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Mindball (http://www.i-p.se/index.aspx)

Brain activity
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Mindban.

(a) Electrodes on scalp

(b) Awake but quiet (alpha waves)

VA A ot A A,

(c) Awake during intense mental activity (beta waves)

\ 2 A e S ) ) FIGURE 48.22 Brain waves recorded by an
Delta waves REM sleep Delta waves electroencephalog ram (EEG).

(d) Asleep
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TABLE 42.1 Phylogeny of Rest and Sleep

Organism Rest Sleep REM sleep
Mammals

Adults + + +

Neonates + + +,—
Birds

Adults + + +

Neonates + + +
Reptiles + + —
Amphibians + — -
Fish + +, — —

Note. REM, rapid eye movement; +, present; +, —, ambiguously or
inconsistently present; —, absent.
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BOTTLENOSE DOLPHIN

Dolphins sleep while swimming, resting half
their brain at a time. The active hemisphere
controls breathing, and one eye keeps watch

- ELEPHANT
' Large mammals need
less sleep than small
ones do. Elephants
snooze just four hours BIG BROWN BAT
a day—mostly while These cave dwellers hibernate all
standing up winter, hanging motionless for weeks

%
‘WHITE-CROWNED
SPARROW 7
mi&asongbird sleeps

much less duringits

- annual migration, but

thatdoesn’t seemto

“affectits flying
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PLATYPUS

Animals that are
immature at birth need
more REM sleep. A
platypus gets about
eight hours a day, vs.
90 minutes for humans

LION
With no enemies to wo

| predators can sack out whene

Male lions sleep some 12 hol

Adapted from Time (Jan 24, 2005)
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Days of Study
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FIGURE 41.1 Locomaotor activity riwythm of a mouse. This figure is a “double-plotted actogram” that shows
the activity pattern of an adult mouse housed individually in a cage with a running wheel. When the mouse
rotates the wheel by running within it, a computerized system detects and records the wheel revolutions
and then can be used to plot the wheel revolutions (as bars coming up from the baseline, with their height
proportional to the number of revolutions) versus time, for weeks of data. Each horizontal line represents
48 hours of data. On the first line of the record, the first 48 hours of data are shown. In the second line of
the record, the data shown are from hours 24-72 of data collection. Thus, each 24-hour period of data
after the first 24 hr is shown both to the right of and below the previous day’s data; this artificial
reproduction of the data (double-plotting) helps to see the rhythmicity when the cycle length of rhythmicity
differs from 24 hours (see for example Fig. 41.7 lower). When housed in a 12L : 12D lighting cycle (LD},
the mouse is active almost exclusively at night. When the lighting cycle is disabled so the animal is in
constant darkness (DD), the animal continues to show rhythmicity but with a cycle length slightly less than
24 hours. This record reveals two defining principles of circadian rhythms: circadian rhythmicity is intrinsic,
rather than being generated in response to environmental variation, and the circadian clock normally is
synchronized to the 24-hour day length by light. Mote also the precision of the rhythmicity when the mouse
is in DD. Activity onset is defined as a spontaneous, sustained increase in wheel running that accurs after
a sustained period of inactivity. It is relatively easy to draw a "best-fit” line through the activity onsets
{vellow line). The actual time of aclivity onset each day does not deviate far from this “best-fit" line,
indicating the cycle length between successive activity onsets is measured with great accuracy. Spend a
few minutes to think about how you would design a biological timekeeping system that can measure a day
while having a variation between successive cycles that is less than 1% (15 minutes per 24 hours; note
that the actual variation is often considerably less than this amount). Actogram provided by Jason
2012/10/23 DeBruyne, UMass Medical School,
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Basic organization of circadian timing system (CTS)

"Slave”
oscillators
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Light \ > ——» | Circadian
J ; functions
Entrainment
pathways
@
Output
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SCN: Suprachiasmatic nucleus
AR P (T ARE )

Kidney Liver

FIGURE 41.3 The mammalian circadian timing system consists of a hierarchy of
oscillators. Oscillatory neurons in the SCN interact with each other to produce a
set of coherent outputs. These outputs, which include behavioral and physiological
rhythms, synchronize cell-autonomous oscillations in other brain regions and in
peripheral tissues. (From Reppert and Weaver, 2002.)
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Of owls, larks and alarm clocks

Could out-of-sync body clocks be contributing to human
disease? Melissa Lee Phillips reports.
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In 2007, an expert working

group at the World Health
Organization’s International

Agency for Research on Cancer

in Lyon, France, concluded

that “shift-work that involves
circadian disruption is probably
carcinogenic to humans”,

after reviewing the existing

evidence. Equally strong conclusions
have been drawn from evidence that
links circadian-rhythm problems to psychiatric

b2
T
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&
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W

disorders, metabolic syndrome and a range iﬁ R % ,E.. M4 e *) |

of other illnesses. " .
e

Some suspect that health problems

arise from a third kind of jet lag — one that
arises when the circadian rhythms in different
body tissues lose synchrony with each other.
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Being a lark or owl should not, in itself, be a
problem, Roenneberg adds. “Chronotype per
se should have no health effects whatsoever.
Health effects come from having to live against
one’s own clock.”
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Eye
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pain, and temperature
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FIGURE 48.21 The reticular formation.
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The Borbely and Daan model of sleep regulation

A Sleep/wake cycle

S
C
Awake Asleep Awake Asleep
I SE— e —
7 23 T 23 8
Time of day
B Sleep deprivation
“sleep pressure”
S
C
Awake Asleep
I I I —_
7 23 i 23 8
Time of day

Copyright © 2002, Elsevier Science (USA). All rights reserved.
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Phases

Period

Brain locus
of clock

Cellular
mechanism

Function
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Activity / rest

NREM / REM

sl

Inspiration / expiration

24 - 25 hours 80 - 100 minutes 3 - 4 saconds
. ;
Unknown, Reciprocal interaction of cholinergic | Reciprocal inhibition of respiratory

suprachiasmatic nucleus implicated

and aminergic neurons

and expiratory neurons

Synchronizes internal rhythms
with external forces

Sets "state" of organism

Regulates gas exchange

Copyright @ 2002, Elsevier Science (USA). All rights reserved.
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Wake NREM sleep REM sleep
Eupnea / hyperpnea Hypopnea / apnea Hyperpnea / apnea
Voluntary or Obstruction Desynchronization
metabolic response of respiratory oscillator
® o
0

Strong tonic Decreased tonic Increased tonic and
neural drive neural drive phasic neural drive
Muscle Airway Muscle Airway Muscle Airway
tone patent tone collapses tone collapses
high decreased absent

Forced expiration

Copyright © 2002, Elsevier Science (USA). All rights reserved.
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Humans can learn new information during sleep

Anat Arzi', Limor Shedlesky!, Mor Ben-Shaul!, Khitam Nasser?, Arie Oksenberg?,
Ilana S Hairston® & Noam Sobel'
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TABLE 42.2  Physiological Basis of Changes That Occur during Dreaming

Function Change (compared with waking) Hypothesized cause

Sensory input Blocked Presynaptic inhibition

Perception (external) Diminished Blockade of sensory input

Perception (internal) Enhanced Removal of inhibition from networks that store sensory representations

Attention Lost Aminergic modulation decreases, causing a decrease in the ratio of signa!
to noise

Memory (recent) Diminished Because of a decrease in aminergic activity, activated representations are
not stored in memory

Memory (remote) Enhanced Removal of inhibition from networks that store memory representations

Orientation Unstable Internally inconsistent signals are generated by cholinergic systems

Thought Poor reasoning, processing Loss of attention, memory, and volition leads to failure of sequencing and

hyper-associative rule inconstancy; analogy replaces analysis

Insight Self-reflection lost Failures of attention, logic, and memory weaken second- (and third-) order
representations

Language (internal) Confabulatory Aminergic demodulation frees the use of language from the restraint of
logic

Emotion Episodically strong Cholinergic hyperstimulation of the amygdala and related structures of

the temporal lobe triggers emotional storms, which are not modulated
by aminergic activity

Instinct Episodically strong Cholinergic hyperstimulation of the hypothalamus and limbic forebrain
triggers fixed motor programs, which are experienced fictively but not
enacted

Volition Weak Cortical motor control cannot compete with disinhibited subcortical
networks

Output Blocked Postsynaptic inhibition
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THE NEW SCIENCE OF

SLEE

Frésh clues to why
we need it—and
how much is enough

Howto geta
hetter night’s rest I ’
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H O W T O

Set your body clock by

keeping the same
 sleep schedule, seven

days a week. Don't try

to catch up by sleeping

 late on weekends

2012/10/23

G E T A

Create a conducive
sleep environment—
cool, dark and
uncluttered. White
noise, eyeshades or
ear plugs can help

G O 0D N

! Nocaffeine (including

cola, chocolate) in
the p.m. Avoid spicy
foods. Finish eating

| atleast three hours

| before bedtime

R G

Hotmilkisafine
sleep aid; alcohol is

not. Benadrylis O.K.

once or twice; ask
your doctor before
using Ambien

IR e T e

No computers, TVor

arguments half an

hourbeforebed.

Soothingmusicand .

mysteries are 0.K., but
~ avoidthe grisliertales

If you're still awake

- after 20 minutes in

bed, get up, go to
another room and do
some quiet activity.
Repeat as needed

Adapted from Time (Jan 24, 2005)
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