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Overview

https://www.youtube.com/watch?v=H25DD0sztSA 
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https://www.youtube.com/watch?v=H25DD0sztSA


Polysomnography, the hypnogram and the 
circadian rhythm
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1738204/ 

Richard Caton and Hans Berger

https://pubmed.ncbi.nlm.nih.gov/16435031/ 

Richard Caton
(1842—1926)

1874 => first electrical 
recordings from the brain 
surface (monkeys and rabbits)

Hans Berger
(1873—1941)

1929 => first electrical 
recording from the human scalp

5

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1738204/
https://pubmed.ncbi.nlm.nih.gov/16435031/


The beginning of sleep research: Eugene Aserinsky and Nathaniel Kleitman

http://tinyurl.com/3bkrd8k8 

Neuroscientist Eugene Aserinsky attaches electrodes 
to his son, Armond

Physiologist Nathaniel Kleitman and his student, Bruce 
Richardson, camped out in Mammoth Cave (Kentucky)

http://tinyurl.com/mr35bh7m 

Rapid eye movements (REM) sleep was discovered in 1953, when Eugene Aserinsky and Nathaniel Kleitman observed episodes 

of jerky conjugate eye movements in sleeping individuals, some of which also reported dreams with visual imagery when awaken 

at this stage.
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http://tinyurl.com/3bkrd8k8
http://tinyurl.com/mr35bh7m


Polysomnography: the study of sleep

http://tinyurl.com/ym53yevk 

https://pubmed.ncbi.nlm.nih.gov/25437471/ 

https://link.springer.com/chapter/10.1007/978-94-007-5470-6_2 
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http://tinyurl.com/4xdctpm5 

Modern polysomnography (sleep study) setup

Electrooculogram (EOG)Electromyography (EMG)

http://tinyurl.com/ybxpn2a6 
http://tinyurl.com/4d7a3ptt 

High-density Electroencephalography (EEG)

(256 channels)

Dr. Manuel Schabus (left) and Dr. Christine Blume (right)

http://tinyurl.com/695jjbv5 
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Kandel et al., (2021), p. 1081

Sleep consists of alternating periods of REM sleep and non-REM sleep.

A hypnogram (i.e., graph showing the progression of sleep 

stages over a typical night) in a healthy young person. 

Periods of rapid eye movement (REM) sleep alternate with 

non-REM sleep about every 90 minutes. 

An individual typically progresses from the awake state into 

light non-REM sleep (N1) then progressively deeper 

non-REM sleep (N2, N3), then back to lighter non-REM sleep 

before the first period of REM sleep occurs (light blue bars).

As the night progresses, the individual spends less time in the 

deepest stage of non-REM sleep, and the duration of REM

sleep periods increases.
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Wakefulness => the EOG shows voluntary eye movements, the 

EEG shows fast low-amplitude, activity, and the EMG shows 

variable muscle tone;  

N1 sleep => slight slowing of EEG frequencies and slow roving 

eye movements, with less EMG activity; 

N2 sleep => bursts of 12- to 14-Hz activity (“sleep spindles”) and 

high-voltage slow waves (“K-complexes”); 

N3 sleep => high-voltage slow waves; 

REM sleep => the EEG is similar to that of the awake state. Rapid 

eye movements can be seen on the EOG, but the EMG is so 

silent that contamination by tiny electrocardiogram signals can 

sometimes be seen (as in the illustrated case).

Kandel et al., (2021), p. 1081
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Kandel et al., (2021), p. 1081

Light non-REM sleep (stage N1):

- the EEG slows and shows waves in the theta range (4−7 Hz);

- consciousness begins to fade, but minimal stimulation can 

trigger wakefulness.  

Stage N2:

- slow EEG activity in the theta and delta range (0.5−4 Hz) 

as well as sleep spindles, 10- to 16-Hz waxing and waning 

EEG oscillations lasting 1 to 2 seconds, typically with a gradual

onset and offset so the EEG waves resemble an old-fashioned 

spindle tapered at both ends. The EEG also may show large, 

single slow waves called K-complexes.

Stage N3:

- the EEG shows abundant, very slow EEG delta activity. 

During stages N2 and N3, people are generally unconscious of the 

world around them as the slow cortical activity disrupts information processing. Across all stages of non-REM sleep, eye movements are 

absent, muscle tone is low, breathing is slow and regular, and body temperature falls.
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Kandel et al., (2021), p. 1081

REM:

- muscle tone is very weak due to inhibition of motor neurons 

by descending pathways from the brain stem. This paralysis does 

not affect the neurons that support respiration, eye movements,

and sphincter control. This paralysis prevents the physical 

enactment of dreams;

- body temperature falls further;

- heart rate and blood pressure can vary wildly;

- vivid dreams. 
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The circadian rhythm

https://www.lib.uchicago.edu/collex/exhibits/discovering-beauty/mammoth-cave/ 

http://tinyurl.com/2mzhk9z7 
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https://storymaps.arcgis.com/stories/643b988969884874ac7a309f9b5c1890 

Goal

The goal of their experiment was to determine if humans had an ingrained 

24-hour cycle or if we can adjust our circadian rhythm. Kleitman wanted to 

adjust himself and graduate student Richardson to a six-day, 28-hour week. 

Kleitman and Richardson spent 32 days in the cave with a strict schedule of 

sleeping for 9 hours, working for 10, and 9 hours of leisure time. The 

absence of light and noise and a constant temperature made for a great 

experimental environment.

Results

Because there were only two test subjects, you can't generalize this study to the entire human population. That said, Richardson did adjust 

to the study's sleep schedule, while Kleitman had difficulties and never acclimated; he was tired during the "days" and had difficulty 

sleeping through the "nights.“ Richardson was approximately 20 years younger than Kleitman; this could be a factor in the ability to adjust 

to new sleep schedules. Additionally, individual habits, such as Richardson being a student and having a less structured sleep schedule to 

begin with, may impact the ability to adjust your circadian rhythm. 14

https://storymaps.arcgis.com/stories/643b988969884874ac7a309f9b5c1890


Purves et al., (2018), p. 644

(A) Circadian rhythm in the absence of cues. 

The illustration graphs the waking (blue) and sleeping 

(red) status of a volunteer in an isolation chamber with 

and without cues about the day–night cycle.

Numbers represent the mean ± standard deviation of 

a complete wake–sleep cycle in each condition. 

Triangles represent times when the rectal temperature

was maximum. 

The individual maintains daily cycles of about 25.2 hours, 

drifting an entire day over this period. Blind people who 

cannot relay light signals to the suprachiasmatic nucleus 

often live continuously like this, a condition called non–

24-hour wake–sleep disorder.
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Purves et al., (2018), p. 644

(B) Circadian rhythmicity

of homeostatic regulation. 

Core body temperature and blood levels of 

growth hormone and cortisol all show a 

rhythmic pattern of roughly 24 hours. 

In the early evening, core temperature 

begins to decrease whereas growth 

hormone begins to increase. 

The level of cortisol, which reflects stress, 

begins to increase toward morning and 

stays elevated for several hours. 
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Purves et al., (2018), p. 649

Sleep variations across the lifespan

https://pubmed.ncbi.nlm.nih.gov/23698505/ 
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https://pubmed.ncbi.nlm.nih.gov/23698505/


Physiology of sleep
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General location of the neuroanatomic structures critical to wake/sleep control 

The colors of the marker indicate the predominant role played by the structure: red for arousal, blue for sleep, green for REM, purple for circadian regulation, 
and multicolored markers indicating multistate activity.

Miglis, (2017), p. 4

basal forebrain

dorsomedial hypothalamic nucleus

dorsal raphe nucleus

locus coeruleus

laterodorsal tegmental nucleus

lateral hypothalamic area

parabrachial nucleus/
precoeruleus

preoptic area (containing 
ventrolateral and median 
preoptic nuclei)

pedunculopontine 
tegmental nucleus

suprachiasmatic nucleus

sublaterodorsal nucleus

tuberomammillary nucleus

ventrolateral periaqueductal
gray/lateral pontine tegmentum

ventral medulla

ventral periaqueductal gray
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Ascending arousal system => wakefulness

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4755451/ 

Major neurochemicals of this ascending arousal system

include excitatory norepinephrine arising from the locus 

coeruleus (LC), serotonin (5-HT) from the midline raphe nuclei, 

histamine from the tuberomammillary nucleus, dopamine 

from the ventral periaqueductal gray matter, acetylcholine 

from the pedunculopontine tegmentum, and the laterodorsal 

tegmentum of the pons and orexin from the perifornical area.
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4755451/


Suppression of activity in the ascending arousal systems => initiation and maintenance of sleep

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4755451/ 

This is accomplished by inhibitory neurons (GABA and galanin) of 

the ventrolateral preoptic area (VLPO) which remain active 

throughout sleep. The molecular triggers that activate 

the VLPO and initiate sleep onset have not been fully defined, 

but a substantial body of evidence points to extracellular adenosine 

as a candidate. Adenosine accumulates in basal forebrain during 

wakefulness and diminishes with ongoing sleep. 

Adenosine receptors are expressed in the VLPO and adenosine 

activates VLPO neurons in vivo, making it a reasonable candidate 

for the “sleep switch.” In addition, the VLPO receives important 

circadian modulation from the suprachiasmatic nucleus—the

central circadian clock. 
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The circadian timing system

Miglis, (2017), p. 31

The central pacemaker is located in the basal hypothalamus, dorsal to the optic 

chiasm on both sides of the third ventricle and is called the suprachiasmatic nucleus.

It is composed of two nuclei containing around 10,000 neurons each, nearly all of 

which can act as individual circadian oscillators with a high electrical firing rate 

during the day and low activity during the night.

Melatonin (“hormone of darkness”) is the only known hormone synthesized 

by the pineal gland and is released in response to darkness. It is produced from 

serotonin.
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http://tinyurl.com/2tdv2452 

https://www.britannica.com/science/pineal-gland 

“While embryologically part of the brain, the pineal gland 

is located outside the blood brain barrier and loses its 

connections with the central nervous system, having 

sympathetic innervation as its main source. 

This perhaps accounts for the ability of the pineal gland to have a large uptake of tryptophan (i.e., precursor for serotonin) leading to a 

high melatonin production and secretion in response to darkness.” (Masters et al., 2014, https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4334454/) 

The pineal gland
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Sleep disorders
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Why DO we sleep? “REM sleep is the proverbial riddle, wrapped in a MYSTERY inside an ENIGMA.” 
(Siegel, 2003, https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9059976/) 

REM sleep’s intense neuronal activity and energy expenditure 

may have a role early in life in establishing the genetically 

programmed neuronal connections. 

e.g., preventing REM sleep in cats during this early period => 

abnormalities in the development of the visual system. (Siegel, 2003)

“Restorative, or recuperative theories hypothesize that sleep serves one or more of the following functions: to rest and repair; 

to consolidate what we have learned while we were awake; to dream; to enhance the immune response; to avoid the serious 

detrimental effects of deprivation; to detoxify.” (Freiberg, 2020, https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7120898/)  

https://www.youtube.com/watch?v=kAG4xQ91WEk 
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Narcolepsy

https://www.youtube.com/watch?v=d41BfD21b48 

Narcolepsy is a central nervous system hypersomnia 

disorder, characterized by:

- cataplexy (sudden loss of muscle tone while a person is awake);

- excessive daytime sleepiness (EDS);

- sleep paralysis (the temporary inability to move or speak while 

falling asleep or waking up);

- fragmented sleep and insomnia;

(http://tinyurl.com/mr363898)
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Miglis, (2017), p. 146

There are two major types of narcolepsy:

Type 1 narcolepsy (previously known as narcolepsy with 

cataplexy)—This diagnosis is based on the individual 

either having low levels of a brain hormone (hypocretin) 

or reporting cataplexy and having excessive daytime 

sleepiness on a special nap test.

Type 2 narcolepsy (previously known as narcolepsy 

without cataplexy)—People with this condition 

experience excessive daytime sleepiness but usually 

do not have muscle weakness triggered by emotions. 

They usually also have less severe symptoms and have normal 

levels of the brain hormone hypocretin. (http://tinyurl.com/mr363898)
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Fatal familial insomnia

https://www.youtube.com/watch?v=nIeTVVAEFn8 

Genetic prion diseases are very rare. Annually, there are 1 to 

1.5 new cases of genetic and non-genetic prion diseases per 

one million people. Genetic forms of prion disease constitute 

approximately 10% of the total cases of prion diseases. FFI is 

exceptionally rare with the disease-causing mutation found 

in around 50 families worldwide.Remember

*autosomal dominant mutation= a mutation on one of the non-sex 

chromosomes, with a single copy of the mutated gene (from one parent) being 

enough to cause the disorder.

** prion = a misfolded protein that can induce misfolding of normal variants of 

the same protein and trigger cellular death. 

It manifests as a focal neuronal loss in the thalamus, 

inferior olivary nucleus, and cerebellum.

https://www.ncbi.nlm.nih.gov/books/NBK482208/ 
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https://www.youtube.com/watch?v=nIeTVVAEFn8
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https://www.ncbi.nlm.nih.gov/books/NBK482208/ 
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Further resources

https://www.youtube.com/watch?v=AIB3E70QzEY 

30

https://www.youtube.com/watch?v=AIB3E70QzEY


https://www.youtube.com/watch?v=pJil_BLs3LM 

Further resources
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https://www.youtube.com/watch?v=pJil_BLs3LM


Further reading

https://www.nature.com/articles/nature.2017.22736 
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https://www.nature.com/articles/nature.2017.22736


Further reading

https://www.semel.ucla.edu/sites/default/files/sleep/pdf/96-rem-discovery-aserinsky.pdf 

https://www.tandfonline.com/journals/njhn20 
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https://www.semel.ucla.edu/sites/default/files/sleep/pdf/96-rem-discovery-aserinsky.pdf
https://www.tandfonline.com/journals/njhn20


Further reading

https://pubmed.ncbi.nlm.nih.gov/16171251/ 
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Further reading
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