
Chapter #14: Sleep, Dreaming and Circadian Rhythms
14.1 Stages of Sleep:
Dreams
· The dreams recalled from NREM sleep tend to be isolated experiences, while those associated with REM sleep tend to take the form of narratives
· External stimuli can become incorporated into their dreams 
· Some people believe dreams last only an instant, but research suggests that dreams run on “real time”  
· Penile erections have no correlation with dreams of sexual content
· Sleeptalking (somniloquy) has no special association with REM sleep; can occur during any stage but often occurs during a transition to wakefulness
· Sleepwalking (somnambulism) usually occurs during stage 3 or 4 sleep
· Never occurs during dreaming, when core muscles are totally relaxed
· Antidepressants reduce or abolish REM sleep without affecting aspects of dream recall 
· Cortical lesions can abolish dreaming without affecting REM sleep 
· Dream theories:
· Freud  dreams are triggered by unacceptable repressed wishes, often of a sexual nature 
· Hobson  Activation-synthesis theory: information supplied to the cortex during REM sleep is largely random and that the resulting dream is the cortex’s effort to make sense of these random signals
· Manifest dreams: dreams we experience 
· Latent dreams: real dreams 
14.2 Why Do We Sleep, and Why do we Sleep When We Do?:
· 
· Adaptation theories of sleep: sleep is the result of an internal 24-hour timing mechanism
· Evolved to sleep at night because sleep protects us from accident and predation during the night
· Focus more on when we sleep rather than the function of sleep The primary function of sleep is not some special, higher-order human function
· Recuperation theories of sleep: being awake disrupts homeostasis of the body and sleep is required to restore it; sleep is terminated by a return to homeostasis
· Comparative analysis of sleep:
· Sleep serves an important physiological function, rather than merely protecting animals from mishap and conserving energy
· No strong relationship between a species’ sleep time and its level of activity, its body size, or its body temperature 
· Large between-species differences in sleep suggest that although sleep may be essential to survival, it is not needed in large quantities 


14.3 Effects of Sleep Deprivation:
· Stress Problem: it is difficult to separate the effects of sleep loss from the effects of stressful conditions that may have induced the loss therefore, results of sleep-deprivation studies must be interpreted with caution
· Predictions of recuperation theories about sleep deprivation:
· Long periods of wakefulness will produce physiological and behavioural disturbances, which will grow steadily worse as sleep deprivation continues
· After a period of deprivation has ended, much of the missed sleep will be regained
· Sleep deprivation effects:
· Increase in sleepiness, fall asleep more quickly if given the opportunity
· Display negative affect on various written tests of mood
· Perform poorly on tests of vigilance, such as watching a computer screen and responding when a moving light flickers
· Logical deduction/critical thinking tests are not affected by sleep loss
· Executive function tests (cognitive abilities that depend on prefrontal cortex) are severely affected by sleep loss
· Physiological consequences of sleep deprivation:
· Reduced body temperature
· Increases in blood pressure
· Decreases in immune function
· Hormonal changes
· Metabolic changes
· Microsleeps: brief periods of sleep, typically 2-3 seconds long
· Carousel apparatus: used to deprive rats of sleep 
· The default theory of REM sleep states that it is difficult to stay continuously in NREM sleep, so the brain periodically switches to one of two other states; if there are any immediate bodily needs to be taken care of then the brain switches to wakefulness, if there are no immediate needs, then it switches to REM sleep
· REM Sleep Deprivation:
· Shown to have two consistent effects: 
· Participants display a REM rebound — they have more than their usual amount of REM sleep for the first two or three nights 
· With each successive night of deprivation, there is a greater tendency for participants to initiate REM sequences 
· Attention has focused on the potential role of REM sleep in strengthening explicit memory 
· Sleep deprivation increases the efficiency of sleep:
· Regain most of their lost stage 4 sleep
· Slow-wave sleep EEG is characterized by even higher proportion than usual of slow waves
· People who sleep 6 hours or less per night normally get as much slow-wave sleep as people who sleep 8 hours or more
· Nap in the morning after full night’s sleep - few slow waves, does not reduce duration of following night’s sleep
· People who gradually reduce usual sleep time get less stage 1 and stage 2 sleep, but duration of slow-wave sleep remains the same as before 
14.4 Circadian Sleep Cycles:

· Zeitgebers (“time-givers”): environment cues (such as light-dark cycle) that can entrain (control the timing of) circadian rhythms 
Free-Running Circadian Sleep-Wake Cycles
· Internal desynchronization: when subjects are housed in constant laboratory environments, their sleep-wake and body temperature cycles break away from one another
· Existence of two different free-running periods suggests that there is more than one circadian timing mechanism, and that sleep is not causally related to the decreases in body temperature that are normally associated with it
Jet Lag and Shift Work
· Jet lag occurs when zeitgebers are accelerated during east-bound flights (phase advances) or decelerated during west-bound flights (phase delays)
· Shift work: zeitgebers stay the same, but workers adjust their natural sleep-wake cycles
· To reduce jet lag: 
· Gradually shit one’s sleep-wake cycle in the days prior to the flight 
· Administer treatments after the flight that promote the required shift in the circadian rhythm 
· It is more difficult to undergo a phase advance that it is to undergo a phase delay
Genetics of Circadian Rhythms
· Three important discoveries:
· Similar circadian genes found in many species of different evolutionary ages, indicating that they evolved early in evolutionary history
· Key mechanism is gene expression: transcription of proteins by the circadian genes displays a circadian cycle
· Identification of circadian genes provided more direct method of exploring the circadian timing capacities of parts of the body other than the SCN.

14.5 Four Areas of the Brain Involved in Sleep:
· Posterior hypothalamus: promotes wakefulness
· Anterior hypothalamus: promotes sleep
Reticular Formation and Sleep
· Cerveau isolé preparation: severe brain stem between inferior colliculi and superior colliculi in order to disconnect forebrains from ascending sensory input
· Cortical EEG of the isolated forebrains was indicative of almost continuous slow-wave sleep
· High-amplitude, slow-wave activity changed to desynchronized EEG (low-amplitude, high-frequency EEG) when strong visual or olfactory stimuli were presented
· Encéphale isolé preparation: transect (cut through) brain stems located in the caudal brain stem, thus disconnected the brain from the rest of the nervous system
· Cut most of the same sensory fibres, it did not disrupt normal cycle of sleep EEG and wakefulness EEG
· Reticular formation: wakefulness structure in the brain stem 
· Reticular activating system: low levels of activity in the reticular formation produce sleep and high levels produce wakefulness 
Reticular REM-Sleep Nuclei
· Reticular REM-sleep nuclei are scattered throughout caudal reticular formation 
· Each site is responsible for a different aspect of REM sleep; a site for rapid eye movements, a site for cardiorespiratory changes, a site for core-muscle relaxation, etc.
· REM sleep occurs only when a network of independent structures becomes active together 
· Physiological changes that go together to define REM sleep sometimes break apart and go their separate ways 
14.6 Drugs that Affect Sleep:
Hypnotic Drugs
· Five complications with benzodiazepines:
· Tolerance develops, patients often become addicted
· Cessation causes insomnia
· Distort normal pattern of sleep; increases duration of stage 2 sleep, while decreasing the duration of stage 4 and REM sleep
· Substantially reduce life expectancy
· 5-hydroxytryptophan (5-HTP): precursor of serotonin that readily passes through blood-brain barrier
· Act on raphé nuclei (play a role in sleep)
· Reverses insomnia in cats and rats, but not humans
Antihypnotic drugs
· Promote wakefulness by boosting the activity of catecholamines (norepinephrine, epinephrine, dopamine) by increasing their release into synapses and/or blocking reuptake from synapses.
· Melatonin: hormone that is synthesized from the neurotransmitter serotonin in the pineal gland
· Increases sleep by accelerating the start of the nocturnal phase of the circadian rhythm and administration at dawn increases sleep by delaying the end of the nocturnal phase
· Melatonin could be classified as a chronobiotic: a substance that adjusts the timing of internal biological rhythms
· Circulating levels of melatonin display circadian rhythms under control of the suprachiasmatic nuclei 
· Highest levels are associated with darkness and sleep 
14.7 Sleep Disorders:
· Hypersomnia: includes disorders of excessive sleep or sleepiness
· Common symptoms of depression and other mood disorders
· Many cases of insomnia are iatrogenic (physician-created with sleeping pills)
· Treatments for insomnia:
· Sleep restriction therapy
· Causes of insomnia:
· Sleep apnea: stops breathing many times each night; leads to a sense of having slept poorly and is often diagnosed as insomnia
· Obstructive sleep apnea: results from obstruction of the respiratory passages by muscle spasms or atonia (lack of muscle tone), often occurs in individuals who are vigorous snorers 
· Central sleep apnea: results from the failure of the central nervous system to stimulate respiration
· Periodic limb movement disorder: periodic, involuntary movements of the limbs, twitches of the legs during sleep
· Restless legs syndrome: tension/uneasiness in their legs that keeps them from falling asleep
· Hypersomnia
· Narcolepsy: main symptoms 
· Severe daytime sleepiness and repeated brief (10-15 min) daytime sleep
· Cataplexy: recurring losses of muscle tone during wakefulness, often triggered by an emotional experience. 
· Sleep paralysis: inability to move just as one is falling asleep or waking up
· Hypnagogic hallucinations: dreamlike experiences during wakefulness
· Narcolepsy results from an abnormality in the mechanisms that trigger REM sleep
· Enter directly into REM sleep when they fall asleep
· Causes of narcolepsy:
· Orexin: neuropeptide that is bound to a receptor protein encoded by the gene that causes the disorder
· Orexin-A/Orexin-B
· Reduced levels of orexin in the cerebrospinal fluid of narcoleptics
· Orexin is synthesized by neurons in the region of the hypothalamus linked to promotion of wakefulness-- the posterior hypothalamus 
· REM-Sleep-Related Disorders:
· Some people are discovered to have little or no REM sleep 
· This is caused by damage to the REM-sleep controllers in the caudal reticular formation 
· Some patients experience REM sleep without core-muscle atonia (which prevents acting out of dreams)
· REM sleep without atonia is caused by damage to the nucleus magnocellularis or to an interruption of its output 
14.8 Effects of Long-Term Sleep Reduction:
· Polyphasic sleep cycles: sleeps more than once per day (most mammals and human babies)
· Monophasic sleep cycles: sleep once per day (most adult humans)
· Sleep inertia: too much sleep makes people feel groggy for several minutes when awake

