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OBJECTIVES

• WHAT

• WHEN

• HOW

• WHY



Mme Jeanne Calment, died 1998, aged 122

Maximum human longevity

Sunflowers, Vincent van Gogh, 1888
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Wear & Tear Theory of Aging 

Ordinary insults and injuries of daily 

living accumulate, and over time decrease 

the organism’s efficiency

• years of damage to cells, tissues and organs 

• preprogrammed process: biological clock

• preprogrammed amount of energy  used up 

Human body like your car engine



The energy an animal burns in an hour

Max Rubner (1908)
discovered the relationship among metabolic rate, body size and survival rate

• Born with a limited amount of energy 
• If we use energy slowly rate of aging is slowed
• If the energy is consumed quickly aging speeds up

nearly all mammals expire after anywhere from 
1 billion to 2 billion heartbeats

Rate of Living Theory of Aging – (1908)



This theory explains why most larger animals live longer than most 
smaller animals

• rapid metabolism = shortest life spans
• slower metabolic rates = tend to have longer life spans 

70 yrs

50 yrs

12 yrs

3 yrs

http://www.physics.ohio-state.edu/~wilkins/writing/Assign/topics/life-pulse.gif


The Rate-of-Living Theory (1928)

Loeb and Northrop (1916, 1917): increasing temperature 

reduces Drosophila lifespan 

“…the duration of life varies inversely as the rate of energy 

expenditure … the length of life depends on the rate of 

living”

Raymond Pearl

Coefficient relating lifespan to ambient temperature = 2-3, like that of

chemical reactions 

Effect of temperature on 

Drosophila lifespan
18˚C21˚C27˚C30˚C



The Pleiotropy or Trade-off Theory for the Evolution of Ageing

George Williams
American

evolutionary 

biologist

• Suppose there are mutations are beneficial in youth but at the 

price of a higher rate of ageing

• More individuals will survive to express the early benefit 

than will survive to suffer the higher rate of ageing

• Mutations like this can therefore be incorporated by 

natural selection

Ageing evolves as a side-effect of natural selection in favour of 

mutations that cause a benefit during youth



Hans Selye: The Discovery of Stress (1936)

General Adaptation Syndrome (G.A.S.) 

if the duration of stress is sufficiently long, the 
body eventually enters a stage of exhaustion, 
a sort of aging "due to wear and tear" 

Alarm reaction
Resistance Exhaustion

childhood
adulthood senescence



Free Radical Theory of Aging (1954)

• Aging is a result of oxidative damage caused by 
free radicals generated by the metabolic system 

• Free radicals are unstable organic molecules that appear as a by-
product of oxygen metabolism in cells

• Free radicals are any number of chemical species that are highly 
reactive because they possess an odd number of electrons and seek 
to combine with other molecules to pair off their free electron

• Damage: lipids, protein, carbohydrates, 
nucleic acids, various other cell components

• Supported by caloric restriction studies: 
caloric restriction extends life 

Denham Harman,  Ph.D, M.D,



Y + e- -> Y.-

The free radical theory of ageing

Denham Harman (1956)

“A free radical is any species capable of 

independent existence (hence the term ‘free’) that 

contains one or more unpaired electron” 

Barry Halliwell & John Gutteridge

Y + e- -> Y°-

X-> e- + X°+

O2 + e- -> O2°
-











GPX

Production and Metabolism of Reactive Oxygen 
Species (ROS)

•Mitochondria

• Endoplasmic reticulum

•Cyclooxygenase

•Lipooxygenase

•Uncoupled NOS

•NAD(P)H Oxidase

•Xanthine Oxidase

•Cytochrome P-450
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Chronic Non-Resolving Inflammation
While inflammation is meant as a defense mechanism against noxious insult, 

chronic and nonresolving inflammation can cause toxicity and many diseases.

• Tissue fibrosis also occurs from chronic inflammation, e.g. liver fibrosis, lung 

fibrosis, which can lead to cancer

• Chronic chemical exposures that cause cell death or oxidative stress can lead 

to nonresolving inflammation











































Telomeres are the ends of chromosomes

 Protect ends

 Maintain length





Nature May 1990

Telomere shortening in cellular 
senescence





Tetrahymena thermophila: single celled 
animal with 40,000 chromosomes

Elizabeth Blackburn & Joe 

Gall  (1978):

Defined telomere sequence 

as tandem repeats of 

TTGGGG











NEJM 357 p1317 

(2007)

Short telomeres in lung disease







Cellular Theories

The Hayflick Limit (1961)

Pre-1961: “All metazoan cells are potentially 

immortal. Ageing not cell autonomous”

Is replicative senescence the cause of ageing? 

Leonard Hayflick
Fibroblasts: connective tissue cells, e.g. from skin

•Isolate cells from human tissue, place in culture vessel with nutrient 

medium

•Cells divide and form confluent layer on vessel surface

•Discard half the cells, allow remainder to grow to confluency = one 

passage

•Continue to passage the cells

•Cell replication slows and stops after 50 ± 10 passages: cells have 

reached the Hayflick limit and undergone replicative senescence

Hayflick and Moorhead (1961) 



Normal human fibroblasts (left) and fibroblasts 

showing a senescent morphology (right). Notice the 
common elongated morphology of senescent cells.





Extension of Wear & Tear: Why only 50 PDs?

Answer: The Telomere Hypothesis of Aging

• Telomeres are sequences of nucleic acid

• End pieces of DNA (the tail of DNA)
• Every time cells divides, telomeres shorten
• Once the telomeres become too short, cell division slows 
and finally ceases and the cell will die

A.M. Olovnikov, 1996

telomeres are lost with age in normal dividing cells, 
cancer cells escape mortality by activating the enzyme telomerase. 





















































Link Between Oxidative Stress and 

Inflammation

Oxidative 

Stress

Antioxidant Depletion

↑ ROS Production

Leukocyte/Macrophage

Activation (Inflammation)

NFκB Activation

Cytokines / Chemokines

Ox LDL 
AGE 

Ox PL



















719+ MSC-CLINICAL STUDIES, 5/2017
5840+ Studies for “Stem Cells”

ClinicalTrials.gov



















"To lengthen thy life, lessen thy meals." 
Benjamin Franklin

http://bopedia.com/en/wikipedia/b/be/benjamin_franklin.html






Compared to Americans, Okinawan elders
get 80% fewer breast and prostate cancers
get 50% fewer ovarian and colon cancers
have 50% fewer hip fractures
have 80% fewer heart attacks

40%  fewer calories than Americans and 17% fewer calories than 
the Japanese average

http://www7.nationalgeographic.com/ngm/0511/sights_n_sounds/index.html

Okinawan Elders

Greatest # centenarians 

http://www7.nationalgeographic.com/ngm/longevity








THANK YOU
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