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Background

Sleep has long been linked to long-term memory
consolidation’. Specifically, the characteristics of sleep
spindles during post-learning sleep have been linked

to post-sleep memory retention. Mechanistically,
spindles have shown to support plasticity mechanisms
in the brain, for example by providing a window of
opportunity for calcium to enter cells. However, these
spindles do not only exist in isolation, but often couple
within slow oscillations which further supports plasticity?.
In recent years, it has been shown that working memory
is also supported by synaptic plasticity®. We therefore set
out to study if sleep, and specifically sleep spindles are
important for post-sleep working memory functioning.

Encoding:
WM content is stol

neuronal firing

Contact: s.a.sophia.wilhelm@rug.nl

Maintenance:
Calcium-dependent short-term
synaptic plasticity (STSP) helps support
maintenance of WM content during
delay periods.

Spindles trigger the influx of calcium into neurons
which supports synaptic scaling during sleep
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Methods
Experimental design

N =30 working memory task 1
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Average slow spindle, fast spindle and slow oscillation and their topographic density (left to right) across all
participants. Density is calculated as the number of events per minute of N2 + N3 sleep.
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working memory task 2
Task:
clockwise or counterclockwise rotation?
+ response to both items

Working memory items not in the centre

of attention can be stored in an
(synaptic state) which makes it

measure using non-invasive brain imaging.

Especially deprioritized items (item 2) in /

silent states have been hypothesized to
be supported by residual calcium (STSP),
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Using an impulse to measure silent (synaptic)

Sleep matrices used for analyses

tates fi EEG . .
Setes from Matrices were seperately extracted for slow and fast spindles

these items should benefit from
sleep spindies, and will follow up
this hypothesis with decoding of
“silent" items at the impulse in the
future.
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high contract stimulus has been shown to
reinstate working memory content in EEG
{much fike measuring the depth of the sea
bed using sonar),

Item-specific activity is reinstated in the
neuronal network which can be measured
by EEG
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Results

Behavioural results Sleep spindle results

Correlation of spindle duration with working memory improvement

Slow spindles

t(29) = -2.71, p = 0.011

* = p < 0.05; cluster corrected
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Phase-amplitude coupling (PAC) results
Slow spindle - slow oscillation coupling

Individual participants

= p < 0.05; cluster corrected
-> denotes electrodes significant
© PAC derived by testing coupling
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Summary

Slow spindle duration over the visual cortex positively correlates with visual working memory
improvement

The coupling of slow spindles into slow oscillations positively correlates with working memory
improvement

Fast spindle duration correlates with post-nap working memory behaviour. Impo
duration does not predict working memory behaviour prior to the nap.

Conclusion

Spindles play a role in working memory behaviour. Fast and slow spindles have distinct functional
roles with slow spindles more specifically tracking working memory improvement whereas fast
spindles could be more related to general post-sleep executive functioning.
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