Module 28: Sleep and Wakefulness
Guidelines
For the multiple choice exam for module 28, you should be able to:
· Understand the general characteristics of the various stages of normal sleep (no need to memorize numerical frequencies of sleep oscillations)

Stage 1 Alpha Stage 2 Theta sleep spindles and K complexes Stage 3 and 4 SWS Delta REM

· Know during which sleep stage dreaming is most likely to occur

REM

· Understand the cellular and molecular basis of the delta waves characteristic of slow wave sleep, including that thalamocortical neurons can be in one of two stable states, the role of HCN4, and the role of reticular neurons
 Slow wave sleep oscillation due to intrinsic pacemaker properties of thalamocortical neurons, 
Pacemaker periodicity regulated by inputs from reticular neurons, within thalamic reticular nucleus 

Deep NREM sleep characterized by slow delta waves - Reflect synchronized activity among cortical neurons - Waves originate in frontal cortical areas and move posteriorly 
Slow oscillations may be an intrinsic property of cortical networks, though thalamus may also be required - NREM sleep characterized by thalamocortical synchronicity - Underlies EEG profile of slow wave sleep - Largely decouples cortical activity from peripheral stimuli or motor responses

Synchronized cortical activity is characteristic of low ‘activity’ 
· Increased synchronization is a feature of deep sleep 
· Reduced synchronization is a feature of attention 
· Attention to visual stimuli decorrelates activity of adjacent neurons in the extrastriate cortex 
 
Thalamocortical neurons can be in one of two stable electrophysiological states 
Tonically active state - Neurons transmit information to cortex - Activity correlates with peripheral stimulation 
Oscillatory state - Neurons become synchronized with those in cortex - Activity does not correlate with to peripheral stimulation 

Thalamocortical neuron pacemaker 
Slow wave sleep oscillations due to pacemaker properties of thalamocortical neurons 
Primarily due to unusual properties of HCN4 voltage-gated ion channel 
Na+/K+ hyperpolarization-activated cyclic nucleotide-gated channel 4 
Thalamocortical neurons have ‘leaky’ membranes allowing a constantly hyperpolarizing current 
Hyperpolarization to -85 mV opens HCN4 channel 
Na+/K+ channel with Erev of -30 mV 
Unusual as ion channel threshold potential reached by hyperpolarization 

HCN4 current depolarizes cell - At -65 mV, membrane passes threshold potential for action potential initiation. Action potential mediated by ‘typical’ voltage-gated Na+ and K+ ion channels 

Depolarization due to action potential opens voltage gated Ca+ channels.  Slows subsequent hyperpolarization 
 
Na+/K+ current termed the H current 
Ca2+ current termed the T current 

Intrinsic properties cause firing at a rate of 0.5-4 Hz. similar channels underlie intrinsic activity of inferior olivary neurons sending climbing fibers to cerebellum 

· Understand which inputs to the thalamocortical neurons promote the oscillatory state, and promote the tonically active state

Thalamic reticular nucleus sends GABAergic projections to thalamocortical neurons 
Hyperpolarizing inputs actually increase the frequency of action potentials 
Reduces time taken to reach hyperpolarized threshold potential of HCN4 
 
Thalamocortical inputs activate cortical pyramidal cell 
Synchronized activity 
Both cells also stimulate reticular cells 
Increases hyperpolarization of thalamocortical cell

If hyperpolarizing inputs are dominant, thalamocortical neurons enter oscillatory state 
· Major hyperpolarizing inputs from thalamic reticular nucleus 
· Also receives ascending inputs from brainstem and descending inputs from cortex 
If depolarizing inputs are dominant, thalamocortical neurons enter tonically active state 
· Resting potential remains above -85 mV, avoiding HCN4 activation 
· Neurons respond ‘normally’ to depolarizing inputs, relaying inputs from thalamus to cortex 
· Cortical activity correlates with peripheral stimuli 
· Characterizes the waking state 


· Know the nuclei and their associated neurotransmitters that promote wakefulness, specifically the components of the ascending reticular activating system, plus the tuberomammillary nucleus in posterior hypothalamus

Cholinergic and monoaminergic inputs promoting wakefulness originate in several brainstem nuclei 
Cholinergic inputs from three nuclei - Laterodorsal tegmental nuclei (LDT) Pedunculopontine nuclei (PPT) Basal forebrain nuclei (BF) 

Pontine cholinergic neurons (LDT, PPT) project to thalamus, brainstem reticular formation, hypothalamus and basal forebrain 
Basal forebrain cholinergic neurons project to limbic forebrain and neocortex

Monoaminergic inputs from several nuclei - 5-HT from dorsal raphe nucleus (DRN) - NE from locus coeruleus (LC) - NE from lateral tegmental group - DA from ventral periaqueductal grey matter (vPAG) 
Histamine from tuberomamilliary nucleus of thalamus (TMN) 

 Dorsal raphe - Sends serotonergic projections to entire forebrain potentially modulating cortex extensively
Lateral tegmental group - Located in ventral and lateral reticular formation - Regulate hypothalamus, and motor control 

Locus coeruleus - Project to sensory regions of brainstem and spinal cord - Project to cerebellar cortex, cerebral cortex and thalamus - Regulate sensory input and cortical activity 

Tuberomammilary nucleus in posterior hypothalamus - Extensive connections to cortical and subcortical regions - Promotes wakefulness - Electrical stimulation promotes waking - Lesions cause hypersomnolence - TMN activity decreases during sleep

Acetylcholine, serotonin, histamine and noradrenaline all increased when awake. Acetylcholine also increased in REM sleep 

ARAS identified through electrical stimulation of brainstem, between pons and midbrain 
Caused wakefulness and arousal in cats 
In contrast, stimulation of thalamus with low frequency pulses induced sleep 
Artificially induced oscillating state of thalamocortical neurons 
ARAS nuclei project widely in the brain and regulate arousal 
Includes regulating sleep/wake and NREM/REM cycles 
ARAS neurons have pacemaker properties 
Leaky membranes cause spontaneous depolarization to action potential 
After action potential they self-inhibit, then the cycle repeats 
ARAS nuclei are therefore constitutively active

· Know that the VLPO is the major sleep-promoting area in the hypothalamus, and the neurotransmitters that constitute its main sleep-promoting output

Ventrolateral preoptic area (VLPO) of anterior hypothalamus is a major area promoting sleep 
· Activity increases during sleep 
· Electrical stimulation promotes sleep 
· Lesions cause insomnia

VLPO sends inhibitory projections (GABA and galanin) to wake-promoting neurons

Sleep- and wake-promoting areas inhibit each other 
· VLPO inhibits LC, DRN and TMN 
· VLPO inhibited by projections from LC, DRN and TMN

· Understand the role of orexin release from the lateral hypothalamic area in sleep/wake transitions

Switch between sleep and wake mediated by orexin (a.k.a. hypocretin) from lateral hypothalamic area (LHA) - Orexin stimulates wake-promoting monoaminergic neurons 


· Understand how levels of the various sleep/wake-associated neurotransmitters from the ARAS, VLPO and lateral hypothalamus change from wake, to NREM sleep, to REM sleep



· Understand that pressure to sleep is due in part to homeostatic mechanisms, which may be mediated by adenosine accumulation

Adenosine may act at multiple locations 
· Inhibitory A1 receptors on wake-promoting ACh neurons in basal forebrain 
· Excitatory A2A receptors in hypothalamus and ventral striatum 
· Caffeine may antagonize sleep by affecting A2A receptors in basal ganglia 


· Understand that pressure to sleep is due in part to circadian mechanisms controlled by the suprachiasmatic nucleus of the hypothalamus, which causes release of the sleep-promoting hormone melatonin from the pineal gland, and sends projections to the VLPO and lateral hypothalamus

Circadian rhythms are primarily controlled by the suprachiasmatic nucleus (SCN) of the hypothalamus 
SCN influences sleep cycles through two main mechanisms 
Neural signaling and Hormonal signaling 
 
SCN projects heavily to subparaventricular zone (SPZ) and dorsal medial hypothalamus (DMH) 
DMH projects to VLPO and LHA
SCN promotes secretion of melatonin from pineal gland 
Sleep-promoting hormone increases just before normal sleep onset 
SCN regulation of melatonin - In response to light (day), SCN sends inhibitory GABAergic projections to PVN - Paraventricular nucleus of hypothalamus  
In the dark (night), this inhibition is released 
PVN stimulates neurons of the sympathetic nervous system that project to pineal gland 
Pineal gland synthesizes and releases melatonin 
Sleep-promoting neurohormone, synthesized from tryptophan 
Melatonin synthesis increases as environmental light decreases 
Melatonin peaks between 2-4 am 
Melatonin signals circadian rhythms to many tissues 
Neurons in SCN that influence sleep-wake cycles have melatonin receptors 
Circadian regulation of melatonin 
External light triggers SCN-mediated control of melatonin 
Daily duration of melatonin release varies with length of day 
In animals, photoperiodic responses are important for survival and reproduction 
Seasonal molting of coat 
Thermoregulatory changes (including hibernation) 
Changes in metabolism and body weight 
Changes in behaviour 
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· Briefly understand the various functions of sleep


