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Survival Curves Indicate the Effects of 
ageing on Mortality

u100 % surviving at 
birth (age 0)

uEarly infant mortality

uAge-independent 
mortality rate (10-50)

uAge-dependent 
mortality rate (60+)

u50% = median (~avg)

u0% = maximum



Lifespan Effects of Slowing ageing

ÅEliminating Disease increases median longevity; 
rectangularizes the survival curve (1-3).

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



Irish data

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 75.6 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



Longevity Increased Dramatically in the 20th

Century

ÅMajor gain is 
reduced 
childhood 
mortality

ÅLikely Causes
ÅSanitation

ÅNutrition

ÅMedical Care



Biological Theories of Ageing



Biological Clock Theories of ageing

uAgeing is 
programmed

uIntrinsic; 
generated from 
within

uDeterminant

uClocks may exist 
as a master clock 
and/or cellular 
clocks



uDifferent species have 
different maximum 
longevities even in 
captive environments

uGenetics must be the 
cause of the differences

uWear and tear theories 
claim the genes work by 
preventing ageing

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



The Hayflick Limit

42



Population Doublings Correlate with 
Longevity

uLonger lived species 
have more population 
doublings

uCells from young 
individuals have more 
population doublings

uCells from individuals 
with progerias 
(accelerated ageing 
syndromes) have fewer 
population doublings



Biological Clock may be Telomeres

uCaps on the ends of chromosomes get shorter each 
cell division

uWhen telomeres get too short, cells stop dividing 



Telomerase extends telomeres 

uIf telomeres 
disappeared each 
generation, the next 
generation may run out

uTelomerase permits 
separation of a mortal 
somatic cell lineage and 
an immortal germ line 
lineage. 

uMulticelled creatures 
permitted the soma to 
become disposable



Limitations of the Cell Division 
Hypothesis

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

ÅMost of your body mass is post-mitotic cells

ÅTelomerase knockouts have normal offspring for several generations



Wear and Tear Theories of ageing

ÅExtrinsic Causes

ÅStochastic (not determined)

ÅProceeds much like ageing in your automobile



Free Radicals

What is a Free Radical (FR) ?

FRs are atoms or molecules with an unpaired electron

e.g. 02 +    e    =   *O2
-

(superoxide radical)

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) 



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 vs                  ñ

cataracts             vs                  ñ

-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:

- inflammation

- 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 H2 O2.



Wear and Tear: DNA Mutations

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

uDamage to DNA, the 
blueprint, if permanent, 
leads to accumulation of 
errors. 

uCauses are heat, 
oxygen, mutagens



DNA Repair May Slow ageing

ÅCells have multiple 
DNA repair systems

ÅAccumulated 
mutations should 
lead to impaired cell 
function, even in 
new cells if damaged 
DNA is copied



Biological Energy Partitioning

ÅAs a species, organisms may exchange energy between 
repair and reproduction.


