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PART III

SLEEP AS A REGULATED
AND REGULATORY SYSTEM

Although many clues to the functions of sleep can be gathered
from examining the cellular mechanisms governing the sleep–
wake cycle, the full answer will come only when these mechanisms
are placed in the context of the whole system. The following arti-
cles take a variety of approaches to sleep as a system but they have
in common questions about the significance of the structure of
sleep.

Humans — and rats — spend the larger part of the sleep cycle
in non-REM sleep, with REM sleep occupying a smaller propor-
tion of total sleep time. However, in humans the time spent
in non-REM sleep typically decreases and that in REM sleep
increases as sleep progresses. Unlike the slow-wave dominated
EEG of non-REM sleep, in REM sleep the EEG is similar to that
in the awake state, with rapid non-rhythmic cortical activity. In
animals other than humans, the theta (θ) rhythm, a 6–9-Hz oscill-
ation originating in the hippocampus, is also seen. In contrast to
this cortical activity, the tone in the body musculature is at its
lowest in REM sleep, except for the rapid movements of the
eyes. Michel Jouvet proposes that REM sleep may help to main-
tain the psychological variability that differentiates individuals
of a species and he delineates the ponto-geniculo-occipital sys-
tem as the probable regulator of REM sleep. The role of sleep in
memory consolidation, a recurring theme in Parts I and II, is
picked up by Bruce McNaughton, who shows that place-sensitive
neurons in the hippocampus of the rat replay their daytime activ-
ity during non-REM sleep. However, a similar conclusion cannot
yet be reached for REM sleep. 

The homeostatic relationship between non-REM and REM
sleep has been long debated. The established position is that the
need for both accumulates during the awake state. Using data
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from elegant experiments on rat pups, Craig Heller demonstrates
that non-REM sleep develops before REM sleep, which supports
his alternative view that only the need for non-REM sleep
depends on the awake state; the need for REM sleep is deter-
mined by non-REM sleep. Hibernation, a state specially adapted
to the rigours of winter, is usually considered to be a form of
sleep but studies on the Djungarian hamster from Siberia lead
Irene Tobler to argue that hibernating animals are sleep deprived
and she provides further support for the restorative nature of
non-REM sleep. 

The circadian rhythm of the sleep–wake cycle is generated
in a part of the hypothalamus known as the suprachiasmatic
nucleus. Lesions in or damage to this area in humans (Cohen
and Albers, 1991) and non-human primates (Edgar et al., 1993)
abolish the circadian sleep–wake rhythm, in particular the abil-
ity to stay asleep or awake. Each neuron in the suprachiasmatic
nucleus contains a circadian oscillator and Martha Gillette
examines how this intrinsic rhythm is reset by external signals to
entrain it to environmental conditions. Lastly, Derk-Jan Dijk
discusses the relationship between the circadian and homeo-
static regulation of sleep in humans and the changes in this
relationship as we age.
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direct evidence for processing of wake-related information dur-
ing sleep (McNaughton). These events occur in non-REM sleep,
leaving an open question over the role of REM sleep in information
processing or retrieval. The possibility that the periodic PGO
bursts during REM sleep activate a programme for integrating
genetic and epigenetic information (Jouvet) remains to be
explored. One argument against a central role for REM sleep
is that its suppression by antidepressants has no clear conse-
quences for memory (Gillin). 

Looking to the future

Progress in sleep research, already rapid in the past few years, is
now accelerating, thanks to the closer cooperation that is develop-
ing between the traditional areas of sleep science and the cellular
and molecular neurosciences. Applying the concepts of Ca2+

regulation (Berridge), genetic analysis (Mignot) and differential
gene expression (Tononi), together with the techniques used in
these types of investigation, should facilitate rigorous testing
of the current theories about the functions of sleep. Important
among these is the question of sleep as a local brain process
and whether its elementary manifestations and functions could
reside at the cellular or subcellular level. From another direct-
ion, the increasing understanding of the cellular mechanisms
underlying circadian rhythms (Gillette) may provide new leads
into the mechanisms that regulate sleep. 

Lastly, these advances at the cellular, molecular and genetic
levels will have to be integrated into the recently developed
computer models of sleep rhythms. The computer models will
then become a powerful tool for identifying the essential proces-
ses that bridge the levels between the macroscopic EEG and the
operations in neuronal networks, subcellular processes and
genetic regulation. A multi-disciplinary approach will be the
future benchmark for progress in understanding the functions
and regulation of sleep. 
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