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Survival Curves Indicate the Effects of
ageing on Mortality

u 100 % surviving at
birth (age 0)

u Early infant mortality

u Ageindependent
mortality rate (1050)

u Agedependent
mortality rate (60+)

u 50% = median (~avg
u 0% = maximum
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Lifespan Effects of Slowing ageing

AEliminating Disease increases median longevity;
rectangularizes the survival curve3l

ASlowing ageing increases both median and maximum
longevity (curve 4).

% Survivors

Age ———



Male

Age 0 10 | 20 | 35 | 55 | 65 | 75
1926 57.4| 55.2 | 46.4| 34.4| 19.1| 12.8| 7.7
2011 756 | 65.7| 56 | 41.8| 23.4| 15.4| 9.3
Female

Age 0 10 | 20 | 35 | 55 | 65 | 75
1926 57.8| 54.9| 46.4| 34.7 | 19.6| 13.4| 8.4
2011 80.3| 70.8| 60.9| 46.2 | 27.4| 18.7| 12.6

Irish data




Longevity Increased Dramatically in th& 20
Century

AMajor gain is

reduced i
childhood -
mortality L
. 65
Alikely Causes
A Sanitation 1

ANutrition > ; W & I B Life expectancy at birth
AMedical Care s0—B8—puls— 8BRS W Life expectancy at age 50

411900 1910 1920 1930 1940 - - 195029960 619700 1980 < 1980




Biological Theories of Ageing



Biological Clock Theories of ageing

u Agelng iS HIERARCHY OF AGING "CLOCKS"
programmed

u Intrinsic;
generated from
within

u Determinant

u Clocks may exist
as a master clock UNREGULATED REGULATED PERIPHERAL CLOCKS
and/or cellular PERIPHERAL CLOCKS
clocks

LIFE-SPAN MASTER

CHARGE



u Different species have
different maximum
longevities even in
captive environments

u Genetics must be the
cause of the differences

u Wear and tear theories
claim the genes work by
preventing ageing

u Biological clock theories
claim the genes directly
cause ageing (regulate
clock rate)

Maximum Lifespan

Common Name Observed Predicted

Nonprimate Species

Pygmy Shrew 1.5 1.8

Field Mouse 3.5 3.2

Opossum 7.0 5.8

Mongolian Horse 46 38

Camel 30 33

Cow 30 27

Giraffe 34 35

Elephant (Indian) 70 89

Mountain Lion 19 23

Domestic Dog 20 21

Primate Species I
lI Tree Shrew 7 8

Marmoset 15 12

Squirrel Monkey 21 20

Rhesus Monkey 29 27 "
|| Baboon 36 33 |

Gibbon 32 30

Orangutan 50 41

Gorilla 40 42

Chimpanzee 45 43

“ Man

115

95 jl




LIMITED PROLIFERATION CAPACITY OF NORMAL CELLS
TIME IN DAYS
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Population Doublings Correlate with

Longevity

u Longer lived species
have more population
doublings

u Cells from young
Individuals have more
population doublings

u Cells from individuals
with progerias
(accelerated ageing
syndromes) have fewer
population doublings
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Biological Clock may be Telomeres

u Caps on the ends of chromosomes get shorter each
cell division

u When telomeres get too short, cells stop dividing

CELL TELOMERE

///// NUCLEUS

f‘{'*

};9 4 CHROMOSOME
TELOMERES, the end caps on chromosomes
chromosomes from sticking to one another &
wise interacting in ways that threaten their
The telomeres in a human skin cell are highl
bright colors in the micrograph above. Tl
made by confocal laser scanning microscopy
posite of optical sections through the nucl

color represents a different depth.
TELOMERE

SCIENTIFIC AMERICAN February 1¢



Telomerase extends telomeres

u If telomeres

disappeared each
generation, the next
generation may run out

u Telomerase permits
separation of a mortal
somatic cell lineage and
an immortal germ line

lineage.

u Multicelled creatures
permitted the soma to
become disposable

Fertilized Egg @




Limitations of the Cell Division
Hypothesis

ATissues (bone marrow) can be serially transplanted to give lifespans
far exceeding that of original donor

AMost of your body mass is pestitotic cells
ATelomerase knockouts have normal offspring for several generations



Wear and Tear Theories of ageing

AExtrinsic Causes
AStochastic (not determined)
AProceeds much like ageing in your automobile




Free Radicals

What is a Free Radical (FR) ?

FRs are atoms or molecules with an unpaired electron

€.g. 02 + e — *02-

Small FRs in the body include:

hydroxyl radical (*OH)
nitric oxide radical (*NO)

Larger FRs contain an organic molecule, R:

alkoxyl radical (*RO)
peroxyl radical (*ROO)

(superoxide radical)



Damage caused by FRs is the main reason for ageing
and age related diseases.

There is no clear idea as to which, if any, of the many types
of FR are the most important in promoting ageing.

The theory is based upon several observations:

+ve correlations:

metabolic rate vs FR production
age V'S n
cataract s V'S

-ve correlations:

mean Longevity vs FR production



FRs damage body molecules by taking electrons from
molecules - oxidation

Oxidation alters the shape of molecules which often
leads to malfunction.

FRs appear to cause damage to DNA, lipids & proteins

FR damage can cause:

- iInflammation

- excess blood clotting
- cataracts

- atherosclerosis



To defend against the effects of FRs the body has
mechanisms to eliminate them and to remove
and repair molecules damaged by them.

Substances called ANTI-OXIDANTS destroy FRs by
helping to create pairs of electrons.

Examples of anti-oxidants:

- vitamin E
- vitamin C
- beta carotene

The body also makes its own anti-oxidants:

- melatonin
- albumin
- uric acid



The body also makes enzymes to prevent FR
Production and speed up FR elimination.

Selenium is a vital dietary component as it helps an
enzyme (glutathione peroxidase) remove H, O..



Wear and Tear: DNA Mutations

u Damage to most
molecules overcome by
replacement (turnover of
lipids and proteins).

u Damage to DNA, the
blueprint, If permanent,

leads to accumulation of
errors.

u Causes are heat,
oxygen, mutagens

_ DNA
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DNA Repair May Slow ageing

ACells have multiple
DNA repair systems

e Endogehous ;

AAccumulated 2t
mutations should L )

. . Nor mal DNA . Damaged DNA
lead to impaired cell "~~~
function, even in e

new cells if damaged _
DNA is copied TR e



Biological Energy Partitioning

AAs a species, organisms may exchange energy betwee
repair and reproduction.



