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Why Do 'We Need'Sleep?

Adaptive Evoelutionary Function

safety
energy conservation/ efficiency.

Restorative Function

pody rejuvenation & growth

Brain Plasticity

ENNances synaptic CONNECLions
MEemery consolidation
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Fhe ascending aneusal system: pronmotes Wake

Medulla Medulla

Modified from Fuller et al., J Biol Rhythms, 2006



Wakefulness

Hypocreatin
(orexin)

Norepinephrine |
Dopamine Serotonin {LC)
(VTA) {raphe)




Hypocretin
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Norepinephrine
Serotonin




Sleep/Waking “Flip-Flop”

C7B0O8F11.eps

Inhibited Mutual Activated Activated ~Mutual Inhibited
inhibition _ inhibition

Brain stem

Sleep-prom Brain stem

region in

ACh NE 5-HT Histamine ACh NE 5-HT Histamine

Flip-flop is "on" Flip-flop is "off" |

Alert Waking State Slow-Wave Sleep
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VIPOA= ventrolateral preoptic area
ACh = acetylcholine

NE = norepinephrine

5-HT = serotonin



Hypocretin

GABA
(ventrolateral
preoptic
area)

Norepinephrine
Serotonin

Narcolepsy Insomnia




Hypocretin

GABA .
(ventrolateral®
preoptic
area)

=5 Norepinephrine
Serotonin

Melatonin: Produced by pineal gland, released at
night-inhibited during the day (circadian
regulation); initiates and maintain sleep; treat
symptoms of jet lag and insomnia



e R 7]
Suprachiasmaticy#
nucleus

optic / /
chiasm /

Pituitary

Hypﬂthalamua\ "




Biological CleCKS

= Suprachiasmatic_nucleus

= A nucleus situated atop the optic chiasm responsible for
organizing circadian rhythms.

= Pipneal gland

= A gland attached to the dorsal tectum; produces
melatonin and plays a role in circadian and seasonal
rhythms.
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Coffee

COFFEE

Do Stupid
Things
Faster

with More



Coffee

= During waking, brain consume ATP




Coffee

= During waking, brain consume ATP

- t adenosine




Coffee

= During waking, brain consume ATP
- t adenosine
= Adenoesine bind to Al receptor

= |nhibit acetylcholine neurons



Coffee

= During waking, brain consume ATP
- t adenosine

= Adenoesine bind to Al receptor

= |nhibit acetylcholine neurons

= Caffeine and Theophylline are Al

antagoenist



Sleep stages

= Awake

m Stage 1

. Stage 2

m Stage 3

m Stage 4

= Slow wave sleep




Sleep stages

= Awake —

m Stage 1

" Stage 2 = Slow wave sleep
= Stage 3 (NREM)

m Stage 4

= Rapid eye movement
S [l (=)D
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Classiiying EEG brain Waves

" Freguency: the number of escillations/waves per second,
measured in Hertz (Hz)

= reflects the firing rate of neurons
= alpha, beta, theta, delta

= Amplittde: the magnitude of brain Waves, measured in
millivelts (mV), gives ani indication of the Wave's “pewer”.

= [he number of neurens finng In synchreny & the distance
petween the neurens and the recording electrode



Delta Waves

= Slowest frequency waves: 1
— 3 Hz

B Asspcliated tasks &
pehaviors:

= deep, dreamless sleep, not
moving, not attentive, sleeping |




Tfheta \Waves

Slow wave frequency: 4 — 8 Hz

Associated tasks & behaviors:

State between wakefulness and sleep
“Drowsy”

during sleep, meditation, internal focus, and
prayer; Subconsciousness. g “d




Alpha Wavese

Mid wave freqguency: 8 - 13
HZz

Parietal and occipital lobes
Assoclated tasks &

Penaviors:

Relaxing, watehing television,
light reading (€.g., nevel),
eyes closed.
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Beta \WaVves

High wave frequency: 12 - 35
HZz
The “normal” dominant rhythm \
mostly on temporal and frontal
lobe
Associated tasks & e e ot T
BENAVIOTS:
istening and thinking during
analytical preblem selving,

judgment, decision making,
Processing Infermation,




EEG Wavelorms

= Alpha = Delta
= 83-13 Hz = 0.5-4 Hz
= Parietal and occipital = Drowsiness/early SWS
prominent » Theta
= Relaxed wakeful . 4-7 Hz
= beta = Drowsiness/early. SWS
n 13-30 Hz

= Frontal prominent
= |atense mental activity.



TVpES and Stages
of Sleep: NREM

= Stage 1 — eyes are
closed and
relaxation begins;
the EEG shows
alpha waves; one
can be easlily
aroused

Stage 2 — EEG
patternis irregular
withi sleep spindles
(high-veltage wave
pursts); arousal Is
more difficult

Alpha activity Bata activily

Stage 1 sleep

omat s e gt

Thata actnady

Hage 2 slaep

Pttt

Spindle

K complas

uﬂ“w—.uwwmhﬂw

Eac-nndﬂ

_ PEBEF

D12345
Stage 3 sieep

»f ffN\mﬁw’H,,«‘u‘f | r’\_ﬂ,ﬁ-w»..if 'lvf'a\,,r

=.1ng|4 T:E:ﬂ'\ d‘J \IJ ﬁ\llﬁwlﬁ J“(‘ J_JI "‘r'k

HEM slaap

L L R e ol

Theta actvity Beta activity



—Stage 3 — sleep
deepens;, theta
and delta waves
appear; vital signs
decline; dreaming
IS common

—Stage 4 — EEG
pattern is
dominated by delta
waves; skeletal
muscles are

relaxed: arousal Is
difficult
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REM Sleep

Presence of beta activity (desynchronized EEG
pattern)

Physiological arousal threshold increases

= Heart-rate guickens

= Breathing more irregular and rapid

= Brainwave activity resembles wakefulness
= Genital arousal

LLoss of muscle tone (paralysis)
Vivid, emotional dreams
May: be invelved in memeory conselidation
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REM Dreaming

“vivid and exciting”
~3 per night

Longer, more
detailed

Fantasy world

nightmares

NREM Dreaming

“Just thinking”
Shorter, less active

Logical, realistic



Dream theories

= Activation synthesis theory

= Sensory experiences are fabricated by the cortex as
a means of interpreting signals from the PGO activity.

= Continual activation theory.
= Fncoding of short term into leng-term memaories.

= NREM sleep processes the conscious-related
memory (declarative memory),

= REMIsleep processes the unconscious related
memory (proceduralmemaory).



Sleep Disorders

E [nsomnia

= sleep walking, talking, and
eating

= pightmares and night terrers
= parcolepsy.
= Sleep apnea



Sleep Disorders

- persistent
problems in falling
asleep, staying asleep,
or awakening too early:

- repeated interruption of
preathing during sleep
- sudden and Irresistible onsets

of sleep during nermal waking heurs



Sleep disorders
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- anxiety-arousing dreams
occurring near the end of sleep, during REM
Sleep

- abrupt awakenings from
NREM sleep accompanied by intense
physielegical arousal and feelings of panic



Sleep Disorders

...Sleepwalking

= 40% of children will have an episode, peaking
at between 11-12 years of age;

= Can be induced If areuse children during NREM;

= assoclated with complete amnesia,

= Occurs within 2 hoeurs of falling asleep.. EEG..reveals
both waking and Sleep signals. Considered
penign.




Coma & Brain death

" Definition:
= Greek in origin — “deep sleep
Or trance

s [t refers to an unconscious
state characterised by a lack
of both arousal and
responsiveness



The Hypothalamus



SYSTEMS: ENVIRONMENT:

= Autonomic —_—
(Visceromotor) W
P Internal

= Endocrine s’

{Humoral)

Limbic — = External
(Somatomotor)




Functions of hypothalamus

Endocrine function
Caloric balance

Osmolarity balance
Thermal regulation

Autonomic balance

Sleep
Affective behavior
Memory

Somatic movements
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Hypsothakamic sulcus
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Postcommissural fornix

Lamina terminalis

Lamina terminalis

FPostcommissural fomix

Lateral zone
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Fornlx
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Anatomy of Hypothalamus

Fornix

_ Postcommissural fornix
Precommissural fornix - Al Paraventricular nucleus
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of hypothalamus
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Tuberoinfundibular tract




 Medial preoptic: LHRH
Preoptic area  Lateral preoptic: motor

control
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Motor connections of hypothalamus

Thalamus and “ Hippocampus
neocortex PP s

!

I

Amygdala “ Anterior

Motor output via
brainstem and
spinal cord

Other regions of
e “ hypothalamus

Pituitary

Endocrine feedback circulates
to all brain regions above

Endocrine
organs

© 2001 Sinauer Associates, Inc.



Supraoptic region

Paraventricular: oxytocin
and vasopressin (ADH)

Anterior: heat dissipation

Supraoptic: oxytocin and
vasopressin (ADH)

Suprachiasmatic:
circadian rhythms



Tuberal region

\}9 Porsomedial: “sham rage”

Ventromedial: satiety
center

Arcuate: releasing
hormones and inhibiting
hormones



Mammillary region

Posterior nucleus: heat
conservation

Mammillary nucleus:
learning and memory




Table 30-1 The Effect of Stimulation or Lesion of the Principal
Hypothalamic Nuclel

Nucleus

Stimulation of

Lesion of

Suprachia. n.

Adjusts circadian rhythms

Abolishes circadian
rhythms

Supraoptic n.
Paraventrli. n.

Increased blood pressure

Diabetes insipidus

Lat. Hypotha. n.

Increased feeding

Decreased feeding

Ventromedial n.

Decreased feeding

Increased feeding

Dorsomedial n.

Sham rage

Decreased aggression
& feeding

Mammillary body

?

Short-term memory Is
not processed into
long-term memory
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