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Spinal cord injury immediately changes the state of the brain

J. Aguilar, D. Humanes-Valera, E. Alonso-Calviño, J.G. Yague, K. A. Moxon, A. Ol-
iviero, G. Foffani

Hospital Nacional de Paraplejicos, Finca la Peraleda s/n, Toledo, Spain

Spinal cord injury can produce extensive long-term reorganization of the cerebral 
cortex. Little is known, however, about the sequence of cortical events starting imme-
diately after the lesion. Here we show that a complete thoracic transection of the spinal 
cord produces immediate functional reorganization in the primary somatosensory 
cortex of anesthetized rats.
Besides the obvious loss of cortical responses to stimuli below the level of the lesion, 
cortical responses evoked by stimuli above the level of the lesion markedly increase. 
Importantly, these increased responses correlate with a slower and overall more silent 
cortical spontaneous activity, representing a switch to a network state of slow-wave 
activity similar to that observed during slow-wave sleep. The same immediate cortical 
changes are observed after reversible pharmacological block of spinal cord conduc-
tion, but not after sham. We conclude that the deafferentation due to spinal cord 
injury can immediately (within minutes) change the state of large cortical networks, 
and that this state change plays a critical role in the early cortical reorganization after 
spinal cord injury.
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Consistent increases of delta sleep in individuals exposed to chronic sleep 
restriction

John Axelsson1, Göran Kecklund2, Torbjörn Åkerstedt2 & Michael Ingre2

1 Dept of clinical Neuroscience, Karolinska Institutet, Stockholm, Sweden, 2 Stress research institute, Stock-
holm University, Sweden

Objectives The two-process model of sleep regulation predicts that repeated sleep 
restriction will result in a gradual increase of the delta power spectrum during sleep. 
Although recent data supports this (1), other data cannot confirm a stable increase of 
delta power in response to restricted sleep across time (2). A possible explanation for 
the different findings could be large individual differences in the response to restricted 
sleep. We investigated whether the increase of delta sleep (in response to repeated 
sleep restriction) is consistent across individuals or whether some individuals fail to 
respond with an increase of delta power.
Methods Nine healthy males (age range 23-28 yrs) went though a laboratory protocol 
including 2 baseline days (sleep 23-07h) and 5 days with sleep restriction (03-07h). 
The first 3.8h hours of NREM-sleep EEG was analyzed with respect to spectral analy-
sis. The first step included observation of raw data. Since raw data are contaminated 
by measurement errors a model based approach was also used to produce empirical 
Bayes estimates of individual response patterns (in the 0.75-32Hz band) to restricted 
sleep across five days with restricted sleep. A linear mixed effect model was used 
with (polynomial) fixed effects for days of sleep deprivation and frequency response 
profiles. The final model included 8 fixed and 8 random effects, the latter accounting 
for individual differences.
Results The raw data indicate that sleep restriction resulted in increased delta sleep 
in 52 out of 54 sleep episodes occurring after restricted sleep. The empirical Bayes 
estimates suggested that all subjects reacted with an increase of the delta band after 
2 days of restricted sleep with, and a continued increased of delta sleep power until 
recovery (p’s <.01 for all fixed effects).
Conclusions
The uniform increase of delta sleep amongst individuals supports the notion of a very 
robust and stable homeostatic response to restricted sleep.

1. Åkerstedt T, Kecklund G, Ingre M, Lekander M, Axelsson J. (2009) Sleep Homeostasis During Repeated 
Sleep Restriction and Recovery: Support from EEG Dynamics. Sleep, Feb 1;32(2):217-22

2. Kim Y, Laposky AD, Bergmann BM, Turek FW. (2007) Repeated sleep restriction in rats leads to 
homeostatic and allostatic responses during recovery sleep. Proc National Academy of Sciences, USA 
104:10697-702
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Metabolic consequences of acute and chronic sleep disturbances in rats

Paulien Barf, Anton Scheurink, Peter Meerlo

Dept. of Neuroendocrinology, Univ. Groningen

Epidemiological studies have shown an association between short or disrupted sleep 
and an increased risk for metabolic disorders such as obesity and diabetes. To assess 
a possible causal relationship, we examined the effects of experimental sleep distur-
bance on glucose regulation in Wistar rats under controlled laboratory conditions.
In a first experiment, we established the effects of an acute 12h sleep deprivation by 
mild stimulation or forced locomotion with different levels of activity. A second experi-
ment was more specifically aimed at the assessment of changes in glucose homeostasis 
and metabolic hormones under conditions of chronic sleep restriction or disturbance. 
Sleep restricted (RS) animals were forced to be active in slowly rotating drums for 
20h per day. Sleep disturbed (DS) animals had to walk in the wheels for 10h per day 
in blocks of 2-3h equally distributed across the 24h cycle. DS animals had sufficient 
time to rest but their normal sleep-wake cycle was disturbed. The rats were equipped 
with permanent jugular vein cannula’s for stress free glucose infusion and frequent 
blood sampling. Intravenous glucose tolerance tests (IVGTT) were performed at 
experimental day 1 and 8 to establish the effects of acute and chronic RS and DS on 
insulin regulation and glucose homeostasis. Additional blood samples were drawn to 
measure corticosterone and leptin levels. 
 Acute 12h sleep deprivation had no major effect on plasma hormone levels, while 
8 days of chronic sleep restriction decreased basal levels of leptin, insulin and blood 
glucose. In contrast, during the IVGTT’s the rats displayed a clear hyperglycemia 
which was visible after both 1 and 8 days of RS and DS. On the other hand, insulin 
levels during the IVGTT were decreased, but only after 8 days of RS and DS. 
In conclusion, disturbance of the regular sleep-wake rhythm has a marked effect on 
glucose homeostasis. Sleep disturbance leads to a rather acute glucose intolerance, 
which is only revealed in a properly controlled IVGTT, and in the long run it leads to 
reduced insulin responses. The data further suggest that a disturbance of the normal 
sleep pattern, even without restriction of total sleep time, is sufficient to affect glucose 
metabolism.
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Coherent theta oscillations and reorganization of spike timing in the 
hippocampal-prefrontal network upon learning

Karim Benchenane, Adrien Peyrache, Mehdi Khamassi, Patrick Tierney, Yves Gioanni, 
Francesco P. Battaglia, Sidney I. Wiener

CNRS Université Pierre et Marie Curie, Bat B, 9 quai Saint Bernard, Paris, France

Selective communication between brain areas is a key component of the neural 
processing underlying cognition. This dialogue would drive plastic changes in short- 
and long-range synaptic connections and contribute to the selection of the informa-
tion most valuable for adaptive behavior. Such valence and salience information is 
thought to be transmitted by neuromodulators such as dopamine, which could act as 
a reward prediction (error) signal.
 To study the interplay between hippocampus and medial prefrontal cortex (Pfc) and 
its importance for learning and memory consolidation, we measured the coherence 
in theta oscillations between these two structures in rats learning new rules on a Y-
maze. Coherence peaked at the choice point, most strongly after task rule acquisition. 
Simultaneously, Pfc pyramidal neurons reorganized their phase, concentrating at hip-
pocampal theta trough, and synchronous cell assemblies emerged. This synchronous 
state may result from increased inhibition exerted by interneurons on pyramidal cells, 
as measured by cross-correlation, and could be modulated by dopamine, since similar 
increases in hippocampal-Pfc theta coherence and neuronal phase shifts were observed 
following local administration of dopamine in Pfc of anesthetized rats. Moreover, Pfc 
cell assemblies emerging during high coherence were preferentially replayed during 
subsequent sleep, concurrent with hippocampal sharp waves that are thought to medi-
ate the transfer of information from the hippocampus to neocortical areas.
 These findings, taken together show that hippocampal/prefrontal coherence, pos-
sibly under dopamine control, lead to synchronization of reward predicting activity 
in prefrontal networks, tagging it for subsequent memory consolidation during sleep. 
This could be a possible mechanism for the selection, during the learning, of the 
information that should be stored in long-term memory.
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Changes in cortical responsiveness during up- and down-states of the human 
sleep slow oscillation revealed by EEG-triggered TMS

Til O. Bergmann1, Matthias Mölle2, Marlit A. Schmidt1, Christoph Lindner1, Lisa 
Marshall2, Jan Born2, Hartwig R. Siebner1,3,4

1Department of Neurology, Christian-Albrechts University of Kiel, Germany; 2Department of Neuroendo-
crinology, University of Lübeck, Germany; 3Danish Research Center for Magnetic Resonance, Department 
of MR, Copenhagen University Hospital Hvidovre, Hvidovre, Denmark; 4Institute of Neurology, Psychiatry 
and Senses, University of Copenhagen, Denmark

Transcranial magnetic stimulation (TMS) has demonstrated fundamental physiologi-
cal changes when the brain state shifts from wakefulness to non-rapid eye movement 
(NREM) sleep. TMS-induced motor evoked potentials (MEPs) revealed decreased 
corticospinal excitability and increased intracortical inhibition (Avesani et al., EBR 
2008; Salih et al., J Physiol 2005) while TMS-evoked EEG potentials (TEPs) became 
more stereotypic and indicated reduced cortical effective connectivity (Massimini et al., 
EJN 2009). However, the main organizing feature of neuronal activity during NREM 
sleep has remained unconsidered so far: the neocortical slow oscillation (SO; < 1 Hz) 
with its alternating phases of global depolarization (up-state) and hyperpolarization 
(down-state). We hypothesized that TMS-evoked cortical excitability and connectiv-
ity critically depend on the respective SO state. EEG-triggered neuronavigated TMS 
to the primary motor hand area was successfully applied during nocturnal human 
NREM sleep in twelve subjects. 64-channel EEG was recorded while an adaptive 
thresholding algorithm automatically triggered TMS time-locked to online-detected 
SO up- and down-states. MEPs from the contralateral hand muscles and TEPs were 
acquired during SO up- and down states as well as before and after sleep. MEPs 
were principally reduced during and directly after NREM sleep. Additionally, MEPs 
during SO down-states were consistently smaller than during up-states, correlating 
with the SO amplitude on a trial-by-trial basis. TEPs during sleep and wakefulness 
were fundamentally different in number, amplitude, and latency of its components. 
However, while TEPs during up- and down-states were qualitatively similar, their 
slow negative component was markedly enlarged when evoked during the up-state. 
We herby provide first-time evidence for a state-dependent modulation of cortical 
responsiveness during endogenous SO up- vs. down-states in humans.
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abstracts participants74

Slow Oscillations during baseline and recovery NREM sleep in somnambulism

Julie Carrier1,2, Antonio Zadra1,2, Jean Paquet1, Hélène Blais1, Jacques Montplaisir1,3, 
Valérie Mongrain1,3

1Research Center, Hôpital du Sacré-Cœur de Montréal; 2Department of Psychology and 3Psychiatry, Uni-
versité de Montréal, Montréal, Canada.

Background Compared to control subjects, patients with somnambulism show re-
duced spectral power in delta/theta spectral power in non-rapid-eye movement 
(NREM) sleep (Gaudreau et al., 2000; Espa et al., 2000). The present work aimed at 
verifying if somnambulists show alterations in the characteristics of slow oscillations 
(SO) during sleep compared to normal control. 
Methods Somnambulists (n=22, 11 men) were compared to aged-matched controls 
(n=22, 11 men) for a baseline sleep episode and recovery sleep after a 25 hours sleep 
deprivation (Zadra et al., 2008). Artefact-free NREM sleep epochs from the Fz and Cz 
derivations were submitted to SO detection according to published criteria (Massimini 
et al., 2004). SO density (number of SO per minute of NREM sleep) and a number of 
SO characteristics (SO amplitude, duration of SO negative or positive phase, SO slope 
between the negative and positive peak) were averaged for whole sleep episodes and 
compared using Group-by-Sleep Condition ANOVAs. 
Results Somnambulists showed lower SO density in both derivations independent on 
the sleep episode (13 SO per min compared to 17 SO/min in controls). Also, somnam-
bulists showed smaller SO amplitude than controls but only during the baseline sleep 
episode (baseline: 143 mV vs. 166 mV; recovery: 173 mV vs. 183 mV, respectively). 
None of the other SO parameters differed between groups or showed a significant 
interaction between group and sleep episode. 
Conclusion Whereas somnambulism patients show a reduced ability to generate SO 
under both sleep conditions, SO amplitude increased more strongly after sleep loss 
in somnambulism patients than in control subjects. Current analyses investigate on 
the time course of these effects during sleep and their link with NREM sleep arousals.

Supported by CIHR

Espa et al., Clin Neurophysiol 2000;111:929-939.
Gaudreau et al., Sleep 2000;23:755-760.
Massimini et al., J Neurosci 2004;24:6862-6870.
Zadra et al., Ann Neurol 2008;63:513-519.
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Origin of active states in local neocortical networks during slow sleep 
oscillation

Sylvain Chauvette1, Maxim Volgushev2,3,4 and Igor Timofeev1

1 Department of Psychiatry and Neuroscience, The Centre de Recherche Université Laval Robert-Giffard 
(CRULRG), Laval University, Québec, Canada, G1J 2G3, 2 Department of Neurophysiology, Ruhr-University 
Bochum, Bochum, D-44780, Germany, 3 Department Cellular Biology of Learning, Institute of Higher Nerv-
ous Activity and Neurophysiology, Moscow 117485, Russia and 4 Department of Psychology, University of 
Connecticut, Storrs, CT 06269-1020, USA

Slow-wave sleep is characterized by spontaneous alternations of activity and silence in 
corticothalamic networks, but the causes of transition from silence to activity remain 
unknown. We tested the hypothesis that origin of active states depends on stochastic 
mechanism which rely on a summation of spontaneous mediator releases in one or 
few neurons that reach the firing threshold and propagate activity. We investigated 
local mechanisms underlying initiation of spontaneous activity, using simultaneous 
multisite field potential, multiunit recordings, and intracellular recordings from 2 
to 4 nearby neurons (less than 200 μm in lateral distance) in naturally sleeping or 
anesthetized cats. We demonstrate that activity may start in any neuron or recording 
location, with tens of milliseconds delay in other cells and sites. Typically, however, 
activity originated at deep locations, then involved some superficial cells, but appeared 
later in the middle of the cortex. Multiunit recordings showed that deep layers fires 
spontaneously more, while superficial layers showed almost no spikes. Intracellular 
recordings showed that leading cells often showed a synaptic buildup prior to network 
activation. Neuronal firing was also found to begin, after the onset of active states, at 
depths that correspond to cortical layer V. Intrinsically-bursting cells were also found 
to be active before other electrophysiological type of neurons. These results support 
the hypothesis that switch from silence to activity is mediated by spontaneous synaptic 
events, whereby any neuron may become active first. Due to probabilistic nature of 
activity onset, the large pyramidal cells from deep cortical layers, which are equipped 
with the most numerous synaptic inputs and large projection fields, are best suited 
for switching the whole network into active state.

Supported by CIHR, NIH, NSERC, FRSQ

P1-1



abstracts participants76

Laminar properties of sleep slow oscillations in the human frontal lobe

Richárd Csercsa1, Balázs Dombovári1,3, László Grand1,3, Andor Magony1, Lucia Wit-
tner1, Loránd Erőss2, György Karmos3, István Ulbert1,2,3

1Institute for Psychology, Hungarian Academy of Sciences, Budapest, Hungary, 2National Institute of Neu-
rosurgery, Budapest, Hungary and 3Péter Pázmány Catholic University, Faculty of Information Technology, 
Budapest, Hungary

The cortical slow wave activity emerging during the deepest stages of non-rapid eye 
movement sleep is thought to underlie essential restorative processes and facilitate 
the consolidation of declarative memories. In animals the slow oscillation consists 
of two rhythmically recurring phases: one of them is characterized by widespread, 
increased cellular and synaptic activity, referred to as active- or up-state, followed 
by cellular and synaptic inactivation, referred as silent- or down-state. However, its 
neural mechanisms in humans are poorly understood since the traditional intracel-
lular techniques used in animals are inappropriate for investigating the cellular and 
synaptic/trans-membrane events in humans.
For the examination of the neuronal properties of the sleep slow oscillation, we record-
ed intracortical laminar local field potential gradient, multiple and single unit activities 
with laminar multichannel microelectrodes and simultaneous surface potentials with 
subdural grid electrodes chronically implanted into the cortex of patients with drug 
resistant focal epilepsy undergoing cortical mapping for seizure focus localization. We 
also analyzed the current source density and spectral features of the recorded signals.
We found that slow wave activity in humans reflects a rhythmic oscillation between 
neuronal activation and silence. Similar to animal studies, cortical activation was 
demonstrated as increased wideband (0.3-200 Hz) spectral power, increased multiple 
and single unit activity, and powerful inward transmembrane currents, all mainly 
localized to the supragranular layers. Neuronal firing was sparse and the average 
discharge rate of single cells was less than expected from animal studies. The latency 
of firing at up-state onset across all layers was in the range of 10 ms, suggesting close 
inter-laminar coupling at up-state onset.
Here we provide strong direct experimental evidences that slow wave activity in 
humans is characterized by hyperpolarizing currents associated with suppressed 
cell firing, alternating with high levels of oscillatory synaptic activity associated with 
increased cell firing. Our results emphasize the major involvement of supragranular 
layers in the genesis of slow wave activity.
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Dynamic changes in cortical oxygen and lactate concentrations across the sleep/
wake cycle in freely behaving rats

Dash MB, Cirelli C, and Tononi G

Univ. of Wisconsin-Madison, 6001 Research Park Blvd., Madison, USA

The majority of brain metabolic activity is consumed to meet energy demands associ-
ated with synaptic activity at glutamatergic synapses (Attwell and Laughlin, 2001). 
Recent reports indicate that firing rates (Vyazovskiy, 2009) and extracellular glutamate 
concentrations (Dash, 2009) increase as a function of waking duration and dissipate 
throughout episodes of non-rapid eye movement (NREM) sleep. How the brain meets 
these changing energy demands across the sleep/wake cycle and the extent to which 
such metabolic changes relate to sleep homeostasis is currently unclear. Although 
complete oxidative phosphorylation of glucose supplies the majority of energy for 
the brain (Gjedde, 2002), a fraction of glucose consumption is not fully oxidized 
indicating that some metabolic demands are met through aerobic glycolysis (Magis-
tretti, 1999). Consequently, changes in the levels of oxidative phosphorylation and/
or aerobic glycolysis could be responsible for satisfying changing energy demands 
during sleep and waking. To assess metabolic changes across the sleep/wake cycle, 
we used fixed potential amperometry to chronically record (>72 hrs) the extracel-
lular concentrations of oxygen (as a measure of oxidative phosphorylation) or lactate 
(as a measure of glycolysis) in motor cortex of freely behaving rats. We observe that 
both lactate and oxygen concentrations: 1) exhibit a wide range throughout the day, 
2) change dynamically within seconds to minutes, and 3) change as a function of 
behavioral state. During NREM sleep, progressive decreases in both oxygen (-0.56 ± 
0.09 % daily mean/min (%dmm)) and lactate (-0.39 ± 0.06 %dmm) concentrations 
were observed, consistent with reduced metabolic demands during NREM sleep. 
During active waking (high EMG activity), we observe progressive increases in both 
oxygen and lactate concentrations (0.95 ± 0.13 and 0.32 ± 0.07 %dmm, respectively). 
Although lactate concentrations exhibit a similar increase during quiet waking (0.30 
± 0.09 %dmm), oxygen concentrations largely remain stable (0.12 ± 0.15 %dmm). 
These results demonstrate that 1) cortical metabolic activity changes dynamically 
across the sleep/wake cycle and 2) oxidative phosphorylation and glycolysis may 
play distinct roles in supplying energy to meet demands associated with prolonged 
changes in neuronal activity.
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Wake EEG markers determined by detrended fluctuation analysis correlate with 
neurocognitive deficits and subjective sleepiness during 40hours of extended 
wakefulness

Denotti AL, Kim JW, Wong KKH, Bartlett DJ and Grunstein RR.

University of Sydney, Sydney, Australia

Introduction Chronic sleep restriction and sleep disturbance is a common societal 
problem that exposes individuals to an increased risk of injuries and accidents due to 
impaired neurocognitive functioning. However, there is a complex inter-individual 
variability in the impact of sleep loss on the neurobehavioural and cognitive deficits 
observed in individuals. Changes in waking electroencephalographic (EEG) activity 
have been shown following sleep deprivation, and these measures have been correlated 
to sleepiness and worsening performance. These findings support the role of the EEG 
as an inclusive tool to assess sleep quality, sleepiness and performance. In this study, 
we evaluate the use of detrended fluctuation analysis (DFA) of the resting EEG as a 
novel marker of impaired neurocognitive performance.
Methods Healthy subjects attended the sleep laboratory and completed a 3-day/night 
protocol that included two nights of PSG sleep assessment (night 1 = 8h time in bed 
baseline; night 3 = recovery) and 40hrs of extended wakefulness in between. Perform-
ance testing with the psychomotor vigilance task (PVT) and a simulated driving task 
(AusEd) occurred every 2hrs during wake. In addition, subjective sleepiness was as-
sessed using the Karolinska sleepiness scale (KSS). Resting awake EEG was recorded 
during a Karolinska drowsiness test (KDT) prior to each 2-hourly assessment. Six EEG 
channels and EOG were recorded but only Cz/A1 was analysed for this preliminary 
work. The EEG recorded during both ‘eyes-open’ and ‘eyes-closed’ conditions of the 
KDT was analysed by DFA, yielding DFA scaling exponents (ScE) as a measure of 
the alertness level of the subject at the time of the test. Results are reported as mean 
± standard deviation.
Results In the preliminary analysis to date we have assessed 2 healthy subjects (1 
male, 1 female) without sleep disorders or significant co-morbidities (age 26±0 yrs, 
BMI 22±1 kg/m2). We found significant correlations within each subject between 
DFA ScE and the reciprocal slowest 10% of reaction times on the PVT (r=-0.530, 
p=<0.001 / r=-0.366, p=0.022); steering deviation during the AusEd simulated drive 
(r=0.487, p=0.003 / r=0.377, p=0.023); and subjective sleepiness (r=0.330, p=0.040 / 
r=0.441, p=0.005) during ‘eyes-closed’ portion of the KDT / entire KDT (‘eyes-open’ 
and ‘eyes-closed’ conditions) respectively. 
Discussion Increased DFA ScE was correlated with worse neurobehavioural perform-
ance and greater subjective sleepiness in these subjects during 40hrs of extended 
wakefulness. DFA may provide a useful EEG marker of neurocognitive performance, 
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and explain the inter-individual variability in response to sleep loss. Further, DFA 
may be a potential tool to identify those individuals at greater risk of vigilance failure 
such as impaired driving.
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Dissociable consequences of memory reactivation during sleep and wakefulness

Diekelmann S, Büchel, C, Born J, Rasch B

University of Lubeck, Lubeck, Germany

According to the reconsolidation theory, reactivation during wakefulness transiently 
destabilizes memories and renders them susceptible to interference. Here, we tested 
whether the same basic principle applies to memory reactivation during sleep. We 
reactivated memories by associated odor cues either during slow wave sleep (SWS) 
or during wakefulness, and reactivation was immediately followed by an interfer-
ence task. As expected during waking, reactivation destabilized memories such that 
these memories became disrupted by interference learning. In contrast during SWS, 
reactivation stabilized memories and made them resistant to interference. In support 
of these behavioral findings, functional magnetic resonance imaging revealed strong 
differences in reactivation-induced brain activity between sleep and wakefulness. 
Reactivation during SWS mainly activated hippocampal regions and the retrosplenial 
cortex, whereas during wakefulness reactivation was primarily associated with activa-
tions in prefrontal areas. Our results suggest that memory reactivation during SWS 
and wakefulness are functionally distinct processes. 
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Statistical Representations Benefit from a Nap

Simon Durrant*, Charlotte Taylor*, Penny Lewis*+

*School of Psychological Sciences, University of Manchester, +Institute of Cognitive Neuroscience, Uni-
versity College London, London, UK

Introduction The consolidation of memory during sleep has been increasingly docu-
mented in the last decade. Perceptual learning, and in particular the important field of 
exposure learning, is currently under-represented in this research. Here, we evaluate 
the contribution of a nap to the offline consolidation of higher-order statistical patterns.
Methods 24 participants were divided equally between Nap and Wake groups, with 
both groups trained at 12pm and retested at 4pm on the same day. The Nap group 
were monitored with polysomnography while asleep. Participants were exposed to 
a 7 minute auditory stream of pure tones generated stochastically from a transition 
matrix specifying non-uniform second-order transition probabilities such that each 
tone could be predicted using the previous two tones. Immediately following the 
tone stream, participants heard 84 two-alternative-forced-choice (2AFC) trials, each 
comprising a short tone sequence generated from the same transition matrix and a 
short randomly ordered tone sequence, and asked to indicate which sounded more 
familiar. Following a nap or an equivalent period of normal waking activity, partici-
pants were retested with 84 equivalent 2AFC stimuli. Performance was measured as 
the proportion of trials on which the structured sequence was chosen.
Results Performance for the Nap group improved by 2.9% across retention, while 
performance for the Wake group declined by 5.4%. These changes in performance dif-
fered significantly between groups (t-test; p=0.013). Interestingly, improvement across 
the nap correlated significantly with the proportion of slow wave sleep (SWS) (r=0.59; 
p=0.043); no other sleep stage, or total sleep time, showed a significant correlation.
Conclusion This result extends recent observations of enhanced abstraction and in-
tegration after overnight retention intervals by demonstrating that the representation 
of statistical patterns is also strengthened across sleep relative to wake. The correlation 
with SWS suggests an active process, potentially strengthening declarative representa-
tions of the sequence. In keeping with our previous results comparing overnight sleep 
and wake groups, these data show that abstract representations of statistical patterns 
consolidate across just 2 hours of sleep.
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Non neuronal modulators of synaptic transmission control spontaneous 
cortical activity in vivo

Tommaso Fellin

Italian Institute of Technology, Dept. of Neuroscience and Brain Technologies, Genova, Italy

Although the release of chemical transmitters from astrocytes (gliotransmission) has 
been shown to modulate neuronal function in situ, whether this process regulates 
neuronal circuits in vivo is unknown. Using astrocyte-specific transgenic mice in 
combination with in vivo electrophysiology, we demonstrated that gliotransmission 
regulates slow oscillations, a thalamocortical rhythm characterizing nonREM sleep. 
Attenuation of gliotransmission by expressing a dominant negative SNARE domain 
(dnSNARE) in astroglial cells resulted in slow oscillations with reduced up- and 
prolonged down-state durations. These changes in network dynamics correlated with 
an effect of astrocytes on intracortical synaptic transmission at two different sites: 
a hypofunction of postsynaptic NMDA receptors and a loss of tonic A1 receptor-
mediated inhibition. These findings suggest that rhythmic brain activity is generated 
by the coordinated action of the neuronal and glial networks.
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Influence of slow oscillating transcranial direct current stimulation on eeg and 
sleep related parameters of young healthy subjects

C. Garcia, C. Schöbel, M. Glos, I. Fietze, T. Penzel

Charite Universitätsmedizin Berlin, Center for Sleep Medicine, Berlin, Germany

Objective Healthy subjects were investigated to qualify electroencephalographic 
changes during slow oscillating transcranial direct current stimulation of 0.75Hz. 
Methods In this randomized, sham-controlled cross over design study 10 healthy 
individuals were stimulated during the day with the DC-stimulator plus. Treatment 
will be administered for 30 min with a 1 minute stimulation-free interval after every 
5 minutes. Afterwards aassessment of sleepiness by several attentions tests (MWT, 
DSST, D2 and PVT) and questionnaires will be performed (KSS, SF12). 2 polysomno-
graphic nights will be performed right before and right after the daytime stimulation. 
Between the 2 daytime measurements will be a wash out period of at least 10 days. 
Results Like Marshall et al 2006 and Kirov et al 2009 we are stimulating in the fr-
ontolateral position with anodal current and therefore expect changes in alpha peak 
frequency (primary endpoint). Secondary endpoints will be changes in latency to 
persistent sleep during the day, in appearance of sleep related parameters (vertex waves, 
k-complexes and spindles) and in performance during attention tests.
Conclusion Only very little is known about the influence of transcranial stimulation 
on sleep-wake-behaviour. As sleep has an impact on all functional systems (e.g. CNS, 
ANS), we expect that transcranial stimulation could improve consolidation of memory, 
sleep disorders and all depending dysregulations and probably even generate alertness 
in case of unwished drowsiness.

Kirov R, Weiss C, Siebner HR, Born J, Marshall L. Slow oscillation electrical brain stimulation during waking 
promotes EEG theta activity and memory encoding. Proc Natl Acad Sci USA. 2009 

Marshall L, Helgadóttir H, Mölle M, Born j. Boosting slow oscillations during sleep potentiates memory. 
Nature. 2006: 444(7119) 
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Contribution of adenosine related genes to the risk of depression with disturbed 
sleep 

Natalia Gass, Hanna M. Ollila, Siddheshwar Utge, Timo Partonen, Erkki Kronholm, 
Sami Pirkola, Johanna Suhonen, Kaisa Silander, Tarja Porkka-Heiskanen, Tiina Paunio

University of Helsinki, Institute of Biomedicine, Department of Physiology, Helsinki, Finland

Most patients with major depression report problems in their sleep: insomnia, early 
morning awakenings and fatigue correlating with poor sleep quality. One of the key 
substances regulating sleep is adenosine. We hypothesized that variations in poly-
morphic sites of adenosine related genes may predispose to depression with sleep 
disturbances. 
 We selected 117 single nucleotide polymorphisms from 13 genes and analyzed their 
association with depression and specific sleep problems (early morning awakenings 
and fatigue). Data were collected as part of the Health 2000 Study based on Finnish 
population and included 1423 adult subjects. 
 Our major finding herein was, among women, the association of SLC29A3 poly-
morphism rs12256138 with depressive disorder (p=0.0004, odds ratio=0.68, 95% CI 
0.55-0.84, p<0.05 after Bonferonni correction for multiple testing). Only one gene 
showing any evidence for association was common to women and men (ADA). 
Our results suggest that compromised adenosine transport due to variation in nu-
cleoside transporter gene SLC29A3 in women, could predispose to depression, and 
could suggest new directions in treatment research. The shortage of overlapping 
genes between the genders indicates that the genetics of mood regulation may vary 
between the sexes.
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Alterations in sleep EEG might predict the ability to learn in a visual task in 
Williams syndrome

F. Gombos, P. Gerván, R. Bódizs, I. Kovács

HAS-BME Cognitive Science Research Group, Department of Cognitive Science, Budapest University of 
Technology and Economics

Williams syndrome (WS) is a neurodevelopmental genetic disorder characterized 
by a variety of physical abnormalities, sleep disturbance and a dissociative cognitive 
architecture with learning difficulties. To investigate the link between poor learning 
abilities and the altered sleep pattern in WS, a visual perceptual learning task was 
administered to 12 WS subjects (age range: 9-24 yrs), followed by the analysis of 
their night sleep. We applied a contour integration (CI) paradigm where stimuli are 
composed of collinear chains of Gabor elements forming an egg shape against a noise 
background. This task has been designed to study occipital (V1) visual function. All 
WS subjects also underwent two consecutive full-night home polysomnography. We 
analyzed sleep macrostructure and power spectra in specific EEG frequency bands at 
different scalp locations by using a mixed-radix FFT algorithm. Visually guided auto-
matic scoring of leg movements (LM) was performed as well. While different measures 
of sleep macrostructure or leg movements during sleep are not predictive in terms of 
the ability to learn in CI, sleep EEG spectra seem to have predictive power. As it has 
been shown earlier that perceptual learning in CI is sleep-dependent, this relation-
ship between the altered sleep EEG pattern and learning in WS subjects might reveal 
an important link towards the genetic determination of sleep-dependent learning.

Key words perceptual learning, contour integration, polysomnography, sleep, Williams 
syndrome, adolescents and young adults

Supported by National Science Foundation, Hungary (OTKA NF60806) and the Social Renewal Program, 
Hungary (TAMOP-4.2.2/08/1/KMR) to I.K.
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Differential functional roles of slow-wave and oscillatory alpha-band activity in 
visual sensory cortex during anticipatory visual-spatial attention

Tineke Grent-’t-Jong1,2, C. Nicolas Boehler1, J. Leon Kenemans2, & Marty G. Woldorff1,3

1 Center for Cognitive Neuroscience, Duke University, Durham, NC, USA, 2 Departments of Experimental 
Psychology and Psychopharmacology, University of Utrecht, Utrecht, Netherlands, 3 Department of Psy-
chiatry, Duke University, Durham, NC, USA

Markers of preparatory visual-spatial attention in sensory cortex have been described 
as lateralized, slow-wave, event-related-potential (ERP) components and as lateralized 
changes in alpha-band power, but their roles and functional relationships are still un-
clear. In the current study, three versions of a visual-spatial cueing paradigm (including 
manipulations of perceptual task difficulty and response instructions) were used to 
investigate the functional relationship between posterior, alpha-band, oscillatory-EEG 
changes and our previously reported Biasing-Related-Negativity (BRN), slow-wave, 
ERP component. The results revealed that the slow-wave BRN is primarily sensitive 
to perceptual target-detection difficulty, correlating both in location and strength with 
early (N1) sensory-processing target activity, thus suggesting an underlying baseline-
shift, biasing-activity mechanism. In contrast, contralateral event-related decreases 
in alpha-band power (alpha-ERDs) were relatively insensitive to perceptual difficulty 
and differed topographically from both the slow-wave BRN and target-N1 distribu-
tions. Moreover, when response instructions emphasized immediate responses to 
targets, compared to when they were delayed, contralateral alpha-ERD activity was 
particularly strong and correlated with target P3b activity. Thus, in contrast to the 
apparent perceptual biasing role of slow-wave BRN activity, contralateral alpha-ERD 
activity over visual cortex may represent an attentionally maintained task set linking 
stimulus-specific information and task-specific response requirements.
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Sleep homeostasis and cortical synchronization: Evidence from spontaneously 
occurring K-complexes in humans

Georg Gruber 1, Peter Anderer 2, Silvia Parapatics 1, Arnaud Moreau 1, Marco Ross 1, 
Georg Dorffner 1,3

1: The Siesta Group, Vienna, Austria, 1 Medical University of Vienna, Austria, 2: Department of Psychiatry 
and Psychotherapy, Medical University of Vienna, Austria, 3: Center for Medical Statistics, Informatics and 
Intelligent Systems, Medical University of Vienna, Austria

A recent paper (Riedner et al, 2007a) has shown decreased slow wave slopes during late 
NREM sleep (N3) when compared with similar events during early sleep, which was 
interpreted as a consequence of a homeostatic reduction in cortical synaptic strength 
(downscaling) during sleep as predicted by a computer model (Esser et al 2007). K-
complexes (KCs) have been interpreted as forerunners of slow waves (De Gennaro 
et al. 2000 and part of the slow oscillation (Amzica and Steriade 1997, 1998). In the 
present paper, we investigate the properties (amplitude, duration, and slope) of KCs 
spontaneously occurring during N2 NREM sleep. According to the model, also here, 
the slope of spontaneous KCs should decline over the night.
 58 healthy, adult subjects were included in this study. KCs during N2 were automati-
cally detected by means a wavelet-based technique, which was also used for determin-
ing the characteristic features of the detected events (amplitude, duration, and slope).
When comparing features from 7065 KCs detected during the first 4 hours sleep to 
6990 events detected during late sleep (last 4 hours), we observed significantly higher 
amplitudes (116 µv vs. 112µV), a shorter duration (0.92 s vs. 0.97 s), and consequently 
a higher slope (408 µV/s vs 369 µV/s) during early sleep. All results are highly sig-
nificant (p<.000, Mann-Whitney U-Test). The decrease in slope between early and 
late sleep was also present when KCs were matched by amplitude. These results are in 
line with results observed during slow wave sleep and thus, support the hypothesis of 
homeostatically driven synaptic downscaling during NREM sleep.

Amzica F, Steriade M. Cellular substrates and laminar profile of sleep K-complex. Neuroscience. 1998 
Feb;82(3):671-86.

De Gennaro L, Ferrara M, Bertini M. The spontaneous K-complex during stage 2 sleep: is it the ‘forerunner’ 
of delta waves? Neurosci Lett. 2000 Sep 8;291(1):41-3. Amzica F, Steriade M. The K-complex: its slow 
(<1-Hz) rhythmicity and relation to delta waves. Neurology. 1997 Oct;49(4):952-9.

Esser SK, Hill SL, Tononi G. Sleep homeostasis and cortical synchronization: I. Modeling the effects of 
synaptic strength on sleep slow waves. Sleep. 2007 Dec 1;30(12):1617-30.

Riedner BA, Vyazovskiy VV, Huber R, Massimini M, Esser S, Murphy M, Tononi G. Sleep homeostasis 
and cortical synchronization: III. A high-density EEG study of sleep slow waves in humans. Sleep. 2007 
Dec 1;30(12):1643-57.
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Relaxin-3/RXFP3 networks and control of behavioural state, stress, biorhythms, 
cognition and emotion

Gundlach AL,1 Ma S,1 Smith CM,1 Sang Q,1 Ryan PJ,1 Hossain MA,1 Wade JD,1 Bathgate 
RAD,1 Olucha-Bordonau FE,2 Blasiak A,3 Sutton SW,4 Lovenberg TW,4

1Florey Neurosci Inst, Univ Melbourne, Melbourne, Australia; 2Dept Anat Human Embryol, Univ Valencia, 
Valencia, Spain; 3Dept Neurophysiol Chronobiol, Inst Zool, Jagiellonian Univ, Krakow, Poland; 4 Neuro-
science, Johnson & Johnson PR&D, LLC, San Diego, USA

Relaxin-3 (RLN3) is expressed by neurons in nucleus incertus (NI), pontine raphe 
and periaqueductal grey in rodent and primate brain [1-3]. RLN3 fibres are widely 
distributed in forebrain areas containing the Gi-coupled RLN3 receptor, RXFP3, which 
inhibits cAMP synthesis and increases ERK activity in vitro. RLN3 neurons in rat NI 
express CRF and orexin receptors, and are activated by these peptides in vitro/in vivo. 
NI neurons express increased c-Fos and/or RLN3 mRNA after neurogenic stressors 
such as forced swim [4], footshock, restraint, and after food-anticipatory activity and 
changes in sleep/wakefulness - highlighting putative functional roles of RLN3.
 Functional studies in rats indicate NI is a relay in brainstem-septohippocampal 
networks [5] that generate and modulate theta rhythm associated with exploratory 
activity, sleep, cognition and emotion. Immunohistochemical and neural-tracing stud-
ies reveal NI RLN3 terminals contact septal neurons that project to hippocampus and 
RLN3/RXFP3 signaling in septum can modulate septal and hippocampal firing, theta 
rhythm and spatial memory [6]. Similar anatomical and functional studies suggest that 
RLN3 neurons convey stress and photic/non-photic information to elements of the 
circadian clock via an innervation of the thalamic intergeniculate leaflet; and regulate 
fear memory via effects in the amygdala and related circuits. Studies in wildtype and 
knockout mice are consistent with a role for RLN3 in circadian behavioural activation 
and stress responses, but reveal possible differential species effects on feeding and 
metabolism that require further examination [7, 8].
 RLN3 neurons are embedded within major ascending arousal circuits that use 
peptides and monoamines to generate/modulate short- and long-term synchronous 
brain rhythms and resultant changes in ‘behavioural state’, including sleep/wakefulness, 
arousal/locomotion and metabolic/neuroendocrine balance. Current studies are aimed 
at determining the effects of RLN3/RXFP3 networks on these characterised systems 
and on sensorimotor, emotional and other behaviours, along with their mechanisms 
of action and therapeutic significance.

1. Ma S et al. (2007) Neuroscience 144, 165-190
2. Ma S et al. (2009) J Comp Neurol 517, 856-872
3. Smith CM et al. (2010) J Comp Neurol (in press)
4. Banerjee A et al. (2010) Neuropharmacology 58, 145-155
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5. Nunez et al. (2006) Eur J Neurosci 23, 2731-2738
6. Ma S et al. (2009) Learn Mem 16, 730-742.
7. Smith CM et al. (2009) Ann NY Acad Sci 1160, 236-241
8. Sutton SW et al. (2009) Ann NY Acad Sci 1160, 242-249
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A time for learning and a time for sleep: the effect of sleep deprivation on 
contextual fear conditioning at different times of the day

Roelina Hagewoud1, Shamiso Whitcomb1, Amarins N. Heeringa1, Robbert Havekes2, 
Jaap M. Koolhaas1 and Peter Meerlo1

1Department of Behavioral Physiology, Center for Behavior and Neurosciences, University of  Groningen, 
The Netherlands, 2Department of Biology, University of Pennsylvania, Philadelphia, USA

Sleep deprivation (SD) negatively affects memory consolidation, especially in case of 
hippocampus-dependent memories. For example, studies in rodents have shown that 
5 h SD immediately following footshock exposure selectively impairs the formation 
of a contextual fear memory but not cued fear memory. In these studies both acquisi-
tion and subsequent SD are performed in the animals’ main resting phase. However, 
in every day life, subjects most often do not learn right before or during their sleep 
phase but, instead, often learn during their active phase. Here we examined the im-
portance of sleep and the effects of SD on memory consolidation for contextual fear 
in rats when the task was performed at different times of the day, particularly, the 
beginning of the resting phase or right before the onset of the active phase. Results 
show that SD immediately following training affects consolidation of contextual fear, 
independent of time of training. However, in the resting phase memory consolidation 
was impaired by 6 h posttraining SD while in the active phase an impairment was only 
seen after 12 h SD, but not after 6 h SD. Since rats sleep at least twice as much during 
the resting phase compared to the active phase, these data suggest that the effect of SD 
depended on the amount of sleep that was lost. Also, control experiments show that 
effects of SD were not related to the amount of stimulation the animals received and 
were therefore not likely an indirect effect of the SD method. These results support 
the notion that sleep immediately following acquisition, independent of time of day, 
promotes memory consolidation and that SD may disrupt this process depending on 
the amount of sleep that is lost.
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Event-related activity and phase locking during a psychomotor vigilance task 
throughout sleep deprivation

Hoedlmoser, K., Griessenberger, H., Fellinger, R., Freunberger, R., Gruber, W., Klime-
sch, W., & Schabus M.

University of Salzburg (Salzburg, AT), Austria

There is profound knowledge that sleep restriction increases tonic (event-unrelated) 
electroencephalographic (EEG) activity. We tried to add a new perspective by iden-
tifying a possible relationship between phasic (event-related) EEG activity during a 
psychomotor vigilance task (PVT) and sleep pressure. 
 Twenty healthy subjects (10 male; mean age ± SD: 23.45 ± 1.97) underwent sleep 
deprivation for 24h. Subjects hourly had to rate their sleepiness (Karolinska sleepiness 
scale) and to perform a PVT while EEG was recorded simultaneously. Tonic EEG 
changes in the delta (0-4Hz), theta (4-8Hz), and alpha (8-12Hz) frequency range were 
investigated by power spectral analyses. Single trial (phase-locking index) and ERP 
analyses (P1, N1) were used to examine event-related changes in EEG activity. 
 Subjective sleepiness, PVT reaction times and tonic EEG activity (delta, theta and 
alpha spectral power) significantly increased over the night. In contrast event-related 
EEG parameters decreased throughout sleep deprivation. Specifically, the ERP com-
ponent P1 diminished in amplitude as well as delta and theta PLI estimates decreased 
progressively over the night.
 It is suggested that besides relying only on rather unspecific event-unrelated spectral 
power estimates (tonic EEG activity) event-related EEG activity (such as the amplitude 
of the P1 as well as delta/theta phase-locking) should be considered as new predictors 
for sleep pressure, arousal and attentional states of an individual. 
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Markers of systemic inflammation and slow wave sleep in various sleep 
disorders

Marietta Keckeis1,2, Zuzana Lattova1,2, Eszter Maurovich-Horvat1,2, Thomas Wetter1 
and Thomas Pollmächer1,2

1 Max Planck Institute of Psychiatry, Munich, Germany, 2 Klinikum Ingolstadt, Centre of Mental Health, 
Ingolstadt, Germany

Objectives Several sleep disorders are characterised by sleep loss and reduced slow 
wave sleep (SWS). One study showed a negative correlation between the amount of 
SWS and morning levels of interleukin (IL)-61. Sleep deprivation studies showed 
increased daytime levels of IL-6 and tumor necrosis factor (TNFα), suggesting that 
sleep deprivation enhances inflammatory markers. Based on these results we examined 
these markers in sleep disorders. 
Methods We measured morning levels of IL-6, TNFα, soluble TNF receptors and C-
reactive protein along with polysomnography. The sample comprised 25 obstructive 
sleep apnea (OSA) patients, 18 restless legs syndrome (RLS) patients, 21 insomniacs 
and 33 healthy controls. 
Results Despite a different BMI, age, sleep period time (SPT) and wake time after 
sleep onset did not differ between sleep disorder groups. OSA patients showed less 
SWS (%SPT) compared to insomnia- or RLS patients, whose SWS time was in the 
normal range. After adjusting for BMI and sex, OSA patients showed increased levels 
of CRP (4.4 mg/l) compared to healthy controls (0.9 mg/l). IL-6 and TNFα and TNF 
receptors did not differ between groups. An association between the amount of SWS 
and inflammatory biomarkers could not be observed. 
Discussion Results confirm higher CRP values in OSA patients, indicating a higher 
risk of cardiovascular disease independent of obesity or time spent in SWS. Cytokine 
networks seem to be not affected, which contrasts to experimental sleep deprivation 
studies and indicates that in chronic sleep disorders compensatory mechanisms might 
be active.

1 Hong S, Mills PJ, Loredo JS, et al. The association between interleukin-6, sleep, and dempgraphic char-
acteristics. Brain Behav Immun 2005; 19: 165-172.
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NREM Slow-wave oscillations rebound after sleep deprivation: effect of aging

Lafortune, M.(1,2), Viens, I. (1,2), Poirier, G. (1,2), Vandewalle, G. (1,2), Barakat, M. 
(1,2), Martin, N. (1,2), Filipini, D.(1), & Carrier J. (1,2)

1) Centre d’étude du sommeil et des rythmes biologiques, Hôpital du Sacré-Cœur de Montréal, QC, Canada; 
2) Département de psychologie, Université de Montréal, Montréal, QC, Canada

The hypothesis that aging is associated with alterations in the build-up function of 
the homeostatic process is still a matter of debate. Higher homeostatic pressure leads 
to higher neuronal synchronisation in NREM sleep, that is detectable by electroen-
cephalography (EEG) as low-frequency, high-amplitude waves (i.e., slow-wave oscil-
lations; SWO; <4Hz and >75µV). SWO are proposed as a maker of synaptic strength 
homeostasis and to play a crucial role in memory and brain plasticity. The aim of this 
study was to evaluate the impact of aging on SWO rebound after sleep deprivation. 
Twenty-nine young (27y ±5), and 34 middle-aged (51y ±5) subjects participated in a 
baseline nocturnal sleep and a daytime recovery sleep (after 25-hour of wakefulness). 
Compared to the young, middle-aged subjects showed lower SWO density (number 
of SWO/minute of NREM sleep) and lower SWO peak to peak amplitude (µV), dur-
ing both sleep condition. Enhanced homeostatic pressure increased SWO density 
and SWO amplitude during recovery sleep and this rebound was more prominent in 
anterior derivations in both age groups. However, the rebound in SWO density was 
more important in young subjects compared to middle-aged subjects. Our results sup-
ports previous results that showed a frontal dominance of slow wave activity rebound 
following sleep loss, suggesting that these brain areas may necessitate more intense 
recovery. Compared to the young, middle-aged subjects showed lower neuronal 
synchronisation and a reduced ability to increase SWO density during recovery sleep 
after sleep loss. This may be related to more difficulties in recuperating from sleep 
deprivation and to lower cerebral plasticity.
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NREM Slow-wave oscillations and early Alzheimer disease

Lafortune, M.(1,2), Petit, D. (1), Gagnon, J.F. (1,2,3), Massicotte-Marquez, J., (1,2), 
Montplaisir, J.Y (1), & Carrier, J.(1,2,3)

(1) Centre d’étude du sommeil et des rythmes biologiques, Hôpital du Sacré-Cœur de Montréal, QC, Canada; 
(2) Département de psychologie, Université de Montréal, Montréal, QC, Canada, (3) Institut Universitaire 
de Gériatrie de Montréal, Montréal, QC, Canada

Increased neural synchronization in NREM sleep is detectable by electroencephalog-
raphy (EEG) as low-frequency, high-amplitude waves (slow-wave oscillations; SWO). 
SWO are proposed as a maker of synaptic strength homeostasis and to play a crucial 
role in memory and brain plasticity. SWO may thus be impaired in patients suffering 
from probable Alzheimer disease (AD). Fourteen subjects diagnosed with probable 
AD (stage mild to moderate: 71y ±5), were compared with 14 age-matched control 
(CTR) subjects (70y ±3). Global cognitive function was assessed with the Mini Mental 
Scale (MMSE). SWO density (number of SWO/minute of NREM sleep), peak to peak 
amplitude (µV), positive and negative phase duration (s) and maximal slope between 
the negative peak and the positive peak (µV/s) in the central derivation were compared 
between AD patients and CTR participants. Pearson correlations were also performed 
between MMSE scores and SWO variables. No significant differences (p>0.05) between 
AD patients and CTR participants were found in any of the SWO variables. Moreover, 
there was no significant correlation between the MMSE score and any of the SWO 
variables. AD patients in early stage and control participants showed no difference 
in SWO characteristics previously associated to synaptic strength homeostasis and 
brain plasticity. Early stage of Alzheimer disease affects more the hippocampus and 
the temporal lobes. It is possible that SWO oscillations, which originate more often 
in the frontal lobes, would be preserved until the cortex is more generally affected by 
Alzheimer disease.
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Noradrenergic neurons of the locus coeruleus are phase-locked to cortical up-
down states during sleep 

Cesare Magri, 1 Oxana Eschenko, 1 Stefano Panzeri2, and Susan J. Sara3 
1 Max Planck Institute for Biological Cybernetics, 72076 Tübingen, Germany, 2Italian Institute of Technol-
ogy, Department of Robotics, Brain and Cognitive Sciences, Via Morego 30, 16163, Genova, Italy, 3Collège 
de France, CNRS, UMR 7152, F-75005, Paris, France

The activity of all major ascending neuromodulatory arousal systems is greatly re-
duced during the periods of cortical synchronization that are reflected in EEG as 
high-amplitude low-frequency waves. Despite the relative silence, neuromodulatory 
neurons typically switch their firing pattern from a tonic mode during the alert, 
desynchronized cortical state to a bursting mode during cortical synchronization 
that is characteristic for slow wave sleep (SWS) or anesthesia. The bursting activity 
is particularly efficient for a corresponding release of neuromodulators in the target 
regions. The activity of brainstem cholinergic and dopaminergic neurons correlates 
with cortical slow oscillations, while activity of the noradrenergic system in this context 
remains unexplored. We recorded unit activity of the noradrenergic neurons of the 
locus coeruleus (LC) with simultaneous monitoring of the cortical state by EEG in 
behaving rats. Here we report that the activity of LC neurons is phase-locked to cortical 
slow oscillations indicative of up-down states. In addition, we show that LC neurons 
lock best to slow oscillations advanced by approximately 100 ms, suggesting a possible 
noradrenergic contribution to generation of cortical up state. These results provide the 
first strong evidence for a cortico-coerulear interaction during SWS and challenge a 
conventional dogma about a quiescent state of the LC-noradrenergic system during 
sleep. The phase-locking of noradrenergic neurons to cortical slow oscillations may 
have a strong impact on the coordinated activity of neuronal assemblies during up 
states, which might be relevant for off-line information processing, synaptic plasticity 
and memory consolidation.
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Sleep spindles and slow oscillations contained in naps increase after learning 
and correlate with consolidation success

Oliver Markes1, Simone Duss1, Thomas Reber1, Thomas König2, Simon Ruch1, Daniel 
Oppliger1, Johannes Mathis3, Corinne Roth3, Katharina Henke1

1 Division of Experimental Psychology and Neuropsychology, Department of Psychology, University of Bern, 
Switzerland, 2Department of Psychiatric Neurophysiology, University Hospital of Psychiatry Bern, Switzer-
land, 3Center of Sleep Medicine, Department of Neurology, University of Bern (Inselspital), Switzerland

Scope Models of memory consolidation suggest an important role of NREM sleep for 
the consolidation of declarative memories. Two different approaches can be found in the 
literature. The first one relates learning intensity to subsequent sleep and the second one 
relates sleep parameters to consolidation success. Here these two approaches are com-
bined to find out whether learning leads to an increase in spindle density and in slow oscil-
lations contained in a nap and whether the amount of sleep spindles and slow oscillations 
would boost consolidation success independently of the initial retrieval performance.
Method In the learning condition, subjects incidentally encode face – written city 
associations. Half of the learned associations is recalled before, the other half after a 
nap. Memory difference scores (recall before – after nap) were correlated with sleep 
parameters during the nap. In the nonlearning (control) condition, subjects engaged 
in a concentration task before sleeping. To test whether learning affects sleep pa-
rameters, we computed the difference in sleep parameters between the learning and 
the nonlearning condition. To test whether sleep parameters relate to consolidation 
success, we correlated this difference in sleep parameters between conditions with 
the memory difference score. For sleep parameter quantification, power bands were 
extracted from the EEG signal. Additionally, sleep spindles and slow oscillations were 
detected by appropriate algorithms.
Results Spindle density differed between the learning and nonlearning condition in 
sleep stage 2. Memory difference score correlated with spindle density and sigma band 
power (11-15 Hz: spindle range) in the learning condition, and with the difference 
in spindle density and sigma band power between conditions. In SWS, delta power 
(0.5-4 Hz), subdelta power (0.2-1 Hz), the amplitude and duration of slow oscillatory 
upstates differed between the learning and nonlearning condition. Again, these differ-
ences between conditions were related to the memory difference score. Furthermore, 
spindle density in SWS following both learning and nonlearning correlated with the 
memory difference score of the learning session suggesting a trait effect. 
Conclusion Learning leads to a mean increase in spindle density in S2 and slow oscil-
lations in SWS. Independently of learning success (immediate recall performance), 
sleep spindles in S2 and slow oscillations in SWS were related to consolidation success 
(memory difference score). P3-4
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Sleep spindles show different age-related changes across brain topography

Martin, N. (1,2), Poirier, G. (2), Robillard, R. (1,2), Lafortune, M. (1,2), & Carrier, 
J. (1,2)

(1) Department of psychology, University of Montreal, (2) Centre d’étude du sommeil et des rythmes 
biologiques, Hôpital du Sacré-Cœur de Montréal, Québec, Canada

Spindles are a hallmark of NREM sleep and play a role in brain plasticity and sleep 
protection. Age-related changes in spindle may reflect modifications in NREM sleep 
brain mechanisms since thalamic and cortical networks in which spindles are involved 
are modified by age. Human EEG studies have shown reduced spindle density, duration 
and amplitude in older subjects. However, most of these results are confined within 
the central derivation. This study aims to identify topographical differences in spindles 
during aging. One hundred and two healthy volunteers with no sleep disorders were 
separated in three groups: 48 Young (26M, 22W; 23.3y±2.4), 39 Middle-aged (18M, 
21W; 51.9y ±4.6) and 15 Elderly (7M, 8W; 63.7y ±3.2). Baseline sleep was recorded in 
the laboratory with standard polysomnography. Spindle detection was performed with 
an automatic algorithm. Spindle mean density (nb/min), duration (s), amplitude (µV) 
and frequency (Hz) was analysed for Fp1, F3, C3, P3, and O1 derivations (linked-ears). 
Young subjects showed higher spindle density, duration and amplitude than middle-
aged and elderly subjects for all derivations (p<0.05), except for Fp1 spindle duration 
(p=0.06). Middle-aged subjects showed higher spindle density than elderly subjects 
for all derivations, but showed similar spindle duration and amplitude. Effects of age 
group were stronger in fronto-central derivations for spindle density (Fp1, F3 and C3; 
all F>18.0), but stronger in posterior derivations for spindle duration (P3 and O1; all 
F>21.1). Age differences in spindle amplitude were more prominent in F3 (F=18.5). 
No differences were found between young, middle-aged and elderly subjects for mean 
spindle frequency. These results demonstrate that age-related changes in spindles show 
different topographical specificity across spindle parameters. Future research should 
further investigate the functional significance of each spindle parameters, as they are 
not similarly affected by the aging process across multiple brain areas.

P4-7



abstracts participants98

Differences in slow oscillations during NREM sleep between chronotypes

Valérie Mongrain1,2, Julie Carrier1,3, Jean Paquet1, Ester McSween1,3, Marie Dumont1,2 
1Research Center, Hôpital du Sacré-Cœur de Montréal; 2Department of Psychiatry and 3Psychology, Uni-
versité de Montréal, Montréal, Canada.

Background Previous work suggests that the dynamics of sleep homeostasis differs 
between morning and evening-type individuals as indexed by spectral power in delta/
theta during non-rapid-eye movement (NREM) sleep (Lancel and Kerkhof, 1991; 
Mongrain et al., 2006). The present work evaluated whether slow oscillations (SO) 
characteristics during NREM sleep differ between chronotypes. 
Methods Morning types (n=12, 6 men) were compared to evening types (n=12, 6 men) 
for a baseline sleep episode and for recovery sleep after two nights of sleep fragmenta-
tion (Mongrain and Dumont, 2007). NREM sleep artefact-free epochs from the Fz 
derivation were submitted to SO detection according to published criteria (Massimini 
et al., 2004). SO density (the number of SO per minute of NREM sleep) and a number 
of SO characteristics (the amplitude, the duration of negative or positive phase, and 
the slope between the negative and positive peak) were averaged for all-night NREM 
sleep and compared using Group-by-Night ANOVAs. 
Results Morning types showed higher SO amplitude than evening types, which differ-
ence predominated during the recovery night (baseline: 178 mV vs. 163 mV; recov-
ery: 180 mV vs. 161 mV, respectively). SO slope was also steeper in morning than in 
evening types especially during recovery sleep. Independent on the night, the duration 
of both SO positive and negative phases was shorter in morning than evening types, 
whereas SO density did not differed between the groups. 
Conclusion These data suggest that cortical synchronization during sleep differs 
between chronotypes. These differences may involve both trait characteristics and 
specific responses to increased sleep pressure.

This work was supported by a CIHR grant and NSERC fellowships

Lancel, Kerkhof, Physiol Behav 1991;49:1195-1201.
Massimini et al., J Neurosci 2004;24:6862-6870.
Mongrain et al., Eur J Neurosci 2006;23:497-504.
Mongrain, Dumont, Sleep 2007;30:773-780.
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Cortical and hippocampal low delta activity: a human stereo-EEG study

Fabio Moroni1,2, Fabrizio De Carli3, Lino Nobili4, Marcello Massimini5, Daniela Tem-
pesta6, Giorgio Lo Russo4, Cristina Marzano2, Carlo Cipolli1, Luigi De Gennaro2, 
Michele Ferrara6

1Department of Psychology, University of Bologna, Italy, 2Department of Psychology, University of Rome 
La Sapienza, Italy, 3Institute of Bioimaging and Molecular Physiology, Section of Genoa, National Research 
Council, Italy, 4Centre of Epilepsy Surgery ‘‘C. Munari’’, Center of Sleep Medicine, Niguarda Hospital, Mi-
lano, Italy, 5Department of Clinical Sciences, University of Milano, Italy, 6Department of Health Sciences, 
University of L’Aquila, Italy

Recent findings have shown that spontaneous hippocampal EEG activity in epileptic 
humans chronically implanted with intracerebral electrodes is characterized by a clear 
low delta (0.5-2 Hz) synchronization. Indeed this rhythm, hereafter defined as slow 
hippocampal activity (SHA), is present not only during SWS, but also during REM 
sleep and wakefulness. 
 Since SHA was only recently described, here we asked if it has independent and 
peculiar features respect to cortical delta or is related to it. Thus, we investigated the 
behaviour of SHA across the wake-sleep states, evaluating intra- and inter-hemispheric 
synchronization in 4 epileptic patients, with homologue bilateral cortical and hip-
pocampal derivations, by means of coherence analysis and analysis of waveform 
temporally referenced to the negative peak of the slow waves.
 In the neocortical leads, we observed an increase of low delta waves at NREM sleep 
onset, concomitant with an increase of interhemispheric low delta coherence. Thus, as 
expected, contralateral homologue prefrontal synchronization in the low delta range 
reaches its maximal extent during NREM sleep, dropping during REM sleep to lower 
levels, similar to those of wakefulness. 
 On the other hand, SHA appears as a prevalent rhythm during all the states. Inter-
hippocampal coherence reaches its maximum during REM sleep, it is slightly lower 
during wakefulness, while, in contrast to cortical behaviour, loses coherence during 
NREM sleep. Indeed, right and left hippocampi seem to be surprisingly disconnected 
during NREM sleep since SHA coupling is almost absent. Moreover, we observed a 
lack of coherence in the low delta range between cortex and hippocampus indicating 
that these structures are uncoupled during all the recording period. 
 Hippocampal bilateral delta synchronization during wake and REM sleep could have 
a role in the encoding memory process, and SHA could be the human equivalent of 
the animal hippocampal theta rhythm. The de-synchronization of delta oscillations 
between the two hippocampi during NREM sleep is a novel and unexpected finding 
that deserves further investigation.
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Monkey high density electrocorticogram (ECoG) reveals sleep spindle diversity

Ingrid LC Nieuwenhuis1, Conrado A Bosman1, Robert Oostenveld1, Jan Born2, Pas-
cal Fries13.

1) Radboud University Nijmegen, Donders Institute (RU/DI-BCB), 6500 HE Nijmegen, The Netherlands, 
2) University of Lübeck, Department of Neuroendocrinology, Haus 23a, Ratzeburger Allee 160, 23538 
Lübeck, Germany, 3) Ernst Strüngmann Institute in Cooperation with Max Planck Society, 60528 Frank-
furt, Germany

Memory consolidation benefits from sleep. Sleep spindle density increases after learn-
ing, and this phenomenon most likely subserves synaptic plasticity during sleep. 
Sleep spindles have been studied in animals with restricted spatial coverage and non-
invasively in humans with limited spatial resolution. Therefore, not much is known 
about the detailed spatiotemporal features of sleep spindles. We recorded local field 
potentials (LFPs) with a subdurally implanted electrocorticogram-electrode array 
(ECoG), in a naturally napping macaque monkey. The ECoG array contained 252 
electrodes, spaced at 2-3 mm, and covering brain regions ranging from early visual 
cortex, through parietal and central brain areas, up to the frontal eye fields. This set-up 
combines coverage of many superficial brain regions with a spatial resolution in the 
millimeter range and almost completely independent LFP measurements on the many 
electrodes. We identified sleep spindles in a session containing stage 2 sleep. Many 
of the identified spindles showed the strongest power in the spindle frequency (~ 18 
Hz) at the electrodes along the central sulcus, or the frontal eye fields, but there were 
also spindles with the highest power in other brain areas. We examined the spatial 
distribution of phase differences for individual spindles. This revealed spindles with 
zero-phase difference across the electrodes with high spindle power, and spindles with 
systematic phase shifts across those electrodes. The latter applied to the spindles with 
the highest power at electrodes along the central sulcus. The phase shift pattern sug-
gests that these central spindles propagate as a traveling wave within the central sulcus, 
with a posterior to anterior direction. These results reveal substantial spindle diversity 
in terms of spatial origin, spatial extent and traveling characteristic. This spindle micro 
dynamics likely determines the impact of spindles on cortical networks, and it will 
be an important task to relate it to pre-sleep experience and sleep-related learning.
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Chronic sleep restriction during adolescence: effects on hippocampal structure 
and emotionality

Arianna Novati1; Henriëtte J Hulshof2,; Peter Meerlo, PhD1

1Department of Behavioral Physiology, University of Groningen, The Netherlands, 2Department of Molecular 
Neurobiology, University of Groningen, The Netherlands

Chronic sleep loss may predispose individuals to psychiatric diseases. Since lack of 
sleep and the onset of depression are high during adolescence, the two may be linked. 
One mechanism through which sleep loss may contribute to depressive symptomatol-
ogy is by affecting hippocampal function. In this study we subjected adolescent rats 
to chronic sleep restriction and assessed effects on hippocampal neurogenesis and 
volume as well as anxiety and anhedonia.
 Rats were kept awake 20h per day in slowly rotating drums. The treatment started at 
postnatal day (PD) 28/30 and continued throughout adolescence until PD 61. In the 
first experiment anxious behaviour was examined using open field and elevated plus 
maze test. Anhedonic-like behaviour was tested with a saccharine preference test. All 
tests were performed after 1 and 4 weeks of sleep restriction. In the second experiment, 
effects on hypothalamus-pituitary-adrenal (HPA) axis hormones levels were measured 
after 1 and 4 weeks of sleep restriction. At the end of the experiment, hippocampal 
volume and neurogenesis were measured. Doublecortin (DCX) was used as marker 
for new hippocampal neurons. Survival of newborn cells was measured by staining 
for 5-bromodeoxiuridine (BrdU), injected five days before starting the treatment. 
 The analysis shows reduced hippocampal volume but no difference in cell prolifera-
tion and survival in sleep restricted rats compared to controls. HPA axis hormones 
and anxiety levels were comparable among experimental groups. There was a tendency 
for reduced saccharine preference after 1, but not after 4 weeks of treatment. 
 Reduced hippocampal volume is frequent in depression. Our data suggest that a 
decreased hippocampal volume may be partly due to chronically disrupted sleep. 
This volume reduction did not seem to result from elevated glucocorticoid levels or 
decreased neurogenesis. 
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Activation of reticular thalamic neurons by MT2 melatonin receptor ligands: in 
vivo electrophysiological and electroencephalographic study

Rafael Ochoa-Sanchez1, Stefano Comai1, Baptiste Lacoste2, Gilberto Spadoni3, Silvia 
Rivara4, Annalida Bedini3, Debora Angeloni5, Franco Fraschini6, Marco Mor4, Giorgio 
Tarzia3, Laurent Descarries2 and Gabriella Gobbi1,Ψ

1 Neurobiological Psychiatry Unit, Dept. of Psychiatry, McGill University and McGill University Health 
Center, Montreal, Canada, 2 Dept. of Pathology and Cell Biology, University of Montreal, Montreal, Canada, 
3 Institute of Medicinal Chemistry, University of Urbino “Carlo Bo”, Urbino. Italy, 4 Pharmaceutical Dept. 
University of Parma, Parma, Italy, 5 Scuola Superiore Sant’Anna, Pisa, Italy, 6 Dept.of Pharmacology, Chemio-
therapy and Medical Toxicology, University of Milan, Milan, Italy.

Melatonin is a neurohormone implicated in the regulation of sleep and circadian 
rhythms and binds two G-protein coupled brain receptors, MT1 and MT2. The differ-
ential role of these two receptors in sleep function is completely unknown. Recently, 
we have proposed a novel drug acting as a selective MT2 receptor partial agonist, 
called UCM765 (N-{2-[(3-Methoxyphenyl)-phenylamino]ethyl}acetamide), with a 
100-fold higher affinity for the human recombinant receptor MT2 (pKi = 10.18) than 
for MT1 (pKi = 8.28). Previous results in rats have shown that UCM765, like diazepam, 
induces sleep, basically by shortening the latency and increasing the duration of Non 
Rapid Eye Movement (NREM) sleep. Immunocytochemical labeling with antibodies 
against MT2 receptors reveals that MT2 receptors are localized in sleep-related regions, 
including the reticular thalamic nucleus (Rt). Given the presence of MT2 receptors in 
the Rt, in particular on the GABAergic neurons, and the importance of this nucleus 
in the induction of NREM sleep, we aimed to study the effect of UCM765 on the Rt 
neurons activity as well as the effect of a microinfusion of UCM765 directly in the 
nucleus on sleep parameters.
 We first examined the effects of UCM765 (20 mg/kg; i.v.) on the firing activity of 
Rt neurons by recording single-unit activity in anaesthetized rats. Then, we studied 
the effect of UCM765 on firing activity of Rt neurons after a microinfusion into the 
nucleus of the MT2 antagonist 4P-PDOT and finally, we recorded the EEG and the 
EMG in freely moving rats after the bilateral microinfusion of UCM765 directly in 
the Rt in order to correlate the electrophysiological and the sleep data.
 The results show that UCM765, but not Vehicle (Veh), elicited an increase in Rt firing 
activity (basal: 2.3±0.7Hz; VEH: 2.2±0.8Hz; UCM765: 4.4± 0.9Hz, +93.4%; P<0.001) 
in all neurons tested and, notably, a rhythmic synchronized burst activity separated 
by periods of silence, characterized by an increased percentage of spikes in burst 
(+21.4%; P<0.04); an increase in mean spikes per burst (basal: 3.0 ± 0.4, Veh: 3.1±0.7, 
UCM765: 4.7±0.8, +58.3%; P<0.03) and a decrease in mean inter-burst time (basal: 
4.4±1.0 sec: Veh: 4.3±0.8 sec; UCM765: 2.0±0.6 sec, -45.9%; P<0.04). The activation 
of Rt in regular burst activity is a hallmark of NREM thalamic activation (Steriade 
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et al., 1991). Remarkably, the firing and rhythmic burst activation of Rt neurons was 
prevented by the local microinfusion of the MT2 antagonist 4P-PDOT (10 µg/10µl) 
but not vehicle, into the Rt nucleus, confirming that this effect was directly mediated 
by Rt MT2 receptors. The bilateral microinfusion of UCM765 into the Rt produced in 
comparison to vehicle a significant decreased of NREM sleep latency (-49%, 9.2±2.4 
min versus 18.2±3.0; P<0.05), an increased of NREM time (+93%, P=0.02) and a 
decreased of wakefulness (-31%, P=0.03) without affecting REM sleep.
 These results suggest that the selective promotion of NREM by UCM765 is mediated 
by MT2 receptors at the level of Rt neurons and designate MT2 receptors as a novel 
target for the treatment of insomnia and sleep disorders.
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Inhibition recruitment in the prefrontal cortex during natural sleep spindles 
and gating of hippocampal inputs

Adrien Peyrache, Francesco P. Battaglia, Alain Destexhe

UNIS, CNRS, 1 Avenue de la Terrasse, Gif-sur-Yvette 91198, France

During Slow-Wave-Sleep, the thalamo-cortical network exhibits bouts of waxing-
and-waning oscillating patterns at about 10-15 Hz, called spindles, during which the 
thalamus rhythmically sends strong excitatory volleys to the cortex. In the meantime, 
the hippocampus shows transient and strong excitatory events, called Sharp-Waves-
Ripples (SPWRs) which affect directly neocortical activity. However the dynamics 
of the cortical network during natural sleep spindles and how neocortical circuits 
simultaneously process hippocampal activity remains largely undetermined. Here, 
using multisite recordings in rat prefrontal cortex, we show that, during sleep spindles, 
the different cortical cells can be clustered according to their oscillating responses and 
the layers which they were recorded from. While superficial interneurons are strongly 
recruited during spindles, as shown by their increase in firing rates, deep interneurons 
are less tonically modulated. Moreover the two population fire in anti-phase with each 
other. Half of the putative principal cells in the superficial layer are phase-modulated 
by spindles and show a very narrow phase preference. In deep layers, only 25% of the 
cells are modulated and the preferred phase distribution is much broader. Overall, 
principal cells are much less recruited than interneurons suggesting that the dynamics 
are dominated by inhibition. In response to SPRWs, in the deep layers, where most of 
the hippocampal fibers make contacts, pyramidal cells respond phasically to SPWRs 
except during spindles where they seem not responsive. Superficial layer principal cells 
show no particular response to SPWRs. This strong recruitment of cortical inhibition 
during spindles seems to disconnect the corresponding cortical area from hippocampal 
volleys, and perhaps more generally to any sensory drive. It would then favor internal 
processing, as suggested by the complex oscillating patterns across layers.
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Task-induced neuronal network connectivity is reactivated during sleep: an 
MEG study

G. Piantoni1, Y.D. van der Werf1, O. Jensen2, C.J. Stam3, E.J.W. Van Someren1

(1) Netherlands Institute for Neuroscience (Amsterdam, NL); (2) Donders Institute for Brain, Cognition 
and Behaviour (Nijmegen, NL); (3) VU University Medical Centre (Amsterdam, NL)

Objectives Research has shown that sleep helps consolidate recently acquired memory. 
One hypothesis suggests that neuronal connections that have been activated during 
a task are reactivated during subsequent sleep. In humans, local reactivation during 
sleep of recently activated cortical areas has been demonstrated, but until now there 
is no evidence of reappearance of connections between previously coupled distant 
cortical areas. The aim of the present experiment was to test whether task-induced 
oscillatory behavior of long-range cortico-cortical connections selectively reappears 
during subsequent sleep.
Methods Magnetoencephalographic (MEG) data were acquired from eight partici-
pants during performance of two tasks, each on a separate day in balanced order. 
A mirror tracing task and a face-name association task were chosen because they 
engage different neuronal networks as they involve procedural and declarative learn-
ing, respectively. After each task, participants were invited to take a 90 minute nap, 
equivalent to the duration of a sleep cycle. 
 Connectivity was assessed by correlating fluctuations in power between sensors in 
the beta frequency band for the tasks and in the slow oscillation band, delta band and 
spindle frequency band for sleep. We used the nonparametric permutation statistics 
to test whether sensor pairs that were more correlated in one task than in the other 
were also more correlated during the corresponding sleep periods.
Results Sensor pairs that showed high beta-power correlations selectively during the 
procedural learning task were found to pair again, above chance level, in the delta band 
during subsequent sleep (p = .004). This reactivation of connectivity was not found in 
the slow-oscillation or spindle band. Recoupling could not be demonstrated for the 
task-induced beta-power correlations in the declarative learning task (p = .60). The 
connections that reappeared during sleep following the procedural learning task are 
located over the pre-motor and the parietal cortices, indicating process-specificity.
Conclusion Connectivity between brain regions induced by a motor learning task, as 
identified by beta-power correlations between sensors, reappeared during subsequent 
sleep in the delta band. The reconnected areas are implicated in motor control and 
visuospatial processing.
 To our knowledge, our findings are the first to indicate that reappearance of oscil-
latory coupling in task-relevant neuronal networks occurs in humans.
P3-7
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Cortical effective connectivity across the sleep-wake cycle: an intracerebral 
study in humans

A. Pigorini1, C. Szymanski1, S. Casarotto1, M. Rosanova1, A. Casali1, G. Lo Russo2, M. 
Mariotti1, L. Nobili2, M. Massimini1.
1 Dept. Clinical Sciences “L.Sacco”, Università degli Studi di Milano, Milan, Italy, 2 Centre of Epilepsy Surgery 
“C.Munari”, Department of Neuroscience, Niguarda Hospital, Milan, Italy.

Objectives Recent studies have combined Transcranial Magnetic Stimulation (TMS) 
and high density Electroencephalography (hd-EEG) to evaluate how cortico-cortical 
information transmission changes upon falling asleep (Massimini et al., 2007, Mas-
simini et al., 2005). These experiments show that during slow wave sleep (SWS) 
TMS-evoked responses are larger, more stereotypical and more local than during 
wakefulness. This suggests that a break-down of effective connectivity may underlie 
the loss of consciousness that occurs in SWS. However, the interpretation of TMS/
hd-EEG recordings is limited by a coarse spatial grain. In the present study we employ 
intracerebral stimulations and recordings in humans to validate and generalize TMS/
hd-EEG results on a finer spatial scale (mm).
Methods Five patients with drug resistant epilepsy had been implanted with multi-
channels depth electrodes (Nihon Kohden) for clinical evaluation (Nobili et al., 2006). 
The number of electrodes implanted depended on surgical requirements (max: 13 
electrodes, 168 channels). During wakefulness and SWS, stimulation trains (30 shocks, 
1Hz, 5mA) were delivered through one single channel, while recordings of local field 
potentials were obtained from all other channels. Data analysis was performed using 
MATLAB R2006a (MathWorks).
Results Upon falling asleep, morphology of intracerebral evoked potentials (iEP) 
changed markedly. The number of oscillations and the complexity of the signal de-
creased during SWS. In addition, while during wakefulness the stimulation of one 
channel resulted in a widespread response which involved distant cortical areas, during 
SWS the iEPs remained rather localized around the stimulation site.
Conclusion Intracerebral stimulations and recordings show that the brain’s response to 
direct cortical perturbation becomes more stereotypical and local upon falling asleep. 
These results are consistent with previous TMS/hd-EEG recordings. Thus, these inva-
sive experiments support the idea that changes in effective connectivity may underlie 
the loss of consciousness during SWS and be reliably studied using non-invasive 
techniques such as TMS/hd-EEG.

Massimini, M., Ferrarelli, F., Esser, S.K., Riedner, B.A., Huber, R., Murphy, M., Peterson, M.J. & Tononi, G. 
(2007). Triggering sleep slow waves by transcranial magnetic stimulation. Proc. Natl. Acad. Sci. USA, 
104, 8496-501.
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Massimini, M., Ferrarelli, F., Huber, R., Esser, S.K., Singh, H. & Tononi, G. (2005) Breakdown of cortical 
effective connectivity during sleep. Science, 309, 2228-32.

Nobili, L., Sartori, I., Terzaghi, M., Stefano, F., Mai, R., Tassi, L., Parrino, L., Cossu, M., Lo Russo, G. (2006) 
Relationship of epileptic discharges to arousal instability and periodic leg movements in a case of noc-
turnal frontal lobe epilepsy: a stereo-EEG study. Sleep, 2006 May 1:29(5): 701-4.
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Ongoing alpha oscillations exhibit multi-fractal properties that are altered in 
early-stage Alzheimer’s disease 
 
Simon-Shlomo Poila, Espen Alexander Furst Ihlenb, Philip Scheltensc, Huibert D. 
Mansveldera , Klaus Linkenkaer-Hansena 
a Department of Integrative Neurophysiology, Center for Neurogenomics and Cognitive Research (CNCR), 
VU University Amsterdam, De Boelelaan 1085, 1081 HV Amsterdam, The Netherlands, b Research group 
in Geriatrics, Department of Neuroscience, Norwegian University of Science and Technology, 7489 Trond-
heim, Norway, c Alzheimer Center and Department of Neurology, VU University Medical Center, PO Box 
7057, 1007 MB Amsterdam, The Netherlands 
 
Introduction Resting-state EEG/MEG is used in pre-clinical research to assess the 
functional state of the brain—typically in terms of disease influences on neuronal os-
cillation frequency, amplitude, or coherence. However, neuronal oscillations fluctuate 
considerably in amplitude, which is not captured by the classical analyses. Importantly, 
data suggest that these amplitude fluctuations are important for memory and atten-
tion [1] and altered in Alzheimer’s disease (AD) on short and long time scales [2]. 
This raises the question whether amplitude fluctuations in ongoing oscillations also 
have multi-fractal (MF) properties [3]. A highly multi-fractal time series is patchy. 
Thus, unlike mono-fractal signals, the scaling of MF signals varies over time, which 
has previously been associated with healthy physiological systems [3,4]. Here, we test 
whether multi-fractal scaling is characteristic of amplitude fluctuations in ongoing 
oscillations and, if so, whether MF analysis could be a promising analytic technique 
for detecting altered dynamics of brain activity in dementia. We measured ongoing 
oscillations using MEG during eyes-closed rest in 19 early-stage AD patients and 16 
age-matched control subjects, and characterized the MF. 
Results We found that AD patients had a reduced MF, showing that the amplitude 
fluctuations are less variable over time, which has previously been associated with a 
lack of adaptability in dynamical systems [5]. Further, we show that the additional 
information contained in the degree of MF improves the discrimination of AD from 
healthy controls if combined with other biomarkers. 
 
1 Raghavachari, 2001, J. Neurosci., 21 
2 Montez et al, 2009, PNAS, 106 
3 Stanley et al, 1988, Nature, 335 
4 Ivanov et al, 1999, Nature, 399 
5 Ihlen et al, J. Exp. Psyc., in press
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Reduced sleep-associated consolidation of declarative memory in ADHD 
patients

Alexander Prehn-Kristensen, Robert Göder, Jochen Fischer, Ines Wilhelm, Mareen 
Seeck-Hirschner, Josef Bernd Aldenhoff, Lioba Baving

Center for Integrative Psychiatry, Department of Child and Adolescent Psychiatry and Psychotherapy, 
Christian-Albrechts-University School of Medicine, 24105 Kiel, Germany (AP-K, JF, LB); Center for Inte-
grative Psychiatry, Department of Psychiatry and Psychotherapy, Christian-Albrechts-University School of 
Medicine, 24105 Kiel, Germany (RG, MS-H, JBA); University of Lübeck, Department of Neuroendocrinol-
ogy, 23538 Lübeck, Germany (IW).

Sleep supports the consolidation of declarative memory in adults and children. Patients 
with attention-deficit hyperactivity disorder (ADHD) are not only characterised by 
sleep problems but also by declarative memory deficits, however, it is unclear whether 
or not in ADHD sleep problems and declarative memory deficits are related. The 
impact of sleep on the consolidation of declarative memory was examined with a pic-
ture recognition task (consisting of emotional and high- and low-arousing pictures). 
Twelve patients (10-16 years old) with ADHD and 12 healthy controls participated 
in two experimental conditions: in the sleep condition, learning was performed in 
the evening and picture recognition was tested after nocturnal sleep; in the wake 
condition, learning was conducted in the morning while retrieval took place after 
a day of wakefulness. As analyses of recognition accuracy revealed, ADHD patients 
displayed reduced sleep-associated consolidation of declarative memory. While in 
healthy controls sleep-associated enhancement of recognition accuracy was correlated 
with slow oscillation power during non-REM sleep, no such correlations were observed 
in ADHD. Since slow oscillation power values did not differ between ADHD and 
healthy controls it is discussed whether in ADHD the interplay between prefrontal 
cortex and the hippocampus during sleep is disturbed. 

P3-11
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Representation of the vestibular sense in the rodent cortex

Ede A. Rancz 1, Santiago Canals 2, Alan Brichta 3 and Troy W. Margrie 1 

1 MRC NIMR and University College London, UK, 2 MPI Tuebingen, Germany, 3 University of Newcastle, 
NSW, Australia

One of the most important and fascinating questions in neuroscience is how the 
representation of the sensory world is created in the brain. The vestibular system, 
through which we sense self-movement and orientation in space, has perhaps the 
most significant influence on the central nervous system function, influencing vi-
sion, hearing, movement, cognition, sleep, digestion and even learning and memory. 
Despite the importance of vestibular information in virtually every aspect of daily 
life, our understanding of its cortical representation and processing remains limited.
 To map where vestibular information is processed, we have developed a surgical 
procedure to directly access and stimulate the vestibular nerve. Next, we stimulated 
the vestibular nerve inside an fMRI scanner to map the activated brain regions. Our 
results show activation of brainstem nuclei, vestibular cerebellum, anterior thalamus 
and multiple cortical areas, including the limbic system and secondary sensory cor-
tices. We are now using silicone-probes to record multi-site extracellular field and 
multiunit-activity from regions identified by fMRI. Our preliminary results show a 
change in the brain-state and single neuron responses following vestibular stimulation. 
 To answer the question of how vestibular information is processed and what effect 
it has on other sensory representations, we will conduct single-unit and whole-cell 
patch clamp recordings using vestibular nerve and natural movement stimuli. 
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Intrinsic connectivity networks, alpha oscillations and tonic alertness: a 
simultaneous EEG/fMRI study 

Sepideh Sadaghiani, René Scheeringa, Katia Lehongre, Benjamin Morillon, Anne-Lise 
Giraud, Andreas Kleinschmidt

CEA-INSERM Cognitive Neuroimaging Unit 992, CEA/SAC/DSV/12BM, Gif-sur-Yvette, France

Introduction Spontaneous activity fluctuations contribute to trial-by-trial variability 
in perceptual performance on identical stimuli. Using a paradigm strongly relying 
on vigilance, we previously observed that higher pre-stimulus activity in a cingulo-
insular-thalamic network facilitated subsequent perception [1]. In accord with prior 
cognitive activation studies we proposed that this network underpins the maintenance 
of tonic alertness [2]. If so, then activity fluctuations in the absence of any paradigm 
in this network (as measured by fMRI) should be associated with fluctuations in the 
electrical signatures of tonic alertness (as recorded by concurrent EEG) and hence 
show a positive correlation with alpha band power [3]. 
Methods EEG and fMRI data were simultaneously recorded during prolonged task-
free resting-state sessions (62-channel EEG; fMRI at 3 Tesla; 26 subjects; 3x10min 
eyes-closed rest). The power time-course of EEG-oscillations was assessed by time-
frequency analysis and convolved with a canonical hemodynamic response function.
In a region-of-interest analysis the fMRI time-courses from the cingulo-insular-
thalamic intrinsic functional connectivity network (ICN) and the dorsal attention 
ICN were regressed onto spectrally-resolved global field power time-course of oscil-
lations from 1 to 30 Hz.
 In a second voxel-wise regression the global field power time course of upper alpha 
was used as regressor for the fMRI time-course.
Results The channel-frequency spectrum revealed positive correlations with the 
BOLD time course of the cingulo-insular-thalamic ICN in upper alpha (~10Hz and 
above) and broad beta (~17-24 Hz) bands. The correlations occurred globally across 
the majority of EEG-channels.
 As hypothesized, positive correlations of global field power of upper alpha with the 
BOLD signal occurred selectively in the cingulo-insular-thalamic network compris-
ing dorsal anterior cingulate cortex, anterior insula, thalamus and anterior prefrontal 
cortex. Negative correlations were observed in extra-foveal visual areas and the dorsal 
attention network. 
Conclusion Here, we show that activity in a cingulo-insular-thalamic network is 
positively correlated with the global field power of oscillations in the alpha band of 
the simultaneously recorded EEG. This finding matches the EEG signatures of tonic 
alertness [3] and hence corroborates our previous interpretation of at least one func-
tion of this network.
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In line with increasing evidence of alpha synchronization as an active mechanism 
for inhibitory top-down control [4] we propose that the mechanism by which the 
cingulo-insular-thalamic network enacts the maintenance of alertness could be a 
general functional suppression.

[1] Sadaghiani et al. (2009). J Neurosci 29(42): 13410-13417.
[2] Sturm W et al. (2004). Neuropsychologia 42(5): 563-568.
[3] Makeig, S and Jung T-P (1995). NeuroReport 7(1): 213-216.
[4] Klimesch, W et al. (2007). Brain Res Rev 53(1): 63-88.
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The phase of the slow oscillation determines the fate of incoming stimuli - an 
auditory EEG/fMRI study in human non-REM sleep

Schabus, M.1,2, Dang-Vu, T. 2, Darsaud, A. 2, Boly, M. 2, Albouy, G. 2, Sterpenich, V. 2, 
Phillips, C. 2, & Maquet, P. 2

1 University of Salzburg, Division of Physiological Psychology, Salzburg, Austria, 2 Cyclotron Research 
Centre, University of Liège, Belgium

The present study aimed at identifying the neurophysiological responses associated 
with auditory stimulation during deep non-rapid eye movement (NREM) sleep us-
ing simultaneous EEG/fMRI recordings. It was reported earlier that auditory stimuli 
produce bilateral activation in auditory cortex, thalamus, and caudate during both 
wakefulness and NREM-sleep (Portas et al., 2000). However, due to the spontaneous 
membrane potential fluctuations cortical responses may be highly variable during 
NREM. Here we now examine the modulation of cerebral responses to tones depend-
ing on the phase of the slow oscillation. 
 Twelve healthy young subjects were scanned successfully during slow wave sleep in 
the first half of the night in a Siemens-Allegra-3T scanner (EPI sequence: 32 slices, TR: 
2460ms). Subjects were not sleep-deprived and sounds which were occurring around 
the peak negativity of NREM slow-waves were identified. These detected sounds were 
then entered as regressors of interest in fMRI analyses.
 Results are consistent with the hypothesis that brain responses during deep NREM-
sleep vary as a function of the fluctuating state of thalamo-cortical circuits. In accord-
ance with Massimini and colleagues (2003) larger evoked responses are observed at 
the negative slope of the slow oscillation. The presence of short temporal windows 
during which the brain is open to external stimuli is consistent with the fact that even 
during deep sleep meaningful events can be detected.  
 Altogether, brain responses during NREM sleep appear to be non-stationary and 
highly dependent upon the phase of the slow oscillation which may also determine 
the fate of incoming stimuli while asleep.

Massimini, M. et al. (2003). Journal of Neurophysiology,89,1205-1213.
Portas, C.M. et al. (2000). Neuron,28,991-999.
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Fast and slow spindles relate inversely to motor skills in primary school aged 
children

Schutte RG, Raymann RJEM, Vis JC, Coppens JE, Kumar A, Bes E, De Weerd, A, 
Van Someren EJW

Netherlands Institute for Neuroscience, Dept. Sleep & Cognition, Amsterdam, The Netherlands

Although convincing evidence exists for the role of sleep in memory consolidation in 
adults, there remains a scarceness of studies investigating sleep-dependent learning in 
children. During childhood, learning abilities are especially high and both macroscopic 
and microscopic aspects of sleep are clearly distinct from adult sleep features. The 
current data were obtained during the Great Sleep Experiment, a large-scale project 
on the relationship between children’s sleep and their cognitive performance. These 
data were acquired in a motor skill learning task: the finger tapping task. Subjects 
(10.8 + 0.9 years; mean + SD) performed three versions of the task, each containing 
a different consolidation period: 12 hours containing Wake, 12 hours including Sleep, 
and 24 hours containing both Wake and Sleep. Throughout the 12-hour Sleep period, 
polysomnographic recordings were performed. Besides standard visual sleep scoring, 
automated detection algorithms were used for spindles and slow oscillations. Interest-
ingly, the behavioural data revealed enormous sleep-dependent improvements, but 
only for performance accuracy: +49% in the Sleep condition and +47% in the Wake & 
Sleep condition (p<0.001). Performance speed showed large improvements regardless 
of condition: +32% in the Wake condition, +45% in the Sleep condition, and +33% in 
the Wake & Sleep condition. Preliminary results of the spindle analyses revealed that 
baseline performance levels were positively correlated to the density of fast frontal 
spindles (r=0.52, p=0.01), and negatively correlated to the density of slow frontal 
spindles (r=-0.58, p<0.01). Additionally, results regarding the slow oscillations will 
be presented. In conclusion, children - comparable to adults - show sleep-dependent 
consolidation of a motor skill, but - unlike adults – they also display enhanced per-
formance over a period of wakefulness. The thalamo-cortical oscillations apparent 
during preadolescent sleep appear to relate to general motor skill ability, and may 
provide an indication of neuronal maturation.
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Integrated analysis of slow wave sleep, respiration and high frequency heart rate 
fluctuations across the lifespan

Thomas RJ,1 Mietus JE, 2 Peng CK, 2 Gozal D, Montgomery-Downs H, 4 Kothare S, 5 
Goldberger AL. 2 
1 Division of Pulmonary, Critical Care and Sleep Medicine, Beth Israel Deaconess Medical Center, Boston, 
MA, USA, 2 Division of Interdisciplinary Medicine and Biotechnology, Beth Israel Deaconess Medical Cent-
er, Boston, MA, USA, 3Department of Pediatrics, University of Chicago, Chicago, IL, USA, 4 Department of 
Psychiatry, West Virginia University, Morgantown, WV, USA, 5 Department of Neurology, Children’s Hospi-
tal, Boston, MA, USA, Performance site: Beth Israel Deaconess Medical Center, Boston, Massachusetts, USA

Introduction During non-rapid eye movement (NREM) sleep, the scalp electroen-
cephalogram (EEG) in the 0.5 to 4 Hz (delta) range reflects dynamic cortical activity 
changes. Current models of sleep regulation do not explain the biological role of 
periods of NREM sleep characterized by low delta power. The sleep spectrogram is an 
EEG-independent, electrocardiogram (ECG) - derived method to map the coupling of 
heart rate variability and respiration-driven ECG-QRS amplitude fluctuations. High 
frequency coupling (HFC), a proposed cardiopulmonary spectrogram biomarker of 
“effective” sleep, occurs in discrete, intermittent “blocks” throughout EEG-derived 
sleep states. We tested the hypothesis that relative rather than absolute delta power is 
associated with the phase transition to effective (i.e., HFC) sleep throughout the night.
Methods Instantaneous delta power (form the C4-A1 EEG) and HFC power (from 
the polysomnogram ECG) were correlated in 2.1 minute epochs in a cross-sectional 
dataset of over 6000 subjects from birth to the 9th decade, including subjects from the 
NIH Colla bo ra tive Infant Home Monitoring Evaluation (CHIME) and Sleep Heart 
Health Studies. 
Results Relative delta power was strongly correlated with HFC, both in the first and 
second halves of the sleep period from age of 5 to 90 years. Since homeostatic sleep 
drive decreases exponentially across the night, this finding suggests that the effective-
ness of that drive occurs in intermittent, sustained pulses throughout the sleeping peri-
od. A distinctive developmental profile of significant delta power-HFC correlations was 
observed (r < 0.05) at birth, peaking at 10-11 years (r= 0.55), decreasing to adult levels 
(r= 0.4; p) by the 3rd decade and remaining relatively stable through the 9th decade. 
Conclusions Delta power-HFC interactions may expand the understanding of sleep 
homeostatic processes. The age-dependent changes in these interactions strongly 
resemble those of maturational changes in cortical synaptic density.

Grants from the National Institutes of Health Heart Lung and Blood Institute (RC1 HL099749), the G. Harold 
and Leila Y. Mathers Foundation, the NIH-sponsored Research Resource for Complex Physiologic Signals 
(UO1EB008577), F32 HL-074591 (HM-D), NIH Grant RO1 HL-65270 (DG), Department of Education 
Grant H324E011001 (DG), Centers for Disease Control and Prevention Grant E11/CCE 422081-01 (DG).
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Adenosine affects neurons in the rat prefrontal cortex in a cell type, subclass 
and layer specific way

Van Aerde, K.I., Feldmeyer, D.1

Forschungszentrum Jülich, Institute of Neuroscience and Medicine, INM-2, D-52425 Jülich, Germany; 
1RWTH Aachen University, Dept. of Psychiatry and Psychotherapy, D-52074 Aachen, Germany; JARA 
Brain, Germany. 

Sleep is necessary for normal brain function. The neuromodulator adenosine is a 
key regulator of sleep homeostasis but surprisingly little is known about its effects at 
the level of single neurons or microcircuits. Therefore, our aim is to investigate how 
adenosine affects different types of neocortical neurons and synaptic connections. 
For this purpose, intrinsic cell properties and synaptic activity was recorded from 
identified neuronal cell types in slices of rat prefrontal cortex using whole-cell patch 
clamp and simultaneous biocytin fillings. 
 Bath application of adenosine caused a hyperpolarisation of the membrane potential 
(Vm) of layer 5 pyramidal neurons (control -63.3±0.7 mV, 100 µM adenosine -66.7±0.8 
mV, n=33, p<0.01) in a concentration dependent manner (EC50 18.6 ± 4.3 µM, n=8) 
while fast-spiking interneurons did not show a change in their Vm (control -73.1±1.8 
mV, 100 µM adenosine -72.9±1.8 mV, n=6, p=0.11). The action of adenosine was 
due to activation of A1 receptors, as CPT (a selective A1 receptor blocker) applica-
tion reversed the adenosine-induced hyperpolarisation (n=4), and the A1 agonist 
CPA could mimic the adenosine effect (n=2). Adenosine application decreased the 
membrane input resistance, most likely through the opening of G-protein activated 
potassium (GIRK) channels. Furthermore, the size of the Ih current (measured as the 
so-called ‘voltage sag’) was dramatically reduced, suggesting an action of adenosine on 
hyperpolarisation-activated cyclic nucleotide modulated non-specific cation channels 
(HCN channels). 
 However, the response of pyramidal neurons was highly variable, ranging from a 
maximum hyperpolarisation of 1.2 to 6.8 mV. Analysis of action potential and firing 
properties suggested that the size of the adenosine response was different for specific 
pyramidal cell subclasses: neurons with little spike adaptation showed a small adeno-
sine response, while those with substantial adaptation showed a bigger response. In 
addition, the effect of adenosine was also layer-specific: neither pyramidal neurons nor 
GABAergic interneurons in layer 2 showed a change in Vm upon adenosine applica-
tion, whereas pyramidal neurons in layer 3 and 6 showed hyperpolarising responses 
of 4.1±0.6 (n=5) and 5.1±0.6 mV (n=13), respectively. The neurons that showed the 
largest responses to adenosine application were pyramidal neurons in layer 6 that 
possessed large apical dendrites extending to layer 1. 
 In conclusion, the neuromodulator adenosine exerts its effects in a cell type, subclass 
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and layer specific manner. In this way, adenosine modulates information processing 
at specific sites of the neuronal microcircuit. Unravelling adenosine’s actions at the 
cellular and microcircuit level can eventually lead to an improved understanding of 
sleep homeostasis.

Keywords electrophysiology, sleep homeostasis, neuromodulation, pyramidal neurons

P1-9



abstracts participants118

Memory consolidation during sleep in schizophrenia
 
A. van Beekum, G. Sartory, M. Ranakrishnan, R.T. Lohrmann, R. Pietrowsky*

Dept. Clinical Psychology, University of Wuppertal, Germany, *Dept. Clinical Psychology, University of 
Düsseldorf, Germany
 
There is evidence of improved memory consolidation, i.e., an increase in recall without
further training, during sleep compared to a waking condition. This study seeks to 
determine whether patients with schizophrenia show a lack of sleep-related consolida-
tion and whether the impairment is related to disturbances of particular sleep phases 
or other indices.
 So far, 19 patients with schizophrenia (mean age 42.9 years) and 20 healthy controls 
(38.5 years) have taken part in this ongoing study. There is a day and night-time con-
dition in a balanced design. Both conditions comprise a learning phase at the begin-
ning and a test phase after 8 hours. A verbal (short prose passage) and a procedural 
learning task (mirror tracing task) were used. The sleep EEG was recorded by means 
of a Biopac MP 150.
 In a preliminary data analysis, patients with schizophrenia showed no improved 
memory consolidation during the night compared with the day condition. Enhanced 
prose learning was related to an increased number of sleep spindles whereas improved 
consolidation of mirror tracing was related to REM sleep parameters.

P3-14



abstracts participants 119

Learning by observation requires sleep 

Ysbrand D. Van Der Werf1,2, Els Van Der Helm1, Menno M. Schoonheim1, Arne Rid-
derikhoff3, Eus J.W. Van Someren1,2

1Netherlands Institute for Neuroscience, Dept. Sleep & Cognition, Amsterdam, The Netherlands; 2VU Uni-
versity Medical Center, Depts. of Clinical Neurophysiology, Neurology and Medical Psychology, Amsterdam, 
The Netherlands; 3VU University, Faculty of Human Movement Sciences, Amsterdam, The Netherlands

Sleep enhances memory for learned motor skills. Motor skills can also be learnt 
through observation; we investigated whether sleep aids learning by action observa-
tion, and whether the memory enhancement depends on the time of observation 
before sleep. We tested 64 healthy well-sleeping subjects twice each in a semi-rand-
omized partial-block cross-over design: the design balanced the factors task version, 
congruency (i.e. performing a congruent vs. incongruent fingertapping sequence 
relative to the one previously observed), time-of-day of performing the fingertapping 
task and time-to-sleep of observation across 128 data-sets. We ascertained with grid-
electromyography that observation did not lead to overt or subliminal hand muscle 
activations. Separate control experiments showed that the sleep-related benefit is 
dependent on observation of the hand movements, as learning the digit sequence 
or watching the spatiotemporal alternation of the finger locations without hands did 
not lead to performance enhancement. Our results show that sleep is necessary for 
the enhancement of a motor skill by prior observations of that same skill; it improves 
the speed of subsequent performance by 22% and reduces the error rate by 42%. This 
novel type of sleep-dependent memory enhancement appears to be stronger than 
previously reported effects of sleep on implicit and declarative memory. Also, con-
trary to self-acquired motor skills, enhancement appears only if sleep occurs within 
a limited time window upon observation. The results indicate that observed activity 
might undergo sleep-dependent re-activation leading to consolidation and subsequent 
enhancement of motor programs. 
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Neocortical and hippocampal sharp potentials as EEG markers of the 
maturation of functional connectivity and sleep in the neonatal rat

Henna-Kaisa Wigren1, Sebastian Schuchmann1,3, Else A. Tolner1, Kai Kaila1,2

1Dept. of Biosciences, and 2 Neuroscience Research Center, University of Helsinki, Finland, 3Neuroscience 
Research Center, Charite, Universitätsmedizin Berlin, Germany

The neonatal EEG is characterized by spontaneous network events, such as sharp 
potentials (SPs), and before the emergence of cortical delta activity (around postnatal 
(P) day 12 in rats), sleep staging is based on changes in muscle activity. Extensive 
maturation of cortical connectivity takes place during the neonatal period and several 
hypotheses have suggested important roles for sleep in brain maturation. The lack of 
reliable stage-dependent EEG markers, however, has made it difficult to directly test 
these hypotheses. In the present study we monitored cortical and hippocampal EEG 
chronically together with movement activity in freely behaving neonatal rats (P6-P16).
 Rat pups under isoflurane anesthesia were implanted with cortical and hippocampal 
electrodes (Ag/AgCl or stainless steel, Æ 75-250 µm) and returned to their original 
litter. During the following 1- 4 days, pups were placed in a temperature (30-35° C) 
controlled recording chamber on a force transducer platform to monitor movement 
activity together with EEG and video recordings for 20-50 min. Based on movement 
signals and visual inspection of the video recordings, the data were divided into two 
epochs: those with movement (active periods) and those where no movements of 
the trunk or legs took place (silent periods). Waking periods were excluded. Sharp 
potentials were identified as single sharp events of relatively short duration (50-500 
ms) with amplitudes up to 200 µV. Only events with amplitude larger then f > 3 s.d. 
from the baseline ‘noise’ were considered for analysis.
 Before P12, we found no correlation between overall motor activity and the occur-
rence of hippocampal- and neocortical sharp potentials (SPs). In contrast, at around 
P12 the SPs occurred preferentially during active periods and a clear temporal cor-
relation between hippocampal and neocortical SPs emerged. This indicates that SPs 
are independent of motor activity until P12, after which an abrupt change in the 
functional connectivity between cortex and hippocampus takes place. In conclusion, 
SPs could be useful in sleep staging before the emergence of mature EEG patterns.
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Overexpression of SK2-type K+ channels potentiates low-frequency oscillations 
in the nucleus reticularis thalami and modulates sleep architecture

Ralf D. Wimmer1,2, Chris T. Bond3, Rudolf Kraftsik1, John P. Adelman3, Paul Franken2, 
Anita Lüt
1DBCM, University of Lausanne, Switzerland, 2CIG, University of Lausanne, Switzerland, 3Vollum Institute, 
OHSU, Portland (OR), USA

The nucleus reticularis thalami (nRT) is known for its pacemaking function during 
oscillations related to non-rapid-eye-movement sleep (NREMS). Small-conductance 
type 2 (SK2) K+ channels expressed in nRT neurons have been implied in NREMS 
control (Cueni et al, 2008). We tested whether overexpression of SK2 channels (SK2-
OE) potentiates nRT pacemaking activity and modulates sleep.
 Whole-cell patch-clamp recordings from nRT neurons of C57Bl/6J mice (P25-34) 
revealed that SK2-current amplitudes were >2-fold greater in SK2-OE compared to 
wild-type (WT) cells (p<0.01). T-type Ca2+-currents, dominant triggers for SK2-
currents, were unaltered (p>0.1). Following hyperpolarization, SK2-OE cells showed 
increased oscillatory bursting behavior (p<0.05) but single bursts contained fewer 
action potentials (p<0.002). However, this decreased burst strength did not affect 
mean inhibitory output of spontaneously active nRT cells, as assessed by measuring 
spontaneous inhibitory postsynaptic currents (sIPSCs) in thalamocortical neurons 
(average amplitude 55±3 pA vs 63±4 pA, p>0.1). Sleep was monitored using elec-
troencephalographic recordings in chronically implanted animals. During the 48h 
baseline period, SK2-OE mice spent more time awake (p<0.05) and less time in REMS 
(p<0.05). Average NREMS time was unaltered but longer NREMS episodes were more 
numerous (p<0.05). After sleep deprivation (SD), SK2-OE animals displayed a shorter 
latency (9.5±3 min vs 19.4±2 min, p<0.05) to fall asleep, leading to increased NREMS 
time within the first hour post-SD.
 In conclusion, overexpression of SK2 channels increases oscillatory capacity of nRT 
cells, while mildly reducing inhibitory output. A shift to more consolidated NREMS 
and reduced REMS suggests that SK2 channels are involved in the control of sleep 
architecture and sleep homeostasis.
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Immediate bilateral functional changes of the somatosensory cortex after 
unilateral spinal cord injury

Josué G. Yague1, Guglielmo Foffani1,2, Juan Aguilar1

1 Hospital Nacional de Parapléjicos, SESCAM, Toledo, Spain, 2 School of Biomedical Engineering, Science 
and Health Systems, Drexel University, Philadelphia PA, USA

Chronic injury of the two main sensory pathways ascending along the spinal cord, 
dorsal columns (gracilis and cuneatus tracts) and spinothalamic tract, can produce 
both changes in the organization of somatotopic maps and neuropathic pain behaviors. 
Little is known, however, about the early dynamics of these changes after spinal cord 
injury along the sensory system, including the primary somatosensory cortex. For 
this reason, we recorded the spontaneous and evoked activity of the primary somato-
sensory cortex before and immediately after a thoracic (T9) spinal cord hemisection 
in anesthetized rats. This spinal injury allows us to investigate separately the contri-
bution of gracilis and spinothalamic tract to cortical function. Our results show that 
spinal cord hemisection causes an immediate (within minutes) bilateral change in 
the evoked cortical responses accompanied by a change in the state of cortical activ-
ity in response to peripheral stimuli ascending along the intact spinothalamic tract 
when the gracilis tract is absent. We suggest that this change in cortical activity may 
constitute one of the first pathophysiological signs occuring in the somatosensory 
cortex following spinal cord injury.
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Interrelations of slow and high frequency activity in the NREM sleep EEG in the 
rat

Roman Yasenkov and Tom Deboer

Department of Molecular Cell Biology, Leiden University Medical Center, Leiden, The Netherlands

Introduction Under constant sleep pressure, which can be achieved by repeated short-
sleep deprivation, the marker of the sleep homeostat - slow wave activity (SWA, 1-4 
Hz) in the NREM sleep electroencephalogram (EEG) - tends to stabilize its circadian 
modulation, while higher frequencies (7-25 Hz) preserve their daily rhythm, therefore 
demonstrating a dependency on the endogenous circadian clock (Yasenkov&Deboer, 
2010). To further investigate the interrelations between different EEG frequencies in 
NREM sleep under these conditions, we applied a correlation analysis for the power 
density data in 1 Hz bin.
Methods EEG and electromyogram recordings were simultaneously performed in 
freely moving rats (n=8) adapted to constant darkness. A 24h baseline day (BL) 
was recorded, followed by 48 hours of the repeated short-sleep deprivation protocol 
(2h/2h), which consisted of 2h periods of sleep deprivation, alternating with 2h peri-
ods of rest. Vigilance states were determined and spectral analysis of the NREM sleep 
EEG for the frequency range 0.5-25 Hz was performed in 1 Hz bin. Subsequently, the 
obtained power density data over 4-h intervals of the last 24h in 2h/2h and BL were 
assessed for bivariate correlation analysis (Pearson’s correlation coefficient, r), then 
r-values were Fisher-Z transformed, averaged across all animals and retransformed.
Results Spectral analysis of the NREM sleep EEG during the BL day showed a clear 
circadian pattern for each 1 Hz bin within SWA (rANOVA, factor interval, p<0.01). 
Higher frequencies (7-25 Hz) also demonstrated a circadian modulation (rANOVA, 
p<0.01), but in an opposite direction, gradually increasing during the rest phase and 
declining during the active phase. The 2h/2h protocol stabilized the level of EEG power 
density within SWA (rANOVA, factor interval, p>0.05), and reduced its circadian 
amplitude, but did not affect the daily changes of frequencies above 7 Hz compared 
to BL (rANOVA, factor interval, p<0.01; factor day, p>0.05; for all bins).
A correlation matrix for the NREM sleep EEG power density during BL revealed 
significant positive relationships for 1 Hz bins within three frequency bands: SWA 
(1-4 Hz), 9-14 Hz and 15-25 Hz (all 1 Hz bin comparisons p<0.001). In addition, a 
tendency for a negative relationship between SWA and higher frequencies (8-25 Hz) 
was observed. Under the 2h/2h protocol correlation levels remained intact within SWA, 
but increased in the higher frequency range where significant values were obtained 
within one extensive frequency band (8-25 Hz; p<0.001).
Conclusions In NREM sleep during BL three separate correlation clusters were found, 
which may represent slow-waves (1-4 Hz), spindle frequency activity in rats (7-14 Hz), 
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and high frequencies (15-25 Hz) and which responded differently to repeated short-
sleep deprivation. Under constant sleep pressure, the absence of changes in correlation 
level within SWA confirms its homeostatic component involved in sleep regulation, 
while a pronounced increase of correlation coefficients within 8-25 Hz depicts an 
endogenous circadian influence on higher frequencies activity in EEG.

Yasenkov R, Deboer T. Circadian regulation of sleep and the sleep EEG under constant sleep pressure in 
the rat. SLEEP 2010; in press
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Dynamic changes in neurotransmitter levels in the basal forebrain during and 
after sleep deprivation

Zant JC1, Leenaars CHC2, Kostin A1, van Someren EJ2 and Porkka-Heiskanen T1

1Department of Physiology, Institute of Biomedicine, University of Helsinki, Helsinki, Finland, 2Department 
of Sleep and Cognition, Netherlands Institute for Neuroscience, Amsterdam, The Netherlands 

Objectives The basal forebrain (BF) participates in the control of vigilance state 
through its cortical cholinergic, GABAergic and glutamatergic projections and receives 
projections from all major wake-inducing neurotransmitter systems, including the 
cholinergic, noradrenergic, histaminergic and serotonergic systems. The firing rate 
of the wake-promoting neurons in the BF is decreased by adenosine, an inhibitory 
neuromodulator. Adenosine levels increase and promote sleep during sleep depriva-
tion (SD). However, the animals are able to stay awake, suggesting increased activity 
of the wakefulness-maintaining systems to counteract the effect of sleep pressure. 
Methods Male Han-Wistar rats were subjected to a 6h SD by ‘gentle handling’. In 
vivo microdialysis was used to sample the BF extra cellular space. Samples for neu-
rotransmitter measurement were collected before, during and after SD and analysed 
using HPLC.
Results The concentrations of 5-hydroxyindoleacetic acid (5-HIAA, the main me-
tabolite of serotonin), homovanillic acid (HVA, a major metabolite of dopamine) and 
dopac (a major metabolite of dopamine) increased during SD, reaching a plateau after 
3 hours and decreasing to baseline during recovery sleep. Corticosterone levels were 
elevated after 4 hours of SD, however, they never increased above normal circadian 
peak levels.
Conclusions Monoamine levels gradually increase during SD, reaching a plateau after 
3 hours, suggesting increased activity of the ascending arousal systems to counteract 
the effect of enhanced sleep pressure. Corticosterone levels stay at baseline for the 
first 3 hours of SD, the increase during the last 3 hours of SD does not exceed the 
circadian peak.
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C.u. arIëns k appers award

The prestigious C.U. Ariëns Kappers Award is presented approximately once every 
two years to a leading and outstanding neuroscientist of international renown, who 
is invited to give the C.U. Ariëns Kappers lecture in Amsterdam.
In 1999, on the occasion of the 90th anniversary of the Netherlands Institute for Neu-
roscience (then the Netherlands Institute for Brain Research), five laureates received 
the award at a one-day symposium in Amsterdam.

This year, the C.U. Ariëns Kappers medal will be awarded to Marcus Raichle (Wash-
ington University, St. Louis, Missouri, USA) for his outstanding contribution in the 
field of cognitive neuroscience through the development and use of functional brain 
imaging techniques.

Lecturers awarded with the C.U. Ariëns Kappers medal

Pasco Rakic (New Haven, USA, 1987)
Anders Björklund (Lund, SWE, 1988)
Mortimer Mishkin (Bethesda, USA, 1989)
Joos Joosse (Amsterdam, NLD, 1989)
Robert Y. Moore (New York, USA, 1991)
Dale Purves (Durham, USA, 1993)
Joseph Takahashi (Evanston, USA, 1995)
Patricia S. Goldman Rakic (New Haven, USA, 1996)
Dean H. Hamer (Bethesda, USA, 1999)
Gerald M. Edelman (San Diego, USA, 1999)
Vilayanur S. Ramachandran (San Diego, USA, 1999)
Steven P.R. Rose (Milton Keynes, GBR, 1999)
Michael S. Gazzaniga (Hanover, USA, 1999)
Antonio R. Damasio (Iowa City, USA, 1999)
Rudolf Nieuwenhuys (Amsterdam, NLD, 2000)
Mark H. Tuszynski (San Diego, USA, 2001)
Dennis D.M. O’Leary (La Jolla, USA, 2003)
Clifford B.Saper (Boston, USA, 2005) 
James Fawcett (Cambridge, GBR, 2008)
Frans B.M. De Waal (Atlanta, USA, 2009)
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leCturers, ChaIrpersons and 
orGanIzers

Florin Amzica - Laboratoire de neurophysiologie, Faculte de medecine, Universite 
Laval C.P. 6128, succursale Centre-ville, Montreal, QC H3C3J7, Canada, florin.
amzica@umontreal.ca

Francesco Battaglia - SILS Center for Neuroscience, University of Amsterdam, Science 
Park 904, 1098 PC Amsterdam, The Netherlands, F.P.Battaglia@uva.nl

Dorret Boomsma - Biological Psychiatry, Vrije Universiteit, Van der Boechorststraat 
1, 1081 BT Amsterdam, The Netherlands, di.boomsma@psy.vu.nl

Jan Born - Department of Neuroendocrinology, University of Lubeck, Ratzeburger 
Allee 160, Haus 23a, 23538 Lubeck, Germany, born@kfg.uni-luebeck.de

Jeff Duyn - NINDS, 10 Center, Bldg. 10, Rm. B1D-724 - MSC 1065, Bethesda, MD 
20892-1065, USA, jhd@helix.nih.gov

Guillén Fernández - Donders Institute for Brain, Cognition and Behaviour , Centre for 
Cognitive Neuroimaging, P.O.Box 9101, NL-6500 HB Nijmegen, The Netherlands, 
g.fernandez@donders.ru. nl

Marcos Frank - Department of Neuroscience, University of Pennsylvania School of 
Medicine, 111 Johnson Pavilion, Philadelphia, PA 19104, USA, mgf@mail.med.
upenn.edu

Paul Franken - Center for Integrative Genomics (CIG), University of Lausanne, 1015 
Lausanne, Switzerland, Paul.Franken@unil.ch

Elly Hol - Netherlands Institute for Neuroscience, Meibergdreef 47, 1105 BA Amster-
dam, the Netherlands, e.hol@nin.knaw.nl

Reto Huber - University Children’s Hospital Zurich, Steinwiesstrasse 75, CH-8032 
Zurich, Switzerland, reto.huber@kispi.uzh.ch 

Inge Huitinga - Netherlands Institute for Neuroscience, Meibergdreef 47, 1105 BA 
Amsterdam, the Netherlands, i.huitinga@nin.knaw.nl

Stuart Hughes - Lilly UK, Erl Wood Manor, Windlesham, Surrey GU20 6PH, UK, 
hughes_stuart@lilly.com 

Ole Jensen - Donders Institute for Brain, Cognition and Behaviour, Centre for Cog-
nitive Neuroimaging, P.O.Box 9101, NL-6500 HB Nijmegen, The Netherlands, 
o.jensen@donders.ru.nl

James Krueger - Sleep and Performance Research Center, College of Veterinary Medi-
cine, Washington State University, Pullman, WA 99164-6520, USA, krueger@
vetmed.wsu.edu

Hans-Peter Landolt - Institute of Pharmacology and Toxicology, University of Zürich, 
Winterthurerstrasse 190, 8057 - Zürich, Switzerland, landolt@pharma.uzh.ch
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Linda Larson-Prior - Washington University School of Medicine, Department of 
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