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Ageing, Health and Nutrition 

 

 
 
 



• When ageing occurs in life, and why? 

 

• What happens during ageing? 

 

• What is the molecular basis of ageing? 

 

• Ageing interventions: nutritional hormetins 

Ageing from a biological perspective…. 



Lifespan of an individual is 
limited... 



Average LS 
 
30-40 days 
 
20-24 months 
 
75-80 years 

Maximum LS 
 
80 days 
 
36 months 
 
122 years 

 
 
Fruitflies 
 
Rats/mice 
 
Humans 

Types of lifespan 



Average Lifespan of a 
cohort / population 
 

Maximum Lifespan – within a cohort 

Essential Lifespan 

(ELS) 

 
Species lifespan required 

in evolutionary terms  

 

Three types of lifespan 3. 



Average Lifespan of a 
cohort / population 
 

Maximum Lifespan – within a cohort 

Humans 

Essential Lifespan 

(ELS) 

Species lifespan required 
in evolutionary terms  

 
40 - 50 years 

Three types of lifespan 3. 



Biologically, ageing 

happens during the 

period of survival 

beyond 

essential lifespan 

(ELS) 



• Species/populations bacteria, fungi, plants, insects, worms, fish, bird, 

mammals 

• Individuals, fruitflies, nematodes, rats, mice, monkeys, humans 

• Systems digestive, immune, nervous, cardiovascular, endocrine, reproductive, 

skeletal.. 

• Organs and tissues brain, heart, liver, lungs, skin, kidney,  

• Cells fibroblasts, keratinocytes, epithelial cells, osteoblasts, T cells, glial cells 

• Organelles nucleus, mitochondria, lysosomes, endoplasmic reticulum, 

ribosomes 

• Macromolecules DNA, RNA, proteins, carbohydrates, lipids 

 

Describing the biological changes during 

ageing 



Age-related changes in the digestive system 

• Decreased taste and smell: slight decrease as measured by 

the number and neural activity of taste buds, olfactory bulb; olfactory 

receptor threshold slightly increased  

• Loss of teeth 

• Decreased production of saliva 

• Persistent infection with Helicobacter pylori – atrophic gastritis 

• Reduced digestion and absorption 

• Reduced kidney function and bowel movement 

• Anorexia 





Ageing occurs at all levels of biological 
organisation,  but differently… 



Are we programmed 

to age and die? 



NO, we are not programmed 

to age and die. 

 

There are no gerontogenes 

whose sole function is to 

cause ageing and eventual 

death. 

Genes determine ELS 
(longevity-assurance genes ), 

and the ageing phenotype of an individual –  
(virtual gerontogenes) 



• Evolutionary neglect 
 

• Genetic dustbin 
 

• Mutation accumulation 
 
• Antagonistic pleiotropy 
 

• Disposable soma 
 
 



The paradox of life… 

• Oxygen metabolites  

 

• Nutritional metabolites   

 

• Biochemical infidelity  

 
• DNA, RNA repair 

• Protein repair 

• Molecular turnover 

• Anti-oxidants 

• Cell, tissue and organ repair 

Basis of life and death 

Biological Defenses 



Survival and homeodynamic space 



Stress response Damage control 

Continuous remodelling 

Characteristics of the homeodynamic space 
and 

HEALTH 



Ageing is the shrinkage of the homeodynamic space 



Shrinkage of the homeodynamic space is mainly due to the 

accumulation of molecular damage 

 DNA damage 
mutations, epimutations, base modifications, strand breaks… 

 RNA damage 
base modifications, miscoding, missplicing… 

 Protein damage 
Amino acid modifications, misincorporations, misfolding… 

 Other macromolecular damage 
Lipid-protein conjugates, advanced glycation endproducts (AGE)... 



From here to where… 

1. 
 

What is the relevance and significance of different 
types and levels of molecular damage in 

physiological terms?  
 

 

Questions that need to be answered… 



Questions that need to be answered… 

 2. 
 

What is the nature of young and old, & healthy and 
diseased networks and profiles. 

 



Ageing interventions can be: 
 
1. Wishful thinking and miracles 

 
2. Piecemeal remedies and replenishments 

 
3. Preventive strategies and interventions. 



Better material organs Partial or complete serial 
replacement. 

Piecemeal remedies 

Stem cell 
therapies 



• Vitamins 

• Hormones 

• Bio-extracts/spices 

• Natural and synthetic antioxidants 

 

• Dietary habits – Mediterranean food, 

vegetarian food; dietary restriction 

 

 

 

Replenishment and supplementation 

Cosmetics and cosmeceuticals 



Ageing is the reduced ability to tolerate stress and adapt 



Relationship between STRESS and HEALTH 



Three types of dose response curves… 

Hormesis 
• Biphasic dose response 

• U-shaped response 

• Inverted-U shape response 

• Adaptive response 

• Compensatory response 

 

 

 

 

 

 

 

Hormetics 
the science and study of 

hormesis 
 



A deliberate challenging of  

homeodynamics 

 

will transiently 

stimulate compensatory, 

adaptive, and reparative 

processes.  

Strengthening the homeodynamics by mild stress-induced  HORMESIS 



In our labs (since 1998): 

Improving cellular functionality by hormesis 

• Ageing and health-span in human cells. (fibroblasts, 

keratinocytes, endothelial cells, osteoblasts, bone marrow stem cells  

 
• Wound healing and migration in human cells. 

 
• Differentiation in human cells. (keratinocytes, bone marrow stem 

cells).  

 
• Angiogenesis. (endothelial cells) 

 
 
 



Mild heat stress slows down ageing of human skin fibroblasts – 
41°C, 1 hr, two-times a week 



 

• Improved wound healing by human skin 

fibroblasts. (heat, glyoxal, curcumin) 

 

•  Improved differentiation of human 

keratinocytes (heat, kinetin) 

 

 

• Improved osteoblastic differentiation in 

telomerase immortalized human bone 

marrow stem cells. (heat, mechanical stress) 

 

• Enhanced angiogenesis by human 

vascular endothelial cells. (heat) 

 
 

Short term hormesis by physical and nutritional hormetins 



Conditions that bring about hormesis by first causing low levels of 

stress/damage are:     HORMETINS 
 

• Physical hormetins 
  
 
 
 

•  Psychological hormetins 

 
 

• Nutritional hormetins 
  

 



Curcumin in 

turmeric 

Nutritional polyphenols and flavonoids: hormetins or anti-oxidants? 

Quercetin in citrus, 

buckwheat, onions… 

Kaempferol in tea, 

broccoli, cabbage, 

kale, beans, 

grapes… 

Fisetin in 

strawberries, apple, 

onion… 

Catechin in cocoa, 

kola nut, peaches… 

Resveratrol in red 

grapes, Japanese 

knotweed…  



2. Autophagic response 

1. Antioxidant response 

3. DNA repair response 

4. Heat shock response 

5. Inflammatory response 

6. Sirtuin response 

7. Unfolded protein response 

Main cellular stress responses 



STRESS RESPONSES 








