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The onset of mammalian sleep is associated with an scattered in groups between the basal forebrain and the B l l
increase in the activity of sleep-active neurons and a medulla. By contrast, the pons, a major site of REM- e we
decrease in the actvity of wake-active neurons. In most active neurons, is sufficient for the generation of REM

mammals, including humans, sleep consists of rapid eye sleep. The suprachiasmatic nucleus (SCN) regulates

movement (REM) and non-REM (NREM) phases. Studies,  sleep tendency over the 24-hour period. Here, we

most of which have been conducted in rodents or cats, provide an overview of the current understanding of
show that neurons that are active during NREM sleep are  sleep generation, pathology and function.

The sleep cycle and neural correlates of sleep and awake states .

Motor neurons receive projections from a GABA—-glycine motor-inhibitory system in the medial
medulla! and facilitation from the noradrenergic neurons in the LC and from other noradrenergic
brainstem neurons®??3, During waking, a caudal projection from hypocretin cells to the LC maintains
the activity of noradrenergic cells'***>’. During REM sleep, muscle tone is reduced or eliminated by
the activation of the GABA—glycine input on to motor neurons and simultaneous inactivation of the
noradrenergic input, under the control of the pons®®. This same pattern can be pathologically
triggered in waking in individuals with narcolepsy, resulting in cataplexy®'. Noradrenergic
agonists can reduce cataplexy in individuals with narcolepsy. In REM sleep behaviour disorder, this
muscle tone suppression system does not get fully activated, resulting in an ‘acting out’ of dream
mentation during REM sleep°.

Sleep comprises two distinct states: REM sleep and NREM sleep. When going to sleep,
individuals usually enter the NREM state, which is characterized by high-voltage cortical slow
waves (as observed on EEGs), slow but regular respiration rate and heart rate, and a reduction in
muscle tone (as observed on EMGs) compared with waking levels. The REM sleep state usually
follows NREM sleep and is characterized by low-voltage cortical waves that resemble those
observed in the awake state in humans, cats and dogs. In rodents, prominent cortical theta
waves (4-8 Hz) occur during REM sleep. REM sleep is also characterized by irregular respiration
and heart rate, penile erections and clitoral engorgement, rapid eye movements and,
paradoxically, minimal muscle tone. The NREM and REM states alternate throughout sleep, and
individuals can experience awakenings from either state. Direct transitions from waking to REM e B b viours snel craior T
sleep are generally seen only in pathological conditions such as narcolepsy. The displayed traces Bl rather than just reflecting the level of alertness.
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The SCN is the major synchronizer of 24-hour rhythms and has a potent effect on sleep states'. In primates, it regulates sleep onset and _ incr.easec! num.ber antidepressant§
a circadian alerting signal that counteracts sleepiness as the day progresses'>®. When this alerting influence subsides, the Glutamatergic cell groups throughout the brain are major offset; sleep paralysis  of histaminergic or noradrenergic
NREM-REM sleep cycle is initiated. The circadian rhythm also affects the ratio of REM sleep to NREM sleep, with the duration participants in REM and NREM sleep®*™* but are difficult neurons®® agonists to prevent
and intensity of REM sleep periods increasing at the end of the night. Light acts through the retino-hypothalamic melanopsin zz:r?fnyd?:canfjrg:iy cannot be easily distinguished from cataplexy; sodium
system to entrain the circadian rhythm to the solar day'’. However, without the SCN, an animal continues to have the k ' oxybate for both
expected amount of NREM sleep and REM sleep, indicating that the SCN is not essential for the production of these states'®™. symptoms
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