Sleep – Questions and Activities

Introduction
	Note: not many questions here.  This is an introduction to content addressed in particular modules.

What is sleep?
· A resting state for most animals; in birds and mammals it is characterized by altered consciousness, during which we become unaware of the environment.  Sleep allows for restoration, renewal and recovery.

Why sleep? 
· Because sleep in some form is experienced by almost all animals, it is fundamental to having a nervous system and to being and staying alive.  Hypotheses for why are: making and maintaining neuronal connections, homeostasis, slowing down to rest and renew, brain “housekeeping”. These factors outweigh the negative aspects of enforced rest.

Neurobiology, Sleep Physiology, Sleep and Memory
	Note: there is no explicit Cell Biology module in the Sleep portfolio. The Neurobiology module has a quick review of action potentials and neurotransmitters.  This content is unpacked in the Evo-Ed Toxin Resistance in Clams portfolio.

Brain waves distinguish an awake brain from a sleeping brain in different stages.  How are brain waves generated? How are they measured?
· Brain waves reflect the overall electrical activity (voltage) of neurons in the cortex. This activity is due to the collective generation of action potentials: higher voltages indicate more neuronal activity.   Brain waves are measured by placing an array of metal electrodes on a person’s head to produce and electroencephalogram (EEG) and thus a snapshot of their sleeping and/or awake brain.

How do brain waves change as a sleeper advances through the stages of NREM to REM sleep?
· As a person drifts off to sleep during NREM I sleep, brain waves slow (theta waves). NREM II sleep is light sleep, characterized by theta waves interspersed with intermittent changes in theta wave activity: K-complexes and sleep spindles.  Deep sleep, or slow wave sleep, occurs during NREM III/IV sleep, during which brain activity slows even more (delta waves). During REM sleep brain activity ramps up, resembling that of an awake brain. Rapid Eye Movement occur during this stage, along with temporary paralysis and dreaming.

EEGs show a general pattern of sleep, an architecture of sleep.  Explain the pattern in humans.  
Based on this pattern, what would be the consequence of someone sleeping fours hours at a time?
· Human sleep architecture over an eight hour period shows 5 cycles of sleep, as the sleeper repeats a pattern of transitioning from NREM I through to REM sleep over a 90 minute period.  Sleep earlier in the bout (cycle 1) is characterized by deep sleep (NEMIII).  Sleep late in the bout (cycle 5) is characterized by REM sleep.  
· Thus, a four-hour sleep would have relatively more deep sleep and relatively less REM sleep

This module introduces the various vertebrate brain structures that are involved in the regulation of being awake or being asleep.  Taken together, what is the nature and functions of these structures and what do they indicate about the evolution of sleep?
· The amygdala, hypothalamus, pineal gland, thalamus, hippocampus are all part of the limbic system.  These structures are characteristic of vertebrates and are involved in homeostasis, emotions, learning, memory, etc and sleep.  Structures of the brainstem, also involved in the regulation of sleep, are evolutionarily ancient.  They regulate autonomic physiological activity as well as consciousness, and sleep. One would surmise that sleep is a highly evolved, coordinated and fundamental process.

The hypothalamus is small, but mighty, having a role in the regulation of many physiological processes in addition to sleep.  How does it function? What does it regulate?
· The hypothalamus has several clusters of neurons, each of which is key to regulating particular physiological processes. It receives and feeds back hormones to the pituitary gland. It is also influenced by circulating levels of molecules that regulate appetite and other homeostatic functions. It is in dialog with other brain structures by means of neurotransmitters. It is key in the regulation of body temperature (eg sweating in people, panting in dogs), circadian rhythms, thirst and hunger, memory and learning (see Sleep and Memory), emotional attachment to others, growth, various cardiovascular functions. 

Brain structures communicate with one another by way of neurotransmitters. 
Which ones are associated with a quiet (resting, sleeping) brain and with an awake brain? What about a dreaming brain? What do these neurotransmitter suggest about the dreaming brain?
· Sleep: GABA, galanin; awake: acetylcholine, noredrenaline and serotonin; dreaming: complicated: activation of both GABA to quiet muscle activity and acetylcholine, reflecting the active dreaming brain. 

Research: what other roles do the neurotransmitters GABA, galanin, acetylcholine, noradrenaline and serotonin play in the brain?

Compare the effect of natural adenosine and administered caffeine on wakefulness.
· Adenosine builds up during the day, peaking in late evening and contributing to the urge to sleep.  It binds to receptors in the brain that translate its presence into sleep pressure: the urge to go to sleep.  Caffeine blocks these receptors so that adenosine can’t do its “job”.  Thus, sleepiness is delayed. 

Research: Lots of people take melatonin to help them sleep. 1) how does it work? 2) How effective is it?  3) How much is needed?  4) Is melatonin addictive?
· Melatonin, released by the pineal gland, slowly accumulates during dusk and evening.  It informs the brain that it is time to sleep, but is not part of the “going to sleep” apparatus. 
· On average, a sleeper may gain less than 10 minutes of sleep, but there is a psychological aspect that makes people feel better about their ability to go to sleep.
· Melatonin is a hormone, not much is needed: trillionth of a gram is functional.  Pills have more, but by the time it gets to the brain, the dose may be okay.
· Melatonin thought to be not addictive.

Sleep Physiology
	
NREM sleep is associated with increased activity in the parasympathetic nervous system (PNS) portion of the autonomic nervous system (ANS).  What is the function of this system?  How is this correlated with physiological changes that occur during NREM sleep?
· The autonomic nervous system regulates body functions, such as digestion and respiration. The parasympathetic nervous system is one “limb” of the autonomic nervous system. Activity in the PNS is complementary to that of the SNS, the sympathetic nervous system. In general, PNS activity is associated with slowing things down; the SNS is associated with speeding things up. 
· NREM sleep is characterized by PNS activity.  Cardiac functions slow down. Eventually, respiration rate slows as well. Other changes are lowering body temperature, variable hormone output (some up, some down) and decreased brain activity.

What are the physiological changes that accompany REM sleep?
· The brain regains activity; some physiological activities become erratic: heart rate and blood pressure go up and down. Respiratory rate is also variable. Muscles experience paralysis.


Sleep and Memory
	
Summarize the relationships between sleep, brain structures and memory consolidation. 
· Sensory information forwarded to thalamus -> hippocampus (short term memory) -> amygdala (processing of emotion content) -> prefrontal  cortex -> regions of the cerebral cortex.
· The hippocampus can receive new information if old information has been forwarded.  This “clearing” occurs during NREM II sleep.  Incoming information is transferred from the hippocampus and eventually to the cerebral cortex during NREM III, deep sleep, to form long-term memories.

How does loss of sleep affect the emotional aspect of memory consolidation?
· The communication between the amygdala and prefrontal cortex deteriorates with loss of sleep.  Thus, negative emotional aspects of a memory can be retained.

Consolidation of memories is accompanied by changes in cellular relationships. What are the molecular bases of these changes? Why are these changes optimized during sleep?
· New proteins synthesis and/or modification of existing proteins. Modifying or changing synapses.  These changes are optimal when acetylcholine levels are low during sleep.

 


Genes and Proteins

Most of the known genetic underpinnings of sleep are based on studies of circadian rhythms.  Why is this so?
· Most animals, including humans, experience some kind of daily rhythm in their activities, including sleep/rest.  Thus, there are many model organisms in which the genetic bases of their circadian rhythms can be studied and manipulated.  The most widely studied models are mice and the fruit fly, Drosophila.

What are circadian clocks? How are they controlled?
· The main, central clock, is the suprachiasmatic nucleus (in vertebrates), which responds to light. The responses are changes in expression of genes, including clock controlled genes, that ultimately results in a shift in signals: neurotransmitter and hormones.  
· Cells throughout the organisms respond to signals from the central clock, activating peripheral clocks. The activity of individual cells is altered in response to these signals by changes mediated by clock controlled genes.

Fill in the three ovals below (information directly from slide).

 See slide set for answer.[image: Macintosh HD:Users:merleheidemann:Desktop:simple model empty.png]














The central circadian clock is an oscillator.  What does this mean?  How does oscillation occur?
· The gene expression in the central clock (and peripheral clocks as well) varies in predictable ways throughout the day: it oscillates. During a typical day, exposure to light activates genes (eg CLOCK and BMAL1) that crank up expression of other genes. The products of these genes (eg PER1/2, CRY1/2, various Clock Controlled Genes) send out signals (hormones, neurotransmitters)that make their way to peripheral cells.  This activity is squelched when PER1/2 and CRY1/2 dimers (proteins) travel back to the nucleus to shut down transcription of CLOCK and BMAL1 genes. In this feedback loop, PER1/2 and CRY1/2 proteins shut down their own transcription.

How is transcription of CLOCK and BMAL1 up-regulated and down-regulated?
· Up-regulated: Signals from the suprachiasmatic nucleus 
· Down-regulated: CRY and PER dimers re-enter the nucleus and inhibit both the function of existing CLOCK and BMAL1 proteins and their transcription.

There are many variations of the CLOCK gene, one of which, 3111T/C, is associated with insomnia in women.  
Your task: What does each of these mean: 3111, T and C
3111 – position of amino acid in translated protein; T = thymine, C = cysteine. C is substituted for T
Go to https://www.ncbi.nlm.nih.gov/nuccore/EF015897.1 where you will find all the known variations of this gene. 

Research: Studies of the fruit fly, Drosophila melanogaster have contributed to knowledge of circadian rhythms.  1) What activities are regulated by the Drosophila clock? 2) Why is this species a good model organism for these kinds of studies?  
Doi:10.1016/j.ymeth.2014.01.001
 doi:10.1534/genetics.115.185157

1) Emerging from pupa, rest/activity, courtship, feeding, locomotion, temperature seeking and probably more.
2) They are genetically simple (compared to mammalian models) and have simpler behaviors (compared to mammalian models). Drosophila genetics is relatively well known. Researchers have ground up, extracted and analyzed proteins from fly heads and/or eyes during different times in the circadian rhythm. This illuminates rhythmic changes in gene expression.  Genome analyses show that many genes are implicated in circadian rhythms (at least 200). 



Sleep Disorders
	See also Genetics

What is a possible explanation as to why night terrors and sleep walking happen during Stage III NREM sleep?
· These occur at the onset of deep sleep, but before REM sleep, when a sleeper’s body is paralyzed.  During NREM III sleep, the body is capable of moving, but the brain is in a low, non-executive state.

Correlate what happens in a sleepless brain and the grumpiness that is symptomatic of a loss of sleep.
· The amygdala, which processes the emotional context of daily events during sleep, doesn’t have a chance to do its job.  

Why and how does loss of neurons in the hypothalamus lead to Type I narcolepsy?
· Some neurons in the hypothalamus release hormones, orexins, that promote being awake.  Loss of these neurons by autoimmune attack promotes bouts of  cataplexy during the day.

Sleep practitioners say that cataplexy is not sleep.  Why?
· An attack of cataplexy is characterized by loss of muscle tone: movement is inhibited.  There may be complete collapse or partial paralysis. In contrast to sleep, the sufferer is aware it their surroundings and can hear what’s going on in their environment. The attack is usually short lived.

Research: Amphetamines may be prescribed for narcolepsy.  How do the promote wakefulness?  What physiological changes occur when taking amphetamines?
· Central nervous system stimulant: increase the release of dopamine 
· Increase and/or augment physical activity, decrease appetite, alter GI function, cause irregularities in cardiac function, lead to increased blood pressure, result in restlessness, trouble sleeping. 

A restless leg syndrome sufferer takes dopamine agonists and a GABA derivative. Why would these help this patient?
· RLS is characterized by low levels of dopamine in a particular part of the brain, the basal ganglia. Dopamine agonists activate dopamine receptors, calming the restless legs (limbs).  GABA generally promotes sleep and dampens pain.

Compare/contrast: Is insomnia a sleep disorder? or not?
Information from Disorders, Evolution and Genetics modules apply. 

Insomnia is correlated with inappropriate fight or flight responses. What are the nervous system and physiological bases for these responses?  Why is this a problem in modern times?
· Adrenaline (aka epinephrine) stimulates the sympathetic nervous system, part of the autonomic nervous system.  It also binds to receptors throughout the body to alter cellular activity. Both adrenaline and the SNS mediate increased physiological preparedness for fighting against or running away from a perceived threat. Parts of the brain maintain a state of preparedness. Physiological responses are increased blood pressure and heart rate, overall alertness, dilated pupils, roiling guts, increased glycolysis, etc.
· This is adaptive for “real” stresses faced by our mammalian and primate ancestors: enemy tribes, predators. Today’s stressors include family issues, money problems, road rage, etc. 

What are the pluses and minuses of treating insomnia with drugs?
· Melatonin is a natural hormone that used properly helps the timing of sleep.  Some antihistamines can cause sleepiness, but can also be detrimental if used inappropriately. Prescribed sleep medications modulate neurotransmitters or receptors associated with being awake or asleep. These are helpful for short term treatment, but are not useful for long term use as the actual gains in sleep time is small and they can become habit forming. 

Why is Cognitive Behavioral Therapy for Insomnia (CBT-I) the gold standard for treating insomnia?
· The goal of CBT-I is to manage falling asleep and staying asleep for the long haul (a lifetime?).  Generally, the patient keeps a sleep diary and/or undergoes a sleep study so that they recognize their own pattern of insomnia.  With the help of a therapist, the patient learns techniques that will help manage their stresses and worries.  They also learn how to practice relaxation and “sleep hygiene”.  
 
Some humans work an live in situations that are difficult for getting a good nights sleep. What are the environmental and societal challenges for getting enough sleep?
· Light and noise pollution, distractions caused by critters (eg. bugs, rodents), long and/or unpredictable work days, night shift work, too many people sleeping in cramped quarters, stresses of poverty.

Data suggest that in the USA, there is racial disparity in the amount of sleep people get and in the treatment of sleep disorders.  Why is this and what are some remedies?
· Night shift work is predominately done by racial minorities, who often can’t capture enough sleep during the day.  These populations also tend to suffer from financial insecurity (worry!) and live in neighborhoods with environmental challenges (eg. noise, light). 
· Historically, minority populations tend to be distrustful of medical treatment and don’t have resources to engage in addressing their sleep issues. Recognizing this, practitioners are beginning to reach out with sleep monitoring kits and remote CBT-I training.

Are sleep disorders a First World and Third World problem? Explain your answer.



Dreaming

Dreaming occurs during REM sleep and shares many aspects of being awake. What are these? How is being awake and dreaming different from each other.
· Similarities:  Dreams mimic real life: people, the environment and the passage of time are realistic. They also mimic consciousness, especially visual and auditory aspects. 
· Differences: Dreams are fragmented, kaleidoscopic and incoherent. They may easily be forgotten.

Dreams can be herky-jerky, with pieces of stored experiences stitched together.  Explain the neurobiological generation of a dream from fragments of memory to “movie”.
· Dreams are based on fragments of memory stored primarily in the visual and auditory cortices. However, the context for these fragments is disrupted, due to faulty coordination with the hippocampus. Meanwhile, the brainstem shuts down motor activity and sensory input during REM sleep, but also internally sends signals to the cortex. The signals activate fragments: visual and auditory hallucinations. Emotional content of dreams comes from amygdala activity and the hippocampus provides a (wacky) narrative.

One hypothesis about why we dream ties our conscious lives with our unconscious, dreaming lives (Hobson). Summarize the tenets of this hypothesis.
· Allan Hobson views dreaming as a proto-conscious state, in that it shares perceptions and emotions with (awake) consciousness.   Because of these shared characteristics, and the fact that other mammals likely dream, he surmises that dreams are a primitive form of consciousness.  This level of consciousness allows us to prepare, and in some sense practice, for future challenges and engagement in social interactions.

Matt Walker offers an alternative hypothesis: dreams help us sort out the barrage of inputs, emotional and mental, that we experience daily. Summarize the basis of this “overnight therapy” hypothesis.
· During dreaming, the brain lacks noradrenaline, a neurotransmitter associated with stress, but the amygdala, related to our emotional live, becomes more active. This environment allows the brain to sort out our emotions, dulling those with negative connotations – overnight therapy.

Many creative people, artists, authors, musicians, report that dreaming helped them in the creative process.  What, besides dreaming, likely contributed to their creative output?
· Knowledge and practice of their craft, daytime experiences and experimentation of their craft, the environment in which they work, the support of colleagues, deadlines, etc,

Research: One theory of why we dream is to simulate threats to “anticipate” responses to real threats. Explain. 
· This theory posits that dreams contain frequent, realistic and severe threats that are rarely encountered when awake.  The dreamer responds to these threats, thus “practicing” a possible response to a threat encountered when awake.. 
· 

Evolution

Why sleep? 
· Because sleep in some form is experienced by almost all animals, it is fundamental to having a nervous system and to being and staying alive.  Hypothesis for why are: making and maintaining neuronal connections, homeostasis, slowing down to rest and renew, brain “housekeeping”. These factors outweigh the negative aspects of enforced rest, such as being relatively unaware of what’s going on around.

Evolution explains both the diversity and the unity of life.  Explain in terms of sleep.

· The unity of life refers to common cellular and physiological processes that occur across phyla. Sleep, broadly defined as periods of rest, occurs in one way or another across animal phyla. It is characterized by responses to light and dark, to include cellular clocks that regulate cellular activity and hence physiology – circadian rhythms.  Generally, periods of rest/sleep are characterized by a slowing of physiological processes. It is fundamental to animal life. There is a basic pattern of gene expression in circadian rhythms across phyla.  Diversity of sleep is reflected in the timing, pattern of brain activity and the architecture of sleep. 

What do torpor, hibernation, brumation and diapause have in common? How do they differ?
· These are relatively long periods of rest during which energy is conserved:  reduced metabolism and lowered body temperature. Torpor – period of less than 24 hours. Hibernation – torpor extended over a period of time in mammals, sometimes lasting throughout a season (usually winter). Brumation is a long period of rest in cold-blooded vertebrates (usually winter). Diapause is a long period of rest in insects (usually winter).

The allotment and timing of sleep reflect a species external environment. Explain.
· A species normal circadian rhythm is triggered by light, which varies during the day as well as seasonally. Light is a large ecological factor in determining sleep patterns. Daily fluctuations in temperature  (equatorial vs polar) also select for sleeping patterns.  Organisms evolved to have different periods of activity/inactivity based on other environmental factors: eg. sleep at night, sleep during the day; getting food or being food during the day or night; living on land or in water). 

The architecture of sleep varies across taxa. It is an evolutionary response to various factors.  What are these factors?  
· Intrinsic: time since last sleep, circadian rhythms, physiological state
· Extrinsic: food, mating, environmental dangers

Warm-blooded animals (birds, mammals) experience both REM and NREM sleep. Briefly define each kind of sleep. Generally, what is the major difference between bird and mammalian sleep?
· The journey through NREM sleep is correlated with slowing of brain waves as animal goes from light to deep sleep. During REM sleep brain activity ramps up, resembling that of an awake brain. Rapid Eye Movements occur during this stage, along with temporary paralysis and possibly dreaming.
· In birds, slow wave sleep is characterized happens in one hemisphere at a time. This is also characteristic of some marine mammals.

Research: What do studies of sleep in the platypus indicate?
https://doi.org/10.1098/rstb.1998.0272
· Both EEG and behavioral observations show that the platypus, a primitive, monotreme mammal, exhibits REM sleep, as evidenced by twitching of eyes, head and bill. Additionally, their sleep patterns resemble that of neonatal placental mammals. They also experience more REM sleep than other mammals, much like neonates. This study suggests that REM sleep evolved early in mammalian evolution.

What are some factors for the evolution of sleep patterns in mammals?
· Food: herbivores vs carnivores (caloric/nutritional value of food); danger of being eaten; metabolism; size; time required for reproduction.

What are the advantages/disadvantages of tree sleeping? What characteristics of an animal would be amenable to tree sleeping?
· Small primates spend a lot of time in trees, including sleeping.  Sleeping in trees is a way to avoid predators and parasites.  The obvious disadvantage is the risk of falling while asleep.  This can be offset by the use of appropriate branches and sleeping postures. Their tails also help with balancing. 

 A recent study of the sleeping habits of the monkey Rhinopithecus roxellana found that this species preferred sites having certain characteristics, including tall canopies, trees that were taller and larger with larger crown diameters. What is the advantage of sleeping sites/trees with these characteristics? 
https://doi.org/10.1002/ajp.22936

· Sites with large and abundant trees afford protection from potential predators, as well as many branch choices in a given area.  A lush site, as opposed to one that is sparse, also helps keep sleepers warm and hidden. Selection of these characteristics could be explained in terms of predator avoidance and thermoregulation efficiency. Additionally, these trees probably allowed for monkeys to sleep in closer proximity and in larger “beds”.

Great apes construct sleeping nests, usually a new one every night. What evolutionary changes are correlated with this behavior?
· Larger bodies, more dexterous hands, tool use, problem solving,

[bookmark: _GoBack]Our hominid ancestors, unlike other great apes, shifted to sleeping on the ground.  What are the behavioral and cultural correlates of this shift? How could improved sleep (not falling out of trees) lead to increased cognition and culture?
· Building ground nests, both for feeding and sleeping, is associated having a larger body, and the use of fire to keep predators away. 
· It is hypothesized that a night’s uninterrupted sleep shifted hominids sleep architecture to more REM sleep relative to NREM sleep and less fragmented sleep. REM sleep is associated with brain “housecleaning”, allowing for enhanced cognition, which in turn could lead to safer and better resting platforms. 
· Shorter and better sleep made space for cultural evolution.

What are the benefits of human sleep patterns?
· Time for brain development or maintenance; improved cognitive abilities; compared with other primates and great apes, more time for other life history and cultural activities.

Human sleeping patterns change as an individual ages – sleep has a life history.
Draw or diagram these changes.[image: Macintosh HD:Users:merleheidemann:Desktop:sleep.png]


What are the hypotheses as to why human sleep patterns change over time?
· Sleep patterns of very young people show lots of REM sleep, probably needed for brain development. Deep sleep, typical of older people, is associated with maintenance.
· Variable sleep patterns of a family unit allow someone to be relatively alert throughout the night.


Why is there a mismatch between modern life (developed countries) and getting good sleep?
· Modern stressors activate the “fight or flight” response, responses to which are appropriate for being awake, not asleep (see Disorders).
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