimental groups:

Control  handled mice

Massed trained mice 

Distributed trained mice 
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Training procedure induce different fos expression pattern in the dorsal CA1 
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Trained mice shared all the same protocol- dependent cellular activation pattern
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Training procedure can be decoded by the pattern of hippocampal neuronal activity 

Output

Algorithm Processing

Raw data



Conclusions
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• Identification of CA1 subregions that are differentially active in massed and
distributed trained mice.

• Identification of a consistent CA1 subregions, equally active in all the mice

• Identification of more CA1 subregions active in distributed compared to
massed trained mice, suggesting a larger activation of the CA1, possibly
explaining the superiority of the distributed training over a massed training.

• Identification of a unique cellular activation pattern in distributed and massed
trained mice, strong enough to discriminate between the two groups using a
learning algorithm.
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Ongoing experiment: Cluster analysis
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Ongoing experiment: Cluster analysis
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Adeno-associated (AAV) viral vector

2. FOCAL CNO ADMINISTRATION1. STEREOTAXIC SURGERY

Future prospective: Chemogenetic/optogenetic inhibition of the different CA1 
subregions

Massed Distributed



Whole-brain fos mapping after spatial training 

Neural correlation graphs
4



www.humanbrainproject.eu www.ebrains.eu
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