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Neuromodulation alters synaptic plasticity rules to exploit the homeostatic reset of 
synaptic weights during switches in neuronal rhythmic activities 

Kathleen Jacquerie, Caroline Minne and Guillaume Drion
Department of Electrical Engineering and Computer Science, University of Liege, Belgium 

Experiment

How does the connectivity change 
during sleep (bursting activity) ?

w(t) ?

Conclusion

Whatever we have learnt, the connexion is restored  to a given value 
each night.  This phenomenom is called the homeostatic reset. 
This is not compatible to sleep-dependent memory consolidation.

Validation on experimental data in wakefulness

3· Plasticity rules tested during sleep 

Kathleen.jacquerie@uliege.be

[Drion,2018; Jacquerie,2021]

Experiment

Model

Conductance-based model
üRobust to neuromodulation
üRobust to plasticity

Plasticity rule

Phenomenological models
Pair-based | Triplet rules
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· Pfister 2006
· Graupner 2016
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2· How to model synaptic plasticity?
Adapted from [Zagha and McCormick, 2014]

· Brain level

· Cellular level

Synaptic change ∆w

1· Network rhythms during sleep and wakefulness

4· Adding neuromodulation on plasticity rules

Conclusion
· Neuromodulation alters synaptic plasticity rules between 
wake state and sleep state. The rules are state-dependent.

· The rules need to be tag-dependent. 

· The homeostatic reset is exploited to support sleep-
dependent memory consolidation.
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“slower change”

Model
∆w ∆w

Plasticity rules undergo neuromodulation: 
Their parameters are modified.

Learning Homeostatic reset
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[Sjostrom,2001; Bi Poo, 1998]
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Learning Homeostatic reset
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Evolution of the synaptic weights w(t) 
within the different circuits for a classical plasticity rule

Evolution of the synaptic weights w(t) 
within the different circuits for a neuromodulated synaptic rule 

Model

Simulation of wake-sleep cycles in 6 circuits with 
correlated & uncorrelated activity during tonic, 
while letting the plasticity rule run its course.
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Adapted from [Sjostrom,2001]

Change parameters for all the weights 
maintains the homeostatic reset. 
We introduce TAG in strong connections.
[Seibt,2019; Redondo,2011]

Strong weights are preserved,
Weak weights are depressed. 
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Biophysical models
Calcium-dependent rule

· Shouval 2002
· Graupner 2016
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Are current synaptic rules compatible 
with switches in firing rhythms?
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[Jacquerie,2022 – in prep]


