....and finally

Does time really pass faster as we get older ?

Come to the next lecture on 25th March 2004

Turning back the hands of time:
growing old gracefully




Biological clocks:
human and animal concepts of time

Professor Keith Kendrick ﬁ @

Babraham)
Institute




The fourth dimension

We surround ourselves with keepers of the fourth
dimension:



The fourth dimension

We surround ourselves with keepers of the fourth
dimension: TIME
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The natural world

The natural world also keeps time for us
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The natural world also keeps time for us
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The natural world

The natural world also keeps time for us
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The natural world

The natural world also keeps time for us




The natural world

Question: With all these external zeitgebers (time-givers)
s there any need for biological clocks ?

Answer:  Yes




The natural world

Question: With all these external zeitgebers (time-givers)
s there any need for biological clocks ?

Answer:

Yes, all biological organ

whole organs from pla
humans, have them
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The natural world

Our bodies resemble the classic nightmare shop full of
ticking and chiming clocks which are only stopped by death




The natural world

Our bodies resemble the classic nightmare shop full of
ticking and chiming clocks which are only stopped by death




The natural world

Biological clocks are fuelled by the energy we derive from
food




The natural world

Biological clocks are fuelled by the energy we derive from
food

They rely on external zeitgebers to keep them in phase with
nature




The natural world

We don't just dance to the rhythms of the world around us
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The natural world

We don't just dance to the rhythms of the world around us

We dance to our own tunes but in harmony with the
rhythms going on around us
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The natural world

We don't just dance to the rhythms of the world around us

We dance to our own tunes but in harmony with the
rhythms going on around us

The bad news is time flies -



The natural world

We don't just dance to the rhythms of the world around us

We dance to our own tunes but in harmony with the
rhythms going on around us

The bad news is time flies -

The good news is you're the pilot
(Michael Althsuler)




Why do we need to know about them ?
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Why do we need to know about them ?

Understanding dimensional and
cosmological time may reveal
how to travel in time and the
origins of the universe

Understanding biological time will
reveal not only how our bodies
function but also how to treat or
prevent major human diseases




A brief history of time in a biological context

Rhythms of Life
Foster and Kreitzman (2004)

The Biological @W Y that Control
the Danly IR of Every Living Thing

Russell Foster SRR S TaiTANTE



A brief history of time in a biological context

Rhythms of Life
Foster and Kreitzman (2004)

Chronobiology: Biological Timekeeping
Dunlap et al (2004)

AY C. DUNLAP « JENNIFER |. LOROS » i‘;\"il‘\.lvv‘ L DCOURSEY
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Rhythms of Life
Foster and Kreitzman (2004)

Chronobiology: Biological Timekeeping
Dunlap et al (2004)

Mimosa plants
de Mairan (1729)




A brief history of time in a biological context

Rhythms of Life
Foster and Kreitzman (2004)

Chronobiology: Biological Timekeeping
Dunlap et al (2004)

Mimosa plants
de Mairan (1729)

The common bean plant
Erwin Blnning (1930)




A brief history of time in a biological context

Numerous internally regulated biological rhythms have now
been established in both plant and animal kingdoms




A brief history of time in a biological context

Biological clocks are quite accurate (usually about £0.5%)

Linné (1751)



A brief history of time in a biological context

Biological clocks are quite accurate (usually about £0.5%)

They have in-built temperature compensation




A brief history of time in a biological context

Biological clocks are quite accurate (usually about £0.5%)
They have in-built temperature compensation

In many cases these can be entrained in response to
external light cues

Some can also be entrained in response to food



Examples of innate rhythms

All organisms have ultradian cycles (<24h)
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Examples of innate rhythms

All organisms have ultradian cycles (<24h)

B C:\Alba\Biology_Apps\Breathing E

notes Time Pressure
seconds kPa
t 7 P |
1 00 3
2 0.1 4
3 02 4
| w
_L.k 0'3; 3§ o
: 04 3=,
l | .~
6 0.55 3 )
. ™
7 06! 3 =
— 8
8 | D]f 3 2
9 0.8 2o
10 | 09 2
1" | I.UE 3
12 11] 3
13 12 3
14 13 3

(0.6, 1) C:\Alba\Biology Apps\Breathing E xercise\Breathing - Quick Graph 9

C:\AIba\Bology_Apps\Breathing Exercise...

64...:.';'vu-=-vuyuuuyv;
4+
|
i
| i
VS M ST
10 20 30 40 50

Time / (seconds)




Examples of innate rhythms

All organisms have ultradian cycles (<24h)

mu Periods of REM  mm Lack of core-muscle tone

Awake 1
Stage 1 wj

Stage 2

Stage 3

Sleep EEG

Stage 4




Examples of innate rhythms

All organisms exhibit circadian rhythms (24h)

Wheel-running activity in mice
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Examples of innate rhythms

Many have infradian cycles (>24h)

Anterior
Pituitary ey LH
Hormones
Progestarone
Ovarian
Hormones Estradiol
Ovulation orpus
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2 4 6 8 10 12 14 16 18 20 22 24 26 28 2

Human menstrual cycle Atlantic fireworm fertilisation on
the night before each quarter moon



Examples of innate rhythms

Some show circannual cycles (>1 year)
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Examples of innate rhythms

Some show circannual cycles (>1 year)

- seasonal breeding, migration and hibernation

(c)1999 www.afgrant.com i




Examples of innate rhythms
Some show circannual cycles (>1 year)

- seasonal breeding, migration and hibernation

J
Bamboo plants flower every 7 years “z




Examples of innate rhythms

Some show circannual cycles (>1 year)
- seasonal breeding, migration and hibernation
Bamboo plants flower every 7 years

Cicada reproductive peak two
weeks every 13 or 17 years




Examples of innate rhythms

Some show circannual cycles (>1 year)
- seasonal breeding, migration and hibernation
Bamboo plants flower every 7 years

Cicada reproductive peak two
weeks every 13 or 17 years

Agave Americana only flowers
once every 100 years




Behavioural and physiological cycles

There is indeed a biological time for everything !

Biological
Clocks

Your Owner’s Manual

Sue Binkley




Behavioural and physiological cycles

Body
temperature

Loo o oo b oo bovon s b losonalonnggl
0000 0600 1200 1800 0000



Behavioural and physiological cycles

Bowel
movement

Loo o oo b oo bovon s b losonalonnggl
0000 0600 1200 1800 0000



Behavioural and physiological cycles

—

0000 0600 1200 1800 0000

Bowel
movement




Behavioural and physiological cycles

NIGHT

Muscle strength &
Cardiovascular
efficiency

Concentration

and reasoning
Lo s ool oo b o los ol aslysayl

0000 0600 1200 1800 0000




Biochemical cycles

Uric acid concentration

Growth hormone




Susceptibility to disease

Cerebral infarction
Gout




Time is God's way of keeping everything from happening at
once




Time is God's way of keeping everything from happening at
once

Your kidneys take a rest at night so
you don't have to wake up for a pee !
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|
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¢ How to Help Your Clnld
Overcome Ba duvetting

Max Myzers, MD.,
Diave Rosensaus, Pu. D, AND
BARBARA KEATING, RN, M.S,

of e Ty for Do Pevgriim,
Childrnen's Memortal Hospital, Chicago




There's no point producing kids when it's -30°C outside and
there's no food




There's no point producing kids when it's -30°C outside and
there's no food

.

Migrating or hibernating at the
wrong time would be a problem




There's no point producing kids when it's -30°C outside and
there's no food

Migrating or hibernating at the
wrong time would be a problem

Being prepared
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There's no point producing kids when it's -30°C outside and
there's no food

Migrating or hibernating at the
wrong time would be a problem

Being prepared
Getting out of the noon day sun

Waking up ready for action




There's no point producing kids when it's -30°C outside and
there's no food : —

h\tOURlTE T"Lu- ' i=

Migrating or hibernating at the ¥ Goal.gdlltﬁ)fks

Three Bears

wrong time would be a problem

Being prepared
Getting out of the noon day sun

Waking up ready for action




A biological clock allows us to anticipate nature as well as
exist in harmony with it
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Cellular clocks: all cells can show cyclic activity

B e

.-
A

Prophase:
* condensation of chromosomes
» gisappearance of nucleol and nuclear ervelope



Cellular clocks: all cells can show cyclic activity

Body clocks: heart, liver, kidneys and embryos
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Tissue distribution of Clock and MOP3 in the mole rat. Avivi et al PNAS 2001



Where ?

Brain clocks: the suprachiasmatic nucleus (SCN)

20,000 neurones under the neocortex

Suprachiasmaticys
nucleus /S
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With no SCN normally rhythmic o Soprapimeey
cycles become arrhythmic

Ganglion cells

SCN receives direct projections
from special photoreceptors

Photoreceptors



Where ?

With no SCN normally rhythmic

cycles become arrhythmic

SCN receives direct projections
from special photoreceptors

The blind can still sometirr

show photoperiodic respor

Oscillation of MOP3 in the blind mole rat 5 ..
 —

€S
SES

Avivi et al PNAS 2001
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How does the SCN clock communicate time to the brain ?
Direct connections to the pineal gland

Regulates release of melatonin

o
|

H3CO f/in
{ N y
| ;
A N Vs ;

H

rd o 2 4
N ‘l @ ‘~ "
.

Brainstem



Where ?

How does the SCN clock communicate time to the brain ?
Direct connections to the pineal gland
Regulates release of melatonin

Pineal gland is not the seat of the soul

Descartes



How does the SCN clock communicate time to the brain ?
Direct connections to the pineal gland
Regulates release of melatonin

Pineal gland is not the seat of the soul

SCN connections with the rest of
the brain are sparse

Kriegsfeld et al . Comp. Neurology (2004)



48 hours

Fetal SCN grafts restore rhythmic LESION - "E—E’

function in animals with no SCN “




Fetal SCN grafts restore rhythmic
function in animals with no SCN

The Syrian Hamster tau mutation
-a 22 vs 24.1h clock

SCN must be able to
communicate time chemically




The only chemical messengers identified so far are:

Arginine Va sopressin | Cys-Tyr-Phe-GIn-Asn-C;lls-Pro-Arg-GIy-NHz

S—S




The only chemical messengers identified so far are:

Arginine vasopressin " PA o
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The brain clock and seasonal rhythms

Seasonal reproductive, migratory and hibernation
behaviours




The brain clock and seasonal rhythms

and hibernation

migratory

reproductive,

Seasonal

behaviours

Without the SCN these
become arrhythmic
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SCN reads duration of pineal melatonin = pyyjgary  Hypothalamus

Drives brain control of ovulation G

allopian
ibe

Ovary /

£ ; Endometr'ium
Uterus %agina 2
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SCN reads duration of pineal melatonin
Drives brain control of ovulation

Also controls prolactin release




SCN reads duration of pineal melatonin
Drives brain control of ovulation
Also controls prolactin release

Affects food intake, metabolic rate,
winter coat length and colour




Is the SCN the body's g,/ cenualdock
master clock ? P < TR -
&4 neuronal
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light / \ \/
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Is the SCN the body's
master clock ?

Not completely



Is the SCN the body's
master clock ?

Not completely

It is more like a democratically elected government than a
dictatorship



How ?

Central requirements are an input, an oscillator and an
output

VCC

SWITCH 610K
—o/c CLOCK
fo I
Gk NAND
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—

CLEAN CLOCK SOURCE "41D



How ?

Central requirements are an input, an oscillator and an

output

Circadian clocks need a 24h oscillation period

Wheel-running activity in mice
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How ?

Central requirements are
output

input, an oscillator and an

Circadian clocks need a 28 oscillation period

Pendulums usually oscili@e at 1 cycle per second



Computer clocks can oscillate at 10,000,000,000 (10?)
cycles per second
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How ?

Computer clocks can oscillate at 10,000,000,000 (10%)
cycles per second

Atoms oscillate at 10,000,000,000,000,000 (10%°)
cycles per second




How ?

What does a biological oscillator involving genes and
proteins look like ?

Plankton genes
MIT



How ?

What does a biological oscillator involving genes and
proteins look like ?

(8) Parent molecule of DNA

(H

Tomplate strand ”, Complsment of
5 ml )y ‘ “T" adds "A"

(A)

Building blocks are genes and proteins

- Gene transcriptior RS

- Protein translatior T 1

- Protein dimerisation and binding =/ ¥ b l_:

- Protein degradation | Y |

- FEEDBACK LOOPS e
l ;

Each of these molecular steps is precisely ik, G,

Daughter molecules of DNA

temporally controlled (several hours for each)



The first clock genes were identified in drosophila

mutagenesis screens
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How ?

The bad news is that the

+
molecular cogs and operators of -
biological clocks differ S X

The good news is that they all
seem to function with a positive
and a negative feedback

)
autoregulatory loop w
f)



We now have a reasonable grasp of the key players

......

Clock

S

" o
5 e
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. PAS
proteins

Conceptual circadian clock



The mouse SCN clock

~Per2mRNA  —BmalTmRNA — Rev-erba mRNA
= PER2 protein = BMAL1 protein ==REV-ERBu. protein

MRNA or protein

circadian time (hours)



Entraining effects of light
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CLOCK
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Consequences of clock malfunctions

Malfunctioning biological clocks will at best make life
miserable and at worst may even lead to death




Consequences of clock malfunctions

Jet lag - the problem

Human evolution did not cater for travel by air or even by
boat

Every 1 hour time zone we cross takes 1 day for our clocks
to reset

It takes 5 days to recover from
a trip from London to New York



Consequences of clock malfunctions

Why can symptoms get dramatically
worse 2-3 days after travelling ?




Consequences of clock malfunctions

Why can symptoms get dramatically
worse 2-3 days after travelling ?

Central and peripheral clocks
recover at different rates and
start opposing one another




Consequences of clock malfunctions

Why is it worse travelling east than west ?

Our clocks seem to adjust better after a prolonged day than
a shortened one




Jet-lag - possible ways to alleviate problems

Keep on home time and don't expose yourself to daylight at
the wrong time




Jet-lag - possible ways to alleviate problems

Speed up adaptation to time zone changes by controlled

exposure to light at different
Foster and Kreitzman (2004)

Prior to body temperature mi

(4 am) light will delay your ¢

after this it will advance them

times of day

nimum

ocks, and

The Biological OB that Control
QT BXTNARITH of Every Living Thing



Licensed for use in the USA but not the UK

Reduces jet-lag symptoms
if taken at the right time




Shift work

Our 24/7 society requires that many industries and services
continue around the clock




Shift work

Our 24/7 society requires that many industries and services
continue around the clock

Our biological clocks can just about cope
with a complete shift in our day and
night cycles but it is not recommended P\ease




Shift work

Our 24/7 society requires that many industries and services
continue around the clock

Our biological clocks can just about cope
with a complete shift in our day and
night cycles but it is not recommended

[t takes a week or so to adapt to
a night shift




Shift work

Chopping and changing shift times is a nightmare for our

biological clocks and often leads to states of chronic sleep
~ -

deprivation




e
Shift work

What do disasters such as the Titanic, Estonia, Exxon
Valdez, Three Mile Island, Chernobyl and Bhopal have in
common ?

They all occurred at night when workers were on a night
Shift



Shift work

Workers on night-shifts have a 20% higher risk of injury
than on day shifts




Shift work

Workers on night-shifts have a 20% higher risk of injury
than on day shifts

After four night shifts a worker has a 50% higher risk of a
road accident




e
Shift work

Workers on night-shifts have a 20% higher risk of injury
than on day shifts

After four night shifts a worker has a 50% higher risk of a
road accident

Higher risk of cancer and cardiovascular diseases

Foundation




Strategies for dealing with shift work

No agreed best policy on this
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Strategies for dealing with shift work

No agreed best policy on this

[t is generally best to spend 1 week or more on each type
of shift




Strategies for dealing with shift work

No agreed best policy on this

It is generally best to spend 1 week or more on each type

of shift

Weekends are a problem however !

Speed of sh

of shifts car

ift changes and length

make a difference

Weekend family get “Yogether




Seasonal affective disorder (SAD)

Our human ci

changes in day

Hours of Sunlight

rcadian pacemaker can detect seasonal

ength
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Seasonal affective disorder (SAD)

Our human circadian pacemaker can detect seasonal

changes in day length

This can have subtle effects on our
behaviours, emotions, physiology
and biochemistry

(9




Seasonal affective disorder (SAD)

Our human ci

changes in day

This can have subtle effects on our

rcadian pacemaker can detect seasonal

ength

behaviours, emotions, physiology
and biochemistry
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Seasonal affective disorder (SAD)

Individuals become seriously depressed, socially withdrawn,
lethargic and even suicidal

It's Your Call...
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Seasonal affective disorder (SAD)

Individuals become seriously depressed, socially withdrawn,
lethargic and even suicidal

They crave carbohydrates and may
put on 5-15 kilograms in weight

Symptoms largely disappear with lengthening days

It resembles hibernating animal species - lethargy and
weight gain



Seasonal affective disorder (SAD)

Ancestral signal to become inactive or migrate south ?

(c}1999 www.afgrant.com



Treatments for SAD

Exposure to high intensity light sources
that resemble normal day light

Outside In lightboxes
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Treatments for SAD

Exposure to high intensity light sources
that resemble normal day light

Outside In lightboxes

2500 lux (a cloudy day) for around 45
minutes between 3.30 and 8 am




Old age

Old Father Time makes our biological time clocks erratic

Sleep duration is less and we spend
less time in deep stages

Almost all other rhythms become
less pronounced

We really are less affected by
the ups and downs of life




Old age

Potential remedies:

Don't mess your clocks about too much when you are
young
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Old age

Potential remedies:

Don't mess your clocks about too much when you are
young

Try to keep to regular
lifestyle schedules

Melatonin ?




Old age

Potential remedies:

Don't mess your clocks about too much when you are
young

Try to keep to regular
lifestyle schedules

Melatonin ?

Get new clocks !




Cancer

Relationship between clock genes and cancer is now well
established




Cancer

Relationship between clock genes and cancer is now well

established
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established

All cell cycle phases controlling
cell division are influenced by
clock genes

Tumours in mice without a brain
clock grow more quickly




Cancer

Relationship between clock genes and cancer is now well
established

All cell cycle phases controlling
cell division are influenced by
clock genes

Tumours in mice without a brain
clock grow more quickly

Mice lacking the per2 clock gene
develop more spontaneous tumours



Cancer

Conclusion: our biological clocks and clock genes are
tumour suppressors




Cancer

Conclusion: our biological clocks and clock genes are
tumour suppressors
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Cancer

Conclusion: our biological clocks and clock genes are
tumour suppressors

This may be why frequent
long-distance travel and
shift work increase cancer risk

Cancer cells also have clocks
but these are out of phase
with normal cells




[t's time for your medicine dear

Chronotherapy

When you give a medicine may be
almost as important as what it is




Cancer chemotherapy
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Cancer chemotherapy

Timing doses to coincide with vulnerable S and G2 phases
of dividing cancer cells

Colon cancer - 40% higher dose, 3-fold increase in >50%

tumour shrinkage
(Levi et al 2001)

Transyérse colon

Ascendng

Descending
colon

colon

Colon cancer
Colon polyp

Appendix

Reclu Sigmoid colon

Colon Cancer and Polyp



Cancer chemotherapy

Timing doses to coincide with vulnerable S and G2 phases
of dividing cancer cells

Colon car

cer - 40% higher dose, 3-fold increase in >50%

tumour sk

rinkage _— -

(Levi et al 2001)

Improved

treating ovarian cancer
(Hrushesky 1985) 1

effectiveness for

OVARIAN
CARCINOMA




Cancer chemotherapy

Cancers with seasonal patterns
- cervical, breast and testicular
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KANSAS BREAST & CERVICAL
CANCLER INTTIATIVE,

Nocth Western Health Soard 500 Siwee o lor T

Keep your eye ‘

on the ball

v Check your testicles reqularly

If you notice
Mokt il ¢ 9

T Testicwlar cancer is the most common cancer \ x \/ \/

in mgn aged between 19 and 40,

2 This yeor opproximately 150 Irish men will ! ’ ‘ !/ 'J

develop lesticulor concet,

b Irish Cancer Society Helpline 1800200700 LA
» NWHB infoline 1850636313  or visit: www.nwhblia

Remember, almost all cases of testicular cancer can be
treated successfully, Early detection can save your life.




Cancer chemotherapy

Cancers with seasonal patterns
- cervical, breast and testicular

Optimal periods for screening and treatment regimes ?

Iphosphamide

Epirubicin
Daunorubicin

Actinomycin-D
Mitomycin-C
Cystemustine
[nterleukin-2

TNF :
Vinorelbine

5-Flnorounracil

Vinblastine
Floxuridine
Methotrexate

T Docetaxel
Cisplatin

Oxaliplatin
Carbophain Arabinosylcytosine
Doxorubicin ip
Mitoxantrone Melphalan
Peptichemio Etoposide
Doxorubicin iv §{l‘;l;:b!¢lll

Vincristine Cyclophosphamide Irinotecan



Other possibilities

Rheumatoid arthritis
(peaks around 6-8am)

Osteoart
(peaks a
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d 4-6pm)
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Time and the birds and the bees

The birds and the bees are champion time users rather than
sex symbols

YOU WON'T BELIEVE
THE NASTY RUMOR
GOING AROUND
ABOUT US.
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The birds and the bees are champion time users rather than
sex symbols

Bees for breakfast (August Forel 1910)
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Time and the birds and the bees

The birds and the bees are champion time users rather than

sex symbols
Bees for breakfast (August Forel 1910)
Dancing bees (von Frisch 1950)

Compute time by movements
of the sun (15°/hour)




Time and the birds and the bees

The birds and the bees are champion time users rather than
sex symbols

Bees for breakfast (August Forel 1910)
Dancing bees (von Frisch 1950)

Compute time by movements P
of the sun (15°/hour)

The problems of curfew !
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Time and the birds and the bees

Migrating birds are also champion time users



Time and the birds and the bees

Migrating birds are also champion time users

They have two clocks - a circadian and a circannual one
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Time and the birds and the bees

Many other animals can be trained to perform time interval
tasks




Time and the birds and the bees

Many other animals can be trained to perform time interval
tasks

Dogs and cats waiting for owners




Time perception and consciousness

Time use to guide behaviour may not equate to having a

conscious perception or a concept of it

We conceive time egocentrically

We put present, past or future
events in the context of our own
personal experience

CELY

Reality




Time perception and consciousness

It requires self-consciousness to conceive of time in this
way

This is in short supply in other species




Mental time travel

We are all mental time travellers




Mental time travel

We are all mental time travellers

Claimed to be unique to humans

i Wi
ARTIFICIAL INTELLIGENCE




Mental time travel

We are all mental time travellers
Claimed to be unique to humans

Develops in parallel with
self-awareness (2 - 4 years)




Mental time travel

We are all mental time travellers

Claimed to be unique to humans

. Storage ,

, . Encoding —— Retrieval

Develops in parallel with —— i
self-awareness (2 - 4 years) el |

Skills and habits, priming.
classical conditioning

Integration of what, when
and where - episodic memory
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Mental time travel

(€ 1993 Fav¥orks, Inc. NI Rights Rescvod Oist by Croaors Syndican
o -

Can animals really mentally revisit [ ™%
the past or see the possible future ? il
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'‘All forest animals, to this very day,
remember exactly where they were and
what they were doing when they heard

that Bambi's mother had been shot’
Gary Larson




Mental time travel

Enter the Western Scrub Jay




Mental time travel

The best things in life don't last long

WaX wWorms vs peanUtS Cache peanuts then wax worms

§ i 6

4 hours ¥ l 124 hours

Recover worms

§, ot

Recover peanuts

£ ak




Mental time travel

The best things in life don't last long
Wax worms vs peanuts

We tend to rely on sell-by dates




Mental time travel

The best things in life don't last long

Wax worms vs peanuts

We tend to rely on sell-by dates

Recent experiments on celebrity
humans may not !




Mental time travel

Can scrub-jays see into the future ?

Observed In private
Observer
Storey
Caching | | a I
3 hours
In private In private

storer Olel tray New tray Storer Ol tray New tray

Recovery




Mental time travel

Can scrub-jays see into the future ?

Still may not need to do mental time travel to use time cues

Language apes may hold the key




Time perception and the brain

The suprachiasmatic nucleus may not be important

_ Cerebral

Suprachiasmaticy®
nucleus /‘,.

Optic /|
chiasm
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Time perception and the brain

Timing involving durations of many seconds or longer tend
to involve the frontal and parietal cortex

Multi-second intervals:
Parietal cortex

Frontal cortex

Current Biology



Time perception and the brain

The case of KC
Tulving et al (1988)




Distortions in time perception

Time perception is highly subjective and relative to your
situation

'When you are courting a nice girl an
hour seems like a second. When you sit

an hour. That's relativity'
(Albert Einstein)




Distortions in time perception

Time really is experienced faster when you're having fun




Distortions in time perception

Time really is experienced faster when you're having fun

Time really is slowed down when you are bored and
depressed




Distortions in time perception

Time really is experienced faster when you're having fun

Time really is slowed down when you are bored and
depressed

Time perception is distorted in Schizophrenia, Depression
and ADHD

It is slowed down by high and sped up by low body
temperature



Sex differences in time perception

Men underestimate short periods of time (<1 min) and
overestimate long ones

Women overestimate short periods of time (<1 min) and
underestimate long ones



Sex differences in time perception

'T have been on a calendar

but never on time'
Marilyn Monroe




Sex differences in time perception

It may be a functional adaptation to male sex duration




Sex differences in time perception

It may be a functional adaptation to male sex duration

This could explain why men think they can do in a minute
what women do in one hour




Sex differences in time perception

It may be a functional adaptation to male sex duration

This could explain why men think they can do in a minute
what women do in one hour

Mission: Go to Gap, Buy a Pair of Pants

Female Male —

Or why men think women are ‘
later than they really are fninn LI.' Ll
T art |
Male JC Pe Female
Time: 6 min Time: 3 Hrs 26 min

Cost: $33 ' ' Cost: $876



Sex differences in time perception

Men know that they take even less time than women think !



Drugs and time perception

Cannabis, opium and LSD slow down time perception of
time




Drugs and time perception

Cannabis, opium and LSD slow down time perception of
time

Even rats on cannabis can no longer discriminate short from
long intervals
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Drugs and i

me perception

Cannabis, opium and LSD slow down time perception of

time

Even rats on

long interva

cannabis can no longer discriminate short from

S

Giving up smoking makes time drag

THE BEST THING YOU CAN
PO IS GIVE UP SMOKING

WHAT'S THE
SECOND BEST P




Time effects on memory accuracy

Time distorts accurate memory for events
Schmolk et al (2000)

100 . Accuracy
. Factual distortions

BRA013070 081794
LOS ANGELERPWTIE:. IAILDEY

15 months



Time effects on memory accuracy

Time distorts accurate memory for events
Schmolk et al (2000)

100 . Accuracy
. Factual distortions

BR4013°0700 081794
LOS ANGELERPOTICR. JAIL DiY

15 months 32 months



Time effects on memory accuracy

Time distorts accurate memory for events
Schmolk et al (2000)

Don't rely on brains as long-term accurate repositories of
events




Time effects on memory accuracy

Why does the brain distort memory for events ?




Why does the brain distort memory for events ?
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Time effects on memory accuracy

Why does the brain distort memory for events ?

Active recall only brings back
shippets of information




Time effects on memory accuracy

Why does the brain distort memory for events ?

Active recall only brings back
snippets of information

The brain fills in the blanks in
whatever way seems suitable

"




Time effects on memory accuracy




Time effects on memory accuracy

Your brain is the ultimate spin doctor

The past is seen through rose-tinted glasses



Some general conclusions

Our rhythms are our own but are harmonised with nature

Our bodies are full of highly accurate molecular-based
clocks

Frequent disruption of your body clocks is bad for health



Some general conclusions

Our rhythms are our own but are harmonised with nature

Our bodies are full of highly accurate molecular-based
clocks

Frequent disruption of your body clocks is bad for health

Understanding control of body clocks may help in the fight
against cancer

Wi

I

th medical treatments when they are given may be as
portant as what they are




Some general conclusions

Birds and bees know more about time than sex

Time passes more quickly when you're having fun

Men and women may not see time passing in the same way
Conscious mental time travel may be unique to humans

Time progressively distorts the brain's version of past
events



