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2· Synaptic plasticity: from biology to model

[Drion,2018; Jacquerie,2021]
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· Brain level

· Cellular level

1 · Network rhythms during sleep and wakefulness
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Evolution of the synaptic weights w(t) 
within the different circuits for a classical plasticity rule
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[Jacquerie,2022]

Validation on experimental data in wakefulness

Plasticity rule

Phenomenological models
Pair-based | Triplet rules

· Pfister 2006
· Graupner 2016

∆t

∆w

Synaptic change ∆w

[Sjostrom,2001; Bi Poo, 1998]

Biophysical models
Calcium-dependent rule

· Shouval 2002
· Graupner 2016
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Simulation of wake-sleep cycles in 6 circuits
with correlated & uncorrelated activity during
tonic, while letting the plasticity rule run its course.

3• Synaptic plasticity tested during switches from tonic to burst 

Whatever we have learnt, the connection is restored  
to a given value each night.  It disrupts learning.
This phenomenom is called the homeostatic reset. 
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Feedforward network
· in wakefulness: neurons are randomly excited.
· in sleep: neuromodulators switch the network state.
· plasticity rule: pair based 
with soft bounds on the weights [Pfister,2006]

Firing pattern: raster plot
· in wakefulness: neurons are spiking at ≠ freq·
· in sleep, neurons are bursting.

Correlation matrix: C+/C -

The correlation matrix is heterogeneous in tonic 
and uniform in burst.

5• Analytical approach 
to understand the homeostatic reset
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Why does the homeostatic reset occur in bursting rhythms? 

Compute the spike correlation
It quantifies the occurency
of pre-post or post-pre
at a given time lag ∆t
in the spike train.
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Evolution of the synaptic weights w(t) 
within the different circuits for a classical plasticity rule
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5 Synaptic weight evolution
dw/dt = A+(1-w) C+ - A-w C-

6
Synaptic weight steady-state value
burst is stationary à dw/dt = 0

∆t

∆w

A-w

A+(1-w)

Conclusion
· The reset mechanisms are rooted in the endogenous
nature of the sleep-like rhythmic activity.
· This sleep-dependent reset permits to regularize synaptic
connections, which could play a central role in sleep
homeostasis and memory consolidation.

4• Intuitive approach
to understand the homeostatic reset 

Biophysical models
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· Calcium oscillations lead to balance  between 
potentiation and depression driving the synaptic 
weight to its steady state value.
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· Weak weights have a greater potentiation 
than strong weights due to the weight-dependency. 
· Weak weights potentiate vs strong weight depress 
during burst and reach the steady state. 

Phenomenological models

weight

Pre-post: ∆w+ = A+(1-w) exp(-∆t/ +)
Post-pre: ∆w- = A- w exp(∆t/ -)
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· During sleep, the bursting rhythmic activity leads 
to a balance between pre-post and post-pre spikes. 


