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The Role of Memory for Establishing Consciousness

Sensations, Perceptions...

Memories, Memories, Memories...

René Descartes
1596-1650

Immanuel Kant
1724-1804

William James
1842-1910



Memory

Consolidate Recall




Why offline during sleep?

» Long-term memory formation
requires systems consolidation.

» Systems consolidation allows the
extraction of “gist” from newly
encoded memories and its integration
within the long-term store.

» Systems consolidation would
interfere with the brain’s regular
processing of stimuli in the wake
state.

Two-stage Memory System

Long-term Store

Temporary Store




TASKS

Declarative Non-Declarative / Procedural
- Paired-associate learning - Mirror tracing

Kleidung — Hut
Flut — Meer

- Spatial rotation - Wordstem priming
- Stories - Visual texture discrimination

- Motor sequence
(finger-to-thumb opposition)

Hippocampus




Sleep-induced Explicit Knowledge in a Serial Reaction Time Task (SRTT)

+— ~ ~ +—
3 9 2 0
N T — g
A B C S 5 x
x = = [
n @ © [
S S D:
o S o
b8 &
650 - ‘L ‘L
Visual Presentation 25
**
©
Coresponding Ke _. 600 1 (0
Target Location N ) T <
E > o
NEEEEE : 2 3
Response Pad £ IS S
= 550 1 E o
| - |5 A -60 &
Ring Middie Index [ndex Middle Ring o 1= ]Wake I3
Elngﬂ' Finger Finger Finger Finger Finger S O] 9 L 55 o
PN J c @ ] =
- v Sleep o
& 500 fita P O
Laft Hand Right Hand - 50
Bock 1 3 5 7 9 1.1 2 e R
” E I

Wake

SRTT Training ——
vz Sleep

. b-A-C—-F-B-C-E-A-D-B-F-C| — D-A-C- ...

Fischer et al. 2007, J Cogn Neurosci



Number Reduction Task
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Sleep consolidates memory by reorganizing memory representations

and thereby can induce a gain of procedural skill or explicit knowledge.
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The role of sleep stages:
REM sleep or slow wave sleep?
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Memory consolidation during sleep depends
on the type of memory system

Declarative memory depending on the
nippocampus benefits particularly from SWS-rich

periods of sleep

* Procedural and emotional memory not
depending on the hippocampus benefits
particularly from REM sleep-rich sleep




Reactivation of neuronal patterns during SWS
after learning

Activity of single neurons (place cells) in rat hippocampus

High
Correlations

Wilson & McNaugthon, Science 1994;265:676-9.



Effect of Physostigmine on Memory Consolidation in Sleep

Reactivation Model of Declarative M Paired Associate Word Lists
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Learning Sleep Retrieval
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A

Recalled card locations

Improvement in speed

Exp. |

Odor during
learning and SWS
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SWS transfers memories to long-term store

,an[\\ JMP'\WWW«*W“W‘W M
11

Neocoﬂex
SlOW oscﬂlatlon

N T
‘JN ’MWWM‘JV‘ ‘HFWMM‘- w#‘ﬁ"f‘"u Jw' n

Thalamus
Spindles
Steriade M. Neuroscience 2006;137:1087-106

Hippocampus
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EEG-coherence (learning>non-learning)
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Slow oscillations drive thalamo-cortical spindles

Spindle Activity after Learning
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Rats

Prefrontal SO
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Slow oscillations drive hippocampal ripples

Epileptic patients

Clemens Z et al. Brain 2007;130:2868-78; Mélle M et al. J Neurophysiol 2006;96:62—70; Eschenko O et al. Learn Mem 2008;15:222-8.



SWS transfers memories to long-term store
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The slow oscillation provides a temporal frame that synchronizes the transfer of hippocampal
memories to the neocortex with the simultaneous occurrence of spindles in the neocortex.

Marshall & Born, Trends Cogn Sci 2007; 11:442-50



Inducing slow-oscillating potentials improves
memory consolidation
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Slow-oscillation stimulation during waking induces
theta-activity and improves encoding
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eep supports the consolidation of memory.

NiS IS an active ‘system consolidation’ process
In which memories are reactivated to be

transferred from a temporary into a long-term
store.

e Reactivation and transfer of memories take

place during SWS under the control of the slow
osclillation.




